Summary report of the Technical Panel on Phytosanitary Treatment’s evaluation of irradiation treatments

(Annex 2 of the report of the TPPT meeting, 4-8 December 2006, as modified on 5 June 2007)
1.
INTRODUCTION
The Technical Panel on Phytosanitary Treatments (TPPT) discussed the irradiation treatment submissions for various species/commodity combinations. The panel evaluated the submissions using a checklist to determine whether the requirements in section 3 of the draft ISPM on phytosanitary treatments were met. After a thorough discussion of the treatments with the irradiation experts and referencing published papers (section 4), treatment schedules were developed which described the treatments and indicated the critical factors affecting the applicability of the treatments.
2.
GENERAL CONSIDERATIONS FOR IRRADIATION TREATMENT SUBMISSIONS
2.1
Extension of treatments to all fruits and vegetables

The panel considered whether the scope of submitted irradiation treatments for insects could be extended to cover all fruits and vegetables that are likely to be a host of the target pest.

The panel was confident that the extrapolation of efficacy of the treatment to all fruits and vegetables could be made for the irradiation treatments that had been submitted. Confidence was based on experience in the application of irradiation treatments and evidence from studies on Anastrepha ludens, A. suspensa and Bactrocera tryoni (Bustos et al., 2004; Gould & von Windeguth, 1991; Hallman & Martinez, 2001; Jessup et al., 1992; von Windeguth, 1986; and von Windeguth & Ismail, 1987).

The panel recognised, however, that treatment efficacy had not been tested for all potential fruit and vegetable hosts of the submitted target pests. Extrapolation of irradiation treatments to all fruit and vegetables is based on the fact that irradiation dosimetry systems measure the exact dose of radiation absorbed by the target pest. Thus, the commodity type is irrelevant to the pest's absorbed dose. This is demonstrated, for example, by the studies indicated above on fruit flies and a few other pests (all internal feeders not exposed to the atmosphere and presumably influenced by the particular in vivo conditions of each fruit) that show no difference in pest response in various commodities or when irradiated in natural or artificial diets. If evidence becomes available to show that the extrapolation of treatments to cover all hosts of these target pests is incorrect, then the treatments should be reviewed.

2.2
Extension of treatments to all populations within a species

The panel considered whether the scope of submitted irradiation treatments could be extended to cover all strains and biotypes of the target pests concerned. 

The panel was confident that the extrapolation of efficacy to all strains and biotypes of the target pests could be made for the irradiation treatments that had been submitted. This confidence was based on the absence of published evidence for significant differences between subspecies and biotypes in their radiation tolerance, including a study comparing strains of one target pest by Hallman (2003). The panel also recognised that recommended minimum doses are higher than otherwise required and should account for any minor differences in intra-species tolerances that may exist.

The panel recognised, however, that treatment efficacy has not been tested for all potential strains and biotypes of the submitted target pests. If evidence becomes available to show extrapolation of treatments to cover all strains and biotypes is incorrect, then the treatments should be reviewed.

2.3
Determination of the most tolerant life stage of the target pest(s)

The panel noted that the insect life stage that is most tolerant to irradiation is the most advanced stage when identical objectives are measured (e.g. prevention of adult emergence). The treatments only need to be effective for those life stages likely to be encountered in the traded commodity.

2.4
Effect of environmental conditions
The panel considered whether the scope of the submitted irradiation treatments could be extended to cover treatments undertaken in all environmental conditions likely to be encountered under normal commercial conditions. 

The panel was confident that the extrapolation of efficacy to all likely temperatures could be made for the irradiation treatments that had been submitted. Confidence was based on experience in the operation of irradiation treatments and evidence from studies on Rhagoletis pomonella (Hallman, 2004b).
The panel noted that lowered oxygen conditions (hypoxia) may affect the efficacy of irradiation treatments. Unless the treatment has been determined to be effective under hypoxic conditions, the panel considers that to achieve the stated treatment efficacy the irradiation treatment should not be applied to fruit and vegetables stored in modified atmospheres. 

2.5
Calculation of effective dose (ED)

The panel calculated the ED for each treatment at the 95% confidence level, based on the total number of target pests treated. Further information on the calculation of the ED is provided in a publication by Couey and Chew (1986).

