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ABSTRACT

This studv reviews the scientific literature on indoor air pollution.
Research and measurements performed primarily in the United States
and Europe indicate that indoor air pollution is a common problem.

Many materials and conditions which contribute significantly to indoor
air pollution are known to be present in Canadian homes. However, the

number of Canadian homes in which air pollution levels present a major
problem is presently unknown.

Major pollutants include carbon monoxide, nitrogen oxides, radon gas,
formaldehyde, tobacco smoke, ozone, asbestos, dust and moulds,
bacteria and viruses, and a host of organic chemical vapours, some
of which are known or suspected carcinogens.

The study states that indoor air pollution is a total population
problem and that a significant number of Canadians are in high-
risk categories with respect to pollutant exposure. There is also
a small but growing population of chemically susceptible persons
in Canada for whom today's residential air quality levels are
totally unacceptable, and who require low-pollution housing.

Low-pollution design and construction techniques employed in the
author's 'Sunnyhill' Low-Pollution Research Centre are outlined
in detail and suggestions are made on their applicability to new
and existing housing in Canada. ’

The study recommends a four-fold approach to the indoor air
pollution problem by government and the building industry:

Short-circuit major potential hazards

Deal with low-pollution housing needs

. Spread and apply present knowledge

Foster more research and discussions on regulation
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Executive Summary

EXECUTIVE SUMMARY

The objectives of this study were a) to review the scientific
literature relating to residential indoor air pollution and to low-pollution
design and construction, b) to comment on the significance of indoor air
pollution problems in Canada, and c¢) to make recommendations for further
research and application of low-pollution housing techniques in Canada.

The scientific literature revealed that there are many gaps in our
knowledge of the long-term effects of indoor pollutants on health. There is
sufficient evidence, however, to support the following conclusions:

1) Many materials and conditions which contribute significantly

to indoor air pollution are known to be present in Canadian
~ homes.

2) Some people are more susceptible to air pollution than others,
and even individual susceptibility varies over time.

3) Smoking remains a major source of indoor air pollution.

4) Some energy conserving measures aggravate indoor pollution problems.

5) The full health, social, and economic costs of indoor air pollution
have yet to be determined.

6) Acceptable levels of effects on health from indoor air pollution

- have not been defined.

Major pollutants of key concern are carbon monoxide, nitrogen oxides,
radon gas, formaldehyde, tobacco smoke, ozone, asbestos, dust and moulds,
bacteria and viruses, and a host of organic chemical vapours, some of which
are known or suspected carcinogens. Major sources or causes of these are
faulty chimney construction and furnace operation, gas stoves, unvented
kerosene heaters, wood stoves, soil gases, insulation, particleboard and home
furnishings, tobacco smoking, household appliances and products, dampness,
human metabolism, and widespread use of potent household chemicals including
pesticides.

Tightening houses and reducing ventilation in order to conserve
energy, without attention to sources of indoor pollutants, can lead to levels
of contaminants indoors which are dangerous to health. Introduction of new
types of insulation and sealants can also cause health problems to some
people. Better techniques and materials are needed to achieve reasonable
energy conservation without excessive levels of indoor pollution.

Evidence is presented which shows that tobaceco smoking throughout a
home is incompatible with the good health of both smokers and their
non-smoking companions or family. The cost of sufficient ventilation to
remove it is prohibitive. If people must smoke, use of a small specially-
vented smoking area is the most efficient way to protect the health of
non-smokers.

Indoor air pollution is seen as a total population problem. A
significant percentage of Canadians are in high-risk categories with respect
to pollutant exposure. In addition, there is now a small but growing
population of chemically susceptible persons in Canada for whom present
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residential air quality levels are totally unacceptable. Technoloég-f&nd"n*’ BT
facilities necessary to meet the specialized needs of such persons should be

developed, just as they have been for other physical handicaps. In order to ."" EdA
prevent health problems in others, consumers must be educated to réédgnize"‘ i3 -'«q\
building-related health problems and to be able to test proposed bulldmg wVap
materials and furnishings against occupant sensitivities.

el seid

podut] T Sulli et | Toelg]
Low-pollution design and construction techniques Pmployed n the... .. %

author's 'Sunnyhill' Low-Pollution Research Centre are reviewed’ ln gefali e A

Those most applicable to conventional housing include avoidance “of major

indoor pollutant sources and use of low-emission materials and furnishings,

carefully sealed vapour barriers, deliberate fresh air intake and exhaust

venting with heat exchange, 'spot' or 'task’ ventmg of certain apphancgs and,

activities, use of hot water heat or heat pump, air filtration, use of véﬁied‘

storage cupboards and maintenance with non-volatile and non-toxi¢: products.

The following is a 'keyword' summary of the study recommendations:
A. SHORT-CIRCUIT MAJOR POTENTIAL HAZARDS
Al. Organize inter-agency approach to alert Canadians to:

1) unlined chimneys with gas furnaces
2) unvented kerosene space heaters

3) unsealed particleboard

4) other major indoor pollution hazards

B, DEAL WITH LOW-POLLUTION HOUSING NEEDS

Bl. Study need for low-pollution housing

B2. Develop prototype 'clean' housing designs
B3. Foster diagnosis and rehabilitation facilities
B4. Develop practical list of building materials

C. SPREAD AND APPLY PRESENT KNOWLEDGE

C1l. Develop research contacts and produce a 'who's who'
C2. Organize an accessible information base

C3. Establish an interagency forum for discussion

C4. 'Distil' research for practical application

C5. Prepare and distribute public information in lay terms
Cé6. Encourage introduction of low-pollution design in housing

D. FOSTER MORE RESEARCH AND DISCUSSIONS ON REGULATION

D1. Undertake studies in low-pollution design

D2. Develop practical air quality monitoring devices
D3. Develop air quality feedback control systems
D4. Fund health research on indoor pollution effects
D5. Study socioeconomic costs of indoor air pollution
D0. oStudy reguiatory and other control options

- jv -
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Introduction and Objectives

INTRODUCTION AND OBJECTIVES

Until recently, interest in air pollution has focused on the outdoor
environment. Efforts have been directed primarily to reducing effluents from
combustion, for example, from the automobile and from industrial sources. The
goal of limiting outdoor air contaminants was based on the fact that many
people's health suffers when the air is not clean.

Many developments have taken place which are now shifting the focus
to the indoor environment, where Canadians spend most of their time. With
increased sophistication of measurement and continuing medical research, it
became apparent that pollution indoors could also present a health problem.
Two trends in the last decade have also made it particularly important to
address the indoor air issue seriously.

First, rising energy prices and the need for secure, self-sufficient
energy supplies have made Canadians aware of the need to make homes more
efficient and to reduce consumption of fuel for heat. Older houses tended to
legk through the many cracks around doors and windows, and pollution created
inside was often flushed out relatively quickly. When older houses were
'tightened up' and new houses were built that allowed little infiltration of
outside air, pollutants built up indoors, often to dangerous levels.

Secondly, many new materials have been introduced in Canadian homes.
New types of insulation, composite materials, glues, sealers, and furnishings
have been developed that were unheard of a generation ago. Many of these
products give off small amounts of chemicals used in their manufacture, and
the total of all these new materials 'gassing off' in a home began to present
an air quality problem. Moreover, with new chemical exposures in the
workplace, the school, and in the home, more Canadians appear to have reached
their limits of adaptation to this total pollutant load.

Indoor air pollution became a household word as a result of Urea-
formaldehyde Foam Insulation, which was installed in many Canadian homes and
subsequently banned because of its adverse effects. 'UFFI' confirmed in a
very dramatic way that people could experience severe, immediate health
effects from indoor pollutants. It brought forward the fact that some
individuals are more likely to be made ill by low-level air pollution than
others, and that some chemical exposures can cause an otherwise healthy person
to become much more susceptible to the effects of pollution in general.

In this context, and in a country like Canada where the harsh winter
climate forces most people indoors for much of the time, it became imperative
to look closely at the problem of indoor air pollution. It also became
important for those concerned with energy conservation to begin to work
together with those concerned with health, and together to meet both goals.
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The objectives of this study are as follows: o _
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a) To review the literature and contact approprlate researchers “93'_.0

in the building and health fields, in order to determlne'

1. Re: Indoor Air Pollution

-t %,alq . C[ o
i) whether or not there are or could be 51gn1f1caqt mdoorm,.M. 3%
air pollution problems in Canadian residences,
and, if there are,

ii) what is the nature of these problems, and

iii) what are the causes and possible solutions to these’
problems.

b) To present an overview of the significance of indoor air
pollution problems in Canada.

Rx(]

2. Re: Low-Pollution Design and Construction fdoza

. . . Y1t
a) To review the literature and contact appropriate researchers

in the building and health fields, in order to determine:

i) materials, systems and methods of construction that will
achieve low indoor air pollution levels and which are also
compatible with energy conservation.

b) To document design and construction methods used to date in the
author's low-pollution research facility 'Sunnyhill' at
Goodwood, Ontario, northeast of Toronto, Canada.

3. Re: Further Research in Chemical Susceptibility and Residential
Low-Pollution Design and Construction

a) To make specific recommendations as to further research that
should be carried out in Canada in order to address any problems
reported, with particular reference to determining the extent
of general chemical susceptibility among the Canadian population
and application of low-pollution design techniques to new and
existing housing in Canada.
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Thjs report provides a beginning to an ongoing information base, and a
basis for interdisciplinary discussion about indoor air pollution problems in
Canada, Readers are encouraged to contact the author at the address below if
they have further technical references, research results, or personal views to
offer, & . (M vt ot

safL sl

The report has been written as a research document for a varied
readership, ingliiding: =
0 . officials of government departments and agencies at

several levels,

o .' . design, building research, and health professionals, and

o representatives of related manufacturing industries and
; building trades.

Although the study is intended to cover the full breadth of indoor air
pollution issues, time and resources do not permit a detailed discussion of
each area. Readers may refer to the bibliographic references for further
information.

Bruce M. Small, P. Eng.

SMALL AND ASSOCIATES

R.R.#1, Goodwood, Ontario LOC 1A0
Tel: (416)-294-3531
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PART 1: LITERATURE REVIEW - RESIDENTIAL INDOOR AIR POLLUTION
AR A
The following section reviews the existingqﬁ't*él“'giure on indoor air
pollution. References are cited by author and date and are listed alpha-
betically by author in a full bibliography presented in ‘the 'Appendixto the
report. ORI L0 IS
LW IRaT

1.1 Indoor Air Pollution: How the Problem is Perceived g @3 FLD O

[

The literature on indoor air pollution has developed slowly over
the last three decades. At first, indoor air pollution was seen as a residual
problem caused by outdoor air pollution alone. As more data was gathered it
became clear that indoor pollution is created partly by sources indo6rs,"and
that for many gases and particulate contaminants, indoor concentrations
exceed those outdoors, often by orders of magnitude.

In general, the following reasons have been cited for considering
the presence of pollutants in indoor air to be a potentially significant ™ 3
problem: S

1. many industrial and outdoor air pollutants in sufficient
concentrations have been shown to have both short-term acute
and long-term chronic health effects

2. many people spend 90% or more of their time indoors

3. specific incidents have occurred in which health problems
in some individuals have been connected with the presence
of indoor pollutants, for example:

- death from carbon monoxide poisoning due to faulty
chimneys exhausting gas furnaces

- respiratory illness in homes with unvented gas stoves

- various symptoms in mobile homes, homes insulated with
urea-formaldehyde foam, and homes with large
quantities of particleboard

The need to understand the exact nature and extent of the indoor
problem has been made more urgent by recent moves on the part of many nations
to add energy conservation features to both existing housing and new
construction. The reduction of ventilation and the introduction at the same
time of many new materials which are sources of indoor air contaminants are
seen as leading inevitably to higher indoor air pollution levels if no action
is taken.

Over the last five years there has been increasing interest in the
subject in many countries, and numerous overview studies have been
commissioned. The quotations on the following page are from a number of
representative studies. They will give the reader an idea of the type of
conclusions that have been reached, and the range of opinions that have arisen
irom anaiysis oi essentiaily simiiar data with varying viewpoinis.

-4 -



1.1 How the _Problem is Perceived (econtinued)
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v It was felt that adoption of current energy-saving proposals in many
cOuntrles ... would aggravate existing problems of indoor air quality,
create new problems and generally be detrimental to health, unless
approprlate pollution control measures were taken 51mu1taneous1y "

4 oo . (World Health Organization Working Group, 1979)
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e pdoor 8.11‘ pollutlon poses a potentially serious health hazard."

T CLA

(General Accounting Office, U.S., 1980)

" For *a llmlted number of air contaminants ... there is direct and
clrcumstancml evidence that human exposures are large enough and
common enough to account for substantial morbidity and premature
mortality."

(National Research Council, U.S., 1981)

" Some recent studies ... have shown that increased indoor pollutant
levels lead to increased health risk. Such work experimentally
confirms the notion that indoor sources emit sufficient quantities
of some pollutants to harm occupants in the absence of sufficient
ventilation."

(Dudney & Walsh, for US Dept. of Energy, 1981)

"Reduced ventilation in buildings may significantly increase exposure
to indoor air pollution and perhaps have adverse effects on
occupant health and comfort."

(Hollowell, Lawrence Berkeley Laboratory, 1981)

"There is increasing evidence that many modern buildings are damaging
the health of the people who live and work in them. Building design
changes intended to conserve energy, new materials used in construc-
tion, and the presence indoors of numerous hazardous substances are
combining to make this indoor environment, where most Americans spend
90 percent of their time, an unhealthy place."

(California Department of Consumer Affairs, 1982)
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1.2 Individual Indoor Air Pollutants: Their Incidence And Known Effects

The major reviews of indoor air pollutﬂen—generally -agpzeaas-uto
what pollutants or pollutant sources represent the major components of the
indoor air problem. Y

e S el :

The following air contaminants are seen as having either "1mportant

known" or "reasonably likely" effects (National Research Council U S,, 1981,

p. 1I-8, Hollowell, 1981 p. 3, and Traynor et al, 1981):

sidestream cigarette smoke
radon gas and radon decay products
mineral and vitreous fibers (e.g. asbestos)
formaldehyde i
indoor combustion products (e.g carbon monoxide, cétbon
dioxide, nitric oxide, nitrogen dioxide,
sulphur dioxide, formaldehyde and resplrable
particulates) bt
agents of indoor contagion (bacteria, viruses, fungl)
allergens (moulds, dust, danders)

Another group of contaminants could present a problem but the reviews
indicated in general that evidence was less conclusive at this time than for
those above:

consumer product aerosols
pollutants from hobbies, interior decorating

and maintenance (e.g. solvents and pigments)
outgassing from various building materials
outgassing from various home appliances
metabolic products from occupants
intrusion from outdoor pollutants
ozone (e.g. from an electrostatic dust precipitator)
pesticides

The incidence and health effects of individual gases and particulate
contaminants will be reviewed one by one in this section. Section 1.5
"Pollutant Sources" will cross-reference these pollutants by source. Where
possible, concentrations of contaminants will be compared to present aimbient
air or indoor air quality standards in Canada and/or the United States.

To provide some context in which the reader may view the following
pollutant summaries, it should be mentioned that so-called normal or clean
outdoor air contains a veritable 'soup' of natural chemicals and dusts, and
it is this atmosphere in which human beings evolved. Natural sources are
therefore included along with man-made sources in the summary for each air
contaminant. The table on the next page gives the natural constituents
of 'clean air' (Waldbott, 1973).



1.2 Individual Indoor Air Pollutants (continued)
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CONSTITUENTS OE NATURAL 'CLEAN' OUTDOOR _AIR*

.'h.

1. major 'ga'ses in the following proportions (in dry air):

i

ET . '

" . .Oxygen (02) 20.94%
T N ‘”Nltrogen (N2) 78.09%
Argon (Ar) 0.93%

Carbon Dioxide (CO?2) 0.03%

other gases 0.01%

100.0 %

2. -watgr vapour: representing 1% to 4% by volume of the total
air mixture

3. aerosygli‘s.(clouds of particles or liquid droplets suspended
in gas) of two types:

- neutral particles such as dust and fumes, ranging
in diameter from 0.1 to 30 microns (these tend to
precl_%ltate and settle on the ground). (1 micron
= 10 ° metre)

- condensation nuclei, made of up hygroscopic (moisture-
attracting) substances, ranging in diameter from 0.01
to 0.1 microns. Natural sources of such nuclei are
volcanic eruption, meteoric dusts, natural radiation,
organic decay, and sea spray

4. various particles from insects

5. dusts from streets and fields

6. tree, grass, and weed pollens

7. fungus and mould spores

8. decaying plant and animal matter

9. bacteria and viruses

10. gases from marshes and soils

11. odours from animal and human secretions

12. organic gases such as ketones, hydrocarbons, and aldehydes
from green plants as a result of photochemical action (such

volatile organic products often create extensive haze, e.g. when
released from forests on hot days)

* (derived from Waldbott, 1973)



1.2 Individual Indoor Air Pollutants (contihued) n.- . : 3 I.q.0

Sub-Index of Individual Pollutant Summaries - . .30¥ o R |

[P

The following sections review the scientific literature on each ma]op_-;q 5, T
indoor air pollutant individually, giving a brief description, major sources, ~
the range of concentrations, standards, incidence, and hedlth effeota - :
associated with each pollutant. Where applicable an addltlonal dlsnussmn cral vt
section is included. . R L 1T To)

B VIV AL, o/ R )

The text is confined to major points relevant to residential indeor ' :- Jxa /_;f
air pollution and is intended as a basis for discussion rather than: as:en- AT £
exhaustive treatment. Further references from readers will be welcomed. . ..o '\

The problems of determining the health effects and significanee of & - i
any individual air pollutant are complex, and the information provided herein ="
can only be expected to provide a beginning to the process. Readers :might
wish to keep in mind the following summary, presented by Olishefski:(1981, p.: ‘518}
in his treatise entitled "Fundamentals of Industrial Hygiene™: BRI T FXY

"It is important to recognize that the toxicity of a substance -

is not necessarily the most important factor in determining the :: .

extent of a health hazard associated with the use of that X
material. The nature of the process in which that material is ..- *

used or generated, the possibility of reaction with other B
agents (physical or chemical), the degree of effective B f
ventilation control, the extent of enclosure, and the duration ' &
of exposure all relate to the potential hazard assoclated with

the use of that material. Consideration should also be given to

the type and degree of toxic response the material may elicit

in both the average and the hypersusceptible person".
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1.2.1 Indoor Air Pollutants: Carbon Mdroxide’

1.2.1 Carbon Monoxide : ...

Descripfions™ ! 97«

Hv.;r.»_'}-ﬁ," LT e

Carbon monoxide : (C@) is a relatively stable reaction product of the
incomplete combustion oft fossil fuels (produced when there is insufficient
oxygen present due to improper mixing of air and fuel during combustion)
(Young, G. S., 1981, p. 2-1). Carbon monoxide is colourless, odourless and
tasteless, ‘Bnd"is not.r¥adily perceived by the human senses. This latter fact
helps explain sthe subtle hazards associated with this non-irritating gas
(Hackney, 19%4;:'p..192).

Major Sources?:. F

Y 5 TR

THe.major: outdoor source is automobile exhaust, although stationary
sourées such.‘gs:industrial and public utility chimneys also contribute to
outdoor and therefore indoor CO levels (Hollowell, 1981, p. 4).

Major indoor sources are gas ovens, stoves and furnaces, cigarette
smoking, gas-fired water heaters, gas or kerosene-fired space heaters,
fireplaces, and spills on heating elements (Brookman & Birenzvige, 1980, and
Traynor et al, 1981). Oil heaters and furnaces have also caused problems.

Ott and Flaschbart (as reported by Raloff, 1981) cite basement parking garages
in apartments and office buildings as a potential source of carbon monoxide
pollution. Similarly, garages in or attached to single-family dwellings or row
houses can introduce carbon monoxide and other pollutants into living spaces.

Concentration Range:

Typical average indoor C é) concentrations in residences vary between
0.5 and 5 ppm (600-6000 meg/m®”) (National Research Council U.S., %], p. II-3).
Peaks in some homes with gas st‘soves exceed 100 ppm (120,000 mcg/m
(ppm = parts per million; meg/m* = micrograms/cubic metre)

Standards:

Canadian Ambient Air Quality Standards for Carbon Monoxide (from
Statute Revision Commission, 1978a):

desirable r:?nge acceptable, range
(in_meg/m"®) (in_meg/m")
average over
eight hours 0 to 6,000 6,000 to 15,000
average over
one hour 0 to 15,000 15,000 to 35,000



1.2.1 Indoor Air Pollutants: Carbon Mongzg;g}g,((,cqngigued)' 5 4.0 HIR e
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United States (from Young, G.S., 1981, pp. 2-10ff
and Traynor et al, 1982, p.2):

i - P oa BB gy
1. eight-hour ambient standard (US EPA): g 00 5
2. one-hour ambient air quality standard (US EPA): 35 ‘,“ ,'i-,éq,q_QQf_f"j_;'t,;Z
3. OSHA Permissible Exposure Limit (PEL) for 8-hr g e
time-weighted average (TWA): 5071, S _srg;uﬁg:;'i ; 5_’?:
4. 15-minute American Conference of Governmental T '_"‘“’3‘ j:‘_ l§° .

Industrial Hygienists (ACGIH) Threshold Limit e B L e PR
Value - Short Term Exposure Limit (TLV-STEL): 400" 450,(&[16’ yo =B

PLrOsY,

. SIERTL0
Incidence: %

AT Y

Yocom, Cote & Clink (1970) reported measurements over’_‘f',‘_af;,'4_ -hr.. per

in one split-level home varying from 0.5 ppm to just over 5 ppm..",'."‘l"héjhighéstllﬁﬁ:'j:,
levels corresponded to cooking times with a gas stove and times at which a car ’
was driven into or out of an attached garage. Lower peaks followed increases

in the ambient outdoor concentrations. Levels in different rooms sometimes

differed by a factor of 2 (as reported by Brookman & Birenzvige, 1980).

Sterling et al (1981) state that the average carbon monoxide level
measured in city houses near medium-sized thoroughfares is approximately 6 to
7 ppm. Sterling and Sterling (1979) measured carbon monoxide levels in
the kilchens of nine homes in Burnaby, British Columbia, after 20 minutes of
cooking with a gas stove. The carbon monoxide levels varied from a low of
34.5 ppm to a high of 120 ppm.

Lawrence Berkeley Laboratory experiments involving a gas stove
operating inside a monitoring chamber showed that CO levels approached 50 ppm
after the oven had been on at 180 degrees C (350 F) for one hour, under
'tight' conditions of .24 air changes per hour. At one air change per hour the
concentrations were within the 35 ppm one-hour United States (EPA) air quality
standard (Hollowell and Traynor, 1978, p. 7).

Traynor et al (1982) measured emi§sions from radiant and convective
type portable kerosene heaters, in a 27 m®“ environmental test chamber with an
air exchange rate of 0.4 per hour. CO levels from the radiant type heater
reached approximately 12 ppm, exceeding the U.S. Environmental Protection
Agency's 8-hour outdoor standard of 9 ppm. Levels from the convective type
reached approximately 3 ppm.

Reviews by the U.S. National Research Council (1981 p. I-8) and
by Young (1981, pp. 2-10ff) reported similar levels, with peak concentrations
of carbon monoxide up to 100 ppm in some cases. In one kitchen measurement a
level of 4.5 ppm CO was found even with just the gas pilot burning.

Although no measurements have been reported some concern has also been
voiced over emissions of gas stoves during self-clean cyecles.

_10_



N LT Yol .
1.2.1 Indoor Air Pollutants: Carbon ‘Mohoxide ‘(continued)
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Health Effects: VRS P, 25

& Griffin (1974, p. xxi) states that the effects of carbon monoxide stem
from its--prepensity- to interfere with oxygen transport in the body by dis-
placing ,oxygen from. hemoglobin and other proteins. That is, it reduces the
capacitﬁiofjthe blogd for carrying oxygen, which is needed by body tissues.
This propehsity is s6° constant that an equation can be developed to describe
the relatio;ghip between the concentration of inspired carbon monoxide and the
resultant' bléod carboxyhemoglobin (COHb) at equilibrium. Calabrese (1978b, p.
306) states that while oxygen combines somewhat more quickly with hemoglobin
as compared, to carbon monoxide, the strength of the bond between carbon
monoxi é"arié hemoglobin is approximately 200-300 times greater than that of

oxygen. '

... CATDOXYhemoglobin levels (in percent COHb of total hemoglobin) at
equilibrium ‘associated with different inspired CO levels (in non-smokers) are

3 by

quoted - 'r:(r?qburn et al (1965, as reported in Hackney, 1974):
Ss9ny Inspired CO (ppm) %COHb
0 0.36
5 1.11
8.7 1.66
10 1.85
15 2.57
20 3.29
30 4.69
35 (US EPA 1 hr. standard) 5.0
40 6.05
50 7.36

Hexter and Goldsmith (1971) found a significant association between
community carbon monoxide concentrations and mortality in Los Angeles County,
California. They estimated that there were 11 excess deaths per day attri-
butable to increased carbon monoxide levels, when average CO concentrations
were at a high of 20.2 ppm, compared to the number of deaths on a day when CO
concentration was at a low of 7.3 ppm. During the studyv there were an average
of 160 deaths per day in the area considered.

The most sensitive measures that detect the effects of
carboxyhemoglobin concentrations fall into three categories: (Griffin, 1974)

a. Effects on vigilance: Carboxyhemoglobin concentrations in the range
of 3% to 5% may degrade the ability to detect small unpredictable
environmental changes.

b. Effects on exercise: Concentrations as low as 5% will decrease
maximal oxygen consumption during exercise in healthy young males.

../list continued

- 11 ~



1.2.1 Indoor Air Pollutants: Carbon Monoxide (continued)
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c. Exacerbation of symptoms in patients with cardiovascular disease:

Patients with exertional angina pectoris develop chest pain earlier in.

the course of exercise at COHb concentrations of :2.5% to.'3:0% 'than @t~
1%. Further, COHb concentrations of -3%:have:hastened: the -onset oft:leg:
pain during exercise in patients with peripheral ‘arteriosclerdsis.: . Lsrvcr
(The COHb concentration at equilibrium associated with ‘exposures tb ‘S0
at the U.S. EPA one-hour standard of 35 ppm is about 8%.)z «« .0 nads

I Tt 0 e i

Hackney (1974) suggests that individuals with cerebral vascular
disease and potential reduction in the supply of oxygen to higher cerebral
centers may be another group susceptible to high levels of CO. In such cases,
small amounts of COHb could have disproportionately severe effects on higher
cerebral function (cerebral activity, vigilance and functional capability}.
Cerebrovascular arteriosclerosis is prevalent among older age groups.

DeBias (1974) reported demonstrable ECG effects on the myoc !}diul‘h at
100 ppm CO in normal monkeys and in monkeys with myocardial infarct on.!His
own experiments showed that the blood COHb levels of monkeys exposed
continuously to 100 ppm CO for six hours reached 9.3% (+/- 1.8). The
susceptibility of both normal and infarcted monkeys to ventricular

fibrillation was increased with exposure to carbon monoxide at this level.

Stewart et al (1970) conducted human exposure experiments with
healthy, male volunteers 24 to 42 years of age, demonstrating that carbon
monoxide levels even of 100 ppm for eight hours did not produce impairment
of performance in a variety of tests on vision, hearing, coordination,
reaction time, etec.

Their data on absorption and exeretion of carbon monoxide, displayed
in the diagram following, illustrate the rise and fall of blood carboxy-
hemoglobin levels, and show a maximum saturation level of 11 to 13% COHb
during a 100 ppm exposure. The first consistently present symptom of illness
was the onset of headache as the COHb level rose from 15% to 20% during a
494 ppm exposure, and both subjective and objective signs of CO intoxication
occurred at levels above 20%.

The authors caution that since the experiments involved a select group
of healthy subjects the results did not negate the conclusions of other
researchers that adverse effects could be detected in some persons at
significantly lower levels. They noted too that a severe headache typical of
CO intoxication was delayed in one subject, leading to some concern that even
a potentially lethal concentration of CO over a period of a few hours might
occur without produclng any warnlng signs.

The importance of carbon monoxide in the ambient air lies principally
in the ability of CO to combine with hemoglobin (Hb). The portion of the
hemoglobin present in this combined form, carboxyhemoglobin (COHb) cannot
itself combine with oxygen or carry oxygen from the lungs to the rest of
the body tissues. If a normal nonsmoking person were to breathe air

-12 -
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completely devoid ef:.¢arbon: monoxide, he would have about 0.4% COHb in his
blood;-thezresult. of .a-balance between internal CO production from the
normal rate:af-;ced gell destruction, and the oxidation of CO in the
body to :carbon diokide (CO2) or elimination of CO through the lungs.
When there is' €O in.the ‘ambient air, the COHb concentration increases
in proportion to it. (National Research Council, U.S., 1969, p. 3)

el
T RIS S 2

HUMAN: EXPOSURE TO CARBON MONOXIDE—STEWART ET AL

o LA N

‘"% CO Hgb During and Following CO Exposure

. B
EXPOSURE KEY
& 494 ppm, 2.3hr
R (2 subjects)
\E!I ®—® 200 ppm, 4hr
X (9 subjects)
\m &H4A 100 ppm, Bhr
20 Nt (18 subjects)
\\@
. l ?L[‘l\\
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Fig 2.—Carbon monoxide absorption and excretion in healthy, sedentary, nonsmoking, white men.
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1.2.1 Indoor Air Pollutants: Carbon :Monoxide.(continued):- - . Sk
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National Research Council (U.S.) (1969, pp:. 4~6).concludés ithatrioh% 2.0.5
mental performance can be impaired by blood COHb concentrations as low as 2%,
probably due to the interference with oxygen delivery to the brain. It 1ol .imes: .7
notes that people appear to be able to tolerate some increase of CO
concentrations in ambient air, but at the cost of some reserve:capaeitypsfor .
oxygenation. To some extent the body adapts, but in a manrmec: thsts 1mposek AN
a continuing burden on physical reserves. Susceptible popu]atims may 8¢ - pbigan
include persons with diseases such as emphysema, pregnant wometiyand : = .ince

-.....n.

persons with peripheral or coronary vascular disease. Ao Y s fsirastot
R IR T SR R VA 4L ACHH

The Council quotes a study in which it was determined‘that-the Congci?
mortality rate among patients with myocardial infarction who:reaehéd =a: e3 S T

hospital was higher in weeks during which the ambient CO levélcexteeded: 10025
ppm. Exposure to CO concentrations for relatively short periods,isueh::as Y zor:
2 hours, were considered innocuous because of the delay time for:buildap of . =wrict

COHb in blood, and it was emphasized that it is the blood level, not2the AN
concentration breatheq at any moment, that counts. 4.0

Smokers who average a pack of cigarettes a day and inhale ‘the.smoke 3:
have blood COHb levels of approximately 5%. The Council concludes that the CO
present in cigarette smoke could, independently of other consitituents of:' 1he
smoke, produce some adverse health effects. :

Since several building conditions can result in extremely high
concentrations of indoor carbon monoxide (e.g. blocked chimney, car runningi>: -
in closed attached garage) il is important to note that concentrations above: «::.
0.1% CO in air (1000 ppm) can produce severe headache, dizziness, nausea,
coma, respiratory paralysis, and death. If a person exposed to high levels
survives, numerous neurological changes due to lack of oxygen may occur that
may persist for weeks or even years. These can include neuritis, severe pain
of the lower extremities, disturbance of speech, complete or partial loss of
vision or hearing, loss of taste and smell, dizziness, headaches, amnesia, and !
manic or depressive psychoses (Henkin, 1974, p. 198). .

Discussion:

Lawrence Berkeley Laboratory researchers have found carbon monoxide
levels from indoor combustion sources often approaching or exceeding ambient
air-quality standards either adopted or proposed in the United States and
other countries. They conclude that "such high levels are clearly unacceptable
in terms of human health, safety, and comfort, and are of particular concern
in energy—;:fficient structures where infiltration is reduced." (Hollowell,

1981, p. 5

- 13B -



1.2.2 Indoor Air Pollutants: '‘Radon and Radon Deecay Products
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Radium-226
1.2.2 Radon: amd -Radon -:Decay Products ' : 1602 years
L N O A T PR L :
Description: ..« wr o . 1“‘4"50“"75’
Y e e Radon-222

- Radon=222::is-an- inert, radioactive, il
naturally:oceurring gas which is part of the a5
uranium-238 deecay -chain. Any substance that i
contains radium-226,.the precursor of radon, is a b
potential radon source. Radon has four short- 3.05 minutes
lived 'daughters', each with a half-life of less et
than 30 minutés: Pb-218, Po-214, Pb-214, and —

Bi-214 (Po = Polonium, Pb = Lead, Bi = Bismuth). (R 8)

Thesei fourradioactive daughter products are not P S

inert, cand : most.;attach themselves by chemical or lﬁto.es.o.no.sa)
physicdl means.to :airborne particulates T
(Hollowell,; 1981, p. 7, and Nazaroff et al, 1981, o Ra 0

p'4). lﬂll.O,I.SI,lzsl
Major-Sources: Ponium-214

L i i3 |64y sec

"The major sources of radon gas affecting #Ilr i
residential buildings are rock and soil outdoors e
and beneath a building, construction materials a0
such as concrete and brick, groundwater, 22 years
municipal, spring or well-water supply, and
natural gas (National Research Council, U.S., Figure 1. Decay Chain, Radium 226
1981, p. ES-5, and Hollowell, 1981, p. 4,6). to Lead 210. (Budnitz et al, 1979)

Primary pathways of entry of radon
into a building include air flow through
foundation cracks (wall and floor slab) and Figure 2. Some Primary Pathways
floor/wall joints where slabs may have for Radon Entry in Residences
separated from the wall, diffusion from (Budnitz et al, 1979)
within the concrete itself, and air flow 2
directly from the soil through weeping tiles Lt
into floor drains and around loose-fitting = QU
pipes. (Hollowell, 1981, p. 11) ]

Budnitz et al (1979) also point out Xy
that infiltration caused by wind can carry
radon in high concentrations from pore spaces | =
of building materials and soil into the [‘m
house. A drop in barometric pressure can also S
force more radon gas into the building 65! oittusion
interior from soil and building materials. ".f"'\"

In some homes additional radon is ol |"(‘""-f=.-~'.‘r AT T ATyl T T
injected into the air by radium-containing Ao W R e SR S
heat storage media (e.g. rocks). Radon from (%
springs or well-water enters indoor air when
tap water flows in sinks, showers, etc. A

(Fleischer et al, 1981).

- 14 -



1.2.2 Indoor Air Pollutants: Radon and Radon Decay Products (continued)
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Bruno (1981) estimates that typical soils contain 1 pCi/g of
radium-226 (pCi/g = Pico-Curie per gram), and that. the raté 'at ‘which ration is
created in the soil is typically about 0.015 atoms‘per second’per: dubie 1= =@~ ' 8
centimetre of soil. Soil gas measurements have yle:}ded .concentrationszof-. nadon 3 ]

in soil ranging from a few hundred nCl/Sm (nCi/m":= Nano-Curies: per’ t rown.ond
cubic metre) to several thousand nCi/m®”, depending on variationsyin {radlum 1'1"s_.
content, porosity, and other factors. e TGN EE e KW ATE

sl lne neirsustenno

Concentration Range:

gt i hgie
A review by the U.S. National Research Council (1981, pp. I-8 JHT) ""“\!m ‘e
reported that typical average corkcentratlons indoors measured inuW:B, e Uil o

homes ranged from 0.1-30 nCi/m*® indoors or 0.004 to 0.02 WL*= ZIRT O .mf foes o !
R R U R 1] I Tl A
*WL = Working Level, a measure of the potential alpha~en6|gy: it
concentration, a unit establlshed initially for application«td -=2 = {sumepice
exposure of mineworkers to radon daughters. One WL is-.defined as -.'-: ..~;
any combination of radon daughters in one liter of air such-thags :i:o= ~ov"
the decay to lead-210 will result in the ultimate emission of .+ " r. -
130,000 MeV of alpha energy . This unit is insensitive to the: “: . :.!
degree of radioactive equilibrium existing among the airborne
daughters and radon. If radon and éts first four daughters arei‘in‘e- ’
radioactive equilibrium, 100 nCi/m" of radon implies 1 WL. In-
well ventilated air, where the daughters hav& not reached secular
equilibrium, somewhat more than 100 nCi/m" are necessary to 3
generate 1 WL. An equilibrium fraction of about 0.5 has been . - ¢3.
measured in both New York and Swedish homes. Lawrenge Berkeley
Laboratory has assumed for its purposes that 200 nCi/m
radon yields 1 WL (Hollowell, 1981, p. 8 and Budnitz et al 1979,

p. 211).
Standards:

The maximum permigsible concentration under present United States
health guidelines is 4 nCi/m®, or 0.02 Working Levels (WL). These health
guidelines were established for houses built on reclaimed land in Florida and
for houses in four communities associated with uranium mining in Canada (U.S.
General Service Administration (1979), and Atomic Energy Control Board of
Canada (1978) as reported in Hollowell, 1981, p. 8),

Incidence:

McGregor et al (1980) measured radon and radon daughters in a total of
9999 homes in 14 Canadian citigs. The geometric means of the different cities
varied from 0.14 to 0.88 nCi/m"* for radon and 0.0009 to 0.0036 Working Levels
for radon daughters. About 64% of all the homes had radon concentrations of 1
nCi/m? or less, and about 95% had radon daughter concentrations of 0.01 Working
Levels or less. The highest concentration of radon found was 75 nCi/m
measured in St. Lawrence, Newfoundland, and the highest concentration of
radon daughters was 0.233 Working T.evels, in Sherbrooke, Quebec.

- 15 -
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1.2.2 Indoor Air Pollutants: Radon and Radon Decay Products (continued)
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. [Alter (1981) reports that:ini*measurements of over 25,000 homes in
a number of -studies:of sradon eoncentrations in the U.S., Sweden.,and Canada,
15% of:homes:had -average-.concentrations in excess of 20 nCi/m” or 0.1 WL. Those
having highest: conoentrations were in the northeastern U.S. in areas having
'uraniferous:.geology’~ during - winter months when houses are sealed more
tightly, and in winter months in Sweden in areas where geology and particular
construction materials were suspected of contributing to radon concentrations.

Nero and Nazaroff (1981) report that there is a wide variation in
indoor concentrdtions.of radon in U.S. homes, and that millions of the U.S.
population are.exposed to concentrations 10 times the average concentration.
The concentrations .do not correlate well with infiltration rates, and the
variation in magnitude of the radon sources appears to explain the wide
variation in.reswdtant indoor air concentrations. They note that radon
emanation rates from building materials such as concrete do not account for
the source maghnitudes calculated from indoor measurements. However, radon flux
from soil averages ten times as much as that from concrete, and could
account for the source magnitudes observed. They conclude that a significant
proportion of the U.S. population is subject to unusually high risks.

Fleischer et al (1981) report a significantly greater concentration of
radon in energy-efficient homes than in more conventional homes. Levels in
first and second floor areas of the energy-efficient homes were three times
those of the conventional homes in the winter, and over twice the level of
conventional homes in the summer.

Budnitz et al (1979) note a New York/New Jersey area study in which
the geometric mean of the annual ,average radon concentration on the first
floor of 21 hognes was 0.83 nCi/m", or five times the comparable outdoor level
of 0.18 nCi/m". They also describe an Austrian study where g‘,:,'ometric mean
radon concentrations of §everal hundred sites were 0.42 nCi/m" indoors,
compared to 0.16 nCi/m" outdoors.

Health Effects:

Respirable particulates to which radon daughter products are
attached may be inhaled and retained in the tracheobronchial and pulmonary
regions. Subsequent decays result in a radiation dose to those tissues.

The primary health hazard is associated with the alpha emissions of
polonium-218 and polonium-214. Since alpha particles have a very short range
(a few tens of microns in tissue), essentially all of their energy is

deposited near the surface of the lung tissue (Budnitz et al, 1979,p. 209).

Analyses of health risk assume a "linear hypothesis" model whereby
the risk is directly proportional to dose. One suc?& model predicts that
exposure to an average concentration of 1 nCi/m* of radon would add a risk of
50 to 110 cases of lung cancer per million of population per year. This
would mean a total of 2000-20,000 lung cancers per year in the United States
under present typical radon exposures in homes (Hollowell, 1981, p. 5).

- 16 -



1.2.2 Indoor Air Pollutants: Radon and Radon Degayigrod1ucts (continued) ¢ if
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Discussion: e i
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Radon and its alpha-particle emitting decay products contribute a
major portion of the biologically significant dose associated with naturaf2l7%i22:0C

background radiation. The concentrations found indoors are often an order of
magnitude greater than those found outdoors. Concentrations’ ffi ‘the' #ir Hre
affected by ventilation rate, rate of deposition of radon proge‘ny on indoor A
surfaces, and interactions of radon progeny with house dust and ‘other hlf‘bor?g
particles. (National Research Council, U.S., Research Council, U.S., 1981, pp.
ES-5, II-1). A decrease in atmospherlc pressure will increase radon exhalation )
from soil and from concrete walls (McLaughlin and Jonassen, 1978). ‘{86! asd 214"
Section 1.7.10 "Filtration" and Jonassen, 1981a-e, 1982.) e
SO Rk

In contrast to Nero and Nazaroff (1981), the Lawrence Berl't'eléy” kvt
Laboratory has determined that there is a correlation between indoor t‘add?r R
concentrations and air exchange rates. An air exchange rate of 0.5 @ip’ ch&ng‘es &
per hour was found to be §equ1red in order to maintain radon concentrations:n:
test homes below 4 nCi/m", which is the maximum permissible concentration
under U.S. guidelines (see Flgure 3 below). The radon daughter working’ level

followed the same general dependence on ventilation as was observed f'or radon
concentration (Hollowell, 1981, p. 8,12).

Budnitz et al (1979) note that in Denmark, Finland, Norway and Sweden .
concern about high radon levels has led to a recommended minimum ventilation
rate standard of 0.5 air changes per hour in residential buildings.
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Figure 3. Indoor Radon Concentrations (in pCi/l = nCi/m3) in an
Energy-Efficient House under Three Different Ventilation
Conditions, as Mcasured by Continuous Monitoring and by
Grab Sampling (Hollowell, 1981, p.12).
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1.2.3 Indoor Air Pollutants: Nitrogen Oxides
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1.2.3 Nitrogen Oxldes
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b{ltrdgeu D;oxlde is a reddish-brown, hlghly toxie and irritating gas
with a pungent. odour. In sufficient concentrations in urban situations
it reduces ,ylslbxllty and changes the colour of the horizon. (Waldbott, 1973,
D. 84)...

&“-"l.w' .
e F o

Majon,-SOiiI‘.é:éS: 13-

Part of the concentration of nitrogen oxides (NOx) in the atmosphere
occur naturally.. Nitric oxide (NO) is the major portion of the natural NOx
em;ssnon.Land As. produced by bacterial action, particularly during rainy
periods.. Nitric oxide is usually oxidized to nitrogen dioxide (NO2) (Waldbott,
1973, p. 84):~ ...

Outdpor combustion sources such as motor vehicles and industrial
furnacgs produce nitric oxide by reaction with molecular nltrogen (N2) and
oxygen (02) at 1000 degrees Celsius or more. Nltrogen dioxide is produced by
oxidation of nitric oxide after mixing with ambient air (Young, G.S., 1981,

P. 2'1)- =

Indoors the major sources of nitrogen oxides are tobacco smoking, gas
cooking appliances, gas or kerosene-fired space heaters, gas-fired water
heaters; wood and coal-burning stoves, indoor venting of gas dryers,
cigarettes, and automobile exhaust from attached garages (National Research
Council U.S., 1981, p. ES-8, Hollowell, 1981, p. 4, and Traynor et al, 1981,
p.3). The percentage of nitric oxide is highly variable depending on the design
features of the combustion apparatus and its method of operation (Young,
G.S., 1981, p. 2-1).

Concentration Range:

Nitrogen digxide (NO2) concentrations indoors range from 100-530 ppb,
or 200-1000 meg/m* (National Research Council U.S., 1981, p. I-8).
(ppb = parts per billion; meg/m®” = micrograms per cubic meter).

Hourly average levels of nitric oxide (NO) found indoors in U.S.
residences range from 30 to 300 ppb, with a maximum level reached of 500 ppb.
Hourly average nitrogen dioxide (NO2) levels range from 50 to 500 ppb, with
peak concentrations to 700 ppb. Weekly average indoor NO2 concentrations range
from 20 to 100 ppb. The upper values were all associated with unvented gas
appliances. (National Research Council U.S., 1981, p. II-4)

Girman et al (1982, p. 11) conducted experiments with unvented
kerosene space heaters, which indicated that NO2 emissions are high enough to
warrant concern even under relatively high ventilation conditions (see
Section 1.5 "Unvented Gas and Kerosene Heaters").
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1.2.3 Indoor Air Pollutants: Nitrogen Oxides (eontifiued). :#Iugi: can BBl

Standards: ar ek

S e vt &

Canadian Ambient Air Quality Standard for: NOZ '(tfrom {StitutesRevision

Com mission, 1978b): SR PR S ST I £ bR
'<‘=,='?r;- e,i-.s wie haowsd) o i
deswablg range acceptaple PaNge:* oIl Lk LT

(meg/m™)  (ppb) (meg/m*) (p[(:ub) e '

T LG e
average over £ 5696 v WE . CBD ‘:isJ?ﬂu
one hour —_ — 0 to 400 Jo té 220 £ Ong

SR Nake ) i *r, “1r«
average over ; ""’ri'.‘ Semnnoy. n/l“
24 hours —_ —— 0 to 200 0% 110167 tdo,
annual arithmetic : o ¥,
mean 0 to 60 0 to 32 RO Y W L
N RS B S 16
S s G naty
Ontario (from Hollowell and Traynor, 1978, p. 6): R CIRG 3{5
SR (G gt

1. one-hour average, ambient air, NO2: 200 ppb

2. 24-hour average, ambient air, NO2: 100 ppb

United States (from Young, G.S., 1981, p. 2-10ff):

1. California hourly average, NO2: 250 ppb
2. Colorado hourly average, NOZ2: 100 ppb
3. OSHA: PEL (Permissible Exposure Limit)

as 8-hour time-weighted avg., NO2 : 5 ppm

proposed ceiling standard over 15 min.: 1 ppm
4. US EPA ambient air quality,

NO2 annual arithmetic mean: 50 ppb

Netherlands (Dutch Public Health Council proposed
NO2 Standards from Lebret et al, 1981):

mcg/msggb

1-hr average not to be exceeded during 98% of time: 135 73
1-hr average not to be exceeded more than once per year: 300 160
24-hr average not to be exceeded during 98% of time: 120 65
24-hr average not to be exceeded more than once per year: 150 80
Other jurisdictions recommended or promulgated

(from Hollowell and Traynor, 1978, p. 6):

Japan: 24-hour standard (promulgated) 20 ppb

West Germany: short-term exposure (promulgated) 150 ppb
WHO/UNEP*: one hour standard (recommended) 100-170 ppm

*(WHO/UNEP = World Health Organization/ United Nations
Environmental Program)

-19 -
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Incidence:

no.- Barton:(1981) rreports “that the average of annual mean outdoor nitrogen
dioxide concentrations for 34 Canadian cities was 26 ppb in 1979. Some 90% of
the cities had levels below 34 ppb (the maximum desirable level under
Canadian standards-is: 32 ppb).

dicie
The outdodr atmospheric conc%ntrations in nonurban regions in the
United Statessaverage about 8 meg/m* (4 ppb) for nitrogen dioxide (NO2)
and 2 meg/m":(2+ppb) for nitric oxide (NO). In urban areas, outdoor
nitrogen oxide concentrations are 10 to 100 times higher (Robinson, 1970).
Peak concentrations of NO2 in urban areas rarely exceed 940 mecg/m" (500
ppb) (Waldbott, 1973, p. 85).

In a city the nitrogen dioxide levels follow a regular pattern
dependent on motor traffic and sunlight. Nitric oxide levels rise shortly
after dawn. Nitric oxide is converted to nitrogen dioxide throughout the day
when exposed to ultraviolet radiation from the sun, reaching a peak of NO2 in
the late afternoon, when nitric oxide levels again begin to rise (Waldbott,
1973, p. 85).

Hollowell and Traynor (1978, p. 5) reported that nitrogen dioxide
levels in kitghens of houses with gas stoves were observed to be as high as
1000 mecg/m* (540 ppb) with one top3burner operating for less than 30
minutes, and as high as 1700 meg/m"” (900 ppb) with the oven operating for
20 minutes. In experiments with a gas oven operating for one hour at 180
degrees C (350 F) in a monitoring chamber, nitrogen dioxide levels exceeded
the recommended 1 hr U.S. air quality standard of 400 ppb even at 2.5 air
changes per hour. They note as well that experiments with the top burners of
gas stoves also show high levels of NO2, even under well-ventilated
conditions.

Wade, Cote and Yocom (1975, p. 939) found that normal gas stove
operatigns resulted in NO2 concentrations in kitchens which averaged over 100
meg/m* (55 ppb) over a two week sampling period..

Hollowell and Traynor (1978, p. 5) also report that concentrations of
nitrogen dioxide (NO2) were observed to be as high as 1200 meg/m* (650 ppb)
for 8 hours in the bedroom of a house with a forced-air gas-fired heating
system operating under normal conditions.

Speizer et al (1980, p. 5,6) in a study of population exposure to
indoor nitrogen dioxide in six U.S. cities showed that 24-hr. integrated
average NO?2 levels in homes with gas cooking significantly exceeded those in
homes with electric stoves. The geometric mean levels of NO2 in gas stove
homes were greater by factops ranging from é.z in one city to 4 in another,
and varied from 14.7 meg/m*° to 54.3 meg/m” (8 - 30 ppb). The
corres%pnding range for glectric stove houses (geometric mean levels) was 3.6
meg/m* to 41.43 meg/m” (2 - 23 ppb). In some houses with gas stoves
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1.2.3 Indoor Air Pollutants: Nitrogen Oxides (continued) - e-fe. mioue el £

the daily 24-hour levels exceeded 100 mcg.’:/m3 (55 ppb), the- U S. ‘federal 7’

standard for the annual average of the 24-hour NO2 levels, but'for‘fgost, - Zy
levels were well below this. Peak kitchen levels reached 1100 mcﬁ'/m (600 20y
ppb) for a §hort period of time associated with use of a gas”oveér;’ and bvér ALY

pef o)

500 meg/m* (270 ppb) when a single gas burner was on. %’ ":," r, p <JRE . M ;“ *f“
PR TR Bl R ) 99
Wade, Cote and Yocom (1975, p. 939) found that normal g'as‘:stbve : "m

operatlgns resulted in NO2 concentrations in kitechens which avérage(f dver - 106‘
meg/m*” (55 ppb) over a two week sampling period (see Figure 4 below)
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Figure 4. A Time History of NO2 Concentrations, 2 Hr. Averages, one House
(from Wade, Cote and Yocom, 1975, p. 938)

Lebret et al (1981) reported a study of NO2 levels from gas-cooking
and water-heating appliances in the Netherlands, in which indoor levels of NO2
were 2 to 3 times higher than the outdoo% levels. The mean weekly average NO?2
concentratigns in kitchens was 118 meg/m® (65 ppb) with a range from 35 to
472 meg/m* (20 - 250 ppb). Many of the measurements exceeded the indoor
NO2 s)tandards proposed by the Duteh Public Health Council (see Standards,
above).
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Melia,.Florey ¢t.al (1980) found higher NO?2 levels in kitchens with
gas stoves_compared.to the levels in those with electric stoves. Levels in the
gas kitchens ranged.from ;5 to 317 ppb (mean 112.2 ppb +/- 2.7 ppb). Those in
the electpic kx‘tq:hqms,ranged from 6 to 118 ppb (mean 18.0 +/- 2.4 ppb). The
corresponding outdoor concentrations ranged from 14-24 ppb, with a mean of
18.5 +/- 2.0 ppb. Bedroom measurements also varied for the two types of
homes, yielding.a..mean NO2 level of 13.9 ppb +/- 2 ppb for homes with electric
st0ves compm‘e _}0,39. mean of 30.5 ppb +/-2.6 ppb in homes with gas stoves.

Traynor et alf(1982, p. 2) studied NO2 levels in a 27 m® test chamber
from convection and radiant type portable kerosene-fired heaters. Levels
exceeded the California 1-hour standard of 0.25 ppm by a factor of 7 for

the convective heater (approx 1.8 ppm) and a factor of 2 (approx 0.5 ppm) for
the radiant model.

Indoor concentraglons of nitrates range from 1.0 to 5 mcg/m , and are
usually around 1 meg/m*. Their levels are typically low and usually driven by
outdoor concentrations, although there are indoor sources including cooking
and heating fuels. (National Research Council U.S., 1981, p. II-6)

Health Effects:

Nitrous oxide is known to produce pain, burning and chokmgd sensations
in the upper respiratory tract at concentrations of 50 to 150 mg/m® (25 to
75 ppm). Methoglobinemia and more severe symptoms such as somnolence, feelings
of intoxication, syncope, and loss of consciousness occur after prolonged
exposure. The gas can be detected by smell around 225 mecg/m" or 0.12 ppm,
a lower concentration than that which produces neurological symptoms (Henkin,
1974, p. 200).

Mustafa et al (1977, p. 59) report that significant biochemical and
morphological changes in the lung results from exposure to 5 ppm of nitrogen
dioxide.

Nitrogen dioxide is considered to be more toxic than nitrous oxide. It
is not very soluble in water, and passes through the trachea and bronchi into
the alveoli of the lungs where it forms nitrous acid (HNO2) and nitric acid
(HNO3). Both are irritating and corrosive to the mucous lining of the lungs.
Rats subject to 2 ppm nitrogen dioxide for three days show damage to the
cilia and various other lung changes. Even 0.5 ppm for a period of four
hours produced distension of the alveoli of the lungs aﬁ;d a tendency to
emphysema. Exposure of humans to 5 ppm (9.4 meg/m*) for 10 minutes produces
a temporary increase in airway resistance. At 13 ppm, irritation of the
respiratory mucous membranes takes place. (Waldbott, 1973, p.86)

Changes in sensory perception are the most sensitive indicators of the
presence of nitrogen dioxide (NO2). Exposure of normal volunteers to the
vapour of nitrogen dioxide produced changes in olfactory recognition
thresholds, mainly increasing them, as well as a metallic taste in the mouth
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and pharyngeal roughness or dryness, at concentratlons rangmg from U i to 30
ppm. Irritative symptoms lessened with repeated exposures ahd" eveh Isappéaréd
at concentrations as high as 20 ppm. Increased humidity produce& a sharp, .
increase in odour perception and in irritation of the mucous membranés of ‘the “*
respiratory tract. Exposure to low concentrations of nitrogen dioxide, around
0.075 ppm, may also impair dark adaptation. The threshold for-producing .thige—. —-
sensory defect may be as much as 40% lower than that which, prod}lce,s chan%es IIP
odour perception (Henkin, 1974, p. 200). o

Yoshida et al (1974, p. 175) conclude that outdoor air poflutlon 9 SR
(including nitrogen oxides) can aggravate bronchial asthma by mducmg
hypersecretion from the secretory glands of the bronchial mucosa’ as* weTf H-
bronchial spasticity. Their animal experiments are reported to show thaf’ NO2
causes histamine release in lung tissues and thereby facilitates sensﬂxzatmn

142 5 Ao

with other antigens. They suggest that children with bronchial asthma p ot .t

polluted areas should be quarantined from air-polluting substances in. - :\‘;,f'j

addition to undertaking hyposensitization therapy for specific antlgens :?J' «,;;
Melia et al (1977) (as reported in Hollowell and Traynor, 1978, p. 9)“‘}:;‘.

reported that 2554 children living in English homes in which gas was used for “~~
cooking had significantly more respiratory illness than did 3204 children from
homes in which electric stoves were used. In this study, the analysis of data
collected took account of age, of individuals' social.class, latitude of

residence, population density, family size, ecrowding in the home, outdoor

level of smoke and sulphur dioxide and the type of fuel used for heating the
home. Smoking habits of parents were not considered in the analysis, but known
relationships between smoking and social class were believed by the authors to
allow for avoidance of at least some of the patential hias from this source.

The prevalence of bronehitis in homes using gas stoves was 5.7 and 4.7
percent for boys and girls respectively, compared to a prevalence in homes
with electic stoves, of 3.1% and 2.0% for boys and girls respectively. Smaller
but still statistically significant increases in "day or night cough",

"morning cough", and "colds going to chest" were found for both boys and girls
living in homes with gas stoves. Girls in these homes also had a significantly
increased prevalence rate for "wheeze". The investigators concluded that
elevated levels of oxides of nitrogen from gas stoves might have caused the
inereased respiratory illness.

In a later sample, Melia, Florey et al (1980) investigated the health
of 808 schoolchildren in a small semi-urban area in northern England. No
relation was found between kitchen levels of NO2 and the lung function or
symptoms of the children or the symptoms of the other members of the family.
However, respiratory illnesses were more frequent in children from homes with
gas stoves, than from homes with electric stoves. The frequency of respiratory
illness in the children in gas-stove homes increased with increasing levels of
NO?2 in the bedroom, after allowing for effects of age social class, smoking
in the home, and family size. The researchers suggest that the bedroom levels
of NO2 may be acting as a proxy for some other factor, such as lower
temperature or increased humidity. Low temperatures have been found to be
associated with respiratory ilinesses in children.

-23_



Freane  wom - o o

1.2.3 Indoor Air Pollutants: Nitrogen Oxides (continued)

o b In g ;study. of .households. in six U.S. cities involving some 8000
children from the. ag”es of 6 to 10 years, Speizer et al (1980, p. 7) found
the following: lgvels of sxgmflcance (figures denote p-value, NS denotes
'no sm;mfice.rxce‘),,‘M

neory " . O O )
120 { D A

:, s Vi o Low Social Class Parents Smoke Gas Stoves

ot i v ‘-44\ S, .J."...“l(.'_ .
History ‘of doctor-diagnosed

bronchitis NS NS NS
Serious respiratory illness

before age 2 .05 .01 .01
Resplratong illness. in the

}ast year NS .05 NS

Spel e “et al (1980, p. 8) also found a significant correlation (p less
than.1 .01) between gas stoveis and decreased lung function as measured by
FEV™ and FVC levels. (FEV" - Forced Expiratory Volume - was used as a
measure of air flow obstruction, and FVC - Forced Vital Capacity - as a crude
measure of lung size). There was at the same time a significant difference
between lung function levels from city to city.

Discussion:

The behaviour of nitrogen oxides in the indoor environment,
particularly the conversion from NO to NO2, is not well understood.
NO2 has a relatively higher rate of decay than NO. (Young, G.S., 1981, p. 2-1)

Lawrence Berkeley Laboratory researchers have found nitrogen dioxide
levels from indoor combustion sources often approaching or exceeding ambient
air-quality standards either adopted or proposed in the United States and
other countries (Hollowell, 1981, p. 5). In an earlier paper, Hollowell and
Traynor (1978, p.4) also cautioned that in the gas stove studies done to that
time, many nitrogen compounds, particulate as well as gaseous, had not been
considered, despite the fact that it was known that the formation of hydrogen
cyanide .(HCN) and ammonia (NH3) had been observed in combustion processes. It
had also been shown at that time that gaseous nitrogen compounds can rapidly
undergo catalytic oxidation or reduction to other important air pollution
species such as nitrates, nitric acid, ammonium, and organic nitrogen
compounds of the amino and pyridino type.

Sterling et al (1981) reviewed available data on the emissions of
gas ranges and concluded that the gas range is a "specifically critical
appllance that may produce a number of harmful pollutants and may have a
serious effect on the health of a very large number of individuals".

Shalamberidze (1967, 1970 as reported in Severs, 1980) reported on
effects of NO2 and SO2 at outdoor ambient levels on the health of children.
Mean diurnal concentration of NO2 ranged from 17 to 130 ppb. Physiological
measurements on the children were made before and after the children's return
to town from summer vacations at health resorts. Shalamberidze concluded:
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"Prolonged stay, for 9-10 months, in this polluted air gvokes cepteim
functional changes in children, indicating mobilization “of~the-body's~ ..«
protective adaptive mechanisms to unfavorable external environmental.. :
influences. Continued exposure to this polluted air for several years-::

not only caused functional changes, but also affected, the, health, and
physical development of children." tnd aes e ol

o

-

Goldstein (1971, as reported in Severs, 1980) concludes £hat sthe ,g.(e s
epidemiological data available supports the idea that respirat'ory'.j{’;@‘f;a.irm.q;}tg.m; -
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1.2.4 Indoor Air Pollutants: Sulphur Dioxide

1.2.4 Sulpfiuf Dioxide

(i€ 10 ru¥ee

Descngtlon' ‘ .

