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Chemical control of post harvest invertebrate pests

Update No 2, January 2008
1
Background


The aim of this further update is to document changes in the availability of 
pesticides on the UK market and to assess the treatment of export grain as it is 
loaded onto vessels at UK ports.

2
Contact pesticides


The results of EU assessment of pesticides for inclusion in Annex 1 have been 
published and, as anticipated in the previous update, pirimiphos-methyl (Actellic) 
has been approved but malathion has not. This latter decision has an impact on 
ProStore as malathion is one component of this pesticide.  As a result ProStore will 
no longer be Approved by the PSD after November 2008.


One new pesticide for use in grain storage has been Approved by the PSD; K-
Obiol, the synthetic pyrethroid, deltamethrin. This pesticide is made up of a mixture 
of deltamethrin and the synergist, piperonyl butoxide. It is available in 2 
formulations; an EC and a UL ready-to-use formulation. The EC is Approved for 
application to grain and treatment of fabric of grain stores. The UL is for grain 
treatments only. This material has been used as a grain protectant in many 
countries for some years.

Table 1. Application rates for K-Obiol

	Trade Name
	Active ingredient
	Application rates
	Comments

	K-Obiol EC
K-Obiol UL
	Deltamethrin

+

Piperonyl butoxide

(this is a synergist and has no insecticidal properties)
	For structures:

Use EC at 60ml/100m2 diluted in water as appropriate
For grain:

EC 1ltr/100 tonnes

UL  4.2ltr/100 tonnes

(0.25mg/kg deltamethrin+ 5mg/kg piperonyl butoxide)
	A dedicated UL applicator must be used to apply UL 



The CODEX  MRL for deltamethrin is 2mg/kg and for piperonyl butoxide is 
30mg/kg. The EU MRL is 1mg/kg for deltamethrin but there is no MRL for piperonyl 
butoxide. The EU does not consider piperonyl butoxide as an active ingredient and 
so an MRL is not considered to be necessary.
3
Treating export grain


As with all sales of grain, the recipient of exported cargoes requires that the grain is 
free from infestation. This requirement takes on added importance with export 
cargoes as detection of pests by the buyer can lead to expensive penalties for the 
supplier. In addition, some importing countries require a Phytosanitary Certificate 
that will certify that the grain was checked for pests during loading and that no 
infestation was found.  Details of the system for the issue of Phytosanitary 
Certificates can be found in the Plant Heath document “Phytosanitary Certification 
of Grain for Export” GSOP 1. Unfortunately, detection of pests in grain by inspection 
processes is an uncertain business and still leaves the supplier exposed to some 
risk that infestation could be detected when the cargo reaches its destination.

During the 1980s an alternative approach was developed in which grain was either 
treated with a contact insecticide as it was loaded onto a ship or fumigated with 
phosphine after loading. This approach is widely used by some major grain 
exporting countries such as Australia, France and the USA. In France treatment of 
all export grain with a contact insecticide during loading has been the norm for 
many years.

When the concept of treatment replacing inspection was introduced to the UK, there 
were concerns over efficacy being adversely affected because during winter grain 
temperatures may be 10°C or less. In general, organophosphous pesticides act 
more slowly as temperature falls.  Experiments were done to assess speed of 
action of the pesticides available at that time at temperatures from 20°C down to 
5°C. These confirmed that speed of kill was slowed as temperature fell. Therefore, 
a table was constructed relating grain temperature to voyage time necessary to 
ensure disinfestations would occur by the time the cargo reached its destination. No 
further research has been done specifically to update this table although there have 
been major changes to the availability of pesticides. Several pesticides tested at the 
time are no longer available but  two others, containing synthetic pyrethroids have 
been Approved for use as grain protectants. This may be significant as there are 
data to suggest that synthetic pyrethroids are much less affected by cooler 
conditions.

