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The information in this publication represents the latest knowledge available to CMHC at the time of publication and has been thoroughly
reviewed by experts in the housing field. CMHC, however, assumes no liability for any damage, injury, expense or loss that may result from 
the use of this information

Over 60 per cent of Canadian houses are heated with forced air.
Traditionally, filters are placed in the circulating air ductwork to
protect the furnace and fans.With the increase awareness of
indoor air quality, some filters are now being installed to reduce
occupant exposure to respirable particles.There is a broad range
of furnace filters to choose from, but no common rating system 
to help with selection.Thus, it has become difficult for the
homeowner to select a suitable filter and to know what effects
can be expected.The objective of this research project was to
create a consumer document to assist in filter selection.

CMHC commissioned a project to investigate furnace filter
efficiency so that it could better advise the public on filter
selection.To formulate this advice, five different types of filters
were tested in six occupied houses with a variety of occupancies,
locations and dust sources.The testing took place during the
winter and early spring to minimize atmospheric dust entry that
occurs with open windows. For each filter, testing was conducted
to determine its efficiency, clean air delivery rate (CADR),
cumulative indoor particle concentrations and personal particle
exposure. Unfortunately, the filters were installed in each house
for a matter of days only.Therefore, questions about the effects of
filter loading or long-term house particle trends cannot be
answered by the data generated by this study.

The five filters, installed sequentially in each house, were:
• a medium-cost, 25-mm pleated filter with factory-applied

passive electrostatic charge;
• a DC-current, charged-media type;
• a 100-mm pleated media filter;
• an electrostatic precipitator or “electronic” (plate and wire

type) filter (ESP); and
• a by-pass filter, either with a HEPA filter or with an internal

filter bank.

For each testing, these filters were compared to results obtained
without a filter.

The ESP produces ozone during operation.As these units were
presumed to be effective, separate ozone testing was required
prior to recommending them to consumers. During this exercise,
15 houses with existing ESPs were tested to determine the ozone
generation rates of the units, as found and after cleaning.

Study results showed that the electrostatic precipitator (ESP) was
the most efficient of the filters tested.The other filters tested can
be classified as having intermediate efficiency, falling between the
no-filter/standard filter baseline and the high efficiency of the ESP.
However, because their relative efficiencies varied from house to
house, it would take a far bigger sample, with longer sampling
periods, to differentiate clearly between these “medium-efficiency”
filters.

The clean air delivery rate (CADR) is the volume of completely
clean air that is required to produce the same particle removal
effect as the filter being tested. It was obtained by multiplying 
the system airflow in L/s by the measured filter efficiency.Again,
there was a distinct pattern of near zero for the “no filter,” 200 
to 300 L/s for the ESP and a mid-range of CADR flow for the
four other filters.

The particle concentrations peaked during activity periods, no
matter what filter type was in use and whether determined at the
fixed stations or by personal monitoring apparatus.The cumulative
results show that the ESP is the best device for reducing indoor
particle and the no-filter control was the least successful.Two
factors affected the results:

• testing was conducted over a short period of time, thus limiting
the observation of long-term effects of the filters; and

• the dust production or source effects overwhelmed the dust
reduction potential of filters.

The ozone levels determined in the separate testing showed that
in 14 of the 15 houses, the ESP units produce measurable
amounts of additional ozone.The levels were always lower in the
house than in the outdoor air. However, measured inside levels of
ozone never exceeded 20 ppb, which is less than the Canadian
one-hour residential guideline of 120 ppb (Health Canada, 1989).

This research showed that the amount of particle in the duct
system can be reduced when an upgraded filter is installed in a
forced-air furnace circulation system.The results also showed
that, because the particle source tend to overwhelm removal by
air filters, this reduction will not necessarily result in a significantly
reduced indoor particle exposure.

Household particle can be reduced through standard approaches
such as:
• removing footwear upon entry;
• keeping major dust generators (i.e., smoking and pets) out of

the house;
• reducing dust collecting surfaces (open shelves, carpets,

upholstered furniture, etc.);
• diligent and frequent vacuuming with an efficient vacuum

cleaner; and
• reducing the entry of particle-laden outdoor air by closing

windows, improving airtightness and installing an intake filter on
the air supply.

If these improvements are made, then the installation of an
efficient furnace filter, with the furnace fan operating continuously,
would probably make a significant reduction on the remaining,
minimal particle exposure.

The Effects of Improved Residential Filtration on

Particle Exposure

Introduction

Research Project

Results

Housing Research at CMHC

Under Part IX of the National Housing Act, the Government
of Canada provides funds to CMHC to conduct research into
the social, economic and technical aspects of housing and
related fields, and to undertake the publishing and distribution
of the results of this research.

This fact sheet is one of a series intended to inform you of
the nature and scope of CMHC’s research report.

The Research Highlights fact sheet is one of a wide
variety of housing related publications produced by
CMHC.

For a complete list of Research Highlights, or for more
information on CMHC housing research and information,
please contact:

The Canadian Housing Information Centre
Canada Mortgage and Housing Corporation
700 Montreal Road
Ottawa, ON  K1A 0P7

Telephone: (613) 748-2367
FAX: (613) 748-2098

Conclusion

Project Manager: Don Fugler

Research Report: Evaluation of Residential Furnace Filters,
1999

Research Consultant: Bowser Technical Inc.

A full report on this research project is available from the
Canadian Housing Information Centre at the address below.

