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INTRODUCTION 

Energy conservat ion e f f o r t s  of p a s t  years  have d i r e c -  
t e d  t h e  a t t e n t i o n  towards hea t  l o s s e s  due t o  v e n t i l a -  
t i o n .  I n  t h i s  connection s t u d i e s  on indoor a i r  qua l i -  - 
t y  became more important,  Improved i n s u l a t i o n  of 
c racks  and s l i ts  of doors  and windows as w e l l  as t h e  
reduced opera t ion  of eventua l ly  a v a i l a b l e  forced ven- 
t i l a t i o n  systems have l e d  t o  reduced a i r  exchanges 
and hence t o  t h e  considerable  reduct ion  i n  supply of 
f r e s h  a i r ,  From t h e  hygienic po in t  of view t h e  ques- 
t i o n s  a r e  r a i s e d  as t o  what a r e  t h e  e f f e c t s  of such 
measures on indoor environment and what a r e  t h e  mini- 
mum v e n t i l a t i o n  r a t e s  necessary i n  order  t o  f u l f i l  t h e  
hygienic requirements of indoor ai-r q u a l i t y .  

The f i r s t  p a r t  of t h i s  paper d e a l s  wi th  an overview on 
important sources of indoor a i r  p o l l u t a n t s ,  The second 
p a r t  d i scusses  t h e  ways and means of measuring t h e  
contaminants emit ted by t h e  very presence of man i n  a 
room (carbon d ioxide  and odors ) .  Based on our own in- 
v e s t i g a t i o n s  w e  have made some recommendations on min- 
imum v e n t i l a t i o n  r a t e s  o r  minimum supply of f r e s h  air .  

MAN AS A SOURCE OF A I R  POLLUTION 

Pol lu t ion  of indoor a i r  where t h e  sources themselves 
a r e  indoors  depends on t h e  furn ish ing  of t h e  room and 
t h e  a c t i v i t i e s  the re in .  H e r e  one should concent ra te  
on decomposition of bu i ld ing  m a t e r i a l s  and t h e i r  long- 
t e r m  e f f e c t  due t o  d a i l y  exposure (WANNER, 1980).  The 
e f f e c t  on indoor a i r  q u a l i t y  by man himself i s  n o t  
only due t o  h i s  a c t i o n s  l i k e  smoking and cooking. De- 
pending upon h i s  a c t i v i t i e s  t h e  a i r  q u a l i t y  w i l l  be 
a f f e c t e d  by t h e  temperature,  t h e  r e l a t i v e  humidity, 
carbon d ioxide  concent ra t ions ,  v i a b l e  and nonviable 
p a r t i c l e s  emit ted by t h e  s k i n  a s  w e l l  as p e r s p i r a t i o n  
- depending upon what he does i n  t h a t  room (BRUNNER, 
1977). The number of persons i n  a given room o r  t h e  
space per  person, and t h e  supply of  f r e s h  a i r  d e t e r -  
mine t h e  e f f e c t s  of t h e s e  parameters. 

The s u b j e c t i v e  assessment of indoor a i r  p o l l u t i o n  
caused by man can b e s t  be made by odors  and o b j e c t i v e  
assessment simply by carbon dioxide.  Concentration of 
carbon d ioxide  i n  ambient a i r  l ies between 0.03 and 
0.04 % which can reach up t o  double of t h i s  value i n  
c i t i e s  and i n  i n d u s t r i a l  a reas .  I n  European coun t r i e s  
w e  have a recommended l e v e l  of maximum 0.1 % C02 i n  
indoor a i r  of l i v i n g  p laces  (so-cal led Pettenkofer- 
Number), and i n  some cases  even 0.15 % C02 (BORNEFF 
1974, RIGOS 1981).  In  t h e  USA t h e  MAC value of 0.5 % 
f o r  workplaces i s  appl ied f o r  t h e  indoor a i r  i n  l i v -  
ing p laces  a s  w e l l  (ASHRAE, 1980). Reduction of t h i s  
l i m i t  t o  0.25 % i s  under d iscuss ion .  



METHODS OF MEASURING CARBON DIOXIDE AND ODOR 

Primary aim of  t h i s  i n v e s t i g a t i o n  was t o  s tudy carbon 
dioxide and odor p o l l u t i o n  caused by man. Carbon dio- 
xide was measured by phys ica l  i n f r a r e d  method of gas 
a n a l y s i s .  Odor was measured by sensory method whereby 
s e l e c t e d  test  panel eva lua ted  t h e  instantaneous odor 
s i t u a t i o n  i n  our  odor i n t e n s i t y  measuring appara tcs  
c a l l e d  GIMA (HUBER 1981 a ) .  H e r e  t h e  perceived odor 
i n t e n s i t y  of t h e  a i r  sampled from a test-chamber i s  
compared with t h e  odor i n t e n s i t y  of re ference  substan- 
ce  pyr id ine  a t  a known concent ra t ion .  So-called annoy- 
ance l e v e l  i n d i c a t e d  t h e  threshold  l i m i t  of a substan- 
ce  above which i t s  odor i s  perceived a s  a d i s t u r b i n g  
one. 

