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SUMMARY 

e::::-@k-"*'._...,&flt~~"m~~:~~~~~~~~~~-p~~q~~A,.~;: ?laa~## 

As houses become more air-tight, in order to reduce energy con
sumption, the threat of indoor pollution becomes an increasingly 
more important issue - effecting the health and comfort of the 
occupants. 

A mathematical modelling analysis of the interaction of indoor 
pollutant source strengths and ventilation scenarios on the con
centr.ffion of pollutants relative to human exposure limits and targets 
was carried out. 

An extensive literature search was performed to determine pollutant 
emissions from building materials, whole house pollutant source 
strengths and pollutant health limits. Available information in all 
three of these areas is lacking, contradictory, or both. 

Comfort and health limits, based on human comfort and health 
studies that account for toxicological, mutagenic and carcinogenic 
factors, need to be determined. Investigation should be carried out 
to determine if mass-based or volume-based limits better represent 
comfort and health effects. Because of the wide range of effects 
on comfort and health, we recommend that Total Volatile Organic 
Compound (TVOC) concentrations not be used to assess pollutant 
levels. The 'mix' of pollutants and their effects are too variable. 

While some data is a\'ailable, there is a need for accurate 
air-tightness and whole-house pollutant source strength data for the 
most prevalent Volatile Organic Compounds (VOC). A source 
strength prediction model should be developed and calibrate.d using 
this survey data . Extensive documentation must accompany the test 
data if it is to be used for this calibration process. 

To expand available data on air-tightness, tests were carried out on 
36 houses in the lower mainland of B.C.. The houses covered a 
range of construction dates ranging from 1920 to 1978. While houses 
in the lower mainland of B.C. are generally becoming more air-tight, 
they are also becoming larger. They still remain the loosest houses 
in Canada. 

A simple Air Quality Simulation program was developed that was 
fast enough to enable large scale parametric analyses of the effects 
of changing many variables. This model should be developed to 
increase its accuracy and versatility. 

The study focussed on the effects of Volatile Organic Compounds 
(VOC) because they are prevalent in homes but are amenable to 
control at source and by ventilation. 
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The monthly results of about a thousand annual runs have been 
combined into several databases to allow ease of access and 
formatted output. Based on surveyed pollutant source strengths, 
about 25% of the smallest and tightest houses in the Prairies and in 
B.C. have formaldehyde levels above the Action Limit provided by 
the Canadian Health Protection Branch during the critical shoulder 
season months. A similar number of Ontario houses exceeds the 
limit during the summer - a factor in air-conditioned houses. 

Tables of maximum allowable pollutant source strength were 
developed for the cross-section of housing in three regions of 
Canada. They allow maximum allowable source strength to be 
calculated for the health limit of any pollutant. 

With no mechanical ventilation, over 50% of new Prairie houses 
exceeded the formaldehyde target concentration of 0.05ppm. With 
a 25 L/s exhaust-only mechanical ventilation system running 
continuously, the number of houses exceeding the target dropped 
to 25% and with a balanced 25 L/s ventilation system, the number 
of houses dropped to less than J 0%. 

Exhaust-only ventilation systems were about 75% as effective as 
balanced ventilation systems of the same capacity. 

ii CMHC Reaidential IAQ 



RESUME 

A mesure que s'accroit l'etancheite a l'air des maisons par souci de 
reduire la consommation d'energie, la question de la pollution interieure 
menace de plus en plus la sante et le confort des occupants . 

On a effectue une analyse de modelisation de l'effet qu'ont les 
concentrations de polluants et les methodes de ventilation a l'interieur 
sur la teneur en polluants par rapport aux limites et niveaux cibles 
d'exposition chez l'etre humain. 

Une recherche documentaire etendue visait egalement a determiner les 
emanations polluantes des materiaux de construction, les concentrations de 
polluants presentes dans toute la maison et leti limites relatives a la 
sante . Les renseignements dans ces trois domaines sont inexistants ou 
contradictoires. 

11 est necessaire d'etablir les limites relatives au confort et a la sante 
en fonction d'etudes tenant compte des facteurs toxicologiques, mutagenes 
et cancerigenes. On devra egalement determiner s'il est preferable 
d'exprimer les limites selon la masse ou selon le volume pour representer 
les effets sur le confort et la sante . En raison des consequences variees 
sur le confort et la sante, nous recommandons de ne pas utiliser la 
concentration totale des composes organiques volatils (COV) pour evaluer 
les niveaux de polluants . Le «melange» des polluants et leurs effets 
presentent trop de variations. 

Bien que certaines donnees soient dis ]ponibles, nous devons obtenir des 
donnees precises sur l'etancheite a l'air et les polluants de !'ensemble de 
la maison persiste en ce qui a trait aux composes organiques volatils (COV) 
les plus repandus. Un modele de prevision des concentrations a la source 
devra etre elabore et etalonne a partir des donnees de l'enquete . Une 
documentation importante devra etayer les donnees des essais si l'on compte 
s'en servir a cette fin. 

Pour augmenter la quantite de donnees disponibles relativement a 
l'etancheite a l'air, des tests ont ete effectues dans 36 maisons des 
basses terres continentales de la Colombie-Britannique. Les annees de 
construction de l'echantillon s'echelonnaient de 1920 a 1978. Les maisons 
de cette region sont non seulement construites plus etanches mais aussi 
plus grandes. Elles demeurent cependant les maisons les moins etanches au 
Canada. 

Un modele simple de simulation de la qualite de l'air, suffisamment rapide 
pour permettre des analyses parametriques des ef fets du changement de 
nombreuses variables, a ete elabore. On devra poursuivre !'elaboration de 
ce modele afin d'en accroitre la precision et la souplesse d'emploi. 

L'etude a porte principalement sur les effets des composes organiques 
volatils (COV) etant donne qu'ils se retrouvent frequemment dens les 
maisons et qu'ils peuvent etre elimines a la source et par ventilation . 
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Les resultats mensuels d'environ mille essais annuels ont ete regroupes en 
plusieurs bases de donnees afin d'en faciliter l'acces et la presentation. 

Selan les concentrations de polluants relevees, environ 25 p. 100 des 
maisons les plus etanches et les plus petites des Prairies et de la C.-B. 
enregistrent des niveaux de formaldehyde plus eleves que la limite 
d'intervention fixee par la Direction generale de la protection de la sante 
du Canada au cours des mois critiques de l'inter-saison. Un nombre 
equivalent de maisons ontariennes depassent la norme pendant l'ete, entre 
autres dans les maisons climatisees. 

Des tableaux presentant les concentrations de polluants maximales 
admissibles ont ete dresses a partir d'un echantillon de trois regions du 
Canada. Ils permettent de calculer les concentrations constituant la limite 
acceptable pour chaque substance polluante. 

Sans ventilation mecanique, plus de 50 p. 100 des maisons neuves des 
Prairies depassaient le concentration cible de formaldehyde qui est de 0,05 
ppm. Grace a l'installation d'un systeme de ventilation mecanique par 
exlracLiuu <le 25 L/s fo111..:tlunua11L cuus LanuueuL, le nombre de rualsons 
depassant cette limite est tombe a 25 p. 100. Le recours a une installation 
de ventilation equilibree de 25 L/s l'a ramene a moins de 10 p. 100. 

Les installations de ventilation par extraction offraient 75 p. 100 de 
l'efficacite des installations de ventilation equilibrees de meme capacite. 
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1 BACKGROUND 

~ aooss::<s ::Sbc saam ·:mms:!chtat · :::soo:maxussssc:oc~m:ms ec a ae:t1ae1m ucm iik:Miii 2<CUi:~~ ...... w .. ~,,.~m;:e.s:;m;rnJ; 

1. 1 Project Objectives 
~ : : 1 , M'~f~~z;rn 1essn;;a; s= ii:! i cs l ::~mmmimrnamrn : :c : : ;· :: d · u: = = • m ow: 

1.2 Background 

The purpose of this project was to carry out a mathematical 
modelling analysis of the interaction of indoor pollutant source 
strengths and ventilation scenarios on the concentration of 
pollutants, and compare them to human exposure limits and targets. 

Several associated tasks were carried out in order to accomplish the 
overall project objective: 

• Carry out a survey of building characteristic, pollutant 
sources and pollutant health limits; 

• Develop a simple, fast indoor air quality simulation 
model; 

• Determine representative housing characteristics to model 
(this required that we carry out air-tightness field tests 
in one region where data was lacking); and 

• Perform over a thousand simulation runs to determine 
pollutant concentrations over a one year period - for 
three regions, several house types and various ventilation 
and control strategies. 

• Compile simulation results into several databases for ease 
of access and to enable the output of formatted results. 

~»:::: .. ~~~~~-*:»::.»:::~~=~~~~rnm:&~~~~~--=-~~~~~"*'~*"~:-;.)~-:r: .. ~~:.~~"?;~.~:~,,~m;s;...:.xt-~~ .. «trn~~;e(, 

COl!bustion by-products 

• appliances 
• fireplaces 
• cigarettes 

There is a Jong list of pollutants measured in residential environ
ments. The pollutants break down into four broad categories, based 
on source. 

Table 1 .1 Residential Pollutants by Source 

Outdoor pollutants Biogenic particles Volatile & semi· 
volatile organic com· 
pounds 

•soil gases <radon, • fungus • building materials 
methane, pesticides, • mites • furnishings 
etc.) • bacteria • cons~r products 
• Industrial air pollu· • organic dust • human bioeff luents 
tents CSOz, HOz, ozone, • indoor activities 
etc.) (cooking, washing, hob· 

bies and crafts) 
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Referring to the table above, combustion by-products have been 
well researched and a strong consensus is that combustion should 
not occur within the building envelope. There has been no suggestion 
that dilution, by ventilating the house, is a feasible solution for 
combustion related pollutantsl 

Also, soil-based research is on-going and models have already been 
developed to predict indoor concentrations. The primary control 
measure is the design of pressure difference control and an effective 
barrier to prevent entry into the below grade envelope (this concept 
includes sub-slab ventilation). . 

It is not possible, in residential systems, to control other outdoor 
source pollutants (S02, N02, etc.) through ventilation. 

The presence or abundance of biogenic particles relates directly to 
how the occupant operates the house and high concentrations are 
usually a symptom of improper operation - in many cases relating 
to details of lifestyle (such as high relative humidity) and building 
construction (low surface temperatures leading to condensation). 
Therefore, ventilation scenarios are not likely to have a significant 
impact on this class of pollutant. 

Unlike these other sources of pollutants, Volatile Organic Com
pounds (VOC) can be controlled at source (through design and 
material selection) and/or through ventilation. 

For these reasons this study emphasizes Volatile Organic Compounds 
as the primary type of pollutants of concern for the Indoor Air 
Quality (IAQ) modelling. 

l e.g.: "In view of the carcinogenic properties of tobacco smoke, it jg recommended that any exposure to tobacco 1moke 
in indoor environments be avoided.", Exposure Guidelines fot residential indoor air quality, Health and Welfare Canada, 
April 1987. 
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2 LITERATURE REVIEW 
~~w=,tg: m'1a:11•: ·::: : m:: ! : e:oo= 2~!~:m e ::ne>.::m i: : :rn 

1. 

2. 

3. 

1. 

2. 

3. 

4. 

The objective of the literature review was to select a sub-set of 
pollutants that were well understood and a cause for concern. The 
following criteria were used to screen pollutants: 

Table 2.1 Pollutant Selection Criteria 

Key Criteria 

Pollutant his been found in high concentration (greater than 5 µ.g/ni3) 
in surveys of residential envirorwnents. 

Sources of the pollutant have been well documented by small chanber 
testing 

Pollutant has been researched by the medical profession to establish 
health i~cts and irritation potential and to set limits or guide· 
lines for hi.inan exposure. 

We used a 5 µg/ms cut-off point to narrow the selection of VOC. 
As more health and residential concentration data becomes available, 
the list of pollutants should be refined. 

In addition to the above criteria, we wanted a mix of pollutants 
that were either odorous or irritating to the mucous membrane and 
either toxic or suspected/confirmed human carcinogens. This 
reflects our concern with both the health and comfort aspects of 
indoor air quality. 

Table 2.2 Literature Re~·iew Tasks 

Review field surveys that identify and/or measure the concentration of 
pollutants in residential dwellings. 

Asserrtile an inventory of emission rates from building materials, . 
furnishings, and consumer products, and identify factors that influ· 
ence their indoor concentration. 

Investigate current and proposed indoor guidelines and limits for the 
same pollutants identified in the second task. 

Create a list of critical indoor air pollutants based on the frequency 
of occurrence in the residential envirorvnent, the typical levels of 
concentration relative to current or proposed limits, and the known or 
suspected effect on occupant's health or perceived comfort. 

2.1 Pollutants in Residential Dwellings 
~X~$:~~~~.:~~:««;f.X:;$~~-<~~W~¥:t:?u~{X~~~...,:~~~~n.™"®& . £ZC.~'WW 

Survey data has been limited to residential construction. While the 
vast majority of indoor air quality surveys for volatile organics have 
been carried out in office buildings, this data has been excluded 
because of differences in the materials used, occupant activities and 
the operation of office equipment. 
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A poor correlation exists between the types of pollutants found in 
houses in different studies - a fact not acknowledged by the authors 
of these reports. Jt is likely that each group of researchers used 
different sampling and analyzing techniques, and were searching 
for different compounds. Also, the types of construction and the 
composition of consumer products may have been different. Age 
of products is another factor that is generally not documented. All 
this points to the necessity of thorough documentation of each 
dwelling. 

While a number of residential studies were used for background 
and to assist in the selection of critical pollutants2, work carried 
out for CMHC formed the basis of pollutant source strengths used 
in most of the IAQ simulationss. This data was sufficiently 
complete, including air change data, volume and pollutant con
centrations to allow for the calculation of source strengths (see 
section 4.3 and Appendix, section 10.2). 

2.2 Emission rates from Building Materials and Consumer Products 
~:::::;:~:::::::~~:t::::~~:::;:;:;:;:;:;:~;:;:::;:;:::~;:::;:-::;-:;:;:;:::::~~~»:=:':!'.Xt?:.;..:w;.1;.;..~,%, .... ~ ...... ~xWE:!:: :"6· : ·:::3·::3:S·~· ; · · · : · : ::?: :c:@:io:3-·:E ... -:-:("»~~:::.~ .. -r::~rr.m~t<.~t!'~::··):•~ 

The data on emissions from residential building materials is 
extremely scarce. There is little or no data on how emissions from 
products vary by manufacturer or how emissions vary depending 
on temperature, humidity, age of product, or total loading of the 
ambient air. Just as significantly are the wide variety of testing 
and reporting methods which makes comparison of data from 
different sources difficult or impossible. Consequently, the 
available data (summarized in the Appendix, section 10.2), should 
be used with extreme caution until more extensive and consistent 
data becomes available. 

Materials break down into "wet" and "dry" products. Wet products 
consist of a significant liquid fraction that dries, releasing the 
majority of its voe in the first l 0 to 100 hours after application. 
After about 100 hours these products can be considered dry 
products. 

2 Krause, C., et al, "Occurrence of volatile organic compounds in the air of 600 homes in the Federal Republic of Germ1my", 
Indoor Air '87: Proceedings of the 4th International Conference on Indoor air Quality and Climate, Vol. l, pp. 102-106. 

Otson, Rein, "Survey& of Selected Organic& in ResidentiaJ Air", Health and Welfare Canada, Indoor Air Quality in Cold 
Climates, Har.ard& and Abatement Measures, Air Pollution Control Assoc.., Ottawa (April 1985), pp. 224-236. 

Wallace, Lance, "Volatile Or&a.nic. Compounds in 600 US Homes: Major 1ources of personal exposure", Indoor Air '87: 
Proceedings of the 4th International Conference on Indoor Air Quality, Vol. l, pp.183-187. 

S Dumont, Rob, "Volatile Organic Compound Survey and Summarir.ation of Results", January 1992, by Saskatchewan 
Research Council for CMHC. Survey& Rein Otson'1 26 VOC compounds in 20 Saskatchewan and 24 Ontario houses. 
Volumes calculated and passive air change rat.es determined by PFT dec.ay (concurrent with pollutant concentrations). 
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Dry products emit VOC at a steadily declining rate which can stretch 
from months to years. While emission rates generally decrease over 
time, changes in temperature and humidity can cause increases or 
accelerated decreases. 

The Total Volatile Organic Compound (TVOC) rate of emissions is 
. often used to characterize the voe emissions from a material, 

however the suitability of TVOC as an indicator is still very much 
in question. The individual VOC vary considerably in their effect 
on health and comfort - ranging from no known effect at high 
concentrations through carcinogenic effects at low concentrations 
(see section 2.3 ). 

Analysis of volatile organic compounds is accomplished using Gas· 
Chromatograph/Mass Spectrometer (GC/ MS) technology which is 
expensive and time consuming. A further step is required . tci go 
from identification to quantization of a compound. The result is 
that many of the researchers have economized and have only 
identified the most prevalent compounds. Jn some cases the total 
emission rate for a class of volatile compounds (e.g.: aromatic 
hydrocarbons) is determined. This drastically limits the usefulness 
of the data in determining the health and comfort effects of a voe. 

2.3 Health and Comfort Limits 
.1::::::::::::::::~::::::::::::::::::::::::;:;:::::::::;:::~;::=:=:::::::::::::::::~::::::::.::::::~::~:~~:~=::~::::::::::::::~::~~:~::~:=~::::~~<~~:::::::::~':::::::~:!=~::-::.::~::Y."?:~'!=~~~:::.~:=:=:::.m:;::~«.»::~». .. :.:s:::.;::-:..::x.::~:::::::~::::::.-::::::::::::;:;:;:~;::::::=:::::::::$!~»:=:~~=:o:::»:::::~:~w::~~=::~:W.:.~~~AA •. ; .. Uc .WWW· 

1. 

2. 

3 . 

4. 

2.3.l Odour Limits 

VOC effect people in various wa)•s. In Table 2.3, examples 1, 2 and 
3 are usually subject to concentration thresholds below which their 
effect is negligible. However, carcinogenic effects are suspected to 
have no threshold and to be cumulathe in their effect. 

Table 2.3 Examples of VOC Health Effects 

Discomfort due to odor 

Irritation of ll'Ucous menbranes leading to more frequent health prob· 
lems 

Toxicity, singly or in groups, causing acute or long term health 
problems 

Carcinogenic (suspected or confirmed) 

~~·~:·;::·:·:·c·;::=..~·;-;-:-;-'.~-:~-:~ .. ::;<t;$k~·~·~!~·:~~~ .-»» ... · ·· ~~~-~·>":":$.~~g~;: j '.] [j~ !'.'. . '.'.~Uf.S,jf§ _: ;i tt<:m ~ 

Odour thresholds have been established for many compounds. Jon 
Ruth has compiled odour threshold data4 for about 450 chemical 

4 Ruth, Jon: "Odour Thresholds and Irritation Levelf of Several Chemical Sub~tances : A Review", Wausau Insurance 
Companies, 550 California St., San Francisco, CA. 
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2.3.2 Irritant Limits 

substances. Ole Fanger has also concentrated on a broader definition 
of comfort which includes occupant's or a judging panel's per
ceptions6. 

Lars Gunnarsen, in his study on Adaptation and Ventilation 
Requirements, suggests that humans adapt differently to VOC from 
different sources. He concluded the following: 

Air quality is least acceptable immediately after entering a 
room with air pollution. After a few minutes, people 
adapt and the air is perceived as more acceptable: 

Adaptation improves acceptability for human bioeffluents, 
some for Environmental Tobacco Smoke (ETS), and least 
for building material sources. 

When defining ventilation requirements for adapted peo
ple, human bioeffluents may be neglected, ETS source 
strength may be reduced 50%, and building materials 
source strength may be reduced 30% compared to non
adapted people. 

~=~:::::~::s:::~~:::::~:::::::::::::::::::::~::::::::::::::::~:~~::::~~~=-~::::::::::~=~==::::~~::::::x:::::::v:Ut.:$:~~:.:!:i=~~:S'::X~B~~~WW;!.:;<J«r~~~::;'$:;;;:.:::;;::::::::::::::::::::::::~:::~~::::~~===::::::::~:::::::::::::::~~~:;::::::::::::::::~::::m:::~~~~ 

2.3.3 Toxicit~· Limits 

Molhave and others have concentrated on documenting the physical 
symptoms caused by exposure to a mixture of VOC that are 
commonly found in office buildings (also, see section 2.35). 

f'~::"!::;:;:~;~~:;:;:::~x-:::;:;:;~:::::;:;::::~:;::::~:;:;:;:;:.~;:;:;:;:;~:;:;?.~;:;.;-:-~~;:~:t::::~;:;,:~~-:".:"l~~~;;~<":i.~~:;;~'0~X~~~«t::C~~~~:~;::z;:;~:::;~~~:;~~~~:~;:;:;:::::; :::;:;~:;;::;:;:;~:;:; :;:;:;:;:;~:;:::::::::::;:;:;:;:::;:;:;:;:;:;:;:;:;:3;~~:~sz,czS$.;,:~ 

There is presently a major debate occurring as to whether existing 
occupational standards can be applied to residential indoor air. The 
consensus, however, is that occupational limits are too conservative 
(high) to be appropriate, perhaps in general6, but definitely for 
determining allowable exposures for infants, the elderly, the sick 
and for pregnant women - all of whom are not only more susceptible, 
but also may spend up I 00% of their time in the home environment. 

Some existing and proposed VOC limits are summarized in section 
10.3. The U.S. EPA found the following compounds to be toxic or 
mutagenic. 

5 fanger, Ole : "Hidden 01'5 in Sick Buildingg", ASHRAE Journal , November l ,988 
0 S.A. Roach and S.M. Rappaport, "But They are Not Threshold&. A Critical Analysie of the Documentation of Threehold 

Limit Values.• American Journal of Industrial Medicine, Volume 17 (1990), pp . 727-753 . 

Jn examining the documentation on 488 chemicals listed in the 1976 TLV1, the re&earchen found the following: 

• TLVa were poorly correlated with the incidence of advene effects 

• TLV1 were well correlated with the exposure levels which had to be reported at the time the limits were 
adopted 

• Interpretation of exposure rnponse relationships were inconsistent between the authon of studieE cited in 
the 1976 Docu~entation and the TLV committee 

Roach and Rappaport conjecture that the TLV1 repreeent levels 9f exposure comidered attainable at the time. 
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Table 2.4 Toxic or Mutagenic Compounds 

Carbon Tetrachloride 
Chloroben1ene 
n·Decane 
1,2-Dichloroethane 
n-Dodecane 

Ethyl benzene 
1,1,2,2-Tetrachloroethane 
1,1,1-Trichloroethane 
Trichloroethylene 
Undecane 

2.3.4 Carcinogenic Limits 
~s~~~~~~:::::~w~~~~4~~~1-:twmrs·*"***-•*m• 

The introduction to the Canadian Health and Welfare Guidelines 
has the following to say about carcinogenic substances: 

"There is evidence that for carcinogenic substances threshold levels 
may not exist. It follows in such cases that there is no level of 
exposure at which a hazard does not exist, although at very low 
concentrations the health risks may be so small as to be undetectable. 
For carcinogens, the derivation of acceptable exposure limits using 
experimentally derived LOAEL7 and safety factors is considered 
inappropriate ." 

The following compounds are known or suspected carcinogens (U.S. 
EPA and others). 

Table 2.5 Carcinogenic Compounds 

Benzene 
Chloroform 
m,p·Oichloroben1ene 
Styrene 

Tetrachloroethylene 
m,p,o·Xylene 
Formaldehyde 
Toluene 

2.3.5 Summary of Limits 
!"..:::::::::::~:::::::8;:::::;:;:;:;:::::::::::::::::::::::::::::::::::.:::::::::::::::::::: ::::::::::;:;:::::::::::::;:;:;::::::'.::::::::::t .. ~~x-:.~;=::~~i::::::::;;~:;,::::~:::'!$;"~~~~~°*~::::;;~;.~::~::::::::~~:~:~:::~::::~;:;::::.;:::;::::{:";;~::~::::;:::::;:;::::::::::::::::::;::::;:;::::::::::::::::::::W::::::::::~~:~::::::~:::~~~~::;~::;~~:;:~~; 

Molhave, Tucker and Seifert have each proposed different VOC 
standards for residential and commercial buildings. 

Molhave based his proposed TVOC standard on the irritation 
response of his subjects to a mix of 25 compounds found in office 
buildings8. Molhave's guideline of 0.20 mg/m3 is based on summing 
the signals from all voe and reporting them as an equivalent 
concentration of Toluene. Molhave has attempted to provide a 
foundation based on the results of health effects studies, but he 

7 LOAEL: Lowe&t Observable Advene Effect Level 
8 The mixture' of compoundf used by Molhave consisted of: 

n-Hexane 
n-Nonane 
n-Decane 
n·Undecane 
1-0ctane 
1 ·De-cane 

Cyclohexane 
3-Xylene 
Ethyl benzene 
1,2,4-Trimethylbenzene 
n-Propylbenzene 
Pinene 

n-.Pent anal 
n·Hexanal 
lso-propanol 
n·butanol 
2-butanone 
3-Methyl-3-butahone 

7 

4-Methyl-2-pentanone 
n·butylacetate 
Ethoxyethylacetate 
1,2-Dichloethane 
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also states that "field investigations and controlled experiments are, 
however' yet too few to allow a final conclusion" to voe limits. 
Also, we believe that his approach is basically flawed, since it relies 
on a TVOe limit and, if the mix of compounds in buildings change 
(as they will), then the comfort/toxic/carcinogenic effects will also 
change. 

Tucker proposes an allowable limit of 0.50 mg/ms from any single 
source, but scaled according to the number of sources present. He 
also sets limits according to the building material source - floors, 
furniture, etc. His limits are based on Molhave's work. 

Seifert compares the ten most prevalent compounds with limits for 
each of several voe compound classes. 

Table 2.6 Seifert's Proposed VOC Limits 

Chemical Class Concentration 
(mi crogrems/m3) 

Alkanes 100 
Aromatic Hydrocarbons 50 
Terpenes 30 
Halocarbons 30 
Esters 20 
Aldehydes & Ketones 20 

(except formaldehyde) 
Formaldehyde 60 
Other 50 

Target guideline (sl.ITI of 10 most prevalent 300 
VOC) 

Concentration of an individual c~und should neither exceed SOX 
of its class limit nor 1DX of the TVOC. 

While we feel that Seifert's approach has merit9 in that it provides 
limits for classes of compounds rather than only for me TVOe, we 
feel that the best, long-term, approach would be to provide limits 
for selected indhidual compounds. The reason for this is that, with 
the wide range of effects that VOC have on health and comfort, it 
is impossible to reliably link TVOe to health or comfort effects 
(for example, air fresheners give off voe but presumably have 
little or no effect on health or comfort for the general population). 
The only justification for limits of combinations of compounds (in 
addition to limits for individual compounds) would be to account 
for synergistic effects. 

9 Howe\/ er, Seifert states that his "propo~ed target \lalue iE not based on toxic~logical considerations". This is not 
unreasonable since each clas! of compounds represents a mix of health effects. 
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At this time, therefore, we will use Seifert's proposed limits and 
assume that the compounds that we select are the most prevalent. 
With respect to formaldehyde, we will use the Canadian Health 
Protection Branch recommendations of 120 micrograms per ms (0.10 
ppm) action level and 60 micrograms per ms (0.05 ppm) target level 
(the latter value coincides with Seifert's limit for formaldehyde). 

The other change that we propose is that l'Olumetric limits rather 
than mass-based limitslO be used. This is in line with the fact that 
users of these limits - building scientists, ventilation system 
designers, etc. - deal with building volume, volumetric flow rates 
and volumetric air changes per hour. If limits for individual 
pollutants are used, then the compound molecular weight will be 
known and conversion from mass concentration will be easy. Also, 
there is some evidence that health effects may be linked more 
directly with volumetric concentrations (ppm or ppb ), rather than 
to the mass concentrations of pollutants11 • The fact that measured 
mass concentrations must be corrected for temperature and pressure 
to convert them to volumetric concentrations is of little relevance 
given the magnitude of other uncertainties already discussed. 

Health limits from a variety of sources are summarized in Table 
2. 7 and in section 10.3. It is interesting to note that the range of 
limits proposed from various sources covers a range of about 10,000 
to 1 ! 

2.4 VOC Selected for Analysis 
~:::::::::::::::::::::::::::::::;:::::::::'.~;'.::::::::::'.::::;:::::::::;:;:::::::::~::;:::::::;:;:::;:;:::;::::::::::::::::::::::::~~°!W::::~~::~~~:~':;::~~~~:'.~::-<~~:::::~!:'::~:~:~:::::~~~;:.=:;_:,_~~::~~rt:...~:;:?;~::~::;s;:;e?~~:~:~:;~::~~:;:::;::::::~~:;:;:::::!::::~:;::-..:':;~::::::::~:;:::::~;:;:;:;:::::;:;~:::::::;::~:;:~:~:"::'.:~;:w.::?.~t?::~ 

Considering that the simulations to be used will not account for 
individual compound characteristics (adsorption/desorption rates, 
concentration limiting factors, etc.), the actual list of compounds 
investigated is not. too critical, except to illustrate the proximity of 
concentrations to limits and the effects of remedial methods. In 
fact, the database of simulated results is non pollutant specific (see 
section 4.4), so the results can be applied to other pollutants at any 
time. 

After investigating lists of chemicals prevalent in residential con
struction, we have established the following list of compounds to 
include in our analysis. 

10 The conversion from ma.SE concentration limit to volume limit is: 
0 .02445 

L1m1r ··•·~· • L1m11~ ... ..- (Af ol•tu larlo' e19hl) 

Limitvolume in ppm 
Limitman in microrrarru per mS 

ll Girman (Cal ifornia Dept. of Health Services) makes this point in a letter to t he "Indoor Air Quality Update" and also 
quote~ Molh;,ve a5 having a ~imilar opinion. 
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COfllX>Und 

Formaldehyde 

Benzene 

Toluene 

kylene 

Nonane 

Undecane . 

L imonene 

a-Pinene 

Ethyl benzene 

Table 2.7 Selected VOC and their Characteristics 

Mol. Class Effect Sources Avei I able Proposed 
llt. Limits Limit 

30 Aldehyde suspected Plywood, particle board, car- Dept. of 0.1ppm 
carcinogen pets, panelling, upholstery fab- Health & \lel-

ric, urea foam insulation, fare: 
wallpaper, caulking, floor 1 .Oppm 
varnish, adhesive, gypsum board, ACGIH TLV: 
tobacco smoke 

78 Aromatic suspected Adhesives, spot cleaners, paint ACGIH TLV: 1.0ppm 
Hydrocarbon carcinogen remover, particleboard, tobacco 

smoke 
92 Ar011111tic confirmed Solvent and water based adhe- Seifert: Aro· 

Hydrocarbon carcinogen sives, edge sealing, moulding matic Class: -o.oos 
tape, wallpaper, jointing ppm 
COfllX>und, calcium silicate ACGIH TLV: 100ppm 
sheet, floor covering, vinyl ACGIH STEL: 150ppm 
coated wallpaper, caulking com· 
pounds, paint, chipboard, lino-
leum floor covering, kerosene 
hratrr~, tobacco smoke 

106 Aromatic mucous Adhesives, jointing c~und, ACGIH TLV: 100ppm 
Hydrocarbon mefl'brane wallpaper, caulking c~unds, ACGIH STEL 150ppm 

irritant floor covering, floor lacquer, 
grease cleaners, shoe dye 
tobacco smoke, kerosene heaters, 
varnish, kerosene heaters. 

