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IMAZETHAPYR (289) 

First draft prepared by Dr Yukiko Yamada, Ministry of Agriculture, Forestry and Fisheries, Tokyo, 
Japan 

EXPLANATION 

Imazethapyr, 5-ethyl-2-[(RS)-4-isopropyl-4-methyl-5-oxo-2-imidazolin-2-yl]nicotinic acid (IUPAC 
name) is a member of imidazolinone herbicides. It can be used for the control of grasses and broadleaf 
weeds for protection of a variety of crops by inhibiting the activity of the enzyme acetohydroxy acid 
synthase which catalyses the production of three branched chain amino acids required for protein 
synthesis and cell growth. The rate of plant death is usually slow (several weeks) and is likely related 
to the amount of stored amino acids available to the plant. 

Imazethapyr has been registered in many countries in Africa, Americas, Asia, East Europe 
and Oceania for use on crops including legume vegetables/pulses, cereals, oil seeds and grasses. 

Imazethapyr was listed in the Codex Priority List by the 46th Session of CCPR in 2014 for 
toxicological and residue evaluation by the current Meeting as a new compound. It is the fourth 
imidazolinone pesticide reviewed by JMPR. The previous three were imazapic, imazapyr and 
imazamox. 

The Meeting received information on identity, chemical and physical properties, metabolism 
and environmental fate, residue analysis, use pattern, supervised trials (on legume vegetables, pulses, 
cereals, oil seeds and grasses), processing, and animal feeding studies. 

 
Imazethapyr 

 

IDENTITY 

ISO common name: Imazethapyr 

Chemical name  

 IUPAC: 5-ethyl-2-[(RS)-4-isopropyl-4-methyl-5-oxo-2-imidazolin-2-yl] nicotinic acid 

 CAS: 2-[4,5-dihydro-4-methyl-4-(1-methylethyl)-5-oxo-1H-imidazol-2-yl]-5-ethyl-3-
pyridinecarboxylic acid 

CAS Registry No.: 81335-77-5 

CIPAC No.: 700 

Structural formula: 

 

Molecular formula: C15H19N3O3 

Molecular mass: 289.33 g/mol 

 



Imazethapyr 

 

1418

Physical and Chemical Properties 

Purified technical material 

Property Results Reference 
Appearance Light beige powder (98.3%) 

Off-white powder (99.6%) 
Off-white to tan solid (92.4%) 

 
2014/1092460  

Kroehl T., 2014 (98.3%);  
2010/1024629  

Kroehl T., 2010 (99.6%) 
IE-301-001 

Patel, J. et al. 1987 (92.4%, 99.2%) 
IE-303-001 

Mangels, G. 1986 (99.7%) 
IE-306-001 

Mangels, G. 1986 
 
 

Odour Faint acidic (98.3%) 
Moderately pungent (99.6%)  

Slightly pungent (92.4%) 
 

Melting point 175.7 °C (98.3%) 
176.1 °C (99.6%) 

176-178.5 °C (99.7%) 
169-173 °C (92.4%) 

 
Boiling point Decomposition before boiling at 180 °C (92.4%) 

 
Vapour pressure 2.9 x 10-9 Pa at 20 °C, 8.4·10-9 Pa at 25 °C 

(98.3%) 
 <1.3 x 10-5 Pa (<1 × 10-7 mm Hg) at 60 °C 

(99.2%)(99.7%) 
 

Solubility in water 1.64 g/L at 20 °C demineralized water 
2.57 g/L at pH 5 

12.87 g/L at pH 7 
7.50 g/L at pH 9 (99.3%) 

 

2014/3007981 
Campos L., Silva C., 2014 

 

 1.3 g/L at 20 °C demineralized water 
2.4 g/L at pH 4 
5.0 g/L at pH 7 

7.1 g/L at pH 9 (99.6%) 
 

2010/1022231 
Campos L., 2010 

Solubility in organic solvents At 25 °C: 
Acetone: 48.2 g/L 

Dimethyl sulfoxide: 422.5 g/L 
Heptane: 0.9 g/L  

Methanol: 105 g/L 
Methylene chloride: 184.8 g/L  

2-Propanol: 17.3 g/L 
Toluene: 5.0 g/L (92.4%) 

 

IE-301-001 
Patel, J. et al. 1987 

Octanol/water partition 
coefficient (LogPow) 

1.63 at 20 °C (HPLC method)(99.3%) 
     0.73 in distilled water 

     -0.13 at pH 5 
     -1.59 at pH 7 
     -1.79 at pH 9 

2014/3007981 
Campos L., Silva C., 2014 

 1.7 at 20 °C (99.6 %) 
     0.81 in distilled water 

     -0.03 at pH 5 
     -1.75 at pH 7 
     -2.27 at pH 9 

2010/1022231 
Campos L., 2010 

 1.49 at 25 °C (99.2%) 
     1.04 at pH 5 
     1.49 at pH 7 
     1.20 at pH 9 

 

IE-301-001 
Patel, J. et al. 1987 

Hydrolysis in sterile buffer in 
the dark 

In distilled water and at pH 4.9, 7 and 9 at 25 °C, 
99% of imazethapyr (100 mg/kg) remained on 

day 30. 
At pH 9, 63% of imazethapyr remained after 6 
months with the half-life calculated to be 257 

days. (99.9%) 
  

IE-322-001 
Gingher, B., et al. 

1985 
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Property Results Reference 
Photolysis in sterile water 

under artificial light 
DT50:  

In distilled water, 1.9 days 
At pH 5, 1.8 days 
At pH 7, 2.1 days 

At pH 9, 2.4 days (91%) 
 

IE-324-001 
Mallipudi., M. 

1987 

Dissociation constant in water 
 

pKa: 3.9 (92.4%) IE-301-001 
Patel, J. et al. 1987 

pH 2.85 at 25 °C (92.4%) IE-301-001 
Patel, J. et al. 1987 

Flammability Not flammable (92.4%) IE-301-001 
Patel, J. et al. 1987 

 

FAO/WHO Specification 
No specification was established by FAO/WHO. 

Formulations 

Imazethapyr is formulated as a liquid, emulsion or granular product either as a solo product or in 
combination with other active ingredients. Concentrations are between 34 and 700 g/L. Combinations 
with dicamba, glyphosate, imazapic, imazamox, imazaquin, pendimethalin, quinclorac or saflufenacil 
are available commercially. Available formulations are listed below: 

 Soluble liquid (SL) formulations containing 35, 50, 100 or 240 g ai/L (solo), or 20, 30 or 75 g 
ai/L (in combination with other active ingredients); 

 Emulsifiable concentrate (EC) formulations containing 34 or 175 g ai/L (solo), or 20 or 24 g 
ai/L (in combination with other active ingredients); or 

 Water dispersible granule (WG) formulations containing 70% ai (solo), or 12, 35 or 50% ai 
(in combination with other ingredients). 

METABOLISM AND ENVIRONMENTAL FATE 

The following links code numbers and structures or descriptions of the compounds appearing in the 
various metabolism and environmental fate studies. 

Table 1 Structure of compounds appearing in metabolism and environmental fate studies  

Name or Code (MW) Structure Found in: 
Imazethapyr (289.33) 

Syn: BAS 685H; CL 263499; 
AC 263499; AC 263, 499; 

Reg. No 194030 
5-ethyl-2-[(RS)-4-isopropyl-4-

methyl-5-oxo-2-imidazolin-2-yl] 
nicotinic acid 

N

OH

O

N

H
N

O

 

Pea, Soya bean, Maize, Alfalfa 
Rat 

Goat/Cow 
Hen 

 

CL 288511 (305.33) 
Syn: CL 288,511;  
Reg. No 4110971 

(CL 1010542, R isomer)  
5-(1-hydroxyethyl)-2-[(RS)-4-
isopropyl-4-methyl-5-oxo-2-

imidazolin-2-yl] nicotinic acid 

N

OH

O

N

H
N

O

OH

 

Pea, Soya bean, Maize, Alfalfa 
Rat 

Goat/Cow 
Hen 

 

CL 182704 (467.47) 
Syn: CL 182, 704;  
Reg. No 4110430 

5-[1-(beta-D-glucopyranosyl 
oxy)ethyl]-2-(4-isopropyl-4-methyl-
5-oxo-2-imidazolin-2-yl]nicotinic 

acid 

N

O OH

O

N

H
N

O

O

OH

HO

HO

OH

 

Pea, Soya bean, Maize, Alfalfa 
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Name or Code (MW) Structure Found in: 
MAE-CL 182704 (553.52) 

Syn: MAE CL 182,704 
5-[1-[(2R,3R,4S,5S,6R)-6-[(2-

carboxyacetyl)oxymethyl]-3,4,5-
trihydroxy-tetrahydropyran-2-
yl]oxyethyl]-2-(4-isopropyl-4-
methyl-5-oxo-1H-imidazol-2-
yl)pyridine-3-carboxylic acid 

N

O OH

O

N

H
N

O

O

OH

HO

HO

O

HO
O

O

 

Alfalfa 

CL 290395 (307.35) 
5-ethyl-2[(1-cabamoyl-1,2-

dimethylpropyl) carbamoyl] nicotinic 
acid 

N

OH

O

H
N

O

O

NH2

Soil 
Hydrolysate at pH 9 

CL 290084 (151.17) 
5-ethyl-2-pyridinecarboxylic acid 

Soil 

CL 271197 (195.17) 
5-ethyl-1,2-pyridinedicarboxylic acid 

N
OH

O

OH

O

Soil 

CL 266858 (277.28) 
(CL 1010543, R isomer)  

5-hydroxy-2-(4-isopropyl-4-methyl-
5-oxo-2-imdazolin-2-yl) nicotinic 

acid 

Soil 

CL 354825 (277.28) 
(CL 1010544, R isomer) 

5-hydroxy-6-(4-isopropyl-4-methyl-
5-oxo-imidazolin-2-yl) nicotinic acid N

OH

N

H
N

O

HO

O Soil 

 

The Meeting received information on plant and animal metabolism of imazethapyr, residues 
in rotational crops and its environmental fate in soil. The fate and behaviour of imazethapyr in plants, 
animals and soil were investigated using the imazethapyr radiolabelled with 14C at position 6 of the 
pyridine ring and CL 288511 with 14C at the same position of the pyridine ring as shown in Figure 1. 
Hereafter, the radiolabelled imazethapyr and CL 288511 at position 6 of the respective pyridine ring 
are described as 14C-imazethapyr and 14C-CL 288511, respectively.  

 

 
 

 

[adC]-Imazethapyr [adC]-CL 288511  

Figure 1 Radiolabelled test materials used in the metabolism and environmental fate studies 

Plant Metabolism 

The Meeting received information on metabolism of radiolabelled imazethapyr in various plants in 
support of intended uses: legume vegetables/pulses (pea, soya bean), cereals (maize), oilseeds 
(rapeseed) and grass (alfalfa). In the following texts, TRR is expressed in mg-imazethapyr acid 
equivalents/kg. 
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Pea (green succulent peas and mature dry peas) 

The metabolism of imazethapyr in pea plants grown in a small outdoor plot (sandy loam soil) was 
studied using 14C-imazethapyr in 1988 in the USA (Mallipudi M.N., 1993a, IE-640-008). 14C-
imazethapyr was applied as a single spray application either as pre-plant incorporation or as a post-
emergence treatment to pea plants (variety Progress 9) at a rate of 0.105 kg ai/ha (equivalent to ca. 2-
times the maximum approved application rate in the USA): for pre-plant incorporation, 14C-
imazethapyr was applied to bare soil and mixed in the upper soil layer by hand rake before seeding of 
pea; and for post-emergence treatment, pea plants were treated at the 2+–3 leaf stage, 30 days after 
seeding. 

Pea vine, pods and seeds and soil samples were collected 33, 75 and 110 days after the 
application (DAT) in the pre-plant incorporation plot, and 0, 42 and 77 DAT in the post-emergence 
plot. All samples were stored at -20 °C for a maximum of 85 days until analysis. An aliquot of each 
homogenized green vine or seed sample from the treated plots was extracted with aqueous acetone 
(1:1) three times, followed by centrifugation and filtration. The resulting extracts were combined and 
concentrated. 

Total radioactive residue (TRR) of all ground plant samples and ground soil samples was 
determined by combustion of aliquots of sample to 14CO2. Liquid scintillation counting (LSC) was 
used for analysis of trapped 14CO2. The TRR in the extracts was determined by direct LSC. The 
radioactive residue derived from 14C-imazethapyr in the vine and seed extracts were isolated using 
HPLC-UV (254 nm). The identification of the isolated metabolites was conducted by co-
chromatography using HPLC-UV. The glucoside metabolite CL 182704 was identified by 
hydrolysing it with β-glucosidase to CL 288511. 

After the application to soil, the TRR in the both plots were in the range of < 0.03 to 0.11 mg 
eq/kg on a dry weight basis in the top 7.5 cm of soil samples at all sampling intervals. In soil samples 
of 7.5–15, 15–22.5, 22.5–30, and 30–45 cm depth, TRR were < 0.03 mg eq/kg if analysed. This 
indicates that imazethapyr or any degradates containing 14C do not move deeper than 7.5 cm.  

From the pre-plant incorporation plot, the TRR in vine was 0.08 (33 DAT) or 0.04 mg eq/kg 
(75 DAT) and that in hay (110 DAT, at the time of harvest) was 0.19 mg eq/kg, higher concentration 
due to the loss of water. From the post-emergence treatment plot, the TRR in vine declined from 
2.09 mg eq/kg immediately after the application, to 0.04 mg eq/kg on 42 DAT, and the TRR in hay 
harvested on 77 DAT was 0.19 mg eq/kg (Table 2).  

The TRR in the hull of green young pod collected 33 days after pre-plant incorporation 
treatment and 75 days after post-emergence treatment and the immature seed of 75 days after post-
emergence treatment were < 0.03 mg eq/kg; and the TRR in the immature seed collected 33 days after 
pre-plant incorporation treatment was 0.03 mg eq/kg. At the time of mature harvest, the TRR in the 
dry pea pod hull and seed were 0.15–0.17mg eq/kg and 0.06–0.07 mg eq/kg, respectively. These 
results indicate that imazethapyr or its metabolites are translocated into hulls and in lesser amounts 
into seeds. The TRR were higher in mature dry seeds than immature green seeds due to loss of water 
(Table 2).  

Table 2 Total radioactive residues in pea plants following a treatment with 14C-imazethapyr at a rate 
of 0.105 kg ai/ha 

Treatment Days after treatment 
TRR mg eq/kg a 
Green vine Hay Pod hull Seeds 

Pre-plant incorporation 
33 0.08 - - - 
75 0.04 - < 0.03 0.03 
110 (mature harvest) - 0.19 0.17 0.07 

Post-emergence 
0 2.09 - - - 
42 0.04 - < 0.03 < 0.03 
77 (mature harvest) - 0.19 0.15 0.06 

a Expressed as parent imazethapyr equivalents on a dry weight basis. 
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The external plant wash and plant homogenate of pea plant collected 0 day after the post-
emergence treatment amounted to 71.7% (1.50 mg eq/kg) and 24.7% (0.52 mg eq/kg) of the TRR 
(20.2 mg eq/kg) present in the plant, respectively. The radioactive residue found in the homogenate 
could not be removed by a methanol rinse 2 hours after the application and this indicates that applied 
radioactivity penetrated rapidly into the plant.  

The radioactive residues in vine samples were readily extracted into aqueous-acetone fraction. 
For green vine collected 75 days after pre-plant incorporation treatment, 99.2% of the TRR (fresh 
weight basis) was extracted.  

The radioactive residues in dry mature pea seed samples were readily extracted into aqueous-
acetone fraction and amounted to 96.7% and 96.8% of respective TRR for both the pre-plant 
incorporation treatment and post-emergence treatment in a separate supplemental study using 14C-
imazethapyr with higher specific activity (part of IE-640-008), respectively. Radioactive residue 
analysis from dry pea seed samples from the original post-emergence treatment was not attempted due 
to the low specific activity.  

Characterization of the extracted residues was performed using HPLC, with methanol 
gradient elution system, by comparing the retention time of each residue component with known 
reference compounds (imazethapyr, CL 288511 and CL 182704). 

In vine taken 75 days after the pre-plant incorporation treatment, HPLC analysis showed that 
metabolites CL 288511and CL 182704 were predominant, 33.7% (0.01 mg eq/kg) and 34.4% 
(0.01 mg eq/kg) of the TRR in vine, respectively. Imazethapyr was not detected in the vine extract. At 
least 6 unknown radioactive residues were detected, which altogether accounted for 0.008 mg eq/kg. 
HPLC analysis of the vine methanol wash, collected at 2 hours after the post-emergence treatment, 
showed mostly the unchanged imazethapyr (93.7% of the external wash) whereas CL 288511 
accounted for only 2.6%. 

In dry pea seed harvested 110 days after the pre-plant incorporation treatment, HPLC analysis 
showed that metabolites CL 288511 and CL 182704 were also predominant, 27.0% (0.02 mg eq/kg) 
and 43.5% (0.03 mg eq/kg), respectively, of TRR in dry pea seed. Imazethapyr was present at only 
3.3% (< 0.01 mg/kg) of the TRR and at least 3 unknown radioactive residues were detected, which 
accounted together for 0.008 mg/kg of the TRR. None of the individual unknown metabolites 
exceeded 0.01 mg eq/kg of the TRR.  

In dry pea seed harvested 53 days after the post-emergence treatment in the supplemental 
study, HPLC analysis with higher specific activity showed that the metabolite CL 182704 constituted 
the major radioactive component. CL 182704 accounted for 35.1% (0.03 mg eq/kg) of the TRR in 
seed, whereas metabolite CL 288511 accounted for 15.7% (0.01 mg eq/kg). Parent imazethapyr was 
present at only 2.1% (< 0.01 mg/kg) of the TRR and at least 6 unknowns were detected in seed 
resulting from post-emergence treated plants, which accounted together for 0.02 mg eq/kg of the 
TRR. None of the individual unknown metabolites exceeded 0.01 mg/kg of the TRR. 

Table 3 Extraction and distribution of radioactive residues in pea plants following treatment with 14C-
imazethapyr at a rate of 0.105 kg ai/ha 

Treatment 
Days after 
treatment 

Matrix 
(TRR; mg eq/kg)a

Extractability in 
aqueous acetone Residue 

component 
Residue in sample a 

%TRR %TRR mg eq/kg 

Pre-plant 
incorporation 

75 
Green vine 
(0.04) 

99.2 
CL 288511 33.7 0.01 
CL 182704 34.4 0.01 
Unknown (6) 20.6 0.01 

Pre-plant 
incorporation 

110 
Dry seed 
(0.07) 

96.7 

Imazethapyr 3.3 < 0.01 
CL 288511 27.0 0.02 
CL 182704 43.5 0.03 
Unknown (3) 11.3 0.01 

Post-emergenceb 53 
Dry seed 
(0.07) 

96.8 
Imazethapyr 2.1 < 0.01 
CL 288511 15.7 0.01 
CL 182704 35.1 0.03 
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Treatment 
Days after 
treatment 

Matrix 
(TRR; mg eq/kg)a

Extractability in 
aqueous acetone Residue 

component 
Residue in sample a 

%TRR %TRR mg eq/kg 

Unknown (6) 28.8 0.02 

Post-emergence 0 
Green vine 
(2.09) 

Methanol wash    

71.7 
Imazethapyr 67.2 1.40 
CL 288511 1.9 0.04 

Plant homogenate    
24.7 Not analysed 24.7 0.52 

a Calculated by (% of HPLC recovered 14C) × (% in fraction).  
b Samples and data obtained from supplemental study conducted with high specific activity (MET-93-003, part of IE-640-
008).  

 

The metabolite CL 182704 was isolated by HPLC from green vine collected 75 days after the 
pre-plant incorporation treatment. This metabolite was subjected to β-glucosidase enzyme hydrolysis 
and HPLC co-chromatography with reference compound. The enzymatic hydrolysis treatment yielded 
CL 288511 from CL 182704 indicating the presence of the glucoside linkage in the molecule.  

It is apparent that imazethapyr is rapidly metabolized in peas undergoing oxidative 
hydroxylation of the α-carbon of the ethyl side chain substituent on the pyridine ring to form a α-
hydroxyethyl analogue of parent imazethapyr (CL 288511). The α-hydroxyethyl analogue then 
converts to the glucose conjugate (CL 182704) as the major metabolite component in peas.  

Soya beans (mature soya beans) 

The metabolism of imazethapyr in soya plants grown in a small outdoor plot was studied using 14C-
imazethapyr in 1984 in the USA (Chiu, T., 1986a, IE-640-001). 14C-imazethapyr (ammonium salt) 
was applied as a pre-plant treatment or post-emergence treatment to soya plants (variety Williams) at 
a rate of 0.280 kg ai (ammonium salt)/ha (equivalent to 4 times the maximum approved application 
rate in the USA): for pre-plant incorporation, 14C-imazethapyr was applied to bare soil and mixed in 
the upper soil layer by hand rake before seeding of soya beans; and for post-emergence treatment, 
soya plants were treated at the four leaf stage. 

Soya bean plants (green) were sampled immediately after the application (0 DAT, post-
emergence treatment only), 2 weeks, 1 month and 2–2.5 months after the application and harvested 
mature (dry) at about 4.5–5 months after the application. Samples obtained from the 2–2.5 month 
after the application were separated into plant and green pod, while those obtained from the 4.5–5 
month after the application were separated into straw, hull and seed. Ground tissues were extracted 
twice with aqueous methanol (distilled water+methanol, 20:80, v/v). TRR in each sample was 
determined by radio-combustion analysis followed by LSC and by direct LSC of the combined 
extracts. The combined extracts were concentrated, partitioned with n-hexane, and further cleaned-up 
by pre-swollen DE 52 cellulose anion exchanger columns for TLC. Radioactive spots or bands from 
thin-layer chromatography (TLC) were scraped from the plates and analysed by LSC. 

Radioactive residues derived from 14C-imazethapyr in the extracts were isolated for 
metabolite characterization and identification using one- and two-dimensional TLC. Metabolites were 
identified by co-chromatography with known reference standards. In case of parent imazethapyr and 
metabolite CL 288511, the identity of these substances were confirmed by derivatization with 
diazomethane, which yielded the less polar methyl esters of these compounds, which were also co-
chromatographed with reference compounds. Aliquots of unknown polar metabolites were subjected 
to acid (4N HCl with heating in steam bath for 3 hours) and/or enzymatic hydrolysis with β-
glucosidase for overnight, and the hydrolysates were re-analysed by TLC.  

TRR in green plants collected at 0 days, 2 weeks and 1 and 2 months after post-emergence 
treatment were 27.0, 5.73, 0.71 and 0.31 mg eq/kg, respectively. The sharp decline up to 1 month after 
the treatment seems to reflect the dilution of radioactivity by fast growth. TRR in mature soya bean 
seed, hull and straw were 0.02, 0.04 and 0.34 mg eq/kg, respectively. TRR in green plants collected 2 
weeks and 1 and 2 months after the pre-plant incorporated treatment were lower with 0.28, 0.36 and 



Imazethapyr 

 

1424

0.05 mg eq/kg, respectively. TRR in mature soya bean seed, hull and straw were 0.02 mg eq/kg, 
0.04 mg eq/kg and 0.31 mg eq/kg, respectively. These results show that imazethapyr is taken up from 
the soil within one month by the soya bean seedlings and then translocated in the plants. Residues in 
green pods from both treatments were 0.01 mg eq/kg, which was significantly lower than the residues 
in other plant tissues at all stages. (Table 4) 

Table 4 Total radioactive residues in soya bean plants following treatment with 14C-imazethapyr at 
0.28 kg ai/ha 

Matrix Time after treatment 
TRR mg eq/kg 
Pre-plant incorporation 
Treatment 

Post-emergence treatment 

Green plant 

0 days – 27.0 
2 weeks 0.28 5.73 
1 month 0.36 0.71 
2 months 0.05 0.31 

Green pod 
2 months – 0.01 
2.5 months 0.01 – 

Seed 
4 months 

– 0.02 
Hull – 0.04 
Straw – 0.34 
Seed 

4.5 months 
0.02 – 

Hull 0.04 – 
Straw 0.31 – 

 

Most of radioactive residues (88 to 96%) in green soya plants collected 2 weeks and 1 month 
after each treatment with adC-imazethapyr were extracted with aqueous methanol (Table 5). As time 
passed after the treatment, there was a slight increase of proportion of unextracted radioactive 
residues.  

Table 5 Extraction of radioactive residues in green soya plants following pre-plant incorporation 
treatment and post-harvest treatment with 14C-imazethapyr at 0.28 kg ai/ha 

Fraction Pre-plant incorporation Post-emergence 
 2 weeksa 1 montha 2 weeksa 1 montha 
 %TRR mg eq/kg %TRR mg eq/kg %TRR mg eq/kg %TRR mg eq/kg 
Aqueous MeOHb 95.7 0.27 91.0 0.33 90.8 5.2 87.8 0.62 
Unextracted 4.3 0.01 9.0 0.03 9.2 0.53 12.2 0.09 
Total 100.0 0.28 100.0 0.36 100 5.73 100.0 0.71 

a After treatment 
b MeOH/H2O (80:20) 

 

Of all radioactive residues in mature soya bean seed collected 4 months after the post-
emergence treatment or 4.5 months after the pre-plant incorporation treatment, 33.3 and 29.2% 
respectively of TRR was extracted with aqueous methanol. Of radioactive residues in straw collected 
at the same timing as mature seed, 66.0% and 71.2% of TRR was extracted by aqueous methanol 
(Table 6). Further extraction of the remaining solids from the post-emergence treatment with a 
methanol/H2O (50:50) mixture at 60 °C for 3 hours released another 12% of the radioactivity. Heating 
up to 18 hours with the same mixture did not increase the extracted radioactivity. 

Table 6 Extraction of radioactive residues in mature soya bean (seed, straw) at mature harvest 
following treatment with 14C-imazethapyr at 0.28 kg ai/ha 

Fraction Seed Straw 
 Pre-plant  

incorporation 
Post-emergence 

Pre-plant  
incorporation 

Post-emergence 

 %TRR mg eq/kg %TRR mg eq/kg %TRR mg eq/kg %TRR mg eq/kg 
Aqueous MeOHa 33.3 0.007 29.2 0.006 66.0 0.20 83.2b 0.28 
Unextracted 66.7 0.013 70.8 0.014 34.0 0.11 16.8 0.06 
Total 100.0 0.02 100.0 0.02 100.0 0.31 100.0 0.34 
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a Methanol/H2O (80:20) except that for the straw from the post-emergence treatment for which methanol/H2O (50:50) was 
used for further extraction of radioactive residues (see below). 
b Value includes 12% radioactivity extracted with methanol/H2O (50:50) mixture at 60°C for 3 hours; 

 

CL 182704 was isolated by TLC from green plant collected 2 weeks after the post-emergence 
treatment. CL 182704 was subjected to β-glucosidase hydrolysis and released a less polar metabolite, which was 
identified as CL 288511. Acid treatment of CL 182704 also produced CL 288511 as the major hydrolysis 
product. Results from both enzyme and acid hydrolysis confirmed that CL 182704 is the glucoside of CL 
288511. 

Among the major metabolites identified in green plant material collected after 2 weeks from 
the pre-plant incorporation treatment, parent imazethapyr, CL 288511 and CL 182704, accounted for 
3.4%, 22.3% and 34.5% of the extracted radioactivity, respectively. The results indicate that the 
imazethapyr incorporated in plants was rapidly oxidized to CL 288511, which then was conjugated 
with glucose to yield CL 182704. Similarly, imazethapyr, CL 288511 and CL 182704 were the major 
components in plants collected 2 weeks after the post-emergence treatment, and accounted for 15.1%, 
4.6% and 23.5% of the extracted radioactivity, respectively. At least 10 unknown components 
contributed to the remaining radioactivity. (Table 7A) 

In the green plant material collected 1 month after the treatment, the metabolites identified 
were again imazethapyr, CL 288511 and CL 182704 with 0.2%, 13.4% and 51.2% of the extracted 
radioactivity, respectively for the pre-plant incorporation and 1.4%, 8.0% and 36.4%, respectively for 
the post-emergence treatment. The remaining radioactivity consisted of up to 12 unknown 
components. (Table 7A) 

In all green plant samples, the most abundant metabolite was CL182704, followed by 
CL288511 and then imazethapyr. 

The metabolic profiles of the methanol/water (80:20) extract of soya straw from both the pre-
plant incorporation and post-emergence treatment were very similar (Table 7B). The major identified 
metabolite was CL 288511, the hydroxylated metabolite of imazethapyr, contributing to 37.4% and 
42.2% of the total extracted radioactivity for the pre-plant incorporation and post-emergence 
treatment, respectively. No detectable parent imazethapyr or CL 182704 was found in the straw 
samples from either treatment. Because of the low radioactive residues in mature seed, and their much 
lower extraction rate by the methanol/water mixture, the nature of these residues was not investigated. 

Table 7A Green plant - Identification of radioactive residues in green soya plants and mature straw 
following treatment with 14C-imazethapyr at 0.28 kg ai/ha 

Compound 2 weeks after treatment 1 month after treatment 
 Pre-plant  

incorporation 
Post-emergence 

Pre-plant  
incorporation 

Post-emergence 

 %TRR mg eq/kg %TRR mg eq/kg %TRR mg eq/kg %TRR mg eq/kg 
Imazethapyr 3.4 0.009 15.1 0.785 0.2 0.001 1.4 0.009 
Unknown II 9.5 0.026 6.4 0.333 8.3 0.027 7.4 0.046 
CL 288511 22.3 0.060 4.6 0.239 13.4 0.044 8.0 0.050 
CL 182704 34.5 0.093 23.5 1.222 51.5 0.170 36.4 0.225 

Unknown III  
(near origin) 

10.2 0.028 10.4 0.541 – – – – 

Origin bound 7.0 0.019 10.7 0.556 5.1 0.017 14.5 0.090 
7-10 other 

minor 
unknown 

comp. 

13.1 0.035 29.3 1.524 21.5 0.071 32.3 0.200 

Total 100.0 0.27 100.0 5.20 100.0 0.33 100.0 0.62 

 

Table 7B Straw harvested at the maturity - Identification of radioactive residues in green soya plants 
and mature straw following treatment with 14C-imazethapyr at 0.28 kg ai/ha 

Compound Pre-plant  
incorporation 

Post-emergence 
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 %TRR mg eq/kg %TRR mg eq/kg 
Unknown I 14.0 0.028 9.7 0.023 
Imazethapyr – – – – 
Unknown II – – – – 
CL288511 37.4 0.075 42.2 0.101 
CL 182704 – – – – 

Unknown III 
(near origin) 

7.5 0.015 11.9 0.028 

Origin bound 8.5 0.017 10.2 0.024 
7-10 other minor unknown 32.6 0.065 26.0 0.062 

Total 100.0 0.20 100.0 0.24 

 

The TRR in soya bean plant declined from 27 mg eq/kg on 0 day after the post-emergence 
treatment with 14C-imazethapyr to 0.34 mg eq/kg in the straw probably due to the dilution of 
radioactivity during the rapid growth. In the pre-plant incorporation treatment, the soya bean seedling 
appeared to incorporate imazethapyr from the soil resulting in 0.28 mg eq/kg and 0.36 mg eq/kg in 
plant samples collected 1 week and 1 month after the treatment respectively. The TRR declined to 
0.05 mg eq/kg in the sample taken 2 months after the treatment, presumably due to the fast growing of 
the plants. Only a trace amount of radioactivity was found in green pods (0.01 mg eq/kg) and mature 
seeds (0.02 mg eq/kg) from both treatments, indicating that little residue is expected in the harvested 
soya beans.  

In soya plants, imazethapyr is metabolized to metabolite CL288511, hydroxylated at position 
1 of the ethyl group attached to position 5 of the pyridine ring, which then combined with glucose 
yielding CL182704 as the major metabolite in green soya plants. CL288511 remained the 
predominant metabolite in straw at harvest in which CL182704 was not found in detectable amounts. 

Maize 

First study 

The metabolism of imazethapyr in maize plants grown in a small outdoor plot (sandy loam soil) was 
studied using adC-imazethapyr in 1986 in the USA (Gatterdam P., 1990a, IE-640-005). 14C-
imazethapyr was applied as a single spray application either as pre-plant incorporation to soil or as a 
post-emergence treatment at a rate of 0.106 kg ai/ha (ammonium salt formulation) (equivalent to ca. 
1.5 times the maximum approved application rate in the USA): for pre-plant incorporation, 14C-
imazethapyr was applied to bare soil and mixed in the upper soil layer by hand rake before sowing of 
imidazoline-tolerant maize (Hybrid A and Hybrid K); and for post-emergence treatment, both varieties 
of maize were treated at the 4–5 leaf stage. 

Maize foliage, cob and grain were collected 15–17, 32, 64, 90 and 116–124 days after the pre-
plant incorporated treatment and 0, 1, 4, 7–8, 15–17, 32, 64, 90 and 116–177 days after the post-
emergence treatment. At the early sampling timing, foliage from 10–20% of the total emergent crops 
was collected. At maturity, 25–50% of the remaining crop was divided into stalk, cob and grain. Husk 
surrounding the ears was combined with stalk tissue. All samples were stored for intervals up to 8 
months at -20 °C until analysis. 

Dry ice ground samples were extracted with aqueous acetone (distilled water/acetone, 50:50, 
v/v) followed by extraction with pure acetone. The extracts and the post-extraction solids were radio-
assayed separately. Further purification for HPLC analysis was by partitioning against hexane or 
dichloromethane, repeated precipitation with methanol, centrifugation and filtration. TRR in each 
sample was determined by radio-combustion analysis followed by LSC and by direct LSC.  

Radioactive residues in the plant extracts were isolated for metabolite characterization and 
identification by HPLC equipped with UV detector (set at 254 nm). Metabolites were identified by 
co-chromatography with known reference standards. Extracts of the samples harvested at maturity 
were also fortified with 14C-CL 288511 for structure verification of the major radioactive peaks. 
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Average TRR in the uppermost (0–7.5 cm) soil cores taken at various timing ranged from 
0.064 to 0.092 mg eq/kg after the post-emergence treatment and from 0.082 to 0.125 mg eq/kg after 
pre-plant incorporation (soil dry weight basis). Most of the recovered radioactivity was located in the 
top 7.5 cm of soil in all the samples, irrespective of treatment and maize hybrid, indicating that 
imazethapyr or degradation products did not move deeper.  

The TRR in maize foliage (stalk) samples from the post-emergence treatment declined rapidly 
from levels of 6.5–7.3 mg eq/kg at the time of treatment to between 0.02–0.03 mg eq/kg in the foliage 
of mature plants. The TRR in maize foliage samples from the pre-plant incorporation treatment 
peaked at 0.03 to 0.12 mg eq/kg 2 weeks after the treatment. The TRR in mature foliage ranged 
between 0.006 mg eq/kg and 0.021 mg eq/kg. The TRR in the cob of mature plants were 0.006–
0.009 mg eq/kg and 0.004–0.005 mg eq/kg from post-emergence treatment and pre-plant 
incorporation treatment, respectively. The TRR in mature grain of both hybrids from both treatments 
ranged 0.007–0.013 mg eq/kg (Table 8). 

Table 8 Total radioactive residues in maize plant following treatment with 14C-imazethapyr at a rate of 
0.105 kg ai/ha 

Maize Hybrid Treatment Days after treatment
TRR mg eq/kga 

Foliage Cob Grain 

Hybrid K Post-emergence 

0 6.53 – – 
1 1.24 – – 
4 0.558 – – 
8 0.427 – – 

15 0.044 – – 
32 0.021 – – 
64 0.024 – – 
90 0.025 0.007 0.006 
117 0.020 0.006 0.008 

Hybrid K 
Pre-plant 

incorporation 

15 0.031 – – 
32 0.006 – – 
64 0.019 – – 
90 0.025 0.005 0.006 
124 0.021 0.005 0.007 

Hybrid A Post-emergence 

0 7.27 – – 
1 7.04 – – 
4 2.85 – – 
7 1.97 – – 

17 0.297 – – 
32 0.070 – – 
64 0.044 – – 
90 0.027 0.009 0.014 
109 0.026 0.009 0.012 

Hybrid A 
Pre-plant 

incorporation 

17 0.118 – – 
32 0.013 – – 
64 0.007 – – 
90 0.008 0.004 0.007 
116 0.006 0.005 0.009 

a Fresh weight basis. 

 

Only for the samples from the post-emergence treatment, extraction and HPLC analysis were 
attempted as the TRR in maize samples from the pre-plant incorporation treatment were very low 
(0.006 to 0.03 mg eq/kg, except the 17 DAT foliage sample). 

Greater than 88% (range 88.2–104.1%) of the TRR in the green plant was extracted with 
aqueous acetone. In the dry stalk of mature maize, 53.6% to 64.2% of the plant radioactivity 
(0.02 mg/kg to 0.026 mg/kg) was extracted with aqueous acetone. Only additional 4.2% or less of 
TRR was extracted with pure acetone. Unextracted radioactivity remaining in green foliage ranged 
from 4.2% to 11.6% (0.008–0.02 mg eq/kg) and in dry mature stalks from 33.4% to 43.3% (0.007–
0.01 mg eq/kg). (Table 9) 
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Approximately 64.9–74.8% of the radioactivity in mature maize grain was extracted with 
aqueous acetone. Only additional 2.3–3.2% of TRR was extracted with acetone. The unextracted 
radioactive residue in the maize grain (both hybrid lines) ranged from 17.1 to 20% 
(< 0.006 mg eq/kg). (Table 9) 

Table 9 Extraction of radioactive residues in maize following post-emergence treatment with 14C-
imazethapyr at a rate of 0.105 kg ai/ha 

Fraction Hybrid K Hybrid A 
Foliage Grain Foliage Grain 

8 
DAT 

15  
DAT 

32  
DAT 

117 
DAT 

117 
DAT 

7  
DAT 

17  
DAT 

32  
DAT 

109 
DAT 

109 
DAT 

TRR 
mg eq/kga 

0.43 0.04 0.02 0.02 0.008 2.0 0.3 0.07 0.026 0.012 

 % TRRb 
Aq. Acetone 88.2 104.1 90.7 64.2 64.9 99.5 92.8 91.1 53.6 74.8 

Acetone 0.7 0.6 1.2 4.2 3.2 0.6 0.5 0.4 1.8 2.3 
Unextracted 4.2 4.8 6.7 33.4 17.1 8.7 7.9 11.6 43.3 20.0 

Total recovered 93.1 109.5 98.6 101.8 85.2 108.8 101.2 103.1 98.7 97.1 
a On a fresh weight basis; 
b Actual residue in the fraction divided by TRR from initial radio-assay of sample; 

 

The composition of the extracted radioactive residues in maize (green plants, stalks and grain) 
from the post-emergence treatment was determined by HPLC analysis of the purified aqueous acetone 
extracts. The acetone fractions obtained from post-extraction solid of the aqueous acetone extraction 
procedure contained less than 5% of the TRR, and therefore identification was not attempted for these 
residues.  

Analysis of green plant and stalk of hybrid K maize from the post-emergence treatment 
showed that CL 288511 was the predominant metabolite in all the samples collected. CL 288511 
accounted for about 48% (0.226 mg eq/kg) of TRR on 8 DAT and 24% (0.007 mg eq/kg) 117 DAT 
(at harvest). Imazethapyr accounted for about 6% (0.026 mg on 8 DAT; < 0.003 mg/kg on 15 DAT) 
of TRR in early plant foliage, declining to 3.3% (< 0.003 mg/kg) on 32 DAT and not detected at 
harvest. CL 182704 was found only in low amounts in all samples and constituted approximately 3% 
(< 0.003 mg eq/kg) of TRR in mature foliage (Table 10). 

Extracts of foliage of hybrid A maize from the post-emergence treatment indicated that 
imazethapyr accounted for a greater percentage of the extracted radioactive residue than in hybrid K 
maize. In the extract of 7 DAT green foliage, imazethapyr (0.492 mg/kg) and CL 288511 (0.478 mg 
eq/kg) each accounted for about 24–25% of TRR. The parent compound declined to approximately 
8% (0.026 mg/kg) of TRR in green plant on 17 DAT and to 0.4% (< 0.003 mg/kg) in mature foliage. 
CL 288511 increased to 26% (0.002 mg eq/kg) on 32 DAT and declined to 9.6% (0.005 mg eq/kg) on 
109 DAT (at harvest). CL 182704 was found but at or below 5% in all samples (Table 10). 

The metabolic profiles in mature grain from the post-emergence treatment showed that 
CL 288511 was the predominant radioactive residue and accounted for 27% (0.005 mg eq/kg) and 
32% (0.004 mg eq/kg) of TRR in hybrid A and K, respectively. About 4% (< 0.003 mg eq/kg) of TRR 
was identified as CL 182704 in both hybrids, while unchanged parent compound accounted for 
approximately 3 or 15% (< 0.003 or 0.003 mg/kg) of TRR. None of the identified metabolites in 
maize grain of either hybrid exceeded 0.005 mg/kg expressed in parent equivalents (Table 10). 

There were several unknown peaks, none of which accounted for 10% of TRR or 
> 0.01 mg/kg. 

Table 10 Identification of radioactive residues in maize following post-emergence treatment with 14C-
imazethapyr at a rate of 0.105 kg ai/ha 

Compound Hybrid K 
Foliage Grain 

8 DAT 15 DAT 32 DAT 117 DAT 117 DAT 
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%TRR mg eq/kga %TRR mg eq/kg %TRR mg eq/kg %TRR mg eq/kg %TRR mg eq/kg
Imazethapyr 5.5 0.026 6.2 < 0.003 3.3 < 0.003 n.d. n.d. 2.9 < 0.003 
CL 288511 47.5 0.226 57.7 0.002 40.1 0.009 24.0 0.007 31.6 0.004 
CL 182704 1.5 0.007 3.9 < 0.003 3.6 < 0.003 3.1 < 0.003 3.9 < 0.003 
Compound Hybrid A 

Foliage Grain 
7 DAT 17 DAT 32 DAT 109 DAT 109 DAT 

%TRR mg eq/kgb %TRR mg eq/kg %TRR mg eq/kg %TRR mg eq/kg %TRR mg eq/kg
Imazethapyr 24.5 0.492 8.2 0.026 7.0 0.005 0.4 < 0.003 15.0 0.003 
CL 288511 23.8 0.478 22.3 0.072 26.1 0.020 9.6 0.005 26.6 0.005 
CL 182704 4.1 0.082 3.0 0.010 5.1 0.004 2.6 < 0.003 4.3 < 0.003 

a Percent of metabolite in sample x total radioactive residue. Remaining unaccounted for radioactivity included several 
minor radio-peaks, none of which exceeded 10% of the total radioactive residue. 

n.d. Not detected 

 

Second study 

In a separate study (Mallipudi N.M., 1990a, IE-640-006), the metabolism of imazethapyr in maize 
plants grown in a small outdoor plot (sandy loam soil) was studied using adC-labelled imazethapyr in 
1989 in the USA. 14C-Imazethapyr was applied as a single foliar spray post-emergence treatment at a 
rate of 0.28 kg ai/ha (ammonium salt formulation with the non-ionic surfactant X-77)(equivalent to 4 
times the maximum approved application rate in the USA) to seedling of maize (Pioneer 
B73/MO17HO) at the 4–5 leaf stage (35 days after germination). Plant material (whole plant, stalk 
and cob, grain) was collected 0, 15, 30 and 60 days after the application (DAT) and at harvest (94 
DAT). Samples taken at harvest were separated into plant other than grain (containing stalk, husk, and 
cob) and grain. Soil cores to a depth of 45 cm were sampled after the application (0 DAT) and at 
harvest (94 DAT). The samples were stored for up to 7 months at -20°C until analysis. Samples were 
processed, extracted and analysed in the similar way as in the 1986 study. Radioactivity in the post-
extraction solids of mature stalk/cob samples was extracted three times with 2% 
methanol/hydrochloric acid solvent mixture. After filtration the residue was refluxed for 4 hours in the 
presence of 6N aqueous sodium hydroxide. All extracts and the post-extraction solids (PES) were 
radio-assayed separately. 

Plant samples (except grain) collected on 15 and 94 DAT were used to determine the 
extraction efficiency of residue analytical method SOP M-1981. Homogenized samples were 
extracted with methanol/water:1M HCl (60:39:1, v/v/v). After further clean-up involving solvent 
partitioning and solid phase extraction techniques, residues of imazethapyr and its metabolite 
CL 288511 in 15 DAT plant samples were determined by GC-NPD.  

Identification of radioactive residues was conducted in the same manner as in the 1986 study. 
In addition, the purified plant residue isolates were analysed by gas chromatography - positive ion 
chemical ionization mass spectrometry (GC-PI CIMS).  

As in the studies on other plants, radioactivity was mainly found in the top 7.5 cm layer of all 
soil samples confirming that imazethapyr does not move deeper.  

TRR in maize foliage on 0, 15, 30 and 60 DAT were 15.35, 0.28, 0.14 and 0.07 mg eq/kg, 
respectively on a fresh weight basis. At harvest, TRR in foliage (other than grain) remained at the 
level of 0.08 mg eq/kg, whereas only small amounts (0.02 mg eq/kg) were detected in mature grain. 
(Table 11) 

Table 11 Total radioactive residues following a post-emergence treatment with 14C-imazethapyr at a 
rate of 0.28 kg ai/ha 

DAT TRR mg eq/kg a  
 Whole plant  Grain 

0 15.35 – 
15 0.28 – 
30 0.14 – 
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DAT TRR mg eq/kg a  
60 0.07 – 

94 
0.08  

(other than grain) 
0.02 

a On a fresh weight basis 

 

More than 90% (90.6–106.5%) of the radioactivity in whole plant was extracted with aqueous 
acetone. In the plant other than grain (94 DAT), 77.7% of the TRR was extracted with acetone/water. 
Only 1.0% or less of radioactive residue was extracted in a second extraction step with pure acetone. 
Unextracted radioactivity in green foliage ranged from 0.4–10.9% in the immature samples and 
27.7% in the mature dry foliage (other than grain). (Table 12) 

The unextracted radioactivity in the PES of plant (other than grain) was further subjected to 
acid and base extraction. A further 3.3% and 14.2% of TRR were extracted using 2% HCL in MeOH 
and 6N aqueous NaOH, respectively. Only 6.0% (0.005 mg eq /kg) of the TRR remained unextracted 
in the PES, which may be either bound and/or incorporated into natural plant components.  

Approximately 93.3% of the radioactivity in maize grain was extracted with aqueous acetone. 
Only 14% (< 0.005 mg eq/kg) of the TRR in grain remained unextracted. (Table 12) 

Table 12 Extraction of radioactive residues in maize following a post-emergence treatment with 14C-
imazethapyr at a rate of 0.28 kg ai/ha 

Fraction Whole plant 
 0 DAT 15 DAT 30 DAT 60 DAT 

TRR mg eq/kga 15.35 0.28 0.14 0.07 
 %TRRb mg eq/kgc %TRR mg eq/kg %TRR mg eq/kg %TRR mg eq/kg 

Aq. Acetone 106.5 16.35 90.6 0.25 93.3 0.13 92.0 0.06 
MeCl2 – – 6.3d 0.02 0.7 < 0.05 n.d. n.d. 

Unextracted  0.4 0.06 8.4 0.02 7.3 0.01 10.9 0.008 
Total recovered 106.9 - 105.3 - 101.3 - 102.9 - 

Fraction Whole plant 
(excluding grain) 

Grain  

 94 DAT 94 DAT  
TRR mg eq/kga 0.08 0.02  

 %TRR mg eq/kg %TRR mg eq/kg  
Aq. Acetone 77.7 0.06 93.3 0.019  

MeCl2 5.1 < 0.005 1.2 < 0.005  
Unextracted  27.7 0.02 14.0 < 0.005  

Total recovered 110.5 - 108.5 -  
a On a fresh weight basis 
b Actual residues in the fraction divided by TRR from initial radio-assay of sample; 
c %TRR in fraction x TRR from initial radio-assay / 100; 
d Includes acetone extract 

n.d. Not detectable 

 

The composition of the extracted radioactive residues in maize whole plants, grain and mature 
plant other than grain from the post-emergence treatment was determined by HPLC analysis of the 
purified aqueous acetone extracts. The acetone and dichloromethane fractions were not subjected to 
characterization/identification as these fractions contained less than 6% of the TRR. 

