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Executive Summary
Preliminary recommendations
ERMA New Zealand recommends revoking the approval for azinphos methyl with effect:

· 1 month from the date of the Decision on this application for aerial application, domestic use and on all crops other than summerfruit, strawberry runner plants and potatoes;

· 1 year from the date of the Decision on this application for potatoes.  A 1 year phase-out is to allow for use of existing stocks; and 
· 5 years from the date of the Decision on this application for summerfruit and strawberry runner plants.  A 5 year phase-out is to allow for demonstration of efficacy of alternative products.

During the phase-out period:

· The controls listed in Table 1 must be adopted.
The additional controls to be applied during the phase-out period may need to be added to the label and documentation. Discussion on how this can be achieved will be required between the registrant, NZFSA and ERMA New Zealand.
The Application
Azinphos methyl is a broad-spectrum organo-phosphate insecticide. It has been used in New Zealand since 1965, although from 2003 to 2006 no azinphos methyl products were marketed.  Currently, there are three HSNO-approved azinphos methyl formulations: Suspension concentrate containing 350g/litre azinphos methyl; Wettable powder containing 350g/kg azinphos methyl; Cotnion 200 Insecticide.
Cotnion 200 Insecticide is the only formulation currently registered with the New Zealand Food Safety Authority. It is registered for the following uses:

	Crop
	Pest

	Grapes
	Leaf Roller

	Kiwifruit
	Greedy Scale, Leaf Roller

	Pipfruit
	Codling Moth, Leaf Roller

	Summerfruit
	Aphid, Bronze Beetle, Cherry Sawfly, Grass Grub Beetle, Leaf Roller, Oriental Fruit Moth

	Potatoes
	Potato Tuber Moth


Information from growers indicates that azinphos methyl is no longer used on grapes, kiwifruit or pipfruit.  The only off-label
 use identified by ERMA New Zealand is by growers of strawberry plants for the control of leafhoppers (vectors of strawberry lethal yellows disease) and black beetle.

Usage in New Zealand amounts to 7000-8000 l/year.
ERMA New Zealand has classified azinphos methyl: 

6.1A acute oral toxicant

6.1B acute dermal toxicant

6.1B acute inhalation toxicant

6.5B contact (skin) sensitiser 

6.9A toxic to human target organs or systems (by oral, dermal and inhalation single exposure) and 6.9A toxic to human target organs or systems (by oral repeat exposure)

9.1A very toxic in the aquatic environment 

9.2C slightly harmful in the soil environment 

9.3A very ecotoxic to terrestrial invertebrates 

9.4A very ecotoxic to terrestrial invertebrates. 

ERMA New Zealand has insufficient data to classify azinphos methyl with respect to respiratory sensitisation. 

Azinphos methyl formulations retain the following hazards as triggered by the azinphos methyl component: 6.1B, 6.5B, 6.9A, 9.1A, 9.3A, 9.4A.  The suspension concentrate containing 350g/litre azinphos methyl and wettable powder containing 350g/kg azinphos methyl are also classified 9.2C.

Approval for use of azinphos methyl and azinphos methyl formulations has been withdrawn in the European Union (EU).  Canada and the United States (US) will phase out use of azinphos methyl by the end of 2012 with additional controls imposed in the interim.  Australia is currently re-evaluating azinphos methyl with preliminary results including to prohibit its use on apricots, kiwi and citrus, to modify product containers, to introduce buffer zones and specify personal protective equipment.

These overseas reviews and subsequent action were based on risks to workers and environmental concerns.

In this reassessment application, ERMA New Zealand has assessed risks to humans and the environment using exposure: effects risk quotients.  Such quotients compare:

· estimated exposure of operators, re-entry workers and bystanders to a safe exposure level (the acceptable operator exposure level, AOEL);

· estimated concentrations in waterways, the soil and vegetation to concentrations causing effects on aquatic life, soil organisms, birds and non-target invertebrates including bees.

This analysis has indicated levels of risk that, in many cases, exceed levels of concern, most notably:

· risks to operators from airblast operations;
· risks to those entering crops post-treatment;
· risks to bystanders from airblast operations;
· risks to the aquatic environment, both acute and chronic;
· risks to birds; and
· risks to non-target invertebrates (beneficial insects).

ERMA New Zealand notes that the evaluation of exposure it has used to estimate risks is, in most cases, based on Tier 1 modelling.  Such an analysis is, by nature, broadly conservative and there is some uncertainty in the outcome.

The economic benefits as outlined to ERMA New Zealand by growers using azinphos methyl, relate to its comparatively low cost and effectiveness against target pests.  However, the economic benefit has not been quantified, particularly in relation to the overall operation of growers.  

In its assessment of social effects, ERMA New Zealand has identified few effects either adverse or beneficial and none that can be effectively quantified.

In preparing this application, ERMA New Zealand has not conducted a specific Māori consultation but the impression gained from the hui with iwi/Māori resource managers is that unless substances provide clear benefits to outweigh potential risk, they generally oppose the ongoing use of hazardous substances.  In the absence of further information regarding benefits, it is expected that submissions from Māori would seek the revocation of the approvals for azinphos methyl and its formulations.  

On the basis of this information, ERMA New Zealand’s evaluation is that there are significant (non-negligible) risks associated with the use of azinphos methyl in New Zealand which outweigh the benefits and which need to be managed.  

In making this evaluation, ERMA New Zealand notes that it does not have sufficient reliable information in order to assess:

· Effects on sediment dwelling organisms, chronic ecotoxicity to soil organisms, effects on plants, field tests with honeybees and other non-target invertebrates.

· Beneficial effects relating the value of azinphos methyl to growers’ turnover.

Of these, quantification of beneficial effects is considered the biggest data gap since no quantitative information on the value of azinphos methyl to growers has been sourced.

Given the preliminary conclusion that the risks outweigh the benefits, ERMA New Zealand has considered risk management options including prescribing protective clothing and equipment (PPE) and specifying buffer zones.  This consideration was based on various models to estimate the reduced exposure from additional PPE and spray deposition curves based on the AgDrift model to estimate deposition at different distances from the crop.

Most risks can be managed by prescribing PPE and introducing buffer zones as described in Table 1.  However, these measures will not reduce the risk to birds and non-target (beneficial) insects.

ERMA New Zealand is required to consider the practicability and cost-effectiveness of proposed controls, but currently lacks information to do this.  

As a consequence of uncertainty as to the cost-effectiveness of additional controls, the possibility of non-compliance and the potential impact in the event of accidents, ERMA New Zealand has considered the impact of removing the approvals for azinphos methyl and its formulations.  The impact of removing the approvals was evaluated in terms of the availability of alternatives and the hazard profile of those alternatives.  This evaluation has shown that there are potential alternatives available for all current uses and that at least some of these alternatives are less hazardous than azinphos methyl.  For strawberry runners and Carphophilus control in summerfruit, ERMA New Zealand has been advised by Plant & Food Research that the potential alternative products still need to be trialled and best practice developed.  The cost of alternatives is currently on average 1.4 times greater than for azinphos methyl.  However, this is a very uncertain figure since many of the alternatives may not be effective and it does not include the cost of the work (field trials) required to gain ACVM food use and efficacy clearance.

ERMA New Zealand concludes that the use of alternative products is preferable to the continued use of azinphos methyl, but that use on crops on which azinphos methyl is currently applied should be phased out with enhanced controls in place. 

Table 1:
Summary of risks and proposed controls

	Receptor
	Crop
	Level of risk
	Proposed control

	Operator exposure
	Summerfruit
	Exceeds AOEL

	The existing PPE control (PPE should be adequate to prevent exposure) should be modified to make it more prescriptive  so that,

Mixers/loaders must wear:

· Coveralls over long-sleeved shirt, long-legged trousers.

· Chemical resistant gloves.

· Chemical resistant footwear plus socks.
· Protective eyewear.
· Chemical resistant headgear for overhead exposures.
· For exposure in enclosed areas, a respirator with either an organic vapour-removing cartridge with a prefilter approved for pesticides, or a canister approved for pesticides. 

· For exposure outdoors, dust/mist filtering respirator.  
Applicators must use a closed cab with appropriate filtering system  and have the above RPE and PPE immediately available for use if leaving the cab in the treated area, and a system for storing the used RPE and PPE to prevent contamination of the cab.  At least long-sleeved shirt and long-legged trousers, footwear plus socks should be worn in the functioning enclosed cab.

	
	Potato and strawberry
	< AOEL
	The existing PPE control (PPE should be adequate to prevent exposure) should be modified to make it more prescriptive so that PPE, to be worn during mixing/loading and application should comprise at least:

· Coveralls over long-sleeved shirt, long-legged trousers.

· Chemical resistant gloves.

· Chemical resistant footwear plus socks.
· Protective eyewear.
· For exposure in enclosed areas, a respirator with either an organic vapour-removing cartridge with a prefilter approved for pesticides, or a canister approved for pesticides.
· For exposure outdoors, dust/mist filtering respirator.  

	Re-entry workers exposure to residues
	Summerfruit, potato & strawberry
	Exceeds AOEL
	Introduce REI
:

· Cherries
19 days

· Other stone
14 days 
fruit

· Potatoes
42 days

· Strawberry
7 days
runners

Introduce PPE requirement for entry during REI.  PPE to comprise:

· Coveralls over long-sleeved shirt, long-legged trousers.

· Chemical resistant gloves.

· Chemical resistant footwear plus socks.
· Protective eyewear.
· Chemical resistant headgear for overhead exposures.

	Bystander exposure
	Summerfruit
	Exceeds AOEL
	Buffer zone around public areas to exceed 50 m.

	Aquatic environment (aquatic)
	Summerfruit, potato & strawberry
	Exceeds level of concern for both acute and chronic exposure
	Buffer zones around all waterways to exceed 100 m.

	Birds
	Summerfruit, potato & strawberry
	Exceeds level of concern
	No effective controls have been identified, risks can only be reduced by not using the product.

	Soil-dwelling invertebrates 
	Summerfruit, potato & strawberry
	Low (acute risk), chronic risk expected within treatment area
	None needed.

	Bees & other non-target invertebrates
	Summerfruit, potato & strawberry
	Acceptable risk (bees), although uncertainty over residue toxicity

Exceeds level of concern (other non-target invertebrates) 
	Existing control prohibiting application if bees foraging or likely to forage should protect bees, but other non-target invertebrates will be at risk and no new controls are possible.


Submissions

Submissions are now invited on the appropriateness and workability of the above recommendations.  In particular, ERMA New Zealand would like information on the following:

· Benefits to growers who use azinphos methyl, particularly in relation to the overall value of the crops on which it is used.

· Efficacy and cost-effectiveness of the proposed controls.

· Impact of phasing out azinphos methyl.

Submissions on this application must be made within a 60 working day period.  Electronic responses using the form on our website are encouraged. Please return your submission, whether electronic or by post, fax or email to:

ERMA New Zealand

PO Box 131

Wellington

Fax: 04 914 0433

Email: reassessments@ermanz.govt.nz 

All submissions must be received by 5 pm, Friday 15 May 2009.

Submissions must state the reasons for making the submission and state whether the submitter wishes to be heard at a public hearing.  The submission may also state any decision sought.

For more information on the reassessment process see http://www.ermanz.govt.nz/hs/reassessment/index.html 

Section One – The Application
1.1 Applicant details
Name and address in New Zealand of the organisation making the application
Name:
Chief Executive

ERMA New Zealand
Postal Address: 
P O Box 131
Wellington 6015
New Zealand
Physical address:
Level 1


BP House
20 Customhouse Quay
Wellington
New Zealand
Phone: 

+64-4-916 2426

Fax:

+64-4-914 0433

Name of the contact person for the application
Name:
Susan Collier
Position: 
Advisor (Hazardous Substances)
Postal address:
ERMA New Zealand

PO Box 131

Wellington 6001

New Zealand
Phone:
+64-4-918 4859

Fax:
+64-4-914 0433

1.2 Background to the application
1.2.1 This is an application for the reassessment of azinphos methyl and formulations containing azinphos methyl prepared by ERMA New Zealand (‘ERMA New Zealand’) under section 63 of the Hazardous Substances and New Organisms Act (‘the Act’).

1.2.2 Azinphos methyl was placed on the Chief  Executive’s Reassessment Priority List in 2006, taking into account:

· Public concern about the use of organophosphate pesticides, due to their association with adverse effects in humans and the environment.

· Public concern about substances including listing as a Priority 2 pesticide for Reassessment, in Petition 1999/227 of Kees Bon, presented to the Local Government and Environment Select Committee, September 2006.

· Overseas action including removal from markets and stricter controls applied by some regulatory agencies.
1.2.3 In June 2007 , the Environmental Risk Management Authority (‘the Authority’) considered whether or not there were grounds for reassessing the approvals for azinphos methyl and formulations containing azinphos methyl, under section 62 of the Act. 

1.2.4 The Authority decided that there were grounds for reassessment based on section 62 of the Act, namely that:  there is new information from overseas regulatory authorities relating to the effects of azinphos methyl and that, in light of this new information, reassessment of the substance is warranted. 

The Committee acknowledged that there are alternatives to azinphos methyl, adding weight to the justification for a reassessment of the substance.  In addition, the Committee considered that a reassessment of azinphos methyl and its formulations aligns well with ERMA New Zealand’s risk reduction strategy, which seeks to reduce the risks to which New Zealanders may be exposed via new organisms or hazardous substances.  
1.2.5 The decision was notified on 29 June 2007. In reaching its decision the Authority noted the following:

· Formulations containing azinphos methyl have been registered for use in New Zealand since 1965.  Currently, one product is registered for agricultural use in New Zealand (Cotnion 200 Insecticide).
· Regulatory authorities in the US and Canada have recently completed reassessments of azinphos methyl.  The findings of these reassessments have led to the phase-out of the substance, with all uses expected to be phased out by the end of 2012.  A review is currently underway in Australia, with preliminary findings indicating that more stringent controls will be applied to azinphos methyl formulations although their use will not be phased out completely.

· There appear to be less hazardous alternatives to azinphos methyl available.
· The reassessment of azinphos methyl and its formulations aligns with the principles of the ERMA New Zealand Risk Reduction strategy.

1.3 Preparation of the application
1.3.1 In preparing this application, ERMA New Zealand sought information from importers and users regarding: 
· use patterns including ‘off label’ uses;

· benefits from the use of the substance in New Zealand; and 
lifecycle information.  
1.3.2 A full list of the parties contacted for this information is set out in Appendix M. 

1.3.3 In response to this pre-application consultation, information was received from the following sources: 

· Horticulture New Zealand; and
Agronica.
1.3.4 New Zealand Food Safety Authority (NZFSA) supplied a document (Appendix N) outlining the responsibilities of NZFSA under the various legislations relevant to pesticide regulation.

1.3.5 ERMA New Zealand also commissioned a report from Plant & Food Research regarding:

· use patterns including ‘off label’ uses;

· benefits from the use of the substance in New Zealand;

· lifecycle information; and 
availability of alternative pesticides.

1.3.6 To the extent appropriate, ERMA New Zealand considered publicly available sources of toxicology and environmental fate and effects test data.

1.3.7 ERMA New Zealand also commissioned a report from Martin Edwards Consulting regarding:

· the toxicology of azinphos methyl; and
exposure of operators and bystanders. 
1.4 Consideration of scenarios

1.4.1 The baseline scenario considered in this assessment is current use.  Currently, azinphos methyl is used only on summerfruit, strawberry runner plants and potatoes, although it is approved for use on a wider range of crops.  The risks inherent in use have been evaluated only for crops on which azinphos methyl is currently used.  The risks involved in the baseline scenario are considered in Section 4.  

1.4.2 Use on summerfruit and potatoes is included on the label of Cotnion 200 Insecticide.  Use on strawberry runner plants is an off-label use
.
1.4.3 ERMA New Zealand also considered an alternative scenario in which azinphos methyl is unavailable (Section 5).  This would be the ‘expected’ scenario if the approval for azinphos methyl was revoked. Consideration of risks, costs and benefits under this alternative scenario was performed for each crop/pest combination for which azinphos methyl is currently used.  The consideration was restricted to:

· identifying potential alternative products (task contracted to Plant & Food Research);

· comparing the relative hazard of the alternative products; and
comparing the relative cost of the alternative products (based on information from Plant & Food Research).
1.5 Notification and consultation
1.5.1 This application has been prepared by ERMA New Zealand and will be publicly notified for submissions for a 60 working day period. The submissions received, together with the application, will be taken into account by the Authority in considering the reassessment. If required by any submitter, the Authority will hold a public hearing.

1.6 Substance(s) covered by the application
1.6.1 The substances containing  azinphos methyl for which there are HSNO approvals and which are the subject of this reassessment, are shown in Table 2: 

Table 2:
Substances covered by this application
	Substance description
	Approval #

	Azinphos methyl
	HSR002815

	Suspension concentrate containing 350g/litre azinphos methyl  
	HSR000160

	Wettable powder containing 350g/kg azinphos methyl
	HSR000161

	Cotnion 200 Insecticide
	HSR002486


1.6.2 Cotnion 200 Insecticide is registered with ACVM (P007492, 13 June 2006).  No other substances containing azinphos methyl are currently registered with ACVM. 
Section Two – The Risk Management Context

2.1 Risk management context

2.1.1 The Authority decides whether to approve or decline hazardous substances based on the requirements of the HSNO Act and the Methodology (HSNO, 1998).  The purpose of the Act is to “protect the environment and the health and safety of people and communities, by preventing or managing the adverse effects of hazardous substances and new organisms”.  The Act and the Methodology therefore underpin the risk management context used in this application.

2.1.2 Section 29 of the Act requires the Authority to consider adverse and positive effects of the substance(s) and to make a decision based on whether or not the positive effects of releasing the substance outweigh the adverse effects of the substance.  The relevant adverse and positive effects are those that are associated with the substance.

2.1.3 In particular, in accordance with section 6 of the Act, the following matters have been taken into account in assessing the risks, costs and benefits associated with the use of azinphos methyl in New Zealand:

· the sustainability of native and valued introduced flora and fauna;
· the intrinsic value of ecosystems;
· public health;
· the relationship of Māori and their culture and traditions with their ancestral lands, water, sites, wāhi tapu, valued flora and fauna, and other taonga;
· the economic and related benefits to be derived from the use of azinphos methyl; and 
New Zealand’s international obligations.

2.1.4 ERMA New Zealand notes that comparison of risks or benefits, for example a risk of chronic human toxic effects compared to a risk of aquatic toxic effects, and the comparison of risks and benefits, for example an environmental or human health risk compared to a societal or economic benefit, requires value judgement.  This is taken into account in making recommendations (Section 7) and the Authority will take this into account in reaching an overall assessment of the risks and benefits.

2.2 Identification and assessment process

2.2.1 ERMA New Zealand identifies the risks and benefits associated with the substance and then undertakes a scoping exercise to determine which of them are potentially significant.  Identifying risks and benefits requires identifying the sources of effect (eg the hazards and benefits), the pathways for exposure, and the areas of impact as well as the likelihood and magnitude of effect.  In accordance with clauses 9 and 10 of the Methodology, and sections 5 and 6 of the Act, the adverse and positive effects are characterised in relation to the following areas of impact: the environment, human health and safety, relationship of Māori to the environment, the market economy, and society and the community.  

2.2.2 The second step is to assess the risks and benefits that have been identified as being potentially significant.  Those risks and benefits that are deemed to be not potentially significant are described, but are not assessed in detail.  Assessing risks and benefits involves combining the magnitude (size or value) of an effect and the likelihood of it occurring. Where there is uncertainty about the magnitude of the effect a range of magnitudes may be assessed. 

2.3 Consideration of uncertainty

2.3.1 Clause 8 of the Hazardous Substances and New Organisms (Methodology) Order 1998 (the Methodology) states that the information used by the Authority when considering an application must be relevant and appropriate to the scale and significance of the risks, costs and benefits associated with the substance.

2.3.2 Clause 29 of the Methodology indicates that when the Authority encounters scientific and technical uncertainty relating to the potential adverse effects of a substance, the Authority must determine the materiality and significance to the application of the uncertainty. Where any scientific or technical uncertainty is not resolved, the Authority must take into account the need for caution in managing the adverse effects of the substance (clause 30).

2.3.3 Where the Authority considers that there is uncertainty in relation to costs, benefits, and risks (including, where applicable, the scope for managing those risks), the Authority must attempt to establish the range of uncertainty and must take into account the probability of the costs, benefits and risks being either more or less than the levels presented in evidence (clause 32).

2.4 Ethical considerations

2.4.1 In reviewing the information provided and identifying and assessing the adverse and positive effects of azinphos methyl, ethical matters relevant to the use of azinphos methyl have been taken into account.  Guidance is provided by the ERMA New Zealand Ethics Framework Protocol (ERMA, 2005a).  This framework acknowledges that individuals and communities hold a range of ethical views.  It has been developed as a tool to assist all participants in the ERMA New Zealand decision-making process to:

· ask the ‘right’ questions in order to identify areas where there are ethical matters to be considered; and  

use the answers to these questions to explore whether and how ethical considerations need to be addressed.

2.4.2 The foundation of the framework is a set of ethical principles, supported by procedural standards.  The two general principles, which are embodied in the HSNO Act and the Methodology, are:

· respect for the environment; and

respect for people (including past, present and future generations).

2.4.3 Under these general principles is a set of specific principles:

· concern for animal welfare;
· concern for autonomy;
· concern for co-operation;
· concern for cultural identity/pluralism;
· concern for human rights;
· concern for human dignity;
· concern for justice and equality;
· concern for sustainability; and
concern for wellbeing/non-harm.

2.4.4 The primary mechanisms for supporting the principles outlined in the framework and for evaluating whether or not they are upheld are the procedural standards of:

· honesty and integrity;
· transparency and openness;
· a sound methodology;
· community and expert consultation; and 
a fair decision-making process. 

2.4.5 In preparing this application, ERMA New Zealand has applied the criteria in the procedural standards listed above to its evaluation and review of available information and has been conscious of the concerns expressed by parties who have supplied information to assist in the preparation of this application, and their beliefs that are the basis for these concerns.  When ethical dilemmas arise ERMA New Zealand has described them in terms of the framework.  

2.5 Principles of the Treaty of Waitangi (Te Tiriti ō Waitangi)

2.5.1 Section 8 of the Act requires the Authority, when considering applications, to take into account the principles of the Treaty of Waitangi.  Of particular relevance to this application is the principle of active protection affirmed in 1987 by the Court of Appeal in the Lands case. 

2.5.2 It refers to the Crown’s obligation to take positive steps to ensure that Māori interests are protected, and to consider them in line with the interests guaranteed to Māori in Article II of the Treaty. Specifically the Court noted that “… the duty of the Crown is not merely passive but extends to active protection of Maori people in the use of their lands and waters to the fullest extent practicable” (Cook 1987).

2.5.3 Taking into account the principle of active protection requires this application to provide sufficient evidence to show that the use of azinphos methyl poses no risk of adverse effects to native/endemic species and/or other taonga species, ecosystems and traditional Māori values, practices, health and well-being.  In considering the level of uncertainty described in relation to the adverse effects noted above, ERMA New Zealand considers that the current uses of azinphos methyl may be viewed as being inconsistent with the principle of active protection.

Section Three – The Substance and its Lifecycle
3.1 Identification of the substance(s)
Table 3: 
Identity of azinphos methyl
	
	Summary Information

	Active substance (ISO Common Name)
	Azinphos methyl

	Function (e.g. fungicide)
	insecticide

	Chemical name (IUPAC)
	S-(3,4-dihydro-4-oxobenzo[d]-[1,2,3]-triazin-3-ylmethyl)O,O-dimethyl phosphorodithioate

	Chemical name (CA)
	0,0-dimethyl  S-((4-oxo-1,2,3-benzotriazin-3(4H)-yl) methyl ) phosphoroditioate

	Molecular formula
	C10H12N3O3PS2

	Molecular weight
	317.3

	Structure
	[image: image1.png]




	Synonyms
	Phosphorodithioic acid, O,O-dimethyl S[(4-oxo-1,2,3-benzotriazin-3(4H)-yl)methyl] ester

Phosphorodithioic acid, O,O-dimethyl ester, S-ester with 3-(mercaptomethyl)-1,2,3-benzotriazin-4(3H)-azinphos methyl 

	CIPAC No
	37

	CAS No
	86-50-0 

	EEC No (EINECS or ELINCS)
	201-676-1


3.2 Regulatory History in New Zealand
3.2.1 Azinphos methyl (active) was transferred to the HSNO Act in the Chemicals Transfer Notice (01 July 2006).

3.2.2 ‘Suspension concentrate containing 350g/litre azinphos methyl’  and ‘Wettable powder containing 350g/kg azinphos methyl’ were transferred to the HSNO Act in the Pesticides Transfer Notice (15 June 2004).  Currently, there are no products registered under the Agricultural Compounds and Veterinary Medicines (ACVM) Act that fits the descriptions for these two HSNO approvals.  In the past, at least two products, Gusathion M35 and Cotnion 350 FL Insecticide have been registered, but their ACVM registrations were terminated in or prior to 2003.

3.2.3 Currently only one azinphos methyl product is marketed in New Zealand, Cotnion 200 Insecticide.  This was approved under the HSNO Act in 2006. 
3.3 Mode of action
3.3.1 Azinphos methyl is an organo-phosphate insecticide. It is a non-systemic, cholinesterase inhibitor effective through oral, dermal and inhalation exposure. 
3.4 Review of hazardous properties
3.4.1 The physico-chemical properties of azinphos methyl and its formulations are described in Appendix B.

3.4.2 The toxicology of azinphos methyl is summarised in Appendix G.  Azinphos methyl is of high acute toxicity by oral, dermal and inhalation routes of exposure.  Of the chronic toxicity classifications, azinphos methyl attracts only a 6.9A target organ toxicant, on account of its effects by single exposure for oral, dermal and inhalation exposure and by oral repeat exposure.  Primary effects are on cholinesterase activity in the blood and neurotoxicity.
3.4.3 The environmental fate of azinphos methyl is summarised in Appendix C.  Azinphos methyl is not rapidly degradable but has a half-life in sediment-water systems of 10 days or less.  The major degradation products are methylbenzazimide sulfonic acid and desmethyl azinphos methyl.  Azinphos methyl does not leach significantly.  It is not expected to be bioaccumulative.  
3.4.4 The environmental effects of azinphos methyl are summarised in Appendix E.  Azinphos methyl is very ecotoxic to aquatic life, to birds and to bees and harmful to soil organisms.
3.5 Classification
3.5.1 The HSNO classification of azinphos methyl is shown in Table 4.  The data on which these classifications are based are shown in Appendices E & G.  Derivation of the classifications of the formulations is shown in Confidential Appendix I.
Table 4:
Classification of azinphos methyl formulations and its formulations 
	Hazard Class/Subclass
	Azinphos methyl
	Suspension concentrate containing 350g/litre azinphos methyl
	Wettable powder containing 350g/kg azinphos methyl
	Cotnion 200 Insecticide

	Subclass 6.1 Acute toxicity (oral)
	6.1A
	6.1B
	6.1C
	6.1B

	Subclass 6.1Acute toxicity (dermal)
	6.1B
	6.1B
	6.1B
	6.1C

	Subclass 6.1 Acute toxicity (inhalation)
	6.1B
	6.1C
	6.1B
	6.1B

	Subclass 6.3/8.2 Skin irritancy/ corrosion
	No
	No
	No
	No

	Subclass 6.4/8.3 Eye irritancy/corrosion
	No
	No
	No
	No

	Subclass 6.5 Respiratory sensitisation
	ND
	ND
	ND
	ND

	Subclass 6.5 Contact sensitisation
	6.5B
	6.5B
	6.5B
	6.5B

	Subclass 6.6 Mutagenicity
	No
	No
	No
	No

	Subclass 6.7 Carcinogenicity
	No
	No
	No
	No

	Subclass 6.8 Reproductive/ developmental toxicity
	No
	No
	No
	No

	Subclass 6.9 Target organ systemic toxicity
	6.9A
	6.9A
	6.9A
	6.9A

	Subclass 9.1 Aquatic ecotoxicity
	9.1A
	9.1A
	9.1A
	9.1A

	Subclass 9.2  Soil ecotoxicity
	9.2C
	9.2C
	9.2C
	no

	Subclass 9.3 Terrestrial vertebrate ecotoxicity
	9.3A
	9.3A
	9.3A
	9.3A

	Subclass 9.4  Terrestrial invertebrate ecotoxicity
	9.4A
	9.4A
	9.4A
	9.4A


3.5.2 Azinphos methyl, ‘Suspension concentrate containing 350g/litre azinphos methyl’ and ‘Wettable powder containing 350g/kg azinphos methyl’ were approved with a 9.2D classification.  This is incorrect, and should have been a 9.2C classification.  Cotnion 200 Insecticide’ was correctly classified with no 9.2 classification.  
3.5.3 Azinphos methyl and all its formulations were approved with a classification of 6.4A.  This should not have been applied to any of these substances.
3.6 Lifecycle
Manufacture, importation, transport and storage
3.6.1 Details regarding the manufacture, importation, transport and storage of the one formulation of azinphos methyl currently marketed in New Zealand, Cotnion 200 Insecticide are contained in Table 5.
Table 5: 
Description of manufacture, importation, transport and storage of Cotnion 200 Insecticide
	Manufacture

	The formulation of azinphos methyl  is undertaken outside New Zealand.

	Importation

	Formulations of azinphos methyl are imported into New Zealand by sea, packaged ready for sale in 5, 10 and 20 litre HDPE drums.

	Transport

	Formulations of azinphos methyl are transported by road, rail and/or sea within New Zealand. Shipping containers are de-vanned and drums are labelled for distribution in New Zealand. 

Distribution is in compliance with the Land Transport Rule: Dangerous Goods Rule.

· For quantities exceeding 50 L azinphos methyl is classified as a Class 6.1 Toxic substance Packaging Group II.  A consignment must be accompanied by a Dangerous Goods Declaration.  Consignments must be placarded according to Section 9 of the Rule, and not to be loaded on the same vehicle as Class 1 Explosives or Food Items (unless transported in a segregation device) and must be separated by 3 metres from Class 5.1 Oxidising Substances and Class 5.2 Organic Peroxides.  

· For quantities of less than 50 L azinphos methyl is classified as a Class 6.1 Toxic substance Packaging Group III.  A consignment must be accompanied by a Dangerous Goods Declaration.  Consignments are not to be loaded on the same vehicle as Class 1 Explosives or Food Items (unless transported in a segregation device) and must be separated by 3 metres from Class 5.1 Oxidising Substances and Class 5.2 Organic Peroxides.

· Information required for safe handling and use is provided via the registered product label, the MSDS and Haznote guides which are made available to all workers.

	UN Number
	3018

	UN Transport Hazard Classes
	6.1B 

	UN Packing Group Number
	PG II

	Marine Pollutant
	Yes

	Storage

	As a Class 9 Substance with Ecotoxicity Classifications and Class 6 toxicity Classifications, storage of Cotnion 200 Insecticide is carried out to prevent contamination of waterways and restrict access by the public.

Stores containing more than 100 L of Cotnion 200 Insecticide require bunding and are subject to signage.  Storage will be in accordance with The New Zealand Standard for the Management of Agrichemicals (NZS8409).  

	Disposal 

	Empty drums are triple rinsed and delivered by end users to one of 52 District Council approved “Agrecovery” recycling sites.


Notes to table

a
UN Model Regulations mean Model Regulations annexed to the most recently revised edition of the Recommendations on the Transport of Dangerous Goods published by the UN

International usage
3.6.2 Australia: There are currently four registered products containing azinphos methyl in use in Australia. Azinphos methyl products are mainly used on pome and summerfruit, citrus, macadamias and grapes. They are also used in less significant quantities on crops such as lychees, kiwifruit and blueberries. The key use is for the control of codling moth and light brown apple moth, predominately in pome and summerfruit orchards.

3.6.3 United States: azinphos methyl products are currently registered for use on crops such as almonds, pistachios, walnuts, apples, blueberries, cherries, parsley and pears.  Use on the first three crops mentioned will be phased out by 2009, with the rest phased out by 2012.

3.6.4 Canada: There are currently four registered products containing azinphos methyl in use in Canada. They are used on apples, crab apples, apricots, blackberries, cherries, cranberries, grapes, pears, peaches, plums, prunes and raspberries. These uses will be phased out by 2012.

New Zealand Usage 
3.6.5 Horticulture NZ has indicated that the amount of azinphos methyl being used in New Zealand has levelled out to approximately 7 to 8000 litres a year, used mainly on potatoes and strawberry runner plants with a small quantity being used on summerfruit.

3.6.6 The use of azinphos methyl is categorised, according to HEDSET codes (ECB, 2003).

Table 6:
Use pattern
	
	Category
	Description

	Main category
	MCIV
	Wide dispersive

	Industry category
	01
	Agricultural

	Function/Use category
	38
	Pesticide


3.6.7 Table 7 describes the use of azinphos methyl formulations in New Zealand, as specified on the label and equivalent information for off-label uses as advised to ERMA New Zealand.  Local practices shape the patterns of use of most pesticides.  Consequently, ERMA New Zealand has sought additional information on each of the uses described in Table  (Appendix A).
Table 7:
Summary of current uses of Cotnion 200 Insecticide 
	Crop
	Insect Pest
	Application details

	
	
	Method and kind
	Number per year
	Interval between applications
	Product rate
	Water rate

	Potatoes
	potato tuber moth
	Boom sprayer
	2-6
	2 weeks plus
	2.8 L /ha in
	300-400 L/ha

	Summer fruit

	aphids, bronze beetle, cherry sawfly, grass grub beetle, leafroller, oriental fruit moth
	High volume
	1
	
	175-245 ml per 100 litres water


	To run off up to 2000l/ha

	Strawberries runner plants
	Black beetle, 

psyllid , leafhoppers 
	Boom sprayer
	0-12
	Minimum

7 days
	2.8 l/ha or

175-245 ml/100 litres
	400l/ha early season

1000 l/ha late season


3.6.8 To evaluate the risks from use of azinphos methyl, a suite of use scenarios was developed (Table ).
Table 8:
Scenarios evaluated in the risk modelling

	
	Method
	Rate
	Scenario
	Applications

	
	Equipment
	Details
	Formulation (L/ha)
	Water amount
	Max a.i./ha/ application
	
	Number per year
	Interval (days)

	Summer-fruit
	Airblast
	Fine to medium droplet
	175-245 ml/100 l
	2000 l/ha
	980
	1
	1
	–

	
	
	
	
	
	
	2
	6
(max for 1 crop)
	14

	Potatoes
	Ground
	High boom, fine droplet
	2.8 l/ha
	560
	3
	1
	–

	
	
	
	
	
	4
	6
(max for 1 crop)
	14

	
	
	
	
	
	5
	18 
(max if 3 crops/ year)
	14

	Straw-berries
	Ground
	low boom, fine droplet
	2.8 l/ha
	400-1000 l/ha
	560
	6
	1
	–

	
	
	
	
	
	
	7
	12
(max for 1 crop)
	7


3.7 Existing Controls
3.7.1 The lifecycle and hazardous properties of azinphos methyl and azinphos methyl formulations are managed through a variety of controls.  These controls are prescribed as part of the approval of these substances under the HSNO Act and the Agricultural Compounds and Veterinary Medicines Act 1997 (ACVM Act), and through requirements for resource consents under the Resource Management Act 1991.  

3.7.2 The HSNO Act controls applicable to azinphos methyl and its formulations are given in Appendix K.  Conditions imposed by the ACVM Act are also listed in Appendix K.  
3.7.3 In Section 4, the risks, costs and benefits of azinphos methyl are identified and assessed.  This assessment is made under the assumption that there is compliance with the HSNO controls described in Appendix K.

Section Four – Identification and Assessment of Adverse and Beneficial Effects (Risks, Costs and Benefits)
4.1 Introduction
4.1.1 The potential sources of risk to the environment and human health are tabulated in Table 9.

Table 9:
Identification of potential sources of risk
	Lifecycle Activity 
	Associated Source of Risk

	Repackaging
	An incident during repackaging or labelling. 

	Local transport
	Transport or handling incident on roads or during loading/unloading resulting in spillage and subsequent exposure of people or the environment. 

	Storage
	Incident during storage, resulting in spillage and subsequent exposure of people and/or the environment.

	Use
	Exposure to users, bystanders and/or the environment during dilution, mixing or use, or through exposure to residues on treated vegetation, soil, feed items.

	Disposal
	Disposal of the substance or containers, resulting in release of the substance and subsequent exposure of people and/or the environment.


4.2 Incidents

New Zealand Incidents 

4.2.1 Between 1 July 2002 and 16 July 2007, the National Poisons Centre received three calls relating to azinphos methyl. All three calls were requests for information.

4.2.2 A 2004 Environment Waikato study detected 0.19 µg/L of azinphos methyl in ground water from a single site in the Lower Waikato region (Environment Waikato, no date), but nothing was detected in samples from 79 other sites (limit of detection 0.05 ug/l). 

4.2.3 ERMA New Zealand notes the absence of relevant incident information relating to the use of azinphos methyl in New Zealand could be due either to a lack of incidents or a lack of reporting/ monitoring. 

Overseas Reports

4.2.4 A number of overseas incidents have been reported in the literature. However, interpretation of the significance of these reports needs to take account of the different application methods and controls that may be applied compared to New Zealand.  Some of the incidents may have arisen from practices not used in New Zealand.  However, in most cases it is impossible to establish such differences from the available reports.  ERMA New Zealand therefore concludes that, although incidents have been reported overseas, it is not possible to determine their relevance to New Zealand.

4.3 Environment
Identification of adverse effects (risks and costs)
4.3.1 At all steps in the lifecycle (Table ) there is potential for azinphos methyl to enter the environment and it is very toxic, having the ecotoxicity profile, 9.1A fish, 9.1A crustacean, 9.1B algae, 9.2C, 9.3A, 9.4A.  It therefore has the potential to cause effects in the environment.
4.3.2 Both the USEPA and the Canadian Pesticide Management Regulatory Agency (PMRA) concluded that azinphos methyl is highly toxic to aquatic organisms. They also identified risk issues associated with spray-drift and run-off into bodies of water. The respective decision of each agency to phase out use of azinphos methyl was, in part, due to environmental concerns.

4.4 Environment

Assessment of potentially significant adverse effects (risks and costs)
4.4.1 ERMA New Zealand assesses the significance of adverse effects by comparing environmental exposure to concentrations causing effects.  Its assessment assumes that existing controls are in place.  
4.4.2 Given the default controls, the likelihood of effects resulting from incidents/spills during repackaging, local transport, storage or disposal is considered to be improbable.  Any incidents would be likely to be localised but could be of major magnitude, particularly if appreciable quantities of azinphos methyl got into a waterway
.  This combination of likelihood and magnitude suggests a moderate risk.

4.4.3 ERMA New Zealand modelled likely exposure during the use of azinphos methyl according to the 7 scenarios described in Table 8.  
4.4.4 Details of the environmental exposure modelling are presented in Appendix D.  These estimates of exposure are related to concentrations calculated to cause effects (Appendix E) to derive risk quotients (Appendix F).  

4.4.5 This risk assessment showed that acceptable levels of concern are exceeded for fish, aquatic invertebrates, birds and terrestrial invertebrates (Appendix F).  Higher tier modelling could potentially refine these estimates of the risks but is unlikely to reduce the risk quotients by the orders of magnitude required to remove the estimation of risk.  The risks are described in the following paragraphs and in more detail in Appendix F.
· In freshwater, azinphos methyl risk quotients indicate acute and chronic risks that exceed levels of concern to fish and invertebrates for all scenarios modelled and a low risk to algae. 

· For all scenarios modelled, azinphos methyl poses an acute and chronic risk to birds that exceeds the level of concern. Tier 1 modelling indicates that the chronic risk may be initiated by a single application. Chronic risks could be mitigated to some extent by restricting the application frequency to once a year, although even a single application will exceed the level of concern.  Overseas field studies have shown effects on birds, but the application rate evaluated was higher than that used in New Zealand.
· Non target plant toxicity data was unavailable to ERMA New Zealand so no risk assessment was made.

· Acute data indicate that use of azinphos methyl is unlikely to cause significant acute adverse effects on earthworms. However, while there are no chronic data available, an acute: chronic toxicity ratio of 10 would result in a chronic risk to earthworms. 

Modelling for all scenarios indicated that azinphos methyl poses an acute risk to bees.  With the exception of the scenario that modelled one application a year in potatoes and strawberries, an acute risk to other non target terrestrial invertebrates was also demonstrated.  Risks to bees may have been overestimated since spraying should not occur at times when bees are foraging (HSNO Regulations, Class 6,8,9 controls, Reg 49).  However, there will be effects on other beneficial organisms that live within or close to the crop.  In addition, information from the US indicates that residues of azinphos methyl are persistent on crops and the risk of bee exposure remains even if flowering periods are avoided.
4.4.6 Buffer zones might be a measure to reduce the risk to freshwater life and this is discussed in Section 6.  Buffer zones would not reduce the risk to birds or non-target terrestrial invertebrates.

4.4.7 ERMA New Zealand notes that azinphos methyl has a low bioconcentration factor and it is therefore unlikely to present a risk to organisms through biomagnification within the aquatic or terrestrial ecosystems.

4.4.8 Azinphos methyl is not likely to leach significantly.  Modelling of azinphos methyl leaching indicates that potential concentrations in groundwater will be less than the New Zealand Drinking water standard of 4µg/l (MoH, 2008).

Identification of beneficial effects (benefits)
4.4.9 ERMA New Zealand did not identify any beneficial effects on the environment from the availability or use of azinphos methyl. 
Overall evaluation of risks and benefits to the environment
4.4.10 Given the lack of benefits, the risks to the environment from the continued use of azinphos methyl outweigh the benefits.

4.5 Human health and safety
Identification of adverse effects (risks and costs)
4.5.1 At all steps in the lifecycle (Table ) there is potential for azinphos methyl to enter the environment and it is very toxic, having the toxicity profile: 6.1A oral, 6.1B dermal, 6.1B inhalation, 6.5B, 6.9A. While the exact hazards of the formulations used in commercial applications differ, the formulations retain at least the following hazards as triggered by the azinphos methyl component: 6.1B, 6.5B, 6.9A.  There is therefore the potential for effects on human health.
Assessment of potentially significant adverse effects (risks and costs)
4.5.2 Given the default controls, the likelihood of effects resulting from incidents/spills during repackaging, local transport, storage or disposal is considered to be improbable.  Any incidents would be likely to be localised but could be of major magnitude.  This combination of likelihood and magnitude suggests a moderate risk.

4.5.3 ERMA New Zealand assesses the significance of adverse effects arising from the use of azinphos methyl by comparing concentrations of azinphos methyl causing effects to the exposure of the following groups of people: operators, re‑entry workers and bystanders including children.  

4.5.4 ERMA New Zealand modelled likely exposure of people during use of azinphos methyl.  Details of the human exposure modelling are presented in Appendix H.  These estimates of exposure are related to concentrations calculated to cause effects (Appendix G) to derive risk quotients (Appendix H).  

4.5.5 The conclusions of this risk assessment are that risks to operators, re-entry workers and bystanders exceed levels of concern even with standard personal protective equipment in place.  Children are used for the bystander assessment as their size and behaviour puts them more at risk than adults.  The risks are summarised in the following paragraphs and described in more detail in Appendix H.
· Operators:  Risks to operators involved in airblast spraying exceed levels of concern even with the following personal protective equipment, respirator (A1P2), hood/visor, overalls, boots and gloves.  The main route of exposure is dermal penetration, although inhalation contributes to a lesser extent.  Most exposure occurs during spraying with mixing/loading contributing comparatively little.  This is based on the assumption that most exposure during mixing/loading will be via the hands.  Risks to operators involved in boom spraying are acceptable when hood/visor, overalls, boots and gloves are worn.  Addition of a respirator reduces exposure only slightly.
· Re-entry workers:  Re-entry workers are presumed not to wear specific personal protective clothing.  The results of modelling indicate that risks exceed levels of concern, primarily due to dermal exposure. 
Bystanders:  Airblast application of azinphos methyl puts children at risk from exposure to spray drift (risk quotient 4.5), from volatilised residues (risk quotient 1.04) and from the residues deposited on spray drift contaminated surfaces (risk quotient of 9).  Boom spraying operations result in risks to children exposed to surfaces contaminated by spray drift from application to strawberries (risk quotient of 1.0).  These estimates are based on multiple applications consistent with the use of the product, but assuming no dissipation between applications.
4.5.6 Additional personal protective clothing or equipment will reduce the exposure of operators and re-entry workers, the use of buffer zones will protect bystanders.  The effectiveness of such risk mitigation measures is discussed in Section 6.

Identification of beneficial effects (benefits)
4.5.7 ERMA New Zealand has not identified any beneficial effects on human health and safety from the use of azinphos methyl.  

Overall evaluation of risks and benefits to human health and safety 
4.5.8 Given the lack of benefits to human health and safety the risks clearly outweigh the benefits.  

4.6 Society and the market economy
Introduction

4.6.1 Two types of potential effects are considered in this section:

· effects on society and community, for example increased or decreased anxiety arising from the use of the substance; and 
effects on the market economy, such as changes in costs, employment, welfare.
4.6.2 In preparing this section, ERMA New Zealand consulted with users and commissioned a report from Plant & Food Research on the use of azinphos methyl in New Zealand and potential alternatives to its use (Appendix A). 

Identification and assessment of adverse effects on society and the market economy
4.6.3 Using the information obtained from these sources, ERMA New Zealand identified potential adverse effects on society and the economy associated with continued use of azinphos methyl (Table 10).

Table 10:
Identification of adverse effects on society and the economy
	Adverse Effect
Describe the nature of the effect, the timing, and any mitigating factors

	Anxiety in people who are concerned about the continued use of azinphos methyl

	Effect on trade as a result of damage to New Zealand’s Clean green image 


4.6.4 Public anxiety.  The risks associated with pesticide use have had a high public profile particularly since the publication of Silent Spring by Rachael Carson in 1962. While the benefits of pesticides receive little publicity, the popular press often presents information about the potential dangers associated with pesticide use.  A survey conducted in 2006 in the UK of pesticide-related articles showed a ratio of 40 negative articles for each article that had a more positive view point (Cooper & Dobson 2006).  Organophosphates as a group are of concern due to their common mode of action (http://www.epa.gov/pesticides/cumulative/common_mech_groups.htm#op) and azinphos methyl in particular has raised particular concerns (eg http://www.epa.gov/pesticides/reregistration/azm/settlement_fs.htm).  
4.6.5 While this concern is noted, the extent of general public concern in New Zealand about the use of azinphos methyl in particular is difficult to gauge.  Given the lack of definitive information, this effect will not be further discussed in the application but submissions received during the consultation phase will be considered by the Authority in its evaluation of the application. 
4.6.6 Clean green image.  In 2001 a report commissioned by the Ministry for the Environment (MfE, 2001) concluded that:

· New Zealand’s ‘clean green’ image has value in terms of the way in which particular New Zealand exports benefit from positive perceptions about our environment;

· the ‘image’ is worth at least hundreds of millions of dollars (per year); and

New Zealand is relatively “clean and green”.

4.6.7 While this report focussed on the impact of products associated with genetically modified organisms on New Zealand’s ‘clean green’ image, the general conclusions are nevertheless relevant.

4.6.8 Knight et al, (2007) look at country of origin and choice of food imports and found that country of origin factors appeared largely irrelevant to large food retailers.  Consumers do show high willingness to purchase from countries where the country image is an important positive characteristic for the product category and it may therefore, for example, mean that sales of New Zealand apples benefit from image perceptions reinforced by scenery shown in movies.  However, a high percentage of New Zealand food exports are unbranded and country of origin is unknown.  A further factor is that country of origin labelling can be negative, with consumers being concerned about ‘food miles’ and food quality deteriorating with distance travelled.

4.6.9 While it is not possible to assess the impact of any particular pesticide on the clean, green image, it is noted that azinphos methyl use in a range of horticultural sectors has been declining in recent years partly because of constraints placed on growers by customers (for example, Tesco in the United Kingdom through its Nature’s Choice programme).  Horticultural sectors have reacted to these constraints by removing azinphos methyl from spray regimes for a number of export crops. 

4.6.10 The impact of azinphos methyl on New Zealand’s ‘clean green’ image is not known directly but given its hazard profile and its removal from several overseas markets, it is expected to have a negative impact.  The size of this effect is not known.

Identification and assessment of beneficial effects (benefits) on society and the market economy
4.6.11 Through consultation with industry groups, ERMA New Zealand identified beneficial effects on society and communities and the market economy as shown in Table 11.  Each of these beneficial effects is evaluated in the following paragraphs.
Table 11:
Identification of beneficial effects on society and the economy
	Beneficial Effect

	Maintaining industry profitability  

	Countering biosecurity incursions

	Reducing anxiety arising from future capability to counter pest problems.  


4.6.12 Maintaining Profitability Growers have indicated that azinphos methyl is important for maintaining their profitability by providing an effective and cost efficient insecticide.
4.6.13 To assess this claim properly, it is necessary to understand the cost of pest control using azinphos methyl versus the cost of using alternative products or of not treating the pest.  All these costs need to be considered with respect to the overall turnover of individual growers’ operations.  Information with this level of detail has not been made available to ERMA New Zealand.  However, Plant & Food Research’s report (Appendix A) does include some estimates of the damage that could be inflicted to crops.  They report: 
One of the successes of integrated fruit production programmes has been the replacement of broad spectrum insecticides with safer, selective products. However some insect pests, like Carpophilus beetle, that were formerly controlled by organophosphate insecticides applied against other pests, are now reaching damaging levels. Crop losses to Carpophilus beetle are dependent on several factors, so these can be quite variable.  No damage has been reported in Central Otago summerfruit crops where the sector’s SummerGreenTM programme has been used since the late 1990s.  In Hawke’s Bay orchards Carpophilus beetle damage is typically low, within the range of 0-10%, but there is potential for higher damage to occur in the absence of any control measures (P.Lo, pers.comm.).  Parts of Australia have severe problems with Carpophilus, with typically 30% crop losses where insecticides have not been used.  While New Zealand’s cooler climate means Carpophilus populations will probably not reach levels seen in Australia, they have caused significant problems on some orchards (Lo & Hossain 2004).  

Based on estimates of azinphos-methyl use in summerfruit (source ERMANZ) and assumptions based on planted areas (Table 10) and pest distributions (P Lo. pers.comm.), we estimate azinphos-methyl is used for treating 220 ha of summerfruit (allowing for some multiple applications)  for Carpophilus beetle control per season.  

In most seasons with insecticide control, SLY infection levels are likely to be 1-20%.  If leafhoppers were not controlled and alternate hosts for leafhopper were present (i.e. worst case scenario), infection levels could be as high as 80% of the crop.  All four growers are unlikely to have this level of infection in the same season.  However, as there are so few runner growers, this would significantly affect the availability of plants for the whole industry (G Langford, pers. comm.).

4.6.14 The size of the industries that are currently using azinphos methyl (Appendix A) are listed below, but it is not known what impact the revocation of the approval of azinphos methyl would have on this turnover:
There are 100 strawberry growers in New Zealand with a planted area of 219 ha, a domestic sales value of NZ$20 million and export sales of NZ$3.8 million (HortResearch 2007). Plants for the New Zealand strawberry industry are produced by four strawberry runner growers.  Strawberry runner production covers a total production area of approximately 30 ha.  

The summerfruit industry comprises 370 growers, with a planted area of 2,325 hectares producing apricots, cherries, nectarines, peaches and plums.  Summerfruit fresh fruit exports were valued at NZ$17.3 million, with the main export crops being apricots and cherries;

The potato industry comprises 268 growers, with a planted area of 10,850 hectares producing seed, process and fresh potato.  In 2007 domestic potato sales were valued at NZ$303 million, fresh potato exports NZ$13.7 million and processed potato NZ$80.5 million...........  While no azinphos methyl use was recorded in the Manktelow et al. (2005) survey, discussions with industry participants in Pukekohe highlighted that successful fresh potato production in Pukekohe and Matamata relies on the use of azinphos methyl for the control of potato tuber moth.  The Manktelow et al. (2005) survey was based on the best available spray diary data at the time which were in a dataset from Canterbury where seed and process potato are grown.  They do not use azinphos methyl as their primary pest control focus is aphids which are a vector for virus.  

4.6.15 The report from Plant & Food Research (Appendix A) indicates the relative cost of some of the potential alternatives to azinphos methyl.  The average cost of these alternatives is 1.4 times the cost of azinphos methyl.  ERMA New Zealand notes that this average cost does not include all alternative products and the cost to individual industry sectors will rarely reflect the average.  It is also noted that label claims do not currently exist for some of these alternative products and there are costs associated with generating such claims.  It is concluded that the cost of pest management is lower using azinphos methyl than the alternatives, but it is not known to what extent this affects the overall balance sheet of growers using this product.
4.6.16 The Plant & Food Research report indicates that for some crop/pest combinations the use of alternative products is not well researched, whereas growers are presumably familiar with the use of azinphos methyl.  Such familiarity is a benefit in that it is to be expected that any transition from using a product with which a grower is familiar to a new one may incur cost in terms of reduced efficacy.  There is also uncertainty as to whether potential alternative products will be as efficacious as azinphos methyl.  This may apply in particular to the strawberry runner sector for which control options should not interfere with predatory mites and to the control of Carpophilus beetles in the summerfruit sector.  

4.6.17 ERMA New Zealand notes that the approval for Gusathion was withdrawn in 2003 and the approval for Cotnion 200 Insecticide was not introduced until 2006.  In the intervening period no azinphos methyl formulations were marketed in New Zealand, although growers may have had stocks available for use.  All sectors currently using azinphos methyl were operating in these years.

4.6.18 ERMA New Zealand therefore considers that both the magnitude  and likelihood of this potential benefit are considerably uncertain.

4.6.19 Biosecurity tool.  Growers have also indicated azinphos methyl is valued as an effective broad spectrum insecticide to treat biosecurity incursions.  ERMA New Zealand considers that unless any incursion delimiting survey showed the spread of a pest to be extremely localised, azinphos methyl would not be used to eradicate a biosecurity incursion due to its hazard profile.  ERMA New Zealand notes the MAF Biosecurity policy objective that ‘Responses will aim to achieve the best overall outcome for New Zealand by minimising the impacts of both the risk organism and the response itself’ (Biosecurity NZ, 2007).  In the context of biosecurity it is very likely that there would be other insecticides that would have lower impact.  ERMA New Zealand therefore concludes this potential benefit is not significant.

4.6.20 Reducing anxiety regarding the availability of cost effective insecticides.  A number of horticultural sectors in New Zealand are relatively small in terms of total crop acreage and contribution to GDP.  Growers have indicated that the number of cost efficient insecticides is limited and as a consequence of their size it is unlikely that new chemicals will be imported for their crops.  They are particularly concerned that this makes them vulnerable to the development of resistance or to the appearance of new pests.  
4.6.21 ERMA New Zealand recognises that the development of resistance or the appearance of new pests is likely to cause anxiety.  However, ERMA New Zealand also recognises that there are potential alternatives in New Zealand to all current uses of azinphos methyl (Section 5).  While the effectiveness of these alternatives is not proven and there are costs involved in using a new pesticide/crop combination, it is to be expected that options for control will be found among these alternatives, even for new pests, that will be as effective as azinphos methyl.  Nevertheless, there is uncertainty and it is expected that the loss of azinphos methyl could lead to anxiety, particularly for small sectors such as the strawberry runner sector.

Overall evaluation of risks and benefits to society and the economy

4.6.22 ERMA New Zealand concludes that the risks to society and community from the continued use of azinphos methyl and identified as public anxiety and damage to the clean, green image cannot be quantified, but are unlikely to be significant.
4.6.23 Considering the benefits, growers have stated that azinphos methyl helps the industry sectors that use it maintain their profitability.  The size of this benefit has not been quantified or related to the turnover of individual growers or industry sectors.  Other benefits identified are value in countering biosecurity incursions and reducing anxiety regarding future pest management.  ERMA New Zealand considers that the case for value for countering biosecurity incursions is unlikely to be significant, it is expected that the loss of azinphos methyl could lead to anxiety, particularly for small sectors regarding future pest management.
4.7 Māori interests and concerns
Relationship of Māori to the environment 

4.7.1 Iwi/Māori interests have not been specifically consulted in the preparation of this application.  However ERMA New Zealand has received clear messages at several hui with iwi/Māori resource managers that unless substances provide clear benefits to outweigh potential risk, they generally oppose the ongoing use of highly hazardous substances.  It is likely that, in the absence of further information regarding benefits, submissions from Māori would seek the revocation of the approvals for azinphos methyl and its approved formulations.

Treaty of Waitangi

4.7.2 Section 8 of the Act requires the Authority, when considering applications, to take into account the principles of the Treaty of Waitangi.  Of particular relevance to this application is the principle of active protection affirmed by the Court of Appeal in the Lands case (1987).  

4.7.3 This principle refers to the Crown’s obligation to take positive steps to ensure that Māori interests are protected, and to consider them in line with the interests guaranteed to Māori in Article II of the Treaty.  Specifically the Court noted that “… the duty of the Crown is not merely passive but extends to active protection of Maori people in the use of their lands and waters to the fullest extent practicable”.

4.7.4 Taking into account the principle of active protection requires this application to provide sufficient evidence to show that the use of azinphos methyl and its approved formulations pose no risk of adverse effects to native/endemic species and/or other taonga species, ecosystems and traditional Māori values, practices, health and well-being.  Having considered the information available in relation to the adverse effects noted above, ERMA New Zealand considers that retaining the current approvals for azinphos methyl and its formulations would be inconsistent with the principle of active protection.

4.8 International obligations
4.8.1 ERMA New Zealand has not identified any international obligations regarding azinphos methyl.  
4.8.2 However, the use of azinphos methyl and its formulations has been reviewed by several overseas jurisdictions (Appendix L).  These reviews do not pose an obligation on New Zealand but are relevant to consideration of risks and pertinent risk management measures.
4.8.3 USEPA has reviewed the use of azinphos methyl.  Use rates used in the US were lower than those used in New Zealand.  Of the crops to which azinphos methyl is applied in the US, it is used only on cherries in New Zealand.  USEPA has embarked on a phased removal of the product, with cherries included in the last phase to be completed in 2012.  The phasing-out was based on the availability and cost of alternatives.  No-spray buffer zones around homes, occupied dwellings and waterbodies have been imposed during the phase out.  

4.8.4 Canada’s PMRA has reviewed the use of azinphos methyl.  Use rates in Canada were similar or lower than those in New Zealand.  PMRA has embarked on a phased removal of the product, the timing of which has been modified several times (PMRA 2007).  The phasing was based on the availability and cost of alternatives.  Use on potatoes and strawberries finished at the end of 2005.  Use on summerfruit is scheduled to finish by end of 2012.  During the phase out PPE, both clothing and equipment, and zones have been mandated.  
4.8.5 In Australia use of azinphos methyl is currently being reviewed.  It is proposed that the use of azinphos methyl will continue in Australia.  Summerfruit appears to be the only crop on which azinphos methyl is used in both Australia and New Zealand.  Interim proposals include a removal of the approval on apricots limiting application frequency to 2 applications per season and introduction of buffer zones (100 m) downwind of waterbodies.
4.8.6 In Europe, authorisations for azinphos methyl formulations were withdrawn from 1 January 2007.

Section Five – Likely Effects of azinphos methyl Being Unavailable 
5.1 Availability of alternative insecticides

5.1.1 ERMA New Zealand commissioned a report from Plant & Food Research (Appendix A) to examine the availability of alternative insecticides on crops that are registered for and or use azinphos methyl.  The following paragraphs (5.1.3-5.1.18) reproduce the summary of that report. 

5.1.2 In summary, ERMA New Zealand is advised that there are potential alternatives to the use of azinphos methyl for all crop/pest combinations for which it is currently used.  However, the demonstration of efficacy and development of best practices for use of alternatives will take time.  This is particularly pertinent to strawberry runners and summerfruit Carpophilus.
Kiwifruit

5.1.3 Azinphos-methyl is registered for the control of greedy scale (Hemiberlesia rapax, Hemiptera: Diaspididae), a species of armoured scale, and for the control of leafroller (Lepidoptera: Tortricidae), which are both primary insect pests of kiwifruit in New Zealand. Most of New Zealand’s kiwifruit crop is exported.  All fruit grown for export is either organic certified organic or grown using Integrated Pest Management (IPM) principles.  Azinphos methyl is not permitted in either of these programmes and has not been recorded as being used on kiwifruit in recent pesticide use surveys.  Therefore the de-registration of azinphos methyl will not have an impact on the viability of pest management in the kiwifruit industry.

Pipfruit

5.1.4 Azinphos methyl is registered for the control of codling moth (Cydia pomonella) and leafroller (Lepidoptera: Tortricidae), which are the key pests of New Zealand pipfruit.  All New Zealand pipfruit production is grown under IFP methods or organic production systems.  Azinphos methyl is not permitted in either of these programmes.  Therefore the de-registration of azinphos methyl will not have an impact on the viability of pest management in the pipfruit industry.

Grapes

5.1.5 Azinphos methyl is registered in New Zealand for the control of leafroller.  Lightbrown apple moth (Epiphyas postvittana) is a key pest of grapevines in New Zealand.  Azinphos methyl is not included in the New Zealand Winegrowers Export Wine Grape Spray Schedule in 2008/09.  The use of organophosphates is ranked as an unsustainable practice for the control of leafroller in the Sustainable Winegrowing New Zealand programme.  Insect growth regulators are the preferred chemical control option. Therefore the de-registration of azinphos methyl will not have an impact on the viability of pest management in the grape industry.

Summerfruit

5.1.6 Azinphos methyl is registered in New Zealand on cherries, peaches, nectarines, plums and apricots for the control of four species of aphid (Hemiptera: Aphididae), bronze beetle (Eucolaspis brunnea), cherry sawfly (Caliroa cerasi), grass grub beetle (Costelytra zealandica), five species of leafroller (Lepidoptera: Tortricidae) and oriental fruit moth (OFM) (Grapholita molesta).  Azinphos-methyl is occasionally used off-label for the control of dried fruit beetle (Carpophilus davidsoni).

5.1.7 Azinphos methyl use in the summerfruit industry is quite low, comprising of 2.7 - 4% of total insecticide use.  Of those growers that use azinphos methyl, typically it is one well-timed application to control both leafroller and, where present, OFM or one application late season to control Carpophilus beetle.

5.1.8 There are currently only two products registered for the chemical control of OFM.  OFM is of limited distribution.  If OFM control is required, mating disruption is already available and has been shown to be highly effective in international and Hawke’s Bay trials for the control of OFM.  There are four alternative chemical control products available in New Zealand that is at least partially effective for OFM control.  They are not yet registered for use on summerfruit in New Zealand, as the market is small.  Calypso® (thiocloprid) and Avaunt® 30WG (indoxacarb) have label claims for OFM control in Australia and are registered for use on other fruit crops in New Zealand.  Delegate* (spinetorum) and Altacor® 35WG (chlorantraniliprole) are also options available in New Zealand but not yet registered on summerfruit. 

5.1.9 Delegate* is also likely to be a control option for cherry sawfly, and for leafroller. Cherry sawfly has the potential to cause extensive leaf damage.  However it appears to be controlled by the insecticides being applied to target other insect pests, therefore alternatives to azinphos methyl are not required for the control of this pest.  There are a number of products already registered for the control of leafroller on summerfruit.  However, there are softer chemistry options available on other crops that would be suitable alternatives.  Leafoller control alternatives not currently registered on summerfruit are Delegate*, Altacor® 35WDG, Proclaim® (emamectin benzoate), Prodigy* (methoxyfenozide) and Avaunt® 30WG.  Azinphos methyl is not included as a chemical control options for aphids in the SummerGreen NZ programme.  There are alternative control options listed in the programme.

5.1.10 Bronze beetle and grass grub are difficult to control, as they generally fly in at dusk. Grass grub and bronze beetle control is not included in the SummerGreen New Zealand programme.  Alternative chemical options are thiacloprid (e.g. Calypso®) and lambda-cyhalothrin (e.g. Karate® with Zeon Technology). 

5.1.11 Carpophilus beetles are difficult pests to control with insecticides because they infest crops around harvest time, feed inside the fruit and are highly mobile.  There are limited effective chemical control options with short pre-harvest intervals that can be applied within one week of harvest.  Alternative control options for Carpophilus beetle are thiacloprid, imidicloprid, imidicloprid and cyfluthrin (e.g. Confidor® Supra), bifenthrin and fipronil.  There are no insecticides currently registered for the control of Carpophilus beetle in New Zealand.  Until suitable alternative control options are identified/registered, the deregistration of azinphos methyl would reduce pest management options for the control of Carpophilus beetle within the summerfruit industry. 

Berryfruit

5.1.12 Azinphos methyl is not registered for use on berryfruit; however, it is used in strawberry runner production, predominantly for the control of leafhopper (Hemiptera: Cicadellidae), a vector for strawberry lethal yellows (SLY) and black beetle (Heteronychus arator), and also as a general ‘clean up’.  Alternative insecticides not only need to be effective, but also need to be compatible with integrated mite management. Insecticides used on strawberry runners must not be harmful to the predatory mite P. persimilis.  The cost of any proposed alternatives will always be an important factor in assessing the viability of a control option for the industry.

5.1.13 The insecticides imidacloprid and clothianidin (chemical group chloronicotinyl) are all leafhopper-active, systemic in the plant and fast acting.  There is the potential for leafhopper control to be achieved through one soil treatment of chloronicotinyl per season, which would be a considerable improvement over current practice and will probably improve mite control.  The preferred option is for a soil treatment as this is not likely to have an impact on biocontrol.  However, it will require time to develop the control measures and recommendations.

5.1.14 When GusathionTM was removed from the market, the industry found alternatives for many pests, but no effective control options for black beetle were identified that do not disrupt mite predators. Thiacloprid, imidacloprid and clothianidin are control options. However, as for leafhopper control, it will require time to develop the control measures and recommendations.  

Potato

5.1.15 Cotnion® 200 is registered for use on potatoes for the control of potato tuber moth (Phthorimaea operculella Lepidoptera: Gelechiidae).  The potato tuber moth is an important pest of potatoes in New Zealand because of its high reproductive potential and the inability of insecticides to prevent tuber infestation. Potato tuber moth is an annual pest in the North Island and occasional pest in the South Island of New Zealand.  

5.1.16 Control is based on regular applications of broad-spectrum insecticides from January-March with cultural control methods included as part of crop management  Cultural practices alone do not provide adequate control of potato tuber moth.

5.1.17 There is an extensive list of alternate chemical groups that would provide adequate control and enhance resistance management options and they are already registered in New Zealand on other crops.  The chemical groups represented by the alternates are anthranilic diamide, chloronicotinyl, avermectin, benzoylurea, ecdysteroid agonist, oxadiazine, spinosoid and the shorter term option of organophosphate.

5.1.18 If azinphos methyl was no longer available and with the recent de-registration of endosulphan as a control option, there currently remains enough products registered on potato for the control of potato tuber moth.  However, there does need to be some alternate chemical groups registered for potato in New Zealand within the short term to manage increasing resistance pressure to current chemical groups.  While the de-registration of azinphos methyl will have some impact on individual growers, there are alternative options for pest management in the potato industry.

5.2 Comparative hazard assessment of alternatives 
5.2.1 ERMA New Zealand notes that some of the potential alternative products are on the list of substances to be considered by the ERMA Chief Executive Initiated Reassessment.  This information is summarised in Table 12.  The listing of a substance on the Chief Executive list does not indicate that restrictions on use will occur, but that the risks of the substance will be subject to renewed regulatory scrutiny in the next few years.  Listing is triggered by a number of factors including hazard profile and overseas regulatory action.
Table 12:
Alternative products

	Crop
	Pest
	Registered
	Potential

	
	
	CEIR list
	Not on CEIR list
	CEIR list
	Not on CEIR list

	Summerfruit
	Leafroller
	Carbaryl

Chlorpyrifos

Diazinon
	Bacillus thuringiensis

Spinosad

Tebufenozide
	
	Chlorantranili-prole

Emamectin benzoate

Indoxacarb

Methoxyfenozide

Spinetoram

	
	Oriental fruit moth
	Carbaryl
	Pheromone
	Chlorpyrifos
	Chlorantranili-prole

Clothianidin

Indoxacarb

Spinetoram

Thiacloprid

	
	Aphids
	Chlorpyrifos

Diazinon

Dimethoate
	Maldison

Mineral oil

Pirimicarb

Pymetrozine

Pyrethrum & piperonyl butoxide

Tau-fluvalinate
	
	

	
	Cherry sawfly
	Dimethoate
	Maldison

Pyrethrum

Spinosad
	
	Spinetoram

	
	Bronze beetle
	Chlorpyrifos
	
	
	Lambda cyhalothrin

Thiacloprid

	
	Grass grub
	Chlorpyrifos
	Deltamethrin
	Carbaryl

Diazinon
	Lambda cyhalothrin

Thiacloprid

	
	Carpophilus beetle
	
	
	Diazinon
	Bifenthrin

Fipronil

Imidacloprid & cyfluthrin

Imidacloprid

Spinosad

Thiacloprid

	Strawberry
	Leafhopper (strawberry lethal yellows disease)
	
	
	Chlorpyrifos

Diazinon
	Clothianidin

Imidacloprid

Thiacloprid

	
	Black beetle
	
	
	Chlorpyrifos

Diazinon
	Clothianidin

Imidacloprid

Thiacloprid

	Potato
	Potato tuber moth
	Carbaryl
	Lambda cyhalothrin

Methamidophos

Spinosad


	Chlorpyrifos
	Chlorantranili-prole

Emamectin benzoate

Imidacloprid & cyfluthrin

Imidacloprid, thiacloprid & deltamethrin

Indoxacarb

Lufenuron

Methoxyfenozide

Spinetoram

Thiacloprid


5.2.2 There is no international consensus on the way to compare the risk of products and encourage substitution despite several years of debate, particularly in the EU (e.g. http://www.pesticides.gov.uk/uploadedfiles/ Web_Assets/PSD/2006_0388Commissions_originalproposals.pdf).  It is not practical to do an assessment of all alternative products in the same depth as is performed for the substance being reassessed.  A simpler approach, adopted by ERMA New Zealand, is to compare the hazard profile of alternative products.  Such an approach has advantages and disadvantages as outlined in http://www.pesticides.gov.uk/acp.asp?id=730.  

· The main advantage of hazard triggers is that hazard assessment is often (although not always) quicker and cheaper than full risk assessment.

· The main disadvantage is that hazard assessment is generally less accurate as a predictor of adverse outcomes than full risk assessment, and therefore its use directly to determine regulatory decisions can lead to undesirable anomalies.

· In addition, hazard triggers may be difficult to apply where a pesticide is produced as a complex mixture and the active ingredient is uncertain (e.g. garlic oil). It might be, for example, that the active ingredient was highly toxic, but because it was only present at low concentrations, this was not apparent when the mixture was tested.

If hazard triggers are to be used to determine regulatory action directly, it will be important to explore the impact of the specific criteria proposed as compared with what would occur with full risk assessment, and to check that the gains in speed and efficiency of decision making are not outweighed by loss of accuracy.

5.2.3 With respect to Point (2), ERMA New Zealand notes that comparison based on hazard takes no account of exposure and when considering risk a greater hazard could be offset by less frequent application or lower application rates.  Nevertheless, ERMA New Zealand considers that until tools for risk-based comparisons are better developed, a hazard-based comparison is appropriate.

5.2.4 ERMA New Zealand also notes that it is not possible to derive an overall hazard score for a pesticide, since comparison cannot be made between, for example, acute and chronic hazards.

5.2.5 A comparison of the HSNO classifications of alternative products is presented in Table 13.  In drawing up this table ERMA New Zealand has not searched for additional information, relying on the information it holds on file.  The colour code used in Table 13 illustrates the relative hazard classification of alternatives compared to azinphos methyl, as follows:
· red – higher hazard classification; 

· yellow – equivalent hazard classification;
· white – lower hazard classification; and 
blue – no data available, comparative hazard classification is unknown.
5.2.6 Table 13 shows that:

· All the alternative products are less acutely toxic than azinphos methyl, with the exception of lambda cyhalothrin.

