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Introduction 

Sulfuryl fluoride (SF) has been submitted for inclusion in the International Standard for Phytosanitary Measures (ISPM) No 15. The standard was first published in 2002 and revised in 2009. In the 2009 revision the scope  given as: ‘This standard describes phytosanitary measures that reduce the risk of introduction and spread of quarantine pests associated with the movement in international trade of wood packaging material made from raw wood. Wood packaging material covered by this standard includes dunnage but excludes wood packaging made from wood processed in such a way that it is free from pest (e.g. plywood).’

The Technical Panel on Phytosanitary Treatments (TPPT) evaluated the efficacy data submitted on SF against a range of insect species and pine wood nematode to support its inclusion in the Standard.  Following their evaluations, whilst there were no further requirements for insects, additional information on pine wood nematode was requested.  
The comments given from the TPPT and the information needed are listed below:

“The TPPT could not determine the level of efficacy of this treatment against Bursaphelenchus xylophilus (Pine wood nematode) for temperatures within a range greater than 18°C and less than 30 °C”
Protocol for Efficacy Testing Experiments in Portugal  (based on experimental design, evaluation and testing guidance for pinewood nematode described by Soma et al 3 , Schröder et al
,Magnusson &  Schröder
 and Uzunovic & Cook
).  
Collection and Preparation of Test Wood Material  
1. Collect pine wood e.g. Pinus pinaster, naturally infested with pine wood nematode (PWN). The wood should be checked for moisture content using both electronic and oven dry methods of determination. A baseline check of the pine wood should be carried out to confirm the presence of PWN. 

 2. Retain the bark and prepare the bark by sawing into boards 
Fumigation arena should be designed to hold 8 boards of  10cm x15cm x22,5 cm long. Containing at least 100 nematodes /g of wood  to reach the target population of 100.000 nematode per sample. If they are too small, 2 or three arenas will be connected with pipes and a gas pump to ensure gas circulation.   

3. Boards wood moisture content previous to fumigation must be within two groups:


30%  and  60 % on at least one target temperature (20°C) . 
Incubation of Test wood Material and Nematode Extraction
1. Incubate the test wood material at optimal development conditions at 25oC and 70% r.h. to increase the number of the propagative life stages.  Suitable number, 100-200 individuals/g of wood of PWN, should be present throughout the wood pieces. 
(Note: Before and after treatment the wood should be incubated in ideal conditions for nematode generation (growth and reproduction)

2. Change the environmental conditions i.e. the temperature and r.h. to favour the development of the 3rd juvenile (J3) dispersal (resistant) stage of the PWN to achieve at least 60% of the population prior to treatment. 
3. The total number of number of nematodes included per treatment should be at least 100,000 (required for Probit 9 statistical analysis)   This should be established by nematode extraction as described below. Representative samples of wooden pieces (treated and untreated controls) should be collected and prepared by cutting them into small sections. The size of the sample sections is dependent on the extraction method used. For the Penas et al. (2002) adapted method the size of 1 cm thick, 1 cm wide and 1 cm long. These small wood sections should be carefully cut with suitable equipment.    
Make a dry run to check behaviour of the gas   
3 replicates x 2 doses x 2 mc x 

Representative samples of wood pieces will be prepared by cutting 100 g section at each end of the wood board , and cut them into wood cubes of c. 1 cm3  using a mechanical timber saw. To avoid cross contamination wood dust will be carefully removed from the saw blade and saw equipment by brushing vacuuming and washing the saw blade and saw surfaces with alcohol between each wood piece preparation. The cut wood sections will be placed into individual labelled polyethylene bags. 

Following wood section preparation live PWN will be extracted using the method described by Penas et al. (2002) and used in the 2010 study. Each wood sample will be removed from the polyethylene bag and placed on filter paper (Trapicel, Futurlab, Portugal) and wrapped in “etamine” tissue. This will then be placed on a plastic mesh overlaying a plastic tray. The tray will be filled with tap water with the wood sample completely immersed. After 48 h the supporting net containing the sample will be carefully removed and the water in the tray passed through a 400 mesh (38 µm) sieve. The remaining material will be shower washed and concentrated with distilled water into small plastic or glass containers and preserved at 4ºC until observation (Figures 16-19).  

After each extraction, the sieve will be thoroughly washed with ethanol and water. 
Wood Moisture Content

Three ( 2.5 cm thick sections will be sawn from the middle of three representative pieces of lumber and boards and oven dried (ASTM 1992)
 to determine mean wood moisture contents before and after fumigation.   

Fumigation 

1. Store the test wood material (which has been confirmed for the required nematode number and the presence of 3rd larvae dispersal stage) in the desicator for 48 h at each of the fumigation target temperature and at 60% r.h. prior to fumigation.
2. Measure pre-treatment nematodes levels as close as to the time as treatment as possible e.g. immediately prior. This is especially important in the untreated controls to estimate natural morality due to for example the treatment temperatures. Assuming all of the treated wood (controls and test) are equivalent, destructive testing of a number of blocks could be used to estimate starting nematode numbers in all of the blocks.  

3. The number of sections and boards used for each treatment should result in at least 100,000 individual PWN life stages being present in the control and for each observation following treatment, with at least 60% in the J3 stage. 
The number of wood pieces used should also take into account for any significant mortality (>5%) which may occur in the untreated controls.   