HPLC analyses of whole plant and mature plant other than grain showed that metabolite 
CL 288511 was the predominant residue with 45–71% of TRR in all the samples, except in the 
samples taken 0 DAT. Imazethapyr accounted for 94% of TRR directly after the application, 9.0% on 
15 DAT, declining to 2.9% on 30 DAT, < 0.01 % on 60 DAT and <1.0% in the mature plant other 
than grain at harvest (94 DAT). CL 182704 was found only in low amounts in all the samples and 
accounted for a maximum of 8.3% (0.006 mg eq/kg) of TRR in mature plant other than grain at 
harvest. (Table 13). 
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HPLC analysis of the radioactive residue released from PES of the 94 DAT stalk/cob sample 
by 6N NaOH showed one peak corresponding to that of CL 182704. This peak represented 24.5% 
(0.002 mg eq/kg) of the radioactive residue (0.002 mg eq/kg, corresponding to 3.5% of TRR) in the 
NaOH extract. 

The metabolic profiles of mature maize grain showed that metabolite CL 288511 was the 
predominant radioactive residue, accounting for about 71% (0.014 mg/kg) of TRR. About 8% 
(< 0.005 mg eq/kg) of TRR was identified as CL 182704, while unchanged parent compound 
accounted for approximately < 1.0% (< 0.005 mg/kg) of TRR (Table 13). 

Table 13 Identification of radioactive residues in maize following a post-emergence treatment with 
14C-imazethapyr at a rate of 0.28 kg ai/ha 

Compound Whole plant 
 0 DAT 15 DAT 30 DAT 60 DAT 
 %TRR mg eq/kgc %TRR mg eq/kg %TRR mg eq/kg %TRR mg eq/kg 

Imazethapyr 93.7a 14.36 9.0a 0.03 2.9 < 0.005 < 0.01 < 0.005 
CL 288511 2.8a 0.43 50.7a 0.14 59.6 0.08 61.6 0.04 
CL 182704 n.d. n.d. 2.3a 0.007 5.6 0.008 7.7 0.005 

Fraction Whole plant 
(excluding grain) 

Grain  

 94 DAT 94 DAT  
 %TRR mg eq/kg %TRR mg eq/kg  

Imazethapyr <1.0 < 0.005 <1.0 < 0.005  
CL 288511 45.1 0.03 70.5 0.014  
CL 182704 8.3 0.006 8.4 < 0.005  

On a fresh weight basis 

Remaining unaccounted for radioactivity included several minor radio-peaks, none of which exceeded 10% of the total 
radioactive residue; 
a Average of two replicates. 

n.d. Not detectable 

 

Like pea and soya bean, it is apparent that imazethapyr is rapidly metabolized in maize, and 
the initial metabolism includes oxidative hydroxylation of the α-carbon of the ethyl side chain 
attached to position 5 of the pyridine ring to form CL 288511. Further glucosidation of the alkyl 
hydroxylated CL 288511 was not a major pathway to terminal residues in maize.  

Rape seed (Canola) 

The metabolism of imazethapyr in rape seed (AU738, imidazolinone-tolerant) grown in a small 
outdoor plot (clay loam soil) was studied using 14C-imazethapyr in 1992 in the USA (Velagaleti P.R. et 
al., 1993a, IE-640-009). 14C-Imazethapyr was applied as a single foliar spray post-emergence 
treatment at a rate of 0.054 kg ai/ha (ammonium salt formulation with the addition of the non-ionic 
surfactant Agral-90)(equivalent to 3.6 times the maximum approved application rate in Canada). 
Rapeseed seedlings were treated at the 3–4 leaf stage. 

Within 30 minutes after application (0 DAT), eight sets of plants (3–4 plants/set) were 
harvested at random from the control and treated plot for treatment verification. At maturity 103 
DAT, all plants from the control and treated plot were harvested. Pods, shells, stems and foliage 
(chaff material) were discarded. Soil cores to a depth of 45 cm were sampled before and after the 
application (0 DAT) and at harvest (103 DAT). The samples were stored in a freezer at -20 °C until 
analysis. TRR in each sample was determined in the similar manner as in other plant metabolism 
studies.  

The TRR in plants collected at 0 DAT ranged from 1.55 mg eq/kg to 2.56 mg eq/kg with an 
average of 1.7 mg eq/kg. Six of the eight samples showed TRR levels between 1.6 to 1.8 mg eq/kg 
indicating that the application of treatment solution was fairly uniform. The TRR in seed samples 
from the treated plot at harvest was below 0.01 mg eq/kg (Table 14). 
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Table 14 Total radioactive residues in rapeseed following a post-emergence treatment with 14C-
imazethapyr at a rate of 0.054 kg ai/ha 

DAT TRR mg eq/kga 
 Plant Seed 

0b 1.77c (Mean) 
1.55-2.56 (Range) 

– 

103 – < 0.01 
a Minimum quantifiable limit = 0.01 mg/kg; 
b Minimum quantifiable limit = 0.01 mg/kg; 
c Mean of 8 samples (range provided in parentheses).  

 

Treated plants were not analysed further since the radioactive residues resulting from 
treatment with adC-imazethapyr were below the minimum quantifiable level of 0.01 mg/kg in the 
radiotracer method even at the application level 3.5 times the maximum GAP level. 

Alfalfa 

The metabolism of imazethapyr in alfalfa (Apollo II and Dekalb 135) grown in small outdoor plots 
(silt loam and sandy loam) was studied using adC- imazethapyr in 1987 in two places in the USA 
(Gatterdam P., 1991a, IE-640-007). 14C-Imazethapyr formulated as the ammonium salt was applied at 
a rate of 0.150 kg ai/ha (equivalent to ca. 1.5 times the maximum approved application rate): at the 
first trifoliate stage of newly seeded alfalfa (MT-I and NJ-I treatments), and in established alfalfa after 
single spray applications at dormant (dormant; MT-II treatment) and first seasonal cut (late treatment; 
MT-III treatment) stages.  

Samples of plants were taken at various times after individual treatment as shown in Table 15 
by cutting the plants at the soil surface. After treatment, plots were thinned out by removing about 5% 
of the plants and additional 10–15% at subsequent sampling time. When alfalfa reached maturity, 
designated as 10% flowering, “harvest sample” was taken and mature alfalfa was left to dry in the 
open for 1–2 days to yield hay samples. All samples were weighed fresh (mature crops after drying in 
the field) and stored frozen until analysis. Soil samples to a depth of 45 cm were collected after the 
applications and at the harvest plant sampling intervals. Radioanalysis was conducted in the same 
manner as in other plant metabolism studies.  

Ground tissues were extracted with aqueous acetone (distilled water/acetone, 50:50, v/v) 
followed by extraction with pure acetone. Further purification of the aqueous fractions for HPLC 
analysis was achieved by partitioning against hexane or dichloromethane, repeated precipitation with 
methanol, centrifugation and filtration. Post extraction solids (PES) of certain samples were further 
extracted three times with methanol containing 2% hydrochloric acid (v/v). After removal of the 
methanol, the aqueous fraction was cleaned up by partitioning against hexane.  

The radioactive residues in the plant extracts were isolated for metabolite characterization and 
identification by HPLC equipped with a UV detector (set at 254 nm). Metabolites were identified by 
co-chromatography with known reference standards. For identification of conjugates, acid (5N HCl, 
100 °C, 60 min), base (1N NaOH, 40–60 °C, 40 min) and enzyme (β-glucosidase, 37 °C, 6 days) were 
used for hydrolysis. Purified metabolites were further analysed by either gas chromatography-positive 
ion chemical ionization mass spectrometry (GC-PI CIMS) in CH4 or fast atom bombardment mass 
spectrometry (FAB-MS) in glycerol. 

CL 182704 and MAE-CL 182704 (malonic acid ester of CL 182704) were either isolated 
from bulk samples of alfalfa hay from the treatment at dormant stage or produced by a cut stem 
experiment. For the latter, shoots 7.5–10 cm in length were placed in vials containing 14C-imazethpyr 
mixture (1:1) at a concentration of 400 mg/kg for 1–3 hours. The shoots were then incubated in water 
for 11–12 days and in the greenhouse. All plant material was extracted by methods described above. 
Concentrated extracts were subjected to multiple passes though the HPLC, and isolated fractions were 
analysed by GC-MS and FAB-MS for CL 182704 and MAE-CL 182704, respectively. 
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As in the studies on other plants, it was confirmed that imazethapyr or degradation products 
did not move significantly deeper than top 7.5 cm in soil. 

TRR in alfalfa declined sharply irrespective of treatment and timing giving values ranging 
from 0.37 to 0.54 mg eq/kg in first hay cuttings from dormant and late treatments and from 0.15 to 
0.45 mg eq/kg in the newly seeded crops. TRR values in the final hay samples were significantly 
lower than those from the earlier harvests, ranging from 0.02 to 0.04 mg eq/kg (Table 15). 

Table 15 Total radioactive residues in alfalfa following a foliar treatment with 14C–imazethapyr at a 
rate of 0.15 kg ai/ha 

NJ-I (newly seeded) MT-I (newly seeded) MT-II (dormant) MT-III (late treatment) 
DALA TRR mg eq/kg DALA TRR mg eq/kg DALA TRR mg eq/kg DALA TRR mg eq/kg 

0 63.62 0 28.67 0 19.03 0 6.91 
14 1.00 16 1.82 14 0.73 14 0.80 
28 0.13 27 0.68 28 0.39 30 0.06 
42 0.11 41 0.16 43 0.31 38 (H) 0.37 
56 0.08 57 0.11 63 (H) 0.54 56 0.03 

89 (H) 0.15 65 (H) 0.45 77 0.17 70 0.02 
124 0.02 83 0.08 93 0.06 86 0.14 

165 (H) 0.04 97 0.05 101 (H) 0.17 109 (H) 0.03 
  113 0.29 119 0.02   
  136 (H) 0.02 133 0.02   
    149 0.11   
    172 (H) 0.02   

(H) Harvest of mature alfalfa hay 

 

From 70% to 88% of the TRR in green forage and dry hay samples was extracted with 
aqueous acetone. The acetone fraction accounted for much smaller %TRR and was not analysed 
further.  

Table 16 Extraction of radioactive residues in alfalfa (foliage and hay) following a post-emergence 
foliar treatment with 14C-imazethapyr at a rate of 0.15 kg ai/ha 

Fraction NJ-I (newly seeded) MT-I (newly seeded) MT-II (dormant) MT-III (late treatment) 
28 DALA 

Forage 
89 DALA 

Hay 
41 DALA 

Forage 
65 DALA 

Hay 
28 DALA 

Forage 
63 DALA 

Hay 
14 DALA 

Forage 
38 DALA 

Hay 
TRR mg eq/kga 0.13 0.15 0.16 0.45 0.39 0.54 0.80 0.37 

 %TRR 
Aq. acetone 70.9 70.2 77.5 82.6 88.0 79.8 70.0 72.0 

Acetone 1.9 11.4 3.3 4.3 0.7 2.4 1.0 5.0 
Unextracted  27.0 17.6 11.7 12.3 9.5 17.0 26.0 23.0 

Total recovered 99.8 99.2 92.5 99.2 98.2 99.2 97.0 110.0 

 

HPLC analysis of alfalfa samples revealed three predominant metabolites, CL 288511, 
CL 182704 and MAE-CL 182704, besides imazethapyr. The third major metabolite, MAE-
CL 182704, was isolated from cut-stem experiments that showed the same metabolite profile as the 
field test alfalfa samples. The metabolite was characterized by acid hydrolysis yielding CL 288511, 
base hydrolysis producing imazethapyr, and β-glucosidase hydrolysis which did not hydrolyse MAE-
CL 182704. All these results suggest that this metabolite is a carboxylic acid ester of the glucoside 
CL 182704. The metabolite MAE-CL 182704 was identified by FAB-MS as the malonic acid ester of 
CL 182704. CL 182704 was also isolated from the alfalfa cut-stem samples. 

The identified radioactive residues are summarized in Table 17. The glucoside CL 182704 
was the predominant metabolic product in both early stage foliage and mature hay (except 14 DAT 
late treatment samples) comprising approximately 29–45% of the TRR. In all treatments the 
combined CL 288511 and CL 182704 products accounted for 32–60% of the TRR. MAE-CL 182704 
comprised for 0.9–17.5% of the TRR in alfalfa. Only small quantities of imazethapyr were detected in 
alfalfa samples with a maximum of 15.2% found in the 14 DAT late treatment foliage sample. It 
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appears that the metabolic pathway of imazethapyr in alfalfa is common regardless of the timing of 
application. 

As it took over three years to complete the study due to difficulty in identifying MAE-
CL 182704, stability of this compound was checked. The results of the HPLC analyses showed that 
incurred radioactive residues in alfalfa are stable when stored frozen and the extractability of the 
radioactive residues and the metabolite profiles of the aged frozen samples were similar to the fresh 
samples. 

Table 17 Identification of radioactive residues in alfalfa (foliage and hay) following a post-emergence 
foliar treatment with 14C-imazethapyr at a rate of 0.15 kg ai/ha 

Compound NJ-I 
(newly seeded) 

28 DALA Forage 89 DALA Hay 
 %ERR a %TRR b mg eq/kg c %ERR %TRR mg eq/kg 

Imazethapyr <1.0 <1.0 < 0.01 <1.0 <1.0 < 0.01 
CL 288511 10.9 7.7 0.01 27.7 19.4 0.03 
CL 182704 43.7 30.0 0.04 50.2 35.2 0.05 

MAE-CL 182704 2.9 2.1 < 0.01 3.7 2.6 < 0.01 
Compound MT-I  

(newly seeded) 
41 DALA Forage 65 DALA Hay 

 %ERR %TRR mg eq/kg %ERR %TRR mg eq/kg 
Imazethapyr 3.8 2.9 < 0.01 <1.0 <1.0 <1.0 
CL 288511 25.5 19.8 0.03 18.8 15.5 0.07 
CL 182704 37.5 29.1 0.05 54.4 44.7 0.20 

MAE-CL 182704 11.4 8.8 0.01 13.1 10.8 0.05 
Compound MT-II (dormant) 

28 DALA Forage 63 DALA Hay 
 %ERR %TRR mg eq/kg %ERR %TRR mg eq/kg 

Imazethapyr 1.9 1.7 0.01 - - - 
CL 288511 11.8 10.4 0.04 25.7 20.5 0.11 
CL 182704 43.8 38.5 0.15 48.3 38.5 0.21 

MAE-CL 182704 19.9 17.5 0.07 17.5 14.0 0.08 
Compound MT-III (late treatment) 

14 DALA Forage 38 DALA Hay 
 %ERR %TRR mg eq/kg %ERR %TRR mg eq/kg 

Imazethapyr 21.7 15.2 0.12 1.2 0.9 < 0.01 
CL 288511 25.9 18.1 0.14 23.2 16.7 0.06 
CL 182704 20.1 14.1 0.11 39.0 28.1 0.10 

MAE-CL 182704 1.3 0.9 0.01 11.5 8.3 0.03 
a Percent of extracted radioactive residue (ERR) in aqueous acetone fractions; 
b Percent ERR x percent TRR in aqueous acetone fractions; 
c Percent TRR x total radioactive residue. Remaining unaccounted for radioactivity included several minor radio-peaks, 
none of which exceeded 10% of the total radioactive residue. 

 

Unextracted radioactivity in green foliage and hay PES ranged from 9.5–27% TRR (Table 16) 
from which an additional 17–49% of TRR were extracted using acid methanol. In general, the 
predominant radioactive metabolites found in the initial aqueous acetone extracts were also 
predominant in the acid methanol fractions. One unidentified peak (‘unknown 3’) was found in 
several of the extracts. Concentrations of all identified and unknown residue in the acid methanol 
extracts were < 0.01 mg/kg based on the total recovered radioactivity with the exception of one hay 
sample. 

Table 18 Identification of radioactive residues in acid MeOH extracts of post-extraction solids (PES) 
of alfalfa (foliage and hay) following a post-emergence foliar treatment with 14C-imazethapyr at a rate 
of 0.15 kg ai/ha 

 Fraction 
NJ-I (newly seeded) 

28 DALA Forage 89 DALA Hay 
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TRR mg eq/kg 0.13 0.15 
PES mg eq/kg 0.04 0.03 

Acid MeOH extract 
%TRR 

20.0 17.0 

Compound %ERR a %TRR b mg eq/kg c %ERR %TRR mg eq/kg 
CL 288511 6.3 1.3 < 0.01 11.6 2.0 < 0.01 
CL 182704 22.3 4.4 < 0.01 38.0 6.5 < 0.01 

 Fraction 
MT-I (newly seeded) 

65 DALA Hay  
TRR mg eq/kg 0.45  
PES mg eq/kg 0.06  

Acid MeOH extract 
%TRR 

29.0  

Compound %ERR %TRR mg eq/kg    
CL 288511 11.9 3.5 < 0.01    
CL 182704 39.0 11.3 < 0.01    

 Fraction 
MT-II (dormant) 

28 DALA Forage 63 DALA Hay 
TRR mg eq/kg 0.39 0.54 
PES mg eq/kg 0.04 0.09 

Acid MeOH extract 
%TRR 

23.0 49.0 

Compound %ERR %TRR mg eq/kg %ERR %TRR mg eq/kg 
Imazethapyr 2.0 0.5 < 0.01    
CL 288511 11.4 2.6 < 0.01 14.3 7.9 0.01 
CL 182704 21.7 5.0 < 0.01 26.5 13.0 < 0.01 

  Unknown 3 19.8 4.6 < 0.01    

 Fraction 
MT-III (late treatment) 

14 DALA Forage 38 DALA Hay 
TRR mg eq/kg 0.80 0.37 
PES mg eq/kg 0.21 0.09 

Acid MeOH extract 
%TRR 

21.0 31.0 

Compound %ERR %TRR mg eq/kg %ERR %TRR mg eq/kg 
Imazethapyr 9.8 2.1 < 0.01    
CL 288511 8.8 1.8 < 0.01 10.6 3.3 < 0.01 
CL 182704 10.7 2.2 < 0.01 24.2 7.5 < 0.01 

  Unknown 3 2.8 0.6 < 0.01 16.5 5.1 < 0.01 
a Percent of extracted radioactive residue (ERR) in MeOH fractions; 
b Percent ERR × percent TRR in MeOH extract; 
c Parent equivalents; remaining unaccounted for radioactivity included several minor radio-peaks, none of which exceeded 
10% of the total radioactive residue. 

 

Because of the known instability of imidazolinones in strong acid or base under reflux 
conditions, further digestion of the non-extractable fractions under these conditions would only yield 
fragmented degradates rather than the intact residue of interest. Thus, no further attempts were made 
to release additional radiocarbon from the PES previously extracted under mild acid conditions. 

In alfalfa, imazethapyr undergoes oxidative hydroxylation of the α-carbon of the ethyl side 
chain substituent on the pyridine ring to produce α-hydroxyethyl metabolite CL 288511. The α-
hydroxyethyl metabolite combines with glucose to produce the glucose conjugate CL 182704 as the 
major metabolite in alfalfa. Another less prominent conjugated product found in alfalfa was the 
malonic acid ester derivative of the CL 182704.  

Proposed metabolic pathway of imazethapyr 

The metabolic profiles of pea, soya bean, alfalfa and maize were qualitatively similar, with CL 288511 
and CL 182704 as predominant metabolites and imazethapyr in a minor amount. In alfalfa, in addition 
to these three compounds, one metabolite malonic acid ester of CL 182704 was found at minor 
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amount. No metabolite identification was possible in rapeseed due to very low radioactivity in the 
seed of treated plants. THE Proposed metabolic pathway of imazethapyr is shown in Figure 2. 

     
 
 
 
 

 
 
 

 
 
 
Figure 2 Proposed metabolic pathway of imazethapyr in plants 

 

Animal Metabolism 

The Meeting received information on the results of studies on lactating goats, lactating cows and 
laying hens which were fed 14C-labelled imazethapyr or 14C-labelled CL 288511. 

Metabolism studies on laboratory animals including rats were reviewed in the framework of 
toxicological evaluation by the current JMPR and the relevant information is summarized below. 

Rat 
14C- Imazethapyr given orally or intravenously to rats at various doses (up to 1000 mg/kg bw) was 
excreted rapidly to urine and faeces (83–99% of the administered dose within 48 hours): 73–94% in 
urine mostly as unchanged imazethapyr, and 1.0–4.9% in faeces. Total radioactive residues in organs 
and tissues were mostly around or below the LOQ after 7 days of administration, except that at the 
1000 mg/kg bw dose, A slightly higher tissue residue level ranging from < 0.03 mg eq/kg to 0.2 mg 
eq/kg was found. Small amounts of CL 288511, the hydroxylated metabolite of imazethapyr, were 
excreted in urine (0.5–1.9% of TRR) and faeces (0.2–1.2% of the TRR). 

Lactating goats 

Goat metabolism studies were conducted with the active substance imazethapyr or its metabolite 
CL 288511.  

Imazethapyr CL 288511 

Minor unknown  
components 

 

CL 182704 

MAE-CL 182704 

Alfalfa 



 Imazethapyr 

 

1437 

First study (14C-imazethapyr) 

The metabolism of imazethapyr in the lactating goat (variety not reported) was studied using adC-
imazethapyr (Gingher B., 1985a, IE-440-004) administered once daily orally in gelatine capsules (by 
balling gun) to two lactating goats for seven consecutive days. Each goat received mean daily dose of 
0.25 ppm in the diet equivalent to 0.019 mg/kg body weight or 1.25 ppm in the diet equivalent to 
0.085 mg/kg body weight. A third goat served as a control animal. 

Blood samples were collected daily. Milk samples were collected twice daily, once in the 
morning and once in the afternoon. The animals were sacrificed approximately 18 hours after the final 
dose, and the following tissues were collected: tenderloin, leg muscle, fat, liver and kidney.  

Radioactivity was quantified by LSC. Milk samples were diluted and blood samples were 
combusted before LSC analysis. Tissue samples were homogenized before combustion and LSC 
analysis.  

The TRR in milk and blood throughout the dosing period were all below the LOQ (milk, 
0.01 mg/kg; blood 0.05 mg/kg) at both dose levels. The TRR in all edible matrices at sacrifice were 
also below the LOQ of 0.05 mg/kg. This confirms reported rapid excretion of the radioactivity via 
urine and feces in the rat metabolism study. In the present goat metabolism study, no radioactive 
residues above the LOQ were found in milk, blood, muscle, liver, kidney or fat. 

Second study (adC-CL 288511) 

The metabolism of imazethapyr in the lactating goat (mixed variety) was further studied using 14C-CL 
288511 (Chiu T.Y., 1992a, IE-440-012) administered once daily orally in gelatine capsules to one 
lactating goat for seven consecutive days. The goat received mean daily dose of 42 ppm in the diet, 
equivalent to 1.12 mg/kg body weight. A second goat served as a control animal.  

Urine, faeces and blood samples were collected daily. Milk samples were collected twice 
daily, once in the morning and once in the afternoon. The animals were sacrificed approximately 20 
hours after the final dose, and the following tissues were collected: tenderloin, leg muscle, omental 
fat, liver and kidney.  

Radioactivity was quantified by LSC. Milk samples were diluted and blood samples were 
combusted before LSC analysis. Urine samples were directly analysed by LSC. Tissue samples were 
homogenized before combustion and LSC analysis.  

For identification of radioactive residues in kidney and liver, residues were extracted twice 
with acetone, combined and concentrated before HPLC-UV analysis. Urine collected at the day of 
sacrifice was cleaned by SPE C-18 cartridge with elution with methanol. Thereafter both fractions 
were concentrated and reconstituted in methanol before TLC analysis. Remaining samples of both 
fractions were combined, precipitated with ethanol and after repeatedly C-18 cartridge clean-up 
analysed by HPLC-MS. Faeces samples were extracted by methanol, cleaned up by TLC. The 
radioactive bands were extracted with ethanol before washing with acetonitrile containing 20% 
isopropanol. After evaporation the residues were analysed by HPLC-MS.  

Table 19 indicates that 84–90% (day 4–7) of the cumulative administered dose was excreted 
mostly in faeces (67–73% on day 4–7) and to a lesser proportion in urine (16–17% on day 4–7). 

Table 19 Cumulative radioactive residues in urine and faeces of lactating goat given 14C-CL 288511 at 
a daily dose of 42 ppm in the, equivalent to diet 1.12 mg/kg bw 

Time day  
Cumulative dose received 

mg 
% of cumulative dose 

Urine Faeces Combined 
1 60 9.6 26.9 36.5 
2 120 12.2 43.5 55.7 
3 180 15.9 55.4 71.3 
4 240 16.4 67.4 83.8 
5 300 16.8 73.4 90.2 
6 360 17.1 69.7 86.8 
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Time day  
Cumulative dose received 

mg 
% of cumulative dose 

Urine Faeces Combined 
7 420 17.2 70.2 87.4 

 

The TRR in milk throughout the dosing period were below the LOQ of 0.01 mg/kg. The 
TRRs in all issues at sacrifice were very low, with the highest at 0.09 mg eq/kg in kidney followed by 
0.02 mg eq/kg in liver as shown in Table 20. No radioactive residues above the LOQ of 0.01 mg 
eq/kg were found in milk, omental fat, leg and tenderloin muscle. 

Table 20 Total radioactive residues in edible matrices of lactating goat given 145C-CL 288511 at a 
daily dose of 42 ppm in the diet, equivalent to 1.12 mg/kg bw 

Tissue/milk TRR mg eq/kg 

Milk (cumulative) < 0.01 

Liver 0.02 

Kidney 0.09 

Leg muscle < 0.01 

Tenderloin muscle < 0.01 

Omental fat < 0.01 

 

From kidney and liver tissues, extraction with acetone twice resulted in 77.1% TRR 
(0.069 mg eq/kg) and 71.5% TRR (0.014 mg eq/kg), respectively, in the extracts. The kidney PES 
was further extracted twice with methanol containing 20% water (aqueous methanol), resulting in an 
additional 20.7% TRR (0.019 mg eq/kg) extracted. Liver PES was not subjected to further extraction 
because the remaining residue in the PES was < 0.01 mg eq/kg.  

Table 21 Extraction of radioactivity from liver and kidney of lactating goat given 14C-CL 288511 at a 
daily dose of 42 ppm in the diet, equivalent to 1.12 mg/kg bw 

Fraction Kidney Liver 
TRR mg eq/kg 0.09 0.02 

 %TRR mg eq/kg %TRR mg eq/kg 
Acetone 77.1 0.07 71.5 0.01 

Aqueous MeOH 20.7 0.02 - - 
Unextracted 28.5 < 0.01 2.4 < 0.01 

 

TLC of the extracts indicated that CL 288511 accounted for 98% of the extracted 
radioactivity from kidney and 92% from liver. The remaining 2.4% (kidney) and 7.7% (liver) of the 
extracted radioactivity remained unresolved. Also in the extracts of urine and faeces, CL 288511 was 
the only radioactive component detected. These results were confirmed by the HPLC profiles of all 
matrices. The unchanged CL 288511 was the main radioactive constituent in the extracts from kidney 
and liver as well as in faeces and urine.  

CL 288511 was rapidly excreted in faeces and urine and was virtually not metabolized in 
lactating goat. 

Lactating cow 

As the studies using lactating goat indicated that CL 288511 was excreted rapidly in faeces and urine, 
and was not metabolized in goat, for confirmation, an additional cow metabolism study was 
conducted with metabolite CL 288511. 

The metabolism of imazethapyr in the lactating cows (Holstein) was studied using 14C-CL 
288511 (Wu, S., 1993a, IE-440-013) administered twice daily orally in gelatine capsules to three 
lactating cows for seven consecutive days. The cows received mean daily dose of 27 ppm in the diet, 
equivalent to 0.70 mg/kg body weight. A forth cow served as a control animal.  
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Urine, faeces and blood samples were collected daily from one randomly selected cow. Milk 
samples were collected from each cow twice daily, once in the morning and once in the afternoon. 
The animals were sacrificed approximately 15 hours after the final dose, and the following tissues 
were collected: omental fat, back fat, liver, kidney and muscle. 

Radioactivity was quantified by LSC. Milk samples were diluted and blood samples were 
combusted before LSC analysis. Tissue samples were homogenized before combustion and LSC 
analysis.  

The TRR in milk were mostly below the LOQ of 0.01 mg eq/kg. The only detectable and 
maximum radioactive residue of 0.01 mg eq/kg was found in milk samples collected from treated cow 
No 649 in the AM of day 3 and from treated cow No 651 on day 3 (AM and PM), 4 (PM), 5 (PM), 
and 6 (AM). No residues above the LOQ (0.01 mg eq/kg) were detected in milk samples of cow 
No 648. 

Table 22 Total radioactive residues in milk of three lactating cows given orally 14C-CL 288511 at a daily dose of 
27 ppm feed, equivalent to 0.70 mg eq/kg bw 

Time day Milking time Control 
TRR mg eq/kg 

No 648 No 649 No 651 Mean 

-2 – 0 
AM < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 
PM < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 

1 
AM < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 
PM < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 

2 
AM < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 
PM < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 

3 
AM < 0.01 < 0.01 0.01 0.01 0.01 
PM < 0.01 < 0.01 < 0.01 0.01 < 0.01 

4 
AM < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 
PM < 0.01 < 0.01 < 0.01 0.01 < 0.01 

5 
AM < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 
PM < 0.01 < 0.01 < 0.01 0.01 < 0.01 

6 
AM < 0.01 < 0.01 < 0.01 0.01 < 0.01 
PM < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 

7 
AM < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 
PM < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 

 

No radioactive residues above the LOQ of 0.05 mg/kg were found in muscle, liver, kidney fat, 
or blood.  

In the present cow metabolism study, no radioactive residues above the LOQ were found in 
muscle, liver, kidney or fat after oral administration of CL 288511 at a daily dose of 0.70 mg/kg bw 
equivalent to 27 ppm in the diet for seven consecutive days. In milk samples, the maximum residue 
was 0.01 mg eq/kg. 

Laying hens 

Poultry metabolism studies were conducted with the active substance imazethapyr and its metabolite 
CL 288511. 

First study (14C-imazethapyr) 

In the first study (Gingher B., 1985b, IE-440-005), two groups of five hens (Hubbard White Leghorn) 
each received once daily oral doses of adC-imazethapyr for seven consecutive days at a daily rate of 
0.5 ppm in the diet (equivalent to 0.030 mg/kg bw) or 2.5 ppm in the diet (equivalent to 0.17 mg/kg 
bw). Test material was dissolved in acetone (ca. 10 ml) and was dripped onto about 100g of feed. Five 
other hens served as controls (dose of acetone only).  

During the administration period, eggs were collected once daily and separated into yolks and 
whites, homogenized and digested for one hour before LSC analysis. Hens were sacrificed (time from 
the final dose not reported), and the following tissues collected: liver, kidney, muscle, skin with 



Imazethapyr 

 

1440

adhering fat. Tissue samples were homogenized and combusted, except that skin with adhering fat 
was digested, before LSC analysis. 

The TRR in egg yolk and egg white throughout the study (7 days) were all below the LOQ of 
0.05 mg eq/kg regardless of the dose level.  

The TRRs in all the samples collected at sacrifice (muscle, liver, kidney and skin with 
adhering fat as well as blood and cumulative amount in eggs) contained no radioactive residues above 
the LOQ of 0.05 mg eq/kg. 

The results indicate that residues derived from imazethapyr may not occur above the LOQ of 
0.05 mg eq/kg in egg yolk or white or edible tissues of chickens given feed containing these high 
doses of imazethapyr. 

Second study (14C-CL 288511) 

In the second study (Mallipudi N.M., 1992a, IE-440-010), 15 hens (White Leghorn), divided into 
three groups (1,2 and 3) received twice daily oral gelatine capsule doses of 14C-CL 288511 for seven 
consecutive days at a daily rate of 10.2 ppm in the diet (equivalent to 0.83 mg/kg bw). Three other 
hens served as controls.  

During the administration period, eggs were collected twice daily and composited by test 
groups. Excreta samples were collected daily prior to the morning egg collection. Hens were 
sacrificed approximately 16 hours after the final dose, and the following tissues collected: liver, 
kidney, muscle, skin with adhering fat. Tissue samples were homogenized and combusted, except that 
skin with adhering fat was digested, before LSC analysis. For the determination of TRR, egg samples 
were blended before combustion 

The radioactive residues in excreta (faeces, urine and pan paper wash) throughout the dosing 
period shown in Table 23 indicate that 92.8–93.9% of the cumulative administered dose were 
excreted. Each day’s dose corresponds to 14.29% of the cumulative dose of 7 days. 

Table 23 Radioactive residues in excreta (including pan paper wash) of laying hens given orally 
14C-CL288511 at a daily dose of 10.2 ppm in the diet (0.83 mg/kg bw)  

Time day Cumulative dose mg 
% of the total administered dose 

(each daily dose corresponds to 14.29% of the total dose) 
Group 1 Group 2 Group 3 Mean 

-1 0 0 0 0 0 
1 1.24 10.52 11.14 11.08 10.91 
2 2.48 13.19 13.14 13.15 13.16 
3 3.72 12.95 12.60 13.75 13.10 
4 4.96 14.20 13.61 13.65 13.82 
5 6.2 14.01 13.72 12.69 13.47 
6 7.44 13.57 13.86 13.43 13.62 
7 8.68 13.36 14.47 14.11 13.98 
8 8.68 1.09 1.39 0.89 1.12 

Cumulative (total) excreted 92.89 93.93 92.75 93.19 

 

The TRR in eggs throughout the administration period were all below the LOQ of 0.01 mg 
eq/kg. The TRRs in all tissues (muscle, liver, kidney and skin with adhering fat) and blood taken at 
sacrifice and egg (cumulative) were all below the LOQ of 0.01 mg eq/kg.  

No further extraction or characterization was possible due to the lower level of TRR than the 
LOQ. 

No radioactivity above the LOQ was detected in eggs or edible tissues of hen given 14C-CL 
288511 in feed at the exaggerated high dose.  
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Proposed metabolic pathway of imazethapyr in animals 

The metabolism of imazethapyr or its metabolite CL 288511 was studied in lactating goats, lactating 
cows and laying hens. Orally administered 14C-imazethapyr and 14C-CL 288511 are rapidly eliminated 
in the excreta, faeces and urine. The main route of metabolism is: hydroxylation of imazethapyr to 
form CL 288511. 

 

     
 

Figure 3 Proposed metabolic pathway for imazethapyr in animals 

Environmental Fate in Soil 

The Meeting received information on aerobic degradation of imazethapyr in soil, hydrolysis and 
photolysis of imazethapyr on soil. 

Aerobic degradation 

First study (Mallipudi M., Knoll B., 1985a, IE-620-034) 

Radiolabelled imazethapyr was applied to a US sandy loam soil (58.8% sand, 30.8% silt, 10.4% clay; 
1.8% organic matter, pH 5.3) at an initial rate of approximately 0.12 kg ai/ha. The soil was maintained 
aerobically in the dark at 22–24 C for up to 12 months at 75% moisture at 33 kPa in the dark. Moist 
air was passed over the samples to maintain aerobic conditions. Air leaving the system was passed 
sequentially through sodium hydroxide and ethylene glycol traps to trap CO2 and organic volatiles, 
respectively. 

Soil samples were analysed in duplicate at time-0 and after 1, 2, 4, 6, 9, and 12 months of 
incubation. At the same intervals, the NaOH and ethylene glycol traps were radioassayed for 14CO2 
and C-14 volatile materials, respectively. All the trapping materials were replaced at every sampling 
time. The soil was extracted with 0.1 N sodium hydroxide (1:10 soil: solvent ratio, w/v). The pH of 
the extract was adjusted first to pH 1 followed by centrifugation, and then to pH 3.5 followed by 
centrifugation to remove humic acid. The radioactivity of the supernatant layer was determined by 
liquid scintillation counting of aliquots. The extracts were saturated with sodium chloride and filtered 
through two layers of glass-fiber filter paper. After clean-up by solid phase extraction using C-18 
water SEP-PAK cartridges, the concentrated extracts were analysed by thin-layer chromatography 
using a normal phase and a reverse phase system. 

Total recoveries of radioactivity ranged from 94.0% to 100.3% of the total applied 
radioactivity throughout 1 year of incubation. Approximately 2.5–4.1% of the applied radioactivity 
was accounted for as unextracted residues at any time during the study. Radioactive residues 
remaining in the humic acid fraction were less than 2% at all time intervals.  

Imazethapyr after one month and two months of incubation was about 80% and 70% applied 
radioactivity (AR). Thereafter imazethapyr was in the range of ca. 70–80% AR after 4–9 months of 
incubation and ca. 60% AR after 12 months. Trace amount of radioactivity was found in sodium 
hydroxide traps during the study. No other radioactive volatile materials were collected in ethylene 
glycol trap at any given sampling intervals during the course of the study. (Table 24). 

Table 24 Distribution of radioactive imazethapyr and degradates in soil treated with 14C-imazethapyr 

Time, month % AR 
Total Imazethapyr CL 290395 Others (no. of Unextracted Humic acid CO2 

Imazethapyr CL 288511 
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recovery unknowns) residues 
1 99.6 78.1 5.1 4.2 (7) 2.9 1.2 N.Ma 
2 98.1 69.5 5.3 4.1 (4) 2.5 1.0 N.M 
4 94.0 72.5 5.1 11.1 (9) 3.1 1.7 N.M 
6 100.3 80.2 6.9 15.6 (6) 2.8 1.2 0.6 
9 94.1 79.9 5.5 11.4 (6) 3.5 1.5 0.6 

12 94.3 63.4 6.5 14.6 (5) 4.1 1.5 N.M 
a Not measurable 

 

The major compound isolated from the soil was imazethapyr which accounted for 63.4% of 
applied dose at the end of the study (Table 24). Metabolite CL 290395 was also identified in the soil 
as a minor degradation product (max. 6.9% AR). There were a number of unknowns (total up to 
14.6% AR). As none was at significant level, no attempt was made to identify these unknown 
products present in the soil. 

Second study (Mallipudi M., 1987a, IE-620-001) 

Radiolabelled imazethapyr was applied to a US sandy loam soil (same characteristics as those as in 
the first study) at an initial application rate of approximately 0.12 kg ai/ha. The soil was maintained 
aerobically in the dark at 22–24 °C for up to 12 months at 75% moisture at 33 kPa in the dark. 
Otherwise, the study design was the same as in the first study.  

The soil was extracted and cleaned up in the same manner as in the first study. The extracts, 
after clean-up, were analysed by reverse-phase high performance liquid chromatography as well as 
thin-layer chromatography (using a normal phase and a reverse phase system). Bacteria and fungi 
were counted in treated and untreated soil after 1, 2, 4, and 9 months of aerobic treatment. Bacterial 
count was conducted using a pour-plate method and potato dextrose agar (pH 5.0) with 10 units per 
millilitre of penicillin and chloramphenicol. Penicillin and chloramphenicol were used to inhibit 
bacterial interference with fungi. 

Total recoveries of radioactivity ranged from 87.0% to 92.9% of the total applied 
radioactivity throughout 1 year of incubation. Approximately 2.3–3.7% of the total applied 
radioactivity was accounted for as unextracted residues at any time during the study. The amount of 
radioactivity remaining in the humic acid fraction were less than 2% at all time intervals. 

Imazethapyr in soil after one month of incubation was 74% AR and after two months 69% 
AR. Thereafter, imazethapyr was in the range of 67–75% AR after 4–9 months of incubation and 59% 
after 12 months. (Table 25).  

Table 25 Distribution of radioactive imazethapyr and degradates in soil treated with 14C-imazethapyr 

Time, month % AR 
Total 

recovery 
Imazethapyr CL 290395 Others (no. of 

unknowns) 
Unextracted 

residues 
Humic acid CO2 

1 91.6 74.2 4.9 4.0 (7) 2.7 1.1 N.Ma 
2 90.9 68.9 5.2 3.8 (4) 2.3 0.9 N.M 
4 86.9 67.1 4.7 10.3 (9) 2.8 1.6 N.M 
6 92.9 74.1 6.3 14.4 (6) 2.6 1.1 0.6 
9 87.4 74.5 5.1 10.6 (6) 3.2 1.4 0.6 

12 87.0 59.1 6.1 13.6 (5) 3.7 1.4 N.M 
a Not measurable 

 

The major compound isolated from the soil was imazethapyr which accounted for 59.1% of 
total applied dose at the end of the study (Table 25). Metabolite CL 290395 was identified in the soil 
as a minor degradation product (max. 6.3% AR). As none was at significant level, no attempt was 
made to identify these unknown products present in the soil. 

No marked changes were found in the total bacterial and mold counts on untreated and treated 
soil with imazethapyr, indicating that soil aerobic microflora was active throughout the study and 
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imazethapyr had no adverse effect on soil aerobic microflora. Trace amount of radioactivity was 
found in sodium hydroxide traps during the study. No other radioactive volatile materials were 
collected in ethylene glycol trap at any given intervals during the course of the study.  

Third study (Ta C.T., 2000a, IE-620-033) 

The aerobic soil metabolism study was conducted using 14C-labeled R-imazethapyr applied to a US 
sandy loam soil (62% sand, 25% silt, 13% clay; 1.5% organic matter, pH 6.8) at an initial application 
rate of 0.13 kg ai/ha. The soil was maintained aerobically in the dark at 25 ± 1 C for up to 12 months 
at 75% moisture at 33 kPa. Moisturized CO2-free air was passed over the samples to maintain aerobic 
conditions. Air leaving the system was passed sequentially through ethylene glycol and sodium 
hydroxide traps to trap organic volatiles and CO2, respectively. 

Soil samples were analysed in duplicate after days 0, 14 (2 weeks), 28 (4 weeks), 62 
(2 months), 94 (3 months), 121 (4 months), 177 (6 months), 211 (7 months), 273 (9 months) and 360 
(12 months) of incubation. The ethylene glycol and NaOH traps were radioassayed and replaced at 
each sampling time with fresh solutions. Soil microbial biomass was determined at the beginning of 
the study and after 12 months of the incubation.  

Soil samples (equivalent to 100 g dry soil) were extracted 3 times with 100 mL of 0.5N 
NaOH. After extraction, the soils were washed with water and methanol, air dried and unextracted 
radioactivity was determined by oxidative combustion analysis. The extracts from the soil were 
cleaned up using C18 solid phase extraction (SPE) cartridges. First the pH of the solution was 
adjusted to 1.5–1.7 with 5N HCl. Fulvic fraction (supernatant) was separated from humic acid 
(precipitate) by centrifugation. The clear filtrates were passed though C18 cartridges. The 
radioactivity was eluted from C18 cartridges with 50% methanol/water (v/v) onto a strong anion 
exchange cartridges (SAX) which acted as filter. The eluent was collected and concentrated and 
passed through a strong cation exchanger cartridge (SCX). The radioactivity was eluted from SCX 
with saturated KCl in methanol. The eluents were dried and re-dissolved in in water and analysed by 
reversed phase HPLC and TLC/autoradiography. In some samples the SAX step was omitted. HPLC 
conditions were developed for chiral separation of the isomers of the parent and its metabolites using 
a chiral column. 

Total recoveries of radioactivity in individual replicate experiments ranged from 89% to 
106% throughout the incubation period. Approximately 0–5.9% of the radioactivity was accounted for 
as unextracted residues at any time during the study (Table 26).  

Table 26 Distribution of radioactivity in fractions of soil treated with 14C- imazethapyr 

Time, days % AR in fractions a 
Water extract NaOH extract b NaOH trap c Unextracted residue Total recovery 

0 (start) 76.0 29.8  - 0 105.8 
14 32.4 62.6 5.5 2.3 102.8 
28 23.2 62.6 10.1 3.6 99.6 
62 15.1 59.6 16.8 4.4 95.5 
94 10.7 55.2 23.3 5.2 94.4 
124 7.8 50.6 28.7 5.4 92.6 
177 5.0 44.2 34.9 5.9 90.0 
211 5.7 41.8 37.9 5.8 91.1 
273 3.7 41.0 41.0 5.4 91.2 
360 3.8 40.4 43.2 3.8 91.2 

a Mean of the two replicate experiments 
b The NaOH extracts included the water and methanol wash 
c The NaOH trap represents the mean of adCO2 trapped from all samples at the time of traps collected 

 

Changes in the concentrations of imazethapyr and degradates during the incubation are shown 
in Table 27. Approximately 101% AR recovered as imazethapyr at the start, decreasing to 38% after 4 
months of aerobic incubation, then slowly continuing to decrease to about 29% AR after 12 months. 
Results indicate that the degradation in aerobic soil appeared to be biphasic and the half-life during 
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the first 4 months was calculated to be 97 days. The half-life was calculated using the data in the 
period 4-12 months of incubation to be 740 days. From the entire dataset, the half-life was calculated 
to be 210 days. 

CL 1010542 (R isomer of CL 288511) was formed and reached a maximum at 3% AR after 2 
weeks, then to less than 1% after 4 months. CL1010543 (R isomer of CL 266858), a significant 
degradate which reached a maximum level of approximately 10% AR after 2–3 months, then 
fluctuated between 7 to 9% of applied dose throughout the rest of the study. CL 290395 with the 
cleaved imidazoline ring was also formed but not greater than 3% AR. CL 290395 seems to be further 
degraded to CL 271197 which was at most 1.4% AR. 

The peaks in HPLC radiochromatograms were identified as CL 1010542, R-CL288511, CL 
1010543, R-CL 266858, CL 290395 and CL 1010544 (R isomer of CL 354825) by co-
chromatography with authentic reference standards. The identity of metabolite CL 1010543 and R-CL 
266858 was also confirmed by TLC analysis. The identity of imazethapyr and the degradates (CL 
1010542, CL 290395, CL 1010543 and CL 1010544) isolated from the soil extracts were also 
confirmed by LC/MS and by chiral separation. 

Approximately a maximum of 43% of the total applied radioactivity was evolved as 14CO2 
over the 12 months of incubation. No organic volatiles were detected in ethylene glycol traps. 
Imazethapyr is ultimately mineralized to CO2. 

Table 27 Identification of imazethapyr and degradates in soil analysed by HPLC 

Time, 
days 

% AR 
Imazethapyr CL 

290035 
CL 

1010543 
CL 

1010542 
CL 

271197 
CL 

1010544 
CO2

a Unextracted 
residue 

0 (start) 101.4 0.7 0.4 1.4 0.6 0.9 0.0 0.0 
14 78.3 1.6 7.0 3.1 1.1 1.5 5.5 2.3 
28 66.0 2.1 8.6 1.9 1.4 1.5 10.1 3.6 
62 56.5 1.6 10.1 1.6 0.3 1.8 16.8 4.1 
94 47.2 1.3 9.9 1.4 0.3 1.7 23.3 5.2 

124 38.4 1.9 8.9 0.7 0.1 4.6 28.7 5.4 
177 34.9 0.0 8.2 0.0 0.0 3.4 34.9 5.9 
211 33.1 0.4 7.8 0.5 0.0 3.3 37.9 5.8 
273 29.8 0.4 6.5 0.6 0.6 3.5 41.0 5.5 
360 29.5 0.4 8.6 0.2 0.5 2.1 43.2 3.9 

a Cumulative value 

 

Fourth study (Ta C.T., 1998a, IE-620-028) 

The aerobic soil metabolism of imazethapyr was conducted using 14C- imazethapyr applied to a US 
sandy loam soil (same characteristics as those used in the third study) at an initial application rate of 
0.13 kg ai/ha. The soil was maintained aerobically in the dark at 25+1 °C for up to 4 months at 75% 
moisture at 33 kPa in the same manner as in the third study.  

Soil samples were analysed in duplicate at time 0 and after 14, 28, 32, 61, 91 and 124 days of 
incubation. Soil samples were analysed in the same manner as in the third study except that additional 
extractions were performed with 1N NaOH and 1N HCl for the 2–4 month samples and one more 
time with 2N NaOH for the 4 month samples.  

Total recoveries of radioactivity in individual replicate experiments ranged from 89% to 
101% throughout the incubation period. Approximately 0.4–4.4% of the radioactivity was accounted 
for as unextracted residues at any time during the study.  

Approximately 14% of AR was evolved as 14CO2 over the 4 months of incubation. No organic 
volatiles were detected in the foam plugs or ethylene glycol traps. Less than 5% AR was unextracted. 
Ultimately imazethapyr was mineralized to CO2. 
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Table 28 Distribution of radioactivity in fractions of soil treated with 14C- imazethapyr 

Time, days % AR in fractions a 
Extracts combined b NaOH trap Unextracted residue Total recovery 

0 (start) 98.7 - 0.5 99.1 
14 92.8 2.2 2.6 97.6 
28 88.0 5.0 4.4 96.4 
42 83.7 7.6 4.2 95.4 
61 80.7 9.6 3.5 93.8 
91 76.8 11.9 3.4 92.0 

124 72.7 13.8 3.6 89.6 
a Mean of the two replicate experiments 
b Including water wash and methanol wash. 