Sulphui‘” is*a natural constituent of coal and is used in varlous
industrlal processes. Sulphur dioxide is a colorle§ gas with an odor
detectable at 0. 5 to 0.8 ppm (1300-2000 meg/m”). It is more soluble in
water than CO,"NO,”and NO2 and reacts with water, sunlight, and several
partlculate catélys;s to form sulphur trioxide, sulphur tetroxide, sulphuric
acid, and orgamc sulphates Sulphur dioxide is very reactive and will attack
and decompose’ powdered and alkali metals, fabrics, paper and marble. (Young,
G.S., 1981, p. 2-3)

Major Sources:

Indoor concentrations of sulphur dioxide are related to the sulphur
content of the fuel used for residential cooking and/or heating, and the
infiltration of ambient pollutants from industrial operations and municipal
power generation (Young, G.S., 1981, p. 2-3, and Hollowell, 1981, p. 4).
Exposure from outdoor sources is highest in areas where sulphide ore is
smelted, coal or fuel oils containing sulphur as an impurity are burned, paper
is manufactured, or where petroleum is refined (Henkin, 1974, p. 196).

There is evidence, however, that where infiltration from outdoor
pollution is involved, indoor SO2 levels can be significantly lower than those
outdoors due to absorption by surfaces within a building (Crawshaw, 1978, p.
15). The most effective absorbing materials are cellulosic wallpaper, cotton
and rayon furnishing fabrics, and wool carpets. The beneficial effect on
indoor air concentrations is prolonged in the case of wool carpets, likely
because of the high acid-combining potential of wool.

Concentration Range:

dgor hourly concentrations of SO2 are typically below 20 ppb
(50 meg/m¥) (National Research Council U.S., 1981, p. II-6).

Sulphate concentrations indoors range from 2 to 15 mcg/m3, and are
typically at the lower end of the range rather than the higher. Usually levels
are lower indoors than out. Fossil fuels are the most important source,
including sulphur-containing compounds added to natural gas to provide
detectable odour. (National Research Council U.S., 1981, p. II-6)
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—Standa[‘dS' 1 - e ) ”',;!“v‘ ."ﬁf’
TR 7:‘))Tf | sty
Canadian Ambient Air Quality Standard for SO?2 (from"Statuté > 1 ‘“'
Revision Commission, 1978a): ' e
N qT
desirable range accepta le r'&nge Bl A0 “aipge
(mcg/m ) (me)‘ (mcg/m ) ens ﬁ)pm) 2 '!{: .ti.!&
average over *"LrP’ v LNy Fy-
one hour 0 to 450 0 to .18 450 to 900 -*"%18" —to- ;35-
average over E AR SRRt .
24 hours 0 to 150 0 to .06 150 to 300 s, 06 *to al»Z e
i “ THE A
annual arithmetic L B ek T A
mean 0 to 30 0 to .01 30 to 60 ‘071 to 0% 7-1'i"?
i, A YRR T
R R
United States (from Young, G.S., 1981, p. 2-14): : -::.--:’: P
: u* .
US - ambient air quality, annual arithmetic mean: 0.03 ppm (80 mcg/rﬁs)
US - 24-hour ambient air quality standard SOZ2: 0.14 ppm (360 meg/m’y)

OSHA - PEL (Permissible Exposure Limit): 2 ppm (5,100 mcgfma)'
OSHA - Threshold Limit Value-Short Term Exposure
Limit, (TLV-STEL) 15-minute short-term : 5 ppm (12,800 meg/m )

Incidence:

The 1981 U.S. Nathnal Research Council review (p. I-8) reports
measurements of 20 meg/m” (.008 ppm) SO2 indoors in one study of U.S.
homes. The level was leso,s than that outside presumably due to removal inside.
Sulphates were 5 meg/m®, also less than the outdoor levels.

Young, in a study for the U.S. Gas Research Institute (1981, p. 2-14)
cites measurements m3 U.S. homes yielding an average SO2 concentration of
0.015 ppm (40 mecg/m") over 24 hours (taken from Bierstaker, 1965). He also
cites measurements by Yocom in one home, ranging from 0.007 pp§n to 0.066 ppm
(18-170 meg/m*), with a 24-hour average of 0.033 ppm (85 meg/m"™)

Hollowell and Traynor (1978, p. 8) reported that the increase in
sulphate ‘jsn a typical kitchen is calculated and observed to be approximately
2 meg/m* (.8 ppb) after operating a gas oven for 1 hour.

Health Effecets:

Sulphur dioxide forms sulphurous acid rapidly on contact with moist
mucous membranes, causing irritation of the upper respu:}atory tract. Acute
exposure to concentrations above 20 ppm (50,000 meg/m“) additionally
produces choking and sneezing. Mixtures of sulphur dioxide and aerosols often
have a greater effect than might be expected from the two components acting
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1.2.4 Indoor Air Pollutants: Sulphur, Dioxide (continued)

independently, due to the transformation of sulphur dioxide into a variety of
products, including sulphuric acid and sulphate salts, which are more highly
irritating than ,sulphur. dioxide itself. This synergism occurs with increased
frequency in humid air, as sulphur dioxide dissolves in the vapour in the air
and forms aerosols or soluble salts and acids. The tiny droplets carry the
sulphur dioxide. mgre deeply into the respiratory tract than would occur with
sulphur dioxide alone. The droplets also provide an aqueous medium in which
the cheffii¢al transtormations to sulphuric acid and metallic sulphates may take
place (Henkin, 1974, p. 197).

Petering (1977, p. 293) ackowledges sulphur dioxide's irritating and
even lethal,effects at high concentrations, but states that long-term
exposure: of animals to levels that more closely approximate conditions in the
urban environment seem much less harmful. He does note, however, that
bisulphite, a pmpduct of reaction between sulphur dioxide and water at the
surface of the lung, is a moderately strong mutagen for certain bacteria in
vitro, and that the presence of sulphur dioxide increases the incidence of
cancer from benzo(a)pyrene in animals. (Benzo(a)pyrene is a carcinogen present
in tobacco smoke). Rajagopalan and Johnson (1977) have concluded that present
outdoor, SO2 levels do not, however, present a genetic hazard because sulphite
oxidase activity of the human lung is fully capable of detoxifying the amounts
of bisulphite formed. Rather, the direct effect on the epithelial tissue of
the lung is presumed to be the predominant hazard.

Persons at increased risk from outdoor pollution episodes involving
sulphur dioxide are the young, the old, and those with cardiorespiratory
diseases. Severs (1980, p. 123) reports that young males with bronchitis
showed little change in fulmonary condition until a 24-hour average SO2 level
of 0.3 ppm (770 mecg/m®) was reached. At that level, however, there was a
100% increase in days of illness among a group of 5613 bronchitiecs compared to
days when levels were less than 0.04 ppm (100 meg/m“). Studies during air
pollution episodes showed excess mortality from coronary artery disease,
influenza, bronchitis and pneumonia coincident with elevated SO2 levels.

Barton (1981) reports that the average of annual mean outdoor sulphur
dioxide concentrations for 69 Canadian cities was 12 ppb in 1979. Some 90% of
the cities had levels below 18 ppb. The maximum desirable level under Canadian
standards is 11 ppb.
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1.2.5 Ozone Al T e gl
5 he i \.’?m .‘;\; ”,';';\ _‘ e "I
Descr'igtion: -qrt "G

Ozone (03) is a highly reactive gas consisting of three oxygen i uasiic
atoms. The ozone molecule decays rapidly by adsorption on indoor surfaces.:
(National Research Council U.S., 1981, II-5) The odour, sometimes ‘reférred to

as an "electric odourg, can be detected at concentrations fromni. i} 2-ten0. 05 17530000

ppm (400-100 meg/m°) (Waldbott, 1973, p. 88). TR AN AT,
P sy w D G
Major Sources: WA - con

Ozone usually arises indoors as a result of electric arcing (e,g.sffhs rttusH
electrostatic precipitators or from motor brushes), ultraviolet light sources, i
and intrusion from outdoor air pollution (National Research Coungil' U.83sl! - -
1981, I-9, and Hollowell, 1981, p. 4). In outdoor pollution ozone commondy :: . uc;
occurs as a result of the interaction of unsaturated hydrocarbons and-nitrogen ;%"
oxides in the presence of ultraviolet rays in sunlight, and is a constituent
of smog in cities where motor vehicle traffic is heavy (Henkin, 1974,-p. 199).

Concentration Range:

- Typical indoor concentraféons are 1-20 ppb (2-40 mcg/ms), with
peaks up to 120 ppb (230 mecg/m®). Generally levels are lower than outside
unless there is an indoor source such as an electrostatic dust precipitator
(National Research Council U.S., 1981, II-5). ,

In U.S. urban are% ozone concentrations were measured in the} 0.001
to 0.3 ppm (2-600 meg/m”) range, with peaks of 0.9 ppm (1700 meg/m“)
in Los Angolcs smog. At times, ozonc constitutes as much as 90% of the
oxidantf in smog. The 'first alert' level in Los Angeles is 0.05 ppm (100
meg/m*”) (Waldbott, 1973, p. 88).

Indoor concentrations in the range of 20-200 ppb (40-400 mcg/ms)
are found in offices due to photocopiers (National Research Council U.S.,
1981, I-9).
Standards:

Canadian Ambient Air Quality Standards (from Statute Revision
Commission, 1978a):

desirable range acceptagle range
(meg/m®) (ppb) (meg/m*) (ppb)
average over
one hour 0 to 100 0 to 50 100 to 160 50 to 80
average over
24 hours 0 to 30 0 to 15 30 to 50 15 to 25
annual arithmetic
mean ———— —_—— 0 to 30 0 to 15
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1.2.5 Indoor Air Pollutants: Ozone (continued)

Calabrese (1978b) cites the U.S. 1 hour maximum standard to be

160 mecg/m* (80 ppb). This level is not to be exceeded more than once
per year.

A TR

Incidence:
LRev i ol
r Waldbott €1973, p. 89) notes that ozone cgn be produced in
concentrations;of .9.001 to 0.002 ppm (2-4 meg/m”) by properly functior,}'ing
electrostatic air cleaners, and in concentrations of 1 ppm (2000 mecg/m®)
or more in defective units or those needing cleaning. The drier the air, the
more ozone is being produced.

Health Effectsy! =«

RSN e

. Jaffe .i(1967) reviewed experiments of ozone exposutes and concluded
that withiif the'range of 0.05 to 0.20 ppm (100-400 meg/m™) the following
effedts had'been observed:

irritation of the mucous membranes of the upper respiratory tract
decrease in visual acuity and other changes in ocular parameters
enhancement in mortality of respiratory infected test animals

the sphering of red blood cells

structural changes in the nuclei of myocardial tissue

increase in mortality of newborn animals.

O 0000 Oo .

Hackney et al (1975) demonstrated a relatively broad range of
sensitivity to ozone. Their experimental results support the idea that
individuals with pre-existing pulmonary hyper-reactivity are more severely
affected by exposure and thus more at risk in polluted environments. In
limited trials, four subjects with a histcry of lhyper—reactivity were
significantly affected by 0.37 ppm (700 meg/m") ozone, while four subjects
without hyperreactive history were affected minimally or not at all at30.5 ppm
(1000 meg/m®). In the latter, addition of NO2 at 0.3 ppm (550 meg/m")
did not produce additional detectable effects. Addition of carbon monoxide at
30 ppm (34,000 meg/m*) also failed to produce detectable effects other .
than increases in blood carboxyhemoglobin levels.

Mustafa et al (1977, p. 89) note that significant biochemical and
morpho:}ogical changes in the rat lung result from exposure to 1 ppm (2000
meg/m*) of ozone. Their observations included depression of lung 3
metabolism after high-level exposures (e.g. 2-4 ppm or 4000-8000 mcg/m
for 8 hours), elevation of metabolic actigities after low-level exposures
(e.g. 0.2 to 0.8 ppm or 400-1500 mecg/m*” for 7-30 days) or during recovery
from high-level exposures, and development of adaptation or tolerance against
a continued low-leveled exposure. They note that augmentation of lung
metabolism in low-level exposures or during recovery from a high-level
exposure possibly represents a response of lung tissue to injury. The
low-level exposures are comparable to those in mild to heavy smog in southern
California. Exposure to higher concentrations of ozone might result in
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1.2.5 Indoor Air Pollutants: Ozone (continued) = A ’ RSk

airplane cabins at altitudes above 30,000 feet, or in the viclnity gf
high-voltage electrical equipment durlng oper‘atlon :

"r‘l;(.
r
o e aniv

The biochemical changes noted by Mustafa et al (1977) Wére transmmt "’?B
and on a short-term basis there was an increased resistance agafnst furthes gD
lung injury in an oxidant environment. The authors stress that long‘-tel'm,w ;
effects are yet to be determined. Mudd and Freeman (1977, p. 9‘7) rego }ﬁ?tmowa
scanning electron mlcroscopy and transmission electron mlcroscopy confirm
damage to animal lungs in the region of the terminal and/or rasplratot‘y
bronchioles, from ozone concentrations of 0.2 ppm (400 meg/m*®) or more,

pEEHNER L R

AR Y
Yoshida et al (1974, p. 175) report that their animal experiments
show that ozone can cause histamine release in lung tissues and thereby
facilitates sensitization of the lungs with other antigens (see further p ,1)
discussion under nitrogen dioxide). Nadel and Lee (19775 p. 137) report that ;,t 5

exposure of dogs to 0.7 to 1.2 ppm (1300-2300 mcg/m") ozone caused
marked increase of bronchial react1v1ty to inhaled histamine in otherwlse
healthy dogs. They suggest that airway epithelial damage is respon51b1e for
this increased reactivity, and may be particularly important in humans’ with
pulmonary diseases.

S e T

Buckley et al (1977, p. 247) demonstrated significant changes in
various blood parameters after exposure to 0.5 ppm (1000 mecg/m"”) ozone for
2.5 hours. Comparison of Los Angeles and Canadian volunteers indicated that
residents regularly exposed to appreciable ozone levels showed less
biochemical change upon ozone challenge.

Lagerwerff (1963, as summarized in Johnson, 1974) reported that visual
function (visual acuity, peripheral vision, night vision, convergence and 3
visual fields) was diminished by an ozone exposure of .2 ppm (400 meg/m"”)
for 3 hours. §n experiments with dogs, Johnson (1974) demonstrated that 1 ppm
(2000 meg/m*) of ozone administered for 16 hours per day over a period of
9 months caused abnormal EEG activity in the form of a mild depression of
cortical function and slowing of the EEG.

Calabrese et al (1982) recently presented new data on the systemic
effects of ambient ozone exposures in animals. Chromosomal aberrations have
been dgtected in animals after 2-hour exposures at a level of .2 ppm (400
meg/m®), which is lower than peak Los Angeles outdoor ozone levels.
Alterations in the red blood cell chemistry have heen shown in rabbits under
exposures from 0.08 to 0.48 ppm (115-900 meg/m"“) exposure for 2.75 hours.
Ozone in such concentrations has also shown unequivocal effects on drug action
in animal models, suggesting the possibility of altered action of drugs in
humans during indoor chemical exposures.

Evans et al (1976) discuss the phenomenon of tolerance to ozone after
initial exposure, and cite experimental evidence using rats tg show that
tolerance to a continuous exposure of 0.35 ppm (700 meg/m") ozone within
four days, through renewal of lung tissue with different cell types. These
changes did not, however, ensure total protect1c§1 against a subsequent
re-exposure atl a level of 0.5 ppin (1030 mcg, i )
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1.2.5 Indoor Air Pollutants: Ozone (continued)
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Calsabrese (1980 reports that both ozone and nitrogen dioxide degrade
Vitamin A via oxidation. (p. 70) He also cites other works suggestmg that
adequage ;Q els . of Vitamin A are necessary to repair tissue that is damaged by
ozone, n;trog‘en d19x1de and sulphur dioxide exposure.

It sh l,;ld also be noted that Vitamin E can mitigate health problems
assocufte‘d dll.th exposure to ozone. (Health & Welfare Canada, 1983, private
commumcatlopj -

LR A% T S

Discussionz” "~

In thls autﬁor's experience, reactions can be induced in some
chemically susée.ptlble persons upon exposure to the level of ozone produced by
electrostatic, preclpltators and by some negative ion generators. However,
some physmlans have also reported improvement as a result of use of the same
equipment, in other patients with similar sensitivities (Dickey, 1980,
personal com‘mumcatlon) Another patient reported improvement durmg high-
level airplane flights, where ozone levels can be high. No mechanism has been
postulated to explain the individual variations.
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1.2.6 _Indoor Air Pollutants: Asbestos
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1.2.6 Asbestos
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Description:

o NI 2

Asbestos is the generic name for several varieties -6f : fibrous" mirreral '

silicates that occur in nature. The main varieties are chrysollte"asbestOS' e e

(white), crocidolite (blue), and amosite (brown). Asbestos fiber is résrstant, w*”'im.;ia

to heat, friction, and acid, and possesses high tensile strength’ rds ‘Well gk b, LGRS
flex1b111ty (Waldbott, 1973, p. 198) TR R ) a'v- et
Major Sources: T T g o

A— et gn

Home exposure to asbestos is usually due to aging, cracklng, or
physical disruption of insulated pipes or asbestos-containing ceiling - ° B 2010
tiles and spackling compounds. Homes built before 1950 are more likely to have
pipes insulated with asbestos plaster (National Research Council U.S.,” 1981§
p. ES-6). Some other household products (e.g. old appliance wires) ma'v(eOﬂtaln
asbestos which is disbursed in the air when such product becomes frayedior
damaged. Apartment and school buildings may have an asbestos compound sprayed
on structural components as a fire retardant. i Sl W
Prior to 1980 in the United states, asbestos paper was sold to
consumers, which released asbestos fibers at levels as much as 240 times the’ "
NIOSH recommended average level for occupational exposure over an eight-hotir -
workday. Asbestos paper and asbestos paper tape were being used to insulate
hot water pipes and heat ducts, and for wall protection near appliances such °
as stoves and ovens. Asbestos paper was being used for shelf lining, kitchen
counter protection, dining placemats, automotive muffler repairs, and other
home maintcnance and repair uses. (California Department of Consumer Affairs,
1982).

In 1979 hand-held hair-dryers containing asbestos insulation were
withdrawn from the North American market following the disclosure that
asbestos fibers were blown out of the appliance into the surrounding air
during operation. At that time the Consumer Product Safety Com mission (U.S.)
estimated that some 12.5 million hair dryers manufactured with asbestos
insulation were in use by consumers.

Selikoff (1981, p. 956) notes that there are numerous sources of asbes-
tos exposure in the home in the United States. For example, spackle compounds for
taping joints on wallboard have over the years contained up to 12-15% asbestos.
Some paper mache used in New York school systems contained up to 50% asbestos.
There have been asbestos textiles, asbestos gloves, do-it-yourself brake
repair work, and asbestos cement board for homeowner use. He notes that
many homeowners may have done repair work on furnaces and pipes insulated
with asbestos compounds. Selikoff also identified the use of 7% asbestos in
coat fabric, apparently introduced by the manufacturer in order to reclassify
the garment at a lower rate of import duty. The air sampled near the coat had
asbestos levels higher than in some factories, and when washed, the garment
contaminated other clothes with asbestos fibres.

In Canada, the use of asbestos in patching plaster has been banned
under the Hazardous Products Act.
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1.2.6 Indoor Air Pollutants: Asbestos (continued)
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Concentration Range:

Typically indoor concentrations are usually less than 1 fiber/cec.,
which is about pat~with outside exposures (National Research Council U.S.,
1981, p. ES-7).:Studies: of airborne asbestos concentrations in non-residential
situations have;:yielded results ranging from 0.02 fibers/cc. (falling from
exposed asbestos: ceiling) to 17.7 fibers/cc. (during ceiling repair in a
University building) (California Department of Consumer Affairs, 1982).

Standards:

United- States (from Calabrese, 1978b, and California Department of
Consumer Affairs, 1982):

fJSfOSHA 1976 time-weighted average, 8 hr./day: 2 fibers/cc

US.-OSHA proposed change, 1975 for above: 0.5 fibers/cc

NIOSH: 1977 time-weighted average, 8 hr./day 0.1 fibers/ce
Incidence:

The California Department of Consumer Affairs (1982, p. IL.A.25) cites
research which indicates that airborne concentrations of 5 asbestos fibers/ml.
air (longer than 5 micrometers) were common during the use of drywall taping -
compounds containing asbestos. Also during the mixing of drywall taping
compounds, fiber counts measured were found to be from 7 to 12 times greater
than the current occupational standard. Detectable concentrations were
reportedly found in the air in adjacent rooms as much as 15 minutes after
mixing had ceased.

Health Effects:

Mesothelioma, a specific form of cancer (of the lung), is believed to
result only from the inhalation of asbestos fibres (National Research Council
U.S., 1981, p. ES-6). It appears to be unique among airborne inorganic
microparticles, as Selikoff (1972,-p. 62) has pointed out that there is no
convincing evidence as yet of a cancer risk from inorganic dust other than
asbestos.

Prior to the development of mesothelioma, persons exposed to asbestos
may develop asbestosis, though in both cases the onset may be delayed 20 to 30
years after the exposure. Unexplained breathlessness and productive cough may
precede the disease by many years, accompanied by tightness in the chest and
pain. In the advanced stage, patients show cyanosis (bluish discoloration of
the skin), restricted chest expansion, and the barrel type of chest seen in
emphysema (Waldbott, 1973, p. 198).

Bronchogenic carcinomas, lung cancer, and cancer of the gastro-

intestinal tract may also result from asbestos exposure (Health & Welfare
Canada, 1983, private communication).
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1.2.6 Indoor Air Pollutants: Asbestos (continued)
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Discussion:

'3tl Al T i s R

Reports of removal methods for commercial and institutional buildings

have described both scraping and sealing as possibilities. This author hasg ¢i'qi 5220
some reservation about the safety of widespread use of latex or other spray .
compounds to cover and permanently seal exposed asbestos.. This: kindnof 7
synthetic sealant can present significant immediate problems:fer:pessots. § AT
who are generally susceptible to low levels of chemical exposure. /Thgre ls cng,,c_,,{
evidence yet that this problem has been taken into account. ; -~ . .7 mey IAASTS

One method of increasing safety during the removal of :asbestos is -
that of thoroughly wetting the material before removing it. Individuals - ... in-.
disposing of old asbestos items (e.g. paper, gloves, heater floor pa@Sy.:is :iiiwiit: ¢
etc., would be well advised to spray the item with water before: attempbmg FUICREES
to remove it from the home (Russell, 1982). e R DL

o Do ISR N

Presently millions of dollars have been spent or budgeted in: Canada; f' iCrt
for the removal of asbestos from public buildings. Asbestos is therefore:a:., - sg,
good example (in addition to Urea-Formaldehyde Foam Insulation) which
demonstrates that mistakes affecting the indoor environment can be exceedmgly
costly to correct. Lot Ei

Py

&
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1.2.7 Indoor Air Pollutants: Tobacco Smoke
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1.2, 7 Tobacco Smoke

r
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Descrigtio Lok 13 :i:.
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To&acéo stoke. contains respirable partlcles as well as gases such as
formaldehyde’; acl‘oiem, benzo(a)pyrene, and various trace metals (National
Resedt'eh:i Coutfail - U8, 1981, p. ES-7). Respirable particles in tobacco smoke
range from 0.01 to 0.5 microns in diameter (Young, G.S., 1981, Page 2-3).

Stédivan:(1968) reported that mainstream tobacco smoke contains 8% by
weight of patticulate matter with about 1200 different compounds identified,
including: alkaries,”alkenes, alkynes, ketones, aldehydes, alcohols, acids,
esters,, ‘etlersy ‘phenols, alkaloids, steroids, polynuclear aromatic
hydrocarbons (PAH), various heterocyclic compounds (containing oxygen,
nitrogen, and sulphur), and various metals. Almost 1000 different polynuclear
aromatic: hydi'ocarbons have been identified in cigarette smoke condensate
(as reported' in Brookman & Birenzvige, 1980, p. 9).

Waldbott (1973, p. 252) reported that among other chemicals,
cigarettes contain about 30 meg (micrograms) of cadmium per pack, 70% of which
passes into the smoke. Lead content was measured to be about 60 meg per pack
and fluoride about 48 mecg per pack. He notes that the average smoker absorbs
10 meg more lead per day than a nonsmoker. Hydrogen cyanide concentrations in
cigarette smoke were measured to be almost 1600 ppm, whereas long term
exposure to 10 ppm is considered dangerous.

The National Research Council (U.S.) Committee on Indoor Pollutants
(1981, p. IV-101) lists the principal ingredients of mainstream and sidestream

tobacco smoke as follows:

particles:

tar

nicotine

benzo(a)pyrene

pyrene

fluoranthene
benzo(a)fluorene
benzo(b/c)fluorene

chrysene, benz(a)anthracene
benzo(b/k/j)fluoranthrene

gases and vapours:

water

carbon monoxide
ammonia

carbon dioxide
nitrogen oxides
hydrogen cyanide

benzo(e)pyrene

perylene

dibenz(a,j)anthracene

dibenz(a,h)anthracene,
ideno-(2,3-ed)pyrene

benzo(ghi)perylene

anthanthrene

phenols

cadmium

acrolein
formaldehyde
toluene
acetone
polonium-210
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1.2.7 Indoor Air Pollutants: Tobacco Smoke (continued) :  :@iiisi- a7
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Major Sources: v Y owg i Duoizabie
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Cigarettes, pipes, cigars. S S S B TR R A1 b T<1 131
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This report is concerned not with the direct effects of :inhaled:ffesh< .- o1

tobacco smoke on smokers but with the indirect effects on peeoplé of irhalatianzi: @0¢
of "sidestream" smoke and mainstream smoke that has been exhaled by smokers.
('Mainstream' smoke is that which passes through the cigarette and int&the:-, “.iveH
mouth and lungs of the smoker. 'Sidestream' smoke is that which is produced

by the lighted end of the cigarette directly into the room. - B0 R T ualalt

T s AN o BN ol B L

Hattori and Ro (1975) reported an emission rate of 5 mg. of ¥atbon i T @0t
monoxide per minute from a burning cigarette. The amount of CO“emitted®in™"vwe-
exhaled smoke ranges from 12% to 45% of the rate of burning alone&s mucitY¥s
4.6 time as much CO originates from the sidestream smoke as from the y
mainstream smoke (Brookman & Birenzvige, 1980). The carbon monoxide emitted
in sidestream smoke is fairly constant (at 50 +/-11 mg. per cigarette), <
but mainstream carbon monoxide can vary greatly with different cigarette

brands and types (Health & Welfare Canada, 1983, private com munication). "'j E::{
ERLRISRS- ) (A

Jely

0o

Girman et al (1982, p. 16) reports an emission rate of 130 mecg of Bt
carbon monoxide per milligram of tobacco burned. The particulate emission rate
was 18 mcg/mg. Each cigarette contained approximately 600 mg. of tobacco.

Various researchers report that the number of particles per cubic
centimetre emitted in cigarette smoke ranges from 1 to 6 billion, and that
their average diameters are in the range 0.1-0.5 microns, which is respirable
(Brookman & Birenzvige, 1980).

Incidence:

Health and Welfare Canada (Wigle, 1982) report that 37% of adult
Canadians still smoke regularly (a total of seven million smokers), and that
per capita consumption of cigarettes has been increasing in Canada despite
evidence of the harmful effects of smoking. Approximately 35% of the U.S.
population smoke (National Research Council U.S., 1981, p. ES-T7).

Bridge & Corn (1972) reported that in a party in a 100 m® room
with a ventilation rate of 10.5 air changes per hour, the average carbon
monoxige concentration in the room over a 1.5 hour timespan was 9 ppm (10,000
meg/m*”). There were 63 cigarettes and 10 cigars smoked during the party
(as reported in Brookman & Birenzvige, 1980, p. 5).

Hinds (1978) reported on measurements in indoor public place&s, in
which the concentration of ni‘,?otine in the air varied from 1 meg/m® in a bus
waiting room, to 10.3 meg/m", in a cocktail lounge. He estimated that the
contribution of tobacco smoke to the goncentration of particulate matter
varied in these places from 40 meg/m® to 400 mcg'/m3 (as reported in Brookmam
and Birenzvige, 1980. p. 13).

Divmarmmrsien 1 0gn 22\ wAarmAn +ad W )r\'vr ne

Brookman & u;u:navisc \1 y Pe =) 'SPOTLEd genz pyre
levels in u restaurant canging from 0.3 to 0.14 meg/m". Benzo(a)pyrerga levels
of .002 to .004 mcg/m” were measured in a medium size room (40 m*) from the

~ln na (MaD)
O\a oas)
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1,2.7 Indoor Air Pollutants: Tobacco Smoke (continued)

sidestream smoke of three cigarette smokers (National Academy of Sciences

1972, p. 29, as reported in Shy, C. M., 1974). This is the same orger of
magnitude as outdoor ambient BaP concentrations of .0025 meg/m® for U.S. urban
locations surveyed in 1967, but gr. 3eater than rural ambient concentrations in

the same survey; '0fin0002 meg/m” (National Academy of Science, 1972, pp. 49,
209 as-geported in Shy;- C. M., 1974).

SR e . .~ ,r, 1oy

Health Effa;sts:‘ _ .-;,l,

: Ayt
Prlmary effects are coughing, headache, nausea, and irritation of the
eyes, nose and throat. Tobacco smoke has been well-documented as hazardous to
health. Inereased «incidence of respiratory tract symptoms and functional
decremepts; has.,been -shown in children residing in homes with smokers, compared

to tl;ose in hqmes without smokers (National Research Council U.S., 1981, p.
ES-7 :.;_ ]

“'A‘numberb of the polynuclear aromatic hydrocarbons in tobacco smoke
have been identified as active tumorogens, with the most active among them
being benzo(a)pyrene (Brookman & Birenzvige, 1980, p. 9). Tobacco smoking
also interacts with asbestos exposure, increasing the cancer risk (Health &
Welfare Canada, 1983, private communication).

Acrolein vapours are extremely -irritating to the eyes and upper
respiratory tract apd can stimilate lacrimation (tearing) at concentrations as
low as 625 meg/m" (0.25 ppm) for as short a pe§10d as five minutes. The odour
threshold has been reported to be at 525 meg/m®. There has been one fatal case
of acrolein inhalation at 150 ppm (Henkin, 1974, p. 195). Ulsamer et al
(1980) report that acrolein is one of the strongest cytotoxic and ciliotoxic
agents known.

Repace (1982 and 1981) cites evidence which indicates that there are
adverse health effects connected with passive smoking (non-smokers inhaling
smoke produced by smokers). He notes that concentrations of tobacco smoke
indoors are directly proportional to the smoker density and inversely
proportional to the effective ventilation rate. He concludes that attempts
to control smoking by ventilation are futile, because tobacco smoking "simply
produces too much air pollution". The ventilation rates required are far in
excess of those that can be accomplished economically (up to 30 air changes
per hour), and would directly violate the goal of increased energy
conservation.

In his 1981 paper, Repace quotes evidence from Bonham and Wilson
(1981) indicating that over 60% of the children under 16 years of age in the
United States may be living in homes with one or more smokers. The following
chart gives the increase in the number of restricted activity days and
bed-disability days due to acute respiratory conditions among children in
smoking homes, compared with those in non-smoking homes:

_38_



1.2.7 Indoor Air Pollutants: Tobacco Smoke (continued)
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in the home in the home smokers m hbme mg‘ardttes/day
:‘:"J "'}L , r:\ : L‘nﬂ-
restricted - +7% +29%~»" o ~'.'c>..,»,f:¥4696:3'10m
activity days S T e nopeloup
O AR > T- T3 1
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Bonham and Wilson (1981) conclude that their data support the findings. 0f % oo
others that cigarette smoking by adults adversely affects the health of
children in their families.
T e 7_-%_ Nz
Savel (1970) confirmed by an in vitro lymphocyte transformation . ’rwet!’m«!}m
that there are people who are clinically hypersensitive to tobacco smoke:in-
a manner similar to hypersensitivity to other agents such as tuberculin,
drugs, viruses and pollens. Exposure of peripheral blood lymphocytes:ofs&ight
individuals to tobaceco smoke led to a stimulation of lymphocyte transH.r:: ¢ ¢
formation. The hypersensitive subjects tested all had strong allergic N '
histories such as drug reactions or hayfever, and all had moderate to intense: i nu
upper respiratory discomfort after even a brief exposure to cigarette smoke.” . °
Symptoms typically appeared within 30 minutes to one hour after exposure to
cigarette smoke and persisted for at least 8 to 12 hours. Half of the
patients developed headaches the day following exposure, and in half of these ‘i:ia:
the headaches were of migraine type.

A3

The author also notes that several other individuals with the same
symptom patterns did not demonstrate the same in vitro lymphocyte response. In
a series of control patients, tobacco smoke exposure in vitro produced a
depression of lymphocyte activity. Savel cites a previous report in which it
was estimated that 10% of non-smoking allergic patients developed respiratory
distress after being exposed to cigarette smoke (Pipes, 1945, as reported in
Savel, 1970).

Aronow (1978) concluded that passive smoking can aggravate angina
pectoris, after he conducted experiments on exercise-induced angina with
non-smokers suffering from angina pectoris. The duration of exercise until
the onset of angina was decreased 22% after inhalation of smoke passively
in a well-ventilated room, and was decreased 38% after passive smoking
in an unventilated room.

Wigle (1982) reports on data released by the U.S. Surgeon General
which indicates that sidestream smoke contains many pollutants in considerably
greater concentration than in mainstream smoke, In particular he cites high
concentrations of two chemicals known to be human carcinogens: 2-naphthylamine
and 4-aminobiphenyl. The American Conference of Governmental Industrial
Hygienists (1981) indicates that for these and other carcinogens, "no exposure
or contact by any route - respiratory, skin or oral, as detected by the most
sensitive methods - shall be permitted".
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1.2.7 Indoor Air Pollutants: Tobacco Smoke (continued)

G et

&1 '*H’ B mterestmg to note that in addition to affecting both smokers

and bystanders direetly, the inhalation of tobacco smoke may render people
more- susceptible to the :effects of other pollutants. Calabrese (1978, p. 146)
quotes a study by Carnow (1970) which found a higher rate of acute respiratory
illness (e.g. cough and shortness of breath) in smokers as compared with
nonsmokers at increasing levels of SO2. Carnow concluded that smokers
constitute a higher risk group than even the elderly and the very elderly

without cough and phlegm who were nonsmokers or mild smokers living in a large
polluted clty.:-" ‘

Lundqwst (1979 p. 276) showed that in rooms with smokers, odour
intensity increased before irritation, and nose and throat irritation was
occurringmbefore . eye irritation. After eye irritation started, it was given
the hlghest'scor.e of irritation degree by an evaluating panel.

Whne, and Froeb (1980) evaluated the effect of long-term passive
smoking (1nvolantary inhalation of tobacco smoke by nonsmokers) on pulmonary
function, and concluded that chronic exposure to tobacco smoke in the work
environment- is deleterious to the nonsmoker and significantly reduces small
airways, function.

Strasser (1979) suggests that the most efficient and simple way to
reduce air pollution in industry is to ban smoking. He admits that his view
is considered radical, but his argument is that great attention to reduction
of other carcinogens in the workplace without attention to the problems caused
by smoking is not entirely logical.

Calabrese (1978, p. 193) identifies tobacco smokers as a high
risk group, indicating possible increased susceptibility to the effects
of cadmium, hydrocarbons, lead, nickel, and radioactive compounds. In Canada
in 1979, 48.8% of men 25 and over, and 32.5% of women 25 and over were
smokers (Wigle, 1982). This risk group (now around 7 million people)
represents approximately 30% of the Canadian population.

Tager et al (1979) cite various studies that demonstrate that
children exposed to parents who smoke carry an increased burden of respiratory
illness, observed as early as the first year of life and extending into the
teens. Both acute respiratory illness episodes and chronic respiratory
symptoms have been reported. Tager and co-workers investigated the effects of
parental smoking patterns on lung function in 444 children in Massachusetts,
USA, and determined that a child's passive exposure to cigarette smoke does
have an adverse effect on the child's pulmonary function.

Discussion:
Girman et al (1982) measured emission rates of sidestream tobacco

smoke in a special environmental chamber and concluded that sidestream
cigarette smoke can pose a health risk in spaces where ventilation is reduced.
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Lundqvist (1979, p. 276) conducted tests to determing .the air- .., .1
exchange rates required to properly ventilate cigarette smoke.-Heé-measured =il
suspended particulate matter, carbon monoxide, and droplet nuclei, and found - sq
that each characteristic component in the cigarette smoke will follow its~own<——
elimination function, depending on adsorption to surfaces, agglomeratign or-
other interaction processes &n the aerosol. His experiments indicafe that a.. . . 4
ventilation rate of 60-80 m® of fresh air/cigarette smoked, depending on,the ~
volume and characteristics of the room, is necessary to eliminate the tabgeco.:3q.q
smoke from the room before its adsorption in the room. He noted that,fobaceo, .,
smoke will create a definite health problem when air change rates are below
0.7 per hour, even at the lowest smoking rate of 6 cigarettes/hr.tested.in -
the study. With 6 cigarettes/hr smoked in an experimental chamber,, 4.air . . .-
changes per hour were required to limit the steady state concentration of - =~ '~ )
carbon monoxide to 5 ppm (5600 mcg/ms), i

Seba and Repace (1982) conducted experiments with a negative ion -~
generator and determined that such a device increased the effective

ventilation rate in a smoke-filled room dramatically, providing 13 to .18 times -
faster removal of particulate matter from the air than would otherwise occur /.
with air change rates below one air change per hour. An ion generator . .: .-
accomplishes this by charging smoke particles, which subsequently attach  ..r i

themselves to the surfaces of a room (e.g. ceiling and wall).

. _"}‘ =1

Health and Welfare Canada (Wigle, 1982) concludes that non-smoking
must be re-established as the 'social norm' for all public areas, particularly
indoor areas, through legislation and through education.
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1.2.8. FOrma'ldeﬁivdq ‘and’ other Aldehydes

proce by o ey
Deserlptlons,, . i 1o
Formdldehiyde (HCHO) is an inexpensive, high-volume chemical used
throughoyt™ tfe woérld'in a variety of products, mainly in urea, phenolic
melamifie’ 8fid ¥ceth] Fesins. The resins are present in insulation materials,
particlebdérd, Q’[yﬁbﬁd; textiles, adhesives, ete. that are used in large
quaﬂt‘itié&‘:’éy" the Building trades (Hollowell, 1981, p. 5).

e

Fofrri?tﬁ"efiyde_ has a pungent and characteristgc odour that can be
detected )by ‘mast people at levels below 100 meg/m*“ (.08 ppm) (Hollowell,
1981, p.5). *

Major Sources:

" The major sources in North American housing are Urea-formaldehyde
foam insulation, particleboard and plywood. More minor sources include
other insulations such as fiberglass, and fabries, carpets and furnishings.
The latter may also adsorb formaldehyde from the major sources. Additional
but lesser sources include cigarette smoke and other combustion sources such
as gas-fired stoves, indoor gas-fired water heaters, unvented gas-fired space
heaters, and portable kerosene-fired space heaters (National Research Council
U.S., 1981, p. ES-5, Hollowell, 1981, p. 4, Traynor et al, 1981, p. 3, and
Hollowell and Mikseh, 1981, p. 3).

Outdoor sources of formaldehyde and other aldehydes include processes
of combustion of hydrocarbons and other organic materials, including: exhausts
from motor vehicles, incineration of wastes, and combustion of fuels (Henkin,
1974, p. 194).

Other products in which free formaldehyde may be present include:
leather products, rubber, printing products, various plasties, photographic
supplies, paper, latex paint, germicides, fumigants, and dyes. (Ulsamer et
al, 1980).

Concentration Range:

Average indoor nheasurements of formaldehyde range from 0.01 ppm up to
1.0 ppm (12-1200 meg/m“) in homes with high rate sources (e.g. UFFI,
particleboard) (National Research Council U.S., 1981, p. II-1).

Standards:

The Canadian guideline for acceptability of indoor air quality in 3
homes, with respect to formaldehyde concentration, is .1 ppm (120 meg/m®).
This level was chosen by the Department of Health and Welfare (Somers, 1982,
p. 8) from consideration that the current allo%able Threshold Limit Value
(TLV) in the workplace is 2 ppm (2400 mcg/m®) formaldehyde for healthy
adults during a 40-hour work-week. A safety factor of 20 was incorporated in
order to allow for the fact that households can include infants, young
children, the old and the ill, and because the home environment may be
occupied for 24 hours a day.
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In Canada, lowering of the ceiling value in the workplace from 2 ppm
to 1 ppm is intended (Health & Welfare Canada, 1983, p't‘iva‘ti‘a’;'_ébmfrr'ifq%gatié_’n). g-nz
Norway, Denmark, the Federal Republic of Germany, the yétﬁerfé"ﬁ'&ﬁ‘ and->w
Australia have also recommended or adopted 0.1 ppm (120 mecg/m") as an
indoor standard for formaldehyde. A standard of .2 ppm (240 meg/m”)*has™" "
been proposed by Wisconsin and California (Matthews and Howelly _19‘?;1):;‘:‘“‘”* '":"’*??ftr?,?
R (T
A number of other countries and various states in the United
States are moving rapidly to establish standards for formaldehyde CLOH
concentrations in ipdoor air. The range of these proposed standards..iS.— —.—oan.. 285
120 to 600 meg/m” (.1 to .5 ppm) (Hollowell, 1981, p. 5).

H s

I o

Sana®

Incidence: f - {A "
' T

Hollowell and Miksch (1981, p. 11) reported measurements of R

formaldehyde and other aliphatic aldehydes in a new energy-efficient house
in Mission Viejo, California:

Condition Forma‘}dehyde
meg/m ppm error
unoccupied, without furniture 80 .07 +/- 9%
unoccupied, with furniture 223 .19 +- T%
occupied, day 261 .22 +/- 10%
occupied, night* 140 12 +/- 31%
outdoor air less than 20 It .017

*all measurements except the night measurement were done at 0.4

air change per hour. For night measurements windows were open part of
the time, and the air change rate was significantly greater than

0.4 and variable.

The increases in formaldehyde concentrations were attributed to the intro-
duction of furnishings, and once occupied, to occupant activities such as gas
cooking. Ventilation at night decreased formaldehyde levels significantly.

Lin et al (1979, p. 4) report that total aliphatic aldehydes and
formaldehyde were measured at several energy-efficient research houses at
various U.S. locations. Measurement§ of total aldehydes at 0.2 air changes per
hour ranged from 40 to 220 meg/m", and both formaldehyde and total aldehydes
exceeded a criteria level of 120 meg/m" (approx 0.1 ppm) at least part of th&
time. Corresponding outdoor aldehyde concentrations were less than 20 mecg/m
(.016 ppm).

Measurement of formaldehyde levels in several new office trailers were
reporteg by Lin et al (1979, p.4). Concentrations §anged from 137 to 251
meg/m* (.11 to .21 ppm), compared to 10 meg/m* (.008 ppm) or lower
outdoors. In one of the trailers, .the formaldehyde concentration decreased
from a range of 190-212 mcg/m‘j (.16-.18 ppm) to a range of 99-126 mcg/m‘j
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(.08-.1 ppm) #f.tgg .vgpti_l_“a;tion was increased from 0.16 to 0.35 air changes per
hour. OQutgassing of particleboard and plywood using urea-formaldehyde resins
were thought.to be the cause of high indoor levels in these trailers.

Thq,!'bntagiq:,MTi’nistry of Health (1982) measured formaldehyde
concentrations .in. 4920 homes insulated with Urea-formaldehyde Foam Insulation.
The results of this survey were as follows:

HCHO L 3 Number of Homes Percentage of Total Homes
ppm - _meg/m
1t 0.05 1t 60 3215 within 65.35%
0.05 - 0.1 60 - 120 1302 Canadian guideline 26.46%
0.1 - 0.2 120 - 240 359 beyond 7.3%
0.2 -10.5 240 - 600 39 Canadian guideline 0.79%
0.5 - 1.0 600 - 1200 3 0.06%
gt 1.0 gt 1200 2 0.04%
total 4920 100.0%

Traynor et al (1982, p. 3) measured formaldehyde levels due to
opera{{ion of both convective and radiant-type portable kerosene heaters, in a
27 m environmenta%chamber with 0.4 air changes per hour. Levels reached
.013 ppm (16 meg/m") for a new cogvective heater under full-wick
conditions, and .066 ppm (80 mecg/m") for a new radiant heater under
full-wick conditions. These levels were below U.S. occupational and outdoor
air quality standards. Adjustment of the wick length to one-half on the
convective heater increased the formaldehyde emission rate by a factor of 4.
Only a slight increase in formaldehyde emission was detected when the radiant
type was adjusted in a similar manner.

Health Effects:

Reported health effects of formaldehyde include skin, eye and throat
irritation, respiratory disorders and allergies, and a decreased threshold of
reactivity with prolonged exposure. High exposure levels have produced nasal
cancer in rats (National Research Council U.S., 1981, p. ES-5).

In Canada, an Expert Advisory Committee to the Department of National
Health and Welfare recommended that Urea-Formaldehyde Foam Insulation be
banned, partly on the basis of the potential carcinogenicity of formaldehyde
as revealed by the Chemical Industry Institute ,of Toxicology's study revealing
nasal cancer in rats at 15 ppm (18,000 mcg/m®) exposure. Somers (1982, pp
2,6) notes, however, that attention was also drawn to the possible allergenic
reactions that could be caused by a host of fungi that have been identified in
UFFI. The committee acknowledged that, at low concentrations, formaldehyde can
elicit a range of non-specific symptoms such as eye, nose and throat
irritation, coughing, headaches and dizziness. They noted that some
individuals can be acutely sensitive to formaldehyde and can detect
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concentrations well below 1 ppm, and that increased sensitjvity .to ;.. :-v
formaldehyde is particularly serious to those with a histary_of. re‘sp,lratpry
allergy. Somers (1982, p. 8) also states that persons already afflicted with
asthma might find their response to other allergens aggravated after -exposure

to formaldehyde. N g IO}
Several studies reported in the literature éndicate that .. 5" d i
concentrations in the range of 100 to 200 meg/m” (.08-.17 ppm) mgy be. L .,

sufficient to cause swelling of the mucous membranes, depe-idmg*otrrm’dlﬁgu atg -
sensitivity and environmental conditions (temperature, humidity,-ete.) Burning. @ {
of the eyes, weeping and irritation of the upper respiratory passages/‘panr also -
result from exposurs to relatively low concentrations. High coneentrations rg e
(above 1000 meg/m .83 ppm) may produce coughing, constriction in the’ 3
chest, and a sense of pressure in the head (Hollowell, 1981, p. 5). In some - ,:
mdustrlal situations irritant effects 3were not reported unt11 concentratlon%
reached 2-3 ppm (2400-3600 mcg/m®“) or even 4-5 ppm (4800-6000 mcg/m. :
(Henkin, 1974, p. 195). SR T

PR AR5
Ul.. Uu

The threshold for effects shown by electroencephalogram is 0. 043 .
52 meg/m°). (National Research Council US, 1981, p. I-29) Henkin (1974, p. .-t

194) stateg that the cortical reflex threshold has been observed to be about e
98 mecg/m” (.08 ppm).

Rea et al (1981) demonstrated 50% depression of C3 complement lev, fls
in one patient exposed to a short (2 sniff) challenge to 0.2 ppm (240 mecg/m®)
of formaldehyde. Symptoms produced in a number of patients after similar
formaldehyde challenges included hoarseness, nausea and vomiting, shortness of
breath, loss of peripheral pulse, and spasm of gastrocnemius with severe
tetany.

The principal effect of the other aldehydes is irritation of the eyes
and skin (Henkin, 1974, p. 195). Olefins or unsaturated aldehydes and the
halogenated aldehydes generally produce a more noticeable irritation than do
saturated aldehydes. Aromatic and heterocyclic aldehydes generally cause less
irritation than saturated aldehydes. Toxicity of aldehydes decreases with
increasing molecular weight and generally decreases as chain length increases.
Although aldehydes possess anesthetic properties, these effects are generally
obscured by their irritant effects and by their rapid metabolism.

The Ontario Ministry of Health (1982) reported on health survey
results from 1406 UFFI-insulated homes, a subset of the 4920 homes in which
formaldehyde levels had been taken (see above). The total number of occupants
in these homes was 4528, of which 2762 or 61% reported symptoms. In the study
symptoms were recorded [or persons complaining of a "health problem which had
been persistent; which began or became worse since the insulation was
installed: which may be aggravated while in the housing unit, and which has
not been attributed to anything else" (Ministry of Health, Ontario, 1981,
p.2).
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The follmeg table’'shows the number of persons with symptoms compared
to measured f"oi‘maldehyde levels, in the Ontario study:

i, R

.;‘:;.

rHCHO‘ ‘« " No. of No. of No. of Occupants % with symptoms

in_ppm mcg/m Homes Occupants with Symptoms  (each category)
1€ 0.05 11t 60 887 2871 1719 59.87%

0.05 - 0.1 80 = 120 373 1175 739 62.89% Canadian

0 10" -"6,2"* IZB - 240 123 409 253 61.85% guideline
0.2 —’“0.5 240" <600 21 65 47 72.3%
0.5 ~ 1.0"*§00°>"1200 1 5 3 60.0%
gt 1.0/ “gt 1200 1 3 1 33.3%
total o e w 1406 4528 2762 60.9%

l.x(

' “O'f ‘the 2762 persons studies who reported symptoms, 19.4% had previous
allergies, and 5.4% reported previous asthma. Some 65% of those reporting
symptoms included eye u'rltatlon, cough or sore throat. A second group
of symptoms including sneezing, nasal congestion, bronchial congestion, colds,
sinus congestion, and itchiness of the skin was reported by 41% of the sample.
Other symptoms reported were headache (30%), fatigue (22%), shortness of
breath (14%), dizziness (14%), rash (13%), nose bleeds (11%), diarrhea (4%)
and vomiting (3%).

Morris (1982) reported a comparative survey of 60 families in each of
two northern U.S. housing developments, one of which (Deer Creek, SD) had
levels of indoor formaldehyde concentrations consistently higher than the
other (Pebble Creek, SD) by a factor of five. In the housing development with
the higher formaldehyde concentration there was twice the amount of eye
irritation and more complaints of sore throats, colds, coughing, runny noses,
sinus problems, loss of motor control, drowsiness, rashes, itching and
dizziness. Approximately 21% of the group in the higher formaldehyde level
homes felt they they had been sicker than normal after moving into their new
home. Among the problems in the higher formaldehyde level homes were several
cases of severe central nervous system disorders which were determined to be
related to indoor chemical exposures, including formaldehyde.

Cases of widespread chemical susceptibility, triggered or exacerbated
by exposure to formaldehyde and other gases in UFFI-insulated homes, have
been reported (Small, 1982a). Typically the householder develops several
symptoms, including eye and throat irritation, headache, and fatigue.

In the early stages these symptoms subside immediately on leaving the UFFI
home. Later the same kinds of symptoms are triggered in other environments,
as the sensitivity 'spreads' to other chemical exposures. One death was
reported to this author, involving liver damage RO ssibly related to acute
formaldehyde exposure (15 ppm = 18,000 mecg/m*) in a UFFI home (Palmero,
1982 and Small, 1982a). Early symptoms after the initial exposure had followed
the pattern of widespread chemical susceptibility.
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Sprague et al (1982) confirmed further cases of formaldehyde and, other
chemical susceptibility at low concentrations, following exposure~to’ The‘”" =
inside of mobile homes, new plywood, particle board or wallboard. sl vt :
Sensitivities to various chemicals as follows were confirmed by means ¢f =~ ==

double-blind challenge exposures: Jiby r,.., -~
formaldehyde (at less than 0.2 ppm or 24 pgcg/m
phenol : (at less than .002.ppM) ., -ng:ire. us
chlorine (at less than .33 ppm} 7,-,‘.-«.-4--_-“(;_,:3._
2,4DNP pesticide (at less than .00134:.p m)Jh
petroleum alecohol (at less than 0.5 ppm), . :.,_ 5, t e

# o

Specific symptoms among a group of eight patients included cardi'a'c' i
arrythmia, laryngeal edema, severe facial angioedema (swelling), fatigue, . .:.y
dizziness, and vertigo. Depression of total T-cell populatlons was found i’n“'“ =
some patients but it was reported that this was not found in all the papents

tested. B— RS

R

ve | ERAME L

Discussion: a0 D8

Sources such as particleboard and plywood have contributed
significantly to indoor formaldehyde problems in mobile homes because of
a high surface to room volume ratio of those materials, combined with
tight construction and low ventilation rates (National Research Council
U.S., 1981, p. ES-5).

Lawrence Berkeley Laboratory researchers have also found formaldehyde
levels from combustion appliances often approaching or exceeding ambient
air-quality standards either adopted or proposed in the United States and
other countries (Hollowell, 1981, p. 5).
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1.2.9 Indoor Air Pollutants: Carbon Dioxide

Descr:gtxon' o S
Carbon dlox1de (CO2) is a colourless gas, of molecular weight 44.01

compared with 32.0 for molecular oxygen, and is usually considered a simple

asphyxiant. Itis also a potent stimulus to respiration and both a depressant

and excitant of the central nervous system Because carbon dioxide is heavier

than air, pocketé ‘of the gas may persist in areas such as pits for some time

unless ventilatiottis provided. The U.S. Threshold Limit Value of 5000 ppm (9 g/m )

was chosen to provide a good margin of safety from know§1 asphyxiation and

systemic effeets. (Proctor and Hughes, 1978, p. 147). (g/m” = gram per cubic metre)

Major Sources: <

‘Indoor sources include combustion and human and animal metabolism
(National Research Council U.S., 1981, p. I-9). Flue gases are a major outdoor
source (Henkin, 1974, p. 199).

Concentration Range:

Up to 3000 ppm (5 g/m3) indoors, very much greater than outdoor
concentratlo% Observed typical outdoor concentrations are approximately 400
ppm (.7 g/m") (National Research Council U.S., p. I-9, II-4).

Standards:

Canada: no standards for indoor air

United States (Traynor et al, 1982, p. 2 and Consumers Union, 1982):

EPA: none

OSHA: 8-hour occupational exposure: 5,000 ppm (9 g/m )

ASHRAE: non-workplace indoors: 2,500 ppm (4.4 g/m )
Incidence:

Indoor concentrations were greater than outdoor concentrations for
approximately 90% of monlt%ped hours, and hourly indoor concentrations often
exceeded 2000 ppm (3.5 g/m"). (National Research Council U.S., 1981, p. II-4)

Traynor et al (1982, p. 2,8) measured CO2 emissions from portable
kerosene-fired heaters in a 27 m" environmental chamber with 0.4 air changes
per hour ventilation. For both radlarkt and convective type heaters, CO2
levels exceeded 10,000 ppm (18 g/m"“) after 60 minutes of heater operation.
This is twice the U S. occupational standard.
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Health Effects:
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The World Health Organization (1979) states that there is reason & be
concerned about long-term consequences of changes in the acid-base balaita, in 3=
humans if indoor carbon dioxide exposures exceed 0.5% (5000 ppm_ar 9 g m°).
They suggest that, because of decreasing ventilation rates for enef
conservation, the data on effects of moderate concentrations (lﬂﬁﬂ SB'UG‘pp]P i
2-9 g/m") should be re-examined. “ ; 2

BT 5 i.‘:", i

1 A2y,

Henkin (1974, p. 199) rep%rts that at concentrations of 50,000 ppm or

5% carbon dioxide in air (90 g/m"), dizziness, headache, and confusion L S
occur. At 8-10% (140-180 g/m"), severe headache, dimness of Vlsloﬁ’, and -l
tremor, and even unconsciousness if this level 153ma1ntalned for 5 to 10 .
minutes. Concentrations of 25-30% (450-500 g/m") have been assoclatéé-wrth
diminished respiration, hypotensmn, coma, areflexia, and anesthesia. At these
high concentrations consciousness is lost almost immediately and death may
ensue.

ﬂht
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1.2.10 House Dust and Dust Mites

o em el

Descrlgye%?w;r % -";

fl..-.-

House Jdu% con51sts of a variety of substances, including cotton,
wool.and other: fabrics, dyes from materials, food particles, hairs, dead
skin cells, dust mites, animal danders, decomposed material, bacteria, pollens
and fungl (Waldbott, 1973, p. 186, and Lowenstein et al, 1979, p. 112).

/ Hoﬁs;e dust‘ also contains various natural and synthetic fiber particles
shed from furni;hmgs and clothing within the home.

Major Souregg

Lowenstein et al (1979, p. 112) report that there is a great variation
in the potential allergenic material in the dust found in different homes. One
analysis revealed 45 different antigenic components, of which 18 could be
ascribed to known allergenic sources like animal danders, feathers, mites,
pollen, food leftovers and human dander.

Zamm (1980, p. 97) cautions that carpeting can entrap housedust and
become a hazard for the sensitive individual, releasing a 'housedust smog'
every time someone walks across it. It can also generate dust and vapours
itself.

Concentration Range:

No data was found during the literature search.
Standards:

None.
Incidence:

Korsgaard (1979, p. 192) found a highly significant relation between
water vapour content of indoor air and the concentration of mites in mattress
dust. Low concentrations of mites (an average of 1 or fewer mites in a .1 ¢
dust sample) were found in dry conditions (less than 7.0 g/kg water vapour in
dry air). Above this level the concentrations were moderate (av. 15 mites per
sample), and the greatest concentrations of mites (av. 100 mites per sample)
were found when the water vapour exceeded 7.9 g/kg of dry air.

A small number of mites was also found in bedroom and living room
carpet samples, but the differences under varied humidity conditions were
not significant in the samples studied.

A water vapour content of 7.0 g/kg dry air at 20-22 degrees C
corresponds to a relative humidity of about 45%. In the bed, water vapour
emission from the human body causes a local increase in the relative humidity
in the bed from 45 to 55% RH for about 8 of 24 hours. Mites require a humidity
range of 55-80% to increase in numbers.

- 50 -



1.2.10 Indoor Air Pollutants: House Dust (continued) . . . .0~ .. ok

il il e L

-

Health Effects: B 0] ) S IR % _v," T R

e = mem L

House dust contains allergenic compounds which may initiate angdi:ici:see |
provoke immunologically hypersensitive reactions in people. These reactions
may also be caused by low molecular weight chemical compounds firicdast and in
air, such as formaldehyde, other aldehydes, epoxides, diones amﬁ” deidt . snopens
anhydrldes, when acting as haptens (combining with proteins).: Depéndlng O thés:
size and shape of dust particles, they may penetrate the human “aiFfwWw&Vys;* be JOUD'“
dissolved and cause allergic reactions. The amount of house dust”matérial.C:»7ovs
which may give rise to hypersensitivity is highly dependent on the adma‘l“auéfto-
and on the individual person (Lowenstein et al, 1979, p. 114)., = -7 %2 29 i,

Mathews (1978) states that aggravation of allergic respiratory " = ™ '
symptoms by exposure to various types of dust is extremely commoil: Depen‘ding
on the nature of the dust, responses may be due to irritation or may“be -7~
immunologically mediated. He notes that among the inhalant allergens other
than pollen and fungi, house dust is of major importance, but identificatign _...
of the allergenic substances in this heterogeneous substance is dlfflcult 3

Mansmann (1978) describes avoidance as a 'well-recognized, loglcal‘ arrd
necessary' form of therapy often instituted by an allergic person even beforé
consulting a physician. He advises that for the dust-allergic person, hedding
should be easily washed, and the bedroom should be uncluttered with dust-
collectors. He also cautions that highly dust-allergic persons should stay out
of the house during and for several hours after vacuuming. Mansmann also
offers further advice on dust, mite, and fungus control for the allergic
patient.

Muittari (1978, p. 50) concluded from a study of textile workers in
Finland that natural and synthetic fibers act in a similar way to allergens
such as pollens, animal danders, and moulds. His study suggests that natural
fibers can act as allergens that stimulate the synthesis of IgE antibody,
and that synthetic fibers may act as 'haptens' (linking with proteins to
cause allergy) and as non-specific irritants of the respiratory tract, causing
asthma and rhinitis. (IgE antibodies mediate reaginic hypersensitivity
reactions in vivo and in vitro and participate in the induction of allergic
manifestations (Ishizaka and Ishizaka, 1978).)

