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1. Introduction 

Although people spend 70% of their time either at home 

or in public buildings such as schools, offices, transportation 

vehicles and terminals, and restaurants, they are more ciitical 

towards ambient or outdoor than indoor air pollution. For the 

following reasons, however, a thorough investigation of 

indoor air pollutants is necessary: 

- Because of the reduced natural and mechanical ventilation 
in order to save energy for space heating, a general 

deterioration in air quality is to be reckoned with. This 

leads us to the question of minimum air ventilation rate 

necessary to achieve the desired air quality and to avoid 

the possible impairment of health and performance. 

- The second point is the use of modern building materials, 
furniture equipments and consumer products which can emit 

noxious substances in air. The resulting effects on health, 

specially the long-term effects, are not yet known. The 

chief interest lies here in adopting strong regulations for 

the permission of materials and products, increasing the 

checks and thereby reducing the health risk to a minimum, 



This paper reviews the pollutants occurring in indoor air, 

It is based on the papers presented at the international 

symposium on indoor climate (8), report of the WHO 

working group on health aspects related to indoor air 

quality (ll), technical meetings on energy conservation 

(6, 7), and specific investigations on occurrence and effects 

of indoor air pollutants. 

2. Sources and nature of pollutants 

Important air pollutants are listed in Table 1. Although 

we shall not deal here with the pollutants in outdoor air, 

it should be kept in mind that the pollutants in outdoor 

air can influence the pollutants in indoor air considerably. 

Indoor air pollution is caused largely by human activities 

and behaviour, The type and rate of ventilation should be 

planned accordingly, 

Man himself impairs the indoor air quality by continuous 

emission of heat, humidity, carbon dioxide, particles and 

perspiration. Rise in temperature, relative humidity and 

concentrations of different pollutants depend on the space 

occupancy and activities of individuals therein. The most 

common parameters to evaluate the human impact on indoor 

air quality are carbon dioxide (C02)  and odour. 

Various kinds of pollutants are caused by human acitvities. 

In residential buildings they consist primarily of dust 

caused by normal working and odours from cooking and 

smoking, Vapours from cleaning agents and solvents, set 

free while doing normal household chores, are also worth 

mentioning, 



Table 1: A i r  contaminants 

Important sources of a i r  contaminants i n  r e s i d e n t i a l  bui ld ings  

a r e  l i s t e d .  Indoor a i r  q u a l i t y  i s  determined by odours, compo- 

nents  of  smoke, carbon dioxide and emissions from mate r i a l s ,  

Source P o l l u t a n t  

Outdoor a i r  

Space hea t ing  
Motor vehic les  
Industry 

Indoor a i r  

Man 

Tobacco smoke 

Consumer products 
Sprays 
Cleaning agents  

Combustion of gas 
f o r  heat ing 
and cooking 

Mater ia ls  
P a r t i c l e  boards * 
Building mate r i a l s  
P a i n t s  

Sulphur dioxide 
Oxides of n i t rogen 
Carbon monoxide 
Oxidants 
Hydrocarbons 
P a r t i c u l a t e  mat ter  
Lead 

Odours 
Carbon dioxide 
Water vapour 
P a r t i c l e s  

Carbon monoxide 
Aldehydes 
P a r t i c l e s  

Odours 
Solvents  
Organic Compounds 

Oxides of n i t rogen 
Carbon monoxide 
P a r t i c l e s  

Aldehydes 
Asbestos 
Radon 
Solvents  
Organic ma te r i a l s  

* = Chipboards 



The use of  g a s  o r  o i l  f o r  h e a t i n g  and cooking purposes g ives  

rise t o  ox ides  of n i t r o g e n  and carbon monoxide due t o  i n s u f f i -  

c i e n t  combustion. This  can l e a d  t o  acu te  and ch ron ic  damage 

t o  h e a l t h  depending upon t h e  concen t r a t i on  and d u r a t i o n  of  ex- 

posure. I n  t h i s  connect ion combustion of  d u s t  should be  men- 

t ioned .  This  i s  what happens i n  c a s e  of  w a r m  a i r  h e a t e r s  and 

electric s t o r a g e  h e a t e r s  where h e a t i n g  and burning o f  d u s t  p a r t i -  

c l e s  t a k e  p l ace .  The s t u d i e s  have shown t h a t  even i n  normal 

ope ra t ing  c o n d i t i o n s  d i f f e r e n t  r e a c t i o n  produc ts  l i k e  carbon 

monoxide, carbon d i o x i d e ,  ox ides  of  n i t r o g e n ,  and ammonia a r e  

formed. But even i n  c a s e  of  heavy d u s t  l oad  t h e  r e s u l t i n g  con- 

c e n t r a t i o n s  w e r e  n o t  dangerous t o  h e a l t h  (10). 

Smoking of  c i g a r e t t e s ,  c i g a r s ,  and p ipes  c o n s t i t u t e s a n  important  

source  of  p o l l u t i o n  which d i r e c t l y  a f f e c t s  t h e  indoor a i r  q u a l i t y .  

