








































































































Formaldehyde monitoring of all R-2000 and control homes will
continue during the 1985/86 monitoring period to determine
whether 1levels decrease over time. The small number of homes
with high formaldehyde levels are being visited and retested to
determine ways of reducing these levels. Given that the majority
of R-2000 homes with high formaldehyde levels had sufficient
measured system capacity, the issues of system controls and
occupant behaviour will be examined and assessed. The R~2000
program criteria have already been revised to require that
ventilation air be distributed continuously to each room of the
house (including kitchen and bathrooms) at a minimum rate of 5
L/s per rcom and 10 L/s (20 cfm) for basement and utility areas.

3.6 Radon Monitoring
3.6.1 Objectives

Radon is a colourless, odourless gas that is normally present in
air at low concentrations. It is formed during the natural decay
of radioactive elements which are present in the ground in all
areas of Canada. Since the amount of radon is related to the
particular characteristics of the surrounding subsoil, rock and
groundwater, levels vary widely from region to region. Radon gas
itself quickly breaks down by radioctive decay into radon
daughters which also have a very short half-life of less than 27
minutes.

Radon gas can enter buildings from the soils on which they are
constructed by way of foundation cracks and other openings. Radon
can also be introduced in the water supply, particularly from a
well. Small quantities can be released from building materials,
such as stone, brick, concrete and plaster. Since radon normally
enters buildings from the the surrounding soil, the concentration
of the gas is usually highest in the basement.

Levels inside a home can vary significantly according to the
concentration in the surrounding soil, how well the foundation is
sealed, the barometric pressure and the relative air pressures
inside and outside the house. In addition, air movement within
the building, the direction and strength of the wind, and even
the time of year can all affect radon levels.

The objectives of radon monitoring were to measure the levels in

R=2000 and control homes and determine whether they were below
the current guideline.
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3.6.2 Procedures

During the initial phase of monitoring in 1984, the Track Etch
cup, manufactured by the Terradex Corporation (Walnut Creek,
California), was used to measure radon gas in basements over a
thirty-day period. Testing was performed concurrently with CATS
ajir change rate monitoring. The Track Etch radon cup detects the
presence of alpha particles by means of etchings on a sensitive
filament within a cup. A special filter allows only radon 222 to
enter the cup to strike the filament and excludes other radio-
active and sub—atomic particles. EMR regional office technicians
installed the cups in the basement, where the highest levels were
expected.

The Terradex cup was selected because of its low cost, wide use,
and acceptance by building researchers throughout North America
for general field studies, even though the procedure does not
require data on house characteristics, volume, airflow near the
etching surface, humidity, dust particulates, etc., but uses only
the exposure period and empirically derived relationships to
determine radon and radon daughter levels.

During the initial monitoring program it became apparent that
there were unexplained inconsistencies and variations in the
results. Duplicate testing in six homes also produced large
variations in some measurements, and analysis of 10 field blanks
by the laboratory indicated some exposure to radon gas when the
readings should have been near zero. Furthermore, the Terradex
procedure uses a standard equilibrium factor of 0.5 to derive
radon daughter working levels (WL) from radon gas concentrations
measured in picocuries/litre (pCi/L), but this does not allow for
variability of factors such as particulate level, ventilation
rate, air movement, age of the radon gas, and plateout or
deposition of radon daughters on surfaces. Concern was raised
as to whether certain features of R-2000 homes, such as insulated
floor slabs or the discharge of ventilation air and the resulting
air circulation in the basement, may alter the equilibrium factor.
Also, thirty days' -exposure is considered to be the minimum
recommended period for monitoring and this may have been a con-
tributing factor. The frequency distribution of results obtained
with the Terradex cups (Figure 12) in 1984 was substantially
different from that of measurements obtained in a Health and
Welfare Canada survey of 10,000 homes across Canada[8]. There=
fore, the results were considered to be questionable and have not
been included in this report. Terradex believes that the minimum
exposure time (1 month) and handling problems may have
contributed to the inconclusive results. It was suggested that 3
to 5 detectors be deployed to establish radon concentrations, but
the cost of retesting rendered this recommendation impractical.
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The RAD surveymeter, an Inexpensive active monitoring device that
measures actual radon daughter levels, was selected for use in
the spring of 1985. This device, manufactured by R.A.D. Service
and Instruments Ltd. (Scarborough, Ontario), consists of an air
pump and a detecting surface to measure actual working levels of
radon daughters. The detection sensitivity is controlled by the
pump airflow rate and exposure time. Duplicate test results and
three controlled tests conducted at the Elliot Lake Radiation
Laboratory and the Environmental Measurements Laboratory, New
York indicate good agreement (within 10-15%) with actual levels
in the chambers. Figure 12 shows that the distribution of the
1985 RAD results agrees well with the national survey performed
by Health and Welfare Canada. A detailed report on the validation
of the RAD surveymeter is In preparation.

