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	Endosulfan
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	12 January 2009


	(a) Sources, including as appropriate (provide summary information and relevant references)

	(i) Production data:
	No manufacture in New Zealand, however, around 15,000 – 20,000 litres of endosulfan products (350 g/litre) are imported per year. Use has been declining in NZ over the past 10 years but no figures are available to quantify this.1
On 15 December 2008, the Environmental Risk Management Authority of New Zealand announced the revocation of all approvals for the import, manufacture or use of endosulfan products. This ban takes effect from 16 January 2009 and all existing stocks must be disposed of by 16 January 2010 (disposal can include export for destruction as hazardous waste or for use).2

	
Quantity
	

	
Location
	

	
Other
	

	(ii) Uses
	Insecticide on certain vegetable, citrus and berry fruit crops, and on ornamentals. Also used for earthworm control on turf on golf courses, sports fields, airports, etc.

	(iii) Releases:
	

	
Discharges
	

	
Losses
	

	
Emissions
	

	
Other
	All used as insecticide, as above.


	(b) Hazard assessment for endpoints of concern, including consideration of toxicological interactions involving multiple chemicals (provide summary information and relevant references)

	As part of the reassessment of endosulfan and endosulfan formulations, ERMA New Zealand (ref. 1) has determined the following hazardous property classifications (based on the UN GHS system of hazard classification) – details can be found in section 3.3 and Appendices A and B of ref.1.
These classifications are based on international and publicly available data. No new data was generated for the NZ classifications.
Acute oral toxicity – GHS category 2
Acute dermal toxicity – GHS category 2

Acute inhalation toxicity – GHS category 1

Eye irritant – GHS category 2
Specific target organ toxicity – GHS category 1 (repeated exposure)
Hazardous to the aquatic environment  - GHS category chronic 1
Very ecotoxic in the soil environment (toxicity to earthworms) – HSNO category 9.2A
Very ecotoxic to terrestrial vertebrates (toxicity to the rat) – HSNO category 9.3A
Ecotoxic to terrestrial invertebrates (toxicity to the honey bee) – HSNO category 9.4B



	(c) Environmental fate (provide summary information and relevant references)

	Chemical/physical properties
	Section 3.2 (page 23) of ref. 1

	Persistence
	Sections 4.3.8 – 4.3.27 (pages 71 – 75) of ref.1. Published information


	How are chemical/physical properties and persistence linked to environmental transport, transfer within and between environmental compartments, degradation and transformation to other chemicals?
	

	Bio-concentration or bio-accumulation factor, based on measured values (unless monitoring data are judged to meet this need)
	Sections 4.3.28 – 4.3.34 (pages 75 – 76) of ref. 1. Published information


	(d) Monitoring data (provide summary information and relevant references)

	Monitoring data from New Zealand uses is very limited – refer sections 4.2.5 – 4.2. 8 (pages 59 -60) of ref. 1.
Over a 5 year period (2002-2007), the New Zealand national Poisons Centre received eight calls relating to endosulfan but only four of these were calls regarding incidents of human exposure. No cases of serious injury or death were reported.
One incident, involving unauthorised use, resulted in contamination of beef exports to South Korea and the temporary suspension of these in 2006 (section 4.2.6, ref.1).



	(e) Exposure in local areas (provide summary information and relevant references)

	General
	

	As a result of long‑range environmental transport
	

	Information regarding bio-availability
	


	(f) National and international risk evaluations, assessments or profiles and labelling information and hazard classifications, as available (provide summary information and relevant references)

	Three endosulfan products (350 g/litre) had been approved for use in New Zealand, prior to December 2008. However, as noted in (a)(i) above, these approvals were revoked on 15  December 2008, effective 16 January 2009. This revocation of approvals followed a reassessment carried out under the provisions of section 63 of the Hazardous Substances and New Organisms Act 1996, which included a determination that the environmental and human health risks associated with the use of the products outweighed the benefits obtained from its use.
Environmental risks were determined in the following areas:

