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 It is an oxygen molecule with three oxygen 
atoms instead of two 

 It is unstable and highly reactive–a very strong 
oxidizer 

 It wants to get rid of two extra electrons! 



 No environmentally safe fumigants are available 
for decontamination of hive equipment 

 Ozone breaks down 
to water and O2 

 Ozone is used in other  
ag commodities in high  
concentrations 

 Why not for bees? 



 Acetic Acid for Nosema (Baley 1957) 
 Ethylene oxide. Regulated fumigation method. 

HAZARD 
 Thermal disinfection. 120F/49C for 24 h 

(Cantwell & Shimanuki, 1970) 
 Cobalt -60 Irradiation for AFB (Studier 1958).  
 High-velocity electron beams (Shim et al 1984) 



 Kills insect pests 
 Breaks down pesticides 
 Kills pathogens 
 Safe for wax 
 Not safe for rubber, latex 
 Not safe for living things 
 



1. Wax moth control 
2. Degradation of pesticides 
3. Decontamination of pathogens 

• Chalkbrood 
• Foulbrood 

4. How to set up an ozone chamber 
5. How to incorporate this practice into 

beekeeping 
6. What we still need to figure out 

 
 



http://photo.bees.net/gallery/waxmoth/waxmoth3
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500 ppm, 48 hrs, 33C (91F), 50%RH
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 Adults the most susceptible stage 
 Eggs and pupae are more resistant 
 Treatments affected by temperature,  

but not humidity 
 Repeated application needed if moths infest 

again 
 Works well for small hive beetle, also 



“Comb with severe wax moth damage has never been 
acceptable to our honey bees…Same severe damaged 
comb, ozone treated, is very acceptable, the bees move 
right on to it and starting cleaning out the cells for 
reuse.” 
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 Can ozone clean-up pesticide residues 
in comb? 

 If so, what concentrations and 
exposure times are needed? 



Exposure Time (hours)
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 Can break-down pesticides 
 Breakdown not much affected by temp 
 Wax inhibits the process 
 Works better in new comb 
 Old comb has much greater pesticide 

residues 
 



 Spore forming fungus (Ascosphaera apis) 
 Spores can last for many years 
 Larvae contract the disease after eating spore-

contaminated food 
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 Diseased caused by a spore 

 forming bacterium. 

 Bacterial spores are among 

 the most recalcitrant living  

 things on earth 

 Very resistant to high temperatures  
(withstands boiling)  

 Very resistant to chemical disinfectants 

 Very low metabolic rate when dormant 

 Several conditions tested before success 



Ozone Conc 
(ppm) % Humidity Temp (F) Spores Killed 

3000 50 91 20% 

4000 50 122 88% 

4000 75 122 82% 

4000 90 122 100% 

5000 50 91 7% 

5000 85 91 20% 

1 

1 Percent killed out of ~100,000,000 spores, as compared 
to controls     

Vita Ltd 



 Fumigation chamber 
 Internal air circulation 
 Oxygen concentrator 
 Air compressor and drier 
 Ozone generator 
 Ozone analyzer 
 Ozone destructor for exhaust 



Analyzer by 
InUSA. 
Chamber is a 
Nuaire 
incubator. 
Destructor by 
Ozone Solutions 

Oxygen 
concentrator 
by Aercept. 
Ozone 
generator by 
O3Zone Co. 



Ozone generator, 
oxygen concentrator, 
and destructor by 
Ozone Solutions 
Analyzer by InUSA 

Chamber is a freight container 
External = 8 x 10 x 10 ft 
        2.7 x 3.3 x 3.3 m 
        
 



Ozone room constructed by Slide 
Ridge Honey, Mendon, UT 

Chamber: 
20’ x 15’ x 10’ 
3.3 x 5 x 3.3 m 



Water cooled 
generator by 
O3 Co. 

Analyzer: 
monitors 
ozone 
concentration 
by InUSA 



 What size is your fumigation chamber, and 
how much ozone will you need to fill it? The 
wood absorbs much of the ozone. 

 Ozone generated in grams per hour (g/hr) 
 



 Martin’s chamber:  
 20’ x 15’ x 10’ = 3000 ft3 

 9 ft3 = ~1 m3 
 Martin has about 333 m3 

 

 1000 ppm = 2.4 g O3/m3 (by vol) 
 To fill his chamber, need 
 333 x 2.4 g O3/m3 = 799 
 
 He needs 800 g O3 per 1000 ppm desired 



 We wanted 2000 ppm 
 His generator delivered 120 g/hr. 
 To get 1600 g, with a generator that produces 

120 g/hr = 13-14 hrs 
 Actually took about 43 hrs 
 Better at ~1200 ppm (~15 hr) 
 Wood adsorbs/degrades ozone  

(expect 2-fold effect, or more) 



 What is the oxygen input needed to meet the 
max ozone output? 

 Oxygen concentrator output:  
scfh or LPH and psi 

 May need a different oxygen concentrator, or 
two of them.  

