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The a i r  i n f i l t r a t i o n  associa ted  with v e n t i l a t i o n  i n  b u i l d i n g s  is 
recognized i n  ASHRAE Standard 62-1981, V e n t i l a t i o n  f o r  Acceptable 
Indoor A i r  Qua l i ty .  E s p e c i a l l y  i n  the  r e s i d e n t i a l  s e c t o r ,  and 
p a r t i c u l a r l y  i n  houses, i n f i l t r a t i o n  is assumed t o  supply  most o f  
the  requi red  v e n t i l a t i o n .  I n  t h e  l i g h t  of  recent  t r e n d s  toward 
i n c r e a s i n g l y  t i g h t  housing, which l i m i t s  a i r  i n f i l t r a t i o n ,  
dependence on t h i s  source of  ou t s ide  a i r  is one point  t h a t  must be 
c a r e f u l l y  considered i n  the  Revised Standard. 

Giving c r e d i t  t o  e i t h e r  a i r  i n f i l t r a t i o n  o r  v e n t i l a t i o n  a i r  a s  t h e  
means t o  d i l u t e  sources o f  indoor p o l l u t i o n ,  and thereby maintain 
accep tab le  indoor a i r  q u a l i t y ,  depends upon t h e  degree of mixing 
with the i n t e r i o r  air. The mixing e f f i c i ency  is  an important 
ques t ion  t h a t  must be p roper ly  eva lua ted  i n  t h e  Revised Standard. 
Recent s t u d i e s  have pointed ou t  how widely t h i s  f t v e n t i l a t i o n  
e f f i c i e n c y n  can vary from bui ld ing t o  building.  

A c t i v i t i e s  wi th in  t h e  l i v i n g  space such a s  smoking have prompted 
t h e  p rev ious  standard committee t o  c a r e f u l l y  d iscr iminate  between 
smoking and nonsmoking areas. V e n t i l a t i o n  r a t e s  f o r  smoking a r e a s  
were r a i s e d  a s  much a s  a f a c t o r  o f  f i v e  times t h a t  o f  nonsmoking 
areas. Are these  r a t i o s  s u f f i c i e n t  i n  t h e  l i g h t  o f  r ecen t  s t u d i e s  
i n v o l v i n g  necessary d i l u t i o n  of  p a r t i c u l a t e s ?  Flows between 
smoking and nonsmoking zones a l s o  requ i re  f u r t h e r  cons idera t ion  i n  
the  Revised Standard. 

A s  with any p o l l u t a n t ,  maintaining s u i t a b l e  i n t e r i o r  environments 
means understanding the  s ign i f i cance  of bu i ld ing  opera t ion ,  the  
systems t h a t  move t h e  a i r  (such a s  v a r i a b l e  a i r  volume systems) and 
t h e  e f f e c t s  of both i n t e r i o r  and e x t e r i o r  environments. Changes i n  
humidity, a i r  temperature and l o c a l  heat ing  may a 1  ter po 1 l u t a n t  
l e v e l s  i n  bu i ld ings  due t o  t h e  bu i ld ing  m a t e r i a l s  and must be 
considered i n  r e v i s i n g  t h e  Standard. 





INTRODUCTION AND HISTORY 

The need f o r  v e n t i l a t i o n  o f  inhabited,  enclosed spaces was 
undoubtedly recognized by e a r l y  cave  men when they brought t h e i r  
campfire i n t o  t h e  cave. The first recorded e f f o r t  t o  quant i fy  
v e n t i l a t i o n  needs appears t o  be t h e  work of  Tredgold i n  1836.1 He 
determined t h a t  four  cubic feet per  min (2 L/s) of  outdoor a i r  per 
person was needed t o  d i l u t e  t h e  carbon dioxide  exhaled by the  
occupants o f  a space. A s  s t o v e s  and contro led  heat ing  systems 
d i s p l a c e d  open f i r e p l a c e s  during t h e  l a s t  century, and bu i ld ing  
technology improved, t h e  recommended v e n t i l a t i n g  r a t e s  had 
increased t o  30 cfm (15 L/s) per  person by t h e  beginning of  t h e  20th 
century. These higher v e n t i l a t i n g  r a t e s  were found necessary t o  
c o n t r o l  body odors. Personal  hygene began t o  improve about t h a t  
t i m e ,  and recommended v e n t i l a t i o n  dropped t o  10 cfm (5  Lls)  of 
outdoor a i r  per  person when Yaglou published h i s  work i n  1 9 3 6 , ~  

1.1 F i r s t  U.S. Standard -- 
The first v e n t i l a t i o n  standard was published by the  American 
Standards Association i n  1946.3 It included recommendations f o r  
both l i g h t i n g  and v e n t i l a t i o n .  ASHRAE up-dated t h e  ASA Standard 
when it published Standard 62-73 i n  1973 .~  Both ASA A53.1 and 
ASHRAE 62-73 recommended bas ic  r a t e s  of  10 cfm (5  L/S) of  outdoor 
a i r  p e r  person based on Yaglou9s work. The ASHRAE Standard 
s p e c i f i e d  an abso lu te  minimum of  5 cfm (2 1/2 L / s )  per  person t o  
c o n t r o l  t h e  carbon dioxide  l e v e l .  This  was i n  agreement with 
Tredgoldls o r i g i n a l  recommendation. A t  5 cfm (2 1/2 L/s) per 
person sedentary occupants can r a i s e  t h e  s teady s t a t e  C02 l e v e l  t o  
about  2500 ppm (0.25%). This  is considered t o  be an accep tab le  
upper l i m i t  f o r  norma 1 l y  h e a l  thy  people. Nuclear-powered 
submarines, and spacec ra f t  opera te  a t  C02 l e v e l s  a s  high a s  I%, 
however, odors a r e  sometimes n o t i c a b l e  a t  those high C02 l e v e l s .  