4. The target temperature will measured in ambient air of the dessicator with a thermocouple. It is assumed that internal temperature of the wood will be the same as ambient air after 48 hours acclimation. 
Each fumigation unit should meet the following requirements: 
a) Have a volume that will be determined by dimension of test arena 
b) Sufficiently confine sulfuryl fluoride resulting in half loss times (HLT) of ( 24 h or greater. Dry run fumigation will be conducted with same wood boards to know the HLT of the enclosures and potential wood sorption, and accurately introduce right quantity of gas to achieve CT in the desired exposure time. 
c) Be conducted in a controlled temperature and r.h. environment to maintain wood temperature and r.h. at the required level i.e. treatment temperature ± 1.0 °C
The test temperatures will be 20 and 25oC.  Wood moisture content will be 30% minimum at 20ºC and 25 °C. A test with a wood moisture content of 60% will also be conducted at 20°C to check if efficacy of the product is influenced by wood moisture content.  Untreated controls should be maintained at the same temperature and r.h. All temperature probes should be calibrated to ensure accuracy within the manufacturer’s stated parameters.

This way we will have 3 sets of assays: 

· 20°C and 30% WMC, 
· 20°C and 60% WMC

· 25 °C and 30% WMC 

d) Equipped with a circulation fan, separate hoses for SF introduction and monitoring. 
4. Each dose will be replicated three times per temperature+Wood moisture   
5.  Calculate the amount of SF to be introduced for each target dosage (concentration x time product [CTP]) to obtain the dosages in Table 1 and at 1.25 and 1.5 X the targeted dosages.     A dry run fumigation with same pieces of wood (same dimensions, WMC and quality) without PWN assessment will be conducted to anticipate level of sorption of gas by the material and adjust quantities accordingly. 

6. Introduce commercial grade SF (99.8%; Dow AgroSciences, Indianapolis, Indiana, USA).  SF can be introduced gravimetrically.  

7.  The fan is only needed to achieve equilibrium as operating a fan throughout the entire exposure period in small containers can increase fumigant loss.SF concentrations will be monitored at 0.5, 2, 4, 6, 12 and 24 h after fumigant introduction is completed by removing sample with a syringe.  Measure SF concentrations with GC equipped with   thermal conductivity or flame photometric unit. 
8. After the fumigation period, the bulk of the gas will be pumped out through a secured system , then arenas will be opened in a safe and ventilated area,  and aerated for a minimum of one hour.  Confirm SF concentrations are 3 ppm or less, as measured using a clearance detector appropriate sensitivity (e. g. Interscan gas analyzer, Spectros SF-Explor IR
9. Following fumigation and aeration remove the wood bioassays and place in separate containers to avoid any possible cross contamination.  Place each set of treated and untreated samples (for each treatment: _8  samples x 3 replicates + 4 controls) in an incubation chamber and maintain at optimal conditions for nematode development i.e. 25oC and 75% r.h.  
The humidified environment should prevent the wood drying out leading to nematode mortality. Storage conditions should be tested prior to undertaking the fumigation tests to confirm that the conditions are optimal for high percentage of nematode survival. 
Given Probit 9 efficacy was recorded in the second series at two dosages 2145 and 2352 g-h/m3 in 2010 trials at 20°C but not for higher dosage the target  dosage in the 2010 trials will be tried again. 
· 2300 g-h/m3 CT at 20°C
· 1500 g-h/m3 CT at 25°C 

No further trials will be conducted at 15 °c and 30 ° and above as Probit 9 efficacy has been achieved consistently with the proposed dosage. 

Treatments will be evaluated in succession, beginning with the lowest temperature. Each batch will contain sufficient nematodes to evaluate results to the Probit 9 stringency; all nematode populations will be tested per batch prior to the fumigation (i.e. to allow for variation in nematode populations between pieces of wood and, if the tests are carried out sequentially, over time).  If any treatment fails to achieve 100% control, the dosage will be evaluated and increased to 1.25 then 1.50 X the target and the testing will be repeated until the prescribed dosage obtains 100% control.  Temperature ranges for the treatment schedule may be consolidated depending upon results and resource allocation to complete this study.
Assessments 

Gas concentration and CTP  
For each treatment replicate, record SF concentration at 0.5 2, 4, 6, 12, 24 h after fumigant introduction is completed and CTP. 

Wood temperature, Wood moisture content, Weight of lumber/wood 

For each treatment replicate and the untreated controls, record the wood core temperature, the moisture content and weight of wood lumber/boards before and after the fumigation.

Nematode mortality 
 Assess nematode mortality from each treatment replicate and in the untreated control 
Nematode extraction should take place from 4 x 1g wood samples taken from each of the wood lumber and board pieces and the number of nematodes expressed per 100 g of sample to determine the % survivorship.  These assessments should be made:

a) before treatment (for the control & treated ) 

b) 48 hours . 

d) 21 days after treatment (for the control & treated) 
If natural mortality in the controls is significant (> 5%), this will need to be taken into account in the test numbers as well (original numbers adjusted down by the level of mortality in the controls). 
The data should be subjected to statistical analysis – Probit 9 to meet the needs of a quarantine treatment. Since a direct method of efficacy calculation (exposing more than 100,000 individuals to the treatment), the calculation to determine efficacy need only to follow that of Couey & Chew (1986)1, with the appropriate adjustment for control mortality if required. 
� Schröder, T., McNamara, D. G. and Gaar, V. (2009) Guidance on sampling to detect pine wood nematode 


Bursaphelenchus xylophilus in trees, wood and insects. OEPP/EPPO Bulletin 39, 179-188. 


� Magnusson, C. and Schröder, (2008) Technical Protocol for Testing Nematodes during Treatment Development. International Forestry Quarantine Research Group Meeting, September 2008, Rome.    


�Uzunovic, A. and Cook, J. (2007). Proving that a pest is eradicated or cannot spread out of the wood.   International Forestry Quarantine Research Group Meeting, September 2007, Rome, 


� [ASTM] American Society for Testing and Materials.   1992.   Standard test methods for direct moisture content measurement of wood and wood-base materials.  ASTM International, 100 Bar Harbor Drive, West Conshohocken, PA.





Page 1 of 6