2.6
Non-target effects of irradiation

The panel considered that the only potentially significant non-target effects of the irradiation treatments that were reviewed at the meeting were those affecting commodity quality. The research presented indicated that there would be minimal adverse effects at the prescribed dosages to the commodities tested. In some circumstances the research indicated that the irradiation treatments may enhance product quality by extending shelf life. However, the panel has recommended extending the treatments to all fruits and vegetables, including those that have not been tested or have been shown to be negatively impacted by relatively low irradiation doses. The panel therefore recommends that, prior to approving an irradiation treatment, national plant protection organizations (NPPOs) may wish to take account of any potential non-target effects of the treatment. 

3.
DETAILED CONSIDERATIONS FOR EACH SPECIFIC TREATMENT SUBMISSION
The panel came to the following specific conclusions regarding the treatment submissions. 
3.1
Irradiation treatment for Anastrepha ludens
The panel noted that data presented in a paper by Hallman & Martinez (2001) supported a minimum absorbed dose of 70 Gy. 

The treatment schedule was approved by the TPPT (2007-Draft-Treatment-01).

3.2
Irradiation treatment for Anastrepha obliqua
Three papers supported the submission (Bustos et al., 2004; Hallman & Martinez, 2001; Hallman & Worley, 1999). There were initial concerns that the level of irradiation required to prevent the emergence of the organism was set too low. However, data showed that emergence of third instar larvae of the more radiation tolerant species, Anastrepha ludens, was completely prevented by 69 Gy and this supported the dose of 70 Gy for A. obliqua.

The treatment schedule was approved by the TPPT (2007-Draft-Treatment-02).

3.3
Irradiation treatment for Anastrepha serpentina
One paper supported the requirement for a minimum absorbed dose of 100 Gy (Bustos et al., 2004). Adult emergence was completely prevented in >100,000 third-instars irradiated at 100 Gy during confirmatory testing.

The treatment schedule was approved by the TPPT (2007-Draft-Treatment-03).

3.4 
Irradiation treatment for Bactrocera jarvisi
Efficacy data was based on a paper by Heather et al. (1991). In this study, no adults emerged from an estimated 153,814 third-instars and 110,935 eggs exposed to a target irradiation dose of 75 Gy. Development to the pupal stage was observed in numerous irradiated eggs and larvae. The dosimetry indicated that insects absorbed between 74 Gy and 101 Gy. The authors, however, indicated that a dose of 101 Gy overestimated the minimum dosage required. Given the opinion of the authors and the wide range of doses measured in this study, the panel considered that the level of 101 Gy fell outside the 95% confidence level and therefore agreed a dose of 100 Gy provided an adequate minimum dose under practical operational conditions.

The treatment schedule was approved by the TPPT (2007-Draft-Treatment-04).

3.5 
Irradiation treatment for Bactrocera tryoni
Efficacy data was based on a paper by Heather et al. (1991). In this study, no adults emerged from an estimated 138,635 third-instars and >200,000 eggs were exposed to a target irradiation dose of 75 Gy. Development to the pupal stage was observed in numerous irradiated eggs and larvae. The dosimetry indicated that insects absorbed between 74 Gy and 101 Gy. However, the authors indicated that a dose of 101 Gy overestimated the minimum dosage required.

Given the opinion of the authors and the wide range of doses measured in this study, the panel considered that the level of 101 Gy fell outside the 95% confidence level and therefore agreed a dose of 100 Gy provided an adequate minimum dose under practical operational conditions.

The treatment schedule was approved by the TPPT (2007-Draft-Treatment-05).

3.6 
Irradiation treatment for Conotrachelus nenuphar
The panel noted that one paper supported the submission (Hallman, 2003). The study had been undertaken for two strains of the pest (the northern and southern strains). Irradiation of 25,000 adults of the more tolerant southern strain at a target dose of 80 Gy completely prevented reproduction. The dose of 92 Gy was chosen as this was the maximum absorbed dose in this study.
The panel noted that the intended outcome of the treatment is the prevention of reproduction of adults, which means that live larvae, pupae and adults may be present in the commodity.
The treatment schedule was approved by the TPPT (2007-Draft-Treatment-06).

3.7 
Irradiation treatment for Cydia pomonella
The panel considered the research supporting the submission (Mansour, 2003). The panel noted that the study was done on apples and artificial diet, but supporting evidence for extrapolation between the artificial diet and fruit was presented. 

The treatment schedule was approved by the TPPT (2007-Draft-Treatment-07).