Energy Considerations 

The 1973 o i l  embargo suddenly crea ted  a s t rong  emphasis on energy 
conservat ion  i n  buildings.  While Standard 62-73 presented both 
minimum and recommended outdoor a i r  v e n t i l a t i n g  r a t e s ,  the  ASHRAE 
Energy Standard 90-75 first published i n  1975, spec i f i ed  use of 
t h e  minimum rates.5 Thus, one o b j e c t i v e  o f  t h e  review of Standard 
62-73, begun i n  1978, was t o  r e c t i f y  d i f fe rences  between Standard 
90 and Standard 62. The r e s u l t  was Standard 62-1981.6 

1.3 Standard 62-1981 

The 1981 Standard addressed a i r  q u a l i t y  much more d i r e c t l y  than 
e a r l i e r  Standards. The bas ic  outdoor a i r  v e n t i l a t i n g  r a t e  was 
reduced t o  5 cfm (2 1/2 L/s). Only minimum r a t e s  were presented 
f o r  va r ious  appl ica t ions .  Tobacco smoke was recognized a s  a s p e c i a l  
problem t h a t  could not be handled with an outdoor a i r  f low r a t e  of  
o n l y  5 cfm (2 1/2 L / s )  per  person. Thus the  I tperscr ip t ive  par t"  



of Standard 62-1981, the  v e n t i l a t i o n  r a t e  procedure, s p e c i f i e s  
s u b s t a n t i a l l y  h igher  rates when smoking is permitted. The 
recommended r a t e s ,  based on t h e  d i l u t i o n  o f  p a r t i c u l a t e s ,  assumes 
t h a t  one t h i r d  of  t h e  popula t ion  smokes a t  a r a t e  o f  two c i g a r e t t e s  
per hour. The recommended minimum outdoor a i r  f low r a t e  f o r  t h i s  
case is 20 cfm (10 L/s) per  person, four  times t h e  non-smoking 
rate.  (This r a t e  is spec i f i ed  f o r  a l l  occupants, both smokers and 
non-smokers when t h e  smokers a r e  not  segregated). The recommended 
r a t e  is increased t o  35 cfm (17 1/2 L/s) f o r  a p p l i c a t i o n s  such a s  
bars  where t h e  inc idence  of smoking is g e n e r a l l y  higher. Standard 
62-1 98 1 a l s o  defined accep tab le  contaminant l e v e l s  f o r  t h e  outdoor 
a i r  used f o r  v e n t i l a t i o n .  

1.4 - A i r  Q u a l i t y  Procedure 

A new f e a t u r e  o f  Standard 62-1981 was t h e  inc lus ion  o f  an 
a l t e r n a t e ,  " A i r  Q u a l i t y  Procedure." This  procedure s p e c i f i e s  
recommended l i m i t s  f o r  t h e  most common contaminants and a l l o w s  the  
des igner  t o  use whatever amount o f  outdoor a i r  he f i n d s  necessary 
t o  d i l u t e  the  conta inants  t o  the  recommended l e v e l .  Under t h i s  
procedure it i s  p o s s i b l e  t o  use  a high e f f i c i e n c y  f i l t e r  t o  remove 
p a r t i c u l a t e s  from t h e  r e c i r c u l a t e d  a i r  and thus  reduce t h e  outdoor 
air requirements t o  n e a r l y  equa l  t h e  non-smoking r a t e  even when 
smoking is  permitted. The committee t h a t  wrote Standard 62-1981 
f e l t  it w a s  d e s i r a b l e  t o  inc lude  t h e  a i r  q u a l i t y  procedure s o  t h a t  
i n n o v a t i v e  methods t o  achieve  energy e f f i c i e n t  v e n t i l a t i o n  could be 
permitted. 

One p o l l u t a n t  l e v e l ,  t h e  recommended l i m i t  o f  0.1 ppm f o r  
formaldehyde (based on comfort criteria r a t h e r  than h e a l t h  r i s k )  
crea ted  a problem with the  manufactured housing industry. Although 
t h a t  i n d u s t r y  can e x e r c i s e  c o n t r o l s  o v e r  emissions from widely used 
urea-formaldehyde-bonded plywood and chipboard (through low 
emissions s p e c i f i c a t i o n s  o r  s u b s t i t u t e  ma te r i a l s ) ,  and from choices 
made wi th  regard t o  urea-formaldehyde foam i n s u l a t i o n ,  they have no 
c o n t r o l  over  carpet ing ,  drapery, and f u r n i t u r e  a l l  o f  which a l s o  
emit formaldehyde vapors. Thus the  pub l i ca t ion  o f  a low 
recommended formaldehyde l i m i t  i n  t h e  v e n t i l a t i o n  standard,  even 
though it was p a r t  o f  an a l t e r n a t e  procedure, was perceived a s  a 
t h r e a t  t o  the  industry. Since s ingle- family  res idences  do not  
u s u a l l y  have  mechanical v e n t i l a t i o n  systems, which can be eva lua ted  
by b u i l d i n g  inspectors ,  it was feared  t h a t  t h e  a i r  q u a l i t y  
procedure would be adopted a s  the  on ly  choice i n  b u i l d i n g  codes. 
This s i t u a t i o n  has served t o  emphasize t h e  r e s i d e n t i a l  problem: i f  
the re  is no mechanical v e n t i l a t i o n  system, now can we d e a l  with 
i n f i l t r a t i o n  which approaches zero  f low under mild weather 
condi t ions?  