128 Alkane mucous llallpaper, caulking, floor cov· Seifert: ·0.010 
mell'brene ering, chipboard, adhesives, Alkane Class ppm 
irritant cement flagstone, jointing 

con;xiund, floor varnish, kero· (ACGI H TLV) 200ppm 
sene heaters, floor wax 

156 Alkane mucous llallpaper, gypsum board, 
mell'brane floor/wall covering, joint com· 
irritant pound, chipboard, floor varnish, 

paints, paint removers 

136 Terpene short term Paint, adhesives, chipboard, Seifert: "0.003 
irritant detergents Terpene Class ppm 

208 Terpene mucous Cement flagstone, fibreboard, 
membrane gyps1.n board, adhesive, insule-
i rritent tion sheets, chipboard, calcium 

silicate sheet 

106 Ether skin & Floor/well covering, insulation Seifert: -0.002 
nueous foam, chipboard, caulking, Ether Class ppm 
mell'brane jointing cOfllX>und, fibreboard, 
irritant calci1.n silicate sheet, adhe- (ACGIH TLV) 100ppm 

sives, floor lacquer, grease (ACGIH STEL) 125ppm 
cleaners 

Note: ACGIH TLV (Threshold Limit Values) and STEL (Short Term Exposure 
Limits) are occupational I imits. 
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3 IAQ PROGRAMS 
ICS<f":.1i£i~a om:~~s-:.~~~~~~~~~> ~ ; cas::a:mai=::tt:~~~-~ ;::x=1s;s:;~~~~~~~~~;;a22 w 

3.1 Background 
~r:e:~~~:~::::~:~:>;::-.:c:~~~.tW?e?t _a.eca::::z:m:: umr1UiJllM wwaza&&mu ;nn»e:m.~~~~~~:Zt'*•0 :~ : a , 

3.2 AQ1 Program 

Because of the uncertainties in health limits and microscale emission 
and air movement factors, residential IAQ modelling can be 
characterized as being at a preliminary stage. Most modelling work 
to date has used programs requiring extremely detailed inputs. Many 
of these inputs cannot be determined with sufficient accuracy to 
give credible results. 

Until such time as VOC emission characteristics and the health 
effects of voe pollution are known with better accuracy, there is 
little to be gained by very accurate modelling of pollutant con
centrations. At this stage, what is required is a simple model to 
carry out hundreds of runs covering a range of climatic regions, 
housing types, ventilation types and ventilation operating scenarios 
to determine critical combinations of building and operating 
characteristics . As more accurate data and limits become available, 
further analysis, with more accurate modelling, can be focussed on 
known critical combinations. · 

A variety of IAQ models were surveyed , but none were deemed to 
be suitable for our requirements. A good review of IAQ models is 
contained in the paper by Bruce Weirl2. 

f:::::;:;:::::::::;:;:::::::;::::::::::::::::::::::::::::::::::::::::::;:::::::~.;:::::; .;:;.;.; :;:;~*=~:::~::~:::: :::;:;:;:::::::::::::=~:::::~::;~:::~;::::::::::8':::~::~:;:::::::.~::::~::~:::;:;:;:;::~:;~~~~::::~::::~:~:::::~~:~:.:~::::::~:~:~;::::;::::::;-::::::::;:::::::~::::::::::;:::::::::::::::::::;:;::::::::;::::::::::::;~: ::::::::::::::;:::;:::::::::::;:;::::;~::::::::::::::~~:E::'.:~~ 

The Indoor Air Quality program, AQI, created for this analysis is 
described and documented fully in the Appendix, section 9. 

The program AQJ is an indoor air quality model for a one-zone 
building. It uses weather, pollutant and building characteristics to 
calculate hourly infiltration/ventilation rates and pollutant con
centration rates . 

The program uses the AIM-2 infiltration modeJlS to calculate natural 
infiltration. Ventilation added by exhaust and supply fans is cal
culated using a fan model developed by Ecotope . 

Source and sink effects are not modelled, nor are concentration 
dependant emission rates. The calculated concentrations can 
therefore be scaled with actual emission rates during 
post-processing. 

12 Weir, Bruce, et al "Specification of Indoor Air model characteristics", Indoor Air 90 , Toronto, Ontario, volume S, pp. 
231-236. 

l3 Walker, l.S. and Wilson, D.J., The Alberta Air Infiltration Model, AIM-2", The University of Alberta Dept. of Mech . 
Engineering Report 7J, January 1990. 
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4 IAQ SIMULATION RESULTS 
~~~c~&*::~-w • 1@ffeti ~;z~aw-~~~rl~l!'EW':!1!<!l!iBilllll!lllll!lllfrllia 

4.1 A01 Testing 
1::;-::r~@~~~::~~:;:»'::~~<.:)\:!~~~~~..JZWW!) );:::a •u 1 ~dOi:&2Sbb.£~:s;.t™™$t,;x·i WJ:-1 e ±f&il 

4.2 Weather Data 

A number of trial runs were carried out with data provided by 
CMHC in order to: 

• compare calculated with measured air change and pollutant 
concentrations 

• perform a parametric analysis to see the effect of changing 
detailed model inputs. 

Two houses were analyzed and the results are presented in section 
9.5). Generally the distribution of holes in the building envelope 
is unknown and must be estimated. By changing unknown factors, 
such as the infiltration coefficients describing the locations of holes 
in the walls, roof, floor and flue (R,X,Y in the AIM-2 model), 
building height, shelter factors, etc. we were able to model changes 
in infiltration of over two to one. This points to a need for more 
complete documentation of test results - shelter factors, building 
heights, etc. 

Using March weather to match the test period, predicted infiltration 
and concentration could be brought to within 20% of measured 
values with a 'reasonable' mix of estimated building coefficients. 

~:;: :;::;:::::;:;:::::::::::::::::::::::: :::;:::;:~;;(~:::::::::::::::::::::::::;:::;:;::::~:::::::::::: :;:::::::::::::::::::::;:;;.:°':;::::~~:::::x~:::::::::~:<::'$::::;:;"::::::~~::::::::::::::::~*=:~:::::::~~;:~::::::::::~:::::~:~:;:;:~~~~~:~:::*:;:;::::::::::::::~=::::::::::::":~:=:::::::::::::::::::~~:::::::::::::;:::~::::;::::::::::::::~:;::::::~::;:::~~::::~::::::{:;::~~~~-::::~~:»~3S::; , 

In the simulations to follow, one year of hourly weather was used 
for the following cities. The following table shows a comparison 
of the yearly means of this hourly data and long-term weather. 

Table 4.1 Annual Anrage Summary of Weather Data 

City Hourly long· term Hourly long· term 
T~. T~ IJind IJind 

CC) CC) (m/S) (m/s) 

Vancouver, B.C.* 9., 9.8 3.9 3.3 

Ednonton, Alberta 1.8 3., 4.0 3.9 

IJinnipeg, Manitoba* 1.6 2.2 4.6 5.2 

Toronto, Ontario* 6.8 7.4 4.2 4.4 

Montr.e1l, Quebec 5.7 6.2 4., 3.3 

·used in this analyses for Pacific (B.C.), Prairie and West Central 
(Ontario) regions, respectively. Edmonton and Montreal files were 
used during the AQI testing (section 4.1 ). 
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Hourly winds for Vancouver averaged 18% higher than long-term, 
while winds for Winnipeg averaged 12% lower than long-term. 

The hourly temperature data resulted in annual mean temperatures 
that were slightly lower than long term for all three cities - but 
typically by about 0.6C. 

These weather files are therefore close enough to long-term that 
infiltration calculations will be sufficiently accurate. 

4.3 House Characteristics 
1S:::~~:::::::"~,~~mx:::::::::::~:::~~:::::::::::::::::;:,*'~'1l:'~*"«(~,-m;;<mi;, ; : :::: ::: ;;missres::;s;is~iim ii!iim;:m: g;;;;mmoclt::!"'i"Bll?!tl::;::~s:s :::-.,.a.~-~,:;;:1::: : : *' • ''''! 

Age Percentile 

pre 1946 so 
75 
90 

1946-1960 50 
75 
90 

1961-1980 50 
75 
90 

1981-1990 50 
75 
90 

A set of representative house types was developed from available 
data (see section JO.I). 

Descriptive and fan-door air-tightness test results were obtained 
for over 400 houses. Output from the database of houses was 
obtained to provide statistical groupings of data by region and age 
of house. For older houses in B.C., field data was obtained for the 
lower mainland (see l>ection 11 ). 

There was not sufficient data available to be able to develop separate 
data for houses with and without flues. The simulations were 
carried out in pairs with the same volume and air-tightness, but 
for one house with a flue and one without. 

Averages of building heights and air-tightness exponent were used 
for each age group and region. Percentile distributions were 
obtained for volume and air leakage coefficients for four age groups 
in each of three regions (Table 4.2). 

Table 4.2 House Characteristics 

B.C. Prairies• Ontario 
Voll.Ille c Voll.Ille c Vol1.111e c 

m·3 m3/Pa ·n m·3 m3/Pa · n m·3 m3/Pa ·n 

600 597 425 261 533 360 
481 408 315 175 385 193 
426 360 283 115 375 190 

472 513 360 145 548 163 
389 279 291 102 449 135 
384 210 226 91 375 125 

490 386 531 118 518 166 
362 204 421 97 462 114 
327 190 333 85 409 91 

721 275 553 82 836 214 
539 248 494 50 725 169 
452 168 397 40 577 132 

The 90th percentile results represent the smallest and tightest 10X of the 
housini stock surveyed. 
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4.4 Database of Results 
~..wt~~.:.W.Y~~~-M;1;S: #G FilaJ ! . !!i::mt_mlim J JJjiii~~.i-~.:1Z~a~::;::>9 • ~ ~2#' 

Several spreadsheet databases of monthly results were set up, each 
consisting of 250 to 400 runs. This was done, not for speed (annual 
simulations take under 5 seconds on a 486 computer), but to provide 
a formatted and graphic output (see Figures 5.J and 5.2 plus samples 
in the Appendix, section J0.4.J). 

The databases are set up to allow for input of the region (Ontario, 
Prairies or BC), age category (pre 1946, 1946-1960, 1961-1980 or 
J 98 J - J 990), building characteristic percentile (50, 75 or 90), and 
ventilation scenario (none, continuous balanced ventilation of 25L/s 
or 50L/s, continuous exhaust of 25L/s or intermittent exhaust for 
2 hours per day at 50L/s). One database was devoted to runs using 
inside to outside temperature difference ventilation control. In each 
case, the output is the average of two runs - with and without a 
flue. In the future, if the building characteristics can be disag
gregated for flue and non-flue houses, the database could be updated 
to allow separate outputs for this characteristic. 

In the databases, pollutant sources14 for formaldehyde, benzene, 
toluene, xylene, nonane, undecane, limone, a-pinene and ethyl
benzene can be input in several different ways: 

• Using whole house survey data provided (formaldehyde 
for new houses only, other voe for new and older houses 
in Saskatchewan and Ontario) 

• Using user specified quantities (areas) of various materials 
- particle board 
- plywood 
- gyproc 
- wallpaper 
- carpet plus underlay 
- vinyl flooring 

• Using user input source strengths 

• Using sums of any of the above 

14 Note that, since the simulation runs are not specific to a particular pollutant, the resultF can be applied to any 
pollutant, simply by scaling the output (actual aource strength/simulation source strength). The simulations were run 
using 1,000 mL/h as a source strength . 
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5 ANALYSIS OF RESULTS 
~~~~~.~:::::-x~~· :r .:c:.w~1; :~~~~~~ 

Ventilation system 

Voll.Ille (m3) 

None 

The following figures show sample outputs for 75th percentile 
houses (75% of houses are larger and have higher leakage coeffi
cients) in each region, with anrage pollutant source strengths. 

If the houses are assumed to be open during the summer, then the 
critical periods occur when the infiltration driving forces are least 
- typically in the 'shoulder seasons' between the heating season and 
summer. March and October are likely to be critical for pollutant 
concentration for houses that are opened in the summer. Summer 
will be critical for houses that are kept closed year around. 

With average (5.5 mL/h) formaldehyde source strength, the 75th 
percentile Prairie house averaged 0.116 ppm in October - just over 
the 0.10 ppm Action Limit. If the house were kept closed during 
the summer, the non-ventilated house would average 0.162 ppm in 
July - almost twice the Action Limit for formaldehyde. Figure 5.1 
is for a Prairies base case with no ventilationl 5 and Figure 5.2 is 
for the same building with continuous balanced fans at 25 L/s. In 
the latter case, formaldehyde concentrations are below the action 
and target levels. 

With average formaldehyde emissions, the new 75th percentile 
houses in B.C. and the Prairies exceeded the formaldehyde action 
limit of O.JOppm (Table 5.1). This would indicate that over 25% of 
the houses have critical months averaging higher than the action 
limit and considerably higher than the target of 0.05ppm. 

Table 5.1 Formaldehyde concentration in 1981-1990 houses (75th 
percentile) 

B.C. Prairies Ontario 

October August October July October July 

539 494 725 

0. 11S 0. 170 0. 116 0. 162 0.060 0.093 
25L/s exhaust; fans on if t~. diff. <SC 0. 100 0.090 0. 090 0.057 0.043 0.040 
25L/s continuous exhaust 0.055 0.057 
25L/s continuous balanced flow 0.070 0.089 0. 039 0.045 0.029 0.036 

Notes: For formaldehyde, the ACTION LIMIT is 0.10ppm (target limit is 0.05ppm) 

Concentrations are based on survey determined average source strengths of 17.1 ml/h for B.C. and 
5.5 mL/h for the other two regions. T~rature difference controller turns fan on if dT <SC. 

15 Runs ..-ith two hours of exhaust ventilation at 501/s showed virtually no change in average pollutant concentrations 
compared to the no ventilation case (section 10.4.l). 
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Figure 5.1 
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Figure S.2 
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Figure S.3 Prairies 1980-1990 houses (7Sth percentile): Temperature difference controlled nntilation 
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Various pollution abatement measures were simulated, resulting in 
concentrations approaching or below the formaldehyde action limit 
of 0. I 0 ppm. For example, with 25L/s balanced fans turned on 
whenever the inside to outside temperature difference was less than 
8e, the October average dropped to 0.043 ppm to 0. JOO, depending 
on the region16 (also see Figure 5.3 for hourly output for a Prairies 
example). The percentage of hours greater than 0.10 ppm dropped 
from 40% to about 30% - fans operated only 10% of the time but 
reduced hours exceeding the limit by 25%. 

In B.e., activating ventilation below an 8e inside to outside tem
perature difference reduced the number of March hours exceeding 
0.1 ppm from 45% to 40% (fans operated only 5% of the time). 
Increasing the controlling temperature difference to l 4e, operated 
the fans 60% of the time and reduced the number of hours exceeding 
0.1 ppm by 87% (from 45% to 6% of hours in the month). 

Jn Ontario, activating ventilation below an 8e inside to outside 
temperature difference reduced the number of July hours exceeding 
0. I ppm from 34% to 0% (and exceeding 0.05ppm from l 00% to 
0%), with the fans operating 94% of the time. 

Balanced ventilation of 25 L/s reduced concentrations in the new 
75 percentile houses by 41% in B.C., 66% in the Prairies, and 52% 
in Ontario (Table 5.1) - the differences largely due to the different 
size and air-tightness of houses in the three regions. 

In the Appendix, section 10.4. l, additional base and abatement 
outputs are shown for Prairie and Ontario houses with higher than 
average formaldehyde concentrations. 

With regard to the other VOe investigated, it is no surprise that 
concentrations are much less than the conservative AeGIH 
Threshold Limit Values (TL V). In fact, the ratio of TL V to 
concentration ranges from about 500 to 12,000 - indicating that we 
are not even close to the limits for these pollutants. 

However, if Seifert's pollutant limits are used, it is a completely 
different story. For the non-ventilated 75th percentile Prairie house 
(Fig. 5. I) the individual aromatic hydrocarbons averaged from 0.018 
ppm to 0.025 ppm for the year (worse in critical months) - much 
greater than Seifert's limit of about 0.007 ppm. Total aromatic 
hydrocarbon concentration shows a similar trendl 7. The other VOe 
show a similar problem. Even with balanced fans running con-

16 The resuits for temperature difference controlled ventilation 1hould be taken :u indicative, rather than absolute, 1ince 
AQl is not a thermal modelling prorram (temperature differences due to internal and solar gainF are assumed constant). 

17 Seifert u~es mass-baaed limits and these compounds have different molecular weights. If the comp\rison is done using 
ma.u concentrations, the total annual average for the three aromatic hydrocarbons equab 243 µg/m versus the Seifert 
clasE limit of 50 µg/mS - a.bout five times (even higher than the volumetric comparison for each compound alone). 
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tinuously (Fig. 5.2), the annual average concentration of individual 
aromatic hydrocarbons meets Seifert's limit (and the total would 
exceed Seifert's limit). 

Keep in mind, however that Seifert's limits are not based on tox
icological studies - section 2.3.S. Health limits must be defined 
with reasonable certainty before we can determine what pollution 
abatement measures are required - if any are required at all. It has 
been shown, with formaldehyde, that health limits can be deter
mined if the effort is made. 

Figure S.4 Maximum Allowable Pollutant Source Strength: B.C. 
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Figure 5.5 Maximum Allowable Pollutant Source Strength: Prairies 
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Reduction of B.C.'s very high formaldehyde source strengths (J 7. I 
mL/h) should be investigated before using fans to reduce form
aldehyde concentrations. The accuracy of the source strength should 
also be checked, since it is based on only five new houses. 

This type of result illustrates the importance of using regional and 
age specific survey data in simulations (volumes, air-tightness, 
pollutant source strengths, etc.), rather than relying on arbitrarily 
selected values. 

Since formaldehyde source strengths were unknown for older 
houses, maximum source strengths were determined for each age 
group and percentile group that would result in a maximum monthly 
average concentration at or below a limit of O.JO ppml8. The results 
are detailed in section l 0.4. J and summarized in Figures 5.4, 5.5 
and 5.6. 

The graphs and left side of each table in Figures 5.4 to 5.6 show 
the maximum allowable source strength, for a concentration of 
0. J ppm, if the house is closed all year (for security and/or cooling), 
while the right side of each table present maximum source strengths 
if the house is closed only for the October to April heating season. 

These tables can be used to calculate allowable maximum source 
strengths for other pollutants with different health limits, using the 
following relationship: 

(Hea Ith Li mil P'""'""') 
Max . SourceStrengthP, 11.,0 ., • O. I x(Sourcestrengthfromtables) 

Max. Source Strength has units of mL/h 

Health Limit has units of ppm 

The table values in Figures 5.4 to 5.6, and Tables 5.2 
and 5.3 are for specific house characteristics of vol
ume and air-tightness (see Table 4.2) 

18 With no ventilation, thl' ratio or maximum hourly concentration to maximum monthly concentration (used to define 
the value& in the follo .. ·ing tables) was as follows - B.C.: 156% to 195% (average 1743); Prairies: 171% to 2423 (average 
2063}; Ontario: 1503 to 1763 (average 1633). Low value5 were in smaller and tighter hou1es (new, 90 percentile) and 
high values in ·the larger and looser houaee (old, 50 percentile). 

With ventilation (Tables 6.2 and 6.S), the ratio or maximum hourly concentration to maximum monthly concentration 
,..a~ Jo,.·er - B .C.: 1243 to 182% (average 152%); Prairie&: 101% to 1853 (average 1363) ; Ontario: 102% to 1623 
(average 1203) . Again, the smaller ratios occurred with •mailer and tighter houses . The exhau~t-only 1ysterru haq 
greater variability in thi~ ratio than the balanced 1y&terru. 
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Table S.2 Maximum Allowable Source Strength: Continuous 25 L/s Exhaust Ventilation 

Maximum house emissions to maintain maximum monthly concentration below 0.1 ppm 
limit 

Maxilll.lll Source Strength Cml/h) Maxilll.lll Source Strength CmL/h) 
House closed all year House closed Oct · Apr 

B.C. SOXtile 75Xtile 90Xtile 50Xti le 75Xt ii e 90Xti le 

1981 ·90 16. 1 14.7 11.6 21.7 20.0 14.9 
1961·80 19.6 12.5 12. 1 26.3 15.6 14.9 
1946·60 2S.O 15.6 13.0 32.3 19.6 15.9 
pre 1946 30.3 21.3 18.5 41. 7 27.8 23.3 

Prairies 

1981·90 10.5 9.4 9. 1 13.0 10. 1 9.4 
1961·80 12.3 11. 1 10.5 1S.9 13.9 12.7 
1946·60 13.2 11. 1 10.6 17 .2 13.9 12.8 
pre 1946 18.5 14.S 11 .6 26.3 19.6 14.7 

Ontario 

1981·90 12.3 10.9 9.9 16.9 14.5 12.3 
1961·80 10.4 9.4 9.2 13.3 10.9 9.9 
1946·60 10.3 9.7 9.S 12.8 11.S 11. 1 
pre 1946 16. 1 11.1 11.0 22.2 14.3 14.1 

Table S.3 Maximum Allowable Source Strength: Continuous 25 L/s Balanced Ventilation 

Maximum house emissions to maintain maximum monthly concentration below 0.lppm 
limit 

Maximun Source Strength (mL/h) . Maximum Source Strength CmL/h) 
House closed all year House closed Oct • Apr 

B.C. SO%ti le 75Xtile 90Xt ile SOXtile 75Xti le 90Xtile 

1981·90 20.4 19.2 1S.9 26.3 24.4 19.6 
1961·80 24.4 17.0 16.4 31.3 20.4 19.6 
1946·60 29.4 20.4 17.5 37.0 24.4 20.4 
pre 1946 35.7 26.3 23.3 45.4 33.3 28.6 

Prairies 

1981·90 14.3 12.0 . 11.4 17.5 13.9 12.8 
1961·80 16.4 14.9 14. 1 20.8 18.5 17.2 
1946·60 17.2 14.9 14.3 22.2 18.5 17.5 
pre 1946 23.3 18.9 15.6 31 .3 24.4 19.2 

Ontario 

1981 ·90 16.7 . 15.1 13.7 21. 7 18.9 16.9 
1961·80 14.5 12.8 12.0 17.9 15.1 13.9 
1946·60 14.3 13.S 13.2 17 .2 15.9 15.4 
pre 1946 20 .4 1S.4 1S.1 27.0 18.9 18.5 
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For comparison, the tables also show maximum source strengths for 
J 981 -90 houses. These values can be compared to measured values. 
The average formaldehyde source strength for B.C. houses of J 7 .1 
mL/h exceeds October to April values for the 75th and 90th per
centiles - indicating that at least 25% of these new houses have 
formaldehyde conc.entratibns of over O.JOppm (the formaldehyde 
Action Limit). In the Prairies, the average formaldehyde source 
strength of 5.5 mL/h in new houses is slightly higher than the 
October to April 75th percentile value of 4.8mL/h, so over 25% of 
these houses would have formaldehyde concentrations exceeding 
O.J ppm. If the formaldehyde target value of 0.05ppm is used, the 
maximum allowable source strength values in the table would have 
to be halved (For example, the 50th percentile new Prairies house 
has a Max. Source Strenglhtariet = (0.05/0.J) x 8.2 = 4.1 mL/h for 
a house that is closed from October to April. Average actual 
formaldehyde source strength of 5.5 mL/h exceeds this value, so 
over 50% of new houses will have formaldehyde concentrations 
exceeding the 0.05ppm target). 

Tables 5.2 and 5.3 present similar values for 25 L/s exhaust-only 
ventilation and balanced 25 L/s ventilation. For the new Prairies 
housing example used previously, with 25 L/s continuous exhaust 
ventilation, the maximum allowable source strength (for the 75th 
percentile) would be 10. J rnL/h for a O.Jppm concentration, or 5.5 
mL/h for 0.05ppm concentration. This equals the average measured 
source strength, indicating that 25% of these houses would exceed 
the formaldehyde target concentration with a 25 L/s exhaust-only 
system. From Table 5.3, for new Prairies housing, the 90th 
percentile value of J 2.8 for 0. J ppm or 6.4 mL/h for 0.05ppm exceeds 
the measured source strength, so fewer than 10% of these houses 
would exceed the 0.05ppm formaldehyde target limit with a 25 L/s 
balanced ventilation system. • 

The ratio of allowable maximum source strength with the house 
closed all year to that if the house were closed from October to 
April (with no ventilation), varied from 64% (Prairies and Ontario) 
to 78% (B.C.). With 25 L/ s ventilation (exhaust-only or balanced), 
this ratio averaged 80% across all regions and age categories (from 
a low of 70% to a high of 97%). 

The ratio of allowable maximum source strength with 25 L/s of 
exhaust-only ventilation to that with a balanced 25 L/s ventilation 
averaged 80% in B.C. (73% to 92%); 76% in the Prairies (73% to 
84%); and 74% in Ontario (71 % to 82%). The ratio did not show 
any pattern according to age or tightness of house. 
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6 CONCLUSIONS & RECOMMENDATIONS 
~ :!&a:!!! ~-1rn111111t 11111 WW??S?3S'WZ'UA'(.(as:nr"? ~ 

6.1 General 
&:SSll ""~~ sa . 1. . 1:a 

An extensive literature search was performed to determine pollutant 
emissions from building materials, whole house pollutant source 
strengths and pollutant health limits. Available information in all 
three of these areas is lacking, contradictory, or both. 

To expand available data on air-tightness, tests were carried out on 
36 houses in the lower mainland of B.C.. The houses covered a 
range of construction dates ranging from 1920 to 1978. 

Houses in the lower mainland of B.C. are gradually becoming more 
air-tight. Pre and post war houses had NLAs of about 6 cm2/m2 
- decreasing to 4.4 cm2/m2 in the 1961-80 houses, and decreasing 
further to 2.8 cm2 /m2 in the 1989 houses (CMHC cross-Canada new 
merchant house survey). Compared with houses in the rest of 
Canada, these are still quite loose, however. 

A simple Air Quality Simulation program was developed that was 
fast enough to enable large scale parametric analyses of the effects 
of changing many variables. 

Comfort and health limits, based on human comfort and health 
studies that account for toxicological, mutagenic and carcinogenic 
factors. Investigation should be carried out to determine if 
mass-based or volume-based limits better represent comfort and 
health effects. Because of the wide range of effects on comfort 
and health, we recommend that Total Volatile Organic Compound 
(TVOC) toncentrations not be used tci assess pollutant levels. The 
'mix' of pollutants and their effects is too variable. 

While some data is available, there is a need for accurate 
air-tightness and whole-house pollutant source strength data for the 
most prevalent VOC. A sour'ce strength prediction model should 
be developed and calibrated using this survey data. Extensive 
documentation must accompany the test data if it is to be used for 
this calibration process. 

Wherever possible, simulations should use real building data from 
statistically significant surveys. This highlights regional and age
specific problems. Remedial measures based on source strength 
reduction and/or ventilation can then be tailored to the specific 
needs of the region and type of house. 

Results should include the 'tails' of the housing distribution (75th, 
90th percentile, etc.) - averages often do not show the problem 
houses. 
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Exhaust-only ventilation systems were about 75% as effective as 
balanced ventilation systems of the same capacity. 

6.2 Simulation Program Changes 
~'<'>~~w;;W...:'i~~- au ·,;a3ern:ese :s:i,a.. ::;:m i : · ::~!s.!H·J·&f? : W~u.c:swws> :· 

Some recommendations for change include: 

Near term ... 

• Allow for multiple "starts" of a decaying pollutant over a 
one year period (maintenance: waxes, etc.) 

• Allow for hourly output for specified series of months 
(February to April, for example) 

• Output hours of operation of fan(s). 

At a later date ... 

• Incorporate simple thermal modelling to predict inside 
temperatures and heating requirements (enabling effect of 
ventilation control scenarios on heating energy consump
tion to be determined) 

• Incorporate adsorption and concentration limiting factors 
(when accuracy of health limits justifies). 
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9 APPENDIX: IAQ SIMULATION PROGRAM 
~ .. :;:;x::.,. .. :-;s ... ~,;g;:.x.°'»"·"-Y't',-.'•·-~~~;~.:~~~~~~~~~~~~~~:$.W. .. ~v.;.~~~~~;s:cz;;;;;:;;r{ll) 

9.1 AQ1 Program Description 
f::$:~t,;;·;-.-: 1 ~:.~~-i:~~ x i • ! a~ ::aa;D"~~«s:P0 >= ::a.;;w-xs.ww~~;~ 

The program AQI is an indoor air quality model for a one-zone 
building written in Turbo Pascal. It uses weather, pollutant and 
building characteristics to calculate hourly infiltration/ventilation 
rates and pollutant concentration rates. 

The program uses the AIM-2 infiltration model to calculate natural 
infiltration (Walker and Wilson, 1990). Ventilation added by exhaust 
and supply fans is calculated using a fan model developed by 
Ecotopel9. The program produces either hourly values or an annual 
summary of infiltration and pollutant concentration. 

Program behavior is controlled from the command line and from 
four input text files. The command line asks for a filename, which 
is the prefix of the master input file and of all output files. The 
filename entered by the user must contain no extensions, but it can 
include the pathname where the file is located . If a pathname is 
entered, the output files will be written to that location. 

Figure J below shows the AQJ program in mid-operation . To 
execute the program, type "AQJ" and press ENTER. Enter the 
input filename with no extension; in the example shown in Figure 
J, this file was called "AIMHOUSE.in", and the filename "AIM
HOUSE" was entered . The program then begins running and the 
screen shows the run number in progress. 

I' · \ f 10> ••I 

hr1 1 llh ll• f 0• U1tUJU ' • > 11111lltU 

h r IL O"t :i -· IU I • I l 
I .•• ••· • • • • · · · · ·· • •• ··• •• · • 
l .. . ..... . . . . . .•. . .• ... .• • , .... ... .. ... ..... .. .. .. .. .. ... . .... .... ...... .. ... ........ .. . 
.: . .... ...... ······ ····· ..... . .. ' .. .... ...... .. ... ........ . 
1 • . • •••• ••• •• •• • • • • ••• • •• •• •• . • • 
! . . . . . . .. ... .. . . ...... .. .. .. .. . . 
•.. .. ... .. .... ··········-···· · 

10 • • • • • • •• •• ••• • · - ... . . ....... · - • '' ·· ...... .... .. ... ....... . .. 
It • •••••.• ••• . •• ,,, ,,. , ,, •••• • .• • 

hi tD: Htj • · t u 1 •r ' 
1 .. .. . .... . ....... . .. ...... .. . . 
! . . . . • . . . .. .• . •• . .. _ 

Fi&ure 9.1 Operation of the AQJ program. The screen output was 
captured in the middle of a run. 

19 L. Pi.lmiter, T. Bond : "Field Measurement of Interaction of Mechanical System and Natural Infiltration", Proceedings 
of AIVC Conference, September 24-27, 1991, Vol. 1: Air Movement and Control in Buildings . 
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9.2 Program Input Files 
~~™,.: ... :...,.~~~~~~·S::"!==• pg;am:;;ea; :: ;rm.;;& H~smmm ;;:;~2m~~.P???$'Z~ :r4li 

Desired Effect 

No natural infiltration 

No wind infiltration 

No stack infiltration 

No mechanical ventilation 

A,.. .~ . ,-.-. .... • ,., ,.. ~,.. .. .... ,,,A - ,... tt •• 

AQl uses four input files: a master file which has a user-specified 
name, a weather station data file (WEAREC.dat), a building 
description file which contains parameters relevant for calculating 
infiltration (BLDREC.dat), and a weekly schedule file used for 
supply and exhaust fans, pollutant emissions, and occupancy 
schedules (SCHREC.dat). The command line requires a filename, 
which is the prefix of the master input file and of all output files . 

The four input files are discussed in detail in the next sections. 
The master input file may be located in any directory, but the three 
other input files must be in the disk directory containing the AQl 
program. Table 1 lists a few suggestions for simulating various 
effects . 

Table 9.1 Simulation of urious effects using AQl 

Input 

Set building leakage coefficient to 0 in building information 
file . 

Set building shelter coefficient to 0 in building information 
file. 

Set heating set-point lower than the lowest outdoor tempera
ture; set cooling set-point above the highest outdoor temper
ature; set DT to 0. Building will remain at outdoor 
temperature . 

Set supply and exhaust fan flow rates to 0 in master input 
file . 

'-'\w'-'UVQll\ - 5'-" • n .. iat1,;,u ._,u1 au- Use same schrdu1r for poHutant emission and o~cupancy . 

tan ts 

Occupant-operated ventila
tion 

Use same schedule for fan operation and occupancy. 

