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1. Introduction 

A Joint Meeting of the Food and Agriculture Organization of the United Nations (FAO) Panel of Experts on 
Pesticide Residues in Food and the Environment and the World Health Organization (WHO) Core 
Assessment Group on Pesticide Residues (JMPR) was held at FAO Head-quarters, Rome (Italy), from 13 
to 22 September 2022. FAO Panel Members met in preparatory sessions from 8 to 12 September. 

The Meeting was opened by Dr Jingyuan Xia, Director, Plant Production and Protection Division 
(NSP), FAO. On behalf of FAO and WHO, Dr Xia welcomed and thanked the participants for providing their 
expertise and for devoting significant time and effort to the work of the JMPR, noting that this was the 
first physical JMPR meeting since 2019 due to the impact of the COVID-19 pandemic, with 45 participants 
from 15 countries.  

Dr Xia highlighted food safety is fundamental to healthy and sustainable food systems. The 
establishment of pesticide residue standards is a key and critical element in the global effort to improve 
food safety and agricultural development in the world. The unique role of the JMPRs work in establishing 
internationally acceptable MRLs for pesticide residues in food and feed which acted as global 
benchmarks in trade facilitation, as well as providing authoritative assessments, important in consumer 
protection. Dr Xia then outlined how the JMPRs efforts aligned with the Divisions strategic objectives of 
ensuring food security and nutrition; enhancing food quality and safety; supporting farmers’ livelihoods; 
protecting the environment and biodiversity; and facilitating safe trade and economic growth. As the 
establishment of global standards were a key and critical element in the global efforts to improve food 
safety and agricultural development in the world. 

Dr Xia also took the opportunity to express his and called on the meeting participants toexpress 
their appreciation to Madam YongZhen Yang, retiring FAO JMPR Secretariat, for her dedicated 
commitment and outstanding contribution in fulfilling the secretariat role over the past 16 years. 

Dr Soren Madsen, WHO JMPR Secretariat, took the opportunity to thank the FAO for giving 
priority to JMPR to allow the meeting to occur at FAO headquarters. 

During the meeting, the FAO Panel of Experts was responsible for reviewing residue and 
analytical aspects of the pesticides under consideration, including data on their metabolism, fate in the 
environment and use patterns, and for estimating the maximum levels of residues that might occur as a 
result of use of the pesticides according to good agricultural practice (GAP). Maximum residue levels and 
supervised trials median residue (STMR) values were estimated for commodities of animal origin. The 
WHO Core Assessment Group was responsible for reviewing toxicological and related data in order to 
establish acceptable daily intakes (ADIs) and acute reference doses (ARfDs), where necessary. 

The Meeting evaluated 34 pesticides, including seven new compounds and four compounds that 
were re-evaluated within the periodic review programme of the CCPR, for toxicity or residues, or both.  

The Meeting established ADIs and ARfDs, estimated maximum residue levels and recommended 
them for use by CCPR, and estimated STMR and highest residue (HR) levels as a basis for estimating 
dietary intake. 

The Meeting also estimated the dietary exposures (both short-term and long-term) of the 
pesticides reviewed and, on this basis, performed a dietary risk assessment in relation to the relevant ADI 
and where necessary ARfD. Cases in which ADIs or ARfDs may be exceeded were clearly indicated in order 
to facilitate the decision-making process by CCPR.  



2 Introduction 

The Meeting considered a number of current issues related to the risk assessment of chemicals, 
the evaluation of pesticide residues and the procedures used to recommend maximum residue levels.



3 General considerations 

2. General consideration items 

2.1 Requirements for data on the impact of residues on the human intestinal microbiome  

For almost 20 years the Joint FAO/WHO Expert Committee on Food Additives (JECFA) has been assessing 
residues of veterinary drugs for their possible impact on the human microbiome, specifically for two end-
points of concern: disruption of the bacterial colonization barrier and increase in bacterial resistance. To 
facilitate these assessments, guidance from International Cooperation on Harmonisation of Technical 
Requirements for Registration of Veterinary Medicinal Products, VICH GL36(R), was adopted by the sixty-
sixth meeting of the JECFA Committee, for food-producing animal drugs. Essentially VICH GL36(R) 
comprises a stepwise approach to determine if a microbiological acceptable daily intake (mADI) would be 
necessary, based on an evaluation of whether product residues reaching the human colon are 
microbiologically active. It entails answering three questions to determine the need for establishing a 
mADI. First, determine if the product residues, and/or its metabolites, are microbiologically active against 
representatives of the human intestinal microbiota. Second, determine whether the product residues 
enter the human colon. Third, examine whether the residues entering the human colon remain 
microbiologically active. If the answer to any of these questions is “no”, then there is no need to calculate 
a mADI, and the assessment does not need to be completed. However, if a mADI needs to be calculated, 
the two end-points of concern for human health must be considered. The guidance also discusses test 
systems to address these toxicological end-points of concern, taking into consideration the complexity of 
the human intestinal microbiome. More recently, JECFA has adapted this approach to assess the acute 
effects of veterinary drug residues to establish a mARfD, as necessary. 

Whilst the initial focus of JECFA was on antibiotics, it is now recognized that other drugs can 
have detrimental effects regarding these end-points of concern, and the Committee now systematically 
assesses the possible need for a mADI and mARfD for all drugs. Over the last decade evidence has 
accumulated that a wide range of compounds can affect the human microbiome, including pesticides. 
Hence, JMPR needs to consider how it will address this concern. A good starting point would be VICH 
GL36(R), and its provisions may well be sufficient for this purpose. 

At present, the assessment considers only bacteria, yet the intestinal microbiome also includes, 
fungi, archaea, protozoa, and viruses, all of which play an important role in human health. Thus, 
consideration needs to be given to whether, and if so how, the impact of residues on some/all of the other 
components of the human intestinal microbiome should be addressed, particularly in the case of 
fungicides. Also, consideration should be given to extending the assessment of possible impact of 
residues on the human microbiome to beyond the two existing end-points of concern discussed above. 

The Meeting recommended that the joint secretariat convene a microbiome expert working group 
to consider the above points with a view to developing draft guidance for discussion and eventual 
adoption by JMPR. 
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5 General considerations 

In the case of a positive in vitro chromosomal aberration assay or in vitro micronucleus assay the 
recommended follow-up is the in vivo micronucleus assay. 

In the absence of such follow-up information it is not possible to discount the relevance of the 
positive in vitro results. 

References 

EFSA. 2011. Scientific opinion on genotoxicity testing strategies applicable to food and feed safety assessment. 
EFSA Journal, 9(9) September 2011, 2379 . doi.org/10.2903/j.efsa.2011.2379. 

WHO. 2020. Environmental Health Criteria (EHC) 240, Principles and methods for risk assessment of chemicals in 
food, (2009). https://www.who.int/publications/i/item/9789241572408  
Updated chapter 4.5 in second edition (2020). https://cdn.who.int/media/docs/default-source/food-
safety/publications/section4-5-genotoxicity.pdf?sfvrsn=8ec3434_2 

 

2.4 A risk-based decision tree approach for the safety evaluation of residues of pesticides, veterinary 
drugs, food additives and contaminants 

The Joint FAO/WHO Meeting on Pesticide Residues (JMPR) and Joint FAO/WHO Expert Committee on 
Food additives (JECFA) are sometimes variously asked for advice on substances for which the 
establishment of health-based guidance values (HBGVs) and/or recommendation of maximum residue 
limits (MRLs) is not appropriate, for example when there is an incomplete data package. Such substances 
may be legacy compounds for which there is still a niche use, compounds with no commercial sponsor 
but supported by a member state, compounds with no authorized use but which cause contamination of 
food because of environmental persistence, or the misuse or abuse of authorized compounds. 
Occasionally, the conclusion may be that a substance is a genotoxic carcinogen. Some of these 
considerations are more relevant to some committees than to others. In the absence of HBGVs and/or 
MRLs, approaches are needed to enable the committees to give meaningful advice to risk managers on 
such compounds. JECFA has developed such approaches for contaminants, but for authorized 
substances there is no agreed solution. 

In the early 2000s, a number of activities were undertaken to discuss possible approaches to 
these situations with regard to veterinary drugs, including a Joint FAO/WHO “Technical workshop on 
residues of veterinary drugs without ADI/MRL”, convened in Bangkok in 2004, and an FAO/RIVM/WHO 
workshop: “Updating the principles and methods of risk assessment: maximum residue levels (MRLs) for 
pesticides and veterinary drugs”, held in Bilthoven, The Netherlands in 2005. Subsequently this led to the 
publication of EHC 240, Principles and methods for the risk assessment of chemicals in food, in 2009. The 
Codex Committee on Residues of Veterinary Drugs in Foods (CCRVDF) considered a report of a working 
group on residues of veterinary drugs without ADI/MRL at their Sixteenth Session, in Cancun, Mexico, 
2006. 

This issue was raised at the Sixty-sixth JECFA meeting (2006), together with a number of related 
activities. The Committee concluded that there was need for an overarching approach, and recommended 
that the JECFA Secretariat convene a working group to develop a decision-tree for the evaluation of 
veterinary drugs. This led to the development of a decision tree approach for the safety evaluation of 
residues of veterinary drugs, which was discussed at the seventieth meeting of JECFA (2008). The 
scheme was endorsed by the Committee and a number of revisions suggested. The scheme was revised 
accordingly and provided under the title “A risk-based decision tree approach for the safety evaluation of 
veterinary drugs” to CCRVDF for its Eighteenth Session (2009), as a work-in-progress. CCRVDF agreed 
with the proposed general principles and supported further work on the approach.  



6  General Considerations 

The scheme was discussed at the Seventy-fifth meeting of JECFA (2011) and a number of follow-
up actions recommended. However, these were not taken up immediately, due to resource limitations. 
The Seventy-eighth meeting of JECFA (2013) reiterated the recommendations, which included the 
establishment of an e-Working group to develop guidance for establishing ARfDs for residues of 
veterinary drugs. This was done, and such guidance has been developed and adopted by JECFA. Since 
then, approaches for the establishment of a microbiological ARfD have been developed and guidance 
adopted by JECFA. 

A number of other recommendations to further develop the decision tree were made by the 
Seventy-fifth meeting of JECFA (2013), which included undertaking work on preliminary risk assessment, 
and on the feasibility of using a threshold of toxicological concern (TTC) approach for residues of 
veterinary drugs. These were not followed up. A number of sections in the draft document note that 
extensive further work was required. These included characterization of exposure and management of 
risk. Since then, much work has been undertaken on exposure assessment, but consideration has yet to 
be given to how this might be integrated into the decision tree. Guidance on some parts of the scheme 
was developed, but has yet to be adopted by JECFA, such as on the identification of strengths and 
weaknesses in the risk assessment (uncertainties and sensitivity analysis). 

The 2022 meeting of JECFA discussed the decision tree and concluded that there was a 
continuing need for such an approach. It was agreed that the approach should be finalized and published 
as guidance for JECFA. There was a need to develop some aspects further, for instance to include some 
additional aspects and there may be others that can be omitted. The Committee noted that the scheme 
was essentially generic and should be applicable to additional committees that provide advice to the 
Codex Alimentarius on food safety, such as JMPR. Thus JECFA recommended that the joint secretariat, 
together with other secretariats as appropriate, convene an electronic working group comprising experts 
from the three committees under JECFA, JMPR, and in exposure assessment, to further develop the 
decision-tree approach, with a view to its finalization in 2023 or 2024. 

The present JMPR discussed the decision tree and agreed that in principle it would be of value to 
their work. It would provide an opportunity to integrate issues, such as the microbiological assessment of 
pesticide residues and less-than-lifetime exposure, into the work of JMPR. The Meeting endorsed the 
recommendation that a cross-committee electronic working group be convened, to further develop the 
decision-tree approach with a view to generalizing this to the work of JECFA and JMPR. 

A diagramatic outline of the current decision tree approach is shown below. 



Figure 2.
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Table 2.6.1 Alpha-cypermethrin residues found following three applications to peppers, chili peppers and 
okra (Trial S16-07411-07) 

Crop, Trial ID Residues in mg/kg 
 -1 DAT 0 DAT 1 DAT 3 or 4 DAT 

Bell pepper  < 0.01 (0.005) 0.011 0.025 0.011 
Bell pepper 0.11 0.12 0.098 0.094 

Bell pepper 2x rate 0.094 0.25 0.17 0.21 
Chili pepper 0.014 0.057 0.05 0.036 

Chili pepper2x rate 0.056 0.21 0.1 0.056 
Chili pepper 0.033 0.045 0.034 0.025 
Bell pepper 0.098 0.21 0.18 0.087 

Bell pepper, 2x rate 0.22 0.61 0.56 0.29 
Okra, 0.012 0.011 0.011 < 0.01 (0.009) 

 

The Meeting noted that only one trial was conducted on okra, not allowing robust comparison of 
potential residues to chilli pepper, but is added to the database of information previously reported by the 
JMPR, according the procedure described in the 2018 JMPR Report.  

From Thailand, a use pattern in okra (undefined number of sprayings, undefined intervals, 
0.084 kg ai/ha per application, PHI: 5 days) and supervised field trials for cypermethrin were provided (4 × 
0.084 kg ai/ha, 7 days RTI, Sampling 0 to 20 DALA). Without information on the local practice regarding 
number of sprayings and their interval, the Meeting could not conclude on the GAP compliance of the 
supervised field trials. Residues in okra at the PHI were: 0.01, 0.02, 0.05, 0.18 and 0.20 mg/kg. 

The information on okra provided by CropLife International on okra in India involved data from 
four sites with three sub-plots each (except one trial with two sub-plots only). Cypermethrin was applied 
as foliar spray with two applications involving 25 to 100 g ai/ha and plot per treatment. Samples were 
collected either after 7 or 14/15 days. However, the Meeting noted that no GAP information from India is 
available allowing selection of proper analytical results. In addition, no samples were collected at day 
zero, which would ease comparison with residues directly after treatment in other crops to identify 
morphological differences or similarities. Overall, the information was not added to the database of 
information previously reported by the JMPR, according the procedure described in the 2018 JMPR 
Report. 

The trial in Uganda was performed on okra (Onen, Goeffrey; 9-September-2022, no report 
number) following a use pattern of 0.175+0.088 kg ai/ha (single dose) and 0.35+0.18 kg ai/ha (double 
dose) for tebuconazole and trifloxystrobin, respectively, in two foliar spraying, 7 day RTI, with sampling 
intervals ranging from immediately after harvest to 20 DALA. In total, three replicates were conducted for 
each experiment. Residues in okra fruits found are shown below. 

Table 2.6.2 Residues of tebuconazole and trifloxystrobin following one or two applications 

Replicate, Analyte Residues in mg/kg 
 0 DAT 1 DAT 3 DAT 5 DAT 7 DAT 10 DAT 15 DAT 20 DAT 

2 × 0.175 + 0.088 kg ai/ha (tebuconazole and trifloxystrobin, respectively), 7 day RTI, foliar spray 
Rep.1, Tebuconazole 0.64 0.49 0.27 0.026 < 0.01 0.07 < 0.01 < 0.01 
Rep.2, Tebuconazole 0.56 0.44 0.38 0.21 0.14 < 0.01 < 0.01 < 0.01 
Rep.3, Tebuconazole 1.12 0.65 0.3 0.36 0.29 < 0.01 < 0.01 < 0.01 
Rep.1, Trifloxystrobin 0.29 0.06 0.02 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 
Rep.2, Trifloxystrobin 0.15 0.12 0.04 0.02 0.014 < 0.01 < 0.01 < 0.01 
Rep.3, Trifloxystrobin 0.31 0.11 0.043 0.03 < 0.01 < 0.01 < 0.01 < 0.01 

2 × 0.35 + 0.18 kg ai/ha (tebuconazole and trifloxystrobin, respectively), 7 day RTI, foliar spray 
Rep.1, Tebuconazole 1.48 0.42 0.39 0.074 0.07 0.08 < 0.01 < 0.01 
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Replicate, Analyte Residues in mg/kg 
 0 DAT 1 DAT 3 DAT 5 DAT 7 DAT 10 DAT 15 DAT 20 DAT 

Rep.2, Tebuconazole 1.02 0.72 0.87 0.53 0.46 0.17 0.03 0.03 
Rep.3, Tebuconazole 1.2 0.92 0.98 0.42 0.25 0.03 < 0.01 < 0.01 
Rep.1, Trifloxystrobin 0.08 0.07 0.06 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 
Rep.2, Trifloxystrobin 0.24 0.12 0.1 0.04 0.04 < 0.01 < 0.01 < 0.01 
Rep.3, Trifloxystrobin 0.35 0.19 0.18 0.1 0.04 < 0.01 < 0.01 < 0.01 

 

Since previous analysis by 2018 JMPR involved comparison of normalized residues at day 0 to 
identify potential similarities or differences between crops based on morphology–not to address the 
variability between different fields–the Meeting decided to considered each residue value reported 
immediately after harvest as an independent trial. The values were added to the database of information 
previously reported by the JMPR, according the procedure described in the 2018 JMPR Report. 

Additional information sourced from the public literature 

Information is available on residues in okra following treatment with pesticides in the public literature. 
Respective studies are cited below with a brief summary of use conditions and reported residue 
concentrations for okra at day zero. This information was also added to the database of information 
previously reported by the JMPR, according the procedure described in the 2018 JMPR Report. 

Khan et al., (2021) reported results following the application of cypermethrin in two supervised 
field trials on okra conducted in Pakistan. The active substance was sprayed at rates of 0.06 kg ai/ha. 
Residues in okra (day 0) were 2.19 and 1.55 mg/kg. 

Kavitha et al., (2021) reported results of cypermethrin and spiromesifen foliar applications to 
okra, grown in India, at rates of 0.05 kg ai/ha or 0.125 kg ai/ha, respectively. Residues in okra (day 0) were 
0.276 mg/kg for cypermethrin and 2.401 mg/kg for spiromesifen. 

Ratnamma et al., (2021) reported the results of two trials in which acetamiprid was applied at 
single (10 g ai/ha) or double foliar spray rates (20 g ai/ha) to okra cultivated in India. Residues in okra 
(day 0) were 2.034 and 4.044 mg/kg. 

In a single trial, ethion was applied to okra as a single foliar spray at 469 g ai/ha. Residues in okra 
(day 0) were 8.02 mg/kg (Rao et al., 2022). 

Ratnamma et al., (2022) reported the resultsof two trials, where thiamethoxam was applied at 
single (25 g ai/ha) or double foliar spray rates (50 g ai/ha) to okra cultivated in India. Residues in okra 
(day 0) were 1.541 and 3.117 mg/kg. 

Updated analysis of initial residues (normalized to application rate 1 kg ai/ha) for Fruiting vegetables, other 
than Cucurbits from the 2018 JMPR Report 

After adding additional residue information on okra from the studies presented above to the database 
used by the 2018 JMPR, a new plot of residues normalized to 1 kg ai/ha was generated: 
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and dissipation of acetamiprid using LC-MS/MS in okra, Journal of Entomology and Zoology Studies, 
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Ratnamma, Harischandra Naik, R. and Pallavi, M.S. 2022, Determination, Dissipation and Decontamination 
of Thiamethoxam using LC-MS/MS in Okra Fruits, Indian Journal of Entomology, 84(2): 274–279 
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2.8 Enhancing operational procedures of JMPR to reduce the backlog 

The Meeting noted the discussions at the Fifty-second Session of the Codex Committee on Pesticide 
Residues (CCPR) on opportunities for enhancing the operational procedures of the FAO/WHO Joint 
Meeting on Pesticide Residues (JMPR) and CCPR to reduce the backlog of evaluations and meet the 
future demands of establishing Codex maximum residue limits (MRLs) for pesticides, as well as 
establishing an electronic working group to progress the discussions. 

Discussions at the current JMPR meeting identified two possible areas of opportunity for 
increased efficiencies. Actions could usefully be taken by the sponsors of compounds, particularly in 
relation to improvements in the submission of information for assessments. Also, some potential 
efficiencies may be achieved within the workflow, evaluation, and consideration processes within JMPR. 
These proposals will require further consideration and will be brought forward as appropriate to the e-
working group. 

 

2.9  OECD Update to the Guidance on Residue Definitions 

The Meeting was provided a draft of the OECD Guidance Document on Residue Definitions and a brief 
overview of the approaches to be proposed. The OECD subgroup working on this project includes many 
JMPR experts from both FAO and WHO panels. 

The Meeting appreciated the opportunity to preview the work being done by the OECD and will 
consider the procedures and processes, in whole or in part, once the document has been finalized and 
published by the OECD. 

Further, the Meeting noted that while there were many JMPR experts involved in the project, they 
were, with one exception, participating as representatives of their national regulatory agencies. The 
Meeting encouraged the JMPR Secretariats to work with the OECD Residue Chemistry Expert Group to 
ensure specific JMPR expert representation on future OECD projects working in areas of interest to the 
JMPR. 
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2.10 Information on residues in rotational crops following use on paddy rice 

The Meeting noted that according to the current edition of the FAO Manual on “Submission and evaluation 
of pesticide residues data for the estimation of maximum residue levels in food and feed” (FAO, 2016, 3rd 
Edition), 1 information on rotational crops following treatment in paddy rice are not required. 

The present Meeting reconsidered this position, taking into account information on the 
agricultural practice for paddy rice cultivation and International Harmonised Guidelines (OECD TG504; 
OECD Guidelines for the Testing of Chemicals, Residues in Rotational Crops (Limited Field Studies)), 
indicating potential crop rotation for this crop. Therefore, uptake of soil residues by follow-on crops needs 
to be considered in estimating maximum residue levels, STMR and HR values. It was decided that the 
information given in the FAO Manual from 2016 does not reflect current agricultural practice and 
considers data on rotational crops (confined rotational crop information, conditional information on field 
rotational crop studies) as necessary to support uses on paddy rice. The FAO Manual will be amended for 
the next revision accordingly. 

 

2.11 Common pyrazole metabolites 

The Meeting noted that a number of pesticides under consideration at the current meeting had common 
pyrazole metabolites, which were identified by different company code numbers. The toxicological data 
available on these pyrazole metabolites varied across the dossiers and this resulted in different 
conclusions being reached for the same pyrazole metabolite. The Meeting only identified this issue at the 
last minute and was unable to resolve it within the available time. The Meeting proposed to consider this 
at the 2023 meeting of JMPR and invites sponsors to present information to support this activity. 

                                                             
1 http://www.fao.org/agriculture/crops/thematic-sitemap/theme/pests/jmpr/jmpr-docs/en/  
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4.  Dietary exposure assessment for pesticide residues in food 

Benzpyrimoxan, diazinon, isoflucypram methidathion, pyridate and quintozene were considered for 
toxicology and residues by the current JMPR, but as no residue recommendations were made, dietary risk 
assessments were not conducted for these compounds. 

4.1 Chronic dietary exposure 

Chronic dietary exposure estimates using the 17 GEMS/Food Cluster diets 

At the current Meeting, an international estimated daily intake (IEDI) was calculated for each compound 
for which an acceptable daily intake (ADI) was established. The IEDI was calculated by multiplying the 
median concentrations of residues by the average daily per capita consumption of treated commodities. 
The concentrations were supervised trials median residues (STMRs) and/or supervised trials median 
residues in a processed commodity (STMR-Ps).  

The per capita food consumption amounts were estimated using the 17 Global Environment 
Monitoring System–Food Contamination Monitoring and Assessment Programme (GEMS/Food) cluster 
diets. A detailed description of the method is included in the Environmental Health Criteria 240 (EHC 240) 
monograph.2 

These IEDIs were expressed as a percentage of the maximum ADI for a 55 kg or 60 kg person, 
depending on the region covered by each cluster diet (Table 4.1). The spreadsheet application is available 
at https://www.who.int/data/gho/samples/food-cluster-diets. The estimation made for 
metalaxyl/metalaxyl-M in pineapple did not affect the assessment made by the 2021 JMPR. The detailed 
calculations of the chronic (long-term) dietary exposure assessments are given in Annex 3. The IEDI did 
not exceed the maximum ADI for any of the 28 compounds evaluated (includes one metabolite). 

Table 4.1 Summary of chronic (long-term) dietary exposure assessments (IEDI) using the 17 Cluster diets 

CCPR  

code Compound name ADI (mg/kg bw) 
Range of IEDI, as percent of the maximum

ADI 

312 Afidopyropen 0–0.08 0–4 

229 Azoxystrobin 0–0.2 10–20 

261 Benzovindiflupyr 0–0.05 0–2 

178 Bifenthrin 0.01 10–40 

326 Broflanilide 0–0.02 0–1 

15 Chlormequat a 0–0.05 1–20 

230 Chlorantraniliprole 0–2 0–1 

224 Difenoconazole 0–0.01 10–80 

027 

055 

Dimethoate 

Omethoate b 

0–0.001 

0–0.0004 

10–100 

                                                             
2 FAO/WHO (2009). Principles and methods for the risk assessment of chemicals in food. A joint publication of the Food and 
Agriculture Organization of the United Nations and the World Health Organization. Geneva: World Health Organization 
(Environmental Health Criteria 240; http://www.who.int/foodsafety/publications/chemical-food/en/). 
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Chronic dietary exposure estimates using WHO Chronic Individual Food Consumption–summary statistics 
(CIFOCOss) database 

In a continuation of the trial exercise, food consumption data from national dietary surveys were used as 
the basis for estimating mean and high consumer chronic dietary exposure to pesticide residues for the 
general population and different age/sex groups. The global estimate of chronic dietary exposure (GECDE) 
model, developed by JECFA (veterinary drugs) in 2011,3 was used for estimating potential high consumer 
dietary exposure to pesticide residues for population subgroups of toxicological concern, such as women 
of childbearing age, infants, toddlers and young children. The GECDE model is based on summary 
statistics derived from individual food consumption data from representative national surveys and takes 
account of consumption of one commodity at a high level (for consumers of that commodity only) plus 
consumption of the remaining commodities at a population mean level. This model is intended to be used 
when raw individual dietary records are not available for use in risk assessments, which is often the case 
for evaluations undertaken by JMPR i.e. the GECDE serves as a proxy for deriving a high percentile dietary 
exposure value from a distribution of dietary exposures obtained by using the raw data. 

Food consumption data suitable for use in the GECDE model are available in the WHO Chronic 
Individual Food Consumption–summary statistics (CIFOCOss) database, which contains individual and 
summary food consumption data derived from national surveys that have two or more records per survey 
participant. For use in chronic dietary exposure assessments, results for each individual are averaged 
over the number of days of the survey prior to deriving population statistics. For many countries, different 
population subgroups are surveyed separately over different time periods and may use different 
approaches. In these cases it is not possible to estimate dietary exposure for the population as a whole.  

In the mean and high consumer chronic dietary exposure estimates (GECDE), the STMR residue 
levels were assigned to each food with a maximum residue level recommendation for the pesticide. In 
some cases, dilution factors were required to correct the STMR for the raw commodity (e.g. tea leaves) to 
a level relevant to the food reported as consumed in the dietary survey (e.g. tea beverage) and processing 
factors were applied where relevant.  

In order not to underestimate the exposure, when multiple ingredients of a composite food 
reported in CIFOCOss could have been associated with a residue, the highest single residue per ingredient 
was taken into account and assigned to the full composite food. In certain cases this approach was 
considered too conservative and proportions were introduced to reduce the overestimation. This is the 
case of 'Soft drink with fruit' assumed to contain up to 25 percent of fruits, 'Soft drink without fruit' up to 
10 percent of sugar, “Pasta” and “Bakery products” up to 50 percent of cereals. Coffee and infusions, 
follow-on and infant formula and porridges reconstituted were assumed to contain up to 90 percent, 
20 percent and 50 percent of water (or milk), respectively. A range of other complex composite foods the 
main ingredient was assumed to account up to 30 percent. 

The results are summarized in Table 4.2. Similar to the IEDI results (Table 4.1), the mean chronic 
dietary exposure did not exceed the maximum ADI, except for five compounds: difenoconazole (up to 
260 percent), dimethoate (up to 230 percent), flutriafol (up to 130 percent), indoxacarb (up to 
140 percent) and mancozeb (up to 210 percent), mainly for children and adolescents, and/or infant and 
toddlers populations. 

                                                             
3 FAO/WHO (2012). Joint FAO/WHO Expert Meeting on Dietary Exposure Assessment Methodologies for Residues of Veterinary 
Drugs. Final Report including Report of Stakeholder Meeting. Geneva: World Health Organization 
(http://www.fao.org/fileadmin/user_upload/agns/pdf/jecfa/Dietary_Exposure_Assessment_Methodologies_for_Residues_of_Vete
rinary_Drugs.pdf). 
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As expected, chronic dietary exposure estimates for the high consumer were higher than the IEDI 
(Table 4.1) and the mean chronic dietary exposure, exceeding the maximum ADI for eleven compounds 
evaluated for at least one population group: azoxystrobin (up to 120 percent), bifenthrin (up to 
150 percent), difenoconazole (up to 530 percent), dimethoate (up to 790 percent), emamectin benzoate 
(up to 410 percent), famoxadone (up to 190 percent), flutriafol (up to 360 percent), indoxacarb (up to 
360 percent), mancozeb (up to 600 percent), mefentrifluconazole (up to 310 percent) and spiromesifen 
(up to 150 percent).  

Table 4.2 Chronic dietary exposure estimates using WHO Chronic Individual Food Consumption–summary 
statistics (CIFOCOss)  

Pesticide ADI 

(mg/kg bw) 

Population group a Range of dietary exposures across national 
dietary surveys, as percent of maximum 

ADI b 

   Mean High 

Afidopyropen 0–0.08 All 

All adults 

Adults, female 

Children & adolescents 

Infants & toddlers 

0–8 

0–4 

0–5 

0–13 

1–10 

1–50 

0–27 

0–24 

0–56 

2–45 

Azoxystrobin 0–0.2 All 

All adults 

Adults, female 

Children & adolescents 

Infants & toddlers 

2–34 

0–23 

0–23 

1–46 

4–41 

4–99 

0–53 

0–53 

1–120 

7–79 

Benzovindiflupyr 0–0.05 All 

All adults 

Adults, female 

Children & adolescents 

Infants & toddlers 

0–4 

0–2 

0–2 

0–5 

0–7 

1–17 

0–11 

0–10 

0–19 

1–21 

Bifenthrin 0.01 All 

All adults 

Adults, female 

Children & adolescents 

Infants & toddlers 

7–68 

0–40 

0–42 

2–81 

14–85 

13–140 

0–86 

0–95 

2–140 

39–150 

Broflanilide 0–0.02 All 

All adults 

Adults, female 

Children & adolescents 

Infants & toddlers 

0–3 

0–3 

0–3 

0–4 

0–4 

0–12 

0–8 

0–8 

0–15 

0–17 

Chlormequat 0–0.05 All 

All adults 

Adults, female 

Children & adolescents 

Infants & toddlers 

0–8 

0–6 

0–15 

1–10 

1–14 

1–54 

0–34 

0–36 

1–51 

3–70 
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Pesticide ADI 

(mg/kg bw) 

Population group a Range of dietary exposures across national 
dietary surveys, as percent of maximum 

ADI b 

   Mean High 

Chlorantraniliprole 0–2 All 

All adults 

Adults, female 

Children & adolescents 

Infants & toddlers 

0–2 

0–1 

0–1 

0–3 

0–2 

0–7 

0–3 

0–3 

0–8 

0–6 

Difenoconazole 0–0.01 All 

All adults 

Adults, female 

Children & adolescents 

Infants & toddlers 

7–240 

0–140 

0–140 

13–260 

45–260 

14–530 

0–320 

0–250 

13–520 

96–520 

Dimethoate c 0–0.001 All 

All adults 

Adults, female 

Children & adolescents 

Infants & toddlers 

11–160 

5–69 

2–68 

0–190 

30–230 

35–750 

5–420 

2–420 

0–750 

35–790 

Emamectin benzoate 0–0.0005 All 

All adults 

Adults, female 

Children & adolescents 

Infants & toddlers 

0–20 

0–16 

0–17 

0–27 

3–24 

1–170 

0–150 

0–150 

0–410 

7–120 

Famoxadone 0–0.006 All 

All adults 

Adults, female 

Children & adolescents 

Infants & toddlers 

1–26 

1–16 

1–16 

0–51 

3–61 

5–190 

1–100 

1–79 

0–160 

10–190 

Fenazaquin 0–0.05 All 

All adults 

Adults, female 

Children & adolescents 

Infants & toddlers 

0–8 

0–3 

0–4 

0–10 

0–7 

0–40 

0–21 

0–9 

0–24 

1–23 

Fluazaindolizine 0–0.3 All 

All adults 

Adults, female 

Children & adolescents 

Infants & toddlers 

0–2 

0–1 

0–1 

0–4 

0–2 

0–7 

0–3 

0–3 

0–8 

0–4 

Fluindapyr 0–0.04 All 

All adults 

Adults, female 

0–27 

0–18 

0–18 

1–93 

0–48 

0–48 
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Pesticide ADI 

(mg/kg bw) 

Population group a Range of dietary exposures across national 
dietary surveys, as percent of maximum 

ADI b 

   Mean High 

Children & adolescents 

Infants & toddlers 

0–36 

0–4 

0–100 

0–26 

Fludioxonil 0–0.4 All 

All adults 

Adults, female 

Children & adolescents 

Infants & toddlers 

0–15 

0–7 

0–7 

0–24 

0–15 

2–77 

0–34 

0–34 

0–95 

3–49 

Flupyradifurone 0–0.08 All 

All adults 

Adults, female 

Children & adolescents 

Infants & toddlers 

1–12 

0–9 

0–9 

0–17 

2–10 

4–36 

0–19 

0–21 

0–45 

2–39 

Flutriafol 0–0.01 All 

All adults 

Adults, female 

Children & adolescents 

Infants & toddlers 

6–98 

0–69 

0–69 

0–130 

13–73 

29–290 

1–150 

1–170 

0–360 

18–280 

Indoxacarb 0–0.01 All 

All adults 

Adults, female 

Children & adolescents 

Infants & toddlers 

1–79 

1–58 

1–61 

0–110 

10–140 

2–180 

1–140 

1–110 

0–290 

14–360 

Inpyrfluxam 0–0.06 All 

All adults 

Adults, female 

Children & adolescents 

Infants & toddlers 

0–5 

0–3 

0–3 

0–8 

0–12 

0–28 

0–10 

0–10 

0–25 

0–35 

Mancozeb 0–0.03 All 

All adults 

Adults, female 

Children & adolescents 

Infants & toddlers 

9–140 

2–110 

2–100 

11–210 

21–140 

64–510 

2–300 

2–200 

11–460 

32–600 

Mandipropamid 0–0.2 All 

All adults 

Adults, female 

Children & adolescents 

Infants & toddlers 

0–13 

0–6 

0–9 

0–20 

0–16 

0–54 

0–25 

0–24 

0–59 

0–48 

Mefentrifluconazole 0–0.04 All 4–57 8–280 
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b For each national survey in the CIFOCOss database, for a specified age group, a high percentile dietary exposure was first 
calculated for each commodity based on an assigned supervised trials median residue (STMR) and a highest reliable 
percentile (HRP) food consumption: if there were more than 180 consumers of a commodity, a 97.5th percentile dietary 
exposure for consumers only was derived; if there were more than 60 but fewer than 181 consumers, a 95th percentile dietary 
exposure was derived; if there were more than 30 but fewer than 61 consumers, a 90th percentile dietary exposure was 
derived; and if there were more than 10 but fewer than 31 consumers, a median dietary exposure was derived. If there were 
fewer than 11 consumers, only the mean dietary exposure for the whole population was derived for that Codex commodity 
code. The high dietary exposure estimate is the highest of these commodity-specific estimate and the population mean 
dietary exposure estimate for all other commodities. The mean dietary exposure estimates apply the population mean food 
consumption for all relevant commodities. 
c Includes omethoate, the metabolite of dimethoate. 
d Metabolite of triflumuron. 

4.2 Acute dietary exposure 

The current or previous Meetings agreed that acute reference dose (ARfD) for azoxystrobin, isoflucypram, 
broflanilide, chlorantraniliprole, fludioxonil, isoflucypram, mandipropamid, spiromesifen, tetraniliprole, 
triflumuron were unnecessary. An ARfD for mancozeb has not yet been considered by the Meeting. 
Therefore, for these compounds, acute dietary exposure assessment was not conducted. 

At the current Meeting, an international estimate of short-term intakes was calculated for 
compounds for which an ARfD was established. For each relevant food commodity, the highest expected 
residue (highest residue in the edible portion of a commodity (HR) or highest residue in a processed 
commodity (HR-P) and the highest large portion (LP) data for the general population (all ages) and 
children (6 years and under) were used for the calculation of the international estimate of short-term 
intakes. The LP data are derived from national dietary survey data by WHO. For bulked and blended 
commodities, the STMR or STMR-P is used as the residue level in the international estimate of short-term 
intakes calculation. A description of the method is included in EHC 240. The spreadsheet application is 
available at https://cdn.who.int/media/docs/default-source/food-safety/gems-
food/iesti_calculation21_data-overview.xlsx.  

The international estimate of short-term intakes results are expressed as a percentage of the 
ARfD, which are shown in Table 4.3. The commodities and source of consumption data used when the 
ARfD was exceeded were also included. The detailed calculations of acute dietary exposure are given in 
Annex 4. 

Table 4.3 Summary of acute dietary exposure assessments (international estimate of short-term intakes) 

CCPR 
code Compound name 

ARfD 

(mg/kg bw) Maximum percent of ARfD  

312 Afidopyropen 0.3/0.2a 0–2  

261 Benzovindiflupyr 0.1 0–10 

178 Bifenthrin 0.01 0–310 
250 apple (Children 1–6 yrs, China) 

310 pear (Children < 6 yrs, Canada) 

260 peach (Children 1–6 yrs, Japan) 

110 apricot (Children 2–4 yrs, Germany) 

210 nectarine (Children 2–6 yrs, Netherlands) 

15 Chlormequat 0.05 0–60  

224 Difenoconazole 0.3 0–3  
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CCPR 
code Compound name 

ARfD 

(mg/kg bw) Maximum percent of ARfD  

027 Dimethoate 

Omethoate b 

0.02 

0.002 

0–120 

120 orange (Children1–6 yrs, Australia) 

247 Emamectin benzoate 0.02 0–70  

208 Famoxadone 0.6 0–20  

297 Fenazaquin 0.1 0–60  

327 Fluazaindolizine 1 0–9  

328 Fluindapyr 0.6 0–1  

285 Flupyradifurone 0.2 0–8  

248 Flutriafol 0.05 0–70  

216 Indoxacarb 0.1 0–20  

329 Inpyrfluxam 0.3 0–40 

138 Metalaxyl c 0.5 0–1 

320 Mefentrifluconazole 0.3 0–370  
110 Kale (Children 2–4 yrs, Germany)  

130 Endive, raw (Children 2–6 yrs, Netherlands) 

140 Endive, total Children 2–6 yrs, Netherlands) 

140 Amaranth leaves (Toddlers, Belgium) 

140 Lettuce, head (Children 2–6 yrs, Netherlands) 

140 Lettuce, leaf, raw (Children 2–6 yrs, Netherlands) 

140 Cos lettuce (Children 2–6 yrs, Netherlands) 

140 Chicory leaves (Toddlers, Belgium) 

140 Chrysanthemums, Edible leaved (Toddlers, Belgium) 

140 Spinach, total (Toddlers, Belgium) 

200 Mustard greens, raw (Children 1–6 yrs, China) 

240 Endive, cooked/boiled (Toddlers, Netherlands) 

240 Chinese cabbage (Children 1–6 yrs, China) 

370 Leaf lettuce, total (Children 1–6 yrs, China) 

   

   

   

   

   

   

   

252 Sulfoxaflor 0.3 0–2  

 4-trifluoromethoxyaniline d 0.02 0–1 

287 Quinclorac 2 0–0 

Notes: 

ARfD: acute reference dose; bw: body weight; CCPR: Codex Committee on Pesticide Residues; international estimate of short-
term Intake.  
a For women of childbearing age. 
b The assessment includes the metabolite omethoate. 
c The assessment covers use of metalaxyl and metalaxyl-M. 
d Metabolite of triflumuron. 
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Possible refinement when the international estimate of short-term intakes exceeds the ARfD  

Bifenthrin 

The Meeting concluded that the estimated acute dietary exposure to residues of bifenthrin for the 
consumption of apple, pear, peach, apricot and nectarine by children may present a public health concern. 
As no alternative GAP data were available to the Meeting to estimate lower HR values for these 
commodities, no refinement of the acute dietary exposure estimates was possible. International estimate 
of short-term intakes can be refined if alternative GAP data become available in the future.  

The ARfD of 0.01 mg/kg bw established by the 2009 JMPR was derived from a threshold dose of 
1.3 mg/kg bw in the acute study in rats (single dose), which was supported by the NOAEL of 1 mg/kg bw 
in a developmental toxicity study in rats. As the studies were considered adequate and in the case of the 
acute study the LOAEL is less than 3 times the NOAEL, it is unlikely that the ARfD can be refined 
significantly. 

Dimethoate 

The Meeting concluded that the estimated acute dietary exposure to residues of dimethoate for the 
consumption of oranges by children may present a public health concern. As no alternative GAP data 
were available to the Meeting to estimate a lower HR value for this commodity, no refinement of the acute 
dietary exposure estimates was possible. International estimate of short-term intakes can be refined if 
alternative GAP data become available in the future.  

The ARfD of 0.02 mg/kg bw established for dimethoate in 2019 on the basis of an overall NOAEL 
of 2 mg/kg bw in an acute neurotoxicity study based on inhibition of erythrocyte acetylcholinesterase 
activity and a special study in pre-weaning females and in young adult females. At the present Meeting, a 
ARfD of 0.002 mg/kg bw was established for the first time for omethoate, the main metabolite of 
dimethoate, which was considered under the parent compound assessment. As the studies were 
considered adequate, and the basis of the ARfD for omethoate was a benchmark dose analysis of an 
acute study of cholinesterase inhibition, it is unlikely that the ARfD can be refined. 

Mefentrifluconazole 

The Meeting concluded that the estimated acute dietary exposure to residues of mefentrifluconazole for 
the consumption of various leafy vegetables (amaranth leaves, chicory leaves, edible leaved 
chrysanthemums, endive, lettuce, Chinese cabbage, kale and mustard greens) by children and/or toddlers 
may present a public health concern. As no alternative GAP data were available to the Meeting to 
estimate lower HR values for these commodities, no refinement of the acute dietary exposure estimates 
was possible. International estimate of short-term intakes can be refined if alternative GAP data become 
available in the future.  

The ARfD of 0.3 mg/kg bw established by the 2021 JMPR was based on the NOAEL of 
25 mg/kg bw per day for maternal and developmental toxicity in a rabbit study. As the study was 
considered adequate and clinical signs were seen after only a few doses at 50 mg/kg bw per day in 
another study in rabbits, it is unlikely that the ARfD can be refined significantly. 
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5  Evaluation of data for acceptable daily intake and acute reference dose for 
humans, maximum residue levels and supervised trials median residue values 

5.1 Afidopyropen (312) 

TOXICOLOGY 

Following the 2019 JMPR evaluation of afidopyropen a request for consideration of additional maximum 
residue limits (MRLs) was made by the Codex Committee on Pesticide Residues (CCPR). A 28-day oral 
study in rats and a repeat-dose oral study in pregnant rabbits were provided by the sponsor in an attempt 
to identify points of inflection in the dose-metabolism curve for afidopyropen. As these studies would 
have had no effect on the health-based guidance values (HBGVs), they were not reviewed by this Meeting. 
They should be provided for the periodic review of afidopyropen. 

There was no information available in the public domain, and no experimental data were provided 
which addressed the possible impact of afidopyropen residues on the human intestinal microbiome. 

A toxicological monograph was not prepared. 

 

RESIDUE AND ANALYTICAL ASPECTS 

Afidopyropen is an insecticide developed for control of piercing and sucking insects. Afidopyropen 
disrupts the gating of TRPV (Transient Receptor Potential Vanilloid) channel complexes in chordotonal 
stretch receptor organs of insects. This disrupts feeding and other behaviour in target insects leading to 
death by starvation. 

Afidopyropen was first evaluated by the 2019 JMPR when an ADI of 0–0.08 mg/kg bw was 
established. The Meeting also established an ARfD of 0.2 mg/kg bw for women in childbearing age and an 
ARfD of 0.3 mg/kg for the general population. In addition, it was concluded that the metabolites 
M440I007 and CPCA are likely to be of similar toxicity to its parent. The 2021 JMPR reconsidered the 
wording of the residue definition. The residue definitions are: 

Definition of the residue for compliance with the MRL for plant and animal commodities: 
afidopyropen 

Definition of the residue for dietary risk assessment for plant commodities: sum of afidopyropen + 
dimer of [(3R,6R,6aR,12S,12bR)-3-[(cyclopropanecarbonyl)oxy]-6,12-dihydroxy-4,6a,12b-trimethyl-11-oxo-9-
(pyridin-3-yl)-1,3,4,4a,5,6,6a,12,12a,12b-decahydro-2H,11H-naphtho[2,1-b]pyrano[3,4-e]pyran-4-yl]methyl rac-
cyclopropanecarboxylate (M007). 

Definition of the residue for dietary risk assessment for animal commodities, except liver: 
afidopyropen + M001 + CPCA and its carnitine conjugate, expressed as afidopyropen. 

Definition of the residue fir dietary risk assessment for liver: afidopyropen + M001 + M017 + CPCA 
and its carnitine conjugate, expressed as afidopyropen. 

The residue is not fat-soluble. 

At the Fifty-first Session of the CCPR (2019), afidopyropen was scheduled for toxicology and 
residue evaluation by the 2022 JMPR. 

The Meeting received information from the manufacturer on aerobic soil metabolism, use 
patterns and residues resulting from supervised trials on strawberries, sorghum and alfalfa/clover.  
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Environmental fate in soil 

The Meeting received information on environmental fate in soil.  

Aerobic soil metabolism 

The aerobic metabolism and degradation in soil was tested on four soil types from the United States of 
America, including silt loam, loamy sand and sandy loam soils. Pyranone-6-14C-afidopyropen was applied 
at approximately 0.2 mg/kg and soil samples were incubated for up to 120 days at 20 °C with 50 percent 
maximum water holding capacity. Major degradation products exceeding 10 percent of the applied 
radioactivity were M057 (max. 25.7 percent AR after 29 days) and M003 (max. 11.8 percent after 5 days). 
Modelled DT50 and DT90 values for parent afidopyropen were 9.5–14 days and 82–268 days, respectively, 
following Gustafson-Holden model kinetics (FOMC). The major metabolites followed single 1st order 
kinetics with estimated DT50/DT90 values of 17.5–23.8/58–79 days for M003 and 7.7–39/26–132 days for 
M057. 

The current Meeting noted that both the metabolic pattern following aerobic soil degradation 
observed in the newly provided study and the estimated half-life times are similar to the conclusion drawn 
by the 2019 Meeting. The Meeting confirms its previous conclusion, that afidopyropen and its soil 
metabolites are not persistent in soil. 

Methods of analysis 

The current Meeting did not receive additional analytical methods for afidopyropen. All supervised field 
trials were analysed with analytical methods already evaluated and described by the 2019 Meeting. 

Stability of pesticide residues in stored analytical samples 

The current Meeting did not receive additional information on the storage stability of afidopyropen and its 
metabolite M007. 

The 2019 Meeting evaluated the storage stability of these analytes and concluded that they are 
stable for at least 24 months in all plant commodity categories. Field trial samples were analysed within 
this interval.  

Results of supervised residue trials on crops 

The Meeting received information on use patterns and supervised residue trials for strawberries, sorghum, 
alfalfa and clover from the United States.  

Strawberries 

Afidopyropen is registered in the United States for the use on strawberries with a maximum GAP involving 
two foliar spraying of 0.05 kg ai/ha each (7 day retreatment interval (RTI)) and a PHI of 0 days. The 
maximum rate is 0.1 kg ai/ha per crop and a maximum of 0.3 kg ai/ha and year. 

Supervised field trials conducted in Canada and the United States on strawberries were provided 
approximating the cGAP both with two additional initial treatments at ~ 0.01 kg ai/ha at 7 day RTI 
(treatment regime: 0.01 kg ai/ha + 0.01 kg ai/ha + 0.05 kg ai/ha + 0.05 kg ai/ha, total crop rate: 
0.12 kg ai/ha). The Meeting concluded that the two first treatments in addition to the cGAP do not affect 
residue concentrations at harvest. 

Residues of afidopyropen in strawberries were (n=5): 0.0326, 0.0356, 0.0439, 0.0475, 0.06 mg/kg. 
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Residues of afidopyropen plus M007 in strawberries were (n=5): 0.0426, 0.0456, 0.0539, 0.0575, 
0.07 mg/kg. Highest residues in a single sample were 0.0778 mg/kg. 

The Meeting estimated a maximum residue level of 0.15 mg/kg for afidopyropen and STMR and 
HR values of 0.0539 mg/kg and 0.0778 mg/kg, respectively, for afidopyropen plus M007 in strawberries. 

Sorghum 

Afidopyropen is registered in the United States for the use on sorghum with a maximum GAP involving 
two foliar spraying of 0.02 kg ai/ha each (14 day RTI) and a PHI of 14 days for grain. The maximum rate is 
0.044 kg ai/ha per year. 

Supervised field trials conducted in the United States on sorghum were provided approximating 
the cGAP.  

Residues of afidopyropen in sorghum grain were (n=12): < 0.01(3), 0.01, 0.016, 0.019, 0.034, 
0.041, 0.042, 0.067, 0.071, 0.104 mg/kg. 

Residues of afidopyropen plus M007 in sorghum grain were (n=12): < 0.02(3), 0.02, 0.026, 0.029, 
0.044, 0.051, 0.052, 0.077, 0.081, 0.114 mg/kg. 

The Meeting estimated a maximum residue level of 0.2 mg/kg for afidopyropen and an STMR 
value of 0.0365 mg/kg for afidopyropen plus M007 in sorghum grain. 

Alfalfa forage 

Afidopyropen is registered in the United States for the use on non-grass animal feed crops with a 
maximum GAP involving two foliar spraying of 0.022 kg ai/ha followed by 0.036 kg ai/ha (7 day RTI) and a 
PHI of 0 days for forage. The maximum rate is 0.058 kg ai/ha per year. 

Supervised field trials conducted in the United States on alfalfa were provided approximating the 
cGAP.  

Residues of afidopyropen plus M007 in alfalfa forage were (n=9): 0.783, 0.999, 1.08, 1.13, 1.19, 
1.24, 2.07, 2.31, 2.45 mg/kg (as received). 

The Meeting estimated a median residue level of 1.19 mg/kg and highest residue level of 
2.45 mg/kg for afidopyropen plus M007 in alfalfa forage (as received). 

Clover forage 

Afidopyropen is registered in the United States for the use on non-grass animal feed crops with a 
maximum GAP involving two foliar spraying of 0.022 kg ai/ha followed by 0.036 kg ai/ha (7 day RTI) and a 
PHI of 0 days for forage. The maximum rate is 0.058 kg ai/ha per year. 

Supervised field trials conducted in the United States on clover were provided approximating the 
cGAP.  

Residues of afidopyropen plus M007 in clover forage were (n=9): 0.601, 0.662, 0.926, 1.01, 1.39, 
1.68, 2.09, 2.22, 2.59 mg/kg (as received). 

The Meeting estimated a median residue level of 1.39 mg/kg and highest residue level of 
2.59 mg/kg for afidopyropen plus M007 in clover forage (as received). 
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Grass forage 

Afidopyropen is registered in the United States for the use on grass animal feed crops with a maximum 
GAP involving two foliar spraying of 0.022 kg ai/ha followed by 0.036 kg ai/ha (7 day RTI) and a PHI of 0 
days for forage. The maximum rate is 0.058 kg ai/ha per year. 

Supervised field trials conducted in the United States on grass were provided approximating the 
cGAP.  

Residues of afidopyropen plus M007 in grass forage were (n=12): 0.805, 1.09, 1.36, 1.36, 1.48, 
1.92, 2.04, 2.1, 2.19, 2.82, 3.2 and 4.12 mg/kg (as received). 

The Meeting estimated a median residue level of 1.98 mg/kg and highest residue level of 
4.12 mg/kg for afidopyropen plus M007 in grass forage (as received). 

Sorghum forage 

Afidopyropen is registered in the United States for the use on sorghum with a maximum GAP involving 
two foliar spraying of 0.02 kg ai/ha each (14 day RTI) and a PHI of 7 days for forage. The maximum rate is 
0.044 kg ai/ha per year. 

Supervised field trials conducted in the United States on sorghum were provided approximating 
the cGAP.  

Residues of afidopyropen plus M007 in sorghum forage were (n=12): 0.0225, 0.0275, 0.037, 
0.0375, 0.039, 0.0485, 0.0515, 0.06, 0.063, 0.103, 0.25 and 0.255 mg/kg (as received). 

The Meeting estimated a median residue level of 0.05 mg/kg and highest residue level of 
0.255 mg/kg for afidopyropen plus M007 in sorghum forage (as received). 

Alfalfa fodder 

Afidopyropen is registered in the United States for the use on non-grass animal feed crops with a 
maximum GAP involving two foliar spraying of 0.022 kg ai/ha followed by 0.036 kg ai/ha (7 day RTI) and a 
PHI of 0 days for cutting. The maximum rate is 0.058 kg ai/ha per year. 

Supervised field trials conducted in the United States on alfalfa were provided approximating the 
cGAP. Alfalfa was cut according to GAP treatment and left in the field to dry until commercial dryness. 

Residues of afidopyropen in alfalfa hay were (n=9): 0.362, 1.32, 1.35, 1.83, 2.71, 2.8, 2.91, 3.12 
and 4.19 mg/kg (fresh). 

Residues of afidopyropen plus M007 in alfalfa hay were (n=9): 0.382, 1.81, 1.81, 3.10, 4.13, 4.76, 
5.13, 5.29 and 5.46 mg/kg (as received). 

The Meeting estimated a maximum residue level of 8 mg/kg (dry matter, based on 89 percent dry-
weight) for afidopyropen and a median and highest residue for afidopyropen plus M007 in alfalfa fodder 
(as received) of 4.13 mg/kg and 5.46 mg/kg, respectively. 

Clover fodder 

Afidopyropen is registered in the United States for the use on non-grass animal feed crops with a 
maximum GAP involving two foliar spraying of 0.022 kg ai/ha followed by 0.036 kg ai/ha (7 day RTI) and a 
PHI of 0 days for cutting. The maximum rate is 0.058 kg ai/ha per year. 

Supervised field trials conducted in the United States on clover were provided approximating the 
cGAP. Clover was cut according to GAP treatment and left in the field to dry until commercial dryness. 
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Residues of afidopyropen in clover hay were (n=9): 1.24, 1.47, 1.59, 2.43, 2.5, 2.64, 3.95, 4.28 and 
5.93 mg/kg (fresh). 

Residues of afidopyropen plus M007 in clover hay were (n=9): 1.92. 2.23, 2.26, 3.23, 3.50, 3.58, 
4.37, 4.42 and 8.55 mg/kg (as received). 

The Meeting estimated a maximum residue level of 10 mg/kg (dry matter, based on 89 percent 
dry-weight) for afidopyropen and a median and highest residue for afidopyropen plus M007 in clover 
fodder (as received) of 3.5 mg/kg and 8.55 mg/kg, respectively. 

Grass hay 

Afidopyropen is registered in the United States for the use on grass animal feed crops with a maximum 
GAP involving two foliar spraying of 0.022 kg ai/ha followed by 0.036 kg ai/ha (7 day RTI) and a PHI of 0 
days for cutting. The maximum rate is 0.058 kg ai/ha per year. 

Supervised field trials conducted in the United States on grass were provided approximating the 
cGAP. Grass was cut according to GAP treatment and left in the field to dry until commercial dryness. 

Residues of afidopyropen in grass hay were (n=12): 2.39, 2.59, 2.77, 3.15, 3.27, 3.48, 4.12, 4.46, 
4.64, 4.82, 5.76 and 8.38 mg/kg (DM based). 

Residues of afidopyropen plus M007 in grass hay were (n=12): 3.36, 3.69, 3.83, 4.53, 5.24, 5.85, 
6.79, 7.06, 7.13, 8.9, 14.0 and 14.9 mg/kg (DM based). 

The Meeting estimated a maximum residue level of 15 mg/kg (dry-matter, trial specific dry-
weight basis) for afidopyropen and a median and highest residue for afidopyropen plus M007 in grass hay 
(dry-matter) of 6.32 mg/kg and 14.9 mg/kg, respectively. 

Sorghum stover 

Afidopyropen is registered in the United States for the use on sorghum with a maximum GAP involving 
two foliar spraying of 0.02 kg ai/ha each (14 day RTI) and a PHI of 14 days for stover. The maximum rate 
is 0.044 kg ai/ha per year. 

Supervised field trials conducted in the United States on sorghum were provided approximating 
the cGAP.  

Residues of afidopyropen in sorghum stover were (n=12): 0.0105, 0.011, 0.0155, 0.0155, 0.0205, 
0.0305, 0.048, 0.0505, 0.081, 0.085, 0.119, 0.14 mg/kg (fresh). 

Residues of afidopyropen plus M007 in sorghum stover were (n=12): 0.0205, 0.021, 0.0255, 
0.0255, 0.0305, 0.0405, 0.0605, 0.0635, 0.091, 0.098, 0.134 and 0.155 mg/kg (as received). 

The Meeting estimated a maximum residue level of 0.3 mg/kg (dry matter, based on 88 percent 
dry-weight) for afidopyropen and a median and highest residue for afidopyropen plus M007 in sorghum 
stover (as received) of 0.0505 mg/kg and 0.155 mg/kg, respectively. 

Residues in animal commodities 

Farm animal feeding studies 

The 2019 Meeting evaluated farm animal feeding studies with afidopyropen on lactating cows and laying 
hens.  

In the following tables, residues in bovine tissues and milk and in poultry tissues and eggs 
according to the residue definitions for MRL setting (afidopyropen) and for exposure estimation 
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(afidopyropen + M001 + CPCA and its carnitine conjugate, expressed as afidopyropen for animal 
commodities except liver and afidopyropen + M001 + M017 + CPCA and its carnitine conjugate, expressed 
as afidopyropen for liver) are summarized. 

Table 5.1.1 Overview of mean and highest residue levels observed in the dietary feeding study with 
lactating cows 

 1.54 ppm  4.61 ppm  15.3 ppm  
 parent Total a  parent Total a  parent Total a  

Liver 0.017 (0.019) 0.15 
(0.15) 

0.046 (0.056) 0.18 
(0.19) 

0.19 
(0.20) 

0.36 
(0.37) 

Kidney < 0.01 
(< 0.01) 

< 0.13 
(< 0.13) 

< 0.01 
(< 0.01) 

< 0.13 
(< 0.13) 

< 0.01 
(< 0.01) 

< 0.13 
(< 0.13) 

Muscle < 0.01 
(< 0.01) 

< 0.13 
(< 0.13) 

< 0.01 
(< 0.01) 

0.15 
(0.17) 

< 0.01 
(< 0.01) 

0.29 
(0.29) 

Fat < 0.01 
(< 0.01) 

< 0.13 
(< 0.13) 

< 0.01 
(< 0.01) 

< 0.13 
(< 0.13) 

< 0.01 
(< 0.01) 

< 0.13 
(< 0.13) 

Milk  < 0.001 
(< 0.001 

< 0.013 
(< 0.013) 

< 0.001 
(< 0.001 

0.016 (0.020) < 0.001 
(< 0.001 

0.035 (0.044) 

Notes: 
a Total residues include parent+M001+CPCA-carnitine, corrected for their respective molecular weights in g/mol (parent = 
593.67, M001 = 457.52, CPCA-carnitine =265.74). In liver residue levels of parent were corrected for M017 using a correction 
factor of 1.2.  

Source: FAO and WHO. 2020. Pesticide residues in food 2019 - Report 2019 - Joint FAO/WHO Meeting on Pesticide Residues. 
Rome. 

 

Table 5.1.2 Overview of mean (and highest) residue levels observed in the dietary feeding study with 
laying hens  

 0.20 ppm  0.62 ppm  2.0 ppm  
 parent Total a  parent Total a  parent Total a  

Liver 0.010 (0.011) 0.14 
(0.15) 

0.025 (0.027) 0.16 
(0.17) 

0.085 (0.095) 0.24 
(0.28) 

Muscle < 0.01 (< 0.01) < 0.13 
(< 0.13) 

< 0.01 (< 0.01) < 0.13 (< 0.13) 0.011 (0.012) 0.14 
(0.13) 

Fat < 0.01 (< 0.01) < 0.13 
(< 0.13) 

0.011 (0.012) 0.14 
(0.14) 

0.036 (0.042) 0.16 
(0.17) 

Eggs < 0.01 (< 0.01) < 0.13 
(< 0.13) 

0.011 
(0.018) b  

0.14 
(0.14) 

0.026 (0.036) 0.15 
(0.16) 

Notes: 
a Total residues include parent+ M001+CPCA-carnitine (+ M017 in liver) corrected for molecular weight differences in g/mol 
(parent = 593.67, M001 = 457.52, M017 = 609.7; CPCA-carnitine =265.74). 
b Results from day 28 and 32 only. 

Source: FAO and WHO. 2020. Pesticide residues in food 2019 - Report 2019 - Joint FAO/WHO Meeting on Pesticide Residues. 
Rome. 

 

Farm animal dietary burden 

Dietary burdens were calculated for beef cattle, dairy cattle, broilers and laying poultry based on feed 

items evaluated by the JMPR in 2019 and the current recommendations. The dietary burdens, estimated 
using the most recent version of the OECD livestock dietary burden calculator diets are presented in 





34 Afidopyropen 

The Meeting confirms its previous recommendation on maximum residue levels of 
0.001(*) mg/kg in milk, 0.3 mg/kg in edible offal (based on liver), 0.01(*) mg/kg in meat (mammalian 
except marine mammals) and 0.01(*) mg/kg in mammalian fats.  

For estimating dietary exposure, calculated HR values are: 0.45 mg/kg for edible offal (based on 
liver), 0.34 mg/kg for muscle, and 0.15 mg/kg for kidney and fat and 0.042 mg/kg in milk. Calculated 
STMRs are: 0.25 mg/kg edible offal (based on liver), 0.21 mg/kg for muscle, 0.13 mg/kg for kidney and 
fat, and 0.024 mg/kg for milk. 

Poultry 

The calculations used to estimate maximum residue levels, STMR and HR values for poultry matrices are 
shown below.  

Table 5.1.5 Anticipated residues of afidopyropen in poultry commodities 

 Feed Level 
(ppm) for egg 

residues 

Total 
residues 

(mg eq/kg) 
in egg 

Feed Level 
(ppm) for 

tissue residues 

Total residues (mg eq/kg) 
Muscle Liver Fat 

HR Determination (poultry broiler or layer) - Parent + M001+ CPCA-carnitine + M017 (liver only) 
Feeding Study 0.62 0.14 0.62 < 0.13 0.17 0.14 

 2.0 0.16 2.0 0.14 0.28 0.17 
Dietary burden and estimate of 

highest residue 
1.2 0.149 1:2 0.134 0.22 0.16 

STMR Determination (poultry broiler or layer)–Parent + M001+ CPCA-carnitine + M017 (liver only) 
Feeding Study 0.20 < 0.13 0.20 < 0.13 0.14 < 0.13 

 0.62 0.14 0.62 < 0.13 0.16 0.14 
Dietary burden and estimate of 

median residue 
0.54 0.138 0.54 < 0.13 0.156 0.138 

MRL Estimation (poultry broiler of layer)–Parent only 
Feeding Study 0.62 0.018 0.62 < 0.01 0.011 < 0.01 

 2.0 0.036 2.0 < 0.01 0.027 0.012 
Dietary burden and estimate of 

highest residue 
1.2 0.027 1.2 < 0.01 0.019 0.011 

 

The Meeting confirms its previous recommendation on a maximum residue level of 0.01(*) mg/kg 
in poultry meat (muscle). 

The Meeting estimated maximum residue levels of 0.015 mg/kg in poultry fat, 0.02 mg/kg in 
poultry edible offal and 0.03 mg/kg in eggs to replace its previous recommendation.  

For estimating dietary exposure calculated HR values are: 0.22 mg/kg for poultry edible offal 
(based on liver), 0.134 mg/kg for muscle, 0.16 mg/kg for fat and 0.149 mg/kg for eggs. Calculated STMRs 
are: 0.156 mg/kg for liver and poultry edible offal (based on liver), 0.13 mg/kg for muscle, 0.138 mg/kg for 
fat and 0.138 mg/kg for eggs. 

 

RECOMMENDATIONS  

On the basis of the data from supervised trials, the Meeting concluded that the residue levels listed in 
Annex 1 are suitable for establishing maximum residue limits and for IEDI and international estimate of 
short-term intakes assessment. 
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Definition of the residue for compliance with the MRL for plant and animal commodities: 
afidopyropen 

Definition of the residue for dietary risk assessment for plant commodities: sum of afidopyropen + 
dimer of [(3R,6R,6aR,12S,12bR)-3-[(cyclopropanecarbonyl)oxy]-6,12-dihydroxy-4,6a,12b-trimethyl-11-oxo-9-
(pyridin-3-yl)-1,3,4,4a,5,6,6a,12,12a,12b-decahydro-2H,11H-naphtho[2,1-b]pyrano[3,4-e]pyran-4-yl]methyl rac-
cyclopropanecarboxylate (M007). 

Definition of the residue for dietary risk assessment for animal commodities, except liver: 
afidopyropen + M001 + CPCA and its carnitine conjugate, expressed as afidopyropen. 

Definition of the residue fir dietary risk assessment for liver: afidopyropen + M001 + M017 + CPCA 
and its carnitine conjugate, expressed as afidopyropen. 

The residue is not fat-soluble. 

 

DIETARY RISK ASSESSMENT 

Long-term dietary exposure  

The ADI for afidopyropen is 0–0.08 mg/kg bw. The International Estimated Daily Intakes (IEDIs) for 
afidopyropen 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 2022 JMPR Report. 

The IEDIs ranged from 0–4 percent of the maximum ADI. The Meeting concluded that long-term 
dietary exposure to residues of afidopyropen from uses considered by the JMPR is unlikely to present a 
public health concern. 

Acute dietary exposure 

The ARfD for afidopyropen is 0.2 mg/kg bw for women of childbearing age and 0.3 mg/kg bw for adults 
and children. The International Estimate of Short Term Intakes (international estimate of short-term 
intakes) for afidopyropen were calculated for the food commodities and their processed commodities for 
which HRs/HR-Ps or STMRs/STMR-Ps were estimated by the present Meeting and for which consumption 
data were available. The results are shown in Annex 4 of the 2022 JMPR Report.  

The international estimate of short-term Intake were 0–1 percent of the ARfD for women of 
childbearing age and 0–2 percent of the ARfD for children and 0–1 percent of the ARfD for adults. The 
Meeting concluded that acute dietary exposure to residues of afidopyropen from uses considered by the 
present Meeting is unlikely to present a public health concern. 

 

 







38  Azoxystrobin 

The Meeting concluded that the storage stability data are adequate to support the storage 
durations in studies provided to the current Meeting. 

Results of supervised residue trials on crops 

Mango 

The cGAP for azoxystrobin on mango from Brazil is four foliar-directed applications at 120 g ai/ha with a 
7-day PHI and 14-day re-treatment interval (RTI), followed by a post-harvest dip or spray application at 
120 g ai/hL.  

In independent trials matching the cGAP for foliar + post-harvest dip applications, residues of 
azoxystrobin in whole fruit were (n=4): 1.67, 1.93, 2.11, and 2.67 mg/kg. 

In independent trials matching the cGAP for foliar + post-harvest spray applications, residues of 
azoxystrobin in whole fruit were (n=4): 1.66, 2.16, 2.31, and 2.54 mg/kg.  

The Meeting considered the foliar + post-harvest dip and foliar + post-harvest spray applications 
independent and agreed to combine the data sets to estimate a maximum residue level. 

Residues of azoxystrobin in mangos (whole fruit) from trials approximating the cGAP were (n=8): 
1.66, 1.67, 1.93, 2.11, 2.16, 2.31, 2.54, and 2.67 mg/kg.  

The Meeting estimated a maximum residue level (based on the mean + 4 SD) of 4 mg/kg (Po) for 
azoxystrobin in mangoes and withdrew its previous recommendation. 

Residues in mango flesh from trials approximating cGAP were (n=8): 0.02 (4), 0.05, 0.06 (2), and 
0.07 mg/kg. 

The Meeting estimated an STMR of 0.035 mg/kg for mango flesh.  

Papaya 

The cGAP for azoxystrobin on papaya from Brazil is four foliar-directed applications at 100 g ai/ha with a 
3 day PHI and 14 day re-treatment interval (RTI), followed by a post-harvest dip or spray application at 
120 g ai/hL. 

In independent trials matching the cGAP for foliar + post-harvest dip applications, residues of 
azoxystrobin were (n=4): 1.12, 1.13, 1.22, and 2.40 mg/kg. 

In independent trials matching the cGAP for foliar + post-harvest spray applications, residues of 
azoxystrobin were (n=4): 0.93, 1.31, 1.33, and 1.50 mg/kg. 

The Meeting considered the foliar + post-harvest dip and foliar + post-harvest spray applications 
independent and agreed to combine the data sets to estimate a maximum residue level. 

Residues of azoxystrobin in mangos (whole fruit) from trials approximating the cGAP were (n=8): 
0.93, 1.12, 1.13, 1.22, 1.31, 1.33, 1.50, and 2.40 mg/kg. 

The Meeting estimated a maximum residue level (based on mean + 4 SD) of 4 mg/kg (Po) for 
azoxystrobin in papaya to replace its previous recommendation. 

Residues in papaya flesh from trials approximating the cGAP were (n=8): 0.01, 0.05 (2), 0.10 (2), 
0.12, 0.13, and 0.17 mg/kg. 

The Meeting estimated an STMR of 0.10 mg/kg for papaya flesh. 
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45 Benzovindiflupyr 

Stability of pesticide residues in stored analytical samples 

The Meeting agreed that the demonstrated storage stability on various representative plant commodities 
evaluated by the JMPR 2014 covered the residue sample storage intervals used in the field trials and 
processing studies considered by the current Meeting.  

Residue definition 

The Meeting received additional toxicological information on hydroxy-benzovindiflupyr (SYN 546039) and 
the three cleavage products: pyrazole amide (SYN 508272), pyrazole acid (NOA 449410) and N-desmethyl 
pyrazole acid (SYN 545720). The three cleavage products are common to other pyrazole fungicides like 
bixafen, fluindapyr, fluxapyroxad, inpyrfluxam, isopyrazam and sedaxane. The 2014 JMPR concluded that 
these metabolites were not relevant for the residue definition, because the residue levels were low and/or 
because the toxicity was much lower than parent.  

The current Meeting concluded that the three cleavage products (pyrazole amide, pyrazole acid 
and N-desmethyl pyrazole acid) are not covered by the health based guidance values of benzovindiflupyr 
and should be assessed by TTC (Cramer class III). 

Hydroxy-benzovindiflupyr (SYN 546039 including conjugates) was found at significant levels in 
the metabolism studies on legume forage/fodder (9.2–12 percent TRR, 0.34–1.6 mg/kg eq), moderate 
levels in cereal hay/straw (0.5–3,6 percent TRR, 0.032–0.23 mg/kg eq) and low levels in fruit crops, cereal 
grains/forage and seeds of pulses/oilseed (0.1–2.1 percent TRR, < 0.01 mg/kg eq). 

Actual levels of hydroxy-benzovindiflupyr (including conjugates) in field trials conducted at cGAP 
were 0.92–3.5 mg/kg in legume hay, 0.15–0.71 mg/kg in legume forage, 0.040–1.2 mg/kg in cereal 
hay/straw, < 0.01–0.32 mg/kg in cereal forage and 0.018–0.19 mg/kg in grapes. Hydroxy-
benzovindiflupyr (including conjugates) levels in other crops were low: < 0.01 mg/kg in pome fruit, bulb 
onions, dry beans, soya beans, potatoes, sweet corn, sugar cane, rape seed, peanuts, and < 0.01–
0.035 mg/kg in fruiting vegetables, dry peas, cereal grains and coffee beans.  

Hydroxy-benzovindiflupyr (including conjugates) was found in the livestock metabolism studies 
evaluated by the 2014 JMPR: mammalian muscle, fat and milk (22 percent–39 percent TRR, < 0.01–
0.035 mg/kg eq); mammalian edible offal (22–50 percent TRR, 0.040–0.65 mg/kg eq); and eggs (12–
22 percent TRR; 0.014–0.015 mg/kg eq). It was found at low levels in poultry tissues (1.3–5.2 percent 
TRR, < 0.01 mg/kg eq).  

Actual levels of hydroxy-benzovindiflupyr (including conjugates) in feeding studies on lactating 
cows at the maximum dietary burden were < 0.01 mg/kg in milk and muscle, 0.019 mg/kg in fat and 
0.037 mg/kg in mammalian offal. No feeding studies on poultry were available. Based on the metabolism 
studies, actual levels of hydroxy-benzovindiflupyr (including conjugates) in poultry tissues and eggs are 
expected to be < 0.01 mg/kg at the maximum dietary burden. The current Meeting concluded that this 
metabolite is 10 times less toxic than parent.  

Because the contribution of hydroxybenzovindiflupyr to the overall dietary risk is low (4.5 percent 
relative exposure increase), the Meeting confirmed that hydroxy-benzovindiflupyr should not be included 
in the residue definition for dietary risk assessment for either plant or animal commodities.  