2. HOUSES AND M I N I M U M  VENTILATION 

Past  A I C  conferences have revea led  t h e  v a r i a t i o n  i n  v e n t i l a t i o n  
r a t e s  between t h e  d i f f e r e n t  rooms i n  European residences.7 Such 
room-to-room v a r i a t i o n s ,  a s  l a r g e  as 10 t o  1, most c e r t a i n l y  take  



p l a c e  i n  US homes as w e l l ,  but  because of  r e s t r i c t e d  constant-  
concentra t ion  t r a c e r  gas t e s t i n g  t o  document such v a r i a t i o n s ,  t h e  
da ta  base has been very l imited.  Except f o r  t h e  mechsnica l ly  
v e n t i l a t e d ,  ve ry  t i g h t  home which is  almost  weather independent, 
t h e  convent ional  U S  home experiences major v a r i a t i o n s  i n  
v e n t i l a t i o n  r a t e  over  the  seasons and during any one season. This  
has been d ramat ica l ly  pointed ou t  i n  ecent  t e s t i n g  i n  two side-by- 
s i d e  homes i n  Gaithersburg, Maryland. The t e s t i n g  program has  
extended over  t h e  e n t i r e  weather year  which is a r a r i t y  i n  
i n f i l t r a t i o n  t e s t ing .  Typical  seasonal  da ta  a r e  shown i n  Fig. 1 
and i l l u s t r a t e  t h a t  these  two houses with no t i ceab ly  d i f f e r e n t  
t i g h t n e s s ,  approximately 6 and 10 a i r  changes per  hour a t  50 PA 
based on fan  p ressur i za t ion  tests, e x h i b i t  a  marked v a r i a t i o n  i n  
i n f i l t r a t i o n  r a t e s  over t h e  year  and d i f f e r  by about 25%. Only i n  
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Fig. 1 Effect of Retrofit, by Season, on Infiltration Rates 10 

t he  most seve re  w l r l c s r  c l ima te  do t h e  a i r  i n f i l t r a t i o n  r a t e s  
measured by the  t r a c e r  gas method approach the  same v e n t i l a t i o n  
d i f f e r e n c e s  between these  houses a s  measured by t h e  p ressur i za t ion  
t e s t s  (i.e., 40%). Throughout t h e  t e s t i n g ,  the  a i r  i n f i l t r a t i o n  
f l u c t u a t e s  day-to-day, o r  even hour-to-hour due t o  weather 
v a r i a t i o n s  and c l e a r l y  causes s i g n i f i c a n t  v a r i a t i o n s  i n  t h e  
v e n t i l a t i o n  r a t e  a s  shown i n  Fig. 2. 

One technique t h a t  has been employed i n  these  two house tests is t o  
genera te  a "synthet icq y e a r l y  v e n t i l a t i o n  r a t e  profi le . '0  It 
provides  an improved approach t o  quant i fy ing average v e n t i l a t i o n  
r a t e s  b u t  quest ions o f  meeting a t l v e n t i l a t i o n  standardw during a 1 1 
periods o f  house opera t ion  remain. This y e a r l y  v e n t i l a t i o n  r a t e  
p r o f i l e  i s  shown i n  Fig. 3 and po in t s  out  t h e  average i n f i l t r a t i o n  
r a t e  is o n l y  0.25 ACH f o r  the  t i g h t e r ,  r e t r o f i t t e d  house and 0.34 
ACH f o r  t h e  c o n t r o l  house (compared t o  0.5 ACH which has o f t e n  been 
viewed as a d e s i r a b l e  lower v e n t i l a t i o n  l i m i t ) .  
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Fig. 2 Seasonal Frequency Distributions of Infiltration Rates 10 
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Standard 62-1981, a s  now cons t i tu ted ,  s t a t e s  ( i n  Sect ion  5.1) t h a t  
adequancy of  v e n t i l a t i o n  v i a  n a t u r a l  v e n t i l a t i o n  and a i r  
i n f i l t r a t i o n  " s h a l l  be demonstrablew. Have t h e  d e t a i l e d  tests ( j u s t  
discussed) on ly  proved what w e  have a11 suspected, namely a s  our 
housing becomes t i g h t e r  t h e r e  w i l l  be periods - sometimes extended 
periods - when a i r  i n f i l t r a t i o n  w i l l  be inadequate t o  supply  the  
v e n t i l a t i o n  requirements o f  our  homes? How adequate was t h e  a c t u a l  
v e n t i l a t i o n  i n  t h e  pas t?  How can we t r e a t  t h i s  problem i n  the  
Revised Standard is a quest ion t h a t  must be r e so lved  wi th in  the  
committee. Should we move away from statements t h a t  " v e n t i l a t i o n  



r a t e  s h a l l  be demonstrated" t o  a s tatement t h a t  s p e c i f i e s  an 
improved method of measurement? How c a u t i o u s l y  should w e  proceed 
t o  improved t i g h t n e s s  s tandards  i n  our  r e s i d e n t i a l  housing, such a s  
i n  ASHRAE SPC-119, I3  i n  l i g h t  of  our  present  knowledge? These a r e  
j u s t  some o f  t h e  ques t ions  t h a t  must be answered i n  t h e  months 
ahead. 