Aquatic risk assessment (paras 4.3.36 – 4.3.73, pages 77 – 88, ref.1)
Tier I modelling high acute and chronic risks to freshwater fish and invertebrates (paras 4.3.64 – 4.3.65)
An analysis of overseas Tier II modelling and evaluation of the results in respect to New Zealand use patterns is presented in Appendix D of ref. 1.
Subsequent Tier II modelling carried out using New Zealand specific parameters supported the conclusions that there were high risks to the aquatic environment. A summary of this additional modelling is presented in Appendix A.
Terrestrial risk assessment – plants, terrestrial invertebrates (including soil invertebrates, honey bees and other invertebrates), soil micro-organisms, and birds (paras 4.3.74 – 4.3.110, pages 88 – 96, ref. 1)
The conclusions of the environmental risk assessment undertaken as part of the ERMA New Zealand reassessment of endosulfan were as follows (paras 4.3.111 – 4.3.112, ref. 1):
· There is a high acute and chronic risk to aquatic species (fish and invertebrates) from all current uses of endosulfan in New Zealand.  This conclusion is based on lower sensitivity environmental exposure modelling. 
· Exposure of non-target areas, including the aquatic environment, can be reduced by the use of buffer zones.  Such buffer zones would need to be substantial, possibly extending over 100 metres. 

· There is a risk to earthworms when endosulfan is used in accordance with label uses.  Runoff from use could lead to risks to earthworms and soil arthropods outside the application area.  Endosulfan is used to control earthworm populations under specific circumstances including use on sports fields and grass areas at airports.  

· Laboratory data suggests that endosulfan is toxic to bees and other non-target terrestrial invertebrates.  There is uncertainty as to whether such effects occur in the field. 

· There is no indication of risks to plants. 

· There may be a risk to birds feeding in fields where crops have been recently treated.  There is an acute risk to birds associated with the use of endosulfan on turf. 

· The risk to water birds is low.  Using a conservative model there is some risk to large water birds which feed exclusively on piscivorous fish.
· No assessment can be made of the risk to marine mammals (seals, dolphins) due to an absence of New Zealand-based data.  However, contamination of remote regions through long-range movement of endosulfan is likely based on overseas monitoring.  ERMA New Zealand has not considered this aspect of the risk of use of endosulfan as part of this reassessment.  
Further details relating to the environmental risk assessment are contained in Apendices E and F of ref. 1.

Human health risks were determined for a number of use patterns and exposure scenarios. These included exposure of pesticide operators to spray, occupational post-application and re-entry worker exposures, bystander  and residential exposures, exposure to treated sports field turf. This risk assessment is detailed in paras 4.3.113 – 4.3.247, pages 96 – 135, ref. 1. The conclusions of the risk assessment were as follows:
· Endosulfan has high acute oral and inhalation toxicity, but is less toxic via the dermal route due to relatively incomplete absorption.  Neurotoxicity is the primary effect observed both acutely and chronically in both humans and animals.

· Endosulfan has not been proven to be mutagenic, carcinogenic, or a reproductive or developmental toxicant.

· ERMA New Zealand has set an AOEL = 0.0192 mg/kg bw/day and, confirmed the ADI = 0.006 mg/kg bw/day.

· No New Zealand exposure data for endosulfan are available for mixers, loaders, applicators, re-entry workers, bystanders or residents, so estimates of exposure have been modelled where possible.  

· Risks to operators involved in mixing, loading and applying endosulfan for outdoor crops (including hand-held application) in accordance with current labelled application rates (0.7kg a.i./ha) are estimated as acceptable, provided that adequate (PPE) is used.  The required PPE includes gloves during mixing and loading; gloves, visor, hood, overalls and boots during application.

· Risks to operators involved in mixing and loading within glasshouses are acceptable provided adequate PPE is used.  Risks to workers within glasshouses have not been separately modelled but are assumed to be unacceptable.  For that reason, application should be by remote automated systems.

· Risks to operators for turf and citrus applications even if full PPE (including respiratory protection) is used are high.  This is due to the application rates being higher than for the current label uses for both turf and citrus and the different application method for citrus only.   

· Risks to workers re-entering areas treated in accordance with label uses, including glasshouse use, indicate that risks are acceptable provided appropriate PPE is used or REIs are applied.  

· Risks to bystanders and residents are estimated as acceptable for boom application to turf and in accordance with the label uses.  However, risks to bystanders and residents from air-blast applications in citrus are estimated as unacceptably high at current application rates and procedures.  

· Risks to sports people from use of endosulfan on treated turf are acceptable if application is in accordance with the current standard practices involving watering in and one annual treatment and an appropriate REI is applied (in the case of “ground contact” sports such as rugby, football or hockey and for public parks where children may play).   