FIGURE 2. COMPARISON OF FREGUENCY DISTRIBUTION
OF AADON DAUGHTER WORKING LEVELS
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3.6.3 Results

Due to the log normal distribution (Figure 13), the 1985 radon
results (Table 9) are presented in terms of the geometric mean
(GM) and not the arithmetic mean. The GM is the antilog of the
sum of the logarithms of the measurements divided by the number
of measurements. To determine the log distribution around the GM,
the GM is multiplied by the geometric standard deviation. Because
of the log npormal distribution, a large geometric standard
deviation is expected. The geometric mean is generally used for
analyzing a large number of radon measurements which follow a
log normal distribution, including the Health and Welfare Canada
Survev.

Table 9 shows that the GM of radon working levels measured in the
spring of 1985 was 0.006 WL in 148 R-2000 homes and 0.007 WL in
33 control homes. These levels are similar, and are well below
proposed guidelines being considered by the Sub-Committee on
Radiation Surveillance, which is in the process of determining a
satisfactory level for homes on behalf of the Federal/Provincial
Advisory Committee on Environmental and Occupational Health. The
the current interim guideline is 0.1 WL and proposed levels range
from 0.02 to 0.1 WL.

FIGURE 13. FREQUENCY DISTRIBUTION OF
RADON DAUGHTER WORKING LEVELS, 1985
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The breakdown of radon levels by region (Table 9 and Figure 14)
shows a GM of 0.012 WL for R-2000 homes and 0.0ll1 WL for control
homes in the Maritimes. These levels were 57-1007% higher than the
GM for all homes, and are thought to be caused by the underlying
geological strata, which are composed of granites and other
formations with higher uranium content. Although the difference
is statistically significant, these levels are still well below
any of the guidelines being considered by Health and Welfare
Canada. Radon 1levels in the Prairies were not significantly
higher than in other locations, though the soils are more
permeable and are generally thought to support the diffusion of
radon to the surface or into basements. Cost constraints
prohibited a detailed geological study of the soils surrounding
each home. Results are not available for British Columbia because
of delays in completing the 1985 field monitoring activities.

TABLE 9
GEOMETRIC MEAN OF RADON LEVELS BY REGION, 1985

WORKING LEVELS (WL)

Geometric
No. Mean Std Dev.* Median
R-2000 HOMES
All Homes 148 0.006 3.29 0.006
Region
Maritimes 24 0.012 4,24 0.011
Quebec 30 0.005 4,16 0.004
Ontario 47 0.005 2.48 0.005
Prairies/NWT 47 0.006 2.75 0.006
British Columbia/Yukon 0 0.000 0.00 0.000
CONTROL HOMES
All Homes 33 0.007 3.24 0.007
Region
Maritimes 5 0.011 2.05 0.009
Quebec 7 0.003 2.99 0.003
Ontario 8 0.008 3.03 0.008
Prairies/NWT 12 0.007 3.86 0.008
British Columbia/Yukon 1 0.010 0.00 0.010

* Geometric standard deviation is multipied by the mean to
determine the deviation around the mean.

29



FIGURE 14. RADON LEVELS BY REGION, 1985
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3.7 Nitrogen Dioxide Monitoring
3.7.1 Objectives

Nitrogen dioxide (NO,) is a gas formed as a product of
combustion. It is colourless and has no odour unless present in
high concentrations. Potential sources of NO, in the home include
tobacco smoke and fuel-burning appliances, “such as gas or wood
stoves, fireplaces and space heaters, if these are not properly
vented to the outside, are defective, or are not properly
maintained and operated. Nitrogen dioxide may also enter the home
from outside sources such as automobile exhaust, fuel burning and
industrial processes.
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Depending on its concentration and the sensitivity of the
individual, NO in the air is known to cause irritation of the
skin and eyes. At high levels (above 50 ppm) prolonged exposure
could possibly contribute to lung damage. However, knowledge of
the health effects 1is limited because of the difficulty of
isolating the effects of NO2 from those of other pollutants in
the air.