 

The extracts, after clean-up, were analysed by reverse phase high performance 
chromatography (HPLC) and thin-layer chromatography (TLC). About 42% of the imazethapyr was 
degraded after 124 days of aerobic incubation. The degradation half-life was estimated at 158 days. 

CL 266858 and CL 354825 reached approximately 11.7 and 2.8% AR, respectively after 4 
months of incubation. CL 290395, with the cleaved imidazoline ring reached approximately 1.3% AR 
after 4 months of incubation. All metabolites were identified by co-chromatography (TLC and HPLC) 
with authentic reference standards and by mass spectrometry analysis.  

Table 29 Identification of imazethapyr and degradates in soil analysed by HPLC 

Time, 
days 

% AR 
Imazethapyr CL 288511 CL 290365 CL 266858 CL 354825 Others a Unextracted 

residue 
0 (start) 95.1 1.9 0.0 0.0 0.0 1.6 0.5 
14 81.5 0.7 1.4 6.2 1.8 1.3 2.6 
28 72.9 0.8 1.5 7.8 3.2 1.9 4.4 
42 69.2 0.6 1.0 9.6 3.2 0.0 4.2 
61 62.1 0.7 1.7 10.2 2.8 3.3 3.5 
91 57.7 0.7 0.9 11.2 2.3 3.7 3.4 
124 53.2 0.7 1.3 11.7 2.8 3.0 3.6 

a Consist of several unknown components 

 

Fifth study (Dunn L., 1991a, IE-620-011) 

The degradation of imazethapyr was studies using UK sandy loam (2.7% organic matter and pH (KCl) 
5.6) and UK clay loam (6.2 % organic matter and pH (KCl) 7.0) soils under aerobic conditions over a 
period of 52 weeks. adC-Imazethapyr in deionized water (1.0 ml) was applied dropwise to each soil 
sample (100 g in dry weight) in biometer unit (containing a vial of 0.1 M NaOH to trap liberated 
adCO2) at a rate equivalent to 0.075 kg ai/ha. Soils in sealed biometer units were incubated in darkness 
at three different temperatures (10, 21 and 30 ºC) and three different moisture contents (20, 40 and 
80% maximum water holding capacity). Moisture content of the soil samples was determined 
gravimetrically and evaporated water replaced. Incubation conditions and sampling intervals are 
described in the following table. 

Table 30 Incubation conditions and sampling intervals of the study 

Incubation group Temperature, 
ºC 

Soil moisture, 
% MWHC 

Sampling intervals, 
Weeks 

A 21±2 80 2, 4, 8, 12, 30 and 52 
B 21±2 40 2, 4, 8, 12, 30 and 52 
C 21±2 20 2, 6, 12, 16, 30 and 52 
D 30±2 40 2, 4, 6, 12, 30 and 52 
E 10±2 40 2, 6, 12, 18, 30 and 52 
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At weekly intervals throughout the study, duplicate incubates from each group were removed 
for analysis. The radioactivity in the sodium hydroxide solution was quantified weekly for the 
duration of the study. For analysis, the sodium hydroxide solution was removed from the vial, 
weighed and the vial replenished with fresh sodium hydroxide. Triplicate aliquots were assayed by 
liquid scintillation counting. 

On each sampling occasion, the soil was extracted three times with 0.5M NAOH and then 
centrifuged and extracts were acidified and partitioned with dichloromethane. The organic phases 
were analysed for imazethapyr and its degradates by TLC. 

Radioactivity was recovered in the soil extracts, the NaOH traps, the soil residue and the 
acetone washings of the glass incubation vessels. The mean overall recoveries for each incubation 
group were >96.0%. 

At the beginning of the incubation, most of the radioactivity was recovered in the NAOH 
extracts. The radioactivity recovered in the extract decreased with time. Correspondingly there was an 
increase in the radioactivities in soil residue and evolved 14CO2. Throughout the study negligible 
radioactivity (< 1%) was found in the acetone washings. 

A significant proportion of the radioactivity in all acidified extracts, with the exception of a 
few clay loam samples, remained in the aqueous phase following dichloromethane partition. The 
formation of non-dichlomethane-extracted material was variable and no clear trends were apparent. 

Table 31 Distribution of radioactivity in fractions of soil treated with 14C- imazethapyr 

Time, 
Weeks 

% AR in fractions a 
Sandy loam Clay loam 

NaOH 
extract 

Acetone 
wash 

NaOH 
trap 

Unextracted 
residue 

Total 
recovery 

NaOH 
extract 

Acetone 
wash 

NaOH 
trap 

Unextracted 
residue 

Total 
recovery 

 21 ºC, 80% MWHC 
0 105.8 ND - 1.70 107.5 84.5 ND - 3.51 88.0 
2 97.3 0.02 4.06 2.34 103.7 85.4 0.15 5.61 11.8 102.9 
4 91.0 0.02 6.19 2.44 99.7 75.45 0.01 11.0 5.4 90.8 
8 82.3 0.05 9.11 3.30 94.8 43.4 0.06 22.75 26.8 93.0 
12 83.2 ND 9.26 6.06 98.6 53.0 0.23 40.8 15.0 109.0 
30 71.2 0.16 13.7 2.93 88.0 29.5 ND 54.3 9.12 93.0 
52 74.9 0.04 15.9 5.93 96.8 16.9 0.02 71.5 8.90 95.8 
 21 ºC, 40% MWHC 

0 105.3 ND - 0.66 106.0 99.4 ND - 4.42 103.8 
2 92.3 0.02 3.25 3.24 98.8 67.9 0.21 4.74 9.37 82.2 
4 89.1 0.14 4.33 3.10 96.7 82.7 0.02 6.46 5.42 94.5 
8 86.5 0.04 5.70 3.74 96.0 55.8 0.11 11.5 29.3 96.7 
12 88.9 ND 6.20 3.90 99.0 66.4 0.19 14.7 15.7 97.0 
30 86.7 0.10 8.36 3.08 98.3 77.3 ND 24.1 9.36 110.7 
52 82.5 0.06 9.67 4.45 96.7 38.4 0.04 38.2 19.3 95.9 
 21 ºC, 20% MWHC 

0 97.7 ND - 1.44 98.7 88.4 ND - 4.00 92.4 
2 101.1 ND 0.42 2.81 104.3 90.3 0.08 2.79 8.98 102.1 
4 --b -- -- -- 94.7 79.8 0.01 5.55 10.3 95.7 
6 80.9 ND 0.58 4.79 101.2 72.9 0.22 7.28 13.2 93.6 
12 84.1 0.25 3.23 3.46 91.5 78.2 0.15 8.00 6.51 92.8 
30 95.5 ND 1.58 3.64 100.7 88.2 ND 10.4 14.3 112.9 
52 81.4 0.06 3.46 2.90 87.7 67.9 0.06 12.0 16.6 96.6 
 30 ºC, 40% MWHC 

0 104.5 ND - 1.52 106.0 69.6 ND - 5.35 75.0 
2 97.2 ND 2.61 1.75 101.5 75.9 0.11 9.59 9.12 94.7 
4 97.3 0.02 4.14 3.82 105.3 80.1 0.05 10.5 10.3 100.9 
6 89.5 0.02 4.51 4.01 98.0 73.8 0.02 14.5 9.10 97.4 
12 88.1 0.04 6.39 4.42 99.0 71.2 0.16 18.8 12.9 103.1 
30 83.4 ND 9.38 4.91 97.7 84.1 ND 23.3 16.3 123.6 
52 79.4 0.05 11.1 3.72 94.2 55.55 0.04 25.7 13.3 94.6 
 10 ºC, 40% MWHC 

0 103.0 ND - 0.67 103.7 92.4 ND - 10.5 102.8 
2 98.7 ND 1.50 3.82 104.0 85.3 0.30 2.88 14.0 102.5 
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Time, 
Weeks 

% AR in fractions a 
Sandy loam Clay loam 

NaOH 
extract 

Acetone 
wash 

NaOH 
trap 

Unextracted 
residue 

Total 
recovery 

NaOH 
extract 

Acetone 
wash 

NaOH 
trap 

Unextracted 
residue 

Total 
recovery 

6 92.9 0.04 2.70 3.42 99.1 85.6 0.01 5.04 14.0 104.7 
12 87.2 ND 3.21 4.28 94.8 83.0 0.09 5.16 10.1 98.5 
18 88.8 0.05 4.28 2.74 95.9 80.4 0.05 6.93 4.7 92.3 
30 94.9 ND 5.44 2.57 102.9 92.3 ND 8.82 11.9 113.0 
52 83.3 0.07 9.30 2.58 95.2 68.1 0.04 11.2 21.1 100.4 

a Mean of the two replicates 
b Only one sample with unreliable result 

ND not detected 

 
14C-imazethapyr was the major component in all dichloromethane extracts analysed. A minor 

unknown metabolite (unknown 1, < 10% after week 1 through week 52) was detected in TLC (solvent 
system, dicloromethane:n-propanol:water:acetic acid=102:150:24:24, v/v) of some extracts from all 
incubation groups. Another minor component (unknown 2, < 5%) was found in TLC of the 
dichloromethane extracts of sandy loam samples and disappeared after 4 and 8 weeks and in the clay 
loam sample generally not detected at all. They were not identified. 

Table 32 Identification of radioactivity in dichloromethane extracts of soil treated with 14C- 
imazethapyr by TLC  

Time, 
Weeks 

% AR a 
Sandy loam Clay loam 

Imazethapyr Unknown 
1 

Unknown 
2 

Unresolved 
backgroun

d 

Imazethapyr Unknown 
1 

Unknown 
2 

Unresolved 
backgroun

d 
 21 ºC, 80% MWHC 
0 76.3 10.2 ND 3.26 63.5 6.94 ND 1.04 
2 69.4 5.41 ND 1.08 56.4 4.40 ND 1.32 
4 48.3 4.62 1.58 1.16 43.9 2.81 ND 1.58 
8 61.4 3.06 3.54 1.23 23.4 1.23 ND 0.46 

12 57.9 5.36 ND 0.70 28.9 3.16 ND 0.67 
30 47.7 1.22 ND 1.84 14.8 1.12 ND 0.29 
52 51.1 4.66 ND 1.02 6.93 0.68 ND 0.12 
 21 ºC, 40% MWHC 
0 83.1 7.96 ND 1.92 66.7 9.78 1.44 1.56 
2 54.2 2.82 ND 1.33 44.4 3.74 ND 0.88 
4 70.3 2.88 ND 1.68 52.6c 3.12c NDc 0.89c 
8 63.7 2.86 ND 2.31 37.8 2.16 ND 1.36 

12 61.0 5.80 ND 1.52 47.9 5.11 ND 0.98 
30 54.0 1.76 ND 1.26 33.2 3.86 ND 0.34 
52 55.6 5.40 ND  20.3 2.82 ND 0.11 
 21 ºC, 20% MWHC 
0 62.8 ND ND 2.89 60.5 5.63 ND 1.40 
2 63.9 6.33 ND 1.78 57.9 4.08 ND 0.60 
4 --b -- -- -- 51.7 3.84 ND 2.74 
6 62.1 8.91 ND 2.18 55.7 4.45 ND 2.04 

12 50.6 1.82 ND 2.00 54.6 4.54 ND 0.36 
30 56.3 4.16 ND 1.40 44.7 5.02 ND 0.35 
52 50.6 6.84 ND 1.10 38.6 6.12 ND 0.63 
 30 ºC, 40% MWHC 
0 89.6 10.4 ND 1.65 52.6 5.67 ND 0.92 
2 70.8 4.42 ND 2.02 45.8 1.98 ND 0.84 
4 71.0 3.12 ND 0.84 50.6 3.43 ND 1.54 
6 63.6 2.78 ND 1.64 44.0 3.04 ND 0.17 

12 59.7 6.64 ND 0.76 47.0 5.15 ND 1.42 
30 51.2 2.32 ND 1.11 41.8 3.86 ND 0.44 
52 50.6 5.73 ND 0.60 32.6 4.70 ND 0.21 
 10 ºC, 40% MWHC 
0 35.0 2.64 ND 0.08 60.2 11.1 ND 1.78 
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Time, 
Weeks 

% AR a 
Sandy loam Clay loam 

Imazethapyr Unknown 
1 

Unknown 
2 

Unresolved 
backgroun

d 

Imazethapyr Unknown 
1 

Unknown 
2 

Unresolved 
backgroun

d 
2 69.3 5.42 ND 1.58 60.8 4.68 ND 1.43 
6 69.5 3.40 ND 1.88 52.9 2.30 ND 1.34 

12 68.6 7.28 ND 1.76 62.2 7.22 ND 0.80 
18 66.0 2.18 ND 0.59 54.9 3.08 ND 1.15 
30 60.2 2.74 ND 1.43 47.6 4.86 ND 0.85 
52 54.5 5.16 ND 0.35 34.3 4.90 ND 0.60 

a Mean of the two replicates 
b Only one sample with unreliable result 
c Data of one sample 

ND not detected 

 

In general, 14C-imazethapyr degraded more rapidly in the clay loam soil than in the sandy 
loam soil. In the sandy loam soil, imazethapyr degradation was fastest at 21C and 80% MWHC 
(DT50 = 24.3 and 28.2 weeks). DT50 values determined at lower moisture contents were all 
> 41 weeks. In the clay loam soil maintained at 40% maximum water holding capacity, imazethapyr 
degradation was much slower at 10C (DT50 > 24 weeks) than at 21 or 30C (DT50 < 2 weeks). In 
contrast to the results obtained with the sandy loam soil, increasing the moisture content of the clay 
loam soil to 80% MWHC decreased the rate of imazethapyr degradation. 

Proposed degradation pathway in soil 

Under aerobic conditions in laboratories, imazethapyr was degraded in soil by oxidation of the ethyl 
side chain of the pyridine ring to form CL 288511, conversion of the carboxylic acid at the 3 position 
of the pyridine ring to hydroxyl to form CL 354825, or opening of the imidazolinone ring to form CL 
290395. CL 288511 was further oxidized to form CL 266858. Imazethapyr was ultimately mineralized 
to carbon dioxide. The proposed degradation pathway of imazethapyr in soil under aerobic conditions 
is shown below. 
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Figure 4 Proposed degradation pathway of imazethapyr in soil 

Residues in succeeding or rotational crops 

The Meeting received information on rotational crop studies. All the labels provided to the current 
Meeting contain limitations on crop rotation, about the type of follow-up plants and plant back 
intervals. 

First study 

A rotational crop study was conducted with 14C-imazethapyr using winter wheat (Massey), 
maize (Pioneer 3704) and soya bean (William I) in 1986 and 1987 in the USA (Gatterdam P., 1987a, 
IE-640-011). The test material was applied to bare soil (silt loam) in small isolated plots at an actual 
rate of 0.141 kg ai/ha and mixed in the upper soil layer (5–8 cm from the surface) 30 minutes later by 
hand rake before seeding of soya beans (Plot A simulating pre-plant incorporation); or to soya bean 
seedlings at the 4 leaf stage at an actual rate of 0.141 kg ai/ha (ammonium salt formulation) (Plot B 
simulating post-emergence treatment), equivalent to 2 times the maximum approved application rate 
in the USA. Four months after treatment, soya bean crops were harvested. The straw was chopped 
into small pieces, evenly spread on each plot surface and dug into the top 5–8 cm of soil. After 
smoothing the surface of soil with a rake, winter wheat was sown in one sub-plot of each plot. Maize 
was sown 9.8 months after the treatment in the other subplot of each plots.  

Soya bean foliage was sampled immediately after the treatment. Soya bean pods and seeds 
were sampled at harvest, 4 months after the treatment. Wheat stalks or straw samples were collected 
5.5, 9.8 and 12.7 months after the treatment. Wheat ear samples were taken 9.8 months after the 
treatment and grain was collected 12.7 months after. Maize stalks were taken 10.8 and 14.2 months 
after the treatment, while cobs and grain samples were collected 14.2 months after. Soil core samples 
were taken immediately after the treatment, at time of sowing follow-up crop (wheat 4 months, maize 
9.8 months) and at harvest (14.2 months).  

Soil core samples were thawed and cut into 0–7.6 cm, 7.6–15.2 cm, 15.2–22.9 cm, 22.9–
30.5 cm and 30.5–45.7 cm soil layer subsamples. Subsamples were weighed into 500 mg and air 
dried. Dry subsamples were weighed, ground and sieved (1 mm tungsten carbide sieve) before 
combustion analysis. 
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Radio-analysis was conducted as described earlier in the monograph.  

The TRR in soil was detectable only in the 0–7.6 cm layer after both treatments except that 
occasional sample of 7.6–15.2 cm layer samples contained 0.01 mg eq/kg. The result confirms all the 
results obtained in the plant metabolism studies. The longer the time from treatment, the lower the 
TRR became.  

The TRR of wheat and maize part samples with different plant back interval (time after 
treatment) and time after planning were below the LOQ of 0.01 mg eq/kg, except that the wheat 
forage collected 5.5 months after treatment (i.e., 1.5 months after planting) from the pre-plant 
incorporation treatment showed TRR of 0.01 mg eq/kg. The TRR of soya bean samples were, 
10.0 mg eq/kg (plant), 0.05 mg eq/kg (pod) and 0.03 mg eq/kg (seed) collected 0 hour, 4 months and 
4 months after the post emergence treatment and 0.03 mg eq/kg (pod) and 0.01 mg eq/kg (seed) 
collected 4 months after the pre-plant incorporation treatment.  

As no detectable residues (< 0.01 mg eq/kg) or 0.01 mg eq/kg (wheat forage as mentioned 
above) were found in the follow-up crops planted 4 months after the treatment, no attempt was made 
ftoextract or characterize the radioactive residues. 

These results indicate that residues derived from previous uses of imazethapyr do not 
contribute in residues in rotational crops with a 4-month plant back interval. 

Second study 

A separate rotational crop study was conducted with 14C-imazethapyr using, maize (Pioneer 3704) and 
soya bean (William I) in 1986 and 1987 in the USA (Gatterdam P., Fiala R., 1987a, IE-640-012). The 
test material was applied to bare soil (sandy loam) in small isolated plots at an actual rate of 0.141 kg 
ai/ha and mixed in the upper soil layer (5–8 cm from the surface) 30 minutes later by hand rake before 
seeding of soya beans (Plot A simulating pre-plant incorporation), or to soya bean seedlings at the 4 
leaf stage at an actual rate of 0.141 kg ai/ha (ammonium salt formulation) (Plot B simulating post-
emergence treatment). Four months after treatment, soya bean crops were harvested and the straw was 
chopped into small pieces, evenly spread on each plot surface and dug into the top 5–8 cm of soil. 
Maize was sown 9.6 months after the treatment in a subplot of each plot. Although wheat was sown 
5.8 months after the treatment, the harvest was too poor to get reliable results. Therefore, wheat was 
not referred to below. 

Soya bean foliage was sampled immediately after the treatment and 1.1 months after. Soya 
bean pods and seeds were sampled at harvest, 4 months after the treatment. Maize foliage was taken 
11.2 months after the treatment. Stalks, grain and cobs were sampled at harvest, 12.7 months after the 
treatment. Soil core samples were taken immediately after the treatment, at harvest of soya bean (4 
months) and before sowing (8.9 months).  

All the samples were processed and radio-analysed in the same manner as the other study on 
residues of rotational crops. Aliquots of homogenized maize grain from the pre-plant incorporation 
treatment plot were extracted with aqueous acetone (1:1), the supernatant was removed by 
centrifugation and the extraction was repeated with acetone. After reduction of the volume, 
radioactivity was determined in the three fractions, acetone, acetone (oil containing) and extraction 
debris, by combustion. The aqueous fraction was washed with hexane and by precipitation with 
methanol followed by centrifugation. After evaporation of the methanol, the aqueous fraction of 
maize seed and stalk extracts were analysed by HPLC. 

The TRR in soil was the highest in the 0–7.6 cm layer with a decreasing trend over time. 
However, in this study, some detectable radioactive residues were found in the 7.6–15.2 cm layer 
(< 0.01–0.04 mg eq/kg 4 months and 8.9 months after treatment for both treatments) with some 
increasing trends. 

At the plant back interval of 9.6 months and sample collection of 3.1 months after planting, 
the highest TRR was found in maize stalk with 0.04 mg eq/kg and grain with 0.06 mg eq/kg in the 
pre-plant incorporation plot. In the post emergence treatment plot, only 0.02 mg eq/kg were found 
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each in maize stalk and grain collected at the same timing. The TRR in soya been plant samples were 
116.1 and 10.5 mg eq/kg 0 hour and 1.1 months after the post emergence treatment. However, the 
TRR in seeds were very low the time of harvest (4 months after the treatment) to 0.04 mg eq/kg after 
pre-plant incorporation and post-emergence treatment. 

Table 33 Total radioactive residues in crops after treatment with 14C-imazethapyr 

Crop Matrix Time after 
treatment 

Time after 
planting 

TRR mg eq/kg 
Pre-plant incorporation Post-emergence 

Soya bean Foliage 0 h - N/A 16.1 
 Foliage 1.1 months - 0.20 10.5 
 Pod 4 months - 0.17 0.11 
 Seed 4 months - 0.04 0.04 

Maize Forage 11.2 months 1.6 months 0.02 0.01 
(plant-back  Stalk 12.7 months 3.1 months 0.04 0.02 

interval: Cob 12.7 months 3.1 months 0.02 0.01 
9.6 months) Grain 12.7 months 3.1 months 0.06 0.02 

N/A Not applicable 

 

Successive extraction with aqueous acetone and acetone extracted 56% TRR in maize stalks 
and 100% TRR in maize grain from the pre-plant incorporation treatment. The major portions of the 
radioactive residues were generally extracted with aqueous acetone (Table 34). 

Table 34 Extraction of radioactive residues in maize sown 9.6 months after the pre-plant incorporation 
treatment with 14C-imazethapyr at a rate of 0.141 kg ai/ha  

Fraction Seed Stalk 
mg eq/kga %TRR mg eq/kg a %TRR 

TRR 0.06 - 0.04 - 
Acetone/water 0.06 100 0.02 56 

Acetone 0b - < 0.01 6 
Unextracted 0b - 0.02 40 

a Imazethapyr equivalents 
b Radioactivity < 2 times the background level 

 

HPLC of the above aqueous acetone extracts could separate two major peaks and some minor 
peaks. Peak K3 and S3 were identified as imazethapyr (21% or 1% TRR) but its concentration was 
0.01 mg/kg or less. One major peak accornted for 0.03 mg eq/kg (58% of the TRR) in grain and 
0.01 mg eq/kg (29% of the TRR) in stalk. All peaks were of a medium polar nature and were 
characterized by their chromatographic properties in RP-HPLC analysis (Table 35). However, these 
peaks were not further identified due to their low concentrations. 

Table 35 Radioactive peaks in HPLC of aqueous acetone extracts of maize sown 9.6 months after the pre-plant 
incorporation treatment with 14C-imazethapyr at a rate of 0.141 kg ai/ha  

Matrix ERR a mg eq/kg Peak % of TRR mg eq/kg 
Seed 0.06 K1 21 0.01 

  K2 58 0.03 
  K3 (Imazethapyr) 9 < 0.01 
  Others 12 0.01b 

Stalk 0.02 S1 8 0.01 
  S2 29 0.01 
  S3 (Imazethapyr) 1 < 0.01 
  Others 18 0.01b 

a Extracted radioactive residue expressed in imazethapyr equivalents 
b Several minor peaks. None individually exceeded 0.01 mg eq/kg. 
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These results indicate that residues derived from previous uses of imazethapyr on soya beans 
would not contribute in residues in follow-up crops at the plant-back interval of 9.6-9.8 months and if 
the maximum GAP is observed.  

Hydrolysis in aquatic systems 

Hydrolysis of 14C-imazethapyr (1000 mg/L) was tested in pond water in bottles (Gingher B., 1984a, 
IE-630-001). Each bottle was wrapped in foil to exclude light and placed in temperature-controlled 
bath set at 25  1 C. Aliquots were taken from a bottle for direct LSC and two dimensional TLC 
analysis. 

After addition of imazethapyr to the pond water, the pH of pond water changed from 6.3 to 
lower pH values in Table 36. Little degradation of imazethapyr was observed in pond water within 30 
days. After 30 days, 99% of the radioactivity was still parent (Table 36). It appears that hydrolysis in 
natural pond water is not a likely the major route of degradation of imazethapyr. 

Table 36 Hydrolysis 14C- imazethapyr in pond water at 25 ºC 

 Pond water 0-day 2 days 8 days 14 days 21 days 30 
days 

pH 6.3 4.8 5.3 5.1 5.4 6.1 5.2 

Radioactive 
region on TLC 

% of Applied radioactivity 

I (imazethapyr) - 99.9 99.9 99.9 99.0 99.1 99.1 

II (unknown) - - - - 1.0 0.9 0.8 
III (origin) - - - - - - 0.2 

 

Hydrolysis of 14C-imazethapyr at aqueous buffer solutions at different pH was examined 
(Gingher, B. et al., 1985a, IE-322-001). 

The first test was conducted for 30 days at a concentration of approximately 100 mg/L in pH 
4.9, 7, and 9 buffers in the dark at 25  1 C. Aliquots were taken 0, 8, 14, 21 and 30 days after the 
start of the test and assayed by LSC and TLC analysis.  

Hydrolysis of imazethapyr at 100 mg/L at pH 4.9, 7, and 9 at 25  1 C was slow within 30 
days, indicating that imazethapyr is stable to hydrolysis. There was no loss of compound in all pH 
tested at 25 C within 30 days. 

Table 37 Hydrolysis of 14C- imazethapyr at pH 4.9, 7 or 9 at 25 C up to 30 days  

pH Radioactive region on TLC % of Applied radioactivity 
0 day 8 days 14 days 21 days 30 days a, b 

4.9 1 (imazethapyr) 99.9 99.9 98.7 99.2 99.2 
 2 (unknown) - - 1.0 0.8 0.8 
 3 (origin) - - 0.3 - - 
7 1 (imazethapyr) 99.2 99.9 99.1 99.4 99.3 
 2 (unknown) 0.8 - 0.9 0.6 0.7 
 3 (origin) - 0.1 - - - 
9 1 (imazethapyr) 99.1 99.9 99.3 99.3 99.3 
 2 (unknown) 0.9 - 0.7 0.7 0.7 
 3 (origin) - - - - - 

a Average of two replicates 
b The 30 day values were determined separately for each experiment 

 

Additional samples buffered at pH 9 were incubated in the dark for up to 6 months at 
25  1 C. In addition to LSC and TLC analyses, GC/MS analysis was carried out using chemical 
ionization in both positive and negative modes. Methylations for mass spectra determination were 
carried out using diazomethane in ether. 
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Imazethapyr solution kept at pH 9 longer than one month showed some decrease 
inimazethapyr content as time progressed. Six months later, only 63% of imazethapyr remained in the 
solution. There was one major hydrolysis product formed from the hydrolysis of the imidazoline ring 
to yield CL 290395 which increased from about 12% of applied radioactivity two months after to 
about 36 % six months after. Small amounts of radioactivity (<1%) were also detected. The hydrolysis 
products were identified by GC/MS as well as co-chromatographed with the reference standards on 
TLC. The data suggest that the hydrolytic breakdown of imazethapyr at pH 9 and 25 C is biphasic. 
The half-life calculated from one to six-month is 257 days or 8.6 months after the initial one-month 
period. That is, it takes about 9.6 months to reach 50% of the original concentration. 

Table 38 Hydrolysis of 14C-imazethapyr at pH 9 at 25 C (% AR) 

Radioactive region on TLC % of Applied radioactivity 
1 month 2 months 3.2 months 4.1 months 5.0 months 6.0 months 

1 (imazethapyr) 99.3 87.1 82.2 76.9 73.5 67.5 
 99.3 86.3 79.4 78.6 74.6 57.9 
2 (unknown) 0.7 0.9 - 0.4 0.6 0.9 
 0.8 0.9 - 0.5 0.4 0.9 

3 (origin) 0.1 0.3 0.3 - - 0.4 
 - 0.5 0.4 - - 0.5 

4 (CL 290395) - 11.8 17.6 22.7 25.9 31.2 
 - 12.4 20.2 21.0 25.1 40.7 

 

Imazethapyr is stable against stable at pH 4.9, 7 and 9 during one month of incubation. 
However, between one month to six months of incubation time at pH 9 at 25 C, it is slowly 
hydrolysed at pH 9 with a calculated half-life of 9.6 months. The major hydrolysis product was 
CL 290395 formed via hydrolysis of the imidazole ring. 

Soil photolysis 

The photolysis of imazethapyr on soil was studied using 14C-imazethapyr (Mangels, G., 1987a, IE-
620-006). The test compound was applied to a sandy loam soil at an initial rate of 0.210 kg ai/ha on a 
soil surface basis. The tested soil (63% sand, 26% silt and 12% clay) contained 1.0% of organic 
matter and 0.4% of organic carbon. Its pH was 6.9. Samples were irradiated continuously for 28 days 
by light from a xenon-arc lamp filtered to remove wavelengths less than 290 nm and simulating 
summer sunlight in Chicago, USA. Control samples were maintained in the dark. The system was run 
at 6000 W at 25 °C during the course of the study. 

Samples were assayed in duplicate 0, 7, 14, 21, and 28 days after the start of irradiation. Each 
sample was extracted three times with 0.1M NaOH, then the combined extracts were adjusted to pH 
3.0. Aliquots were concentrated and assayed by TLC with standard compounds. The extracted soil 
was combusted to determine the amount of residual radioactivity.  

Total radioactivity recovered from the irradiated individual samples ranged between 96.5% 
and 100.9% of the applied dose demonstrating that volatile degradates were not formed (Table 39). In 
the control samples, 93.0–99.5% of the applied dose was recovered throughout the experiment.  

Table 39 Radioactivity recovered during incubation of soil with and without light irradiation 

 % Applied radioactivity 
 0 week 1 week 2 weeks 3 weeks 4 weeks 

Control 
   A 99.1 98.0 98.5 99.2 93.0 
   B 100.9 97.5 96.1 99.5 98.2 

   Mean 100.0 97.7 97.3 99.4 95.6 
Irradiated 

   A - 98.7 98.3 100.1 100.9 
   B - 96.5 98.2 97.6 96.6 

   Mean - 97.6 98.3 98.9 98.8 
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The 0.1M NaOH extracts contained 99% or greater of the radioactivity initially applied to the 
soil. The residual radioactivity remaining in the soil after extraction were low and accounted less than 
1% of applied dose in the control and less than 2.4% in the irradiated samples. 

The level of imazethapyr decreased gradually over time to 80.0% of the applied dose 4 weeks 
after the start of irradiation. There were five radioactive zones on the TLC plates. They were 
denominated origin, 1, 2, imazethapyr and methyl-p (methyl ester of imazethapyr). Each of the two 
zones, “1” and “2”, contained at least four distinguished radioactive zones. The quantity of 
radioactivity as summation in zone 1 ranged from 2.4 to 8.5% of the applied dose. The summation of 
quantity of radioactivity in at least four compounds in zoned 2 ranged from 4.4 to 10% of the applied 
dose which was present only at the third and fourth week of sampling. There were no 
photodegradation products occurring above 10% of the applied dose. 

An additional radioactive compound co-chromatographed with CL 263501 (the methyl ester 
of imazethapyr) was present at all five sampling points. This compound accounted for 1.1 to 7.3% of 
the radioactivity, but the concentrations were similar in both the treated and control samples at each 
time point. The amount of CL 263501 decreased with time to approximately 1.5% of the applied dose. 
As CL 263501 was also found in the dark control sample, and the methyl ester of the imazethapyr was 
formed during storage in methanol of imazethapyr, this compound was not regarded as photolysis 
specific degradate. The sum of imazethapyr and CL 263501 was also calculated (Table 40). 

Table 40 Identification of radioactivity derived from 14C-pyridine imazethapyr during incubation of 
soil with and without light irradiation 

Radioactive zone 
on TLC 

% Applied radioactivity a 
0 week 1 week 2 weeks 3 weeks 4 weeks 

Control 
Origin 0.3 0.6 0.3 0.6 0.4 

1 5.2 3.2 5.1 1.0 2.4 
2 - - - 4.9 9.2 

Imazethapyr 88.0 91.7 87.6 92.0 86.8 
CL 263501b 6.6 4.5 7.0 1.4 1.2 

Imazethapyr + 
CL 263501 

94.5 96.2 94.6 93.4 87.9 

Irradiated 
Origin - 1.2 1.2 1.6 2.0 

1 - 5.6 8.4 7.0 7.2 
2 - - - 6.1 9.2 

Imazethapyr - 88.0 83.8 84.0 80.0 
CL 263501b - 5.2 6.6 1.4 1.4 

Imazethapyr + 
CL 263501 

- 
93.1 90.4 85.3 81.5 

a Mean of replicate samples 
b Methyl ester of imazethapyr 

 

There were at least six degradation products formed, none of which accounted for greater than 
10% of the applied dose. Imazethapyr in soil is stable under photolysis conditions with half-life of 126 
days based on the assumption of first-order kinetics. 

RESIDUE ANALYTICAL METHODS 

The Meeting received information on analytical methods together with validation data for residues of 
imazethapyr, CL 288511, CL 182704 and its derivative in plant, and animal matrices.  
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Analytical Methods for Determination of Imazethapyr Residues 

Analytical methods for plant matrices 

Method: M 3519 (LC-MS/MS) 

Analyte: Imazethapyr, CL 288511, CL 182704 

LOQ: 0.01 mg/kg for soya bean (seed, meal, hulls and oil), 0.05 mg/kg for lentils (seed, forage) 

Description: Soya bean plant and oil matrices are extracted with an acidic methanol-water solution 
(MeOH/distilled water/1N HCl (60:39:1, v/v)). An aliquot of the resulting extract is diluted 
with methanol and then passed through an SCX cartridge which retains the analytes. The SCX 
cartridge is washed with methanol. The residues are selectively eluted with a methanol-water 
solution. The eluate is evaporated to dryness and the residues are dissolved in acidic water for 
analysis. The residues of imazethapyr are determined by LC-MS/MS monitoring ion 
transitions at m/z 290245 (proposed as the primary transition for quantitation) and m/z 
290177. The residues of CL 288511 are determined by LC-MS/MS monitoring ion 
transitions at m/z 306261 (proposed as the primary transition for quantitation) and m/z 
306193. The residues of CL 182704 are determined by LC-MS/MS monitoring ion 
transitions at m/z 468306 (proposed as the primary transition for quantitation) and m/z 
468202. The results are calculated by direct comparison of the sample peak responses of the 
external standards. LC-MS may also be used for determination. 

Method: M 1855 (GC-NPD) 

Analyte: Imazethapyr 

LOQ: 0.1 mg/kg for beans and peas (succulent, dry) 

Description: Succulent and dry beans and peas are extracted with an acidic methanol-water solution. After 
filtration, the pH of extract is adjusted and extract was partitioned several times against 
methylene chloride, aqueous buffer and methylene chloride again. The methylene chloride is 
evaporated and the residue dissolved in methanol water. After ion exchange, the eluate is 
partitioned against methylene chloride and evaporated. The residue is reconstituted in 
methanol and quantified using trimethylanilinium hydroxide as methylating agent by GC-NPD 

Method: M 2186 (GC-NPD) 

Analyte: CL 182704  

LOQ: 0.05 mg/kg for pea (dry, succulent, vine, hay, straw) 

Description: Pea vine, hay, succulent pod, straw and dry pea are extracted with an acidic methanol-water 
solution. The residue is measured as CL 288511 released from acid hydrolysis (2N HCl, 
boiling for 30 min). The CL 288511 residue is subjected to solvent partitioning clean-up and 
solid phase extraction. Final determination is performed by GC-NPD. Results are calculated as 
CL 182704. 

Method: M 2187 (GC-NPD) 

Analyte: Imazethapyr, CL 288511  

LOQ: 0.05 mg/kg for pea (dry, succulent, vine, hay, straw)  

Description: Pea vine, hay, succulent pod, straw and dry pea are extracted with acidic methanol-water 
solution. The extracted residues are subjected to solvent partitioning clean-up and solid phase 
extraction. Final determination is performed by GC-NPD. 

Method: M 2020 (GC-NPD) 

Analyte: Imazethapyr, CL 288511  
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LOQ: 0.05 mg/kg for alfalfa (forage) 

Description: Alfalfa forage, hay and seed are extracted with acidic methanol-water solution. The extracted 
residues are subjected to solvent partitioning clean-up and solid phase extraction. Final 
determination is performed by GC-NPD. 

Method: M 2021 (GC-NPD) 

Analyte: CL 182704  

LOQ: 0.05 mg/kg for alfalfa (forage, hay, seed) 

Description: Alfalfa forage, hay and seed are extracted with an acidic methanol-water solution. The residue 
is measured as CL 288511 released from acid hydrolysis (2N HCl, boiling for 30 min). The 
CL 288511 residue is subjected to solvent partitioning clean-up and solid phase extraction. 
Final determination is performed by GC-NPD. Results are calculated as CL 182704 

Method: M 3120 (CE-UV, LC-MS for confirmation) 

Analyte: Imazethapyr, CL 288511, CL 182704  

LOQ: 0.05 mg/kg for rice (straw, grain) 

Description: Rice matrices are extracted with an acidic methanol-water solution. Precipitation, 
centrifugation and solid phase extraction techniques are used for sample clean-up. 
Measurement of the residues is accomplished by capillary electrophoresis monitoring at 
240 nm (CE-UV). LC-MS is proposed for confirmation. 

Method: M 1908 (GC-NPD) 

Analyte: Imazethapyr, CL 288511, CL 182704  

LOQ: 0.05 mg/kg for peanut (nutmeat, hull) 

Description: Peanut matrices are extracted with an acidic methanol-water solution. Imazethapyr and 
CL 288511 are separated from CL 182704. Cl 182704 is hydrolysed and measured as 
CL 288511, but results are reported as CL 182704. Final analysis is accomplished by GC-
NPD. 

 

Method: M 1762 (GC-NPD) 

Analyte: Imazethapyr  

LOQ: 0.05 mg/kg for peanut (seed) 

Description: Peanut matrices are extracted with an acidic methanol-water solution. After filtration, the 
extract is pH-adjusted and partitioned several times against methylene chloride, aqueous 
buffer and methylene chloride again. The methylene chloride is evaporated and the residue 
dissolved in methanol water. After ion exchange, the eluate is partitioned against methylene 
chloride and evaporation, the residue is reconstituted in methanol and quantified using 
trimethylanilinium hydroxide as methylating agent by GC-NPD. 

Method: M 2326 (GC-NPD) 

Analyte: Imazethapyr, CL 288511  

LOQ: 0.05 mg/kg for rapeseed (seed) 

Description: Rapeseed (seeds) are extracted with an acidic methanol-water solution. The extracted residues 
are subjected to solvent partitioning clean-up and solid phase extraction. Final determination 
is performed by GC-NPD. 
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Method: M 3319 (CE-UV, LC-MS for confirmation) 

Analyte: Imazethapyr  

LOQ: 0.05 mg/kg for rapeseed (seed) 

Description: Rape seed (seeds) are extracted with acidic methanol-water solution using a ultrasonic 
extractor. Centrifugation, partition against methylene chloride and a SCX cartridge are used 
for sample clean-up. The analyte is eluted, with saturated potassium chloride in methanol, 
which is evaporated and re-dissolved in 1% formic acid before C18 cartridge clean-up. The 
extract is eluted, evaporated and dissolve in pure water for final analysis by capillary 
electrophoresis monitoring at 240 nm (CE-UV). LC-MS is proposed for confirmation. 

Method: SOP-PA.0288 (LC-MS/MS) 

Analyte: Imazethapyr  

LOQ: 0.01 mg/kg for sunflower (seed, oil) 

Description: Sunflower matrices are extracted with methanol/water/1 M HCl (60:39:l, v/v/v). The addition 
of HCl provides additional extraction for the analytes with acidic properties. Final 
determination is performed using LC-MS/MS determination. 

Method: M 2261 (CE-UV, LC-MS) 

Analyte: Imazethapyr, CL 288511, CL 182704, MAE-CL 182704  

LOQ: 0.05 mg/kg for alfalfa (meal, seed, forage, hay), clover (seed, seed screenings, forage, hay) 

Description: alfalfa (forage, hay, seed and processed meal) and clover (seed, forage and hay) are extracted 
using an acidic methanol-water solution. MAE CL182704 is converted to CL 182704 via base 
hydrolysis. The extracted residues are subjected to clean-up by precipitation, centrifugation 
and solid phase extraction. Final determination is performed by CE-UV at 240 nm. LC-MS is 
proposed for confirmation. 

Method RLA 11258v (GC-NPD) 

Analyte Imazethapyr 
LOQ  0.05 mg/kg for dry pea or whole pea pod 
Description Imazethapyr is extracted from finely ground dry pea samples (pea or pod) with a mixture of 

1M HCl/water/methanol (1:39:60, v/v). The filtrate is subjected to a preliminary clean-up 
using dichloromethane partitioning to isolate the residue. Further clean-up is accomplished 
using solid phase extraction cartridges. Using on-column methylation, quantitation of apparent 
residues is achieved by gas chromatography using a nitrogen sensitive detector. 

Method RLA 11291v (HPLC-UV) 

Analyte Imazethapyr 

LOQ  0.05 mg/kg for French bean seeds 

Description Imazethapyr is extracted from finely ground French bean seed with a mixture of a mixture of 
1M HCl/water/methanol (1:39:60, v/v). The filtrate is subjected to a preliminary clean-up 
using dichloromethane partitioning to isolate the residue. Further clean-up is accomplished 
using solid phase extraction cartridges. Quantitation of apparent residues is achieved by HPLC 
using an UV spectrometer set at 254 nm for detection. 

Method RLA 11300v / RLA 11361v / RLA 11377v (GC-NPD) 

Analyte Imazethapyr 

LOQ  0.05 mg/kg for winder field bean (RLS 11300v); 0.05 mg/kg for green pea (RLA 11361v); 
0.05 mg/kg for Phaseolus bean (French bean seed)(RLA 11377v)_ 
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Description Imazethapyr is extracted from finely ground winter field bean samples with a mixture of 1M 
HCl/water/methanol (1:39:60, v/v). The filtrate is subjected to a preliminary clean-up using 
dichloromethane partitioning to isolate the residue. Further clean-up is accomplished using 
solid phase extraction cartridges. Using on-column methylation, quantitation of apparent 
residues is achieved by gas chromatography using a nitrogen sensitive detector. 

Method RLA 11377v (GC-NPD) 

Analyte Imazethapyr 

LOQ  0.05 mg/kg for green pea 

Description Imazethapyr is extracted from finely ground green pea samples with a mixture of 1M 
HCl/water/methanol (1:39:60, v/v). The filtrate is subjected to a preliminary clean-up using 
dichloromethane partitioning to isolate the residue. Further clean-up is accomplished using 
solid phase extraction cartridges. Using on-column methylation, quantitation of apparent 
residues is achieved by gas chromatography using a nitrogen sensitive detector. 

Method SOP-PA 0249 (GC-NPD) 

Analyte Imazethapyr 

LOQ  0.05 mg/kg for rice 

Description Imazethapyr is extracted from finely ground green pea samples with a mixture of 1M 
HCl/water/methanol (1:39:60, v/v). The supernatant is subjected to a clean-up using 
dichloromethane partitioning to isolate the residue. Quantitation of apparent residues is 
achieved by LC/MS/MS. 

Method M 1586 (GC-NPD) 

Analyte Imazethapyr 

LOQ  0.01 mg/kg for soya bean plant seed and straw 

Description Imazethapyr residues are extracted from soya bean plant, seed and straw using 1M 
HCl/water/methanol (1:39:60, v/v). The filtrate is adjusted to PH 2.0 and partitioned with 
methylene chloride. The methylene chloride layer is partitioned with pH 9 buffer. After the 
aqueous layer was adjusted to pH 2.0, it is partitioned with methylene chloride. The methylene 
chloride layer is evaporated and the residue dissolved in methanol-water. The methanol-water 
solution is passed through a disposable micro ion exchange column and imazethapyr was 
eluted with dilute HCl solution. The acidic aqueous solution is then partitioned with 
methylene chloride, the methylene chloride was evaporated. Clean-up was conducted by solid 
phase extraction column. Quantification of imazethapyr is achieved after on-column 
methylation with trimethylanilinium hydroxide, by gas chromatography and a thermionic 
nitrogen-selective detector. 

Method M 1981 (GC-NPD) 

Analyte Imazethapyr and CL 288511 

LOQ  0.05 mg/kg for corn forage, grain and fodder 

Description Residues of Imazethapyr and CL 288511 are extracted from the sample with 1M 
HCl,/water/methanol (1:39:60, v/v). The filtrate is subjected to clean-up involving solvent 
partitioning (methylene chloride, hexane) and solid phase extraction. Measurement of the 
imazethapyr and CL 288511 is accomplished by gas chromatography equipped with a 
nitrogen-sensitive detector.  

Method M 1984 (GC-NPD) 

Analyte CL 182704 

LOQ  0.05 mg/kg for corn forage, grain and fodder 
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Description Residues of CL 182704 is extracted from the sample with 1M HCl,/water/methanol (1:39:60, 
v/v). The filtrate is subjected to preliminary clean-up by solvent partitioning (methylene 
chloride). The CL 288511 released from CL 182705 by acid hydrolysis (2N HCL, boiling for 
30 min) of the aqueous layer is cleaned up by solid phase extraction. Measurement of the CL 
182704 (in the form of CL 288511) is accomplished by gas chromatography equipped with a 
nitrogen-sensitive detector. After comparison of peak height to that of external standard of CL 
182704, the concentration of CL 182704 is calculated. 

Method Validation for plant commodities 

Validation data of the methods used for determining imazethapyr, CL 288511 and CL 182704 (and in 
the case of feed crops, MAE-CL 182704) in plant commodities are summarized below. 