Technical Series 99-108

esearch HighlightsR



OUR WEB SITE ADDRESS: http://www.cmhc-schl.gc.ca/Research

The information in this publication represents the latest knowledge available to CMHC at the time of publication and has been thoroughly
reviewed by experts in the housing field. CMHC, however, assumes no liability for any damage, injury, expense or loss that may result from 
the use of this information

Over 60 per cent of Canadian houses are heated with forced air.
Traditionally, filters are placed in the circulating air ductwork to
protect the furnace and fans.With the increase awareness of
indoor air quality, some filters are now being installed to reduce
occupant exposure to respirable particles.There is a broad range
of furnace filters to choose from, but no common rating system 
to help with selection.Thus, it has become difficult for the
homeowner to select a suitable filter and to know what effects
can be expected.The objective of this research project was to
create a consumer document to assist in filter selection.

CMHC commissioned a project to investigate furnace filter
efficiency so that it could better advise the public on filter
selection.To formulate this advice, five different types of filters
were tested in six occupied houses with a variety of occupancies,
locations and dust sources.The testing took place during the
winter and early spring to minimize atmospheric dust entry that
occurs with open windows. For each filter, testing was conducted
to determine its efficiency, clean air delivery rate (CADR),
cumulative indoor particle concentrations and personal particle
exposure. Unfortunately, the filters were installed in each house
for a matter of days only.Therefore, questions about the effects of
filter loading or long-term house particle trends cannot be
answered by the data generated by this study.

The five filters, installed sequentially in each house, were:
• a medium-cost, 25-mm pleated filter with factory-applied

passive electrostatic charge;
• a DC-current, charged-media type;
• a 100-mm pleated media filter;
• an electrostatic precipitator or “electronic” (plate and wire

type) filter (ESP); and
• a by-pass filter, either with a HEPA filter or with an internal

filter bank.

For each testing, these filters were compared to results obtained
without a filter.

The ESP produces ozone during operation.As these units were
presumed to be effective, separate ozone testing was required
prior to recommending them to consumers. During this exercise,
15 houses with existing ESPs were tested to determine the ozone
generation rates of the units, as found and after cleaning.

Study results showed that the electrostatic precipitator (ESP) was
the most efficient of the filters tested.The other filters tested can
be classified as having intermediate efficiency, falling between the
no-filter/standard filter baseline and the high efficiency of the ESP.
However, because their relative efficiencies varied from house to
house, it would take a far bigger sample, with longer sampling
periods, to differentiate clearly between these “medium-efficiency”
filters.

The clean air delivery rate (CADR) is the volume of completely
clean air that is required to produce the same particle removal
effect as the filter being tested. It was obtained by multiplying 
the system airflow in L/s by the measured filter efficiency.Again,
there was a distinct pattern of near zero for the “no filter,” 200 
to 300 L/s for the ESP and a mid-range of CADR flow for the
four other filters.

The particle concentrations peaked during activity periods, no
matter what filter type was in use and whether determined at the
fixed stations or by personal monitoring apparatus.The cumulative
results show that the ESP is the best device for reducing indoor
particle and the no-filter control was the least successful.Two
factors affected the results:

• testing was conducted over a short period of time, thus limiting
the observation of long-term effects of the filters; and

• the dust production or source effects overwhelmed the dust
reduction potential of filters.

The ozone levels determined in the separate testing showed that
in 14 of the 15 houses, the ESP units produce measurable
amounts of additional ozone.The levels were always lower in the
house than in the outdoor air. However, measured inside levels of
ozone never exceeded 20 ppb, which is less than the Canadian
one-hour residential guideline of 120 ppb (Health Canada, 1989).

This research showed that the amount of particle in the duct
system can be reduced when an upgraded filter is installed in a
forced-air furnace circulation system.The results also showed
that, because the particle source tend to overwhelm removal by
air filters, this reduction will not necessarily result in a significantly
reduced indoor particle exposure.

Household particle can be reduced through standard approaches
such as:
• removing footwear upon entry;
• keeping major dust generators (i.e., smoking and pets) out of

the house;
• reducing dust collecting surfaces (open shelves, carpets,

upholstered furniture, etc.);
• diligent and frequent vacuuming with an efficient vacuum

cleaner; and
• reducing the entry of particle-laden outdoor air by closing

windows, improving airtightness and installing an intake filter on
the air supply.

If these improvements are made, then the installation of an
efficient furnace filter, with the furnace fan operating continuously,
would probably make a significant reduction on the remaining,
minimal particle exposure.

The Effects of Improved Residential Filtration on

Particle Exposure

Introduction

Research Project

Results

Housing Research at CMHC

Under Part IX of the National Housing Act, the Government
of Canada provides funds to CMHC to conduct research into
the social, economic and technical aspects of housing and
related fields, and to undertake the publishing and distribution
of the results of this research.

This fact sheet is one of a series intended to inform you of
the nature and scope of CMHC’s research report.

The Research Highlights fact sheet is one of a wide
variety of housing related publications produced by
CMHC.

For a complete list of Research Highlights, or for more
information on CMHC housing research and information,
please contact:

The Canadian Housing Information Centre
Canada Mortgage and Housing Corporation
700 Montreal Road
Ottawa, ON  K1A 0P7

Telephone: (613) 748-2367
FAX: (613) 748-2098

Conclusion

Project Manager: Don Fugler

Research Report: Evaluation of Residential Furnace Filters,
1999

Research Consultant: Bowser Technical Inc.

A full report on this research project is available from the
Canadian Housing Information Centre at the address below.

Technical Series 99-108