· Many of the alternative products have a more severe chronic hazard profile than azinphos methyl.  However, for each crop/pest combination there are alternative products that have a chronic toxicity hazard profile that is similar to or better than that of azinphos methyl.
The approach does little to distinguish between the ecotoxicity of pesticides.  Pesticides are designed to be biologically active, and consequently most of the alternatives are classified 9.1A, as is azinphos methyl.  Similarly for class 9.4, most products share azinphos methyl’s 9.4A classification.  With respect to class 9.2, azinphos methyl is classified 9.2C and among the alternatives some are less ecotoxic, some more so.  Considering class 9.3 classification, azinphos methyl is classified 9.3A and some alternative products have an equally severe classification, some less so.  Nevertheless, for each crop/pest combination there are alternative pesticides that are no worse than azinphos methyl.  If a comparison was based on the actual ecotoxicity information rather than the hazard classification, greater differentiation would be possible, but this would require substantially more effort.
5.2.7 ERMA New Zealand concludes that alternative products are comparatively less hazardous than azinphos methyl with respect to acute toxicity and for each crop/pest combination there are some products that are less hazardous with respect to chronic toxicity and ecotoxicity.  However, some of these less hazardous alternatives are not currently registered for use on the crops for which it has been proposed they be used.
Table 13:
Comparative hazard profile of alternative insecticides

Summerfruit – Leafroller
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azinphos methyl Organophosphate Not Registered A B B No No No A A C A A No No

Bacillus thuringiensis Biological Registered No  No  No ND ND ND ND No No No C N/A N/A

Carbaryl Organophosphate Registered C  D  ND No B No B A B B A No No

Chlorpyrifos Organophosphate Registered C B D No ND No A A B A A YES No

Diazinon Organophosphate Registered C C D ND No B A A D A A No No

Spinosad Spinosyn Registered E No No No No ND B A No No A No No

Tebufenozide Ecdysteroid agonist  Registered No No No No No No B A No No A No No

Chlorantraniliprole  Anthranilic diamide Potential

No No No No ND No No A No No No No No

Emamectin benzoate Macrocyclic lactone Potential

C No ND ND No No A A No A A No No

Indoxacarb Oxadiazine Potential

C No D No No No A A No B A No YES

Methoxyfenozide Ecdysteroid agonist  Potential

No No No No No No No B No No No No No

Spinetoram Spinosyn Potential

No No No No No No B A No No A No No


Summerfruit – oriental fruit moth
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azinphos methyl Organophosphate Registered A B B No No No A A C A A No No

Carbaryl Organophosphate Registered C  D  ND No B No B A B B A No No

Chlorantraniliprole  Anthranilic diamide Potential

No No No No ND No No A No No No No No

Chlorpyrifos Organophosphate Potential

C B D No ND No A A B A A YES No

Clothianidin Chloronicotinyl Potential

D ND No ND No ND B A B B A YES No

Indoxacarb Oxadiazine Potential

C No D No No No A A No B A No YES

Pheromone Biological  Potential

ND ND ND ND ND ND ND ND ND ND ND ND ND

Spinetoram Spinosyn Potential

No No No No No No B A No No A No No

Thiacloprid Chloronicotinyl Potential

D ND D No B B B A C B C No No


Summerfruit – aphids
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azinphos methyl Organophosphate Not Registered A B B No No No A A C A A No No

Chlorpyrifos Organophosphate Registered C B D No ND No A A B A A YES No

Diazinon Organophosphate Registered C C D ND No B A A D A A No No

Dimethoate Organophosphate Registered C D ND ND ND B A A D A A No No

Maldison Organophosphate Registered D D E ND No B A A ND B A ND No

Mineral oil Mineral oil Registered No ND ND ND No ND No No ND No No ND ND

Pirimicarb carbamate Registered C ND B ND ND No B A ND A C ND No

Pymetrozine Pyridine azomethine Registered No ND ND No ND No B C No No No No No

Pyrethrum & piperonyl butoxide Pyrethrins Registered No No No ND ND ND B A ND No A No YES

tau-fluvalinate Synthetic pyrethroid Registered C No ND No ND No B A No B B No No


Summerfruit – cherry sawfly
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azinphos methyl Organophosphate Registered A B B No No No A A C A A No No

Dimethoate Organophosphate Registered C D ND ND ND B A A D A A No No

Maldison Organophosphate Registered D D E ND No B A A ND B A ND No

Pyrethrum   Pyrethrins Registered D No D ND ND No B A ND B A No YES

Spinosad Spinosyn Registered E No No No No ND B A No No A No No

Spinetoram Spinosyn Potential

No No No No No No B A No No A No No


Summerfruit – bronze beetle
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azinphos methyl Organophosphate Registered A B B No No No A A C A A No No

Chlorpyrifos Organophosphate Registered C B D No ND No A A B A A YES No

Lambda cyhalothrin Synthetic pyrethroid Potential

B C A No ND No A A ND A A Yes No

Thiacloprid Chloronicotinyl Potential

D ND D No B B B A C B C No No


Summerfruit – grass grub
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azinphos methyl Organophosphate Registered A B B No No No A A C A A No No

Chlorpyrifos Organophosphate Registered C B D No ND No A A B A A YES No

Deltamethrin Synthetic pyrethroid Registered B C C No ND No A A C A A YES No

Carbaryl Organophosphate Potential

C  D  ND No B No B A B B A No No

Diazinon Organophosphate Potential

C C D ND No B A A D A A No No

Lambda cyhalothrin Synthetic pyrethroid Potential

B C A No ND No A A ND A A Yes No

Thiacloprid Chloronicotinyl Potential

D ND D No B B B A C B C No No


Summerfruit – Carpophilus beetle
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azinphos methyl Organophosphate Not registered A B B No No No A A C A A No No

Bifenthrin Synthetic pyrethroid Potential

B No B No No No A A B A A YES No

Diazinon Organophosphate Potential

C C D ND No B A A D A A No No

Fipronil Phenyl pyrazole Potential

C C B No ND ND A A ND A A YES No

Imidacloprid & cyfluthrin Chloronicotinyl Potential

E No No ND ND A & C B A B B A YES No

Imidacloprid Chloronicotinyl Potential

C No No No No No B A A A A No No

Spinosad Spinosyn Potential

E No No No No ND B A No No A No No

Thiacloprid Chloronicotinyl Potential

D ND D No B B B A C B C No No


Strawberry – leafhopper (Strawberry lethal yellows)
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azinphos methyl Organophosphate Not registered A B B No No No A A C A A No No

Chlorpyrifos Organophosphate Potential

C B D No ND No A A B A A YES No

Clothianidin Chloronicotinyl Potential

D ND No ND No ND B A B B A YES No

Diazinon Organophosphate Potential

C C D ND No B A A D A A No No

Imidacloprid Chloronicotinyl Potential

C No No No No No B A A A A No No

Thiacloprid Chloronicotinyl Potential

D ND D No B B B A C B C No No


Strawberry – black beetle
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azinphos methyl Organophosphate Not registered A B B No No No A A C A A No No

Chlorpyrifos Organophosphate Potential

C B D No ND No A A B A A YES No

Clothianidin Chloronicotinyl Potential

D ND No ND No ND B A B B A YES No

Diazinon Organophosphate Potential

C C D ND No B A A D A A No No

Imidacloprid Chloronicotinyl Potential

C No No No No No B A A A A No No

Thiacloprid Chloronicotinyl Potential

D ND D No B B B A C B C No No


Potato – potato tuber moth
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azinphos methyl Organophosphate Registered A B B No No No A A C A A No No

Carbaryl Organophosphate Registered C  D  ND No B No B A B B A No No

Lambda cyhalothrin Synthetic pyrethroid Registered B C A No ND No A A ND A A Yes No

Methamidophos Organophosphate Registered B B B ND No ND A A B A A No YES

Spinosad Spinosyn Registered E No No No No ND B A No No A No No

Chlorantraniliprole  Anthranilic diamide Potential

No No No No ND No No A No No No No No

Chlorpyrifos Organophosphate Potential

C B D No ND No A A B A A YES No

Emamectin benzoate Macrocyclic lactone Potential

C No ND ND No No A A No A A No No

Imidacloprid & cyfluthrin Chloronicotinyl Potential

E No No ND ND A & C B A B B A YES No

Imidacloprid, thiocloprid & deltamethrin Chloronicotinyl & pyrethroid Potential

D No No ND B B B A No C A No No

Indoxacarb Oxadiazine Potential

C No D No No No A A No B A No YES

Lufenuron Benzoylurea Potential

No No No ND ND ND B A No No No YES No

Methoxyfenozide Ecdysteroid agonist  Potential

No No No No No No No B No No No No No

Spinetoram Spinosyn Potential

No No No No No No B A No No A No No

Thiacloprid Chloronicotinyl Potential

D ND D No B B B A C B C No No


5.3 Comparative cost of alternative products

5.3.1 Plant & Food Research’s report (Appendix A) includes an indication of the cost of some of the alternative products that are not yet registered.

5.3.2 On average the listed products are 1.4 times more expensive than azinphos methyl.  ERMA New Zealand notes that this average cost does not include all alternative products and the cost to individual industry sectors will rarely reflect the average.

5.3.3 It is also noted that there are costs associated with registering a label claim relating to generating the required efficacy, crop safety and residue data.  Plant & Food Research claim that these costs may be prohibitive to introducing alternative products for minor crops (Appendix A).  Unless new uses are eligible for exemption from field trial data, a ball-park figure of $50k per significant new use is required.  All but a few hundred dollars of this budget is required for field trials. 
Section Six – Proposals to Manage Risks
6.1 Evaluation of risk management options
6.1.1 The analyses in Section 4 identify that there are risks that are not well managed by the existing controls (Appendix K).  With current controls in place, airblast application to summerfruit poses risks to operators, re-entry workers, bystanders, the aquatic environment, birds and non-target organisms.  Boom-spraying of strawberries and potatoes poses risks to re-entry workers, the aquatic environment, birds and non-target organisms.
6.1.2 Measures considered that might manage these risks are protective clothing and equipment, buffer zones and removing the approval for azinphos methyl.  Options for reducing the risk from use of azinphos methyl other than by removing the approval are summarised in Table 14 and described in more detail below.
6.1.3 The existing protective clothing and equipment control (Class 6, 8, 9 Regulation 8) specifies that protective clothing and equipment should be sufficient to ensure that the person does not come into contact with the substance and is not exposed to a concentration of the substance that is greater than the workplace exposure standard for the substance.  The analysis in Appendix H shows that the exposure of operators involved in airblast operations will pose a risk, even when personal protective equipment comprises respirator, hood/visor, overalls, boots and gloves.  Additional protective equipment that might reduce exposure would include double-layer clothing, use of closed mixing systems and closed cab technology.  
6.1.4 The toxicology report (Appendix H) estimates that coveralls reduce exposure by 95%, in accordance with BBA (1992).  However, it is noted that other jurisdictions estimate less reduction, for example, USEPA uses 50%, California DPR 90%.  ERMA New Zealand has elected to use 95%, consistent with the BBA model.  However, it is considered unlikely that a second layer of protective clothing would provide another 95% reduction in exposure.  Consequently, ERMA New Zealand has estimated that under-clothing (long-sleeved shirt, long-legged trousers), will give a 50% reduction ie a total reduction from coveralls and under-clothing of 97.5%.  In this respect, the conclusions in this application deviate from the toxicology report in Appendix H.  The consequence of this is that double-layer clothing is not considered sufficient for airblast operators, closed cab technology is required (see below).
6.1.5 Risk quotients for airblast operations show that with open mixing/loading and a tractor without closed cab, a risk quotient of 2.4 is achieved even if the operator is wearing a respirator, hood/visor, overalls, boots and gloves.  Mixing/loading contributes comparatively little to this risk as shown by a risk quotient of 0.1 (airblast) and 0.14 (boomspray) for an operator not wearing respiratory protection equipment.  A closed cab for application reduces the risk quotient to 0.3.  By comparison, a closed mixing/loading system would achieve a risk quotient of 2.3, double-layer clothing would achieve a risk quotient of 1.7.  ERMA New Zealand concludes that closed cab with appropriate filtration is required to mitigate the risk during airblast spraying operations.
6.1.6 Risk quotients for boom spraying operations show that wearing hood/visor, overalls, boots and gloves achieves a risk quotient of 0.7.  Although this is below the trigger for mitigation measures, ERMA New Zealand has modelled the effect of mitigation measures and shown closed cab technology will reduce the risk quotient to 0.23 while double-layered clothing will reduce the risk to 0.46.    
6.1.7 ERMA New Zealand concludes that specifying protective equipment can reduce operator exposure to levels that would pose acceptable risk.  The recommended requirements are shown in Table 14.
6.1.8 Risks to re-entry workers exceed levels of concern (Appendix H).  Re-entry workers can be protected by specifying re-entry intervals and the PPE that should be worn if entering the crop during the re-entry period.  Recognising the similarity of application rates used overseas to those used in New Zealand, ERMA New Zealand proposes that re-entry intervals (REI) set in the US and Canada will be adequate for re-entry workers in New Zealand.  ERMA New Zealand notes that use on potatoes has been revoked in US and Canada. The proposed REI and PPE that should be worn if entering a crop during the REI are shown in Table 14.
6.1.9 No-spray or buffer zones downwind of a crop can reduce the exposure of bystanders and the aquatic environment.  The size of buffer zones was estimated using spray drift deposition curves from the AgDrift model as published by APVMA (http://www.apvma.gov.au/users/spraydrift_scenarios. shtml).  The buffer zone required to protect bystanders is 50 m (Appendix H).  This is the downwind distance required between the area being sprayed and a public area.  The size of the buffer zones required to protect the aquatic environment depends on application technology and application rate as indicated in Table 14.  The buffer zones required to protect the aquatic environment are based on contamination of a 2 m deep waterbody to a concentration that will cause acute toxicity.  They are the downwind distance required between an area being sprayed and a waterbody.  ERMA New Zealand notes the variation in buffer zones predicted for orchards with different tree spacing (20-140 m), potatoes (140 m) and strawberry runners (60 m).  In proposing a buffer zone control, ERMA New Zealand has standardised the buffer zone to 100 m.  Such standardisation is justified by concerns around the predictive ability of the AgDrift model (A. Hewitt, pers. comm.) and the nature of the receiving water (the ‘standard’ water body is relatively large).  The ERMA New Zealand proposed buffer zone compares with APVMA proposed buffer zones of 100 m, PMRA of about 60 m, USEPA of about 20-150 m (Appendix L).  It is noted that USEPA acknowledge that a 150 m buffer zone is required to protect aquatic life, a 20 m buffer was a compromise arising from their risk: benefit analysis.
6.1.10 ERMA New Zealand notes that the label for Cotnion 200 Insecticide already states that a strategy to minimise spray drift should be employed at all times when applying spray near aquatic environments.  
6.1.11 No measures have been identified to manage risks to non-target invertebrates and birds, other than removing the approval for azinphos methyl.  Even a single application is estimated to cause effects on birds.
6.1.12 Removing the approval for the use of azinphos methyl formulations would effectively manage all risks associated with its use.  The potential effects of revoking the approval are summarised for each crop/pest combination in Section 5 and discussed in Appendix A.  In conclusion, alternative pesticides are registered for most crop/pest combinations for which azinphos methyl is currently used with the exceptions of Carpophilus beetles on summerfruit and leafhoppers and black beetle on strawberry runner plants.  For these crop/pest combinations there are pesticides that are potential alternatives to azinphos methyl, but their efficacy has not been proven and it will take time to develop best practice and gain registration.

Table 14:
Risks and proposed risk management measures

	Receptor
	Crop
	Level of risk
	Proposed control

	Operators exposure
	Summerfruit
	Exceeds AOEL

	The existing PPE control (PPE should be adequate to prevent exposure) should be modified to make it more prescriptive  so that,

Mixers/loaders must wear:

· Coveralls over long-sleeved shirt, long-legged trousers.

· Chemical resistant gloves.

· Chemical resistant footwear plus socks

· Protective eyewear

· Chemical resistant headgear for overhead exposures.

· For exposure in enclosed areas, a respirator with either an organic vapour-removing cartridge with a prefilter approved for pesticides, or a canister approved for pesticides 

· For exposure outdoors, dust/mist filtering respirator.  
Applicators must use a closed cab with appropriate filtering system and have the above RPE and PPE immediately available for use if leaving the cab in the treated area, and a system for storing the used RPE and PPE to prevent contamination of the cab.  At least long-sleeved shirt and long-legged trousers, footwear plus socks should be worn in the functioning enclosed cab.

	
	Potato and strawberry
	< AOEL
	The existing PPE control (PPE should be adequate to prevent exposure) should be modified to make it more prescriptive so that PPE, to be worn during mixing/loading and application should comprise at least:

· Coveralls over long-sleeved shirt, long-legged trousers.

· Chemical resistant gloves.

· Chemical resistant footwear plus socks

· Protective eyewear

· For exposure in enclosed areas, a respirator with either an organic vapour-removing cartridge with a prefilter approved for pesticides, or a canister approved for pesticides

· For exposure outdoors, dust/mist filtering respirator.  



	Re-entry workers exposure to residues
	Summerfruit, potato & strawberry
	Exceeds AOEL
	Introduce REI
:
· Cherries
19 days

· Other stone
14 days 
fruit

· Potatoes
42 days

· Strawberry
7 days
runners

Introduce PPE requirement for entry during REI.  PPE to comprise:
· Coveralls over long-sleeved shirt, long-legged trousers.
· Chemical resistant gloves.

· Chemical resistant footwear plus socks

· Protective eyewear

· Chemical resistant headgear for overhead exposures.

	Bystander exposure
 
	Summerfruit
	Exceeds AOEL
	Buffer zone around public areas to exceed 50 m

	Aquatic environment (aquatic)
	Summerfruit, potato & strawberry
	Exceeds level of concern for both acute and chronic exposure
	Buffer zones around all waterways to exceed 100 m

	Birds
	Summerfruit, potato & strawberry
	Exceeds level of concern
	None possible

	Soil-dwelling invertebrates 
	Summerfruit, potato & strawberry
	Low (acute risk), chronic risk expected within treatment area
	None needed

	Bees & other non-target invertebrates
	Summerfruit, potato & strawberry
	Acceptable risk (bees), although uncertainty over residue toxicity

Exceeds level of concern (other non-target invertebrates) 
	Existing control prohibiting application if bees foraging or likely to forage should protect bees, but other non-target invertebrates will be at risk and no new controls are possible.


Section Seven – Overall Evaluation and recommendations
7.1.1 Incidents leading to exposure during import, transport, storage or disposal of azinphos methyl are presumed to be improbable, but if they were to occur could have major impact on human health and the environment.  The overall level of risk is determined to be moderate (ERMA, 2004).

7.1.2 Azinphos methyl is used on potatoes, summerfruit and in the production of strawberry runners.  It is registered for use on a wider range of crops including kiwifruit, pipfruit and grapes, but since it is not used on these crops, no exposure assessment has been made for them.

7.1.3 ERMA New Zealand has determined levels of risk to human health and the environment by comparing estimates of exposure to levels of concern based on concentrations causing effects. This has indicated levels of risk that, in many cases, are high, most notably:
· risks to operators from airblast operations;
· risks to those entering crops post-treatment;
· risks to bystanders from airblast operations;
· risks to the aquatic environment, both acute and chronic;
· risks to birds; and
risks to non-target invertebrates (beneficial insects).
7.1.4 Even when existing controls should manage the risk, ERMA New Zealand recommends that the consequences of non-compliance are sufficiently severe that the control should be made more prescriptive.  This applies to PPE to be used during boom spraying operations.
7.1.5 ERMA New Zealand notes that the economic benefits claimed by growers for azinphos methyl are comparatively low cost and effectiveness against target pests.  However, the economic benefit has not been quantified, particularly in relation to the overall operation of growers.  

7.1.6 In its assessment of social effects, ERMA New Zealand has identified few effects either adverse or beneficial and none that can be effectively sized.

7.1.7 In preparing this application, ERMA New Zealand has not conducted a specific Māori consultation but the impression gained from hui with iwi/Māori resource managers is that unless substances provide clear benefits to outweigh potential risk, they generally oppose the ongoing use of hazardous substances.  In the absence of further information regarding benefits, it is expected that submissions from Māori would seek the revocation of the approvals for azinphos methyl and its formulations.  

7.1.8 On the basis of this information, ERMA New Zealand evaluates that there are significant (non-negligible) risks associated with the use of azinphos methyl in New Zealand which outweigh the benefits and need to be managed.  

7.1.9 In making this evaluation ERMA New Zealand notes it does not have sufficient reliable information in order to assess:

· effects on sediment dwelling organisms, chronic ecotoxicity to soil organisms, effects on plants, field tests with honeybees; and 
beneficial effects relating the value of azinphos methyl to growers.
7.1.10 Given the conclusion that risks outweigh the benefits, ERMA New Zealand has considered risk management options including prescribing protective clothing and equipment and introducing buffer zones.  It is concluded that most risks could be managed by prescription of PPE and introduction of buffer zones as described in Table 14.  No measures have been identified to reduce the risks to birds and non-target invertebrates.  
7.1.11 ERMA New Zealand is required to consider the practicability and cost-effectiveness of proposed controls, but currently lacks information to do this.

7.1.12 As a consequence of the uncertainty as to the cost-effectiveness of additional controls, the possibility of non-compliance and the potential impact in the event of accidents, ERMA New Zealand has considered the impact of removing the approval for azinphos methyl and its formulations.  The impact of removing the approval was evaluated in terms of the availability of alternatives and the hazard profile of those alternatives.  This consideration has shown that there are potential alternatives available for all current uses and that at least some of these alternatives are less hazardous than azinphos methyl.  For strawberry runners and Carphophilus control in summerfruit, ERMA New Zealand has been advised by Plant & Food Research that the potential alternative products need to be trialled and best practice developed.  The cost of alternatives is currently on average 1.4 times greater than for azinphos methyl.  However, this is a very uncertain figure since many of the alternatives may not be effective and it does not include the cost of the work (field trials) required to gain ACVM food use and efficacy clearance.
7.1.13 In considering the impact of revoking the approvals on azinphos methyl and its formulations, ERMA New Zealand notes that Gusathion was withdrawn from the market in 2003 and Cotnion 200 Insecticide was not registered until 2006.  In the intervening period, Cotnion insecticide was registered with ACVM, but azinphos methyl was not marketed in New Zealand (N. Park pers. comm.), although users may have used stocks during this period.

7.1.14 ERMA New Zealand concludes that the use of alternative products is preferable to the continued use of azinphos methyl, but that use on crops on which azinphos methyl is currently applied should be phased out with enhanced controls in place. 

7.1.15 Accordingly, ERMA New Zealand recommends that approval for:

· uses of azinphos methyl that have not been evaluated in this application should be revoked immediately.  Such revocation covers aerial application, domestic use and use on any crops other than summerfruit, strawberry runner plants and potatoes; and 
· approval for commercial, ground-based use on potatoes, strawberry runner plants and summerfruit should be revoked with the following phase-out periods:

· potatoes: 1 year phase-out to allow for use of existing stocks; and 
· strawberry runner plants and summerfruit: 5 year phase-out to allow for demonstration of efficacy of alternative products.

During the phase-out period, the controls listed in Table 14 must be adopted.

7.1.16 ERMA New Zealand notes that information for users on the additional controls to be applied during the phase-out period may need to be added to the label and documentation. Discussions on how best to achieve this will be required with the product registrant and ACVM.
7.1.17 ERMA New Zealand notes that overseas jurisdictions (Canada, U.S.) are in the process of phasing out use of azinphos methyl formulations with control measures in place similar to those proposed for New Zealand during the phase out period.

7.2 Proposed additions and modifications to controls under section 77A

7.2.1 Approvals for azinphos methyl and its formulations under the HSNO Act will be revoked five years from the date of the Decision on this application.

7.2.2 Formulations of azinphos methyl must not be put to domestic use or applied aerially.

7.2.3 Formulations of azinphos methyl must not be used on any crop other than potatoes, summerfruit and strawberry runner plants with effect 1 month after publication of the Decision on this application.  
7.2.4 Formulations of azinphos methyl must not be used on potatoes with effect 1 year from the publication of the Decision on this application.  
7.2.5 During the phase-out periods the controls listed in Table 14 must be adopted. 
7.2.6 ERMA New Zealand notes that the classification of azinphos methyl and its formulations is incorrect as noted in Section 3.  Notably, azinphos methyl and all its formulations should not be classified 6.4A and azinphos methyl, suspension concentrate containing 350 g/litre azinphos methyl and wettable powder containing 350 g/litre azinphos methyl should be labelled 9.2C, not 9.2D.  These inaccuracies have no impact on the controls triggered for the management of the substance, other than labelling and documentation. 
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Executive Summary

Azinphos-methyl use in New Zealand horticulture 

Report to ERMA New Zealand

Park NM, Walker JTS
January 2009

ERMA New Zealand (Environmental Risk Management Authority) may perform reassessments on substances for which there is evidence that the risks may not be adequately managed by the existing controls.  The information in this report will be available for inclusion in the ERMA New Zealand reassessment application of azinphos-methyl (CAS number 86-50-0) and its formulations (application code HRC07002) being prepared by ERMA New Zealand staff for public consultation.

To identify which sectors were using azinphos-methyl, a list was drawn up of azinphos-methyl user sectors from the report Trends in Pesticide use in New Zealand:2004 and of crops that were covered by the label claim for the one registered product containing the active ingredient azinphos-methyl.  Scientific and technical experts working on each of these crops were contacted to assess current use patterns for azinphos-methyl and to identify alternative pest control methods.  They were also asked if they knew of any other crops to which azinphos-methyl might be applied.  A national and international literature search was used to assist in identifying and validating issues and likely solutions.

The crops assessed for azinphos-methyl use were grape, kiwifruit, pipfruit, summerfruit, potato, berryfruit and strawberry runner production.  Of these, the only current users were found to be potato, summerfruit and strawberry runner producers.  There are alternative control options available in New Zealand to replace azinphos-methyl use on potato and most use on summerfruit crops.  However, it will take time to develop and recommend alternative control options for Carpophilus beetle (Carpophilus davidsoni Coleoptera:Nitiludae)  control in summerfruit and leafhopper (Hemiptera: Cicadellidae)  and black beetle (Heteronychus arator Coleoptera: Scarabaeidae) control in strawberry runner production.

For further information, please contact:

Ms Nicola Park or Dr Jim Walker

The New Zealand Institute for Plant and Food Research Ltd

Plant & Food Research Hawke’s Bay

Private Bag 1401

Havelock North

Hastings 4157

NEW ZEALAND

Tel:  +64-6-975 8880

Fax: +64-6-975 8881

Email: npark@hortresearch.co.nz

Email: jwalker@hortresearch.co.nz
Introduction

ERMA New Zealand (Environmental Risk Management Authority) may perform reassessments on substances for which there is evidence that the risks may not be adequately managed by the existing controls. In May 2007, ERMA New Zealand applied to the Authority’s decision-making committee to establish whether there were sufficient grounds to justify reassessment of azinphos-methyl (CAS number 86-50-0) and its formulations (application code RES07002).  In June 2007, after consultation with interested parties, the Committee decided there were grounds for the reassessment (ERMA 2007a).  A full application for reassessment is being prepared by ERMA New Zealand staff for public consultation (application code HRC07002).  The information in this report will be available for inclusion in the ERMA New Zealand reassessment application. 

Methods

In 2004, a survey was undertaken to provide up-to-date data on pesticide use in New Zealand: outcomes were reported in Trends in Pesticide Use in New Zealand: 2004 (Manktelow et al. 2005).  In October 2008 ERMA New Zealand contacted some authors of the pesticide trends report to undertake an assessment of the current use of azinphos-methyl in horticulture.  The scope was to identify which horticulture sectors currently use azinphos-methyl, what were the likely impacts on pest management for those sectors if azinphos-methyl was no longer available and to identify if there were other pest control options for these sectors to replace azinphos-methyl.

To identify which sectors were using azinphos-methyl, a list was drawn up of sectors that were identified as azinphos-methyl users in the Manktelow et al. (2005) report and of crops that were covered by the label claim for the one New Zealand registered product containing the active ingredient azinphos-methyl.  Scientific and technical experts working on each of these crops were contacted to assess current use patterns for azinphos-methyl and to identify alternative pest control methods.  They were also asked if they knew of any other crops to which azinphos-methyl might be applied.  A national and international literature search was used to assist in identifying and validating issues and likely solutions.

Sources of Information for the ‘Trends in Pesticide Use in New Zealand: 2004’ Report

The New Zealand Association for Animal Health and Crop Protection (AGCARM) was the principal source of information for the national sales data presented in the ‘Trends in Pesticide Use in New Zealand: 2004’ report. Participants in the AGCARM survey provided voluntary annual data on sales of pesticides by kilograms of active ingredient (a.i.), with data grouped into various categories (Manktelow et al. 2005).

While the AGCARM data represented the most comprehensive survey of pesticide sales in New Zealand, the data did not allow specific uses to be determined.  Specific use patterns were obtained directly from sectors where possible but there were some significant uses that were not able to be covered because of inability to collect data.  Key omissions relating to pesticide use were in urban and recreational areas and for minor crops, where few if any pesticides have label claims and crop-specific data were generally not available.  Unfortunately, the pesticide classification system used by AGCARM differs from the Food and Agricultural Organisation (FAO) grouping, which means the data are not consistent with international reporting.  Other sources of national pesticide use included a summary of sales values compiled by a market analysis company AC Nielsen Ltd (a survey discontinued in 2002) and Statistics New Zealand, which collects data on quantities of pesticide imported from New Zealand Customs Service records, noting that these data do not include New Zealand-manufactured product (Manktelow et al. 2005).

To address some of the inconsistencies and omissions in the available national pesticide use data, information was also gathered on the quantities of pesticides (insecticides, fungicides, herbicides and plant growth regulators) used in 69 sectors within the horticultural, arable, forestry and pastoral industries. The data were collected through various means including industry spray diary databases, published information and personal communications from either scientists/consultants closely involved with a sector, or sector contacts.  Pesticide use in the different sectors was then estimated relative to the known land areas of each sector. Estimates for insecticide use in New Zealand are shown in Appendix 1 (Manktelow et al. 2005).

Of the data sources used in the ‘Trends in Pesticide Use in New Zealand: 2004’ report, only the data from the sectors grouped the data down to an active ingredient (a.i) level.  From the pesticide use estimates of the sectors in 2004, only two sector groups were identified as users of azinphos-methyl.  These sectors were berryfruit and summerfruit.  More specifically, within the berryfruit group the sectors were the blueberry, Boysenberry, blackberry and raspberry sectors and within the summerfruit group the sectors were apricot, nectarines, peaches and plums (Table 1) (Manktelow et al. 2005).  

Table 1. 2004 sector-based azinphos-methyl use estimates in New Zealand (Manktelow et al. 2005).

	Sector group
	Sector
	Area

(total national ha)
	Low use total tonnes a.i/y (national)
	High use total tonnes a.i/y (national)
	Tonnes of a.i/y as a % of  sector insecticide use

(not incl. oils)

	Berryfruit
	Blueberries
	430
	0.04
	0.09
	9.90%

	Berryfruit
	Boysenberries Blackberries Raspberries
	655
	0.11


	0.11
	16.14%

	Summerfruit
	Apricots
	636
	0.04
	0.09
	2.67%

	Summerfruit
	Peaches

Nectarines
	1288
	0.04
	0.11
	3.25%

	Summerfruit
	Plums
	394
	0.03
	0.03
	4.18%


Azinphos-methyl Products Currently Registered in New Zealand

Cotnion® 200, distributed by Agronica NZ Ltd, is the only registered product in New Zealand containing the active ingredient azinphos-methyl, according to the New Zealand Food Safety Authority (NZFSA) database (NZFSA 2008a).  Retail cost of Cotnion® 200 is approximately NZ$22 + GST per litre.

Cotnion® 200 is registered for use on five crops, covering a range of insect pests as listed in Table 2.  Note, in New Zealand the term ‘summerfruit’ is used in preference to ‘stonefruit’ to describe the peach, apricot, nectarine, plum and cherry sector.

Table 2. Cotnion® 200 Label Directions for Use (Agronica New Zealand Ltd 2006).

	Crop
	Insect Pest
	Product Rate

	Grapes
	Leafrollers
	175-245 ml/100 litres water

	Kiwifruit
	Greedy scale, leafroller
	175 ml/100 litres water

	Pipfruit
	Codling moth, leafroller
	175-245 ml/100 litres water

	Stonefruit
	Aphids, bronze beetle, cherry sawfly, grass grub beetle, leafrollers, oriental fruit moth
	175-245 ml/100 litres water

	Potatoes
	Potato tuber moth
	2.8 litres/ha


Sectors Assessed for Current Azinphos-methyl Use

An assessment of azinphos-methyl use was made on crops where there is registration for azinphos-methyl (Table 1) and those crops that were found to be using azinphos-methyl in the 2004 pesticide use survey (Table 2); these are summarised together in Table 3.  Scientific and technical experts were asked if they knew of any other crops that use azinphos-methyl.  The only other crop identified in these discussions was strawberry runner production, which was then also included for further assessment as shown in Table 3.

Table 3.  Sectors that were assessed for current (2008) azinphos-methyl use.

	Sector
	Label Recommendation
	Off-Label Use

	Grapes
	Leafrollers
	-

	Kiwifruit
	Greedy scale, leafroller
	-

	Pipfruit
	Codling moth, leafroller
	-

	Summerfruit

(cherries, apricots, peaches, nectarines, plums)
	Aphids, bronze beetle, cherry sawfly, grass grub beetle, leafrollers, oriental fruit moth
	Carpophilus beetle

	Potatoes
	Potato tuber moth
	-

	Berryfruit

(Boysenberry, Blackberry, Raspberry, Blueberry)
	-
	No longer used

	Strawberry runner plants
	-
	leafhopper, black beetle and other Coleoptera sp.


Assessment of Control Options

There are a number of factors that were considered when assessing azinphos-methyl use and alternative pest control options.  These were:

· Products already registered in New Zealand for that crop

· Products already registered for use in New Zealand for control of that pest

· Products allowed by export industries

· Maximum Residue Limits (MRLs) in New Zealand and key export markets

· Quarantine requirements for export crops

· Non-chemical (cultural) control options

· Agrichemical Resistance Management Guidelines

· Compatibility with integrated pest management principles which gives preference to pest-specific chemistry such as insect growth regulators and other selective insecticides which are not toxic or disruptive to beneficial insects.

Maximum Residue Levels on New Zealand Crops

Maximum Residue Limits (MRLs) for pesticides are established in most countries to safeguard consumer health and to promote Good Agricultural Practice (GAP) in the use of agricultural compounds.  MRLs vary from country to country depending on the pesticides available, the crops being treated and the way the pesticides are used. Food producers must comply with the MRLs of the countries they export to as a condition of market access (NZFSA 2008b).

The New Zealand (Maximum Residue Limits of Agricultural Compounds) Food Standards 2008 are set by the NZFSA.  Schedule 1 of the standard sets the maximum residue limits (MRL) of agricultural compounds that are permitted in New Zealand food.  If the compound is not specified in the schedule, or not specified in relation to the food type or class in question, residues must not exceed a default value of 0.1 mg/kg. Imported food must also comply with the standard or contain residues of agricultural compounds no greater than the MRLs specified for that food in the current edition of the FAO/WHO Codex Alimentarius Commission publication Pesticide Residues in Food (NZFSA 2008b).  The Codex Alimentarius Commission was created in 1963 by FAO and the World Health Organisation (WHO) to develop food standards, guidelines and related texts such as codes of practice under the Joint FAO/WHO Food Standards Programme (CODEX 2008).  

New Zealand azinphos-methyl MRLs are specified for fruits, kiwifruit and potatoes (Table 4).  Summerfruit, apples and grapes come under the crop-type fruits, while kiwifruit and potato have MRLs specific to those crops.  New Zealand, like most countries, states the MRL for the fruit but it is not specified for wine (The Australian Wine Research Institute 2008).  There are no MRLs for strawberry runner production, as this is not a food crop.  See Appendix 2 for the full list of international MRLs for azinphos-methyl.

Table 4.  Azinphos-methyl Maximum Residue Limits (MRLs) in New Zealand and corresponding CODEX MRL for the same crops.

	Crop
	New Zealand MRL (mg/kg)

(NZFSA 2008b)
	CODEX MRL (mg/kg) (CODEX 2008) 

	Grapes
	Fruits - 2
	Fruits - 1

	Kiwifruit
	Specified crop - 4
	Fruits - 1

	Apple
	Fruits - 2
	Specified crop - 2

	Pear
	Fruits - 2
	Specified crop - 2

	Apricot
	Fruits - 2
	Fruits - 1

	Cherries
	Fruits – 2
	Specified crop - 2

	Peaches
	Fruits – 2
	Specified crop - 2

	Nectarines
	Fruits – 2
	Specified crop - 2

	Plums
	Fruits - 2
	Specified crop - 2

	Potatoes
	Specified crop - 0.05*
	Specified crop - 0.05*


* MRL has been set at or about the limit of analytical quantification

To ensure MRLs are met, withholding periods are listed on product labels.  A withholding period (also known as pre-harvest interval) is the time required between the final application of that product and harvest, to ensure spray residues will have decayed sufficiently to enable MRLs to be met.  This period is usually expressed as days from harvest, or can be a set date or crop growth stage in the season, and often varies between crops.  The withholding periods for azinphos-methyl in New Zealand are:

· Cherries, nectarines, plums, grapes, pipfruit, potatoes – do not apply later than 14 days before harvest

· Apricots, peaches – do not apply later than 21 days before harvest 

· Kiwifruit – do not apply after bud cracking (first visible petals).

Export crop pre-harvest intervals often differ from the New Zealand pre-harvest intervals, as the export crop must meet importing country and final customer MRL standards.

MRLs and corresponding pre-harvest intervals must be considered when assessing alternative chemical control options.  To be most effective, chemical applications must be timed to correlate with the pest phenology and developmental stage.  Alternate products must be available for use during this same period.

Pesticide Resistance Management

The resistance of pests to pesticides is where the pest population has changed genetically so that it is less susceptible or sensitive to a pesticide or class of pesticides.  This means a higher dose of that pesticide is now required to kill all individuals of the pest population or that the highest practical dose will not kill all the pests (Martin et al. (eds) 2005).

Prevention and management of insecticide and miticide resistance is based on two principles:

· Preventing resistance to pesticides is a much better approach than trying to manage resistance once control failures occur

· If the insect or mite population is not exposed to the pesticide, the proportion of resistance within a population will decline to a level where at least one application of pesticide per season will give control of the pest (Martin et al. (eds) 2005).

The key components of insecticide and miticide resistance prevention and management strategies are:

· Maximise use of non-pesticide controls

· Only apply pesticides when their use can be justified

· Time pesticide applications for when they are most effective and target applications to the specific parts of the crop where they will be most effective

· Use good application technique and apply when environmental conditions are favourable

· Use only one member of a chemical group of pesticides no more than the specified maximum number of times per year or growing season

· Rotate chemical groups of pesticides (Martin et al. (eds) 2005).

Pesticide resistance prevention and management strategies (insecticide and miticide) for New Zealand crops have been developed for these ‘at risk’ individual pest species:

· Diamond back moth

· Tomato fruitworm

· Spider mite

· Leafroller

· Thrips

· Whitefly.

· Melon aphid

· Green peach aphid

· Lettuce aphid

· Leafhopper

· Mealybug

The details of these individual strategies are discussed, where relevant, in the context of each crop.

Non-chemical control techniques

Non-chemical control options include:

· Quarantine (keeping the pest off the property and out of the country)

· Plant resistance

· Agronomic and cultural techniques

· Biological control and methods to enhance biological control e.g. use of predator insects, insect specific viruses, pheromone mating disruption (Martin et al. (eds) 2005).

Quarantine Requirements for Export Crops

MAF Biosecurity New Zealand is the division of Ministry of Agriculture and Forestry (MAF) charged with leadership of the New Zealand biosecurity system. It encompasses facilitating international trade, protecting the health of New Zealanders. and ensuring the welfare of our environment, flora and fauna, marine life and Māori resources.  An importing countries phytosanitary requirements (ICPR) standard is a MAF Biosecurity Authority document that specifies an importing country’s phytosanitary requirements based on the legislation and regulations of that country, as well as on any correspondence and negotiations (MAF Biosecurity New Zealand 2008a).

Results and Discussion

Kiwifruit

New Zealand is the world’s third largest kiwifruit producer behind Italy and China and the world’s largest exporter of kiwifruit, exporting 13 times the volume of the next largest exporter (ZESPRI 2008a).  Most of New Zealand’s kiwifruit crop is exported.  Exports were valued at NZ$765 million in 2007. The key markets for New Zealand kiwifruit are the European Union and Japan (MAF 2007). There are 2754 kiwifruit growers in New Zealand, accounting for a total production area of 11,967 ha (HortResearch 2007).

Industry programmes

Since 1997, all fruit grown in New Zealand for export has been managed using either organic principles (certified organic) or the KiwiGreenTM System, which is based on Integrated Pest Management (IPM). KiwiGreenTM is defined as an “environmentally responsible and auditable production system to ensure safe fruit for the consumer”. The key requirement for growers is to justify any pest control measures on the basis of pest monitoring results, previous pest incidence or established periods of high pest risk (Steven & Benge 2007, Steven 1999).  One of the outcomes of KiwiGreen has been a substantial reduction in the use of broad spectrum insecticides (Stevens & McKenna 2007).

Azinphos-methyl registration

Azinphos-methyl is registered for the control of greedy scale (Hemiberlesia rapax, Hemiptera: Diaspididae), which is a species of armoured scale, and for the control of leafroller (Lepidoptera: Tortricidae).  These are both primary insect pests of kiwifruit in New Zealand (Tomkins et al. 2007). 

Azinphos-methyl use and alternatives

Steven & Benge (2007) undertook a survey in 2005 of agrichemical use patterns in kiwifruit orchards participating in the ARGOS project (Agriculture Research Group on Sustainability) (www.argos.org.nz).  Spray diaries were collected from 36 orchards, which comprised 12 growing the ‘Hayward’ cultivar under KiwiGreen, 12 growing ‘Hayward’ under the certified organic programme and 12 growing the ‘Hort16A’ cultivar under KiwiGreen.  Azinphos-methyl was not used by growers in the study undertaken by Steven & Benge (2007).  

ZESPRI updates its crop protection programme annually, distributing a pack to growers which outlines crop protection products that may be used and the necessary application and monitoring requirements.  Orchard audits are conducted to monitor adherence, and action is taken if a grower or contractor is found to have breached the requirements (ZESPRI 2008a).

Azinphos-methyl is not included in the ZESPRITM 2008 – 2009 Crop Protection Programmes for Export Kiwifruit, which lists the agrichemicals permitted for use on export kiwifruit (ZESPRI 2008b).  Azinphos-methyl was not recorded as being used on kiwifruit in the Manktelow et al. (2005) sector survey.  

Leafroller

At least six species of leafroller have been found on kiwifruit, including brownheaded leafrollers (Ctenopseustis obliquana and Ctenopseustis herana), greenheaded leafrollers (Planotortrix excessana and Planotortrix octo), the black-lyre leafroller (Cnephasia jactatana) and the lightbrown apple moth (Epiphyas postvittana).  All these leafroller species are pests, feeding on leaves and fruit on a range of horticultural crops (McKenna & Stevens 2007). 

Brownheaded leafroller and black-lyre leafroller are the predominant species found feeding on ‘Hayward’ fruit, resulting in superficial scarring to the fruit skin and occasionally distortion of the fruit.  Brownheaded leafroller is the main damage causing species found on ‘Hort16A’ but leafrollers are not a key pest on ‘Hort16A’ in the latter half of the growing season (McKenna & Stevens 2007). 

There are 15 active ingredients comprising 10 chemical groups available for leafroller control that are registered for use on kiwifruit in New Zealand (Table 5).  

Table 5.  Agrichemical products registered for the control of leafroller on kiwifruit in New Zealand.

	Chemical Group
	Active Ingredients Registered in New Zealand1
	Active Ingredients Allowed by ZESPRI2
	Products

	Avermectin
	Emamectin benzoate
	(
	Proclaim®

	Avermectin
	Abamectin
	(
	ApostleTM, Avid®, Verdex® 18EC

	Biological
	Bacillus thuringiensis
	(
	Bactercide WG, Biobit® DF, Delfin® WG, Dipel® ES, Dipel® DF, Hortcare Bactur® 48 LC, Hortcare Bactur® WDG

	Ecdysteroid agonist
	Tebufenozide, Methoxyfenozide
	(
	ApproveTM 70WP,  ApproveTM 240Sc,  Comic, Echo, Mimic* 700WP, Prodigy*

	Macrocyclic lactone
	Spinosad
	(
	Success® Naturalyte®

	Organophosphate
	Azinphos-methyl
	
	Cotnion® 200

	Organophosphate
	Chlorpyrifos
	
	Chlorpyrifos 50 EC, Chlorpyrifos 48EC, Chlor-pTM 480 EC, Hortcare Chlorpyrifos 50 EC, Key BanTM, Lorsban® 50EC, Lorsban® 750WG, Pyrinex®, Pychlorex® 48EC, Toppel

	Organophosphate
	Diazinon
	
	DewTM 500, Diazinon 50W, Diazinon EC, Diazinon 800, Diazinon 800 EC, Diazonyl® 60EC, Digrub TM, Diazol®, Hortcare Diazinon 500EW

	Oxadiazine
	Indoxacarb
	(
	Steward® 150SC

	Spinosyns
	Spinosad
	(
	Entrust* Naturalyte* Insect Control

	Synthetic pyrethroid
	Taufluvalinate
	
	Mavrik®  Aqua Flo

	Synthetic pyrethroid
	Bifenthrin
	
	Talstar®  100EC, Venom

	Synthetic pyrethroid and organophosphate
	Permethrin and pirimiphos-methyl
	
	Attack®


1Young (ed) 2009

2ZESPRI 2008b

The survey by Steven & Benge (2007) found that leafroller control focused on the period after fruit set, and the most commonly used active ingredients for leafroller control were:

· Emamectin benzoate

· Bacillus thuringiensis
· Spinosad

· Tebufenozide. 

Since 2005 when this survey took place, an application by Bayer New Zealand to import flubendiamide (chemical group Phthalic acid diamides) was approved by ERMA (decision notified 25 June 2007).  Under the trade name Belt®, uses of this product include leafroller control on kiwifruit (ERMA 2007b).  The product is not yet listed as registered in the NZFSA database (NZFSA 2008a).

Knowledge of the timing of leafroller damage and pest scouting have identified periods where crop protection measures are critical.  Pheromone traps have not proven to be a useful tool for predicting the timing of control measures within kiwifruit crops, partly because of the broad host range and abundance of suitable host plants within kiwifruit growing districts (McKenna & Stevens 2007).  Leafroller control is based on monitoring pest levels and knowledge of pest phenology to carefully time chemical applications.

Greedy scale

Armoured scale insects (greedy scale (Hemiberlesia rapax), latania scale (Hemiberlesia lataniae) and oleander scale (Aspidiotus nerii)), reside on the bark of kiwifruit throughout the year.  They are found on leaves and fruit during spring and summer (Hill et al. 2006, Tomkins et al. 1996).

Table 6 lists the products registered for scale, armoured scale and greedy scale control on kiwifruit in New Zealand.  

Table 6.  Agrichemical products registered for the control of greedy scale on kiwifruit in New Zealand (Young (ed) 2009).

	Chemical Group
	Active Ingredients Registered in New Zealand1
	Active Ingredients Allowed by ZESPRI2
	Products

	Chloronicotinyl
	Thiacloprid
	(
	Calypso®, Topstar®

	Ketoenol
	Spirotetramat
	New registration
	Movento®

	Mineral oil
	Mineral oil
	(
	D-C-Tron®  Plus, Excel® Oil, Excel® Spring Oil

	Organophosphate
	Diazinon
	
	DewTM 500, Diazinon 50W, Diazinon EC, Diazinon 800, Diazinon 800 EC, Diazonyl®  60EC, DigrubTM, Diazol®, Hortcare Diazinon 500EW

	Organophosphate
	Chlorpyrifos
	(
	Chlorpyrifos 50 EC, Chlorpyrifos 48EC, Chlor-pTM 480 EC, Hortcare Chlorpyrifos 50 EC, Key BanTM, Lorsban®  50EC, Lorsban®  750WG, Pyrinex®, Pychlorex®  48EC, Toppel

	Organophosphate
	Azinphos-methyl
	
	Cotnion® 200

	Synthetic pyrethroid
	Bifenthrin
	(
	Talstar® 100EC, Venom®

	Synthetic pyrethroid and organophosphate
	Permethrin and pirimiphos-methyl
	
	Attack®

	Thiadiazine
	Buprofezin
	(
	Applaud®  40Sc, Buprimax, MortarTM, OvationTM 50 WDG, Pilan® 25WP

	Neonicotinoid
	Thiamethoxam
	(
	Actara®
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The study by Steven & Benge (2007) found the most commonly used active ingredients for scale control were:

· Diazinon

· Chlorpyrifos.

Neonicotinyl insecticides (e.g. Actara®) were only recently available at the time of the survey, with the expectation their use would increase.  Since the survey by Steven & Benge (2007), a new product called Movento® (active ingredient spirotetramat, chemical group ketoenols) was registered for the control of armoured scale in kiwifruit on 1 September 2008 (NZFSA 2008).

Pipfruit

The New Zealand apple industry comprises 520 growers which account for a total production area of 8,945ha.  Fresh apples valued at NZ$343 million were exported to 61 countries in 2007.  The main export markets are the European Union, which includes the United Kingdom (59% of export by value), North America (19%) and Asia (16%) (HortResearch 2007).

Industry programmes

Initiated by ENZA New Zealand International in 1996, the New Zealand Integrated Fruit Production (IFP) programme for pipfruit introduced major changes to pest management in the New Zealand pipfruit industry, including largely replacing broad spectrum organophosphates with selective products compatible with biological control.  The broad spectrum organophosphate azinphos-methyl is not included as a pest control option in the IFP programme for pipfruit (Walker et al. 1997).  All New Zealand pipfruit production is grown under IFP methods (91% of planted hectares) or organic production systems (Pipfruit NZ Inc. 2006).

Azinphos-methyl registration

Azinphos-methyl is registered for the control of codling moth ((Cydia pomonella) (Lepidoptera: Tortricidae)) and leafroller species (Lepidoptera: Tortricidae), which are the key pests of the New Zealand apple crop.  

Leafroller

There are five species of leafroller found on pipfruit - brownheaded leafrollers Ctenopseustis obliquana (Walker) and Ctenopseustis herana (Fielder and Rogenhofer), greenheaded leafrollers (Planotortrix excessana (Walker) and Planotortrix octo (Dugdale), and the lightbrown apple moth (LBAM) Epiphyas postvittana (Walker), although two or three species are usually important in each district.  Spraying is essential where leafroller populations are above an action threshold.  Leafroller populations are monitored using pheromone traps for the predominant leafroller in each district. Mating disruption is available for the control of LBAM, but this technique alone does not provide sufficient control for export markets that are sensitive to leafroller (Pipfruit NZ 2008a).  

In New Zealand, three species of leafroller have developed resistance to certain pesticides, but in all cases the problem has extended over a relatively few orchards.  Of consequence to the pipfruit industry:

· Lightbrown apple moth – resistance to organophosphate, cross-resistance to carbamate (Nelson only)

· Greenheaded leafroller (Planotortrix octo) – resistance to organophosphates, cross resistance to carbamate and the insect growth regulator (IGR) ecdysone antagonist

· Brownheaded leafroller (Ctenopseustis obliquana) – resistance to organophosphates, cross resistance to the IGR ecdysone antagonist (Hawke’s Bay only) (Martin et al. (eds) 2005).

Codling moth

Insecticide use is essential where codling moth (Cydia pomonella) populations are above an action threshold.  Codling moth populations are monitored using pheromone traps. Mating disruption is also a valuable control method to supplement the use of insecticides (Pipfruit NZ 2008a).  

Azinphos-methyl use and alternatives

The NZ Pipfruit Classical IFP Pre-Harvest Intervals schedule lists the agrichemicals permitted on export pipfruit.  The schedule is updated annually by Pipfruit New Zealand based on information provided by the New Zealand Food Safety Authority.  The 2008-2009 schedule does not include azinphos-methyl (Pipfruit NZ 2008b).  Azinphos-methyl was not recorded as being used on pipfruit in the Manktelow et al. (2005) sector survey.  

There are effective alternative pest control options, which are already being used, available to New Zealand pipfruit growers for the control of leafroller and codling moth.  Table 7 lists the products available for leafroller control.

Table 7.  Agrichemical products registered for the control of leafroller on pipfruit in New Zealand. 

	Chemical Group
	Active Ingredients Registered in New Zealand1
	Active Ingredients Allowed by Pipfruit NZ2
	Products

	Anthranilic diamide
	Chlorantraniliprole
	(
	Altacor® 35 WDG

	Avermectin
	Emamectin benzoate
	(
	Proclaim®

	Benzoylurea
	Lufenuron
	(
	Match®, Nuron®

	Biological
	Bacillus thuringiensis 
	(
	Bactercide WG, Biobit® DF, Dipel® DF, Delfin®, Hortcare Bactur® 48 LC

	Carbamate
	Carbaryl
	
	Sevin® Flo, Carbaryl 50F

	Ecdysteroid agonist
	Tebufenozide, Methoxyfenozide
	(
	ApproveTM 70WP,  ApproveTM 240Sc,  Comic, Echo, Mimic* 700WP, Prodigy*

	Macrocyclic lactone
	Spinosad
	(
	Success® Naturalyte®, Yates Success® Naturalyte®

	Organophosphate
	Azinphos-methyl
	
	Cotnion® 200

	Organophosphate
	Chlorpyrifos
	
	Chlorpyrifos 50 EC, Chlorpyrifos 48EC, Chlor-pTM 480 EC, Hortcare Chlorpyrifos 50 EC, Key BanTM, Lorsban® 50EC, Lorsban® 750WG, Pyrinex®, Pychlorex® 48EC, Toppel

	Organophosphate
	Diazinon
	( (being phased out)
	DewTM 500, Diazinon 50W, Diazinon EC, Diazinon 800, Diazinon 800 EC, Diazonyl® 60EC, DigrubTM, Diazol®, Hortcare Diazinon 500EW

	Oxadiazine
	Indoxacarb
	(
	Avaunt® 30WG

	Spinosoid
	Spinetoram
	(
	Delegate*

	Spinosyns
	Spinosad
	(
	Entrust* Naturalyte* Insect Control
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Table 8 lists the products available for codling moth control that are registered for use on pipfruit in New Zealand.  

Table 8.  Agrichemical products registered for the control of codling moth on pipfruit in New Zealand. 

	Chemical Group
	Active Ingredients Registered in New Zealand1
	Active Ingredients Allowed by Pipfruit NZ2
	Products

	Anthranilic diamide
	Chlorantraniliprole
	(
	Altacor® 35 WDG

	Benzoylurea
	Lufenuron
	(
	Match®, Nuron®

	Biological
	Cydia pomonella granulosis virus
	(
	Carpovirusine®, Madex®3, Virex, CYD-X

	Carbamate
	Carbaryl
	
	Sevin® Flo, Carbaryl 50F

	Chloronicotinyl
	thiacloprid
	(
	Calypso®, Topstar®

	Ecdysteroid agonist
	Tebufenozide,  Methoxyfenozide
	(
	ApproveTM 70WP,  ApproveTM 240Sc,  Comic, Echo, Mimic* 700WP, Prodigy*

	Organophosphate
	Azinphos-methyl
	
	Cotnion 200

	Organophosphate
	Chlorpyrifos
	
	Chlorpyrifos 50 EC, Chlorpyrifos 48EC, Chlor-pTM 480 EC, Hortcare Chlorpyrifos 50 EC, Key BanTM, Lorsban 50EC, Lorsban 750WG, Pyrinex®, Pychlorex® 48EC, Toppel

	Oxadiazine
	Indoxacarb
	(
	Avaunt® 30WG

	Pheromone
	E,E-8,10-Dodecadien-1-ol
	
	Exosex® CM

	Spinosoid
	Spinetoram
	(
	Delegate*
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Grape

In 2007, the winegrape production area in New Zealand was 25,355ha.  Table grape production comprised 29 ha.  New Zealand wine was exported to 85 countries, with the largest markets (% by value) being the United Kingdom (32%), Australia (26%) and USA (25%), resulting in an export value of NZ$698 million (HortResearch 2007).  

Industry programmes

New Zealand Winegrowers Sustainability Policy objective is for all New Zealand grapes and wine to be produced under independently audited sustainability schemes by vintage 2012 (New Zealand Winegrowers 2007).  To support this initiative, Sustainable Winegrowing New Zealand’s objective is to implement “a well-structured, refined programme that is recognised as leading the way in responsible and sustainable practices to meet the international market requirements for a premium New Zealand product” (New Zealand Winegrowers 2008 p 25).

The Sustainable Winegrowing New Zealand (SWNZ) programme commenced in 1995, with implementation centred on a scorecard that covers all aspects of sustainability in winegrape production.  The vineyard scorecard consists of questions grouped into five sections: soils and fertilisers, sward and irrigation management, diseases, pests and membership criteria, with scoring reflecting scores that are unsustainable, sustainable or an improvement over current practice (Sustainable Winegrowing New Zealand 2008; Gurnsey et al. 2004).  Pest and disease control within SWNZ gives priority to biological and cultural control practices, with pesticides applied only when necessary.  Pest and disease populations are monitored and decisions to use control measures are based on pre-determined thresholds.  Selective pesticides compatible with biological control are used where possible (Lo & Walker 2006).

A press release in October 2008 highlighted that approximately 80% of New Zealand’s wine producing land is now producing under the Sustainable Winegrowing New Zealand programme (Gregan 2008).

The New Zealand Winegrowers Export Wine Grape Spray Annual Schedule is designed specifically for grapes grown for the export market, but is also suitable for local wine production.  Based on data provided by the New Zealand Food Safety Authority, the annually updated schedule lists the products, active ingredients and pre-harvest intervals to use for access to all markets.  There are some products which are registered for use in New Zealand that are not included in the export spray schedule, as they are not registered for use in the main export markets.  These products can only be used for local production (New Zealand Winegrowers 2008).

Azinphos-methyl registration and alternatives

Cotnion® 200 is registered in New Zealand for the control of leafroller (NZFSA 2008a).  Lightbrown apple moth (Epiphyas postvittana (LBAM) Lepidoptera:Tortricidae), is a key pest of grapevines in New Zealand.  Leafroller larvae feed on flowers, berries and stalks, causing a reduction in yield and more importantly can be a vector for the disease botrytis (Botrytis cinerea) (Lo & Walker 2006).

In the SWNZ programme, the use of organophosphates is ranked as an unsustainable practice for the control of leafroller.  Insect growth regulators are the preferred chemical control option (SWNZ 2008). 

Azinphos-methyl is not included in the New Zealand Winegrowers Export Wine Grape Spray Schedule in 2008/09 (New Zealand Winegrowers (NZW) 2008).  There are other leafroller control options available to growers that are compatible with export market residue requirements. Azinphos-methyl was not recorded as being used on wine grapes in the Manktelow et al. (2005) sector survey.  Table 9 lists the products available for leafroller control that are registered for use on grape in New Zealand.

Table 9.  Agrichemical products registered for the control of leafroller on wine grape in New Zealand. 

	Chemical Group
	Active Ingredients Registered in New Zealand1
	Active Ingredients Allowed by New Zealand Winegrowers2
	Products

	Avermectin
	Emamectin benzoate
	(
	Proclaim®

	Biological
	Bacillus thuringiensis
	(
	Bactercide WG, Biobit® DF, Dipel® DF,  Hortcare Bactur® 48 LC

	Carbamate
	Methomyl
	(
	Lannate®  L

	Ecdysteroid agonist
	Tebufenozide,  Methoxyfenozide
	(
	Approve TM 70WP,  Approve TM 240Sc,  Comic, Echo, Mimic* 700WP, Prodigy*

	Organophosphate
	Azinphos-methyl
	
	Cotnion® 200

	Organophosphate
	Chlorpyrifos
	(
	Chlorpyrifos 50 EC, Chlorpyrifos 48EC, Chlor-pTM 480 EC, Hortcare Chlorpyrifos 50 EC, Key Ban TM, Lorsban® 50EC, Lorsban® 750WG, Pyrinex®, Pychlorex® 48EC, Toppel

	Oxadiazine
	Indoxacarb
	(
	Avaunt® 30WG

	Macrocyclic lactone
	Spinosad
	(
	Success® Naturalyte®

	Spinosyns
	Spinosad
	(
	Entrust* Naturalyte* Insect Control

	Synthetic pyrethroid and organophosphate
	Permethrin and pirimiphos-methyl
	(
	Attack®
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Summerfruit

The summerfruit industry comprises 370 growers, with a planted area of 2,325 hectares producing apricots, cherries, nectarines, peaches and plums as detailed in Table 10.  Summerfruit fresh fruit exports were valued at NZ$17.3 million, with the main export crops being apricots and cherries.  These planted areas include crop grown for processing (HortResearch 2007).

Table 10.  Summerfruit crops detailing planted areas in New Zealand (MAF 2006)

	Crop
	Hawke’s Bay2 (ha)
	Otago2 (ha)
	National1 Planted Area3 (ha)

	Apricots
	180
	340
	487

	Cherries
	25
	360
	524

	Nectarines
	160
	170
	433

	Peaches
	340
	90
	548

	Plums
	150
	105
	333


1includes Hawke’s Bay, Otago and all other planted areas

2estimates only, except for the peach figures which are provisional results from the Statistics NZ Agricultural Production Survey June 2005 (MAF 2006)

3provisional results from the Statistics NZ Agricultural Production Survey June 2005 (MAF 2006)

Industry programmes

Developed in the late 1990s, the SummerGreenTM IFP (Integrated Fruit Production) programme is a programme of continuous improvement identifying best management practices for summerfruit production and introducing new technologies to replace less desirable agrichemicals (Summerfruit New Zealand 2005).  On an annual basis, Pre-Harvest Interval tables are made available to growers based on information provided by the New Zealand Food Safety Authority.  Pre-harvest intervals are listed for azinphos-methyl across all the main summerfruit crops, local and some export markets.

Azinphos-methyl registration and use

Cotnion® 200 is registered in New Zealand on cherries, peaches, nectarines, plums and apricots for the control of:

· Aphids – green peach aphid (Myzus persicae), black cherry aphid (Myzus cerasi), leafcurl plum aphid (Brachycaudus helichrysi), black peach aphid (Brachycaudus persicae)

· Bronze beetle (Eucolaspis brunnea) 

· Cherry sawfly (Caliroa cerasi) 

· Grass grub beetle (Costelytra zealandica)

· Leafrollers - greenheaded leafroller (Planotortrix octo), lightbrown apple moth (Epiphyas postvittana), brownheaded leafroller (Ctenopseutis obliquana)

· Oriental fruit moth (Grapholita molesta) (NZFSA 2008a, Landcare Research 2008).  

Azinphos-methyl is also occasionally used off-label for the control of dried fruit beetle (Carpophilus davidsoni). 

Azinphos-methyl is listed in the SummerGreen IFP Manual for the control of leafroller and oriental fruit moth (Summerfruit New Zealand 2005).  The ‘Trends in Pesticide Use in New Zealand: 2004’ survey found low levels of azinphos-methyl use in the industry, comprising between 2.7 and 4% of total insecticide use (Manktelow et al. 2005).  

Product rate

The product label rate for Cotnion® 200 for stonefruit is 175-245 ml/100 litres. Of those few growers that use azinphos-methyl, it is typically applied once per season at a water rate of 2000 litres/ha for the control of leafroller and, where present, oriental fruit moth or one application late season to control Carpophilus beetle.

Leafroller (Lepidoptera: Tortricidae)

There are five species of leafroller found on summerfruit although only the lightbrown apple moth (LBAM) Epiphyas postvittana occurs in all regions. Of the four native species, the greenheaded leafroller (Planotortrix octo) occurs in Hawke’s Bay and Central Otago, while the brownheaded leafroller (Ctenopseustis obliquana) is found in Hawke’s Bay. Leafrollers attack the fruit of all summerfruit species (Lo et al. 2000).  Table 11 lists the products currently registered for the control of leafroller on summerfruit.

Table 11.  Agrichemical products registered for the control of leafroller on summerfruit in New Zealand. 

	Chemical Group
	Active Ingredients Registered in New Zealand1
	Active Ingredients Recommended by Summergreen NZ2
	Products

	Biological
	Bacillus thuringiensis 
	(
(registered for fruit crops but does not specify summerfruit)
	Bactercide WG, Biobit® DF, Dipel® DF, Delfin®, Hortcare Bactur® 48 LC

	Carbamate
	Carbaryl
	( (not permitted on crops for Heinz-Watties)
	Sevin® Flo, Carbaryl 50F

	Ecdysteroid agonist
	Tebufenozide

(not cherries)
	(

	ApproveTM 70WP,  ApproveTM 240Sc,  Comic, Echo, Mimic* 700WP

	Organophosphate
	Azinphos-methyl
	(
	Cotnion® 200

	Organophosphate
	Chlorpyrifos
	(
	Chlorpyrifos 50 EC, Chlorpyrifos 48EC, Chlor-pTM 480 EC, Hortcare Chlorpyrifos 50 EC, Key BanTM, Lorsban® 50EC, Lorsban® 750WG, Pyrinex®, Pychlorex® 48EC, Toppel

	Organophosphate
	Diazinon
	(
	DewTM 500, Diazinon 50W, Diazinon EC, Diazinon 800, Diazinon 800 EC, Diazonyl® 60EC, DigrubTM, Diazol®, Hortcare Diazinon 500EW

	Macrocyclic lactone
	Spinosad
	(
	Success® Naturalyte®

	Spinosyns
	Spinosad (not Golden Queen peaches)
	(
	Entrust* Naturalyte* Insect Control
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While there are a number of alternative products potentially available for leafroller control, there is some use of older broad spectrum chemistry. There are softer chemistry options targeting specific pest groups which are available on other crops that would be suitable additional alternatives for leafroller control on summerfruit (Table 12). Some of these will also be options for oriental fruit moth control, which is discussed in the next section. 

Table 12.  Potential alternative active ingredients to azinphos-methyl for leafroller control but not registered or trialled on summerfruit.

	Chemical Group
	Active

 Ingredient
	Product2
	Current Registration in New Zealand1

	Anthranilic diamide
	Chlorantraniliprole
	Altacor® 35 WDG
	Newly registered on pipfruit for leafroller and codling moth.  Short residual life.  Label pre-harvest interval of 14 days on pipfruit in New Zealand

	Avermectin
	Emamectin benzoate
	Proclaim®
	Registered on pipfruit, avocado, kiwifruit, grapes for leafroller.

	Ecdysteroid agonist
	Methoxyfenozide
	Prodigy*
	Registered on pipfruit, kiwifruit, grapes for leafroller.  Registered on pipfruit for codling moth

	Oxadiazine
	Indoxacarb
	Avaunt® 30WG
	Registered on apples for codling moth and leafroller and grapes for leafoller control.  Short residual life.  Label pre-harvest interval of 5 days on pipfruit in New Zealand

	Spinosoid
	Spinetoram
	Delegate*
	Registered on pipfruit for codling moth and leafroller

Short residual life.  Label pre-harvest interval of 7 days on pipfruit in New Zealand.
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Mating disruption technology

Pheromone mating disruption is a non-insecticidal method for controlling lepidopterous pests and is fully compatible with the aims of integrated fruit management programmes in reducing broad spectrum chemical use.  Female moths release pheromones to attract males.  A synthetic copy of the pheromones evaporated from dispensers placed in the orchard aims to disrupt mating by creating a ‘cloud’ of pheromone.  Males then have no odour trails to follow and their sensory mechanism is overloaded so they stop trying to find females, therefore preventing mating.  

Pheromone mating disruption is available but not common practice for leafroller control because of the cost. A different dispenser is needed for each species, which can make pheromone mating disruption uneconomic where a number of species need to be controlled.  Recent research has developed the Isomate® Three NZ Leafroller dispenser, which is a blend of pheromone for the control of three leafroller species.  However, this ‘blend’ is still experimental and should not be used as the sole measure of control where export phytosanitary requirements need to be met.

Oriental fruit moth

Oriental Fruit Moth (OFM) (Grapholita molesta Lepidoptera:Tortricidae)  was accidentally introduced into Auckland about 30 years ago, but remains confined to the North Island where it has become an increasing problem in Hawke’s Bay.  It appears it was formerly well controlled by organophosphate insecticide-dominated spray schedules but the implementation of the SummerGreen integrated fruit production programme has encouraged growers to replace broad spectrum insecticides with more selective products (Lo et al. 2000).  Damage from OFM is caused by the larvae, which bore into the fruit and feed near the stone (Lo & Cole 2007).  Table 13 lists the products currently registered for the control of OFM on summerfruit.

Table 13.  Products registered for the control of oriental fruit moth on summerfruit in New Zealand. 

	Chemical Group
	Active Ingredients Registered in New Zealand1
	Recommended by Summergreen NZ2
	Products

	Carbamate
	Carbaryl  (not on process crops for Heinz-Watties)
	(
	Sevin® Flo, Carbaryl 50F

	Organophosphate
	Azinphos-methyl
	(
	Cotnion® 200

	Pheromone
	Pheromone
	(
	Desire® Sex Pheromone Traps
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There are a limited number of products currently registered for OFM control in New Zealand.  In addition, carbaryl can not be used on process crops for Heinz-Watties Ltd. However, there are a number of products that have been developed for the control of leafroller and/or codling moth that are at least partially effective for controlling OFM.  These active ingredients are listed in Table 14.  

Table 14.  Potential alternative active ingredients to azinphos-methyl for oriental fruit moth control but not registered or trialled on summerfruit and/or oriental fruit moth.

	Chemical Group
	Active

 Ingredient
	Product2
	Current Registration in New Zealand1 and points of interest

	Anthranilic diamide
	Chlorantraniliprole
	Altacor® 35 WDG
	Newly registered on pipfruit for leafroller and codling moth.  Short residual life.  Label pre-harvest interval of 14 days on pipfruit in New Zealand.

	Chloronicotinyl
	Clothianidin
	Sumitomo Samurai®  Systemic Insecticide (registered name in Australia not New Zealand)
	Clothianidin registered in New Zealand (Poncho®) as a seed treatment for black beetle, weevil and springtail. Systemic and fast acting. Registered July 2008 in Australia on pipfruit for mealybug, woolly aphid and codling moth and on peaches and nectarine for green peach aphid and oriental fruit moth.

	Chloronicotinyl
	Thiacloprid
	Calypso®, Topstar®
	Registered on apples for codling moth.  Registered on peaches and nectarines for thrips.  Long pre-harvest interval (to shuck fall, which is mid-late October).

Registered for OFM control in Australia.

	Organophosphate
	Chlorpyrifos
	Chlorpyrifos 50 EC, Chlorpyrifos 48EC, Chlor-pTM 480 EC, Hortcare Chlorpyrifos 50 EC, Key BanTM, Lorsban® 50EC, Lorsban® 750WG, Pyrinex®, Pychlorex® 48EC, Toppel
	Registered on some fruit crops. Broad spectrum insecticide that is not compatible with SummerGreen™.  Included in the ERMA New Zealand Reassessment Priority list.

	Oxadiazine
	Indoxacarb
	Avaunt® 30WG
	Registered on apples for codling moth and leafroller. There are more effective products available but it does have a short residual life.  Label pre-harvest interval of 5 days on pipfruit in New Zealand. 

	Spinosoid
	Spinetoram
	Delegate*
	Registered on pipfruit for codling moth and leafroller. 
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Mating disruption technology

Pheromone mating disruption is also available for OFM control. Pheromone mating disruption trials run over three seasons (1997/98 – 1999/00) for the control of OFM on ‘Golden Queen’ peaches in Hawke’s Bay concluded that mating disruption alone can effectively control OFM as long as the populations levels are not high. Other research in Italy, Australia (OFM is not present in Western Australia), and North America also concluded that mating disruption alone can effectively control OFM, as long as populations are not too high (Lo & Cole 2007).  

Growers switching to mating disruption from insecticides should not rely on pheromone dispensers alone in the first year, unless they know from previous trapping that the OFM population is low.  Otherwise it would be prudent to use a combination of mating disruption with one or two insecticide applications.  Then in subsequent years, pheromone dispensers alone should provide adequate control of OFM, providing there are no uncontrolled sources of re-infestation nearby; it is more effective where larger contiguous areas are treated.  This minimises the edge effects, where mated females can fly in from neighbouring untreated areas (Lo & Cole 2007).  
The slow adoption of pheromone mating disruption for OFM is partly due to the limited distribution of OFM, and partly due to the higher cost of pheromone dispensers.  The Isomate® OFM Rosso pheromone dispensers are purchased from Japan and at current prices, the cost per hectare is roughly equivalent to two tebufenozide or three azinphos-methyl applications (Lo & Cole 2007).  

Aphids

There are four species of aphid (Hemiptera: Aphididae) that are pests of summerfruit.  Aphid species and their preferred crops are:

· Green peach aphid (Myzus persicae) – on peaches and nectarines 

· Black cherry aphid (Myzus cerasi) – on cherry

· Leafcurl plum aphid (Brachycaudus helichrysi) – on plum 

· Black peach aphid (Brachycaudus persicae) – on peaches and nectarine in Hawke’s Bay.  Rare in Central Otago (Summerfruit NZ 2005).

Aphid damage symptoms vary among the crop and species, but range from stunted shoot growth, flower drop, reduced fruit size, to misshapen fruit and sooty mould.  Apricots are generally free of aphids (Summerfruit NZ 2005).  

Azinphos-methyl is not included as a chemical control option for aphids in the SummerGreen NZ programme (Summerfruit NZ 2007). Table 15 lists the products registered for aphid control on summerfruit.

Table 15.  Agrichemical products registered for the control of aphids on summerfruit in New Zealand. 

	Chemical Group
	Active Ingredients Registered in New Zealand1
	Active Ingredients Recommended by Summergreen NZ2
	Products

	Carbamate
	Pirimicarb
	(
	Aphidex® WG, Pirimor® 50, Pirimisect, Piritek®, ProhiveTM

	Mineral Oil
	Mineral Oil
	(
	BP Crop oil, Caltex D-C-Tron® NR, Caltex D-C-Tron® NR, Excel® Oil, Excel® Spring Oil, Sunspray®

	Organophosphate
	Azinphos-methyl
	
	Cotnion® 200

	Organophosphate
	Chlorpyrifos
	(
	Chlorpyrifos 50 EC, Chlorpyrifos 48EC, Chlor-pTM 480 EC, Hortcare Chlorpyrifos 50 EC, Key BanTM, Lorsban® 50EC, Lorsban® 750WG, Pyrinex®, Pychlorex® 48EC, Toppel

	Organophosphate
	Diazinon
	(
	DewTM 500, Diazinon 50W, Diazinon EC, Diazinon 800, Diazinon 800 EC, Diazonyl® 60EC, DigrubTM, Diazol®, Hortcare Diazinon 500EW

	Organophosphate
	Dimethoate
	
	Dimezyl® 40EC, Perfekthion® S

	Organophosphate
	Maldison
	
	Malathion 50 EC

	Pyrethrins
	Pyrethrum and piperonyl butoxide
	(
	Key Pyrethrum, Greenseals Pyrethrum, Garlic & Pyrethrum Concentrate

	Pyridine azomethine
	Pymetrozine

(green peach aphid only on nectarine and peach)
	(
	Chess® WG

	Synthetic pyrethroid
	Alpha cypermethrin (green peach aphid only)
	
	Bestseller® 100 EC , Cypher 

Dominex PC100 , Fastac®, Alpha-Scud®

	Synthetic pyrethroid
	Tau-fluvalinate
	(
	Mavrik® Aqua Flo
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Cherry sawfly 

Cherry sawfly (Caliroa cerasi Hymenoptera:Tenthredinoidea) is also known as cherry slug and pear slug.  Cherry sawfly is not included in the pest management recommendations in the SummerGreen programme.  While it has the potential to cause extensive leaf damage, it appears to be controlled by the insecticides being applied to target other insect pests. Table 16 lists the products registered for the control of cherry sawfly on summerfruit.  Delegate® is an alternative not currently registered on summerfruit that would be effective for cherry sawfly control (Table 17).

Table 16.  Agrichemical products registered for the control of cherry sawfly on summerfruit in New Zealand. 

	Chemical Group
	Active Ingredients Registered in New Zealand1
	Products

	Macrocyclic lactone
	Spinosad
	Success® Naturalyte®, Yates Success® Naturalyte®

	Organophosphate
	Dimethoate
	Dimezyl® 40EC, Perfekthion® S

	Organophosphate
	Azinphos-methyl
	Cotnion® 200

	Organophosphate
	Maldison
	Malathion 50 EC

	Pyrethrins
	Pyrethrum
	Key Pyrethrum, Greenseals Pyrethrum, Garlic & Pyrethrum Concentrate, Pyganic®

	Spinosyns
	Spinosad
	Entrust* Naturalyte* Insect Control
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Table 17.  Potential alternative active ingredients to azinphos-methyl for cherry sawfly control but not registered or trialled on summerfruit.

	Chemical Group
	Active

Ingredient
	Product2
	Current Registration in New Zealand1

and points of interest

	Spinosoid
	Spinetoram
	Delegate*
	Registered on pipfruit for codling moth and leafroller.

