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Pyriofenone (310) 

First draft prepared by Dr Takahiro Watanabe, Ministry of Heath, Labour and Welfare, Japan, and Dr Yukiko Yamada, 
Ministry of Agriculture, Forestry and Fisheries, Japan 

EXPLANATION 

Pyriofenone, (5-chloro-2-methoxy-4-methyl-3-pyridyl)(4,5,6-trimethoxy-o-tolyl) methanone (IUPAC name), is a member of aryl-
phenyl ketone fungicides with the structure of benzoylpyridine. It can be used for control of powdery mildew on various crops with 
local systemic properties. Its mode of fungicidal action is, according to the Fungicide Resistance Action Committee (FRAC) Code 
List 2018, the inhibition of actin/myosin/fimbrin function. 

Pyriofenone has been registered in Australia, Canada, Ecuador, European countries (including France, Germany and Italy 
where supervised residue trials were conducted), Japan, Mexico, Peru, Republic of Korea and the USA for use on berries and other 
small fruits, cucurbits, fruiting vegetables other than cucurbits and cereal grains. 

No specification has been established by the Joint FAO/WHO Meeting on Pesticide Specifications. 

Pyriofenone was listed in the Codex Priority List by the Forty-seventh Session of CCPR in 2015 for toxicological and 
residue evaluation by the current Meeting as a new compound and it is evaluated for the first time by the Meeting. 

The Meeting received information on identity, chemical and physical properties, metabolism and environmental fate, 
residue analysis, use pattern, supervised trials on berries and other small fruits, kiwi fruit and cucurbits, and processing studies on 
wine grape. 

IDENTITY 

ISO common name: Pyriofenone 

Chemical name 

IUPAC: (5-chloro-2-methoxy-4-methyl-3-pyridyl)(4,5,6-trimethoxy-o-tolyl)methanone 

CAS: (5-chloro-2-methoxy-4-methyl-3-pyridinyl)(2,3,4-trimethoxy-6-methylphenyl) methanone 

CAS Registry No.: 688046-61-9 

CIPAC No.: 827 

Structural formula:  

 
Molecular formula: C18H20NO5Cl 

Molecular mass: 365.8 g/mol 
 

 

PHYSICAL AND CHEMICAL PROPATIES 

Pure active ingredient (99.2%, w/w) 
Property Results Reference 

Appearance White crystalline powder (20 °C) Turner B., 2009a (ISK0399) 

Odour No discernible odour Turner B., 2009a (ISK0399) 

Relative density 1.33 g/cm3 at 20 °C Turner B., 2009a (ISK0399) 

Melting point 93-95 °C Turner B., 2009a (ISK0399) 
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Property Results Reference 

Boiling point Decomposition before boiling at approximately 100 °C Turner B., 2009a (ISK0399) 

Vapour pressure 1.9 × 10-6 Pa at 25 °C Turner B., 2009b (ISK0396) 

Henry’s law constant 1.9 × 10-4 Pa·m3·mol-1 (by calculation from the water solubility and 
vapour pressure) 

Turner B., 2009b (ISK0396) 

Solubility in water 1.56 mg/L at 20°C and pH 6.6 (unbuffered water) 
The solubility is not expected to be affected by pH as there is no 

functional group capable of ionization in the environmental pH range. 

Turner B., 2007 (ISK0290/072872) 

Solubility in organic solvents 
at 20°C 

Heptane, 8.8 g/L 
Methanol, 22.3 g/L 
Octanol, 16.0 g/L  
Acetone, >250 g/L 

1,2-Dichloroethane, >250 g/L 
Ethyl acetate, >250 g/L 

Xylene, >250 g/L 

Turner B., 2009d (ISK0400) 

Octanol/water partition coefficient 
(Log Pow) 

3.2 at 20 °C at pH 7.2-7.5 Turner B., 2009f (ISK0397)  

Hydrolysis in sterile buffer in the 
dark 

Hydrolytically stable in aqueous solution at pH 4, 7 and 9 at 50 °C for 5 
days 

After incubation, the recoveries were 95-101%.  

Juozenaite A., 2009a (ISK0287)  

Photolysis in sterile water under 
artificial light 

DT50 25±2 °C (under irradiation equivalent to the spring sunlight at 40°N) 
In natural river water*, 33 days  

In purified water**, 54 days 

Kane T., 2009 (ISK0285)  

Dissociation constant in water No dissociation occurs in aqueous solutions (HCl, buffers and aqueous 
ammonium) in the pH range of 1.0 to 12.9.  

No dissociation is expected to occur in the environmental pH range (pH 4 
to 10). 

Turner B., 2009 (ISK0398) 

* Sampled from the River Great Ouse, Godmanchester and Cambridgeshire, UK. 

** Ultra-high purity water was obtained from reverse osmosis water purification system, distilled and autoclaved.  

 

Technical grade (97.9%)
Property Results Reference 

Appearance White powder (20 °C)  Turner B., 2009c (ISK0392) 

Odour No discernible odour Turner B., 2009c (ISK0392) 

Solubility in organic solvents Heptane, 9.2 g/L 
Methanol, 23.6 g/L 

Octanol, 17.8 g/L (97.9%)  
Acetone, >250 g/L 

1,2-Dichloroethane, >250 g/L 
Ethyl acetate, >250 g/L 

Xylene, >250 g/L 

Turner B., 2009e (ISK0401) 

Flammability Not highly flammable (97.9%) Turner B., 2009 (ISK0392) 

 

 

Formulations 

Pyriofenone is formulated as suspension concentrates (SC) containing 300 g ai/L. 
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METABOLISM AND ENVIRONMENTAL FATE 

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

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

Compound 
Name/Code IUPAC name Structure Found in study on: 

Pyriofenone 
IKF 309 

(5-chloro-2-methoxy-4-methyl-3-
pyridyl)(4,5,6-trimethoxy-o-
tolyl)methanone 

 

Tomato, Grape, wheat, 
Rotational crops 
(wheat, lettuce, carrot) 
Goat liver & kidney, rat 
Soil 

4HDPM 
(5-chloro-2-methoxy-4-methyl-3-
pyridinyl)(4-hydroxy-2,3-dimethoxy-6-
methylphenyl) methanone 

 

Grape, Wheat, 
(Goat liver & kidney), 
rat 

3HDPM 
(5-chloro-2-methoxy-4-methyl-3-
pyridinyl)(3-hydroxy-2,4-dimethoxy-6-
methylphenyl) methanone 

 

Grape, Wheat, 
(Goat liver & kidney), 
rat 

 

2MDPM 
(5-chloro-2-methoxy-4-methyl-3-
pyridinyl)(3,4-dihydroxy-2-methoxy-6-
methylphenyl) methanone 

 

Tomato, Grape, Wheat, 
Goat liver & kidney, rat 

4MDPM 
(5-chloro-2-methoxy-4-methyl-3-
pyridinyl)(2,3-dihydroxy-4-methoxy-6-
methylphenyl) methanone 

 

Wheat, 

3GDPM 

(5-chloro-2-methoxy-4-methyl-3-
pyridinyl)(3- -D-glucopyranosyloxy-2,4-
dimethoxy-6-methylphenyl) 
Methanone 

 

Grape, Wheat, 

4GDPM 
(5-chloro-2-methoxy-4-methyl-3-
pyridinyl)(4- -D-glucopyranosyloxy-2,3-
dimethoxy-6-methylphenyl) methanone 

Grape, Wheat, 
Rotational crops 
(wheat, carrot) 

4MGDPM 

(5-chloro-2-methoxy-4-methyl-3-
pyridinyl)(4-(6-O-malonyl- -D-
glucopyranosyloxy)-2,3-dimethoxy-6-
methylphenyl) methanone  

 

Grape, Rotational crop 
(wheat) 

(Goat liver & kidney): either 3- or 4-HDPM. 

 

The Meeting received information on plant and animal metabolism of pyriofenone, its environmental fate in soil and 
residues in rotational crops. The fate and behaviour of pyriofenone in plants, animals and soil were investigated using the 
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radiolabelled pyriofenone with 14C in the phenyl ring (uniformly labelled) or at positions 2 and 5 of the pyridyl ring as shown in 
Figure 1.  

 

[Phenyl-UL-14C] Pyriofenone 

abbreviated as [phenyl-14C]- pyriofenone or 
phenyl-label 

[Pyridiyl-2, 6-14C] Pyriofenone 

Abbreviated as [pyridyl-14C]- pyriofenone or 
pyridyl-label 

 

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

Plant Metabolism 
The Meeting received information on metabolism of radiolabelled pyriofenone labelled with 14C in the phenyl ring or at positions 2 
and 6 of the pyridyl ring in tomato, grape and wheat to cover proposed used of pyriofenone. In the following texts, TRR is expressed 
in mg-pyriofenone equivalents/kg. 

Tomato (Crowe, A. 2009a; ISK0298) 

The metabolism of pyriofenone was studied on tomato plants (variety Shirley). Each tomato plant is grown in a suitable multi-
purpose compost in a pot (internal diameter approximately 30 cm) and maintained in a plastic poly-tunnel.  

Both the [phenyl-14C]- and [pyridyl-14C]-pyriofenone were formulated as a 30% SC and applied as a foliar spray a rate of 
5 mg ai (4.4-5.2 mg ai)/plant, equivalent to a nominal rate of 100 g ai (88-104 g ai)/ha, three times, 31, 19 and 7 days prior to harvest 
using an aerosol powered spray gun and polyethylene spray tent. This application rate is comparable to the critical individual GAP 
rate in Canada and the USA for berries and small fruits, and cucurbits (maximum rate of 110 g ai/ha and the maximum annual rate 
of 350 or 360 g ai/ha, interval 7-10 days, PHI 0 day).  

Mature fruits and foliage were harvested 7 days after the last (third) application at maturity.  

The samples of fruits and foliage from the treatment were washed three times with acetonitrile by dipping. The washes 
were combined for each crop fraction for quantifying radioactivity and analysis of metabolites. Then subsamples of the air-dried 
washed fruit or foliage were homogenized in dry ice. The homogenized fruit samples were extracted three times with 
acetonitrile/water (4:1, v/v) and the homogenized foliage samples with acetonitrile/water (1:1, v/v) in a blender. The extracts were 
centrifuged and filtered. The extracts of each crop fraction were combined for quantifying radioactivity. An aliquot of the fruit 
extracts was concentrated under nitrogen and analysed for metabolites. Post-extraction solids of fruits and foliage were air dried 
and homogenized for determination of radioactivity.  

The radioactivity in the surface wash and acetonitrile/water extracts was determined by liquid scintillation counting 
(LSC) and in the post-extraction solids was by combustion analysis. Analysis and identification of residues in the surface wash and 
extracts were conducted by co-chromatography with reference standards using HPLC (C18 column) and two-dimensional TLC. 

The total radioactive residues (TRR) in the fruits and foliage collected 7 days after the last application of radioactive 
pyriofenone are shown in Table 2. Three applications of either of radioactive pyriofenone resulted in similar TRR in fruits or foliage. 
The TRR in fruits were low at 0.17-0.19 mg eq/kg and those in foliage were much higher at 16.6-17.1 mg eq/kg.  

Table 2 Total radioactive residues in the fruit and foliage samples from tomato plants treated with radioactive pyriofenone at 100 
g ai/ha 

Sample
TRR (mg pyriofenone equivalents/kg)
[phenyl-14C]-pyriofenone [pyridyl-5-14C]-pyriofenone

Fruit 0.170 0.193 
Foliage 16.64 17.08 

 



Pyriofenone 1427

The distribution of radioactivity in the acetonitrile surface wash, acetone/water extracts and post extraction solid of fruit 
and foliage samples is shown in Table 3. The distribution of radioactivity in fruits was similar regardless of the position of 14C. Most 
of the radioactivity (92-93% TRR, 0.16-0.18 mg eq/kg) in fruit was recovered in the surface wash. The acetone/water mixture (4:1, 
v/v) extracted 5.2-5.3% TRR (0.009-0.01 mg eq/kg). The radioactivity remained unextracted was 1.9-2.5% TRR (0.004 mg eq/kg). 

The distribution of radioactivity in foliage was also quite similar between the two different 14C-labelled pyriofenone. Most 
of the radioactivity (84-90% TRR, 14.0-15.4 mg eq/kg) was recovered in the surface wash, 9.0-14% TRR (1.54-2.28 mg eq/kg) was 
extracted with acetone/water (1:1, v/v) and 1.1-2.3% TRR (0.19-0.37 mg eq/kg) remained unextracted. 

Table 3 Radioactive residues in fractions of the fruit and foliage samples from tomato plants treated with radioactive pyriofenone 
at 100 g ai/ha 

Fraction 
[phenyl-14C]-pyriofenone [pyridyl-14C]-pyriofenone 
Fruit Foliage Fruit Foliage 
mg/kg % TRR mg/kg % TRR mg/kg % TRR mg/kg % TRR 

Surface wash 0.157 92.2 14.0 84.1 0.179 92.9 15.35 89.9 
Acetonitrile/water extract* 0.009 5.3 2.28 13.7 0.010 5.2 1.54 9.0 
PES a 0.004 2.5 0.37 2.2 0.004 1.9 0.19 1.1 
Total 0.170 100.0 16.64 100.0 0.193 100.0 17.08 100.0 

* The ratio of acetonitrile to water was 4:1 (v/v) for fruit extraction and 1:1 (v/v) for foliage extraction. 
a Post extraction solid 

 

Identification of radioactive metabolites was attempted by using HPLC and TLC. The distribution and identification of 
radioactive residues in tomato fruit and foliage treated with 100 g ai/ha are given in Table 4. 

Regardless of the position of 14C, the predominant radioactive residue was the parent pyriofenone accounting for 95-
96% TRR (0.16-0.18 mg/kg) in tomato fruit; and 94-99% TRR (16 mg/kg) in tomato foliage. Most of pyriofenone was present in 
surface wash of fruit and foliage and there was no other radioactive peak found in surface wash of fruit or foliage. 

Only a very low concentration of a peak, potentially 2MDPM (<0.3% TRR, <0.05 mg/kg), was found in the 
acetonitrile/water extract of fruit and foliage. Up to three minor polar component peaks were found in the extracts of fruit but none 
exceeded 1.7% TRR or 0.003 mg eq/kg. Up to seven polar component peaks (some common to those in the fruit extracts) were 
found in the extract of foliage but none exceeded 1.1% TRR (up to 0.18 mg eq/kg). These minor radioactive components were not 
identified.  

Table 4 Distribution and identification of components in fruit and foliage samples from tomato plants treated with radioactive 
pyriofenone at 100 g ai/ha 

Component 

Fruit Foliage 
Surface wash Acetonitrile/ 

water (4:1) 
Extract 

Total Surface wash Acetonitrile/ 
water (1:1) 
extract 

Total 

mg/kg % TRR mg/kg % TRR mg/kg % TRR mg/kg % TRR mg/kg % TRR mg/kg % TRR 
Treatment with [phenyl-14C]-pyriofenone  
Pyriofenone 0.157 92.2 0.005 2.9 0.162 95.1 14.0 84.1 1.70 10.3 15.7 94.4 
Peak A (Rt 3’40”) -  0.001 0.8 0.001 0.8 -  0.18 1.1 0.18 1.1 
Peak B (Rt 5’20”) -  0.002 1.2 0.002 1.2 -  0.084 0.5 0.084 0.5 
Peak C (Rt 6’20”)’ -  ND - ND - -  0.111 0.7 0.111 0.7 
2MDPM (Rt 8’50”) -  ND - ND - -  0.046 0.3 0.046 0.3 
Peak D (Rt 9’40”) -  0.001 0.4 0.001 0.4 -  0.156 0.9 0.156 0.9 
PES -  -  0.004 2.5 -  -  0.37 2.2 
Total 0.157 92.2 0.009 5.3 0.170 100 14.0 84.1 2.28 13.7 16.6 100 
Treatment with [pyridyl-14C]-pyriofenone 
Pyriofenone 0.179 92.9 0.005 2.4 0.183 95.3 15.4 89.9 1.02 6.0 16.4 95.9 
Peak A (Rt 3’40”) -  0.001 0.7 0 0.7 -  0.155 0.9 0.155 0.9 
Peak B (Rt 5’20”) -  0.003 1.7 0.003 1.7 -  0.062 0.4 0.062 0.4 
Peak C (Rt 6’20”)’ -  ND - ND - -  0.119 0.7 0.119 0.7 
2MDPM (Rt 8’50”) -  0.001 0.3 0.001 0.3 -  ND - ND - 
Peak D (Rt 9’40”) -  ND ND ND ND -  0.133 0.8 0.133 0.8 

Peak E (Rt 15‘30“) -  <0.000
5 

0.1 <0.00
05 

0.1 -  0.015 0.1 0.015 0.1 

Peak F (Rt 16:40“) -  ND - ND - -  0.024 0.1 0.024 0.1 
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Component 

Fruit Foliage 
Surface wash Acetonitrile/ 

water (4:1) 
Extract 

Total Surface wash Acetonitrile/ 
water (1:1) 
extract 

Total 

mg/kg % TRR mg/kg % TRR mg/kg % TRR mg/kg % TRR mg/kg % TRR mg/kg % TRR 
Peak G (Rt 25‘30“) -  ND - ND - -  0.011 0.1 0.011 0.1 
PES -  -  0.004 1.9 -  -  0.192 1.1 
Total 0.179 92.9 0.010 5.2 0.193 100 15.4 89.9 1.54 9.0 17.1 100 

 

When treated three times with radio-labelled pyriofenone each at 100 g ai/ha, the TRR at harvest (7 days after the last 
application) was 0.17-0.19 mg eq/kg in tomato fruit and 16-17 mg eq/kg in tomato foliage. Most of the radioactivity was recovered 
in the acetonitrile surface wash of fruit and foliage samples, accounting for 92-93% TRR and 84-90% TRR, respectively. No other 
radioactive residues than the parent were found in the surface wash of either of plant fractions. The distribution of radioactivity in 
fractions was similar for the two radiolabels (phenyl and pyridyl). Most of the radioactive residues were extracted by 
acetonitrile/water mixture. Only a small proportion of radioactive residues remained unextracted (<2.5% TRR). Most of the 
extracted radioactivity (95-99% TRR) was attributed to the parent, pyriofenone, in both the fruit and foliage samples, with some 
minor metabolites none of which was above 2% TRR (in fruits <0.01 mg eq/kg).  

Grape (Crowe, A., 2009b, ISK0299) 

The metabolism of pyriofenone in grapevine (variety Thompson seedless) grown under typical commercial production conditions 
in test plot areas in a vineyard in grape growing area in California, USA. The soil was clay loam (sand 35%, silt 28% and clay 37%, 
organic matter 1.8%).  

Both the [phenyl-14C]- and [pyridyl-14C]-pyriofenone were formulated as a 30%SC formulation and applied three times at 
a rate of 100 g ai/ha with an interval of 14-days between each application over the plants as a timed spray in two total passes, one 
per side of the row using a single aluminium spray wand outfitted with a flat fan nozzle pressurized with CO2. At the time of the 
applications, the grape vines were covered with plastic spray booth. The first application was made at growth stage BBCH 77 
(berries beginning to touch) or 57 days before harvest. Second application was made at BBCH 79 (majority of berries touching) or 
43 days before harvest. The third application was made at BBCH 85 (softening of berries) or 29 days before harvest. The 
applications simulated GAP in the USA (up to 110 g ai/ha, total annual rate of 350 g ai/ha, application interval of 14 days, PHI 0 
day).  

Mature fruits and foliage of grape were harvested at maturity 29 days after the last application at BBCH 89 (fully ripe 
berries).  

The samples of fruits and foliage were washed three times with acetonitrile on the day of sampling. The washes were 
combined for each crop fraction for quantifying radioactivity.  

The washed samples were dried under air for LSC analysis or concentrated under nitrogen for HPLC analysis. Samples 
were homogenized in dry ice. Subsamples of homogenized foliage were extracted three times with acetonitrile/water (1:1, v/v) in a 
blender, then centrifuged and filtered to get the extracts. Subsamples of homogenized fruits were extracted three times with 
acetonitrile/water (4:1, v/v) in a blender, then centrifuged and filtered to get the extracts.  

Aliquot of the acetonitrile/water extract from each plant portion was concentrated under vacuum to remove acetonitrile, 
and the remaining aqueous sample was partitioned three times with ethyl acetate. The ethyl acetate phases were combined and 
concentrated under nitrogen.  

The aqueous phases were dived into three portions and undergone acid-, base- and enzyme- hydrolysis. The first portion 
was mixed with an equal weight of 2M HCl and kept at approximately 35 °C for 48 hours and then the solution was partitioned three 
times with ethyl acetate. The second portion was mixed with an equal weight of 2M KOH and kept at approximately 35°C for 22 
hours and then partitioned three times with ethyl acetate. The third portion was mixed sodium acetate to make the concentration 
of 0.1M and the pH was adjusted to 5 with acetic acid. Approximately 0.01 g beta-glucosidase was added and the solution was kept 
at 35 °C for 5 days and then partitioned three times with ethyl acetate.  

The combined ethyl acetate extracts from each of the above hydrolysis treatments were concentrated under nitrogen for 
HPLC analysis using C18 column. Portions of the fruit surface wash and extracts were also analysed by TLC.  

The remaining solids from the foliage samples were further extracted with acetonitrile/water (4:1, v/v) using the Soxhlet 
extractor for 6 hours. The resulting acetonitrile/water extracts were separately hydrolyzed by acid or base.  

Portions of samples at each stage and extracts were removed for analysis of radioactivity by LSC. 
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The TRR in the fruits and foliage are shown in Table 5. The TRR in the fruits after 29 days after the last application of 
radioactive pyriofenone at 100 g ai/ha were 0.103 mg eq/kg for [phenyl-14C]-pyriofenone and 0.107 mg eq/kg for [pyridyl-14C]-
pyriofenone. The TRR in the foliage were much higher at 2.75 mg eq/kg for [phenyl-14C]-pyriofenone and 3.70 mg eq/kg for [pyridyl-
14C]-pyriofenone.  

Table 5 Total radioactive residues in the fruit and foliage samples from grapevine treated with radioactive pyriofenone at 100 g 
ai/ha. 

Sample
TRR (mg pyriofenone equivalents/kg)
[phenyl-14C]-pyriofenone [pyridyl-5-14C]-pyriofenone

Fruit 0.103 0.107 
Foliage 2.75 3.70 

 

The distribution of radioactivity in the acetonitrile surface wash, acetonitrile/water extract, aqueous phase of the extracts 
and in the post extraction solid of each sample is shown in Table 6.  

The distribution of radioactivity in fruit fractions showed similarity between the two types of radiolabelled pyriofenone. 
After 29 days after the last application, about one half of the radioactivity of fruit (42-62% TRR, 0.046-0.064 mg eq/kg) and the 
major portion of radioactivity in foliage (65-76% TRR, 2.1-2.4 mg eq/kg) was recovered in the surface wash. While the 
acetonitrile/water mixture extracted 33-51% TRR (0.035-0.055 mg eq/kg) in fruit and 14-22% TRR (0.38-0.81 mg eq/kg) in foliage, 
smaller proportion of radioactivity remained unextracted in fruit samples (4.5-6.5% TRR, 0.005-0.007 mg eq/kg) and foliage 
samples (10-13% TRR, 0.28-0.49 mg eq/kg). 

The aqueous phase of acetonitrile/water extracts of each sample was further characterized by hydrolysis under acidic 
and basic conditions and using beta-glucosidase. The acid treatment hydrolyzed radioactive residues to make two thirds of them 
soluble in ethyl acetate, while the base treatment and enzyme treatment made only one third of them soluble in ethyl acetate. 
Similar tendencies were observed in the acetonitrile/water extraction of post extraction solids of foliage by Soxhlet extraction. 

Table 6 Radioactive residues in fractions of the fruit and foliage samples from grapevines treated with radioactive pyriofenone at 
100 g ai/ha 

Fraction 
[phenyl-14C]-pyriofenone [pyridyl-14C]-pyriofenone 
Berry Foliage Berry Foliage 
mg/kg % TRR mg/kg % TRR mg/kg % TRR mg/kg % TRR 

Surface wash 0.064 62.1 2.10 76.3 0.046 42.6 2.41 65.0 
Acetonitrile/water extract* 0.035 33.4 0.377 13.7 0.055 50.8 0.809 21.8 
PES 1a 0.005 4.5 0.276 10.0 0.007 6.5 0.485 13.1 
Total 0.103 100.0 2.75 100.0 0.107 100.0 3.70 100 
In the acetonictrile/water extracts  
Organo-soluble 0.020 19.2 0.185 6.7 0.030 27.7 0.378 10.2 
Water soluble 0.015 14.2 0.192 7.0 0.025 23.1 0.431 11.6 
Hydrolysis of the water soluble fraction of fruit samples (three portions undergone different hydrolysis treatment) 
HCl hydrolysis         
  Organo-solubleb 0.010 9.8 0.107 3.9 0.018 16.8 0.295 8.0 
  Water soluble 0.004 4.4 0.085 3.1 0.007 6.3 0.136 3.7 
NaOH hydrolysis         
  Organo-soluble 0.004 4.0 0.028 1.0 0.007 6.8 0.110 3.0 
  Water soluble 0.010 10.2 0.164 6.0 0.017 16.3 0.321 8.7 
Enzyme hydrolysis         
  Organo-soluble 0.004 3.9 0.029 1.1 0.008 7.9 0.086 2.3 
  Water soluble 0.011 10.3 0.163 5.9 0.016 15.2 0.345 9.3 
Soxhlet extraction of PES 1 of foliage samples (three portions undergone different hydrolysis treatment) 
Acetonitrile/water extract -  0.094 3.4 -  0.171 4.6 
HCl hydrolysis   0.032 1.2 -  0.029 0.8 
NaOH hydrolysis (extract) -  0.042 1.5 -  0.074 2.1 
Unextracted -  0.107 3.8 -  0.210 5.6 

* The ratio of acetonitrile to water was 4:1 (v/v) for fruit extraction and 1:1 (v/v) for foliage extraction. 
a Post-extraction solid from the first acetonitrile extraction 
b Ethyl acetate phase 
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Identification of radioactive metabolites was attempted by using HPLC and TLC co-chromatography. The distribution 
and identification of residues in grape berries and foliage from grape vine treated with radiolabelled pyriofenone at 100 g ai/ha are 
given in Table 7. 

The predominant radioactive residue was the parent pyriofenone accounting for a total of 52-72% (0.056 or 0.075 mg/kg) 
in grape berries; and 56-68% TRR (1.87 or 2.06 mg/kg) in foliage. Most pyriofenone was present in the surface wash of berries (40 
or 61% TRR) and foliage (53 or 66% TRR). From the surface wash only pyriofenone was identified (fruit) or two other minor 
components were found in addition to pyriofenone (foliage). 

From the fruit organic extracts, up to 15 low concentration radioactive peaks, including polar components, were found 
but none was above 7.1% TRR or 0.008 mg/kg. Among these peaks, 3GDPM, 4GDPM, 2MDPM, 3HDPM, 4HDPM were identified. 

From the foliage organic extracts, up to 27 low concentration radioactive peaks, including polar components, were found 
but none was above 4.1% TRR or 0.152 mg/kg. Among them, 3GDPM, 4GDPM, 2MDPM, 3HDPM, 4HDPM were identified. 

No other peaks were further identified. 