Discussion:

Avoidance of dust has often been prescribed for persons who are
allergically sensitive to it. In general, careful cleaning and vacuuming, and
air filtration are effective in reducing dust levels in a home. Most household
vacuums also return small amounts of very fine dust particles to the air (out
the blower end), which may aggravate dust sensitivities if those who are
allergic are present during cleaning. For some the odours of the vacuum motor
may also present a chemical problem sufficient to trigger symptoms. Central
vacuum units with both the motor and the exhaust completely outside the house
are a good alternative in such cases.
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1.2.11 Indoor Air Pollutants: Fungi (Mould and Mildew)

1.2.11 Fungi (Mould and Mildew)

Descriptions: : 7. '

L R \

ne- & .proad xlass of biological organisms, characterized chiefly by the
absence of .¢hlorophyll and by subsisting upon dead or living organic matter,
including. moulds,:-mildews, rusts and smuts. The most common of the fungi in
indoor environments are the moulds, which are minute fungi that form on
vegetable  6p.-animal matter, commonly as a downy or furry coating, and
assogiated, with decay. The word mildew is commonly used to describe any
coating or discoloration on fabrics or building materials that is caused by
any fungus in a moist environment. In this report the words mould or fungus
shall be used. .interchangeably to refer to any spore-producing organism, or its
spores, present.in the indoor environment (Random House Dictionary, 1968
Edition, Random House, New York).

Major Sources:

Fungus spores occur naturally in outdoor environments and may also
be produced by fungal colonies indoors. Moist environments (e.g. in air
conditioning coolers and humidifiers) encourage growth. Spores, moulds and
fungi multiply in the presence of increased humidity generally in the indoor
environment (National Research Council U.S., 1981, p. ES-9). If the relative
humidity rises above 70%, growth of moulds and bacteria, incidence of dust
mites and survival of airborne pathogens will increase (World Health
Organization, 1979).

Concentration Range:

Bravery (1980, p. 4) notes that there has been little published
scientific work on the types of fungi occurring within mould-infected
buildings or on the concentrations of spores encountered in the atmosphere
of dwellings. He gite% reports indicating thgt spore concentrations outdoors
seldom exceed 10°/m" and rarely reach 10" /m", and concludes
that concentrations in normal dwellings are likely to be somewhat lower.

Standards: none
Incidence:

Brundrett (1981) states that dampness encourages mould growth which
eventually leads to deterioriation of building components such as wallpaper,
plasterboard and timber. The mould develops from spores which are ever-present
in outdoor air and quickly settle in all houses. Since nutrient is plentiful,
once suitable conditions of moisture and temperature ocur, then mould will
grow. Below certain relative humidities, usually 70%, the spores will not
germinate. All houses contain a wide variety of species of mould spore which
develop best over a range of temperatures. It is important to prevent mould
from becoming established. Once mould starts to grow then one of the
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1.2.11 Indoor Air Pollutants: Fungi (Mould and Mildew) (continugd):

by-products of its metabolism is water. Established mould can:therefore’ .= -.i1% 2

v

continue to grow even when the ambient conditions are too dvv to gei\rmnate g

mould spores elsewhere. PO T 2 ST e
LH‘.\ e r(ﬂ
One study cited by Bravery (1980) sampled several hundre‘d dWelhn’gs
for airborne spores and recorded more than 95 species of fungi. The species
most commonly encountered were Penicillium, Cladosporium, Rhizopus mnigricens,

Mucor, Trichoderma viride, Botrytis cinerea, Alternaria tenuis, arid Pusatlumiooc

Many species have been reported to colonize cellulosic materials: and!fabries;o:
but fewer have been shown to colonize paint, plaster and stone surfaces. M0uld

-

growth is likely where surfaces inside buildings become regularly or ' ‘9< == i :

..-...q—,.u

intermittently moist and relative humidities exceed 70 percent. The specles of .
fungi involved are w1despread in the natural environment and their: spoiés™are

commonly present in the atmosphere. Control measures must concentrate ‘on 't U0

reducing and eliminating the sources of water and water vapour. ' plel

l

'/w, S e

By u)-'

A recent Syracuse study (Rogers, 1982) found that the top 12 orgaxﬁ'smd“
recovered in domestic samples were as follows, in the order of prevalence:"

Cladosporium (Hormodendrum)

various bacteria

Aspergillus

Penicillium

yeasts (not including Rhodotorula)

Basidiomycetes (a group of fungi that have to do with wood
rot in the home)

Rhodotorula

Trichoderma

Epicoccum

Alternaria

Microsphaereopsis

Aureobasidium (Pullularia)

The researcher notes that in hundreds of home cultures, their laboratory has
never seen a house without mould growth nor one without bacteria and yeast as
well.

Lowenstein et al (1979, p. 112) reported that the seasonal variation
of indoor airborne fungi corresponds to the outdoor flora. The dominating
airborne moulds are Cladosporium, Penicillium, Alternaria, Rhodotorula and
Aspergillus, while the dominating dustbound moulds are Mucor, Penicillium ad
Alternaria. Fungi in the outdoor atmosphere do not follow as consistent a
pattern as that of pollens, although some species such as Alternaria and
certain yeasts and rusts do vary seasonally, with the major occurrence in the
warmer months (Waldbott, 1973, p. 184).

Doris, Harper & Morris (1972, p. 1) note with respect to fungal growth

in submarine environments that fungi are able to utilize any hydrocarbon for
growth by producing new enzymes, and in this way can colonize oil smeared
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1.2.11 Indoor Air Peltutants: Fungi (Mould and Mildew) (continued)

surfaces, preeipitator-eondensates, and even the charcoal granules used for
removingthydrocarbon-contaminants from the atmosphere. (With respect to the
latter, low measurements of fungal spore concentrations in nuclear submarine
atmospheres would indicate that an activated charcoal recirculating system
is a tra;r ‘t&ther "tshan a source of fungal contamination of indoor air.)

ar. Brundmtt (1979, p.1) states that any humidification device involving
reeycledﬁandﬁor standing water subJect to stagnation may be a potential source
of contammation from micro-organisms including various fungi.
Health Effects-- -

Fungl produce two kinds of respiratory diseases. In the first, they

act as antlggns similar to pollens, and precipitate allergic reactions both
in the respiratory tract and on the skin. They can more rarely produce
pulmonary infections (e.g. aspergillus, monilia) similar to those caused by
bacterig . and viruses, characterized by fever and gradually increasing
shortness of - breath (Waldbott, 1973, p. 186). Others (Rogers, 1982) emphasize
that mould allergy can effect many different organs of the body.

Kozak et al (1980) emphasize as well that allergenicity of mould
spores can be shown to be independent of their viability, and therefore in
some cases killing the mould spores with a variety of chemicals is of limited
value. As a result they recommend physical removal of the spores and
correction of the physical conditions that led to their growth. They also note
that while most cases of mould allergy appear to be related to the mould
spores themselves, it is also possible to become sensitive to the mycelial
fragments, which are also present in indoor air.

See also "Humidifier fever", described in Section 1.2.12 "Bacteria &
Viruses" following.

Discussion:

The amount and type of pigment and resin in a paint can affect the
degree to which a wall surface will support mould growth. Generally, oil
paints produce water-resistant, coherent films which tend to reduce the mould
susceptibility of a surface. Certain resin-based paints, e.g. an alkyd resin
made from a vegetable source, can contribute to mould growth, but as the
degree of polymerization increases, the susceptibility of the resin to mould
decreases. Often fungicides are added to paint to inhibit mould growth
(Bravery, 1980).
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1.2.12 Indoor Air Pollutants: Bacteria and Viruses

LB AT SHE 2y
1.2.12 Bacteria and Viruses S R
o Bun g magincdtegen
Description: za;..:u;,“r: L K0 T 1
2y 8 e
Various infectious organisms including viruses and bacterla) s,l;e i ued B -
airborne in indoor air and do circulate from room to room. These. alg'ng n'e'ﬁ A N
infectious agents are capable of causing disease when they come m con acﬁ,,, itgyentt
with a susceptible host (Michaelson, 1979, p. 229). Bl S bl o
. ,L;i.«?'_.ﬁf' ‘nlr,

Major Sources:

Human activity and presence of domestic animals (National’ Research o,
Council U.S., 1981, p. ES-9). Riley (1981) notes that many infectious . 5;{(,‘:'
organisms are atomlzed by coughing, sneezing, singing and even talklng. Sima "9:,.
The smallest droplets evaporate to droplet nuclei and are dispersed rapldly '

throughout the air in an enclosed space. Al

Brundrett (1979,.p.1) states that any humidification device involving . f.,
recycled and/or standing water sub]ect to stagnation may be a potential source-
of bacteria and other micro-organisms such as amoebae and fungi. .

"O'

The American Society of Heating, Refrigerating and Air-Conditioning
Engineers (ASHRAE, 1981) also warns that heating, refrigerating, ventilating
and air conditioning systems, can be involved in the distribution of a variety
of airborne contaminants.

Concentration Range:

(no data found in literature search)
Standards:

(none for indoor air)
Incidence:

Couch (1981, p. 910) sampled the contribution of coughing, sneezing
and other expiratory events to room air contamination by virus-infected
volunteers, after a period of two hours in a room with no ventilation.
Fourteen of thirty samples contained virus, and the frequency of positive
samples increased with increasing quantities of virus in respiratory
secretions. It was found that the presence of virus in cough air samples
from volunteers occupying a room was significantly related to the recovery of
virus from the air of that same room on the same day. No such relationship
was detected for sneezing, possibly because sneezing occurred infrequently,
whereas coughing was frequent. Couch concluded that cough was a major event
for producing air contamination.
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1.2.12 Indoor Air Pollutants: Bacteria and Viruses (continued)

“ASHRAE (1981) notes that air handling and conditioning equipment
is suspected of being involved in the dissemination of the Legionella species
of bacterium which has caused illness and death in several outbreaks since 1976
in the United States. Another possible source of Legionella bacteria is soil
excavation, Water or wet soil appears to be the habitat for the organism, and
it has been isoiated in soil, %later, mud, and especlally in thermally polluted
waters, Condentratlons of 10" stainable organisms per liter have been found
in thermally’ poiluted ponds. The bacterium appears to be part of the natural
aquatic community and may, on occasion, comprise as much as 10 percent of the
total bacteria population of a lake.

Legionella has also been isolated from shower heads and shower water,
from hot water tanks and humidifiers fed by potable water supplies, and from
domestic water taps, sewage treatment facilities, and recreational waters in
the United States. It is not known whether contamination of shower heads and
taps by Leglonalla originates from contamination of source water entering the
distribution systems, or from external contamination at the tap.

Health Effects:

Bacteria and viruses can produce infection, disease, and allergic
reactions. Respiratory viruses can be transmitted from person to person
(National Research Council U.S., 1981, p. ES-9).

"Humidifier fever" described by Brundrett (1979, p.3) produces symptoms
similar to those of influenza. Fever and malaise are the main symptoms, but
cough, chest tightness, difficulty in breathing and loss of weight may occur.
Aches in the joints and shivering are also reported. The symptoms normally
appear a few hours after the start of the exposure, and are most severe on
re-exposure after an absence from the contaminated room. If the contamination
occurs at work it will be at its worst on Monday afternoon and evening, giving
rise to 'Monday sickness'. The symptoms diminish in severity as the week
progresses.

Assendelft et al (1979, p. 35) also report cases of allergic
alveolitis related to micro-organisms growing in home humidifiers. The
alveolitis developed over varying periods from 4 weeks to 3 years. Lung
function usually returns to normal in some days to a few weeks in acute
cases, and in some months to two years in chronic cases. They note that
bacteria and other organisms from humidifiers have caused bacterial
infections, worsening of bronchial asthma and, in some hospital cases, fatal
Pseudomonas pneumonia.

Initial symptoms of legionellosis of the type that occurred in a
1976 outbreak at a Philadelphia convention (Legionella pneumophila) include
fever, chills, headache and muscular aches and pains, often followed by
pneumonia (ASHRAE, 1981). The disease may be accompanied by cough, chest pain,
shortness of breath, mental confusion, vomiting and diarrhea lasting for 10-15
days. In addition, signs of injury to liver and kidneys are sometimes
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observed. About 15 percent of the known cases have been. fatabu’}’hlaqmmcﬂlar: ’
infection does not appear to spread from person to person. Case rates have
been higher among people who smoke, drink, have chronic illness or are undet.
medical treatment regimes which are immunosuppressive, i.e., depress the™ = wt .
body's defense mechanisms against bacteria. IR AT Y Lo ry [T
bRt s peibion v e
Discussion: Gedoer tus Leypil mernt: o
AT I o IR ST
Substantial reductions in ventilation rates will tend to increase ., :iner. -0+
concentrations and most likely the probablllty of infection and allergy (to
the extent that infectious and allergenic microorganisms remaine" awborne)

(National Research Council U.S., 1981, p. ES-9). 'g.';-'; e
R 33 " LT o)

ASHRAE (1981) noted that certain systems provide conditionscto: . v ayiz
amplify natural populations of the Legionella bacteria, including (but.-not; - o 3o
limited to): cooling towers, evaporative condensers, humidifiers, hot water :» &3t L&
systems, including tanks, shower heads, and faucet aerators. Pan and oL Lafenm

spray-type humidifiers downstream from a domestic heating source are also -e7y«-g.5
cited as possible amplifiers. The doubling time of Legionella, in association:. ' :-
with some of these 'amplifiers’, has been reported to be as short as 150

minutes at 45 degrees Celsius under laboratory conditions. In all of the

amplifiers reported to date, two environmental conditions have existed: P

1) high moisture levels
2) temperature in the range of 25-63 degrees Celsius

The presence of a blue-green algae may also play a role. The maximum
concentration of Legionella in such amplifiers seems to occur in water at
about 55 degrees Celsius.

Jakab and Knight (1981) emphasize that microorganisms in the indoor
environment have the potential of remaining viable and airborne for extended
periods of time. Their experiments with germicidal irradiation of air show
that exposure of the air flow to ultraviolet radiation was effective in
significantly inactivating airborne viruses.

Bacteria and fungi also play an important role in the deterioration

of surfaces and spoilage of stored materials (National Research Council U.S.,
1981, p. II-6).
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1.2.13 Indoor Airi,Pollutants.:'.Consumer Product Aerosols

1.2.1% Constnners Product Aerosols

Descr[gtlo e U e

teg WU 3

Marple and Rubow (1980, p.3) define an aerosol as a suspension of
particles in air, although other gases may be present. The particles may be
either liquid or solid. In many homes various aerosol products are used which
introduce both propellant gases and the aerosol ingredients into the indoor
environment. .¢e-t

Friédmaw‘et al (1978, p. 284) states that typical ingredients of hair
spray formulations include Freon (propellant), ethyl alcohol, perfumes,
lanolin and its derivatives, and various resinous materials. The particle
size and distribation depend on the formulation of the product, the details
of the nozzle release mechanism, and on the temperature of the container
and its contents. Measurements cited by these researchers indicate that
inhaled hair spray aerosol consisted of particles with a mass median
diameter 'of 7.8 micrometers. Many particles would be expected to be deposited
in the lower airways, including the trachea where Friedman's measurements were
made.

Major Sources:

Examples of consumer products aerosols containing propellants include:
inhalants containing bronchodilator drugs, mouth products, vaporizers, hair
products, women's personal hygiene products, deodorants and anti-perspirants,
foot products, household cleaning and waxing products, cooking oil, etec.
(Bridbord et al, 1975). Pesticides, lubricants and various workshop items are
also sold in aerosol form.

Concentration Range:

Bridbord et al (1975) report propellant concentrations up to
several 100 ppm during and immediately after spraying, in the zone of
the spray.

Standards:
None uncovered in literature search.

Incidence:

Specific measurements reported in a U.S. study by Bridbord et al (1975)
showed a concentration of 122.7 ppm vinyl chloride and 62.1 ppm Freon 12 in
the breathing zone during a 60-second release of hairspray. The concentrations
of vinyl chloride and Freon 12 one minute after a 30-second release of insect
spray were 380 ppm and 466 ppm respectively. In Canada, vinyl chloride, which
is known to be carcinogenic to humans, has been banned in aerosols under the
Hazardous Products Act (Health & Welfare Canada, 1983, private communication).
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1.2.13 Indoor Air Pollutants: Consumer Product Aerosols {corntinued) ¥ ' LI

o e s s w e bi0E 8 et — —

Health Effects: edune TeoR wetil Ll
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Friedman et al (1977, p. 281) observed healthy nonsmoking subje e

exposed to hair spray by directing the aerosol to the hair for 20 seconds,

No significant changes occurred in any of various pulmonary fuhigtibﬁ:‘s'j"’ -y
parameters measured, but tracheal mucous velocity decreased by '57%° one’‘héur
after exposure and in some subjects returned to normal again dri_ljy;afi‘e't‘ ?e‘é_-
hours, showing that exposure to hair spray impairs airway defense’‘fhecHani§ms. '
Since his experiments involved non-habitual hair spray users given a°single'd??:
exposure, no data was presented on possible effects of long-term uggl - 738!

The California Department of Consumer Affairs (1982, p. 'II.I.:G'.?;"?.)'E’“_,.‘ o
reports that complaints of headaches, nausea, shortness of breath, 'g_&_{é'?fa_l}a’_ ;” R
throat irritation, skin rashes, burns, lung inflammation, liver damage ‘and”’ g

cardiac arrhythmias have been attributed to normal aerosol use. F ‘"?f:g ‘

Al PO ST

bt o

Methylene chloride is used as a propellant in some aerosols, ahd fi'}'
as well as nitrous oxide have an anaesthetic effect on the central nervous®
system. Methylene chloride is metabolized into carbon monoxide, which car®
be dangerous particularly to persons with cardiovascular impairments. T E
Methylene chloride is also a component of some paint strippers.

Discussion:

See also Section 1.2.18 "Various Organic Vapours" and Section 1.5.8
"Use of Household Chemicals" for further information. The above section has
concentrated primarily on household products that enter the air in aerosolized
form, but there is considerable overlap with other sections because many of
the contaminants released are common to other types of products as well.
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1.2.14 Indoor Aip_“‘,l’?.ql)ig.tjant,sz‘ Other Suspended Particulates

1.2.14 Other Suspended Particulates

Descriptions. .,

Tobacco.- Smoke (discussed in detail in a prev1ous section) is the major
contriputor- to mdoor respirable particles. Indoor air also contains a broad
array,,,pf. mo}xld spares, fungi, algae, actinomycetes, anthropod fragments, and
dusts. vall of )WhICh may evoke human allergic responses. Other elements and
compounds ,spch as.lead, nitrates, and sulphates are also found (National
Research Council U.S., 1981 p. I1-6).

Indoor -air may in addition contain respirable inorganic fibers
mcludmg,,qeol;tes and comminuted tales, and respirable man-made mineral
fibers mcludmg mineral wools and ceramic fibers, respirable organic fibers,
and non-fibrous organic particulates. (Bernstem, 1980) Aerosol particles
containing sulphur, lead, bromine and iron may also infiltrate dwellings
from outside air (from combustion sources including automobile exhaust), and
particles, contammg potassium may also be present (from indoor activities
such as cookmg and from presence of people (Moschandreas, Winchester et al,
1979, pp. 1413-1417).

Particulates are usually categorized according to size (Young, G.S.,
1981, p. 2-3):

respirable (1t. 10 microns diameter) e.g. tobacco smoke, oil smoke
non-respirable (gt. 10 microns diameter) e.g. large particles of flv ash

-6

(1 micron = 10 ° metre)

Major Sources:

Household produects, cloth, rugs, wallboard, humans, rodents, pets,
insects, plants, fungi, humidifiers, air conditioners, gas stoves, fireplaces,
gas and oil furnaces, space heaters, condensation of volatiles, aerosol
sprays, resuspension of dusts, cooking, and vacuuming (National Research
Council U.S., 1981, p. I-8,9, II-4, and Hollowell, 1981. p. 4).

Outdoors suspended particles are formed by the grinding and
atomization of solids and liquids or by dispersion of fine powders from bulk
sources into the air. Automobile exhaust, smelting operations, ore crushing
and grinding contribute lead, other metals, and fine dusts (Young, G.S.,
1981, p. 2-3).

Bernstein (1980) reports that inorganic fibers may be brought into the
home from industrial exposures on the clothes of a family member, or they may
be shed from consumer products or building materials during installation or
use in the home (e.g. rock wool or fiberglass fibers).
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Non-fibrous dusts include potentially hazardous inhalants such as . A7
tales, attapulgite or other clays (e.g. in kitty litter), and silaceous g I rictid
dusts from plaster, spackling compounds and cement. Road dusts may also.,
contain free silica. - % _;

Respirable organic fibers not already discussed under 'hqqse .,_gust'
include cotton, grain, tea, wood, and other vegetable dusts, as well“as’
animal dander or feathers.

LR G
o ]
W

Concentration Range:

Respirable paérticles (It. 10 microns diameter) range in conceptration
from 100-500 meg/m”; this is very much greater than outside concentrations
(National Research Council U.S., 1981, p. I-8). e

Fine gfu'ticles (It. 2.5 microns diameter) range in concentration from
10-260 meg/m" in 2h-hour samples. (The higher concentrations were associfited
with smoking.) (National Research Council U.S., 1981, p. I-8)

The typical indgor range for TSP (Total Suspended Particles - all' =
sizes) 1.; 30-100 mecg/m* averaged over 24 hours, with maximum readings of 600
meg/m”. The Indoor/outdoor ratio (for TSP) typically varies from 0.3 to 4
(National Research Council U.S., 1981, p. I-8).

Standards:

Canadian Ambient Air Quality Standards for suspended particulate
matter (from Statute Revision Commission, 1978a):

desirable range acceptable3 range
(in meg/m"~) (in meg/m"*)
average over
24 hours — 0 to 120
annual geometric
mean 0 to 60 60 to 70

There are no U.S. federal standards for respirable suspended
particulates. The OSHA (Occupational Safety and I-%ealth Agency) sets an 8-hr.
TWA (Lime-weightled average) limit of 5000 meg/m"* for respirable inert or
nuisance dust. (Young, G.S., 1981, P. 2-14) '

TSP (Total Suspended Particles) - United States - 24 hr. ambient
quality standard (not to be exceeded more than once per year) is 260 mecg/m".
(National Research Council U.S., 1981, p. I-8, and Young. G.S., 1981, p. 2-14)
The U.S. standard for annual geometric mean is 75 meg/m® (Calabrese, 1978b).
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L

g %

Incidence: PRI
Youﬁg ';.éfl"ai?(l'981, p. 2-14) listed the following results from the work
of others for indoor particulate concentrations:

1) 20?@85'.mcg/m3 spirable Suspended Particulates (RSP) with
" 30 meg/m* annual arithmetic mean (Spengler, 1979)
1) 8-35 meg/m” 24 hr. measurements of Respirable Suspended
Particl{,}ates (RSP) in 8 homes without smokers (Moschandreas, 1978)
2) 46-85 mecg/m” 24 hr. measurements of Respirable Suspended
A D P,articlgates (RSP) in 6 homes with smokers (Moschandreas, 1978)
3.),{,'20_'-4‘0‘,m'cg/m mean Respirable Suspended Particulates (RSP) over
U weeks, of personal sampling with 46 subjects (Moschandreas, 1978)
4) 30-100 mecg/m” Total Suspended Particulates (TSP)
_ .., . (Moschangreas, 1978)
., +5).103-108 mcg/m" Total Suspended Particulates (TSP)
(Yocom, 1970)

Readers are referred to the background references for the detailed
conditions involved in each study.

Lead in rfsidences is typically low, less than 0.5 mcg/m3. Levels as
high as 2 meg/m* are measured in houses with leaded wall paints or near major
traffic arteries (National Research Council U.S., 1981, p. II-6). (See also
Sections 1.5.7 "Intrusion of Outdoor Pollutants" and 1.5.11 "Paints and Sealers"
for further discussion of the presence and effects of lead in indoor air.)

Health Effects:

The health effects of tobacco smoke, moulds and house dust have
been discussed in previous sections.

Particulate agents such as those described above may cause acute,
sub-acute and/or chronic diseases depending on the specific agent and the
intensity, frequency and duration of exposures. Mineral wool and glass fibers,
silaceous dusts, organic dusts and chemicals absorbed in them can irritate the
mucous membranes of the digestive and upper respiratory tracts, as well as
the skin and eyes. Low-level intermittent exposures may trigger or exacerbate
chronic obstructive lung diseases in susceptible individuals. Some
particulates possess immuno-sensitizing activity which can induce allergic
responses in susceptible individuals (e.g. vegetable dusts, animal dander,
pollens, wood dusts). Further research is required to confirm whether some
(e.g. fibrous glass, wood dust) can act as carcinogens. (Bernstein, 1980)

The U.S. National Research Council (1981, p. ES-7) states that
man-made fibers have produced skin irritation, but have not otherwise been
demonstrated convincingly as hazardous to health.
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Sterling et al (1981) note that small particles found in indoor EEs s el
air tend to have a large concentration of organic fractions, and in particular. e dorig T
a higher concentration of benzene than is found outdoors. They conclude tha’t‘"'""'“““'
the indoor particles have a greater carcinogenic potential than do outdpm‘

particles.
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Discussion: oo g
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Young (1981) cautions that there are problems relatlng meaéured IEVels
to personal exposure. An additional problem for particulates is that the " -
toxic effects will vary depending upon the size and chemical nature of the
particles (Young, G.S., 1981, p. 2-14). -

':.‘En?)

Brookman & Birenzvige (1980, p. 7) note that in a series of stud;es \Yro)

measuring total suspended particulate matter in a low volume sampler, the .,,'i'_.h“

average indoor/outdoor ratios ranged from 0.15 to 1.3, and that indoor . ., .-
concentrations were lower than outdoors in most cases. They note that m ';‘,;
another series of studies measuring particles by number concentrations, the "
indoor/outdoor ratios of number concentrations varied from .45 to 3.8. The o

relative contribution of small particles in the respirable range (less than
2-3 microns in diameter) is greater indoors, particularly in the presence of
air conditioning, which removes larger particles but not smaller ones.

Lawrence Berkeley Laboratory researchers have observed levels
of respirable particulates from indoor combustion sources, frequently
comparable to those present outdoors on a very smoggy day (Hollowell, 1981,
p. 5).
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1.2.15 Pesticides .
e ———
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Descrlgtlo
b e

Pestlclde contamination inside the home can occur from migration
of gases from beneath the home (e.g. where subslab termite treatment has
been done) or from direct application for fumigation or regular extermination.
Spray drift from aerial spraying or from neighbouring lawn or farm spraying
can ajso gontammgte the interior of a home. Numerous household produets also
contain pestlcldes. .

Savage et al (1979) reported that pesticides are widely used in the
United States in the home environment and that such usage may result in
environmental and human problems, particularly due to misuse and overuse of
toxic compounds. In 8254 households responding to a U.S. survey, 90.7%
indicated that pesticides were used in their house, garden or yard. Some
83.7% of all responding households used pesticides in the house, 21.4% in
the garden, and 28.7% in the yard. House use included the use of retail
pesticide products such as no-pest strips and mothballs, the use of pet
insecticide products, or the employment of a commercial pesticide applicator.
253 of the respondents stated that they or some member of their household
experienced dizziness, headache, nausea or vomiting after using pesticides.
Twenty-two respondents said that they or another member of their household
experienced severe adverse effects related to pesticide use and were treated
by a physician.

Concentration Range:

Ulsamer et al (1980) quote U.S. EPA residential monitoring data for
the most frequently found pesticides and their concentrations in U.S.
homes:

chlordane 0.1-10 mcg/mg DDVP 0.5-10 mcg/mg
ronnel 0.2-2 meg/m 3 malathion 0.2-2 meg/m 3
dursban 0.2-2 meg/m diazinon 0.2-2 meg/m

The pesticides listed are organothiophosphates except for DDVP, which is an
organophosphate, and chlordane, which is an organochlorine compound. Some of
the above may be either less common or not used at all in Canada. For example,
there is only one registered ronnel domestic class pesticide product in Canada.

In addition, chlordane is not normally used inside dwellings in Canada at

present, and it can be applied only by licenced operators (Health & Welfare
Canada, 1983, private communication).’

Standards:

Because of the existence of documentation on chlordane incidence (see
below), it will be taken as an illustrative example.

Chlordane was first developed in 1945 and was widely used at least in
the United States for agricultural and household pest control until 1975 when
the U.S. Environmental Protection Agency restricted its use to termite control
and the dipping of roots and tops of certain non-edible plants (Environmental
Protection Agency, 1976, as reported in Lillie, 1981). The restriction was
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justified by the high persistence of chlordane in the environment and:the :.%:! g
discovery of degradation products of chlordane in food, human: tissie~gand. =iz g
wildlife.

The National Academy of Sciences (1979, as reported-by:iLillie; 4981 %1 .ar
recommended a level of 5 meg/m"” as acceptable in the home; but-in .deing ofz-cq:t
so, stated that it "... could not determine a level of exposure to’thierdaners eecuod
below which there would be no biological effect under conditions:of:prolonged 2%
exposure of families to housing". A continuous exposure level of 50 megim¥- . 1o?
is the maximum allowable limit in an occupational setting for an eight-hour
day, five-day week (American Conference of Government Industrial Hygiemis}s,':igs"
1979, as reported in Lillie, 1981).

odyaH
Incidence: i man Ak Spaeedg
RO e [EL U W5 LAY

Livingston and Jones (1981) presented an interesting example “of. .« rariw
ongoing contamination of indoor air by pesticides. Measurements of chlopdane «e:-:o
insecticide vapour were taken in U.S. Air Force apartments (ground-floor)Twithini- .7
intra-slab or sub-slab heating ducts, and in which 2% chlordane had either« . -2« .
been injected under the slab or applied by soil drench before pouring the slab, i
for termite control. g K

In one of their surveys, in 1979, all apartments which had been
treated three months earlier showed high concent&ations of chlordane in the
living space, with a range of 0.4 to 263.5 mecg/m®“. Random samples of other
apartments including some treated in3 earlier years, and some untreated3
yielded a range of 0.0 to 7.4 meg/m”, with an average of 1.5? meg/m°. Some 60%
of the apartments had concentrations greater than 1.0 meg/m®.

Except for the apartments treated in 1978, three months before the
survey, there was no correlation between chlordane concentrz'fation and year of
treatment. In fact, in 4 apartments with levels of 4 meg/m"” or greater,
treatment had taken place in 1977, 1973, 1969, and 1964. ng apartments above
the ground floor showed concentrations of 0.6 and 3.6 meg/m", indicating some
upward movement of the contaminant. The untreated apartments showed no
detectable contamination.

Livingston and Jones also report a survey of 498 apartments in
1980, (87% of whi%h had been reported as treated) which yielded a range from
0.0 to 3’57.9 mecg/m* of airborne chlordane, and an average concentration of 1.9
meg/m*. There were 362 apartmentg, or 72.6% of the sample, that had detectable
chlordane levels (above3 0.02 meg/m*). The six highest concentrations (ranging
from 14.5-37.8 mecg/m”) were found in buildings treated in 1970.

Livingstone and Jones (1981, p. 408) note that four houses in the
1979 U.S. Air Force Sugvey cited above had airborne chlordane concentrations
greater than 20 mecg/m°. These apartments were modified by sealing the subslab
ducts, thoroughly cleaning walls and floors and installing new furnaces and
ceiling air ducts. Although not stated in the references, it can be inferred
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1.2.15 Indoor Air Pollutants: Pesticides (continued)

that levels gredter than 20 mcg/m3 were considered by the U.S. Air Force to
represent a'significantrhealth hazard.

Lillie (1981) reports that in fact, the U.S. Department of Defense
has beguritihventories of all termiticide-treated buildings with sub- or
intra-slab.sheating . or- cooling dycts, and has ordered corrective action for any
houses exceeding: the 5 meg/m* level. The U.S. Environmental Protection
Agency:is.preparing:a risk/benefit analysis of several chemicals registered
for termitercontrol. -

Health ‘Effects:i’ -

Henkin (1974, p. 207-8) notes that cases of poisoning have been
reported for practically every insecticide, which suggests that particularly
under conditions of misuse this category of chemicals could represent a danger
when applied:in and around the home. The chlorinated hydrocarbon and
organophosphate insecticides are the two most prevalent groups causing
toxicity: - The: chlorinated hydrocarbons are relatively stable in the
environment, are not easily biodegradable or readily metabolized, and persist
in the -body for long periods of time, stored in body fat tissues. The mode
of entry includes the respiratory tract, the digestive tract, and the skin or
mucous membranes. The insecticides can be divided into three main groups:

(1) DDT, lindane, methoxychlor, etec.
(2) aldrin, dieldrin, chlordane, etc. (polycycloaliphatic insecticides)
(3) simple chlorinated aliphatic hydrocarbons

Henkin notes that mild toxicity is generally characterized by
headache, dizziness, numbness and weakness of the extremities, apprehension
and hyperirritability. When large amounts are absorbed, symptoms may include
fine muscular tremors that spread from the head to the extremities, jerking
movements that involve whole muscle groups, loss of equilibrium, and finally
convulsions. Where death is involved at high doses it is usually due to
cardiac failure or respiratory collapse.

The California Department of Consumer Affairs (1982, p. IIL.I.41)
reported that a study of chronic pesticide exposure effects in Hawaii
correlated frequent home use of pesticides with respiratory impairment as
measured by spirometry, and with clinical histories of asthma, chronic
bronchitis and sinusitis. The pesticides used by the individuals tested
contained dichlorvos, dieldrin, and petroleum distillates.

The first neurological symptoms of organophosphate poisonings are
anorexia, nausea, and headache. These are followed by salivation and papillary
constriction, and in severe cases convulsions, coma and death may occur.
These substances include many commonly used chemicals such as parathion and
diazinon (Henkin, 1974, p. 208).

Chlordane produces blurred vision, confusion, ataxia, cough, abdominal
pain, nausea, vomiting, headaches, dizziness, and mild chronic jerking.
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1.2.15 Indoor Air Pollutants: Pesticides (continued)
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Chlordane has also produced cancer in mice (Ulsamer et al, 1980). Captaﬁ9~>f-3~'
causes birth defects in animals (Beall and Ulsamer, 1981, p. 984).

Lillie (1981) reports that the epidemiological ‘Jgiterature ineludes an .
examination of workers exposed to 1.2 to 1.7 meg/m* for 1-15 ye‘égs,_““s",',_ g 4
showing no job-related illness among the workers, and 93similar co'r_l‘__(élusigx_l:”éém, o
a result of a study of workers exposed to 5,000 meg/m° for three years. -
Notwithstanding, The U.S. Department of ,Defense has announced correctiye ..- . : .t

action for houses exceeding the 5 meg/m" level. N

—rsta b v e sy

Herbicides in general have been observed to produce local mucous
membrane irritation, including the eyes, and some muscular disturbanges. They-
may also produce fever. These substances include such commonly used ageqts ag., .- ..,
2,4-D, silvex and dinitrophenols. Fungicides such as maneb and ferbam, ,pr_pdch..,j.,,,ﬂ. o
toxic effects similar to those observed with pesticides (Henkin, 1974, p. ... . wrc. .

s o e b
do "‘;8‘,"3\,'. i

208). R v

Pesticides appear to be potent sensitizing chemicals and one of the, .. .
more significant hazards to people who are already susceptible to a wide range
of chemicals at low exposure levels (Morgan, 1981). '

Butler et al (1982) analyzed blood samples of 40 hospitalized
patients for pesticide content, and found that 39 out of 40 had measurable
pesticide levels in their blood. Pesticides found were BHC (alpha, beta and
gamma), Chlordane, DDT, DDE, Endosulfan I, Endosulfan sulphate, Endrin,
Heptachlor, Heptachlor epoxide and Hexachlorabenzene. The most common
pesticides were DDT and Hexachlorabenzene. Many in the same group showed
abnormal immunological fluctuations in T and B cell production, and
demonstrated cerebral dysfunctioning and disorders of personality at
pathological levels. The authors have proposed additional studies to
determine the incidence of pesticides in the blood in a nonhospitalized
population and to determine whether the presence of pesticides is connected
with immune system, behavioural and psychological abnormalities.

In Canada, DDT and parathion are restricted pesticides that may be

used only by professional pest control operators (Health & Welfare Canada,
1983, private communication).
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1.2.16 Indoor Air Pollutants: Ammonia

1.2.16 Ammonia, ..

Deseription:

Amméﬁia*(i\j{ﬂ;';) is a highly irritating gas with a strong pungent odour.
When it comes .in contact with the moisture of the throat and bronchi it forms
ammonium hydtg:’gi:'_c_lg‘,;'which is strongly alkaline (Waldbott, 1973, p. 94).

Major Sources:” =

Human mgtabolic activity (Hollowell, 1981, p. 4).

Outdoor*$ources include combustion of fuels, incineration of waste
products, the internal combustion engine, chemical plants, coke ovens and
refineries. 'In"'stock yards ammonia is formed by biological degradation.
However, the main atmospheric source of ammonia is from natural processes on
land and in the oceans (Henkin, 1974, p. 195).

Approximately 85% of ammonia is applied by farmers to the soil as
anhydrous ammonia fertilizer (Waldbott, 1973, p. 94).

Household cleaning products are a major indoor source of ammonia.

Concentration Range:

tdoor atmospheric concfntrations in the temperate zones are about
6 meg/m*, and about3140 meg/m*° near the equator. Average urban concentrations
are around 20 meg/m* (Waldbott, 1973, p. 94).

Standards:

Proctor and Hughes (1978, p. 101) note that the Threshold Limit
Value (U.S.) for ammonia in industrial situations is 25 ppm (17,000 meg/m*®),
set at this level to prevent irritation to the eyes and respiratory tract.
They note that in mild exposure resulting in mucous membrane irritation, the
symptoms may mimic a viral upper respiratory tract infection, characterized by
fever, myalgias, and lymphocytosis.

Incidence:

No residential measurements were found during the
the literature search.

Health Effects:

Henkin (1974, p. 195) reports that inhaled ammonia is an irritant that
affects primarily the upper respiratory tract, and ammonia sulphate aerosols
have been responsible for irritant effects in several severe smog episodes.

If ammonia concentrations are high or exposure prolonged, the eyes may be
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1.2.16 Indoor Air Pollutants: Ammonia (continued)
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seriously damaged, with resultant chemosis, infiltration opacities of the
cornea, iritis and cataraects. Sneezmg and salivation have also been reﬁorfed Ol
following exposure to ammonia. T e
Waldbott (1973, p. 94) reports that at concentrations of 280 to 590
meg/m* the gas produces slight irritation of the eyes a'kd throat as wéll as

hoarse voice. Higher concentrations (1700 - 4500 mecg/m®) are knq‘wn to o

-t ’\ ~
induce pulmonary edema. e :: .
Discussion: B e
Instituut voor Milieuhygiene (1976, p. 3) reports that ammonia ..~
is adsorbed onto various building surfaces and fabriecs. These inc1L‘1<:“l(é'i..“,;’‘__f'mim .
painted wall surface wall-paper e n*:
hardwood wool B2
softwood nylon p
cardboard cotton

The researchers conclude that in the event of release of ammonia i
(e.g. through a transportation accident) that adsorption of ammonia

by building materials and fabries will reduce the ultimate potential

indoor concentration significantly. In a special test chamber the

concentration reached in the presence of clothing materials was

51% of the ultimate concentration reached in the empty chamber, and

with hardwood the concentration reached was only 34% of the ultimate
concentration in absence of the hardwood.

While adsorption of gaseous contaminants can be advantageous in the
presence of pollution sources, such adsorbers often become sources themselves
when primary sources are removed or decline in strength (Godish, 1982)
and subsequent long periods of low exposures should not be ignored when
estimating total occupant exposure.
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1.2.17 Chiopine - .
Description:

ROR pf GRD

| h},g;rin_e (C12) is a green-coloured gas (at high concentrations) with a
sharp odour.. When it reaches the lung it combines with the hydrogen of water
to form hydrochloric acid (HC1) which is highly corrosive (Waldbott, 1973, p.
92).

Major Sources:

Outdodriﬁources of chlorine include industrial processes involving the
electrolysis of alkali chloride solution. It may also escape into the
atm)osphere during the liquefaction process prior to storage (Henkin, 1974, p.
196).

Indoor sources include swimming pools and municipal water supply.
McCarthy et al (1981) also report that cigarette smoke, coal and wood smoke,
and a number of household aerosol products such as certain room deodorants,
bathroom cleaners, bug killers, hair sprays and personal deodorants all
contain chlorine.

Gosselin et at (1976) report that chlorine may be present in household
liquid bleaches in the form of sodium hypochlorite, in proportions up to 10%
by weight. Chlorine type powder bleaches contain organic chlorine in the form
of salts of dimethyldichlorohydantoin, dichloroisocyanuric acid, and others
in proportions up to 20% by weight.

Chlorine in concentrations released from treated indoor swimming pools
can affect chemically susceptible persons, and the vapours from such
installations can in some cases permeate an entire house.

Standards:

The industrial thresho‘,}d limit value for chlorine in the United
States is 1 ppm (3000 meg/m“) for an 8 hour day (Waldbott, 1973, p. 92).

Incidence:
No residential data was found in the literature search.

Health Effects:

Chlorine is an irritating and corrosive gas which affects the mucosa
of the eyes and upper respiratory tract, as a result of its strong oxidizing
action on the sensory receptors in the mucgqus membranes. Noticeable irritation
has been reported at levels of 3000 mecg/m” (1 ppm) or less. There are also
reports that people chronically exposed to chlorine can develop some degree of
tolerance. Headaches have been reported to be caused by irritation of the
nasal sinuses. Sneezing, coughing, loss of voice, dizziness, anxiety, syncope
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anorexia, profuse tearing, and photophobia have also been repont __Eor.ts,'z Ei.l

of odour threshold range from 150 to 940 meg/m” (.05 to .3 T‘%Henkm,

1974, p. 196). B . 1)
Rea, Bell et al (1978, p. 55) report that vapour caused by .the;h! . -

presence of chlorine compounds in municipal tap waters, particulacly- im:i & <o o

showers and bathtubs, is sufficiently concentrated to adversely affget.ris~imaon. - x

chemically susceptible people.

Discussion: TR e P BT

The California Department of Consumer Affairs (1982, p. IH.G.7)i:: - a7
cautions that bleaches must never be mixed with drain or oven cleaners which
contain ammonia. The mixing of chlorine bleach and ammonia creatéssdéadly
chloramine fumes. Mixing bleach with vinegar or certain toilet bowl cleaners
also produces poisonous chlorine gas.
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1.2.18 Indoor Air Pollutants: Various Organic Vapours

1.2.18 Various:‘Organic. Vapours

S ) \

Description:

In addition to the specific gases described in the preceding sections,
there are a large .number of organic contaminants, usually all at relatively
low concentratians,: that are present in indoor air.

Hollowell and Mikseh (1981, p.5), in a gas chromatography-mass
spectrometry analysis of a typical office environment, found organic
contaminants in greater number and concentration indoors than outdoors.
Largest peaks.fell!into three main classes of compounds:

1); ahaphatlc hydrocarbons including straight-chain and derivatives of
=405+ - cyclohexane. These hydrocarbons are derived petroleum
distillate-type solvents.

2) alkylated aromatic hydrocarbons, predominantly toluene, but also
including xylenes, trimethyl-and other substituted benzenes,
and methyl- and dimethylnaphthalenes. These compounds are
either solvents themselves or constituents of naphthenic-type
petroleum solvent mixtures.

3) chlorinated hydrocarbons, predominantly tetrachloroethylene,
1,1,1, trichloroethane and trichloroethylene.

(The term hydrocarbons comprises a wide variety of compounds whose
molecules consist of atoms of hydrogen and carbon exclusively. They occur as
gases, liquids, or solids. Hydrocarbons with 1 to 4 carbon atoms are gaseous
at ordinary temperatures, whereas those with 5 or more carbon atoms are
liquids or solids. Acyclie hydrocarbons are those hydrocarbons in which the
carbon atoms are arranged in chains with or without branching chains, but
without rings. Aromatic hydrocarbons are those hydrocarbons in which the atoms
are arranged in benzene rings, i.e. in six-membered carbon rings with only one
additional atom of either hydrogen or carbon attached to each atom in the
ring. Alicyeclie, or cycloaliphatic hydrocarbons consist of saturated cyeclic
systems (e.g. cyclopentane, with a ring of five carbon atoms, each bonded to
two additional hydrogen atoms (Waldbott, 1973, p. 233))

Miscellaneous other compounds observed were ketones, aldehydes and benzene.
Although concentrations may be different, this set of pollutants may also

be typical of residential environments. Hollowell and Miksch (1981, p.5)
attributed the contaminants to:

new building materials

aged building materials
wet-process photocopiers
smokers

building maintenance products
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1.2.18 Indoor Air Pollutants: Various Organic Vapours (continued)
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Johansson (1977, p. 1371) found in schoolroom measurements that
aliphatic and aromatic hydrocarbons were predominant, followed: by the  halog-.
enated hydrocarbons and a few other compounds such as acetonerandethanol:: ..
His study detected 160 compounds, mainly hydrocarbons, indoors::eompared:-‘to . "..is
50 organic compounds outdoors. Concentrations were always found:te- behigher -z
indoors than outdoors and to increase when people were present in the:roam:. .: ¢

Major Sources: %, e Se
SN S A TN - Te
Various organic vapours are produced by indoor combustlon, tobdeco” ot
smoking, cooking, and use of aerosols, cleaning agents and hobby" matémaisw e b
They also outgas from synthetlc organic building materials and furmshmgs, b [y
solvents, adhesives, paints, resin products, and pesticides. (National DR S

Research Council U.S., 1981, p. I-8, II-5, ad Hollowell, 1981, p. 4) I‘ T Va"i,
SRR Y
Finkel et al (1979) also report organic compounds emitted from ‘carpet,; :
fiber and fabric samples. P% ollowell & Mikseh (1981, p.6) note a continuous:: :° .¢
emission rate of 1.0 mg/ft”/hr of organic compounds for wall-to-wail carpetmgm-z
after several months. The use of consumer products (aerosols, deodorizers, - 0% 72"
cleansers and coatings), pesticides, and craft materials within the home also
contribute to the levels of organic vapours, as does cooking (Beall and
Ulsamer, 1981, p. 978).

The California Department of Consumer Affairs (1982, p. II.N.1)
reports that the degreasing agents and sealants used in sealing polyvinyl chloride
plumbing pipes contain various organic solvents which have caused symptoms
in those applying them. The formulations examined contained methyl ethyl
ketone (MEK), dimethylformamide (DMF), cyclohexane (CH) and tetrahydrofuran
(THF). These are often used by householders themselves, and exposure continues
for some time after initial curing of the solvent glue in the pipe joints.

Sterling et al (1981) note that many paints, floor waxes, and a wide
variety of plastics give off carbon monoxide steadily, along with a variety of
other hydrocarbons. They refer to these as products of slow combustion, or
oxidation-reduction reactions.

Concrete releases a variety of gases and odours at low concentrations,
particularly when wet, although the mix and mechanism by which these are
produced is not well understood (Sereda, 1977).

Hollowell & Miksch (1981, p. 8) state generally that new building
materials are a source of organic contaminants bccausc they contain residual
solvents and other compounds remaining after the process of manufacture.
Qualitative gas chromatography-mass spectrometry analysis of the headspace
vapour standing over a variety of new building materials revealed a great
number of organics, predominantly toluene and aliphatic hydrocarbons.

Ketonic solvents, esters, aromatic hydrocarbons and formaldehyde were observed
as well as specialty compounds such as butylated hydroxytoluene (BHT).
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1.2.18 Indoor Air Pollutants: Various Organic Vapours (continued)

Molhave (1981) investigated 42 Danish building materials for emission
of organic:.gases- and :vapours. Surface materials like carpets, wall paper,
paints, .etc.: made .up-67% of the materials. Tightening, sealing or puttying
materials. . represented 14%, and 19% were materials normally hidden within the
the house.-eonstruction, such as concrete and insulation materials.

The average rate of emission of organic compounds was 0.25 mg/m2
per hour. The average number of compounds detected from each sample was 22.
From 42-air samples, 62 compounds in all were identified, and they did not
differ from 'those: found in previous measurements directly in homes. Some 47%
of the identified .compounds were alkylbenzenes, alkanes represented 28%, and
only 13% were not ordinary hydrocarbons. Positive indications were found of
aldehydes for 3 materials, and amines for two materials. Most of the air
samples were unacceptable to an evaluating panel, and only two samples did not
emit: detectable odours. Some 42 of the 62 compounds identified by Molhave are
known as .or:suspected to be airway-irritants, and although none were
recognized human carcinogens, 15 are mentioned in a 1976 NIOSH list of
suspected -carcinogens.

The work of Johansson (1977, p. 1376) showed that human beings
are also a significant sourcg of organic emissions. The Quman breath contains
an average of 1200 mecg/m" of acetone and 240 meg/m" of ethanol at 20 degrees
C and 1 atmoséphere. Acetone and ethanol measurements reached averages of 24
and 55 meg/m° respectively in schoolroom measurements while people were
present, approximately twice the levels for unoccupied rooms. At least
part of the increase for ethanol was presumed to be due to perfume and
deodorant, in addition to breath emissions.

Hollowell and Mikseh, (1981, p. 14) summarize the sources of a few of
the major organic contaminants in Figure 5 on the following page. Ulsamer et al
(1980) list several more categories and their common uses (reproduced in Figure 6).

MacLeod (1979, p. iv and 1981, p. 926) reports that prior to cessation
of production of PCBs in 1977, many of the products containing PCBs were for
indoor use, and included: textile dyes, printing inks, paints, carbonless copy
paper, pesticides, plastics, lubricants, waxes, adhesives, fireproofing
agents, and small electrical capacitors and transformers, as well as
fluorescent light ballasts. Defective light ballasts manufactured prior to
1972 emitted large quantities of PCB and were considered to be an important
source, as were capacitors in small electrical equipment.

Verberk and Scheffers (1979, p. 436) demonstrated in an Amsterdam
study that emission of tetrachloroethylene from dry-cleaning shops resulted in
an absorption of this substance by neighbours both above and adjacent to the
shops. This substance will also be emitted by freshly-dry-cleaned clothing
brought into other homes. Tetrachloroethylene measured in alveolar (lung
sample) air in the study varied from none dete(étable (across the street from
the shops) to a high of approximately 40 mg/m* measured in one resident
immediately above the ihop. The geometrical mean for workers exposed in
the shops was 73 mg/m“,
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Figure 5: Various Organiec Chemicals and Their Uses (Hollowell and Mikseh, 1981)

R (e

Compound Sources and/or Uses

formaldehyde building materials such as particleboard, e
plywood, and urea-formaldehyde foam ifisulation;
cooking; smoking

Paiad
Cn alkanes and
Cn alkenes n=5-16 gasoline, mineral spirits, solvents
‘_1 \" Ii": "
Benzene plastic and rubber solvents; cigarette smoking;

used in paints and varnishes, including putty,
filler, stains and finishes

Xylene used as solvent for resins, enamels, etc.;
also used in unleaded automobile fuels and
in manufacture of pesticides, dyes and pharmaceuticals .

Styrene widely used in the manufacture of plastics, synthetic
rubber and resins

1,1,1 trichloroethane aerosol propellant, pesticide, cleaning solvents

trichoroethylene oil and wax solvents, cleaning compounds, vapour

degreasing products, dry cleaning operations,
also used as an anaesthetic

ethyl benzene solvents; used in styrene-related products

chloro benzenes used in production of paint, varnish, pesticides, and
various organic solvents

polychlorinated used in various electrical components,

biphenyls (PCBs) esp. transformer oil; may appear in waste oil supplies
and in plastic and paper products in which PCBs are
used as plasticizers

pesticides used for insect control
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1.2.18 Indoor Air Pollutants: Various Organic Vapours (continued)

Figure 6: Categories of Chemicals and Common Uses (from Ulsamer et al (1980)

Wi

Ketones:

Ethers:

as solvents in lacquers, varnishes, lacquer and varnish
removers, lubricating oils, adhesvies, cosmetics and perfumes.

L T

as solvents for resins, paints, varnishes, lacquers, dyes,

.ajt . »S08ps and cosmeties.

Esters:

used in plasties, resins, plasticizers, lacquer solvents,
flavours and perfumes.

Pentachlorophenol: used as a preservative for wood, wood products, starches,

dextrins and glues. PCP has been found in human tissues, with
inhabitants of log homes having higher tissue concentrations

than the general population (0.39 ppm blood levels ys. 0.04 ppm). 3
Air levels in log homes have ranged from 4 meg/m® to 1000 meg/m*®,
PCP can cause lung, liver and kidney damage and is currently

being tested as a possible carcinogen.

Pol‘y‘t’ﬁer components: in building structures, furniture, packing systems,

Monomers:

Plasticizers:

Stabilizers:

Other Chemicals

clothing, and other products. These polymers contain unreacted
monomers and contain other chemicals such as plasticizers,
stabilizers, fillers, colorants, and antistatic agents.

(e.g. vinyl chloride, esters of acrylic acid, epichlorohydrin,
and toluene di-isocyanate) may be released from various
polymers. Esters of acrylic acid are used to prepare a large
class of plastics referred to as the acrylies. Epichlorohydrin
is used in the synthesis of a number of epoxy resins, and is
carcinogenic, as is vinyl chloride. Toluene di-isocyanate is
used in the synthesis of polyurethane.

used to provide flexibility and as a processing aid to convert
a polymer into a final plastic product. Alkyl phthalates
constitute the major portion of the U.S. plasticizer market.
Others include epoxy esters, phosphates, adipates, polyesters,
trimellitates and dibenzoates.

organotin compounds are used as stabilizers for vinyl plastic.

in Plastic: a number of other chemicals used as curing agents
and accelerators may also be of interest. These are diethyl-
tetramine, mercaptobenzothiazole, tetramethylthiuram,
monosulphide, and diphenyl guanidine among others. Anti-oxidants
added to polymers such as the monobenzylether of hydroquinine
and phenylbeta naphthylamine may also be possible indoor
pollutants.
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1.2.18 Indoor Air Pollutants: Various Organic Vapours (continiied) g

Gosselin et al (1976) indicate that polyurethane foams conswt bt‘
a diisocyanate (often toluene di-isocyanate), a polyol, a catalvst (sometimes o
aliphatic amines), a blowing agent (often a chlorinated hydrocarbon), and XEI T
frequently a catalyst accelerator (consisting of tin compounds).. Wal ott
(1973, p. 190) reports outgassing of small quantities of toluene’ "diisor y,a
from polyurethane products - rigid foam, flexible foam, and surface-¢od mg
products.

------

Concentration Range:

“.fAan- °

Indoor concentrations measured have been generally gleater ‘than <

outdoor concentrations during 90% of monitored hours, and range from 0 o 80"

[Bleln

ppm in total non-methane hydrocarbons (National Research Council U. S., 1981
p. I-8, II-5). Typical outdoor concentrations range from 0 to 3.5 ppm m L L1
non- methane hydrocarbons (National Research Council U.S., 1981, II-5). shi.

]

Individual organics appear to be in the range of 1-100 ppb.

Th 2

Standards:

OSHA* PELs (Permissible Exposure Limit) for industrial situations
are (from Hollowell & Miksch, 1981, p.13):

various hydrocarbons (n-hexane,
n-heptane, n-octane, methyl-

cyclohexane 500 ppm
benzene 1 ppm
xylenes 100 ppm
toluene 200 ppm
trichloroethane 350 ppm
trichloroethylene 100 ppm
tetrachloroethylene 100 ppm
methylethylketone 200 ppm

*OSHA = U.S. Occupational Safety and Health Administration

Calabrese (1978b, p. 289) reports that the U.S. Environmental
Protection Agency Ambient Air Qyality Standard for hydrocarbon is a three-hour
maximum 6-9 a.m., of 160 meg/m" or 0.24 ppm.

Macleod (1979, p.3,4) reports a proposed U.S. National Institute for

Occupational Safety and Health criterion of 1 mcg'/m3 for all carcinogens
including PCBs. At that time the existing U.S. Occupational Safety and Health
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1.2.18 Indoor Air l'?).:g;l,v_g,t.ants: Various Organic Vapours (continued)

T T

Agency (O§H.A_),;_§it,gndard for a safe workplace environment was 1 mg/m3
time-weighted average permissible air concentration of PCB for an 8-10 hour
V_Norkday‘, 40 hr. work week.

' ,.'Ihjé ajﬁ')tpflcablhty of the above standards to the residential situation
is questiotiable.” .

Incidence:

Molhave (1979, p. 90) measured organic gases and vapours in

14 rooms where occupants were complaining about severe non-thermal indoor air
problems. A majority of the complaints were related to mucous membraneg and
upper, airways. The average goncentration of organic gases was 0.95 mg/m"“, and
that of dust 'was 0.07 mg/m°. About 50% of the 29 different compounds
identified in the gas samples were alkylbenzenes, and the remaining were
alkanes (20%), terpenes (9%), and others 16%, with 5% partial identifications.
The concentrations of grganic gases and vapours exceeded the US outdoor air
standard of 0.13 mg/m". It was noted, however, that this standard is related

to the production of photochemical oxidants and may have no relevance indoors.
The concentration of dust exceeded the US outdoor standard of 0.06 mg/m®,

Toluene and 3-xylene were seen in more than 50% of the room samples,
and alpha-pinene, undecane, ethanol, ethylbenzene, 1,1,1,trichloroethane, and
benzene were found in more than 20% of the samples. The highest average,
concentrations were measured for ethanol and toluene (0.68 and 0.61 mg/m
respectively). :

From comparison with gases measured in the headspaces above 32
construction materials in test chambers, Molhave concludes that the compounds
measured in the 14 indoor locations probably originated from construction
materials. The material samples yielded toluene in more than 50% of the
samples. Decane, xylene, undecane, 1,2,4,trimethylbenzene, propylbenzene,
ethylbenzene, and nonane were identified in more than 20% of the samples.

In similar measurements of organic gases and vapours in 7 new Danish
homes (age less than 1 month) and 39 older homes (between 3 and 18 years old),
Molhave and Moller (1979, p. 177) found a significant difference between
newer and older houses. The average concentration of organic gases and vapours
in the new houses was 6.2 mg/m”. The minimum concentration among these new
houses was 0.5 mg/m®, which is still four times the US standard for
hydrocarbons in outdoor air. The older houses averaged 0.4 mg/m“, or three
times the US outdoor standard. Ventilation in the rooms measured varied from
0.1 to 3.9 air changes per hour. Average ventilation rates of 0.3 per hour and
1.3 per hour were found in new and older houses respectively. The authors
attributed the higher concentrations of organics in the new houses to both
lower ventilation and increased pollutant sources equally.

Work by Hollowell and Miksh (1981, p.4) in office buildings is likely

to be somewhat representative of the residential picture, with the exception
of the presence of wet-process photocopier machines. In measurements of a
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1.2.18 Indoor Air Pollutants: Various Organic Vapours (continued) . . .., ... . ., ..

typical office containing 40 workers, they found that no pollutants megsyred;.

even formaldehyde, exceeded air quality standards individually. The averdge—— -
total hydrocarbon concentration, however, exceeded both outdoor, eq;gnc&nt;ratigns'”
and ambient air quality standards: b s

L omet - - -
15 84 Th ueng

cgncentration FIRTM AT | S EAT G S Yol
meg/m ppm (expressed as.methane).

‘ 4 = s hpoo”
total non-methane I v LA
hydrocarbon concentration 1627 +/-26 2.5 v a
average outdoor conc. 210 +/-60 0.32 Wyai.c
National Ambient Air . -

Quality Standard* 160 0.24 ‘

*N.B. This standard was established on the basis of hydrocarbons._, ..
acting as precursors for photochemical smog, and does not necessarily
imply that hydrocarbons themselves are harmful.

Concentrations in new offices range from 10-50 ppm in non-methane
hydrocarbons. (National Research Council U.S., 1981, II-5)

MacLeod (1979, p.iv, and 1981, p.926) reports that indoor air, whether
in commercial, industrial or residential buildings, contains levels of PCBs
at least one order of magnitude higher than outdoor levels, and that despite
the fact that PCBs are no longer manufactured in the U.S. exposure to the
chemical continues due to the presence of products manufactured up to the
early 1970s. Defective fluorescent ballasts were shown to emit PCBs and to be
an important source of indoor atmospheric contamination.