Short residual life.  Label pre-harvest interval of 7 days on pipfruit in New Zealand.
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Bronze beetle 

Bronze beetle (Eucolaspis sp. Coleoptera:Chrysomelidae) is a New Zealand native beetle.  It is widespread and especially common on the North Island.  Adults feed on developing fruit and leaves at night (Landcare Research 2008).  Bronze beetle is not included in the pest management recommendations in the SummerGreen programme.  While bronze beetle has the potential to cause extensive leaf damage, it appears to be controlled by the insecticides being applied to target other insect pests. Table 18 lists the two products registered for the control of bronze beetle on summerfruit.  Table 19 suggests alternative products for bronze beetle control.

Table 18.  Agrichemical products registered for the control of bronze beetle on summerfruit in New Zealand. 

	Chemical Group
	Active Ingredients Registered in New Zealand1
	Products

	Organophosphate
	Chlorpyrifos 
	Chlorpyrifos 50 EC, Chlorpyrifos 48EC, Chlor-pTM 480 EC, Hortcare Chlorpyrifos 50 EC, Key BanTM, Lorsban® 50EC, Lorsban® 750WG, Pyrinex®, Pychlorex® 48EC, Toppel

	Organophosphate
	Azinphos-methyl
	Cotnion® 200
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Table 19.  Potential alternative active ingredients to azinphos-methyl for bronze beetle control but not registered or trialled on summerfruit and/or bronze beetle

	Chemical Group
	Active Ingredients
	Products2
	Current Registration in New Zealand1 and points of interest

	Chloronicotinyl
	Thiacloprid
	Calypso®, Topstar®
	Registered on apples for bronze beetle.

Registered on peaches and nectarines for thrips. Long pre-harvest interval.

	Synthetic pyrethroid
	Lambda-cyhalothrin
	Karate® with Zeon Technology, CyhellaTM

	Registered on grapes for thrips, grass grub and bronze beetle


1Young (ed) 2009
2not registered or trialled on summerfruit and/or bronze beetle

Grass Grub

Grass grub (Costelytra zealandica Coleoptera:Scarabaeidae) is a New Zealand native beetle found throughout the country.  The grubs are the larvae or immature stages of the common brown beetle that appears at dusk in spring and summer, usually flying in from outside the crop, making them difficult to control.  The beetles eat leaves and can strip the foliage from a number of horticultural crops, including summerfruit (HortFACT 2008a).  Grass grub control is not included in the SummerGreen New Zealand programme.  Products registered for the control of grass grub on summerfruit are listed in Table 20.  These organophosphates are not long-term options.  Table 21 suggests alternative products for bronze beetle control.

Table 20.  Agrichemical products registered for the control of grass grub on summerfruit in New Zealand. 

	Chemical Group
	Active Ingredients Registered in New Zealand1
	Products

	Organophosphate
	Azinphos-methyl
	Cotnion® 200

	Organophosphate
	Chlorpyrifos 
	Chlorpyrifos 50 EC, Chlorpyrifos 48EC, Chlor-pTM 480 EC, Hortcare Chlorpyrifos 50 EC, Key BanTM, Lorsban® 50EC, Lorsban® 750WG, Pyrinex®, Pychlorex® 48EC, Toppel

	Synthetic pyrethroid
	Deltamethrin – non-bearing summerfruit
	BallisticTM, Decis® Forte, Deltaphar® 25 EC,
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Table 21.  Potential alternative active ingredients to azinphos-methyl for grass grub beetle control but not registered or trialled on summerfruit and/or grass grub beetle

	Chemical Group
	Active Ingredients
	Products2
	Current Registration in New Zealand1

and points of interest

	Chloronicotinyl
	Thiacloprid
	Calypso®, Topstar®
	Registered on apples for bronze beetle

Registered on peaches and nectarines for thrips

Long pre-harvest interval 

	Synthetic pyrethroid
	Lambda-cyhalothrin
	Karate® with Zeon Technology, CyhellaTM

	Registered on grapes for thrips, grass grub and bronze beetle

	Carbamate
	Carbaryl
	Sevin® Flo, Carbaryl 50F
	Not permitted on crops for Heinz-Watties.  Included in the ERMA New Zealand Reassessment Priority list.

	Organophosphate
	Diazinon
	DewTM 500, Diazinon 50W, Diazinon EC, Diazinon 800, Diazinon 800 EC, Diazonyl® 60EC, DigrubTM, Diazol®, Hortcare Diazinon 500EW
	Included in the ERMA New Zealand Reassessment Priority list.
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Carpophilus beetle

Carpophilus beetle is present as a pest in the North Island and northern South Island (P. Lo, pers. comm.).  There are several species: the most problematic on summerfruit is Carpophilus davidsoni (Coleoptera:Nitiludae).  Carpophilus beetle feed on mature, over-ripe and mummified fruit.  Carpophilus beetle chew holes in the ripening fruit creating a cavity that starts to rot.  They can also enter through fruit cracks and any other physical injuries and can carry brown rot spores, spreading the disease (Summerfruit NZ 2005).

Carpophilus beetle are difficult pests to control with insecticides because they infest crops around harvest time, feed inside the fruit and are highly mobile.  There are no insecticides registered for the control of Carpophilus beetle in New Zealand and they are becoming an increasing problem.  An alternative strategy is to spray fruit that has dropped on the ground to reduce pest numbers (Summerfruit NZ 2005), but the problem really needs to be controlled on the tree close to harvest. 

One of the successes of integrated fruit production programmes has been the replacement of broad spectrum insecticides with safer, selective products. However some insect pests, like Carpophilus beetle, that were formerly controlled by organophosphate insecticides applied against other pests, are now reaching damaging levels. Crop losses to Carpophilus beetle are dependent on several factors, so these can be quite variable.  No damage has been reported in Central Otago summerfruit crops where the sector’s SummerGreenTM programme has been used since the late 1990s.  In Hawke’s Bay orchards Carpophilus beetle damage is typically low, within the range of 0-10%, but there is potential for higher damage to occur in the absence of any control measures (P.Lo, pers.comm.).  Parts of Australia have severe problems with Carpophilus, with typically 30% crop losses where insecticides have not been used.  While New Zealand’s cooler climate means Carpophilus populations will probably not reach levels seen in Australia, they have caused significant problems on some orchards (Lo & Hossain 2004).  

Based on estimates of azinphos-methyl use in summerfruit (source ERMANZ) and assumptions based on planted areas (Table 10) and pest distributions (P Lo. pers.comm.), we estimate azinphos-methyl is used for treating 220 ha of summerfruit (allowing for some multiple applications)  for Carpophilus beetle control per season.  

There are limited effective chemical control options with short pre-harvest intervals that can be applied close to harvest.  Table 22 lists some alternatives for consideration.

Table 22.  Potential alternative active ingredients to azinphos-methyl for Carpophilus beetle control but not registered on summerfruit and/or Carpophilus beetle.

	Chemical Group
	Active Ingredient
	Product2
	Current Registration in New Zealand1


	Field Trial Results

	Chloronicotinyl
	Thiacloprid
	Calypso®, Topstar®
	Registered on apples for bronze beetle. Registered on peaches and nectarines for thrips. Long pre-harvest interval. 
	Moderately effective in field trials.

	Chloronicotinyl
	Imidacloprid
	Confidor®, Nuprid® 350Sc
	Registered on onion and sweetcorn for thrips.
	Not trialled

	Chloronicotinyl and synthetic pyrethroid
	Imidacloprid and cyfluthrin
	Confidor® Supra
	Registered on onion and sweetcorn for thrips and green vegetable bug.
	Not trialled

	Macrocyclic lactone
	Spinosad
	Success® Naturalyte®, Yates Success® Naturalyte®
	Registered on summerfruit for leafroller, thrips and cherry slug. 
	Moderately effective in field trials.

	Organophosphate
	Diazinon
	DewTM 500, Diazinon 50W, Diazinon EC, Diazinon 800, Diazinon 800 EC, Diazonyl® 60EC, DigrubTM, Diazol®, Hortcare Diazinon 500EW
	Included in the ERMA New Zealand Reassessment Priority list.
	Not trialled

	Phenyl pryrazole
	Fipronil
	Ascend®
	Registered on vegetable brassicas for diamondback moth, white butterfly, citrus for thrips, mushroom for mushroom flies and onions for thrips. 
	Effective in field trials.

	Synthetic pyrethroid
	Bifenthrin
	Talstar® 100EC, Talstar® 80EC, Venom®
	Registered in New Zealand on kiwifruit and a number of vegetable crops.  Registered in Australia for Carpophilus beetle control.
	Not trialled in New Zealand.
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Other Issues

Discussions with industry representatives (C Hale, S Ogden, E Weaver) have highlighted a number of points with regard to the potential deregistration of azinphos-methyl.  There are a limited number of insecticides available to summerfruit growers, which raises concern over the loss of any of them. For a relatively small industry, alternatives are often scarce.  Reduced chemical control options increases difficulties in meeting export market minimum residue limits, reduces options for effective resistance management and reduces control options to enable the effective management of any new pest and disease incursions.  For example, Central Otago exports summerfruit to Western Australia; the current compliance programme to enable exports to Western Australia, which does not have OFM, is a programme based on OFM-free production in the South Island (MAF Biosecurity New Zealand 2008b).  If OFM were to arrive into Central Otago, there is concern over whether OFM mating disruption alone would be satisfactory to meet quarantine requirements for exports to Western Australia (pers. comm.).  However, OFM mating disruption has been shown to be highly effective in international trials (Il’ichev et al. 2002; Kovanci et al. 2005; Trimble et al. 2001) and Hawke’s Bay field trials (Lo & Cole 2007). In addition, Calypso® and Avaunt® 30WG have label claims for OFM control in Australia.  They are not yet registered for use on summerfruit in New Zealand, as the market is small.  Delegate* and Altacor® 35 WDG are also likely to be at least partially effective but are not registered on summerfruit.

Berryfruit

In the 2004 pesticide survey (Manktelow et al. 2005) a number of berryfruit sectors were identified as users of azinphos-methyl (Table 2). However, azinphos-methyl has not been used by berryfruit crops since GusathionTM was withdrawn from the market in approximately 2003, with the exception of use by strawberry runner growers.  There was a period of two or three seasons where no azinphos-methyl products were available from retailers.

Strawberry Runner Production

There are 100 strawberry growers in New Zealand with a planted area of 219 ha, a domestic sales value of NZ$20 million and export sales of NZ$3.8 million (HortResearch 2007). Plants for the New Zealand strawberry industry are produced by four strawberry runner growers.  Strawberry runner production covers a total production area of approximately 30 ha.  Strawberry runner production use azinphos-methyl targeting black beetle, a range of other chewing insects and leafhopper for strawberry lethal yellows control. 

Strawberry runner production is located in Bay of Plenty, Rotorua and Ohakune.  The production season starts in September/early October with planting, and ends in May when the plants are lifted and bundled up for delivery to strawberry growers.  The plants are in rows of 1.8 m apart and the plant spacing down the row is also 1.8 m apart.  Until late December the runner plants are pushed close to the mother plant, so between the rows can be cultivated for weed control.  When spraying during this period, most of the nozzles are turned off, with only a strip of 30 cm out of 1.8 m being sprayed.  As the runners start to spread, additional nozzles are turned on.  By late March the paddock has reached full cover except for the wheel tracks (I Horner. pers. comm.).  
Industry Programmes

The strawberry runner industry does not have extensive sustainability or production programmes.  However, they do have a predatory mite programme for the control of two-spotted mite.

Two-spotted mite (TSM) (Tetranychus urticae) damage plants by piercing leaf cells and sucking out the contents, causing the cells to collapse and die.  Loss of leaves from heavily infested plants decreases their vigour and lead to reduced or damaged crop (HortFACT 2008b). Two-spotted mites are very difficult to control in strawberry runner beds even with regular miticide applications.  This is because at the time of year the plants are harvested, the leaves form a dense canopy close to the ground, making it difficult to obtain complete spray coverage.  In the 1980s, the release of the predatory mite Phytoseiulus persimilis was found to be more effective for the control of TSM than repeated miticide applications (Workman 1986).  Frequent organophosphate applications probably do not help mite control.  However, experience has found that azinphos-methyl and diazinon do not seem to affect P. persimilis populations to any practical level in strawberry runner production  (G. Langford, pers. comm.).  Alternative insecticides need to be compatible with integrated mite management, which means insecticides used on strawberry runners must not be harmful to the predatory mite P. persimilis.  

Azinphos-methyl registration and use

Azinphos-methyl is not registered for use on berryfruit; however, it is used in strawberry runner production predominantly for the control of leafhopper (Hemiptera: Cicadellidae), a vector for strawberry lethal yellows (SLY) and black beetle (Heteronychus arator), but also as a general ‘clean up’.  The cost of any proposed alternatives will always be an important factor in assessing the viability of a control option for the industry.

Agrichemicals are applied using boom sprayers.  The number of azinphos-methyl applications ranges from nil to 12 per season.  At a maximum, applications are made weekly over a three-month period.  The product rate used varies and likely ranges from the field crop product label rate for potato of 2.8 L/ha to fruit crop label rate of 175-245 ml/100 litres.  Water rates vary during the season as the leaf cover increases.  Early season rates start at 400 L/ha, with late season rates up to a maximum of 1000 L/ha (G. Langford, I Horner pers. comm.). 

Leafhopper and Strawberry Lethal Yellows (SLY)  

Strawberry lethal yellows (SLY) is a phytoplasma disease that affects strawberry plants and is a persistent problem for growers who produce runner plants for the commercial strawberry industry in New Zealand.  Affected plants have reduced leaf size, yellowing of young leaves, lack vigour and SLY sometimes results in plant death.  In propagation beds infection levels are usually less than 10% and infected plants are predominantly found around the perimeter of the blocks.  This suggests that further spread through blocks is restricted by current insecticide spray regimes (Anderson et al 1998).  Experience has also shown that infection is found throughout the blocks and is often associated with air movement over shelter belts (G. Langford, pers. comm.). Options for the control of phytoplasma diseases are through the use of resistant plant varieties (none available); eliminating alternative plants that may harbour the micro-organism; or by controlling the insect vectors that spread them. Insect vectors for phytoplasmas are phloem feeders, usually leafhoppers or plant hoppers and occasionally psyllids.  Research by Charles et al. (2002) found that the most likely vectors for the spread of SLY were leafhoppers (Hemiptera: Cicadellidae).  To control the spread of SLY, the vectors, in this case leafhoppers, need to be controlled before they feed, as in feeding they will spread SLY.  

In most seasons with insecticide control, SLY infection levels are likely to be 1-20%.  If leafhoppers were not controlled and alternate hosts for leafhopper were present (i.e. worst case scenario), infection levels could be as high as 80% of the crop.  All four growers are unlikely to have this level of infection in the same season.  However, as there are so few runner growers, this would significantly affect the availability of plants for the whole industry (G Langford, pers. comm.).  

Table 23 lists chemical options for leafhopper control.  Alternatives are all leafhopper-active, systemic in the plant and fast acting.  There is the potential for control to be achieved through one soil treatment of the chemical group chloronicotinyl (e.g. imidacloprid or clothianidin) per season, which would be a considerable improvement over current practice and will probably also improve mite control.  The preferred option is for a soil treatment, as this is not likely to have any negative consequences on biocontrol.  The issue is that it will require time to develop the control measures and recommendations.

Table 23.  Potential active ingredient options to azinphos-methyl for leafhopper control but not registered or trialled on strawberry and/or leafhopper.

	Chemical Group
	Active Ingredients
	Products2
	Current Registration in New Zealand1

and points of interest

	Chloronicotinyl
	Thiacloprid
	Calypso®, Topstar®
	Registered on peaches and nectarines for thrips. Moderately toxic to Phytoseiulus persimilis2 but not as harmful as frequent azinphos-methyl applications. Systemic and fast acting.

	Chloronicotinyl
	Imidacloprid
	Confidor®, Nuprid® 350Sc
	Registered for the control of thrips on onion, cabbage aphids on vegetable brassica and aphids on lettuce as a seedling tray drench. Systemic and fast acting.  Moderately toxic to Phytoseiulus persimilis3.

	Chloronicotinyl
	Clothianidin
	Sumitomo Samurai®  Systemic Insecticide (registered name in Australia not New Zealand)
	Clothianidin registered in New Zealand (Poncho®) as a seed treatment for black beetle, weevil and springtail. Systemic and fast acting. Registered July 2008 in Australia on pipfruit for mealybug, woolly aphid and codling moth and on peaches and nectarine for green peach aphid and oriental fruit moth.

	Organophosphate
	Diazinon
	DewTM 500, Diazinon 50W, Diazinon EC, Diazinon 800, Diazinon 800 EC, Diazonyl® 60EC, DigrubTM, Diazol®, Hortcare Diazinon 500EW
	Included in the ERMA New Zealand Reassessment Priority list. Toxic to Phytoseiulus persimilis2.  Registered on strawberry.

	Organophosphate
	Chlorpyrifos
	Chlorpyrifos 50 EC, Chlorpyrifos 48EC, Chlor-pTM 480 EC, Hortcare Chlorpyrifos 50 EC, Key BanTM, Lorsban® 
	Included in the ERMA New Zealand Reassessment Priority list. Slightly harmful to P. persimilis. Only slightly more expensive than azinphos-methyl.
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Black Beetle

Azinphos-methyl use is based on its broad spectrum ability without compromising mite predators. The target insects include black beetle (Heteronychus arator Coleoptera: Scarabaeidae) and a range of other chewing insects. When GusathionTM was withdrawn from the market, multiple replacement materials were used that gave adequate control on most pests except black beetle. No economic effective control options for black beetle have been identified that do not disrupt mite predators.  If left uncontrolled, black beetle damage would vary between seasons, but be likely to cause up to 10% plant loss (G Langford, pers. comm.).  A number of insecticide options are listed in Table 24, but time will be required to develop control measures and recommendations. 

Table 24.  Potential active ingredient options for black beetle control but not registered or trialled on strawberry and/or black beetle.

	Chemical Group
	Active Ingredients
	Products2
	Current Registration in New Zealand1

and points of interest

	Chloronicotinyl
	Thiacloprid
	Calypso®, Topstar®
	Registered on apples for bronze beetle. Moderately toxic to P. persimilis3 but not as harmful as frequent azinphos-methyl applications. Systemic and fast acting.

	Chloronicotinyl
	Imidacloprid
	Confidor®, Nuprid® 350Sc
	Registered for the control of thrips on onion, cabbage aphids on vegetable brassica and aphids on lettuce as a seedling tray drench. Systemic and fast acting.  Moderately toxic to P. persimilis3.

	Chloronicotinyl
	Clothianidin
	Sumitomo Samurai®  Systemic Insecticide (registered name in Australia not New Zealand)
	Clothianidin registered in New Zealand (Poncho®) as a seed treatment for black beetle. Systemic and fast acting.

Registered July 2008 in Australia on pipfruit for mealybug, woolly aphid and codling moth and on peaches and nectarine for green peach aphid and oriental fruit moth.

	Organophosphate
	Diazinon
	Diazinon 50W, Diazinon EC, Diazinon 800, Diazinon 800 EC, Diazonyl® 60EC, DigrubTM, Diazol®, Hortcare Diazinon 500EW
	Included in the ERMA New Zealand Reassessment Priority list. Toxic to P. persimilis3.

	Organophosphate
	Chlorpyrifos
	Chlorpyrifos 50 EC, Chlorpyrifos 48EC, Chlor-pTM 480 EC, Hortcare Chlorpyrifos 50 EC, Key BanTM,, Lorsban® 
	Included in the ERMA New Zealand Reassessment Priority list. Slightly harmful to P. persimilis. Similar cost to azinphos-methyl.
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Potato

The potato industry comprises 268 growers, with a planted area of 10,850 hectares producing seed, process and fresh potato.  In 2007 domestic potato sales were valued at NZ$303 million, fresh potato exports NZ$13.7 million and processed potato NZ$80.5 million (HortResearch 2007).

Azinphos-methyl registration and use

Cotnion® 200 is registered for use on potatoes for the control of potato tuber moth (Phthorimaea operculella) (NZFSA 2008a).  In the 2004 pesticide survey (Manktelow et al. 2005), there were no records made of azinphos-methyl use on potato crops.  Van Toor et al. (2008) benchmarked pesticide use of potato in Canterbury.  An analysis was made of spray diaries for 17-30 potato seed crops in six growing seasons (1999-2006) and 71-100 process crops in four growing seasons (2003-2007), which accounted for 13% of New Zealand’s seed crop production area and 28% of New Zealand’s process potatoes production area.  No use of azinphos-methyl was recorded in the spray diaries analysed (van Toor et al. 2008).

While no azinphos-methyl use was recorded in the Manktelow et al. (2005) survey, discussions with industry participants in Pukekohe highlighted that successful fresh potato production in Pukekohe and Matamata relies on the use of azinphos-methyl for the control of potato tuber moth.  The Manktelow et al. (2005) survey was based on the best available spray diary data at the time which were in a dataset from Canterbury where seed and process potato are grown.  They do not use azinphos-methyl as their primary pest control focus is aphids which are a vector for virus.  In addition, during the period that the Manktelow et al. (2005) survey was undertaken, azinphos-methyl was not available for purchase.

Industry programmes

An Integrated Pest Management (IPM) programme for potato tuber moth was initiated in 1997 as a joint government- New Zealand Vegetable and Potato Growers’ Federation Inc (VegFed) project with support from processors and an exporter. This 5-year project developed crop monitoring methods that allowed growers to assess potato tuber moth populations in relation to the susceptibility of their crops, to target and reduce pesticide applications and this was later expanded to include aphid control (Cameron 2007).  

Potato Tuber Moth

The potato tuber moth (Phthorimaea operculella Lepidoptera: Gelechiidae) is an important pest of potatoes in New Zealand because of its high reproductive potential and the inability of insecticides to prevent tuber infestation (Herman et al. 2005).  Potato tuber moth is an annual pest in the North Island and occasional pest in the South Island of New Zealand.  Control is based on regular applications of broad-spectrum insecticides from January-March with cultural control methods included as part of crop management (Herman 2006).  Both foliage and tubers can be extensively damaged by larvae.  Larvae usually spend their entire lives in either one of these food sources.  The only exception to this is when infested foliage is destroyed, forcing larvae to abandon it and search for tubers (HortFact 2008c).

Integrated management strategies (insecticides, cultural and biological control) with an emphasis on cultural practices such as moulding, seed depth, timing of planting and irrigation can reduce tuber exposure; however, pest populations can still reach levels where insecticides are required.  Larvae population numbers peak between February and April (Davidson et al. 2006). Although the introduction of cultural practices for control of potato tuber moth was shown to reduce infestation of potato tubers, it is unclear whether growers have reduced their pesticide use (Cameron 2007).

Liberbacter, Zebra Chip and the Tomato/Potato Psyllid

Potato and tomato psyllid (Bactericera cockerelli) recently became established in New Zealand.  It is a serious pest of potatoes and tomatoes as well as capsicum and other solanaceous crops.  The tomato and potato psyllid is the vector for a new species of bacterial plant disease Candidatus liberbacter Liberbacter causes leaf yellowing of potato, a reduction in the number of tubers produced and in severe cases plant death.  Losses of between 20-50% have been reported in potato crops in the USA. Liberbacter also causes ‘zebra chip’ in potato tubers which are dark streaks, spots or flecks in the tuber which turn dark brown when cooked.

There are no agrichemicals available for the control of Liberbacter.  Control of the psyllid is the key to m\limiting the impact that Liberbacter has on potato crops.  While research is being undertaken to investigate control options, the existing control measures for aphids are likely to be effective in controlling the psyllid (Horticulture 2008 a, 2008b, 2008c).  Azinphos-methyl is not registered for the control of aphid on potato.

Product rates

The product label rate for Cotnion® 200 is 2.8 L/ha.  Two applications of azinphos-methyl are recommended per season in Pukekohe and Matamata as part of a resistance management strategy.  Traditionally growers have sprayed on a calendar basis throughout January/February/March on a two-weekly basis and it is likely some growers may still be carrying out this practice, giving a total of six applications.  Applications are made with boom sprayers at a water rate of 300-400 L/ha (400 L/ha is considered on the high side) (T Herman. pers. comm.).  

Azinphos-methyl use and alternatives

There are 7 active ingredients comprising 7 chemical groups registered for the control of potato tuber moth (Table 25).  Alternative options are listed in Table 26.

In the short-term, even with the removal of azinphos-methyl and the recent de-registration of endosulphan as control options, there are currently enough products registered on potato for the control of potato tuber moth.  However there does need to be some alternate chemical groups registered for potato in New Zealand within the short term to manage increasing resistance pressure to current chemical groups.  

Table 25.  Products registered for the control of potato tuber moth on potato in New Zealand. 

	Chemical Group
	Active Ingredients Registered in New Zealand1
	Products
	Points of Interest1

	Carbamate
	Carbaryl
	Sevin® Flo, Carbaryl 50F
	Quick knockdown action and short persistence.  Included in the ERMA New Zealand Reassessment Priority list.

	Macrocyclic lactone
	Spinosad
	Success® Naturalyte®, Yates Success® Naturalyte®
	Only controls foliar infestations of tuber moth.  Potato tuber moth larvae in tubers or below the soil surface will not be controlled.  Adequate soil moisture as well as covering exposed tubers with soil will assist in reducing infestation of tubers.

	Organochloride
	Endosulphan
	Flazylan® 350EC, Thiodan®, ThionexTM
	Approval revoked effective 16 January 2009 as a result of ERMA New Zealand Reassessment process (ERMANZ 2008a)

	Organophosphate
	Azinphos-methyl
	Cotnion® 200
	Included in the ERMA New Zealand Reassessment Priority list.

	Synthetic pyrethroid
	Deltamethrin 
	BallisticTM, Decis® Forte, Deltaphar® 25 EC
	Non-systemic and quick acting.  Controls foliage mining activity.  Maintain adequate soil moisture and soil cover over developing tubers.

	Organophosphorus
	Methamidophos
	Metafort® 60SL, Monitor®, Tamaron®
	Contact and systemic insecticide.  Penetrates plant tissue and spreads in the sap stream rendering it toxic.  Controls foliage mining.  Good soil coverage of developing tubers and moist soil also assist control. Short-term option due to resistance development. Included in the ERMA New Zealand Reassessment Priority list.

	Synthetic pyrethroid
	Lambda-cyhalothrin
	Karate® with Zeon Technology, CyhellaTM
	Primarily contact mode of action. Maintain adequate soil moisture and soil cover over developing tubers to assist prevention of tuber mining.
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Table 26.  Potential alternative active ingredient options for potato tuber moth control but not registered or trialled on potato.

	Chemical Group
	Active Ingredient
	Product2
	Current Registration in New Zealand and points of interest1

	Anthranilic diamide
	Chlorantraniliprole
	Altacor® 35 WDG
	Newly registered on pipfruit for leafroller and codling moth.  Particularly active on Lepidopteron pests, primarily as a larvicide.

	Avermectin
	Emamectin benzoate
	Proclaim®
	Non-systemic with translaminar activity.  Good coverage is essential, quickly moves into young leaves.  Registered for the control of leafrollers on kiwifruit, pipfruit, grapes and avocado.

	Benzoylurea
	Lufenuron
	Match®, Nuron®
	Registered for the control of codling moth and leafroller larvae in apples and pears.

	Chloronicotinyl
	Thiacloprid
	Calypso®, Topstar®
	Systemic insecticide controlling a range of pests on apples, thrips in avocados, nectarines and peaches and armoured scale in kiwifruit. Registered on apples for codling moth

Registered on peaches and nectarines for thrips No cross resistance to organophosphates, carbamates or pyrethroids.

	Chloronicotinyl
	Imidacloprid and cyfluthrin
	Confidor supra
	Systemic and contact insecticide registered for the control of thrips in onions and sweetcorn.  Readily taken up by the plant with good root-systemic action.

	Chloronicotinyl and synthetic pyrethroid
	Imidacloprid thiocloprid and deltamethrin
	Proteus®
	Systemic and contact insecticide registered for the control of thrips in onions.

	Ecdysteroid agonist
	Methoxyfenozide
	Prodigy*
	Systemic and contact insecticide for the control of leafroller on apples, pears, kiwifruit and grapes.  IPM compatible.

	Organophosphate
	Chlorpyrifos
	Chlorpyrifos 50 EC, Chlorpyrifos 48EC, Chlor-pTM 480 EC, Hortcare Chlorpyrifos 50 EC, Key BanTM, Lorsban® 
	Broad spectrum control.  Has contact and vapour action.  Registered on a wide range of crops.  Included in the ERMA New Zealand Reassessment Priority list. Similar cost as azinphos-methyl.

	Oxadiazine
	Indoxacarb
	Steward® 150SC
	Very effective on all larval stages of most Lepidoptera species.  IPM compatible.  Currently registered on kiwifruit for leafroller control and vegetable brassica for diamondback moth and cabbage white butterfly control.

	Spinosoid
	Spinetoram
	Delegate*
	Works by contact and ingestion activity.  Registered on pipfruit for codling moth and leafroller control.
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Conclusions and Recommendations

Kiwifruit

Azinphos-methyl is registered for the control of greedy scale (Hemiberlesia rapax, Hemiptera: Diaspididae), a species of armoured scale, and for the control of leafroller (Lepidoptera: Tortricidae), which are both primary insect pests of kiwifruit in New Zealand. Most of New Zealand’s kiwifruit crop is exported.  All fruit grown for export are either organic certified organic or grown using Integrated Pest Management (IPM) principles.  Azinphos-methyl is not permitted in either of these programmes and has not been recorded as being used on kiwifruit in recent pesticide use surveys.  Therefore the de-registration of azinphos-methyl will not have an impact on the viability of pest management in the kiwifruit industry.

Pipfruit

Azinphos-methyl is registered for the control of codling moth (Cydia pomonella) and leafroller (Lepidoptera: Tortricidae), which are the key pests of New Zealand pipfruit.  All New Zealand pipfruit production is grown under IFP methods or organic production systems.  Azinphos-methyl is not permitted in either of these programmes.  Therefore the de-registration of azinphos-methyl will not have an impact on the viability of pest management in the pipfruit industry.

Grapes

Azinphos-methyl is registered in New Zealand for the control of leafroller.  Lightbrown apple moth (Epiphyas postvittana) is a key pest of grapevines in New Zealand.  Azinphos-methyl is not included in the New Zealand Winegrowers Export Wine Grape Spray Schedule in 2008/09.  The use of organophosphates is ranked as an unsustainable practice for the control of leafroller in the Sustainable Winegrowing New Zealand programme.  Insect growth regulators are the preferred chemical control option. Therefore the de-registration of azinphos-methyl will not have an impact on the viability of pest management in the grape industry.

Summerfruit

Azinphos-methyl is registered in New Zealand on cherries, peaches, nectarines, plums and apricots for the control of four species of aphid (Hemiptera: Aphididae), bronze beetle (Eucolaspis brunnea), cherry sawfly (Caliroa cerasi), grass grub beetle (Costelytra zealandica), five species of leafroller (Lepidoptera: Tortricidae) and oriental fruit moth (OFM) (Grapholita molesta).  Azinphos-methyl is occasionally used off-label for the control of dried fruit beetle (Carpophilus davidsoni).

Azinphos-methyl use in the summerfruit industry is quite low, comprising of 2.7 - 4% of total insecticide use.  Of those growers that use azinphos-methyl, typically it is one well-timed application to control both leafroller and, where present, OFM or one application late season to control Carpophilus beetle.

There are currently only two products registered for the chemical control of OFM.  OFM is of limited distribution.  If OFM control is required, mating disruption is already available and has been shown to be highly effective in international and Hawke’s Bay trials for the control of OFM.  There are four alternative chemical control products available in New Zealand that is at least partially effective for OFM control.  They are not yet registered for use on summerfruit in New Zealand, as the market is small.  Calypso® (thiocloprid) and Avaunt® 30WG (indoxacarb) have label claims for OFM control in Australia and are registered for use on other fruit crops in New Zealand.  Delegate* (spinetorum) and Altacor® 35WG (chlorantraniliprole) are also options available in New Zealand but not yet registered on summerfruit. 

Delegate* is also likely to be a control option for cherry sawfly, and for leafroller. Cherry sawfly has the potential to cause extensive leaf damage.  However it appears to be controlled by the insecticides being applied to target other insect pests, therefore alternatives to azinphos-methyl are not required for the control of this pest.  There are a number of products already registered for the control of leafroller on summerfruit.  However there are softer chemistry options available on other crops that would be suitable alternatives.  Leafoller control alternatives not currently registered on summerfruit are Delegate*, Altacor® 35WDG, Proclaim® (emamectin benzoate), Prodigy* (methoxyfenozide) and Avaunt® 30WG.  Azinphos-methyl is not included as a chemical control options for aphids in the SummerGreen NZ programme.  There are alternative control options listed in the programme.

Bronze beetle and grass grub are difficult to control, as they generally fly in at dusk. Grass grub and bronze beetle control is not included in the SummerGreen New Zealand programme.  Alternative chemical options are thiacloprid (e.g. Calypso®) and lambda-cyhalothrin (e.g. Karate® with Zeon Technology). 

Carpophilus beetles are difficult pests to control with insecticides because they infest crops around harvest time, feed inside the fruit and are highly mobile.  There are limited effective chemical control options with short pre-harvest intervals that can be applied within one week of harvest.  Alternative control options for Carpophilus beetle are thiacloprid, imidicloprid, imidicloprid and cyfluthrin (e.g. Confidor® Supra), bifenthrin and fipronil.  There are no insecticides currently registered for the control of Carpophilus beetle in New Zealand.  Until suitable alternative control options are identified/registered, the deregistration of azinphos- methyl would reduce pest management options for the control of Carpophilus beetle within the summerfruit industry. 

Berryfruit

Azinphos-methyl is not registered for use on berryfruit; however, it is used in strawberry runner production predominantly for the control of leafhopper (Hemiptera: Cicadellidae), a vector for strawberry lethal yellows (SLY) and black beetle (Heteronychus arator), and also as a general ‘clean up’.  Alternative insecticides not only need to be effective, but also need to be compatible with integrated mite management. Insecticides used on strawberry runners must not be harmful to the predatory mite P. persimilis.  The cost of any proposed alternatives will always be an important factor in assessing the viability of a control option for the industry.

The insecticides imidacloprid and clothianidin (chemical group chloronicotinyl) are all leafhopper-active, systemic in the plant and fast acting.  There is the potential for leafhopper control to be achieved through one soil treatment of chloronicotinyl per season, which would be a considerable improvement over current practice and will probably improve mite control.  The preferred option is for a soil treatment as this is not likely to have an impact on biocontrol.  However, it will require time to develop the control measures and recommendations.

When GusathionTM was removed from the market, the industry found alternatives for many pests, but no effective control options for black beetle were identified that do not disrupt mite predators. Thiacloprid, imidacloprid and clothianidin are control options. However, as for leafhopper control, it will require time to develop the control measures and recommendations.  

Potato

Cotnion® 200 is registered for use on potatoes for the control of potato tuber moth (Phthorimaea operculella Lepidoptera: Gelechiidae). The potato tuber moth is an important pest of potatoes in New Zealand because of its high reproductive potential and the inability of insecticides to prevent tuber infestation. Potato tuber moth is an annual pest in the North Island and occasional pest in the South Island of New Zealand.  

Control is based on regular applications of broad-spectrum insecticides from January-March with cultural control methods included as part of crop management  Cultural practices alone do not provide adequate control of potato tuber moth.

There is an extensive list of alternate chemical groups that would provide adequate control and enhance resistance management options and they are already registered in New Zealand on other crops.  The chemical groups represented by the alternates are anthranilic diamide, chloronicotinyl, avermectin, benzoylurea, ecdysteroid agonist, oxadiazine, spinosoid and the shorter term option of organophosphate.

If azinphos-methyl was no longer available and with the recent de-registration of endosulphan as a control option, there currently remains enough products registered on potato for the control of potato tuber moth.  However there does need to be some alternate chemical groups registered for potato in New Zealand within the short term to manage increasing resistance pressure to current chemical groups.  While the de-registration of azinphos-methyl will have some impact on individual growers, there are alternative options for pest management in the potato industry.

Table 27 summarises the alternatives to azinphos-methyl for each crop and pest and includes product information, cost comparative to azinphos-methyl and likely efficacy rating (rating: x=little effect, xx=some effect, xxx= reasonably effective, xxxx=effective) where available.

Concluding Remarks

Azinphos-methyl is an inexpensive but effective broad-spectrum organophosphate insecticide. For approximately 30 years it was the foundation of pest control programmes in several of New Zealand’s major fruit crops.  Its use since the mid-1990’s has either ceased or declined significantly in these crops as customer-focussed sustainability programmes have been developed and implemented. Use has continued in minor crops, especially in situations where a highly effective contact insecticide is required for control of significant pest issues (e.g. strawberry runner production) and in those situations where a low cost pesticide is preferred (e.g. potato production). 

Many recently registered insecticides have the potential to provide effective control of some of the insects where control might be either reduced, or lost, if azinpos-methyl is withdrawn from the New Zealand market. This includes products like Prodigy*, Avaunt®, Altacor®, Belt®, Delegate*, Proclaim®, Confidor® and Calypso® that have gained their initial product registration in New Zealand on export crops with global significance (e.g. apples). The cost of developing additional efficacy and crop safety data, together with the costs of residue testing, means that in many instances these companies will not support the development of label claims for minor uses of their new products. 

Furthermore, their spectrum of activity against a complex of horticultural pests is typically much narrower than azinphos-methyl which means that the cost:benefit ratio of developing these new products for minor crops is unattractive for anything other than high value crops. Before de-registering azinphos-methyl consideration must be given to pest issues confronting these minor sectors and a pathway developed to provide the required efficacy, crop safety and residue data to support a label claim. Within the relatively short period of new product protection remaining after initial registration, the cost of developing a label extension can neither be borne by the company or the sector alone. This requires either a new low cost label extension process for minor crops or some specific financial assistance (e.g. direct assistance, MAF Sustainable Farming Fund etc) to ensure that these label claims are developed and implemented in a timely and cost-effective way. 

De-registration of azinphos-methyl use resulting in its rapid loss to these minor crops would not allow sufficient time for these sectors to develop the required technical and funding processes for the identification and development of control measures. In some instances a lack of willingness to address the issue of potential de-registration of azinphos-methyl reflects some unwillingness to embrace new, and possibly more complex, IPM systems. An appropriate timeframe for de-registration of azinophos-methyl needs to be developed in consultation with these sectors and their IPM advisors.  

Table 27 Comparison of potential alternative control options to azinphos-methyl
	Crop
	Insect Pest
	Chemical Group
	Active Ingredient
	Products
	Current registration
	Included in Industry programme
	Efficacy
 
	Cost comparative to azinphos-methyl
	Notes

	Summerfruit

	Leafroller
	Anthranilic diamide
	Chlorantraniliprole
	Altacor® 35 WDG
	n
	n
	xxxx
	x1.6
	Newly registered on pipfruit for leafroller and codling moth.  Short residual life.  Label pre-harvest interval of 14 days on pipfruit in New Zealand.  IPM
 compatible.

	Summerfruit
	Leafroller
	Avermectin
	Emamectin benzoate
	Proclaim®
	n
	n
	xxxx
	x0.8
	Registered on pipfruit, avocado, kiwifruit, grapes for leafroller.  Compatible with IPM programmes.  Non-systemic.  Takes approximately 4 days to achieve maximum control. 

	Summerfruit
	Leafroller
	Ecdysteroid agonist
	Methoxyfenozide
	Prodigy*
	n
	n
	xxxx
	x1.5
	Registered for the control of codling moth on apples and pears and leafrollers on apples, pears, kiwifruit and grapes. Witholding period 14 days on pipfruit in New Zealand.  Compatible with IPM programmes.

	Summerfruit
	Leafroller
	Oxadiazine
	Indoxacarb
	Avaunt® 30WG
	n
	n
	xxxx
	x1.3
	Registered on apples for codling moth and leafroller and grapes for leafoller control. Short residual life.  Label pre-harvest interval of 5 days on pipfruit in New Zealand.  Compatible with IPM programmes.

	Summerfruit
	Leafroller
	Spinosoid
	Spinetoram
	Delegate*
	n
	n
	xxxx
	x1.8
	Registered on pipfruit for codling moth and leafroller. Short residual life.  Label pre-harvest interval of 7 days on pipfruit in New Zealand

	Summerfruit
	Oriental fruit moth
	Anthranilic diamide
	Chlorantraniliprole
	Altacor® 35 WDG
	n
	n
	xxxx?

	x1.6
	Newly registered on pipfruit for leafroller and codling moth.  Short residual life.  Label pre-harvest interval of 14 days on pipfruit in New Zealand.  IPM compatible.

	Summerfruit
	Oriental fruit moth
	Chloronicotinyl
	Thiacloprid
	Calypso®, Topstar®
	n
	n
	xxx?
	x1.9
	A systemic insecticide for the control of armoured scale, bronze beetle, codling moth, mealy bug, Froggatt’s apple leaf hopper and Fuller’s rose weevil in apples; thrips in avocados, nectarines and peaches and armoured scale in kiwifruit. Long pre-harvest interval (to shuck fall, which is mid-late October).  Compatible with IPM.  Registered for oriental fruit moth (OFM) control in Australia.  

	Summerfruit
	Oriental fruit moth
	Chloronicotinyl
	Clothianidin
	Sumitomo Samurai®  Systemic Insecticide (registered name in Australia not New Zealand)
	n
	n
	xxxx?
	na

	Clothianidin registered in New Zealand (Poncho®) as a seed treatment for black beetle, weevil and springtail. Systemic and fast acting. Registered July 2008 in Australia on pipfruit for mealybug, woolly aphid and codling moth and on peaches and nectarine for green peach aphid and oriental fruit moth.

	Summerfruit
	Oriental fruit moth
	Organophosphate
	Chlorpyrifos
	e.g. Chlorpyrifos, Lorsban® 
	n
	n
	xxx
	x0.5
	Registered on some fruit crops. Broad spectrum insecticide that is not compatible with SummerGreen™. Included in the ERMA New Zealand Reassessment Priority list.

	Summerfruit
	Oriental fruit moth
	Oxadiazine
	Indoxacarb
	Avaunt® 30WG
	n
	n
	xx?
	x1.3
	Registered on apples for codling moth and leafroller. There are more effective products available but it does have a short residual life.  Label pre-harvest interval of 5 days on pipfruit in New Zealand.  Compatible with IPM programmes. Registered for OFM control in Australia.

	Summerfruit
	Oriental fruit moth
	Pheromone
	Pheromone
	Desire® Sex Pheromone Traps
	n
	n
	xxxx
	x3
	Mating disruption successful for OFM.

	Summerfruit
	Oriental fruit moth
	Spinosoid
	Spinetoram
	Delegate*
	n
	n
	xxxx? 

	x2.5
	Registered on pipfruit for codling moth and leafroller.  Short residual life.  Label pre-harvest interval of 7 days on pipfruit in New Zealand

	Summerfruit
	Cherry Sawfly
	Spinosoid
	Spinetoram
	Delegate*
	n
	n
	xxxx
	x1.8
	Registered on pipfruit for codling moth and leafroller. Short residual life.  Label pre-harvest interval of 7 days on pipfruit in New Zealand

	Summerfruit
	Bronze Beetle
	Chloronicotinyl
	Thiacloprid
	Calypso®, Topstar®
	n
	n
	xxx?
	x1.9
	A systemic insecticide for the control of armoured scale, bronze beetle, codling moth, mealy bug, Froggatt’s apple leaf hopper and Fuller’s rose weevil in apples; thrips in avocados, nectarines and peaches and armoured scale in kiwifruit. Long pre-harvest interval (to shuck fall, which is mid-late October).  Compatible with IPM. 

	Summerfruit
	Bronze Beetle
	Synthetic pyrethroid
	Lambda-cyhalothrin
	Karate® with Zeon Technology, CyhellaTM
	n
	n
	xxx?
	x0.3
	Registered on grapes for thrips, grass grub and bronze beetle.  Potentially long witholding period.

	Summerfruit
	Grass Grub
	Chloronicotinyl
	Thiacloprid
	Calypso®, Topstar®
	n
	n
	xxx?
	x1.9
	A systemic INSECTICIDE for the control of armoured scale, bronze beetle, codling moth, mealy bug, Froggatt’s apple leaf hopper and Fuller’s rose weevil in apples; thrips in avocados, nectarines and peaches and armoured scale in kiwifruit. Long pre-harvest interval (to shuck fall, which is mid-late October).  Compatible with IPM. 

	Summerfruit
	Grass Grub
	Synthetic pyrethroid
	Lambda-cyhalothrin
	Karate® with Zeon Technology, CyhellaTM
	n
	n
	xxx?
	x0.3
	Registered on grapes for thrips, grass grub and bronze beetle.  Potentially long witholding period.

	Summerfruit
	Grass Grub
	Carbamate
	Carbaryl
	Sevin® Flo, Carbaryl 50F
	n
	n
	xxx?
	x1.1
	Not permitted for use on Heinz-Watties crops. Included in the ERMA New Zealand Reassessment Priority list.

	Summerfruit
	Grass Grub
	Organophosphate
	Diazinon
	e.g. Diazinon
	n
	n
	xxx?
	x0.3
	Included in the ERMA New Zealand Reassessment Priority list. No residual effect therefore requiring additional applications.

	Summerfruit
	Carpophilus beetle 
	Chloronicotinyl
	Thiacloprid
	Calypso®, Topstar®
	n
	n
	xxx
	x1.9
	A systemic insecticide for the control of armoured scale, bronze beetle, codling moth, mealy bug, Froggatt’s apple leaf hopper and Fuller’s rose weevil in apples; thrips in avocados, nectarines and peaches and armoured scale in kiwifruit. Long pre-harvest interval (to shuck fall, which is mid-late October).  Compatible with IPM. Moderately effective in field trials. 

	Summerfruit
	Carpophilus beetle 
	Chloronicotinyl
	Imidacloprid
	Confidor®, Nuprid® 350Sc
	n
	n
	xx?
	x0.3
	Registered for control of thrips in onions and cabbage aphids in vegetable brassicas.  Systemic. 

	Summerfruit
	Carpophilus beetle 
	Chloronicotinyl and synthetic pyrethroid
	Imidacloprid and cyfluthrin
	Confidor® Supra
	n
	n
	xxx?
	na
	Registered on onion and sweetcorn for thrips and green vegetable bug.

	Summerfruit
	Carpophilus beetle 
	Organophosphate
	Diazinon
	e.g. Diazinon
	n
	n
	xx?
	x0.3
	Included in the ERMA New Zealand Reassessment Priority list. No residual effect therefore requiring additional applications.

	Summerfruit
	Carpophilus beetle
	Macrocyclic lactone
	Spinosad
	Success® Naturalyte®, Yates Success® Naturalyte®
	n
	n
	xx
	x1.6
	Registered on summerfruit for leafroller, thrips and cherry slug. Moderately effective in field trials for control of Carpophilus beetle.

	Summerfruit
	Carpophilus beetle 
	Phenyl pryrazole
	Fipronil
	Ascend®
	n
	n
	xxxx
	x1.1
	Registered on vegetable brassicas for diamondback moth, white butterfly, citrus for thrips, mushroom for mushroom flies and onions for thrips.  Effective in field trials on carpophilus beetle.  Used in Australia for the control of Carpophilus beetle.

	Summerfruit
	Carpophilus beetle 
	Synthetic pyrethroid
	Bifenthrin
	Talstar 100EC, Talstar 80EC, Venom
	n
	n
	xxx?
	na
	Registered in Australia for Carpophilus beetle control on summerfruit

	Strawberry Runner
	Leafhopper
	Chloronicotinyl
	Thiacloprid
	Calypso®, Topstar®
	n
	n
	xxx?
	x2.6
	A systemic insecticide for the control of armoured scale, bronze beetle, codling moth, mealy bug, Froggatt’s apple leaf hopper and Fuller’s rose weevil in apples; thrips in avocados, nectarines and peaches and armoured scale in kiwifruit.  Compatible with IPM. Moderately harmful to Phytoseiulus persimilis but not as harmful as frequent azinphos-methyl applications.

	Strawberry Runner
	Leafhopper
	Chloronicotinyl
	Imidacloprid
	Confidor®, Nuprid® 350Sc
	n
	n
	xxxx?
	x0.5
	Registered for the control of thrips on onion, cabbage aphids on vegetable brassica and aphids on lettuce as a seedling tray drench. Systemic and fast acting. Readily taken up by the plant with good root systemic action.

	Strawberry Runner
	Leafhopper
	Chloronicotinyl
	Clothianidin
	Sumitomo Samurai®  Systemic Insecticide (registered name in Australia not New Zealand)
	n
	n
	xxxx?
	na
	Clothianidin registered in New Zealand (Poncho®) as a seed treatment for black beetle, weevil and springtail. Systemic and fast acting. Registered July 2008 in Australia on pipfruit for mealybug, woolly aphid and codling moth and on peaches and nectarine for green peach aphid and oriental fruit moth.

	Strawberry Runner
	Leafhopper
	Organophosphate
	Diazinon
	e.g. Diazinon
	n
	n
	xxx?
	x0.4
	Included in the ERMA New Zealand Reassessment Priority list. Slightly harmful to P. persimilis. 

	Strawberry Runner
	Leafhopper
	Organophosphate
	Chlorpyrifos
	e.g. Chlorpyrifos, Lorsban®
	n
	n
	xxx?
	x0.7
	Included in the ERMA New Zealand Reassessment Priority list. Slightly harmful to P. persimilis..

	Strawberry Runner
	Leafhopper
	Oxadiazine
	Indoxacarb
	Avaunt® 30WG
	n
	n
	na
	x1.8
	Registered on pipfruit for leafroller and codling moth and grapes for leafroller. Compatible with IPM programmes.

	Strawberry Runner
	Black beetle
	Chloronicotinyl
	Thiacloprid
	Calypso®, Topstar®
	n
	n
	na
	x2.6
	A systemic insecticide for the control of armoured scale, bronze beetle, codling moth, mealy bug, Froggatt’s apple leaf hopper and Fuller’s rose weevil in apples; thrips in avocados, nectarines and peaches and armoured scale in kiwifruit. Compatible with IPM. Moderately harmful to P. persimilis but not as harmful as frequent azinphos-methyl applications.

	Strawberry Runner
	Black beetle
	Chloronicotinyl
	Clothianidin
	Sumitomo Samurai®  Systemic Insecticide
	n
	n
	na
	na
	Clothianidin registered in New Zealand (Poncho®) as a seed treatment for black beetle. Systemic and fast acting. Registered July 2008 in Australia on pipfruit for mealybug, woolly aphid and codling moth and on peaches and nectarine for green peach aphid and oriental fruit moth.

	Strawberry Runner
	Black beetle
	Organophosphate
	Diazinon
	e.g. Diazinon
	n
	n
	na
	x0.4
	Included in the ERMA New Zealand Reassessment Priority list. Slightly harmful to P. persimilis.  Only slightly more expensive than azinphos-methyl.

	Strawberry Runner
	Black beetle
	Organophosphate
	Chlorpyrifos
	e.g. Chlorpyrifos, Lorsban®
	n
	n
	na
	x0.7
	Included in the ERMA New Zealand Reassessment Priority list. Slightly harmful to P. persimilis. Only slightly more expensive than azinphos-methyl.

	Strawberry Runner
	Black beetle
	Chloronicotinyl
	Imidacloprid
	Confidor®, Nuprid® 350Sc
	n
	n
	na
	x0.5
	Registered for control of thrips in onions and cabbage aphids in vegetable brassicas.  Can be used as a drench.  Readily taken up by the plant with good root systemic action.

	Potato
	Potato Tuber Moth
	Anthranilic diamide
	Chlorantraniliprole
	Altacor® 35 WDG
	n
	n
	na
	x2.3
	Newly registered on pipfruit for leafroller and codling moth.  Particularly active on Lepidopteron pests, primarily as a larvicide.

	Potato
	Potato Tuber Moth
	Avermectin
	Emamectin benzoate
	Proclaim®
	n
	n
	na
	x1.2
	Non-systemic with translaminar activity.  Good coverage is essential, quickly moves into young leaves.  Registered for the control of leafrollers on kiwifruit, pipfruit, grapes and avocado.

	Potato
	Potato Tuber Moth
	Benzoylurea
	Lufenuron
	Match®, Nuron®
	n
	n
	na
	x2
	Registered for the control of codling moth and leafroller larvae in apples and pears.

	Potato
	Potato Tuber Moth
	Chloronicotinyl
	Thiacloprid
	Calypso®, Topstar®
	n
	n
	na
	x2.6
	Systemic insecticide controlling a range of pests on apples, thrips in avocados, nectarines and peaches and armoured scale in kiwifruit. Registered on apples for codling moth.
Registered on peaches and nectarines for thrips No cross resistance to organophosphates, carbamates or pyrethroids.

	Potato
	Potato Tuber Moth
	Chloronicotinyl
	Imidacloprid and cyfluthrin
	Confidor® supra
	n
	n
	na
	na
	Systemic and contact insecticide registered for the control of thrips in onions and sweetcorn.  Readily taken up by the plant with good root-systemic action.

	Potato
	Potato Tuber Moth
	Chloronicotinyl and Synthetic pyrethroid
	Imidacloprid and deltamethrin
	Proteus®
	n
	n
	na
	na
	Systemic and contact insecticide registered for the control of thrips in onions.

	Potato
	Potato Tuber Moth
	Emamectin benzoate
	Methoxyfenozide
	Prodigy*
	n
	n
	na
	x2.1
	Systemic and contact insecticide for the control of leafroller on apples, pears, kiwifruit and grapes.  IPM compatible.

	Potato
	Potato Tuber Moth
	Organophosphate
	Chlorpyrifos
	e.g. Chlorpyrifos, Lorsban®
	n
	n
	na
	x0.7
	Broad spectrum control.  Has contact and vapour action.  Registered on a wide range of crops.  Included in the ERMA New Zealand Reassessment Priority list. Similar cost as azinphos-methyl.

	Potato
	Potato Tuber Moth
	Oxadiazine
	Indoxacarb
	Steward® 150SC
	n
	n
	na
	x1.3
	Very effective on all larval stages of most Lepidoptera species.  IPM compatible.  Currently registered on kiwifruit for leafroller control and vegetable brassica for diamondback moth and cabbage white butterfly control.

	Potato
	Potato Tuber Moth
	Spinosoid
	Spinetoram
	Delegate*
	n
	n
	na
	x2.5
	Works by contact and ingestion activity.  Registered on pipfruit for codling moth and leafroller control.
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Appendices

Appendix 1. Insecticide use in horticulture 

(data from survey results from MfE 2005, Trends in Pesticide Use in New Zealand:2004)

	FAO Category
	Active Ingredient1
	Total Tonnes a.i/y
	% of Total Insecticide Use

	
	
	
	

	Acaricides (I2) 
	
	
	

	
	azocyclotin
	0.31
	0.21%

	
	clofentezine
	0.28
	0.19%

	
	dicofol
	0.31
	0.22%

	
	fenbutatin oxide
	0.03
	0.02%

	
	fenpyroximate
	0.02
	0.01%

	
	milbemectin
	0.00
	0.00%

	
	propargite
	0.03
	0.02%

	Botanicals and Biologicals 
	
	

	
	abamectin
	0.00
	0.00%

	
	Bacillus thuringiensis var aizawai/kurstaki
	0.19
	0.13%

	
	Bacillus thuringiensis var kurstaki (h-3a,3b hd1)
	0.39
	0.28%

	
	Bacillus thuringiensis var kurstaki (h-3a,3b, sa-11)
	4.00
	2.82%

	
	pyrethrins
	0.04
	0.03%

	
	spinosad
	1.43
	1.00%

	Carbamate insecticides
	
	

	
	carbaryl
	16.37
	11.52%

	
	furathiocarb
	0.00
	0.00%

	
	methomyl
	0.35
	0.24%

	
	oxamyl
	2.27
	1.60%

	
	pirimicarb
	5.06
	3.56%

	Insect Growth Regulators (I1)
	
	

	
	buprofezin
	1.80
	1.27%

	
	lufenuron
	0.66
	0.46%

	
	tebufenozide
	12.67
	8.91%

	Organophosphates 
	
	
	

	
	acephate
	2.52
	1.77%

	
	azinphos-methyl
	0.31
	0.22%

	
	chlorpyrifos
	14.91
	10.49%

	
	diazinon
	22.03
	15.51%

	
	dichlorvos
	1.13
	0.79%

	
	dimethoate
	0.60
	0.42%

	
	fenamiphos
	10.66
	7.50%

	
	maldison
	1.47
	1.04%

	
	methamidophos
	17.85
	12.56%

	
	phorate
	5.62
	3.95%

	
	pirimiphos-methyl
	7.54
	5.31%

	
	prothiofos
	1.13
	0.80%

	
	terbufos
	0.06
	0.04%


Appendix 1. Insecticide use in horticulture (continued) 

	FAO Category
	Active 

Ingredient1
	Total Tonnes a.i/y
	% of Total Insecticide Use

	Other Insecticides (I3) 
	
	

	
	dienochlor
	0.02
	0.01%

	
	emamectin benzoate
	0.00
	0.00%

	
	endosulfan
	1.61
	1.13%

	
	fipronil
	0.02
	0.02%

	
	imidacloprid
	3.43
	2.41%

	
	indoxacarb
	1.39
	0.98%

	
	pymetrozine
	1.42
	1.00%

	
	thiacloprid
	0.47
	0.33%

	
	thiamethoxam
	0.01
	0.01%

	Pyrethroids
	
	
	

	
	alpha-cypermethrin
	0.00
	0.00%

	
	bifenthrin
	0.14
	0.10%

	
	cyfluthrin
	0.20
	0.14%

	
	cypermethrin
	0.04
	0.03%

	
	deltamethrin
	0.07
	0.05%

	
	esfenvalerate
	0.00
	0.00%

	
	lambda-cyhalothrin
	0.14
	0.10%

	
	permethrin
	0.97
	0.68%

	
	tau-fluvalinate
	0.12
	0.08%

	Total Insecticide
	
	142.09
	100.00%


Appendix 2. CODEX Maximum Residue Level (MRL) 2008 for azinphos-methyl

	Crop
	MRL (mg/kg)

	Alfalfa fodder
	10

	Almond hulls
	5

	Almonds
	0.05

	Apple
	2

	Blueberries
	5

	Broccoli
	1

	Cherries
	2

	Clover hay or fodder
	5

	Cotton seed
	0.2

	Cranberry
	0.1

	Cucumber
	0.2

	Fruits (except as otherwise listed)
	1

	Melons, except watermelon
	0.2

	Nectarine
	2

	Peach
	2

	Pear
	2

	Pecan
	0.3

	Peppers, Chili (dry)
	10

	Peppers, Sweet
	1

	Plums (including prunes)
	2

	Potato
	0.05*

	Soya bean (dry)
	0.05*

	Sugar cane
	0.2

	Tomato
	1

	Vegetables (except as otherwise listed)
	0.5


(CODEX 2008 http://www.codexalimentarius.net/mrls/pestdes/jsp/pest_q-e.jsp last updated 9 April 2008)

Appendix B: Chemical and physical properties of azinphos methyl 
Table B1:
Physico-chemical properties of the active ingredient
	
	Summary Information
	Reference

	Melting point / melting range 
(state purity)
	73 oC
	EU (2004)

	Boiling point / boiling range 
(state purity)
	Temperature of decomposition measured
	EU (2004)

	Temperature of decomposition
	DSC: exothermic decomposition between 110 and 210 oC

TGA: weigh loss due to decomposition between 140 and 200 oC. Thermally stable at room temperature
	EU (2004)

	Physical state / Appearance
(state purity)
	Pure : Colourless to white

Technical: cream to yellow brown

Odourless
	Application form applicant

	
	Pure: colourless crystals, odourless

Technical as. Yellow crystals, mercaptane like odour
	EU (2004)

	Density / relative density / bulk density (state purity)
	1.52 at 21 oC (purity 99.1%)
	EU (2004)

	Surface tension
	66 mN/m (saturated aqueous solution)
	EU (2004)

	Vapour pressure
(in Pa, state temperature)
	20 °C: 5 x 10 -7 Pa (99.5% pure)  
	EU (2004)

	Henry’s law constant 
(Pa m3 mol -1)
	2.0 x 10 -3 (purity unspecified)
	EU (2004)

	Water solubility
(g/l or mg/l, state temperature)
	27.9 ± 1.6 mg/L

Because the test substance did not show basic or acidic properties, solubility measurements under alkaline or acidic conditions were considered unnecessary.
	EU (2004)

	
	Values used by other Authorities are:

APVMA : 33 mg/L

US EPA: 25.1 mg/L 
	

	
	
	

	Solubility in organic solvents
(in g/l or mg/l, state temperature)
	Solvent

Solubility at 20 °C [g/L]

n-heptane


1.2

xylene



170

1,2-dichloroethane

>250

2-propanol


8.5

1-octanol


7.8

polyethyleneglycol

180

acetone



>250

acetonitrile


>250

ethylacetate


>250

dimethylsulfoxide
               >250
	EU (2004)


	Partition co-efficient
octanol-water (log POW) 
(state pH and temperature)
	Within the range of 2.87 to 3.02 with a mean of 2.96
	EU (2004)


	
	
	

	Hydrolytic stability (DT50)
(state pH and temperature) 
	pH: 4  87 d at 22 oC
	EU (2004)

	
	
	

	Kow
	543

(Log 543 = 2.73) 
	US EPA

	Log Pow
	2.96
	EU (2004)
APVMA

	Dissociation constants in water
	Titration curves do not show a neutralisation reaction. Not possible to specify a pk value in aqueous system.
	EU (2004)


	UV/VIS light absorption (max.)
(if absorption > 290 nm ( at wavelength)
	Absorption maxima at 220.6 and 284.0 nm (broad); absorption occurs > 290 nm.
	EU (2004)

	Photostability (DT50)
(aqueous, sunlight, state pH)
	No suitable study
	EU (2004)


	Quantum yield of direct photo-transformation in water at ( >290nm
	2.04 10-3 mol Einstein
	EU (2004)

	Flammability
	>200oC
	Source?

	
	Not easily flammable, melts by approach of ignition flame
	EU (2004)


	Explodability / Explosive properties
	Mechanical and thermal sensitivity, negative
	EU (2004)



Table B2:
Physico-chemical properties of Azinphos methyl formulations
	
	Azinphos methyl
	Suspension concentrate containing 350g/litre azinphos methyl
	Wettable powder containing 350 g/kg azinphos methyl
	Cotnion 200

	Physical state / Appearance (colour, odour)
	Solid, 

Pure : Colourless to white

Technical: cream to yellow brown

Odourless
	Liquid
	Solid
	Liquid, 

Colour: Brownish

Odour: Characteristic

	pH
	
	6.5 -7.5
	3.0-5.0     @ 1% in water
	5.5 -8

	Flammability / auto-flammability 
	Flash point >200oC (decomp)
	Non flammable
	
	Flash point > 100oC

	Density / relative density / bulk density 
	1.518 @ 21 °C
	1.17
	
	1.14


Appendix C: Environmental Fate of azinphos methyl
Table C1:  
Terrestrial fate and behaviour of azinphos methyl
	Route of degradation (aerobic) in soil

	Mineralisation after 100 days
	1.6 – 1.0% (92- 120 d, 22 oC)
	EU (2004)

	Non-extractable residues after 100 days
	56-70 % (92- 120 d, 22 oC)
	EU (2004)

	Relevant metabolites - name and/or code, % of applied (range and maximum)
	In sand and silt soil

Methylsulfonylmethyl benzazimide

11-12% after 62 d

10-11% after 92 d

(< 10% in 2 of total 4 soils)
	EU (2004)

	Route of degradation in soil - supplemental studies

	Anaerobic degradation
	Sandy loam (1.45 OM, pH 7.9)

Mineralisation: 1.4 – 1.7% after (30+) 30-60 d

Non-extractables: 50% after (30+) 30 d

Metabolites < 10%

(anaerobic conditions were imposed 30 d after aerobic conditions)
	EU (2004)

	Soil photolysis
	Sunlight 40oN, sandy loam: metaobolites < 10%

Net photolysis DT50 231-232 d, 

Net photolytic contribution to the degradation ca. 9% after 30-31 d
	EU (2004)

	Rate of degradation in soil

	Laboratory studies (range or median, with n value, with r2 value)
	DT50lab (20(C, aerobic): 4 – 49 d

r2 0.871-0.992 (n=6)

Median: 9.5 d, r2 0.933

(22- 25 oC)
	EU (2004)

	
	DT90lab (20(C, aerobic): 20-162 d

r2 0.871-0.992, (n=5)

Median: 80 d, r2 0.933

(22- 25 oC)
	EU (2004)

	
	DT50lab (10(C, aerobic): 9-113 d calculated using a Q10 value of 2.3
	EU (2004)

	
	DT50lab (20(C, anaerobic): 67 d

22oC, anaerobic conditions were imposed 30 d after aerobic conditions 
	EU (2004)

	
	Degradation in the saturated zone: ND, not required
	EU (2004)

	Field studies (state location, range or median with n value)
	DT50f:  2-11 d, median 5 d (n=9)

Location: Israel (negev), USA (California, Indiana, Texas, Florida)
	EU (2004)

	
	DT90f: 17- 57 d, median 29 d (n=8)

Location: USA (California, Indiana, Texas, Florida)
	EU (2004)

	Soil accumulation and plateau concentration
	ND
	

	Soil adsorption/desorption

	Kf /Koc
	(Calculation of KOC with OM (%) = 1.9 ( OC (%),  given by notifier)

Soil
OC %

pH

Koc

Sand

0.53

4.3

1282

Sandy loam

0.58

6.6

693

Silt loam

1.53

5.9

829

Clay loam

1.16

6.4

723

Sandy loam

1.62

6.6

516

Silt loam

2.9

7.9

537

Silty clay

0.29

6.0

3743

(corrected, based on the comment from the Netherlands (97-10-15): calculation of KOC with OM (%) = 1.72 ( OC (%))

  Soil
OC %

pH

Koc

Sand

0.58

4.3

1171

Sandy loam

0.64

6.6

628

Silt loam

1.69

5.9

750

Clay loam

1.28

6.4

655

Sandy loam

1.62

6.6

469

Silt loam

2.9

7.9

578

Silty clay

0.29

6.0

3367


	EU (2004)


	
	Koc values of 487-4,644
	Gawlik BM et al; Chemosphere 36: 2903-19 (1998)

	
	Koc values of  407- 1172

Average: 757

(excl. abnormal value 3396)

	APVMA

	Kd
	7.6 l/kg soil
	US EPA

	pH dependence

If yes, type of dependence
	No 
	EU (2004)

	Mobility in soil

	Column leaching
	Soil type

Slightly humous sand

silt

Org.C %, pH

0.75/ 5.6

1.8/ 5.3

Leachate total

Consisting of: 

10.5%

Ca. 4.5%

azinphos methyl  

0.3%

0.2%

desmethyl azinphos methyl                         

5.1%

1.1%

hydroxymethyl benzazimide/ benzazimide  

(no separation)

0.3%

0.2%

methylbenzazimide  sulfonic acid                

1.5%

2.7%


	EU (2004)


	Aged residues leaching
	soil

Slightly humous sand

Org. C %/ pH

0.75 / 5.6

Ageing period (d)

30

62

92

Leachate total (%)

7.2

7.1

6.8

Azinphos methyl

Not detected

methylbenzazimide  sulfonic acid      (%)          

3.5

3.2

5.1

soil

silt

Org. C %/ pH

1.8/ 5.3

Ageing period (d)

30

62

92

Leachate total (%)

<1.6

<1

<1

Azinphos methyl

Not detected

methylbenzazimide  sulfonic acid      (%)          

1.4

0.7

0.9


	EU (2004)


	Lysimeter / field leaching studies
	Field study: USA no azinphos methyl was found below 30 cm soil depth (LOD 0.01 mg/kg)
	EU (2004)


Table C2: 
Aquatic fate and behaviour of azinphos methyl
	Route and rate of degradation in water

	Hydrolysis of active substance and relevant metabolites (DT50)  (State pH and temperature)
	pH: 8.6

Hydrolysis half-lives for azinphos methyl in water were 36.4, 27.9, and 7.2 days at 6, 25, and 40 deg C, respectively
	Heuer et al; (1974)

	
	Azinphos methyl is moderately persistent at acid and neutral pH. 
	USEPA (2006b)

	
	pH 4, 22 °C:  DT50  87 d
pH 7, 22 °C:  DT50  50 d
pH 9, 22 °C:  DT50  4.1 d

Hydrolysis products exceeding 10 %: Bis-(benzazimide-N-methyl)sulfide, benzazimide and/or hydroxymethylbenzazimide, anthranilic acid.

Non-relevant under environmentally relevant conditions
	EU (2004)


	Photolytic degradation of active substance and relevant metabolites
	Azinphos methyl degrades rapidly by aqueous photolysis (DT50 of 77 hours) 
	USEPA (2006b)

	
	Xenon lamp, pH 7, 25 °C:

DT50: 7.2 hours (rate constant = 0.0968/h; r2 = 0.999) after continuous irradiation, corresponding to an environmental half-life of 21 hours under solar conditions of Phoenix (Arizona) in June Sunlight, 40 °N, pH 4, 17 - 29 °C:
photochemical half-life of azinphos methyl: 3.2 d

Photolysis products exceeding 10 %: benzazimide, max. 50.8 % after 24 h and  47.4 % after 30 h continuos irradiation (Xenon lamp); experimental half-life of 39 hours (rate constant = 0.0178/h; r2 = 0.999,  ®ModelManager) corresponding to an environmental half-life of 4.7 days at Phoenix, Arizona, in June.
	EU (2004)

	Biodegradability in water
	Not rapidly biodegradable 

The half-life of azinphosmethyl in seawater was 26 days when incubated in the absence of light and 11 days when exposed to natural sunlight, while the half-life in river water was 42 days when incubated in the absence of light and 8 days when exposed to natural sunlight. The half-lives of azinphos methyl were reported as 415 days (pH 6.1, 6 deg C, ultrapure water), 115 days (pH 6.1, 22 deg C, ultrapure water), 278 days (pH 7.3, 6 deg C, river water), 42 days (pH 7.3, 22 deg C, river water), 506 days (pH 7.3, 6 deg C, filtered river water), 35 days (pH 7.3, 22 deg C, filtered river water), and 26 days (pH 8.1, 22 deg C, seawater). 
	Lartiges & Garrigues (1996)

	Degradation in water/sediment
	DT50 water: < 3 d silt loam

DT50 water: ca. 4 d loamy sand
	EU (2004)

	
	DT90 water: not determinable
	EU (2004)

	
	DT50 whole system: 1.3 d silt loam

DT50 whole system: 10 d loamy sand
	EU (2004)

	
	DT90 whole system: 15 d silt loam

DT90 whole system: 34 d loamy sand
	EU (2004)

	
	5.8- 9.7% mineralisation
	EU (2004)

	
	58 -74% non-extractable residues
	EU (2004)

	Distribution in water/sediment systems (active substance)
	Incubation time (d)

3

34

62

91

azinphos methyl

Water (%)

31-55

nd

nd

Nd

Sediment (%)

18-38

2.2-3.8

0.4-0.7

0.3-0.6

Methylbenzazimide sulfonic acid

Water (%)

0.4-0.6

2.3-4.9

3.5-8.5

2.3-11

Sediment (%)

0.1

0.2

0.2-0.4

0.2-0.6


	EU (2004)

	Environmental partitioning
	(1) Koc values of 487-4,644, indicate that azinphos methyl is expected to adsorb to suspended solids and sediment in water. 

Volatilisation from water surfaces is not expected(2) Based upon an estimated Henrys Law constant of 1.1X10-10 atm-cu m/mole(SRC) derived from its vapor pressure, 7.5X10-9 mm Hg(3), and water solubility, 28 mg/l(3) at 20 deg C. 
	(1) Swann et al (1983) 

(2) Lyman et al (1990) 

(3) Tomlin (1997) 


Table C3:  
Bioconcentration of azinphos methyl
	Bioconcentration

	Bioconcentration factor (BCF)
	BCF value = 26 estimated from its log Kow of 2.75
	Hansch C et al (1995)


Appendix D: Environmental Exposure modelling azinphos methyl
As ERMA New Zealand is unaware of monitored exposure concentrations, its risk assessment is based on modelling estimated environmental concentrations.