The Meeting therefore confirmed its definition of the residue for compliance with the MRL and 
dietary risk assessment for plant and animal commodities as: benzovindiflupyr.  
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Commodity Compound Selected residues (mg/kg) 
on combined data from cucumbers, summer squash and melons 

 SYN 546039including 
conjugates 

< 0.01 (14), 0.014, 0.014, 0.018 (n=17) mg/kg with an HR of 0.018 mg/kg 
and an STMR of 0.01 mg/kg 

Group of Fruiting 
vegetables, other than 
Cucurbits 

Parent (corrected values in 
bold) 

< 0.01, 0.040, 0.040, 0.044, 0.053, 0.054, 0.060, 0.060, 0.061, 0.085, 0.093, 
0.10, 0.11, 0.14, 0.20, 0.35, 0.36, 0.38, 0.43, 0.62 mg/kg (n=20) with an HR 
of 0.72 mg/kg (highest individual) and an STMR of 0.089 mg/kg 

 SYN 546039including 
conjugates 

< 0.01 (19), 0.016 mg/kg with an HR of 0.016 mg/kg and an STMR of 
0.01 mg/kg 

Subgroup of dry beans 
(excl soya beans) 

Parent (corrected values in 
bold) 

< 0.01 (5), 0.010, 0.010, 0.011, 0016, 0.020, 0.044, 0.044, 0.078 mg/kg 
(n=13) with an STMR of 0.010 mg/kg 

 SYN 546039 including 
conjugates 

< 0.01 (13) mg/kg with an STMR of 0.01 mg/kg 

 SYN 545720  < 0.01 (13) mg/kg with an STMR of 0.01 mg/kg 
Dry soya beans Parent (corrected values in 

bold) 
< 0.01 (15), 0.011, 0.012, 0.018, 0.064 mg/kg (n=19) with an STMR of 
0.01 mg/kg 

 SYN 546039including 
conjugates 

< 0.01 (19) mg/kg with an STMR of 0.01 mg/kg 

 SYN 545720  < 0.01 (19) mg/kg with an STMR of 0.01 mg/kg 
Subgroup of dry peas Parent (corrected values in 

bold) 
< 0.01 (4), < 0.01, 0.014, 0.024, 0.033, 0.054, 0.11 mg/kg (n=10) with an 
STMR of 0.012 mg/kg 

 SYN 546039including 
conjugates 

< 0.01 (9), 0.025 mg/kg (n=10) with an STMR of 0.01 mg/kg 

 SYN 545720  < 0.01 (9), 0.020 mg/kg (n=10) with an STMR of 0.01 mg/kg 
Potatoes Parent (corrected values in 

bold) 
< 0.01 (8), 0.010, 0.013, 0.014, 0.015 mg/kg (n=12) with an HR of 0.018 
mg/kg (highest individual) and an STMR of 0.01 mg/kg  

 SYN 546039including 
conjugates 

< 0.01 (12) mg/kg (n=12) with an HR of 0.01 mg/kg and an STMR of 
0.01 mg/kg 

Wheat, rye and triticale Parent (corrected values in 
bold) 

< 0.01 (8), 0.011, 0.012 (2), 0.014, 0.017, 0.020, 0.021, 0.025 (2), 0.026 (2), 
0.027, 0.030, 0.032, 0.034, 0.040, 0.041, 0.042, 0.046, 0.059, 0.066, 
0.073 mg/kg (n=30) with an STMR of 0.023 mg/kg 

 SYN 546039including 
conjugates 

< 0.01 (29), 0.011 mg/kg (n=30) with an STMR of 0.01 mg/kg 

Barley and oats Parent (corrected values in 
bold) 

0.014, 0.029, 0.061, 0.078, 0.15, 0.21, 0.26, 0.32, 0.42, 0.54, 0.59 mg/kg 
(n=11) with an STMR of 0.21 mg/kg 

 SYN 546039including 
conjugates 

< 0.01 (9), 0.025, 0.035 mg/kg (n=11) with an STMR of 0.01 mg/kg  

Sweetcorn on the cob 
(with husks removed) 

Parent JMPR 2016: < 0.01 (15) mg/kg with an HR of 0.01 mg/kg and an STMR of 
0.01 mg/kg based on trials in the US 

 SYN 546039including 
conjugates 

< 0.01 (15) mg/kg (n=15) with an HR of 0.01 mg/kg and an STMR of 
0.01 mg/kg 

Sugar cane canes (and 
tops) 

Parent (corrected values in 
bold) 

0.013, 0.030, 0.062, 0.068, 0.070, 0.12, 0.14, 0.21 mg/kg (n=8) with an HR 
of 0.25 mg/kg (highest individual) and an STMR of 0.069 mg/kg 

 SYN 546039including 
conjugates 

< 0.01 (8) mg/kg (n=8) with an HR of 0.01 mg/kg and an STMR of 
0.01 mg/kg  

Rapeseed, seed Parent JMPR 2016: < 0.01 (2), 0.011, 0.019, 0.023, 0.031, 0.045, 0.062 and 
0.10 mg/kg (n=9) with an STMR of 0.023 mg/kg based on trials in Canada 

 SYN 546039including 
conjugates 

< 0.01 (9) mg/kg (n=9) with an STMR of 0.01 mg/kg 

 SYN 545720  < 0.01 (9) mg/kg (n=9) with an STMR of 0.01 mg/kg 
Peanuts, nutmeat Parent JMPR 2016 < 0.01 (4), 0.020 (2) mg/kg (n=6) with an STMR of 0.01 mg/kg 

based on trials in Brazil 
 SYN 546039including 

conjugates 
< 0.01 (6) mg/kg (n=6) with an STMR of 0.01 mg/kg 

 SYN 545720  < 0.01 (6) mg/kg (n=6) with an STMR of 0.01 mg/kg 
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Commodity Compound Selected residues (mg/kg) 
Coffee beans, green Parent JMPR 2016: < 0.01 (3), 0.020 (2), and 0.070 mg/kg (n=6) with an STMR of 

0.015 mg/kg based on trials in Brazil 
 SYN 546039including 

conjugates 
< 0.01, < 0.01, < 0.01, < 0.01, < 0.01, 0.020 mg/kg (n=6) with an STMR of 
0.01 mg/kg 

 SYN 545720  < 0.01 (6) mg/kg (n=6) with an STMR of 0.01 mg/kg 
Legume forage (excl 
peanuts and soya bean) 

Parent (corrected values in 
bold) 

0.28, 0.29, 0.43, 0.61, 0.93 mg/kg (n=5) with a highest residue of 
0.97 mg/kg (highest individual) and a median residue of 0.43 mg/kg (as 
received) 

 SYN 546039including 
conjugates 

0.15, 0.21, 0.34, 0.58, 0.71 mg/kg (n=5) with a highest residue of 
0.77 mg/kg (highest individual) and a median residue of 0.34 mg/kg (as 
received) 
Note: different sample choice compared to parent 

Legume hay (excl 
peanuts, soya bean) 

Parent (corrected values in 
bold) 

1.1, 1.8, 2.2, 3.1, 3.6 mg/kg (n=5) with a highest residue of 3.9 mg/kg 
(highest individual) and a median residue of 2.2 mg/kg (as received) 

 SYN 546039including 
conjugates 

0.92, 1.1, 1.1, 3.0, 3.5 mg/kg (n=5) with a highest residue of 4.4 mg/kg 
(highest individual) and a median residue of 1.1 mg/kg (as received).  
Note: different sample choice compared to parent 

Peanut hay Parent (corrected values in 
bold) 

unscaled: 0.43, 1.8, 2.7, 2.8, 2.8, 2.8, 3.0, 3.7, 6.2, 7.0, 7.2, 7.6, 9.0 mg/kg 
(n=13) with a highest residue of 10 mg/kg (highest individual) and a median 
residue of 3.0 mg/kg (as received) 
 
scaled (x0.75): highest individual residue of 7.5 mg/kg and median residue 
of 2.25 mg/kg (as received) 

 SYN 546039including 
conjugates 

unscaled: 0.031, 0.12, 0.14, 0.21, 0.26, 0.26, 0.30, 0.34, 0.31, 0.44, 0.66, 
0.71, 1.3 mg/kg (n=13) with a highest residue of 1.8 mg/kg (highest 
individual) and a median residue of 0.30 mg/kg (as received). 
 
scaled (x0.75): highest individual residue of 1.35 mg/kg and median residue 
of 0.225 mg/kg (as received).  

Wheat, barley, oat, rye, 
triticale forage 

Parent (corrected values in 
bold) 

< 0.01, 0.38, 0.40, 0.45, 0.48, 0.55, 0.56, 0.62, 0.66, 0.71, 0.73, 0.74, 0.82, 
0.90, 0.94, 1.0, 1.1, 1.2, 1.2, 1.2, 1.3, 1.3, 1.4, 1.4, 1.4, 1.8, 1.8, 1.8, 1.9, 2.0, 
2.2, 3.4 mg/kg (n=32) with a highest residue of 3.7 mg/kg (highest 
individual) and a median residue of 1.05 mg/kg (as received) 

 SYN 546039including 
conjugates 

< 0.01, 0.022, 0.024, 0.043, 0.045, 0.058, 0.064, 0.077, 0.082, 0.084, 0.086, 
0.086, 0.087, 0.088, 0.093, 0.095, 0.10, 0.10, 0.10, 0.11, 0.11, 0.11, 0.15, 
0.15, 0.16, 0.16, 0.16, 0.16, 0.16, 0.18, 0.31, 0.32 mg/kg (n=32) with a 
highest residue of 0.38 mg/kg (highest individual) and median residue 
0.0975 mg/kg (as received) 

Wheat, barley, oat, rye, 
triticale hay and straw 

Parent (corrected values in 
bold) 

0.54, 0.72, 0.78, 1.0, 1.4, 1.5, 1.6, 1.6, 1.6, 1.6, 1.8, 2.0, 2.0, 2.2, 2.2, 2.3, 2.4, 
2.5, 2.6, 2.6, 2.8, 2.9, 3.4, 3.8, 3.8, 3.9, 4.0, 4.0, 4.1, 4.7, 5.2, 5.2, 5.4, 5.5, 6.0, 
6.1, 6.2, 6.6, 6.9, 7.1, 7.2, 7.8, 8.5, 8.6, 12 mg/kg (n=45) with a highest 
residue of 12 mg/kg and a median residue of 3.4 mg/kg (as received) 

 SYN 546039including 
conjugates 

0.040, 0.061, 0.068, 0.070, 0.084, 0.085, 0.10, 0.12, 0.13, 0.14, 0.14, 0.15, 
0.15, 0.15, 0.16, 0.16, 0.18, 0.18, 0.19, 0.20, 0.20, 0.21, 0.21, 0.22, 0.24, 0.25, 
0.25, 0.26, 0.28, 0.28, 0.30, 0.32, 0.33, 0.40, 0.40, 0.40, 0.41, 0.41, 0.42, 0.42, 
0.46, 0.53, 0.65, 0.68, 1.2 mg/kg (n=45) with a highest residue of 1.3 mg/kg 
(highest individual) and a median residue of 0.21 mg/kg (as received) 

Mammals Parent STMR: muscle < 0.01, fat 0.010, edible offal 0.012, milk < 0.01 
HR: muscle < 0.01, fat 0.019, edible offal 0.064,  

 SYN 546039including 
conjugates 

STMR: muscle < 0.01, fat 0.010, edible offal 0.012, milk < 0.01 
HR: muscle < 0.01, fat 0.019, edible offal 0.037,  

Poultry Parent  STMR: muscle < 0.01, fat < 0.01, edible offal < 0.01, eggs < 0.01 
HR: muscle < 0.01, fat < 0.01, edible offal < 0.01, eggs < 0.01 

 SYN 546039including 
conjugates 

STMR: muscle < 0.01, fat < 0.01, edible offal < 0.01, eggs < 0.01 
HR: muscle < 0.01, fat < 0.01, edible offal < 0.01, eggs < 0.01 

Notes: 
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Parent corrected: after re-evaluation of the 2016 JMPR study reports, some parent values were corrected. Bold values in the 
2016 JMPR parent data and current parent data indicate which values were corrected.  

Source: Adapted from FAO and WHO 2017. Pesticide residues in food 2016–Report 2016–Joint FAO/WHO Meeting on 
Pesticide Residues. FAO Plant Production and Protection Paper, 229. Rome. 

 

 

RECOMMENDATIONS 

On the basis of the data obtained from supervised trials, the Meeting concluded that the residue levels 
listed in Annex 1 are suitable for establishing maximum residue limits and for IEDI, international estimate 
of short-term intakes and GECDE assessments. 

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

The residue is fat-soluble. 

 

DIETARY RISK ASSESSMENT 

Long-term dietary exposure 

The ADI for benzovindiflupyr is 0–0.05 mg/kg bw. The International Estimated Daily Intakes (IEDIs) for 
benzovindiflupyr were estimated for the 17 GEMS/Food Consumption Cluster Diets using the STMR or 
STMR-P values estimated by the 2022 and previous JMPRs. The results are shown in Annex 3 of the 2022 
JMPR Report. 

The IEDIs ranged from 0.27–1.9 percent of the maximum ADI. The Meeting concluded that long-
term dietary exposure to residues of benzovindiflupyr from uses considered by the 2022 and previous 
JMPRs is unlikely to present a public health concern. 

Acute dietary exposure 

The ARfD for benzovindiflupyr is 0.1 mg/kg bw. The International Estimate of Short Term Intakes 
(international estimate of short-term intake) for benzovindiflupyr were calculated for the food 
commodities and their processed commodities for which HRs/HR-Ps or STMRs/STMR-Ps were estimated 
by the present Meeting and for which consumption data were available. The results are shown in Annex 4 
of the 2020 JMPR Report.  

The international estimate of short-term intake varied from 0–10 percent of the ARfD for children 
and 0–9 percent of the ARfD for the general population. The Meeting concluded that acute dietary 
exposure to residues of benzovindiflupyr from uses considered by the present Meeting is unlikely to 
present a public health concern. 

Threshold of toxicological concern (TTC) consideration for metabolites 

The three cleavage products (pyrazole amide, pyrazole acid and N-desmethyl pyrazole acid) are common 
to other pyrazole fungicides like bixafen, fluindapyr, fluxapyroxad, inpyrfluxam, isopyrazam and sedaxane. 
In the absence of overall information on the uses of all active substances and considering the lack of a 
specific health-based guidance value, the Meeting decided there was insufficient information to perform a 
combined risk assessment for residues resulting from use with all active substances leading to formation 
of these three cleavage products. The Meeting concluded that the three cleavage products (pyrazole 
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5.4 Benzpyrimoxan (325)  

TOXICOLOGY 

Benzpyrimoxan is the ISO-approved common name for 5-(1,3-dioxan-2-yl)-4-[4-
(trifluoromethyl)benzyloxy]pyrimidine (IUPAC), Chemical Abstracts Service number 1449021-97-9. 
Benzpyrimoxan is a new insecticide having biological activity towards rice plant hoppers (Hemiptera: 
Delphacidae). Benzpyrimoxan displays strong activity towards the nymphal stages of rice plant hoppers, 
but lacks activity towards the adults. 

Benzpyrimoxan has not previously been evaluated by the Joint FAO/WHO Meeting on Pesticide 
Residues (JMPR) and was reviewed by the present Meeting at the request of the Codex Committee on 
Pesticide Residues (CCPR). All critical studies were performed according to national or international test 
guidelines and contained statements of compliance with good laboratory practice (GLP) unless otherwise 
specified. No information was identified in the public domain from a search of the PubMed, Google 
Scholar and Web of Science databases, not surprisingly for such a new chemical with an unknown 
pesticidal mode of action (MOA). 

Biochemical aspects 

The absorption, distribution, metabolism, excretion and toxicokinetic properties of benzpyrimoxan have 
been investigated in the rat using two different radiolabelled test materials (on the phenyl and pyrimidinyl 
rings) administered orally. A study in bile duct-cannulated rats with the two labels was also available. In 
addition an in vitro comparative metabolism study was provided. 

Following oral administration of 14C-labelled benzpyrimoxan as a single low dose of 
1 mg/kg body weight (bw) to rats, the compound was rapidly and extensively absorbed. In bile 
duct-cannulated rats, oral absorption was approximately 76–83 percent (mean 80 percent) of 
administered radioactivity (AR) at the low dose of 1 mg/kg bw based on the sum of radioactivity excreted 
in bile (29–46 percent AR) and urine (36–48 percent AR), and residual radioactivity in the gastrointestinal 
(GI) tract and liver (0.1 percent AR) by 72 hours after dosing. At the high single dose of 100 mg/kg bw, 
absorption was only slightly slower and less. At the low dose, radioactivity in blood and plasma reached 
maximum concentrations (Tmax) at 1–9 hours post dose, then rapidly decreased in a biphasic pattern. At 
the high dose, the area under the curve (AUC) was approximately 50–80 times higher (that is, slightly less 
than dose-proportional) when compared to the low dose, and the Tmax was in the range of 6–12 hours post 
dosing. 

No significant sex-related, dose-related or label-related differences were noted in the distribution 
profile of benzpyrimoxan. At around the Tmax the highest level of radioactivity was found in the GI 
contents, followed by the liver, plasma, GI tract itself, kidneys and adrenals. By 24 hours post dose, 
radioactivity concentrations in all organs and tissues had significantly decreased and by 168 hours post 
dose were nearly negligible, suggesting that no organs or tissues specifically retained benzpyrimoxan 
and/or its metabolites. 

The absorbed radioactivity was rapidly excreted via urine, faeces and expired air. Radioactivity in 
expired air was confirmed as 14C carbon dioxide. At the low dose, radioactivity in urine, faeces and expired 
air accounted for 39–65 percent, 33–44 percent and 6 percent AR respectively by 168 hours post dosing. 
Almost all the radioactivity excreted in faeces resulted from biliary excretion. At the high dose, 
radioactivity in urine, faeces and expired air accounted for 36–45 percent, 54–58 percent and 2.4 percent 
AR respectively by 168 hours post dosing. These data indicate that at the high dose of 100 mg/kg bw 
more radioactivity was eliminated via faeces, possibly resulting from unabsorbed material. 
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Benzpyrimoxan was extensively metabolized, with up to nine metabolites identified in plasma, 15 
in urine and six in bile. Unchanged parent compound was detected only in faeces, in small amounts 
(0.19–0.39 percent AR) at the low dose but at much higher levels (24–29 percent AR) with the high dose. 
Neither sex nor dose level had any significant impact on metabolism. Metabolite DH-05 was the only 
major metabolite in urine, accounting for 14–28 percent of administered dose (AD) at the low dose, whilst 
the DH-02 conjugates were the only major metabolites in bile, accounting for 13–14 percent AD at the low 
dose. In plasma, at the low dose, DH-01 was a major metabolite, accounting for 79–85 percent of the total 
radioactive residue (TRR) in this matrix at six hours post dosing (around the Tmax). At the high dose, DH-01 
and DH-101 were significant metabolites, accounting for 21–32 percent and 23–30 percent respectively 
of the plasma TRR at nine hours post dosing (around the Tmax). 

Overall, no significant differences between phenyl-labelled and pyrimidine-labelled 
benzpyrimoxan were seen in the absorption, distribution, metabolism, excretion or toxicokinetic profiles 
of rats. 

In an in vitro comparative metabolism study with rat, mouse, dog and human liver microsomes, 
the main metabolites detected in all species were DH-01, DH-02, DH-05, DH-22 and DH-101. There were 
no qualitative differences between species in metabolite profiles and no significant unique human 
metabolite was detected. 

Toxicological data 

The acute oral median lethal dose (LD50) of benzpyrimoxan in rats was greater than 2000 mg/kg bw and 
the dermal LD50 in rats was greater than 2000 mg/kg bw. The inhalation median lethal concentration 
(four-hour LC50) of a benzpyrimoxan aerosol in rats was greater than 3.9 mg/L, the maximum attainable 
concentration. Benzpyrimoxan was a very slight irritant to rabbit skin. It was non-irritant in an in vitro eye 
irritation test and slightly irritant to the rabbit eye in vivo. Benzpyrimoxan was sensitizing to skin in a 
Guinea pig maximization test when tested at concentrations up to 50 percent in olive oil, but was negative 
in a local lymph node assay (LLNA) at up to 10 percent in acetone/olive oil. 

The short-term toxicity of benzpyrimoxan was investigated by the dietary route in studies with 
mice, rats and dogs. The main target organs of toxicity in all species were the liver and the 
haematological system, with associated effects on spleen and/or bone marrow. In addition, effects on the 
kidney and urinary bladder, due to the deposition of crystals, with ensuing obstructive nephropathy were 
noted in mice and rats. Mice appeared the least sensitive species to the toxicity of benzpyrimoxan, with 
rats and dogs showing similar sensitivity. 

The effects on the urinary system caused by benzpyrimoxan in rats and mice, but not in dogs 
were considered unlikely to be relevant to humans. A mechanistic study showed that the different 
responses observed in rodents and dogs appeared to be due to differences in the critical concentration at 
which the main constituent of the crystals (metabolite DH-05) crystallises in the glomerular filtrate when 
it is concentrated. The effect was not due to species differences in the formation of DH-05, as this 
metabolite was formed in vitro not only in rats and mice, but also in dogs and humans. Rather the cause 
lay in a number of species differences in urinary concentration rates and urine composition. 

In the subsequent 90-day dietary study in mice, benzpyrimoxan was administered at 
concentrations of 0, 400, 2000 or 4000 (males)/6000 (females) ppm (equal to 0, 56, 282 and 
523 mg/kg bw per day for males, 0, 66, 327 and 971 mg/kg bw per day for females). The NOAEL was 
400 ppm (equal to 56 mg/kg bw per day) based on liver (hypertrophy) and spleen (extramedullary 
haemopoiesis) histopathological changes associated with changes in organ weights and/or 
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such an effect is much greater. Therefore, the finding was considered a chance observation. 
Benzpyrimoxan was negative in vivo in a bone marrow micronucleus study. 

The Meeting concluded that benzpyrimoxan is unlikely to be genotoxic. 

In view of the lack of carcinogenicity in mice and rats and the fact that the compound is unlikely 
to be genotoxic, the Meeting concluded that benzpyrimoxan is unlikely to pose a carcinogenic risk to 
humans. 

In a two-generation reproduction toxicity study, benzpyrimoxan was given in the diet to rats at 
concentrations of 0, 60, 300 or 2000 ppm (equal to 0, 2.5, 12 and 85 mg/kg bw per day for males, 0, 4.7, 
24 and 156 mg/kg bw per day for females). The NOAEL for parental toxicity was 300 ppm (equal to 
12 mg/kg bw per day), based on effects on body weight, body weight gain, feed consumption and toxicity 
to the liver and thyroid at the LOAEL of 2000 ppm (equal to 85 mg/kg bw per day). The NOAEL for 
reproductive toxicity was 300 ppm (equal to 12 mg/kg bw per day) based on a slight reduction in the 
gestation index (number of females with live pups/number of pregnant females) for the F1 generation and 
increased post-implantation loss in both generations at a LOAEL of 2000 ppm (equal to 85 mg/kg bw per 
day). The NOAEL for offspring toxicity was also 300 ppm (equal to 12 mg/kg bw per day) based on 
reduced pup body weight and reduced viability on lactation days 0, 4 and 14 at the LOAEL of 2000 ppm 
(equal to 85 mg/kg bw per day). 

In a rat prenatal developmental toxicity study, benzpyrimoxan was administered by gavage from 
gestation day (GD) 6–19 at 0, 10, 50 or 250 mg/kg bw per day. The NOAEL for maternal toxicity was 
50 mg/kg bw per day based on effects on body weight, body weight gains, feed consumption and 
placental weight at 250 mg/kg bw per day. The NOAEL for embryo/fetal toxicity was 250 mg/kg bw per 
day, the highest dose tested. 

In a rabbit prenatal developmental toxicity study, benzpyrimoxan was administered by gavage 
from GDs 6 to 27 at 0, 3, 10 or 30 mg/kg bw per day. The NOAEL for maternal toxicity was 10 mg/kg bw 
per day based on effects on body weight, body weight gains, food consumption, gravid uterine weight and 
abortions at 30 mg/kg bw per day. The NOAEL for embryo/fetal toxicity was 10 mg/kg bw per day, based 
on reduced fetal weight at 30 mg/kg bw per day. It is noted that fetal effects were most likely secondary, 
unspecific consequence of maternal toxicity. 

The Meeting concluded that benzpyrimoxan is not teratogenic. 

In an acute neurotoxicity study benzpyrimoxan was administered to rats by single gavage dose at 
0, 500, 1000 or 2000 mg/kg bw. The NOAEL for acute neurotoxicity and general toxicity was 
2000 mg/kg bw, the highest dose tested. No specific neurotoxicity study with repeated administration 
was available but functional neurological examinations in the 90-day rat study and histopathological 
examination of the brain, spinal cord and sciatic nerve in short-term and long-term studies in rats and 
mice showed no evidence of neurotoxicity. 

The Meeting concluded that benzpyrimoxan is not neurotoxic. 

No specific immunotoxicity study was available, but no concern was identified from the available 
studies. The Meeting concluded that benzpyrimoxan is unlikely to be immunotoxic. 

Toxicological data on metabolites and/or degradates 

The metabolites found in crops and livestock, and/or after high temperature hydrolysis, were DH-01, DH-
02, DH-02-glucuronide, DH-03, DH-04, DH-05, DH-06, DH-06-glucuronide, DH-07, DH-08, DH-101, DH-
102 and DH-402. 
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The Meeting concluded that it was not necessary to establish an acute reference dose (ARfD) for 
benzpyrimoxan in view of its low acute oral toxicity and the absence of developmental toxicity, 
neurotoxicity or any other toxicological effects that would be likely to be elicited by a single dose. 

A toxicological monograph was prepared. 

 

Levels relevant to risk assessment of benzpyrimoxan 

Species Study Effect NOAEL  LOAEL 

Mouse 78-week study of 
carcinogenicity a 

Toxicity 400 ppm, equal to 
40 mg/kg bw per day 

1500 ppm, equal to 
163 mg/kg bw per day 

Carcinogenicity 1500 ppm, equal to 
163 mg/kg bw per day c 

 

Rat  Acute neurotoxicity study 

b 
Neurotoxicity 

General toxicity 

2000 mg/kg bw c 

2000 mg/kg bw c 

 

Two-year studies of 
toxicity and 
carcinogenicity a 

Toxicity 300 ppm, equal to 
14 mg/kg bw per day 

1500 ppm, equal to 
69 mg/kg bw per day 

Carcinogenicity 1500 ppm, equal to 
69 mg/kg bw per day c 

 

Two-generation study of 
reproductive 
toxicity a 

Reproductive 
toxicity 

300 ppm, equal to 
12 mg/kg bw per day 

2000 ppm, equal to 
85 mg/kg bw per day 

Parental toxicity 300 ppm, equal to 
12 mg/kg bw per day 

2000 ppm, equal to 
85 mg/kg bw per day 

Offspring toxicity 300 ppm, equal to 
12 mg/kg bw per day 

2000 ppm, equal to 
85 mg/kg bw per day 

Developmental toxicity 
study b 

Maternal toxicity 50 mg/kg bw per day 250 mg/kg bw per day 

Embryo/fetal 
toxicity 

250 mg/kg bw per day c  

Rabbit Developmental toxicity 
study b 

Maternal toxicity 10 mg/kg bw per day 30 mg/kg bw per day 

Embryo/fetal 
toxicity 

10 mg/kg bw per day 30 mg/kg bw per day 

Dog 13-week and one-year 
studies of toxicity d  

Toxicity 500 ppm, equal to 
16 mg/kg bw per day 

2500 ppm, equal to 
67 mg/kg bw per day 

Metabolite DH-04 

Rat 13-week study of toxicity 
a 

Toxicity 300 ppm, equal to 
19.6 mg/kg bw per day 

1000 ppm, equal to 
65.2 mg/kg bw per day 

Notes: 
a Dietary administration. 
b Gavage administration. 
c Highest dose tested. 
d Two or more studies combined. 

 

Acceptable daily intake (ADI) applies to benzpyrimoxan, DH-01, DH-05 and DH-04 (multiplied by 3) 

0–0.1 mg/kg bw 
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Acute reference dose (ARfD) 

Not necessary 

 

Information that would be useful for the continued evaluation of the compound 

Results from epidemiological, occupational health and other such observational studies of human 
exposure. 

Critical end-points for setting guidance values for exposure to benzpyrimoxan 

Absorption, distribution, excretion and metabolism in mammals 

Rate and extent of oral absorption Rapid and extensive; 80 percent at 1 mg/kg bw 

Dermal absorption No data  

Distribution Wide; highest concentrations in liver, plasma, GI tract, kidney 
and adrenals 

Potential for accumulation No evidence of accumulation  

Rate and extent of excretion Rapid and nearly complete by 72 hours post dose via bile and 
urine 

Metabolism in animals Extensively metabolized 

Toxicologically significant compounds in animals 
and plants 

Parent, DH-01, DH-04 and DH-05 

Acute toxicity 

Rat, LD50, oral >2000 mg/kg bw 

Rat, LD50, dermal >2000 mg/kg bw 

Rat, LC50, inhalation >3.9 mg/L 

Rabbit, dermal irritation Mildly irritating  

Rabbit, ocular irritation Mildly irritating  

Guinea pig, dermal sensitization  Sensitizing (Magnussen & Kligmann) 

Short-term studies of toxicity 

Target/critical effect Liver weight and histopathology with associated 
clinical chemistry 

Lowest relevant oral NOAEL 16 mg/kg bw per day (dog) 

Lowest relevant dermal NOAEL 200 mg/kg bw per day (rat) 

Lowest relevant inhalation NOAEC 0.1 mg/L (rat) 

Long-term studies of toxicity and carcinogenicity 

Target/critical effect Decreased body weight, body weight gain, feed consumption, 
haematology and liver toxicity 

Lowest relevant NOAEL 14 mg/kg bw per day (rat) 

Carcinogenicity Not carcinogenic 

Genotoxicity Unlikely to be genotoxic 
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Reproductive toxicity 

Target/critical effect Parental: decreases in body weight, body weight gain and feed 
consumption; toxicity to liver and thyroid  

Offspring: decreased pup body weight, low viability index days 
0, 4 and 14  

Reproductive: decreased gestation index in F1 generation and 
increased post implantation loss in F1 and F2 

Lowest relevant parental NOAEL 12 mg/kg bw per day (rat) 

Lowest relevant offspring NOAEL 12 mg/kg bw per day (rat) 

Lowest relevant reproductive NOAEL 12 mg/kg bw per day (rat) 

Developmental toxicity  

Target/critical effect Maternal: decreased body weight, body weight gain, feed 
consumption and gravid uterine weight, two abortions 

Embryo/fetal: reduced fetal weight 

Lowest relevant maternal NOAEL 10 mg/kg bw per day (rabbit) 

Lowest relevant embryo/fetal NOAEL 10 mg/kg bw per day (rabbit) 

Neurotoxicity  

Acute neurotoxicity NOAEL >2000 mg/kg bw, highest dose tested (rat). 

Subchronic neurotoxicity NOAEL No evidence from routine studies 

Developmental neurotoxicity NOAEL No data 

Other toxicological studies  

Immunotoxicity No evidence from routine studies 

Studies on toxicologically relevant metabolites 
Metabolite DH-04 Acute oral LD50: >2000 mg/kg bw (rat) 

90-day NOAEL: 19.6 mg/kg bw per day (rat) 

Not genotoxic (Ames, micronucleus in vitro) 

Microbiological data No information available 

Human data No clinical cases or poisoning incidents have been recorded  

Summary 

 Value Study Safety factor 

ADI 0–0.1 mg/kg bw a Rabbit developmental study  100 

ARfD Unnecessary   

Notes: 
a ADI applies to benzpyrimoxan, DH-01, DH-05 and DH-04 (multiplied by 3). 
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Benzpyrimoxan-CH2OH (DH-02) (free and conjugated) was found as a major metabolite in liver 
(3.1–22 percent TRR, 0.019–0.051 mg eq/kg) and kidney (5.9–16 percent TRR, 0.011–0.039 mg eq/kg). 
Benzpyrimoxan-CH2OH-2-OH (DH-06) (free and conjugated) was the major metabolite in liver (4.8–
15 percent TRR, 0.029–0.036 mg eq/kg) and benzpyrimoxan-acid (DH-01) in kidney (16–20 percent TRR, 
0.038 mg eq/kg). 

Benzpyrimoxan-2-OH (DH-04) was identified as a minor metabolite in liver (2.6–3.1 percent TRR, 
0.006–0.019 mg eq/kg) and benzpyrimoxan-benzoyl-glycine (DH-402) in kidney (7.9 percent TRR, 
0.019 mg eq/kg). 

Laying hens 

Laying hens received daily oral dosing for 7 consecutive days of [Phenyl-U-14C]-benzpyrimoxan at a rate 
equivalent to 11 ppm in the diet and of [Pyrimidinyl-4(6)-14C]-benzpyrimoxan at 13 ppm. The hens were 
sacrificed 6 hours after the last dose. 

TRRs in tissues were highest in liver (0.066–0.19 mg eq/kg) and subcutaneous fat (0.065–
0.18 mg eq/kg), followed by abdominal fat (0.042–0.063 mg eq/kg) and leg and breast muscle (0.003–
0.014 mg eq/kg). Residue levels in egg white reached a plateau of 0.006–0.009 mg eq/kg by days 4–7 
and those in egg yolk reached a plateau of 0.13–0.20 mg eq/kg by day 5–7. 

Liver, muscle and egg were extracted with acetonitrile/water and acetonitrile, and fat with 
hexane/acetone and acetone. Liver, muscle and egg were further extracted with acetonitrile/0.1 mol/L 
HCl. Good extractability was achieved for fat samples (95–96 percent TRR). Over 50 percent TRR was 
extracted from liver and muscle samples (neutral solvent: 54–79 percent TRR, ACN/HCl: 1.7–2.2 percent 
TRR), and 34–73 percent TRR from eggs (neutral solvent: 31–67 percent TRR, ACN/HCl: 2.9–6.7 percent 
TRR). 

Benzpyrimoxan was the predominant component in muscle (43 percent TRR, 0.006 mg/kg) and 
fat (71 percent TRR, 0.043–0.089 mg/kg), a minor residue in eggs (5.7–13 percent TRR, 0.002–
0.004 mg/kg) and was not detected in liver. 

DH-05 was identified as a major metabolite in liver (20–28 percent TRR, 0.012–0.050 mg eq/kg). 
DH-02 was a major metabolite in liver (6.1–22 percent TRR, 0.011–0.013 mg eq/kg), fat (9.8–14 percent 
TRR, 0.006–0.018 mg eq/kg)and was identified as a major metabolite in muscle (14 percent TRR) and egg 
(13–27 percent TRR), but at levels below 0.01 mg eq/kg. DH-06 was found as a minor component in liver 
(3.3 percent TRR, 0.002–0.006 mg eq/kg). No other metabolites were identified. 

Conclusions 

Parent benzpyrimoxan is the minor residue or no residue in animal commodities except hen muscle and 
fat. The major metabolites of benzpyrimoxan in farm animals are formed by hydrolysis of the acetal 
moiety to form a hydroxymethyl moiety (DH-02 and DH-06) and its resulting carboxylic acid moiety (DH-
01 and DH-05), followed by conjugation to glucuronides. Hydroxylation of a pyrimidine ring are also 
observed.  

Environmental fate 

The Meeting received aerobic soil (paddy and upland) metabolism, aqueous hydrolysis and aqueous 
photolysis studies for benzpyrimoxan. 

In the aerobic paddy soil metabolism study conducted in a vessel with phenyl and pyrimidinyl 
radiolabelled benzpyrimoxan, benzpyrimoxan was degraded in paddy soil very gradually with a DT50 of > 1 
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year at 25 °C. Benzpyrimoxan was detected with 73–95 percent AR during 180 days incubation period. 
Several identified and unknown degradates were detected, however, none of which accounted for more 
than 10 percent of AR throughout the study period for both radiolabels. 

In the aerobic upland soil metabolism study conducted in a vessel with phenyl and pyrimidinyl 
radiolabelled benzpyrimoxan, benzpyrimoxan was gradually degraded in upland soil with a DT50 of 124 
days at 25 °C. Benzpyrimoxan was detected as the major component with 33 percent AR after 180 days 
incubation. Several identified degradants were detected but accounted for less than 10 percent of AR and 
did not accumulate 

In conclusion, benzpyrimoxan was gradually degraded in soil, and the breakdown products also 
moderately degraded to form unextracted residue and CO2. Benzpyrimoxan is persistent in soil.  

In the aqueous hydrolysis study, benzpyrimoxan was hydrolytically stable at pH 7 and 9 at 50 °C 
but decomposed at pH 4 with a DT50 of 50–51 days at 25 °C. The hydrolysis product was benzpyrimoxan-
enamine aldehyde (DH-08) with maximum amounts of 13 percent AR. Several identified and unknown 
hydrolysis products accounted for less than 10 percent of AR. Hydrolysis is unlikely to be a major route of 
environmental degradation. 

In the aqueous photolysis study, benzpyrimoxan was photolytically stable at 25 °C for 25 days. 
Photolysis in water is unlikely to be a major route of environmental degradation. 

Rotational crop metabolism 

No rotational crop studies were provided to the Meeting. 

The Meeting noted that residue of benzpyrimoxan may be taken up by follow-on and rotational 
crops since this compound is persistent in soil,  

The Meeting considered that information on the agricultural practice for paddy rice cultivation 
and International Harmonised Guidelines (OECD TG504) indicated potential crop rotation for paddy rice.  

The Meeting could not conclude on the residues related to benzpyrimoxan in rotational crops. 

Methods of analysis 

The Meeting received information on analytical methods for benzpyrimoxan and its metabolites in plant 
and animal matrices. 

Plant matrices 

In the method for determination of benzpyrimoxan and benzpyrimoxan-2-OH (DH-04) in rice matrices 
(grain, husked rice, polished rice, cooked rice, bran and straw), samples were extracted with 
acetonitrile/water and acetonitrile/0.1 mol/L HCl (After SPE clean-up, residues were determined by LC-
MS/MS. The method was validated with an LOQ of 0.01 mg/kg for each analyte. 

A QuEChERS method was also validated for benzpyrimoxan and DH-04 in husked rice with an LOQ 
of 0.01 mg/kg for each analyte. 

The Meeting concluded that the presented methods were sufficiently validated and are suitable to 
measure benzpyrimoxan and DH-04 in rice commodities. 

Animal matrices  

In the method for determination of benzpyrimoxan, benzpyrimoxan-acid (DH-01), benzpyrimoxan-CH2OH 
(DH-02), benzpyrimoxan-2-OH (DH-04), benzpyrimoxan-acid-2-OH (DH-05) and benzpyrimoxan-CH2OH-2-
OH (DH-06), cow tissues (muscle, liver, kidney) and cream samples were extracted with acetonitrile/water 
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The Meeting decided that the suitable analytes for dietary risk assessment are benzpyrimoxan 
and benzpyrimoxan-2-OH. 

Animal commodities 

In animal metabolism studies, benzpyrimoxan was the predominant component in hen muscle (43 percent 
TRR, 0.006 mg eq/kg) and hen fat (71 percent TRR, 0.043–0.089 mg eq/kg), but the minor residue in goat 
liver (2.3 percent TRR, 0.014 mg/kg) and eggs (5.7–13 percent TRR, 0.002–0.004 mg/kg), and not 
detected in hen liver, goat kidney, goat muscle, goat fat and milk. 

Benzpyrimoxan-acid-2-OH (DH-05) was the predominant component of the residue in goat kidney 
(40–47 percent TRR) and milk (59–86 percent TRR), and the major residue in liver (goat: 6.4–11 percent 
TRR, hen: 20–28 percent TRR). 

Benzpyrimoxan-acid (DH-01) was only found in goat kidney (16–20 percent TRR) and it may be 
converted to DH-05 in liver, kidney and fat during storage and/or analysis. The Meeting considered that 
interconversion of DH-01 to DH-05 may have occurred in the matrices due to the storage interval between 
sampling and extraction of 24–50 days in animal metabolism studies. 

The Meeting decided that the suitable analytes for enforcement purposes are parent 
benzpyrimoxan, DH-01 and DH-05 in animal commodities. 

The metabolism and feeding studies for ruminant show that total residues of benzpyrimoxan, DH-
01 and DH-05 in skim milk are 1.5 times higher than in cream. Laying hen metabolism study shows that 
total residues in fat are higher than in muscle, but the ratio does not show a clear fat solubility.  

The Meeting considered the residues of benzpyrimoxan not to be fat-soluble. 

In deciding which compounds should be included in the residue definition for dietary risk 
assessment, the Meeting considered the likely occurrence of the compound and the toxicological 
properties of the candidates DH-01, DH-02 (free and conjugated), DH-05 and DH-06 (free and conjugated). 

DH-02 (free and conjugated) was a major metabolite in only goat liver (3.1–22 percent TRR, 
0.019–0.051 mg eq/kg) and kidney (5.9–16 percent TRR, 0.011–0.039 mg eq/kg) and DH-06 (free and 
conjugated) only in goat liver (4.8–15 percent TRR, 0.029–0.036 mg eq/kg). 

Since liver and kidney contributes little to the total dietary exposure and an ARfD for 
benzpyrimoxan was not considered necessary, the Meeting concluded that these metabolites should not 
be included in the residue definition for dietary risk assessment.  

The Meeting concluded that the toxicities of DH-01 (benzpyrimoxan-acid) and DH-05 
(benzpyrimoxan-acid-2-OH) were covered by the health-based guidance values for parent compound. 

The Meeting decided to define the residue for dietary risk assessment for animal commodities as 
the sum of benzpyrimoxan, benzpyrimoxan-acid and benzpyrimoxan-acid-2-OH, expressed as 
benzpyrimoxan. 

The Meeting recommended the following residue definitions for benzpyrimoxan: 

Definition of the residue for compliance with the MRL for rice commodities: Benzpyrimoxan 

Definition of the residue for dietary risk assessment for rice commodities: Sum of benzpyrimoxan 
and 3 × benzpyrimoxan-2-OH, expressed as benzpyrimoxan 

Definition of the residue for compliance with the MRL and dietary risk assessment for animal 
commodities: Sum of benzpyrimoxan, benzpyrimoxan-acid and benzpyrimoxan-acid-2-OH, expressed as 
benzpyrimoxan 
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The Meeting considers the residue not to be fat-soluble. 

Results of supervised residue trials on crops 

Supervised trials were available for the use of benzpyrimoxan on rice.  

Product labels were available from Japan. 

Total residues for estimation of dietary exposure from food commodities are calculated by 
summing up the concentrations of benzpyrimoxan and 3 × benzpyrimoxan-2-OH (expressed as 
benzpyrimoxan equivalents), because benzpyrimoxan-2-OH is three times higher toxicity than parent 
benzpyrimoxan. The method of calculation is illustrated below. 

Example of the method for calculation of total residues (mg/kg) for dietary exposure 

Benzpyrimoxan Benzpyrimoxan-2-OH (DH-04) Total 
< 0.01 < 0.01 × 3 < 0.04 
< 0.01 0.025 × 3 0.085 

 

For the purpose to calculating the livestock animal dietary burden, no factor of 3 is applied to the 
residue levels of the metabolite. Total residues are benzpyrimoxan + benzpyrimoxan-2-OH, expressed as 
benzpyrimoxan. 

As no studies on residues in follow-on and rotational crops were provided to the Meeting, no 
estimations for maximum residue levels, STMR and median residues levels in annual crops sown/planted 
after rice cultivation could be made. The supervised residue trials with direct application and studies on 
rotational crops will be evaluated together at a future meeting when all results will be available. 

Rice 

The critical GAP for rice in Japan allows three spray applications of 0.01 kg ai/hL with a PHI of 7 days. 
Data were available from supervised trials on rice in Japan matching Japanese GAP. 

Benzpyrimoxan residues in rice grain with husk were (n=5): 1.2, 1.6, 1.9, 2.0 and 3.4 mg/kg. 

Total residues in rice grain were (n=5): 1.7, 2.8, 3.7, 3.9 and 5.6 mg/kg. 

For the purposes to calculate the livestock animal dietary burden residues (benzpyrimoxan plus 
DH-04, expressed as benzpyrimoxan) in rice grain were (n=5): 1.4, 2.0, 2.5, 2.6 and 4.1 mg/kg. 

As indicated no recommendation could be made for rice. Benzpyrimoxan residues in husked rice 
were (n=8): 0.06, 0.10, 0.20, 0.30, 0.32, 0.33, 0.44 and 0.46 mg/kg. 

Total residues in husked rice were (n=8): 0.15, 0.19, 0.41, 0.72, 0.74, 0.75, 0.79 and 0.89 mg/kg. 

As indicated no recommendation could be made for rice, husked. 

Residues in animal feeds 

Rice, hay and/or straw 

The critical GAP for straw of rice in Japan allows three spray applications of 0.01 kg ai/hL with a PHI of 7 
days. Data were available from supervised trials on rice in Japan matching the GAP. 

Benzpyrimoxan residues in rice straw were (n=8): 4.2, 4.7, 5.6, 5.8, 7.2, 7.8, 8.1 and 9.0 mg/kg on 
dry weight basis. 
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Total residues (benzpyrimoxan plus DH-04, expressed as benzpyrimoxan) in rice straw were 
(n=8): 5.5, 6.2, 6.8, 7.2, 9.0, 9.7, 10 and 11 mg/kg on dry weight basis. 

No recommendation could be made for rice straw until the contribution of residues from direct 
application as well as uptake through the soil can be assessed. 

Fate of residues during processing 

High temperature hydrolysis 

The hydrolysis of [14C]-benzpyrimoxan was studied in sterile buffered solutions of pH 4, 5 and 6. [Phenyl-
U-14C] and [Pyrimidinyl-4(6)-14C]-benzpyrimoxan were incubated at 1.0 mg/L in aqueous buffered 
solutions to simulate common processing practices (pasteurization, baking/boiling and sterilisation). 

At pH 4, 5 and 6 with heating, the predominant residue was parent benzpyrimoxan (92–
100 percent AR). Some minor degradation products (benzpyrimoxan-aldehyde (DH-03), benzpyrimoxan-
enamine-aldehyde (DH-08) and benzpyrimoxan-benzyl alcohol (DH-102)) were identified with up to 
7.4 percent AR. 

Benzpyrimoxan residue is stable during processing and no DH-04 residue is expected. 

Residues in processed commodities 

The Meeting received information on the fate of total residues of benzpyrimoxan and benzpyrimoxan-2-
OH (DH-04) during processing in rice, husked. Calculated processing factors are summarized in the 
following table. 

Table 5.4.2 Processing factors for rice, husked and STMR-P values 

Raw commodity Processed commodity 
Calculated processing factor# 

(best estimate) 

Rice, husked = 
Brown rice 

Bran 8.6, 9.5 (9.1) 
Polished rice 0.41, 0.43 (0.42) 

Cooked polished rice 0.068, 0.095 (0.082) 

Notes: 
# Each value represents a separate study. The factor is the ratio of the residue in processed commodity divided by the residue 
in the RAC. 

 

Residues in animal commodities 

Farm animal feeding studies 

The Meeting received a lactating dairy cow and a laying hen feeding studies, which provided information 
on likely residues resulting in animal commodities, milk and eggs from benzpyrimoxan in the animal diet. 

Lactating dairy cows 

Holstein dairy cows were dosed with benzpyrimoxan for 28 days at the equivalent of 8, 24 and 80 ppm in 
the diet. Residues of benzpyrimoxan, and benzpyrimoxan-acid-2-OH (DH-05) in milk, and residues of 
benzpyrimoxan, benzpyrimoxan-acid (DH-01) and DH-05 in tissues (liver, kidney, muscle and fat) were 
determined. 
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For whole milk, no benzpyrimoxan residue was detected at all feeding levels. DH-05 residue was 
detected at all feeding level and achieved a plateau concentration of 0.012–0.034 mg/kg at the 8 ppm 
(1 ×) feeding level after 3 days of dosing.  

For liver, residues of benzpyrimoxan and DH-05 were detected at all feeding levels 
(benzpyrimoxan: < 0.01–0.15 mg/kg, DH-05: 0.011–0.25 mg/kg). No residue of DH-01 was found at any 
feeding level. 

For kidney, benzpyrimoxan residues were found at the 80 ppm feeding level (1 cow: 
0.031 mg/kg). DH-01 residue was detected with < 0.01–0.032 mg/kg at the 24 and 80 ppm feeding levels. 
DH-05 residue was detected with 0.032–0.30 mg/kg at all feeding levels. 

For fat, benzpyrimoxan residue was detected with < 0.01–0.031 mg/kg at the 80 ppm feeding 
level. DH-05 residue was detected with < 0.01–0.18 mg/kg at all feeding levels. No DH-01 residue was 
found at any feeding level. 

For muscle, no residues (< 0.01 mg/kg) were found at any feeding level. 

Laying hens 

Laying hens were dosed with benzpyrimoxan for 29 days at the equivalent of 3, 9 and 30 ppm in the diet. 
Residues of benzpyrimoxan and DH-05 were determined in eggs, liver, muscle and fat. 

For eggs, DH-05 residue was found (< 0.01–0.011 mg/kg) at the 30 ppm feeding level. 
Benzpyrimoxan residue was below the LOQ (< 0.01 mg/kg) at any feeding level. 

For liver, DH-05 residue was detected with < 0.01–0.067 mg/kg at all feeding levels. No 
benzpyrimoxan residue was found at any feeding level.  

For fat, benzpyrimoxan residue was detected with 0.012–0.015 mg/kg at the 30 ppm feeding 
level. No DH-05 residue was found at any feeding level. 

For muscle, no residues (< 0.01 mg/kg) were found at any feeding level. 

Farm animal dietary burden 

The Meeting noted that the studies on residues in follow-on and rotational crops were not provide to the 
Meeting, and decided not to estimate maximum residue levels and STMRs on annual crops that may lead 
to animal feeds. The estimations will be made in the future when the studies are available. 

RECOMMENDATIONS 

Definition of the residue for compliance with the MRL for plant commodities: Benzpyrimoxan 

Definition of the residue for dietary risk assessment for plant commodities: Sum of 
benzpyrimoxan and benzpyrimoxan-2-OH, expressed as benzpyrimoxan 

Definition of the residue for compliance with the MRL and dietary risk assessment for animal 
commodities: Sum of benzpyrimoxan, benzpyrimoxan-acid and benzpyrimoxan-acid-2-OH, expressed as 
benzpyrimoxan 

The residue is not fat-soluble. 
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5.5 Bifenthrin (178) 

RESIDUE AND ANALYTICAL ASPECTS 

Bifenthrin is a pyrethroid insecticide and miticide. It was first evaluated for residues and toxicology by the 
JMPR in 1992. Bifenthrin was evaluated under the periodic review programme in 2009 (T) and 2010 (R), 
and subsequently evaluated in 2015 and 2019 for additional MRLs.  

An ADI of 0–0.01 mg/kg bw and an ARfD of 0.01 mg/kg bw were established by the 2009 JMPR. 
The definition of the residue for compliance with the MRL and for dietary risk assessment for animal and 
plant commodities is bifenthrin (sum of isomers). The residue is fat-soluble.  

Bifenthrin was scheduled at the Fifty-first Session of the CCPR for the evaluation of additional 
uses by the 2021 Extra JMPR and was re-scheduled to the 2022 JMPR. 

The current Meeting received information on new GAPs and supervised residue trials for apple, 
peach, avocado, pomegranate, pepper (bell, non-bell), melon, spinach, and peanut, as well as processing 
studies on apple and peanut. 

Methods of analysis 

The Methods used in residue trials were similar to or slight modifications to the method evaluated by 
previous Meetings. In general, the data generation methods considered by this Meeting involved 
extraction with acetone and cleaning-up with SPE. Final determination was achieved using GC-ECD or GC-
MSD. The methods were considered suitable for analysis of bifenthrin in trials.  

Stability of pesticide residues in stored analytical samples 

The 2010 and 2015 JMPR evaluated the stability of bifenthrin in analytical samples stored under frozen 
conditions and concluded that bifenthrin is stable for at least 18 months in high acid, 49 months in high 
water, 36 months in high oil and high starch, and 15 months in high protein commodities under frozen 
conditions. The maximum frozen storage intervals in the supervised trials provided to the current Meeting 
were shorter than the storage intervals indicated above. 

Results of supervised residue trials on crops  

The Meeting received information on supervised trials of bifenthrin on apple, peach, avocado, 
pomegranate, melon, peppers (sweet and chili), spinach and peanut. 

Pome fruit, except Japanese persimmon 

Apple 

The GAP for bifenthrin is in the United States for the US pome fruit group, consisting of foliar applications 
at 0.224 kg ai/ha with re-treatment intervals (RTIs) of not less 30 days and a PHI of 14 days, no more than 
3 applications and a total application rate not more than 0.56 kg ai/ha per year with no more 0.51 kg ai/ha 
applied after petal fall (BBCH 69). Given the annual rate limitation, the cGAP is an initial application at 
0.112 kg ai/ha followed by 2 applications, each at 0.224 kg ai/ha. 

In independent trials approximating the cGAP but with retreatment intervals of 20 rather than 30 
days, residues of bifenthrin in fruits were (n=8): 0.10, 0.11, 0.13, 0.19, 0.20, 0.24, 0.29, and 0.42 mg/kg. 
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Noting that the residue decline studies on apple and peach showed no significant changes in 
concentration between 7 and 21 days after the final application, the Meeting agreed that the difference in 
retreatment intervals between the trials and the cGAP would not affect residues by more than 25 percent 
and agreed to use the data from the trials to estimate a maximum residue level. 

The Meeting estimated a maximum residue level of 0.7 mg/kg, an STMR of 0.195 mg/kg and an 
HR of 0.45 mg/kg (highest individual result) for bifenthrin in apple. Noting that the registration is for the 
US pome fruit group, which does not include Japanese persimmon, the Meeting agreed to extrapolate the 
estimates for apple to the group of pome fruit, except persimmon, Japanese.  

The Meeting noted that acute dietary exposure assessment for apple and pear exceeded the ARfD 
of 0.01 mg/kg bw (apple: 250 percent for children in China; pear: 310 percent for children in Canada). No 
alternative GAP was available. 

Peach 

The critical GAP for bifenthrin is in United States for the US Peach subgroup 12-12B, consisting of foliar 
applications at 0.22 kg ai/ha with RTI of not less 30 days and a PHI of 14 days, no more than 3 application 
and the total application rate less than 0.56 kg ai/ha per year with no more 0.51 kg ai/ha applied after 
petal fall (BBCH 69). Given the annual rate limitation, the cGAP is an initial application at 0.12 kg ai/ha 
followed by 2 applications, each at 0.22 kg ai/ha. 

In independent trials approximating the cGAP, residues of bifenthrin in fruit without stone were 
(n=11): 0.12, 0.12, 0.17, 0.20(2), 0.22, 0.24, 0.26, 0.30, 0.38 and 0.41 mg/kg. 

Noting that the residue decline studies on apple and peach showed no significant changes in 
concentration between 7 and 21 days after the final application, the Meeting agreed that the difference in 
retreatment intervals between the trials and the cGAP would not affect residues by more than 25 percent. 
Furthermore, the 2017 JMPR concluded that for stone fruit, based on the weight of the stone relative to 
the whole fruit, residues measured in fruit without stones would overestimate whole-fruit residues by 
about 10 percent and that correcting for this factor would lead to the same maximum residue level 
estimation. Therefore, the Meeting agreed to use the data from the trials to estimate a maximum residue 
level. 

The Meeting estimated a maximum residue level of 0.8 mg/kg, an STMR of 0.22 mg/kg and an HR 
of 0.49 mg/kg (highest individual result) for bifenthrin in peach and agreed to extrapolate to the subgroup 
of peaches.  

The Meeting noted that acute dietary exposure assessment showed that residues in peach, 
apricot, and nectarine exceeded the ARfD of 0.01 mg/kg bw (peach: 230 percent for children in Japan; 
apricot: 110 percent for children in Germany; nectarine: 210 percent for children in Netherlands). No 
alternative GAP was available. 

Avocado 

The critical GAP for bifenthrin on avocado in the United States is a foliar applications at 0.062 kg ai/ha 
with an RTI of not less 14 days and a PHI of 1 day, no more than 5 applications.  

Five independent trials were conducted on avocado in the United States with 5 foliar applications 
at rates of 0.081–0.091 kg ai/ha, and RTIs of 13–17 days, the total application rates of 0.40–0.44 kg 
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ai/ha and a PHI of 1 day. The residues of bifenthrin in fruits (without stone) were (n=5): 0.076, 0.08, 0.11, 
0.26 and 0.30 mg/kg. The scaled residues using the scaling factors of 0.73–0.77 (last application rate in 
trial/GAP) were (n=5): 0.056, 0.058, 0.089, 0.20 and 0.22 mg/kg. 

Based on the scaled residue data, the Meeting estimated a maximum residue level of 0.5 mg/kg 
(assuming the pit constitutes 15 percent of the whole fruit weight), an STMR of 0.089 mg/kg and an HR of 
0.23 mg/kg (highest individual result) for bifenthrin in avocado. 

Pomegranate 

The critical GAP for bifenthrin on pomegranate in the United States is foliar applications at 0.22 kg ai/ha 
with RTI of not less 14 days and a PHI of 14 days, no more than 3 application and the total application 
rate less than 0.56 kg ai/ha per year. Given the annual rate limitation, the cGAP is an initial application at 
0.12 kg ai/ha followed by 2 applications, each at 0.22 kg ai/ha.  

In independent trials matching the cGAP, residues of bifenthrin in pomegranate were (n=4): 0.11, 
0.16, 0.17 and 0.18 mg/kg. 

The Meeting estimated a maximum residue level of 0.5 mg/kg, a STMR of 0.165 mg/kg and an HR 
of 0.22 mg/kg (highest individual result) for bifenthrin in pomegranate. 

Melon (cantaloupe) 

The critical GAP for bifenthrin on melon in the United States is 3 foliar applications at 0.11 kg ai/ha at RTI 
of not less 7 days and a PHI of 3 days, with no more than two applications after bloom.  

In independent trials matching the cGAP, residues of bifenthrin in fruits were (n=4): < 0.1(2), 0.11 
and 0.12 mg/kg. 

The Meeting agreed that four trials were insufficient to make a recommendation for melon. 

Peppers 

The critical GAP for bifenthrin in the United States is for the US crop group covering use on peppers and 
eggplant and consists of 2 foliar applications at 0.11 kg ai/ha with RTI of not less 7 days and a PHI of 7 
days, no more than 2 applications.  

Five independent trials on pepper, sweet were conducted in the United States approximating the 
GAP. The residues of bifenthrin in fruits were (n=5): < 0.055, 0.06, 0.10, 0.14 and 0.17mg/kg. 

Seven independent trials on pepper, chilli were conducted in the United States approximating the 
GAP. The residues of bifenthrin in fruits were (n=7): < 0.05, 0.08, 0.10 0.14, 0.15, 0.18 and 0.29 mg/kg. 

The ranked order of the combined bifenthrin residues in sweet pepper and pepper, chilli were 
(n=12): < 0.05, < 0.055, 0.06, 0.08, 0.10(2), 0.14(2), 0.15, 0.17, 0.18, and 0.29 mg/kg. 

The Meeting noted that the provided trials were previously evaluated by the 2010 JMPR under a 
registered use on peppers and that the current registration is for peppers and eggplant. The Meeting 
estimated a maximum residue level of 0.4 mg/kg, an STMR of 0.12 mg/kg, and an HR of 0.31 mg/kg (from 
a single sample) for bifenthrin in the Subgroup of peppers (except okra, martynia and roselle) to replace 
its previous recommendation. The Meeting agreed to extrapolate those estimates to the Subgroup of 
eggplants. 
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For estimating residues in dried chili peppers, the Meeting used the data from chili peppers and a 
default processing factor of 7. On that basis, the Meeting estimated a maximum residue level of 4 mg/kg 
an STMR of 0.98 mg/kg, and an HR of 2.2 mg/kg for bifenthrin in chili pepper, dried to replace its previous 
recommendation of 5 mg/kg. 

Spinach 

The critical GAP for bifenthrin on spinach in the United States is 4 foliar applications at 0.11 kg ai/ha at 
RTI of not less 7 days and a PHI of 40 days.  

In independent trials on spinach approximating the cGAP, residues of bifenthrin in spinach were 
(n=4): 0.05 (2) and 0.15 mg/kg (2).  

The Meeting agreed that four trials were insufficient to make a recommendation for spinach. 

Peanut 

The critical GAP for bifenthrin on peanut in the United States is five foliar applications at 0.11 kg ai/ha 
with RTI of not less 14 days and a PHI of 14 days.  

In four trials involving one soil application (0.28 kg ai/ha) and one foliar application 
(0.28 kg ai/ha), with harvest 3–17 DALA, the residues of bifenthrin in nutmeat were (n=4): < 0.05 
(4) mg/kg.  

In four trials with 5 foliar applications at 0.11 kg ai/ha, with RTIs between last two sprays of 9–
35-days and harvest 0–8 DALA, residues of bifenthrin in nutmeat were (n=4) < 0.05 (4) mg/kg. 

In a trial to obtain samples for processing studies, 3 foliar applications were made at 
0.34 kg ai/ha, and RTIs of 11–47 days, with harvest 13 DALA, the bifenthrin residue in nutmeat was 
< 0.05 mg/kg. 

None of the available trials matched the cGAP. Noting the residues from all trials, including the 
trials with exaggerated rates, were < 0.05 mg/kg, the Meeting agreed to estimate a maximum residue level 
of 0.05(*) and an STMR of 0.05 mg/kg for bifenthrin in peanut. 

Residues in animal feeds 

Peanut vine, hay and hull 

The only GAP provided for peanuts was from the United States. There is a label restriction in the United 
States which excludes the feeding of green immature plants and peanut hay to livestock. The Meeting did 
not make new estimates for residues in animal commodities and confirmed its previous recommendation. 

Fate of residues during processing 

The Meeting received processing studies for apple and peanut.  

Estimated processing factors for apple considered at this Meeting are summarized below. 
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Table 5.5.1 Processing factors for estimation of STMR 

RAC 
Processed 
commodity  

Median or best estimate 
processing factor 

STMR-P =STMRRAC × PF 
 (mg/kg) 

Apple 
(STMR = 0.2 mg/kg) 

Juice < 0.048 0.0096 
Wet pomace 2.5 0.5 

 

For peanut, four nutmeat samples were obtained from a trial with three applications of bifenthrin 
at 0.336 kg ai/ha. Residues in all samples of nutmeat and meal were < 0.05 mg/kg. In oil, bifenthrin 
residues were < 0.05 mg/kg in three samples and 0.05 mg/kg in one sample. A processing factor for oil 
could not be calculated due to the non-quantifiable residue in the nutmeat. 

Noting that the dosing in the trial was at a 1.8× rate and that when scaled to a cGAP rate the 
expected residues in meal and refined oil would be < 0.05 mg/kg, the Meeting agreed to estimate the 
median-P for meal at 0.05 mg/kg and the STMR-P for refined oil at 0.05 mg/kg. 

Farm animal dietary burden 

Dietary burdens were calculated for beef cattle, dairy cattle, broilers and laying poultry based on feed 
items evaluated by the JMPR. The dietary burdens, estimated using the 2018 OECD Feed diets listed in 
Appendix XIV Electronic attachments to the 2016 Edition of the FAO Manual, are presented in Annex 6. 

The maximum total dietary burdens calculated in 2019 were 8.3 ppm (beef cattle), 7.4 ppm (dairy 
cattle), 0.59 ppm (poultry broiler) and 2.0 ppm (poultry layer). The only animal feed evaluated by the 
current Meeting is apple pomace. Maximum total dietary burdens calculated by the current Meeting using 
the OECD diets were unchanged or slightly less than those derived by the 2019 Meeting. The Meeting 
therefore confirmed its previous recommendations for residue levels in animal products. 

RECOMMENDATIONS 

On the basis of the data obtained from supervised trials, the Meeting concluded that the residue levels 
listed in Annex 1 are suitable for establishing maximum residue limits and for IEDI and international 
estimate of short-term intakes assessments. 

DIETARY RISK ASSESSMENT 

Long-term dietary exposure 

The ADI for bifenthrin is 0–0.01 mg/kg bw. The International Estimated Daily Intakes (IEDIs) for bifenthrin 
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 2022 JMPR Report. The IEDIs ranged 
from 10–40 percent of maximum ADI of 0.01 mg/kg bw. The Meeting concluded that the long-term 
dietary exposure to residues of bifenthrin from uses considered by the current Meeting is unlikely to 
present a public health concern. 

Acute dietary exposure 

The ARfD for bifenthrin is 0.01 mg/kg bw, the International Estimate of Short-Term Intakes (international 
estimate of short-term intake) was calculated for food commodities and their processed commodities for 
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which HRs/HR-Ps or STMRs/STMR-Ps were estimated by the present Meeting and for which consumption 
data were available. The results are shown in Annex 4 of the 2022 JMPR report. 

The international estimate of short-term intakes were less than 100 percent of the ARfD, except 
for apple (up to 230 percent for children in China), pear (up to 310 percent for children in Canada), peach 
(up to 260 percent for children in Japan), apricot (up to 110 percent for children in Germany), and 
nectarine (up to 210 percent for children in Netherlands). The Meeting concluded that acute dietary 
exposure to residues of bifenthrin may present a public health concern for those commodities.  
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increased approximately three-fold against an expected five-fold increase. In general, the time to reach 
Cmax (Tmax) and the terminal half-life (t½) were longer in animals given B-labelled broflanilide. Following 
consecutive daily oral low doses the Cmax and AUC(0–t) values were approximately three-fold higher than 
those after a single low dose, with no substantial sex differences. The Tmax values after repeated dosing 
were comparable to those after a single low dose. 

After single or repeated low doses, unchanged broflanilide was the major radioactive component 
in faecal extracts, accounting for 52–77 percent of AD in intact or bile duct-cannulated rats, and for 88–
94 percent of AD after a single high dose to intact or cannulated rats. In faecal samples from single or 
repeated low-dose rats, six metabolites were identified. Among these, metabolite S(PFP-OH)8007), (M8) 
and DM-8007 (M11) accounted for a maximum of approximately 2 percent and 5 percent of AD, 
respectively. Other metabolites accounted for a maximum of 4 percent of AD each. In the urine the major 
metabolite was hippuric acid which accounted for 6–11 percent of AD (C label) at the low dose in intact or 
bile duct-cannulated rats, and 0.7–0.8 percent at the high dose in intact rats. In bile samples, seven 
metabolites were identified, accounting for a maximum of 3 percent of AD each. The most abundant 
components in plasma, liver, kidney and fat were metabolite DM-8007 which accounted for 8–58 percent 
of total radioactivity (low dose and high dose), metabolite DC-DM-8007 which accounted for up to 
17 percent of total radioactivity, and metabolite S(PFP-OH)8007 which accounted for up to 13 percent of 
total radioactivity (low dose). 

In an in vitro study with human, rat and mouse hepatocytes, metabolism of broflanilide was 
extensive. Biodegradation in mice and rats was slightly faster than in humans. No human-specific 
metabolites of broflanilide were identified. In an identical study performed with metabolite DM-8007, the 
concentration of metabolite DM-8007 remained largely unchanged in human hepatocytes, while its 
biodegradation was apparent with mouse hepatocytes. No human-specific metabolites of DM-8007 were 
identified. 

Toxicological data 

The acute oral median lethal dose (LD50) in rats was greater than 5000 mg/kg bw, the dermal LD50 was 
greater than 5000 mg/kg bw and the acute inhalation lethal median concentration (LC50) was greater than 
2.20 mg/L. Broflanilide was not irritating to the skin or eyes of rabbits. Broflanilide was not a skin 
sensitizer in mouse or Guinea pig. 

In all species, the most common effects were increased adrenal gland weight and/or ovarian 
weight correlating with an increased incidence of vacuolation in the adrenal gland cortex and ovary 
interstitial cells, with rat being the most sensitive species. 

In a 90-day toxicity study in mice in which broflanilide was administered at dietary 
concentrations of 0, 200, 1500 or 7000 ppm (equal to 0, 26.3, 199 and 955 mg/kg bw per day for males, 
0, 32.3, 230 and 1148 mg/kg bw per day for females) the NOAEL was 1500 ppm (equal to 230 mg/kg bw 
per day) based on effects on the adrenal glands (increased adrenal weight and increased incidence of 
minimal cortical vacuolation) in females at 7000 ppm (equal to 1148 mg/kg bw per day). 

In a 90-day toxicity study in rats in which broflanilide was administered at dietary concentrations 
of 0, 500, 1500, 5000 or 15 000 ppm (equal to 0, 35, 104, 345 and 1109 mg/kg bw per day for males, 0, 
41, 126, 418 and 1239 mg/kg bw per day for females) no NOAEL could be identified due to effects on 
adrenal glands (increased weights correlated with increased vacuolation in both sexes and hypertrophy in 
females in the adrenal cortex), ovaries (increased incidence of vacuolation in interstitial cells) at 500 ppm 
(equal to 35 mg/kg bw per day), the lowest dose tested. 
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In a non-GLP and non-guideline complementary 90-day study in rats, aimed at specifically 
investigating broflanilide’s target organ toxicity (in the adrenal gland and ovary), broflanilide was 
administered at dietary concentrations of 0 or 30 ppm (equal to 0 and 2.0 mg/kg bw per day for males, 0 
and 2.2 mg/kg bw per day for females). The NOAEL was 30 ppm (equal to 2.0 mg/kg bw per day), the only 
dose tested. 

In a 28-day and a 90-day toxicity study on dogs in which broflanilide was administered by capsule 
at dose levels of 0, 100, 300 or 1000 mg/kg bw per day, the NOAEL was 1000 mg/kg bw per day, the 
highest dose tested. 

In a one-year toxicity study on dogs in which broflanilide was administered by capsule at dose 
levels of 0, 100, 300 or 1000 mg/kg bw per day, no NOAEL could be identified due to reduced body weight 
in females, increased adrenal weight and adrenal gland enlargement in males, cortical cell hypertrophy in 
males, and vacuolation of the zona fasciculata of the adrenal gland in females at 100 mg/kg bw per day, 
the lowest dose tested. 

In a carcinogenicity study in mice, broflanilide was administered at dietary concentrations of 0, 
200, 1500 or 7000 ppm (equal to 0, 21, 157 and 745 mg/kg bw per day for males, 0, 22, 172 and 
820 mg/kg bw per day for females). The NOAEL was 1500 ppm (equal to 157 mg/kg bw per day) based on 
pale and abnormal teeth in both sexes, increased absolute and relative adrenal weights, enlarged adrenal, 
marginally increased incidence of haematopoiesis, cortical vacuolation, corticomedullary vacuolation and 
inflammatory cell foci in the adrenal gland in females, slightly increased ovarian cysts, and a slight 
increase in cystic tubules in the kidneys of males, at 7000 ppm (equal to 745 mg/kg bw per day). No 
treatment-related increases in tumour incidence were observed in this study. 

In a two-year toxicity and carcinogenicity study in rats, broflanilide was administered at dietary 
concentrations of 0, 100, 300, 1500 or 15 000 ppm (equivalent to 0, 4.5, 14, 70 and 709 mg/kg bw per day 
for males, 0, 5.9, 19, 95 and 953 mg/kg bw per day for females). Satellite animals were given broflanilide 
at doses of 0, 30, 100, 300, 1500 or 15 000 ppm (equivalent to 0, 1.7, 5.7, 16, 84 and 822 mg/kg bw per 
day for males, 0, 2.1, 7.2, 20, 104 and 1128 mg/kg bw per day for females) for 12 months. No NOAEL 
could be identified for females due to an increased incidence of ovarian vacuolation at 100 ppm (equal to 
5.9 mg/kg bw per day), the lowest dose tested, after 24 months of treatment. The NOAEL for 
carcinogenicity was 300 ppm (equal to 19 mg/kg bw per day) based on increased incidence of ovarian 
tumours of sex cord stromal origin and uterus adenocarcinomas at 1500 ppm (equal to 95 mg/kg bw per 
day). A treatment-related increase in the incidence of Leydig cell adenomas was observed at the highest 
dose of 15 000 ppm (equal to 953 mg/kg bw per day). 

The Meeting concluded that broflanilide is not carcinogenic in mice but is carcinogenic in rats. 

Broflanilide was tested for genotoxicity in an adequate range of in vitro and in vivo assays. 
No evidence of genotoxicity was found. 

The Meeting concluded that broflanilide is unlikely to be genotoxic. 

In view of the lack of genotoxicity, the absence of carcinogenicity in mice and the fact that 
tumours were only observed at moderate to high dose levels in rats, the Meeting concluded that 
broflanilide is unlikely to pose a carcinogenic risk to humans from the diet. 

In a two-generation reproductive toxicity study in rats, broflanilide was administered at dietary 
concentrations of 0, 30, 100, 300, 1500 or 15 000 ppm (equal to 0, 2.3, 7.5, 22.6, 112 and 
1147 mg/kg bw/day for males, 0, 2.3, 7.5, 22.8, 111 and 1153 mg/kg bw per day for females). The NOAEL 
for parental toxicity was 30 ppm (equal to 2.3 mg/kg bw per day), based on increased adrenal weights and 
vacuolation of the adrenal cortex in males and females of the F0 and F1 generations, and ovary interstitial 



86  Broflanilide 

glands vacuolation in females of the F0 generation at 100 ppm (equal to 7.5 mg/kg bw per day). The 
NOAEL for reproductive toxicity was 15 000 ppm (equal to 1147 mg/kg bw per day), the highest dose 
tested. The NOAEL for offspring toxicity was 300 ppm (equal to 22.6 mg/kg bw per day) based on 
decreased body weights of pups at 1500 ppm (equal to 112 mg/kg bw per day). 

In a prenatal developmental toxicity study in rats, broflanilide was administered by gavage at 
dose levels of 0, 100, 300 or 1000 mg/kg bw per day, from gestation day (GD) 6 until GD 19. The NOAEL 
for maternal toxicity was 1000 mg/kg bw per day, the highest dose tested. The NOAEL for embryo/fetal 
toxicity was 1000 mg/kg bw per day, the highest dose tested. 

In a prenatal developmental toxicity study in rabbits, broflanilide was administered by gavage at 
dose levels of 0, 100, 300 or 1000 mg/kg bw per day, from GDs 6 to 28. The NOAEL for maternal toxicity 
was 1000 mg/kg bw per day, the highest dose tested. The NOAEL for embryo/fetal toxicity was 
1000 mg/kg bw per day, the highest dose tested. 

The Meeting concluded that broflanilide is not teratogenic. 

In an acute neurotoxicity study in rats, broflanilide was administered by gavage at dose levels of 
0, 200, 600 or 2000 mg/kg bw. The NOAEL for both systemic toxicity and neurotoxicity was 
2000 mg/kg bw, the highest dose tested. In a 90-day neurotoxicity study in rats, broflanilide was 
administered at dietary concentrations of 0, 1 500, 5000 or 15 000 ppm (equal to 0, 99, 320 and 
1041 mg/kg bw per day for males, 0, 118, 423 and 1137 mg/kg bw per day for females). The NOAEL for 
both systemic toxicity and neurotoxicity was 15 000 ppm (equal to 1041 mg/kg bw per day), the highest 
dose tested. 

The Meeting concluded that broflanilide is not neurotoxic. 

In a 28-day immunotoxicity study in rats, broflanilide was administered at dietary concentrations 
of 0, 1200, 4000 or 12 000 ppm (equal to 0, 104, 344, and 1020 mg/kg bw per day). The NOAEL for 
systemic toxicity and immunotoxicity was 12 000 ppm (equal to 1020 mg/kg bw per day), the highest 
dose tested. 

The Meeting concluded that broflanilide is not immunotoxic. 

In a number of in vitro assays broflanilide and its metabolite DM-8007 (M11) did not bind to rat or 
human estrogen receptors, rat androgen receptors, nor did they transactivate androgen/estrogen 
receptors. 

A number of in vitro and in vivo investigative studies were conducted to explore several possible 
MOAs for the vacuolation seen in the adrenal cortex and ovary, and for Leydig cell, ovary and uterus 
tumours in the rat. No MOA was established unequivocally for any of these effects and therefore their 
human relevance could not be discounted. 