In the MacLeod study of t'egidenti&]3 air sampling, average
concentrations ranged from .039-.58 meg/m* of PCBs present indoors, in some
cases up to 6 times the average levels found in offices. In every
case, the levels of PCB found were higher in the kitchen than in other rooms
tested. Four houses out of nine had pre-1972 fluorescent lighting fixtures in
their kitchens, but little or no correlation was found between PCB
concentration and the type of lighting used. It was assumed that other
electrical appliances typically foung in kitchens may emit PCBs. The level
outside one home wgas .004 mcg/m"~ while the average level inside on the same
day was .31 meg/m®”. The amounts found indoors are witléin a NIOSH proposed
criterion for a safe workplace atmosphere, of 1.0 meg/m*” over an 8-10 hour
workday and a 40-hour workweek.

The MacLeod study included observation of a fluorescent ballast
burnout in an office environment. Air levels of PCB on the day gf burnout
were found to be over 50 times higher than normal (11.6 meg/m*® vs. 0.2 meg/m
for that room, and levels remained elevated for 3-4 months afterward.

3
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1.2.18 Indoor Air Polluténts: Various Organic Vapours (continued)

ry e

Health Bfféetsi - “7 -

" Littie'fs Kfown of the short and long-term health effects of
many of the organic compounds mentioned, at the low levels of exposure
that occur in non-industrial indoor environments.

~ennTHe-following. table describes briefly the kinds of effects that are

found or suspected with significant exposures greater than present industrial
limits (information taken from Hollowell & Miksch, 1981, p. 14):

Compound Health Effects at High Concentrations

formaldehyde eye and respiratory irritation;
cancer risk

alkanes/alkenes narcotic effect and mildly irritating
benzene respiratory irritation; mild carcinogen
xylene narcotic effect and irritating; high

concentrations may injure heart, liver,
kidneys and nervous system

toluene narcotic; may cause amnesia
styrene narcotic; can cause headache, fatigue,
stupor, depression, incoordination and

possible eye injury

1,1,1-trichloro-

ethane subject of OSHA carcinogenesis inquiry
trichloro-
ethylene animal carcinogen; subject of OSHA

carcinogenesis inquiry
ethyl benzene highly irritating to eyes, etec.

chloro benzenes strong narcotic effect; possible lung,
liver and kidney damage

PCBs suspected carcinogens

pesticides some are suspected carcinogens
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1.2.18 Indoor Air Pollutants: Various Organic Vapours (continued): =i *.x.”

A similar list derived from Beall and Ulsamer (1981) is as followss~:>. .::

volatile organic solvents generally: lipid solubility of organic vapours 9
assures that they are reapidly absorbed through the lungs$: and.:. ~.-
enter organs containing high concentrations of lipid. They.:m. = g
rapidly cross the blood-brain barrier and commonly depress ‘r;' o

central nervous system and cardiac functions.

aliphatic hydrocarbons (such as propane, butane, and isobutane):
-may cuause asphyxia by displacing oxygen from a closed environment

-n-hexane causes demyelination and degeneration of perlpheral PRER S
nerves. ey

halogenated hydrocarbons (eg. methyl chloroform and methylene chlorrde)
-acute exposure to halogenated hydrocarbons typically Slia’
causes central nervous system and myocardial depression. b
-some cause cancer in animals: 1,1,2-trichloroethane, k2%
hexachloroethane, 1,2- dlchloroethane, vinyl chloride, vmyhdene, e
and tetrachloroethylene
-vinyl chloride causes cancer in humans

aromatic hydrocarbons (eg. toluene)
-causes fatigue, muscle weakness, and confusion in humans

exposed for 8 hours to atmospheric concentrations of 20 to 300 ppm.

-also causes central nervous system depression,
psychosis, and liver and kidney damage

-benzene causes local irritation, intoxication, central
nervous system depression, and death; also leukemia

aleohols
-irritate mucous membranes and produce
depression of the central nervous system
-excitation, ataxia, drowsiness and narcosis can be
produced at high concentrations.
-Methanol at high concentrations can affect the retina and cause
blindness.

ethers (including methyl, ethyl, and butyl ethers of ethylene
glycol, dimethylether, tetrahydrofuran, and dioxane)
-exposure causes headaches, weakness, drowsiness,
disorientation, and lethargy. They are potent central
nervous system depressants
-dioxane (1,2,4) produces skin and eye irritation, liver
and kidney damage, and cancer in animals

esters (such as ethyl acetate, butyl acetate, and ethyl butyrate)
-in high concentrations, irritate the eyes, nose and

throat
-some central nervous system depression

../ (list continued)
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1.2.18 Indoor Air Pollutants: Various Organic Vapours (continued)

(list continued)® ..

polymers e
-most; nontoxic
-can contain unreacted monomers, plasticizers, stabilizers,
fillers, colourants, and antistatic agents, some of which
are toxic. These chemicals diffuse from the polymers into
the air.

R AR AT

monomers(eg., -acrylic acid esters, toluene di-isocyanate,
epichlorohydrin, styrene, and vinyl chloride)
-acrylic acid esters can irritate skin, eyes, and mucous
membranes
-epichlorohydrin (used in epoxy resins) corrodes mucous
membranes in the respiratory tract, and damages DNA
-toluene di-isocyanate irritates the skin, eyes, and
respiratory tract and is a strong sensitizer that can
induce asthma; high concentrations cause neurological and
cerebral effects
-vinyl chloride causes cancer in humans

plasticizers (e.g. alkyl phthalates)
-in general do not elicit excessive acute toxicity unless
exposure to them is great
-some phthalate esters cause chromosomal and teratogenic
effects in animals
-di-(2-ethylhexyl) phthalate (DEHP) and di-(2-ethylhexyl)
adipate cause cancer in rats and mice

other chemicals in plastics
-organotin compounds irritate tissues and cause
neurological changes.

pentachlorophenol
-illness has been reported in PCP-treated homes in
California and Kentucky, USA

Macleod (1979, p.2) reported that accidental contamination of
rice-bran oil by PCB in a 1968 Japanese incident gave rise to chloracne,
eye discharges, hyperpigmentation of skin and nails, swelling of upper
eyelids, and still-birth, among 1000 people of all ages affected.

Verberk and Scheffers (1979, p. 436) note that at moderate
concentrations of between 700 and 1500 mecg/m", tetrachloroethylene can cause
irritation of the mucous membranes of the eyes and upper respiratory tract,
headache, dizziness, and slight unconsciousness, but also point out that
no data are available on the effects at lower concentrations.
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1.2.18 Indoor Air Pollutants: Various Organic Vapours (continued)~ . ., W

= ‘:":";?"""-"';7 R
Waldbott (1973, p. 190,191) reported the effects of long-term ikl o
inhalation of minute amounts of toluene diisocyanate (TDI) to be those of’
typical allergic asthma, often associated with allergic eye and nasal symptoms
as well as hives and dermatitis. Pulmonary function studies of workers exposed
to less than 0.02 ppm indicate that frequent exposures have a cumulative
action, and that significant impairment of lung function can occur in spite of
only minor, or even lack of other symptoms. The asthma following exposure can’
be a true allergic type, as antibodies specific for TDI have been found.
Sensitivity to TDI can be induced with no prior history of allergy, and may
contribute to an overall sensitivity to other antigens.
, S ¥
Pepys (1981) notes that vapours and fumes from the isocyanates are an
important cause of asthma and occupational type exposures to atmospheric
concentrations of 1 part per billion for usually brief periods of minutes
suffice to elicit the various patterns of asthma. Workers have been sensitized
to toluene di-isocyanate by indirect exposure through fumes from the exhaust
of a neighbouring factory which were sucked into their ventilation system. . -
This illustrates the hazardous potential of environmental exposure to these
substances. The burning of polyurethane materials, abundant in domestic
environment, liberates appreciable amounts of di-isocyanates. They are also
commonly encountered in varnishes, adhesives, and spray paints used in or
around the home.

Discussion:

Hollowell & Miksch (1981, p.6) note that the levels they found for
individual organies (1-100 ppb range) were all well below existing limits
established by OSHA for occupational exposure. They caution that such levels
may be excessive for the general public for whom limits are typically 10 times
lower. They note further that the present OSHA standards do not adequately
address:

1) additive or synergistic effects of two or more chemicals
2) chronic exposure rather than acute exposure

3) the full diversity of the population

4) annoyance from odours
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1.2.19 Summary Table
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Section & Pollutant

Descriptive Summary

1.2.1 Carbon Mr’dhaféi‘de

1.2.2 ‘Radon’
B AR A T

“r h s,
-

1.2.3 Nitrogen Oxides

R

1.2.4 Sulphur Dioxide
1.2.5 Ozone
1.2.6 Asbestos

1.2.7 Tobacco Smoke

1.2.8 Formaldehyde
1.2.9 Carbon Dioxide

1.2.10 House Dust

Major sources are gas stoves, fossil fuel furnaces and
heaters. Exposure is widespread and often at levels
above outdoor standards. Faulty furnaces have given
rise to fatal carbon monoxide concentrations.

Radon and radon decay products are present in most
homes and may present a measurable cancer risk from
radiation. Concentrations are greater in energy-
efficient homes with reduced ventilation.

Tobacco smoking and indoor combustion appliances are
the major sources, often at levels exceeding outdoor
ambient standards. Increased incidence of illness has
been correlated with elevated NO2 and other pollutant
levels in homes with gas stoves.

Indoor concentrations often lower than those outside
due to adsorption on building surfaces. Fossil fuel
combustion is primary indoor source.

Improperly maintained electrostatic air filters can
produce ozone at levels above outdoor ambient standards.
Persons already hyper-reactive are at greatest risk.

Potential sources include many products no longer
produced but still present in many homes. Fibers are
carcinogenic.

Tobacco smoking is the major source of indoor respirable
suspended particulates, producing concentrations well

in excess of outdoor ambient standards. Contains known
and potent carcinogens. Detrimental effects on the
health of smokers and nonsmokers have been well
documented.

Major sources include building materials and furnishings.
Adverse health effects have been documented, even at
levels below new indoor standards. Exposure can lead
in some cases to widespread chemical susceptibility.
Suspected carcinogen.

Indoor concentrations are often very much greater than
outdoor concentrations. Unvented kerosene heaters can
produce concentrations well in excess of occupational
standards. Long-term health effects from these levels
are not well researched but are a cause for concern.

House dust contains a wide variety of compounds that
can be allergenic and therefore may adversely affect
the health of a significant proportion of the
population. A reasonable degree of avoidance for
affected persons is feasible.
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1.2.19

Summary Table (continued)

1.2.11

1.2.12

1.2.13

1.2.14

1.2.15

1.2.16

1.2.17

1.2.18

Fungi (Mould)

Bacteria/Virus

Aerosols

Other Particles

Pesticides

Ammonia

Chlorine

Organie Vapours

Mould is universally present in homes
significantly if there are sources of dﬁr&mmﬁm
contain potent allergenic compounds and can er§ely )
affect health. They can be controlled- wifh< igge”f
construction methods and environmental condltlor)s

,).r.. A ,§ . -
Bacteria may grow in warm standing water such as is
found in some humidifiers. Health effects are poten-
tially serious, but the incidence is not krnown " anq may
be small. Transmission of infection by ba'cteria %nd
virus increases with reduced ventilation. " o
Many consumer aerosol products yield high pollutant
concentrations that could present serious health
hazards. Persons with cardiovascular or pulmohary
impairment are at greater risk.

y
frot

e See
Y ¥. -

Various household materials and activities in addition
to smoking produce suspended particulates. Some- pdrtlc-
ulates can cause irritation and lung disease. More &'
research is needed particularly concerning possible
carcinogens.

Pesticides are widely used indoors and measurable
concentrations have been found in human blood and
tissue. Numerous incidents of illness have been reported
and pesticides are suspected to be potent sensitizers
which can lead to a more widespread chemical
susceptibility.

Ammonia is often present in indoor air in small
quantities and is known to irritate those susceptible.
Little data on incidence or health effects at low
levels is available.

Chlorine compounds are present in the home particu-
larly in laundry preparations and in municipal water.
Chemically susceptible individuals are known to be
adversely affected but no data is availablc on

indoor concentrations or long term health effects.

Indoor air often contains complex mixes of organic
vapours, each at low levels but in combination at
levels exceeding outdoor and other standards. Little

is known of the short and long-term health effects of
many of the organic compounds mentioned, at the low
levels of exposure that occur. Many compounds present
have detrimental effects at high concentrations and
are known to affect hypersusceptible persons at levels
commonly found in homes.
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1.3 The People Affected

1.3 .. THE PEQPLE AFFECTED
1.3.1 ;m-.. 3 ﬁgcerferal 'Population

A;r pollﬁtants appear to adversely affect people in a number of ways:

1) dxrect tox1c and irritant effeects

7 mgreaseci susceptibility to developing disease from other causes
: .33 aggravatlon of existing disease

4) sensitization to the same and other environmental agents

5) as part of our total 'stress' load

Dlreqt toxic or irritant effects, that is, symptoms expected to arise
in most. people when exposed to specific concentrations of a pollutant, have
been described in the previous section. In many cases the data has been
derived from moderate to high industrial exposures. While this does indicate
the relative danger of various pollutants it does not confirm whether there
are direct toxic effects from many pollutants which are present only at lower
exposures levels indoors.

Barnes (1975) emphasizes that there is no simple formula by which it
is possible from knowledge about toxic doses to derive a lower level that, on
repeated administration, will be innocuous. He predicts that as chemical and
biochemical analyses become more sensitive it will become increasingly
possible to detect changes produced by the presence of small quantities of
toxic compounds. However, he cautions that it may often be very doubtful
whether such changes represent a disadvantage to the exposed person.

For high level exposures such as carbon monoxide and nitrogen dioxide
concentrations from faulty furnaces, unventilated stoves and heaters in
tightly sealed houses, it can correctly be said that anyone in the general
population who is thus exposed is at risk of developing direct toxic effects.
Other agents such as formaldehyde have been shown to have characteristic
irritant effects for the general population at the levels found in some homes
(e.g. with Urea-formaldehyde Foam Insulation). Radon gas exposures are known
to produce a certain number of cases of lung cancers in any exposed
population. As more research is conducted into the long-term effects of
low-level exposures, it is not only possible but likely that additional toxic
and irritant effects related to indoor air pollutants are discovered.

Many of the studies dealing with lower levels of pollution exposure
address effects other than direct toxic and irritant effects. They have
demonstrated that at least a small proportion of the population can be
expected to experience increased susceptibility to other disease, worsening
of existing disease, or sensitization with or without other disease.

The persons affected have been categorized according to various 'risk-groups',
for example, by age or by disease.

Hammer et al (1974) report that in a comparison of three high-air-

pollution areas with one lower-pollution area in New York City in 1972,
rates of lower respiratory disease (croup, bronchitis, and other chest
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1.3.1 The People Affected: The General Population (continued):’ - =i=~ =%«

I e

infections) in children were significantly higher in the high-pollutioni: - ¢ :
areas. They noted that differences in family size and composition,’ crd\)vding, )
parental cigarette smoking, or indoor air pollution due to gas stoves or‘ghs = "
space heaters could not explain the excess of disease in the high expoSuré‘ A

communities. Their best judgment estimate of the average annual p_ollutant“ 15 2ns
concentratlgns associated with excess cg}nldhood respiratory disease' was! I‘?S to e s

250 meg/m* of SO2, 8? to 110 meg/m" of total suspended partlculafed A - ’“" ‘s
about 13 to 14 meg/m* of suspended sulphates. -.,‘,';., ’”;?:
AT

Studies on the incidence of respiratory problems in children "***
exposed indoors to the pollutants emitted by gas stoves (discussed in _
section 1.2 under "Nitrogen Dioxide") yield similar recsults. Preliminary’
data on persons exposed to Urea-Formaldehyde Foam Insulation indicates:®
that there may be an immuno-suppressive effect to such exposures (Spra ue,' iy
1982). Preliminary studies of UFF-exposed people in Canada have yielded - - *-"
similar conclusions. Dr. Albert Nantel of the Centre de Toxicologie du Quebeé‘ Je
Laval Umver51ty, Quebec, testified before a Hazardous Products Act Review' - ‘
Board Hearing in December 1981, suggesting that for some people exposure to
UFFI gases may produce a severe depression in the natural defence mechanism.
He stated that that in such cases where people's immunological defence
processes are inactivated, they may become easy prey for various 'exogenous
and endogenous aggressors', including bacteria, viruses, allergens, fungi and
chemical agents.

n o~

This pattern can he expected to continue as more research is
undertaken. Green (1974, p. 163) emphasizes that the lung chronically exposed
to air pollutants is an abnormal lung in respect to its complement of defense
mechanisms. He speculates that the suppressive effect of air pollutant
exposure on the immune response in the lung may contribute not only to the
increased susceptibility to bacterial infection in the lung but may impair the
development of effective immunity to viral infection as well.

Severs (1980, p. 123) notes that retrospective and prospective
epidemiological studies have played the major role in demonstrating that air
pollution can cause morbidity and mortality in stressed individuals. Major
episodes contributing to this conclusion include: London, England (1952,

1956), Meuse Valley, Belgium (1930), Donora, Pennsylvania (1948), and New York
City (1963, 1966). This association of air pollution with mortality above an
expected rate and the confirmation of cardiorespiratory distress in clinical
patients as well as autopsy data contributed the first convincing evidence

that air pollution had any effect on health.

Green (1974, p. 163) confirms that conditions such as asthma can be
modified and worsened in individuals chronically exposed to air pollution. He
notes that clinical experience, and epidemiological data, both hold that attacks
of asthma in children and adults are associated with acute episodes of air
pollution on the one hand, and with respiratory tract infections on the other.
Other studies have been cited in Section 1.2, in relation to specific air
pollutants, for example increased risk to cardiac patients under exposure
to carbon monoxide.
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1.3.1 The People Affected: The General Population (continued)
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Persons -who have become sensitized to low-level exposures to various
pollutants veppesent a special risk category. In some cases a mild sensitivity
to one _chemical gradually worsens and 'spreads' to other chemicals (Small,
1982&, [ 5&), In the more severe stages such persons are chronically ill and
experiencge, debxhtatmg episodes of acute illness even with minute chemical
eXposurgsy at and even far below the levels commonly encountered in indoor
air. Pepys (1981) notes that the increasing use of chemical agents of many
sorts in the home and elsewhere poses considerable problems in diagnosis and
management of sensitized persons, because of the minuteness of the amounts
needed to elicit reactions.

Some, researchers have also presented clinical data to prove that some
persons who. have no history of health problems, and therefore do not belong to
a partieular 'risk group', have been adversely affected. This raises the
question as to how many formerly healthy people are now in 'high-risk'
category because of the direct effects of pollution rather than because of
independent causes of disease.

For example, in Finkel and Duel (1974, p. 185), R. E. Smith concludes
that exposure to air pollution can not only cause specific allergic disease
but can lower the threshold for other allergies and thus increase the
incidence of allergic disease in an exposed population. He also notes that it
can harm the immunologic barrier to infectious diseases caused by viruses,
bacteria and possibly granulomas and fungal diseases. He suggests as a sound
clinical goal the minimizing of total life-long exposures to antigens or to
organic and inorganic particles. Pepys (1981) states that the findings in
occupational asthma show that industrialization in itself and its influence on
the home could be partly related to the more common diagnosis of asthma. He
notes at the same time that an understanding of the nature of the relevant
allergic mechanisms is needed.

Evidence indicating that exposure to a particular indoor pollutant or
mix of pollutants can induce a state of general chemical susceptibility has
been put forth in connection with exposure to gases from Urea-formaldehyde
Foam Insulation and particleboard (Small, 1982a, p 60). The role of other
exposures in bringing about this state will be discussed further below.

In addition it must be recognized that the distinection between the
'healthy' people and those supposedly at higher risk when exposed to air
pollution is an illusory one. Calabrese (1978, p. 193-197) points out that
susceptibility to pollution varies w1dely for any one individual over time.
When high-risk periods during everyone's lifetime are taken into account (when
very young and very old, during fetal development, in adolescence, and during
episodes of temporary illness), this includes the entire population. In
addition, each individual has daily weak points or times of greatest
sensitivity to the toxic effects of pollutants. Normal circadian rhythms and
disruptions in them caused by jet lag or shift work are also suspected to
cause periods of increased susceptibility.
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1.3.1 The People Affected: The General Population (continued):is v -a% =47 L8,

common assertion that people especially sensitive to indoor pollution :are:
"different". They were often referred to as "canaries", by analogy: with ::-ih7t Jaf
canaries used in mineshafts to detect the presence of gases. However; Jof\rthosez'
reporting environmental sensitivity to low concentrations of pollutants dn @ i
study questionnaire, almost half reported themselves to have been hé&lthy“b:né il
without special sensitivities or complex allergies up to a certain time, i.e.
totally indistinguishable from the 'mon-canaries'. Then an illness (usifally:-~
mononucleosis or "viral" hepatitis) or chemical exposure rendered-thef hlghly
sensitive to many environmental factors. Previously productive, happy ﬁeople M "',_
reported themselves to be "so sensitive to the modern world that we*cannot’ -/
adapt or live unencumbered". g ELE

A’l

: s b
The following subsections deal more specifically with high-risk

groups. The first deals with persons who are known to be at higher than normal

risk to adverse effects of pollutants because of age or SpGlelc disease. -

The second describes chemical susceptibility, a condition in which people

are adversely affected more directly, usually [rom even relatively small

exposures to a wide variety of common pollutants both indoor and out.
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1.3.2 The People Affected: Specific High-Risk Groups

1.3.2: Specific. High-Risk Groups
o ST
Cooper:.(1973) stresses that it is accepted in occupational medicine
that individuals. differ widely in their susceptibility to toxic agents and
other -environmental stresses. Some individuals show effects at concentrations
which do not:affect the majority, while at the other end of the dose-response
curvethere 'are individuals who are unusually resistant.

Calgbrese (1980) notes that it has been recognized that there is a
differential suseeptibility of humans to environmental carcinogens and
toxicants,,.and, that it has been the subject of a United States Environmental
Protection . Agency conference (Conference on the Increased Human Susceptibility
to Environmental and Occupational Pollutants, University of Massachusetts,
Amherst, Massachusetts, June 1978).

-« ,,Calabrese (1978b) defines 'high-risk groups' as those individuals who
experience toxic-and/or carcinogenic effects significantly before the general
population as a result of one or more biologic factors, including develop-
mental influences, genetic factors, nutritional inadequacies, disease
conditions, and behavioural or life style characteristics. Calabrese suggests
that identification of such high-risk groups is important in setting
standards:

"Knowing which individuals are at high risk with respect to
pollutants is very important, because these are the people who will
be the first to experience morbidity and mortality as pollutant
levels increase. If the high-risk segments are protected, the entire
population is protected. Consequently, information concerning both
the identification and quantification of high-risk groups should play
an integral role in the derivation of standards for pollutants in
both ambient and industrial air as well as in drinking water."
(Calabrese, 1978b, p. 56)

Calabrese (1978a and 1978b) emphasizes that it is an illusion to
assume that a threshold for chemical exposure exists in the highly
diverse human population. Nor can it be assumed that separate thresholds
exist for so-called normal people and for high-risk groups. Each high-risk

group has multiple variations and ultimately, each individual has a unique
threshold.

Specific high risk groups include people with easily identifiable risk
characteristics, e.g. the very young, the very old, pregnant women, people
with respiratory ailments or cardiovascular disease, people with certain
genetic backgrounds, dietary habits or nutritional deficiencies, people who

consume large amounts of alcohol or drugs, people who smoke, and various
others.
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1.3.2 The People Affected: Specific High-Risk Groups .(contjnued) .
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Calabrese (1978, p. 187) identified a number of high-risk groups,along

with the pollutant class to which they are or may be hypersusceptible The
terms used are general. Readers are referred to the cited work for'a_ more
specific list of functional disorders and further literature references. ;' -

High-Risk Category

';..

s

Pollutant Class sabasi i

immature immune system

deficient immune system
as a function of age

circadian rhythms including
phase shifts (jet lag, shift
work)

cystic fibrosis
immunoglobulin A deficiency
immunologic hypersensitivity

serum alpha, antitrypsin

1
vitamin A deficiency

iron deficiency

riboflavin deficiency
asthmatic disease

chronic respiratory disease
heart disease

smoking

drug taking

Size of the High-Risk Population

respiratory irritants

respiratory irritants
carcinogens

hydrocarbon carcinogens and’ probably

most other pollutants

respiratory irritants
respiratory irritants
isocyanates

respiratory irritants
hydrocarbon carcinogens
hydrocarbon carcinogens
hydrocarbon carcinogens
respiratory irritants
respiratory irritants
respiratory irritants
hydrocarbons

numerous potential substances

Calabrese (1978, p. 193-197) makes the point that it is erroneously
assumed that high-risk groups represent only a small number of people. In
fact, taken together, they represent a large proportion of the population. In
the U.S. population he cites a total of 25-35 million people who would be at
higher risk in exposure to a number of pollutants becausc of chronic
respiratory disease and heart disease alone. Figures in Canada are likely
-similar-but-require—confirmation. The total of identifiable high-prisk groups.

because of existing disease exceeds 20% of the population. When age, smoking

and nutrition are taken into account the figure is greater than one third.
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1.3.2 The People Affected: Specific High-Risk Groups (continued)

‘I‘here lS consnderable evidence that persons with cardiovascular and
resplratory dlseases may be at increased risk from exposure to pollutants in
general,’ Carnqw and Carnow (1974, pp. 127-156) indicate that aggravation of
symptoms in Sich people appears to occur at lower levels than local ambient
air quality standards.

Persons who are already living in relatively polluted surroundings may
also represent a high-risk group under continued or increased exposure.
Fairbairn and Reid (1958) demonstrated a relation hetween higher pollutant
levels and generally lower levels of pulmonary function, in city populations
exposed to high pollution compared with those exposed to lower pollution
levels. Calabrese (1978a) has also identified smokers as being at greater
risk from the adverse effects of other pollutants.

Brundrett (1979, p.4) states that the proportion of the population
that is susceptible to "humidifier fever" (see section 1.2 under "Bacteria")
appears to depend on the contamination level. If it is sufficiently high then
all the occupants will experience the symptoms. He notes that there does not
appear to be an age factor but that there may be a higher susceptibility
for allergic individuals. He reports that in a 1977 outbreak researchers
found that half of the people who experienced difficulty were also sensitive
to common allergens as shown by a skin test.

Calabrese (1978, p. 171) notes that in the U.S. high-risk segments
of the population were not specifically considered in the standard-setting
process because there was not sufficient information about them to provide any
quantitative assessment of risk, and because it was assumed that they composed
only a small segment of the population. Despite the fact that safety factors
recognize that certain people are more sensitive to pollutants than others,
they are inherently imprecise. He states:

"The identification and quantification of individuals at high

risk to environmental or occupational pollutants is of profound
significance for the determination of public policy with respect to
the well-being of our economy and our personal health. Specifically,
it provides a reasonable characterization of the type and number of
people who would first experience morbidity and possibly death at
particular levels of pollutant exposure. Such a characterization
provides practical applications to deal with the numerous occupational
and environmental health problems effectively."
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1.3.3 The People Affected: General Chemical Susceptibility

1.3.3 General Chemical Susceptibility e -
o .z“ﬂ

Reinhardt (1978) defines the term 'hypersusceptibility' as. ar state e Al
of being readily affected or acted upon. He notes that in occupational .

medicine, researchers have been concerned with workers who react.to c;etam
substances at low levels, below the threshold concentration assoc1at¢qnw1th

injury or definite discomfort in others. S et -w.n!’?:
38 BHURE
Rea, Suits et al (1980) studied patients in a specially constructeq,.kf\:,q:
Environmental Unit designed to reduce chemical exposures to an absolute;, ...y«
minimum. Patients were re-exposed to common chemicals in low concentrations
under controlled conditions after a separation period in the unit. They found
that reactions could be triggered in some patients by exposure to minugg ..
amounts of outgassing chemicals or particles contained in many buildingi--; .+ - -
materials. qr, uonatl
- .‘»f,j'v,-«‘ Quar

Randolph (1962) describes this chronic illness as resulting from SRR
"maladaptation" to many common chemical exposures in our environment. He' n@tres
that at first this may show as irritation of the eyes, nose, lips and skin,
bronchitis, and mild gastrointestinal symptoms. The condition may progress to
include more severe and chronic respiratory symptoms, sinus involvement,
bronchial asthma, and a wide range of more troublesome gastrointestinal
problems. -

A general tiredness or cut-back in former encrgy, lack of initiative,
forgetfulness, and difficulty concentrating are reported to accompany the more
specific symptoms mentioned above. Various other symptoms including headache,
myalgia, fibrositis, arthralgia and arthritis, neuritis, edema, palpitation,
excessive perspiration, pallor and weakness may also be present. Some cases
progress to advanced psychiatric disturbances, with or without persistence of
chronic physical symptoms.

The condition is confirmed in the manner described above by Rea,
involving separation from environmental exposures. On separation from
exposures which are suspected of causing the illness, the chemically
susceptible person may first experience withdrawal or 'hangover- like'
symptoms, after which he or she may become relatively symptom-free under
continued environmentul control. Subsequent lesl exposures Lo common chemicals
often bring on acute and immediate reactions similar to but often in greater
intensity than previous chronic symptoms. Subsequent avoidance of exposure to
chemicals which provoked strong responses under the test conditions has proven
beneficial.

The California Department of Consumer Affairs (1982, p. II.F.4)
describes as well the phenomenon of 'adaptation', whereby there may be
temporarily a lack of noticeable effects from an environmental stressor,
yet at a biochemical level the toxicity may still progress. 'Adaptation’
can be 'unmasked' by separation from the suspected chemical exposures,
followed by reexposure.
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1.3.3 The People Affected: General Chemical Susceptibility (continued)

Although occasionally such people may be susceptible and maladapted
to a single substance, responses to a number of different materials is the
norm. This can include allergic or allergic-like responses to common allergens
including ihh'a'l'ants'and foods.

Rea, Bell et al (1978) report that once an individual is sensitized to
a sohtary cheiiical, continued exposures result in a spreading phenomenon.
Once this spreading occurs, reactions then proceed upon minute exposures. Some
persons studied had received a massive exposure to one type of chemical, and
subsequenﬂy ‘became intolerant to ambient concentrations of many others. No
mechaql_sm has yet been comfirmed for this spreading phenomenon.

«*"‘The -medlcal literature indicates some controversy over the mechanism
for such éavironmental reactions, as to whether the chemicals involved act as
toxins, irritants, or allergens. Although many of the symptoms resemble
allergy or allergic-like reactions, it has been noted that many of the
reactions observed do not manifest antibody formation and therefore do not fit
into the immunological definition of allergy (Philpott, 1980, p. 7). Calabrese
“(1980) notes that differences in nutritional status provide at least a partial
explanation for the wide variations in human susceptibility to chemical
exposures. Shakman (1974), for example, cites experiments on rats which showed
that nutritional influences increased the toxicity of most pesticides.

In describing the phenomenon of chemical susceptibility, Rea, Bell et
al (1978, p. 101) postulate a 'total load' concept. Each individual seems to
possess a limited capacity to handle the total load of environmental
pollutants and other stresses. If a person is chemically susceptible, the
total load he or she can handle is markedly reduced from that of others.

For persons who are already chemically susceptible, high levels of
indoor air pollution represent considerable risks. Rea reports that follow-up
studies in patients with multiple sensitizations showed an extremely slow
recovery time that seemed to be dependent on maintaining as low as possible
total chemical overexposures for the patient. Those patients who were not able
to maintain strict avoidance of the substances that affected their health
rapidly deteriorated.

For the chemically susceptible person, household chemicals apparently
tolerated by most of the population may provoke a wide variety of symptoms,
similar to those in the following example (Rea, Bell et al, 1978):

"This 41-year-old white female had been living comfortably in
her home for the previous four years. She experienced symptoms
of excess salivation, tremors, diarrhea, nausea, swollen hands,
slight fever, fatigue, sore throat, and coughing within 24 hours
of exposure to heptachlor after pesticide treatment of her

home. These symptoms have continued for approximately one year
with lessening of the tremors, diarrhea, and fever. Since the

../ continued
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1.3.3 The People Affected: General Chemical Susceptibility (¢ontimued) = *“
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overexposure this woman has been unable to tolerate common /%"

v

chemicals found in the ordinary living situation. Examples are:®“t =o'~ =

(1) Gas utilities (hot water and heat) produce symptoms of dna
facial flushing and impaired intellectual functlomng 'L S
Continued exposure results in nausea and vomiting., “***" " "¥%

(2) Vapors resulting from filling a bathtub with city water .
cause coughing and sore throat. This gets worse if " R
she gets in the tub.

(3) Contact with permanent pressed or synthetic fabrics
results in itching on the back and shoulders.

(4) Pesticide inhalation produces headache and malaise.

(5) The patient is no longer able to wear perfume or 7 AN
tolerate the odor on others. Headache results. ket 8

(6) Dye in fabric or clothing produces nasal tightness.

(7) Vinyl wallpaper causes vice-like pressure headache.

(8) Alcoholic beverages cause nasal burning and nausea.

(9) The patient's reading speed is greatly decreased.

(10)Loss of tolerance to some formerly non-reactive foods
has also occurred.

The same researchers reported on a study of a series of twelve
patients with cardiac arrhythmias and/or chest pains, in carefully controlled
low-pollution environmental conditions. Double-blind test challenges were
performed with ambient doses of commonly encountered household chemicals,
including: formaldehyde, phenol, petroleum alecohol, pesticide mixture, and
pine-scented floor wash.

Ten out of the twelve patients demonstrated positive reactions to at
least four out of these six exposures. Response included cardiac arrhythmias
as well as various other symptoms including rhinorrhea, nasal stuffiness,
hoarseness, cough, wheezing, peripheral blanching, cyanosis, nausea, vomiting,
swelling or loss of pulses, bruising, polyuria, fever, increased pulse rate,
blood pressure decreased or elevated, petechiae, bruising and phlebitis. Seven

out of twelve patients in the series showed response to formaldehyde exposure.

Subsequent changes in patients' homes to lower the previous high total load of
chemicals was associated with 'marked clinical improvement'.

Numerous building components have been shown to cause adverse
reactions in susceptible persons, including various forms of insulation in
addition to- UFF insulation, fire retardant-treated cellulose, plastic
vapoux-bam'ler material, wood preservatives, fungicide-treated wallboard,
various paints, urethanes and other sealers, coatlngs on electric wiring, gas
and oil supply lines, soft flooring materials, various types of caulking,
putty and other sealants, vinyl window components, particularly when exposed
to sunlight, and almost all forms of adhesives (Small, 1978, 1979a,b).
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1.3.3 The People, Affected: General Chemical Susceptibility (continued)

Randolph .(1962, p. 19) describes the following home chemical exposures
as having been,. responsible for illness:

o exposure to utility gas or the combustion products of gas, oil or coal
- the most troublesome being exhausts from fuel-oil or gas ranges or
room heaters, gas refrigerators, gas water heaters and gas driers;

o coal smoke
o warm air heating system odours, irrespective of fuel employed

0 odours of oil-impregnated filters of air conditioning equipment and
evaporating oil from certain other equipment such as motors in
electric fans and heaters

o odours of fresh paint, turpentine, mineral spirits, synthetic alcohol,
detergents, household deodorants, disinfectants, Chlorox, ammonia,
adhesive cements, sponge rubber bedding and padding

o certain odourous plasties, ineluding upholstery

o insecticide sprays, napthalein, dichlorobenzene and certain other
insect repellants.

Zamm (1980, p. 51) concludes that most of the offending vapours within
the average home (if no one smokes) comes from evaporation. He notes that
there are numerous household products and building materials that expel
vapours for weeks, months and years. His general rule of thumb: "If you can't
eat it, don't breathe it".

Recent evidence suggests that cumulative low-level chemical exposures
may be responsible for a general immune suppression effect underlying general
chemical susceptibility. Rea (1978) demonstrated that T-cell depression occurs
in some chemically susceptible patients and returns to higher levels when
these patients are kept away from chemical exposures. Significant changes were
seen in various laboratory parameters following challenge with chemical
exposures, including decreases in eosinophil count, total complement, IgG
levels, C%, and T lymphocytes.

This author's experience with individuals sensitized to indoor
chemical exposures indicates that there is an identifiable Canadian population
of chemically susceptible persons, numbering in the thousands and growing
quickly as awareness of the problem has increased. Limited surveys have
shown that there is' a limited but definite demand for low-pollution housing
for chemically susceptible and other allergic persons, in or near Canada's
major urban centres (Lipinski, 1979). This population has had considerable
difficulty locating existing housing with indoor pollution levels low enough
to be of any therapeutic benefit, and in some cases low enough even to be
tolerable.
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1.3.3 The People Affected: General Chemical Susceptibility (continued) -:...1 - .

To date, however, there is no reliable evidence which would lndrcate !
how many people within the Canadian populatlon are generally chemically "
susceptible to the point that household indoor air pollution exposures
could elicit symptoms (Small, 1982a). Some physicians have estimated. that:
the size of this population is likely to be on the order of the numbeg.of |,
people with known inhalant allergies (15-20%) or greater. Olishefski. (1f981),.
for example, has stated that persons prone to allergies are more suseept}ble -
to allergenic chemical sensitizers. To this author's knowledge, however, no. ;% ol
studies have been undertaken to confirm this. TR, P

A more detailed treatment of chemical susceptibility with speciali
reference to indoor formaldehyde exposures is given in a previous publlcatxon
by this author (Small, 1982a). The roles played by chemical susceptlblllty e
and polluted indoor air in reducing safety and causing accidents indoors is..-
also outlined in a further publication (Small, 1982b).
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1.4 Medical Unkhdwns

1.4 MEDICAL UNKNOWNS

WYY

i

That the general population is exposed to indoor air pollution
is not in doubti' One U.S. study states that on the average, employed Americans
spend 9(]96‘\)"1‘ ‘the’ day indoors, and that homemakers and retired people spend up
to 95% of 'their ‘day indoors (National Research Council, U.S., 1981, p. 1I-8).
No Canadian'data was found, but it is likely that Canadian percentages will be
comparable or greater due to the generally cooler climate.

Nbither is there doubt that many of the chemicals that are present
in indoor-‘air ‘can be highly toxic in sufficient concentrations. It is also
well accepted that at least some of the indoor exposures described in Section
1.2 of this report can be dangerous to health.

However, the literature on indoor air pollution is permeated with
one over-riding theme: there is not yet enough information to know for sure
the full extent of health damage from indoor air pollution. All that is
certain is that with the present awareness of a growing problem, research
should now be focussed on finding the answers.

Two primary problems make it difficult to interpret the results
presented in the preceding sections:

1) Most of the pollution standards in this country and

others have been based on industrial or outdoor factors. Neither
outdoor nor industrial exposures are similar to the long-term,
continuous, low-level exposure that many people experience

at home indoors.

2) Most of the pollution criteria are based on studies of
single-chemical exposures, and very little is known about the
synergistic effects of complex mixes of air contaminants.
Calabrese (1978b, pp. 76-87) lists numerous examples of
synergistic chemical interactions (in which the effect resulting
from exposure to a mix of chemicals is greater than the sum of
the effects resulting from exposure to each chemical
individually).

A great deal more data is needed before the problem can be properly
understood in any reasonable perspective. The list of unknowns below
demonstrates that Canada is dealing with a problem that requires literally
decades of good research. Cutbacks in environmental research in countries
like the United States, on which Canada relies heavily for technical
information,  have also made it even more necessary to encourage such work
here. If the long-term task is to be accomplished, the type of data must be
decided and collection must begin soon. The kind of information that is
missing is as follows:

- 98 -



1.4 ‘Medical Unknowns (continued) 28 Sy £

'."‘-t‘ ‘; ;,:* ;’\w. 'y

a) the detailed characteristics and degree of indoor air pollut}pﬂ*m S rieor
housing across Canada :“-< Sy

b) the detailed characteristics and degree of individual air poll;.mom » .,_f.'
exposures that Canadians are sub]ect to (two individuals- in~ 2uT
the same environment may receive different doses dependmg’ on
activity, and everyone's total load may be d1fferent)

¢) the number of Canadians who are presently adversely affected bym B
indoor air pollution Lain e ey

d) the full range of possible health effects of long-term low-lé;uﬂ;-;;.”-.;“l' ,
exposure to these indoor air pollutants, individually and in, . -
mixes

e) the number of Canadians at high risk due to inherent susceptibility
to pollution

f) the estimated number of people who could develop adverse symptoms
over long-term exposure

g) ways to properly treat and rehabilitate those whose health has
been impaired by excessive indoor air pollution

h) the present and projected future social costs attributable to the
effects of indoor air pollution

i) the present and projected future impact on the health care system
of health damage attributable to indoor air pollution

j) the nature of legal liability involved in situations where
individuals have been adversely affected by building
environments provided by others

As Section 1.2 also demonstrates, the problem of indoor air pollution
and the people affected cannot wait the decades it will take to catch up
scientifically with the effects of our present building and manufacturing
technology. For this reason it is extremely important to begin immediately
to co-ordinate the efforts of those who are studying the problem with those
people who are in positions of responsibility who may begin to create the
changes needed.

Individual Canadians also have a right to know what our information
base on indoor air pollution is now, so that they can weigh the knowns
and unknowns, and make their own personal decisions about the environment in
which they wish to live. And the individuals who are already adversely
affected urgently need knowledgeable medical attention _and better environments,
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1.4 Medical Unknowns (continued)

Few researchers have attempted to estimate the medical and social
costs stemmlhg from indoor air pollution. Those who have made very broad
assumptions. The California Department of Consumer Affairs (1982, p. ES1, ES1,
I.1, and ILE.6) estimates that indoor pollution may be contrlbutmg anywhere
from $15 billion to $100 billion annually to health care costs in the United
States, based ‘on an estimate that 5-30% of U.S. health care costs derive from
indoor pollution-based risk factors.

The authors of California's review concluded that if current trends in
new building:products and technologies partially responsible for increased
indoor air pollution levels continued unabated, that the building industry,
the general U.S. economy, and the health of the general public could be
severely disrupted. From the research presented in the previous section, this
author can only conclude that the above statement applies equally to Canada.
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1.5.1 Pollutant Sources: Improper Chimney Construction

1.5.1 Improper Chininey Construction for Gas Furnaces

Deseription:

Sin¢é<1980, approximately 100,000 people across Canada have converted
home furnaces: to natural gas under a federal government incentives program.
The Ontario’Ministry of Consumer and Commercial Relations has warned that
some installations did not include chimney liners which are required for
natural gas operation.

Pollutants Produced:

Exhausts from natural gas furnaces can corrode brick and mortar in
unlined chimneys, and can lead to falling pieces and clogging of the chimney.
Poisonous exhaust gases, and in particular, carbon monoxide, are restricted
from rising up the chimney and accumulate instead in the home.

Discussion:

Recent media reports note that there are eight deaths in the Ontario
coroner's records which have occurred since 1979, as a result of carbon
monoxide poisoning from clogged chimneys.

A federal subsidy program is now in place through the Department of
Energy, Mines and Resources to assist homeowners who have not already
installed liners in doing so.

In a 1980 inquest in St. Catharines into the death of three persons
in this manner, the coroner suggested that there should be legislation making
it mandatory to have chimneys swept and inspected regularly.

Many of the liners now being installed are stainless steel. Questions
have been raised concerning the suitability of an aluminum/galvanized steel
liner which is also being installed. The Ontario Chimney Sweeps Association
has claimed that such liners corrode quickly and will not prevent the
deterioration of the chimney over the long run (Toronto Star, August 28,
1982).

- 102 -



b o L L 4 ¥ =
RS AT H S ol N §

1.5.2 Pollutant Sources: Gas Stoves
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1.5.2 Gas Stoves

Description:

Kitchen cooking devices, fueled by natural gas. Usually has oven

and up to four burners, and pilot light. e T i
Pollutants Produced: }
Carbon monoxide (CO), nitric oxide (NO), nitrogen dioxide (NO2),‘ . );“' j
sulphur dioxide (SO2), formaldehyde (HCHO) and respirable particulates R
(Hollowell, 1981, p. 4,5). an % 2 B,
Emission Rates: . 50 cngeesy Aiecd

i

Cote, Wade & Yocom (1974) measured carbon monoxide emission rates °*
of gas stoves as follows (as reported in Brookman and Birenzvige, 1980, p. 6):

older stove with newer stove with
cast iron burners pressed steel burners
meg/keal mg/hr meg/keal  mg/hr
with pilot light only 419 62.9 842 84.2
1 burner - high flame 382 1031 510 1785
3 burners - high flame 475 3220 315 3213
oven at steady state 530 1166 1620 3564

Figure 7 opposite illustrates
how the carbon monoxide

I
. . ..—-- Kitchen over sto
concentrations in one home el il omittone
varied with the use of a | S ving room
gas stove. '
[ ouner 1 e anf
i i il e ]
| Hmlnﬂ
130004 R oo e H v
3!
.‘:}
3
(=
LS
— 30— I
Figure 7: A Time History of CO 054060800 1200 1600 2000 2400 5400 0800 1200
Concentrations, 2 Hr. Averages, Y31 ime, hrs 2/o1

One House (from Wade, Cote and
Yocom, 1975, p. 939)
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1.5.2 Pollutant Sources: Gas Stoves (continued)

DR e U T O TH s R T TE e A PP

Traynor et al (1981b, p. 9) calculated emission rates for a gas stove
from a theoretical model combined with pollutant concentrations produced in a
special environmental chamber:

Gases : Gas oven operated One top burner on high with
at 180 degrees C (350 F) water-filled pot
co 950 meg/keal. 840 meg/keal.
Co2 182,000 191,000
NOx (as N).. 26 36
SO2 iy 0.46 0.68
particles
(1t .5 microns) .061 2.1

Heat output for the stove used was 2000 kcal/hr for the oven at steady state
at 180 deg. C, and 2200 kcal/hr/burner on high.

Hollowell and Traynor (1978, p.5) also report that particulate air
samples collected in residential buildings showed an increase in indoor
particulate sulphur during periods of gas stove use. The indoor particulate
levels for other species (Pb, Zn, Fe, and Ca) were comparable to or lower than
the outdoor levels during all periods. An average emission rate of particulate
sulphur from gas stoves was measured to be 0.02 mcg/kcal. The increase in
sulphatg in a typical kitchen is calculated and observed to be approximately 2
meg/m* after operating a gas oven for hour.

Hollowell and Traynor (1978, p.6) note that emission rates vary
considerably from one stove to another, and that there is considerable
variation in a single stove if there is a change in any of the operating
conditions such as the primary air supply.

Discussion:

Zamm (1980, p. 23) notes from clinical experience that a great many
women have become chemically sensitive to the fumes from gas stoves, and when
the gas range is replaced with an electric one, the depression that is common
among them often disappears.

Brookman & Birenzvige (1980, p.5) reported that the emission rate of
carbon monoxide increases as the oxygen supply decreases, e.g. by operating
more than one burner and/or by placing a utensil on the burner. Sterling and
Sterling (1979) also note that increases in carbon monoxide caused by covering
the burners with cooking pans may be accompanied by a large variety of other
pollutants produced because of incomplete combustion. Tanaka et al (1971)
showed that in airtight buildings where the ventilation rate is low, the rate
of CO production after prolonged operation of gas stoves and ovens can
increase substantially, as the building oxygen level declines from a normal
21% to 20% or lower (as reported in Brooman & Birenzvige, 1980, p.5).
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1.5.2 Pollutant Sources: Gas Stoves (continued) o

Hollowell and Traynor (1978, p. 9) conclude that elevated lévels of "
gaseous air pollutants (CO, NO, and NO2) and particulate sulphur and | mtrogen
compounds are present in mdoor environments when gas appllances are:ifi: Afde, *
and that their concentrations are extremely high when the air exchange rate
is controlled to less than one air change per hour. Observed levels'of '€0 and
NO2 approach or exceed promulgated and proposed ambient air quality: -stardardsi!

Silberstein (1979b, p. 188) recommends that if building envelopes:ape’’  .i3.
to be tightened, pilot lights should be eliminated and effective kitchen
ventilation systems installed. He postulates a mathematical model whiéh:
predicts that in a controlled ventilation chamber used by Hollowell,: Buamtz- BRRX
and Traynor (1976) with 1/43 air change per hour, carbon monoxide peak -levels. '} )
of approximately 80 mcg/m"* after a gas oven is on for 1 hour yould take 4 1/2
hours to decline to the US EPA one-hour standard of 40 meg/m®. In his model
higher air change rates do not significantly lower the peak concentrations,
but do significantly decrease the duration of the high pollution levels.
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1.5.3 Pollutant Sources: Unvented Gas and Kerosene Heaters

1.5.3 Unverited..Gas and Kerosene Heaters

ooy A Py 2,

Descriptign:: -

R A
L, 5

--'-'.-;.WPQrt‘ablle unvented kerosene-fired heaters are becoming very popular
in both Canada and the United States as supplemental heating sources.

Pollutants. Produced:

Canb,bn monoxide (CO), nitric oxide (NO), nitrogen dioxide (NO2),
sulphur: dipxide (SO2), formaldehyde (HCHO) and respirable particulates
(Hollowell, -1981, p. 4,5).

Emissibh 'V‘Rates:
wTraynor et al (1982, p. 7) evaluated pollutant emission rates for

unvented convective and radiant-type kerosene space heaters tested in a 27 m
environmental chamber with a ventilation rate of .4 changes per hour:

3

New Convective Heater New Radiant Heater
Fuel consumption 7830-7980 kJ/hr 8180 kJ/hr
Emission rates (meg/kJ):
Cco 10.3-14.5 meg/kd 60.2 meg/kd
CcO0?2 70,100-72,500 70,300
NOx (as N) 15.3-15.6 2.2
HCHO 0.01-0.08 0.63
02 (-77,200)-(-78,900) (-76,700)
fine particles 1t .004 1t .004
NO2/NOx volume ratio 0.25-0.28 0.67

Emission rates for carbon monoxide increased by a factor of 8 when the wick
on the convective-type heater was reduced until the flame was approximately
one-half its original length. Formaldehyde (HCHO) emission increased by a
factor of 4, but there was no effect on fine particle emissions.

Figure 8 on the following page illustrates the CO, CO2, NO, and NO2
concentrations during operation of 8 portable, radiant-type kerosene-fired
space heater in a well mixed 27 m“ chamber. Fuel consumption was 8180 .
kd/hr. (7760 Btu/hr) and the air exchange rate was 0.40 air changes per hour
(Traynor et al, 1982, p. 9).

Lipmann (1979, p. 45) reports that NO2 levels in homes and trailers
with unvented space heaters in the Gainesville, Florida, area were several
times higher than those produced by gas stoves in the same or similar
dwellings.
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1.5.3 Pollutant Sources: Unvented Gas and Kerosene Heaters (continued)

e ol el e s S 7
Figure 8: Pollutant Cjoncentratlons from a Portable Kerosene Heé:tt_er S T
in a 27 m” Test Chamber at 0.40 Air Changes per Hour "R
(from Traynor et al, 1982, p. 9) SR O - ORI
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Discussion:

In a recent review, Consumers Union (1982, p. 506,507) recommended
that high-risk groups including asthmatics, people with chronic bronchitis,
and people with allergies should avoid any continuous exposure to kerosene
heaters. It cautioned that there might not be immediate hazards for others
but that long-term effects could be harmful, and noted that electric heaters
provide an effective and safe alternative.
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1.5.4 Pollutant Sources: Fossil Fuel Furnaces
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1.5.4 Fossil Fuel Furnaces

Description:

Natural gas or oil furnaces.

Pollutants-Produced:

Carbon monoxide (CO), nitric oxide (NO), nitrogen dioxide (NOZ2),
sulphgr dioxide (SO2), formaldehyde (HCHO) and respirable particulates
(Hollowell; 1981, p. 4,5).

-~ Fossil fuel furnaces installed properly and maintained regularly
should mot:in theory pollute the indoor air. In actual fact, however, small
cracks in heat exchangers, problematic chimneys with slow-generating drafts,
and combustion chambers which leak fumes into furnace rooms particularly on
initial firing of the furnace can contribute to indoor air pollution.

Discussion:

Silberstein (1979¢, p. 271) notes that heating systems operate and
pollute most at night, when it is coldest outside and when the greatest number
of people are at home. He postulates a mathematical representation of
pollutant concentrations that predicts an increase in heating system
pollution three-fold for a four-fold reduction of infiltration, with no
other factors changed. However, simultaneous reduction of conduction heat loss
by addition of insulation can lower the heating demand sufficiently to keep
the generation of pollutants from the heating system at the same level as
before tightening a home. Silberstein notes, however, that retention of
pollution from other sources besides the heating system could present a
serious problem.

Very little work has been noted in the literature as to the
amount of indoor air pollution that can be attributed to furnaces, although
clinical experience has made it clear that a number of people have experienced
illness from fossil fuel furnaces, that is ameliorated by replacement of gas
or oil by electric heating. Persons who are known to have widespread chemical
susceptibilities are more at risk than others. :
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1.5.5 Wood and Coal Furnaces or Stoves
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Description: s R i
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The trend to greater use of wood stoves in Canada in order.to.use
cheaper more available wood stocks instead of oil or gas has 1ntrodueed a . il
new source of pollution in many homes. : i

Pollutants Produced: ' ey il e x

Moschandreas et al (1980) monitored indoor and outdoor pollutants
for ten residences and two office buildings. Three of the residences used -:...p--
either a woodstove or a fireplace. Indoor total suspended particulate . . .:-.cp-
(TSP) concentrations during woodburning were about three times correspondm,g
levels during non-woodburning periods. Elevated indoor concentrations of TSP,,\, N
respirable suspended particulates, and benzo-a-pyrene were attributed to
woodburning.

More than a hundred different chemicals have heen identified in
wood smoke, including carbon monoxide in quantities about 300 times that
produced by an oil furnace. Hydrocarbon output may be about 700 times that
of oil. Sulphur dioxide, however, is only about 10% of that produced by oil-
burning. A number of the compounds in wood smoke are known carcinogens (e.g.
benzo(a)pyrene) (Mohr, 1982).

Discussion:

A recent popular review (Mohr, 1982) has summarized the wood-
burning problem as two-fold, involving both pollutants produced and retained
indoors, and the introduction of significant concentrations of smoke from
neighbouring chimneys. By comparison with oil or gas, wood is 'dirty' fuel.
In the Portland, Oregon area, residential wood burning was estimated to
contribute more respirable particulates to the outdoor air than all other
sources combined. Several U.S. communities now require residents to restrict
wood-burning during pollution alerts, and the Greater Vancouver Regional
District has enacted a bylaw against excessive smoke from domestic heating
installations. Great Britain and West Germany have some controls on the
operation of wood-burning stoves in critical areas.

As with faulty operation of gas and oil furnaces, improper
installation or operation of wood and coal stoves can lead to extremely
high concentrations of carbon monoxide and potentially fatal conditions.
Even with 'normal' operation some homes may have significant indoor
pollution levels from operation of wood stoves. More data is needed
to quantify the extent of this problem in Canada.

It is this author's experience that 'second-hand' wood smoke from
neighbouring chimneys can be a considerable health hazard to persons who are
already chemically susceptible. Persons badly affected by indoor chemicals can

—take steps to improve their own homesand avoid combustion indoors, but—they
are relatively defenseless against high levels of pollution in outdoor air.
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1.5.6 Pollutant Sources: Outgassing of Furnishings
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1.5.6 Qutgassing of Furnishings and Decorative Materials

Description:

'Org"a.ni(':"fmaterials such as adhesives, elastomers, plasties, rubber,
surface coatifgs and solvents produce contaminants by outgassing or
evaporation, often for extended periods. Contaminants can also form from
chemical or physical reactions when such materials are placed under thermal
and oxidative stress. (Williams and Carhart, 1975, p.1)

A large number of polymer compounds are susceptible to slow chemical
degradation at normal indoor temperatures, from a number of factors including
temperature variations, humidity, light flux and wavelength, concentrations of
reactivé gases such as 02, SO2, NO2, and O3, and presence of small amounts of
monomer and various additives and impurities within the product. Polyvinyl
chloride, for example, is degraded in the presence of oxygen, producing HC1 by
a complex process. Other compounds may emit small molecules such as CO, CO2,
H20, H202, and small organic molecules such as carboxylic acids and ketones
(Allara, 1975, p. 29).

Carpets, fibers and fabrics are also a source of various organic
air contaminants (Finkel et al, 1979, 2).

Barker (1975, p. 44) stresses that it can be assumed that all fibers
and fabrics contain measurable amounts of contaminants and additives. Natural
fibers contain primarily contaminants of biological origin unless they have
been treated with species such as arsenic.for defoliation purposes. Man-made
fibers may contain a wide variety of heavy metals, titanium dioxide,
antistatic agents and flame retardants, and residues from polymerization and
spinning processes. Textile fabrics may contain much larger quantities of
added chemical material, particularly nitrogenous resins added to cellulose
and cellulose blend fabrics to provide durable press properties. Significant
levels of added chemicals may also be encountered in fabries treated for flame
resistance, soil release, oil and water repellancy, or other special purpose.

Barker reports that it is not uncommon for nitrogen-containing resins
(e.g. urea-formaldehyde, dimethylol dihydroxyethyleneurea) to be present in
quantities approaching 15-20% of the weight of the finished fabrie. The
materials are polymerized on the fabriec, but hydrolysis products such as
ammonia and formaldehyde can diffuse out of the fibers and contact the skin or
enter the air. Nylon and polyester fabrics may also contain trace amounts of:
catalysts, catalyst deactivators, metals and metal salts, delustrants,
antistatic agents, flame retardants, residual monomer or small oligomers,
lubricants, sizing agents, bleaches, wetting agents, dyes, printing pigments,
soil release agents, softeners, water and/or oil repellants, ultraviolet
absorbers, bacteriostats and fungistats.

Cain (1979, p. 267) reported that odour modifier chemicals are

often added to many home products in order to reduce the perceived odour
of the product. Permanent-press fabrics generally contain modifiers in order
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1.5.6 Pollutant Sources: Outgassing of Furnishings (continued)

to combat malodours that may result from resins used in treatment of t e ,,V 'n*: “i
fabrics. Even latex foam pillows contain modifiers to hide the rubber” ‘odour’ ‘of :
the product.

. -
LSS T

Silver (1976) also reported that in the mid-1970s some gypsuf, “ -}- 9
wallboard samples were determined by the U.S. EPA to obtain measurable s f 5
amounts of Arocolors 1242, 1254, and 1260 (all polychlorlnated blphenyls e ';'.v,,,
- PCBs). These were present in the paper covering layer and were assumed :,,F,r
either to have been added for fire retardant purposes, or to have been .. ,.... .,
present in recycled paper used to make the product. Silver also describes ... -..
unpleasant tactile sensations (e.g. a burning feeling) experienced by B s .
chemically susceptible persons exposed to soft plastic furniture coverings and’
polyester fabrics.

Feier

Pollutants Produced:

In mass spectrometry studies of emissions from carpets, fibers
and fabries, Finkel et al (1979, p.2) identified methyl bromide, sulphur
dioxide, traces of palmitic and stearoic oxide, and three halogenated
compounds - dibromodichloroethanol, tetrabromoethanol, and
tribromochloroethanol. All the gaseous products were observed at
temperatures of 20 degrees C and increased in concentration at higher
temperatures. The researchers speculate that the organic halides were not
thermal decomposition products since they were observed at the low temperature
as well as higher temperatures. The halogenated ethanols may have been
hydrolysis products of flame retardants. The fatty acids may have come from
esters used as spin finish agents during the manufacture of the fibers, and
the sulphur dioxide may have resulted from an anti-oxidant formulation.
They were unable to explain the presence of methyl bromide, which is
normally used as a fumigant.

Methyl bromide is a potent fumigant gas, and is one of the most toxic
of the common alkyl halides. It has a toxic effect on the central nervous
system and can lead to death when exposures are high (8600 to 60000 ppm.)
Nonfatal poisoning has resulted from exposure to concentrations between
100 and 500 ppm. It is also a skin irritant. Because the reported study
involved identification and not quantification, the significance of the
presence of methyl bromide in the samples cannot be determined without
further studies (Finkel et al, 1979, p.3).

With gas/liquid chromotography-mass spectrometry studies, Zweideinger
(1977, p. 4) identified 147 organic compounds present in the interior of
relatively new automobiles, which were not present in‘'the ambient air in the
vicinity of the test, including vinyl chloride monomer, a suspected
carcinogen which outgasses from polyvinyl chloride (PVC). While an automobile
represents a confined interior with a high plastic to volume ratio, and a high
temperature variation (e.g. under sunlight), similar materials are now present
in residences and similar temperature conditions arise at least locally when

————————incoming-surndight-strikesplastic—surfaces:—Whileno—conclusions —canbe—drawn
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1.5.6 Pollutant Sources: Outgassing of Furnishings (continued)

about the pq331ble concentrations of such products in residences, it is
reasonable to assume that their presence at least in trace amounts is likely.