Table 41 Summary of recoveries of analytical methods for plant commodities 

Analyte  Matrix 
Fortification 

mg/kg 
No 

Mean 
recovery (%) 

RSD (%) 

M 3519 (Diamaduros B.,Jones J.E. III, 2015a, 2014/7001979) 
Transition  290  245 290  177 290  245 290  177

Imazethapyr 
Soya bean seed 0.01 5 81 83 11 10 

 1 5 87 91 5 10 
 Soya bean hulls 0.01 5 94 87 12 18 
  1 5 88 94 6 13 
 Soya bean oil 0.01 5 94 86 16 13 
  1 5 80 71 6 5 
 Soya bean meal 0.01 5 100 101 15 20 
  1 5 94 90 7 15 

Transition 306  261 306  193 306  261 306  193
CL 288511 Soya bean seed 0.01 5 94 93 20 20 

  1 5 97 107 4 8 
 Soya bean hulls 0.01 5 110 102 10 9 
  1 5 101 91 7 7 
 Soya bean oil 0.01 5 93 96 14 10 
  1 5 83 86 5 21 
 Soya bean meal 0.01 5 104 109 10 11 
  1 5 115 117 7 9 

Transition 468  306 468  202 468  306 468  202
CL 182704 Soya bean seed 0.01 5 91 100 11 31 

  1 5 97 97 13 13 
 Soya bean hulls 0.01 5 112 90 16 13 
  1 5 101 91 12 26 
 Soya bean oil 0.01 5 114 102 7 23 
  1 5 93 90 4 17 
 Soya bean meal 0.01 5 118 98 15 17 
  1 5 99 98 5 26 

M-3519 (Bianca C., 2014a, 2014/7002172) Independent laboratory validation 
Transition  290  245 290  177 290  245 290  177

Imazethapyr 
Soya bean seed 0.01 5 95 93 8.1 7.3 

 1 5 94 96 5.4 6.4 
 Soya bean hulls 0.01 5 96 97 8.3 5.9 
  1 5 100 98 6.6 6.0 
 Soya bean oil 0.01 5 98 97 6.5 8.2 
  1 5 101 102 4.7 3.3 
 Soya bean meal 0.01 5 96 97 10.9 5.9 
  1 5 98 98 4.5 7.2 

Transition 306  261 306  193 306  261 306  193
CL 288511 Soya bean seed 0.01 5 95 94 4.5 8.0 

  1 5 101 96 6.8 4.9 
 Soya bean hulls 0.01 5 97 98 7.1 6.5 
  1 5 99 99 6.2 6.7 
 Soya bean oil 0.01 5 98 99 9.7 10.2 
  1 5 101 103 4.8 4.9 
 Soya bean meal 0.01 5 95 95 9.4 10.3 
  1 5 96 97 6.8 6.6 
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Analyte  Matrix 
Fortification 

mg/kg 
No 

Mean 
recovery (%) 

RSD (%) 

Transition 468  306 468  202 468  306 468  202
CL 182704 Soya bean seed 0.01 5 96 95 6.1 6.2 

  1 5 94 99 5.5 3.5 
 Soya bean hulls 0.01 5 94 94 7.0 5.4 
  1 5 96 97 5.5 4.6 
 Soya bean oil 0.01 5 97 99 7.2 7.5 
  1 5 102 106 3.5 5.6 
 Soya bean meal 0.01 5 93 96 6.8 9.2 
  1 5 96 97 7.0 7.3 

M 3519 (Nejad H., 2004a, 2004/5000274) Determination using LC/MS 
Imazethapyr Lentil (seed) 0.05 5 90 6 

  0.50 5 94 2 
 Lentil (forage) 0.05 5 86 2 
  0.50 5 88 2 

CL 288511 Lentil (seed) 0.05 5 97 3 
  0.50 5 96 3 
 Lentil (forage) 0.05 5 100 2 
  0.50 5 92 1 

CL 182704 Lentil (seed) 0.05 5 93 7 
  0.50 5 93 4 
 Lentil (forage) 0.05 5 96 3 
  0.50 5 92 3 

M 3519 (Jordan J.M., 2003a, 2002/5004302) Independent laboratory validation (LC-MS) 
Imazethapyr Lentil (seed) 0.05 5 82 7 

  0.50 5 85 9 
 Lentil (forage) 0.05 5 82 6 
  0.50 5 82 9 

CL 288511 Lentil (seed) 0.05 5 90 8 
  0.50 5 89 2 
 Lentil (forage) 0.05 5 90 9 
  0.50 5 87 7 

CL 182704 Lentil (seed) 0.05 5 89 4 
  0.50 5 86 5 
 Lentil (forage) 0.05 5 92 6 
  0.50 5 90 8 

M 3519 (Jordan J.M., 2003a, 2002/5004302) Independent laboratory validation (LC-MS/MS) 
Imazethapyr Lentil (seed) 0.05 5 84 4 

  0.50 5 85 4 
 Lentil (forage) 0.05 5 82 3 
  0.50 5 82 4 

CL 288511 Lentil (seed) 0.05 5 88 4 
  0.50 5 84 6 
 Lentil (forage) 0.05 5 90 4 
  0.50 5 84 3 

CL 182704 Lentil (seed) 0.05 5 89 4 
  0.50 5 90 5 
 Lentil (forage) 0.05 5 87 9 
  0.50 5 87 9 

M 1855 (Peterson R., 1988a, IE-244-004) 
Imazethapyr Beans and peas (dry) 0.1 4 99 11 

 (not specified) 0.2 2 89 - 
  0.5 4 81 22 
  1.0 3 86 13 
 Beans and peas  0.1 2 94 - 
 (succulent) 0.2 2 94 - 
 (not specified) 0.5 2 92 - 
  1.0 2 96 - 

M 2186 (Babbitt B.W., 1992a, IE-244-021) 
CL 182704 Pea (dry) 0.05 2 96 - 

  0.5 2 93 - 
 Pea pods (succulent) 0.05 2 99 - 
  0.5 2 77 - 
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Analyte  Matrix 
Fortification 

mg/kg 
No 

Mean 
recovery (%) 

RSD (%) 

 Pea (vine) 0.05 2 92 - 
  10 2 93 - 
 Pea (hay) 0.05 2 92 - 
  0.5 2 88 - 
 Pea (straw) 0.05 2 109 - 
  0.5 2 105 - 

M 2187 (Babbitt B.W., 1992b, IE-244-015) 
Imazethapyr Pea (dry) 0.05 2 83 - 

  0.5 2 97 - 
 Pea pods (succulent) 0.05 2 75 - 
  0.5 2 70 - 
 Vine 0.05 2 78 - 
  10 2 90 - 
 Hay 0.05 2 85 - 
  0.5 2 80 - 
 Straw 0.05 2 110 - 
  0.5 2 86 - 

CL 288511 Pea (dry) 0.05 2 83 - 
  0.5 2 107 - 
 Pea pods (succulent) 0.05 2 71 - 
  0.5 2 75 - 
 Vine 0.05 2 99 - 
  10 2 90 - 
 Hay 0.05 2 82 - 
  0.5 2 71 - 
 Straw 0.05 2 110 - 
  0.5 2 82 - 

M 2020 (Kleiner A., 1991a, IE-244-012) 
Imazethapyr Alfalfa forage 0.05 2 77 - 

  0.1 2 64 - 
  1.0 2 77 - 
  10 2 73 - 
 Alfalfa hay 0.05 2 61 - 
  0.1 2 70 - 
  1.0 2 70 - 
  10 2 77 - 
 Alfalfa seed 0.05 2 70 - 
  0.1 2 74 - 
  1.0 2 76 - 

CL 288511 Alfalfa forage 0.05 2 86 - 
  0.1 2 63 - 
  1.0 2 77 - 
  10 2 82 - 
 Alfalfa hay 0.05 2 72 - 
  0.1 2 74 - 
  1.0 2 78 - 
  10 2 87 - 
 Alfalfa seed 0.05 2 69 - 
  0.1 2 68 - 
  1.0 2 79 - 

M 2020 (Minoura M., 1992a, IE-244-031) Independent laboratory validation 
Imazethapyr Alfalfa forage 0.05 2 95 - 

  0.1 2 99 - 
  1.0 2 75 - 
  10 2 94 - 

CL 288511 Alfalfa forage 0.05 2 64 - 
  0.1 2 83 - 
  1.0 2 68 - 
  10 2 64 - 

M 2021 (Kleiner A., 1991 b, IE-244-013) 
CL 182704 Alfalfa forage 0.05 2 85 - 

  0.1 2 79 - 
  1.0 2 81 - 
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Analyte  Matrix 
Fortification 

mg/kg 
No 

Mean 
recovery (%) 

RSD (%) 

  10 2 77 - 
 Alfalfa hay 0.05 2 91 - 
  0.1 2 107 - 
  1.0 2 71 - 
  10 2 76 - 
 Alfalfa seed 0.05 2 85 - 
  0.1 2 80 - 
  1.0 2 86 - 

M 2012 I Minoura M., 1992b, IE-244-032) Independent laboratory validation 
CL 182704 Alfalfa forage 0.05 2 90 - 

  0.1 2 76 - 
  1.0 2 70 - 
  10 2 66 - 

M 3120 (Sweeney R.A.,Nejad H., 1999a, IE-244-042) 
Imazethapyr Rice (straw) 0.05 2 89 - 

  0.1 2 88 - 
  0.5 2 85 - 
 Rice (grain) 0.05 2 91 - 
  0.1 2 90 - 
  0.5 2 96 - 

CL 288511 Rice (straw) 0.05 2 89 - 
  0.1 2 89 - 
  0.5 2 86 - 
 Rice (grain) 0.05 2 92 - 
  0.1 2 91 - 
  0.5 2 96 - 

CL 182704 Rice (straw) 0.05 2 83 - 
  0.1 2 83 - 
  0.5 2 77 - 
 Rice (grain) 0.05 2 86 - 
  0.1 2 85 - 
  0.5 2 89 - 

M 1908 (Safarpour M., 1989a, IE-244-006) 
Imazethapyr Peanut (nutmeat) 0.05 2 84 - 

  0.1 2 102 - 
  0.25 2 83 - 
  0.5 2 77 - 
 Peanut (hulls) 0.05 2 91 - 
  0.1 2 95 - 
  0.25 2 104 - 
  0.5 2 83 - 

CL 288511 Peanut (nutmeat) 0.05 2 86 - 
  0.1 2 108 - 
  0.25 2 82 - 
  0.5 2 80 - 
 Peanut (hulls) 0.05 2 91 - 
  0.1 2 80 - 
  0.25 2 118 - 
  0.5 2 87 - 

CL 182704 Peanut (nutmeat) 0.05 2 98 - 
  0.1 2 138 - 
  0.25 2 88 - 
  0.5 2 81 - 
 Peanut (hulls) 0.05 2 121 - 
  0.1 3 103 14.5 
  0.25 2 85 - 
  0.5 2 103 - 

M 1762 (Potts C., 1987a, IE-244-005) 
Imazethapyr Peanut 0.1 4 76 10.3 

  0.2 3 83 14.6 
  0.5 2 71 - 

M 2326 (Fletcher J.S., 1994a, IE-244-019) 
Imazethapyr Oilseed rape (seed) 0.05 2 87 - 
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Analyte  Matrix 
Fortification 

mg/kg 
No 

Mean 
recovery (%) 

RSD (%) 

  0.10 2 91 - 
  0.50 2 85 - 

CL 288511 Oilseed rape (seed) 0.05 2 85 - 
  0.10 2 75 - 
  0.50 2 90 - 

M 3319 (Singh S., 2001a, IE-244-044) Independent laboratory validation 
Imazethapyr Oilseed rape (seed) 0.05 2 84 - 

  0.1 2 80 - 
  0.5 2 95 - 

SOP-PA.0288 (Leite R., 2008c, 2010/1090461; Leite R., 2008b, 2008/1063810) 
Transition  290  245 290  177 290  245 290  177

Imazethapyr 
Sunflower (seeds) 0.05 5 90 88 4.4 7.7 

 5.0 5 90 92 4.2 2.4 
 Sunflower (oil) 0.05 5 100 94 4.9 3.2 
  5.0 5 95 98 5.9 3.7 

SOP-PA.0249 (Borges Z., 2004, 2004/103754) 
Transition  262  217 262  149 290  245 290  177

Imazethapyr 
Rice 0.05 15 91.7 90.8 6.7 6.1 

 5.0 15 100.8 99.7 7.0 6.8 
M 2261 (Safarpour M., 1993b, IE-244-018) 

Imazethapyr Alfalfa (meal) 0.05 2 100 - 
  1.0 2 87 - 
  10 2 99 - 
 Alfalfa (forage) 0.05 1 90 - 
  1.0 1 67 - 
  10 1 84 - 
 Alfalfa (seed) 0.05 1 96 - 
  1.0 1 99 - 
  10 1 97 - 
 Alfalfa (hay) 0.05 1 88 - 
  1.0 1 79 - 
  10 1 84 - 
 Clover (seed screenings) 0.05 2 87 - 
  1.0 2 85 - 
  10 2 92 - 
 Clover (forage) 0.05 1 74 - 
  1.0 1 79 - 
  10 1 75 - 
 Clover (seed) 0.05 1 100 - 
  1.0 1 99 - 
  10 1 90 - 
 Clover (hay) 0.05 1 64 - 
  1.0 1 62 - 
  10 1 68 - 

CL 288511 Alfalfa (meal) 0.05 2 111 - 
  1.0 2 91 - 
  10 2 99 - 
 Alfalfa (forage) 0.05 1 110 - 
  1.0 1 82 - 
  10 1 85 - 
 Alfalfa (seed) 0.05 1 124 - 
  1.0 1 97 - 
  10 1 94 - 
 Alfalfa (hay) 0.05 1 120 - 
  1.0 1 100 - 
  10 1 87 - 
 Clover (seed  0.05 2 96 - 
 screenings) 1.0 2 90 - 
  10 2 93 - 
 Clover (forage) 0.05 1 85 - 
  1.0 1 89 - 
  10 1 93 - 
 Clover (seed) 0.05 1 106 - 
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Analyte  Matrix 
Fortification 

mg/kg 
No 

Mean 
recovery (%) 

RSD (%) 

  1.0 1 104 - 
  10 1 91 - 
 Clover (hay) 0.05 1 90 - 
  1.0 1 89 - 
  10 1 86 - 

CL 182704(incl. Alfalfa (meal) 0.05 2 92 - 
MAE-182704)  1.0 2 79 - 

  10 2 89 - 
 Alfalfa (forage) 0.05 1 102 - 
  1.0 1 66 - 
  10 1 79 - 
 Alfalfa (seed) 0.05 1 89 - 
  1.0 1 90 - 
  10 1 82 - 
 Alfalfa (hay) 0.05 1 93 - 
  1.0 1 81 - 
  10 1 83 - 
 Clover (seed  0.05 2 91 - 
 screenings) 1.0 2 82 - 
  10 2 87 - 
 Clover (forage) 0.05 1 75 - 
  1.0 1 76 - 
  10 1 81 - 
 Clover (seed) 0.05 1 89 - 
  1.0 1 89 - 
  10 1 83 - 
 Clover (hay) 0.05 1 81 - 
  1.0 1 80 - 
  10 1 83 - 

M 2261 (Safarpour M., 1993a, IE-244-016) Independent laboratory validation 
Imazethapyr Alfalfa (meal) 0.05 2 99 (78) - 

  1.0 2 99 (89) - 
  10 2 89 - 
 Alfalfa (forage) 0.05 1 81 - 
  1.0 1 81 - 
  10 1 85 - 
 Alfalfa (seed) 0.05 1 100 (77) - 
  1.0 1 84 - 
  10 1 85 - 
 Alfalfa (hay) 0.05 1 63 - 
  1.0 1 68 - 
  10 1 82 - 
 Clover (seed  0.05 2 73 - 
 screenings) 1.0 2 73 - 
  10 2 91 - 
 Clover (forage) 0.05 1 71 - 
  1.0 1 71 - 
  10 1 82 - 
 Clover (seed) 0.05 1 65 - 
  1.0 1 75 - 
  10 1 91 - 
 Clover (hay) 0.05 1 73 - 
  1.0 1 72 - 
  10 1 69 - 

CL 288511 Alfalfa (meal) 0.05 2 125 (72) - 
  1.0 2 117 (97) - 
  10 2 88 - 
 Alfalfa (forage) 0.05 1 90 - 
  1.0 1 86 - 
  10 1 85 - 
 Alfalfa (seed) 0.05 1 110 (75) - 
  1.0 1 94 - 
  10 1 84 - 
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Analyte  Matrix 
Fortification 

mg/kg 
No 

Mean 
recovery (%) 

RSD (%) 

 Alfalfa (hay) 0.05 1 110 (73) - 
  1.0 1 94 - 
  10 1 85 - 
 Clover (seed  0.05 2 79 - 
 screenings) 1.0 2 83 - 
  10 2 92 - 
 Clover (forage) 0.05 1 86 - 
  1.0 1 82 - 
  10 1 83 - 
 Clover (seed) 0.05 1 78 - 
  1.0 1 81 - 
  10 1 89 - 
 Clover (hay) 0.05 1 95 - 
  1.0 1 86 - 
  10 1 81 - 

CL 182704(incl.  Alfalfa (meal) 0.05 2 76 - 
MAE-182704)  1.0 2 82 - 

  10 2 80 - 
 Alfalfa (forage) 0.05 1 76 - 
  1. 1 75 - 
  10 1 78 - 
 Alfalfa (seed) 0.05 1 77 - 
  1.0 1 73 - 
  10 1 77 - 
 Alfalfa (hay) 0.05 1 73 - 
  1.0 1 78 - 
  10 1 76 - 
 Clover (seed  0.05 2 77 - 
 screenings) 1.0 2 79 - 
  10 2 88 - 
 Clover (forage) 0.05 1 72 - 
  1.0 1 73 - 
  10 1 72 - 
 Clover (seed) 0.05 1 71 - 
  1.0 1 75 - 
  10 1 83 - 
 Clover (hay) 0.05 1 81 - 
  1.0 1 79 - 
  10 1 79 - 

M 1586 (Babbit B.W., 1985, IE-244-001) 
Imazethapyr Soya bean (plant) 0.1 2 98.3 - 

  0.2 2 93.3 - 
  0.99 2 79.5 - 
  10 2 85.3 - 
 Soya bean (seed) 0.1 2 82.8 - 
  0.2 2 88.9 - 
  0.5 2 79.7 - 
  0.99 2 84.3 - 
 Soya bean (straw) 0.1 2 90.8 - 
  0.2 2 93.8 - 
  0.5 2 82.1 - 
  0.99 2 86.6 - 

M 1586 (Safarpour M., 1989b, IE-244-002) 
Imazethapyr Soya bean (seed) 0.1 2 91.7 - 

  0.2 2 89.0 - 
  0.5 2 83.9 - 
  1.0 2 82.9 - 

M 1586 (Minoura M., 1990a, IE-244-027) 
Imazethapyr Soya bean (seed) 0.1 2 93.0 - 

  0.2 2 106.5 - 
  0.5 2 117.5 - 

M 1981 (Babbit B.W., 1990a, IE-244-007) 
Imazethapyr Maize (plant) 0.05 2 71.1 - 
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Analyte  Matrix 
Fortification 

mg/kg 
No 

Mean 
recovery (%) 

RSD (%) 

  0.1 2 71.8 - 
  1.0 2 73.6 - 
  10 2 82.8 - 
 Maize (grain) 0.05 2 95.7 - 
  0.1 2 90.7 - 
  0.2 2 90.3 - 
  1.0 2 95.6 - 
 Maize (fodder) 0.05 2 87.6 - 
  0.1 2 84.0 - 
  1.0 2 90.7 - 
  10 2 92.1 - 

CL 288511 Maize (plant) 0.05 2 76.3 - 
  0.1 2 62.2 - 
  1.0 2 70.5 - 
  10 2 77.5 - 
 Maize (grain) 0.05 1 93.0 - 
  0.1 2 90.2 - 
  0.2 2 97.9 - 
  1.0 2 93.2 - 
 Maize (fodder) 0.05 2 119.3 - 
  0.1 2 107.0 - 
  1.0 2 90.9 - 
  10 2 131.4 - 

M 1981 (Brindle C., 1990a, IE-244-009) 
Imazethapyr Maize (forage) 0.05 2 78.8 - 

  0.1 2 83.9 - 
  1.0 2 87.1 - 
  10 2 82.4 - 
 Maize (grain) 0.05 4 92.5 21.1 
  0.1 4 91.1 13.0 
  1.0 2 98.1 - 
 Maize (fodder) 0.05 2 84.0 - 
  0.1 2 81.3 - 
  1.0 2 78.0 - 

CL 288511 Maize (forage) 0.05 2 79.7 - 
  0.1 2 86.7 - 
  1.0 2 84.1 - 
  10 2 80.0 - 
 Maize (grain) 0.05 4 79.9 12.0 
  0.1 4 72.8 11.9 
  1.0 2 94.8 - 
 Maize (fodder) 0.05 2 84.5 - 
  0.1 2 85.0 - 
  1.0 2 82.5 - 

M 1981 (Babbit, B, 1992a, IE-244-017) Independent Laboratory Validation 
Imazethapyr Maize (forage) 0.1 3 76.1 4.0 

  0.2 2 80.5 - 
  0.5 2 81.2 - 
 Maize (grain) 0.1 4 74.8 3.3 
  0.2 3 78.5 5.4 
  0.5 2 72.7 - 
 Maize (fodder) 0.1 2 73.8 - 
  0.2 2 78.8 - 
  0.5 2 74.6 - 

CL 288511 Maize (forage) 0.1 2 74.6 - 
  0.2 2 80.0 - 
  0.5 2 79.6 - 
 Maize (grain) 0.1 4 68.7 5.4 
  0.2 3 68.8 4.5 
  0.5 2 74.4 - 
 Maize (fodder) 0.1 2 70.6 - 
  0.2 2 77.0 - 
  0.5 2 73.8 - 
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Analyte  Matrix 
Fortification 

mg/kg 
No 

Mean 
recovery (%) 

RSD (%) 

M 1984 (Babbit B.W., 1990b, IE-244-008) 
CL 182704 Maize (plant) 0.05 2 96.5 - 

  0.1 2 84.7 - 
  1.0 2 91.5 - 
  10 2 68.4 - 
 Maize (grain) 0.05 2 102.5 - 
  0.1 2 90.2 - 
  0.2 2 105.4 - 
  1.0 2 100.0 - 
 Maize (fodder) 0.05 2 105.1 - 
  0.1 2 89.2 - 
  1.0 2 79.9 - 
  0. 2 95.8 - 

M 1984 (York C., 1991a, IE-244-010) 
CL 182704 Maize (forage) 0.05 2 95.8 - 

  0.1 2 92.0 - 
  1.0 2 97.2 - 
  10 2 98.5 - 
 Maize (grain) 0.05 2 100.4 - 
  0.1 2 102.8 - 
  1.0 2 89.8 - 
  10 2 94.3 - 
 Maize (fodder) 0.05 2 89.3 - 
  0.1 2 72.6 - 
  1.0 2 76.4 - 
  10 2 71.4 - 

RLA 11258v (IE-244-049, 1987) 
Imazethapyr Pea (whole pod) 0.05 1 90 - 

  0.1 1 98 - 
  0.25 1 94 - 
  0.5 1 96 - 
  1.0 1 98 - 
 Pea (dry seed) 0.05 1 94 - 
  0.1 1 96 - 
  0.25 1 90 - 
  0.5 1 81 - 
  1.0 1 87 - 

RLA 11291v (IE-244-047, 1987) 
Imazethapyr French bean (seed) 0.05 1 78 - 

  0.1 1 81 - 
  0.25 1 72 - 
  0.5 1 71 - 
  1.0 1 81 - 

RLA 11300v (IE-244-048, 1987) 
Imazethapyr Winter field bean 0.05 1 94 - 

 (seed) 0.1 1 88 - 
  0.25 1 91 - 
  0.5 1 82 - 
  1.0 1 88 - 

RLA 11361 (IE-244-023, 1988) 
Imazethapyr Green pea 0.05 1 84 - 

  0.1 1 95 - 
  0.25 1 96 - 
  0.5 1 92 - 
  1.0 1 100 - 

RLA 11377 (IE-244-053, 1988) 
Imazethapyr Phaseolus bean 0.05 1 95 - 

 (French bean)(seed) 0.1 1 77 - 
  0.25 1 75 - 
  0.5 1 90 - 
  1.0 1 113 - 
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Analytical methods for animal matrices 

Method: M 3512 (LC-MSD, LC-MS/MS for confirmation) 

Analyte: Imazethapyr, CL 288511  

LOQ: 0.01 mg/kg for bovine muscle, fat, kidney, kidney+liver, milk, poultry egg 

Description: Animal tissues, milk and egg are extracted with a mixture of acetone/water/hydrochloric acid 
(25:74:1, v:v:v). An appropriate aliquot of the extract is reduced to dryness, the residue is then 
dissolved in water/formic acid (99:1) and the aqueous solution is purified by a RP-18 solid 
phase extraction (SPE) cartridge. The final determination of imazethapyr is achieved by LC-
MS at transitions 290 and CL 288511 at 306. The results are confirmed by determination by 
LC-MS/MS at transitions 290177 for imazethapyr (290177 in Liver) and 306261 for 
CL 288511. For separation by HPLC, a water-methanol gradient using 1% acetic acid as 
modifier was used.  

Method Validation for animal commodities 

Validation data of the methods used for determining imazethapyr and CL 288511 in animal 
commodities are summarized below. 

Table 42 Summary of Method Validation for plant commodities 

Analyte  Matrix 
Fortification 

mg/kg 
No 

Mean 
recovery (%) 

RSD (%) 

M 3512 (Seiferlein M., 2004a, 2003/1012558) Determination by LC-MSD 
Imazethapyr Milk 0.01 5 92 5.7 

  0.1 5 86 1.8 
 Fat 1a 0.01 5 56 19.5 
  0.1 5 67 11.9 
 Fat 2b 0.01 5 79 11.6 
  0.1 5 73 5.0 
 Liver 0.01 5 77 8.1 
  0.1 5 92 2.2 
 Muscle 0.01 5 84 11.9 
  0.1 5 81 4.7 
 Kidney 1c 0.01 5 98 9.1 
  0.1 5 88 3.3 
 Kidney 2d 0.01 5 91 2.7 
  0.1 5 92 2.2 
 Egg 0.01 5 82 1.1 
  0.1 5 90 1.9 

CL 288511 Milk 0.01 5 74 8.4 
  0.1 5 84 1.2 
 Fat 1a 0.01 5 85 8.2 
  0.1 5 88 1.4 
 Fat 2b 0.01 5 73 4.6 
  0.1 5 73 4.8 
 Liver 0.01 5 91 7.6 
  0.1 5 95 0.7 
 Muscle 0.01 4 85 4.9 
  0.1 5 95 3.3 
 Kidney 1c 0.01 5 75 10.5 
  0.1 5 87 2.3 
 Kidney 2d 0.01 5 83 2.0 
  0.1 5 87 1.9 
 Egg 0.01 5 91 2.5 
  0.1 5 92 2.1 

M 3512 (Seiferlein M., 2004a, 2003/1012558) Confirmation by LC-MS/MS 
Imazethapyr Milk 0.01 5 93 2.6 

 290245 0.1 5 92 2.2 
 Liver 0.01 5 97 4.0 
 290177 0.1 5 94 3.9 
 Muscle 0.01 5 93 19.7 
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Analyte  Matrix 
Fortification 

mg/kg 
No 

Mean 
recovery (%) 

RSD (%) 

 290245 0.1 5 87 6.3 
 Kidney 1 0.01 5 83 6.7 
 290245 0.1 5 91 1.3 

CL 288511 Milk 0.01 5 87 7.0 
 306261 0.1 5 95 3.2 
 Liver 0.01 5 93 5.8 
 306261 0.1 5 98 3.7 
 Muscle 0.01 5 88 1.6 
 306261 0.1 5 96 3.1 
 Kidney 1 0.01 5 89 3.6 
 306261 0.1 5 88 2.1 

M 3512 (Class T., 2004a, 2004/1006584) Independent laboratory validation; LC-MSD 
Imazethapyr Kidney 1e 0.01 2 101 - 

  0.1 2 104 - 
 Kidney 2f 0.01 3 101 4.0 
  0.1 2 88 - 

CL 288511 Kidney 1e 0.01 2 142 - 
  0.1 2 106 - 
 Kidney 2f 0.01 3 94 4.4 
  0.1 2 94 - 

M 3512 (Class T., 2004a, 2004/1006584) Independent laboratory validation; LC-MS/MS 
Imazethapyr Kidney 1e 0.01 2 106 - 

  0.1 2 101 - 
 Kidney 2f 0.01 3 96 5.8 
  0.1 2 100 - 

CL 288511 Kidney 1e 0.01 2 94 - 
  0.1 2 97 - 
 Kidney 2f 0.01 3 87 6.4 
  0.1 2 90 - 

a Original extraction solvent according to method M 3512; 
b Extraction performed with acetonitrile/iso-hexane to improve recoveries of imazethapyr; 
c Original extraction solvent according to method M 3512; 
d Extraction performed with acetonitrile/formic acid to improve recoveries of CL 288511; 
e Extraction performed with acetone/water/hydrochloric acid (25:74:1); 
f Extraction performed with acetonitrile/formic acid (99:1). 

 

StoragesStability under frozen conditions  

The stability of imazethapyr residues in samples stored frozen was investigated using incurred field 
samples and spiked samples of plant origin. 

Plant matrices 

The stability of imazethapyr residues in commodities was investigated in soya bean (green plant, 
straw and mature seed), maize (forage, fodder, grain), rice (straw, grain), peanut (hull, nutmeat) and 
alfalfa matrices stored under frozen conditions. In most of the studies, 20 g of raw agriculture 
commodities were ground or homogenized and fortified with imazethapyr, CL 288511 or CL 182704. 
In a study on rice, 10 g samples were used for fortification. In a study on alfalfa, samples with 
incurred residue from field trials were used. In all the studies where CL 182704 was analysed, it was 
hydrolysed to CL 288511 for analysis and the result was calculated as CL 182704. 

Conditions and results of storage stability studies are summarized in Table 43. Percent of 
imazethapyr and its metabolites remaining was not corrected for procedural recoveries.  
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Table 43 Storage stability of imazethapyr, CL 288511 and CL 182704 in various plant matrices under 
frozen conditions 

Analyte 
(Analytical method) 

Matrix Fortification, 
mg/kg 

Storage 
temp., °C 

Storage time, 
month 

%  
Remaining 

Procedural 
recovery, % 

Soya beans (Babbit, B., 1987a, IE-326-002) 
Imazethapyr Green plant 0.2 -29 – -23 6.2 89 - 

(M 1586,     12.6 84 - 
GC-NPD)    18.3 87 - 

    24.6 85 - 
 Straw 0.2 -29 – -23 6.7 94 - 
    13.0 87 - 
    18.2 86 - 
    24.4 86 - 
 Seed 0.2 -29 – -23 6.8 88 - 
    13.5 86 - 
    18.1 93 - 
    24.6 86 - 

Maize (Cenni M., 1996a, IE-326-018) 
Imazethapyr Forage 0.1 -20 – -10 6 76 97 

(M 1981,     12 84 93 
GC-NPD)    18 85 97 

    24 70 76 
 Fodder 0.1 -20 – -10 6 41 83 
    12 81 79 
    18 64 77 
    24 73 85 
 Grain 0.1 -20 – -10 6 76 87 
    12 86 97 
    18 85 87 
    24 91 98 

CL 288511 Forage 0.1 -20 – -10 6 85 96 
(M 1981,    12 92 85 
GC-NPD)    18 101 105 

    24 74 81 
 Fodder 0.1 -20 – -10 6 70 92 
    12 82 72 
    18 87 86 
    24 72 71 
 Grain 0.1 -20 – -10 6 90 98 
    12 77 87 
    18 104 97 
    24 71 83 

CL 182704 Forage 0.1 -20 – -10 6 68 78 
(M 1984,    12 85 73 
GC-NPD)    18 94 105 

    24 85 81 
 Fodder 0.1 -20 – -10 6 78 109 
    12 87 105 
    18 108 119 
    24 85 93 
 Grain 0.1 -20 – -10 6 86 113 
    12 87 78 
    18 84 111 
    24 103 78 

Rice (Sweeney R., Nejad H., 2000a, IE-326-033) 
Imazethapyr Straw 1.0 -29 – -23 0 74 91 

(M 3120,     0 71 87 
CE-UV)    3 76 95 

    6 67 96 
    7 68 93 
    12 62 77 
    18 68 72 
    24 69 89 
 Grain 1.0 -29 – -23 0 80 93 
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Analyte 
(Analytical method) 

Matrix Fortification, 
mg/kg 

Storage 
temp., °C 

Storage time, 
month 

%  
Remaining 

Procedural 
recovery, % 

    0 77 94 
    3 72 104 
    6 71 103 
    7 - - 
    12 68 91 
    18 62 81 
    24 71 91 

CL 288511 Straw 1.0 -29 – -23 0 77 93 
(M 3120,     0 75 87 
CE-UV)    3 75 89 

    6 72 96 
    7 72 96 
    12 72 77 
    18 80 72 
    24 85 90 
 Grain 1.0 -29 – -23 0 81 94 
    0 76 94 
    3 67 99 
    6 68 103 
    7 - - 
    12 71 93 
    18 64 81 
    24 74 92 

Peanut (Safarpour M., 1991 a, IE-740-014) 
Imazethapyr Nutmeat 0.1 -20 – -10 1 104 100 
(M 1908 or    10 122 100 
M 1908.01,    25 69 85 
GC-NPD) Hull 0.1 -20 – -10 1 - - 

    10 85 84 
    26 84 76 

CL 288511 Nutmeat 0.1 -20 – -10 1 91 94 
(M 1908 or    10 102 91 
M 1908.01,    25 94 98 
GC-NPD) Hull 0.1 -20 – -10 1 - - 

    10 89 86 
    26 88 71 

CL 182704 Nutmeat 0.1 -20 – -10 1 96 98 
(M 1908 or    10 94 95 
M 1908.01,    25 87 100 
GC-NPD) Hull 0.1 -20 – -10 1 - - 

    10 83 73 
    26 98 100 

Alfalfa (Safarpour M., Cenni M., 1995a, IE-326-010) 
Imazethapyr Forage 0.12 -20 – -10 11 103 76 

(M 2020,  (incurred,  18 122 82 
GC-NPD)  16 days)     

 Hay < 0.05 -20 – -10 10 N/A 90 
  (incurred,  17 N/A 82 
  28 days)     

CL 288511 Forage 0.15 -20 – -10 11 80 73 
(M 2020,  (incurred,  18 100 80 
GC-NPD)  16 days)     

 Hay 0.20 -20 – -10 10 79 80 
  (incurred,  17 112 77 
  28 days)     

CL 182704 Forage 1.94 -20 – -10 11 83 85 
(M 2021,  (incurred,  18 63 85 
GC-NPD)  16 days)     

 Hay 1.12 -20 – -10 10 120 76 
  (incurred,  17 97 69 
  28 days)     
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The results showed that imazethapyr and its metabolites, CL 288511 and CL 182704 were 
stable for at least 24 months (in the case of alfalfa, 17–18 months, longest period tested) under frozen 
conditions at -26 to -10 °C. 

Animal matrices 

No storage stability study was conducted as all samples were analysed within 30 hours of collection in 
the feeding study on lactating cows, except for milk samples, or 6 months in the metabolism studies. 
Milk samples from the feeding study were analysed within 86 days. Milk samples were spiked at 
0.1 mg/kg with CL 288511, stored in a deep freezer (≤-20 °C), and, at intervals, analysed using 
method M 3512. Residues of CL 288511 were stable in milk for the period of storage prior to analysis 
(Table 44).  

Table 44Storage stability of CL 288511 in cow milk (fortification at 0.1 mg/kg, at ≤ -20 °C) 

Storage time, days % Remaining Procedural recovery % 
0 89.5 90.4 

13 92.0 91.1 
31 87.3 90.4 
62 89.6 90.2 
91 90.3 88.8 

 

 

USE PATTERN 

Imazethapyr has been registered in many countries for use on crops including legume 
vegetables/pulses, cereals, oil seeds and grasses. It is mainly formulated as soluble concentrates (SL), 
emulsifiable concentrates (EC) or water dispersible granules (WG), singly or in combination with 
other active ingredients. 

Approved labels in many countries were made available to the Meeting. However, for the 
purposes of estimating maximum residue levels, only the registered uses on the crops concerned and 
those confirmed by the relevant labels are recorded in Table 45 Registered uses of imazethapyr. The 
application method of all the uses below is spraying in the field or outdoor. 

Table 45 Registered uses of imazethapyr 

Country 
Conc. g ai/L or kg 
Form. 
(other ai) 

Application Application rate per treatment 
Minimum 
PHI days 
(notes) Timing (options) 

Max 
No/crop/ 
season 

Interval
days 

Water L/ha 
min-max 

kg ai/ha  
max 

Beans (Phaseolus spp.) 

AR 100 SL Pre emergence 1 N/A 
150-200 (ground) 
>15 (aerial) 

0.050 n.r. 

BZ 
GT 
PA 

700 WG Early Post emergence 1 N/A 
200-350 (Ground); 
30 - 60 (Aerial) 

0.10 85 

CA 240 SL Pre-plant, Pre-emergence 1 N/A 100-400 0.075 
100 
(not graze or cut for 
hay) 

US 240 SL 
Pre-plant, Pre-emergence,  
Early Post emergence b 
(at least one trifoliate leaf) 

1 N/A 
94-187 (ground) 
>47 (aerial) 

0.053c 

30 for succulent; 
 60 for dry 
(not graze or harvest 
for fees) 

US 700 WG 
Pre-plant, Pre-emergence,  
Early post emergence d 
(at least one trifoliate leaf) 

1 N/A 
>187 (ground) 
>47 (aerial) e 

0.053 
30 for succulent 
60 for dry 
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Country 
Conc. g ai/L or kg 
Form. 
(other ai) 

Application Application rate per treatment 
Minimum 
PHI days 
(notes) Timing (options) 

Max 
No/crop/ 
season 

Interval
days 

Water L/ha 
min-max 

kg ai/ha  
max 

ZA 
ZM 

100 SL 

Pre-emergence and/or Post 
emergence 
(3rd trifoliate leaf stage till 
flowering) 

2 - 
>200 (ground) 
>35 (aerial) 

NBh 85 (dry) 

Beans, dry (pinto, pink, red) 

CA 240 SL 
Early Post Emergence 
(up to the 2nd trifoliate leaf 
stage) 

1 N/A 100-400 0.050 75 

CA 240 SL 
Early Post Emergence 
(up to the 2nd trifoliate leaf 
stage) 

1 N/A 100-400 0.050 75 

Beans, dry (red kidney) 

US 700 WG 
Post emergence d 
(at least one fully expanded 
trifoliate leaf) 

1 N/A >187  0.026 60 

Beans, Immature 

CA 240 SL 
Pre-plant, Pre-emergence 
(Snap beans) 

1 N/A 200 0.075 
40 
(not graze or cut for 
hay) 

US 240 SL 
Pre-plant, Pre-emergence 
(Snap beans) 

1 N/A 
94-187 (ground) 
>47 (aerial) 

0.026 
30  
(not graze or harvest 
for fees) 

US 700 WG 
Pre-plant 
Early post emergence d 
(at least one true leaf) 

1 N/A >187  0.026 30 

Adzuki bean (Vigna angularis) 

CA 240 SL Pre-plant, Pre-emergence 1 N/A 100-400 0.075 
100 
(not graze or cut for 
hay) 

Broad bean (Vigna faba) 

AU 700 WG Pre-emergence 1 N/A 50-100 0.070 
n.r. 
14 for grazing or cut 
for feed 

CA 
350 WG 
(imazamox) 

Early Post Emergence 
(1-6 leaf stage) 

1 N/A 50 -100 0.015 
60 
(Not harvest forage) 

Chickpea 

AU 700 WG Pre-emergence 1 N/A 50-100 0.032 
n.r. 
14 for grazing or cut 
for feed 

US 240 SL Pre-plant, Pre emergence 1 N/A 
94-187 (ground) 
>47 (aerial) 

0.053 

30 for succulent;  
60 for dry 
(not graze or harvest 
for fees) 

US 
500 WG 
(Saflufenacil)) 

Pre-plant/Pre emergence 1 N/A 
140-187(ground) 
>28 (aerial) 

0.053 
∆) 
65 (for forage & 
hay) 

US 700 WG Pre plant, Pre emergence 1 N/A 
>187 (ground) 
>47 (aerial) 

0.053 
30 for succulent, 
60 for dry 

Cowpea (Vigna unguiculata) 

BZ 
GT 
PA 

700 WG Early Post emergence 1 N/A 
200-350 (Ground); 
30 - 60 (Aerial) 

0.10 85 

Lentil 
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Country 
Conc. g ai/L or kg 
Form. 
(other ai) 

Application Application rate per treatment 
Minimum 
PHI days 
(notes) Timing (options) 

Max 
No/crop/ 
season 

Interval
days 

Water L/ha 
min-max 

kg ai/ha  
max 

CA 350 WG 
Early Post Emergence 
(1-9 node stage; Clearfield 
lentil only) 

1 N/A 50-100 0.015 60 

CA 
350 WG 
(imazamox) 

Early Post Emergence 
(1-9 node stage; Clearfield 
lentil only) 

1 N/A 50-100 0.015 60 

US 240 SL Pre-plant, Pre emergence 1 N/A 
94-187 (ground) 
>47 (aerial) 

0.053 
30 for succulent;  
60 for dry 

US 700 WG Pre plant, Pre emergence 1 N/A 
>187 (ground) 
>47 (aerial) 

0.053 60 

Lima bean 

CA 240 SL 
Pre-emergence 
(Ontario) 

1 N/A 100-400 0.075 
90 
(not graze or cut for 
hay) 

US 240 SL Pre-plant, Pre emergenceb 1 N/A 
94-187 (ground) 
>47 (aerial) 

0.053 

30 for succulent;  
60 for dry 
(not graze or harvest 
for fees) 

US 700 WG Pre plant, Pre emergence 1 N/A 
>187 (ground) 
>47 (aerial) 

0.053 
30 for succulent, 
60 for dry 

Mung bean (Vigna radiata) 

AU 700 WG Pre-emergence 1 N/A 50-100 0.098 
n.r. 
14 for grazing or cut 
for feed 

Peas 

AR 100 SL 
Early Post emergence 
(from 2nd trifoliate leaf 
stage until tendrils appear) 

1 N/A 
150-200 (ground) 
>15 (aerial) 

0.10 n.r. 

AU 700 WG 
Pre-emergence 
Post-emergence 

1 N/A 50-100 0.070 
n.r. 
14 for grazing or cut 
for feed 

CA 240 SL 
Early Post emergence 
(up to 6th trifoliate leaf 
stage) 

1 N/A 100-400 0.050 
60 
30 (as feed) 

CA 
350 WG 
(imazamox) 

Early Post Emergence 
(1-6 true leaf stage) 

1 N/A 50 -100 0.015 
60 
30 (as feed) 

CA 240 SL 
Early Post Emergence 
(up to 6th trifoliate leaf 
stage) 

1 N/A 100-400 0.050 
60 
30 (as feed) 

CA 240 SL 
Pre-plant, Pre-emergent 
(Processing peas) 

1 N/A 200 0.075 50 

US 240 SL 

Pre-plant, Pre emergence, 
Early Post-emergenceb 
(at least one trifoliate leaf or 
>7.5 cm) 

1 N/A 
94-187 (ground) 
>47 (aerial) 

0.053c 

30 for succulent;  
60 for dry 
(not graze or harvest 
for fees) 

US 700 WG Pre plant, Pre emergence 1 N/A 
>187 (ground) 
>47 (aerial) 

0.053 
30 for succulent, 
60 for dry 

US 700 WG 
Post emergence 
(dry pea only; at least one 
trifoliate leaf or >7.5 cm) 

1 N/A 
>187 (ground) 
>47 (aerial) 

0.035 60 

Peas, immature 

AR 100 SL 
Early Post emergence 
(from 2nd trifoliate leaf 
stage until tendrils appear) 

1 N/A 
150-200 (ground) 
>20 (aerial) 

0.10 n.r. 
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Country 
Conc. g ai/L or kg 
Form. 
(other ai) 

Application Application rate per treatment 
Minimum 
PHI days 
(notes) Timing (options) 

Max 
No/crop/ 
season 

Interval
days 

Water L/ha 
min-max 

kg ai/ha  
max 

CA 240 SL 
Pre-plant, Pre-emergent 
(Snow peas) 

1 N/A 100-400 0.075 
60 
(not graze or cut for 
hay) 

US 
500 WG 
(Saflufenacil)) 

Pre-plant, Pre emergence 1 N/A 
140-187(ground) 
>28 (aerial) 

0.053 
n.r. 
65 (for forage & 
hay) 

Soya bean 

AR 100 SL 
Early Post emergence 
(before 2nd true leaf stage) 

1 N/A 
150-200 (ground) 
>15 (aerial) 

0.10 90 

AR 
525 WG 
(imazapyr) 

Pre-plant 1 N/A 150-200 0.075 n.r. 

AU 700 WG 
Pre-emergence, 
Post Emergence 

1 N/A 50-100 0.098 
n.r. 
14 for grazing or cut 
for feed 

BZ 
GT 
PA 

700 WG Early Post emergence 1 N/A 
200-350 (Ground); 
30 - 60 (Aerial) 

0.10 85 

BR 100 SL Early Post emergence 1 N/A 
100-300 (ground) 
30-40 (aerial) 

0.10 66 

BR 
30 SL 
(glyphosate) 

Post emergence 1 N/A 
100-300 (ground) 
30-50 (aerial) 

0.075 66 

CA 
350 WG 
(imazamox) 

Early Post emergence 
(1-3 true leaf stage) 

1 N/A 50 -100 0.015 
85 
(not graze or cut for 
hay) 

CA 240 SL 
Early Post Emergence 
(1-3 leaf stage) (Manitoba))

1 N/A 100-400 0.050 
85 
(not graze or cut for 
hay) 

CA 240 SL 
Early and Late Post 
Emergent 

1 N/A 100-400 0.10 
100 
(not graze or cut for 
hay) 

CA 240 SL 
Early pre-plant, Pre-
emergence, Early and late 
post emergence 

1 N/A 100-400 0.10 
100 
(not graze or cut for 
hay) 

CA 700 SG 
Pre-plant, Pre-emergence, 
Early Post emergence 

1 N/A 100 -400 0.070 
100 
(not graze or cut for 
hay) 

CA 700 WG 
Early Pre-plant  
(Ontario & Quebec) 

1 N/A 100-200 0.075 

100 
(not graze or feed 
forage, hay or 
straw)) 

CA 
500 WG 
(saflufenacil) 

Early pre-plant 1 N/A 100-200 0.074 
100 
(not graze or feed 
forage, hay or straw)

CN 50 SL 

Pre-plant incorporation 
Pre-emergence 
Early post emergence (<5 
cm) 

1 N/A 200-450 0.10 n.r. 

IN 700 WG Early Post emergence 1 N/A 500 0.07 56 

IN 100 SL Early Post emergence 1 N/A 500-600 0.10 75 

IN 
20 E 
(pendimethalin) 

Early Post emergence 1 N/A 500-600 0.060 90 

IN 
350 WG 
(imazamox) 

Early Post emergence 1 N/A 375-500 0.035 56 

TH 50 SL 
Post emergence 
(10 d after planting) 

1 N/A 375-500 0.13 n.r. 
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Country 
Conc. g ai/L or kg 
Form. 
(other ai) 

Application Application rate per treatment 
Minimum 
PHI days 
(notes) Timing (options) 

Max 
No/crop/ 
season 

Interval
days 

Water L/ha 
min-max 

kg ai/ha  
max 

US 240 SL 
Pre-emergent and Post 
Emergence 
(before blooming) 

1 N/A 
94-187 (ground) 
>47 (aerial) 

0.071 

85 
(not graze or feed 
forage, hay or straw 
to livestock) 

US 700 WG 
Pre-plant, Pre emergence,  
Post emergence 
(before blooming) 

1 N/A 
>187 (ground) 
>47 (aerial) 

0.071 
85 
(not graze or feed 
forage, hay or straw)

US 
500 WG 
(Saflufenacil) 

Pre-plant, Pre emergence 1 N/A 
140-187(ground) 
>28 (aerial) 

0.071 
85 
(not graze or feed 
forage, hay or straw)

US 
20 EC 
(imazaquin, 
pendimethalin) 

Pre-plant, Pre emergence 1 N/A 
93-374 (ground) 
>47 (aerial) 

0.070 
90 
(not graze or feed 
forage, hay or straw)

US 
20 EC 
(imazapyr, 
pendimethalin) 

Pre-plant, Pre emergence 1 N/A 
93-374 (ground) 
>47 (aerial) 

0.058 
85 
(not graze or feed 
forage, hay or straw)

ZA 
ZM 

100 SL 

Pre-emergence and/or Post 
emergence 
(3rd trifoliate leaf stage till 
flowering) 

2 - 
>200 (ground) 
>35 (aerial) 

NBi 85 

Maize 

AR 100 SL 
Early Post emergence 
(before 2nd true leaf stage; 
only Clearfield maize) 

1 N/A 
150-200 (ground) 
>15 (aerial) 

0.10 n.r. 