Further details relating to the human health risk assessment are contained in Apendix G of ref. 1.
Although the reassessment process identified that there were benefits to the horticultural community and through the control of earthworms in turf from the use of endosulfan products in New Zealand, the Environmental Risk Management Authority decided, on 10 December 2008, that the adverse effects (risks and costs) associated with this use outweighed the positive effects (benefits). Accordingly, the Authority has revoked the approvals for endosulfan and products containing endosulfan. This revocation takes effect from 16 January 2009, in respect of the import, manufacture and use of endosulfan and its products. A further period of one year, until 16 January 2010, has been allowed for the destruction or removal from New Zealand of remaining stocks.



	(g) Status of the chemical under international conventions
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Appendix A – Summary of additional aquatic exposure modelling

Background (refer reference 1)
The application for reassessment of endosulfan was publicly notified on 27 June 2008.  One of the areas of high risk identified by ERMA New Zealand during the preparation of this application was the potential for effects on aquatic biota.  ERMA New Zealand flagged uncertainty about this conclusion because of the methods used to estimate the concentration of endosulfan in surface water.  The methods and areas of uncertainty were:

· A Tier I analysis using the GENEEC2 model.  This model estimates the concentration of endosulfan in a static water body 1 ha in size, 2 m deep, receiving the runoff and spray drift from a 10 ha area immediately adjacent to it.  The GENEEC2 model is an intrinsically conservative model with uncertainty inherent in its output.

· Higher tier modelling performed by USEPA using the PRZM/EXAMS models (USEPA, 2007).  This modelling used US use scenarios, US weather and soil characteristics.  

· Higher tier modelling performed by Ramanarayanan et al (1999) and submitted by Makhteshim Chemical Works (MCW) using the PRZM/EXAMS models and application scenarios applicable to the US.  These analyses differed from those of USEPA primarily in their use of lower estimates of spray drift.

The GENEEC2 modelling estimate of concentrations in the receiving water were similar to those of USEPA, but higher than those of Ramanarayanan et al (1999), although all analyses estimated risks requiring management.  However, it was not apparent to what extent the PRZM output might have been affected by the use of US application scenarios.  ERMA New Zealand therefore asked MCW to perform another PRZM/EXAMS analysis using inputs applicable to New Zealand.  This work was contracted by MCW to AMEC Earth & Environmental and a report was received by ERMA New Zealand on 2 July 2008 (Schupner & Mackay, 2008).  

The AMEC report did use New Zealand application scenarios, but did not use New Zealand soil and weather parameters.    Consequently, ERMA New Zealand contracted HortResearch to evaluate the AMEC report and run another model, SPASMO, using New Zealand soil and weather data.  SPASMO is a leaching model that was extended for this work by incorporation of the runoff routine within the CREAMS model.  These models were run using New Zealand soil and weather information.  A report on this work was received by ERMA New Zealand on 26 August 2008 (Müller et al, 2008).  

The following comprises a summary of the reports from AMEC and HortResearch and comments on how these additional analyses affect the conclusions for aquatic risk reached by ERMA New Zealand in its application.  

Schupner & Mackay (2008)

As with the USEPA (2007) and Ramanarayanan et al (1999) analyses, this is another application of the PRZM/EXAMS model estimating the concentration in a 1 ha, 2 m deep pond adjacent to a 10 ha field.  The major difference in Schupner & Mackay’s analysis is that use patterns reflect New Zealand application rates, frequency and scenario (ground boom) and the analysis was performed assuming there was no no-spray (buffer) zone around the field.  Drift was assumed to be 0.5% for each of the scenarios modelled.   

Some of the inputs into this analysis used parameters applicable to the US, for example rainfall, and soil parameters and degradation rates.  It is uncertain how relevant these are to New Zealand.

ERMA New Zealand has calculated summary statistics (minimum, maximum and average), from this report for citrus, for pasture and for the other crops combined (see Table 1 below).  The results of this analysis show concentrations in the receiving water similar to those estimated by Ramanarayanan et al (1999).  ERMA New Zealand notes that although the percentage drift used in Schupner & Mackay (2008) is higher than that used by Rananarayanan et al (1999), it is still lower than used by USEPA (2007) in their PRZM/EXAMS analysis or ERMA New Zealand in its Tier I GENEEC2 analysis.  While it is not explicitly stated in Schupner & Mackay (2008), ERMA New Zealand assumes that the figure of 0.5% applies to drift as a percentage of the total amount applied to the 10 ha field, whereas the figure of 5% used by USEPA (2007) applies to drift as a percentage of the application rate.  ERMA New Zealand notes that APVMA (2008) express drift as a fraction of the field rate.  ERMA New Zealand also notes that it is not evident from Schupner & Mackay (2008) what values were input/derived for volatilisation and subsequent contamination of water bodies.  