Table 1. Current recommendations by UK Plant Health for grain 
temperature/voyage length combinations when treating export grain to obtain a 
Phytosanitary Certificate.
	Grain temperature
	Minimum time between treatment and discharge

	10°C or more
	5 days

	7.5°C up to 10°C
	8 days

	5°C up to 7.5°C
	10 days



Theses data were obtained with a range of organophosphorus pesticides available 
in the 1980s. Unfortunately, the two new insecticides, K-Obiol and ProStore have 
not been tested in the same way. However, some data are available for both 
products and is given here with the permission of the manufacturers.

ProStore:


Some trials were done at commercial stores with ProStore UL applied at half the 
normal UK recommended dose. The grain was assessed for infestation one day 
before treatment and one day after. The grain temperature was about 20°C. 

Table 2. The effect of ProStore on infestation in grain
	No of 1ltr samples
	No. of live insects

	
	Tribolium castaneum
	Sitophilus sp.
	Ory. Surrinamen.
	Rhyzopertha dominica
	Cryptolestes ferrugineus

	Untreated
	
	
	
	
	

	7
	36
	14
	15
	0
	10

	
	
	
	
	
	

	
	No. of dead insects (no live insects found)

	ProStore
	
	
	
	
	

	12
	25
	36
	4
	9
	0



Table 3. No. of live insects in samples of wheat at 15°C treated with of half dose 
ProStore UL. 

	Species
	Days before/after treatment

	
	-1
	1
	7

	Stegobium. sp
	64
	1
	0

	Tribolium. sp
	84
	6
	0

	Cryptolestes sp
	40
	1
	0

	R. dominica
	15
	2
	0

	O. surinamensis
	1
	0
	0



K-Obiol:

Trials were done at a commercial store with K-Obiol UL applied at the UK 
recommend dose. The grain temperature was about 20°C. However, the grain was 
not infested and efficacy was assessed by bioassying samples 30 and 90 days after 
treatment

Table 4. Effects of K-Obiol as shown by bioassay tests.

	30 Days after treatment
	Species
	% mortality after 7 days of exposure

	K-Obiol ULV 
	Tribolium castaneum
	100

	
	Sitophilus granarius
	100

	
	O. surinamensis
	100

	
	Rhizopertha dominica
	100

	Control
	Tribolium castaneum
	1

	
	Sitophilus granarius
	2

	
	O. surinamensis
	4,9

	
	Rhizopertha dominica
	0

	90 Days
	
	

	K-Obiol ULV
	Tribolium castaneum
	100

	
	Sitophilus granarius
	55,5

	
	O. surinamensis
	100

	
	Rhizopertha dominica
	100

	Control
	Tribolium castaneum
	1

	
	Sitophilus granarius
	2

	
	O. surinamensis
	6

	
	Rhizopertha dominica
	2



The data show that both new pesticides are effective and are likely to disinfest 
export grain to at least the same standard as those compounds assessed in the 
1980s.


Check-list for treating export grain


Treating grain with a pesticide as it is loaded onto a ship has been shown to be a 
more reliable method of ensuring that pest-free grain is delivered to the buyer than 
by inspection during loading. However, there are a number of important points that 
must be addressed if this approach is to be used and is to be effective.

1. Acceptability of treated grain to the buyer

2. Acceptability of proposed treatment to destination country (Local MRLs and other requirements)

3. Combination of grain temperature/voyage length that offers high probability of complete disinfestations on arrival

4. Effective application of the pesticide

5. Proper monitoring of the process to ensure grain that has already been treated is not treated twice with the same pesticide
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Chemical control of post harvest invertebrate pests

Update, April 2007

1
Background

The aim of this update is to review decisions made under EU Pesticides Legislation and to provide additional detail on the use of pesticides. 

2
Contact pesticides

2.1
Use and application rates

The following contact pesticides are Approved in the UK for use on stored grain and to treat the structure of empty grain stores. No products are Approved for the treatment of maize or oilseeds and only a single treatment may be applied to the crop.