MEASUREMENT OF A I R  EXCHANGE RATES 

Since ASHRAE 62-1981 was wr i t t en ,  marked improvements i n  our 
a b i l i t y  t o  measure a i r  exchange r a t e s  have taken p l a c e  and our  
knowledge of  a i r  exchange i n  bu i ld ings  both l a r g e  and small has 
been considerably  advanced. I n  our  l a r g e r  bu i ld ings  w e  a r e  now 
a b l e  t o  document t h e  amounts o f  outdoor a i r  en te r ing  t h e  bu i ld ings  
under va r ious  seasonal  conditions. Differences between f l o o r s  are 
a l s o  evident.11s12 What is s t i l l  missing i s  how t h e  amount of  
ou t s ide  a i r  changes with t h e  d i f f e r e n t  s e t t i n g s  o f  t h e  v e n t i l a t i o n  
systems, e s p e c i a l l y  t h e  v a r i a b l e  a i r  volume systems. Since VAV 
systems are today's standard method o f  providing v e n t i l a t i o n  a i r  i n  
our l a r g e r  bui ld ings ,  it is important t h a t  t h e  Revised Standard 
address  ques t ions  t h a t  d e a l  with t h e  VAV opera t ions  t h a t  a f f e c t  
v e n t i l a t i o n .  The f r e s h  a i r  o r  r e c i r c u l a t e d  cleaned a i r  
requirements i n  t h e  Standard a r e  a funct ion  of t h e  occupancy 
l e v e l s ,  and/or f l o o r  space. Thus, it is important t h a t  t h e r e  be no 
reduct ion  i n  these  a i r  f low l e v e l s  when t h e  t o t a l  amount of a i r  
f low is reduced t o  a g iven zone based upon comfort considerat ions.  
Measurements o f  these  a i r  q u a n t i t i e s  a r e  now being undertaken by 
such groups a s  t h e  National Bureau o f  Standards and h o p e f u l l y  w i l l  
impact t h e  Standard a s  it is being revised.  

POLLUTANT LEVELS AND LARGER BUILDINGS 

Viewing the  v e n t i l a t i o n  quest ion from t h e  standpoint  t h a t  
p o l l u t a n t s  must n o t  exceed a prescr ibed l e v e l ,  t h e  Indoor A i r  
Q u a l i t y  Procedure o f  ASHRAE Standard 62-1981, one would l i k e  t o  
f ind  a s imple  t e s t i n g  approach. Some have proposed C02 and 
p a r t i c u l a t e  l e v e l s  a s  surrogate  measures of  t h i s  adequacy. C02 
l e v e l s  have  been t h e  b a s i s  f o r  determining v e n t i l a t i o n  r a t e s  
incorporated i n  t h e  ASHRAE 62 Standard over  the  years. Although 
maximum C02 l e v e l s  have been s e t  a t  2500 ppm (0.25%), r ecen t  da ta  
have ind ica ted  t h a t  l e v e l  may be too  high. Canadian s t u d i e s  point  
t o  1,000 ppm a s  a l e v e l  t h a t  e l i m i n a t e s  occupant problems such a s  
mild headaches. Japanese da ta  would appear t o  confirm those  v a l u e s  
p lac ing  t h e  des i red  maximum i n  a s i m i l a r  range. This adjustment i n  
C02 l e v e l  would have a profound in f luence  on Standard 62. To meet 
the  Canadian and Japanese recommendations would mean t h a t  t h e  
minimum v e n t i l a t i o n  r a t e  would be 12.5 cfm (6.3 L/S) not t h e  2.5L/s 
5 cfm (2.5 L/s) a s  i n  Standard 62-1981. Before d iscuss ing t h i s  
ques t ion  o f  minimum v e n t i l a t i o n  r a t e  f u r t h e r  l e t  us  tu rn  our  
a t t e n t i o n  t o  p a r t i c u l a t e s .  



P a r t i c u l a t e s  

I n  t h e  d i scuss ions  t h a t  have taken p l a c e  i n  At lan ta  and Kansas C i ty  
( s i t e s  of ASHRAE semiannual and annual mee t ings l the  t o p i c  t h a t  has 
rece ived t h e  most a t t e n t i o n  i n  t h e  62-1981R Subcommittee on Bui ld ing 
Performance has been p a r t i c u l a t e s .  Even before these  
d e l i b e r a t i o n s ,  t h e r e  has  been a high degree of  i n t e r e s t  i n  
p a r t i c u l a t e s  t h a t  a r e  a r e s u l t  o f  smoking. Representa t ives  i n  t h e  
tobacco indus t ry  ques t ion  t h e  concept of  smoking ve r sus  non- 
smoking v e n t i l a t i o n  r a t e s  where the  v e n t i l a t i o n  r a t e s  have  o f t e n  
been s p e c i f i e d  t o  be f i v e  times t h a t  i n  t h e  non-smoking zones, i n  
Table 3 o f  t h e  62-1981 Standard. The d iscuss ions  i n  t h e  
subcommittee covered more than the  smoking i s s u e  and a r e  looking a t  
p a r t i c u l a t e s  i n  t h e  0.3-1, 1-3, and 3-5 micron s i z e s ,  cover ing  a 
range t h a t  inc ludes  and exceeds those p a r t i c l e s  t h a t  cou ld  be 
a t t r i b u t e d  t o  smoking alone. One explanat ion  was t h a t  t h e  
p a r t i c l e s  l a r g e r  than 1 micron (i.e., l a r g e r  than those  as soc ia ted  
with smoking), were o f t e n  "people generated." By t h i s  w e  a r e  
speaking o f  s k i n  shedding and o the r  occupant r e l a t e d  a c t i v i t i e s .  
New monitoring techniques have al lowed these  d i f f e r e n t  s i z e s  of  
p a r t i c u l a t e s  t o  be measured and the  r e s u l t s  i n t e r p r e t e d  i n  terms o f  
v e n t i l a t i o n  ef f ic iency.  The e a r l y  r e s u l t s  a r e  r e v e a l i n g  t h a t  
cons tant  volume and v a r i a b l e  a i r  volume systems perform d i f f e r e n t l y  
using these p a r t i c u l a t e s  a s  "tracersw. Quest ions have been r a i s e d  
a s  t o  whether t h e  'b ix ing ef f ic iency"  is t h e  same over  t h i s  range 
of  p a r t i c l e  s i z e s ,  i.e., t h a t  t h e  p o s s i b i l i t y  e x i s t s  t h a t  some 
p a r t i c l e s  may concentra te  i n  t h e  occupied zones o f  a building.  