Among the compounds identified in the automobile study, besides
vinyl chloride, were aniline, biphenyl, 1,2 dibromoethane (tentative),
dlchlorobenzene (tentative), dlmethylphenol isomers, isobutyl alcohol,
maleic anhydmde (tentatlve) naphthalene, and 1,1,1-trichloroethane, which
have all been associated with carcinogenic or neoplastlc effects. Benzene,
carbon tetrachloride, chloroform and phenol were found in the automobile
interiors as well as in the background, and are also listed as carcinogenic or
neoplastic. The primary categories of compounds detected were (Zweidinger,
1977, p.i.v‘;25):

halogenated compounds (e.g. dichlorobenzene isomer)

aldehydes and ketones (e.g. methoxybenzaldehyde, methyl ethyl ketone)
alchohols (e.g. 2-methyl-1-propanol, creosol)

ethers (e.g. dimethyl ether, diphenoxybenzene)

nitrogen compounds (e.g. aniline, toluene diisocyanate)

sulphur compounds (e.g. carbon disulphide, benzothiazole)

aromatic hydrocarbons (e.g. isopropylbenzene, dimethylnaphthalene)
other hydrocarbons (e.g. n-butane, trimethyleclyclohexane)

Hollowell & Traynor (1978, p.2) list vinyl chloride, organics, and
odours.

Discussion:

Persons who have become generally susceptible to low levels of
pollutant exposures have been reported to be sensitive to various furnishings
and decorative materials. Avoidance of the sources is the primary method
of treatment employed. In practice, finding alternative materials and
furnishings that have low pollutant emission rates has not often been
an easy task.

Silver (1978) recommends that persons having adverse health
symptoms in the home conduct a full cleanup of all items and portable
furnishings in the home that are contributing to indoor air pollution.
He stresses that synthetic foams and textiles, and soft vinyl imitation
leathers can be most troublesomie.

As discussed in Section 1.2.18, the primary concern regarding
furnishings and materials is not necessarily the amount of contaminant
released from each individual source, but rather the total mix of contaminants
in the fully furnished home. Consumer education about the possible hazards
may therefore be as important as monitoring and regulation of individual
products.
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1.5.7 Intrusion of Outdoor Pollutants
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Description: ety OV T ek oy
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Air pollutants present in the outdoor air enter living spaces. - -~ zr r ezpmice

by ventilation and infiltration. mier BEnDTEa:
Pollutants Produced: EEU

. . . - ST el Gy,

Stationary outdoor combustion sources (e.g. factories, furnace. . . 1iac:

residential chimneys, municipal power generation plants) add the R I T

following contaminants to outdoor air, either directly or through
the action of sunlight in photochemical smog (Hollowell, 1981, p. 4):

Sulphur Dioxide (SO2)
Carbon Monoxide (CO)
Nitric Oxide (NO)
Nitrogen Dioxide (NO2)
Ozone (03)

various hydrocarbons
particulates

Motor vehicles, including cars, buses, and trucks, contribute
primarily the following pollutants to outdoor air, and by infiltration,
to indoor air (Hollowell, 1981, p. 4):

Carbon Monoxide (CO)

Nitric Oxide (NO)
Nitrogen Dioxide (NOZ2)
Lead (Pb)

particulates

The storage of motor vehicles in garages attached to or directly part of

a home may lead to infiltration of automobile exhaust and various gases

from gasoline, greases, oils, and components of heated engines. Wynder and
Hoffman (1962, as reported in Severs, 1980) showed that the benzene extract of
a gasoline engine exhaust condensate has about twice the carcinogenic activity
of tobacco smoke concentrate. Benzo(a)pyrene was one of the chief carcinogens
identified among the hydrocarbons present.

A third outdoor source is the soil itself, which produces radon
(Hollowell, 1981, p. 4) and which together with vegetation also contributes
moulds, pollens, and a variety of organic vapours to outdoor and by
infiltration, to indoor air.

The California Department of Consumer Affairs (1982, p. III.B.14)
notes that the next major contributor to human lead contamination after (old)
leaded paint is lead in air, with leaded gasoline figuring as the major source
of airborne lead nationwide. Many studies have shown a correlation between
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1.5.7 Pollutant Sources: Intrusion of Outdoor Pollutants (continued)

lead in motor vehicle emissions and lead in humans. City dwellers have been
found to have significantly higher blood lead levels that suburban or rural
populations, and children living within 100 feet of major highways have higher
frequencies of elevated blood lead levels than children living in less
trafficked areas.

House dust in urban homes has been reported to have a higher lead
content than dust in suburban homes. Dust in homes closer to highways or lead
smelters, foundries, or processing plants has been found to have a higher lead
content than dust in homes farther away from such sources.

Barton (1981) reports 1979 ambient pollution levels in Canada
as follows:

number of average of 90% of cities maximum
cities annual means below this level desirable
sulphur dioxide 69 12 ppb 18 ppb 11 ppb
nitrogen dioxide 34 26 ppb 34 ppb 32 ppb
carbon monoxide 42 1.7 ppm 3.2 ppm 5 ppm
ozone 39 15 ppb 20 ppb 15 ppb
suspended part- 3 3 3
iculates 39 66 mecg/m 99 meg/m 60 meg/m
Discussion:

Outdoor pollutant levels are not constant, but rather follow
daily cycles (Silberstein, 1977, 1979a) (see also 1.7.2 Decreased General
Ventilation).

Yoshida et al (1974, p. 175) have indicated that the rate of
occurrence of bronchial asthma in schoolchildren in Japan is greater in areas
with high outdoor air pollution levels than in those with lower levels.

Colley and Brasse (1980, p, 52) reported on a multi-nation study
comparing health indices of schoolchildren around the age of 10 years between
areas of high outdoor air pollution and areas of low outdoor air pollution.

In some countries no relationship between air pollution and respiratory
disease and lung function was found, while in others there was a correlation.
The pooled data shows that a close association exists between air pollution
and various respiratory indices in children, and that smoke appears to have a
greater effect on health than sulphur dioxide.
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1.5.8 Use of Household Chemicals T 'fr?ir:g' W 0E

Description: Tiormot b 1o

In the average home occupants use a wide variety of household . "<ivwe v
chemicals to assist in daily tasks such as cleaning.

Pollutants Produced: i sh moand

Various organics and odours (Hollowell, 1981, p. 4). In office
studies, which may involve similar compounds, Hollowell & Miksech (1981, p;g) i &7t
identified aliphatic hydrocarbons, aromatic hydrocarbons, formaldehyde,
amines, chlorinated hydrocarbons, and many other miscellaneous orgamcs
emanating from building maintenance products. vé g
nise
Emissions from aerosol spray devices include fluorocarbons, ammonia,-‘ . "
and vinyl chloride (Hollowell & Traynor, 1978, p.2). McCarthy et al (1981)
also tested various aerosols (room deodorant, bathroom cleaner, bug kKiller,
hair spray and personal deodorant) and detected aluminum, sodium, chlorine,
and vanadium.

Residues from carpet shampoos applied in concentrations in excess
of manufacturers' recommendations have been responsible for health problems,
particularly respiratory symptoms. (Kriess et al, 1981) A common detergent,
sodium lauryl sulphate, is believed to be the irritant causing the problem.

Gosselin et al (1976) outline the components of various household
cleaners and other chemical products. A few examples of some of the volatile
and components are as follows:

abrasive cleaners - may include chlorine compounds such as trichloro-
isocyanuric acid or sodium hypochlorite, and
some brands may even include kerosene

alkaline cleaners - may include up to 29% ammonium hydroxide

aluminum cleaners - may include various organic solvents

copper cleaners - may include various petroleum solvents

chrome cleaners - may include ammonium hydroxide, alcohol, naphtha,
or petroleum oil

detergents - some may contain ammonia, alcohol, propylene or

ethylene glycol, naphtha, petroleum solvents,
pine oil and/or perfumes

deodorants - may include propylene glycol or alcohol

stick deodorizers - may include naphthalene, paradichlorobenzene
or paraformaldehyde

spray deodorizers - may contain alcohol, paradichlorobenzene,
1,1,1 trichloroethane, or formaldehyde

laundry starches - may contain formaldehyde or pentachlorophenol

mildew proofing - may contain pentachlorophenol, aromatic
hydrocarbon solvents, methylene chloride or

formaldehyde

../ (list continued)
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1.5.8 Pollutant Sources: Use of Household Chemicals (continued)

e R D

lacquer thinners
floor polishes
furniture polish

toluene and aliphatic hydrocarbons
synthetic polymers or petroleum naphtha
petroleum distillates and perfumes, wood
preservatives '
mineral spirits and turpentine

shoe polishes i

The reader is referred to the background reference for a complete
list of possible components in the formulation of these and other household
products.

Discussion: . &

Stewart and Hake (1976) describe an unsuspected hazard associated
with the use of paint and varnish removers indoors. They reported that the
main ingredient in most paint removers is methylene chloride (dichloromethane,
CH,Cl,). Their experiments demonstrated that methylene chloride is
metabolized to carbon monoxide and exposure to it increases the level of
carboxyhemoglobin in the blood, blocking the uptake of oxygen and causing
substantial stress on the cardiovascular system. They report that use of
such paint remover for a period of three hours according to directions can
easily produce a COHb saturation of 5% to 10%.

Elevation of the COHb to saturations greater than 5% can adversely
affect patients with angina pectoris or cardiovascular disease. The elevated
level of COHb from paint remover exposure lasts longer than that produced by
inhalation of carbon monoxide, and is even further prolonged when methanol is
present in the paint remover, as it is in some formulations. The authors
stress the danger of such exposures to persons with coronary heart disease,
particularly when combined with or followed by smoking.

While household cleaners, paint removers and other chemicals are
used only intermittently and cautions are often included on the labels
regarding the use of adequate ventilation, experience with chemically
susceptible persons indicates that they can nonetheless be the cause of
much discomfort.

Silver (1978) conducted tours of a number of homes in which occupants
experienced illness thought to be related to the building or it contents.
In most cases one or more boxes were filled with various loose bottles and
cans of poisonous and often volatile household products and disposed of.
Silver emphasizes that a basic rule for preserving indoor air purity is
to keep the use or storage of volatile substances to an absolute minimum.

The California Department of Consumer Affairs (1982, p. III.G.24)
sums up the dangers of household chemical use as follows:

"Household chemical products, although effective and convenient, are
significant contributors to the pollution of indoor air quality. The

use of such products poses a serious threat to the quality of human
health. The degree of threat is beyond what we are currently able to
determine."
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1.5.8 Pollutant Sources: Consumer Appliances

1.5.9 Consumer Appliances

Description:

The modern Canadian home has a host of electric consumer apph&nces,
from vacuum cleaners to toasters and blenders. Each is a contrlbutor in” at '
least a small way to indoor air pollution. Combustion equipment w1ll be deai’t
with in a subsequent section. "{'!‘(

S e

Pollutants Produced: - "5 LG

L N Y

Demas and Johnston (1975, p.1,7) investigated the outgassing products
during the normal and overheated operatlon of a 10 hp. electric motor with
varnish wire and slot cells and phases insulated with an aromatic polyamlde
paper. At normal operating temperature (73 deg. C, 163 deg. F) the outgassmg
products included toluene, o-xylene, m-xylene, formaldehyde and other
aldehydes, and nitrogen oxides. At 140 deg. C, an overheat condition,
emissions of these gases increased substantially and benzene was also
detected. At even higher temperatures, representing bearing failure,
hydrogen cyanide and carbon monoxide were also measured.

While motors of this capacity are not found in residential situations,
the materials found in furnace fan motors (typically 1/4 to 1/3 hp.), vacuum
motors, and various other small household motors are similar, and occasionally
overheat conditions may occur. No conclusions about the likely residential
concentrations of these gases can be inferred from the study, which was
performed within a laboratory collection chamber. Randolph (1962) and Zamm
(1980) have noted that a number of persons may be susceptible to the gas-off
products of the electric motors commonly found in homes.

The California Department of Consumer Affairs (1982, p. IIL.F.13)
cautions that while the pollutants from self-cleaning ovens have not been
measured, they may be high. Self-cleaning ovens run for long periods at high
temperatures, and the process often produces irritating odors such as
polynuclear aromatic hydrocarbons which can result in closing off the kitchen
from the rest of the house.

The emission of ozone from badly maintained electrostatic air filters
has already been mentioned (see Section 1.2.5 "Ozone").

Discussion:

The trend toward greater consumer usc of clectronic items has also
introduced new sources of indoor air pollution. Little has been done to
identify specific pollutants and quantify emissions, however. Clinical
and personal experience communicated to this author indicates that
television and stereo sets, radios and other electronic appliances
gas off sufficient contaminants to severcly affect people who have already
become generally chemically susceptible. Television emissions may include

Qzone,
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1.5.8 Pollutant Sources: Consumer Appliances (continued)

Further research in the area of chemical emissions from appliances
may shed further light on the nature of certain illnesses already ascribed
to certain devices. Media reports of headaches and other complaints related
to the use.pf microwave ovens, for example, have attributed the problem to
mic¢rowave  leakage. Similar reports regarding the use of video display
terminals. in. offices have concentrated on possible electromagnetic field
hazards and X-ray emissions, but little has been measured that would appear
to explain the health problems attributed to them. This author's experience,
however, has indicated that there is sufficient chemical emission from either
device to trigger adverse symptoms in susceptible persons. Often adequate
venting. of the appliance is sufficient to relieve symptoms.

'D'é_libe'rate venting of polluting appliances is discussed further
in Section 1.7.14.
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1.5.10 Spray Humidifiers * b zpigh 01

Description: GRS IAY e
Household humidifiers which either recycle their water or whieh <™ R

include an open water reservoir which can stagnate can become sourceg of! .

micro-organisms that will contaminate indoor air and may affect the“health iof:-:
household occupants. Assendelft (1979, p. 39) reports that allergic alveoliti§it#3ros
has been associated primarily with evaporation and cool-mist atomizing e
humidifiers, but not steam humidifiers. He cautions that the mloro-orgamiﬂfii e I
multiply better in standing water, and that heat from the humidifier motor may

be sufficient to create an optimum climate, but that regular cleaning and: ,

changing of filters should allow safe use of currently available humidifiersi®- " = "

Pollutants Produced:

The micro-organisms produced include a wide variety of bacteria, fungi -
and amoebae. The proportions and species vary. Some investigations in the
United States identified certain thermophilic actinomyces fungi as a cause of
illness. In some British outbreaks amoebae were largely the cause (Brundrett,
1979, p.4).

Discussion:

Outbreaks are more common when such humidifiers are associated with
an atmosphere which contains an organic dust. This dust, which is trapped by
the recycling water sprays, forms nutrients for micro-organisms in the
reservoir. The micro-organisms and their metabolites are then sprayed out into
the atmosphere.

Control, particularly in the case of residential humidifers, consists of
regular cleaning and changing of water. Sludge should not be allowed to form
in the water reservoir (Brundrett, 1979, p.6,7). Once the mould spores start to
multiply, not even a thorough cleaning with disinfectant is enough, and
Assendelft (1979, p. 39) suggests full sterilization of the apparatus in an
autoclave. Apparatus not in use for some time is especially dangerous.

The possible role of warm standing water in humidifiers in encouraging
growth of Legionella bacteria has been mentioned in Section 1.2.12 "Bacteria
and Viruses".
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1.5.11 Pollutant Sources: Paints and Sealers

1.5.11 Paints and Sealers

Description:

The-:irole of various paints and sealers in contributing to the
overall level .of organic contaminants in room air is described in a previous
section {see section 1.2 under "Various Organic Vapours"). One additional
contaminant. that has been traced to certain paints is mercury.

Pollutants: Produced:
s ﬁéin't may release various organic gases, lead, and mercury
(Hollowell, 1981, p. 4).

In a study of adverse health effects in the painting trades, Selikoff
(1975, p. 94) notes that general painters are exposed to the following
general groups of contaminants:

organic solvents turpentine
mineral spirits
ketones
aromatiec hydrocarbons
esters
chlorinated hydrocarbons
aleohols
glycols

aerosols chromium compounds (pigment)
lead compounds (pigment)
titanium dioxide (pigment)
isocyanates

Householders and tenants are exposed to a lesser degree to the same
array of chemicals.

Gosselin (1976, p. 160) lists the following as possible ingredients in
typical latex wall paint for home use (the reader is cautioned that since
these products change rapidly the list may not represent new paints produced
in 1982):

fillers

titanium dioxide

inert filler pigments
polyvinyl acetate monomer
acrylic elastomer

styrene butadiene elastomer
lithopone

ethylene glycol

emulsifying agents
chlorinated phenols or o-phenyl phenols
water

vegetable oils or resins
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1.5.11 Pollutant Sources: Paints and Sealers (continued)

'Mildew-resistant' paints in 1976 usually contained mercury compounds,. Such, as
phenyl mercury oleate, phenyl mercury acetate, or phenyl mercury succmate. g

Varnishes and shellacs may contain the following (Gosselin, 1976, p,,}flf_i..l;).-, -

o~

resins (alkyd, phenolic, polyurethane or other)

CLn ELOn.o180D
methyl aleohol .

VDT
ethyl. alcohol W e o=
gasoline PP I
benzene
sodium hydroxide N
turpentine S TR
lead

’)J.«

Valbjorn, Nielsen and Kjaer found a connection between eye u'rltatlgg, o
airway irritation, and emulsion palnt on house walls. They also found a G e
connection between dry upper airways and concrete as well as newly restored -
buildings. In dwellings where headache and airway irritation occur, they found
that people were airing the dwelling 3 or more times per day, and that this
was more often than persons without headaches or irritation. The dwellings in
which eye irritation was noted were more frequently 0-4 years old, than older.
Headache, dry upper airways and eye irritation were the three most common
complaints among 627 occupants living in 240 dwellings.

Joselow (1978, p. 449) cites studies in which mercury vapour
concentrations were measured in homes, offices and laboratories to be
higher and in some cases 1000 times higher than ambient natural background
levels. The emission of mercury from paints incorporating organic mercury
compounds as fungicides and mildewcides is extremely slow and could last
for years. Increased excitability,of the central and autonomic nervous system
has been reported at 10 é'ncg/m , and although all measurements taken were bhelow
this level, 4 to 6 mecg/m" were found in dentists' and doctors' rooms.
Cases of mercury sensitivity from low-level exposure to other sources have
been reported recently (Huggins, 1982) and suggest the need for further
assessment of building material sources.

Hirschman et al (1963) describe a case of a 5-year old boy with
generalized abdominal and muscle pain and general weakness, which was thought
to be due to mercury poisoning from water-base house paint, possibly from
both ingestion and inhalation. Laboratory analysis of his home surroundings
revealed that the sleeping quarters had been painted four months before onset
of symptoms, with a paint containing phenyl mercuric proprionate in a
concentration of 0.036 per cent by weight, or 0.02 per cent by weight of
mercury alone.

A test panel painted with the paint was subjected to analysis
within a special testing 1.9 litre testing jar, ventilated at 1 litre per
minute. The amount of mercury vapour from the freshly painted panel averaged
0.50 micrograms of mercury per minute per square foot of panel surface over
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1.5.11 Pollutant Sources: Paints and Sealers (continued)

the first “thirty ‘minutes. The panel continued to emit mercury vapour in
diminishing ‘amounts for six weeks despite continuous air changes. Calculations
indicated that a freshly painted room (4 walls painted) of 800 cu. ft.,
ventilated at two air changes per hour, would have an average concentration of
0.21 mg. of mercury per cubic metre of enclosed air. The standard for
continuous adult exposure without toxic effect at that time was 0.10 mg. of
mercury per cubic metre. The authors note that there is a wide variation in
individual susceptibility to mercury, and that in some cases very small doses
might be significant.

Ware (1978, p. 100,101) reports that a host of organic mercury
compounds have been used over the last thirty years, but that these have been
largely replaced now by other organic fungicides. The U.S. Environmental
Protection Agency banned most organic and inorganic mercurial fungicides
for uSé in the home and for agriculture in the late 1970s, because of the
toxicity of mercury to warm-blooded animals and the accumulation of mercury
in the environment.

Foote (1972) measured mercury vapour concentrations in home,
office and laboratory environments, and found mercury concentrations
significantly higher than those in the natural environment. The amount of
mercury in homes and offices was dependent upon the type of paint used and the
length of time that had elapsed since the room was painted. Mercury
concentrations were found in homes three years after painting with latex-base
interior paint containing diphenyl mercury dodecenyl succinate to prevent
fungus growth, at levels of 0.07 meg/m".

Foote found that the mercury levels within homgs that had been
painted 7 days before testing had levels up to 3 meg/m". Levels in
doctors' office where a mercury thermometfr had been broken (some time
in the past) ranged from 4.6 to 5.7 mcg‘)/m . Typical outdoor concentrations
in three cities were around 0.03 meg/m".

Spedding and Hamilton (1982) nofed that a room containing mereury
droplets (as from a broken thermometer) reached levels of 300 meg/m
and that conncentrations in closed boxes gr cupboards rapidly reach the
equilibrium vapour pressure of 13.2 mg/m". The Threshold Limit Value in
air for mercury is 50 meg/m”. They measured the absorption of mercury
vapour by various indoor surfaces, in order to pursue the question as to the
fate of mercury vapour deposited in the indoor environment in earlier years
when precautions to reduce its concentration were not as strict as at present.
PVC floor coverings were found to have a very high absorption rate. Paints,
wallpaper, particleboard, carpets, and fabrics all absorbed mercury at varying
rates, and the half-lives for desorption were also variable, some more than
three months. Practical conclusions from this work include the need for
at least moderate ventilation following a mercury spill to hasten the
desorption of mercury from indoor surfaces.
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1.5.11 Pollutant Sources: Paints and Sealers (continued)

Discussion: .
e rot sk -
Sealants used in homes where occupants are already chemically
susceptible can compound problems rather than solve them. Outgassing p’it‘éaucts s
of the sealant itself can elicit adverse symptoms, and problems have been
encountered with paints, urethanes, epoxies, and plastic vapour barrlers.
The use of alternative methods of avoiding primary pollutants (e.g. by ventlng, .
channels adjacent to polluting materials) can be used, or sealant alterng‘tqu; ";‘-“{ﬁ'
tested for individual reactions until a suitable substitute is found (e.g.”'" “*° ="
aluminum foil barrier instead of plastic). (Small, 1982). SRS

Zamm (1980, p. 57) reports that some sensitive individuals can detect
paint fumes for three months or more after application. He particulafly e
cautions chemically susceptible persons against using epoxy paints, because =~ "
they take an exceptionally long time to dry and must be aged for three to six
months prior to exposure to the chemically susceptible persons (Zamm, 1980, p,
110). The U.S. National Institute for Occupation Safety and Health (NIOSH)
cautions paint and other manufacturers that epoxy resins used in protective
coatings should be regarded and handled as dangerous materials. Certain
individuals may develop an allergic reaction to even trace amounts of epoxies.

Selikoff (1975) investigated the health hazards in the painting
trades, and found not only a high rate of illness and neurotoxic disorders
but also a high rate of on-the-job accidents. Central nervous system effects
of the volatile solvents to which the painters were exposed included
dizziness, light-headedness, unusual exhilaration, loss of balance, and
feeling 'high'. Digestive symptoms such as nausea, vomiting and loss of
appetite were common, and loss of consciousness was also reported in a
significant number of painters. Prenarcotic symptoms were reported by
84% of workers who had used epoxy paints, compared with 60% of workers
who had never worked with epoxy paints.

The significance for the householder lies not only in the long-
term effect of low levels of these same solvents, but with infrequent
but concentrated exposures during do-it-yourself painting and remodelling
efforts. There is both a health hazard and a safety hazard involved in
painting without very high levels of ventilation. Further discussion of
indoor air pollution as a safety hazard can be found in another publication
by this author (Small, 1982b).
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1.5.12 Pollutant Sources: Insulation
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1.5.12 Insulation

Descrlgtgon,_ ol

Vérlgus' types of insulation used in housing have been reported
to contr,l ut;e in varying degrees to indoor air contamination. In 1980
approxim,.t,l,t ly. 82% (in dollar terms) of the home insulation market in the U.S.
was accounted for by fiberglass. Rock wool had a market share of about 11%,
Cellulose 5%, and other types, 2%. (Frost and Sullivan, 1982).

.Urea-formaldehyde foam insulation (UFFI), now banned in both Canada
and the United States for housing application, was responsible for widespread
recognition of indoor pollution from formaldehyde sources, including UFFI.

""" The effects of UFFI gases are documented in considerable detail in
other reports (see Small, 1982a) and will not be discussed further here.

Pollutants Produced:

Formaldehyde, fiberglass (Hollowell, 1981. p. 4).
Borates (Buscher, 1982).

Health Effects:

Buscher (1982) reported on three families in whom various symptoms
had appeared soon after installion of cellulose insulation, including
respiratory difficulties, skin rashes, depression and gastrointestinal
problems. Air (éoncentrations of borons were measuredsand found in one case
to be .6 mg/m” (US Threshold Limit Value is 1 mg/m"). Elevated boric
acid levels were also detected in the urine. Boric acid is commonly used as
a fire retardant in cellulose insulation. Concern was expressed about air
contamination caused by the use of recycled newspapers in the manufacture
of the insulation, since newsprint and ink contain a wide variety of organic
chemicals and heavy metal compounds (although no measurements were cited).

Calabrese (1980) quotes Tabershaw et al (1977) as having reported that
workers involved in the manufacture of boric acid have been reported to
exhibit some atrophic changes in respiratory mucous membranes, weakness, and
joint pains, although the mechanism for such toxic responses remains to be
elucidated.

The California Department of Consumer Affairs describes a state
Transportation Department building in Maine in which occupants experienced
a variety of symptoms including rashes, watery eyes, hoarseness, coughing,
dizziness, lethargy, sores that would not heal, breathing problems, stiff
shoulders and necks, and coughing up of blood. The building air supply was
found to contain minute particles of fibrous glass, from fibrous glass air
ducts.
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1.5.12 Pollutant Sources: Insulation (continued)
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Newball and Brahim (1976) report an exposure to fibrous glass from
a domestie air conditioning system, in which several members:of -4 fanyity
experienced severe respiratory symptoms and were forced to abandon the home
until the source was eliminated (air conditioning ducts lined with fibrogul> <L .
glass). Bronchial washings confirmed the presence of fibrous glass in the
lungs. The authors conclude that fibrous glass exposure from air conditioner
systems may be a serious domestic problem. They note that once glass® ﬁBét"s '
have entered the house and become entrenched in the carpets, rugs, ﬂi*apéries,
upholstered furniture and mattresses, etc., the only effective way to M P ey
eliminate the glass fibers is to discard the contaminated materials. - - %" =&

TR LAY

This author has received a small number of additional case reports: of "<
illness associated with the use of fiberglass insulation, usually involving
incomplete installations where the material is still exposed The material’
does outgas at sufficient rates, particularly when heated to summer attic ‘oF
outside wall temperatures, to cause symptoms in chemically susceptible
persons. Care in forming complete air and vapour barriers is recommended.

Although no formal tests have been undertaken, a small number
of reports and personal experiences by this author indicate that under
some circumstances (for example when a wall is exposed to late afternoon
sun on warm summer days) outgassing from styrofoam insulation or even
from fiberglass may also be sufficient to affect chemically susceptible
persons.

Discussion:

Stanton (1972, as reported in Selikoff, 1974, p. 62) observed

experimental mesothehoma w1th several varletles of f1ne fibrous glass.
This raises the possibility, as yet unproven, that exposure to fine particles
from fiberglass insulation could pose some cancer risk.
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1.5.13 Pollutant Sources: Occupants' Actities

1.5.13. Qecupants’ Activities
i g T Y N e by

Descriptions ..t

:Normal processes of living and respiration by people and their
pets .generate a number of gases and particles. (Hollowell, 1981, p.3)
Very few.-daily activities do not involve addition of pollutants to indoor
air in some form. Everything from opening the mail, reading a newspaper
watching television or putting on makeup, to preparing and cooking food can
affect indoor air. Numerous examples have already been given in
previous-sections.

Lipmann, M. (1979, p. 39) notes that modern hobby activities involve
materials that were previously only associated with industrial activities.
Part-time potters use kilns and torches which can produce toxic aerosols in
large quantities. Artists and artisans of all types use substantial amounts of
solvents, pigments, glazes, epoxies, acids, alkalis, and plasties. These
materials are frequently used without the precautions or controls generally
practiced in industry.

Pollutants Produced:

Metabolic gases produced include: carbon dioxide, water vapour,
ammonia, various organics and odours. Various microbes are also dispersed
(Hollowell, 1981, p.3,4). Johansson (1977, p. 1371) identified significant
increases in the concentrations of acetone and C2-alkylbenzenes in occupied
rooms compared to unoccupied rooms.

Since few measurements have been done specifically to monitor
occupant activities, the only general description of the products that are
produced that can be offered at this point is 'various organics and odours'
(Hollowell, 1981).

Discussion:

Mathews (1978) notes that in some highly sensitive patients
respiratory symptoms can be produced by exposure to the airborne food
molecules in fish odours. This is also a commonly reported phenomenon among
persons with multiple food allergies, and is also recognized as a problem for
some women during pregnancy, particularly in the early stages. Clinical
experience reported to this author also indicates that some highly susceptible
persons may react to the odours of food or drugs from others who have recently
consumed them.

Design of clean dwellings must necessarily take into account the wide
variety of activities that take place in the home, the products and chemicals
involved, and the potential for pollutant accumulation and health effects.
Consumer education may be important in alerting people to the importance,
for example, of adequate ventilation during certain hobby activities.
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1.5.14 Pollutant Sources: Summary Table P8

Section/Pollutant Source Summary B e
1.5.1 Improper Chimney Improperly lined chimneys may corrode - ::i“:ytqipn!® |
Construction from the exhaust of a natural gas furnace, leadmg to

blocking and potentially fatal carbon monoxide
accumulation in a home.

1.5.2 Gas Stoves Gas stoves are major producers of carbon monoxide and. :
nitrogen dioxide at rates which are harmful to health.

1.5.3 Kerosene Heaters Portable unvented kerosene heaters produce carbon
monoxide and other gases at levels considerably above
outdoor standards, under normal operation.

1.5.4 Fossil Fuel Furnaces Improperly installed or maintained fossil fuel
furnaces can contribute to indoor air pollution,
sometimes at dangerous levels. Chemically susceptible
persons are more quickly affected by small leaks than
others.

1.5.5 Wood Stoves Burning wood ‘can lead to high indoor pollutant levels
if stoves are not well sealed or carefully operated.
Infiltration of second-hand wood smoke from neighbour-
ing chimneys can also increase indoor pollution
significantly.

1.5.6 Furnishings Many furnishings and decorative materials in the home
are responsible for the presence of different organic
contaminants in indoor air. While each-individual source
may appear innocuous, the total pollutant load may be
significant for many people, and can definitely cause
harm to those who are already chemically susceptible.
Alternative products are needed.

1.5.7 Outdoor Pollution Infiltration of various outdoor pollutants, especially
car exhaust from adjacent roads and radon gas from
soil beneath a home may present long-term health
problems.

1.5.8 Household Chemicals Many household products (e.g. cleaners) contribute
significant quantities of organic chemicals to indoor
air, and have been reported to trigger adverse
symptoms in susceptible persons. The total load is
important.

1.5.9 Appliances Numerous small household electrical appliances give
off a variety of organic chemicals and odours. Some
may be significant sources of indoor pollution and
are known to affect susceptible persons.

../(list continued)
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1.5.14 Pollutant Sources: Summary Table (continued)
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1.5.10 Huw idifiers

b

1.5.11 'Paints

iy e

1.5.12 Insulation

1.5.13. Activities

Household humidifiers which either recycle their water
or which include an open water reservoir which can
stagnate can become sources of micro-organisms that
will contaminate indoor air and could affect health.

Paint and sealers may release various organic gases,
lead, and mercury. Some sensitive individuals can
detect paint fumes for three months or more after
application. Neurotoxic effects during painting may
also increase risk of accidents.

Various types of insulation in addition to Urea-
formaldehyde foam have been reported to cause some
problems particularly for already susceptible persons.
Styrofoam, cellulose, and fiberglass are cited.

Normal processes of living and respiration by people
and their pets generate a number of gases and particles.
Very few daily activities do not involve addition of
pollutants to indoor air in some form. Hobby

activities often involve highly toxic materials.
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1.6 Factors Aggravating Indoor Air Pollution

1.6 FACTORS AGGRAVATING INDOOR AIR POLLUTION

The literature was searched for evidence of specific factors which
tend to cause the accumulation of indoor air pollution. Most of the ['ecent
literature concentrates on the role that energy conservation methods such as
tlghtemng of houses and reduction of ventilation rates have played in ,
increasing indoor pollution levels. e m

[ MRS

As with the previous sections, the discussions following are meant as
a brief introduction to the literature. This author would be grateful to =
receive any further references on these and other related topics that readérs
have found useful.

Sub-Index of Factors Aggravating Indoor Air Pollution

page

1.6.1 Tightening of Houses and Reduced
Ventilation 130
1.6.2 Increased Humidity and Temperature 131
1.6.3 Other Factors 133
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1.6.1 Factors Aggravating Indoor Air Pollution: Reduced Ventilation

Sx W e m s e g mew e

1.6.1 Tightening of Houses and Reduced Ventilation

Description:

Inribg‘c!ier to conserve heat, houses are being 'tightened' .by sealing
cracks, . installing windows and doors, with fewer leaks, and generally stopping
as much air infiltration as possible at every possible inlet.

How Pollution is Increased:

"Older houses and new housing that is not well sealed for energy
conservation purposes have natural air exchange rates on the order of 0.8
to 1.5 air changes per hour. The random introduction of outdoor air by
infiltration (through cracks in the bulding envelope), or its regulated
introduction by natural ventilation (opening doors and windows) or mechanical
ventilation (fan and duct systems of varying complexity), is the usual way in
which building occupants are protected from the accumulation of undesirable
indoor air contaminants (Hollowell, Berk and Traynor, 1978, p.1). This level
of infiltration has, until the advent of more tightly sealed housing, provided a
natural limitation on the buildup of pollutants in indoor air (Hollowell and
Traynor, 1978, p.6).

Well-constructed new single family houses have air exchange rates
(ventilation + infiltration) on the order of 0.5 to 1.0 air changes per
hour. Methods of sealing homes to allow air exchange on the order of
0.2 to 0.5 are being developed and have been applied in a small number
of new energy-conservative homes (Hollowell and Traynor, 1978, p.5).

This restriction of ventilation allows a buildup of indoor pollutants.

Korsgaard (1981) also indicates that tightening a home may increase
humidity and therefore the likelihood of higher dust mite populations.

Discussion:

Reduced infiltration and ventilation rates in buildings can lead to
elevated levels of indoor-generated air contaminants (Hollowell, Berk and
Traynor, 1978, p. 1). Cain (1979, p. 258) concludes that a 30% reduction in
ventilation rates for new buildings will cause roughly a 43% increment in
concentration of indoor contaminants and a 20% increment in perceived odour,
based on a theoretical formula developed by Turk (1963).

Hollowell, Berk, Brown et al (1981) state that their studies of
new energy-efficient residences (with air exchange rates lower than 0.4 ach)
indicate that indoor levels of radon, formaldehyde and particulates sometimes
exceeded existing (U.S.) guidelines or standards for outdoor air, due to a
number of factors, such as geographic variation of radon content in soil,
indoor furnishings, and occupant activities. On the other hand, they have
also studied three retrofitted houses where no pollutants reached levels
approaching health guidelines or standards.
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1.6.2 Factors Aggravating Indoor Air Pollution: Humidity and Temperature:. ...;

1.6.2 Increased Humidity and Temperature

T

Description: S m B 1 Rl

Variations in humidity in dwellings can significantly affect the , ... ; &
levels of pollutants and allergens that may influence the health of the "~
occupants. Major indoor water vapour sources are metabolic and respiratory
processes, combustion (esp. natural gas), and evaporation from clothes, .. .. ;. --
dishwashing, and bathroom functions (National Research Council U.S., 1981, ,p. ar
ES‘9). b S A

g "

Demas and Johnson (1975, p.1) note that some synthetic polymer
products of various chemical compositions have low heat resistance, and
that increased temperature of these products can result in solvent and
additive outgassing and molecular degradation, producing volatile organic
and inorganic products. Emissions from materials in an electric motor
under normal and overheated conditions were given as an example in
a previous section (see section 1.5 under Consumer appliances).

How Pollution is Increased:

Korsgaard (1981) compared identical apartments, half of which were
retrofitted with tightly sealed window units. He observed a significant
increase in humidity in the sealed apartments in the February-March period,
and a higher concentration of house dust mites in dust and in mattresses
in the sealed compared to the unsealed apartments.

Excess humidity in dwellings with leakage of air through the
building envelope can cause condensation within the walls during colder
months. This promotes the growth of mould, algae and fungi, and may cause
structural damage (e.g. spalling of brick) which may further increase air
leakage.

High relative humidities increase formaldehyde and other emissions
from materials such as particleboard (National Research Council US, 1981, p.
I-7). However, odours, particles, and such vapours as acrolein may be more
irritating at low relative humidities.

There are a number of common conditions which may raise the
temperature of materials in the home and thereby cause a higher gassing-
out rate than would otherwise occur. For example, a south or west window
may allow sunlight to strike synthetic curtains or carpeting, or foam-filled
furniture cushions. Even window gasketing and glazing strips may give off
detectable odours when in direct sunlight.

Plastic housings for consumer appliances and electronic devices (e.g.

television sets) will also heat up as the appliance is used. Some portable
heaters have many plastic components which gas out considerably at high
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1.6.2 Aggravating Factors: Humidity and Temperature (continued)

temperatures, and sometimes furnace installations involve plastic taping on
hot ducts. Plastic-coated wiring and rubber door seals on cooking appliances
also contribute more contaminants to indoor air when heated.

Discussion: -

Thé'higher concentrations of house dust mites and fungi in
houses that -have been tightened up for energy conservation could increase
the number of people with active allergic disease. Lowenstein (1979, p. 126)
stresses that a relatively large part of the population are potential
allergies.

Condensation on materials and furnishings increase the

corrosive effects of absorbed gases. (National Research Council U.S.,
1981, ES-9).
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1.6.3 Factors Aggravating Indoor Air Pollution: Other Factors i B S AL
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1.6.3. Other Factors IS ST P
Description Fags-

In the same manner as outdoor photochemical smog is produced; i.e’ 404
by action of ultraviolet light on hydrocarbon and other pollutants, indeor < :ii 3.~

smog may also be generated in the presence of artificial lighting sources.:'ti:4s3i.
which emit utraviolet light. This hypothesis is proposed by Sterling and
Sterling (1981). s

DT et
Although the literature in the area of causative factors was e
sparse, two other major factors should be mentioned: v A

1) crowding -  the likelihood of indoor pollution goes up with
number of people in any space. Venting should
be matched to the occupancy to avoid buildup of
dangerous contaminant levels

2) ncw matcrials - the introduction of hundreds of new materials
into the average home in the last two decades,
without sufficient awareness of their pollutant
emission characteristics, has contributed
substantially to the present indoor air
pollution problem .
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1.7 Factors Reducing Indoor Air Pollution

1.7 FACTORS REDUCING INDOOR AIR POLLUTION

The indoor air pollution literature was searched for evidence of
specifig fagtors which tend to reduce accumulation of indoor air pollution.
The information presented is meant only as a brief introduction to the
literature.:: -

The fact that some sections are particularly sparse reflects the lack
of information available at this time. The science of low-pollution design is
very much in its infancy and requires a great deal of further work before it
can be said with confidence that we know how to build unpolluted dwellings in
Canada. Further discussion of low-pollution design is presented in Section 2
"Low-Pollution Design and Construction".

This author would be grateful to receive any further references on
these and other related topics, that readers have found useful.

Sub-Index of Factors Reducing Indoor Air Pollution

page
1.7.1 Increased General Ventilation 135
1.7.2 Decreased General Ventilation 140
1.7.3 Adsorption on Interior Surfaces 142
1.7.4 Gassing-out Period 143
1.7.5 Use of Low-emission Materials

and Systems 144
1.7.6 Source Removal 145
1.7.7 Modification of Combustion Processes 146
1.7.8 Changes in Building Design and

Construction Practices 147
1.7.9 Changes in Building Maintenance Practices 148
1.7.10 Air Filtration 149
1.7.11 Use of Sealants 151
1.7.12 Adjustment of Product Formulation 152
1.7.13 Treatment of Final Product 152
1.7.14 Ventilation of Specific Sources 153
1.7.15 Human Factor Control 154
1.7.16 Warning Devices & Controls 154
1.7.17

Summary Table 155
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1.7.1 Factors Reducing Indoor Air Pollution: Increased Ventilation. == .=t . i35,

1.7.1 Increased General Ventilation SR .
Description: e 'u\
S ha i T i
Hollowell, Berk and Traynor (1978, p.1) assert that the primary: <. '.co
engineering control for the maintenance of indoor air quality is ventilation,: i
i.e. the use of controlled flows of air to lower the levels of air i

contaminants by:
SRRIGE D Wi

1) dilution with fresh outside air, and T

2) the use of recirculating systems incorporating chemical and «::.

physical contaminant control devices, or E55 %

3) a combination system employing both dllutlon and reclrculatlon

Increasing ventilation for dilution can be achieved by opening windows: .
and doors, or by installation of mechanical ventilation and heat exchanger
systems, to increase the frequency of air change in a residence.

Opening windows can provide efficient general ventilation in mild
weather, when heating and cooling systems are turned off. Mechanical
ventilation can be under variable control, and ultimately might be regulated
by air quality detection (Hollowell, 1981, p.8).

Applicability:

Jonassen (1981b) recommends simple ventilation or air exchange with
radon-free or radon-poor air as an effective remedy to the buildup of radon
and radon daughter products. He notes that for commonly encountered air
exchange rates the radon concentration will be inversely proportional to the
air exchange rate, with 1 air change per hour corresponding to a radon
concentration of 0.75% of the unventilated maximum value. This means that
even with a high influx of radon, ventilation rates on the order of 0.5 to 2
times per hour may be sufficient to keep the radon concentration reasonably
low.

Lundqvist (1979, p. 3276) conducted experiments which indicated that a
ventilation rate of 60-80 m" of fresh air for each cigarette smoked is
necessary to eliminate the tobacco smoke from the room before its adsorption
on room surfaces, depending on the volume and characteristics of the-room,

Advantages:

Air-to-air heat exchangers preheat the cold incoming air in winter by
transferring heat from the warm outgoing air, allowing 50-80% of the energy
normally lost in the exhaust air to be recovered. The same process works in
reverse in the summer air-conditioning season (Hollowell, 1981, p. 9).

Persily (1981) measured the efficiency of a popular portable (window-unit)
heat exchanger and found it to be 50%.
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1.7.1 Factors Reducing Indoor Air Pollution: Increased Ventilation (continued)

Regulation of ventilation by some kind of air quality detection and
control system may provide greater energy efficiency by avoiding over-
ventilation, and better average air quality by avoiding under-ventilation
during indoor activities generating high pollutant concentrations. It
should be noted, however, that there is some difficulty in determining
a universal-surrogate indicator of air quality (e.g. carbon dioxide) which
will be adequate in a wide variety of circumstances (Russell, 1982).

Disadvantages:

General ventilation represents a major energy loss, and minimal
ventilation is a good means of energy conservation.

Use of windows (e.g. in kitchens and bathrooms) instead of mechanical
ventilation allows pollutants to diffuse throughout the residence while being
diluted and flushed out of the building (Hollowell, 1981, p. 9).

Hollowell and Traynor (1978, p.2) note that sometimes 'fresh' outside
air may be more contaminated than indoor air, rendering it either unpleasant
or dangerous to use for ventilation. Under some circumstances, then,
exclusion, reduction or treatment of outside air must sometimes be considered.
As noted in Mohr (1982), particularly at night high concentrations of wood
smoke are found in outdoor air in some communities. In this author's
experience such conditions make it nearly impossible for persons who are
chemically susceptible to rely on adequate ventilation alone to reduce indoor
air contaminants. Source removal and often indoor air filtration are necessary
before one can safely reduce ventilation rates to avoid such outdoor pollution
episodes.

While in most cases it would appear that indoor air is almost always
more polluted than outdoor air, individual susceptibility alone may determine
which is more significant to a person's health. For example, it is known that
some persons with multiple allergic sensitivities may be far better able to
withstand high levels of organic pollutants indoors, than even low levels of
moulds or pollens outdoors, even if on balance the air outdoors is 'cleaner'.
The reverse also holds with others. Sometimes reactivity is specific enough
that one component of a periodic industrial pollution episode, even at low
concentrations outdoors, may trigger sufficient adverse symptoms in a
susceptible persons to warrant a complete shutdown of ventilation until it has
passed, even if other pollutant levels inside increase.

Discussion:

A mechanical ventilation system with an air-to-air heat exchanger
can be installed in walls or windows, or as part of a central air system.
Unless there is good air movement throughout the house, however, a heat
exchanger may ventilate only the room in which it is installed. Two or more
may be required for a large house. The estimated cost (1981) for small window
units is about $300 (in United States), uninstalled. For systems intended to
ventilate an entire house, installation costs can vary, depending upon the
amount of duct work necessary (Hollowell, 1981, p. 9).
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1.7.1 Factors Reducing Indoor Air Pollution: Increased Ventilation' (contintied)

For chemlcally susceptible persons, some caution is adv1sed 1n
investigating air-to-air heat exchangers, for at least two reasons: - '

Cafe T mar
e ‘."fv.'- n:;l‘pr-

1) heat exchange surfaces (membranes) may add minute quantltles ""-r“‘-jd':
of gases into the intake air stream —

At A e At L

T TR

2) in cold climates some models shut off all intake air during ~©%
a defrost cycle. Full control over 'on' and 'off' periods.

may be necessary for the hypersusceptible. e
The question of 'ventilation efflclency is also being investigated. = ¥
It must be remembered that a quoted air change rate may not apply umfor'fi'uly
to a whole house or even a whole room. Studies in large office complexes
have suggested that under some conditions fresh air supplies may not mix *
adequately with room air before reaching the exhaust outlet. Early results of -
some experiments in residences, however, indicate on the other hand that the

level of air mixing may be relatively good (Grimsrud, 1982).

Hollowell, Berk and Traynor (1978, p.2) note that the level of
fresh air required for the health, safety and comfort of building occupants is
not widely agreed upon. Ventilation standards within the United States may
vary by a factor of five for the same type of space, depending on the local
code and the building use. Standards are generally conservative, and since
they have been developed by a wide variety of groups, they frequently vary
for the same application. The problem of achieving the highest possible
energy conservation has led to a re-examination of ventilation rates with
the aid of more precise measurement of indoor contaminants.

As an important exercise in understanding the effects of ventilation,
the reader is referred to Bridbord et al (1975), who calculate the changes
in concentrations of gases with different air exchange rates, according to
a theoretical decay model assuming best possible mixing of gases. If
concentration of a pollutant (assumed to be completely mixed in the room
air) is C at time zero, the following table specifies the concentrations
at later times under different exchange rates:

Concentration at various exchange rates

Time, Once per Twice per Six times
min. hour hour per hour
0 C C C
15 0.88C 0.78C 0.47C
30 0.78C 0.61C 0.22C
45 0.69C 0.47C 0.11C
60 0.61C 0.37C 0.05C
90 0.47C 0.22C 0.01C
120 0.37C 0.14C 1t 0.01C
R 1| IR —— | | 8 0n.08C -
180 0.22C 0.05C --
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1.7.1 Factors- Redueing Indoor Air Pollution: Increased Ventilation (continued)

This table illustrates rather dramatically that at one air change
per hour, a pollutant level, for example, caused by spraying an aerosol
product, will diminish only to 80% of the original concentration after 30
minutes, and:..that even after three hours the concentration is still above
the 20% level. Even with six air changes per hour it takes one and a half
hours to reduce the pollutant level to 1% of the original level, assuming
even mixing of the air.

It is important also to distinguish between human perception of
'stuffiness' and the buildup of indoor air pollution. Cain (1979, p. 210)
states that. in the late 19th century, many scientists thought that an
unventilated room became stuffy because of an increase in toxie, airborne
contaminants. At the beginning of the 20th century, however, scientists
discovered that stuffiness was almost strictly a thermal, rather than a
chemical, matter. Persons would remain in a sealed, unventilated chamber for
hours without complaint, if the air were kept cool. By contrast, persons would
complain bitterly about the stuffiness of a well-ventilated, but hot and humid
chamber.

Offerman et al (1982) measured indoor air quality in tightly-
sealed homes in Rochester, New York. In nine selected houses, air-exchange
rates without mechanical ventilation were between 0.2 and 0.5 air changes
per hour. Measurements of radon gas, formaldehyde and nitrogen dioxide
were below existing guidelines. Mechanical ventilating systems with heat
exchange were effective in further reducing indoor contaminant levels.
The researchers conclude from these measurements that it is possible to
make houses energy-efficient without causing unacceptable indoor air
quality, if the source strengths of contaminants are low.

Radon gas measurements varied from less than 0.2 pCi/l to 2.2 pCi/l,
all below a guideline level of 0.02 WL which would be equivalent to from
3 to 6 pCi/l depending on the equilibrium factor between radon and its
daughters. Formaldehyde measurements varied from 7 ppb to 64 ppb, all below
guideline levels of 100 ppb. Houses with the highest formaldehyde and total
aldehyde levels were also the only houses in the sample with significant
amounts of new particleboard.

Nitrogen dioxide measurements revealed higher levels in houses with
gas cooking appliances compared with those having electric cooking appliances
(14.7 +/- 7.2 ppb compared with 4.1 +/- 3.9 ppb). Even the measurements in the
houses with gas cooking appliances were considered low relative to the data of
other researchers, and were attributed to the use of outside-vented range
hoods by the occupants. The indoor NO2 measurements were consistently lower
than outdoor concentrations (which varied from 10-30 ppb) except for one home
which had an unvented gas dryer as well as a gas cooking range.

Particulate concentrations measured in two houses were twice the

outside levels. The presence of tobacco smokers in both houses was suggested
as the likely cause of this, The levels of inhalable particulates were
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1.7.2 Factors Reducing Indoor Air Pollution: Decreased General Ventilation

- il DR

. lj’? S ERY
The shorter the peak of the outdoor pollutant, the greater is the -
protection achieved by lower air exchange rates.

However, the comparison between protection from outside pollutants. and -
increased generatlon of inside pollutants, by this model, is unfavourable.:e"1 s s
An air exchange decrease from 1 acph to 1/4 acph during a 1 1/2 hour pedkir:inL
outdoor pollutant episode would yield a 2 to 3-fold lower indoor peak' of“ théi>" 3
oudoor pollutant, but a 2 1/2 to 4-fold higher long-term average concentratibi -b*
of pollutants due to indoor sources. T aers

Silberstein concludes that the increase of concentration of pcllutants
from indoor sources is a more significant effect than the reduction of e
potential peaks of outdoor sources. The exercise suggests, however, that
in homes with few indoor sources, the ability to decrease total air change
during short-lived outdoor peaks such as from rush-hour traffic might be
beneficial. The reader is referred to the background reference for the
detailed assumptions in the model (Silberstein, 1977, 1979a).
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1.7.3 Factors Reducing Indoor Air Pollution: Adsorption on Interior Surfaces
".|>', "i.‘rll .

1.7.3 Adsorption on Interior Surfaces

A number of air contaminants either react with or are absorbed by
the, varjous:surfaces within a room, both of building materials and
furnishings {Crawshaw, 1978, p. 15). Porous surfaces such as brick, concrete,
unfinished wood, non-plastic wallpapers and fabries will all absorb pollutants
to some:extent. For example, Crawshaw describes wool carpet and cellulosic
wallpapem:as practical absorbers that can be used to deliberately lower indoor
concentrations of sulphur dioxide.

:1.Cox and Plenkett (1972) reported that the deposition velocity of SO2
onto a gloss painted surface increased by a factor of 33 as the relative
humidity was increased from 30 to 86%. Ozone uptake by aluminum increased by
a factor of 3 as the humidity increased from 32 to 83%.

Information has been presented concerning the accelerated adsorption
of tobacco smoke on room surfaces in the presence of a negative ion generator
in Section 1.2.7 "Tobacco Smoke". Adsorption of mercury vapour by furnishings
and room surfaces was discussed in Section 1.5.11 "Paints and Sealers".
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1.7.4 Factors Reducing Indoor Air Pollution: Gassing-Out Period #

1.7.4 Gassing-Out Period LN T

3ol

P

Hollowell & Mikseh (1981, p. 7) suggest that further research _may
define acceptable 'waiting pemods’ prior to occupancy of buildings or* "™~
periods of high ventilation rates during which new building materials _: i

gas out. S

Zamm (1980) has advocated a gassmg out period of three to 31x
months for certain paints and sealers prior to use of premises by persons*
known to be highly chemically susceptible.

In this author's experience, there are some materials (e.g. certain = -

types of latex paint, some polyurethanes, vinyls, etc.) that still remain
active as pollutant sources for a decade or more after installation. While
the amount of gas produced must certainly be small, it is known to affect
those who have become highly susceptible.

Various methods of accelerating the gassing-off period of building
surfaces have been suggested, and warrant further investigation, for example:

1) use of radiant heat to 'bake' interior paints and sealers
(used industrially to dry and harden coatings)

2) ultraviolet light exposure
(proposed but not tested)

3) exposures lo ulternately moist and dry conditions

4) continuous ventilation at very high levels
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1.7.5 Factors Reducing Indoor Air Pollution: Low-Emission Materials

1.7.5 Use of Low-Emission Materials and Systems

Description:

S'elé'c’éi}ng materials, appliances, mechanical systems, etc. with lower
emissions of pollutants than used previously in construection, furnishing or
decorating (Hollowell, 1981, p.8).

Examples include the substitution of an electric stove for a gas
stove. Hollowell and Traynor (1978, p.4) indicate that while high
concentrations of gaseous indoor pollutants (e.g. CO, NOx) from gas stoves had
been reported, no elevated levels of the same pollutants had been found from
electric stoves.

Williams and Carhart (1975, p. 1), divide materials into two
categories: 1) metallic and ceramic, and 2) organic. The first category
does not normally present 'atmospheric habitability' problems because of
their low volatility, and therefore represents a low-emission alternative,
when feasible, to more organic materials which are characterized by
outgassing or evaporation for extended periods.

Applicability:

Offerman, Hollowell and Roseme (1981) measured indoor air pollution
levels of nine relatively tight houses in the Rochester, New York area, and
found that concentrations were not in excess of (U.S.) guidelines. They
suggest that the source strengths of pollutants in these houses were low and
advise that when designing houses to have low air-exchange rates, builders
should be selective in choosing materials that are not potential sources of
indoor air pollution.

Discussion:

Experience in European countries and more recently in the United
States indicates that manufacturers will respond to pollution concerns
(and possibly to lawsuits) by developing alternate materials with lower
gassing-off rates (e.g. low- formaldehyde particleboard).

Further discussion of alternate materials is given in Section 2

"Low-Pollution Design and Construction" in the context of the author's
Sunnyhill Research Centre example.
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1.7.6 Factors Reducing Indoor Air Pollution: Source Removal L R A . 4

1.7.6 Source Removal el ieylihe o

Description:

Removal of the pollutant source. (e.g. particleboard, Rt e
urea-formaldehyde foam insulation) (Hollowell, 1981, p. 9) B Lk

Discussion:

The California Department of Consumer Affairs (1982, p. IV.D.5) %31 &
concludes that while ventilation, filtration, heat exchangers, hood vents, and"~ ‘+*“
other measures can contribute significantly to improved air quality indoors, " ¥
the extent of the problem is determined largely by the extent of contamlnatlon
which must be removed: e
"For that portion of contaminants generated by most building
materials, substantial reductions are possible through control of
sources strengths. Materials which are known to generate pollutants
(such as formaldehyde and other organic compounds) can be pretreated
or banned to reduce ventilation requirements and pollutant levels.
Control of pollutants at the sources is the most effective measure.
Ventilation and other measures should be considered only as
secondary means of controlling indoor pollution."

Zamm (1980, p. 42) advises that the best defense against allergies is

avoidance. He suggests that the best course of action is either to change the
environment to weed out offending substances, or to change environments.

Complete removal of the pollutant source has been accomplished
effectively for a number of known pollutants, including synthetic rugs,
particleboard, and Urea-Formaldehyde Foam Insulation (UFFI). Readers are
cautioned that 100% removal may be difficult in the case of substances like
UFFI, and that in some instances pollutant levels after removal have been
equal to or greater than those initially, possibly due to saturation of
the insulation material into wooden wall studs (Shirtliffe, 1982).

There can also be difficulties in finding replacement materials that
will not present further problems for persons who may already be generally
chemically susceptible, and testing of individuals for reactions to
alternative materials may be necessary (Small, 1982).
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1.7.7 Factors Reducing Indoor Air Pollution: Modifying Combustion Process
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1.7.7 Modification of Combustion Processes

Maintenance, adjustment, or redesign of indoor combustion sources
such as gas stoves, gas and oil furnaces, and space heaters may reduce
emissions and/or ensure that emissions are properly vented to the outside
air under all conditions (Hollowell, 1981, p. 9).

Other modifications possible (and now being introduced) include
the removal of the combustion process from the living space. Furnaces
can be placed in a garage or even in a small out-building, and hot
water can be piped back into the living space. Gas-fired condensing heat
pumps may also provide a means of keeping fossil fuel use external to
the house.

One case has also come to this author's attention of a chemically
susceptible person who experienced severely debilitating symptoms as a
result of exposure to gas fumes from a gas furnace and hot water heater.
The location of the building precluded placing a gas boiler external to
the house, because of vandalism problems. Instead a small tightly-sealed
and well-insulated room was constructed around the furnace. Direct
ventilation to and from the outside was introduced into that room, effectively
making it 'external' to the remainder of the living space. At last report this
solution has been successful.
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1.7.8 Factors Reducing Indoor Air Pollution: Design Changes

1.7.8 Changes in Building Design and Construction Practices

-

i ,,(L\" R ‘J
So far there are very few references in the indoor air pollitioh —
literature whlch offer practlcal advice on retroflttmg old houses or bu1ldmg« 9

Tt ,.—._‘.,.

pollution. gl o

= i S
% RO AN

Section 2 "Low-Pollution Design and Construction" reviews problems:- .:
and solutions with specific reference to the author's 'Sunnyhill Research
Centre', an experimental low-pollution building northeast of Toronto. Advice
is given as to the applicability of each technique to conventional housmg dn
Canada. . I
AT %
The reader is referred as well to Zamm (1980) for an introductionte - ‘-
problems caused by present construction methods and some advice as to
alternative materials and methods. Previous papers by this author (Small 1978,
1979) also summarize the basic principles of low-pollution design and ways of
helping householders apply them in their own circumstances. Most of the points
presented therein are included in Section 2 following.
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1.7.8 Factors Reducing Indoor Air Pollution: Maintenance Changes

1.7.9 Changes in Building Maintenance Practices
RRFETNC
Description:i- -

B (SR

Hollowell & Mikseh (1981, p.7) suggest that episodic contaminant
generation from building maintenance products can be reduced by offsetting
product:use :from the workday period (i.e. clean at night and on weekends).

~In' residential situations, examples include painting or doing
other major redecorating only during times of the year when occupants can
either move out temporarily or open the home for full natural ventilation.
Some allergically sensitive persons hire others to dust and vacuum, and
stay away during the cleaning and for several hours afterward.

Zamm (1980) suggests a variety of simple cleaners (including baking
soda) to replace the wide collection of volatile and poisonous household
cleaning products now commonly in use.

Although very little has been written in this area, it is clear
that there is much scope for reduction of pollutant levels by reducing
the .heavy reliance on chemical products for cleaning. Alternative products
may be required for some applications (e.g. safer waxing compounds) but
in general alternatives have existed for many decades and were in general
practice prior to development of newer alternatives. Significant savings
in maintenance costs could accrue, because in many cases expensive products
are being used where a simple damp cloth would suffice.

One area that requires a great deal of attention is the development of

non-chemical means of pest control, to reduce the overall exposure of humans
to pesticide chemicals indoors. :
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1.7.10 Factors Reducing Indoor Air Pollution: Air Filtration A

1.7.10 Air Filtration

Description:

Filtration and/or scrubbing of intake and recirculated air can
remove airborne particles and gaseous contaminants (Hollowell, 1981. p.: '9)“
In general filters which take out gaseous contaminants are separated frorﬁ
those designed to trap particulates. He

cribe
i oL

t e

Particulates can be removed by impinging on an adhesive surface (e.g.
low-efficiency fiberglass furnace filters), by being caught between fibers of ~

varying diameters (e.g. medium to high- efficiency paper or fabrie filters) or": Y

by being charged and attracted to surfaces adjacent to the air stream (e.g.
electrostatic filters) (Raab, 1982).