	Trade Name
	Active ingredient
	Application rates
	Comments

	Actellic 50 EC
	Pirimiphos methyl
	For structures:

100ml Actellic 50 EC in 2.5 – 5ltrs water /100 m2

For grain:

8ml Actellic 50EC in 0.75 – 1.5ltrs  water /tonne
	Replacement formulation for Actellic D

	ProStore 420 EC
	Bifenthrin 20g/ltr + Malathion 400g/ltr
	For structures:

125ml ProStore 420 in 5 – 15ltrs of water /100 m2

For grain:

15ml ProStore 420 /tonne diluted in 0.5 – 1.5ltrs water  
	EC formulation. Issues regarding MRL on barley outside Europe

	ProStore 157 UL
	Bifenthrin 7.5g/ltr + Malathion 150g/ltr
	For grain:

40ml ProStore 157 UL/tonne

Exceptionally can be used at 20ml/tonne for disinfestation
	Ready-to-use formulation. Issues regarding MRL on barley outside Europe.

Can only be applied with UL applicator but no requirement to dilute. 

	Reldan 22
	Chlorpyrifos-methyl

22.5g/ltr
	For structures:

200ml Reldan 22 in 5ltrs water/100m2 or in 10ltrs on porous surfaces

For grain:

20ml Reldan 22/tonne, diluted in 0.75 – 1.5ltrs water


	Subject to 90 day withholding period after treatment. Restricted for use on malting barley


2.2
Maximum residue limits (MRLs)

Grain is one of a number of agricultural commodities that are traded internationally and as such are routinely moved across national boundaries. However, pesticides used during the production and storage of grain are registered and approved on a national or at best regional basis. This led to issues over residues during the export/importation of grain.

In 1963 the Food and Agriculture Organisation (an arm of the World Health Organisation) began developing a process to produce international agreements for acceptable residue levels that allowed produce to be moved across borders: the CODEX Alimentarius.  This set MRLs for chemical residues that might be expected to be found in agricultural products produced following Good Agricultural Practice (GAP). MRLs are set on the basis of data submitted to CODEX by pesticide manufacturers and other agencies. These data are assessed on the basis of safety for the consumer and in the light of what residues might be expected in a crop following a properly applied treatment during GAP. MRLs are published on the CODEX web site:

(http://www.codexalimentarius.net/web/index_en.jsp)

This system works well but is complicated by some regions or even countries imposing unilaterally their own MRLs. For example, the European Union has its own system of MRLs and, whilst these are broadly in line with CODEX, there are exceptions. The UK follows the EU MRLS.

Table 2. CODEX and EU MRLs in mg/kg for contact pesticides Approved in the UK to treat grain or grain stores. 

	Trade Name
	Active ingredient
	CODEX MRL 
	EU MRL

	Actellic 50 EC
	Pirimiphos methyl
	7 Barley and wheat
	5 Barley and wheat

	ProStore 420 EC
	Bifenthrin 20g/ltr + Malathion 400g/ltr
	 Bif. 0.05 Barley, 0.5 wheat

Mal. 8 for cereal grains
	0.5 Barley and wheat

Mal. 8 for cereal grains

	ProStore 157 UL
	Bifenthrin 7.5g/ltr + Malathion 150g/ltr
	Bif. 0.05 Barley, 0.5 wheat

Mal. 8 for cereal grains
	0.5 Barley and wheat

Mal. 8 for cereal grains

	Reldan 22
	Chlorpyrifos-methyl

22.5g/ltr
	10 wheat only
	3 Barley and wheat


Users of pesticides must ensure that any treatments applied do not leave residues that might exceed the MRL in use by the destination country at the time the grain is received by that country for processing. 

In general UK application rates are below EU MRLs and in the case of Reldan where this is not so, a withholding period is applied to ensure residues will have fallen to below the MRL before the grain is processed.

2.3
Changes in Approval status

The EU appears to have accepted Actellic onto Annex 1 but has not approved malathion. If this is formalised, it will mean that ProStore will be withdrawn over a period of time. However, it is understood that Chemenova, the manufacturers of malathion, are mounting a legal challenge to the Commissions decision and also intend to resubmit malathion for inclusion in Annex 1. This process could result in malathion being reinstated before the end of the withdrawal period.

3
Fumigants

The following comments apply to phosphine.