Decaying pollutant (e.g., 
formaldehyde) 

9.2.1 Master Input File 

Enter pollutant time constant in master input file. 

~~~:~~i~~~~~=:;;~~~~~~::~~:..~:~~::~%~:~::.-:::::~~~~w::::;:t..~~~~~m-:~~i;.:~~~:?:~~~~~~~~lli~;'.;:~;:~::::."®:~%m~~.e.e-WWW~ 

The master input file has a user-specified name, but the extension 
must be ".in". The name of the file, without an extension, is entered 
when the AQJ program asks for the input file name. This name 
is also used to create all of the output files. 
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Run ID 

Elevation (m) 

Set Points (C): 

DT (C) 

Fan DT (C) 

Station # 

Building# 

Efan Sch 

Sfan Sch 

Efan flow (m3/h) 

Sfan flow (m3/h) 

Occ Sch 

Poll Sch 

Emission rate 
(mL/hr) 

Time constant 

Output Freq 

Figure 9.2 shows an example of a master input file. The file can 
begin with as many comment lines as needed, designated with a 
asterisk-space combination in the first and second positions. Input 
data follows the comments, one line per building. The input fields 
are listed in Table 9.2. Each item must be separated with a space, 
and no spaces are allowed at the beginning of a line of data. 

Table 9.2 Master input file structure 

A string of no more than 8 characters and no spaces. 

Elevation above sea level of the building 

Heating set point and cooling set point 

Minimum house temperature rise over ambient unless pinned by the 
cooling set point. 

Minimum difference between outdoor and indoor temperature to keep 
ventilation fans from operating. If the DT during an hour is smaller 
than this entry, both supply and exhaust fans operate regardless of 
schedule. Otherwise, the fans are controlled by the fan schedules. 

Weather station number in weather station data file (WEAREC.dat) .. 

Building number with house infiltration characteristics in infiltration 
data file (BLDREC.dat). 

Schedule number for exhaust fan operation. 

Schedule number for supply fan operation . 

Exhaust fan flow. 

Supply fan flow. 

Schedule number for exposure (zero to disregard). If zero is entered, 
data is summarized 24 hours per day (normal operation). If a schedule 
is entered, all variables in the annual summary are summarized oply 
over the hours when occupants are present. This does not affect the 
hourly output. 

Schedule number for emission; used only if the emission time constant 
is set to zero. 

Peak emission rate of pollutant, or initial emission rate if decaying 
pollutant is used. 

Emission time constant (hrs) if decaying pollutant is used; 0 otherwise. 
If set to 0, the emission schedule is used (normal operation). The time 
constant is the number of hours after which the pollutant reaches 37%, 
or I /e, of the initial value. 

Frequency and type of output: 
0 for annual summary; 1-12 for hourly output for that month; 13 for 
year of hourly; 20 for annual summary including weather. 

. Mixing annual with hourly output is not a desirable strategy because 
the output files will not have a consistent structure. 
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*This is a main input file. 
* As Long as the first character is an asterisk and the second a space 
• the line is considered a conrnent. The format of this file is as follows: 
• 
* setpts Fan Sta Bid Efan Sfan Rfan Sfan Occ Poll ·Pol lut·· Out 
* 10# Elv ht cl dt dt # # Sch Sch Flow Flow Sch Sch Pk tcons Frq 
* 
001 0 18 40 2 4 4 
002 0 18 40 2 2 , 3 3 3 200 200 0 4 1000 0 

1 3 3 200 200 0 4 1000 0 

Figure 9.2 A master Input file for AQI 

For all of the above inputs which reference other data files, the 
schedule, building or weather station number is the first number 
on each line of the data file, not the line number in the file. In 
the other data files, these numbers can be non-sequential, but they 
must be unique. 

9.2.2 Weather Information File 
t,:::::::::::::::;:::~~~~~~;:;;;.:;:~::;:.:;:~:;:;t=;'.i~~:;:;::·::;~;::·:::':':':":':';':':';::·:·;:;:;:;::::::~~~~=:c:~~~~~~S'W"~~-:::~:z~&{.;;.:'{-~«·6~:;;:$.:..-:S:::,.~: .... - . ,,. 

The weather information file, WEAREC.dat, contains information 
on weather stations, one per line. No spaces are allowed before 
each line of data, but any number of spaces can appear between 
fields. Comments are not allowed in this file. 

The structure of each line is listed in Table 9.3. 

Table 9.3 Structure of weather information file 

Station # Unique number of weather station, referenced by master input file. No 
leading spaces are allowed. • 

Station Name File name of an Ecotope packed-format file. This is the complete file 
name of a weather station which musi be present in the subdirectory. 

Units flag The units used in the weather file (1 =English; O=rnetric ). All Ecotope 
weather files are in English units. 

Tower ht (m) Height of the weather tower at the station. 

Low speed 
terrain factor 

Hi speed ter
rain factor 

Tower exponent for adjusting wind speeds below 3 m/s to site wind speeds 
(see paper on AIM-2 infiltration model, Walker and Wilson, 199.0, Table J ). 

Tower exponent for adjusting wind speeds over 3 m/s to site wind speeds 
(see AIM-2 infiltration model, Table 1 ). 

Figure 9.3 below shows a weather information file which contains 
the Canadian sites available from Ecotope as well as three U.S. sites. 
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1 vancoubc. bin 1 10 0.34 0. 12 
2 windsoon.bin 1 10 0.34 0.12 
3 wimipmt.bin 1 10 0.34 0. 12 
4 SLlll!lerbc.bin 1 10 0.34 o. 12 
5 swiftcsk.bin 1 10 0.34 o. 12 
6 toronton.bin 1 10 0.34 0.12 
7 eanontal .bin 1 10 0.34 0. 12 
s montrequ.bin 1 10 0.34 0.12 
9 ottawaon.bin 1 10 0.34 0. 12 
10 Seattle.bin 1 6.096 0.34 o. 12 
11 spokanwa . bin 1 6.096 0.34 0. 12 
12 bangorme.bin 1 6.096 0.34 o. 12 

Figure 9.3 A " ·eather information file for AQJ (WEAREC.dat) 

9.2.3 Building Information File 
~™;.;;::;~~~;:.:z~~~:~==~:~~m::.:.;.~~=~::~~==~=::~:::::~~::$:::::;:W;~~;,:,~~~'$~~"'=W~~z-;S:~~~::s!:!~t:~~~:.~:~::i::~$i:Ct"-s=«m.:ss·;-~~~ 

The infiltration data file contains building parameters which relate 
to infiltration, one record per line. The file name is always 
BLDREC.dat. The file format is listed in Table 9.4; each item must 
be separated by spaces, and no spaces are allowed at the beginning 
of a line of data. Comments are not allowed in this file. 

Table 9.4a Windspeed Po"·er Law Exponent 

Windspeed exponent for adjusting meteorological tower windspeeds 
to local building sites20 

Terrain Terra in roughness Umet > 3m/s Umet < 3m/s 
class 

1 Open flat terrain; Rural grassland 0.12 0.34 
2 Suburban detached housing; Mi~ed woods and fields 0.16 0.32 
3 Dense urban housing with multi-storey buildings; Heavy forest 0.27 0.38 
4 High rise urban centers 

Shelter Coefficient 
Swo 

1.00 
0.90 
0.70 
0.50 
0.30 

Table 9.4b · Estimates of Shelter Coefficient 

(for no flue21) 

Description 

No obstructions or local shielding 
Light local shielding with few obstructions within two house heights 
Heavy shielding, many large obstructions within two house heights 
Very heavy shielding, many large obstructions within one house height 
Complete shielding , with large buildings inmedi ately adjacent 

20 From the• Alberta Infiltration Model (AIM-2)", Table l 
21 From the •Alberta lnfiltri.tion Model (AIM-2)", Table 2 
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Building # 

Inf i ltra ti on 
model 

Record label 

Volume (m3) 

Building 
height (m) 

Flue height 
(m) 

Crawlspace 
flag 

C (m3 /h) 

n 

R 

x 
y 

Shelter factor 

Flue shelter 
factor 

Low speed 
terrain factor 

Hi speed ter
rain factor 

1 1 EPRJ1 
2 1 EPRl2 
4 1 EPR14 
40 1 AIM4_no_f tu 
41 1 AIM4_flu 
51 1 AIMS_flu 

Table 9.4c Structure of building information file 

Unique number of building, referenced by master input file. No leading 
spaces are allowed. 

I for AIM model, 2 for LBL model. As of this time, the LBL model has 
not been implemented, so this number should always be I. 

Character description of the building record with no spaces. This is for 
reference only and is not output. 

Volume of conditioned space. 

Height of the building used for infiltration calculations. For Ecotope cal
culations, the average stack height of the building is used. 

Height of the top of the flue. This must be non-zero if a flue fraction (Y) 
is entered. 

O=no crawl; l=crawl. This affects only the AIM-2 wind model, which is 
different for buildings with and without crawlspaces. 

Building leakage coefficient (C) from blower door test. 

Building leakage exponent (n) from blower door test. 

Floor /ceiling leakage fraction (Aceil + Anoor)/ A total 

Floor/ceiling difference fraction (Aceil - Anoor)/Atotal 

Flue leakage fraction Anuel A total· If 0, no flue calculations are done. 

Building shelter factor for local shielding; used to convert site wind speed 
to speed actually seen by the building (Table 9.4b). 

Shelter coefficient for the flue; 0 if no flue (Table 9.4b) 

Building exponent for adjusting wind speeds below 3 m/s to site wind 
speeds (Table 9.4a). 

Tower exponent for adjusting wind speeds over 3 m/s to site wind speeds 
.(Table 9.4a). 

Figure 9.4 shows a building information file. The sites numbered 
I, 2 and 4 are three sites studied under the EPRI project (Palmiter 
and Bond, 199 J ). The lines numbered l 0 through 12 are three test 
cases studied in the AIM-2 report (Walker and Wilson, 1990). AIM 
Site #4 was tested with the flue both sealed and open. 

350 4. 18 0 1 216.5 0.629 0.5 0 0 0.5 0 0.38 0.27 
498 4.12 0 1 404.5 0.66 0.5 0 0 0.5 0 0.38 0.27 
269 2.46 0 1 108.7 0.643 0.5 0 0 0.5 0 0.38 0.27 
209 3 0 0 23 0.7 0.5 0 0 0.75 1 0.32 0.16 
209 3 4.5 0 35 0.66 0.3 0 0.4 0.75 1 0.32 0.16 
209 3 4.5 0 66 0. 58 0.1 0 0.6 0.75 1 0.32 0.16 
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figure 9.4 A building information file for AQl (BLDREC.dat) 

9.2.4 Schedule File 
•[ :!!as:; ·~•-:~~.a.aua.~~=::;~':=~=:::=:-~:s:::=1: . :: imr~:~1;:1~2~E!i! = • : ~~ ,33311 

Schedule# 

Weekday 
schedule 

Weekend 
schedule 

The schedule data file contains one schedule record on each line. 
Each record can be referenced by any number of input cases and 
by more than one schedule type (exhaust fan, pollutant concen
tration, etc). The file name is always SCHREC.dat. Comments are 
not allowed in this file. The format is given in Table 9.5. 

The first entry is the hour which will be output as I:OOAM. January 
J is taken as a Monday. 

Table 9.5 Structure of schedule file 

Unique number of schedule, referenced by master input file. No leading 
spaces are allowed. 
24 space-separated values which should be between 0 and 1. 

24 space-separated values which should be between 0 and I . 

For fan and pollutant schedules, the· values entered are used as 
multipliers for the fan flow or pollutant emission entered in the 
master input file. We suggest that values of 0 through 1 be used 
so that the master input file contains the maximum and the schedule 
values are scaling factors. 

For an occupant schedule, any non-zero value is taken to mean that 
occupants are home for that hour. 
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Sch~ule 

N161ber 

A sample schedule file is given in Figure 9.5. Interpretations of 
the schedules given are as follows: 

Schedule documentation: 

Description • weekday Description • weekend 

1 off •ll hours on •II hours 
2 on 0000 to 0700 hours; off 0700 to 1800; on on •ll hours 

1800 to 2400 
3 off •II hours off all hours 
4 on all hours on ell hours 
S off 0000 to 0600 hours; on 0600 to 1800; off off 0000 to 0600 hours; on 0600 to 1800; off 

6 

7 
8 
9 

10 

11 

12 
13 
14 
15 
16 

1800 to 2400 1800 to 2400 
on 0000 to 0600 hours; off 0600 to 1800; on 
1800 to 2400 
on 1900 to 2000 hours; off rest of time 
on 0700 to 0800; on 1900 to 2000 hours 
on one hour 0100 to 0200 & every 6 hours 
thereafter 
on one hour 0300 to 0400 & every 4 hours 
thereafter 
on one hour 0100 to 0200 & every 2 hours 
thereafter 
on 1800 to 2000 hours; off rest of time 
on 1600 to 2000 hours; off rest of time 
on 1400 to 2000 hours; off rest of time 
off al l hours 
on all hours 

Used in simulations: 

on 0000 to 0600 hours; off 0600 to 1800; on 
1800 to 2400 
on 1900 to 2000 hours; off rest of time 
on 0700 to 0800; on 1900 to 2000 hours 
on one hour 0100 to 0200 & 1very 6 hours 
thereef ter 
on one hour 0300 to 0400 & every 4 hours 
thereafter 
on one hour 0100 to 0200 & every 2 hours 
thereafter 
on 1800 to 2000 hours; off rest of time 
on 1600 to 2000 hours; off rest of time 
on 1400 to 2000 hours; off rest of time 
on a\\ hours 
off al I hours 

Schedule 3 
Schedule 4 
Schedule 8 

Never on 
Always on 
On for one hour each of morning and evening 

Weekday Weekend 

Hr:1 2 3 4 5 6 7 8 9 10 12 14 16 18 20 22 24 1 2 3 4 5 6 7 8 9 10 12 14 16 18 20 22 24 

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 , 1 1 , 1 , , , , , , , 1 1 , , 1 
2 , 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 , , 1 , , 1 1 , 1 1 , 1 , 1 1 1 1 1 1 1 1 1 1 1 1 , 1 1 1 1 
3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
4 111111111111111111111111 111111111111111111111111 
10 0 0 0 1 0 0 0 1 0 0 0 1 0 0 0 1 0 0 0 1 0 0 0 1 0 0 0 , 0 0 0 1 0 0 0 , 0 0 0 1 0 0 0 1 0 0 0 1 
14 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 , 1 , 1 1 0 0 0 0 

Figure 9.5 A schedule file for AQJ (SCHREC.dat) 
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9.3 Program Output Files 
~ ... ! zz;;;.~;_,,,a :az a H•. 2 t ! ;:m::12?Sa:mm;eup~ .... ~-~ -

Output file 

FILENAME.hou 

FILENAME.inf 

FILENAME.con 

FILENAME.win 

FIL EN AME. tern 

The program output for all buildings in the input file is written to 
output files. At the command line, the user specifies a name, 
without an extension. The output files created are listed in Table 
9.6, along with the output frequencies that will produce them. The 
following sections give the structure of these files. 

Only files required for the buildings in the input file are created; 
that is, if all buildings have annual output specified, no hourly file 
is created. If a file needed for output already exists, it is overwritten. 

It is possible to specify buildings with different output 
frequencies-- hourly, annual, and annual with weather-- in a single 
input file. However, we recommend that input files contain 
buildings with a single type of output so that input and output lines 
can be easily matched. 

Table 9.6 Output files created b~· AQI. In each case, "FILENAME" 
is specified by the user at the beginning of a run. 

Output Freq # Columns 
Contents 

Hourly output. 1-13 I 1 

Mean, minimum and maximum infiltration 0 or 20 37 
for 12 months. 

Mean, minimum and maximum pollutant 0 or 20 37 
concentrations for 12 months. 

Mean weather station and building wind 20 25 
speeds for 12 months. 

Mean outdoor and indoor temperatures for 20 25 
12 months. 
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9.3.l Hourly Output 
WWW I ZJJ.fl£i'W3_<*Z:.~ U !ts & . 6 h$lmMif'?¥'"~ .. •· 

Field# 

J 

2 

3 

4 

5 

6 

7 

8 

9 

JO 

1 1 

If hourly output is specified, one line of output is written for each 
hour to the file FILENAME.hou. Table 9.7 lists the format of this 
file. If hourly output is requested for more than one building, the 
output for each building is appended to the file, so it is important 
that each building have a unique run ID. 

Table 9.7 File structure for hourly output (FILENAME.hou) 

Contents 

Run ID 

Day of year 

Hour of day 

Ambient temperature (C) 

House temperature (C) 

Building wind speed (m/s) 

Station wind speed (m/s) 

Natural infiltration (mS/h) 

Total infiltration (mS/h) 

Pollutant concentration (ppm) 

Emission rate (mL/hr) 

Description 

ID from the master input file 

January J is Day 1. 

Hour 1 is 1 :00 a .m. 

Outside temperature, taken directly from 
the weather file. 

Interior temperature. 

Building wind speed obtained from adjus
ting the weather station wind speed by the 
terrain and shielding coefficients. 

Wind speed recorded at the weather sta
tion. 

Infiltration due to natural driving forces 
(wind and temperature differences) only. 

Infiltration produced by the combination 
of natural driving forces and mechanical 
ventilation. 

Average pollutant concentration for the 
hour. 

Pollutant emission rate, taken as constant 
for that hour. 

9.3.2 Annual Output 
e::::::::~~.:::::~~a$*==:~=~=~:::::s.~=~~~;:;:::::;:::::::::::::::::::~:~:::::::;:;~~~~ .. ~~:":::-..:(<~~=~::;:-;;:t.~:~:;:.-s~~~i~~~w"~:s-i~~~~ 

If annual output (frequency 0 or 20) is specified for the input 
building, the infiltration and pollutant concentration for each month 
are written as a single line per building in each of two files, 
FILENAME.inf and FILENAME.con. The format of these two 
files is given in Tables 9.8 and 9.9. For the pollutant concentration 
and total infiltration, a mean, minimum and maximum value, in 
that order, are given for each month, beginning with January. 
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Field# 

2 

3 

4 

5-37 

Field# 

2 

If annual output with weather data (frequency 20) is specified, wind 
speeds and temperatures are written to two additional output files, 
FILENAME.win and FILENAME.tern . Again, the output is a single 
line per building in each file. The structures of these files are listed 
in Tables 9.JO and 9.11. 

Table 9.8 File structure for annual output of pollutant 
concentration (FILENAME.con) 

Contents 

Run ID 

Mean pollutant concentration 
(ppm), Jan. 

Minimum pollutant concen
tration (ppm). Jan. 

Maximum pollutant concen
tration (ppm), Jan. 

Pollutant concentrations 
(ppm), remaining months 

Description 

ID from the master input file 

Mean pollutant concentration for January, based 
on hourly averages. 

Minimum hourly average pollutant concentra
tion during January. 

Maximum hourly average pollutant concentra
tion during January . 

Mean, minimum and maximum pollutant con
centration , in that order, for the remaining 
months of the year in order. 

Table 9.9 File structure for annual output of total infiltration 
(FILENAME.inf) 

Contents 

Run ID 

Mean infiltration (m3/h), 
January 

Description 

ID from the master input file 

Mean infiltration for January, based on hourly 
averages. 

3 Minimum infiltration (m3/h), Minimum hourly average infiltration during 
January January. 

4 Maximum infiltration (m3/h), Maximum hourly average infiltration during 
January January. 

5-37 Infiltration (m3/h), remaining Mean, minimum and maximum infiltration, in 
months that order, for the remaining months of the 

year in order. 
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Field # 

1 

2 

3 

4-13 

14 

I 5 

16-25 

Field# 

I 

2 

3 

4-13 

14 

15 

16-25 

Table 9.10 File structure for annual output of wind speed (Fl
LENAMI.~·in) 

Contents 

Run ID 

Building wind speed (m/s), 
January 

Building wind speed (m/s), 
February 

Building wind speed (m/s), 
remaining months 

Station wind speed (m/s), 
January 

Station wind speed (m/s), 
February 

Building wind speed (m/s), 
remaining months 

Description 

ID from the master input file 

Average building wind speed for January. This 
is the station wind speed, adjusted hourly for 
terrain height and shelter coefficient, and then 
averaged. This is the wind speed actually used 
in the AIM-2 infiltration model. 

Average building wind speed for February. 

Average building wind speed for March through 
December, in order. 

Average recorded station wind speed for Janu
ary. 

Average recorded station wind speed for Febru
ary. 

Average weather station wind speed for March 
through December, in order. 

Table 9.11 File structure for annual output of temperature (FI
LENAME.tern) 

Contents 

Run ID 

Outdoor temperature (C), 
Jan.uary 

Outdoor temperature (C), 
February 

Outdoor temperature (C), 
remaining months 

Indoor temperature (C), Jan
uary 

Description 

ID from the master input file 

Average outside temperature for January, sum
marized from weather station data. 

Average outside temperature for February. 

Average outside temperature for March through 
December, in order. 

Average indoor temperature for January, calcu
lated hourly as either the heating or cooling 
set-point or minimum DT above ambient and 
then averaged. 

Indoor temperature (C}, Feb- Average indoor temperature for February. 
ruary 

Indoor temperature (C), 
remaining months 

Average indoor temperature for March through 
December, in order. 

40 CMHC Residential lAQ 



9.4 Calculation Method 
' jJ i :=eat .Mt'*1a W PSt' 2 2?' ;: ;:= '? rzw mp a 

The AQJ program uses weather-station wind speed and dry-bulb 
temperature read from Ecotope packed-format weather files . The 
hourly station wind speed is adjusted to an hourly site wind speed 
using the method outlined in the AIM-2 report, and the outside 
temperature is taken as that measured at the weather station. The 
weather data, as well as the fan flows, are assumed to be piecewise 
constant over the entire hour. 

The natural infiltration is calculated using a full implementation of 
the AIM-2 infiltration model developed at the University of Alberta 
(Walker and Wilson, 1990). The stack and wind effects are computed 
separately and then combined using the AlM-2 rule. 

The AQI program first reads the four input files to get the building 
parameters and weather station information. It calculates the 
multiplicative factors for the wind and stack models (fw and fs) 
given in the AIM paper. The density of air at the site at 59°F, or 
J 5°C, is calculated using the equation 

3 ( 0.0064997z)SZSO 
p(kg/m )- l .225 1 -

288
.
15 

where ; is the elevation in meters, I .225 kg/ ms is the density of 
air at sea level at I 5°C, and 0.0064997 is the mean temperature drop 
with ele\'ation. The outside density, which is used in the AIM-2 
stack and wind models, is calculated hourly from the outside 
temperature. 

The total ventilation rate of the building is a combination of the 
natural and mechanical ventilation22. Using the fan schedules set 
by the user and the minimum DT for fan operation, the program 
determines whether either an exhaust or supply fan, or both, are 
running during an hour. Each fan runs if its schedule so dictates 
or if the indoor - outdoor temperature difference is below the 
minimum DT for fan operation. These are then combined using 
the fan model developed by Palmiter and Bond (1991) according to 
the following equations: 

Q,,,a. - max(Q.upply' Quhausr) 
, Q O'llO • ffi j n ( Q supply' Q oxhau>I) 

If there is only one exhaust fan then Qmin = 0. 

The total infiltration is: 

Q 101 • Q aal + fa Q max 

22 L. Palmiter: "Field Measurement of Interaction of Mechanical Sy&tem and Natural Infiltration•, Proceeding! of AIVC 
Conference, September 24-27, 1991, Vol. l: Air Movement and Control in Buildings 
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where 

F .,._ l+-l ( Omln ) 

a 2 Omar 

if Qmax - Qmin ~ 2 Qnat 

or 

Fa .. I_ O.a1 
Omar 

if Qmax - Qmin ~ 2 Qnat 

The program checks the schedule to determine whether pollutants 
are emitted for the hour in question. If so, the emission rate is 
either scaled according to the factor in the schedule file or a decayed 
emission rate is calculated. This emission rate is assumed to be 
constant for that hour. 

Pollutant concentrations are calculated for the end of each hour, 
assuming that total infiltration is constant through that hour. The 
new concentration is given by 

c •c e·a.1>i+~(l-e·a.1>i) 
I 0 j 

if the air-change rate is greater than 0.0001, or 

-0.1>1 S c 1 •c 0 e +-(1-o(O.SO+o/6)) 
u 

if it is less. In the above equations, c1 is the new concentration, 
c0 is the original concentration, a is the air-change rate per hour, 
Dt is 1 hour, s is the emission rate in mL/h, f is the flow rate in 
mS/h, and vis the volume of the building. 

The concentration output is the average concentration over the hour. 
This is calculated from the equation 

Co-C1+~ 
c0l1Q' - --0- f 

. if the air-change rate is greater than 0.0001 h-1, or the arithmetic 
mean of c0 and c1 if the air-change rate is less. 

Before output begins, the concentration is initialized by running 
the program for the week prior to the first week of data to be 
output. 
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9.5 AQ1 Testing 
~~~~~~~~ 

9.5.l Trial Simulations 
l:::::::::::::$:::=~~~,~::~::;:;:~~~~~~~~w """ ··a~~~ 

A set of 40 trial runs were performed using data for two houses 
from the air-tightness and indoor air quality surveys2S. The series 
of runs were performed in order to test the program and to determine 
the sensitivity of indoor air quality to changes in the various input 
parameters. 

The results for 40 simulation runs are summarized in the following 
figures: 27 runs for house Q9001002m, located in Montreal, PQ 
(except one run in Vancouver), and 13 runs for house Edm_09_A, 
located in Edmonton, Alberta (except one run in Vancouver). 

The house in Montreal is electrically heated, while the one in 
Edmonton is heated with a forced-air natural gas system. The base 
case for Montreal assumed the house to be two storeys high, with 
natural air leakage even!~· divided between walls and floor /ceiling 
(R=0.5). Floor and ceiling leakage was assumed to be equal (X=O). 

Pollutant source strength for each house was calculated from the 
formaldehyde test results, PIT infiltration and house volume, using 
the following equation: 

Source strenglh = (Air change rate) x (Vol .) x Pollu1a111 Cone., 
(mL / h) 

Air change rate= AIMS PFT measured air change rate 
(tested in March , 1991) 

l'olume = 
Pol!utanl Co11-
centratio11 

heated house volume (m3) 

.Measured Formaldehyde concentration 
(ppm) 

All of these runs assumed a maximum emission of 1,000 units. This 
value is arbitrary, since pollutant levels are scaled according to the 
actual emission rates. This assumes emission rates are independent 
of concentration. Also, the "base case" runs used values for building 
height, R, X, Y and shelter factors that were "reasonable'' or "middle 
of the road", since they were not known. 

The resulting ASCII data files were then loaded into a spreadsheet 
for further analysis . The following figures show the variation in 
pollutant concentration and infiltration plus ventilation with vari
ations in various parameters . 

23 Supplied by Tom Hamlin : house Q9001002m (Montreal) which had electric heat and no flue; hou~e EDM_09_A with 
ga~ heat (see Appendix , ~ec tion 7.3) . 
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For house with no flue: 

For the Montreal house, with all other factors remaining constant, 
a two storey configuration had 4 J % higher infiltration than a one 
storey house - with the one storey house therefore having 41 % 
higher pollutant concentration. A three storey configuration had 
22% lower concentration of pollutant. 

Changing to a crawlspace configuration caused only a 5% increase 
in po11utant concentration due to slightly reduced infiltration. 

Changing the distribution of holes from evenly split between walls 
and floor-ceiling (R=0.5) to 20% Jess or more in the floor-ceiling 
resulted in 5% more or Jess in po11utant concentration. 

With 50% of the holes in the walls and the remainder in the rest in 
the floor (X=-0.5), pollutant concentration increased I 0%. With 
50% of the holes in the walls and the remainder in the ceiling 
(X=0.5), pollutant concentration increased 24% (both changes 
resulted in reduced infiltration). 

From a partially sheltered condition (shelter factor of 0.75) to 
completely unsheltered (shelter factor of J .0) resulted in a decrease 
in pollutant concentration of 12%. With a completely sheltered 
building (shelter factor of 0.5), pollutant concentration increased 
by 12%. 

The same house in Vancouver's milder climate resulted in reduced 
infiltration which increased pollutant concentrations by 32%. 

House 9001002m 
Full yeor 

Forno!d-:-t->yde concer.t co\ lon (~·pm) 
0 12 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ..... 

0101- .... . .. ....... ........ ... ..... ... .. .... .. ............. ~ 

0 OE 1-- .•. ·•·••••••••• ••• •• .. ... . . .. ............... .. . .., ............... ......... . ......................................... ....... , , _ . . .. ........ . ...... . .... 

0 06 

:;:,::;~~:=·::~:=--~~--~~~~~ -~~=-~;;:.·~=~. :. 
C~!~I ~! ~' ~~ I I I I 0 

0 04 

0 .02 

Jon Feb Moc Ape Moy Jun Jul Aug Sep Oct Nov Dec 

•Sosf' cose 2 mo time cons\ 1 year t imt c onst 

•Bose Cose M~ ntreol. 2 sloceys. R = 0.5, X = 0, sr.e•ter c ueff = 0 7S. no fo,-,s 

Figure 9.7 House 9001002m: Effect of \'arying Time Constant 
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Figure 9.8 House Edm-09-A Parametric Analysis (for January) 

For house with a flue (40% of area in flue, rest evenly divided 
between walls and floor-ceiling) 

For the Edmonton house, with all other factors remaining constant, 
the one storey house had 23% higher pollutant concentration. A 
three storey configuration had 15% lower concentration of pollutant. 

Changing to a crawlspace configuration caused no change in pol
lutant concentration. 
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Changing the distribution of holes from evenly split between walls 
and floor-ceiling (Y=0.4, R=0.3) to 20% more in the floor-ceiling 
(R=0.5, Y=0.3) resulted in 10% less pollutant concentration. 
Increasing the proportion of holes in the floor-ceiling (R=O. 7, Y=O. J) 
resulted in a further reduction in pollutant concentration (27% less 
than base case). 

With 50% of the building holes in the walls and the remainder in 
the floor (X=-0.3, Y=0.4), pollutant concentration decreased 25% 
(note that this change is opposite to that encountered with the no 
flue house). With 50% of the building holes in the walls and the 
remainder in the ceiling (X=0.3, Y=0.4), pollutant concentration 
increased 35%. 

From a partially sheltered building (shelter factor of 0.75) and 
unsheltered flue, to completely unsheltered (shelter factor of I .0) 
resulted in a decrease in pollutant concentration of 8%. With a 
completely sheltered building (shelter factor of 0.5), and partially 
sheltered flue (shelter factor of 0. 7) pollutant concentration 
increased. by I 7%. 

9.5.2 Comparison with Test Results 
~~:::~"i:~:.:.:S:'$~~~;R:;:::::;:;:}:::8~~::.'"~~.::;~':!:?-::~:~~:;~™=-.~.:~~=;=*t~~::-~;;.}?».,~,·=-=~::=:::~~;.:.,:;:-:-:-:-:.;.m:$;:»~~~::::::::=:::::::::::::::::::::$).~;~~;::::::1:!"t-i~~s~::::~::c~-t~:::=:~~;;.:~~-.x->: 

House 

900 1002m 

EDM·09-A 

Comparisons were made using March weather data (the formal
dehyde and AIMS air change tests were carried out in March). Two 
runs were performed with unknown parameters selected to attempt 
to approximate the test results . 

A comparison with monthly summary results is shown in Table 9. I 2. 

Note that by selecting air change parameters24 (R, X, etc .) we were 
able to obtain a change in calculated air change, and therefore 
pollutant concentration, of over two to one. 

Table 9.12 Comparison with Test Results 

Measured Calculated ~easured Calculated Remarks 
Air change Air change HCHO cone. HCHO cone. 

(ac/h) (ac/h) (ppm) '(ppm) 

0 .08 0. 19 0. 105 0.048 base case 
0. 08 o. 10 0. 105 o. 118 Hatch Run: 

Bldg Height = Sm 
R=0.3, X=0.15, shelter 
= 0.50 

0.34 0.24 0.035 0.055 base case 
0.34 0.35 0.035 0.036 Hatch Run: 

Bldg Height = 6m 
Flue Height = 6.5m 
R=0.6, X=-0.3, Y=0.2 
shelter= 0.9 

24 These parameten in the base case runs were arbitraril)' selected as "middle of the road" values since they were not 
known . 
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10 APPENDIX: SIMULATIONS 

~~ ~ ume seaewe c~~* 

10.1 House Types 

~$~~~l'llSS!isss:iremmisi~$mss::1S~~:ssml!ll8BSm~1818!1;a& 

Descriptive and fan-door air-tightness test results were obtained 
from Scanada Consulting for over 400 houses, with varying degrees 
of data completeness . Where possible, missing data was "filled in" 
with values calculated from other data supplied. Output from the 
database was obtained to provide statistical groupings of data by 
region and age of house. For older houses, there was no data for 
either of Canada's maritime regions . Field data was obtained for 
the lower mainland of B.C. to help fill this void (see section I I). 

Unfortunately, there was not sufficient data available to be able to 
develop separate data for houses with and without flues. While we 
acknowledge that houses with flues have a higher leakage coefficient 
than those without flues, we could not quantify the difference for 
all age groups and regions. The simulations were carried out in 
pairs with the same volume and air-tightness, but for one house 
with a flue and one without. 