Toxicological data on metabolites and/or degradates 

Metabolite DM-8007 (M11) 

Metabolite DM-8007 is a rat (less than 5 percent of AD in faeces; approximately 50 percent of total 
radioactivity in plasma, liver and kidney), livestock and plant metabolite. Exposure in the rat was 
demonstrated in several toxicological studies. 

The acute oral LD50 of DM-8007 was greater than 2000 mg/kg bw. 

Metabolite DM-8007 was tested in a gene mutation assay in bacteria. There was no evidence of 
mutagenicity. 
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In a 28-day toxicity study in rats, metabolite DM-8007 was administered at dietary concentrations 
of 0, 300, 1000 or 3000 ppm (equal to 0, 33, 85 and 278 mg/kg bw per day for males, 0, 31, 94 or 
378 mg/kg bw per day for females). The NOAEL was 3000 ppm (equal to 278 mg/kg bw per day), the 
highest dose tested. 

In a 90-day toxicity study in rats, metabolite DM-8007 (purity 99.7 percent) was administered at 
dietary concentrations of 0, 125, 500 or 3000 ppm (equal to 0, 7.8, 31 and 190 mg/kg bw per day for 
males, 0, 8.8, 36 or 215 mg/kg bw per day for females). The NOAEL was 3000 ppm (equal to 
190 mg/kg bw per day), the highest dose tested. 

Based on the results of experimental studies and the structural similarity to broflanilide, the 
Meeting concluded that metabolite DM-8007 is not of greater toxicity than broflanilide and would be 
covered by the health-based guidance values for the parent. 

Metabolite DC-DM-8007 

Metabolite DC-DM-8007 is a metabolite in rats (less than 3 percent of its hydroxylated and conjugated 
forms in faeces or bile), poultry (laying hens) and ruminants (lactating goats). 

The acute oral LD50 of metabolite DC-DM-8007 was greater than 2000 mg/kg bw. 

Metabolite DC-DM-8007 was tested in a gene mutation assay in bacteria. There was no evidence 
of mutagenicity. 

In a 28-day toxicity study in rats, metabolite DC-DM-8007 was administered at dietary 
concentrations of 0, 100, 500 or 1500 ppm (equal to 0, 11, 47 and 156 mg/kg bw per day in males, 0, 12, 
44 or 145 mg/kg bw/day in females). No NOAEL could be identified due to increased extramedullary 
haematopoiesis in the spleen, reticulocyte counts in both sexes and increased spleen weights in females 
at 100 ppm (equal to 11 mg/kg bw per day), the lowest dose tested. 

In a 90-day toxicity study in rats, metabolite DC-DM-8007 was administered at dietary 
concentrations of 0, 30, 75 or 750 ppm (equal to 0, 1.9, 5.3 and 54 mg/kg bw per day in males, 0, 2.2, 5.7 
and 56 mg/kg bw per day in females). The NOAEL was 30 ppm (equal to 2.2 mg/kg bw per day) based on 
decreased red blood cells, haematocrit, haemoglobin, increased reticulocytes and extramedullary 
haematopoiesis in the spleen, and increased spleen weights in females, at 75 ppm (equal to 5.7 mg/kg bw 
per day). 

The Meeting concluded that metabolite DC-DM-8007 has similar NOAELs to the parent 
compound. The reference values of the parent apply also to this metabolite. 

Metabolite S(PFP-OH)-8007, (M8) 

Metabolite S(PFP-OH)-8007 is a rat metabolite (less than 3 percent of the AD in faeces; up to 13 percent 
of total radioactivity in plasma, liver, kidney and fat) and minor plant metabolite (cabbage, tomato, 
Japanese radish, soya bean, rice and tea). 

The acute oral LD50 of metabolite S(PFP-OH)-8007 was greater than 2000 mg/kg bw. 

Metabolite S(PFP-OH)-8007 was tested in a gene mutation assay in bacteria. There was no 
evidence of mutagenicity. 

In a 28-day toxicity study in rats, metabolite S(PFP-OH)-8007 was administered at dietary 
concentrations of 0, 300, 1000 or 3000 ppm (equal to 0, 26, 81 and 243 mg/kg bw per day for males, 0, 
30, 109 and 265 mg/kg bw per day for females). The NOAEL was 300 ppm (equal to 26 mg/kg bw per day) 
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The Meeting concluded that toxicity of the free and conjugated metabolite DM-(C2-OH)-8007 is 
not greater than that of the parent compound. The reference values of the parent apply to these 
metabolites. 

Microbiological data 

There was no information available in the public domain and no experimental data were provided that 
addressed the possible impact of broflanilide residues on the human intestinal microbiome. 

Human data 

No information was provided on the health of workers involved in the manufacture or use of broflanilide. 
No information on accidental or intentional poisoning in humans was available. 

The Meeting concluded that the existing database on broflanilide was adequate to characterize 
the potential hazards to the general population, including fetuses, infants and children. 

Toxicological evaluation 

The Meeting established an acceptable daily intake (ADI) for broflanilide of 0–0.02 mg/kg bw, based on 
the LOAEL of 5.9 mg/kg bw per day in the two-year toxicity and carcinogenicity study in rats, and using a 
safety factor of 100 for intra- and interspecies differences and an additional safety factor of three for 
using a LOAEL as the point of departure (POD). This ADI is supported by the 90-day rat study NOAEL of 
2.0 mg/kg bw per day, and the two-generation reproductive study parental NOAEL of 2.3 mg/kg bw per 
day. The upper bound of this ADI provides a margin of at least 4750 relative to the LOAEL for tumours. It 
is considered adequately protective of effects observed at the LOAEL of 100 mg/kg bw per day in the one-
year dog study. 

The Meeting concluded that it was not necessary to establish an ARfD for broflanilide in view of 
its low acute oral toxicity and the absence of developmental toxicity and any other toxicological effects 
that would be likely to be elicited by a single dose. 

A toxicological monograph was prepared. 

Levels relevant to risk assessment of broflanilide 

Species Study Effect NOAEL LOAEL 

Mouse 78-week study of toxicity 
and carcinogenicity a 

Toxicity 1500 ppm, equal to 
157 mg/kg bw/day 

7000 ppm, equal to 
745 mg/kg bw/day 

Carcinogenicity 7000 ppm, equal to 
745 mg/kg bw/day c 

- 

Rat  Acute neurotoxicity 
study b 

Neurotoxicity 2000 mg/kg bw/dayc 
- 

Two-year studies of 
toxicity and 
carcinogenicity a, d  

Toxicity 
- 

100 ppm, equal to 
5.9 mg/kg bw/day e 

Carcinogenicity 300 ppm, equal to 
19 mg/kg bw/day 

1500 ppm, equal to 
95 mg/kg bw/day 

Two-generation study of 
reproductive toxicity a 

Reproductive 
toxicity 

15 000 ppm, equal to 
1147 mg/kg bw/day c 

- 

Parental toxicity 30 ppm, equal to 
2.3 mg/kg bw/day 

100 ppm, equal to 
7.5 mg/kg bw/day 

Offspring toxicity 300 ppm, equal to 1500 ppm, equal to 
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Species Study Effect NOAEL LOAEL 

23 mg/kg bw/day 111 mg/kg bw/day 

Developmental toxicity 
study b 

Maternal toxicity 1000 mg/kg bw/day c - 

Embryo/fetal 
toxicity 

1000 mg/kg bw/day c 
- 

Rabbit Developmental toxicity 
study b 

Maternal toxicity 1000 mg/kg bw/day c - 

Embryo and fetal 
toxicity 

1000 mg/kg bw/day c 
- 

Dog 13-week toxicity f Toxicity 1000 mg/kg bw/day c - 

One-year studies 
of toxicity f 

Toxicity 
- 100 mg/kg bw/day e 

Metabolite DM-8007 (M11) 

Rat Four-week study of 
toxicity a 

Toxicity 3000 ppm, equal to 
278 mg/kg bw/day c 

- 

13-week toxicity a Toxicity 3000 ppm, equal to 
190 mg/kg bw/day c 

- 

Notes: 
a Dietary administration. 
b Gavage administration. 
c Highest dose tested. 
d Two or more studies combined. 
e Lowest dose tested. 
f Capsule administration. 

 

Acceptable daily intake (ADI), applies to broflanilide and DM-8007, expressed as broflanilide 

0–0.02 mg/kg bw 

Acute reference dose (ARfD) 

Unnecessary 

 

Information that would be useful for the continued evaluation of the compound 

Results from epidemiological, occupational health and other such observational studies of human 
exposure 

Critical end-points for setting guidance values for exposure to broflanilide 

Absorption, distribution, excretion and metabolism in mammals 

Rate and extent of oral absorption Rapid, Tmax 1–2 hours; 14–23 percent of AD 

Distribution Wide; highest concentrations in fat  

Potential for accumulation No evidence of accumulation  

Rate and extent of excretion >88 percent of AD excreted within 48 hours, complete by 
168 hours; major route via faeces 
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Metabolism in animals Extensive, via hydroxylation or demethylation, and hydroxylation 
followed by conjugation  

Toxicologically significant compounds in 
animals and plants 

Broflanilide, DM-8007 

Acute toxicity 

Rat, LD50, oral >5000 mg/kg bw 

Rat, LD50, dermal >5000 mg/kg bw 

Rat, LC50, inhalation >2.2 mg/L 

Rabbit, dermal irritation Not irritating  

Rabbit, ocular irritation Not irritating 

Mouse and Guinea pig, dermal sensitization Not sensitizing (LLNA, Magnussen & Kligmann) 

Short-term studies of toxicity 

Target/critical effect Adrenal gland and ovary vacuolation (mouse, rat, dog) 

Lowest relevant oral NOAEL 2 mg/kg bw per day (rat) 

Lowest relevant dermal NOAEL 1000 mg/kg bw per day, highest dose tested (rat) 

Lowest relevant inhalation NOAEC 0.031 mg/L (rat)  

Long-term studies of toxicity and carcinogenicity 

Target/critical effect Ovary weight and vacuolization (rat) 

Lowest relevant NOAEL No NOAEL identified; LOAEL 5.9 mg/kg bw per day (rat), 
the lowest dose tested 

Carcinogenicity Not carcinogenic in mice; increase in Leydig cell adenomas, uterus 
adenocarcinomas and benign tumours of sex cord stromal origin 
in the ovary in rats a 

Genotoxicity Unlikely to be genotoxic 

Reproductive toxicity 

Target/critical effect Adrenal weight and vacuolization, ovary weight and 
vacuolization/decrease in pup weights (rat) 

Lowest relevant parental NOAEL 2.3 mg/kg bw per day (rat) 

Lowest relevant offspring NOAEL 22.6 mg/kg bw per day (rat) 

Lowest relevant reproductive NOAEL 1147 mg/kg bw per day, the highest dose tested (rat) 

Developmental toxicity  

Target/critical effect No effects 

Lowest relevant maternal NOAEL 1000 mg/kg bw per day, the highest dose tested (rat, rabbit) 

Lowest relevant embryo/fetal NOAEL 1000 mg/kg bw per day, the highest dose tested (rat, rabbit) 

Neurotoxicity  

Acute neurotoxicity NOAEL >2000 mg/kg bw, highest dose tested (rat)  

Subchronic neurotoxicity NOAEL 1041 mg/kg bw per day, highest dose tested (rat)  

Developmental neurotoxicity NOAEL No data 

Other toxicological studies  

Immunotoxicity >1020 mg/kg bw per day, highest dose tested (rat)  

Studies on toxicologically relevant metabolites 
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Metabolite DM-8007 Acute oral LD50: >2000 mg/kg bw (rat) 

28-day NOAEL: 278 mg/kg bw per day, 
the highest dose tested (rat) 

90-day NOAEL: 190 mg/kg bw per day, 
the highest dose tested (rat) 

Not genotoxic (Ames) 

Microbiological data No data available 

Human data No clinical cases or poisoning incidents have been recorded 

Notes: 
a Unlikely to pose a carcinogenic risk to humans via exposure from the diet. 

 

Summary 

 Value Study Safety factor 

ADI 0–0.02 mg/kg bw a Two-year study of toxicity and 
carcinogenicity (rat) 

300 
(100 for intra- and interspecies 
variation and three for using the 
LOAEL as the POD) 

ARfD Not necessary 

Notes: 
a Applies to broflanilide and DM-8007, expressed as broflanilide. 

 

 

 

RESIDUE AND ANALYTICAL ASPECTS 

Broflanilide is a meta-diamide insecticide for the control of chewing-insect pests. It is the precursor to its 
active form desmethyl broflanilide, which acts by binding to the GABA receptor, resulting in a block of 
inhibitory neurotransmission and death of target insects. At the Fifty-first Session of the CCPR, 
broflanilide was scheduled for evaluation as a new compound in 2020 and rescheduled to the 2022 JMPR. 

The Meeting received information on identity, physicochemical properties, metabolism (plant, 
confined rotational crops and animals), environmental fate, field rotational crops, methods of residue 
analysis, freezer storage stability, registered use patterns, supervised residue trials, fate of residues in 
processing, and livestock feeding studies. 
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Cabbage 

Cabbages grown outdoors received two foliar applications of [B-ring-U-14C]- and [C-ring-U-14C]-labelled 
broflanilide at nominal rates of 0.025 kg ai/ha each at immature stage (BBCH 45) and 7 days later (BBCH 
46). Immature cabbage (BBCH 46) was harvested 6 days after application 1, while mature cabbage (BBCH 
49) was harvested 21 days after application 2. 

TRRs were highest in cabbage (inner and outer leaves) taken at 6 DAT1 ranging between 0.304–
0.352 mg eq/kg. In cabbage (inner and outer leaves) taken at 21 DAT2, about half of the previous TRR for 
the B-ring was found, while levels for the C-ring remained the same. 

The outer leaves received a surface rinse with acetonitrile before homogenization, which released 
55–66 percent of the TRR. Homogenized samples of the rinsed outer leaves and the inner leaves were 
subjected to extraction with acetonitrile (twice) and acetonitrile:water (1+1, v/v) (once). Extracted 
radioactivity was similar for both labels ranging between 92–95 percent TRR, while the PES accounted for 
6–8 percent TRR. 

Parent broflanilide was the major identified residue in immature and mature cabbage (inner and 
outer leaves) accounting for 66–84 percent TRR (0.10–0.25 mg/kg). Additionally, two minor metabolites 
were identified, namely S(PFP-OH)-8007 and DM-8007 accounting for 3.8–7.6 percent TRR (0.01–
0.012 mg eq/kg) and 2.9–7.9 percent TRR (0.009–0.021 mg eq/kg), respectively. The unextracted residue 
was not further characterized 

Tomato 

Tomato grown outdoors received two foliar applications of [B-ring-U-14C]- and [C-ring-U-14C]-labelled 
broflanilide at nominal rates of 0.025 kg ai/ha each. The first application occurred at the pre-bud stage 
(approx. BBCH 49–50) and the second application 83 days later at the beginning ripening stage 
(approximately BBCH 79–81). Immature tomatoes and leaves (BBCH 75) were harvested 71 days after 
application 1, while mature tomatoes and leaves (approximately BBCH 88) were harvested 10 days after 
application 2. 

TRR was very low or non-detected in tomato leaves and immature fruits form harvest 1. In 
samples from harvest 2, radioactivity was highest in leaves, ranging between 0.904–1.596 mg eq/kg while 
in tomato fruits, levels were significantly lower at 0.01 mg eq/kg. Samples of tomato leaves and fruits 
received a surface rinse with acetonitrile before homogenization, which released 70–80 percent TRR.  

Portions of the tomato leaves from harvest 2 were subjected to extraction with acetonitrile 
(twice) and acetonitrile:water (1+1, v/v) (once). Extracted radioactivity was similar for both labels ranging 
between 96–99 percent TRR in tomato leaves and 70–80 percent TRR in tomato fruit. The PES in tomato 
fruit accounted for 20–30 percent TRR, but was < 0.003 mg eq/kg in absolute concentration and not 
further analysed.  

Parent broflanilide was the major identified residue, accounting for 87–89 percent TRR (0.76–
1.3 mg/kg) in tomato leaves and 60–68 percent TRR (0.006–0.007 mg eq/kg) in tomato fruit. 
Additionally, metabolites S(PFP-OH)-8007 and DM-8007 were identified in tomato leaves and fruit at 
minor levels accounting for 3.0–3.4 percent TRR (0.0003–0.051 mg eq/kg) and 3.4–4.0 percent TRR 
(0.0004–0.060 mg eq/kg), respectively. 

Japanese radish 

Japanese radish grown indoors received two applications of [B-ring-U-14C]- and [C-ring-U-14C]-labelled 
broflanilide. The first treatment was applied to the soil at a rate of 0.4 kg ai/ha immediately after seeding, 
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and a second treatment was applied foliar 41 days later at a rate of 0.225 kg ai/ha, 29 days before the 
final harvest. Plants (leaves and root) were collected at three sampling points: 40DAT1 (intermediate 
harvest-1), 14DAT2 (intermediate harvest-2) and 29DAT2 (final harvest). 

TRRs were highest in radish leaves ranging between 3.6–4.4 mg eq/kg for the 14DAT2 and 29 
DAT2 sampling time points. In radish roots, the TRR was at least two orders in magnitude lower, ranging 
between 0.0036–0.0119 mg eq/kg. 

Radish leaves were surface-rinsed with acetonitrile (except the intermediate harvest-1) and the 
root was further separated into peel and flesh. All samples were homogenized by blending with dry ice. 
Portions of the samples were subjected to extraction with acetonitrile:water (8+2, v/v) (twice) and 
acetonitrile:0.1M HCl (8+2, v/v) (once). 

The extracted radioactivity in radish leaves ranged between 95–99 percent TRR, except for 
leaves from intermediate harvest 1 for the C-ring label (70 percent TRR). In these samples the 
radioactivity in the PES accounted for 30 percent TRR, but was < 0.0021 mg eq/kg in absolute 
concentration. In radish roots, the sum of the radioactivity found in peel and flesh extracts accounted for 
54–96 percent TRR, while 4.3–47 percent TRR remained in the PES. However, absolute concentrations in 
the PES were throughout < 0.0056 mg eq/kg. 

Parent broflanilide was the major identified residue in radish leaves, accounting for 77–
82 percent TRR (2.8–3.6 mg/kg). Additionally, metabolites S(PFP-OH)-8007 and DM-8007 were identified 
at minor levels, accounting for 1.7–2.9 percent TRR (0.067–0.12 mg eq/kg) and 2.5–3.3 percent TRR 
(0.11–0.13 mg eq/kg), respectively. Residues in roots were not further investigated.  

Soya bean 

Soya bean grown outdoors received two foliar applications of [B-ring-U-14C]- and [C-ring-U-14C]-labelled 
broflanilide at nominal rates of 0.025 kg ai/ha each. The first application occurred at bud formation 
(approx. BBCH 49–51) and the second application 77 days later at the beginning of the pod and seed 
ripening stage (approx. BBCH 79–81). Soya bean forage and hay samples were harvested at 21DAT1 
(BBCH 69) and 35DAT1 (BBCH 74), respectively. The mature soya bean seeds were harvested at 12DAT2. 

Similar TRR levels were found for both labels, with the highest levels in soya bean forage ranging 
between 0.460–0.433 mg eq/kg. In soya bean seeds, the detected radioactivity was < 0.01 mg eq/kg for 
both labels and was not further analysed. 

Portions of soya bean forage and hay were subjected to extraction with acetonitrile (twice) and 
acetonitrile:water (1+1, v/v) (once). The extracted radioactivity was similar for both labels ranging 
between 92–93 percent TRR in soya bean forage and 89–91 percent TRR in soya bean hay. 

Parent broflanilide was the major identified residue, accounting for 75–76 percent TRR (0.32–
0.34 mg/kg) in soya bean forage and 67–71 percent TRR (0.19 mg eq/kg) in soya bean hay. Additionally, 
metabolites S(PFP-OH)-8007 and DM-8007 were identified in soya bean forage and hay at minor levels 
accounting for 3.8–5.6 percent TRR (0.010–0.021 mg eq/kg) and 5.1–8.3 percent TRR (0.022–
0.023 mg eq/kg), respectively.  

Rice 

Rice grown indoors received two applications of [B-ring-U-14C]- and [C-ring-U-14C]-labelled broflanilide The 
first treatment was applied to the flooding water at a rate of 0.3 kg ai/ha immediately after seed 
transplantation, followed by a foliar application at a rate of 0.15 kg ai/ha 73 days later. The rice plants 
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were collected at 13DAT2 (intermediate harvest: foliage) and at 32DAT2 (the final harvest: husked rice, 
hulls, straw and root). 

The TRR (sum of foliage surface rinse, extracts and PES) was generally similar for both labels, 
with the highest levels found in rice hulls and straw at 5.5–6.8 mg eq/kg and 4.2–4.9 mg eq/kg, 
respectively. In husked rice, levels were at least one order in magnitude lower at 0.021 mg eq/kg for the B-
ring label and 0.11 mg eq/kg for the C-ring label. 

Only the foliage from the intermediate harvest was surface-rinsed with acetonitrile. Portions of 
the foliage, husked rice, straw and hulls were subjected to extraction with acetonitrile:water (8+2, v/v) 
(twice), followed by SPE fractionation of the extracts. 

The extracted radioactivity from rice forage, husked rice, hulls and straw ranged between 85–
98 percent TRR, except for husked rice for the C-ring label (18 percent TRR). In this sample the 
radioactivity in the PES accounted for 82 percent TRR Further characterization of the PES using 
acid/enzyme treatments showed that 21 percent TRR accounted for the starch fraction and 7.2 percent 
TRR for the protein fraction. Since the absolute measured radioactivity in the extracts was similar for 
both labels, it was assumed that the higher radioactivity in the PES from C-ring label was due to 
incorporation of 14CO2, into the plant matrix. 

Parent broflanilide was the major identified residue, accounting for 84–87 percent TRR (1.0–
1.6 mg/kg) in rice foliage, 83–90 percent TRR (4.6–8.1 mg/kg) in hulls and 85–87 percent TRR (3.6–
4.1 mg/kg) in straw. In husked rice, although the relative amounts of parent broflanilide differed between 
the two labels, accounting for 64 percent TRR using the B-ring label and 13 percent TRR using the C-ring 
label, the radioactive residue levels were similar (0.013–0.014 mg eq/kg). Additionally, metabolites 
S(PFP-OH)-8007 and DM-8007 were identified in all matrices accounting for 1.0–8.5 percent TRR (0.002–
0.28 mg eq/kg) and 0.8–5.4 percent TRR (0.001–0.26 mg eq/kg), respectively. 

Wheat 

Wheat grown indoors received seed treatment of [B-ring-U-14C]-labelled broflanilide applied at 
10 g ai/100 kg seeds, corresponding to actual application rate of 0.022 kg ai/ha. Immature wheat plants 
(wheat forage) were collected at growth stage BBCH 39 (77 DAT), and half of the forage was allowed to 
dry for 8 days at room temperature to produce wheat hay. Mature wheat plants were harvested at growth 
stage BBCH 89 (154 DAT) and were separated into straw and grains. 

TRR levels in wheat matrices were generally low, with the highest level measured in wheat straw 
at 0.029 mg eq/kg, while the TRR in wheat grain was up to 0.011 mg eq/kg. 

Portions of wheat straw and grains were subjected to extraction with acetonitrile:water (1+1, v/v) 
(twice), followed by acetonitrile (once). The straw extracts were further partitioned with ethyl acetate, 
followed by fractionation using SPE. The PES of wheat straw and grains were characterized by enzyme 
solubilization using macerozyme, tyrosinase and amylase. 

Extractability with solvents was higher in straw (79 percent TRR) compared to grains (29 percent 
TRR). Further characterization of the PES released additionally 6.7 percent TRR from wheat straw and 
24 percent TRR from wheat grain. No individual components could be identified in either matrix. In wheat 
straw, one unknown component accounted for 14 percent TRR, but the level was < 0.01 mg eq/kg. 

Tea grown outdoors received two foliar applications of [B-ring-U-14C]- and [C-ring-U-14C]-labelled 
broflanilide at nominal rates of 0.1 kg ai/ha each with a RTI of 14 days. Tea leaves were harvested at 
7days after the second application (7DAT2) and 14DAT2. 





99 

 

Broflanilide 

8007 in muscle, milk, fats, liver (only C-label) and kidney, accounting for 21.3–99.9 percent TRR (0.01–
3.4 mg eq/kg). In the B-label treated goat only, metabolite DC-DM-8007 was detected at major proportions 
in muscle, milk, fats, liver and kidney, ranging from 29–67 percent TRR (0.017–2.3 mg eq/kg), while in the 
C-label only, hippuric acid was detected in skim milk, liver and kidney at 19–69 percent TRR (0.018–
0.13 mg/kg). Also, hydroxylated and conjugated DC-DM-(A4-OH)-8007, DC-DM-(A6-OH)-8007 and DM-(C2-
OH)-8007 were identified in liver, accounting for up to 15 percent TRR (0.32 mg eq/kg), 11 percent TRR 
(0.24 mg eq/kg) and 17 percent TRR (0.078 mg eq/kg), respectively, and in kidney (B-label only), 
accounting for less than 10 percent TRR (0.007 to 0.019 mg eq/kg). 

Laying hens 

In laying hens, the metabolic fate of broflanilide was investigated using [B-ring-U-14C]- and [C-ring-U-14C]-
labelled broflanilide. The compound was administered orally once daily for 14 consecutive days to 10 
laying hens per label, at 14 ppm (0.86 mg/kg bw day) and 15 ppm (0.84 mg/kg bw) for the B- and C-label, 
respectively. Eggs and excreta samples were collected twice daily, at approximately 12 hour intervals. 
Samples of breast muscle, thigh (leg) muscle, abdominal and subcutaneous fat, liver and the entire 
gastrointestinal tract were collected after sacrifice, which occurred 6 hr after the last dose. 

The majority of the radioactivity was found in excreta at 56–65 percent AR. In edible tissues 
radioactivity was highest in fat at 15–19 mg eq/kg, followed by egg yolk at 3.4–3.6 mg eq/kg and liver at 
1.8–2.6 mg eq/kg. Incorporation of radioactivity into egg whites reached steady state within 3–4 days, 
while no plateau was reached in egg yolks. 

Egg white, egg yolk, and muscle samples were extracted twice with acetonitrile/water (1+1, v/v) 
and then once with acetonitrile. Fat samples were extracted twice with acetone/hexane (1:4, v:v) then 
once with acetone. Liver samples were initially extracted three times with acetonitrile:water (1:1, v:v) and 
then once with acetonitrile. Extraction with solvents released at least 89 percent TRR from all matrices, 
except for liver where 65–72 percent TRR were released. The PES of hen liver from both radiolabels were 
further characterized by enzyme solubilization using protease and lipase, followed by incubations with 
1 mol/L HCl and 1 mol/L NaOH, which released additionally 29–36 percent TRR. 

Parent broflanilide was only tentatively identified (TLC analysis) in egg white from the B-label at 
2.1 percent TRR (0.0004 mg/kg). The predominant identified residue for both labels was metabolite DM-
8007 in all matrices, accounting for 57100 percent TRR (0.013–19 mg eq/kg). As a minor metabolite only 
occurring with the B-label, DC-DM-8007 was detected in all matrices, accounting for up to 3 percent TRR 
(0.55 mg eq/kg) in subcutaneous fat. In egg white, DC-DM-8007 accounted for 16 percent TRR, but 
residues were low (0.003 mg eq/kg). H-U27B (B-label), a hydroxyl cysteine conjugate of DM-8007 and the 
similar, but structurally not fully elucidated compound H-U27C (C-label) were identified in liver only, 
accounting for 5.3 percent TRR (0.131 mg eq/kg) and 3.3 percent TRR (0.061 mg eq/kg), respectively.  

Summary of livestock metabolism 

Generally, the transfer of radioactivity into animal food and feed matrices was low. The metabolism in 
lactating goats and laying hens is similar, starting with N-demethylation of parent broflanilide to form the 
main metabolite DM-8007, which is either hydroxylated and conjugated, or cleaved to DC-DM-8007 
(identified using the B-label) and hippuric acid (identified using the C-label), via the intermediate benzoic 
acid. DC-DM-8007 is subsequently hydroxylated, followed by conjugation.  

Environmental fate in soil 

The Meeting received studies on aerobic soil degradation, soil photolysis, confined rotational crop 
metabolism and field rotational crops.  
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Residues of broflanilide as well as metabolites S(PFP-OH)-8007, DM-8007, B-oxam-acid and B-
urea were < LOQ (0.01 mg eq/kg), with the exception of parent broflanilide in lettuce planted at 30 days 
PBI (0.013 mg/kg). 

Summary of environmental fate in soil 

The Meeting concluded that residues of broflanilide are not very persistent under field conditions and 
does not have the potential to accumulate in soil. From rotational crop studies, the Meeting concluded 
that significant carry-over of broflanilide residues in succeeding crops is unlikely. 

Methods of analysis 

The Meeting received analytical methods for the determination of broflanilide and metabolites S(PFP-
OH)-8007, DM-8007, B-urea and B-oxamic acid in plant matrices and for broflanilide and metabolites DC-
DM-8007 and DM-8007 in animal matrices. 

For matrices of plant origin, a method for all analytes based on QuEChERS employed extraction 
with acetonitrile/water + buffer salts, followed by clean-up using dispersive solid phase extraction (dSPE) 
with PSA (optional for B-urea and B-oxamic acid). All analytes were determined by LC-MS/MS with an LOQ 
of 0.001 for broflanilide and metabolites S(PFP-OH)-8007 and DM-8007, and 0.01 mg/kg for B-urea and B-
oxamic acid. Two additional methods employed extraction with acetonitrile or acetonitrile/water, followed 
by clean-up using liquid-liquid extraction and/or SPE. Final determination was done by LC-MS/MS, GC-
ECD or HPLC-UV with LOQs ranging between 0.01–0.1 mg/kg.  

For animal matrices, the method employed extraction with acetonitrile, followed by 
acetonitrile/water for milk, egg, liver, kidney and muscle. Samples of fat were extracted with 
acetone/hexane, followed by acetone. Liver, kidney and muscle were further partitioned with a salt 
solution (MgSO4; NaCl; sodium citrate sesquihydrate and sodium citrate dehydrate), followed by clean-up 
with PSA. Final determination for all analytes was accomplished by LC-MS/MS with an LOQ of 
0.001 mg/kg for milk and 0.01 mg/kg for all other matrices.  

The Meeting concluded that suitable methods are available to measure residues of broflanilide 
and metabolites S(PFP-OH)-8007, DM-8007, B-urea and B-oxamic acid in plant matrices as well as 
broflanilide and metabolites DC-DM-8007 and DM-8007 in animal matrices. 

Stability of pesticide residues in stored analytical samples 

The Meeting received information on the storage stability of broflanilide and its metabolites S(PFPOH)-
8007, DM-8007, B-oxam-acid and B-urea in a variety of plant matrices stored under frozen conditions. 
Samples were fortified at levels ranging from 0.01 to 0.5 mg/kg. 

Residues of broflanilide and metabolite DM-8007 were stable in high acid matrices (grapes), high 
protein matrices (kidney beans), high water matrices (lettuce), high starch matrices (potato) and high oil 
matrices (soya been seed) for at least 24 months.  

Residues of metabolite S(PFP-OH)-8007 were stable for at least 25 months in high acid matrices 
(grapes) and high oil matrices (soya been seed), for at least 28 months in high protein matrices (kidney 
beans) and high water matrices (lettuce), and for at least 24 months in high starch matrices (potato). 

Residues of B-oxam-acid and B-urea were stable in high acid matrices (grapes), high protein 
matrices (kidney beans), high water matrices (lettuce), high starch matrices (wheat grain) and high oil 
matrices (soya been seed) for at least 16 months. 

All samples from field trials were analysed within the tested storage stability time. 
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For animal matrices, the Meeting received information on the storage stability of broflanilide and 
its metabolites DM-8007 and DC-DM-8007 in muscle, liver, kidney, milk and fat stored at -20 °C. Samples 
were fortified at 0.01 mg/kg. 

Residues of broflanilide and metabolite DM-8007 were stable in all tested matrices for at least 2 
months. Metabolite DC-DM-8007 was not stable in muscle and kidney, but stable up to one month in liver 
and at least 2 months in milk and fat. Samples were analysed within this time frame, except for the 
analysis of DC-DM-8007 in muscle (maximum storage 28 days) as well as in kidney and liver (maximum 
storage 36 days). 

Definition of the residue 

In food commodities from plant metabolism studies conducted on cabbage, Japanese radish, tomato, 
soya bean, rice and tea, the predominant residue was parent broflanilide, accounting for 66–84 percent 
TRR in cabbage, 77–82 percent TRR in Japanese radish leaves, 60–68 percent TRR in tomato fruit, 13–
64 percent TRR in husked rice and 96–97 percent TRR in tea. In studies with wheat (seed treatment) and 
in Japanese radish root, TRR levels were too low for identification. In feed matrices, residues of 
broflanilide accounted for 75–76 percent TRR in soya bean forage, 67–71 percent TRR in soya bean hay, 
83–90 percent TRR in rice hulls and 85–87 percent TRR in rice straw. 

The Meeting concluded that parent broflanilide is a major residue in plants and is a suitable 
marker compound for compliance with MRLs.  

Analytical methods are available for monitoring broflanilide in all plant matrices. 

On deciding which compounds should be included in the residue definition for risk assessment, 
the Meeting considered the likely occurrence of the compounds and the toxicological properties of the 
metabolites S(PFP-OH)-8007 and DM-8007.  

The Meeting concluded that S(PFP-OH)-8007 is covered by the health based guidance value of 
broflanilide, but is toxicologically 3 times more potent. In plant metabolism studies, S(PFP-OH)-8007 was 
identified as a minor metabolite (< 10 percent TRR), with levels between 3 and 33 times lower than parent. 
The metabolite was analysed in various food and feed commodities from supervised field trials and 
residues above LOQ were detected occasionally, but always at least one order in magnitude lower 
compared to parent. Taking into account its higher potency, its contribution to the overall dietary 
exposure was still insignificant compared to parent residues (+0.1 percent relative), due to the low 
concentrations found in treated commodities. 

Metabolite DM-8007 was identified in plant metabolism studies as a minor metabolite 
(< 10 percent TRR), with levels between 8 to 2500 times lower than the parent. Additionally, the 
metabolite was analysed in various food and feed commodities from supervised field trials and residues 
above the LOQ were only detected occasionally, but always at least one order in magnitude lower, 
compared to parent. The Meeting concluded that metabolite DM-8007 is of no greater toxicity than parent 
broflanilide and is covered by the toxicological reference values of the parent. 

The Meeting noted that broflanilide represents the major part of the residues in plant 
commodities, sufficiently addressing the overall potential dietary exposure from plant commodities and 
agreed to set the definition of the residue for dietary risk assessment for plant commodities as parent 
broflanilide. 

In animal metabolism studies performed with lactating goats and laying hens, the predominant 
metabolic pathway is N-demethylation of parent broflanilide to form DM-8007. Its subsequent cleavage 
results in DC-DM-8007 (identified using the B-label) and hippuric acid (identified using the C-label), via the 
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intermediate benzoic acid. Depending on the label and tissue, some percentages may appear higher/lower 
than truly present due to the selective radiodetection. 

Parent broflanilide was only detected as a minor residue in muscle, kidney and liver from 
lactating goats (0.5–6.7 percent TRR) and tentatively in egg white (2.1 percent TRR). In a cow feeding 
study, residues of broflanilide were detected in milk from the 10 ppm feeding level (approximately 7 times 
higher than the maximum dietary burden) at up to 0.0018 mg/kg and in cream from the 1.5 ppm 
(approximate maximum dietary burden) and the 10 ppm feeding levels at up to 0.016 mg/kg. In all other 
tissues broflanilide was not detected. The Meeting noted that broflanilide is not a suitable marker for the 
residue definition for compliance with the MRL for animal commodities alone. 

The predominant identified residue in metabolism studies was metabolite DM-8007, accounting 
for 21–100 percent TRR (0.01–3.4 mg eq/kg) in lactating goat matrices and for 57–100 percent TRR 
(0.013–19 mg eq/kg) in laying hen matrices. In a cow feeding study, residues of DM-8007 were detected 
in milk (up to 0.12 mg/kg), cream (up to 1.3 mg/kg), fats (up to 0.79 mg/kg), liver (up to 0.078 mg/kg) and 
in muscle and kidney (up to 0.08 mg/kg). In matrices from laying hens, residues of DM-8007 were found in 
eggs, liver and fat at up to 0.023 mg/kg, 0.021 mg/kg and 0.15 mg/kg, respectively. 

Hence, the Meeting decided to include parent broflanilide and metabolite DM-8007 into the 
residue definition for compliance with MRLs.  

Analytical methods are available for measuring broflanilide and DM-8007 in animal matrices. 

In muscle and fat tissues of all animals investigated, residue concentrations of the sum of 
broflanilide and DM-8007 were 8–60 times higher in fat compared to muscle. Similarly, levels were 
approximately 200–300 times higher in milk fat compared to skim milk and approximately 400 times 
higher in egg yolk compared to egg white. The log Pow of DM-8007 is 5.8 in pH 7 buffer solution. The 
Meeting concluded that residues according to the residue definition are fat-soluble. 

On deciding which compounds should be additionally included in the residue definition for risk 
assessment, the Meeting considered the likely occurrence and toxicological properties for the candidates 
DC-DM-8007 and hippuric acid as well as the hydroxylated and conjugated metabolites DC-DM-(A4-OH)-
8007, DC-DM-(A6-OH)-8007 and DM-(C2-OH)-8007. 

In goat metabolism study (20 ppm dose level), DC-DM-8007 was detected in muscle, milk, fats 
and kidney at similar proportions as DM-8007 (13–67 percent TRR), but higher proportion in liver. In 
laying hens (15 ppm dose level), DC-DM-8007 occurred mostly at minor proportions in all matrices (0.8–
3.0 percent TRR), with the exception of egg white (16 percent TRR). In the cow feeding study, DC-DM-
8007 residues above LOQ were only occasionally found at the 1.5 and 10 ppm feeding levels in milk (up to 
0.0015 mg/kg) and in cream (up to 0.015 mg/kg), but levels were at least one order in magnitude lower 
compared to DM-8007. In all cow tissues, as well as in any matrices from a laying hen feeding study, DC-
DM-8007 was < LOQ. The Meeting concluded that DC-DM-8007 does not significantly contributes to the 
dietary exposure and is covered by the toxicological reference value of the parent.  

In goat metabolism study, hippuric acid accounted for 19–69 percent TRR in skim milk, liver and 
kidney. Compared to DM-8007, the residue levels were similar (kidney, liver) or higher (~3 fold in skim 
milk), but the metabolite was not analysed in the livestock feeding studies. In rat metabolism studies 
hippuric acid was found in urine at levels of 11 percent AD and is commonly found in mg or g/l 
concentrations in human urine. Hippuric acid is of no toxicological concern. Hence, the Meeting decided 
to not include hippuric acid into the residue definition for dietary risk assessment for animal 
commodities. 
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In addition, the hydroxylated and conjugated metabolites DC-DM-(A4-OH)-8007, DC-DM-(A6-OH)-
8007 and DM-(C2-OH)-8007 were identified in liver and kidney from goats (15, 11 and 17 percent TRR, 
respectively), at lower or similar levels or higher relative to DM-8007. However, they were not detected in 
muscle, milk and fat. The Meeting concluded that these metabolites do not significantly contribute to 
dietary exposure and are covered by the toxicological reference values of the parent.  

The Meeting decided to include broflanilide and metabolite DM-8007 in the residue definition for 
dietary exposure purposes for animal commodities 

Definition of the residue for compliance with the MRL and for dietary risk assessment for plant 
commodities: Broflanilide 

Definition of the residue for compliance with the MRL and for dietary risk assessment for animal 
commodities: Sum of broflanilide plus 3-benzamido-N-[2-bromo-4-(perfluoropropan-2-yl)-6-
(trifluoromethyl)phenyl]-2-fluorobenzamide (DM-8007), expressed as broflanilide. 

The residue is fat-soluble. 

Results of supervised residue trials on crops 

Supervised trials were available for the use of broflanilide on green onion (Welsh onion), leek, cabbage, 
Chinese cabbage, tomatoes, radish, Japanese radish, turnip, potato, wheat, barley, maize and coffee. No 
trials according to GAP were provided on turnip. 

Green onions, Subgroup of 

The critical GAP for green onions in Japan allows three foliar applications of broflanilide at 2.5 g ai /hL 
with a PHI of 1 day.  

Field trials with green onion in Japan were performed according to the GAP (±25 percent). The 
ranked order of broflanilide residues was (n=3): 0.38, 0.46, 1.32 mg/kg. 

Field trials with leek in Japan were performed according to the GAP (±25 percent). The ranked 
order of residues was (n=3): 0.10, 0.20, 0.22 mg/kg. 

The Meeting noted that residues in green onion and leek belong to different populations and 
could not be combined.  

The Meeting concluded that the number of trials is insufficient to estimate maximum residue 
levels for broflanilide in green onions and leek. 

Cabbages, Head and Chinese cabbage, (type Pe-tsai) 

The critical GAP for cabbage and Chinese cabbage in Japan allows three foliar applications of broflanilide 
at 2.5 g ai /hL, and PHI of 14 days. No trials were provided matching this GAP. 

A GAP for cabbage and Chinese cabbage in China allows a maximum of one foliar application of 
broflanilide at 24 g ai/ha and PHI of 5 days. 

A total of 12 field trials conducted with cabbage in China were provided. In trials conducted at 
33.8 g ai/ha, broflanilide residues were (n=6): < 0.01, 0.03, 0.11, 0.12, 0.16 and 0.42 mg/kg. In trials 
conducted at 45 g ai/ha, residues were (n=6): 0.12, 0.31, 0.33, 0.48 and 1.6 (2) mg/kg.  

The proportionality approach was used in both datasets, and scaling factors of 0.71 or 0.53 were 
applied, giving residues in ranked order (n=12): < 0.01, 0.02, 0.06, 0.08, 0.09, 0.11, 0.17 (2), 0.26, 0.30 and 
0.84 (2) mg/kg.  
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In field trials conducted with Chinese cabbage (n=4) in China at 45 g ai/hg, the ranked order of 
residues was (n=4): 0.39, 0.41, 0.99, 1.8 mg/kg. By applying the scaling factor of 0.53, residues were: 
0.21, 0.22, 0.53 and 0.95 mg/kg.  

The Meeting recognized that the residue population from trials on cabbage and Chinese cabbage 
were not significantly different according to the Kruskal-Wallis H-test and decided to combine the data 
sets. The ranked order of residues for estimating maximum residue levels and dietary risk assessment 
was (n=16): < 0.01, 0.02, 0.06, 0.08, 0.09, 0.11, 0.17 (2), 0.21, 0.22, 0.26, 0.30, 0.53, 0.84(2) and 
0.95 mg/kg. 

The Meeting estimated a maximum residue level of 2 mg/kg and an STMR of 0.19 mg/kg for 
broflanilide in Head cabbage and Chinese cabbage, (type Pe-tsai). 

For animal feed, the Meeting estimated a highest residue of 0.95 mg/kg and median residue of 
0.19 mg/kg for broflanilide in cabbage. 

Tomato (including cherry tomato) 

The critical GAP for tomato in the Republic of Korea allows two foliar applications of broflanilide at 
2.5 g ai/hL with a RTI of 7 days and a PHI of 2 days. Information on the spray volume was not provided. 

A total of 20 field trials conducted with tomato in the United States were performed with 2× 25 g 
ai/ha (translating into a spray concentration of 8.8–13 g ai/hL) with a RTI of 7 days and harvest after 1 
DALA. 

The Meeting noted that the proportionality principle could not be applied to trials as the resultant 
scaling factors are outside the acceptable range (not lower than 0.3).  

Hence, the Meeting concluded that no maximum residue level could be estimated for broflanilide 
in tomato. 

Radish, Japanese 

The critical GAP for Japanese radish in Japan allows three foliar applications of broflanilide at 2.5 g ai/hL 
with a PHI of 1 day. 

Field trials with Japanese radish in Japan were performed according to the GAP (±25 percent). 
The ranked order of broflanilide residues in radish roots were (n=6): < 0.01(6) mg/kg. 

The Meeting estimated a maximum residue level of 0.01(*) mg/kg and an STMR of 0.01 mg/kg for 
broflanilide in radish, Japanese. 

Tuberous and corm vegetables, Subgroup of 

The critical GAP for subgroup of tuberous and corm vegetables in the United States allows one in-furrow 
soil application of broflanilide at 50 g ai/ha and the PHI covered by conditions of use.  

Field trials conducted with potato from Canada and the United States were performed according 
to GAP (±25 percent). The ranked order of broflanilide residues was (n=20): < 0.001(5), 0.0012(2), 
0.0015(2), 0.0017, 0.0018, 0.0021, 0.0023, 0.0026, 0.0029, 0.0046. 0.0049(2), 0.015, 0.034 mg/kg. 

The Meeting estimated a maximum residue level of 0.04 mg/kg and an STMR of 0.00175 mg/kg 
for broflanilide in the subgroup of tuberous and corm vegetables. 

For animal feed, the Meeting estimated a highest residue of 0.034 mg/kg and median residue of 
0.00175 mg/kg for broflanilide in potato culls. 
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Cereal grains, Group of (except rice) 

The critical GAP for cereals (barley, oat, wheat, triticale, rye, millet, sorghum, amaranth, buckwheat, 
cañihua, chia, cram-cram, huauzontle, quinoa, spelt) in the United States allows for seed treatment with 
broflanilide at a concentration of 50 g ai/t seeds. The critical GAP for maize, including sweet corn in the 
United States allows one in-furrow soil application of broflanilide at 50 g ai/ha and the PHI covered by 
conditions of use. 

The Meeting considered that both treatments are similar, as they are both soil treatments. In 
addition, the results of a seed treatment metabolism study performed with wheat at 100 g ai/ton seeds 
demonstrated that uptake of radioactivity through the roots into the plant is very limited (TRR maximum 
of 0.011 mg ai/kg). Therefore, the Meeting decided to consider all data sets for wheat, barley and maize to 
explore a potential group recommendation. 

Field trials with wheat were conducted in Canada and the United States at an exaggerated rate of 
100 g ai/ton of seed, giving broflanilide residues of < 0.001 (25) mg/kg. 

Field trials with barley were conducted in Canada and the United States at an exaggerated rate of 
100 g ai/ton of seed, giving broflanilide residues of < 0.001 (16) mg/kg. 

In field trials with maize conducted in Canada and the United States according to the GAP, 
broflanilide residues were < 0.001 (20) mg/kg. 

In field trials with sweet corn conducted in the United States following GAP treatment 
(±25 percent), broflanilide residues were < 0.001 (12), mg/kg. 

The Meeting noted that for the overdosed seed treatment trials in wheat and barley, as well as for 
the in-furrow treatment of maize all residues were <LOQ.  

Hence, the Meeting estimated a maximum residue level of 0.001(*) mg/kg for broflanilide for the 
group of cereals grains, except rice.  

The Meeting also estimated an STMR of 0 mg/kg for the group of cereals grains, except rice and 
sweet corns, and an STMR of 0.001 mg/kg for sweet corns.  

Coffee beans, green 

The critical GAP for coffee in Colombia allows two foliar applications of broflanilide at 18 g ai/ha with a 
RTI of 30 days and a PHI of 45 days. 

In field trials conducted with coffee in Brazil and Colombia following GAP (±25 percent), the 
ranked order of broflanilide residues was (n=9): < 0.001(2), 0.0015, 0.0016, 0.0023, 0.0034, 0.0037, 
0.0039, 0.005 mg/kg.  

The Meeting estimated a maximum residue level of 0.01 mg/kg, and a STMR of 0.0023 mg/kg for 
broflanilide in coffee beans, green. 

Residues in animal feeds 

Wheat forage 

The critical GAP for wheat in Canada and the United States allows for seed treatment with broflanilide at a 
concentration of 50 g ai/t seeds with no livestock feeding restrictions.  

Field trials were conducted with wheat in Canada and the United States at an exaggerated rate of 
100 g ai/ton of seed. The ranked order of residues in wheat forage was (n=25): < 0.001(24), 0.0011 mg/kg. 
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The Meeting noted that trials were overdosed and decided to set 0.001 mg/kg (as received) as 
highest and median residue for broflanilide in wheat forage.  

Maize forage 

The critical GAP for maize in the United States allows one in-furrow soil application of broflanilide at 50 g 
ai/ha and the PHI covered by conditions of use. 

In field trials conducted with maize in Canada and the United States, broflanilide residues in 
maize forage following GAP (± 25) were < 0.001(25) mg/kg, as received. 

The Meeting estimated a highest and median residue of 0.001 mg/kg (as received) for broflanilide 
in maize forage. 

Cereal grains (including pseudocereals) feed products with low water (<20 percent) content (hay, straw), 
Subgroup of (except rice)  

The critical GAP for wheat and barley in the United States allows for seed treatment with broflanilide at 50 
g ai/t seeds with no livestock feeding restrictions. The critical GAP for maize in the United States allows 
one in-furrow soil application of broflanilide at 50 g ai/ha and the PHI covered by conditions of use. As 
discussed previously, the Meeting considered that both treatments are similar. 

Field trials were conducted with wheat and barley in Canada and the United States at an 
exaggerated rate of 100 g ai/ton of seed. The ranked order of residues for wheat hay was (n=25): 
< 0.001(24), 0.0012 mg/kg and for barley hay was (n=16): < 0.001(14), 0.0018, 0.0032 mg/kg, as received. 

The Meeting decided to combine the data sets for wheat and barley hay as they were considered 
similar and apply proportionality principle to the residues from the overdosed trials. Therefore, a scaling 
factor of 0.5 was applied to residues >LOQ, resulting in a total residue population of (n=41): 0.0006, 
0.0009, < 0.001(38), 0.0016 mg/kg, as received. 

The ranked order of residues for wheat straw was (n=25): < 0.001(23), 0.001(2) mg/kg and for 
barley straw was (n=16): < 0.001(16) mg/kg, as received.  

The Meeting decided to combine the data sets for wheat and barley straw and apply the scaling 
factor of 0.5, resulting in a total residue population of (n=41): 0.0005(2), < 0.001(39), mg/kg, as received. 

The ranked order of residues in maize stover following GAP treatment (±25) was (n=25): 
< 0.001(25) mg/kg as received. 

Based on the more critical hay data, the Meeting estimated a highest residue of 0.0016 mg/kg (as 
received), a median residue of 0.001 mg/kg (as received) and a maximum residue level of 0.01 mg/kg (dw, 
based on 88 percent DM content) for the subgroup of cereal grains (including pseudocereals) feed 
products with low water (<20 percent) content (hay, straw), except rice feed products. 

Fate of residues during processing 

The Meeting received information on the hydrolysis of [B-ring-U-14C]- and [C-ring-U-14C]-labelled 
broflanilide, simulating typical processing conditions (90 °C, pH 4, 20 minutes to simulate pasteurization, 
100 °C, pH 5, 60 minutes to simulate boiling, baking and brewing and 120 °C, pH 6, 20 minutes to simulate 
sterilisation). No significant hydrolysis of broflanilide was observed at the conditions studied. 

The Meeting concluded that broflanilide is stable under the conditions of pasteurization, boiling, 
baking and brewing, as well as sterilisation.  
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The fate of broflanilide residues has been examined simulating household and commercial 
processing of potato, maize, wheat and coffee, and the results are shown in Table 5.6.2. 

Table 5.6.2 Estimated processing factors for maximum residue and dietary exposure of processed 
commodities according to the residue definition broflanilide 

Crop 

Residue (mg/kg) in 
RAC 

Processed commodity Individual PF 

Median or 
best 
estimate 
PF 

Residue (mg/kg) in 
processed commodity 

MRL STMR MRL-P STMR-P 

Potato 0.04 0.0018 Starch < 0.06, < 0.19, 0.27 < 0.19 - 0.0003 
   Process waste 0.12, < 0.19, 0.69 < 0.19 - 0.0003 
   Dried pulp 0.55, 1.2, 2.3 1.2 - 0.0022 
Maize 0.001 0 Bran 1.4 1.4 0.002 0 
   Dry milling flour 2.1 2.1 0.002 0 
   Germ 0.74, 1.2 0.99 - 0 
   Gluten 1.6 1.6 - 0 
   Gluten feed meal 6.77 6.77 - 0 
   Milled by-products 6.29 6.29 - 0 
   RBD oil 0.35, 0.81 0.28 - 0 
   Starch < 0.16 < 0.16 - 0 
Wheat 0.001 0 Flour 0.30, 0.44, 0.54 0.44 - 0 
   Gluten 0.80, 4.14, 4.97 4.1 - 0 
   Milled by-products 6.8, 8.3, 12.2 8.3 - 0 
   Starch 0.02, 0.02, 0.04 0.02 - 0 
   Germ 1.14, 1.75, 2.77 1.75 0.002 0 
   Whole grain bread 0.45, 0.63, 0.78 0.63 - 0 

Coffee 0.01 0.0023 Instant coffee 
< 0.09, < 0.14, 
< 0.26 

< 0.09 - 0.0002 

   
Roasted and ground coffee 
beans 

0.38, 0.82, 2.36 0.82 - 0.0019 

 

Residues in animal commodities 

Farm animal feeding studies 

The Meeting received feeding studies with broflanilide on lactating cows and laying hens. 

The study with lactating cows was conducted at treatment rates of 0.015, 0.15, 1.5 and 10 ppm. 
Residues of parent broflanilide were only detected in milk from the 10 ppm group at up to 0.0018 mg/kg 
and in cream from the 1.5 and 10 ppm groups at up to 0.016 mg/kg. 

Residues of metabolite DM-8007 above LOQ were detected in milk from the 0.15 ppm, 1.5 ppm 
and 10 ppm groups at up to 0.12 mg/kg and in cream from in all groups at up to 1.3 mg/kg. Metabolite 
DM-8007 was also detected above LOQ in fats from all groups at up to 0.79 mg/kg, in liver from the 1.5 
and 10 ppm groups at up to 0.078 mg/kg and in muscle and kidney from the 10 ppm group at up to 
0.08 mg/kg. 

The study with laying hens was conducted at treatment rates of 0.02, 0.10 and 0.50 ppm. In eggs 
and tissues, residues of broflanilide and metabolite DC-DM-8007 were consistently below LOQ for all dose 
levels. 

Residues of metabolite DM-8007 above LOQ were only found in eggs and liver from the 0.5 ppm 
group at up to 0.023 and 0.021 mg/kg, respectively, as well as in fat from all groups at up to 0.15 mg/kg. 
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STMR beef or 
dairy cattle  

Feed level 
(ppm)  

Sum of broflanilide 
+ DM-8007 in milk 

(mg/kg) 

Sum of broflanilide 
+ DM-8007 in 

cream (mg/kg) 

Sum of broflanilide + DM-8007 (mg/kg) 

Liver Kidney  Muscle Fat  

1.5 0.012 a 0.153 a 0.02 < 0.02 < 0.02 0.13 
Dietary burden and 
mean residue 

0.26 0.004 0.032 0.02 < 0.02 < 0.02 0.033 

Notes: 
a Mean at plateau level. 
 

The Meeting estimated a maximum residue level for milks at 0.015 mg/kg, milk (fat) at 0.4 mg/kg 
(assuming 40 percent fat content in cream), edible offal (mammalian) at 0.03 mg/kg and 0.15 mg/kg for 
meat from mammals (fat) and mammalian fats.  

The Meeting estimated STMR values of 0.004 mg/kg in milks, 0.08 mg/kg in milk (fat) (assuming 
40 percent fat content in cream), 0.02 mg/kg in edible offal (mammalian), 0.02 mg/kg in muscle from 
mammals and 0.033 mg/kg in mammalian fats. 

For broiler and laying poultry, a maximum and mean dietary burden of 0.33 ppm and 0.065 ppm 
were estimated, respectively. For maximum residue level estimation, the maximum dietary burden of 
0.33 ppm was evaluated by interpolating between the 0.1 and 0.5 ppm dosing levels of the laying hen 
feeding study (Table 5.6.6). 

Table 5.6.6 Maximum residue level estimation of broflanilide in poultry commodities 

Maximum residue level 
broiler or layer poultry 

Feed level 
(ppm)  

Sum of broflanilide + DM-
8007 in eggs (mg/kg) 

Sum of broflanilide + DM-8007 (mg/kg) 
Liver Muscle Fat  

Feeding study 0.1 < 0.02 < 0.02 < 0.02 0.049 
0.5 0.033 0.031 < 0.02 0.16 

Dietary burden and highest 
residues 

0.33 0.027 0.026 < 0.02 0.113 

 

For the STMR estimation, the mean dietary burden of 0.065 ppm was evaluated by interpolating 
between the 0.02 and 0.1 ppm dosing levels of the laying hen feeding study (Table 5.6.7). 

Table 5.6.7 STMR estimation of broflanilide in poultry commodities 

STMR broiler or layer 
poultry 

Feed level 
(ppm)  

Sum of broflanilide + DM-
8007 in eggs (mg/kg) 

Sum of broflanilide + DM-8007 (mg/kg) 
Liver Muscle Fat  

Feeding study 0.02 < 0.02 < 0.02 < 0.02 0.020 
0.1 < 0.02 < 0.02 < 0.02 0.044 

Dietary burden and mean 
residues 

0.065 < 0.02 < 0.02 < 0.02 0.034 

 

The Meeting recommended a maximum residue level of 0.03 mg/kg for eggs, 0.03 mg/kg for 
poultry edible offal, 0.02(*) mg/kg for poultry meat and 0.15 mg/kg for poultry fats. 

The Meeting estimated an STMR value of 0.02 mg/kg in eggs, poultry edible offal and poultry 
muscle as well as 0.034 mg/kg for poultry fats. 
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RECOMMENDATIONS  

On the basis of the data obtained from supervised trials, the Meeting concluded that the residue levels 
listed in Annex 1 are suitable for establishing maximum residue limits and for IEDI.  

Definition of the residue for compliance with the MRL and dietary risk assessment for plant 
commodities: Broflanilide 

Definition of the residue for compliance with the MRL and dietary risk assessment for animal 
commodities: Sum of broflanilide plus 3-benzamido-N-[2-bromo-4-(perfluoropropan-2-yl)-6-
(trifluoromethyl)phenyl]-2-fluorobenzamide (DM-8007), expressed as broflanilide 

The residue is fat-soluble. 

DIETARY RISK ASSESSMENT 

Long-term dietary exposure 

The ADI for broflanilide is 0–0.02 mg/kg bw. The International Estimated Daily Intakes (IEDIs) for 
broflanilide 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 2019 JMPR Report. 

The IEDIs ranged from 0–1 percent of the maximum ADI. The Meeting concluded that long-term 
dietary exposure to residues of broflanilide from uses considered by the JMPR is unlikely to present a 
public health concern. 

Acute dietary exposure 

The Meeting determined that establishment of an acute reference dose is unnecessary for broflanilide and 
concluded that the acute exposure of residues of broflanilide from uses considered by the Meeting is 
unlikely to present a public health concern. 
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Tea, green, black (black, fermented and dried) 

The critical GAP for tea in Japan is one foliar application of chlorantraniliprole (5 g ai/hL) before each pick 
with a PHI of 3 days. 

The Meeting noted that the typical interval between picks is 30 days. According to the decline 
study, 0.3–9.6 percent of the DAT3 residue remained 18 days. The Meeting considered that the residue 
carry-over from previous treatments would be insignificant and agreed that the trials approximated the 
cGAP in Japan. 

In trials approximating the GAP, residues of chlorantraniliprole in tea leaves (dry) were (n=10): 19 
(2), 22, 23, 24, 25, 28 (2), 29 and 32 mg/kg.  

The Meeting estimated a maximum residue level of 80 mg/kg and an STMR of 24.5 mg/kg. 

Fate of residues during processing 

Tea infusion 

The Meeting received residue data for chlorantraniliprole in tea infusions. 

Residues of chlorantraniliprole in tea infusion, prepared from the tea leaves in trials conducted in 
2020 and 2021, were (n=8): 0.14, 0.16, 0.18, 0.20 (2), 0.22 (2) and 0.23 mg/kg. 

The Meeting estimated an STMR value of 0.20 mg/kg in tea infusion. 

RECOMMENDATIONS  

On the basis of the data from supervised trials the Meeting concluded that the residue levels listed in 
Annex 1 are suitable for establishing maximum residue limits and for IEDI and international estimate of 
short-term intake assessment. 

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

The residue is fat-soluble. 

DIETARY RISK ASSESSMENT 

Long-term dietary exposure 

The ADI for chlorantraniliprole is 0–2 mg/kg bw. The International Estimated Daily Intakes (IEDIs) for 
chlorantraniliprole were estimated for the 17 GEMS/Food Consumption Cluster Diets using the STMR or 
STMR-P values estimated by the current and earlier JMPR. The results are shown in Annex 3 of the 2022 
JMPR Report. 

The IEDIs ranged from 0–1 percent of the maximum ADI for chlorantraniliprole. The Meeting 
concluded that long-term dietary exposure to residues of chlorantraniliprole from uses considered by the 
JMPR is unlikely to present a public health concern. 

Acute dietary exposure 

The ARfD for chlorantraniliprole is not necessary. The Meeting concluded that acute dietary exposure to 
residues of chlorantraniliprole from uses considered by the present Meeting is unlikely to present a public 
health concern. 
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5.8 Chlormequat (015) 

RESIDUE AND ANALYTICAL ASPECTS 

Chlormequat is a plant growth regulator and usually formulated as the chloride salt. It acts primarily by 
reducing cell elongation, as well as by lowering the rate of cell division and by inhibiting the synthesis of 
gibberellins. Chlormequat was evaluated by the Meeting in 1970, 1972, 1994 (T, R), 1997 (R), 1999 (T, for 
ARfD), 2000 (R) and 2017 (T, R, periodic re-evaluation).  

The 2017 Meeting reaffirmed the ADI of 0–0.05 mg/kg bw (established in 1997) and ARfD of 
0.05 mg/kg bw (established in 1999). The 2017 Meeting confirmed residue definitions as follows: 

The residue definition (for compliance with the MRL and dietary risk assessment) in plant and 
animal commodities: chlormequat cation.  

The residue is not fat soluble. 

The Forty-third Session of the Codex Alimentarius Commission (2020) approved the new work 
proposals including the priority list of pesticides for evaluation by the current Meeting. The priority list 
included chlormequat for evaluation of uses on barley and wheat.  

The current Meeting received new information on: GAP in Canada, analytical methods, supervised 
residue trials and processing studies, for wheat and barley. 

Analytical methods 

The 2017 Meeting evaluated two LC-MS/MS methods and one GC method for plant commodities, and a 
LC-MS/MS method and an ion chromatography method for animal commodities for determining 
chlormequat chloride. 

The current Meeting received information on a new LC-MS/MS method (M01-011), which was 
similar to the LC-MS/MS method (CEN/TC 275/WG 4N) provided to the 2017 JMPR, for determining 
chlormequat chloride in the supervised residue trials and processing studies. In this method, a 
homogenized samples of wheat or barley matrices (grain, leafy parts and processed commodities) were 
fortified with a known concentration of chlormequat-D4 chloride as internal standard. Residues of 
chlormequat/internal standard were extracted from the fortified sample with methanol/water (2:1, v/v). 
An aliquot of extract was then filtered for determination of chlormequat chloride by LC-MS/MS.  

At the fortification levels of 0.01 and 0.1 mg/kg in grain, straw, hay, forage and processed 
commodities of wheat and barley, the mean recoveries were 90–110 percent and the RSD values were 
< 13 percent. The validated LOQ was 0.01 mg/kg for chlormequat chloride in these matrices. 

Stability of pesticide residues in stored analytical samples 

The 2017 Meeting evaluated the stability data on chlormequat chloride in cereal matrices (grain, straw 
and processed matrices) stored at approximately -18 or -20°C. The proved stable periods cover the 
sample storage intervals in the residue trials.  

Results of supervised residue trials on crops 

The Meeting received supervised trial data for chlormequat on wheat and barley conducted in Canada and 
the United States in 2015–2016. 
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The residue population from the trials in Canada and the United States would lead to a higher 
estimates of maximum residue level and STMR. Based on the residue population from the north American 
trials, the Meeting estimated a maximum residue level of 7 mg/kg and an STMR of 1.5 mg/kg for wheat.  

International estimate of short-term Intake calculation for wheat grain and its processed 
products resulted in a maximum of 110 percent of ARfD for children (consumption of wheat flakes; the 
processing factor of 0.8 estimated by the 2017 JMPR for the processing of oat its flakes was used). The 
Meeting therefore used an alternative GAP approach for estimating maximum residue level and STMR, 
and decided to evaluate the trial data against the GAP of Canada for wheat. 

The combined residues of chlormequat cation in wheat grain from the trials matching the GAP in 
Canada were in rank order (n=22): 0.26, 0.29, 0.31, 0.43, 0.50, 0.50, 0.52, 0.54, 0.54, 0.65, 0.85, 0.86, 1.0, 
1.0, 1.2, 1.3, 1.4, 1.4, 1.5, 1.9, 1.9 and 2.9 mg/kg. 

The Meeting estimated a maximum residue level of 4 mg/kg for wheat to replace the previous 
recommendation of 2 mg/kg. The Meeting estimated an STMR of 0.855 mg/kg. 

Barley 

The 2017 JMPR evaluated supervised trials conducted in France, Germany and Spain on barley with the 
application timing at BBCH 32–37 against the critical GAP in the United Kingdom (one foliar application 
at the maximum rate of 1.65 kg ai/ha during BBCH 25–30) and estimated a maximum residue level of 
2 mg/kg and STMR of 0.37 mg/kg for barley. 

The current critical GAP was from the United Kingdom for barley which allows one foliar 
application at the maximum rate of 1.50 kg ai/ha up to and including GS 32. This GAP is similar to GAP in 
Canada (one foliar application at the maximum rate of 1.43 kg ai/kg up to GS 39). 

The current Meeting received information on supervised residue trials conducted in Canada (10) 
and the United States (10) on barley in 2016 with a single application at GS 32 at rates 1.36–
1.50 kg ai/ha. 

Residues of chlormequat cation in barley grains in the independent trials conducted in Canada 
and the United States approximating GAP in the United Kingdom were in rank order (n=10): 0.12, 0.54, 1.0, 
1.0, 1.5, 1.5, 1.6, 2.6, 3.3 and 3.9 mg/kg.  

The Meeting estimated a maximum residue level of 7 mg/kg and an STMR of 1.5 mg/kg for 
barley. 

International estimate of short-term intake calculation for barley grain and its processed 
products resulted in a maximum of 110 percent of ARfD for children (consumption of barley flakes; the 
processing factor of 0.8 estimated by the 2017 JMPR for the processing of oat its flakes was used). The 
Meeting looked for an alternative GAP that would lead to a smaller estimate of maximum residue level 
and STMR. GAP of Canada for wheat is similar to GAP of the United Kingdom and it would lead to the 
same maximum residue level. There was insufficient information available on the validity of GAP 
contained in the use pattern table of the Evaluation of the 2017 JMPR, the Meeting decided to maintain 
the previous recommendation of 2 mg/kg (STMR 0.37 mg/kg) until information becomes available on 
valid GAPs for barley in countries which allow lower application rates than the GAP used by this Meeting 
to enable the alternative GAP approach. 
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Residues in animal feeds 

Barley forage 

The 2017 JMPR received data on barley forage taken after one application of chlormequat at BBCH 32 or 
37 in the trials conducted in Europe. However, as feeding cereal grain forage was not common in Europe 
unless specified on the label, the data were not evaluated.  

The critical GAP is in the United Kingdom for barley allows one foliar application up to and 
including GS 32 at the maximum rate of 1.50 kg ai/ha. Neither the United Kingdom label nor the Canadian 
label contains restrictions regarding grazing or cutting for feed. Generally, forage can be used for grazing 
or cutting for feed 2 to 3 weeks after the application of pesticides. 

In the trials conducted on barley in Canada and the United States and provided to the current 
Meeting, barley forage samples were not taken or analysed. The Meeting therefore evaluated the 
European trials against the critical GAP in the United Kingdom.  

Residues of chlormequat cation in forage taken 14 to 21 days after the application in the 
European trials approximating GAP in Canada were in rank order:  

Application at BBCH 37 (n=3):2.9, 3.6 and 12 mg/kg; and 

Application at BBCH 32 (n=4): 1.9, 3.3, 3.7 and 6.7 mg/kg. 

Mann-Whitney U-test indicates that these two populations were not significantly different. The 
Meeting combined the residue populations to estimate a median residue and highest residue. 

The combined residues of chlormequat cation in barley forage were in rank order (n=7): 1.9, 2.9, 
3.3, 3.6, 3.7, 6.7 and 12 mg/kg. 

The Meeting estimated a median residue of 3.6 mg/kg (as received) and highest residue of 
12 mg/kg (as received) for barley forage. 

Wheat forage 

The 2017 JMPR evaluated supervised trials conducted in France, Germany and Italy against the critical 
GAP in Argentina (one foliar application at the maximum rate of 2.025 kg ai/ha during BBCH 21–31) and 
estimated a median residue of 8.7 mg/kg and highest residue of 25 mg/kg for wheat forage (as received).  

The current Meeting received information on residues of chlormequat cation in wheat forage, 
samples of which were taken at around GS 30 after one application at GS 12–30 at rates of 0.48–0.64 kg 
ai/ha, much lower rates than in the critical GAP in Argentina. As residues of chlormequat cation at 14–21 
DAT were in a range of 0.85–12 mg/kg, the Meeting concluded that the median and highest residues 
recommended by the 2017 JMPR cover the residues found in wheat forage from the trials in Canada and 
the United States. 

Barley, hay and/or straw 

The 2017 JMPR evaluated supervised trials conducted in Europe on barley against the critical GAP in the 
United Kingdom (one foliar application at the maximum rate of 1.65 kg ai/ha during BBCH 25–30; since 
expired) and estimated a maximum residue level of 50 mg/kg (dw), and a median residue of 4.15 mg/kg 
(as received) and highest residue of 30 mg/kg for barley straw and fodder, dry.  

Residues of chlormequat cation in barley hay in the trials conducted in the United States 
approximating the GAP in the United Kingdom were in rank order (n=10):5.4, 14, 18, 19, 33, 36, 39, 46, 48 
and 60 mg/kg (as received), or 6.1, 15, 20, 22, 38, 41, 53, 54, and 68 mg/kg (dw). 
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Residues of chlormequat cation in barley straw in the trials conducted in the United States 
approximating the GAP in the United Kingdom were in rank order (n=10): 2.4, 3.8, 4.5, 5.9, 6.7, 9.8, 14, 16, 
17, and 30 mg/kg (as received) or 2.8, 4.3, 5.1, 6.7, 7.6, 11, 15, 18, 19 and 34 mg/kg (dw). 

The residue population of hay from the United States trials would lead to a higher maximum 
residue level, and median and highest residue than the residue population of straw and those estimated 
by the 2017 JMPR based on the European trials. Using the residue population of hay from the United 
States trials, the Meeting estimated a maximum residue level of 150 mg/kg (dw) for barley hay and/or 
straw and withdrew the previous recommendation for barley straw and fodder, dry of 50 mg/kg, dw. The 
Meeting also estimated a median residue and highest residue of 34.5 mg/kg and 73 mg/kg (as received) 
for barley hay and 8.25 mg/kg and 32 mg/kg (as received) for barley straw. 

Wheat hay and/or straw 

The 2017 JMPR evaluated residue trials on wheat conducted in Europe against the critical GAP in 
Argentina and estimated a maximum residue level of 80 mg/kg (dw), median residue of 13 mg/kg (as 
received) and highest residue of 55 mg/kg for wheat straw and fodder, dry. 

Residues of chlormequat cation in wheat hay from the trials in Canada and the United States 
approximating the GAP in Argentina after scaling were in rank order (including one pair of not-
independent trials for comparison of application timing):  

Application at GS 39 (n=9): 28 (15.6, 1.114), 28 (15.6, 1.114), 34 (18.3, 1.102), 34 (18.6, 1.119), 42 
(23.5, 1.127), 67 (36.5, 1.102), 70 (39.5, 1.142), 74 (41.6, 1.132) and 80 (43.4, 1.102) mg/kg; and 

Application at GS 32 (n=14): 0.64 (0.36, 1.13), 6.9 (3.73, 1.105), 7.4 (4, 1.090), 21 (11.2, 1.119), 30 
(16.7, 1.132), 37 (20, 1.102), 41(21, 1.050), 43 (23.9, 1.119), 55 (29.5, 1.092), 59 (32.7, 1.124), 62 (33.6, 
1.102), 63 (36, 1.149), 64 (35, 1.111) and 111 (0, 1.090) mg/kg. 

Mann-Whitney U-test indicates that these two data populations are not significantly different.  

The combined data set from independent trials in Canada and the United States were in rank 
order (n=22): 0.64, 6.9, 7.4, 21, 28, 30, 34, 34, 37, 41, 42, 43, 55, 59, 62, 63, 64, 67, 70, 74, 80 and 
111mg/kg (as received) or 0.73, 7.8, 8.4, 23, 32, 34, 38, 38, 42, 46, 48, 49, 62, 67, 70, 73, 72, 76, 80, 85, 91 
and 127 mg/kg (dw).  

Residues of chlormequat cation in wheat straw from the trials in Canada and the United States 
approximating GAP in Argentina after scaling were: 

Application at GS 39 (n=9): 3.8 (2.09, 1.127), 14 (7.44, 1.114), 16 (9.07, 1.119), 17 (9.42, 1.142), 
20 (11.0, 1.132), 21 (11.3, 1.102), 22 (11.9, 1.102), 32 (18, 1.140) and 40 (21.5, 1.102) mg/kg 

Application at GS 32 (n=14):7.4 (4.0, 1.090), 10 (5.4, 1.050), 15 (7.93, 1.105), 17 (9.46, 1.132), 18 
(9.76, 1.119), 20 (11, 1.130), 23 (12.6, 1.102), 23 (12.6, 1.102), 24 (13.7, 1.149), 35 (19.6, 1.124), 36 (19.9, 
1.119), 37 (20.1, 1.102), 45 (24, 1.109) and 55 (30, 1.110) mg/kg, 

Mann-Whitney U-test indicates that these two populations are not significantly different. The 
Meeting decided to combine these datasets. 

The combined data set from independent trials in Canada and the United States were in rank 
order (n=22): 3.8, 7.4, 10, 14, 15, 16, 17, 17, 18, 20, 20, 21, 22, 23, 23, 24, 35, 36, 37, 40, 45 and 55 mg/kg 
(as received) or 4.3, 8.4, 11, 16, 17, 18, 19, 19, 20, 23, 23, 24, 25, 26, 26, 27, 40, 41, 42, 45, 51 and 
62 mg/kg. (dw). 
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The residue population of hay from trials conducted in Canada and the United States would lead 
to a higher maximum residue level than that from the residue population in straw from the trials and the 
previous recommendation made in 2017 based on straw. Using the data population of residues in hay, the 
Meeting estimated a maximum residue level of 200 mg/kg (dw) for wheat hay and/or straw. The previous 
recommendation on wheat straw or fodder, dry (80 mg/kg, dw) was withdrawn. The Meeting estimated a 
median residue and highest residue of 42.5 and 117 mg/kg (as received) for wheat hay and 20.5 and 
55 mg/kg (as received) for wheat straw. 