3.1
Products available

	Trade Name
	Supplier
	Notes

	Detia Gas Ex-P
	Igrox Ltd
	Aluminium phosphide

	Detia Gas Ex-T
	Igrox Ltd
	Aluminium phosphide

	Detia Gas-Ex-B
	Igrox Ltd
	Aluminium phosphide

Bagged, belts or blanket formulations

	
	
	

	Degesch Fumigation Pellets
	Rentokil Initial UK Ltd
	Aluminium phosphide

	Degesch Fumigation Tablets
	Rentokil Initial UK Ltd
	Aluminium phosphide

	Phostoxin I
	Rentokil Initial UK Ltd
	Aluminium phosphide

For use by Rentokil staff only

	
	
	

	
Detia Gas-Ex-B Forte
	Igrox Ltd
	Magnesium phosphide

Bagged formulation

	Degesch Plates
	Rentokil Initial UK Ltd
	Magnesium phosphide

Plate formulation

	
	
	


All the above products have an Approval expiry date of 31/12/2013.

3.2
Use and application rates

Phosphine is unusual in that it is generated in grain by a chemical process from a precursor chemical; aluminium or magnesium phosphide. These chemicals are mixed with waxes that control the speed of reaction so that the gas is generated relatively slowly over time. 

Application rates are related to the species of pests and the gas-tightness of the bulk being fumigated. The aim of the fumigation is to achieve the necessary concentration/time factor.

These products are always applied by suitably qualified trained staff who will decide on the dosage rate needed in a particular circumstance. With some products, the precursor chemical is contained in bags or bag blankets so that the spent material can be removed at the end of fumigation. This is important as a small percentage of material remains as un-reacted product and any subsequent movement of the grain may cause some phosphine to be generated. This can be hazardous and it can give rise to complaints of taint. The residues from tablet and pellet formulations can be removed if they are contained in a sleeve before insertion into the grain.

Unlike contact pesticides there are no limits on the number of treatments that can be applied to a batch of grain

3.3
MRLs

Both CODEX and the EU set an MRL of 0.1mg/kg for phosphine in cereals. Surprisingly, there are very little research data monitoring residues in fumigated cereals as most work has concentrated on levels of phosphine in inter-granular spaces during a fumigation. However, phosphine gas is aired off at the end of a treatment and is, in any case, relatively unstable. There do not appear to be any reports of the MRL being exceeded. However, as stated in 3.1 above, a noticeable odour can occur during loading/unloading when the spent residues of the phosphine-producing material are not removed from grain after fumigation. The UK Workplace Exposure Limit is 0.3ppm for phosphine and it is the contactor’s responsibility to ensure that no one is exposed to a concentration greater than this both during and after fumigation.

4
European pesticide regulation

Pesticide regulation and use in the UK were controlled under the Control of Pesticides Regulations (1986). However, a further level of control has now been added by the European Commission. As part of the move towards a single market, efforts were made to harmonise control of pesticides across Member States. The aims of this programme were set out in European Directive 91/414/EEC which regulates ‘Plant Protection Products’, these include agricultural pesticides and growth regulators. 

European legislation aims to harmonise the registration of plant protection products and all existing pesticides used in Europe are being re-evaluated (reviewed) according to standards set out in relevant EU directives. The system is based on a two-tier registration. Active ingredients are assessed at Community level for inclusion on a positive list (known as Annex 1). Products containing chemicals listed on Annex 1 must then be assessed and registered by Member states.  

This review has been progressing slowly for several years. Recently, the Commission have taken steps to speed up the process to ensure that all pesticides will have been assessed. Until a product has been reviewed for inclusion in Annex 1, its use is controlled by national authorities; the Pesticide Safety Directorate in the case of the UK. Once a pesticide has been accepted onto Annex 1, national registration is still required but should be a relatively simple process. However, if a reviewed pesticide is not accepted onto Annex 1 all products containing that active ingredient must be withdrawn from use throughout all Member States regardless of national registrations. This withdrawal process will usually be phased in over 1 – 2 years.

In general terms, the process for inclusion onto Annex 1, as laid down in a series of Directives, is similar to that applied under the Control of Pesticides Regulations. However, it is not easy to establish the exact details of the review process. An added complication is that the uses specified when a manufacturer submits a pesticide for inclusion onto Annex 1 may not cover all uses in all Member States. This might be of great significance with chemicals that have a minor use in the post harvest area.   