For the simulation of natural air change rates, critical inputs 
included Volume, air-tightness coefficients, and height of heated 
space and flue . 

Averages of building heights and air-tightness exponent were used 
for each age group and region. Volume and air leakage coefficients 
did not generally follow a normal distribution so the house char
acteristic database output was binned to· provide percentile infor
mation. This procedure v.·as carried out for four age groups in each 
of three regions for Volume and air-tightness coefficients. The 
following graphs and tables summarize these results. 

For the simulations, the 50th, 75th and 90th percentile results 
(Figures 10. l, l 0.2 and l 0.3) were used since we wanted to 
investigate that portion of the housing stock likely to have air quality 
problems (smaller and tighter). For each region and age category, 
three housing types were used. 

The 90th percentile results represent the smallest and tightest 10% 
of the housing stock surveyed (an analysis of air-tightness 
coefficient versus volume showed that, as one would expect, there 
was a significant, though not perfect, correlation of the two 
characteristics - smaller houses tended to have smaller leakage 
coefficients). Because of the small size of the data sets, the accuracy 
of the 90th percentile data is relatively low. 
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Figure J0.1 B.C. Volume and Air-tightness 
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Figure 10.2 Prairies Volume and Air-tightness 
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figure 10.3 Ontario Volume and Air-tightness 
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10.2 Air quality survey data 
WP:.'~(-~;>:.~<'41/:*}(S..<$~~$$(-;~j%~'1«ts6~ n~ :&1'.JSli: $ ~emx;: ~$J%;~~g;j :;; ;g;~~WH'«:~T~zz194·w ~-~· 

We obtained VOC concentration and infiltration data from the 
Saskatchewan Research Council25 for new and existing houses in 
Saskatchewan and Ontario. Formaldehyde and infiltration data was 
obtained from CMHC for new houses across Canada. 

This data was processed further to obtain source strengths of the 
pollutants, using the following relationship: 

Source strength = Concentration x ACH x Volume 

Source strength Whole house rate of emission of a pollutant, 
averaged over test period - typically one day 
(mL/h). 

Co11ce111ration Average pollutant concentration over test 
period (ppm) 

ACH Measured air changes per hour, using PFT 
or other tracer gas (h-1) 

Volume Heated house volume (m3) 

In the case of formaldehyde, the results were broken down to yield 
source strengths for the Pacific Region (B.C.) of 17 .1 mL/h and 
the rest of Canada (5.5 mL/h). It is interesting to note that 
formaldehyde source strengths range from 0.9 mL/h to 24.6 mL/h 
in new merchant houses. Unfortunately, the documentation of 
house characteristics is not adequate to enable one to determine why 
there is such a tremendous range in source strengths (why do 
formaldehyde source strengths for B.C. houses average over three 
times those in the rest of Canada, for example?). 

Pollutant emissions data for some materials used in residential 
construction and operation was obtained from a variety of sources 
and is summarized in Table 10.1. 

25 Dr. Rob Dumont and Lawrence Snodgrass, "Volatile Organic Compound Survey and Summa.riution of Results" for 
CMHC, SRC Publication No. 1-4800-1-C-92, Ja.nua.ry, 1992. In addition to data on 26 VOC and the TVOC, exten6ive 
documentation data. wa.5 collected on materials used in ea.ch house. 
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Table 10.1A Whole House Fonneldehyde Source Strengths from 1989 Houses (Source: CMHC) 

House l.D. TEST RESULTS: So 
Number AIMS HCHO Str1 

(ach) (ppm) {m . . . . 
BC 16 A 0.58 0.055 24.6 no 564 1 .37 211 .9 0.502 0.270 4.79 7.06 
BC 17 A 0 .'30 0.057 20.9 458 411 , . , 1 73.5 0.564 o .i36 3.32 ........ 

1.11 

BC 11 A 0 .62 0.059 16.7 457 "411 1. 11 68.9 0 .683 0 .133 3.24 7.86 
BC 18 A 0 .34 0.064 15.3 702 526 1.33 80.0 0.647 0 .142 2 .71 5.15 
BC 10 A 0.49 0 .027 8.1 609 498 1.22 31 .5 0.698 0 .063 1 .27 2 .86 
M905003 0.27 0.071 13.9 726 551 1.32 34.4 0.651 0.062 1 .12 2.18 
M905005 0 .16 0 .117 10.4 553 438 1 .26 12.0 0.648 0.021 0.49 0.98 
M905004 0 .16 0 .112 9 .9 555 439 1.26 10.0 0 .708 0 .021 0.47 1.04 
0904001 0.26 0.070 9.1 501 409 1.22 14.3 0.756 0.033 0.80 1.99 
0904002 0.28 0.059 8.6 518 483 1 .07 32.3 0.767 0.076 1 .57 4.50 
N900203 0 .12 0.141 7.4 440 358 1 .23 38.9 0.657 0.071 1.98 4.16 
EDM09A* 0 .34 0 .035 7.1 594 454 1.31 38.8 0.744 0.086 1.91 4.32 
EDM05A 0 .20 0.046 6.5 703 41.8 0.679 0.080 3.04 
EDM03A 0 .17 0.085 6.2 427 370 1.15 23 .1 0 .643 0.041 1.10 2.40 
0901007 0 .16 0.084 5.9 437 357 1.22 9 .1 0 .800 0.023 0 .65 1 .71 

N900201 0 .14 0 .079 5 .5 493 378 1.30 18.9 0 .787 0.046 1 .23 3 .00 . 
19004002 0 .18 0.040 5.3 742 514 1.44 56.9 0.686 0. 111 2.16 4.05 

M903001 0.08 0.119 5.3 552 440 1 .25 9.1 0 .797 0 .023 0.52 1.34 

0901006 0 .18 0 .063 47 413 326 1.27 13.5 0.841 0.038 1.16 3.17 
19004001 0 .08 0.072 4.6 793 562 1 .41 57.1 0.671 0.107 1 .91 3.57 
EDM04A 0.25 0.025 4.4 697 539 1.29 42.7 0.692 0 .084 1.57 3.31 

M907006 0 .14 0 .100 4.2 300 290 1 .03 14.0 0.641 0.025 0.85 2 .07 

0901003 0 .11 o.on 3.9 464 378 1.23 16.7 o.no 0.039 1.04 2.62 

0901002* 0.08 0.105 3.9 464 378 1 .23 19.4 0.756 0.045 1.18 2.90 

19001001 0 .12 0 .064 3.4 442 397 1. 11 39.8 0.623 0 .067 1.69 3.71 

0904004 0 .15 0.062 3 .4 3fi;> 325 1.11 17.1 0.768 0 .040 1.24 3.44 

M905001 0 .09 0 .049 3.1 710 530 1.34 33.5 0.691 0.066 1.25 2 .54 

M907005 0 .09 0.085 3.0 394 358 1.10 17.9 0.639 0.031 0.88 2.00 

19006001 0 .08 0.089 2 .8 398 352 1.13 32.9 0.609 0.054 1.53 3.22 

19002001 0 .14 0 .042 2 .7 464 384 1.21 28.6 0 .628 0 .049 1.27 2.59 

N900605 0.05 0.035 1.3 771 726 1.06 85.7 0.690 0.169 2.32 5.96 

M904002 0.02 0.085 0 .9 552 443 1.25 18.6 0.723 0 .040 0.89 2.05 

Average 0 .22 0 .071 7.3 546 438 1.23 38.9 0 .696 0 .072 1.55 3.39 

Std. Dev. 0.18 0.028 5 .5 135 92 0 .10 37.5 0 .069 0 .052 0.93 1.74 

Minimum 0.02 0.025 0.9 300 290 1.03 9.1 0.502 0.021 0.47 0.98 

Maximum 0 .80 0 .141 24 .6 793 726 1.44 211 .9 0.841 0.270 4 .79 7.86 

• Used in A01 test simulations (see section 9.5) 
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Table 10.1 B VOC Whole House Source Strengths (Sou;.:rce:..:..:..: ..::S:...:R..::C.!...) ______ _ _______ -:--:--~-:----:-:--:---~;----
TVOC SumVOC PFTach Volume DateBuilt J Benzene aPlnene pXylene mXylene oXylene Umonen Toluene EthBenzen 

Avg. 557 248 0 .34 545 1 ,974 0.85 0 .54 
0.57 
0.01 
2.83 

0 .94 0 .37 0.29 0.53 0.22 
0.14 
0.02 

0.56 
0.44 
0.02 

StdDev 466 131 0.18 137 0.62 0.98 0.23 0.19 0.37 
Min 40 15 0.09 325 1 ,891 0.03 0.01 0.02 0.02 0.03 
Max 1,913 &47 1 .06 905 1 .990 2.22 4.17 0.90 0.83 1 .29 

House 

GL8389 
SRC1 
G:..8070 
GL8151 
GL8272 
s8163 
s8229 
s7817 
GL8271 
SRC16 
SRC-R7 
SRC-R3 
SRC23 
GL8058 
s8385 
GL7637 
SRC20 
SRC6 
SRC12 
s8287 

... SAC-RS 
SACS 
SRC-R9 
GL7827 
s8235 
SRC13 
58331 
GL8249 
GL6257 
GL8224 
GL7906 
GL6402 
s7968 
GL7658 
SRC17 
GL8372 
SACS 
SRC11 
SRC19 
SRC26 
SRC9 
GL8170 
SRC10 

461 
1 ,678 

499 
1,174 
1,478 
, ,187 
1,913 

231 
488 
727 
544 

, ,387 
291 

63 
298 
158 
406 
468 

1,340 
602 

1,009 
507 
755 

40 
278 
361 
332 
150 
618 
308 
638 
850 
236 

40 
415 

55 
334 
654 

56 
198 
159 

40 
328 

94 0.728 
602 0.210 
341 0.303 
446 0.207 
199 0.189 
315 0.440 
230 0.659 
237 0.479 
296 0.281 
490 0.094 
254 0.329 
310 0.293 
257 0.307 
214 0.293 
in i.063 
251 0.386 
281 0.371 
378 0.194 
315 0.286 
303 0.168 
270 0.249 
172 0.261 
228 0.242 
, , 1 0.228 
257 0.426 
214 0.263 
198 0.562 
180 0.587 
101 0.255 
264 0.401 
290 0.101 
437 0.310 
300 0.308 
126 0.564 
138 0.383 

15 0.448 
134 0.390 
174 0.227 
99 0.388 

220 0.254 
63 0.166 

119 0.328 
140 0.124 

508 
674 
340 
483 
408 
506 
405 
551 
420 
750 
778 
700 
654 
493 
545 
528 
636 
500 
545 
420 
698 
638 
558 
905 
493 
618 
458 
388 
355 
448 
540 
435 
444 
745 
693 
565 
613 
398 
435 
465 
659 
325 
455 

1920 
1989 

(mUhr) 
. , 

0. 12 0.04 2.97 0., 8 0.09 0,09 0.09 0.07 
, .56 0.86 2.97 0.65 0.50 1.24 0.66 1.09 
0.67 0.24 2.88 0., 6 0.06 0.27 0.10 0.56 

1950 0.03 0.40 2.43 0.71 0.35 , .02 0.35 0.45 
1975 0., 7 0.08 2.03 0.02 0.02 0.04 0.02 0.43 
1973 , .26 0.03 2.00 0.62 0.52 1 .00 0.29 0.4, 
1936 1.17 0 12 , .92 0.61 0.53 0.94 0.20 0.55 
1974 0.99 0.13 1.66 0 .59 0.47 0.93 0.18 0.78 
1985 0.56 0.66 , .39 0.47 0.43 0.46 0.22 0.43 
1986 0.68 0.56 1 .25 0.35 0.23 0.61 0.21 0.44 
1989 0.91 1 .06 1 .25 0.55 0.51 0.82 0.45 0.&4 
1989 2.10 0.78 1.19 0.54 0.45 0.74 0.39 0.55 
1988 0.87 0.46 1.17 0.40 0.38 0.50 0.31 1.10 
1980 0.69 0.61 1 .15 0.30 0.39 0.41 0.25 0.30 
1891 2.22 1.12 1.03 0.90 0.83 1.24 0.13 0.90 
, 974 0.85 0.28 0.94 0.42 0.36 0.45 0.35 0.64 
1990 2.06 2.05 0.85 0.53 0.49 0.75 0.46 1.04 
1984 0.37 0.88 0.70 0. 73 0 49 1 .17 0.30 0.23 
1989 1 .20 1 .53 0.68 0.39 0.28 0.68 0.31 0.34 
1976 0.42 0.01 0.68 0. 15 0.12 0.21 0.02 0.26 
1969 1 .47 0.75 0.66 0.35 0.33 0.45 0.26 0.60 
1989 0.89 0.22 0.62 0.85 0.60 , .29 0.30 0.33 
1989 0.75 0.24 0.61 0.27 0.25 0.36 0.21 0.40 
1990 0.66 0.76 0.56 0.17 0.16 0.19 0.14 0.38 
1962 0.65 0.22 0.55 0.54 0.43 0.76 0.14 2.03 
1988 1 .14 0.57 0.45 0.47 0.34 0.78 0.25 0.47 
1962 0.93 0.15 0.43 0.34 0.33 0.44 0.06 2. 13 
1978 1.n 0.23 o.37 o.31 o.os o.s3 0.16 o.34 
1978 0.08 0.06 0.35 0.06 0.02 0.17 0.04 0.26 
1952 0.41 0.72 0.29 0.31 0.27 0.34 0.29 , .10 
1978 0.05 0.43 0.21 0. 10 0.09 o. 13 0.09 0.17 
1967 . 0.04 0.66 0.17 0.03 0.03 0.03 0.03 0.02 
1957 0.41 0.25 0.15 0.70 0.52 1.02 0.29 0.30 
1935 2.17 0.32 0.11 0.45 0.10 0.57 0.35 0.65 
1964 1 .42 0.57 0.07 0.34 0.21 0.52 0.31 0 52 
1900 0.08 0.03 0.07 0.06 0.06 0.06 0.06 0.05 
1989 0.59 1 .48 0.06 0.21 0.30 0.32 0.24 0.51 
, 969 0.42 0.63 0.06 0.18 0.09 0.34 0.09 0.27 
1985 0.92 0.09 0.04 0.16 0.12 0.23 0.14 0.78 
, 969 0.66 0.42 0.03 0.20 0. 19 0.23 0., 4 0.24 
1988 0.38 0.15 0.03 0.12 0.15 0.16 0.10 0.05 
1974 0.45 0.13 0.03 0.07 0.02 0.09 0.07 0.68 
1989 0.20 0.17 0.01 0.06 0.08 0.09 0.08 0.09 

Note: SumVOC is the sum of mass concentretions of 26 VOCs, including the 6 shown here 
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Table 10.2 VOC Emissions (by Volume) 

Building Component Aldehyde IAromolics IAlkane ITerpene I Ether Row 
Formaldehyde I Benzene IToluone I Xylene INonane IUndecane lllmonene IA-plnene IEthylebenzene Index 

Materlals Emissions (mUm "'2.hr) 
Flooring D E F G H J K L -

Particle Board 0.244 0.002 0.003 7 
Plywood 0.Q16 8 
Vinyl Flooring 0.024 0.009 9 
Carpet and Underpad 0.008 0.016 0.000 0.002 10 
Adhesive 0.034 11 

Walls 

drywall 0.001 0.014 13 
paint 0.002 0.040 0.009 14 
cove base adhesive O.D16 0.034 0.154 15 
caulking 0.002 0.005 0.009 0.000 16 
wallpaper 0.012 0.013 0.002 0.003 17 

Celling 

drywall 0.001 0.014 19 
paint 0.002 0.040 0.009 20 

Utilities 

PVC Plumbing 0.000 22 
Wiring 0.001 0.001 0.001 23 

Furni1ure & Cabinets 

particle board 0.244 0.002 25 
plywood 0.016 26 
paint 0.002 0.040 27 

Consumer products (wet) 

floor wax 0.027 0.006 29 
grease cleaners 0.010 30 

IMoteculorWoights I 30j 7BJ -- 92J--106c=12al 1561 1361 2081 1061 

Notes: Conversion factor for ug/hr lo ml/hr Is 0.02445/molecular weight of compound 

Blank cells Indicate that information Is unavailable, however emission rate Is unlikely lo be significant 
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10.3 Health Limits 
Table 10.3 IAQ HEAL TH LIMITS 

Aldehyde Aromatics Alkane Terpene Ether 

Formaldehyde Benzene Toluene Xylene Nona no Undecane Llmonene A-plnene Ethylebenxene 

Source Suspected Suspected Conlirmed mucuous mucuous mucuous short term mucuous skin & mucuous 

Carcinogen Carcinogen Carcinogen membrane membrane membrane irritant membrane membrane 

irritant Irritant Irritant Irritant Irritant 

TLV TLV TLV STEL TLV STEL TLV TLV TLV TLV TLV STEL 

I ~~mft~ I 
~eilert l sol 2sl 2s I 2s I so[ sol 1sl 1sl 10 

Seifert 

ACGIH 

ANSI 

NIOSH 

Australia 

Belgium 

Finland 

Japan 

Netherlands 

Sweden 

Czechoslovakia 

East Germany 

Poland 

Switzerland 

West Germany 

Italy 

Bulgaria 

Hungary 

Yugoslavia 

USSR 

TLV 

STEL 

ACGIH 
NIOSH 

(ppm) 

0.049 0.008 0.007 0.006 

1.0 -1 100 1SO 100 1SO 

10 200 100 

100 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 10 100 100 

1.6 16 50 4S 

1.6 16 50 4S 

1.6 

1.0 

1.0 minimize 200 200 

1.0 

0.8 

0.8 

0.8 

0.4 1.6 14 11 

Threshold Limit Value based on a long term TWA (time weighted average) 

Short Term Exposure Limit (usually about 15 minutes duration) 

American Conference of Governmental Industrial Hygenists 

National Institute for Occupational Safety and Health 
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0.010 

200 

0.008 0.003 0.002 0.002 

100 12S 

. 

45 

25 
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10.4 Simulation results 
~:-;~~w.~~U::t~~=-.. ~=::::;: ;~$'~'"\~~~~~~w~~mr-.s::~AW~~~:Y~~~~~t..~~~ 

10.4.l Annual results 
~w~~~~~~~~~~.1@.n~sa.~~~ 

The monthly and annual results of the following runs are presented 
here: 

BASE RUNS: 

Pollutant abate-
ment of Base 
Houses: 

Table l 0.4 List or Annual Result Runs 

Output Region Age Xtile Ventilation Remarks 
No . 

1-3 Ontario 1981-90 50, 75, none Average of surveyed 
90 Levels of voe 

1,-5 Prairies 1981-90 50, 75 none Average of surveyed 
levels of voe 

7-8 Pacific 1981-90 50, 75 none Average of surveyed 
levels of voe 

12 Ontario 1981-90 75 25 L/s Balanced Average of surveyed 
levels of voe 

13 Ontario 1981-90 75 25 L/s exhaust, Average of surveyed 
dT controlled levels of voe 
(<8e) 

11,- 18 Prairies 1981-90 75 25 L/s Balanced Average of surveyed 
25 L/s Exhaust, levels of voe 
on & dT con-
trolled (<8, 10, 
12C) ,, Pacific 1981-90 75 25 L/s Balanced Average of surveyed . levels of voe 

'Z1 o.,l. 25 L/s exhaust, Average of surveyed 
dT control led levels of voe 
(<8, 10, 12e) 

Note that this is not a thermal simulation model so actual inside 
temperatures are not calculated. The results due to fan control by 
inside to outside temperature difference26 therefore show an 
indication or the potential of this type of control, rather than its 
absolute potential. 

The Output # is on the top right corner of each page of printout 
(bold) - numbers are not continuous. 

26 dT fan control : fam on if inside to outside temperature difference less than a specified amount (8C to 12C). otherwise 
fans off . 
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Table 10.4 List of Annual Results Runs (cont'd) 

Output Res ion Ase itile Venti let ion Remarks 
No. 

Increased 
source 
strength: 

22 Ontario 1981 ·90 75 none HCHO source increased 
5mL/h 

Pol lutent 
abatement with 
increased 
source 
strength: 

31 Ontario 1981-90 75 25 L/s Balanced HCHO source increased 
SmL/h 

BASE RUNS: 
51 Ontario pre 1946 75 none HCHO max. for conc.<Limit 
54 1946·60 Average of surveyed levels 
57 1961-80 of other voe 
61 Prairies pre 19.06 75 none HCHO max . for conc.<Limit 
64 1946-60 Average of surveyed levels 
67 1961·80 of other voe 
71 Pacific pre 1946 75 none HCHO max. for conc.<limit 
74 1946-60 Average of surveyed levels 
n 1961-80 of other voe 

58 CMHC Residential lAQ 



De~ptlon: 

Region: ONT 

Age: 1~1 to 1990 
Percentlle: 50 

Ventilation Type: None 

Ventilation Flow: 0 

Pollutant Source Strengths: 

Us 

Whole house source strengths based on: 22 houi;es 

Form aid&- Benzene Toluene Xylene 
hyde 

House 5.500 0.985 0.856 1.162 

Pollutant Haalth Limits (ppm) 

Formaldehyde Benzene Toluene Xylene 

Classes: Aldehyde Aromatic Hydroc::arbons 

' 
Limits: 0.10 0.008 0.007 0.006 

ACGIHTLV 1.00 9 100 ioo 
Predicted Pollutant Concentrations (ppm) 

Avg : Vear 0.044 0.008 0.007 0.009 

Max: Oci-Apr 0.045 0.008 0.007 0.009 

Mey-Sep 0.072 0.013 0.011 0.015 

Max. l'lour 0.110 0.020 0.017 0.023 

- - - .- , , 2 3 4 

Max. 0.&49 0.604 0.511 0.485 

Min. 0.193 0.175 0.168 0.066 

Avg. 0.318 0.299 0.273 0219 

Infiltration & Ventilatlon (U6) 

Avg. 74 69 63 51 

Temperstul'l!s (C) 
OiJtside -8.8 -4.7 -3.0 "4.2 

Inside 20.0 20.0 20.0 20.0 

Winds (mis) 

