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Emergency / pre-release

Using vacuum cleaners as air cleaners



Objective
To reduce contaminant concentrations in air inside buildings when outdoor concentrations in air are high, thereby reducing doses from inhalation and from deposition indoors.  



Other benefits
Subsequent resuspension and contact transfer of contamination indoors will be reduced.  Indoor deposition will also be reduced.



Countermeasure description
By leaving a vacuum cleaner switched on indoors in a room occupied by people, the indoor air is dragged through the filter bag, which acts as an aerosol filter, hence reducing activity concentrations in the ‘cleaned’ air.  The vacuum cleaner is placed in a single location without attachments (ie not used as a cleaning device).

It should be noted that a dust-filled bag has been found to be a more efficient filter than an empty bag and so the ‘dust collection’ receptacle should not be changed.  

The effectiveness can be enhanced if the air is sucked indoors from outdoors, thereby building up an overpressure, so that nearly all air enters the dwelling through the vacuum cleaner filter.  However, this requires a reasonably air-tight fit of the pipe between the inside and outside of the building, e.g., through a window.  
It should be noted that this countermeasure generates a lot of noise.


Target surface or population
Only likely to be feasible for use in residential buildings. However, could be used in offices, schools and other  buildings where people may be sheltering.



Target radionuclides
All radionuclides, with varying effect according to physico-chemical forms.  However, effect is negligible on non-reactive gases. See Appendix B for information on radionuclides.



Scale of application
Any size. 



Timing of implementation 
During passage of the radioactive cloud, when air contamination levels are high.



Constraints on implementation


Legal 
· Ownership and access to property (if not implemented by home owners).

· Waste disposal of filters (high concentrations).



Environmental 


Effectiveness 

Reduction in time-integrated air contamination 
Air decontamination factor (DF) of 9 can be achieved inside a building over the period during which a vacuum cleaner is operated given an air filter efficiency of 0.97, particles in the 0.5 µm range and a suction speed of 60 m3 per h.   



Reduction in dose rate contribution
External gamma and beta dose rates from indoor deposition and inhalation dose rates will be reduced by the value of the DF during the period of implementation. 



Reduction in resuspension
Resuspended indoor air concentrations will, during the period of implementation, be reduced by the value of the DF.  Subsequent resuspended indoor air concentrations may also be reduced due to lower levels of contamination inside buildings. 


Averted doses
No estimates made.  However, an indication of the reductions in inhalation dose received during implementation can be obtained from the values given above. 

Factors influencing dose reduction:

· Fraction of time spent indoors during the time the radioactive plume passes overhead and for a short period afterwards.

· Time and duration of implementation. 



Additional doses
This option is likely to be implemented by people who are living or working in the area and who are sheltering (see data sheet 5).



Factors influencing effectiveness of procedure (technical)
· Vacuum cleaner type (filter, suction speed).  With modern cleaners with hepa filters, the effectiveness will probably be greater.  

· Physico-chemical characteristics of contaminants.  Elemental iodine concentrations will be reduced greatly; however, there will be little effect on organic iodine.  Effectiveness for larger particles will be higher than the value given above.

· Time of operation (the longer the time between the appearance of the contaminated cloud and implementation of the option, the less effective the technique will be).
· Natural ventilation rate and furnishing of the dwelling.
· Higher effect by sucking air from outdoors but sealing of pipe between outdoors and indoors needs to be effective.
· Airing shortly after the cloud passage can further increase the effectiveness but this should be implemented with great care to ensure that the contaminated cloud has really gone.


Factors influencing effectiveness of procedure (social)


Requirements

Required equipment
· Vacuum cleaner 



Required utilities and infrastructure
· Roads for transport of equipment and waste.

Required consumables
· Power supply

· Filter bags

Required skills
Only a little instruction is likely to be required.  However, clear communication of the objectives will be needed so that people are not confused over the use of the vacuum cleaners.



Required safety precautions
The time spent by people outside to set up the vacuum cleaners should be carefully monitored and kept to a minimum if outdoor doses are expected to be high.



Waste

Amount and type
Amount: Mass of filter likely to dominate.
Type: Paper filter with dust
Specific activity can be high and require care in handling.



Intervention costs (see Appendix E) 

Equipment

Ordinary household vacuum cleaner  with filter (about € 200)


Consumables

One filter bag per dwelling 



Labour:
About € 2 to set-up per building.

Operator time

10 minutes per residential building for setting-up the vacuum cleaner. Team size: 1 person.

Factors influencing costs
The following influence the time taken to implement the option and hence labour costs:

· Type of vacuum-cleaner used

· Access and amount of contents in building



Side-effect evaluation:

Environmental impact
The disposal or storage of waste arising from the implementation of this option may have an environmental impact.  However, this should be minimised through the control of any disposal route and relevant authorisations.



Social impact
· It may be hard to effectively communicate the benefits of this option, particularly the variant where air is deliberately sucked into the building from outside.

· Contamination of vacuum cleaners and the collection of the waste filters may not be acceptable.



Practical experience
Small scale experiments have been made in Denmark.



Key references
Roed (1985).  