There is a similar system of European regulation to control non-food use pesticides or biocides. This is administered in the UK by the Health and Safety Directorate but works within the framework of European legislation: the Biocidal Products Regulations.

More details of both UK and EU pesticide regulation can be found at the following web addresses:

http://www.pesticides.gov.uk/aa_legislation.asp
http://www.hse.gov.uk/biocides/faqs.htm
http://ec.europa.eu/food/plant/protection/index.en.htm
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Chemical control of post harvest invertebrate pests

This document offers a brief summary of chemical control options

for pests in stored grain and grain stores 

1
Background


Chemicals fall into two categories: contact pesticides and fumigants

1.1 
Fumigants -

These are active as gasses that are toxic to insects and most other life forms. These gasses have to be contained so that a sufficient concentration can be maintained over time to provide control. The amount of gas required may often be expressed as a concentration/time product (CT) so that variations in either the time of exposure or concentration may have an effect on the efficacy of the treatment. A feature of all treatments with fumigants is that they are only effective for as long as the gas can be contained. Therefore, they provide control but no residual protection against the reintroduction of pests. However, in general residues left in produce following fumigation are low. Fumigants can only be used by appropriately qualified personnel, usually the employees of servicing companies. 

1.2 
Contact pesticides

These are toxic chemicals that work by contact. The chemical may enter the pest directly through the cuticle, by ingestion, by the respiration of vapour or by a combination of any or all. Most pesticides are man-made molecules that have much greater toxicity to insects and mites than to mammals or birds. They act by disrupting pest metabolism. Many of the contact pesticides are slightly or very persistent so that a treatment may offer both control and protection. However, this persistence may result in significant residues in products following treatment.

Contact pesticides can be used, given the appropriate approval, to treat the structure of empty stores, the exterior of packaged goods, or applied directly to a commodity.  In the UK contact pesticides can be used by farmers and storekeepers as well as by servicing companies.

1.3 
Registration process

All pesticides used in the UK must be registered, either under the Control of Pesticides Regulations administered by the Pesticide Safety Directorate (PSD) or by the Heath and Safety Directorate. However, there are also a raft of European and international registration regulations. Since 1990 there have been moves to produce Europe-wide pesticide legislation in order to simplify the operation of the Single Market. This process has proved to be complex and drawn out but it is now beginning to have a profound influence on post-harvest pest control. The costs of meeting the data requirements of European and national registration processes are considerable and, when this is set against the relatively small market for post-harvest chemicals, it is a major disincentive for manufacturers.  

As a result, the number of chemicals available has reduced over time with relatively few new products being marketed or developed. The costs of registration are related to the required data package, covering consumer, operator and environmental safety, and a comprehensive efficacy assessment. Such data packages require years of research and may cost millions of €.

2
Contact pesticides: grain treatments

There are relatively few chemicals registered throughout the world for direct application to grain and only a limited number of these are approved for use in the UK. The trend is for fewer pesticides so that in 1980 there were 6 active ingredients. Currently, only the following chemicals are available for the treatment of cereal grains. No contact pesticides have approval for the treatment of oilseeds.

Table 1. Contact pesticides that can be applied directly to grain

	Trade Name
	Active ingredient
	Approval expires*
	Comments

	Actellic D
	Pirimiphos methyl
	31/12/2007
	EC formulation

	Actellic 50 EC
	Pirimiphos methyl
	31/12/2013
	Replacement formulation for Actellic D

	ProStore 420 EC
	Bifenthrin + malathion
	31/12/2013
	EC formulation. Issues regarding MRL on barley outside Europe

	ProStore 157 UL
	Bifenthrin + malathion
	31/12/2013
	Ready-to-use formulation. Issues regarding MRL on barley outside Europe

	Reldan 22
	Chlorpyrifos-methyl
	31/12/2013
	Subject to 90 day withholding period after treatment. Restricted for use on malting barley


* These Approval dates are the dates given by PSD. However, they may be only valid subject to the Approval Owner/manufacturer submitting further data to support continued use. In addition, European pesticide regulation may override UK Approvals. Currently, only Chlorpyrifos-methyl and pirimiphos methyl have EU Annex 1 status that ensures continued use. Malathion has not been granted Annex 1 status, although this is subject to appeal. 