Gases can be removed by filtration through a bed of activated carbon
(charcoal) or through chemisorbant materials that first capture pollutants
on a surface and then combine with them chemically through oxidation.

Although there is an extensive industrial filtration literature,
there is far less written on the use of filters in homes to remove pollutant
gases. A full review of filtration is beyond the scope of this present review.
Comments by this author on filtration are confined primarily to Section 1.2
"Low-Pollution Design and Construction".

Discussion:

Doris, Harper & Morris (1972, p. 1) note that fungi can colonize
charcoal granules used for removing hydrocarbon contaminants from the
atmosphere. Low measurements of fungal spore contamination in nuclear
submarines would indicate, however, that a charcoal air recirculation system
successfully reduced rather than increased the airborne spore population.

Jonassen (1981b, 1981d, and 1982) discusses the pros and cons of air
filtration for removal of radon and radon daughter products. Airborne radon
daughters may appear attached to aerosol particles, or as unattached
molecular-sized clusters. Mechanical (particulate) filtration will decrease
the attached radon daughter concentrations, but will also remove ather
aerosols from the air. Radon itself is not captured, since it is a gas. There
is then an increase of unattached polonium isotope with a high dose
efficiency which compensates for the reduction in attached daughter products
this. The overall radiological dose to the bronchial tract remains
approximately constant and under certain circumstances may even increase.
Preliminary results with deliberate introduction of additional condensation
nuclei in the air during filtration indicate that the unattached polonium
isotope concentration and the total dose can be reduced significantly.
Jonassen notes that charcoal filtration, on the other hand, will capture radon
itself and bypass this problem.
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1.7.10 Factors Reducing Indoor Air Pollution: Air Filtration (continued)

Miles et al (1980) also measured the effectiveness of filtration
devices on radon concentrations, and concluded that an electrostatic
precipitator in a room in which air was circulated by air-mixing fans
was effective in removing both attached and unattached radon daughters from
the air, the latter partly by deposition on room surfaces and on the blades
of the fans..In their experiments no SIgmflcant changes in radon daughter
concentrations were found during successive use of a humidifier, a
dehumidifier, and a carbon filter.

» Raab (1982) reviewed the present problems and opportunities in
re81dent1al forced air filtration. He concludes that the commonly-used
'throwaway' furnace filters are 'primitive technology of very low efficiency'.
He notes that pleated fabric filters are now available in sizes suitable for
residential furnaces, and could provide medium-efficiency filtration with
beneficial effects on health, maintenance requirements (including duct
cleaning) and energy consumption.

Raab describes the dubious advantage of the thin throwaway filters
as being their ability to pass air even when heavily laden with dirt - in
a sense 'forgiving' the common lack of maintenance on the part of many of
Canada's homeowners. Often furnace fan assemblies are caked with dirt and
heating cycles have become longer to accommodate the decreased air flow to
the home.

Rabb recommends the use of higher-efficiency particulate filters
combined with a differential pressure monitor which would activate a signal
when the filter becomes clogged. This approach would be an effective way
of reducing particulate concentrations in indoor air.

The use of filtration of either particulate kind or gaseous kind
for persons who are generally chemically susceptible can present problems.
In general, persons allergic to inhalants such as dust and pollens may
benefit from high~efficiency particulate filtration. Some, however, have
also become sensitive to chemical exposures. Ozone from electrostatic
precipitators and binding chemicals from high-efficiency filters may
precipitate symptoms in such persons despite the reduction in particles.
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1.7.11 Factors Reducing Indoor Air Pollution: Use of Sealants
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1.7.11 Use of Sealants (e.g paints, veneer, or plastic barrier) R e

Description: A

!L'

Emissions of potentlally harmful pollutants can be reduced in some -(-.-. L S,
cases by coating high-emission materials with sealants (Hollowell, 1981,: Ps.s
8).

-

Applicability: SRR AN

Jonassen (1981b) comments that diffusion-barriers and sealants can
be applied to surfaces emitting radon gas (e.g. basement concrete walls) to
control the outgassing of radon. Culot et al (1978) reported on a number of
buildings in Grand Junction, Colorado, in which uranium mill tailings had been
used to level under the basement slab or to backfill outside the footings.
A multi-layered epoxy barrier painted onto the inside of the concrete basement
wall and on the floor was reported to be practical and effective in reducing
radon influx into the buildings, in combination with other methods such as
sealing cracks.

Discussion:

Section 1.5.11 discusses the problems presented by paints and sealers
to the hypersusceptible population. While formaldehyde or radon may present
a hazard from a wall surface, for some individuals the introduction of an
epoxy sealer to stop the [irst pollulant could jusl be lrading one problem for
another. Some persons have used paints successfully with the addition of
about .5 kg of sodium bicarbonate per gallon, mixed well, but this has not
proved to be universally acceptable nor compatible with all forms of paint.

The use of 'skinning' materials has provided some interesting new
composite boards which may provide a partial solution to the gassing-off
properties of particleboard and polystyrene foam insulations. The factory-
made combination of a plastic laminate skin on a particle-board base for
kitchen cupboards could reduce kitchen formaldehyde problems considerably,
particularly if care is taken to cover all exposed particleboard edges during
construction. New insulation produets involving aluminum-foil covered._boards
are an improvement over exposed foam boards, but again there is still a
potential for release of pollutants unless care is taken to seal exposed
edges.
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1.7.12/13 Factors Reducing Indoor Pollution: Adjusting or Treating Products

1.7.12 Adjustment of Product Formulation

Modification of the manufacturing process or product constituents
for building materials, furnishings, ete., could achieve a product with lower
pollutant emissions. (Hollowell, 1981, p. 9) The European example of
low-formaldehyde particleboard is a good example of this kind of solution.

While there may be other examples of industrial processes which do
accomplish this for existing products, none were found during review of the
indoor air pollution literature and an extended search was beyond the scope of
this study.

1.7.13 Treatment of Final Product

Some references suggested that free chemical outgassing components
could be baked, aired out or otherwise treated at the factory by adding one or
two simple stages to the production process.
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1.7.14 Ventilation of Specific Sources

Description:

'Spot' or 'task' ventilation using exhaust fans, e.g. in kitehens 't e o
and bathrooms, has been suggested as a means of removing pollutants clo ok
to the source (Hollowell 1981, p. 9). o Am'wra

T aritug

Applicability:

Cain, Leaderer et al (1981) suggest that segregation of smokers into
small areas with high ventilation would suffice to eliminate strong discomfort
to nonsmoking occupants and to minimize a severe energy penalty in
ventilating areas for general occupancy. Their experiments showed that as soon
as a person lights a single cigarette in a normally ventilated room of small
to moderate size, both odour magnitude and concentration of particulate matter
tend to climb to unacceptable levels. Successive cigarettes drive the levels
up farther and only an hour or more of continued ventilation after heavy
smoking may suffice to bring the levels down to an acceptable point.

ASHRAE standard 62-81 recommends ventilation of 35 e¢fm per occupant
for smoking occupancy. Leaderer et al (1981) found that compliance with (U.S.)
criteria for total suspended particulates would require ventilation at a rate
four times higher than that specified in the ASHRAE standard. The energy
penalty involved in achieving that level of general ventilation makes
ventilation of a smaller 'smokers-only' area an attractive option.

The National Building Code of Canada (Associate Committee on the
National Building Code, 1977) specifies in sections 3.6.3.1 and 9.33.2.4:

"Air contaminants released within buildings shall be removed insofar
as possible at their points of origin and shall not be permitted to
accumulate in unsafe concentrations."

This would appear to be in support of the 'spot' or 'task' venting approach
to minimizing indoor pollution from tobacco smoke and other sources.

Traynor, Apte, Dillworth et al (1981) demonstrated that spot
ventilation of a gas stove (by means of a standard range hood) was more
effective in reducing NO2 concentrations than was increased general
ventilation of a dwelling. They recommend that gas stoves should not be used
in very tight structurcs unlcss somc type of pollutant removal strategy, such
as spot ventilation, is incorporated.

Advantages:

'Spot' ventilation need only be used while pollutants are being
emitted (e.g. during cooking) and removes pollutants before they migrate
throughout the building (Hollowell, 1981, p. 9).

Discussion:

See also Section 2 "Low-Pollution Design and Construction".
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1.7.15 Factoes.-Reducing Indoor Air Pollution: Human Factor Control

1.7.15 Human Factor Control

It is surprising how little mention is given in the indoor air
pollution literature to the possibility of 'human factor control', that
is voluntary and deliberate reduction of polluting activities by an
informed public. General reduction of smoking has rarely been suggested
despite dhe .-positive public health implications. Individuals can also
exercise considerable choice in the purchase of household products and
building materials.

As socially unacceptable as it may sound, gbeater co-operation by
individuals in controlling indoor pollution at the source may be a necessary
part of .the overall solution.

1.7.16 Warning Devices & Controls

Use of air quality monitoring devices and feedback control systems
have been suggested to control mechanical ventilation (Hollowell, 1981, p. 9)
While there is little other mention of this in the literature, the applications
for the world's growing capability in microcomputer technology seems an
obvious development to expect in the field of indoor air pollution and
environmental control.
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1.7.17 Factors Reducing Indoor Air Pollution: Summary Table

Section/ Factor Sum mary

.....

1.7.1 Increased Ventilation
Increasing ventilation is effective in diluting®
indoor pollutants, but can increase energy costs.
New heat exchangers may provide a means of keeping
indoor air clean at less cost.

1.7.2 Decreased Ventilation
Occasionally reduction of general ventilation
may be advisable in order to avoid infiltration of
concentrated outdoor pollution (e.g. wood smoke).

1.7.3 Adsorption on Interior Surfaces
A number of air contaminants either
react with or are absorbed by various surfaces within
a room. This can help reduce peak concentrations but
absorbers may later become emitters.

1.7.4 Gassing-Out Timc
Some malterials or finishings can be left to
'gas out' for a period prior to use, thus reducing
pollutant exposure to building occupants.

1.7.5 Low-Emission Materials
Materials, appliances, mechanical systems, etc.
can be selected with lower pollution emission in mind.

1.7.6 Source Removal
Removing the source is most often effective, but
can be expensive (e.g. UFFI removal). There can be
difficulties in finding replacement materials that
will not present further problems for persons who
may already be generally chemically susceptible.

1.7.7 Modified Combustion Processes
Maintenance, adjustment, or redesign of
indoor combustion sources may reduce emissions and/or
ensure that emissions are properly vented to the outside.

1.7.8 Changes in Design
Ultimately a number of improved design and
construction practices can help to reduce indoor
pollution.

1.7.9 Changes in Maintenance Practices
There is much scope for reduction of
pollutant levels by reducing heavy reliance on volatile
chemical products, e.g. for cleaning.
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1.7.17 Factors Reducing Indoor Air Pollution: Summary Table

- 15710~ Air- Fittration

Pollutants indoors can be reduced with gaseous and
particulate contaminant filters. Practical problems
of upkeep and annual cost must be solved. Those who
need filtration most are last able to tolerate various
filtration media.

1.7.11 Use of Sealants

Some pollutant emissions can be curbed by sealing
the offending surface (e.g. with a paint or with
an impervious material as a barrier).

1.7.12 Adjustment of Product Formulation
Modifications may be possible
in the constituents or in the manufacturing process
of building materials and furnishings that pollute.

1.7.13 Treatment of Final Product
Additional treatment processes at the
factory might reduce outgassing in the home.

1.7.14 Ventilation at the Source
Removing pollutants at the source is
more effective for good air quality and better for
energy conservation.

1.7.15 Human Factor Control
Voluntary and deliberate reduction of polluting
activities by an informed public may be one part of
the solution. Individuals can exercise some choice.

1.7.16 Warning Devices & Controls
Use of air quality monitoring devices and
feedback systems to control mechanical ventilation
may help to maintain better quality indoor air.
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1.8 Summary and Interpretation

1.8 Summary and Interpretation of Literature Review

0 oprmaptete -

The following is a brief summary and interpretation of key fmdmgs w
reported in the literature review. Oplmons expressed are those of this auther
only and do not necessarily reflect the view of the Canada Mortgage and
Housing Corporation. RS

ST LEC

1) Many materials and conditions which contribute significantly
to indoor air pollution are known to be present in Canadlan
homes.

The literature review preceding establishes that there are many
materials and conditions known to be present in Canadian homes, which
contribute significantly to indoor air pollution. Since the research and
measurements cited were performed primarily in the United States and Europe,
the number of Canadian homes in which air pollution levels present a major
problem is not known. It is likely, however, that in most locations indoor
air is more polluted than outdoor air.

Typical indoor air in most buildings is like a thin 'chemical soup'.
Most dwellings contain many air contaminants at relatively low concentrations,
below present industrial and outdoor exposure limits. These level of exposure
can pose a health problem at least for certain high-risk groups. The long-term
risk to the general population is unknown.

Some dwellings have levels of indoor pollution which .exceed present
outdoor and industrial air quality standards and present known health risks.
Pollutants posing the greatest hazards and requiring the most immediate
attention include:

a) carbon monoxide
b) nitrogen dioxide
¢) formaldehyde

d) radon gas

Poorly ventilated or badly maintained combustion equipment (e.g. stoves,
heaters, and furnaces) can cause high pollutant levels and pose a serious
health risk. In some cases (e.g. blocked chimneys on gas furnaces) death
can result.

The trend to greater use of synthetic and plastic materials, glues,
composition boards, sealing compounds, and a greater number of additives in
paints, sealers and in the production of household fabries and furnishings has
contributed to a higher likelihood of increascd indoor air pollution levels.
Modern Canadian households are also veritable chemical arsenals of cleaning,
deodorizing and pesticiding products, all of which contribute in minute
amounts to the total indoor air quality problem.

Many - Canadians are now experiencing chronic adverse health effects
apparently due to indoor air pollution. Limited information on the health
effects of specific building materials (e.g. UFFI and particle board) and on
the effects of common pollutant levels on susceptible populations indicates
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1.8 Summary and Interpretation (continued)_

that the number affected is at least in the thousands and could be substantially
more. The risk to the majority of Canadians may be significant but has not yet
been determined.

The continued introduetion of energy conservation measures such as
tightening houses and reducing ventilation rates will increase indoor air
pollution and will increase risk to the health of a large number of Canadians,
unless measures are taken at the same time to ensure clean indoor air.

2) Some people are more susceptible to air pollution than others,
and even individual susceptibility varies over time.

It has been known for some time that air pollution, indoors or out,
can cause or aggravate disease in at least a small proportion of the
population. It presents the greatest risk for select populations, including
the very young, the elderly, persons with respiratory and cardiovascular
disease, persons with nutritional deficits, smokers, persons with active
allergic disease or allergic histories, and persons who are already
chemically susceptible but who may or may not belong to the risk groups
mentioned.

The magnitude of the risk varies with the pollutant, the exposure, and
the individual. Most of the conventional risk categories above are in theory
countable since they are identified in statistics for other purposes, and in
total they represent a sizeable proportion of Canada's population . than
a . __. The group of people who are already highly susceptible to indoor
chemical exposures appears to span all age, social, and health categories and
their total numbers will likely remain unknown until health surveys
incorporate this category specifically.

Only recently it has also been reported that exposure to a number of
chemicals, including some found in indoor air, has in some cases caused people
who had no apparent risk factors to become highly susceptible to even minute
exposures of pollutants from all sources, indoors and out, in air, water and
food. Several factors in our sociey, including pollution exposure, dietary
habits, and stress, appear to be creating a larger population of these
susceptible people.

It is also important to understand that everyone's ability to adapt to
pollution without experiencing adverse symptoms or health damage may vary over
time. We all may be more susceptible when very young, very old, during periods
of inadequate nutrition, during periods where total stress is high, or while
fighting viral infections or other diseases. Indoor air pollution is therefore
a total population problem, and not just that of a minority.

No provisions exist in Canada for the housing needs of those who have
developed severe sensitivities to pollutants common in conventional housing.
Many buildings both public and private are dangerous to the health of persons
in this group and are effectively inaccessible to them. At any one time there
are very few dwellings on the housing or rental market, including new and old
buildings, that are suitable for persons with severe susceptibility.
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1.8 Summary and Interpretation (continued)

New housing represents in general a far greater hazard to the _
chemically susceptible population than does older housing. Txghtemng of
houses, reduction of ventllatlon, and the introduction of new and moré*
volatile materials are prime contributors to increased hazards to the .
chemically susceptible population. The questlon of how housing standards can
accommodate the apparently wide variation in susceptibility to mdoor alr e
pollution has not been addressed in the literature.

g

3) Smoking remains a major source of indoor pollution.

Longstanding medical evidence on the effects of tobacco smoking
indicates that despite many other potential problem sources, smoking is a
major and significant source of indoor air pollution.

Recent studies of ventilation requirements for tobaceco smoking
indicate that smoking indoors is totally incompatible with good health and
clean indoor air. Tobacco smoking is just too efficient a pollution source
to ventilate properly without large expenditures on equipment and energy.

If people must smoke, a price will be paid in health costs or in
energy costs for ventilating, or both. As socially unacceptable as it may
sound, the least energy penalty is paid if a small smoking area with local
ventilation is provided within the home.

Widespread acceptance of smoking and of the health damage attributed
to it has until now made it difficult to justify concern over the health
problems caused by other sources of indoor air pollution. Now that more
information is available on other sources and action is being taken on them
(e.g. formaldehyde), tobacco smoking stands out more prominently as a problem
that can no longer be accepted in its present form. More people appear to be
aware now that there are significant adverse health effects of smoking both on
the smoker and on others breathing sidestream pollutants from smoking. The
social climate may be better now than before, for a gradual move to safer
practices.

Because of the addictive nature of smoking, it is likely to continue
on a large scale for years to come, despite its ill effects and despite
campaigns to reduce smoking. If-damage to both smokers and their close
companions is to be minimized, however, better ventilation of smoke, as close
as possible to the smoker, must be achieved.

Smokers and their non-smoking companions and families (passive
smokers) must individually choose whether they wish to pay the price of
smoking in increased health costs or in the increased energy cost of good
ventilation. The idea of adapting housing to limited tobacco use (e.g. with
spot ventilation of small smoking areas) has been suggested and could help to
minimize both adverse health effects on non-smokers and energy costs of
ventilation.

- 159 -



1.8 Summary and Interpretation (continued)

4) Some energy conserving measures aggravate
lqdoor pollution problems.

Energy conservation measures are in part responsible for apparent
recent increases in the incidence of indoor air pollution and the adverse
health effécts from it. Primary causes are:

o reduction of ventilation rates by tightening houses
o introduction of volatile materials affecting health
o poorly.installed or maintained combustion equipment

Recent work reported in the literature indicates that increased
attention is being paid at least by a small number of researchers to designing
energy conserving measures that do not aggravate existing indoor pollution.
These include:

o careful selection of materials to avoid pollution
o use of heat exchangers to allow sufficient ventilation
without excessive energy loss

The present indoor air quality problem does not mean that energy
conservation should be abandoned, but rather that the technology for achieving
it must in some cases be redesigned to take both goals into account. To a
large extent, the cost of providing relatively clean indoor air can be
measured most directly in the energy cost of increased ventilation. This cost
can be minimized by reducing pollutant sources within a dwelling or by venting
pollutants right at the source (e.g. by a fume hood over a gas stove). As with
energy conservation, providing clean air requires a whole technology of ideas
that must be developed, tested, and put into general practice in order to
become economical.

The magnitude of investment in energy, in buildings, and in health
care in Canada is enormous. It is therefore important that energy, health, and
pollution all be considered together so that actions in one area do not cause
major problems in another. The cost of good research and analysis of the
indoor air problem is minor compared to the social, legal and economic
costs of ignoring it.

5) The full health, social, and economic costs of indoor air
pollution have yet to be determined.

One of the most serious aspects of Canada's indoor air pollution
problem is that there are major gaps in our knowledge of its effects.

Indoor air quality standards which fully account for long-term
continuous exposures to complex mixtures of pollutants, each at relatively low
levels, have not yet been developed. The literature on health effects of
common indoor pollutants deals primarily with observation under other than
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1.8 Summary and Interpretation (continued)

‘_\

residential situations. Many decisions on allowable levels of exposure to
these same chemicals outdoors and in the workplace have been based on studles_
of the health "effects of single chemicals, at relatively high levels of i, £

exposure, on relatively healthy animal or human subjects. it e

In the past, threshold values of chemical exposures have been AL

used to indicate levels above which no significant problem is expected in the ,
general population. In the more recent literature on indoor pollution this "
concept has been questioned, because of the wide individual variation in
reaction and because of the unknown effects of multiple combinations of
low-level pollutants.

Questions which have not yet been well addressed in the literature,
particularly for Canada, include:

o What is the distribution of indoor air pollution (by
pollutant and level) in Canadian housing?

o  What is the distribution of overall pollution exposures among
the Canadian population?

o How many people in Canada are adversely affected
now by indoor air pollution?

o ' What are the possible medical effects of long-term
low-level exposure to indoor air pollution?

o How many people in Canada are at high risk due to
inherent susceptibility to pollution?

o How many people not now experiencing adverse effects
can be expected to develop longer term effects?

o How can people with health problems due to pollution exposures
be properly treated and rehabilitated?

o What are the social and economie costs of the effeets of
indoor air pollution?

In this author's opinion, the early warning signs indicate that indoor
air pollution is already a major problem and has already had considerable
impaet on Canadian society, its individuals and its economy. Research must be
undertaken now on many fronts in order to reduce the risk of creating even
greater health, social and economic problems as a result of long-term exposure
to air pollutants.

Any decisions made now that affect buildings in Canada must allow for
considerable new knowledge on the effects of indoor air pollution coming to
light over the next 10 years.
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1.8 Summary and Interpretation (continued)

6) Acceptable levels of effects on health have not been defined.

With . few exceptlons the literature fails to discuss what level of
effects on health should be considered acceptable to our society. That is, in a
risk analysis, how many deaths, how many diseased and disabled persons, and
what level of common discomfort must be accepted in exchange for affordable
housing and reasonable energy conservation. It is clear that there will be
some caspaltles and adverse health effects no matter what measures are taken
to minimize the indoor air quality problem. Many of the health effects can
only be predicted on a statistical basis (e.g. lung cancer from radon decay
products).

The concept of providing housing that promotes good health is almost
totally absent in the literature and in general design and construction
practice. While heating and air conditioning studies do address human comfort
issues in considerable detail, they fall short of a comprehensive approach to
total building design and lifestyle planning that might help to foster better
health for Canadians in the face of other modern stresses.

Indoor air pollution is only one factor among many that can adversely
affect public health. Its relative importance as a cause of disease has not
yet been established, although some researchers suggest that it could be far
more significant than is commonly believed. In the long run the indoor air
pollution problem should be evaluated in the widest context of society's
health, social, and economic goals.

Kevword Summary of Conclusions

1) Many materials and conditions which contribute significantly
to indoor air pollution are known to be present in Canadian
homes.

2) Some people are more susceptible to air pollution than others,
and even individual susceptibility varies over time.

3) Smoking remains a major source of indoor air pollution.
4) Some energy conserving measures aggravate indoor pollution problems.

5) The full health, social, and economic costs of indoor air pollution
have yet to be determined.

6) Acceptable levels of effects on health from indoor air pollution
have not been defined.
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PART 2: LOW-POLLUTION DESIGN AND CONSTRUCTION

Indoor air quality is emerging as a new and important factor, like
energy conservation, that will affect the design of new housing and home
renovation in Canada. Low-pollution design is presently at a point similar to
the earliest stages of concern about energy conservation in homes. There are
yet only a few examples where principles of low-pollution design and
construction have been introduced and evaluated, and a great deal of research
is needed before a consensus can be reached on the most appropriate design
features.

The author is presently constructing a 560 sq. m. (6000 sq. ft.)
experimental building, known as the 'Sunnyhill Low-Pollution Research Centre',
near Goodwood, Ontario, about 45 km. northeast of Toronto, Canada. The design
principles and construction techniques used in this building are described in
this section.

The 'Sunnyhill' example is designed for the lowest possible indoor
air pollution. The building therefore represents one end of a full spectrum of
possible indoor air quality standards and building methods.

The applicability of design and construction methods used at Sunnyhill
to conventional housing in Canada is also discussed.

Sub-Index of Part 2

2.1 The Sunnyhill Example 165
2.1.1 Background and Problem Addressed 165
2.1.2 Design Principles 168

a) The Physies of Indoor Air Pollution 168
b) General Methods for Reducing Indoor Air
Pollution Exposure 169
c¢) How the General Methods are Applied
in the Sunnyhill Example 170
2.1.3  Materials and Testing Methods 174
2.1.4 Design of Features and Systems 181
a) Location 182
b) Airtight Construction Using Cavity Wall 183
¢) Steel Framing and Concrete Floors 184
d) Interior Framing Separated from Vapour
Barrier on Outside Wall 185
e) Deliberate Venting Through Multiple Inlets 186
f) Tempering and Filtration Of Intake Air 187
g) Recirculation of Interior Air With Filters 188
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Part 2: Low-Pollution Design and Construction: Sub-Index (continued)

(continued)
h) Passive Solar Design 189
i) Hot Water Electric Heating Source and
Potential for Heat Pump and Solar Heat 190
j) Low Temperature Radiant Heat in Ceiling 191
o k) Central Exhaust System 192
1) Lighting Fixtures Embedded in Ceiling 193
m) Generous Provision of Cupboards, Some Vented 194
n) Layout For Separation of Activities 195
0) Use of 'Bedroom Sanctuary' Concept 196
p) Central Vacuum Cleaner with Exterior Motor 197
q) Bare Floors Without Wall-to-wall Carpeting 198
r) Relatively Bare Furnishings 199
s) Unpainted Plaster Walls 199
t) House Rules 200
2.1.5 Construction Techniques & Supervision 201
a) Cavity wall construction 201
b) Attachment of Interior Insulation 204
¢) Construction Supervision 207
d) Effect of On-Site Pollution on
Construction Personnel 210
2.1.6 Effectiveness of Design 212
2.1.7 Ongoing Monitoring and Research 214
a) Monitoring of indoor and outdoor pollutants 214
b) Development of automatic control systems 215
c) Effectiveness of design for diagnosis and
rehabilitation of persons with
chemical susceptibilities 215
d) Testing of materials in the low-pollution
environment 216
2.2 Application to Current Construction Practice 217
2.2.1 Evidence of Need 217
2.2.2 Problem Materials and Design 217
2.2.3 Energy Conservation 220
a) Addition of insulation 220
b) Addition of caulking and other sealants 220
¢) Super-sealing the building envelope 220
d) Installation of air solar heating 221
2.2.4 Adaptable Techniques 221
2.2.5

Cost Implications 222
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2.1.1 The 'Sunnyhill' Example: Background and Problem Addressed

2.1 THE 'SUNNYHILL' EXAMPLE

2.1.1 Background and Problem Addressed

The idea of creating a special Low-Pollution Research Centre grew
directly from the need of this author and his family for cleaner air for
medical reasons. Diagnosed in 1976 as being 'chemically susceptible', our
requirements included a general lowering of our overall pollution load
during as great a proportion of each day as possible, for an extended period.
Readers are referred to Section 1.3 for a review of chemical susceptibility,
and to two previous publications (Small and Small, 1980, and Small, 1982a) for
further personal and medical background information.

It had also become apparent to this author that there was an
identifiable and growing population of chemically susceptible persons in
Ontario, yet there were neither appropriate housing nor appropriate clinical
testing facilities for this population. Nor did there exist a well-defined and
well-documented body of knowledge concerning principles of low-pollution
design and construction.

The five primary functions to be provided by the Sunnyhill
Low-Pollution Research Centre became:

1) housing for this author and his family, with the lowest
practical indoor air pollution levels,

cemtemAama Ao £ 4hsa ose o Fiman oo
Ll

| an Fan +
DUSITNESS Space 10f

is author's firm and associated
computer equipment, also designed for the lowest practical
indoor air pollution levels,

(5]
~er

3) clinical space (designed for the lowest possible indoor air
pollution) for use by physicians and other researchers to
experiment with treatment and rehabilitation of persons
suffering from environmentally-related disease,

4) educational space for:

- conducting seminars, lectures and workshops in a
low-pollution environment, to further transfer of
knowledge on the effects of environment and health,

- conducting experimental school classes and
assessing the effects of low-pollution environments
on learning, especially in young children,

- housing computer equipment for creation and
operation of data banks on low-pollution design and
environmental medicine,

5) prototypes of design and construction methods for residential,

commercial and clinical low-pollution environments, applicable
to specialized buildings and to general construction.

- 165 -



Figure 10: Sunnyhill Low-Pollution Centre (taken from the southwest)
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2.1.2 a) The i'Su‘nnyhill' Example: Design Principles & Physies of Pollution

"

", "

Sunnyhill is a privately funded project owned by the author and
operated by, Bruce M. Small and Associates Limited. Detailed design work began
in 1977 and construction started in June 1978. The building is not fully
completed at.the time of writing because of financing difficulties. The
descriptions of design and construction methods in the sections following
therefore include some interior features that have not yet been manufactured,
installed, or tested.

Figures 9 and 10 illustrate the building exterior at its present stage
of completion, and Figures 11, 12 and 12 show the general floor plans which
outline the different functional areas described. The final floor plans may
- -differ somewhat in detail but all main functional areas will be included.

2.1.2  Design Principles

a) The Physies of Indoor Air Pollution

The principles of low-pollution design can be derived fundamentally
from the properties of open systems. A 'system' can be defined as any
arbitrary volume, such as an identifiable object or collection of objects.
Physics theory and experiment dictate that all such systems are 'open' systems
- that is, they tend to exchange energy and material with their environment.
No totally closed systems have yet been discovered.

In building design today, the fact that the components, furnishings
and occupants within a building are all open systems has been largely ignored.
In practical building terms, this means that materials within a building tend
to gas off or shed tiny particles, which then mix with the interior air. Each
is thus a potential source of indoor air pollution. Many building materials
and furnishings can also absorb gases or become coated with gases or particles
from other sources, thereby acting at least part of the time as 'sinks' of air
pollution.

Living systems must not only be open systems, but must exchange very
specific amounts and types of energy and materials with their surroundings in
order to maintain life and grow (Small, 1975). People within a building
exchange air and energy with the indoor environment, and will absorb both
needed gases and air contaminants. If the materials and energy they take in
are not entirely appropriate, they will not thrive.

People also breathe out many compounds that are considered to be air
pollutants. The total building in turn exchanges energy and materials with its
environment. If the level of indoor contaminants is to be kept low in order
that the occupants may thrive, there must be a continual flushing of unwanted
materials to the exterior and a continual intake of needed materials.

Many energy conservation measures have been introduced in an attempt
to make buildings systems more 'closed' as far as energy transfer is concerned.
Some of these measures have altered the necessary flow of clean air and
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2.1.2 b) Sunnyhill Design Principles: General Methods for Reducing Exédé‘;uré

flushing out of indoor pollutants, and early designs largely ignored the fact
that people and materials inside were still open systems that emitted
pollutants into indoor air. Refinements such as air-to-air heat exchangers
have helped to re-establish the proper air flow while still minimizing the
energy loss.

The outdoor environment in turn also contains atmospheric pollutants,
and some of these contaminants will be taken into a building, and contribute
to indoor pollution levels. Because there are indoor sources as well as
outdoor sources, pollution levels inside tend in general to be greater than
those outside.

b) General Methods for Reducing Indoor Pollutant Exposure

A number of general methods for reducing the exposure of people to
indoor air pollution can be derived from the discussion above. These can be
applied in a wide variety of ways in each individual building. Subsequent
sections will indicate how they have been applied in the Sunnyhill example.

1) Flush pollutants to the exterior
(e.g. increase general ventilation or add special vents
above pollution sources, such as a gas stove)

2) Exteriorize the pollution source
(e.g. place a well-sealed air and vapour barrier on the
interior side of the building insulation, allowing gas-off
products from the insulation to migrate  outside but not
inside)

3) Scrub pollutants from the air within the building
(e.g. add special filters in the air circulation system
that will remove pollutant gases and particles from the
indoor air)

4) Substitute low gas-off materials or systems for high gas-off ones,
and/or reduce the need for high gas-off products
(e.g. change furnishings or change the heating system, or
reduce energy needs and therefore pollution from the
heating system)

5) Seal a pollution source to reduce emissions
(e.g. cover high gas-off materials such as particle-board
with an impermeable skin such as a hard plastic laminate)

6) Treat a pollution source to reduce emissions

(e.g. bake a paint with infrared radiation or wash a
furniture fabric to reduce free volatile chemicals)
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2.1.2 c)'__§unny.hi11 Design Principles: Application of General Methods

7) Separate people from pollution source
(e.g. remove offending materials from the home, or remove
sensitized occupants to more suitable housing)

8) Isolate affected individuals in special filtered rooms or
by personal air filtration units
(e.g. clean out one room for a sensitized person or provide

a breathing mask that filters out contaminants)
General advantages and disadvantages of each of the above methods
are outlined briefly in Figure 14.

c¢) How the General Methods are Applied in the Sunnyhill Example

1) Flushing pollutants to the exterior:

general low-level exhaust of air in each room through ceiling
and vents; exhaust system is powered by two 1000 cfm vent fans
mounted on the north roof slope, and exhaust heat is salvaged
through local and central heat exchangers
- exhaust of ceiling space air contaminated by outgassing of
light and other electrical fixtures
- specific venting of kitchen appliances, freezer and refrigerator
motors, bathroom and other high humidity areas, home and
office electronic equipment (television, radio, computer,
typewriter, ete.), certain cupboards and storage areas, and
specialized handicap appliances such as reading boxes
- central vacuum system for cleaning, with motor and exhaust
mounted on the outside of the building
- openable windows in all above-ground rooms, for direct venting
- exterior wall vents in all rooms for filtered intake air

2) Exteriorizing of pollutants:

- use of cavity wall construction, with one layer of insulation
exterior to a structural block wall, behind brick veneer and
vented to the outside; block wall is sealed with cement
parging to provide a complete interior air barrier. This
creates an 'airtight' wall that allows deliberate venting
and air control rather than uncontrolled infiltration and
flushing of gas-off products from insulation into living
spaces

- venting of roof insulation by providing a cavity beneath the
metal roof surface; there is also a completely sealed vapour
and air barrier beneath the roof insulation.
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COMPARISON OF METHODS FOR REDUCING INDOOR

ATR POLLUTION

Method

Advantages

Disadvantages

1. FLUSH POLLUTANT
FROM BUILDING

2. EXTERIORIZE
POLLUTANT

3. SCRUB INDOOR AIR

4, SUBSTITUTE
MATERIALS/SYSTEMS

5. SEAL POLLUTANT

6. TREAT POLLUTANT

7. SEPARATE PEOPLE
FROM POLLUTANT OR
REMOVE POLLUTANT

8. ISOLATE AFFECTED
PEOPLE

need not alter sources
often only moderately
expensive

need not alter sources

reduces air infiltration
and energy loss

reduces air exfiltration
and condensation

need not alter sources
reduces ventilation needs
and saves energy

affected individuals no
longer exposed

reduces ventilation needs
and saves energy

reduces or eliminates
exposure to affected persons
reduces ventilation needs
and saves energy

often relatively inexpensive

reduces or eliminates
exposure to affected persons
reduces ventilation needs
and saves energy

reduces or eliminates
exposure to affected persons
can sometimes be inexpensive
(eg. put volatiles in shed)

reduces or eliminates
exposure to affecled persona
can be relatively inexpensive

ArTepTh e
lose energy
affected ‘individuals
still exposed to low
levels
polluted outside air
contaminates intake

barriers not perfect
seal may deteriorate

expensive

affected individuals
still exposed to low
levels

sometimes expensive
substitutes often
difficult to obtain

may introduce

alternate pollutants
barriers not perfect
seal may deteriorate

may introduce
alternate pollutants
not always possible
not always 100%
effective

not always possible
can sometimes be
expensive

not always possible
creates social izolallion
and restricts affected
persons

Figure 14: Comparison of General Methods for Reducing Indoor Air Pollution
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. 2.1.2 ¢) Sunnyhill Design Principles: Application of General Methods (cont.)

3) Scrubbmg of mdoor air:

- use of activated carbon and chemisorbant filters on intake air
ool vents for filtering pollutants from incoming air
- use of same filter devices for recirculating room air
.= use of portable air filtration devices with same media,
' for extra cleaning of individual rooms where necessary.

4) Substitute materials or systems, and reducing need
for high gas-off products:

all materials used are least-odour-producing alternatives where
possible (see section 2.1.3 for details)

energy conservative passive solar design reduces need for
internal heat source

all electric and solar heating is used rather than fossil fuel
(see section 2.14 for details)

low-temperature radiant heat ceiling panels are used rather than
higher temperature heating sources (e.g. furnace heat
exchanger)

5) Sealing pollutant sources:

- use of carefully sealed foil vapour barrier to reduce outgassing
from interior insulation

- use of foil barrier where necessary to reduce outgassing from
plastic piping and joint cement on waste plumbing and
vacuum piping

- use of foil tape to cover exposed surfaces of plastic thermal
break on window frames and where necessary to reduce
outgassing of window sealant material in clinical rooms

6) Treating pollution sources to reduce emissions:

- washing of all fabrics to be used in interior furnishings or
window shutters

- (subject to experiment) infrared and/or ultraviolet treatment
of any painted interior surfaces to accelerate gassing off

- detergent washdown of metal components shipped covered with oil
film, e.g. brick vents, galvanized intake ducting

7) Separate people from pollutant sources:

lights and other electrical devices are sealed into ceiling and wall
cavities and vented, so that pollutants do not enter indoor
air

extensive use is made of cupboards, some vented, to encourage
storage of virtually all household items not used from day
to day

exterior storage (utility shed, exterior cupboards) of volatile
workshop or garden materials

strict no smoking and no perfumes policy
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2.1.2 c) Sunnyhill Design Principles: Application of General Methodsi'(é‘dﬁffj

8) Isolate affected individuals: wotes

each room is separable from others, with its own heat source, own _
intake vent and filtration umt severely affected
individuals can be isolated with extra air cleaning
in areas with fewer pollutant sources

bedroom sanctuary concept (sparsely furnished bedroom separate from
dressing room where clothes are stored) guarantees a clear
retreat for susceptible persons whenever necessary -

clinical wing is on the top floor, remote from the kitchen area
and from the public seminar area; highly susceptible persons
will be isolated whenever activities in other parts of the
building could adversely affect them.

e

Two other design practices and one additional criterion were also
important in the Sunnyhill example and are applicable particularly to design
of other buildings which must cater to the needs of the chemically susceptible
population.

9) Testing of All Materials Proposed for Use in the Building:

Where possible, all materials proposed for use in the building
were tested for possible adverse effects on chemically susceptible
people. A detailed description is given in Section 2.1.3 following.

10) Meticulous Attention to Detail:

Considerably more attention was paid to detail in design than would
be applied to a conventional home. It was essential that there be a
mininum of new problems arising during construction which would
tempt subcontractors to introduce additional untested materials.

11} Flexibility to Change Building Interior:

Where possible, construction methods were used which would provide the
utmost in flexibility to change the interior partitions, wiring,

heating, and air handling systems over time, in

response to developments in new technology and to any

indoor air problems that might arise.
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2.1.3 Sunnyhill: Materials and Testing Methods

2.1.3 Materials and Testing Methods

. All materials considered for use both in the building structure and
the building interior were subject to testing by highly chemically sensitive
persons.

- . In most cases testing was done by allowing the subject, usually the
author or other family member, to inhale or 'sniff' fumes from a material
sample at close range (3 c¢m. or less). Tests were performed at times when
general symptoms of food and chemical susceptibility were low or absent, and
while the subject was seated in a quiet air purified room with few
furnishings.

Symptoms before and after exposure were noted. In the author's case,
many building materials tended to cause immediate eye, nose and throat
symptoms, including yawning, watering of the eyes, stuffiness, runny nose or
sneezing, mild headache, and sinus pain. These symptoms often began within 30
seconds of the first exposure.

The relative strength of the reaction was gauged by the swiftness of
symptom onset, the intensity of the symptoms, and the duration of symptoms
before clearing. In the author's case the symptoms usually cleared within
several minutes if the initial exposure was confined to a short 'sniff' and
the material was subsequently taken out of the room.

Tests were usually confirmed by subsequent retesting on the same and
other chemically susceptible subjects. If no immediate reactions are observed
the test is also redone with longer exposures, e.g. by having a material
sample placed in the bedroom or right next to a person while sleeping for 6-8
hours.

For practical and economic reasons, testing was not done in either a
single or double-blind manner. Some testing was also done in a very informal
manner at othe construction sites, whenever new materials were found exposed.
By 1977 when design of the building began, the author and his family were
sufficiently familiar with chemical susceptibility reactions that in most
instances, genuine reactions to materials could be easily distinguished in
nature from spontaneous symptoms from other causes.

Not all chemically sensitive subjects get either immediate or clearly
defined reactions to materials to which they are sensitive. In the author's
case testing was aided by three factors:

o having a tendency to react immediately and acutely
upon exposure

o] being at a stage in rehabilitation and treatment in which
general signs and symptoms of food and chemical susceptibility
were not present continually.

o having prepared a relatively chemically-clean test room.
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2.1.3 Sunnyhill: Materials and Testing Methods (continued)

[

At the stage in which chemically sensitive persons most desperately
need clean housing, many are experiencing chronic, almost constant symptoms in
various parts of the body, and have delayed reactions that are easily ‘confused
with responses to other environmental factors. Few have been able to prqvide
pollution-free surroundings for testing. In such cases blind and double-blind
challenges performed by a physician under rigorously prepared low-pollutlon
surroundings would be desirable before making final decisions on appropriate
building materials.

It is important that chemically susceptible persons not undertake such
testing without the advice of a physician familiar with the effects of
low-level chemical exposures. Exposures under such testing should not exceed
the same order of magnitude of exposure as a person would encounter if the
material had been installed in reasonable quantities in a home. Persons with
extreme reactions such as asthma or cardiac arrhythmia should never be tested
for such exposures except under rigorously controlled and medically supervised
conditions.

Figure 15 describes how decisions were made based on the test
reactions. For further description of testing methods, readers are referred
to "Chemical Susceptibility and Urca-Formaldedhyde Insulation" (Small, 1982,
pp. 28-32).

Figure 16 following lists the various building materials tested for
the Sunnyhill project, along with conclusions reached. Readers please note
that rejection of materials for the Sunnyhill application does not mean that
they are generally unsuitable either for other specialized low-pollution
housing or for conventional housing. Chemically susceptible persons are
advised to test such materials carefully before considering their use. Further
study is needed before it can be determined whether general use of the
materials rejected for Sunnyhill would pose any health risk to others in
conventional housing.
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Figure 15: Interpretation of Test Reactions when Choosing Materials for Chemically Susceptible Persons

Response:

Dose

No symptoms

Mild symptoms

Strong and immediate
 symptoms

1 short sniff
1 subject

1 long sniff
1 subject

2 or more long
sniffs, 1 subject

overnight exposure
1 subject

repeated exposures
several subjects

repeated exposures
several subjects
extreme conditions¥*#¥

potentially good material
test longer exposure

potentially good material
test longer exposure and
other subjects

potentially good material
check other subjects and
repeat with longer exposure

potentially good material
check other subjects and
repeat

acceptable material for
some conditions; repeat
under extreme conditions

acceptable material

potentially acceptable for some uses
check longer exposure, other subjects

potentially acceptable for some uses
check longer exposure, other subjects

potentially acceptable for some uses
check other subjects and repeat

potentially acceptable for some uses
check other subjects and repeat

acceptable for some uses if no other
alternatives available; minimize
quantities indoors

acceptable material for some uses if
no alternatives available; minimize
quantitites indoors

reject for all uses¥;
repeat to confirm

reject for all uses¥;

repeat to confirm

reject for all uses¥*;
repeat to confirm

reject for all uses¥;
repeat to confirm

reject for all uses¥

reject unless
extreme conditions
unlikely¥*#*

¥ jif there is no reasonably economic alternative material for other than indoor applications,
devise means of decreasing occupant exposure (e.g. sealing or venting) and retest; avoid
indoor use if at all possible

¥* for example, some persons are not affected by concrete when dry, but react strongly to the odour
of wet concrete. Concrete may be acceptable to such persons where exposed such as in basements,
as long as proper drainage and dehumidification keeps it dry. Other materials may be acceptable
at room temperature, but cause reactions when heated by sunlight.
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Figure 16a: Testing

Results on Principal Materials for Sunnyhill Applidation ..

Material

Test Results

Conclusions for Sunnyhill®’”
application only =

softwoods (pine,
cedar, spruce)
plywood
particleboard

tar-impregnated
building sheathing

styrofoam sheathing
other sheathings
bare structural
steel

portland cement

cement block

clay bricks

mortar cement

portland/lime
cement parging

rigid fiberglass
cavity wall
insulation
fiberglass batts

styrofoam blue
insulation

mild to strong reactions

mild reactions even with
20-yr. old spruce

mild to strong reactions

mild to strong reactions

strong and immediate
reactions

mild to strong reaction
strong when heated

not tested

no response

zero to mild response
zero to mild response
when well cured; strong
response when fresh

no response

mild to strong response
decreasing with curing

no response

mild symptoms

mild symptoms

mild to strong reaction
strong when heated

rejected unless no alternative;
must be sealed if used
rejected

rejected

rejected
rejected
(cavity wall construction

ultimately chosen)

accepted for interior use

accepted for indoor use

accepted for structural use

accepted for exterior use

accepted for brickwork and
sealed structural blecckwork but
not for exposed interior use

accepted for parging interior
of block walls

accepted for exterior use
or interior if well sealed

accepted for roof insulation if
well sealed, vented to exterior

accepted for exterior use
below grade only

Figure

16a: Testing Results on Principal Materials
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Figure 16b:.Testing Results on Materials for Sunnyhill (continued)

Material

Test Results

Conclusions for Sunnyhill
application only

adhesives. for
attaching insulation

other adhesives
e.g for flooring

factory-coated rust
paint for structural
steel

exterior rust
paint

asphalt shingling

enamelled steel

anodized aluminum

CSL silicone
caulking 302

polysulfide poly-
mer rubber caulk-
ing

neoprene window
glazing & gaskets

drywall
(unfinished)

plaster base-coat
mixes with add-
itives

not tested

not tested

mild to strong response

zero to mild response to

now-unavailable mix of
one brand of brown rust
primer

mild to strong reactions
strong when hot

zero to mild responses

no response

mild response decreasing
with curing time

mild to strong response,
especially when heated

mild reactions, stronger
when heated

mild to strong reactions

mild to strong response

rejected in favour of mechanical
fastening methods

rejected from past experience

rejected in favour of bare
structural steel

accepted for finishing exterior
steelwork

rejected in favour of enamelled
steel

accepted for use on roof

accepted for interior and
exterior use, window frames,
ete.

accepted for exterior use
around window frames, etc.

accepted for interior use when
material subequently sealed
from occupants by barrier

used in installation of roof
skin in order to maintain
installer's guarantee; seal
with complete air barrier

accepted with possibility of
sealing or replacing

rejected in favour of plaster
on metal lath

rejected in favour of more
basic plaster mix

Figure 16b:
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Figure 16c: Testing Results on Materials for Sunnyhill (continued). ' i . 5% ]

Material

Test Results

Conclusions for Sunnyhill
application only

plaster of paris
and plaster of
paris/lime mixes

various indoor
paints

6 mil polyethylene
vapour barrier

aluminum foil,
industrial rolls,
shiny side

aluminum foil,
dull side

ARNO aluminum
foil tape with
removable blue
backing

enamelled alum-
inum soffiting

various hardwoods
unfinished

urethane floor
finishing

vinyl flooring

no response when dry
mild reaction when damp

mild to strong reactions
esp. when relatively new
and when moistened

mild to strong response,
decreasing with airing

mild response

zero to mild response

no response to aluminum
surface; mild response to
backing and glue surface

mild response to coloured
surface, no response to
underside, (lacquered
surface)

zero to mild response
with hard sugar maple

others mild to strong
response.

mild to strong reactions
mild reactions even with
urethane 5 years old

mild to strong reactions

accepted for indoor use =~ "

rejected for indoor use ‘pending
further testing and experi-
mentation with hardening tech-
niques, e.g. baking.

accepted for first interior
vapour barrier, (later skinned
with aluminum foil)

see aluminum foil, dull side

accepted for interior use, dull
side exposed

accepted for interior use with
aluminum foil to provide
complete seal

accepted as is for exterior
soffiting, and as vapour barrier
beneath roof insulation with
lacquered side down; edges
sealed with foil tape

maple accepted for limited int-
erior use unfinished; subject
to retesting with larger
surfaces

rejected

rejected in favour of ceramic
tile on mortar bed

By YA —
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Figure 16d: Testing Results on Materials for Sunnyhill (continued)

Material

Test Results

Conclusions for Sunnyhill
application only

ceramic tile

galvanized steel

BX armoured
electrical cable

plastic drain
pipes

copper drain

synthetic marble

counters & sinks

plastic laminate
counters

stainless steel

porcelain

most brands no reaction
to glazed surface; mild
reaction to underside

no response after wiping

oily film off

mild to strong response
when new, diminishing
with cleaning and age

mild to strong response

no response

mild response, strong
when heated, esp. under-
side

zero to mild response to
counters, strong res-
ponse to particleboard

no response

no response

accepted for indoor use

accepted for various interior
uses, including ducting

accepted for concealed wiring

accepted for vented use in
walls, with possible aluminum
foil covering

accepted for exposed applications
e.g. under sinks

(cost prohibitive if used for
entire building)

rejected in favour of ceramic,
porcelain, stainless steel

rejected in favour of stainless
steel and ceramic countertops

accepted for indoor use

accepted for indoor use
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2.1.4 Sunnyhill: Design of Features and Systems

2.1.4 Design of Features and Systems

“re —ae e

The following subsections describe major features and mechanical -

a) Location

b) Airtight Construction Using Cavity Wall

c) Steel Framing and Concrete Floors

d) Interior Framing Separated from Vapour
Barrier on Outside Wall

e) Deliberate Venting Through Multiple Inlets

f) Tempering and Filtration Of Intake Air

g) Recirculation of Interior Air Through Filters

h) Passive Solar Design

i) Hot Water Electric Heating Source and
Potential for Hecat Pump and Active
Solar Heat in Future

j) Low Temperature Radiant Heat Distribution
in Ceiling

k) Central Exhaust System

1) Lighting Fixtures Embedded
in Suspended Ceiling

m) Generous Provision of Cupboards, Some Vented

n) Layout For Separation of Activities

o) Use of 'Bedroom Sanctuary' Concept

p) Central Vacuum Cleaner with Exterior Motor

q) Bare Floors Without Wall-to-wall Carpeting

r) Relatively Bare Furnishings

s) Unpainted Plaster Walls

t) House Rules

- 181 -

page

182
183
184

185
186
187
188
189

190

191
192

193
194
195
196
197
198
199
199
200

systems used or intended for use in the Sunnyhill Low-Pollution Centre. Each
major choice is described, major reasons for the choice are given in terms of -
indoor air pollution, and other advantages and disadvantages are noted.

[



2.1.4 a) Sunnyhill Design: Location

a) Location

45 kilometres northeast of Toronto, on 25 acres of rolling farmland.

Reasons: |

Area is reasonably unaffected by Toronto urban smog; outdoor air can be used
for ventilation a great deal of the time without additional filtration of

gaseous pollutants.

Other Advantages:

Lot size provides a buffer from neighbouring pollutant sources, e.g.
wood smoke. Commuting distance to Toronto is 65 km. by car, 3/4 to 1 hr. drive.

Disadvantages:

Site is close enough to Toronto that air is periodically affected by city
pollution sources; site is also affected occasionally by other pollution
sources such as Oshawa and Sudbury (suspected but not confirmed). Rural air
contains high mould, pollen, and plant terpene levels in summer.

Newmarket 0O Uxbridge
(| Goodwood

Aurora Q Port

Perry

4 SUNNYHILL
Stougwl/i lle
Richmond
Hill Markham

METROPOLITAN
TORONTO

0 S 10 km.

—

Figure 17: Location of Sunnyhill Low-Pollution Centre
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2.1.4 b) Sunnyhill Design: Airtight Construction/ Cavity Wall

b) Airtight Construction Using Cavity Wall

Cavity wall construction with 3" cav1ty between 6" block structural wall’ and
brick exterior facing. Block wall is completely parged with Portland cement
parging on the interior as an air barrier.

Reasons:

Parging provides complete air barrier that eliminates or minimizes flushing of
wall contaminants to the interior of the building. Deliberate venting may

be introduced within the building for greater control of air exchange than is
afforded in leaky housing with high infiltration rates. House may be sealed
off and air scrubbed inside when outdoor air quality is worse than indoor
quality. Cavity allows ventilation of gas-off products of fiberglass

insulation, particularly when heated by afternoon sun on brick wall.

Other Advantages:

Conserves energy by avoiding heat loss through infiltration and exfiltration;
Limits condensation in walls by limiting air and moisture flow through the
building envelope to diffusion only;

Minimizes cracking and seasonal movement of structural wall because some
insulation is exterior to wall.

Disadvantages:

Relatively expensive construction
technique. Some difficulty insulating
to desired level because of restric-
tion on cavity width with brick facing. parging
(air
barrier

CAVITY

| J

EXTERIOR
ICK
C
INTERIOR

vapour
barrier

vent
holes
s [ e u)

Figure 18: Cavity Wall Detail
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2.1.4 c) Sunnyhill Design: Steel Framing and Concrete Floors

c) Steel framing and concrete floors

Steel column, girder, and open-web steel joist construction, with poured
concrete floors. Poured concrete basement walls support first floor joists at
exterior of building; block structural walls support joists for upper floor.
Roof support is also by steel beams and open-web steel joists.

Reasons:

To avoid softwood framing, because of sensitivity of the occupants to the
smell of natural softwoods including pine, cedar and spruce.

To avoid use of plywood or particle board subflooring and roof sheathing, with
its attendant formaldehyde and other emissions at levels unsuitably high for
the clinical standard required in the case of Sunnyhill

To support massive concrete floors suitable for ceramic tile floors and

for passive solar heat storage.

To allow long clear spans and the use of non-load-bearing partitions for
interior framing, allowing utmost flexibility for future changes.

Other Advantages:

Less sound transmission between floors and less uncontrolled air leakage

through floors.

Disadvantages:

Construction method
considerably more
expensive than
conventional wood
framing and flooring.

Some energy loss
through continuous
metal connections
to roof surface.

EXTERIOR

2ND FLOOR
INTERIOR

A AV Y AV VA AV A AVAY AV AT AYA;

Lopen—web steel

joists
steel
column
Zﬂ
1ST FLOOR
INTERIOR

TA T
GROUND FLOOR ,/'
INTERIOR steel

beam

Figure 19: Steel and Concrete Structure
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2.1.4 d) Sunnyhill Design: Separate Interior Framing

v

d) Interior wall framing separated from vapour barrier on outside wall DML

Plaster surfaces for exterior walls are installed on metal stud frames | '
which are separated from the vapour barrier on the outside walls by at e o
least 3 cm. '

Reasons: ceo o
The wall cavity created provides space for installation and renovation
of electrical outlets, shelf hangers, picture hangers, and other devices that

puncture the wall, without damaging the vapour barrier.

Other Advantages:

Ensuring that the barrier remains intact minimizes chances of increased air
pollution from the insulation and polyethylene barrier.

Although moisture damage to the wall is unlikely even with some puncturing
of the vapour barrier (since the air barrier is separate), keeping the
vapour barrier intact further reduces the chance of this happening.

The gap between the interior wall and the insulation allows the possibility
of venting any off-gassing products of the insulation and vapour barrier
into the ceiling space and from there out of the house through the central
exhaust system.

Major renovation of these interior walls can take place without damaging the
vapour barrier.

Disadvantage:

Added cost over methods that
provide a support surface
integral with the outside

wall (e.g. wood studding
exterior frame), both for
studding and for the extra
space required for the cavity.

Metal

cavity

Figure 20: Interior Plaster Wall
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2.1.4 e) Sunnyhill Design: Deliberate Venting

e) Deliberate Venting Through Multiple Inlets

Use of individual brick vents in 40 locations allowing choice of or
simultaneous use of many vents at different locations around the building.

Most of the windows also have an awning type opening section to allow direct
ventilation.

Reasons:

Outdoor ambient air varies in quality and composition (e.g. pollutant levels,
pollen and mould spore counts). The Sunnyhill application requires full
control of intake air rather than random infiltration. Intake air can be
filtered through a choice of filtration systems.

Considerable air exchange (1 cph or greater) is required in this application
to ensure flushing of pollutants to exterior and dilution of pollutants to
acceptable levels.

Multiple rather than single intakes were required for three reasons:

o} individual room control of air filtration is required
because of variations in sensitivities among occupants

o most areas in the building require short duct intakes
that are fully accessible for cleaning, in order to
avoid buildup of dust and mould accumulations over long
periods.

o intakes are required to be remote from the exhaust outlet
(on the rooftop)

Other Advantages:

Option to use some centrally supplied air through a single cental air-to-air
heat exchanger is still available. However, the favoured system for heat
reclamation is use of a heat pump in the central exhaust stream. This
avoids the restrictions in air-to-air systems, in which all air must come in
through the exchanger in order to recapture the heat in the exhaust air. In
a heat pump system fresh air can even be brought in through the windows.
Openable windows provide a psychological advantage over non-openable ones.

Disadvantages:

Continual air intake at levels greater than 1/2 air change per hour is in
excess of ventilation practice for well-sealed energy-conservative
dwellings. All such venting requires energy.

Multiple inlets make it difficult to take advantage of air-to-air heat
exchangers between exhaust air and intake air.

Openable windows allow uncontrolled infiltration and exfiltration through
cracks around seals.

Multiple vents cost more than a single central vent.
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2.1.4 f) Sunnyhill Design: Tempering and Filtering Intake Air t

f) Tempering and Filtration of Intake Air UL

Two types of air supply are possible:

N

o 'central' ducted air supply and filtration (for some locations) i -

o local direct air supply and filtration (for other locations) -

Central supply (if installed) involves the intake of fresh air at one location

and its distribution to a number of different parts of the building through
ductwork. Where possible this has been avoided in favour of local direct air
supply. In some locations in the building (e.g. storage areas, some interior
rooms) some ducting will be necessary. While the option is still available to
couple such ducts with some exhaust air through air-to-air heat exchangers,

for reasons of flexibility and avoiding contamination of intake air, heated

water coils are favoured for tempering the intake air. Heat will be supplied
from a hot water heating system which is fed partly by a heat pump reclaiming
waste heat from the central exhaust system. The tempering coil will be followed
by dust and gaseous filtration with mechanical particulate filters, and by
chemisorbant and activated carbon filters.

Local supply is through small short ducts directly to the outside (see
Section 2.1.4. e) "Deliberate Venting Through Multiple Inlets". The fresh

air will go through a heated water coil followed by a variety of dust and
gaseous filters, depending on the location of the vent and the sensitivity of
the occupants in each area. Filtration units will be easily accessible for
regular cleaning, changing and maintenance.

Reasons:

Occupants using this building are sufficiently sensitive to air pollutants,
natural plant terpenes, natural pollens and mould spores, that in the summer
season and certain other times of the year it will be necessary to filter
the air to some but not all rooms in the building.

Wide variation in sensitivities of occupants dictates that filtration media

may ‘have to be different in different areas.

Other Advantages:

Tempered intake air will encourage continued venting (and thus cleaner air)

and avoid cold drafts.

Heat reclamation by means of a heat pump in the exhaust stream will minimize
energy loss due to ventilation while allowing the flexihility of multiple

fresh air inlets.

Disadvantages:

The use of filtration media causes additional expense that would not be
incurred with unfiltered intake air through vents or open windows.
Installation of two systems involves additional expense (which would not
normally be incurred except in experimental situations)
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2.1.4 g) Sunnyhill Design: Recirculation of Air through Filters

g) Recirculation of Interior Air through Filters

Local air filtration devices, lodged in the ceiling spaces, can recirculate
room air as well as filter intake air. The same media will be used.
Separate portable air filtration units will also be available for use in
clinical and other areas whenever supplementary filtration is required.

