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ABSTRACT 

The q u a l i t y  o f  indoor  a i r  as it a f f e c t s  h e a l t h  has become an impor tant  i ssue  i n  

Canadian p u b l i c  and s c i e n t i f i c  c i r c l e s  where concerns have been c l o s e l y  l i n k e d  t o  

energy conserva t ion  measures. This paper o u t l i n e s  Canadian indoor  a i r  q u a l i t y  

research as i t  i s  p r e s e n t l y  be ing  developed i n  t h e  con tex t  of the government- 

funded b u i l d i n g  energy conservat ion research program where i t  ranks as the t o p  

p r i o r i t y  a c t i v i t y .  Whi le t he  pr imary e f f o r t  i s  now on U F F I  research, t h i s  w i l l  

s h i f t  t o  t he  broader indoor  a i r  q u a l i t y  problem over t he  nex t  few years and w i t h  

t h i s  i n  mind, some p r i o r i t y  a c t i v i t i e s  a re  suggested. 
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INTRODUCTION 

Concern about t he  q u a l i t y  o f  i ndoo r  a i r  as i t  a f f ec t s  human h e a l t h  has grown 

r a p i d l y  i n  t h e  l a s t  few years,  i n  Canada as i t  has elsewhere. S p e c i f i c a l l y ,  t h e r e  

i s  concern about t he  day-to-day exposure of  people t o  a i r b o r n e  contaminants i n  

t h e  o f f i c e ,  school,  and home - p laces  where a  l a r g e  number of people spend by f a r  

t h e  l a r g e s t  p o r t i o n  of t h e i r  t ime. Whereas u n t i l  r e c e n t l y  outdoor  a i r  p o l l u t i o n  

has been t h e  major  focus, i t  i s  now recogn ized  t h a t  t h e r e  i s  an urgent  need t o  

t u r n  our  a t t e n t i o n  indoors  as we l l .  We a re  becoming aware t h a t  p o t e n t i a l l y  

hazardous gases such as carbon monoxide, n i t r o g e n  oxides, radon and formaldehyde, 

r e s p i r a b l e  suspended p a r t i c l e s  such as those  from tobacco smoke, and v i a b l e  

p a r t i c l e s  such as f ung i  spores and microorganisms from p l an t s ,  animals and people, 

can be generated and t rapped  indoors  a t  l e v e l s  s i g n i f i c a n t l y  h i g h e r  than those 

o c c u r r i n g  outdoors. 

The i n c r e a s i n g  t i g h t n e s s  o f  new and r e t r o f i t t e d  b u i l d i n g s ,  t oge the r  w i t h  t h e  

chemical  n a t u r e  o f  c e r t a i n  b u i l d i n g  m a t e r i a l s  and consumer products ,  have r a i s e d  

ser ious  concerns about t h e  e x t e n t  o f  t h e  d e t e r i o r a t i o n  o f  i ndoo r  a i r  q u a l i t y  as 

i t a f f e c t s  human hea l th .  These concerns have been r e i n f o r c e d  by t h e  UFFI problem 

i n  houses and non -spec i f i c  problems i n  some f ede ra l  b u i l d i n g s .  The ex ten t  o f  t h e  

i ndoo r  a i r  prob lem due t o  o f f - o i l  measures and t h e  r e s u l t i n g  inc reased  use o f  

f u e l s  such as wood and coal ,  and due a l s o  t o  r educ t i ons  i n  enc losure  leakage and 

mechanical  v e n t i l a t i o n ,  should be asce r t a i ned  and reso l ved  i n  t h e  i n t e r e s t s  o f  

h e a l t h  and sa fe t y .  

The compel1 i n g  f i n a n c i a l  and energy conse rva t i on  i n c e n t i v e s  f o r  t i g h t e n i n g  t h e  

enc losures  o f  b u i l d i n g s  and r educ i ng  v e n t i l a t i o n  r a t e s  i n  Canada a r e  perhaps b e s t  

i l l u s t r a t e d  by t h e  c o s t  data shown i n  Tablel3-1. Here t h e  p resen t  annual h e a t i n g  

cos t s  f o r  a  smal l  ranch s t y l e  bungalow i n  Ottawa a re  c a l c u l a t e d  as a  f u n c t i o n  o f  

i n s u l a t i o n  va lue  and a i r  change ra te .  



Table 13-1 

ANNUAL HEATING COSTS FOR AN OTTAWA BUNGALOIJ 

I n s u l a t i o n  V e n t i l a t i o n  w i thout  heat recovery 

Walls Cei 1 i ng 1 ACH 0.5 ACH 0 ACH 

R12 R2O $ 1410 $ 950 $ 500 
R20 R40 $ 1110 $ 660 $ 240 

Heating Season: 8000 F degree days. 
F loor  area excluding basement = 1180 ft2, Volume = 18,900 f t3.  
Thermostat se t t i ng :  day = 70°F, n igh t  (11 p.m. - 6 a.m.) = 63'F. 
E l e c t r i c  res is tance heat ing a t  4$/kwh. Passive so la r  included. 
ACH = a i r  change per hour. 

These costs i l l u s t r a t e  the s i g n i f i c a n t  oppo r tun i t i es  f o r  savings through w in te r  

reduct ions i n  excess indoor-outdoor a i r  exchange and exhaust a i r  heat recovery. 

For t h i s  example, some $450 can be saved annual ly  f o r  a reduct ion  from 1 t o  0.5 

ACH, and a fu r the r  $225 fo r  main ta in ing  t h e  remaining 0.5 ACH w i t h  50 percent heat  

recovery. This y i e l d s  a t o t a l  saving o f  $675 annual ly. I n  comparison, only some 

$300 can be saved through a major upgrade i n  i nsu la t i on .  O f  course, i f  the house 

were i n i t i a l l y  uninsulated,  t he re  would be more dramatic b e n e f i t s  from adding 

i nsu la t i on .  