Depending upon the  i n t e n s i t y  of  smoking, as we l l  as s i z e  and 

v e n t i l a t i o n  o f  room, t h e  concen t r a t i ons  of  contaminants can 

reach the  l e v e l s  which n o t  on ly  cause  annoyance b u t  can even 

damage t h e  h e a l t h  of  s e n s i t i v e  persons  l i k e  p a t i e n t s  wi th  h e a r t  

and c i r u l a t o r y  a i lmen t s ,  a s thma t i c s ,  and c h i l d r e n .  S t u d i e s  

have shown t h a t  concen t r a t i ons  of  carbon monoxide, a ldehydes ,  

and p a r t i c u l a t e s  should be c a r e f u l l y  watched i n  t h e  rooms where 

smoking i s  pe rmi t t ed ,  I n  ca se  o f  i n s u f f i c i e n t  v e n t i l a t i o n ,  

carbon monoxide l e v e l s  can exceed t h e  long t e r m  s t anda rd  of 

9 ppm ( 4 )  

S t i l l  less is  known about t h e  p o s s i b l e  p o l l u t i o n  due t o  b u i l d i n g  

m a t e r i a l s ,  f u r n i t u r e  f i x t u r e s ,  f l o o r  cover ings ,  p a i n t s  and 

coa t ings .  P o l l u t i o n  caused by t h e s e  sources  i s  independent of 

behaviour and a c t i v i t i e s  of  i n h a b i t a n t s .  Take f o r  example 

P a r t i c l e  boards  o r  chipboards which a r e  used i n  f u r n i t u r e  a s  

w e l l  a s  i n  i n t e r i o r  decora t ion .  Aldehyde conta in ing  products  

are used i n  manufacture of t h e s e  pa r t i c l e  boards which may have 



r e s i d u a l  aldehyde t h a t  cou ld  continuously contaminate t h e  

indoor  a i r  and cause  i r r i t a t i o n  o f  eyes  and r e s p i r a t o r y  

organs  ( 3 )  . 

The ques t ion  is  s t i l l  open i f  o t h e r  o rgan ic  s o l v e n t s  b e s i d e s  

formaldehyde are a l s o  emi t ted .  I n  any case, c l o s e  examination 

of b u i l d i n g  materials w i t h  r e s p e c t  t o  s o l v e n t  r e s i d u e s  i s  re- 

commended i n  f u t u r e .  

Another undes i rab le  component i n  b u i l d i n g  m a t e r i a l s  is  radon. 

I n  case of reduced v e n t i l a t i o n ,  radon con ta in ing  b r i c k s  could  

cause  inc reased  r a d i o a c t i v i t y  i n  indoor  a i r  (11). 

Asbestos i s  a f u r t h e r  example of m a t e r i a l  hazardous t o  h e a l t h .  

Asbestos i s  used i n  va r ious  b u i l d i n g  and i n s u l a t i n g  materials 

which can p o l l u t e  t h e  indoor  a i r  beyond pe rmis s ib l e  l e v e l s  

(11) . 

3 .  S t u d i e s  done a t  t h e  I n s t i t u t e  of  Hygiene and Work Physiology: 

A t  t h e  I n s t i t u t e  of  Hygiene and Work Physiology of Swiss Fe- 

d e r a l  I n s t i t u t e  of Technology i n  Zurich,  w e  have two ongoing 

p r o j e c t s  d e a l i n g  wi th  problems of  indoor  a i r  q u a l i t y .  I n  one 

of them w e  s tudy  t h e  a i r  p o l l u t i o n  caused by - men; i n  ano the r  

w e  concen t r a t e  on p o l l u t i o n  caused by m a t e r i a l s .  The aim of  

both  p r o j e c t s  is t o  prepare  recommendations f o r  minimum ven- 

t i l a t i o n  r a t e s  based on t h e  e f f e c t s  of  va r ious  parameters  on 

a i r  q u a l i t y .  

Besides measuring p h y s i c a l  parameters  l i k e  temperature ,  r e l a -  

t i v e  humidity,  carbon d iox ide  c o n t e n t  of exha led  a i r  and f o r -  

maldehyde from b u i l d i n g  m a t e r i a l s ,  w e  a r e  i n t e r e s t e d  i n  t h e  

c o n t r i b u t i o n  o f  odours t o  t h e  a i r  q u a l i t y .  



Schematic d i s p o s i t i o n  of  bo th  t h e  p r o j e c t s  on "minimum v e n t i -  

l a t i o n  r a t e s "  i s  shown i n  F igu re  1. 