AES Station 5.3 s.e "4 .S "4 .8 

Building 2.2 2A 2.0 2.0 

Indoor Air Qu1llty Profile 

Volume 836 m"3 

Bldg. Ht. 6.5 m 

Flue Ht. e.o m 
Foundation Bsmt 

c 214 UsPa" n 
n 0.69 

ELA -4,208 cm"2 

Nonane Undecane Umonene A-pinene 

(mLJh~ 

NIA NIA 0.521 

! r ... ~ ! i 
6 7 e 9 

0.805 

i • • 
10 

Run 101/f 

CMHC IAO Analysis 

No Flue 

6600 

m 
Flue 

end 6700 
~~~~~~~~~~ 

lnfll. Coeff: 

She her: 

R 
x 
v 

Building 

Flue 

Ethyl-

benzene 

0.385 

• r 
11 

0.60 
0.00 

0.00 

0.80 

0.00 

0 55 

0.00 

0.10 

0.80 

0.85 

Source strengths; 

SAC avg. meas. (whole ho~se) 

Formaldehyde meas (C,.~HC) 

• Max. hour 

• Min. hour 

•Avg. 

• I 

12 

Month Note: G~a?h shown is for formaldehyde, 
other pollLJten1 curve! will be the same shape . 

Nonane Undec::ane LimoMne a-Pinene Ethylbenzene 

Alkanes Terpenes . Ether Class limits e•e from Sener1 

0.010 0.008 0.003 0.002 0.002 Aldehyde limn is from EH~ 

200 N/A N/A N,'A 100 (Ci;"lf.do) for fo•l"'l&ldehi d6 . 

not evall. not avail. 0.004 0.006 0.003 

no! avail. not avail. 0.004 0.007 0.003 Highest monthf)' everage for 

not avail. not avail. 0.007 0.011 0.005 each period 

no1 avail. not avail. 0.010 0.016 0.008 

5 6 7 B 9 10 11 12 

0.326 0.289 0.220 0.290 0.321 0.300 0.366 0 459 
0.042 0.038 0.041 0.041 0.041 0.044 0.116 c 163 
0.147 0.098 0.095 0.098 0.114 0.158 0.212 0.279 

34 23 22 23 25 37 '49 65 

12_0 18.2 19."4 19.0 15 6 9.6 4.6 _.., e 
20.5 22.2 22.6 22.6 21 .1 20.1 20.0 20 0 

'4.0 3.1 3.5 3.5 33 3.6 4.8 "< 
1 .7 1.4 1 .5 1.5 1 .5 1 .6 2.0 , .9 
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Description: 

Region: ONT 

Age: 1981 to 1990 

Percentile: 75 
Ventilation Type: None 

Ventilation Flow: 0 Us 

Pollutant Source Strengths: 
Whole house source ltteng1hs based on: 22 houses 

Formalde- Benzene Toluene Xylene 

hyde 

House 5.500 0.985 0.856 1 .162 

Pollutant Health Limits (ppm) ... 
Formaldehyde Ber.zene Toluene Xylene 

Classes: Aldehyde Aromatic Hydrocarbons 

Limits: 0.10 0.008 0.007 0.006 
ACGIHnv 1.00 9 100 100 

Predicted Polluta nt Concentrations (ppm) 

Avg: Year 0.056 0.010 0.009 0.012 
Max: Oct-Apr 0.058 0.010 0.009 0.012 

CMHC IAQ Analysis 

Indoor Air Quality Profile m 
No Flue Flue 

Volume 725 m"'3 Run ID ti 6630 and 6730 
Bldg. Ht 6.5 m lnfil. Coeff: 
Flue Ht. e.o m R 0.60 0.54 

Foundation Bsmt x 0.00 0.00 
c 169 UsPa"n y 0.00 0.12 
n 0.69 Shelter: 

ELA 3,323 cm"'2 Building 0.80 0.80 
Flue 0.00 0.85 

Nonane Undeeane Limonene A-pinene Ethyl- Source strengths: 
(mlJhr) benzene 

N/A N/A 0.521 0.805 0.385 SRC avg. meas. (whole house) 

Forrr.aldehyde meas. (CMHC) 

• Max. hour 

• • 

• Min. hour 

I •Avg. l • • • • • 

r 
! Ta•g.! i • I 

6 7 8 9 10 11 12 

Month Note: Graph shown is for formaldehyde, 
other pollutant curves will be the same shape. 

Nonane Undeearie Limonene a·Pinene Ethylberu:ene 
Alkanes Terpenes Ether Class limits arE from Se~ert 

0.010 0.008 0.003 0.002 0.002 Aldehyde limlt is from EHD 

200 NIA N/A N/A 100 (Canada) for formiddehyde . 

not avail. not avail. 0.005 0.008 0.004 
not avail. no! avail. 0.005 0.008 0.004 Highes1 mon:hly eve: age for 

May-Sep 0.093 0.017 0.014 0.020 not avail. not avail. 0.009 0.014 0.006 each period 

Max hour 0.139 0.025 0.022 0.029 not avail. no: avail. 0.013 0.020 0.010 

1 2 3 4 5 6 7 8 9 10 11 12 
Max. 0.578 0.538 0.455 0.431 0289 0.256 0.195 0.258 0.285 0.267 0.326 0 "0!? 
Min. 0.174 0.158 0.151 0.059 0.038 0.035 0.037 0.037 0.037 0.040 0.105 0.146 
Avg. 0.286 0.268 0.245 0.196 0.132 0.087 0.084 0.088 0.102 0.142 0.190 0.250 

Infiltration & Ventilation (lls) 
Avg. 58 54 49 40 27 18 17 18 20 29 38 50 

Temperatures (C) 

Outside -8.8 J..7 -3.0 4.2 12.0 18.2 19.4 19.0 15.6 9.6 4.6 J,,E, 

Inside 20.0 20.0 20.0 20.0 20.5 22.2 22.6 22.6 21 .1 20.1 2:J.O 2u.O 

Winds (mis) 

AES Station 5.3 5.8 4.8 4.8 4.0 3.1 3.5 3.5 3.3 3.6 4.8 4.~ 

Suilding 2.2 2.4 2.0 2.0 1.7 1 .4 1.5 1 .6 1.5 1 .6 2.0 1 .9 
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Description: 

Region: ONT 

Age: 1981 to 1990 

Percentile: ~ 

Ventilation Type : None 

Ventilation Flow: 0 Ur. 

Pollutant Source Strenglha: 

""'''""''"° ''"""Wl•S: .... .,, ... '!::' •UCl'11kfl11P ..,~'O'U IUJI, ~ l•UU~C'Zll 

Formalde- Benzene Toluene Xylene 

hyde 

House 5.500 0.985 0.856 1.162 

0.250 

E' ..e 0.200 

-~ j I 0150 

Action 

i ]- 0.100 l 
i ~ 

F o.oso r· ~ ~ • l5 • • • ' .... . • • • 
0.000 

2 3 4 5 

Pollutant Health Limits (ppm) ... 
Formaldehyde 6er.zene Toluene Xylene 

Classes: Aldehyde Aromatic Hydrocarbons . Limits: 0.10 0.008 0.007 0.006 
ACGIHnv 1.00 9 100 100 

Predicted Pollutant Concentrations (ppm) 

Av': Year 0.072 0.013 0.011 0.015 
Max: Oct-Apr 0 .074 0.013 0.012 0.016 

May-Sep 0.119 0.021 0.018 0.025 
Max. hour 0178 0.032 0.026 0.038 

Infiltration & Ventilation (ac:/i) . . . 
1 2 ~ 4 

Max. 0.567 0.528 0.447 0.424 
Min. 0.170 0.154 0.148 0.058 
Avg. 0.279 0.262 0.239 0 .192 

lnfi!trstion & Ventilation (Us) 
Avg. 45 42 38 31 

Temperatures (C) 

OIJlside ~.8 -4 .7 -3.0 4.2 
Inside 200 20.0 20.0 20.0 

Winds (mis) 

AES S1ation 5.3 5.8 4.8 4.8 
Building 2.2 2.4 2.0 2.0 

Indoor Air Ouallty Profile 

Volume 577 m"3 
Bldg. Ht. 6.5 m 
Flue Ht. e.o m 

Foundation Bsmt 
c 132 LJr.Pa"' n 

n 0.69 
ELA 2,596 cm"2 

Nonane Undeeane Umonene A-pinene 

(ml/hr) 

NJA N/A 0.521 0.805 

1 I I r 

J 
• l 1,.

9
) ] ! 

6 7 8 9 10 

CMHC IAO Analysis 

CD 
Flue No Flue 

Run ID I 6660 and 6760 
lnfil. Coeff: 

R 0.60 0.52 
0.00 
0.15 

x 0.00 
y 0.00 

Shelter: 

Building 

Flue 

Ethyl-

benzene 

0.385 

l • 
, , 

0.80 
0.00 

0.BO 

0.85 

Source strengths: 

SRC avg meas (whole house) 

Formaldehyde meas. (Cf.~HC) 

I • Max. hour 

I • Min. hour 

I •Avg. 

' • • 
12 

Month Nole: Graph showr, is for formaldehyde, 
o1her pol11.11an1 curves will be thf samt shape 

Nonane Undeca!ie Limonene 6-Pinene EV1)•lbenzene 

Al~anes Terpenes Ether Class limits are from Sei~en 

0.010 0 .008 0.003 0.002 0.002 Aldehyde limn is fror.. EH~ 

200 NIA N/A N.'A 100 (Canada) 1or forrnelde "l)'de . 

not avail . nol avail. 0.007 0.011 0.005 
not evail. not avail. 0.007 0.011 0.005 Highest monthly a11erai;e for 

nol evail . no! avail. 0.011 0.017 0.008 each period 

not avail. no! avail. 0.017 0.026 0.012 

Month 

5 e 7 e 9 10 11 12 

0.284 0.252 0.192 0.253 0.280 0.262 0.32J 0 ~01 

0.037 0.034 0.036 0 .036 0.036 0.039 0.102 0 143 
0.129 0.085 0.083 0.086 0.100 0.139 0.186 0.245 

21 14 13 14 16 22 30 3£' 

12.0 18.2 19.4 19.0 15.6 9.6 4.6 .i: .e. 
20.5 22.2 22.6 22 .6 21.1 20.1 20.0 20.0 

4.0 3.1 3.5 3.5 3.3 3.6 4.8 <:.4 

1.7 1 4 1 .6 , .6 1.5 1.6 2.0 , .9 
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Description: 
Region: PAAI 

Age: 1981 to 1990 
Percentile: 50 

Ventilation Type: Nona 

Ventilation Flow: 0 lJ1 

Pollutant Source Streng1hs: 
Whole house source strengths based on: 22 houses 

House 

0.250 

£ 
~ 0.200 

-~ e f. 0.150 ... 

Formalde- Benzene 

hyde 

5.500 0.985 

~ ~ 0 .1 oo J.. Action 

Toluene Xylene 

0.856 1.162 

Indoor Air Oueltty Profile 

Volume 553 m"3 
Bldg. Ht. 5m 
Flue Ht. Ei.5 m 

Foundation Bsmt 

c 82 UsPa"n 

n 0.71 
ELA 1,688 cm"2 

Nonane Undecana Umonene A-pinene 

(ml/h1' 

NIA NIA 0.521 0.805 

CMHC IAO Analysis 

m 
No Flue Flue 

Run ID " 3600 and 3700 
lnfil. Coeff: 

Shelter: 

R 
x 
y 

Bullding 

Flue 

Ethyl-

benzene 

0.385 

0 .60 0.419 
0.00 0.00 
0.00 0.24 

0.90 0.90 
0.00 0.95 

Source strengths: 

SRC avg. mea.s. (whole house) 

Formaldehyde meas. (CMHC) 

• Max hour 

• Mirr hour 

•Avg r I ~ 0.050 ~1 
~ I ! 0.000 ' ·- _, . I ~r---1'"~--;l--~t--~i 

I I I 

I I _ _ ..,.:_ 

I I I I I 

2 3 41 5 6 7 e 9 10 11 12 

Month Note: Graph shown is for formaldehyde, 

other pollLJtan1 curves will be the same shape. 

Pollutant Haalth Limits (ppm) ... 
Formaldehyde Ber.zene Toluene Xylene Nonane Undeca.ne Umonene r.-Pinene E1hylbenzene 

Classes : Aldehyde Aromatic Hydrocarbons Alkanes Terpenes Ether Class limits are from Senert 

Limits : 0 .10 0.008 0.007 0.006 0.010 0.008 0.003 0 .002 0 .002 Aldehyde limit is from EHD 

ACGIHTLV 1.00 9 100 100 200 NIA N/A N/A 100 (Canada) for forr.-;aldeh1·de. 

Predicted Pollutant Concentrations (ppm) 

Avg : Year 0.068 0.012 0.011 0.014 not avail. not avai l. 0.006 0 .010 0.005 
Max: Oct·Apr 0.067 0.012 0.010 0.014 not avail. not avail. 0.006 O.D10 0.005 Highest monthly average for 

May-Sep 0.109 0.020 0.017 0.023 no1 avail. not avail. 0.010 0.016 0.008 each period 

Max. hour 0.200 0.036 0.031 0.042 not avail. not avail. 0.019 0.029 0.014 

Infiltration & Ventilation (aQh) Month 

1 2 3 .. 5 6 7 e 9 10 11 12 
Max. 0.729 0.511 0.511 0.6741 0.502 0.328 0.590 0.402 0.360 0.519 0.532 0 ~77 
Min. 0.119 0.115 0 .102 0.035 0.020 0.019 0.019 0.008 0.020 0.039 0.099 0.121 
Avg. 0.247 0.221 0.191 0.209 0.164 0.102 0.121 0.110 0.127 0.167 0.202 0.235 

Infiltration & Ventilation (Us) 

Avg. 38 34 29 32 25 16 19 17 20 26 31 35 

Temperatures (C) 

Outside ·21.7 ·19.0 -9.0 3.1 10.5 17.8 16.7 19.1 13.2 6.9 ·5.0 ·1<1.7 

Inside 20.0 20.0 20.0 20.0 20.5 21.7 21.3 22.6 20.7 20.0 20.0 20.0 

Winds (mis) 

AES Station 41.6 3.8 41.2 6.0 5.3 3.9 41.4 41.2 41 .3 5.0 41.7 5.1 

Building 3.4 2.9 3.2 4.4 3.9 2.9 3.3 3 .1 3.2 3.7 3.5 3.E 
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Indoor Air Quality Profile 
DeacripUon: 

Region: PRAI Volume "494 m"'3 
Age: 1981 to 1990 Bldg. Ht. "4.5 m 

Percentile: 75 Flue Ht. 6.0 m 
Ventilation Type: None Foundation Bsmt 
Ventilation Flow: 0 Ue c 50 UsPa"'n 

n 0.71 
ELA 1,030 cm"'2 

Pollutlint Source Strengths: -
Whole houae eource strength$ based on: 22 houses 

Formald• Sen:ene Toluene Xylene Nonane Undecane Umonene A-plnene 

House 

0.250 

1 ..e 0.200 

. ~ 
~ f, 0 .150 

~ c 
u 

hyde 

5.500 

(mL/h~ 

0.985 0.856 1.162 NJA N/A 0.521 

~ 0.100 ... I I .. ..!. I I I I ' ,.._ • I I I 
~ 

0.805 

• I 

I 
~ 0,050 I - OU< ~ 'I I 

~ -
0.000 +----+---!----+---+---+---_.__ 

2 3 4 5 6 7 8 9 10 

CMHC IAO Analysis 

No Flue 
m 

Flue 
Run ID~ 3630 and 3730 
lnfil. Coeff: 

R 0.60 0.43 
x 0.00 0.00 
v 0.00 0.39 

She her: 

Building 0.90 0.90 
Flue 0.00 0.95 

Ethyl- Source strengths : 

benzene 

0.385 SRC avg. meas. (whole house) 

Formaldehyde meas. (CMHCl 

I • Max. hour 

l I • Min. hour 

• j_ I •Avg I 
• 
11 12 

Month Note : Graph shown is for formaldehyde, 
other pollvtr.n1 curves wilf be the same shape. 

Pollutant Hsalth Limits (ppm) 
Formalde~yoe Benzene Toluene Xylene Nona"le Undecane Limonene r.-Pinene Ethylber.2ene 

Classes: Aldehyde Aromatic Hydrocarbons Alkanes Terpenes Ether Class limr.s are frorr. SeHe:1 

Limits: 0 .10 0.008 0.007 0.006 0 010 0 .008 0.003 0.002 0.002 Aldehyde limn is from EHD 

ACGIHTLV 1.00 9 100 100 200 N/A N/A NIA 100 (Cenede) for formaldehyde . 

Predicted Pollutant Concentrations (ppm) 
Avg: Year 0.118 0.021 0.018 0.025 no! avail. no! avail. 0.011 0.017 0.008 
Max: Oct-Apr 0.116 0.021 0.018 0.024 no! avail. no! avail. 0.011 0.017 0.008 Highest monthl)' e"'erege for 

May-Sep 0.185 0.033 0.029 0.039 nol eveil. no! avail. 0.018 0.027 0.013 each period 

Max. hour 0.316 0.057 0.049 0.067 no! eve.ii. no! avail. 0.030 0.046 0.022 

- - - -
' 

~, 

1 ' 2 3 " 5 6 7 8 9 10 11 12 
Max. 0.473 0.330 0.332 0.438 0.326 0.214 0.385 0.262 0.235 0.337 o.~5 C.307 

Min. 0.073 0.070 0.063 0.021 0.012 0.012 0.012 0.005 0.012 0.024 0.060 0 07.ll 

Avg. 0.155 0 .138 0.120 0.134 0.105 0.066 0.078 0.071 0.081 0.107 0.128 0 146 

lnflltratlon & Ventilation (Us) 
Avg. 21 19 16 18 14 9 11 10 11 15 18 20 

Temperatures (C) 

Outside ·21 .7 ·19.0 -9.0 3 .1 10.5 17.8 16.7 19.1 13.2 6.9 -5.0 .; 4.7 

Inside 20.0 20.0 20.0 20.0 20.5 21.7 21.3 22.6 20.7 20.0 20.0 20 0 

Winds (mis) 

AES Station 4.6 3.8 4.2 6.0 5.3 3.9 4.4 4.2 4.3 5.0 4.7 5 1 

Building 3.5 2.9 3.2 4 .5 4.0 2.9 3.3 3 .2 3.2 3.8 :! .6 39 
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Description: 

Region: BC 

Age: 1981to1990 

Percentile: 50 
Ventilation Typa: None 

Ventilation Flow: 0 Us 

Pollutant Source Strengths: 

-
Formald~ Benzene Toluene 

hyde 

Houae 17.100 0.985 0.856 

0.250 

~ 

Xylene 

1.162 

Indoor Air Quality Profile 

Volume 

Bldg. Ht. 
Flue Ht. 

Foundation 

c 
n 

ELA 

Nonane 

(rnLJhi? 

NIA 

721 m"3 

5.5 m 

7.0 m 
C/space 

275 U1Pa"n 
0.66 

5,047 cm"2 

Undecane Umonene A-pinene 

N/A 0.521 0.805 

r 
~ I I 

CMHC lAO Analysis 

No Flua 

Run ID I/I 1600 

lnfil. Coetf: 

R 0.60 
x 0.00 

y 0.00 

She her: 

Bullding 0.80 

Flue 0.00 

m 
Flue 

end 1700 

0.56 
0.00 

0.08 

0.80 

0.85 

Ethyl- Source strengths : 

benzene 

0.385 SRC avg. meas. (whole house) 

Formaldehyde rnea.s (CMHC) 

• Max. hour t:: ·1 ~ e Action • • I i 0.100 li;---r--r----t-~t---+---t--+---+--~,.___-t--_~_ 
~ . 
~ 0.050 r I ' 

• Min. hour 

•Avg 

~ . . 
0.00Q I I / f J I I j I J r 

2 3 '4 5 e 7 e 9 10 11 12 

Month Nole: Graph shown is for formaldehyde, 

o\her pollutar.1 curves will be the same shape. 

Pollutant Health Limits (ppm) 

Formaldehyde Bel'\Zene Toluene Xylene Nonene Undecane Limonene 6-Pinene Ethylbenzene 

Clesses: Aldehyde Aromatic Hydrocarbons Alkanes Terpenes Ether Class limits are from Serert 

Limits: 0.10 0.005 0.007 0.006 0.010 0.008 0.003 0.002 0.002 Aldehyde lim~ is from EHD 

ACGIHnv 1.00 9 100 100 200 N/A N/A N/A 100 (Canada) for fo·maldehyde 

Predicted Pollutant Concentrations (ppm) 

Avg; Year 0.099 0.006 0.005 0.007 not avail. not avail. 0.003 0.005 0.002 

Max: Oc:t-Apr 0.100 0.006 0.005 0.007 not avail. no1 evail. 0.003 0.005 0.002 Highest monthl)' average for 

May.Sep 0.149 0.009 0.007 0.010 not avail. no1 avail. 0 .005 0.007 0.003 each period 

Max. hour 0.233 0.013 0.012 0.016 not avail. not avail. 0.007 0.011 0.005 

Infiltration & Ventilation (ach) . Month 

1 2 3 '4 5 6 7 e 9 10 11 12 
Mex. 1.306 1.182 0.982 1.267 0.600 0.426 0.624 0.51El 0.658 1.062 0.995 0.991 

M in. 0.217 0.173 0.139 0.111 0.060 0.059 0.060 0.059 0.060 0.060 0.182 0.211 

Avg. o.3n 0.323 0.305 0.333 0.224 0.189 0.228 0.170 0.200 0.268 0.301 0.347 

Infiltration & Ventilation (U6) 

Avg. 75 65 61 67 '45 38 46 34 40 54 60 69 

Temperatures (C) 

OLJtside o.s 3.9 El.7 7 .1 12.4 14.5 16.9 17.8 , 3 .1 9.0 6.3 0.6 

Inside 20.0 20.0 20.0 20.0 20.2 20.1 21.0 21.3 20.0 20.0 20.0 20.0 

Winds (mis) 

AES Station '4.5 '4 .1 '4.S 5.1 3.S 3.2 '4.4 3.3 2.9 ::.6 .oil.O 3 .!? 

Building 2.9 2.7 2.9 3.2 2.3 2.1 2.9 2.2 1 .9 2.3 2.6 2.5 
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Description: 

Region: BC 

Age: 1981to1990 

Percentile: 75 

Ventilation Type: None 

Ventilation Flow: 0 Us 

Pollutant Source Strengths: 
-

Whole house source strengths based on: 5 houses 

House 

0.250 

10200 
~ 

Formalde-

hyde 

17.100 

Benzene Toluene Xylene 

0.985 0.856 1.162 

Indoor Air Quality Profile 

Volume 

Bldg. Ht. 
Flue Hl. 

Foundation 

c 
n 

ELA 

Nonane 

(mlJh~ 

N/A 

539 m"3 
5.2 m 
6.7 m 

C/space 

248 LJ1Pa" n 
0.66 

~.551 em'"'2 

Undecane- Umonene A·pinane 

N/A 0.521 0.805 

CMHC IAQ Anelysis 

m 
No Flue Flue 

Run ID ti 1630 and 1730 
lnfil. Coeff: 

R 0.60 0.55 
x 0.00 0.00 
y 0.00 0.09 

Sheher: 

Building 0.80 0.60 

Flue 0.00 0.65 

Ethyl- Source strengths: 

benzene 

0.365 SAC avg. meas. (whole house) 

Formaldehyde meas (CMHCl 

~ 0150 i 
c . j ~ ·~·,,, 
i 0100 If . i l l T"''~ • i - • t 0050 

.. 1 l ~ 

I 
• 

I 
• 

+ Max. hour 

• Min. hour 

•Avg. 

.... 
0.000 +-~--+~~-.-~~~~.--.~~---~~..,_~~,.._~---...~~-1-~~~~~~~~ 

2 3 41 5 6 7 8 9 10 11 12 

Month No1e: Grapb shown is for formalde'iyde, 

other poli1Jtan1 curve~ wil: be the same shape. 

Pollutan1 Haalth Umlts (ppm) .. . 
Formaldehyde 6er.:ene Toluene Xylene None.ne Undece.ne Limonene 6·Pinene Ethylbenzene 

Classes: Aldehyde Aromatic Hydrocarbons Alkenes Terpenes Ether Class limits ere from Se~en 

Limits: 0.10 0.008 0.007 0.006 0.010 0.008 0.003 0.002 0.002 Aldehyde limi': is from EHD 

ACGIHTLV 1.00 9 100 100 200 NIA N/A N/A 100 (Canad&) for fo"i1eldt<hydto 

Predicted Pollutanl Concentrations (ppm) 

Avg : Year 0.113 0.007 0.006 0.008 not avail. not avail. 0.003 0.005 0.003 
Max: OC'l·Apr 0.114 0.007 0.006 0.008 not avail. not avail. 0.003 0.005 0.003 Highes1 monthly average for 

Mey-Sep 0.170 0.010 0.009 0.012 not eveil. not avail. 0.005 0.008 0.004 each period 

Max. hour 0.271 0.016 0.014 0.018 not avail. not avail. 0.008 0.013 0.006 

-·····- ---·· - --··-----·· - - - ., .. - . --·. 

1 2 3 4 5 6 7 8 9 10 11 12 
Max. 1.504 1.415 1.175 1.518 0.718 0.51, 0.747 0.617 0.786 1.272 1.191 1 1E5 

Min. 0253 0.202 0.165 0.130 0.070 0.069 0.070 0.069 0.070 0.070 0.213 0.2~6 

Avg. 0.444 0.361 0.360 0.395 0.265 0.223 0.271 0.201 0.236 0.316 0.355 0 4DE' 

Infiltration & Ventilation (Ua) 

Avg. 67 57 54 59 40 33 41 30 35 47 53 Ei 

Temperatures (C) 

Out.side 0.5 3.9 6.7 7.1 12 4 14.5 16.9 17.8 13.1 9.0 E3 0€ 

Inside 20.0 20.0 20.0 20.0 20.2 20.1 21.0 21.3 20.0 20.0 2:·.0 20 0 

Winds (mis) 

AES Suition U> 4.1 4.5 5.1 3.5 3.2 41.4 3 .3 2.9 3.6 .il.O 3~ 

Building 2.9 2.6 2.9 3.2 2.3 2.1 2 .8 2 .2 1 .9 2.3 2.6 2. ~· 
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CMHC IAO Analysis 

Indoor Air Oualtty Proflle 
Description: 

m 
No Flue Flue 

Region: Ot-IT Volume 725 m"'3 Run ID 11 6631 and 6731 
Age: 1981 to 1990 Bldg. Ht. 6 .5 m lnfil. Coef!: 

Percentile: 75 Flue Hl 8 .0 m R 0 .60 0.54 
Ventilation Type : Continuous flow, balanced Foundation &mt x 0.00 0.00 
Ventilation Flow: 25 l/& c 169 U1Pa"'n y 0.00 0.12 

n 0.69 Shelter: 
ELA 3,323 cm"2 Building 0.80 0.80 

Pollutant Source Strengths: Flue 0.00 0.85 
Whole house aouroe strengths based on: 22 houses 

Formalde- Benzene Toluene Xylene Nonane Undecane Limonene A-pinene Ethyl· Source strengths : 

hyde (ml.lh~ benzene 

House 5.500 0.985 0.856 1.162 NJA N/A 0.521 0.805 0.385 SFIC avg . meas. (whole house) 

Formaldehyde meas (CMHC1 

0.250 

e 
~ 0.200 

-~ -;; • Max. hour 
-E 0.150 ., 
u i 0.100 ~ Action • Min. hour 

•Avg. 
~ 

~ 0050 ~ Target 

i i • I • 
._ 0.000 • • • • I • i • 

2 , 3 411 5 6 7 8 9 10 11 12 

Month Note: Graph shown is for formaldehyde, 

other poll:.Jtsnt curve~ wil! be the same shape. 

Pollutant Heallti Umlts (ppm} .. . 
Formaldeh>•de Beruene Toluene Xylene Nonane Undec.ane Limonene e-Pinene Ethylberizene 

Classes': Aldehyde Aromatic Hydrocarbons Al~anes Terpenes Ether Class limlts are- from Seiiert 

. Limits: 0.10 0.008 0.007 0.006 0.010 0 .008 0.003 0 .002 0.002 Aldehyde limit is from EHD 
ACGIHTLV 1.00 9 100 100 200 NIA NIA N/A 100 (Canad&) for formaldehyde. 

Predicted Pollutan1 Concentrations (ppm) 
Avg: Year 0.027 0.005 0.004 0.006 no1 avail. no1 avail. 0.003 0.004 0 .002 
Max: Oct-Apr 0.029 0.005 0.004 0.006 not avail. not avail. 0.003 0.004 0 .002 Highes1 monthly average for 

May-Sep 0.036 0.007 0.006 0.008 not aveil. not avail. 0.003 0.005 0 .003 each period 

Max. hour 0.044 0.008 0.007 0.009 not avail. not avail. 0.004 0.006 0.003 

Infiltration & Ventilation (ach} Month , 2 3 4 5 6 7 8 9 10 ,, 12 
Max. 0.716 0.675 0.590 0.567 0.421 0.388 0.325 0.389 0.417 0.398 0.458 0.543 

Min. 0.301 0284 0.278 0.184 0.163 0.159 0.162 0.162 0.162 0.184 0.23:> 0.272 
Avg. 0 .415 0.397 0.373 0.324 0.259 0.213 0.210 0.214 0.228 0.268 0.318 0.378 

Infiltration & Ventilation (LJ&) 

Avg. 83 80 75 65 52 43 4112 4113 46 S4 84 76 

Temperatures (C} 

Outside -8.B -4.7 -3.0 4.2 12.0 18.2 19.4 19.0 15.6 9.6 <.6 -4 .8 

Inside 20.0 20 .0 20.0 20.0 20.5 22.2 22.6 22.6 21 .1 20.1 20.0 20 .0 

Winds (ml&} 

AES Station 5.3 5.8 411.8 4.8 4.0 3 .1 3.5 3.5 3.3 3.6 4.8 411.4 

Building 2.2 2.4 2.0 2.0 1.7 UI 1.5 1.6 , .5 , .6 2.0 1 .9 
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Description: 

Region: ONT 

Age: 1981lo1990 

Percentile: 75 

Ventilation Type: Exhaust 

Ventilation Flow: 25 U1 

(Ventllatlon on 11 temp. difference 

to outside <SC, off otherwise) 

Pollutant Source Strengths: 

Whole house source strengths based on: 22 hour.es 

Indoor Air Quality Profile 

Volume 725 m"'3 
Bldg Ht. 6.5 m 

Flue none 
Foundation Bsml 

c 169 UsPa"' n 
n 0.69 

ELA 3,323 cm"2 

Formalde- Benzene Toluene Xylene Nonane Undecane Limonene A-pinene 

Hour.e 

c: 
~ 

~ 
c 
~ 
c: 

hyde 

5.500 

0.300 

0.250 

0.200 

Ee 
~ ~ 0.150 
>.-
.r 
~ 
~ 
0 

LL 

0.100 

0.050 

(mUhr) 

0.985 0.856 , .162 N/A N/A 0.521 0.805 

Action I _,>:---->-- _.,. ___ I 
/). .... ,,- T ->--_ l 
• ... •c II * ... - -- • ,....... • --x- 0 . ..__ 

CMHC IAO Analysis 

ml 
dT control no vent. 

Run ID II 66302 66331 
lnlil Coeff: 

R 0.60 0.60 
x 0.00 0.00 
y 0.00 0.00 

Shelter : 

Building 0.80 0.80 

Ethyl- Source strengths: 

ben2ene 

0 385 SAC avg. meas (whole house) 

• dT: Max. hour 

D dT: Min. hour 

--):-- dT: Avg. 

--- -x- --· no vent Avg . 

· -·- -·-6 ....... no vent Max hr. 

o.o:i::i <!--------------------------------
2 3 4 5 6 

Month 

Pollutant Health Limits (ppm) .. . 

7 8 9 10 11 12 
• Reduction in average formaldehyde conce,,:ra! ion 

due to dT controlled ventilation 

Formaldehyde Ber,zene Toluene Xylene Nc,nane Undecene Limonene a-Pinene Et'iylber,zene 

Classes: Aldehyde Aromatic Hydrocarbons t.lkanes 
. 

Terpenes Ether Class limits are 1rom Seifert 

Limits: 0.05 0.008 0.007 0.0:>6 0.010 0008 . 0.003 0.002 0.002 Aldehyde limi': is 1rom EHD 
ACGIH TLV 1.00 9 100 100 200 N/A N.'A N/A 100 (Caned;,) for formaldeh)·de . 

rredicled Polluta~t Concentrations will1 dT controlled venlilallon (ppm) 

Avg: Year 0.037 0.007 0.006 0.006 nol avail. not avail. 0.003 0.005 0.003 

W.ax: Oct-Apr 0.043 0.008 0.009 0.009 not evail. not evail. O.C>O« 0.006 0.003 Highesl monthly e.•erag~ for 

May-Sep 0.043 0.008 0.009 O.O:J9 no: avail not evail. 0.004 0.006 0.003 each period 

11/.ax. hour 0.059 0.011 0.012 0.012 not avail. no: avail. 0.006 0.009 0.004 

Infiltration & Ventilation : dT control (ac/h) Month , 2 3 4 5 6 7 8 9 10 11 12 

Max. 0.581 0.541 0.457 0 . .C34 0.416 0.383 0.321 0.384 0.411 0.326 0.327 0.429 

Min. 0.173 0.157 0.151 0.104 0.104 0 .102 0.102 0.1 02 0.104 0.102 0.104 0.145 

Avg. 0.285 0.267 0.244 0.206 0 191 0 .195 0.201 0.201 0.193 0.178 0.191 0.250 

lnfilt~ation with nc Ventilation (ac/h) 

Avg. 0.285 0.267 0.24.C 0.196 0 132 (J.087 0.085 0.068 0.102 0.141 0.190 0.249 

Monthly Avera;;ie Temperatures (C) 

Ou1side ~.8 J, .7 ·3.0 4.2 12.0 18.2 19 4 19.0 15.6 9.6 4.6 -< .6 

Inside 20.0 20.0 20.0 20 0 20.5 
..,,..,.., 
&..L.<. 226 22.6 21 .1 20, 20 D 20.0 

Monthly Avere;;ie \'vinds (mis) 

.t.ES Station 5.3 58 4.6 .o: .8 4.0 3.1 3.5 3.5 33 3.6 4 .6 4.4 

Building 2.1 2.3 20 1 .9 1.7 u 1 .5 1 .5 , .4 1 .5 1 .9 1.!i 

. 
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CMHC IAO Anely&is 

Indoor Air Quality Profile 
OelCripUon: 

I I 14 
No Flue Flue 

Region: PRAI Volume ~94 m"'3 Run ID ii 3631 and 3731 
Age: 1981to1990 Bldg. Ht. ~.5 m lnfil. Coeff: 

Percentile: ·75 Flue Ht. 6.0 m R 0.60 0 .43 
Ventilation Type: Continuou& flow, balanced Foundation &mt x 0.00 0 .00 
Ventilation Flow: 25 U& c 50 U&Pa"' n y 0.00 0.39 

n D.71 Shelter: 
ELA 1,030 cm"'2 Building 0.90 0.90 

Pollutant Source Strengths: Flue 0.00 0.95 
Whole house source st1eng1h& based on: 22 houses 

Formal de- Benzene Toluene Xylene Nonane Undecane Umonene A-pinene Ethyl- Source strengths: 
hyde (mUhr) benzene 

House 5.500 0.985 0.856 1.162 NJA N/A 0 .521 0.805 0.385 SRC avg meas. (whol~ house) 

Formaldehyde meas (CMHC) 

D.250 

'E 
~ 0.200 

-~ c; 
-E 0.150 

• Max. hour 

" .... 

i 0.100 +. Action 

~ 

• Min. hour 

•Avg. 

... T•rnoL 1 M50~! t • • • : l • • • 
· I ·-·w-ii I I • ~ . • • I I • • • 

0.000 

2 3 4 5 6 7 8 9 10 11 12 

Month Note: Graph shown is for formaldehyde, 

other pollLJtanl eu?'Ves wil: be the sam~ shape. 

Pollutant Health Limits (ppm) 

Formaldehyde -Serizene Toluene Xylene Nonane Undeeane Limonene r.-Pinene Ethylberizene . 
Cla.sses : 1-,ldehyde Aromati~ Hydrocarbons Afkanes Terpenes Ether Class limits are from Se1iert 

· Limits: 0 .10 0.008 0.007 0.006 0.010 0.008 0.003 0.002 0.002 Aldehyde limi'. is from EHD 

ACGIHTLV 1.00 9 100 100 200 N/A N/A N/A 100 (Canade) fo~ formalde'iyde . 

Predicted Pollutant Concentrations (ppm) 

Avg: Year 0.039 0.007 0.006 o.oos not avail. not avail. 0.004 0.006 0.003 

Max: Oct-Apr 0.039 0.007 0.006 0.008 not •vail. not avail. 0.004 0.006 0.003 Highest month!)' ever&ge for 

May-Sep 0.045 o.oos 0.007 0.010 not •veil. not avail. 0.004 0.007 0.003 each period 

Max. hour 0.055 0.010 0.009 0.012 no! •vail. not avail. 0.005 0.008 0.004 

Infiltration & Ventilation (ach) Month 

1 2 3 4 5 6 7 8 9 10 1, 12 

Max. 0.655 0.513 0.514 0.621 0.510 0 .396 0.567 0.445 0.417 0.519 0.527 0.4~:> 

Min. 0.255 0.252 0.245 0.204 0.194 0.194 0. 194 0.187 0. 194 0.206 0.242 0.256 

Avg. 0.337 0 .320 0.302 0.316 0.288 0.248 0.260 0.253 0.2&4 0.289 0.310 C.330 

Infiltration & Ventilation (U6) 

Avg . 46 44 41 43 39 34 36 35 36 40 43 45 

Temperatures (C) 

Oi.rtside -21.7 -19.0 -9.0 3.1 10.5 17.8 16.7 , 9.1 13.2 6.9 -5.0 ·14 .7 

Inside 20.0 20.0 20.0 20.0 20.5 21.7 21.3 22.6 20.7 20.0 20.0 200 

Winds (mf6) 
AES Station 4.6 3.8 4.2 6.0 5.3 3.9 4.4 4.2 4.3 5.0 t..7 5.1 

Building 3.5 2.9 3.2 "4.5 4 .0 2.9 3.3 3.2 3.2 38 3.6 3.9 
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Onaiptlon: 

Region: PAAI 

Age : ,981to1990 

Percentile: 75 
Ventll1tion Type: Continuou' Exhaust 

Ventilation Flow: 25 Us 

Pollutant Source Strenglh1: 
-

Whole hou11 source strongthr. based on: 22 houses 

House 

0.250 

e 
c. ...e 0.200 

-~ 
~ c 0.150 

~ c 

Form1ld .. Benzene Toluene Xylene 
hyde 

5.500 0.985 0.856 1.162 

Indoor Air Quality Profile 

Volume 494 m"3 

Bldg. Hl 4.5 m 

Flue Hl 6.0 m 
Foundation Bsrnt 

c 50 LJ11Pa"n 

n D.71 
ELA 1,030 cm"'2 

Nonane Undecane Umonene A-pinene 

(mUhr) 

NIA NIA 0.521 0.805 

Action 
~ 0.100 ~--------------------
~ 
~ I + • • • .. a Tatl"\A • • .. a . • ~ • - ~ • • • • 

CMHC IAQ Analysis 

R I No Flue r-;s-i 
un 0'1 LE!..JFI I . 3635 ue 

nf1I. Coeff: and 3735 

Sheher: 

R 
x 
y 

Building 

Flue 

Ethyl-

benzene 

0.385 

~ 

0.60 0.43 

0 .00 0.00 

tl.00 0.39 

0.90 0.9:> 

0.00 0.95 

Source strengths : 

SAC avg, mus. (whole house) 

Formaldehyde meas (CMYC) 

• Mil)(_ hour 

I • Min. hour 

•Avg. 
I 