Because o f  the many b i l l i o n s  o f  d o l l a r s  now being spent each year on h e a l t h  

serv ices i n  Canada (I), the  p o t e n t i a l  savings r e l a t e d  t o  improved indoor a i r  - 
q u a l i t y  sure ly  need t o  be inves t iga ted.  However, t he re  i s  a quest ion as t o  

whether a s i g n i f i c a n t  p ropo r t i on  o f  our popu la t ion  w i l l  be very concerned about 

p r o t e c t i n g  themselves from the long term h e a l t h  e f fec t s  o f  indoor p o l l u t a n t s  such 

as radon. Radon cannot be detected by the senses, and a t  the l e v e l s  occur r ing  

indoors supposedly represents a lower cancer r i s k  than tobacco smoke, a p o l l u t a n t  

t o  which many people s t i l l  v o l u n t a r i l y  expose themselves. To answer t h i s ,  one 

needs t o  look a t  the a t t i t u d e s  o f  various segments o f  t he  populat ion.  There 
i s ,  fo r  example, a l a r g e  group, perhaps 15 percent ,  which i s  considered t o  be 

a l l e r g i c  t o  some a i rborne physical  o r  chemical agents. Some i n  t h i s  group tend 

t o  stay indoors more t o  minimize exposure t o  i r r i t a n t s  such as pol lens.  Others 
consciously avo id  tobacco smoke. Because of t h e i r  increased awareness and 
s e n s i t i v i t i e s ,  people i n  the s e n s i t i v e  group might w e l l  be i n t e r e s t e d  i n  improving 
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the q u a l i t y  o f  t h e i r  indoor  air, not on ly  t o  a l l e v i a t e  immediate sensory 

i r r i t a t i o n  bu t  a l so  t o  avo id longer  term problems, g iven i n f o rma t i on  on h e a l t h  

r i s k s  versus p o l l u t a n t  l e v e l s ,  and t he  a v a i l a b i  I i t y  o f  c o n t r o l  measures. 

CANADIAN GOVERNMENT INDOOR AIR QUALITY ACTIVITIES 

A  summary o f  recen t  Canadian government indoor  a i r  q u a l i t y - r e l a t e d  a c t i v i t i e s  i s  

g iven  i n  Table l3-2.  

Table 13-2 

RECENT CANADIAN GOVERNMENT INDOOR AIR QUALITY ( IAQ) ACTIVITIES 

I tem - D e s c r i p t i o n  S ta tus  

UFFI ban - Ban on s a l e  Banned - Dec. 17/80 

- Gov' t  UFFI Centre t o  a s s i s t  Es tab l i shed  June/81 
UFFI homeowners 

- Gov' t  f i n a n c i a l  ass i s t ance  57,000 r e g i s t e r e d ,  
program f o r  UFFI homeowners 25,000 a s s i s t e d  a t  average 
announced Oec 30/82 o f  $4900. 

Res iden t i a l  - Prov. & Federal  D.M.'s of h e a l t h  D r a f t s  produced f o r  15 
IAQ Hea l t h  s e t  up work ing group i n  1981 t o  i n d i c a t o r s .  
C r i t e r i a  develop IAQ c r i t e r i a  and 

gu ide l i nes  

Research - B u i l d i n g  Energy Conservat ion UFFI research  funded 1981. 
research  fund ing  IAQ and UFFl General IAQ research  
research  as t o p  p r i o r i t y  program s t a r t e d  i n  Aug. 

1982. 

Federa l  - In te rdepar tmenta l  Committee on Terms o f  r e f e rence  be ing  
Coo rd i na t i on  Tox ic  Chemicals t o  coo rd i na te  e s t a b l i s h e d  

government a c t i v i t i e s  

Na t i ona l  - 1985 code t o  r e q u i r e  mechanical  Passed s t and ing  committee 
B u i l d i n g  v e n t i l a t i o n  c a p a b i l i t y  o f  on P a r t  I X  Housing & Small 
Code 0.5 ACH. B u i l d i n g s  Feb. 1984 
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On December 17, 1980, t he  sa l e  of urea formaldehyde foam i n s u l a t i o n  was banned 

i n  Canada. This ban has cont inued even though t he  Un i ted  States,  which banned 

UFFI  sa le  f o r  homes and schools i n  August 1982, removed i t s  ban i n  A p r i l  1983. 

A government UFFI i n f o rma t i on  cen t r e  t o  a s s i s t  homeowners was e s t a b l i s h e d  a t  

Consumer and Corporate A f f a i r s  i n  June 1981 and an acce le ra ted  research  program 

was begun a t  t h e  Na t iona l  Research Counci l  i n  t h e  same year .  A f i n a n c i a l  

ass i s t ance  program i s  i n  p l ace  t o  h e l p  any homeowner, whether s u f f e r i n g  hea l t hw i se  

o r  no t ,  t o  under take remedial  measures. To da te  some 25,000 homeowners have 

under taken remedial  measures, w i t h  an average government ass is tance  o f  $4900. As 
p a r t  of t h e  program, one-week formaldehyde l e v e l s  i n  t he  l i v i n g  space p l us  w a l l  

c a v i t y  i n d i c a t o r  l e v e l s  of formaldehyde have been taken before and a f t e r  remedial  

measures i n  each house. A f u r t h e r  32,000 homeowners have r e g i s t e r e d  and cou ld  

a l s o  be e l i g i b l e  f o r  ass is tance.  