4.2 Ven t i l a t ion  Ef f i c i encx  

The whole ques t ion  o f  v e n t i l a t i o n  e f f i c i e n c y  is a key t o  t h e  
a p p l i c a t i o n  of  Standard 62. The pioneering works of sandberg14 and 
skare t15 point  ou t  t h e  key elements of  v e n t i l a t i o n  e f f i c i ency .  If 
the  v e n t i l a t i o n  a i r ,  whether i t  be ou t s ide  a i r  o r  cleaned and 
f i l t e r e d  r e c i r c u l a t e d  air, is not  reaching the  occupants of t h e  
b u i l d i n g  because a i r  mixing is inadequate i n  t h e  rooms i n  which 
they are located ,  then t h e  purpose of t h e  Standard has  been 
compromised. The achievement o f  s u i t a b l e  v e n t i l a t i o n  e f f i c i e n c i e s  
must be a key element i n  s a t i s f y i n g  the  g o a l s  of  t h e  Revised 
Standard. 

D i l u t i o n  o f  contaminated indoor a i r  with less contaminated 
outdoor a i r  i s  the  main method used f o r  c o n t r o l l i n g  indoor a i r  
contaminants. Commercial bu i ld ings  use mechanical a i r  handl ing  
systems t o  condi t ion  and d i s t r i b u t e  t h e  v e n t i l a t i o n  air. The 
amount of outdoor a i r  required is defined by bu i ld ing  codes which 
u s u a l l y  depend on ASHRAE Standard 62. System designs a r e  approved 
on t h e  b a s i s  of t h e  bu i ld ing  p l a n s  and spec i f i ca t ions .  Af ter  the  
systems a r e  i n s t a l l e d  they a r e  balanced by measuring t h e  volume of 
a i r  discharged from each supply d i f fuse r .  This, however, does not  
a s su re  a proper d i s t r i b u t i o n  of  t h e  outdoor a i r  wi th in  t h e  occupied 
space. Incomplete mixing o f  outdoor a i r  with r e t u r n  a i r  can r e s u l t  
i n  a non-uniform d i s t r i b u t i o n  o f  t h e  outdoor a i r .  Further ,  the  
common p r a c t i c e  o f  l o c a t i n g  both the  supply o u t l e t s  and r e t u r n  



i n l e t s  on o r  near  t h e  c e i l i n g  can permit s h o r t  c i r c u i t i n g  o f  some 
of t h e  supply  a i r  d i r e c t l y  t o  the  r e tu rns  without complete mixing 
a t  t h e  occupied l e v e l  i n  a room. When t h i s  happens e f f e c t i v e  
d i l u t i o n  i s  compromised. 

Fig. 4.  Typical Air Distribution System. 

16,17 
Consider a t y p i c a l  d i s t r i b u t i o n  system a s  shown i n  Fig. 4. 
Outdoor a i r ,  Q01 is mixed with r e c i r c u l a t e d  a i r  and supp l i ed  t o  the  
space. A f r a c t i o n ,  s, of  t h e  supply a i r ,  SQs may f low a long  t h e  
c e i l i n g  t o  the  r e t u r n  i n l e t  o r  otherwise bypass t h e  occupied p a r t  
of t h e  room. A f r a c t i o n ,  r, o f  t h e  r e t u r n  air  may be r e c i r c u l a t e d  
t o  be mixed with t h e  outdoor a i r .  The remainder, I-r, w i l l  be 
exhausted. The amount o f  t h i s  outdoor a i r  t h a t  bypasses t h e  
occupied space and is  exhausted is Q10-s and t h e  r e l a t i o n s h i p  is: 

The v e n t i l a t i o n  e f f i c i ency ,  ?l, can be defined as: 

Eqn. 3 def ines  t h e  e f f i c i e n c y  with which t h e  outdoor a i r  is 
c i r c u l a t e d  t o  the  occupied space i n  terms of  a s t r a t i f i c a t i o n  o r  
mixing fac to r ,  s, and t h e  r e c i r c u l a t i o n  fac to r ,  r. I f  t h e r e  is no 
exhaust flow, r=l and t h e  e f f i c i e n c y  is 100%. I f  the re  is no 
s t r a t i f i e d  o r  bypass flow, s = O ,  and t h e  e f f i c i e n c y  i s  a l s o  100%. 
I f ,  however, the re  is both s t r a t i f i e d  f low and r e c i r c u l a t i o n ,  
outdoor a i r  can pass through t h e  system without e v e r  being used t o  
d i l u t e  contaminants a t  t h e  occupied l e v e l .  This  v e n t i l a t i o n  l o s s  
a l s o  rep resen t s  an  energy loss .  Fig. 5 p resen t s  a set of  cu rves  
descr ib ing Eqn. 3. 