Concentrations in surface water
ERMA New Zealand has used the Generic Estimated Environmental Concentration Model v2 (GENEEC2) surface water exposure model (USEPA 2001) to estimate the Estimated Environmental Concentration (EEC) of azinphos methyl in surface water which may potentially arise as a result of spray drift and surface runoff from the applicant’s proposed New Zealand use pattern.
The parameters used in the GENEEC2 modelling are listed in Table D1.
Table D1:
 Input parameters for GENEEC2 analysis

	
	[Active]
	Reference

	Application rate 
	See Table D2
	

	Application frequency
	
	

	Application interval 
	
	

	Kd/Koc
	469 (minimum value, Appendix B)
	EU (2004)

	Aerobic soil DT50
	49 d (maximum value, Appendix C)
	EU (2004)

	Pesticide wetted in?
	No
	

	Methods of application
	See Table D2
	

	‘No spray’ zone
	0
	

	Water solubility 
	27.9 mg/L
	EU (2004)

	Aerobic aquatic DT50
	10 d  (whole system, maximum value, Appendix C)
	EU (2004)

	Aqueous photolysis DT50
	3.2 d
	EU (2004)


The results of the modelling are summarised in Table D2 and the model output is shown in Table D3.
Table D2: 
Scenarios used in exposure modelling and aquatic estimated environmental concentrations
	
	Method
	Rate
	scenario
	Applications
	Estimated environmental concentration (µg/l)

	
	Equipment
	Details
	(max g a.i./ha/ application)
	
	Number per year
	Interval (days)
	PEAK
	4 day avg
	21 day avg
	60 day avg
	90 day avg

	Summerfruit
	Airblast
	Fine to medium droplet
	980
	1
	1
	–
	30
	29
	21
	12
	8.3

	
	
	
	
	2
	6

(max for 1 crop)
	14
	111
	105
	77
	43
	30

	Potatoes
	Ground
	High boom, fine droplet
	560
	3
	1
	–
	17
	16
	11
	6.4
	4.5

	
	
	
	
	4
	6

(max for 1 crop)
	14
	62
	58
	43
	24
	17

	
	
	
	
	5
	18

(max if 3 crops/year)
	14
	85
	80
	58
	33
	23

	Strawberries
	ground
	low boom, fine droplet
	560
	6
	1
	–
	16
	15
	11
	6.0
	4.3

	
	
	
	
	7
	12

(max for 1 crop)
	7
	114
	108
	78
	43
	31


Table D3: 
Output from GENEEC2 exposure modelling
Summerfruit – 1 application

RUN No.   1 FOR azinphos methyl             ON   Stone fruit  * INPUT VALUES * 

   -------------------------------------------------------------------

    RATE (lb/AC)   No.APPS &   SOIL  SOLUBIL   APPL TYPE NO-SPRAY INCORP

     ONE(MULT)    INTERVAL    Koc   (PPM )    (%DRIFT)   (FT)     (IN)

   -------------------------------------------------------------------

   .873(   .873)   1   1     469.0   27.9   ORCHAR(  9.7)     .0    .0

   FIELD AND STANDARD POND HALFLIFE VALUES (DAYS) 

   -------------------------------------------------------------------

  METABOLIC  DAYS UNTIL  HYDROLYSIS   PHOTOLYSIS   METABOLIC  COMBINED

    (FIELD)   RAIN/RUNOFF   (POND)     (POND-EFF)    (POND)     (POND)
   -------------------------------------------------------------------

     49.00        2          N/A      3.20-  396.80    10.00      9.75

  GENERIC EECs (IN MICROGRAMS/LITER (PPB))     Version 2.0 Aug 1, 2001

   -------------------------------------------------------------------

       PEAK      MAX 4 DAY     MAX 21 DAY    MAX 60 DAY    MAX 90 DAY

       GEEC      AVG GEEC       AVG GEEC      AVG GEEC      AVG GEEC

   -------------------------------------------------------------------

       30.48       28.82         21.03         11.71          8.33

Summerfruit – 6 applications

RUN No.   2 FOR azinphos methyl            ON   Stone fruit    * INPUT VALUES * 

   -------------------------------------------------------------------

    RATE (lb/AC)   No.APPS &   SOIL  SOLUBIL   APPL TYPE NO-SPRAY INCORP

     ONE(MULT)    INTERVAL    Koc   (PPM )    (%DRIFT)   (FT)     (IN)

   -------------------------------------------------------------------

   .873(  3.376)   6  14     469.0   27.9   ORCHAR(  9.7)     .0    .0

   FIELD AND STANDARD POND HALFLIFE VALUES (DAYS) 

   -------------------------------------------------------------------

   METABOLIC  DAYS UNTIL  HYDROLYSIS   PHOTOLYSIS   METABOLIC  COMBINED

    (FIELD)   RAIN/RUNOFF   (POND)     (POND-EFF)    (POND)     (POND) 

   -------------------------------------------------------------------

     49.00        2          N/A      3.20-  396.80    10.00      9.75

   GENERIC EECs (IN MICROGRAMS/LITER (PPB))    Version 2.0 Aug 1, 2001

   -------------------------------------------------------------------

       PEAK      MAX 4 DAY     MAX 21 DAY    MAX 60 DAY    MAX 90 DAY

       GEEC      AVG GEEC       AVG GEEC      AVG GEEC      AVG GEEC

   -------------------------------------------------------------------

      111.29      105.08         76.62         42.64         30.34

Potato – 1 application

RUN No.   3 FOR azinphos methyl            ON   Potato        * INPUT VALUES * 

   -------------------------------------------------------------------

  RATE (lb/AC)   No.APPS &   SOIL  SOLUBIL   APPL TYPE NO-SPRAY INCORP

     ONE(MULT)    INTERVAL    Koc   (PPM )    (%DRIFT)   (FT)     (IN)

   -------------------------------------------------------------------

   .499(   .499)   1   1     469.0   27.9   GRHIFI(  6.6)     .0    .0

   FIELD AND STANDARD POND HALFLIFE VALUES (DAYS) 

   -------------------------------------------------------------------

   METABOLIC  DAYS UNTIL  HYDROLYSIS  PHOTOLYSIS   METABOLIC  COMBINED

    (FIELD)   RAIN/RUNOFF   (POND)     (POND-EFF)    (POND)    (POND) 

   -------------------------------------------------------------------

     49.00        2          N/A      3.20-  396.80    10.00      9.75

   GENERIC EECs (IN MICROGRAMS/LITER (PPB))    Version 2.0 Aug 1, 2001

   -------------------------------------------------------------------

       PEAK      MAX 4 DAY     MAX 21 DAY    MAX 60 DAY    MAX 90 DAY

       GEEC      AVG GEEC       AVG GEEC      AVG GEEC      AVG GEEC

   -------------------------------------------------------------------

       16.66       15.73         11.47          6.38          4.54

Potato – 6 applications

 RUN No.   4 FOR azinphos methyl             ON   Potato       * INPUT VALUES * 

   -------------------------------------------------------------------

   RATE (lb/AC)   No.APPS &  SOIL  SOLUBIL   APPL TYPE NO-SPRAY INCORP

     ONE(MULT)    INTERVAL    Koc   (PPM )    (%DRIFT)   (FT)     (IN)

   -------------------------------------------------------------------

   .499(  1.929)   6  14     469.0   27.9   GRHIFI(  6.6)     .0    .0

   FIELD AND STANDARD POND HALFLIFE VALUES (DAYS) 

   -------------------------------------------------------------------

   METABOLIC  DAYS UNTIL  HYDROLYSIS   PHOTOLYSIS  METABOLIC  COMBINED

    (FIELD)   RAIN/RUNOFF   (POND)     (POND-EFF)    (POND)     (POND) 

   -------------------------------------------------------------------

     49.00        2          N/A      3.20-  396.80    10.00      9.75

   GENERIC EECs (IN MICROGRAMS/LITER (PPB))    Version 2.0 Aug 1, 2001

   -------------------------------------------------------------------

       PEAK      MAX 4 DAY     MAX 21 DAY    MAX 60 DAY    MAX 90 DAY

       GEEC      AVG GEEC       AVG GEEC      AVG GEEC      AVG GEEC

   -------------------------------------------------------------------

       61.86       58.36         42.54         23.67         16.84

Potato – 18 applications

RUN No.   5 FOR azinphos methyl             ON   Potato        * INPUT VALUES * 

   -------------------------------------------------------------------

    RATE (lb/AC)  No.APPS &  SOIL  SOLUBIL   APPL TYPE NO-SPRAY INCORP

     ONE(MULT)    INTERVAL    Koc   (PPM )    (%DRIFT)   (FT)     (IN)

   -------------------------------------------------------------------

   .499(  2.696)  18  14     469.0   27.9   GRHIFI(  6.6)     .0    .0

   FIELD AND STANDARD POND HALFLIFE VALUES (DAYS) 

   -------------------------------------------------------------------

   METABOLIC  DAYS UNTIL  HYDROLYSIS  PHOTOLYSIS   METABOLIC  COMBINED

    (FIELD)   RAIN/RUNOFF   (POND)     (POND-EFF)    (POND)     (POND) 

   -------------------------------------------------------------------

     49.00        2          N/A      3.20-  396.80    10.00      9.75

   GENERIC EECs (IN MICROGRAMS/LITER (PPB))    Version 2.0 Aug 1, 2001

   -------------------------------------------------------------------

       PEAK      MAX 4 DAY     MAX 21 DAY    MAX 60 DAY    MAX 90 DAY

       GEEC      AVG GEEC       AVG GEEC      AVG GEEC      AVG GEEC

   -------------------------------------------------------------------

       85.12       80.27         58.49         32.54         23.16

Strawberries – 1 application

   RUN No.   8 FOR azinphos methyl          ON   Strawberri    * INPUT VALUES * 

   -------------------------------------------------------------------

    RATE (lb/AC)  No.APPS &  SOIL  SOLUBIL   APPL TYPE NO-SPRAY INCORP

     ONE(MULT)    INTERVAL    Koc   (PPM )    (%DRIFT)   (FT)     (IN)

   -------------------------------------------------------------------

   .499(   .499)   1   1     469.0   27.9   GRLOFI(  2.9)     .0    .0

   FIELD AND STANDARD POND HALFLIFE VALUES (DAYS) 

   -------------------------------------------------------------------

   METABOLIC  DAYS UNTIL  HYDROLYSIS   PHOTOLYSIS  METABOLIC  COMBINED

    (FIELD)   RAIN/RUNOFF   (POND)     (POND-EFF)    (POND)     (POND) 

   -------------------------------------------------------------------

     49.00        2          N/A      3.20-  396.80    10.00      9.75

   GENERIC EECs (IN MICROGRAMS/LITER (PPB))    Version 2.0 Aug 1, 2001

   -------------------------------------------------------------------

       PEAK      MAX 4 DAY     MAX 21 DAY    MAX 60 DAY    MAX 90 DAY

       GEEC      AVG GEEC       AVG GEEC      AVG GEEC      AVG GEEC

   -------------------------------------------------------------------

       15.73       14.83         10.81          6.01          4.28

Strawberries – 12 applications

   RUN No.   9 FOR azinphos methyl          ON   Strawberri    * INPUT VALUES * 

   -------------------------------------------------------------------

    RATE (lb/AC)   No.APPS &  SOIL  SOLUBIL  APPL TYPE NO-SPRAY INCORP

     ONE(MULT)    INTERVAL    Koc   (PPM )    (%DRIFT)   (FT)     (IN)

   -------------------------------------------------------------------

   .499(  3.677)  12   7     469.0   27.9   GRLOFI(  2.9)     .0    .0

   FIELD AND STANDARD POND HALFLIFE VALUES (DAYS) 

   -------------------------------------------------------------------

   METABOLIC  DAYS UNTIL  HYDROLYSIS  PHOTOLYSIS   METABOLIC  COMBINED

    (FIELD)   RAIN/RUNOFF   (POND)     (POND-EFF)    (POND)     (POND) 

   -------------------------------------------------------------------

     49.00        2          N/A      3.20-  396.80    10.00      9.75

   GENERIC EECs (IN MICROGRAMS/LITER (PPB))    Version 2.0 Aug 1, 2001

   -------------------------------------------------------------------

       PEAK      MAX 4 DAY     MAX 21 DAY    MAX 60 DAY    MAX 90 DAY

       GEEC      AVG GEEC       AVG GEEC      AVG GEEC      AVG GEEC

   -------------------------------------------------------------------

      113.63      107.09         78.02         43.40         30.88

Concentrations in groundwater
The concentration in groundwater has been estimated using the model USEPA SCIGROW model.  The highest concentrations are expected from application 6 times a year at 0.98 kg a.i./ha or 18 times a year at a concentration of 0.56 kg a.i./ha.  Modelling these two scenarios derived groundwater concentrations of 0.63 µg/l and 1.1 µg/l.
Terrestrial exposure  
Birds 
The avian toxicity assessment was performed according to “Risk Assessment to Birds and Mammals” (EFSA 2008) that compares the concentration estimated in food (the ‘daily dietary dose’, DDD) to the concentration causing effects.  DDD is defined by the food intake rate of the species of concern (i.e. the indicator species), the body weight of the species of concern, the concentration of a substance in/on fresh diet and the fraction of diet obtained in the treated area. The estimated food intake rates are based on the daily energy expenditure of the species of concern, the energy in the food, the ‘energy’ assimilation efficiency of the species of concern, and the moisture content of the food. The above information is combined into a single value for a specific species-crop combination and termed a ‘shortcut value’.  The daily dietary dose for a single application can be calculated by multiplying the shortcut value with the application rate.  When a substance is applied more than once a multiple application factor for 90th percentile residue data is taken into account (MAF90). 

DDD single application = application rate (kg/ha) x shortcut value

DDDmultiple applications=   DDD single application x MAF90

The toxicity-exposure ratio (TER) can be calculated by dividing the LD50 value by the daily dietary dose (Appendix F).
TER = LD50 / DDD

The first step of the risk assessment is the ‘screening step’ that uses an indicator species and worst case assumptions regarding exposure. If a substance and its use do not pass the screening step, then the next step is the first-tier risk assessment. This uses more realistic exposure estimates (i.e. crop growth stages) along with a ‘generic focal species’. 

ERMA New Zealand calculated the DDD values for the indicator species for the different crops and the results are shown for acute toxicity in the Tables D4 and D5 and for chronic toxicity in Table D6.
Table D4:
Daily dietary dose for screening step, acute toxicity
	Scenario
	Crop1
	Indicator 
Species2
	Short-cut value3
(90th percentile RUD)
	Application rate (kg/ha)
	MAF904
	DDD5

	1
	Summerfruit
	Small insectivorous bird
	46.8
	0.98
	1
	45.86

	2
	Summerfruit
	Small insectivorous bird
	46.8
	0.98
	1.4
	64.20

	3/6
	Potato/ strawberry
	Small omnivorous bird
	158.8
	0.56
	1
	88.93

	4
	potato
	Small omnivorous bird
	158.8
	0.56
	1.4
	124.50

	7
	strawberry
	Small omnivorous bird
	158.8
	0.56
	2.0
	177.86


Additional details provided in EFSA (2008): 
1 
Crop type Table I.1 (Annex 1) and Appendix 10

2 
Species type Table I.1 (Annex 1) and Appendix 10

3 
Residue Unit Dose (90th percentile) Table I.1 (Annex 1)

4 
Multiple application factor (90th percentile) Table 1.1 and Appendix 15

5 
DDD = daily dietary dose

Table D5: 
Daily dietary dose for first tier assessment acute toxicity
	Scenario
	Crop1
	Indicator
Species2
	Short-cut value3
(90th percentile RUD)
	Application rate (kg/ha)
	MAF 904
	DDD5

	1
	Summerfruit
(BBCH6 20-39)
	Small insectivorous bird
	4.4
	0.98
	1
	4.31

	1
	Summerfruit
(BBCH ≥40)
	Small insectivorous bird
	2.2
	0.98
	1
	2.16

	1
	Summerfruit
(BBCH 20-39)
	Small granivorous bird
	16.4
	0.98
	1
	16.07

	1
	Summerfruit
(BBCH ≥40)
	Small granivorous bird
	8.2
	0.98
	1
	8.04

	2
	Summerfruit
(BBCH 20-39)
	Small insectivorous bird
	4.4
	0.98
	1.4
	6.03

	2
	Summerfruit
(BBCH ≥40)
	Small insectivorous bird
	2.2
	0.98
	1.4
	3.02

	2
	Summerfruit
(BBCH 20-39)
	Small granivorous bird
	16.4
	0.98
	1.4
	22.50

	2
	Summerfruit
(BBCH ≥40)
	Small granivorous bird
	8.2
	0.98
	1.4
	11.26

	3
	Potato

(BBCH 10-19)
	Small omnivorous bird
	24
	0.56
	1
	13.44

	3
	Potato

(BBCH 20-39)
	Small omnivorous bird
	22.9
	0.56
	1
	12.82

	3
	Potato

(BBCH ≥40) 
	Small omnivorous bird
	8.6
	0.56
	1
	4.82

	3
	Potato

(BBCH 10-19)
	Small insectivorous bird
	26.8
	0.56
	1
	15.01

	3
	Potato

(BBCH ≥20)
	Small insectivorous bird
	25.2
	0.56
	1
	14.11

	4
	Potato

(BBCH 10-19)
	Small omnivorous bird
	24
	0.56
	1.4
	18.82


	4
	Potato

(BBCH 20-39)
	Small omnivorous bird
	22.9
	0.56
	1.4
	17.95

	4
	Potato

(BBCH ≥40) 
	Small omnivorous bird
	8.6
	0.56
	1.4
	6.74

	4
	Potato

(BBCH 10-19)
	Small insectivorous bird
	26.8
	0.56
	1.4
	21.01

	4
	Potato

(BBCH ≥20)

	Small insectivorous bird
	25.2
	0.56
	1.4
	19.76

	6
	Strawberry

(BBCH 10-19)
	Small omnivorous bird
	24
	0.56
	1
	13.44

	6
	Strawberry

(BBCH 20-39)
	Small omnivorous bird
	22.9
	0.56
	1
	12.82

	6
	Strawberry

(BBCH ≥40)
	Small omnivorous bird
	10.7
	0.56
	1
	5.99

	6
	Strawberry

(BBCH 10-19)
	Small insectivorous bird
	26.8
	0.56
	1
	15.01

	6
	Strawberry

(BBCH ≥20)
	Small omnivorous bird
	25.2
	0.56
	1
	14.11

	7
	Strawberry

(BBCH 10-19)
	Small omnivorous bird
	24
	0.56
	2
	26.88

	7
	Strawberry

(BBCH 20-39)
	Small omnivorous bird
	22.9
	0.56
	2
	25.65

	7
	Strawberry

(BBCH ≥40)
	Small omnivorous bird
	10.7
	0.56
	2
	11.98

	7
	Strawberry

(BBCH 10-19)
	Small insectivorous bird
	26.8
	0.56
	2
	30.02

	7
	Strawberry

(BBCH ≥20)
	Small omnivorous bird
	25.2
	0.56
	2
	28.22


Additional details provided in EFSA (2008): 
1 
Crop type Table I.3 (Annex 1) and Appendix 10

2 
Species type Table I.3 (Annex 1) and Appendix 10

3 
Residue Unit Dose (90th percentile) Table I.3 (Annex 1)

4 
Multiple application factor (90th percentile) Table 1.3 and Appendix 15

5 
DDD = daily dietary dose

6 
BBCH (Biologische Bundesanstalt, Bundessortenamt and Chemical Industry) : this scale is a system for a uniform coding of phenologically similar growth stages of all plant species. 

Table D6:
Daily dietary dose for screening step, chronic toxicity

	Scenario
	Crop1
	Indicator
Species2
	Short-cut value3
(90th percentile RUD)
	Application rate (kg/ha)
	MAFm4
	DDD5

	1
	Summerfruit
	Small insectivorous bird
	18.2
	0.98
	1
	17.84

	2
	Summerfruit
	Small insectivorous bird
	18.2
	0.98
	1.6
	28.54

	3/6
	Potato/ strawberry
	Small omnivorous bird
	64.8
	0.56
	1
	36.29

	4
	potato
	Small omnivorous bird
	64.8
	0.56
	1.6
	58.06

	7
	strawberry
	Small omnivorous bird
	64.8
	0.56
	2.6
	94.35


For clarification refer to EFSA 2008: 
1 
Crop type Table I.1 (Annex 1) and Appendix 10

2 
Species type Table I.1 (Annex 1) and Appendix 10

3 
Residue Unit Dose (90th percentile) Table I.1 (Annex 1)

4 
Multiple application factor for mean residue Table 14 and Appendix 15

5 
DDD = daily dietary dose

Plants, off-target foliar exposure
No non-target plant toxicity data were available to ERMA New Zealand, therefore no exposure assessment was made.
Plants and soil organisms, off-target soil exposure
The maximum application rates stated in Table D2 were used to calculate concentrations in soil adjacent to an application area. For off-field deposition of azinphos methyl it was assumed that drift from a 1 ha treated area was evenly distributed over a 1 ha non-target area.  It was assumed that 9.7% of the active ingredient will drift outside the target area by airblast application, 6.6% by ground application high boom (potato), and 2.9% by ground boom application low boom (strawberry).  These drift assumptions were based on GENEEC2 modelling. Results are shown in Table D7.
For the in-field situation the drift percentage is not taken into account. 

Table D7: 
Deposition azinphos methyl off-field 

	Application scenario
	Application rate (kg ai/ha)
	% of application drifting
	Deposition in drift (kg/ha)
	Deposition (mg/m2)

	Airblast
	0.98
	9.7
	0.095
	9.5

	Ground (high boom)
	0.56
	6.6
	0.037
	3.7

	Ground (low boom)
	0.56
	2.9
	0.016
	1.6


Soil concentrations of the active ingredient are calculated by assuming the deposition would mix into the top 5 cm of soil, and this soil would have a bulk density of 1500 kg/m3, ie the deposition expressed in mg/m2 would mix into 75 kg of soil.  

Deposition after 6 and 12 applications was calculated according to  European guidance (EU, 2000):
PECmultiple applications = PECone application x (1- e-nki) / (1-e –ki) 

Where

· PEC = predicted environmental concentration
· n = number of applications

· k= ln 2/ DT 50 (in days)

· i= interval between two consecutive applications  in days

· DT50 = half life soil in days = 49 days

e = constant= 2.718

The estimated soil concentrations of azinphos methyl are shown in Table D8.
Table D8: 
Soil concentration of azinphos methyl

	Application scenario
	Soil concentration off field (mg/kg)
	Soil concentration in field (mg/kg)

	
	1 application
	6 applications
	12 applications
	1 application
	6 applications
	12 applications

	Airblast
	0.127
	0.49
	–
	1.31
	5.08
	–

	Ground (high boom)
	0.049
	0.19
	–
	0.75
	2.91
	–

	Ground (low boom)
	0.021
	–
	0.16
	0.75
	–
	5.57


Terrestrial invertebrates

ERMA New Zealand has used the Guidance from ESCORT Workshop 2 to estimate the in-field and off-field exposure (Barett et al 2000). 

In-field exposure is estimated using the formula:

In-field exposure = application rate x MAF

Where:

· MAF is a multiple application factor listed in the guidance document.  In accordance with the guidance the MAF is not applied for bees, only for other non-target invertebrates.
The estimated in-field concentrations are shown in Table D9.
Table D9: 
Terrestrial invertebrates- in-field exposure

	Crop
	Application rate (g ai/ ha)
	Application frequency
	MAF1
	In-field exposure (g ai/ha)

	
	
	
	
	

	Summerfruit
	980
	1
	1
	980

	
	980
	6
	3.2
	3136

	Potatoes/ strawberries
	560
	1
	1
	560

	Potatoes
	560
	6
	3.2
	1792

	Strawberries
	560
	12
	3.5
	1960


1:
MAF= multiple application factor.  In the absence of field data, default values are used.  For 6 applications the default is 3.2 and for the highest application frequency quoted (8 applications) it is 3.5 
For the off-field exposure ERMA New Zealand used the formula:

Off field exposure = application rate x MAF x (drift factor/ vegetation distribution factor)

Where

· MAF is a multiple application factor

· The drift factors used in the model differ from the drift factors in GENEEC2 modelling. The values used were recommended for use with this model (Rautmann et al, 2001).
The vegetation distribution factor estimates the interception of drift by vegetation.  For a generic assessment a value of 1 was used corresponding to the worst case assessment of no interception.  

The estimated off field concentrations are shown in Table D10.
Table D10: 
Terrestrial invertebrates- off field exposure 

	Crop
	Application rate
(g ai/ ha)
	Application frequency
	MAF1
	Drift factor
(= % drift/ 100)
	Vegetation distribution factor
	Off field exposure
(g ai/ha)

	Summerfruit
	980
	1
	1
	0.292 (early season)
	1
	286.16

	
	
	
	
	0.1573 (later in season)
	
	154.15

	
	980
	6
	3.2
	0.2276 (early in season)
	1
	713.75

	
	
	
	
	0.0921 
(later in season)
	
	288.83

	Potatoes/ strawberries
	560
	1
	1
	0.0277
	1
	15.51

	
	560
	6
	3.2
	0.0164
	1
	29.39

	Strawberries
	560
	12
	3.5
	0.0152
	1
	29.79


1: 
MAF= multiple application factor.  In the absence of field data, default values are used.  For 6 applications the default is 3.2 and for the highest application frequency quoted (8 applications) it is 3.5 

Appendix E: Ecotoxicity of azinphos methyl
Aquatic toxicity

ERMA New Zealand has compiled data on aquatic toxicity from the ANZECC database, and added information from USEPA (2004) and APVMA (2006a).  A summary of these data is presented in Table E1.  In Table E2, data are presented for fish, amphibians and invertebrates.  Where more than one test was performed for a species, the data are presented as geometric means.  

From these data ERMA New Zealand has calculated acute toxicity HC5 values (the concentration below which lies the LC50 of 5% of species).  A sufficient number of species has been tested to calculate these values for freshwater fish and freshwater invertebrates (crustacea and insects) (Figures E1 & E2).  These are:


Freshwater fish

HC5 = 0.62 µg/l

Freshwater invertebrates
HC5 = 0.15 µg/l

For marine taxa, the number of species tested is too low to calculate an HC5​ and so the LC50 value of the species with the lowest LC50 has been used.

Invertebrates appear to be more sensitive than fish.  Freshwater fish and invertebrates are a little more sensitive than marine fish and invertebrates.

Information on toxicity to amphibians indicates they are less sensitive, the lowest acute LC50  from four species was 109 µg/l. No further assessment has been performed with amphibian.
The chronic toxicity database contains tests on fewer species and indicates that NOAEC values are similar to acute HC5 values.  The one exception is the chronic toxicity to the marine mysid Mysidopsis bahia for which a 28 d fecundity test gave a NOAEC of 0.0083 µg/l.

Only one study has been identified showing the toxicity of azinphos methyl to a sediment-dwelling organism.  This was a chronic toxicity test with Chironomus riparius and showed a NOAEC of 0.32 µg/l.
The effect concentrations in Table E1 have been used in the aquatic risk assessment. 
Table E1: 
Effect concentrations

	Acute
	Freshwater
	Fish
	HC5
	0.62 µg/l

	
	
	Invertebrates
	HC5
	0.15 µg/l

	
	
	Algae
	96 h ErC50
	7.5 mg/l

	
	Marine/estuarine
	Fish 
	Lowest LC50
	2.3 µg/l

	
	
	Invertebrates
	Lowest EC50
	0.25 µg/l

	Chronic
	Freshwater
	Fish
	Lowest LOAEC (47 d)
	0.47 µg/l

	
	
	Invertebrates
	Lowest NOAEC (21 d)
	0.25 µg/l

	
	Marine/ estuarine 
	Fish
	Lowest NOAEC (21 d)
	0.17 µg/l

	
	
	Invertebrates
	Lowest NOEC (28 d)
	0.0083 µg/l

	Freshwater sediment
	Organisms
	Acute
	No data

	
	Invertebrates
	Chronic
	NOAEC (28 d)
	0.32 µg/l


Figure E1: 
Fish, freshwater, acute toxicity
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HC5 = 0.62 µg/l

Figure E2:
Invertebrates, freshwater acute toxicity 

[image: image13.emf]
HC5 = 0.15 µg/l

Table E2: 
Aquatic Toxicity

	
	
	
	Latin Name
	Common
	Test & effect
	Endpoint
	Value
	Units
	Source

	Fish
	Acute
	Fresh
	Ameiurus melas
	Black bullhead
	Acute, mortality/immobilisation
	96 h LC50
	3500
	µg/l
	ANZECC

	Fish
	Acute
	Fresh
	Carassius auratus
	Goldfish
	Acute, mortality/immobilisation
	96 h LC50
	2107
	µg/l
	ANZECC

	Fish
	Acute
	Fresh
	Cyprinus carpio
	Common carp
	Acute, mortality/immobilisation
	96 h LC50
	695
	µg/l
	ANZECC

	Fish
	Acute
	Fresh
	Esox lucius 
	Northern pike
	Acute, mortality/immobilisation
	96 h LC50
	0.36
	µg/l
	ANZECC

	Fish
	Acute
	Fresh
	Ictalurus punctatus
	Channel catfish
	Acute, mortality/immobilisation
	96 h LC50
	3272
	µg/l
	ANZECC

	Fish
	Acute
	Fresh
	Lepomis cyanellus 
	Green sunfish
	Acute, mortality/immobilisation
	96 h LC50
	52
	µg/l
	ANZECC

	Fish
	Acute
	Fresh
	Lepomis macrochirus
	Bluegill 
	Acute, mortality/immobilisation
	96 h LC50
	13
	µg/l
	ANZECC

	Fish
	Acute
	Fresh
	Micropterus salmoides
	Largemouth bass
	Acute, mortality/immobilisation
	96 h LC50
	4.9
	µg/l
	ANZECC

	Fish
	Acute
	Fresh
	Oncorhynchus kisutch 
	Coho salmon, silver salmon
	Acute, mortality/immobilisation
	96 h LC50
	6.3
	µg/l
	ANZECC

	Fish
	Acute
	Fresh
	Oncorhynchus mykiss
	Rainbow trout
	Acute, mortality/immobilisation
	96 h LC50
	6.8
	µg/l
	ANZECC

	Fish
	Acute
	Fresh
	Perca flavescens
	Yellow perch
	Acute, mortality/immobilisation
	96 h LC50
	8.5
	µg/l
	ANZECC

	Fish
	Acute
	Fresh
	Pimephales promelas
	Fathead minnow
	Acute, mortality/immobilisation
	96 & 48 h LC50
	268
	µg/l
	ANZECC

	Fish
	Acute
	Fresh
	Pomoxis nigromaculatus
	Black crappie
	Acute, mortality/immobilisation
	96 h LC50
	3
	µg/l
	ANZECC

	Fish
	Acute
	Fresh
	Salmo salar 
	Atlantic salmon
	Acute, mortality/immobilisation
	96 h LC50
	2.1
	µg/l
	ANZECC

	Fish
	Acute
	Fresh
	Salmo trutta
	Brown trout
	Acute, mortality/immobilisation
	96 h LC50
	4.0
	µg/l
	ANZECC

	Fish
	Acute
	Fresh
	Salvelinus fontinalis
	Brook trout
	Acute, mortality/immobilisation
	96 h LC50
	1.2
	µg/l
	USEPA (2004)

	Fish
	Acute
	Fresh
	Leuciscus idus melanotus
	Golden orfe
	Acute, mortality/immobilisation
	96 h LC50
	120
	µg/l
	USEPA (2004)

	Crustacea
	Acute
	Fresh
	Asellus aquaticus 
	Aquatic sowbug
	Acute, mortality/immobilisation
	48 h EC50
	6.2
	µg/l
	ANZECC

	Crustacea
	Acute
	Fresh
	Asellus brevicaudus
	Aquatic sowbug
	Acute, mortality/immobilisation
	96 h EC50
	21
	µg/l
	ANZECC

	Crustacea
	Acute
	Fresh
	Daphnia magna
	Water flea
	Acute, mortality/immobilisation
	48 h EC50
	1.6
	µg/l
	ANZECC

	Crustacea
	Acute
	Fresh
	Gammarus fasciatus
	Scud 
	Acute, mortality/immobilisation
	96 h EC50
	0.15
	µg/l
	ANZECC

	Crustacea
	Acute
	Fresh
	Hyalella azteca
	Scud
	Acute, mortality/immobilisation
	96 h EC50
	0.29
	µg/l
	ANZECC

	Crustacea
	Acute
	Fresh
	Palaemonetes kadiakensis
	Grass shrimp
	Acute, mortality/immobilisation
	96 & 48 h EC50
	0.46
	µg/l
	ANZECC

	Crustacea
	Acute
	Fresh
	Procambarus sp 
	Crayfish
	Acute, mortality/immobilisation
	48 h EC50
	56
	µg/l
	ANZECC

	Insects
	Acute
	Fresh
	Chironomus tentans
	Midge
	Acute, mortality/immobilisation
	96 h EC50
	0.37
	µg/l
	ANZECC

	Insects
	Acute
	Fresh
	Cloeon dipterum
	Mayfly
	Acute, mortality/immobilisation
	48 h EC50
	12
	µg/l
	ANZECC

	Insects
	Acute
	Fresh
	Pteronarcys californica 
	Stonefly
	Acute, mortality/immobilisation
	48, 72, 96 h EC50
	11
	µg/l
	ANZECC

	Amphibia
	Acute
	Fresh
	Xenopus laevis 
	Clawed toad
	Acute, mortality/immobilisation
	96 h LC50
	900
	µg/l
	ANZECC

	Amphibia
	Acute
	Fresh
	Bufo fowleri
	Fowler’s toad
	Acute, mortality/immobilisation
	96 h LC50
	109
	µg/l
	USEPA (2004)

	Amphibia
	Acute
	Fresh
	Pseudacris triseriata
	Western chorus frog
	Acute, mortality/immobilisation
	96 h LC50
	3200
	µg/l
	USEPA (2004)

	Amphibia
	Acute
	Fresh
	Bufo arenarum
	Argentine toad
	Acute, mortality/immobilisation
	96 h LC50
	10440
	µg/l
	USEPA (2004)

	Algae
	Acute/ chronic
	Fresh
	Selenastrum capricornutum
	
	Growth inhibition
	96 h E​bC50 
96 h ErC50

NOEC
	3.6
7.5

1.8
	mg/l
	APVMA (2006A)

	Fish
	Acute
	Marine
	Atherinops affinis
	Topsmelt
	Acute, mortality/immobilisation
	96 h LC50
	3.4
	µg/l
	ANZECC

	Fish
	Acute
	Marine
	Fundulus heteroclitus
	Mummichog
	Acute, mortality/immobilisation
	96 h LC50
	34
	µg/l
	ANZECC

	Fish
	Acute
	Marine
	Menidia beryllina
	Inland silverside
	Acute, mortality/immobilisation
	96 h LC50
	22.8
	µg/l
	ANZECC

	Fish
	Acute
	Marine
	Sciaenops ocellatus 
	Red drum
	Acute, mortality/immobilisation
	96 h LC50
	6.2
	µg/l
	ANZECC

	Fish
	Acute
	Marine
	Cyprinodon variegatus
	Sheepshead
	Acute, mortality/immobilisation
	96 h LC50
	2.3
	µg/l
	USEPA (2004)

	Fish
	Acute
	Marine
	Mugil cephalus
	Striped mullet
	Acute, mortality/immobilisation
	48 h LC50
	3.2
	µg/l
	USEPA (2004)

	Fish
	Acute
	Marine
	Leiostomus xanthurus
	Spot
	Acute, mortality/immobilisation
	48 h LC50
	28
	µg/l
	USEPA (2004)

	Crustacea
	Acute
	Marine
	Penaeus monodon
	Jumbo tiger prawn
	Acute, mortality/immobilisation
	96 h EC50
	120
	µg/l
	ANZECC

	Crustacea
	Acute
	Marine
	Mysidopsis bahia
	mysid shrimp
	Acute, mortality/immobilisation
	96 h EC50
	0.25
	µg/l
	USEPA (2004)

	Crustacea
	Acute
	Marine
	Penaeus aztecus
	brown shrimp
	Acute, mortality/immobilisation
	96 h EC50
	2.4
	µg/l
	USEPA (2004)

	Crustacea
	Acute
	Marine
	Callinectes sapidus
	blue crab
	Acute, mortality/immobilisation
	96 h EC50
	320
	µg/l
	USEPA (2004)

	Crustacea
	Acute
	Marine
	Crassostrea gigas
	eastern oyster
	Acute, mortality/immobilisation
	96 h EC50
	1000
	µg/l
	USEPA (2004)

	Fish
	Chronic
	Fresh
	Oncorhynchus mykiss
	Rainbow trout
	ELS, survival, length & growth (47 d)
	LOEC
	0.47
	µg/l
	USEPA (2004)

	Fish
	Chronic
	Marine
	Cyprinodon variegatus
	Sheepshead
	ELS, survival, length & growth (21 d)
	LOEC
	0.17
	µg/l
	USEPA (2004)

	Fish
	Chronic
	Marine
	Cyprinodon variegatus
	Sheepshead
	2 generation (113 d), embryo survival, hatchling success
	LOEC
	0.41
	µg/l
	USEPA (2004)

	Crustacea
	Chronic
	Fresh
	Daphnia magna
	Water flea
	21 day, adult length, survival, #young/adult/day
	LOEC
	0.4
	µg/l
	USEPA (2004)

	Insects
	Chronic
	Fresh, water/ sediment system
	Chironomus riparius
	Midge larvae
	28 day, adult emergence
	NOEC
	0.32
	µg/l
	APVMA (2006A)

	Crustacea
	Chronic
	Marine
	Mysidopsis bahia
	mysid shrimp
	26 d fecundity
	NOAEC
	0.02
	µg/l
	USEPA (2004)

	Crustacea
	Chronic
	Marine
	Mysidopsis bahia
	mysid shrimp
	28 d fecundity
	NOAEC
	0.0083
	µg/l
	APVMA (2006A)


Toxicity to birds
The toxicity of azinphos methyl to birds was taken from EU (2004) and additional information taken from the literature (Table E3).  Effects concentrations used in risk modelling were derived by taking the geometric mean for the acute risk assessment and the most sensitive reproductive parameter for the chronic toxicity. 

Table E3: 
Terrestrial vertebrate toxicity
	
	Species and life stage tested
	Test substance and doses/concentrations tested
	Test method
	Observations and results
	Reference

	Acute oral toxicity to birds
	Bobwhite quail
	Azinphos methyl technical grade (88.8%)
	14 d
	LD50 32 mg ai/ kg bw
	Stubblefield, 1987

	
	Bobwhite quail
	Azinphos methyl technical grade (88.8%)
	14 d
	LD50 33 mg ai/ kg bw
	Grimes & Jaber 1988

	
	Bobwhite quail
	Azinphos methyl
	–
	LD50 60-120 mg ai/ kg bw
	EU (2004)

	
	Mallard duck
	Azinphos methyl technical grade (90%)
	–
	LD50 136 mg ai/ kg bw
	EU (2004)

	
	Pheasant
	Azinphos methyl
	–
	LD50 75 mg ai/ kg bw
	EU (2004)

	
	Redwing blackbird
	Azinphos methyl
	–
	LD50 8.5 mg ai/ kg bw
	EU (2004)

	
	Chukar
	Azinphos methyl
	–
	LD50  84 mg ai/ kg bw
	EU (2004)

	
	Chicken
	Azinphos methyl
	–
	LD50 277 mg ai/ kg bw
	EU (2004)

	
	Starling
	Azinphos methyl
	–
	LD50 27mg ai/ kg bw
	EU (2004)

	Dietary toxicity to birds
	Japanese quail
	Azinphos methyl
	–
	LD50  935 mg ai/ kg food
	EU (2004)

	
	Japanese quail
	Azinphos methyl
	–
	LD50  639 mg ai/ kg food
	EU (2004)

	
	Bobwhite quail
	Azinphos methyl
	–
	LD50  488 mg ai/ kg food
	EU (2004)

	
	Pheasant
	Azinphos methyl
	–
	LD50  1821 mg ai/ kg food
	EU (2004)

	
	Mallard duck
	Azinphos methyl
	–
	LD50  1940 mg ai/ kg food
	EU (2004)

	Reproductive toxicity to birds
	Bobwhite quail
	Azinphos methyl
	–
	NOEC 36.5 mg ai/ kg food
	EU (2004)

	
	Mallard duck
	Azinphos methyl technical grade (90%)
	–
	NOEC 10.5 mg ai/ kg food
	EU (2004)


Toxicity to soil organisms
The toxicity of azinphos methyl to soil dwelling organisms was sought in the literature and is summarised in Table E4.  Acute toxicity to earthworms and soil micro-organisms were found.  No data on toxicity to higher plants was found.  The earthworm value was used in the risk modelling.

Table E4: 
Toxicity to soil organisms
	
	Species and life stage tested
	Test substance and doses/concentrations tested
	Test method
	Observations and results
	Reference

	Effects on earthworms

	Laboratory tests

	Acute toxicity
	earthworm

Eisenia foetida
	Azinphos methyl
	14 d, 20oC
GLP
	LC50 = 59 mg/ kg soil dry weight
	Bayer AG Leverkusen [IUCLID 2000] 

	Reproductive toxicity
	ND
	
	
	
	

	Field or semi-field tests
	ND
	
	
	
	


	Effects on soil micro-organisms

	
	Test substance
	Dose (kg as/ha)
	Observations and results
	Reference

	Nitrogen mineralisation
	0.8 and 8 kg azinphos methyl was applied in a sandy silt and a loamy sand soil. No significant effects were observed on the activity of the soil microflora as evidenced by the mineralisation of native soil nitrogen, amended ammonium and organic carbon.
	Bayer AG Leverkusen [IUCLID 2000]

	Carbon mineralisation
	
	


	Terrestrial plants

	
	Species and life stage tested
	Test substance and doses/concentrations tested
	Test method
	Observations and results
	Reference

	Seedling emergence
	ND
	
	
	
	

	Vegetative vigour
	ND
	
	
	
	


Toxicity to non-target invertebrates
The toxicity of azinphos methyl to non-target (beneficial) invertebrates was taken from EU (2004) supplemented with additional studies from USEPA (2004) and is summarised in Table E5.  
Table E5: 
Toxicity to honeybees
	Effects on honeybees

	
	Species and life stage tested
	Test substance and doses/concentrations tested
	Test method
	Observations and results
	Reference

	Acute oral toxicity
	honeybee

Apis mellifera
	Azinphos methyl
	48 h
	LD50 0.15 µg/bee
	USEPA (2004)

	
	honeybee

Apis mellifera
	Azinphos methyl
	–
	LD50 0.1 µg/bee
	EU (2004)

	Acute contact toxicity
	honeybee

Apis mellifera
	Azinphos methyl
	–
	LD50 0.1 µg/bee
	EU (2004)

	
	honeybee

Apis mellifera
	Azinphos methyl
	48 h
	LD50 0.063 µg/bee*
	USEPA (2004)

	
	honeybee

Apis mellifera
	Azinphos methyl
	48 h
	LD50 0.423 µg/bee
	USEPA (2004)


* Value used in risk assessment
	Effects on other arthropod species

	Species and life-stage
	Test substance and doses/concentrations tested
	Test method
	Observations and results
	Reference

	Laboratory tests

	Predatory mite

Amblyseius potentillae
	25% WP, 0.1 g ai/ha, 
	lifecycle
	Mortality/ fertility 

100% effect
	EU (2004)

	Parasitic wasp

Aphidius rhopalosiphi
	Gusathion M WP 25

0.15- 0.33 g ai/ha
	Effect on adults
	Mortality/ fecundity

LR50 0.177 g ai/ha*
	EU (2004)

	Carabid beetle

Bembidion lampros
	25% WP

0.3 g ai/ha
	Effect on adults
	Mortality

100% effect
	EU (2004)

	Green lacewing

Chrysoperla carnea
	25% WP

0.1 g ai/ha
	Effect on larvae
	Mortality/ fertility 

100% effect
	EU (2004)

	hoverfly

Syrphus vitripennis
	25% WP

0.075 g ai/ha
	Effect on larvae
	Mortality/ fertility 

100% effect
	EU (2004)

	Parasitic wasp

Trichogramma cacoeciae
	25% WP

0.1 g ai/ha
	Effect on adults
	Mortality/ parasitism 

100% effect
	EU (2004)

	Predatory mite

Typhlodromus pyri
	Gusathion M WP 25

6.25- 250 g ai/ha
	Effect on protonymphs
	Mortality/ fecundity

LR50 114.75 g ai/ha*
	EU (2004)

	Predatory mite

Typhlodromus pyri
	25% WP

0.1 g ai/ha
	lifecycle
	Mortality/ fertility 

100% effect
	EU (2004)

	Extended laboratory tests

	Predatory mite

Aphidius rhopalosiphi
	
	
	LR50 1.2 g ai/ha
	EU (2004)

	Predatory mite

Aphidius rhopalosiphi
	
	
	2.5 <LR50 < 6 g ai/ha
	EU (2004)

	Predatory mite

Aphidius rhopalosiphi
	3 applications of 4800 g/ ha Gusathion M WP
	
	100% mortality 3 days to 6 weeks after treatment
	EU (2004)

	Green lacewing

Chrysoperla carnea
	
	
	LR50 16.75 g ai/ha
	EU (2004)

	Ladybird

Coccinella septumpunctata
	
	
	LR50 19.7 g Gusathion M WP/ha (4.9 g ai/ha)
	EU (2004)

	Ladybird

Coccinella septumpunctata
	48 to 4800 g /ha Gusathion M WP 

 
	
	100% mortality
	EU (2004)

	Ladybird

Coccinella septumpunctata
	3 applications of 4800 g/ ha Gusathion M WP
	
	10 weeks after treatment

9% mortality, 73% fertility
	EU (2004)

	Parasitic wasp

Trichogramma cacoeciae
	
	
	ER50 11 g ai/ha
	EU (2004)

	Predatory mite

Typhlodromus pyri
	
	
	LR50 > 120 g ai/ha

ER50 120 g ai/ha
	EU (2004)

	Aged residue tests

	Parasitic wasp

Aphidius rhopalosiphi
	3 applications of 1.2 kg ai/ha
	
	13 weeks after treatment

3.3% mortality,

15% fertility
	EU (2004)

	Parasitic wasp

Aphidius rhopalosiphi
	2 applications of 120 g ai/ha
	
	42 days after treatment

94.6 % mortality

56 days after treatment

5.3% mortality,

34.07% effect on fecundity (sign.)
	EU (2004)

	Ladybird

Coccinella septumpunctata
	3 applications of 1.2 kg ai/ha
	
	6 weeks after treatment

93.3% mortality, (control 70%)

10 weeks after treatment

30% mortality

(control 23.3%)

72.9% reduced reproduction
	EU (2004)

	Carabid beetle

Poecilus cupreus
	437 g ai/ha
	
	0-3 days after treatment

> 50% mortality

> 5 days after treatment

0% mortality
	EU (2004)

	Field or semi-field tests

	Semi-field
	Parasitic wasp

Aphidius rhopalosiphi
	Gusathion M WP 

200 g /ha
	
	7% mortality, 10% parasitation

(test not valid due to low reproduction rate)
	EU (2004)

	Semi-field
	Parasitic wasp

Trichogramma cacoeciae
	WP 0.2%
	
	Duration of harmful effects > 30 d
	EU (2004)

	Field
	Predatory mite

Amblyseius finlandicus
	WP 0.2% until runoff
	
	>75% effect
	EU (2004)

	field
	Predatory mite

Typhlodromus pyri
	WP 0.2% until runoff
	
	>75% effect
	EU (2004)


* Values used in risk assessment
Environmental classification

On the basis of these ecotoxicity data, azinphos methyl was classified for environmental endpoints (Table E6).
Table E6: 
Environmental Classification of azinphos methyl 

	Hazard Class/Subclass
	Hazard classification
	Method of classification
	Reference

	Subclass 9.1 
	9.1A
	Fish: Esox lucius 

96 h LC50 = 0.36 µg/l

Crustacean: Gammarus fasciatus

 96 h EC50 = 0.15 µg/l
	ANZECC

	
	
	
	

	Subclass 9.2
	9.2C
	Earthworm: Eisenia foetida

14 d LC 50 = 59 mg/kg soil dry weight
	Bayer AG, Leverkusen [IUCLID 2000]

	
	
	
	

	Subclass 9.3
	9.3A
	Rat

LD50 4.4 mg/kg bw

Bird: redwing blackbird

LD50 = 8.5 mg/kg bw
	EU (2004)

	
	
	
	

	Subclass 9.4
	9.4A
	Bee

48 h LD50 oral = 0.1  µg/bee 

48 h LD50 contact = 0.063  µg/bee 
	Oral study: EU (2004)

Contact study: USEPA (2004) 

	
	
	
	


Appendix F:  Risk Assessment: Environment azinphos methyl
An estimation of environmental risks has been made on the basis of available information on the use of azinphos methyl using standard modelling tools to estimate exposure concentrations in combination with the data on the ecotoxicity of the substance.  

For Class 9 substances, irrespective of the intrinsic hazard classification, the ecological risk can be assessed for a substance or its components by calculating a risk quotient (RQ) based on measured or estimated exposure concentrations.  Estimated exposure concentrations (EEC) are calculated taking into account use scenarios (including spray drift, application rates and frequencies), and the fate of the product including half-lives of the component(s) in soil and water.  These EECs can then be compared to concentrations causing effects to develop risk quotients. 

If the RQ exceeds a predefined level of concern, it may be appropriate to refine the risk assessment or apply controls to ensure that appropriate matters are taken into account to minimise off-site movement of the substance.  Conversely, if a worst-case scenario is used, and the level of concern is not exceeded, then in terms of the environment, there is a presumption of low risk which is able to be adequately managed by existing controls. In the aquatic environment dtividing an EEC by the LC50 or EC50 generates an acute RQ whilst dividing the EEC by the NOEC generates a chronic RQ as follows: 

Acute RQ  =      EEC
Chronic RQ  =   EEC


LC50 or EC50
NOEC

Levels of concern (LOC) developed by the USEPA (Urban & Cook, 1986), and adopted by ERMA New Zealand, to determine whether a substance poses an environmental risk for aquatic organisms are shown in Table F1. 
Table F1: 
Levels of concern in environmental risk assessment for aquatic organisms
	
	Level of Concern (LOC)
	Presumption

	Aquatic (fish, invertebrates)

	Acute RQ
	≥0.5
	High acute risk

	
	0.1–0.5
	Risk can be mitigated through restricted use

	
	<0.1
	Low acute risk

	Chronic RQ
	≥1
	High chronic risk

	Plants (aquatic and terrestrial)

	Acute RQ
	≥1
	High acute risk


For terrestrial organisms toxicity-exposure ratios (TER) are used for terrestrial vertebrates and earthworms and hazard quotient (HQ) values for terrestrial invertebrates. This convention results in concern arising if a risk quotient is less than the trigger value for birds and earthworms and more than a trigger value for terrestrial invertebrates.  The levels of concerns are shown in Table F2.
TER= LD50 / estimated environmental concentration

HQ bees= application rate/ LD50

HQ invertebrates= exposure/ LR50

Table F2: 
Levels of concern in environmental risk assessment for terrestrial organisms

	
	Level of Concern (LOC)
	Presumption

	Bird/ earthworm

	Acute TER
	<10
	High risk

	Chronic TER
	<5
	high risk

	Bees

	HQ
	< 50
	Low risk

	HQ
	< >50
	Higher tier testing required

	Terrestrial invertebrates

	HQ
	< 2
	Low risk

	HQ
	< ≥2
	Higher tier testing required


Table F3:
 Environmental risk quotients for aquatic organsims
	Compartment
	Exposure duration
	Expected Environmental concentration

(for Scenarios 1-7*)
	Receptor
	Effect concentration (µg/l, Appendix )
	Risk Quotient
(for Scenarios 1-9*)

	
	
	1
	2
	3
	4
	5
	6
	7
	
	
	1
	2
	3
	4
	5
	6
	7

	Freshwater, 
	Acute
	30
	111
	17
	62
	85
	16
	114
	Fish
	0.62
	48
	179
	27
	100
	137
	26
	184

	
	
	
	
	
	
	
	
	
	Invertebrates
	0.15
	193
	700
	107
	387
	533
	100
	720

	
	
	
	
	
	
	
	
	
	Plants
	7500
	0.0028
	0.01
	0.0015
	0.0057
	0.0077
	0.0015
	0.01

	
	Chronic (60 d)
	12
	43
	6.4
	24
	33
	6.0
	43
	Fish (47 d)
	0.47
	26
	91
	14
	51
	70
	13
	91

	
	Chronic (21 d)
	21
	77
	11
	43
	58
	11
	78
	Invertebrates (21 d)
	0.25
	84
	308
	44
	172
	232
	44
	312


*Scenarios
1
Summerfruit, 1 application @ 0.98 kg/ha/application per year using airblast equipment

2
Summerfruit, 6 applications @ 0.98 kg/ha/application per year using airblast equipment

3
Potatoes, 1 application/year @ 0.56 kg/ha/application per year using high boom sprayer

4
Potatoes, 6 applications @ 0.56 kg/ha/application per year using high boom sprayer 

5
Potatoes, 18 applications @ 0.56 kg/ha/application per year using high boom sprayer

6
Strawberries, 1 application @ 0.56 kg/ha/application per year applied using low boom sprayer

7
Strawberries, 12 applications @ 0.56 kg/ha/application per year applied using low boom sprayer

Comparison of levels of concern (Table F1) to the risk quotients in Table F3 shows high acute and chronic risk to fish and invertebrates in the freshwater environment, low risk to algae.  This conclusion is based on Tier 0 modelling of exposure (GENEEC2).  The risk quotients are such that the estimated exposure concentrations would need to be lower by a factor of several 100 to mitigate the perceived risk.  

Higher tier modelling could potentially refine this estimate of risk, but is unlikely to reduce the risk quotients by orders of magnitude and therefore risk management options need to be considered.

One potential mitigation measure is a no-spray or buffer zone around a crop.  Such zones reduce both spray drift and runoff inputs into receiving waters.  APVMA (2008) published plots of spray deposition patterns away from the edge of a treated area as estimated by the AgDrift model.  ERMA New Zealand has used these deposition plots to illustrate the buffer zones needed to reduce the concentration in a 1 ha, 2 m deep receiving water to less than the acute toxicity value (HC5).  Such a receiving water is a large water body..  These zones are:

· Summerfruit, airblast: 20-140 m (depending on tree spacing, with dense and sparse spacing requiring greater buffer zones than ‘normal’ spacing)

· Potatoes, high boom, fine spray: 120 m

· Strawberries, low boom, fine spray: 60 m

It is noted that overseas reassessments of azinphos methyl have introduced buffer zones of:

· USEPA (2006): during the phase-out of azinphos methyl, buffer zones of 60-500’ (18.3-152 m) depending on crop.  USEPA set the 60’ (18.3 m) buffer based on a risk-benefit analysis, acknowledging that it is not protective of aquatic habitats.  The 500’ (152 m) buffer is required to protect aquatic environments, but is only imposed for crops for which alternative products are available.

· APVMA (2006A): preliminary review findings propose a 100 m buffer zone to protect aquatic habitats.  

· PMRA: during the phase-out of azinphos methyl formulations, buffer zones were set to protect waters of depths <1 m/1-3m/>3 m and were 50/40/30 m (boom sprayer), 75/60/50 m (early season airblast), 65/50/40 m (late season airblast).

On the basis of these analyses, ERMA New Zealand proposes that buffer zones required for New Zealand use of azinphos methyl should be at least 100 m. 
No quantitative assessment has been made of risks to sediment dwelling organisms due to a lack of sediment toxicity data.  The only sediment toxicity data are for chronic toxicity to the midge Chironomus riparius but are expressed in terms of µg/l rather than the µg/kg expected of a sediment toxicity test. The reported toxicity is comparable to water column dwelling species, suggesting that the risk to this species is comparable to aquatic organisms, but there is uncertainty about the route of exposure.
No quantitative assessment has been made of the risks to marine organisms due to a lack of exposure information.  Clearly dissipation and dilution will reduce the concentration in marine waters compared to freshwaters.  However, the toxicity data suggest that marine invertebrates may be 30x more sensitive than freshwater invertebrates.  It is to be expected that dissipation/dilution will reduce concentrations in the marine environment by more than a factor of 30.  Risks to the marine environment are therefore are unlikely to be greater than those in freshwaters.  Furthermore, risks to freshwater organisms exceed levels of concern triggering a need for risk mitigation.  Such mitigation will also reduce risks to the marine environment.  
No assessment of risks through biomagnification has been made due to the low bioconcentration factor of azinphos methyl.

Tier 0 modelling of concentrations in groundwater indicate concentrations that exceed the ecotoxicity values used in the surface water evaluation.  Use of such water for irrigation has the potential to cause effects on aquatic biota, but the concentrations are less than the New Zealand Drinking Water Standard of 4 µg/l (MoH, 2008).  It is noted that a recent survey of pesticides in groundwater did not detect azinphos methyl in the 133 wells sampled with a  limit of detection, 0.4 µg/l (Close & Flintoft, 2004).
Birds
The avian toxicity assessment was performed according to “Risk Assessment to Birds and Mammals (EFSA 2008)”. The risk assessment is based on a TER (toxicity-exposure ratio) approach. For pesticides in general, mortality is unlikely when TER ≥ 10 (acute risk). For the assessment of reproductive risk to birds the cut-off is a TER ≥ 5, above this value it is likely that pesticides do not cause reproductive effects. However, reproductive effects may still occur for some individuals of the most sensitive species.

Acute toxicity

Table F4: 
Acute avian risk assessment – screening step
	Scenario
	Crop1
	Indicator
Species2
	LD503
	DDD4
	TER5
	Trigger value

	1
	Summerfruit
	Small insectivorous bird
	57.86
	45.86
	1.26
	<10

	2
	Summerfruit
	Small insectivorous bird
	57.86
	64.20
	0.90
	<10

	3/6
	Potato/strawberry
	Small omnivorous bird
	57.86
	88.93
	0.65
	<10

	4
	potato
	Small omnivorous bird
	57.86
	124.50
	0.46
	<10

	7
	strawberry
	Small omnivorous bird
	57.86
	177.86
	0.33
	<10


For clarification refer to EFSA (2008): 
1 
Crop type Table I.1 (Annex 1) and Appendix 10

2 
Species type Table I.1 (Annex 1) and Appendix 10

3 
Geometric mean if multiple species tested

4 
DDD = daily dietary dose

5
Toxicity-exposure ratio = LD50 / Estimated environmental concentration

For all scenarios the toxicity:exposure ratio triggers higher tier risk assessment. There was no difference between one, six or twelve applications. 

Table F5: 
Acute avian risk assessment – first tier assessment
	Scenario
	Crop1
	Indicator
Species2
	LD503
	DDD4
	TER5
	Trigger value

	1
	Summerfruit
(BBCH6 20-39)
	Small insectivorous bird
	57.86
	4.31
	13.41
	<10

	1
	Summerfruit
(BBCH ≥40)
	Small insectivorous bird
	57.86
	2.16
	26.84
	<10

	1
	Summerfruit
(BBCH 20-39)
	Small granivorous bird
	57.86
	16.07
	3.60
	<10

	1
	Summerfruit
(BBCH ≥40)
	Small granivorous bird
	57.86
	8.04
	7.20
	<10

	2
	Summerfruit
(BBCH 20-39)
	Small insectivorous bird
	57.86
	6.03
	9.58
	<10

	2
	Summerfruit
(BBCH ≥40)
	Small insectivorous bird
	57.86
	3.02
	19.17
	<10

	2
	Summerfruit
(BBCH 20-39)
	Small granivorous bird
	57.86
	22.50
	2.57
	<10

	2
	Summerfruit
(BBCH ≥40)
	Small granivorous bird
	57.86
	11.26
	5.14
	<10

	3
	Potato

(BBCH 10-19)
	Small omnivorous bird
	57.86
	13.44
	4.31
	<10

	3
	Potato

(BBCH 20-39)
	Small omnivorous bird
	57.86
	12.82
	4.51
	<10

	3
	Potato

(BBCH ≥40) 
	Small omnivorous bird
	57.86
	4.82
	12.01
	<10

	3
	Potato

(BBCH 10-19)
	Small insectivorous bird
	57.86
	15.01
	3.86
	<10

	3
	Potato

(BBCH ≥20)
	Small insectivorous bird
	57.86
	14.11
	4.10
	<10

	4
	Potato

(BBCH 10-19)
	Small omnivorous bird
	57.86
	18.82
	3.08
	<10

	4
	Potato

(BBCH 20-39)
	Small omnivorous bird
	57.86
	17.95
	3.22
	<10

	4
	Potato

(BBCH ≥40) 
	Small omnivorous bird
	57.86
	6.74
	8.58
	<10

	4
	Potato

(BBCH 10-19)
	Small insectivorous bird
	57.86
	21.01
	2.75
	<10

	4
	Potato

(BBCH ≥20)
	Small insectivorous bird
	57.86
	19.76
	2.93
	<10

	6
	Strawberry

(BBCH 10-19)
	Small omnivorous bird
	57.86
	13.44
	4.31
	<10

	6
	Strawberry

(BBCH 20-39)
	Small omnivorous bird
	57.86
	12.82
	4.51
	<10

	6
	Strawberry

(BBCH ≥40)
	Small omnivorous bird
	57.86
	5.99
	9.66
	<10

	6
	Strawberry

(BBCH 10-19)
	Small insectivorous bird
	57.86
	15.01
	3.86
	<10

	6
	Strawberry

(BBCH ≥20)
	Small omnivorous bird
	57.86
	14.11
	4.10
	<10

	7
	Strawberry

(BBCH 10-19)
	Small omnivorous bird
	57.86
	26.88
	2.15
	<10

	7
	Strawberry

(BBCH 20-39)
	Small omnivorous bird
	57.86
	26.65
	2.26
	<10

	7
	Strawberry

(BBCH ≥40)
	Small omnivorous bird
	57.86
	11.98
	4.83
	<10

	7
	Strawberry

(BBCH 10-19)
	Small insectivorous bird
	57.86
	30.02
	1.93
	<10

	7
	Strawberry

(BBCH ≥20)
	Small omnivorous bird
	57.86
	28.22
	2.05
	<10


For clarification refer to EFSA (2008): 
1 
Crop type Table I.3 (Annex 1) and Appendix 10

2 
Species type Table I.3 (Annex 1) and Appendix 10

3 
Geometric mean if multiple species tested 

4 
Daily dietary dose
5 
Toxicity-exposure ratio = LD50 / Estimated environmental concentration

6 
BBCH (abbreviation of Biologische Bundesanstalt, Bundessortenamt and Chemical Industry) : this scale is a system for a uniform coding of phenologically similar growth stages of all plant species. 

Three applications in summerfruit at a stage that shoot growth is almost complete and one in potato at the start of tuber formation trigger risk quotients that are above the level of concern. The other applications in summerfruit, potatoes and all the applications in strawberries are below the trigger value. Given these results the maximum application frequency in potato (18) has not been assessed. Higher tier risk assessment is necessary to refine the risk assessment or risk mitigation measures are required.  No data for higher tier testing are available to ERMA New Zealand. 
Chronic toxicity

Table F6: 
Chronic avian risk assessment – screening step
	Scenario
	Crop1
	Indicator
Species2
	NOAEL3
mg ai/kg bw/d
	DDD4
	TER5
	Trigger value

	1
	Summerfruit
	Small insectivorous bird
	1.05
	17.84
	0.059
	<5

	2
	Summerfruit
	Small insectivorous bird
	1.05
	28.54
	0.037
	<5

	3/6
	Potato/ strawberry
	Small omnivorous bird
	1.05
	36.29
	0.029
	<5

	4
	potato
	Small omnivorous bird
	1.05
	58.06
	0.018
	<5

	7
	strawberry
	Small omnivorous bird
	1.05
	94.35
	0.011
	<5


For clarification refer to EFSA (2008): 
1 
Crop type Table I.1 (Annex 1) and Appendix 10

2 
Species type Table I.1 (Annex 1) and Appendix 10

3 
Most sensitive reproductive parameter 

4 
DDD = daily dietary dose

5 
Toxicity-exposure ratio = LD50 / Estimated environmental concentration

Based upon the chronic toxicity screening step, azinphos methyl may pose a chronic risk to birds after just one application. The risk assessment triggers a need for refinement of this Tier 1 assessment or risk mitigation controls.  ERMA New Zealand has not sighted the original studies and has not sought them since the acute risk requires mitigation. 

In the light of the above assessment, ERMA New Zealand sought information from overseas assessments of field studies (USEPA 2006, APVMA 2006).  Two field studies in apple orchards were carried out, one in Washington and one in Michigan. Azinphos methyl was applied 3-4 times at an application rate of 1.68 kg ai/ha. Birds and small mammals were observed in the orchards. 12 – 48% of the mortalities were probably related to the use of azinphos methyl and 21-68% of the mortalities were possible treatment related. It was not stated what proportion of the mortalities were birds and what proportion mammals. This potential for risk is supported by US incident reports in which it is mentioned that birds died following azinphos methyl application (primary and secondary effects). 

Literature reports on field studies in Canada using nesting birds in orchards showed there were effects on brain and plasma cholinesterase after 2 applications of azinphos methyl (2.1 kg ai/ha, interval 15 days). This concentration did not cause mortality.

These studies, although with a higher application rate than used in New Zealand, indicate that there may be a risk for birds in the field. 

One potential mitigation measure is to restrict the application frequency on the label to one application a year on the basis that risk is greater with repeated spraying. However, even a single application leads to a risk that exceeds the level of concern trigger value. 

Plants, off-target foliar exposure

No higher plant toxicity data were available to determine the effects of azinphos methyl on non-target plants.  Given the mode of action and as azinphos methyl has been used in several crops without reports of adverse effects, ERMA New Zealand considers it unlikely that azinphos methyl will cause significant adverse effects on non-target plants when used according to the label instructions and good agricultural practice. 

Soil dwelling invertebrates

The earthworm toxicity assessment was performed according to EU (2002). The risk assessment is based on a TER (toxicity-exposure ratio) approach. If the acute TER = <10 further testing and assessment is required.  Results of the off-field assessment are shown in Table F7 and the in-field situation in Table F8.
Table F7: 
Earthworm –TER off-field
	Application scenario
	Earthworm acute toxicity 14 d LC50 (mg/kg)
	Soil concentration off-field (mg/kg)
	TER off-field

	
	
	1 application
	6 appl.
	12 appl.
	1 application
	6 appl.
	12 appl.

	Airblast
	59
	0.127
	0.49
	–
	465
	120
	–

	Ground (high boom)
	
	0.049
	0.19
	–
	1204
	310
	–

	Ground (low boom)
	
	0.021
	–
	0.16
	2810
	–
	369


Table F8: 
Earthworm –TER in-field
	Application scenario
	Earthworm acute toxicity 14 d LC50 (mg/kg)
	Soil concentration in-field (mg/kg)
	TER in-field

	
	
	1 application
	6 appl.
	12 appl.
	1 application
	6 appl.
	12 appl.

	Airblast
	59
	1.31
	5.08
	-
	45
	12
	-

	Ground (high boom)
	
	0.75
	2.91
	-
	79
	20
	-

	Ground (low boom)
	
	0.75
	--
	5.57
	79
	-
	10.6


Given the toxicity-exposure ratios ERMA New Zealand considers it unlikely that azinphos methyl will cause significant acute adverse effects to soil invertebrates.  No chronic data are available. However, if an acute: chronic toxicity ratio of 10 is assumed there would be expected to be a chronic risk to earthworms in-field.  

It is noted that tests applying azinphos methyl at 8 kg/ha showed no effect on nitrogen-carbon mineralisation. 
Bees and other non-target invertebrates 

Bees

The risk to bees has been evaluated according to EU (2002).  

Hazard Quotient (HQ) = Application Rate / LD50 

Where:

· Application rate: the maximum single application rate (g active ingredient/ha).
LD50:  µg active ingredient/bee.

This model is only applicable to spray products and, for bees only a single application is modelled. A level of concern of HQ>50 has been established and validated against incidents (EU 2002).
Application rates were taken from Table D2.
The contact toxicity value LD50 = 0.063 µg/bee is the most relevant parameter for the risk assessment.

HQ= 980/ 0.063 = 15556 (summerfruit)


HQ= 560 /0.063= 8889 (potatoes/strawberries)
These HQ greatly exceed the critical HQ of 50.  HQ values that exceed levels of concern may be refined using the results of higher tier testing such as semi-field and field trials. No data from higher tier testing were available to ERMA New Zealand. 

ERMA New Zealand notes that in USEPA (2006) the results of a foliar residue study are provided. Guthion 50 WP was applied in a rate of 3 lb ai/acre (= 3.36 kg ai/ha and toxic residues persisted on vegetation for up to 13 days post treatment. 

Terrestrial invertebrates (other than bees)

The invertebrate toxicity assessment was performed according to EU (2002).  In-field exposure takes account of multiple applications (Table D9).  The derived hazard quotients are shown in Table F9.
Table F9: 
Terrestrial invertebrates - in-field

	Crop
	In field exposure
(g ai/ha)
	LR50  (g ai/ha)
	Hazard quotient

	
	
	Aphidius rhopalosiphi
	Typhlodromus pyri
	Aphidius rhopalosiphi
	Typhlodromus pyri

	Summerfruit 1x
	980
	0.177
	114.75
	5536
	8.54

	Summerfruit 6x
	3136
	
	
	17717
	27.33

	Potatoes/ strawberries 1x
	560
	
	
	3164
	4.88

	Potatoes 6x
	1792
	
	
	10124
	15.62

	Strawberries 12x
	1960
	
	
	11073
	17.08


Off-field risk quotients were estimated as:

HQ off field = (off-field exposure/ LR50) * correction factor

Where 
· Off-field exposure is estimated in Appendix D (Table D10)

The default for the correction factor is 10. The correction factor accounts for the extrapolation from the two test species to all off-field non-target arthropods.
The derived hazard quotients for the off-field situation are shown in Table F10.
Table F10: 
Terrestrial invertebrates – off-field

	Crop
	Off- field exposure
(g ai/ha)
	LR50  (g ai/ha)
	Hazard quotient 
Off-field

	
	
	Aphidius rhopalosiphi
	Typhlodromus pyri
	Aphidius rhopalosiphi
	Typhlodromus pyri

	Summerfruit 1x
	286.16 (early season)
	0.177
	114.75
	16167
	25

	
	154.15 (late season)
	
	
	8709
	13

	Summerfruit 6x
	713.75 (early season)
	
	
	40325
	62

	
	288.83 (late season)
	
	
	1632
	25

	Potatoes/ strawberries 1x
	15.51
	
	
	876
	1.4

	Potatoes 6x
	29.39
	
	
	1660
	2.6

	Strawberries 12x
	29.79
	
	
	1683
	2.6


For both in-field and off-field exposure the risk quotients are greater than the cut-off of 2 with the exception of one application in potatoes and strawberries. Therefore higher tier testing and assessment are desirable.  
No potential risk management options have been identified.

Conclusions environmental risks

ERMA New Zealand concludes that levels of concern are exceeded for fish, aquatic invertebrates, birds and terrestrial invertebrates. Higher tier modelling could potentially refine these estimates of the risks but is unlikely to reduce the risk quotients by the orders of magnitude required to remove the estimation of risk.  Therefore risk mitigation measures need to be considered. 

For the aquatic environment, risks can be mitigated by the use of buffer zones.  Assessment of spray drift deposition indicates that the size of such buffer zones is affected by application equipment, application rates and vegetation type: 

· Summerfruit, airblast: 20-140 m (depending on tree spacing, with dense and sparse spacing requiring greater buffer zones than ‘normal’ spacing)

· Potatoes, high boom, fine spray: 120 m

· Strawberries, low boom, fine spray: 60 m

Buffer zones are not protective of birds and terrestrial invertebrates that may move in and out of a crop.

Timing of application to avoid times bees are foraging will reduce the risk to bees, but would not reduce the risk to other non-target invertebrates that live within or adjacent to crops. In addition information from the US indicates that residues of azinphos methyl are persistent on crops, so bee exposure is possible even if flowering periods are avoided.

Restricting application rates or frequencies would be unlikely to reduce risks to acceptable levels due to the size of the risks quotient determined for even a single application.
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Executive Summary

Table G1:
CLASS 6 & 8 Toxicological Hazard Classifications: 

	Hazard Class/Subclass
	Hazard classification
	Method of classification
	Reference

	Subclass 6.1 Acute toxicity (oral)
	6.1A
	LD50 Wistar rat = 4.4 mg/kg b.w. (F)

Klimisch score 2 = reliable with restrictions
	Mihail (1978) in APVMA

	
	
	
	

	Subclass 6.1Acute toxicity (dermal)
	6.1B
	LD50 rat = 72.5 mg/kg b.w. (F)

Klimisch score 2 = reliable with restrictions
	Nelson (1968) in APVMA

	
	
	
	

	Subclass 6.1 Acute toxicity (inhalation)
	6.1B
	LC50 (4h head-only; mist) = 0.132 mg/L (F) 

Klimisch score 1 = reliable without restrictions
	Shiotsuka RN (1987a) in APVMA

	
	
	
	

	Subclass 6.3/8.2 Skin irritancy/corrosion
	No
	OECD 404, GLP 

Klimisch score 1 = reliable without restrictions
	Crown S (1987) & Zorbas MA (1994) in APVMA

	
	
	
	

	Subclass 6.4/8.3 Eye irritancy/corrosion
	No
	OECD 405, GLP 

Klimisch score 1 = reliable without restrictions
	Zorbas MA (1994) & Kenan G (1987) in APVMA

	
	
	
	

	Subclass 6.5A Respiratory sensitisation
	Insufficient data
	No data 
	APVMA, USEPA, PMRA 

	
	
	
	

	Subclass 6.5B Contact sensitisation
	6.5B
	Buehler method (OECD 406);  

Magnusson and Kligman’s Maximization test

Klimisch score 1 = reliable without restrictions
	Flucke W (1986b) & Porter MC et al., (1987) in APVMA

	
	
	
	

	Subclass 6.6 Mutagenicity
	No
	Weight of negative evidence:

AZM displayed no evidence of genotoxicity in vivo, with limited evidence of genotoxicity in vitro.  Oncogenicity testing in rats and mice were negative for carcinogenic potential.  
	APVMA, USEPA, PMRA 

	
	
	
	

	Subclass 6.7 Carcinogenicity
	No
	OECD 453, GLP (Rat, 2y Combined)

OECD 451, GLP (Mouse, 18mo Oncogenicity)

Klimisch score 1 = reliable without restrictions
	Schmidt WM (1987) & Hayes RH (1985) in APVMA 

	
	
	
	

	Subclass 6.8 Reproductive/ developmental toxicity
	No

(Insufficient data for C)
	OECD 416, GLP (Reproductive)

Klimisch score 1 = reliable without restrictions
OECD 414, GLP (Rat, developmental)

OECD 414, GLP (Rabbit, develop.)

Klimisch score 1 = reliable without restrictions
Insufficient data for Classification on lactation effects (C)
	Eiben R & Janda B (1987) in APVMA

Kowalski RL et al. (1987a) & Clemens et al. (1988) in APVMA  

APVMA, USEPA, PMRA  

	
	
	
	

	Subclass 6.9 Target organ systemic toxicity – Single exposure (Oral)
	6.9A
	LOAEL = 2 mg/kg bw (M) (depressed plasma/RBC ChE activity)
FIFRA – Neurotoxicity, GLP 

Klimisch score 1 = reliable without restrictions
	Sheets LP & Hamilton BF (1994) in APVMA

	
	
	
	

	Subclass 6.9 Target organ systemic toxicity – Single exposure (Dermal)
	6.9A
	LOAEL = 2.08 mg/kg bw ai  (depressed RBC ChE activity)
No Guideline, GLP


Klimisch score 2 = reliable with restrictions
	Schroeder RS (1992) in APVMA

	
	
	
	

	Subclass 6.9 Target organ systemic toxicity – Single exposure (Inhalation)
	6.9A
	LOAEL ≤ 0.8 mg/L (several cholinergic signs)

OPPTS 81-3, GLP

Klimisch score 1 = reliable without restrictions
	Shiotsuka RN (1987a) in APVMA

	
	
	
	

	Subclass 6.9 Target organ systemic toxicity – Repeat exposure (Oral)
	6.9A
	LOAEL = 0.625 mg/kg bw/day (depressed plasma/RBC ChE activity)
OECD 452, GLP (Dog, 52wk dietary)

Klimisch score 1 = reliable without restrictions
	Allen et al. (1990) in APVMA

	
	
	
	

	Subclass 6.9 Target organ systemic toxicity – Repeat exposure (Dermal)
	Insufficient data
	LOAEL =20 mg/kg bw (depressed plasma/RBC ChE activity)

No Guideline, No GLP


Klimisch score 4 = not assignable
	Fluke W & Schilde B (1980) in APVMA

	
	
	
	

	Subclass 6.9 Target organ systemic toxicity – Repeat exposure (Inhalation)
	Insufficient data
	LOAEL = 4.72 mg/m3 (depressed plasma/RBC ChE activity)

No Guideline, No GLP


Klimisch score 4 = not assignable
	Kimmerle, 1976 in APVMA

	
	
	
	

	APVMA: APVMA, 2006

USEPA: USEPA, 2006

PMRA:  PMRA, 2003


The level of detail in the APVMA Preliminary Review Findings (APVMA, 2006), supported by the California EPA Department of Pesticide Regulation Toxicology Summary (CDPR, 2004), should give adequate assurance that the proposed Classifications are robust, based on the documents cited in the Reference section.  