• • • j o.050 ~, --I- -t•----·.._· _ __ ! "' = ·-·=-· 

0,QOO · I o l I I 1 I t I 

2 3 4 5 6 7 8 9 10 11 12 

Month Note : Graph shown is for formaldehyde, 
othe r pollutant curve~ will be the same shape. 

Pollutant Health Limits (ppm) -· . 
Formal::lehyde Benzene Toluene Xylene Nonane Undecane Limonene e-Pinene Ethylbenzene 

Classes: l.ldehyde Aromatic Hydrocarbons Alkanes Terpenes Ether Class limits ere from Se;fer: 

- Limits: 0.10 0.008 0.007 0.006 0.010 o.oos 0.003 0.002 O.C>..."2 Aldehyde limi: is from EHD 

ACGIHTLV 1.00 9 100 100 200 NIA NIA N/A 100 (Canada) fo ~ formaldefiyde. 
Predicted Pollulanl Concentration6 (ppm) . 
Avg: Year 0.053 0.010 0.008 0.011 not avail. not avail. 0.005 0.008 0 .004 

Max: Oct-Apr 0.054 0.010 0.008 0.011 not avail. not avail. 0.005 0.008 0.004 Highes1 monthly average for 

Mey.Sep 0.059 0.011 0.009 0.012 not avail. not avail. 0.006 0.009 0.004 each period 

Max. hour 0.061 0.011 0.010 0.013 not avail. not avail. 0.006 0.009 0.004 

. . 
1 2 3 4 5 6 7 e 9 10 11 12 

Max. 0.564 0.421 0 .423 0.530 0.419 0.305 0.476 0.420 0.326 0.428 0.436 0.399 
Min. 0.182 0.182 0.182 0.182 0.182 0.182 0.182 0.182 0.182 0.182 0.182 0.182 
Avg. 0.246 0.229 0.213 0.231 0.209 0 .190 0.194 0.195 0.194 0.210 0.223 C.239 

Infiltration & Ventilation (LJ6) 

Avg. 34 31 29 32 29 26 27 27 27 29 31 33 

Temperatures (C) 

Outside -21.7 ·19.0 -9.0 3.1 10.5 17.8 16.7 19.1 13.2 6.9 -5.0 ·14 .7 

Inside 20.0 20.0 20.0 20.0 20.5 21.7 21.3 22.6 20.7 20.0 20.0 20.0 

Winds (mis) 
4.6 3.8 4.2 6.0 5.3 3.9 4.4 41 .2 4.3 5.0 4.7 5.l 

3.5 2.9 3.2 oiil .5 4 .0 2.9 3.3 3.2 3.2 3 .8 3.6 3.9 
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I 
I 
I 

Description: 

Region : PRAI 
Age: 1981to1990 

Percentile: 75 

Ventilalion Type : Exhausl 

Ventilation Flow: 25 L's 
(Venlllatlon on H temp. difference 

to out.side <BC, off otherwise) 
Pollutant Source Strengths: 
Whole house source 51•eng1hs based on: 22 houses 

Formalde· Benzene Toluene Xylene 

hyde 

House 5.500 0.985 0.856 1.162 

0.300 

12 

m . 
0.250 

CMHC IAO Analysis 

Indoor Air Quality Profile 
[ill 

dT control no vent 
Volume 494 m"3 Run ID '1 36302 36331 

Bldg Ht. 4.5 m lnfil. Coeff: 
Flue none R 0.60 0.60 

Foundation Bsmt x 0.00 0.00 
c 50 L/sPa"' n v 0.00 0.00 
n 0 .71 Sheher: 

ELA 1,030 cm"2 Building 0 .90 0.90 

Nonane Undecane Limonene A·pinene Ethyl· Source streng1hs : 
(m!Jhr) benzene 

N/A N/A 0.521 0.805 0.385 SAC avg. mee.s. (whole house) 

• dT: Max. hour 

D dT: Min. hour 

I 

, __ J · 1 i f 
·,:--j-·>--- ---! ·1 I 

* ,_ 
• I ~ I ---x- ·-. 

• - - "Q 

I ---~-~"-- I 

c I 1 0.200 l{ 
c • • , 
0 ....... I I ' ~ E_ 0.150 - ~O .>/ • 
5',8 " - - ~ ''""" - -r -- I I ~ 0.100 +cl ~-~:--i-==- i --t....__ 

--:.:- dT: Avg . 

-- - ·X- --· nc venl Avg 

i Cll I 6 - ~ ~, ~ 0 050 rO Q ~Targel 
, t i._.........r-- I I ---.. : 
6 ~~ 6 c ± -- ---6- · ... - nc vent. Max. hr. 

' . 
I O OO:l 

2 3 4 5 

Pollutant Health Limits (ppm) ... 
Formaldehyde 6enzene Toluene Xylene 

Classes: Aldehyde ~roma~ic Hydrocarbons· 

.. Limits: 0.05 0.008 0.007 0.005 

ACGIHTLV 1.00 9 100 100 

6 7 

Month 

Nonane 

Alhanes 

0.010 

200 

8 . 9 10 1, 12 
• Reduction in ave: age fo r mald~h)'de concentration 

due to dT cont•oll~d ventila\ion 

Undecane Limonene &·Pinene Eth)'lbecnzene 

Terpenes Ether Class limi1s are from Seifert 

0.008 0.003 0 .002 0.002 Aldeh1•de limlt is from EHD 

N,'A NIA NIA 100 (Canada) fo r formalde'iyde. 

Predicted Pollu:ant Concentrati'ons with c'T controlled ventilation (ppm) 

Avg: Vear 0.075 0.013 0.016 0 .016 not avail. not avail. 0.007 0 .011 0.005 

Max : Oct-Apr 0.097 0.017 0.021 0.021 not avail. not avail. 0.009 0 .014 0007 Highest monthly average for 

May-Sep 0.097 0.017 0.021 0.021 not avail. no! avail. 0 ,009 0.014 0.007 each period 

Max. hour 0.167 0.030 0.035 0.035 no~ avail. not avail. 0.016 0.024 0.012 

lnfillra!ion ! Ventilation: dT control (ac/h} Month 

1 2 3 4 5 6 7 8 9 10 11 12 

Max. 0.475 0.332 0.333 0.440 0.511 0.397 0.569 0.446 0.418 0.501 0.347 0 3:>9 

Min. 0.074 0.071 0.063 0.036 0.035 0.034 0.034 0.034 0.03-'< 0.034 0.061 0.075 

Avg. 0.156 . 0.139 0 .121 0154 0.174 0 .231 0.234 0.241 0 .192 0 .144 0.129 0 .149 

Infiltration with no Ventilation (ec/h) 

Avg. 0 .156 0.139 0.121 0 135 0.106 0.066 0.079 0.072 0.082 ·0.107 0.129 0149 

Monthly Ave~age Tem;>eratures (C) 

Outside -21.7 ·19.0 -9 .0 3.1 10.5 17.6 16.7 19 1 13.2 6 .9 -5.0 ·14.7 

Inside 20.0 20.0 20.0 20 0 20 5 21.7 21.3 22.6 20.7 20.0 20.0 2CJ.O 

Monthly Average \','Inds (m!s) 

iC.ES S:ation 4.6 3.8 4.2 E.O 53 3.9 4.4 4.2 4.3 5.0 4.7 5 .1 

8;.iilding 3.2 26 2.9 4.0 36 26 3.0 2.9 2 .9 3.4 3.2 ~ c 
~.,,, 
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Description: 

Region: PRAI 
Age: 1961to1990 

Percentile: 75 
Ventilation Type : El(haust 

Ventilation Flow: 25 U& 

(Ventilation on If temp. diHerence 

lo outside <10C, off otherwise) 

Pollutant Source Strengths: 

Whole house source streng1hs based on: 22 houses 

Indoor Air Quality Profile 

Volume '194 m"'3 

Bldg Ht. '1.5 m 

Flue none 

Foundation Bsmt 

c 50 lJsPa"' n 

n 0.71 
ELA 1,030 cm"'2 

Formalde- Benzene Toluene Xylene Nonane Undeeane Llmonene A-pinene 

House 

] 
~ 
c 

hyde 

5.500 

0.3C>O 

0.250 

0.200 

(mlJhr) 

0.985 0.856 1.162 N/A N/A 

D I ] 
.... ·1 

f£01Soj .~ ; I /"··-.. , __ ,- ~- -
~ 

0.521 

t;. 

, . I -,,,,, i 

0.805 

CMHC IAO Analysis 

G1J 
clT control no vent. 

Run ID II 30312 ~331 

lnfil. Coeff : 

R 0.60 0.60 

x 0 .00 0.00 
y 0.00 0 .00 

Shelter: 

Building 0.90 0.90 

Ethyl- Source strengths : 

benzene 

0.385 SRC avg. meas , (whole house) 

• c!T : Max. hour 

D dT: Min. hour 

--~:-- dT: Avg . ~ 0.1C>O rQ--r Adl"f' I __ y I I 
~ 0.050 '"" +-1-r~f--- i j ·1 ~ 1.1 u ~ \ -=--.. . 

o.roo t 8r c.rgei'.J 

I ' X-

~ ---f>r--,, 
0 6 

. ...... -ti····· .. - no vent Max. hr. 

----x---· no ven'.. Avg 

2 . 3 4 5 6 7 

Month 

Pollutant Health Limits (ppm) 

Formal::lehyde Benzene Tol..iene Xylene Nonene 

I Clas~e!!- : .C.ldehyde Aromatic Hydrocarbons Alkanes 

Limns: 0.05 0.008 0 .007 0.005 o.oio 
ACGIHTLV 1.00 9 ioo 100 200 

:J 

8 e 10 ,, 12 
~ Redu(;lio;i i~ ave~age !orrr.aldehyde concentration 

d..,e to dT contro lled ve:-itilation 

Undecane LiT"'lo'1ene 6-Pinene Ethy lbenzene· 

Te ~ penes Ether Class limns are from Senert 

0.008 0 003 O.C>:l2 0.002 Aldehyde limit is from EHD 

NII- N/A N!A 100 (Ca'1a::la) 1or form&lde "lyde. 

Predlcled Po!l:.i!ant Concentrations with dT controlled ventilation (ppm) 

.C.vg : Year 0.071 0.013 0.015 0.015 no: evail. not avail. 0.007 0.010 0.005 

Max : Oc1-Apr 0.097 0.017 0 .021 0.021 no1 avail. not avail. C.009 0.014 0 .007 Highest mon!hl}' average for 

May-Sep 0.097 0.017 0.021 0.021 not avail. not avail . 0.009 0.0i4 0 .007 each period 

Max. hour 0.159 0 028 0.033 0.033 nol a11ail. not avail. 0.015 0 .023 0 .011 

Infiltration & Ventilation: dT control {ac:Jh) Month 

1 2 3 4 5 6 7 8 9 10 11 12 
Max. 0 .475 0.332 0.333 0.550 0.511 0.397 0.569 0.446 0 4iB 0.501 O.S47 0.3:>9 

Min. 0.074 0.071 0.063 0 .043 0.045 0 .044 0 041 0 .041 0044 0 .041 0061 0.075 

Avg. 0.156 0.139 0 .121 0.166 0.201 0.239 0.249 0.248 0 .211 0.167 0.129 o.i4s 

Infiltration with no Ventilation (aclh) 

Avg. 0 .156 0139 0.121 0 i35 0106 0.056 0.079 0.072 0 082 0.107 0.129 o.i49 

Mo:ilhly Average Temperatures (C) 

Oirtsidf -21 .7 -19.0 -9.0 3. 1 10.5 17.6 16.7 19. 1 i3.2 6.9 -5 .0 -14 .7 

Inside 20.0 20.0 20.0 20.0 20.5 21 .7 21 .3 22.6 20 .7 20.0 20.0 20.0 

Monthly A11era ge \ .. 'Inds (mis) 

AES S1a~ ion 4 .6 3.8 4.2 60 5.3 3.9 4.4 4.2 43 50 4.7 5.1 

8 :.iildinp 3.2 2 .6 2 .9 4.0 3.6 26 30 2.9 2 .9 3.4 3.2 3.5 
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Description: 

Region: PRAI 
Age: 1961to1990 

Percentile: 75 

Ven!ila!ion Type: E1eh11usl 

Ven1ila\ion Flow: 25 Lis 
(Venlilallon on If temp. difference 
lo outside <12C, off otherwise) 

Pollutant Source Strengths: 
Whole house source 51rengths based on: 22 houses 

House 

.§ 
f c 
fl 
c: 

Formalde-

hyde 

5.500 

0.250 

0.200 

Benzene Toluene Xylene 

0.965 0.856 , .162 

- ~ 

Indoor Air Quality Profile 

Volume 4194 m"' 3 

Bldg. HI. 4.5 m 

Flue none 

Foundation Bsm\ 

c SO LJ&Pa " "n 

n 0.71 

ELA 1,030 cm"2 

Nonene Undecane Limonene A-pinene 
(ml/hr) 

N!A N/A 0.521 0.805 

CMHC IAQ Analysis 

LJiJ 
dT control no vent. 

Run ID ti 36322 36331 
Inf ii. Coetf: 

R 0.60 0.60 
x 0.00 0.00 
y 0.00 0.00 

Shelter: 

Building 0.90 0.90 

Ethyl· Source strengths: 
benzene 

0.385 SRC avg. mea~. (whole house) 

• dT : Max. hour 

D dT: Min. hour 

.g g c 1501 . 9 • J ,/ I -xi·-- • ·1 , ,_, ' , , , ' ·ir --:>:-- dT: Avg. 

-t 0 ··-- "Acl i0f1 __ .x 'X- _ _ I ' ~ 

:E 01C>:l +4 , ... --- -.~~ I • I I ~ ·--- ' 
Ill I >·- · I ) --- I I ~ ........- I ). E o.os~ ~ !° 1. ~ ! ~ =- , , ' 5 . ----~ -- ~ ~ 

lo. I 

---->:--- · no ver.t. Avg. 

· - - · ·-6· ..... ·- nc vent. Max. hr. 

cooo~· ~~~~~~~~+--~+-~~~--~----~~~~~~~__, 

2 3 4 5 6 7 8 9 10 , 1 12 

Month 
• Reduction ir. a·; e;age formalde!-iyde concentration 

due lo dT controlled venlilalion 

Poll:.itant Health Limits (ppm) 

Formeloehyde 6en2ene Toluene Xylene Nonane Undecene Limonene 6-Pinene Ett·1)•lben2ene 

Classes: Aldehyde Aromatic Hydrocarbons Alkanes Terpenes Ether Class limrt~ ere from Seifert 

Limrts : 0.05 0.008 0.007 0.005 0.010 0 .008 0.003 0 .002 0.002 Aldehyde limit is from EH::> 

ACGIH TL\/ 1.00 9 100 10:) 200 NIA N/A N,'A 100 (:a'lada) !or formaldeh1'de . 

Predicled Pollutan1 Concentrations with dT controlled ventilation (ppm) 

Avg : Year 0.069 0.012 0.014 0.014 not avail. no1 avail. 0.006 0.010 0.005 

Max: Oct-Apr 0.097 0.017 0.021 0.021 not avail. not avail. 0.0:>9 0.014 0.007 Highes1 mon1hl;· average for 

May-Sep 0.097 0.017 0.021 0.021 no\ eveil. no~ avail. 0.009 0.014 0.007 each period 

Max hour 0.158 0.028 0.033 0.033 no1 avail. no\ avail. 0.015 0.023 0 011 

Infiltration & Ventilation: dT control (ac/h) Month 

1 2 3 4 5 6 7 8 9 10 11 12 

Maic 0.475 0.332 0.333 0.550 0.51, 0.397 0.569 0.446 o . .:;18 C.501 0.347 0.3:)9 

Min. 0 .074 0.071 0.063 0.046 0.045 0 .045 0.046 0.046 0.045 0.045 0.0€1 0.075 

Avg . 0.156 0.139 0.121 0.178 0.223 0.241 0.257 C.250 0.222 0.191 0.129 0.149 

Infiltration with no Ventilation (a::Jh) 

Avg. 0.156 0.139 0.121 0.135 0106 0.066 0.079 0.072 0.052 0 107 012? o:,~ P 

M:i:-1 1.hl~ Average Temperatures (C) 
Outside -21 .7 -19 0 -9 0 3.1 10.5 17.8 16.7 19.1 13.2 69 -5.0 -1<: .7 

Inside 20.0 20.0 20.0 2b 0 20.5 21 .7 21.3 22.6 20.7 20.0 20 0 2;:1 ,0 

Month!)' Avera g~ Winds (mis) 

AES S:ation 4.6 3.8 .:;.2 6.0 5.3 3.9 4.4 4.2 4.3 5.0 4.7 5.1 

Building 3.2 2.6 2.9 4.0 3.6 26 3.0 2.9 29 3.4 3.2 35 
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DescrlpUon: 

Region: BC 
Age: 1981 to 1990 

Percentile: 75 

Ventilation Type: Continuous flow, balanced 

Ventilation Flow: 25 Us 

Pollutant Sourm Strengths: -
Whole house source strength6 based on: 5 houses 

Formal de- Benzene Toluene Xylene 
hyde 

House 17.100 0.985 0.856 1.162 

0250 

'E ..e 0200 

.~ e c 0.150 ... 
u 

i 0100 t Action • 

f i I 
• ' ~ : • • ~ 0.050 I I I I • ...... 

0.000 

2 3 '4 5 

Pollutant Health Um!ts (ppm) ·-. 
Formaldehyde Ber;i.zene Toluene Xylene 

Classes: Aldehyde Aromatic Hydrocarbons 
Limits: 0.10 0.008 0.007 0.006 

ACGIHTLV 1.00 9 100 100 
Predicted Pollutant Concentra tions (ppm) 
Avg: Year 0.069 0.004 0.003 0.005 
Max: Oct-Apr 0.070 0.004 0.003 0.005 

May-Sep 0.089 0.005 0.004 0.006 
Max. hour 0.121 0.007 0.006 0.008 

Infiltration & Ventilation (ach) 

1 2 3 ~ 

Max. 1.731 1.582 1.342 1.685 
Min. O.'l19 0.389 0.332 0.297 
Avg. 0.611 0.548 0.527 0.562 

Infiltration & Ventilation (Us) 

Avg . 92 82 79 84 

Temperatures (C) 
OLllside 0.5 3.9 6.7 7.1 

Inside 20.0 20.0 20.0 20.0 

Winds (m.ls) 

AES Sta~ion "4.5 '4.1 '4.5 5.1 
Building 2.9 2.6 2.9 3.2 

Indoor Air Quality Proflle 

Volume 

Bldg. Ht. 
Flue Ht. 

Foundation 

c 
n 

ELA 

539 m"'3 

5.2 m 

6.7 m 
C/space 

248 UsPa" n 

0.66 
~.551 cm"2 

Nonane Undecane Umonene A-pinene 

(mVh" 

NIA NIA 0.521 0.805 

' ' 
.I. Taroet 

6 7 e 9 10 

CMHC lAQ Analy&is 

No Flue 
.m:J 

Flue 
Run ID ii 1631 and 1731 
·lnfil. Co.ff: 

R 0.60 0.55 

x 0.00 0.00 
y 0.00 0.09 

Shelter: 

Building 0.80 0.80 

Flue 0.00 0.85 

Ethyl- Source strength&: 

benzene 

0.385 SAC avg. meas. (whole house) 

Formaldehyde meas (CMHC) 

• Max. hour 

• Min. hour 

' 
1 •Avg. 

• i I 

~ • 
11 12 

Month Note: Graph shown i~ for formaldehyde, 
other pollu1an1 curves will be the same shape. 

Nonane Undecane Umonerie a-Piriene Ethylbenzene 
Al~anes Terpenes Ether Class limits are frorr. Seifert 

0.010 0.008 0.003 0.002 0.002 .t-ldehyde lim~ is from EHD 

200 N/A N/A N/A 100 (Canada~ for formaldehyde. 

no! avail. not avail. 0.002 0.003 0.002 
not avail. not avail. 0.002 0.003 0.002 Highest monthly average for 
not avail. not avail. . 0.003 0.004 0.002 eeeh period 
not avail. not avail. 0.004 0.006 0.003 

Month 

5 () 7 . B 9 rn 1, 12 
0.885 0.678 0.914 0.784 0.955 1 .(39 1.358 1.352 

0.237 0.236 0.237 0.236 0.237 0.237 0.380 0.413 

0.'432 0.390 0.438 0.368 0.403 0.483 0.522 0.575 

65 58 66 55 60 72 7S 85 

12.4 14.5 16.9 11.e 13.1 9.0 6.3 0.6 

20.2 20.1 21.0 21.3 20.0 20.0 20.0 20.0 

3.5 3.2 4.4 3.3 2.9 3.6 'l.0 3.9 

2.3 2.1 2.e 2.2 1 .9 2.3 2.6 2.5 
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Description: 

Region: BC 

Age : 1981 to 1990 
Percentile : 75 

Ventilation Type: Exhaust 

Ventilation Flow: 25 U& 
(VenUlatlon on ti temp. difference 

to outside <SC, off otherwise) 

Pollutant Source Strenglh1: -
Whole house r.ource strengths based on: 5 houses 

Formalde- Benzene Toluene Xylene 
hyde 

House 17.100 0.985 D.856 1.162 

0.300 

§ 

Indoor Air Ouallty Profile 

Volume 539 m"'3 
Bldg. Ht. 5.2 m 

Flue none 
Foundation Ctr.pace 

c 248 UsPa"' n 

n 0.66 

ELA 4,551 cm"'2 

Nonane Undecane Limonene A-pinene 
(ml/hr) 

N/A N/A 0.521 0.805 

CMHC IAQ Analy&is 

~ 
err control no vent. 

Run ID" i6302 16331 
lnlil. Coefl: 

R 0.60 0.60 
x 0.00 0.00 
y 0.00 0.00 

She her: 

Building 0.80 0 .80 

Ethyl· Source strengths: 

benzene 

0.385 SAC avg. meas. (whole house) 

• err: Max. hour 

D err: Min. hour 

--):-- cfT: Avg . 

! 1 :: c , i -r-r · l ·r· ·. -
~ • T . ~ X-_ . 

-E 0.100 ..:..,,. O -- •. r- Acti I • ~- --- ·1 - -- -.. -- ~r ---· f - ~ T on I , I >- * >., Ill ~ I ~--=·-'·--- > .--' • • I --- I c I I I . ?-"=' I~, . I · x. Q . 
& ooso ~.i, . 1 l-J ::::J.::,~ ' ; --. L.:9 1~ c D ~ I~ I l ~ > 

0 .000 T"'" 0 D - ~ 
--- -x- -- · no vent. Avg 

........ -6 - - - no ven: Me.x. hr. 

2 3 4 5 6 7 

Month 

Pollutant Health Limits (ppm) .. . 
Forrr.aldehyde Benzene Toluene Xylene Non2'1e 

Classe~ : Aldehyde Aromatic H)'droce~bons Alkanes 

Limits: 0.05 0.008 0.007 0.005 0.010 

ACGIHTLV 1.00 9 100 100 200 

8 9 10 ,, 12 
• Reduction in ever age fo ~ malciehyde con~entra\ i on 

due 1o cfT controlled ven:i!a:ion 

Unciecane Limonene a-Pinene Eth;·lber,;:ene 
Terpenes • Ether Class limits sre from Sen en 

0.0DB 0.003 0.002 0.002 Aldehyde limi1 is from EHD 
N.'A N/A NIA 100 (Canada) for forrr.alciehyde. 

Predicted Pollutant Concentrations with dT controlled ventiiation (ppm) 

.t.vg: Year 0.091 0.005 0.0:>6 0006 no1 avsil. not evsil. 0.003 0.004 0.002 

Max: Oct-Apr 0.101 0.006 0.007 0.007 no1 evail. not avail. 0.003 0005 0.002 Highest monthly everage for 

May-Sep 0.101 0.006 0.007 0.007 not avail. not avail. 0.003 0.005 0.002 each period 

Max. hour o.i61 0.009 0.011 0.011 not 8\'Bil. not evail. 0.005 0 008 0.004 

lnfillratiori & Ventilation: dT control (ac/h) Month 

1 2 3 4 5 6 7 8 9 10 11 12 
Max. 1.493 1.351 i.123 i.449 0.853 0.656 0.890 C.756 0.919 1.214 1.i38 i.133 
Min. 0.247 0.198 0.192 0.188 0.176 0.176 o.1n 0.177 0.177 o.1n 0.208 0.241 

Avg. 0.431 0.370 0.356 0.390 0.343 0.35-4 0.419 0.357 0.338 0.344 0.345 0.395 

Infiltration with no Ventilation (ec/h) 

Avg. 0.431 0.369 0.348 0.381 0.256 0.215 0.261 0 193 0.226 0.305 0.344 0.325 

Monthly Ave~age Temperatures (C) 

Outside 0.5 3.9 6.7 7.1 12.4 14.5 16.9 17.8 , 3.1 9.0 6.3 06 

Inside 20.0 20.0 20.0 20.0 20.2 20.1 21.0 21 .3 20.0 20.0 20.0 2C.0 

Monthly Average Winds (mis) 

AES Station 4.5 4.1 4.5 5.1 3.5 3.2 4.4 3.3 2.9 3.6 4.0 3.9 

Building 2.8 2.6 2.8 3.1 2.2 2.1 28 2 1 1 .9 2.3 2.5 2.5 
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Description: 

Region: BC 

Age: 1981to1990 

Percentlle: 75 

Ventilation Type : Exhaust 

Ventilation Flow: 25 Us 
(VenUlaUon on If temp. CStfferenoa 

lo outside <12C, off otherwise) 

Pollutant Souroa Strengths: 
Whole house •ource strengths based on: 5 houses 

Indoor Air Quality Profile 

Volume 539 m"'3 
Bldg Ht. 5.2 m 

Flue none 

Foundation C/space 

c 248 UsPa"'n 
n 066 

ELA 4,551 cm"'2 

rormalde-- Ben.zene Toluene Xylene Nonane Undecane Limonene A·pinene 
hyde 

House 17. 100 

0.300 

c 
g 0.250 
f 
c 
! 0.200 
c 
se-
e c.. 0.150 
~.e 

(mUhr) 

0.985 0.856 1.162 N/A NIA 0.521 0.805 

T r o 1 
. I ·--' -»'' ,. ', 

CMHC IAQ Analy&is 

~ 
cfT control no vent 

Run ID II 16322 16331 
lnfil. Coeff : 

R 0.60 0.60 
x 0.00 0.00 
y 0.00 0.00 

Shetter: 

Building 0.80 0.80 

Ethyl- Source strengths: 
benzene 

0.385 SAC avg. meas. (whole house) 

• cfT: Max, hour 

D dT: Min. hou; 

--::a:- cfT: Avg. 

J:. 
(I) 

:!2 
Ill 

. 6 -·r I _->:-__ I ·"'r·"·----I r 
"·-·-·~ _Acti~ -_ JL.1 ' ~.___ ~ ' ---~---0.100 ~f ~ ____ j _ ---k'' I - I ) ,,.__ I 

::r'~1-1-1-1:-i-,:J-~-1=i~1~1 
·--·X·--· no vent Avg 

~ 
LL 

2 3 4 5 6 7 

Month 

Pollutant Health Limits (p;:>m) 

Formaldehyde Benzene Toluene Xyiene: Nonane 

Classes : Aldehyde Aromat;c Hydrocarbons . Alkanes 
_Limits: 0.05 0.008 0.007 O.o:>S 0.010 

ACGIHTLV 1.00 9 100 100 200 

8 

·--- · -~-- --· no venl Max hr. 

9 10 11 12 
• Reduction in everagf formaldehyde: concent~ation 

due to dT controlled ventilation 

Ur,dEcane Limonene a-Pinene Etl-iylbenzene 
Terpenes Ether Class limits are fro7, Sette rt 

0.008 0.003 0.002 0.002 Aldehyde limi'. is from EHD 

N!A N.IA NIA 100 (Ce;-.ada) for fom;aldehyde . 
PrediclE!d Pollutant Concentrations with di oontrolled ventilation (ppm) 
Avg : Year 0.083 0005 O.o:>S 0.006 not avail. not avail. 0.003 0.004 0.002 
IJlax : Oct-Apr 0.089 0.005 0.006 0.006 not avail. no1 avail. 0.003 0.004 0.002 Highest monthly evera9e for 

May-Sep 0.090 0.005 0006 0.006 not avail. not avail. 0.003 0.004 0.002 each period 
Max. hour 0.127 0 007 0.009 0.009 not avail. nol avail. 0.004 0.006 0.003 

Infiltration & VenUlaUon: dT control (ac/h) Month 
1 2 3 4 5 6 7 8 9 , (l 11 12 

Max. 1.493 1.351 1.123 1.449 0.853 0.656 0.880 0.756 0.919 1.381 1 .138 1 .133 
Min. 0.247 0.234 0.234 0.234 0.230 0.234 0.236 0.234 0.230 0.230 0.230 0.241 
Avg. 0.434 0.384 0412 0.441 0.407 0.382 0.428 0.360 0.387 0.411 0.384 0.3!?6 

lnfillra1ion with no Venti lation (ac/h) 
Avg 0.431 0.36Q 0.348 0.381 0.256 0.215 0.261 0 193 0.228 0.306 0.344 0.3!?6 

Monthly Average Temperatures (C) 

Outside 0.5 3.9 6.7 7.1 12.4 14.5 16.9 17.8 13. 1 9.0 6.3 0.6 

Inside 20.0 20.0 20.0 20 0 20.2 20 1 21.0 21 .3 20.0 20.0 20.0 20.0 

Monlhl)' Average Vl'lnds (mis) 
AES Station 4.5 4.1 4.5 5.1 3.5 3.2 41.4 3.3 2.9 3.6 4.0 3.9 

Building 2.8 2.6 2.8 3 1 2.2 2.1 2.8 2, 1.9 2.3 2.5 2 .5 
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Description: 

Region: ONT 

Age: 1981 to 1990 
Percentile: 75 

Ventll11tion Type: None 

Ventilation Flow: 0 

Pollutant Source Str.ngtha: -

U1 

Whole houH 1ource atrengthi based on: 22 houses 

Formalde- Benzene Toluene Xylene 
hyd11 

Ma!' ls 5.000 0.000 0.000 0.000 
House S.500 0.985 0.856 1.162 
Total 10.500 0.985 0.856 1.162 

Pollutant Health Umlts (ppm) -· . 

Formaldehyde Benzene Toluene Xylene 
Classes: Aldehyde Aromatic Hydrocarbons 

Um its: 0.10 0.008 0.007 0.006 
ACGIHTLV 1.00 9 100 100 

Predicted Pollutant Concentrations (ppm) 

Avg: Year 0.107 0.010 0.009 0.012 
Max: Oct-Apr 0.110 0.010 0.009 0.012 

Mey-Sep o.1n 0.017 0.014 0.020 
Max. hour 0.2'65 0.025 0.022 0.029 

1 2 3 4 
Max. 0.578 0.538 0.455 0.431 
Min. 0.174 0.158 0.151 0.059 
Avg. 0.286 0.268 0245 0.196 

Infiltration & Ventilation (Us) 
Avg. SS 54 49 40 

Temperatures (C) 
Outside ~.8 -4.7 -3.0 42 

Inside 20.0 20.0 20.0 20.0 

Vi'lnds (mis) 
AES Station 5.3 5.8 4.8 4.8 

Building 2.2 2.4 2.0 2.0 

Indoor Air Quality Proflle 

Volume 725 m"'3 
Bldg. Ht. 6.5 m 
Flue Ht. 8.0 m 

Foundation Bsrrrt 

c 169 U1Pa"n 

n 0.69 
ELA 3,323 cm"'2 

Nonane Undecane Umonene A-pinene 

(mL/h,, 
0.000 0.000 0.000 0.000 
NIA NIA 0.521 0.805 
NIA N/A 0.521 0.805 

Nonane Undecane Limonene a-Pinene 

Alkanes Terpehes 

0.010 0.008 0.003 0.002 
200 N/A NIA NIA 

no1 avail. not avail. 0.005 0.008 
not avail. not avail. 0.005 0.008 
not avail. not aveil. 0.009 0.014 
not avail. not avail. 0.013 0.020 

5 6 7 8 

0.289 0.256 0.195 0.258 

0.038 0.035 0.037 0.037 

0.132 0.087 0.084 0.088 

27 18 17 18 

12.0 18.2 19.4 19.0 

20.5 22.2 22.6 22.6 

4.0 3.1 3.5 3.5 
1.7 1 .4 , .5 , .6 
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CMHC IAO Analysis 

No Flue 
.OD 

Flue 
Run ID II 6630 and 6730 
lnfil. Coeff: 

Shelter: 

R 
x 
y 

Building 

Flue 

Ethyl-
benzene 

0.000 
0.385 
0.385 

0.60 0.54 
0.00 0.00 
0.00 0.12 

0.80 0.80 

0.00 0.85 

Source strengths : 

User Input 
SAC avg. meas. (whole house) 

Ethylber.zene 

Ether Class limits are from Se-Hert 

0.002 Aldehyde limit is from EHD 

100 (Canada) for formaldehyde. 

0.004 
0.004 Highest month!)' everage for 
0.006 each period 
0.010 

9 10 11 12 
0.285 0.267 0.326 0.409 
C.037 0.040 0.105 0.146 
0.102 0.142 0.190 0.250 

20 29 36 50 

15.6 9.6 4 .6 -4 .S 

21 .1 2:>.1 2:>.0 20.0 

3.3 3.6 4.8 4 4 

1.5 1 .6 2.0 1.9 



CMHC IAQ Analysis 

Indoor Air Quality Profile 
Oe~ptlon: 

Q[ 
No Flue Flue 

Region : 01-/T Volume 725 m"3 Run ID ti 6631 and 6731 
Age: 1~1to1990 Bldg Ht. 6.5 m lnfil. Coett: 

Percentile: 75 Flue Ht. 8 .0 m R 0.60 0.54 
Ventilation Type : Continuous flow, balanced Foundation Bsml x 0.00 0.00 
Ventilation Flow: 25 LJs c 169 UsPa" n y 0.00 0.12 

n 0.69 Shelter: 

ELA 3,323 cm"2 Building 0.80 0.80 

Pollutant Source Strength•: Flue 0.00 0.85 

- - -
~ - - -···--------

Formald&- Berizene Toluene Xylene Nonane Undecane Limonene A-pinene Ethy~ Source r.rengths: 
hyde {ml/h,, benzene 

Mat'l1 5.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 Ui;er Input 
Hou&e 5.500 0.985 0 .856 1.162 NIA NIA 0.521 0 .805 0.385 SAC avg meas. (whole house) 
Total 10.500 0.985 0.856 1.162 NIA N/A 0.521 0.805 0.385 

0250 

• Max hour 

Action • Mir. . hour 

• 8 Avg . 

• -• • • • • -
0.000 --~~-+~~~,__~~-+-~~--.-~~~.-~~---~~--+~~~~~~--+-~~~.-~~-+-~~---1 

2 3 4 5 6 7 8 9 . 10 , 1 12 

Month 
Note : Graph shown is for formaldehyde, 

othe~ pollLt.an~ curves will be the ume shape. 

Pollutant Health Limits (ppm) ... 
Formaldeh)'de Benzene Toluene Xylene Nonane Unpecane Umonene a-Pinene Ethyl benzene 

Classes: Aldehyde Aromatic Hydrocarbons Alksnes Terpenes Ether Class limits ere from Se Hert 

Um its: 0.10 0.008 0.007 0.006 0.010 0.008 0.003 0.002 0.002 Aldehyde limit i~ from EH:> 

ACGIHTLV 1.00 9 100 100 200 NIA N/A N/A , CXl (C11n11de.) for formaldfhyde. 

Predictet: Pollutant Conoenhtions (p;:>m) 

Avg : Year 0.052 0.005 0.004 0.006 not avail. no! avail. 0.003 0.004 0.002 

Max: Oet-Apr 0.055 0.005 0.004 0.006 nol avall. not avail. O.D:J3 0.004 0.002 Highes1 mori\hl)' aver&ge for 

M1y-Sep 0.070 0.007 0.006 0.008 no1avail. not avail. 0 .003 0 .005 0 .003 each period 

Max. hour 0.085 0.008 0.007 0.009 no1avail. no! avail. 0.004 0.006 0.003 

-·- ·-----·· - - - ------· · ,- - --, . . - - ... . , 2 3 4 e, 6 7 8 9 10 11 12 

Max. 0.716 0.675 0.590 0.567 0.421 0.388 0.325 0.389 0.417 0.398 0.458 o.~3 

Min. 0.301 0284 0.278 0.184 0 .163 0.159 0 .162 0 .162 0 .162 0.164 0.230 0.'72 

Avg. 0.415 0.397 0.373 0.324 0.259 0.213 0.210 0.214 0.228 0.268 0.318 D.378 

Infiltration & Ventilation (U5) 

Avg . 83 60 75 65 52 43 42 43 46 54 ~ 7E. 

Temperatures (C) 

Ol.llside ~ .8 -Al .7 -3 .0 4.2 12.0 18.2 19."1 19.0 15.6 9.6 4.6 -4 .6 

Inside 20.0 20.0 20.0 20.0 205 22.2 22 6 22.6 21 .1 20.1 20.0 20.0 

Winds (m!s) 
AES Station 5.3 5.B 4.8 4.8 4.0 3.1 3.5 3.5 3.3 3.6 "1 .6 "l.4 

Building 2.2 2.4 2.0 2.0 1.7 1.4 1 .5 1.6 1.5 1.6 2.0 , .9 
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CMHC IAO Analy•i& 

De&cripUon: 

Indoor A~ Ouallty Profile 01J 
No Flue Flue 

Region: BC Volume 481 m"3 Run ID I 1030 and 1130 
Age: pre 1946 Bldg. Ht. Sm lnfil. Coeff; 

Percentile: 75 Flue HI. 6.9 m R 0.40 0.38 
Ventilation Type: None 
Ventilation Flow; 0 

Foundation C/1.pac:e x 0.10 0 .09 

lJ' 

Pollutant Source Strengths: 
Whole house 1ource strengths basec1 on: 4 houses 

Formalde· Benzene Toluene Xylene 
hyde 

Mat'ls I 17.000 0.000 0.000 0.000 
House 

Total 

0.250 

10.200 

0.000 
17.000 

0.897 
0.897 

·1.499 
1.499 

1.074 
1.074 

c 408 1J1Pa"'n y 0.00 0.06 
n 0.61 Shetter: 

ELA 6,673 cm""2 Building 0.80 0.80 

Flue 0.00 0 .85 
Max. formalc1ehyde 'ourc:e tor max monthly cone:. < ACTION limit 

Nonane Undecene Umonene A·plnene Ethyl· ISourc:e &trengths : 

(ml/hr) benzene 

0.000 0.000 0.000 0.000 0.000 IUHr Input 
NIA N/A 0.392 0.328 0.438 SRC avg. meas. (whole house) 

N/A N/A 0 .392 0.328 0.438 

c 
.!? 
Ci 
i, 0.150 
~ 
0 .... 
i.. 0.100 

•Avg. 

1 

Ac:tion l I 1 l_J __ l _ 
~ i i i I I ' t j • 

• Max. hour 

• Min. hour 

.c 
~ c E 0.050 fcl--1 i ! I • Taog•1 • l I 1-t ~ 

o.ooo L!_--~--=-___.:~...-------------------..,.-~ 
2 3 4 5 

Pollutant Hsallh Limits (ppm) .. . 
Formaldehyde Be.nzene Toluene Xylene 

Classes: Aldehyd& Alomatic Hydrocarbons 
. Limit5 : 0.05 0.008 0.007 0 .006 

ACGIHTLV 1.00 9 100 100 
Pr&dicled Pollutant Concenlralion5 (ppm) 

A-o1g : Year 0.071 0.004 0.006 0.004 
Max: Oc:t-Apr 0.073 0.004 0.006 0.005 

May-Sep 0.101 0.005 0.009 0 .006 
Max hour 0.188 0.010 0.017 0.012 

Infiltration & VenUlalion (sch) 

1 2 3 4 
Max. 2.719 2.477 2.076 2.649 
Min. 0.4115 0.341 0.310 0.239 
Avg. 0.756 0.656 0.635 0.700 

Infiltration & Ventilation (U6) 

Avg 101 BB 85 94 

Temperatures (C) 

Outside 0.5 3.9 6.7 7. 1 

Inside 200 20.0 20.0 20.0 

Winds (ml&) 