In addition to the above chemicals there are also inert dust or diatomaceous earth products. These are based on silicate skeletons of marine diatoms that have been deposited and fossilized. They are >90% silica and are used as fine powders applied to cereals. Currently, in the UK they do not fall under PSD regulation, so do not have to provide a comprehensive safety or efficacy package. They are regarded as low risk to humans but do contain particulate silica that may represent an inhalation risk. There are at least 3 different formulations available in the UK:



Demeter; Diasecticide; Silico-sec

More details on the use of these products can be found in HGCA Research Report 344.


2.1 
Efficacy

All pesticides in Table 1 are generally effective against most grain pests found in the UK. However, they vary in some specific details. For example, Actellic is the most persistent so that residues decline very slowly over time. Unfortunately, with all pesticides, chemical and efficacy decline are not identical and, as chemical is translocated within a grain over time, efficacy may decline at a greater rate than the residues. Only a single application of a pesticide is allowed but there does not seem to be any restrictions on multiple treatments using different approved products.

Inert dusts act by disrupting the pest cuticle, abrading the surface and allowing water loss so that death is by desiccation. They are more consistently effective against insects when used on grain with moisture contents of 14% or less. HGCA Report 2840 indicates that these dusts may have potential to control mites even in damp grain. Inert dusts also have a role in supporting an integrated control strategy.

Resistance to grain protectants has been detected in insects and mites in the UK. However, with insect pests the level of resistance is relatively low and this does not, at the moment, have a major impact on control. Resistance in mites is much more pronounced and in 1987 was shown to be at a level where treatment failures would occur. Unfortunately, resistance monitoring ceased at that point so no up-to-date information is available. However, there is increasing anecdotal evidence from the field that ProStore is effective against mite populations that are not controlled by some other compounds.

3
Contact pesticides: structural treatments

All chemicals covered in 2 above also have approval for application to the structure of empty grain stores. Such treatments are used as a prophylactic measure before a store is filled with clean grain or sometimes as support for fumigation. Occasionally, spot treatments may be applied to specific areas to restrict the migration of pests from an infested commodity. 

Most treatments of grain stores are with one or other of the compounds shown in Table 1 that are all approved via the PSD. However, there is a second tier of Approval via the Health and Safety Executive (HSE). These are pesticides that are not permitted to be applied directly to foodstuffs but may be permitted to be used in food storage premises provided action is taken to prevent contamination of food. None of the HSE products are approved for use in grain stores where the grain, or surfaces that come into contact with the grain, could be contaminated by the product. In practice this must strictly limit the use of these pesticides to parts of the structure away from storage areas or as a support to fumigation where the grain is protected by sheets.

Some efforts have been made to develop slurries of inert dust as treatments of structures. Experiences of storekeepers where this system has been used (Australia) are not favourable and this approach does not seem likely to offer much potential for future use.


3. 1 
Efficacy

A treatment applied to the structure of an infested store will produce a dramatic effect in the form of large numbers of dead insects, particularly around the wall – floor junction. Therefore, it will be reducing the pest population and the potential for the incoming crop to become infested.  However, results from many field trials indicate that it is almost impossible to completely eliminate all pests even with the most complete and well managed application of a pesticide. The choice of pesticide does not appear to have a major impact on the overall efficacy.

In practice, maximum benefit from treating the structure will occur when the structure is clean and free from debris that might allow pests to avoid the chemical and the operator is able to apply the correct dose to all part of the structure. Poor cleaning, dead spaces and insect harbourages may allow a significant pest population to survive the treatment.

4
Fumigants

There are three chemicals currently Approved for use in the UK: sulfuryl fluoride (ProFume), methyl bromide and phosphine. Unlike most contact pesticides, fumigants have a high mammalian toxicity and can only be used under controlled conditions by properly trained staff.