I n  1981, t h e  f ede ra l  and p r o v i n c i a l  deputy m i n i s t e r s  o f  h e a l t h  se t  up a work ing  

group t o  develop i ndoo r  a i r  q u a l i t y  c r i t e r i a  and gu ide l i nes  f o r  r e s i d e n t i a l  

a p p l i c a t i o n  which would account f o r  p o t e n t i a l l y  s e n s i t i v e  popu la t i ons  such as 

t h e  young and aged. I n f o rma t i on  t o  form t h e  bas i s  f o r  a pamphlet f o r  t he  w e l l -  

i n fo rmed l a y  person should be completed t h i s  year.  Seventeen (17) i n d i c a t o r s  

a r e  be i ng  considered. They comprise: carbon monoxide, carbon d i o x i d e ,  radon and 

radon decay products ,  formaldehyde, aldehydes, n i t r o g e n  d i ox i de ,  m i c r o b i o l o g i c a l  

agents,  mois ture,  p a r t i c u l a t e s ,  ozone, p o l y c y c l i c  a romat i c  hydrocarbons, 

c h l o r i n a t e d  hydrocarbons, lead,  p e s t i c i d e s ,  aerosols ,  s y n t h e t i c  f i b r e s  and 

asbestos, and ox ides  o f  su lphur .  

In t h e  summer o f  1982 t h e  B u i l d i n g  Energy Conservat ion Sector  (BECS) Committee 

o f  t h e  federa l  Panel on Energy Research and Development (PERD) e s t a b l i s h e d  i ndoo r  

a i r  q u a l i t y  research  as i t s  number one p r i o r i t y  subprogram (2). The r e l a t i v e  
p r i o r i t i e s  o f  t h e  s i x  BECS energy research  subprograms are shown i n  Table 13-3. 



Table 13-3 

FEDERAL BUILDING ENERGY CONSERVATION R&D PRIORITIES 

Low-Ri se Commercial, I n s t i t u t i o n a l  
Res ident ia l  and High-Rise Apartment 

Sub-program Bu i ld ings  Bu i ld ings  

Indoor A i r  Q u a l i t y  1 1 
Design and Analysis 4 2 
Heating and Cool ing 2 5 
Operat ing 5 3 
Envelope 3 6 
L i g h t i n g  6 4 

I n  December o f  1982, the Parl iamentary Standing Committee on Health, Welfare 

and Social A f f a i r s  issued a  repo r t  on UFFI i n  which they made a  number o f  

recommendations. One of  these recommendations dea l t  w i t h  t he  indoor a i r  qua1 i t y  

concern. It stated,  "The federal government should coordinate a  comprehensive 

study on indoor p o l l u t a n t s  and t h e i r  p o t e n t i a l  h e a l t h  e f fec t s .  Special re ference 

should be made t o  the  t rend  toward making bu i l d ings  i nc reas ing l y  a i r - t i g h t  t o  

conserve energy." (2). 

I n  1983, the federa l  government UFFI research program was f u r t h e r  augmented and 

funded as a  subset o f  the BECS indoor a i r  q u a l i t y  subprogram. BECS subprogram 

budgets f o r  t h e  1983 through 1988 pe r iod  are shown i n  Figurel3-1. Values are i n  

terms o f  1984 do l l a rs .  The BECS funding f o r  indoor a i r  q u a l i t y  represents the 

major component o f  the t o t a l  indoor a i r  q u a l i t y  e f f o r t  o f  t he  federa l  government 

a t  t he  present time. 



FISCAL Y E A R  

Figure 13-1. Federal Energy Conservation R&D Budgets by Subprogram 



Also i n  1983, t he  federa l  In te rdepar tmenta l  Committee on Toxic Chemicals (ICTC) 

was i d e n t i f i e d  as the o v e r a l l  c o o r d i n a t i n g  body f o r  f ede ra l  i ndoor  a i r  q u a l i t y  

a c t i v i t i e s .  The ICTC i s  cha i r ed  by Environment Canada and t he  indoor  a i r  q u a l i t y  

a c t i v i t y  w i t h i n  i t  i s  coord ina ted  by Consumer and Corporate A f f a i r s .  

I n  February 1984 the Standing Committee on Pa r t  I X ,  Housing and Small B u i l d i n g s ,  

recommended t h a t  t he  1985 e d i t i o n  of t he  Na t iona l  B u i l d i n g  Code r e q u i r e  t h a t  new 

houses have a  mechanical v e n t i l a t i o n  capac i t y  of 0.5 ACH i n  t h e  hea t i ng  season, 

and i f  t he re  a r e  no openable windows, 1 ACH i n  t he  c o o l i n g  season o r  0.5 ACH w i t h  

a i r  c o n d i t i o n i n g .  

CANAOIAN GOVERNMENT INDOOR AIR QUALITY RESEARCH 

S ix  departments a re  i nvo l ved  a t  t h i s  t ime  i n  indoor  a i r  q u a l i t y  research under 

PERD/BECS fund ing  ( 4 ) .  - Hea l t h  and Wel fare a re  l ead ing  h e a l t h  research; t h e  

Na t iona l  Research Counci l  i s  l ead ing  b u i l d i n g  sc ience and eng ineer ing  research;  

Energy Mines and Resources a r e  per fo rming  fu rnace  emiss ion research  and, a long  

w i t h  Canada Mortgage and Housing and I n d i a n  and Nor thern A f f a i r s ,  a re  i n v o l v e d  

i n  s t ud i es  o f  houses; and Pub l i c  Works Canada a r e  s t udy i ng  o f f i c e  bu i l d i ngs .  