AR 
525 WG 
(imazapyr) 

Early Post emergence 
(before 6th leaf was fully 
unfolded; for Clearfield 
maize) 

1 N/A 150-200 0.075 n.r. 

AU 
525 WG 
(imazapyr) 

Early Post emergence 
(2-6 leaf stage; only for 
Clearfield maize) 

1 N/A > 50 0.066 
n.r. 
28 for glazing/cut for 
feed 

CA 240 SL 
Pre-plant, Pre-emergence,  
Early post-emergence 
(for Clearfield maize) 

1 N/A 100-400 0.075 
100 
(not graze or cut for 
hay) 

NZ 
525 WG 
(imazapyr) 

Early Post emergence 
(2-8 leaf stage; for 
Clearfield maize)) 

1 N/A 200-300 0.079 
42 for grazing and 
feeding forage, 
silage or stubble 

US 240 SL 

Early Pre plant,  
Pre Plant, Pre emergence, 
Post emergence 
(for Clearfield maize) 

depending 
on disease 
pressure 

N/A 
94-187 (ground) 
>47 (aerial) 

0.071 

45 
45 for grazing and 
feeding forage & 
silage, fodder or 
grain 

US 700 WG 
Pre-plant, Pre emergence,  
Post emergence 
(for Clearfield maize) 

1 N/A 
>187 (ground) 
>47 (aerial) 

0.071 

45 
45 for grazing and 
feeding forage & 
silage, fodder or 
grain 

US 
500 WG 
(Saflufenacil)) 

Pre-plant, Pre emergence 
(only for Clearfield maize) 

1 N/A 
140-187(ground) 
>28 (aerial) 

0.071 

n.r. 
80 for grazing and 
feeding forage & 
silage, fodder or 
grain  

US 
120 WG 
(dicamba, 
imazapyr) 

Pre-plant, Pre emergence 
(before 6 leaf collars or 50 
cm; only for Clearfield 
maize) 

1 N/A 
> 94(ground) 
>47 (aerial) 

0.047 

45 
45 for grazing and 
feeding forage & 
silage, fodder or 
grain 
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Country 
Conc. g ai/L or kg 
Form. 
(other ai) 

Application Application rate per treatment 
Minimum 
PHI days 
(notes) Timing (options) 

Max 
No/crop/ 
season 

Interval
days 

Water L/ha 
min-max 

kg ai/ha  
max 

US 
20 EC 
(imazethapyr, 
pendimethalin) 

Pre-plant, Post emergence 
(only for Clearfield maize) 

1 N/A 
94-374 (ground) 
>47 (aerial) 

0.058 

45 
45 for grazing and 
feeding forage & 
silage, fodder or 
grain 

Rice 

BR 75 SL (imazapic) 

Pre-emergence,  
Post emergence 
(4 leaf stage to 1 tiller; for 
Clearfield rice only) 

2g - 
100-250 (ground) 
40-50 (aerial) 

0.075g 60 

US 
130 WG 
(quinclorac) 

Pre-plant, Pre-emergence 
Early Post emergence 
(2-5 leaf stage before 
permanent flooding; for 
Clearfield rice only) 

1 N/A 
>94 
(ground, aerial) 

0.105 45 

US 240 SL 

Pre-plant, Pre-emergence 
Early Post emergence 
(before permanent flooding; 
for Clearfield rice only) f 

2f 10-14 
>94 
(ground, aerial) 

0.14 
(0.21/y) 

45 (<0.14 kg ai/ha/y)
85 (> 0.14 kg 
ai/ha/y) 

Peanut 

AR 100 SL Early Post emergence 1 N/A 150-200 0.10 ∆) 

AR 100 SL 
Early Post emergence 
(before 2nd true leaf stage) 

1 N/A 
150-200 (ground) 
>15 (aerial) 

0.10 90 

AU 700 WG 
Pre-emergence 
Post Emergence 

1 N/A 50-100 0.098 
n.r. 
14 for grazing or cut 
for feed 

BZ 
GT 
PA 

700 WG 
Pre-seeding, Pre-
emergence, 
Early Post emergence 

1 N/A 
200-350 (Ground); 
30 - 60 (Aerial) 

0.10 85 

IN 100 SL Early Post emergence 1 N/A 500-700 0.015 90 

US 240 SL 
Pre-plant, Pre-emergence,  
Early Post emergence 

1 N/A 
94-187 (ground) 
>47 (aerial) 

0.071 85 

US 700 WG 
Pre plant, pre emergence, 
ground cracking, post 
emergence 

1 N/A 
>187 (ground) 
>47 (aerial) 

0.071 85 

Rape seed (Canola) 

CA 
350 WG 
(imazamox) 

Early Post Emergence 
(2-6 true leaf stage; 
Clearfield canola) 

1 N/A 50 -100 0.015 
60 
(not graze or cut for 
hay) 

Sunflower 

AR 
525 WG 
(imazapyr) 

Early Post emergence 
(before 6th leaf was fully 
unfolded; for Clearfield 
sunflower) 

1 N/A 150-200 0.075 n.r. 

CA 
350 WG 
(imazamox) 

Early Post Emergence 
(2-8 leaf stage; Clearfield 
sunflower not for export) 

1 N/A 50 -100 0.015 
60 
(not harvest forage) 

Alfalfa 

AR 100 SL 
Early Post emergence 
(from 2nd trifoliate leaf 
stage or >3 cm) 

1 N/A 
150-200 (ground) 
>15 (aerial) 

0.10 n.r. 

AU 700 WG 
Pre-emergence 
(following cutting or 
grazing; for established) 

1 N/A 50-100 0.098 14a 
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Country 
Conc. g ai/L or kg 
Form. 
(other ai) 

Application Application rate per treatment 
Minimum 
PHI days 
(notes) Timing (options) 

Max 
No/crop/ 
season 

Interval
days 

Water L/ha 
min-max 

kg ai/ha  
max 

AU 700 WG 

Post-emergence 
(spring sown: 1st trifoliate 
leaf stage or later; autumn 
sown, 2 trifoliate leaf stage 
or later) 

1 N/A 50-100 0.098 14 a 

CA 240 SL 
Early Post emergence 
(at least one fully expanded 
trifoliate leaf for seedling) 

1 N/A 100-400 0.050 14j 

CA 240 SL 
Early Post emergence 
(at least one fully expanded 
trifoliate leaf for seedling) 

1 N/A 100-400 0.050 14j 

NZ 240 SL 
Early Post Emergence 
(2nd trifoliate leaf stage for 
seedling) 

1 N/A 200-300 0.096 
42 for graze and cut 
for feed 

SA 700 WG 
Early Post Emergence 
(2nd leaf stage for seedling) 

1 N/A - 0.075 30 

SA 700 WG 
Early Post Emergence 
(for established) 

1 N/A - 0.099 30 

US 700 WG 
Post emergence 
(2nd trifoliate stage or larger 
for seedling)k 

1 N/A 
>187 (ground) 
>47 (aerial) 

0.105 30 

US 240 SL 
Post emergence 
(2nd trifoliate stage or later 
for seedling)k 

1 N/A 
94-187 (ground) 
>47 (aerial) 

0.10 30 

Clover 

CA 
350 WG 
(imazamox) 

Early Post emergence 
(1-4 leaf stage) 

1 N/A 50 -100 0.015 
60 (seed production 
only) 
Not harvest forage 

NZ 240 SL 
Early Post Emergence 
(2nd trifoliate leaf stage for 
seedling) 

1 N/A 200-300 0.096 
42 for graze and cut 
for feed 

US 700 WG 
Post emergence 
(2nd trifoliate stage or larger 
for seeding clover)k 

1 N/A 
>187 (ground) 
>47 (aerial) 

0.105 30 

US 240 SL 
Post emergence 
(2nd trifoliate stage or later 
for seeding clover)k 

1 N/A 
94-187 (ground) 
>47 (aerial) 

0.10 30 

a Not graze or cut for stock food.  
b Navy, great northern, red kidney, black turtle, cranberry, pinto, lima, and small white type dry beans, adzuki, lentils, 
white lupins, chickpeas and dry edible peas, English and southern peas. 
c 0.071 kg ai/ha for Southern peas 
d Navy, great northern, red kidney, black turtle, cranberry, pinto, lima, and small white type dry beans, lentils, white 
lupines, chickpeas and dry edible peas, English and southern peas. 
e No aerial application for red kidney beans or snap beans. 
f One soil treatment and one post-emergence application; or two post-emergence applications (spike to 2 leaf stage; and 
then 3-5 leaf stage). 
g One pre-emergence application and one post-emergence application (0.056 kg ai/ha and then 0.038 kg ai/ha; or two post-
emergence applications (0.075 kg/ai/ha).  
h One pre-emergence application (max 0.05 kg ai/ha), or one pre-emergence application (max 0.04 kg ai/ha) followed by 
one post-emergence application (max 0.03 kg ai/ha) 
I One pre-emergence application (max 0.05 kg ai/ha); one pre-emergence application (0.04 kg ai/ha) followed by post-
emergence application (0.03 kg ai/ha); or one post-emergence application (max 0.07 kg ai/ha) 
j For seeding. Not for the established. 
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k For seedlings at the 2 trifoliate leaf stage or larger but before reaching 7.6 cm; for dormant established alfalfa/clover 
when the height was less than 7.6 cm of re-growth, or to actively growing alfalfa/clover after cutting. For 30 days 
following the treatment, alfalfa/clover must not be fed, grazed or harvested. 

N/A Not applicable 

nr Not relevant, as used as directed 

 

RESIDUES RESULTING FROM SUPERVISED TRIALS ON CROPS 

Supervised trials have been conducted on the following crops: legume vegetables, pulses, cereal 
grains, oilseeds and legume animal feeds. The results of these supervised trials are summarized in the 
following tables:  

Crop Group Commodity Country/Region, year of trials Table No. 

Legume vegetables (VP)  Snap bean USA 1988 Table 46 

Pulses (VD) French bean France 1986 Table 47 

 Canadian white bean Canada 1991 Table 48 

 Broad bean (Spring house 
bean, dry) 

France 1987 
Table 49 

 Winter bean United Kingdom 1986 Table 50 

 Lentil Canada 2001 Table 51 

 Peas, (immature & dry) United Kingdom 1986, 1987 

Argentina 1991, 1992 

USA 1988 

Canada 1991, 1992 

Table 52 

 Soya bean Brazil 2003, 2004;  

USA 2013 
Table 53 

Cereal grains (GC) Maize USA 1989, 1990 

Canada 1993 
Table 54 

 Rice USA 1997, 1998  Table 55 

Oilseeds (SO) Peanut Argentina 1987 

USA 1988 
Table 56 

 Rape seed (Canola) Canada 1992, 1993, 1994, 1999 Table 57 

 Sunflower seed Canada 1997; USA 2007 Table 58 

Legume animal feeds (AL) Alfalfa USA 1990, 1991 

Australia 1991 
Table 59 

 Clover USA 1992 Table 60 

 Lentil forage Canada 2001 Table 61 

 Pea vine, hay and straw Canada 1991, 1992 Table 62 

 Peanut hull USA 1987 Table 63 

Straw, fodder and forage 
of cereal grains and 
grasses 

Maize USA 1990 

Canada 1993 
Table 64 

Rice straw USA 1997, 1998 Table 65 

 

In addition to the description and details of the field trials and analytical methods, each study 
report includes procedural recoveries and a summary of the method validation with LOQs.  
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In the trials where multiple analyses are conducted on a single sample, the mean value is 
reported. Where multiple samples were taken from a single plot, the mean residue value is reported. 
Where results from separate plots with distinguishing characteristics such as different formulations, 
varieties or treatment schedules were reported, results are listed for each plot.  

Results have not been corrected for concurrent method recoveries. Residues and application 
rates have generally been rounded to two significant figures or, for residues near the LOQ, to one 
significant figure. Residue values from the trials conducted according to the maximum GAP were 
used for the estimation of maximum residue levels. Those results included in the tables are 
underlined. Where a higher residue value was obtained at a later PHI, the higher value has been used.  

Residues concentrations of OH-Imazethapyr and Glu-OH-Imazethapyr were expressed in 
imazethapyr acid equivalents For summing up imazethapyr, OH-Imazethapyr and Glu-OH-
Imazethapyr, when imazethapyr was below the LOQ, it is regarded as 0 mg/kg in the calculation, as 
the plant metabolism studies indicated that the concentration of imazethapyr is significantly lower 
than those of OH-Imazethapyr and Glu-OH-Imazethapyr at the time of mature harvest. When all three 
components were below the LOQ, the sum was calculated by adding the LOQ values of OH-
Imazethapyr and Glu-OH-Imazethapyr adjusted for molecular weight differences. 

In all the trials reported below, imazethapyr was applied once in the growing season, except 
in trials on rice where it was applied two times according to the GAP in the USA.  

Legume vegetables and pulses 

Common bean 

Four field residue trials were conducted during 1988 on snap beans in representative growing areas in 
USA where 240 SL was applied at a rate of 105 g ai/ha as pre-emergence treatment. The test 
substance was applied in a volume of 181–238 L/ha pre-emergence to the soil and was incorporated 
into to a depth of 5–10 cm using a power tiller. 

Samples of bean vines, green forage, whole pods (green) were collected at 30 and 60–68 
DALA. Samples of bean dry seed and forage were collected at 90–119 DALA. Only whole pods 
(green) and seeds were analysed. All samples were stored frozen at approximately -20 °C until 
analysis for a maximum period of 3.5 months. The mean procedural recovery was within the 
acceptable range. 

Imazethapyr in bean samples was determined using analytical method M-1855. Analyses 
were performed with GC-NPD.  

Table 46 Residues of imazethapyr in snap bean from supervised trials conducted in the USA 

Location  
report no. 
trial no. 

Year 
Snap bean variety 

Application 
DALA
(day) 

Portion  
analysed 

Residues 
(mg/kg in parent equivalents) 

Timing 
Rate 

kg ai/ha
Imazethapyr CL288511 CL182704 Sum 

Madara, CA Pre-plant  0.105 60 Whole pod <0.10 n.a. n.a.  
IE-720-034 incorporation  90 Seed dry <0.10 n.a. n.a.  

PU-88-CA-05         
1988         

Blue lake         
Phleps, NY Pre-plant  0.105 60 Whole pod <0.10 n.a. n.a.  
IE-720-037 incorporation  118 Seed dry <0.10 n.a. n.a.  

PU-88-NY-03         
1988         

Improved Tendergreen         
Sturtevant, WI Pre-plant  0.105 68 Whole pod <0.10 n.a. n.a.  

IE-720-038 incorporation  97 Seed dry <0.10 n.a. n.a.  
PU-88-WI-03         

1988         
Venture VB4004         
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Location  
report no. 
trial no. 

Year 
Snap bean variety 

Application 
DALA
(day) 

Portion  
analysed 

Residues 
(mg/kg in parent equivalents) 

Timing 
Rate 

kg ai/ha
Imazethapyr CL288511 CL182704 Sum 

Hillsburo, OR Pre-plant  0.105 60 Whole pod <0.10 n.a. n.a.  
IE-720-040 incorporation  119 Seed dry <0.10 n.a. n.a.  

PU-88-OR-01         
1988         

OSU 91         

n.a. Not analysed 

 

One residue field trial was conducted during the 1986 growing season with French beans in a 
representative growing area in northern France. Imazethapyr in 200 SL was applied either pre-
emergence spray to the soil in two plots at different concentrations ranging from 0.150 to 0.300 kg 
ai/ha or applied as post-emergence treatment to beans in the cracking stage (shoot just emerges 
through soil surface) at two different rates 150 or 300 g ai/ha. The application volume was 300 L/ha. 

Samples of mature bean seed were collected 80 DALA in the pre-emergence trials and 75 
DALA in the cracking stage trials. All specimens were stored frozen at approximately -20°C until 
analysis for a maximum period of 8 months. 

Imazethapyr in French bean seed was determined using analytical method RLA 11291V. 
Final determination is achieved either by HPLC-UV. Procedural recoveries for imazethapyr were 
within the acceptable range. 

Table 47 Residues of imazethapyr in French bean from supervised trials conducted in France 

Location  
report no. 
trial no. 

Year 
variety 

Application 
DALA
(day) 

Portion  
analysed 

Residues 
(mg/kg in parent equivalents) 

Timing 
Rate 

kg ai/ha
Imazethapyr CL288511 CL182704 Sum 

80 Le Plessier  Pre-emergence 0.15 80 Seeds < 0.05 n.a. n.a.  
les Grivesnes  0.30 80 Seeds < 0.05 n.a. n.a.  
IE-720 -032 Post-emergence 0.15 75 Seeds < 0.05 n.a. n.a.  
H-37-141-86 (cracking stage) 0.30 75 Seeds < 0.05 n.a. n.a.  

1986         
Alumet         

n.a.  not analysed 

 

One residue trial was conducted during 1991 with Canadian white bean in representative 
growing areas in Canada. Imazethapyr in 240 SL was applied at a rates of 75 g ai/ha or 150 g ai/ha in 
each 4 trials as pre-emergence treatment, as post-emergence treatment and as pre-plant incorporation 
treatment, where imazethapyr was incorporated to 10 cm dept. after 1 hour.  

Samples of bean seeds were collected at harvest 116 DALA for the pre-emergence treatment, 
93 DALA for the post-emergence treatment and 118 DALA for the pre-plant incorporation. All 
samples were stored frozen at approximately -15 °C until analysis for a maximum period of 7.5 
months. 

Imazethapyr in bean samples was determined using residue analytical method M 2187. 
Residues are determined by GC-NPD. Procedural recoveries were within the acceptable range. 

Table 48 Residues of imazethapyr in Canadian white bean from supervised trials conducted in Canada 

Location  
report no. 
trial no. 

Year 
white bean variety 

Application 
DALA
(day) 

Portion  
analysed 

Residues 
(mg/kg in parent equivalents) 

Timing 
Rate 

kg ai/ha
Imazethapyr CL288511 CL182704 Sum 
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Location  
report no. 
trial no. 

Year 
white bean variety 

Application 
DALA
(day) 

Portion  
analysed 

Residues 
(mg/kg in parent equivalents) 

Timing 
Rate 

kg ai/ha
Imazethapyr CL288511 CL182704 Sum 

Georgetown Pre-emergence 0.075 116 Dry seed < 0.05 n.a. n.a.  
Ontario  0.15 116 Dry seed < 0.05 n.a. n.a.  

IE-720-041 Post-emergence 0.075 93 Dry seed < 0.05 n.a. n.a.  
C 4000  0.15 93 Dry seed < 0.05 n.a. n.a.  
1991 Pre-plant  0.075 118 Dry seed < 0.05 n.a. n.a.  

Not reported incorporation 0.15 118 Dry seed < 0.05 n.a. n.a.  

n.a. Not analysed 

 

Broad beans or other beans of Vicia genus 

One residue trial was conducted during 1987 on spring horse bean (Vicia faba) in a representative 
growing area in France where imazethapyr (10 g/L SC, also containing 100 g/L pendimethalin) was 
applied pre-emergence at a rates of 75 g ai/ha or 150 g ai/ha in two plots. The spray volume was 
300 L/ha. Samples of bean seeds were collected at harvest 150 DALA.  

All samples were stored frozen at approximately -20°C until analysis for a maximum period 
of 8 months. 

Imazethapyr in bean samples was determined using analytical method M 2187. Residues were 
determined by GC-NPD. Procedural recoveries were within the acceptable range with sufficiently low 
RSD. 

Table 49 Residues of imazethapyr in spring horse bean (Vicia faba) from supervised trials conducted 
in France 

Location  
report no. 
trial no. 

Year 
Spring horse bean variety 

Application 
DALA
(day) 

Portion  
analysed 

Residues 
(mg/kg in parent equivalents) 

Timing 
Rate 

kg ai/ha
Imazethapyr CL288511 CL182704 Sum 

Ambonnay 51 Pre-emergence 0.075 150 Dry seed < 0.05 n.a. n.a.  
IE-720-060  0.15 150 Dry seed < 0.05 n.a. n.a.  
H26/433/87         

1987         
Alfred         

n.a. Not analysed 

 

One field residue trial was conducted during 1986 with winter bean in a representative 
growing area in the UK where imazethapyr (200 SL) was applied in two plots at a rates of 150 g ai/ha 
and 250 g ai/ha as pre-emergence treatment and in two plots at the same rates as post-emergence 
treatment at the 4-6 leaf stage of the crop. The test substance was applied with 0.25% Triton as non-
ionic surfactant in a volume of 200 L/ha. Samples of bean seeds were collected at harvest 340 DALA 
for the pre-emergence treatment and 248 DALA for the post-emergence treatment. 

All samples were stored frozen at approximately -15 °C until analysis for a maximum period 
of 7.5 months. 

Imazethapyr in bean samples was determined using analytical method RLA 11300V. Final 
analysis was performed with GC-NPD. Procedural recoveries were within the acceptable range. 

Table 50 Residues of imazethapyr in winter bean from supervised trials conducted in the United 
Kingdom 

Location  
report no. 

Application 
DALA
(day) 

Portion  
analysed 

Residues 
(mg/kg in parent equivalents) 
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trial no. 
Year 

winter bean variety 
Timing 

Rate 
kg ai/ha

Imazethapyr CL288511 CL182704 Sum 

Allington Pre-emergence 0.15 340 Dry seed < 0.05 n.a. n.a.  
IE-720-031  0.25 340 Dry seed < 0.05 n.a. n.a.  

533-UK-86-01 4-6 leaf 0.15* 248 Dry seed < 0.05 n.a. n.a.  
1986  0.25* 248 Dry seed < 0.05 n.a. n.a.  

Banner         

* Non-ionic surfactant (Trition) applied in a tank mixture 

n.a. Not analysed 

 

Lentils 

Six field residue trials were conducted during 2001 with lentils in representative growing areas in 
Canada. Imidazolinone-tolerant lentils at the 4–6 node stage (10–20 cm height) were treated with 
imazethapyr (350 WG containing 350 g/L of imazamox) in a single application at a rate of 15 or 
30 g/ha of imazethapyr, or 20 g/ha of imazethapyr in two trials. The spray volume was 100 L/ha at all 
sites.  

Samples of lentil seed and forage were collected at maturity at 48–98 DALA. Only lentils 
seeds from the plots treated at 15–20 g ai/ha were analysed. Lentil forage samples were collected 
directly after the application, at 7, 21, 28, 35, 42, 53 and 60 DALA. All samples were collected in 
field duplicate, were analysed separately and are reported as average. All samples were stored frozen 
at <-10 °C until analysis for a maximum period of 15 months. 

Imazethapyr, CL 288511 and CL 182704 in lentil seed and forage samples was determined 
using analytical method M-3519. Analyses were performed using LC-MS (single-stage quadrupole), 
operated with atmospheric pressure ionization (API) source and electrospray probe in the positive 
ionization mode. Procedural recoveries were within the acceptable range. 

Table 51 Residues of imazethapyr in lentils from supervised trials conducted in Canada 

Location  
report no. 
trial no. 

Year 
lentil variety 

Application 
DALA
(day) 

Portion  
analysed 

Residues 
(mg/kg in parent equivalents) 

Timing 
Rate 

kg ai/ha
Imazethapyr CL288511 CL182704 Sum 

CA GAP 1-9 node 0.015 60      
Elm Creek 6 node 0.015 78 Seed < 0.05 < 0.047 < 0.031 < 0.078 
Manitoba         

2004/5000273         
2001926         

2001         
RH 44         
Schuler 3-6 node 0.020 55 Seed < 0.05 < 0.047 < 0.031 < 0.078 
Alberta         

2004/5000273         
2001927         

2001         
RH 44         

Richmond 6 node 0.015 48 Seed < 0.05 < 0.047 < 0.031 < 0.078 
Saskatchewan         
2004/5000273         

2001928         
2001         

RH 44         
Delisle 4-6 node 0.020 62 Seed < 0.05 < 0.047 < 0.031 < 0.078 

Saskatchewan   69 Seed < 0.05 < 0.047 < 0.031 < 0.078 
2004/5000273         

2001929         
2001         

RH 44         
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Location  
report no. 
trial no. 

Year 
lentil variety 

Application 
DALA
(day) 

Portion  
analysed 

Residues 
(mg/kg in parent equivalents) 

Timing 
Rate 

kg ai/ha
Imazethapyr CL288511 CL182704 Sum 

Paradise Valley 5-6 node 0.015 64 Seed < 0.05 < 0.047 < 0.031 < 0.078 
Alberta         

2004/5000273         
2001930         

2001         
RH 44         
Minto 6 node 0.015 98 Seed < 0.05 < 0.047 < 0.031 < 0.078 

Manitoba        . 
2004/5000273         

2001931         
2001         

RH 44         

n.a.  not analysed 

 

Peas 

A total of six supervised residue trials were conducted during 1986 and 1987 on peas in representative 
growing areas in the United Kingdom. In the four trials conducted in 1986, imazethapyr in 200 SL 
was either applied as pre-emergence or as post-emergence treatment at the 2 leaf stage, each treatment 
at two rates (100 or 200 g ai/ha). In the two trials conducted in 1987, imazethapyr 100 SL was also 
either applied as pre-emergence or as post-emergence treatment, with application rates in the range of 
0.075, 0.100 or 0.150 kg ai/ha. Both post-emergence treatments from 1986 and the low rate 
(75 g ai/ha) post-emergence treatment from 1987 were made with a non-ionic surfactant (Triton) as a 
tank mixture. The application volume was 200 L/ha in all trials except that in trial 533/UK/87/04 2.4, 
it was 300 L/ha. 

Samples of green peas (with or without pod) were collected at 41 to 120 days after the 
application (DALA). Samples of mature dry peas (without pod) were collected at 70 to 174 DALA. 
All samples were stored frozen at approximately -20°C until analysis for a maximum period of 8 
months. 

Imazapyr in pea seed samples was determined for imazethapyr using analytical methods 
RLA 11258V and/or RLA 11361V. Quantification was by GC-NPD. Procedural recoveries for 
imazethapyr were within the acceptable range with sufficiently low RSD. 

Table 52 Residues of imazethapyr in pea from supervised trials conducted in the United Kingdom 

Location  
report no. 
trial no. 

Year 
Pea variety 

Application 
DALA
(day)

Portion 
analysed 

Residues 
(mg/kg in parent equivalents) 

Timing 
Rate 

kg ai/ha
ImazethapyrCL288511 CL182704 Sum 

Thealby Pre-emergence 0.10 113 Whole pod < 0.05 n.a. n.a.  
Humberside  0.20 113 Whole pod < 0.05 n.a. n.a.  
IE-720-042 Post-emergence 0.10* 76 Whole pod < 0.05 n.a. n.a.  

A 1.10 AS/476/CY1 (2-leaf) 0.20* 76 Whole pod < 0.05 n.a. n.a.  
1986         

Progreta         
South Wheatley,  Pre-emergence 0.10 120 Whole pod < 0.05 n.a. n.a.  
Nottinghamshire  0.20 120 Whole pod < 0.05 n.a. n.a.  

IE-720-042 Post-emergence 0.10* 78 Whole pod < 0.05 n.a. n.a.  
A 2.10 AS/476/CY2 (2-leaf) 0.20* 78 Whole pod < 0.05 n.a. n.a.  

1986         
Progreta         

North Wheatley, Nottinghamshire Pre-emergence 0.10 174 Seed (dry) < 0.05 n.a. n.a.  
IE-720-042  0.20 174 Seed (dry) < 0.05 n.a. n.a.  

A 2.10 AS/476/CY2 Post-emergence 0.10* 118 Seed (dry) < 0.05 n.a. n.a.  
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Location  
report no. 
trial no. 

Year 
Pea variety 

Application 
DALA
(day)

Portion 
analysed 

Residues 
(mg/kg in parent equivalents) 

Timing 
Rate 

kg ai/ha
ImazethapyrCL288511 CL182704 Sum 

1986 (2-leaf) 0.20* 118 Seed (dry) < 0.05 n.a. n.a.  
Progreta         
Thealby,  Pre-emergence 0.10 141 Seed (dry) < 0.05 n.a. n.a.  

Lincolnshire  0.20 141 Seed (dry) < 0.05 n.a. n.a.  
IE-720-042 Post-emergence 0.10* 104 Seed (dry) < 0.05 n.a. n.a.  

A 2.10 AS/476/CY2 (2-leaf) 0.20* 104 Seed (dry) < 0.05 n.a. n.a.  
1986         

Progreta         
Abbess,  Pre-emergence 0.075 105 Whole pod < 0.05 n.a. n.a.  
Rhoding   134 Seed (dry) < 0.05 n.a. n.a.  

IE-720-058 Pre-emergence 0.10 105 Whole pod < 0.05 n.a. n.a.  
533/UK/87/04 1.4   134 Seed (dry) < 0.05 n.a. n.a.  

1987 Post-emergence 0.15 79 Whole pod < 0.05 n.a. n.a.  
Bohatyr   108 Seed (dry) < 0.05 n.a. n.a.  

 Post-emergence 0.075* 79 Whole pod < 0.05 n.a. n.a.  
   108 Seed (dry) < 0.05 n.a. n.a.  

Cirencester Pre-emergence 0.075 96 Whole pod < 0.05 n.a. n.a.  
IE-720-058   125 Seed (dry) < 0.05 n.a. n.a.  

533/UK/87/04 2.4 Post-emergence 0.15 41 Whole pod < 0.05 n.a. n.a.  
1987   70 Seed (dry) < 0.05 n.a. n.a.  

Consort Post-emergence 0.075* 90 Whole pod < 0.05 n.a. n.a.  
   119 Seed (dry) < 0.05 n.a. n.a.  

* Non-ionic surfactant (Triton) applied in a tank mixture 

n.a. Not analysed 

 

A total of six field residue trials were conducted during 1991 and 1992 on peas in 
representative growing areas in Argentina. Treatment regimes involved post-emergence applications 
of imazethapyr in 100 SL at rates of 50-80 g ai/ha or 100 g ai/ha, and additional pre-emergence 
treatments in two trials in Dominguez and Tomsich at a rate of 100 g ai/ha. The application volume 
ranged from 150-218 L/ha in trials. Post-emergence treatments were made at the 3-10 true leaf stage 
of the crop. Imazethapyr was applied once in all trials. 

Samples of green peas were collected at 79 DALA in two trials, while samples of dry peas 
from the rest of the trials were collected at maturity (64-88 DALA for post-emergence and 117-140 
for pre-emergence trials). All samples were stored frozen at approximately ≤-15 °C until analysis for a 
maximum period of 28 months. 

Imazethapyr in pea seed samples was determined using analytical method M1855. Final 
quantification was by GC-NPD. Procedural recoveries for imazethapyr were within the acceptable 
range with sufficiently low RSD. 

Table 53 Residues of imazethapyr in pea from supervised trials conducted in Argentina 

Location  
report no. 
trial no. 

Year 
Pea variety 

Application 
DALA
(day) 

Portion  
analysed 

Residues 
(mg/kg in parent equivalents) 

Timing 
Rate 

kg ai/ha
Imazethapyr CL288511 CL182704 Sum 

Fuentes 3 leaf 0.080 79 Pea (green) <0.10 n.a. n.a.  
IE-720-052 3 leaf 0.10 79 Pea (green) <0.10 n.a. n.a.  

Fuentes         
1991         

Spikett         
Uranga 3 leaf 0.080 79 Pea (green) <0.10 n.a. n.a.  

IE-720-052 3 leaf 0.10 79 Pea (green) <0.10 n.a. n.a.  
Uranga         
1991         
Cobri         
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Location  
report no. 
trial no. 

Year 
Pea variety 

Application 
DALA
(day) 

Portion  
analysed 

Residues 
(mg/kg in parent equivalents) 

Timing 
Rate 

kg ai/ha
Imazethapyr CL288511 CL182704 Sum 

Fuentes 10 leaf 0.050 64 Seed (dry) <0.10 n.a. n.a.  
IE-720-052 10 leaf 0.10 64 Seed (dry) <0.10 n.a. n.a.  

Fuentes         
1992         
Cobri         

Uranga 3 leaf 0.050 86 Seed (dry) <0.10 n.a. n.a.  
IE-720-052 3 leaf 0.10 86 Seed (dry) <0.10 n.a. n.a.  

Uranga         
1992         
Cobri         

Domingez Pre-emergence 0.10 140 Seed (dry) <0.10 n.a. n.a.  
IE-720-052 7 leaf 0.050 88 Seed (dry) <0.10 n.a. n.a.  
Domingez 7 leaf 0.10 88 Seed (dry) <0.10 n.a. n.a.  

1992         
Cobri         

Tomsich Pre-emergence 0.10 117 Seed (dry) <0.10 n.a. n.a.  
IE-720-052 6 leaf 0.050 86 Seed (dry) <0.10 n.a. n.a.  

Tomsich 6 leaf 0.10 86 Seed (dry) <0.10 n.a. n.a.  
1992         
Cobri         

n.a. Not analysed 

 

Four field residue trials were conducted during 1988 on green peas in representative growing 
areas in USA where imazethapyr in 200 SL was applied at a rate of 105 g ai/ha as post-emergence 
treatment at the 3-4 node stage of the crop. The test substance was applied with 0.05-0.25% of X-77 
as surfactant in a volume of 176-211 L/ha. Samples of pea vines, hay (green forage, air-dried in the 
field) and succulent whole pods (green) were collected at 29-46 DALA. Samples of bean dry seed and 
forage were collected at 60-69 DALA. Imazethapyr was applied once in all trials. 

An additional trial was conducted during 1988 with green peas in Maryland, USA, where 200 
SL was applied at a rate of 105 g ai/ha as pre-plant incorporation treatment. The test substance was 
applied in a volume of 192 L/ha to the bare ground and was incorporated into the soil to a depth of 
7.5 cm before planting the crop. Samples of pea vines were collected at 30 DALA. Samples of pea 
vines, hay (green forage, air-dried in the field) and succulent whole pods (green) were collected at 61 
DALA. Samples of pea dry seed and forage were collected at 90 DALA. Imazethapyr was applied 
once. 

All samples were stored frozen at approximately -10 °C until analysis for a maximum period 
of 5 months. 

Imazethapyr in pea matrices was determined for using analytical method M-1855. Analyses 
were performed with GC-NPD. The mean procedural recovery for imazethapyr was within the 
acceptable range. 

Table 54 Residues of imazethapyr in peas from supervised trials conducted in the USA 

Location  
report no. 
trial no. 

Year 
Pea variety 

Application 
DALA
(day) 

Portion  
analysed 

Residues 
(mg/kg in parent equivalents) 

Timing 
Rate 

kg ai/ha
Imazethapyr CL288511 CL182704 Sum 

Delevan, Wi 3-4 node 0.105* 30 Whole pod <0.10 n.a. n.a.  
IE-720-046   60 Seed (dry) <0.10 n.a. n.a.  

PU-88-WI-05         
1988         
Ego         

Ephrata, WA 3-4 node 0.105* 46 Whole pod <0.10 n.a. n.a.  
IE-720-047   69 Seed (dry) <0.10 n.a. n.a.  
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Location  
report no. 
trial no. 

Year 
Pea variety 

Application 
DALA
(day) 

Portion  
analysed 

Residues 
(mg/kg in parent equivalents) 

Timing 
Rate 

kg ai/ha
Imazethapyr CL288511 CL182704 Sum 

PU-88-WA-02         
1988         

Fraiser         
Rising Sun, MD 3-4 node 0.105* 30 Whole pod <0.10 n.a. n.a.  

IE-720-048   60 Seed (dry) <0.10 n.a. n.a.  
PU-88-MD-03         

1988         
Wando         

Hallandale, MN 4 node 0.105* 29 Whole pod <0.10 n.a. n.a.  
IE-720-049   60 Seed (dry) <0.10 n.a. n.a.  

PU-88-MN-05         
1988         

Asgro XPC 209         
Rising Sun, MD Pre-plant 0.105 61 Whole pod <0.10 n.a. n.a.  

IE-720-048 incorporation  90 Seed (dry) <0.10 n.a. n.a.  
PU-88-MD-03         

1988         
Wando         

* Non-ionic surfactant (X-77) applied in a tank mixture 

n.a. Not analysed 

 

Two field residue trials were conducted during the 1991 and 1992 growing seasons with field 
peas in Canada. Imazethapyr formulated as an aqueous solution was applied to field peas as post-
emergence treatment at nominal rates of 50 g ai/ha or 100 g ai/ha with two replicate plots each. The 
applications were made with a spray volume of 100 L/ha to the crop at the 9-10 leaf stage. In the year 
1991, 0.25% of a non-ionic surfactant was added to the spray solution. 

Vine samples were collected from the control and the treated plots before and immediately 
after the application, and again at 15-16, 28-30 and 58-60 DALA. Vines cut at 58-60 DALA were 
allowed to dry indoors to generate hay samples (58-67 DALA). At crop maturity (91 DALA), dry 
seed and straw samples were collected. All samples were analysed separately, but samples from plot 
replicates are reported as average. All samples were stored frozen at   <-10°C until analysis for a 
maximum period of 9 months. 

Imazethapyr and CL 288511 residues in peas samples were determined using analytical 
method M-2020, and CL 182704 using analytical method M-2021. Analyses were performed by GC-
NPD. Mean procedural recoveries were within acceptable range. 

Only the residue levels in edible portions are reported in the following table (feed materials in 
the section on animal feeds). 

Table 55 Residues of imazethapyr in peas from supervised trials conducted in Canada 

Location  
report no. 
trial no. 

Year 
Pea variety 

Application 
DALA
(day) 

Portion  
analysed 

Residues 
(mg/kg in parent equivalents) 

Timing 
Rate 

kg ai/ha
Imazethapyr CL288511 CL182704 Sum 

AR GAP From 2-leaf 0.10 -      
Carman 9-10 leaf 0.050 60 Whole pod < 0.05 < 0.047 < 0.031 < 0.078 

Manitoba   91 Seed (dry) < 0.05 < 0.047 < 0.031 < 0.078 
IE-640-013 9-10 leaf 0.10 60 Whole pod < 0.05 < 0.047 < 0.031 < 0.078 
PU92CN03   91 Seed (dry) < 0.05 < 0.047 0.037 0.084 

1992         
Titan         

Vanscoy 10 cm high 0.050 58 Whole pod < 0.05 < 0.047 < 0.031 < 0.078 
Saskatchewan   71 Seed (dry) < 0.05 < 0.047 < 0.031 < 0.078 

IE-720-051 10 cm high 0.10 58 Whole pod < 0.05 < 0.047 < 0.031 < 0.078 
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Location  
report no. 
trial no. 

Year 
Pea variety 

Application 
DALA
(day) 

Portion  
analysed 

Residues 
(mg/kg in parent equivalents) 

Timing 
Rate 

kg ai/ha
Imazethapyr CL288511 CL182704 Sum 

PU91CN23   71 Seed (dry) < 0.05 < 0.047 < 0.031 < 0.078 
1991         

Century         

 

Soya bean 

Five field residue trials were conducted during 2003 and 2004 on conventional soya bean in 
representative growing areas in Brazil. Imazethapyr (700 WG) was applied once at a rate of 0.098 kg 
ai/ha. In four trials, a third plot was treated at a rate of 196 g ai/ha. The applications were made as 
post-emergence spray at growth stage BBCH 49–89 with a water volume of 200 L/ha.  

Samples of mature soya bean seeds were collected at various time intervals after the 
application, ranging from 55 to 75 DALA. All samples were stored frozen at approximately -20 °C 
until analysis for a maximum period of 22 months. 

Imazethapyr in soya bean seed samples was determined using analytical method SOP-
PA.0249. SOP-PA.0249 is a multi-residue method to determine various imidazolines. Residues are 
extracted using acidified methanol water mixture and analysed by means of LC-MS/MS. The 
analytical method was validated in soya bean and has an LOQ of 0.05 mg/kg for imazethapyr. 
Procedural recoveries were within the acceptable range. 

Table 56 Residues of imazethapyr in soya bean from supervised trials conducted in Brazil 

Location  
report no. 
trial no. 

Year 
Soya bean variety 

Application 
DALA
(day)

Portion  
analysed 

Residues 
(mg/kg in parent equivalents) 

Timing 
Rate 

kg ai/ha
Imazethapyr CL288511 CL182704 Sum 

BR GAP 
Early post 
emergence 

0.10 66      

Ponta Grossa** BBCH 63 0.098 55 Seed  < 0.05 n.a. n.a.  
2008/7005456 BBCH 60 0.098 60 Seed < 0.05 n.a. n.a.  

CD/H/2003/529/BRT BBCH 57 0.098 66 Seed < 0.05 n.a. n.a.  
2003 BBCH 53 0.098 70 Seed < 0.05 n.a. n.a.  

Monsoy 7204 BBCH 49 0.098 75 Seed < 0.05 n.a. n.a.  
Uberlandia BBCH 89 0.098 66 Seed < 0.05 n.a. n.a.  

2008/7005456 BBCH89 0.196 66 Seed < 0.05 n.a. n.a.  
R/H/2003/531/BRV         

2003         
Monsoy 8001         

Ponta Grossa** BBCH 57 0.098 66 Seed < 0.05 n.a. n.a.  
2008/7005456 BBCH 57 0.196 66 Seed < 0.05 n.a. n.a.  

R/H/2003/530/BRT         
2004         

Monsoy 7204         
Ponta Grossa BBCH 71 0.098 66 Seed < 0.05 n.a. n.a.  
2008/7005456 BBCH 71 0.196 66 Seed < 0.05 n.a. n.a.  

EC/R/H/2004/502/BRT/A1         
2004         

Coordetec 201         
Irai de Minas BBCH 79 0.098 66 Seed < 0.05 n.a. n.a.  
2008/7005456 BBCH 79 0.196 66 Seed < 0.05 n.a. n.a.  

EC/R/H/2004/502/BRV/A1         
2004         

Monsoy 8001         

n.a. Not analysed 

** Same location and same application timing. 
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During the 2013 growing season, eight field trials were conducted on glyphosate-tolerant soya 
bean in the USA to determine residues levels of imazethapyr and its metabolites and to determine the 
potential for concentration in soya bean processed products. One application of imazethapyr (240 SL) 
together with an adjuvant (1.25% COC or 0.25% NIS) was made at a rate of 100 g ai/ha with a spray 
volume of 146–235 L/ha at BBCH 65–73. In two of the trials, a third plot was established, where an 
exaggerated rate of 300 g ai/ha was applied. Matured soya bean seeds were sampled 64–72 DALA. 
All samples were collected as field duplicates. They were analysed separately, but are reported as 
means. 

In the processing study on whole soya bean, hulls were separated from the kernel. However, 
only the residue results from the whole seed are reported here.  

Imazethapyr, CL 288511 and CL 182704 in soya bean seeds samples were analysed using 
analytical method M 3519. Measurement was accomplished by LC-MS/MS. Procedural recoveries 
were within the acceptable range. 

Table 57 Residues of imazethapyr in soya bean from supervised trials conducted in the USA 

Location  
report no. 
trial no. 

Year 
Soya bean variety 

Application 
DALA
(day) 

Portion  
analysed 

Residues 
(mg/kg in parent equivalents) 

Timing 
Rate 

kg ai/ha
Imazethapyr CL288511 CL182704 Sum 

BR GAP 
Early post 
emergence 

0.10 66      

US GAP  

Pre- & Post-
emergence 

(before 
blooming) 

0.071 85      

York, NE BBCH 71 0.10 64 Seed < 0.01 < 0.0095 0.0166 0.0261 
2015/7000242  0.30 64 Seed < 0.01 < 0.0095 0.0256 0.0351 

R130092         
2013-2014         

S28-U7         
Larned, KS BBCH 71 0.10 65 Seed < 0.01 < 0.0095 0.0385 0.0480 

2015/7000242         
R130093         

2013         
93Y72         

Fisk, MO BBCH 72-73 0.10 65 Seed < 0.01 0.012 0.4378 0.4598 
2015/7000242         

R130094         
2013         

R2 46x29         
Madison, WI BBCH 71-73 0.10 66 Seed < 0.01 < 0.0095 0.0674 0.0769 

2015/7000242         
R130095         

2013         
S20-Y2         

Madison, MO BBCH 73 0.10 66 Seed < 0.01 < 0.0095 0.2215 0.2310 
2015/7000242         

R130096         
2013         

92Y22         
Fargo, ND BBCH 65 0.10 72 Seed < 0.01 < 0.0095 0.0093 0.0188 

2015/7000242         
R130097         

2013         
S08RY23         

Clarence, MO BBCH 71 0.10 66 Seed < 0.01 < 0.0095 0.0237 0.0332 
2015/7000242         

R130098         
2013         
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Location  
report no. 
trial no. 

Year 
Soya bean variety 

Application 
DALA
(day) 

Portion  
analysed 

Residues 
(mg/kg in parent equivalents) 

Timing 
Rate 

kg ai/ha
Imazethapyr CL288511 CL182704 Sum 

94Y22         
Paynesville, MN BBCH 69 0.10 67 Seed < 0.01 < 0.0095 0.0378 0.0473 
2015/7000242  0.30 67 Seed < 0.01 < 0.0095 0.0924 0.1019 

R130099         
2013-2014         
AG1135         

BBCH 65: About 40% of flowers open 

BBCH 69: End of flowering 

BBCH 71: About 10% of pods have reached final length (15-20 mm), beginning of pod development 

BBCH 73: About 30% of pods have reached final length, beginning of pod filling 

 

Cereal grains 

Maize 

A total of eleven field residue trials were conducted during the growing season of 1989 on 
imidazolinone-tolerant maize (field corn) in representative growing areas in USA where imazethapyr 
(240 SL) was applied as post-emergence broadcast spray to maize (10–51 cm high). The target 
application rate was 140 g ai/ha, which was applied in a spray volume of 200 L/ha in combination 
with a non-ionic surfactant X-77. In two trials (PU89NE03, PU89IA02), reduced rates of 70 g ai/ha 
were applied to a second neighbouring plot.  

Samples of maize green forage, silage, grain and fodder were collected at 0, 7 ± 1, 30 ± 2, 
45 ± 2, 60–94 and 104–125 DALA. All samples were stored frozen at <-10 °C until analysis for a 
maximum period of 10 months. 

Imazethapyr and CL 288511 in maize samples were determined using analytical method M-
1981, and CL 182704 using analytical method M-1984. Analyses were performed with GC-NPD. 
Procedural recoveries for imazethapyr, CL 288511 and CL 182704 were within the acceptable range. 

During growing season of 1989, one additional field residue trial was conducted on maize 
(field corn) in USA. Imazethapyr in 240 SL was applied at exaggerated rates as post-emergence 
broadcast spray at 30–36 cm plant height. The target application rates were 0.28 g ai/ha in one plot 
and 0.56 g ai./ha in the second plot. The spray volume was 186 L/ha in combination with a non-ionic 
surfactant (Aquagene 90).  

Samples of maize grain were collected 118 DALA. All samples were stored frozen at <-10 °C 
until analysis for a maximum period of 10 months. Samples were analysed for imazethapyr, CL 
288511 and CL 182704 using the same analytical methods as mentioned above. 

A total of five field residue trials were conducted during the growing season of 1990 on maize 
(field corn) in representative growing areas in USA. Imazethapyr (240 SL) was applied as post-
emergence broadcast spray at 10–76 cm plant height. The target application rate was 140 g ai/ha with 
a spray volume was 187 L/ha in combination with a non-ionic surfactant.  

Samples of maize green forage, silage, grain and fodder were collected at 0, 7–10, 30 ± 1, 
45 ± 1, 80–88 and 95–138 DALA. All samples were stored frozen at <-10 °C until analysis for a 
maximum period of 17 months. 

Imazethapyr and CL 288511 in maize samples were determined using analytical method M-
2020, and CL 182704 using analytical method M-2021. Analyses were performed with GC-NPD. 
Procedural recoveries were within the acceptable range. 
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Table 58 Residues of imazethapyr in maize grain from supervised trials conducted in the USA 

Location  
report no. 
trial no. 

Year 
Maize variety 

Application 
DALA
(day) 

Portion  
analysed 

Residues 
(mg/kg in parent equivalents) 

Timing 
Rate 

kg ai/ha
Imazethapyr CL288511 CL182704 Sum 

US GAP 
Pre-plant, Pre-

emergence, Post 
-emergence 

0.071 45   
 

  

AR GAP 
Before 2nd true 

leaf 
0.10 -   

 
  

CA GAP 
Pre-plant, Pre-

emergence, Post 
-emergence 

0.075 100   
 

  

Hastings, MN 30-36 cm 0.14 105 Grain < 0.05 < 0.047 n.a. < 0.078 
IE-730-001         
PU89MN07         

1989         
CM105/207 HE         

Hebron, IN 23 cm 0.14 122 Grain < 0.05 < 0.047 n.a. < 0.078 
IE-730-002         
PU89IN02         

1989         
3377 HE         

New Holland, OH 30-38 cm 0.14 125 Grain < 0.05 < 0.047 n.a. < 0.078 
IE-730-003         
PU89OH03         

1989         
3377 HE         

Northampton, PA 15-38 cm 0.14 104 Grain < 0.05 < 0.047 n.a. < 0.078 
IE-730-005         
PU89PA02         

1989         
3377 HE         

Jackson, NC 15-20 cm 0.14 122 Grain < 0.05 < 0.047 n.a. < 0.078 
IE-730-007         
PU89NC02         

1989         
3377 HE         

Delavan, WI 20 cm 0.14 110 Grain < 0.05 < 0.047 n.a. < 0.078 
IE-730-009         
PU89WI02         

1989         
CM105/207 HE         

Sparta, MI 10-15 cm 0.14 120 Grain < 0.05 < 0.047 n.a. < 0.078 
IE-730-010         
PU89MI03         

1989         
CM105/207 HE         

York, NE 30-36 cm 0.070 117 Grain < 0.05 < 0.047 n.a. < 0.078 
IE-730-013  0.14 117 Grain < 0.05 < 0.047 n.a. < 0.078 
PU89NE03         

1989         
3377 HE         

Guide Rock, NE 46-51 cm 0.14 106 Grain < 0.05 < 0.047 < 0.031 < 0.078 
IE-730-021         
PU89NE05         

1989         
3377 HE         

Geneseo, IL 25-33 cm 0.14 110 Grain < 0.05 < 0.047 < 0.031 < 0.078 
IE-730-022         
PU89IL03         

1989         
3377 HE         

Danville, IA 25-30 cm 0.070 124 Grain < 0.05 < 0.047 < 0.031 < 0.078 
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Location  
report no. 
trial no. 