Reasons:

Reduces indoor air pollution from building sources, from occupants and
from indoor activities. Interior pollutant levels from building materials,
without continual filtration, may still exceed requirements particularly for
severely ill patients housed for diagnosis.

Other Advantages:

Ventilation requirements can be minimized by cleaning pollutants from the
interior air.

Disadvantages:

Not all chemically susceptible persons can tolerate the same filtration media,
and some cannot tolerate any.

chemisorbant activated carbon CEILING SPACE
filter filter
particulate particulate
filter / filter
oollme s = (motor vented
g,;% g % into ceiling
—_— o5l 0 space)
outside o }P —=fan=—_
v, d p—
or Soleal [l Fwhoe ] fan
recirculate > o 5] ".-( motor
air odloo) [l ¥
o llef0 1L (B
o0l o, uﬁ "'
P I e
AN
— _ceiling panel
= - e

/ LIVING
SPACE

Figure 21: Sequence of Filtration Media in Intake and Recirculating Filters
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2.1.4 h) Sunnyhill Design: Passive Solar Design

e a0
Py o s

h) Passive Solar Design

Preponderance of windows on south and east faces.

Use of massive concrete and steel interior construction for heat storage,
Window spacing allows interior insulated shutters which inhibit heat loss

at night.

Shading of south-facing windows to avoid summer over-heating. (Main floor
shading is yet to be added on protruding steel posts shown in photo below.)

Reasons:

Passive solar heat is by far the cleanest source of heat available,

since the temperatures involved are so low,

The greater the heat gained directly from the sun, the less any additional
heating system will have to function, thereby minimizing pollutants from
other sources.

Other Advantages:

Conservation of non-renewable energy and reduction of operating cost.
Tempering of day-night temperature swings through relcasc of hcat
stored in massive building structure.

Disadvantages:

Manual use of window shutters requires training of occupants to develop
energy-conserving habits.

Materials exposed to direct sunlight usually gas off more than the

same material when shaded and at normal room temperature.

L LYANERS

Figure 22: View of Sunnyhill from the South-east (showing windows for
passive heat, shading for lower windows, provision for active solar
collection on 59 degree slope south roof)
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2.1.4 i) Sunnyhill Design: Hot Water Electric Heat

i) Hot Water Electric Heating Sources Including Heat Pump
Connected to Solar Panels and Exhaust Air Ventilation

The initial heating source in place during the construction period has been an
electric hot water boiler. The system will ultimately be fuelled from other
sources as well:

1) active air solar panels on south roof face (now installed)
2) reclaimed exhaust air heat (via heat pump to be installed)
3) ground water heat (if ever needed)

4) remote fuel or wood burner (if ever needed)

The south roof face is angled at 59 degrees for optimum winter solar heat
collection (see Figure 22). Air is circulated behind the dark brown enamelled
steel surface, in a special chamber between the roof insulation and the roof
surface. Ducts and a blower circulate cool air in the bottom of the panels and
claim warm air from the top. Provision is allowed for later glazing of the
exterior of the panels if economical.

Both the solar heated air and exhausted ventilation air flow over cold water
coils, which are warmed by the air flow. A water-to-water heat pump delivers
the heat gained into a hot water tank connected to the building's radiant
heating system. The hot water boiler acts as a backup and heats the hot water
tank if insufficient heat can be obtained from the heat pump.

The heat pump returns cold water to the heat exchange coils. Use of cooled
water in the exchange coils allows efficient operation of the solar panels and
also permits the use of the system as an air-to-water heat pump on cloudy days
when the outdoor air’ temperature exceeds the cooling coil temperature.

Fossil fuel heating devices within the building were ruled out.

Reasons:

Fossil fuel devices have relatively high potential for creating

indoor pollution at levels bothersome to chemically sensitive persons.

Heat pumps using solar heat, exhaust air heat reclamation and ground water
sources will be relatively efficient.

Hot water boiler was available from temporary retrofit of an oil burner

at a previous home, and provides clean safe heat.

Other Advantages:

Hot water heat is very adaptable. It can over time be fuelled by various
different kinds of systems, depending on technological advances. A ground
water heat pump can be easily incorporated into the system, as can remote
sources such as a fuel burner external to the building. It is conceivable
that wood and other sources would be feasible in the longer term if good
pollution control devices are employed and if they could be used 'off-peak!,
i.e. in the right weather conditions to heat storage water.

Disadvantages: Initial cost of heat pump, storage tanks, and solar
ducting system.
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2.1.4 j) Sunnyhill Design: Radiant Heat in Ceiling

C IR s

j) Low Temperature Radiant Heat Distribution in Ceiling N s

Plaster drop-in ceiling panels manufactured on site, with small diame'tetf';
flexible copper pipe embedded in them, for circulation of hot water

for radiant heat.

Access for system installation and interconnection is through adjacent
non-heating panels. Lo

Reasons:

Heat panels allow lowest temperature application of heat through direct
radiation from ceiling panel to the occupant. Potential for air pollution is
extremely low.

Lack of registers or radiators within room allows full flexibility for
different uses of rooms.

Lack of radiators allows easier cleaning of room, less accumulation of dust.

Local heat allows separation of air from different room areas, in contrast to
dwellings with central air circulation.

Other Advantages:

There is some evidence that air temperatures required in radiant heated houses
to maintain occupant comfort are a few degrees C less than those required
in convection heated homes, leading to overall energy savings.

Hot water heat is adaptable to different heat sources, including electric
water boiler, solar panels, heat pump, and remote wood or other fuel burners.

Ceiling panels give shorter response time when occupants desire heat than
would coils embedded in the more massive floors. The building can be zoned
and unused areas kept cooler.

Use of panels rather than continuously plastered ceiling allows for future
changes in and experiments with lighting, heating, wiring and venting.

Disadvantages:

TOP VIEW IN
The system is costly and labour- ~NCEILING SP
intensive, at least at this stage.

There are no reasonably priced
commercial systems yet available;
panels must therefore be manufactured
on site.

Any system leaks could cause local

water damage.

—— e
\\embedded ~ |
. S~
copper ~./

blank
access
panel

Figure 23: Radiant Heating Panel
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2.1.4 k) Sunnyhill Design: Central Exhaust System

k) Central Air Exhaust System

Use of central exterior exhaust fans mounted on the roof (motor outside).
(Two Nutone 1000 cfm 'mushroom' exhaust units, with 10 " duct)
Reclamation of heat with a heat pump in the central exhaust stream.

Reasons:

Allows deliberate flushing of pollutants from various parts of the building,
including rooms, cupboards, appliance enclosures, and various interior
building spaces such as within walls and ceilings.

Waste heat is ideal source for efficient heat pump operation.

Other Advantages:

Use of a central exhaust system allows the flexibility to tap into the
system later to provide venting for additional individual pollutant sources.

Disadvantages:

Difficult to properly balance exhaust system with many inlets. Automatic
dampers with computerized balancing control and in-duct pollution monitors
may be needed in the long term to make best use of this system; when used
manually such a system is dependent on occupant choice and habit, and
occupants may forget to increase venting when they need it the most.

Low silhouette —

only 16%'' high
Resilient- All-alumioum
mounted housing

h \/

Stainless
steel
Autings

Large 24"
Balanced motor self-flashing Righ wall helps
blower wheel flange prolect against rain

Figure 24: Exterior Exhaust Fan
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2.1.4 1) Sunnyhill Design: Lighting in Ceiling

1) Lighting Fixtures Embedded in Suspended Ceiling S

Both incandescent and fluorescent fixtures will be installed in ceiling
panels, with venting of gas-off products of hot bulbs and fixture housing
into vented ceiling spaces.

Full-spectrum fluorescent tubes will be used; installation will allow
experimentation with electromagnetic shielding to determine possible
effects if any of fluorescent fixtures and different light spectra on
occupants.

Reasons:

Hot fixtures and lighting tubes can lead to gassing off of materials and
burning of air-borne dust; installation in ceiling space allows venting.
Number of dust-accumulating articles in a room is reduced compared to

conventional housing with portable lamps.

Other Advantages:

Drop ceiling allows repositioning and rewiring of lighting system to
adapt to changes in use of different parts of the building.

Decregse in cooling requirements in summer,

Disadvantages:

Free heat from fixtures is only used after reclamation in exhaust air

by heat pump.

Ceiling lighting provides less flexible task lighting than small portable
lamps; some portable fixtures may prove necessary in any case.

Room lighting requirements limit flexibility in the ceiling heating system
design.

ceilingf%pace vented to roof CEILING
through heat exchanger
’/ ? rt $ SPACE
? ? \\\‘v ’/_11
) ( b i
S —
——pTass—— 1
INCANDESCENT FLUORESCENT possible

aluminum screening
for shielding

LIVING SPACE .
experiments

Figure 25: Light Fixtures Embedded in Ceiling Space
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2.1.4 m) Sunnyhill Design: Vented Cupboards

m) Generous Provision of Cupboards, Some Vented

Ample provision of large closable cupboards in virtually every room area.
Cupboards can be vented by hooking into the general exhaust system.
Vented cupboards will have cloth-filtered air vent.

Reasons:

Separation of the occupants from polluting objects that are not used
continually. Objects brought into houses and accumulated there represent
in total a major source of indoor air pollution in residences.

Reduction of clutter makes frequent cleaning of rooms easier.

Flushing of air contaminants from materials stored in cupboards reduces
potential indoor air pollution later when products used.

Other Advantages:

Flexibility is added to room areas because furnishings, decorations
and use can be changed more easily than when many objects are placed
throughout the room. '

Disadvantages:

Cloth filter must be cleaned

or changed regularly. Without
the filter dust is deposited
in cupboards rapidly.
Cupboard hardware is in general
more costly than providing bare ceiling
walls. space
It is difficult to find materials |
for shelves and doors that ||
themselves do not add more
indoor pollution than bare walls. J
cupboar
door :
s~
air dust I
flow I filter
— CUPBUARRD

Figure 26: Vented Cupboard
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2.1.4 n) Sunnyhill Design: Separation of Activities

fal )‘Yb“\{'?“ ¥y

n) Layout for Separation of Activities i

c. vy B
All rooms are closable, to separate occupants from activities in adjacent. -
rooms.

Reasons:

Occupation of the building by persons of varying chemical sensitivities
means that some occupants will undertake activities that may create
indoor air contamination that others cannot tolerate. (e.g. reading
a newspaper)

Odours from food preparation and serving may aggravate symptoms in
food sensitive persons.

See also Section 2.1.4 o) "Bedroom Sanctuary" following.

Other Advantages:

Noise separation.
Allows separate air control and reduced heating in unoccupied areas.

Disadvantages:

Modern trend is to open concept; in the Sunnyhill example glass walls on
kitchen and open balcony over seminar area provide an illusion of open-ness
even though rooms are still separable.

DINING & MEETING AREA
(can be closed off)

SITTING AREA to bedrooms

exit
—

T

stairs
—— B ey !
KITCHEN/BREAKFAST

. o (can be sealed off
S + railing _ from other areas
up

) and is well vent-
(this area open to ilated)
ground floor seminar
entrance —
room; can be closed —
off by doors shown z
1ift| on main floor) z
venfed cupbogdrds E
=
railing
south-facing windows _ exit

Figure 27: Main Floor Detail Showing Separation of Areas
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2.1.4 o) Sunnyhill Design: Bedroom Sanctuary

o) Use of 'Bedroom Sanctuary' Concept

Bedroom/dressing room combinations with a minimum of furniture and little or
no storage of clothes in the bedroom itself.

Reasons:

Having a bare, easy-to-clean bedroom makes it more likely that this one
'super-clean' room will afford the occupant a 6-8 hour stretch in the least
possible indoor air pollution.

Clothes easily accumulate pollutants from other places, e.g. trace odours
of tobacco and perfume, dust, mould etc. These are best stored in vented
cupboards to which the occupant is not exposed at night.

Other Advantages:

Disadvantages: ’

Bedrooms tend to be a little smaller than normal, though combination
bedroom/dressing room may be larger.
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Figure 28: Bedroom 'Sanctuary' Concept
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2.1.4 p) Sunnyhill Design: Central Vacuum

p) Central Vacuum Cleaner with Exterior Motor 2. A

Powerful central vacuum cleaner is installed in metal cupboard on ou't'si"'dé_‘
of north wall. Piping provides vacuum outlets throughout the building.

Reasons:

Motor and dust exhaust from conventional portable vacuum cleaners can cause
severe reactions in highly allergic persons, and increase indoor air

pollution (e.g. ozone concentration, from motor sparking).

Some central vacuum installations have the motor mounted in the basement
and dust piped outside; in totally exterior mounting even motor odours

are excluded from indoor air.

Building is more likely to be cleaned regularly if vacuuming is convenient
and does not cause reactions in persons doing the work.

Other Advantages:

Increased convenience for cleaning.

Disadvantages:

Piping available at reasonable cost is plastic, and joints must be sealed with
solvent cement. (Indoor air problems from these sources can be mitigated by
wrapping pipes and joints with aluminum foil and sealing joints with foil
tape; this is tedious but effective).

In a building of this size, several hose sets are required. The plastic hoses
take a year or more to gas to the point where their presence in a room will
not cause significant problems for highly chemically susceptible persons.

(If necessary hose can be wrapped with flexible aluminized polyethylene.)
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2.1.4 q) Sunnyhill Design: Bare Floors

q) Bare Floors without Wall-to-Wall Carpeting

Bare hardwood or ceramic tile floors, with small scatter rugs only,

when needed at all.

Hardwood system, where installed, consists of Robbins steel channel flooring
system, mounted directly on concrete.

Reasons:

Large area synthetic rugs are a major source of formaldehyde and other
indoor pollutants. Carpets exposed to sunlight gas off even more.

Reduction of dust, to accommodate highly dust-sensitive occupants.

Steel channel system does not require plywood or softwood subflooring.
Besides the problem of finding carpet material that does not gas off
significantly, the practicality of regular cleaning must be taken into

account. Ability to wash all fabries in the building periodically is necessary
in the Sunnyhill application, since fabries accumulate contaminants over time.
Testing will continue to determine whether some rug fabries can be tolerated
and properly maintained by steam cleaning without other volatile cleaners.

Other Advantages:

Bare ceramic floors in southern exposures will act as good heat absorbers
for passive solar storage.

Disadvantages:

Present trend is to more use of wall-to-wall carpeting; plushness is a
generally accepted status symbol.

Heavy-duty 16 ga. clip
3/8" 16-gauge channel
Steel anchor

Figure 29: Steel Channel Supports in Hardwood Flooring System
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2.1.4 r)/s) Sunnyhill Design: Bare Furnishings/ Unpainted Walls

r) Relatively Bare Furnishings

v e
B o I

Interior furnishings are being selected with care to avoid materials .
such as particle-board and treated fabrics that may release formaldehyde, ,
and other gases. In general, relatively bare hardwood, metal and glass
furnishings with removable natural fabric padding or coverings are
acceptable, while plush synthetic furnishings with non-removable padding
and coverings are not. Plastic furnishings are not acceptable in the
Sunnyhill application.

Reasons:

To minimize air contamination by low-levels of pollutants, and to
minimize skin contact between occupants and sensitizing chemicals.

Other Advantages:

Such furnishings can be relatively light and moveable, providing more
flexibility in changing use of rooms on short order.

Disadvantages: .

Trends are to highly synthetic and plush furnishings, often with a
great deal of plastic. Care will be required to establish a decor
that allows an acceptable level of comfort and that is as 'inviting'
to occupants and guests as other modern furniture.

s) Unpainted plaster walls

Textured plaster walls, applied on metal lath, left unpainted until or
unless further testing leads to selection of a low-outgassing paint that
will be acceptable in this clinical environment.

Reasons:

Avoidance of gas-off products of wall-board and paint.

Disadvantages:

Unsealed plaster may absorb and re-emit moisture and air pollutants

from indoor air. Cleaning of walls is not as easy as with paint, although
vacuuming of dust is still possible and retouching with a plaster whitewash
is as feasible as repainting a conventional wall.
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2.1.4 t) Sunnyhill Design: House Rules

t) House Rules

Certain house rules are posted at the entrance and in other strategic

locations to remind visitors and temporary occupants of certain restrictions
that are necessary to maintain an atmosphere of minimum indoor air pollution:

o strictly no smoking within the building

o] no aerosol products, perfumes or other scented products
to be used or worn inside the building

Reasons:

Tobacco smoking can cause major indoor air contamination, and presents
problems almost universally for chemically susceptible persons.

Chemically sensitive persons are often sensitive to various perfumes and
product scents, as well as propellant gases.

Disadvantages:

Some people are offended by the idea that their smoking or their
choice of toiletries may make others ill.

ﬁ ——SUNNYHILL FARM

OUR HOME HAS BEEN SPECIALLY DESIGNED
TO AVOID CHEMICAL POLLUTION INSIDE

Figure 30: Sign at Entrance WE WELCOME VISITORS, BUT ASK YOU PLEASE
to the Sunnyhill Low-Pollution NOT TO SMOKE OR WEAR PERFUMED PRODUCTS |

Research Centre WHEN YOU CALL
The Smalls
R.R. #1, Goodwood, Ontario, Canada LOC 1A0
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2.1.5 a) Sunnyhill Construction: Cavity Wall

2.1.5 Construction Techniques and Supervision

Most of the individual construction techniques used in the Sunnyh'ill
example are already commonly used either in residential or commercial
construction in Canada.

Among the less common methods used are:

o cavity wall construction, and
o the method of attaching and sealing the mterlor
vapour barrier

The choice of materials and the unusual mix of commerecial and
residential methods makes the building unique and the construction supervision
far more demanding than conventional construction. Almost constant
construction supervision is required to ensure:

) precise conformance to plans
o that no materials are substituted for those specified
o that unexpected problems arising during construction are

solved in a manner that does not violate the low-

nl\"llflr\n nnlfanlnn
tJ lllllll AeLl AV

While these goals are similar to those of supervision for conventional
construction, it must be stressed that virtually no subcontractors employed

on the site understood the purpose of the building and its design sufficiently
well to know the significance of even minor alterations of desigh as a result

of field problems.

a) Cavity wall construction

A cross-section of the cavity wall is given in Figure 18. Figure
19 shows also how the floors are supported by the structural block layer.

The primary problem encountered was that of finding a sub-contractor
who was familiar with cavity-wall construction. Local contractors denied any
knowledge of this method. The chosen subcontractor was found inadvertently by
the author as he drove by and recognized a cavity-wall school building going
up in a northeast Toronto suburb.

The efficicney of a cavity wall in performing its various functions
- shedding of rain, insulation of the building, structural support, and air
barrier, depends on careful bricklaying technique and installation of the
exterior insulation at the same time as the brick wythe is built up. Metal
block ties were used every two feet to tie the brick and block layers
together. Insulation slabs were pushed between the block ties before bricks
were laid in front. The effectiveness of the insulation depends on
conscientious installation of these slabs, without gaps.
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2.1.5 a) Sunnyhill Construction: Cavity Wall (continued)

The cavity effectively ventilates the back surface of the brick and
keeps the insulation dry. Dripping mortar must be removed from the cavity as
each brick layer is laid, so that the cavity is continuous and moisture is
not led across it from the brick to the insulation. In practice, constant
supervision of this aspect is virtually impossible and the subcontractor's
crew was on occasion inclined to omit scraping the back of the brick, to save
time.

Part of the advantage of the cavity wall construction is the
capability of placing insulation exterior to the structural block wall,
and continuous past the edges of poured concrete floors, as shown in
Figure 19. However, present energy conservation standards require more
insulation than previously, and the use of only a 2" slab of R8 insulation
exterior to the block was not considered sufficient.

Building Code regulations prevented the use of a wider cavity without
using ties made of masonry between the brick and block wythes. As this would
have introduced direct heat loss pathways, the idea was rejected in favour of
adding an additional R8 insulation layer inside the building against the
structural block wall. With all the other wall components, including the
cavity, this brought the thermal insulation rating of the wall to about R-20.

In terms of the goal of minimizing indoor air pollution, the decision
to add insulation on the interior of the block wall was a compromise, and
caused a number of problems in meeting both energy conservation and clean
air goals. These are described in section 2.1.5 b) following.

Anodized aluminum windows were installed across the cavity and
insulation was made continuous to the inside of the window frame and to its
thermal break (see Figure 31). The thermal break, made of a flexible vinyl
rubber compound, emitted a strong odour when the frame was heated in the
sun. Prior to installation, a 1 em. width of aluminum foil tape was applied
to the thermal break where it was exposed on both sides of the frame. This
was effective in sealing in the odour.

In practice it was difficult to ensure that insulation was properly
packed behind the window frame, since there was little clearance between the
frame and the block. Since the cavity is open to outside air circulation at
freezing temperatures in the winter this is one flaw in the design - the
slightest separation of insulation behind the window frame will allow some air
circulation across the thermal break and therefore a heat leak from the warm
side of the metal frame.

This and another heat loss problem might have been solved by
making larger openings in the block and allowing for insulation continuously
around the edge of the block to the window. The present design allows a heat
leakage path adjacent to the windows through the block and only one layer of
insulation rather than through two layers as on the face of the walls. The
seriousness of this design error is partially mitigated by the use of interior
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2.1.5 a) Sunnyhill Construction: Cavity Wall (continued)

|

sealed double-glazed unit
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Figure 31: Window Frame and Cavity Wall Detail
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Figure 32: Doorway and Cavity Wall Detail
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2.1.5 b) Sunnyhill Construction: Interior Insulation

insulating“Shutters continuous with the interior insulation layer and of
equivalent R-value (R8). While windows are receiving solar radiation there is
little if any problem, and when they are in shadow or at night the shutters
may be closed to minimize loss.

" The closing of the cavity at the doorways involved similar energy loss
problems, and in addition posed a potentially serious indoor air pollution
problem. Throughout an extended period during construction, the cavities were
left unsealed at the doors, although extra insulation was stuffed in them to
eliminate drafts directly into the building. Storm doors had been installed on
the brick layer, but full insulated exterior doors on the block layer had not
been installed. Late in the afternoons in the warmer months, an objectionable
odour arose inside the main floor particularly adjacent to the west side of
the building. Figure 32 illustrates the doorway detail.

The odour was determined to be coming at least in part from the heated
insulation within the wall cavity, which was then in effect open to the
interior of the building. Late in the day the brick face on the west side of
the building became quite hot to the touch in the direct sunlight, and the
cavity appeared to act as an oven to bake out the unreacted binding chemicals
in the fiberglass insulation. '

In order to seal the cavity fully, a rigid barrier sealed with
silicone caulking was installed, with the caulked edges in turn sealed with
aluminum foil tape in order not to leave caulked surfaces accessible to the
indoor air. It is easy to see how the importance of such details might be
overlooked by unsupervised subcontractors, and the consequence could have been
continual leakage of cavity gases into the interior of the building.

b) Attachment of Interior Insulation

On the warm side of the structural block wall, an additional layer
of R8 rigid fiberglass batt insulation was installed. Just prior to
installation the cement parging air barrier was inspected for cracks
and silicone caulking was applied to any potential air leaks, particularly
where the wall had been deliberately punctured for wires to exterior lights,
pipes for exterior taps, or for vent installation. Three conventional
options for attachment of the insulation were rejected:

o strapping (to avoid softwood odours and to avoid punching
holes in the cement parging air barrier)

o adhesive (to avoid the introduction of more odours)

o mechanical fasteners (to avoid puncturing the air barrier)

The method adopted consisted of stringing steel wires in a W-shaped
fashion from floor to ceiling, fastened at each end with a Tapcon conrete
screw. The insulation slabs were slipped behind the taut wires and packed
carefully, sealing all gaps.
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2.1.5 b) Sunnyhill Construction: Interior Insulation (continued)

A 6 mil polyethylene vapour barrier was then slipped behind ‘the “ "
wires, tucked around the top of topmost insulation slab, and tucked
completely underneath the bottom-most slab (the welght of the insulation’
itself helping to assure a reasonable seal at the bottom). Figure 33 shows the
detail of this method.

The polyethylene barrier was mounted in 12' wide sheets, contmuous
from floor to ceiling. Vertical joins were lapped 6-8 inches and taped
with Union Carbide polyethylene tape. To assure permanent bond particularly
when installed in cold weather, a portable hair dryer was used to heat the
tape after application, while pressing it to join any unsealed areas.

Inspection of the polyethylene tape after several months and even
up to two years showed it to be effective as long as it was not exposed to
direct sunlight. Tape exposed to sunlight, particularly around the windows
became brittle and often lost its seal. Tape in the middle of the wall
and in shade stayed flexible. Inspection of tape in areas that were
subsequently covered with an aluminum foil skin revealed that tape covered in
this manner remained more pliable than tape left exposed.

After all joints were taped, additional wires were joined horizontally

LAVAS htAa 43l
across the 'V' of the near vertical 'v‘v'H'eS, and us.u.cucd until the entire

insulation and vapour barrier assembly was held snugly to the wall.

7

6 mil
polyethylen
vapour
barrier
/ /4/
7 crosswire
- " : ’ ajumin foli 1
i tdped \I‘ch
‘ A=A fdil tape
R S /
. - Z - .

“\\\“Tapcon concrete screws

steel wires strung diagonally from floor

to ceiling

Figure 33: Attachment of Interior Insulation

- 205 -




2.1.5 b) Sunnyhill Construction: Interior Insulation (continued)

During the period in which the rigid fiberglass slabs were in place
without the vapour barrier, the odour of the insulation was sufficient to
cause at least mild physical symptoms in the occupants and in several cases
severe symptoms to chemically susceptible visitors.

The polyethylene vapour barrier seemed to seal this odour adequately
but the smell of the polyethylene was in turn identifiable and appeared to
cause at least mild physical symptoms in the occupants. The odour of the
polyethylene tape when exposed to sunlight was particularly objectionable.
Since considerable area would remain exposed for some time during
construction, and since the author's family had at this point taken up
temporary lodging in a basement storage area, it was decided to add a further
barrier to the polyethylene.

Heavy duty aluminum foil in industrial rolls 457 mm. (18 in.) wide was
purchased for experimenting with a skin over the polyethylene. ARNO aluminum
foil tape, stripped into 12 to 20 mm. (1/2 to 3/4 in.) widths, was used to
seal between strips of foil. The foil was hung like wallpaper, fastened with
tape on the top and sides, and tucked underneath the insulation and
polyethylene vapour barrier at the bottom.

The procedure proved tedious but effective in reducing the odour of
the polyethylene vapour barrier. During application the effect of the poly-
ethylene barrier became more identifiable as less was exposed, since adverse
reactions in different parts of the building could be more easily compared.
When the remaining polyethylene was in direct sunlight the odour was
particularly pronounced.

Several substitute brands of foil tape were used due to difficulties
in supply. The ARNO brand proved to be less likely than others to come loose.
One of the alternative brands had a mild but objectionable odour that did not
dissipate over a period of more than a year and a half.

Narrow widths of tape (12 mm.) proved more likely to come loose than
20 or 25 mm. widths. Most areas have shown no tendency for the tape to loosen
during a period of two years. Those strips that loosened did so within days,
possibly a function of dust or moisture during application, or of a variation
in manufacture. The tape adhered well to both the polyethylene and the
aluminum foil barriers, as well as to the underside of the metal forming pans
on the ceiling, even when rust was present. In some places the tape also
adhered well to the concrete floor but in others it lifted. In general its use
on concrete was not found to be reliable.

In several areas where foil tape lifted after a relatively short
period moisture problems were discovered. For example, a leak from a break in

exterior caulking on a raised deck area had allowed water to enter the wall
cavity.
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2.1.5 ¢) Sunnyhill: Construction Supervision

While the use of caulking to seal the vapour barrier would have ’Deen
more effective than tape, the Introduction of caulking in large quantltles to"
the interior was considered unacceptable in terms of added indoor air pms
contamination. Some combination of caulking and taping may turn out’ 'f}o ble‘ -y
optimum. -

The inevitable loosening of some vapour barrier seals over time is not
considered to be a severe problem Considerable attention was paid to ensurlng
that the cement parging air barrier was complete (by caulking cracks and =~
punctures) . Some slow migration of moisture through the occasional gap in the
vapour barrier is not likely to cause structural damage from condensation.
Usually moisture problems arise when there is considerable air flow through
gaps in the structural wall, rather than slow diffusion of moisture through
the wall itself. The most likely location for condensation within the wall is
on the inside surface of the brick cladding, and this is well ventilated by a
1 inch cavity.

A gradual increase in the number of spots where aluminum tape may
loosen over a period of many years is also not expected to pose a significant
air quality problem. Interior plaster walls will be separated from the vapour
barrier by a narrow cavity (3 em.), and this volume will be subject to some

venting through the central exhaust system. Any cacsine-off of the inculation
eniing through (he ceniral exhaust AVErassing

Viaa Ui viiT 1230 wai vivas

since the bulk of the material remains well sealed. In most areas this uzvu._y
will be accessible for inspection (but not adjustment), and the effectiveness
of the seal and the concentration of the resulting gas-off products can be
tested over time.

c¢) Construction Supervision

It is the function of the construction supervisor on any project
to enforce conformity to plans and specifications. In actual practice,
most plans contain a certain tolerance, and field alterations are common. In
Canadian residential construction, materials may be substituted due to varying
availability, openings in walls may sometimes be shifted slightly in order to
suit the convenience of the bricklaying trades, and various other modifi-
cations may be made as each trade encounters minor installation problems that
are not anticipated on the construction drawings or in the specification
sheets.

Tn low-pollution construction, it can be expected that subcontractors
may not readily understand either the reasons for or the importancc of many
building features noted on the drawings and specifications. It is therefore
difficult for them to make minor alterations without risking some violation
of the purposes of the original design. This is probably just as true at the
present time in regard to energy conservation features, although trades are
starting to gain a better understanding of the need for a well-sealed
air and vapour barrier, installation of insulation without gaps, ete.
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2.1.5 c¢) Sunnyhill: Construction Supervision (continued)

Three examples following will illustrate how seemingly minor changes
or problems may affect the degree to which indoor air may become polluted.

1) Use of petroleum products and gasoline-powered
machines during construction

In a conventional installation, a concrete flooring subcontractor
would not think twice about spillage of gasoline and oil within or around
a building under construction, except insofar as fire safety is concerned.
During the pour of Sunnyhill's main level concrete floor, concrete finishing
machines were placed on the hardening surface and the workers proceeded to
trowel the surface smooth with the gasoline-powered machines.

Several of the machines had been over-greased and tended to fling
lumps of grease across the surface. One ran out of gas and the labourer filled
it on the spot without care to ensure there would be no spillage. Both of
these incidents, though seemingly trivial, left areas on the concrete floor
that had a strong odour that could severely affect a chemically susceptible
person if it persisted within the final enclosed building. In this case the
spots were scrubbed with water and low-odour industrial detergent, flushed
generously with water and subsequently baked by being in open sunlight for
some time after the concrete was cured.

In construction of a similar dwelling in New York state, it was
reported to the author that a spill of diesel fuel within a wall cavity was
not as easy to clean up, and without treatment would have presented a severe
and persistent hazard to the chemically susceptible occupant.

2) Substitution of industry standard products for specified materials

In low-pollution construction, various materials may be specified
that are not well-known and commonly used. Subcontractors are faced with
decisions on substitution if supplies of specialized materials run out. Close
supervision and attendance of the general contractor on site is required to
ensure that substitutions are not made that will jeopardize the interior
environment.

In the Sunnyhill example, the roofing contractor used a polysulphide
polymer rubber caulking compound that had been mutually agreed to be
acceptable enough to the designer for his purposes and at the same time
adequate in the subcontractor's view to guarantee against leakage of the roof.
The team installing the roof panels followed instructions closely until one
man ran short of the required caulking tubes. In his tool kit he had a tube of
Mono caulking that was left from a previous job. Without hesitation he put
this to use, only to be required later to remove and scrape down areas to
which it had been applied, because of an overpowering odour that was
unacceptable to this author (the incident took place in the vicinity of
planned clinical rooms). The worker was familiar with Mono brand, enjoyed
using it, and could detect no odour at all to it.
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2.1.5 ¢) Sunnyhill: Construction Supervision (continued)

The mistake was not deliberate, yet it could have had considerable -
consequences insofar as air quality and meeting the building specifications,
are concerned. ELECE TR

3) Imperfections in concrete work

When the ground floor and main floor concrete floors were poured,
several difficulties arose which may have affected indoor air quality and
which also created further problems for later stages of interior finishing.

As a result of mechanical difficulty with a concrete pump, delays were
incurred during pouring of the slabs. Several concrete ready-mix trucks were
kept standing longer than desirable. At the same time (and unannounced to the
author until later) one truck had broken down on the 6-mile route from the
plant to the site and was delayed even longer.

The resulting pour was more difficult than usual to level, and
experienced more shrinkage and cracking than the later top floor pour. The
subcontractor later offered to fill in shallow spots with an epoxy-concrete
filler, which was unacceptable because of the introduction of other materials
that could gus off inlo the interior ol Lhe building. While Lhe problem is
not severe, it has led to two consequences:

o Increased air flow from the soil beneath the slab into the
building. Although measurements have not been made to confirm
this, it is understood that radon and other soil gases can migrate
into the indoor environment through cracks in basement floors and
around slab edges.

o Alteration of interior plans, to include more ceramic tile areas
and less hardwood flooring, because of the difficulty of leveling
the steel channels used in the flooring system. Since the ceramic
tile is laid on a thick reinforced mortar bed (25-40 mm.),
irregular contours and cracking of the slab are no longer sig-
nificant problems.

The simplest solution to decrease the concentration of soil gases
in the basement is to caulk the open cracks and areas around the slab edges
that pull away from the vertical poured concrete wall. While this is intended
in the long term, occupation of the basement area by the author and his family
during the remainder of the interior construction has precluded the use of
caulking or even cementitious sealing compounds. Increased venting of the
basement area, with balanced makeup air, has been adopted as an interim
solution. (Venting with balanced makeup air is more desirable than venting by
negative pressure alone, since reduced pressure may increase outgassing of the
soil significantly.)

- 209 -



2.1.5 d) Sunnyhill Construction: Onsite Pollution

A fourth example had a bearing on energy conservation:
4) Moving of Window Openings

Despite a carefully developed plan which took into account column
widths and window sizes needed to achieve an integral or half-integral number
of bricks, the bricklaying subcontractor tended to want to exercise
independent judgment on the position of window openings in the cavity wall.

In normal construction, variation of position by several inches would
not have in any way adversely affected the remaining plan, and the
subcontractor was used to this. However, since Sunnyhill was designed as a
passive solar building, positions of window openings affected positions of
interior insulating shutters. The window spacing across each wall was designed
to accomplish full opening and foldback of half-width shutters on the interior
wall, and any variation defeated the proper movement of these shutters.

In this case a detailed discussion of the full plan was sufficient to
alert the subcontractor to the importance of following specifications as
closely as possible. Constant or at least frequent attendance on-site by the
general contractor or a knowledgable representative seems to be indispensable
in such specialized construction, in which small deviations may have
significant effects.

d) Effect of On-Site Pollution on Construction Personnel

Certain observations were made during the construction of Sunnyhill
that may have an important bearing on general construction practice. Because
of familiarity with the symptoms of chemical susceptibility, the author was
aware of the general pollution conditions on site and their effect on himself,
his immediate staff, and on the subcontracted work crews.

The predominant on-site pollutant was the exhaust from diesel and
regular gasoline engines in bulldozers, delivery trucks, cranes, ready-mix
trucks, backhoes, forklifts, cement mixers, and generators. For the most part
subcontracted personnel seemed to be little affected by these exposures,
although there was no way of properly comparing performance under polluted and
non-polluted conditions.

The author experienced mild physical symptoms during such exposures,
and also experienced increased difficulty in thinking. This effect was
minimized by installing a chemisorbant filtration unit in the construction
office trailer, and by the use by the author of a portable cannister of
activated carbon when air quality was particularly bad.

One incident during the early stages of construction, though not
definitive as proof of a problem, is suggestive that pollutant exposures may
sometimes affect subcontractor performance. The concrete subcontractor who was
hired to frame and pour the basement walls did excellent, precise work up to
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2.1.5 d) Sunnyhill Construction: Onsite Pollution (continued)

3.0

the time when the 335 cm. (11-foot) high forms had been erected around-the- -
exterior of the building outline. As the inside layer of forms was being ..
prepared, one worker sprayed both interior form surfaces with an oil and .
gasoline mixture designed to make later removal of the forms easy.

This action took place on a hot, still day, and the air within the
three-sided structure accumulated pollutants to the point that the author
began to avoid the site because of adverse physical reactions. At the same '
time, the crew began to make framing mistakes for the first time, and periodic =~
inspection revealed that several parts of the plan had been misread. Several
areas were pulled apart and reconstructed until the structure met the original
design specifications.

Other similar occasions (that could also have been only coincidence)
suggested the possibility that pollution may have affected performance.
Carefully designed studies to gauge the effect of transient pollution levels
on motor co-ordination and mental performance will likely be required in order
to resolve this question. While productivity and accurate performance of the
task is important, the possible effect of pollution on construction safety
should perhaps be given priority consideration in future studies.

In some of the interior finishing, the author has undertaken much
of the work personally wherever testing of alternative methods has been
necessary, e.g. in establishing the appropriate method for attaching the
vapour barriers. On many occasions a portable air filtration device was
necessary in order to preserve physical strength and mental problem-solving
ability during exposures to bothersome materials (e.g. fiberglass insulation,
polyethylene vapour barrier, fresh silicone caulking, propane soldering
torch, ete.).

While the author may be in the minority as far as susceptibility to
chemicals is concerned, it would appear likely that at least some minority of
construction workers are likewise affected under similar and more severe
exposures.
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2.1.6 Effectiveness of Design

Full evaluation of the effectiveness of the various design features
employed in the Sunnyhill example will have to await completion and perhaps
many years of operation of the building.

However, the author has gained some understanding through observing
the reaction of chemically sensitive persons to the building even in its
unfinished state. Makeshift partitioning and temporary ducting have
allowed a number of informal experiments. The following tentative lists are
offered, though they reflect opinion only and are not based on hard data:

1) Features tentatively found to be very effective in
minimizing indoor pollution in the Sunnyhill example

- location (away from major polluted areas)

- steel framing and concrete floor structure

- well-sealed aluminum foil vapour barrier

- central exhaust and deliberate venting through multiple inlets
- specific venting of problem appliances

- recirculating air through filters

- use of electric hot water heat source

- separation of air in different areas

- use of bedroom sanctuary concept

- exterior mounted central vacuum

- bare floors without wall-to-wall broadloom

- relatively bare furnishings

- unpainted plaster walls

- strictly enforced house rules against smoking and perfume

2) Features found to be less effective than hoped, or which yielded
unexpected problems, but which were on balance helpful

- passive solar heat (problems arising centre on avoiding materials
that gas off considerably when exposed to direct sunlight)

- filtration of intake air (activated carbon and chemisorbant
filters adequate for multiple-pass air recirculation have been
less successful in single-pass mode for removing wood smoke odours
from intake air)

3) Features not tested sufficiently at this stage,
but which appear promising

- extensive use of cupboards

- radiant hot water heat in ceiling panels

- venting of lighting fixtures into ceiling space
- separation of plaster walls from vapour barrier
- use of airtight cavity wall construction
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4) Materials found useful for interior surfaces
for chemically susceptible persons:

o0

- glass L

- ceramic tile

plaster of paris

steel

portland cement concrete

5) Materials found useful, but which may still cause
problems for some extremely susceptible persons:

- maple hardwood
- aluminum foil
- untreated cotton fabries and padding

6) Materials found to be more problematic than expected,
but acceptable when properly sealed or vented to the exterior

- rigid fiberglass cavity wall insulation, particularly when heated

- pink fiberglass bat insulation, particularly when heated

- polysulfide polymer rubber caulking

- polyethylene sheeting and tape

- exposed styrofoam insulation, particularly when heated (rejected
for above-grade exterior or interior use, but accepted for below-
grade exterior use)

7) Features tested for Sunnyhill that are considered most acceptable for use
in other buildings to be used primarily by chemically susceptible persons:

- location away from major pollution sources

- carefully sealed foil vapour barrier

- deliberate intake air and general exhaust venting,

(with appropriate heat exchange where possible)

- specific venting of problem appliances

- hot water heating (using clean interior heating source such as
electric boiler, heat pump, or (with caution) an exterior
fuel-fired boiler)

- particulate and gaseous pollutant filtration

- exterior-mounted central vacuum cleaner

- extensive use of cupboards

- bedroom sanctuary concept

- ceramic tile floor on mortar bed

- plaster walls
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2.1.7 Ongoing Monitoring and Research

A number of features of the building will require extensive testing
and monitoring before final conclusions can be reached as to their
relative merits and economics. In some cases it is expected that the full
potential of a technique will only be realized when it is coupled with
a permanent computerized monitoring and control system.

a) Monitoring of indoor and outdoor pollutant concentrations

Regular measurements of common pollutants both indoors, outdoors
adjacent to the building, and in conventional buildings as controls, will
be required to determine the extent to which the measures discussed in the
previous section do in fact lower indoor pollution exposures.

Gases that should be monitored at least periodically include:

Carbon Monoxide (CO)

Carbon Dioxide (CO2)

Nitrogen oxides (NO, NOZ2)

Ozone (03) .
Sulfur Dioxide (SO2)

aliphatic hydrocarbons (e.g. isobutane)

aromatic hydrocarbons (e.g. toluene)

halogenated hydrocarbons (e.g. methylechloroform, vinyl chloride)
aldehydes (e.g. formaldehyde, acetaldehyde)

alcohols (e.g. ethanol)

ketones (e.g. acetone)

ethers (e.g. dimethylether)

esters (e.g. ethylacetate)

miscellaneous other organic compounds

radon and daughter elements

Particulate measures should ineclude:

general particulates

aerosols

dust mites

specific mould and pollen concentrations

These can also be studied against variations in major environmental
control variables within the building, including number of occupants, setting
of intake and exhaust systems, extent of recirculation through chemisorbant
filters, activities within the building, temperature and humidity, ete.
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b) Development of automatic control systems for intake air,’
recirculation of indoor air and balance of exhaust system

In the long term, it is intended that experiments should be conducted *
to determine whether automatic momtormg and control of air quality through
computer manipulation of the main air system variables would be advantageous
Some of the variables that could be controlled are:

selective automatic dampering of exhaust vents
control of total exhaust volume

control of central and remote air intakes
control of air recirculation through filters

The primary advantage to such control is energy conservation, since
overall ventilation could in theory be kept to a minimum consistent with air
quality needs. Unoccupied areas need not be ventilated as actively as
occupied areas.

With the present manual system, two problems can and have occurred:

1. Total exhaust volume can be Increased by adjusting the fan speed
control. If individual vent dampers are not adjusted at the same time,
venting everywhere is increased to accommodate an increased need for
ventilation in one location. Since it is impractical to continually
readjust dampers manually, the price is paid in energy loss through
excess total ventilation.

2. Venting can be obtained at a specific location by opening a vent
damper that was previously closed. While the resulting draw may be
adequate for the one location, opening one vent without increasing
the fan speed decreases draw throughout the remainder of the system,
and may result in underventing in other areas.

c) Effectiveness of design for diagnosis and rehabilitation of
persons with extreme chemical susceptibilities

It is expected that the ultimate test of the building's effectiveness
will be provided by persons with extreme chemical susceptibilities who will
use space in the clinical area under a physician's care. Based on the author's
experience and the successful adaptation by the author's family to the
interior environment even during the construction phase, the overall exposure
levels are expected to be as low as or lower than those afforded by clinical
facilities now in operation in the United States. The low-pollution conditions
appear to have contributed to an overall decrease in susceptibility to
chemical exposures in the author and his family, over a period of four years.

However, it is also to be expected that while many patients are likely

to experience overall symptom relief in the relatively clean atmosphere, they
will at the same time be able to detect easily any area within the building
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that is even slightly polluted. This kind of experience will be invaluable in
determining sources of pollution and in modifying designs and material choices
for application in other clinical and residential facilities for chemically
susceptible persons.

Limited experiments have already been conducted in the low-pollution
environment at Sunnyhill, involving clinical testing of inhalant, food and
chemical antigens. So far the background contamination has been low enough
that most symptoms evoked in test challenges are clearly distinguishable
from other causes.

d) Testing of materials in the low-pollution environment

Because the various rooms of the building are separable from each
other insofar as air flow is concerned, it will be possible (with some
exceptions) to introduce specific building material samples into a test room
and simulate the effect of that one material independent of other materials
normally found in conventional housing. This should ideally complement
laboratory testing of material samples in more confined volumes, to eliminate
any interference from other materials and to establish baseline data as to the
primary gas-off products from each material.

Having established primary gas-off products and predicted
room levels of various pollutants under different ventilation conditions,
the experiments could be extended by using chemically susceptible and non-
chemically susceptible volunteers to test actual short-term exposure
effects on humans.
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2.2 APPLICATION TO CURRENT CONTRUCTION PRACTICE

2.2.1 Evidence of Need

The Sunnyhill Low-Pollution Centre represents the most stringent .
end of a full spectrum of air quality standards and needs. The standard being
sought at Sunnyhill is neither practical nor necessary for general application
in conventional housing in Canada at the present time.

However, the potential indoor air pollution problems documented in
section 1 and discussed in section 2 indicate that the housing industry in
Canada may have to move slowly and carefully toward taking indoor air quality
into account in design decisions and construction practice. The need for
concern has been established; a complete set of specific standards and
guidelines has not.

Evidence cited in section 1 suggests the need for Canadian industry
to respond at the present time to the following problems:

1) Meeting Standards

Existing and new construction should not allow buildup of
pollutants in indoor air to exceed present accepted standards
or guidelines (refer to section 1.5 for accepted levels of
pollutants found indoors).

There is a need for more guidelines applicable specifically to
residential situations.

2) Providing a Margin of Safety

Pollutants commonly found in homes have with few exceptions
not been fully tested for long-term health effects and the
potential for sensitization to other chemicals, at low

levels of exposure to individual pollutants. Nor have health
effects of common mixes of pollutants been tested properly.

It is reasonable to expect that Canadian housing should
provide some margin of safety to allow for the possibility
that at least some of the common pollutants will later be
discovered to have a potential for provoking illness.

3) Allowing Individuals Some Choice

Some persons are either at greater risk of experiencing health
problems or are already experiencing health problems relating
to indoor exposures. These persons require clean indoor air.
Others with no known risk factors may wish to choose air
quality standards themselves.
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Canadian housing technology should provide some flexibility
for adapting conventional housing to at least a limited range
of optional air quality standards (e.g. by allowing some
occupant control of ventilation or material choices).

4) Providing for Specialized Needs

There is now a small but growing population of chemically
susceptible persons for whom average residential air quality
standards are totally inadequate.

Technology and facilities necessary to meet the specialized
needs of such persons should be developed, just as they have
been for other physical handicaps. The extent to which the
majority of buildings should also accomodate such specialized
needs is not an easy question and should be analyzed in
detail as more medical evidence is developed.

Section 3 following will make specific recommendations regarding
further studies and action in each of these and other areas. For the purpose
of the present discussion, however, it is important to establish that despite
many gaps in medical information, there is a basic need in Canada for the
housing industry to understand:

o common causes of indoor air pollution in present homes and
modern construction practice

o feasible methods of reducing or avoiding residential indoor
air pollution problems.

The Sunnyhill project has provided some experience in both of
these areas. The application of this experience to current design and
construction practice is discussed in the following sections.

2.2.2 Problem Materials and Designs

This section contains a summary listing of problem materials,
appliances and design features in conventional housing, that are considered by
the author to be primary causes of indoor air pollution in Canadian housing.
The listing is judgmental, based both on the evidence presented in Section 1
of this report, and on the author's experience with the effects of indoor
pollutants on the health of chemically susceptible persons.

The inclusion of an item in the following list is meant to suggest

only that its contribution to indoor air pollution should be examined in more
detail, and is not in any way a recommendation at this time that such materials
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2.2.2 Application to Current Practice: Problem Designs (continued)

or practices are not acceptable in general use:

) installation of gas furnaces without proper installation
of chimney liners

o leaky or improperly adjusted fossil fuel furnaces and fuel
tanks

o unvented gas stoves

o unvented kerosene or gas heaters

o unsealed chipboard, in furniture, cupboards or subflooring

o synthetic carpeting that releases formaldehyde

o homes with a built-in or attached automobile garage

o) super-sealed/super-insulated homes, with 1/2 air change per

hour or less, and which also contain numerous interior
pollutant sources or activities (e.g. synthetic carpet,
smoking).

o all unsealed foam insulation materials other than urea-
formaldehyde foam insulation*, particularly when used in
applications where they will be exposed to considerable heat,
e.g. in exterior cladding.

o cellulose insulation in homes with substantial air transfer
from the attic space to rooms below.

o fiberglass insulation in homes with substantial air transfer
through walls and from attic to rooms below, and where
inadequate attic venting allows considerable heating of
the attic space.

o foam furniture padding and various chemical upholstery
treatments, including fire retardants

Certain occupant activities and household products also contribute
strongly to indoor air pollution and need to be examined more carefully:

use of pesticides

tobacco smoking

use of scented volatile cleaning fluids and aerosols
indoor storage of volatile and poisonous products

O 0O0O0

* Urea-formaldehyde foam insulation has already been banned from further
residential use in Canada.

- 219 -

A ALY
ke (T
T -



2.2.3 Application to Current Practice: Energy Conservation

2.2.3 Energy Conservation

Section 1 has reviewed some of the indoor air quality hazards
associated with energy conservation measures. Some of these are also included
in the summary list in the previous section.

The discussion below outlines ways in which energy conservation
measures can be introduced without bringing on major indoor air quality
problems. It is desirable that further research on indoor air technology
and on energy conservation be closely co-ordinated.

a) Addition of foam, cellulose, fiberglass or other insulation in homes
where there is considerable air transfer between insulated spaces and
living spaces.

Early outgassing of these insulation materials should be inhibited
from entering living spaces by the addition of a complete air/vapour barrier
and adequate attic space ventilation.

(Urea-formaldehyde foam has been banned for residential use in both
Canada and the United States and therefore is not recommended even with such
precautions. It is interesting to note, however, that UFFI does not appear to
have caused as many problems in Europe, due to its use in exterior cavities
that are sealed from the living spaces and vented to the exterior.)

b) Addition of caulking and other sealing materials into living spaces.

Some materials using for sealing and weatherstripping contain
volatile compounds that gas out for a considerable time. Choosing the least
odourous material and testing chosen materials against the possible chemical
sensitivities of house occupants will reduce potential problems. In some cases
materials may prove acceptable if they in turn can be sealed with a more
acceptable material, such as aluminum tape.

¢) Super-sealing the building envelope.

This technique has been criticized as being a cause of indoor air
pollution. It is in fact a desirable practice even in specialized low-
pollution dwellings and is not a direct cause of indoor air pollution other
than by means of the materials used to acomplish the seal.

However, when a building is 'tightened up' without introducing
deliberate ventilation, air pollutants from other sources within the home can
build up. Whenever air infiltration is reduced, consideration should be given
to the addition of deliberate ventilation, preferably with a heat exchanger,
and to the reduction of interior pollution sources.
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d) Installation of air solar heating systems

Some solar heating systems, both active and passive, have contributeq ol
to an increase in indoor air pollution. Commonly they involve air flows.in,,,
which air is drawn over hot painted surfaces or through areas with high. mould
levels (e.g. greenhouse or some rock storage beds). :

Filtration of air, substitution of materials, and use of heat
exchangers should be analyzed as possible means of reducing gaseous pollutlon
and mould circulation. Individuals with inhalant or chemical sensitivities
should be particularly careful to investigate proposed systems fully before

installing.

2.2.4 Adaptable Techniques

The following is a short list of low-pollution materials and
techniques seen by the author as most immediately adaptable for use in either
new or retrofit conventional housing:

(o)

(0]

deliberate ventilation and use of heat exchangers

specific venting of appliances including gas and electric
ranges, microwave ovens, televisions and other electronic
equipment

regular inspection and maintenance of all fossil-fuel or
wood-burning furnaces

careful sealing of air/vapour barriers to avoid
infiltration of air through insulating and building
cladding materials

avoidance of high gas-off construction materials such
as chipboard, unless adequately factory-sealed, e.g.
in laminated shelving.

reduction of high gas-off furnishings and materials
(e.g. less use of synthetic carpeting, foam padded
furnishings and soft plastic products)

reduced use and/or storage of volatile compounds in the
home (e.g. cleaning fluids, pesticides, and household
aerosols)

provision for optional addition of gaseous and particulate
filtration of indoor air by the individual homeowner

education of housing consumers to recognize building-

related health problems and to be able to test proposed
building materials against occupant sensitivities.
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2.2.5 Cost Implications

None of the methods listed above except indoor air filtration involve
significant 'additional costs over what would normally be spent for energy
conservation' 'purposes in new housing (assuming that some effort would already
have been made to introduce deliberate ventilation at least to a standard of
1/2 air change per hour, with heat exchange).

Areas where additional costs should be evaluated in more detail are:

o extra fan and duct capacity to allow (at the homeowner's
option) higher air change rates.

o the increased cost in energy for additional ventilation
o equipment cost and energy savings for heat exchangers
o new housing and renovation costs of introducing additional

local ventilation outlets and fans, similar to present
bathroom installations

o] additional labour and materials to add a complete vapour
barrier separating attic space from living space in home
renovations; additional labour and supervision to ensure
complete seal on all other vapour barrier installations

) differences in cost, plus or minus, in choosing low gas-off
materials and furnishings (e.g. kitchen cupboards)

o cost of external storage, e.g. garage shelving, remote
utility sheds, for volatile and poisonous materials.

o purchase cost and annual operating costs of gaseous and
particulate filtration systems for recirculating indoor air

In the short term, while research into potential problems and
effective technology continues, and while debate continues on the standards of
air quality that are desirable, it is likely that the housing industry in
Canada will respond most strongly to indoor air pollution problems with those

measures:

1. that do not significantly increase construction costs, and/or

2. which are installed or operated only at the option of the
individual homeowner.

For example, variable controls on ventilation fans would allow the
homeowner the freedom to conserve or ventilate, depending on activities within
the building.
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PART 3: RECOMMENDATIONS Pirsly

The following recommendations are intended to provide gn initial’
framework for discussion among government agencies, the housing industry, and
the building trades. They outline what needs to be done, but not who
should do it. The latter is a question for later discussions among all
affected parties. The interdisciplinary nature of the problem combined with
present policies of restraint make it most likely that joint endeavours
will be the most efficient.

The basic strategy proposed is fourfold:

A. Short-circuit major potential hazards such as badly-installed or poorly
ventilated indoor combustion equipment before more deaths and health damage
occur.

Al It is clear that there are a number of immediate indoor air hazards
that will contribute to increased illness and possibly deaths if they
are not addressed as quickly as possible. These include:

- gas furnaces installed without proper chimney linings (leading to
breakdown of mortar, chimney blockage, and carbon monoxide poisoning)
- use of unvented gas or kerosene-fired space heaters in areas with
low air exchange rates (producing high levels of carbon monoxide)
- use of significant quantities of unsealed particleboard in areas
with low air exchange rates (producing high levels of formaldehyde)

An organized inter-agency approach to immediate indoor air quality
hazards should be set up so that all affected Canadians can be
properly alerted and instructed as to proper precautions.

B. Begin to deal with the specialized housing needs of those already badly
affected by indoor pollution.

B1 There is a small but significant population of Canadians who are
now adversely affected by indoor air pollution, and who need
specialized housing or additional facilities to retrofit existing
housing. Research is needed to identify in detail the number,
characteristics, needs, and locations of this new handicapped
population. A feasibility study is required to determine the need,
the type, the best locations, and the appropriate distribution of
responsibilities for developing specialized low-pollution housing.

B2 Prototype designs for suitable housing units (both single and
multiple-family dwellings) which address the problem of chemical and
other environmental susceptibilities should be prepared, tested, and
published.
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B3

‘B4

There is an urgent need for testing and rehabilitation facilities for
persons affected by low-level chemical exposures. The groundwork for
such facilities has been laid but funding is needed.

Thete is a demand for detailed lists, including brand names, of
all building materials that are suitable for use by chemically

_susceptible persons, as well as lists of materials they should avoid.

A research and testing program is required. The results will be
particularly useful to UFFI homeowners with health problems.

C. Help everyone involved to catch up to the present state of knowledge
of indoor air pollution, and encourage the immediate introduction of known
design techniques for reducing indoor air pollution.

C1

C2

C3

C4

C5

The field of indoor air pollution research is advancing quickly,
and the time and expense of keeping up is beyond the capability of
most private corporations, professionals or other individuals.

Some resources must be focussed on maintaining research contacts
internationally not only to gather information but to help determine
what research role Canada can best play. A who's who in the field
should be prepared and made accessible to the building industry
and to the appropriate scientific communities.

An organized and accessible computerized information base of research
and design information is needed, to avoid unnecessary duplication of
effort. This should be made interactive so that up-to-the-minute
experience can be shared among all agencies involved.

A forum is needed for efficient communication among all major agencies
and interests dealing with indoor air pollution, including those
influencing housing changes that affect indoor air pollution (e.g.

energy conservation).

An ongoing program to 'distill' research in this field into a
form understandable and useful at the practical level (building
design and construction) should be undertaken.

As much information as possible on indoor air pollution problems

and solutions should be made publicly available in lay terms, so that
individual Canadians can recognize and address problems by themselves
whenever possible. Priority should be placed on the most immediate or
significant problems which are not already dealt with by special

alert programs. Examples include:

pollutant exposures from badly-ventilated gas stoves,
hazards in the use of unvented kerosene heaters
exposure to radon gas

tobacco smoking with inadequate ventilation

heavy use of household chemicals and pesticides.