Elements o f  an i ndoo r  a i r  q u a l i t y  technology development and t r a n s f e r  program 

migh t  be dep i c t ed  as shown i n  F i gu re  13-2. Th is  p a r t i c u l a r  pe r spec t i ve  i s  meant t o  

be viewed f rom t h e  c e n t r e  outwards, f ocuss i ng  i n i t i a l l y  on f o u r  major  a c t i v i t y  

sec to r s  which a re  de f i ned  i n  eve r - i nc reas i ng  d e t a i l  as one moves outward i n  t h e  

sectors .  The f o u r  major  a c t i v i t i e s  are: 

t o  eva l ua te  and develop i ndoo r  h e a l t h  c r i t e r i a  and gu ide l i nes ;  

t o  i d e n t i f y  i ndoo r  a i r  q u a l i t y  contaminant  l e v e l s  and t h e i r  
sources i n  b u i l d i n g s ;  

t o  eva l ua te  and develop i ndoo r  a i r  q u a l i t y  c o n t r o l  measures; and 

t o  t r a n s f e r  technology. 
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Figure 13-2.Some Elements o f  an Indoor A i r  Q u a l i t y  Technology 
Development and Transfer  Program 

A summary o f  BECS-funded indoor  a i r  q u a l i t y  research i s  given i n  Table 13-4. 



Table 13-4 

CANADIAN GOVERNMENT INDOOR AIR QUALITY (IAO) RESEARCH ACTIVITIES 

Research Element IAQ I n d i c a t o r  A c t i v i t y  

Test Methods 8 Trace gases GC/MS, kS/MS 
Oevel opment 8 P a r t i c u l a t e s  SEM, TEM, FTIR 

CH20 Dosimeters 
Organics Badges 
General B i o l o g i c a l  i n d i c a t o r s  
Emission r a t e s  Dynamic chambers 
vs Environment 

F l e l d  0 CH20, Rn, NO2, T igh t  houses, e l e c t r i c a l l y  
M e a s u r m n t s  ACH heated houses, UFFI houses. 

General IAQ Federal  o f f i c e  b u i l d i n g s .  
I n d i c a t o r s  

Source Con t ro l s  UFFI emiss ions UFFI removal, sea l ing ,  v e n t i l a t i o n ,  
(CH20) t r a c e  gas and p a r t i c l e  i d e n t i f i -  

ca t i on ,  c l a s s i f i c a t i o n  by degree 
o f  hazard. 

* Combustion Products  A i r  f l ow  c h a r a c t e r i s t i c s  and 
(gases, p a r t i c u l a t e s )  d e t e r i o r a t i o n  of chimneys; gas 

s toves w i t h  and w i t hou t  fume- 
hoods; kerosene heaters.  

8 Radon Parameters a f f e c t i n g  s o i l  gas 
e n t r y  i n t o  basements. 

P a r t i c l e  board (CH2O) Techniques t o  reduce emissions. 
Polyurethane t r a c e  Trace gases from i n s u l a t i o n .  
gases 

V e n t i l a t i o n  Indoor/Outdoor ATAHE. 
Con t ro l s  A i r  Exchange Exhaust a i r  heat pump recovery. 

E f f e c t s  o f  induced d r a f t  and 
condensing gas furnaces. 

Passive v e n t i l a t i o n .  
E f fec ts  of r e t r o f i t  seal  lng. 
C02 c o n t r o l  of t h e a t r e  v e n t i  1  a t i o n .  

Hea l t h  S tud ies  UFFI emiss ions C l i n i c a l  & ep idemio log ica l  s t ud i es .  
17 i n d i c a t o r s  C r i t e r i a  and guide1 ines. 
P o l l u t a n t s  augment- Energy e f f i c i e n t  homes, f a m i l i e s  
ed by o f f - o i l  ahd w i t h  lung  cancer f a t a l i t i e s .  
energy conse rva t i on  Tox i co l og i ca l  & metabo l i c  s t u d i e s  

on benzaldehyde. 
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INDOOR A I R  QUALITY CHALLENGES 

As a  r e s u l t  o f  i n f o r m a t i o n  c o l l e c t e d  t o  date,  t he re  now are some s p e c i f i c  i ndoo r  

a i r  q u a l i t y - r e l a t e d  concerns t h a t  appear t o  m e r i t  the concen t ra ted  e f f o r t s  o f  t he  

sc ience and eng ineer ing  communities. Among the chal lenges be ing  presented,  one 

s e t  o f  p r i o r i t i e s  might  be: 

To s e l e c t  t he  most a p p r o p r i a t e  remedial  measures f o r  UFFI 
residences. 

To d e f i n e  t h e  h e a l t h  r i s k s  f o r  t y p l c a l  i ndoo r  exposures t o  
pass ive  tobacco smoke, radon and formaldehyde. 

To develop low cost ,  r e l i a b l e  i ndoo r  a i r  q u a l i t y  sensors f o r  
m o n i t o r i n g  indoor  environments. 

0 To ensure sa fe  combust ion p roduc t  ven t i ng  i n  res idences,  

To p r o v i d e  e f f e c t i v e  v e n t i l a t i o n  o f  t i g h t - e n c l o s u r e  res idences and 
o f f i c e  b u i l d i n g s .  

To c o n t r o l  formaldehyde l e v e l s  i n  new, t i g h t - e n c l o s u r e  res idences.  

To c o n t r o l  i ndoo r  tobacco smoke l e v e l s .  

* To c o n t r o l  i ndoo r  radon l e v e l s .  