The objective of this monitoring activity was to determine the
effect of combustion appliances and smoking on the 1levels and
distribution of nitrogen dioxide.

3.7.2 Procedures

The device used to measure NO, was a passive monitor developed by
Air Quality Research Incorporated of Berkeley, California. This
monitor, containing a screen for absorbing nitrogen dioxide, was
exposed in the home for a seven—-day period and then sent to the
Ontario Research Foundation for analysis. Measurements were taken
in the spring of 1985 in those homes containing an operable
combustion appliance (fireplace, wood stove, gas, kerosene or
propane space heater, gas range, gas furnace or water heater) and
in homes occupied by smokers.,

Two monitors were installed in most homes with combustion
appliances, one near the appliance and one in a bedroom without
a combustion appliance. In homes where occupants smoked, a
monitor was installed in the living room. Monitors were suspended
from the ceiling in a location free from drafts.

3.7.3 Results

Nitrogen dioxide levels measured to date in both R-2000 homes and
control homes have generally been low. Although a formal
guideline for NO, in the indoor environment has not yet been
established in Canada, the levels measured (0.004 to 0.008 ppm)
were significantly below the maximum acceptable level of 0.05 ppm
in ambient air established by Envirooment Canada.

The frequency distribution charts (Figure 15) show that levels in

the 1living rooms and basements of R-2000 and control homes were
generally below 0.010 ppm and none exceeded 0.020 ppm.
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FIGURE 15. FREGUENCY DISTRIBUTION OF NITROGEN DIOXIDE LEVELS, 1985
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Table 10 shows that NO, levels in the basements of R-2000 and
control homes were similar. Homes with fuel-fired equipment had
slightly higher levels than electrically heated homes. The
differences are not statistically significant and interpretation
of the results must be limited in view of the low levels measured
and the small sample of control homes.

TABLE 10
NITROGEN DIOXIDE LEVELS - BASEMENT, 1985

HOUSE CHARACTERISTICS NITROGEN DIOXIDE LEVEL
(ppm)

No. Mean Std Dev. Median

R=-2000 HOMES

All R-2000 Homes 40 0.006 0.004 0.006
Space Heating Fuel
Electricity 12 0.006  0.004 0.005
Other Fuels 28 0.007  0.004 0.006
CONTROL HOMES
All Control Homes i 0.006  0.005 0.004
Space Heating Fuel
Electricity 3 0.005 0.003 0.006
Other Fuels 4 0.006  0.006 0.004

Table 11 shows that NO, levels in the living rooms of R-2000
homes with occupants who smoked were slightly higher, but this
was not statistically significant. In homes with fireplaces and
woodstoves the levels were no higher than in homes without wood-
burning appliances. This could be attributed to the season when
testing was carried out (spring), when these appliances may have
been operated infrequently, and to the fact that the R-2000
technical criteria require woodburning appliances to have well-
sealed doors and an outside air supply for combustion.

Homes in the Maritimes appear to have NO, levels lower than those
in other regions. Results are not available for British Columbia
because of a delay 1in completing the 1985 field monitoring
activities.
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TABLE 11

R-2000 HOMES: NITROGEN DIOXIDE LEVELS IN LIVING ROOMS, 1985

HOUSE CHARACTERISTICS NITROGEN DIOXIDE LEVEL
(ppm)

No. Mean Std Dev. Median

ALL R-2000 HOMES 74 0.006 0.003 0.005
WOODBURNING APPLIANCES
Fireplace 24 0.006 0.003 0.006
Woodstove 6 0.006 0,002 0,006
No woodburning appliance 44 0.006 0.003 0.005
SMOKING
Smokers 16 0.007 0.003 0.007
Non=-Smokers 58 0.006 0.003 0.005
REGION
Maritimes 16 0.003 0,002 0.003
Quebec 17 0.007 0.003 0.007
Ontario 24 0.006 0.002 0.005
Prairies/NWT 17 0.007 0.003 0.006
British Columbia/Yukon 0 0.000 0,000 0.000
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4.0 CONCLUSIONS

The results of current monitoring activities indicate that air
quality and ventilation rates in the first R=2000 homes are
comparable with those in conventional homes. Alr change rates and
levels of formaldehyde, radon and nitrogen dioxide were similar.