Table G2:
Key Studies for AOEL benchmark:

	Critical NOAEL/LOAEL used for occupational exposure health benchmarks (mg/kg b.w./day)

	
	Short-term

(1-30 Days a)

(1-7 Days b)
	Intermediate

(Seasonal, 1-6 Months a)

(7 Days to Several Months b)
	

	ERMA New Zealand 
	Oral NOAEL = 0.25
	Oral NOAEL = 0.25
	Human 28-d PO (MacFarlane and Freestone 1999)

	APVMA (2006)
	Oral NOAEL = 0.25
	Oral NOAEL = 0.25
	Human 28-d PO (MacFarlane and Freestone 1999)

	PMRA (2003)
	Dermal NOAEL = 0.56

Inhalation NOAEL = 0.32 (0.0012 mg/L)
	Oral NOAEL = 0.15
	1-wk rat dermal (MRID 42452701)

1-yr capsule dogs

90-day inhalation rats (Kimmerle 1976)

	US EPA (2006)
	Dermal NOAEL = 0.56

Inhalation NOAEL = 0.32
	Oral NOAEL = 0.15 c
Inhalation NOAEL = 0.32
	1-wk rat dermal (MRID 42452701)

1-yr oral dogs (MRID 41804801, Allen et al., 1990)

90-day inhalation rats (Kimmerle 1976)

	Cal DPR (2004)
	Oral NOEL = 0.75
	Oral NOAEL = 0.25
	Human single PO (MacFarlane and Freestone, 1998)

Human 28-d PO (MacFarlane and Freestone 1999)

	a  US EPA, Cal DPR;

b  PMRA; 

c equivalent to a dermal dose of 0.36 mg/kg b.w./day (42% dermal absorption)   


AOEL:

AOEL 
=
NOAEL
= 
0.25    
= 0.008 mg/kg b.w./day


UFs
30

From 28-day repeat capsule study in humans (MacFarlane and Freestone 1999 in APVMA, 2006; and CDPR, 2004).  


Where UFs: inter-species = 0 as the database indicates that humans are no more sensitive to azinphos-methyl than test species; intra-species = 30 to account for test in only male subjects.  

Dermal absorption factor for AZM occupational health risk modelling = 30%.  

From human data (Selim, 1999 in APVMA, 2006; and CDPR, 2004).  
Oral absorption factor for AZM occupational health risk modelling = 100%.  

Inhalation absorption factor for AZM occupational health risk modelling = 100%.  

1 
Purpose

1.1
The purpose of this report is, for the Agency reassessment of azinphos methyl (AZM), to:

· review the toxicology

· review the HSNO Classifications 6 and 8

· propose AOEL(s)

1.2
The key aspects to extract from the overseas regulatory reviews are: 

· type of study

· species/strain

· endpoint

· remarks - findings (adverse effects)

· GLP/Guideline

· reference (including date of original source)

· reliability

· justification

with any data gaps or endpoints with insufficient data clearly identified.  

1.3
The scope of the context used to form this assessment is confined to the documents listed in the Reference section of this document, the time constraints, the professional experience of the author, and the date this document was issued.  

1.4
The assessment constitutes the whole document and the reference sources, and should only be used as a whole.  

1.5
In spite of all care taken, the reference material should be directly consulted to check the veracity of data, opinions and other material used and attributed in this document.  

1.6
No responsibility will be taken for misuse of this document, or use by third parties.  
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Substance Identification  

IUPAC name: 
S-(3,4-dihydro-4-oxobenzo[d]-[1,2,3]-triazin-3-ylmethyl) O,O-dimethyl phosphorodithioate 

Chemical name (CAS): 
O,O-dimethyl S-[(4-oxo-1,2,3-benzotriazin-3(4H)-yl)methyl] phosphorodithioate 

Common name: 
Azinphos-methyl 

CAS Registry number: 
86-50-0 

Molecular formula: 
C10H12N3O3PS2 
Molecular weight: 
317.33

Structural formula:
[image: image14.png]



3
Acute Oral 6.1
3.1
HSNO Classification  

CLASS 6.1 (oral)


Classification: Acute oral - 6.1A

Key study: 

· Type of study: LD50; 

· Species: Rat;  

· Strain: Wistar; 

· Endpoint: 4.4 mg/kg b.w. in females; 4.6 mg/kg b.w. in males;  

· Remarks: The clinical signs observed with the technical grade material included tremors, twitching, convulsions, staggering gait, prostration, salivation, breathing difficulties, lethargy, and piloerection, all typical of cholinesterase (ChE) inhibition. The onset of signs was 5 to 20 minutes after dosing and usually lasted 1-2 days;  

· GLP: No information;  

· Test Guideline: US EPA OPPTS 81-1;  

· Reference source: Mihail F (1978) “R 1582 (gusathion M active ingredient) acute toxicity studies.” Bayer Ag Institute for Toxicology, Wuppertal-Elberfeld, Germany. Unpublished.  (Original not sighted.)  (CDPR, 2004; APVMA, 2006; US EPA, 2006);

· Reliability:  Klimisch score 2 = reliable with restrictions;
Justification: Mihail (1978) is not stated to have been conducted to GLP.  However, the LD50 is lowest cited by APVMA, USEPA and CDPR.  The US EPA reports compliance with guidelines, so compliance also with GLP is likely.
Background:  

The acute oral toxicity of azinphos-methyl has been reported by several national regulatory agencies, and these generally reference the same source studies as the basis for their assessments.

The Australian Pesticides and Veterinary Medicines Agency (APVMA) reported oral LD50 values in rats ranging from 4.4 to 26 mg/kg bw using a variety of vehicles and a single LD50 of 15 mg/kg bw in mice. The APVMA also report an oral LD50 in guinea pigs at 80 mg/kg bw.  The only information for beagle dogs was that the LD50 was >10 mg/kg bw (APVMA, 2006).

The APVMA noted that the study of Mihail 1978 is supported by as study in Sprague-Dawley rats (Crown & Nyska, 1987) which gave LD50 values of 6.7 mg/kg bw (females) and 9.0 mg/kg bw (males) respectively, and the later study was conducted to GLP (APVMA, 2006).
The US EPA classified azinphos-methyl Toxicity Category I on the basis of MRID No 00155002 which reported LD50 values in the rat at 4.6 (females) and 4.4 (males) respectively.  The report stated the study complied with guideline 81-1 (US EPA, 2006).

The California Department of Pesticide Registration reported oral LD50 values for rats from 4.4 to 26 mg/kg bw.  The signs of toxicity reported were typical of cholinergic toxicity.  The acute NOEL in the acute study was 1 mg/kg bw with the LOEL at 2.5 mg/kg bw for both males and females.  Other toxicity values reported for technical grade (88.9 – 99.0%) AZM were 80 mg/kg bw in male guinea pigs, and 10 mg/kg bw in male dogs (CDPR, 2004).
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Acute Dermal 6.1
4.1
HSNO Classification  

CLASS 6.1 (dermal)


Classification: Acute dermal - 6.1B

Key study: 

· Type of study: LD50; 

· Species: Rat;  

· Strain: 
Sprague-Dawley; 

· Endpoint: 72.5 mg/kg b.w. in females;  

· Remarks: The clinical signs observed were similar to those observed with the oral route, except that erythema was noted at the site of application: included tremors, twitching, convulsions, staggering gait, prostration, salivation, breathing difficulties, lethargy, and piloerection, all typical of ChE inhibition;  

· GLP: No information;  

· Test Guideline: US EPA OPPTS 81-2;  

· Reference source: Nelson DL (1968) “The acute mammalian toxicity of two samples of GUTHION technical to adult female rats.” Research and Development Dept., Chemagro Corporation, Kansas City, Missouri, USA. Unpublished.  (Original not sighted.)  (CDPR, 2004; APVMA, 2006; US EPA, 2006);    

· Reliability:  Klimisch score 2 = reliable with restrictions; 

Justification: Nelson (1968) does not appear to have been conducted to GLP.  However, the data is the lowest cited by APVMA and CDPR [But not by USEPA].   

Background:  

The acute dermal toxicity of azinphos-methyl has been reported by several national regulatory agencies, and these generally reference the same source studies as the basis for their assessments.

The APVMA reported that acute dermal toxicity of azinphos-methyl was high in rats and moderate in rabbits, with LD50 values of 72.5 and 1380 mg/kg bw respectively (APVMA, 2006).  

The APVMA noted that the study of Nelson (1968) was supported by 2 other non-GLP studies, Heimann (1982) female rat (Wistar) LD50 = 155 mg/kg b.w., and Pasquet et al (1976) female rat (Wistar) LD50 = 90 mg/kg b.w. (APVMA, 2006).  

The US EPA classified azinphos-methyl Toxicity Category I on the basis of MRID No 00155003 which reported LD50 values of 155 mg/kg and 200-250 mg/kg.  The report stated the study complied with guideline 81-2 (US EPA, 2006) 
The California Department of Pesticide Registration reported dermal LD50 values for rats from 72-250 mg/kg) except for one study which reported an LD50 of 2,500 to 5,000 (Mihail, 1978). The clinical signs observed were similar to those observed with the oral route, except that erythema was noted at the site of application. A NOEL was not established for the technical grade material in any of the studies. A LOEL of 63 mg/kg in female rats was reported (Heimann, 1982). There were no mortalities at the LOEL, but all females at the LOEL exhibited unspecified cholinergic signs (Mihail, 1978; Heimann, 1982) (CDPR, 2004).
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Acute Inhalation 6.1
5.1
HSNO Classification  

CLASS 6.1 (inhalation)


Classification: Acute inhalation - 6.1B

Key study: 

· Type of study: LC50 (4h, head-only); mist;   

· Species: Rat;  

· Strain: 
Sprague-Dawley;  

· Endpoint: 0.132 mg/L (132 mg/m3) in females;  

· Remarks: All of the female rats at the lowest dose tested (80 mg/m3 or 14.4 mg/kg) exhibited several cholinergic signs (ocular and nasal discharge, salivation, hypoactivity, tremors, and/or twitching). No mortalities occurred at this dosage. Red turbinates and lungs were observed at necropsy in several high-dose animals that died;  

· GLP: Yes;  

· Test Guideline: US EPA OPPTS 81-3;  

· Reference source: Shiotsuka RN (1987a) “Acute four-hour inhalation toxicity study with ®GUTHION technical in rats.” Mobay Corporation, Corporate Toxicology Dept. Stilwell, Kansas, USA. Unpublished.  (Original not sighted.)  (CDPR, 2004; APVMA, 2006; US EPA, 2006);    

· Reliability:  Klimisch score 1 = reliable without restrictions; 

Justification: Shiotsuka RN (1987a) was conducted to GLP.  The data is the lowest cited by APVMA and CDPR for a 4-hour head-only study [But not by USEPA: Shapiro (1987) 4-hour whole-body to GLP LC50 > 210 mg/m3].  

Background:  

The acute inhalation toxicity of azinphos-methyl has been reported by several national regulatory agencies, and these generally reference the same source studies as the basis for their assessments.

The APVMA reported that acute inhalation toxicity of azinphos-methyl was high in rats (APVMA, 2006).  
The US EPA classified azinphos-methyl Toxicity Category II on the basis of MRID No 40280103 which reported LC50 values of =>0.21 mg/L.  The report stated the study complied with guideline 81-3 (US EPA, 2006) 
The California Department of Pesticide Registration reported a 4-hour inhalation study (head-only: Shiotsuka, 1987), all of the female rats at the lowest dose tested (80 mg/m3 or 14.4 mg/kg) exhibited several cholinergic signs (ocular and nasal discharge, salivation, hypoactivity, tremors, and/or twitching). No mortalities occurred at this dosage. Red turbinates and lungs were observed at necropsy in several highdose animals that died. An acute inhalation NOEL of 23 mg/m3 (4.1 mg/kg) was established in male rats exposed (whole body: Kimmerle, 1966) for 4 hours to azinphos-methyl. All of the males at the LOEL (59 mg/m3) exhibited unspecified signs of toxicity (CDPR, 2004).
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Skin Irritation 6.3 & Corrosion 8.2
6.1
HSNO Classification  

CLASS 6.3 (skin irritation)


Classification: Skin irritation – No classification

Key study: 

· Type of study: Primary dermal irritation (OECD Guideline);  

· Species: Rabbit;  

· Strain:

· Endpoint: Skin reactions (erythaema and oedema);  

· Remarks: No signs of dermal irritation were observed at any of the application sites following exposure to the test substance;  

· GLP: Yes;  

· Test Guideline: OECD 404; US EPA OPPTS 81-5;  

· Reference source: Crown S (1987) “Cotnion-M: Primary skin irritation study in rabbits.” Life Science Research Israel Ltd, PO Box 139, Ness Ziona 70 451, Israel. Unpublished.  (Original not sighted.)  (APVMA, 2006);         

· Reliability:  Klimisch score 1 = reliable without restrictions;  

Justification: Crown S (1987) was conducted to Guidelines and GLP, and the result supported by Zorbas MA (1994) also conducted to Guidelines and GLP.  The result is confirmed by human data (variable reliability), and the Classification is supported by APVMA and USEPA.    

Background:  

The acute dermal irritation of azinphos-methyl has been reported by several national regulatory agencies.  

The APVMA reported that azinphos-methyl was not an acute dermal irritant in rabbits and humans based on five studies, including two conducted to Guidelines and GLP (APVMA, 2006).  
The US EPA classified azinphos-methyl Toxicity Category IV (non-irritating) on the basis of MRID No 43337101.  The report stated the study complied with guideline 81-5 (US EPA, 2006) 
The California Department of Pesticide Registration reported that no dermal irritation was observed in rabbits exposed to technical grade azinphos-methyl (CDPR, 2004).  

7
Eye Irritation 6.4 & Corrosion 8.3
7.1
HSNO Classification  

CLASS 6.4 (eye irritation)


Classification: Eye irritation - No classification

Key study: 

· Type of study: Primary eye irritation (OECD Guideline 405);  

· Species: Rabbit;  

· Strain: 

· Endpoint: Ocular reactions (irritation of the cornea, iris and conjunctiva);  

· Remarks: Grade 1 iridial irritation was seen in 1/6 animals at 1 h after instillation. Grade 1-2 conjunctival chemosis was observed in 6/6 rabbits at 1 h and persisted in 3/6 (grade: 1-2) animals up until 24 h. Similarly, grade 1-2 conjunctival discharge was seen in 5/6 animals at 1 post treatment and not thereafter. There was no conjunctival redness, and the cornea showed no further signs of irritation. All ocular reactions were resolved by 48 h after treatment;  

· GLP: Yes;  

· Test Guideline: OECD 405; US EPA OPPTS 81-4;  

· Reference source: Zorbas MA (1994) “Primary eye irritation study with technical grade Guthion® in rabbits.” Miles Inc. Agriculture Division, Toxicology, Stilwell, KS, USA. Report No. 94-335-AK. Unpublished.  (Original not sighted.)  (APVMA, 2006); 
· Reliability:  Klimisch score 1 = reliable without restrictions;  

Justification: Zorbas MA (1994) was conducted to Guidelines and GLP, and the result supported by Kenan G (1987) also conducted to Guidelines and GLP.  The Classification is supported by APVMA and USEPA.  

Background:  

The acute eye irritation of azinphos-methyl has been reported by several national regulatory agencies.  

The APVMA reported that azinphos-methyl was a slight eye irritant in rabbits based on four studies, including two conducted to Guidelines and GLP (APVMA, 2006).  
The US EPA classified azinphos-methyl Toxicity Category III (slightly irritating) on the basis of MRID No 43337501.  The report stated the study complied with guideline 81-4 (US EPA, 2006) 
The California Department of Pesticide Registration reported that slight conjunctival redness was observed in rabbits exposed to technical grade azinphos-methyl, that cleared by 48 hours (CDPR, 2004).  

8
Respiratory Sensitisation 6.5A
8.1
HSNO Classification  

CLASS 6.5 (respiratory sensitisation)


Classification: Respiratory sensitisation – Insufficient data 

Key study: 


None.  

Background:  

No appropriate studies or other relevant data were reported by APVMA (2004), US EPA (2006) or CDPR (2006) in their reassessments of azinphos-methyl.  
9
Contact Sensitisation 6.5B
9.1
HSNO Classification  

CLASS 6.5 (contact sensitisation)


Classification: Contact sensitisation – 6.5B

Key study: 

· Type of study:
Buehler method (OECD Guideline 406);  

· Species: Guinea pig;  

· Strain: 
Hartley;  

· Endpoint: Skin reactions (erythaema and oedema);  

· Remarks: Challenge applications induced slight to barely perceptible erythema (grade 1) in 6/15 animals, and clearly perceptible erythema (moderate, grade 2) in 1 animal at 24 h post patch removal. The reaction persisted in 6/7 animals up until 48 h, with 5 animals showing slight erythema (grade 1) and 1 animal exhibiting moderate erythema (grade 2);  

· GLP: Yes;  

· Test Guideline: OECD 406; US EPA OPPTS 81-6;  

· Reference source: Porter MC, Craigo RE & Hartnagel RE (1987): Dermal sensitization evaluation of Guthion® technical in the guinea pig. Toxicology Department, Central Research Services, Miles Laboratories Inc., Elkhart, IN, USA. Report No. 884. Unpublished.  (Original not sighted.)  (APVMA, 2006); 
· Reliability:  Klimisch score 1 = reliable without restrictions;
Justification: Porter MC et al., (1987) was conducted to Guideline and GLP, and the result was supported by the Magnusson and Kligman’s Maximization test result (Flucke W, 1986b) also conducted to GLP.  The Classification is supported by APVMA, USEPA and PMRA.  

Background:  

The contact sensitsation potential of azinphos-methyl has been reported by several national regulatory agencies.  

The APVMA reported that azinphos-methyl was a contact sensitiser based on two studies conducted to Guidelines and GLP (APVMA, 2006).  
The US EPA classified azinphos-methyl as a “sensitiser” in guinea pigs on the basis of MRID No 41064401.  The report stated the study complied with guideline 81-6 (US EPA, 2006).
The California Department of Pesticide Registration reported that technical grade azinphos-methyl appears to be a weak to moderate dermal sensitizer using the Buehler patch test.  In a modified Buehler’s patch test reported by Heiman (1987), a 12.5% solution of azinphos-methyl was used during the induction phase, and two weeks later, they were challenged with a 6% solution. Six of 12 animals tested reacted positively to the challenge. Two weeks following the first challenge, the same animals were challenged a second time with a 0.6% solution. None of the animals reacted to the second challenge. This finding suggested to CDPR that there may be a threshold for this response, and that the time between exposures may be another factor (CDPR, 2004).  
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Mutagenicity 6.6
10.1
HSNO Classification  

CLASS 6.6 (mutagenicity)


Classification: Mutagenicity – No classification

Key study: 

As the classification for mutagenicity is based on the total weight of evidence available, there is no single key study.  

The minimum degrees of hazard criteria for mutagenicity lists a hierachy of evidence (study types): mutagenic effects as a result of mammalian in vivo exposure; genotoxic effects as a result of mammalian in vivo exposure, with mutagenic effects as a result of in vitro exposure; and, mutagenic effects as a result of in vitro exposure of mammalian cells, and the substance has a structure-activity relationship to known germ cell mutagens.  

The APVMA reported the following in vivo studies: 

Table G3:
APVMA reported in vivo studies
	Assay 
	Species 
	Dose 
	Result 
	Reference 

	Chromosomal Effect Assay (in vivo) 

	Micronucleus test 
	Mouse (Hsd/Win: NMRI) 
	2 x 2.5 and 2 x 5 mg/kg bw PO 
	–
	♦Herbold (1979a) 

	
	
	5 mg/kg bw, IP 
	–
	♦Herbold (1995) (GLP)

	
	Mouse (Swiss-Webster) 
	NS, PO or IP 
	–
	Sandhu et al (1985)† 

	
	
	NS, PO or ip 
	–
	♦Waters et al (1982)† 

	Mammalian bone marrow cytogenetic test 
	CD albino rats 
	6.28 mg/kg bw, PO gavage 
	–
	Henderson et al (1988) 

	
	Rat (NS) 
	NS, IP 
	–
	Hrelia et al (1990)† 

	Dominant lethal 
	Mouse (Charles River strain) 
	125 or 250 μg/kg, IP 
	–
	Arnold (1971) 

	
	Mouse (NS) 
	NS, diet over 7 wk 
	–
	Sandhu et al (1985)† 

	
	Mouse (NMRI) 
	1 x 4 mg/kg bw, PO 
	–
	♦Herbold (1979b) 

	
	Mouse (ICR/SIM) 
	20, 40, 80 mg/kg of diet over 7 wk 
	–
	Simmon (1978) 

	
	
	NS, diet over 7 wk 
	–
	♦Waters et al (1982)† 

	Recessive lethal 
	Drosophila melanogaster 
	0.25-1.0 ppm 
	–
	Sandhu et al (1985)† 

	
	
	NS 
	–
	♦Waters et al (1982)† 


Results (+, positive; –, negative) are expressed relative to the presence (+) or absence (–) of metabolic activation; NS = not specified; † = study report contained inadequate methodological and/or observational detail for regulatory purposes; ♦ studies were derived from the German BgVV monograph on azinphos-methyl with any additional Australian regulatory conclusions and comments enclosed in square brackets [ ].  (Originals not sighted; APVMA, 2006)
The APVMA reported the following in vitro studies: 

Table G4:
APVMA reported in vitro studies 
	Assay 
	Cell type 
	Concentration (or Dose)
	Metabolic activation
	Results
	Reference

	Chromosomal Effect Assays (in vitro) 

	Sister Chromatid Exchange 
	Chinese hamster lung cells (V79) 
	5-25 μg/mL 
	+, –
	–, –
	♦Chen et al (1982a) 

	
	
	2.5-20 μg/mL 
	–
	–
	♦Chen et al (1982b) 

	
	Chinese hamster ovary cells
	NS 
	+, –
	–, –
	Sandhu et al (1985)† 

	
	
	NS 
	+, –
	–, –
	♦Waters et al (1982)† 

	
	Human lymphocytes 
	2, 4, 8, 10, 20 and 30 ppm 
	–
	–
	Gomez-Arroyo et al (1987) 

	
	
	NS 
	+, –
	–, –
	Hrelia et al (1990)† 

	Clastogenicity 
	Chinese hamster ovary cells-(K1) 
	60-120 μg/mL 
	–
	+
	♦Alam et al (1974) 

	
	WI-38 (diploid) 
	0, 120, 140 and 160 μg/mL 
	–
	+
	Alam & Kasatiya (1975 and 1976) 

	
	HEp-2 (heterodiploid) 
	0, 140 and 160 μg/mL 
	–
	+
	

	
	Human lymphocytes 
	5-500 μg/mL 
(+ S9) 

1-100 μg/mL 
(- S9) 

DMSO vehicle 
	+, –
	–, –
	♦Herbold (1986) (GLP) 

	Micronucleus test 
	Cytokinesis-blocked human lymphocytes 
	0.06, 0.6 and 6 μg/mL in DMSO 
	–
	–
	Bianchi-Santamaria et al (1997) 


Results (+, positive; –, negative) are expressed relative to the presence (+) or absence (–) of metabolic activation; NS = not specified; † = study report contained inadequate methodological and/or observational detail for regulatory purposes; ♦ studies were derived from the German BgVV monograph on azinphos-methyl with any additional Australian regulatory conclusions and comments enclosed in square brackets [ ].  (Originals not sighted; APVMA, 2006)
	Assay 
	Cell type
	Concentration (or Dose)
	Metabolic activation
	Results
	Reference

	DNA Damage and Repair 

	32P-postlabeling 
	Calf thymus DNA 
	1 mM3
	+
	+
	Shah et al (1997) 

	Differential 

toxicity 
	E. coli W3110 

E. coli p3478 
	625-10000 μg/plate 
	+, –
	–, –
	♦Herbold (1984) 

	
	
	1 mg/disc 
	–
	–
	Simmon (1978) 

	
	B. subtilis H17 

B. subtilis M45 
	1 mg/disc 
	–
	–
	Simmon (1978) 

	Unscheduled DNA synthesis 
	NS 
	NS 
	+, –
	–, –
	Hrelia et al (1990) † 

	
	Rat hepatocytes 
	0.25-50.3 μg/mL DMSO vehicle 
	–
	–
	♦Myhr (1983) 

	
	Human lung fibroblasts (WI-38) 
	NS 
	+, –
	–, –
	Sandhu et al (1985)† 

	
	
	10-7-10–3 M 
	+, –
	+, –
	Simmon (1978) 

	
	
	NS 
	+, –
	–, –
	♦Waters et al (1982)† 

	Recombination 
	S. typhimurium 
SL 4700 (rec-/rfa-) 

SL 4525 (rec+/rfa-) 

TA 1978 (rfa-) 

TA 1538 uvrB-/rfa-) 
	NS 
	–
–
–
–
	–
–
–
–
	Sandhu et al (1985)† 

	
	
	NS
	–

–

–

–
	–

–

–

–
	♦Waters et al (1982)†

	
	S. cerevisiae D3 
	Up to 50 mg/mL 
	+, –
	+, +4
	Sandhu et al (1985)† 

	
	
	4.5 and 5% 
	+, –
	+, +
	Simmon (1978) 

	
	
	NS 
	+, –
	+, +
	♦Waters et al (1982)† 

	Reversion, gene conversion and crossing over 
	S. cerevisiae D7 
	500-25000 μg/mL 
	+, –
	–, +
	Bianchi et al (1994) 

	
	
	NS 
	+, –
	+
	Hrelia et al (1990)† 

	
	
	NS 
	+, –
	–, –
	Sandhu et al (1985)† 

	
	
	NS 
	+, –
	–, –
	♦Waters et al (1982)† 


Results (+, positive; –, negative) are expressed relative to the presence (+) or absence (–) of metabolic activation; NS = not specified; † = study report contained inadequate methodological and/or observational detail for regulatory purposes; ♦ studies were derived from the German BgVV monograph on azinphos-methyl with any additional Australian regulatory conclusions and comments enclosed in square brackets [ ].

4 The number of mutants was approximately 2-fold higher in the absence of metabolic activation   (Originals not sighted; APVMA, 2006)
	Assay 
	Bacterial strain or Cell type 
	Concentration (or Dose) 
	Metabolic activation 
	Results 
	Reference 

	Gene Mutation 

	S. typhimurium 
	TA98 

TA100 

TA1535 

TA1537 

TA1538 
	0-160 μg/plate 
	+,– 
	–,– 
	Evenchik (1987) 

	
	TA 98 

TA 100 

TA 1535 

TA 1537 
	4-2500 μg/plate 
	+,– 

+,– 

+,– 

+,– 
	–,– 

–,– 

–,– 

–,– 
	♦Herbold (1978) 

	
	TA 98 

TA 100 

TA 1535 

TA 1537 
	75-9600 μg/plate 
	+, – 

+, – 

+, – 

+, – 
	–, – 

–, – 

–, – 

–, – 
	♦Herbold (1988) (GLP) 

	
	TA 97 

TA 98 

TA 100 

TA 102 
	NS 
	+, – 

+, – 

+, – 

+, – 
	–, – 

–, – 

–, – 

–, – 
	Hrelia et al (1990)† 

	
	TA 98 

TA 100 

TA 1535 

TA 1537 

TA 1538 
	33-4000 μg/plate 
	+, – 

+, – 

+, – 

+, – 

+, – 
	–, – 

–, – 

–, – 

–, – 

–, – 
	♦Lawlor (1987) (GLP) 

	
	TA 98 

TA 100 

TA 1535 

TA 1537 

TA 1538 
	1 μg-10 mg/plate 
	+, – 

+, – 

+, – 

+, – 

+, – 
	–, – 

–, – 

–, – 

–, – 

–, – 
	Sandhu et al (1985)† 

	
	TA 100 

TA 1535 

TA 1537 

TA 1538 
	1-1000 μg/plate 
	+, – 

+, – 

+, – 

+, – 
	–, – 

–, – 

–, – 

–, – 
	Simmon (1978) 

	
	TA 98 

TA 100 

TA 1535 

TA 1537 

TA 1538 
	NS 
	+, – 

+, – 

+, – 

+, – 

+, – 
	–, – 

–, – 

–, – 

–, – 

–, – 
	♦Waters et al (1982)† 

	E. coli 
	WP2 (uvrA) 
	Up to 10 mg/plate 
	+, – 
	–, – 
	Sandhu et al (1985)† 

	
	WP2 (uvrA-) 
	1-1000 μg/plate 
	+, – 
	–, – 
	Simmon (1978) 

	
	
	NS 
	+, – 
	–, – 
	♦Waters et al (1982)† 

	S. cerevisiae 
	S138 and S211α 
	33.3-10000 μg/mL 
	+,– 
	–, – 
	♦Hoorn (1983) 

	
	D7 
	10-50 mg/mL 
	+, – 
	–, – 
	Sandhu et al (1985)† 

	
	D7 
	NS 
	+, – 
	–, – 
	♦Waters et al (1982)† 

	S. pombe 
	SP-198 
	3-95 mM 
	+, – 
	+, +2
	Gilot-Delhalle et al (1983)† 

	Mammalian cells 
	Mouse lymphoma L5178Y 
	NS 
	+, – 
	+, + 
	Sandhu et al (1985)† 

	
	
	NS 
	+, – 
	+, – 
	♦Waters et al (1982)† 


Results (+, positive; –, negative) are expressed relative to the presence (+) or absence (–) of metabolic activation; NS = not specified; † = study report contained inadequate methodological and/or observational detail for regulatory purposes; ♦ studies were derived from the German BgVV monograph on azinphos-methyl with any additional Australian regulatory conclusions and comments enclosed in square brackets [ ].

2 The number of mutants was approximately 2-fold higher in the absence of metabolic activation   (Originals not sighted; APVMA, 2006)
The CDPR reported several studies that examined structural activity relationships and/or the mutagenic potential of the structurally similar pesticide, azinphos-ethyl.  The SAR study cited considered chemicals containing alkyl phosphate esters as potential alkylating agents, but 6 of the 15 such chemicals examined were non-carcinogens and 3 where tested as equivocal carcinogens.  A further 3 proved negative in the Salmonella assay.  The CDPR also noted that the authors considered azinphos-methyl to give a positive Salmonella test in a study compromised by precipitated test material at very high concentrations.  Azinphos-ethyl was reported to give mixed results in in vitro studies and negative results in in vivo.  The CDPR noted that lack of concordance between in vitro and in vivo results for azinphos-methyl and azinphos-ethyl may be due to their high toxicity and/or their rapid metabolism.  

Justification: 

Weight of negative evidence: Azinphos-methyl displayed no evidence of genotoxicity in vivo [chromosomal effect assays (mouse micronucleus test, mammalian bone marrow cytogenetic test, mouse dominant lethal assay, recessive lethal test in D. melanogaster)], with limited evidence of genotoxicity in vitro.  Oncogenicity testing in rats and mice were negative for carcinogenic potential.  

In vitro effects were confined to the induction of forward mutations and clastogenetic effects in mammalian cells, and recombination in yeast.  However, any positive results were often contradicted by negative results in similar endpoints.  In addition, many of the evaluated studies, specifically the published studies, lacked sufficient methodological and observational data necessary for regulatory purposes.  

Structural activity relationships and comparisons with azinphos-ethyl also indicate that azinphos-methyl is not mutagenic in vivo.  

The Classification is consistent with APVMA (2004), USEPA (2006), CDPR (2006) and PMRA (2003) positions.  

Background:  

The mutagenicity of azinphos-methyl has been reported by several national regulatory agencies.  

The APVMA reported that azinphos-methyl displayed some genotoxic potential in vitro but no evidence of genotoxicity in vivo. In vitro effects were confined to the induction of forward mutations and clastogenetic effects in mammalian cells, and recombination in yeast. A proportion of the evaluated studies, specifically the published studies, lacked sufficient methodological and observational data necessary for Australian regulatory purposes.  The APVMA also gave critiques of the studies reporting positives results, and only that of Herbold (1986) was considered acceptable (APVMA, 2006).  
The US EPA classified azinphos-methyl as a "not likely" human carcinogen. This classification was based on the lack of evidence of carcinogenicity in male and female mice (MRID 00147895) and in male and female rats (MRID 41119901) (US EPA, 2006).  
The California Department of Pesticide Registration reported that azinphos-methyl was genotoxic in a number of in vitro assays, but not in any in vivo assays. Therefore, DPR toxicologists concluded that this limited evidence was insufficient to warrant further evaluation of the oncogenic potential of azinphos-methyl (CDPR, 2004).  

The PMRA concluded that the overall weight of evidence from a battery of in vitro and in vivo studies indicates that azinphos-methyl is not genotoxic (PMRA, 2003).  

11
Carcinogenicity 6.7
11.1
HSNO Classification  

CLASS 6.7 (carcinogenicity)


Classification: Carcinogenicity – No classification

Key study: 

· Type of study:
Rat combined (OECD Guideline 453);  

· Species: 
Rat;  

· Strain: 
Wistar;  

· Dose levels: 
0, 5, 15 and 45 ppm (estimated to be equivalent to 0, 0.25, 0.75, 2.25 mg/kg bw/day).

· Endpoint:
Clinical signs, mortality, body weight gain, food consumption, clinical chemistry, haematology or urinary parameters, organ weight, gross/microscopic abnormalities and tumour incidences;  

· Remarks: High-dose females exhibited a higher (80%) incidence of alopecia than the controls (30%). Mortality was unaffected by treatment at all dose levels. Food consumption of high-dose females was approximately 10% higher than the controls. There was no treatment-related effect on water consumption. The mean body weight of high-dose males was significantly lower than the control group throughout the study. There was no treatment-related effect on the incidence or location of palpable masses. There was no evidence of any treatment-related impairment or effect on clinical chemistry, haematology or urinary parameters with the exception of ChE activity. At 45 ppm, there was significant inhibition of ChE activity in plasma (38-66%) and RBC (23-31%) throughout the study and in the brain (32-55%) at 12 and 24 months. At 15 ppm, RBC ChE activity was significantly decreased (12-22%) in both sexes at most intervals whereas ChE activity in plasma and brain was decreased significantly in females only (12-35 and 21% respectively). At 5 ppm plasma and RBC ChE activities were, on occasion, slightly reduced compared with the control.

Gross pathology and organ weight analysis revealed no treatment-related changes after 12 and 24 months. Histopathological examination of animals from the control and treated groups revealed predominantly inflammatory or degenerative changes after 12 and 24 months that were typical spontaneous lesions of conventionally housed rats of the age and strain employed. The nature, incidence and distribution of these non-neoplastic lesions did not suggest an effect of treatment. The nature, incidence and time of appearance of benign, malignant and multiple neoplastic changes in all test groups showed only a slight variation, and there was no shift in the normal spectrum of neoplasms in any of the treated groups. Thus, there was no indication of a carcinogenic effect.  

· GLP: Yes;  

· Test Guideline: OECD 453; US EPA OPPTS;  

· Reference source: Schmidt WM (1987) “Azinphos-methyl: Study of chronic toxicity and carcinogenicity to Wistar rats (administration in the feed for up to 2 years).” Histopathology, EPS, Switzerland. Sponsor: Bayer AG, Germany. Report No. 16290. Unpublished.  (Original not sighted.)  (APVMA, 2006; CDPR, 2004);

· Reliability:  Klimisch score 1 = reliable without restrictions;
Key study: 

· Type of study:
Mouse oncogenicity study (OECD Guideline 451);
· Species: 
Mouse;  

· Strain: 
CD-1;  

· Dose levels:
0, 0.75, 3.0, 6.0 mg/kg bw/day.  (Initial top dose was approximately 12 mg/kg bw/day caused mortality so was reduced).  

· Endpoint:
Clinical signs, mortality, body weight gain, food consumption, clinical chemistry, haematology or urinary parameters, organ weight, gross/microscopic abnormalities and tumour incidences;  

· Remarks: There were no treatment-related effects on clinical signs, mortality, body weight gain, food consumption, haematological parameters, organ weight, gross/microscopic abnormalities and tumour incidences up to 40 ppm.  The NOEL was 5 ppm (equivalent to 0.79 and 0.98 mg/kg bw/day in males and females respectively) based on inhibition of plasma, RBC, and brain ChE activities at 3.49 and 4.12 mg/kg bw/day for males and females respectively. There was no evidence that azinphos-methyl up to 40 ppm (estimated to be equivalent to 6 mg/kg bw/day) was tumorigenic in mice.
· GLP: Yes;  

· Test Guideline: OECD 451; US EPA OPPTS;  

· Reference source: Hayes RH (1985) “Oncogenicity study of azinphos-methyl (®Guthion) in mice.” Mobay Chemical Corporation, Environmental Health Research, Corporate Toxicology Department, Stilwell, Kansas, USA. Sponsor: Mobay Chemical Corporation, Agricultural and Chemicals Division, Kansas City, Missouri, USA. Report No. 80-271-02. Unpublished.   (Original not sighted.)  (APVMA, 2006; CDPR, 2004);

· Reliability:  Klimisch score 1 = reliable without restrictions;
Justification: Schmidt WM (1987) & Hayes RH (1985) were conducted to Guidelines and GLP.  The Classification is supported by APVMA, USEPA and PMRA positions, and the negative in vivo mutagenicity results.  

Background:  

The carcinogenicity of azinphos-methyl has been reported by several national regulatory agencies.  

The APVMA stated that there have been no reported effects of azinphos-methyl on gross pathology, histopathology or tumour incidences in mice, rats or dogs, and thus there is no evidence of any carcinogenic potential (APVMA, 2006).  
The US EPA classified azinphos-methyl as a "not likely" human carcinogen. This classification was based on the lack of evidence of carcinogenicity in male and female mice (MRID 00147895) and in male and female rats (MRID 41119901) (US EPA, 2006).  
The California Department of Pesticide Registration concluded that the weight of evidence for oncogenicity was limited for azinphos-methyl.  They noted an increase in endocrine tumors in several sites in one sex and one strain of rats, and an increase in a common tumor (hepatocellular adenomas and carcinomas) in one sex (males) of one strain of mice. However, CDPR considered that the findings in both of these studies were compromised by an inadequate number of concurrent controls, and the increases were only statistically significant when compared with pooled controls. The CDPR noted that similar increases in these tumors were not seen in other rat and mouse oncogenicity studies which met FIFRA guidelines (CDPR, 2004).  

The PMRA concluded that azinphos-methyl demonstrated no evidence of tumorigenicity in rats or mice following chronic dosing (PMRA, 2003).  

12
Reproductive Toxicity 6.8
12.1
HSNO Classification  

CLASS 6.8 (reproductive toxicity)


Classification: Reproductive toxicity – No classification

Key study: 

· Type of study:
Rat 2-generation reproductive study (OECD Guideline 416);  

· Species: 
Rat;  

· Strain: 
Wistar;  

· Dose levels:
0, 5, 15 and 45 ppm (equivalent to 0, 0.33-0.42, 1.02-1.22 and 3.46-7.37 mg/kg bw/day in males and 0, 0.48-0.67, 1.48-2.02 and 4.84-10.27 mg/kg bw/day in females);  
· Endpoint:
Toxicity and fertility parameters (insemination, fertility and gestation indices, and gestation period), the number of pups at birth, the number of still born pups, the ratio of male:female pups, litter size, the lactation index and pup birth weight etc.;  

· Remarks: The NOEL for parental toxicity was 15 ppm (equivalent to 1.02–1.22 mg/kg bw/day in males and 1.48-2.02 mg/kg bw/day in females) based on decreased body weight gain in both F0 and F1B parental animals at 45 ppm (equivalent to 3.46-7.37 and 4.84-10.27 mg/kg bw/day males and females respectively). The NOEL for peri/post-natal toxicity was also considered to be 15 ppm based on decreased pup body weight and viability at 45 ppm. The NOEL for reproductive toxicity was 45 ppm (equivalent to 3.46-7.37 and 4.84-10.27 mg/kg bw/day in males and females respectively), the highest dose tested, based on the absence of any reproductive effects at this dose.  The two-generation reproductive toxicity study in rats showed no increased susceptibility in pups when compared to adults.  
· GLP: Yes;  

· Test Guideline: OECD 416; US EPA OPPTS;  

· Reference source: Eiben R & Janda B (1987) “R1582 (common name: azinphos-methyl, the active ingredient of Guthion): Two-generation study on rats.” Study No. T 6006415. Institute of Toxicology, Industrial Chemicals, Fachbereich Toxikologie, Bayer AG, Wuppertal, Germany. Sponsor: Bayer AG, Toxicology Department, Wuppertal, Germany. Report No. R3956. Unpublished.  (Original not sighted.)  (APVMA, 2006; CDPR, 2004);  

· Reliability:  Klimisch score 1 = reliable without restrictions;  
Justification: Eiben R & Janda B (1987) was conducted to Guideline and GLP.  This study is also supported by a rat 1-generation reproductive toxicity study (Holzun, 1990: The NOEL for parental toxicity was < 5 ppm (equivalent to < 0.43 mg/kg bw/day in males and < 0.55 mg/kg bw/day in females) based on inhibition of plasma ChE activity in females, and inhibition of RBC ChE activity in both males and females at this dose. The NOEL with respect to reproduction was 5 ppm (equivalent to 1.30 and 1.54 mg/kg bw/day in males and females respectively), based on a reduced viability index and retardation of growth in F1 pups at 15 ppm when both F0 parents were treated with azinphos-methyl.).  The Classification is supported by APVMA, USEPA and PMRA positions.  

Background:  

The reproductive toxicity of azinphos-methyl has been reported by several national regulatory agencies.  

The APVMA concluded that there was no evidence that azinphos-methyl affected reproductive parameters in mice, rats or rabbits. However, the APVMA noted at maternotoxic doses azinphos-methyl was toxic to both parental animals and their offspring. The toxic effect on offspring was observed as reduced pup weight and viability during lactation, and was possibly the consequence of reduced maternal care or lactation.  In mice, an approximately 80% reduction in mean litter size at weaning (d 21) occurred while in rats, pup growth and viability were reduced at doses that caused marked inhibition of ChE activity, clinical signs of intoxication, and/or deaths in maternal animals. The APVMA considered that these effects on pups were possibly the result of maternal toxicity (ie lack of care or lactation due to poor maternal health) (APVMA, 2006).  
The US EPA considered that the toxicity database included an acceptable two-generation reproduction study in rats. Both a one- and a two-generation reproductive toxicity study in rats showed no increased susceptibility in pups when compared to adults (US EPA, 2006).  
The California Department of Pesticide Registration noted that the effects observed in the parental generations of the reproductive toxicity studies for azinphos-methyl included death, convulsions, inertia, stumbling gait, nasal discharge, inflammation around eyes, alopecia, impaired spermatogenesis, reduced body weights, reduced ChE activity in plasma, RBC and brain, and hyperemia and edema of the lungs and liver. The effects observed in pups included reduced body weights and survival. The lowest NOEL for overt toxicity in these studies was 5 ppm (F0M: 0.33 mg/kg/day; F0F: 0.48 mg/kg/day; F1BM: 0.42 mg/kg/day; F1BF: 0.67 mg/kg/day) based on reduced survival of pups (2-generation study: Eiben and Janda, 1984). The lowest NOEL for blood ChE inhibition was less than was 5 ppm (M: 0.43 mg/kg/day; F: 0.55 mg/kg/day) based on reduced RBC ChE activity (53-81% of controls) in adult rats (1-generation study: Holzum, 1990) (CDPR, 2004).  
The PMRA concluded that azinphos-methyl did not cause reproductive toxicity in rats other than reduced viability of the young at doses that were maternally toxic. Thus, the overall evidence from the reproductive toxicity studies indicates that there is no increased sensitivity of the young to azinphos-methyl relative to adult animals (PMRA, 2003).  
13
Developmental Toxicity 6.8
13.1
HSNO Classification  

CLASS 6.8 (developmental toxicity)


Classification: Developmental toxicity – No classification

Key study: 

· Type of study:
Rat teratogenicity study (OECD Guideline 414); 

· Species: 
Rat;  

· Strain: 
Crl:CD BR;  

· Dose levels:
0, 0.5, 1.0 and 2.0 mg/kg bw/day;  
· Endpoint:
Appearance, behaviour, mortality, food consumption, and body weight gain of the dams, reproduction parameters, embryotoxicity, foetotoxicity or teratogenicity etc.;  

· Remarks: There were no treatment-related malformations, changes in the frequency of common variations, or delayed ossification of the foetal skeleton. There was a statistically higher incidence of incomplete ossification of certain vertebrae and sternebrae at 0.5 mg/kg bw/day compared to the control but not at higher doses. There was incomplete ossification in the 4th sternebrae in treated foetuses but in the absence of a clear dose-response effect and relevant historical data the toxicological significance of this result was unclear. The NOEL for maternal toxicity was 1.0 mg/kg bw/day based on the inhibition of RBC and brain ChE activity at 2.0 mg/kg bw/day. The NOEL for developmental toxicity was 2.0 mg/kg bw/day, the highest dose tested.  

· GLP: Yes;  

· Test Guideline: OECD 414; US EPA OPPTS;  

Reference (including date of original source): Kowalski RL, Clemens GR, Bare JJ & Hartnagel Jr. RE (1987a) “A teratology study with azinphos-methyl (Guthion® technical) in the rat.” Miles Inc., Toxicology Department, Elkhart, IN, USA. Sponsor: Mobay Chemical Corp, Kansas City, MO, USA. Report No. MTD0043 and 94987. Unpublished.  (Original not sighted.)  (APVMA, 2006; CDPR, 2004);

· Reliability:  Klimisch score 1 = reliable without restrictions;  
Key study: 

· Type of study:
Rabbit teratogenicity study (OECD Guideline 414);   

· Species: 
Rabbit;  

· Strain: 
American Dutch;  

· Dose levels:
0, 1, 2.5 and 6 mg/kg bw/day;  
· Endpoint:
Appearance, behaviour, mortality, food consumption, and body weight gain of the dams, reproduction parameters, embryotoxicity, foetotoxicity or teratogenicity etc.;  

· Remarks: There were no external and visceral foetal abnormalities at termination on day 28 that could be attributed to the administration of azinphos-methyl. Additionally there were no treatment-related effects on the development of the foetal skeleton or on the incidence of malformations or variations. The NOEL for PO administration of azinphos-methyl to pregnant rabbits was 1.0 mg/kg bw/day with respect to maternal toxicity, based on inhibition of RBC and plasma ChE activity at 2.5 mg/kg bw/day and above and clinical signs (ataxia, tremor) at 6 mg/kg bw/day. The NOEL for developmental toxicity was 6 mg/kg bw/day, the highest dose tested.
· GLP: Yes;  

· Test Guideline: OECD 414; US EPA OPPTS;  

· Reference (including date of original source): Clemens CR, Bare JJ & Hartnagel Jr RE (1988) “A teratology study in the rabbit with azinphos-methyl (Guthion® technical).” Report no. MTD0070. Miles Inc., Toxicology Department, Elkhart, IN, USA. Sponsor: Mobay Chemical Corp, Kansas City, MO, USA. Unpublished.  (Original not sighted.)  (APVMA, 2006; CDPR, 2004);  

· Reliability:  Klimisch score 1 = reliable without restrictions;  
Justification: Kowalski RL et al. (1987a) & Clemens et al. (1988) were conducted to Guideline and GLP.  Developmental toxicity studies showed no evidence of additional sensitivity in foetuses as compared to maternal animals following in utero exposure in rats and rabbits.  There was no evidence of abnormalities in the development of the foetal nervous system in the pre/postnatal studies. Neither brain weight nor histopathology (non-perfused) of the nervous system was affected in the subchronic and chronic toxicity studies.  The Classification is supported by APVMA, USEPA and PMRA positions.  

Background:  

The developmental toxicity of azinphos-methyl has been reported by several national regulatory agencies.  

The APVMA reported that in developmental studies, no major malformations were observed in mice, rats or rabbits. In mice, findings including malaligned sternebrae, reduced foetal weight and supernumerary ribs (SNR) were observed at maternally toxic doses. As SNR are known to be caused by maternal stress in CD1 mice, it was concluded that this treatment-related effect was due to poor maternal health. In the majority of studies using rats, signs of maternal toxicity (significantly reduced weight gain and food consumption, an increase in cholinergic signs) were noted at dose levels that also affected pups (reduced gestation index, pup survival and weight gain) which again supports the premise that poor maternal health leads to reduced maternal care and thus reduced pup health (APVMA, 2006).  
The US EPA considered that the toxicity database includes acceptable prenatal developmental toxicity studies in rats and rabbits.  The US EPA concluded that developmental toxicity studies showed no evidence of additional sensitivity in fetuses as compared to maternal animals following in utero exposure in rats and rabbits.  The US EPA found no evidence of abnormalities in the development of the fetal nervous system in the pre/postnatal studies. Neither brain weight nor histopathology (nonperfused) of the nervous system was affected in the subchronic and chronic toxicity studies (US EPA, 2006).  
The California Department of Pesticide Registration reported several developmental toxicity studies where maternal effects were observed after repeated, daily exposure to azinphos-methyl for 1 to 2 weeks. Ataxia and tremors were observed in rabbits at 6 mg/kg/day on gestation day 16 (Day 10 of exposure). Reduced body weight gains were seen in one rat study. Plasma, RBC and brain ChE activity were reduced in a few studies where it was measured. The lowest NOEL for overt toxicity in the developmental toxicity studies was 1 mg/kg/day based on reduced brain ChE activity (61% of controls) in rats. The lowest NOEL for blood ChE inhibition was less than 1 mg/kg/day based on reduced RBC ChE activity (86% of controls) in rabbits (CDPR, 2004).  
The PMRA concluded that developmental toxicity studies in rats and rabbits showed no evidence of teratogenic effects and no additional sensitivity of the fetus following in utero exposure to azinphosmethyl; maternal no observed adverse effect levels (NOAELs) are lower than NOAELs in the offspring (PMRA, 2003).  

14
Reproductive or Developmental Toxicity on or via Lactation 6.8C
14.1
HSNO Classification  

CLASS 6.8 (reproductive or developmental effects on or via lactation)


Classification: 
Reproductive or developmental effects on or via lactation – Insufficient evidence

Key study: 

· Type of study:
Rat 2-generation reproductive study (OECD Guideline 416);  

· Species: 
Rat;  

· Strain: 
Wistar;  

· Dose levels:
0, 5, 15 and 45 ppm (equivalent to 0, 0.33-0.42, 1.02-1.22 and 3.46-7.37 mg/kg bw/day in males and 0, 0.48-0.67, 1.48-2.02 and 4.84-10.27 mg/kg bw/day in females);  
· Endpoint:
Toxicity and fertility parameters (insemination, fertility and gestation indices, and gestation period), the number of pups at birth, the number of still born pups, the ratio of male:female pups, litter size, the lactation index and pup birth weight etc.;  

· Remarks: The reduction in viability and lactation indices at 45 ppm (equivalent to 3.46-7.37 and 4.84-10.27 mg/kg bw/day males and females respectively), and the reductions in pup body weight after parturition, were suggestive of a reduction in lactation or reduced maternal care at this dose, which also caused frank maternal toxicity;  

· GLP: Yes;  

· Test Guideline: OECD 416; US EPA OPPTS;  

· Reference source: Eiben R & Janda B (1987) “R1582 (common name: azinphos-methyl, the active ingredient of Guthion): Two-generation study on rats.” Study No. T 6006415. Institute of Toxicology, Industrial Chemicals, Fachbereich Toxikologie, Bayer AG, Wuppertal, Germany. Sponsor: Bayer AG, Toxicology Department, Wuppertal, Germany. Report No. R3956. Unpublished.  (Original not sighted.)  (APVMA, 2006; CDPR, 2004);

· Reliability:  Klimisch score 1 = reliable without restrictions;  
Justification: Eiben R & Janda B (1987) was conducted to Guideline and GLP.  There is insufficient evidence to show or discount a specific substance effect on or via lactation.  A two-generation reproductive toxicity study in rats showed reductions in lactation index and pup body weight after parturition, suggestive of a reduction in lactation or reduced maternal care, but at doses causing frank maternal toxicity.  [APVMA comment that no levels of AZM in milk were reported.]  In a one-generation reproductive toxicity study in rats where there was no reduction in lactation index, dam feed intake was significantly reduced.   

Background:  

The potential adverse reproductive or developmental effects on or via lactation by azinphos-methyl has not been specifically reported by national regulatory agencies.  

The APVMA noted that the toxic effect on offspring observed during reproductive and developmental toxicity studies was reduced pup weight and viability during lactation, and concluded that this was possibly the consequence of reduced maternal care or lactation.  Specifically, in mice, an approximately 80% reduction in mean litter size at weaning (Day 21) occurred while in rats, pup growth and viability were reduced at doses that caused marked inhibition of ChE activity, clinical signs of intoxication, and/or deaths in maternal animals. These effects on pups were possibly the result of maternal toxicity (ie lack of care or lactation due to poor maternal health) (APVMA, 2006).  
The US EPA considered that the toxicity database was complete (US EPA, 2006).  
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Specific Target Organ Toxicity 6.9 (Single Dose – Oral)
15.1
HSNO Classification  

CLASS 6.9 (specific target organ toxicity) 


Classification: 
Specific target organ toxicity (Single dose – oral) – 6.9A

Key study: 

· Type of study:
Acute oral neurotoxicity screening study;  

· Species: 
Rat;  

· Strain: 
Fischer 344;    

· Dose levels:
0, 2, 6 and 12 mg/kg bw for males, and at 0, 1, 3 and 6 mg/kg bw for females;  
· Endpoint:
Neurobehavioural testing, and ChE determinations;  

· Remarks: Treatment-related clinical signs included muscle fasciculations, tremors, incoordinated gait, and oral (males), urinary and nasal staining (both sexes). Significant FOB findings were observed on day 0. No histopathological abnormalities attributable to treatment were observed. Significant inhibition of plasma and RBC ChE activities was observed about 90 minutes after dosing at and above 2 mg/kg bw in males, and at 3 mg/kg bw in females. Brain ChE activity was significantly lower in males at and above 6.0 mg/kg bw, and in females at 3 mg/kg bw.  LOAEL = 2 mg/kg bw in males; NOAEL = 1 mg/kg bw in females, but not determined in males;  
· GLP: 
Yes;  

· Test Guideline:
FIFRA – Neurotoxicity;   

· Reference source: Sheets LP & Hamilton BF (1994) “An acute oral neurotoxicity screening study with technical grade azinphos-methyl (Guthion) in Fischer 344 rats.” Project no: 93-412-UM, Lab: Miles Inc, Agriculture Division, Toxicology, 17745 South Metcalf, Stilwell, KS 66085-9104, USA, Sponsor: Bayer AG, Germany. Study duration: June 28 – August 29, 1994. Report no. 7377. Report date: August 29, 1994.  Unpublished.  (Original not sighted.)  (APVMA, 2006);

· Reliability:  Klimisch score 1 = reliable without restrictions;  
Justification: Sheets & Hamilton (1994) was conducted to Guideline and GLP.  The result was supported a single-dose capsule human study by McFarlane & Freestone 1999a conducted to GCP/GLP, with NOAEL = 1.0 (M) and 0.75 (F) mg/kg b.w. highest doses used.  The LOAEL (≤ 2 mg/kg b.w.) is well below the threshold for 6.9A classification for single dose exposures in Table 17.1 of the User Guide (ERMA, 2008).  The inhibition of plasma, erythrocyte and brain cholinesterase activity appears to be the most sensitive indicator of AZM toxicity, and occurs by all routes and exposures of different durations.  No appreciable species differences in the relative sensitivity of cholinesterase activity were noted between mice, rats and dogs.  Females may be more sensitive than males, based on rat studies of various durations.  Duration of dosing has little impact on toxicity, based on the results of subchronic and chronic studies.   

Background:  

The specific target organ toxicity of azinphos-methyl as the result of a single oral exposure has been reported by several national regulatory agencies.  

The APVMA reported that the inhibition of plasma and/or RBC ChE activities occurs at relatively low dose levels. There was little intra- and inter-species variability in the NOELs for inhibition of plasma ChE activity when azinphos-methyl was administered orally. In a recent study (McFarlane and Freestone,1999a) in human volunteers, azinphos-methyl was tolerated (without effect on vital signs, ECG, haematology, clinical chemistry, urinary parameters and plasma and RBC ChE activity), by males as a single PO dose up to 1.0 mg/kg bw and in females at 0.75 mg/kg bw/day (APVMA, 2006).  
The US EPA reported that their acute (1-day) dietary risk was estimated using an acute RfD of 0.003 mg/kg/day, based on a LOAEL of 1 mg/kg/day from an acute neurotoxicity study in rats (MRID 43360301). This LOAEL was selected based on inhibition of plasma, red blood cell, and brain cholinesterase observed following a single dose. No NOAEL was observed in this study.  The US EPA noted that data from a 1998 single-dose oral study in human volunteers suggest that humans are no more sensitive than rats to a 1-day oral exposure to azinphos-methyl (US EPA, 2006).  
The California Department of Pesticide Registration noted that by the oral route, rats and dogs appear to be more susceptible to the acute toxicity of azinphos-methyl than guinea pigs. The clinical signs observed with the technical grade material included tremors, twitching, convulsions, staggering gait, prostration, salivation, breathing difficulties, lethargy, and piloerection, all typical of ChE inhibition.  The onset of signs was 5 to 20 minutes after dosing and usually lasted 1-2 days. A NOEL could not be established in most studies either due to the dose levels being too high or insufficient information, but in one study a NOEL was established for rats at 1 mg/kg/day (Mihail, 1978). All of the animals (males and females) at the LOEL (2.5 mg/kg) exhibited unspecified cholinergic signs (CDPR, 2004).  
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Specific Target Organ Toxicity 6.9 (Single Dose – Dermal)
16.1
HSNO Classification  

CLASS 6.9 (specific target organ toxicity) 


Classification: 
Specific target organ toxicity (Single dose – dermal) – 6.9A

Key study: 

· Type of study:
Dermal absorption study;  

· Species: 
Rat;  

· Strain: 
Sprague-Dawley;    

· Dose levels:
nominal dose of 0, 0.056, 0.56 or 5.6 mg/kg bw (0, 0.0196, 0.196 or 1.96 mg/kg bw as ai). The actual administered dose, calculated by subtracting the radioactivity remaining on the applicator, ranged between 90-106% of the nominal dose (ie 0.051, 0.53 or 5.9 mg/kg bw as the WP, or 0, 0.018, 0.185 or 2.08 mg/kg bw calculated as ai);  

· Endpoint:
ChE determinations, (absorption parameters);  

· Remarks: There were no deaths, body weight changes or treatment-related clinical signs observed.  Significant inhibition of ChE activity was only observed in erythrocytes at 10 and 24 h after treatment at 2.08 mg/kg bw ai.  It should be noted that the group size for treated animals for ChE assays was 4, whereas the controls numbered 8 (4 untreated and 4 sham-treated).  LOAEL = 2.08 mg/kg bw ai; NOAEL = 0.185 mg/kg bw ai;  
· GLP: 
Yes;  

· Test Guideline:


· Reference source: Schroeder RS (1992) “Dermal absorption of azinphos-methyl by rats from a Guthion 35% wettable powder formulation using 14C-azinphos-methyl.” Study no: 90-722-GE. Lab: Miles Inc., Agriculture Division, Stilwell, Kansas, USA. Sponsor: Miles Inc, Agriculture Division, Kansas City, Missouri, USA. Study duration: October 1990 - March 1991. Report no. 90-722-GE. Report date: March, 1992.  Unpublished.  (Original not sighted.)  (APVMA, 2006);

· Reliability:  Klimisch score 2 = reliable with restrictions;  
Justification: Schroeder (1992) was conducted to GLP using 35% WP.  The LOAEL (≤ 2.08 mg/kg b.w.) is well below the threshold for 6.9A classification for single dose exposures in Table 17.1 of the User Guide (ERMA, 2008).  
Background:  

The specific target organ toxicity of azinphos-methyl as the result of a single dermal exposure has been reported by national regulatory agencies.  

The California Department of Pesticide Registration noted that by the dermal route the clinical signs observed were similar to those observed with the oral route, except that erythema was noted at the site of application. A NOEL was not established for the technical grade material in any of the studies. A LOEL of 63 mg/kg in female rats was reported. There were no mortalities at the LOEL, but all females at the LOEL exhibited unspecified cholinergic signs. Possible compound-related gross lesions observed at necropsy in these studies were pulmonary emphysema, enlarged adrenal glands, dark liver, pale spleen, reddened renal medulla, and ulcers (CDPR, 2004).  

The PMRA reported that for short-term dermal exposure (days 1–7), the toxic endpoint selected was from a dermal absorption study in rats with a NOAEL of 0.56 mg/kg bw/day based on minimal inhibition of erythrocyte cholinesterase (EChE) activity at 5.6 mg/kg bw (LOAEL) (PMRA, 2003).  [Note: this is Schroeder (1992) data, but reported as nominal formulation not actual a.i. doses.]  
17
Specific Target Organ Toxicity 6.9 (Single Dose – Inhalation)
17.1
HSNO Classification  

CLASS 6.9 (specific target organ toxicity) 


Classification: 
Specific target organ toxicity (Single dose – inhalation) – 6.9A

Key study: 

· Type of study: LC50 (4h, head-only); mist;   

· Species: Rat;  

· Strain: 
Sprague-Dawley;  

· Endpoint: 0.132 mg/L (132 mg/m3) in females;  

· Remarks: All of the female rats at the lowest dose tested (80 mg/m3 or 14.4 mg/kg) exhibited several cholinergic signs (ocular and nasal discharge, salivation, hypoactivity, tremors, and/or twitching). No mortalities occurred at this dosage. Red turbinates and lungs were observed at necropsy in several high-dose animals that died.  LOAEL ≤ 0.8 mg/L (80 mg/m3);  

· GLP: Yes;  

· Test Guideline: US EPA OPPTS 81-3;  

· Reference source: Shiotsuka RN (1987a) “Acute four-hour inhalation toxicity study with ®GUTHION technical in rats.” Mobay Corporation, Corporate Toxicology Dept. Stilwell, Kansas, USA. Unpublished.  (Original not sighted.)  (CDPR, 2004; APVMA, 2006; US EPA, 2006);    

· Reliability:  Klimisch score 1 = reliable without restrictions; 

Justification: Shiotsuka RN (1987a) was conducted to Guideline and GLP.  Note, no NOAEL was established, but the LOAEL (0.8 mg/L) is below the threshold for 6.9A (single exposure).  The LOAEL (≤ 0.8 mg/L) is well below the threshold for 6.9A classification for single dose exposures in Table 17.1 of the User Guide (ERMA, 2008).  The result is supported by Kimmerle (1966) - Klimisch score 4 = not assignable.  
Background:  

The specific target organ toxicity of azinphos-methyl as the result of a single inhalation exposure has been reported by national regulatory agencies.  

The California Department of Pesticide Registration reported that an acute inhalation NOEL of 23 mg/m3 (4.1 mg/kg) was established in male rats exposed (whole body: Kimmerle, 1966) for 4 hours to azinphos-methyl. All of the males at the LOEL (59 mg/m3) exhibited unspecified signs of toxicity.  In another 4-hr inhalation LC50 study (head only), all of the female rats at the lowest dose tested, 80 mg/m3 (14.4 mg/kg) exhibited cholinergic signs (ocular and nasal discharge, salivation, hypoactivity, tremors, and/or twitching) (Shiotsuka, 1987). A NOEL of 1.4 mg/kg could be estimated for this study by dividing the lowest-observed-effect level (LOEL) by an uncertainty factor (CDPR, 2004).
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Specific Target Organ Toxicity 6.9 (Repeat Dose – Oral)
18.1
HSNO Classification  

CLASS 6.9 (specific target organ toxicity) 


Classification: 
Specific target organ toxicity (Repeat dose – oral) – 6.9A

Key study: 

· Type of study:
Dog 52-week dietary study (OECD Guideline 452);  

· Species: 
Dog;  

· Strain: 
Beagle;  

· Dose levels:
0, 5, 25 and 125 ppm (estimated to be equivalent to 0, 0.125, 0.625 and 3.125 mg/kg bw/day);  

· Endpoint:
Clinical signs, mortality, body weight gain, food consumption, clinical chemistry, haematology or urinary parameters, organ weight, gross/microscopic abnormalities and tumour incidences etc.;  

· Remarks: There were no deaths throughout the study. There appeared to be an increase in the incidence of vomiting, vomiting mucus, diarrhoea, and faeces with mucus, in mid- and high-dose males although a clear dose-response trend was not evident as the high-dose group showed fewer clinical signs than the mid-dose group. There was no clear treatment-related increase in clinical signs in females due to the high incidence of clinical signs displayed by the control group. The large increase in the incidence of diarrhoea at 125 ppm in females was attributed to a single dog with a chronic case of diarrhoea. There was no difference in food consumption, hearing performance and ophthalmoscopy parameters between treated and control animals.

There was a clear treatment-related effect on RBC, plasma and/or brain ChE activity at 25 and/or 125 ppm. At 25 ppm, a significant transient 40% depression in RBC ChE activity was observed in males at week 13, while females showed consistently depressed RBC ChE activity (35-43%) from week 13. At 25 ppm, a 30-33% depression in plasma ChE activity occurred in females during the later half of the study though this effect was not statistically significant. At 125 ppm, male RBC and plasma ChE activities were significantly depressed (66-88 and 53-58% respectively) from week 4 and 13 respectively, while the RBC and plasma ChE activity of females was significantly depressed (86-92 and 52-57% respectively) from week 4. At 125 ppm, brain ChE activity was also significantly lower than the control (27% for males and 20% for females). Cytochrome P-450 levels were elevated in high-dose animals but only males were determined to be statistically higher than their controls.  

There was no treatment-related effect on haematology or urinary parameters. Although there was no effect on absolute organ weights, there was evidence of a treatment-related effect on spleen:body weight and spleen:brain weight ratios in treated males The study authors concluded that the reduction in spleen weight in males could be attributed to a higher proportion of control males showing splenic congestion. Treated males also had statistically lower liver:brain weight ratios with high-dose males also having a statistically lower kidney:brain weight ratio compared to the control group. There was no treatment-related effect on organ weights, organ:body weight and organ:brain weight ratios in females. All pathology findings were within normal range of spontaneous background alterations, which may be encounted in this age and breed of dog. There was no evidence of any abnormal histopathological occurrences in azinphos-methyl-treated dogs.
Azinphos-methyl was not tumorigenic in dogs fed diets containing up to 125 ppm (estimated to be equivalent to 3.125 mg/kg bw/day)

NOAEL:  5 ppm (estimated to be equivalent to 0.125 mg/kg bw/day)

LOAEL:  25 ppm (estimated to be equivalent to 0.625 mg/kg bw/day) based on a depression in RBC counts and plasma CHE activity.
· GLP: Yes;  

· Test Guideline: OECD 452;  

· Reference source: Allen TR, Frei Th, Janiak T, Luetkemeier H, Vogel O, Biedermann K & Wilson J (1990) “52-week oral toxicity (feeding) study with azinphos-methyl (E 1582) in the dog.” Report No. R 5064. RCC Research and Consulting Company AG, Itingen, Switzerland. Sponsor: Bayer AG, Fachbereich Toxikologie, Wuppertal, Germany. Unpublished.  (Original not sighted.)  (CDPR, 2004; APVMA, 2006; US EPA, 2006);    

· Reliability:  Klimisch score 1 = reliable without restrictions;  

Justification: Allen et al. (1990) was conducted to GLP and OECD 452.  The LOAEL (≤0.625 mg/kg bw/day) is well below the threshold for 6.9A classification for repeat dose exposures in Table 17.2 of the User Guide (ERMA, 2008).  The LOAEL is supported by:

2-year dietary rat study: LOAEL = 15 ppm equivalent to 0.25 and 0.31 mg/kg bw/day in males and females respectively; OECD 453, GLP; Schmidt, 1987 (See Class 6.7 above);  

104-week dietary mouse study: LOAEL = 3.49 and 4.12 mg/kg bw/day for males and females respectively; OECD 451, GLP; Hayes, 1985 (See Class 6.7 above);  

13-week gavage rat study: LOAEL = 0.86 mg/kg b.w./day); GLP; Broadmeadow, 1987 (See below);  

28-day capsule human study: NOAEL = 0.25 (M) mg/kg b.w. highest dose used; GCP/GLP; McFarlane & Freestone 1999b (See human data below).

The inhibition of plasma, erythrocyte and brain cholinesterase activity appears to be the most sensitive indicator of AZM toxicity, and occurs by all routes and exposures of different durations.  No appreciable species differences in the relative sensitivity of cholinesterase activity were noted between mice, rats and dogs.  Females may be more sensitive than males, based on rat studies of various durations.  Duration of dosing has little impact on toxicity, based on the results of subchronic and chronic studies.  No evidence of histopathological effects on the central nervous system in any of the available studies was noted, even though AZM did induce neurobehavioral observations.  Delayed neurotoxicity was not apparent in hens following acute exposure.  

Human studies (single and 28 day dosing) confirmed that animal species were relatively conservative surrogates.  

Background:  

The specific target organ toxicity of azinphos-methyl as the result of repeated oral exposure has been reported by several national regulatory agencies.  

The APVMA noted that as with other organophosphorus pesticides, the typical toxicological effects of azinphos-methyl during chronic studies in mice, rats and dogs included dose-related ChE inhibition (plasma, RBC and brain) and classic cholinergic signs (body tremors, convulsions, muscle weakness, reduced weight gain) and mortality. There have been no reported effects of azinphos-methyl on gross pathology, histopathology or tumour incidences in mice, rats or dogs, and thus there is no evidence of any carcinogenic potential.  In long-term studies, ChE inhibition which is the most sensitive indicator of toxicity, has been observed at and above 3.49, 0.75 and 0.5 mg/kg bw/day in mice, rats and dogs respectively (inhibition of plasma, RBC and brain ChE activities in mice and rats, inhibition of plasma and RBC activities in dogs). Other effects including decreased body weight gain were seen at higher doses (APVMA, 2006).
STUDY TYPE:  13 weeks oral feeding study in rodents

SPECIES:  Rats

STRAIN:  CD

DOSE LEVELS:  0, 0.2, 0.8, 3.2 mg/kg bw/day

REMARKS:  At top dose inhibition of brain and RBC CHE was seen together with the presence of viscous yellow fluid in the small intestine of male animals.

GLP: Yes

TEST GUIDELINE: No

NOAEL:  0.215 mg/kg bw/day

LOAEL: 0.86 mg/kg bw/day based on RBC CHE depression and salivation in males.

REFERENCE:  Broadmeadow A (1987) Cotnion technical: Toxicity study by oral (gavage) administration to CD rats for 13 weeks. Report no. 86/MAK057/342. Lab: Life Sciences Research Ltd., Eye, Suffolk, England.  (Original not sighted.)  (APVMA, 2006)

The APVMA commented that the main deficiencies in this study were the absence of pre-treatment haematology, clinical chemistry or urinary parameters measurements, and that no historical control data were provided.

The US EPA reported that the chronic dietary risk was estimated using a chronic RfD of 0.00149 mg/kg/day, based on a NOAEL of 0.149 mg/kg/day established in a 1-year chronic toxicity study in dogs (MRID 41804801). The LOAEL in this study was 0.688 mg/kg/day for males and 0.775 mg/kg/day for females, based on the above noted significant decreases in red blood cell cholinesterase activity in both sexes as well as an increased incidence of diarrhea in males (US EPA, 2006).

The California Department of Pesticide Registration reported that while brain ChE inhibition was one of the more sensitive endpoints for overt toxicity for azinphos-methyl in most studies, it does not appear to be the most sensitive endpoint in one chronic dog study that was used for evaluating chronic exposure (Allen, 1990). An increase in diarrhea and mucus in the feces was observed in males at a dose level which did not produce significant brain ChE inhibition. These effects could be due to systemic or localized peripheral ChE inhibition. Although the increase in males did not exhibit a clear dose-response, a health protective assumption was made that the increase in frequency in males at 25 ppm was treatment-related and the NOEL was set at 5 ppm (M: 0.15 mg/kg; F: 0.16 mg/kg). If only the diarrhea in the females at 125 ppm was considered treatment-related, then the NOEL for overt toxicity would be 25 ppm (M: 0.69 mg/kg/day; F: 0.78 mg/kg/day) based on the diarrhea, and plasma and brain ChE inhibition. The NOEL for RBC ChE inhibition would still be 5 ppm (M: 0.15 mg/kg/day; F: 0.16 mg/kg/day). If the higher NOEL for overt toxicity was used for this study, then the NOEL from the rat chronic toxicity study (M: 0.25 mg/kg/day; F: 0.31 mg/kg/day) would have the lowest NOEL for overt toxicity (Schmidt and Chevalier, 1984) (CDPR, 2004).  

The PMRA reported that for intermediate-term dermal/inhalation risk assessments (one week to several months) the selected toxic endpoint was from the 52-week capsule study in the dog with a NOAEL of 0.15 mg/kg bw/day based on clinical signs of toxicity (diarrhea) at 0.73 mg/kg bw/day (LOAEL). As there is no route-specific unique toxicity associated with azinphosmethyl, the overall use of an oral toxicity study in the risk assessment addresses the systemic hazards resulting from intermediate dermal and inhalation exposure scenarios (PMRA, 2003). 
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Specific Target Organ Toxicity 6.9 (Repeat Dose – Dermal)
19.1
HSNO Classification  

CLASS 6.9 (specific target organ toxicity) 


Classification: 
Specific target organ toxicity (Repeat dose – dermal) – Insufficient data

Key study: 

· Type of study:
Sub-Acute Dermal Rabbit;  

· Species: 
Rabbit;  

· Strain: 
NZW;  

· Dose levels:
0, 2, 20 mg/kg bw/day for 3 weeks;  

· Endpoint:
Clinical signs, mortality, ChE parameters;  

· Remarks: At 20 mg/kg bw/day, terminal body weights were depressed by about 70% and 36% in females for intact and abraded skin groups respectively. Plasma ChE depressions were noted in males at 20 mg/kg bw/day on application day 10, and in males with abraded skin at day 15. Depressions in plasma ChE activity of comparable magnitude were also seen at 20 mg/kg bw/day at both these sampling times in females with abraded skin sites. A similar effect on plasma ChE activity was seen in females at 2 mg/kg bw/day at day 15 in animals with abraded skin. RBC ChE activity in both sexes was inhibited at 20 mg/kg bw/day at both sampling times irrespective of whether the skin was intact or abraded. Brain ChE activity was unaffected by treatment. LOAEL = 20 mg/kg bw/day, the NOEL for the animals with intact skin was 2 mg/kg bw/day. In animals with abraded skin, inhibition in plasma ChE was seen at 2 mg/kg bw/day and above.  