To c o n t r o l  i ndoo r  b i o l o g i c a l  agent p roduc t ion .  

0 To develop a  data base on i ndoo r  a i r  contaminant sources. 

To p r o v i d e  educat ion.  

A b r i e f  r a t i o n a l e  f o r  t h e  s e l e c t i o n  o f  these p r i o r i t i e s  f o l l ows .  

P r i o r i t y  1: Remedial Measures f o r  UFFI 

Remedial measures suppor ted by t h e  Canadian government f o r  houses w i t h  UFFI 

i n c l u d e  removal, i n n e r  space s e a l i n g  f rom t h e  wa l l  c a v i t y  c o n t a i n i n g  t h e  UFFI, 

and added mechanical  v e n t i l a t i o n  systems. The e f f ec t i veness  o f  these remedia l  

measures i s  be i ng  gauged by changes i n  occupant h e a l t h  symptoms, and i n  room a i r  

and w a l l  c a v i t y  formaldehyde l e v e l s .  The cha l l enge  i s  t o  ensure t h a t  these  

measures a r e  t h e  most e f f e c t i v e ,  b o t h  now and f o r  t h e  longer  term. 



P r i o r i t y  2 :  Exposure Level C r i t e r i a  

Data now c o l l e c t e d  i n d i c a t e  t h a t  a s i g n i f i c a n t  p r o p o r t i o n  o f  t he  popu la t i on  i s  

be i ng  exposed indoors  t o  low l e v e l s  o f  tobacco smoke, radon i n  basements and 

formaldehyde, low t h a t  i s  i n  comparison w i t h  occupat ional  o r  v o l u n t a r y  exposure 

l eve l s .  Whi le  a l l  t he  p e r t i n e n t  cause and e f f e c t  r e l a t i o n s  of  these agents on 

human h e a l t h  have not ,  as y e t ,  been es tab l i shed ,  some of t he  exposure l e v e l s  c o u l d  

be cons idered t o  be dangerous. For example, n e a r l y  50 percen t  o f  t he  houses 

s t ud i ed  by Dumont (5) had l e v e l s  of radon and/or formaldehyde i n  excess o f  gu ide-  - 
l i n e s .  Standards embodying maximum permissable l e v e l s  f o r  l ong  te rm exposure t o  

these p o l l u t a n t s  f o r  va r ious  popu la t i on  groups should be agreed and set.  

P r i o r i t y  3: Indoor  A i r  Q u a l i t y  Sensors 

Low cos t  sensors and measurement techniques a re  be ing  developed f o r  research and 

survey purposes f o r  measuring ongoing i ndoo r  p o l l u t a n t  exposures, v e n t i l a t i o n  

c h a r a c t e r t s t i c s ,  and hum id i t y  l e v e l s .  I nc reas i ng l y ,  b u i l d i n g  occupants w i l l  

d e s i r e  t h e i r  own ins t ruments  t o  measure and c o n t r o l  i ndoo r  p o l l u t a n t  l e ve l s .  

The cha l l enge  i s  t o  develop low cost ,  r e l i a b l e ,  r e a l - t i m e  sensors t o  mon i t o r  

l e v e l s  o f  key i n d o o r  a i r  contaminants and a i r  q u a l i t y  i n d i c a t o r s .  

P r i o r i t y  4: Combustion Product  V e n t i l a t i o n  

Carbon monoxide po i son ing  as a r e s u l t  o f  combustion ven t i ng  f a i l u r e s  may r e s u l t  

i n  some t e n  t o  twen ty  deaths y e a r l y  i n  Canada (6). As r e s i d e n t i a l  enc losures are - 
t igh tened ,  exhaust fans f o r  k i t c h e n  ovens a re  added, and supplementary hea t i ng  

systems such as wood s toves and f i r e p l a c e s  a re  in t roduced,  t h e  danger of chimney 

f lw  r e v e r s a l  i nc reases  due t o  an inadequate supply  o f  a i r .  It seems ques t ion -  

a b l e  p r a c t i c e  t h a t  pass ive ly -ven ted  fu rnace  systems should be f o r ced  t o  compete 

f o r  a i r  w i t h  f i r e p l a c e s  and exhaust fans. The cha l lenge  i s  t o  develop furnaces 

w i t h  t h e i r  own combust ion-product v e n t i n g  fans and f a i l - s a f e  f l o w  reve rsa l  

de tec to r s ,  o r  w i t h  t h e i r  own source o f  combust ion a i r .  

P r i o r i t y  5: V e n t i l a t i o n  o f  T igh t -Enc losure  Houses and O f f i c e  B u i l d i n g s  

Over t h e  years  t h e r e  has been a tendency t o  b u i l d  houses w i t h  i n c r e a s i n g l y  t i g h t  
enc losures  as i n s u l a t i o n  l e v e l s  have been increased. Th is  t r e n d  i s  i l l u s t r a t e d  

by t h e  da ta  inTable 13-5 t h a t  have been c o l l e c t e d  by Dumont and Orr ( 7 )  f o r  some - 
Saskatoon houses. 