Table 7 Distribution and identification of components in berry and foliage samples from grape vine treated with radioactive 
pyriofenone at 100 g ai/ha 

Component Berry Foliage 
mg/kg % TRR mg/kg % TRR 

Treatment with [phenyl-14C]-pyriofenone 
Surface wash     
 Pyriofenone 0.063 61.0 1.80 65.6 
 4MGDPM (Rt 25‘00“) -  0.015 0.5 
 Peak 8b (Rt 30‘30“) -  0.078 2.8 
Organic phase of acetonitrile extracts     
 Pyriofenone 0.009 8.6 0.065 2.3 
 Peak1a (Rt 5‘00“) <0.0005 0.2 -  
 Peak 2a (Rt 8‘40“) -  0.007 0.2 
 Peak 3e (Rt 13‘50“) -  0.004 0.1 
 Peak 4a (Rt 15‘30“) 0.001 0.5 0.003 0.1 
 Peak 4b (Rt 16‘40“) 0.001 1.2 0.009 0.3 
 Peak 4e (Rt 18‘30“) 0.001 1.4 0.013 0.5 
 Peak 4f (Rt 19‘40“) -  0.003 0.1 
 3GDPM (Rt 21‘00“) 0.001 1.0 0.010 0.4 
 4GDPM (Rt 23‘00“) 0.002 2.2 0.006 0.2 
 Peak 6c (Rt 24‘00“) -  0.001 <0.05 
 4MGDPM (Rt 25‘00“) -  0.002 0.1 
 3HDPM (Rt 29‘00“) <0.0005 0.1 0.001 0.1 
 Peak 8b (Rt 30‘30“) -  0.016 0.6 
 4HDPM (Rt 31‘00“) 0.003 0.003 0.015 0.6 
 Peak 11d (Rt 42‘00“) -  0.005 0.2 
 Peak 11e (Rt 43‘40“) -  0.005 0.2 
Organic phase of acid hydrolysate     
 Pyriofenone 0.003 2.6 -  
 Peak1a (Rt 5‘00“) -  0.016 0.6 
 Peak1b (Rt 6’30“) -  0.005 0.2 
 Peak 1c (Rt 7‘10“) -  0.004 0.1 
 Peak 1d (Rt 7‘50“) -  0.006 0.2 
 Peak 2b (Rt 9‘20“) -  0.004 0.1 
 Peak 2c (Rt 9‘50“) -  0.003 0.1 
 Peak 3a (Rt 10‘40“) -  0.002 0.1 
 Peak 3d (Rt 12‘10“) -  0.001 0.1 
 Peak 4a (Rt 15‘30“) <0.0005 0.2 0.001 0.1 
 Peak 4d (Rt 18‘00“) -  0.002 0.1 
 Peak 4g (Rt 20‘20“) 0.002 2.4 0.022 0.8 
 3GDPM (Rt 21‘00“) <0.0005 0.4 0.002 0.1 
 4GDPM (Rt 23‘00“) <0.0005 0.4 0.008 0.3 
 2MDPM (Rt 23‘50“) <0.0005 0.2 0.002 0.1 
 4MDPM (Rt 27‘10“) <0.0005 0.3 0.004 0.2 
 3HDPM (Rt 29‘00“) 0.003 2.8 0.022 0.8 
 Others 0.003 2.5 0.222 8.0 
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Component Berry Foliage 
mg/kg % TRR mg/kg % TRR 

Total 0.094 91.1 2.39 87.0 
Treatment with [pyridyl-14C]-pyriofenone 
Surface wash     
 Pyriofenone 0.043 39.9 1.97 53.3 
 Peak 8b (Rt 30‘30“) 0.001 0.8 0.130 3.5 
Organic phase of acetonitrile extracts     
 Pyriofenone 0.013 12.0 0.086 2.3 
 Peak1a (Rt 5‘00“) 0.001 1.0 -  
 Peak1b (Rt 6’30“) -  0.005 0.1 
 Peak 2b (Rt 9‘20“) -  0.007 0.2 
 Peak 3b (Rt 11‘10“) -  0.006 0.2 
 Peak 3c (Rt 11‘50“) -  0.008 0.2 
 Peak 3e (Rt 13‘50“) <0.0005 0.4 -  
 Peak 3f (Rt 14‘10“) -  0.021 0.6 
 Peak 4a (Rt 15‘30“) 0.001 1.1 0.011 0.3 
 Peak 4b (Rt 16‘40“) 0.001 0.9 0.025 0.7 
 Peak 4c (Rt 17‘00“) 0.001 1.4 -  
 Peak 4d (Rt 18‘00“) 0.001 1.2 -  
 Peak 4e (Rt 18‘30“) 0.002 1.6 0.045 1.2 
 Peak 4f (Rt 19‘40“) -  0.014 0.4 
 3GDPM (Rt 21‘00“) 0.002 1.6 0.021 0.6 
 4GDPM (Rt 23‘00“) 0.001 0.6 0.026 0.7 
 Peak 6c (Rt 24‘00“) -  0.005 0.1 
 4MGDPM (Rt 25‘00“) -  0.005 0.1 
 3HDPM (Rt 29‘00“) <0.0005 0.2 -  
 Peak 8b (Rt 30‘30“) -  0.022 0.6 
 4HDPM (Rt 31‘00“) 0.005 4.8 0.030 0.8 
 Peak 11c (Rt 41‘10“) <0.0005 0.4 0.005 0.1 
 Peak 11d (Rt 42‘00“) -  0.005 0.1 
 Peak 11e (Rt 43‘40“) -  0.015 0.4 
Organic phase of acid hydrolysate     
 Peak1a (Rt 5‘00“) -  0.027 0.7 
 Peak 1c (Rt 7‘10“) -  0.029 0.8 
 Peak 2b (Rt 9‘20“) -  0.011 0.3 
 Peak 3e (Rt 13‘50“) 0.001 0.9 -  
 Peak 3g (Rt 14‘40“) -  0.004 0.1 
 Peak 4b (Rt 16‘40“) -  0.002 0.1 
 Peak 4d (Rt 18‘00“) -  0.008 0.2 
 Peak 4g (Rt 20‘20“) 0.008 7.1 0.095 2.6 
 3GDPM (Rt 21‘00“) 0.001 0.7 0.006 0.2 
 4GDPM (Rt 23‘00“) 0.001 0.6 0.024 0.6 
 2MDPM (Rt 23‘50“) 0.001 0.5 0.009 0.2 
 4MGDPM (Rt 25‘00“) -  0.012 0.3 
 Peak 6e (Rt 26‘40“) -  0.002 0.1 
 3HDPM (Rt 29‘00“) 0.007 6.4 0.047 1.3 
 Others 0.004 3.1 0.341 9.2 
Total 0.093 87.2 3.08 83.2 

Not detected 

Others: radioactivity distributed throughout regions of the chromatograms not contained in the discrete components. 

 

The radioactive residues at 29 days after treatment of grape vine with radiolabelled pyriofenone were 0.103-
0.107 mg eq/kg in berries and 2.75-3.70 mg eq/kg in foliage. Majority of radioactivity was recovered from surface wash: 43-62% 
TRR for berries, and 65-76% TRR for foliage.  

Most of the radioactive residues were either washed off or extracted using acetonitrile with only small amount remained 
unextracted (4.5-6.5% TRR for berries, 10-13% TRR for foliage). Acid hydrolysis of the water soluble phase (about one half of the 
acetonitrile/water extracts) made about two thirds of radioactive residues soluble to ethyl acetate.  
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Most of the radioactivity in the surface wash was the parent pyriofenone. In the acetonitrile/water extracts and in the 
ethyl acetate phase of acid hydrolysates, the major radioactive residue was pyriofenone (52-72% TRR for berries, and 56-68% TRR 
for foliage) with many small radioactive peaks (up to a total of 34 peaks). However, no peaks other than the parent were more than 
10% TRR or 0.01 mg/kg. Among these peaks, 3GDPM, 4GDPM, 2MDPM, 3HDPM, 4HDPM were identified. 

Wheat (Corden, M.T., 2009) 

The metabolism of pyriofenone in winter wheat (variety Claire) sown and grown in plastic containers (50 cm × 70 cm × 30 cm depth) 
filled with a sandy loam soil to within approximately 5 cm of the top. The containers were positioned within a caged area, which 
was covered with netting, and maintained outdoor on wooden tables. The containers and crops were exposed to normal climatic 
conditions of England.  

Both the [phenyl-14C]- and [pyridyl-14C]-pyriofenone were formulated as an SC formulation and applied two times at a rate 
of 100 g ai/ha at BBCH 31 (first node detectable) and 71 (grain water ripe) (interval 73 days between the two applications) over the 
plants covered with polyethylene spray tent using aerosol spray guns. Wheat plants were grown to maturity in containers. 

Plants were taken for analysis 7 days after the first application (7DA1A) at BBCH 32, six days after the second, last, 
application (early harvest, 6DALA) at BBCH 73-75 and 40 days after the last application (40DALA) at BBCH 90-91. Depending on 
the growth stage of the plants at each sampling time the crop was analysed as whole plant or separated into straw, grain and chaff. 
Plants were cut off just above the soil surface.  

All samples except grain were surface washed by immersion in acetonitrile three times. The washed samples were then 
homogenized using a blender in dry ice.  

Subsamples of the homogenized sample were macerated and extracted with acetonitrile/water (1:1, v/v). The extracts 
were obtained by centrifugation. The combined extracts were concentrated by rotary evaporation to remove any acetonitrile. The 
reduced extracts were partitioned three times using ethyl acetate. The aqueous residue was adjusted to pH 2 using HCl, and then 
the acidified aqueous residues were partitioned three times using ethyl acetate.  

Portions of the aqueous fraction of 40 DALA straw from the treatment with [phenyl-14C] label were incubated with beta-
glucosidase, NaOH (0.1M and 1M) or HCl (0.1M, 1M and 5M) at 37 ºC (60 ºC for 5M) for approximately 16 hours. Then the solutions 
were partitioned using ethyl acetate 

Portions of the aqueous fraction of 6DALA and 40DALA samples were incubated with HCl at the final concentration of 
1M at 37 ºC for approximately 16 hours. The solutions were partitioned three times using ethyl acetate.  

Portions of the post extraction solids of 40DALA straw samples from the treatment with [phenyl-14C]-labelled pyriofenone 
were incubated with beta-glucosidase, cellulase and hemicellulase, protease, 1M HCl or 1M NaOH. Portions of the post extraction 
solids of 6DALA hay samples from the treatment with [phenyl-14C]-label were incubated with 1M NaOH only. Incubation was at 
37 ºC for approximately 16 hours. After incubation the mixture was extracted with acetonitrile and the supernatant was separated 
by centrifugation. The residue was further extracted using acetonitrile/water (1:1, v/v).  

For the NaOH treated samples, the extracts were neutralized and then partitioned with ethyl acetate. The organic 
fractions were analysed by HPLC and TLC. 

Aliquots of surface washes, extracts and organic and aqueous fractions from hydrolysis treatments were removed for 
determination of radioactivity by LSC. Radioactive residues remaining in post extraction solids were determined by combustion 
followed by LSC. In all crop samples, except for grain, TRR were determined from a summation of surface washes and direct 
combustion of the homogenised matrix. Grain had no associated surface washes so the total radioactive residue was calculated 
by direct combustion of the homogenized matrix. 

For metabolite identification, sample extracts were co-chromatographed with authentic reference standards using HPLC 
and TLC. 

At the time of the forage sampling (7DA1A) the wheat plants were not sufficiently developed to allow separation of any 
plant parts so only samples of whole plant were analysed. The TRR in the whole plant samples taken seven days after the first 
application were similar for both radiolabel forms representing 1.69 mg eq/kg for the phenyl-label and 1.86 mg eq/kg for the 
pyridyl- label (see Table 8). 

At the second intermediate hay sampling (6DALA) the wheat plants were not sufficiently developed to allow separation 
of any plant parts so only samples of whole plant were analysed. The TRR in the whole plant “hay” samples taken six days after the 
second (last) application were 1.21 mg eq/kg for the phenyl-label and 0.83 mg eq/kg for the pyridyl-label. 

At the final sampling (40 DALA) the mature wheat plants were separated into straw, grain and chaff. TRR in straw were 
1.23 mg eq/kg for the phenyl-label and 0.88 mg eq/kg for the pyridyl-label. Concentrations of radioactivity in the chaff were slightly 
higher than the straw at 3.90 mg eq/kg for the phenyl-label and 2.05 mg eq/kg for the pyridyl-label. TRR in in the grain were much 
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lower than in the straw and chaff, at 0.059 mg eq/kg for the phenyl-label and 0.042 mg eq/kg for the pyridyl-label. The lower 
residues in the grain was probably because the grain was not exposed to the spray which were made when the plant was relatively 
immature and the developing grain was protected. The presence of radioactivity in the grain at harvest indicates that there was 
some transfer of residues within the plant. 

Table 8 Distribution of radioactivity in wheat fractions following application of [phenyl-14C]- or [pyridyl-14C]-pyriofenone 

Sample/Fraction 7DA1A 6DALA 40DALA
Forage Hay Straw Grain Chaff
% TRR mg eq/ 

kg
% TRR mg eq/ 

kg
% TRR mg eq/ 

kg
% TRR mg eq/ 

kg
% TRR mg eq/ 

kg

Treatment with [phenyl-14C]-pyriofenone 

Surface wash 76.6 1.29 49.9 0.61 11.8 0.15 Na na 31.9b 1.25 
Extracts 20.3 0.34 41.9 0.51 63.6 0.78 59.2 0.035 57.1 2.23 
 Organosoluble 18.2 0.31 34.4 0.42 51.6 0.63 18.3 0.011 35.7 1.40 
 Acid organosoluble - - 5.2 0.06 6.3 0.08 24.1 0.014 15.9 0.62 
 Aqueous soluble 2.1 0.04 2.3 0.03 5.7 0.07 16.8 0.010 5.5 0.21 
Base extract - - 3.8 0.05 20.2 0.25 21.3 0.013 8.3 0.33 
 Base organosoluble - - 2.8 0.03 14.2 0.17 6.4 0.004 4.8 0.19 
 Base aqueous 
soluble 

- - 1.0 0.01 6.0 0.07 14.9 0.009 3.5 0.14 

Unextracted 3.1 0.05 4.4 0.05 4.4 0.05 19.5 0.011 2.7 0.10 
Total 100 1.69 100 1.21 100 1.23 100 0.059 100 3.90 

Treatment with [pyridyl-14C]-pyriofenone 

Surface wash 81.5 1.51 55.4 0.459 7.6 0.067 Na na 28.4b 0.58 
Extracts 15.5 0.29 35.6 0.295 60.9 0.534 71.1 0.030 59.4 1.22 
 Organosoluble 14.3 0.27 26.6 0.220 44.5 0.390 44.0 0.019 42.4 0.87 
 Acid organosoluble - - 7.3 0.061 11.1 0.097 19.1 0.008 13.1 0.27 
 Aqueous soluble 1.2 0.02 1.7 0.014 5.3 0.047 8.0 0.003 3.9 0.08 
Base extract - - 6.0 0.049 22.1 0.193 18.7 0.008 9.1 0.19 
 Base organosoluble - - 3.6 0.029 14.5 0.126 7.5 0.003 5.1 0.11 
 Base aqueous 
soluble 

- - 2.4 0.020 7.6 0.067 11.2 0.005 4.0 0.08 

Unextracted 3.0 0.06 3.0 0.025 9.4 0.083 10.2 0.004 3.1 0.06 
Total 100 1.86 100 0.828 100 0.877 100 0.042 100 2.05 

Results are expressed as % TRR and mg equivalents/kg 

nd: not determined 

na: not applicable 
b grain surface wash included with chaff 

7DA1A: seven days after first application (forage) 

6DALA: six days after last application (hay) 

40DALA: forty days after last application (harvest) 

 

The distribution of radioactivity in fractions of RACs is summarized also in Table 8. 

Similar radioactivity was found in surface washes and extracts of forage, hay, straw and chaff regardless of the position 
of radiolabel, phenyl ring or pyridyl ring, which suggests that there are no or little label-specific metabolites. 

 

Similar radioactivity was present in surface washes (77 and 82% TRR, 1.29 and 1.51 mg eq/kg) and extracts (20 and 16% 
TRR, 0.34 and 0.29 mg eq/kg) of forage for the phenyl- and pyridyl-labels, respectively. Organo-soluble fractions accounted for 18 
and 14% TRR (0.31 and 0.27 mg eq/kg) with aqueous soluble fraction contained 2.1 and 1.2% TRR (0.04 and 0.02 mg eq/kg). The 
unextracted radioactivity accounted for 3.1 and 3.0% TRR (0.06 and 0.05 mg eq/kg). Organo-soluble fractions were analysed by 
chromatography. 

Similar radioactivity was also present in surface washes (50 and 55% TRR, 0.61 and 0.46 mg eq/kg) and extracts (42 and 
36% TRR, 0.51 and 0.30 mg eq/kg) of hay for the phenyl- and pyridyl- labels, respectively. Organo-soluble fractions accounted for 
34 and 27% TRR (0.42 and 0.22 mg eq/kg), acid organo-soluble fractions accounted for 5.2 and 7.3% TRR (0.06 and 0.06 mg eq/kg) 
with the remaining aqueous soluble fraction 2.3 and 1.7% TRR (0.03 and 0.01 mg eq/kg). Base extraction of the residue released 
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3.8 and 6.0% TRR (0.05 and 0.05 mg eq/kg) of which 2.8 and 3.6% TRR (0.03 and 0.03 mg eq/kg) was organo-soluble and 1.0 and 
2.4% TRR (0.01 and 0.02 mg eq/kg) was aqueous soluble. The unextracted residues after the base treatment accounted for 4.4 and 
3.0% TRR (0.05 and 0.03 mgeq/kg). Organo-soluble fractions were analysed by chromatography. 

Similar radioactivity was present in surface washes (12 and 7.6% TRR, 0.15 and 0.07 mg eq/kg) and extracts (64 and 
61% TRR, 0.78 and 0.53 mg eq/kg) of straw for the phenyl and pyridyl-labels, respectively. Organo-soluble fractions accounted for 
52 and 45% TRR (0.63 and 0.39 mg eq/kg), acid organo-soluble fractions accounted for 6.3 and 11% TRR (0.08 and 0.10 mg eq/kg) 
with the remaining aqueous soluble fractions representing 5.7 and 5.3% TRR (0.07 and 0.05 mg/kg). portions of unextracted 
residues from the phenyl-label treatment following extraction with neutral solvents, were treated with acid, base and enzymes 
(cellulase, hemicellulase, protease and -glucosidase). The most effective treatment was found to be base, hence this treatment 
was applied to all samples containing significant unextracted residues. Base extraction of the 40 DALA straw residues released 20 
and 22% TRR (0.25 and 0.19 mg eq/kg) of which 14 and 15% TRR (0.17 and 0.13 mg eq/kg) was organo-soluble and 6.0 and 7.6% 
TRR (0.07 and 0.07 mg eq/kg) was aqueous soluble. The unextracted residues following base treatment accounted for 4.4 and 9.4% 
TRR (0.05 and 0.08 mg eq/kg). Organo-soluble fractions were analysed by chromatography. 

Similar radioactivity was present in extracts of grain (59 and 71% TRR, 0.035 and 0.030 mg eq/kg) for the phenyl- and 
pyridyl-labels, respectively. The levels were far lower than other parts of the plant. Organo-soluble fractions accounted for 18 and 
44% TRR (0.011 and 0.019 mg eq/kg), acid organo-soluble fractions accounted for 24 and 19% TRR (0.014 and 0.008 mg eq/kg) 
with the remaining aqueous soluble fractions representing 17 and 8.0% TRR (0.010 and 0.003 mg eq/kg). Base extraction of the 
residue released 21 and 19% TRR (0.013 and 0.008 mg eq/kg) of which 6.4 and 7.5% TRR (0.003 and 0.004 mg eq/kg) was organo-
soluble and 15 and 11% TRR (0.009 and 0.005 mg/kg) was aqueous soluble. The unextracted residues following base treatment 
accounted for 20 and 10% TRR (0.011 and 0.004 mg eq/kg). Organo-soluble fractions were analysed by chromatography. The 
unextracted residues following base treatment accounted for 2.7 and 3.1% TRR (0.10 and 0.06 mg eg/kg). Organo-soluble fractions 
were analysed by chromatography. 

Similar radioactivity was present in surface washes (32 and 28% TRR, 1.25 and 0.58 mg eq/kg) and extracts (57 and 59% 
TRR, 2.23 and 1.22 mg eq/kg) of chaff for the phenyl- and pyridyl- labels, respectively. Organo-soluble fractions accounted for 36 
and 42% TRR (1.40 and 0.87 mg eq/kg), acid organo-soluble fractions accounted for 16 and 13% TRR (0.62 and 0.27 mg eq/kg) 
with the remaining aqueous soluble fraction representing 5.5 and 3.9% TRR (0.21 and 0.08 mg eq/kg). Base extraction of the 
residue released 8.3 and 9.1% TRR (0.33 and 0.19 mg eq/kg) of which 4.8 and 5.1% TRR (0.19 and 0.11 mg eq/kg) was organo-
soluble and 3.5 and 4.0% TRR (0.14 and 0.08 mg eq/kg) was aqueous soluble. 

Identification of radioactivity recovered in surface washes and organic fractions from winter wheat following treatment 
with phenyl- or pyridyl-labelled pyriofenone are summarised in Table 9. 

The total amount of parent pyriofenone in the surface wash and extracts of forage sample was 89-90% TRR (1.50-
1.68 mg/kg). Most of pyriofenone was present in the surface wash and the surface wash was composed almost entirely of parent 
pyriofenone (76-80% TRR, 1.28-1.48 mg/kg). Minor metabolites were identified by co-chromatography with reference substances 
as 4HDPM, 3HDPM, 3GDPM, 4GDPM, 2MDPM and 4MDPM. These metabolites and up to seven minor unidentified components each 
accounted for not greater than 1.5% TRR (0.03 mg/kg). The remaining forage radioactivity was composed of aqueous soluble 
components (1.2-2.1% TRR, 0.02-0.04 mg/kg) and unextractable radioactivity (3.0-3.1% TRR, 0.05-0.06 mg/kg). 

The total amount of pyriofenone in the surface wash and extracts of 6DALA hay samples was 72-77% TRR (0.64-
0.87 mg/kg). Majority of pyriofenone was found in the surface wash and the surface wash was composed almost completely of the 
parent (49-54% TRR, 0.45-0.67 mg/kg). Minor metabolites were identified by co-chromatography with reference substances as 
4HDPM, 3HDPM, 3GDPM, 4GDPM, 2MDPM and 4MDPM. These metabolites and up to seven minor unidentified components each 
accounted for not greater than 3.2% TRR (0.04 mg/kg). The remaining hay radioactivity was composed of aqueous soluble 
components (1.7-2.3% TRR, 0.01-0.03 mg/kg), base aqueous soluble components (1.0-2.4% TRR, 0.01-0.02 mg/kg) and 
unextractable radioactivity (3.0-4.4% TRR, 0.03-0.05 mg/kg). 

The total amount of pyriofenone in surface wash and extracts of 40DALA straw samples was 35-49% TRR (0.31-
0.61 mg/kg), much less percentage than those of forage and hay. The surface wash was composed almost entirely of pyriofenone 
but at lower proportion and concentration than in forage or hay (6.4-12% TRR, 0.06-0.14 mg/kg). Two components were identified 
as 4HDPM and 3HDPM which represented 7.5-12% TRR (0.09-0.10 mg/kg) and 6.0-6.2% TRR (0.05-0.07 mg/kg) respectively. One 
polar un-retained component, present mainly in extracts following base treatment, accounted for up to 8.4% TRR (0.10 mg/kg) in 
phenyl-label treatment but only 2.9% TRR (0.03 mg/kg) in pyridyl-label treatment. Other minor metabolites were identified by co-
chromatography with reference substances as 3GDPM, 4GDPM, 2MDPM and 4MDPM. These metabolites and up to six minor 
unidentified components each accounted for not greater than 6.4% TRR (0.06 mg/kg). The remaining straw radioactivity was 
distributed in aqueous soluble components (5.3-5.7% TRR, 0.05-0.07 mg/kg), base aqueous soluble (6.0-7.6%, 0.07 mg/kg) and 
unextracted radioactivity (4.4-9.4% TRR, 0.05-0.08 mg/kg). 
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Pyriofenone in the extracts of grain samples accounted for 13-29% TRR (0.007-0.013 mg/kg). Other minor metabolites 
were identified by co-chromatography with reference substances as 4HDPM, 3HDPM, 3GDPM, 4GDPM, 2MDPM and 4MDPM. These 
metabolites and up to seven minor unidentified components each accounted for not greater than 8.6% TRR (0.006 mg/kg). The 
remaining grain radioactivity was composed of aqueous soluble components (8.0-17% TRR, 0.003-0.010 mg/kg), base aqueous 
soluble components (11-15% TRR, 0.005-0.009 mg/kg) and unextracted radioactivity (10-20% TRR, 0.004-0.011 mg/kg). 

The total pyriofenone in surface wash and extracts of chaff samples accounted for 51-55% TRR (1.12-2.01 mg/kg). About 
one half of pyriofenone is recovered in the surface wash (28-29% TRR, 0.57-1.12 mg/kg) and the surface wash was composed 
almost entirely of the parent. Three components were identified as 4HDPM (6.9-8.0% TRR, 0.16-0.27 mg/kg), 3HDPM (4.3-5.3% 
TRR, 0.11-0.17 mg/kg) and 2MDPM (4.6-4.7% TRR, 0.10-0.18 mg/kg). Other minor metabolites were identified by co-
chromatography with reference substances as 3GDPM, 4GDPM and 4MDPM. These metabolites and up to seven minor unidentified 
components each accounted for not greater than 3.5% TRR (0.14 mg/kg). The remaining chaff radioactivity was composed of 
aqueous soluble components (3.9-5.5% TRR, 0.08-0.21 mg/kg), base aqueous soluble components (3.5-4.0% TRR, 0.08-
0.14 mg/kg) and unextracted radioactivity (2.7-3.1% TRR, 0.06-0.10 mg/kg). 

Table 9 Identification and characterization of radioactive residues in wheat following applications of [phenyl-14C]- or [pyridyl-14C]-
pyriofenone to wheat

Component 7DALA 6DALA 40DALA
Forage Hay Straw Grain Chaff
% TRR mg eq/ 

kg
% TRR mg eq/ 

kg
% TRR mg eq/ 

kg
% TRR mg eq/ 

kg
% TRR mg eq/ 

kg

Treatment with [phenyl-14C]-pyriofenone 
Pyriofenone 88.7 1.50 72.1 0.87 49.4 0.61 12.5 0.007 51.4 2.01 
4HDPM  0.2 <0.01 2.1 0.03 7.5 0.09 3.5 0.002 6.9 0.27 
3HDPM  1.5 0.03 3.2 0.04 6.0 0.07 5.0 0.002 4.3 0.17 
3GDPM  0.2 <0.01 0.7 0.01 0.6 0.01 1.1 <0.003 1.9 0.08 
4GDPM 0.2 <0.01 0.7 0.01 1.1 0.01 <0.6 <0.003 1.7 0.06 
2MDPM  0.3 0.01 2.3 0.03 2.4 0.03 1.7 0.001 4.7 0.18 
4MDPM  0.7 0.01 1.0 0.01 1.2 0.02 1.2 0.001 1.5 0.06 
Peak 1 0.3 <0.01 1.5 0.02 8.4 0.10 8.6 0.006 2.1 0.08 
Peak 2 0.2 <0.01 0.5 0.01 <0.5 <0.01 1.1 0.001 0.6 0.03 
Peak 3 0.5 0.01 2.4 0.03 0.5 0.01 2.0 0.001 1.9 0.08 
Peak 4 0.7 0.01 1.9 0.02 1.5 0.02 7.6 0.004 3.5 0.14 
Peak 5-b 0.2 <0.01 1.3 0.02 1.4 0.02 0.6 <0.003 1.0 0.04 
Peak 7 1.0 0.02 2.2 0.03 1.6 0.02 2.0 0.001 2.0 0.09 
Peak 10 0.1 <0.01 0.3 <0.01 2.5 0.03 <0.6 <0.003 1.6 0.07 
Others <0.2 <0.01 0.1 <0.01 0.1 <0.01 2.0 0.001 2.8 0.11 
Total analysed 94.8 1.60 92.3 1.12 83.9 1.03 48.8 0.029 88.3 3.46 
Aqueous 2.1 0.04 2.3 0.03 5.7 0.07 16.8 0.010 5.5 0.21 
Base aqueous - - 1.0 0.01 6.0 0.07 14.9 0.009 3.5 0.14 
PES 3.1 0.05 4.4 0.05 4.4 0.05 19.5 0.011 2.7 0.10 
Total recovery 100 1.69 100 1.21 100 1.23 100 0.059 100 3.90 

Treatment with [pyridyl-14C]-pyriofenone 

Pyriofenone 90.1 1.68 76.7 0.636 35.4 0.309 29.2 0.013 54.5 1.12 
4HDPM 0.2 <0.01 1.9 0.015 11.6a 0.101 7.3 0.003 8.0 0.16 
3HDPM  1.4 0.02 2.4 0.020 6.2 0.054 6.0 0.003 5.3 0.11 
3GDPM  0.3 <0.01 0.9 0.007 1.1 0.010 1.1 <0.003 2.5 0.05 
4GDPM  0.2 <0.01 0.9 0.008 2.8 0.025 0.9 <0.003 1.4 0.03 
2MDPM  0.5 0.02 1.7 0.015 4.2 0.037 1.6 <0.003 4.6 0.10 
4MDPM 1.1 0.02 0.8 0.007 1.8 0.015 2.5 0.001 1.4 0.03 
P1 0.5 0.01 1.6 0.013 2.9 0.026 7.0 0.003 2.2 0.05 
P2 0.1 <0.01 0.2 0.002 0.3 0.003 1.7 <0.003 0.5 0.01 
P3 0.2 <0.01 0.4 0.004 0.8 0.007 6.5 0.002 1.6 0.03 
P4 0.6 0.01 1.9 0.016 6.4 0.056 2.1 <0.003 3.2 0.07 
P5-b 0.2 <0.01 0.7 0.007 1.0 0.009 1.1 <0.003 0.4 0.01 
P7 0.3 0.01 1.3 0.012 1.7 0.015 1.7 <0.003 1.8 0.03 
P10 <0.2 <0.01 0.6 0.004 1.0 0.008 1.1 <0.003 1.2 0.02 
Others <0.2 <0.01 0.5 0.004 0.1 0.001 0.9 <0.003 0.5 0.01 
Total analysed 95.8 1.78 92.9 0.769 77.7 0.678 70.6 0.030 89.0 1.82 
Aqueous  1.2 0.02 1.7 0.014 5.3 0.047 8.0 0.003 3.9 0.08 
Base aqueous - - 2.4 0.020 7.6 0.067 11.2 0.005 4.0 0.08 
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Component 7DALA 6DALA 40DALA
Forage Hay Straw Grain Chaff
% TRR mg eq/ 

kg
% TRR mg eq/ 

kg
% TRR mg eq/ 

kg
% TRR mg eq/ 

kg
% TRR mg eq/ 

kg
PES 3.0 0.06 3.0 0.025 9.4 0.083 10.2 0.004 3.1 0.06 
Total recovery 100 1.86 100 0.828 100 0.877 100 0.042 100 2.05 

Others: Accounts for areas on the radiochromatogram which sum above zero but which contain no discrete areas of radioactivity 
a 4HPDM in the straw (Pyridyl-label) represented 11.6% TRR, but this included 4HDPM obtained after acid hydrolysis of the aqueous phase and 

alkali hydrolysis of the unextracted residues, which is likely to be originally present in conjugated form in the straw sample. Therefore, the 
estimated % TRR of 4HDPM would be 8% TRR (11.6%-(1.0% + 2.6%), 0.070 mg/kg. 