Müller et al (2008)

In this report, an integrated SPASMO/CREAMS model was used to estimate leaching and runoff from 6 crops (citrus, pasture (turf), boysenberry, onion, strawberry, potato), in 6 regions (Northland, Bay of Plenty, Waikato, Hawkes Bay, Manawatu, Canterbury) and 5 or 6 sites per region (representing a range of drainage and soil organic carbon content).  The model assumes application to, and runoff from, a 1 ha area.  Spray drift was assumed to be negligible.  Climate data from 34 years of recording were used to estimate concentration probability distributions for leaching and runoff.

It was found that: 

· Losses through leaching were minimal.

· The effect of region and soil type was comparatively minor.

· The effect of crop type had the greatest impact on runoff.  The authors stress the importance of spray date in relation to the development of the crop, as crops develop and vegetation cover increases, runoff decreases.

ERMA New Zealand has calculated summary statistics (minimum, maximum and average), for citrus, for pasture and for the other crops combined (see Table 1 below).

The results of this analysis are not directly comparable to those of the other analyses, because the output is concentration in runoff (leaching losses were negligible) while the other analyses estimate concentrations in a receiving water taking account of fate processes in the water body.  In addition, runoff from a 1 ha treated area is assumed, where the other analyses use runoff from a 10 ha area.  To extrapolate from the losses in runoff to concentration in a receiving water can be done using a dilution factor; conventionally a factor of 10 is used.  However, the Müller et al (2008) analyses show that although the concentration in runoff is relatively constant (varies by less than a factor of 10), the runoff volume varies between sites by a factor of approximately 700 and hence the total amount in runoff varies considerably.  Dilution in a receiving water is therefore likely to be very variable.  In addition, dilution is only one factor reducing the concentration of endosulfan in a receiving water; other fate processes such as degradation and sorption will also have an impact.

The results of the Müller et al (2008) analysis indicate concentrations in runoff that are similar to those estimated in receiving waters by ERMA New Zealand using GENEEC2 and by the USEPA using PRZM/EXAMS.  However, although dilution, sorption and degradation will lead to a lower concentration in receiving water compared to that in runoff, this cannot be taken as evidence that use of New Zealand specific parameters leads to lower concentrations in receiving waters, because the Müller et al (2008) analyses do not take account of other routes of input such as spray drift and volatilisation/redeposition.

Consequences for conclusions of high risk in the aquatic environment

ERMA New Zealand’s conclusion on risks to the aquatic environment, as reported in the notified application, was that there is a high risk to aquatic organisms.  The information received by ERMA New Zealand since notification provides additional modelling pertinent to freshwater exposure.  No additional information has been received requiring a reconsideration of the aquatic toxicity of endosulfan.   

ERMA New Zealand’s conclusions are:

· Schupner & Mackay (2008) used New Zealand use scenarios, but US soil and weather data.  The concentration in the receiving water from this analysis was similar to that estimated by Ramanararyanan et al (1999) which used the same model but input US use scenarios and US soil and weather data.  ERMA New Zealand notes that spray drift of 0.5% was assumed in both these analyses and it is not clear what contribution volatilisation from soil and plant surfaces and redeposition in water makes to the aquatic concentration.  On the basis of both Schupner & Mackay (2008) and Ramanarayanan et al (1999), ERMA New Zealand identifies a high risk to aquatic organisms and recommends that risk management is required.

· Müller et al (2008) used New Zealand use scenarios and New Zealand soil and weather data.  Their analysis only looked at input to a receiving water from runoff; fate in that receiving water was not modelled and drift and volatilisation/redeposition were assumed to be zero.  The data show that the total endosulfan runoff varies greatly between sites, but making broad assumptions as to fate in receiving waters, spray drift and volatilisation/redeposition input, there is no evidence that use of New Zealand soil and weather data leads to a lesser concentration in receiving waters than is calculated by the other analyses.   The conclusion of high aquatic risk is therefore unaffected by this new information.