Table 13-5 

COMPARISON OF A I R  LEAKAGE CHARACTERISTICS FOR GROUPS OF SASKATOON HOUSES 

Type Leaka e Area ACH Number o f  ! m a t  50 Pa Houses 

Pre-1945 0.1078 10.35 19 
1946-1960 0.0709 4.55 20 
1961-1980 0.0621 3.57 9 7 
Special a i r -  
t i g h t  homes 
1977-1980 0.0330 1.49 40 

More recent ly ,  t he re  have been f u r t h e r  s i g n i f i c a n t  advances i n  b u i l d i n g  houses 

w i t h  very t i g h t  enclosures and e l i m i n a t i n g  "unnecessary" chimney leakage. A i r  

exchange through chimneys when furnaces are not operat ing can account f o r  a 

s i g n i f i c a n t  p o r t i o n  of ove ra l l  a i r  exchange ( t y p i c a l  chimney opening i s  0.04 m2) 

and provides a means f o r  exhausting p o l l u t a n t s  from basements. With respect t o  

envelope t igh ten ing ,  i n  one recent ser ies  o f  demonstration houses the passive 

a i r  change was assumed t o  c o n s t i t u t e  no more than 0.05 ACH. These houses must 

r e l y  on mechanical v e n t i l a t i o n ,  i n  t h i s  case w i t h  heat recovery. Many e x i s t i n g  

houses have been t igh tened t o  the 0.2 t o  0.5 ACH range, In  general, new houses 

are being enveloped i n  polyethylene above and below grade, i nc lud ing  such d e t a i l s  

as e l e c t r i c a l  ou t l e t s .  I n  most houses, leaks around windows have been caulked and 

doors weatherstr ipped. Extremely low conduc t i v i t y  windows are being developed f o r  

homes of the f u t u r e  which w i l l  remain c losed permanently, s i m i l a r  t o  those o f  t he  

modern o f f i c e  bu i ld ing .  

Normally, indoor a i r  q u a l i t y  concerns are greatest  f o r  t he  w in ter  pe r i od  when 

windows are usua l l y  closed. However, a study i n  Toronto by Manley, Helmeste 

and Tamura (8) o f  12 e l e c t r i c a l l y  heated fo rced warm-air system houses w i t h  a i r  - 
c o n d i t i o n i n g  showed t h a t  radon and formaldehyde l e v e l s  were h igher i n  summer than 

w in ter .  The main reason was thought t o  be the  low house a i r  change r a t e  dur ing  

the  a i r  c o n d i t i o n i n g  season i n  comparison w i t h  t h a t  dur ing  the  heat ing season when 

the stack e f f e c t  i s  greater .  

Concerns and chal lenges a r i s i n g  i n  connect ion w i t h  t i g h t e n i n g  hduse enclosures 

inc lude:  



a The need f o r  a secure and separate supply of  combustion a l r .  

The need f o r  a r e l i a b l e  data base on year- round a i r  change and 
i n t e r n a l  c i r c u l a t i o n  r a t e s  on which t o  base p o l l u t a n t  l e v e l  and 
h e a l t h  impact assessments f o r  t he  changes occu r r i ng .  

The unknown r e l a t i o n s h i p s  between a i r  change r a t e s  and indoor  a i r  
p o l l u t a n t  l e v e l s .  

The absence o r  con t r ove r s i a l  na tu re  o f  i ndoo r  a i r  q u a l i t y  contaminant 
c r i t e r i a  f o r  l ong  term exposures. 

The need f o r  pass ive  back-up t o  mechanical v e n t i l a t i o n  devices t h a t  
can f a i l  due t o  power i n t e r r u p t i o n s  o r  equipment mal funct ion.  

The f a c t  t h a t  people may c o n t r o l  mechanical v e n t i l a t i o n  dev ices i n  
ways t h a t  a re  l ess  h e a l t h f u l  than  they have experienced i n  t he  pas t  
w i t h  pass ive  v e n t i l a t i o n  o r  openable windows, p a r t i c u l a r l y  if they  
a r e  no t  g iven  guidance. 

S i m i l a r  concerns and chal lenges app ly  t o  o f f i c e  b u i l d i n g s  w i t h  f i x e d  windows where 

occupants must r e l y  on c e n t r a l  mechanical h e a t i n g  and c o o l i n g  systems f o r  t h e i r  

v e n t i l a t i o n  requirements. 

P r i o r i t y  6: Con t ro l  o f  Formaldehyde Leve l s  

Formaldehyde i s  e m i t t e d  from a number o f  m a t e r i a l s  and products ,  i n c l u d i n g  

p a r t i c l e b o a r d  and o t h e r  formaldehyde r e s i n  bear ing  ma te r i a l s .  Therefore, 

formaldehyde l e v e l s  a re  more l i k e l y  t o  be e l eva ted  i n  new houses where these  

m a t e r i a l s  t end  t o  be more p reva len t  and t h e  envelope tends t o  be t i g h t e r .  

Oumont (5)  - has s t u d i e d  formaldehyde, radon and n i t r o g e n  d i o x i d e  l e v e l s  i n  46 

t i g h t - e n c l o s u r e  houses b u i l t  i n  t he  l a s t  few years  i n  Saskatoon. Some o f  these 

houses had a i r - t o - a i r  hea t  exchangers. The median l e v e l  o f  formaldehyde was 0.09 

ppm, w i t h  1 8  of t h e  houses hav ing  l e v e l s  above 0.1 ppm. These values a re  h i g h e r  

than  those  recorded i n  t h e  Canadian UFFI survey of October 1981 (9 )  f o r  e i t h e r  - 
t h e  average o f  1928 UFFI houses o r  383 non-UFFI c o n t r o l  houses. These houses 

had average formaldehyde l e v e l s  of 0.054 and 0.036 ppm, r espec t i ve l y .  S h i r t l i f f e  

e t  a1 (10) - r e p o r t e d  t h a t  t h e  3-hour imp inger  method used i n  1981 f o r  many o f  the 

survey measurements gave gene ra l l y  lower  va lues than  those  measured w i t h  7-day 

dos imeters  and t h a t  t h e  h i g h e r  l e v e l s  a r e  l i k e l y  more represen ta t i ve .  Since then 

average formaldehyde l e v e l s  recorded i n  va r i ous  UFFI houses i n  1982 were i n  t h e  