Since barley hay/straw and wheat hay/straw are not distinguishable in trade, the Meeting agreed 
that the higher maximum residue level of wheat of 200 mg/kg should also apply to barley hay and/or 
straw. 

Fate of residues during processing 

Processing 

The Meeting received information on processing of wheat to bran, flour, middlings, shorts, germ and 
aspirated grain fractions; and of barley to bran, pearled barley and flour. For the processing studies, 
samples of wheat and barley grains were obtained from the supervised trials with the applications at the 
critical GAP rate and its 2-fold rate, and chlormequat cation was analysed. Processing factors of wheat to 
its processed commodities and barley to its processed commodities are summarized below together with 
the processing factors derived by the 2017 JMPR for additional processed commodities. Using the best 
estimates of processing factors and the STMR values for wheat and barley, the STMR-P values were 
calculated for processed commodities of wheat and barley. For estimation of acute dietary exposure from 
flakes of wheat and barley, the Meeting used the processing factor of 0.80 for the processing of oat to its 
flakes estimated by the 2017 JMPR.  

Processing factors of chlormequat for wheat to its processed commodities and barley to its processed 
commodities are shown below. 

Table 5.8.1 Calculated STMR-Ps for processed food and feed commodities 

Commodity 
(Food/feed) 

N Processing factor STMR/ 
STMR-P/ 
Median 

Individual Best estimate 

Wheat grain at harvest 4 - - 0.855 
Bran 4+6 1.15, 1.16, 2.22, 2.38 

2.5, 2.8, 2.9, 3.1, 3.4, 4.6 
2.65 2.3 

Flour 4+5 0.086, 0.089, 0.113, 0.115 
0.19, 0.28, 0.29, 0.30, 0.41 

0.19 0.16 

Germ 4 4.34, 4.81, 5.36, 6.21 5.1 4.3 
Wholemeal a 6 0.86, 0.91, 1.0, 1.0, 1.1, 1.4 1.0 0.855 
Wholemeal bread 6 0.49, 0.51, 0.53, 0.55, 0.63, 0.79 0.54 0.46 

Barley grain at harvest 4 - - 0.37 
Bran 4 0.884, 0.914, 0.937, 1.02 0.93 0.34 
Pearled barley 4+5 0.180, 0.213, 0.224, 0.315 

0.06, 0.8, 0.9, 1.0, 1.0 
0.32 0.12 

Flour 4 0.159, 0.163, 0.189, 0.229 0.18 0.066 
Malt 5 0.69, 0.9, 0.9, 0.9, 1.0 0.9 0.33 
Beer 5 0.015, 0.1, 0.2, 0.2, 0.2 0.2 0.074 

Wheat grain at harvest 4 - - 0.855 
Middlings 4 0.33, 0.34, 0.73, 0.84 0.54 0.46 
Shorts 4 0.47, 0.48, 1.6, 1.8 1.0 0.89 
AGF 2 7.67, 8.48 8.1 6.9 
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Commodity 
(Food/feed) 

N Processing factor STMR/ 
STMR-P/ 
Median 

Individual Best estimate 

Barley grain at harvest 4 - - 0.37 
Spent grain 4 0.01, 0.02, 0.02, 0.03 0.02 0.007 

Notes: 

NB: Values in italics were from the 2017 JMPR. 
a The processing factors calculated separately for wheat wholemeal flour and wholemeal in the 2017 JMPR Report were 
combined under wheat “wholemeal”.  

 

Based on the processing factors and maximum residue level of wheat grain of 4 mg/kg, the 
Meeting estimated maximum residue levels for wheat bran (unprocessed) at 10 mg/kg, replacing the 
previous recommendation of 7 mg/kg, and for wheat germ at 20 mg/kg.  

Residues in animal commodities 

Livestock dietary burden 

Dietary burden calculations for cattle and poultry are provided below. The dietary burdens were estimated 
using the OECD diets listed in Appendix IX of the 2016 edition of the FAO Manual.  

Table 5.8.2 Estimated maximum and mean dietary burdens of farm animals 

 Animal dietary burden: chlormequat, ppm of dry matter diet 
 

 United States-Canada European Union Australia Japan 
 max Mean max Mean max Mean Max Mean 

Beef cattle 22.4 9.72 32.6 12.9 133.0 48.3 3.22 3.22 
Dairy cattle 28.5 11.5 32.6 12.9 99.8 38.8 3.05 2.78 

Poultry broiler 3.17 3.17 2.00 2.00 1.92 1.92 0.34 0.34 
Poultry layer 3.17 3.17 15.3 6.83 1.88 1.88 1.47 1.47 

 

The calculated highest maximum dietary burden was 133.0 ppm (chlormequat cation) based on 
the Australian diet, which is more than 30 percent higher than the highest dose rate in the cattle feeding 
study. Therefore, it was not possible to estimate residues in mammalian commodities at the highest 
maximum burden.  

Chlormequat was registered in Australia and, according to the current product labels, approved 
for use on wheat with one application at a maximum rate of 0.758 kg ai/ha from Z 25 to Z 31, but not for 
other cereal grains. Grazing and cutting for stock feed are not allowed before 21 days after the 
application. Most of forage and hay data and all of straw data used for estimating median and highest 
residue were from the samples taken at 20 days or later after application in the trials. Taking into 
consideration the registration of chlormequat for wheat in Australia, no importation of hay or straw into 
Australia, and that the application timing in the GAP in Australia is comparable to the GAP of Argentina, 
the Meeting decided to apply the proportionality principle to the median and highest residue values of 
wheat feed items for re-calculating the maximum and mean dietary burden based on the Australian diet. 

Based on the maximum rate of 2.025 kg ai/ha in Argentinian GAP for wheat and that of 
0.758 kg ai/ha in the Australian GAP for wheat, the median and highest residue in wheat derived feed 
were scaled for the purpose of calculating dietary burdens based on the Australian diet. The scaled 
median and highest residues were: 15.9 and 28.8 mg/kg in wheat hay, 7.67 and 20.6 mg/kg for wheat 
straw, and 3.26 and 9.36 mg/kg for wheat forage. 
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 Feed level 
(ppm, cation) 

Residues (mg/kg, as chlormequat cation) 
Meat Fat Liver Kidney 

 93 0.085 a 0.078 0.39 0.82 
Dietary burden, HR 37.4 0.085 0.043 0.11 0.40 
STMR      
Feeding study 28 < 0.04 < 0.04 0.062 0.31 
      
Dietary burden, STMR 18.1 < 0.04 < 0.04 0.036 0.20 

Notes: 
a This value is from the dose level of 28 ppm as the cation. A higher highest residue was observed among the cows fed at this 
level than those fed 93 ppm as the cation. 

 

The Meeting estimated maximum residues level of 0.2 mg/kg for meat from mammals other than 
marine mammals, confirming the previous recommendation, and an STMR and an HR of 0.04 and 
0.085 mg/kg. respectively. 

The Meeting estimated a maximum residue level of 0.1 mg/kg for mammalian fat, confirming the 
previous recommendation, and an STMR and an HR of 0.04 and 0.043 mg/kg, respectively. 

Based on the residue data for kidney, higher than those for liver, the Meeting estimated a 
maximum residue level of 0.5 mg/kg for edible offal, mammalian, replacing the previous recommendation 
of 1 mg/kg. The Meeting estimated an STMR and an HR of 0.036 and 0.11 mg/kg for liver, and 0.20 and 
0.40 mg/kg for kidney, respectively. 

Poultry 

The highest maximum dietary burden of chlormequat cation for poultry was 15.3 ppm and the highest 
mean dietary burden was 6.83 ppm. No residues of chlormequat cation above the LOQ (0.05 mg/kg as 
chlormequat chloride) were found at the highest feeding level of 46.5 ppm (as the cation) in meat or fat. 
Therefore, the Meeting estimated maximum residue levels of 0.04(*) mg/kg for poultry meat and fat 
confirming the previous recommendations. The Meeting estimated STMR and HR for meat and fat of 
0.04 mg/kg. 

Table 5.8.6 Residues in eggs and tissues from poultry dosed with chlormequat in the diet 

 Feed level (ppm, cation) Residues in liver 
(mg/kg, cation) 

Residues in eggs (mg/kg, 
cation) 

MRL    
Feeding study 14.0 0.078 0.093 
 46.5 0.26 0.12 
Dietary burden, HR 15.3 0.085 0.094 
STMR    
Feeding study 4.65 0.04 < 0.04 
 14 0.054 0.078 
Dietary burden, STMR 6.83 0.043 0.049 

 

The Meeting estimated a maximum residue level of 0.2 mg/kg for poultry edible offal, replacing 
the previous recommendation, and an STMR and an HR of 0.043 and 0.085 mg/kg respectively. The 
Meeting also estimated a maximum residue level of 0.2 mg.kg for eggs, replacing the previous 
recommendation, and an STMR and an HR of 0.049 and 0.094 mg/kg respectively. 
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RECOMMENDATIONS 

On the basis of the data from supervised trials, the Meeting concluded that the residue levels listed in 
Annex 1 are suitable for establishing maximum residue limits and for IEDI and international estimate of 
short-term intake assessments. 

Definition of the residue (for compliance with the MRL and dietary exposure assessment) in plant 
and animal commodities: chlormequat cation. 

The residue is not fat soluble. 

 

DIETARY RISK ASSESSMENT 

Long-term dietary exposure 

The International Estimated Daily Intakes (IEDIs) of chlormequat cation were calculated for the 17 
GEMS/Food cluster diets using STMRs/STMR-Ps estimated by the current Meeting. The results are shown 
in Annex 3 of the 2022 Report.  

The ADI for chlormequat chloride is 0–0.05 mg/kg bw/day (or 0–0.0388 mg/kg bw/day expressed 
as chlormequat cation). The calculated IEDIs for chlormequat cation were 1–20 percent of the maximum 
ADI for chlormequat expressed as cation. The Meeting concluded that the long-term dietary exposure to 
residues of chlormequat cation, when chlormequat chloride is used in accordance with GAPs that have 
been considered by JMPR, are unlikely to pose a public health concern.  

Acute dietary exposure 

The International Estimated Short-Term Intakes (international estimate of short-term intakes) of 
chlormequat cation were calculated for food commodities using HRs/HR-Ps or STMRs/STMR-Ps 
estimated by the current Meeting. The results are shown in Annex 4 to the 2022 Report.  

The ARfD for chlormequat chloride is 0.05 mg/kg bw (or 0.0388 mg/kg bw expressed as 
chlormequat cation).  

The calculated international estimate of short-term intakes for chlormequat ranged from 0–
60 percent of the ARfD for children, and 0–30 percent for the general population. The Meeting concluded 
that the acute dietary exposure to residues of chlormequat cation, when chlormequat chloride is used in 
accordance with GAPs that have been considered by JMPR, are unlikely. 
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5.9 Diazinon (022) 

RESIDUE AND ANALYTICAL ASPECTS 

Diazinon is a contact organophosphorus insecticide with a wide range of insecticidal activity. It is 
effective against sucking, chewing and boring insects, including soil-living insects. Diazinon has been 
evaluated on numerous occasions by the JMPR commencing in 1963. The Most recent periodic review 
was in 1993. Following public health concerns identified by the International Agency for Research on 
Cancer (IARC), the JMPR in 2016 evaluated all previously considered toxicological data in addition to new 
studies. The 2016 JMPR recommended an ADI of 0–0.003 mg/kg bw and an ARfD of 0.03 mg/kg bw. 
Diazinon was scheduled at the Fifty-first Session of the CCPR (2019) for Periodic Review for residues by 
the 2020 JMPR and re-scheduled for the 2022 JMPR.  

The Meeting received information from the manufacturer on physical and chemical properties, 
animal and plant metabolism, rotational crop studies, environmental fate in soil, analytical methods, 
storage stability, use patterns, supervised residue trials, processing studies and livestock feeding studies.  

In this document, the common names, chemical structures and chemical names of the 
metabolites are shown below. 

Table 5.9.1 Summary information on compounds referred to in the appraisal 

Name/Code Chemical name Chemical structure Occurrence in 
metabolism 
studies 

Diazinon O,O-diethyl-O-(2-isopropyl-6-methyl-
4-pyrimidinyl)-phosphorothioate 

 

Apple 
Beans 
Sweet corn 
Lettuce 
Potatoes 
Goat 
Hen 
Rotated spring 
wheat 

G-24576 
(diazoxon) 

O,O-diethyl-O-(2-isopropyl-6-methyl-
4-pyrimidinyl) phosphorate 

 

Goat 
Hen 
 

CGA-14128 
(hydroxydiazinon) 

O,O-diethyl-O-(2-[2-hydroxy-2-
isopropyl]-6-methyl-4-
pyrimidinyl)phosphorothioate 

 

Goat 
Hen 
 

G-27550 
 
B1 

6-methyl-2-(1-methyl-ethyl)-4-
pyrimidinol 

 

Apple 
Beans 
Sweet corn 
Lettuce 
Potatoes 
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Name/Code Chemical name Chemical structure Occurrence in 
metabolism 
studies 

Goat 
Hen 
Rotated Spring 
wheat 

Glucose conjugate of  
G-27550 

6-methyl-2-(1-methyl-ethyl)-4-
pyrimidinol glucose conjugate 

 

Bean, vines only 
 

GS-31144 
 
C 

2-(2-hydroxyisopropyl)-6-methyl-4-
pyrimidinol 

 

Apple 
Beans 
Sweet corn 
Lettuce 
Potatoes 
Goat 
Hen 
Rotated spring 
wheat 

Glucose conjugate of GS-
31144 
 
E2 

2-(2-hydroxyisopropyl)-6-methyl-4- 
pyrimidinol glucose conjugate 
 

 

Apple 
Beans 
Sweet corn 
Lettuce 
Potatoes 

Two glucose conjugates 
of trihydroxy pyrimidinyl 
moiety† 
 
G and H 
 

2-(2-hydroxyisopropyl)-6-
hydroxymethyl-4- pyrimidinol 
glucose conjugate 

 

Apple 
Beans 
Sweet corn 
Lettuce 
Potatoes 
Rotated spring 
wheat 

JAK-III-57 
 
D 

2-(1-methylethyl)-6-hydroxymethyl-
4- pyrimidinol 

 

Apple 
Beans 
Sweet corn 
Lettuce 
Potatoes 
Rotated spring 
wheat 

Glucose conjugate of 
JAK-III-57 
 
F2 

2-(1-methylethyl)-6-hydroxymethyl-
4- pyrimidinol glucose conjugate 

 

Apple 
Beans 
Sweet corn 
Lettuce 
Potatoes 
Rotated spring 
wheat 

CL-XIX-29 
 
E1 

 

(also referred to as M3 in 
some studies) 
 

 

2-(1-hydroxypropan-2-yl)-6-methyl-
4-pyrimidinol 

 

Apple 
Beans 
Sweet corn 
Lettuce 
Potatoes 
Hen 
Rotated spring 
wheat 
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Name/Code Chemical name Chemical structure Occurrence in 
metabolism 
studies 

Glucose conjugate of CL-
XIX-29 
 
F1 

2-(1-hydroxypropan-2-yl)-6-methyl-
4-pyrimidinol glucose conjugate 

 

Apple 
Beans 
Sweet corn 
Lettuce 
Potatoes 
Rotated spring 
wheat 

JAK-IV-23 2-isopropyl-6-oxo-1,6-
dihydropyrimidine-4-carboxylic acid 

 

Beans 

Glucose conjugate of 
JAK-IV-23 

2-isopropyl-6-oxo-1,6-
dihydropyrimidine-4-carboxylic acid 
glucose conjugate 

 

Beans 

Glucuronic acid 
conjugates of 
G-27550 
 
 

6-methyl-2-(1-methyl-ethyl)-4-
pyrimidinol glucuronic acid 
conjugate 

 

Hen 

Glucuronic acid 
conjugates of 
GS-31144 
 
 

2-(2-hydroxyisopropyl)-6-methyl-4- 
pyrimidinol glucuronic acid 
conjugate 

 

Hen 

Glucuronic acid 
conjugates of 
CL-XIX-29 
 
 

2-(1-hydroxypropan-2-yl)-6-methyl-
4-pyrimidinol malonyl glucuronic 
acid conjugate 

 

Hen 

A conjugate of  
G-27550 § 
 
(postulated to be a 
malonyl glucose 
conjugate) 
 
 
 

6-methyl-2-(1-methyl-ethyl)-4-
pyrimidinol malonyl glucose 
conjugate 

 

Beans 
Lettuce 
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The major residue identified in leaves, peel and whole apple was diazinon (22.3 mg/kg, 
43.7 percent TRR for leaves, 2.5 mg/kg, 73.3 percent TRR for peel and 0.89 mg/kg, 69 percent TRR for 
whole apple). Metabolite G-27550 was found at 11.9 percent TRR (0.4 mg eq/kg) in peel, at 5.9 percent 
TRR (3 mg eq/kg) in leaves and at 14.7 percent TRR (0.19 mg/kg) in whole apple.  

In the pulp the major residue was G-27550 (60.7 percent TRR, 0.08 mg eq/kg). Diazinon was 
found at a level of 16.1 percent TRR (0.02 mg/kg).  

Glucose conjugates of GS-31144, CL-XIX-29, JAK-111-57 and of the trihydroxy pyrimidyl moiety 
were identified. For peel, pulp and whole apple the individual levels of these metabolites were not 
reported. 

The PES accounted for 8.1 percent TRR (4.1 mg eq/kg) in leaves, 10.4 percent TRR 
(0.4 mg eq/kg) in peel, 9 percent TRR (0.01 mg eq/kg) in pulp and 11.6 percent TRR (0.15 mg eq/kg) in 
whole apple. The TRR identified was 72 percent TRR for leaves, 89 percent TRR for peel, 86 percent TRR 
for pulp and 87 percent TRR for whole apple.  

Beans with pods 

Beans with pods, grown outdoors, were treated with [14C]-pyrimidine-diazinon three times. . A pre-
emergence application was made at a rate of 4.48 kg ai/ha applied 1 day after sowing. Two foliar 
applications were made at a rate of 1.4 kg ai/ha. The first foliar application was made 34 days after the 
pre-emergence application and the 2nd foliar application was made 15 days later.  

Samples of beans with pods and vines were taken 14 days after the last application, which was 
stated to represent crop maturity. Immature crop fractions were also sampled: vines were taken 3 days 
before the first foliar application, 31 DAFT (days after first treatment) , and vines with beans were taken 7 
days after the first foliar application (41 DAFT). The growth stages of the various crop fractions sampled 
and analysed were not stated.  

The TRR in beans with pods harvested 14 DALA, was 0.456 mg eq/kg. The solvent extractability, 
methanol: water (9:1), was 76 percent TRR. Diazinon was found at a level of 2.1 percent TRR 
(0.01 mg/kg). The predominant residue was G-27550 at 26.7 percent TRR (0.12 mg eq/kg). The metabolite 
JAK-111-57 (4.4 percent TRR, 0.02 mg eq/kg) was also identified. The metabolite CL-XIX-29 and glucose 
conjugates of GS-31144, CL-XIX-29, JAK-111-57 and of the trihydroxy pyrimidinyl moiety were also 
identified. However, the individual levels were not reported. The TRR identified in beans with pods was 
53 percent TRR. The PES accounted for 24 percent TRR (0.109 mg eq/kg).  

The TRR in the vines with beans, harvested 41 DAFT, was 4.45 mg eq/kg. The identification and 
characterization of the TRR was unsuccessful.  

The TRR in vines was 0.425 mg eq/kg and 3.53 mg eq/kg for vines harvested 32 DAFT and 
14 DALA respectively. Solvent extraction was undertaken with methanol: water (9:1) and was 54 percent 
TRR for the vines harvested 32 DAFT. The solvent extractability was higher for the vines harvested 14 
DALA at 82 percent TRR. Diazinon was not identified in either of the vine samples. In vines, harvested 32 
DAFT, the highest contribution to the TRR was 17.3 percent TRR (0.07 mg eq/kg) which was attributed to 
a mixture of two glucose conjugates of the trihydroxy pyrimidinyl moiety and an unknown metabolite. The 
metabolites CL-XIX-29 and a glucose conjugate of GS-31144 accounted for 15.5 percent TRR 
(0.07 mg eq/kg), with the individual levels not reported. In the vines harvested 14 DALA, the highest 
contribution to the TRR (27.5 percent TRR, 0.97 mg eq/kg) was attributed to a mixture of CL-XIX-29 and a 
glucose conjugate of GS-31144. An unknown metabolite occurred at a level of 19.5 percent TRR 
(0.69 mg eq/kg). Glucose conjugates of GS-31144 and CL-XIX-29 were identified and together accounted 
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for 12.5 percent TRR (0.44 mg eq/kg), with the individual levels not stated. The TRR identified in the vines 
was 58 percent TRR. The PES accounted for 18 percent TRR (0.639 mg eq/kg).  

In a supplementary study, retained samples of beans with pods and vines harvested 14 DALA 
were re-extracted after 69 months of storage. The TRR and solvent extractability (methanol: water (9:1)) 
for the beans with pods was 0.509 mg eq/kg and 75 percent TRR. This was comparable to the earlier 
extractions for which the TRR was 0.456 mg eq/kg and the solvent extractability was 76 percent TRR. For 
the vines the TRR and the solvent extractability was 3.76 mg eq/kg and 78 percent TRR respectively 
which was comparable to the earlier extraction for which the TRR was 3.53 mg eq/kg and the solvent 
extractability was 82 percent TRR.  

For both beans with pods and vines the extracted residue was partitioned with ethyl acetate and 
only the aqueous fraction was subjected to further analysis. In beans with pods, the highest contribution 
to the TRR was 20.3 percent TRR (0.103 mg eq/kg) which was found to contain JAK-IV-23, glucose 
conjugates of the trihydroxy pyrimidinyl moiety and unidentified conjugates of G-27550, JAK-III-57 and 
GS-31144. In vines, this fraction accounted for 17.4 percent TRR (0.652 mg eq/kg). The individual levels 
of the metabolites were not reported for either beans with pods or vines. In vines the highest contribution 
to the TRR was 27 percent TRR (1.013 mg eq/kg) which was found to contain CL-XIX-29 and a glucose 
conjugate of GS-31133, with the individual levels not being specified. Free G-27550, GS-31144 and JAK-
III-59 were also identified in both beans with pods and vines.  

The PES, from the beans with pods, from the supplementary study were subject to further 
extraction with methanol: water (9:1), 1 percent NaCl, cellulase hydrolysis and protease hydrolysis. The 
extraction procedures individually released 2.1–8.5 percent TRR (0.011–0.044 mg eq/kg), leaving 
6.4 percent TRR (0.033 mg eq/kg) in the final post-extraction solids. In the released radioactivity, 
diazinon, G-27550 and GS-31144 were identified along with a number of unidentified polar fractions, with 
the individual levels of the analytes not specified 

Sweet corn 

Sweet corn, grown in a greenhouse, was treated with [14C]-pyrimidine-diazinon three times. The first 
application was made pre-emergence, on the day of sowing, at a rate of 4.48 kg ai/ha. The second and 
third applications were foliar applications at a rate of 3.5 kg ai/ha applied 50 and 74 DAFT. Samples of 
various sweet corn fractions were taken 2 days prior to the last application (72 DAFT) and 14 DALA.  

The TRR in the crop fractions sampled 72 DAFT were 2.070 mg eq/kg, 0.087 mg eq/kg and 
0.810 mg eq/kg for forage, ears and stalks respectively. The solvent extractabilities (methanol: water (9:1) 
were 69 percent TRR for forage, 59 percent TRR for ears and 20 percent TRR for stalks.  

The TRR in cob and grain harvested 14 DALA were 0.250 mg eq/kg and 0.453 mg eq/kg 
respectively. Solvent extraction was undertaken with methanol: water (9:1) and was 47.5 percent TRR, for 
the cob, and 26.4 percent TRR for the grain.  

Following solvent extraction, the residue was partitioned with ethyl acetate. Although the 
majority of the TRR was shown to be aqueous soluble, only the organo-soluble fractions of forage (72 
DAFT), stalks (72 DAFT), cobs and grain were subject to further analysis. For forage (14 DALA) both the 
organo-soluble and aqueous fractions were analysed.  

In grain, diazinon was not identified. The metabolites G-27550, GS-31144 and JAK-111-57 were 
identified at levels of < 1 percent TRR (< 0.004 mg eq/kg). Two unknown metabolites at 0.1 percent TRR 
(0.0005 mg eq/kg) were also found in the grain. A total of 1.1 percent TRR (0.005 mg eq/kg) was 
identified in grain. The PES accounted for 74 percent TRR (0.33 mg eq/kg). Subsequent treatment of the 
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PES with amyloglucosidase released around 60 percent TRR (0.28 mg eq/kg) which was found to be 
highly polar in nature and likely to comprise of a complex mixture of sugar conjugates. The identities of 
the aglycone were not established.  

In the stalks, harvested 72 DAFT, the predominant residue identified was G-27550 (7.7 percent 
TRR, 0.0624 mg eq/kg). The metabolites GS-31144 (1.3 percent TRR, 0.01 mg eq/kg) and JAK-111-57 
(1.1 percent TRR, 0.009 mg eq/kg) were also identified. Two unknown metabolites were found at levels of 
0.6 percent TRR (0.005 mg eq/kg) and 1.5 percent TRR (0.0122 mg eq/kg). Diazinon was not identified. A 
total of 10 percent TRR (0.0819 mg eq/kg) was identified. The PES accounted for 80 percent TRR 
(0.646 mg eq/kg).  

In the forage samples harvested 72 DAFT, diazinon was identified at a level of 0.5 percent TRR 
(0.01 mg/kg). The predominant residue was G-27550 (7 percent TRR, 0.145 mg eq/kg). The metabolites 
GS-31144 (0.7 percent TRR, 0.0145 mg eq/kg) and JAK-111-57 (1.3 percent TRR, 0.0269 mg eq/kg) were 
also identified. Two unknown metabolites occurred at levels of < 1 percent TRR (< 0.026 mg eq/kg). The 
TRR identified was 9.5 percent TRR (0.2 mg eq/kg). The PES accounted for 31 percent TRR 
(0.64 mg eq/kg).  

In sweet corn forage (14 DALA), the predominant residue was G27550 (14.5 percent TRR, 
0.56 mg eq/kg). Conjugates of CL-XIX-29, JAK-111-57 and of the trihydroxy pyrimidinyl moiety accounted 
for 12.4 percent TRR (0.48 mg eq/kg), with the individual levels not specified. Unknown metabolite was 
found at 11.8 percent TRR (0.46 mg eq/kg). Approximately 41 percent TRR (1.6 mg eq/kg) was identified. 
The PES accounted for 25.5 percent TRR (0.992 mg eq/kg).  

Lettuce 

Lettuce, grown outdoors, was treated with [14C]-pyrimidine-diazinon three times. The first application was 
made pre-emergence at a rate of 4.48 kg ai/ha. The second and third applications were foliar applications 
at a rate of 1.4 kg ai/ha applied at 7 days intervals. Immature leaves were harvested prior to the last 
application (0 DALA). Mature leaves were harvested 14 DALA.  

The TRR were 1.885 mg eq/kg and 0.656 mg eq/kg for immature and mature lettuce respectively. 
Solvent extraction was undertaken using methanol: water (9:1, v/v). The solvent extractabilities were 
87.2 percent of the TRR and 78.4 percent of the TRR for immature and mature lettuce respectively.  

For immature lettuce, 47 percent TRR was found to be aqueous soluble and 40 percent TRR was 
found to be organosoluble. Only the organosoluble residue was subjected to further analysis. The main 
components identified in the organosoluble fraction from immature lettuce were G-27550 (18.9 percent 
TRR, 0.36 mg eq/kg) and diazinon (18.6 percent TRR, 0.35 mg/kg). The PES, remaining after solvent 
extraction, was 12.8 percent TRR (0.241 mg eq/kg).  

For mature lettuce both the organosoluble and aqueous soluble extracts were subject to further 
identification/characterization. The extracts were also treated with ß-glucosidase to confirm the presence 
of the conjugates identified. The main metabolites identified were G-27550 (17.5 percent TRR, 
0.12 mg eq/kg), diazinon (11.8 percent TRR, 0.08 mg/kg) and GS-31144 (11.7 percent TRR, 
0.08 mg eq/kg). An unknown metabolite accounted for 12.7 percent TRR (0.08 mg eq/kg). Glucose 
conjugates of GS-31144, CL-XIX-29, JAK-111-57 as well as free CL-XIX-29 were also identified, with the 
individual levels not being specified. Two glucose conjugates of the trihydroxy pyrimidinyl moiety were 
also identified. In total 63.5 percent of the TRR was identified. Following solvent extraction, the PES for 
mature lettuce accounted for 21.6 percent TRR (0.142 mg eq/kg).  
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In a supplementary study, retained samples of immature and mature lettuce, after 69 months of 
storage, were re-extracted with methanol: water (9: 1) followed by partitioning with ethyl acetate. The 
resulting aqueous phase was subjected to further analysis.  

For immature lettuce the TRR and the solvent extractability were 2.2 mg eq/kg and 82 percent 
TRR. This compared to the original extraction for which the TRR was 1.9 mg eq/kg and 87 percent TRR. 
For mature lettuce the TRR was 0.75 mg eq/kg and the solvent extractability was 72 percent TRR. This 
was also comparable to the original extraction for which the TRR and solvent extractability was 
0.66 mg eq/kg and 78 percent TRR respectively.  

For immature lettuce, the main fraction accounted for 11.7 percent TRR (0.255 mg eq/kg). This 
fraction contained G-27550 and an unknown metabolite, with the individual levels not stated. The 
metabolite G-27550 was also identified separately at a level of 8 percent TRR (0.175 mg eq/kg). The 
metabolites GS-31144 (5.7 percent TRR, 0.124 mg eq/kg) and glucose conjugates of GS-31144 
(1.2 percent TRR, 0.027 mg eq/kg), CL-XIX-29/ JAK-III-57 (3.6 percent TRR, 0.079 mg eq/kg) and of the 
trihydroxy pyrimidinyl moiety (2.5 percent TRR, 0.054 mg eq/kg). Enzymatic and acid hydrolysis released 
G-27550 and GS-31144 as well as three unidentified metabolites. These accounted for 8.5 percent TRR 
(0.185 mg eq/kg) with the individual levels not specified. A further conjugate of G-27550 accounted for 
3 percent TRR (0.064 mg eq/kg).  

In mature lettuce, the main fraction accounted for 16.7 percent TRR (0.125 mg eq/kg). This 
fraction contained conjugates of G-27550, GS-31144 and three unknown metabolites. The individual 
levels were not specified. The metabolites G-27550/unknown (4.7 percent TRR, 0.035 mg/ eq/kg), G-
27550 (3.2 percent TRR, 0.024 mg/eq/kg), GS-31144 (7.8 percent TRR, 0.059 mg eq/kg) and JAK-III-57 
(1.3 percent TRR, 0.01 mg eq/kg). Glucose conjugates of GS-31144 (3.6 percent TRR, 0.027 mg eq/kg), 
CL-XIX-29/ JAK-III-57 (10.1 percent TRR, 0.076 mg eq/kg) and of the trihydroxy pyrimidinyl moeity 
(4 percent TRR, 0.03 mg eq/kg) were also identified.  

The PES, from the mature lettuce from the supplementary study were subject to further 
extraction with methanol: water (9:1), 1 percent NaCl, cellulase hydrolysis and protease hydrolysis. In the 
released radioactivity, low levels of diazinon, G-27550 and GS-31144 were identified along with a number 
of unidentified polar fractions, for which the number and levels of metabolites was not stated.  

The PES accounted for approximately 80 percent TRR for tubers harvested -1 and 15 DALA 
(0.057 mg eq/kg for -1 DALA and 0.23 mg eq/kg for 15 DALA). Treatment of the PES from the tubers 
harvested 15 DALA with amyloglucosidase solubilized around 33 percent TRR. The identity of the 
solubilized radioactivity was not confirmed. Acid hydrolysis of the PES released around 72 percent TRR 
with 11.5 percent TRR identified as G-27550.  

The TRR for foliage were 0.059 mg eq/kg and 1.930 mg eq/kg at -1 and 15 DALA respectively. 
The solvent extractabilities using methanol: water (9:1) were 32 percent TRR and 81.5 percent TRR for 
foliage harvested -1 DALA and 15 DALA respectively. Further characterization and identification was only 
undertaken on the foliage samples from 15 DALA. Diazinon was found in the potato foliage at 
14.2 percent TRR (0.27 mg/kg). The highest contribution to the radioactivity, accounting for 20.8 percent 
TRR (0.4 mg eq/kg) was a glucose conjugate of JAK-111-57 and CL-XIX-29, with the individual levels not 
specified. A glucose conjugate of the trihydroxy pyrimidinyl moiety accounted for 14.1 percent TRR 
(0.27 mg eq/kg). Free CL-XIX-29 and a glucose conjugate of GS-31144 accounted for 11.5 percent TRR 
(0.22 mg eq/kg), with the individual levels not stated. The Total radioactivity identified was 68 percent 
TRR (1.31 mg eq/kg). The PES were 18.5 percent TRR (0.357 mg eq/kg).  
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Summary and conclusion of metabolism in crops 

The metabolism of diazinon has been investigated in apples, beans with pods, sweet corn, lettuce and 
potatoes. All studies were undertaken with the application of [14C]-pyrimidine-diazinon three times. The 
first application was either a pre-emergence application or a soil directed application followed by two 
foliar applications. 

The Meeting noted that the time period over which the studies were conducted (15 months for 
apple, 21 and 68 months for beans with pods, 18 months for sweetcorn, 19 months and 69 months for 
lettuce and 16 months for potatoes) was longer than would be standard. HPLC profiles of crop fractions 
of lettuce and beans with pods extracted after 19 months of storage and extracted after 69 months of 
storage were comparable. The Meeting noted that stability data from fortified samples showed that G-
24576 was unstable in a range of plant commodities and therefore the Meeting concluded that in the 
absence of data to support the storage interval from harvest to extraction, the plant metabolism data 
could not be relied on for an assessment of the residue definitions for risk assessment.  

The data indicate that the metabolism in all 5 crops is qualitatively similar and proceeds with 
cleavage of the ester bond of diazinon leading to the loss of the diethylthiophosphate moiety and the 
formation of G-27550. Oxidation of the isopropyl moiety of G-27550 leads to the formation of GS-31144 
and CL-XIX-29 while oxidation of the methyl moiety on the pyrimidine ring of G-27550 leads to the 
formation of JAK-III-57. Glucose conjugates of G-27550 and of the hydroxypyrimidine metabolites were 
identified.  

However, the lower solvent extractability for beans with pods, sweet corn, lettuce and potatoes 
compared to apples indicates potential qualitative and quantitative differences in the metabolism. The 
radioactivity remaining in the PES, after solvent extraction, was high for beans with pods, sweet corns, 
lettuce and potatoes and subsequent analysis did not fully establish the identity of the released 
radioactivity but toxicological relevant metabolites were released such as diazinon, G-27550 and GS-
31144. 

The level of identification in beans with pods, sweet corn, lettuce and potatoes was low. For the 
crop fractions relevant to human consumption the level of identification was 24 percent TRR 
(0.109 mg eq/kg) for beans with pods, 1.1 percent TRR (0.005 mg eq/kg) for grain, 40 percent TRR 
(0.75 mg eq/kg) for immature lettuce leaves, 63.5 percent TRR (0.42 mg eq/kg) for mature lettuce leaves 
and 11.5 percent TRR (0.03 mg eq/kg) for potato tubers.  

For apples, the radioactivity identified was 86 percent TRR (0.112 mg eq/kg) for pulp, 87 percent 
TRR (1.12 mg eq/kg) for whole apples and 89 percent TRR (3.01 mg eq/kg) for peel. The PES, following 
methanol: water extraction (9:1) accounted for 12 percent TRR (0.15 mg eq/kg) in whole apple.  

For the plant metabolites identified, G-27550, GS-31144 and CL-XIX-29 were also identified in the 
rat.  

Environmental fate 

The Meeting received information on the environmental fate and behaviour of diazinon, including 
hydrolytic stability, aqueous photolysis, photochemical degradation in soil, and aerobic soil degradation 
studies.  
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Aqueous hydrolysis 

Hydrolysis of diazinon was rapid at pH 5 (DT50 of 0.15 days at 70 °C and 12 days at 25 °C) and 
significantly slower under neutral conditions (DT50 of 0.4 days at 70 °C and 138 days at 25 °C) and basic 
conditions (0.2 days at 70 °C and 77 days at 25 °C).  

Hydrolysis of diazinon also increased with temperature. The main degradation product identified 
was G-27550. At pH 5 and 25 °C, after 21 days diazinon accounted for 29 percent AR and G-27550 
accounted for 67 percent AR.  

The Meeting concluded that hydrolysis could be a significant degradation pathway under 
environmental conditions.  

Aqueous photolysis 

The photolysis of diazinon in aqueous solutions was investigated in two studies. Diazinon was found to be 
stable in deionised water at 20–25 °C when exposed to artificial light for 12 days. In a buffer solution at 
pH 7, temperatures 12–49 °C, diazinon was found to degrade when exposed to natural sunlight over 30 
days. Only metabolite G-27550 was identified. The DT50 values calculated from the second study were 23 
and 26 days. 

The Meeting concluded that the degradation of diazinon, as a result of aqueous photolysis, was 
slow and was therefore unlikely to be a significant pathway under environmental conditions.  

Soil photolysis 

The photodegradation of diazinon in soil was investigated in two studies. 

The DT50 for diazinon ranged from 17.3 to 37.4 hours under sunlight, while the DT50 values for 
diazinon in the dark control samples ranged from 15–39 days. The DT50, calculated from study 1 only, for 
artificial light was 5.5 days.  

The only degradation products identified were G-27550 and GS-31144. G-27550 accounted for up 
to 43 percent, 24 percent and 18 percent AR in artificially irradiated, natural sunlight and dark control 
samples, respectively after the exposure period. GS-31144 accounted for up to 3 percent AR after 21 
hours of natural sunlight but was not found in the dark or artificial sunlight samples.  

There were four unknown compounds which individually exceeded 10 percent of the AR at several 
time points.  

The Meeting concluded that soil photolysis is a route of degradation for diazinon.  

Aerobic soil degradation 

Soil degradation studies were conducted in three soil types at application rates ranging from 1.2 to 
10 mg ai/kg dw of soil. After 76 days of incubation at 20 °C in the dark, diazinon ranged from 1.8–
9.1 percent AR. The main degradation products identified were GS-31144 and G-27550. G-27550 
accounted for 48.1–65.8 percent AR after 76 days of incubation.  

The mineralization of diazinon into CO2 accounted for up to a maximum 9.9 percent AR. 
Extractability from all samples declined with time, with 62.2–73 percent AR extracted at day 76.  

The DT50 values calculated for diazinon were 8 days, 23 days and 9.9 days for sandy loam, loamy 
sand and clay loam soils respectively. The DT50 values calculated for G-27550 were 124 days, 131 days 
and 124 days for sandy loam, loamy sand and clay loam soils respectively 
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The Meeting concluded that under aerobic conditions diazinon was non-persistent in soil and that 
G-27550 was persistent in soil.  

Residues in succeeding or rotational crops 

Confined rotational crop studies  

The Meeting received two confined rotational crop studies.  

In the first confined rotational crop study a primary crop of maize was treated with [14C]-
pyrimidine-diazinon three times. The first application was made at a rate of 4.48 kg ai/ha (pre-emergence) 
followed by two foliar applications at a rate of 3.5 kg ai/ha (BBCH 30–39). The two foliar applications 
were made 50 and 74 days after sowing of the primary crop 

Rotational crops of wheat, lettuce, sugar beet and soya bean were planted after harvest of the 
primary maize crop, which was 98 days after the last foliar application.  

The TRR in immature lettuce and mature lettuce were 0.072 mg eq/kg and 0.039 mg eq/kg 
respectively. The solvent extractability for the mature lettuce using methanol: water (9:1, v/v) was 
72 percent TRR. No further characterization/ identification of the residue was undertaken for the lettuce 
samples.  

For sugar beet roots the TRR were 0.048 mg eq/kg and 0.016 mg eq/kg for immature roots and 
mature roots respectively. The TRR in the leaves were 0.061 mg eq/kg, 0.040 mg eq/kg and 
0.16 mg eq/kg for 25 percent mature leaves, immature leaves and mature leaves respectively. Solvent 
extraction was only undertaken for the 50 percent mature leaves with 91 percent TRR extracted with 
methanol: water (9:1, v/v). No further characterization/ identification of the residue was undertaken for 
the sugar beet samples.  

In the mature soya beans, the TRR was 0.19 mg eq/kg. The solvent extractability with methanol: 
water (9:1, v/v) was 16 percent TRR. For the mature pods, the TRR was 0.23 mg eq/kg and the solvent 
extractability with methanol: water (9:1, v/v) was 43 percent TRR. The TRR determined in the stalks were 
0.12 mg eq/kg, 0.16 mg eq/kg and 0.19 mg eq/kg for 25 percent mature stalks, 50 percent mature stalks 
and 50 percent mature stalks respectively. The solvent extractability with methanol: water (9:1, v/v) 
ranged from 63–72 percent TRR. No further characterization/ identification of the extracted residue and 
unextracted residue was undertaken for the soya bean samples. 

In wheat grain, the TRR was 0.24 mg eq/kg and the solvent extractability with methanol: water 
(9:1, v/v) was 11.6 percent TRR. In the extracted residue, a glucose conjugate of the trihydroxy pyrimidinyl 
moiety (0.8 percent TRR, 0.002 mg eq/kg), GS-31144 (0.4 percent TRR, < 0.001 mg eq/kg) and an 
unknown metabolite with G-27750 (0.8 percent TRR, 0.002 mg eq/kg) were identified. 

For wheat hulls, stalks and foliage the TRR range from 0.14 mg eq/kg (foliage) to 0.62 mg eq/kg 
(wheat hulls). Solvent extractabilities with methanol water (9:1, v/v) ranged from 58 percent TRR (wheat 
hulls) to 70 percent TRR (stalks). In the extracted residue from these crop fractions a glucose conjugate 
of the trihydroxy pyrimidinyl moiety (0.012–0.055 mg eq/kg), CL-XIX-29 (0.004–0.023 mg eq/kg), JAK-
111-57 (0.004–0.08 mg eq/kg), CL-XIX-29 with a glucose conjugate of JAK-III-57 (0.008 mg eq/kg) and 
GS-31144 (0.008–0.029 mg eq/kg) were identified at various levels. An unknown metabolite quantified 
with G-27750 was also identified (0.03–0.085 mg eq/kg. Diazinon was only found in the stalks at 
0.045 mg/kg.  

The TRR identified was 1.2 percent TRR (0.002 mg eq/kg) for wheat grain, 19 percent TRR 
(0.094 mg eq/kg) for wheat hulls, 21 percent TRR (0.133 mg eq/kg) for mature stalks and 24 percent TRR 
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(0.033 mg eq/kg) for 25 percent mature foliage. No further analysis of the unextracted residue was 
undertaken. 

A second study focused on the uptake of residues in rotational crops with no identification of the 
radioactive residues undertaken. Primary crops of lettuce, beans with pods and potatoes were all treated 
with [14C]-pyrimidine-diazinon at a rate of 4.48 kg ai/ha, applied pre-emergence, one day after sowing of 
the primary crop, followed by two foliar applications at 1.4 kg ai/ha. The foliar applications were made at 
intervals of 34 days and 41 days for lettuce, 34 days and 49 days for beans with pods, and 75 days and 82 
days for potatoes, after the pre-emergence application. Rotational crops of wheat, lettuce, soya beans 
and sugar beet were planted 90 to 327 DALA after harvest of the primary crop. 

The TRR in wheat grain, immature wheat stalks, immature and mature lettuce, and sugar beet 
roots and leaves were < 0.01 mg eq/kg. Residues above 0.01 mg/kg were obtained in mature wheat stalks 
(0.012 mg eq/kg), wheat hulls (0.011 mg eq/kg) and wheat full grazing leaves (0.014 mg eq/kg). Residues 
above 0.01 mg eq/kg were also obtained in various soya bean fractions; mature beans (0.015 mg eq/kg), 
mature pods (0.012 mg eq/kg), 0.011 mg eq/kg (50 percent mature stalks) and 0.027 mg eq/kg (mature 
stalks).  

Solvent extraction was undertaken for a limited number of crop fractions using methanol: water 
(9:1, v/v). The solvent extractabilities were low and ranged from 16 percent TRR (mature soya beans) to 
61 percent TRR (50 percent mature soya bean stalks).  

Summary and conclusion of metabolism in rotational crops 

The Meeting noted that the rotational crops did not investigate shorter PBI of 30 days and the rotational 
crops were planted after the harvest of treated primary crops, rather than being planted after applications 
to the bare soil. Although significant crop interception will have occurred for the foliar applications and 
the intervals (34–75 days) between the pre-emergence and first foliar application may have further 
reduced the total amount of residue available in the soil, residues above 0.01 mg/kg were identified in 
rotational crops. Based on the use patterns provided to the current Meeting residues above 0.01 mg/kg 
are expected in rotational crops. However, the identity of the residues in rotational crops has not been 
confirmed.  

Owing to the limited information on the identity of the metabolites in rotated crops, the Meeting 
decided a comparison of the primary and rotational crop metabolism was not possible. The data available 
for wheat, indicates that the metabolite G-27550 is likely to be significant in rotational crops. 

Field rotational crop study 

A field rotational crop study was conducted using lettuce, turnips and wheat planted 30, 60 and 180 days 
after the last application to a primary crop. Primary crops of lettuce, squash, melons and tomatoes were 
treated with one pre-emergence application at 4.48 kg ai/ha followed by five foliar applications at 
0.56 kg ai/ha and then harvested before planting of the rotational crops. The foliar applications to the 
primary crop were made at various growth stages and therefore the intervals between the applications 
and the amount of crop interception varied.  

Residues of diazinon, G-24576 and CGA-14128 were < 0.01 mg/kg in all rotational crop samples 
from all plant back periods. The Meeting decided that a conclusion on the residue levels in rotational 
crops could not be drawn as the relevant residues for rotational crops could not be confirmed from the 
metabolism studies, noting that metabolite G-27550, which based on the available information may be 
significant in rotational crops, had not been included in the trials. The storage stability data on fortified 
samples showed that G-24576 rapidly degraded in a range of plant commodities and therefore the 
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Summary and conclusion of metabolism in livestock 

The Meeting concluded that, in all species investigated (goats, hens and rats), the total administered 
radioactivity was predominantly eliminated in excreta. The data indicate that the metabolic profile was 
qualitatively similar in all three species and proceeds with cleavage of the ester bond of diazinon leading 
to the loss of the diethyl thiophosphate moiety and the formation of G-27550. Oxidation of the isopropyl 
moiety of diazinon leads to the formation of CGA-14128 while replacement of sulphur in the diethyl 
thiophosphate group of diazinon with oxygen leads to the formation of G-24576. Oxidation of the 
isopropyl moiety of G-27550 leads to the formation of GS-31144. Oxidation of the isopropyl moiety also 
leads to the formation of CL-XIX-29 (hens and rats only).  

For poultry, based on the low levels of radioactivity observed in eggs and tissues, the Meeting 
decided the extractability and level of identification was sufficient. However, the predominant residues in 
eggs, liver, kidney and muscle were glucuronic acid conjugates of various aglycones for which the 
individual levels were not specified. In goat liver the PES was high and the level of identification in both 
liver and kidney was low (< 52 percent TRR). Owing to these deficiencies a quantitative consideration of 
the data for the assessment of the residue definitions for livestock was not possible. 

The metabolite G-24576 (diazoxon) was identified in all tissues, milk and eggs. The Meeting 
noted that the storage stability data conducted with fortified samples, evaluated by the 1999 JMPR, 
demonstrated that G-24576 rapidly degrades in milk and tissues (except fat) within 0–4 months. As 
samples were stored for up to 5 months in the lactating goat study and up to 12 months in the poultry 
study the levels reported for this metabolite in the various animal matrices cannot be relied on. The 
Meeting considered that this metabolite is more toxic than diazinon.  

Methods of analysis 

The Meeting received information on analytical methods for diazinon in plant and animal matrices. 

The Meeting received the description and validation data for the analysis of diazinon in 
pineapple. Residues were extracted with acetonitrile: water (9:1, v/v) with final determination by LC-
MS/MS. The method was successfully validated with an LOQ of 0.01 mg/kg. This method was also 
successfully validated by an independent laboratory, demonstrating good reproducibility.  

The Meeting also received the description and validation data for the analysis of diazinon, G-
24576 and CGA-14128 in a range of plant commodities. Residues were extracted with acetone: water (9:1, 
v/v) followed by extraction with petroleum ether: dichloromethane: water (5:5:1, v/v/v) with final 
determination by GC-FPD. The Meeting noted that the individual recoveries were not available for each 
fortification level and for some commodities the mean recoveries were (up to 128 percent. However, the 
Meeting decided the method was suitable for the determination of diazinon, G-24576 and CGA-14128 in 
crops of a high water content, crops of a high acid content, crops of a high oil content, crops of a high 
starch content, crude and refined corn oil. The LOQ validated was 0.01 mg/kg for all three analytes. For 
hops the method was validated with an LOQ of 0.01 mg/kg for diazinon and CGA-14128. The Meeting 
decided that the method was not validated for the determination of G-24576 in hops owing to the low 
mean recovery of 54 percent.  

For animal matrices, the Meeting received the description and validation data for the 
determination of diazinon in muscle, fat, liver, milks and egg. Residues were extracted from animal 
matrices, except fat, with acetone: water (9:1, v/v) followed by extraction with petroleum ether: 
dichloromethane: water (5:5:1, v/v/v). For fat, residues were extracted with acetonitrile. Final 
determination was by GC-FPD or GC-NPD (diazinon only). The Meeting noted that the individual recoveries 
were not available and the mean  
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suitable quantitative information on the individual levels of metabolites and the storage stability, the 
Meeting decided not to use the animal metabolism studies to establish residue definitions for livestock.  

The Meeting recommended the following residue definitions for diazinon: 

Definition of the residue for compliance with MRLs for plants: Diazinon 

As for risk assessment, the Meeting was unable to reach a conclusion on a residue definition for 
plant commodities. 

The Meeting was unable to conclude on the residue definition for compliance with MRLs and for 
risk assessment for animal commodities.  

Results of supervised residue trials on crops 

Supervised trials were available for apple, pears, pineapple, cabbage and wheat.  

As a conclusion could not be reached on the residue definition for risk assessment, the Meeting 
withdrew all previous recommendations for maximum residue levels for diazinon, including the spice 
MRLs. 

Pome fruits  

The critical GAP for apples, pears and quince is for Chile which is 3 applications of 0.07 kg ai/hL applied 
at 15 day intervals with a PHI of 21 days.  

Apple 

A total of three independent trials conducted in the United States at 0.053 kg ai/hl–0.087 kg ai/hl, with a 
RTI of 14-15 days and a PHI of 21 days matched the GAP. Where replicate trials at different application 
rates were conducted at the trial site and both application regimes matched the GAP, the trial giving the 
highest residue was selected.  

Residues of diazinon in independent trials approximating the critical GAP were (n= 3): 0.02, 0.04 
(2) mg/kg.  

Pears 

A total of two independent trials conducted in the United States at 0.078 kg ai/hl, with a RTI of 14-15 days 
and a PHI of 21 days matched the GAP. 

The Meeting agreed to apply the proportionality principle to two trials conducted at 0.18 kg ai/hl, 
noting that as residues were < 0.01 mg/kg a scaling factor was not required.  

Residues of diazinon in independent trials approximating the critical GAP were (n= 4): < 0.01 (3) 
and 0.06 mg/kg.  

As the median residues of diazinon for apples and pears are within a 5-fold range, the Meeting 
decided to make a recommendation for apples, pears and quince on the basis of the combined data sets 
for apples and pears.  

Residues of diazinon on the basis of the combined data set were (n= 7): < 0.01 (3), 0.02, 0.04 (2) 
and 0.06 mg/kg 

The Meeting estimated a maximum residue level of 0.15 mg/kg for apples, pears and quince.  
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Assorted tropical and sub-tropical fruits–inedible peel 

Pineapples 

The critical GAP is for the United States which is 2 applications of 1.12 kg ai/ha with retreatment intervals 
of 28 days and a PHI of 7 days.  

As no trials matched the GAP the Meeting did not estimate a maximum residue level.  

Cabbage, Head 

The critical GAP is for Costa Rica which is 3 applications of 0.75 kg ai/ha with a retreatment interval of 8 
days and a PHI of 10 days.  

As no trials matched the GAP the Meeting did not estimate a maximum residue level.  

Wheat  

The critical GAP is for the Russian Federation which is 1 application of 1.08 kg ai/ha and a PHI of 60 days.  

As no trials matched the GAP the Meeting did not estimate a maximum residue level.  

Residues in animal feeds 

Wheat straw 

The critical GAP is for the Russian Federation which is 1 application of 1.08 kg ai/ha and a PHI of 60 days.  

As no trials matched the GAP the Meeting did not estimate residue levels for use in the 
estimation of livestock dietary burdens.  

Fate of residues during processing 

High temperature hydrolysis 

No information on the nature of the residue on processing was received by the Meeting. Based on the 
environmental hydrolysis study, that included the effects of temperature and pH, the Meeting concluded 
that diazinon is likely to be susceptible to hydrolysis and this is likely to be more prominent at higher 
temperatures. The formation of hydrolysis products such as G-27550 could not be excluded in processed 
foods.  

Processing 

The Meeting received information on the processing of apples and pears. Residues of diazinon, G-24576 
and CGA-14128 were determined in the RAC and processed fractions. No details on the processing 
conditions employed were available.  

Residues of G-24576 and CGA-14128 were all < 0.01 mg/kg. Residues of diazinon were also 
< 0.01 mg/kg in the RAC for pears. The Meeting decided that the storage interval of 9 months was 
supported for diazinon and CGA-14128. However, G-24576 would not be stable over the storage interval. 
No information about the level of the metabolite G-27550 was available.  

The Meeting did not estimate processing factors, STMR-P and HR-P as a conclusion could not be 
reached on the residue definitions for processed commodities. 
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Residues of diazinon, G-24576 and GCA 14128 were < 0.01 mg/kg in all samples. However, the 
Meeting noted that G-24576 would not be stable in the samples over the storage interval prior to analysis.  

Farm animal dietary burden 

As the Meeting was unable to estimate STMRs and HRs for plants, the dietary burdens of livestock could 
not be estimated.  

Animal commodity maximum residue levels 

As the dietary burdens of livestock could not be estimated, the Meeting was unable to estimate maximum 
residue levels for animal commodities.  

RECOMMENDATIONS 

The residue definition for compliance with the MRL for plant is: diazinon.  

The Meeting was unable to conclude on a residue definition for risk assessment for plants. 

The Meeting was unable to conclude on a residue definition for compliance with MRLs and for 
risk assessment for animal commodities.  

 

DIETARY RISK ASSESSMENT 

As the Meeting was unable to recommend residue definitions for risk assessment for plants and animal 
commodities, long-term and acute dietary exposure assessments could not be conducted. 
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In independent trials matching the cGAP, residues of difenoconazole in goji berries were (n=4): 
0.24, 0.59, 0.70, and 2.2 mg/kg.  

The Meeting estimated a maximum residue level of 5 mg/kg, an STMR of 0.65 mg/kg, and an HR 
of 2.4 mg/kg (from a single sample) for difenoconazole in goji berry.  

Meeting withdrew its previous recommendation of 0.6 mg/kg for difenoconazole in fruiting 
vegetables other than cucurbits except dried chili pepper and recommended a new maximum residue 
level of 0.6 mg/kg in Fruiting vegetables, other than Cucurbits except dried chili pepper and goji berry. 

Pencil Yam 

The use of difenoconazole on pencil yam is registered in China for foliar spray applications. The Meeting 
determined that the Critical GAP consists of three treatments (RTI=7 days) at a target application rate of 
0.080 kg ai/ha with a PHI of 60 days. 

In independent trials matching the cGAP, residues of difenoconazole in pencil yams were (n=4): 
< 0.01 (3) and 0.010 mg/kg.  

The Meeting estimated a maximum residue level of 0.02 mg/kg, an STMR of 0.010 mg/kg, and an 
HR of 0.010 mg/kg for difenoconazole in pencil yam. 

Ginger 

The use of difenoconazole on ginger is registered in China for foliar spray applications. The Meeting 
determined that the Critical GAP consists of three treatments (RTI=7 days) at a target application rate of 
0.11 kg ai/ha with a PHI of 14 days. 

In independent trials matching the cGAP, residues of difenoconazole in ginger were (n=8): < 0.01 
(4), 0.033, 0.038, 0.062, and 0.10 mg/kg. 

The Meeting estimated a maximum residue level of 0.2 mg/kg, an STMR of 0.022 mg/kg, and an 
HR of 0.10 mg/kg for difenoconazole in fresh ginger.  

Tea 

The Meeting received a GAP for tea from China consisting of three treatments (RTI=7 days) at a target 
application concentration of 0.010 kg ai/hL with a PHI of 14 days. 

In independent trials matching the GAP, residues of difenoconazole in green tea (dry) were (n=8): 
0.019, 0.060, 0.20, 0.35, 0.62, 0.77, 2.4, and 4.2 mg/kg.  

Residues in black tea (fermented and dry) derived from the green tea (dry) samples were (n=8): 
0.023, 0.061, 0.22, 0.26, 0.32, 0.39, 1.7, and 4.5 mg/kg. 

The 2021 Extra Meeting recommended a maximum residue level of 20 mg/kg and an STMR of 
4.85 mg/kg for residues of difenoconazole in tea, green, black (black fermented and dried). The current 
Meeting confirmed its previous recommendation, which accommodates the residues listed above. 

Fate of residues during processing 

The Meeting received new information on the fate of difenoconazole residues during processing in goji 
berry, pencil yam, and ginger.  
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Table 5.10.1 Estimated processing factors for the commodities considered at this Meeting 

RAC 
Processed 
Commodity 

Processing Factor 
Median 

Processing 
Factor 

STMR RAC 
(mg/kg) 

HR  
RAC 

(mg/kg) 

STMR-P 
(mg/kg) 

HR-P 
(mg/kg) 

Goji berry Dried goji berry 
1.3, 1.5, 1.6, 1.7, 1.8, 1.9, 2.0, 

2.5(2), 2.6, 3.1, 4.2, 5.0, 11, 26, 
28 

2.5 0.65 2.4 1.6 5.5 

Pencil Yam Dried Pencil Yam 2.3, 3.4 2.9 0.010 0.010 0.029 0.029 

Ginger Hot Dried a 
3.2, 3.4, 4.6, 5.1(2), 5.7, 6.7, 

7.0, 7.5, 7.6, 7.8, 8.0 
6.0 0.022 - 0.13 - 

Notes: 
a Hot dried ginger processing factors are higher than freeze dried ginger processing factors. Dried ginger was ground to a 
powder prior to analysis. 

 

Using the estimated maximum residue level of 5 mg/kg for goji berry and applying the processing 
factor of 2.5, the Meeting estimated a maximum residue level of 15 mg/kg for difenoconazole in goji 
berry, dried. 

Using the estimated maximum residue level of 0.02 mg/kg for pencil yam and applying the 
processing factor of 2.9, the Meeting estimated a maximum residue level of 0.07 mg/kg for 
difenoconazole in pencil yam, dried. 

Using the estimated maximum residue level of 0.2 mg/kg for ginger and applying the processing 
factor of 6.0, the Meeting estimated a maximum residue level of 1.5 mg/kg for difenoconazole in ginger, 
dried. 

Residues in animal commodities 

Estimated maximum and mean dietary burdens of livestock and animal commodities maximum residue levels 

No animal feeds are associated with the uses considered by the current Meeting. The Meeting confirmed 
its previous recommendations.  

RECOMMENDATIONS  
On the basis of the data from supervised trials, the Meeting concluded that the residue levels listed in 
Annex 1 are suitable for establishing maximum residue limits and for IEDI and international estimate of 
short-term intake assessment. 

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

Definition of the residue for compliance with the MRL and for dietary risk assessment for animal 
commodities: sum of difenoconazole and 1-[2-chloro-4-(4-chloro-phenoxy)-phenyl]-2-(1,2,4-triazol)-1-yl-
ethanol), expressed as difenoconazole. 

The residue is fat-soluble. 
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DIETARY RISK ASSESSMENT 

Long-term dietary exposure 

The ADI for difenoconazole is 0–0.01 mg/kg bw. The International Estimated Daily Intakes (IEDIs) for 
difenoconazole were estimated for the 17 GEMS/Food Consumption Cluster Diets using the STMR or 
STMR-P values estimated by the previous and present JMPR. The results are shown in Annex 3 of the 
2022 JMPR Report. The IEDIs ranged 10–80 percent of the maximum ADI.  

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

Acute dietary exposure 

The 2007 JMPR established an ARfD of 0.3 mg/kg bw. The International Estimate of Short-Term Intakes 
(international estimate of short-term Intake) for difenoconazole were calculated for the food commodities 
for which STMRs or HRs were estimated by the present Meeting and for which consumption data were 
available. The results are shown in Annex 4 of the 2022 JMPR Report. The international estimate of short-
term intake varied from 0–3 percent of the ARfD for children and 0 percent for the general population. 

The Meeting concluded that the acute dietary exposure to residues of difenoconazole from other 
uses that have been considered by the present Meeting is unlikely to present a public health concern. 
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5.11 Dimethoate (027)/Omethoate (055) (addendum) 

TOXICOLOGY 

Dimethoate is the ISO-approved common name for O,O-dimethyl-S-((methylcarbamoyl)methyl) 
phosphorodithioate-2-dimethoxyphosphinothioylsulfanyl-N-methylacetamide (IUPAC), with the Chemical 
Abstract Service number 60-51-5. Dimethoate is an organophosphate insecticide, having contact and 
systemic action, against a broad range of insects in agriculture and also used for the control of the 
housefly. It acts by inhibiting acetylcholinesterase (AChE). 

The Joint FAO/WHO Meeting on Pesticide Residues (JMPR) evaluated dimethoate for 
toxicological effects in 1963, 1965, 1967, 1984, 1987, 1996, 2003 and 2019. The 2019 Meeting 
established an acceptable daily intake (ADI) of 0–0.001 mg/kg body weight (bw) and an acute reference 
dose (ARfD) of 0.02 mg/kg bw. Omethoate (also known as dimethoxon), the oxygen analogue metabolite 
of dimethoate, appears to be the substance active against insects and mammals. 

While considering the metabolites of dimethoate the Meeting noted the conclusion of the 1996 
JMPR: 

“Omethoate has been extensively investigated for mutagenicity in vitro and in vivo. The Meeting 
concluded that it has clear mutagenic potential but that the weight of the evidence observed in vivo 
was negative; however, the positive result obtained in the mouse spot test could not be completely 
disregarded.” 

At JMPR 1996 the ADI for omethoate was withdrawn. Although a number of new studies focused 
on the inhibition of AChE by omethoate, no new genotoxicity studies were provided to the 2019 Meeting. 
Hence, the 2019 Meeting was unable to complete the assessment of omethoate with respect to its 
mutagenic potential, and consequently, the assessment of dimethoate. The present Meeting continued 
the evaluation of omethoate on the basis of data provided in 2019, new data on the genotoxicity of 
omethoate and new data on other metabolites of dimethoate. 

Biochemical aspects of omethoate 

In the rat, omethoate was rapidly and more than 98 percent absorbed and rapidly excreted largely 
unchanged (85–96 percent) via the urine. The pattern of excretion and metabolism was similar for oral 
and intravenous dosing. Retention within organs and tissues after 48 hours was very low. 

The main metabolic pathway of omethoate in the rat consisted of hydrolysis of the 
thiophosphoric acid structure to yield the desmethylated metabolite, or the sulfur-containing side chain, 
which is then S-methylated, followed by sulfoxidation to form the sulfinyl metabolite. The main 
radioactive compound in urine was the parent omethoate, and the major metabolites were N-methyl-2-
(methylsulfonyl)-acetamide and O-desmethyl-omethoate. 

Toxicological data for omethoate 

The median lethal dose (LD50) in rats was 22–28 mg/kg bw via the oral route, via the dermal route 145–
232 mg/kg bw, and the median lethal concentration (LC50) was 0.287 mg/L air by inhalation. 

In both short- and long-term studies the main toxic effect in all tested species was the inhibition 
of AChE and consequent clinical signs. Clinical signs generally occurred at doses higher than those 
causing critical (greater than 20 percent) inhibition of erythrocyte and/or brain AChE. 

In four short-term studies in rats, the overall NOAEL was 0.08 mg/kg bw per day based on 
inhibition of erythrocyte AChE, with an overall LOAEL of 0.16 mg/kg bw per day. There were two 28-day 
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studies, the first employing dietary concentrations of 0, 0.2, 0.4, 0.8, 1.6 or 8 ppm (equivalent to 0, 0.02, 
0.04, 0.08, 0.16 and 0.8 mg/kg bw per day), the second, range-finding, study using dietary concentrations 
of 0, 2.5 or 15 ppm (equal to 0, 0.23 and 1.24 mg/kg bw per day for males, 0, 0.26 and 1.40 mg/kg bw per 
day for females). A 90-day dietary toxicity study employed concentrations of 0, 0.5, 1, 2 or 4 ppm (equal to 
0, 0.04, 0.08, 0.17 and 0.34 mg/kg bw per day for males, 0, 0.05, 0.10, 0.19 and 0.36 mg/kg bw per day 
for females). In addition, a 32-week drinking water toxicity study administering concentrations of 0, 0.1 or 
0.3 ppm (equal to 0, 0.0093 or 0.0271 mg/kg bw per day for males, and 0, 0.0109 or 0.0322 mg/kg bw per 
day for females) was taken into account by the Meeting. 

In two 90-day studies, dogs were administered omethoate in the diet at 0, 0.4, 0.8 or 1.6 ppm 
(equal to 0, 0.016, 0.032 and 0.063 mg/kg bw per day for males, 0, 017, 0.034 and 0.069 mg/kg bw per day 
for females), or 0 or 0.0125 mg/kg bw per day by gavage. A one-year gavage study of omethoate in dogs 
employed doses of 0, 0.025, 0.125 or 0.625 mg/kg bw per day. From these the Meeting identified an 
overall NOAEL for oral toxicity of 0.063 mg/kg bw per day based on inhibition of erythrocyte and brain 
AChE, with an overall LOAEL of 0.125 mg/kg bw per day. 

In a 24-month chronic toxicity/carcinogenicity study in mice treated with omethoate in drinking 
water at concentrations of 0, 0.5, 4 or 32 ppm (equal to 0, 0.10, 0.82 and 6.48 mg/kg bw per day for males, 
0, 0.11, 0.80 and 6.61 mg/kg bw per day for females), the NOAEL for toxicity could not be identified due to 
an inhibition of erythrocyte AChE activity slightly above the threshold value of 20 percent at the lowest 
dose tested. The NOAEL for carcinogenicity in mice was 32 ppm (equal to 6.48 mg/kg bw per day), the 
highest dose tested. 

In a 24-month combined chronic toxicity/carcinogenicity study in rats, omethoate was 
administered through drinking water at concentrations of 0, 0.5, 4 or 32 ppm (equal to 0, 0.04, 0.30 and 
2.92 mg/kg bw for males, 0, 0.05, 0.44 and 3.93 mg/kg bw per day for females). The NOAEL for toxicity 
was 0.5 ppm (equal to 0.04 mg/kg bw per day) based on inhibition of AChE activities at the LOAEL of 
4 ppm (equal to 0.30 mg/kg bw per day). The NOAEL for carcinogenicity was 32 ppm (equal to 
2.92 mg/kg bw per day), the highest dose tested. 

The Meeting concluded that omethoate is not carcinogenic in mice or rats. 

Omethoate was tested for genotoxicity in an adequate range of in vitro and in vivo assays. It gave 
a positive/equivocal response in a number of in vitro tests, including a bacterial reverse mutation assay, 
sister chromatid exchange (SCE), forward mutation assay in mammalian cells (HPRT test) and 
unscheduled DNA synthesis in mammalian cells. Positive responses were only obtained at either high or 
severely cytotoxic concentrations and with no clear dose-dependency. Omethoate gave negative 
responses in vivo in the micronucleus, SCE and unscheduled DNA synthesis tests. 

In studies previously evaluated by the Meeting, positive findings in a somatic cell assay in vivo 
were noted for the mouse spot test, indicating a potential for omethoate to induce point mutations in vivo. 
However, the Meeting noted that the doses used were well above those causing AChE inhibition. 

A combination of two newly provided, more recent in vivo studies (comet and combined 
comet/micronucleus assay) showed that neither strand breaks nor chromosomal damage occurred at 
noncytotoxic doses of omethoate. 

The Meeting concluded that omethoate is unlikely to be genotoxic in vivo. 

In view of the lack of genotoxicity in vivo and the absence of carcinogenicity in mice and rats, the 
Meeting concluded that omethoate is unlikely to pose a carcinogenic risk to humans at levels occurring in 
the diet. 
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In a two-generation reproduction study in rats, omethoate was administered via drinking water at 
doses of 0, 0.5, 3.0 or 18 ppm (equal to 0, 0.08, 0.57 and 3.16 mg/kg bw per day for males, 0, 0.12, 0.72 
and 4.35 mg/kg bw per day for females). The NOAEL for parental toxicity was 0.5 ppm (equal to 
0.08 mg/kg bw per day) based on inhibition of AChE activity at 3 ppm (equal to 0.57 mg/kg bw per day). 
The NOAEL for reproductive toxicity was 3 ppm (equal to 0.57 mg/kg bw per day) based on reduced 
fertility and impairment of reproductive performance in the parental generation females at 18 ppm (equal 
to 3.16 mg/kg bw per day). The NOAEL for offspring toxicity was 3 ppm (equal to 0.57 mg/kg bw per day) 
based on depressed body weights, retarded body weight gains, and inhibition of brain AChE in pups at 
18 ppm (equal to 3.16 mg/kg bw per day). 

In a developmental study employing doses of 0, 0.3, 1.0 or 3.0 mg/kg bw per day of omethoate 
administered by gavage to pregnant rats from GDs 6 to 15, the NOAEL for both maternal and 
developmental toxicity was 1.0 mg/kg bw per day based on tremors, depressed food consumption, 
reduction in body weight gain and mortality in dams, depression in placental weights and a reduction in 
the mean fetal weight in the highest dose group of 3.0 mg/kg bw per day. 

In a developmental toxicity study in rabbits, omethoate was administered by gavage at doses of 
0, 0.2, 1.0 or 5.0 mg/kg bw per day. The NOAEL for both maternal and developmental toxicity was 
0.2 mg/kg bw per day based on inhibition of erythrocyte and brain AChE and increased malformations 
(arthrogryposis, epignathus, which were probably secondary to AChE inhibition) at 1 mg/kg bw per day. 

In another developmental toxicity study in rabbits, omethoate was administered at doses of 0, 
0.20, 1.0 or 4.0 mg/kg bw per day. The maternal NOAEL was 0.20 mg/kg bw per day based on reduction in 
red blood cell (RBC) AChE activity at 1.0 mg/kg bw per day. The developmental NOAEL was 1.0 mg/kg bw 
per day based on reductions in gravid uterine weights, fetal body weights and delayed skeletal 
ossification occurring at 4.0 mg/kg bw per day. 

The Meeting concluded that omethoate is not teratogenic at doses that do not substantially 
inhibit cholinesterase. 

In an acute neurotoxicity study in the rat, with administration of omethoate by gavage at dose 
levels of 0, 0.2, 0.25, 0.35 or 5 mg/kg bw the NOAEL was 0.25 mg/kg bw, based on changes in respiration, 
impairment of co-ordination, effects on pupil reflex and inhibition of brain AChE activity at 0.35 mg/kg bw. 

In a delayed polyneuropathy study in hens gavaged with a single dose of 140 mg/kg bw of 
omethoate there was no behavioural or histopathological evidence of delayed neurotoxicity. There was no 
measurement of cholinesterase activity or neuropathy target esterase (NTE) inhibition as would be 
expected in a more recent study. However, enzyme studies with human and hen autopsy tissue suggested 
that omethoate does not cause delayed neuropathy in humans. No inhibition of NTE was found in humans 
or hens at four times the LD50. 

The Meeting concluded that omethoate is neurotoxic but does not cause delayed polyneuropathy. 

A comparative cholinesterase assay in neonatal pups and adult rats after acute oral dosing with 
omethoate at 0.1, 0.3, 0.6 or 0.9 mg/kg bw did not show significant differences in AChE inhibition due to 
age or sex. A point of departure (POD) was determined at 0.2 mg/kg bw (BMD20, rounded to one 
significant figure) for inhibition of erythrocyte AChE in pups, as the erythrocyte enzyme was slightly more 
sensitive than the brain enzyme. 

Toxicological data on metabolites other than omethoate 

Apart from omethoate, a number of plant metabolites and animal metabolites have been identified, 
including: 
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The Meeting established an ARfD for omethoate of 0.002 mg/kg bw, separate to that for 
dimethoate, on the basis of the BMD20 of 0.2 mg/kg bw from an acute comparative cholinesterase assay 
for red blood cell and brain AChE inhibition in adult rats and pups. A safety factor of 100 was applied. 

The ADI and ARfD for omethoate are 2.5-fold and 10-fold respectively lower than those 
established for dimethoate. 

A toxicological monograph addendum was prepared. 