· GLP: 
No;   

· Test Guideline:  

· Reference source: Fluke W & Schilde B (1980) “Gusathion-M active ingredient (R 1582) Subacute cutaneous study of toxicity to rabbits.” Study no: Gusathion/003=R 1582/004, Lab: Institute of Toxicology, Bayer AG. Sponsor: Bayer AG, Germany. Study duration: July 26 - August 15, 1979. Report no. 8959. Report date: 20 February 1980. Unpublished.  (Original not sighted.)  (APVMA, 2006);    

· Reliability:  Klimisch score 4 = not assignable;  

Justification: No Classification can be supported for this endpoint based on the available data.  Fluke W & Schilde B (1980) was not conducted to GLP or Guideline.  The LOAEL (≤ 20 mg/kg bw/day) is on the threshold for 6.9A/6.9B classification for repeat dose exposures in Table 17.2 of the User Guide (ERMA, 2008).  Note that rabbits are reported to be less sensitive to dermal exposures to AZM than other species due to their capacity for metabolism in the skin.  

Background:  

The specific target organ toxicity of azinphos-methyl as the result of repeated dermal exposure has been reported by national regulatory agencies.  

The APVMA report two studies, neither performed to GLP and test guidelines.  The more recent study reported the results of application of AZM to the dorsal skin (intact or abraded) at 0, 2 or 20 mg/kg bw/day for 3 week study in New Zealand White rabbits.  A NOEL was reported for intact skin treatment at 2 mg/kg bw/day based on reduced body weight in females and plasma and RBC CHE depression in males at 20 mg/kg bw.  No NOEL was established for the treatment with abraded skin, as plasma CHE depression was seen at 2 mg/kg bw/day (APVMA, 2006).

The US EPA noted that the only dermal toxicity study available was a 21-day study in rabbits. EPA did not choose the endpoint from this study because the rabbit has unique physiological and biochemical characteristics that tend to lead to underestimation of the dermal toxicity of organophosphate chemicals, like azinphos-methyl, which require biological activation to the oxone. The rabbit possesses a high concentration of blood arylesterases which detoxify such compounds before they can be activated in the liver making the rabbit uniquely insensitive to their toxicity (US EPA, 2006).  
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Specific Target Organ Toxicity 6.9 (Repeat Dose – Inhalation)
20.1
HSNO Classification  

CLASS 6.9 (specific target organ toxicity) 


Classification: 
Specific target organ toxicity (Repeat dose – inhalation) – Insufficient data

Key study: 

· Type of study:
Sub-Chronic Inhalation in Rodents;  

· Species: 
Rat;  

· Strain: 


· Dose levels:
0, 0.195, 1.24 and 4.72 mg/m3, 6 hours/per day, 5 days per week for 12 weeks;  

· Endpoint:
Clinical signs, mortality, ChE parameters;  

· Remarks: At termination, the males treated with 4.72 mg/m3 were about 20% lighter than the corresponding controls and this change was considered to be treatment-related. Plasma and RBC ChE activities were inhibited by about 30-40% at 4.72 mg/m3, whereas the brain ChE activity was not significantly changed. Inhibition of plasma ChE activity was on occasion, about 20% at the highest dose compared with controls, but this effect was not considered to be biologically significant. LOAEL = 4.72 mg/m3; NOEL = 1.24 mg/m3.  
· GLP: 
No;   

· Test Guideline:  

· Reference source: Kimmerle, 1976: “Subchronic inhalation toxicity of azinphos-methyl in rats.” Arch Toxicol 35:83-89, 1976.  (Original not sighted.)  (APVMA, 2006);    

· Reliability:  Klimisch score 4 = not assignable;  

Justification: No Classification can be supported for this endpoint based on the available data.  Kimmerle (1976) was not conducted to GLP or Guideline.  The LOAEL (≤ 0.00472 mg/L) is below the threshold for 6.9A classification for repeat dose exposures in Table 17.2 of the User Guide (ERMA, 2008).  

Background:  

The specific target organ toxicity of azinphos-methyl as the result of repeated inhalation exposure has been reported by national regulatory agencies.  

The APVMA identified one study that involved treatment at OECD guideline duration (6 hours per day and 5 day per week) over a 12 week period.  Wistar rats were exposed to liquid aerosols in dynamic chambers at 0, 0.195, 1.24 and 4.72 mg/m3.  The NOEL was reported at 1.24 mg/m3 based on reduced body weight and plasma and RBC CHE depression in the top dose, although brain CHE was not depressed  (APVMA, 2006).

The CDPR noted that three inhalation studies were available for azinphos-methyl which were not used because of deficiencies with the studies. The NOEL of 1.26 mg/kg/day for overt toxicity from the 3-month inhalation study could have been selected as the critical NOEL for evaluating seasonal exposure (Kimmerle, 1976). The NOEL for plasma and RBC ChE inhibition in this study was even lower at 0.32 mg/kg/day. This study was not used because it had several deficiencies including no analysis of the test article, incomplete clinical chemistry and histopathological examination and no individual data (CDPR, 2004).  
The PMRA reported that for short-term inhalation risk assessment (days 1–7) the selected toxic endpoint was from a 90-day inhalation study in rats (6 hr/day, 5 days/wk) with a NOAEL of 0.0012 mg/L (0.32 mg/kg/day) based on EChE inhibition at 0.0047 mg/L (1.28 mg/kg/day) (PMRA, 2003).

21
Other Potential Toxic Endpoints
21.1
Endocrine Disruption:  

In spite of reports of endocrine organ tumours in both male and female rats exposed to azinphos-methyl in the diet for 80 weeks (NCI, 1978 & Kimmerle, 1980; Originals not sighted, in APVMA, 2006), these were not considered to a consequence of the test material.  In summary, the available database gives no evidence that azinphos-methyl is an endocrine disruptor.  

The CDPR elaborated further on the NCI rat study: 

“In a rat oncogenicity study conducted by NCI, there were increases in tumors of the pituitary, pancreas, thyroid, parathyroid and adrenal glands in males, but the increases were only significant when compared to pooled controls (NCI, 1978). Like the NCI mouse study, the NCI rat study also had an inadequate number of concurrent controls (10 rats/sex) which made interpretation of the findings difficult. Comparison with pooled controls is problematic because the same pathologist did not review the pooled controls and the azinphos-methyl study animals. Furthermore, the toxicological significance of the increase in the pituitary and parathyroid tumors is uncertain since the incidence in the concurrent controls was greater than the pooled controls. The investigators also concluded that the increase in pancreatic and thyroid tumors was not clearly treatment-related because they fell within the historical control range for this laboratory. These data suggest that azinphos-methyl may be oncogenic through some sort of endocrine disruption; however, a mechanism is not known and no increase in endocrine tumors was seen in two other chronic rat studies, one of which was acceptable based on FIFRA guidelines (Lorke, 1966a; Schmidt and Chevalier, 1984). Several factors may have contributed to the different response in the NCI study compared to the other rat studies including higher dose levels and a different strain of rat. The high dose level in the NCI study was approximately 3-fold higher than the high dose level in the other two rat studies. However, the high dose level in the other two rat studies was high enough to produce significant brain ChE inhibition (45-81% of controls) and, therefore, satisfy the criteria for a MTD. On the other hand, the high dose level in the NCI study may have been exceeded the MTD since cholinergic signs were observed, including tremors and exophthalmos which progressed to unilateral or bilateral blindness. Perhaps the excessive cholinergic stimulation in the NCI study was sufficient to cause endocrine disruption.” (CDPR, 2004)  

The CDPR concluded that “it is unclear from these data if these effects [tumour increases] are mediated through endocrine disruption, ChE inhibition or some other mechanism” (CDPR, 2004).  
The endocrine disruption potential of azinphos-methyl has been reviewed by national regulatory agencies.  

The APVMA noted that the NCI 80-week dietary study in rats (1978 & Kimmerle, 1980) did report “numerous tumours of the endocrine organs” in both treated males and females, but these were not considered to be due to treatment with the test material.  However, the Preliminary Review Findings Volume 2 Technical Report Toxicology (2006) did not appear to have any specific comment on possible endocrine disruption (APVMA, 2006).   

The US EPA reported that when the appropriate screening and/or testing protocols being considered under the Agency’s EDSP [Endocrine Disruptor Screening Program] have been developed, azinphos-methyl may be subjected to additional screening and/or testing to better characterize effects related to endocrine disruption (USEPA, 2006).   
The PMRA concluded that there was no evidence in the available database to suggest that azinphos-methyl has an adverse effect on the endocrine system in mammals (PMRA, 2003).  

21.2
Neurotoxicity: 

The delayed neurotoxic potential of azinphos-methyl has been reported for a series of experiments in hens. However these studies were generally unsuitable for regulatory purposes, although the findings did suggest that technical grade azinphos-methyl does not induce delayed neurotoxicity in hens after single or repeated oral administration (APVMA, 2006).  
Acute and sub-acute neurotoxicity studies have been considered as part of Class 6.9 Classifications.  The database reveals that ChE inhibition was the most sensitive endpoint with acute, subchronic and chronic exposure to azinphos-methyl (CDPR, 2004).

Developmental neurotoxicity studies have been considered as part of Class 6.8 Classifications.  There was no evidence of increased pre- or post-natal sensitivity to azinphos-methyl (CDPR, 2004).  

21.3
Immunotoxicity:  

The available database contains one study where the authors concluded that azinphos-methyl effected both immunological and general toxicological parameters at the same dose with a reduction in relative spleen, pituitary and mesenteric lymph node weights when administered to male Wistar rats in the diet.  However the study was considered to be of limited regulatory value due to the absence of key methodological and observational data (Vos et al., 1983; Original not sighted, in APVMA, 2006).   

22
Human Toxicity Studies
Toxicity studies in human volunteers have been considered as part of Class 6 Classifications.  In spite of the limitations in the two studies reported these results clearly indicate that humans are not more sensitive than rats to azinphos-methyl on an acute or subchronic basis (CDPR, 2004).  
Key study: 

· Type of study:
Human volunteer (Acute toxicity);  

· Species: 
Human;  

· Sex: 
Male and female;  

· Dose levels:
0. 0.25, 0.5, 0.75 and 1 mg/kg bw in males, and 0 and 0.75 mg/kg in females;  

· Endpoint:
Vital signs, electrocardiograph (ECG), haematology, clinical chemistry, urinalysis, plasma and RBC ChE activities, and adverse events;  

· Remarks: There were no treatment-related effects observed for any study parameter, including any clinically relevant reduction in plasma or RBC ChE activities. The NOEL was 1 mg/kg bw for males and 0.75 mg/kg bw for females.  
· GLP: 
Yes and GCP;   

· Test Guideline:  

· Reference source: McFarlane P & Freestone S (1999a) “A randomised double blind ascending single oral dose study with azinphos-methyl to determine the no effect level on plasma and RBC cholinesterase activity.” Report no. 17067. Lab: Inveresk Research Ltd., Edinburgh, Scotland. Sponsor: Bayer Corporation, Agricultural Division, South Metcalf, Stilwell, KS, USA. Study duration: 25 August 1998 – 21 December 1998. Report date: 19 March 1999.  (Original not sighted.)  (APVMA, 2006);    

· Reliability:  Klimisch score 2 = reliable with restrictions;  

The APVMA considered the main deficiencies of this study were the use of a single dose level for females, absence of bioanalytical results for levels of azinphos-methyl or metabolites of azinphos-methyl in blood or urine samples, and the absence of historical control data.  The stability of azinphos-methyl in the vehicle was not evaluated. The sample size for the placebo was low (n = 3) and unbalanced with the test groups (n = 7) (APVMA, 2006).

Key study: 

· Type of study:
Human volunteer (Acute toxicity);  

· Species: 
Human;  

· Sex: 
Male;  

· Dose levels:
0.25 mg/kg bw/day in males daily for 28 days;  

· Endpoint:
Vital signs, electrocardiograph (ECG), haematology, clinical chemistry, urinalysis, plasma and RBC ChE activities, and adverse events;  

· Remarks: There were no treatment-related effects on any experimental parameter including plasma and RBC ChE activities. The NOEL was 0.25 mg/kg bw/day based on the absence of any treatment-related effects at this dose.
· GLP: 
Yes and GCP;   

· Test Guideline:  

· Reference source: McFarlane P & Freestone S (1999b) “A randomised double blind placebo controlled study with azinphos-methyl to determine the no effect level on plasma and RBC cholinesterase activity after repeated doses.” Report no. 17360. Lab: Inveresk Research Ltd., Edinburgh, Scotland. Sponsor: Bayer Corporation, Agricultural Division, South Metcalf, Stilwell, KS, USA. Study duration: 9 February 1999 – 15 April 1999. Report date: 3 August 1999.  (Original not sighted.)  (APVMA, 2006);    

· Reliability:  Klimisch score 2 = reliable with restrictions;  

The APVMA noted that only one dose level was investigated and no female subjects were studied. No historical control data were provided although it was indicated when results fell outside the ‘normal’ control range. Bioanalytical results of azinphos-methyl or metabolites of azinphos-methyl in blood and urine samples were not provided. The stability of azinphos-methyl in the vehicle was not evaluated. The ChE data displayed a high level of variability. The sample size for the placebo was low (n = 4) and unbalanced with the test groups (n = 8) (APVMA, 2006).

The US EPA also reviewed the two studies in human volunteers.  The single dose study was referred to as being suitable for use in risk assessment (US EPA, 2006).  

23
Absorption, Distribution, Metabolism and Elimination (ADME)

23.1
Absorption:

Oral  

Azinphos-methyl was rapidly absorbed when administered to rats, cattle and chickens by the oral route. Oral absorption appears to be nearly complete 2-6 hours post-dosing in these three species at which time the maximal blood concentrations are reached. The oral absorption rate was estimated to be 90-100% (CDPR, 2004).  In the rat the total radioactivity detected in the urine, bile and expired air were similar irrespective of whether azinphos-methyl was administered intravenously or orally. Results from bile duct cannulation experiments indicated that at least a proportion of radioactivity excreted in the bile following i.v. administration was reabsorbed (enterohepatic circulation) and excreted in the urine (APVMA, 2006).  
Based on the current available data package, the Agency assumes oral absorption of azinphos-methyl at 100% for occupational health risk modelling.  

Inhalation  

The APVMA made no correction was made for inhalation absorption, as 100% absorption was assumed (APVMA, 2006).  

Based on the current available data package, the Agency assumes inhalation absorption of azinphos-methyl at 100% for occupational health risk modelling.  

Dermal  

As the skin is the main route of exposure to pesticides, dermal (or percutaneous) absorption factors can have a marked effect on systemic exposures that result from occupational or bystander activities.  

Key study: 

· Type of study:
Human volunteer (Dermal absorption);  

· Species: 
Human;  

· Sex: 
Male;  

· Dose levels:
single dermal doses of 3 and 10 μg tgai/cm2 in isopropyl alcohol (IPA), or an aqueous suspension of a 14C labelled Gusathion M WP 25 at a dose of 5 μg ai/cm2 applied for 8 hours;  

· Endpoint:
Urine, faeces and venous blood for radioactivtiy; ChE activities;  

· Remarks: The mean dermal absorption of radioactivity (sum of urine, faeces and tape stripping) for volunteers in groups 1 and 2, receiving the ai in IPA at doses of 3 and 10 μg ai/cm2, were 29.3% and 23.5% respectively. The mean dermal absorption of radioactivity for volunteers in group 3, receiving the 25 WP formulation at a dose of 5 μg ai/cm2, was 21.9%.  There were no treatment-related effects on plasma and RBC ChE activity.
· GLP: 
Yes and GCP;   

· Test Guideline:  

· Reference source: Selim S (1999) “Absorption, excretion, balance and pharmacokinetics of 14C radioactivity after single dose dermal application of three dose levels of 14C labelled guthion to healthy volunteers.” Study no: XBL 98052. Lab: Xenobiotic Laboratories Inc (XBL), 107 Morgan Lane, Plainsboro, NJ, USA and Bayer AG, PH-PDT Toxicology, Elberfeld 0514, D-42096, Wuppertal, Germany (analytical phase), and Pharma Bio-Research Clinics, BV (PBR), Beilerstraat 16, 9401 PK Assen, The Netherlands (clinical phase). Sponsor: Bayer Corporation, Stilwell, KS 66085, USA. Study duration: May 7 1998 to February 17 1999. Report no: 108891. Report date: March 24 1999.  (Original not sighted.)  (APVMA, 2006);    

· Reliability:  Klimisch score 2 = reliable with restrictions;  

Justification: Selim (1999) was conducted to GLP and GCP.  While the study has some limitations (IPA as vehicle), it was carried out in humans and performed under laboratory conditions to minimise confounding factors and provide a conservative robust result.  
Based on the current available data package, the Agency assumes dermal absorption of azinphos-methyl at 30% for occupational health risk modelling.  

The dermal absorption of azinphos-methyl has been reviewed by national regulatory agencies.  

The APVMA based their 30% dermal absorption factor on the human data from Selim (1999) study, although they reported slightly different values: 21.9% [cf 21.5%] for aqueous suspension of WP; 29.3% [cf 27.8%] for the tgai in IPA at the lower concentration and 23.5% at higher concentration (APVMA, 2006).  

The US EPA based their 42% dermal absorption factor on the rat data from Schroeder (1992).  The US EPA noted that the dermal absorption rate varied with the amount of test substance applied to the rat skin. At the lowest tested rate, (0.056 mg/kg/day), the highest dermal absorption (42%) was noted. At higher rates (0.56 and 5.6 mg/kg/day) dermal absorption was 22 and 18%, respectively (USEPA, 2006).  
The CDPR used data (21.5%, the percentage dermal absorption from the lowest concentration of aqueous suspension of WP) from Selim (1999).  But rejected the highest reported dermal absorption (29.3%) from the same study with technical AZM in isopropyl alcohol (2.6 μg/cm2), because IPA was “not normally used as a carrier in pesticide application”.  They also considered the older human data from Feldman and Maibach (1974) were AZM was dissolved in acetone and gave a dermal absorption of 15.9%.  The logic does not seem to be robust, as acetone is also not a usual excipient in pesticide formulations.  These two pieces of data were the basis for CDPR’s 19% (22 + 16/2) dermal absorption factor (CDPR, 2004).  

The APVMA also reviewed Feldman and Maibach (1974) and concluded that while the data presented in this study demonstrated some dermal absorption of azinphos-methyl following application to the skin of ventral forearm of human subjects there were significant limitations.  No urinary metabolites of azinphos-methyl were characterised or identified. Because the radioactivity data in blood and faeces for this single dose study are lacking, and the influence of the vehicle used cannot be established with the limited information provided, the APVMA considered that the value of the study findings was limited (APVMA, 2006).  
23.2
Distribution:

Forty-eight to 72 hours after oral administration of azinphos-methyl, less than 5% of the total dose remained in the tissues of rats.  The highest residue levels were in liver and kidneys of rats, cattle, goats, and chickens.  In a PO gavage to rats at 0.125 or 2.5 mg/kg bw, the expected 20-fold increase in radioactivity was achieved in all tissues at the higher dose.  The residue levels in these highly perfused tissues may be related to the apparent binding of azinphos-methyl to hemoglobin.  With the exception of erythrocytes, there was a 10-fold decrease in tissue levels of rats from 6 to 48 hrs after application.  There was no difference in the disposition and metabolism of azinphos-methyl between sexes of rats (APVMA, 2006; CDPR, 2004).
23.3
Metabolism:

Azinphos-methyl requires metabolic activation to produce its cholinergic effects.  This activation is rapid and occurs primarily in the microsomal fraction of liver.  The active metabolite was identified as the oxygen analog of azinphos-methyl.  The concentration of the oxygen analog required to inhibit 50% of rat brain cholinesterase in vitro was several orders of magnitude lower than of the parent compound.  The metabolism of azinphos-methyl is primarily due to mixed function oxidases (MFOs) and glutathione (GSH)-transferases in the liver.  The proposed metabolic pathway for azinphos-methyl involved oxidation by cytochrome P-450 resulting in the formation of azinphos-methyl oxygen analog, benzazimide, and a possible intermediate metabolite, mercaptomethylbenzazimide.  Methylthiomethylbenzazimide and its corresponding sulfoxide and sulfone were generated by further methylation and oxidation of mercapto-methylbenzazimide.  Metabolism of azinphos-methyl by GSH transferases resulted in the formation of desmethyl isoazinphos-methyl and glutathionyl methylbenzazimide.  Further hydrolysis and oxidation led to the formation of cysteinylmethylbenzazimide and its corresponding sulfoxide and sulfone.  Piperonyl butoxide administered 1 hr prior to azinphos-methyl inhibited its oxidative desulfuration and oxidative cleavage.  Detoxification of azinphos-methyl by glutathione conjugation increased with the inhibition of oxidative metabolism; however, no significant detoxification of the oxygen analog occurred by glutathione conjugation.  No unchanged azinphos-methyl was detected in urine or faeces (APVMA, 2006; CDPR, 2004).  
23.4
Elimination:

Within 48 hours after rats were administered azinphos-methyl by the oral route, more than 90% of the total dose was eliminated in the excreta.  In rats, 60-80% and 15-35% of the total dose was excreted in urine and feces, respectively, irrespective of the route of administration. Less than 0.1% was eliminated from the lungs.  Testing with doses of 0.1 and 2 mg/kg bw PO or iv did not significantly alter the percentages excreted in urine and faeces.  In one rat study radioactivity in bile at 24 h after dosing accounted for 27% of the dose, whereas 54% of the administered dose was found in the urine, and about 6% in the faeces.  It appears that at least a proportion of the radioactivity excreted in bile re-enters via enterohepatic circulation and is then excreted in the urine.  The excretion of azinphos-methyl appears to fit a two compartment model based on its disappearance from tissues in rats.  The elimination half-life was approximately 10 hrs for the alpha-phase and 10 days for the beta-phase.  The slower elimination phase may be due to the apparent binding of azinphos-methyl and/or its metabolites to hemoglobin (APVMA, 2006; CDPR, 2004).

24
Acceptable Operator Exposure Level (AOEL)

The Agency usually sets one AOEL, derived from short or medium term (animal) studies with uncertainty factors and designed to protect the highest risk occupational groups (such as contract sprayers) potentially exposed over seasonal periods.

24.1
Key Study:    

Key study: 

· Type of study:
Human volunteer (Acute toxicity);  

· Species: 
Human;  

· Sex: 
Male;  

· Dose levels:
0.25 mg/kg bw/day in males daily for 28 days;  

· Endpoint:
Vital signs, electrocardiograph (ECG), haematology, clinical chemistry, urinalysis, plasma and RBC ChE activities, and adverse events;  

· Remarks: There were no treatment-related effects on any experimental parameter including plasma and RBC ChE activities. The NOEL was 0.25 mg/kg bw/day based on the absence of any treatment-related effects at this dose.
· GLP: 
Yes and GCP;   

· Test Guideline:  

· Reference source: McFarlane P & Freestone S (1999b) “A randomised double blind placebo controlled study with azinphos-methyl to determine the no effect level on plasma and RBC cholinesterase activity after repeated doses.” Report no. 17360. Lab: Inveresk Research Ltd., Edinburgh, Scotland. Sponsor: Bayer Corporation, Agricultural Division, South Metcalf, Stilwell, KS, USA. Study duration: 9 February 1999 – 15 April 1999. Report date: 3 August 1999.  (Original not sighted.)  (APVMA, 2006);    

· Reliability:  Klimisch score 2 = reliable with restrictions;  

Justification: McFarlane & Freestone (1999b) was conducted to GLP and GCP.  The study has some limitations: lack of female subjects (shown slightly more sensitive in rats); the ChE methodology used; the small numbers of subjects; and, the miss-matched test-control group sizes.  These limitations are generally minor, while the lack of female subjects can be addressed by adding uncertainty factors at the AOEL.  

The key studies with azinphos-methyl on which to base their risk assessments of occupational and bystander exposures have been reviewed by national regulatory agencies.  

While the APVMA and CDPR considered a 4-week study adequate to cover all Australian and both short-term (1-30 days) and seasonal (1-6 months) Californian exposure situations, the US EPA and PMRA used NOEALs/LOAELs from 90-day (for inhalation exposure) or 1-year (for dermal exposure) studies to address potential seasonal exposures.  CDPR used the same 1-year study for chronic exposure scenarios.  

The CDPR justified the shorter timeframe of using the 28-day repeat capsule study in humans (MacFarlane and Freestone 1999 in APVMA, 2006) for seasonal exposures, thus:

“Data presented in the Exposure Assessment section indicate that azinphos-methyl reaches a steady state in humans after about two weeks with repeated exposure. Therefore, the level of ChE inhibition would not be expected to change significantly after two weeks. The ChE inhibition data from the subchronic neurotoxicity study in rats supports this conclusion since the level of plasma and RBC ChE inhibition were similar at week 4 and 13.”  (CDPR, 2004)  

The 28-day repeat capsule study in humans (MacFarlane and Freestone 1999 in APVMA, 2006) has a number of limitations, addressed by Cal DPR, thus:  

“Since the same investigators conducted the single dose and the 28-day human studies, some of the minor concerns mentioned in the discussion of the acute study also apply to the 28-day study, including ChE methodology and the group size. The Boehringer-Mannheim kit was used to measure ChE activity in the human studies; however, the limitations of this methodology are minor when comparisons are made with ChE activity measured by the same method … Only 8 subjects were used in the treatment group in the 28-day human study …There are several additional concerns with regard to the 28-day human study. One concern was the small number of control subjects. This was not considered a major deficiency since the preferable comparisons for ChE activity in adults would be with their baseline value, rather than control subject values … The main concern with the 28-day human study conducted by MacFarlane and Freestone (1999) was the lack of female subjects. Since the acute and subchronic neurotoxicity studies for azinphos-methyl indicate that female rats are slightly more sensitive based on both ChE inhibition and neurological signs, it is possible that female humans might also be more sensitive. The lack of female subjects can be addressed in the risk appraisal section in terms of recommending a larger uncertainty factor for intraspecies variation … As with the acute studies, the subchronic studies suggest that humans are not more sensitive than animals to azinphos-methyl with repeated exposure.” (CDPR, 2004)   

The 1-year dog feeding study (Allen et al., 1990 in APVMA, 2006) used by the US EPA and PMRA for seasonal (and by CDPR for chronic exposures) also has some limitations, stated by APVMA thus:  

“The low sample size of each group (n = 4) made it difficult to attribute certain observations to the administration of azinphos-methyl. For example, although it appeared that the incidence of diarrhoea was increased in Group 3 and 4 males, 1 Group 4 male showed no clinical signs, suggesting a large degree of biological variability between individuals within the same group.”  (APVMA, 2006) 

However, as pointed out by US EPA the whole toxicological database should be assessed: 

“In formulating the risk management decision for azinphos-methyl, the estimates of worker risk should be examined in light of the entire available toxicological database and not just the study that was used to obtain the NOAEL used in risk calculations.” 

“The toxicological database for azinphos-methyl also includes one and two generation rat reproductive toxicity studies. At a dose level of 2.5 mg/kg/day, clinical toxicity signs were observed (poor conditioning and convulsions), along with plasma, RBC and brain cholinesterase inhibition. If this effect level is adjusted by the dermal absorption factors of 40% or 19%, the dermal equivalent dose (LOAEL) would be 6.3 or 13 mg/kg/day respectively. Note that this value is 10 to 20 fold higher than the dermal NOAEL used in the Agency’s risk assessment. The NOAEL identified in these studies was 0.25 mg/kg/day. Adjusting this value by the dermal absorption factors of 40% or 19%, the dermal equivalent dose (NOAEL) would be 0.63 or 1.3 mg/kg/day respectively. The lower bounding estimate is approximately equal to the value used in the Agency’s assessment, while the upper bound value is two-fold higher.  

“In the recently submitted 1999 28-day repeated-dose oral study in human volunteers, a group of 8 male volunteers were dosed with 0.25 mg/kg/day for 28 consecutive days. There were no effects on either clinical symptomology or inhibition of either plasma or RBC cholinesterase in this study. As for the rat reproductive studies described above, adjusting this dose level by the dermal absorption factors of 40% or 19% would yield a dermal equivalent dose (NOAEL) of 0.63 or 1.3 mg/kg/day respectively. Again, the lower bounding estimate is approximately equal to the dermal NOAEL value used in the Agency’s assessment, while the upper bound value is two fold higher.” (USEPA, 2006)

The CDPR also considered the LOAEL from a 90-day dietary neurotoxicity study in rats (Sheets and Hamilton, 1995):

“In this study there was reduced plasma, RBC and brain cholinesterase activity, ranging from 8% ChE inhibition in the brain to 38% inhibition in red blood cells (62-92% of controls) at a dose of 0.9 mg/kg/day (LOAEL).” (USEPA, 2006)

The relevant NOAELs from the AZM toxicological database are of a similar order of magnitude, indicate that humans appear no more sensitive than animal models, and suggest that females (rats and dogs) may be slightly more sensitive than males.  

The critical NOAELs/LOAELs set by overseas regulatory agencies are listed in the table below:  

	Table G5:   Comparison of critical NOAEL/LOAEL used for occupational exposure health benchmarks (mg/kg b.w./day)

	
	Short-term

(1-30 Days a)

(1-7 Days b)
	Intermediate

(Seasonal, 1-6 Months a)

(7 Days to Several Months b)
	

	ERMA New Zealand (2008)
	Oral NOAEL = 0.25
	Oral NOAEL = 0.25
	Human 28-d PO (MacFarlane and Freestone 1999)

	APVMA (2006)
	Oral NOAEL = 0.25
	Oral NOAEL = 0.25
	Human 28-d PO (MacFarlane and Freestone 1999)

	PMRA (2003)
	Dermal NOAEL = 0.56

Inhalation NOAEL = 0.32 (0.0012 mg/L)
	Oral NOAEL = 0.15


	1-wk rat dermal (MRID 42452701)

1-yr capsule dogs

90-day inhalation rats (Kimmerle 1976)

	US EPA (2006)
	Dermal NOAEL = 0.56

Inhalation NOAEL = 0.32
	Oral NOAEL = 0.15 c
Inhalation NOAEL = 0.32
	1-wk rat dermal (MRID 42452701)

1-yr oral dogs (MRID 41804801, Allen et al., 1990)

90-day inhalation rats (Kimmerle 1976)

	Cal DPR (2004)
	Oral NOEL = 0.75


	Oral NOAEL = 0.25
	Human single PO (MacFarlane and Freestone, 1998)

Human 28-d PO (MacFarlane and Freestone 1999)

	a  US EPA, Cal DPR;

b  PMRA;

c equivalent to a dermal dose of 0.36 mg/kg b.w./day (42% dermal absorption)


24.2
AOEL:    

The advantage of the 28-day repeat capsule study in humans (MacFarlane and Freestone 1999 in APVMA, 2006) over the 1-year dog feeding study (Allen et al., 1990 in APVMA, 2006) is that the first was conducted in humans.  The uncertainties due to the lack of treated female subjects can be addressed by using a larger intra-species uncertainty factor, while extrapolating from the dog study would require factors to account for both inter- and intra-species uncertainties.  

Occupational biomonitoring data indicates that AZM reaches a steady state in humans after about two weeks with repeated exposure (CDPR, 2004). Therefore, the level of ChE inhibition would not be expected to change significantly after two weeks, and so the 28-day repeat capsule study in humans would be a robust benchmark. 

It should also be noted that US NIOSH recommends that a worker should be removed from exposure if his or her red blood cell cholinesterase level drops to or below 40% of the pre-exposure baseline level. CalEPA states that a decrease of 30% of baseline in the RBC or to 40% of baseline in plasma cholinesterase level indicates the need for removal of the individual from all exposure to cholinesterase inhibitors (USEPA, 2006).  These levels are in excess of any inhibition in these parameters reported in MacFarlane and Freestone (1999).  
Proposed AOEL:

AOEL 
=
NOAEL
= 
0.25    
= 0.008 mg/kg b.w./day


UFs
30

From 28-day repeat capsule study in humans (MacFarlane and Freestone 1999 in APVMA, 2006; and CDPR, 2004).  


Where UFs: inter-species = 0 as the database indicates that humans are no more sensitive to azinphos-methyl than test species; intra-species = 30 to account for test in only male subjects.  

Table G6:
Dermal absorption data
	Agency
	Intermediate/ Seasonal
NOAEL 
(mg/kg/b.w./day) a
	Dermal Absorption Factors
	Dermal Doses
(mg/kg/b.w./ day)
	Uncertainty Factor(s)
	Benchmarks
(mg/kg/b.w./ day)

	
	
	
	
	Inter-species
	Intra-species
	

	
	
	
	
	
	
	

	ERMA New Zealand
	0.25
	30
	0.83
	-
	30
	0.028

	APVMA
	0.25
	30
	0.83
	100
	0.0083

	PMRA
	0.15
	42
	0.36
	100
	0.0036

	US EPA
	0.15
	42
	0.36
	10
	10
	0.0036

	CDPR
	0.25
	19
	1.32
	-
	30
	0.044

	a As the NOAELs are all from oral studies, and assuming 100% absorption, these are the systemic doses.  


ERMA New Zealand: Dermal Absorption = 30% (peak); Oral = 100%; Inhalation = 100%;  

APVMA: Dermal Absorption = 30% (peak); Oral = 100%; Inhalation = 100%;  

PMRA: appear to use US EPA IRED parameters;

US EPA: Dermal Absorption = 42% (peak); Oral = 100%; Inhalation = 100%;

CDPR: Dermal Absorption = 19% (average); Oral = 100%; Inhalation = 100%.


25
Summary & Conclusions
Table G7:
CLASS 6 & 8 Toxicological Hazard Classifications
	Hazard Class/Subclass
	Hazard classification
	Method of classification
	Reference

	Subclass 6.1 Acute toxicity (oral)
	6.1A
	LD50 Wistar rat = 4.4 mg/kg b.w. (F)

Klimisch score 2 = reliable with restrictions
	Mihail (1978) in APVMA

	
	
	
	

	Subclass 6.1Acute toxicity (dermal)
	6.1B
	LD50 rat = 72.5 mg/kg b.w. (F)

Klimisch score 2 = reliable with restrictions
	Nelson (1968) in APVMA

	
	
	
	

	Subclass 6.1 Acute toxicity (inhalation)
	6.1B
	LC50 (4h head-only; mist) = 0.132 mg/L (F) 

Klimisch score 1 = reliable without restrictions
	Shiotsuka RN (1987a) in APVMA

	
	
	
	

	Subclass 6.3/8.2 Skin irritancy/corrosion
	No
	OECD 404, GLP 

Klimisch score 1 = reliable without restrictions
	Crown S (1987) & Zorbas MA (1994) in APVMA

	
	
	
	

	Subclass 6.4/8.3 Eye irritancy/corrosion
	No
	OECD 405, GLP 

Klimisch score 1 = reliable without restrictions
	Zorbas MA (1994) & Kenan G (1987) in APVMA

	
	
	
	

	Subclass 6.5A Respiratory sensitisation
	Insufficient data
	No data 
	APVMA, USEPA, PMRA 

	
	
	
	

	Subclass 6.5B Contact sensitisation
	6.5B
	Buehler method (OECD 406);  

Magnusson and Kligman’s Maximization test

Klimisch score 1 = reliable without restrictions
	Flucke W (1986b) & Porter MC et al., (1987) in APVMA

	
	
	
	

	Subclass 6.6 Mutagenicity
	No
	Weight of negative evidence:

AZM displayed no evidence of genotoxicity in vivo, with limited evidence of genotoxicity in vitro.  Oncogenicity testing in rats and mice were negative for carcinogenic potential.  
	APVMA, USEPA, PMRA 

	
	
	
	

	Subclass 6.7 Carcinogenicity
	No
	OECD 453, GLP (Rat, 2y Combined)

OECD 451, GLP (Mouse, 18mo Oncogenicity)

Klimisch score 1 = reliable without restrictions
	Schmidt WM (1987) & Hayes RH (1985) in APVMA 

	
	
	
	

	Subclass 6.8 Reproductive/ developmental toxicity
	No

(Insufficient data for C)
	OECD 416, GLP (Reproductive)

Klimisch score 1 = reliable without restrictions

OECD 414, GLP (Rat, developmental)

OECD 414, GLP (Rabbit, develop.)

Klimisch score 1 = reliable without restrictions
Insufficient data for Classification on lactation effects (C)
	Eiben R & Janda B (1987) in APVMA

Kowalski RL et al. (1987a) & Clemens et al. (1988) in APVMA  

APVMA, USEPA, PMRA  

	
	
	
	

	Subclass 6.9 Target organ systemic toxicity – Single exposure (Oral)
	6.9A
	LOAEL = 2 mg/kg bw (M) (depressed plasma/RBC ChE activity)
FIFRA – Neurotoxicity, GLP 

Klimisch score 1 = reliable without restrictions
	Sheets LP & Hamilton BF (1994) in APVMA

	
	
	
	

	Subclass 6.9 Target organ systemic toxicity – Single exposure (Dermal)
	6.9A
	LOAEL = 2.08 mg/kg bw ai  (depressed RBC ChE activity)
No Guideline, GLP


Klimisch score 2 = reliable with restrictions
	Schroeder RS (1992) in APVMA

	
	
	
	

	Subclass 6.9 Target organ systemic toxicity – Single exposure (Inhalation)
	6.9A
	LOAEL ≤ 0.8 mg/L (several cholinergic signs)

OPPTS 81-3, GLP

Klimisch score 1 = reliable without restrictions
	Shiotsuka RN (1987a) in APVMA

	
	
	
	

	Subclass 6.9 Target organ systemic toxicity – Repeat exposure (Oral)
	6.9A
	LOAEL = 0.625 mg/kg bw/day (depressed plasma/RBC ChE activity)
OECD 452, GLP (Dog, 52wk dietary)

Klimisch score 1 = reliable without restrictions
	Allen et al. (1990) in APVMA

	
	
	
	

	Subclass 6.9 Target organ systemic toxicity – Repeat exposure (Dermal)
	Insufficient data
	LOAEL =20 mg/kg bw (depressed plasma/RBC ChE activity)

No Guideline, No GLP


Klimisch score 4 = not assignable
	Fluke W & Schilde B (1980) in APVMA

	
	
	
	

	Subclass 6.9 Target organ systemic toxicity – Repeat exposure (Inhalation)
	Insufficient data
	LOAEL = 4.72 mg/m3 (depressed plasma/RBC ChE activity)

No Guideline, No GLP


Klimisch score 4 = not assignable
	Kimmerle, 1976 in APVMA

	
	
	
	

	APVMA: APVMA, 2006

USEPA: USEPA, 2006

PMRA:  PMRA, 2003


The level of detail in the APVMA Preliminary Review Findings (APVMA, 2006), supported by the California EPA Department of Pesticide Regulation Toxicology Summary (CDPR, 2004), should give adequate assurance that the proposed Classifications are robust, based on the documents cited in the Reference section.  

Table G8:
Key Studies for AOEL benchmark
	Critical NOAEL/LOAEL used for occupational exposure health benchmarks (mg/kg b.w./day)

	
	Short-term

(1-30 Days a)

(1-7 Days b)
	Intermediate

(Seasonal, 1-6 Months a)

(7 Days to Several Months b)
	

	ERMA New Zealand 
	Oral NOAEL = 0.25
	Oral NOAEL = 0.25
	Human 28-d PO (MacFarlane and Freestone 1999)

	APVMA (2006)
	Oral NOAEL = 0.25
	Oral NOAEL = 0.25
	Human 28-d PO (MacFarlane and Freestone 1999)

	PMRA (2003)
	Dermal NOAEL = 0.56

Inhalation NOAEL = 0.32 (0.0012 mg/L)
	Oral NOAEL = 0.15


	1-wk rat dermal (MRID 42452701)

1-yr capsule dogs

90-day inhalation rats (Kimmerle 1976?)

	US EPA (2006)
	Dermal NOAEL = 0.56

Inhalation NOAEL = 0.32
	Oral NOAEL = 0.15 c
Inhalation NOAEL = 0.32
	1-wk rat dermal (MRID 42452701)

1-yr oral dogs (MRID 41804801, Allen et al., 1990)

90-day inhalation rats (Kimmerle 1976?)

	Cal DPR (2004)
	Oral NOEL = 0.75


	Oral NOAEL = 0.25
	Human single PO (MacFarlane and Freestone, 1998)

Human 28-d PO (MacFarlane and Freestone 1999)

	a  US EPA, Cal DPR;

b  PMRA; 

c equivalent to a dermal dose of 0.36 mg/kg b.w./day (42% dermal absorption)   


AOEL:

AOEL 
=
NOAEL
= 
0.25    
= 0.008 mg/kg b.w./day


UFs
30

From 28-day repeat capsule study in humans (MacFarlane and Freestone 1999 in APVMA, 2006; and CDPR, 2004).  


Where UFs: inter-species = 0 as the database indicates that humans are no more sensitive to azinphos-methyl than test species; intra-species = 30 to account for test in only male subjects.  

Dermal absorption factor for AZM occupational health risk modelling = 30%.  

From human data (Selim, 1999 in APVMA, 2006; and CDPR, 2004).  
Oral absorption factor for AZM occupational health risk modelling = 100%.  

Inhalation absorption factor for AZM occupational health risk modelling = 100%.  

References: 
References listed at the end of the application (Appendix O).
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0
Executive Summary

0.1
In accordance with instructions from ERMA New Zealand, TCL has estimated occupational and bystander/resident exposures to azinphos methyl from proposed uses in summerfruit, potatoes and strawberries, and assessed the risks posed.  
0.2
The activities are summarised in the following Table: 

Table H1:
Azinphos methyl uses and application rates
	Scenario
	Application
	Work rate (ha/day) *

	
	Equipment
	Rate
(g a.i./ha/ application)
	Formulation
(L/ha)
	Number applications per crop
	

	1
	Summerfruit
	tractor mounted/trailed boom sprayer: air-assisted sprayer
	980
	4.9
	6
	8

	2
	Potatoes
	tractor mounted/trailed boom sprayer: hydraulic nozzles
	560
	2.8
	6
	20

	3
	Strawberries
	tractor mounted/trailed boom sprayer: hydraulic nozzles
	560
	2.8
	12
	20

	
	
	
	
	
	
	

	* In all scenarios the default values for the German BBA model are used in the absence of specific work rate information for New Zealand


Operator exposures and risk assessment: 

0.3
Operator (mixer/loader/applicator) exposures are estimated using the United Kingdom Pesticide Safety Directorate’s (UK PSD) interpretation of the German BBA Model. The derived values consider both dermal and inhalation exposure routes using the geometric mean model.

0.4
Risks to operators (mixers/loaders/applicators) using air-assisted spraying equipment in summerfruit applications exceed levels of concern (Risk Quotient, RQ >1), even when they wear normal PPE and RPE.  The most significant exposure is predicted to occur from absorption through the skin during spraying.  Consequently, measures to reduce operator exposure beyond the level achieved with normal PPE and RPE were also assessed.  Such measures were engineering controls (closed mixing and loading systems; enclosed cabs) and/or further PPE.  (Table H3) 
0.5
The predicted risks to operators during air-assisted spraying of summerfruit may be mitigated by use of engineering controls (closed mixing and loading systems; enclosed cabs) and/or further PPE.  

0.6
Although the major exposures occur during spraying, for all application types appropriate mechanical transfer systems for liquid formulations are assumed to reduce dermal exposures to mixer/loaders by 2.7x when only a single layer of clothes and gloves were worn.  However, the use of mechanical transfer systems alone is not adequate to reduce the predicted operator RQs below 1 (RQ = 2.3 when wearing single layer PPE and RPE during mixing/loading/application; and RQ = 2.6 when wearing single layer PPE without RPE during mixing/loading/application).  Mixers and loaders must still wear the recommended PPE with eye protection if the system is pressurized.  

0.7
Appropriate enclosed cabs with filter systems are assumed to reduce exposures to air-blast applicators by 13.4x when only a single layer of clothes and gloves were worn, and in conjunction with other mitigation measures would be adequate to reduce the predicted operator RQs below 1 (RQ = 0.3 when wearing single layer PPE and RPE during mixing/loading; and RQ = 0.3 when wearing single layer PPE without RPE during mixing/loading).  

0.8
The use of an extra layer of clothing (long-sleeved shirt and long-legged trousers) under coveralls does appear to offer adequate extra protection to reduce predicted operator RQs below 1 (RQ = 0.4 when wearing double layer PPE and RPE during mixing/loading/application; and RQ = 0.8 when wearing double layer PPE without RPE during mixing/loading/application).
0.9
Mixers and loaders must wear the following during mixing, loading, clean-up and repair activities:  

· Coveralls over long-sleeved shirt and long-legged trousers

· Chemical-resistant gloves, such as barrier laminate or viton

· Chemical-resistant footwear plus socks

· Protective eyewear

· Chemical-resistant apron when mixing or loading

· Chemical-resistant headgear

· For exposure in enclosed areas, a respirator with either an organic vapour-removing cartridge with a prefilter approved for pesticides, or a canister approved for pesticides 

· For exposure outdoors, dust/mist filtering respirator.  

0.10
Airblast applicators must be in fully enclosed cabs or must wear:  

· Chemical-resistant coveralls over long-sleeved shirt and long-legged trousers

· Chemical-resistant hood

· Full-face respirator or half-faced respirator with a face shield (respirators can have either an organic vapour-removing cartridge with a prefilter approved for pesticides, or a canister approved for pesticides

· Chemical-resistant footwear plus socks.

· Chemical-resistant gloves

Airblast applicators using fully enclosed cabs with appropriate filtering systems must have the above RPE and PPE immediately available for use if leaving the cab in the treated area, and a system for storing the used RPE and PPE to prevent contamination of the cab.  At least long-sleeved shirt and long-legged trousers, footwear plus socks should be worn in the functioning enclosed cab.

0.11
The Risk Quotient (RQ) for operators using boom spraying in potato or strawberry applications are marginal (RQ = 0.7) when full PPE and RPE are used.  Again, the most significant exposure is predicted to occur from absorption through the skin during spraying. (Table H4)
0.12
The predicted risks to operators during boom spraying of potatoes and strawberries may also be further mitigated by use of engineering controls (closed mixing and loading systems; enclosed cabs) and/or further PPE.  

0.13
Applicators during boom spraying must wear:  

· Coveralls over long-sleeved shirt and long-legged trousers

· Chemical-resistant gloves, such as barrier laminate or viton

· Chemical-resistant footwear plus socks

· Protective eyewear

· For exposure in enclosed areas, a respirator with either an organic vapour-removing cartridge with a prefilter approved for pesticides, or a canister approved for pesticides

· For exposure outdoors, dust/mist filtering respirator.  

Re-entry worker exposures and risk assessment:  

0.14
Re-entry worker exposure estimates for some representative New Zealand occupational activities were modelled using the UK PSD Guidance for Post-Application (Re-Entry Worker) Exposure Assessment (2008a).

0.15
In each use scenario the estimated dermal exposures alone (and, therefore, also the total exposures) whether PPE was or was not taken into account, gave RQs in excess of 1, indicating an e risk, even after only one application (or 100% dissipation between multiple applications).  (Table H6 and Table H7)
0.16
Re-entry workers (and ‘pick your own’) do not generally use PPE, so Re-Entry Intervals (REIs) represent an important means of addressing these exposure risks.  
0.17
The following REIs are recommended, based on REIs established (or previously applied) by the USEPA and PMRA with similar application rates and use patterns:

· Cherries

19 days

· Other Summerfruit

14 days

· Potatoes

42 days

· Strawberries

7 days 

· Pick-your-own


30 days


[Notes: Uses on potatoes have been revoked in the US and Canada.  The strawberry REI is based on that for raspberries with similar application rates. TCL notes that though the growth habit of strawberries is quite different from raspberries, the re-entry exposures are likely to be lower for strawberries.]  

0.18
In Canada the PMRA recommends that: “workers performing activities that involve foliar contact following the REI must wear clean long sleeved shirts and protective gloves.”  

0.19
The following PPE for early re-entry, based on those established by the USEPA and PMRA, are recommended:

· Coveralls over long sleeved shirt and long trousers; 

· Chemical resistant gloves; 

· Chemical resistant footwear plus socks; 

· Protective eyewear; 

· Chemical Resistant headgear for over head exposures 

0.20
TCL notes that the application rate for strawberries at 0.56 kg a.i./ha is slightly lower than that in the USA, so recommends that the following REI is set for pick-your-own activities based on the PMRA recommendation:

· Pick-your-own  

30 days

Bystander exposures and risk assessment:  

0.21
The estimated exposures from the UK PSD models for broadcast air-assisted spraying in orchards, to simulate summerfruit use patterns, indicate that absorbed doses may reach up to a RQ of 4.5 for child bystanders during application.  The risks to children from volatilised residues would be border-line (children: volatilised exposure, RQ = 1.04) but the residues deposited on lawns as surface residues, would be e RQ = 9).  (Table H8)
0.22
The estimated exposures from the UK PSD models for boom spraying over field crops, to simulate potato and strawberry use patterns, indicate acceptable risk to bystanders or residents from volatilised residues, or to children playing on contacted lawns, although that for strawberries with the maximum number of applications is borderline. 

0.23
Adequate buffer zones to control spray drift and limit potential exposure to bystanders or residents will be required to reduce these estimate risks to acceptable levels for air-assisted sprayer applications.  A 50 metre buffer zone is predicted to reduce a child’s estimated total exposure through contact with spray drift contaminated surfaces to acceptable risk (RQ = 0.9).  

1 
Purpose

1.1
The purpose of this report is to provide an occupational risk assessment for the ERMA New Zealand reassessment of azinphos methyl (AZM).  

1.2
The scope of the context used to form this assessment is confined to the documents listed in the Reference section of this document, the time constraints, the professional experience of the author, and the date this document was issued.  

1.3
The assessment constitutes the whole document and the reference sources, and should only be used as a whole.  

1.4
In spite of all care taken, the reference material should be directly consulted to check the veracity of data, opinions and other material used and attributed in this document.  

1.5
No responsibility will be taken for misuse of this document, or use by third parties.  
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Substance Identification  

IUPAC name: 
S-(3,4-dihydro-4-oxobenzo[d]-[1,2,3]-triazin-3-ylmethyl) O,O-dimethyl phosphorodithioate 

Chemical name (CAS): 
O,O-dimethyl S-[(4-oxo-1,2,3-benzotriazin-3(4H)-yl)methyl] phosphorodithioate 

Common name: 
Azinphos methyl 

CAS Registry number: 
86-50-0 

Molecular formula: 
C10H12N3O3PS2 
Molecular weight: 
317.33

Structural formula:
[image: image15.png]



3
Occupational Exposure & Risk Assessment

Occupational Exposure and Risk 

The work activities for which exposures are estimated are: mixing, loading (usually grouped) and application, together termed “operator exposures”; and workers entering the spray area after application, for example, to weed the crop, termed “post-application or re-entry activities”.

As the ERMA New Zealandhas no actual exposure data measured in the field under New Zealand conditions, operator (mixer/loader/applicator) exposures were estimated by TCL using the United Kingdom Pesticide Safety Directorate’s (UK PSD) interpretation of the German BBA Model.18 The derived values consider both dermal and inhalation exposure routes using the geometric mean model.

18 
Uniform Principles for Safeguarding the Health of Applicators of Plant Protection Products. Biologische Bundesanstalt für Land- und Forstwirtschaft, Bundesgesundheitsamt, und Industrieverband Agrar e.V. ISBN 3489-27700-7. 1992; http://www.pesticides.gov.uk/index.htm.  
To estimate risks to operators and workers entering the sprayed areas post-application, exposures are predicted under likely use patterns, taking into consideration the time worked, use of mitigation (engineering controls, Personal Protective Equipment, PPE and/or Respiratory Protective Equipment, RPE – default is none), and for workers any time before re-entry (Restricted Entry Interval, REI – default is none).  

Estimated exposures based on models are compared to relevant health hazard benchmarks (AOELs) [see Appendix xyz] which was 0.008 mg/kg bw/day. 

Exposure of operators to spray:
For occupational situations the main routes of exposure are assumed to be through the skin (dermal) or by inhalation. Ingestion of pesticide is not considered in occupational estimates, as it should not occur in a trained work force.  

The BBA model calculates total systemic exposure or the total absorbed dose from both routes. The default assumption is that 100% of the inhaled material is absorbed, and for azinphos methyl this default value is used.  However, estimation of dermal absorption (skin penetration) is more complex and, indeed, overseas jurisdictions have applied different dermal absorption factors for azinphos methyl.  

After reviewing the available data, the TCL used 30% as the proportion of azinphos methyl that would be absorbed from exposed skin for both concentrate and spray mix, based on studies with volunteers (Selim, 1999).  This data was also used by APMVA and Cal DPR to set their dermal absorption factors.  

Activity Scenarios

In all scenarios, exposure to a liquid, 200 g a.i./l formulation, by a 70 kg operator with dermal absorption of 30% for concentrates (mixing/loading), and for spraying (application) is modelled:  

Table H2:
Activity Scenarios
	Scenario
	Application
	Work rate (ha/day) *

	
	Equipment
	Rate
(g a.i./ha/ application)
	Formulation
(L/ha)
	Number applications per crop
	

	1
	Summerfruit
	tractor mounted/trailed boom sprayer: air-assisted sprayer
	980
	4.9
	6
	8

	2
	Potatoes
	tractor mounted/trailed boom sprayer: hydraulic nozzles
	560
	2.8
	6
	20

	3
	Strawberries
	tractor mounted/trailed boom sprayer: hydraulic nozzles
	560
	2.8
	12
	20

	
	
	
	
	
	
	

	* In all scenarios the default values for the German BBA model are used in the absence of specific work rate information for New Zealand


	Table H3:  Occupational Exposure Estimates & Risk Assessment

Scenario (1): Summerfruit, Azinphos methyl at 980 g a.i/ha/application in 2000 L/ha
tractor mounted/trailed boom sprayer: air-assisted sprayer; 8ha per day

	
	Dermal absorbed dose
(mg/day) b
	Inhalation absorbed dose
(mg/day) c
	Total operator exposure
(mg/kg b.w./day)d
	Risk Quotient (RQ)g

	Mixing/loading: A1P2 + gloves 

Application: A1P2 + hood/visor + overalls + boots + gloves
	0.0565 e
1.2583 f
	0.0001 e
0.0028 f
	)

0.0188

)
	2.4 h

	Mixing/loading: gloves 

Application: hood/visor + overalls + boots + gloves
	0.0565 e
1.2865 f
	0.0047 e
0.1411 f
	)

0.0213

)
	2.7 h

	Mixing/loading: gloves 

Application: gloves
	0.0565 e
25.4181 f
	0.0047 e
0.1411 f
	)

0.3660

)
	46 h

	Mixing/loading: no PPE

Application: gloves
	5.6448 e
25.4181 f
	0.0047 e
0.1411 f
	)

0.4458

)
	56 h

	Mixing/loading: gloves 

Application: no PPE 
	0.0565 e
27.048 f
	0.0047 e
0.1411 f
	)

0.3893

)
	49 h

	Mixing/loading: no PPE

Application: no PPE 
	5.6448 e
27.048 f
	0.0047 e
0.1411 f
	)

0.4691

)
	59 h

	a
UK PSD interpretation of the German BBA Model – geometric means

b  
Assumes 30% dermal absorption for concentrate and for spray 

c  
Assumes 100% inhalation absorption

d  
Assumes 70kg body weight at application  

e  
Mixing/Loading;  f  
Application

g     RQ  =  Total Estimated Occupational Exposure / AOEL where AOEL = 0.008 mg/kg b.w./day

h    RQ > 1 indicates the likelihood of an e risk to those exposed

	Table H4:   Occupational Exposure Estimates & Risk Assessment
Scenario (2) and (3): Potatoes/Tomatoes, Azinphos methyl at 560 g a.i/ha/application in 1000 L/ha
tractor mounted/trailed boom sprayer: hydraulic nozzles; 20ha per day

	
	Dermal absorbed dose
(mg/day) b
	Inhalation absorbed dose
(mg/day) c
	Total operator exposure
(mg/kg b.w./day)d
	Risk Quotient (RQ)g

	Mixing/loading: A1P2 + gloves 

Application: A1P2 + hood/visor + overalls + boots + gloves
	0.0806 e
0.2896 f
	0.0001 e
0.0002 f
	)

0.0053

)
	0.7

	Mixing/loading: gloves 

Application: hood/visor + overalls + boots + gloves
	0.0806 e
0.2917 f
	0.0067 e
0.0112 f
	)

0.0056

)
	0.7

	Mixing/loading: gloves 

Application: gloves
	0.0806 e
5.59 f
	0.0067 e
0.0112 f
	)

0.0813

)
	10 h

	Mixing/loading: no PPE

Application: gloves
	8.06 e
5.59 f
	0.0067 e
0.0112 f
	)

0.1953

)
	24 h

	Mixing/loading: gloves 

Application: no PPE 
	0.0806 e
6.85 f
	0.0067 e
0.0112 f
	)

0.0993

)
	12 h

	Mixing/loading: no PPE

Application: no PPE 
	8.06 e
6.85 f
	0.0067 e
0.0112 f
	)

0.2134

)
	27 h

	a
UK PSD interpretation of the German BBA Model – geometric means

b  
Assumes 30% dermal absorption for concentrate and for spray 

c  
Assumes 100% inhalation absorption

d  
Assumes 70kg body weight at application  

e  
Mixing/Loading;  f  
Application

g     RQ  =  Total Estimated Occupational Exposure / AOEL where AOEL = 0.008 mg/kg b.w./day

h   RQ > 1 indicates the likelihood of an e risk to those exposed


Conclusions on operator exposure estimates and risk assessment 

As can be seen from the Tables above, the use of gloves by mixer/loaders makes a significant impact on estimated exposure, while during application hood/visor, overalls, boots and gloves are required to appreciably reduce estimated exposures.  

However, the Risk Quotient (RQ) for operators using air-assisted spraying equipment in summerfruit applications is still e (RQ >1) even with full PPE and Respiratory Protective Equipment (RPE).  The most significant exposure is predicted to occur from absorption through the skin during spraying. 

The predicted risks to operators during air-assisted spraying of summerfruit may be mitigated by use of engineering controls (closed mixing and loading systems; enclosed cabs) and/or further PPE as recommended overseas for similar applications (See Appendix 5) (APVMA, 2006a; PMRA, 2003; USEPA, 2006).  

A closed mixing and loading system is designed by the manufacturer to remove the pesticide from the shipping container and transfer it into mixing tanks and/or application equipment in a manner that prevents the liquid, but not necessarily any vapor, from contacting handlers or other people during the transfer. Since this system does not protect against inhalation exposures, it would generally not qualify as a closed system for chemicals with inhalation exposure concerns; however, it is considered an engineering control which would greatly reduces dermal exposure.  Appropriate mechanical transfer systems for liquid formulations are assumed to reduce dermal exposures to mixer/loaders by 2.7x when only a single layer of clothes and gloves were worn.  However, the use of mechanical transfer systems alone is not adequate to reduce the predicted operator RQs below 1 (RQ = 2.3 when wearing single layer PPE and RPE during mixing/loading/application; and RQ = 2.6 when wearing single layer PPE without RPE during mixing/loading/application; See Appendix 3).  Mixers and loaders must still wear the recommended PPE with eye protection if the system is pressurized.  
An enclosed cab is a cab that has a nonporous barrier which totally surrounds the occupant(s) of the cab and prevents contact with pesticides outside the cab.  Such cabs could include tractor cabs, cockpits and truck/vehicle cabs as long as the cabs do not have doors, hatches or windows that are open anytime during the pesticide application. The cabs should be fitted with appropriate filtering devices to protect against chemicals.  Appropriate enclosed cabs with filter systems are assumed to reduce exposures to air-blast applicators by 13.4x when only a single layer of clothes and gloves were worn, and in conjunction with other mitigation measures would be adequate to reduce the predicted operator RQs below 1 (RQ = 0.3 when wearing single layer PPE and RPE during mixing/loading; and RQ = 0.3 when wearing single layer PPE without RPE during mixing/loading; See Appendix 3).  

The German BBA model assumes that a layer of clothing allows only 5% transmission of pesticide during application.  The use of an extra layer of clothing (long-sleeved shirt and long-legged trousers) under coveralls does appear to offer adequate extra protection to reduce predicted operator RQs below 1 (RQ = 0.4 when wearing double layer PPE and RPE during mixing/loading/application; and RQ = 0.8 when wearing double layer PPE without RPE during mixing/loading/application; See Appendix 4).
Mixers and loaders must wear the following during mixing, loading, clean-up and repair activities:  

· Coveralls over long-sleeved shirt and long-legged trousers

· Chemical-resistant gloves, such as barrier laminate or viton

· Chemical-resistant footwear plus socks

· Protective eyewear

· Chemical-resistant apron when mixing or loading

· Chemical-resistant headgear

· For exposure in enclosed areas, a respirator with either an organic vapour-removing cartridge with a prefilter approved for pesticides, or a canister approved for pesticides 

· For exposure outdoors, dust/mist filtering respirator.  

Airblast applicators must be in fully enclosed cabs with appropriate filtering systems or must wear:  

· Chemical-resistant coveralls over long-sleeved shirt and long-legged trousers

· Chemical-resistant hood

· Full-face respirator or half-faced respirator with a face shield (respirators can have either an organic vapour-removing cartridge with a prefilter approved for pesticides, or a canister approved for pesticides

· Chemical-resistant footwear plus socks.

· Chemical-resistant gloves

Airblast applicators using fully enclosed cabs with appropriate filtering systems must have the above RPE and PPE immediately available for use if leaving the cab in the treated area, and a system for storing the used RPE and PPE to prevent contamination of the cab.  At least long-sleeved shirt and long-legged trousers, footwear plus socks should be worn in the functioning enclosed cab.  

The Risk Quotient (RQ) for operators using boom spraying in potato or strawberry applications are marginal (RQ = 0.7) even when full PPE and RPE are used.  Again the most significant exposure is predicted to occur from absorption through the skin during spraying. 

The predicted risks to operators during boom spraying of potatoes and strawberries may be further mitigated by use of engineering controls (closed mixing and loading systems; enclosed cabs) and/or further PPE as recommended overseas for similar applications (APVMA, 2006a; PMRA, 2003; USEPA, 2006).  

Applicators using boom spray equipment must wear:  

· Coveralls over long-sleeved shirt and long-legged trousers

· Chemical-resistant gloves, such as barrier laminate or viton

· Chemical-resistant footwear plus socks

· Protective eyewear

· For exposure in enclosed areas, a respirator with either an organic vapour-removing cartridge with a prefilter approved for pesticides, or a canister approved for pesticides

· For exposure outdoors, dust/mist filtering respirator.  

Post-application or re-entry worker exposures & risk assessment
The routes of exposure during post-application activities are analogous to those for the operator, i.e. dermal and inhalation. However, the sources are different: foliage, soil and dust may contribute as treated surfaces cause pesticide residues to be transferred to the skin. Oral exposure may also occur as a consequence of dermal exposure, i.e. through hand to mouth activities, but is usually ignored except for children.  
Most maintenance activities include frequent contact with the foliage of the crop.  Therefore, dermal exposure is considered to be the most important exposure route during these re-entry activities. The amount of resulting exposure (for a certain activity) depends on the amount of residue on foliage, the intensity of contact with the foliage and the duration of contact. Similarly, the dermal route is also expected to be the significant route of exposure for members of the public entering treated crops (for example, for pick-your-own).  

Inhalation exposure may potentially occur from residual vapour and airborne aerosols.  Movement of the crop may also result in inhalation exposure to aerosol/vapour as well as dust during re-entry activities. For outdoor situations there will be more rapid dissipation of vapour and aerosols, leading to lower inhalation potential than from indoor treatments, such as those made to protected crops grown in glasshouses.  
Most re-entry activities are not expected to result in pesticide exposure throughout the year, as azinphos methyl is not applied all year in all crops, and many activities are performed only seasonally.  

The extent of dermal absorption has been assumed to be 30% for re-entry exposure assessment.  

In accordance with ERMA New Zealand’s requested approach,TCL used the UK PSD Guidance for Post-Application (Re-Entry Worker) Exposure Assessment (2008a) to model exposures for some New Zealand activities.

The default assumption is that there is no dissipation of residues between applications, although the risk from exposure to one application per crop  has also been modelled.  This gives the same result as would apply if one was to assume 100% dissipation of the active ingredient from treated surfaces between applications.

Dermal Exposures: 

Dislodgeable foliar residue (DFR)

The amount of residue on foliage depends on several factors, for example, the application rate, targeting and retention of spray, crop type and the amount of foliage (leaf area index).  Moreover, dissipation of residues on crop foliage over time depends on the physical and chemical properties of the applied active substance as well as on environmental conditions. Where experimentally determined dislodgeable foliar residue data are not available, a worse case assessment of the initial DFR (DFR0), in a first tier assessment, assumes 3 micrograms of active substance/square centimetre of foliage/per kg a.s. applied/hectare (UK PSD, 2008a)
.  

Transfer coefficient (TC)

The transfer of residues from the plant surface to the clothes or skin of the worker can be regarded as more or less independent of the kind of product applied and the level of exposure will depend on the intensity and duration of contact with the foliage. This is also determined by the nature and duration of the activity during re-entry. Therefore, it is possible to group various crop habitats and re-entry activities. The EUROPOEM Group recommended the following indicative TC values for potential dermal exposure for four different harvesting scenarios. These TC values assume harvesting is performed with bare hands and dermal exposure to the body is reduced ten fold by clothing worn by the worker.  
Table H5:
Transfer Coefficients
	Crop
	Nature of task
	Transfer Coefficient
(cm2 / hr)

	Vegetables
	Reach / Pick
	2500

	Fruits (from trees) 
	Search / Reach / Pick
	4500

	Berries 
	Reach / Pick
	3000

	Ornamentals 
	Cut / Sort / Bundle / Carry
	5000


For other re-entry scenarios, TC data may be extrapolated where the scenarios are considered to be comparable, i.e. the intensity and duration of contact with the foliage is similar (UK PSD, 2008a).  
Predicted exposure for this scenario based on the PSD equation (by adding a factor for dermal exposure and dividing by the worker’s body weight) gives:

D = DFR x TC x % absorbed x WR x AR x P / BW

Where: 

D = Dermal Exposure [μg a.s./person*d]

DFR = Dislodgeable Foliar Residue per kg a.s./ha = 3.0 μg a.s./cm² per kg a.s./ha

TC = Transfer Coefficient [cm²/person/h]

% absorbed = percentage dermal absorption (assumed to be 30%)
WR = Work Rate

AR = Application Rate

P = Penetration Factor for Clothing [= 1] which assumes no clothing such as a long sleeved shirt is taken into account 

BW = bodyweight (70 kg)
With PPE:  

In the UK PSD interpretation of the German BBA Model for estimating operator exposures to pesticides, during application it is assumed that 3% of exposure occurs to the head, 19% to the hands and 78% to the rest of the body.  The use of gloves, the model assumes, reduces exposure of the hands to 1%, while coveralls and sturdy footwear reduce the rest of the body exposure to 5%.  Applying these figures to the Penetration Factor for Clothing (P) in the above equation gives:  

P = (exposure to head % x protection offered %) + (exposure to hands % x protection offered %) + (exposure to rest of body % x protection offered %)
P = (0.03 x 1.0) + (0.19 x 0.01) + (0.78 x 0.05) = 0.0709

Inhalation Exposures:  

Although in many cases inhalation exposure will be less significant for the exposure assessment than dermal exposure, the EUROPOEM Group have proposed task-specific factors that may be used for the first tier of an exposure assessment relating to harvesting ornamentals and to the re-entry of greenhouses approximately 8-16 hours after treatment (UK PSD, 2008a).  

This approach may be used for non-volatile pesticides, where levels of inhalation exposure (vapour and dust) would be expected to be low in comparison with dermal exposure (UK PSD, 2008a).  

As no greenhouse uses for azinphos methyl have been proposed for New Zealand, inhalation exposures for re-entry field workers have been taken to be negligible (in comparison to potential dermal exposures) for the proposed uses.  

Re-entry scenarios: 

The New Zealand representative re-entry activities or surrogate activities (to allow predictions of possible exposure to be made) modelled are:  

· hand-harvesting summerfruit: dermal exposure;

· hand-harvesting potatoes: dermal exposure;

· hand-harvesting strawberries: dermal exposure; 

	Table H6:    Re-Entry Worker Exposure Estimates & Risk Assessment Default Model with No PPE a

	Scenario
	
	Application Rate (AR)
[kg a.s./ha]
	Work Rate
(WR)
[hours/day]
	Dislodgeable Foliar Residue (DFR) b
[μg a.s./cm² per kg a.s./ha]
	Transfer Coefficient
(TC) [cm²/person/h]
	Dermal Exposure
(D) c
[μg a.s./person/d]
	Risk Quotient
(RQ)d

	1
	Summerfruit
	0.98
	8
	3
	4500
	2721.6 [453.6] f
	340 [57] e

	2
	Potatoes
	0.56
	8
	3
	2500
	864 [144] g
	108 [18] e

	3
	Strawberries
	0.56
	8
	3
	3000
	2073.6 [172.8] h
	259 [22] e

	a UK PSD Guidance for Post-Application (Re-Entry Worker) Exposure Assessment (UK PSD, 2008a)

b default values for first tier assessment
c D = DFR x TC x % absorbed x WR x AR x P / BW
  Where:

% absorbed = percentage dermal absorption (30%)

P = Penetration Factor for Clothing [= 1] which assumes no clothing such as a long sleeved shirt is taken into account 

BW = bodyweight (70 kg) 

d RQ  =  Total Estimated Occupational Exposure / AOEL where AOEL = 0.008 mg/kg b.w./day (8 µg/kg b.w./day)

e RQ > 1 indicates the likelihood of an e risk to those exposed

f assumes 6 treatments per year, with no dissipation; [ ] assumes 1 treatment per year, or with 100% dissipation of active substance between applications.

g assumes 6 treatments per crop, with no dissipation; [ ] assumes 1 treatment per year, or with 100% dissipation of active substance between applications.

h assumes 12 treatments per year, with no dissipation; [ ] assumes 1 treatment per year, or with 100% dissipation of active substance between applications.


	Table H7:  Re-Entry Worker Exposure Estimates & Risk Assessment with PPE – gloves, coverall and sturdy footwear a

	Scenario
	
	Application Rate (AR)

[kg a.s./ha]
	Work Rate

(WR)

[hours/day]
	Dislodgeable Foliar Residue (DFR) b
[μg a.s./cm² per kg a.s./ha]
	Transfer Coefficient

(TC) [cm²/person/h]
	Dermal Exposure

(D) c
[μg a.s./person/d]


	Risk Quotient

(RQ)d

	1
	Summerfruit
	980
	8
	3
	4500
	193 [32] f
	24 [4] e

	2
	Potatoes
	560
	8
	3
	2500
	61 [10] g
	8 [1.3] e

	3
	Strawberries
	560
	8
	3
	3000
	147 [12] h
	18 [1.5] e

	a UK PSD Guidance for Post-Application (Re-Entry Worker) Exposure Assessment (UK PSD, 2008a)

b default values for first tier assessment
c D = DFR x TC x % absorbed x WR x AR x P / BW
   Where:


% absorbed = percentage dermal absorption (30%)


P = Penetration Factor for Clothing [= 0.0709] which assumes gloves, coveralls and sturdy boots are taken into account 


BW = bodyweight (70 kg) 

d RQ  =  Total Estimated Occupational Exposure / AOEL where AOEL = 0.008 mg/kg b.w./day (8 µg/kg b.w./day)

e RQ > 1 indicates the likelihood of an e risk to those exposed

f assumes 6 treatments per year, with no dissipation; [ ] assumes 1 treatment per year, or with 100% dissipation of active substance between applications.

g assumes 6 treatments per crop, with no dissipation; [ ] assumes 1 treatment per year, or with 100% dissipation of active substance between applications.

h assumes 12 treatments per year, with no dissipation; [ ] assumes 1 treatment per year, or with 100% dissipation of active substance between applications.


Discussion and conclusions on re-entry worker exposure estimates in some representative New Zealand activities: 

Re-entry worker exposure estimates for some representative New Zealand occupational activities were modelled using the UK PSD Guidance for Post-Application (Re-Entry Worker) Exposure Assessment (2008a).  The model was applied assuming re-entry as soon as the spray had dried; the largest Task Specific Factors; and, the UK PSD default values.

In each use scenario the estimated dermal exposures alone (and, therefore, also the total exposures) whether PPE was or was not taken into account, gave RQs in excess of 1, indicating an e risk, even after only one application (or 100% dissipation between multiple applications)..  

Even where protective clothing is factored in, the resulting RQs are still in excess of 1, indicating an e risk, even after only one application.  This result is the same as the estimate that would apply if it were assumed that 100% dissipation of the active substance occurs between applications.  

Re-entry risks for workers (and ‘pick your own’) are estimated as high for horticultural applications, and since these personnel do not generally use PPE, REIs represent an important means of addressing these exposure risks as recommended overseas for similar applications (APVMA, 2006a; PMRA, 2003; USEPA, 2006).  

In the case of pick your own, there may be in addition oral exposure from residues consumed during and subsequently to the harvesting activity.  

The following REIs are recommended, based on REIs established (or previously applied) by the USEPA and PMRA with similar application rates and use patterns:

· Cherries
19 days

· Other Summerfruit
14 days

· Potatoes
42 days

· Strawberries
7 days 

[Notes: Uses on potatoes have been revoked in the US and Canada.  The strawberry REI is based on that for raspberries with similar application rates PMRA, 2003; USEPA, 2006. TCL notes that though the growth habit of strawberries is quite different from raspberries, the re-entry exposures are likely to be lower for strawberries.]  

In Canada the PMRA recommends that: “workers performing activities that involve foliar contact following the REI must wear clean long sleeved shirts and protective gloves.” (PMRA, 2003).  

The following PPE for early re-entry, based on those established by the USEPA and PMRA, are recommended:

· Coveralls over long sleeved shirt and long trousers; 

· Chemical resistant gloves made out of any waterproof material; 

· Chemical resistant footwear plus socks; 

· Protective eyewear; 

· Chemical Resistant headgear for over head exposures 

For pick-your-own activities the USEPA recommended for rates of 0.60 lbs ai/A [0.67 kg ai/ha] per application or less, a REI of 33 days must be observed (USEPA, 2006a).  The PMRA recommended that: “persons other than agricultural workers, such as members of the general public involved in “pick-your-own,” “U-pick,” or similar operations, are not permitted to enter a treated area for 30 days after application.” (PMRA, 2003).  

TCL notes that the application rate for strawberries at 0.56 kg a.i./ha is slightly lower than that in the USA, so recommends that the following REI is set for pick-your-own activities based on the PMRA recommendation:

· Pick-your-own  
30 days

4
Bystander Exposure & Risk Assessment

Bystander exposure & risk assessment

Introduction 

4.4.1
The main potential source of exposure to the general public (bystander or resident) from azinphos methyl (other than via food residues) is via spray drift.  Bystander exposures would be intermittent in comparison to exposure of workers, who are handling the pesticide throughout the application. In addition, spray densities, and hence exposure levels drop off with distance from spraying operations.  

4.4.2
TCL notes that any potential bystanders will not be directly handling the substance, and they will not be wearing PPE.  

4.4.3
No New Zealand monitoring studies of airborne azinphos methyl at application sites are available to estimate possible public exposure.  

