
hanwell.com

Anoxibug Pest Control
Training Document

AnoxiBug Flexicube / AnoxiBug Flexiart Bag / AnoxiBug Oxygen 



Anobium Punctatum, generally known as the common furniture 
beetle or ‘woodworm’, has been perceived to be the main cause 
of damage to timber in the UK over the last 100 years.
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The development of controlled atmospheres for the removal of insect pests from organic 
materials including valuable art collections dates back to the early 1980’s when the Getty 
institute in California pioneered this new approach to conservation (Daniel V, Hanlon, G, 
Valentin, N., Maekawa, S and Preusser, F.et al). Prior to this, infested collections had been 
at risk not only from the insect pests but also from the remedial treatments themselves, 
which often involved the use of residual pesticides, such as malathion and permethrin 
and harmful gases such as methyl bromide and phosphine. 

The work initiated by the Getty prompted other researchers to study and develop novel 
methods of application, all with the same intention: to reduce the level of oxygen in an 
enclosed environment to a level where all stages of insect life were eliminated with 
no risk of damage to valuable and delicate collections. At that time little was known 
about the conditions required to achieve this. This gap in the data was filled by the 
extensive work undertaken by CISRO in Australia (Banks et al) Mark Gilberg, David, Rust 
& Kennedy at UCLA and J Newton, Rentokil Initial Plc.UK

The cumulation of all this work gave a much clearer understanding of the required 
parameters for effective control. During this period of exploration, tangential projects 
were undertaken to explore the various ways that the goals could be reached. Some 
researchers considered the various gases which could be used and others studied the 
effect of time, temperature and humidity. 

Controlled Atmosphere 
Technology: Latest developments



Other researchers studied the more practical considerations as to how this new 
knowledge could be applied in practice. The work gave an even clearer picture of what 
was required to achieve effective control. These studies led to the development of 
the Rentokil Controlled Atmosphere Technology (CAT) Bubble system which has been 
widely and successfully used in many countries for many years. In this application it 
was found that the most effective method for the removal of infestations in large or 
bulk situations, was the use of nitrogen or argon, normally from cylinders, to flush the 
oxygen from contents of an hermetically sealed environment until the oxygen was no 
more than 0.2%. In the case of wood boring insects these conditions were then held for 
a minimum of 30 days at a temperature of not less than 25°C/77°F, to control all stages of 
insect life. For other insects the time can be shorter. Accurate identification is important 
for successful treatments, but as a general rule of thumb, and particularly in the case of 
mixed infestations, it is best practice to hold and monitor the conditions for as long as 
possible. If item(s) are not required for a particular time, it is sensible to keep the item(s) 
safely stored under these conditions until required.   

Provided the sealing and application was undertaken precisely, and the various 
parameters were closely monitored over the treatment period, this method is very 
effective and over the past 20 years many valuable collections around the world have 
been saved. Some of these projects have involved the use of single, in-situ constructed 
enclosures of up 80m3/ 2825.17ft3. 

During the development stage, it was found that for smaller items, such as books and 
manuscripts etc, the use of nitrogen could be replaced by a much simpler method, by 
placing oxygen scavengers inside the sealed bag, where the available oxygen was 
removed from the enclosure by a simple reaction of iron dust and sodium chloride 
(the rusting process*). The end result being exactly the same as nitrogen flushing: the 
removal of oxygen. At this scale this method is cost effective and reliable. If it is used 
correctly it presents little or no risk to delicate materials and has been used effectively 
and reliably for many years, not only as a method of pest control, but also as a means of 
safe long term storage and protection.

Carpet Beetle Larvae chew holes in textiles including wool, fur, silk, and 
leather. They can also feed on human hair, feathers, book bindings and bone.
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Although both of these methods have proven to be reliable and effective there is still 
room for improvement. The use of this technology for large scale treatments is very 
expensive, uses a large amount of nitrogen and requires regular monitoring. This work 
is also often undertaken by specialist contractors, further increasing the costs. Attempts 
have been made by some researchers to ‘scale up’ the small scale method using just 
oxygen scavengers to try and use it for larger treatments to eliminate the use of nitrogen 
and simplify the method. Until now, although technically quite sound, this method has 
not been widely adopted due to the practical difficulties and the cost of the oxygen 
scavengers, as a large number are required for larger treatments. Typically at least 70 
would be required to remove the oxygen from 1m³/35ft³ of air in an enclosed structure. 
Furthermore, the barrier films normally used for small scale treatments are not suitable 
for large scale work as the oxygen permeability over a large surface area is too great 
and the scavengers cannot cope with these levels over a prolonged period. They are 
also only available in narrow widths, making the construction of large enclosures difficult 
and prone to leaks. The only material capable of maintaining low oxygen conditions over 
long periods is an aluminium laminate. 

Extensive developments have been undertaken during the past three years to further 
improve the method with a view to combining the benefits of the two systems; to develop 
a cost effective large scale method, which is easy to use and provides all the benefits of 
the two methodologies. 

This work has now been completed. One major area of research has been the 
development of 500g/17.6oz packs of oxygen scavengers. Which means that just 
one is required per cubic meter. Due to new production methods it is now possible to 
manufacture high quality scavengers in large packs, at a fraction of the cost of previous 
methods. In addition to this, new developments in laminated aluminium wide film 
production enable the production and supply of cost effective, re-usable tailor made 
enclosures with the minimum number of seams.  



The humble clothes moth – thought to be the number one insect pest 
in museums throughout the world. It is capable of destroying huge 
amounts of animal-based material

The combination of the two methods now means that a single infested item or a collection 
of infested items can be placed in to a tailor made enclosure. The enclosure is supplied 
in two halves, comprising a bottom sheet onto which the items are placed. A top cover, 
fabricated to the required volume (normally a cube) is then placed over the item. The top 
and bottom parts are then joined with a heat sealer. This can either be a purpose made 
hand held sealer or a domestic iron set at its highest setting. 