 

Total radioactive residues were higher in forage, hay, straw and chaff, which were directly exposed to the spray 
applications, compared to grain. Low levels in grain indicated limited translocation within the plant. 

Parent pyriofenone was the main component in all samples at harvest (40DALA) representing 35-49% TRR (0.31–
0.61 mg/kg) in straw, 13-29% TRR (0.007–0.013 mg/kg) in grain and 51–55% (1.12–2.01 mg/kg) in chaff. Pyriofenone was 
metabolized to a large number of more polar components including 3HDPM, 4HDPM, 2MDPM and 4MDPM and the glucose 
conjugates 3GDPM and 4GDPM. None of these metabolites exceeded 7.3% TRR (0.003 mg/kg) in wheat grain, 1.5% TRR 
(0.03 mg/kg) in forage, 3.2% TRR (0.04 mg/kg) in hay and 7.5% TRR (0.09 mg/kg) in straw except 11.6% TRR (0.10 mg/kg) 4HDPM 
in the straw sample from pyridyl-label treatment. A number of other more polar unknown metabolites were also formed, none of 
these accounted for greater than 8.6% TRR (0.006 mg/kg) in wheat grain, 1.0% TRR (0.02 mg/kg) in forage, 2.4% TRR (0.03 mg/kg) 
in hay, 8.4% TRR (0.10 mg/kg) in straw and 3.5% TRR (0.14 mg/kg) in chaff.  

Significant proportions of radioactivity were unextracted by treatment with neutral solvents and these were further 
extracted by treatment with base. Low levels of pyriofenone and metabolites were released after these treatments. After base 
treatment unextracted residues represented less than 10% of the total radioactive residue in wheat samples at harvest. 

Proposed Metabolic Pathway in plants 

Metabolism of pyriofenone in plants after foliar applications was studied for foliar application on tomato plants, grape vines and 
wheat plants using [phenyl-14C]- and [pyridyl-14C]-labelled pyriofenone.  

Tomato plants were sprayed 3 times with 30% SC formulations of either of [phenyl-14C]- and [pyridyl-14C]-labelled 
pyriofenone at a nominal application rate of 100 g ai/ha at 31, 19 and 7 days prior to harvest. Fruit and leaves were sampled at 
harvest (7 DALA). In tomato fruit, pyriofenone was the predominant residue accounting for 95% TRR (0.162 mg/kg) and 95% TRR 
(0.184 mg/kg) for the [phenyl-14C]- and [pyridyl-14C]-labelled pyriofenone, respectively. Levels of metabolites in the fruit were 

1.2% TRR ( 0.002 mg/kg) and 1.7% TRR ( 0.003 mg/kg) for the [phenyl-14C]-and [pyridyl-14C]-labelled pyriofenone, respectively. 

Mature grape vines were sprayed 3 times with 30% SC formulations of either of [phenyl-14C]- and [pyridyl-14C]-labelled 
pyriofenone at a nominal application rate of 100 g ai/ha at 57, 43 and 29 days prior to harvest. Fruit and leaves were sampled at 
harvest (29 DALA). In grape berries pyriofenone was the major residue accounting for 72% TRR (0.075 mg/kg) and 52% TRR 
(0.056 mg/kg) for the [phenyl-14C]- and [pyridyl-14C]-labelled pyriofenone, respectively. Levels of metabolites in grape berries were 

3.1% TRR ( 0.003 mg/kg) and 7.1% TRR ( 0.008 mg/kg) for the [phenyl-14C]- and [pyridyl-14C]-labelled pyriofenone, respectively. 

Winter wheat was sprayed twice with either formulated [phenyl-14C]- or [pyridyl-14C]-labelled pyriofenone at a nominal 
application rate of 100 g ai/ha at BBCH growth stages 31 (first node detectable) and 71 (grain water ripe). Samples were taken for 
analysis 7 days after the first application (7DA1A, forage), 6 days after the second application (6DALA, hay) and 40 days after the 
second application (40DALA, harvest). Parent pyriofenone was the main component in forage and hay (72-90% TRR, 0.64–
1.68 mg/kg), and in all the samples taken at harvest (40DALA) representing 35-49% (0.31-0.61 mg/kg) in straw, 51–55% (1.12–
2.01 mg/kg) in chaff and 13–29% (0.007-0.013 mg/kg) in grain. Levels of metabolites in wheat grain were 8.6% TRR 
( 0.006 mg/kg) and 7.3% TRR ( 0.003 mg/kg) for the [phenyl-14C]- and [pyridyl-14C]-labelled pyriofenone, respectively.  

Taking into consideration, the plant metabolism studies on tomato, grape and wheat, and the identified metabolites in 
these studies, the proposed metabolic pathway of pyriofenone follows: hydrolysis (demethylation) followed by conjugation with 
naturally occurring sugars. 
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Figure 2 Proposed metabolic pathway of pyriofenone in plants (tomato, grape and wheat) 
 

Animal Metabolism 
The Meeting received information on the results of studies on lactating goats fed 14C-labelled pyriofenone. 

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 

The metabolism of pyriofenone was studied in rats. There were no major differences in patterns of metabolism between the phenyl- 
and pyridyl-labels.  

Pyriofenone and 3HDPM/4HDPM were identified in extracts of liver along with a number of other unidentified 
metabolites. Pyriofenone was identified in extracts of kidney at the 200 mg/kg bw dose level. The other major metabolites in kidney 
were in a polar fraction. There was very little metabolism of pyriofenone in fat at the 200 mg/kg bw dose level with 2MDPM, 4MDPM, 
3HDPM, 4 HDPM identified but 5.6% each). 

Lactating goats (Haynes, L.M., 2010, ISK0297) 

The metabolism of pyriofenone in the lactating goats (variety: British Saanen) was studied using [phenyl-14C]- and [pyridyl-14C]-
pyriofenone administered orally in gelatin capsules, once daily immediately after milking for five days. One goat received an average 
daily dose of 0.11 mg/kg bw of phenyl label and another goat received 0.20 mg/kg bw of pyridyl label. Both of these doses were 
equivalent to 10 ppm in the diet (7.8 ppm for phenyl label and 13 mg/kg for pyridyl label). 
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Milk samples were collected twice daily in the morning prior to dosing and in the afternoon after an interval of at least 6 
hours, until 23 hours after the last dose. Samples of urine and feces were collected during the 24 hours period before the first dose, 
then during 24-hour intervals afterwards, up to 23 hours after the final dose. Cage wash water samples were collected at the end 
of each 24-hour collection period prior to dosing, and following sacrifice. Blood and plasma samples were collected immediately 
prior to sacrifice. The plasma was separated by centrifugation.  

The goats were sacrificed approximately 23 hours after the last dose, and liver, kidneys, subcutaneous fat, omental fat, 
perirenal/peritoneal fat, foreleg muscle and rump muscle (approximately 1 kg of each), bile from the gall bladder, urine from the 
bladder, rumen and reticulum (plus contents), omasum and abomasum (plus contents), and intestines plus contents were obtained. 

Bile, milk, cage wash water, plasma and urine were analysed for radioactivity using LSC without further treatment. 
Radioactivity in homogenized samples of feces, the contents of the rumen, reticulum and intestine, whole blood and liver were 
determined by combustion and measurement with LSC. Portions of fat, muscle and kidney were homogenized and solubilized prior 
to radioassay. Radioactivity in the liver, kidneys, urine and feces was further characterized. 

Portions of liver and kidney were homogenized and sequentially extracted three times each with acetonitrile and then 
acetonitrile/water (1:1, v/v). Extracts were, separated by centrifugation. The liver and kidney extracts for each goat were pooled 
separately, concentrated to dryness, resuspended in acetonitrile/water (1:2, v/v) and analysed by reverse phase HPLC and normal 
phase TLC (liver) and HPLC (kidney). 

Radioactive residues in liver remaining after solvent extraction were incubated with a mixture of protease enzymes for 
18 hours at 37 °C in 0.01M phosphate buffer and then homogenized twice with acetonitrile and the extract was separated by 
centrifugation. The protease-treated solid was further incubated in 1M HCl for 18 hours at 37 °C. The extracts and solid were 
separated by centrifugation. The remaining solid was homogenized twice with acetone, and extract was separated by 
centrifugation. The solids after acid treatment of were incubated with 1M NaOH for 18 hours at 37 °C. The extracts and residue 
were separated by centrifugation. The remaining solid was homogenized twice with acetone, and the extract and solid were 
separated by centrifugation. The remaining liver solids were refluxed with 6M HCl for 1 hour and then centrifuged. The supernatant 
was decanted. The residues were then refluxed with 2M NaOH for a further hour and then centrifuged. The extracts after acid reflux 
were partitioned with ethyl acetate. After centrifuging, the organic and aqueous layers were separated. The remaining solid was 
air-dried. 

Solvent extracts were pooled and portions adjusted to pH 4, pH 7 or pH 10. Each pool was extracted three times with an 
approximately equal volume of ethyl acetate. 

Faeces from Days 1 to 5 were separately pooled and radioassayed. Portions of each pool were sequentially extracted 
three times each with acetonitrile and acetonitrile/water (1:1, v/v) and extracts were separated by centrifugation. Proportionate 
pools of faecal extracts were prepared. Portions of each pool were reduced to dryness and resuspended in acetonitrile/water (1:1, 
v/v) and analysed by reverse phase HPLC and normal phase TLC. The faecal PES were air-dried, and homogenized for combustion. 

Samples of urine pools, liver extract concentrate and kidney extract concentrate from both goats were reduced to 
dryness and reconstituted in 0.2M sodium acetate buffer (pH 5). The resuspended solutions were then divided into 3 equal portions, 
one portion was incubated at 37 °C overnight (control) and the other portions either incubated with beta-glucuronidase/sulfatase 
(Type H-1, Helix pomatia) or a mixture of beta-glucuronidase/sulfatase and a specific beta-glucuronidase inhibitor (D-saccharic 
acid-1, 4-lactone monohydrate). Samples of the above incubates were centrifuged and then analysed by reverse phase HPLC. 
Radioactivity and UV detectors were used to assess chromatographic correspondence between peaks in samples and authentic 
reference substances. 

The TRR levels in milk, tissues, blood, GI tract and its contents, urine, faeces and cage washes are shown in Table 10. 
Total radioactive residues in tissues taken at sacrifice, milk and excreta; following administration of radio labelled pyriofenone at 
a dose rate equivalent to 10 ppm in the diet (Tables 10 and 11).  

Following 5 consecutive daily doses of phenyl-labelled pyriofenone to a lactating goat, the recovery of radioactivity at 
23 hours after the final dose was 84.4% cumulative dose of which 23.1% was excreted in the urine and 55.8% in the faeces, and 
4.8% was recovered in the gastro-intestinal tract (including rumen). Radioactivity recovered in the cage washes accounted for 0.5% 
of the administered dose. Radioactivity retained in the tissues accounted for 0.22% of the administered dose. 

In the case of pyridyl-labelled pyriofenone, following 5 consecutive daily doses, the recovery of radioactivity at 23 hours 
after the final dose was 80.3% cumulative dose of which 25.4% was excreted in the urine, and 49.3% in the faeces, and 3.1% was 
recovered in the gastro-intestinal tract (including rumen). Radioactivity recovered in the cage washes accounted for 0.6% of the 
administered dose. Radioactivity retained in the tissues accounted for 1.9% of the administered dose.  

Total Radioactive Residues (TRRs) in tissues were similar for both radiolabels. TRRs in milk was extremely low. It seems 
that plateau was reached at 0.001-0.004 ppm after Day 3. TRRs were highest in the bile (1.97-2.1 mg/kg), in liver (0.135-
0.156 mg/kg) and kidney (0.028-0.051 mg/kg). Lower concentrations were detected in omental fat (0.004 mg/kg), peritoneal fat 
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(0.003-0.004 mg/kg), and subcutaneous fat (0.003-0.004 mg/kg). TRR in rump and foreleg muscle was undetected (<0.001 mg/kg). 
Radioactivity in plasma accounted for 0.007-0.011 mg/kg and in whole-blood accounted for 0.005-0.009 mg/kg. 

Table 10 Total radioactive residues in tissues taken at sacrifice, milk and excreta following administration of radiolabelled 
pyriofenone at a dose rate equivalent to 10 ppm in the diet 

Tissue/excreta 
Collection time (hour) 

[Phenyl-14C]-pyriofenone [Pyridyl-14C]-pyriofenone 
mg eq/kg % of administered 

dose a 
mg eq/kg % of administered 

dose a 
Milk - <0.1 - <0.1 
Muscle (foreleg) <0.001  <0.001  
Muscle (rump) <0.001  <0.001  
Fat (omental) 0.004  0.004  
Fat (peritoneal) 0.003  0.004  
Fat (subcutaneous) 0.003  0.004  
Sum of muscle, fat and bile - 0.01 - 0.41 
Liver 0.135 0.20 0.156 0.95 
Kidneys 0.051 0.01 0.028 0.03 
     
Bile 1.97  2.1  
Whole blood 0.009  0.005  
Plasma 0.011  0.007  
Gastro-Intestinal tract     
Rumen + contents  1.5 - 1.06 
Intestines + contents  3.3 - 2.02 
     
Urine - 23.1 - 25.4 
Cage wash - 0.5 - 0.6 
Faeces - 55.8 - 49.3 
Total recovery  84.4  80.3 
a Total radioactivity as a % of the cumulative dose administered. 

 

Table 11 Total radioactive residues in milk during the study period following administration of radiolabelled pyriofenone to lactating 
goat at 10 ppm in the diet 

Day 
Phenyl label Pyridyl label 
mg eq/kg mg eq/kg 

Pre-dosing <0.001 <0.001 
1a (day 1 afternoon + day2 morning) 0.001 0.003 
2 (day 2 afternoon + day 3 morning) 0.001 0.003 
3 (day 3 afternoon + day 4 morning) 0.001 0.004 
4 (day 4 afternoon + day 5 morning) 0.001 0.003 
5 (day 5 afternoon + day 6 morning) 0.001 0.002 

a Pyriofenone was administered after the morning milking each day. 

 

Based on the TRR in tissues as above, only radioactive residues in liver and kidney for both of the radiolabels were 
characterized. Edible tissues containing <0.01 mg/kg were not further investigated. 

The distribution of radioactivity from liver and kidney in the various fractions is summarised in Table 12. 

Sequential extraction of a sub-sample of homogenized liver with organic and aqueous solvents released 45-61% TRR 
(0.070-0.082 mg/kg). Solids remaining after extraction were incubated with a mixture of protease enzymes which released 5.9-
9.5% TRR (0.008-0.014 mg/kg). Further treatment of the remaining liver solid with dilute acid (1M HCl) and base (1M NaOH) 
released 5.0-12% TRR (0.007-0.018 mg/kg) and 6.5–22% TRR (0.009-0.034 mg/kg). The remaining post extraction solid was 
refluxed with 6M HCl followed by 2M NaOH which released 8.4-14% TRR (0.011- 0.022 mg/kg) and 3.5-4.0% TRR (0.005-
0.006 mg/kg). The 6M HCl reflux extracts were partitioned with ethyl acetate. The majority of the radioactivity (7.6-13% TRR, 0.010-
0.020 mg/kg was retained in the aqueous phase (water-soluble) while the rest (0.8-1.2% TRR, 0.001-0.002 mg/kg) was partitioned 
into ethyl acetate (organo-soluble). A total of 0.2-0.9% TRR (<0.001-0.001 mg/kg) still remained unextracted. 

Sequential extraction of a sub-sample of homogenized kidney with organic and aqueous solvents released 90-95% TRR 
(0.025-0.049 mg/kg). A total of 4.9-10% TRR (0.002-0.003 mg/kg) remained unextracted after the characterization procedure. 
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Table 12 Distribution of radioactivity in various fractions of liver and kidney samples from lactating goats following administration 
of the radiolabelled pyriofenone at 10 mg/kg in the diet 

Extraction or treatment 
Pyridyl label  Phenyl label 
Liver Kidney Liver Kidney 
mg eq/ kg % TRR mg eq/ kg % TRR mg eq/ kg % TRR mg eq/ kg %TRR 

Acetonitrile  
and then 
acetonitrile/water 

0.082 
(0.070) 

52.6 
(44.7) 

0.025 89.8 0.082 
(0.073) 

60.7 
(53.8) 

0.049 95.1 

Enzymes 0.014 
(0.012) 

9.2 
(7.9) 

- - 0.013 
(0.008) 

9.5 
(5.9) 

- - 

1M HCl 0.018 
(0.013) 

11.8 
(8.3) 

- - 0.014 
(0.007) 

10.5 
(5.0) 

- - 

1M NaOH 0.012 
(0.034) 

8.0 
(21.8) 

- - 0.009 
(0.024) 

6.5 
(17.8) 

- - 

6M HCl refluxa 0.022 
(-) 

14.3 
(-) 

- - 0.011 
(-) 

8.4 
(-) 

- - 

2M NaOH reflux 0.006 
(-) 

4.0 
(-) 

- - 0.005 
(-) 

3.5 
(-) 

- - 

Total extracted 0.156 99.8 0.025 89.8 0.134 
(0.111) 

99.1 
(82.5) 

0.049 95.1 

PES 
<0.001 
(0.027) 

0.2 
(17.3) 

0.003 10.2 
0.001 
(0.024) 

0.9 
(17.5) 

0.002 4.9 

TRR 0.156 100 0.028  0.135 100 0.051 100 

Numbers in parenthesis were obtained from a replicate extraction 
a: pyridyl-label: Organo-soluble fraction = 1.2% TRR (0.002 mg/kg); Aqueous fraction = 13.1% TRR (0.020 mg/kg) 

phenyl-label: Organo-soluble fraction = 0.8% TRR (0.001 mg/kg), Aqueous fraction = 7.6% TRR (0.010 mg/kg) 

 

Extracts from liver and kidney were subjected to chromatographic analysis. Identification of the radioactivity in liver and 
kidney is summarized in Tables 13 and 14. 

In liver, the parent compound as administered accounted for a total of 3.3-5.3% TRR (0.005-0.007 mg/kg). Three 
unknown metabolites/components were detected in liver extracts, L1, L12 (following the pyridyl label administration only) and L13. 
These accounted for 8.0–32% TRR (0.012–0.044 mg/kg) in total. The polar fraction L1 was present in each the extract. L12 and 
L13 were detected only in solvent extracts. 2-MDPM accounted for a maximum of 5.6% TRR (0.008 mg/kg) and 3- or 4-HDPM 
accounted for a maximum of 4.4% TRR (0.007 mg/kg). Other minor metabolites detected accounted for a maximum of 4.6% TRR 
(0.006 mg/kg). 

Following incubation of the acetonitrile/water extracts with -glucuronidase/sulphatase, L12 and L13 were largely 
degraded to L14 which was not detected in the extracts. The L14, accounted for 28-43% TRR (0.044-0.058 mg/kg) on incubation 
with buffer and decreased after incubation with enzyme to 2.6% TRR (<0.004 mg/kg). In the extracts from the pyridyl label 
administration, the proportion of 2-MDPM after incubation with buffer alone increased (9.6% TRR, 0.015 mg/kg) to 27% TRR 
(0.042 mg/kg) following enzyme incubation, indicating that L14 was a glucuronide conjugate of 2-MDPM and possibly also 3- or 4-
HDPM (13.4% TRR, 0.021 mg/kg). This was confirmed after incubation of the liver extract with enzyme and a specific beta-
glucuronidase inhibitor. 

In the extracts from the phenyl label administration, the proportion of 2-MDPM after incubation with buffer alone 
increased to 8.1% TRR (0.011 mg/kg) indicating that L14 was a glucuronide conjugate of 2-MDPM, increases were also observed 
in the proportions of pyriofenone (21% TRR, 0.028 mg/kg) and 3-or 4-HDPM (23.9% TRR, 0.032 mg/kg). 

The metabolite L13, accounted for 8.6-9.3% TRR (0.013 mg/kg) after incubation with buffer alone and decreased on 
incubation with enzyme to <2.6-4.9% TRR (<0.004-0.008 mg/kg). An increase was observed after incubation with enzyme plus 
inhibitor to 7.3-8.9% TRR (0.011-0.012 mg/kg) indicating the metabolite was also a conjugate. 

Table 13 Identification of radioactive components in extracts of liver 

Metabolite/component HPLC retention time, min Pyridyl label Phenyl label 
mg/kg % TRR a mg/kg % TRR b 

% chromatographed 0.127 81.6 0.105 77.7 
      
Pyriofenone 52.0–53.5 0.005 3.3 0.007 5.3 
2-MDPM 33.5–35.0 0.002 1.0 0.008 5.6 
3- or 4-HDPM 43.0–44.5  0.007 4.4 0.006 4.4 
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Metabolite/component HPLC retention time, min Pyridyl label Phenyl label 
mg/kg % TRR a mg/kg % TRR b 

      
Components 0.01–0.05 mg/kg     
L1 3.0–6.0 0.034 21.8 0.020 14.5 
L12 25.5–28.0 0.012 8.0 - - 
L13 28.0–30.5 0.025 16.1 0.044 32.4 
      
Components <0.01 mg/kg  0.005  2.9  0.006  4.6 
[Maximum number]  [14] [5] 
      
Protease extract  - - 0.013 9.5 
6M HCl Reflux  0.022 14.3 0.011 8.4 
2M NaOH Reflux  0.006 4.0 0.005 3.5 
      
PES  0.001 0.2 0.001 0.9 
      
TRR  0.156 100 0.135 100 

a: Sum of solvent extracts, protease extracts, 1M HCl and 1M NaOH extracts 
b: Sum of solvent, 1M HCl and 1M NaOH extracts 

 

In kidney the parent pyriofenone accounted for a total of 2.8-5.6% TRR (0.001-0.002 mg/kg). The main 
metabolites/components were K13 and K14 accounting for a maximum of 14% TRR (0.007 mg/kg) and 60% TRR (0.031 mg/kg), 
respectively. 2-MDPM accounted for a maximum of 2.3% TRR (0.001 mg/kg) while 3- or 4-HDPM was not detected ( 0.9% TRR, 
<0.001 mg/kg) from kidney extracts. Other metabolites/components detected accounted for a maximum 11% TRR (0.003 ppm). 

Following incubation of the acetonitrile/water extracts with beta-glucuronidase/sulphatase, the polar fraction K1 
increased compared to untreated extracts and K13 and K14 declined.  

For the extracts from the pyridyl label administration, K14 accounted for 32% TRR (0.009 mg/kg) on incubation with 
buffer and decreased after incubation with enzyme to 6.7% TRR (0.002 mg/kg). K13 accounted for 21% TRR (0.006 mg/kg) after 
incubation with buffer alone and decreased on incubation with enzyme to 3.9% TRR (0.001 mg/kg). The proportion of 2-MDPM 
increased to 16% TRR (0.004 mg/kg) and the proportion of 3- or 4-HDPM to 24% TRR (0.007 mg/kg) indicating that K13 and K14 
were glucuronide conjugates of these compounds. K14 accounted for 30% TRR (0.008 mg/kg) and K13 for 20% TRR (0.006 mg/kg) 
after enzyme plus inhibitor treatment, similar amounts to those observed in the control sample while the proportion of 2-MDPM 
and 3-or 4-HDPM in the sample also decreased. The polar fraction K1 accounted for 23% TRR (0.006 mg/kg) after incubation with 
buffer alone and showed little change after enzyme treatment (20.7% TRR, 0.006 mg/kg) but after incubation with enzyme plus 
inhibitor a decrease in the amount of K1 to 9.2% TRR (0.003 mg/kg) was observed. Unchanged pyriofenone accounted for <1.7% 
TRR (<0.001 mg/kg) throughout the incubation. 

For the extracts from the phenyl label administration, K13 accounted for 18% TRR (0.009 mg/kg) on incubation with 
buffer and after incubation with enzyme slightly decreased to 15% TRR (0.007 mg/kg). K14 accounted for 7.9% TRR (0.004 mg/kg) 
in the control sample and decreased to 3.7% TRR (0.002 mg/kg) after enzyme incubation. The proportion of 3- or 4-HDPM increased 
to 18.9% TRR (0.010 mg/kg) after enzyme incubation indicating that a mixture of conjugates may be present. Unchanged 
pyriofenone increased to 15.4% TRR (0.009 mg/kg) after enzyme incubation. Metabolite K1 accounted for 16% TRR (0.008 mg/kg) 
after incubation with buffer alone and increased after enzyme treatment (23% TRR, 0.012 mg/kg). After incubation with enzyme 
plus inhibitor a decrease in the proportion of K1 to 9.1% TRR (0.005 mg/kg) was observed indicating that metabolite K1 was a 
glucuronide conjugate. 

Table 14 Identification of radioactive components in extracts of kidney 

Metabolite/component HPLC retention time, min Pyridyl label Phenyl label 
mg/kg %TRRa mg/kg %TRRb 

% chromatographed a 0.025 89.8 0.049 95.1 
      
Pyriofenone 52.0–54.0 0.002 5.6 0.001 2.8 
2-MDPM 33.5–35.0 0.001 2.3 0.001 1.1 
3- or 4-HDPM 42.5–44.5 <0.001 <0.4 <0.001 <0.9 
K13 28.5–30 0.004 12.7 0.007 14.1 
      
Metabolites 0.01–0.05 ppm     
K14 30.0–33.0 - - 0.031 59.9 
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Metabolite/component HPLC retention time, min Pyridyl label Phenyl label 
mg/kg %TRRa mg/kg %TRRb 

      
Metabolites <0.01 ppm  0.008  27.0  0.007  14.1 
[maximum number]  [11] [5] 
      
PES  0.003 10.2 0.002 4.9 
      
TRR  0.028 100 0.051 100 

a. Solvent extracts 

 

Pyriofenone was extensively metabolized to a number of components including potential glucuronization of 2MDPM and 
3- and/or 4-HDPM. In the extracts 2MDPM, 3- or 4- HDPM and pyriofenone were identified. A number of small components were 
found in HPLC but none of them were above 10% of TRR or 0.01 mg/kg.  

Proposed metabolic pathway 

Pyriofenone was extensively metabolised to a number of components in lactating goats, mostly by hydrolysis (demethylation) and 
glucuronization 

The proposed biotransformation pathway for pyriofenone in lactating goat is shown in Figure 3. 

Figure 3 Proposed metabolic pathway of pyriofenone in lactating goats 
 

Laying hen 

No study was submitted to the Meeting. Among the crops for which supervised trials were submitted there is no feed item for hens. 
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ENVIRONMENTAL FATE IN SOIL 

The Meeting received information on hydrolysis and residues in succeeding crops. Since pyriofenone is used as foliar spray, the 
submitted data are in line with the requirements of OECD and described in the FAO Manual. 

Hydrolytic degradation (Juozenaite, A.,2009a, ISK0287) 

The aqueous hydrolytic degradation of pyriofenone was studied using [phenyl-14C]- and [pyridyl-14C]-pyriofenone at 50 °C, at pH 
4.0, 7.0 and 9.0 in the dark. Buffers at pH 4.0 (acetate), 7.0 (phosphate) and 9.0 (borate) at the concentrations of 0.01M were 
sterilized by autoclaving at 121 °C for 15 minutes. After cooling the pH was checked and to reduce oxygen concentration, nitrogen 
gas was bubbled through the sterile buffer solutions for about 5 minutes. Either [phenyl-14C]- or [pyridyl-14C]-pyriofenone was added 
to each buffer solution to a final concentration of 0.7 mg/L. A subsample of each test solution was transferred to a test vessel 
which had been flushed with nitrogen gas. Test vessels were placed on an oscillating shaker in a water bath at 50+1 °C and covered 
with aluminium foil to exclude light. At each pH, a single test vessel for each radiolabelled pyriofenone was taken out for analysis 
immediately after addition of pyriofenone and two and five days after incubation.  