Year 
Maize variety 

Application 
DALA
(day) 

Portion  
analysed 

Residues 
(mg/kg in parent equivalents) 

Timing 
Rate 

kg ai/ha
Imazethapyr CL288511 CL182704 Sum 

IE-730-023  0.14 124 Grain < 0.05 < 0.047 < 0.031 < 0.078 
PU89IA02         

1989         
3377 HE         

Will County, IL 30-36 cm 0.28 118 Grain < 0.05 < 0.047 < 0.031 < 0.078 
IE-730-024  0.56 118 Grain < 0.05 < 0.047 < 0.031 < 0.078 
PU89IL06         

1989         
B73/MO17 HO         

Shelby County, MO 30 days  0.14 107 Grain < 0.05 < 0.047 < 0.031 < 0.078 
IE-730-026 after planting        
PU90MO02         

1990         
3183 HE         
York, NE 30 cm 0.14 100 Grain < 0.05 < 0.047 < 0.031 < 0.078 

IE-731-001         
PU90NE04         

1990         
3377 HE         

Danville, IA 13-15 cm 0.14 124 Grain < 0.05 < 0.047 < 0.031 < 0.078 
IE-731-002         
PU90IA03         

1990         
3377 HE         

Gladstone, IL 10 cm 0.14 138 Grain < 0.05 < 0.047 < 0.031 < 0.078 
IE-731-003         
PU90IL03         

1990         
3377 HE         

Uvalde, TX 76 cm 0.14 95 Grain < 0.05 < 0.047 < 0.031 < 0.078 
IE-731-005         
PU90TX02         

1990         
3183 HE         

 

During the growing season of 1993, one field residue trial was conducted with maize (field 
corn) in Canada. Imazethapyr (240 SL) was applied as post-emergence broadcast spray at 3–4 leaf 
stage. The target application rates were 150 g ai/ha in one plot and 75 g ai/ha in the second plot. The 
spray volume was 200 L/ha in combination with a non-ionic surfactant (Agral 90).  

Samples of maize green forage, silage, grain and fodder were collected at 0, 13, 29, 46, 62 
and 127 DALA. All samples were stored frozen at <-10 °C until analysis for a maximum period of 11 
months. 

Imazethapyr and CL 288511 in maize samples were determined using analytical method M-
2020, and CL 182704 using analytical method M-2021. Analyses were performed with GC-NPD.  

Table 59 Residues of imazethapyr in maize grain from supervised trials conducted in Canada 

Location  
report no. 
trial no. 

Year 
Maize variety 

Application 
DALA
(day) 

Portion  
analysed 

Residues 
(mg/kg in parent equivalents) 

Timing 
Rate 

kg ai/ha
Imazethapyr CL288511 CL182704 Sum 

Georgetown 3-4 leaf 0.075 127 Grain < 0.05 < 0.047 < 0.031 < 0.078 
Ontario  0.15 127 Grain < 0.05 < 0.047 < 0.031 < 0.078 

IE-731-056         
PU93CN01         

1993         
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Location  
report no. 
trial no. 

Year 
Maize variety 

Application 
DALA
(day) 

Portion  
analysed 

Residues 
(mg/kg in parent equivalents) 

Timing 
Rate 

kg ai/ha
Imazethapyr CL288511 CL182704 Sum 

3417 IR         

 

Rice 

A total of eight field trials were conducted during 1997 with rice in representative growing areas in 
USA. Imazethapyr (700 WG) was either pre-plant incorporated followed by a second post-emergence 
treatment at rates for both of 0.105 kg ai/ha or applied as single post-emergence treatment at a rate of 
0.140 mg/kg applied to rice plants in 2–3 leaf stage. The applications were made in a spray volume of 
178–205 L/ha with non-ionic adjuvant (Surf AID, Activator 90, X-77, Kinetic HV, Latron CS-7). In 
two trials (PU97LA02, PU97AR03), one additional plot was treated by pre-plant incorporation at a 
rate of 0.210 kg ai/ha and by post-emergence treatment at 2-3 leaf stage with a rate of 0.140 kg ai/ha. 
The rice plots were flooded approximately 48-72 hours after post-emergence treatments.  

Samples of rice grain and straw were collected in duplicates at maturity 78–103 DALA. All 
samples were analysed separately, but duplicates are reported as means. All samples were stored 
frozen at <-10°C until analysis for a maximum period of 10 months. 

Residues imazethapyr, CL 288511 and CL 182704 in rice samples were analysed using 
analytical method No M 3120. Final analysis is performed by capillary electrophoresis with a UV 
detector (240nm).  

A total of eleven field trials were conducted during 1998 with rice in representative growing 
areas in USA. Imazethapyr (240 SL) was either pre-plant incorporated followed by a second post-
emergence treatment or applied as single post-emergence treatment to rice plants in 5-6 leaf stage at 
rates of 0.140 kg ai/ha. The applications were made in a spray volume of 172–212 L/ha with non-
ionic adjuvant (crop oil concentrate, Triton CS-7, Kinetic, Maximizer, Silken, Agri-Dex, X-77 or 
Induce). In two trials (PU98LA03, PU98AR03), two additional plots were treated twice post-
emergence at exaggerated rates of 0.140 kg ai/ha and 0.280 kg ai/ha and 0.280 kg ai/ha and 
0.420 kg ai/ha at 2–3 and 6 leaf stage, respectively. The rice plots were flooded approximately 48–72 
hours after post-emergence treatments.  

Samples of rice grain and straw were collected in duplicates at maturity 86–111 DALA. All 
samples were analysed separately, but duplicates are reported as means. All specimens were stored 
frozen at <-10 °C until analysis for a maximum period of 4 months. Samples were analysed using the 
same analytical method as in the 1997 trials.  

Table 60 Residues of imazethapyr in rice grain from supervised trials conducted in the USA 

Location  
report no. 
trial no. 

Year 
Rice variety 

Application 
DALA
(day)

Portion  
analysed 

Residues 
(mg/kg in parent equivalents) 

Timing 
Last appl. 

Rate 
kg ai/ha 

Imazethapyr CL288511 CL182704 Sum 

US GAP 
Pre-plant, Pre-
emergence, 2-

5 leaf 
0.11x1 45      

US GAP 

Pre-plant, Pre-
emergence, 

Post-
emergence 

2×0.14 
(0.21/y) 

85 
 

 (>0.14 kg ai/ha/y)     

Rosa, LA 2-3 leaf 2×0.105 82 Grain < 0.05 < 0.047 < 0.031 < 0.078 
IE-730-034  1×0.14 82 Grain < 0.05 < 0.047 < 0.031 < 0.078 
PU97LA01         

1997         
93AS3510         

Brookshire, TX 3 leaf 2×0.105 88 Grain < 0.05 < 0.047 0.043 0.090 
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Location  
report no. 
trial no. 

Year 
Rice variety 

Application 
DALA
(day)

Portion  
analysed 

Residues 
(mg/kg in parent equivalents) 

Timing 
Last appl. 

Rate 
kg ai/ha 

Imazethapyr CL288511 CL182704 Sum 

IE-730-035  1×0.14 88 Grain < 0.05 < 0.047 < 0.031 < 0.078 
PU97TX01         

1997         
93AS3510         

Leonard, MO 2-3 leaf 2×0.105 85 Grain < 0.05 < 0.047 < 0.031 < 0.078 
IE-730-047  1×0.14 85 Grain < 0.05 < 0.047 < 0.031 < 0.078 
PU97MO01         

1997         
93AS3510         

Greenville, MS 2-3 leaf 2×0.105 84 Grain < 0.05 < 0.047 < 0.031 < 0.078 
IE-730-048  1×0.14 84 Grain < 0.05 < 0.047 < 0.031 < 0.078 
PU97MS01         

1997         
93AS3510         
Tillar, AR 2-3 leaf 2×0.105 83 Grain < 0.05 < 0.047 < 0.031 < 0.078 
IE-730-049  1×0.14 83 Grain < 0.05 < 0.047 < 0.031 < 0.078 
PU97AR02         

1997         
93AS3510         
Nelson, CA 2-3 leaf 2×0.105 103 Grain < 0.05 < 0.047 < 0.031 < 0.078 
IE-730-050  1×0.14 103 Grain < 0.05 < 0.047 < 0.031 < 0.078 
PU97CA01         

1997         
93AS3510         

Washington, LA 3 leaf 2×0.105 78 Grain < 0.05 < 0.047 < 0.031 < 0.078 
IE-730-051  1×0.14 78 Grain < 0.05 < 0.047 < 0.031 < 0.078 
PU97LA02  0.21+0.14 78 Grain < 0.05 < 0.047 0.033 0.080 

1997         
93AS3510         

Shoffner, AR 2-3 leaf 2×0.105 91 Grain < 0.05 < 0.047 < 0.031 < 0.078 
IE-730-052  1×0.14 91 Grain < 0.05 < 0.047 < 0.031 < 0.078 
PU97AR03  0.21+0.14 91 Grain < 0.05 0.075 0.059 0.134 

1997         
93AS3510         

East Bernard, TX 5-6 leaf 2×0.14 98 Grain < 0.05 < 0.047 < 0.031 < 0.078 
IE-730-036  1×0.14 98 Grain < 0.05 < 0.047 < 0.031 < 0.078 
PU98TX01         

1998         
LSU Line 93AS3510         

Brookshire, TX 5-6 leaf 2×0.14 96 Grain < 0.05 < 0.047 < 0.031 < 0.078 
IE-730-037  1×0.14 96 Grain < 0.05 < 0.047 < 0.031 < 0.078 
PU98TX02         

1998         
LSU Line 93AS3510         

Stuttgart, AR 5-6 leaf 2×0.14 102 Grain < 0.05 < 0.047 < 0.031 < 0.078 
IE-730-038  1×0.14 102 Grain < 0.05 < 0.047 < 0.031 < 0.078 
PU98AR01         

1998         
LSU Line 93AS3510         

Cheneyville, LA 5-6 leaf 2×0.14 111 Grain < 0.05 < 0.047 < 0.031 < 0.078 
IE-730-039  1×0.14 111 Grain < 0.05 < 0.047 < 0.031 < 0.078 
PU98LA04         

1998         
LSU Line 93AS3510         

Rosa, LA 5-6 leaf 2×0.14 91 Grain < 0.05 < 0.047 < 0.031 < 0.078 
IE-730-040  1×0.14 91 Grain < 0.05 < 0.047 < 0.031 < 0.078 
PU98LA02         

1998         
LSU Line 93AS3510         

Washington, LA 6 leaf 2×0.14 106 Grain < 0.05 < 0.047 0.067 0.114 
IE-730-041 6 leaf 1×0.14 106 Grain < 0.05 < 0.047 0.042 0.089 
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Location  
report no. 
trial no. 

Year 
Rice variety 

Application 
DALA
(day)

Portion  
analysed 

Residues 
(mg/kg in parent equivalents) 

Timing 
Last appl. 

Rate 
kg ai/ha 

Imazethapyr CL288511 CL182704 Sum 

PU98LA03 3-6 leaf 0.14+0.28 106 Grain < 0.05 < 0.047 0.048 0.095 
1998 3-6 leaf 0.28+0.42 106 Grain < 0.05 < 0.047 < 0.031 < 0.078 

LSU Line 93AS3510         
Durham, CA 5-6 leaf 2×0.14 102 Grain < 0.05 < 0.047 < 0.031 < 0.078 
IE-730-042  1×0.14 102 Grain < 0.05 < 0.047 < 0.031 < 0.078 
PU98CA01         

1998         
LSU Line 93AS3510         

Proctor, AR 5-6 leaf 2×0.14 102 Grain < 0.05 < 0.047 0.035 0.082 
IE-730-043  1×0.14 102 Grain < 0.05 < 0.047 < 0.031 < 0.078 
PU98AR02         

1998         
LSU Line 93AS3510         

Greenville, MS 5-6 leaf 2×0.14 86 Grain < 0.05 < 0.047 < 0.031 < 0.078 
IE-730-044  1×0.14 86 Grain < 0.05 < 0.047 < 0.031 < 0.078 
PU98MS01         

1998         
LSU Line 93AS3510         

Shoffner, AR 6 leaf 2×0.14 107 Grain < 0.05 < 0.047 < 0.031 < 0.078 
IE-730-045 6 leaf 1×0.14 107 Grain < 0.05 < 0.047 0.038 0.085 
PU98AR03 3-6 leaf 0.14+0.28 107 Grain < 0.05 < 0.047 0.042 0.089 

1998 3-6 leaf 0.28+0.42 107 Grain < 0.05 < 0.047 0.041 0.088 
LSU Line 93AS3510         

Leonard, MO 5-6 leaf 2×0.14 109 Grain < 0.05 < 0.047 < 0.031 < 0.078 
IE-730-046  1×0.14 109 Grain < 0.05 < 0.047 < 0.031 < 0.078 
PU98MO01         

1998         
LSU Line 93AS3510         

 

Oilseeds 

Peanuts 

One field residue trial was conducted during the growing season 1986-1987 on peanut in Chucul Río 
Cuarto Department, Province of Cordoba, Argentina. Imazethapyr (100 SL) was applied as early post-
emergence treatment (14 days after planting) at rates of either 0.100 or 0.200 kg ai/ha.  

Samples of peanut seed were collected at 138 DALA. All samples were stored frozen at 
approximately ≤-10 °C until analysis for a maximum period of 4.5 months. 

Imazethapyr in pea seed samples was determined using analytical method M 1762. Final 
quantification was by GC-NPD.  

Table 61 Residues of imazethapyr in peanut seed from supervised trials conducted in Argentina 

Location  
report no. 
trial no. 

Year 
Peanut variety 

Application 
DALA
(day) 

Portion  
analysed 

Residues 
(mg/kg in parent equivalents) 

Timing 
Last appl. 

Rate 
kg ai/ha

Imazethapyr CL288511 CL182704 Sum 

AR GAP 
Early post-
emergence 

0.10 90 
 

    

US GAP 
Pre-plant, Pre-

emergence, Post-
emergence 

0.071 85 
 

    

Chucul, Cordoba 14 days 0.10 138 Seed <0.10 n.a. n.a.  
 after planting 0.20 138 Seed <0.10 n.a. n.a.  
         

1986-1987         
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Cordoba         

n.a. not analysed 

 

A total of four field residue trials were conducted during 1988 with peanuts in representative 
growing areas in USA. Imazethapyr (240 SL) was applied as post-emergence broadcast spray to 
peanuts at the pegging stage. The target application rate was nominally 0.140 kg ai/ha, which was 
applied in a spray volume of 200 L/ha in combination with a non-ionic surfactant (X-77).  

Samples of peanut hulls and nuts were collected at various time intervals after the application, 
ranging from 78 to 107DALA (vine sample since 30 DALA). All specimens were stored at -20 °C 
until analysis for a maximum period of 11 months. 

Imazethapyr, CL 288511 and CL 182704 in peanut seed and hull samples were determined 
using analytical method M 1908. Final analysis relied on GC-NPD.  

Table 62 Residues of imazethapyr in peanut from supervised trials conducted in the USA 

Location  
report no. 
trial no. 

Year 
Peanut variety 

Application 
DALA
(day) 

Portion  
analysed 

Residues 
(mg/kg in parent equivalents) 

Timing 
Last appl. 

Rate 
kg ai/ha

Imazethapyr CL288511 CL182704 Sum 

AR GAP 
Early post-
emergence 

0.10 90 
 

    

US GAP 
Pre-plant, Pre-

emergence, Post-
emergence 

0.071 85 
 

    

Houston, AL Pegging stage 0.14 78 Seed < 0.05 < 0.047 < 0.031 < 0.078 
IE-740-007         
PU88AL02         

1988         
Florunner         

Caddo, OK Pegging stage 0.14 107 Seed < 0.05 < 0.047 0.031 0.078 
IE-740-009         
PU88OK02         

1988         
Spanco         

Norhampton, NC Pegging stage 0.14 98 Seed < 0.05 < 0.047 < 0.031 < 0.078 
IE-740-010         

PU88NC02, 1988         
Florigiant         

Seminole, GA Pegging stage 0.14 88 Seed < 0.05 < 0.047 < 0.031 < 0.078 
IE-740-013         

PU88GA03, 1988         
Florunner         

 

Rape seed (Canola) 

Three field trials were conducted during 1992 and 1993 on imidazolinone-tolerant rape seed (canola) 
in Canada. Imazethapyr (240 SL) was applied post-emergence at the 4–6 leaf stage at rates of either 
0.050 kg ai/ha or 0.100 kg ai/ha. The spray volume was 100 L/ha, and the applications were made 
with 0.25% non-ionic surfactant (Agral 90, Ag-Surf) in tank mixture. Two replicate samples of mature 
rape seed were collected at 95–102 DALA. All samples were analysed separately, but replicates are 
reported as average. All samples were stored frozen at ≤-13 °C until analysis for a maximum period of 
12 months. Residues of imazethapyr and CL 288511 in rape seed samples were determined by method 
M-2326. The final analyses relied on GC-NPD.  

In the growing season of 1994 seven field trials were conducted on imidazolinone-tolerant 
oilseed rape in Canada. In four trials, imazethapyr (700 WG) was applied post-emergence at rates of 
nominally 0.050 kg ai/ha or 0.100 kg ai/ha. In three trials, imazethapyr (240 SL) was applied post-
emergence at a rate of 0.200 kg ai/ha. Samples of mature rape seeds seed were collected at 70–95 
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DALA. All samples were stored frozen until analysis for a maximum period of 7.5 months. Samples 
were analysed using the same analytical method as in the 1992 and 1993 trials. 

Three field residue trials were conducted during 1999 on rape seed (canola) in Canada. 
Imazethapyr (700 WG or 240 SL) was applied post-emergence at the 3–5 leaf stage at a rate of either 
0.0750 kg ai/ha. The spray volume was 100 L/ha, and the applications were made with 0.25% non-
ionic surfactant (Agral 90) in tank mixture. Two replicate samples of mature rape seed were collected 
at 61+–66 days DALA. All samples were analysed separately, but replicates are reported as means. 
All samples were stored frozen at ≤-10 °C until analysis for a maximum period of 25 days. 

Imazethapyr in rape seed samples was determined using analytical method M 3319. Final 
analysis relied onby capillary electrophoresis equipped with a UV detector (CE-UVD). 

Table 63 Residues of imazethapyr in rape seed from supervised trials conducted in Canada 

Location  
report no. 
trial no. 

Year 
Rape seed variety 

Application 
DALA
(day) 

Portion  
analysed 

Residues 
(mg/kg in parent equivalents) 

Timing 
Last appl. 

Rate 
kg ai/ha

Imazethapyr CL288511 CL182704 Sum 

CA GAP 2-6 true leaf 0.015 60      
Vanscoy, Saskatchewan 4-6 leaf 0.050 98 Seed < 0.05 < 0.047 n.a. (< 0.078)

IE-750-001  0.10 98 Seed < 0.05 < 0.047 n.a. (< 0.078)
PU93CN02         

1993         
NS 738  240 SL       

Sterling, Alberta 4-6 leaf 0.050 95 Seed < 0.05 < 0.047 n.a. (< 0.078)
IE-750-004  0.10 95 Seed < 0.05 < 0.047 n.a. (< 0.078)
PU92CN06         

1992         
NS 738  240 SL       

Estlin, Saskatchewan 4-6 leaf 0.050 102 Seed < 0.05 < 0.047 n.a. (< 0.078)
IE-750-005  0.10 102 Seed < 0.05 < 0.047 n.a. (< 0.078)
PU92CN07         

1992         
NS 738  240 SL       

Sterling, Alberta Post-emergence 0.20 93 Seeds < 0.05 < 0.047 n.a. (< 0.078)
IEn.r.750n.r.003         

101088         
1994         
n.r.  240 SL       

Nisku, Alberta Post-emergence 0.20 95 Seeds < 0.05 < 0.047 n.a. (< 0.078)
IEn.r.750n.r.003         

101089         
1994         
n.r.  240 SL       

Vanscoy, Saskatchewan Post-emergence 0.050 72 Seeds < 0.05 < 0.047 n.a. (< 0.078)
IEn.r.750n.r.003  0.10 72 Seeds < 0.05 < 0.047 n.a. (< 0.078)

101197         
1994         
n.r.  700 WG       

Estlin, Saskatchewan** Post-emergence 0.050 88 Seeds < 0.05 < 0.047 n.a. (< 0.078)
IEn.r.750n.r.003  0.10 88 Seeds < 0.05 < 0.047 n.a. (< 0.078)

101188         
1994         
n.r.  700 WG       

Estlin, Saskatchewan** Post-emergence 0.050 88 Seeds < 0.05 < 0.047 n.a. (< 0.078)
IEn.r.750n.r.003  0.10 88 Seeds < 0.05 < 0.047 n.a. (< 0.078)

101193         
1994         
n.r.  700 WG       

Carman, Manitoba Post-emergence 0.20 70 Seeds < 0.05 < 0.047 n.a. (< 0.078)
IEn.r.750n.r.003         
CNHARVEST4         

1994         
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Location  
report no. 
trial no. 

Year 
Rape seed variety 

Application 
DALA
(day) 

Portion  
analysed 

Residues 
(mg/kg in parent equivalents) 

Timing 
Last appl. 

Rate 
kg ai/ha

Imazethapyr CL288511 CL182704 Sum 

n.r.  240 SL       
Estlin, Saskatchewan** Post-emergence 0.050 89 Seeds < 0.05 < 0.047 n.a. (< 0.078)

IEn.r.750n.r.003  0.10 89 Seeds < 0.05 < 0.047 n.a. (< 0.078)
101213         
1994         
n.r.  700 WG       

Manitoba Rosthern***, 4 leaf 0.075 62 Seeds < 0.05 n.a. n.a. (< 0.078)
Saskatchewan         

IE-750-006         
PU9903CN01         

1999         
46A72  700 WG       

Manitoba Rosthern***, 3-4 leaf 0.075 66 Seeds < 0.05 n.a. n.a. (< 0.078)
Saskatchewan         

IE-750-006         
PU9903CN02         

1999         
46A72  700 WG       

Minto, Manitoba 3-5 leaf 0.075 61 Seeds < 0.05 n.a. n.a. (< 0.078)
IE-750-007         

PU9902CN01         
1999         

46A72  240 SL       

n.a. not analysed 

n.r. not reported 

**, *** Same location 

 

Sunflower 

During the growing season 2007, five field trials were conducted on imidazolinone-tolerant sunflower 
in representative growing areas in the USA and Canada. Imazethapyr (350 WG; also containing 
imazamox)) was applied in a single application at a rate of nominally 15 g ai/ha, except trial in 
R070272 34 g ai/ha was applied for a decline study. In addition, a third plot was treated in trial 
R070271 at an exaggerated rate of 75 g ai/ha. The spray volume was 94–142 L/ha, and the 
applications were made with Merge® surfactant (0.5% v/v) as adjuvant.  

Replicate samples of sunflower seed were collected at maturity at 59–60 DALA in all trials. 
At trial R070272, replicate seed samples were additionally collected at 40, 50, 69 and 79 DALA. All 
samples were analysed separately, but replicates are reported as means. All samples were stored 
frozen at -20 °C until analysis for a maximum period of 8 months. 

Imazethapyr in sunflower seed samples was determined using analytical method SOP-
PA.0288. Final analyses used HPLC-MS/MS. 

Table 64 Residues of imazethapyr in sunflower seed from supervised trials conducted in Canada and 
the USA 

Location  
report no. 
trial no. 

Year 
Sunflower variety 

Application 
DALA
(day) 

Portion  
analysed 

Residues 
(mg/kg in parent equivalents) 

Timing 
Last appl. 

Rate 
kg ai/ha

Imazethapyr CL288511 CL182704 Sum 

CA GAP 2-8 leaf 0.015 60      
Grey, MB BBCH 61-65 0.015 59 Seed < 0.05 n.a. n.a.  

Canada         
2008/7008101         

R070268         
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Location  
report no. 
trial no. 

Year 
Sunflower variety 

Application 
DALA
(day) 

Portion  
analysed 

Residues 
(mg/kg in parent equivalents) 

Timing 
Last appl. 

Rate 
kg ai/ha

Imazethapyr CL288511 CL182704 Sum 

2007         
Jaguar         

Grant, SK BBCH 65 0.015 58 Seed 0.07 n.a. n.a.  
Canada         

2008/7008101         
R070270         

2007         
Viper         

Pepin, WI BBCH 65 0.017 60 Seed < 0.05 n.a. n.a.  
USA         

2008/7008101         
R070269         

2007         
8H419CL         

 McHenry, ND BBCH 65-69 0.017 59 Seed < 0.05 n.a. n.a.  
USA  0.075 59 Seed < 0.05 n.a. n.a.  

2008/7008101         
R070271         

2007         
DKF38-80CL         

Cass, ND BBCH 55 0.034 40 Seed 0.07 n.a. n.a.  
USA   50 Seed < 0.05 n.a. n.a.  

2008/7008101   60 Seed < 0.05 n.a. n.a.  
R070272   69 Seed < 0.05 n.a. n.a.  

2007   79 Seed < 0.05 n.a. n.a.  
Jaguar         

BBCH 55: inflorescence separated from youngest foliage leaf 

BBCH 61: beginning of flowering: ray florets extended, disc florets visible 

BBCH 66: full flowering: dis florets in middle third of inflorescence in bloom 

BBCH 69: End of flowering 

 

Animal Feeds 

It should be noted that in the majority of registered labels provided to the current Meeting include 
some warning on the limitation of grazing and cutting plants for feed. 

Legume animal feed 

Alfalfa 

Twenty-one field trials were conducted during the 1990-1991 growing seasons on alfalfa in 
representative growing areas in the USA. Imazethapyr (240 SL) was applied at a rate of 140 g ai/ha 
with non-ionic surfactant X-77 or crop oil concentrate (only trial PU91CA01). The applications were 
made as post-emergence spray (stubble of 5-10 cm to 5-15 leaf trifoliate stage) with a water volume 
of 183-210 L/ha.  

Samples of alfalfa green forage were collected 13–17, 21–67 and 56–105 DALA and in some 
trials additionally at 82–158, 115-135 and 147-164 DALA. Starting from the second cutting, a part of 
each forage cutting was left in the field to dry for 2-10 days to generate dry hay samples. In two trials, 
forage samples were processed to meal using a leaf shredder. All samples were stored frozen at -20 °C 
until analysis for a maximum period of 13 months. 

Imazethapyr and CL 288511 in alfalfa samples were determined using analytical method 
M 2020, and CL 182704 using analytical method M 2021. Analyses were performed with a gas-
chromatograph equipped with GC-NPD.  
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Table 65 Residues of imazethapyr in alfalfa from supervised trials conducted in the USA 

Location  
report no. 
trial no. 

Year 
Alfalfa variety 

Application DALA
(day)a

Portion  
analysed 

Residues 
(mg/kg in parent equivalents) 

Timing 
Last appl. 

Rate 
kg ai/ha

Imazethapyr CL288511 CL182704 Sum 

US GAP Post-emergence 0.11 30      
AU GAP Post-emergence 0.098 14 (for seedling)     

Northampton, PA Stubble 0.14 14 Forage  < 0.05 < 0.047 < 0.031 < 0.078 
IE-731-006   38 Forage < 0.05 < 0.047 < 0.031 < 0.078 
PU90PA01   38(40) Hay < 0.05 < 0.047 0.052 0.099 

1990   92 Forage < 0.05 < 0.047 < 0.031 < 0.078 
DK125   92(96) Hay < 0.05 < 0.047 < 0.031 < 0.078 

Phelps, NY 5-6 leaf 0.14 14 Forage  < 0.05 0.140 0.623 0.763 
IE-731-007   40 Forage < 0.05 < 0.047 0.224 0.271 
PU90NY01   40(42) Hay < 0.05 < 0.047 0.175 0.222 

1990   75 Forage < 0.05 < 0.047 < 0.031 < 0.078 
Pro-cut   75(77) Hay < 0.05 < 0.047 0.071 0.118 

   111 Forage < 0.05 < 0.047 < 0.031 < 0.078 
   111 

(113)
Hay < 0.05 < 0.047 0.041 0.088 

El Centro, CA 5-7 leaf 0.14 16 Forage  0.115 0.146 1.20 1.46 
IE-731-008   34 Forage < 0.05 < 0.047 0.331 0.378 
PU90CA05   34(38) Hay < 0.05 0.049 0.471 0.520 

1990   66 Forage < 0.05 < 0.047 0.071 0.118 
CUF 101   66(69) Hay < 0.05 < 0.047 0.137 0.184 

   90 Forage < 0.05 < 0.047 0.056 0.103 
   90(94) Hay < 0.05 < 0.047 0.138 0.185 
   122 Forage < 0.05 < 0.047 < 0.031 < 0.078 
   122 

(124)
Hay < 0.05 < 0.047 0.073 0.120 

   147 Forage < 0.05 < 0.047 < 0.031 < 0.078 
   147 

(150)
Hay < 0.05 < 0.047 0.070 0.117 

Bozeman, MT 5-7 leaf 0.14 14 Forage  < 0.05 < 0.047 0.722 0.769 
IE-731-009   54 Forage < 0.05 < 0.047 0.070 0.117 
PU90MT01   54(59) Hay < 0.05 0.067 0.158 0.225 

1990   105 Forage < 0.05 < 0.047 < 0.031 < 0.078 
Agri Boss   105 

(113)
Hay < 0.05 < 0.047 0.033 0.080 

   158 Forage < 0.05 < 0.047 < 0.031 < 0.078 
   158 

(165)
Hay < 0.05 < 0.047 < 0.031 < 0.078 

Fresno, CA 5-7 leaf 0.14 14 Forage  0.180 0.054 0.742 0.976 
IE-731-010   40 Forage < 0.05 0.085 0.392 0.477 
PU90CA01   40(43) Meal  < 0.05 0.131 0.489 0.620 

1990   40(43) Hay < 0.05 0.103 0.462 0.565 
Condor   73 Forage < 0.05 < 0.047 0.046 0.093 

   73(76) Meal < 0.05 < 0.047 0.044 0.091 
   73(76) Hay < 0.05 < 0.047 0.057 0.104 
   103 Forage < 0.05 < 0.047 < 0.031 < 0.078 
   103 

(109)
Meal < 0.05 < 0.047 < 0.031 < 0.078 

   109 Hay < 0.05 < 0.047 0.040 0.087 
   135 Forage < 0.05 < 0.047 < 0.031 < 0.078 
   135 

(138)
Meal < 0.05 < 0.047 < 0.031 < 0.078 

   135 
(138)

Hay < 0.05 < 0.047 < 0.031 < 0.078 

   164 Forage < 0.05 < 0.047 < 0.031 < 0.078 
   164 

(168)
Meal < 0.05 < 0.047 < 0.031 < 0.078 

   164 
(168)

Hay < 0.05 < 0.047 < 0.031 < 0.078 

Comstock, MI 5-7 leaf 0.14 14 Forage  < 0.05 0.126 0.504 0.630 
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Location  
report no. 
trial no. 

Year 
Alfalfa variety 

Application DALA
(day)a

Portion  
analysed 

Residues 
(mg/kg in parent equivalents) 

Timing 
Last appl. 

Rate 
kg ai/ha

Imazethapyr CL288511 CL182704 Sum 

IE-731-011   26 Forage < 0.05 0.074 0.259 0.333 
PU90MI01   26(28) Hay < 0.05 0.190 0.693 0.883 

1990   56 Forage < 0.05 < 0.047 0.035 0.082 
Shield   56(58) Hay < 0.05 0.048 0.040 0.088 

   90 Forage < 0.05 < 0.047 < 0.031 < 0.078 
   90(91) Hay < 0.05 < 0.047 < 0.031 < 0.078 

Jerome, ID 5-15 leaf 0.14 15 Forage  0.206 0.089 0.356 0.651 
IE-731-012   67 Forage < 0.05 < 0.047 < 0.031 < 0.078 
PU90ID01   67(76) Meal  < 0.05 < 0.047 0.036 0.083 

1990   67(76) Hay < 0.05 < 0.047 0.060 0.107 
Greenway 360-II   104 Forage < 0.05 < 0.047 < 0.031 < 0.078 

   104 
(107)

Meal  < 0.05 < 0.047 < 0.031 < 0.078 

   104 
(107)

Hay < 0.05 < 0.047 < 0.031 < 0.078 

   146 Forage < 0.05 < 0.047 < 0.031 < 0.078 
   146 

(150)
Meal  < 0.05 < 0.047 < 0.031 < 0.078 

   146 
(150)

Hay < 0.05 < 0.047 < 0.031 < 0.078 

Dodge City, KS Stubble 0.14 14 Forage  < 0.05 0.063 0.116 0.179 
IE-731-013   32 Forage < 0.05 < 0.047 0.152 0.199 
PU90KS01   32(35) Hay < 0.05 0.081 0.456 0.537 

1990   84 Forage < 0.05 < 0.047 0.098 0.145 
Cimarron   84(87) Hay < 0.05 < 0.047 0.160 0.207 

Northwood, ND 5-7 leaf 0.14 14 Forage  < 0.05 0.088 0.583 0.671 
IE-731-014   21 Forage < 0.05 0.050 0.478 0.528 
PU90ND01   21(24) Hay < 0.05 0.132 0.749 0.881 

1990   56 Forage < 0.05 < 0.047 < 0.031 < 0.078 
Vernal   56(59) Hay < 0.05 < 0.047 0.040 0.087 

   94 Forage < 0.05 < 0.047 < 0.031 < 0.078 
   94(97) Hay < 0.05 < 0.047 0.039 0.086 

Moody, SD Stubble 0.14 13 Forage  < 0.05 0.101 0.584 0.685 
IE-731-015   54 Forage < 0.05 < 0.047 0.070 0.117 
PU90SD01   54(57) Hay < 0.05 < 0.047 0.122 0.169 

1990         
Blazer         

York, NE 5-7 leaf 0.14 14 Forage  < 0.05 1.125 0.650 1.78 
IE-731-016   23 Forage < 0.05 0.114 1.30 1.41 
PU90NE01   23(26) Hay < 0.05 0.280 2.63 2.91 

1990   64 Forage < 0.05 < 0.047 0.067 0.114 
Wrangler   64(68) Hay < 0.05 0.051 0.102 0.153 

   94 Forage < 0.05 < 0.047 < 0.031 < 0.078 
   94(96) Hay < 0.05 0.049 0.050 0.099 

Delevan, WI 7 leaf 0.14 14 Forage  < 0.05 0.363 0.938 1.30 
IE-731-017   26 Forage < 0.05 0.062 0.148 0.210 
PU90WI01   26(29) Hay < 0.05 0.142 0.346 0.488 

1990   72 Forage < 0.05 < 0.047 < 0.031 < 0.078 
Vernal   72(79) Hay < 0.05 < 0.047 < 0.031 < 0.078 

   114 Forage < 0.05 < 0.047 0.045 0.092 
   114 

(124)
Hay < 0.05 < 0.047 < 0.031 < 0.078 

Gladstone, IL Stubble 0.14 17 Forage  < 0.05 0.080 0.249 0.329 
IE-731-018   42 Forage < 0.05 < 0.047 0.066 0.113 
PU90IL01   42(45) Hay < 0.05 < 0.047 < 0.031 < 0.078 

1990   90 Forage < 0.05 < 0.047 < 0.031 < 0.078 
Agriblend   90(94) Hay < 0.05 < 0.047 < 0.031 < 0.078 

Danville, IA 4-7 leaf 0.14 14 Forage  < 0.05 0.059 0.324 0.383 
IE-731-019   37 Forage < 0.05 < 0.047 0.188 0.235 
PU90IA01   37(39) Hay < 0.05 < 0.047 0.254 0.301 

1990   81 Forage < 0.05 < 0.047 0.040 0.087 



Imazethapyr 

 

1502

Location  
report no. 
trial no. 

Year 
Alfalfa variety 

Application DALA
(day)a

Portion  
analysed 

Residues 
(mg/kg in parent equivalents) 

Timing 
Last appl. 

Rate 
kg ai/ha

Imazethapyr CL288511 CL182704 Sum 

Agriblend   82(83) Hay < 0.05 0.053 0.042 0.095 
   128 Forage < 0.05 < 0.047 < 0.031 < 0.078 
   129 

(132)
Hay < 0.05 < 0.047 0.035 0.082 

Redwood, MN Stubble 0.14 14 Forage  < 0.05 0.055 0.087 0.142 
IE-731-020   28 Forage < 0.05 < 0.047 0.057 0.104 
PU90MN02   28(33) Hay < 0.05 < 0.047 0.115 0.162 

1990   70 Forage < 0.05 < 0.047 0.058 0.105 
Blazer   70(74) Hay < 0.05 < 0.047 < 0.031 < 0.078 

Stevinson, CA Stubble 0.14 14 Forage  < 0.05 0.085 0.210 0.295 
IE-731-033   28 Forage < 0.05 < 0.047 0.099 0.146 
PU91CA01   28(34) Hay < 0.05 0.047 0.291* 0.338 

1991   57 Forage < 0.05 < 0.047 < 0.031 < 0.078 
Cargil   57(62) Hay < 0.05 < 0.047 < 0.031 < 0.078 

   82 Forage < 0.05 < 0.047 < 0.031 < 0.078 
   82(89) Hay < 0.05 < 0.047 < 0.031 < 0.078 
   115 Forage < 0.05 < 0.047 < 0.031 < 0.078 
   115 

(122)
Hay < 0.05 < 0.047 < 0.031 < 0.078 

   150 Forage < 0.05 < 0.047 < 0.031 < 0.078 
   150 

(154)
Hay < 0.05 < 0.047 < 0.031 < 0.078 

Lamberton, MN 7 leaf 0.14 14 Forage  < 0.05 0.256 1.30 1.56 
IE-731-034   23 Forage < 0.05 0.219 0.743 0.962 
PU90MN01   23(29) Hay < 0.05 0.711 0.291 1.00 

1990   58 Forage < 0.05 < 0.047 < 0.031 < 0.078 
Blazer   58(63) Hay < 0.05 < 0.047 0.043 0.090 

   100 Forage < 0.05 < 0.047 < 0.031 < 0.078 
   100 

(104)
Hay < 0.05 < 0.047 0.051 0.098 

Phelps, NY Stubble 0.14 14 Forage  < 0.05 0.237 0.800 1.04 
IE-731-036   23 Forage < 0.05 0.056 0.334 0.390 
PU90NY02   23(25) Hay < 0.05 0.161 0.928 1.10 

1990   59 Forage < 0.05 < 0.047 0.043 0.090 
Pro-cut   59(61) Hay < 0.05 < 0.047 0.192 0.239 

Devalan, WI Stubble 0.14 14 Forage  < 0.05 0.079 0.186 0.265 
IE-731-037   38 Forage < 0.05 < 0.047 < 0.031 < 0.078 
PU90WI02   38(45) Hay < 0.05 < 0.047 < 0.031 < 0.078 

1990   80 Forage < 0.05 < 0.047 < 0.031 < 0.078 
Vernal   80(90) Hay < 0.05 < 0.047 < 0.031 < 0.078 

York, NE Stubble 0.14 14 Forage  < 0.05 0.047 0.483 0.530 
IE-731-038   32 Forage < 0.05 < 0.047 0.173 0.220 
PU90NE02   32(36) Hay < 0.05 0.114 0.074 0.188 

1990   62 Forage < 0.05 < 0.047 0.040 0.087 
Wrangler   62(64) Hay < 0.05 0.073 0.093 0.166 

Jerome, ID Stubble 0.14 13 Forage  < 0.05 < 0.047 0.093 0.140 
IE-731-039   24 Forage < 0.05 < 0.047 0.093 0.140 
PU90ID02   24(27) Meal  < 0.05 0.075 0.186 0.261 

1990   24(27) Hay < 0.05 0.055 0.446 0.501 
Greenway 360-II   66 Forage < 0.05 < 0.047 < 0.031 < 0.078 

   66(70) Meal  < 0.05 < 0.047 < 0.031 < 0.078 
   66(70) Hay < 0.05 < 0.047 < 0.031 < 0.078 

* Average of two assays 

a For hay, cutting date followed by hay collection date in a pair of paretheses.  

 

During the growing season of 1991, two trials were conducted on alfalfa in two representative 
growing areas in southern Australia. Imazethapyr (240 SL) was applied once at a rate of 
0.072 kg ai /ha or 0.144 kg ai /ha when the plants were 12–22 cm in height (12 days after cutting). In 
one trial (TTR-92-013), the applications were made as tank-mixes with BS 1000 non-ionic surfactant 
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(1000 g/L alcohol alkoxylate) at 250 mL/100 L of water plus Boost (soluble ammonium sulphite with 
triphenylmethane) at 2 L/100 L of water.  

Samples of alfalfa green forage were collected at the day of the last application (0 DALA; 
≤ 22 cm height), thereafter at 7 (≤ 35 cm height), 14 (≤ 45 cm height), 20-21 (≤ 55 cm height) and 25–
28 (≤ 65 cm height, flowering) DALA. All samples were stored frozen at -20 °C until analysis. 

Imazethapyr and CL 288511 in alfalfa samples were determined using analytical method M-
2020, and CL 182704 using analytical method M-2021. Analyses  was by GC-NPD. 

Table 66 Residues of imazethapyr in alfalfa from supervised trials conducted in Australia 

Location  
report no. 
trial no. 

Year 
Alfalfa variety 

Application 
DALA
(day) 

Portion  
analysed 

Residues 
(mg/kg in parent equivalents) 

Timing 
Last appl. 

Rate 
kg ai/ha

Imazethapyr CL288511 CL182704 Sum 

US GAP Post-emergence 0.11 30      
AU GAP Post-emergence 0.098 14 (for seedling)     

Keith, South Australia 12-22 cm 0.072 0 Forage  4.15 2.93 0.507 7.59 
IE-731-065 high  7 green 0.20 0.190 0.607 0.997 
HSA 1-92   14  < 0.05 < 0.047 0.353 0.400 

1991   21  < 0.05 < 0.047 0.254 0.301 
Siriver   28  < 0.05 < 0.047 0.192 0.239 

  0.144 0 Forage  12.8 3.65 0.464 16.9 
   7 green 0.90 0.218 0.408 1.53 
   14  < 0.05 < 0.047 0.285 0.332 
   21  < 0.05 < 0.047 0.359 0.406 
   28  < 0.05 < 0.047 0.173 0.220 

Forbes, NSW 20 cm high 0.072 0 Forage  4.91 0.578 0.458 5.95 
IE-731-066   7 green 0.23 0.483 0.446 1.16 
HN20-91   14  < 0.05 0.066 0.359 0.425 

1991   20  < 0.05 < 0.047 0.272 0.319 
Faulkner   25  < 0.05 < 0.047 0.192 0.239 

  0.144 0 Forage  10.4 1.33 0.520 12.25 
   7 green 1.51 0.606 0.384 2.50 
   14  < 0.05 0.133 0.384 0.517 
   20  < 0.05 0.066 0.279 0.345 
   25  < 0.05 < 0.047 0.248 0.295 

 

Clover 

Twelve field residue trials were conducted during 1992 growing seasons on clover in representative 
growing areas in the USA. Imazethapyr (240 SL) was applied at a rate of 105 g ai/ha with 0.25–1.25% 
non-ionic surfactant (e.g. X-77) or crop oil concentrate. The applications were made as post-
emergence (at 2–7 leaf trifoliate stage with a height of 5–23 cm) with a water volume of 177–
195 L/ha. After the application, the test substance was incorporated into the upper soil layer by rain or 
irrigation.  

Samples of clover green forage were collected 15–16 and 29–31 DALA. Starting from the 
second cutting, a sample of each forage cutting was left to dry in the field to generate dry hay 
samples. Clover hay samples were collected 32–34 DALA. In two trials seeds and seed screening 
samples were taken at 97 and 169 DALA. 

All samples were stored frozen at  -20 °C until analysis for a maximum period of 18 months. 

Imazethapyr, CL 288511 and CL 182704 in clover samples were determined using analytical 
method M 2261. The final analysis is performed with a capillary electrophoresis equipped with a UV 
detector at 240 nm (CE-UV).  
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Table 67 Residues of imazethapyr in clover from supervised trials conducted in the USA 

Location 
report no. 
trial no. 

Year 
Clover variety  

Application 
DALA 
(day)a   

Portion 
analysed 

Residues 
(mg/kg in parent equivalents)   

Timing 
Last appl. 

Rate 
kg ai/ha 

  
 

Imazethapyr CL288511 CL182704 Sum 

US GAP 
Post-

emergence 
0.11 30       

 
  

La Center, KY 5-7 cm 0.105 16 Forage < 0.5 < 0.47 0.706 1.13 
IE-731-050     31 Forage < 0.5 < 0.47 < 0.31 < 0.78 
PU92KY01     31(34) Hay < 0.5 0.47 0.619 1.19 

1992               
Kentucky foundation                 

Hamburg, PA 5-7 cm 0.105 16 Forage < 0.5 < 0.47 0.446 0.92 
IE-731-051 2-3 leaf   30 Forage < 0.5 < 0.47 < 0.31 < 0.78 
PU92PA01     30(32) Hay < 0.5 < 0.47 < 0.31 < 0.78 

1992               
Penn and Scott                 

Phelps, NY 5-7 cm 0.105 15 Forage < 0.5 < 0.47 0.668 1.14 
IE-731-052 2-3 leaf   30 Forage < 0.5 < 0.47 < 0.31 < 0.78 
PU92NY01     30(34) Hay < 0.5 < 0.47 0.34 0.81 

1992               
Red clover                 

Delavan, WI 20-23 cm 0.105 15 Forage < 0.5 < 0.47 0.953 1.42 
IE-731-053 7 leaf   30 Forage < 0.5 < 0.47 < 0.31 < 0.78 
PU92WI01     30(33) Hay < 0.5 < 0.47 < 0.31 < 0.78 

1992               
RF2                 

Shoffer, AR 10-13 cm 0.105 15 Forage < 0.5 < 0.47 1.29 1.76 
IE-731-054 7 leaf   30 Forage < 0.5 < 0.47 < 0.31 < 0.78 
PU92AR04     30(33) Hay < 0.5 < 0.47 0.489 0.96 

1992               
Royal Ladino                 

Laurelwood, OR 8-13 cm 0.105 15 Forage 0.98* < 0.47* 0.427* 1.88 
IE-731-055 4-5 leaf   30 Forage < 0.5 < 0.47 < 0.31 < 0.78 
PU92OR01     30(33) Hay < 0.5 < 0.47 < 0.31 < 0.78 

1992     97 Seed < 0.5 < 0.47 < 0.31 < 0.78 
(Sunrise Seed Co)     97 Seed scr. < 0.5 < 0.47 < 0.31 < 0.78 

Clarence, MO 8 cm 0.105 15 Forage < 0.5 < 0.47 1.61 2.08 
IE-731-057     30 Forage < 0.5 < 0.47 < 0.31 < 0.78 
PU92MO01     30(32) Hay < 0.5 < 0.47 0.322 0.79 

1992     169 Seed < 0.5 < 0.47 < 0.31 < 0.78 
Medium red     169 Seed scr. < 0.5 < 0.47 < 0.31 < 0.78 
Eakly, OK 20 cm 0.105 15 Forage < 0.5 < 0.47 1.08 1.55 
IE-731-058 7 leaf   30 Forage < 0.5 < 0.47 0.681 1.15 
PU92OK01     30(32) Hay < 0.5 < 0.47 2.34 2.81 

1992               
Kenland                 

Brookshire, TX 8-13 cm 0.105 15 Forage < 0.5 < 0.47 1.86 2.33 
IE-731-059 5-7 leaf   30 Forage < 0.5 < 0.47 0.371 0.84 
PU92TX01     30(33) Hay < 0.5 < 0.47 0.532 1 

1992               
Arrowleaf                 

Huntsville, MN 5 leaf 0.105 15 Forage < 0.5 < 0.47 0.681 1.15 
IE-731-060     29 Forage < 0.5 < 0.47 < 0.31 < 0.78 
PU92MN04     29(34) Hay < 0.5 < 0.47 < 0.31 < 0.78 

1992               
(Premium Seed Co.)                 

Ordbend, CA 5-8 cm 0.105 15 Forage < 0.5 < 0.47 0.371 0.84 
IE-731-061     29 Forage < 0.5 < 0.47 < 0.31 < 0.78 
PU92CA02     29(33) Hay < 0.5 < 0.47 < 0.31 < 0.78 

1992               
Ladion and Osceola                 

Cunningham, KS 15-20 cm 0.105 15 Forage < 0.5 < 0.47 0.805 1.28 
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Location 
report no. 
trial no. 

Year 
Clover variety  

Application 
DALA 
(day)a   

Portion 
analysed 

Residues 
(mg/kg in parent equivalents)   

Timing 
Last appl. 

Rate 
kg ai/ha 

  
 

Imazethapyr CL288511 CL182704 Sum 

IE-731-062 6 leaf   30 Forage < 0.5 < 0.47 0.371 0.84 
PU92KS01     30(33) Hay < 0.5 < 0.47 0.699 1.17 

1992               
Kenland                 

* Average of two assays 
a For hay, cutting date followed by hay collection date in a pair of parentheses 

 

Lentil forage 

The detail of trials is described in the previous section. As lentil forage is not included in the Codex 
Classification of Foods and Animal Feeds or OECD Animal Feed Table, these trial results were not 
evaluated. 