It has  been shoun17 a l s o  t h a t  t r a c e r  gas decay measurements can be 
used under the  proper condi t ions  t o  measure v e n t i l a t i o n  ef f ic iency.  
A s u i t a b l e  t r a c e r  gas such a s  methane o r  s u l f u r  hexaf luor ide  can be 



RECIRCULATION, R, (PERCENT) 

Fig. 5 Ventilation Efficiency 

added t o  t h e  supply a i r  a t  a  s u f f i c i e n t l y  rapid  r a t e  t o  b u i l d  up a 
measureable concentra t ion  a t  the  r e t u r n  i n l e t  before t h e r e  is a  
s i g n i f i c a n t  rise i n  concentra t ion  a t  t h e  occupied l e v e l .  The semi- 
l o g  p l o t  o f  t h e  tracer gas  concentra t ion  decay o v e r  t i m e  may r e v e a l  
two curves  s i m i l a r  t o  Fig. 6. The s l o p e s  o f  t h e  l i n e s  are 
propor t ional  t o  t h e  outdoor a i r  f low r a t e  i n  volumetr ic  a i r  changes 
per  u n i t  time. I n  t h i s  case, Volume 1 refers t o  t h e  supply  and 

ELAPSED TIME (MINUTES) 

Fig. 6 Tracer Gas Decay in Volume L in a Two Chamber Study 16 



r e t u r n  d u c t  volumes and the  upper p a r t  o f  t h e  room as shown i n  Fig.4 
Volume 2 i s  t h e  lower o r  occupied p a r t  o f  t h e  room. 

The apparent  change i n  i n f i l t r a t i o n  o r  v e n t i l a t i o n  r a t e  is caused 
by t h e  i n i t i a l  l o s s  o f  t r a c e r  gas both t o  Volume 2 and t o  t h e  
exhaust f low p l u s  t h e  i n f i l t r a t i o n  loss .  The f i n a l  o r  equ i l ib r ium 
decay l i n e  is r e v e a l e d  when mixing between t h e  two volumes is 
complete. This  r ep resen t s  t h e  a c t u a l  outdoor a i r  p l u s  i n f i l t r a t i o n  
a i r  f l o w  ra tes .  It can be shown l 7  t h a t  t h e  e f f i c i e n c y  wi th  which 
the  outdoor a i r  is  used t o  d i l u t e  contaminants i n  Volume 2 (i.e., 
t h e  occupied p a r t  o f  the  room) i s  approximated by: 

where = i n i t i a l  apparent  i n f i l t r a t i o n  rate 

1 = f i n a l  i n f i l t r a t i o n  r a t e .  

For t h e  case represented i n  Fig. 6, 

This low v e n t i l a t i o n  e f f i c i e n c y  was approximately confirmed by 
energy balance ca lcula t ions .  

The v e n t i l a t i o n  e f f i c i ency  obtained wi th  t r a c e r  gas tests and 
c a l c u l a t e d  from Eqn. 5 can be equated t o  Eqn. 3 t o  ob ta in  t h e  
s t r a t i f i c a t i o n  f a c t o r ,  s : 

The r e c i r c u l a t i o n  r a t e  during the  t r a c e r  decay measurements must be 
s p e c i f i e d  s ince  t h i s  w i l l  in f luence  t h e  v e n t i l a t i o n  e f f i c i ency .  

Duct systems similar t o  Fig. 4 can be expected t o  have a 
s u b s t a n t i a l  reduction i n  v e n t i l a t i o n  e f f i c i e n c y  a s  shown i n  Fig. 5. 
However, i f  the  r e t u r n  i n l e t  is loca ted  near  the  occupied l e v e l  o r  
i f  t h e  exhaust  is separated from t h e  r e t u r n  system and is loca ted  
i n  t h e  occupied l e v e l ,  t h e  v e n t i l a t i o n  e f f i c i ency  can be high. 
ASHRAE Standard 62-1981 does not  recognize t h i s  problem, but  the  
r ev i s ion  t o  62-1981 must address the  i ssue .  

Var iab le  a i r  volume systems tend t o  exacerbate t h i s  problem. Under 
heat ing  condi t ions ,  the  body hea t - loss  from a group o f  people  i n  a 
room w i l l  o f f s e t  some of  t h e  hea t  requirement f o r  the  room. This  
w i l l  reduce t h e  a i r  f low and v e n t i l a t i o n  a i r  a t  the  very  t i m e  when 



i t  is most needed. The lower a i r  v e l o c i t i e s  a l s o  reduce mixing 
ef f ic iency.  Such a system should be designed t o  inc rease  t h e  
f r a c t i o n  o f  outdoor a i r  i n  t h e  supp ly  a i r  under these  conditions. 
Use o f  a carbon dioxide sensor t o  measure the  a c t u a l  outdoor a i r  
requirement would be one way t o  c o r r e c t  t h i s  problem. 

4.3 Smoking 

Tobacco smoke p resen t s  t h e  HVAC system designer and b u i l d i n g  
opera tor  wi th  p a r t i c u l a r  chal lenges .  Approximately 30% of t h e  U S  
popula t ion  smokes. The 70% non-smoking populat ion has demanded 
s p e c i a l  cons idera t ion  i n  r ecen t  years. Standard 62-1973 recognized 
the  requirements i n  a very  s u p e r f i c i a l  and i n d i r e c t  manner, The 
recommended outdoor a i r  supply r a t e s , f o r  a p p l i c a t i o n s  where the  
incidence of smoking could be expected t o  be high,was therefore 
increased t o  c o n t r o l  t h e  smoke and assoc ia ted  odors. I n  con t ras t ,  
Standard 62-1981 addressed smoking d i r e c t l y .  Outdoor air  supply  
rates are spec i f i ed  f o r  e i t h e r  smoking o r  non-smoking app l i ca t ions .  