Each test vessel was analysed for radioactivity by LSC and for degradation by C18 HPLC. Selected samples were also 
analysed by TLC. 

The initial concentrations of pyriofenone in the buffer solutions were in a range of 0.662-0.695 mg/L. At the end of 
incubation, the total radioactivity levels were in a range of 95-101% of the initial levels. At all the pH values tested and with the two 
radiolabelled pyriofenone, pyriofenone was at least 97% of the initial radioactivity. 

Pyriofenone is hydrolytically stable in aqueous solutions at 50 °C at the pH range of 4 to 9. 

Residues in Succeeding or Rotational Crops 
The meeting received information on confined rotational crop study. 

Confined rotational crop study (Kane, T.J., 2010, IKF0303) 

In a confined rotational crop study, [phenyl-14C]-pyriofenone was used to investigate residues in soil and uptake by rotational crops. 
Fifteen plastic containers (37 cm × 48 cm × 37 cm depth) were filled to a depth of 25-30 cm with sandy loam soil (according to the 
UK classification; pH 6.1, OM 1.6%, Sand 68%, Silt 18% and Clay 14%). Nine containers were treated with the [Phenyl-14C]-
pyriofenone formulation uniformly on the surface of soil at a rate equivalent to 284 g ai/ha (about 2.5 times the maximum single 
application rate in Canada and the USA and about 80% of the maximum annual rate in these countries), and six containers were 
not treated. Following the application, the surface soil (depth of about 5 cm) in all containers was lightly cultivated. 

Seeds of spring wheat (variety Tybalt), lettuce (variety Little Gem) and carrot (variety Early Nantes 5) were sown in treated 
and untreated soil at 31, 122 and 364 days (wheat and carrot only) after the application of test substance to soil in containers. The 
soil was cultivated to a depth of about 20 cm prior to sowing.  

Soil core samples (treated and control) were taken at the end of the soil ageing period (the day of sowing) and at the 
main harvest.  

Samples of wheat were collected 46-58 days after sowing (forage), BBCH 74 to 82 (hay) and harvest (grain and straw; 
BBCH growth stages 89 to 91). Samples of lettuce (foliage) and carrots (roots and tops) were taken at immature stage, 4-5 weeks 
and 5-6 weeks before main harvest for lettuce and carrot, respectively) and at maturity. 

On each sampling occasion triplicate aliquots of one of the treated soil core samples from each container were used for 
moisture determination. The other soil core taken from each of the treated containers and the cores taken from the untreated 
containers were homogenized and combusted and the radioactivity determined by LSC. A portion of the homogenized aged soil 
sample was extracted with acetonitrile/water (4:1, v/v). The extracts and soil solids were separated by centrifugation. For each 
sample, the soil debris remaining after extraction was air-dried for combustion/LSC. For each sample, the extract solutions were 
pooled and a portion was concentrated by rotary film evaporation. This solution was then analysed by HPLC. 

Plant samples were separately homogenized in dry ice using a commercial blender. An aliquot was removed for TRR 
determination by combustion/LSC. Where TRRs were less than 0.01 mg/kg the sample was not analysed further. Samples of wheat 
(forage, hay and straw) and carrots (foliage and roots) with TRRs 0.01 mg eq/kg were extracted a number of times with 
acetonitrile/water (1:1, v/v), acetonitrile and water. The extraction was continued until most of the radioactive residues were 
extracted by the extractions with these solvents. For the first and second extractions, the sample was mixed with the solvent using 
a blender followed by sonication/shaking. Subsequent extractions were carried out by shaking. The extract solutions and plant 
solids were separated by centrifugation. Portions of extracts were analysed for TRR by LSC. For each sample, the plant debris 
remaining after extraction was air-dried for combustion/LSC. 
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For each sample, the extract solutions were pooled and a portion concentrated to near dryness by rotary film evaporation. 
The concentrated solution was made up with acetonitrile or acetonitrile/water (1:1, v/v) and this solution was then analysed by 
HPLC and TLC. Plant debris containing substantial unextracted radioactive residues after neutral solvent extraction (hay and straw 
sown after 31-day PBI, final harvest carrot foliage and root sown after 122-day PBI and final harvest carrot foliage sown after 364-
day PBI) were further treated with dilute base. A sub-sample of the extracted plant debris was incubated with 0.1M NaOH at 37 °C 
overnight. Each mixture was then extracted twice with acetonitrile/water (1:1, v/v) by shaking/sonication. The extract solutions 
and plant solids were separated by centrifugation. Aliquots of extract were taken for LSC. 

Characterization of radioactivity in crops, where necessary, was performed on subsamples of pooled crop extracts. These 
were concentrated to remove the organic solvent and an equal volume of ethyl acetate was added and then shaken. The upper ethyl 
acetate layer (organo-soluble fraction) was taken off. The remaining aqueous layer was partitioned twice more with ethyl acetate. 
The three organic fractions were combined and the levels of radioactivity determined by LSC. The pH of the aqueous fraction was 
adjusted to pH 2 and the partitioning procedure was repeated. The organic fractions were pooled and concentrated prior to analysis 
by TLC and the aqueous fraction was analysed directly. 

The TRRs in soil core samples ranged from 0.099-0.211 mg eq/kg in the 31-day aged containers, 0.058-0.181 mg eq/kg 
in the 122-day aged containers and 0.075-0.233 mg eq/kg in the 364-day aged containers. There were no apparent trends in soil 
radioactivity concentration with time. There was no measurable radioactivity in non-treated soil (limit of detection 0.0002-
0.0004 mg eq/kg). 

Table 15 shows the TRR of the three crops sown with the 31, 122 and 364 PBI.  

TRR were highest in wheat matrices (except the grain) among the three crops; 0.028-0.057 mg eq/kg in wheat forage, 
0.047-0.117 mg eq/kg in wheat hay, and 0.055-0.225 mg eq/kg in wheat straw, but 0.002-0.008 mg eq/kg in wheat grain. Levels of 
radioactivity in forage, hay and straw decreased with time. As the TRR in all samples of grain were low, less than 0.01 mg eq/kg, 
they were not further investigated. 

TRR in the carrot tops remained similar during the growing period for all PBI (0.008-0.017 mg eq/kg). TRR in the carrot 
root decreased during the growing period (0.012-0.038 mg eq/kg in immature root; and 0.009-0.020 mg eq/kg in mature root). 
Where TRRs were less than 0.01 mg eq/kg these were not investigated further. 

TRR in lettuce were low in both the immature and mature leaves (0.006-0.008 mg eq/kg) following sowing after 31-day 
and 122-day PBI. Lettuce was not sown after 364-day PBI. 

Table 15 Total radioactive residues in confined rotational crops planted at 31, 122 and 364 days after the treatment of soil with 
[phenyl-14C]-pyriofenone at 284 g ai/ha. 

Crop Maturity and/or Part 
Total Radioactive Residue (mg eq/kg)a) 
31 PBI 122 PBI 364 PBI 

Wheat 

Forage 0.057 0.034 0.028 
Hay 0.117 0.084 0.047 
Grain 0.008 0.008 0.002 
Straw 0.225 0.198 0.055 

Carrot 

Immature tops 0.008 0.015 0.008 
Immature roots 0.021 0.038 0.012 
Mature tops 0.013 0.017 0.012 
Mature roots 0.018 0.020 0.009 

Lettuce 
Immature 0.006 0.008 - 
Mature 0.008 0.008 - 

a On a fresh weight basis 

 

Extraction of soil samples with solvent/water mixtures released most of the radioactivity (61-95% TRR, 0.096-
0.199 mg eq/kg). The extracted radioactivity from the soil samples showed that the residues were composed of pyriofenone and 
up to five minor metabolites (representing 1.9% TRR, 0.003 mg/kg at any sampling time). Levels of unchanged pyriofenone 
represented 90-92% TRR (0.105-0.193 mg eq/kg) in the 31-day aged soil samples, decreasing slightly to 77-81% TRR (0.050-
0.140 mg eq/kg) in the 122-day aged soil samples and to 53-66% TRR (0.053-0.084 mg/kg) in the 364-day aged soil samples. The 
unextracted radioactive residues accounted for 5.2-40% TRR (0.011-0.063 mg/kg). 

Distribution of radioactive residues in wheat forage, hay and straw are shown in Table 16. 

Sequential neutral extraction of homogenized hay and forage samples released most of the radioactivity (87– 96% TRR, 
0.027–0.102 mg/kg). The unextracted radioactive residues accounted for 4.4-13% TRR (0.001-0.015 mg/kg). In the 31-day PBI hay 
sample, unextracted residue accounted for >10%. Base extraction of this hay solid released additionally 9.2%°TRR (0.011 mg/kg); 
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this was not investigated further due to the low level of radioactivity. The unextracted residue after this base treatment accounted 
for 3.7% TRR (0.0004 mg/kg). 

Chromatographic analysis of the neutral extracts of forage and hay samples showed that the residues were composed 
of pyriofenone, 4GDPM, 4MGDPM and up to five other metabolites/components. Pyriofenone represented 15–79% TRR (0.007-
0.045 mg/kg) with the highest level of pyriofenone found in the 31-day PBI forage sample. Levels in 31-day PBI hay and in the 122 
and 364-day PBI hay samples contained lower levels of pyriofenone (15–26% TRR, 0.007-0.023 mg/kg) reflecting increased 
metabolism within the plant. In the forage samples, no single metabolite accounted for greater than 0.006 mg/kg. In hay, 4GDPM 
and 4MGDPM represented up to 11% TRR (0.013 mg/kg) and 24% TRR (0.026 mg/kg) respectively. Other minor metabolites 
individually accounted for no more than 0.018 mg/kg. 

Sequential neutral extraction of homogenized straw samples released most of the radioactivity (83-96% TRR, 0.050-
0.190 mg/kg). The unextracted radioactive residues accounted for 4.3-17.0% TRR (0.008-0.038 mg/kg). In the 31-day PBI sample, 
unextracted residue accounted for >10%. Base extraction of this straw solid released 13% TRR (0.028 mg/kg) but not investigated 
further due to the low level of radioactivity and high levels of other components. The unextracted residue following base treatment 
accounted for 4.4% TRR (0.01 mg/kg). Chromatographic analysis of the neutral extracts of the straw samples showed that the 
residues were composed of pyriofenone, 4GDPM, 4MGDPM and up to five other metabolites. Pyriofenone represented 15–20% TRR 
(0.008-0.045 mg/kg) with the highest level of pyriofenone found in the 31-day PBI straw sample. The sample from 364day PBI 
contained lower levels of pyriofenone (15% TRR, 0.008 mg/kg). 4GDPM and 4MGDPM represented up to 17% TRR (0.022 mg/kg) 
and 22% TRR (0.044 mg/kg) respectively. The other minor polar components accounted for 0.001-0.041 mg/kg. The minor 
metabolites were characterized further in a representative sample (122-day PBI straw) by partitioning with ethyl acetate at neutral 
and acidic pH. The extracted radioactivity was shown to be ca 56% (0.11 mg/kg) organo-soluble and 44% (0.08 mg/kg) aqueous 
soluble. The polar metabolite M-1 was characterized as aqueous soluble and other minor metabolites as neutral or acid organo-
soluble. 

As total radioactive residues were less than 0.01 mg/kg in all grain samples no characterization/identification was 
conducted. 

Table 16 Distribution and identification of radioactive residues in wheat samples of 31, 122 and 364 day PBI (treatment with [phenyl-
14C]-pyriofenone at 284 g ai/ha) 

Component Forage Hay Straw 
% TRR mg/kg % TRR mg/kg % TRR mg/kg 

31-day PBI 
Polar M-1 7.3 0.004 15.8 0.018 16.0 0.036 
Met-A - - 14.2 0.017 10.5 0.024 
4GDPM - - 11.2 0.013 9.7 0.022 
4MGDPM - - 22.6 0.026 19.3 0.044 
Met-D - - 1.4 0.002 5.2 0.012 
Met-E - - - - - - 
Pyriofenone 78.8 0.045 19.8 0.023 20.2 0.045 
Others a 7.5 0.004 2.2 0.003 2.1 0.005 
Total extracted 93.6 0.053 87.1 0.102 83.0 0.187 
Unextracted 6.4 0.004 12.9b 0.015 17.0c 0.038 
Total 100 0.057 100 0.117 100 0.225 
122-day PBI 
Polar M-1 16.1 0.005 20.7 0.017 20.5 0.041 
Met-A 10.0 0.003 12.8 0.011 12.5 0.025 
4GDPM 6.7 0.002 7.7 0.006 9.6 0.019 
4MGDPM 14.8 0.005 18.4 0.015 22.2 0.044 
Met-D - - - - 3.3 0.007 
Met-E 2.0 0.001 1.1 0.001 1.8 0.004 
Pyriofenone 32.8 0.011 25.7 0.021 18.5 0.037 
Others a 8.7 0.003 7.0 0.006 7.3 0.014 
Total extracted 91.1 0.031 93.4 0.078 95.7 0.190 
Unextracted 8.9 0.003 6.6 0.006 4.3 0.008 
Total 100 0.034 100 0.084 100 0.198 
364-day PBI 
Polar M-1 22.8 0.006 17.8 0.008 30.2 0.017 
Met-A 8.2 0.002 14.4 0.007 9.7 0.005 
4GDPM 9.6 0.003 6.0 0.003 17.2 0.010 
4MGDPM 5.2 0.001 24.1 0.011 - - 
Met-D - - 2.7 0.001 8.0 0.004 
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Component Forage Hay Straw 
% TRR mg/kg % TRR mg/kg % TRR mg/kg 

Met-E 1.0 <0.001 - - - - 
Pyriofenone 36.8 0.01 15.2 0.007 14.7 0.008 
Met-G 2.0 0.001 9.3 0.004 1.8 0.001 
Othersa 10.1 0.003 5.4 0.003 8.8 0.005 
Total extracted 95.6 0.027 94.7 0.044 90.3 0.050 
Unextracted 4.4 0.001 5.3 0.003 9.7 0.005 
Total 100 0.028 100 0.047 100 0.055 

a Radioactivity distributed throughout regions of the chromatograms other than those specified and which did not contain any discrete 
radioactive components  

b weak base extraction released 9.2% TRR (0.011 mg/kg) with remaining PES 3.7% TRR (0.0004 mg/kg) 
c weak base extraction released 12.6% TRR (0.028 mg/kg) with remaining PES 4.4% TRR (0.01 mg/kg) 

- Not apparent or below the limit of detection 

 

Details of the distribution of radioactive residues in carrot tops and roots, immature and mature, are shown in Table 17. 

Samples of 31-day and 364-day PBI immature tops were not analysed as total radioactive residues were less than 
0.01 mg eq/kg. 

Sequential neutral extraction of homogenized 31-day, 122-day and 364-day PBI mature tops and 122-day PBI immature 
tops released most of the radioactivity (77-86% TRR, 0.009–0.014 mg/kg). The unextracted radioactive residues accounted for 14-
23% TRR (0.002-0.003 mg/kg). In the 122- and 364-day PBI samples, unextracted residue accounted for >10%. Base extraction of 
these residues released radioactivity (13-14% TRR, 0.002 mg/kg), these were not investigated further due to the low level of 
radioactivity. The unextracted residues following base treatment accounted for 4.1-11% TRR (0.0007-0.001 mg/kg). 

Chromatographic analysis of the neutral extracts of the carrot tops samples showed that the residues were composed 
of pyriofenone and up to two minor metabolites. Pyriofenone represented 24-50% TRR (0.003-0.008 mg/kg). The minor metabolites 
were found but each accounted for not more than 0.006 mg/kg. 

Samples of 31-day and 122-day PBI immature root, and 364-day PBI immature root were extracted and analysed by 
chromatography. The samples of 364-day PBI mature root contained total radioactive residues that were less than 0.01 mg/kg so 
were not investigated further.  

Sequential neutral extraction of homogenized carrot root samples released most of the radioactivity (86-95% TRR, 0.011-
0.034 mg/kg). The unextracted radioactive residues accounted for 5.5-14% TRR (0.001-0.004 mg/kg). In the 122-day PBI sample, 
unextracted residue accounted for >10%. Base extraction released most of the remaining radioactivity (9.7% TRR, 0.002 mg/kg) 
and due to the low levels of radioactivity this was not investigated further. 

Chromatographic analysis of the neutral extracts of the carrot root samples showed the metabolite profile similar to that 
of the tops: being composed of pyriofenone and up to two minor metabolites. Pyriofenone represented 71-81% TRR (0.008-
0.029 mg/kg). The minor metabolites accounted for no more than 0.003 mg/kg. 

Table 17 Distribution and identification of radioactive residues in carrot samples of 31, 122 and 364 day PBI (treatment with [phenyl-
14C]-pyriofenone at 284 g ai/ha) 

Component Root  
(immature) 

Tops  
(immature) 

Root  
(mature) 

Tops  
(mature) 

% TRR mg/kg % TRR mg/kg % TRR mg/kg % TRR mg/kg 
31-day PBI 
Polar M-1 9.3 0.002 

TRR <0.01 mg eq/kg 

14.0 0.003 48.2 0.006 
Pyriofenone 81.1 0.017 80.5 0.014 31.4 0.004 
Othersa 0.0 0.000 0.0 0.000 0.0 0.000 
Total extracted 90.4 0.019 94.5 0.017 79.6 0.010 
Unextracted 9.6 0.002 5.5 0.001 20.4 0.003 
Total 100 0.021 100 0.018 100 0.013 
122-day PBI 
Polar M-1 6.3 0.002 23.1 0.003 8.7 0.002 34.1 0.006 
Met-A 4.0 0.001 5.8 0.001 1.6 <0.001 8.1 0.001 
4GDPM 2.4 0.001 1.4 <0.001 0.9 <0.001 - - 
Pyriofenone 76.0 0.029 50.4 0.008 71.5 0.014 40.2 0.007 
Othersa 1.4 0.001 5.5 0.001 3.2 0.001 0.0 0.000 
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Component Root  
(immature) 

Tops  
(immature) 

Root  
(mature) 

Tops  
(mature) 

% TRR mg/kg % TRR mg/kg % TRR mg/kg % TRR mg/kg 
Total extracted 90.2 0.034 86.1 0.013 85.8 0.017 82.3 0.014 
Unextracted 9.8 0.004 13.9 0.002 14.2b 0.003 17.7c 0.003 
Total 100 0.038 100 0.015 100 0.020 100 0.017 
364-day PBI 
Polar M-1 14.8 0.002 

TRR <0.01 mg eq/kg TRR <0.01 mg eq/kg 

38.6 0.005 
Met-A 4.8 0.001 9.7 0.001 
4GDPM 1.9 <0.001 4.4 0.001 
Pyriofenone 70.5 0.008 23.5 0.003 
Others a 0.0 0.000 0.5 <0.001 
Total extracted 92.0 0.011 76.7 0.009 
Unextracted 8.0 0.001 23.3d 0.003 
Total 100 0.012 100 0.012 

a Radioactivity distributed throughout regions of the chromatograms other than those specified and which did not contain any discrete 
radioactive components  

b weak base extraction released 9.7% TRR (0.002 mg/kg) with remaining PES 4.5% TRR (0.001 mg/kg) 
c weak base extraction released 13.6% TRR (0.003 mg/kg) with remaining PES 4.1% TRR (0.0007 mg/kg) 
d weak base extraction released 12.8% TRR (0.002 mg/kg) with remaining PES 10.5% TRR (0.001 mg/kg) 

 

As TRR were less than 0.01 mg eq/kg in all samples of lettuce, no characterization/identification was conducted. 

Total radioactive residues in crop samples sown at 31, 122 and 364 day PBI were generally low ( 0.225 mg/kg) indicating 
low uptake from the soil into the crops. Radioactive residues in crops showed tendency to decrease in crop over the three PBIs 
suggesting a decline in the bioavailability of pyriofenone in soil. TRR in lettuce from 31-day and 122-day PBI were less than 
0.01 mg/kg. The highest total radioactive residues were detected in wheat hay and straw. Residues in wheat forage, carrot tops 
and root were lower representing no more than 0.057 mg/kg. Residues in wheat grain were very low representing no more than 
0.008 mg/kg. 

Similar metabolic profiles were present in each of the crop matrices analysed and were comparable to the metabolism 
of pyriofenone observed in the grape and wheat metabolism studies. Pyriofenone was one of the main components identified along 
with 4GDPM and 4MGDPM and a number of minor polar metabolites. The two metabolites 4GDPM and 4MGDPM were likely to have 
been formed by metabolism within the crops. 

RESIDUE ANALYTICAL METHODS 

The Meeting received information on analytical methods together with validation data for residues of pyriofenone in plant matrices. 

Analytical Methods for Determination of Pyriofenone Residues  

Method ISK0341/074208-1 (LC-MS/MS)(Brewin S., 2008) 

Analyte: Pyriofenone 
LOQ: 0.01 mg/kg for grape, cabbage heads 
Description: Residues of pyriofenone are extracted from plant matrix with an aqueous hydrochloric acid/acetonitrile solution 

(acetonitrile/ultrapure water/concentrated HCl (50:50:1, v/v)). An aliquot of the resulting extract is passed 
through an Oasis HLB solid-phase extraction cartridge which retains the analyte. The Oasis HLB cartridge is 
washed with water. The analyte are selectively eluted with an acetonitrile-water solution (acetonitrile/ultrapure 
water (80:20, v/v)). The eluate is diluted with acetonitrile-water for analysis. The residues of pyriofenone are 
determined by LC-MS/MS monitoring ion transitions at m/z 366 184 (proposed as the primary transition for 
quantitation) and m/z 366 209. The results are calculated by direct comparison of the sample peak responses 
of the external standards. (Enforcement method) 

 

Method ISK0341/074208-2 (LC-MS/MS) (Brewin S., 2008) 

Analyte: Pyriofenone 
LOQ: 0.01 mg/kg for wheat grain and straw 
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Description: After allowing to stand with 2% HCl for approximately 2 hours, residues of pyriofenone are extracted from wheat 
grain or straw with acetonitrile. An aliquot of the resulting extract is passed through an Oasis HLB solid-phase 
extraction cartridge. The Oasis HLB cartridge is washed with water. The analyte are selectively eluted with an 
acetonitrile-water solution (acetonitrile/ultrapure water (80:20, v/v)). The eluate is diluted with acetonitrile-
water for analysis. The determination and calculation of results are same as Method ISK0341/074208-1.  

 

Method JSM0390 (LC-MS/MS)(Miller, C., 2012) 

Analyte: Pyriofenone 
LOQ: 0.01 mg/kg for rapeseed (seed) 
Description: Residues of pyriofenone are extracted from rapeseed with acetone. An aliquot of the resulting extract is diluted 

with water and passed through an Oasis HLB solid-phase extraction cartridge. The Oasis HLB cartridge is 
washed with water. The analyte are selectively eluted with an acetonitrile-water solution (acetonitrile/ultrapure 
water (80:20, v/v)). The eluate is diluted with acetonitrile-water for analysis. The determination and calculation 
of results are same as Method ISK0341/074208-1. (Enforcement method) 

 

Method IB-2012-JLW-008-01-01 a (LC-MS/MS)(Wiedmann, J.L. & McDonald, J.A., 2013a) 

Analyte: Pyriofenone 
LOQ: 0.01 mg/kg for grape, strawberry, blueberry, blackberry, kiwi, cucumber, summer squash, and cantaloupe 
Description: Residues of pyriofenone are extracted from plant matrices with an aqueous hydrochloric acid/acetonitrile 

solution. An aliquot of the resulting extract is passed through a 0.45 m PTFE filter and diluted with an 
acetonitrile-water solution (acetonitrile/ultrapure water (50:50, v/v)). The determination and calculation of 
results are same as Method ISK0341/074208-1.  

a This method is a modification of Method ISK 0341/074208-1. Only the modified procedures are described here. 

 

Method RF.3341.034.065.13b) (LC-MS/MS)(Ribeiro Lopez, N.M., 2014) 

Analyte: Pyriofenone 
LOQ: 0.01 mg/kg for mango 
Description: Residues of pyriofenone are extracted from mango with an aqueous hydrochloric acid/acetonitrile solution. 

An aliquot of the resulting extract is passed through a 0.45 m PTFE filter and diluted with an acetonitrile-
water solution (acetonitrile/ultrapure water (80:20, v/v)). The residues of pyriofenone are determined by LC-
MS/MS monitoring ion transitions at m/z 366 184 (proposed as the primary transition for quantitation) and 
m/z 366 209. Matrix matched calibration standards are used to calculate analytical results. (Enforcement 
method) 

a This method is a modification of Method ISK 0341/074208-1. Only the modified procedures are described here. 

 

Method ISK0375-1 (LC-MS/MS)(Brewin, S., 2009) 

Analyte: Pyriofenone, 3HDPM, 4HDPM 
LOQ: 0.01 mg/kg for grape 
Description: Residues of pyriofenone are extracted from grape with an aqueous hydrochloric acid/acetonitrile solution 

(acetonitrile/ultrapure water/ concentrated HCl (50:50:1, v/v)). An aliquot of the resulting extract is passed 
through an Oasis HLB solid-phase extraction cartridge. The Oasis HLB cartridge is washed with water. The 
analyte are selectively eluted with an acetonitrile-water solution (acetonitrile/ultrapure water (80:20, v/v)). The 
eluate is diluted with acetonitrile-water for analysis. The residues of pyriofenone are determined by LC-MS/MS 
monitoring ion transitions at m/z 366 184. The residues of 3HDPM and 4HDPM are determined by LC-MS/MS 
monitoring ion transitions at m/z 352 184.The results are calculated by direct comparison of the sample peak 
responses of the external standards. 

 

Method ISK0375-2 (LC-MS/MS) 

Analyte: Pyriofenone, 3HDPM, 4HDPM 
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LOQ: 0.01 mg/kg for wheat grain and straw 
Description: After allowing to stand with 2% HCl for approximately 2 hours, residues of pyriofenone are extracted from wheat 

grain or straw with acetonitrile. An aliquot of the resulting extract is passed through an Oasis HLB solid-phase 
extraction cartridge. The Oasis HLB cartridge is washed with water. The analyte are selectively eluted with an 
acetonitrile-water solution (acetonitrile/ultrapure water (80:20, v/v)). The eluate is diluted with acetonitrile-
water for analysis. The determination and calculation of results are same as Method ISK0375-1. 

 

Method validation for plant commodities 
Validation data for the methods used for determination of pyriofenone in plant commodities are summarized in Table 18 below. 