Levels of relevant to risk assessment for omethoate 

Species Study Effect NOAEL LOAEL 

Mouse Two-year study on toxicity 
and carcinogenicity f 

Toxicity - 0.5 ppm equal to 
0.10 mg/kg bw/day e 

 Carcinogenicity 32 ppm equal to 6.48 
mg/kg bw/day c 

- 

Rat Two 28-day, one 90-day 
dietary and one 32-week 
drinking water studies of 
toxicity a,b 

Toxicity  0.08 mg/kg bw/day 0.16 mg/kg bw/day 

Two-year study on toxicity 
and carcinogenicity f 

Toxicity 0.5 ppm equal to 
0.04 mg/kg bw/day e 

4 ppm equal to 
0.30 mg/kg bw/day 

Carcinogenicity 32 ppm equal to 2.92 
mg/kg bw/day c 

- 

Two-generation study of 
reproductive toxicity f 

Reproductive 
toxicity 

3 ppm equal to 
0.57 mg/kg bw/day 

18 ppm equal to 
3.16 mg/kg bw/day 

Parental toxicity 0.5 ppm equal to 
0.08 mg/kg bw/day 

3 ppm equal to 
0.57 mg/kg bw/day 

Offspring toxicity 3 ppm equal to 
0.57 mg/kg bw/day 

18 ppm equal to 
3.16 mg/kg bw/day 

Developmental Toxicity 
study d 

Maternal toxicity 1 mg/kg bw/day 3 mg/kg bw/day  

Embryo/fetal 
toxicity 

1 mg/kg bw/day 3 mg/kg/day  

Acute neurotoxicity study  0.25 mg/kg bw 0.35 mg/kg bw 

 Acute comparative 
cholinesterase assay 

ChE inhibition, pups 
and adults 

0.2 mg/kg bw (POD 
from BMD analysis) g 

- 

Rabbit Developmental toxicity 
study d, b 

Maternal toxicity 0.2 mg/kg bw per day 1 mg/kg bw per day 

Embryo/fetal 
toxicity 

0.2 mg/kg bw/day 1 mg/kg bw/day 

Dog 90-day gavage, 90-day 
dietary and one-year gavage 
study a, d, b 

Toxicity 0.063 mg/kg bw/day 0.125 mg/kg bw/day 

Notes: 
a Dietary administration. 
b Two or more studies combined. 
c Highest dose tested. 
d Gavage administration. 
e Lowest dose tested. 
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Lowest relevant reproductive NOAEL 0.57 mg/kg bw per day (rat) 

Developmental toxicity  

Target/critical effect  Increase in malformations (arthrogryposis, epignathus), 
probably secondary to AChE inhibition (rabbit) 

Lowest relevant maternal NOAEL  0.2 mg/kg bw per day (rabbit) 

Lowest relevant embryo/fetal NOAEL  0.2 mg/kg bw per day (rabbit) 

Neurotoxicity  

Acute neurotoxicity NOAEL  0.25 mg/kg bw (rat) 

Acute comparative cholinesterase assay, BMD20 0.2 mg/kg bw (rat) 

Summary 

 Value Study Safety factor 

ADI 0–0.0004 mg/kg bw Two-year chronic toxicity and carcinogenicity studies (rat) 100 

ARfD 0.002 mg/kg bw Acute comparative cholinesterase assay (rat) 100 

 

 

 

RESIDUE AND ANALYTICAL ASPECTS 

Dimethoate is an organophosphate insecticide which acts through acetylcholinesterase inhibition. It has 
been evaluated on numerous occasions by the JMPR since 1963, with the last periodic review conducted 
in 1996 (toxicology) and 1998 (residues), a subsequent evaluation for toxicology and residues in 2003 to 
establish an acute reference dose and further evaluations for additional uses in 2006 and 2008. 

Dimethoate was scheduled by the Fiftieth Session of the CCPR (2018) for periodic review and the 
2019 JMPR considered information supplied by the sponsor on identity, physicochemical properties, 
metabolism and environmental fate, methods of residue analysis, freezer storage stability, registered use 
patterns, supervised residue trials, fate of residues in processing, and animal feeding studies, together 
with additional supervised residue trial data supplied by Australia for mandarin, oranges, avocados, 
mangoes, capsicum and pulses, and by Thailand for yard-long bean. 

The 2019 JMPR established a revised ADI of 0–0.001 mg/kg bw and reaffirmed the ARfD of 
0.02 mg/kg bw for dimethoate, but was unable to complete the assessment of omethoate, a metabolite of 
dimethoate and also used as a pesticide, with respect to its mutagenic potential. 

The 2019 JMPR also recommended a residue definition of dimethoate and omethoate (measured 
and reported separately) for MRL-compliance in plant and animal commodities and concluded that the 
residue is not fat-soluble.  

However, the Meeting was unable to recommend residue definitions for dietary risk assessment 
because of concerns relating to the genotoxicity of omethoate and other related metabolites. 

Evaluation of the metabolism studies in rats was carried out by the WHO Core Assessment Group 
in 2019 and a further assessment of omethoate and its metabolites was conducted by the current 
Meeting. Residue components observed in the dimethoate rat metabolism study were dimethoate, 
omethoate, dimethoate carboxylic acid, dimethyl dithiophosphate, dimethyl thiophosphate, and dimethyl 
phosphate. 
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Dimethoate 

Compounds considered were omethoate, O-desmethyl-N-desmethyl omethoate, O-desmethyl-
isodimethoate, desmethyl dimethoate, O-desmethyl omethoate carboxylic acid, O-desmethyl-omethoate 
and O,O-dimethyl phosphonic acid. 

The Meeting noted that O-desmethyl-N-desmethyl omethoate, O-desmethyl-isodimethoate, 
desmethyl dimethoate, O-desmethyl omethoate carboxylic acid, O-desmethyl-omethoate and O,O-
dimethyl phosphonic acid were of no toxicological relevance and these metabolites were not discussed 
further. 

Omethoate was a significant residue in most directly treated plant matrices, both in the plant 
metabolism studies and supervised field trials, and present in some processed olive and orange 
commodities. It was also found in the rat metabolism study, has a lower ADI (0.0004 mg/kg bw/day) and a 
lower ARfD (0.002 mg/kg bw) than dimethoate. The Meeting considered that omethoate should be 
included in the residue definition. 

Based on the above, the current Meeting considered that for dietary intake risk assessment for 
plant commodities, the residue definition should be: Dimethoate plus 2.5× omethoate, expressed as 
dimethoate for long-term dietary exposure and dimethoate plus 10× omethoate for acute dietary exposure. 

Animal commodities 

Based on the goat and laying hen metabolism studies, the 2019 JMPR concluded that the major 
component of the residue was incorporated into phosphorylated natural products. Dimethoate residues 
were not detected in any matrix, indicating rapid metabolism. 

Omethoate residues were found in cattle liver (0.12 mg eq/kg), poultry liver (0.081 mg eq/kg) and 
egg white (0.004 mg eq/kg).  

Residues of dimethoate carboxylic acid (III) made up 16 percent TRR (0.13 mg eq/kg) in poultry 
liver, 2.5 percent TRR (0.031 mg eq/kg) in goat liver, 8.3 percent TRR (0.019 mg eq/kg) in goats milk and 
3.9 percent TRR (0.005 mg eq/kg) in egg white. 

In the lactating cattle feeding study, no residues of dimethoate were found above the LOQ in milk, 
muscle, liver, or kidney, while low levels of omethoate were detected in milk, kidney, and muscle for the 
highest dose group, in liver for the highest and second highest dose groups, while low levels of 
dimethoate were detected in fat at all doses, without any clear correlation between dose and residue level. 
Omethoate was detected in fat at higher dose levels. 

In the laying hen feeding study, no residues of dimethoate or omethoate were detected in tissues 
or eggs at any dose level. 

The 2019 JMPR considered that a suitable residue definition for compliance with MRLs in animal 
commodities was dimethoate and omethoate, measured and reported separately and that residues of 
dimethoate and omethoate are not fat-soluble. 

For dietary exposure assessment, in deciding which metabolites should be included in the residue 
definition for animal commodities, the current Meeting noted that the only metabolites found in animal 
commodities were considered omethoate and dimethoate carboxylic acid. The Meeting noted that 
dimethoate carboxylic acid was of no toxicological relevance and decided it need not be included in the 
residue definition. 

Omethoate was found in at low levels in cattle milk (< 0.02 mg/kg) and most cattle tissues 
(< 0.005 mg/kg) but in the goat and poultry metabolism studies, was only found in goat liver (9.8 percent 
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TRR, 0.12 mg eq/kg), poultry liver (16 percent TRR, 0.081 mg eq/kg) and egg white (3.9 percent TRR, 
0.005 mg eq/kg). 

It was also found in the rat metabolism study and is more toxic than dimethoate. The Meeting 
considered that omethoate should be included in the residue definition for risk assessment.  

Based on the above, the current Meeting considered that for dietary intake risk assessment for 
animal commodities, the residue definition should be: Dimethoate plus 2.5× omethoate, expressed as 
dimethoate for long-term dietary exposure and dimethoate plus 10× omethoate for acute dietary exposure. 

Results of supervised residue trials on crops 

The 2019 JMPR evaluated supervised trials on the use of dimethoate on mandarins, oranges, cherries, 
olives, avocados, mangoes, bulb onions, brassica vegetables, melons, sweet peppers, tomatoes, leaf 
lettuce, legume vegetables, pulses, root and tuber vegetables, barley, wheat and rape seed. 

Product labels provided to the 2019 Meeting were from Australia, Brazil, Thailand, United States 
and a number of European Union member states. The current Meeting noted that since 2019, all European 
Union dimethoate authorizations have been withdrawn and that of the proposed MRLs recommended by 
the 2019 JMPR, only those for citrus, avocados, tomatoes, dried beans, rape seed (Australian GAPs) and 
yard-long beans (Thailand GAP) were still valid. New GAP information was provided for Brussels sprouts 
(Canada) and a new GAP was identified for wheat. 

For acute dietary exposure estimation, the highest individual total residue values from the trials 
have been used to derive the highest residues. 

The residue trial tables include values for the sum of dimethoate and omethoate for use in the 
livestock dietary burden calculation where applicable. 

Where residues were reported below the LOQ, the following conventions were adopted for 
summing residues (using an LOQ of 0.01 mg/kg as an example): 

Table 5.11.2 Convention adopted for summing of residues 

Dimethoate (mg/kg) Omethoate (mg/kg) Sum of dimethoate and omethoate 
(mg/kg) 

0.30 0.04 0.34 
0.30 < 0.01 0.31 
< 0.01 < 0.01 < 0.02 

 

For dietary intake estimation it is necessary to account for the residues of both dimethoate and 
omethoate. In order to estimate STMR and HR values for use in the dietary intake calculations, the 
relative toxicity of the two compounds must be taken into account. Since dimethoate and omethoate 
share a common toxicological mode of action, in line with the approach taken by previous Meetings, the 
toxicologically significant residues were estimated by adding the dimethoate and omethoate residues 
after scaling the omethoate residues to dimethoate toxicity equivalents - based on the ratio of the 
dimethoate to omethoate maximum ADIs for STMR estimation and acute RfDs for HR estimation. 

For long-term dietary exposure estimation, toxic equivalent residues (mg teq/kg) = dimethoate + 
2.5×omethoate. 

For acute dietary exposure estimation, toxic equivalent residues (mg teq/kg) = dimethoate + 
10×omethoate. 
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Where residues were reported as < 0.01 mg/kg, a value of 0.01 mg/kg was used when calculating 
total residues for dietary exposure estimation. 

Citrus fruit 

The 2019 JMPR concluded that the critical GAP for citrus fruit was in Australia, a post-harvest dip or flood 
application of 0.04 kg ai/100 L (40 ppm), with no withholding period required. 

In mandarin trials supporting this GAP, dimethoate residues in whole fruit were: 0.58, 0.70, 0.71 
and 0.82 mg/kg (n=4) and omethoate residues were: < 0.01 (4) mg/kg (n=4).  

In orange trials supporting this GAP, dimethoate residues in whole fruit were: 0.51, 0.59, 0.60, 
0.63, 0.66 and 0.67 mg/kg (n=6) and omethoate residues were: 0.003 (3), 0.004 (2) and 0.005 mg/kg 
(n=6). 

The 2019 Meeting also agreed to combine the residue data sets for oranges and mandarins to 
estimate maximum residue levels for the subgroups of mandarins and oranges and noted that these 
levels would accommodate the foliar application GAPs in Australia and Brazil. 

The combined mandarin and orange (whole fruit) dataset for dimethoate was: 0.51, 0.58, 0.59, 
0.60, 0.63, 0.65, 0.67, 0.70, 0.71, and 0.82 mg/kg (n=10). 

The combined mandarin and orange (whole fruit) dataset for omethoate was: 0.003 (3), 0.004 (2), 
0.005, and < 0.01 (4) mg/kg (n=10). 

The Meeting confirmed the 2019 JMPR estimated maximum residue levels of 2 mg/kg for 
dimethoate and 0.02 mg/kg for omethoate in the subgroup of mandarins and the subgroup of oranges. 

Residues for livestock dietary burden estimation (sum of dimethoate and omethoate) in citrus 
(whole fruit) were: 0.51, 0.59 (2), 0.6, 0.63, 0.66, 0.675, 0.71, 0.72 and 0.83 mg/kg (n=10). The median 
residue was 0.645 mg/kg. 

Mandarin 

For dietary exposure estimation, in the Australian trials matching the critical GAP, dimethoate residues in 
mandarin flesh were: 0.014, 0.056, 0.0.056 and 0.076 mg/kg (n=4) with a highest value of 0.089 mg/kg 
and omethoate residues were: < 0.01 (4) mg/kg (n=4). 

For assessing long-term dietary exposure, the toxic equivalent residues in mandarin flesh 
(dimethoate + 2.5× omethoate residues) were: 0.039, 0.081 0.081 and 0.1 mg teq/kg. 

For assessing acute dietary exposure, the toxic equivalent residues in mandarin flesh were: 0.11, 
0.16, 0.16 and 0.18 mg teq/kg and the highest individual value was 0.19 mg teq/kg. 

The Meeting estimated an STMRchronic of 0.081 mg teq/kg, an HR of 0.19 mg teq/kg and a 
STMR(acute) residue of 0.16 mg teq/kg for dimethoate in the subgroup of mandarins. 

Orange 

For dietary exposure estimation, in the Australian trials matching the critical GAP, dimethoate residues in 
orange flesh were: 0.19, 0.26, 0.275, 0.34, 0.37 and 0.38 mg/kg (n=6) and omethoate residues were: 0.001 
(2), 0.002 (3) and 0.003 mg/kg (n=6). 

For assessing long-term dietary exposure, the toxic equivalent residues in orange flesh were: 
0.19, 0.265, 0.28, 0.345, 0.38 and 0.385 mg teq/kg. 



163 

 

Dimethoate 

For assessing acute dietary exposure from residues in oranges, the toxic equivalent residues in 
flesh were: 0.2, 0.28, 0.285, 0.36, 0.4 and 0.4 mg teq/kg. 

The Meeting estimated an STMRchronic of 0.31 mg teq/kg, an HR of 0.4 mg teq/kg and a STMR(acute) 
residue of 0.32 mg teq/kg for dimethoate in the subgroup of oranges. 

The Meeting noted that an acute dietary exposure assessment showed that residues in the 
subgroup of oranges exceed the ARfD of 0.02 mg/kg bw, at 120 percent for peeled oranges for Australian 
children. No alternative GAP was available. 

Avocados 

The 2019 JMPR concluded that the critical GAP for avocados was in Australia, for dilute foliar 
applications of 0.03 kg ai/100 L as required (with a 7-day PHI) followed by a 1-minute post-harvest dip 
using 0.04 kg ai/100 L, with no withholding period.  

In avocado trials supporting this GAP, dimethoate residues in (whole fruit) were: 0.41, 0.44, 0.71, 
and 0.75 mg/kg (n=4) and omethoate residues were: 0.016, 0.025, 0.042, and 0.067 mg/kg (n=4). 

The Meeting confirmed the 2019 JMPR estimated maximum residue level of 2 mg/kg for 
dimethoate and 0.15 mg/kg for omethoate in avocado. 

For dietary exposure estimation, in the Australian trials matching the critical GAP, dimethoate 
residues in flesh were: 0.062, 0.062, 0.11 and 0.17 mg/kg (n=4) and omethoate residues were: < 0.01, 
< 0.01, 0.01 and 0.032 mg/kg (n=4). 

For assessing long-term dietary exposure from residues in avocados, the toxic equivalent 
residues in flesh were: 0.087, 0.087, 0.135 and 0.25 mg teq/kg. 

For assessing acute dietary exposure from residues in avocados, the toxic equivalent residues in 
flesh were: 0.16, 0.16, 0.21 and 0.49 mg teq/kg. 

The Meeting estimated an STMRchronic of 0.11 mg teq/kg, an HR of 0.49 mg teq/kg and a 
STMR(acute) residue of 0.37 mg teq/kg for dimethoate in avocados. 

Brussels sprouts 

The 2019 JMPR estimated a maximum residue level for Brussels sprouts based on the GAP in the Czech 
Republic. As this GAP no longer exists, the current Meeting re-evaluated the available data based on a 
newly provided Canadian GAP. 

The critical GAP in Canada for Brussels sprouts is for 2 foliar applications of 0.48 kg ai/ha, with a 
7-day minimum retreatment interval and a PHI of 21 days. 

In trials matching this GAP, but with a lower application rate (0.24–0.25 kg ai/ha) dimethoate 
residues in Brussels sprouts were: < 0.01 (3), 0.01, 0.02,(3) and 0.03 (2) mg/kg (n=9) and omethoate 
residues were: < 0.01 (8) and 0.01 mg/kg (n=9). 

When proportionally adjusted to the Canadian application rate (scaling factor of 1.9), dimethoate 
residues were: < 0.019 (3), 0.019, 0.038 (3) and 0.058 (2) mg/kg (n=9) and omethoate residues were: 
< 0.019 (8) and 0.019 mg/kg (n=9). 

The current Meeting estimated a maximum residue level of 0.1 mg/kg for dimethoate and 
0.03 mg/kg for omethoate in Brussels sprouts, to replace the 2019 JMPR estimations. 

For assessing long-term dietary exposure from residues in Brussels sprouts, the toxic equivalent 
residues were: < 0.067 (3), 0.067, 0.086 (3) and 0.11 (2) mg teq/kg (n=9). 
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For assessing acute dietary exposure from residues in Brussels sprouts, the toxic equivalent 
residues were: < 0.21 (3), 0.21, 0.23 (3) and 0.25 (2) mg teq/kg (n=9). 

The Meeting estimated an STMRchronic of 0.086 mg teq/kg, an HR of 0.25 mg teq/kg and a 
STMR(acute) residue of 0.23 mg teq/kg for dimethoate in Brussels sprouts. 

Tomato 

The 2019 JMPR concluded that the critical GAP for tomatoes was in Australia, for 2 × 0.3 kg ai/ha foliar 
applications with a minimum 14-day retreatment interval and a 21-day PHI. Scaled dimethoate residues in 
trials from Europe supporting this GAP were: < 0.005 mg/kg (n=8) and omethoate residues were: < 0.005 
(6), 0.005 and 0.005 mg/kg (n=8). 

The Meeting confirmed the 2019 JMPR estimated maximum residue level of 0.01(*) mg/kg for 
dimethoate and 0.01 mg/kg for for omethoate in tomato. 

Residues for livestock dietary burden estimation (sum of dimethoate and omethoate) in tomato 
were: < 0.01 (6) and 0.01 (2) mg/kg (n=8). The median residue was 0.01 mg/kg. 

For assessing long-term dietary exposure from residues in tomatoes, the toxic equivalent 
residues were: < 0.0175 (6) and 0.0175 (2) mg teq/kg. 

For assessing acute dietary exposure from residues in tomatoes, the toxic equivalent residues 
were: < 0.055 (6) and 0.055 (2) mg teq/kg. 

The Meeting estimated an STMRchronic of 0.0175 mg teq/kg, an HR of 0.055 mg teq/kg and a 
STMR(acute) residue of 0.055 mg teq/kg for dimethoate in tomatoes. 

Yard-long bean (pods) 

The 2019 JMPR concluded that the critical GAP for yard-long beans was in Thailand, for 4 × 0.6 kg ai/ha 
foliar applications with a 7-day PHI.  

Dimethoate residues in trials in supporting this GAP were: < 0.05 (5) and 0.05 mg/kg (n=6) and 
omethoate residues were: < 0.05 (6) mg/kg (n=6). 

The Meeting confirmed the 2019 JMPR estimated maximum residue level of 0.07 mg/kg for 
dimethoate and 0.05 mg/kg for omethoate in yard long bean. 

For assessing long-term dietary exposure from residues in yard-long bean, the toxic equivalent 
residues were: < 0.175 (5) and 0.175 mg teq/kg. 

For assessing acute dietary exposure from residues in yard-long bean, the toxic equivalent 
residues were: < 0.55 (5) and 0.55 mg teq/kg. 

The Meeting estimated an STMRchronic of 0.175 mg teq/kg, an HR of 0.55 mg teq/kg and a 
STMR(acute) residue of 0.55 mg teq/kg for dimethoate in yard-long bean. 

Beans (dry) 

The 2019 JMPR concluded that the critical GAP for dry beans (except soya beans) was in Australia, for 
foliar applications of 0.32 kg ai/ha, with a minimum 14-day retreatment interval and a 14 day PHI for both 
grazing and harvest.  

Dimethoate residues in dry beans from trials supporting this GAP were: < 0.05 (4), 0.066, and 
0.4 mg/kg (n=6) and omethoate residues were: < 0.05 (5), and 0.064 mg/kg (n=6). 
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Residues for livestock dietary burden estimation (sum of dimethoate and omethoate) in dry 
beans were: < 0.10 (4), 0.12, and 0.46 mg/kg (n=6). The median residue was 0.1 mg/kg. 

The Meeting estimated a maximum residue level of 0.7 mg/kg for dimethoate and 0.08 mg/kg for 
omethoate in the subgroup of dry beans (except soya bean) to replace the previous estimation for the 
subgroup of dry beans. 

For assessing long-term dietary exposure from residues in dry beans, the toxic equivalent 
residues were: < 0.175 (4), 0.19 and 0.56 mg teq/kg. 

For assessing acute dietary exposure from residues in dry beans, the toxic equivalent residues 
were: < 0.55 (4), 0.57 and 1.0 mg teq/kg. 

The Meeting estimated an STMRchronic of 0.175 mg teq/kg and a STMR(acute) residue of 0.38 mg/kg 
for dimethoate in dry beans (subgroup) except soya bean. 

Wheat 

The 2019 JMPR estimated a maximum residue level for wheat based on the GAP in the Czech Republic. 
As this GAP no longer exists, the current Meeting re-evaluated the available data based on the current 
GAP in the United States. 

The critical GAP in the United States for wheat is for a single foliar application of 0.56 kg ai/ha, 
with a 35-day PHI and a 14-day grazing interval. 

In trials matching this GAP, but at a lower application rate of 0.2–0.21 kg ai/ha, dimethoate 
residues in wheat grain were: < 0.001 (9), 0.002 (2), 0.005, < 0.01 (5) and 0.01 mg/kg (n=18) and 
omethoate residues were: < 0.0012 (12) and < 0.01 (6) mg/kg (n=18). 

When proportionally adjusted to the US application rate (scaling factor of 2.66), dimethoate 
residues were: < 0.0027 (9), 0.0053 (2), 0.013, < 0.027 (5) and 0.027 mg/kg (n=18) and omethoate 
residues were: < 0.0027 (12) and < 0.027 (6) mg/kg (n=18). 

Scaled residues for livestock dietary burden estimation (sum of dimethoate and omethoate) in 
wheat were: < 0.0053 (9), < 0.008 (2), < 0.016 and < 0.053 (6) mg/kg (n=18). The median residue was 
0.008 mg/kg.  

The Meeting estimated a maximum residue level of 0.06 mg/kg for dimethoate and 0.03 mg/kg 
for omethoate in wheat to replace the 2019 JMPR estimations. 

For assessing long-term dietary exposure from wheat, the toxic equivalent residues were: 
< 0.0093 (9), 0.012 (2), 0.02, < 0.093 (5) and 0.09 mg teq/kg (n=18). 

For assessing acute dietary exposure from wheat, the toxic equivalent residues were: < 0.029 (9), 
0.032 (2), 0.04, < 0.29 (5) and 0.29 mg teq/kg (n=18). 

The Meeting estimated an STMRchronic of 0.011 mg teq/kg and a STMR(acute) residue of 
0.032 mg/kg for dimethoate in wheat. 

Rape seed (canola) 

The 2019 JMPR concluded that the critical GAP for rape seed (canola) was in Australia, for a single foliar 
application of 0.14 kg ai/ha, with a 7 day PHI for both grazing and harvest.  

In rape seed trials supporting this GAP, dimethoate residues were: < 0.02, 0.02, 0.026, 0.027, 
0.028, 0.051, 0.066 and 0.084 mg/kg (n=8) and omethoate residues were: < 0.02 (7) and 0.02 mg/kg (n=8). 
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The Meeting confirmed the 2019 JMPR estimated maximum residue level of 0.15 mg/kg for 
dimethoate and 0.03 mg/kg for omethoate in rape seed.  

For assessing long-term dietary exposure from rape seed, the toxic equivalent residues were: 
< 0.07 0.07, 0.076, 0.077, 0.078, 0.1, 0.12 and 0.13 mg teq/kg (n=8). 

For assessing acute dietary exposure from rape seed, the toxic equivalent residues were: < 0.22, 
0.22, 0.23 (3), 0.25, 0.27 and 0.28 mg teq/kg. 

The Meeting estimated an STMRchronic of 0.0775 mg teq/kg and a STMR(acute) residue of 
0.23 mg/kg for dimethoate in rape seed. 

Residues in animal feeds 

Bean forage 

The 2019 JMPR concluded that in the Australian residue trials on dry beans, the data for forage did not 
match GAP, as samples were only collected at intervals of 0 and 7 days after application and no median or 
highest residues could be estimated for bean forage. 

Wheat forage 

The current Meeting reviewed the available data on wheat forage (whole plants) in light of the United 
States GAP and the 14-day pre-grazing interval. In trials matching this GAP, but at a lower application rate 
of 0.2–0.21 kg ai/ha, total residues (sum of dimethoate and omethoate) were: < 0.02, 0.03, 0.03, 0.05, 
0.08, 0.28, 0.29, 0.44, 0.61, 0.75, 1.5 and 1.65 mg/kg as received (n=12). 

When proportionally adjusted to the United States application rate (scaling factor of 2.66), total 
residues in wheat forage (for livestock dietary burden estimation) were: < 0.053, 0.08, 0.08, 0.13, 0.21, 
0.75, 0.77, 1.2, 1.6, 2.0, 4.0 and 4.4 mg/kg as received (n=12). 

The Meeting estimated a median total residue of 0.76 mg/kg fw and a highest total residue of 
4.4 mg/kg fw for the sum of omethoate and dimethoate in wheat forage (for livestock dietary burden 
estimation). 

Wheat straw 

The 2019 JMPR estimated a maximum residue level for wheat straw and fodder, dry based on the GAP in 
the Czech Republic. As this GAP no longer exists, the current Meeting re-evaluated the available data 
based on the GAP in United States. 

The critical GAP in United States for wheat is for a single foliar application of 0.56 kg ai/ha, with a 
35-day PHI and a 14-day grazing interval. 

In trials matching this GAP, but at a lower application rate of 0.2–0.21 kg ai/ha, residues of 
dimethoate in wheat straw were: < 0.01 (8), 0.01 (2), 0.05 (3), 0.08, 0.19, 0.68, 0.76 and 0.83 mg/kg as 
received (n=18). 

When proportionally adjusted to the United States application rate (scaling factor of 2.66), 
dimethoate residues in straw were: < 0.027 (8), 0.027 (2), 0.13 (3), 0.21, 0.51, 1.8, 2.0 and 2.2 mg/kg as 
received (n=18). 

After adjustment for dry weight using the default dry matter content of 88 percent from the OECD 
livestock feed table, dry weight residues in straw were: < 0.03 (8), 0.03 (2), 0.15 (3), 0.24, 0.58, 2.1, 2.3 and 
2.5 mg/kg dry weight. 
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In these trials, residues of omethoate were: < 0.01 (13), 0.01, 0.02, 0.05 (2) and 0.074 mg/kg as 
received (n=18). 

When proportionally adjusted to the US application rate (scaling factor of 2.66), omethoate 
residues in straw were: < 0.027 (13), 0.027, 0.053, 0.13 (2) and 0.2 mg/kg as received (n=18). 

After adjustment for dry weight using the default dry matter content of 88 percent from the OECD 
livestock feed table, dry weight residues in straw were: < 0.03 (13), 0.03, 0.06, 0.15 (2) and 0.22 mg/kg dry 
weight. 

The Meeting estimated a maximum residue level of 4 mg/kg (dw) for dimethoate and 0.3 mg/kg 
(dw) for omethoate in wheat straw and/or hay to replace the 2019 JMPR estimations.  

For estimation of the livestock dietary burden, total (sum of dimethoate and omethoate) residues 
in straw were: < 0.02 (8), 0.02 (2), 0.06 (3), 0.09, 0.24, 0.7, 0.81 and 0.9 mg/kg (as received) (n=18). 

When proportionally adjusted to the US application rate (scaling factor of 2.66), total residues in 
straw were: < 0.053 (8), 0.053 (2), 0.16 (3), 0.24, 0.64, 1.9, 2.2 and 2.4 mg/kg as received (n=18). The 
median total residue was 0.053 mg/kg (0.06 mg/kg dry weight) and the highest total residue was 
2.4 mg/kg (2.7 mg/kg dry weight). 

Fate of residues during processing 

The 2019 JMPR evaluated an hydrolysis study (simulating high temperature processing conditions) and 
concluded that both dimethoate and omethoate were hydrolysed to their desmethyl metabolites under 
simulated baking/boiling/brewing conditions (28/36 percent AR) and after sterilisation (60/63 percent) 
respectively and that no conversion from dimethoate to omethoate was observed under any of the 
conditions. 

Residues in processed commodities 

Processing factors were calculated by the 2019 JMPR for dimethoate and omethoate (for maximum 
residue level estimation, for calculating livestock dietary burdens and for risk assessment. 

Table 5.11.3 Processing factors for citrus and cereal commodities 
Processed commodity Dimethoate Omethoate 
ORANGE   
   Juice 0.14 0.20 
   Dry pulp 2.1 1.6 
   Molasses 5.8 5.9 
   Orange oil 0.20 < 0.07 
WHEAT   
   Wholemeal flour 0.66 0.5 
   White flour 0.21 0.5 
   Bran 4.4 3.5 
   Wheat germ 2.9 2.0 

 

Maximum residue levels in processed commodities 

Where residues concentrated in the processed food commodities, maximum residue levels were 
estimated using the estimated maximum residue levels for the raw commodities and applying the 
calculated mean processing factors. 
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Table 5.11.4 Estimated dimethoate and omethoate maximum residue levels for processed commodities. 

Commodity Processing factors a Maximum Residue Level (mg/kg) 
 Dimethoate  Omethoate  Dimethoate Omethoate 
Orange   MRL= 2.0  0.02 
   Orange dried pulp 2.1 1.6  4.2  0.032 
Wheat   MRL= 0.06  0.03 
   Wheat bran 4.4 3.5  0.26  0.105 
   Wheat germ 2.9 2.0  0.17  0.06 

Notes: 
a The ratio of the residues in the processed item divided by the residue in the Raw Agricultural Commodity. 

 

The Meeting estimated a maximum residue level of 5 mg/kg for dimethoate and 0.04 mg/kg for 
omethoate in citrus pulp, dry to replace the previous estimations. 

The Meeting estimated a maximum residue level of 0.3 mg/kg for dimethoate and 0.15 mg/kg for 
omethoate in wheat bran to replace the previous estimations. 

The Meeting estimated a maximum residue level of 0.2 mg/kg for dimethoate and 0.06 mg/kg for 
omethoate in wheat germ to replace the previous estimations. 

Residues in processed food commodities 

For estimating dietary exposure from toxic equivalent residues in processed food commodities, 
the Meeting applied the processing factors for dimethoate and omethoate to the levels of dimethoate and 
omethoate in the individual trials then scaled the individual omethoate residues for “potency” (based on 
the ratio of the dimethoate to omethoate HBGVs) and summed the resulting values from each trial to 
obtain a data set of toxic equivalent residues for estimating STMR-P and HR-P values. 

Table 5.11.5 Calculated dimethoate toxic equivalent residue STMR-Ps, STMRacute and HR-Ps for processed 
food commodities 

RAC Processing factors a Residues (mg/kg) b Toxic equivalent residues c 
(mg teq/kg) 

 Dimethoate Omethoate Dimethoate 
Median-P 

Omethoate 
Median-P 

STMR-Pchronic STMR-Pacute 

Orange  median=0.615 median=0.0035     

   Juice 0.14 0.2 0.086 0.0007 0.088 0.093 
   Oil 0.2 0.07 0.12 0.000245 0.12 0.13 
   Molasses 5.8 5.9 3.6 0.021 3.6 3.8 
Wheat grain median=0.004 median=0.0027     
   Wheat bran 4.4 3.5 0.018 0.009 0.041 0.11 
   Wheat germ 2.9 2.0 0.012 0.0053 0.025 0.065 
   Wholemeal flour 0.66 0.5 0.0026 0.0013 0.006 0.016 
   White flour 0.21 0.5 0.00084 0.0013 0.0042 0.014 

Notes: 
a The ratios of the residue in the processed item divided by the residue in the Raw Agricultural Commodity. 
b Sum of calculated [dimethoate+10×omethoate] residues in the processed commodity. 
c Sum of calculated [dimethoate+2.5×omethoate] residues in the processed commodity. 
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Residues in processed feed commodities 

For estimating residues in processed feed commodities, the Meeting applied the processing factors for 
dimethoate and omethoate to the levels of dimethoate and omethoate in the individual trials and summed 
the resulting values to obtain a data set of total residues for estimating median-P and highest-P values. 

Table 5.11.6 Calculated median-Ps for total residues (dimethoate+omethoate) in processed feed 
commodities 

RAC Processing factors a Total residues (mg/kg) 
 Dimethoate Omethoate Dimethoate b Omethoate b Median-P 
Orange + mandarin 
(whole fruit) 

0.645 0.0045    

Citrus pulp, dry 2.1 1.6 1.35 0.0072 1.36 

Notes: 
a The ratios of the residue in the processed item divided by the residue in the Raw Agricultural Commodity. 
b Each value is the sum of calculated [dimethoate+omethoate] residues in the processed commodity. 

 

Residues in animal commodities 

Farm animal dietary burden 

Farm animal feeding studies in lactating cattle and laying hens were evaluated by the 2019 JMPR. In the 
lactating cow study, no residues of dimethoate were found above the LOQ (0.001 mg/kg) in milk, muscle, 
liver or kidney from any dose group ((1, 3.4, 10 and 33 ppm in the diet).  

Low levels of omethoate were measured in milk and cattle tissues from the 33 ppm dose group 
and in cattle liver from the 10 ppm dose group. No residues of omethoate were found above the LOQ 
(0.001 mg/kg) in any of the egg or tissue samples from any dose group. 

For fat, there were some low level residues of dimethoate and to a lesser extent of omethoate, 
without a consistent relationship between dose and residue level. The depuration data showed that 
clearance was rapid, with no detections above the LOQ. 

Table 5.11.7 Residues of dimethoate and omethoate in milk and tissues from lactating cows dosed with 
the equivalent of 1, 3.4, 10.1 or 33.2 ppm dimethoate daily for 28 days 

Matrix Dose 
(ppm) 

Dimethoate residues (mg/kg) Omethoate residues (mg/kg) 
Values a mean Max b Values a  mean Max b  

Milk (28d) 3.4 < 0.001 (3) < 0.001 < 0.001 < 0.001 (3) < 0.001 < 0.001 
10.1 < 0.001 (3) < 0.001 < 0.001 < 0.001 (3) < 0.001 < 0.001 

 33.2 < 0.001 (3) 
< 0.001 < 0.001 

0.0188, 0.001465, 0.0054, 0.0125, 
0.013, 0.01355 

0.011 0.0189 

Muscle 3.4 < 0.001 (9) < 0.001 < 0.001 < 0.001 (9) < 0.001 < 0.001 
33.2 < 0.001 (9) 

< 0.001 < 0.001 
Loin: 0.00495, 0.0021, < 0.001 

Flank: 0.005, 0.002, < 0.001 
Round: 0.00485, 0.00195, < 0.001 

0.0025 0.0051 

Liver 3.4 < 0.001 (3) < 0.001 < 0.001 < 0.001 (3) < 0.001 < 0.001 

10.1 < 0.001 (3) < 0.001 < 0.001 0.0018, 0.00135, 0.00105 0.0014 0.0018 
33.2 < 0.001 (3) < 0.001 < 0.001 0.004, 0.0056, 0.0039 0.00455 0.0059 

Kidney 3.4 < 0.001 (3) < 0.001 < 0.001 < 0.001 (3) < 0.001 < 0.001 
10.1 < 0.001 (3) < 0.001 < 0.001 < 0.001 (3) < 0.001 < 0.001 
33.2 < 0.001 (3) < 0.001 < 0.001 0.0047, < 0.001, < 0.001 0.0019 0.0047 
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Animal commodity maximum residue levels 

Cattle 

For estimating maximum residue levels in mammalian commodities, the maximum dietary burden for beef 
cattle was 17.6 ppm and for dairy cattle was 11 ppm. Mean dietary burdens were 3.0 ppm for beef cattle 
and 2.3 ppm for dairy cattle. 

For dimethoate, the Meeting noted that in the cattle feeding study, residues of dimethoate were 
all < 0.001 mg/kg in milk, muscle, liver and kidney from animals in all dose groups (up to 33 ppm, about 
2–3 times the maximum dietary burdens), and the Meeting estimated maximum residue levels of 
0.001(*) mg/kg for dimethoate in mammalian meat, edible offal mammalian and milks. 

For mammalian fat, there was no clear relationship between the administered dose and measured 
residues of dimethoate in fat. As a conservative estimate, the Meeting agreed to use the highest residue 
found in the feeding study (0.027 mg/kg) and the overall mean residue (0.003 mg/kg) to estimate a 
maximum residue level and assess dietary exposure. 

The Meeting estimated a maximum residue level of 0.03 mg/kg for dimethoate in mammalian fat 

Since dimethoate residues in muscle, liver, kidney and milk were all < 0.001 mg/kg in all dose 
groups (up to 33 ppm, about 2–3 times the maximum dietary burdens), the Meeting estimated dimethoate 
STMRs and HRs of 0 mg/kg for mammalian meat, liver, kidney and milk and for mammalian fat, the 
Meeting estimated an HR of 0.027 mg/kg and an STMR of 0.003 mg/kg. 

For omethoate, the Meeting agreed to interpolate the results from the 10.1 ppm and 33.2 ppm 
feed levels to estimate maximum residue levels and HRs in tissues (at a maximum dietary burden of 
17.6 ppm) and in milk (at a maximum dietary burden of 11 ppm) and median residues were extrapolated 
from the 3.4 ppm feed level. 

Table 5.11.9 Omethoate highest and median residues in mammalian commodities 

 Feed level 
(ppm) for 
milk  

Residues 
(m/kg) in milk 

Feed level 
(ppm) for 
tissues  

Residues (mg/kg) in 

Muscle Liver Kidney Fat 

 HR and MRL (beef or dairy cattle) 

Feeding study 10.1 
33.2 

< 0.001 
0.011 

10.1 
33.2 

< 0.001 a 
0.0051 

< 0.001 
0.0059 

< 0.001 
0.0047 

- 
- 

Dietary burden and highest 
residue 

11 0.0014 17.6 0.003 0.0031 0.0022 0.027 b 

Median residue (beef or dairy cattle) 

Feeding study 3.4 < 0.001 3.4 < 0.001 < 0.001 < 0.001 - 

Dietary burden and highest 
residue 

2.3 < 0.001 3.0 < 0.001 < 0.001 < 0.001 0.003 b 

Notes: 
a Residue is in muscle from animals in the 3.4 ppm dose group. 
b The highest and overall mean values from all dose groups in the feeding study. 

 

Highest residues of omethoate were 0.0014 mg/kg in milk, 0.0031 mg/kg in liver, 0.0022 mg/kg 
in kidney, 0.003 mg/kg in muscle and 0.002 mg/kg in fat. 





173 

 

Dimethoate 

Long-term dietary exposure 

The ADI for dimethoate is 0–0.001 mg/kg bw. The International Estimated Daily Intakes (IEDIs) for 
dimethoate (including omethoate) 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 2022 
JMPR Report. 

The IEDIs ranged from 10–100 percent of the maximum ADI. The Meeting concluded that long-
term dietary exposure to residues of dimethoate (including omethoate) from uses considered by the 
JMPR is unlikely to present a public health concern. 

Acute dietary exposure 

The ARfD for dimethoate is 0.02 mg/kg bw. The International Estimate of Short Term Intakes 
(international estimate of short-term intakes) for dimethoate (including omethoate) were calculated for 
the food commodities and their processed commodities for which HRs/HR-Ps or STMRs/STMR-Ps were 
estimated by the present Meeting and for which consumption data were available. The results are shown 
in Annex 4 of the 2022 JMPR Report.  

The international estimate of short-term intake varied from 0–120 percent of the ARfD for 
children and 0–70 percent of the ARfD for the general population. The Meeting concluded that acute 
dietary exposure to residues of dimethoate (including omethoate) from uses considered by the present 
Meeting is unlikely to present a public health concern except for oranges (120 percent for Australian 
children). 
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validated in muscle (cattle), liver (cattle), kidney (cattle), fat (cattle) and eggs. The LOQ was 0.001 mg/kg 
for each matrix and analyte. 

The Meeting concluded that methods RAM465/02 and GRM004.06A are suitable analytical 
methods to measure emamectin B1a benzoate, emamectin B1b benzoate and the avermectin-like 
metabolites 8,9-ZMa, AB1a, MFB1a, and FAB1a for plant commodities and that QuEChERS multi-residues 
methods are now available for analysis of emamectin B1a benzoate and emamectin B1b benzoate in both 
plant and animal commodities. 

Stability of pesticide residues in stored analytical samples 

The 2011 JMPR found that emamectin B1a benzoate and emamectin B1b benzoate were stable when 
stored at -20 °C or lower for at least 27 months (804 days) in plant commodities with high water content 
(tomatoes and green beans with pods), at least 18 months (545 days) in plant commodities with high 
starch content (potatoes), and at least 9 months in plant commodities with high oil content (cottonseed), 
and special plant commodities (cotton gin trash) and recommended that storage stability information 
on a high acid commodity would be desirable.  

A storage stability study on a high acid commodity (orange) was provided to the current Meeting 
demonstrating residues of emamectin benzoate and its metabolites are stable for up to 24 months in 
whole orange when stored deep frozen.  

In storage stability studies conducted concurrently with the supervised residues trials residues of 
emamectin benzoate and its metabolites were observed to be stable for at least 56 months in fresh basil 
and 52 months in dried chives, at least 3 months in dried tea leaves and at least 9 months in Chinese 
broccoli when stored frozen. These durations generally covered the longest period of storage for all 
samples obtained from supervised residue trials with only minor exceptions for dried chives (56 months 
stored, demonstrated stability 52 months) and soya beans (10 months stored, demonstrated stability of 9 
months in high oil matrices). The Meeting considered any potential losses would be minor and the data 
for dried chives and soya beans remains valid. 

Results of supervised residue trials on crops 

The Meeting received supervised residue trials for emamectin benzoate on basil, chives, coffee, broccoli, 
cauliflower, Chinese broccoli, lettuce leaf, mustard greens, spinach and tea. 

Chives 

In the United States, the critical GAP for herbs (including chives) is three foliar applications of emamectin 
benzoate at up to 16.8 g ai/ha (maximum 50.4 g ai/ha per year) with a retreatment interval of 7 days and a 
harvest withholding period of 7 days.  

The Meeting noted the cGAP for chives is for three applications whilst six applications were 
applied in the trials. Given the rapid decline of emamectin B1a benzoate and the RTI of 7 days it was 
concluded that the earlier applications would not contribute significantly to the final residue and the trials 
were considered suitable for maximum residue level estimation. 

In independent trials approximating the critical GAP, residues of emamectin B1a benzoate in 
fresh chive leaves were (n=4): < 0.001, 0.001 (2) and 0.005 mg/kg (n=4). 

The Meeting estimated a maximum residue level of 0.01 mg/kg, an STMR of 0.001 mg/kg and an 
HR of 0.006 (from a single sample) mg/kg for emamectin B1a benzoate in chives. 
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Flowerhead brassicas 

In Italy, the critical GAP for broccoli and cauliflower is a maximum three foliar applications at 14.2 g ai/ha 
with a minimum retreatment interval of 7 days and a harvest withholding period of 3 days. 

Broccoli 

In the independent trials approximating cGAP in Italy, residues of emamectin B1a benzoate in broccoli at 
3 DALA were (n=5): < 0.001, 0.001, 0.002, 0.002, and 0.004 mg/kg. 

Cauliflower 

In the independent trials approximating cGAP in Italy, residues of emamectin B1a benzoate in cauliflower 
were (n=12): < 0.001 (9) and 0.001 (3) mg/kg. 

For the Italian GAP, the five trials on broccoli were considered sufficient to make a 
recommendation for broccoli individually. Based on the dataset for cauliflower the maximum residue level 
would be 0.002 mg/kg with an STMR at 0.001 mg/kg and a HR at 0.001 mg/kg.  

The Meeting agreed to estimate the maximum residue level for the subgroup of Flowerhead 
brassicas based on the dataset for broccoli. The Meeting estimated a maximum residue level of 
0.007 mg/kg, an STMR of 0.002 mg/kg and an HR of 0.004 mg/kg for emamectin B1a benzoate in 
Flowerhead brassicas, subgroup of. 

Spinach 

In the United States, the critical GAP for leafy vegetables (including spinach) is six foliar applications of 
emamectin benzoate at 16.8 g ai/ha (maximum of 101 g ai/ha per season) with a retreatment interval of 7 
days and a harvest withholding period of 7 days. 

In the independent trials approximating cGAP in the United States, residues of emamectin B1a 
benzoate in spinach were (n=6): < 0.005 (2), 0.006 (2), 0.007 and 0.024 mg/kg. 

The Meeting estimated a maximum residue level of 0.05 mg/kg, an STMR of 0.006 mg/kg and an 
HR of 0.036 (from a single sample) mg/kg for emamectin B1a benzoate in spinach. 

Brassica leafy vegetables 

Chinese broccoli 

In Thailand, the GAP for Chinese broccoli is two foliar applications of emamectin benzoate at 14.4 g ai/ha 
with a retreatment interval of 7 days and a harvest withholding period of 3 days. 

In the independent trials matching cGAP in Thailand, residues of emamectin B1a benzoate in 
Chinese broccoli were (n=6): < 0.005 (5) and 0.12 mg/kg. The HR was 0.14 mg/kg (from a single sample). 

Mustard greens 

In the United States, the critical GAP for brassica leafy vegetables is six foliar applications of emamectin 
benzoate at 16.8 g ai/ha (maximum of 101 g ai/ha per season) with a retreatment interval of 7 days and a 
harvest withholding period of 14 days. 

In the independent trials matching cGAP in the United States, residues of emamectin B1a 
benzoate in mustard greens were (n=6): < 0.005 (2), 0.008, 0.011, 0.014 and 0.108 mg/kg (STMR = 
0.01 mg/kg). 
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The Meeting noted that Mustard greens are a representative crop for the subgroup and concluded 
the dataset for mustard greens was sufficient for estimation of a maximum residue level for the subgroup 
of brassica leafy vegetables.  

The Meeting estimated a maximum residues level of 0.2 mg/kg, an STMR of 0.01 mg/kg and a HR 
of 0.219 (from a single sample) mg/kg for the subgroup of brassica leafy vegetables. This maximum 
residue level will also cover the expected residues of emamectin benzoate for the Thailand GAP for 
Chinese broccoli. 

Soya bean (dry) 

In the United States, the critical GAP for soya beans is three foliar applications of emamectin benzoate at 
16.8 g ai/ha (maximum of 50.4 g ai/ha per year) with a retreatment interval of 7 days and a harvest 
withholding period of 28 days. 

In the independent trials matching cGAP in the United States residues of emamectin B1a 
benzoate in soya beans (dry) were (n=19): < 0.001 (19) mg/kg. 

The Meeting estimated a maximum residue level of 0.001(*) mg/kg for soya beans (dry). The 
Meeting noted that residues of emamectin B1a benzoate were also < 0.001 mg/kg (LOQ) following 
application at 5× rate and concluded an STMR of 0 mg/kg for soya beans (dry) was appropriate. 

Basil 

In the United States, the critical GAP for herbs is three foliar applications of emamectin benzoate at up to 
16.8 g ai/ha (maximum of 50.4 g ai/ha per year) with a retreatment interval of 7 days and a harvest 
withholding period of 7 days.  

The Meeting noted that the cGAP for basil is for three applications whilst six applications were 
applied in the trials. Given the rapid decline of emamectin B1a benzoate and the RTI of 7 days it was 
concluded that the earlier applications would not contribute significantly to the final residue and the trials 
were considered suitable for maximum residue level estimation. 

In independent trials approximating the critical GAP, residues of emamectin B1a benzoate in 
fresh basil leaves and stems were (n=4): 0.001, 0.004, 0.005, and 0.028 mg/kg. 

The Meeting estimated a maximum residue level of 0.06 mg/kg, an STMR of 0.0045 mg/kg and an 
HR of 0.032 (from a single sample) mg/kg for emamectin B1a benzoate in basil leaves. 

Tea 

In Japan, the critical GAP for tea is one foliar application of emamectin benzoate at 1000-fold dilution 
(1 g ai/100L) applied at 7 days before plucking. 

In the independent trials matching cGAP in Japan, residues of emamectin B1a benzoate in dried 
green tea leaves were (n=8): 0.003, 0.004, 0.007, 0.008, 0.010, 0.011, 0.022 and 0.066 mg/kg. 

The Meeting estimated a maximum residue level of 0.1 mg/kg and an STMR of 0.009 mg/kg for 
emamectin B1a benzoate in Tea, Black, Green dried and fermented. 

Fate of residues during processing 

The fate of emamectin benzoate residues during processing of raw agricultural commodities was 
investigated in basil, chives, tea and soya beans. 







 Emamectin benzoate  181 

 

 Feed Level 
(ppm) for 

milk residues 

Emamectin B1a 
benzoate 

residues (mg/kg) 
in milk 

Feed Level 
(ppm) for 

tissue 
residues 

Emamectin B1a benzoate (mg/kg) 

Muscle Liver Kidney Fat 

STMR Determination (beef or dairy cattle) 

Feeding Study 0 0 0 0 0 0 0 
 0.03 < 0.0005 0.03 < 0.002 0.0086 0.0037 0.0021 

Dietary burden and 
estimate of highest 

residue 

0.0248 < 0.0005 0.0302 < 0.002 0.0071 0.0031 < 0.002 

 

The Meeting estimated a maximum residue level for emamectin B1a benzoate of 0.003 mg/kg in 
milks, 0.005 mg/kg in meat from mammals other than marine mammals, 0.1 mg/kg in mammalian offal to 
replace the previous recommendations for milks, meat and offal and confirmed the previous 
recommendation of 0.02 mg/kg in mammalian fat. The residue in animal commodities is not considered 
fat soluble. 

RECOMMENDATIONS 

On the basis of the data from supervised trials the Meeting concluded that the residue levels listed in 
Annex 1 are suitable for establishing maximum residue limits. 

Definition of the residue for compliance with the MRL and for dietary risk assessment for plant 
and animal commodities: emamectin B1a benzoate. The Meeting considers the residue not fat soluble. 

Summary of recommendations are presented below. 

 

DIETARY RISK ASSESSMENT 

Emamectin benzoate is also registered for use as a veterinary drug in salmon and trout in several 
countries with Joint FAO/WHO Expert Committee on Food Additives (JECFA) recommending maximum 
residues levels for muscle and fillet (muscle + skin) at 0.1 mg/kg. The median residue (0.037 mg/kg) and 
MRL level reported by JECFA Meeting 78 (2013) have been used for dietary exposure estimations. 

Long-term dietary exposure 

The International Estimated Daily Intake (IEDI) for emamectin B1a benzoate was calculated for the food 
commodities for which STMRs were estimated and for which consumption data were available. 

The International Estimated Daily Intakes of emamectin B1a benzoate for the 17 GEMS/Food 
cluster diets, based on estimated STMRs were 2–20 percent of the maximum ADI of 0.0005 mg/kg bw. 

The Meeting concluded that the long-term dietary exposure to residues of emamectin B1a 
benzoate from uses that have been considered by the JMPR is unlikely to present a public health concern. 

Acute dietary exposure 

The ARfD for emamectin B1a benzoate is 0.02 mg/kg bw. The International Estimate of Short Term 
Intakes (international estimate of short-term intakes) for emamectin B1a benzoate were calculated for 
the food commodities and their processed commodities for which HRs/HR-Ps or STMRs/STMR-Ps were 
estimated by the present Meeting and for which consumption data were available. The international 
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estimate of short-term intake varied from 0–70 percent of the ARfD for children and 0–60 percent for the 
general population.  

The Meeting concluded that acute dietary exposure to residues of emamectin B1a benzoate from 
uses considered by the present Meeting is unlikely to present a public health concern.  
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5.13 Famoxadone (208) 

RESIDUE AND ANALYTICAL ASPECTS 

Famoxadone (ISO common name) is an oxazolidinedione fungicide belonging to the quinol inhibitor 
family, which inhibits mitochondrial respiration of fungi. It was evaluated for the first time by JMPR 2003, 
which established an acceptable daily intake (ADI) of 0–0.006 mg/kg bw and an acute reference dose 
(ARfD) of 0.6 mg/kg bw. Famoxadone was scheduled at the Fifty-first Session of the CCPR for the 
evaluation of additional MRLs in 2021 and rescheduled to the 2022 JMPR. 

The definition of the residue for compliance with MRLs and for dietary assessment is 
famoxadone. The residue is fat-soluble. 

The current Meeting received information on analytical methods and supervised residue trials to 
support new MRLs in cane berries, bulb vegetables, cucurbit vegetables, fruiting vegetables, and hops. 

Methods of analysis 

The Meeting received method validation and concurrent recovery data for use of Method AMR 2801-93 
(reviewed by 2003 JMPR) and Method AMR 3705-95 RV2. All methods were demonstrated to have 
adequate performance for recovery of famoxadone, with an LOQ of 0.02 mg/kg in most commodities 
tested; exceptions are winter barley and wheat forage (0.1 mg/kg) and dried hops cones (0.05 mg/kg).  

Stability of pesticide residues in stored analytical samples 

Concurrent storage stability data were provided for cane berry, cucumber, bulb onion, green onion, and 
hops (dried cones). Residues of famoxadone were stable in the tested commodities for at least the tested 
storage durations: 

Cane berry: at least 216 days (7 months); 

Cucumber: at least 313 days (10.3 months); 

Bulb onion: at least 873 days (28.7 months); 

Green onion: at least 796 days (26.2 months), and 

Hops (dried cones): at least 252 days (8.3 months). 

Results of supervised residue trials on crops 

The Meeting received data from supervised residue trials and GAP information on cane berries; bulb and 
green onion; cucumber, cantaloupe, and summer squash; tomatoes and peppers, and hops. In addition, 
the meeting received residue decline data for forage of winter barley and winter wheat to supplement data 
supplied to the 2003 Meeting and to provide support for other high-water commodities for which residue 
decline data were not available. 

Cane berries 

The GAP for cane berries is from the United States. The label allows multiple applications at a maximum 
rate of 0.175 kg ai/ha, on a 5-day interval, with a 0-day PHI. The maximum number of applications is not 
specified. Based on the listed annual limit of 1.26 kg ai/ha, the application pattern for the cGAP is one 
application at 0.035 kg ai/ha followed by 7 applications at 0.175 kg ai/ha. 

Field trials in the United States were conducted with 6 applications on generally a 7-day interval 
(generally ranging from 6 to 8 days with one trial having one application done at a 12-day interval) at a 
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rate of approximately 0.21 kg ai/ha, with harvest 0 DALA. The Meeting agreed that an application 35 days 
before harvest would not contribute significantly to residues and that the difference in retreatment 
interval between the cGAP and the trials for one application would not affect residue levels by more than 
25 percent. Therefore, the Meeting agreed that the field trials for cane berries are suitable for estimating 
residues. 

Residues of famoxadone in cane berries from independent trials approximating the critical GAP 
were (n=7): 0.44, 0.83, 1.0, 1.1, 2.0, 2.6, and 6.0 mg/kg. 

Noting that the registered use corresponds to the Codex Subgroup of Cane berries (FB 2005), the 
Meeting estimated a maximum residue level of 10 mg/kg for famoxadone in the Subgroup of cane berries, 
an STMR of 1.1 mg/kg, and an HR of 6.6 mg/kg (from a single sample). 

Bulb vegetables 

The GAP for bulb vegetables is from the United States and consists of multiple applications each at 
0.175 kg ai/ha, on a 5-day interval, with a 3-day PHI. A maximum number of applications is not specified. 
Based on the maximum rate per crop cycle of 1.47 kg ai/ha, the application pattern for the cGAP is one 
application at 0.07 kg ai/ha followed by 8 applications at 0.175 kg ai/ha.  

Onion, bulb 

Field trials in the United States were conducted with 6 or 7 applications on generally a 6-day interval 
(ranging from 4 to 8 days) at a rate of approximately 0.19 kg ai/ha, with harvest 2–3 DALA. The Meeting 
agreed that the initial applications from the cGAP would not likely contribute significantly to residues at 
harvest and that the trials were suitable for estimating residues. 

From independent trials approximating the critical GAP, residues of famoxadone in bulb onion 
were (n=7): < 0.02 (4), 0.06, 0.078, and 0.22 mg/kg. 

The Meeting estimated a maximum residue level of 0.4 mg/kg, an STMR of 0.02 mg/kg, and an 
HR of 0.23 mg/kg (from a single sample) for famoxadone in the subgroup of bulb onion. 

Onion, green 

Field trials in the United States were conducted with 7 applications on generally a 6-day interval (ranging 
from 4 to 6 days) at a rate of approximately 0.19 kg ai/ha, with harvest 3 or 4 DALA. The Meeting agreed 
that the initial applications from the cGAP would not likely contribute significantly to residues at harvest 
and that the trials were suitable for estimating residues.  

From independent trials approximating the critical GAP, residues of famoxadone in green onion 
were (n=4): 1.4, 3.8, 4.4, and 15 mg/kg. 

The Meeting agreed that four trials was insufficient for estimating residues in green onions. 

Fruiting vegetables, Cucurbits  

The 2003 JMPR recommended maximum residue level for famoxadone in cucumber and summer squash, 
each at 0.2 mg/kg based on a GAP from Italy. The current Meeting received a more critical GAP from the 
United States consisting of 4 applications each at 0.175 kg ai/ha, on a 5-day interval, with a 3-day PHI. 
The new GAP applies to the Crop Group of Fruiting vegetables, Cucurbits. 

Field trials in the United States were conducted in cucumber, summer squash, and melon with 7 
applications on generally a 5-day interval (ranging from 4–8 days) at approximate rates of either 0.14 or 
0.21 kg ai/ha in side-by-side trials, with harvest 3 DALA. Residue-decline data for cucurbit vegetables 
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were insufficient to provide a robust estimation of half-life. The Meeting agreed that for cucumber and 
summer squash, the first three applications from the field trials would not lead to significant residues at 
harvest due to significant growth dilution and that the trials for those crops are suitable for making 
recommendations. As both 0.14 and 0.21 kg ai/ha fall within 25 percent of the cGAP application rate of 
0.175 kg ai/ha, the Meeting chose whichever result from the side-by-side trials was greater when making 
its residue estimates. For melons, fruit development is slower than for cucumber and squashes, and the 
Meeting agreed that contributions to residues at harvest from the first few applications could not be 
excluded; therefore, the trials in melons did not reflect the cGAP. 

Fruiting vegetables, Cucurbits–Cucumbers and Summer Squashes, Subgroup of  

Cucumber 

Residues of famoxadone in cucumber from independent trials were (n=6): < 0.02, 0.048, 0.054, 0.064, 
0.12, and 0.16 mg/kg. 

Summer squash 

Residues of famoxadone in summer squash from independent trials were (n=5): 0.028, 0.064, 0.17, 0.22, 
and 0.26 mg/kg. 

The Meeting noted that the recommended representative commodities for the subgroup of 
cucumber and summer squashes are cucumber and summer squash and that the median residues from 
cucumber and summer squash trials are within five-fold. The residue populations are different (Mann-
Whitney H test). Based on the dataset from summer squash, the Meeting estimated a maximum residue 
level of 0.6 mg/kg, an STMR of 0.17 mg/kg, and an HR of 0.37 mg/kg (from a single sample) to make a 
recommendation for the Subgroup of Fruiting vegetables, cucurbits–cucumbers and summer squashes 
and withdrew its previous separate recommendations for cucumber and summer squash. 

Tomatoes 

The GAP for tomato is from the United States and consists of multiple applications each at 0.14 kg ai/ha, 
on a 5-day interval, with a 3-day PHI. A maximum number of applications is not specified. Based on the 
listed limit of 1.26 kg ai/ha per crop cycle, the application pattern for the cGAP is 9 applications at 
0.14 kg ai/ha. The 2003 Meeting recommended a maximum residue level of 2 mg/kg in tomato based on 
registered uses in Greece (up to 8 applications at 0.11 kg/ha, 3-day PHI). 

Field trials in the United States were conducted with 6 applications, each at 0.21 kg ai/ha, 
generally on a 5-day retreatment interval (ranging from 4–6 days), with harvest 3 DALA. The Meeting 
agreed that the first three applications from the field trials would not lead to significant residues at 
harvest due to significant growth dilution and that the trials are suitable for estimating residues. 

Residues of famoxadone in tomatoes from independent trials conducted at an exaggerated rate 
were (n=17): 0.14 (2), 0.15 (2), 0.17 (2), 0.23, 0.24, 0.30, 0.33, 0.40, 0.42, 0.50, 0.62, 0.68, and 0.71 mg/kg. 

After scaling (factor = 0.67), residues were (n=17): 0.093 (2), 0.10 (2), 0.11 (2), 0.15, 0.16, 0.20, 
0.22, 0.24, 0.27, 0.28, 0.33, 0.41, 0.45, and 0.47 mg/kg. 

The Meeting noted that these residues are accommodated by the 2003 recommendation and 
confirmed its previous recommendation of a maximum residue level of 2 mg/kg, and STMR of 0.1 mg/kg 
and an HR of 1.1 mg/kg for famoxadone in tomato. 
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RECOMMENDATIONS 

On the basis of the data obtained from supervised trials, the Meeting concluded that the residue levels 
listed in Annex 1 are suitable for establishing maximum residue limits and for IEDI and international 
estimate of short-term intakes assessments. 

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

The residue is fat-soluble. 

 

DIETARY RISK ASSESSMENT 

Long-term dietary exposure 

The ADI for famoxadone is 0–0.006 mg/kg bw. The International Estimated Daily Intakes (IEDIs) for 
famoxadone 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 2022 JMPR Report. 

The IEDIs ranged from 1–20 percent of the maximum ADI. The Meeting concluded that long-term 
dietary exposure to residues of famoxadone from uses considered by the JMPR is unlikely to present a 
public health concern. 

Acute dietary exposure 

The ARfD for famoxadone is 0.6 mg/kg bw. The International Estimate of Short-Term Intakes 
(international estimate of short-term intakes) for famoxadone were calculated for the food commodities 
and their processed commodities for which HRs/HR-Ps or STMRs/STMR-Ps were estimated by the 
present Meeting and for which consumption data were available. The results are shown in Annex 4 of the 
2022 JMPR Report. 

The international estimate of short-term intake varied from 0–20 percent of the ARfD for children 
and 0–9 percent of the ARfD for the general population. The Meeting concluded that acute dietary 
exposure to residues of famoxadone from uses considered by the present Meeting is unlikely to present a 
public health concern. 
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5.14 Fenazaquin (297) 

RESIDUE AND ANALYTICAL ASPECTS 

Fenazaquin is a quinazoline insecticide/acaricide. It was first evaluated by JMPR in 2017 for toxicology 
and residues. Subsequently, additional uses were evaluated by the 2019 Extra JMPR Meeting. 

The 2017 JMPR established an ADI of 0–0.05 mg/kg bw and an ARfD of 0.1 mg/kg bw, applying 
to fenazaquin, tertiarybutylphenylethanol (TBPE), 4-hydroxyquinazoline and 2-hydroxy-fenazaquin acid. 
Residue definition for plant commodities is fenazaquin for compliance with the MRL and for dietary risk 
assessment. For animal commodities, the residue definition is the sum of fenazaquin and 2-hydroxy-
fenazaquin acid for compliance with the MRL and the sum of fenazaquin, 2-hydroxy-fenazaquin acid, and 
tautomeric forms of 4-hydroxyquinazoline for dietary risk assessment. The residue is fat-soluble. 

Fenazaquin was scheduled at the Fifty Second Session of the CCPR for evaluation of additional 
uses by the 2022 JMPR. The Meeting received information on residue trials (avocado, berries, citrus fruits, 
pome fruits, stone fruits, fruiting vegetables, beans and peas, and mint), processing and storage stability. 
In addition, a confined rotational crop study and a new analytical method were provided.  

Confined rotational crop study 

A confined rotational crop study with [14C-phenyl] and [14C-quinazoline] fenazaquin was conducted using 
lettuce, radish and wheat at 30, 120, and 365 day plant back intervals. Radiolabelled fenazaquin was 
applied to the bare soil at a rate of 550–556 g/ha. Total radioactive residues from the two labels were in 
similar levels, and gradually declined with increasing PBIs in the food commodities. The total radioactive 
residues were 0.004–0.055 mg eq/kg in immature lettuce, 0.008–0.067 mg eq/kg in mature lettuce, 
0.008–0.104 mg eq/kg in radish roots, 0.007–0.030 mg eq/kg in radish tops, 0.009–0.129 mg eq/kg in 
wheat forage, 0.013–0.189 mg eq/kg in wheat hay, 0.025–0.243 mg eq/kg in wheat straw and 0.010–
0.069 eq/kg in wheat grain. 

Extractability of residues using organic solvents was 58.8–61.1 percent TRR in immature lettuce, 
51.2–63.9 percent TRR in mature lettuce, 72.7–80.6 percent TRR in radish roots, 61.9–85.7 percent TRR 
in radish tops, 65.7–91.4 percent TRR in wheat forage, 49.6–69.6 percent TRR in wheat hay, 47.2–
72.4 percent TRR in wheat straw and 28.6–49.3 percent TRR in wheat grain. 

Only in 30-day PBI radish roots, parent fenazaquin was found at a greater level than 10 percent 
TRR or 0.01 mg/kg, representing 28.6–29.0 percent TRR (0.026–0.031 mg/kg). In all tested rotational 
crops except for wheat grain, metabolite 4-hydroxyquinazoline was detected, but did not exceed the level 
of 13.8 percent TRR or 0.012 mg eq/kg. The other identified metabolites were also found in the crops, but 
at low levels of below 4.5 percent TRR or 0.004 mg eq/kg, in addition, many minor components present at 
very low levels below 0.016 mg eq/kg were found, except for two components in wheat hay 
(0.023 mg eq/kg and 0.035 mg eq/kg) and one component in wheat straw (0.064 mg eq/kg).  

The Meeting concluded that type and amount of residues in rotational crops would not impact on 
the current residue definition for plant commodities, and that significant residues are not expected in 
leafy vegetable, root and tuber vegetable or cereals grown as rotational crops. 

Environmental fate 

The 2017 JMPR concluded that fenazaquin is moderately persistent in soil under field conditions (DT50 
values ranging from 26–114 days) and that the photolysis of fenazaquin in soil, under sunlight conditions, 
was an important degradation pathway (soil surface DT50 of 15 days). 
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The Meeting agreed there were insufficient trials on cherries to estimate a maximum residue 
level. 

Peaches (including Nectarine and Apricots), Subgroup of 

In peaches (without stones), residues were (n=9): 0.20, 0.21, 0.24, 0.26, 0.38, 0.41, 0.44, 0.65 and 
0.89 mg/kg with highest analytical value of 1.2 mg/kg. 

The Meeting estimated a maximum residue level of 1.5 mg/kg, an STMR of 0.38 mg/kg and an HR 
of 1.2 mg/kg for the Subgroup of Peaches (including Nectarine and Apricots). 

Plums 

In plums (without stones), residues were (n=6): < 0.01, 0.016, 0.11, 0.18, 0.18 and 0.24 mg/kg with highest 
analytical value of 0.25 mg/kg 

The Meeting estimated a maximum residue level of 0.5 mg/kg, an STMR of 0.145 mg/kg and an 
HR of 0.25 mg/kg for the Subgroup of plums. 

Cane berries, Subgroup of 

The US GAP (1×0.538 kg ai/ha, 7-day PHI) covers the commodities in the Codex cane berries subgroup 
and in residue trials on raspberries matching this GAP (PHI 7 days), residues were (n=5): 0.18, 0.18, 0.18, 
0.24 and 0.36 mg/kg with highest analytical value of 0.41 mg/kg. 

The Meeting estimated a maximum residue level of 0.7 mg/kg, an STMR of 0.18 mg/kg and an HR 
of 0.41 mg/kg for the Subgroup of cane berries. 

Bush berries, Subgroup of 

The US GAP (1×0.538 kg ai/ha, 7-day PHI) covers the commodities in the Codex bush berries subgroup 
and in residue trials on blueberries matching this GAP (PHI 7 days), residues were (n=6): 0.17, 0.23, 0.23, 
0.24, 0.31 and 0.41 mg/kg with highest analytical value of 0.42 mg/kg. 

The Meeting estimated a maximum residue level of 0.8 mg/kg, an STMR of 0.235 mg/kg and an 
HR of 0.42 mg/kg for the Subgroup of bush berries. 

Small fruit vine climbing, Subgroup of 

The US GAP (1×0.538 kg ai/ha, 7-day PHI) covers the commodities in the Codex small fruit vine climbing 
subgroup and in residue trials on grapes matching this GAP (PHI 7 days), residues were (n=12): 0.05, 0.05, 
0.07, 0.10, 0.18, 0.18, 0.20, 0.22, 0.28, 0.32, 0.32 and 0.33 mg/kg with highest analytical value of 
0.40 mg/kg. 

The Meeting estimated a maximum residue level of 0.7 mg/kg, an STMR of 0.19 mg/kg and an HR 
of 0.4 mg/kg for the Subgroup of small fruit vine climbing. 

Low growing berries, Subgroup of 

The US GAP (1×0.538 kg ai/ha, 3-day PHI) covers the commodities in the Codex low growing berries 
subgroup and in residue trials on strawberries matching this GAP, residues were (n=8): 0.078, 0.35, 0.41, 
0.46, 0.52, 0.56, 0.65 and 1.2 mg/kg with highest analytical value of 1.2 mg/kg 

The Meeting estimated a maximum residue level of 2 mg/kg, an STMR of 0.49 mg/kg and an HR 
of 1.2 mg/kg for the Subgroup of low growing berries. 
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Avocado 

The US GAP for avocado is 1×0.538 kg ai/ha, 7-day PHI and in residue trials matching this GAP, residues 
in avocados (without stones) were (n=5): 0.032, 0.037, 0.045, 0.049 and 0.082 mg/kg. In avocado flesh, 
residues were (n=5): < 0.01 (4) and 0.01 mg/kg. 

Based on information available from other avocado residue studies, stones do not make up more 
than 15 percent of the whole fruit weight and the Meeting concluded that correcting the reported residues 
to express them on a whole fruit basis would lead to the same maximum residue level estimation. 

The Meeting estimated a maximum residue level of 0.15 mg/kg, an STMR of 0.01 mg/kg and an 
HR of 0.01 mg/kg for avocado. 

Fruiting vegetables, Cucurbits 

The US GAP (1×0.538 kg ai/ha, 3-day PHI) covers the commodities in the Codex fruiting vegetables, 
Cucurbits and residue trials on cucumber, summer squash and melons matched the GAP.  

In cucumber, residues were (n=6): 0.03, 0.04, 0.05, 0.06, 0.07 and 0.17 mg/kg  

In Summer squash, residues were (n=5): 0.04, 0.06, 0.08, 0.08 and 0.13 mg/kg 

In melons, residues were (n=6): 0.02, 0.05, 0.05, 0.07, 0.09 and 0.15 mg/kg 

The median residues in the datasets for cucumber, summer squash and melons are within a 5-
fold difference and the Kruskal-Wallis test showed that the residues were not from different populations. 
Therefore, the Meeting decided to estimate recommendations for the Group of Fruiting vegetables, 
Cucurbits. 

The combined residues were (n=17): 0.02, 0.03, 0.04, 0.04, 0.05, 0.05, 0.05, 0.06, 0.06, 0.07, 0.07, 
0.08, 0.08, 0.09, 0.13, 0.15 and 0.17 mg/kg with highest analytical value of 0.19 mg/kg. 

The Meeting estimated a maximum residue level of 0.3 mg/kg, an STMR of 0.06 mg/kg and an HR 
of 0.19 mg/kg for the Group of Fruiting vegetables, Cucurbits. 

Tomatoes, Subgroup of 

The US GAP (1×0.538 kg ai/ha, 3-day PHI) covers the commodities in the Codex subgroup of tomatoes 
(PHI, 3 days) and in residue trials on tomatoes, residues were (n=11 from independent trials): 0.029, 
0.029, 0.037, 0.038, 0.046, 0.052, 0.058, 0.061, 0.065, 0.071 and 0.19 mg/kg with highest analytical value 
of 0.19 mg/kg. 

The Meeting estimated a maximum residue level of 0.3 mg/kg, an STMR of 0.052 mg/kg and an 
HR of 0.19 mg/kg for the Subgroup of tomatoes. 

Peppers, Subgroup of 

The US GAP (1×0.538 kg ai/ha, 3-day PHI) covers the commodities in the Codex subgroup of peppers and 
in residue trials matching this GAP, residues in sweet peppers (6) and chili peppers (3) were (n=9): 0.018, 
0.054, 0.056, 0.056, 0.079, 0.082, 0.12, 0.12 and 0.19 mg/kg with highest analytical value of 0.22 mg/kg. 

The Meeting estimated a maximum residue level of 0.3 mg/kg, an STMR of 0.079 mg/kg and an 
HR of 0.22 mg/kg for the Subgroup of peppers (except martynia, okra and roselle). 

For dried chili peppers, the Meeting applied the default concentration factor of 10 to the data set 
for fresh peppers and estimated a maximum residue level of 3 mg/kg, an STMR of 0.79 mg/kg and an HR 
of 2.2 mg/kg for dried chili pepper. 
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Eggplant, Subgroup of 

The US GAP (1×0.538 kg ai/ha, 3-day PHI) covers the commodities in the Codex subgroup of eggplants 
and in line with the 2018 JMPR recommendation that residue data on tomatoes or peppers (whichever is 
higher) could be extrapolated to eggplants, the Meeting agreed to extrapolate the data for peppers to 
estimate a maximum residue level of 0.3 mg/kg, an STMR of 0.079 mg/kg and an HR of 0.22 mg/kg for 
the Subgroup of eggplants 

Legume vegetables, Group of 

The US GAP (1×0.538 kg ai/ha, 7-day PHI) covers all commodities in the Codex legume vegetables group 
(except underground beans and peas) and residue trials on snap beans with pods, snap peas with pods, 
lima beans without pods and garden pea without pods matched this GAP. 

Plant metabolism studies previously evaluated by the JMPR covered fruit (apple, orange, grape) 
and cereals (maize). As plant metabolism studies covering pulses and oilseeds or a third crop from a 
group different to fruits or cereal grains were not available, the Meeting could not estimate dietary intake 
of residues in legume vegetables. 

Beans and peas with pods, Subgroup of 

In snap beans with pods, residues were (n=6): 0.09, 0.094, 0.099, 0.1, 0.17 and 0.18 mg/kg and in snap 
peas with pods, residues were (n=3): 0.041, 0.1 and 0.13 mg/kg. 