In addition to other chemical fumigants, gasses such as carbon dioxide and nitrogen can be used to control pests in stored grain. These compounds are only effective if relatively high concentrations can be maintained. Carbon dioxide is a toxin but requires concentrations of >40% and nitrogen is used to reduce oxygen concentrations to below 1%. The need for high concentrations poses serious practical difficulties if bulk stored grain is to be treated. The exposure period is related to temperature and has to extend from days to > a week below about 10°C.  Experience from countries where this method has been used suggests that economic factors mean that these techniques cannot compete with phosphine fumigation and are restricted to special circumstances. 

An extension of the use of inert gasses is to use the exhaust gasses from specialised internal or external combustion that contain very low levels of oxygen and around12% carbon dioxide. Once again, extensive research has been carried out in this field and practical applications have been developed. However, such treatments are not currently economically viable under most circumstances.


4.1 
Methyl bromide

This is an old but extremely effective fumigant. However, it is an ozone depleter and its use has been banned for all except exceptional cases. It is unlikely that grain store fumigation would be classed as an exceptional case.


4.2 
Sulfuryl fluoride (ProFume)

This is a relatively old fumigant that has been re-launched because of the restrictions on the use of methyl bromide. As with all fumigants, ProFume can only be used by professional operators and is restricted to empty premises. It acts relatively rapidly so that exposure periods are between 1 and 2 days. The manufactures hope to gain registration for treating grain.

 
4.3 
Phosphine

When used in grain storage the gas phosphine is usually generated from aluminium or magnesium phosphide preparations that react with moisture and generate the gas slowly over time. Phosphine is very effective against grain pests provided the combination of time and concentration are sufficient. In practice, this means fumigation requires exposure periods of days or > a week, depending on the pests and temperature. 

Provided the spent material is removed after fumigation, treatments with phosphine do not produce residues in grain.

Currently, there are 8 phosphine producing products Approved for use in the UK.  

5
Future developments


5.1 
New products



5.1.1
New pesticides

The constraints of consumer protection and the limited market for post harvest pesticides will always place restriction on the development and registration of new products. There are a large number of compounds that have potential from both efficacy and toxicity standpoints. However, for commercial reasons most are extremely unlikely to be developed to a point where they might be approved for treatment of grain stores or admixture with grain.  Currently, there appear to be 2 new products that could achieve registration as grain protectants in the UK: Spinosad and deltamethrin + piperonyl butoxide, the latter having been approved in France for many years.

Spinosad: This is a chemically processed naturally occurring secondary metabolite from the aerobic fermentation of Saccharopolyspora spinosa on nutrient media. It has a unique mode of action and has been assessed as a grain protectant in various countries. It is extremely stable so likely to persist for long periods on grain and has an acute mammalian toxicity of the same order as current grain protectants but is likely to be applied at lower doses. US data suggest that Spinosad has different degrees of efficacy against the different species of pests found in the UK and more data are required before a full appraisal of its potential can be given. However, it seems unlikely that, if used alone, it will be as effective as current pesticides.

Deltamethrin: This is a synthetic pyrethroid and is normally used mixed with the synergist piperonyl butoxide (PB) in the ratio of 1:10. It is stable on grain and will give long periods of protection at the expense of permanent residues. The mammalian toxicity of deltamethrin is higher than current OP pesticides but it is used at a lower dose. When applied at 0.5mg/kg + 5mg/kg PB it is likely to provide good control of most UK grain pests except mites.

In addition to the above, it is possible that new mixtures of existing materials might be developed that could have high levels of efficacy and low application rates.


5.1.2
Alternative compounds

A large amount of research has been underway to assess a range of so called natural pesticides and some of these may have potential for use in the grain storage area. These may be organisms that cause diseases in pests or toxins developed by plants as natural defences against pests. One compound containing the toxin from Bacillus thurinagensis, a bacterial disease of moths and other insects, has been used to control moths in stored grain in America. However, its efficacy declined rapidly because moth populations developed a tolerance, probably because of exposure in the wild. This issue may affect other similar products. There may also be consumer resistance to the concept of the addition of toxins or disease causing agents to food. 