Table 18 Summary of method validation for plant commodities 

Analyte Matrix Fortification 
mg/kg 

No. of tests Mean recovery (%) RSD (%) 

Method ISK0341/074208-1 (Brewin S., 2008, ISK 0341/074208) 

Transition 366 184 366 209 366 184 366 209 

Pyriofenone Grapes 0.01 5 99  4.4  
0.1 5 99  7.1  

Method ISK0341/074208-1 (Gemrot F., 2009, S09-02866) Independent laboratory validation 

Transition 366 184 366 209 366 184 366 209 

Pyriofenone Grapes 0.01 5 103 101 2.7 3.5 
0.1 5 100 98 0.5 1.6 

Method ISK0341/074208-1 (Miller C., 2012, JSM0390) 
Transition 366 184 366 209 366 184 366 209 
Pyriofenone Cabbage heads 0.01 5 92 94 1.2 1.7 

0.1 5 96 96 2.2 1.9 

Method ISK0341/074208-2 (Brewin S., 2008, ISK 0341/074208) 

Transition 366 184 366 209 366 184 366 209 

Pyriofenone Wheat grain 0.01 5 84  9.7  
0.1 5 91  4.9  

Wheat straw 0.01 5 84  11.5  
0.1 5 93  1.2  

Method ISK0341/074208-2 (Gemrot F., 2009, S09-02866) Independent laboratory validation 

Transition 366 184 366 209 366 184 366 209 

Pyriofenone Wheat grain 0.01 5 98 102 2.7 3.2 
0.1 5 99 98 0.7 1.2 

Wheat straw 0.01 5 97 104 1.9 3.2 
0.1 5 103 103 1.9 1.4 

Method JSM0390 (Miller C., 2012, JSM0390) 

Transition 366 184 366 209 366 184 366 209 

Pyriofenone Rapeseed (seed) 0.01 5 86 84 5.2 6.7 
0.1 5 89 89 5.4 6.0 

Method IB-2012-JLW-008-01-01 (Wiedmann J.L., McDonald J.A., 2013a, IB-2012-JLW-008-01-01) 

Transition 366 184 366 209 366 184 366 209 

Pyriofenone Grapes 0.01 7 91  5.8  
1.0 7 89  3.9  

Strawberry 0.01 7 86  5.3  
1.0 7 92  5.1  

Blueberries 0.01 7 89  6.8  
1.0 7 93  6.1  

Blackberries 0.01 7 91  13.3  
1.0 7 92  8.3  

Kiwi 0.01 5 91  4.0  
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Analyte Matrix Fortification 
mg/kg 

No. of tests Mean recovery (%) RSD (%) 

1.0 5 89  5.0  
Cucumbers 0.01 7 89  9.9  

1.0 7 90  10.7  
Summer squash 0.01 7 88  10.9  

1.0 7 90  7.0  
Cantaloupe 0.01 7 88  4.7  

1.0 7 89  5.4  

Method RF.3341.034.065.13 (Ribeiro Loprz N.M., 2014, RF.3341.034.065.13) 

Transition 366 184 366 209 366 184 366 209 

Pyriofenone Mango 0.01 5 89  3.9  
0.1 5 98  1.4  

Method ISK0375-1 (Brewin S., 2009, ISK0375) 

Transition 366 184  366 184  

Pyriofenone Grapes 0.01 5 89  8.1  
0.1 5 86  1.3  

Transition 352 184  352 184  
3HDPM Grapes 0.01 5 84  5.8  

0.1 5 82  2.9  
Transition 352 184  352 184  
4HDPM Grapes 0.01 5 90  8.6  

0.1 5 87  4.4  

Method ISK0375-2 (Brewin S., 2009, ISK0375) 

Transition 366 184  366 184  

Pyriofenone Wheat grain 0.01 5 94  2.5  
0.1 5 98  1.8  

Wheat straw 0.01 5 94  4.3  
0.1 5 97  3.7  

Transition 352 184  352 184  
3HDPM Wheat grain 0.01 5 93  4.5  

0.1 5 100  1.2  
Wheat straw 0.01 5 84  7.3  

0.1 5 83  3.3  
Transition 352 184  352 184  
4HDPM Wheat grain 0.01 5 100  10.1  

0.1 5 103  3.0  

Wheat straw 0.01 5 87  4.8  

0.1 5 97  5.8  

 

Extraction Efficiency 

The extraction efficiency of the residue analytical methods was investigated by comparison of the levels of extraction of the residue 
analytical methods with the results previously obtained from the metabolism study. The analytical results were shown as %TRR of 
pyriofenone and its equivalent concentration in the sample (mg/kg). The methods used in metabolism studies included extractions 
with acetonitrile/water (50:50 v/v) or acetonitrile/water (80:20 v/v) and the residue methods included extractions with 
acetonitrile/water/hydrochloric acid (50:50:1 v/v). A sufficiently high radioactivity of pyriofenone, in the range of 96-136 %, was 
recovered by the residue methods from wheat straw, surface washed tomato foliage and surface washed grape (berries).  
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Table 19 Comparison of the analytical result from the residue method with the result form the methods used in metabolism studies 
to examine the extraction efficiency of pyriofenone 

Matrices Radiovalidation Metabolism studies Recovery %* 

%TRR mg/kg %TRR mg/kg 

Wheat straw 52.5 0.588 49.4 0.61 96 

Tomato foliage 86.2 2.32 64.8 1.703 136 

Grapes 22.8 0.015 20.2 0.013 115 

*to calculate the recovery, the results of radioassay was compared between the residue method and the methods used in the metabolism 
studies. 

 

Multi-Residue method 

The FDA multi-residue test procedures for Protocol D seemed suitable for the regulatory analysis of pyriofenone at 0.25 mg/kg as 
the average recovery of pyriofenone at the fortification level of 0.25 mg/kg. 

Storage Stability under Frozen Conditions 
The stability of pyriofenone residues in samples stored frozen was investigated using fortified samples of plant origin. 

The stability of pyriofenone residues in commodities was investigated in wheat (straw and grain), grapes and summer 
squash matrices stored under frozen conditions (-33 °Cto -14° C). Five to 20 g of homogenized raw agricultural commodities were 
weighted and fortified with pyriofenone, 3HDPM or 4HDPM. In a study on summer squash, the sample was fortified with only 
pyriofenone. The concentration of fortification was 0.1 mg/kg (in a study on wheat and grapes) or 0.2 mg/kg (in a study on summer 
squash).  

Conditions and results of storage stability studies are summarized in Table 20. Percentage of pyriofenone and its 
metabolites remaining was not corrected for procedural recoveries. 

Table 20 Storage stability of pyriofenone in various plant matrices under frozen conditions at approximately -20 °C (except for 
summer squash -25 to -15 °C) 

Analyte  
(Analytical method) 

Matrix Fortification, mg
/kg 

Storage time, 
day 

% Remaining %Remaining 
(Ave.) 

Procedural 
recovery, % 

Wheat (Brewin S., 2010, ISK0353) 
Pyriofenone 
 

Straw 0.1 0 88, 90 89 - 

(Method ISK0375-   31 99, 95 97 102 
2, LC-MS/MS)   92 102, 100 101 98 
   182 108, 106 107 100 
   365 89, 86 88 84 
   542 80, 83 82 91 
 Grain 0.1 0 93, 94 94 - 
   31 100, 102 101 91 
   92 99, 101 100 96 
   182 100, 100 100 94 
   365 96, 97 97 92 
   542 79, 82 81 85 
3HDPM Straw 0.1 0 76, 79 78 - 
(Method ISK0375-   31 73, 71 72 71 
2, LC-MS/MS)   92 74, 77 76 78 
   182 64, 61 63 73 
   365 86, 88 87 81 
   542 83, 79 81 85 
 Grain 0.1 0 90, 90 90 - 

   31 76, 80 78 91 
   92 77, 78 78 97 
   182 60, 64 62 90 
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Analyte  
(Analytical method) 

Matrix Fortification, mg
/kg 

Storage time, 
day 

% Remaining %Remaining 
(Ave.) 

Procedural 
recovery, % 

   365 63, 70 67 91 
   542 49, 47 48 74 
4HDPM Straw 0.1 0 81, 83 82 - 
(Method ISK0375-   31 84, 78 81 79 
2, LC-MS/MS)   92 100, 95 98 93 
   182 82, 83 83 107 
   365 87, 91 89 83 
   542 80, 85 83 94 
 Grain 0.1 0 96, 95 96 - 

   31 89, 87 88 96 
   92 106, 105 106 95 
   182 79, 82 81 83 
   365 91, 89 90 86 
   542 77, 85 81 82 

Grapes (Brewin S., 2010, ISK0353) 

Pyriofenone Berry 0.1 0 83, 78 81 - 
(Method ISK0375-   31 94, 98 96 89 
1, LC-MS/MS)   92 94, 94 94 87 
   182 84, 84 84 75 
   365 90, 90 90 85 
   542 73, 74 74 74 
3HDPM Berry 0.1 0 82, 85 84 - 
(Method ISK0375-   31 88, 87 88 84 
1, LC-MS/MS)   92 81, 82 82 89 
   182 84, 90 87 115 
   365 101, 101 101 90 
   542 77, 81 79 79 
4HDPM Berry 0.1 0 84, 85 85 - 
(Method ISK0375-   31 89, 85 87 87 
1, LC-MS/MS)   92 81, 81 81 97 
   182 83, 84 84 81 
   365 90, 95 93 88 
   542 78, 78 78 80 

Summer squash (Boatwright M.T., 2013, IB-2012-JLW-027-01-00) 
Pyriofenone Fruit 0.2 0 89, 95, 91 91 87 

(Method IB-2012-   34 79, 77, 80 79 81 
JLW-008-01-01,    181 79, 82, 81 81 87 
LC-MS/MS)   273 79, 75, 73 76 82 

 

The results showed that pyriofenone was stable in wheat matrices and grapes for at least 18 months and in summer 
squash for at least 9 months under frozen conditions. One of the pyriofenone metabolite, 3HDPM, was shown to be stable in wheat 
grain for a maximum of 3 months and in wheat straw and grapes for at least 18 months, and the other metabolite, 4HDPM was 
shown to be stable in wheat matrices and grapes for at least 18 months under the same frozen conditions.  

USE PATTERN 

Pyriofenone has been registered in many countries for use on crops including grapes, berries and cucurbit vegetables. It is 
formulated as suspension concentrate (SC).  

Approved labels in the Australia, Bosnia and Herzegovina, Canada, France, Germany, Hungary, Italy, Japan, Portugal and 
the USA, were made available to the Meeting. 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 21. The application methods of all the uses 
below are foliar spray in the field or outdoor except that in Australia pyriofenone can be used for protected cucumber. 
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Table 21 Registered uses of pyriofenone for the crops for which supervised trials were conducted (All uses employ foliar spray 
method) 

Crop Country Conc. 
g ai/L or 
kg  
Form 

Application Minimum 
PHI, days 
(notes) Max 

No./crop/ 
season 

Interval 
days 

Water L/ha min-
max 

kg ai/ha max 
(annual max) 

kg ai /hL 

Berries and other small fruits f 
Blackberries CA 300 SC  7-10 200-1000b 0.11 

(0.36/y) 
 0 

US 300 SC  7-10 468-935a 0.11 
(0.35/y) 

 0 

Blueberries US 300 SC  468-935a 0.11 
(0.35/y) 

 0 

Grapes AU 300 SC 2 7-10   0.009 35 
BA 300 SC 3 10-14 - 0.09  28 
CA 300 SC 14 200-1000b       0.11 (0.36/y)  0 

DE 300 SC 3 14 800-1600 0.09  28 
FR 300 SC 2 14 - 0.09  28 
HU 300 SC 3 10-14 600-1000 0.09  28 
IT 300 SC 3 10-14 700-1000 0.09  28 
JP 300SC 3 2000-7000 0.01 3 
PT 300 SC 3 12-14 400-1000 0.09 14 

(28 days for 
wine grapes) 

US 300 SC 14 468-935a 0.11 
(0.35/y) 

0 

Strawberry CA 300 SC 7-10 200-1000b       0.11 
(0.36/y) 

0 

JP 300 SC 3 1000-3000 0.0075-
0.01 

0 

US 300 SC  7-10 468-935a 0.11 
(0.35/y) 

 0 

Assorted tropical and sub-tropical fruits- inedible peel-vineg 

Kiwifruits US 300 SC 14 468-935a 0.11 
(0.35/y) 

0 

Fruiting vegetables, Cucurbits 

Cucurbits h AU 300 SC 3 7-10 250-800 0.15 0 

CA 300 SC 7-10 200-1000e 0.11 
(0.36/y) 

0 

JP 300 SC 3 1000-3000 0.0075-
0.01 

0 

US 300 SC 7 187-935c 

47-94d 
0.11 
(0.35/y) 

0 

Cucumber 
(protected) 

AU 300 SC 3 7-10 0.015 0 

a 1870 for vineyards 
b 2000 for vineyards 
c for ground sprays 
d for aerial application 
e No aerial application is allowed. 
f In Canada, pyriofenone can be used for cane berries (including blackberry), grape and strawberry. In the USA, pyriofenone can be used for 

cane berry, bush berry, small fruit vine climbing, and low growing berry crops including grapes, blackberry, blueberry and strawberry. 
g On the US label, kiwifruit is included in the list of berries and other small fruits. 
h In Australia for cucurbits (field) only. For cucumber (protected) different requirements. 
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RESIDUES RESULTING FROM SUPERVISED TRIALS ON CROPS 

Supervised trials using foliar spray of pyriofenone have been conducted on the following crops: grapes, strawberry, blueberries, 
blackberries, kiwifruit, cucumber, summer squash, and cantaloupe. The results of these supervised trials are summarized in the 
following tables: 
 

Group/Sub-group Commodity Country Table No. 

Berries and other small fruits (FB) 

 Cane berries Blackberries USA and Canada 

 Bush berries Blueberries USA and Canada 

 Small fruit vine climbing Wine-grapes Germany, France, Spain and 
Italy 

  Table-grapes Spain and Italy 

  Grapes USA and Canada 

 Low growing berries Strawberry USA and Canada 

Assorted tropical and sub-tropical fruits-inedible 
peel (FI) 

   

inedible peel-vines kiwifruit USA  

Fruiting vegetables, Cucurbits (VC)    

 Cucumbers and Summer squashes Cucumber USA and Canada 

 Squash, Summer USA and Canada 

 Melons, Pumpkins and Winter 
Squashes 

Cantaloupe USA  

 

In addition to the description and details of the field trials, each study report includes a summary of the analytical 
methods, together with the corresponding procedural recoveries, LOQ, LOD, and information on storage of samples. Duration of 
freezer storage between sampling and analysis were reported for all trials and were covered by the conditions of the freezer storage 
stability studies. 

All appropriate trials are summarized and used. In the trials, where multiple analyses were conducted on a single sample, 
the mean value is reported. Where multiple samples were taken from a single plot, the individual and mean values are reported. 
Where results from separate plots with distinguishing characteristics such as different varieties or treatment schedules were 
reports, results are listed for each plot. 

When residues were not quantifiable they are shown as below the LOQ of the relevant analytical method (e. g. < 
0.01 mg/kg). Residues and application rate have generally been rounded to two significant figures or, for residues near the LOQ, to 
one significant figure. 

Although control plots were included in the trials, control data are not reported in the following tables unless residues in 
control samples exceeded the LOQ. Results have not been corrected for concurrent method recoveries. 

Residue values from the trials conducted according to the critical GAP were used for the estimation of maximum residue 
levels, STMR and HR. Those results included in the tables are underlined.  

Berries and other small fruit 

Cane berries: Blackberries 

Six supervised trials were conducted on blackberries in Canada and the USA in 2012. In the supervised trials, blackberries were 
sprayed four times with an SC formulation containing 300 g/L pyriofenone at application rates in the range of 0.085 to 0.093 kg 



Pyriofenone 1455

ai/ha. Samples were collected at 0 days after the last application, except for the decline study conducted in the USA where samples 
were collected at 0, 7, 14 and 18 days after the application.  

Samples consist of blackberries taken from at least 12 areas but total weight of samples were below 1.0 kg in some 
trials. Samples were stored frozen for up to 219 days before extraction and analysis using method IB-2012-JLW-008-01-01 to 
measure residues of pyriofenone. Average concurrent recovery rate were 92-97% for pyriofenone (fortification levels of 0.01-
1 mg/kg) and the LOQ were 0.01 mg/kg.  

Table 22 Residues in blackberries from supervised trials in Canada and the USA involving foliar application of pyriofenone (300 SC 
formulation) 

Blackberries 
Location 
Country 
Year 
(variety) 

Application 
Residues 
(mg/kg) 

Report; 
Trial no 
[ref] 

Rate 
kg ai/ha 
(seasonal 
rate) 

kg ai/hL 
No., 
(interval: 
days) 

Growth stage 
at last 
treatment 

DALA 
(days) 

Parent, 
Pyriofenone 

GAP: US 
0.11 
(Max.0.35) 

- 
(7) 

0 

GAP: CA 
0.11 
(Max.0.36) 

- 
(7) 

0 

Saline, 
MI, 
USA, 
2012 
(Illini Hardy) 

0.092 
0.093 
0.091 
0.091 
(0.37) 

0.009 
0.010 
0.009 
0.008 

4 
(7, 6, 8) 

BBCH 89 0 0.075 / 0.061 
(0.068) 

IB-2012-JLW-008-01-01; 
IB-2012-JLW-008-33 
[Wiedmann, J.L. and 
McDonald J.A. 2013a] 

Madill, 
OK, 
USA, 
2012 
(Native) 

0.088 
0.091 
0.090 
0.085 
(0.35) 

0.017 
0.017 
0.017 
0.018 

4 
(6, 7, 7) 

BBCH 85 0 0.432 / 0.387 
(0.410) 
[SS] 

IB-2012-JLW-008-01-01; 
IB-2012-JLW-008-34 
[Wiedmann, J.L. and 
McDonald J.A. 2013a] 

Hillsboro, 
OR, 
USA, 
2012 
(Marion) 

0.090 
0.088 
0.089 
0.091 
(0.36) 

0.021 
0.021 
0.021 
0.021 

4 
(6, 7, 7) 
 

Red & Black 
Mature Fruit 

0 0.383 / 0.565 
(0.474) 

IB-2012-JLW-008-01-01; 
IB-2012-JLW-008-35 
[Wiedmann, J.L. and 
McDonald J.A. 2013a] 

Hillsboro, 
OR, 
USA, 
2012 
(Chester) 

0.090 
0.090 
0.088 
0.087 
(0.36) 

0.021 
0.021 
0.021 
0.021 

4 
(7) 
 

Red & Black 
Fruit 

0 0.311 / 0.255 
(0.283) 

IB-2012-JLW-008-01-01; 
IB-2012-JLW-008-36 
[Wiedmann, J.L. and 
McDonald J.A. 2013a] 

Wray, 
GA, 
USA, 
2012, 
(Navaho) 

0.091 
0.087 
0.090 
0.089 
(0.36) 

0.043 
0.039 
0.042 
0.046 

4 
(7) 
 

BBCH 75 0 0.289 / 0.215 
(0.252)[SS] 

IB-2012-JLW-008-01-01; 
IB-2012-JLW-008-32 
[Wiedmann, J.L. and 
McDonald J.A. 2013a] 

7 0.234 / 0.131 
(0.182)[SS] 

14 0.144 / 0.134 
(0.139)[SS] 

18 0.115 / 0.105 
(0.110)[SS] 

Langley, 
BC, 
Canada, 
2012 
(Lochness) 
 

0.086 
0.087 
0.086 
0.088 
(0.35) 

0.029 
0.029 
0.029 
0.029 

4 
(7, 7, 6) 

Beginning of 
maturity 

0 0.250 / 0.222 
(0.236)[SS] 

IB-2012-JLW-008-01-01; 
IB-2012-JLW-008-37 
[Wiedmann, J.L. and 
McDonald J.A. 2013a] 

[SS] sample size was below the required 1 kg, but primary samples were taken from at least 12 areas  

 

Bush berries: Blueberries 

Ten supervised trials were conducted on blueberries in Canada and the USA in 2012. In the supervised trials, blueberries were 
sprayed four times with an SC formulation containing 300 g/L pyriofenone at application rates in the range of 0.082 to 0.101 kg 
ai/ha. Samples were collected at 0 days after the last application, except for the decline study conducted in the USA where samples 
were collected at 0, 3, 7 and 9 days after the application.  
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Samples consist of blueberries taken from at least 12 areas but total weight of samples were below 1.0 kg except for 
one trial. Samples were stored frozen for up to 219 days before extraction and analysis using method IB-2012-JLW-008-01-01 to 
measure residues of pyriofenone. Average concurrent recovery rate were 93-94% for pyriofenone (fortification levels of 0.01-
1 mg/kg) and the LOQ were 0.01 mg/kg.  

Table 23 Residues in blueberries from supervised trials in Canada and the USA involving foliar application of pyriofenone (300 SC 
formulation) 

Blueberries 
Location 
Country 
Year 
(variety) 

Application 
Residues 
(mg/kg) 

Report; 
Trial no 
[ref] 

Rate 
kg ai/ha 
(seasonal 
rate) 

kg ai/hL 
No., 
(interval: 
days) 

Growth stage 
at last 
treatment 

DALA 
(days) 

Parent, 
Pyriofenone 

GAP: US 0.11 
(Max.0.36) 

- 
(7) 

0 

Branchport, 
NY, 
USA, 
2012 
(Duke) 

0.093 
0.090 
0.092 
0.094 
(0.37) 

0.019 
0.019 
0.019 
0.019 

4 
(7) 

BBCH 89 0 0.413 / 0.466 
(0.440)[SS] 

IB-2012-JLW-008-01-01; 
IB-2012-JLW-008-22 
[Wiedmann, J.L. and 
McDonald J.A. 2013a] 

Penn Yan, 
NY, 
USA, 
2012 
(BlueRay) 

0.086 
0.089 
0.090 
0.087 
(0.35) 

0.019 
0.019 
0.019 
0.019 

4 
(7) 

BBCH 89 0 0.374/ 0.331 
(0.352)[SS] 

IB-2012-JLW-008-01-01; 
IB-2012-JLW-008-23 
[Wiedmann, J.L. and 
McDonald J.A. 2013a] 

Chula, 
GA, 
USA, 
2012 
(Power blue) 

0.083 
0.094 
0.094 
0.094 
(0.37) 

0.032 
0.035 
0.034 
0.034 

4 
(8, 6, 7) 

BBCH 79 0 0.365 / 0.293 
(0.329)[SS] 

IB-2012-JLW-008-01-01; 
IB-2012-JLW-008-26 
[Wiedmann, J.L. and 
McDonald J.A. 2013a] 

Oglethorpe, 
GA, 
USA, 
2012 
(Climax) 

0.091 
0.092 
0.091 
0.092 
(0.37) 

0.022 
0.022 
0.022 
0.022 

4 
(7) 

BBCH 89 0 0.600 / 0.429 
(0.514)[SS] 

IB-2012-JLW-008-01-01; 
IB-2012-JLW-008-27 
[Wiedmann, J.L. and 
McDonald J.A. 2013a] 

White Heath, 
IL, 
USA, 
2012 
(Duke) 

0.088 
0.089 
0.093 
0.088 
(0.36) 

0.019 
0.018 
0.020 
0.019 

4 
(7, 8, 6) 
 

BBCH 85 0 0.596 / 0.496 
(0.546)[SS] 

IB-2012-JLW-008-01-01; 
IB-2012-JLW-008-29 
[Wiedmann, J.L. and 
McDonald J.A. 2013a] 

Tecumseh, 
MI, 
USA, 
2012 
(Earliblue) 

0.092 
0.094 
0.088 
0.094 
(0.37) 

0.046 
0.046 
0.043 
0.049 

4 
(6, 7, 6) 

BBCH 89 0 0.092 / 0.115 
(0.104)[SS] 

IB-2012-JLW-008-01-01; 
IB-2012-JLW-008-30 
[Wiedmann, J.L. and 
McDonald J.A. 2013a] 

Hillsboro, 
OR, 
USA, 2012 
(Bluecrop) 

0.089 
0.090 
0.089 
0.088 
(0.37) 

0.021 
0.021 
0.021 
0.021 
 

4 
(7) 

Ripe Fruit 0 0.223 / 0.304 
(0.264) 

IB-2012-JLW-008-01-01; 
IB-2012-JLW-008-31 
[Wiedmann, J.L. and 
McDonald J.A. 2013a] 

New Tripoli, 
PA, 
USA, 
2012 
(Bluecrop) 
 

0.101 
0.094 
0.098 
0.089 
(0.36) 

0.011 
0.011 
0.011 
0.011 

4 
(6, 7, 6) 

BBCH 87 0 0.326 / 0.322 
(0.324)[SS] 

IB-2012-JLW-008-01-01; 
IB-2012-JLW-008-25 
[Wiedmann, J.L. and 
McDonald J.A. 2013a] 

3 0.199 / 0.230 
(0.214)[SS] 

7 0.143 / 0.134 
(0.138)[SS] 

9 0.115 / 0.105 
(0.110)[SS] 

Stanhope, 
PEI, 
Canada, 
2012 (Wild) 

0.082 
0.086 
0.087 
0.092 
(0.35) 

0.043 
0.043 
0.044 
0.045 

4 
(7, 7, 6) 

70% Ripe 
Berries 

0 0.636 / 0.633 
(0.634)[SS] 

IB-2012-JLW-008-01-01; 
IB-2012-JLW-008-24 
[Wiedmann, J.L. and 
McDonald J.A. 2013a] 
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Blueberries 
Location 
Country 
Year 
(variety) 

Application Residues 
(mg/kg) 

Report; 
Trial no 
[ref] 

Rate 
kg ai/ha 
(seasonal 
rate) 

kg ai/hL 
No., 
(interval: 
days) 

Growth stage 
at last 
treatment 

DALA 
(days) 

Parent, 
Pyriofenone 

St. 
Madeleine, 
QC, Canada, 
2012 
(Patriot) 

0.086 
0.089 
0.089 
0.088 
(0.35) 

0.035 
0.034 
0.035 
0.035 

4 
(6, 8, 7) 

Mature Fruits 
- Ripe and 
Ready for 
Harvest 

0 0.168 / 0.157 
(0.163)[SS] 

IB-2012-JLW-008-01-01; 
IB-2012-JLW-008-28 
[Wiedmann, J.L. and 
McDonald J.A. 2013a] 

[SS] sample size was below the required 1 kg, but primary samples were taken from at least 12 areas 

 

Small fruit and vine climbing: Grapes (table and wine grapes) 

Fifteen supervised trials were conducted on wine grapes in Europe in 2007-2009. In the supervised trials, grapevines were sprayed 
three times with an SC formulation containing 300 g/L pyriofenone at application rates in the range of 0.079 to 0.098 kg ai/ha. The 
trails included 8 decline trials and 2 plots for processing studies (the trial conducted in France 2008: report ISK/0382) where the 
application rate was three times higher than the nominal rate.  

Samples consist of wine grapes taken from at least 12 bunches with a total weight of more than 1.0 kg, and were stored 
frozen for up to 143 days before extraction and analysis using method ISK0341/074208-1 to measure residues of pyriofenone. 
Average or a single value of concurrent recovery rate were 78-95% for pyriofenone (fortification levels of 0.01-0.5 mg/kg) and the 
LOQ was 0.01 mg/kg.  

Table 24 Residues in wine grapes from supervised trials in Europe involving foliar application of pyriofenone (300 SC formulation) 

Wine grapes 
Location 
Country 
year 
(variety) 

Application Residues 
(mg/kg) 

Report; 
Trial no 
[ref] 

Rate 
kg ai/ha 
(seasonal 
rate) 

kg ai/hL 
No., 
(interval: 
days) 

Growth stage 
at last 
treatment 

DALA 
(days) 

Parent, 
Pyriofenone 

GAP: IT, BA, 
DE, HU, and 
PT 

0.09 3 
(10-14) 

28 

Iphofen, 
Germany, 
2007 
(Müller- 
Thurgau) 

0.0933 
0.0927 
0.0983 

0.013 
0.011 
0.011 

3 
(15, 13) 

BBCH 82 0 0.17 ISK0301; 
ISK/0301-01 
[Schaeufele, M. 2008] 

21 0.12 

28 0.10 

35 0.09 

42 0.09 
Gau- 
Algesheim 
Germany, 
2007 
(Silvaner) 

0.0939 
0.0909 
0.0879 

0.011 
0.011 
0.011 

3 
(14, 14) 

BBCH 85 0 0.11 ISK0301; 
ISK/0301-02 
[Schaeufele, M. 2008] 

22 0.07 
28 0.06 
35 0.05 
41 ND 

Iphofen, 
Germany, 
2008 
(Müller- 
Thurgau) 

0.0977 
0.0941 
0.0968 

0.016 
0.013 
0.013 

3 
(14, 15) 

BBCH 83 0 0.26 / 0.24 
(0.25) 

ISK0381; 
ISK/0381-01 
[Schaeufele, M. 
2010a] 

14 0.14 / 0.12 
(0.13) 

24 0.12 / 0.12 
(0.12) 

28 0.11 / 0.09 
(0.10) 

35 0.08 / 0.09 
(0.08) 

Gau- 
Algesheim, 
Germany, 
2008 
(Spätburgunder) 

0.0861 
0.0861 
0.0870 

0.014 
0.014 
0.014 

3 
(14, 13) 

BBCH 87 0 0.21 / 0.22 
(0.22) 

ISK0381; 
ISK/0381-02 
[Schaeufele, M. 
2010a] 

14 0.17 / 0.21 
(0.19) 

21 0.17 / 0.17 
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Wine grapes 
Location 
Country 
year 
(variety) 

Application Residues 
(mg/kg) 

Report; 
Trial no 
[ref] 

Rate 
kg ai/ha 
(seasonal 
rate) 

kg ai/hL 
No., 
(interval: 
days) 

Growth stage 
at last 
treatment 

DALA 
(days) 

Parent, 
Pyriofenone 

(0.17) 
27 0.14 / 0.13 

(0.14) 
35 0.12 / 0.11 

(0.12) 
Saint Pardon 
de Conques, 
France, 
2007 
(Sémillon) 

0.0878 
0.0909 
0.0912 

0.022 
0.022 
0.022 

3 
(14, 14) 
 

BBCH 85 0 0.66 ISK0301; 
ISK/0301-03 
[Schaeufele, M. 2008] 

21 0.11 
28 0.10 
35 0.10 
44 0.09 

Fronton, 
France, 
2007 
(Negrette) 

0.0805 
0.0856 
0.0855 

0.022 
0.022 
0.022 

3 
(14, 15) 

BBCH 81 0 0.43 ISK0301; 
ISK/0301-04 
[Schaeufele, M. 2008] 

20 0.12 
27 0.11 
34 0.09 
41 0.09 

Chenoves, 
France, 
2008 
(Chardonnay) 

0.0832 
0.0824 
0.0876 

0.022 
0.022 
0.022 

3 
(9, 11) 

BBCH 85 27 0.04 / 0.04 
(0.04) 

ISK0382; 
ISK/0382-01 
[Schaeufele, M. 
2009b] 

Idem 0.2630 
0.2605 
0.2616 

0.065 
0.065 
0.065 

idem idem idem 0.14 / 0.19 
(0.16) 

idem 

Saturargues, 
France, 
2008 
(Carignan) 

0.0938 
0.0861 
0.0840 

0.022 
0.022 
0.022 

3 
(14, 14) 

BBCH 81 29 0.03 / 0.04 
(0.04) 

ISK0382; 
ISK/0382-02 
[Schaeufele, M. 
2009b] 

Idem 0.2858 
0.2532 
0.2480 

0.067 
0.065 
0.065 

idem idem idem 0.08 / 0.14 
(0.11) 

idem 

Boisseron, 
France, 
2008 
(Saugivgnon 
Blanc) 

0.0892 
0.0903 
0.0864 

0.023 
0.022 
0.022 

3 
(14, 14) 

BBCH 79-81 28 0.03 / 0.03 
(0.03) 

ISK0383; 
ISK/0383-02 
[Schaeufele, M. 
2009a] 

Meursault, 
France, 
2009 
(Pinot Noir) 

0.0883 
0.0880 
0.0790 

0.022 
0.022 
0.022 

3 
(13, 13) 

BBCH 83 29 0.08 / 0.06 
(0.07) 

JSM0015; 
JSM0015-01 
[Schaeufele, M. 
2010b] 

Vassy, 
France, 
2009 
(Pinot 
Meunier) 

0.0848 
0.0869 
0.0864 

0.017 
0.017 
0.017 

3 
(14, 13) 

BBCH 83 28 0.08 / 0.08 
(0.08) 

JSM0015; 
JSM0015-02 
[Schaeufele, M. 
2010b] 

Lignieres de 
Touraine, 
France, 
2009 
(Grolleau) 

0.0867 
0.0873 
0.0885 

0.014 
0.014 
0.014 

3 
(14, 14) 

BBCH 83 27 0.05 / 0.05 
(0.05) 

JSM0015; 
JSM0015-03 
[Schaeufele, M. 
2010b] 

Haro, 
France, 
2009 
(Tempranillo) 

0.0911 
0.0889 
0.0916 

0.014 
0.014 
0.014 

3 
(14, 14) 

BBCH 83 14 0.06 / 0.06 
(0.06) 

JSM0015; 
JSM0015-04 
[Schaeufele, M. 
2010b] 

27 0.03 / 0.03 
(0.03) 

El Vendrell, 
Spain, 
2008 
(Xarelo) 

0.0870 
0.0867 
0.0923 

0.022 
0.022 
0.022 

3 
(14, 14) 

BBCH 79 0 0.36 / 0.32 
(0.34) 

ISK0381; 
ISK/0381-03 
[Schaeufele, M. 
2010a] 

14 0.07 / 0.12 
(0.10) 

21 0.09 / 0.06 
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Wine grapes 
Location 
Country 
year 
(variety) 

Application Residues 
(mg/kg) 

Report; 
Trial no 
[ref] 

Rate 
kg ai/ha 
(seasonal 
rate) 

kg ai/hL 
No., 
(interval: 
days) 

Growth stage 
at last 
treatment 

DALA 
(days) 

Parent, 
Pyriofenone 

(0.08) 
28 0.07 / 0.08 

(0.08) 
35 0.05 / 0.04 

(0.05) 
Imola, 
Italy, 
2008 
(Sangiovese) 
 

0.0886 
0.0867 
0.0858 

0.011 
0.011 
0.011 

3 
(14, 14) 

BBCH 83 0 0.05 / 0.06 
(0.06) 

ISK0381; 
ISK/0381-04 
[Schaeufele, M. 
2010a] 
 
 

14 0.02 / 0.03 
(0.03) 

21 0.02 / 0.02 
(0.02) 

28 0.03 / 0.01 
(0.02) 

35 0.01 / 0.01 
(0.01) 

ND: not detected (<LOD; 0.002 mg/kg) 

 

Five supervised trials were conducted on table grapes in Europe (Italy and Spain) in 2009-2011. In the supervised trials, 
grapevines were sprayed three times with an SC formulation containing 300 g/L pyriofenone at application rates in the range of 
0.084 to 0.091 kg ai/ha. Samples were collected at 0, 7, 14, 21, and 28 days after last application.  