The Meeting agreed to combine the data for beans and peas with pods for mutual support to 
estimate subgroup maximum residue levels. 

The combined data set for snap beans and snap peas is (n=9): 0.041, 0.09, 0.094, 0.099, 0.1, 0.1, 
0.13, 0.17 and 0.18 mg/kg  

The Meeting estimated but did not recommend a maximum residue level of 0.4 mg/kg for the 
Subgroups of beans with pods and peas with pods because a dietary intake assessment could not be 
completed. 

Beans and peas without pods, Subgroup of 

In lima beans without pods, residues were (n=5): < 0.01 (4) and 0.017 mg/kg and in garden peas without 
pods, residues were (n=5): < 0.01 (5). 

The Meeting agreed to combine the data for beans and peas without pods for mutual support to 
estimate subgroup maximum residue levels. 

The Meeting estimated but did not recommend a maximum residue level of 0.02 mg/kg for the 
Subgroups of beans with pods and peas without pods because a dietary intake assessment could not be 
completed. 

Pulses, Group of 

The US GAP (1×0.538 kg ai/ha, 7-day PHI) covers all commodities in the Codex dry beans and dry peas 
subgroups and residue trials on pinto bean (dry) and Australian winter pea (dry) matched this GAP. 

Plant metabolism studies previously evaluated by the JMPR covered fruit (apple, orange, grape) 
and cereals (maize). As plant metabolism studies covering pulses and oilseeds or a third crop from a 
group different to fruits or cereal grains were not available, the Meeting could not estimate dietary intake 
of residues in pulses.  
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Dry beans, Subgroup of 

In pinto bean (dry), residues were (n=9): < 0.01, < 0.01, 0.014, 0.016, 0.018, 0.028, 0.033, 0.088 and 
0.17 mg/kg in Australian winter pea (dry), residues were (n=5): < 0.01, 0.011, 0.013, 0.014 and 
0.052 mg/kg. 

The median residues in the datasets for are within a 5-fold difference and the Kruskal-Wallis test 
showed that the residues were from the same population. Therefore, the Meeting decided to estimate 
subgroup maximum residue levels. 

The combined data set is (n=14): < 0.01, < 0.01, < 0.01, 0.011, 0.013, 0.014, 0.014, 0.016, 0.018, 
0.028, 0.033, 0.052, 0.088 and 0.17 mg/kg. 

The Meeting estimated but did not recommend a maximum residue levels of 0.3 mg/kg for the 
Subgroup of dry beans (except soya bean) and the Subgroup of dry peas because a dietary intake 
assessment could not be completed. 

Mints 

In residue trials on mint matching the US GAP for peppermint and spearmint (1×0.538 kg ai/ha, 7-day 
PHI), residues in mint (fresh) were (n=5): 0.57, 0.64, 0.93, 1.6 and 5.3 mg/kg with highest analytical value 
of 5.5 mg/kg. 

Plant metabolism studies previously evaluated by the JMPR covered fruit (apple, orange, grape) 
and cereals (maize). As plant metabolism studies covering leafy commodities or a third crop from a group 
different to fruits or cereal grains were not available, the Meeting could not evaluate the residue data on 
mints. 

Residues in animal feeds 

Pea vines and hays  

In the residue trials on peas matching the US GAP (PHI, 7 days), residues in pea vines were (n=5): 0.26, 
1.5, 1.7, 1.8 and 3.8 mg/kg with highest analytical value of 4.5 mg/kg and in pea hay, residues were (n=5): 
0.78, 5.3, 6.8, 9.5 and 22 mg/kg with highest analytical value of 23 mg/kg 

As no recommendations for legume vegetable food commodities were made (because no 
metabolism study was available for leafy commodities), the Meeting did not estimate animal feed intake 
from residues in pea vines or hay. 

Fate of residues during processing 

The Meeting received information on the fate of fenazaquin during processing of on orange, plum, grapes, 
tomato and mint. In the mint oil processing study, residue data for fresh mint was not reported. Therefore, 
the Meeting could not estimate a processing factor for mint oil. 

Processing factors were calculated for fenazaquin (for maximum residue level estimation and for 
calculating livestock dietary burdens) and for total residues (for risk assessment). 

Where residues concentrated in the processed food commodities, maximum residue levels were 
estimated using the estimated maximum residue levels for the raw commodities and applying the 
calculated best estimate processing factors. 
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Table 5.14.1 Estimated maximum residue levels for processed commodities 

Commodity Processing factors Fenazaquin 
 Calculated Processing Factors #  Best Estimate Maximum Residue Level (mg/kg) 
Orange   MRL=0.4 
Citrus oil 78.7 78.7 32 
Grapes   MRL=0.7 
Dried grapes 2.2, 2.2, 2.9 2.2 1.5 
Plums   MRL=0.5 
Dried prunes 4.8 4.8 2.4 

Notes: 

# The ratio of the residues in the processed item divided by the residue in the Raw Agricultural Commodity. 

 

The Meeting estimated a maximum residue level of 40 mg/kg for citrus oil. 

The Meeting estimated a maximum residue level of 1.5 mg/kg for dried grapes. 

The Meeting estimated a maximum residue level of 3 mg/kg for dried prunes. 

For processed food and feed commodities, STMR-Ps, median-Ps and HR-Ps (where relevant) 
were calculated using the STMRs or median residues for the raw commodities and applying the calculated 
best estimate processing factors. 

 Table 5.14.2 Calculated STMR-Ps and HR-Ps for processed food and feed commodities 

RAC Processing factors Fenazaquin residue (mg/kg) 

 Calculated Processing 
factors # 

Best Estimate STMR-P HR-P 

Lemon   Median=0.08  

Lemons and lime (subgroup), juice 0.01 (orange) 0.01 0.0008 - 
Orange   Median=0.125  
Oranges (subgroup), juice 0.01 (orange) 0.01 0.00125 - 
Citrus oil 78.7 (orange) 78.7 9.84  
Citrus pulp, dry 0.18 (orange)  Median=0.15 

0.027 
 

Grapefruit   Median=0.0.07 - 
Pummelo and grapefruit (subgroup), juice 0.01 (orange) 0.01 0.0007 - 
Mandarins   Median=0.0.08 - 
Mandarin (subgroup), juice 0.01 (orange) 0.01 0.0008 - 
Grapes   STMR=0.19 HR=0.4 
Red wine < 0.02, < 0.02, < 0.03 < 0.02 0.0038  
Grape juice 0.13, 0.14, 0.36 0.14 0.027  
Dried grapes 2.2, 2.2, 2.9 2.2 0.42 0.88 
Plums   STMR=0.145 HR=0.25 
Dried prunes 4.8 4.8 0.7 1.2 
Tomato   STMR=0.052  
Paste 0.9 0.9 0.047 - 
Puree 0.41 0.41 0.021  

Notes: 

# The ratios of the residue in the processed item divided by the residue in the Raw Agricultural Commodity. 
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Residues in animal commodities 

Farm animal feeding studies 

The 2019 JMPR evaluated a 28-day dairy cow feeding study where animals were dosed with 12.5 ppm, 
37.5 ppm or 125 ppm fenazaquin by capsule. Milk samples were taken daily, milk and cream samples 
were taken from the Day-25 collection and analysed for fenazaquin. Liver, muscle, kidney and fat samples 
were taken about 8 hours after the last dose and analysed for fenazaquin and 2-OH fenazaquin acid. 

Residues of fenazaquin in milk plateaued after 3 days and in tissues were highest in fat and lower 
in liver and kidney and in muscle were <LOQ at the highest dose. Similarly, residues of 2-OH fenazaquin 
acid were <LOQ in muscle. The highest levels of 2-OH fenazaquin acid were found in liver, with lesser 
amounts in kidney. 

Table 5.14.3 Residues in milk and tissues from cattle dosed for 28 days with fenazaquin in the diet 

Tissue Dose level, 
ppm 

Residues, mg eq/kg a 
Fenazaquin 2-OH fenazaquin acid 4-OH quinazoline b Fenazaquin + 2-OH 

fenazaquin acid 
Fenazaquin + 2-OH 
fenazaquin a cid + 4-
OH quinazoline 

  max mean max mean max mean max mean max mean 
Liver 12.5 Not analysed 0.017 0.014 0.018 0.011 0.027 0.024 0.045 0.039 

37.5 < 0.01 < 0.01 0.052 0.049 0.039 0.037 0.062 0.059 0.1 0.096 
125 0.059 0.033 0.15 0.13 0.12 0.094 0.21 0.16 0.33 0.25 

Kidney 12.5 Not analysed 0.009 0.009 < 0.002 < 0.002 < 0.019 < 0.019 < 0.021 < 0.021 
37.5 < 0.01 < 0.01 0.027 0.024 0.018 0.018 0.037 0.034 0.055 0.052 
125 0.022 0.013 0.061 0.056 0.018 0.014 0.074 0.071 0.092 0.089 

Muscle 12.5 Not analysed < 0.009 < 0.009 Assumed 0 < 0.019 < 0.019 < 0.019 < 0.019 
37.5 Not analysed < 0.009 < 0.009 Assumed 0 < 0.019 < 0.019 < 0.019 < 0.019 
125 < 0.01 < 0.01 < 0.009 < 0.009 Assumed 0 < 0.019 < 0.019 < 0.019 < 0.019 

Fat c 12.5 0.056 0.045 Not analysed Assumed 0 0.056 0.045 0.056 0.045 
37.5 0.12 0.11 Not analysed Assumed 0 0.12 0.11 0.12 0.11 
125 0.42 0.31 Not analysed Assumed 0 0.42 0.31 0.42 0.31 

Milk 37.5 < 0.01 < 0.01 < 0.0025 d < 0.0025 d < 0.015 < 0.015 < 0.00125 < 0.0125 < 0.0275 < 0.0275 
125 0.046 0.031 0.0115 d 0.00775 d 0.069 0.0465 0.0575 < 0.0125 0.13 < 0.0175 

Notes: 
a For fenazaquin and 2-OH fenazaquin acid reported as not analysed or <LOQ mg/kg, residues were assumed to be 0.01 mg/kg 
and combined residues are listed as <combined fenazaquin-equivalent LOQs only when all residues were reported as 
< 0.01 mg/kg. 
b Calculated from 2-OH fenazaquin acid by a factor of 0.75 (liver) or 0.25 (milk) from the goat metabolism study evaluated by 
the 2017 JMPR. Residues in fat were assumed to be zero. 
c Perirenal fat (highest concentrations). 
d For milk, residues calculated from fenazaquin by a factor of 0.25 (for 2-OH fenazaquin acid) or 1.5 (for 4-quinazoline). 

 

Farm animal dietary burden 

The 2019 JMPR estimated maximum and mean dietary burdens of 0.133 ppm in cattle (arising from 
consumption of almond hulls). For the additional uses considered by the current Meeting, citrus pulp, dry, 
tomato pomace and apple pomace are relevant for farm animal dietary burden calculation (cattle only). 

The Meeting considered that residues of 2-hydroxy-fenazaquin acid and 4-hydroxyquinoline 
detectable in those feeds would have little effect on levels of dietary burdens and estimated dietary 
burdens based on only fenazaquin residues.  
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RECOMMENDATIONS 

On the basis of the data obtained from supervised trials, the Meeting concluded that residue levels listed 
in Annex 1 are suitable for establishing maximum residue limits and for IEDI and international estimate of 
short-term intakes assessment. 

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

Definition of the residue for compliance with the MRL for animal commodities: Sum of fenazaquin 
and 2-hydroxy-fenazaquin acid, expressed as fenazaquin equivalents. 

Definition of the residue for dietary risk assessment for animal commodities: Sum of fenazaquin, 
and 2-hydroxy-fenazaquin acid and tautomeric forms of 4-hydroxyquinazoline, expressed as fenazaquin 
equivalents. 

The residue is fat-soluble. 

 

DIETARY RISK ASSESSMENT 

Long-term dietary exposure 

The ADI for fenazaquin is 0–0.05 mg/kg bw. The International Estimated Daily Intakes (IEDIs) for 
fenazaquin 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 2022 JMPR Report. 

The IEDIs ranged from 0–2 percent of the maximum ADI. The Meeting concluded that long-term 
dietary exposure to residues of fenazaquin from uses considered by the JMPR is unlikely to present a 
public health concern. 

Acute dietary exposure 

The ARfD for fenazaquin is 0.1 mg/kg bw. The International Estimate of Short Term Intakes (international 
estimate of short-term intakes) for fenazaquin were calculated for the food commodities and their 
processed commodities for which HRs/HR-Ps or STMRs/STMR-Ps were estimated by the present Meeting 
and for which consumption data were available. The results are shown in Annex 4 of the 2022 JMPR 
Report. 

The international estimate of short-term intake varied from 0–60 percent of the ARfD for children 
and 0–20 percent of the ARfD for the general population. The Meeting concluded that acute dietary 
exposure to residues of fenazaquin from uses considered by the present Meeting is unlikely to present a 
public health concern. 

 





 201 

 

5.15 Fluazaindolizine (327) 

TOXICOLOGY 

Fluazaindolizine is the ISO-approved common name for 8-chloro-N-[(2-chloro-5-methoxyphenyl)sulfonyl)]-
6-(trifluoromethyl)-imidazol[1,2-a]pyridine-2-carboxamide (IUPAC), Chemical Abstracts Service number 
1254304-22-7. This compound is a sulfonamide of the imidazopyridine class. The substance is a 
nematicide for application in various crops including cucumbers, tomatoes and carrots. Its mode of action 
(MOA) in target organisms has not been sufficiently elucidated as yet. 

Fluazaindolizine has not previously been evaluated by the Joint FAO/WHO Meeting on Pesticide 
Residues (JMPR) and was reviewed by the present Meeting at the request of the Codex Committee on 
Pesticide Residues (CCPR). All critical studies contained statements of compliance with good laboratory 
practice (GLP) and were conducted in accordance with current test guidelines, unless otherwise specified. 
Additional information that would complement the toxicological studies is scarce from public scientific 
literature, as is to be expected for such a new compound. 

Biochemical aspects 

Fluazaindolizine was subject to extensive investigations of its toxicokinetic behaviour and metabolism in 
the rat and to a much lesser extent in other species and in vitro. For the absorption, distribution, 
metabolism and excretion (ADME) studies in rats and mice, the test substance was 14C-radiolabelled in 
the imidazopyridine moiety or in the phenyl ring. 

Following oral administration of a single low dose of 10 mg/kg body weight (bw) to rats, rapid 
absorption was observed, the time to reach maximum concentration (Tmax) being 0.25–0.625 hours after 
administration: this was slower (Tmax at 3–6 hours) after a single high dose of 200 mg/kg bw. Based on 
urinary and biliary excretion, an oral absorption of 52–60 percent was estimated for the low dose whereas 
absorption of the high dose was slightly lower at 45–50 percent. The applied radioactivity was widely 
distributed throughout the body but total organ and tissue residues after seven days accounted for less 
than 0.5 percent of the applied dose, irrespective of dose or repeated administration of unlabelled 
compound. Highest concentrations were consistently found in plasma, followed by liver and kidneys. 
There was no evidence of accumulation. 

Elimination was virtually complete after seven days with the major part of radioactivity excreted 
within the first 24 hours. At the low dose, elimination via urine and faeces was more or less equal, 
accounting for 41–54 percent for the two routes in the different groups and experiments. Repeated low 
dose administration did not alter this pattern. Excretion via bile was variable, ranging from 5–18 percent 
in the various groups, Excretion via exhalation was negligible. 

Metabolism in the rat was limited and the major part of the administered dose (AD) excreted 
chemically unchanged. However several metabolites were identified resulting from O-demethylation, 
hydroxylation of the phenyl ring, and hydrolysis of the amide bond. A few metabolites were further 
conjugated. The only metabolite excreted in appreciable quantities was IN-QEK31. This metabolite 
amounted to 8–10 percent of AD in urine and bile when combined. 

In the mouse, elimination was similar in rapidity to that seen in the rat and virtually complete, but 
faecal elimination was by far the predominant route. Biliary excretion was not investigated in the mouse. 
Similar to the rat, metabolism was limited and metabolic pathways and resulting metabolites were the 
same in both species. 
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Fluazaindolizine 

A qualitatively similar metabolism to that seen in vivo was confirmed by a comparative in vitro 
study in which hepatocytes of mouse, rat, rabbit, dog and human origin were used. In all these species, 
metabolism was similar even though the most rapid biotransformation took place in human cells with dog 
liver cells showing the lowest metabolic rate. Again, unchanged parent was the most abundant analyte. 
Metabolites were the same as in vivo but there were quantitative differences between species. No unique 
human metabolite was found. 

Analysis of blood samples obtained from routine toxicological studies of different duration 
(14 days to approximately one year) revealed an increase in plasma concentrations of fluazaindolizine 
with dose. This increase, however, was partly sublinear suggesting a saturation of absorption at doses 
above 44 mg/kg bw per day (300 ppm) in mice and greater than 29 mg/kg bw per day (500 ppm) in female 
rats, but the effect was not seen in male rats or in dogs. The same metabolites as in the ADME studies 
were found in plasma but at very much lower amounts than the parent which was consistently the 
predominant compound. 

Toxicological data 

The acute oral median lethal dose (LD50) of fluazaindolizine in rats ranged from 940 to 1248 mg/kg bw for 
different batches. 

Dermal LD50 values of greater than 2000 mg/kg bw or even greater than 5000 mg/kg bw were 
reported. Inhalation median lethal concentrations (LC50) of greater than 5.3 mg/L, and greater than 
5.8 mg/L were reported. 

The compound was either not, or only marginally, irritating to the skin or to the eyes of rabbits. 
Studies for skin sensitization revealed contradictory results depending on the batch tested. The current 
technical fluazaindolizine was not sensitizing, though some older batches showed evidence of sensitizing 
potential. 

In repeat dose studies target organs were the kidney in rodents and the liver in dogs. 

In a 90-day study in mice, dietary doses of 0, 200, 1000, 3000 or 7000 ppm (equal to 0, 44, 146, 
444 and 1101 mg/kg bw per day for males, 0, 50, 157, 511 and 1177 mg/kg bw per day for females) were 
administered. The NOAEL was 1000 ppm (equal to 146 mg/kg bw per day), based on histopathological 
findings in the gall bladder and kidneys in both sexes at 3000 ppm (equal to 444 mg/kg bw per day). 

In a combined 90-day study of general toxicity and neurotoxicity (see also below) in rats, 
fluazaindolizine was fed at dietary doses of 0, 500, 1500, 3000 or 6000 ppm (equal to 0, 28, 84, 166 and 
348 mg/kg bw per day for males, 0, 31, 97, 189 and 376 mg/kg bw per day for females). The NOAEL was 
1500 ppm (equal to 84 mg/kg bw per day) based on histopathological findings in the kidney at 3000 ppm 
(equal to 166 mg/kg bw per day). 

In a 90-day toxicity feeding study in dogs, the initial dose levels were 0, 125, 500, 1500 or 
4000 ppm. The maximum dose was reduced because of lower food intake, first to 3000 ppm and then, 
because of one female animal’s death, to 2500 ppm. The corresponding mean daily intakes were 
approximately 5.5, 20, 59 and 68 mg/kg bw for males, and for females 5.1, 21, 61, and 93 mg/kg bw. The 
NOAEL was 500 ppm (equal to 20 mg/kg bw per day) based on mild histopathological and clinical 
chemistry findings of liver toxicity, and a lower body weight gain in males at 1500 ppm (equal to 
59 mg/kg bw per day). 

In a one-year study in dogs, doses of 0, 125, 500, 1000 or 2000 ppm (equal to 0, 4.4, 20, 36 and 
66 mg/kg bw per day for males, 0, 4.6, 17, 37 and 70 mg/kg bw per day for females) were applied. The 
NOAEL of 1000 ppm (equal to 36 mg/kg bw per day) was based on transient body weight losses, lower 
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Fluazaindolizine 

food consumption and food efficiency in both sexes as well as on mild anaemia and one death in females 
at 2000 ppm (equal to 66 mg/kg bw per day). 

The overall NOAEL in dogs was 36 mg/kg bw per day with a LOAEL of 59 mg/kg bw per day. 

In an 18-month carcinogenicity study in mice, fluazaindolizine was administered at dietary doses 
of 0, 100, 300, 1000 or 3000 ppm (equal to 0, 15, 43, 142 and 427 mg/kg bw per day for males,  0, 17, 54, 
177, and 525 mg/kg bw per day for females). The NOAEL was 1000 ppm (equal to 142 mg/kg bw per day), 
based on increased incidences of amyloidosis in numerous organs in males and females at 3000 ppm 
(equal to 427 mg/kg bw per day). The NOAEL for carcinogenicity was 3000 ppm (equal to 427 mg/kg bw 
per day), the highest dose tested. 

In a combined chronic toxicity and carcinogenicity study in rats, fluazaindolizine was 
administered over 12 or 24 months. Over 12 months the nominal concentrations were 0, 150, 500, 1500 or 
4500 ppm (equal to 0, 6.5, 25, 76 and 241 mg/kg bw per day for males,  0, 6.8, 27, 78 or 254 mg/kg bw 
per day for females). The NOAEL for long-term toxicity was 1500 ppm (equal to 76 mg/kg bw per day) 
based on histopathological findings and a few gross lesions of the kidneys in both sexes, an increase in 
relative kidney weight in females and marginal urinalysis findings in males at 4500 ppm (equal to 
241 mg/kg bw per day). The NOAEL for carcinogenicity was 4500 ppm (equal to 241 mg/kg bw per day), 
the highest dose tested. 

The meeting concluded that fluazaindolizine is not carcinogenic in mice or rats. 

Fluazaindolizine was tested for genotoxicity in an adequate range of studies in vitro and in vivo. 
The in vitro studies for gene mutation in bacteria and mammalian cells were all negative. Various batches 
of fluazaindolizine were tested. By contrast, the compound proved positive for chromosome aberrations 
in peripheral human lymphocytes. However, when the same (and also other) batches of fluazaindolizine 
were tested in the in vivo micronucleus assay in mice with examination either of bone marrow cells or 
peripheral reticulocytes, the results from these studies were consistently negative. 

The Meeting concluded that fluazaindolizine is unlikely to be genotoxic in vivo. 

In view of the lack of in vivo genotoxicity and the absence of carcinogenicity in mice and rats, the 
Meeting concluded that fluazaindolizine is unlikely to pose a carcinogenic risk to humans. 

In a two-generation study, fluazaindolizine was administered to rats at dietary concentrations of 
0, 150, 500, 1500 or 4500 ppm. During certain study intervals, namely the lactation periods in F0 and F1 
females and up to postnatal day (PND) 42 for the F1 offspring, these dietary doses were reduced to 90, 
300, 900 or 2700 ppm to adjust for increased food consumption and compound intake. The overall mean 
daily intakes in the parental generation were lowest in males during the premating phase and were 
calculated as 0, 9, 30, 88 and 265 mg/kg bw. The parental NOAEL was 1500/900 ppm (equal to 
88 mg/kg bw per day) based on lower body weight gain and reduced food consumption, gross and 
histopathological lesions in the kidneys and the urinary tract, supported by urinalysis findings at 
4500 ppm (equal to 265 mg/kg bw per day). The reproductive NOAEL was the highest dose tested, 
4500/2700 ppm (equal to 265 mg/kg bw per day). Since microscopic lesions in the kidney and urinary 
bladder were observed in weanlings at the two upper dose levels, an offspring NOAEL of 500/300 ppm 
(equal to 30 mg/kg bw per day) was identified. 

In a developmental study in rats, fluazaindolizine was administered by oral gavage from GD 6 to 
GD 20 at dose levels of 0, 35, 100, 200 or 400 mg/kg bw per day. The maternal NOAEL was 200 mg/kg bw 
per day based on lower food consumption throughout the treatment period and initial body weight losses 
followed by lower body weight gain for the rest of the study at 400 mg/kg bw per day. The developmental 
NOAEL was 200 mg/kg bw per day based on lower mean fetal weight at 400 mg/kg bw per day. 
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Species Study Effect NOAEL LOAEL 

241 mg/kg bw per day c 

Two-generation 
study of reproductive 
toxicity a 

Reproductive 
toxicity 

4500/2700 ppm equal to 
265 mg/kg bw per day c 

- 

Parental 
toxicity 

1500/900 ppm equal to 
88 mg/kg bw per day 

4500/2700 ppm equal to 
265 mg/kg bw per day 

Offspring 
toxicity 

500/300 ppm equal to 
30 mg/kg bw per day 

1500/900 ppm equal to 
88 mg/kg bw per day 

Developmental toxicity 
study b 

Maternal toxicity 200 mg/kg bw per day 400 mg/kg bw per day  

Embryo/fetal 
toxicity 

200 mg/kg bw per day 400 mg/kg bw per day  

Rabbit Developmental toxicity 
study b 

Maternal toxicity  30 mg/kg bw per day   120 mg/kg bw per day  

Embryo/fetal 
toxicity 

120 mg/kg bw per day c - 

Dog 90-day and one-year 
studies a, d 

Toxicity 1000 ppm, equal to 
36 mg/kg bw per day 

1500 ppm, equal to 
59 mg/kg bw per day 

a Dietary administration. 
b Gavage administration. 
c Highest dose tested. 
d Two studies combined. 

 

Acceptable daily intake (ADI), applies to fluazaindolizine, IN-QEK31, IN-REG72, IN-QZY47,  
IN-TMQ01, IN-F4106, IN-A5760 and IN-RYC33 

0–0.3 mg/kg bw 

Acute reference dose (ARfD), applies to fluazaindolizine, IN-QEK31, IN-REG72, IN-QZY47,  
IN-TMQ01, IN-F4106, IN-A5760 and IN-RYC33 

1.0 mg/kg bw 

 

Information that would be useful for the continued evaluation of the compound 

Results from epidemiological, occupational health and other such observational studies of human 
exposure. 

Critical end-points for setting guidance values for exposure to fluazaindolizine 

Absorption, distribution, excretion and metabolism in mammals 

Rate and extent of oral absorption Rapid (Tmax 0.25–0.625 h at low dose of 10 mg/kg bw); 
Absorption 52–60 percent at low dose, 45–50 percent at high 
dose of 200 mg/kg bw 

Dermal absorption No data 

Distribution Widely distributed, highest residues in plasma and liver; Much of 
non-absorbed portion found in GIT and contents 

Potential for accumulation No evidence of accumulation 

Rate and extent of excretion Nearly complete within 7 days; mostly excreted within 24 h  
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Metabolism in animals Limited; at least 7 metabolites present in small amounts; 
Mainly hydroxylation of the phenyl ring, O-methylation and 
cleavage of amide bond, sometimes followed by conjugations 

Toxicologically significant compounds in 
animals and plants 

Fluazaindolizine, IN-QEK31, IN-REG72, IN-QZY47, 
IN-TMQ01, IN-F4106, IN-A5760, IN-RCY33 

Acute toxicity  

Rat, LD50, oral  940 mg/kg bw  

Rat, LD50, dermal >5000 mg/kg bw 

Rat, LC50, inhalation >5.8 mg/L  

Rabbit, dermal irritation Not irritating 

Rabbit, ocular irritation Not irritating 

Dermal sensitization  Not sensitizing (M&K test, LLNA) when batches from current 
manufacturing process were tested 

Short-term studies of toxicity 

Target/critical effect Body weight, feed consumption, anaemia, mortality, 
liver (dog); kidney (rat, mouse); gall bladder, (mouse) 

Lowest relevant oral NOAEL 36 mg/kg bw per day (dog) 

Lowest relevant dermal NOAEL 1000 mg/kg bw per day (rat) 

Lowest relevant inhalation NOAEC No data 

Long-term studies of toxicity and carcinogenicity 

Target/critical effect Amyloidosis (mouse); nephrotoxicity (rat) 

Lowest relevant NOAEL 76 mg/kg bw per day (rat) 

Carcinogenicity Not carcinogenic in mice or rats 

Genotoxicity Unlikely to be genotoxic in vivo 

Reproductive toxicity 

Target/critical effect Food consumption and body weight (parental); microscopic 
lesions in kidney and urinary bladder (parental and offspring) 

Lowest relevant parental NOAEL 88 mg/kg bw per day (rat) 

Lowest relevant offspring NOAEL 30 mg/kg bw per day (rat) 

Lowest relevant reproductive NOAEL 265 mg/kg bw per day, highest dose tested (rat) 

Developmental toxicity  

Target/critical effect Body weight gain and food intake (rat) 
Reduced food intake and body weight, abortions 
and mortality (rabbit) 
Reduced fetal weight (rat)  

Lowest relevant maternal NOAEL 30 mg/kg bw per day (rabbit) 

Lowest relevant embryo/fetal NOAEL 200 mg/kg bw per day (rat), 
120 mg/kg bw per day, highest dose tested (rabbit) 

Neurotoxicity  

Acute neurotoxicity NOAEL 125 mg/kg bw, for systemic toxicity (rat) 

1750 mg/kg bw, highest dose tested, for neurotoxicity (rat) 

Subchronic neurotoxicity NOAEL 348 mg/kg bw per day, the highest dose tested (rat)  

Developmental neurotoxicity NOAEL No data 
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Other toxicological studies  

Immunotoxicity 393 mg/kg bw per day, the highest dose tested (rat) 

Studies on toxicologically relevant metabolites 

IN-QEK31 Not genotoxic in vivo, toxicity similar to parent compound 
(experimental studies on acute, short-term, reproductive and 
developmental toxicity) 

IN-REG72 Not genotoxic in vitro or in vivo 

IN-F4106 Not genotoxic in vivo, toxicity similar to parent compound 
(experimental studies on acute, short-term, reproductive and 
developmental toxicity) 

IN-A5760 Not genotoxic in vivo 

IN-QZY47 Not genotoxic (in vitro data), very low acute oral toxicity, short-
term toxicity less severe than with parent 

IN-TMQ01 Not genotoxic (in vitro data), very low acute oral toxicity, no 
effects in short-term toxicity studies up to 847 mg/kg bw per 
day (less toxic than parent) 

IN-TQD54 Not genotoxic (in vitro data), very low acute oral toxicity 

IN-UJV12 Unlikely to be genotoxic 

Microbiological data No data available 

Human data Not available for this new compound; no evidence of health 
effects in manufacturing plant personnel 

 

Summary 

 Value Study Safety factor 

ADI a 0–0.3 mg/kg bw Developmental study in rabbits and two-
generation study in rats, supported by one-year 
study in dogs 

100 

ARfD a 1.0 mg/kg bw Acute neurotoxicity (rat) 100 

Notes: 
a Applies to fluazaindolizine and the following metabolites: IN-QEK31, IN-REG72, IN-QZY47, IN-TMQ01, IN-F4106, IN-
A5760, and IN-RYC33. 

 

 

 

RESIDUE AND ANALYTICAL ASPECTS 

Fluazaindolizine is a new selective nematicide for the control of plant parasitic nematodes. At the Fifty-
first Session of the CCPR, it was scheduled for evaluation as a new compound in 2021, then rescheduled 
to the 2022 JMPR.  

Fluazaindolizine is used for annual crops (e.g., fruiting vegetables, cucurbits, root vegetables, row crops) 
and certain perennial crops (e.g., citrus, tree nuts and stone fruits). Application methods include drip, 
drench, in furrow spray with or without soil incorporation either before or at planting, with the option for 
follow-up in crop treatment. 
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The Meeting received information on the metabolism of fluazaindolizine and a number of its 
metabolites in lactating goats and laying hens, the metabolism of fluazaindolizine in tomato, carrot, 
potato, soya bean and sugarcane and follow crops, methods of residue analysis, freezer storage stability, 
GAP information, supervised residue trials on a range of crops as well as livestock feeding studies 
(lactating cow). 

Fluazaindolizine 

 
 

The following abbreviations are used for the major metabolites discussed below: 

Code Names, MW Chemical Name Chemical Structure 
IN-A5760 
 
 
 
 
 
 
 
 

2-chloro-5-hydroxybenzenesulfonamide 
 
 
 
 
 
 

 

IN-F4106 
 
 
 
 
 
 

2-chloro-5-methoxybenzenesulfonamide  
 
 
 
 
 
 

 

IN-QEK31 8-chloro-6-(trifluoromethyl) imidazo[1,2-
a]pyridine-2-carboxylic acid 

 
IN-QZY47 3-[[(2-chloro-5-

methoxyphenyl)sulfonyl]amino]-L-alanine 

 
IN-R2W56 
IN-QEK31 methyl ester 

8-chloro-6-(trifluoromethyl)imidazo[1,2-
a]pyridine-2-carboxylic acid methyl ester 
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In field dissipation studies, the DT50 values for fluazaindolizine degradation ranged from 5.0 to 
171 days (geometric mean of 28.1 days), indicating non-persistency. Soil metabolites show limited 
potential to accumulate following application on consecutive years, with the exception of IN-F4106 which 
may accumulate. 

Field rotational crop studies 

The persistence in soil and potential uptake of fluazaindolizine and degradates by plants was further 
evaluated in field studies at locations in the European Union and the United States. 

Fluazaindolizine (SC formulation) was applied to bare ground at 1×1.25 kg ai/ha, 2×1.25 kg ai/ha 
(total 2.5 kg ai/ha), 4×0.82 kg ai/ha applications (total 3.3 kg ai/ha) or 4×1.12 kg ai/ha applications (total 
4.48 kg). Three PBIs were targeted at each site, 7–30, 60–270 and 270–365 days. 

Fluazaindolizine residues were observed at levels above the LOQ (0.01 mg/kg) in a variety of 
crops: up to 0.018 mg/kg in leafy vegetables (radish tops), 0.023 mg/kg in broccoli, 0.039 mg/kg in celery, 
0.023 mg/kg in root crops (radish roots), immature pea seed 0.18 mg/kg, pulses 1.5 mg/kg (pea seed), 
rape seed 0.022 mg/kg, forages 0.035 mg/kg (soya bean), and fodders 0.8 mg/kg (pea hay).  

Compounds hydrolysed by acid to IN-A5760, IN-F4106, IN-QEK31, IN-QZY47, IN-TMQ01, IN-
UJV12, IN-TQD54 were observed in all commodities and generally at levels greater than parent 
fluazaindolizine with residues up to 2.3 mg/kg (pea hay) for IN-A5760, 1.3 mg/kg (pea ay) for IN-F4106, 
1.3 mg/kg (pea mature seed) for IN-QEK31, 9.2 mg/kg (pea hay) for IN-QZY47, 3.7 mg/kg (carrot tops) for 
IN-TMQ01, 1.4 mg/kg (pea hay) for IN-UJV12 and 0.62 mg/kg (corn stover) for IN-TQD54. 

In summary, at the maximum use pattern considered by the Meeting, soil application at up to 
2.24 kg ai/ha, residues of fluazaindolizine and metabolites are expected in rotated crops. Residues 
associated with follow crops will be assessed in the section on supervised trials. 

Methods of analysis 

The Meeting received information on analytical methods for fluazaindolizine and components of interest 
in plant and animal matrices.  

The methods for plants involve two parts. Part 1 is analysis without hydrolysis (fluazaindolizine 
and free IN-F4106, IN-QEK31, IN-QZY47, IN-R2W56, IN-REG72, IN-TEQ01, IN-RYC33) and part 2 with 
hydrolysis of compounds to IN-A5760, IN-F4106, IN-QEK31, IN-QZY47, IN-TMQ01, IN-UJV12, IN-TQD54. 
Hydrolysis of fluazaindolizine and IN-REG72 results in cleavage of the amide bond and formation of IN-
F4106 plus IN-QEK31 and IN-A5760 plus IN-QEK31 respectively, as shown in the Figure 5.15.1 below. 
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Figure 5.

molecula
QZY47, 1

IN-R2W5
is partiti
validated
fluazaind

UJV12, I
(1.2–2 M
The LOQ
exocons 
REG72 to

A5760, I
followed
MS/MS. 

to measu

QZY47, 
residues

.15.1 Metabo

Residues are
ar weight con
1.51 for IN-TM

In methods f
56, IN-REG72
ioned agains
d LOQs typic
dolizine resid

To measure 
IN-TQD54, a 
M HCl, 80 °C 
Qs for plant c
 are released
o IN-A5760 a

In the metho
IN-F4106, IN

d by clean-up 
 The validated

The Meeting
ure fluazaind

The multi-res
IN-TMQ01, IN

s of IN-F4106

olites of fluaz

e reported in 
nversion facto
MQ01, 1.59 fo

for plants, flu
, IN-TEQ01, I
t hexane, an

cally of 0.01 
dues. 

 compounds 
separate aliq
overnight), fo
commodities

d from their c
and IN-QEK31

od for anima
-REG72, IN-Q
 on strong ca
d LOQ is 0.01

 concluded t
olizine and m

sidue method
N-UJV12, and
, IN-A5760, a

Flua

aindolizine (D

 terms of the 
ors: 2.26 for I
or IN-UJV12 a

uazaindolizin
N-RYC33) are
d the hexane
 mg/kg for e

hydrolysed t
quot of the m
ollowed by c

s are typically
conjugates, fl
 and IN-RYC3

al commodit
QEK31, IN-R2
ation exchang
 mg/kg for ti

that the prese
metabolites in

d, DFG S19 is
d IN-TQD54 
nd IN-RYC33

azaindolizine 

DPX-Q8U80) 

 analytes but
IN-A5760, 2.1
and 1.58 for 

ne and its me
e extracted u
e discarded. 
each compo

to IN-A5760, 
methanol:wate
clean-up on a
y 0.01 mg/k
luazaindolizin
33 to IN-QEK

ies residues 
2W56 and IN
ge and stron
issues and m

ented metho
n plant and an

s not suitable
in crops, but

3 in tomato, s

 determined i

t may be con
11 for IN-F41
IN-TQD54. 

etabolites (fre
using methan
 The final det
und. This me

 IN-F4106, IN
er extract is 

a SAX SPE co
kg for each c
ne is convert

K31. 

 of fluazaind
N-RYC33) are
g anion exch
ilk for the ind

ds were suff
nimal commo

e for analysis
t is consider
oya bean and

n the analytic

verted to par
06, 1.77 for I

ee IN-F4106, 
ol:water. For 
termination i
ethod is use

N-QEK31, IN-Q
hydrolysed w

olumn and an
compound. In
ted to IN-F41

dolizine and 
e extracted w
ange column

dividual comp

ficiently valid
odities.  

s of fluazaind
red valid for 
d grapefruit (b

cal methods 

rent equivale
IN-QEK31, 1.

 IN-QEK31, IN
r oily crops th
is by LC-MS/

ed to measur

QZY47, IN-TM
with concentr
nalysis by LC
n the hydroly
06 and IN-Q

metabolites 
with acetonit
ns and analys
pounds.  

dated and are

dolizine, IN-Q
 the determi
but not whea

 
 

nts using 
52 for IN-

N-QZY47, 
he extract 
/MS, with 
re parent 

MQ01, IN-
rated HCl 

C-MS/MS. 
ysis step, 
EK31, IN-

 (free IN-
rile:water 
sis by LC-

e suitable 

EK31, IN-
nation of 

at straw). 













232 

 

Fluazaindolizine 

 

Fruiting vegetables, cucurbits (cucumber, melon, squash) 

In Canada, cGAP for cucurbits consists of four soil applications at pre-plant or broadcast followed by soil 
incorporation/chemigation at 0.56–2.24 kg ai/ha and at 14-day intervals with a PHI of 1 day with a 
maximum application of 2.24 kg ai/ha/year.  

The Meeting received supervised residue trials on cucumber and summer squash conducted in 
Canada and the United States.  

In nine trials on cucumber approximating cGAP residues: < 0.01 (4), 0.0105, 0.012, 0.0155, 
0.0535, 0.0755 mg/kg for fluazaindolizine. 

In nine trials approximating cGAP residues in squash were: < 0.01 (6), 0.011, 0.0455, 0.089 mg/kg 
for fluazaindolizine. 

The Meeting noted that residues in cucumber and summer squash are similar, confirmed by a 
Mann-Whitney U test, and decided the combine the data sets for mutual support. The combined data is: 
< 0.01 (10), 0.0105, 0.011, 0.012, 0.0155, 0.0455, 0.0535, 0.0755, 0.089 mg/kg. 

Total residues for dietary risk assessment are 0.0740 (4), 0.0755, 0.0763, 0.0808, 0.0909, 0.1078, 
0.1105, 0.1261, 0.1310, 0.1331, 0.1416, 0.1648, 0.1720, 0.2729, 0.3674 mg/kg. 

The Meeting estimated a maximum residue level of 0.15 mg/kg, an STMR of 0.1092 mg/kg and an 
HR of 0.3674 for fluazaindolizine in the fruiting vegetable cucurbit subgroup of cucumbers and summer 
squashes.  

Residues of IN-UJV12 in cucumber and squash were: < 0.01 (11), 0.0105, 0.0105, 0.0135, 0.0155, 
0.0165, 0.0165, 0.0205 mg/kg. 

Residues for the TTC approach in cucumber and squash were: < 0.01 (18) mg/kg. 

IN-UJV2; < 0.01 (11), 0.0105 (2), 0.0135, 0.0155, 0.0165 (2), 0.0205 mg/kg, with a median of 
0.01 mg/kg and a highest residue of 0.0205 mg/kg  

IN-TQD54: < 0.01 (18) mg/kg, with a median and highest residue of 0.01 mg/kg  

In 10 trials conducted in melon conducted in Canada and the United States approximating cGAP 
residues in whole melons were: < 0.01 (5), 0.011, 0.012, 0.012, 0.041, 0.056 mg/kg for fluazaindolizine, 
maximum individual analytical result 0.089 mg/kg.  

Total residues for dietary risk assessment in melon pulp were: 0.0740, 0.0763, 0.0900, 0.0960, 
0.1340, 0.1355, 0.1835, 0.2144, 0.3380, 0.3937 mg/kg. 

The Meeting estimated a maximum residue level of 0.1 mg/kg (OECD calculator estimate 
0.07 mg/kg but highest individual value was 0.089 mg/kg) for fluazaindolizine in Melons, pumpkins and 
winter squash, subgroup of. 

The Meeting also estimated an STMR of 0.1348 mg/kg and an HR of 0.3937 mg/kg for melon 
pulp.  

Residues for the TTC approach were:  

IN-UJV12: < 0.01 (9), 0.0125 mg/kg, with a median of 0.01 mg/kg and a highest residue of 
0.0125 mg/kg.  

IN-TQD54: < 0.01 (9), 0.0105 mg/kg, with a median of 0.01 mg/kg and a highest residue of 
0.0105 mg/kg. 
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Fruiting vegetables, other than cucurbits (tomato, peppers including chili)  

In Canada cGAP for fruiting vegetables is for three soil applications at pre-plant or broadcast followed by 
soil incorporation or chemigation at 0.56–2.24 kg ai/ha and at 14-day intervals with a PHI of 1 day with a 
maximum application of 2.24 kg ai/ha/year.  

In 17 trials approximating cGAP on tomato conducted in Canada and the United States, residues 
of fluazaindolizine were: < 0.01 (15), 0.025, 0.0665 (highest of 0.11) mg/kg. 

Total residues in tomato for dietary risk assessment were (n=17) were: 0.0740 (8), 0.0748, 
0.0751, 0.0751, 0.0797, 0.0808, 0.0842, 0.0967, 0.1204, 0.9630 mg/kg. 

The Meeting estimated a maximum residue level of 0.15 mg/kg (OECD calculator estimate 
0.07 mg/kg but highest individual value was 0.11 mg/kg), an STMR of 0.0748 mg/kg and an HR of 
0.9630 mg/kg for fluazaindolizine in tomato.  

The Meeting agreed to extrapolate the results for tomato to eggplant and estimated a maximum 
residue level of 0.15 mg/kg, an STMR of 0.0748 mg/kg and an HR of 0.9630 mg/kg for fluazaindolizine in 
eggplant. 

For livestock dietary burden, residues in tomato were (n=17): 

[IN-F4106+1.068×IN-A5760]: 0.0207 (10), 0.0212 (2), 0.0234, 0.0239, 0.0255, 0.0427, 
0.3385 mg/kg, with a median of 0.0207 mg/kg 

IN-QZY47: < 0.01 (15), 0.0125, 0.058 mg/kg, with a median of 0.01 mg/kg 

IN-TMQ01: < 0.01 (13), 0.0105, 0.0135, 0.025, 0.14 mg/kg, with a median of 0.01 mg/kg. 

For the TTC approach, residues in tomatoes were (n=17): 

IN-UJV12: < 0.01 (17) mg/kg, with median and highest residues of 0.01 mg/kg. 

IN-TQD54: < 0.01 (15), 0.011, 0.061 mg/kg, with a median of 0.01 mg/kg and a highest residue of 
0.061 mg/kg  

In 13 trials on pepper, including chili peppers, conducted in Canada and the United States 
approximating cGAP, residues of fluazaindolizine were: < 0.01 (12), 0.0265 mg/kg. 

Total residues in peppers for dietary risk assessment were: 0.0740 (9), 0.0755, 0.0909, 0.1209, 
0.3102 mg/kg. 

The Meeting estimated a maximum residue level of 0.03 mg/kg, an STMR of 0.0740 mg/kg and an 
HR of 0.3102 mg/kg for fluazaindolizine in peppers.  

Residues in peppers for the TTC approach were (n=13)  

IN-UJV12): < 0.01 (13) mg/kg, with a median and a highest residue of 0.01 mg/kg 

IN-TQD54: < 0.01 (11), 0.0205, 0.0375 mg/kg, with a median of 0.01 mg/kg and a highest residue 
of 0.0375 mg/kg 

Using a default concentration factor of 10, the Meeting estimated a maximum residue level of 
0.3 mg/kg, a STMR of 0.74 mg/kg and a HR of 3.102 mg/kg for fluazaindolizine in dried chili pepper. 
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Root and tuber vegetables 

Carrot 

In Canada cGAP for carrot is for two soil applications, pre-plant or broadcast followed by soil 
incorporation or chemigation at 0.56–2.24 kg ai/ha and at 14-day intervals with a PHI of 65 days with a 
maximum application of 2.24 kg ai/ha/year.  

In 11 trials on carrots conducted in Canada and the United States approximating cGAP, residues 
in carrots were: < 0.01 (6), 0.02, 0.0235, 0.04, 0.0995, 0.265 mg/kg for fluazaindolizine. 

Total residues for dietary risk assessment were: 0.0740, 0.0740, 0.1034, 0.1271, 0.1329, 0.1485, 
0.1503, 0.4375, 0.5862, 0.7679, 1.973 mg/kg. 

The Meeting estimated a maximum residue level of 0.4 mg/kg, a STMR of 0.1485 mg/kg and an 
HR of 1.973 mg/kg for fluazaindolizine in carrots.  

For livestock dietary burden, residues in carrot were (n=11): 

[IN-F4106+1.068×IN-A5760]: 0.0207 (6), 0.0232, 0.0287, 0.0332, 0.0737, 0.1489 mg/kg, with a 
median of 0.0297 mg/kg and a highest residue of 0.1489 mg/kg 

IN-QZY47: < 0.01 (3), 0.014, 0.0205, 0.031, 0.0335, 0.089, 0.1095, 0.115, 0.5 mg/kg, with a 
median of 0.031 and a highest residue of 0.5 mg/kg  

IN-TMQ01: < 0.01 (2), 0.012, 0.024, 0.0245, 0.045, 0.0535, 0.0765, 0.24, 0.39, 0.595 mg/kg, with a 
median of 0.01 mg/kg and a highest residue of 0.595 mg/kg 

For the TTC approach, residues in carrot were (n=11): 

IN-UJV12: < 0.01 (11) mg/kg, with a median and a highest residue of 0.01 mg/kg 

IN-TQD54: < 0.01 (8), 0.025, 0.042, 0.049 mg/kg, with a median of 0.01 mg/kg and a highest 
residue of 0.049 mg/kg. 

Tuberous and corm vegetables 

In Canada cGAP for tuberous and corm vegetables is for two soil applications at pre-plant or broadcast 
followed by soil incorporation or chemigation at 0.56–2.24 kg ai/ha and at 14-day intervals with a PHI of 
40 days with a maximum application of 2.24 kg ai/ha/year.  

In 19 trials on potatoes conducted in Canada and the United States approximating cGAP, 
residues in were: < 0.01 (4), 0.012, 0.014, 0.0165, 0.0165, 0.021, 0.028, 0.0305, 0.031, 0.0415, 0.0435, 
0.0465, 0.0515, 0.068, 0.1075, 0.16 mg/kg for fluazaindolizine. 

Total residues for dietary risk assessment were: 0.0740 (3), 0.0751, 0.0983, 0.1014, 0.1057, 
0.1095, 0.1182, 0.1231, 0.1558, 0.1816, 0.2089, 0.2272, 0.2515, 0.2856, 0.3709, 0.4116, 0.7356 mg/kg. 

The Meeting estimated a maximum residue level of 0.2 mg/kg, a STMR of 0.1231 mg/kg and an 
HR of 0.7356 mg/kg for fluazaindolizine in tuberous and corm vegetables.  

For livestock dietary burden, residues in potatoes were (n=19): 

[IN-F4106+1.068×IN-A5760]: 0.0207 (4), 0.0212, 0.0247, 0.0302, 0.0317, 0.0322, 0.0337 (2), 
0.0357, 0.0372, 0.0419, 0.0437, 0.0452, 0.0570, 0.0717, 0.1127 mg/kg, with a median of 0.0337 mg/kg 
and a highest residue of 0.1127 mg/kg. 

IN-QZY47: < 0.01 (9), 0.011, 0.012, 0.015, 0.02, 0.022, 0.024, 0.038, 0.0425, 0.0455, 0.072 mg/kg , 
with a median of 0.011 mg/kg and a highest residue of 0.072 mg/kg. 
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IN-TMQ01: < 0.01 (8), 0.0115, 0.0205, 0.024, 0.031, 0.0425, 0.046, 0.0475, 0.12, 0.17, 0.19, 
0.335 mg/kg, with a median of 0.0205 mg/kg and a highest residue of 0.335 mg/kg. 

For the TTC approach, residues were: 

IN-UJV12: < 0.01 (15), 0.011, 0.0115, 0.012, 0.016 mg/kg, with a median of 0.01 mg/kg and a 
highest residue of 0.016 mg/kg. 

IN-TQD54: < 0.01 (11), 0.0105, 0.0115, 0.0235, 0.0305, 0.031, 0.034, 0.044, 0.0865 mg/kg, with a 
median of 0.01 mg/kg and a highest residue of 0.0865 mg/kg. 

Residues in rotational crops 

Fluazaindolizine and metabolites are moderately persistent to persistent in the environment and may 
contribute to residues in follow/rotational crops through uptake from soil. 

In assessing the potential uptake of residues, the Meeting considered the maximal season rate to 
be 2.24 kg ai/ha as detailed for all crops on the Canadian label. Application rates relevant for plateau 
concentrations in soil for the various compounds of interest can be calculated using the compound 
aerobic soil degradation DT50 (median) values for the various compounds of interest. Geometric mean 
DT50 value of 28.1 days for fluazaindolizine, 89 days for IN-QEK31, 293 days for IN-F4106 and 27 days for 
IN-A5760. For compounds not formed in soil, the concentration for fluazaindolizine is used (IN-QZY47, IN-
TMQ01, IN-UJV12 and IN-TQD54). The estimated application rate for plateau residues in soil for 
fluazaindolizine, IN-A5760 and IN-QEK31 is 2.24 kg ai/ha, for IN-F4106 3.87 kg ai/ha. 

Field rotational crop studies were used to derive estimates of residues in various commodities if 
the field were treated at the maximal seasonal rate. In combining residues from different trials to derive 
the various inputs required, individual analyte residues were scaled to the maximum seasonal rate.  

The commodity groups studied in the field crop rotational studies were: 

Fruit (strawberry) 

Fruiting vegetables (tomato) 

Leafy vegetables/Brassicas (lettuce, spinach, radish tops, turnip tops, broccoli, Swiss chard) 

Root and tuber - tops (carrot tops, radish tops, turnip tops) 

Root and tuber (carrots, radish, turnip) 

Cereals (corn/maize, sorghum, wheat)–forage, straw or stover, hay, grain 

Oilseeds/pulses (rape, beans, peas, soya beans)–forage, hay, grain 

Bulb and stem vegetable (celery) 

For each trial location/year, the highest residue from the PBIs that were longer than the PBI on 
the Canada label were used: 0 days for carrots, 14 days for root vegetables, except sugar beets (except 
carrot roots), leaves of root and tuber vegetables, bulb vegetables, leafy vegetables, brassica head and 
stem vegetable, legume vegetables, succulent or dried, foliage of legume vegetables, low growing berries, 
cereal grain, forage, fodder, and straw of cereal grains, grass forage, fodder, and hay, oilseeds, stalk, stem, 
and leaf petioles, and 365 days for all other crops.  
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Table 5.15.2 Example of scaled residues (mg/kg) in radish tops in one trial conducted at 4.67 kg ai/ha (68 
days PBI) and residues scaled  

kg ai/ha PBI (days) Fluazaindolizine IN-A5760 IN-F4106 IN-QZY47 IN-TMQ01 IN-UJV12 IN-TQD54 
4.67 68 0.01 0.038 0.0115 0.16 0.35 0.0305 0.245 
Scaling factor  2.24/4.67 2.24/4.67 3.87/4.67 2.24/4.67 2.24/4.67 2.24/4.67 2.24/4.67 
Scaled residues  0.0048 0.0182 0.0095 0.0767 0.1679 0.0146 0.1175 

 

The sum of IN-F4106+1.068×IN-A5760 was 0.0289 mg/kg (expressed as IN-F4106). 

When there were multiple crops within a rotational crop category, for example leafy vegetables, 
where residue data were available for lettuce, spinach, radish tops, turnip tops and Swiss chard, the 
highest of the STMR/median residues and HR/highest residues for the individual crops were selected for 
the STMR/median and HR/highest residue for the crop grouping. 

Strawberry (Canada PBI 14 days, n=9) 

Residues of fluazaindolizine: < 0.005 (4), < 0.0051 (5) mg/kg. 

Total residues for dietary risk assessment were: 0.0446, 0.0455, 0.0459, 0.0494, 0.0530, 0.0585, 
0.0637, 0.0996, 0.1416 mg/kg. 

The Meeting estimated a maximum residue level of 0.015 mg/kg for strawberries, an STMR of 
0.0530 mg/kg and an HR of 0.1416 mg/kg. 

For the TTC approach, residues in strawberry were (n=11): 

Residues of IN-UJV12 were: 0.0050 (4), 0.0051 (5) mg/kg, with a median of 0.005 mg/kg and a 
highest residue of 0.0051 mg/kg. 

Residues of IN-TQD54 were: 0.0050 (4), 0.0051 (4), 0.0084 mg/kg, with a median of 0.0051 mg/kg 
and a highest residue of 0.0084 mg/kg.  

Tomato (Canada PBI not relevant, n=10) 

Residues of fluazaindolizine: 0.0050 (6), 0.0051, 0.0051, 0.0052, 0.0052 mg/kg.  

Total residues for dietary risk assessment were: 0.0445, 0.0451, 0.0455, 0.0464, 0.0467, 0.0475, 
0.0526, 0.0526, 0.0706, 0.1889 mg/kg. 

Residues in tomatoes for livestock dietary burden were (n=10): 

[IN-F4106+1.068×IN-A5760]: 0.0139, 0.0141, 0.0142, 0.0145, 0.0146, 0.0150, 0.0155, 0.0166, 
0.0216, 0.0379 mg/kg 

IN-QZY47: 0.0050 (6), 0.0051 (2), 0.0052 (2) mg/kg 

IN-TMQ01: 0.0050 (2), 0.0051, 0.0052 (2), 0.0058, 0.0065, 0.0082, 0.0114, 0.0669 mg/kg,  

Residues for the TTC approach were:  

IN-UJV12: 0.0050 (6), 0.0051 (2), 0.0052 (2) mg/kg 

IN-TQD54: 0.0050 (4), 0.0051, 0.0052 (2), 0.0070, 0.0105, 0.0249 mg/kg 

Residues arising from rotational crops are lower than the ones found in treated tomatoes, 
peppers and eggplant and the Meeting confirms it previous estimations based on trials conducted with 
the primary crops. 
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Brassica vegetables (except Brassica leafy vegetables) 

Broccoli (Canada PBI 14 days, n=10) 

Residues of fluazaindolizine: 0.0050 (4), 0.0051 (3), 0.0056, 0.0069, 0.0072 mg/kg.  

Total residues for dietary intake assessment were: 0.0443, 0.0446, 0.0450, 0.0451, 0.0460, 
0.0467, 0.0487, 0.0514, 0.0564, 0.0705 mg/kg. 

The Meeting estimated a maximum residue level of 0.02 mg/kg, an STMR of 0.04335 mg/kg and a 
HR of 0.0705 mg/kg for fluazaindolizine in the Group 010 Brassica vegetables (except Brassica leafy 
vegetables). 

Residues for the TTC approach were: 

IN-UJV12: 0.0050 (6), 0.0051 (4) mg/kg, with a median of 0.0050 mg/kg and a highest residue of 
0.0051 mg/kg.  

IN-TQD54: 0.0050 (6), 0.0051 (4) mg/kg, with a median of 0.0050 mg/kg and a highest residue of 
0.0051 mg/kg. 

Leafy vegetables (including Brassica leafy vegetables) 

Spinach (Canada PBI 14 days, n=2)  

Residues of fluazaindolizine in spinach: 0.0143, 0.0178 mg/kg. 

Total residues for dietary risk assessment: 0.4982, 0.6035 mg/kg. 

Residues for the TTC approach were: 

IN-UJV12: 0.0129, 0.0187 mg/kg. 

IN-TQD54: 0.0089, 0.0179 mg/kg. 

Radish tops (Canada PBI 14 days, n=6) 

Residues of fluazaindolizine in radish tops were: 0.0048, 0.0050, 0.0178, 0.0179 (3) mg/kg.  

Total residues for dietary risk assessment: 0.1656, 0.3259, 0.3444, 0.4315, 0.6248, 1.275 mg/kg. 

Residues for livestock dietary burden: 

[IN-F4106+1.068×IN-A5760]: 0.0290, 0.0296, 0.0501, 0.0589, 0.0630, 0.0954 mg/kg. 

IN-QZY47: 0.0251, 0.0548, 0.0767, 0.0824, 0.1742, 0.2276 mg/kg. 

IN-TMQ01: 0.0179, 0.0645, 0.1472, 0.1502, 0.1679, 0.4819 mg/kg. 

Residues for the TTC approach were: 

IN-UJV12: 0.0146, 0.0179, 0.0179, 0.0182, 0.0320, 0.0602 mg/kg. 

IN-TQD54: 0.0179, 0.0842, 0.1175, 0.1333, 0.1493, 0.6782 mg/kg. 

Turnip tops (Canada PBI 14 days, n=5) 

Residues of fluazaindolizine in turnip tops were: 0.005, 0.0051, 0.0051, 0.0051, 0.0051 mg/kg. 

Total residues for dietary risk assessment : 0.0503, 0.0642, 0.0890, 0.1043, 0.1122 mg/kg. 

Residues for livestock dietary burden: 
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[IN-F4106+1.068×IN-A5760]: 0.0141, 0.0142, 0.0142, 0.0143, 0.0165 mg/kg. 

IN-QZY47: 0.0086, 0.0173, 0.0333, 0.0339, 0.0426 mg/kg. 

IN-TMQ01: 0.0051, 0.0051, 0.0051, 0.0117, 0.0124 mg/kg. 

Residues for the TTC approach were: 

IN-UJV12: 0.0051, 0.0051, 0.0051, 0.0051, 0.0084 mg/kg. 

IN-TQD54: 0.0051, 0.0051, 0.0051, 0.0112, 0.0144 mg/kg. 

Carrot tops (Canada PBI 0 days, n=3)  

Residues of fluazaindolizine in carrot tops: 0.0050, 0.0050, 0.0060 mg/kg. 

Total residues for dietary risk assessment : 0.2177, 0.5851, 2.857 mg/kg. 

Residues for the TTC approach were: 

IN-UJV12: 0.0050 (3) mg/kg. 

IN-TQD54: 0.0050, 0.0100, 0.0609 mg/kg. 

Swiss chard (Canada PBI 14 days, n=5): 

Residues of fluazaindolizine in Swiss chard: 0.0049, 0.0050, 0.0051, 0.0051, 0.0077mg/kg. 

Total residues for dietary risk assessment: 0.0452, 0.0456, 0.0460, 0.0697, 0.1007 mg/kg. 

Residues for the TTC approach were: 

IN-UJV12: 0.0050, 0.0050, 0.0051, 0.0051, 0.0069 mg/kg. 

IN-TQD54: 0.0049, 0.0050, 0.0050, 0.0051, 0.0051 mg/kg. 

Lettuce (Canada PBI 14 days, n=13) 

Residues of fluazaindolizine in lettuce: 0.0049 (3), 0.0050 (3), 0.0051 (3), 0.0061, 0.0178, 0.0179 
(2) mg/kg. 

Total residues for dietary risk assessment: 0.0458, 0.0536, 0.0647, 0.0716, 0.0773, 0.1134, 
0.1579, 0.1601 (2), 0.1663, 0.1700, 0.1828, 1.388 mg/kg. 

IN-UJV12: 0.0049, 0.0049, 0.0049, 0.0050, 0.0050, 0.0050, 0.0051, 0.0051, 0.0051, 0.0051, 
0.0178, 0.0179, 0.0179 mg/kg. 

IN-TQD54: 0.0049, 0.0049, 0.0049, 0.0050, 0.0050, 0.0050, 0.0051, 0.0051, 0.0051, 0.0051, 
0.0178, 0.0179, 0.0179 mg/kg. 

Of the leafy vegetable datasets available (spinach, lettuce, Swiss chard, carrot tops, radish tops 
and turnip tops) with five or more residue trials on rotational crops, radish tops had the highest 
fluazaindolizine residues, while residues of the other analytes of interest were sometimes highest in 
lettuce. The Meeting agreed to use the radish tops data to estimate a maximum residue level for leafy 
vegetables and the highest of the radish and lettuce data to estimate STMR and HR, respectively. 

The Meeting estimated a maximum residue level of 0.04 mg/kg, an STMR of 0.3880 mg/kg (radish) 
and a HR of 1.388 mg/kg (lettuce) for fluazaindolizine in Group of Leafy vegetables (including Brassica 
leafy vegetables). 

For livestock dietary burden, the Meeting estimated based on radish tops data: 
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[IN-F4106+1.068×IN-A5760]: median and highest residues of 0.0501 and 0.0954 mg/kg, 
respectively 

IN-QZY47: median and highest residues of 0.07955 and 0.2276 mg/kg, respectively. 

IN-TMQ01: median and highest residues for 0.1472) and 0.4819 mg/kg, respectively 

For TTC the approach, also based on radish top data, 

IN-UJV12: median and highest residues of 0.0182 and 0.0602 mg/kg, respectively  

IN-TQD54: median and highest residues of 0.1175 and 0.6782 mg/kg, respectively  

Legume vegetables, Group of 

Soya bean immature seed = seed+pod (Canada PBI 14 days, n=7) 

Residues of fluazaindolizine: 0.0050, 0.0050, 0.0050, 0.0050, 0.0051, 0.0178, 0.0178 mg/kg. 

Total residues for dietary risk assessment: 0.0449, 0.0451, 0.0456, 0.0470, 0.1228, 0.1589, 
0.1589 mg/kg. 

Residues for the TTC approach were: 

IN-UJV12: 0.0050 (4), 0.0051, 0.0178, 0.0178 mg/kg. 

IN-TQD54: 0.0050 (4), 0.0051, 0.0178, 0.0178 mg/kg. 

Pea immature, seed plus pod (Canada PBI 14 days, n=6)  

Residues of fluazaindolizine were: 0.0049 (2), 0.0050, 0.0051, 0.0072, 0.0090 mg/kg. 

Total residues for dietary risk assessment: 0.0442, 0.0453, 0.0681, 0.0737, 0.1021, 
0.1420 mg/kg. 

Residues for the TTC approach were: 

IN-UJV12: 0.0049, 0.0050, 0.0051, 0.0062, 0.0066, 0.0094 mg/kg. 

IN-TQD54: 0.0049, 0.0049, 0.0050, 0.0050, 0.0050, 0.0051 mg/kg. 

Bean immature seed (Canada PBI 14 days, n=2)  

Residues of fluazaindolizine were: 0.0179 (2) mg/kg. 

Total residues for dietary risk assessment were: 0.1601 (2) mg/kg. 

Residues for the TTC approach were: 

IN-UJV12: 0.0179 (2) mg/kg. 

IN-TQD54: 0.0179 (2) mg/kg. 

The Meeting agreed to use the highest of the soya bean and pea data (both seed with pods) to 
estimate STMR and HR values.  

The Meeting estimated a maximum residue level of 0.04 mg/kg, an STMR of 0.0709 mg/kg (pea) 
and an HR of 0.1589 (soya) mg/kg for fluazaindolizine in Group 014 Legume vegetables [immature seed 
with pod]. 

For TTC approach, the Meeting estimated: 
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IN-UJV12: median and highest residues of 0.00565 (pea) and 0.0178 (soya) mg/kg, respectively. 

IN-TQD54: median and highest residues of 0.0050 (soya) and 0.0178 (soya) mg/kg, respectively. 

Pulses, Group of 

Soya bean seed (dry), Subgroup of (Canada PBI 14 days, n=7)  

Residues of fluazaindolizine: 0.0050 (3), 0.0051, 0.0073, 0.0178, 0.0178 mg/kg. 

Total residues for dietary risk assessment were: 0.0456, 0.0463, 0.0507, 0.0593, 0.1589, 0.1589, 
0.1974 mg/kg. 

Residues for livestock dietary burden were: 

IN-F4106+1.068×IN-A5760: 0.0139, 0.0140, 0.0140, 0.0141, 0.0143, 0.0497, 0.0497 mg/kg. 

IN-QZY47: 0.0050, 0.0050, 0.0050, 0.0051, 0.0053, 0.0178, 0.0178 mg/kg. 

IN-TMQ01: 0.0050, 0.0050, 0.0050, 0.0050, 0.0051 0.0178, 0.0178 mg/kg. 

Residues for the TTC approach were: 

IN-UJV12: 0.0050, 0.0050, 0.0050, 0.0050, 0.0051, 0.0178, 0.0178 mg/kg. 

IN-TQD54: 0.0050, 0.0050, 0.0050, 0.0050, 0.0051, 0.0178, 0.0178 mg/kg. 

Pea seed (dry), Subgroup of (Canada PBI 14 days, n=11) 

Residues of fluazaindolizine: 0.0049, 0.0050, 0.0051, 0.0072, 0.0073, 0.0094, 0.0148, 0.0220, 0.0264, 
0.0343, 0.0565 mg/kg. 

Total residues for dietary risk assessment: 0.0464, 0.0503, 0.0631, 0.0646, 0.0656 (2), 0.1141, 
0.1150, 0.2716, 0.2738, 1.2392 mg/kg. 

Residues for livestock dietary burden: 

[IN-F4106+1.068×IN-A5760]: 0.0138, 0.0141, 0.0142, 0.0169, 0.0198, 0.0202, 0.0205 (2), 0.0462, 
0.0659, 0.3567 mg/kg. 

IN-QZY47: 0.0064, 0.0071, 0.0072, 0.0073 (2), 0.0084, 0.0473, 0.0505, 0.0821, 0.1110, 
0.2960 mg/kg. 

IN-TMQ01: 0.0049 (2), 0.0050 (3), 0.0051, 0.0071, 0.0072, 0.0073 (2), 0.0235 mg/kg. 

Residues for the TTC approach were: 

IN-UJV12: 0.0049, 0.0051, 0.0071, 0.0072, 0.0073 (2), 0.0123, 0.0126, 0.0222, 0.0261, 
0.0740 mg/kg. 

IN-TQD54: 0.0049 (2), 0.0050 (3), 0.0051, 0.0071, 0.0072, 0.0073 (2), 0.0101 mg/kg. 

Bean seed (dry), Subgroup of (Canada PBI 14 days, n=2) 

Residues of fluazaindolizine: 0.0179 (2) mg/kg. 

Total residues for dietary risk assessment: 0.1601 (2) mg/kg. 

Residues for livestock dietary burden: 

[IN-F4106+1.068×IN-A5760]: 0.0501 (2) mg/kg. 



   241 

 

Fluazaindolizine 

IN-QZY47: 0.0179 (2) mg/kg. 

IN-TMQ01: 0.0179 (2) mg/kg. 

Residues for the TTC approach were: 

IN-UJV12: 0.0179 (2) mg/kg. 

IN-TQD54: 0.0179 (2) mg/kg. 

Residues were highest in peas dry and the Meeting agreed to use the dry pea dataset to make the 
estimations. 

The Meeting estimated a maximum residue level of 0.09 mg/kg and an STMR of 0.0656 mg/kg for 
fluazaindolizine in Group 015 Pulses. 

For livestock dietary burden, the Meeting estimated median residues of 0.0202 mg/kg for [IN-
F4106+1.068×IN-A5760], 0.0084 mg/kg for IN-QZY47 and 0.0051 mg/kg for IN-TMQ01. 

For TTC approach, the Meeting estimated a median residue of 0.0073 mg/kg for IN-UJV12 and of 
0.0051 mg/kg for IN-TQD54. 

Root and tuber vegetables 

Carrot roots (Canada PBI 0 days, n=3) 

Residues of fluazaindolizine were: 0.0050 (3) mg/kg. 

Total residues for dietary risk assessment : 0.0449, 0.1096, 0.2055 mg/kg. 

Residues for livestock dietary burden: 

[IN-F4106+1.068×IN-A5760]: 0.0139 (3) mg/kg. 

IN-TMQ01: 0.0052, 0.0403, 0.0998 mg/kg. 

Residues for the TTC approach were: 

IN-UJV12: 0.0050 (3) mg/kg. 

IN-TQD54: 0.0050 (2), 0.0060 mg/kg. 

Radish root (Canada PBI 14 days, n=6) 

Residues of fluazaindolizine were: 0.0048, 0.0072, 0.0178, 0.0179 (3) mg/kg. 

Total residues for dietary risk assessment: 0.1583, 0.1628, 0.1662, 0.2472, 0.3127, 
0.9322 mg/kg. 

Residues for the TTC approach were: 

IN-UJV12: 0.0050, 0.0050, 0.0178, 0.0179, 0.0179, 0.0245 mg/kg. 

IN-TQD54: 0.0070, 0.0152, 0.0178, 0.0179, 0.0215, 0.2008 mg/kg. 

Turnip roots (Canada PBI 14 days, n=5) 

Residues of fluazaindolizine were: 0.0050, 0.0051, 0.0077, 0.0091, 0.0106 mg/kg. 

Total residues for dietary risk assessment: 0.0539, 0.0610, 0.0650, 0.0799, 0.1090 mg/kg. 

Residues for livestock dietary burden 



242 

 

Fluazaindolizine 

[IN-F4106+1.068×IN-A5760]: 0.0140, 0.0141, 0.0142 (2), 0.0143 mg/kg. 

IN-QZY47: 0.0107, 0.0159, 0.0179, 0.0279, 0.0470 mg/kg. 

IN-TMQ01: 0.0050, 0.0051 (4) mg/kg. 

Residues for the TTC approach were: 

IN-UJV12: 0.0050, 0.0051 (4) mg/kg. 

IN-TQD54: 0.0050, 0.0051 (4) mg/kg. 

Radish and turnip roots had the highest fluazaindolizine residues of the root and tuber vegetable 
datasets available.  

Based on radish data, the Meeting estimated a maximum residue level of 0.04 mg/kg, an STMR of 
0.1935 mg/kg and a HR of 0.9322 mg/kg for fluazaindolizine in Group 16 root vegetables (except carrot) 

For livestock dietary burden, the Meeting estimated, based on turnip data: 

[IN-F4106+1.068×IN-A5760]: median and highest residues of 0.0142 and 0.0143 mg/kg, 
respectively.  

IN-QZY47: median and highest residues of 0.0179 and 0.0470 mg/kg, respectively. 

IN-TMQ01: median and highest residues of 0.0051 and 0.0051 mg/kg, respectively. 

For TTC approach, the Meeting estimated based on radish data: 

IN-UJV12: median and highest residues of 0.0178 and 0.0245 mg/kg, respectively. 

IN-TQD54: median and highest residues of 0.0178 and 0.2008 (radish) mg/kg, respectively.  

Stalk and stem vegetables 

Celery (Canada PBI 14 days, n=5): 

Residues of fluazaindolizine were: 0.0050, 0.0051, 0.0087, 0.0091, 0.0197 mg/kg. 

Total residues for dietary risk assessment: 0.0458, 0.0666, 0.0674, 0.1595, 0.8281 mg/kg. 

The Meeting estimated a maximum residue level of 0.04 mg/kg, an STMR of 0.0674 mg/kg and a 
HR of 0.8281 mg/kg for fluazaindolizine in Group 17 Stalk and stem vegetables. 

The Meeting agreed to extrapolate the conclusions to bulb vegetables and estimated a maximum 
residue level of 0.04 mg/kg, an STMR and HR of 0.0674 and 0.8281 mg/kg, respectively for Bulb 
vegetables. 

For the TTC approach the Meeting also estimated: 

IN-UJV12: 0.0050, 0.0051 (2), 0.0052, 0.0088 mg/kg, median of 0.0051 mg/kg and highest 
residues of 0.0088 mg/kg. 

IN-TQD54: 0.0050, 0.0051 (2), 0.0052, 0.0121 mg/kg, median of 0.0051 mg/kg and highest 
residues of 0.0121 mg/kg. 

Cereal grains, Group of 

Field corn grain (Canada PBI 14 days, n=10) 

Residues of fluazaindolizine were: 0.0050 (5), 0.0067 (4), 0.0068 mg/kg. 
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Total residues for dietary risk assessment: 0.0457, 0.0477, 0.0497, 0.0596, 0.0599, 0.0601 (2), 
0.0607, 0.0654, 0.1015 mg/kg. 

Residues for livestock dietary burden 

[IN-F4106+1.068×IN-A5760]: 0.0139 (3), 0.0140, 0.0141, 0.0186, 0.0187, 0.0188 (2), 
0.0190 mg/kg. 

IN-QZY47: 0.0050 (3), 0.0052, 0.0063, 0.0067 (4), 0.0068, mg/kg. 

IN-TMQ01: 0.0050, 0.0057, 0.0067 (4), 0.0068, 0.0086, 0.0117, 0.0181 mg/kg. 

Residues for the TTC approach were: 

IN-UJV12: 0.0050 (5), 0.0067 (4), 0.0068 mg/kg. 

IN-TQD54: 0.0050 (3), 0.0067 (4), 0.0068, 0.0077, 0.0098 mg/kg. 

Sorghum grain (Canada PBI 14 days, n=1) 

Residues of fluazaindolizine were: 0.0178 mg/kg. 

Total residues for dietary risk assessment: 0.1589 mg/kg. 

Residues for livestock dietary burden 

[IN-F4106+1.068×IN-A5760]: 0.0497 mg/kg. 

IN-QZY47: 0.0178 mg/kg. 

IN-TMQ01: 0.0178 mg/kg. 