Table 68 Residues of imazethapyr in lentil forage from supervised trials conducted in Canada 

Location  
report no. 
trial no. 

Year 
lentil variety 

Application 
DALA
(day) 

Portion  
analysed 

Residues 
(mg/kg in parent equivalents) 

Timing 
Rate 

kg ai/ha
Imazethapyr CL288511 CL182704 Sum 

Elm Creek 6 node 0.015 0.1 Forage 1.13 < 0.047 < 0.031 1.21 
Manitoba   78 Forage < 0.05 < 0.047 < 0.031 < 0.078 

2004/5000273  0.030 0.1 Forage 2.48 0.076 < 0.031 2.59 
2001926   78 Forage < 0.05 < 0.047 < 0.031 < 0.078 

2001         
RH 44         
Schuler 3-6 node 0.020 0.1 Forage 2.21 < 0.047 < 0.031 2.29 
Alberta   7 Forage 0.08 0.12 0.050 0.250 

2004/5000273   21 Forage < 0.05 < 0.047 < 0.031 < 0.078 
2001927   28 Forage < 0.05 < 0.047 0.031 0.078 

2001   36 Forage < 0.05 < 0.047 0.124 0.171 
RH 44   42 Forage < 0.05 < 0.047 0.124 0.171 

   54 Forage < 0.05 < 0.047 0.037 0.087 
   55 Forage < 0.05 < 0.047 0.050 0.097 

Richmound 6 node 0.015 0.1 Forage 1.13 < 0.047 < 0.031 1.21 
Saskatchewan   48 Forage < 0.05 < 0.047 < 0.031 < 0.078 
2004/5000273  0.030 0.1 Forage 2.18 < 0.047 < 0.031 2.26 

2001928   48 Forage < 0.05 < 0.047 0.056 0.103 
2001         

RH 44         
Delisle 4-6 node 0.020 0.1 Forage 1.10 < 0.047 < 0.031 1.18 

Saskatchewan   7 Forage 0.19 0.20 0.068 0.458 
2004/5000273   21 Forage < 0.05 < 0.047 0.062 0.109 

2001929   28 Forage < 0.05 < 0.047 0.050 0.097 
2001   35 Forage < 0.05 < 0.047 0.043 0.090 

RH 44   42 Forage < 0.05 < 0.047 0.050 0.097 
   53 Forage < 0.05 < 0.047 0.080 0.127 
   61 Forage < 0.05 < 0.047 0.142 0.189 

Paradise Valley 5-6 node 0.015 0.1 Forage 1.26 < 0.047 < 0.031 1.34 
Alberta   64 Forage < 0.05 < 0.047 0.037 0.084 

2004/5000273  0.031 0.1 Forage 2.65 0.047 < 0.031 3.15 
2001930   64 Forage < 0.05 < 0.047 0.037 0.084 

2001         
RH 44         
Minto 6 node 0.015 0.1 Forage 0.41 0.07 < 0.031 0.511 

Manitoba   97 Forage < 0.05 < 0.047 < 0.031 < 0.078 
2004/5000273  0.031 0.1 Forage 0.63 0.12 < 0.031 0.781 

2001931   97 Forage < 0.05 < 0.047 0.043 0.090 
2001         
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Location  
report no. 
trial no. 

Year 
lentil variety 

Application 
DALA
(day) 

Portion  
analysed 

Residues 
(mg/kg in parent equivalents) 

Timing 
Rate 

kg ai/ha
Imazethapyr CL288511 CL182704 Sum 

RH 44         

 

Pea hay or fodder (dry) and vines (green) 

Table 69 Residues of imazethapyr in pea vine, hay and straw from supervised trials conducted in 
Canada 

Location  
report no. 
trial no. 

Year 
Pea variety 

Application 
DALA
(day) 

Portion  
analysed 

Residues 
(mg/kg in parent equivalents) 

Timing 
Rate 

kg ai/ha
Imazethapyr CL288511 CL182704 Sum 

Carman 9-10 leaf 0.050 0.1 Vine 1.15 0.30 0.05 1.5 
Manitoba   16 Vine < 0.05 0.16 0.05 0.21 

IE-640-013   30 Vine < 0.05 < 0.047 < 0.031 < 0.078 
PU92CN03   60 Vine < 0.05 < 0.047 < 0.031 < 0.078 

1992   67 Hay < 0.05 < 0.047 0.037 0.084 
Titan   91 Straw < 0.05 < 0.047 0.031 0.078 

   91 Pod (dry) < 0.05 < 0.047 < 0.031 < 0.078 
 9-10 leaf 0.10 0.1 Vine 1.75 0.99 0.068 2.78 
   16 Vine < 0.05 0.19 0.08 0.27 
   30 Vine < 0.05 < 0.047 0.037 0.084 
   60 Vine < 0.05 < 0.047 < 0.031 < 0.078 
   67 Hay < 0.05 0.07 0.056 0.756 
   91 Straw < 0.05 < 0.047 0.037 0.084 
   91 Pod (dry) < 0.05 < 0.047 0.037 0.084 

Vanscoy 10 cm high 0.050 0.1 Vine 1.95 0.77 0.093 2.81 
Saskatchewan   15 Vine < 0.05 0.07 0.074 0.144 

IE-720-051   28 Vine < 0.05 < 0.047 0.043 0.090 
PU91CN23   58 Vine < 0.05 < 0.047 < 0.031 < 0.078 

1991   58 Hay < 0.05 < 0.047 < 0.031 < 0.078 
Century   71 Straw < 0.05 < 0.047 < 0.031 < 0.078 

   71 Pod (dry) < 0.05 < 0.047 < 0.031 < 0.078 
 10 cm high 0.10 0.1 Vine 4.4 1.42 0.12 5.94 
   15 Vine < 0.05 0.15 0.25 0.40 
   28 Vine < 0.05 < 0.047 0.08 0.127 
   58 Vine < 0.05 < 0.047 < 0.031 < 0.078 
   58 Hay < 0.05 < 0.047 0.037 0.084 
   71 Straw < 0.05 < 0.047 < 0.031 < 0.078 
   71 Pod (dry) < 0.05 < 0.047 < 0.031 < 0.078 

 

Peanut hull 

As peanut hull is not included in the Codex Classification of Foods and Animal Feeds or OECD 
Animal Feed Table, these trial results were not evaluated. 

Table 70 Residues of imazethapyr in peanut hulls from supervised trials conducted in the USA 

Location  
report no. 
trial no. 

Year 
Peanut variety 

Application 
DALA
(day) 

Portion  
analysed 

Residues 
(mg/kg in parent equivalents) 

Timing 
Last appl. 

Rate 
kg ai/ha 

Imazethapyr CL288511 CL182704 Sum 

Houston, AL Pegging stage 0.14 78 Hulls < 0.05 < 0.047 0.120 0.167 
IE-740-007         
PU88AL02         

1988         
Florunner         

Caddo, OK Pegging stage 0.14 107 Hulls < 0.05 < 0.047 0.067 0.114 
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Location  
report no. 
trial no. 

Year 
Peanut variety 

Application 
DALA
(day) 

Portion  
analysed 

Residues 
(mg/kg in parent equivalents) 

Timing 
Last appl. 

Rate 
kg ai/ha 

Imazethapyr CL288511 CL182704 Sum 

IE-740-009         
PU88OK02         

1988         
Spanco         

Norhampton, NC Pegging stage 0.14 98 Hulls < 0.05 < 0.047 0.080 0.127 
IE-740-010         
PU88NC02         

1988         
Florigiant         

Seminole, GA Pegging stage 0.14 88 Hulls < 0.05 < 0.047 < 0.031 < 0.078 
IE-740-013         
PU88GA03         

1988         
Florunner         

 

Straw, fodder and forage of cereal grains and grasses, except grasses for sugar production (including 
buckwheat fodder) 

Maize 

Table 71 Residues of imazethapyr in maize forage, silage and fodder from supervised trials conducted 
in the USA 

Location  
report no. 
trial no. 

Year 
Maize variety 

Application 
DALA
(day) 

Portion  
analysed 

Residues 
(mg/kg in parent equivalents) 

Timing 
Rate 

kg ai/ha
Imazethapyr CL288511 CL182704 Sum 

Shelby County, MO 30 days  0.14 0.1 Forage  3.0 0.493 0.068 3.56 
IE-730-026 after planting  10 Forage < 0.05 0.256 0.087 0.343 
PU90MO02   30 Forage < 0.05 0.085 0.031 0.116 

1990   45 Forage < 0.05 < 0.047 < 0.031 < 0.078 
3183 HE   80 Silage < 0.05 < 0.047 < 0.031 < 0.078 

   107 Fodder < 0.05 < 0.047 < 0.031 < 0.078 
York, NE 30 cm 0.14 0.1 Forage  5.2 0.284 < 0.031 5.52 

IE-731-001   7 Forage 0.07 0.692 0.037 0.799 
PU90NE04   30 Forage < 0.05 0.057 < 0.031 < 0.078 

1990   45 Forage < 0.05 < 0.047 < 0.031 < 0.078 
3377 HE   80 Silage < 0.05 < 0.047 < 0.031 < 0.078 

   100 Fodder < 0.05 < 0.047 < 0.031 < 0.078 
Danville, IA 13-15 cm 0.14 0.1 Forage  9.9 1.042 0.149 11.09 
IE-731-002   7 Forage < 0.05 0.370 0.074 0.444 
PU90IA03   31 Forage < 0.05 < 0.047 < 0.031 < 0.078 

1990   46 Forage < 0.05 < 0.047 < 0.031 < 0.078 
3377 HE   81 Silage < 0.05 < 0.047 < 0.031 < 0.078 

   124 Fodder < 0.05 < 0.047 < 0.031 < 0.078 
Gladstone, IL 10 cm 0.14 0.1 Forage  17.5 0.559 < 0.031 18.09 
IE-731-003   7 Forage 0.66 < 0.047 0.105 0.812 
PU90IL03   30 Forage < 0.05 < 0.047 < 0.031 < 0.078 

1990   46 Forage < 0.05 < 0.047 < 0.031 < 0.078 
3377 HE   82 Silage < 0.05 < 0.047 < 0.031 < 0.078 

   138 Fodder < 0.05 < 0.047 < 0.031 < 0.078 
Uvalde, TX 76 cm 0.14 0.1 Forage  6.9 2.560 0.279 9.74 
IE-731-005   7 Forage < 0.05 0.493 0.068 0.561 
PU90TX02   31 Forage < 0.05 0.142 0.068 0.210 

1990   45 Forage < 0.05 0.180 0.167 0.347 
3183 HE   60 Forage n.a. < 0.047 < 0.031 < 0.078 

   88 Silage < 0.05 < 0.047 < 0.031 < 0.078 
   95 Fodder < 0.05 < 0.047 < 0.031 < 0.078 



Imazethapyr 

 

1508

 

Table 72 Residues of imazethapyr in maize forage, silage and fodder from supervised trials conducted 
in Canada 

Location  
report no. 
trial no. 

Year 
Maize variety 

Application 
DALA
(day) 

Portion  
analysed 

Residues 
(mg/kg in parent equivalents) 

Timing 
Rate 

kg ai/ha
Imazethapyr CL288511 CL182704 Sum 

Georgetown 3-4 leaf 0.075 0.1 Forage 7.0* 0.099* < 0.031 7.13 
Ontario   13 Forage < 0.05 0.090* < 0.031 0.121 

IE-731-056   29 Forage < 0.05 0.047* < 0.031 0.078 
PU93CN01   46 Silage early < 0.05 < 0.047 < 0.031 < 0.078 

1993   62 Silage < 0.05 < 0.047 < 0.031 < 0.078 
3417 IR   127 Fodder < 0.05 < 0.047 < 0.031 < 0.078 

  0.15 0.1 Forage 18* 0.190* < 0.031 18.22 
   13 Forage < 0.05 0.081* < 0.031 0.112 
   29 Forage < 0.05 < 0.047 < 0.031 < 0.078 
   46 Silage early < 0.05 < 0.047 < 0.031 < 0.078 
   62 Silage < 0.05 < 0.047 < 0.031 < 0.078 
   127 Fodder < 0.05 < 0.047 < 0.031 < 0.078 

*  average of replicate analysis 

 

Rice straw 

Table 73 Residues of imazethapyr in rice straw from supervised trials conducted in the USA 

Location  
report no. 
trial no. 

Year 
Rice variety 

Application 
DALA
(day) 

Portion  
analysed 

Residues 
(mg/kg in parent equivalents) 

Timing 
Last appl. 

Rate 
kg ai/ha 

Imazethapyr CL288511 CL182704 Sum 

Rosa, LA 2-3 leaf 2×0.105 82 Straw < 0.05 < 0.047 < 0.031 < 0.078 
IE-730-034  1×0.14 82 Straw < 0.05 < 0.047 < 0.031 < 0.078 
PU97LA01         

1997         
93AS3510         

Brookshire, TX 3 leaf 2×0.105 88 Straw < 0.05 < 0.047 0.037 0.084 
IE-730-035  1×0.14 88 Straw < 0.05 < 0.047 < 0.031 < 0.078 
PU97TX01         

1997         
93AS3510         

Leonard, MO 2-3 leaf 2×0.105 85 Straw < 0.05 < 0.047 < 0.031 < 0.078 
IE-730-047  1×0.14 85 Straw < 0.05 < 0.047 < 0.031 < 0.078 
PU97MO01         

1997         
93AS3510         

Greenville, MS 2-3 leaf 2×0.105 84 Straw < 0.05 < 0.047 < 0.031 < 0.078 
IE-730-048  1×0.14 84 Straw < 0.05 < 0.047 < 0.031 < 0.078 
PU97MS01         

1997         
93AS3510         
Tillar, AR 2-3 leaf 2×0.105 83 Straw < 0.05 < 0.047 < 0.031 < 0.078 
IE-730-049  1×0.14 83 Straw < 0.05 < 0.047 < 0.031 < 0.078 
PU97AR02         

1997         
93AS3510         
Nelson, CA 2-3 leaf 2×0.105 103 Straw < 0.05 < 0.047 < 0.031 < 0.078 
IE-730-050  1×0.14 103 Straw < 0.05 < 0.047 < 0.031 < 0.078 
PU97CA01         

1997         
93AS3510         

Washington, LA 3 leaf 2×0.105 78 Straw < 0.05 < 0.047 < 0.031 < 0.078 
IE-730-051  1×0.14 78 Straw < 0.05 < 0.047 < 0.031 < 0.078 
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Location  
report no. 
trial no. 

Year 
Rice variety 

Application 
DALA
(day) 

Portion  
analysed 

Residues 
(mg/kg in parent equivalents) 

Timing 
Last appl. 

Rate 
kg ai/ha 

Imazethapyr CL288511 CL182704 Sum 

PU97LA02  0.21+0.14 78 Straw < 0.05 < 0.047 < 0.031 < 0.078 
1997         

93AS3510         
Shoffner, AR 2-3 leaf 2×0.105 91 Straw < 0.05 < 0.047 < 0.031 < 0.078 
IE-730-052  1×0.14 91 Straw < 0.05 < 0.047 < 0.031 < 0.078 
PU97AR03  0.21+0.14 91 Straw < 0.05 0.075 0.059 0.134 

1997         
93AS3510         

East Bernard, TX 5-6 leaf 2×0.14 98 Straw < 0.05 < 0.047 < 0.031 < 0.078 
IE-730-036  1×0.14 98 Straw < 0.05 < 0.047 < 0.031 < 0.078 
PU98TX01         

1998         
LSU Line 93AS3510         

Brookshire, TX 5-6 leaf 2×0.14 96 Straw < 0.05 < 0.047 < 0.031 < 0.078 
IE-730-037  1×0.14 96 Straw < 0.05 < 0.047 < 0.031 < 0.078 
PU98TX02         

1998         
LSU Line 93AS3510         

Stuttgart, AR 5-6 leaf 2×0.14 102 Straw < 0.05 < 0.047 < 0.031 < 0.078 
IE-730-038  1×0.14 102 Straw < 0.05 < 0.047 < 0.031 < 0.078 
PU98AR01         

1998         
LSU Line 93AS3510         

Cheneyville, LA 5-6 leaf 2×0.14 111 Straw < 0.05 < 0.047 < 0.031 < 0.078 
IE-730-039  1×0.14 111 Straw < 0.05 < 0.047 < 0.031 < 0.078 
PU98LA04         

1998         
LSU Line 93AS3510         

Rosa, LA 5-6 leaf 2×0.14 91 Straw < 0.05 < 0.047 < 0.031 < 0.078 
IE-730-040  1×0.14 91 Straw < 0.05 < 0.047 < 0.031 < 0.078 
PU98LA02         

1998         
LSU Line 93AS3510         

Washington, LA 6 leaf 2×0.14 106 Straw < 0.05 < 0.047 < 0.031 < 0.078 
IE-730-041 6 leaf 1×0.14 106 Straw < 0.05 < 0.047 < 0.031 < 0.078 
PU98LA03         

1998         
LSU Line 93AS3510         

Durham, CA 5-6 leaf 2×0.14 102 Straw < 0.05 < 0.047 < 0.031 < 0.078 
IE-730-042  1×0.14 102 Straw < 0.05 < 0.047 < 0.031 < 0.078 
PU98CA01         

1998         
LSU Line 93AS3510         

Proctor, AR 5-6 leaf 2×0.14 102 Straw < 0.05 < 0.047 < 0.031 < 0.078 
IE-730-043  1×0.14 102 Straw < 0.05 < 0.047 < 0.031 < 0.078 
PU98AR02         

1998         
LSU Line 93AS3510         

Greenville, MS 5-6 leaf 2×0.14 86 Straw < 0.05 < 0.047 < 0.031 < 0.078 
IE-730-044  1×0.14 86 Straw < 0.05 < 0.047 < 0.031 < 0.078 
PU98MS01         

1998         
LSU Line 93AS3510         

Shoffner, AR 6 leaf 2×0.14 107 Straw < 0.05 < 0.047 < 0.031 < 0.078 
IE-730-045 6 leaf 1×0.14 107 Straw < 0.05 < 0.047 < 0.031 < 0.078 
PU98AR03         

1998         
LSU Line 93AS3510         

Leonard, MO 5-6 leaf 2×0.14 109 Straw < 0.05 < 0.047 < 0.031 < 0.078 
IE-730-046  1×0.14 109 Straw < 0.05 < 0.047 < 0.031 < 0.078 
PU98MO01         
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Location  
report no. 
trial no. 

Year 
Rice variety 

Application 
DALA
(day) 

Portion  
analysed 

Residues 
(mg/kg in parent equivalents) 

Timing 
Last appl. 

Rate 
kg ai/ha 

Imazethapyr CL288511 CL182704 Sum 

1998         
LSU Line 93AS3510         

 

FATE OF RESIDUES IN STORAGE AND IN PROCESSING 

Information and Data from Residues in Processed Commodities 

The Meeting received information on processing of soya bean, maize, sunflower and alfalfa to their 
respective processed commodities. 

Hydrolysis 

Hydrolysis studies were previously submitted to JMPR for evaluation on imazapic, imazapyr and 
imazamox. All of these imidazolinone pesticides were stable under conditions relevant to major food 
processing operations, such as pasteurization (20 minutes at 90 °C, pH 4), brewing, baking and 
boiling (60 minutes at 100 °C, pH 5) and sterilization (20 minutes at 120 °C, pH 6). These results can 
be extrapolated to imazethapyr.  

Soya bean 

A study was conducted on processing of soya beans to oil and meal using bean samples obtained at a 
DAT of 64 or 67 days (BBCH 79) in the trials in the USA in 2013 in which an exaggerated rate of 
0.30 kg ai/ha was applied at growth stages BBCH 69–71 (Greenland R.G., 2015a, 2015/7000242). 
The soya beans were processed in a way that simulates industrial practice as closely as possible into 
commercially representative food/feed fractions as shown in Figure 5. For the purpose of the study 
soya bean was processed in a batch rather than continuous, in commercial operation.  
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Figure 5 Soya bean processing to oil and meal 

(Analysed samples in bold capital) 

 

Soya beans and processed commodities were analysed for residues of imazethapyr using 
method M 3519. Residues of imazethapyr, CL 288511 and CL 182704 were extracted from soya bean 
seed, hull, meal, and oil samples using an acid methanol-water solution. Analysis is by LC-MS/MS. 

In the processing study, residues of imazethapyr and CL288511 were < 0.01 mg/kg and 
< 0.0095 mg/kg, respectively, in seed samples. Residues of CL182704 were between 0.0090 mg/kg 
and 0.0301 mg/kg in soya bean RAC. Sum of residues (parent + CL182704 + CL288511, expressed as 
parent equivalents) in soya bean RAC and all processed commodities were < 0.05 mg/kg (Table 74). 

Table 74 Residues of imazethapyr, CL288511 and CL182704 in soya bean and processed 
commodities 

Trial 
location trial 

No 
Commodity 

Residues a (mg/kg) Processing factor

Imazethapyr CL 288511 CL 182704 Sum b Imazethapyr Sum 

York, NE, 
USA 

(R130092) 
2013 

Seed (RAC) < 0.01 < 0.0095 0.0279c 0.0474 - - 
Meal < 0.01 < 0.0095 0.0230 0.0325 - 0.69 
Hulls < 0.01 < 0.0095 0.0161 0.0256 - 0.0.54 
Oil < 0.01 < 0.0095 < 0.0062 < 0.0157 - <0.33 

Stearns, NE, 
USA 

(R130099) 
2013 

Seed (RAC) < 0.01 < 0.0095 0.0507c 0.0602 - - 
Meal < 0.01 < 0.0095 0.0088 0.0183 - 0.30 
Hulls < 0.01 < 0.0095 < 0.0062 < 0.0157 - <0.26 
Oil < 0.01 < 0.0095 < 0.0062 < 0.0157 - <0.26 

a Expressed in terms of parent equivalents; 
b Sum of residues (parent + CL182704 + CL288511), expressed as parent equivalents; if value is less than LOQ it is given 
the value of LOQ for calculating combined residues; 

WHOLE SOYA BEANS 

Drying to moisture of 10.0-13.5%

Cleaning by aspiration 

Screening 

Hulling and separation 
Kernel HULL

Adjusting to moisture of 13.5%

Heating and flaking 

Compressing and grinding 

Extraction with hexane 
Crude oil MEAL

Heating to remove hexane

Neutralization by adding NaOH

Centrifugation Soapstock
Refined oil 

Addition of activated bleaching earth

Spent bleaching earth Bleached oil 

Heating and addition of citric acid
Deodorization

REFINED-BLEACHED-
DEODRIZED OIL 
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c The residue value is the mean of two replicate samples 

 

Maize 

A study was conducted on processing of maize to oil and meal using grain samples obtained at a DAT 
of 104 days (at commercial harvest) in the trials in the USA in 1990 in which a rate of 0.56 kg ai/ha 
was applied post-emergence when plants were 30 cm high and had four full leaves (York C., 1991a, 
IE-730-025). The maize grains were processed in a laboratory scale to oil and meal as shown in 
Figure 6.  

 

 
 

Figure 6 Maize processing to oil and meal 

(Analysed samples in bold capitals) 

 
Maize grain was analysed for residues of imazethapyr using method M 1981. Processed maize 

commodities were analysed using method M 2143.Residues of imazethapyr and CL 288511were 
extracted from soya bean seed, hull, meal, and oil samples using an acidified methanol/water solution. 
The pH was adjusted for liquid-liquid partition with dichloromethane. Analysis was by GC-NPD. 

In the processing study, residues of imazethapyr were < 0.05 mg/kg and 0.055 mg/kg for 
CL 288511 expressed as imazethapyr equivalent in grain samples. In maize oil, imazethapyr and CL 
288511 were each < 0.05 mg/kg. In maize meal, imazethapyr was < 0.05 mg/kg and CL 288511 
expressed as parent equivalent was 0.051 mg/kg (Table 75). During processing of maize grain to meal 
and oil, imazethapyr or CL 288511 does not concentrate. 

Table 75 Residues of imazethapyr and CL288511 in maize grain, maize oil and maize meal 

Trial 
location trial No 

Commodity 
Residues (mg/kg) Processing factor 

Imazethapyr CL 288511a Sum b Imazethapyr Sum 

York, NE, USA 
(PU90NE05) 

1990 

Seed (RAC) < 0.05 0.055 0.055 - - 

Oil < 0.05 < 0.047 < 0.047 - <0.85 

Meal < 0.05 0.051* 0.051 - 0.93 
a Metabolite CL 288511 expressed as parent equivalent (conversion factor 0.9476) 
b Sum of residues (parent + CL288511), expressed as parent equivalents; if value is less than LOQ it is given the value of 
LOQ for calculating combined residues 

* Average of duplicate assays 

 

Sunflower 

A study was conducted on processing of sunflower seed to oil and meal using seed samples obtained 
at a DAT of 59 days (at normal maturity) in the trials in the USA in 2007 in which an exaggerated rate 
of 0.75 kg ai/ha (mixed formulation with imazamox) was applied post-emergence when plants were at 
the growth stage of flower buds visible to late flowering, targeting 60±1 days prior to the harvest of 

MAIZE GRAIN 

Extraction with hexane two times in Waring blender

Hexane extract 

Evaporation overnight under a fume hood
Flash evaporation 

OIL 

MEAL
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mature (dry) seed (Johnston R.L., 2009a, 2008/7008101). The sunflower seeds were processed into 
meal and refined oil according to simulated commercial procedures as shown in Figure 6.  

 

 
Figure 7 Sunflower seed processing to oil and meal 

Analysed samples in bold capital 

 

Sunflower samples were analysed for residues of imazethapyr using Method SOP-PA.0288. 
Residues were extracted from sunflower seed and meal samples with an acidified methanol/water 
solution. The pH was adjusted prior to liquid-liquid partition with dichloromethane. Determination 
was by LC-MS/MS.  

In the processing study, residues of imazethapyr were < 0.05 mg/kg in seed, oil and meal and 
therefore processing factors could not be calculated (Table 76).  

Table 76 Residues of imazethapyr in sunflower seed, oil and meal 

Trial 
location trial No 

Commodity Replicate a Imazethapyr (mg/kg) Processing factor 

McHenry, ND, USA 
(RCN R070271) 

2007 

Seed (RAC) A < 0.05 - 
 B < 0.05 - 

Oil A < 0.05 - 
 B < 0.05 - 

Meal A < 0.05 - 
 B < 0.05 - 

a Replicate (two independent treated bulk seed samples were collected and processed, for a total of two independent 
processing experiments); 

 

Table 77 Summary of processing factors to oil and meal (Sum of residues a) 

RAC Processed 
commodity 

Individual processing factor Best estimate 

Soya bean Oil < 0.26, < 0.33 0.264 
 Meal 0.30, 0.69 0.69 

Maize grain Oil <0.85 0.85 
 Meal 0.93 0.93 

a For soya beans, sum of imazethapyr, CL 288511 and CL 182704, expressed in imazethapyr; and for maize, sum of 
imazethapyr and CL 288511, expressed in imazethapyr 

SUNFLOWER SEED
Cleaning by aspiration
Screening 
Hulling and separation

Kernel hulls 
Adjusting to moisture of 12.0%
Heating 
Pressing in expeller

Crude oil 

Presscake 

Refining with NaOH

Soapstock REFINED 
OIL 

Extraction with hexane
Crude oil 

Drying with warm air

MEAL
(Combined after filtration))
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NB. Processing factor for imazethapyr only could not be calculated as imazethapyr concentrations in raw agricultural 
commodities and processed commodities were all below the respective LOQs. 

 

As the logPow of imazethapyr is low, transfer of imazethapyr and its hydroxylated compound 
and the glucoside thereof from seed/grain into oil was unlikely. The results confirmed that these 
compounds in raw agricultural commodities do not concentrate into respective oils. Due to low 
concentrations of imazethapyr even at exaggerated application rates, processing factor could be 
calculated only for the sum of residues. 

Alfalfa 

Studies were conducted on processing of alfalfa forage to meal using forage samples obtained 29-38 
and 57-108 days DALT from supervised residue trials in the USA in 1991 in which an exaggerated 
rate of 0.21 kg ai/ha of imazethapyr was applied post-emergence after the first cutting when the alfalfa 
plants were approximately 5 cm high (York C., 1992a, b, c, d, e, f, g, IE-731-025, IE-731-026, IE-
731-027, IE-731-028, IE-731-029, IE-731-030, IE-731-031, and IE-731-032). Forage was dried by 
heating to lower than 10% moisture and then ground in a mill with 6.35 mm mesh screen. 

Alfalfa forage and meal samples were analysed for imazethapyr and CL 288511 using method 
M 2020. CL 182704 was determine by method M 2021.  

In the processing study, residues of imazethapyr were < 0.05 mg/kg in alfalfa forage meal 
samples, except for trial PU91NY01, where 0.10 mg/kg in alfalfa meal from 30 DALA forage. 
Residues of CL 288511 were found in ranges between < 0.05 to 0.10 mg/kg in forage and < 0.05 and 
1.4 in alfalfa meal. Residues of CL 182704 ranged between < 0.05 and 3.4 mg/kg in forage, and 
between < 0.05 and 10.5 mg/kg in alfalfa meal (Table 78). The best estimate of the processing factor 
from forage to meal is 2 for both imazethapyr and the sum of residues (Table 79). 

Table 78 Residues of imazethapyr, CL 288511 and CL 182704 in alfalfa forage and meal 

Trial 
location trial 

No 
Commodity DALT 

Residues a (mg/kg) Processing factor

Imazethapyr CL 288511 CL 182704 Suma Imazethapyr Sum 

York, NE, 
USA 

(PU91NE01) 
1991 

Forage 
30 < 0.05 < 0.047 0.093 0.140   
57 < 0.05 < 0.047 0.056 0.063   

Meal 
30 < 0.05 0.047 0.074 0.121 - 0.86 
57 < 0.05 < 0.047 0.130 0.157 - 2.5 

Hollande, MN, 
USA 

(PU91MN04) 
1991 

Forage 
30 < 0.05 < 0.047 0.136 0.183   
89 < 0.05 < 0.047 < 0.031 < 0.078   

Meal 
30 < 0.05 0.104 0.396 0.500 - 2.7 
89 < 0.05 < 0.047 0.062 0.109 - >1.4 

Kent County, 
MI, USA 

(PU91MI01) 
1991 

Forage 
30 < 0.05 0.095 0.458 0.553   
61 < 0.05 < 0.047 0.118 0.165   

Meal 
30 < 0.05 0.190 1.671 1.861 - 3.4 
61 < 0.05 < 0.047 < 0.031 < 0.078 - < 0.47 

Verona, WI, 
USA 

(PU91WI01) 
1991 

Forage 30 < 0.05 < 0.047 0.371 0.418   
 59 < 0.05 < 0.047 0.068 0.115   

Meal 30 < 0.05 0.171 0.464 0.635 - 1.5 
 59 < 0.05 0.066 0.316 0.382 - 3.3 

Toston, MT, 
USA 

(PU91MT01) 
1991 

Forage 30 < 0.05 0.057 0.928 0.985   
 100 < 0.05 < 0.047 < 0.031 < 0.078   

Meal 30 < 0.05 0.180 3.095 3.275 - 3.3 
 100 < 0.05 < 0.047 0.080 0.127 - >1.6 

Jerome, ID, 
USA 

(PU91ID01) 
1991 

Forage 29 < 0.05 0.088 0.458 0.546   
 75 < 0.05 < 0.047 < 0.031 < 0.078   

Meal 37 < 0.05 < 0.047 1.485 1.532  2.8 
 82 < 0.05 < 0.047 0.048 0.095  >1.2 

Northwood, 
ND, USA 

(PU91ND01) 
1991 

Forage 30 < 0.05 0.057 0.074 0.131   
 70 < 0.05 < 0.047 0.050 0.097   

Meal 30 < 0.05 0.246 0.161 0.407 - 3.1 
 70 < 0.05 0.057 0.099 0.156 - 1.6 
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Trial 
location trial 

No 
Commodity DALT 

Residues a (mg/kg) Processing factor

Imazethapyr CL 288511 CL 182704 Suma Imazethapyr Sum 

Northwood, 
Phelps, New 

York 
(PU91NY01) 

1991 

Forage 30 < 0.05 0.379 2.10* 2.48   
 60 < 0.05 < 0.047 0.099 0.146   

Meal 30 0.10 1.33 6.50** 7.93 >2 3.2 

 60 < 0.05 0.180 0.427 0.607 - 4.2 

a Sum of residues: parent + CL 288511 + CL 182704, expressed as parent equivalents. For values below the LOQ, the 
respective LOQ was used instead. 

* Average of two assays 

** Average of three assays 

 

Table 79 Summary of alfalfa meal processing factors 

Residue First sampling (30 DALA) 

Best estimate 

 NE MN MI WI MT IN ND NY 
Imazethapyr - - - - - - - >2 

Sum 0.86 2.7 3.4 1.5 3.3 2.8 3.1 3.2 
Residue Second sampling (60 DALA) 

 NE MN MI WI MT IN ND NY 
Imazethapyr         2 

Sum 2.5 >1.4 < 0.47 3.3 >1.6 >1.2 1.6 4.2 2.6 

 

RESIDUES ON ANIMAL PRODUCTS 

Livestock Feeding Studies 

Dairy cattle feeding 

In the plant metabolism studies, imazethapyr was a minor proportion in plant parts fed to livestock, 
except in samples taken on the day of application. The majority of residue was CL 288511 in maize 
grain and foliage while it was CL 182704 in those plants belonging to the legume family (pea, soya 
bean and alfalfa). Imazethapyr administered to rats is excreted efficiently in feces and urine. 

No feeding study on cattle with imazethapyr was conducted. However, a cow feeding study 
was conducted with metabolite CL 288511. A total of 14 Holstein lactating cows were orally dosed at 
a daily rate of 11 ppm in the diet (0.313 mg/kg bw), 32 ppm in the diet (0.963 mg/kg bw) or 116 ppm 
in the diet (3.33 mg/kg bw)(Seiferlein M., 2004a, 2004/1003161) for 28 consecutive days.  

Milk was collected twice daily. Evening milk and morning milk were pooled per cow. From 
the milk of day 24, skim milk and cream were separated. Less than 24 hours after the final dose, cows 
other than 2 cows for depuration, fed 116 ppm in the diet, and the following tissues were obtained: 
skeletal muscle (equal pieces of loin, flank or hind leg and diaphragm muscle), fat (equal pieces of 
subcutaneous, mesenteric and renal fat), liver and kidney. 

All tissues were extracted and analysed within 30 days after sample collection. Milk was 
analysed within 86 days. The storage stability of residues of metabolite CL 288511 in milk, was tested 
for 91 days. During this period, CL 288511 was found to be stable (reported in the analytical method 
section). CL 288511 residues were analysed using method M 3512.  

In all the milk samples and skim milk and cream separated from day 24 milk, residues above 
the LOQ were not detected in the control group and the treatment groups, except for one single value 
in the control at day 14 (0.015 mg/kg), in 32 ppm group at day 14 (0.016 mg/kg) and in 116 ppm 
group at day 10 (0.014 mg/kg) and day 14 (0.056 mg/kg). No plateau could be determined due to very 
low concentrations, mostly below the LOQ, throughout the study.  
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Table 80 Residues of CL 288511 in milk, skim milk, and cream 

Study day 
CL 288511 residues in individual milk sample, mg/kg a 

(mean, mg/kg b) 
Control 11ppm Group 32 ppm Group 116 ppm Group 

-1 < 0.01, < 0.01, < 0.01 
(< 0.0095) 

< 0.01, < 0.01, < 0.01 
(< 0.0095) 

< 0.01, < 0.01, < 0.01 
(< 0.0095) 

< 0.01, < 0.01, < 0.01, 
< 0.01, < 0.01(< 0.0095) 

1 < 0.01, < 0.01, < 0.01 
(< 0.0095) 

< 0.01, < 0.01, < 0.01 
(< 0.0095) 

< 0.01, < 0.01, < 0.01 
(< 0.0095) 

< 0.01, < 0.01, < 0.01, 
< 0.01, < 0.01(< 0.0095) 

3 
n.a. n.a. 

< 0.01, < 0.01, < 0.01 
(< 0.0095) 

< 0.01, < 0.01, < 0.01, 
< 0.01, < 0.01(< 0.0095) 

5 
n.a. n.a. 

< 0.01, < 0.01, < 0.01 
(< 0.0095) 

< 0.01, < 0.01, < 0.01, 
< 0.01, < 0.01(< 0.0095) 

7 
n.a. n.a. 

< 0.01, < 0.01, < 0.01 
(< 0.0095) 

< 0.01, < 0.01, < 0.01, 
< 0.01, < 0.01(< 0.0095) 

10 
n.a. n.a. 

< 0.01, < 0.01, < 0.01 
(< 0.0095) 

< 0.01, 0.015c, < 0.01, 
< 0.01, < 0.01(0.010) 

14 0.016c, < 0.01, < 0.01 
(0.011) 

< 0.01, < 0.01, < 0.01 
(< 0.0095) 

< 0.01, < 0.01, 0.017c

(0.012) 
< 0.01, < 0.01, < 0.01, 
< 0.01, 0.059c (0.019) 

17 
n.a. n.a. 

< 0.01, < 0.01, < 0.01 
(< 0.0095) 

< 0.01, < 0.01, < 0.01, 
< 0.01, < 0.01(< 0.0095) 

21 < 0.01, < 0.01, < 0.01 
(< 0.0095) 

< 0.01, < 0.01, < 0.01 
(< 0.0095) 

< 0.01, < 0.01, < 0.01 
(< 0.0095) 

< 0.01, < 0.01, < 0.01, 
< 0.01, < 0.01(< 0.0095) 

24 
n.a. n.a. 

< 0.01, < 0.01, < 0.01 
(< 0.0095) 

< 0.01, < 0.01, < 0.01, 
< 0.01, < 0.01(< 0.0095) 

28 
n.s. 

< 0.01, < 0.01, < 0.01 
(< 0.0095) 

- 
< 0.01, < 0.01, < 0.01, 

< 0.01, < 0.01(< 0.0095) 
29 < 0.01, < 0.01, < 0.01 

(< 0.0095) 
- 

< 0.01, < 0.01, < 0.01 
(< 0.0095) 

- 

30 
- - - 

< 0.01, < 0.01 
(< 0.0095) 

35 
- - - 

< 0.01 
(< 0.0095) 

Skim milk  
(Day 24) 

< 0.01, < 0.01, < 0.01 
(< 0.0095) 

< 0.01, < 0.01, < 0.01 
(< 0.0095) 

< 0.01, < 0.01, < 0.01 
(< 0.0095) 

< 0.01, < 0.01, < 0.01, 
< 0.01, < 0.01(< 0.0095) 

Cream  
(Day 24) 

< 0.01, < 0.01, < 0.01 
(< 0.0095) 

< 0.01, < 0.01, < 0.01 
(< 0.0095) 

< 0.01, < 0.01, < 0.01 
(< 0.0095) 

< 0.01, < 0.01, < 0.01, 
< 0.01, < 0.01(< 0.0095) 

a Expressed as CL 288511 
b Expressed as imazethapyr. For calculation of means, results below the LOQ were set on the LOQ. 
c Verified by additional analyses (also of different sample replicates) 

n.a. Not analysed; 

- Not sampled 

 

No residues above the LOQ were found in muscle and liver in any of dose groups. In fat only 
one single value in the 116 ppm group of 0.016 mg/kg was observed. In kidney, one single value at 
the LOQ (0.0095 mg/kg parent equivalent) was found in 11 ppm group, while the average residues 
were 0.014 and 0.058 mg/kg respectively and the maximum residues were 0.015 and 0.063 mg/kg in 
32 ppm group and 116 ppm group, respectively. 

Table 81 Residues of CL 288511 in tissues 

Tissue 

CL 288511 residues in individual cow sample, mg/kga 
(max mg/kgb if different from the mean) 

(mean, mg/kgb) 
Control 11ppm Group 32 ppm Group 116 ppm Group 

Muscle 
< 0.01, < 0.01, < 0.01 

(< 0.0095) 
< 0.01, < 0.01, < 0.01 

(< 0.0095) 
< 0.01, < 0.01, < 0.01 

(< 0.0095) 
< 0.01, < 0.01, < 0.01, 

< 0.01, < 0.01(< 0.0095) 

Fat 
< 0.01, < 0.01, < 0.01 

(< 0.0095) 
< 0.01, < 0.01, < 0.01 

(< 0.0095) 
< 0.01, < 0.01, < 0.01 

(< 0.0095) 

0.017, < 0.01, < 0.01, < 0.01, 
< 0.01 

(max 0.016) 
(mean 0.0095) 

Liver < 0.01, < 0.01, < 0.01 < 0.01, < 0.01, < 0.01 < 0.01, < 0.01, < 0.01 < 0.01, < 0.01, < 0.01, 
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Tissue 

CL 288511 residues in individual cow sample, mg/kga 
(max mg/kgb if different from the mean) 

(mean, mg/kgb) 
Control 11ppm Group 32 ppm Group 116 ppm Group 

(< 0.0095) (< 0.0095) (< 0.0095) < 0.01, < 0.01(< 0.0095) 

Kidney 
< 0.01, < 0.01, < 0.01 

(< 0.0095) 
< 0.01, 0.01, < 0.01 

(0.0095) 

0.015, 0.015, 0.014 
(max 0.015) 
(mean 0.014) 

0.063, 0.058, 0.063 
(max 0.063) 
(mean 0.058) 

 
116 ppm Group 

3 days depuration 
116 ppm Group 

7 days depuration 
  

Muscle 
< 0.01 

(< 0.095) 
< 0.01 

(< 0.095) 
  

Fat 
< 0.01 

(< 0.095) 
< 0.01 

(< 0.095) 
  

Liver 
< 0.01 

(< 0.095) 
< 0.01 

(< 0.095) 
  

Kidney 
< 0.01 

(< 0.095) 
< 0.01 

(< 0.095) 
  

a Expressed as CL 288511 
b Expressed as imazethapyr. For calculation of means, results below the LOQ were set on the LOQ. 

 

 

 

APPRAISAL 

Imazethapyr is an imidazolinone herbicide developed for the control of grasses and broadleaf weeds 
in a variety of crops and is registered in many countries. The mode of action of imazethapyr, like other 
imidazolinone herbicides, is the inhibition of acetohydroxy acid synthase (AHAS) which catalyses the 
production of branched-chain amino acids.  

Imazethapyr was included in the Codex Priority List at the 46th Session of the CCPR in 2014 
and is reviewed by JMPR for the first time. 

 

 

The Meeting received information on physical and chemical properties, plant (including 
rotational crops) and animal metabolism, environmental fate in soil, analytical methods, storage 
stability, use patterns, supervised trials, processing, and farm animal feeding studies.  

The following abbreviated names were used for the metabolites referred to in this Appraisal. 
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CL 271197 CL 266858 CL 354825 CL 290084 

 

Plant metabolism 

The Meeting received information on the fate of imazethapyr in pea, soya bean, maize, rape seed and 
alfalfa. For the studies, imazethapyr labelled with 14C at position 6 of the pyridine ring ([pyridine-6-
14C]-imazethapyr; hereafter described as 14C-imazethapyr) was used. In metabolism studies, total 
radioactive residues (TRR) are expressed in mg/kg imazethapyr equivalents unless otherwise stated. 

Imidazolinone-tolerant varieties are commercially available for certain crops, such as maize 
and rape seed among others, and some were used in the metabolism studies. They have several variant 
AHAS genes which give imidazolinone tolerance and this would not affect the metabolism of 
imidazolinone in these plants.  

When 14C-imazethapyr was applied to the soil surface as a pre-plant incorporation treatment 
at a rate of 0.105 kg ai/ha (2 times the maximum US GAP rate) in a small outdoor plot, the TRR in 
the mature pea hay, pod and seed collected 110 days after treatment (DAT) were 0.19, 0.17 and 
0.07 mg eq/kg, respectively.  

When 14C-imazethapyr was applied to pea plant at its 2–3 leaf stage (30 days after seeding) as 
post-emergence treatment at a rate 0.105 kg ai/ha in a small outdoor plot, the TRR in the mature pea 
hay, pod and seed collected 77 DAT were 0.19, 0.15 and 0.06 mg eq/kg, respectively. After either of 
the two treatments, the TRR in seeds were low (0.06 and 0.07 mg eq/kg). 

Very high percentage (97–99% TRR) of the radioactive residues in the pea green vine 
samples collected at various timings and dry seed samples were extracted by aqueous acetone (50:50). 
In the aqueous acetone extracts, imazethapyr was the major residue on day 0 but decreased sharply to 
less than 3.3% of TRR (< 0.01 mg eq/kg) in the dry seed samples collected 53 days after post 
emergence treatment, and 110 days after pre-plant incorporation treatment. Imazethapyr was not 
detected in the green vine sample taken 75 days after pre-plant incorporation treatment.  

In the green vine (75 DAT, pre-plant incorporation) and dry seed (110 DAT, pre-plant 
incorporation; and 53 DAT, post-emergence) samples, hydroxylated imazethapyr at position 1 of the 
ethyl side chain attached to position 5 of the pyridine ring (OH-Imazethapyr) and its glucoside (Glu-
OH-Imazethapyr) were found at significant levels. The most abundant radioactive metabolite was 
Glu-OH-Imazethapyr ranging from 35 to 45% of TRR. However, the concentrations were quite low 
ranging between 0.01 and 0.03 mg eq/kg. The second most abundant metabolite was OH-Imazethapyr 
ranging from 16 to 34% of TRR (0.01–0.03 mg eq/kg). No other metabolites exceeded 10% TRR or 
0.01 mg eq/kg. 

When 14C-imazethapyr was applied to the soil surface as a pre-plant incorporation treatment 
at a rate of 0.28 kg ai/ha (4 × US GAP rate) in a small outdoor plot, the TRR in the mature soya bean 
seed, hull and straw collected at maturity (4.5 months after treatment) were 0.02, 0.04 and 
0.31 mg eq/kg, respectively.  

When 14C-imazethapyr was applied to soya bean plant at its 4 leaf stage as post-emergence 
treatment at a rate of 0.28 kg ai/ha in a small outdoor plot, the TRR in the mature soya bean seed, hull 
and straw collected at maturity (4 months after treatment) were 0.02, 0.04 and 0.34 mg eq/kg, 
respectively. TRR in green plant sharply declined after the post-emergence treatment, from 
27 mg eq/kg at day 0 to 0.31 mg eq/kg 2 months after the treatment. After either of the two 
treatments, the TRR in seeds were low (0.02 mg eq/kg). 
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A mixture of methanol and water (80:20) extracted 88–96% of TRR from green plant samples 
taken 2 weeks and 1 month after both treatments and 66–71% of TRR from straw harvested at 
maturity. A mixture of methanol and water (50:50) further extracted 12% TRR from the straw sample 
from post-emergence treatment. The solution of methanol and water (80:20) extracted only around 
30% TRR from the seed samples harvested at maturity with about 70% TRR unextracted. 

In the aqueous methanol extracts of green plant samples, imazethapyr was found at very low 
proportion and concentrations, showing the tendency to decrease over time (e.g., 2 weeks after the 
post-emergence, 15% TRR at 0.78 mg eq/kg; and one month after 1.4% TRR at 0.009 eq mg/kg) and 
was not detected in straw samples harvested at maturity after both treatments.  

The most abundant metabolite in green plants was Glu-OH-Imazethapyr showing the 
increasing tendency in proportion over time: in green plant samples taken one month after the 
treatments, 52% TRR (0.17 mg eq/kg) from pre-plant incorporation and 36% TRR (0.22 mg eq/kg) 
from post-emergence. However, this compound was not detected in straw.  

OH-Imazethapyr was the second most abundant residue in green plant taken 2 weeks and 1 
month after the treatment (22 and 13% of TRR corresponding to 0.06 and 0.04 mg eq/kg after pre-
plant incorporation; and 4.6 and 8.0% TRR corresponding to 0.24 and 0.05 mg eq/kg) and the most 
abundant in straw at 37–42% TRR (0.075 and 0.10 mg eq/kg). 

TRR in the seed samples were too low to characterize or identify metabolites. 
14C-imazethapyr was applied as pre-plant incorporation treatment to soil or post-emergence 

treatment to maize plants of two different imidazolinone-tolerant hybrids (Hybrid A and K) at their 4–
5 leaf stage in a small outdoor plot, at a rate of 0.106 kg ai/ha (1.5 times the maximum US GAP rate). 
After post-emergence treatment, TRR in foliage declined sharply from 6.5–7.3 mg eq/kg at 0 DAT to 
less than 0.03 mg eq/kg 32 DAT (Hybrid K) or 90 DAT (Hybrid A). After pre-plant incorporation, 
TRR in foliage were below 0.03 mg eq/kg 32 DAT. TRR in cob or grain taken 90 DAT or later 
contained very low radioactivity (maximum at 0.014 mg eq/kg). 