Samples consist of table grapes taken from at least 12 bunches with a total weight of more than 1.0 kg, and were stored 
frozen for up to 107 days before extraction and analysis using method ISK0341/074208-1 to measure residues of pyriofenone. 
Average or a single value of concurrent recovery rate were 71-95% for pyriofenone (fortification levels of 0.01-1 mg/kg) and the 
LOQ were 0.01 mg/kg.  

Table 25 Residues in table grapes from supervised trials in Europe (Italy and Spain) involving foliar application of pyriofenone (300 
SC formulation) 

Table grapes 
Location 
Country 
Year 
(variety) 

Application Residues 
(mg/kg) 

Report; 
Trial no 
[ref] 

Rate 
kg ai/ha 
(seasonal 
rate) 

kg ai/hL 
No., 
(interval: 
days) 

Growth stage 
at last 
treatment 

DALA 
(days) 

Parent, 
Pyriofenone 

GAP: PT 
0.09 3 

(12) 
14 

Agost, 
Spain, 
2009 
(Aledo) 

0.0874 
0.0841 
0.0882 

0.014 
0.014 
0.014 

3 
(14, 14) 

BBCH 79-81 14 0.08 / 0.09 
(0.08) 

JSM0015; 
JSM0015-05 
[Schaeufele, M. 2010b] 28 0.07 / 0.05 

(0.06) 
Agost, 
Spain, 
2011 
(Red Globe) 

0.0859 
0.0868 
0.0901 

0.011 
0.011 
0.011 

3 
(14, 14) 

BBCH 85 14 0.06 JSM0211; 
JSM0211-02 
[Schaeufele, M. 2012] 

28 0.02 

Capurso, 
Italy, 
2009 
(Black Pearl) 

0.0896 
0.0836 
0.0912 

0.015 
0.015 
0.015 

3 
(13, 14) 

BBCH 83 14 0.14 / 0.16 
(0.15) 

JSM0015; 
JSM0015-06 
[Schaeufele, M. 2010b] 28 0.11 / 0.10 

(0.11) 
Capurso, 
Italy, 
2010 
(Italia) 

0.0879 
0.0904 
0.0909 

0.015 
0.015 
0.015 

3 
(14, 14) 

BBCH 85 14 0.54 JSM0103; 
JSM0103-01 
[Schaeufele, M. 2010b] 

Capurso, 
Italy, 

0.0865 
0.0869 

0.011 
0.011 

3 
(14, 14) 

BBCH 81 0 0.25 JSM0211; 
JSM0211-01 7 0.31 
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Table grapes 
Location 
Country 
Year 
(variety) 

Application Residues 
(mg/kg) 

Report; 
Trial no 
[ref] 

Rate 
kg ai/ha 
(seasonal 
rate) 

kg ai/hL 
No., 
(interval: 
days) 

Growth stage 
at last 
treatment 

DALA 
(days) 

Parent, 
Pyriofenone 

2011 
(Italia) 

0.0868 0.011 14 0.31 [Schaeufele, M. 2012] 
 21 0.15 

28 0.17 

 

Twelve supervised trials were conducted on grapes in Canada and the USA in 2012. In the supervised trials, grapevines 
were sprayed four times with an SC formulation containing 300 g/L pyriofenone at application rates in the range of 0.085 to 0.094 
kg ai/ha. Samples were collected at 0 days after the last application, except for the decline study conducted in Canada where 
samples were collected at 0, 3, 7 and 10 days after the application.  

Samples consist of grapes taken from at least 12 bunches with a total weight of more than 1.0 kg, and were stored frozen 
for up to 191 days before extraction and analysis using method IB-2012-JLW-008-01-01 to measure residues of pyriofenone. 
Average concurrent recovery rates were 87-88% for pyriofenone (fortification levels of 0.01-1 mg/kg) and the LOQ were 0.01 mg/kg. 

Table 26 Residues in grapes from supervised trials in Canada and the USA involving foliar application of pyriofenone (300 SC 
formulation) 

Grapes 
Location 
Country 
year 
(variety) 

Application 
Residues 
(mg/kg) 

Report; 
Trial no 
[ref] 

Rate 
kg ai/ha 
(seasonal 
rate) 

kg ai/hL 
No., 
(interval: 
days) 

Growth stage 
at last 
treatment 

DALA 
(days) 

Parent, 
Pyriofenone 

GAP: US 
0.11 
(Max.0.35) 

- 
(14) 

0  

GAP: CA 
0.11 
(Max. 0.36) 

- 
(14) 

0  

Dundee, 
NY, 
USA 
2012 
(DeChaunac) 

0.090 
0.089 
0.091 
0.090 
(0.36) 

0.006 
0.006 
0.006 
0.006 

4 
(7) 

BBCH 89 0 0.389 / 0.446 
(0.418) 

IB-2012-JLW-008-01-01; 
IB-2012-JLW-008-01 
[Wiedmann, J.L. and 
McDonald J.A. 2013a] 

Orefield, 
PA, 
USA, 
2012 
(Niagara) 

0.090 
0.088 
0.090 
0.092 
(0.36) 

0.008 
0.008 
0.008 
0.008 

4 
(6, 8, 6) 

BBCH 89 0 0.307 / 0.275 
(0.291) 

IB-2012-JLW-008-01-01; 
IB-2012-JLW-008-02 
[Wiedmann, J.L. and 
McDonald J.A. 2013a] 

Oregon, 
WI, 
USA, 
2012 
(Concord) 

0.091 
0.091 
0.091 
0.091 
(0.36) 

0.012 
0.012 
0.012 
0.012 

4 
(7) 

Mature 
Grapes 

0 0.398 / 0.523 
(0.461) 

IB-2012-JLW-008-01-01; 
IB-2012-JLW-008-04 
[Wiedmann, J.L. and 
McDonald J.A. 2013a] 

Tecumseh, 
MI, 
USA, 
2012 
(Crimson Red 
Seedless) 

0.088 
0.089 
0.090 
0.090 
(0.36) 

0.019 
0.020 
0.020 
0.020 

4 
(8, 6, 7) 

BBCH 89 0 0.133 / 0.261 
(0.197) 

IB-2012-JLW-008-01-01; 
IB-2012-JLW-008-05 
[Wiedmann, J.L. and 
McDonald J.A. 2013a] 

Rolinda, 
CA, 
USA, 
2012 
(Thompson 
Seedless) 

0.088 
0.086 
0.088 
0.088 
(0.35) 

0.005 
0.005 
0.005 
0.005 

4 
(7) 

BBCH 89 0 0.087 / 0.039 
(0.063) 

IB-2012-JLW-008-01-01; 
IB-2012-JLW-008-06 
[Wiedmann, J.L. and 
McDonald J.A. 2013a] 
 
 

Fresno, 
CA, 
USA, 

0.087 
0.090 
0.088 

0.005 
0.005 
0.005 

4 
(7) 

BBCH 89 0 0.232 / 0.176 
(0.204) 

IB-2012-JLW-008-01-01; 
IB-2012-JLW-008-07 
[Wiedmann, J.L. and 
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Grapes 
Location 
Country 
year 
(variety) 

Application Residues 
(mg/kg) 

Report; 
Trial no 
[ref] 

Rate 
kg ai/ha 
(seasonal 
rate) 

kg ai/hL 
No., 
(interval: 
days) 

Growth stage 
at last 
treatment 

DALA 
(days) 

Parent, 
Pyriofenone 

2012 
(Cabernet) 

0.088 
(0.35) 

0.005 McDonald J.A. 2013a] 

Orland, 
CA, 
USA, 
2012 
(Rubired) 

0.089 
0.089 
0.089 
0.089 
(0.36) 

0.009 
0.009 
0.010 
0.010 

4 
(7) 

BBCH 89 0 0.150 / 0.382 
(0.266) 

IB-2012-JLW-008-01-01; 
IB-2012-JLW-008-08 
[Wiedmann, J.L. and 
McDonald J.A. 2013a] 

Terra Bella, 
CA, 
USA, 
2012 
(Crimson) 

0.093 
0.090 
0.090 
0.094 
(0.37) 

0.006 
0.006 
0.006 
0.006 

4 
(7, 7, 6) 

BBCH 89 0 0.232 / 0.182 
(0.207) 

IB-2012-JLW-008-01-01; 
IB-2012-JLW-008-09 
[Wiedmann, J.L. and 
McDonald J.A. 2013a] 

City of 
Madera, 
CA, 
USA, 
2012 
(Thompson 
Seedless) 

0.094 
0.092 
0.091 
0.091 
(0.37) 

0.013 
0.013 
0.013 
0.013 

4 
(7) 

Mature 
Grapes 

0 0.194 / 0.161 
(0.178) 

IB-2012-JLW-008-01-01; 
IB-2012-JLW-008-10 
[Wiedmann, J.L. and 
McDonald J.A. 2013a] 

Ephrate, 
WA, 
USA, 
2012 
(Chardonnay) 

0.091 
0.090 
0.090 
0.090 
(0.36) 

0.006 
0.006 
0.006 
0.006 

4 
(7) 

BBCH 89 0 0.393 / 0.323 
(0.358) 

IB-2012-JLW-008-01-01; 
IB-2012-JLW-008-11 
[Wiedmann, J.L. and 
McDonald J.A. 2013a] 

Homedale, 
ID 
USA, 
2012 
(Alborz) 

0.092 
0.092 
0.091 
0.092 
(0.37) 

0.019 
0.019 
0.019 
0.019 

4 
(6, 7, 7) 

Grape berries 
ripe for 
harvest 

0 0.165 / 0.150 
(0.158) 

IB-2012-JLW-008-01-01; 
IB-2012-JLW-008-12 
[Wiedmann, J.L. and 
McDonald J.A. 2013a] 

Branchton, 
Ontario, 
Canada, 
2012 
(Concord) 

0.086 
0.088 
0.085 
0.088 
(0.35) 

0.009 
0.009 
0.009 
0.009 

4 
(7, 8, 6) 

BBCH 89 0 0.273 / 0.235 
(0.254) 

IB-2012-JLW-008-01-01; 
IB-2012-JLW-008-03 
[Wiedmann, J.L. and 
McDonald J.A. 2013a] 

3 0.163 / 0.213 
(0.188) 

7 0.158 / 0.219 
(0.188) 

10 0.126 / 0.162 
(0.144) 

 

Low growing berries: Strawberry 

Nine supervised trials were conducted on strawberry in Canada and the USA in 2012. In the supervised trials, strawberry were 
sprayed four times with an SC formulation containing 300 g/L pyriofenone at application rates in the range of 0.084 to 0.093 kg 
ai/ha, except for a trial conducted in Deerfield, MI, USA with application rate in the range of 0.029 to 0.032 kg ai/ha. Samples were 
collected at 0 days after the last application, except for the decline study conducted in the USA where samples were collected at 0, 
3, 7 and 10 days after the application.  

Samples consist of strawberry taken from at least 12 areas with a total weight of more than 1.0 kg if there is no indication. 
Samples were stored frozen for up to 167 days before extraction and analysis using method IB-2012-JLW-008-01-01 to measure 
residues of pyriofenone. Average concurrent recovery rate were 86-93% for pyriofenone (fortification levels of 0.01-1 mg/kg) and 
the LOQ were 0.01 mg/kg.  
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Table 27 Residues in strawberry from supervised trials in Canada and the USA involving foliar application of pyriofenone (300 SC 
formulation) 

Strawberry 
Location 
Country 
year 
(variety) 

Application 
Residues 
(mg/kg) 

Report; 
Trial no 
[ref] 

Rate 
kg ai/ha 
(seasonal 
rate) 

kg ai/hL 
No., 
(interval: 
days) 

Growth stage 
at last 
treatment 

DALA 
(days) 

Parent, 
Pyriofenone 

GAP: US 
0.11 
(Max.0.35) 

- 
(7) 

0 

GAP: CA 
0.11 
(Max.0.36) 

- 
(7) 

0 

Penn Yan, 
NY, 
USA, 
2012 
(Honeyoye) 

0.092 
0.093 
0.093 
0.091 
(0.37) 

0.024 
0.024 
0.025 
0.024 

4 
(7) 

BBCH 87 0 0.088 / 0.071 
(0.080) 

IB-2012-JLW-008-01-01; 
IB-2012-JLW-008-13 
[Wiedmann, J.L. and 
McDonald J.A. 2013a] 

Forrento, 
FL, 
USA, 
2012 
(Radiance) 

0.090 
0.091 
0.093 
0.091 
(0.37) 

0.032 
0.032 
0.032 
0.032 

4 
(7) 

BBCH 86 0 0.181 / 0.240 
(0.211) 

IB-2012-JLW-008-01-01; 
IB-2012-JLW-008-14 
[Wiedmann, J.L. and 
McDonald J.A. 2013a] 

Oregon, 
WI, 
USA, 
2012 
(Jewel) 

0.089 
0.092 
0.090 
0.091 
(0.36) 

0.034 
0.037 
0.033 
0.033 

4 
(7) 

Mature Fruit 0 0.025 / 0.029 
(0.027) 

IB-2012-JLW-008-01-01; 
IB-2012-JLW-008-15 
[Wiedmann, J.L. and 
McDonald J.A. 2013a] 

Deerfield, 
MI, 
USA, 
2012 
(Allstar) 

0.029 
0.031 
0.032 
0.031 
(0.12) 

0.016 
0.016 
0.016 
0.016 

4 
(6) 

BBCH 87 0 0.023 / 0.029 
(0.026) 
[SS] 

IB-2012-JLW-008-01-01; 
IB-2012-JLW-008-17 
[Wiedmann, J.L. and 
McDonald J.A. 2013a] 

Sparta, 
MI, 
USA, 
2012 
(Allstar) 

0.090 
0.091 
0.090 
0.090 
(0.36) 

0.032 
0.032 
0.032 
0.032 

4 
(7) 

Normal 
harvest 
~50% of fruit 
is mature 

0 0.143 / 0.159 
(0.151) 

IB-2012-JLW-008-01-01; 
IB-2012-JLW-008-18 
[Wiedmann, J.L. and 
McDonald J.A. 2013a] 

Sanger, 
CA, 
USA, 
2012 
(Albion) 

0.091 
0.089 
0.090 
0.090 
(0.36) 

0.032 
0.032 
0.032 
0.032 

4 
(7) 

Mature 0 0.236 / 0.301 
(0.268) 

IB-2012-JLW-008-01-01; 
IB-2012-JLW-008-20 
[Wiedmann, J.L. and 
McDonald J.A. 2013a] 

Hillsoro, 
OR, 
USA, 
2012 
(TriStar) 

0.090 
0.089 
0.090 
0.091 
(0.36) 

0.037 
0.037 
0.037 
0.037 

4 
(6, 7, 7) 

BBCH 81-85 0 0.184 / 0.167 
(0.176) 

IB-2012-JLW-008-01-01; 
IB-2012-JLW-008-21 
[Wiedmann, J.L. and 
McDonald J.A. 2013a] 

City of 
Madera, 
CA, 
USA, 
2012 
(Diamante 
S4) 

0.093 
0.092 
0.091 
0.092 
(0.37) 

0.039 
0.039 
0.039 
0.039 

4 
(7) 

Ripe Berries 
Low Yield 

0 0.169 / 0.155 
(0.162)[SS] 

IB-2012-JLW-008-01-01; 
IB-2012-JLW-008-19 
[Wiedmann, J.L. and 
McDonald J.A. 2013a] 

3 0.055 / 0.030 
(0.043)[SS] 

7 0.023 / 0.013 
(0.018)[SS] 

10 0.013 / 0.012 
(0.012)[SS] 

St-Marc-sur- 
Richelieu, 
QC, 
Canada, 
2012 
(Seascape) 

0.087 
0.087 
0.090 
0.084 
(0.35) 

0.034 
0.035 
0.034 
0.034 

4 
(7) 

BBCH 87 0 0.208 / 0.201 
(0.204)[SS] 

IB-2012-JLW-008-01-01; 
IB-2012-JLW-008-16 
[Wiedmann, J.L. and 
McDonald J.A. 2013a] 

[SS] sample size was below the required 1 kg, but primary samples were taken from at least 12 areas  
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Assorted tropical and sub-tropical fruits-inedible peel  

Inedible peel-vines: kiwifruit 

Three supervised trials were conducted on kiwifruit in the USA in 2012. In the supervised trials, kiwifruits were sprayed four times 
with an SC formulation containing 300 g/L pyriofenone at application rates in the range of 0.088 to 0.093 kg ai/ha. Samples were 
collected at 0 days after the last application.  

Samples consist of at least 12 fruits of kiwifruit or the weight was over 2 kg. Pyriofenone was detected in two of three 
samples taken from control plot; but the concentrations were only slightly above LOQ and potential contamination was suspected. 
Samples were stored frozen for up to 140 days before extraction and analysis using method IB-2012-JLW-008-01-01 to measure 
residues of pyriofenone. Average concurrent recovery rate were 84-87% for pyriofenone (fortification levels of 0.01-1 mg/kg) and 
the LOQ were 0.01 mg/kg. 

Table 28 Residues in kiwifruit from supervised trials in the USA involving foliar application of pyriofenone (300 SC formulation) 

Kiwifruit 
Location 
Country 
year 
(variety) 

Application 
Residues 
(mg/kg) 

Report; 
Trial no 
[ref] 

Rate 
kg ai/ha 
(seasonal 
rate) 

kg ai/hL 
No., 
(interval: 
days) 

Growth stage 
at last 
treatment 

DALA 
(days) 

Parent, 
Pyriofenone 

GAP: US 
0.11 
(Max.0.35) 

- 
(14) 

0 

Gridley, 
CA, 
USA, 
2012 
(Chico) 

0.093 
0.093 
0.093 
0.093 
(0.37) 

0.010 
0.010 
0.010 
0.010 

4 
(7) 

Fruit firm 0 0.124 / 0.144 
(0.134) 

IB-2012-JLW-008-01-01; 
IB-2012-JLW-008-38 
[Wiedmann, J.L. and 
McDonald J.A. 2013a] 

Farmersville, 
CA, 
USA, 
2012 
(Hayward) 

0.090 
0.091 
0.091 
0.090 
(0.36) 

0.010 
0.010 
0.010 
0.010 

4 
(7, 8, 6) 

BBCH 89 0 0.694 / 0.517 
(0.606) 

IB-2012-JLW-008-01-01; 
IB-2012-JLW-008-39 
[Wiedmann, J.L. and 
McDonald J.A. 2013a] 

Hughson, 
CA, 
USA, 
2012 
(Hayward) 

0.091 
0.088 
0.089 
0.089 
(0.36) 

0.005 
0.005 
0.005 
0.005 

4 
(7) 

BBCH 85 0 0.036 / 0.058 
(0.047)a 

IB-2012-JLW-008-01-01; 
IB-2012-JLW-008-40 
[Wiedmann, J.L. and 
McDonald J.A. 2013a] 

a no information on the number of primary sample, but the weight was over 2 kg 

 

Fruiting vegetables, Cucurbits 

Cucumbers and Summer squashes: Cucumber 

Nine supervised trials were conducted on cucumber in Canada and the USA in 2012. In the supervised trials, cucumbers were 
sprayed four times with an SC formulation containing 300 g/L pyriofenone at application rates in the range of 0.084 to 0.094 kg 
ai/ha. Samples were collected at 0 days after the last application, except for the decline study conducted in the USA where samples 
were collected at 0, 3, 7 and 9 days after the application.  

Samples consist of at least 12 fruits of cucumber, except for one trial conducted in the USA (Enid, OK) where the number 
of primary sample was five. Samples were stored frozen for up to 181 days before extraction and analysis using method IB-2012-
JLW-008-01-01 to measure residues of pyriofenone. Average concurrent recovery rate was 92-93% for pyriofenone (fortification 
levels of 0.01-1 mg/kg) and the LOQ were 0.01 mg/kg.  
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Table 29 Residues in cucumber from supervised trials in Canada and the USA involving foliar application of pyriofenone (300 SC 
formulation) 

Cucumber 
Location 
Country 
year 
(variety) 

Application Residues 
(mg/kg) Report; 

Trial no 
[ref] 

Rate 
kg ai/ha 
(seasonal rate) 

kg ai/hL 
No., 
(interval: 
days) 

Growth stage 
at last 
treatment 

DALA 
(days) 

Parent, 
Pyriofenone 

GAP: US 
0.11 
(Max.0.35) 

- 
(7) 

0 

GAP: CA 0.11 
(Max. 0.36) 

- 
(7) 

0 

Seven Springs, 
NC, 
USA, 
2012 
(Lancer 152) 

0.093 
0.089 
0.091 
0.089 
(0.36) 

0.018 
0.020 
0.022 
0.021 

4 
(7, 6, 7) 

BBCH 85-87 0 0.056 / 0.068 
(0.062) 

IB-2012-JLW-007-01-01; 
IB-2012-JLW-007-02 
[Wiedmann, J.L. and 
McDonald J.A. 2013b] 

Winter 
Garden, 
FL, 
USA, 
2012 
(B.O.A.) 

0.089 
0.087 
0.088 
0.088 
(0.35) 

0.037 
0.037 
0.037 
0.037 

4 
(7) 

BBCH 81 0 0.038 / 0.041 
(0.040) 

IB-2012-JLW-007-01-01; 
IB-2012-JLW-007-03 
[Wiedmann, J.L. and 
McDonald J.A. 2013b] 

Northwood, 
ND, 
USA, 
2012 
(Marketmore 
76) 

0.087 
0.086 
0.088 
0.085 
(0.35) 

0.018 
0.018 
0.019 
0.019 

4 
(7) 
 

BBCH 88 0 <0.01 / 0.013 
(0.012) 

IB-2012-JLW-007-01-01; 
IB-2012-JLW-007-04 
[Wiedmann, J.L. and 
McDonald J.A. 2013b] 

Seymour, 
IL, 
USA, 
2012 
(Burpee 
Hybrid II) 

0.085 
0.086 
0.086 
0.085 
(0.34) 

0.018 
0.018 
0.018 
0.018 

4 
(7) 

BBCH 89 0 0.060 / 0.054 
(0.057) 

IB-2012-JLW-007-01-01; 
IB-2012-JLW-007-05 
[Wiedmann, J.L. and 
McDonald J.A. 2013b] 

Verona, 
WI, 
USA, 
2012 
(Monoecious) 

0.088 
0.090 
0.091 
0.090 
(0.36) 

0.021 
0.022 
0.022 
0.022 

4 
(6, 8, 6) 

Mature 0 0.029 / 0.026 
(0.028) 

IB-2012-JLW-007-01-01; 
IB-2012-JLW-007-06 
[Wiedmann, J.L. and 
McDonald J.A. 2013b] 

Enid, 
OK, 
USA, 
2012 
(Calypso) 

0.087 
0.086 
0.090 
0.088 
(0.35) 

0.019 
0.022 
0.018 
0.022 

4 
(7) 

BBCH 89 0 0.025 / 0.026 
(0.026) 
[SS] 

IB-2012-JLW-007-01-01; 
IB-2012-JLW-007-08 
[Wiedmann, J.L. and 
McDonald J.A. 2013b] 

Hinton, 
OK, 
USA, 
2012 
(Calypso) 

0.087 
0.087 
0.084 
0.084 
(0.34) 

0.023 
0.023 
0.022 
0.019 

4 
(7, 6, 7) 

BBCH 89 0 0.014 / 0.019 
(0.016) 

IB-2012-JLW-008-01-01; 
IB-2012-JLW-008-09 
[Wiedmann, J.L. and 
McDonald J.A. 2013a] 

Baptistown, 
NJ, 
USA, 
2012 
(Cutter F1) 

0.092 
0.091 
0.094 
0.093 
(0.37) 

0.021 
0.022 
0.022 
0.022 

4 
(7) 

Bloom/fruiting/ma
ture fruit 

0 0.034 / 0.035 
(0.034) 

IB-2012-JLW-007-01-01; 
IB-2012-JLW-007-01 
[Wiedmann, J.L. and 
McDonald J.A. 2013b] 

3 <0.01 / 0.011 
(0.011) 

7 <0.01 / <0.01 
(<0.01) 

9 <0.01 / <0.01 
(<0.01) 

St-Marc-sur- 
Richelieu, 
QC, 
Canada, 
2012 
(Speedway) 

0.086 
0.089 
0.085 
0.085 
(0.35) 

0.022 
0.022 
0.022 
0.022 

4 
(7, 8, 6) 

BBCH 71-73 0 0.034 / 0.033 
(0.034) 

IB-2012-JLW-007-01-01; 
IB-2012-JLW-007-07 
[Wiedmann, J.L. and 
McDonald J.A. 2013b] 
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[SS] number of primary sample was below the required 12 (sample size was reported as 5 samples with weight of about 1 kg) 

 

Cucumbers and Summer squashes: Summer squash 

Nine supervised trials were conducted on summer squash in Canada and the USA in 2012. In the supervised trials, summer 
squashes were sprayed four times with an SC formulation containing 300 g/L pyriofenone at application rates in the range of 0.086 
to 0.092 kg ai/ha. Samples were collected at 0 days after the last application, except for the decline study conducted in the USA 
where samples were collected at 0, 3, 7 and 10 days after the application.  

Samples consist of at least 12 fruits of summer squash and were stored frozen for up to 188 days before extraction and 
analysis using method IB-2012-JLW-008-01-01 to measure residues of pyriofenone. Average concurrent recovery rate were 91% 
for pyriofenone (fortification levels of 0.01-1 mg/kg) and the LOQ were 0.01 mg/kg.  