0.07 t o  0.08 ppm range, and i n  e a r l y  1983 i n  t h e  0.04 t o  0.05 ppm range 



The chal lenge i s  t o  reduce for i i~aldehyde l e v e l s  i n  new, t i g h t - e n c l o s u r e  houses i n  

the most cos t  e f f e c t i v e  manner. This may be through some combinat ion of c o n t r o l  

a t  source, v e n t i l a t i o n  and a i r  c lean ing .  The work o f  Matthews e t  a1 (11) a t  - 
Oakridge suggests t h a t  increased v e n t i l a t i o n  a lone may not be e f f e c t i v e  and t h a t  

t he  amount of  formaldehyde-emi t t ing m a t e r i a l  p e r m i t t e d  f o r  g iven  r a t e s  of emiss ion 

may have t o  be c o n t r o l l e d .  

P r i o r i t y  7: Con t ro l  of Tobacco Smoke Leve ls  

Tobacco smoke con ta i ns  some 3800 compounds, over 50 of which are known o r  suspected 

t o  be t o x i c  o r  tumorgenic  agents. I n  1981, 7.4 m i l l i o n  Canadians smoked an average 

o f  27 c i ga re t t es /day  (12). - This represen ts  39% of t h e  popu la t i on  15 years  o f  age 

and o l de r ,  and i s  t h e  h i ghes t  r a t e  among t he  i n d u s t r i a l i z e d  na t ions .  I n  comparison, 

i n  t he  same yea r  i n  t h e  U.S., 34% o f  t he  a d u l t  popu la t i on  smoked 22  c i g a r e t t e s t d a y .  

The cha l l enge  i s  t o  develop t h e  most e f f e c t i v e  a i r  c l ean ing  dev ices and v e n t i l a t i o n -  

near-source o f f i c e  b u i l d i n g  des igns t o  reduce pass ive  tobacco smoke exposure. 

P r i o r i t y  8: Con t ro l  o f  Radon Leve ls  

The main source o f  radon indoors  i s  thought  t o  be t h e  s o i l  sur rounding t h e  basement 

o f  houses. Eaton and Sco t t  (13) suggested t h a t  t h e  radon l e v e l  i n  houses from - 
s o i l  sources i s  p r i m a r i l y  a  f u n c t i o n  of t h e  radium concen t ra t i on  i n  t he  s o i l ,  t h e  

house a i r  change r a t e ,  and t h e  s o i l  permeabi l  i t y ,  They p o s t u l a t e d  t h a t  radon wi 11 

r e a d i l y  en te r  basements i f  t h e r e  a re  crack areas g r e a t e r  than 1 cm2. Dumont ( 5 )  - 
found t h a t  12 o f  t h e  44 t i g h t - e n c l o s u r e  houses t e s t e d  i n  Saskatoon had radon 

l e v e l s  g r e a t e r  than  4  pCi/L, w h i l e  t h e  median l e v e l  was 3 pCi/L.  

The ma jo r  cha l l enge  w i t h  respec t  t o  radon c o n t r o l  appears t o  be t h e  development 

o f  b e t t e r  v e n t i l a t i o n  techniques,  p a r t i c u l a r l y  f o r  t h e  basement area, a long  w i t h  

c o s t - e f f e c t i v e  methods f o r  p r e v e n t i n g  radon e n t r y  i n t o  basements. 

P r i o r i t y  9: C o n t r o l  o f  B i o l o g i c a l  Agents 

B i o l o g i c a l  agents cause a1 l e r g i c  and i n f e c t i o u s  i l l n e s s .  Bac te r i a ,  moulds, and 

fungi  grow on wet sur faces and i n  s tagnan t  bodies of water. Wi th  t h e  t i g h t e n e d  

enc losures  and e l  i m i  n a t i o n  o f  chimneys and openable windows, t h e  p o t e n t i a l  f o r  

condensat ion o f  i ndoo r  humid a i r  on c o l d  enc l osu re  su r faces  i n  t h e  w i n t e r  i s  



enhanced. With the in t roduct ion of whole-house mechanical v e n t i l a t i o n  devices, 

there i s  an increased chance o f  house pressur iza t ion causing fu r the r  condensation 

potent ia l .  Houses on our east and west coasts may have more potent ia l  f o r  these 

problems due t o  t h e i r  wetter climates. The extent o f  t h i s  problem remains t o  be 

defined. 

Studies on stagnant bodies of water, whether humid i f ie rs ,  hot water tanks or 

pools o f  water under bath tubs from shower spray, a lso  need t o  be undertaken 

t o  ascerta in t h e i r  po ten t ia l  t o  cause indoor a i r  q u a l i t y  problems. Appropriate 

measures should be developed f o r  regu lar  d i s i n f e c t i o n  and dust removal, and new 

designs created which avoid the problem i n  the f i r s t  place. 

The question o f  appropr iate indoor humidity, winter  and summer, and i t s  cont ro l  

needs t o  be studied from both heal th and b u i l d i n g  science perspectives. 

P r i o r i t y  10: Character izat ion of Indoor A i r  Contaminants 

Indoor environments i n  general seem t o  contain a  much la rge r  number of measurable 

gaseous compounds than occur outdoors. The o r i g i n  of these gases needs t o  be 

ascertained and studies o f  t h e i r  primary sources c a r r i e d  out t o  determine how 

emission charac te r i s t i cs  vary w i t h  age, temperature, humidity, a i r  change rate, 

barometric pressure, wind speed, and p o l l u t a n t  concentrat ions, and the r e l a t i v e  

effect iveness of surface emission sealants, mater ia l  "cleaning," a i r  cleaning and 

v e n t i l a t i o n  measures. I n  a d d i t i o n  t o  gases, there have been concerns expressed 

about the prevalence o f  resp i rab le  synthet ic  and asbestos f i b e r s  indoors. 