The ave rage  generat ion r a t e  f o r  t o t a l  suspended p a r t i c u l a t e s  is 
31 -9 mg/cigaret teq8.  The National  Ambient A i r  Q u a l i t y  Standard 
s p e c i f i e s  0.260 mg/m3 a s  the  concentra t ion  l i m i t  f o r  t o t a l  
suspended p a r t i c u l a t e s  f o r  24 hour exposure6, A mass balance  f o r  
the  p a r t i c u l a t e s  i n  indoor a i r  is  Eqn. E-1, Appendix E, Standard 62- 
1981 : 

V0 ( C s - C o )  = N (7) . 
where Vo = Flow r a t e  o f  outdoor a i r  

cS = P a r t i c u l a t e  concentrat ion i n  space 

C0 = P a r t i c u l a t e  concentra t ion  outdoors 

N = P a r t i c u l a t e  generat ion rate 

The f low rate of outdoor a i r  needed t o  achieve  a g iven indoor 
p a r t i c u l a t e  concentrat ion is given by: 

I f  we assume the  outdoor p a r t i c u l a t e  concentrat ion is zero,  Co= 0: 

. 31-9 
V = - = 150 m3/hr per  c i g f i r e t t e  (g) 

0.260 



If we assume 25% of t h e  occupants i n  a room smoke two c i g a r e t t e s  
per hour, t h e  outdoor a i r  flow r a t e  needed is: 

Vo = (1.25) (16.67) = 20.8 L/s o r  41.7 cfrn (10) 

The f low r a t e s  recommended i n  Table 3 o f  Standard 62-1981 were 
adjus ted  up and down from t h i s  bas ic  ra te .  Smoking i n  a r e a s  such 
a s  b a r s  tends  t o  be g r e a t e r  than t h e  assumed r a t e ,  bu t  t h e  dura t ion  
of  exposure is s u b s t a n t i a l l y  l e s s  than 24 hours. There a r e  always 
some p a r t i c u l a t e s  i n  outdoor a i r  which would inc rease  t h e  amount of  
outdoor air  needed. The National  Ambient A i r  Q u a l i t y  Standard 
s p e c i f i e s  0.075 mg/m3 a s  the  maximum p a r t i c u l a t e  concentra t ion  f o r  
continuous (1 year)  exposure. 

Appendix E of  Standard 62-1981 a l s o  shows how f i l t e r s  can g r e a t l y  
reduce t h e  amount o f  outdoor a i r  needed. The t o t a l  c i r c u l a t i o n  
r a t e  must be increased,  however. This may present  a problem i n  
v a r i a b l e  v e n t i l a t i o n  systems. Recent work by ~ e ~ a c e l  has  
confirmed the  bas ic  recommendation o f  20 cfm (10 L/S) of outdoor 
a i r  pe r  person ( i n  an  o f f i c e  where smoking is permit ted)  a s  a 
p r a c t i c a l  v e n t i l a t i o n  l e v e l .  Repace c a l c u l a t e d  the  l i f e t i m e  lung 
cancer r i s k  a s  a funct ion  o f  t h e  c i g a r e t t e  smoke concentra t ion  
assoc ia ted  with va r ious  d i l u t i o n  ra tes .  H e  found t h a t  a t  a minimum 
v e n t i l a t i o n  r a t e  of  5 cfrn (2 1/2 L/s) t h e r e  would be t e n  e x t r a  
cases  o f  lung cancer per  1000 people over  a lifetime. Increas ing 
t h e  outdoor a i r  f low r a t e  t o  20 cfrn (10 L/s) per  occupant reduces 
the  r i s k  t o  about two e x t r a  lung cancer cases  per 1000 people. 
Beyond t h i s  point  t h e  curve  is q u i t e  f l a t ;  o v e r  50 cfrn (25 L/s) of 
outdoor a i r  is needed t o  reduce the  r i s k  t o  one lung cancer case 
per  1000 people. 

Odor research  o f  Leaderer, Cain 'O and Fanger, Berg-Munch hqs 
shown t h a t  an outdoor a i r  supply  rate of  20 cfrn (10 L/s) per  person 
t o  a space where smoking is permitted w i l l  s a t i s f y  on ly  about 50% 
of the  v i s i t o r s  t o  t h e  space. Acceptance inc reases  a f t e r  a minute 
o r  two due t o  s a t u r a t i o n  of  t h e  o l f a c t o r y  senses. Outdoor a i r  f low 
r a t e s  o f  about 40 cfrn (20 L/s) a r e  needed t o  s a t i s f y  80% o f  the  
v i s i t o r s .  

Although more than 2000 d i f f e r e n t  spec ies  have been i d e n t i f i e d  i n  
tobacco smoke, p a r t i c u l a t e s  are the  dominant contaminant. These 
can be e f f e c t i v e l y  removed with e l e c t r o s t a t i c  f i l ters  o r  high 
q u a l i t y  media filters. It can be shown (see Ref. 6 , Appendix E) 
t h a t  t h e  outdoor a i r  f low r a t e  can be reduced from 35 cfm (17 1/2 
L/s) p e r  p e r s o n  t o  7 cfrn ( 3  1 / 2  L /S )  i n  a b a r  i f  a 90% e f f i c i e n t  
f i l t e r  is used and a c i r c u l a t i o n  r a t e  of  31 cfm (16.5 L/s) per 
person i s  achieved. Thus e f f i c i e n t  f i l t e r s  can g r e a t l y  reduce t h e  
amount o f  outdoor a i r  required. 



A second method f o r  reducing t h e  amount-_of outdoor a i r  needed t o  
d i l u t e  tobacco smoke is t o  segregate  smokers from non-smokers. 
ASHRAE Standard 62-1981 permits the  outdoor a i r  f low r a t e  t o  be 
c a l c u l a t e d  s e p a r a t e l y  f o r  each group when they a r e  segregated, and 
a i r  from t h e  smoking sec t ion  does not  f low i n t o  t h e  non-smoking 
sect ion.  Location of  smokers c l o s e  t o  t h e  exhaust i n l e t  permits  
the  supp ly  air  t o  sweep the  smoke i n t o  the  exhaust, then 
l i m i t a t i o n s  imposed by d i f f u s i o n  and mixing no longer  apply. 