Table 30 Residues in summer squash from supervised trials in Canada and the USA involving foliar application of pyriofenone (300 
SC formulation) 

Squash, 
summer 
Location 
Country 
year 
(variety) 

Application 
Residues 
(mg/kg) 

Report; 
Trial no 
[ref] 

Rate 
kg ai/ha 
(seasonal 
rate) 

kg ai/hL 
No., 
(interval: 
days) 

Growth stage 
at last 
treatment 

DALA 
(days) 

Parent, 
Pyriofenone 

GAP: US 
0.11 
(Max.0.35) 

- 
(7) 

0 

GAP: CA 0.11 
(Max.0.36) 

- 
(7) 

0 

North Rose, 
NY, 
USA, 
2012 
(Spineless 
Beauty) 

0.088 
0.089 
0.090 
0.090 
(0.36) 

0.021 
0.021 
0.022 
0.022 

4 
(7) 

Flowering with 
20.3-30.5 cm 
Fruit 

0 <0.01 / 0.011 
(0.011) 

IB-2012-JLW-007-01-01; 
IB-2012-JLW-007-10 
[Wiedmann, J.L. and 
McDonald J.A. 2013b] 

Seven 
Springs, 
NC, 
USA, 
2012 
(Black 
Zuccini) 

0.091 
0.092 
0.092 
0.090 
(0.37) 

0.018 
0.020 
0.022 
0.021 

4 
(7, 6, 7) 

BBCH 85-87 0 0.050 / 0.074 
(0.062) 

IB-2012-JLW-007-01-01; 
IB-2012-JLW-007-11 
[Wiedmann, J.L. and 
McDonald J.A. 2013b] 

Winter 
Garden, 
FL, 
USA, 
2012 
(Butta) 

0.088 
0.090 
0.089 
0.088 
(0.36) 

0.037 
0.038 
0.037 
0.037 

4 
(7) 

BBCH 82 0 0.042 / 0.034 
(0.038) 

IB-2012-JLW-007-01-01; 
IB-2012-JLW-007-12 
[Wiedmann, J.L. and 
McDonald J.A. 2013b] 

Northwood, 
ND, 
USA, 
2012 
(Black 
Beauty) 

0.087 
0.087 
0.086 
0.086 
(0.35) 

0.018 
0.019 
0.019 
0.019 

4 
(7) 

BBCH 88 0 0.014 / 0.014 
(0.014) 

IB-2012-JLW-007-01-01; 
IB-2012-JLW-007-13 
[Wiedmann, J.L. and 
McDonald J.A. 2013b] 

Seymour, 
IL, 
USA, 
2012 
(Horn of 
Plenty) 

0.086 
0.089 
0.088 
0.087 
(0.35) 

0.019 
0.019 
0.019 
0.019 

4 
(7) 

BBCH 89 0 0.100 / 0.044 
(0.072) 

IB-2012-JLW-007-01-01; 
IB-2012-JLW-007-14 
[Wiedmann, J.L. and 
McDonald J.A. 2013b] 

Verona, 
WI, 
USA, 
2012 
(Payroll F1) 

0.092 
0.091 
0.091 
0.091 
(0.37) 

0.022 
0.022 
0.023 
0.022 

4 
(8, 7, 6) 

Mature 0 0.033 / 0.042 
(0.038) 

IB-2012-JLW-007-01-01; 
IB-2012-JLW-007-16 
[Wiedmann, J.L. and 
McDonald J.A. 2013b] 
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Squash, 
summer 
Location 
Country 
year 
(variety) 

Application Residues 
(mg/kg) 

Report; 
Trial no 
[ref] 

Rate 
kg ai/ha 
(seasonal 
rate) 

kg ai/hL 
No., 
(interval: 
days) 

Growth stage 
at last 
treatment 

DALA 
(days) 

Parent, 
Pyriofenone 

Hillsboro, 
OR, 
USA, 
(Hybrid 
Squash 
Summer 
Zukes) 

0.092 
0.091 
0.091 
0.091 
(0.37) 

0.046 
0.046 
0.046 
0.046 

4 
(7) 

Bloom to 
Mature Fruit 

0 0.021 / 0.020 
(0.021) 

IB-2012-JLW-007-01-01; 
IB-2012-JLW-007-18 
[Wiedmann, J.L. and 
McDonald J.A. 2013b] 

Madera, 
CA, 
USA, 
2012 
(Black 
Beauty) 

0.090 
0.092 
0.092 
0.092 
(0.37) 

0.024 
0.024 
0.024 
0.024 

4 
(7) 

Mature 
squash/bloom 

0 0.051 / 0.051 
(0.051) 

IB-2012-JLW-007-01-01; 
IB-2012-JLW-007-17 
[Wiedmann, J.L. and 
McDonald J.A. 2013b] 

3 0.032 / 0.035 
(0.034) 

7 0.024 / 0.021 
(0.023) 

10 0.016 / 0.014 
(0.015) 

Branchton, 
Ontario, 
Canada, 
2012 
(Senator) 

0.088 
0.086 
0.089 
0.088 
(0.34) 

0.021 
0.021 
0.021 
0.021 

4 
(7) 

One fruit 
typical size, 
second fruit 
forming 
BBCH 84-89 

0 0.058 / 0.052 
(0.055) 

IB-2012-JLW-007-01-01; 
IB-2012-JLW-007-15 
[Wiedmann, J.L. and 
McDonald J.A. 2013b] 

 

Melons, Pumpkins and Winter Squashes: Cantaloupe (Melons, except Watermelon) 

Ten supervised trials were conducted on cantaloupe in the USA in 2012. In the supervised trials, cantaloupes were sprayed four 
times with an SC formulation containing 300 g/L pyriofenone at application rates in the range of 0.083 to 0.102 kg ai/ha. Samples 
were collected at 0 days after the last application, except for the decline study where samples were collected at 0, 3, 7 and 10 days 
after the application.  

Samples consist of at least 12 fruits of cantaloupe except for one trial conducted in Hinton (OK) where the number of 
primary sample was three. Samples were stored frozen for up to 157 days before extraction and analysis using method IB-2012-
JLW-008-01-01 to measure residues of pyriofenone. Average concurrent recovery rate was 88% for pyriofenone (fortification levels 
of 0.01-1 mg/kg) and the LOQ was 0.01 mg/kg.  

Table 31 Residues in cantaloupe from supervised trials in the USA involving foliar application of pyriofenone (300 SC formulation) 

Melons/ 
Cantaloupe 
Location 
Country 
year 
(variety) 

Application 
Residues 
(mg/kg) 

Report; 
Trial no 
[ref] 

Rate 
kg ai/ha 
(seasonal 
rate) 

kg ai/hL 
No., 
(interval: 
days) 

Growth stage 
at last 
treatment 

DALA 
(days) 

Parent, 
Pyriofenone 

GAP: US 
0.11 
(Max.0.35) 

- 
(7) 

0  

Seven Springs, 
NC, 
USA, 
(Hales Best 
Jumbo) 

0.090 
0.091 
0.102 
0.090 
(0.37) 

0.020 
0.021 
0.023 
0.020 

4 
(7) 

BBCH 89 0 0.030 / 0.045 
(0.038) 

IB-2012-JLW-007-01-01; 
IB-2012-JLW-007-19 
[Wiedmann, J.L. and 
McDonald J.A. 2013b] 

Northwood, 
ND, 
USA, 
2012 
(Athena) 

0.086 
0.088 
0.088 
0.087 
(0.35) 

0.018 
0.019 
0.019 
0.019 

4 
(8, 6, 6) 

BBCH 88 0 0.027 / 0.024 
(0.026) 

IB-2012-JLW-007-01-01; 
IB-2012-JLW-007-20 
[Wiedmann, J.L. and 
McDonald J.A. 2013b] 
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Melons/ 
Cantaloupe 
Location 
Country 
year 
(variety) 

Application Residues 
(mg/kg) 

Report; 
Trial no 
[ref] 

Rate 
kg ai/ha 
(seasonal 
rate) 

kg ai/hL 
No., 
(interval: 
days) 

Growth stage 
at last 
treatment 

DALA 
(days) 

Parent, 
Pyriofenone 

Seymour, 
IL, 
USA, 
2012 
(Athena) 

0.088 
0.089 
0.088 
0.089 
(0.35) 

0.019 
0.019 
0.019 
0.019 

4 
(7) 

BBCH 89 0 0.038 / 0.060 
(0.049) 

IB-2012-JLW-007-01-01; 
IB-2012-JLW-007-21 
[Wiedmann, J.L. and 
McDonald J.A. 2013b] 

Saline, 
MI, 
USA, 
2012 
(Kandy) 

0.089 
0.091 
0.089 
0.089 
(0.36) 

0.019 
0.020 
0.019 
0.020 

4 
(7) 

BBCH 89 0 0.051 / 0.046 
(0.048) 

IB-2012-JLW-007-01-01; 
IB-2012-JLW-007-22 
[Wiedmann, J.L. and 
McDonald J.A. 2013b] 

Verona, 
WI, 
USA, 
2012 
(Aphrodite) 

0.090 
0.090 
0.090 
0.090 
(0.36) 

0.022 
0.022 
0.023 
0.022 

4 
(8, 7, 6) 

Mature 0 0.040 / 0.034 
(0.037) 

IB-2012-JLW-007-01-01; 
IB-2012-JLW-007-23 
[Wiedmann, J.L. and 
McDonald J.A. 2013b] 

Enid, 
OK, 
USA, 
2012 
(Hales Best) 

0.087 
0.083 
0.085 
0.086 
(0.34) 

0.022 
0.023 
0.018 
0.022 

4 
(7) 

BBCH 89 0 0.059 / 0.046 
(0.052) 

IB-2012-JLW-007-01-01; 
IB-2012-JLW-007-24 
[Wiedmann, J.L. and 
McDonald J.A. 2013b] 

Hinton, 
OK, 
USA, 
2012 
(Jumbo Hales 
Best) 

0.084 
0.089 
0.086 
0.086 
(0.35) 

0.022 
0.020 
0.021 
0.019 

4 
(6, 7, 7) 

BBCH 89 0 0.026 / 0.030 
(0.028) 
[SS] 

IB-2012-JLW-007-01-01; 
IB-2012-JLW-007-25 
[Wiedmann, J.L. and 
McDonald J.A. 2013b] 

Porterville, 
CA, 
USA, 
(Hales Best 
Jumbo) 

0.090 
0.090 
0.090 
0.091 
(0.36) 

0.023 
0.023 
0.023 
0.023 

4 
(7) 

BBCH 89 0 0.036 / 0.069 
(0.052) 

IB-2012-JLW-007-01-01; 
IB-2012-JLW-007-27 
[Wiedmann, J.L. and 
McDonald J.A. 2013b] 

Orland, 
CA, 
USA, 
2012 
(Rocky Ford 
Green Flesh) 

0.089 
0.089 
0.089 
0.089 
(0.36) 

0.021 
0.021 
0.021 
0.021 

4 
(7) 

Fruit at 15.2 
cm diameter 

0 0.101 / 0.233 
(0.167) 

IB-2012-JLW-007-01-01; 
IB-2012-JLW-007-28 
[Wiedmann, J.L. and 
McDonald J.A. 2013b] 

Madera, 
CA, 
USA, 
2012 
(Top Mark) 

0.092 
0.092 
0.091 
0.091 
(0.37) 

0.024 
0.024 
0.024 
0.024 

4 
(7) 

Matture 
melons- 
medium- 
large 

0 0.056 / 0.061 
(0.058) 

IB-2012-JLW-007-01-01; 
IB-2012-JLW-007-26 
[Wiedmann, J.L. and 
McDonald J.A. 2013b] 

3 0.020 / 0.036 
(0.028) 

7 0.017 / 0.016 
(0.016) 

10 0.012 / 0.011 
(0.012) 

[SS] number of primary sample was below the required 12 (3 fruits were sampled) 

 

FATE OF RESIDUES IN STORAGE AND IN PROCESSING 

Information and Data from Residues in Processed Commodities 
The Meeting received information on hydrolysis simulating food processing and processing of grapes to processed commodities. 
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Hydrolysis 

The hydrolysis of phenyl-labelled and pyridyl-labelled pyriofenone was investigated by incubation in sterile buffered aqueous 
solution under the conditions simulating pasteurization, baking/brewing/boiling and sterilization (Juozenaite, A., 2009b; ISK0332). 

The aqueous buffer solution of phenyl-labelled and pyridyl-labelled pyriofenone with the nominal concentration of 1.0 
mg/L were incubated at 90 � (pH 4) for 20 minutes, 100 � (pH 5) for 60 minutes or 120 � (pH 6) for 20 minutes. For each set of 
conditions, the total radioactivity in each solution was determined by LSC at the end of the incubation period. Pyriofenone and its 
radiolabelled degradation products were identified and quantified by HPLC and the identification was confirmed by TLC. All test 
solutions were analysed on the day of sampling. 

The overall recoveries of radioactivity of phenyl-labelled and pyridyl-labelled pyriofenone from the test solutions were 
93.3-96.1% and 92.6-96.0%, respectively. In all conditions the proportion of pyriofenone in the solutions was 98.2-99.2% of applied 
radioactivity. Any other degradation product was not reported (Table 32).  

Table 32 Effect of hydrolysis on pyriofenone in buffers at pH 4, 5 and 6 simulating food processing  

Process simulated Test condition % Applied radioactivity 

pH 
Temp., 
°C 

Time, 
min Phenyl-labelled pyriofenone Pyridyl-labelled pyriofenone 

Pasteurization 4 90 20 98.6 98.9 
Baking/brewing/boiling 5 100 6 98.2 99.2 
Sterilization 6 120 20 98.3 98.6 

 

Grapes 

A number of studies were conducted on the processing of grapes in conjunction with supervised residue trials. 
General processing procedures are briefly described in Figure 4 below. 
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Figure 4 Processing of grapes into white and red wines, juice and raisins 
 

First study (Schaeufele, M., 2009b; ISK0382) 

In supervised trial ISK/0382-01 and ISK/0382-02 in study ISK0382 conducted in France, varieties of grapevine for red and white 
wine were treated with pyriofenone according to GAP in Europe (three application at the nominal rate of 0.09 kg ai/ha with 10-14 
days interval and 28 PHI). In these two trials, grapevine was also treated with pyriofenone at the application rate 3 times higher 
than the nominal rate (0.27 kg ai/ha). Grape bunches for processing were collected and transported to the processing laboratory 
within one day. Bunches were processed to red wine and white wine, juice and raisins simulating industry procedure in a small 
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volume. Samples were collected at various stages of processing of each processed commodity and analysed to determine the 
residues of pyriofenone using LC-MS/MS method ISK0341/074208-1. 

Results and calculated processing factors are shown in Table 33. Through the two trial with a variety of grapevines for 
white and red wine at two different application rate, higher concentrations of residues were found in wet pomace and raisins with 
the processing factors of about 2-3, and 2-4, respectively.  

Table 33 Processing of grape from Study ISK 0392, trial ISK/0382-01 and ISK/0382-02 to white wine, red wine, juice and raisins 

Location 
Country 
year 
(variety) 

Application 
kg ai/ha 
(interval) 

Commodity/Processed Fraction 

Residues 
(mg/kg) 

Processing 
Factor* 

Report; 
Trial no 
[ref] 

Pyriofenone 

Chenoves, 
France, 
2008 
(Chardonnay) 

0.0832 
0.0824 
0.0876 
(9, 11) 

Bunches used for processing 0.05  ISK0382; 
ISK/0382-01 
[Schaeufele, 
M. 2009b] 

White wine at bottling ND <0.20 
White wine after 6-months storage ND <0.20 
Juice ND <0.20 
Raisins 0.14 2.8 

0.2630 
0.2605 
0.2616 
(9, 11) 

Bunches used for processing 0.14  

Must 0.06 0.43 
Wet pomace 0.26 1.9 
Must deposit 0.49 3.5 
AF wine 0.02 0.14 
Lees 0.48 3.4 
Sediments 0.02 0.14 
White wine at bottling 0.02 0.14 
White wine after 6-months storage 0.02 0.14 
Stems 0.56 4.0 
Crushed grapes 0.13 0.93 
Raw juice 0.02 0.14 
Wet pomace 0.45 3.2 
Clear juice <0.01 <0.07 
Sediments 0.06 0.43 
Juice ND <0.07 
Dried stems 0.49 3.5 
Raisins 0.51 3.6 

Saturargues, 
France, 2008 
(Carignan) 

0.0938 
0.0861 
0.0840 
(14) 

Bunches used for processing 0.04  ISK0382; 
ISK/0382-02 
[Schaeufele, 
M. 2009b] 

Red wine at bottling ND <0.25 

Red wine after 6-months storage <0.01 <0.25 

Juice <0.01 <0.25 

Raisins 0.09 2.3 

0.2858 
0.2532 
0.2480 
(14) 

Bunches used for processing 0.25  

Stems 0.45 1.8 

Must 0.12 0.48 

AF wine 0.02 0.08 

Wet pomace 0.53 2.1 

MLF wine 0.01 0.04 

Lees 0.11 0.44 

Sediments 0.02 0.08 

Red wine at bottling 0.01 0.04 

Red wine after 6-months storage 0.01 0.04 

Stems 0.32 1.3 

Crushed grapes 0.15 0.60 

Raw juice 0.03 0.12 
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Location 
Country 
year 
(variety) 

Application 
kg ai/ha 
(interval) 

Commodity/Processed Fraction 

Residues 
(mg/kg) 

Processing 
Factor* 

Report; 
Trial no 
[ref] 

Pyriofenone 

Wet pomace 0.36 1.4 

Clear juice 0.01 0.04 

Sediments 0.08 0.32 

Juice 0.01 0.04 

Dried stems 0.78 3.1 

Raisins 0.42 1.7 

ND: below the limit of detection (<0.002 mg/kg) 

AF: alcoholic fermentation 

MLF: maleic fermentation 
*PF = residue of pyriofenone in processed fraction (mg/kg)/residue of pyriofenone in raw agricultural commodity (mg/kg). When the analytical 

results were ND, the value of LOQ (0.01 mg/kg) was used for calculation of processing factors 

 

Second study (Schaeufele, M., 2010a; ISK0381) 

In supervised trial ISK/0381-01, ISK/0381-03 ISK/0381-02, and ISK/0381-04 in study ISK-0381   conducted in Germany, Spain 
and Italy, varieties of grapevine for red and white wine were treated with pyriofenone according to GAP in Europe (three application 
at the nominal rate of 0.09 kg ai/ha with 10-14 days interval and 28 PHI). Grape bunches for processing were collected and 
transported to the processing laboratory within one day. Bunches were processed to white wine and red wine, juice and raisins 
simulating industry procedure in a small volume. Samples were collected at various stages of processing of each processed 
commodity and analysed to determine the residues of pyriofenone using LC-MS/MS method ISK0341/074208-1. 

Results and calculated processing factors are shown in Table 34. Through the four trial with a variety of grapevines for 
white and red wine, higher concentrations of residues were found in raisins with the processing factors of about 2-5.  

Table 34 Processing of grape from Study ISK 0381, trial ISK/0381-01, ISK/0382-03, ISK/0381-02 and ISK/0381-04 to white wine, 
red wine, juice and raisins 

Location 
Country 
Year 
(variety) 

Application 
kg ai/ha 
(interval) 

Commodity/Processed Fraction Residues 
(mg/kg) 

Processing 
Factor* 

Report; 
Trial no 
[ref] 

Pyriofenone 

Iphofen, 
Germany, 
2008 
(Müller-Thurgau) 

0.0977 
0.0941 
0.0968 
(14, 15) 

Bunches used for processing 0.10  ISK0381; 
ISK/0381-01 
[Schaeufele, 
M. 2010a] 

White wine at bottling ND <0.10 
White wine after 6-months storage ND <0.10 
Juice <0.01 <0.10 
Bunches for raisins processing 0.10  

Raisins 0.28 2.8 
El Vendrell, 
Spain, 
2008 
(Xarelo) 

0.0870 
0.0867 
0.0923 
(14, 14) 

Bunches used for processing 0.05  ISK0381; 
ISK/0381-03 
[Schaeufele, 
M. 2010a] 

White wine at bottling <0.01 <0.20 

White wine after 6-months storage <0.01 <0.20 

Juice <0.01 <0.20 
Bunches for raisins processing 0.03  

Raisins 0.15 5.0 
Gau-Algesheim, 
Germany, 
2008 
(Spätburgunder) 

0.0861 
0.0861 
0.0870 
(14, 13) 

Bunches used for processing 0.12  ISK0381; 
ISK/0381-02 
[Schaeufele, 
M. 2010a] 

Red wine at bottling 0.01 0.08 

Red wine after 6-months storage <0.01 <0.08 

Juice 0.01 0.08 
Bunches for raisins processing 0.10  

Raisins 0.32 3.2 
Imola, 0.0886 Bunches used for processing 0.02  ISK0381; 
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Location 
Country 
Year 
(variety) 

Application 
kg ai/ha 
(interval) 

Commodity/Processed Fraction Residues 
(mg/kg) 

Processing 
Factor* 

Report; 
Trial no 
[ref] 

Pyriofenone 

Italy, 
2008 
(Sangiovese) 

0.0867 
0.0858 
(14, 14) 

Red wine at bottling ND <0.50 ISK/0381-04 
[Schaeufele, 
M. 2010a] 

Red wine after 6-months storage ND <0.50 

Juice <0.01 <0.50 

Bunches for raisins processing 0.02  

Raisins 0.03 1.5 

ND: below the limit of detection (<0.002 mg/kg) 
*PF = residue of pyriofenone in processed fraction (mg/kg)/residue of pyriofenone in raw agricultural commodity (mg/kg). When the analytical 

results were ND, the value of LOQ (0.01 mg/kg) was used for calculation of processing factors 

 

Processing studies were conducted on grapes to white and red wine, grape juice and raisins. Individual and best 
estimates of processing factors for pyriofenone from these processing studies are summarized in Table 35. 

Table 35 Summary of processing factors for processed grape commodity 

Processed commodity 
Pyriofenone 

Individual processing factor Best estimate 

White wine (at bottling) <0.10, 0.14, <0.20, <0.20 0.14 
White wine (after 6 months storage) <0.10, 0.14, <0.20, <0.20 0.14 
Red wine (at bottling) 0.04, 0.08, <0.25, <0.5 0.06a 
Red wine (after 6 months storage) <0.08, 0.04, <0.25, <0.5 0.04 

Juice 0.04, <0.07, 0.08, <0.10, <0.20, <0.20, <0.25, <0.50 0.06a 

Raisins 1.5, 1.7, 2.3, 2.8, 2.8, 3.2, 3.6, 5.0 2.8b 
Must 0.43, 0.48 0.46 
Wet pomace 1.4, 1.9, 2.1, 3.2 2.0b 

a mean value of two individual PF calculated form the results above LOQ 
b median value of individual PF calculated from the results above LOQ 

 

RESIDUES ON ANIMAL PRODUCTS 

Livestock Feeding Studies 
No feeding studies were received by the current Meeting. 
 

 

 

APPRAISAL 

Pyriofenone, (5-chloro-2-methoxy-4-methyl-3-pyridyl)(4,5,6-trimethoxy-o-tolyl)-methanone (IUPAC name), is a member of aryl-
phenyl ketone fungicides with the structure of benzoylpyridine. It can be used for control of powdery mildew on various crops with 
local systemic properties. It has been registered in many countries for use on berries and other small fruits, cucurbits, fruiting 
vegetables other than cucurbits, and cereal grains. 

Pyriofenone was listed in the Codex Priority List by the Forty-seventh Session of CCPR in 2015 for toxicological and 
residue evaluation by the current Meeting as a new compound. 

The Meeting received information on identity, chemical and physical properties, metabolism and environmental fate, 
residue analysis, use pattern, supervised trials on berries and other small fruits, kiwi fruit and cucurbits, and processing studies on 
wine grape. 
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The following abbreviated names were used for the metabolites referred to in this Appraisal. 

Compound 
Name/Code IUPAC name Structure Found in study on: 

Pyriofenone 

IKF 309 

(5-chloro-2-methoxy-4-methyl-3-
pyridyl)(4,5,6-trimethoxy-o-
tolyl)methanone 

 

Tomato, Grape, wheat, 
Rotational crops (wheat, 
lettuce, carrot) 

Goat liver & kidney 
Rat 
Soil 

4HDPM 
(5-chloro-2-methoxy-4-methyl-3-
pyridinyl)(4-hydroxy-2,3-dimethoxy-6-
methylphenyl) methanone 

 

Grape, Wheat, 
Goat liver & kidney 

Rat 

3HDPM 
(5-chloro-2-methoxy-4-methyl-3-
pyridinyl)(3-hydroxy-2,4-dimethoxy-6-
methylphenyl) methanone 

 

Grape, Wheat, 
Goat liver & kidney 

Rat 

2MDPM 
(5-chloro-2-methoxy-4-methyl-3-
pyridinyl)(3,4-dihydroxy-2-methoxy-6-
methylphenyl) methanone 

 

Tomato, Grape, Wheat, 
Goat liver & kidney, 

Rat 

4MDPM 
(5-chloro-2-methoxy-4-methyl-3-
pyridinyl)(2,3-dihydroxy-4-methoxy-6-
methylphenyl) methanone 

 

Wheat, 

Rat 

3GDPM 

(5-chloro-2-methoxy-4-methyl-3-
pyridinyl)(3- -D-glucopyranosyloxy-2,4-
dimethoxy-6-methylphenyl) 
Methanone 

 

Grape, Wheat, 

4GDPM 
(5-chloro-2-methoxy-4-methyl-3-
pyridinyl)(4- -D-glucopyranosyloxy-2,3-
dimethoxy-6-methylphenyl) methanone 

 

Grape, Wheat, Rotational 
crops (wheat, carrot) 
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Compound 
Name/Code 

IUPAC name Structure Found in study on: 

4MGDPM 

(5-chloro-2-methoxy-4-methyl-3-
pyridinyl)(4-(6-O-malonyl- -D-
glucopyranosyloxy)-2,3-dimethoxy-6-
methylphenyl) methanone  

 

Grape, Rotational crop 
(wheat) 

 

Plant metabolism 
The Meeting received information on the fate of pyriofenone in tomato, grapevine and wheat after foliar spray applications. For the 
studies, pyriofenone labelled with 14C at the phenyl ring ([U-phenyl-14C]-pyriofenone) and at position 2 and 6 of the pyridine ring 
([pyridyl-2,6-14C]-pyriofenone) were used. In metabolism studies, total radioactive residues (TRR) are expressed in mg pyriofenone 
equivalents/kg.  

Phenyl labelled or pyridyl labelled pyriofenone was applied to potted tomato plants, grown in a multi-purpose compost 
under a plastic tunnel, as a foliar spray at a rate equivalent to 100 g ai/ha three times with a re-treatment interval (RTI) of 12 days 
with harvest 7 days after the last application (DALA).  

Three applications of either of 14C-labelled pyriofenone resulted in similar total radioactive residues (TRR) in fruits or 
foliage: 0.17–0.19 mg eq/kg in fruits and 16–17 mg eq/kg in foliage harvested 7 days after the last application. 

Distribution of radioactivity in fruits and foliage was similar between the two 14C-labelled pyriofenone treatments. Most 
of the radioactivity was recovered in the acetonitrile surface wash of fruits and foliage, accounting for 92–93% TRR and 84–90% 
TRR, respectively. Acetonitrile/water (4:1, v/v) further extracted 5.2–5.3% TRR of fruits and acetonitrile/water (1:1, v/v) extracted 
9.0–14% TRR of foliage. The unextracted radioactivity was 1.9–2.5% TRR in fruit samples and 1.1–2.2% TRR in foliage samples.  

The predominant radioactive residue in the surface wash and extracts was the parent pyriofenone accounting for 95% 
TRR (0.16–0.18 mg/kg) in fruit and 94–96% TRR in foliage. In the surface wash, no other radioactive residues other than the parent 
were found.  

Some minor metabolites were found in the extracts, but none exceeded 2% of TRR (in fruits up to 0.01 mg eq/kg and in 
foliage up to 0.18 mg eq/kg).  

Phenyl labelled or pyridyl labelled pyriofenone was applied to outdoor grown grape vines, as a foliar spray at a rate 
equivalent to 100 g ai/ha three times with a RTI of 14 days between applications, up to 29 days prior to harvest.  

The TRR at 29 DALA to grape vines with either of the two 14C-labelled pyriofenone were 0.10–0.11 mg eq/kg in berries 
and 2.8–3.7 mg eq/kg in foliage. The majority of radioactivity was recovered in acetonitrile surface wash: 43–62% TRR for berries, 
and 65–76% TRR for foliage. Acetonitrile/water mixture (4:1 for fruit and 1:1 for foliage, v/v) extracted 33–51% TRR in fruit and 
14–22% TRR in foliage. A small proportion of radioactivity remained unextracted in fruit (4.5–6.5% TRR) and foliage (10–13% TRR). 