3.8 
Irradiation treatment for Cylas formicarius elegantulus
The panel considered the submission for the sweet potato weevil (Cylas formicarius elegantulus). The panel noted that an earlier study (Hallman, 2001) established that a dose of 150 Gy was effective. However, Follett (2006) established that 140 Gy was effective. The TPPT agreed with this conclusion.

The panel noted that the intended outcome of the treatment is the prevention of F1 adults, which means that live eggs, larvae, pupae and/or adults may be present in the commodity.

The treatment schedule was approved by the TPPT (2007-Draft-Treatment-08).

3.9
Irradiation treatment for Euscepes postfasciatus
Data presented in a paper by Follett (2006) supported this submission. The maximum dose measured in the study was 145 Gy and the panel agreed that this should be the minimum absorbed dose for this species.

The panel noted that the intended outcome of the treatment is the prevention of F1 adults, which means that live eggs, larvae, pupae and/or adults may be present in the commodity.

The treatment schedule was approved by the TPPT (2007-Draft-Treatment-09).
3.10
Irradiation treatment for fruit flies of the family Tephritidae (generic)
The panel noted that there were studies on irradiation of 18 species of Tephritidae which supported the generic dose of 150 Gy. The species included: Anastrepha fraterculus, A. ludens, A. obliqua, A. serpentina, A. striata, A. suspensa, Bactrocera cucumis, B. cucurbitae, B. dorsalis, B. jarvisi, B. latifrons, B. tryoni, B. zonata, Ceratitis capitata, Rhagoletis indifferens, R. mendax, R. pomonella and Toxotrypana curvicauda.
The panel recognised that, although not all species of Tephritidae have been tested, the species covered by the publications represented most of the economically important fruit flies (as identified by the Technical Panel on Fruit Flies at their meeting in 2004). The panel agreed that, until other evidence is provided to the contrary, these species should be considered representative of the Tephritidae.

Some early studies had indicated that a minimum absorbed dose of higher than 150 Gy was required for a generic dose. However, more recent publications have adequately verified that a minimum absorbed dose of higher than 150 Gy is not required. In particular, several coordinated research projects have been undertaken by the FAO/IAEA Joint Division over the last decades and in addition the FAO/IAEA consultants meeting in 2004 supported the default dose of 150 Gy for tephritids. 

Regarding the efficacy level, the panel recommended that this treatment should be considered at least as effective as the lowest level of efficacy provided by confirmatory trials on fruit flies done at 150 Gy. This was on Bactrocera cucurbitae (ED 99.9968) (Follett & Armstrong, 2004).

The treatment schedule was approved by the TPPT (2007-Draft-Treatment-10).

3.11 
Irradiation treatment for Grapholita molesta
The panel considered the data supporting the submission for irradiation treatment for Grapholita molesta (Hallman, 2004a). The study was carried out using infested apples treated under normal and hypoxic conditions. The panel considered that this submission should result in two treatment schedules, one for treatments under normal atmospheres and the other for treatment under hypoxic conditions. The panel considered that both schedules were important because they applied to different operational conditions (for example, apples are often stored under hypoxic conditions).

The TPPT noted that after treatment under hypoxic conditions adults of this species may be found. This is because the expected outcome is prevention of oviposition, rather than prevention of emergence of adults.

The treatment schedules were approved by the TPPT (2007-Draft-Treatment-11 and 2007-Draft-Treatment-12).

3.12
Irradiation treatment for Omphisa anastomosalis
Data presented in a paper by Follett (2006) supported this submission. The maximum dose measured in the study was 148 Gy and the panel agreed that the minimum absorbed dose of 150 Gy should be the minimum absorbed dose for this species.

The panel noted that the intended outcome of the treatment is the prevention of F1 adults, which means that live eggs, larvae pupae and/or adults may be present in the commodity.

The treatment schedule was approved by the TPPT (2007-Draft-Treatment-13).

3.13
Irradiation treatment for Rhagoletis pomonella
The panel noted that this submission was for a temperate species of fruit flies. Because temperate fruit flies can undergo diapause, the required response cannot be prevention of emergence of adults. For this species, the required response is prevention of development of phanerocephalic pupae. The submission was supported by two papers (Hallman & Thomas, 1999 and Hallman, 2004b). In these studies, 37,890 3rd instar larvae were irradiated at a maximum dose of 57 Gy and none completed pupal development, so a minimum adsorbed dose of 60 Gy was proposed.

The treatment schedule was approved by the TPPT (2007-Draft-Treatment-14).
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