OO0 O0O0Oo
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APPENDIX 2: CONFERENCES AND MEETINGS CITED CIEY BRI 4
The following list of conferences and meetings has“been" taken:ffom
the references cited in Appendix 1: Full Bibliography. It is not intended to
be a complete list, but rather only a representative list of gatherings'at:-
which either indoor air pollution was discussed as part of another’thethe; or
at which indoor air pollution was the major topic of discussion. The ‘number
of such gatherlngs since 1975 indicates a rapidly growing 1nternatlona1
interest in the subject. :

November 5-7, 1975
16th Annual Meeting of ‘the Japan Society of Air Pollution,
Niigata, Japan

July 11-16, 1976
6th Congress of the International Ergonomics Association

May 16, 1977
International Clean Air Congress
Tokyo, Japan

August 22-24, 1977
Environmental Aspects of N-nitroso Compounds - A Working Conference
Durham, New Hampshire, USA

April 23-28, 1978
Natural Radiation Environment III
Houston, Texas, USA

April 25-28, 1978
13th International Colloquium on Polluted Atmospheres
Paris, France

June, 1978
Increased Human Susceptibility to Environmental and Occupational Pollutants
Environmental Protection Agency, U.S.
University of Amherst, Amherst, Massachusetts

June 25-30, 1978
Energy Conservation: Predicting Indoor Air Quality
Air Pollution Control Association Annual Meeting
Houston, Texas, USA

August 30-September 1, 1978
Comfort, Performance, and Health in Re31dent1al Commercial, and Light-
Industry Buildings - First International Indoor Climate Symposium,
Danish Building Research Institute, Copenhagen, Denmark

January 1979

ASHRAE Symposium on Air Infiltration
Philadelphia, PA, USA
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May 4, 1982
Formaldehyde, the Facts: Corpus Forum
Toronto, Canada
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Occupational Health and Safety Workshop Program
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Assessing and Monitoring Indoor Air Pollutants
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Health Significance of Formaldehyde in Homes with Urea-formaldehyde
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WHO Planning Meeting
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Sixteenth Advanced Seminar in Clinical Ecology
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asbestos, standards, United States, 34
asbestosis, 34
ashphalt shingles, 178
aspergillus, 53, 54
asphyxia, 81
asphyxiant, 48
asthma, 45, 46, 66
asthma, allergic, 83
asthma, effect of pollution on, 87
asthma, from toluene di-isocyanate, 82
asthmatic disease, 91
ataxia, 66, 81
atmospheric pressure, 17
attapulgite, 61
aureobasidium (pullularia), 53
automatic dampering, 215
automobile exhaust, 9, 18, 20, 42, 60,
113, 114, 127
automobile exhaust and lead in
humans, 114
automobile interiors, 111
avoidance of allergens, 51, 84,
88, 145
avoidance of chemical exposures, 112
bacteria, 6, 7, 50, 53, 55%, 85, 119
bacteria, defence against, 87
bacterial 'amplifiers', 57
bacterial infection, 56
bacteriostats, in fabriecs, 110
baking of paint, 143
baking soda, 148, 151
balance, loss of, 123
balancing exhaust system, 192, 215
ballasts, PCBs in, TU, 79
bare floors, 212
barometric pressure, 14, 17
barrel chest, 34
basement, 184
basidiomycetes, 53
bathroom cleaners, 70, 115
bedding, 51
bedroom sanctuary, 196, 212, 213
bedrooms, 173
behavioural characteristics, 90
benzene, 63, 72, 75, 77, 78, 80, 112
benzene, from motors, 117
benzene, in paint remover, 116
benzene, in shellac, 121
benzo(a)fluorene, 36 .
benzo(a)pyrene, 28, 36, 37, 38, 109

benzo(a)pyrene, in° aﬁtomobile

exhaust, 113

benzo(b/c) fluorene’, ° 367
benzo(b/k/J)fluoranthrene, 36
benzo(e)pyrene, 36
benzo(ghi)perylene, 36 ,
benzothiazole, - 1T2 '
bhc(alpha, beta, gamma), 67
biological organisms, 52 ¢

biphenyl, 112
birth defects, 67
bismuth-214, 14
bisulphite, 28

bleach, household, 70
bleaches, in fabriecs, 1

blender, 117

L Faats

10

o)

.4.

blindness, from methanol, 81

block, concrete,

183

blood pressure changes, 95
blood-brain barrier, 81
blowing agents, 77
blurred vision, 66
, 190

boiler, hot water
borates, 124
boric acid, 124
borons, 124

botrytis cinera, 53
brake repair, asbestos, 33

breath, human, T4

breathing difficulty, 56
breathing problems,
breathlessness, 34

brick, 14, 142
bricks, clay, 177
bromine, 60

124

bronchial asthma, 23, 93
bronchial asthma, children,
bronchial congestion, U6
bronchial reactivity, due to

ozone, 31

bronchial spasticity, 23
bronchitis, 24, 28, 66, 86, 93
bronchodilators, 58

bruising, 95
buffer, 182
bug killers, 70

building code, Canada,
building materials, 6, 72, 73, T4,

75, 78, 84, 93,

burning feeling,

- 275 -

100
111

153

J™=

Y

114

N
Y

P

S 3

LT

e S

g

i



Index of Subjects (continued)

burning of, the eyes, uap
burns, 58

business space;, Sunnyhlll,
butane, 81 _ . . ... ..
butyl acetate, 81"

butyl ethers, 81

butylated hydroxytoluene (BHT), 73
c-n alkanes and alkenes, 75
c2-alkylbenzes, 126

cadmium, 36, u40, 104

canaries, 89

cancer, 67, 80, 84, 125
capacitors, PCBs in, 74

captan, 67
carbon dioxide,
carbon dioxide,

165

6, 7, 36, 48%, 84,
and acid-base

136

balance, 49
carbon dioxide, indoor levels, 48
carbon dioxide, outdoors, 48
carbon dioxide, standards, 48
carbon dioxide, TLV, u48
carbon disulphide, 112
carbon monoxide, 6, 9%, 11, 41, 59,
84, 86, 102, 103, 106, 108, 113,
114, 17, 126, 127

carbon monoxide, and methylene
chloride, 116

carbon monoxide, concentrations, 9%
carbon monoxide, Canadian
standards, 9%

carbon monoxide,
exercise, 11
carbon monoxide,
vigilance, 11

effects on

effects on

carbon monoxide, fatal exposure, 84
carbon monoxide, from plastic, 73
carbon monoxide, in tobacco smoke, 36
carbon monoxide, intoxication, 12
carbon monoxide, mortality due to, 11
carbon monoxide, poisoning, 4

carbon monoxide, risk to cardiac

patients, 87
carbon monoxide, U.S. standards, 10
carbon tetrachloride, 112
carbon, 188
carbon, activated, 149
carbonless copy paper, PCBs in, 74
carboxyhemoglobin (COHb), 11, 12,
30, 116
carboxyhemoglobin, normal levels, 13

carboxylic acids, 110
carcinogens, suspected, T4
carcinogens, 80, 91, 112
carcinogenesis inquiry, 80
cardboard, 69

cardiac arrhythmia, 47, 59, 95
cardiac failure, 66

cardiac function, 81

cardiac patients, risk of CO, 87
cardiovascular disease, 12, 90,
cardiovascular disease, as risk
group, 92

cardiovascular impairment, 85
cardiovascular system, 116

158

carpet, 42, 50, 60, 73, 74, 110, 219
carpet, analysis of outgassing, 111%
carpet, in sunlight, 131

carpet, shampoo, 115

carpet, wool, 26

carpet, wool, absorption, 142

catalyst accelerator, 77

catalyst deactivators, 110

catalysts, 110

cataracts, 69

caulking, 95

caulking, mono, 208

caulking, outgassing of, 220

caulking, polysulphide polymer
rubber, 178

caulking, silicone, 178

cavity, closing at doorway, 204

cavity, vented, 185

cavity wall, 170, 183, 201,
cavity wall insulation, 213
cavity width, 202

cedar, 177

ceiling lighting, 193

ceiling panels, 191

ceiling tiles, 33

cellulose insulation, 95,
219

cellulose fabrics, 110
cellulosic materials, 53
cement board, asbestos, 33
cement, 61, 177

central exhaust, 192, 212
central nervous system, 48, 59, 80,
81, 111, 121, 123

central nervous system depression, 81
central nervous system disorders, U6

212

124, 128,
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central vacuum, 51, 197, 212, 213 chimneys, neighbourlﬁg,‘113 g
ceramic fibers, 60 chimneys, publie utility, -
ceramic materials, 144 chloracne, 82 I
ceramic tile, 180, 198, 213 chloramine gas, 71 ., . =~ ©F ®%:
cerebral dysfunction, 67 shiopdane, Gl, §F =+ #=° lgrieuETokie
cerebral effects, 82 chlorinated allphatlc hydrocarbohs, 66
cerebral vascular disease, 12 chlorinated hydrocarbons, ?2 7T,
cerebrovascular arteriosclerosis, 12 115, 120 3
challenge testing, 45, 175 chlorinated phenols, 120
changes in building design, 147 chlorine, 47, T0*, 85
changing the environment, 145 chlorine, in aerosol, 115
charcoal, activated, 149 chlorine, TLV, 70
charcoal granules, mould in, 54 chloro benzenes, 75, 80
chemical agents, defence against, 87 chloroform, 112 b
chemical plants, 68 chlorophyll, 52 : '
chemical soup, 157 chlorox, 96
chemical susceptibility, 8, choice of environment, by

46, ur7, 67, 70, 71, 84, individual, 217

85, 86, 93, 94, 96, 111, choking, 27

17, 127, 136, 158, 161, chrome cleaners, 115

165, 174, 215 chromium compounds (pigment), 120
chemical susceptibility, and chromosomal aberrations, 31
fiberglass, 125 chromosomal effects, 82
chemical susceptibility, and fossil chronic exposure, 83

fuels, 108 chrysene, benz(a)anthracene, 36
chemical susceptibility, and chrysotile asbestos, 33
furnishings, 112 cigarette smoke, sidestream, 6
chemical susceptibility, and cigarette smoke, 36*

ozone, 32 cigarettes, 37
chemical susceptibility, and cigars, 37

paint, 123 cilia, 22
chemical susceptibility, and circadian rhythms, 88, 91

sealers, 151 city dwellers, lead levels, 114
chemical susceptibility, and cladosporium (hormodendrum), 53
wood smoke, 109 clays, 61
chemically susceptible persons, 223 clean air, outdoors, 6, 7
chemicals, threshold values, 161 cleaners, household, , 58, 68, 73, 75,
chemisorbant filter, 149 115%, 127, 157, 219, 221
chest constriction, U5 cleaners, nontoxic, 148
chest infections, 86 cleaning, 51
chest pain, 12, 56, 95 cleaning, substitute products, 155
chest tightness, 56 clinical facilities, 225
children, effects of smoke, 39 clinical wing, 173
children, lead levels, 114 cloth, 60
children, pollutant effects on, clothing, 50

87, 114 clutter, reduction of, 194
chimney liners, 102 co-ordination, effect of CO on, 12
chimneys, faulty, 4, 13, 102%, coal smoke, 70, 96

127, 223 coal stove or furnace, 18, 109
chimneys, industrial, 9 coal, 26, 96

o T



Index of Subjects (continued)

coating pollutant. surfaces, 151
cocktail lounge,usmoke in,. 37 .
coke ovens, 68
colds, 46 :
colourants, 76, 82 -.
:columna,,steel, 18&
coma, 13,.49," 66
combustion, 6, 9, 18 U2 60 68, 73,
84, 96, 131, 157, 160;
combustion, incomplete, 9
combustion, products, 6
combustion, slow, 73
comminuted tales, 60
complement levels, U5
composition boards, 157
concentration, difficulty with, 93
conclusions, 157
concrete block, 177, 183
concrete floor, 212
concrete, 14, 73, T4, 142
concrete, and irritation, 121
concrete, imperfections, 209
concrete, poured, 184
condensates, 54
condensation and corrosive
gases, 132
condensation nuclei, 7
condensation of volatiles, 60
condensation, within walls, 131
condensing heat pumps, 146
confusion, 49, 56, 66, 81
consciousness, loss of, 22
construction, low-pollution, 163
construction supervision, 201, 207
construction techniques, 201
consumer education, 126, 221
consumer product aerosols, 6, 58%,
70, 85
control of pollutants, 145
control system, 136, 154, 156
controls, automatic, 215
convergence, 31
convulsions, 66
cooking oil, 58
cooking, 60, 73, 75,
153, 195
cooling towers, 57
coordination problems, 80
copper cleaners, 115
coronary artery disease, 28

103, 126,

coronary vascular disease, 13
corrosion of mortar, 102

cortical function, depression, 31
cortical reflex, formaldehyde, 45
cosmetics, 76

cost implications, 222

cost, of energy, 222

cost, of filtration, 222

cost, of renovation, 222

cost, of sealing vapour barrier, 222

costs, of indoor air pollution, 226

costs, medical, 100

costs, social and economiec, 100

cotton, 69, 213

cotton, in dust, 50

cough, 40, 46, 56, 66, 70, 38, uk,
s, 46, 94, 95, 124

coughing blood, 124

coughing, and infection, 55

craft materials, 73

creosol, in automobile interiors, 112

crocidolite asbestos, 33

croup, 86

crowding, and pollution, 133

cumulative action of TDI, 83

cupboards, 172, 212, 213

cupboards, vented, 194

curing agents, 76

current practice, 217

cutbacks in research, 98

cyanosis, 34, 95

cycloaliphatie hydrocarbons, 72

cyclohexane, 72, 73

cyclopentane, 72

cystic fibrosis, 91

dampness, 52, 53, 85

danders, 6, 50

dark adaptation, 23

DDE, 67

DDT, 66, 67

DDVP (pesticide), 64

decane, 78

decay, organic, 7

decaying animal matter, 7

decaying plant matter, 7
decomposed material, 50

decorative materials, 127

decreased ventilation, 57

defence mechanism, 87

degeneration of peripheral nerves, 81
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degreasing agents, 73, 75
delustrants, 110
demyelination, 81

deodorants, T4, 58, 70, 96, 115
deodorizers, 73, 115, 157
deodorizers, stick, 115
deodorizers, spray, 115
depression, 80, 124

depressive psychoses, 13
dermatitis, 83

design changes, 155

design effectiveness, 212, 215
design features, 181

design principles, 168

detail, 173

detergents, 96, 115
developmental influences, 90

di-(2-ethylhexyl) phthalate (DEHP), 82

di-(2-ethylhexyl) adipate, 82

diarrhea, 46, 94

diazinon, 64, 66
dibenz(a,h)anthracene,
ideno-(2,3-ed)pyrene, 36

dibenz(a, j)anthracene, 36

dibenzoates, 76

dibromodichloroethanol, in carpet,

dichlorobenzene, 96, 112

dichlorobenzene isomer, 112

dichloroisocyanuric acid, 70

dichloromethane, 116

dichlorvos, 66

dieldrin, 66

diesel fumes, 210
diethyltetramine, 76

differential susceptibility, 90

digestive symptoms, from paint, 123

digestive tract, 62

dilution of pollutants, 135, 155
dimethyldichlorohydantoin, 70

dimethylether, 81, 112
dimethylformamide (DMF), 73
dimethylnaphthalenes, 72, 112
dimethylol dihyroxyethyleneurea,
in fabries 110

dimethylphenol isomers, 112

dimness of vision, 49

dinitrophenols, 67

diones, 51

dioxane (1,2,4), 81

dioxane, 81

St B ; v

dlphenoxybenzeneL 1]2
diphenyl ‘guanadiné, 76

diphenyl mercury dodecenyl
succinate, 122
dishwashing, 131
disinfectants, 96
disorientation, 81 . Srezali

displacement of oxygen, 81~g7 £

distilling research, 224 ;;r
diversity of population, 83 .

dizziness, 13, 44, u6, 47, L4g.,..64,.
66, 70, 82, 123, 124

DNA damage, 82 L e
do-it-yourself palntlng, 123<g
domestic animals, 55
draft, chimney, 108 bt s
drain cleaner, 71 e
dressing room, 196
droplet nuclei, 41, 55
drowsiness, U6, 81
drug action, effegts of ozone on, 31
drugs, as a risk factor, 90, 91

dry cleaning, T4, 75

dry upper airways, 121

drywall, 178

drywall taping compounds, 34

durable press, 110

dursban (pesticide), 64

dust, 6, 7, 60

dust allergy, 51

dust, house, 50%, 84

dust mites, 50, 130, 132

dust, organic, and bacteria, 119

dust, resuspension, 60

dyes, 42, 50, 95

dyes, in fabries, 110

ECG effects, 12

economic disruption, 100

edema, 93

education, 165, 221

EEG activity, abnormal, 31

EEG effects, formaldehyde, U5
effectiveness of design, 212, 215
elastomers, 110

elderly people, 40, 88, 158

electric boiler, 190

electric heat, 172

electric motor, 117

electric odour, 29

electric stove, 20, 22, 144

i

-
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electric wire coatlngs, 95 exchange rates and gas
electrical appliances,‘117* w127 concentrations, 137
electrical cable BX, 180 oo _f : excitation, 81
electrical capacitors PCBs in, T4 exhaust, central, 170, 186, 192
electrical equipment, high-voltage, 31 exhilaration, 123
electrical transformers, PCBs in, T4 exposure, duration of, 8
electroencephalograph (see EEG) exposure, in testing, 175
electronic appliances, 117 exposures, individual, 99
electrostatic filter 6, 29, 30, 84, exterior furnace, 146

117, 149 exteriorizing pollutants, 169
electrostatic filter, for radon, 150 extermination, 64
emphysema, 13, 22, 34 ¢ external storage, 222
emulsifying agents, 120 eye damage, 68
emusion paint, 121 eye discharges, 82
enamelled steel, 178 eye injury, 80
endosulfan I, 67 eye irritation, 38, 40, 44, U6,
endosulfan sulphate, 67 46, 59, 62, 67, 68, 69, 70,
endrin, 67 80-82, 93, 121
energy conservation, 1, 4, 38, 39, eyes watering, 174

129, 132, 136, 160, 220 fabric filters, 149
energy cost, 222 fabries, 26, 50, 73, 110%, 111,
energy efficient houses, 43, 130, 138 12, 157
energy loss, from ventilation, 136 fabrics, asbestos in, 33
energy, cutback in, 93 fabrics, formaldehyde in, 42
environmental unit, 93 facial angioedema, U7
eosinophil count, 96 factories as pollutant sources, 113
epichlorohydrin, 76, 82 fan capacity, 222
epicoccum, 53 fans, 192
epithelial damage, 31 fatigue, 46, 47, 80, 81, 94
epoxides, 51 fatty acids, 111
epoxies, 123, 126 faucet aerators, 57
epoxy esters, 76 feathers, 50, 61
epoxy paints, 123 feedback control systems, 154,
epoxy resins, 76, 82 156, 225
epoxy sealant, for radon, 151 ferbam (fungicide), 67
equilibrium factor, 15 fetal development, 88
equilibrium, loss of, 66 fever, 54, 56, 67, 68, 94, 95
esters, 36, 73, 76, 81, 120 fiberglass, 42, 219
ethanol, 73, T4, 78 fiberglass insulation, 60, 124, 128,
ethers, 36, 76, 81 177, 213
ethers, in automobile interiors, 112 fiberglass, rigid, 177
ethyl acetate, 81 fibrositis, 93
ethyl alcohol, 58, 121 fibrous glass, 124, 125
ethyl benzene, 75, 78, 80 fillers, 76, 82
ethyl butyrate, 81 fillers, in paint, 120
ethyl ethers, 81 filter media, 188
ethylene glycol, 81, 115, 120 filtering intake air, 187
evaporation, 110, 131 filters, carbon, 149
evaporative condenser, 57 filters, chemisorbant, 149
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filters, fabric, 149 forgetfulness, 93 ; A
filters, fiberglass, 149 formaldehyde, 6 86,\43* -UT; 51¢ TR,
filters, high-efficiency, 149 75, 80, 8u, 86 95, 103,\106 108,
filters, oil-impregnated, 96 110, 115, 12“ 130, & rug
filters, on cupboards, 194 formaldehyde, and sen31ble-heat -
filters, Sunnyhill, 172 exchanger, 139 Bl srmniie sy

filtration, 51, 135, 140,
169, 186, 221

filtration, of radon, 149

filtration of intake air, 212

fire retardant, 95, 110, 111, 124

fire retardant, asbestos, 33

fire retardants, hydrolysis of, 111

fire retardants, PCBs, 111

fireplaces, 9, 60, 109

fireproofing agents, PCBs in, T4

flexibility, 173

floor drains, 14

floor polishes, 116

floor/wall joints, 14

floor wash, 95

flooring, soft, 95

floors, 184

floors, bare, 198

floors, ceramic, 198

floors, hardwood, 198

flue gases, U8

fluoranthene, 36

fluorescent light ballasts, PCBs in,
T4, 79

fluorescent fixtures, 193

fluoride, 36

fluorocarbons, from aerosols, 115

flushing of pollutants, 168, 169

flushing, facial, 95

fly ash, 60

foam furnishings, 219

foam furniture, in sunlight, 131

foam, latex, 111

foam products, 77

foil, aluminum, 172, 179, 206

foil-covered boards, 151

foil tape, 172, 179, 206

food allergies, 126

food leftovers, 50

food odours, 126

food particles, 50

foot products, 58

forced expiratory volume (FEV), 24

forced vital capacity (FVC), 24

149, 155,

formaldehyde, at high;:humiddty, ~131.;

formaldehyde, from kerosene = -:t. ;- -
heaters, 44 B B O L]

formaldehyde, from motors, 11¥. =« |

formaldehyde, in deodarizers, ;115

formaldehyde, in mildew proofing, :115

formaldehyde, in tobacco smoke;,: 36

formaldehyde, standards;*Canadian y2

formaldehyde, standards,. other
countries, 43

formaldehyde, TLV in workplace, M2

forum for communication, 224

fossil fuels, 9, 26, 1“6

fossil fuel furnaces, 84, 108, 127

fossil fuel heaters, 84 =t

foundation cracks, 14

framing, 184

framing, wall, 185

freon, 58

fresh air, 136

fuel consumption, 1

fumes, diesel, 210

fumigants, 42, 111

functional capability, 12

funding, 168

fungal disease, 88

fungi, 6, 7, 50, 52%, 55, 60, 85,
119, 131

fungi, defence against, 87

fungi, in charcoal, 149

fungi, in UFFI, 44

fungicides, 67

fungistats, in fabries, 110

fungicides in paint, 54

fungicides, mercury, 121

fungus, control of, 51 0

furnace, faulty, 84, 86, 160, 219

furnaces, fossil fuel, 84, 108

furnaces, adjustment, 155

furnishings, 42, 50, 73, 84, 110%,
127, 157, 221

furnishings, bare, 212

furnishings, foam, 219

furnishings, washable, 199
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furniture, 43 SE
fiirniture pollsh 416 .
fusarium, 53 S ik

13, 18,

garages, attached 9, 105
113, 2%9»-2l “ " awi s
gas boiler, 146 &
gas: chromatdgraphy, 72, 73
gas driers, 96 - AR
gas fired heat pumps, 1U6

furnaces’, 9, 60y 95, 127, 146, 219
111

gas

gas/liquid chrbmotography,

gas ovens,.’'9

gas: refrigerators, 96

gas ‘space.heaters, 9, 18, 42, 146

gas stoves, 9, 10, 18, 20, 21, 24,
42, 60, 84, 86, 87, 96, 103%, 127,
146, 219 \

gas stoves,

gas stoves,

pilot, 10

self-clean cycle, 10

gas stoves, emissions, 103%

gas stoves, ventilation, 153

gas supply lines, 95

gas water heaters, 9,
95, 96

gaskets, 178

gasoline, 75, 113

gasoline, in varnish,

gasoline, leaded, 113

gasoline, spillage, 208

gasoline, unleaded, 75

gassing out, 1, 169

gassing out period, 143, 155

gassing out, accelerating, 152

gastrointestinal symptoms, 93, 124

general chemical susceptibility,
88, 93

general population, 86

genetic factors, 90

germicides, 42

germination of mould spores, 52
glass fibers, 62
glass, in furnishings,

glass walls, 213

glazes, 126

glazing, 178

gloves, asbestos, 33

glues, 157

glycols, 120

grain dust, 61
granulomas, 88

18, 21, 42,

121

199

grease, spillage onsite, 208
green plants, 7

groundwater, 14

hair dryers, with asbestos, 33
hair products, 58

hair spray, 58, 59, 70

hairs, 50

halocarbons, 73

halogenated ethanols, 111
halogenated compounds, 112
halogenated hydrocarbons, 81
handicapped population, 223
hangover effects, 93

haptens, 51

hardwood, 69, 179

hardwood flooring, 198

hardwood furnishings, 199
hayfever, and tobacco smoke, 39
hazard, health, 123

hazard, safety, 123

headache, 13, 38, 39, ul, 46, 49,
59, 64, 66, 70, 80, 81, 82, 93,
95, 121, 174

headache, due to CO, 12
headspace vapour, 73

health effects, 157

health effects, acceptable levels, 162

health effects, long term, 99

health promotion, 162

health research, 225

healthy people, risks to, 88

hearing, effect of CO on, 12

hearing loss, 13

heart disease, 91

heart injury, 80

heat exchangers, 136, 155, 160,
187, 221

heat exchangers, air-to-air, 135

heat exchangers, cost, 222

heat exchangers, defrost cycle, 137

heat exchangers, furnace, cracks
in, 108

heat exchangers, membranes, 137

heat exchangers, sensible-heat
type, 139

heat exchangers, with heat pump, 186

heat loss, 202

heat
heat
heat

pump, 187, 190, 213
pump, gas-fired, 146
storage media, 14

- 282 -



Index of Subjects (continued)

heat, hot water system, 190

heat, low-temperature, 172

heat, radiant, 191

heat, reclamation, 190

heater floor pads, asbestos, 35
heaters, fossil fuel, 84

heaters, unvented, 106

heating elements, spills on, 9

heating systems, 55

heating systems, odours, 96

heavy metals, 124

heavy metals, in fabric, 110

hemoglobin, 11

heptachlor, 67, 94

heptachlor epoxide, 67

herbicides, 67

heterocyclic compounds, 36
hexachlorabenzene, 67
hexachloroethane, 81
high-efficiency filters, 149
high-risk groups, 40, 90, 91
high-risk population, size, 91, 99
high-risk groups, and
standards, 92

histamine release, 23

hives, 83

hoarseness, 45, 95, 124

hobbies, 6, 73, 126, 128

hollowell, 152

home cleanup, 112

hormodendrum (cladosporium), 53

hot water boiler, 190

hot water heat, 190, 212, 213

hot water heater, 57

hot water systems, 57

hot water tanks, legionella in, 56

house dust, 50%, 84

house rules, 172, 200, 212

household products, 60, 94, 116
household chemicals, 115%, 127, 219
housing, for chemically
susceptible, 165

housing, low-pollution, 96, 158

housing market, 158

housing standards, 159

housing, that promotes health, 162

human activity, 55

human factor control, 154, 156

humdifier, 52, 54, 55, 56, 57,
60, 85, 128

humidifier fever, 54@?56\ﬂ ! o2
humidifier, pan-type,”S7 : :nz
humidifier, spray- type, 57, Mg
humidifier fever§ 92™ :
humidity, increasedj’ - i §0 52
130, 131#% i
hydrocarbons, 7, 40, 72*, 79, 91 .
hydrocarbons, amblent air qualitv ‘
standards, 77 © @ - La e
hydrocarbons, outdoors, 113
hydrocarbons, total, 79"
hydrochloric acid, 70
hydrogen chloride, 110
hydrogen cyanide, 24, 36; 117 -~
hydrogen cyanide, in tobacco ;_"'
smoke, 36 Lt
hydrogen peroxide, 110
hydrolysis products, 110
hydroquinine, monobenzylether of 76
hydroscopic substances, 7
hyperirritability, 66
hyperpigmentation, 82
hypersecretion, 23
hypersensitivity, 51, 93
hypersensitivity, to formaldehyde, U4l
hypersensitivity, to tobacco, 39
hypersusceptible (see chemical
susceptibility)
hypotension, 49
IgE antibody, 51
IgG levels, 96
immune suppression, 96
immune system, deficiency with
age, 91
immune system, immature, 91
immunoglobulin A deficiency, 91
immunological reactions, 51
immunologic hypersensitivity, 91
immuno-sensitization, 62
immuno-suppressive effects, 87
incineration, 42, 68
incoordination, 80
increasing pulse, 95
individual choice, 217
indoor/outdoor ratio, 63
indoor pollution, factors
aggravating, 129
indoor pollution, social costs, 160
indoors, time spent, 98
industrial exposures, 60
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industrial hygiene, 8. myu
infants, 90, 158 , )
infection, 57 ey -
infectious agents, 55*
infectious,dlsease defence

" against, 88
infiltrat;on,§130
influenza, 56. .
information base, 3 99 22u
inlets, for air, 186
inorganic fibers, 60
insect spray, vinyl chloride, 58
insecticides, 64
insecticide poisoning, 66
insecticide sprays, 96
insects, 7, 60
insulated shutters, 189, 204
insulation, 42, T4, 124%, 128
insulation, cavity-wall, 177, 201
insulation, cellulose, 219
insulation, fiberglass batts, 177
insulation, interior, attachment, 204
insulation, odour, 204
insulation, outgassing of, 220
insulation, pipe, 33
insulation, styrofoam blue, 177
insulation, Sunnyhill, 170
intellectual impairment, 95
interior decorating, 6
interpretation of literature, 157
intoxication, 22, 81
intrusion of outdoor
pollutants, 6, 113%
ion generator, 32, 41
iron deficiency, 91
iron, 60, 104
irritability, 66
irritant effects, 86
irritation, airway, 45, 74, 78,
80, 121
irritation, due to S02, 27
irritation, due to tobacco smoke, 38
irritation, from ozone, 30
isobutane, 81
isobutyl aleochol, 112
isocyanates, 83, 91, 120
isolation of individuals, 170
isopropylbenzene, 112
itchiness, 46, 95
jerking movements, 66

jet lag, 88, 91

joint pains, 124

joists, open-web steel, 184

kerosene heaters, 9, 18, 22, 42, Ui,
u8, 60, 84, 86, 106%, 127, 146,
219, 223

kerosene heater, convective type, 10

kerosene heaters, emission rates, 106%

kerosene, in household cleaners, 115

ketones, 7, 36, 72, 73, 76, 110, 120

ketones, in automobile interiors, 112

kidney damage, 56, 80

kidney damage, from PCP, 76

kilns, 126

kitchen counter, 180

kitty litter, 61

labour cost, for vapour barrier, 222
lack of initiative, 93

lacquer remover, 76

lacquer thinners, 116

lacquers, 76

lacrimation, 38

laminates, 180

lanolin, 58

laryngeal edema, .47

latex foam pillows, 111

latex paint, 42, 120, 143

latex sealer, 35

lath, metal, 199

laundry products, 85

laundry starches, 115

layout, 195

lead compounds, (pigment), 120

lead, 36, 40, 60, 62, 104, 113, 128

lead, in house dust, 114

lead, in paints, 120

lead, in varnish, 121

lead-214, 14
leather products, 42
leg pain, 12

legal 1liability, 99
legionella, 56, 119
legionellosis, 56
lethargy, 81, 124
leukemia, 81
liability, 99

life style, 90

light flux, 110
light-headedness, 123
lighting, 193, 212
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lighting, ultraviolet, 133

lime, 179

lindane, 66

linear hypothesis, lung cancer, 16

liners, chimney, 102

lipid solubility of organics, 81

lists of materials, 224

lithopone, 120

liver damage, 46, 56, 59, 80

liver damage, from PCP, 76

load, total stress, 86

local air supply, 187

location, of home, 212

location, Sunnyhill, 182

log homes, 76

Los Angeles County, 11

loss of balance, 123

loss of equilibrium, 66

loss of pulse, 95

loss of voice, 70

low-emission materials, 144, <155
low-emission materials,
Sunnyhill, 172

low-pollution design, 163, 223
low-pollution housing, 96, 223
low-temperature heat, 172
lubricants, 58

lubricants, in fabriec, 110
lubricants, PCBs in, 74
lubricating oil, 76

lung absorption, 81

lung changes, due to ozone, 30
lung changes, from NO2, 22

lung damage, from PCP, 76

lung damage, 80

lung disease, 85

lung function, 24, 56, 83

lung inflammation, 59

lymphocyte transformation, 39
lymphocytosis, 68

m-xylene, from motors, 117

maintenance, 6

maintenance products, 72

maintenance of furnace, 150

maintenance practices, 148,

makeup, 126

maladaptation, 93, 94

malaise, 56, 95

malathion, 64

maleic anhydride, 112

155, 221

oMY e e 3ot Cyridem
maneb (fungicide), 67 Ty
manic psychoses, 13:% _,. - Ifdjam

manufacturing procesﬁes, 99,v¢52 Ndam
maple hardwood, %213 p=¥xzfiuy .0 de
marble, synthetlc, AB0 - 1o somign v
margin of..safety, 2}Tr~@i’ T LYY
marsh gases, 7 - P g pe gy
mass spectrometry, 72 73, 111 o
materials, choice of, 158+ - . ..
materials, low-emission, 160 FENN A
mattress dust, 50 : (R .
media, filtration, 188 . ‘
medical unknowns, 98, 99, &61,;«
mental confusion, 56 . o mevn
mental performance, effect of'CO

on, 13 S s
mercaptobenzothiazole, 76 = . .=
mercury, 128 e
mercury, absorption on surfaces, 122
mercury, accumulation, 122

mercury, adsorption, 142

mercury droplets, 122 e G2
mercury, in paints, 120

mercury outgassing from paint, 122
mercury poisoning, 121

mercury sensitivity, 121

mercury thermometer, 122

mercury vapour, in homes, 121%
mercury, TLV, 122

mesothelioma, from asbestos, 34
mesothelioma, with fibrous

glass, 125

metabolic activity, 68

metabolic gases, 126

metabolic products, 6, 74

metal furnishings, 199

metal lath, 199,

metal salts, in fabriecs, 110
metallic materials, 144

metallic taste, 22

metals, 60

metals, in fabrics, 110

metals, in tobacco smoke, 36
meteoric dusts, 7

methoglobinemia, 22
methoxybenzaldehyde, 112
methoxychlor, 66

methyl alcohol, 121

methyl bromide, 111

methyl chloroform, 81
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methyl ethyl ketone (MEK), 73, mothballs, 64
77, 112 & motor control, loss of, 46
methyl ethers, 81 Ny : motor odours, 197
methflinabthaIeneﬁfﬂYZ' : motors, oil odour from, 96
methylcyclohexane, 77 @ - . mould, 7, 13, 52%, 85, 131, 140, 187
methylene chloride, :81 '+ mould, allergenicity of, 54
methylene chloride, in aerosols, 59 mould allergy, 54
methylene chloride, in mlldew mould, concentrations, 52
proofing, .1-15 s mould, in rock storage, 221
methylene chloride, in paint mould spores, 60, 119
remover,: 116 . mouth products, 58
microbes, 126 mucor, 53
microorganisms, 55, 128 mucous membranes, 62
microsphaereopsis, 53 mucous membrane irritation, 67, 68,
microwave ovens, 118 78, 81, 82
migraine,. 39 © mucous velocity, 59
mildew, 52% muffler repair, asbestos, 33
mildew proofing, 115 municipal water supply, 14,70,71,85,95
mildewcides, mercury, 121 muscle pain, 121
mineral--fibers, 6, 60 muscle tremors, 66
mineral spirits, 75, 96, 116, 120 muscle weakness, 81
mineral wools, 60, 62 muscular disturbances, 67
mineworkers, 15 myalgia, 68, 93
mites, dust, 50 mycelial fragments, 54
mobile homes, 4, 47 myocardial infarction, 12, 13
modifying combustion processes, myocardial depression, 81
146, 155 myocardium, 12, 30
moisture, 52, 53, 57 n-butane, 112
moisture, for gassing out, 143 n-heptane, 77
monday sickness, 56 n-hexane, 77, 81
monilia, 54 n-octane, 77
monitoring, 214 nano-curie, 15
monitoring devices, 225 naphtha, 115
monkeys, effects of CO on, 12 naphthalene, 96, 112, 115
mono caulking, 208 narcosis, 81 -
monobenzylether of hydroquinine, 76 narcotic effects, 80
monomers, 76, 82, 110 nasal burning, 95
mononucleosis, 89 nasal cancer, U4
monosulphide, 76 nasal congestion, 46
morbidity, 5 nasal stuffiness, 95
morbidity, from air pollution, 87 nasal symptoms, 83
mortality, due to CO, 13 natural fibers, 51
mortality, from benzene, 81 natural gas, 14, 96
mortality, from C02, 49 natural pollutants, 6, 7
mortality, from methyl bromide, 111 nausea, 13, 38, 45, 59, 64, 66,
mortality, from pesticides, 66 94, 95, 123
mortality, in newborn animals, 30 negative ion generator (see
mortality, premature, 5 ion generator)
mortar cement, 177 neoplastic effects, 112
mortar, dripping in cavity, 202 neoprene glazing, 178
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neuritis, 13, 93

neurological changes, 82

neurological changes, due to CO, 13

neurological effects, 82

neurological symptoms, 66

neurological symptoms, from NO, 22

neurotoxic disorders, from paint,
123, 128

new housing, hazards of, 159

new materials, 133, 159

nickel, 40

nicotine, 36, 37

night vision, 31

nitrates, 22, 24, 60

nitric acid, 22, 24

nitric oxide, 6, 18%, 103, 106,
108, 113

nitrogen, 7, 18, 36

nitrogen compounds, in automobile
interiors, 112

nitrogen dioxide, 6, 18#%, 84, 86,
103, 106, 108, 113, 114, 127

nitrogen dioxide, and Vitamin A, 32

nitrogen dioxide, outdoor levels, 20

nitrogen dioxide, standards, 19

nitrogen oxides, 18%, 36, 84

nitrogen oxides, from motors, 117

nitrogenous resins, 110

nitrous acid, 22

nitrous oxide, 22

nitrous oxide, in aerosols, 59

no-pest strips, 64

non-fibrous organic particulates, 60

non-smokers, 38, 40

non-specific irritants, 51

nonane, 78

nonsmokers, 11, 12, 59,
84, 153

nose bleeds, U6

numbness, 66

nutritional deficits, 90, 158

nutritional differences, 94

nylon, 69, 110

oasis, 196

objectives, 2

obstructive lung disease, 62

occupancy level, 133

occupational medicine, 90, 93

odour modifiers, 110

odours, 7, 83, 126

office trailerps; 83« « i i- 030
0il furnaces, 'i60,. 46 - ui7. - o080
oil paints, B4 > aseel w0t 15 nlgg
oil smoke, .60 . v .7 (17 7T .ivltsq
0il supply lines, 9 by o

olefins, U5 LAt TR R
olfactory recognition tHre§hdlda: 22
oligomers, 110 O e O
open concept, 195 e |0 TV -
open system theory, 168 ¢ .- 1By
opening mail, 126 AL, Ry
o-phenyl phenols, 120 =i = ' .11 °

ore crushing and grinding, 60
organic chemicals, T~ = il
organic dust, 62, 119 BEROTEN B
organic fibers, 60 N T
organic fungicides, 122 . b
organic halides, 111 il TR
organic matter, 52 i TR RERE
organic materials, 144 ALY
organic mercury compounds, 122 L
organic vapours, 72%, 78, 81; 85, "
115, 126, 127 B
organic vapours, standards, 77
organochlorine compounds, 64
organophosphates, 64
organophosphate insecticides, 66
organotin compounds, 76, 82
outdoor air pollutants, U
outdoor pollutants, intrusion of,
113%
outdoor pollutants, variations, 140
outdoor pollution, 127, 136
outdoor pollution, protection
from, 141
outgassing, 6, 93, 110, 117, 131
outgassing from sealants, 123
outgassing, under heat, 131
oven cleaner, 71
overview studies, 4
oxidation-reduction reactions, 73
oxidative stress, 110
oxygen, T, 18, 26, 29
oxygen, displacement of, 81
oxygen level, 104
oxygen, transport in the body, 11
o-xylene, from motors, 117
ozone, 29%, 84, 113, 114, 117, 150
ozone, standards, Canadian, 29
ozone, standards, United States, 30
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ozone, systemic effecksy .31 4.

ozone, uptake byladluminum, .142:

pain of the lower extremities,:13

paint, 54, 73, 7” 75 QS, 120#,
123, 128 ' :

paint, and chemical

susceptibllitys 151

nl bt

paint, gas-out period 143
paint, indoor, 179 '
paint, ingredients, 120!
paint, latex, 42

paint, leaded, 113

paint, leaded, particles from, 62
paint, mildew-resistant, 121
paint, mould in, 53

paint, odours, 96

paint, PCBs in, 74

paint, remover, 59, 116%
paint, resin-based, 54
paint, rust, 178

paint, spray, 83

palnters,\health effects in, 120
painting in summer, 148

pallor, 93
palmitic oxide,
palpitation, 93
paper, formaldehyde in, 42
paper mache, 33

papillary constriction, 66
paradichlorobenzene, 115

111

paraformaldehyde, 115

parathion, 66

parging, 177, 183

parking garages, 9

particleboard, 4, 42, 44, 47, 75, 88,
131, 157, 177, 219, 221, 223

particlebard, laminated, 151

particleboard, low emission, 144, 152

particleboard, removal, 145

particulate matter, 41

particulates, 130

particulates, outdoors, 113

passive smoking, 38, 40, 159

passive solar heat, 212
PCBs (polychlorinated biphenyls), 74
75, 77, 78, 79, 80
PCBs, in indoor air, 79
PCBs, in wallboard, 111
peak outdoor pollution,
peak pollutant episodes,

155
140

penicillium, 53

pentachlorophenol, 76, 82, 115

perceptions on indoor pollution, 5

performance, subcontractor, 210

perfume, 58, 74, 76, 95, 115, 116

perfumes, poliey, 172, 200

peripheral blanching, 95

peripheral nerves, degeneration, 81

peripheral vascular disease, 13

permanent press fabrics, 95, 110

personal hygiene products, 58

personality disorders, 67

perspiration, excessive, 93

perylene, 36

pest control, 148

pesticides, 6, 58, 6u¥,
85, 95, 157, 219

pesticides, in blood, 67

pesticides, nutritional effects, 94

pesticides, PCBs in, T4

pesticides, use, 64

pet insecticides, 6U

petechiae, 95

petroleum alcohol, 47, 95

petroleum distillates, 66

petroleum distillates, in furniture

73, 75, 80,

polish, 116
petroleum naphtha, in floor
polish, 116

petroleum products, 208
petroleum refineries, 26, 68
petroleum solvents, 72, 115
pets, 60, 128

pharyngeal dryness, 23

phenoliec resin, 121

phenols, 36, 47, 95, 112
phenols, in tobacco, 36

phenyl mercuric proprionate, 121
phenyl mercury acetate, 121
phenyl mercury oleate, in paint,
phenyl mercury succinate, 121
phenylbeta napthylamine, 76
phlebitis, 95

phosphates, 76

photochemical haze, 7
photochemical oxidants, 78
photochemical smog, 133
photocopiers, ozone from, 29, 72
photographic supplies, 42
photophobia, 71

121
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phthalates, 76

physician, 175

physics of indoor air pollution, 168
pico-curie, 15

pigments, 6, 54, 120, 126
pillows, latex foam, 111

pilot light, 103, 105

pine, 177

pine oil, 115

pine-scented floor wash, 95

pipe, tobacco, 37

pipes, copper, 180

pipes, drain, plastic, 180
piping, vacuum, 197

placemats, asbestos, 33

plants, 60

plaster, 61, 178, 185

plaster, mould in, 53

plaster, of paris, 179, 213
plaster, textured, 199

plaster, unpainted, 199, 212
plasterboard, 52

plastic appliance housings, 131
plastic drain pipes, 180

plastic furniture coverings, 111
plastic laminate, 151

plastic solvents, 75

plastic tape on furnace ducts, 132
plastic upholstery, 96

plastic vapour barrier, 95, 123
plasticizers, 75, 76, 82
plasties, 42, 73, 110, 126, 157
plastics, PCBs in, T4

plywood, 42, u4, 75, 177
pneumonia, 28

pollens, 7, 50, 62, 113, 140, 187
pollutant sources, 101

pollutant sources, minimizing, 139
pollutants, daily cycles, 114
pollutants, detection, 136
pollutants, reducing sources, 160
pollutants, to monitor, 214
pollutants, total mix, 112

nnllutinan oni sode, ‘!36
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pollutlon, factors reducing, 134
pollution, from new materials, 133
pollution monitors, 192

pollution on construction site, 210
polonium, 149

polonium-210, in tobacco smoke, 36

polonium=214, 4% ,es5t2ar 1ojonq
polonium=-218, J1#iawaua: » 4z busaq
polychlorinated?biphéhyag'(seeLFGBBq

polyesters, 76, 110 iasiﬂxeq
polyethylene,: 179,ﬂ213 YL +114nqg
polyethylene tape5'205’.:ﬁ CorenamlaT
polymers, 76, .82 I s il

polynuclear aromatid- hydr8capbons -

(PAH), 36, 38; 147 7 i varoomfans
polyol, 77 e : ‘ﬂ' .%afug
polystyrene 1nsulat10n, 151 P ST
polysulphide polymer rubber caulkfhg,

178, 213 5 . pOMENS
polyurethane, 76, 143 " & i fC77e

polyurethane, burning, 83
polyurethane foams, 77 =~ *f

polyurethane resin, 121° o
polyuria, 95 s z.
polyvinyl acetate monomer; 120! *“ -
polyvinyl chloride (PVC), 110 111"
polyvinyl chloride pipes, 73' ‘¢
population affected, 225 '**
population, chemically
susceptible, 218

population, general, 86 =
population, number in high-risk
groups, 91, 99, 157, 158 b

population, number susceptible, 96,
97

porcelain, 180

portable heaters, plastic
components, 131

portland cement, 177, 213

portland/lime cement parging, 177

potters, 126

power generation plants, 113

precursor, to radon, 14

pregnancy, 13, 90, 126

prenarcotic symptoms, 123

preservatives, wood, 76, 95

pressure in the head, 45

printing inks, PCBs in, T4

printing pigments, in fabries, 110

printing products, U2

problem materials, 218

propane, 81

propellants, aerosol, 58, 75

propylbenzene, T8

propylene glycol, 115

prototype, 165

~
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prototype designs; 288 ,. .%..
pseudomonas pneumoniai 56 TS
pgaghiatricgdiﬁtunbanae54 93
psychosis, 81 el
public informatien,: 22“ oY
pulmonary edemas”69=-- . -
pulmonary function, 4Q, 59, 83
pulmonary: hyper-reagtivity, 30
pulmonary infection, 5u4:
pulse, loss of, 95
pulse, loss of .peripheral, NS
‘putty,CYN .75, 95
pyrene, 36
pyridino nitrogen compounds, 24
radiant heatj 172, 191, 212
radiant heat, to bake paint, 143
radiation, 8U4::-
radiation dose, from radon
daughters, 16
radiation, natural, 7
radio, 117
radioactive compounds, 40
radioactive equilibrium, 15
radium-226, 14, 15
radon, 6, 14#% 84,6 86, 127, 130
radon, and ventilation, 135
radon daughters (decay products), 6
14, 84, 86
radon daughters, unattached, 149
radon, measurements in tight
homes, 138
radon, rate of creation in soil, 15
radon, reduction of pathways, 139
radon, standards, 15, 17
rashes, U6, 124
reaction, delayed, 175
reaction, strength of, 174
reaction time, effect of CO on, 12
reactive gases, 110
readership, 3
reading newspaper, 126
recirculation, 135, 140
recirculated air, filtering, 149
recirculation, 188, 212
recirculation, Sunnyhill, 172
reclamation of heat, 187
recognizing health problems, 221

recovery time, from susceptibility, 94

recycled newspapers, 124
recycled paper, PCBs, 111

recycled water, 54, 128

red blood cells, and ozone, 30
red blood cells, changes, 31

red blood cells, destruction, 13

reducing use of volatiles, 221
reduction of ventilation, 129

rehabilitation, 94, 99, 215, 224

relative humidity, 52, 53
remodelling, 123

remote burner, 190

removal of combustion process, 146

removal of contamination, 145

removal of pollutant sources, 155

renovation cost, 222

replacement materials, 145

research, 98

research needs, 161

research program, 225

resin, 54

resin products, 73

resin solvents, 75

respirable suspended particulates,
36, 60%, 103, 106, 108

respiration, 126, 128, 131

respiration, diminished, 49

respiratory ailments, 90, 124

respiratory allergy history, U5

respiratory collapse, 66

respiratory disease, 158

respiratory disease, as risk group, 92

respiratory disease, childhood, 87
respiratory disease, chronic, 91
respiratory illness, 24, 38, 40, 44

respiratory impairment, from nitrogen

dioxide, 24

respiratory irritants, 91
respiratory paralysis, 13
respiratory symptoms, chronic, 93
restaurant, smoke in, 37
resuspension of dust, 60

retina, effects from methanol, 81
retrofitting houses, 130, 147
rhinorrhea, 95

rhizopus nigricans, 53
rhodotorula, 53

riboflavin deficiency, 91
rice-bran oil, PCBs, 82

rigid foam, 77

risk groups, 86

road dust, 61
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Rochester study, 138, 144 shortness of ‘breath, 40, 45, .53 [lo=
rock wool insulation, 60, 124 46, 5U4, 59 , pimrEss ar ez (foB
rodents, 60 shower heads, 57 Ty e tadsh

ronnel (pesticide), 64

room deodorants, 70

rubber, 110

rubber products, 42

rubber solvents, 75

rules, house, 200

runny nose, 46, 174

rush hour peak, 140

rust paint, 178

rusts, 52, 53

safety, 97

safety, margin of, 217
salivation, 66, 69, 94
sanctuary, 173, 196

scrubbing of air, 149

sea spray, 7

sealants, 73, 74, 151

sealers, 95, 120%, 128

sealing building envelope, 220
sealing compounds, 157

sealing pollutants, 155, 169
seasonal cycles, 140

seasonal variations, 53
secular equilibrium, 15
self-cleaning ovens, 117
seminars, 165

sensitivity, spreading of, 46
sensitization, 86, 88
sensitization, to TDI, 83
sensitized persons, 88
sensitizing chemicals, 67, 82, 85
sensitizing chemicals and allergy, 97
sensory perception, 22
separation from pollutants, 170
separation of activities, 195
separation of areas, 212

serum alpha,antitrypsin, 91
sewage treatment, 56
sheathing, styrofoam, 177
sheathing, tar-impregnated, 177
shelf lining, asbestos, 33
shellac, 121

shift work, 88, 91

shingles, 178

shivering, 56

shoe polish, 116
short-circuiting hazards, 223

shower heads, legioneflé‘in;ﬂSGﬂsIoe

showers, 14, T4 1 ey, ta mefoe
shutters, insulating, 189 ’304 hslog
sign, entrance, 200 .*. .~ s&% . Flc2
silaceous dusts, 61,62 [y farv .=
silica, 61 B g
silicates, 33 g e g
silicone caulking, 178 FERC T L
silvex, 67 R R A
sinks, 180 AT e
sinus congestion, 46, 93 Ny 6

sinusitis, 66, 174 =

sizing agents, 110 et R
skin cells, 50 i
skin irritation, 44, 62, 81,»«
82, 93, 111 Fo Naid
skln rashes, 59 O
skin rashes, with cellulose, 124
sludge, in humidifier, 119:

smell, loss of sense of, 13
smelting operations, 60 S

smog, 29, 30, 63, 68, 133
smokers, 13, 38, 84, 87

smokers, as high risk group, 40
smokers, numbers of, 37, U0
smokers, numbers of in Canada, 40
smokers, venting of, 153, 159
smoking and children, 40

smoking, as a risk factor, 40, 90,
91, 158

smoking, energy cost of, 159
smoking, policy, 172, 200
smoking, reduction, 154

smuts, 52

sneezing, 27, 46, 69, 70, 174

sneezing, and infection, 55

sniff test, 174

sodium bicarbonate, 151

sodium hydroxide, 121

sodium hypochlorite, 70, 115
sodium lauryl sulphate; in carpet
shampoo, 115

softeners, in fabrics, 110
softwood, 69, 177

softwood, avoiding, 184

soil drench (chlordane), 65

soil excavation, and legionella, 56
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soil gases# 7, -14,!:163:4113y ~127, 209

80il release treatment, of: ¢
fabrics, 110 i

solar ‘heat, ¥[2:cwreoin: ,ro s

solar heat, active, 190 .-

solar heat, ‘diir, 221i«icer

solar heat, passive,’ 189y .R212

solvent glues, %3 (- pegl

solvents, 6, 72, 73, 75, 81, 110, 126

somnolence, 22

sore throat, 46, 94 - -
sores not healing, 124
sound transmission, 184

source removdl, ,145, 155
sources of pollutants, 101
space heaters, 60
spackling compounds, 33, 61
spalling of brick, 131
spasms, of gastrocnemius, U5
special needs, 218

speech disturbance, 13
spin finish agents, 111
spinning residues, 110
sponge rubber, 96

spores, mould, 52

spores, removal of, 54

spot venting, 153

spray humidifiers, 119%
spreading phenomenon, 88, 94
spruce, 177

stabilizers, 76, 82
stagnation of water, 119
stainless steel, 180
stainless steel chimney liners, 102
stains, 75

standards, indoor air
quality, 160, 217
standing water, 54, 55, 85, 119
starch, laundry, 115
stearoic oxide, 111

steel, 177, 213

steel, enamelled, 178
steel, framing, 212, 213
steel, galvanized, 180
steel, stainless, 180
stereo sets, 117

steroids, 36

stiff shoulders, 124
still-birth, 82

stock yards, 68

stone, mould on, 53

storage, external, 222

storage, of volatiles, 219
stress load, 86, 94, 158
structural damage, 131

studs, metal, 185

stuffiness, 138, 174

stuffiness, nasal, 95

stupor, 80

styrene, 75, 80, 82

styrene butadiene elastomer, 120
styrofoam insulation, 125, 128
styrofoam, 177, 213

sub-slab ducts, 64
subcontractors, 211

submarine environment, 53
submarine atmosphere, 149
substitute materials, 145
substitution, 169

substitution, by subcontractor, 208
sulphates, 60, 87

sulphates, organic, 26

sulphide oxidase activity, 28
sulphur, 26, 36, 60

sulphur dioxide, 6, 26%, 84, 103,

106, 108, 109, 111, 113, 114
sulphur dioxide, and Vitamin A, 32
sulphur dioxide, deposition, 142
sulphur dioxide, outdoor levels, 28
sulphur dioxide, standards, 27
sulphur tetroxide, 26
sulphur trioxide, 26
sulphuric acid, 26
sunlight, 20, 26, 95, 111, 189
super-sealed homes, 219
supervision, 201, 207
surface coatings, 110
surfaces, deterioration of, 57
surrogate indicators, 136 *
susceptibility, 93
susceptibility, chemical,

(see chemical susceptibility)
susceptibility, during illness, 88
susceptibility, of smokers, 40
susceptibility, spreading of, 46,

83, 88, 9u
susceptibility, variation over

time, 88
susceptibility, individual

variation, 90
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susceptibility, to natural gas, 104
susceptible populations, 13
suspected carcinogen, 80
suspended particulates, 60%,
suspension, 58
swelling, 95
swelling eyelids, 82
swelling of mucous membranes, 45
swimming pools, 70
swollen hands, 94
sylene, 78
symptoms, chroniec, 175
syncope, 22, 70
synergistic effects, 83, 98
synthetic alcohol, 96
synthetic carpet, removal, 145
synthetic curtains, in sunlight, 131
synthetic fabriecs, 95
synthetic fiber particles, 50, 51
synthetic foams, 112
synthetic materials, 157
synthetic polymer, heat
resistance, 131
synthetic polymers, in floor
polishes, 116
T lymphocytes, 96
T-cell depre331on, 47, 96
T-cell production, 67
tactile senations, 111

85, 114

tales, 60
tape, polyethylene, 205
tar, 36, 177

task venting, 153

taste, loss of sense of, 13

tea, 61

tearing, 71

television, emissions from, 117, 126
temperature, for legionnella, 57

temperature, increased, 131%
tempering intake air, 187
tempering of day/night
temperatures, 189

teratogenic effects, 82

termite control, 64, 65
termiticide, 66

terpenes, 78, 182

test room, 174

testing facilities, 224

testing of materials, 173, 216

testing, interpretation, 176

tetany, 45 cydioixod
tetrabromoethanol, 111+ N -1 I
tetrachloroethylene <2455 TH, TTserdos

81, 82 PO TSN P ,Lﬁﬁsq
tetrahydrofuran (THF)fv73n'8h"+?ﬁqu
tetramethylthiuram,- 76-. + rosend
textile dyes, PCBs in, Tﬁ R yu omerd
textiles, formaldehyde iny NQ CAr el ted
thermal stress, 110 ° ARG i; S

thermally polluted water, 56»'r
thermophilic actlnomycetes fungi,ﬂdjg
thresholds, 90, 161 : LT ey
throat irritation, 44, U46,. 5@,*69, 815
throwaway fllters, 150 Lae g -
tightening of houses," 1, 47, BH 86,

105, 129, 130%, 144, 158—160

219, 220 P
tile, ceramic, 180, 198
timber, deterioration, 52 R
time spent indoors, 5, 98 AW
tin, 77 . *

tiredness, 93

titanium dioxide (plgment), 110 120
toaster, 117

tobacco smoking, 9, 18, 159

tobacco smoke, 36, 60, 61,
75, 84, 219

tobacco smoke, adsorption, 142

tobacco smoke, and ventilation,
135, 153

tobacco smoke, mainstream, 36, 37%

tobacco smoke, sidestream, 37%

toilet bowl cleaners, 71

tolerance, to chlorine, 70

tolerance, to foods, 95

tolerance, to ozone, 31

toluene di-isocyanate, 76, 77, 82, 83

toluene di-isocyanate, in automobile
interiors, 112

toluene, 36, 72, 77, 78, 80, 81, 116

toluene, from motors, 117

total complement, 96

total load, 94

total pollutant load,; 1

total stress load, 86, 127

total suspended particulates (TSP),
60*, 61, 63, 85, 87, 109

total suspended particulates,
standards, 61

toxic effects, 86

70, 72,
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Index of Subjects (continued)

toxicity, 8 &
trace metals, 36 ¢ . oo E
tracheal mucous: velocity, %59
traffic arteries, 62
transformers,:PCBsih, 74
treating pollutants,5152¢ 156
tremors, 49, 94 B
tribromochloroethanol,
trichlorethane, 77
trichloroethylene, 72, 75, 77, 80
trithloroisocyanuric acid, 115
trichoderma viride, 53
trichoderma, 53
trimellitates, 76
trimethyl benzenes, 72
trimethylcyclbhexane, 112
tumorogens, 38
turpentine, 96,7116, 120, 121
ultraviolet light, 57, 143, 172
ultraviolet absorbers, in
fabries, 110
unattached radon daughters, 149
unconsciousness, 49, 82
undecane, 78
under-ventilation, 136
unexpected problems, 201
unfinished wood, 142
unknowns, medical, 98
unmasking, 93
unsaturated aldehydes, 45
unsealed insulation, 219
unsealed particleboard, 219
unvented heaters, 106
uraniferous geology,
uranium-238, 14
uranium mining, 15
urea-formaldehyde foam insulation, 1,
35, 42, 44, us, 46, 75, 86, 87, 88,
95, 124, 128, 145, 157
urea-formaldehyde resin, 42, 44
urea-formaldehyde resin, in
fabrics, 110
urethane, 95, 123
urethane floor finish, 179
vacuum, central, 51, 170,
vacuum cleaner, 117
vacuum motor, 51
vacuum piping, 197
vacuuming, 51, 60, 148
vanadium, in aerosol,

169

M

16

197

115

vaporizers, 58
vapour barrier,
vapour barrier,
vapour barrier,

172, 205, 212
attachment, 201
careful sealing,

213, 221
vapour barrier, loosening of
seals, 207
vapour barrier, plastiec, 95, 179
varnish, 75, 76, 83, 121
varnish remover, 76, 116
vegetable dust, 62
vegetable oils in paints, 120
vegetable resins, 120
vent fans, 170
vented combustion appliances, 146
vented cupboards, 194
ventilating systems, 55
ventilation, 8
ventilation, and radon, 17
ventilation, at the source, 156
ventilation, cost, 222
ventilation, decreased, 57, 84, 129,
130%, 140, 155, 158-160
ventilation, deliberate, 221
ventilation, effects of
pollutants, 139
ventilation, efficiency, 137
ventilation, for gassing out, 143
ventilation, increased, 135%, 155
ventilation, of hobbies, 126
ventilation, of tobacco smoke, 41
ventilation, shutdown, 136
venting, 183
venting, at the source, 153
venting, deliberate, 186
venting, of appliances, 118, 212,
213, 221
venting, Sunnyhill, 170
ventricular fibrillation, 12
vents, brick, 186
vents, intake, 186
vents, wall, Sunnyhill, 170
vertigo, U7
video display terminals, 118
vigilance, 11
vinegar, 71
vinyl chloride, 58, 76, 81, 82, 111

vinyl chloride, from aerosols, 115
vinyl flooring, 179

vinyl plastiec, 76
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Index of Subjects (continued)

vinyl windows, 95

vinyl, 95, 143

vinyl, soft imitation leather, 112
vinylidene, 81

viral hepatitis, 89

viral infection, 68

virus, defence against, 87
viruses, 6, 7, 55%, 85
vision, blurred, 66

vision, dimming, 49

vision, effect of CO on, 12
vision, loss, 13

visual acuity, 30, 31
visual fields, 31

vitamin A, 32

vitamin A deficiency, 91
vitreous fibers, 6

voice loss, 70

volatiles, storage of, 116
volcanic eruption, 7
vomiting, 45, 46, 56, 64, 66, 95
vomiting and diarrhea, 56

waiting period, for gassing out, 143

wall, interior, 185

wall, surface, 69

wallboard, 47, 60

wallboard, fungicide in, 95

wallboard, PCBs in, 111

wallpaper, 26, 52, 69, 74, 95, 142

wallpaper, cellulosic,
absorption, 142

warning devices, 154, 156

waste oil, 75

water repellancy, 110

water taps, 56

water vapour, 7, 36, 50, 126, 131

watery eyes, 124

wax solvents, 75

waxes, 73

waxes, PCBs in, T4

waxing compounds, 58, 148

weakness of muscles, 81

weakness, 66, 81, 93, 121, 124

weeping tiles, 14

weight loss, 56

well water, 14

wetting agents, in fabriecs, 110

wheezing, 95

wick changes, kerosene heater, 106

widespread chemical susceptibility,.
46, 84, 93

windows, 170

windows, installation, 202
windows, openings, 209

windows, spacing, 189

windows, ventilation, 135

wires, steel, 204

wiring, plastic-coated, 132
withdrawal symptoms, 93

wood dust, 61, 62

wood filler, 75

wood finishes, 75

wood preservatives, 76, 95

wood preservatives, in furniture
polish, 116

wood smoke, 70, 136, 155

wood smoke, second-hand, 127

wood stove, 18, 109%, 127

wood-burning, 109

wool, 69

wool, in dust, 50

working level, 15

workshop products, 58

xylene, xylenes, 72, 75, 77, 80

yawning, 174

yeasts, 53

zeolites, 60

zinc, 104
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