Most of the radioactivity in the surface wash, acetonitrile/water extracts and the ethyl acetate phase of acid hydrolysates 
was the parent pyriofenone (52–72% TRR for berries, and 56–68% TRR for foliage) with many small radioactive 
metabolites/components (up to a total of 34 peaks). In berry samples, none other than the parent was more than 7.1% TRR or 
0.01 mg eq/kg. In foliage samples, a number of metabolites/components were found at higher than 0.01 mg eq/kg (up to 
0.13 mg eq/kg) but only accounted for a maximum of 3.5% TRR. 

Wheat, grown outdoor in a sandy loam soil, received two foliar applications of either a phenyl labelled or pyridyl labelled 
pyriofenone at a rate equivalent to 100 g ai/ha at BBCH 31 (first node detectable) and BBCH 71 (grain water ripe) (interval of 73 
days between the two applications). Forage samples were obtained 7 days after the first application, hay samples 6 days after the 
last application, and grain, straw and chaff 40 days after the last application. 

Low TRR in grain (0.042–0.059 mg eq/kg) indicated limited translocation within the plant. TRR were higher in forage 
(1.7–1.9 mg eq/kg), hay (0.83–1.2 mg eq/kg), straw (0.88–1.2 mg eq/kg) and chaff (2.1–3.9 mg eq/kg).  

Grain samples were not surface-washed. A majority (59–71% TRR) of radioactivity in grain samples was extracted by 
acetonitrile/water mixture.  

Significant proportions of radioactivity in forage, hay, straw and chaff were recovered in acetonitrile surface wash: 77–
82% TRR, 50–55% TRR, 7.6–12% TRR, and 32–28% TRR, respectively.  

Acetonitrile/water mixture extracted a further 16–20% TRR of forage, 36–42% TRR of hay, 61–64% TRR of straw, and 
57–59% TRR of chaff. Surface wash and acetonitrile/water extracts accounted for > 69% of TRR. 
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The base treatment released 19–21% TRR of grain and 3.8–22% TRR of foliage fractions. 

Radioactive residues remaining unextracted were 10–20% TRR of grain, 3.0–3.1% TRR of forage, 3.0–4.4% TRR of hay, 
4.4–9.4% TRR of straw and 2.7–3.1% TRR of chaff.  

Parent pyriofenone was the main component in all samples at harvest (40DALA) representing 13–29% TRR in grain, 35–
49% TRR in straw, and 51–55% in chaff. Pyriofenone was metabolised to a large number of more polar known and unknown 
metabolites/components. None of these metabolites/components individually exceeded 8.4% TRR in the foliage fraction. 4HDPM 
and its conjugates were found at 12% TRR (0.10 mg/kg) in the straw sample from the pyridyl-label treatment. 4HDPM, 3-HDPM, 
2MDPM were found at concentrations higher than 0.1 mg/kg in chaff samples but accounted for less than 8% TRR. A number of 
more polar metabolites were also formed in grain but none of which accounted for greater than 8.6% TRR (0.006 mg eq/kg) in 
wheat grain.  

Summary of plant metabolism 

When pyriofenone was applied to tomato, grape and wheat plants, residues were at lower concentrations in edible parts of the 
plants than inedible parts. In all of the plants tested, the majority of the pyriofenone remained unmetabolised. The major radioactive 
residue in the surface wash and extracts was pyriofenone. Numerous metabolites/components were detected. However, none 
accounted for >10% TRR, except 4HDPM and its conjugates (12% TRR at 0.10 mg/kg) in wheat straw.  

Pyriofenone, when sprayed onto plants, would follow demethylation at various positions of the molecule and then 
metabolites would produce conjugates. 

Free forms of identified metabolites were also reported in the rat metabolism study. 

Animal metabolism 
The metabolism of pyriofenone in laboratory animals was reviewed within the framework of the toxicological evaluation by the 
current Meeting. 

Following daily oral administration of phenyl- or pyridyl-labelled pyriofenone for 5 days to lactating goats at a nominal 
rate of 10 ppm in the diet, 80–84% of the cumulative administered dose was recovered at sacrifice 23 hours after the last dose. 
Excretion in urine, faeces and cage wash accounted for 75–79% of the administered dose. Radioactivity remaining in the tissues 
at sacrifice (excluding gastrointestinal tract and its contents) accounted for 0.22–1.5% of the administered dose. TRR in milk 
reached plateau concentrations of 0.001–0.004 mg eq/kg after day 3. TRR in muscle and fat were also very low at < 0.001 mg eq/kg 
and 0.003–0.004 mg eq/kg, respectively while TRR in liver and kidney were 0.135–0.156 mg eq/kg and 0.028–0.051 mg eq/kg, 
respectively. Therefore, identification/characterisation of radioactive residues were attempted for liver and kidney samples only.  

Extraction using organic solvent, acid, base, reflux in 6M HCl and then 2M NaOH recovered 90–100% TRR in liver and 
kidney. Solvent extracts accounted for 53–61% TRR in liver and 90–95% TRR in kidney. In the extracts (from various steps), 
pyriofenone accounted for 2.8–5.6% TRR and free 2MDPM, 1.0–5.6% TRR in liver and kidney.  

After the enzymatic hydrolysis using glucuronidase/sulfatase, the sum of free and conjugated 2MDPM and 3- or 4HDPM 
in liver was 8.1% TRR (0.011 mg eq/kg) and 24% TRR (0.032 mg eq/kg), respectively; and in kidney 16%TRR (0.004 mg eq/kg) and 
24% TRR (0.007 mg eq/kg), respectively. 3- and 4-HDPM could not be resolved by HPLC. A number of minor components were 
found none of which were more than 10% TRR and 0.01 mg eq/kg.  

Summary of animal metabolism 

Pyriofenone was extensively metabolised to numerous metabolites/components, including glucuronized 2MDPM and 3- and/or 4-
HDPM, through demethylation and glucuronization. In the extracts of liver and kidney, pyriofenone accounted for 2.8–5.6% TRR 
(0.005–0.007 mg/kg). Free forms of 2MDPM and 3- or 4HDPM accounted for 1.0–5.6% TRR and < 0.4–4.4% TRR, respectively. 
Pyriofenone and these metabolites were also found in rats.  

Environmental fate 
Pyriofenone is hydrolytically stable in aqueous solutions at 50 °C at the pH range of 4 to 9. Pyriofenone is also stable to aqueous 
photolysis. 

Residues in succeeding or rotational crops 

Confined rotational crop study 

In a confined rotational crop study, phenyl-labelled pyriofenone was applied to sandy loam soil at a rate equivalent to 284 g ai/ha. 
Seeds of wheat, lettuce and carrot were sown 31, 122 and 364 days after the treatment. 

TRR in crop samples sown at 31-, 122- and 364-day PBI were up to 0.23 mg eq/kg. Radioactive residues in crops showed 
a tendency to decrease with time over the three PBIs. TRR in lettuce from 31-day and 122-day PBI were less than 0.01 mg eq/kg. 
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The highest total radioactive residues were detected in wheat hay (0.12 mg eq/kg) and straw (0.23 mg eq/kg). Residues in wheat 
forage, carrot tops and root were lower representing no more than 0.057 mg eq/kg. Residues in wheat grain were very low at no 
more than 0.008 mg eq/kg. 

Pyriofenone (>15% TRR in wheat foliage fractions, >70% TRR in carrot root and >24% TRR in carrot foliage) was one of 
the main components identified along with 4GDPM (up to 17% TRR and 0.010 mg eq/kg in wheat straw) and 4MGDPM (up to 24% 
TRR and 0.011 mg eq/kg in wheat hay) and a number of minor polar metabolites. Similar metabolic profiles were present in each 
of the crop matrices analysed, and were comparable to the metabolism of pyriofenone observed in the grape and wheat metabolism 
studies. 

The probability of detecting pyriofenone residues above 0.01 mg/kg could not be excluded for root crops or forage/fodder 
crops in rotation. Due to the lack of a soil degradation study or field rotational crop study, the Meeting considered that it was not 
possible to reach a conclusion on the residue situation in rotational crops. 

Methods of analysis 
Analytical methods for determination of residues of pyriofenone were provided to the current Meeting for a wide range of matrices 
of plant origin including crops on which supervised trials were conducted. 

In general, the methods employ extraction by homogenisation with an aqueous hydrochloric acid/acetonitrile solution 
(acetonitrile/ultrapure water/ concentrated HCl, 50:50:1, v/v), clean-up with solid phase extraction cartridge, and determination of 
analyte using LC-MS/MS. Specific methods for the determination of pyriofenone in wheat grain and straw employ a treatment of 
homogenised sample in 2% HCl for 2 hours at room temperature before extraction with acetonitrile. 

A number of methods were found suitable for analysis of pyriofenone in plant matrices of high water, high starch, high 
acid and high oil content with a LOQ of 0.01 mg/kg. 

Radio-validation was conducted using the wheat straw, tomato foliage and grape berry samples obtained from 
applications with 14C-labelled pyriofenone in metabolism studies and the results indicated that the extraction efficiency of 
acetonitrile/ultrapure water/concentrated HCl (50:50:1, v/v) was sufficient. 

No information on analytical methods for commodities of animal origin was submitted to the Meeting. 

Stability of residues in stored analytical samples 
The stability of pyriofenone, 3HDPM and 4HDPM during frozen storage at -33 °C to -14 °C was investigated in a range of plant 
matrices (high water, high acid and high starch matrices).  

The results showed that pyriofenone was stable in wheat matrices and grapes for at least 18 months and in summer 
squash for at least 9 months under frozen conditions. One of the pyriofenone metabolite, 3HDPM, was shown to be stable in wheat 
grain for a maximum of 3 months and in wheat straw and grapes for at least 18 months, and another metabolite, 4HDPM was shown 
to be stable in wheat matrices and grapes for at least 18 months under the same frozen conditions. 

Definition of the residue 
In the plant metabolism studies on tomato, grape vine and wheat, the predominant residue was parent pyriofenone (>90% TRR in 
tomato fruit, 52–72% TRR grape berries, and 13–29% TRR in wheat grain). Numerous metabolites were identified but none of them 
exceeded 10% TRR and 0.01 mg/kg.  

The confined rotational crop studies indicate similar metabolic patterns to the primary crops. The major residue was the 
parent, pyriofenone (33–79% TRR in wheat forage, 15–26% TRR in wheat hay, 15–20% TRR in wheat straw, 72–81% TRR in mature 
carrot root and >24–40% TRR in mature carrot tops). 

Suitable analytical methods are available to analyse pyriofenone in plant commodities. 

The Meeting considered that pyriofenone, the predominant residue, was a suitable marker for enforcement of MRLs and 
for dietary risk assessment. 

In an animal metabolism study on lactating goats (dose: 10 ppm in the diet), pyriofenone was excreted efficiently. 
Pyriofenone was extensively metabolised into numerous compounds including glucuronides. In liver and kidney, pyriofenone 
accounted for 2.8–5.6% TRR, free 2MDPM 1.0–5.3% TRR and free 3- or 4HDPM up to 4.4% TRR. Glucuronides of 2MDPM and 3- 
and/or 4-HDPM released by glucuronidase treatment, together with free forms, accounted for 1.1–16% TRR and 24% TRR 
respectively. The calculated maximum dietary burden using grape pomace was 0.61 ppm in the diet, much lower than the dose of 
10 ppm in the diet used in the goat metabolism study. No other commodities for which trials were submitted are fed to cattle or 
hens according to the OECD Feed Table. Therefore, no residues of pyriofenone or metabolites were expected to occur above 
0.01 mg/kg and the contribution of foods of animal origin in the human dietary exposure would be negligible.  

No information was available on analytical methods for commodities of animal origin. 
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The Meeting considered that pyriofenone was a suitable marker for enforcement of MRLs and for dietary risk assessment 
for commodities of animal origin. When information on analytical method(s) for animal commodities became available, the Meeting 
may revisit the definition of residue. 

The Meeting considered that information was insufficient for determining fat solubility of pyriofenone in commodities of 
animal origin. 

Based on the above, the Meeting recommended the following residue definition. 

Definition of the residue for compliance with the MRL and dietary risk assessment for plant and animal commodities: 
pyriofenone. 

Results of supervised residue trials on crops 
The Meeting received supervised trial data for pyriofenone on grapes, strawberry, blueberries, blackberries, kiwifruit, cucumber, 
summer squash and cantaloupe.  

Berries and other small fruits 

Cane berries: Blackberries 

Critical GAP in the USA for the cane berry crop sub-group allows applications at a maximum rate of 0.11 kg ai/ha up to the seasonal 
maximum rate of 0.35 kg ai/ha with an interval of 7 days, and PHI of 0 days.  

Six supervised trials were conducted on blackberries in North America (one in Canada and five in the USA) in 2012. 
Pyriofenone was applied four times as a foliar spray at rates ranging from 0.085–0.093 kg ai/ha with a RTI of 7 days. Seasonal 
application rate ranged from 0.35–0.37 kg ai/ha. Samples were collected at 0 day after the last application.  

The Meeting considered that the contribution of the first application to the residues in berries at harvest would be 
insignificant; and decided to use these supervised trials with four applications for estimating a maximum residue level and STMR. 

Pyriofenone residues from trials approximating the above GAP were in rank order (n=6): 0.07, 0.24, 0.25, 0.28, 0.41 and 
0.47 mg/kg. 

Noting that USA GAP is for the Cane berry crop sub-group including blackberry and that blackberry is a representative 
commodity for the cane berries sub-group in the Codex classification, the Meeting estimated a maximum residue level of 0.9 mg/kg 
and STMR of 0.265 mg/kg for the cane berries sub-group. 

Bush berries: Blueberries 

Critical GAP in the USA for the bush berry crop sub-group allows applications at a maximum rate of 0.11 kg ai/ha up to the seasonal 
maximum rate of 0.35 kg ai/ha with an interval of 7 days, and PHI of 0 day.  

Ten supervised trials were conducted on blueberries in North America (two in Canada and eight in the USA) in 2012. 
Pyriofenone was applied four times as a foliar spray at rate ranging from 0.082–0.10 kg ai/ha with a RTI of 7 days. The seasonal 
application rate ranged from 0.35–0.38 kg ai/ha. Samples were collected at 0 day after the last application.  

The Meeting considered that contribution of the first application to the residues in berries at harvest would be 
insignificant; and decided to use these supervised trials with four applications for estimating a maximum residue level and STMR. 

Pyriofenone residues from trials approximating the above GAP were in rank order (n=10): 0.10, 0.16, 0.26, 0.32, 0.33, 
0.35, 0.44, 0.52, 0.55 and 0.64 mg/kg. 

Noting that GAP in the USA is for the Bush berry crop sub-group, which includes blueberry, and that blueberry is the 
representative commodity for the Bush berry sub-group in the Codex classification, the Meeting estimated a maximum residue level 
of 1.5 mg/kg and STMR of 0.34 mg/kg for the Bush berry sub-group. 

Small fruit vine climbing: Grapes (table and wine grapes) 

Critical GAP for table grapes in Europe is that of Portugal which allows three application at 0.09 kg ai/ha with PHI of 14 days. 
Twenty supervised trials were conducted on grapes in Europe (France, Germany, Italy and Spain) in 2007–2011: 15 on 

wine grapes and five on table grapes. In each trial, pyriofenone was applied three times as a foliar spray at a nominal rate of 0.09 
kg ai/ha. 

Residues of pyriofenone in table and wine grapes from trials matching GAP for table grapes in Portugal were in rank 
order (n=10): 0.03, 0.06, 0.06, 0.09, 0.10, 0.13, 0.15, 0.19, 0.31 and 0.54 mg/kg. 

Critical GAP for wine grapes in Europe is that of Portugal which allows three application at 0.09 kg ai/ha with a PHI of 28 
days.  
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Fifteen supervised trials were conducted on wine grapes in Europe (France, Germany, Italy and Spain) in 2007–2009 as 
described above.  

Pyriofenone residues in wine grapes from trials matching the GAP for wine grapes in Portugal were in rank order (n=15): 
0.02, 0.03, 0.03, 0.04, 0.04, 0.05, 0.06, 0.07, 0.08, 0.08, 0.10, 0.10, 0.10, 0.11 and 0.14 mg/kg. 

Critical GAP for the Small fruit vine climbing crop sub-group in the USA allows applications at a maximum rate of 0.11 
kg ai/ha up to the seasonal maximum of 0.35 kg ai/ha, with an interval of 14 days, and PHI of 0 days. 

Twelve supervised trials were conducted on grapes in North America (one in Canada and 11 in the USA) in 2012. In each 
trial pyriofenone was applied four times as a foliar spray at rate ranging from 0.085–0.094 kg ai/ha with a RTI of 7 days. The 
seasonal application rate ranged from 0.35–0.37 kg ai/ha. Samples were collected at 0 days after the last application. 

The first application in the North American trials took place, at the earliest, BBCH 81 (beginning of ripening) after which 
no significant dilution of residues by growth of berries is expected to occur. The Meeting utilised the prediction tool developed by 
the 2017 JMPR to determine if it was appropriate to use these trials (7 day RTI) on a basis of three decline trials (one conducted in 
the USA and another two in Europe, in which the first application was, at the earliest, at BBCH 81). An anticipated residue level at 
DALA of 0 days with four times application at the nominal rate of 0.09 kg ai/ha with a 7-day RTI would be about 20% higher than 
the residue level arising from applications according to critical GAP (14 day RTI) in the USA. Therefore, the Meeting decided to use 
these Canadian and USA trials. 

Pyriofenone residues from trials in Canada and the USA approximating GAP in the USA were in rank order (n=12): 0.06, 
0.16, 0.18, 0.20, 0.20, 0.21, 0.25, 0.27, 0.29, 0.36, 0.42 and 0.46 mg/kg. 

The residues in grapes from trials in Canada and the USA covers the residues in table and wine grapes from trials in 
Europe. Noting that USA GAP is for small fruit vine climbing crop sub-group including grapes and that grapes are the representative 
commodity for the Small fruit vine climbing sub-group in the Codex classification, the Meeting estimated, on the basis of the dataset 
from the Canadian/USA trials, a maximum residue level of 0.8 mg/kg and STMR of 0.23 mg/kg for the Small fruit vine climbing sub-
group. 

Low growing berries: Strawberry 

Critical GAP for the Low growing berry crop sub-group in the USA allows applications at a maximum rate of 0.11 kg ai/ha up to the 
seasonal maximum rate of 0.35 kg ai/ha with a RTI of 7 days, and PHI of 0 days.  

Nine supervised trials were conducted on strawberry in North America (one in Canada and eight in the USA) in 2012. 
Except for one trial conducted in the USA with a lower application rate, pyriofenone was applied four times as a foliar spray at rates 
ranging from 0.084–0.093 kg ai/ha with a RTI of 7 days. The seasonal application rate ranged from 0.35–0.37 kg ai/ha. Samples 
were collected at 0 days after the last application.  

The Meeting considered that the contribution of the first application to the residues in berries at harvest would be 
insignificant; and decided to use these supervised trials with four applications for estimating a maximum residue level and STMR. 

Pyriofenone residues from trials approximating the above GAP were in rank order (n=8): 0.03, 0.08, 0.15, 0.16, 0.18, 0.21, 
0.21 and 0.27 mg/kg. 

Noting that GAP in the USA is for the Low growing berry crop sub-group, including strawberry, and that strawberry is the 
representative commodity for the Low growing berries sub-group in the Codex classification, the Meeting estimated a maximum 
residue level of 0.5 mg/kg and STMR of 0.17 mg/kg for the low growing berries sub-group. 

Assorted tropical and sub-tropical fruits-inedible peel  

Inedible peel-vines: kiwifruit 

Critical GAP for the Small fruit vine climbing crop sub-group in the USA (in the USA, kiwifruit is classified within this sub-group) 
allows applications at a maximum rate of 0.11 kg ai/ha up to the seasonal maximum rate of 0.35 kg ai/ha with a RTI of 7 days, and 
PHI of 0 days.  

Three supervised trials were conducted on kiwifruit in the USA in 2012. Pyriofenone was applied four times as a foliar 
spray at 0.088–0.093 kg ai/ha with an interval of 7 days. Seasonal application rates ranged from 0.34–0.37 kg ai/ha. Samples were 
collected at 0 days after the last application. The Meeting considered that contribution of the first application to the residues in 
berries at harvest would be insignificant; and decided to use these supervised trials with four applications for estimating a 
maximum residue level and STMR. 

Pyriofenone residues from trials approximating the above GAP were in rank order (n=3): 0.05, 0.13 and 0.61 mg/kg. 
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As the 2015 JMPR agreed that five trials were necessary for estimating a maximum residue level for kiwifruits (Category 
3 minor crop), the Meeting concluded that the data were insufficient to estimate a maximum residue level or STMR for kiwifruit. 

Fruiting vegetables, Cucurbits: cucumber, summer squash and cantaloupe (melon) 

Critical GAP in the USA for cucurbit crop sub-group including cucumber, summer squash and cantaloupe allows applications at a 
rate of 0.11 kg ai/ha up to the seasonal maximum of 0.35 kg ai/ha with an interval of 7 days, and PHI of 0 day.  

Nine supervised trials were conducted on each of cucumber and summer squash in North America (one in Canada and 
eight in the USA for each crop) in 2012. Supervised trials were conducted on melon/cantaloupe in the USA in 2012. Pyriofenone 
was applied four times as a foliar spray at 0.083–0.10 kg ai/ha with an interval of 7 days. Seasonal application rates ranged from 
0.34–0.37 kg ai/ha.  

The Meeting considered that the contribution of the first application to the residues in fruits at harvest would be 
insignificant; and decided to use these supervised trials with four applications for estimating a maximum residue level and STMR.  

Pyriofenone residues in cucumber from trials approximating the above GAP were in rank order (n=8): 0.01, 0.02, 0.03, 
0.03, 0.04, 0.04, 0.06 and 0.06 mg/kg. 

Pyriofenone residues in summer squash from trials approximating the above GAP were in rank order (n=9): 0.01, 0.01, 
0.02, 0.04, 0.04, 0.05, 0.06, 0.06 and 0.07 mg/kg. 

Pyriofenone residues in cantaloupe from trials approximating the above GAP were in rank order (n=9): 0.03, 0.04, 0.04, 
0.05, 0.05, 0.05, 0.05, 0.06 and 0.17 mg/kg. 

Since the median values of the data populations of cucumber, summer squash and cantaloupe do not differ by more than 
5-fold, the Meeting considered if it was appropriate to combine the three datasets for estimating a group maximum residue level. 
As Kruskall-Wallis H test indicated that the three data populations are not significantly different, the Meeting decided to combine 
the three datasets of cucumber, summer squash and cantaloupe to estimate a maximum residue level and STMR. 

Pyriofenone residues from the combined dataset were in rank order (n=26): 0.01 (3), 0.02 (2), 0.03 (3), 0.04 (6), 0.05 (5), 
0.06 (5), 0.07 and 0.17 mg/kg. 

Noting that USA GAP is for cucurbit vegetable crop group including cucumber, summer squash and cantaloupe and these 
crops are representative commodities for fruiting vegetables, cucurbits in the Codex classification, the Meeting estimated a 
maximum residue level of 0.2 mg/kg and STMR of 0.04 mg/kg for the group of fruiting vegetables, Cucurbits. 

Fate of residues during processing 

High temperature hydrolysis 

The hydrolysis of phenyl-labelled and pyridyl-labelled pyriofenone was studied in sterile buffered aqueous solution under conditions 
simulating pasteurisation, baking/brewing/boiling, and sterilisation.  

Pyriofenone was stable under all the conditions representing pasteurisation (pH 4, 90 °C, 20 minutes), 
baking/brewing/boiling (pH 5, 100 °C, 60 minutes) and sterilisation (pH 6, 120° C, 20 minutes) with 93–96% recovered at the end 
of incubation. No degradation products were found.  

Processing 

The Meeting received information on processing of grape to wines, juice and dried grape. Processing factors of grape products 
from four studies are summarised below. 

Processed commodity Individual processing factor Best estimate 
STMR/STMR-P 

(mg/kg) 

Grape   0.23 

White wine (at bottling) < 0.10, 0.14, < 0.20, < 0.20 0.14 0.032 

White wine (after 6 months storage) < 0.10, 0.14, < 0.20, < 0.20 0.14  

Red wine (at bottling) 0.04, 0.08, < 0.25, < 0.5 0.06a 0.014 

Red wine (after 6 months storage) < 0.08, 0.04, < 0.25, < 0.5 0.04  

Juice 0.04, < 0.07, 0.08, < 0.10, < 0.20, < 0.20, < 0.25, 
< 0.50 

0.06a 0.014 

Must 0.43, 0.48 0.46 0.10 

Dried grapes 1.5, 1.7, 2.3, 2.8, 2.8, 3.2, 3.6, 5.0 2.8b 0.64 
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Processed commodity Individual processing factor Best estimate 
STMR/STMR-P 

(mg/kg) 

Wet pomace 1.4, 1.9, 2.1, 3.2 2.0b 0.46 
a mean value of two individual PF calculated form the results above LOQ 
b median value of individual PF calculated from the results above LOQ 

 

Using the best estimates of processing factors and the STMR of 0.23 mg/kg for grapes, the STMR-P values were 
calculated for processed commodities of grapes. 

As the residues concentrate in dried grapes, the Meeting estimated a maximum residue level of 2.5 mg/kg for dried 
grapes. 

The median residue for grape wet pomace was calculated to be 0.46 mg/kg (as received) for animal dietary burden 
calculation. 

Residues in animal products 

Estimation of dietary burden 

The maximum and mean dietary burdens were calculated using the mean pyriofenone residues for grape wet pomace estimated at 
the current Meeting on the basis of the OECD diets listed in Appendix IX of the 2016 edition of the FAO manual. The estimated 
burdens are presented in Annex 6 and summarised below. 

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 0 0 0 0.613a 0.613b 0 0 

Dairy cattle 0 0 0 0 0.613c 0.613d 0 0 

Broilers 0 0 0 0 0 0 0 0 

Layers 0 0 0 0 0 0 0 0 
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 

 

Residues in milk and cattle tissues 

No feeding study was conducted on cattle.  
In an animal metabolism study on a goat conducted at a dose equivalent to 10 ppm in the diet (nominal; actual levels 

were 7.8–13 ppm), pyriofenone was detected at 0.005–0.007 mg/kg from liver extract and 0.001–0.002 mg/kg in kidney extract. 
TRR in milk, muscle and fat were much lower than those in liver and kidney and were all < 0.004 mg eq/kg. Therefore, no residue of 
pyriofenone was expected to occur in commodities of cattle origin at the calculated dietary burdens. 

Due to the lack of information on analytical methods for animal matrices, the Meeting did not estimate maximum residue 
levels for commodities of animal origin. 

Residues in egg and poultry tissues 

No feeding study was conducted on laying hens. However, since the dietary burden is zero, no residue of pyriofenone was expected 
to occur in commodities of poultry origin.  

RECOMENDATIONS 

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 with the MRL and dietary risk assessment for plant and animal commodities: 
pyriofenone 
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CCN Commodity Recommended maximum residue 
level mg/kg 

STMR or STMR-
P mg/kg 

New Previous 

FB 0264 Cane berries, Subgroup of (includes all commodities in this subgroup) 0.9 0.265 
FB 2006 Bush berries, Subgroup of (includes all commodities in this subgroup) 1.5  0.34 
DF 0226 Dried grapes (=Currants, Raisins and Sultanas) 2.5  0.64 
VC 0045 Fruiting vegetables, Cucurbits, Group of (includes all commodities in this 

group) 
0.2  0.04 

FB 2009 Low growing berries, Subgroup of (includes all commodities in this 
subgroup) 

0.5  0.17 

FB 2008 Small fruit vine climbing, Subgroup of (includes all commodities in this 
subgroup) 

0.8  0.23 

 

For calculating dietary exposure 

CCN Commodity Recommended maximum 
residue level mg/kg 

STMR or STMR-P 
mg/kg 

New Previous 

JF 0269 Grape juice - - 0.014 

Grape wine - - 0.032 

 Grape must - - 0.10 

 

For calculating animal dietary burdens 

Commodity 
Median residue 
mg/kg 

Highest residue 
mg/kg CCN Name 

 Grape pomace, wet 0.46 - 

Expressed on an “as received” basis. 
 

 

DIETARY RISK ASSESSMENT 

Long-term dietary exposure 
The 2018 JMPR established an ADI for pyriofenone of 0–0.09 mg/kg bw. The International Estimated Daily Intakes (IEDIs) for 
pyriofenone were estimated for the 17 GEMS/Food Consumption Cluster Diets using the STMR or STMR-P values estimated by the 
JMPR. The results are shown in Annex 3 of the 2018 JMPR Report. The IEDIs were 0% of the maximum ADI.  

The Meeting concluded that long-term dietary exposure to residues of pyriofenone from uses considered by the JMPR is 
unlikely to present a public health concern. 

Acute dietary exposure 
The 2018 JMPR decided that an ARfD for pyriofenone is unnecessary. The Meeting therefore concluded that the acute dietary 
exposure to residues of pyriofenone from the uses considered is unlikely to present a public health concern. 
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