AES Sir.lion 4.5 4.1 4 .5 5. 1 
Building 2.9 2.6 2 .8 3.2 

6 7 e 9 

Month 

10 11 12 
Note : Grr.ph shown is for form&ldehyde, 
olher pollutant curves will be the sarr.e shepe. 

Nonane Undecane Limonene e-Pinene Ethy lbenzene 

Al~enes Terpenes Ether 

0.010 0.006 0.003 0 .002 0 .002 Aldehyde limit Is from EHD 

200 NIA NIA NIA 100 (Canada) for formaldehyde . 

no1 avail. not avail. 0.002 0.001 0.002 
not avail. no1 evail. 0.002 0.001 0.002 Highest monthly average for 

nol avail. no! avail. 0.002 0.002 0.003 each period 
not BVELil. not avail. 0.004 0.004 0.005 

Month 

5 6 7 8 9 10 , , 12 
1.323 0.950 1.372 1.152 1 .446 2.252 2.107 2 .089 
0.125 0.124 0.126 0.123 0.127 0.126 0.349 0 .4106 
0 .481 0.414 0.516 0 .385 0.427 0.556 0.619 0 .689 

64 55 69 51 57 74 63 92 

12.4 141 .5 16.9 17.8 13. 1 9.0 6.3 0 .6 

20.2 20.1 21.0 21.3 20.0 20.0 20 0 20.0 

3 .5 3.2 4 .4 3 .3 2.9 3.6 4.0 3 .9 

2.3 21 2.8 2 1 1.9 2.3 2.5 2.5 
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CMHC IAO Anelysls 

De6CripUon: 
Indoor Air Quality Profile CE 

No Flue Flue 
Region: BC Volume 389 m"3 Run ID ti 1230 and 1330 

Age: 11)46 to 1i60 Bldg. Ht. '4.2 m lnfil. Coetl: 
Percentile: 75 Flue Ht. 6.0 m R 0.40 0.37 

Ventilation Type: None Foundation C/1pace x 0.10 0.09 
Ventilation flow: 0 U' c 279 U•Pa"n y 0.00 0.09 

n 0..5.9 Shelter: 
ELA <4,358 cm""2 Building 0.80 0.80 

Pollulanl Source Strengths: Flue 0.00 0.85 

... ,,WIV ''"' ..... ~ ...... "'."''"' •uu1•wu•• ., .... vw ""'' ' w flVWiJ''li;l'QI •••~· '"'1111u1\.n;:u1ywic; • ..,...,,"'"" ''-'' IJIQA, •11u1u1uy ..,u1n ... " ~""' 1 IVf'll 11n111 

Formalde- Benzene Toluene Xylene Nonane Undecane Llmonene A-pinene Ethyl- Source strengths: 
hyde (mUhr) benzene 

Mat'ls 11.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 Ur.er Input 
House 0.000 0284 0.953 1.485 NIA NIA 0.618 • 0.461 0.573 SAC avg . meas (whole house 
Total 11.000 0284 0.953 1.485 N/A N/A 0.618 0.461 0 .573 

0.250 

e 
g. 

..:: 0.200 
c: 

.2 
"'i5 
i 0.150 
" 

~ ~ 
Action .... 

i. 0.100 

i i ~ r t 
j 0.0~ ! ! ! • l 

1-+--f 
I • MEI)(. hour 

I • Min. hour 

±-I Ta•a•~ l I •Avg. 

. i 1 
t 

I • l l 
0.000 

2 3 4 5 6 7 8 9 10 11 12 

Month Note : Gra;:>h shown i~ for fo rmaldehyde, 
other po!lutr.nt curves will be the same shape. 

Pollutant Health Umlts (ppm) .. . .. 
Formaldehyde Benzene ioluene Xylene Nonane Undecane Limonene a·PinE-ne Ethylbenzene 

Clanef>: Aldehyde Aromatic Hydrocarbon$ A!~. anes Terpenes Ether. 

Limits: 0.05 0.008 0.007 0.006 0 .010 0 .008 0 .003 0.002 0.002 Aldehyde limit is from EHD 

ACGIHTLV 1.00 9 100 100 200 N/A N/A NIA 100 (Canada) for formalde hyde, I 
Predicted Pollutant Cor1t:tmlralions (ppm) 

Avg : Year 0.072 0.002 0.006 0.010 no11111ail. not evail. 0,004 0 .003 0.004 

Max: Ocl·Apr 0 .074 0.002 0.006 0.010 not evail. not avail. 0.004 0.003 0.004 Highest monthl.J average for 

May·Sep 0.100 0.003 0 .009 0 .014 no1 avail. not avail . 0.006 0.004 0.005 e&ch period 

Max. hour 0 .173 0.004 0.015 0 .023 no1 avail. no1 aveil. 0.010 0.007 0.009 

Infiltration & Ventilation (ach) Month 

1 2 3 4 5 £ 7 8 fl 10 11 12 

Max. 2.082 1.903 1.603 ~.031 1.037 0.751 1.074 0.908 1.131 1.736 1.626 1.611 

Min. 0 .321 0.266 0.243 0.190 0.100 0.099 0.101 0.099 0.102 0.101 0.271 0 .314 

Avg . 0.586 0.511 0.-498 0.549 0.380 0 .330 0.411 0.309 0.338 0.436 0484 0.534 

Infiltration & Ventilation (Lis) 
Avg. 63 55 54 59 41 35 44 33 37 47 52 58 

Temperatures (C) 

0LJ1!'.ide 0.5 3.9 6.7 7.1 12.4 14.5 16.9 17 .8 13.1 9.0 6.3 0.6 

ln1ide 20.0 200 20.0 20.0 20.2 20.1 21.0 21 .3 20.0 20.0 20.0 20.0 

Winds (ml&) 

AES Station 4.5 4.1 4.5 5.1 3.5 3 .2 44 3 .3 29 3.6 41 .0 3 .9 

Building 2.8 2.5 2.8 3.1 2.2 2.0 2 .7 2.1 1.8 2.2 2.5 2 .4 
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Description: 

Region: BC 
Age: 1~1 to 1980 

Percentile: 75 
Ventilation Type: None· 

Ventilation Flow: D U• 

Pollutant Source Strengths: 
Whole houu source strength& bas.ad on: 8 houses 

Formalde- Benzene Toluene Xylene 
hyde 

Mat'ls 8.000 0 .000 0.000 0.000 
House 0.000 0.633 0 .879 0.938 
Total 8.000 0 .633 0.879 0.938 

0-250 

1: ..e 0200 
c 
-~ 
~ c: 0.150 
&> 

i. 0 .100 

~ 1 1 T I 

Indoor Air Ouallty Profile 

Volume 

Bldg. Ht. 
Flue Ht. 

Foundation 

c 
n 

362 m"3 
'4 m 

5.7 m 
C/&pace 

204 lJ•Pa" n 
0 .65 

ELA 3,658 cm"' 2 

Run ID ti 
lnlil. Caeff: 

R 

x 
y 

Shelter: 
Building 

Flue 

CMHC IAQ Anely&i& 

[El 
No flue Flue 

1430 end 1530 

0.50 0.45 
0.00 0.00 
0.00 0.11 

0.80 0 .80 

0.00 0.85 
Max. formaldehyde source for max. monthly cone. < ACTION llmit 
Nonane Undecane Llmonene A-pinene Ethyl- Source strenglh5: 

(mtJhr) benzene 
0.000 0.000 0 .000 0 .000 0.000 Uur Input 
N/A · NIA 0.794 0 .206 0.338 SRC avg. me&S. (whole house) 
N/A N/A 0.794 0.206 0.338 

I 
+ •Avg. 

• Max. hour 

• Min. hour 

i Tar __ 
'---~-+-~~..~--"--+-~~--~~+--~-+~~-i-~---'._-

~ t Action 

1::rr 1 !l ~ 
2 3 4 5 6 7 8 9 10 11 12 

Month Note : Graph shown is fer formaldehyde, 
~!her polllJlant curves will be the sc:me shape. 

Pollutant Health Limits (ppm) .. . 
Formaldehyde Benane Toluene Xylene Nonene Undec&rie Limonene e-Pinene Eth,·lbenane 

Classes : Aldehyde Aromatic Hydrocarbons Alhanes Terpenes Ether 
Limits: 0.05 0 .008 0.007 0.006 0.010 0.008 0.003 0 .002 0.002 Aldehyde lim~ ia from EHD 

ACGIHTLV 1.00 9 100 100 200 N/A N/A N/A 100 (Canada) for formaldeh1·de. 
Predicted Pollutant Concentrations (ppm) 
A11g:Year 0.071 0 .006 0.008 0 .008 not a••ail. not avail. 0.007 0.002 0.003 
Ma.x: Oct-Apr 0.073 0.006 0 .008 0.009 not avail. not avail. 0.007 0.002 0.003 Highes1 monthly aver11ge for 

May-Sep 0.103 0 .008 0.011 0.012 not av11il . not avail. 0.010 0 .003 0 .004 each period 
Max hour 0.172 0.014 0.019 0.020 no: avail. not evail. 0.017 0 .004 0.007 

Infiltration & Ventilation (ach) Month 

1 2 3 4 5 6 7 8 9 10 11 12 
Max. 1.881 1.704 1.412 1.830 0 .873 0 .614 0.908 0 .754 0 .960 1.539 1.434 1 .421 
Min. 0.256 0207 0 .186 0.140 0 .072 0.071 0.072 0 .070 0.073 0.072 0.214 0.250 
Avg. 0.486 0.<17 0 .402 0.447 0.298 0.254 0.322 0.235 0.264 0.350 0.392 0.439 

Infiltration & Ventilation (Ui) 
Avg 419 412 40 45 30 26 32 24 27 35 39 ~4 

Temperatures (C) 

Outside 0.5 3 .9 6 .7 7.1 12.4 14 .5 16.9 17.8 13.1 9.0 6.3 0 .6 

ln!.ide 20.0 20.0 20.0 20.0 20.2 20.1 21.0 21.3 20 0 20.0 20.0 20.0 

Winds (mis) 

AES Station 4.5 ~.1 4.5 5 .1 3.5 3.2 4 .4 3 .3 2.9 3.6 <1 .0 3 .9 

Building 2.8 2 .5 2.7 3 .1 2 .2 2 .0 2 .7 2.1 1 .8 2.2 2 .5 2 .4 
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CMHC LAO Anely&i& 

DeacrtpUon: 

Indoor Air Quall!~ Profile ~ No Flue 
Region: PAAI Volume 315 m"'3 Run ID I 3030 and 3130 

Age: pre 1~6 Bldg. Hl. 4 m Inf ii. Coeff : 
Percentile: 75 flue Hl. S.9 m R 0.40 0.36 

Ventilation Type: None 

Ventilation Flow: 0 
Foundation Bsmt x 0.10 0.09 

U• 

Pollutant Source Strength&: -
Whole houu source 5treng11u bas.ad on : 4 houses 

Maf'ls 

Ho us.a 

Total 

0.250 

"E ..e 0.200 

.~ 
"6 
i 0.150 
~ .... 

Formald• 
hyde 

9.000 
0.000 
9.000 

Benzene Toluene Xylene 

0.000 0.000 0.000 
0.897 1.499 1.074 
0.897 1.499 1.074 

c 175 U&Pa"'n y 0.00 0 .12 
n 0.68 She her: 

ELA 3,363 cm"'2 Building 0.90 0.90 

Flue o.oo 0.95 

Max. formaldehyde &ource for max. monthly cone. < ACTION limit 

Nonane Undecane Limonene A·pinene Ethyl- Source strength&: 

(mUM benzene 

0.000 0.000 0.000 0.000 0.000 User Input 

NIA NIA 0.392 0 .328 0 .438 SAC avg. meas. (whole house) 

N/A NIA 0.392 0.328 0 .438 

• Max. hour 

• Min. hour e l,_::Aci=ion~---4-----4---------f-~-j--+-~~ 

f ::: ttH t f I 1 

.... 1 1 i t 1 ~ 
•Avg. 

2 3 4 5 6 7 8 9 10 11 12 

Month Nole : Graph shown is for formaldehyde, 
other polllJl&nt curve~ will be the Hme 1hape. 

Pollutant Health Limits (ppm) -· . 

F 01meldehyde 6eruene Toluene Xylene Nonane Undecane Limonene Ei·Pinene Ethrlber.zene . 
Clas lies : Aldehydl!' Aromatic Hydrocarbons Al~. enes Terpenes Ether 

Limits: 0 .05 0.008 0.007 0.006 0.010 0.008 0003 O.CY.>2 0.002 Aldehyde limil is frorr. EHD 

ACGIH TLV 1.00 9 100 100 200 NIA N/A N/A 100 (Cana:!is! for formaldehyde. 

PFedicled Pollulan! Conc::entrationli (ppm) 

Avg : Year 0.052 0.006 0.010 0.007 no! 11vail. nol 11vail. 0.003 0.002 0.003 
Mu: Oct-Apr 0.062 0.006 0.010 0.007 nol eveil. no! avail. 0.003 0.002 0.003 Highest monthly 11ver6ge for 

Mey-Sep 0.099 0.010 0.016 0 .012 no! eveil. not avail. 0.004 0 .004 0.005 each period 

Max. hour 0.233 0.023 0.039 0.028 no! avail. no! avail. 0.010 0.009 0.011 

Infiltration & Ventilation (acti) Month , 2 3 4 5 6 7 8 9 10 11 12 
Ma.x. 2.407 1.699 1.718 2.254 1.715 1.141 1.999 1.387 1.244 1.748 1.782 1.579 
Min. 0.353 0.342 0.307 0.108 0.062 0.060 0.061 0.027 0.062 0.118 0.291 0.353 
Avg. 0.762 0.675 0 .601 0.698 0.560 0 .357 0.423 0.388 0.435 0.560 0.&49 0.742 

Infiltration & VenUletion (Uis) 

Avg. 67 59 53 61 49 31 37 34 38 49 57 65 

Temperatures (C) 

Outside ·21.7 ·19.0 ·9.0 3.1 10.5 17 .8 16.7 19. t 13.2 6.9 -5.0 ·14.7 

Inside 20.0 20.0 20.0 20.0 20.5 21.7 21.3 22.6 20.7 20.0 200 20.0 

Winds (ml&) 
AES Station 4.6 3.8 41.2 6.0 5 .3 3.9 4.41 4.2 4.3 5 .0 41.7 5.1 

Building 3.2 2.6 2.9 4, 3.6 2.7 30 2 .9 3.0 3.4 3.3 3.5 
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CMHC IAQ Analy•is 

Oe&.erlpUon: 
Indoor Air Quality Profile CEl 

No Flue Flue 
Region: PRAl Volume 291 m"3 Run ID fl 3230 and 3330 

Age: 1946 to 1960 Bldg. Ht. 4m lnfil. Coett: 
Percentile: 75 Flue Ht. 5.8 m R 0.40 0.33 

Ventilation Type: None Foundation B•mt x 0 .10 0.08 
Ventilation Flow: 0 LJ• c 102 U&Pa"n v 0.00 0.20 

n 0.69 Shelter: 
ELA 2,006 cm"2 Building 0.90 0.90 

Pollutant Source Strengths: Flue 0.00 0.95 
Whole houJe source strengths bued on: 3 houses Max. formaldehyde source'for max. monthly cone.< ACTION limh 

Formalde· Benzene Toluene Xylene Nonane Undecane Llmonene A-pinene Ethyl- Source r;trength•: 
hyde (mlJh~ benzene 

Mat'l1 5.500 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 U•er Input 
House 0.000 0.284 0.953 1.485 NIA N/A 0.618 0.461 0.573 SAC avg. mee.5. (whole houE>e) 
Total 5.500 . 0.284 0.953 1.485 N/A NIA 0.618 0.461 0.573 

0250 

e 
c. 

l 
-= 0.200 
c 

.Sl' 

1 
0 
~ 0.150 
~ ... 
c: 
0 Action r ... 
~ 0.100 ~ 

f 00~ r1 i i 
I---! ~ T ! I 

0.000 • • 

• Max. hour 

• Min. hour 

i L " - .. 
1~~1--~-t-~-tl~-i+~-

4 

T I ·- ;;i-·1 I • 

•Avg. 

2 3 4 5 6 7 8 9 10 11 12 

Month Note: Graph shown is for formaldehyde, 
other poll~ent curves will be thi: E.eme &hape . 

Pollutant Health Limits (ppm) 

Formaldehydi: Benzene Toluene Xylene Nonene Undecane Limon~ne a-Pinene Eth)•lbenzene 

Classes : Aldehyde Aromatic Hydrocarbons Al~anes Terpenes Ether 
· ·Limits : 0 .05 0.008 0.007 0.006 0.010 0.008 0.003 0.002 0.002 Aldehyde limit is from EHD 

ACGIHTLV 1.00 · 9 100 100 200 N/A N/A N/A lOO (Canada) for formaldehyde. 
Pred1cled Pollulan1 Concenlralions (ppm) 

Avg : Year 0.063 0.003 0.011 0.017 not avail. not avail. 0.007 0.005 0.007 
Max: Oct-Apr 0.062 0.003 0.011 0.017 not avail. not avail. 0.007 0.005 0 .006 Highest monthly aveiege for 

May-Sep 0.099 0.005 0.017 0.027 not avail. not avail. 0.011 0.008 0.010 each period 
Max hour 0.2l8 0.011 0.038 0.059 not avail not avail. 0.025 0 .018 0.023 

lnfillralion & Ventilation (ech) Month , 2 3 4 s 6 7 8 9 10 , , 12 
Max. 1.586 , .114 1.126 1.483 1.124 0.743 1.313 0.906 0.812 1 .146 1.169 1 .035 
Min. 0.228 0.221 0.198 0.069 0.039 0.038 0.039 0.017 0.039 0.075 0 .188 0.228 
Avg . 0.4197 0 .440 0.391 0 .4153 0.362 0.229 0.272 0 .250 0.281 0.363 0 .422 0 .4183 

Infiltration & Ventilation (Us) 
Avg . 40 36 32 37 29 19 22 20 23 29 34 ~9 

Temperalures (C) 

Outside ·21.7 ·19.0 ·9.0 3 .1 10.5 17.8 16.7 1 S.1 13.2 6.9 -5.0 ·14 .7 

Inside 20.0 20.0 20.0 20.0 20.5 21 .7 21.3 22.6 20.7 20.0 20.0 20.0 

Winds (mis) 

AES Station 4.6 3 .8 4.2 6.0 5.3 3.9 4.4 41 .2 41 .3 5 .0 4.7 5 .1 

Building 3.3 2.7 3.0 .i: .2 3.7 2.7 3 .1 3.0 3.0 3 .5 3 .3 3.6 
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CMHC IAQ Ane1yr.ir. 

Indoor Air Quality Profile 
Oescrlptlon: No Flue 

CE 
Flue 

Region: PRAI Volume 421 m"'3 Run ID ti 3430 and 3530 
Age: 1961 to 1980 Bldg. Ht. 4.2 m lnfil. Coetf: 

Peroontile: 75 Flue Ht. 5.9 m R 0.50 0 .41 
Ventilation Type: None Foundation Bsmt x 0.00 0.00 
Ventilation Flow: 0 U• c 97 U11Pa"' n y 0.00 0.20 

n 0.7 Shelter: 

ELA 1,952 cm"'2 Building 0.90 0.90 
Pollutant Source Strengths: Flue 0.00 0.95 
Whole house source s1rengths based on: S houses Max. formaldehyde &ource for max. monthly cone. < ACTION limit 

Formalde- Benzene Toluene Xylene Nonane Undecane Limonene A-pinene Ethyl- Source strengths: 
hyde (mlJhr) benzene 

Mal'ls 5.500 0.000 0.000 0 .000 0.000 0.000 0.000 0.000 0.000 UHrinput 
Hour.e 0.000 0 .633 0 .879 0.938 NIA NIA 0.794 0.206 0.338 SRC avg. meas. (whole houu) • Total 5.500 0.633 0.679 0.938 NIA NIA 0.794 0 .206 0.338 

0250 

i :: l Action ! I I 
-., 0 .100 + ·--+---+---t---r-------
1-
~ 

• Max. hour 

• Min. hour 

~ 0.050 
0 ..... 

•Avg. 

H---1 f i l '"··J l I i I : I • • • 0.000 -+----------------+------+-----------..-----,..._---------+-------.-----+-------i 
2 3 4 5 

Pollutant Health Limits (ppm) 

Fcrmaldt hydt Benzene Toluene X1· lene 
Classes: Aldehyde Aromalic Hyorocerbons 

Limits: 0.05 0.008 0 .007 0 .006 
ACGIHTLV 1.00 9 100 100 

Pred1c1ed Pollutant Concentrations (ppm) 

Avg: Year 0.062 0.007 0 .010 0 .011 
Max: Oct-I.pr 0.061 0.007 0 .010 0.010 

May-Sep 0.098 0 .011 0 .016 0 .017 
Max. hour 0.199 0.023 0 .032 0 .03-1 

Infiltration & Ventilation (ach) , 2 3 4 
Max. 1.098 0.769 o.n5 l.023 
Min. 0.162 0.157 0.140 0.048 
Avg. 0.350 0.3iO 0.273 0.312 

Infiltration t. Ventilation (Us) 
Avg. '11 36 32 36 

Temperatures (C) 

Out!.ide ·21 .7 ·19.0 ·9.0 3.1 
Inside 20.0 20.0 20.0 20.0 

Winds (mis) 

l..ES Station '1.6 3.8 41.2 6.0 
Building 3.3 2.7 3 .0 41 .2 

6 7 8 9 

Month 

10 11 12 
Note: Graph shown is for formaldehtde, 
other polluten~ curves will b6 lhe seme shape. 

Nonc.ne Undecanf Limonene a-Pinene Et tor l!:lenzene 
Al~; eines Terpenes E!her 

0 .010 0 .008 0.003 0 .002 0.002 Aldehyde limit i~ frorr. EHD 

200 NIA N/A N/A 100 (Ci;nedEo) fer forrr.eldehyde . 

not avi;il. not avail. 0.009 0.002 0 .004 
no! avail. not avail. 0 .009 0.002 0.004 Highest month!)' average for 
no! av1oil. not avail. 0.0141 0.004 0.006 each period 
not avail. not avail. 0.029 0 .007 0 012 

Month 

5 6 7 8 9 10 11 12 
0.771 0 .506 0 .903 0.619 0.554 0.789 0.805 0.715 
0.027 0.027 0 .027 0 .011 0.027 0 .053 0.13< 0 .163 
0.248 0.155 0.185 0.169 0.191 0.249 0.293 0.337 

29 18 22 20 22 29 ~ 39 

10.5 17.B 16.7 19.1 13.2 6.9 .s.o .i<,7 

20.5 21.7 21.3 22.6 20.7 20.0 20.0 20 0 

5.3 3.9 4.4 4.2 41.3 5.0 4.7 5, 

3.7 28 31 3.0 3.0 3.5 3.4 36 
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Indoor Air Ouallly Profile 
OeGCl'lpUon: 

Region: ONT Volume 385 m"'3 
Age: pre 1945 Bldg. Ht. S.5 m 

Percentile: 75 flue HI. 7.4 m 

Run ID II 
lnfil. Coetl: 

R 

CMHC IAQ Analysis 

No Flue 

6030 

G:J 
Flue 

and 6130 

Ventilation Type: None Foundation Bsm\ x 
0.40 
0.10 
0.00 

0.36 
0 .09 
0.11 Ventilation Flow: 0 IJ6 c 193 L/sPa"' n y 

n 0.67 Shelter: 
ELA 3,624 c:m"2 Building 0.80 0.80 

Pollutanl Source Strengths: Flue 0.00 0 .85 

- . . - - - - .. -----

Formal de- Benzene Toluene Xylene Nonane Undecane Umonene A-plnene Ethyl- Source &lrengths: 
hyde (mLJhr) benzene 

Mat'I• 6.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 U&er Input 
House 0.000 0.897 1.499 1.074 N/A NIA 0.392 0.328 0.438 SAC avg. meas. (whole hour.a) 
Total 6.000 0.897 1.499 1.074 N/A N/A 0.392 0.328 0.438 

0.250 

e ..s 0.200 
c 

.5? 
"iS 

1 
I • Max. hour 

~ 0.150 

-H .... l u 
c I • Min. hour 0 Action 

f 
u 

~ 0.100 I TaroJ 

..... 

i I •Avg. ..c 
~ 
~ 0.050 • ' • l 1 
0 ~ : : • • .... • • • 

0.000 

2 3 4 s 6 7 8 9 10 11 12 

Month Nole: Gra;:>h shown is for formaldehyde, 
other pollu1an1 curves will be the same &hape. 

Pollutant Health Umlls (ppm} 

Formaldehydf: Benzene Toluene Xylene Nonane Undec.e.nt- Limonene &·Pinene Eth)'lbenzene 

Classes: Aldehyde Aromatic Hydrocarbons Alkenes Terpenes Ether Class limi~ are from Sei1er1 

'Jmib: 0.05 0.008 0.007 0.006 0.010 0.005 0 .003 0.002 0.002 Aldehyde limit i~ from EHD 

ACGIHTLV 1.00 9 100 100 200 N/A NIA N/A 100 (Canada) for formalde hyde . 

Predicted Pollutant Concentralionr. (ppm) 

Avg : Year 0.061 0.009 0 .015 0.011 not avail. not avail. 0.004 0 .003 0.004 

Max: Ocl·Apr 0.064 0.009 0.016 0.011 not avail. not avail. 0.004 0.003 0.005 Highest month!)' average for 

May-Sep 0.097 0 .014 0.024 0.017 nol avail. not avail. 0.006 0.005 0 .007 each period . 
Max. hour 0.164 0.025 0.041 0.029 not avail. not avail. 0.011 0009 0.012 

Infiltration & VenUlaUon (ach) Month 

1 2 3 4 5 6 7 8 9 10 11 12 

Max. 1.127 1.0~ 0.892 0.876 0.507 O.~D o.i:12 0.531 0.599 0.529 0.6'49 0.805 

Min. 0.320 0.280 0.287 0.112 0.070 0.066 0.069 0.069 0.069 0.075 0.190 0.262 

Avg. 0.518 0.494 0 .447 0.367 0.253 0 .172 0 .170 0176 0.197 0.266 0.355 0.453 
Infiltration & Ventilslion (Us) 

Avg . 55 53 48 39 27 18 18 19 21 28 38 4B 

Temperalures (C) 

Ovt~ ide -8.8 -4 .7 ·3.0 4.2 12.0 16.2 19.4 19.0 15 € 9 .6 4.6 -'o.8 

Inside 20.0 20.0 20.0 20.0 20.5 22.2 226 22.6 21 .1 20.1 20.0 20.0 

Winds (mis) 
AES S1ation ~.3 5.8 4.8 4.8 4.0 3.1 3.5 3.5 3.3 3.6 4.8 4,4 

e ... ilding :u 2.3 1.9 1.9 1 .6 1.3 1.5 1 .5 1 .4 1 .5 1.9 1 .8 
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CMHC I.AO Analysis 

Indoor Air Quality Profile G: 
No Flue Flue Description: 

Region: ONT Volume 449 m"3 Run 10 ii 6230 and 6330 
Age: 194610 1960 Sldg. Ht. 5.5 m lnfil. Coef1: 

Percentile: 75 Fluo Ht. 7.3 m R 0.40 0.35 
Ventilation Type: None Foundation Bsmt x 0.10 0.09 
Ventilation Flow: 0 LJ& c 135 LJsPa"'n y 0.00 0.15 

n 0.68 Sheher: 

ELA 2,594 cm"2 Building 0.80 0.80 

Flue 0.00 0.85 Pollutant Source Strengths: -
Whole house &ource &trengths based on: 3 houses Max. formaldehyde source for max. monthly cone . c ACTION limit 

Formalde· Benzene Toluene Xylene Nonane Undecene Limonene A-pinene Ethyl- Source 1trength~: 

hydo (mlJhr) benzene 

Ma1'1s 4 .400 0.000 0.000 0.000 0.000 0.000 0 .000 0.000 0.000 User inpu1 

House 0.000 0.284 0.953 1.485 NIA NIA 0.618 0.461 0.573 SRC evg meas. (whole house 

Total 4.400 0.284 0953 1.485 N/A N/A 0.618 0.461 0.573 

0.250 

e 
c.. -= 0.200 
c 

.9 
0 i. 0.150 

...., 
c 

~ 0.100 t 
~ 
§ 
~ 0.050 ~ 
c I • 

..... " 
O.C>JO • 

Action 

~ • • 

• 

• 
" • • 

r 1 r_I~1 -----r-1----r:J=:J_W-i---r-
• Max . hour 

• Min. hour 

•Avg. 

2 3 4 5 

Pollutant Health Limits (ppm) 

Formaldehyde Ber,zene Tol;iene Xylene 

Classes: Aldehyde Aromatic Hydrocarbons 

Limits : 0.05 0.008 0.007 0.006 

ACG!HTLV 1.00 9 100 100 

Predicted Pollutanl Concentrations (ppm) 

Avg Year 0.063 0.004 0.014 0.021 

Ma.x : Oct-Apr 0.056 0.004 0.014 0 .022 

May-Sep 0.100 0.006 0.022 0.0~ 

Max. hour 0.158 0.010 o .o~ 0.053 

lnfrllration & Ventilation (ach) 

1 2 3 4 

Max. 0.696 0.650 0.549 0.539 

Min. 0 .194 0 .170 0.174 0.067 

Avg 0.317 0.302 0 273 0.223 

lnfillration & Ventilation (Us) 

Avg 410 38 34 28 

Temperatures (C) 

Outside -8.8 -4.7 ·3.0 4.2 

Inside 20.0 20.0 20.0 20.0 

Winds (mis) 

AES Station 5.3 5.8 4.8 418 

Building 2.1 2.3 1 .9 1 .9 

6 7 8 9 

Month 

. 10 1, 12 
Note : Gra;:ih sho..,•n is for formaldehyde , 

other pollutenl curve~ wil! be the same shepe . 

Nonene Urodecane Limonene &-Pinen!.' Eth) !benzene 

All.anes Terpenes Ether Cle!.~ limits ere 1rom Seifert 

0.010 0.008 0.003 0.002 0.002 Aldehyde lim~ is from EHD 

200 N!.L. N/A NIA 100 (Canadi.) for formeldeh)'de. 

no: avail. not avail. 0.009 0.007 0.008 

no1 avail. no1 avail. 0.009 0 .007 0.009 Highest month!)' average for 
not evail. not avail . 0.014 0.010 0.013 each period 
not avail. not avail. 0.022 0.017 0.021 

Month 

5 6 7 6 9 10 11 12 

0.371 0.330 0.251 0.324 0.366 0.323 0.398 0.495 

0.041 0.039 0 041 0.041 0.041 0.044 0.114 0.159 

0.153 0 103 0.102 0.106 0.119 0.161 0.216 0.276 

19 13 13 13 15 20 27 :>4 i 

12.0 16.2 19.4 19.0 15.6 9.6 "i .6 ~ . 81 

20.5 22.2 22.6 22.£ 21 .1 20.1 20.D 20.D 

..:.o 3.1 3.5 3.5 3.3 3.6 4.8 4.4 

1.7 1 .3 1.5 1 .5 1.4 , .5 1.9 1 .B 
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OescrlpUon: 

Region: ONT 
Age: 1961to1980 

Percentile: 75 

Ventilation Type: None 

Ventilation Flow: 0 Us 

Pollutant Source Strengths: 
Whole house source strengths based on: 8 houses 

Formalde- Benzene Toluene Xylene 

hvdo 
Mat'l1 3.800 0 .000 0 .000 0.000 
House 0.000 0.633 0.879 0.938 
Total 3.800 0633 0.879 0.938 

0.250 

e 
""' ~ 0.200 
c 

.2 
"E 

Indoor Air Ouallty Profile 

Volume 462 m"3 
Bldg. Hl. 5.5 m 

Flue Ht. 7.2 m 

Foundation Br.mt 

c 114 U~Pa"n 

n 0.69 

ELA 2,242 cm"2 

. 

CMHC IAQ Anal)·sis 

No Flue 
Run ID I 6430 
lnfil. Coeff: 

A 0.50 

x 0.00 

y 0.00 

She her: 

Building 

flue 

0.80 

0.00 

0 . 
Flue 

end 6530 

0.42 

0.00 

0.18 

0.80 

0.85 

Max. formaldehyde 1ourc6 for max. monthly cone. < ACTION limit 

Nonane Undecane Limonene A·pinene Ethyl· Source 'trengths: 
(mlJhr) benzene 

0.000 0.000 0.000 0 .000 0.000 User input 

NIA NIA 0.794 0.206 0.338 SAC avg meas. (whole house) 

N/A N/A 0.794 0.206 0.338 

• Max. hour 
] 0.150 
~ c 
0 

~ o.1oo I~ Action 

~ 

1 ooso t· ' • • 
T 
% 

1 i i 
~----r:r1=r!-. -!----

& 

T • • • 

• Min. hour 

• Avg. 

.... Ill Ill 
0.000 • • • 

2 3 4 5 6 7 8 9 10 11 12 

Month Note: Graph sho .... n if for formaldehyde, 
other pollutar1t curvef will be the samt shape. 

Pollutant Health Limits (ppm) .. . 
For m&ldehydto Beniene Toluene X)•lene Nonane Undecane Limonene e·Pinene Ethylbenzene 

Classes: l.ldehyde . Aromatic Hydrocarbons Alkanes Terpenes Ether Class limits are l1orr. Seif en 

Limits: 0.05 0.008 0.007 0.006 0.010 0.008 0.003 0.002 0.002 Aldehyde limr. i5 from EHD 

ACGIHTLV 1.00 9 100 100 200 N/A N/A N./I. 100 (Canada; lo• formelde hy de. 

Predicted Pollulanl ConC6ntrations (ppm) 

Avg : Year 0.062 0.010 0 .014 0.015 not avail. not avail. 0.013 0.003 0 .005 

Ma.x : Oct-Apr 0.064 0.011 0.015 0.016 not avail. no1 avail. 0.013 0.003 0.006 Highest monthly averege for 

May-Sep 0.099 0.017 0.023 0.025 not avail. not avail. 0.021 0.005 0.009 each period 

Max. hour 0 .152 0.025 0.035 0.038 not avail. not aveil . 0 032 0.008 0.014 

Infiltration & Ventilation (ach) Month 

1 2 3 4 5 6 7 8 9 10 11 12 

Max. 0.597 0.557 0.470 0.457 0.312 0.276 0.210 0.273 0.307 0.275 0.338 0<22 

Min. 0.167 0.148 0.148 0.057 0.035 0.033 0.035 0 .035 0.035 0.038 0.0?9 0.137 

Avg. 0 .275 0.261 0.236 0.192 0.130 0.087 0.086 0.089 0 101 0.138 0.185 0.240 

Infiltration & Ventilation (Us) 

Avg 35 33 30 25 17 11 11 11 13 18 24 31 

Temperatures (C) 

Outside -8.8 -4.7 ·3.0 4.2 12.0 18.2 19.4 19.0 15.6 9.5 4.6 -4 .8 

Inside 20.0 200 20.0 20.0 20.5 22.2 22.6 22.6 21.1 20.1 2:.0 20.0 

Winds (mis) 

AES Station 5.3 5.8 4.8 4.8 4.0 3.1 3.5 3.5 3.3 3.6 4.6 4 .4 

9.Jilc:1ing 2.1 2.3 2.0 1.9 1 .7 1 .4 1.5 1.5 1.4 1 .5 1.9 , .e 
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J0.4.2 Houri)' results 
li~~;a;; a 11~r;.,;:1-.~"" a.at~ ;~t~~rrzt~<m:W4'.WAWN~ 

Critical Months: 

Hourly results were output for selected critical months for each 
region . July was assumed critical for Ontario to account for air
conditioned houses. April in the Prairies and March in the Pacific 
regions are critical 'shoulder season' months (corresponding months 
in the fall would also be critical), assuming that the houses are open 
during the summer. If the houses were closed during the summer 
for cooling or security reasons, then July or August would be critical 
months (see monthly profiles in section I 0.4. I). The hourly results 
of the following runs are presented here: 

Note that this is not a thermal simulation model so actual inside 
temperatures are not calculated. The results due to fan control by 
inside to outside temperature diff erence27 therefore show an 
indication of the potential of this type of control, rather than its 
absolute potential. 
Table l 0.5 List of Hourly Outputs 

Region Age Xti le Month Ventilation Remarks 

Ontario 1981-90 75 July none c~ared to Average of surveyed 
25L/s balanced levels of HCHO 
fan with dT con· 
trol 

Prairies 1981-90 75 April none compared to Average of surveyed 
25L/s balanced levels of HCHO 
fan with dT con-
trol 

Pacific 1981-90 75 March none c~ared to Average of surveyed 
25L/s balanced levels of HCHO for 
fan with dT con- Pacific 
trol 

27 dT fan control: fam on if imide to outside temperature difference less than a specified amount, otherwise fans off. 
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Toronto, Ontario 

July 

0.200 ,-----------------------;:::::::======~--

0.180 -r----------- - - ----- ----- ------1 •No fans 

Ill dTcontrol 
-- 0.160 I I I ! 0.140 I 

~ 0.120 
~ 
i 0.100 

B o.oso 
c: 
ti) 

'S 0.060 
"El 
CL 

0.040 

0.020 

0.000 
N M ~ ~ ~ ~ m m 0 - N ~ ~ ~ ~ m ~ ~ - N M ~ ~ ~ ~ ~ ~ 0 - N 
m ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ N ~ ~ ~ N N N 

Day of year 

Q) 12 

Q ~ ~ 0 Fans off -------._/ ~ 1

8 '(; I dT control tem . J ! I f I A /1 

f ~: ~U~~rJJLJ1 lit) ~JULq_LJJUu 
Q) 0 
~ N M~~~~ m l ~ 8 ~ N ~ ~ ~ ~ m ~ ~ - NM~~~~ m ~ 0 - N 
E ~~ ~ ~ ~ ~ ~ ~ ~ - ~ ~ ~ ~ - ~ ~ - R ~ R ~ ~ ~ R ~ ~ ~ 

Formaldehyde concentrations (ppm) 
no Fans 

Average I 0.093 
Minimum 0.058 
Maximum 0.139 

Fans with dT control 
0.038 

0.029 
0.051 

Peroentage of hours with concentration greater than limit of 0.1 ppm 
no Fans Fans with dT control 

34% 0% I 

Total infiltration and ventilation 
no Fans 

(aeh) 

Average 0.08 

Minimum 0.04 
Maximum 0.20 

Fan opera lion: 0 hours 

Fans with dT control 
(Us) (ach) (Us) 

17 0.20 40 

7 0.10 21 
40 0.32 65 

696 hours 
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Description: 
Source strength: 5.5 mLJh 

Fans balanced, 25LJs 

House 

(with dT control, fans are off unless inside 

to outside temperature difference ism 

~) 

ID 66303 (no flue) 

1981-1990 
75th percentile 

Volume 725 m"3 

c 169 LJsPa"n 

n 0.69 

ELA 3,323 cm"2 

Basement foundation 
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Prairies 

April 