5.1.3
Fumigants

The phase-out of methyl bromide triggered intensive research into alternative fumigants. However, there is little to suggest that new compounds will be found. The need for methyl bromide replacement has lead to the re-introduction of sulfuryl fluoride and work is in progress to obtain registration for this product to treat bulk grain. Other work has concentrated on improvements to the use and efficacy of phosphine. A formulation containing a mixture of phosphine gas and carbon dioxide has been developed. It allows more flexibility in application such as easier topping up during treatment. Work has also been done to apply heat during phosphine fumigations to markedly reduce the exposure period.  

5.2
Loss of existing compounds

At this moment, the results of the EU pesticide regulation may result in a phase-out of ProStore over the next 3 years. If this phase-out goes ahead, the exact timetable will not be known for some months. Of the remaining contact pesticides, Reldan, is subject to the restriction of a 90 day withholding period between treatment and release of the grain for sale. It also has restrictions on its use for treating malting barley. 

There do not appear to be any serious issues in Europe regarding the continued use of phosphine or sulfuryl fluoride. However, there are potential constraints regarding operator exposure levels to phosphine in the USA that, if carried over to Europe, would add to the costs of using this chemical. 


5.3
Other factors affecting continued use of pesticides



5.3.1 
Consumer protection

There are strong moves throughout Europe to eliminate all pesticide residues from foodstuffs. One body of expertise suggests this cannot be achieved without significant loss of quality and quantity of food reaching the consumer, and of a very significant increase in the cost of food. It is far from clear at the moment if this view point will prevail. Even a less extreme approach to food safety is likely to have a profound effect on post harvest pest control with reduced options, lower efficacy and increased costs. 



5.3.2 
Resistance

Resistance to contact pesticides has been detected in most grain pests in the UK. However, in almost every case the level of resistance has been so low that it has no serious effects on the ability of products to control pests. The exception to this is grain mites, where resistance is sufficient to limit control.  

This could change and there are plenty of examples from other parts of the world of levels of pesticide resistance at which control failures occur. Obvious risks that might increase resistance in pests are the importation of highly resistant strains and an increased use of contact pesticides in situations where control is likely to be incomplete; for example, a change from admixture to fabric treatments. 

There is some resistance to phosphine in UK grain pests but it is at a level that has little impact on control. However, once again there is evidence of extremely high levels of resistance particularly in Asia. This resistance can still be managed by using higher doses but this approach would be very difficult in typical UK-style fumigations.  



5.3.3
Costs of registration and re-registration

There is a very serious risk that pesticide manufacturers will not regard continued support of post harvest pest control as an economically viable part of their businesses. This has already resulted in the loss of many compounds and is likely to continue. These costs and the small amount of active ingredient used are also a serious disincentive to develop new products. 


5.4 
Scenarios for the future

These scenarios are developed on the basis of pest control options alone and do not take into account new risks to consumers. However, in some respects there are data to suggest that Case 1 could result in safer food and lower levels of pesticide residues. 

5.4.1 
Case 1

· Continued availability of 3 contact pesticides

· Two new contact pesticides become available

· No additional restrictions on phosphine 

· Approval for the use of Profume on grain

· No new restrictive consumer legislation

· Development of improved uses for inert dusts and unconventional pesticides

· Development of lower cost inert atmosphere treatments

· Improved integration of physical and chemical control

5.4.2 
Case 2

· Continued availability of two existing contact pesticides

· One new contact pesticide becomes available

· Limited restrictions on phosphine that do not limit treatments but add to costs

· Approval of Profume for use on grain

· Need to meet tighter standards for use of pesticides and residues in food

· Need to place higher dependence on other methods of control and integrated approaches.

5.4.3 
Case 3

· No contact pesticides

· No new chemicals

· Exclusion zones and restrictions on leakage to atmosphere from phosphine and ProFume fumigations.

· Total ban on contact pesticide in food storage practice.

· Almost total dependence on approaches now classed as alternative 

This document was produced by IGROX in conjunction with Robin Wilkin. 
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