4.4.4
UK PSD Bystander Exposure Guidance Document (2008b20) gives models for estimating bystander exposure in three circumstances: 

• Exposure from spray drift at the time of application;

• Exposure from inhalation of pesticide which volatilises from the crop or soil surface after the application has been made; and

• Exposure through contact with spray drift contaminated surfaces.  

20 http://www.pesticides.gov.uk/approvals.asp?id=2428&link=%2Fuploadedfiles%2FWeb%5

FAssets%2FPSD%2FBystander%2520exposure%2520guidance%5Ffinal%2520version%2Epdf

Exposure from spray drift at the time of application

4.4.5
The levels of spray drift deposited on the body of a bystander/ resident and that which may be in the breathing zone can be estimated. From this the amount of active substance available for dermal absorption and which may be inhaled can be calculated. It should be assumed that no action is taken to avoid or control exposure and that little clothing is worn. Measurements of bystander exposure during UK field crop spraying and orchard spraying applications have been reported by Lloyd and Bell, 1983 and Lloyd et al, 1987.  For orchard sprayer applications the equivalent potential dermal exposure (PDE) and inhalation values were 3.7 ml spray/person and 0.002 ml spray/person for a bystander, positioned 8 metres downwind from the sprayer. For boom sprayers the average PDE for a bystander, positioned 8 metres downwind from the sprayer and the average amount of spray passing through the breathing zone were 0.1 ml spray/person and 0.006 ml spray/person, respectively [in UK PSD 2008b].
Using these data total systemic exposure from spray drift at the time of application can be estimated as follows for broadcast air assisted spraying of summerfruit and boom spraying of potatoes and strawberries: 

Systemic exposure = (PDE x SC x % absorbed + PIE x SC x 100%) / BW

Where:

PDE = potential dermal exposure (ml spray) [3.7 ml/person for broadcast air assisted spraying; 0.1 ml/person for boom spraying]  

PIE = potential inhalation exposure (ml spray) [0.002 ml/person for broadcast air assisted spraying; 0.006 ml/person for boom spraying]

SC = concentration of active substance in spray (mg a.s./ml spray)

% absorbed = percentage dermal absorption (30%)

BW = bodyweight (70kg)
Exposure from inhalation of pesticide which volatilises from the crop or soil surface

after the application has been made

The potential exists for longer term exposure to pesticide vapour which may occur after the plant protection product has been applied, for example residents who live adjacent to an area that has been treated with a plant protection product and who might be in this location for 24 hours per day. A large number of non-UK studies have been published which report the monitoring of outdoor air concentrations of pesticides after they have been applied to crops. From these studies the highest 24 hour time weighted average concentration in air for orchard sprayers (and a 21 hour time weighted average value for boom sprayer applications) have been determined. These values may be used generically [UK PSD 2008b].
For applications made using broadcast air assisted sprayers, exposure to vapour post application is predicted from studies conducted by the Californian Environmental Protection Agency, where ‘Bayfidan EC 250’ [chlorpyrifos (vapour pressure 2.3 x 10-3 Pa at 25 °C)] was applied to an orange orchard and monitored chlorpyrifos residues in air over 72 hours. UK PSD recommend the use a value of 15 μg/m3/24h (the highest TWA recorded) to predict bystander exposure from vapour after application of the spray [UK PSD 2008b]. 

For applications made using field crop (boom) sprayers, exposure to vapour post application is predicted from studies conducted in Germany, where lindane (vapour pressure = 5.6 x 10-3 Pa at 25 C), parathion (1.3 x 10-3 Pa at 25 C) and pirimicarb (4 x 10-3 Pa at 25 C) were applied in field trials to provide measurements of residues in air adjacent to treated crops (Siebers et al 2000). UK PSD recommended the use a value of 1 μg/m3 to predict bystander exposure from vapour after application of the spray [UK PSD 2008b]. 

Potential inhalation exposure (PIE) = (RV x VC x % absorbed) / BW

Where:

PIE = potential inhalation exposure (μg/kg b.w./day)

RV = respiratory volume over 24 hours (m3/day; 70kg adult = 17.7 m3/day; 15kg child = 8.3 m3/day)
VC = concentration of active substance in air (μg/m3; air-blast = 15; ground boom = 1)

% absorbed = percentage inhalation absorption (100%) = 1.0
BW = bodyweight (adult = 70kg; child = 15kg)
Exposure through contact with spray drift contaminated surfaces
It is possible that spray drift fallout from applications may be deposited in private gardens adjacent to treated areas, and individuals in such locations may become exposed through contact with such deposits. A possible scenario that illustrates a significant opportunity for exposure would be children playing in a garden which has been subject to spray drift fallout. It is possible to estimate such exposures using spray drift fallout values used for aquatic risk assessment purposes (Rautmann et al, 2001) and the approach used by the United States Environmental Protection Agency to estimate residential exposure from contact with treated lawns (USA EPA 1998 / 1999 / 2001). For applications made to high crops such as tree fruit using broadcast air assisted sprayers levels of drift would be expected to be higher than those made to vines (Rautmann et al, 2001) and an average drift value of 10% should be used instead of the 5.4% which is used for applications to low crops with boom sprayers [UK PSD 2008b].

For products which may be applied to crops on more than one occasion the theoretical worse case is to consider children’s exposure from the maximum total dose which may be applied, i.e. to assume that there is no dissipation in foliar residues between successive treatments. This approach may be refined where data are available to refine the estimated residues, but no such data are available for azinphos methyl in New Zealand.
The small child playing on a lawn leads to three potential exposures: dermal (skin contact); hand-to-mouth (sucking contacted fingers and thumbs); and, object-to-mouth (eating/sucking soil, grass or other contaminated items).  
Children’s dermal exposure

Systemic exposures via the dermal route were calculated using the above drift fallout values and the following equation:

SE(d) = AR x DF x TTR x TC x H x DA / BW  

Where:

SE(d) = systemic exposure via the dermal route

AR = field application rate (μg/cm2)

DF = drift fallout value

TTR = turf transferable residues

TC = transfer coefficient

H = exposure duration for a typical day (hours) – this has been assumed to

be 2 hours which matches the 75th percentile for toddlers playing on grass

in the EPA Exposure Factors Handbook

DA = percent dermal absorption (30%)

BW = body weight - 15kg which is the average of UK 1995-7 Health Surveys for England values for males and females of 2 and 3 yrs
Children’s hand-to-mouth exposure
Hand-to-mouth exposures were calculated using turf transferable residue levels using the following equation:  

SE(h) = AR x DF x TTR x SE x SA x Freq x H / BW

Where:

SE(h) = systemic exposure via the hand-to-mouth route

AR = field application rate (μg/cm2)

DF = drift fallout value

TTR = turf transferable residues

SE = saliva extraction factor – the default value of 50% was used

SA = surface area of the hands – the assumption used here is that 20 cm2 of skin area is contacted each time a child puts a hand in his or her mouth (this is equivalent to the palmar surface of three figures and is also related to the next parameter)
Freq = frequency of hand to mouth events/hour – for short term exposures the value of 20 events/hours is used, this is the 90th percentile of observations that ranges from 0 to 70 events/hour 

H = exposure duration (hours) – this has been assumed to be 2 hours which matches the 75th percentile for toddlers playing on grass in the EPA Exposure Factors Handbook

BW = body weight - 15kg which is the average of UK 1995-7 Health Surveys for England values for males and females of 2 and 3 yrs
Children’s object-to-mouth exposure

Object to mouth exposures were calculated using turf transferable residue levels using the following equation:  

SE(o) = AR x DF x TTR x IgR / BW

Where:

SE(o) = systemic exposure via mouthing activity

AR = field application rate (μg/cm2)

DF = drift fallout value

TTR = turf transferable residues

IgR = ingestion rate for mouthing grass/day – this was assumed to be equivalent to 25cm2 of grass/day

BW = body weight – 15kg which is the average of UK 1995–7 Health Surveys for England values for males and females of 2 and 3 yrs.  

In accordance with ERMA New Zealand’s request, TCL applied these models to the three potential New Zealand use patterns: air blast spraying of summerfruit; boom spraying of potatoes; and, boom spraying of strawberries.  
Table H8:
Bystander Exposure Estimates and Risk Assessment


	Scenario
	Bystander Exposure Estimates and Risk Assessment a

	
	Broadcast Air Assisted b
	Field crop (boom) sprayers c

	
	Summerfruit
	Potatoes
	Strawberries

	
	Exposure
	Risk Quotient (RQ) g
	Exposure
	Risk Quotient (RQ) g
	Exposure
	Risk Quotient (RQ) g

	Exposure from spray drift at the time of application (per application)
	Adult (70kg)
	0.0078
	0.98
	0.0003
	0.04
	0.0003
	0.04

	
	Child (15kg)
	0.0363
	4.5 h
	0.0013
	0.17
	0.0013
	0.17

	Exposure from inhalation of volatilised pesticide (per application)
	Adult (70kg)
	0.0038
	0.48
	0.0003
	0.04
	0.0003
	0.04

	
	Child (15kg)
	0.0083
	1.04 h
	0.0006
	0.08
	0.0006
	0.08

	Exposure through contact with spray drift contaminated surfaces (cumulative)
	Child’s dermal exposure 
	0.0612 d
	
	0.0035 e
	
	0.0070 f
	

	
	Child’s hand-to-mouth exposure
	0.0078 d
	
	0.0005 e
	
	0.0009 f
	

	
	Child’s object-to-mouth exposure 
	0.0020 d
	
	0.0001 e
	
	0.0002 f
	

	
	Child’s total exposure 
	0.071 d
	9.0
	0.0041 e
	0.5
	0.0081 f
	1.0

	a UK PSD Bystander Exposure Guidance Document (2008b);  


Where: 
Dermal absorption = 30%;




Inhalation absorption = 100%

b drift fallout value (DF) = 10%;  

c drift fallout value (DF) = 1%;  

d assumes 6 treatments per year, with no dissipation;
e assumes 6 treatments per crop, with no dissipation;

f assumes 12 treatments per year, with no dissipation; 

g RQ  =  Total Estimated Occupational Exposure / AOEL where AOEL = 0.008 mg/kg b.w./day

h RQ > 1 indicates the likelihood of an e risk to those exposed 


Conclusions on bystander and residential exposure estimates from spray drift:

The Table above summarises bystander and residential exposure estimates.  The estimated exposures from the UK PSD models for broadcast air-assisted spraying in orchards, to simulate summerfruit use patterns, indicate that absorbed doses may reach up to a RQ of 4.5 for child bystanders during application.  The risks to children from volatilised residues would be border-line (children: volatilised exposure, RQ = 1.04) but the residues deposited on lawns as surface residues, would be e (RQ = 9).

The estimated exposures from the UK PSD models for boom spraying over field crops, to simulate potato and strawberry use patterns, indicate acceptable risk to bystanders or residents from volatilised residues, or to children playing on contacted lawns, although that for strawberries with the maximum number of applications is borderline. 

TCL notes that the model assumptions are conservative, in that they assume that the spray from multiple applications is cumulative in the case of residues deposited on lawns.  
Adequate buffer zones to control spray drift and limit potential exposure to bystanders or residents will be required to reduce these estimate risks to acceptable levels for air-assisted sprayer applications (See Appendix 6).  A 50 metre buffer zone is predicted to reduce a child’s estimated total exposure through contact with spray drift contaminated surfaces to acceptable risk (RQ = 0.9).  

5
Summary and Conclusions

TCL estimated occupational and bystander/resident exposures to azinphos methyl from proposed uses in summerfruit, potatoes and strawberries, and assessed the risks posed.  
The activities are summarised in the following Table: 

Table H9:
Azinphos methyl uses and application rates
	Scenario
	Application
	Work rate (ha/day) *

	
	Equipment
	Rate 
(g a.i./ha/ application)
	Formulation (L/ha)
	Number applications per crop
	

	1
	Summerfruit
	tractor mounted/trailed boom sprayer: air-assisted sprayer
	980
	4.9
	6
	8

	2
	Potatoes
	tractor mounted/trailed boom sprayer: hydraulic nozzles
	560
	2.8
	6
	20

	3
	Strawberries
	tractor mounted/trailed boom sprayer: hydraulic nozzles
	560
	2.8
	12
	20

	
	
	
	
	
	
	

	* In all scenarios the default values for the German BBA model are used in the absence of specific work rate information for New Zealand


Operator exposures and risk assessment: 

Operator (mixer/loader/applicator) exposures are estimated using the United Kingdom Pesticide Safety Directorate’s (UK PSD) interpretation of the German BBA Model. The derived values consider both dermal and inhalation exposure routes using the geometric mean model.

Risks to operators (mixers/loaders/applicators) using air-assisted spraying equipment in summerfruit applications are e (Risk Quotient, RQ >1), even when they wear normal PPE and RPE.  The most significant exposure is predicted to occur from absorption through the skin during spraying.  Consequently, measures to reduce operator exposure beyond the level achieved with normal PPE and RPE were also assessed.  Such measures were engineering controls (closed mixing and loading systems; enclosed cabs) and/or further PPE.  (Table H3) 

Risks to operators (mixers/loaders/applicators) using boom sprayers are acceptable (Risk Quotient, RQ <1), when they wear normal PPE and RPE.

The predicted risks to operators during air-assisted spraying of summerfruit may be mitigated by use of engineering controls (closed mixing and loading systems; enclosed cabs) and/or further PPE.  See Appendices 3, 4 & 5.  
Although the major exposures occur during spraying, for all application types appropriate mechanical transfer systems for liquid formulations are assumed to reduce dermal exposures to mixer/loaders by 2.7x when only a single layer of clothes and gloves were worn.  However, the use of mechanical transfer systems alone is not adequate to reduce the predicted operator RQs below 1 (RQ = 2.3 when wearing single layer PPE and RPE during mixing/loading/application; and RQ = 2.6 when wearing single layer PPE without RPE during mixing/loading/application).  Mixers and loaders must still wear the recommended PPE with eye protection if the system is pressurized.  See Appendix 3.  

Appropriate enclosed cabs with filter systems are assumed to reduce exposures to air-blast applicators by 13.4x when only a single layer of clothes and gloves were worn, and in conjunction with other mitigation measures would be adequate to reduce the predicted operator RQs below 1 (RQ = 0.3 when wearing single layer PPE and RPE during mixing/loading; and RQ = 0.3 when wearing single layer PPE without RPE during mixing/loading).  See Appendix 3.  

The use of an extra layer of clothing (long-sleeved shirt and long-legged trousers) under coveralls does appear to offer adequate extra protection to reduce predicted operator RQs below 1 (RQ = 0.4 when wearing double layer PPE and RPE during mixing/loading/application; and RQ = 0.8 when wearing double layer PPE without RPE during mixing/loading/application).  See Appendix 4.
Mixers and loaders must wear the following during mixing, loading, clean-up and repair activities:  

· Coveralls over long-sleeved shirt and long-legged trousers

· Chemical-resistant gloves, such as barrier laminate or viton

· Chemical-resistant footwear plus socks

· Protective eyewear

· Chemical-resistant apron when mixing or loading

· Chemical-resistant headgear

· For exposure in enclosed areas, a respirator with either an organic vapour-removing cartridge with a prefilter approved for pesticides, or a canister approved for pesticides 

· For exposure outdoors, dust/mist filtering respirator.  

Airblast applicators using fully enclosed cabs with appropriate filtering systems must have the above RPE and PPE immediately available for use if leaving the cab in the treated area, and a system for storing the used RPE and PPE to prevent contamination of the cab.  At least long-sleeved shirt and long-legged trousers, footwear plus socks should be worn in the functioning enclosed cab.

Airblast applicators must be in fully enclosed cabs or must wear:  

· Chemical-resistant coveralls over long-sleeved shirt and long-legged trousers

· Chemical-resistant hood

· Full-face respirator or half-faced respirator with a face shield (respirators can have either an organic vapour-removing cartridge with a prefilter approved for pesticides, or a canister approved for pesticides

· Chemical-resistant footwear plus socks.

· Chemical-resistant gloves

The Risk Quotient (RQ) for operators using boom spraying in potato or strawberry applications are marginal (RQ = 0.7) when full PPE and RPE are used.  Again, the most significant exposure is predicted to occur from absorption through the skin during spraying. (Table H4)
The predicted risks to operators during boom spraying of potatoes and strawberries may also be further mitigated by use of engineering controls (closed mixing and loading systems; enclosed cabs) and/or further PPE.  

Applicators during boom spraying must wear:  

· Coveralls over long-sleeved shirt and long-legged trousers

· Chemical-resistant gloves, such as barrier laminate or viton

· Chemical-resistant footwear plus socks

· Protective eyewear

· For exposure in enclosed areas, a respirator with either an organic vapour-removing cartridge with a prefilter approved for pesticides, or a canister approved for pesticides

· For exposure outdoors, dust/mist filtering respirator.  

Re-entry worker exposures and risk assessment:  

Re-entry worker exposure estimates for some representative New Zealand occupational activities were modelled using the UK PSD Guidance for Post-Application (Re-Entry Worker) Exposure Assessment (2008a).

In each use scenario the estimated dermal exposures alone (and, therefore, also the total exposures) whether PPE was or was not taken into account, gave RQs in excess of 1, indicating an e risk, even after only one application (or 100% dissipation between multiple applications).  (Table H6 and Table H7)
Re-entry workers (and ‘pick your own’) do not generally use PPE, so Re-Entry Intervals (REIs) represent an important means of addressing these exposure risks.  
The following REIs are recommended, based on REIs established (or previously applied) by the USEPA and PMRA with similar application rates and use patterns:

· Cherries
19 days

· Other Summerfruit
14 days

· Potatoes

42 days

· Strawberries
7 days 

· Pick-your-own  
30 days

[Note: Uses on potatoes have been revoked in the US and Canada.  The  strawberry REI is based on that for raspberries with similar application rates.  TCL notes that though the growth habit of strawberries is quite different from raspberries, the re-entry exposures are likely to be lower for strawberries.]  

In Canada the PMRA recommends that: “workers performing activities that involve foliar contact following the REI must wear clean long sleeved shirts and protective gloves.”  

The following PPE for early re-entry, based on those established by the USEPA and PMRA, are recommended:

· Coveralls over long sleeved shirt and long trousers; 

· Chemical resistant gloves; 

· Chemical resistant footwear plus socks; 

· Protective eyewear; 

· Chemical resistant headgear for over head exposures 

TCL notes that the application rate for strawberries at 0.56 kg a.i./ha is slightly lower than that in the USA, so recommends that the following REI is set for pick-your-own activities based on the PMRA recommendation:

· Pick-your-own  

30 days

Bystander exposures and risk assessment:  

The estimated exposures from the UK PSD models for broadcast air-assisted spraying in orchards, to simulate summerfruit use patterns, indicate that absorbed doses may reach up to a RQ of 4.5 for child bystanders during application.  The risks to children from volatilised residues would be border-line (children: volatilised exposure, RQ = 1.04) but the residues deposited on lawns as surface residues, would be e RQ = 9).  (Table H8)
The estimated exposures from the UK PSD models for boom spraying over field crops, to simulate potato and strawberry use patterns, indicate acceptable risk to bystanders or residents from volatilised residues, or to children playing on contacted lawns, although that for strawberries with the maximum number of applications is borderline..  

Adequate buffer zones to control spray drift and limit potential exposure to bystanders or residents will be required to reduce these estimate risks to acceptable levels for air-assisted sprayer applications.  A 50 metre buffer zone is predicted to reduce a child’s estimated total exposure through contact with spray drift contaminated surfaces to acceptable risk (RQ = 0.9).  See Appendix 6.  

References: 

References listed at the end of the application (Appendix O).
Appendix 1:

Re-entry by a worker to hand-harvest summerfruit: dermal exposure

Assuming an application of 245 ml azinphos methyl SC in 100 litres water that may be applied up to 6 times per year, therefore the maximum total dose is 5.88 kg a.s./ha (6 x 0.980). 

This estimate assumes no dissipation of residues between treatments. 

A working day of 8 hours is assumed to account for hand-harvesting.  

For the transfer of residues from foliage to the clothes or skin of a worker, a TC value of 4500 cm2/hr is used for hand-harvesting citrus, as recommended by the EUROPOEM Group. 

A DFR value of 3 μg/cm2 per kg as/ha applied is assumed. 

Predicted exposure for this scenario is thus

D = DFR x TC x % absorbed x WR x AR x P / BW

Where: 

D = Dermal Exposure [μg a.s./person*d]

DFR = Dislodgeable Foliar Residue per kg a.s./ha = 3.0 μg a.s./cm² per kg a.s./ha

TC = Transfer Coefficient [cm²/person/h] = 4500 [cm²/person/h]

% absorbed = percentage dermal absorption (30%)
WR = Work Rate [8 hours/day]

AR = Application Rate [5.88 kg a.s./ha]

P = Penetration Factor for Clothing [= 1] which assumes no clothing such as a long sleeved shirt is taken into account 

BW = bodyweight (70 kg)
D = 3 x 4500 x 0.30 x 8 x 5.88 x 1
70 

Dermal Exposure (D) is 2721.6 μg a.s./kg bw/day or 2.7 mg a.s./kg bw/day. 

This gives a Risk Quotient (RQ) = 340 (AOEL = 0.008 mg/kg bw/day).  
If there is total (100%) dissipation between treatments, or there is only one treatment per year then Dermal Exposure (D) is 453.6 μg a.s./kg bw/day or 0.45 mg a.s./kg bw/day. This gives a Risk Quotient (RQ) = 57 (AOEL = 0.008 mg/kg bw/day).  
Inhalation exposure is assumed to be negligible, so Total Exposure = Dermal Exposure (D).  

With PPE:
In the UK PSD interpretation of the German BBA Model for estimating operator exposures to pesticides, during application it is assumed that 3% of exposure occurs to the head, 19% to the hands and 78% to the rest of the body.  

The use of gloves, the model assumes, reduces exposure of the hands to 1%, while coveralls and sturdy footwear reduce the rest of the body exposure to 5%.  

Applying these figures to the Penetration Factor for Clothing (P) in the above equation gives:  

P = (exposure to head % x protection offered %) + (exposure to hands % x protection offered %) + (exposure to rest of body % x protection offered %)
P = (0.03 x 1.0) + (0.19 x 0.01) + (0.78 x 0.05) = 0.0709

Reworking the above formula with P = 0.0709 gives:  

D = DFR x TC x % absorbed x WR x AR x P / BW

Where: 

D = Dermal Exposure [μg a.s./person*d]

DFR = Dislodgeable Foliar Residue per kg a.s./ha = 3.0 μg a.s./cm² per kg a.s./ha

TC = Transfer Coefficient [cm²/person/h] = 4500 [cm²/person/h]

% absorbed = percentage dermal absorption (30%)
WR = Work Rate [8 hours/day]

AR = Application Rate [5.88 kg a.s./ha]

P = Penetration Factor for Clothing [= 0.0709] which assumes gloves, coveralls and sturdy boots are taken into account 

BW = bodyweight (70 kg)
D = 3 x 4500 x 0.30 x 8 x 5.88 x 0.0709
70 

Dermal Exposure (D) is 193 μg a.s./kg bw/day or 0.193 mg a.s./kg bw/day. 

This gives a Risk Quotient (RQ) = 24 (AOEL = 0.008 mg/kg bw/day).  
If there is total (100%) dissipation between treatments, or there is only one treatment per year then Dermal Exposure (D) is 32 μg a.s./kg bw/day or 0.032 mg a.s./kg bw/day. This gives a Risk Quotient (RQ) = 4 (AOEL = 0.008 mg/kg bw/day).  
Re-entry by a worker to hand-harvest potatoes: dermal exposure

Assuming an application of 2.8L azinphos methyl SC in 1000L of water that may be applied up to 6 times per crop, therefore the maximum total dose is 3.36 kg a.s./ha (6 x 0.560). 

This estimate assumes no dissipation of residues between treatments. 

A working day of 8 hours is assumed to account for hand-harvesting.  

For the transfer of residues from foliage to the clothes or skin of a worker, a TC value of 2500 cm2/hr is used for hand-harvesting citrus, as recommended by the EUROPOEM Group. 

A DFR value of 3 μg/cm2 per kg as/ha applied is assumed. 

Predicted exposure for this scenario is thus

D = DFR x TC x % absorbed x WR x AR x P / BW

Where: 

D = Dermal Exposure [μg a.s./person*d]

DFR = Dislodgeable Foliar Residue per kg a.s./ha = 3.0 μg a.s./cm² per kg a.s./ha

TC = Transfer Coefficient [cm²/person/h] = 2500 [cm²/person/h]

% absorbed = percentage dermal absorption (30%)
WR = Work Rate [8 hours/day]

AR = Application Rate [3.36 kg a.s./ha]

P = Penetration Factor for Clothing [= 1] which assumes no clothing such as a long sleeved shirt is taken into account 

BW = bodyweight (70 kg)
D = 3 x 2500 x 0.30 x 8 x 3.36 x 1
70 

Dermal Exposure (D) is 864 μg a.s./kg bw/day or 0.86 mg a.s./kg bw/day. 

This gives a Risk Quotient (RQ) = 108 (AOEL = 0.008 mg/kg bw/day).  
If there is total (100%) dissipation between treatments, or there is only one treatment per year then Dermal Exposure (D) is 144 μg a.s./kg bw/day or 0.14 mg a.s./kg bw/day. This gives a Risk Quotient (RQ) = 18 (AOEL = 0.008 mg/kg bw/day).  
Inhalation exposure is assumed to be negligible, so Total Exposure = Dermal Exposure (D).  

With PPE:
Reworking the above formula with P = 0.0709 gives:  

D = DFR x TC x % absorbed x WR x AR x P / BW

Where: 

D = Dermal Exposure [μg a.s./person*d]

DFR = Dislodgeable Foliar Residue per kg a.s./ha = 3.0 μg a.s./cm² per kg a.s./ha

TC = Transfer Coefficient [cm²/person/h] = 2500 [cm²/person/h]

% absorbed = percentage dermal absorption (30%)
WR = Work Rate [8 hours/day]

AR = Application Rate [3.36 kg a.s./ha]

P = Penetration Factor for Clothing [= 0.0709] which assumes gloves, coveralls and sturdy boots are taken into account 

BW = bodyweight (70 kg)
D = 3 x 2500 x 0.30 x 8 x 3.36 x 0.0709
70 

Dermal Exposure (D) is 61 μg a.s./kg bw/day or 0.061 mg a.s./kg bw/day. 

This gives a Risk Quotient (RQ) = 8 (AOEL = 0.008 mg/kg bw/day).  
If there is total (100%) dissipation between treatments, or there is only one treatment per year then Dermal Exposure (D) is 10 μg a.s./kg bw/day or 0.01 mg a.s./kg bw/day. This gives a Risk Quotient (RQ) = 1.3 (AOEL = 0.008 mg/kg bw/day).  

Re-entry by a worker to hand-harvest strawberries: dermal exposure

Assuming an application of 2.8L azinphos methyl SC in 1000L of water that may be applied up to 12 times per year, therefore the maximum total dose is 6.72 kg a.s./ha (12 x 0.560). 

This estimate assumes no dissipation of residues between treatments. 

A working day of 8 hours is assumed to account for hand-harvesting.  

For the transfer of residues from foliage to the clothes or skin of a worker, a TC value of 2500 cm2/hr is used for hand-harvesting citrus, as recommended by the EUROPOEM Group. 

A DFR value of 3 μg/cm2 per kg as/ha applied is assumed. 

Predicted exposure for this scenario is thus

D = DFR x TC x % absorbed x WR x AR x P / BW

Where: 

D = Dermal Exposure [μg a.s./person*d]

DFR = Dislodgeable Foliar Residue per kg a.s./ha = 3.0 μg a.s./cm² per kg a.s./ha

TC = Transfer Coefficient [cm²/person/h] = 3000 [cm²/person/h]

% absorbed = percentage dermal absorption (30%)
WR = Work Rate [8 hours/day]

AR = Application Rate [6.72 kg a.s./ha]

P = Penetration Factor for Clothing [= 1] which assumes no clothing such as a long sleeved shirt is taken into account 

BW = bodyweight (70 kg)
D = 3 x 3000 x 0.30 x 8 x 6.72 x 1
70 

Dermal Exposure (D) is 2073.6 μg a.s./kg bw/day or 2.07 mg a.s./kg bw/day. 

This gives a Risk Quotient (RQ) = 259 (AOEL = 0.008 mg/kg bw/day).  
If there is total (100%) dissipation between treatments, or there is only one treatment per year then Dermal Exposure (D) is 172.8 μg a.s./kg bw/day or 0.17 mg a.s./kg bw/day. This gives a Risk Quotient (RQ) = 22 (AOEL = 0.008 mg/kg bw/day).  
Inhalation exposure is assumed to be negligible, so Total Exposure = Dermal Exposure (D).  

With PPE:
Reworking the above formula with P = 0.0709 gives:  

D = DFR x TC x % absorbed x WR x AR x P / BW

Where: 

D = Dermal Exposure [μg a.s./person*d]

DFR = Dislodgeable Foliar Residue per kg a.s./ha = 3.0 μg a.s./cm² per kg a.s./ha

TC = Transfer Coefficient [cm²/person/h] = 3000 [cm²/person/h]

% absorbed = percentage dermal absorption (30%)
WR = Work Rate [8 hours/day]

AR = Application Rate [6.72 kg a.s./ha]

P = Penetration Factor for Clothing [= 0.0709] which assumes gloves, coveralls and sturdy boots are taken into account 

BW = bodyweight (70 kg)
D = 3 x 3000 x 0.30 x 8 x 6.72 x 0.0709
70 

Dermal Exposure (D) is 147 μg a.s./kg bw/day or 0.147 mg a.s./kg bw/day. 

This gives a Risk Quotient (RQ) = 18 (AOEL = 0.008 mg/kg bw/day).  
If there is total (100%) dissipation between treatments, or there is only one treatment per year then Dermal Exposure (D) is 12 μg a.s./kg bw/day or 0.012 mg a.s./kg bw/day. This gives a Risk Quotient (RQ) = 1.5 (AOEL = 0.008 mg/kg bw/day).  
Appendix 2:  

Bystander Exposures: 

Exposure from spray drift at the time of application

The levels of spray drift deposited on the body of a bystander/ resident and that which may be in the breathing zone can be estimated. From this the amount of active substance available for dermal absorption and which may be inhaled can be calculated. It should be assumed that no action is taken to avoid or control exposure and that little clothing is worn. Measurements of bystander exposure during UK field crop spraying and orchard spraying applications have been reported by Lloyd and Bell, 1983 and Lloyd et al, 1987 [in UK PSD 2008b].  

Broadcast air assisted – summerfruit application

For orchard sprayer applications the average potential dermal exposure (PDE) for a bystander, positioned 8 metres downwind from the sprayer and the average amount of spray passing through the breathing zone were 3.7 ml spray/person and 0.002 ml spray/person.  

“Allowing for a realistic headland of 5m within the orchard, for machinery to operate within, at the boundary of a neighbouring area the level of fallout (from early season applications when leaves are not present) could be equivalent to about 20% of the field rate. The level of deposit would decline away from the orchard boundary to just over 5% at 10 metres4. An estimate of the average level of fallout over the whole area from the boundary to 10 metres would be about 10%. This would give a deposit of about 1 μg/cm2/kg applied/ha. Later season fall out levels, would be lower as a result of the crop canopy.” 

{Rautmann, D; Streloke, M, Winkler, R, (2001): New basic drift values in the authorisation procedure for plant protection products. In Forster, R.; Streloke, M. Workshop on Risk Assessment and Risk Mitigation Measures in the Context of the Authorization of Plant Protection Products (WORMM). Mitt.Biol.Bundesanst.Land-Forstwirtsch. Berlin-Dahlem, Heft 381.} [in UK PSD 2008b]”

Using these data total systemic exposure from spray drift at the time of application can be estimated as follows for broadcast air assisted sprayers – summerfruit application:

Systemic exposure = (PDE x SC x % absorbed + PIE x SC x 100%) / BW

(3.7 x 0.49 x 0.30) + (0.002 x 0.49 x 1.00) / 70 = 0.0078 mg/kg bw/day

Where:

PDE = potential dermal exposure (3.7 ml spray/person)

PIE = potential inhalation exposure (0.002 ml spray/person)

SC = concentration of active substance in spray (0.49 mg a.s./ml spray)

% absorbed = percentage dermal absorption (30%)

BW = bodyweight (adult: 70kg; child: 15kg)
Assuming an application of 980 g azinphos methyl SC in 2000 litres water per hectare (0.49 mg/ml), no protection from clothing and 100% inhalation, retention and absorption of potential inhalation exposure (PIE), the estimated bystander exposure is 0.0078 mg/kg bw for an adult and 0.0363 mg/kg bw for a child. These are equivalent to RQ of 0.98 and 4.5.  

[If the difference in inhalation volume between a 70kg adult (17.7 m3/day [increased proportionately from 60 to 70 kg] and a 15kg child (8.3 m3/day) is taken into account the equation is modified:  

Systemic exposure = (PDE x SC x % absorbed + PIE x IF x SC x 100%) / BW

(3.7 x 0.49 x 0.30) + (0.002 x 0.4689 x 0.49 x 1.00) / 15 = 0.0363 mg/kg bw/day

Where:

PDE = potential dermal exposure (3.7 ml spray/person)

PIE = potential inhalation exposure (0.002 ml spray/person)

SC = concentration of active substance in spray (0.49 mg a.s./ml spray)

% absorbed = percentage dermal absorption (30%)

IF = inhalation factor, to account for the smaller volume inhaled by a child compared to an adult (8.3/17.7 = 0.4689)

BW = bodyweight (child: 15kg)

However, the amount of spray absorbed from inhalation is so small proportionately to the amount absorbed from dermal exposure that the inclusion of a factor to account for the lower inhalation volume of children has little effect on the predicted systemic exposure from spray drift at the time of application.  
Field crop (boom) sprayers

For boom sprayers the average potential dermal exposure (PDE) for a bystander, positioned 8 metres downwind from the sprayer and the average amount of spray passing through the breathing zone were 0.1 ml spray/person and 0.006 ml spray/person, respectively.  

“An estimate of bystander exposure has been made by this evaluation, based on a published UK study (Lloyd and Bell, 1983) in which measurements of simulated bystander exposure were made during field crop spraying operations. The average potential dermal exposure for a bystander, positioned 8 metres downwind from the sprayer and the average estimated amount of spray passing through the breathing zone were 0.1 and 0.006 ml spray/person, respectively. [UK PSD 2008b]”

- potato and strawberries

Using these data total systemic exposure from spray drift at the time of application can be estimated as follows for field crop (boom) sprayers – potatoes and strawberries:  

Systemic exposure = (PDE x SC x % absorbed + PIE x SC x 100%) / BW

(0.1 x 0.56 x 0.30) + (0.006 x 0.56 x 1.00) / 70 = 0.0003 mg/kg bw/day

Where:

PDE = potential dermal exposure (0.1 ml spray/person)

PIE = potential inhalation exposure (0.006 ml spray/person)

SC = concentration of active substance in spray (0.56 mg a.s./ml spray)

% absorbed = percentage dermal absorption (30%)

BW = bodyweight (adult: 70kg; child: 15kg)
Assuming an application of 560 g azinphos methyl SC in 1000 litres water per hectare (0.56 mg/ml), no protection from clothing and 100% inhalation, retention and absorption of potential inhalation exposure (PIE), the estimated bystander exposure is 0.0003 mg/kg bw for an adult and 0.0013 mg/kg bw for a child. These are equivalent to RQ = 0.04 and 0.17 respectively. 

Exposure from inhalation of pesticide which volatilises from the crop or soil surface

after the application has been made

The potential exists for longer term exposure to pesticide vapour which may occur after the plant protection product has been applied, for example residents who live adjacent to an area that has been treated with a plant protection product and who might be in this location for 24 hours per day. A large number of non UK studies have been published which report the monitoring of outdoor air concentrations of pesticides after they have been applied to crops. From these studies the highest 24 hour time weighted average concentration in air for orchard sprayers (and a 21 hour time weighted average value for boom sprayer applications) have been determined. These values may be used generically [UK PSD 2008b].  

Broadcast air assisted – summerfruit application

Indicative exposures for adults and children to azinphos methyl vapour post application following applications of ‘Bayfidan EC 250’ made via broadcast air assisted sprayers is predicted using a surrogate value for residues in air adjacent to treated crops from Californian Environmental Protection Agency studies. Monitoring of chlorpyrifos (vapour pressure 2.3 x 10-3 Pa at 25 °C) residues in air over 72 hours adjacent to a 24 ha orange orchard provided a highest time weighted average estimate of 15 μg/m3/24h during application using air assisted sprayers. Time weighted average estimates for each of the 24 hour periods monitored were of 13, 15 and 4.9 μg/m3/24h. The meteorological conditions recorded during the chlorpyrifos study included wind speeds up to 20 km/h during application (the application was stopped on the first day of application due to rising wind speeds) and temperatures up to 42°C [UK PSD 2008b].  

An adult weighing 70 kg and a 3-5 year old child weighing 15 kg1, breathing 17.7 [increased proportionately from 60 to 70 kg] and 8.3 m3/day2, respectively, of air containing 15 μg/m3/24h would potentially be exposed to:

15 x 17.7 / 70 = 3.8 = 0.0038 mg/kg bw/day, and 

15 x 8.3 / 15 = 8.3 = 0.0083 mg/kg bw/day 

{1 
Adults 60 kg is the 50th percentile for UK 16-24 yrs females, children 15 kg is the average values for UK 2 and 3 yrs males and females: 1995-7 Health Surveys for England.

2 
Long term inhalation rates (mean values) for adult males (19-65 + yrs) for children 3-5 yrs: US EPA Exposure Factors Hand Book.}[UK PSD 2008b]    

The children’s indicative exposure gave a borderline RQ = 1.04, in view of the similarities in volatility between chlorpyrifos (2.3 x 10-3 Pa at 25 °C) and azinphos methyl (1 x 10-3 Pa at 25 °C) this exposure model is expected to a reasonable estimate air residues of azinphos methyl post application. However, it is also noted that the 15 μg/m3/24h TWA value was the highest of the three concurrent 24 hour periods monitored and repeated exposure would not be expected at these air levels.
Field crop (boom) sprayers – potatoes and strawberries

For applications made using field crop (boom) sprayers, exposure to vapour post application is predicted from studies conducted in Germany, where lindane (vapour pressure = 5.6 x 10-3 Pa at 25 C), parathion (1.3 x 10-3 Pa at 25 C) and pirimicarb (4 x 10-3 Pa at 25 C) were applied in field trials to provide measurements of residues in air adjacent to treated crops (Siebers et al 2000). Each active substance was applied at the same rate (g a.s./ha) and in the same water volume. Applications were achieved using field crop sprayers fitted with 12 metre booms. Monitoring of residues in air over 21 hours, 10 metres downwind of treated barley plots, provided 21 hour time weighted air concentrations of 0.29 and 0.58 μg/m3 (lindane), 0.07 and 0.12 μg/m3 (parathion) and <0.02 and 0.04μg/m3 (pirimicarb). The meteorological conditions during the trial included wind speeds of up to 23.4 km/h and temperatures up to 28°C. The study authors report wind speeds in the second trial (Trial B) were significantly higher (2 to 3X) than in the first trial (Trial A) and this is expected to have contributed to the variability of these results. It is noted that the higher 21 hour TWA value for each active substance was determined from Trial B. In view of the small size of this data set (2 trials for each of the three active substances) a precautionary approach is to use a value of 1 μg/m3 to predict bystander exposure from vapour after application of the spray.

An adult weighing 70 kg and a 3-5 year old child weighing 15 kg1, breathing 17.7 [increased proportionately from 60 to 70 kg] and 8.3 m3/day2, respectively, of air containing 1 μg/m3/24h would potentially be exposed to:

1 x 17.7 / 70 = 0.25 = 0.0003 mg/kg bw/day, and 

1 x 8.3 / 15 = 0.55 = 0.0006 mg/kg bw/day 

{1 
Adults 60 kg is the 50th percentile for UK 16-24 yrs females, children 15 kg is the average values for UK 2 and 3 yrs males and females: 1995-7 Health Surveys for England.

2 
Long term inhalation rates (mean values) for adult males (19-65 + yrs) for children 3-5 yrs: US EPA Exposure Factors Hand Book.}[UK PSD 2008b] 

Both adult and children’s indicative exposures gave RQ values of less than 1, indicating acceptable risk.  

Exposure through contact with spray drift contaminated surfaces
“It is possible that spray drift fallout from applications may be deposited in private gardens adjacent to treated areas, and individuals in such locations may become exposed through contact with such deposits. A possible scenario that illustrates a significant opportunity for exposure would be children playing in a garden which has been subject to spray drift fallout. It is possible to estimate such exposures using spray drift fallout values used for aquatic risk assessment purposes (Rautmann et al, 2001) and the approach used by the United States Environmental Protection Agency to estimate residential exposure from contact with treated lawns (USA EPA 1998 / 1999 / 2001). The exposure assessment reported … considers the scenario of a small child playing on a lawn …  

For products which may be applied to crops on more than one occasion the theoretical worse case is to consider children’s exposure from the maximum total dose which may be applied, i.e. to assume that there is no dissipation in foliar residues between successive treatments. This approach may be refined where data are available to refine the estimated residues.”  [quoted from UK PSD 2008b]  

The small child playing on a lawn leads to three potential exposures: dermal (skin contact); hand-to-mouth (sucking contacted fingers and thumbs); and, object-to-mouth (eating/sucking soil, grass and other contaminated material).  

Broadcast Air Assisted sprayers – Summerfruit application  

1) Children’s dermal exposure 

Systemic exposures via the dermal route were calculated using the above drift fallout values and the following equation for Broadcast Air Assisted sprayers – Orchard application: 

SE(d) = AR x DF x TTR x TC x H x DA

BW

SE(d) = 58.8 x 0.10 x 0.05 x 5200 x 2 x 0.30 = 61.2 μg/kg bw

15

Where:

SE(d) = systemic exposure via the dermal route

AR = field application rate, 0.98 kg/ha x 6 applications = 58.8 μg/cm2

DF = drift fallout value, i.e. assumed average of 10% from broadcast air assisted sprayer applications

TTR = turf transferable residues – the EPA default value of 5% was used in the estimate

TC = transfer coefficient – the standard EPA value of 5200 cm2/h was used for the estimate

H = exposure duration for a typical day (hours) – this has been assumed to be 2 hours which matches the 75th percentile for toddlers playing on grass in the EPA Exposure Factors Handbook

DA = percent dermal absorption (30%)

BW = body weight - 15kg which is the average of UK 1995-7 Health Surveys for England values for males and females of 2 and 3 yrs 

2) Children’s hand-to-mouth exposure 

Hand-to-mouth exposures were calculated using turf transferable residue levels using the following equation for Broadcast Air Assisted and Knapsack sprayers – Orchard application: 

SE(h) = AR x DF x TTR x SE x SA x Freq x H
BW

SE(h) = 58.8 x 0.10 x 0.05 x 0.50 x 20 x 20 x 2 = 7.8 μg/kg bw

15

Where: 

SE(h) = systemic exposure via the hand-to-mouth route

AR = field application rate, 0.98 kg/ha x 6 applications = 58.8 μg/cm2

DF = drift fallout value, i.e. assumed average of 10% from broadcast air assisted sprayer applications

TTR = turf transferable residues – the EPA default value of 5% derived from transferability studies with wet hands was used in the estimate

SE = saliva extraction factor – the default value of 50% was used

SA = surface area of the hands – the assumption used here is that 20 cm2 of skin area is contacted each time a child puts a hand in his or her mouth (this is equivalent to the palmer surface of three figures and is also related to the next parameter)

Freq = frequency of hand to mouth events/hour – for short term exposures the value of 20 events/hours is used, this is the 90th percentile of observations that ranges from 0 to 70 events/hour

H = exposure duration (hours) – this has been assumed to be 2 hours which matches the 75th percentile for toddlers playing on grass in the EPA Exposure Factors Handbook 

BW = body weight - 15kg which is the average of UK 1995-7 Health Surveys for England values for males and females of 2 and 3 yrs

3) Children’s object-to-mouth exposure 

Object to mouth exposures were calculated using turf transferable residue levels using the following equation for Broadcast Air Assisted sprayers – Orchard application: 

SE(o) = AR x DF x TTR x IgR

BW

SE(o) = 58.8 x 0.10 x 0.20 x 25 = 2.0 μg/kg bw

15

Where:

SE(o) = systemic exposure via mouthing activity

AR = field application rate, 0.98 kg/ha x 6 applications = 58.8 μg/cm2

DF = drift fallout value, i.e. assumed average of 10% from broadcast air assisted sprayer applications

TTR = turf transferable residues the default value of 20% transferability from object to mouth assessments was used

IgR = ingestion rate for mouthing grass/day – this was assumed to be equivalent to 25cm2 of grass/day 

BW = body weight - 15kg which is the average of UK 1995-7 Health Surveys for England values for males and females of 2 and 3 yrs. 

4) Children’s total exposure from Broadcast Air Assisted sprayers – Summerfruit application 

Children’s total exposure was estimated as the sum of the dermal, hand-to-mouth, and object to mouth exposures, which was 0.071 mg/kg bw/day (71 μg/kg bw/d).  This total exposure represents an RQ of 9 (AOEL = 0.008 mg/kg bw/day).  
[See Appendix 6: Buffer Zone for Broadcast Air Assisted sprayers – Summerfruit application to mitigate Children’s total exposure]  

Field crop (boom) sprayers - Potatoes:
1) Children’s dermal exposure 

Systemic exposures via the dermal route were calculated using the above drift fallout values and the following equation for boom sprayers – potatoes: 

SE(d) = AR x DF x TTR x TC x H x DA

BW

SE(d) = 33.6 x 0.01 x 0.05 x 5200 x 2 x 0.30 = 3.5 μg/kg bw

15

Where:

SE(d) = systemic exposure via the dermal route

AR = field application rate, 0.56 kg/ha x 6 applications = 33.6 μg/cm2

DF = drift fallout value, i.e. assumed average of 1% from boom sprayer with hydraulic nozzles

TTR = turf transferable residues – the EPA default value of 5% was used in the estimate

TC = transfer coefficient – the standard EPA value of 5200 cm2/h was used for the estimate

H = exposure duration for a typical day (hours) – this has been assumed to be 2 hours which matches the 75th percentile for toddlers playing on grass in the EPA Exposure Factors Handbook

DA = percent dermal absorption (30%)

BW = body weight - 15kg which is the average of UK 1995-7 Health Surveys for England values for males and females of 2 and 3 yrs 

2) Children’s hand-to-mouth exposure 

Hand-to-mouth exposures were calculated using turf transferable residue levels using the following equation for Boom sprayer Hydraulic nozzle application: 

SE(h) = AR x DF x TTR x SE x SA x Freq x H
BW

SE(h) = 33.6 x 0.01 x 0.05 x 0.50 x 20 x 20 x 2 = 0.45 μg/kg bw

15

Where: 

SE(h) = systemic exposure via the hand-to-mouth route

AR = field application rate, 0.56 kg/ha x 6 applications = 33.6 μg/cm2

DF = drift fallout value, i.e. assumed average of 1% from boom sprayer with hydraulic nozzles applications

TTR = turf transferable residues – the EPA default value of 5% derived from transferability studies with wet hands was used in the estimate

SE = saliva extraction factor – the default value of 50% was used

SA = surface area of the hands – the assumption used here is that 20 cm2 of skin area is contacted each time a child puts a hand in his or her mouth (this is equivalent to the palmer surface of three figures and is also related to the next parameter)

Freq = frequency of hand to mouth events/hour – for short term exposures the value of 20 events/hours is used, this is the 90th percentile of observations that ranges from0 to 70 events/hour

H = exposure duration (hours) – this has been assumed to be 2 hours which matches the 75th percentile for toddlers playing on grass in the EPA Exposure Factors Handbook 

BW = body weight - 15kg which is the average of UK 1995-7 Health Surveys for England values for males and females of 2 and 3 yrs

3) Children’s object-to-mouth exposure 

Object to mouth exposures were calculated using turf transferable residue levels using the following equation for Broadcast Air Assisted sprayers – Orchard application: 

SE(o) = AR x DF x TTR x IgR

BW

SE(o) = 33.6 x 0.01 x 0.20 x 25 = 0.11 μg/kg bw

15

Where:

SE(o) = systemic exposure via mouthing activity

AR = field application rate, 0.56 kg/ha x 6 applications = 33.6 μg/cm2

DF = drift fallout value, i.e. assumed average of 1% from boom sprayer with hydraulic nozzles applications

TTR = turf transferable residues the default value of 20% transferability from object to mouth assessments was used

IgR = ingestion rate for mouthing grass/day – this was assumed to be equivalent to 25cm2 of grass/day 

BW = body weight - 15kg which is the average of UK 1995-7 Health Surveys for England values for males and females of 2 and 3 yrs. 

4) Children’s total exposure from Boom spray application to potatoes 

Children’s total exposure was estimated as the sum of the dermal, hand-to-mouth, and object to mouth exposures, which was 0.0041 mg/kg bw/day (4.1 μg/kg bw/d).  This total exposure represents an RQ of 0.5 (AOEL = 0.008 mg/kg bw/day).  
Field crop (boom) sprayers - Strawberries:
1) Children’s dermal exposure 

Systemic exposures via the dermal route were calculated using the above drift fallout values and the following equation for Broadcast Air Assisted sprayers – Orchard application: 

SE(d) = AR x DF x TTR x TC x H x DA

BW

SE(d) = 67.2 x 0.01 x 0.05 x 5200 x 2 x 0.30 = 7.0 μg/kg bw

15

Where:

SE(d) = systemic exposure via the dermal route

AR = field application rate, 0.56 kg/ha x 12 applications = 67.2 μg/cm2

DF = drift fallout value, i.e. assumed average of 1% from boom sprayer with hydraulic nozzle applications

TTR = turf transferable residues – the EPA default value of 5% was used in the estimate

TC = transfer coefficient – the standard EPA value of 5200 cm2/h was used for the estimate

H = exposure duration for a typical day (hours) – this has been assumed to be 2 hours which matches the 75th percentile for toddlers playing on grass in the EPA Exposure Factors Handbook

DA = percent dermal absorption (30%)

BW = body weight - 15kg which is the average of UK 1995-7 Health Surveys for England values for males and females of 2 and 3 yrs 

2) Children’s hand-to-mouth exposure 

Hand-to-mouth exposures were calculated using turf transferable residue levels using the following equation for Broadcast Air Assisted and Knapsack sprayers – Orchard application: 

SE(h) = AR x DF x TTR x SE x SA x Freq x H
BW

SE(h) = 67.2 x 0.01 x 0.05 x 0.50 x 20 x 20 x 2 = 0.9 μg/kg bw

15

Where: 

SE(h) = systemic exposure via the hand-to-mouth route

AR = field application rate, 0.56 kg/ha x 12 applications = 67.2 μg/cm2

DF = drift fallout value, i.e. assumed average of 1% from boom sprayer with hydraulic nozzle application

TTR = turf transferable residues – the EPA default value of 5% derived from transferability studies with wet hands was used in the estimate

SE = saliva extraction factor – the default value of 50% was used

SA = surface area of the hands – the assumption used here is that 20 cm2 of skin area is contacted each time a child puts a hand in his or her mouth (this is equivalent to the palmer surface of three figures and is also related to the next parameter)

Freq = frequency of hand to mouth events/hour – for short term exposures the value of 20 events/hours is used, this is the 90th percentile of observations that ranges from0 to 70 events/hour

H = exposure duration (hours) – this has been assumed to be 2 hours which matches the 75th percentile for toddlers playing on grass in the EPA Exposure Factors Handbook 

BW = body weight - 15kg which is the average of UK 1995-7 Health Surveys for England values for males and females of 2 and 3 yrs

3) Children’s object-to-mouth exposure 

Object to mouth exposures were calculated using turf transferable residue levels using the following equation for Broadcast Air Assisted sprayers – Orchard application: 

SE(o) = AR x DF x TTR x IgR

BW

SE(o) = 67.2 x 0.01 x 0.20 x 25 = 0.22 μg/kg bw

15

Where:

SE(o) = systemic exposure via mouthing activity

AR = field application rate, 0.56 kg/ha x 12 applications = 67.2 μg/cm2

DF = drift fallout value, i.e. assumed average of 1% from boom sprayer with hydraulic nozzle application

TTR = turf transferable residues the default value of 20% transferability from object to mouth assessments was used

IgR = ingestion rate for mouthing grass/day – this was assumed to be equivalent to 25cm2 of grass/day 

BW = body weight - 15kg which is the average of UK 1995-7 Health Surveys for England values for males and females of 2 and 3 yrs. 

4) Children’s total exposure from Boom sprayer application to strawberries 
Children’s total exposure was estimated as the sum of the dermal, hand-to-mouth, and object to mouth exposures, which was 0.0081 mg/kg bw/day (0.81 μg/kg bw/day).  This total exposure represents an RQ of 1 (AOEL = 0.008 mg/kg bw/day).  
Appendix 3:
Occupational Exposure Estimates & Risk Assessment with Engineering Controls

The effects of engineering controls on default modelled occupational exposure estimates and risk assessments for Scenario (1): Summerfruit, Azinphos methyl at 980 g a.i/ha/application in 2000 L/ha tractor mounted/trailed boom sprayer: air-assisted sprayer; 8ha per day, are given in the Table below.  The factors used and descriptions of the engineering controls are also listed.  

Effects of various factors on pesticide exposure.  

All data are unit exposure values (μg/kg of active ingredient (a.i.) handled), taken from PHED (1992).  Values are central tendency measures based on high confidence data sets. d  

Factor
Exposure (μg/kg a.i.) 

Engineering controls
Closed cab
11.0

for ground-boom applicator a
Open cab
33.0

[Closed cab is assumed to offer 11/33 = 0.33 or 3x the protection factor vis-à-vis Open cabs for ground-boom applicators.]  
Engineering controls
Closed cab
42.0

for air-blast applicator b
Open cab
561.7

[Closed cab is assumed to offer 42/561.7 = 0.075 or 13.4x the protection factor vis-à-vis Open cabs for air-blast applicators.]  
Engineering controls
Closed M/L
19.0

for M/L (liquids) c
Open M/L
51.0

[Closed M/L is assumed to offer 19/51 = 0.37 or 2.7x the protection factor vis-à-vis Open M/L for mixer/loaders.]  
a 
Ground-boom applicator wearing single layer of clothing and gloves.  

b 
Air-blast applicator wearing single layer of clothing and gloves.  

c 
Mixer/loader (liquids) wearing single layer of clothing and gloves.  

d 
Franklin, C. & Worgan, J.P. (2005) “Occupational and Residential Exposure Assessment for Pesticides.” John Wiley and Sons; ISBN 0471489891, 9780471489894. [Abstract only]   

Possible engineering controls reported by US EPA (2000) for mitigation of worker exposure risks to organophosphate (OP) pesticides:  

“1. Contained/Closed Mixing and Loading Systems  

“One engineering control available for mixing and loading pesticides is a closed system. By closed system EPA means a system designed by the manufacturer to enclose the pesticide to prevent it from contacting individuals while it is being handled. Under the WPS [Worker Protection Standard], when a closed mixing and loading system is used correctly and maintained according to the manufacturers operating instructions, handlers may reduce some of the personal protective equipment listed on the pesticide labeling for mixing and loading activities. 

“a. Mechanical Transfer System. One type of closed system for liquid formulations is a mechanical transfer system that consists of a probe that is inserted into the pesticide container and seals tightly to the pesticide container to prevent liquid (but not necessarily any vapor) from contacting handlers or other people. The pesticide is either transferred directly from its container to a spray tank, or the container is connected directly to the spray system. Mixers and loaders using this closed system are permitted to wear reduced PPE. A mechanical transfer system usually does not meet the definition of a closed system under the WPS unless inhalation exposure is not a concern; however it is considered an engineering control which greatly reduces dermal exposure. 

“b. Dry Disconnect System. A dry-disconnect system does not meet the definition of a closed system under WPS unless it is part of a mechanical closed system. Dry disconnect systems are considered to be an engineering control that reduces potential worker exposure by reducing leakage of liquid when pipes or hoses are uncoupled from equipment or from other pipes or hoses. Dry-disconnect systems involve fittings designed by the manufacturer to minimize pesticide leakage at each hose disconnect point. These systems are often used in conjunction with mechanical transfer systems.

“c. Water-soluble Packaging. Water-soluble packaging is considered to be an engineering control that reduces exposure during the handling of a pesticide. Under the WPS, individuals handling a product while it is enclosed in intact water-soluble packets are permitted to wear reduced PPE. 

Water-soluble packaging is the only currently available type of engineering control for use with wettable powder formulations. Some liquid pesticide formulations may also be converted into gels and packaged into water-soluble packets (gel packs).  

“d. Prepackaged Granular Containers. Some technologies are available for granular formulations, where the granules are packaged in a container that fastens directly onto specially made application equipment. Once attached, the equipment opens the container and meters out the granules. Under the WPS, such systems meet the definition of a closed loading system and a closed application system, if the granules are soil incorporated, in which case reduced PPE is permitted under that regulation. 

“2. Enclosed Cabs 

“a. Enclosed Cabs for Application and Flagging. The engineering control available for handlers applying pesticides using motorized ground equipment or flagging to support aerial applications is an enclosed cab. By enclosed cab, EPA means a cab having a nonporous barrier that totally surrounds the occupants and prevents contact with pesticides outside of the cab. By definition, all enclosed cabs protect against dermal exposure. Some enclosed cabs also provide respiratory protection -- they can be equipped with a ventilation system that provides particulate filtration equivalent to a NIOSH-approved dust/mist respirator or that provides organic-vapor-removing and particulate filtration equivalent to a NIOSH-approved organic-vapor-removing respirator with a dust/mist prefilter. The performance criteria for enclosed cabs are found in the WPS at 40 CFR Part 170.240(d)(5).  

“If the occupational risk assessment for such handlers indicates that dermal exposure is the only exposure route of concern (i.e., inhalation risks are not a concern even when no respirator is worn), then an enclosed cab providing only dermal protection is sufficiently protective and will be required on the pesticide labeling. However, if the risk assessment indicates that inhalation risks are a concern unless an appropriate respirator is worn, then the pesticide labeling will indicate that the enclosed cab must provide respiratory protection equivalent to the type of respirator required for the pesticide or that the handler must wear the appropriate respirator while inside the enclosed cab … depending on the severity of inhalation risks, EPA may require that enclosed cabs meet performance criteria beyond those specified in the WPS.  

“Under the WPS, handlers in any enclosed cab need not wear all of the label-required PPE designed for dermal protection (e.g., double layer body protection, or chemical-resistant gloves, footwear, or headgear), provided such PPE is immediately available for use if the handler exits the enclosed cab in the treated area and contacts treated surfaces. If the manufacturer or a government agency declares that the enclosed cab provides respiratory protection equivalent to the label-required respirator (and certain use and maintenance conditions are met), handlers need not wear the respirator while in the enclosed cab. However, the appropriate respirator must be immediately available for use if the handler exits the cab within the treated area.”  (US EPA, 2000)    

	Table H10:   Occupational Exposure Estimates & Risk Assessment with Engineering Controls

Scenario (1): Summerfruit, Azinphos methyl at 980 g a.i/ha/application in 2000 L/ha
tractor mounted/trailed boom sprayer: air-assisted sprayer; 8ha per day

	
	Dermal absorbed dose
(mg/day) b
	Inhalation absorbed dose
(mg/day) c
	Total operator exposure
(mg/kg b.w./day)d
	Risk Quotient (RQ)g

	Mixing/loading: A1P2 + gloves 

Application: A1P2 + hood/visor + overalls + boots + gloves
	0.0565 e
1.2583 f
	0.0001 e
0.0028 f
	)

0.0188

)
	2.4 h

	Mixing/loading: Mechanical transfer system i
Application: A1P2 + hood/visor + overalls + boots + gloves
	0.0209

1.2583 f
	0.0001 e
0.0028 f
	)

0.0183

)
	2.3 h

	Mixing/loading: A1P2 + gloves 

Application: Enclosed cab with appropriate filtration system j
	0.0565 e
0.0944
	0.0001 e
0.0002
	)

0.0022

)
	0.3

	Mixing/loading: gloves 

Application: hood/visor + overalls + boots + gloves
	0.0565 e
1.2865 f
	0.0047 e
0.1411 f
	)

0.0213

)
	2.7 h

	Mixing/loading: Mechanical transfer system i
Application: hood/visor + overalls + boots + gloves
	0.0209

1.2865 f
	0.0047 e
0.1411 f
	)

0.0208

)
	2.6 h

	Mixing/loading: gloves 

Application: Enclosed cab with appropriate filtration system j
	0.0565 e
0.0965
	0.0047 e
0.0106
	)

0.0024

)
	0.3

	a
UK PSD interpretation of the German BBA Model – geometric means

b  
Assumes 30% dermal absorption for concentrate and for spray;  c  
Assumes 100% inhalation absorption;  d  
Assumes 70kg body weight at application  

e  
Mixing/Loading;  f  Application

g     RQ  =  Total Estimated Occupational Exposure / AOEL where AOEL = 0.008 mg/kg b.w./day;  h    RQ > 1 indicates the likelihood of an e risk to those exposed

i  
Assumes  reduction of dermal exposures to mixer/loaders by 2.7x when only a single layer of clothes and gloves were worn (protection factor, x 0.37);   
j  
Assumes a reduction of exposures to air-blast applicators by 13.4x when only a single layer of clothes and gloves were worn (protection factor, x 0.075).  


Appendix 4:
Effects of an extra layer of protective clothing on Occupational Exposure Estimates & Risk Assessment

The effects of an extra layer of protective clothing on default modelled occupational exposure estimates and risk assessments for Scenario (1): Summerfruit, Azinphos methyl at 980 g a.i/ha/application in 2000 L/ha tractor mounted: air-assisted sprayer; 8ha per day, are given in the Spreadsheets below.  

Scenario 1 with RPE

New dermal exposure during spraying calculation for the rest of body (9.408 x 0.04) + (5.488 x 0.01) + ((75.264 x 0.05) x 0.05).  The German BBA Model assumes a layer of clothing allows 5% transmission.  Note for ease of calculation, the feet are given an extra level of protection too.  The purpose of this work is to estimate the difference the additional layer of clothing provides in comparison with the “standard” work above.

Occupational Exposure Estimates: Scenario (1): Summerfruit, Azinphos methyl at 980 g a.i/ha/application in 2000 L/ha tractor mounted: air-assisted sprayer; 8ha per day. 

Mixing/loading: A1P2 + gloves; Application: A1P2 + hood/visor + overalls over long-sleeved shirt and long-legged trousers + boots + gloves.  

	DERMAL EXPOSURE DURING MIXING AND LOADING
	

	Hand contamination/kg a.s.
	2.4 
	mg/kg a.s.
	

	Hand contamination/day
	18.816 
	mg/day
	

	Protective clothing
	gloves
	
	

	Transmission to skin
	1 
	 %
	

	Dermal exposure to a.s.
	0.18816 
	mg/day
	

	
	

	INHALATION EXPOSURE DURING MIXING AND LOADING
	

	Inhalation exposure/kg a.s.
	0.0006 
	mg/kg a.s.
	

	Inhalation exposure/day
	0.004704 
	mg/day
	

	RPE
	A1P2
	
	

	Transmission through RPE
	2 
	 %
	

	Inhalation exposure to a.s.
	0.00009408 
	mg/day
	


	DERMAL EXPOSURE DURING SPRAY APPLICATION
	

	Application technique
	Tractor-mounted/trailed broadcast air-assisted sprayer

	
	Head
	Hands
	Rest of body
	

	Dermal contamination/kg a.s.
	1.2
	0.7
	9.6
	

	Dermal contamination/day
	9.408
	5.488
	75.264
	

	Protective clothing
	hood and visor
	gloves
	long-sleeved shirt and long-legged trousers, coverall and sturdy footwear
	

	Transmission to skin
	4
	1
	5% of 5 
	%

	Total dermal exposure to a.s.
	0.6194 
	 mg/day
	
	

	(was 4.1944 
	 mg/day)
	
	

	
	
	

	INHALATION EXPOSURE DURING SPRAYING
	
	

	Inhalation exposure/kg a.s.
	0.018
	 mg/kg a.s.
	
	

	Inhalation exposure/day
	0.14112 
	 mg/day
	
	

	RPE
	A1P2
	
	
	

	Transmission through RPE
	2 
	 %
	
	

	Inhalation exposure to a.s.
	0.0028224 
	 mg/day
	
	


	ABSORBED DOSE
	Mix/load
	
	Application
	

	Dermal exposure to a.s.
	0.18816 
	mg/day
	0.6194 
	mg/day

	Percent absorbed
	30 
	 %
	30 
	 %

	Absorbed dose (dermal route)
	0.056448 
	 mg/day
	0.18581 
	mg/day

	Inhalation exposure to a.s.
	0.00009408 
	 mg/day
	0.0028224 
	mg/day

	Total systemic exposure
	0.05654208 
	 mg/day
	0.1886304 
	mg/day

	
	
	
	
	

	PREDICTED EXPOSURE
	
	
	
	

	Total systemic exposure
	0.24517248 
	 mg/day
	
	

	Operator body weight
	70 
	 kg
	
	

	Operator exposure
	0.00350246 
	 mg/kg bw/day
	
	


With the extra layer of clothing providing the extra level of protection to the rest of the body during application:  

Total operator exposure (mg/kg b.w./day) is 0.0035 giving an RQ = 0.4

As previously, RQ  =  Total Estimated Occupational Exposure / AOEL where AOEL = 0.008 mg/kg b.w./day.  This new estimate may be compared to the original model with only one layer of clothing (coveralls), for which the RQ was 2.4.

Scenario 1 (with no RPE)

The following working applies the additional layer of clothing to estimate the modification to the “standard” calculation done previously for Scenario 1 with no RPE.  [New dermal exposure during spraying calculation for the rest of body (9.408 x 0.05) + (5.488 x 0.01) + ((75.264 x 0.05) x 0.05).  The German BBA Model assumes a layer of clothing allows 5% transmission.  Note for ease of calculation, feet given extra level of protection too.]  

Occupational Exposure Estimates: Scenario (1): Summerfruit, Azinphos methyl at 980 g a.i/ha/application in 2000 L/ha tractor mounted: air-assisted sprayer; 8ha per day. 

Mixing/loading: gloves; Application: hood/visor + overalls over long-sleeved shirt and long-legged trousers + boots + gloves.  [Note: No RPE]  

	DERMAL EXPOSURE DURING MIXING AND LOADING
	

	Hand contamination/kg a.s.
	2.4 
	mg/kg a.s.
	

	Hand contamination/day
	18.816 
	mg/day
	

	Protective clothing
	gloves
	
	

	Transmission to skin
	1 
	 %
	

	Dermal exposure to a.s.
	0.18816 
	mg/day
	

	
	
	

	INHALATION EXPOSURE DURING MIXING AND LOADING
	

	Inhalation exposure/kg a.s.
	0.0006 
	mg/kg a.s.
	

	Inhalation exposure/day
	0.004704 
	mg/day
	

	RPE
	none
	
	

	Transmission through RPE
	100 
	 %
	

	Inhalation exposure to a.s.
	0.004704 
	mg/day
	

	
	
	

	DERMAL EXPOSURE DURING SPRAY APPLICATION
	

	Application technique
	Tractor-mounted/trailed broadcast air-assisted sprayer

	
	Head
	Hands
	Rest of body
	

	Dermal contamination/kg a.s.
	1.2
	0.7
	9.6
	

	Dermal contamination/day
	9.408
	5.488
	75.264
	

	Protective clothing
	hood and visor
	gloves
	long-sleeved shirt and long-legged trousers, coverall and sturdy footwear
	

	Transmission to skin
	5 
	1 
	5% of 5 
	%

	Total dermal exposure to a.s.
	0.71344
	 mg/day
	
	

	(was 4.28848 
	 mg/day)
	

	
	

	INHALATION EXPOSURE DURING SPRAYING
	

	Inhalation exposure/kg a.s.
	0.018
	 mg/kg a.s.
	

	Inhalation exposure/day
	0.14112 
	 mg/day
	

	RPE
	none
	
	

	Transmission through RPE
	100 
	 %
	

	Inhalation exposure to a.s.
	0.14112
	 mg/day
	

	
	
	
	

	ABSORBED DOSE
	Mix/load
	
	Application
	

	Dermal exposure to a.s.
	0.18816 
	mg/day
	0.71344 
	mg/day

	Percent absorbed
	30 
	 %
	30 
	 %

	Absorbed dose (dermal route)
	0.056448 
	 mg/day
	0.214032 
	mg/day

	Inhalation exposure to a.s.
	0.004704 
	 mg/day
	0.14112 
	mg/day

	Total systemic exposure
	0.061152 
	 mg/day
	0.355152 
	mg/day

	
	
	
	
	

	PREDICTED EXPOSURE
	
	
	
	

	Total systemic exposure
	0.416304 
	 mg/day
	
	

	Operator body weight
	70 
	 kg
	
	

	Operator exposure
	0.0059472 
	 mg/kg bw/day
	
	


With the extra layer of clothing providing the extra level of protection to the rest of the body during application:  

Total operator exposure (mg/kg b.w./day) is 0.006 giving an RQ = 0.8

As previously, RQ  = Total Estimated Occupational Exposure / AOEL where AOEL = 0.008 mg/kg b.w./day, and this compares to the original model with only one layer of clothing (coveralls) which gave a RQ of  2.7.

“Dermal exposures for workers are typically calculated by using generic protection factors (PFs) that are applied to represent various risk mitigation options (e.g. the use of clothing and Personal Protective Equipment (PPE)).  The exact value for these PFs is not necessarily consistent across regulatory agencies. For example, the US EPA typically assumes that only a 50% PF (i.e. 50% reduction in exposures to the skin) is provided by a single layer of clothing.  Assumption of a 50% PF for a single layer of clothing is conservative and will likely overstate re-entry exposures for workers based on external passive dosimetry data.  This approach is in conflict with the standard assumptions used by the California Department of Pesticide Regulation (DPR), whereby a 90% PF (i.e. a 10-fold reduction in exposure) is assumed to be provided by each layer of clothing (Thongsinthusak et al., 1991a, b; DPR, 1995).  There is evidence from actual field data on the penetration of various pesticides through various types of clothing that support a 90% PF for work clothing, coveralls or overalls.  Similarly, for hand exposures, the US EPA, California DPR, and Health Canada all assume a 90% PF when chemical-resistant gloves are used.”   

Franklin, C. & Worgan, J.P. (2005) “Occupational and Residential Exposure Assessment for Pesticides.” John Wiley and Sons; ISBN 0471489891, 9780471489894. [Abstract only]   

[Note: The German BBA Model assumes a layer of clothing allows 5% transmission and gloves 1%, and these figures are used to keep consistency with the rest of the operator exposure modelling.]    
Appendix 5:  
PPE and RPE Recommendations in Context of Overseas Application Rates 

TCL has based recommendations for PPE and RPE use on overseas requirements, and confirmed them, where possible by extra modelling.  The overseas requirements are only valid for New Zealand use if the application rates are comparable.  

As the Table below reveals, in each case the overseas application rate is currently equal to or higher than the proposed use rate for New Zealand purposes.  

This should help confirm that the proposed PPE and RPE requirements are necessary and adequate.  

	Table H11:    Proposed application rates vis-à-vis PPE and RPE recommendations
(kg a.i./ha per year)

	
	US EPA a
	PMRA b
	ERMANew Zealand

	Apricot
	–
	2.0 (2 x 1.0)
	6 x 0.98 (5.88)

	Peach 
	2 x 1.26
	
	

	Cherries
	2 x 0.84c
	1.68 (2 x 0.84)
	

	Summerfruit
	–
	–
	

	
	
	
	

	Caneberries (blackberries, boysenberries, longanberries, raspberries)
	2 x 0.56
	–
	–

	Blackberries, raspberries
	–
	1.125 (2 x 0.5625)
	–

	Strawberries
	–
	–
	12 x 0.56 (6.72)

	a 
US EPA (2006 & 2006a)

b 
PMRA (2003 & 2004)

c 
for 2007, 2008, 2009: Limit to 2 applications of 0.84 kg ai/ha per year; for 2010, 2011, 2012 0. 84 kg ai/ha per year (2 x 0.42 kg ai/ha).  (US EPA 2006a)


Appendix 6: 
Buffer Zone for Broadcast Air Assisted sprayers – Summerfruit application to mitigate Children’s total exposure to spray drift contaminated surfaces 

Children’s total exposure to spray drift contaminated surfaces was estimated as the sum of the dermal, hand-to-mouth, and object to mouth exposures, which was 0.071 mg/kg bw/day (71 μg/kg bw/d).  This total exposure represents an RQ of 9 (AOEL = 0.008 mg/kg bw/day). 

This total exposure is approximately 10x one that would give an RQ = 1.  The UK PSD (2008b) model assumes an average drift fallout value (DF) of 10% from broadcast air assisted sprayer applications.  

Therefore to reduce children’s estimated exposures by 10x, the drift fallout must reach 1% at the spray drift contaminated surfaces.  
The APVMA has published Standard Spray Drift Risk Assessment Scenarios (5 September 2008):

“The deposition data in the standard ground scenarios are based on a large reference data set from studies conducted in the US in conjunction with the US Environmental Protection Agency. The various studies were grouped into the categories shown in these scenarios and a ‘best fit’ reference curve was applied to the collected data for each group. These reference curves were built into a spray drift assessment software program called AgDRIFT that was used to produce the detailed deposition list presented in these standard ground scenarios.”  

In three of the relevant standard scenarios given: Airblast – Composite Orchard; Airblast – Dense Orchard; and, Airblast – Sparse Orchard, Deposition as Fraction of Applied Field Rate reaches 1% at about 50 metres downwind of the application site.  

See the chart for Airblast – Sparse Orchard below, as this gives the slowest rate of deposition and therefore the most conservative model for bystander/resident protection.   
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(APVMA, 2008)     

The implementation of a 50m buffer zone could also help to mitigate e bystander exposures during application.  

The total systemic exposure to children from spray drift at the time of application for broadcast air assisted sprayers – summerfruit application was estimated as 0.0363 mg/kg bw equivalent to an RQ of 4.5 (AOEL = 0.008 mg/kg b.w.).  This model assumes the bystander is only 8m downwind of the application and the drift fallout is about 10%:
To reduce an RQ of 4.5 to 1, requires the estimated exposure to drop from 0.0363 mg/kg b.w. at 8m with 10% fallout to 0.008 mg/kg b.w. (the AOEL) or less: i.e. 0.008/0.0363 x 10 = 2.2%.  

In the three relevant standard scenarios given, Deposition as Fraction of Applied Field Rate reaches 2.2% at: 

Airblast – Composite Orchard: about 30 metres; 

Airblast – Dense Orchard: 26-28 metres; and, 

Airblast – Sparse Orchard: 34-36 metres downwind of the application site.  