Aqueous acetone (50:50) extracted more than 90% of radioactivity in maize foliage taken up 
to 32 DAT for both treatments and decreased to 54–65% at maturity (109 or 117 DAT). From the 
grain samples collected at maturity, 65% or 75% or radioactivity was extracted with aqueous acetone.  

Imazethapyr declined over time in foliage from post-emergence treatment: at 7 DAT the 
maximum of 25% of TRR (0.49 mg eq/kg); 15 DAT and later, less than 8.2% TRR and 109 DAT or 
117 DAT, less than 1% TRR (< 0.003 mg eq/kg). In the grain samples collected 109 DAT (post-
emergence) or 117 DAT (pre-plant) at maturity, imazethapyr accounted for 2.9% (< 0.003 mg eq/kg) 
(Hybrid K) or 15% (0.003 mg eq/kg) (Hybrid A) of TRR, respectively. 

The predominant radioactive residue was OH-Imazethapyr in all maize samples analysed. It 
accounted for 24–48% TRR in the foliage samples of Hybrid K and 9.6–26% TRR in the foliage 
samples of Hybrid A. In grain samples harvested 109 DAT or 117 DAT, OH-Imazethapyr accounted 
for 32% TRR (0.004 mg eq/kg) (Hybrid K) or 27% TRR (0.005 mg eq/kg) (Hybrid A) respectively. 
Unlike pea or soya bean, Glu-OH-Imazethapyr was present in much less proportion and was never 
higher than 10% TRR. 

In another study on maize grown in an outdoor small plot, 14C-imazethapyr was applied to 
seedling of maize at the 4–5 leaf stage at a rate of 0.28 kg ai/ha (4 times the maximum US GAP rate). 
TRR in whole plant decreased from 15.4 mg eq/kg on the day of application to 0.28 mg eq/kg at 15 
DAT and to 0.07 mg eq/kg at 60 DAT. TRR in grain harvested at maturity (97 DAT) was 
0.02 mg eq/kg even at 4 times higher application rate. 

Aqueous acetone extracted 78–106% TRR in whole plant samples taken at various times up 
to the harvest time and grain samples harvested at maturity. The proportion of unextracted 
radioactivity gradually increased over time to reach 28% TRR (0.02 mg eq/kg) in whole plant 
(excluding grain) 94 DAT. From the radioactivity remaining in the post-extraction solid of whole 
plant taken 94 DAT, 3.3% of TRR was extracted using 2% HCl in methanol and 14% TRR using 6N 
NaOH, with 6.0% (0.005 mg eq/kg) still unextracted.  
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Imazethapyr accounted for 94% TRR in whole plant immediately after the treatment but 
decreased significantly over time, and at 30 DAT and later around 3% TRR or less and 
< 0.005 eq mg/kg. In grain sample, it was less than 1% TRR and < 0.005 mg eq/kg. OH-Imazethapyr 
increased in proportion over time and accounted for 51% TRR (0.14 mg eq/kg) 15 DAT, reached 62% 
TRR (0.04 mg eq/kg) 60 DAT and declined to 45% (0.03 mg eq/kg) 94 DAT. In the grain sample, 
OH-Imazethapyr accounted for 71% TRR at 0.014 mg eq/kg. Glu-OH-Imazethapyr was present at 
significantly lower proportion and concentrations but gradually increased to reach 8.3% of TRR at 94 
DAT in whole plant (excluding grain). In the grain, Glu-OH-Imazethapyr accounted for 8.4% of TRR 
but less than 0.005 mg eq/kg. In the 6N NaOH extract, only one discernible peak was observed that 
was identified as Glu-OH-Imazethapyr and it accounted for 3.5% TRR. 

A single foliar spray of 14C-imazethapyr was applied to imidazolinone-tolerant rape seed 
grown in a small outdoor plot at a rate of 0.054 kg ai/ha (3.6 times the maximum GAP rate in Canada) 
when seedlings were at the 3–4 leaf stage. 

TRR in plants immediately after the treatment were 1.6–2.6 mg eq/kg but TRR in rape seed 
harvested at the maturity was less than 0.01 mg eq/kg. Characterization and identification of 
metabolite was not conducted due to the low TRR. 

Alfalfa (grown from the seeds and established) grown in a small outdoor plots were treated 
with 14C-imazethapyr at a rate of 0.15 kg ai/ha (ca 1.4 times the maximum US GAP) (seedlings at the 
first trifoliate stage, dormant established alfalfa and late treatment of established alfalfa). 

TRR in the alfalfa forage declined sharply after the treatment of seedlings of or established 
alfalfa (29 or 64 mg eq/kg at 0 DAT for treatment of seedlings, 19 mg eq/kg at 0 DAT for treatment 
of dormant established alfalfa, and 6.9 mg eq/kg at 0 DAT for late treatment of established alfalfa; 
declined to less than 0.7 mg eq/kg at 28 DAT in all samples). At mature harvest, TRR in hay was at 
the maximum 0.54 mg eq/kg. 

Aqueous acetone extracted significant proportions of radioactive residue ranging between 70 
and 88% of TRR. Acidic methanol extracted additional radioactivity.  

In alfalfa forage and hay, the predominant metabolite in the aqueous acetone extracts was 
Glu-OH-Imazethapyr (14–45% TRR, up to 0.21 mg eq/kg) and the second most abundant metabolite 
was OH-Imazethapyr (7.7–21% TRR, up to 0.14 mg eq/kg).  

Unlike other plants tested, from alfalfa forage and hay, an additional metabolite, malonic acid 
ester of Glu-OH-Imazethapyr (malonyl-Glu-OH-Imazethapyr), was detected in the aqueous acetone 
extracts up to 18% TRR but, in general, did not exceed the proportions of Glu-OH-Imazethapyr or 
OH-Imazethapyr. The sum of the two conjugates (Glu-OH-Imazethapyr and malonyl ester of Glu-
OH-Imazethapyr) was in a range of 16–56% TRR. 

In the acidic methanol extracts of post extraction solid, Glu-OH-Imazethapyr was the 
predominant metabolite (2.2–27% TRR) followed by OH-Imazethapyr (1.3–7.9% TRR). Imazethapyr 
was either not detected or 0.2–2.1% of TRR. These compounds were all < 0.01 mg eq/kg. 

The metabolic profiles of pea, soya bean, alfalfa and maize were similar. Imazethapyr 
undergoes hydroxylation of the α-carbon of the ethyl side chain on the position 5 of the pyridine ring 
to produce α-hydroxyethyl metabolite OH-Imazethapyr. This compound combines with glucose to 
produce the glucose conjugate, Glu-OH-Imazethapyr, for further conjugation or other metabolism.  

At the time of mature harvest of edible parts of food crops, no or little imazethapyr would be 
found. In feed crops such as alfalfa, imazethapyr may be found above the LOQ at short intervals after 
treatment. OH-Imazethapyr and Glu-OH-Imazethapyr may be found at levels above to the LOQ in 
food crops and feed crops.  

Animal metabolism 

The Meeting received information on the results of studies on lactating goats, lactating cows and 
laying hens which were fed 14C-labelled imazethapyr or 14C-labelled OH-Imazethapyr. 
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Metabolism of imazethapyr in the rat 

Metabolism studies on laboratory animals including rats were reviewed in the framework of 
toxicological evaluation by the current JMPR. 

Metabolism of imazethapyr in the lactating goat 

Imazethapyr 
14C-Imazethapyr was orally dosed once daily in capsules to lactating goats at the mean daily dose of 
0.25 ppm or 1.25 ppm in the diet, equivalent to 0.019 mg eq/kg body weight or 0.085 mg eq/kg body 
weight respectively, for 7 consecutive days. TRR of daily collected milk samples were all below the 
LOQ of 0.01 mg/kg for both dose levels. No radioactive residues above the LOQ (0.05 mg/kg) were 
found in muscle, liver, kidney or fat taken 18 hours after the final dose. 

OH-Imazethapyr 

The plant metabolism studies indicate that livestock would be exposed to OH-Imazethapyr and its 
conjugates in feed crops or by-products of food crops while it was unlikely that livestock would be 
exposed to the parent compound. Studies were conducted on metabolism of OH-Imazethapyr in 
lactating goat and cow as well as laying hens. 

In a study on lactating goat with oral administration of 14C- OH-Imazethapyr in capsule once 
daily at a dose equivalent to 42 ppm in feed (1.12 mg eq/kg body weight) for 7 consecutive days, 
radioactivity was eliminated mostly via faeces (70% AR) and in a lesser amount from urine (17% AR) 
at the end of the study.  

The TRR of daily milk samples and muscle and fat samples obtained 20 hours after the last 
dose were below the LOQ of 0.01 mg/kg but one milk sample contained 0.01 mg eq/kg and kidney 
and liver contained 0.09 mg eq/kg and 0.02 mg eq/kg respectively.  

About 77 and 72% of TRR in the kidney and liver was extracted with acetone with additional 
21% TRR from kidney with aqueous methanol. Unchanged OH-Imazethapyr accounted for 98 and 
92% of the extracted radioactivity from kidney or liver, respectively. OH-Imazethapyr was rapidly 
excreted in faeces and urine and was not metabolized in the lactating goat. 

Metabolism of OH-Imazethapyr in the lactating cow 
14C-OH-Imazethapyr was administered orally in capsules twice daily to lactating cows for 7 
consecutive days at a mean daily dose of 27 ppm in the diet (equivalent to 0.70 mg eq/kg body 
weight). 

TRR in all milk samples collected twice daily was below the LOQ of 0.01 mg eq/kg. No 
radioactive residues above the LOQ of 0.05 mg/kg were found in muscle, liver, kidney or fat collected 
15 hours after the final dose. The results confirm those obtained from the goat study. 

Metabolism of imazethapyr in laying hens 

Imazethapyr 
14C-imazethapyr was orally administered in capsule to laying hens twice daily at a dose of 
0.5 (0.030 mg eq/kg bw) or 2.5 ppm (0.17 mg eq/kg bw) in feed for 7 consecutive days. The TRR in 
all egg yolk and white samples collected throughout the study and tissue samples (muscle, liver, 
kidney and skin with adhering fat)(no report on timing) were less than the LOQ of 0.05 mg/kg.  

OH-Imazethapyr 
14C-OH-Imazethapyr was orally dosed to laying hens in capsules twice daily for 7 consecutive days at 
a rate of 10 ppm in the diet (0.83 mg eq/kg body weight). Over the 7 day dosing period, 93–94% of 
cumulative applied dose was excreted in the excreta and pan paper wash.  
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The TRR in eggs throughout the administration period were all below the LOQ of 
0.01 eq mg/kg. The TRR in muscle, liver, kidney and skin with adhering fat taken 16 hours after the 
final dose were all below the LOQ of 0.01 mg eq/kg.  

The animal metabolism studies indicate that when livestock was exposed to OH-Imazethapyr 
in feed, it is rapidly excreted without significant metabolism and it is unlikely to result in significant 
residues of OH-Imazethapyr in animal tissues, milk or eggs. 

Rotational crops 

A confined rotational crop study was conducted using winter wheat (Massey), maize (Pioneer 3704) 
and soya bean (William I) in which 14C-imazethapyr was applied to bare soil in small isolated plots at 
an actual rate of 0.14 kg ai/ha and mixed in the upper soil layer (5–8 cm from the surface) 30 minutes 
later by hand rake before seeding of soya beans, or to soya bean seedlings at the 4 leaf stage at an 
actual rate of 0.14 kg ai/ha, equivalent to ca. 2 times the maximum US GAP rate for soya beans or 
maize. Four months after treatment, soya bean crops were harvested. The straw was chopped into 
small pieces, evenly spread on each plot surface and dug into the top 5–8 cm of soil and then wheat 
was sown in one subplot. Maize was sown 9.8 months after the treatment in the other subplot.  

No residues above 0.01 mg eq/kg was found in follow-up maize planted 9.8 months after the 
treatment. 

In a separate study, 14C-imazethapyr was applied to bare soil in small isolated plots at an 
actual rate of 0.14 kg ai/ha and mixed in the upper soil layer (5–8 cm from the surface) 30 minutes 
later by hand rake before seeding of soya beans or to soya bean seedlings at the 4 leaf stage at an 
actual rate of 0.14 kg ai/ha. Four months after treatment, soya bean crops were harvested and the 
straw was chopped into small pieces, evenly spread on each plot surface and dug into the top 5–8 cm 
of soil. Maize was sown 9.6 months after the treatment.  

TRR in the follow-up maize were 0.02–0.06 mg eq/kg, 0.01–0.02 mg eq/kg and 0.02–
0.04 mg eq/kg in harvested grain, cob and stalk, respectively. In forage collected 1.6 months after 
planting (11.2 months after treatment), TRR was 0.01–0.02 mg eq/kg. 

Although imazethapyr was quite persistent in soil under aerobic conditions, maize used in 
metabolism studies did not seem to incorporate imazethapyr from soil significantly. The results of 
confined rotational crop studies with maize and plant metabolism studies using pre-plant 
incorporation treatment indicate that low residue may be found in follow-up crops. No information 
was available on leafy crops or root crops which may be used for crop rotation. 

Environmental fate  

The Meeting received information on aerobic soil metabolism, fate in succeeding crop, hydrolysis and 
photolysis of imazethapyr on soil surface. 

Aerobic soil metabolism 

A number of studies were conducted on aerobic soil metabolism with diverse results. Some minor 
degradates were found, such as OH-Imazethapyr, common metabolite in plants and animals, CL 
354825, CL 290395 were detected but each accounted for less than 5% AR. CL 266858 (ethyl side 
chain was replaced with hydroxyl group) was found up to 12% AR. Imazethapyr was eventually 
mineralized to become CO2. 

Imazethapyr was found to be quite persistent in sandy loam soils under aerobic conditions 
with a half-life in a range of 158–210 days in sandy loam soils.  

Hydrolysis 

Imazethapyr was stable in pond water or in buffers at pH 5, 7 and 9 at 25 °C for at least 30 days. After 
incubating at pH 9 for 6 months, an average of 63% of imazethapyr remained with CL 290395 (with 
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imidazole ring cleaved) detected at an amount equivalent to 36% of the applied imazethapyr. The 
calculated half-life at pH 9 was 257 days.  

Imazethapyr was slowly hydrolysed but hydrolysis was not a major degradation route of 
imazethapyr at the environmental conditions. 

Photodegradation  

Imazethapyr is slowly degraded at 25 °C on soil surface under photolytic conditions with the 
formation of CL 263601 (less than 7% of the applied dose). The half-life of imazethapyr was 
calculated to be 126 days. Photolysis is unlikely to contribute to the degradation of imazethapyr.  

Methods of analysis 

Analytical methods for determination of residues of imazethapyr, OH-Imazethapyr and Glu-OH-
Imazethapyr were developed for a wide range of matrices of plant and animal origin. Descriptions and 
validation results of the analytical methods were provided to the Meeting to cover plants on which 
supervised trials were conducted and animal commodities. 

In general, the methods employ extraction by homogenization with a mixture of 
methanol/water/1M HCl (60:39:1, v/v), clean-up with solvent partitioning and/or solid phase 
extraction, and determination of analytes using LC-MS/MS, LC-MS, GC-NPD or capillary 
electrophoresis-UV (240 nm). The analytical methods do not involve acid hydrolysis except in 
specific methods for the determination of Glu-OH-Imazethapyr which employ hydrolysis by boiling 
in 2N HCl for 30 minutes. 

A number of methods for plant matrices were found suitable for analysis of imazethapyr, OH-
Imazethapyr and Glu-OH-Imazethapyr with LOQ ranging 0.01–0.1 mg/kg for these analytes. 

One method for animal matrices was found suitable for analysis of imazethapyr and OH-
Imazethapyr with LOQ of 0.01 mg/kg for bovine muscle, fat, kidney, liver and milk and poultry egg. 

Stability of pesticide residues in stored analytical samples 

The stability of imazethapyr residues during frozen storage at -29 to -10 ºC was investigated in a 
range of plant and animal matrices for which supervised residue trials were submitted.  

Compounds tested were imazethapyr, OH-Imazethapyr and Glu-OH-Imazethapyr. Each 
compound was spiked to matrices at 0.1, 0.2 or 1.0 mg/kg. In one study, samples with incurred 
residues were used. 

All of the three compounds tested were found to be stable (>70% remaining) during the 
storage periods tested: 2 years in soya beans (only imazethapyr was tested), maize, rice (imazethapyr 
and OH-Imazethapyr), peanut and alfalfa.  

For animal matrices, no storage stability study was conducted as all samples were analysed 
within 30 days of collection of samples in the feeding study except milk. Milk samples were tested for 
OH-Imazethapyr. OH-Imazethapyr was stable for at least 91 days.  

These storage periods are longer than the longest storage conditions in trials on respective 
crops and animal commodities. 

Definition of the residue 

The plant metabolism studies indicate that no or little residues of imazethapyr or its metabolites are 
expected to be found in edible parts of food crops harvested at maturity because low TRR were 
observed even at exaggerated application rates. In most of supervised trials on various crops, parent 
imazethapyr was not detected at the time of mature harvest. In metabolism studies, where TRR was 
sufficiently high to allow identification of metabolites, the predominant metabolite at maturity was 
Glu-OH-Imazethapyr in pea, soya bean (except straw) and alfalfa while it was OH-Imazethapyr in 
maize (plant and seed). In soya bean straw samples, Glu-OH-Imazethapyr was not detected. 
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The metabolism studies and residue trials, in which all of these three compounds were 
analysed, indicate that even when imazethapyr was not found above LOQ in a sample, quantifiable 
Glu-OH-Imazethapyr and/or OH-Imazethapyr may be found. 

In feed crops such as alfalfa and clover and by-products of food crops, imazethapyr, OH-
Imazethapyr and Glu-OH-Imazethapyr may be found above the LOQ (in the residue trials) at short 
intervals after treatment. 

According to the confined rotational crop studies with maize and the plant metabolism studies 
using pre-plant incorporation treatment, it was unlikely to find imazethapyr or its degradates in 
follow-up crops which falls in the same classification as those crops for which residue trials were 
conducted. 

Suitable analytical methods are available to analyse these three compounds. However, the 
Meeting noted that analytical standards of conjugated compounds are generally not readily available 
for analytical laboratories.  

The Meeting considered that imazethapyr and OH-Imazethapyr were suitable markers for 
enforcement of MRLs for plant commodities. 

In animal metabolism, orally administered parent imazethapyr or OH-Imazethapyr was 
excreted efficiently and rapidly. OH-Imazethapyr was also detected in a small amount in rat. Virtually 
no or little residue of imazethapyr or OH-Imazethapyr was expected to occur in milk, egg, or edible 
tissues of goats, cows and hens. 

The Meeting considered that imazethapyr and OH-Imazethapyr were suitable markers for 
enforcement of MRLs and for dietary risk assessment for animal commodities. 

With the logPow lower than 2 and absence of significant residues in animal tissues in the 
animal metabolism studies and animal feeding study, the Meeting considered imazethapyr residue not 
fat soluble. 

Imazethapyr was evaluated toxicologically by the present Meeting. The ADI covers OH-
Imazethapyr and Glu-OH-Imazethapyr in addition to imazethapyr, and these metabolites were 
evaluated to be of no greater toxicity than the parent. As Glu-OH-Imazethapyr was the major 
metabolite in crops used in the plant metabolism studies and residue trials when analysed, the Meeting 
agreed to include Glu-OH-Imazethapyr in the residue definition for dietary risk assessment for plant 
commodities, in addition to the parent and OH-Imazethapyr. 

Based on the above, the Meeting recommended the following residue definitions. 

Definition of the residue for plant commodities (for enforcement of MRLs) and for animal 
commodities (for enforcement of MRLs and for dietary risk assessment): Sum of imazethapyr, 5-
hydroxyethyl-2-(4-isopropyl-4-methyl-5-oxo-2-imidazolin-2-yl)nicotinic acid (OH-Imazethapyr), 
expressed as imazethapyr. 

Definition of the residue for plant commodities (for dietary risk assessment): Sum of 
imazethapyr, and 5-hydroxyethyl-2-(4-isopropyl-4-methyl-5-oxo-2-imidazolin-2-yl)nicotinic acid 
(OH-Imazethapyr), and 5-[1-(beta-D-glucopyranozyloxyethyl)-2-(4-isopropyl-4-methyl-5-oxo-2-
imidazolin-2-yl)nicotinic acid (Glu-OH-Imazethapyr), expressed as imazethapyr. 

The residue is not fat soluble. 

Results of supervised residue trials on crops 

The Meeting received supervised trial data for imazethapyr on various beans and peas, soya beans, 
maize, rice, peanut, rape seed, sunflower, alfalfa and clover. 

For summing up residues of imazethapyr and OH-Imazethapyr, or imazethapyr, OH-
Imazethapyr and Glu-OH-Imazethapyr, the Meeting used the following calculation methods. For 
calculating total residues for dietary risk assessment, the Meeting took into consideration the far less 
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contribution of the parent in the resulting residues. Concentrations of the compounds in the residue 
definitions from residue trials are expressed as imazethapyr equivalents hereafter. 

For summing up residues of imazethapyr and OH-Imazethapyr for the estimation of 
maximum residue levels: 

Imazethapyr OH-Imazethapyr Total 
Value a Value b Value a + Value b 

< LOQ (a) Value b LOQ value (a) + Value b 
< LOQ (a) < LOQ (b) LOQ value (a) + LOQ value (b) 

 

For summing up residue of imazethapyr, OH-imazethapyr and Glu-OH-Imazethapyr for 
dietary risk assessment for plant commodities and for calculating animal dietary burden  

Imazethapyr OH-Imazethapyr Glu-OH-Imazethapyr Total 
Value a Value b Value c Value a + Value b + Value c 

< LOQ (a) Value b Value c Value b + Value c 
< LOQ (a) < LOQ (b) Value c LOQ value (b) + Value c 
<LOQ (a) <LOQ (b) < LOQ (c) LOQ value (b) + LOQ value (c) 

 

Common bean (Phaseolus sp) ((pods and/or immature seeds) and (dry)) 

Six supervised trials were conducted on beans belonging to the genus Phaseolus: four trials on snap 
bean in the USA, one trial on French bean in France and one trial on white bean in Canada.  

As only imazethapyr was analysed in these trials, the Meeting concluded that the data were 
insufficient to estimate maximum residue levels STMR or HR for beans.  

Vicia beans (dry) 

Two supervised trials were conducted on beans belonging to the genus Vicia: one trial on spring horse 
bean in France and one trial on winter bean in the UK.  

As only imazethapyr was analysed in these trials, the Meeting concluded that the data were 
insufficient to estimate maximum residue levels STMR or HR for Vicia beans.  

Lentil (dry) 

Six supervised trials were conducted in Canada on imidazolinone-tolerant lentil with application rate 
of 0.015 kg ai/ha at the 3–6 node stage. In these trials, imazethapyr, OH-Imazethapyr and Glu-OH-
Imazethapyr were analysed and reported.  

GAP in the USA for Navy, great northern, red kidney, black turtle, cranberry, pinto, lima, and 
small white type dry beans, adzuki, lentils, white lupines, chickpeas and dry edible peas, English and 
southern peas allows one application of imazethapyr at 0.053 kg ai/ha (pre-plant, pre-emergence and 
post-emergence) with a PHI of 60 days. However, no trials matched this GAP. As residues were all 
below the respective LOQ, it was not appropriate to scale up the residues using the proportionality 
principle. 

GAP in Canada for lentil allows one application at 1-9 node stage at 0.015 kg ai/ha with a 
PHI of 60 days.  

The sum of imazethapyr and OH-Imazethapyr in lentil seed from trials matching the GAP in 
Canada was (n = 4): < 0.097 (4) mg/kg including the trials in which samples were taken at shorter 
interval than the PHI (48 and 55 DALA). In two other trials using the application rate of 0.020 kg 
ai/kg, the sum of these two compounds was < 0.097 mg/kg (2). 

The sum of imazethapyr, OH-Imazethapyr and Glu-OH-Imazethapyr in trials matching the 
GAP in Canada were: < 0.078 mg eq/kg (4) including the trials in which samples were taken at shorter 
interval than the PHI (48 and 55 DALA). In two other trials at the application rate of 0.020 kg ai/ha, 
total residues was < 0.078 mg/kg (2). 
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The Meeting estimated a maximum residue level of 0.1 * mg/kg and STMR of 0.078 mg/kg 
for lentils. 

Peas ((pods and succulent = immature seeds) and (dry)) 

Nineteen supervised trials were conducted on peas: six trials in the United Kingdom, six trials in 
Argentina, five trials in the USA and two trials in Canada. In the two Canadaian trials, imazethapyr, 
OH-Imazethapyr and Glu-OH-Imazethapyr were analysed. In all other trials, only imazethapyr was 
analysed.  

The Meeting concluded that two trials were insufficient for estimating maximum residue 
levels, STMRs or HRs for peas.  

Soya bean (dry) 

A total of 12 independent supervised trials were conducted on soya beans: four in Brazil (conventional 
soya bean) and eight in the USA (glyphosate-tolerant soya bean). 

In the trials in Brazil, only imazethapyr was analysed and these trials were not considered.  

In the trials in the USA, imazethapyr was applied at a rate of 0.10 or 0.30 kg ai/ha and mature 
seeds were collected 64–72 DALA. In these trials, imazethapyr, OH-Imazethapyr and Glu-OH-
Imazethapyr were analysed. These trials did not match GAP in the USA. Seed samples were collected 
before the PHI prescribed in the GAP.  

Critical GAP in Brazil for soya bean allows one application of early post emergence 
application at the maximum rate of 0.10 kg ai/ha with a PHI of 66 days.  

The Meeting evaluated the trials in the USA against the GAP in Brazil. 

The sum of imazethapyr and OH-Imazethapyr in trials matching the GAP in Brazil was (n = 
8): < 0.0195 (7) and 0.022 mg/kg. 

The Meeting estimated a maximum residue level of 0.03 mg/kg. 

The sum of imazethapyr, OH-Imazethapyr and Glu-OH-Imazethapyr from trials matching 
GAP in Brazil was (n = 8): 0.019, 0.026, 0.033, 0.047, 0.048, 0.077, 0.23, and 0.46 mg/kg.  

The Meeting estimated an STMR of 0.0475 mg/kg for soya bean (dry). 

Maize 

A total of 17 trials were conducted on imidazolinone-tolerant maize in the USA and one in Canada. In 
the US trials, imazethapyr was applied once as post-emergence treatment at a rate of 0.070 or 0.14 kg 
ai/ha (except one trial in which the rate of 0.28 or 0.56 kg ai/ha was used) and maize grain samples 
were collected 95–138 DALA. In the trial in Canada, imazethapyr was applied once at 0.075 or 
0.15 mg/kg and maize grain samples were collected 127 DALA. 

Imazethapyr is approved for use only on imidazolinone-tolerant maize. GAP in the USA 
allows one application up to post-emergence at a rate of 0.071 kg ai/ha with a PHI of 45 days. 
However, no grain samples were harvested before 100 days after the treatment. GAP for maize in 
Argentina allows one application at a rate of 0.1 kg ai/ha before the 2 true leaf stage without specific 
PHI. However, in many trials the application rates were higher than the maximum rate approved in 
Argentina and application was made at later growth stages. 

Despite that no trials matched the critical GAP in Argentina, residues from 18 trials (USA and 
Canada) at higher application rates (0.14, 0.15, 0.28 and 0.56 kg ai/ha) and later application timing 
than the GAP were all below the LOQ of respective components: the sum of imazethapyr and OH-
Imazethapyr in all the trials was < 0.097 mg/kg.  

Sum of imazethapyr, OH-Imazethapyr and Glu-OH-imazethapyr in corresponding trials was 
< 0.078 mg/kg. 
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The Meeting estimated a maximum residue level of 0.1 * mg/kg and STMR of 0 mg/kg for 
maize. 

Rice 

A total of 19 trials were conducted on imidazolinone-tolerant rice in the USA. In these trials, 
imazethapyr was applied twice, each at a rate of 0.105 kg ai/ha or 0.14 kg ai/ha; once at 0.14 kg ai/ha; 
or twice at exaggerated rates. The last application was made at the 2–6 leaf stage. In these trials, 
imazethapyr, OH-Imazethapyr and Glu-OH-Imazethapyr were analysed and reported. 

GAP in the USA for imidazolinone-tolerant rice allows a total of two applications with the 
second application before flooding at a maximum rate of 0.14 kg ai/ha and the maximum annual rate 
of 0.21 kg ai/ha with a PHI of 85 days for the annual rate above 0.14 kg ai/ha.  

The sum of imazethapyr and OH-Imazethapyr from US trials matching GAP in the USA was 
(n = 8):  < 0.097 (8) mg/kg.  

The sum of imazethapyr, OH-Imazethapyr and Glu-OH-Imazethapyr from trials matching the 
GAP in the USA were: < 0.078 (7) and 0.090 mg/kg. In one trial where only one application was 
made at the 6 leaf stage at a rate of 0.14 kg ai/ha, the total residues of the three components were 
0.085 mg/kg while in other trials using two applications at a rate of 0.14 kg ai/ha, no residues above 
the LOQ. 

The Meeting estimated a maximum residue level of 0.1 * mg/kg and an STMR of 
0.078 mg/kg for rice. 

Peanut 

A total of five trials were conducted on peanut: one in Argentina and four in the USA. In the trial in 
Argentina, imazethapyr was applied at 0.10 or 0.20 kg ai/ha 14 days after planting and peanut samples 
were collected 138 DALA. Only imazethapyr was analysed.  

In the trials in the USA, imazethapyr was applied at a rate of 0.14 kg ai/ha at the pegging 
stage and peanut samples were collected 78–107 DALA. Three components included in the residue 
definition for dietary risk assessment from plant commodities were analysed. 

The critical GAP for peanut in Argentina allows one application at a maximum rate of 0.10 kg 
ai/ha with a PHI of 90 days.  

The sum of imazethapyr and OH-imazethapyr in trials in the USA using 1.4 times the 
maximum application rate of the GAP of Argentina was < 0.097 mg/kg in all trials including one trial 
in which seed samples were taken earlier (78 DALA) than the prescribed PHI of 90 days.  

The sum of imazethapyr, OH-Imazethapyr and Glu-OH-Imazethapyr in trials in the USA 
using 1.4 times the maximum application rate of the GAP in Argentina was: < 0.078 (3) and 
0.078 mg/kg. Scaling to the GAP rate, residues are < 0.056 (3) and 0.056 mg/kg. 

The Meeting estimated a maximum residue level of 0.1* mg/kg and an STMR of 0.056 mg/kg 
for peanut.  

Rape seed 

A total of 13 trials were conducted on imidazolinone-tolerant rape seed in Canada. In ten trials, 
imazethapyr and OH-Imazethapyr were analysed and in three others, only imazethapyr was analysed.  

The registered use on imidazolinone-tolerant rape seed in Canada allows one application at a 
maximum application rate of 0.015 kg ai/ha at 2–6 true leaf stage with a PHI of 60 days. 

No information was available on the level of Glu-OH-Imazethapyr in rape seed in residue 
trials or in the metabolism study. However, its level could be regarded as below the LOQ since the 
TRR in the mature seeds (103 DAT) in the metabolism study was less than 0.01 mg/kg after post-
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emergence treatment at the 3–4 leaf stage at the application rate which is 3.6 times the maximum rate 
in GAP in Canada. 

No trials matched the GAP in Canada. However, in all the trials using exaggerated application 
rates, up to 0.20 kg ai/ha (13 times the maximum rate in GAP in Canada), imazethapyr and OH 
imazethapyr in seeds harvested at maturity were below the LOQ of 0.05 mg/kg.  

Sum of imazethapyr and OH-Imazethapyr was in these four trials was < 0.097 mg/kg. 

Sum of imazethapyr, OH-Imazethapyr and Glu-OH-Imazethapyr these trials was 
< 0.078 mg/kg.  

The Meeting estimated a maximum residue level of 0.1* mg/kg and an STMR of 0 mg/kg for 
rape seed. 

Sunflower seed 

A total of five trials were conducted on imidazolinone-tolerant sunflower in Canada and the USA: two 
in Canada and three in the USA. In each of these trials one application was made at BBCH 55–69 at a 
rate of 0.015 kg ai/ha. In these trials only imazethapyr was analysed.  

GAP in Argentina for imidazolinone-tolerant sunflower allows one application at 0.075 kg 
ai/ha at the growth stage before 6th leaf was fully unfolded without specific PHI. No trials matched the 
GAP in Argentina. 

GAP in Canada for imidazolinone-tolerant sunflower allows one application at 0.015 kg ai/ha 
at the 2–8 leaf stage with a PHI of 60 days.  

While the application was made later than specified in GAP in Canada, in most of trials 
imazethapyr was < 0.05 mg/kg. However, in one trial, imazethapyr was found at 0.07 mg/kg. It was 
not possible to calculate total residues as no information was available on the ratio between the parent 
and OH-Imazethapyr or Glu-OH-Imazethapyr. 

The Meeting concluded that it was not possible to estimate a maximum residue level for 
sunflower seed. 

Animal feeds 

Alfalfa fodder and forage (green) 

According to an approved label in the USA for alfalfa and clover, they are tolerant to post-emergence 
applications after the second trifoliate leaf has expanded. 

A total of 23 trials were conducted in the USA and Australia: 21 in the USA and two in 
Australia. In these trials, imazethapyr was applied once as a post-emergence treatment at a rate of 
0.14 kg ai/ha in the trials in the USA, or 0.075 or 0.144 kg ai/ha in the trials in Australia.  

GAP in the USA allows one application of post-emergence treatment at a rate of 0.105 kg 
ai/ha: to seedlings at the 2 trifoliate leaf stage or larger but before reaching 7.6 cm; to dormant 
established alfalfa when the height was less than 7.6 cm of re-growth, or to actively growing alfalfa 
after cutting. For 30 days following the treatment, alfalfa must not be fed, grazed or harvested. No 
trials matched this GAP and it was not possible to apply the proportionality principle (difference in 
application rate and sampling interval). 

GAP in Australia allows one application of imazethapyr at an application rate of 0.098 kg 
ai/ha with a PHI of 14 days for alfalfa grown from seeds (not to graze or cut for stock food). For 
established alfalfa, application can be made after cutting or grazing. No trials matched GAP in 
Australia. The Meeting decided to use the proportionality principle to estimate a maximum residue 
level, median residues and highest residues for alfalfa on a basis of residues in alfalfa samples 
collected at 14 DALA in the trials in the USA and Australia. 
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In forage collected at 14 DALA from the trials in the USA with 0.14 kg ai/ha of imazethapyr 
applied to seedlings, the sum of imazethapyr, OH-Imazethapyr and Glu-OH-Imazethapyr was (n = 
10): 0.38, 0.63, 0.65, 0.67, 0.76, 0.77, 0.98,1.30, 1.56, and 1.78 mg/kg. From the trials in Australia 
with 0.072 kg ai/ha, the sum of imazethapyr, OH-Imazethapyr and Glu-OH-Imazethapyr was (n = 2): 
0.40 and 0.43 mg/kg.  

Scaling to the GAP rate of 0.098 kg ai/ha, the residues were (n = 12): 0.27, 0.44, 0.46, 0.47, 
0.53, 0.54, 0.54, 0.58, 0.69, 0.91, 1.09, 1.25 mg/kg 

The Meeting estimated a median residue of 0.54 mg/kg and highest residue of 1.25 mg/kg (on 
an as received basis). 

As for hay, no trials matched the GAP in Australia. The Meeting concluded that it was not 
possible to estimate a maximum residue level, median residue or highest residue for alfalfa hay. 

Clover hay or fodder 

Twelve trials were conducted in the USA. GAP in the USA allows one application of post-emergence 
treatment at a rate of 0.105 kg ai/ha: to seedlings at the 2 trifoliate leaf stage or larger but before 
reaching 7.6 cm; to dormant established clover when the height was less than 7.6 cm of re-growth, or 
to actively growing clover after cutting. For 30 days following the treatment, clover must not be fed, 
grazed or harvested.  

Sum of imazethapyr, OH-Imazethapyr and Glu-OH-Imazethapyr in the trials matching GAP 
in the USA was (n = 12): < 0.78 (9), 0.84, 0.84 and 1.15 mg/kg. 

The Meeting estimated a median residue of 0.78 mg/kg (as received) and highest residue of 
1.15 mg/kg (as received). 

A part of forage sample taken at each interval was left in the field to day and collected days 
after. Sum of imazethapyr and OH-Imazethapyr in clover hay from trials matching the GAP in the 
USA was (n = 12): < 0.97 (11) and 0.97 mg/kg. 

Sum of imazethapyr, OH-imazethapyr and Glu-OH-Imazethapyr in clover hay from the trials 
matching GAP in the USA were (n = 12): < 0.78(5), 0.79, 0.81, 0.96, 1.00, 1.17, 1.19 and 2.81 mg/kg.  

The Meeting estimated a maximum residue level of 1.5 mg/kg (dry weight basis) for clover 
hay or fodder. The Meeting also estimated a median residue of 0.80 mg/kg and highest residue of 
2.81 mg/kg for clover hay or fodder (as received). 

Pea vine, hay and straw 

There were two trials in which vine, hay or straw were analysed. The Meeting concluded that the data 
were insufficient to estimate a maximum residue level, mean residue or highest residue for these 
commodities. 

Maize fodder and forage 

Five trials were conducted in the USA on imidazolinone-tolerant maize.  

According to GAP in the USA, grazing and feeding forage and silage, fodder or grain is 
allowed 45 days after treatment (GAP rate, 0.071 kg ai/ha).  

Total residues in maize forage from trials with 0.14 kg ai/ha and DALA of 45 days were: 
< 0.078 (4) and 0.35 mg/kg. Scaling to GAP rate, total residues were:< 0.040 (4) and 0.176 mg/kg. In 
one trial in Canada using the application rate of 0.075 kg ai/ha, residue was < 0.078 mg/kg. 

The Meeting estimated a median residue of 0.040 mg/kg and highest residue of 0.176 mg/kg 
for maize forage (as received). 

In fodder, the sum of imazethapyr and OH-Imazethapyr from trials with 0.14 kg ai/ha and 
DALA of 45 days were:  < 0.097 (5) mg/kg. In one trial in Canada using either 0.075 or 0.15 kg ai/ha, 
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the residues were all below the respective LOQ of 0.05 mg/kg. At the GAP rate, the sum of 
imazethapyr and OH-Imazethapyr would be well below the LOQ (the sum of LOQ = 0.097 mg/kg). 

Sum of imazethapyr, OH-imazethapyr and Glu-OH-Imazethapyr in maize fodder from trials 
with 0.14 kg ai/ha were: < 0.078(5) mg/kg.  

The Meeting estimated a maximum residue level of 0.1 *mg/kg (dry weight basis). It also 
estimated a median residue/highest residue of 0.04 mg/kg (as received). 

Rice straw 

Sum of imazethapyr and OH-Imazethapyr in rice straw from trials matching GAP in the USA was: 
< 0.097 (8) mg/kg. 

Sum of imazethapyr, OH-Imazethapyr and Glu-OH-Imazethapyr in rice straw in from the 
trials matching GAP in the USA were: < 0.078 (7) and 0.084 mg/kg.  

The Meeting estimated a maximum residue level of 0.15 *mg/kg (dry weight basis) for rice 
straw. A median residue of 0.078 mg/kg and highest residue of 0.084 mg/kg were estimated for rice 
straw (as received). 

Fate of residues during processing 

High temperature hydrolysis 

The hydrolysis studies on three imidazolinone pesticides were previously evaluated by the JMPR. All 
of them were stable under conditions simulating commercial processing practices: pasteurization; 
brewing, baking and boiling; and sterilization. However, as no or little imazethapyr was found in 
commodities, this information is not relevant to the residues derived from use of imazethapyr. No 
information was available on hydrolysis of OH-Imazethapyr or Glu-OH-Imazethapyr. 

Processing 

The Meeting received information on processing of oil seeds. The processing factor could not be 
calculated for imazethapyr because no imazethapyr was detected above the LOQ in raw agricultural 
commodities. In the maize processing study, only imazethapyr and OH- 

Imazethapyr were analysed. However, as the maize metabolism studies indicate, OH-
Imazethapyr was the predominant residue, the Meeting agreed to use the results of the processing 
study. 

RAC Processed commodity Processing factor (best estimate) STMR-P 
Soya bean   0.0475 

 Oil 0.26 a 0.012 
 Meal 0.69 a 0.033 

Maize grain   0 
 Oil < 0.85 b 0 
 Meal 0.93 b 0 

Alfalfa   0. 54 
 Meal 2.6 1.4 

a For the sum of imazethapyr, OH-Imazethapyr and Glu-OH-Imazethapyr, expressed as imazethapyr equivalents 
b For the sum of imazethapyr and OH-imazethapyr 

 

Using the best estimates of processing factor, the STMR-P were calculated to be: 
0.012 mg/kg and 0.033 mg/kg, respectively for soya bean oil and meal; 0 mg/kg for maize oil and 
meal, and 1.4 mg/kg for alfalfa meal. 
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Residues in animal commodities 

Estimation of dietary burdens 

The maximum and mean dietary burdens were calculated using the highest residues or median 
residues/STMRs (imazethapyr, OH-Imazethapyr and Glu-OH-Imazethapyr, expressed as imazethapyr) 
estimated at the current Meeting on a basis of the OECD Animal Feeding Table. 

Summary of livestock dietary burdens (ppm of dry matter diet) 

 US-Canada EU Australia Japan 

 Max mean max Mean max Mean Max mean 

Beef cattle 0.56 0.17 2.71 1.43 3.83 A 2.60 B 0.22 0.22 
Dairy cattle 1.14 0.74 2.25 1.69 2.93 C 2.18 D 0.62 0.45 

Broilers 0.11 0.11 0.10 0.10 0.22 0.22 0.19 0.09 
Layers 0.11 0.11 0.60 E 0.44 F 0.22 0.22 0.16 0.16 

A Suitable for estimating maximum residue levels for meat, fat and edible offal of cattle. 
B Suitable for estimating STMRs for meat, fat and edible offal of cattle 
C Suitable for estimating maximum residue level for milk. 
D Suitable for estimating STMR for milk 
E Suitable for estimating maximum residue levels for meat, fat and edible offal of poultry and eggs. 
F Suitable for estimating STMRs for meat, fat and edible offal of poultry and eggs. 

 

Residues in milk and cattle tissues 

Four groups of lactating Holstein cows were orally dosed daily with OH-Imazethapyr for 28 days at 
levels equivalent to 0, 11, 32, and 116 ppm in feed. Milk samples were collected twice daily. Within 
24 hours after the last dose, cows were sacrificed. After sacrifice, loin, flank or hind leg and 
diaphragm muscle, subcutaneous, mesenteric and renal fat, liver and kidney were collected and 
analysed. Metabolism study on goat and rat showed that imazethapyr was not expected to occur in 
milk and tissues. 

In all the milk samples, and skim milk and cream separated from day 24 milk, residues above 
the LOQ of 0.01 were not detected in the treatment groups except for in 32 ppm group at day 14 
(0.016 mg/kg) and in 116 ppm group at day 10 (0.014 mg/kg) and day 14 (0.056 mg/kg). No plateau 
can be determined due to very low concentrations in milk.  

At the maximum dietary burden of 2.93 ppm and mean of 2.18 ppm, OH-Imazethapyr in milk 
was expected to be well below the LOQ of 0.01 mg/kg.  

No residues above the LOQ were found in muscle and liver in any of dose groups. In fat, only 
one single value of 0.016 mg/kg was observed in the 116 ppm group. In kidney, one single value at 
the LOQ (0.0095 mg/kg parent equivalent) was observed in the 11 ppm group. In higher dose groups, 
finite residues were observed in kidney. 

At the maximum and mean dietary burden of 3.83 and 2.60 ppm, residues of OH-Imazethapyr 
in tissues were estimated to be below the LOQ. 

The Meeting estimated a maximum residue level of 0.01* mg/kg for milk, muscle, edible 
offal and fat of mammals other than marine mammals; STMR of 0 mg/kg for milk and muscle and 
liver, 0.001 mg/kg (0.014 mg/kg × 2.60/32) for kidney. 

Residues in egg and poultry tissues 

No feeding study was conducted on laying hens. However, the metabolism study on laying hens at the 
dose of 10 ppm of OH-Imazethapyr or 2.5 ppm of imazethapyr in the diet resulted in no residues in 
eggs or tissues above the LOQ. At the maximum and mean dietary burden of 0.60 and 0.44 ppm, no 
residue above the LOQ was expected in eggs or tissues. 
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The Meeting estimated a maximum residue levels of 0.01* mg/kg for eggs and muscle, fat 
and edible offal of poultry; STMR of 0 mg/kg for these commodities. 

 

RECOMMENDATIONS 

On the basis of the data from supervised trials the Meeting concluded that the residue levels listed 
below are suitable for establishing maximum residue limits and for IEDI assessment. 

Definition of the residue (for compliance) for plant commodities and (for compliance and and 
for dietary risk assessment) for animal commodities: Sum of imazethapyr, 5-hydroxyethyl-2-(4-
isopropyl-4-methyl-5-oxo-2-imidazolin-2-yl)nicotinic acid, expressed as imazethapyr. 

Definition of the residue (for dietary risk assessment) for plant commodities: Sum of 
imazethapyr, and 5-hydroxyethyl-2-(4-isopropyl-4-methyl-5-oxo-2-imidazolin-2-yl)nicotinic acid and 
5-[1-(beta-D-glucopyranozyloxyethyl)-2-(4-isopropyl-4-methyl-5-oxo-2-imidazolin-2-yl)nicotinic 
acid, expressed as imazethapyr. 

The residue is not fat soluble. 

 

Commodity Recommended MRL, mg/kg STMR/STMR-
P/mean residue 

mg/kg 

Highest residue 
mg/kg CCN Name New Previous 

AL 1031 Clover hay or fodder 1.5 
(dw) 

- 0.80 (ar)a 
2.81 (ar) 

MO 0105 Edible offal (mammalian) 0.01* - Kidney 0.001 
Liver 0 

- 

PE 0112 Eggs 0.01* - 0 - 
VD 0533 Lentil (dry) 0.1* - 0.078 - 
GC 0645 Maize 0.1*  0 - 
AS 0645 Maize fodder 0.1* (dw) - 0.04 (ar) 0.05 (ar) 
MF 0100 Mammalian fats (except milk fats) 0.01* - 0 - 
MM 0095 Meat (from mammals other than 

marine mammals) 
0.01 * - 0 - 

ML 0106 Milks 0.01 * - 0 - 
SO 0697 Peanut 0.1 *  0.056 - 
PF 0111 Poultry fats 0.01 * - 0 - 
PM 0110 Poultry meat 0.01 * - 0 - 
PO 0111 Poultry, Edible offal of 0.01 * - 0 - 
SO 0495 Rape seed 0.1 *  0 - 
GC 0649 Rice 0.1 * - 0.078 - 
AS 0649 Rice straw and fodder, dry 0.1 *(dw) - 0.078 (ar) 0.084 (ar) 
VD 0541 Soya bean (dry) 0.03 - 0.0475 - 

a Expressed on an “as received” basis 

 

For calculating animal dietary burdens 

Commodity Median residue 
mg/kg 

Highest residue 
mg/kg CCN Name 

AL 1020 Alfalfa forage (green) 0.54 1.25 
 Alfalfa meal 1.4 - 
 Clover forage 0.78 1.15 

AF 0645 Maize forage 0.040 0.176 
CF 0645 Maize meal 0 - 

 Soya bean meal 0.033 - 
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For calculating dietary exposure 

Commodity STMR-P 
mg/kg 

HR-P 
mg/kg CCN Name 

OR 0645 Maize oil, edible 0 - 
OR 0541 Soya bean oil, refined 0.012 - 

 

 

DIETARY RISK ASSESSMENT 

Long-term dietary exposure 

The current Meeting established an ADI of 0–0.6 mg/kg bw. 

The International Estimated Dietary Intakes (IEDIs) of imazethapyr were calculated for the 17 
GEMS/Food cluster diets using STMRs estimated by the current Meeting (see Annex 3 of the 2016 
Report). The calculated IEDIs were 0.0–0.1% of the maximum ADI (0.6 mg/kg bw). The Meeting 
concluded that the long-term dietary exposure to residues of imazethapyr, from the uses considered by 
the current JMPR, is unlikely to present a public health concern. 

Short-term dietary exposure 

The 2016 JMPR decided that an ARfD is unnecessary. The Meeting therefore concluded that the 
short-term dietary exposure of residues of imazethapyr is unlikely to present a public health concern. 