In general, higher formaldehyde levels and lower CATS air change
rates were measured in homes with electric baseboard heating
systems. This indicates that further monitoring 1s necessary to
determine the need for mechanical ventilation and air circulation
systems in all newly constructed homes. These systems are now a
requirement in all R-2000 homes.

The relatively low working levels of radon daughters measured in
both R-2000 and conventional homes indicate that radon may not be
a serious problem except in certain locations in some regions,
such as the Maritimes. The R-2000 program has now commenced work
on identifying and mapping radon risk areas in order to advise
builders in these areas of a potential problem in advance of
construction. Inconsistent results obtained during the initial
phase of the program indicate a need for further validation of
inexpensive monitors commonly used to measure radon gas over
extended periods of time.

Ventilation systems in most R-2000 homes exceeded the requirement
of being capable of providing continuous ventilation at a rate of
5 L/s per room (including kithen and bathrooms) and 10 L/s for
basement and utility areas. Systems in some larger homes were not
able to meet the program requirement for providing 0.5 ach
capacity for both continuous and intermittent ventilation. It is
now recognized that this requirement may be excessive for large
homes, and revised ventilation requirements will be determined
primarily by the number of rooms in the home and by a ventilation
rate for each room based on ASHRAE Standard 62-81. Specifications
are also being developed for acceptable strategies for controll-
ing the ventilation system. These changes, coupled with the
availability of improved "second generation” ventilation
equipment, should resolve most of the problems relating to the
installed capacity of ventilation systems in large homes.

Many ventilation systems were installed without supply and
exhaust airflows balanced in accordance with program criteria.
The R-2000 program has now developed guidelines for installing
ventilation equipment which make it mandatory to measure airflows
and to balance the unit at the time of installation. National
training courses and an installer certification program provided
through the Heating, Refrigerating and Air Conditioning Institute
of Canada[9] will greatly improve the level of compliance with
program criteria and improve quality assurance. Also under
consideration 1is a requirement for airflow measuring sensors to
be permanently installed in the ventilation system.
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There 1is a need to better inform occupants about the correct way
of operating their ventilation systems. Futhermore, the systems
must be designed to ensure that occupants will operate them as
intended. A guide to operating and maintaining ventilation
equipment is being prepared as the first step in addressing these
issues.

Support has been provided to the Canmadian Standards Association
(CsA) for the development of preliminary standards for testing
and rating the performance of HRVs[10] and the development of
national guidelines for installing ventilation systems[ll]. The
R-2000 program has also sponsored testing of HRV equipment in
accordance with CSA Preliminary Standard C-439 by the Ontario
Research Foundation([l2].

It can be expected that ventilation and air quality in future R-
2000 homes will be further improved as a result of program
refinements and greater experience on the part of the building
industry in constructing R-2000 homes. Program refinements
include revisions to technical requirements, revised training
courses, improved certification and inspection procedures, and
revisions of national standards to address any concerns or issues
raised during this monitoring phase. The program will continue
to monitor ventilation and dir quality in R~2000 homes.
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ORDER FORM

I am interested in receiving a copy of "Ventilation and Air Quality Monitoring in
R-2000 Homes".

NAME

ADDRESS

CITY PROVINCE
POSTAL CODE TELEPHONE ()

COMPANY NAME (if applicable)

Please check the categories which describe you and your business or organization:
Government: __ Federal

Provincial

Municipal

Provincial Housing Authority

Designer/Architect/Engineer Utility Company

______ Builder/Contractor __ Information Specialist

______ Component/Product Manufacturer __ University

___ Inspection Representative _____ Homeowner

_______ Researcher ____ Special Interest:
Specify

Send this form to:

R-2000 Home Program
Energy Conservation and Oil Substitution Branch
Energy, Mines and Resources Canada
580 Booth Street
Ottawa, Ontario
K1A OE4