Residues for the TTC approach were. 

IN-UJV12: 0.0178 mg/kg. 

IN-TQD54: 0.0178 mg/kg. 

Wheat grain (Canada PBI 14 days, n=13) 

Residues of fluazaindolizine were: 0.0050 (4), 0.0051, 0.0070, 0.0072, 0.0073, 0.0073, 0.0076, 0.0178, 
0.0179, 0.0179 mg/kg. 

Total residues for dietary risk assessment: 0.0445, 0.0478, 0.0622, 0.0642, 0.0652, 0.0674, 
0.0676, 0.1025, 0.1060, 0.1601 (2), 0.2517, 0.6799 mg/kg. 

Residues for livestock dietary burden 

[IN-F4106+1.068×IN-A5760]: 0.0139, 0.0140, 0.0141, 0.0143, 0.0194, 0.0201, 0.0204, 0.0205, 
0.0212, 0.0480, 0.0497, 0.0501 (2) mg/kg. 

IN-QZY47: 0.0050 (3), 0.0051, 0.0064, 0.0070, 0.0072, 0.0073 (2), 0.0076, 0.0178, 0.0179 
(2) mg/kg. 

IN-TMQ01: 0.0050 (3), 0.0051, 0.0070, 0.0072, 0.0073 (2), 0.0076, 0.0178, 0.0179 (2), 
0.3766 mg/kg. 

Residues for the TTC approach were: 

IN-UJV12: 0.0050 (4), 0.0051, 0.0070, 0.0072, 0.0073, 0.0073, 0.0076, 0.0178, 0.0179, 
0.0179 mg/kg. 
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IN-TQD54: 0.0050 (3), 0.0051, 0.0070, 0.0072, 0.0073, 0.0073, 0.0076, 0.0164, 0.0178, 0.0179, 
0.0179 mg/kg. 

Sweet corn (Canada PBI 14 days, n=10) Field corn, immature 

Residues of fluazaindolizine were: 0.0050 (5), 0.0067 (4), 0.0068 mg/kg. 

Total residues for dietary risk assessment: 0.0446 (2), 0.0450, 0.0465, 0.0540, 0.0596, 0.0599, 
0.0601, 0.0607, 0.1401 mg/kg. 

Residues for livestock dietary burden 

[IN-F4106+1.068×IN-A5760]: 0.0139 (3), 0.0140, 0.0141, 0.0186, 0.0187, 0.0188, 0.0190, 
0.0351 mg/kg. 

IN-TMQ01: 0.0050 (3), 0.0062, 0.0067 (3), 0.0068, 0.0070, 0.0370 mg/kg. 

Residues for the TTC approach were: 

IN-UJV12: 0.0050 (5), 0.0067 (4), 0.0068 mg/kg. 

IN-TQD54: 0.0050 (5), 0.0067 (3), 0.0068, 0.0471 mg/kg. 

As there was only one trial on sorghum, the Meeting considered the wheat data to make the 
estimations for cereal grains  

The Meeting estimated a maximum residue level of 0.03 mg/kg, and an STMR of 0.0676 mg/kg, 
for fluazaindolizine in Group 20 Cereal Grains 

For livestock dietary burden, the Meeting estimated median residues of 0.0204 mg/kg for [IN-
F4106+1.068×IN-A5760], of 0.0072 mg/kg for IN-QZY47 and of 0.0073 mg/kg for IN-TMQ01.  

For TTC approach, the Meeting estimated median residues for IN-UJV12 of 0.0072 mg/kg and of 
0.0073 mg/kg for IN-TQD54.  

Oilseeds, Group of 

Rape seed (Canada PBI 14 days, n=5) 

Residues of fluazaindolizine were: 0.0071, 0.0072, 0.0073, 0.0073, 0.0075 mg/kg. 

Total residues for dietary risk assessment: 0.0631, 0.0642, 0.0656 (2), 0.0669 mg/kg. 

Residues for livestock dietary burden. 

[IN-F4106+1.068×IN-A5760]: 0.0198, 0.0201, 0.0205 (2), 0.0209 mg/kg. 

IN-QZY47: 0.0071, 0.0072, 0.0073 (2), 0.0075 mg/kg. 

IN-TMQ01: 0.0071, 0.0072, 0.0073 (2), 0.0075 mg/kg. 

Residues for the TTC approach were: 

IN-UJV12: 0.0071, 0.0072, 0.0073, 0.0073, 0.0075 mg/kg. 

IN-TQD54: 0.0071, 0.0072, 0.0073, 0.0073, 0.0075 mg/kg. 

Soya bean seed (dry) (Canada PBI 14 days, n=7)  

Residues of fluazaindolizine were: 0.0050, 0.0050, 0.0050, 0.0051, 0.0073, 0.0178, 0.0178 mg/kg. 
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Total residues for dietary intake assessment: 0.0456, 0.0463, 0.0507, 0.0593, 0.1589 (2), 
0.1974 mg/kg. 

Residues for livestock dietary burden 

[IN-F4106+1.068×IN-A5760]: 0.0139, 0.0140 (2), 0.0141, 0.0143, 0.0497 (2) mg/kg. 

IN-QZY47: 0.0050 (3) 0.0051, 0.0053, 0.0178 (2) mg/kg. 

IN-TMQ01: 0.0050 (4), 0.0051 0.0178 (2) mg/kg. 

Residues for the TTC approach were. 

IN-UJV12: 0.0050, 0.0050, 0.0050, 0.0050, 0.0051, 0.0178, 0.0178 mg/kg. 

IN-TQD54: 0.0050, 0.0050, 0.0050, 0.0050, 0.0051, 0.0178, 0.0178 mg/kg. 

Highest residues in soya bean, max of analytes for others 

The Meeting estimated a maximum residue level of 0.04 mg/kg (based on soya beans) and an 
STMR of 0.0656 mg/kg (based on rape seed) for Oilseeds 

For the TTC approach, the Meeting estimated, also based on rape seed data, median residues of 
0.0073 mg/kg for IN-UJV12 and IN-TQD54. 

Residues in animal feeds 

All residues in forages and fodders discussed below were reported on an as received basis.  

Legume forages 

Bean vines (Canada PBI 14 days, n=2) 

Fluazaindolizine: 0.0179, 0.0179 mg/kg. 

[IN-F4106+1.068×IN-A5760]: 0.0501 (2) mg/kg. 

IN-QZY47: 0.3136, 2.150 mg/kg. 

IN-TMQ01: 0.0179 (2) mg/kg. 

Residues for the TTC approach were: 

IN-UJV12: 0.0179, 0.0466 mg/kg. 

IN-TQD54: 0.0179 (2) mg/kg. 

Soya bean forage (Canada PBI 14 days, n=7) 

Fluazaindolizine: 0.0050 (2), 0.0073, 0.0107, 0.0110, 0.0178 (2) mg/kg. 

[IN-F4106+1.068×IN-A5760]: 0.0140, 0.0141, 0.0150, 0.0214, 0.0362, 0.0497 (2) mg/kg. 

IN-QZY47: 0.0505, 0.0629, 0.0904, 0.1062, 0.1536, 0.1950, 0.3391 mg/kg. 

IN-TMQ01: 0.0050 (4), 0.0051, 0.0178 (2) mg/kg. 

Residues for the TTC approach were: 

IN-UJV12: 0.0078, 0.0114, 0.0146, 0.0178, 0.0265, 0.0455, 0.0651 mg/kg. 

IN-TQD54: 0.0050 (4), 0.0051, 0.0178, 0.0178 mg/kg. 
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Pea forage (Canada PBI 14 days, n=5) 

Fluazaindolizine: 0.0067, 0.0071, 0.0072, 0.0073 (2) mg/kg. 

IN-F4106+1.068×IN-A5760: 0.0198, 0.0202, 0.0205, 0.0205, 0.0509 mg/kg. 

IN-QZY47: 0.0133, 0.0155, 0.0241, 0.0264, 0.0464 mg/kg. 

IN-TMQ01: 0.0067, 0.0071, 0.0072, 0.0073 (2) mg/kg. 

Residues for the TTC approach were: 

IN-UJV12: 0.0071, 0.0072, 0.0073, 0.0073, 0.0094 mg/kg. 

IN-TQD54: 0.0067, 0.0071, 0.0072, 0.0073, 0.0073 mg/kg. 

Pea vines (Canada PBI 14 days, n=11) 

Fluazaindolizine: 0.0049 (2), 0.0050, 0.0051, 0.0067, 0.0071, 0.0072, 0.0073 (2), 0.0076, 0.0105 mg/kg. 

IN-F4106+1.068×IN-A5760: 0.0198, 0.0202, 0.0205 (2), 0.0217, 0.0228, 0.0263, 0.0616, 0.0777, 
0.1140, 0.1156 mg/kg. 

IN-QZY47: 0.0071, 0.0072, 0.0110, 0.0175, 0.0191, 0.0597, 0.0717, 0.1280, 0.1337, 0.2663, 
0.3034 mg/kg. 

IN-TMQ01: 0.0049 (2), 0.0050 (2), 0.0051, 0.0053, 0.0067, 0.0071, 0.0072, 0.0073 (2) mg/kg. 

Residues for the TTC approach were: 

IN-UJV12: 0.0067, 0.0071, 0.0072 (2), 0.0073 (2), 0.0092, 0.0262, 0.0318, 0.0488, 0.0641 mg/kg. 

IN-TQD54: 0.0049 (2), 0.0050 (3), 0.0051, 0.0067, 0.0071, 0.0072, 0.0073 (2) mg/kg. 

Based on soya bean forage data, the Meeting estimated a median and highest residue of 0.0107 
and 0.0178 mg/kg respectively, for fluazaindolizine in Legume forages (bean, cowpea, crown vetch, 
Lespedeza, pea, peanut, soya bean, trefoil and vetch).  

The Meeting also estimated based on soya bean or pea data: 

[IN-F4106+IN-A5760]: median of 0.0214 mg/kg (soya bean) and highest residue of 0.0509 mg/kg 
(pea) 

IN-QZY47: median and highest residues of 0.1062 and 0.3391 mg/kg, respectively, based on soya 
bean 

IN-TMQ01: median of 0.0072 mg/kg (pea) and highest residue of 0.0178 mg/kg (soya bean) 

For TTC approach 

IN-UJV12: median of 0.0178 mg/kg and highest residues of 0.0651 mg/kg, based on soya bean 

IN-TQD54: median of 0.0072 mg/kg (pea) and highest residues of 0.0178 mg/kg (soya bean)  

Subgroup of Products of legume feeds with low water (<20 percent) content (hay) 

Bean hay (Canada PBI 14 days, n=2) 

Fluazaindolizine residues were: 0.0179, 0.0305 mg/kg. 

IN-F4106+1.068×IN-A5760: 0.0501, 0.1073 mg/kg. 

IN-TMQ01: 0.0179, 0.0179 mg/kg. 
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Residues for the TTC approach were: 

IN-UJV12: 0.0323, 0.1971 mg/kg. 

IN-TQD54: 0.0179, 0.0179 mg/kg. 

Soya bean hay (Canada PBI 14 days, n=7) 

Fluazaindolizine residues were: 0.0050, 0.0123, 0.0178, 0.0274, 0.0283, 0.0355, 0.0619 mg/kg. 

IN-F4106+1.068×IN-A5760: 0.0156, 0.0539, 0.0571, 0.0660, 0.0733, 0.1047, 0.1889 mg/kg. 

IN-QZY47: 0.1867, 0.2064, 0.2950, 0.3296, 0.3415, 0.4206, 1.0709 mg/kg. 

IN-TMQ01: 0.0050, 0.0051, 0.0063, 0.0109, 0.0178, 0.0178, 0.1150 mg/kg. 

Residues for the TTC approach were: 

IN-UJV12: 0.0259, 0.0467, 0.0497, 0.0669, 0.0700, 0.0748, 0.1383 mg/kg. 

IN-TQD54: 0.0050, 0.0050, 0.0051, 0.0052, 0.0178, 0.0178, 0.0200 mg/kg. 

Pea hay (Canada PBI 14 days, n=11) 

Fluazaindolizine residues were: 0.0049, 0.0051, 0.0073, 0.0118, 0.0182, 0.0188, 0.0194, 0.0318, 0.0491, 
0.0548, 0.0848 mg/kg. 

IN-F4106+1.068×IN-A5760: 0.0202, 0.0205, 0.0229, 0.0612, 0.1678, 0.1687, 0.1922, 0.1968, 
0.3336, 0.4945, 0.8342 mg/kg. 

IN-QZY47: 0.0072, 0.0078, 0.0279, 0.0296, 0.1144, 0.3012, 0.4005, 0.5121, 0.5662, 1.4933, 
1.6035 mg/kg. 

IN-TMQ01: 0.0049, 0.0051, 0.0071, 0.0072, 0.0073, 0.0073, 0.0110, 0.0114, 0.0116, 0.0118, 
0.0305 mg/kg. 

Residues for the TTC approach were: 

IN-UJV12: 0.0071, 0.0072, 0.0073, 0.0073, 0.0303, 0.0462, 0.0710, 0.1438, 0.1452, 0.3478, 
0.3559 mg/kg. 

IN-TQD54: 0.0049, 0.0051, 0.0057, 0.0059, 0.0061, 0.0067, 0.0070, 0.0071, 0.0072, 0.0073, 
0.0073 mg/kg. 

Residues were highest in pea hay and soya bean hay. 

Based on pea hay data, the Meeting estimated a maximum residue level of 0.17 mg/kg (dry 
weight basis) (assumed 88 percent dry matter) for fluazaindolizine in Subgroup of Products of legume 
feeds with low water (<20 percent) content (hay. 

The Meeting also estimated, on a fresh weight basis: 

Fluazaindolizine: median and highest residue of 0.0274 (soya bean) and 0.0848 (pea) mg/kg, 
respectively. 

[IN-F4106+1.068×IN-A5760]: median and highest residues of 0.1687 and 0.8342 mg/kg, based on 
pea. 

IN-QZY47: median and highest residues of 0.3296 (soya bean) and 1.6035 (pea) mg/kg,  

IN-TMQ01: median and highest residues for of 0.0109 and 0.1150 mg/kg, based on soya bean  
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For the TTC approach 

IN-UJV12: median and highest residues of 0.0669 (soya bean) and 0.3559 (pea) mg/kg  

IN-TQD54: median and highest residues for of 0.0067 (pea) and 0.0200 (soya bean) mg/kg. 

Cereal forages 

Field corn forage (Canada PBI 14 days, n=10) 

Residues of fluazaindolizine: 0.0050 (5), 0.0067 (4), 0.0068 mg/kg. 

IN-F4106+1.068×IN-A5760: 0.0141, 0.0165, 0.0190, 0.0193, 0.0201, 0.0361, 0.0441, 0.0768, 
0.0881, 0.0974 mg/kg. 

IN-QZY47: 0.0050, 0.0060, 0.0065, 0.0068, 0.0086, 0.0095, 0.0127, 0.0148, 0.0166, 0.0254 mg/kg. 

IN-TMQ01: 0.0081, 0.0287, 0.0300, 0.0359, 0.0574, 0.0738, 0.0773, 0.0778, 0.1003, 
0.1144 mg/kg. 

Residues for the TTC approach were: 

IN-UJV12: 0.0050, 0.0050, 0.0050, 0.0057, 0.0067, 0.0067, 0.0067, 0.0067, 0.0068, 0.0107 mg/kg. 

IN-TQD54: 0.0109, 0.0131, 0.0165, 0.0219, 0.0292, 0.0417, 0.0728, 0.1345, 0.1538, 
0.1878 mg/kg. 

Sorghum forage (Canada PBI 14 days, n=2)  

Fluazaindolizine residues were: 0.0089, 0.0178 mg/kg. 

IN-F4106+1.068×IN-A5760: 0.0445, 0.0497 mg/kg. 

IN-QZY47: 0.0222, 0.0509 mg/kg. 

IN-TMQ01: 0.1671, 0.4507 mg/kg. 

Residues for the TTC approach were: 

IN-UJV12: 0.0089, 0.0178 mg/kg. 

IN-TQD54: 0.0187, 0.0402 mg/kg. 

Wheat forage (Canada PBI 14 days, n=13) 

Fluazaindolizine residues were: 0.0050 (3), 0.0051, 0.0067, 0.0070, 0.0072, 0.0073 (3), 0.0076, 0.0178, 
0.0179 (2) mg/kg. 

IN-F4106+1.068×IN-A5760: 0.0139, 0.0161, 0.0194, 0.0201, 0.0214, 0.0251, 0.0270, 0.0358, 
0.0470, 0.0479, 0.0525, 0.0633, 0.0654 mg/kg. 

IN-QZY47: 0.0050, 0.0050, 0.0054, 0.0070, 0.0072, 0.0073, 0.0073, 0.0076, 0.0076, 0.0149, 
0.0178, 0.0179, 0.0179 mg/kg. 

IN-TMQ01: 0.0070, 0.0072, 0.0159, 0.0188, 0.0233, 0.0298, 0.0309, 0.0330, 0.0349, 0.0534, 
0.0747, 0.0931, 0.1611 mg/kg. 

Residues for the TTC approach were: 

IN-UJV12: 0.0050, 0.0050, 0.0050, 0.0050, 0.0051, 0.0070, 0.0072, 0.0073, 0.0073, 0.0076, 
0.0178, 0.0179, 0.0179 mg/kg. 
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IN-TQD54: 0.0264, 0.0316, 0.0398, 0.0525, 0.0673, 0.0698, 0.1120, 0.1167, 0.1434, 0.1435, 
0.1720, 0.2153, 0.4361 mg/kg. 

Based on wheat data, the Meeting estimated a median and highest residue of 0.0072 and 
0.0179 mg/kg, respectively for fluazaindolizine in cereal forages,  

The Meeting also estimated (all on a fresh weight basis): 

[IN-F4106+1.068×IN-A5760]: median and highest residues 0.0281 and 0.0974 mg/kg, 
respectively, based on maize  

IN-QZY47: median and highest residues of 0.00905 and 0.0254 mg/kg, respectively, based on 
maize.  

IN-TMQ01: median and highest residues of 0.0656 (maize) and 0.1611 (wheat) mg/kg, 
respectively. 

Residues for the TTC approach were: 

IN-UJV12: median and highest residues of 0.0072 and 0.0179 mg/kg, respectively, based on 
wheat 

IN-TQD54: median and highest residues of 0.1120 and 0.4361 mg/kg, based on wheat. 

Cereal grains (including pseudocereals) feed products with low water (<20 percent) content (hay and/or 
straw) 

Field corn stover (Canada PBI 14 days, n=10) 

Fluazaindolizine residues were: 0.0050 (5), 0.0067 (4), 0.0068 mg/kg. 

IN-F4106+1.068×IN-A5760: 0.0219, 0.0418, 0.0544, 0.0669, 0.0676, 0.0744, 0.0751, 0.0815, 
0.1422, 0.2650 mg/kg. 

IN-QZY47: 0.0050, 0.0064, 0.0067, 0.0067, 0.0067, 0.0068, 0.0093, 0.0102, 0.0102, 0.0113 mg/kg. 

IN-TMQ01: 0.0112, 0.0629, 0.0738, 0.0933, 0.1023, 0.1110, 0.1204, 0.1607, 0.1646, 
0.2067 mg/kg. 

Residues for the TTC approach were: 

IN-UJV12: 0.0055, 0.0067, 0.0067, 0.0067, 0.0067, 0.0068, 0.0087, 0.0108, 0.0158, 0.0384 mg/kg. 

IN-TQD54: 0.0165, 0.0307, 0.0649, 0.0698, 0.0765, 0.0800, 0.0804, 0.0869, 0.1073, 
0.2200 mg/kg. 

Sorghum straw (Canada PBI 14 days, n=2) 

Fluazaindolizine residues were: 0.0089, 0.0178 mg/kg. 

IN-F4106+1.068×IN-A5760: 0.0462, 0.0592 mg/kg. 

IN-QZY47: 0.0347, 0.0571 mg/kg. 

IN-TMQ01: 0.3289, 0.6336 mg/kg. 

Residues for the TTC approach were: 

IN-UJV12: 0.0089, 0.0178 mg/kg. 

IN-TQD54: 0.0453, 0.0754 mg/kg. 
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Wheat hay (Canada PBI 14 days, n=13) 

Fluazaindolizine residues were: 0.0050 (3), 0.0051, 0.0055, 0.0070, 0.0072, 0.0073 (2), 0.0076, 0.0178, 
0.0179 (2) mg/kg. 

IN-F4106+1.068×IN-A5760: 0.0236, 0.0253, 0.0254, 0.0272, 0.0276, 0.0443, 0.0521, 0.0547, 
0.0564, 0.0776, 0.0962, 0.1628, 0.2905 mg/kg. 

IN-QZY47: 0.0050, 0.0050, 0.0056, 0.0070, 0.0072, 0.0073, 0.0073, 0.0076, 0.0178, 0.0179, 
0.0179, 0.0201, 0.0315 mg/kg. 

IN-TMQ01: 0.0070, 0.0094, 0.0172, 0.0222, 0.0357, 0.0428, 0.0485, 0.0735, 0.1447, 0.2044, 
0.2150, 0.3196, 0.3469 mg/kg. 

Residues for the TTC approach were: 

IN-UJV12: 0.0050 (2), 0.0051, 0.0055, 0.0067, 0.0070, 0.0072, 0.0073, 0.0074, 0.0076, 0.0178, 
0.0179 (2) mg/kg. 

IN-TQD54: 0.0577, 0.0613, 0.0796, 0.0850, 0.1031, 0.1171, 0.1459, 0.1996, 0.2995, 0.4659, 
0.6117, 0.6899, 0.8673mg/kg. 

Wheat straw (Canada PBI 14 days, n=13) 

Fluazaindolizine residues found were: 0.0050(3), 0.0051, 0.0072, 0.0073, 0.0073, 0.0076, 0.0179 (2), 
0.0258, 0.0313, 0.0553 mg/kg. 

IN-F4106+1.068×IN-A5760: 0.0203, 0.0289, 0.0399, 0.0611, 0.0831, 0.0851, 0.1328, 0.1556, 
0.1565, 0.1601, 0.2557, 0.4667, 0.5487 mg/kg. 

IN-QZY47: 0.0050, 0.0050, 0.0070, 0.0072, 0.0073, 0.0073, 0.0076, 0.0144, 0.0159, 0.0178, 
0.0179, 0.0179, 0.0224 mg/kg. 

IN-TMQ01: 0.0165, 0.0356, 0.0495, 0.0500, 0.0682, 0.0949, 0.0986, 0.1025, 0.1820, 0.2061, 
0.2467, 0.4956, 0.6133 mg/kg. 

Residues for the TTC approach were:  

IN-UJV12: 0.0050, 0.0050, 0.0050, 0.0050, 0.0051, 0.0070, 0.0073, 0.0073, 0.0076, 0.0136, 
0.0178, 0.0179, 0.0179 mg/kg. 

IN-TQD54: 0.0488, 0.0650, 0.0672, 0.1211, 0.1233, 0.1735, 0.2204, 0.2269, 0.2688, 0.2991, 
0.3027, 0.4622, 0.7526 mg/kg. 

The number of residue trials on sorghum was too few to allow estimation of median and highest 
residues for sorghum fodder. Of the crops with sufficient trials, residues were highest in maize and wheat 
fodders. 

Based on wheat data, the Meeting estimated a maximum residue level of 0.09 mg/kg (dry weight 
basis) (assumed 88 percent dry matter) for fluazaindolizine in cereal straw and fodder dry,  

The Meeting also estimated, based on a fresh weight basis: 

Fluazaindolizine: median and highest residues of 0.0073 and 0.0553 mg/kg respectively, based 
on wheat. 

[IN-F4106+1.068×IN-A5760]: median and highest residues of 0.1328 and 0.5487 mg/kg, 
respectively, based on wheat. 
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IN-QZY47: median and highest residues of 0.0076 and 0.0315 mg/kg, respectively, based on 
wheat. 

IN-TMQ01: median and highest residues of 0.1067 (maize) and 0.6133 (wheat) mg/kg, 
respectively. 

Residues for the TTC approach were: 

IN-UJV12: median and highest residues of 0.0073 (wheat) and 0.0384 (maize) mg/kg, 
respectively. 

IN-TQD54: median and highest residues of 0.2204 and 0.8673 mg/kg, respectively, based on 
wheat.  

Rape seed, forage (Canada PBI 14 days, n=5) 

Fluazaindolizine residues found were: 0.0071, 0.0072, 0.0073, 0.0073, 0.0075 mg/kg. 

IN-F4106+1.068×IN-A5760: 0.0198, 0.0201, 0.0205, 0.0205, 0.0209 mg/kg. 

IN-QZY47: 0.0071, 0.0072, 0.0110, 0.0231, 0.0462 mg/kg. 

IN-TMQ01: 0.0071, 0.0072, 0.0073, 0.0073, 0.0079 mg/kg. 

Residues for the TTC approach:  

IN-UJV12: 0.0071, 0.0072, 0.0073, 0.0073, 0.0075 mg/kg. 

IN-TQD54: 0.0071, 0.0072, 0.0081, 0.0130, 0.0319 mg/kg. 

Based on rape forage data, the Meeting estimated for oilseed forages, all on a fresh weight basis: 

Fluazaindolizine: median and highest residue of 0.0073 (and 0.0075 mg/kg respectively.  

[IN-F4106+1.068×IN-A5760]: median and highest residues of 0.0205 and 0.0209 mg/kg, 
respectively. 

IN-QZY47: median and highest residues of 0.0110 and 0.0462 mg/kg, respectively.  

IN-TMQ01: median and highest residues of 0.0073 and 0.0079 mg/kg, respectively.  

Residues for the TTC approach: 

IN-UJV12: median and highest residues of 0.0073 and 0.0075 mg/kg, respectively.  

IN-TQD54 and median and highest residues of 0.0081 and 0.0319 mg/kg, respectively.  

Rape seed, hay and/or straw (Canada PBI 14 days, n=5) 

Fluazaindolizine residues found were: 0.0073, 0.0073, 0.0075, 0.0170, 0.0251 mg/kg. 

IN-F4106+1.068×IN-A5760: 0.0245, 0.0270, 0.0442, 0.0455, 0.2330 mg/kg. 

IN-QZY47: 0.0073, 0.0129, 0.0181, 0.0219, 0.0777 mg/kg. 

IN-TMQ01: 0.0072, 0.0073, 0.0073, 0.0190, 0.0210 mg/kg. 

Residues for the TTC approach: 

IN-UJV12: 0.0072, 0.0073, 0.0088, 0.0094, 0.0608 mg/kg. 

IN-TQD54: 0.0266, 0.0731, 0.1018, 0.1084, 0.2968 mg/kg. 
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The Meeting estimated a maximum residue level of 0.05 mg/kg (dry weight basis) for Rape seed, 
hay, and/or straw  

Fate of residues during processing 

The Meeting received information on the fate of fluazaindolizine residues during conditions simulating 
commercial processing.  

Fluazaindolizine was not degraded and is hydrolytically stable under conditions simulating 
pasteurization (pH 4, 90 °C, 20 minutes), baking/brewing/boiling (pH 5, 100 °C, 60 minutes) and 
sterilisation (pH 6, 120 °C, 20 minutes). 

Information on the fate of residues during processing was made available to the Meeting for 
maize, potatoes, soya beans, strawberries, tomatoes, and wheat. In some cases residues for individual 
compounds were <LOQ and processing factors could not be calculated. In these cases residues are 
assumed to be zero. 

Processing factors (PF) are estimated by dividing the residues of analyte in processed 
commodity by the sum of potential source residues in the raw commodity, expressed in terms of analyte. 

Table 5.15.3 summarizes the processing factors for fluazaindolizine. Residues concentrated 
(PF> 1) on processing for dried tomato, tomato wet pomace, tomato paste and soya bean meal.  

Table 5.15.3 Processing factors and median and highest residue values for fluazaindolizine used for 
estimation of maximum residue levels including livestock dietary burdens 

Processed commodity  

Raw 
commodity 

[median 
residue] 

Raw commodity 
[highest residue] 

Individual 
processing 

factors 

Median or best 
estimate 

processing 
factor 

Median 
residue-P 
(mg/kg) 

Highest 
residue-P 
(mg/kg) 

Tomato dried 0.01 0.0665 1.8 4.9 3.35 0.0335 0.2228 
Tomato canned   0 0.22 0.11 0.0011  

Tomato juice   0 0.53 0.265 0.0026  
Tomato wet pomace   1 2.4 1.7 0.017  

Tomato paste   1.2 1.3 1.25 0.0125  
Tomato purée   0.53 0.8 0.665 0.0066  

Potato , 
flakes/granules 

0.028 
0.16 

0 0.07 0.035 
0.001  

Potato crisps   0.03 0.18 0.105 0.0029  
French fries peeled   0 0.04 0.02 0.0006  

French fries unpeeled   0.08 0.91 0.495 0.01386  
Potato boiled 

unpeeled 
 

 
0.07 0.15 0.11 

0.00308 0.0176 

Potato boiled peeled   0 0.02 0.01 0.00028 0.0016 
Potato microwaved 

unpeeled 
 

 
0.4 1.3 0.85 

0.0238 0.1615 

Soya bean meal 
(mechanically 

extracted) 
0.0051 

 
1.3 1.3 1.6 1.3 

0.0066  

Soya bean meal 
(solvent extracted) 

 
 

1.3 1.4 1.4 1.4 
0.0071  

Soya bean hulls   0.9 0.9 1.7 0.9 0.0046  
Soya bean refined oil   0 0 0 0 0  
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Using the estimated maximum residue level of 0.15 mg/kg for tomatoes and applying the 
processing factor of 3.35 for dried tomato, the Meeting estimated a maximum residue level of 0.5 mg/kg 
for tomato dried. 

Inputs for estimation of dietary exposure are required for processed commodities. Table 5.15.4 
summarizes estimated STMR-P and HR-P values, calculated using information on the concentration of 
the relevant compounds on processing also summarized in the series of tables on processing that follow. 
The STMR-P and HR-P values were calculated as 2.26×IN-A5760+2.11×IN-F4106+1.52×IN-
QZY47+1.51×IN-TMQ01. 

Table 5.15.4 STMR-P and HR-P values 

Processed commodity STMR-P (mg/kg) HR-P (mg/kg) 
Strawberry juice 0.0142 0.0734 
Strawberry canned 0.0081 0.0419 
Strawberry jam 0.0040 0.0210 
Strawberry frozen fruit 0.0121 0.0629 
Strawberry, dried 0.0830 0.4297 
Tomato dried 0.4624 6.6960 
Tomato canned 0.0711 0.9389 
Tomato juice 0.0590 0.8314 
Tomato paste 0.2476 3.5309 
Tomato purée 0.1268 1.8056 
Potato, flakes/granules 0.0956 1.0275 
Potato crisps 0.0673 0.6757 
French fries peeled 0.0319 0.3213 
French fries unpeeled 0.1215 1.0607 
Potatoes boiled unpeeled 0.0560 0.6538 
Potatoes boiled peeled 0.0343 0.3695 
Potatoes baked microwaved unpeeled 0.1661 1.3600 
Soya bean refined oil 0 

 
Maize starch 0  
Maize grits 0.0144  
Maize flour 0.0366  
Maize refined oil 0  
Wheat bran 0  
Wheat flour 0  
Wheat germ 0  

 

Table 5.15.5 Processing factors and median and highest residue values for [IN-F4106+1.068×IN-A5760], 
used as inputs to calculate total residues (Table 5.15.4) and for estimation of livestock dietary 

Processed commodity  

Raw 
commodity 

[median 
residue] 

Raw commodity 
[highest residue] 

Individual 
processing 

factors 

Median or best 
estimate 

processing 
factor 

Median 
residue-P 
(mg/kg) 

Highest 
residue-P 
(mg/kg) 

Tomato dried 0.0207 0.3385 4.6 7.5 14 7.5 0.1552 2.539 
Tomato canned   0.7 0.9 1.1 0.9 0.0186  

Tomato juice   0.6 0.9 1.9 0.9 0.0186  
Tomato wet pomace   1.1 1.1 1.2 1.1 0.0228  

Tomato paste   2.6 3.9 5.7 3.9 0.0807  
Tomato purée   1.2 2.0 2.4 2 0.0414  

Potato , 
flakes/granules 

0.0337 0.1127 0 0.1 0.6 0.1 0.0034  

Potato crisps   0.08 0.3 0.5 0.3 0.0101  
French fries peeled   0 0.04 0.2 0.04 0.0013  
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Processed commodity  

Raw 
commodity 

[median 
residue] 

Raw commodity 
[highest residue] 

Individual 
processing 

factors 

Median or best 
estimate 

processing 
factor 

Median 
residue-P 
(mg/kg) 

Highest 
residue-P 
(mg/kg) 

French fries unpeeled   0.2 0.7 1.0 0.7 0.0236  
Potato boiled 

unpeeled 
  0.06 0.07 0.2 0.07 0.0024 0.0079 

Potato boiled peeled   0 0.03 0.08 0.03 0.0010 0.0034 
Potato microwaved 

unpeeled 
  0.4 1.2 1.4 1.2 0.0404 0.135 

Soya bean meal 
(mechanically 

extracted) 
0.0593  1.2 1.4 1.5 1.4 0.083  

Soya bean meal 
(solvent extracted) 

  1.5 1.6 1.6 1.6 0.095  

Soya bean hulls   0.8 0.9 1.5 0.9 0.053  
Soya bean refined oil   0 0 0 0 0  

Maize starch 0.0164  0 0 0 0  
Maize grits   0 0 0 0  
Maize flour   0 2 0.1 0.00164  
Maize meal   0 1.7 0.85 0.0139  

Maize refined oil   0 0 0 0  

 

Table 5.15.6 Processing factors and median and highest residue values for IN-QZY47, used as inputs to 
calculate total residues (Table 5.15.4) and for estimation of livestock dietary burdens 

Processed commodity  

Raw 
commodity 

[median 
residue] 

Raw commodity 
[highest residue] 

Individual 
processing 

factors 

Median or best 
estimate 

processing 
factor 

Median 
residue-P 
(mg/kg) 

Highest 
residue-P 
(mg/kg) 

Tomato dried 0.01 0.058 4.4 4.4 0.044 0.2552 
Tomato canned   1.2 1.2 0.012  

Tomato juice   0.7 0.7 0.007  
Tomato wet pomace   0.7 0.7 0.007  

Tomato paste   2.7 2.7 0.027  
Tomato purée   1.4 1.4 0.014  

Potato , 
flakes/granules 

0.011 0.072 1.7 3.7 2.7 0.0297  

Potato crisps   0.6 1.2 0.9 0.0099  
French fries peeled   0.8 1.2 1 0.011  

French fries unpeeled   1.2 2.1 1.7 0.0187  
Potato boiled 

unpeeled 
  1.1 1.2 1.2 0.0132 0.0864 

Potato boiled peeled   1.0 1.1 1 0.011 0.072 
Potato microwaved 

unpeeled 
  1.4 1.6 1.5 0.0165 0.108 

Soya bean meal 
(mechanically 

extracted) 
0.0051  1.5 1.6 1.6 0.00816  

Soya bean meal 
(solvent extracted) 

   1.3 1.7 1.5 0.00765  

Soya bean hulls    1.8 1.9 1.8 0.00918  
Soya bean refined oil    0 0 0 0 0  

Maize starch 0.00675   0 0 0 0  
Maize grits    0.7 1.0 0.85 0.0057375  
Maize flour    1.3 1.6 1.45 0.0097875  
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Processed commodity  

Raw 
commodity 

[median 
residue] 

Raw commodity 
[highest residue] 

Individual 
processing 

factors 

Median or best 
estimate 

processing 
factor 

Median 
residue-P 
(mg/kg) 

Highest 
residue-P 
(mg/kg) 

Maize meal    1.5 1.6 1.55 0.0104625  
Maize refined oil    0 0 0 0  

 

Table 5.15.7 Processing factors and median and highest residue values for IN-TMQ01, used as inputs to 
calculate total residues (Table 5.15.4) and for estimation of livestock dietary burdens 

Processed commodity  

Raw 
commodity 

[median 
residue] 

Raw commodity 
[highest residue] 

Individual 
processing 

factors 

Median or best 
estimate 

processing 
factor 

Median 
residue-P 
(mg/kg) 

Highest 
residue-P 
(mg/kg) 

Strawberry juice 0.0123 0.0694 0.5 0.7 0.8 0.7 0.00861  
Strawberry canned   0.3 0.4 0.4 0.4 0.00492  

Strawberry jam   0.2 0.2 0.2 0.2 0.00246  
Strawberry frozen fruit   0.6 0.6 0.7 0.6 0.00738 0.0416 

Strawberry dried   3.8 4.1 5.4 4.1 0.05043 0.2845 
Tomato dried 0.01 0.14 4.5 4.5 0.045 0.63 

Tomato canned   0.9 0.9 0.009  
Tomato juice   0.6 0.6 0.006  

Tomato wet pomace   0.8 0.8 0.008  
Tomato paste   2.4 2.4 0.024  
Tomato purée   1.2 1.2 0.012  

Potato , 
flakes/granules 

0.0205 0.335 1.0 1.7 1.4 0.0287  

Potato crisps   0.6 1.3 1 0.0205  
French fries peeled   0.3 0.6 0.4 0.0082  

French fries unpeeled   0.8 2.0 1.4 0.0287  
Potato boiled 

unpeeled 
  0.8 1.2 1 0.0205 0.335 

Potato boiled peeled   0.4 0.6 0.5 0.0102 0.168 
Potato microwaved 

unpeeled 
  1.7 1.8 1.8 0.0369 0.603 

Maize starch 0.00675  0 0 0 0 0  
Maize grits   0.4 0.5 0.7 0.5 0.0034  
Maize flour   0.8 1.4 1.7 1.4 0.0094  
Maize meal   1.1 1.4 1.7 1.4 0.00943  

Maize refined oil   0 0 0 0 0  

 

Median and highest residue values have been estimated for two compounds for which the 
Meeting decided to utilise the TTC approach. 

Table 5.15.8 Processing factors and median and highest residue of IN-UJV12 

Processed commodity  

Raw 
commodity 

[median 
residue] 

Raw commodity 
[highest residue] 

Individual 
processing 

factors 

Median or best 
estimate 

processing 
factor 

Median 
residue-P 
(mg/kg) 

Highest 
residue-P 
(mg/kg) 

Tomato dried 0.01 0.01 4.7 4.7 0.047 0.047 
Tomato canned   1.2 1.2 0.012  

Tomato juice   0.7 0.7 0.007  
Tomato wet pomace   0.8 0.8 0.008  

Tomato paste   2.8 2.8 0.028  
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Processed commodity  

Raw 
commodity 

[median 
residue] 

Raw commodity 
[highest residue] 

Individual 
processing 

factors 

Median or best 
estimate 

processing 
factor 

Median 
residue-P 
(mg/kg) 

Highest 
residue-P 
(mg/kg) 

Tomato purée   1.3 1.3 0.013  
Potato , 

flakes/granules 
0.01 0.016 1.5 3.1 2.3 0.023  

Potato crisps   0.5 1.3 0.9 0.009  
French fries peeled   0.6 1.1 0.8 0.008  

French fries unpeeled   0.8 2.0 1.4 0.014  
Potato boiled 

unpeeled 
  1.3 1.4 1.4 0.014 0.0224 

Potato boiled peeled   0.7 1.1 0.9 0.014 0.0224 
Potato microwaved 

unpeeled 
  1.5 1.8 1.6 0.016 0.0256 

Maize starch 0.00585  0 0 0 0  
Maize grits   0 0.5 0.2 0.0012  
Maize flour   0 1.3 0.6 0.0035  
Maize meal   1 1.5 1.2 0.0070  

Maize refined oil   0 0 0 0  

 

Table 5.15.9 Processing factors and median and highest residues of IN-TQD54 

Processed commodity  

Raw 
commodity 

[median 
residue] 

Raw commodity 
[highest residue] 

Individual 
processing 

factors 

Median or best 
estimate 

processing 
factor 

Median 
residue-P 
(mg/kg) 

Highest 
residue-P 
(mg/kg) 

Strawberry juice 0.0051 0.0084 0.8 0.9 0.8 0.0041  
Strawberry canned   0 0.5 0.2 0.0010  

Strawberry jam   0 0 0 0  
Strawberry frozen fruit   0 0.5 0.2 0.0010 0.0017 

Strawberry, dried   3.3 3.8 3.6 0.0184 0.0302 
Tomato dried 0.01 0.061 3.5 3.5 0.035 0.2135 

Tomato canned   1.1 1.1 0.011  
Tomato juice   0.6 0.6 0.006  

Tomato wet pomace   0.8 0.8 0.008  
Tomato paste   2.3 2.3 0.023  
Tomato purée   1.2 1.2 0.012  

Potato , 
flakes/granules 

0.01 0.0865 1.2 2.2 1.7 0.017  

Potato crisps   0.6 1.3 1 0.01  
French fries peeled   0.4 0.7 0.6 0.006  

French fries unpeeled   0.8 2.1 1.5 0.015  
Potato boiled 

unpeeled 
  1.0 1.2 1.1 0.011 0.0952 

Potato boiled peeled   0.7 0.8 0.8 0.008 0.0692 
Potato microwaved 

unpeeled 
  1.5 1.8 1.6 0.016 0.1384 

Soya bean meal 
(mechanically 

extracted) 
0.0050  0 0 0 0 0  

Soya bean meal 
(solvent extracted) 

  0 0 0 0 0  

Soya bean hulls   0 0 0.09 0 0  
Soya bean refined oil   0 0 0 0 0  

Maize starch 0.0067  0 0 0 0 0  
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Animal commodity maximum residue levels 

Cattle  

The calculations used to estimate highest residues for use in estimating maximum residue levels, STMR 
and HR values are shown below. 

Table 5.15.16 Animal commodity residues for cattle 

 Feed Level 
(ppm) for 

milk 
residues 

Fluazaindolizine 
residues (mg/kg) in 

milk 

Feed Level 
(ppm) for 

tissue 
residues 

Fluazaindolizine residues (mg/kg) 
Muscle Liver Kidney Fat 

Highest residue for maximum residue level estimation (beef or dairy cattle) 
Feeding Study 6.7 0.0199 6.7 < 0.01 0.0233 0.0957 0.0217 

Dietary burden and 
estimate of 

highest residue 

0.57 0.0017 0.57 

0.00085 0.0020 0.0081 0.0018 
Median Determination (beef or dairy cattle) 

Feeding Study 6.7 0.0199 6.7 < 0.01 0.0223 0.0912 0.0195 
Dietary burden and 

estimate of 
median residue 

0.11 0.00033 0.11 

0.00016 0.00037 0.0015 0.00032 

 

Table 5.15.17 Residues of IN-F4106+1.068×IN-A5760 from feeding IN-F4106+1.068×IN-A5760 

 Feed Level 
(ppm) for 

milk 
residues 

IN-F4106+ 
1.068×IN-
A5760 (mg 

eq/kg) in milk 

Feed Level 
(ppm) for 

tissue 
residues 

IN-F4106+1.068×IN-A5760 residues (mg/kg) 
Muscle Liver Kidney Fat 

Highest Determination (beef or dairy cattle) 
Metabolism Study 7.61*  7.61* 0.03319 0.2054 0.5764 0.0336 
Dietary burden and 
estimate of highest 

residue 

0.98  0.99 0.0043 
(+0.00013 
+0.0147) 

0.0267 
(+0.00029 
+0.0911) 

0.0750 
(+0.00032 
+0.2556) 

0.0044 
(+0.00005 
+0.0149) 

Median Determination (beef or dairy cattle) 
Metabolism Study 7.61* 0.00794 7.61* 0.03319 0.2054 0.5764 0.0336 
Dietary burden and 
estimate of median 

residue 

0.32 0.00033 
(+0.00037 
+0.00063) 

0.32 0.0011 
(+0.00005 
+0.0030) 

0.0067 
(+0.00012 
+0.0184) 

0.0189 
(+0.00013 
+0.0517) 

0.0011 
(+0.00002 
+0.0030) 

Notes: 

*= IN-QZY47 metabolism dose in terms of IN-F4106. 

*Additional IN-F4106 is produced from IN-TMQ01 and IN-QZY47, the figures in brackets are the contribution from livestock 
exposure to IN-TMQ01 and to IN-QZY47. Residues of IN-F4106+1.068×IN-A5760 are the sum of the three sources. 

 

Table 5.15.18 Residues of IN-F4106+1.068×IN-A5760 from feeding TMQ01 

 Feed Level 
(ppm) for 

milk 
residues 

IN-
F4106+1.068×IN-
A5760 (mg/kg) in 

milk 

Feed Level 
(ppm) for 

tissue 
residues 

IN-F4106+1.068×IN-A5760 (mg/kg) 
Muscle Liver Kidney Fat 

Highest Determination (beef or dairy cattle) 
Metabolism Study 10.9  10.9 0.000624 0.001443 0.001574 0.00023 
Dietary burden and 
estimate of highest 

2.0  2.2 0.00013 0.00029 0.00032 0.00005 
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 Feed Level 
(ppm) for 

milk 
residues 

IN-
F4106+1.068×IN-
A5760 (mg/kg) in 

milk 

Feed Level 
(ppm) for 

tissue 
residues 

IN-F4106+1.068×IN-A5760 (mg/kg) 
Muscle Liver Kidney Fat 

residue 
Median Determination (beef or dairy cattle) 

Metabolism Study 10.9 0.004885 10.9 0.000624 0.001443 0.001574 0.00023 
Dietary burden and 
estimate of median 

residue 

0.56 0.00025 0.56 0.00003 0.00007 0.00008 0.00001 

 

Table 5.15.19 Residues of IN-F4106+1.068×IN-A5760 from feeding IN-QZY47 

 Feed Level 
(ppm) for 

milk 
residues 

IN-
F4106+1.068×IN-
A5760 (mg/kg) in 

milk 

Feed Level 
(ppm) for 

tissue 
residues 

IN-F4106+1.068×IN-A5760 (mg/kg) 
Muscle Liver Kidney Fat 

Highest Determination (beef or dairy cattle) 
Metabolism Study 10.6  10.6 0.0332 0.2054 0.5764 0.0336 
Dietary burden and 
estimate of highest 

residue 

3.8  4.7 0.0147 0.0911 0.2556 0.0149 

Median Determination (beef or dairy cattle) 
Metabolism Study 10.6 0.0079 10.6 0.0332 0.2054 0.5764 0.0336 
Dietary burden and 
estimate of median 

residue 

0.84 0.00063 0.95 0.0030 0.0184 0.0517 0.0030 

 

A metabolism study with IN-TMQ01 in a lactating goat was used to estimate residues of IN-
TMQ01. 

Table 5.15.20 Residues of IN-TMQ01 

 Feed Level 
(ppm) for 

milk residues 

IN-TMQ01 
(mg/kg) in 

milk 

Feed Level 
(ppm) for 

tissue 
residues 

IN-TMQ01 (mg/kg) 
Muscle Liver Kidney Fat 

Highest Determination (beef or dairy cattle) 
Metabolism Study 10.9  10.9 0.000854 0.009996 0.19074 0.001485 
Dietary burden and 
estimate of highest 

residue 

2.0  2.0 0.00016 0.0018 0.0350 0.00027 

Median Determination (beef or dairy cattle) 
Metabolism Study 10.9 < 0.001 10.9 0.000854 0.009996 0.19074 0.001485 
Dietary burden and 
estimate of median 

residue 

0.57 0.00008 0.57 0.00004 0.00052 0.0100 0.00008 

 

The Meeting estimated a maximum residue level of 0.01(*) mg/kg in milks, meat (mammalian 
except marine mammals) and mammalian fat (except milk fat) and of 0.01 mg/kg in edible offal.  

Based on total residues (fluazaindolizine + [2.11×(IN-F4106+1.068×IN-A5760)] + 1.51×IN-
TMQ01), the Meeting estimated STMRs of 0.0096 mg/kg in meat (mammalian except marine mammals), 
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of 0.0092 mg/kg in mammalian fat, of 0.1657 in mammalian offal (based on liver) and of 0.0029 mg/kg in 
milk. 

The Meeting estimated HRs of 0.0415 mg/kg in meat (mammalian except marine mammals), 
0.0431 mg/kg in mammalian fat and 0.7592 mg/kg in mammalian offal (based on kidney). 

Residues of the fluazaindolizine were similar in milk fat compared to whole milk. Using this 
information, the Meeting estimated a maximum residue level of 0.01(*) mg/kg for milk fat and an STMR 
value of 0.0033 mg/kg. 

Median and highest residue values have been estimated for IN-UJV12 and IN-TQD54, for which 
the Meeting decided to apply the TTC approach. Extrapolation of residues in the IN-QZY47 metabolism 
study with a lactating goat were used to estimate residues of IN-UJV12 and of IN-TQD54 

Table 5.15.21 Residues of IN-UJV12 

 Feed Level 
(ppm) for 

milk residues 

IN-UJV12 
(mg/kg) in 

milk 

Feed Level 
(ppm) for 

tissue 
residues 

IN-UJV12 (mg/kg) 
Muscle Liver Kidney Fat 

Highest Determination (beef or dairy cattle) 
Metabolism Study 10.1*  10.1* < 0.001 < 0.001 < 0.001 < 0.001 
Dietary burden and 
estimate of highest 

residue 

0.82  1.02 0.0001 0.0001 0.0001 0.0001 

Median Determination (beef or dairy cattle) 
Metabolism Study 10.1* 0.000488 10.1* < 0.001 < 0.001 < 0.001 < 0.001 
Dietary burden and 
estimate of median 

residue 

0.17 0.000008 0.19 0.00002 0.00002 0.00002 0.00002 

Notes: 

*=Expressed IN-QZY47 metabolism dose in terms of IN-UJV12. 

 

Extrapolation of residues in the IN-QZY47 metabolism study with a lactating goat was used to 
estimate residues of IN-TQD54. 

Table 5.15.22 Residues of IN-TQD54 

 Feed Level 
(ppm) for 

milk residues 

IN-TQD54 
(mg/kg) in 

milk 

Feed Level 
(ppm) for 

tissue 
residues 

IN-TQD54 (mg/kg) 
Muscle Liver Kidney Fat 

Highest Determination (beef or dairy cattle) 
Metabolism Study 10.15*  10.15* < 0.001 < 0.001 < 0.001 < 0.001 
Dietary burden and 
estimate of highest 

residue 

2.85  2.85 0.00028 0.00028 0.00028 0.00028 

Median Determination (beef or dairy cattle) 
Metabolism Study 10.15* 0.000488 10.15* < 0.001 < 0.001 < 0.001 < 0.001 
Dietary burden and 
estimate of median 

residue 

0.58 0.00003 0.58 0.00006 0.00006 0.00006 0.00006 

Notes: 

*=Expressed IN-QZY47 metabolism dose in terms of IN-TQD54. 
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Poultry 

The calculations used to estimate maximum residue levels, as well as total residues for use in estimating 
STMR and HR values are shown below. 

Table 5.15.23 Residues of fluazaindolizine  

 Feed Level 
(ppm) for 

egg 
residues 

Fluazaindolizine 
residues (mg/kg) in 

eggs 

Feed Level 
(ppm) for 

tissue 
residues 

Fluazaindolizine residues (mg/kg) 
Muscle Liver Kidney Fat 

Highest residue for maximum residue level estimation (broilers or layers) 
Metabolism Study 13.1 0.013056 13.1 0.041495 0.032  0.0135 
Dietary burden and 

estimate of 
highest residue 

0.28 0.000279 0.28 

0.000887 0.0146  0.00029 
Median Determination (broilers or layers) 

Feeding Study 13.1 0.013056 13.1 0.041495 0.032  0.0135 
Dietary burden and 

estimate of 
median residue 

0.04 0.00004 0.04 

0.00013 0.0021  0.00004 

 

Extrapolation of TRRs in the fluazaindolizine metabolism study with laying hens was used to 
estimate residues of [IN-F4106 + 1.068×IN-A5760]. The dose level and TRR in the fluazaindolizine 
metabolism study were converted to IN-F4106 equivalents. 

Table 5.15.24 Residues of IN-F4106+1.068×IN-A5760 

 Feed Level 
(ppm) for egg 

residues 

IN-F4106+1.068×IN-
A5760 (mg/kg) in 

eggs 

Feed Level 
(ppm) for 

tissue residues 

IN-F4106+1.068×IN-A5760 residues (mg/kg) 
Muscle Liver Kidney Fat 

Highest Determination (broilers or layers) 
Metabolism Study 6.2* 0.008048 6.2* 0.020356 0.346529  0.009468 
Dietary burden and 
estimate of highest 

residue 

0.32 0.0004 0.32 0.0011 0.0179  0.0005 

Median Determination (broilers or layers) 
Metabolism Study 6.2* 0.008048 6.2* 0.020356 0.346529  0.009468 
Dietary burden and 
estimate of median 

residue 

0.1 0.00013 0.1 0.00033 0.00559  0.00015 

Notes: 

* Dose in the fluazaindolizine metabolism study expressed in IN-F4106 equivalents. 

 

Extrapolation of TRRs in the fluazaindolizine metabolism study with laying hens was used to 
estimate residues of IN-TMQ01.  

Table 5.15.25 Residues of IN-TMQ01 

 Feed Level 
(ppm) for 

egg residues 

IN-TMQ01 
(mg/kg) in 

eggs 

Feed Level 
(ppm) for 

tissue 
residues 

IN-TMQ01 (mg/kg) 
Muscle Liver Kidney Fat 

Highest Determination (broilers or layers) 
Metabolism Study 8.67 0.0112 8.67 0.0284 0.484  0.0132 
Dietary burden and 0.78 0.001 0.78 0.00256 0.0436  0.0012 
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 Feed Level 
(ppm) for 

egg residues 

IN-TMQ01 
(mg/kg) in 

eggs 

Feed Level 
(ppm) for 

tissue 
residues 

IN-TMQ01 (mg/kg) 
Muscle Liver Kidney Fat 

estimate of highest 
residue 

Median Determination (broilers or layers) 
Metabolism Study 8.67 0.0112 8.67 0.0284 0.484  0.0132 
Dietary burden and 
estimate of median 

residue 

0.12 0.00016 0.12 0.00039 0.0067  0.00018 

 

The Meeting estimated maximum residue levels of 0.01(*) mg/kg for eggs poultry meat and 
poultry fat 0.01(*) mg/kg and of 0.02 mg/kg for poultry edible offal (liver).  

STMR and HR values were estimated based on total residues (fluazaindolizine + [2.11×(IN-
F4106+1.068×IN-A5760)] + 1.51×IN-TMQ01). 

The Meeting estimated STMRs of 0.0014 mg/kg for poultry meat, of 0.00063 mg/kg for poultry 
fat, of 0.035 mg/kg poultry edible offal (liver) and of 0.0006 mg/kg in eggs. 

The Meeting estimated HRs of 0.0071 mg/kg for poultry meat, of 0.0032 mg/kg for poultry fat, of 
0.1182 mg/kg for poultry edible offal (liver) and of 0.00263 mg/kg for eggs. 

Median and highest residue values have been estimated for IN-UJV12 and IN-TQD54, for which 
the Meeting decided to apply the TTC approach. Extrapolation of TRRs in the fluazaindolizine metabolism 
study with laying hens was used to estimate the residues. 

Table 5.15.26 Residues of IN-UJV12 

 Feed Level 
(ppm) for 

egg residues 

IN-UJV12 
(mg/kg) in 

eggs 

Feed Level 
(ppm) for 

tissue 
residues 

IN-UJV12 (mg/kg) 
Muscle Liver Kidney Fat 

Highest Determination (broilers or layers) 
Metabolism Study 8.24 0.0107 8.25 0.0271 0.4607  0.0126 
Dietary burden and 
estimate of highest 

residue 

0.19 0.00025 0.19 0.00062 0.0106  0.00029 

Median Determination (broilers or layers) 
Metabolism Study 8.24 0.0107 8.25 0.0271 0.4607  0.0126 
Dietary burden and 
estimate of median 

residue 

0.05 0.00006 0.05 0.00016 0.0028  0.00007 

 

Extrapolation of TRRs in the fluazaindolizine metabolism study with laying hens was used to 
estimate residues of IN-TQD54. The dose level and TRR were converted to IN-TQD54 equivalents. 

Table 5.15.27 Residues of IN-TQD54 

 Feed Level 
(ppm) for 

egg residues 

IN-TQD54 
(mg/kg) in 

eggs 

Feed Level 
(ppm) for 

tissue 
residues 

IN-TQD54 (mg/kg) 
Muscle Liver Kidney Fat 

Highest Determination (broilers or layers) 
Metabolism Study 8.27 0.0107 8.27 0.0272 0.4623  0.0126 
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 Feed Level 
(ppm) for 

egg residues 

IN-TQD54 
(mg/kg) in 

eggs 

Feed Level 
(ppm) for 

tissue 
residues 

IN-TQD54 (mg/kg) 
Muscle Liver Kidney Fat 

Dietary burden and 
estimate of highest 

residue 

0.46 0.00060 0.46 0.0015 0.026  0.00070 

Median Determination (broilers or layers) 
Metabolism Study 8.27 0.0107 8.27 0.0272 0.4623  0.0126 
Dietary burden and 
estimate of median 

residue 

0.10 0.00013 0.10 0.00033 0.0056  0.00015 

 

RECOMMENDATIONS 

On the basis of the data obtained from supervised trials, the Meeting concluded that the residue levels 
listed in Annex 1 are suitable for establishing maximum residue limits and for IEDI and international 
estimate of short-term intakes assessment. 

Definition of the residue for compliance with the MRL for plant and animal commodities: 
fluazaindolizine.  

Definition of the residue for dietary risk assessment for plant commodities:  

fluazaindolizine, and free and conjugated forms of the following compounds: 2-chloro-5-
hydroxybenzenesulfonamide (IN-A5760), 2-chloro-5-methoxybenzenesulfonamide (IN-F4106), 8-chloro-6-
(trifluoromethyl)imidazo[1,2-a]pyridine-2-carboxylic acid (IN-QEK31), 3-[[(2-chloro-5-
methoxyphenyl)sulfonyl]amino]-L-alanine (IN-QZY47), 8-chloro-N-[(2-chloro-5-hydroxyphenyl)sulfonyl]-6-
(trifluoromethyl)imidazo[1,2-a]pyridine-2-carboxamide (IN-REG72), 8-chloro-6-(trifluoromethyl)imidazo[1,2-
a]pyridine-2-carboxamide (IN-RYC33) and 3-[[(2-chloro-5-methoxyphenyl)sulfonyl]amino]-(2R)-
hydroxypropanoic acid (IN-TMQ01) (expressed as fluazaindolizine). This can be implemented by taking the 
maximum of the sum of compounds containing the imidazopyridine ring and hydrolysed using acid to IN-
A5760, IN-F4106, IN-QZY47 and IN-TMQ01 (expressed as fluazaindolizine) OR compounds containing the 
phenyl ring and hydrolysed to 8-chloro-6-(trifluoromethyl)imidazo[1,2-a]pyridine-2-carboxylic acid (IN-
QEK31) (expressed as fluazaindolizine). 

Definition of the residue for dietary risk assessment for animal commodities: the sum of 
fluazaindolizine, 2-chloro-5-hydroxybenzenesulfonamide (IN-A5760), 2-chloro-5-
methoxybenzenesulfonamide (IN-F4106), and 3-[[(2-chloro-5-methoxyphenyl)sulfonyl]amino]-(2R)-
hydroxypropanoic acid (IN-TMQ01) (expressed as fluazaindolizine). 

The residue is not fat-soluble. 

 

DIETARY RISK ASSESSMENT 

Long-term dietary exposure 

The ADI for fluazaindolizine is 0–0.3 mg/kg bw. The International Estimated Daily Intakes (IEDIs) for 
fluazaindolizine 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 2022 JMPR Report. 

The IEDIs ranged from 0–1 percent of the maximum ADI. The Meeting concluded that the long-
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5.16 Fludioxonil (211) 

TOXICOLOGY 

Fludioxonil is the International Organization for Standardization (ISO)-approved name for 
4-(2,2-difluoro-1,3-benzodioxol-4-yl)-1H-pyrrole-3-carbonitrile (IUPAC) for which the Chemical Abstracts 
Service number is 131341-86-1. Fludioxonil is a non-systemic, broad-spectrum fungicide with a long 
residual activity. It is a member of the phenylpyrrole group of substances. While originally developed as a 
seed storage protectant, fludioxonil is also used as a post-harvest, shelf-life extending treatment for fruit. 
Fludioxonil, being fat soluble, is absorbed into the outer wax layer of the plant and seeds resulting in 
mycelial growth inhibition and spore rupture. Within fungal cells, fludioxonil interferes with cell 
intracellular osmolality 

Fludioxonil was first evaluated by the Joint FAO/WHO Meeting on Pesticide Residues (JMPR) in 
2004, which established an acceptable daily intake (ADI) of 0–0.4 mg/kg body weight (bw) based on 
hepatotoxicity and reduced body weight gain at the next highest dose, in a two-year study in rats. An 
acute reference dose (ARfD) was considered unnecessary. 

Fludioxonil was reviewed by the present Meeting following a request by the Codex Committee on 
Pesticide Residues (CCPR) for consideration of additional maximum residue levels (MRLs) and new 
information was supplied on metabolites. All provided studies were compliant with good laboratory 
practice (GLP) unless otherwise stated and were generally conducted in accordance with current test 
guideline requirements. As these studies would have had no effect on the health-based guidance values 
(HBGVs), they were not reviewed by this Meeting, and should be provided for the periodic review of 
fludioxonil. 

Toxicological data on metabolites and/or degradates 

CGA 192155 

Metabolite CGA 192155 is a plant and animal metabolite that is not found in rats. The acute oral median 
lethal dose (LD50) of CGA 192155 in rats is greater than 2000 mg/kg bw. 

In a 28-day repeated dietary oral exposure study, rats were treated with CGA 192155 at 0, 1000, 
5000 or 15 000 ppm (equal to 0, 78, 382 and 1147 mg/kg bw per day for males, 0, 80, 389 and 
1065 mg/kg bw per day for females). The NOAEL was 5000 ppm (equal to 382 mg/kg bw per day) based 
on reductions in body weight and body weight gain (correlated with reduced food consumption) at 
15 000 ppm (equal to 1065 mg/kg bw per day). 

In a 13-week repeated dietary oral exposure study, rats were treated with CGA 192155 at 0, 100, 
1000 or 7000 ppm (equal to 0, 5.9, 57.5 and 415 mg/kg bw per day for males, 0, 6.7, 66.2 and 
461 mg/kg bw per day for females). The NOAEL was 1000 ppm (equal to 57.5 mg/kg bw per day) based on 
reductions in body weight and body weight gain (correlated with small reductions in food consumption) at 
7000 ppm (equal to 415 mg/kg bw per day). 

Metabolite CGA 192155 did not induce bacterial reverse mutations, nor did CGA 192155 induce 
mutations in mammalian cells in vitro. It did induce chromosomal aberrations in vitro but was negative in 
an in vivo micronucleus test. 

In view of these studies the Meeting concluded that CGA 192155 was unlikely to be genotoxic in 
vivo. 
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The Meeting received a new critical GAP for dried peas from Canada consisting of 3 foliar 
applications at 244 g ai/ha, 7-day RTI, and 7-day PHI.  

The Meeting received the same supervised residue trials for dry peas conducted in Canada that 
were assessed by the 2018 JMPR for lentils and chick-peas, matching the Canadian GAP for dry peas.  

Fludioxonil residues in dry peas in ranked order were (n = 7): 0.018, 0.046 (2), 0.11 (2), 0.13, and 
0.17 mg/kg. 

The Meeting estimated a maximum residue level of 0.3 mg/kg and an STMR value of 0.11 mg/kg 
for the subgroup of dry peas. The Meeting withdrew its previous recommendations of maximum residue 
levels of 0.07 mg/kg for peas (dry), 0.3 mg/kg for chick-pea (dry), and 0.3 mg/kg for lentil (dry). 

Sugar beet 

The critical GAP for sugar beets is from the United States and is comprised of a single post-harvest spray 
application at 4.5 g ai/1000 kg of roots.  

The Meeting received supervised residue trials conducted in the United States matching the 
critical GAP.  

Fludioxonil residues in sugar beet roots in ranked order were (n = 6): 0.64, 0.90, 0.96, 1.2, 1.7, and 
1.9 mg/kg.  

The Meeting estimated a maximum residue level (based on the mean + 4×SD) of 4 mg/kg (Po) 
and an STMR value of 1.1 mg/kg for sugar beet. 

Tree nuts, Group of 

Pistachios were previously evaluated by the 2004 JMPR where a maximum residue level of 0.2 mg/kg and 
a STMR of 0.05 mg/kg were estimated based on the GAP from the United States of 4 foliar applications 
× 250 g ai/ha and a 7-day PHI.  

The Meeting received a GAP from the United States for numerous tree nuts consisting of 4 foliar 
applications at a rate of 247 g ai/ha/application, with a 14-day RTI, and a 14-day PHI. For pistachios, the 
GAP assessed by the 2004 JMPR remains the critical GAP for this commodity.  

The Meeting received supervised residue trials for almonds and pecans conducted in the United 
States matching the US GAP for tree nuts.  

Fludioxonil residues in almond nutmeat in ranked order were (n = 5): < 0.01 (3), 0.018, and 
0.15 mg/kg.  

Fludioxonil residues in pecan nutmeat in ranked order were (n = 5): < 0.01 (5) mg/kg. 

Since residues of fludioxonil were higher in almonds than in pecans, the Meeting agreed to use 
the almond dataset for the estimation of maximum residue levels and dietary risk assessment for tree nut 
commodities. 

The Meeting estimated a maximum residue level of 0.3 mg/kg and an STMR value of 0.01 mg/kg 
for the group of tree nuts (except Canarium nut, Chilean hazelnut, and Pistachios). 
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Fludioxonil 

Residues in animal feeds  

Bean forage 

Labels were provided for registrations in Canada on succulent beans (3 foliar applications × 250 g ai/ha, 
7-day RTI, and 7-day PHI) and in Latvia on fresh beans with pods (3 foliar applications × 250 g ai/ha, 10-
day RTI, and 14-day PHI). Based on the shorter RTI and PHI the Meeting decided that the GAP from 
Canada is the critical GAP. 

The Meeting received three supervised residue trials conducted in Bulgaria, France, and Italy 
approximating the Canadian GAP which is insufficient to support a recommendation. The Meeting agreed 
to consider the GAP from Latvia.  

The Meeting received eight supervised residue trials conducted in Bulgaria, Greece, Italy, France, 
and Spain matching the Latvian GAP.  

Fludioxonil residues in beans, remaining plant, in ranked order were (n = 8): 0.40, 0.50, 2.3, 3.3, 
4.2, 5.1, 7.8, and 11 mg/kg. 

The Meeting estimated a highest residue of 11 mg/kg and a median value of 3.75 mg/kg for bean 
forage (as received). 

Almond hulls 

The critical GAP for almonds is from the United States consisting of 4 foliar applications at a rate of 247 g 
ai/ha, with a 14-day RTI, and 14-day PHI.  

The Meeting received supervised residue trials for almonds conducted in the United States 
matching the GAP of the United States.  

Fludioxonil residues in almond hulls in ranked order were (n = 5): 1.1, 1.7, 1.8, 3.3, and 7.6 mg/kg. 

The Meeting estimated a maximum residue level of 20 mg/kg (dw) and a median value of 
1.8 mg/kg for almond hulls (as received). 

Fate of residues in processing  

Processing data on sugar beet roots and almond nutmeat were provided. All data relevant for an 
estimation of maximum residue levels in processed commodities or for dietary exposure calculations are 
summarized in the following Table.  

Table 5.16.1 Processing factors and residue estimates for fludioxonil  

  
Raw commodity  

Residue in RAC, mg/kg  
  

Processed commodity  Processing Factors  Residue in processed 
commodity, mg/kg  

Max STMR  
  

Fludioxonil 
[best estimate] 

MRL STMR-P 
 

Sugar beet roots 4 1.1 Refined sugar 0.10 -- 0.11 
   Molasses 0.56 -- 0.62 
   Ensiled pulp 0.62 -- 0.68 
   Dried pulp 1.3 -- 1.4 
Almond nutmeat 0.2 0.01 Roasted almonds 0.80 -- 0.008 

  Almond oil 1.5 0.3 0.015 
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a Total residues = fludioxonil and its benzopyrrole metabolites, determined as 2,2-difluorobenzo[1,1]dioxole-4-carboxylic acid 
and expressed as fludioxonil. 
b Although the dairy cattle feeding study evaluated by the 2004 JMPR was conducted at a feeding level of 5.5 ppm, no 
quantifiable residues were observed in any matrices, as such it was decided to extrapolate from the feeding study evaluated 
by the 2018 JMPR where quantifiable residues were observed at a 20 ppm feeding level.  

 

The Meeting confirmed its previous recommendation of a maximum residue level of 0.02 mg/kg 
for meat, based on fat (from mammals other than marine mammals) and mammalian fats (except milk 
fats). 

The Meeting recommended a maximum residue level for milks at 0.07 mg/kg and edible offal 
(mammalian) at 0.15 mg/kg. The Meeting estimated STMRs of 0.006 mg/kg for muscle, 0.006 mg/kg for 
mammalian fat, 0.037 mg/kg for edible offal (mammalian), and 0.016 mg/kg in milks. These 
recommendations are intended to replace previous recommendations for these ruminant matrices. 

Poultry 

For poultry, the Meeting estimated a maximum dietary burden of 1.9 ppm and a mean dietary burden of 
0.87 ppm which are the same as the dietary burdens estimated by the 2018 JMPR.  

The Meeting therefore confirmed its previous recommendations.  

 

RECOMMENDATION 

On the basis of the data obtained from supervised residue trials the Meeting concluded that the residue 
levels listed in Annex 1 are suitable for establishing maximum residue limits and for IEDI assessment. 

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

Definition of the residue for compliance with the MRL and for dietary risk assessment for animal 
commodities: sum of fludioxonil and its benzopyrrole metabolites, determined as 2,2-difluoro-
benzo[1,3]dioxole-4-carboxylic acid and expressed as fludioxonil.  

The residue is fat-soluble. 

 

DIETARY RISK ASSESSMENT 

Long-term dietary exposure 

The International Estimated Daily Intakes (IEDIs) of fludioxonil were calculated for the 17 GEMS/Food 
cluster diets using STMRs and STMR-Ps estimated by the JMPR in 2004, 2006, 2010, 2012, 2013, 2018 
and current Meeting. The results are shown in Annex 3. 

The ADI is 0–0.4 mg/kg bw and the calculated IEDIs were 1–6 percent of the maximum ADI. The 
Meeting concluded that the long-term intake of residues of fludioxonil from the uses considered by the 
JMPR is unlikely to present a public health concern 
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5.17 Fluindapyr (328)  

TOXICOLOGY 

Fluindapyr is the International Organization for Standardization-approved name for 
3-(difluoromethyl)-N-(7-fluoro-1,1,3-trimethyl-2,3-dihydro-1H-inden-4-yl)-1-methyl-1H-pyrazole-4-
carboxamide (IUPAC), with Chemical Abstracts Service number 1383809-87-7. 

Fluindapyr is a systemic fungicide belonging to the chemical class of pyrazole-4-carboxamides 
and to the group of succinate dehydrogenase inhibitors (SDHI). It possesses protective, curative and 
eradicant properties, and has broad-spectrum activity against a wide range of fungal diseases in plants. 

Fluindapyr is a racemic mixture containing two enantiomers R and S in the ratio 1:1. Fluindapyr 
has not previously been evaluated by the Joint FAO/WHO Meeting on Pesticide Residues (JMPR) and was 
reviewed by the present Meeting at the request of the Codex Committee on Pesticide Residues (CCPR). 

All critical studies contained statements of compliance with good laboratory practice (GLP) and 
were conducted in accordance with current test guidelines unless otherwise specified. No additional 
information from a literature search was identified that complemented the toxicological information 
submitted for the current assessment. 

Biochemical aspects 

When labelled fluindapyr is administered orally to rats, radioactivity is rapidly absorbed, with a time to 
maximum concentration (Tmax) of three hours. After single and repeated oral administration of 
50 mg/kg body weight (bw) per day, the oral absorption was about 70–80 percent. 

After a single oral dose of 1000 mg/kg bw maximum concentration (Cmax) values for radioactivity 
were approximately 3–4 times higher than after a single oral 50 mg/kg bw dose and the area under the 
concentration–time curve (AUC) values was approximately 8–12 times higher, confirming that the extent 
of systemic exposure increased less than in direct proportion to dose. There was no accumulation of 
radioactive material in the analysed tissues. After repeated doses of unlabelled compound at 50 mg/kg 
bw followed by a single labelled dose, the highest levels of radioactivity at Tmax were found in the liver.  

The elimination of radioactivity was rapid with most of the radioactivity excreted in the first 
24 hours after administration. Less than 0.2 percent of the radioactive dose was recovered from the 
carcass at 168 hours. The majority of radioactivity was excreted via bile (c 60 percent), with 10–
20 percent of the administered radioactivity appearing in the urine of bile duct-cannulated animals. 
Higher levels of urinary excretion (c 30 percent) occurred in non-cannulated rats, indicating some degree 
of enterohepatic recirculation. The overall mean radioactivity recovered in excreta accounted for over 
90 percent of the dose. The excretion profile was similar in male and female rats. 

Fluindapyr was extensively metabolized, primarily through N-demethylation, oxidation of methyl 
groups to hydroxymethyl and further to carboxylic acids. Unchanged fluindapyr was not excreted via 
urine. The main metabolite found in the urine was 1-carboxy-N-desmethyl-fluindapyr at up to 10 percent 
of administered dose (AD). Biliary excretion was lower in females than males. The main biliary 
metabolites were 1-carboxy-N-desmethyl-fluindapyr (11 percent in males, 3.9 percent in females) and 
1-OH-methyl-fluindapyr (20 percent in males, 8 percent in females). 

Toxicological data 

The acute oral median lethal dose (LD50) for fluindapyr was greater than 2000 mg/kg bw and the dermal 
LD50 was greater than 2000 mg/kg bw. The inhalation median lethal concentration (LC50) for fluindapyr 
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Fluindapyr 

was greater than 5.19 mg/L. Fluindapyr was not irritating to the skin or eyes of rabbits, and was shown to 
be sensitizing, in a local lymph node assay (LLNA) test in mice. Fluindapyr was not phototoxic. 

In repeat-dose toxicity studies on mice, rats and dogs, the main effects were on body weight, and 
liver (increased weight and hepatocellular hypertrophy), with changes in clinical chemistry parameters. 

In a 90-day dietary toxicity study in mice, fluindapyr was administered at dietary concentrations 
of 0, 300, 1000 or 3000 ppm (equal to 0, 51, 162 and 529 mg/kg bw per day for males, 0, 81, 274 and 
799 mg/kg bw per day for females). The NOAEL was 3000 ppm (equal to 529 mg/kg bw per day), the 
highest dose tested. 