The challenge i s  t o  develop a  data base on b u i l d i n g  mater ia l  and consumer product 

emission c h a r a c t e r i s t i c s  so t h a t  consumers, b u i l d i n g  designers and b u i l d i n g  

managers can work a t  improving the base leve l  of t h e i r  indoor a i r  qua l i t y .  Since 

hea l th  s c i e n t i s t s  have expressed concerns about poss ib le  synerg is t i c  and i n t e r -  

a c t i v e  e f f e c t s  o f  po l l u tan ts ,  reduct ion o f  t h i s  background indoor a i r  q u a l i t y  

"noise" may a c t u a l l y  have a  very s i g n i f i c a n t  impact. 

P r i o r i t y  11: Education 

There are a  number o f  areas for  which indoor a i r  q u a l i t y  knowledge and technology 

are ava i lab le ,  and consumers and b u i l d i n g  designers and managers simply require 

education. For example, the operat ion o f  proper range hoods venting t o  the 



outdoors would appear t o  r e l i e v e  concerns about cooking w i t h  gas stoves (14) .  - 
However, the use o f  unvented combustion devices f o r  space heat ing int roduces 

p o l l u t a n t s  i n t o  the l i v i n g  space whose d i l u t i o n  depends upon room v e n t i l a t i o n  

rates which can vary considerably. Even i f  products o f  combustion from these 

devices do not reach l eve l s  exceeding hea l th  and sa fe ty  c r i t e r i a ,  there  are 

a l t e r n a t i v e  por tab le  devices such as e l e c t r i c  res is tance heaters which w i l l  

normally f u l f i l  1 the same func t i on  w i thout  contaminating the  a i r .  The a p p l i c a t i o n  

o f  o i l  pa in ts  t o  school i n t e r i o r s  dur ing  the w in ter  school session ra the r  than 

dur ing  summer recess seems t o  make l i t t l e  sense from the  indoor a i r  q u a l i t y  

viewpoint.  The use of pa in t  s t r i ppe rs ,  etc., should only be c a r r i e d  out i n  an 

area w i t h  a very h igh  v e n t i l a t i o n  rate.  Unfor tunate ly,  many such a c t i v i t i e s  are 

o f t e n  c a r r i e d  out i n  inadequately v e n t i l a t e d  basements. Household vacuuming 

suspends resp i rab le  p a r t i c u l a t e s  so t h a t  s e n s i t i v e  persons might need t o  wear 

f i l t r a t i o n  masks dur ing  t h i s  operat ion. Designers should ensure t h a t  b u i l d i n g  

make-up a i r  i s  no t  contaminated by i t s  exhaust a i r .  The arrangement, 

rearrangement and se lec t i on  o f  open o f f i c e  screens needs t o  be coordinated w i t h  

t h e  placement of a i r  d i f f u s e r s  and a i r  c i r c u l a t i o n  requirements. I f  var iab le  a i r  

volume heat ing and coo l i ng  systems are t o  prov ide  v e n t i l a t i o n  a i r  as we l l ,  they 

should be designed t o  do so a t  adequate rates. 

CONCLUSION 

Indoor a i r  q u a l i t y  problems are not  a new experience f o r  man. Dr. R. Munn, i n  a 

1972 background paper on a i r  q u a l i t y  f o r  t he  Science Council o f  Canada, po in ted  

out  t h a t  Algonquin Ind ian  women f requen t l y  went b l i n d  by the age o f  30 from the 

smoke and fumes i n  t he  cooking areas of t h e i r  long houses (15). I n  the same - 
a r t i c l e ,  Dr. Munn po in ted  out  t he  complexi ty  o f  the subject,  no t i ng  t h a t  t he  

response o f  l i v i n g  organisms t o  p o l l u t a n t s  is no t  we l l  understood and t h a t  t he re  

can be adaptat ion as we l l  as s y n e r g i s t i c  e f f ec t s .  He went on t o  observe t h a t  i n  

an area l i k e  a i r  q u a l i t y  where measurements are being made t o  the  l i m i t  o f  

equipment s e n s i t i v i t i e s ,  s c i e n t i s t s  tend t o  study what they can measure w i th  t he  

instruments t o  which they have a 

might be the r e a l  cause f o r  concer 

I n  commenting on recent  developments i n  t he  f i e l d  o f  a n a l y t i c a l  chemistry w i t h  

t h e  ever - increas ing  s e n s i t i v i t y  o f  inst ruments down t o  the p a r t s - p e r - b i l l i o n  o r  

t r i l l i o n  range and beyond, Dr. David Wiles. D i r e c t o r  of the National Research 

Counc i l ' s  D i v i s i o n  of Chemistry, caut ioned t h a t  t h e  e f f e c t s  t h a t  minute t races 



such as these could possib ly  have on hea l th  and sa fe ty  must be assessed w i th  great  

care and i n  a proper persec t ive  (16). 

I be l ieve  we should bear such wisdom i n  mind as we proceed w i th  our indoor a i r  

qua1 i t y  research programs. Let us not become a larmis ts  and pub1 i c i t y '  seekers, bu t  

instead endeavour t o  put indoor a i r  q u a l i t y  i n t o  i t s  proper perspect ive through an 

increase i n  our s c i e n t i f i c  understanding of the problem. 
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