Based upon the  latest  f indings  on p a r t i c u l a t e  l e v e l s  i n  
r e p r e s e n t a t i v e  bui ld ing,  and measurements o f  v e n t i l a t i o n  adequancy, 
the  62-1981~ Subcommittee on Bui ld ing Performance w i l l  pursue these  
po in t s  and make c e r t a i n  t h a t  t h e  most r e l e v a n t  performance c r i t e r i a  
a r e  emphasized i n  t h e  Revised Standard. A t  present  t h e  
subcommittee is rewr i t ing  the  m a t e r i a l  i n  Appendix E - Rat ionale  
f o r  Use of  Cleaned, Reci rcula ted  A i r .  This  Appendix d e a l s  with t h e  
problem o f  removing p a r t i c u l a t e  matter ,  and depending upon t h e  
removal e f f i c i ency ,  s t a t e s  how much the  f low of ou t s ide  a i r  can be 
reduced. To ta l  suspended p a r t i c u l a t e  concentra t ions  o f  t h e  ou t s ide  
a i r  a r e  p a r t  of  t h e  v e n t i l a t i o n  r a t e  determination. The quest ion 
of v e n t i l a t i o n  e f f i c i e n c y  descr ib ing how e f f e c t i v e l y  t h e  
v e n t i l a t i o n  a i r  is reaching t h e  occupants must be e i t h e r  
incorporated i n t o  t h e  c a l c u l a t i o n  procedure a t  t h i s  po in t  o r  a 
sepa ra te  appendix must be addressed t o  t h e  in f luence  o f  v e n t i l a t i o n  
ef f ic iency.  I n  t h e  subcommittee discussions,  s u i t a b l e  minimum 
v e n t i l a t i o n  r a t e s  were suggested a s  20 cfm (10 L/s) based upon the  
mixing e f f i c i e n c y  information r e s u l t i n g  from p a r t i c u l a t e  
measurements. This  matter  is of  h ighes t  p r i o r i t y  i n  s e t t i n g  the  
Revised Standard. 

BUILDING ENVIRONMENT AND EMISSIONS 

How t h e  b u i l d i n g  maintains temperature, r e l a t i v e  humidity and a i r  
f low can d i r e c t l y  in f luence  t h e  bu i ld ing  indoor air  qua l i ty .  One 
example i s  formaldehyde outgassing, which is a f f e c t e d  by both 
temperature and humidity. Formaldehyde compounds a r e  ve ry  common 
i n  b u i l d i n g s  and thus  from a b u i l d i n g  performance s tandpoint  the  
way i n  which we maintain the  i n t e r i o r  bu i ld ing  environment can 
d i r e c t l y  i n f l u e n c e  source s t r e n g t h s  and thus  d i c t a t e  t h e  required 
v e n t i l a t i o n .  This  example o n l y  po in t s  ou t  t h a t  we must be 
concerned with b u i l d i n g  m a t e r i a l s  and t h e i r  associa ted  v e n t i l a t i o n  
requirements a s  w e l l  a s  t h e  needs o f  t h e  occupants. 

In  Standard 62-1981, under t h e  heading of Var iable  Occupancy 
(Section 6.1.5 and associa ted  Fig. 21, t he  Standard d e a l s  with 
t r a n s i e n t  o r  v a r i a b l e  occupancy and a l l o w s  the  bu i ld ing  opera tor  t o  
a d j u s t  dampers o r  even tu rn  o f f  the  v e n t i l a t i o n  system dur ing 
s p e c i f i e d  periods. These system adjustments may l a g  o r  l e a d  
occupancy depending upon whether occupant v e n t i l a t i o n  needs o r  
p o l l u t a n t s  associa ted  with b u i l d i n g  m a t e r i a l s  a r e  t h e  p r i n c i p a l  
concern. The 62-1981~ Subcommittee on Building Performance is 
looking more deeply i n t o  these  matters t o  determine i n  t h e  l i g h t  o f  
more r e c e n t  information whether o r  no t  t h i s  por t ion  o f  t h e  Standard 
should be a 1  tered. 



6. SUMMARY 

The d i scuss ions  i n  t h i s  paper have t raced t h e  h i s t o r y  o f  ASHRAE 
Standard 62, and point  ou t  t h e  important cu r ren t  ques t ions  t h a t  
a r e  be ing addressed during t h e  present  revis ion .  Bui ld ing 
performance aspec t s  o f  t h e  s tandard  have been emphasized i n  t h i s  
paper wi th  p r i n c i p a l  concerns f o r  v e n t i l a t i o n  e f f i c i ency ,  handl ing  
s p e c i a l  problems such a s  p a r t i c u l a t e s  e s p e c i a l l y  those  as soc ia ted  
with smoking, and the  v a r i a b i l i t y  o f  r e s i d e n t i a l  v e n t i l a t i o n  which 
has been h igh l igh ted  by modern instrumentation. 

This is a consensus standard and t h e  va r ious  subcommittees and t h e  
committee a s  a whole w i l l  be seeking t o  provide  t h e  most r e a l i s t i c  
and up-to-date v e n t i l a t i o n  standard when t h e  r e v i s i o n  process is 
completed. What should  be c l e a r  from t h i s  paper is  t h a t  t h e  
standard r e v i s i o n  is an ungoing process i n  t h e  l i g h t  o f  new 
information such a s  t h a t  supp l i ed  i n  abundance from t h e  A i r  
I n f i l t r a t i o n  Centre's prime funct ion  of promoting information ' 
exchange. 
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