No additional information has been received by ERMA New Zealand relating regarding the extent to which buffer zones might reduce aquatic exposure.  The conclusion reached in the application that buffer zones can reduce exposure, remains a truism.  In the application, ERMA New Zealand proposed adoption of a buffer zone of 100 m based on overseas analysis of the effectiveness of buffer zones.  ERMA New Zealand has no additional information by which to evaluate this proposal.
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Table 1  Summary of modelling and conclusions

	Model
	Application scenario
	Soil/ weather
	Application
	Buffer
	Drift 
(%)
	Runoff conc'n
(µg/l)
	EEC 
(µg/l)
	Reference

 

	
	
	
	Equipment
	Rate 
(kg a.i./ha)
	#
	Date
	Runoff
	Drift
	Drift
	
	Peak
	21 day
	60 day
	90 day
	

	GENEEC2
	NZ
	Generic
	Boom
	0.7
(label)
	4
	-
	None
	None
	1.2
	-
	13
	8.9
	4.8
	3.4
	ERMA application

	
	
	
	
	2.1
(turf)
	1
	
	 
	 
	0.8
	-
	10
	6.7
	3.6
	2.6
	

	
	
	
	Airblast
	1.3
(citrus)
	2
	
	None
	None
	9.7
	-
	1.2
	11
	6
	4.3
	) 

	PRZM/ EXAMS
	US
	US
	Aerial
	1.1
(tomato, strawberry)
	3
	15, 22, 29 Sep
	None
	None
	5
	-
	12
	5.5
	3.9
	 
	USEPA (2007

	
	
	
	
	1.1
(strawberry)
	
	15, 22, 29 Jan
	
	
	
	
	23
	9.3
	6.8
	 
	

	PRZM/ EXAMS
	US
	US
	Boom
	1.1
(cantaloupe)
	3
	1 Apr, 8 May, 15 June
	None
	91 m
	0.19
	-
	0.23
	0.064
	-
	0.03
	Ramanarayanan et al (1999) 

	
	
	
	
	1.2
(cantaloupe)
	1
	1-Apr
	
	
	
	
	0.15
	0.013
	
	0.003
	

	
	
	
	Airblast
	1.7 
(apple)
	1
	1-May
	None
	31 m
	0.03
	-
	0.33
	0.08
	 
	0.033
	

	PRZM/ EXAMS
	NZ
	US
	Boom
	0.7
(potatoes, onions, strawberries, boysenberries)
	1
	5-Jan
	None
	None
	0.5
	-
	Min 0.17
Max 0.51
Avg 0.36 
	Min 0.04
Max 0.22
Avg 0.14
	Min 0.04
Max 0.21
Avg 0.13
	Min 0.04
Max 0.21
Avg 0.13
	Schupner & Mackay (2008)

	
	
	
	
	
	2
	5, 15 Jan
	None
	None
	
	
	Min 0.28
Max 1.0
Avg 0.72
	Min 0.08
Max 0.42
Avg 0.26
	Min 0.07
Max 0.41
Avg 0.26
	Min 0.07
Max 0.41
Avg 0.26
	

	
	
	
	
	
	4
	5, 15, 25 Jan, 4 Feb
	None
	None
	
	
	Min 0.44
Max 1.8
Avg 1.2
	Min 0.13
Max 0.78
Avg 0.48
	Min 0.12
Max 0.76
Avg 0.47
	Min 0.12
Max 0.76
Avg 0.46
	

	
	
	
	Airblast
	1.3
(citrus)
	1
	5-Jan
	None
	None
	0.5
	-
	0.26
	0.022
	0.018
	0.017
	

	
	
	
	
	
	2
	5, 15 Jan
	None
	None
	0.5
	-
	0.27
	0.043
	0.036
	0.034
	

	
	
	
	Boom
	2.1
(turf)
	1
	5-Jan
	None
	None
	0.5
	-
	0.42
	0.04
	0.034
	0.032
	

	SPASMO
	NZ
	NZ
	Not specified (but drift assumed to be negligible)
	0.7
(Boysenberry, onion, strawberry, potato)
	1
	5-Jan
	None
	None
	0
	Min 4.1
Max 21.7
Avg 10.3
	-
	-
	-
	-
	Mueller et al 2008

 

 

	
	
	
	
	2.1
(pasture)
	
	
	
	
	
	Min 13.4
Max 23.1
Avg 17
	-
	-
	-
	-
	

	
	
	
	
	1.3
(citrus)
	
	
	
	
	
	Min 26.9
Max 43.9
Avg 34.8
	-
	-
	-
	-
	