Conclusion on Buffer Zones Needed to Protect Bystanders

In relation to bystander exposures, two buffer zones were defined, a 50m buffer zone to protect children exposure directly to treated turf and surfaces and a buffer zone of 35m (the reasonable worst case) to protect the child from inhalation of spray during application.  Unless the use of adjacent land can have the likely use closely defined, the longer of these buffer zones (50m) must be applied as a reasonable worst case.

Appendix I: Derivation of formulation classifications
This appendix is confidential.

Appendix J: Qualitative Descriptors for Risk/Benefit Assessment
Qualitative descriptors are indicative only and they are primarily intended to be used to rank risks and benefits for the purposes of balancing risks and costs against benefits, and so that risks can be prioritised for management. The ‘descriptor’ words should not be seen in any absolute senses – they are simply a means of differentiating levels of significance. 

Assessing risks, costs and benefits qualitatively

This section describes how ERMA New Zealand staff and the Authority address the qualitative assessment of risks, costs and benefits.

Risks and benefits are assessed by estimating the magnitude and nature of the possible effects and the likelihood of their occurrence.  For each effect, the combination of these two components determines the level of the risk associated with that effect, which is a two dimensional concept.

Because of a lack of data, risks are often presented as singular results.  In reality, they are better represented by ‘families’ of data which link probability with different levels of outcome (magnitude).

Describing the magnitude of effect

The magnitude of effect is described in terms of the element that might be affected.  The qualitative descriptors for magnitude of effect are surrogate measures that should be used to gauge the end effect or the ‘what if’ element. 

Tables J1 & J2 contain generic descriptors for magnitude of adverse and beneficial effect.  These descriptors are examples only, and their generic nature means that it may be difficult to use them in some particular circumstances.  They are included here to illustrate how qualitative tables may be used to represent levels of adverse and beneficial effect.  

The sample qualitative descriptors for effects on the market economy listed in the ERMA New Zealand technical guide to decision making (ERMA, 2004) include representative numbers.  These ‘economic’ descriptors were developed prior to the publication of the technical guide on identification and assessment of effects on the market economy (ERMA, 2005) which refines the approach that ERMA New Zealand applies to identifying and assessing economic effects.  These numbers do not align well with the qualitative descriptors in the other categories (effects on the environment, effects on human health, and effects on society and communities), as they relate more to an event than an effect.  In particular the numbers are unclear about how they take account of time (are they annual, or over the life of the activity) and they do not have a local, regional or national context.  

ERMA New Zealand has adopted a revised set of qualitative descriptors for the magnitude of effect on the market economy, as shown below.

Table J1: 
Magnitude of adverse effect (risks and costs)
	Descriptor
	Examples of descriptions: ADVERSE

	Minimal
	Mild reversible short term adverse health effects to individuals in highly localised area 

Highly localised and contained environmental impact, affecting a few (less than ten) individuals members of communities of flora or fauna, no discernible ecosystem impact 

Local/regional short-term adverse economic effects on small organisations (businesses, individuals), temporary job losses 

No social disruption

	Minor 
	Mild reversible short term adverse health effects to identified and isolated groups

Localised and contained reversible environmental impact, some local plant or animal communities temporarily damaged, no discernible ecosystem impact or species damage 

Regional adverse economic effects on small organisations (businesses, individuals) lasting less than six months, temporary job losses 

Potential social disruption (community placed on alert)

	Moderate
	Minor irreversible health effects to individuals and/or reversible medium term adverse health effects to larger (but surrounding) community (requiring hospitalisation) 

Measurable long term damage to local plant and animal communities, but no obvious spread beyond defined boundaries, medium term individual ecosystem damage, no species damage 

Medium term (one to five years) regional adverse economic effects with some national implications, medium term job losses 

Some social disruption (e.g. people delayed)

	Major 
	Significant irreversible adverse health effects affecting individuals and requiring hospitalisation and/or reversible adverse health effects reaching beyond the immediate community 

Long term/irreversible damage to localised ecosystem but no species loss 

Measurable adverse effect on GDP, some long term (more than five years) job losses

Social disruption to surrounding community, including some evacuations

	Massive
	Significant irreversible adverse health effects reaching beyond the immediate community and/or deaths

Extensive irreversible ecosystem damage, including species loss 

Significant on-going adverse effect on GDP, long term job losses on a national basis 

Major social disruption with entire surrounding area evacuated and impacts on wider community


Table J2: 
Magnitude of beneficial effect (benefits)

	Descriptor
	Examples of descriptions: BENEFICIAL

	Minimal
	Mild short term positive health effects to individuals in highly localised area

Highly localised and contained environmental impact, affecting a few (less than ten) individuals members of communities of flora or fauna, no discernible ecosystem impact

Local/regional short-term beneficial economic effects on small organisations (businesses, individuals), temporary job creation 

No social effect

	Minor 
	Mild short term beneficial health effects to identified and isolated groups

Localised and contained beneficial environmental impact, no discernible ecosystem impact 

Regional beneficial economic effects on small organisations (businesses, individuals) lasting less than six months, temporary job creation 

Minor localised community benefit

	Moderate
	Minor health benefits to individuals and/or medium term health impacts on larger (but surrounding) community and health status groups 

Measurable benefit to localised plant and animal communities expected to pertain to medium term.

Medium term (one to five years) regional beneficial economic effects with some national implications, medium term job creation 

Local community and some individuals beyond immediate community receive social benefit.

	Major 
	Significant beneficial health effects to localised community and specific groups in wider community

Long term benefit to localised ecosystem(s)

Measurable beneficial effect on GDP, some long term (more than five years) job creation 

Substantial social benefit to surrounding community, and individuals in wider community.

	Massive
	Significant long term beneficial health effects to the wider community 

Long term, wide spread benefits to species and/or ecosystems

Significant on-going effect beneficial on GDP, long term job creation on a national basis 

Major social benefit affecting wider community


Determining the likelihood of the end effect

Likelihood in this context applies to the composite likelihood of the end effect, and not either to the initiating event, or any one of the intermediary events.  It includes:

· the concept of an initiating event (triggering the hazard), and 

· the exposure pathway that links the source (hazard) and the area of impact (public health, environment, economy, or community).  

Thus, the likelihood is the likelihood of the specified adverse effect
 resulting from that initiating event.  It will be a combination of the likelihood of the initiating event and several intermediary likelihoods
.  The best way to determine the likelihood is to specify and analyse the complete pathway from source to impact.  

Likelihood may be expressed as a frequency or a probability.  While frequency is often expressed as a number of events within a given time period, it may also be expressed as the number of events per head of (exposed) population.  As a probability, the likelihood is dimensionless and refers to the number of events of interest divided by the total number of events (range 0–1). (Table J3)
Table J3: 
Likelihood

	
	Descriptor
	Description

	1
	Highly improbable 
	Almost certainly not occurring but cannot be totally ruled out

	2
	Improbable (remote)
	Only occurring in very exceptional circumstances.  

	3
	Very unlikely
	Considered only to occur in very unusual circumstances

	4
	Unlikely (occasional)
	Could occur, but is not expected to occur under normal operating conditions.

	5
	Likely 
	A good chance that it may occur under normal operating conditions. 

	6
	Very likely 
	Expected to occur if all conditions met

	7
	Extremely likely
	Almost certain


Using magnitude and likelihood to construct the level of risk and benefit

Using the magnitude and likelihood tables a matrix representing a level of effect can be constructed (Table J4).  

Table J4: 
Level of risk

	Likelihood
	Magnitude of effect

	
	Minimal
	Minor
	Moderate
	Major
	Massive

	Highly improbable
	A
	A
	B
	C
	D

	Improbable
	A
	B
	C
	D
	E

	Very unlikely
	B
	C
	D
	E
	E

	Unlikely
	C
	D
	E
	E
	F

	Likely 
	D
	E
	E
	F
	F

	Very likely 
	E
	E
	F
	F
	F

	Extremely likely
	E
	F
	F
	F
	F


ERMA New Zealand considers that, for this substance, the level of risk/benefit can be assigned as follows in Table J5.
Table J5: 
Assignment of level of risk/benefit 

	Code
	Level of risk/benefit

	A & B
	Negligible

	C
	Low

	D
	Medium

	E
	High

	F
	Extreme


Appendix K: Current Controls
HSNO Act controls
The controls applicable to azinphos methyl and azinphos methyl formulations are given Table K1.  Control codes, as given in Table K2, are codes ERMA New Zealand has assigned to enable easy cross- referencing to the regulations.  These codes are detailed in ERMA New Zealand (2001).  
Where a control has been changed from the default wording specified in the HSNO Regulations, this is indicated by a star (*) next to the control code. The detail of this change, including deletion of a control, is listed under Changes to Controls in K2.

Table K1:
Existing controls for azinphos methyl and its formulations
	Substance

HSNO Control
	Azinphos methyl
	Suspension concentrate containing 350g/l azinphos methyl
	Wettable powder containing 350g/kg azinphos methyl
	Cotnion 200 Insecticide

	Class 6, 8 and 9 controls
	T1
	(
	(
	(
	(

	
	T2
	(
	(
	(
	(

	
	T3
	(
	(
	(
	(

	
	T4
	(
	(
	(
	(

	
	T5
	(
	(
	(
	(

	
	T6
	(*
	(*
	(*
	(*

	
	T7
	(
	(
	(
	(

	
	E1
	(*
	(*
	(*
	(*

	
	E2
	(
	(
	(
	(

	
	E3
	(
	(
	(
	(

	
	E5
	(
	(
	(
	(

	
	E6
	(
	(
	(
	(

	
	E7
	
	(
	(
	(

	Packaging controls
	P1
	(
	(
	(
	(

	
	P3
	(
	(
	(
	(

	
	P13
	(
	(
	(
	(

	
	P15
	(
	(
	(
	(

	
	PG1
	(
	
	
	

	
	PG2
	
	(
	(
	(

	
	PS4
	
	(
	(
	(

	
	D4
	(
	(
	(
	(

	
	D5
	(
	(
	(
	(

	Disposal controls
	D6
	(
	(
	(
	(

	
	D7
	(
	(
	(
	(

	
	D8
	(
	(
	(
	(

	Approved Handler 
	AH1
	(
	(
	(
	(

	Tracking
	TR1
	(
	(
	(
	(

	Emergency management controls
	EM1
	(
	(
	(
	(

	
	EM6
	(
	(
	(
	(

	
	EM7
	(
	(
	(
	(

	
	EM8
	(
	(
	(
	(

	
	EM11
	(
	(
	(
	(

	
	EM12
	(*
	(*
	
	(*

	
	EM13
	(
	(
	(
	(

	Identification controls
	I1
	(
	(
	(
	(

	
	I3
	(
	(
	(
	(

	
	I8
	(
	(
	(
	(

	
	I9
	(
	(
	(
	(

	
	I11
	(
	(
	(
	(

	
	I16
	(
	(
	(
	(

	
	I17
	(
	(
	(
	(

	
	I18
	(
	(
	(
	(

	
	I19
	(
	(
	(
	(

	
	I20
	(
	(
	(
	(

	
	I21
	(
	(
	(
	(

	
	I23
	(
	(
	(
	(

	
	I28
	(
	(
	(
	(

	
	I29
	(
	(
	(
	(

	
	I30
	(
	(
	(
	(


Table K2:
Summary of default controls applicable to azinphos methyl
	Hazardous Substances (Classes 6, 8, and 9 Controls) Regulations 2001

	Code T1
	Regs 11 – 27
	Limiting exposure to toxic substances through the setting of TELs

	Code T2
	Regs 29, 30
	Controlling exposure in places of work through the setting of WESs. (AWES has been set by the Department of Labour for azinphos methyl: 0.2 mg/m3 Time Weighted Average (TWA) based on skin absorption. This value has been adopted for Cotnion 200).

	Code T3
	Regs 5(1), 6
	Requirements for keeping records of use

	Code T4
	Reg 7
	Requirements for equipment used to handle substances

	Code T5
	Reg 8
	Requirements for protective clothing and equipment

	Code T6*
	Reg 9
	Approved handler/security requirements for certain toxic substances

Changes to Default Controls

Regulation 9 of the Hazardous Substances (Classes 6, 8, and 9 Controls) Regulations 2001

The following regulation is inserted immediately after regulation 9:

9A Exception to approved handler requirement for transportation of packaged pesticides 

(1) 
Regulation 9 is deemed to be complied with if:

(a)
when this substance is being transported on land— 

(i)
by rail, the person who drives the rail vehicle that is transporting the substance is fully trained in accordance with the approved safety system for the time being approved under section 6D of the Transport Services Licensing Act 1989; and

(ii)
other than by rail, the person who drives, loads, and unloads the vehicle that is transporting the substance has a current dangerous goods endorsement on his or her driver licence; and

(iii)
in all cases, Land Transport Rule: Dangerous Goods 1999 (Rule 45001) is complied with; or

(b)
when this substance is being transported by sea, one of the following is complied with:

(i)
Maritime Rules: Part 24A – Carriage of Cargoes – Dangerous Goods (MR024A):

(ii)
International Maritime Dangerous Goods Code; or

(c)
when this substance being transported by air, Part 92 of the Civil Aviation Rules is complied with.

(2) 
Subclause (1)(a)— 

(a)
does not apply to a tank wagon or a transportable container to which the Hazardous Substances (Tank Wagons and Transportable Containers) Regulations 2004 applies; but

(b)
despite paragraph (a), does apply to an intermediate bulk container that complies with chapter 6.5 of the UN Model Regulations.

(3) 
Subclause (1)(c)— 

(a)
applies to pilots, aircrew, and airline ground personnel loading and managing this substance within an aerodrome; but

(b)
does not apply to— 

(i)
the handling of this substance in any place that is not within an aerodrome; or

(ii)
the loading and managing of this substance for the purpose of aerial spraying or dropping.

(4) 
In this regulation, UN Model Regulations means the 15th  revised edition of the Recommendation on the transport of Dangerous Goods Model Regulations, published in 2007 by the United Nations.



	Code T7
	Reg 10
	Restrictions on the carriage of toxic or corrosive substances on passenger service vehicles

	Code E1*
	Regs 32–45
	Limiting exposure to ecotoxic substances through the setting of EELs

Changes to Default Controls

Regulation 32 of the Hazardous Substances (Classes 6, 8, and 9 Controls) Regulations 2001

Regulation 32 applies as if subclauses (1) and (2) were omitted.

	Code E2
	Regs 46 – 48
	Restrictions on use of substances in application areas

	Code E3
	Reg 49
	Controls relating to protection of terrestrial invertebrates eg beneficial insects

	Code E5
	Regs 5(2), 6
	Requirements for keeping records of use

	Code E6
	Reg 7
	Requirements for equipment used to handle substances

	Code E7*
	Reg 9
	Approved handler/security requirements for certain ecotoxic substances

Changes to Default Controls

This regulation applies as if subclause (1) was omitted and the following substituted:

(1) A hazardous substance to which this regulation applies must be under the personal control of an approved handler when the substance is applied in a wide dispersive manner.


	Hazardous Substances (Packaging) Regulations 2001

	Code P1
	Regs 5, 6, 7(1), 8
	General packaging requirements

	Code P3
	Reg 9
	Criteria that allow substances to be packaged to a standard not meeting Packing Group I, II or III criteria

	Code P13
	Reg 19
	Packaging requirements for toxic substances

	Code P14
	Reg 20
	Packaging requirements for corrosive substances

	Code P15
	Reg 21
	Packaging requirements for ecotoxic substances

	Code PG2
	Schedule 2
	Packaging requirements equivalent to UN Packing Group I

	Code PG2
	Schedule 2
	Packaging requirements equivalent to UN Packing Group II

	Code PG3
	Schedule 3
	Packaging requirements equivalent to UN Packing Group III

	Code PS4
	Schedule 4
	Packaging requirements as specified in Schedule 4


	Hazardous Substances (Disposal) Regulations 2001

	Code D4
	Reg 8
	Disposal requirements for toxic and corrosive substances

	Code D5
	Reg 9
	Disposal requirements for ecotoxic substances

	Code D6
	Reg 10
	Disposal requirements for packages

	Code D7
	Regs 11, 12
	Information requirements for manufacturers, importers and suppliers, and persons in charge

	Code D8
	Regs 13, 14
	Documentation requirements for manufacturers, importers and suppliers, and persons in charge


	Hazardous Substances (Personnel Qualifications) Regulations 2001

	Code AH1
	Regs 4 – 6
	Approved Handler requirements (including test certificate and qualification requirements)


	Hazardous Substances (Tracking) Regulations 2001

	Code TR1
	Regs 4(1), 5, 6
	General tracking requirements


	Hazardous Substances (Emergency Management) Regulations 2001

	Code EM1
	Regs 6, 7, 9 – 11
	Level 1 information requirements for suppliers and persons in charge

	Code EM2
	Reg 8(a)
	Information requirements for corrosive substances

	Code EM6
	Reg 8(e)
	Information requirements for toxic substances

	Code EM7
	Reg 8(f)
	Information requirements for ecotoxic substances

	Code EM8
	Regs 12- 16, 18- 20
	Level 2 information requirements for suppliers and persons in charge

	Code EM11
	Regs 25 – 34
	Level 3 emergency management requirements:  duties of person in charge, emergency response plans

	Code EM12*
	Regs 35 – 41
	Level 3 emergency management requirements:  secondary containment

Change to Default Controls

Regulations 35- 42 of the Hazardous Substances (Emergency Management) Regulations 2001

The following subclauses are added after subclause (3) of regulation 36:

(4) 
For the purposes of this regulation, and regulations 37 to 40, where this substance is contained in pipework that is installed and operated so as to manage any loss of containment in the pipework it— 

(a)
is not to be taken into account in determining whether a place is required to hav a secondary containment system; and

(b)
is not required to be located in a secondary containment system.

(5) 
In this clause, pipework— 

(a)
means piping that— 

(i)
is connected to a stationary container; and

(ii)
is used to transfer a hazardous substance into or out of the stationary container; and

(b)

includes a process pipeline or a transfer line.

	Code EM13
	Reg 42
	Level 3 emergency management requirements:  signage


	Hazardous Substances (Identification) Regulations 2001

	Code I1
	Regs 6, 7, 32–35, 36(1) – (7)
	Identification requirements, duties of persons in charge, accessibility, comprehensibility, clarity and durability

	Code I3
	Reg 9
	Priority identifiers for ecotoxic substances

	Code I8
	Reg 14
	Priority identifiers for toxic substances

	Code I9
	Reg 18
	Secondary identifiers for all hazardous substances

	Code I11
	Reg 20
	Secondary identifiers for ecotoxic substances

	Code I16
	Reg 25
	Secondary identifiers for toxic substances

	Code I17
	Reg 26
	Use of generic names

	Code I18
	Reg 27
	Requirements for using concentration ranges

	Code I19
	Regs 29 – 31
	Additional information requirements, including situations where substances are in multiple packaging

	Code I20
	Reg 36(8)
	Durability of information for class 6.1 substances

	Code I21
	Regs 37- 39, 47- 50
	General documentation requirements

	Code I23
	Reg 41
	Specific documentation requirements for ecotoxic substances

	Code I28
	Reg 46
	Specific documentation requirements for toxic substances

	Code I29
	Regs 51, 52
	Signage requirements

	Code I30
	Reg 53
	Advertising corrosive and toxic substances


	Hazardous Substances (Tank Wagon and Transportable Containers) Regulations 2004


	Controls for Stationary Container Systems

	These controls are set out in Schedule 8 of the Hazardous Substances (Hazardous Substances (Dangerous Goods and Schedule Toxic Substances) Transfer Notice 2004. The requirements of this schedule are detailed in the Compilation of Hazardous Substances Regulations and Controls (http://www.ermanz.govt.nz/hs/hs-  regulations.html).

Change to Controls

Schedule 8 of the Hazardous Substances (Dangerous Goods and Scheduled Toxic Substances) Transfer Notice 2004 

Clause 1:
This clause applies as if the words “a hazardous substance described in Schedules 1 and 2” in subclause (1) was replaced by:

“this substance”.

Clause 100:
This clause applies as if subclause (1) was replaced by:

(1)
In this Part, existing stationary container system means a stationary container system to which this Schedule applies that, immediately before 1 July 2004,— 

(a)
was being used to contain this substance; or

(b)
was designed to be used to contain this substance, and construction of the stationary container system to that design had commenced.




The following additional controls were imposed on azinphos methyl:

1 
Prohibition on use of substances

(1) 
No person may use azinphos methyl for any purpose other than—

(a) 
for research and development; or

(b) 
as an ingredient or component in the manufacture of another substance or product.

(2) 
Despite subclause (1)(a), research and development using azinphos methyl does not include investigation or experimentation in which the substance is discharged, laid or applied in or to the outdoor environment.

2 
Specification of pesticide and veterinary medicine actives

(1) 
Any person who—

(a) 
manufactures or imports into New Zealand azinphos methyl, which that person has not previously manufactured or imported on or before 1 July 2006; or

(b) 
had previously manufactured or imported a hazardous substance listed in Table 1 of  Schedule 1 on or before 1 July 2006, but that person has since modified the manufacturing process or changed the source of manufacture for that hazardous substance, must provide to the Authority in writing the information required by subclauses (3) and (4).

(2) 
The information required by subclause (1) must be provided—

(a) 
in the case of a substance that is manufactured in New Zealand prior to that substance being sold to another person or used in accordance with clause 1 of Schedule 3; or

(b) 
in the case of a substance that is imported into New Zealand, prior to that substance being imported; and

(c) 
in the case of a substance to which subclause (1)(b) applies—

(i) 
each and every time the manufacturing process or source of manufacture is changed; and

(ii) 
include equivalent information for the substance that was produced by the manufacturing process before it was modified, or supplied by the previous source of manufacture, if such information has not previously been provided to the Authority.

(3)
The information to be provided is—

(a) 
the name and address of the manufacturer of the substance;

(b) 
the specification of the substance including either—

(i) 
the full name, including relevant citation, of the national and/or international standard(s) set by an international scientific or regulatory body recognised by the Authority with which the substance complies, and evidence to support this; or (ii) the manufacturer’s specifications including purity of the hazardous substance, isomeric ratio where applicable, maximum impurity content and evidence to support these, including details of analytical methods used. Where the substance is produced at more than one manufacturing site, this information must be provided for each site separately;

(c) 
the identity of any impurity, its origin, and the nature of its relationship to azinphos methyl when the impurity is present at a concentration of 10 g/kg or more;

(d) 
the identity of any impurity that is known to be of toxicological concern, its origin, and the nature of its relationship to azinphos methyl when the impurity is present at a concentration of less than 10 g/kg.

(4) 
Information on an impurity that is required under subclause (3) must include—

(a) 
its chemical name;

(b) 
its Chemical Abstract Service Registry number (if available); and

(c) 
its maximum concentration in the substance.

The following additional control was applied to formulations of azinphos methyl.
3 
Application onto or into water

(1) No hazardous substance described in Schedule 1 may be applied onto or into water.

(4) 
In this clause, water means water in all its physical forms, whether flowing or not, and whether over or under ground, but does not include water in any form while in a pipe, tank or cistern.

Non-HSNO Act controls
Agricultural Compounds and Veterinary Medicines Act 1997
Before they can be used, formulations meeting the definition of “agricultural compound” under the Agricultural Compounds and Veterinary Medicines Act 1997, must be approved by the Agricultural Compounds and Veterinary Medicines Group (ACVM Group) of the New Zealand Food Safety Authority.  The relevant current registrations for azinphos methyl formulations are:

· Cotnion 200 Insecticide  Reg No P007492

The ACVM Group imposes controls (referred to as conditions) on the use azinphos methyl formulations under the ACVM Act.  The generic conditions applied by the ACVM Group to the substances are listed on the ACVM web site; the following specific conditions have been set by ACVM Group.

Table K3:  
Agricultural Compounds and Veterinary Medicines Group conditions for azinphos methyl formulations
	ACVM conditions and obligations
	Description 

	2 
	The product must be manufactured in accordance with the ACVM Standard for Good Manufacturing

Practice and to the chemistry and manufacturing specifications provided by the registrant and approved as part of the registration.

	3
	Plant Compound: In addition to any labelling, advertising or promotion requirements specified in the current registration, labelling, advertising or promotion of the product must comply with the current ACVM -   New Zealand Labelling and Advertising Guide for Plant Compounds Requiring Registration

	4
	The product must only be sold or imported according to the current registration.

	8
	If the product is used on any food producing plant or on or around any plant not used to produce food:

· other than those specified on the current registration; or

· in a manner not specified in the current registration, the user must ensure that residues of any substance in the product that may occur in plant material produced from the plants treated, or in animal material produced from grazing or direct feeding of the plants treated to food producing animals, do not exceed the lesser of either:

· the specified residue limit in the current New Zealand (Maximum Residue of Agricultural Compounds) Food Standard and any subsequent amendments; or

· the default maximum residue limit in the current New Zealand (Maximum Residue of Agricultural Compounds) Food Standard and any subsequent amendments, when a maximum residue limit for that substance has not been specified.

	37
	Ongoing obligations:

The registrant must provide an annual summary of adverse events to the ACVM Group. Adverse events which have serious implications for the continued use of the product must be notified immediately. The registrant must also advise the ACVM Group of any new studies or data that contradict information previously supplied. 


Appendix L: Overseas Regulatory Action 

United States of America
The USEPA reviewed azinphos methyl as part of their review and re-registration process for all organophosphate insecticides. 
The USEPA Interim Re-registration Eligibility Decision for azinphos methyl, 2001 identifying risks to workers and the environment associated with the use of azinphos methyl.  Exposure of workers was estimated using the Pesticide Handler Exposure Database (PHED), application rates and use patterns derived from labels and daily amount treated based on 8 h application/day.  PPE was added sequentially to see impact on margin of exposure (MOE), only then add engineering controls.  Short-term (1-7 days, e.g. private or individual growers) and intermediate term (one week to several months, e.g. contractors) exposure assessed.
US uses remaining on 16/11/2006 included only one applicable to New Zealand – cherries.  Label rate 0.75 lbs a.i./acre, max 1.5 lbs a.i./acre/season (2 applications).  Typical rate 0.64 lbs a.i./acre, 2.7 applications per year (tart cherries), 0.46 lbs a.i./acre, 2 applications per year (sweet cherries).  
Human health exposure modeled using biomonitoring.  After 14 d, pickers had an MOE of 14, mixer/loader/applicator had MOE of 35 using open-cab for airblast.  Aquatic exposure modelled for Michigan cherries indicated acute and chronic risk even if drift could be reduced to 1%.
These rates are lower than New Zealand usage rates on cherries.

Based on their findings the USEPA decided to: 

· Immediately cancel 28 crop uses that had safer pest control alternatives available

· Phase-out 7 crop uses  over 4 years, allowing time to shift to safer pest control alternatives; and 

· Issue time-limited registrations for 8 crop uses, allowing time to develop safer pest control alternatives contingent on the submission of additional data and pending completion of the cumulative risk assessment for OPs.

In the Final Decision (2006) on azinphos methyl, the USEPA announced that it was extending the initially proposed phase-out period.  This extension was based on additional data produced by the USEPA that had demonstrated there was a lack of knowledge regarding the use of alternative products, and the fact that MRLs had yet to be established for some alternatives in several key export markets. The revised schedule is shown in Table L1.
Table L1:  
USEPA, azinphos methyl phase-out schedule 

	By September 30 2007
	By October 30 2009
	By September 30 2012

	Brussel Sprouts 
	Almonds
	Apples 

	Nursery stock
	Pistachio
	Blue berries

	
	Walnuts
	Cherries

	
	
	Parsley

	
	
	Pears


These crop uses will be phased out with mitigation measures in place.  Table L2 summarises the mitigation measures relevant to New Zealand adopted by the USEPA during the phase-out.

Table L2: 
Mitigation measures during phase-out of azinphos methyl use on cherries

	Cherries

	Year
	2007, 2008, 2009
	2010, 2011, 2012

	Limit Seasonal Max 
	1.5 lbs ai/A per year 
	0.75 lbs ai/A per year 

	· Use on cherries will be cancelled as of September 30, 2012 

· Aerial application is prohibited 

· Buffer zone for homes and occupied dwellings: 60 feet 

· Vegetative buffer zone for water bodies: 60 feet 

· “Pick your own” / “U-  pick” harvesting is prohibited on cherries after azinphos methyl applications 


Canada

The PMRA re-evaluated all pesticides, both active ingredients and formulated end-use products, registered prior to 1995, to ensure that their continued acceptability is examined using current scientific approaches. 

Of the azinphos methyl products covered by the Canadian assessment azinphos methyl 240 EC is the one most similar to the formulation used in New Zealand, Cotnion 200 (SC).  ERMA New Zealand notes that assessment of risks to the environment is little affected by formulation type since they are performed on the basis of application rates of active ingredient.  Human exposure may be affected by formulation type.  

ERMA New Zealand notes that instructions for application rates and methods to be used in Canada, on crops that are also used in New Zealand are:

i.
Apricot, peach: ground application only; up to 2 kg a.i./ha/crop season.  Up to 2 applications/year.

ii.
Cherry: ground application only; maximum of 2 applications, 1.68 kg a.i./ha/year.

These rates are the same or slightly lower than New Zealand application rates.
PMRA use the Pesticide Handler’s Exposure Database to determine handler exposure.  Exposure of applicators is a function of application area and application rate and will be applicable to New Zealand.  Exposure from post- application entry into the crop will be dependent on Dislodgeable Foliar Residues (DFR) which will be weather dependent.  There is uncertainty in extrapolating from this information given lack of information on the comparability of weather conditions.

Estimates of environmental effects are based on incident data and exposure modelling.  There is uncertainty in relating incident reports to New Zealand since the events that lead to the incident including conditions of use are not reported.  The AgDrift model was used to estimate buffer zones that will be protective of aquatic life.  Such exposure is affected by application equipment and local weather conditions, but is expected to be applicable to New Zealand, albeit that the vegetation cover of the buffer zone will have an impact and this is not clear from the PMRA report.

The PMRA determined that all uses of azinphos methyl were to be phased out with mitigation measures. The PMRA’s original schedule was revised on more than one occasion. Table L3 shows the phase-out schedule.  

The PMRA phased-out some products more quickly than others, based on the availability of alternative products and the time needed for users to become familiar with the use of the alternatives.  ERMA New Zealand notes that the list of crops for which PMRA concludes there are alternatives includes two crops used in New Zealand, potatoes and strawberries.  

Table L3:  
PMRA, azinphos methyl phase-out schedule 
	LIST A: Uses for Which Alternatives Exist

	Alfalfa, clover, rye, quince, potatoes, tomatoes, rutabagas, turnips, cabbages (including tight heading varieties of Chinese cabbage), broccoli, brussels sprouts, cauliflowers, cucumbers, strawberries, boysenberries, loganberries, walnuts, melons, pumpkins, blueberries, outdoor ornamentals, nursery plants, forest trees and shade trees
	· Last date of sale by registrants: 31 August 2004

· Last date for use of product: 31 December 2005

	LIST B: Uses that are part of an established IPM program & uses for which no alternatives exist

	Apples, crab apples, apricots, blackberries, cherries, cranberries, grapes, pears, peaches, plums, prunes, raspberries
	· Last date of sale by registrants: 31 December 2010

· Last date of sale by retailers: 31 December 2011

· Last date of use of product by users: 31 December 2012 


In REV2007-08 the PMRA made its final extension to the phase-out deadline. This extension concerned only the crops in List B (above) and came about as a result of  additional data being supplied that highlighted the significant challenges present in the transition from azinphos methyl to safer alternatives, for example, with regard to the higher cost of alternatives and the lack of knowledge regarding their effective use. 

Table L4 lists the conditions of continued use for azinphos methyl products until the phase-out deadline is met.

Table L4: 
PMRA Mitigation Measures Relevant to New Zealand: Measures pertaining to occupational and environmental risks

	Personal Protective Equipment (PPE): 

	Mixers and loaders must wear the following during mixing, loading, clean-up and repair activities:

· Coveralls over long-sleeved shirt and long-  legged pants

· Chemical-resistant gloves, such as barrier laminate or viton

· Chemical-resistant footwear plus socks

· Protective eyewear

· Chemical-resistant apron when mixing or loading

· Chemical-resistant headgear

· For exposure in enclosed areas, a respirator with either an organic vapour-removing cartridge with a prefilter approved for pesticides (MSHA/NIOSH approval number prefix TC- 23C) or a canister approved for pesticides (MSHA/NIOSH approval number prefix TC- 14G)

· For exposure outdoors, dust/mist filtering respirator (MSHA/NIOSH approval number prefix 
TC23- C)

Engineering Controls

Liquid formulations: Mixers and loaders must use a fully closed mixing and loading system.

The system must be capable of removing the pesticide from the shipping container and transferring it into mixing tanks and (or) application equipment. At any disconnect point, the system must be equipped with a dry disconnect or dry couple shut-off device that is warranted by the manufacturer to minimise drippage to not more than 2 ml per disconnect point. In addition, mixers and loaders must:

· wear the equipment required in the PPE section of this labelling for mixer/loaders; and

· wear protective eyewear if the system operates under pressure.

	Airblast applicators should be in fully enclosed cabs. If not in fully enclosed cabs, applicators must wear:

· Chemical-resistant coveralls over long-sleeved shirt and long-legged pants

· Chemical-resistant hood

· Full-face respirator or half-faced respirator with a face shield. Respirators can have either an organic vapour-removing cartridge with a prefilter approved for pesticides

· (MSHA/NIOSH approval number prefix TC- 23C) or a canister approved for pesticides

· (MSHA/NIOSH approval number prefix TC- 14G)

· Chemical-resistant footwear plus socks

· Chemical-resistant gloves

	Applicators (other than airblast) must wear:

· Coveralls over long-sleeved shirt and long-legged pants

· Chemical-resistant gloves, such as barrier laminate or viton

· Chemical-resistant footwear plus socks

· Protective eyewear

· Dust/mist filtering respirator (MSHA/NIOSH approval number prefix TC23- C)

	CROP
	REI
	

	Apple, plum, prune, pear, apricot, peach
	14 days
	The following PPE is required for early entry to treated areas that involves contact with anything that has been treated, such as plants, soil or water.

· Chemical-resistant coveralls over long-  sleeved shirt and long pants

· Chemical-resistant gloves

· Chemical-resistant footwear plus socks

· Protective eyewear

· Chemical-resistant headgear for overhead exposure

Following the REI and throughout the remainder of the growing season, workers must wear clean, long- sleeved shirts and protective gloves each time they perform activities that involve foliar contact.

Notify workers of the pesticide application by warning them orally and by posting warning signs at entrances to treated areas. Wash stations must be available in the field for all re-entry workers.

Do not apply this product in a way that will come into contact with workers or other persons, either directly or through drift. Only protected handlers may be in the area during application.

	Raspberry, cranberry, blackberry
	7 days
	

	Cherry (sweet and tart)
	15 days
	

	grape
	28 days
	

	Persons other than agricultural workers, such as members of the public involved in “pick your own,’ or “U-pick” or similar operations, are not permitted to enter an area for 30 days after the operation.

	SPRAY DRIFT MANAGEMENT

	Method of Application
	Buffer Zone (metres) Required of the Protection of Aquatic habitat with a Water Depth of:


1 metre
1-3 metres
> 3 metres

	Boom Sprayer
	50
	40
	30

	Airblast (early season)
	57
	60
	50

	Airblast (late season)
	65
	50
	40

	ACCEPTABLE USES FOR AZINPHOS METHYL

	Site
	Pest
	Rate (g a.i.)
	Application rate and limitations

	APPLE, PEAR, CRABAPPLE (for pollination in commercial apple orchards)
	apple maggot, codling moth, eyespotted budmoth, Forbes scale, fruittree leafroller, green fruitworm, leafhoppers, mealybug, mullein bug (Campyloma), obliquebanded leafroller, oystershell scale, pear psylla, plum curculio, Putnam scale, redbanded leafroller, San José scale, stink bugs, tarnished plant bug, pale apple leafroller, winter moth, European apple sawfly
	300–373.3 g a.i./ 1000 L

Apply 1000–3000 L of water per hectare per spray.

(Maximum application rate: 1120 g a.i./ha 
	Ground application only. Apply specified dose in sufficient water to ensure complete coverage.

For control of plum curculio, apply as a border spray in sufficient water for thorough coverage.

Up to 4480 g a.i. for apples and 3360 g a.i. for pears) may be applied per hectare per crop (4 applications for apples and 3 applications for pears per crop season).

Allow at least 7 days between applications.

If last application is less than 1120 g a.i./ha, allow at least 14 days between last application and harvest. If last application is equal to 1120 g a.i./ha allow 21 days between last application and harvest.

Use during dormant season is prohibited.

For airblast applications, turn off outward pointing nozzles at row ends and when spraying the outer two rows. Do not graze livestock in treated orchards.

	APRICOT, PEACH
	Cottony peach scale, European fruit lecanium, Forbes scale, Oriental fruit moth, oblique-banded leafroller, peach twig borer, Platynota flavedana leafroller, plum curculio, red-banded leafroller, San Jose scale, stink bug, tarnished plant bug, terrapin scale, walnut scale, white peach scale 
	300–333.3 g/1000 L
	Ground application only. Apply specified dose in sufficient water to ensure complete coverage.

For control of plum curculio, apply as a border spray in sufficient water for thorough coverage.

Up to 2000 g a.i. maximum may be applied per hectare per crop season. Up to two applications per year.

Allow at least 14 days between applications.

Allow at least 21 days between last application and harvest.

Use during dormant season is prohibited.

For airblast applications, turn off outward pointing nozzles at row ends and when spraying the outer two rows. Do not graze livestock in treated orchards.

	BLACKBERRY, RASPBERRY
	raspberry crown borer 
	1125 g a.i./ha
	Ground application only. Post-harvest application for control of raspberry crown borer, apply specified dosage per hectare to the lower portion of the canes and to soil beneath the plants in approximately 1600 L water. One application only.

	CHERRY
	cherry fruit fly, Forbes scale, eyespotted budmoth, fruittree leafroller, plum curculio, San José scale,

lesser peachtree borer 
	300–1125 g a.i./1000 L

625 g a.i./1000 L
	Ground application only. Apply specified dosage in 1000 L of water as a full coverage spray.

Limit to two applications to a maximum of 1680 g a.i./ha per year. Allow at least 14 days between applications and at least 15 days between last application and harvest. Use during dormant season is prohibited. For airblast applications, turn off outward pointing nozzles at row ends and when spraying the outer two rows. Do not graze livestock in treated orchards.

	CRANBERRY
	cranberry fruitworms, Sparganothis sulfureana, tipworm

fireworm
	560–1125 g a.i./ha

1125 g a.i./ha
	Ground application only. Apply specified dosage in approximately 1600 L of water per hectare.

A total of 2 applications may be made per crop season. Allow at least 14 days between applications and at least 21 days between last application and harvest.

	GRAPE
	grape berry moth, grape cane girdler, flea beetle, leafhoppers, leafrollers 
	312.5–625 g a.i./1000 L
	Ground application only. Apply specified dosage in 1000 L of water as a full coverage border spray.

A total of 2 applications is permitted per crop per season, regardless of rate.

Use in an IPM program in conjunction with mating disruption pheromone technologies for control of grape berry moth.

Allow at least 14 days between applications.

Allow at least 28 days between last application and harvest.

	PLUM, PRUNE
	eyespotted budmoth, Forbes scale, fruittree leafroller, orange tortrix, peach twig borer, plum curculio, redbanded leafroller, San José scale, stink bug, tarnished plant bug, tussock moth 


American plum borer, lesser peachtree borer, peachtree borer
	300–625 g a.i./ 1000 L










625 g a.i./1000 L
	Ground application only. Apply in sufficient water for thorough coverage. For control of plum curculio, apply as a border spray.

Up to 2000 g a.i. may be applied per hectare per crop season. Up to two applications per year. Allow at least 10 days between applications. Allow at least 15 days between last application and harvest.

Use during dormant season is prohibited.

For airblast applications, turn off outward pointing nozzles at row ends and when spraying the outer two rows. Do not graze livestock in treated orchards.


Australia

Application rates: 

1.
ERMA New Zealand notes that instructions for application rates and methods to be used in Australia, on crops that are also used in New Zealand are:

i.
Summerfruit & cherries: 245 ml/hL (49 g a.i./hL).  1.5 kg a.i./ha (max rate on summerfruit) used in environmental risk assessment

Exposure estimation

1.
Biomonitoring and DFR studies were used to investigate worker exposure.  Cholinesterase used as measure of exposure.  BBA model and PHED used in risk assessment.

2.
Estimates of environmental effects are based on incident data and exposure modelling.  The AgDrift model was used to estimate buffer zones that will be protective of aquatic life.  Such exposure is affected by application equipment and local weather conditions, but is expected to be applicable to New Zealand, albeit that the vegetation cover of the buffer zone will have an impact and this is not clear from the APVMA report.  

In 2006 the APVMA released a preliminary review report. The key findings of this document included: 

· that azinphos methyl residues in apricots and kiwi fruit may pose a potential risk to consumers,

· the use of azinphos methyl products in some situations may pose a potential risk the environment,

· the mixing and loading of some products may pose a potential risk to users of the products.

On the basis of its preliminary findings the APVMA proposed 

· deleting the use of azinphos methyl products on some crops, 

· modifying product containers,

· including new warnings and safety directions on product labels,

· affirming the product registrations of the four azinphos methyl products subject to the APVMA review if the proposed label variations and changes to registration conditions are met. 

Table L5 lists the proposed label variations and changes to registration conditions.

Table L5: 
Proposed Variations to Product Registrations and Labels
	Changes to containers
	Based on the occupational health and safety assessment it is recommended that wide neck containers be used for packing the SC products, to minimise dermal exposure when pouring the concentrate. 

	Deletion of use patterns
	The following uses are recommended to be deleted from approved labels based on residues and environmental concerns: 

· Use on apricots 

· Use on kiwi fruit 

· Use on citrus 

	Withholding Periods (WHP)
	Details of recommended withholding periods are listed below. 

Blueberries 

Available data indicated that the MRL for blueberries should be altered to 5 mg/kg, with a WHP of 7 days, reduced from the present WHP of 14 days. 
Insert: DO NOT harvest for 7 days after application 

Pome fruit 

Retain: DO NOT harvest for 14 days after application 

Summerfruit (except apricots) 

Retain: DO NOT harvest for 14 days after application 

Grape 

Retain: DO NOT harvest for 14 days after application 

Macadamia 

Retain: DO NOT harvest for 7 days after application 

Lychees 

Retain: DO NOT harvest for 1 day after application 

	Restraint Statements


	The environmental assessment has found that there are potential risk to the environment from the use of azinphos-  methyl, to mitigate this risk the following restraint statements are recommended: 

DO NOT apply aerially 

DO NOT apply under meteorological conditions or from spray equipment that could be expected to cause spray drift onto natural streams, rivers or waterways. 

DO NOT apply if heavy rain or storms are forecast with greater than 50% probability within 48 hours of application. 

DO NOT apply more than two applications per production season. 

DO NOT apply to deciduous trees between leaf fall and petal drop. 

	Re- entry periods
	As a result of the occupational health and safety assessment, the following re-  entry period statements are recommended to be added to labels. 

Blueberry, macadamia, citrus, lychees, pome (apples, pears, quinces) and stone-fruit (peaches, nectarines, plums, cherries) 
DO NOT allow entry into treated areas for 1 day after treatment. When prior entry is required wear rubber gloves and cotton overalls buttoned to the neck and wrist. Clothing and gloves must be washed after each day’s use. 

	
	Grapes (except grape girdling and cane turning) 

DO NOT allow entry into treated areas for 14 days after treatment. When prior entry is required wear rubber gloves and cotton overalls buttoned to the neck and wrist. Clothing and gloves must be washed after each day’s use. 

Grape girdling and cane turning 

DO NOT allow entry into treated areas for 44 days after treatment. When prior entry is required wear rubber gloves and cotton overalls buttoned to the neck and wrist. Clothing and gloves must be washed after each day’s use. 

	Protection of wildlife, fish, crustaceans and environment 
	The environmental assessment has found that there are potential risk to wildlife, fish, crustaceans and environment from the use of azinphos-  methyl, to mitigate this risk the following statements are recommended: 

Dangerous to fish and other aquatic organisms. 

DO NOT allow spray drift on to aquatic area including natural streams, rivers or waterways. 

DO NOT contaminate streams, rivers or waterways with the chemical or used containers. 

DO NOT apply within 100 meters of downwind aquatic and wetland areas including aquacultural ponds or surface streams and rivers. 

DO NOT apply in orchards or vineyards when the wind speed is less than 3 or more than 20 kilometers per hour as measured 15 meters outside of the orchard/vineyard on the upwind side. 

DO NOT direct the spray above trees or vines during airblast applications. 

TURN OFF outward pointing nozzles at row ends and outer rows during airblast applications. 

Azinphos  methyl must not be allowed to contaminate waterways. Some of the labels do not contain adequate instructions with respect to rinsing and disposal of used containers, it is recommended that the following statement be added to all labels: 

Triple rinse or pressure rinse empty containers before disposal or recycling. Add rinsings to the spray tank. Do not dispose of undiluted chemical on site. If recycling is not possible, break, crush or puncture and bury empty containers in a local authority landfill. If not available, bury the containers below 500 mm in a disposal pit specifically marked and set up for this purpose, clear of waterways, vegetation and roots. Empty containers and product should not be burnt. 

For refillable containers the following should be added: 

Empty contents fully into application equipment. Close all valves and return to point of supply for refill or storage. 

	Protection of Livestock 
	The environmental assessment has found that there are potential risk to bees from the use of azinphos methyl, to mitigate this risk the following statement is recommended: 

Dangerous to bees. DO NOT spray any plants in flower, including ground covers and adjacent foliage. Spray drift is also highly toxic to bees. 


Appendix M: Parties consulted during the preparation of this application 
Central Government

· New Zealand Food Safety Authority

· Ministry of Health
· Ministry for the Environment  

· Department of Labour

Local Government: North Island

· Auckland City Council

· Auckland Regional Council

· Carterton District Council

· Central Hawkes Bay District Council

· Environment Bay of Plenty

· Environment Waikato

· Far North District Council

· Franklin District Council

· Gisborne District Council

· Greater Wellington Regional Council

· Hamilton City Council

· Hastings District Council

· Hauraki District Council

· Hawkes Bay Regional Council

· Horizons Regional Council

· Horowhenua District Council

· Hutt City Council

· Kaipara District Council

· Kapiti Coast District Council

· Kawerau District Council

· Manawatu District Council

· Manukau City Council

· Masterton District Council

· Matamata-Piako District Council

· Napier City Council

· New Plymouth District Council

· North Shore City Council

· Northland Regional Council

· Opotiki District Council
· Otorohanga Regional Council

· Palmerston North City Council

· Papakura District Council

· Porirua City Council

· Rangitikei District Council

· Rodney District Council

· Rotorua District Council

· Ruapehu District Council

· South Taranaki District Council

· South Waikato District Council

· South Wairarapa District Council

· Stratford District Council

· Taranaki Regional Council

· Tararua District Council

· Taupo District Council

· Tauranga City Council

· Thames-Coromandel District Council

· Upper Hutt City Council

· Waikato District Council

· Waipa District Council

· Wairoa District Council

· Waitakere City Council

· Waitomo District Council

· Wanganui District Council

· Wellington City Council

· Western Bay of Plenty District Council

· Whakatane District Council

· Whangarei District Council 

Local Government: South Island

· Ashburton District Council

· Buller District Council

· Central Otago District Council

· Chatham Islands Council

· Christchurch City Council

· Clutha District Council

· Dunedin City Council

· Environment Canterbury

· Environment Southland

· Gore District Council

· Grey District Council

· Hurunui District Council

· Invercargill City Council

· Kaikoura District Council
· Mackenzie District Council

· Malborough District Council

· Nelson City Council

· Otago Regional Council

· Queenstown Lakes District Council

· Selwyn District Council

· Southland District Council

· Tasman District Council

· Timaru District Council

· Waimakariri District Council

· Waimate District Council

· Waitaki District Council

· West Coast Regional Council

· Westland District Council

CEIR Submitters who referred to azinphos methyl
· Pesticide Action Network Aotearoa New Zealand (Meriel Watts)

· Soil and Health Association of New Zealand (Steffan Browning)

· Safe Food Campaign (Alison White)

· Avocado Industry Council (Dr Henry Pak)

· IPM Research Ltd (Dr David Steven)

· Persimmon Industry Council (Dr David Steven and Mr Trevor Lupton)

· The Horticulture and Food Research Institute of New Zealand (Philippa Stevens)

Registrant

· Bayer NZ Ltd
· Agronica NZ Ltd

Monitor

· National Poison Centre
Industry Association

· Horticulture NZ

· New Zealand Association for Animal Health and Crop Protection (AGCARM)

· Pipfruit NZ

· New Zealand Vegetable and Potato Growers Federation (Inc)

· New Zealand Chemical Industry Council

· Federated Farmers

· NZ Winegrowers

· Animal Remedy and Plant Protection Association (ARRPA).

Action Group

· Spraywatch
Research

· Plant & Food Research

· Crop and Food Research

Notifier

· Balance Agri-Nutrients (Kapuni) Ltd
· Argenta Manufacturing Ltd
Appendix N: ACVM and other NZFSA administered legislation

Information supplied by New Zealand Food Safety Authority

NZFSA 

1. The New Zealand Food Safety Authority (NZFSA) was established as a stand alone New Zealand government department on 1 July 2007.  Between 2002 and 2007 NZFSA operated as a semi-autonomous body attached to the Ministry of Agriculture and Forestry (MAF).  

2. In September 2008 the New Zealand Cabinet agreed that NZFSA’s mandate is to protect consumers by providing an effective food regulatory programme that covers food produced and consumed in New Zealand as well as imported and exported food products.  In pursuing this mandate the overriding priority will always be to protect consumers.

3. In delivering this mandate, NZFSA is to:

· engender high levels of trust and confidence in the New Zealand regulatory programme covering food and related products both domestically and internationally;

· base risk management decisions designed to protect consumers on sound science and an evidence base, applying precaution when faced with scientific uncertainty;

· apply the principles of openness and transparency;

· engage with stakeholders including consumers and industry sectors;

· minimise the costs of regulatory actions/interventions, recognising the economic benefits to domestic and export food businesses and the flow-on effects in consumer food prices;

· communicate food risks, hygienic practices and nutritional information as far as these are known and relevant to the food supply and consumer behaviour; 

· recognise that there are New Zealand customs and practices that involve the non-commercial hunting, gathering and/or preparation of food where the public does not expect regulatory intervention;

· utilise any capacity to improve business opportunities for domestic and export focussed food industries; 

· maintain the integrity of official assurances provided to importing countries’ governments; and

· work at the multilateral and bilateral level to ensure neither international standards nor importing country standards pose unjustified ‘technical barriers’ to trade.

NZFSA legislative framework

4. NZFSA is responsible for the administration of a number of acts and regulations.  (See Appendix A for a list).  The paragraphs below provide a brief summary of the main acts under which NZFSA manages risks. 

Agricultural Compounds and Veterinary Medicines Act 1997 

5. The purpose of the ACVM Act is to prevent or manage specific risks associated with the use of agricultural compounds, the definition of which includes veterinary medicines, and to ensure that their use does not result in breaches of domestic food residue standards.  

Animal Products Act 1999

6. The purpose of this Act is to minimise and manage risks to human or animal health arising from the production and processing of animal material and to facilitate the entry of animal material and products into overseas markets.  This purpose is achieved by instituting measures and controls that ensure so far as is practicable that all traded animal products are fit for their intended purpose.

7. Under the act, NZFSA is responsible for setting and ensuring compliance with standards for the primary processing and export of animal products including meat, game, seafood, dairy and honey.
Food Act 1981

8. The purpose of this Act is to manage food safety risk factors inherent in the production, manufacture, preparation, packaging, storage, handling, transport, distribution, or sale of food that is intended for human consumption.  

9. The Act also provides for the setting of and monitoring of Maximum Residue Limits (MRLs) for pesticides to safeguard consumer health and to promote Good Agricultural Practice (GAP) in the use of insecticides, fungicides, herbicides and other agricultural compounds.  The Act’s provisions apply to both domestic and imported food.

Wine Act 2003

10. This Act covers all types of wine (grape, fruit and vegetable wine), cider and mead.  The purpose of the Act is:

· to set standards for identity, truth in labelling, and the safety of wine; 

· to minimise and manage the risks to human health arising from the making of wine and to ensure compliance with wine standards; 

· to facilitate the entry of wine into overseas markets by providing the controls and mechanisms needed to give and safeguard official assurances issued for the purpose of enabling entry into those markets; 

· to enable the setting of export eligibility requirements to safeguard the reputation of New Zealand wine in overseas markets. 

Government agencies’ areas of responsibility in risk management

11. Government policy provides the direction for managing risks posed by any substance that could potentially cause adverse effects.  Because of the need for specialist knowledge to deal with particular risks, the management of risk areas has been placed with different government ministries and departments, with the expectation of close cooperation in areas that unavoidably overlap.

12. The areas of responsibility, relevant legislation, and the responsible government department in New Zealand are:

	AREA OF RESPONSIBILITY
	RELEVANT LEGISLATION
	RESPONSIBLE AGENCY

	Preventing the introduction of, eradicating or controlling pests and unwanted organisms 
	Biosecurity Act 1993 
	Biosecurity Authority 

	Providing general assessment and imposing control on hazardous substances* 
	Hazardous Substances and New Organisms Act 1996 
	Ministry for the Environment, Environmental Risk Management Authority 

	Protecting the general public and the environment from hazardous substances or new organisms 
	Resource Management Act 1991 
	Ministry for the Environment and Territorial Local Authorities 

	Protecting animal welfare 
	Animal Welfare Act 1999 
	Biosecurity Authority 

	Assurances for the safety of export primary produce, food and food-related products 
	Animal Products Act 1999 
	NZ Food Safety Authority 

	Assurances for the safety and suitability of domestic food and food-related products 
	Animal Products Act 1999 Food Act 1981 
	NZ Food Safety Authority 

	Managing risks to animal welfare, agricultural security, trade from use of agricultural compounds 
	Agricultural Compounds and Veterinary Medicines Act 1997 
	NZ Food Safety Authority, ACVM Group 

	Controlling hazards in the workplace 
	Health and Safety in Employment Act 1992 
	Department of Labour, Occupational Safety and Health Services 

	Controlling medicines and drugs 
	Medicines Act 1981 
Misuse of Drugs Act 1975 
	Ministry of Health, NZ Medicines and Medical Devices Safety Authority 


13. Collectively, all of the laws mentioned above form the statutory basis for regulatory control of substances in New Zealand. In all of these areas Government policy is based on the principles of:

· regulatory intervention only when it is necessary; and 

· establishing acceptable levels of protection from adverse effects. 

ACVM regulatory framework and government policy

14. Adverse effects resulting from the use and/or misuse of agricultural compounds have the potential to cause serious problems in areas ranging from human health to international trade.  Consequently, these products are subject to strict regulatory controls on their importation, manufacture, sale and use. 

15. Regulatory control of these products focuses on avoiding or minimising the possible adverse effects that may result from their use.  Because of the wide range of products and substances that are classified as agricultural compounds, the adverse effects could be any or all of the following:

· harm to persons using or exposed to the compounds 

· harm to the health and welfare of animals treated or exposed

· harm to the environment in its broadest sense

· unacceptable primary produce for both the local and export market

· unacceptable residues in foods or pharmaceutical products

· introduction of pests or unwanted organisms, or interference in pest control programmes.

16. The New Zealand Government has created a regulatory framework designed to manage the risks of these adverse effects.  The framework includes statutory and non-statutory mechanisms to control substances, products, and their use.

17. The basic Government policy is to impose regulatory control that is ‘necessary and sufficient’ to manage the risks down to acceptable levels, while avoiding unnecessary costs of compliance to New Zealand as a whole.  The policy has a broad focus including:

· domestic food safety

· trade in primary produce and processed foods, food-related products and pharmaceuticals to meet importing country safety requirements

· animal welfare

· protection from the introduction of pests and unwanted organisms

· protection of the environment

· general public health and safety

· health and safety in the workplace.

Operation of the ACVM Act

18. The ACVM Act regulates substances used in the management of plants and animals, including pesticides, fertilisers, stock food, pet food and veterinary medicines and the term ‘agricultural compound’ includes all these aspects within its definition.  The specific risks managed under the ACVM Act are:

· risks to public health;

· risks to trade in primary produce;

· risks to animal welfare; and

· risks to agricultural security.

19. The ACVM Group has established thresholds and criteria for these risk areas.  This forms the basis for determining the level of regulatory oversight of agricultural compounds and the information requirements required to support an application for registration.

20. The Act seeks to achieve its purpose by providing that no agricultural compound may be used in New Zealand unless that use is authorised by or under this Act.  The mechanisms for authorisation are:

· registration subject to conditions; or

· exempt from registration where the substance is generally recognised as safe; or

· approve an agricultural compound without registration under special circumstances; or

· exemption from the requirement to register subject to specified conditions. 

21. The Act provides several mechanisms for managing the risks of the product.  These include:

· a wide range of conditions of registration can be applied to products requiring registration or exempt from registration.  For example, they can place conditions on importation, manufacture, labelling, packaging, storage, who can sell or use.

· Limit the term of registration

· Approval of operating plans

· Recognition of persons

22. Registration of products (or Trade Name Products) requires the applicant to submit information in a range of areas so ACVM Group can determine any risks of the product.  The main information requirements are:

· chemistry and manufacturing 

· efficacy 

· residues 

along with a copy of the label.

23. Once the information has been assessed, the risks determined, the ACVM Group considers what conditions of registration are required to ensure any risks are adequately managed.  In considering this, the ACVM Group is also obliged to consider whether any other legislation can provide these controls.

24. The ACVM Group maintains a public register on its website of all registered products.  The register contains basic information on the product and a cross reference to a scanned version of the label content.

25. An important issue to remember is that some of New Zealand’s trading partners have banned the use of certain substances in food-producing animals.  The ACVM Group holds a list of these substances and, if unsure of the status of the substance to be used, users must check with the ACVM Group prior to any off-label use. 

ACVM Act relationship with other NZFSA-administered legislation

26. There is a complex technical relationship between the ACVM Act and other Acts administered by NZFSA (and also the Biosecurity Act, Animal Welfare Act, Medicines Act and Hazardous Substances Act which are administered by other agencies).  

27. The Food Act, the Animal Products Act and the Wine Act provide required outcomes for the protection of human health and safety in relation to food and food-related products.  Standards for the management of risks to the safety and integrity of New Zealand’s trade in primary produce and for official assurances/certification are provided by the Animal Products Act and the Wine Act.

28. The ACVM Act is designed to provide a “one stop shop” for the assessment and management of those risks.

Food standards under the Food Act 1981

29. In New Zealand, MRLs are set under the Food Act as food standards, namely the New Zealand (Maximum Residue Limits of Agricultural Compounds) Food Standards.  These Standards are amended a number of times each year to reflect changes in the use of agricultural compounds in the production of food. 

30. MRLs indicate the maximum legal levels at which residues of agricultural compounds and veterinary medicines may be present in food for sale in New Zealand.  

31. MRLs are primarily a tool for monitoring the use of agricultural compounds against good agricultural practice (GAP).  GAP is not explicitly defined or regulated, but is the generally-accepted means of producing safe primary produce.  GAP is about ensuring that chemical residues in food are as low as practicable, without compromising the ability of the chemical to successfully do what is intended. 

32. The MRL Standards are issued by the Minister for Food Safety under Section 11C of the Food Act 1981.  The MRL Standards have been amended regularly since 1999, when it became the base standard for agricultural compound residues in foods as a parallel standard with regulation 257 of the Food Regulations 1984, which have since been revoked.  The frequency of these amendments reflects new agricultural compounds coming on the market and changes in the registered uses of compounds already available.

33. NZFSA administers the MRL Standards but the final decision on any changes to the Standards rests with the Minister for Food Safety.  When amending or issuing any food standard, including the MRL Standards, the Minister must take into account the following:

· the need to protect public health;

· the desirability of avoiding unnecessary restrictions on trade;

· the desirability of maintaining consistency between New Zealand's food standards and those applying internationally;

· New Zealand's obligations under any relevant international treaty, agreement, convention, or protocol, and, in particular, under the Australia-New Zealand Joint Food Standards Agreement; and

· such other matters as the Minister considers appropriate.

34. In most instances, MRLs are recommended based on the assessment of the product containing the active ingredient under the ACVM Act.  Under this Act, GAP is established and the residue assessment based on this GAP determines the likely residues in food and feed crops.  Another important consideration is whether there are any trade issues that requiring addressing with respect to residues and setting of MRLs.  This information forms the basis for setting MRLs in the New Zealand (Maximum Residue Limits of Agricultural Compounds) Food Standards.

35. The MRLs vary from country to country depending on the pesticides available, the crops being treated and the way the pesticides are used. Food exporters must comply with these MRLs as a condition of market access.  To help New Zealand exporters meet these market access requirements, NSFSA maintains a database of national pesticide MRLs from around the world that are relevant to New Zealand food exporters. 

Animal Products Act 1999

36. The Animal Products Act provides for the setting of standards that must be met by animal products in relation to, inter alia, composition of animal material or products; limitations or requirements in relation to ingredients or additives; microbiological or chemical status.

37. The Act also provides for the specifying of requirements that must be met by animal products for them to be eligible for export and for requirements and systems that safeguard official assurances provided by New Zealand in respect of those products.

38. The ACVM Act provides a mechanism to ensure animal produce complies with the Animal Products Act requirements.  Mechanisms include restricting who can authorise to use, or sell or use products, and setting of withholding periods to ensure residues comply with Maximum Permissible Residues in the Animal Products Act. 

Wine Act 2003

39. The Wine Act 2003 provides for the setting of standards to allow the management of risks to human health arising from the making of wine in order to ensure that the wine is fit for its purpose. 

40. Under the ACVM Act, the main mechanism to complement the Wine Act is by ensuring the use of the agricultural compound in grape production will comply with MRLs.

NZFSA verification and monitoring programmes

Implementation of control measures

41. Industry working throughout the food chain has the primary role in implementation of control measures.  Nevertheless, NZFSA may be directly involved in this step in the Risk Management Framework (RMF), such as in supervisory meat inspection.  More often, the Verification Agency of NZFSA will verify control measures implemented by industry.  The Compliance Group of NZFSA carries out an independent audit of regulatory functions and applies sanctions where control measures have not been properly implemented by industry.

42. The Approvals and ACVM Group of NZFSA also carries out an implementation function by registering food premises and approving food safety plans developed by industry.

43. NZFSA often develops implementation tools to assist stakeholders in implementing regulatory requirements.  Examples are generic codes of hygienic practice for different food commodities, guidelines on quality assurance systems, accreditation systems for laboratories, and assisting with training and education.

Verification programmes

44. The NZFSA Verification Agency (NZFSA VA) verifies that food safety programmes are adhered to at premises where meat, seafood and other animal products are processed and stored.  It employs veterinarians to inspect animals, ensure animal welfare protocols are followed and provides export certification to the products.

45.  NZFSA VA verifies that meat, seafood and other animal products and by-products meet both the New Zealand standards and additional standards of importing countries.  

Monitoring of the food chain by NZFSA

46. The aim of monitoring by NZFSA is to gather and analyse data on the level of control of specific hazards throughout the food chain and combine this with human health surveillance data to determine the effectiveness of regulatory activities.  This may be carried out ahead of implementation of control measures so as to establish baseline levels or it may follow their implementation.  Monitoring programmes carried out by NZFSA include.

· National Microbiological Database for systematic and ongoing monitoring of premises slaughtering cattle, sheep, deer, goats, poultry and ostriches.

· Food Residue Surveillance Programme for compliance with chemical food safety standards across a wide range of foods.

· Total Diet Survey for evaluating the level of exposure of the New Zealand population to chemicals in the food supply.

· National Residue Monitoring Programme for providing food safety assurances on all animal products, including farmed and wild animals, fish and honey.

NZFSA role in trade

47. Government policy for food safety is developed from a New Zealand perspective, but it is influenced by international and bilateral obligations as well.  These external factors include agreements and treaties between New Zealand and particular countries to facilitate trade, harmonise assurance and compliance activities, and facilitate the movement of people and goods.  They also include multinational standards established by organisations such as the World Health Organization (WHO), Office International de Epizooties (OIE), World Trade Organization (WTO), and the Organization for Economic Cooperation and Development (OECD). 

48. Much of the work done by NZFSA involves negotiations with New Zealand’s trading partners and plays a key role in gaining market access for New Zealand products.  NZFSA works to secure market access at various levels.  For example, at the multilateral level, NZFSA works with a number of international bodies.  Some of these are:

· Codex Alimentarius Commission is an international body set up under the auspices of the United Nations Food and Agriculture Organization (FAO) and WHO) and charged with developing a global food code.  It develops food standards, guidelines and related texts such as codes of practice under the Joint FAO/WHO Food Standards Programme.  The main purposes of this Programme are protecting health of the consumers and ensuring fair practices in the food trade, and promoting coordination of all food standards work undertaken by international governmental and non-governmental organisations.
· Organisation Mondiale de la Santé Animale (OIE), whose focus is the reduction of food borne risks to human health due to hazards arising from animal production.  NZFSA is represented on the permanent Working Group on Animal Production Food Safety (APFSWG) which coordinates the food safety activities of the OIE. 

· International Plant Protection Convention (IPPC).  New Zealand is a contracting party to this treaty which aims to secure action to prevent the spread and introduction of pests of plants and plant products, and to promote appropriate measures for their control.  It is governed by the Commission on Phytosanitary Measures (CPM) which adopts International Standards for Phytosanitary Measures (ISPM). 

49. NZFSA’s participation in these organisations focuses on ensuring that their rules are science and risk-based and reflect New Zealand’s needs.

Bilateral agreements

50. Bilateral arrangements are negotiated with importing countries, the aim being to align standards or have a trading partner accept that New Zealand systems deliver results that meet their requirements.  NZFSA market access experts work to find the best ways to meet importing requirements that are cost-effective and flexible for our industry.

51. The Agreement on mutual recognition in relation to conformity assessments between the European Community (EC) and New Zealand (98/509/EC) covers all medicinal products which are industrially manufactured in New Zealand and the EC and to which Good Manufacturing Practice (GMP) requirements apply.  (Medicinal products include all human and veterinary products).
NZFSA principles for risk assessment

52. Food safety is an accepted consumer requirement but one that courts controversy. The last decade has seen vastly increased knowledge on risks to consumers associated with biological, chemical and physical hazards in the food chain, along with demonstrated success in the application of new regulatory systems and food safety programmes.  Nevertheless, foodborne illness continue to be a significant problem in all countries and governments are responding in a number of ways to assure the safety of food provided to domestic consumers and to those in offshore markets.

53. NZFSA also has a mandate to improve business opportunities wherever practicable.  This is driving closer cooperation between NZFSA and industry in identifying priority areas for applied research and regulatory change so as to accommodate innovative and cost-effective technologies.  Government promotion of economic, environmental and social sustainability (non-harmonised under international food trade agreements) also influences NZFSA domestic regulatory policies.

54. NZFSA, in common with a number of other food safety regulators, uses risk analysis to answer a basic set of questions:

· What can go wrong?

· How likely is it to go wrong?

· How serious would it be if it went wrong?

· What can be done to reduce the likelihood and/or seriousness of it going wrong?

55. During risk assessment, scientific judgements often entail a choice among several reasonable options.  Uncertainty is intrinsic to risk analysis and different approaches may be taken to risk management in the face of scientific uncertainty in different political, social and economic contexts. 

56.  In some cases, consumer fears have driven actual bans on trade even though this was not scientifically supported by international standard-setting processes (eg European Union ban on importation of hormone-treated beef from all countries including New Zealand).  In other cases, a conservative approach to standard setting may be taken by NZFSA if the ramifications of a single detection of a high-profile pathogen (eg E. coli O157: H7) in exported product might include a worst-case reaction from trading partners.

57. NZFSA does not have a specific policy on application of a precautionary approach in the face of scientific uncertainty.  Rather, there is an understanding that incorporation of precaution in the RMF will be rational, practical and based on scientific principles.  If there is likely to be a significant risk to human health from a particular hazard or situation, NZFSA will take appropriate risk management action that is proportional to: the potential risk, the consequences of the risk management option(s) chosen, and the degree of uncertainty in the scientific evaluation. 

58. The regulatory response to a risk by NZFSA will prevent or limit exposure while more conclusive information is gained on the actual risks faced and the control measures that are likely to be most effective.  For products in trade, there is an obligation under the WTO SPS Agreement to actively pursue additional scientific information when a precautionary approach is taken, with timely review of interim control measures.

59. As a signatory to the World Trade Organization Agreement on the Application of Sanitary and Phytosanitary Measures (WTO SPS Agreement), New Zealand is acutely aware of its responsibilities in pursuing a risk-based and equitable international trading environment.  Consequently, NZFSA has developed a comprehensive strategy for incorporating the risk analysis guidelines developed by the Codex Alimentarius Commission (CAC) in its regulatory systems wherever appropriate.

60. In imported food situations, the WTO SPS Agreement places specific constraints on factors that can be included in decisions on ‘appropriate levels of protection’ (ALOP) that are chosen by NZFSA.  Decisions should take into account the minimisation of trade effects and ensure that selected control measures are not more restrictive than necessary to meet an ALOP.  NZFSA must also avoid unjustifiable or arbitrary distinctions in levels of ALOP chosen in different food safety situations.

Azinphos-methyl

61. There is currently one product registered under the ACVM Act containing the active ingredient azinphos-methyl – Cotnion 200 Insecticide.  This product has label claims for use on potatoes, stone fruit, pip fruit, kiwi fruit and grapes for control of certain insect pests.

62. Based on the Joint Meeting of the FAO Working Party of Experts on Pesticide Residues and the WHO Expert Committee on Pesticide Residues
 Acceptable Daily Intake (JMPR ADI) of 0.03mg/kg bw/day
 the dietary intake burden of azinphos-methyl is equivalent to 5% of the ADI.  

63. Current controls placed on Cotnion 200 Insecticide are consistent with the majority of other agricultural chemicals registered under the ACVM Act.  There is no requirement for the end-user to comply with label directions other than that they ensure treated food crops comply with the relevant residue limits.

64. Appendix A

· Agricultural Compounds and Veterinary Medicines Act Commencement Order 2001 SR 2001/100 

· Agricultural Compounds and Veterinary Medicines (Fees and Charges) Regulations 2002 

· Agricultural Compounds and Veterinary Medicines (Transitional Provisions) Regulations 2002 

· Agricultural Compounds and Veterinary Medicines Regulations 2001 SR 2001/101 

· Agricultural Compounds and Veterinary Medicines Act 1997 

· Animal Products Act 1999

· Animal Products Amendment Act 2002

· Animal Products (Ancillary and Transitional Provisions) Amendment Act 2002

· Animal Products (Ancillary and Transitional Provisions) Amendment Act 2005

· Animal Products (Regulated Control Scheme Bivalve Molluscan Shellfish) Regulations 2006  

· Animal Products (Regulated Control Scheme - Contaminant Monitoring and Surveillance) Regulations 2004 

· Animal Products Regulations 2000

· Animal Products (Fees, Charges, and Levies) Regulations 2007 dated 1 July 2007 

· Animal Products (Regulated Control Scheme--Limited Processing Fishing Vessels) Regulations 2001

· Animal Products (Regulated Control Scheme-Dairy Export Quota Products) Regulations 2008 

· Dairy Industry Restructuring (Transfer of Export Licences) 

· Animal Products (Dairy) Regulations 2005 

· Animal Products (Dairy Industry Fees and Charges) Regulations 2007 

· Animal Products (Exemptions and Inclusions) Order 2000 

· Dairy Industry (National Residue Monitoring Programme) Regulations 2002 

· Food Act 1981

· Food Hygiene Regulations 1974 

· Food (Safety) Regulations 2002 

· Australia New Zealand Food Standards Code 

· New Zealand (Maximum Residue Limits of Agricultural Compounds) Food Standards 2004 

· New Zealand (Milk and Milk Products Processing) Food Standards 2002 

· Wine Act 2003
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� 	‘Off-label use’ refers to the use of a product in a manner that was not assessed and approved when the product was registered under the ACVM Act, but which is lawful under that Act provided the user takes proper precautions to avoid breaches in residue standards and complies with any HSNO Act controls.


�	AOEL – Acceptable operator exposure limit, equivalent to the ‘level of concern’ terminology used for environmental endpoints.


�	REI – Restricted Entry Interval


�   ‘Off-label use’ refers to the use of a product in a manner that was not assessed and approved when the product was registered under the ACVM Act, but which is lawful under that Act provided the user takes proper precautions to avoid breaches in residue standards and complies with any HSNO Act controls.


� 	Apricot, nectarines, cherries, peaches and plums.


� 	The ERMA New Zealand qualitative risk matrix based on evaluation of likelihood and magnitude of risk is given in Appendix J.


�	The ERMA New Zealand qualitative risk matrix based on evaluation of likelihood and magnitude of risk is given in Appendix J.


�	Other than removing the approval for azinphos methyl.


�	AOEL – Acceptable operator exposure limit, equivalent to the ‘level of concern’ terminology used for environmental endpoints.


� 	REI – Restricted Entry Interval.


�	Bystanders may be exposed in a number of ways, but the potential control measure where exposure exceeds the AOEL is the same, to introduce a buffer zone.  Table 14 summarizes the risks to bystanders by at least one route of exposure. See Appendix H for more information.


� 	Efficacy Rating: x=little control, xx=some control, xxx=moderate control, xxxx=effective control,? = no data available but rated based on effectiveness on similar crops and/or insect pests


� 	Peaches, nectarines, plums, cherries, apricots


� 	Integrated Pest Management


� Based on efficacy against codling moth


� na=not available or unknown


� Based on efficacy against codling moth


� 	http://www.pesticides.gov.uk/approvals.asp?id=2422&link=%2Fuploadedfiles%2FWeb%5 FAssets%2FPSD%2FRe%2Dentry%2520worker%2520guidance%5Ffinal%2520version%2Epdf


� 	UK PSD and others uses a.s. (active substance) instead of a.i. (active ingredient) usually used in New Zealand.


�	The specified effect refers to scenarios established in order to establish the representative risk, and may be as specific as x people suffering adverse health effects, or y% of a bird population being adversely affected.  The risks included in the analysis may be those related to a single scenario, or may be defined as a combination of several scenarios.


�	Qualitative event tree analysis may be a useful way of ensuring that all aspects are included.


� Not officially part of the Codex Alimentarius Commission structure, the JMPR provides independent scientific expert advice to the Commission and its specialist committee on pesticide residues. 


� The acceptable daily intake for humans is expressed as how many milligrams of chemical persons can safely consume per kilogram of their body weight every day (or mg/kg bw/day) for their entire life.





Final AZM applicatiion V9.2 (2009.02.16).doc
                                                                                    Page 2 of 343
Final AZM applicatiion V9.2 (2009.02.16).doc
                                                                                    Page 3 of 343