In a 90-day dietary toxicity study in rats, fluindapyr was administered at dietary concentrations of 
0, 100, 450 or 2000/6000 ppm (equal to 0, 6, 24 and 330 mg/kg bw per day for males, 0, 7, 30 and 
139 mg/kg bw per day for females). The NOAEL was 2000/(6000) ppm (equal to 139 mg/kg bw per day), 
the highest dose tested. 

In a 90-day oral toxicity study in dogs, fluindapyr was administered in gelatine capsules at dose 
levels of 0, 10, 40 or 200 mg/kg bw per day. The NOAEL was 10 mg/kg bw per day based on bile duct 
hyperplasia at 40 mg/kg bw per day. 

In a one-year, oral toxicity study in dogs, fluindapyr was administered by capsule at dose levels of 
0, 4, 8, 40 or 100 mg/kg bw per day for males and 0, 2, 4, 8 or 40 mg/kg bw per day for females. The 
NOAEL was 4 mg/kg bw per day based on hyperplasia of the bile duct at 8 mg/kg bw per day. 

In an 18-month carcinogenicity study in mice, fluindapyr was administered at dietary 
concentrations of 0, 100, 500 or 3000 ppm (equal to 0, 14, 67 and 412 mg/kg bw per day for males, 0, 18, 
84 and 538 mg/kg bw per day for females). The NOAEL for toxicity was 500 ppm (equal to 67 mg/kg bw 
per day) based on hepatotoxicity (increased weights, hypertrophy, necrosis and higher incidences of 
pigmented macrophages) at 3000 ppm (equal to 412 mg/kg bw per day). The NOAEL for carcinogenicity 
was 3000 ppm (equal to 412 mg/kg bw per day), the highest dose tested. 

In a 104-week combined chronic toxicity and carcinogenicity study in rats, fluindapyr was 
administered in the diet at concentrations of 0, 100, 400 or 1600 ppm (equal to 0, 4, 17 and 67 mg/kg bw 
per day for males, 0, 5, 21 and 83 mg/kg bw per day for females), and additionally 4800 ppm (equal to 
202 mg/kg bw per day) for males only. The NOAEL for toxicity and carcinogenicity was 100 ppm (equal to 
5 mg/kg bw per day) based on increases in mammary gland adenocarcinomas in females at 400 ppm 
(equal to 21 mg/kg bw per day). 

The Meeting concluded that fluindapyr is carcinogenic in female rats but not in mice or male rats. 

Fluindapyr was tested for genotoxicity in an adequate range of in vitro and in vivo assays. 
No evidence of genotoxicity was found. 

The Meeting concluded that fluindapyr is unlikely to be genotoxic. 

In view of the lack of genotoxicity and the absence of carcinogenicity in mice and male rats, and 
the fact that the carcinogenicity in female rats exhibits a threshold, the Meeting concluded that fluindapyr 
is unlikely to pose a carcinogenic risk to humans at levels occurring due to exposure from the diet. 

In a two-generation reproductive toxicity study in rats, fluindapyr was administered at dietary 
concentrations of 0, 100, 400 or 1600/3200 ppm (equal to of 0, 4.8, 19.6, and 161 mg/kg bw per day for 
males, 0, 6.7, 26, and 201 mg/kg bw per day for females). The NOAEL for parental toxicity was 400 ppm 
(equal to 19.6 mg/kg bw per day) based on thyroid follicular cell hypertrophy at 3200 ppm (equal to 
161 mg/kg bw per day). The reproductive NOAEL was 400 ppm (equal to 26 mg/kg bw per day) based on 
the effects on female reproductive organs associated with changes in the oestrous cycle observed at 
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Fluindapyr 

study and using a safety factor of 100. The margin between the upper bound ADI and the LOAEL for 
tumours in rats is 525 times. 

The Meeting established an ARfD of 0.6 mg/kg bw on the basis of the NOAEL of 60 mg/kg bw, in 
the acute neurotoxicity study in rats and using a safety factor of 100. 

A toxicological monograph was prepared. 

Levels relevant to risk assessment of fluindapyr 

Species Study Effect NOAEL LOAEL 

Mouse 78-week study of toxicity 
and carcinogenicity a 

Toxicity 500 ppm, equal to 
67 mg/kg bw/day 

3000 ppm, equal to 
412 mg/kg bw/day 

Carcinogenicity 3000 ppm, equal to 
 412 mg/kg bw/day c 

- 

Rat  Acute neurotoxicity 
study b 

Systemic toxicity 

Neurotoxicity 

60 mg/kg bw  

2000 mg/kg bw c 

125 mg/kg bw 

- 

Two-year study 
of toxicity and 
carcinogenicity a 

Toxicity 100 ppm, equal to 
5 mg/kg bw/day 

400 ppm, equal to 
21 mg/kg bw/day 

Carcinogenicity 100 ppm, equal to 
5 mg/kg bw/day 

400 ppm, equal to 
21 mg/kg bw/day 

Two-generation study 
of reproductive 
toxicity a 

Reproductive 
toxicity 

400 ppm, equal to 
26 mg/kg bw/day 

3200 ppm, equal to 
201 mg/kg bw/day 

Parental toxicity 400 ppm, equal to 
19.6 mg/kg bw/day c 

3200 ppm, equal to 
161 mg/kg bw/day 

Offspring toxicity 400 ppm, equal to 
19.6 mg/kg bw/day c 

3200 ppm, equal to 
161 mg/kg bw/day c 

Developmental toxicity 
study b 

Maternal toxicity 300 mg/kg bw/day 1000 mg/kg bw/day 

Embryo/fetal 
toxicity 

1000 mg/kg bw/day c - 

Rabbit Developmental toxicity 
study b 

Maternal toxicity 250 mg/kg bw/day 750 mg/kg bw/day d 

Embryo/fetal 
toxicity 

750 mg/kg bw/day c - 

Dog  One-year study of 
toxicity e 

Toxicity 4 mg/kg bw/day 8 mg/kg bw/day 

Notes: 
a Dietary administration. 
b Gavage administration. 
c Highest dose tested. 
d Lowest dose tested. 
e Capsule administration. 

 

Acceptable daily intake (ADI)* 

0–0.04 mg/kg bw 

Acute reference dose (ARfD)* 

0.6 mg/kg 
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*Applies to fluindapyr, 3-OH-fluindapyr, 1-OH-met-fluindapyr, cis/trans 1-COOH-fluindapyr, 1-OH-
met-N-desmethyl-fluindapyr, N-desmethyl-fluindapyr, 1-SO4-met-fluindapyr and 1-SO4-desmethyl-
fluindapyr. 

 

Information that would be useful for the continued evaluation of the compound 

Results from epidemiological, occupational health and other such observational studies of human 
exposure. 

Critical end-points for setting guidance values for exposure to fluindapyr 

Absorption, distribution, excretion and metabolism in mammals 

Rate and extent of oral absorption Rapidly absorbed; (Tmax 3 h), oral absorption is >70 percent (rat) 

Dermal absorption No data 

Distribution Wide; highest concentrations in liver 

Potential for accumulation No evidence of accumulation 

Rate and extent of excretion Rapid and nearly complete via urine and faeces; 
80 percent within 24 hours 

Metabolism in animals Extensively metabolized mainly through N-demethylation, 
oxidation of methyl groups to hydroxymethyl and further to 
carboxylic acid 

Toxicologically significant compounds in 
animals and plants 

Fluindapyr (parent); 
3-OH-fluindapyr, 1-OH-met-fluindapyr,  
cis/trans 1-COOH-fluindapyr, N-desmethyl-fluindapyr,   
1-OH-met-N-desmethyl-fluindapyr, 1-SO4-met-fluindapyr,  
1-SO4-desmethyl-fluindapyr, N-desmethyl-pyrazole carboxylate 

Acute toxicity 

Rat, LD50, oral >2000 mg/kg bw 

Rat, LD50, dermal >2000 mg/kg bw 

Rat, LC50, inhalation >5.19 mg/L 

Rabbit, dermal irritation Not irritating 

Rabbit, ocular irritation Not irritating 

Mouse, dermal sensitization Sensitizing (LLNA) 

Short-term studies of toxicity 

Target/critical effect Body weight, and liver; 
increased weight, clinical chemistry, 
bile duct hypertrophy (dog) 

Lowest relevant oral NOAEL 4 mg/kg bw per day (dog) 

Long-term studies of toxicity and carcinogenicity 

Target/critical effect Mammary tumours (rat) 
Liver (mouse)  

Lowest relevant NOAEL 5 mg/kg bw per day (rat) 

Carcinogenicity Mammary tumours in female rats a 

Genotoxicity Unlikely to be genotoxic 
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Reproductive toxicity 

Target/critical effect Lower body weight (pup and parent), thyroid toxicity, altered 
estrous cycling 

Lowest relevant parental NOAEL 19.6 mg/kg bw per day (rat) 

Lowest relevant offspring NOAEL 19.6 mg/kg bw per day (rat) 

Lowest relevant reproductive NOAEL 26 mg/kg bw per day (rat) 

Developmental toxicity  

Target/critical effect Reduction in body weight and body weight gain 

Lowest relevant maternal NOAEL 250 mg/kg bw per day (rabbit) 

Lowest relevant embryo/fetal NOAEL 750 mg/kg bw per day (rabbit) 

Neurotoxicity  

Acute neurotoxicity NOAEL 60 mg/kg bw, (systemic toxicity, rat)  

2000 mg/kg bw, the highest dose tested (neurotoxicity, rat) 

Subchronic neurotoxicity NOAEL 123 mg/kg bw per day, the highest dose tested (rat) 

Developmental neurotoxicity NOAEL No data 

Other toxicological studies  

Immunotoxicity No evidence from routine studies 

Studies on toxicologically relevant metabolites 

3-hydroxy-fluindapyr Acute oral LD50: >2000 mg/kg bw (rat) 
Unlikely to be genotoxic  

1-trans-COOH-fluindapyr Acute oral LD50: >2000 mg/kg bw (rat) 
28-day NOAEL: 614mg/kg bw per day (rat) 
Unlikely to be genotoxic 

1-cis-COOH-fluindapyr Acute oral LD50: >2000 mg/kg bw (rat) 
28-day NOAEL: 651mg/kg bw per day (rat) 
Unlikely to be genotoxic 

Microbiological data No data available 

Human data No clinical cases or poisoning incidents have been recorded 

Notes: 
a Unlikely to pose a carcinogenic risk to humans via exposure from the diet. 

 

Summary 

 Value Study Safety factor 

ADI 0–0.04 mg/kg bw a One-year dog study supported by a two-year rat study. 100 

ARfD 0.6 mg/kg bw Acute neurotoxicity study 100 

Notes: 
a Applies to fluindapyr and 3-OH- fluindapyr, 1-OH-met-fluindapyr, cis/trans 1-COOH-fluindapyr,1-OH-met-N-desmethyl-
fluindapyr, N-desmethyl-fluindapyr, 1-SO4-met-fluindapyr and 1-SO4-desmethyl-fluindapyr. 
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with an re-treatment interval (RTI) of 123 days) at a rate of 237–313 g ai/ha per application. Each outdoor 
plot contained one plant.  

At 14 days after the second application, total radioactive residues (TRR) were 
0.089/0.36 mg eq/kg in grapes and 16/26 mg eq/kg in grape leaves. A fruit surface wash with methanol 
released 79/81 percent TRR, indicating that fluindapyr residues remained mainly on the surface of the 
grapes. Leaves and grapes were extracted with acetonitrile/water, followed by extraction with 
methanol/water. Part of the extract was partitioned against dichloromethane and subjected to hydrolysis 
with HCl, which did not release much more of unconjugated forms. Both conjugated and unconjugated 
forms could be identified before hydrolysis. The surface wash with methanol and extraction released 
most of the radioactivity for both labels in fruit (> 98.8 percent TRR) and in leaf (> 90 percent TRR) 
samples.  

Approximately 99 percent TRR could be identified in grape berries and 88/92 percent TRR in 
grape leaves with both labels. Parent fluindapyr accounted for 63/65 percent TRR (0.056/0.24 mg/kg) in 
grapes and 38/54 percent TRR (5.9/14 mg/kg) in grape leaves. 1-OH-Met-fluindapyr and its conjugates 
accounted for 20 percent TRR (0.017/0.07 mg eq/kg) in grapes and 39/25 percent TRR (6.0/6.4 mg eq/kg) 
in grape leaves. A second metabolite found at significant concentrations was 3-OH-fluindapyr at levels of 
15/12 percent TRR (0.013/0.04 mg eq/kg) in grapes and 12–9.3 percent TRR (1.8/2.4 mg eq/kg) in grape 
leaves. Minor metabolites were found in fruit and leaves, but none exceeded 0.2 percent TRR (< 0.001–
0.064 mg eq/kg).  

Chiral analysis of fluindapyr in leaves showed no significant change in the enantiomeric 
composition, indicating non-selective metabolic biotransformation. However, in grapes, fluindapyr 
present in the rinsing (79–81 percent of TRR) showed an enantiomeric ratio approximately 50:50 while in 
the extract this ratio was approximately 70:30. 

Sugar beets  

Phenyl or pyrazole labelled fluindapyr was applied as an EC formulation to sugar beet plants, with three 
foliar spray applications at root development (BBCH stage 35/38, 39/49, and 49, corresponding with RTI 
of 33 and 28 days between the subsequent applications) at a rate of 113-149 g ai/ha per application.  

At 30 days after the last application (DALA), total radioactive residues were 
0.084/0.122 mg eq/kg in mature sugar beet roots and 1.67/1.64 mg eq/kg in mature sugar beet foliage. 
Extraction with dichloromethane/water released most of the radioactivity for both labels in roots 
(90/92 percent TRR) and in foliage (92/93 percent TRR) samples. The aqueous fraction was subjected to 
acid hydrolysis to release the unconjugated forms of the conjugated metabolites. Exhaustive extraction 
with enzymes and acid/base released another 4.0–5.7 percent TRR.  

Approximately 89/86 percent TRR could be identified in sugar beet root and 90/88 percent TRR in 
mature foliage with both labels.  

Parent fluindapyr accounted for 43/50 percent TRR (0.036/0.062 mg/kg) in sugar beet roots and 
18/15 percent TRR (1.5/1.4 mg/kg) in mature foliage. The 1-OH-Met-fluindapyr diastereomer 2 could not 
be distinguished from 1-COOH-fluindapyr, diastereomer 2, with the phenyl label and together accounted 
for 26 percent TRR (0.022 mg eq/kg) in mature sugar beet root, where an addition 8.4 percent TRR 
(0.007 mg eq/kg) accounted for the remaining 1-OH-Met-fluindapyr diastereomers in mature roots. 1-OH-
Met-fluindapyr diastereomers in sugar beet foliage accounted for 66/62 percent TRR (1.1/1.0 mg eq/kg). 
The diastereomer 1 of COOH-fluindapyr accounted for 4.1/2.1 percent TRR (0.003 mg eq/kg) in sugar beet 
root. Metabolite 1-OH-Met-N-DesMet-fluindapyr accounted for 1.2/0.4 percent TRR and 1.8/1.7 percent 
TRR in sugar beet root and foliage, respectively, accounting for 0.001 mg eq/kg in roots and 
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0.029/0.028 mg eq/kg in foliage. Two other metabolites 3-OH-fluindapyr and N-DesMet-fluindapyr, either 
single or combined, were found, but below 10 percent TRR with only 3-OH-fluindapy observed at levels 
above 0.01 mg eq/kg(2.0/1.3 percent TRR, 0.034/0.022 mg eq/kg) in sugar beet foliage. Finally, 3-OH-N-
DesMet-fluindapyr was observed at low levels (0.24/0.64 percent TRR, 0.004/0.010 mg eq/kg) in sugar 
beet foliage.  

Chiral analysis of fluindapyr showed no significant change in the enantiomeric composition.  

Wheat  

Phenyl or pyrazole labelled fluindapyr was applied as an EC formulation to wheat plants, with two foliar 
spray applications at BBCH stage 31–33 and BBCH 65 (RTI 28 days) at a rate of 124–130 g ai/ha per 
application. Plants were harvested at BBCH47-49 (immature whole plants/forage stage and 3–4 days 
after the first application), BBCH 83 (21–22 DALA; immature whole plants/hay stage), mature grain and 
straw (41–42 DALA).  

At 41–42 DALA, TRR were 0.020/0.038 mg eq/kg in wheat grain and 15/13 mg eq/kg in wheat 
straw. Total residues in wheat forage (3–4 days after the first application) and in wheat hay (21–22 
DALA) were 1.2/2.2 and 5.5/7.4 mg eq/kg, respectively. Samples were extracted four times with 
acetone/water. Straw and grain were extracted a fifth time with acetone/HCl. Extracts from forage, hay 
and straw were sequentially partitioned with n-hexane and ethyl acetate. Most of the radioactivity for both 
labels was released in samples of grain (66/77 percent TRR), forage (99/97 percent TRR), hay 
(103/93 percent TRR), and straw (90/84 percent TRR). Exhaustive extraction with enzymes and acid/base 
released another 22/13 percent TRR in grain and 6.4/7.3 percent TRR in straw.  

In wheat grain, 66/78 percent TRR could be identified, whereas 99/97 percent TRR, 
103/93 percent TRR, and 90/85 percent TRR was identified in wheat forage, hay and straw, respectively.  

Parent fluindapyr accounted for 46/56 percent TRR (0.0093/0.021 mg/kg) in wheat grain and for 
37/31 percent TRR (0.46/0.66 mg/kg) in wheat forage, 31/28 percent TRR (1.7/2.1 mg/kg) in wheat hay, 
and 29/28 percent TRR (4.3/3.7 mg/kg) in wheat straw.  

The 3-OH-fluindapyr metabolite accounted for 20/22 percent TRR (0.0042/0.0084 mg eq/kg) in 
wheat grain, 4.5/5.5 percent TRR (0.056/0.12 mg eq/kg) in wheat forage, 10/11 percent TRR 
(0.57/0.79 mg eq/kg) in wheat hay, and 12/14 percent TRR (1.8 mg eq/kg) in wheat straw.  

Metabolite 1-OH-Met-fluindapyr (free and glucosyl and glucosyl sulphate conjugates) was not 
identified in grain, but found to be a major metabolite in wheat forage, hay and straw, ranging from 35-
60 percent TRR with both labels (0.64–7.1 mg eq/kg). Metabolite 1-OH-Met-N-DesMet-fluindapyr as 
glucosyl conjugate was found at low levels in forage, hay and straw (0.38–5.1 percent TRR, 0.029–
0.066 mg eq/kg) as were the pyrazole label specific metabolites pyrazole carboxylic acid and 
carboxamide with 2.9–3.8 percent TRR (0.082–0.42 mg eq/kg) and 0.40–2.9 percent TRR (0.0087–
0.38 mg eq/kg), respectively.  

Chiral analysis of fluindapyr showed an R:S change of 50:50 in the test formulations to a mean 
ratio of 66:34 in the forage, hay and straw samples. The radioactivity levels in grain extracts were too low 
to be analysed by chiral HPLC. 

Rice  

Phenyl or pyrazole labelled fluindapyr was applied as an EC formulation to rice plants, with two foliar 
spray applications at BBCH stage 33 and BBCH 75 (corresponding with an RTI of 70 days) at a rate of 
114–122 g ai/ha per application. Samples of husked grain and straw were harvested at 58 DALA.  
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Total radioactive residues were 0.78/0.65 mg eq/kg in rice grain and 1.8/2.2 mg eq/kg in rice 
straw. Samples were extracted 3 times with acetonitrile/water followed by extraction with 
methanol/water. Part of the extract was partitioned with dichloromethane and the aqueous fraction 
subjected to hydrolysis with HCl. Similar identification results were found in the parallel extracts of 
dichloromethane and the aqueous fraction after acid hydrolysis. Extraction released most of the 
radioactivity for both labels in samples of rice grain and straw (93–98 percent TRR). 

In husked rice grain and rice straw 94/91 percent TRR and 95/96 percent TRR could be identified, 
respectively. Fluindapyr accounted for 53/57 percent TRR (0.41/0.37 mg/kg) in husked rice grain and 
55/56 percent TRR (1.0/1.2 mg/kg) in rice straw.  

Metabolite 1-OH-Met-fluindapyr accounted for 22/17 percent TRR (0.17/0.11 mg eq/kg) and 
23/19 percent TRR (0.43/0.21 mg eq/kg) in rice grain and rice straw, respectively.  

The 3-OH-fluindapyr metabolite accounted for 9.1/8.2 percent TRR (0.072/0.053 mg eq/kg eq) in 
rice grain and for 11/11 percent TRR (0.20/0.25 mg eq/kg) in rice straw. Metabolite 1-COOH-fluindapyr 
was found at 4.2/4.0 percent TRR (0.033/0.026 mg eq/kg) in rice grains and 3.7/4.4 percent TRR 
(0.068/0.099 mg eq/kg) in rice straw. Low levels of N-DesMet-fluindapyr and dehydro-fluindapyr were 
found in rice grain (0.4–1.0 percent TRR) and rice straw (0.9–1.1 percent TRR), ranging from 0.003–
0.006 mg eq/kg in rice grains to 0.016–0.025 mg eq/kg in rice straw.  

Chiral analysis of fluindapyr in rice grain and straw indicated that a slight change in the original 
(50:50) enantiomeric ratio (R:S) took place and was determined to be approximately 60:40. 

Soya bean  

Phenyl or pyrazole labelled fluindapyr was applied as an EC formulation to soya bean plants, with three 
foliar spray applications at BBCH stage 15–16, BBCH 55-60, and BBCH 79 (corresponding with RTIs of 21 
and 60 days, respectively) at a rate of 117–129 g ai/ha per application. Two additional plots were also 
treated at a higher rate of 667–676 g ai/ha for generation additional metabolized for identification 
purposes, if needed. Plants were grown in outdoor pots and samples of immature forage were taken at 21 
days after the first application (28 prior to the second application), hay was harvested after two 
applications, and mature seeds were collected 30 DALA. 

Total radioactive residues were 0.013/0.090 mg eq/kg in soya bean seed, and 0.30/0.51 mg eq/kg 
in soya bean forage and 1.8/1.6 mg eq/kg in soya bean hay. Samples were extracted 3 times with 
acetonitrile/water followed by extraction with methanol/water. Part of the extract was partitioned with 
dichloromethane and the aqueous fraction subjected to hydrolysis with HCl. Similar identification results 
were found in the parallel extracts of dichloromethane and the aqueous fraction after acid hydrolysis, 
Extraction with dichloromethane/water released most of the radioactivity for both labels in samples of 
soya bean seed, forage and hay (92–98 percent TRR). Exhaustive (enzyme and acid/base) extraction 
released another 2–3 percent TRR in soya bean hay.  

Insufficient radioactivity was detected for characterization and identification of metabolites in 
soya bean seed.  

Fluindapyr accounted for 5.7/5.9 percent TRR and 12 percent TRR (0.017/0.031 mg/kg and 
0.22/0.19 mg/kg) in soya bean forage and hay, respectively. Free and conjugated 1-OH-Met-fluindapyr 
accounted for 31–40 percent TRR (0.12/0.47 mg eq/kg) in both RACs. Free and conjugated 1-OH-Met-N-
DesMet-fluindapyr represented 9.5–12 percent TRR (0.034–0.17 mg eq/kg) in both matrices. The sum of 
DesMet-fluindapyr-N1-conjugates ranged from 14 to 18 percent TRR (0.046–0.33 mg eq/kg) in forage and 
hay. Metabolites found at lower concentrations were N-DesMet-fluindapyr-N-Ser (3.5–4.0 percent TRR, 
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0.012–0.062 mg eq/kg), 3-OH-fluindapyr (2.4–4 percent TRR, 0.012–0.077 mg eq/kg), N-DesMet-
fluindapyr (1.0–4.6 percent TRR, 0.013–0.025 mg eq/kg)), dehydro-fluindapyr (0.046–0.13 percent TRR, 
0–0.001 mg eq/kg), and pyrazole carboxamide (1.1 percent TRR (0.006 mg eq/kg) in forage only). 

Chiral analysis of fluindapyr in soya bean hay and forage samples indicated that a slight change 
in enantiomeric ratio (R:S) took place and was determined to be approximately 60:40. 

Summary of plant metabolism 

Plant metabolism studies have been presented covering foliar treatments in grape, sugar beet, wheat, 
rice, pulses and soya bean. The application rates used in the metabolism studies with crops covering the 
current uses on cereals (wheat, sorghum, maize and rice) are slightly lower and RTIs are longer. However, 
exaggerated application rates were also used, showing similar distribution patterns. 

The enantiomeric ratio R:S in some crops remained 50:50 (grape leaves and rinse, sugar beet 
foliage), however, in other crops a shift could be observed into a ratio ranging from 60:40 to 70:30 (grape, 
wheat forage/hay/straw, rice grain/straw, soya bean hay/forage). 

The metabolic pathways of fluindapyr where similar in the crops investigated, mainly through 
hydroxylation and oxidative-N-demethylation, both followed by conjugation. Parent fluindapyr was a 
major residue in grapes, sugar beet root, wheat grain, and rice grain. Major identified metabolites were 1-
OH-Met-fluindapyr (free and conjugated), 3-OH-fluindapyr, 1-OH-Met-N-DesMet-fluindapyr (free and 
conjugated) in soya bean forage only and DesMet-fluindapyr-conjugates in soya bean forage and hay only. 

Environmental fate 

The Meeting received information on hydrolytic stability, photochemical degradation in water and soil, 
aerobic soil metabolism, and soil degradation field studies for fluindapyr.  

Hydrolysis 

Radiolabelled fluindapyr, incubated in the dark in sterile aqueous buffered solutions at pH 4, 7, and 9 for 5 
days at 50 °C remained stable. No degradation products were detected and the enantiomeric ratio 
remained unchanged. The results indicate that fluindapyr is hydrolytically stable at environmental 
conditions. 

Photochemical degradation 

In an aqueous photolysis study, [14C- phenyl]-fluindapyr and [14C-pyrazole]-fluindapyr was incubated in 
sterile non-buffered water under simulated sunlight at 25 ± 1.0 ºC, equivalent to summer sunlight 
(55 °North in June). The DT50 of fluindapyr was calculated to be 4.3 and 2.9 years, with only minor 
degradation products identified. Two of the minor products were confirmed as 3-OH-fluindapyr and the 
pyrazole-amide. The distribution of the two enantiomers remained 50:50 throughout the entire irradiation 
duration. 

In a soil photodegradation study [14C-pyrazole]- or [14C-phenyl]-labelled fluindapyr slowly 
degraded in the irradiated samples, with an associated increase of 3-OH-fluindapyr (up to 9.7 percent AR) 
and pyrazole-carboxamide (up to 7 percent AR after 15 days). The estimated photolysis DT50 in clay loam 
soil was 54–61 experimental days, equivalent to 163–183 natural sunlight days at 50 °N. 

In summary, the Meeting concluded that photodegradation contributes to some extent to the 
overall degradation of fluindapyr in soil, but photolysis of fluindapyr in water is insignificant. 
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Aerobic soil metabolism (laboratory studies) 

The biotransformation of [14C-phenyl]- or [14C-pyrazole]-fluindapyr in soil was investigated in four 
European and four US soils under laboratory conditions. The equivalent of 127–128 g fluindapyr/ha was 
mixed with soil and incubated under aerobic conditions in the dark at 20 °C for 120–151 days.  

The estimated DT50 for fluindapyr ranged from 141to 353 days in the various soils with both 
labels, with a geometric mean of 223 days. Three degradation products were identified above 5 percent 
AR; 3-OH-fluindapyr (max 15 percent AR at DAT-120), and cis-1-COOH-fluindapyr (max 13 percent AR at 
DAT-151) and trans-1-COOH-fluindapyr (max 11 percent AR at DAT-151). The enantiomeric ratio remained 
constant during the studies (approximately 50:50).  

The aerobic degradation of the three soil metabolites 3-OH-fluindapyr, cis-1-COOH-fluindapyr and 
trans-1-COOH-fluindapyr and the photolytic soil metabolite pyrazole carboxamide was investigated under 
laboratory conditions for up to approximately 120 days in different soils from Europe or the United States 
in four studies. The DT50 values for 3-OH-fluindapyr were >1000 days in three European soils and ranged 
from 794 to 1302 days in three US soils. The DT50 values for cis- and trans-1-COOH-fluindapyr ranged from 
102 to 320 days in three US soils, and ranged from 1.7 to 4.1 days in two European and two US soils for 
pyrazole carboxamide  

Soil degradation (field studies) 

The field dissipation of fluindapyr has been studied in Europe and the United States. Residues of 
fluindapyr were detected predominantly in the upper 15 cm of the soils, with incidental findings in the 
following 10–25/15–30 cm layers. The DT50 for total residues ranged from 30 to 168 days, with a 
geometric DT50 of 91 days.  

Residues in succeeding or rotational crop 

The Meeting received information on the metabolism of fluindapyr in wheat, carrot, and lettuce grown as 
confined rotational crops, and in a range of representative field crops grown in fluindapyr treated soil. 

Confined rotational crop studies 

In two confined rotational crop studies in Italy, soil was treated with either [14C-phenyl]- or [14C-pyrazole]-
labelled fluindapyr at 360/387 g ai/ha (covering the current registered uses at a maximum seasonal rate 
of 300 g ai/ha) and planted with lettuce, carrots and wheat at plant-back intervals at 30 days, 120, and 
300 days. The TRR in the different RACs were highest when using the pyrazole label declining from 0.037 
(plant back interval (PBI) of 30 days) to 0.019 mg eq/kg (PBI 300 days) in carrot root (phenyl label) and 
increasing from 0.081 (PBI 30) to 0.11 (PBI 300) mg eq/kg (pyrazole label) in first to last rotation. Similar 
patterns was observed in carrot tops, with a decline from 0.18 to 0.075 mg eq/kg (phenyl) and increase 
from 1.1 to 1.7 mg eq/kg (pyrazole label); in immature lettuce, from 0.070 mg eq/kg to 0.046 mg eq/kg 
(phenyl) and 0.22 mg eq/kg to 0.25 mg eq/kg (pyrazole) and mature lettuce 0.081 to 0.044 mg eq/kg 
(phenyl) and 0.23 to 0.34 mg eq/kg (pyrazole).  

Residues in wheat matrices were generally higher, remaining constant over the three rotations 
and the patterns between the two labels were similar: 1.5 to 0.73 mg eq/kg (phenyl) and 2.9 to 
2.8 mg eq/kg (pyrazole) in wheat grain, 0.35 to 0.36 mg eq/kg (phenyl) and 0.54 to 0.37 mg eq/kg 
(pyrazole) in wheat forage; 0.82 to 0.62 mg eq/kg (phenyl) and 1.5 to1.7 mg eq/kg (pyrazole) in rotated 
wheat hay; 2.0 to 1.3 mg eq/kg (phenyl) and 3.8 to 3.2 mg eq/kg (pyrazole) in wheat straw. 

Extracted radioactivity from all different crop matrices was high and generally ranged from 83 to 
99 percent TRR. Only the radioactivity in the PES of wheat straw and grain needed further investigation 
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and was present mainly as cellulose 14C-incorporated natural products, representing 6–10 percent TRR in 
straw and 3–5 percent TRR in grain. 

The identified residues (fluindapyr, 3-OH-fluindapyr, 1-COOH-fluindapyr (and its conjugates), 1-
OH-Met-fluindapyr (and its conjugates), N-DesMet-fluindapyr (and its conjugates), N-DesMet-pyrazole 
carboxylic acid, pyrazole carboxylic acid, pyrazole carboxamide) were common in all crops but their 
magnitude varied depending on the individual crop, matrix and label.  

In commodities relevant for human consumption and considering the phenyl label study, 
fluindapyr was one of the main components found, accounting for 2.8–20 percent TRR (0.006–
0.015 mg eq/kg) in immature lettuce, 6.1–15 percent TRR (0.084–0.39 mg eq/kg) in wheat grain and up 
to 65–70 percent TRR (0.013–0.026 mg eq/kg) in carrots.  

Metabolite 3-OH-fluindapyr accounted for 9.8–25 percent TRR (0.004–0.005 mg eq/kg) in carrot 
roots, 7.3–8.5 percent TRR (0.003–0.007 mg eq/kg) in (im)mature lettuce, and 11 percent TRR (0.092–
0.17 mg eq/kg) in wheat grain.  

Free and conjugated 1-OH-Met-fluindapyr accounted for 8.2–9.4 percent TRR (0.002–
0.004 mg eq/kg) in first two rotations only in carrot roots, 23–34 percent TRR (0.011–0.027 mg eq/kg) in 
(im)mature lettuce, and 47–52 percent TRR (0.42–0.78 mg eq/kg) in wheat grain.  

Free and conjugated 1-COOH-fluindapyr accounted for 9.5–9.6 percent TRR (0.003–
0.004 mg eq/kg) in carrot roots, 16–34 percent TRR (0.012–0.018 mg eq/kg) in (im)mature lettuce, and 
5.9–10.0 percent TRR (0.082–0.11 mg eq/kg) in wheat grain. 

The pyrazole specific metabolites included (conjugates of) N-DesMet-pyrazole carboxylic acid, 
pyrazole carboxylic acid and pyrazole carboxamide. Free and conjugated N-DesMet-pyrazole carboxylic 
acid increased in time and represented the majority of the radioactivity in carrot roots, with 48–
65 percent TRR (0.022–0.065 mg eq/kg) and in (im)mature lettuce with 62–82 percent TRR (0.12–
0.21 mg eq/kg). In wheat grain, N-DesMet-pyrazole carboxylic acid accounted for 3–10 percent TRR 
0.087–0.31 mg eq/kg), pyrazole carboxylic acid for 12–29 percent TRR (0.27–0.69 mg eq/kg) and 
pyrazole carboxamide for 1.7–16 percent TRR (0.050–0.45 mg eq/kg). Pyrazole carboxylic acid and 
pyrazole carboxamide were below 10 percent TRR in the other commodities, except in carrot roots at PBI 
120 and 300 days (14–18 percent TRR) and in (im)mature lettuce at PBI 120 and 300 days (11–
13 percent TRR). 

In feed commodities, the levels of parent varied from 0.24–11 percent TRR (0.004–
0.013 mg eq/kg) in carrot tops to 13–32 percent TRR (0.050–0.14 mg eq/kg) in wheat forage. The 
(conjugated) metabolite 1-OH-Met-fluindapyr represented a major part of the radioactive residue in the 
phenyl-label, ranging from 11–36 percent TRR (0.061–0.13 mg eq/kg) in wheat forage to 17–46 percent 
TRR (0.49–1.6 mg eq/kg) in wheat straw. In the pyrazole-label, free and conjugated pyrazole carboxylic 
acid was present in forage (13–24 percent TRR, 0.050–0.12 mg eq/kg) and straw (9.1–28 percent TRR, 
0.34–0.89 mg eq/kg), while in carrot tops free and conjugated N-DesMet-pyrazole carboxylic acid was 
more pronounced (52–58 percent TRR, 0.64–0.99 mg eq/kg). 3-OH-fluindapyr, and free and conjugated 
pyrazole carboxamide, N-DesMet-fluindapyr, and 1-COOH-fluindapyr also contributed to the total 
radioactive residues, with levels depending on crop matrix and on PBI.  

A third confined rotational crop study was performed using a single bare soil application of 356–
360 g ai/ha and wheat as a rotational crop planted at PBI 30 and 120 days. This study confirmed the 
rather high concentrations TRR found in wheat commodities.  
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commodities are expected at maximum concentrations of 0.1 mg/kg or lower, while quantifiable 
concentrations are not expected in commodities for human consumption. 

None of the other metabolites have a potential to accumulate in soil. Considering the scattered 
and low levels found in both food and feed commodities, the Meeting concluded that potential residues 
found in rational crops will not contribute significantly to the total dietary intake nor to the total dietary 
burden and need not be further considered. 

One exception is the common metabolite N-DesMet-pyrazole carboxylic acid, which was observed 
at relevant exposure levels in several food crops. This metabolite is also a metabolite formed after use of 
other active substances, such as bixafen, benzovindiflupyr, and inpyrfluxam. The Meeting considered the 
residues of N-DesMet-pyrazole carboxylic acid observed in field rotational crop data after use with 
fluindapyr, bixafen (Report 2021- extra Meeting) and inpyrfluxam or estimated concentrations following 
direct treatment with benzovindiflupyr. The highest STMRs from each of the compounds were used for 
the exposure estimation, assuming no combined field treatments since the compounds belong to the 
same chemical group of fungicidal agents (Table 5.17.2). 

Table 5.17.2 Overview of anticipated N-DesMet-pyrazole carboxylic acid residues in rotational crops 
found after use of both fluindapyr (F), bixafen (B), and inpyrfluxam (I) in field rotational crop studies or 
estimated concentrations following direct treatment with benzovindiflupyr (Ben)  

Commodity group Field rotational crop 
commodity 

N-DPCA in mg/kg (highest concentrations 
per trial from all PBIs) 

STMR, mg/kg 

Root and tuber 
vegetables  
  

Carrot and radish roots F: < 0.01 (3), 0.014  F: 0.01  
B: 0.016 Carrot roots B: < 0.01, < 0.01, 0.44 

Potato tuber B: 0.016, 0.016, 0.061, 0.064 
Combined B: < 0.01, < 0.01, 0.016, 0.016, 0.044, 0.061, 

0.064 
Leafy crops and brassica 
(extrapolated to stalk and 
stem vegetables)  
  
 
  

Lettuce (mature and 
immature)  

F: < 0.01 (7), 0.028  
B: < 0.01, 0.017, 0.092 

F: 0.01  
B: 0.01  
 
 
 
 

Cabbage (mature and 
immature)  

F: < 0.01 (7), 0.025  
B: < 0.01 (3), 0.01 

Radish leaves  
 

F: < 0.01, 0.020  
I: 0.015 a 

Carrot foliage  F: < 0.01, < 0.01  
Combined  F: < 0.01 (15), 0.01 (2), 0.020, 0.025, 0.028  

B: < 0.01 (6), 0.01, 0.017, 0.092, 0.18 

Fruiting vegetables  
 

Tomato  F: < 0.01 (4) 
 

F: 0.01  
B: 0.01  

Courgettes B: < 0.01 (2), 0.015, 0.023 
Strawberries B: < 0.01 (4) 
Combined B: < 0.01 (6), 0.015, 0.023 

Pulses  
(Extrapolated to legume 
vegetables and oil seeds)  
  

Soya bean seed (dry) F: < 0.01 (2), 0.065, 0.073  
I: < 0.02 (7), 0.02, 0.023, 0.024, 0.026, 0.028, 
0.032, 0.036, 0.037, 0.051, 0.062, 0.095, 
0.13, 0.16, 0.19  

F: 0.0375 
I: 0.026 
B: 0.0235 
 

Peas (dry) B: < 0.01 (2), 0.037, 0.082 
Cereal grains  
 
 

Wheat grain  F: < 0.01 (4)  F: 0.01 
B: 0.01  Barley/wheat B: < 0.01 (3) 

Maize B: < 0.01 (3), 0.063 
Combined B: < 0.01 (6), 0.063 

Bulb vegetables  Leek B: < 0.01 (2), 0.016, 0.034 B: 0.013 
Oil seeds  Rape seed B: < 0.01 (4) B: 0.01 
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Commodity group Field rotational crop 
commodity 

N-DPCA in mg/kg (highest concentrations 
per trial from all PBIs) 

STMR, mg/kg 

Coffee, green  Direct treatment with 
benzovindiflupyr using 
metabolite:parent ratios from 
metabolism studies  

Ben: < 0.01 (6)   Ben: 0.01  

Notes: 

 a Single value found in confined rotational crop study. 

 

Summary of environmental fate  

Fluindapyr is slowly photodegraded on the surface of soil, forming 3-OH-fluindapyr and pyrazole 
carboxamide. Laboratory soil degradation studies showed the formation of 3-OH-fluindapyr and cis- and 
trans 1-COOH-fluindapyr. Field studies showed DT50s for total fluindapyr (1-COOH-fluindapyr, 3-OH-
fluindapyr and pyrazole carboxylic acid) ranging from 55 to168 days (geometric mean of 91 days), with 3-
OH-fluindapyr being the predominant metabolite.  

Confined laboratory studies indicate that, 3-OH-fluindapyr may be persistent in soil and have a 
potential for residue carry over to the following cropping season if application is performed annually. 
However, there was sufficient information for the Meeting to conclude that 3-OH-fluindapyr levels in 
edible commodities from rotational crops would remain below the LOQ of 0.01 mg/kg. Confined rotational 
crop studies indicated that in addition to parent and 3-OH-fluindapyr (free and conjugated), 1-COOH-
fluindapyr, 1-OH-Met-fluindapyr, N-DesMet-fluindapyr, N-DesMet-pyrazole carboxylic acid, pyrazole 
carboxylic acid, and pyrazole carboxamide can be formed in both food and feed commodities. However, 
field rotational crop studies showed that none of the metabolites are expected in rotational crops at levels 
above 0.01 mg/kg, with exception of N-DesMet-pyrazole carboxylic acid, which is also formed after 
application of other fungicides within the same chemical class. The Meeting concluded that a TTC 
approach should be applied considering residues of this metabolite coming from the uses of the different 
fungicides. 

Animal metabolism 

The Meeting received animal metabolism studies on rats, lactating goats and laying hens, where animals 
were dosed with fluindapyr radiolabelled in the (phenyl ring) or the (e.g. pyrazole ring).  

Rats 

The metabolism of fluindapyr in rats was reviewed in the framework of the toxicological evaluation by the 
WHO Core Assessment Group of the 2022 JMPR. 

Lactating goats 

Two lactating goats were orally dosed by capsule once daily for 7–8 consecutive days with either 
pyrazole-labelled fluindapyr or phenyl-labelled fluindapyr at 7.3 or 7.5 ppm feed, corresponding to 0.35 or 
0.23 mg/kg bw/day, respectively. The goats were sacrificed approximately 6 hours after the last dose. The 
majority of the total applied radioactivity (TAR) was recovered in the excreta (65–81 percent TAR), with 
lower levels in the GI tract (11–13 percent TAR). The radioactivity recovered in tissues (liver, kidney, 
muscle, and fat) accounted for 0.34 and 0.20 percent TAR, with the respective labels, with the highest 
amount in liver (0.27 percent and 0.16 percent TAR, respectively). A total of 0.017 and 0.034 percent TAR, 
respectively, was found in milk. Steady state conditions in milk were reached within 2–3 days of the first 





 Fluindapyr 307 

 

The 2 diastereomers of 1-OH-Met-fluindapyr and their sulfate conjugates represented 22 percent 
TRR in liver (0.026 mg eq/kg), 32 percent TRR in eggs (0.019 mg eq/kg), 11 percent TRR in fat 
(0.010 mg eq/kg), and 14 percent TRR in muscle (0.002 mg eq/kg), but less in skin (9.8 percent TRR, 
0.004 mg eq/kg).  

The 1-COOH-fluindapyr metabolite reached 12 percent TRR (0.001 mg eq/kg) in muscle and 
7.2 percent TRR (0.008 mg eq/kg) in liver. The 2 diastereomers of 1-OH-Met-N-DesMet-fluindapyr and/or 
the corresponding sulfate conjugates reached 8.5 percent of TRR (0.010 mg eq/kg) in liver and 4 percent 
of TRR (< 0.001 mg eq/kg) in muscle.  

Other metabolites generally represented less than 10 percent TRR and always at < 0.01 mg eq/kg, 
of which 2-OH-fluindapyr, 5'-OH-fluindapyr, 3-OH-fluindapyr, and 3-OH-Met-fluindapyr were identified in 
both phenyl and pyrazole extracts. A glycine conjugate of pyrazole carboxylic acid was detected at a trace 
level of 0.001 mg eq/kg (11.4 percent TRR) in muscle. 

Chiral analysis of fluindapyr isolated from fat and skin, showed that the S/R enantiomeric ratio 
changed from about 50/50 to 18/82 in fat and to 23/77 in the skin. 

Conclusions 

The Meeting concluded that, in all species investigated (goats, hens and rats), TAR was predominantly 
eliminated in excreta. The metabolic profiles differed somewhat, both qualitatively and quantitatively 
between the species, with the goat metabolism being the most extensive one.  

Metabolism involved mainly demethylation to N-DesMet-fluindapyr and hydroxylation to 1-OH-
Met-fluindapyr, with further sulphation being (mainly in hen tissues) and glucuronidation (goat tissues). 
Hydroxylation leading to 3-OH and 5-OH species in hens and di-OH-fluindapyr species in goats was also 
observed. 

Fluindapyr is the major component found in the majority of the goat and hen tissues and cream 
samples, but with lower levels in kidney and liver tissues and 1-OH-Met-fluindapyr was a major metabolite 
in tissues. Other metabolites include 1-COOH-fluindapyr (goat liver and kidney and hen liver and muscle), 
N-DesMet-fluindapyr in hen liver only, 1-OH-Met-N-DesMet-fluindapyr and its glucuronides in goat kidney, 
and 1-SO4-Met-fluidapyr in hen liver. 

Methods of analysis 

The Meeting received description and validation data for analytical methods for determination of 
fluindapyr, 3-OH-fluindapyr, DesMet-fluindapyr-1N-glucoside, 1-OH-Met-fluindapyr, 1-OH-Met-N-DesMet-
fluindapyr, and 1-COOH-fluindapyr in plant matrices and for fluindapyr, N-DesMet-fluindapyr, 1-OH-Met-
fluindapyr, 1-COOH-fluindapyr, 1-OH-Met-N-DesMet-fluindapyr in animal commodities. 

Plant commodities 

Analytical methods are provided for the analysis of fluindapyr and/or metabolites in crops. The method 
selected for enforcement will depend on the compounds that are being analysed. 

The QuEChERS (EN 15662:2009-2)-based method P3770G involves extraction with 
acetonitrile:water for direct analysis of fluindapyr, 3-OH-fluindapyr and DesMet-N- fluindapyr-glucoside by 
LC-MS/MS. For determination of 1-OH-Met-fluindapyr, 1-OH-Met-N-DesMet-fluindapyr and 1-COOH-
fluindapyr, the extract was hydrolysed (1 hour at 60 °C) with HCl, the pH adjusted to 4 to 6 with NaOH, and 
cleaned-up by dispersive SPE (solid phase extraction) for quantification by LC-MS/MS. The method was 
fully validated for the determination of fluindapyr, 3-OH-fluindapyr, fluindapyr-DesMet-N-glucoside in the 
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range of 0.01 (LOQ) to0.1 mg/kg in crops with high water content (sugar beet leaves, wheat forage), high 
starch content (sugar beet root), high acid content (grapes), high oil content (almond, pecan), high protein 
content (soya bean (dry seeds) and dry beans), and high starch content (wheat grain), and wheat straw 
and (dry and difficult matrix). An independent laboratory validation (ILV) was conducted to qualify this 
procedure as an enforcement method. 

Corresponding radio-validation experiments demonstrated that Method P3770G was not suitable 
for the analysis of incurred residues of the metabolites 1-OH-Met-fluindapyr, 1-OH-Met-N-DesMet-
fluindapyr, and 1-COOH-fluindapyr. Therefore, an alteration of the method was developed and validated 
(Method RA17.01), where the crop samples were extracted with water and acetonitrile, either by 
subsequent addition or combined addition (wheat straw) or acetonitrile followed by water (high protein). 
The analytes in the extract were hydrolysed with 37 percent HCl (two hours at 80 °C), the pH adjusted (4–
5), acetone and water added, followed by clean-up with SPE and quantification by LC-MS/MS. Method 
RA.17.01 was fully validated for the determination of the (sum of) diastereomers 1-OH-Met-fluindapyr in 
crops with high oil content (almond and pecan nutmeat), high protein content (almond hulls, dry beans, 
soya bean seed), high acid content (grapes), high starch content (sugar beet roots, wheat grain and dry 
gluten) and high water content (sugar beet leaves and wheat forage), difficult matrices (wheat straw). A 
ILV was also performed 

Both methods were subjected to radiovalidation, where incurred residues of fluindapyr were 
successfully recovered from samples of wheat forage, grain and straw. Analytes involved were 3-OH-
fluindapyr, 1-OH-Met-fluindapyr, 1-OH-Met-fluindapyr (both only in wheat forage and straw), 1-OH-Met-N-
DesMet-fluindapyr, cis- and trans-1-COOH-fluindapyr, N-DesMet-pyr-acid, pyrazole carboxylic acid and 
pyrazole carboxamide. In addition DesMet-N-fluindapyr N1-Glu was successfully recovered from soya 
bean hay. 

The Meeting concluded that the methods were sufficiently validated and are suitable to measure 
fluindapyr and its metabolites in plant commodities. 

Animal commodities  

In Method 133SRUS16R0208, samples of muscle, liver, kidney and eggs are blended with acetonitrile (2×) 
followed by extraction with acetone/water, and milk was extracted with acetonitrile. For analysis of 
fluindapyr and N-DesMet-fluindapyr, the extract was diluted and analysed by LC-MS/MS. For analysis of 
1-COOH-fluindapyr-, 1-OH-Met-fluindapyr, and 1-OH-Met-N-DesMet-fluindapyr, the extract was hydrolysed 
with 4 mol/L HCl (80 °C, 60 minutes), and cleaned-up by SPE before quantification by LC-MS/MS.  

Fat was extracted with acetonitrile/hexane. For analysis of fluindapyr and N-DesMet-fluindapyr, 
the acetonitrile layer was diluted with water and cleaned-up by SPE before quantification. For analysis of 
1-OH-Met-fluindapyr and 1-OH-Met-N-DesMet-fluindapyr, the acetonitrile layer was hydrolysed with 
4 mol/L HCL (80 °C, 60 minutes) and cleaned-up before analysis by LC-MS/MS. 

Method 133SRUS16R0208 was validated for the determination of fluindapyr, N-DesMet-
fluindapyr, 1-OH-Met-fluindapyr (sum of both diastereomers), 1-OH-Met-N-DesMet-fluindapyr (sum of 
both diastereomers) in bovine muscle, fat, liver and kidney, and in poultry muscle, fat, liver and eggs in the 
range 0.01 (LOQ) to 0.1 mg/kg, and in the range of 0.005 (LOQ) to 0.05 mg/kg in milk. Validation was also 
conducted for 1-COOH-fluindapyr (sum of both diastereomers) in the range 0.01–0.1 mg/kg in bovine liver 
and kidney.  

However, in a radiovalidation study, incurred residues of parent fluindapyr could not be 
successfully (max 28 percent) recovered from goat (milk, muscle, liver) and hen (egg, fat) matrices. 1-OH-
Met-fluindapyr was successfully recovered from goat liver (110 percent) and egg (116 percent), 1-OH-
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Met-N-DesMet-fluindapyr from goat liver (90 percent), but the recovery of 1-COOH (both isomers) was 
questionable (280 percent).  

The Meeting concluded that the analytical method for animal commodities is fit for measuring 1-
OH-Met-fluindapy and 1-OH-Met-N-DesMet-fluindapyr, but is not fit for measuring residues of parent 
fluindapyr, 1-COOH-fluindapyr in animal matrices.  

Stability of pesticide residues in stored analytical samples 

The Meeting received information on storage stability of fluindapyr, 3-OH-fluindapyr, DesMet-fluindapyr-
1N-glucoside, 1-OH-Met-fluindapyr, 1-OH-Met-N-DesMet-fluindapyr, and 1-COOH-fluindapyr in wheat 
grain, wheat straw, grapes, oil seed rape seed, oil seed rape whole plant, and wheat dry gluten and of 
fluindapyr in wheat forage and hay (0.1 mg/kg fortification level). The data showed that residues of 
fluindapyr and metabolites (except for wheat forage; not tested for metabolites) are stable for at least 36 
months under frozen conditions in crop commodities representative of the high water (oil seed rape whole 
plant), high acid (grapes), high starch (wheat grain), and high oil (oil seed raped seed) and high protein 
crops (wheat dry gluten).  

The Meeting agreed that the demonstrated storage stability on various representative plant 
commodities covered the residue sample storage intervals used in the field trials considered by the 
current Meeting.  

In addition, the Meeting received storage information of fluindapyr residues in animal matrices. 
Noting the uncertainties regarding the extraction efficiencies of the analytical method for fluindapyr and 
1-COOH-fluindapyr, the Meeting cannot conclude on the storage stability of these analytes in animal 
commodities, except for 1-OH-Met-fluindapyr (both diastereomers) in liver and eggs and 1-OH-Met-N-
Desmet-fluindapyr (both diastereomers) in liver, 

Finally, the Meeting received storage stability information on spiked residue of fluindapyr in soil 
demonstrating that fluindapyr, 3-OH-fluindapyr, 1-COOH-fluindapyr, and pyrazole carboxylic acid are 
stable when stored frozen for period of 2 years. 

Definition of the residue 

Parent fluindapyr is a racemic mixture. In the absence of any indication that there is a difference in 
toxicology between the isomers of the parent or its metabolites, the Meeting concluded that they could be 
considered together and are therefore not reported individually. 

Plant commodities 

In the primary plant metabolism studies involving foliar applications, parent fluindapyr was the 
predominant residue, accounting for 63–65 percent TRR in grapes, 43–50 percent TRR in sugar beet 
roots, 46–56 percent TRR in wheat grains and 53–57 percent TRR in rice husked grain. Radioactive 
residues in soya bean seed were too low to detect any compound. Parent fluindapyr was also found in 
feed commodities, accounting for 15–18 percent TRR in sugar beet foliage to 31–37 percent TRR in 
wheat forage, with highest relative levels in rice straw (55–56 percent TRR).  

Fluindapyr residues are not expected in rotational crops, and processing studies show that parent 
compound is also the main analyte in the processed commodities. Furthermore, suitable enforcement 
analytical methods exist to measure fluindapyr in plant commodities.  

The Meeting concluded that fluindapyr is a suitable marker compound and decided to define the 
residue for compliance with the MRL for plants as fluindapyr. 



310 

 

Fluindapyr 

In deciding which compounds should be included in the residue definition for dietary risk 
assessment of plant commodities, the Meeting considered the likely occurrence and the toxicological 
properties for the metabolites 1-OH-Met-fluindapyr (and its conjugates), 3-OH-fluindapyr, 1-COOH-
fluindapyr, 1-OH-Met-N-DesMet-fluindapyr (and its conjugate), N-DesMet-fluindapyr (and its conjugates), 
dehydro-fluindapyr, pyrazole carboxylic acid, pyrazole carboxamide, 3-OH-N-DesMet-fluindapyr, and the 
rotational crop metabolite N-DesMet-pyrazole carboxylic acid. 

The Meeting concluded that metabolites 1-OH-Met-fluindapyr and its conjugate and 3-OH-
fluindapyr are covered by the health based reference values for parent.  

In metabolism studies, 1-OH-Met-fluindapyr and its conjugates accounted for up to 20 percent 
TRR (0.017/0.07 mg eq/kg) in grapes, 25 percent TRR (0.031 mg eq/kg) in sugar beet roots, and up to 
17/22 percent TRR (0.17/0.11 mg/kg eq) in rice grain. The compounds were not found in wheat grain, but 
contributed significantly to the total residue in wheat forage, hay and straw (35–60 percent TRR). In 
contrast, in the wheat field trials, these metabolites were observed in grain, sometimes within the same 
range as parent fluindapyr. In sorghum grain, these metabolites were quantified in GAP-compliant field 
trials, but were <LOQ in maize grain, sweet corn, almond and pecan. The Meeting concluded that 1-OH-
Met-fluindapyr and its conjugates should be included in the residue definition for dietary risk assessment 
for plant commodities. 

3-OH-fluindapyr accounted for 6.1/1.7 percent TRR (0.002/0.005 mg eq/kg) in sugar beet root, up 
to 12–15 percent TRR (0.013/0.043 mg eq/kg) in grapes and 20/22 percent TRR 
(0.0042/0.0084 mg eq/kg) in wheat grain in primary crop metabolism studies. In the GAP-compliant field 
trials with wheat and sorghum, 3-OH-fluindapyr was found in grains. However, considering that the 
metabolite generally contributes less than 5 percent (with peaks up to 8.7 percent) to the residue of 
toxicological concern in GAP compliant field trials with cereals and also more than 80 percent of the 
residue of concern is covered in grapes without inclusion of 3-OH-fluindapyr, the Meeting decided not to 
include the metabolite in the residue definition for dietary risk assessment. 

1-COOH-fluindapyr, 1-OH-Met-N-DesMet-fluindapyr (and its N-conjugate), N-DesMet-fluindapyr 
and its conjugates, dehydro-fluindapyr, pyrazole carboxylic acid, pyrazole carboxamide, 3-OH-N-DesMet-
fluindapyr were not consistently seen in all crops, contributed less than 6.1 percent TRR (0.005 mg eq/kg) 
individually, and the sum of them never exceed 10 percent TRR in any of the different primary crop 
metabolism studies. These metabolites were not further considered for the residue definition for dietary 
risk assessment for plant commodities. 

The rotational crop metabolite N-DesMet-pyrazole carboxylic acid was found in several crops 
planted in rotation. Since the metabolite is a common metabolite, shared with fluxapyroxad, bixafen, 
benzovindiflupyr, and inpyrfluxam and is not covered by the health based reference values for fluindapyr, 
the Meeting concluded that the relevance of this metabolite should be evaluated against the TTC of a 
Cramer Class III compound (see Dietary Risk Assessment section) 

The Meeting decided to define the residue for dietary risk assessment as the sum of fluindapyr 
and 1-OH-Met-fluindapyr and its conjugates, expressed as fluindapyr. 

Animal commodities 

Fluindapyr (parent) is a component found in the majority of the goat tissues and cream samples, but with 
rather low levels in kidney and liver. In poultry tissues the parent was observed in liver, muscle, skin and in 
eggs.  
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1-SO4-Met-fluidapyr and 1-SO4-Met-N-DesMet-fluidapyr were observed at 17–18 percent TRR and 
4.1–8.6 percent TRR in hen liver, with levels ranging from 0.008–0.022 mg eq/kg. The metabolites are 
expected to add insignificantly to the dietary intake at realistic dietary burden levels. Therefore, the 
Meeting concluded that these metabolites need not be included in the residue definition for dietary risk 
assessment.  

The Meeting decided to define the residue for dietary risk assessment for animal commodities as 
the sum of fluindapyr, 1-OH-Met-fluindapyr, 1-COOH-fluindapyr, 1-OH-Met-N-DesMet-fluindapyr and their 
conjugates and N-DesMet-fluindapyr, expressed as fluindapyr.  

Summary of residue definitions 

The Meeting recommended the following residue definitions for fluindapyr: 

Definition of the residue for compliance with the MRL assessment for plant commodities: 
fluindapyr 

Definition of the residue for dietary risk assessment for plant commodities: sum of fluindapyr and 
3-(difluoromethyl)-N-[7-fluoro-1-(hydroxymethyl)-1,3-dimethyl-2,3-dihydro-1H-inden-4-yl]-1-methyl-1H-
pyrazole-4-carboxamide (1-OH-Met-fluindapyr) and its conjugates, expressed as parent 

Definition of the residue for compliance with the MRL assessment for animal commodities: 
fluindapyr  

Definition of the residue for dietary risk assessment for animal commodities: sum of fluindapyr, 4-
(3-(difluoromethyl)-1-methyl-1H-pyrazole-4-carboxamido)-7-fluoro-1,3-dimethyl-2,3-dihydro-1H-indene-1-
carboxylic acid (1-COOH-fluindapyr), 3-(difluoromethyl)-N-[7-fluoro-1-(hydroxymethyl)-1,3-dimethyl- 2,3-
dihydro-1H-inden-4-yl]-1-methyl-1H-pyrazole-4-carboxamide (1-OH-Met-fluindapyr), 3-(difluoromethyl)-N-[7-
fluoro-1-(hydroxymethyl)-1,3-dimethyl-2,3-dihydro-1H-inden-4-yl]-1H-pyrazole-4-carboxamide (1-OH-Met-N-
DesMet-fluindapyr) and their conjugates, and 3-(difluoromethyl)-N-(7-fluoro-1,1,3-trimethyl-2,3-dihydro-1H-
inden-4-yl)-1H-pyrazole-4-carboxamide (N-DesMet-fluindapyr), expressed as fluindapyr.  

The residue is fat soluble. 

Results of supervised residue trials on crops 

The Meeting received supervised residue trial data for fluindapyr on almonds, maize, sorghum, sweet 
corn, wheat and tree nuts. Product labels were available from the United States.  

When calculating the sum of fluindapyr and 1-OH-Met-fluindapyr for STMR and HR estimations, 
values < LOQ were assumed to be at the LOQ. As the metabolite is expressed as parent equivalents, no 
molecular weight conversion factor was needed.  

The highest individual total residue values from the trials was used to derive HRs and the highest 
residues. 

Cereal grains, Group of 

The Meeting received supervised residue trials on wheat, sorghum, maize and sweet corn. 

Wheat, similar grains, and pseudocereals without husks, Subgroup of 

In the United States, the critical GAP for cereals grains, except rice, is 2 foliar applications of fluindapyr at 
150 g ai/ha, with a retreatment interval (RTI) of 10 days and a pre-harvest interval (PHI) of 30 days for 
grain.  
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Seventeen field residue trials conducted in the United States in 2016 matched the GAP. The residue levels 
for MRL estimation in ranked order were (n=16): 0.010, 0.017, 0.018, 0.023, 0.025, 0.026, 0.029, 0.041, 
0.053, 0.060, 0.087, 0.088, 0.10, 0.12, 0.19, and 0.26 mg/kg.  

Total residue levels for dietary risk assessment in ranked order were (n=16): 0.020, 0.027, 0.040, 0.040, 
0.044, 0.044, 0.059, 0.070, 0.078, 0.082, 0.097, 0.098, 0.13, 0.14, 0.20, and 0.27 mg/kg.  

The Meeting estimated a maximum residue level of 0.4 mg/kg and an STMR of 0.074 mg/kg for 
fluindapyr in the Subgroup of Wheat, similar grains, and pseudocereals without husks.  

Sorghum grain and millet, Subgroup of 

In the United States, the critical GAP for sorghum is for 2 foliar applications of fluindapyr at 150 g ai/ha, 
with an RTI of 10 days and a PHI of 30 days for grain.  

Eight field residue trials conducted in the United States in 2015 and 2016 matched the GAP. The 
residue levels for MRL estimation in ranked order were (n=8): 0.10, 0.24, 0.29, 0.34, 0.37, 0.37, 0.43, and 
0.43 mg/kg.  

Total residue levels for dietary risk assessment in ranked order were (n=8): 0.14, 0.29, 0.35, 0.38, 
0.41, 0.42, 0.48, and 0.56 mg/kg.  

Noting that the GAP of the United States label for cereal grains, except rice, is similar to the GAP 
for sorghum grain and includes millet, the Meeting estimated a maximum residue level of 1.0 mg/kg and 
an STMR of 0.395 mg/kg for fluindapyr in the Subgroup of Sorghum Grain and Millet.  

Maize cereals, Subgroup of 

In the United States, the critical GAP for maize cereals is for 2 foliar applications of fluindapyr at 150 g 
ai/ha, with an RTI of 10 days and a PHI of 30 days for grain.  

Twenty field residue trials conducted in the United States in 2015 and 2016 matched the US GAP. 
The residue levels for MRL estimation in ranked order were (n=20): < 0.01 (20) mg/kg.  

Total residue levels for dietary risk assessment in ranked order were (n=20): < 0.02 mg/kg.  

Since no residues were observed in any of the residue field trials, the Meeting estimated a 
maximum residue level of 0.01(*) mg/kg and an STMR of 0.02 mg/kg for fluindapyr in the Subgroup of 
Maize cereals.  

Sweet corns, Subgroup of 

In the United States, the critical GAP for sweet corn is for 2 foliar applications of fluindapyr at 150 g ai/ha, 
with an RTI of 10 days and a PHI of 14 days for kernel + cobs with husks removed.  

Eight field residue trials conducted in the United States in 2016 matched the US GAP. Residues 
were measured in kernels + cobs with husks removed. The residue levels for MRL estimation in ranked 
order were (n=8): < 0.01 (8) mg/kg.  

Total residue levels for dietary risk assessment in ranked order were (n=8): < 0.02 mg/kg.  

The Meeting estimated a maximum residue level of 0.01(*) mg/kg and an STMR and an HR of 
0.02 mg/kg for fluindapyr in Sweet corn (corn-on-the cob) (kernels plus cob with husk removed).  
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Tree nuts, Group of 

In the United States, the critical GAP for tree nuts is for 3 foliar applications of fluindapyr at 168 g ai/ha, 
with an RTI of 7 days and a PHI of 30 days. The Meeting received data on almonds and on pecan nuts. 

Almonds 

Five field residue trials conducted in the United States in 2016 matched the US GAP for tree nuts. 
The residue levels in almond nutmeat for MRL estimation in ranked order were (n=5): < 0.01 (2), 0.011, 
0.018, and 0.022 mg/kg.  

Total residue levels for dietary risk assessment in ranked order were (n=5): < 0.020 (2), 0.021, 0.028, and 
0.032 mg/kg (highest individual value 0.035 mg/kg).  

Pecan 

Five field residue trials conducted in the United States in 2016 matched the US GAP for tree nuts. The 
residue levels in pecan nutmeat for MRL estimation in ranked order were (n=5): < 0.01 (3), 0.016, and 
0.024 mg/kg.  

Total residue levels for dietary risk assessment in ranked order were (n=5): < 0.020 (3), 0.025, and 
0.034 mg/kg.  

Statistical analysis showed that the residue data with almond and pecans were similar. The 
combined data for maximum residue estimation in ranked order were (n=10): < 0.01 (5), 0.011, 0.016, 
0.018, 0.022, and 0.024 mg/kg. 

The combined data for dietary risk assessment in ranked order were (n=10): < 0.020 (5), 0.021, 
0.025, 0.028, 0.032, and 0.034 mg/kg. 

Noting that both almond and pecan are representative commodities for tree nuts, the Meeting 
estimated a maximum residue level of 0.04 mg/kg and an STMR of 0.0205 mg/kg for fluindapyr for the 
Group of Tree nuts.  

Residues in animal feeds 

Forages and fodders 

Wheat forage 

The critical GAP in the United States for cereals grains, except rice, allows for 2 foliar applications of 
fluindapyr at 150 g ai/ha, with an RTI of 10 days and a PHI of 7 days for forage.  

Field residue trials on wheat forage, conducted in the United States in 2016, matched this GAP. 
Residue levels (parent only) in ranked order were (n=17): 0.16, 0.41, 0.54, 0.86, 1.4, 1.5, 1.5, 1.9, 2.2, 2.3, 
2.4, 2.4, 2.4, 3.5, 4.2, 6.7, and 8.8 mg/kg (highest individual value 11 mg/kg). 

Total residue levels (parent + 1-OH-Met-fluindapyr and its conjugates) for dietary intake 
calculations in ranked order were (n=17): 0.44, 0.60, 0.64, 1.2, 1.6, 1.6, 1.8, 2.2, 2.5, 2.5, 2.5, 2.6, 2.8, 3.7, 
4.5, 6.9, and 9.2 mg/kg (highest individual value 12 mg/kg).  

The Meeting estimated a median residue of 2.6 mg/kg (as received) and a highest residue of 
12 mg/kg (as received) for wheat forage.  
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Wheat hay and wheat straw (both 88 percent dry matter) 

The critical GAP in the United States for cereals grains, except rice, allows for 2 foliar applications of 
fluindapyr at 150 g ai/ha, with an RTI of 10 days and a PHI of 14 days (hay) and 30 days (straw).  

Field residue trials on wheat hay, conducted in the United States in 2016, matched this GAP. The 
residue levels for MRL estimation in ranked order were (n=17): 0.072, 0.60, 0.63, 0.67, 0.69, 0.80, 0.82, 
0.98, 1.2, 1.3, 1.3, 1.8, 1.8, 2.4, 2.4, 4.8, and 6.4 mg/kg (highest individual value 6.6 mg/kg). 

Total residue levels (parent + 1-OH-Met-fluindapyr and its conjugates) for dietary burden 
calculations in ranked order were (n=17): 0.98, 0.99, 1.1, 1.2, 1.2, 1.4, 1.6, 1.8, 1.9, 1.9, 2.1, 2.3, 2.5, 2.6, 
3.0, 6.6 and 6.9 mg/kg (highest individual value 7.1 mg/kg)  

Field residue trials conducted with wheat straw in the United States in 2016 were performed with 
two foliar applications of fluindapyr at rates of 146-157 g ai/ha with an RTI of 9-12 days and harvested 30 
DALA. The residue levels for MRL estimation in ranked order were (n=16): 0.16, 0.32, 0.34, 0.41, 0.54, 
0.54, 0.79, 1.2, 1.4, 1.4, 1.9, 2.0, 2.1, 2.8, 9.6, and 11 mg/kg (highest individual value 12 mg/kg).  

Total residue levels (parent + 1-OH-Met-fluindapyr and its conjugates) for dietary burden 
calculations in ranked order were (n=16): 0.22, 0.59, 0.61, 0.65, 0.83, 1.1, 1.7, 1.8, 1.8, 1.9, 2.1, 2.1, 2.4, 
3.1, 10, and 12 mg/kg (highest individual value 13 mg/kg).  

Based on the data set for straw, the Meeting estimated a maximum residue level of 15 mg/kg 
(dw) based on a dry matter content of 88 percent for Wheat, hay and/or straw.  

The Meeting estimated a median residue of 1.9 mg/kg (as received) and highest residue of 
7.1 mg/kg (as received) for fluindapyr in wheat hay and a median residue of 1.8 mg/kg (as received) and a 
highest residue of 13 mg/kg (as received) for fluindapyr in wheat straw.  

Sorghum forage (35 percent dry matter) 

The critical GAP in the United States for sorghum allows for 2 foliar applications of fluindapyr at 150 g 
ai/ha, with a RTI of 10 days with no livestock feeding restrictions.  

Field residue trials on sorghum forage, conducted in the United States in 2015 and 2016, 
matched this GAP. Residue levels (parent only) in ranked order were (n=9): 0.24, 0.38, 0.42, 0.55, 0.62, 1.3, 
2.4, 4.5, and 5.0 mg/kg (highest individual value 5.1 mg/kg). 

Total residue levels (parent + 1-OH-Met-fluindapyr and its conjugates) for dietary burden 
calculations in ranked order were (n=9): 0.43, 0.46, 0.51, 0.66, 0.71, 1.4, 2.8, 4.7, and 5.1 mg/kg (highest 
individual value of 5.2 mg/kg).  

The Meeting estimated a highest residue of 5.2 mg/kg (as received) and a median residue of 
0.71 mg/kg (as received) for sorghum forage.  

Sorghum stover (88 percent dry matter) 

The critical GAP in the United States for sorghum allows for 2 foliar applications of fluindapyr at 
150 g ai/ha, with an RTI of 10 days with a PHI of 30 days.  

Field residue trials on sorghum stover, conducted in the United States in 2015 and 2016, matched 
this GAP. The residue levels for MRL estimation in ranked order were (n=8): 0.14, 0.16, 0.18, 0.21, 0.23, 
0.44, 0.83, and 1.1 mg/kg (highest individual value of 1.7 mg/kg).  
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Total residue levels (parent + 1-OH-Met-fluindapyr and its conjugates) for dietary burden 
calculations in ranked order were (n=8): 0.19, 0.28, 0.32, 0.34, 0.45, 0.62, 0.95, and 1.8 mg/kg (highest 
individual value 2.4 mg/kg). 

The Meeting estimated a maximum residue level of 3 mg/kg (dw), based on a dry matter content 
of 88 percent) for sorghum stover. The Meeting estimated a median residue of 0.395 mg/kg (as received) 
and a highest residue of 2.4 mg/kg (as received) for sorghum stover 

Maize forage (40 percent dry matter) 

The critical GAP in the United States for maize allows for 2 foliar applications of fluindapyr at 150 g ai/ha, 
with a RTI of 10 days and a PHI of 7 days.  

Field residue trials on maize forage, conducted in the United States in 2015 and 2016, matched 
this GAP. Residue levels (parent only) in ranked order were (n=21): 0.077, 0.18, 0.23, 0.25, 0.33, 0.36, 0.44, 
0.45, 0.48, 0.57, 0.73, 0.77, 0.79, 0.90, 0.96, 1.3, 1.4, 1.5, 1.8, 2.1, and 7.6 mg/kg (highest individual value 
9.2 mg/kg). 

Total residue levels (parent + 1-OH-Met-fluindapyr and its conjugates) for dietary burden 
calculations in ranked order were (n=21): 0.087, 0.21, 0.27, 0.35, 0.39, 0.46, 0.51, 0.56, 0.59, 0.64, 0.83, 
0.86, 0.94, 0.97, 1.1, 1.4, 1.5, 1.5, 1.9, 2.3, and 8.2 mg/kg (highest individual residue 9.8 mg/kg). 

The Meeting estimated and a median residue of 0.83 mg/kg (as received) and a highest residue of 
9.8 mg/kg (as received) for maize forage. 

Maize stover (83 percent dry matter) 

The critical GAP in the United States for maize allows for 2 foliar applications of fluindapyr at 150 g ai/ha, 
with an RTI of 10 days and a PHI of 10 days.  

Field residue trials on maize forage, conducted in the United States in 2015 and 2016, matched 
this GAP. The residue levels for MRL estimation in ranked order were (n=20): < 0.01, 0.22, 0.34, 0.34, 0.36, 
0.54, 0.55, 0.57, 0.60, 0.76, 0.84, 0.89, 0.89, 1.1, 1.4, 1.7, 1.7, 2.0, 2.4, and 2.6 mg/kg (highest residue 
2.8 mg/kg).  

Total residue levels (parent + 1-OH-Met-fluindapyr and its conjugates) for dietary burden 
calculations in ranked order were (n=20): < 0.02, 0.30, 0.44, 0.61, 0.64, 0.66, 0.76, 0.83, 0.82, 0.90, 1.0, 1.0, 
1.2, 1.4, 1.8, 2.0, 2.2, 2.7, 2.6, and 2.8 mg/kg (highest individual value 3.0 mg/kg). 

The Meeting estimated a maximum residue level of 5 mg/kg (dw) based on a dry matter content 
of 83 percent. The Meeting estimated a median residue of 0.95 mg/kg (as received) and a highest residue 
of 3.0 mg/kg (as received) for maize stover. 

Sweet corn forage (48 percent dry matter)  

The critical GAP in the United States for sweet corn allows for 2 foliar applications of fluindapyr at 150 g 
ai/ha, with an RTI of 10 days with no livestock feeding restrictions.  

Eight field residue trials on sweet corn forage, conducted in the United States in 2016, matched 
this GAP. Residue levels (parent only) in ranked order were (n=8): 0.022, 0.14, 0.18, 0.25, 0.33, 0.77, 0.98, 
and 5.4 mg/kg. (highest individual value 6.8 mg/kg). 

Total residue levels (parent + 1-OH-Met-fluindapyr and its conjugates) for dietary burden 
calculations in ranked order were (n=8): 0.069, 0.24, 0.27, 0.47, 0.89, 0.93, 1.1, and 5.5 mg/kg (highest 
individual residue 6.9 mg/kg). 
























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