 Does the oxygen pressure output equal ozone 
generator requirements?  



Notice: supers are stacked to allow increased 
air flow 



 Ozone generator $3,000.00 USD per month to 
lease (in Utah) 

 Electric power $194.94. 
 Frames processed 8,880. 
 Labor $0.00. 
 Cost per brood frame = $0.36 each. 
 Not included, improvement to boxes, pallets, 

lids, etc. 
 



 “The Ozone process seems to dry out all of the 
equipment, boxes, frames, comb, pallets, etc.” 
 

 Rosalind: Solution may be to increase 
humidity, this also provides better pathogen 
kill 



 Pesticide residue  
destroyed. 

 Wax moth destroyed,  
inactive remains. 

 Gasoline residue  
destroyed on outer 
surface on a 
customer’s hives. 

 Comb readily accepted by Honey Bees. 
 Dry Rot fungus may be stopped. 

 



 Use to sanitize supers & comb 
 Nesting materials ONLY  

 kills bees! 

 causes rust in steel 

 Useful only as part of a pest/disease control 
strategy 



• More development is needed to 
improve wax penetration 
• Trade-off between chamber size 

and generator size. The cost is 
in the generator. 
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 Eggs and pupae are more resistant 
 Treatments affected by temperature,  

but not humidity 
 Repeated application needed if moths infest 

again 
 Works well for small hive beetle, also 



“Comb with severe wax moth damage has never been 
acceptable to our honey bees…Same severe damaged 
comb, ozone treated, is very acceptable, the bees move 
right on to it and starting cleaning out the cells for 
reuse.” 
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 Can ozone clean-up pesticide residues 
in comb? 

 If so, what concentrations and 
exposure times are needed? 
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 Can break-down pesticides 
 Breakdown not much affected by temp 
 Wax inhibits the process 
 Works better in new comb 
 Old comb has much greater pesticide 

residues 
 



 Spore forming fungus (Ascosphaera apis) 
 Spores can last for many years 
 Larvae contract the disease after eating spore-

contaminated food 
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 things on earth 
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 Very low metabolic rate when dormant 

 Several conditions tested before success 



Ozone Conc 
(ppm) % Humidity Temp (F) Spores Killed 

3000 50 91 20% 

4000 50 122 88% 

4000 75 122 82% 

4000 90 122 100% 

5000 50 91 7% 

5000 85 91 20% 

1 

1 Percent killed out of ~100,000,000 spores, as compared 
to controls     

Vita Ltd 



 Fumigation chamber 
 Internal air circulation 
 Oxygen concentrator 
 Air compressor and drier 
 Ozone generator 
 Ozone analyzer 
 Ozone destructor for exhaust 



Analyzer by 
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 What size is your fumigation chamber, and 
how much ozone will you need to fill it? The 
wood absorbs much of the ozone. 

 Ozone generated in grams per hour (g/hr) 
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 9 ft3 = ~1 m3 
 Martin has about 333 m3 

 

 1000 ppm = 2.4 g O3/m3 (by vol) 
 To fill his chamber, need 
 333 x 2.4 g O3/m3 = 799 
 
 He needs 800 g O3 per 1000 ppm desired 



 We wanted 2000 ppm 
 His generator delivered 120 g/hr. 
 To get 1600 g, with a generator that produces 

120 g/hr = 13-14 hrs 
 Actually took about 43 hrs 
 Better at ~1200 ppm (~15 hr) 
 Wood adsorbs/degrades ozone  

(expect 2-fold effect, or more) 



 What is the oxygen input needed to meet the 
max ozone output? 

 Oxygen concentrator output:  
scfh or LPH and psi 

 May need a different oxygen concentrator, or 
two of them.  

 Does the oxygen pressure output equal ozone 
generator requirements?  



Notice: supers are stacked to allow increased 
air flow 



 Ozone generator $3,000.00 USD per month to 
lease (in Utah) 

 Electric power $194.94. 
 Frames processed 8,880. 
 Labor $0.00. 
 Cost per brood frame = $0.36 each. 
 Not included, improvement to boxes, pallets, 

lids, etc. 
 



 “The Ozone process seems to dry out all of the 
equipment, boxes, frames, comb, pallets, etc.” 
 

 Rosalind: Solution may be to increase 
humidity, this also provides better pathogen 
kill 



 Pesticide residue  
destroyed. 

 Wax moth destroyed,  
inactive remains. 

 Gasoline residue  
destroyed on outer 
surface on a 
customer’s hives. 

 Comb readily accepted by Honey Bees. 
 Dry Rot fungus may be stopped. 

 



 Use to sanitize supers & comb 
 Nesting materials ONLY  

 kills bees! 

 causes rust in steel 

 Useful only as part of a pest/disease control 
strategy 



• More development is needed to 
improve wax penetration 
• Trade-off between chamber size 

and generator size. The cost is 
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