~~~~~~~~~~~~~r=========i~ 0.200 

0 .180 -+----- ----------- -----------------! • Nofans 

Q1~ ~ 

I 0.140 -!--------

~ 0:120 -l-----1111 

~ ._ """''"""'.' ...... 
Q) 0.100 ~--------
B 0.080 

i i 0.060 

0.040 

0 .020 

0.000 

; ~ ~ ~ ~ ~ ~ ~ ~ 8 0 ~ 8 ~ ~ ~ b ~ g ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 
~ .- ~ ~ ~ ..... ~ ~ - .- ~ ~ ~ ~ ~ ~ .- ~ 

Day of year 

g 40 1 

8 10 ~AJVVVv01v 
I \I 5 

f ~ ~ J~vV\t\r\ 41 t-~ ,m_ 
:li 15 dT '°""'' t•mp. .1 V 'if" 
Q) 

:2 0 Fans on ,,, 
.E 

o; ~ ~ ~ ~ ~ ~ ~ ~ 8 0 ~ 8 c; ~ 8 b 8 

Formaldehyde concentrations (ppm) 
no Fans 

Average 

Minimum 

Maximum 

0.095 
0.033 
0.1n 

-
Fans with dT control 

0.084 
0.032 
0 .158 

.----.-

Percentage of hours with concentration greater than limll or 0.1 ppm 

no Fens Fans with dT control 

40% 30% I 

Total Infiltration and ventilation 
no Fans 

Average 0.13 
Minimum 0.02 
Maximum 0.44 

Fan opera tlon: 0 hours 

Fans with dT control 

18 0.15 21 
3 0.04 5 
~ 0.44 60 

78 hours 

89 

Ol 0 -
0 - -- - - N M "'1' ~ ~ ~ ~ ~ - - ... 

Description: 
Source strength: 5.5 mlJh 

Fans balanced, 25LJs 

House 

(with dT control, fans are off unless inside 

to outside temperature difference is~ 

~) 

ID 3630 (no flue) 

1981-1990 
751h percentile 
Volume 4~ mA3 

c 50 UsPaAn 

n 0.71 

ELA 1,030 cmA2 

Basement foundation 
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Vancouver, BC 

March 

0.200 .....-- --------....,....---------- -------

0.180 +-------- ------------------1 
• Nofans 

o.1ro I f 01 .. : i I • dToom<•I I 
]l 0·120 I ll I I\ j 
c • 

~ 0.100 

0.080 Bl a .. 
c s 
..2 0.060 
;f 

0.040 

0.020 

0.000 

g (D N M 
ID ID ~ ~ $ ~ $ ffi ~ ~ ~ !"l "'f &n ID ,.._ ,.._ ,.._ ,.._ 

Day of year 

25 

f _: J/1;\fV\/~1,1\Vt\ttNi~ 
I- 8 dT control temp. ~ 10 ........ _ .. ·u; 
:; 
0 

~ 
~ 

5 
y ,. 

~ ~ ~ g ~ ~ ~ ~ ~ ~ ~ ~ ~ 

·~ o._ ________________ ,,,_. __________ ._.. ____ ..... ______________________ ___ 

- @ (D ~ ~ ~ ~ $ ~ $ ffi R ~ ~ ~ ~ ~ ~ ~ ~ ~ g ~ ~ ~ ~ ~ ~ ~ ~ ~ 

Fonnaldehyde concentrations (ppm) 
no Fans 

Average I 0.096 
Minimum 

Maximum 

0.038 

0.150 

Fans with dT control 
0.093 

0.038 

0.136 

Percentage of hours wllh concentration greater than limit of 0.1 ppm 
no Fans Fans with dT control 

45% 40% I 

Total Infiltration and ventilation 
no Fans 

(ach) 
Average 0.35 

Minimum 0.16 

Maximum 1.12 

Fan opera tion: 0 hours 

Fans with dT control 
(Us) (ach) (Us\ 

52 0.36 53 
24 0.19 29 

168 1.12 168 

34 hours 
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Description: 
Source strength : 17.1 mUh 

Fans 

House 

balanced, 25Us 

(with dT control, fans are off unless inside 

to outside temperature difference is~ 

than BC) 

ID 1630 (no flue) 

1981-1990 

75th percentile 

Volume 539 mA3 

c 248 UsPaAn 

n 0.66 

ELA 4,551 cmA2 

Crawlspace foundation 
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Vancouver, BC 

March 

0.200 ....------ --------------------------------

0.180 -t----- - ------------------------1 
•No fans 

I 0140 . j I l!dTooottol I 0.1~ I 

i 0.120 1 11 I A , j 
g 0.100 

U 0.080 II 8 • 

~ 
~ 0.060 

0.040 

0.020 :h~~~~~-?~~~~~1~· 
0.000 ;;-:-·-:-:-_-::::::::::;;:;::;;;;;:;:: 

M ..,. ll'l t0 ,.._ ,.._ ,.._ ,.._ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 8 g ~ ~ ra ~ ~ $ ~ ~ ffi ~ ~ ~ 
Day of year 

25 

I 20 eviAft~ A(\~ . ' v Fao•o" ~ - " ) dT ,.~ ••• , •• m •. u IJiVlf vv t- l) 

~ - 10 
~ 
:::> 
0 

5 
~ 

~ o.i-----------------------------------------------------------,_,,_, ____ __ - 0 ~ N M ..,. ll'l t0 ,.._ ~ ~ 0 ~ N M ..,. ll'l t0 ,.._ ~ ~ 0 ~ N M ll'l t0 ,.._ ~ ~ 0 
tO tO tO tO tO tO tO tO tO tO ,.._ ,.._ ,.._ ,.._ ,.._ ,.._ ,.._ ,.._ ,.._ ,.._ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 

Formaldehyde concentrations (ppm) 
no Fans 

Average I 0.096 
Minimum 

Maximum 
0.038 
0.150 

Fans with dT control 
0.074 

0.038 
0. 111 

Percentage of hours with concentration greater than limit of 0.1 ppm 
no Fans Fans with dT control 

45% 6% I 

Total Infiltration and ventilation 
no Fans 

(ach) 
Average 0.35 
Minimum 0.16 
Maximum 1.12 

Fan opera lion: 0 hours 

Fans with dT control 
(Us) (a ch) (Us) 

52 0.45 67 

24 0.26 39 

168 1.12 168 

443 hours 
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Description: 
Source strength: 17.1 ml./h 

Fans 

House 

balanced, 25L./s 
(with dT control, fans are off unless inside 

to outside temperature difference is~ 
than 14C) 

ID 1630 (no flue) 

1981-1990 

75th percentile 

Volume 539 m"3 

c 248 L./sPa A n 

n 0.66 

ELA 4,551 cmA2 

Crawlspace foundation 
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11 APPENDIX: B.C. AIR-TIGHTNESS TESTS 

az:s o ·~li!l!!98i!l!i!I i!~lmm<-&,...,!2Sl$iaa&J(, I ii!li»lfl&i™"""""'/.--,,.,,,,!$'Sl'"~T~·,~.,,~·,$!~$1'w!$"!$l!$"""Sl· Mml!i1li!.!.?.i!2'1Zi:>!'l!!!21Z= ™"~H ... ~~·;; ;"91i : ;-x ; :.. x-~~a:eeme2:02cE2szct«z2d2& 

11.1 Background 

~ ='<~A~«S!!Slllll!i$Clii!!ili!!ll j !SiilSSim 1aq1srn;irnmsim111s e:= =mmm 1mE:1me1rnim~ ntrr::::s 

11.2 Results 

The CMHC Indoor Air Quality research project required typical 
house air-tightness data for a range of house types and regions 
across Canada. Data was obtained from Scanada for Quebec, Ontario 
and prairie regions but was largely unavailable for both Maritime 
regions. It was outside the budgetary scope of the study to obtain 
a statistically significant data set for the Atlantic Maritime region , 
however it was possible to obtain data for the warmest extreme of 
the Pacific Maritime region - the lower mainland of B.C .. 

&~~;{"=*~»:>~:~:~~»::~re;:w. .. ~~~-m.{::~:;.::..~x;*~x~~~Y~~~.wr:Z.~~~"::~~~1~~:»»>:;m;%~mm;-~~m..;-.ff&4~:1.~:-~ 

The air-tightness tests were carried out by Peter Moffatt Consulting 
according to CGSB standards. The tests were performed in 
December, 1991 and early January, 1992 on a "ariety of houses 
throughout the lower mainland of B.C.. 

Due to budget constraints, only 36 houses could be tested. These 
were divided, as much as possible, according to the age divisions 
used by Scanada in setting up the CMHC database of houses across 
Canada (Table 1 J.J ). 

Table 11.l Housing Age Categories 

CMHC Database B.C. 1992 Air-tightness Survey Previous Studies 

Pre 1920 no data 

1920 • 1945 1920 • 1945 

1946 . 1960 1946 . 1960 

1961 . 1970 1961 . 1980 

1971 . 1980 (included in above) 

1981 . 1989 1989 cross-Canada study 

The data from the J 989 study of 200 new merchant houses was used 
to represent new housing in the simulations. 

A summary of the results of this air-tightness survey of older B.C. 
housing stock is presented in Table J J .2, listed according to original 
construction date. 
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Table 11.2 Summary of Air-tightness Survey of B.C. Housl 
-

No. Clly Prov. Age Heating oundallor Floor Volume EnvelopE 

Fuel Type Area Area 
lm"2) (m "'3) {m " 2) 

BC9201 Vancouver B.C. 1920 gas bsml 193 449 416 

BC9202 Vancouver B.C. 1925 gas bsml 457 1,154 680 

BC9203 Vancouver B.C. 1929 gas bsml 334 781 569 

BC9204 New West. B.C. 1930 gas bsml 183 414 475 

BC9205 Deep Cove B.C. 1930 gas part basm 235 481 460 

BC9206 Vancouver B.C. 1930 gas/elec bsml 223 498 424 

BC9207 Vancouver B:C. 1931 gas bsmt 239 629 440 

BC9208 Vancouver B.C. 1932 gas bsmt 303 797 520 

BC9209 Vancouver B.C. 1936 gas bsmt 281 600 453 

BC9210 N. Van B.C. 1939 gas bsmt. 347 844 581 

BC9211 Vancouver B.C. 1940 gas bsmt. 262 607 444 

BC9212 Vancouver B.C. 1940 gas bsmt. 219 547 534 

BC9213 Vancouver B.C. 1942 gas bsmt. 174 426 359 

BC9214 Vancouver B.C. 1946 gas bsmt. 216 540 472 

BC921 5 N. Van. B.C. 1947 gas c/space 79 185 245 

BC9216 Vancouver B.C. 1948 gas bsml 166 389 366 

BC9217 W. Van. B.C. 1948 gas bsml 367 745 520 

BC9218 Vancouver B.C. 1949 gas bsmt. 233 539 404 

BC9219 N. Van. B.C. 1950 gas bsml 217 504 457 

BC9220 Coquitlam B.C. 1950 gas bsml 215 495 433 

BC9221 Vancouver B.C. 1952 gas bsmt. 198 455 382 

BC9222 Vancouver 8.C. 1953 gas bsmt. 161 408 352 

BC9223 N. Van. B.C. 1953 gas slab-c/s 217 509 426 

BC9224 Vancouver B.C. 1955 gas bsml 148 384 329 

BC9225 N. Van. B.C. 1960 gas bsml 202 472 417 

BC9226 Coquitlam B.C. 1962 gas slab-c/s 267 459 465 

BC9227 Langley B.C. 1962 electric c/space 280 614 810 

BC9228 N. Van. B.C. 1964 gas bsmt 251 614 528 

BC9229 Coquitlam B.C. 1965 gas bsml 228 536 456 

BC9230 Surrey B.C. 1970 electric slab 135 327 395 

BC9231 Pitt Meado B.C. 1972 gas c/space 424 768 &48 

BC9232 Surrey B.C. 197'4 electric slab 172 362 454 

BC9233 Richmond B.C. 1975 gaa slab 164 308 360 

BC9234 Maple Rid B.C. 1975 gaa bsmt-c/1 325 945 465 

BC9235 Gibsons B.C. 1978 electric slab 202 451 480 

BC9236 Surrey B.C. 1978 gas sleb-c/s 245 490 479 
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.Ir-tightness Survey of B.C. Housing 
11=ounda!lor Floor Volume Envelope ACPH ELA NLA c n 1"'2 . Rela tivaj Storeys Celling Flue Bath Wood 

I 

Type Area Area Std.Error height height Fans Appl. 
(m"21 (m"3l (m"2l l®50 Pal cm"2 cm2/m2 Lis" Pa) . (%) (ml Cml 

baml 193 449 416 14.2 2.653 6.38 152 0.634 0.9980 0.10% 1 3.9 5.2 0 1 

bsmt 457 1,154 680 8.3 4,035 7.45 238 0.620 0.9990 0.79% 1.5 6.1 7.0 2 2 

bsmt 334 781 569 7.3 2.591 4.55 166 0.582 0.9991 0.56% 2 6.1 7.1 1 1 

bsmt 183 414 475 17.5 3,021 6.35 176 0.627 0.9994 . 0.47% 1 6.1 9.1 1 1 

part. bum 235 481 460 19.5 4,040 8.78 250 
: 

0.603 0.9991 0.72% 1 3.7 7.0 2 2 

bsml 223 498 424 8.5 1,845 4.35 113 0.602 0.9990 ' 0.61 % 2 6.8 7.4 2 2 

bsmt 239 629 440 7.8 1,891 4.29 100 0.672 0.9917 1.89% 1.5 6.0 8.0 1 1 

bsml 303 797 520 10.9 3,n2 7.75 235 0.599 0.9959 1.59% 2 6.4 7.7 3 2 

bsml 281 600 453 9.3 2,513 5.54 160 0.585 0.9985 0.71% 1.5 7.3 10.0 2 1 
I 

bsmt 347 844 581 10.0 3,481 5.99 195 0.639 0.9991 0.63% 1.5 5.9 10.0 2 4 

I bsmt 262 607 444 10.8 3,2.38 7.28 244 0.517 0.9902 5.59% 1.5 6.0 6.0 2 2 

bsmt 219 547 534 7.6 1,827 3.42 113 0.597 0.9943 1.42% 1.5 7.9 10.0 2 1 

bsmt 174 426 359 8.1 1,304 3.63 67 0.683 0.9992 0.61% 1 3.2 6.0 0 1 

bsml 216 540 472 10.5 2.500 6.58 157 0.594 0.9993 0.49% 1.5 6.0 7.5 3 1 

c/spaca 79 185 245 27.6 2.266 9.25 142 0.591 0.9994 : 0.47% 1 2.3 4.5 1 1 
I 

bsmt 166 389 366 14.3 2,513 6.87 162 0.581 0.9995 '. 0.43% 1 5.0 7.0 3 1 
I 

bsmt 367 745 520 15.3 5,322 10.22 361 0.559 0.9992 ' 0.43% 1 6.7 7.9 3 2 

bsml 233 539 404 14.9 3,669 9.09 246 ' 0.568 0.9987 0.63% 1.5 6.2 7.7 3 1 

bsml 217 504 457 12.8 2,878 6.27 198 0.552 0.9979 0.79% 1 3.0 6.0 1 1 

bsmt 215 495 433 7.4 1,456 3.36 n 0.664 0.9957 : 1.38% 1 3.2 6.4 2 2 

bsmt 198 455 382 10.7 2,425 6.35 180 0.519 0.9960 1.05% 1 3.9 5.0 2 1 

bsmt 161 408 352 9.9 1,80c! 5.29 126 o.562 o.9982! o.75% 1 4.1 5.5 1 1 

slab-els 217 509 426 9.2 2,127 4.99 140 
I 

0.572 0.9967 1.03% 2 5.0 7.0 4 1 

bsml 148 384 329 . 8.0 1,148 3.49 58 0.688 0.9932 1.77% 1 4.2 5.5 3 1 

bsmt 202 472 417 5.6 1,029 2.46 54 0.671 0.9975 ! 1.05"' 1 4.4 6.0 4 1 

slab-els 267 459 465 11.8 2.683 s.n 201 0.520 0.9909 0.54% 2 5.0 8.0 2 2 

c/space 280 614 810 11.2 2.729 4.44 153 0.651 0.9966 1.37% 2 4.9 5.5 1 1 

bsmt 2!51 614 1528 12.1 2.837 5.36 144 0.886 0.9971 1.15% 1 4.1 5.5 3 3 

bsmt 228 536 458 7.5 1,742 3.82 107 
I 

0.604 0.9983 0.77% 1 5.0 7.0 1 2 

slab 135 327 395 12.6 1,742 -4.40 103 0.619 0.9999 · 0.23% 1 2.4 4.0 1 2 

cl space 424 758 M8 10.8 3,799 5.86 246 0.578 0.9995 0.47% 1.5 6.7 7.1 3 1 

•lab 172 362 454 !5.8 780 1.72 41 0.686 0.99791 0.98% 1 2.4 2.8 3 1 

a lab 164 308 360 11.3 1.21 !5 3.37 53 
I 

0.7!50 0.9971 • 1.24% 1.5 !5.1 6.6 4 1 

':>smt~a 325 94!5 465 9.0 ~.561 7.66 205 0.631 0.9989
1 

0.74% 1 5.1 7.1 !5 2 

, 1lab 202 4!51 480 7.3 t,170 2.44 57 0.710 0.9996 1 2.52% 2 4.5 7.5 3 2 

alatH:/1 245 490 479 8.4 1.612 3.38 86 0.663 0.9997 0.36% 1.5 5.1 7.0 3 1 
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11.3 Air-tightness Testing Analysis 
*3""'AA3' I' ~ l®f3f&G:.: 11 iPE 8i'9 ;~~~W~.AZ?S?ZC!?Z?'i1?2~~ 

The analysis of the air-tightness test results that foJlows should be 
viewed with the following cautions: 

• The houses were selected to be as representative as possi
ble and to cover the range of ages, sizes and fuel types, 
however houses could only be tested if they were made 
available by their owners, so not aJI categories are neces
sarily present in the numbers desired. 

• Time and budget were limited, so no attempt was made to 
check the statistical validity of the sample. 

• The sample size is relatively small (I I to 13 houses per 
age category). 

Figure l J. I and Table 1 J.3 summarize the results according to 
Normalized Leakage Area (NLA), in cm2 of leakage area per m2 
of total surface envelope28. There is a fairly consistent improvement 
from the older to newer houses, though the 1946-60 age group 
appears to have loosened slightly with respect to the pre 1946 houses. 
Post 1945, houses have steadily increased in size. 

28 The results from the 1990 new merchant home eurvey are included for comparison . The res.ult& from the 1981 new 
home survey are not included since envelope are:a.s in that 1tudy did include below grade areas and therefore NLAs are 
not comparable . Air flow data from the 1981 study will etill be useful in the lAQ portion of the study, however . 
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Fig. ll.J BC Air-Tightness SummRr)' - NLA by age 

0 <1946 

• 194&-1960 

~ 1961-1980 

Ill 1989 

NLA (cm"21m"2) 

Table 11.3 B.C. 1''LA by age 
NLA Frequency of NLA for houses buil1 in the years • 

(CM "2/M "2) <1946 1946-60 

<=1 0% 0% 
1 • 2 0% 0% 

2·3 0% 8% 
3.4 15% 17% 
4.5 23% 8% 

5-6 15% 8% 

6-7 15% 33% 

7-8 23% 0% 

8-9 8% 0% 

9- 10 0% 17% 

>10 0% 8% 

No. in sample 13 12 

No. Gas 13 12 

No. Elec. 0 0 

Average: 

NLA 5.8 6.2 

ELA 2,785 2,433 

ACH@SOPa 10.7 12.2 

Volume 633 469 

Sfc. Area 489 400 

Sfc.Area.Nol. o.n 0.85 

c 170.0 157.8 

n 0.612 0.587 
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1960-1980 

0% 

9% 
9% 

27% 

18% 

27% 

0% 
9% 

0% 

0% 

0% 

11 

7 

4 

4.4 

2,170 

9.8 

534 

504 

0.94 

126.8 

0.645 

50% 

CMHC Merchant 

Home survey 

1989 

0% 

16% 

47% 

21% 

16% 

0% 

0% 

0% 

0% 

0% 

0% 

19 

2.8 

1,603 

6.2 

692 

566 

0.82 

91 .3 

0.661 

~ 
c 
G> 
::::J 

w 
u. 

cm "2/m "2 
cm"2 

1/h 

m"3 
m"2 

1/m 

UsPa" n 
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