TESTS AT STANDARD CONDITIONS 

Twentyone runs were made i n  a test-chamber of 30 m3 
volume ( l i t t l e  more than 1000 cubic  f e e t )  by changing 
t h e  fol lowing va r i ab les :  
- Number of persons: 1, 2 ,  o r  4 ( i n  o t h e r  words, 

space volume pe r  person: 30, 
15,  o r  7,5 m3, o r  about 1000, 
500, and 250 c f t )  

- A c t i v i t y  of persons: Rest (50-70 W) , 
Bicycle ergometer (250 W) 

- A i r  exchange r a t e :  0 . 1 ,  0.2, 0.8, o r  1 - 6  per hour 

Each run took two hours and b icyc le  ergometer w a s  used 
f o r  45 minutes. Odor i n t e n s i t y  of t h e  indoor a i r  was 
evaluated a t  every 15 minutes. Temperature, r e l a t i v e  
humidity, and carbon dioxide concent ra t ions  w e r e  moni- 
to red  continuously.  

RESULTS AND CONCLUSIOPJS 

F i  u r e  1 shows carbon dioxide concent ra t ions  a s  a 2- 
funct ion  of t i m e  and perceived odor i n t e n s i t y .  Corre- 
l a t i o n s  between carbon dioxide concent ra t ions  and odor 
i n t e n s i t i e s  f o r  a l l  t h e  twentyone runs a r e  shown i n  
Figure 2 (HUBER 1981 b)  . 
From t h e r e s u l t s  of t h i s  s tudy it can be concluded t h a t  
i n  t h e  rooms where no smoking i s  allowed, with space 
volume of about 1 2  - 15 m3/person, a t  a carbon dioxide 
concentrat ion of more than  0.15%an inc rease  of annoy- 
ance due t o  odor can be expected. This l i m i t  of 0,15% 
C02 can be maintained i n  t h e  rooms by supplying t h e  
f r e s h  a i r  of usual  C02 content  of0.03 -0.04% a t  t h e  
r a t e  of 15 m3/h/person- assuming t h a t  only l i g h t  physi- 
c a l  work i s  performed i n  t h e  rooms. 



This relationship between C02 and perceived odor in- 
tensity is not valid for the rooms where smoking is 
permitted. In order to ensure satisfactory air quality 
in such rooms, one must reckon with fresh air supply 
of double the above quantity (WEBER, 1981) . 

ABSTRACT 

In a test-chamber the carbon dioxide and the odor in- 
tensity were measured as function of room occupancy 
and ventilation rate. When the supply of fresh air was 
12 - 15 m3 per person per hour, the carbon dioxide con- 
centration was less than 0.15 % and the odor intensi- 
ty was evaluated only as "slight annoyance". Higher 
ventilation rates are necessary if increased physical 
activities and smoking is done in the rooms. 
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Figure  1: Carbon d iox ide  concen t r a t ion  and odor in t en -  
s i t y  a s  a f u n c t i o n  of t i m e .  Odor i n t e n s i t y  
was eva lua ted  a t  t h e  i n t e r v a l  of 15 minutes 
du r ing  f i r s t  hour and 30 minutes du r ing  
second hour. T e s t  cond i t ions :  4 persons 
s i t t i n g  i n  a room of 3 0  m3 volume wi th  a i r  
exchange r a t e  of  0-8 (corresponding t o  t h e  
supply of  f r e s h  a i r  a t  t h e  r a t e  of 6 m3 
pe r  person pe r  h o u r ) .  

0 .06000 .I2000 .18000 .2Y 000 .30.000 

CRRBBN DIBXIDE (PER CENT1 

Figure  2: Re la t ion  between carbon d i o x i d e  concentra-  
t i o n  ( i n  pe rcen t )  and perceived odor in t en -  
s i t y  (100 u n i t s  a r e  equ iva len t  t o  a refer- 
ence odor of 365 ppb p y r i d i n e ) .  
I n v e s t i g a t i o n  i n  a test-chamber wi th  v a r i -  
a b l e  occupancy and v e n t i l a t i o n  r a t e s ,  