Just before the final seal is made, the required number of oxygen scavengers are 
removed from their oxygen proof transit container and placed in the enclosure about 
25cm/9.84” apart. 

Humidity stabilisers may also be added at this stage, but in most circumstances they 
are not required as the enclosed environment normally settles to the ambient RH 
automatically (**). Any required monitoring devices, such as temperature, humidity or 
oxygen meters can also be placed inside the enclosure as each one is fitted with a clear 
inspection window. 

Prior to the final seal, some of the free air is removed to save wasting the valuable 
scavenger reaction.

Provision should made for a further 20% reduction in volume as the oxygen is removed. 
The area should be maintained at a suitable temperature, preferably 25°C/77°F. If this is 
not possible then 1 extra day should be added to the treatment time for every 1°C/ 33.8°F 
below 25°C/77°F. Treatments below 15°C/59°F are not recommended as there is a risk 
of insect survival.
 
After about two hours, the internal temperature of the scavenger will start to rise as the 
reaction progresses. After about four hours the surface temperature of the scavenger 
will reach approximately 45°C/120°F. It will stay at this temperature until a major 
proportion of the oxygen has reacted. In normal practice these temperatures do not 
present a problem. However, in the case of highly sensitive items such as wax dolls 
or oil paintings, the scavenger should be placed some distance from the item, it may 
be advisable to place the scavenger in an open card board box, for example. Once all 
the oxygen has reacted the scavenger temperature will then drop to ambient and the 
reaction will cease, this normally takes 24 hours. At this stage there will be > 0.1% oxygen 
in the enclosure, provided it has been correctly sealed. 
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Silverfish feed on materials containign starches, and may feed on 
starched fabric. 

The treatment should then be monitored to ensure the required conditions are 
maintained. Normally, 2 x 500g/17.6oz scavenger per cubic meter is sufficient to reduce 
the oxygen level to near zero, with sufficient spare capacity to cope with small leaks. 
However, there may be occasions where a large volume of interstitial oxygen may 
exhaust the reaction. This could possibly happen if a large volume of wood was to be 
treated. Under these circumstances, or any other circumstance where the oxygen level 
rises after a few days, it is a simple matter to cut a small slit at one of the floor joins and 
insert another oxygen scavenger and quickly re-seal the join.

After the prescribed period, the floor joins of the enclosure can now be carefully cut 
and the top cover removed. If the join is carefully cut and the two halves are in good 
condition, it is possible to re-use the enclosure for two or more treatments.

The items may now be removed. The scavengers can now be disposed of as normal 
waste as they contain no toxic materials. They may become warm after removal. This 
is quite normal as they come into contact with oxygen from the air. Oxygen scavengers 
cannot be re-used.

In some situations it may be desirable to keep the items in the sealed enclosure. This is 
highly recommended for delicate items intended for long term storage as it gives safe 
protection from further infestation, protection from the environment and UV.

Analytical tests conducted on the contents of sealed chambers containing active oxygen 
scavengers have shown that there are no airborne contaminants and therefore there is 
no risk of change over long periods relating to this method of treatment. This is the least 
stressful of all other methods of pest control and long term storage.

*Rusting, also known as “Oxidation of Iron” is the chemical reaction when metallic iron 
(Fe) reacts with water (H2O), Carbon Dioxide (CO2), and Oxygen (O2) in the air to form 
Iron Oxide (Fe2O3, FeO, Fe3O4). In order for this reaction to occur, electrons must be 
transferred from the iron to another molecule, allowing the Fe to become an ion, either 
Fe2+ or Fe3+. 



If you add Sodium Chloride to the water, the NaCl breaks up into Na+ and Cl- ions, which 
help carry electrons back and forth. This speeds up the rusting (oxidation) process.” 

**RELATIVE HUMIDITY
The atmosphere is a mixture of various gaseous components including oxygen, nitrogen, 
carbon dioxide and water vapour. In terms of corrosion and fungal growth the levels of 
water vapour and oxygen are critical. 

The amount of water vapour in the air is known as its ‘relative humidity’. In scientific 
terms it is defined as the ratio of the partial pressure of water vapour to the saturated 
vapour pressure at a defined temperature. Relative humidity is therefore expressed as 
a percentage.

In typical European temperate climates where the temperature is 10-20°C/50-68°F 
relative humidity is often in the 70-80% region. The number of grams of water vapour 
in 1m3/35.3ft3 of air at 10°C/50°F and 70% RH is 6.58g/0.23oz whereas doubling the 
temperature to 20°C/68°F at the same 70% RH almost doubles the mass of water vapour 
to 12.00g/0.42oz. 
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When the RH becomes 100% then the air is said to be saturated and at 20°C the mass 
of water vapour is 17.2g/0.61oz. Any reduction in temperature at this point will cause 
condensation to form. The higher the temperature the more moisture the air has before 
condensation. At 30°C/86°F and 100% RH there are 30.2g/1.07oz of moisture present. 
Pressure also effects RH. If the temperature is maintained but the pressure increases the 
RH will rise as the partial pressure of water increases. It is also worth noting that water 
vapour is lighter than air and therefore humid air will rise by natural convection.
 
Moisture is critical to many chemical reactions and also fungal growth. It is a known fact 
that below 45% RH fungal growth is not supported and the electro chemical reactions of 
corrosion are inhibited. When ensuring valuable artefacts are preserved for the future it 
is critical that relative humidity is reduced to lower levels but taking care not to adversely 
effect items which themselves need a certain moisture content to remain in perfect 
condition. Wooden objects are particularly sensitive in this respect.      
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