- Number of persons 

- Ventilation rate 

- Bui ldinq materials 
- Consumer products 
- Ventilation rate 

sensory measurement 

- Temperature 
- Relative humidity 

- Ratings given by subjects 
outside the test chamber) 

- Hydrocarbons - Questionnaire on air quality 
( Ratings given by subiects 

inside the test chan,,,ttr) 

Figure  1: 

Schematic p r e s e n t a t i o n  of bo th  t h e  p r o j e c t s  on "minimum v e n t i -  

l a t i o n  r a t e s " .  The c e n t r a l  b lock r e p r e s e n t s  t h e  room under 

i n v e s t i g a t i o n  wi th  i t s  known parameters.  Var iab les  i n  P r o j e c t  I 

a r e  human be ings  and t h e i r  a c t i v i t i e s .  Var iab les  i n  P r o j e c t  I1 



a r e  bui ld ing  materials and consumer products. Ven t i l a t ion  r a t e  

is  an a d d i t i o n a l  v a r i a b l e  i n  both t h e  p r o j e c t s .  The evalua t ion  

of  a i r  q u a l i t y  i s  achieved by phys ica l  ( temperature,  r e l a t i v e  

humidity, COZ, HCHO, Hydrocarbons) and sensory (odour i n t e n s i t y  

measuring instrument GIMA)  measurements and by quest ioning 

the  sub jec t s  i n  t h e  test  chamber. 

Methods of odour inves t iga t ion :  

For seve ra l  yea r s  our  i n s t i t u t e  has been dea l ing  with problems 

of odour annoyance. I n i t i a l l y  w e  employed a pure physic0 chemical 

method of gas chromatography, b u t  with l i m i t e d  success ,  So now 

we have switched over t o  sensory techniques tak ing  he lp  of 

t h e  human nose a s  a  de tec to r .  We a r e  now i n  a  pos i t ion  t o  eva- 

l u a t e  t h e  odour percept ion of s u b j e c t s  i n  a  test panel formed 

by four  o r  s i x  persons of an average odour s e n s i t i v i t y ,  W e  have 

d e v e l o p e d  our  own instruments f o r  t h e s e  odour inves t iga t ions .  

For sensory evalua t ion  of  odours, t h e r e  a r e  two a l t e r n a t i v e s :  

For determining an odour ' th reshold ,  t h e  odourous a i r  i s  d i l u t e d  

with odour-free f r e s h  a i r  till t h e  odour can j u s t  be perceived. 

That concentrat ion i s  termed as  odour threshold.  The r a t i o  of 

odour-free t o  odourous a i r  i s  expressed a s  d i l u t i o n  number. 

For determining odour i n t e n s i t y ,  t h e  stream of undi luted 

odourous a i r  i s  presented t o  t h e  sub jec t s .  The i n t e n s i t y  of 

odour perceived can e i t h e r  be expressed on verbal  s c a l e  (e.g. 

no odour/ very f a i n t  odour/ f a i n t  odour/ d i s t i n c t  odour/ s t rong 

odour/ very s t rong  odour) o r  d i r e c t l y  i n  compar i son  t o  s tan-  

dardized odours (e.g, pyr id ine ,  hydrogen s u l f i d e ) .  

Strong odours a s  emit ted by waste i n c i n e r a t o r  u n i t s  and by 

sewage t reatment  p l a n t s  can very wel l  be inves t iga ted  by 

e i t h e r  of these  two methods ( S ) ,  Weak odours l i k e  those e m i t t e d  



from human bodies can only be judged with t h e  he lp  of odour in-  

t e n s i t y ,  because t h e  odour concentrat ions a r e  so  near  t h e  

threshold values t h a t  f u r t h e r  d i l u t i o n  is p r a c t i c a l l y  impossible. 

For i n v e s t i g a t i n g  t h e  a i r  q u a l i t y  i n  connnection with minimum 

v e n t i l a t i o n  r a t e s ,  an odour t e s t i n g  apparatus  c a l l e d  GIMA was 

d e v e l o p e d :  The a i r  t o  be evaluated is sucked ou t  by a fan 

from t h e  test  chamber and forwarded t o  t h e  s n i f f i n g  po in t s  v i a  

a valve-control led piping system. A l l  t h e  p a r t s  which come i n  

a d i r e c t  con tac t  with the  sampled a i r  a r e  made of g l a s s  o r  

Teflon, The s n i f f i n g  po in t s  are s o  designed t h a t  two sub jec t s  can 

simultaneously p a r t i c i p a t e  i n  t h e  experiment, The valves can 

be adjus ted  t o  achieve an a i r  stream of 0.5 m / s  a t  t h e  s n i f f i n g  

poin ts .  

Figure 2: Odour t e s t i n g  apparatus  

1, Test chamber 5. Sample a i r  

2 .  Fan 6 ,  Standard a i r  

3 .  Step less ly  v a r i a b l e  valve 7.  Backflow of sample a i r  

4. Sn i f f ing  po in t s  



4.  Conclusions: 

A l l  t h e  contaminants which impair t h e  indoor a i r  q u a l i t y  should 

be el iminated a t  t h e i r  source s o  f a r  a s  poss ib le .  Control 

measures t o  reduce emissions a r e  necessary e s p e c i a l l y  i n  t h e  

case of outdoor a i r  po l lu t ion .  For indoor a i r ,  contaminants 

a r i s i n g  out  of ma te r i a l s  should be avoided. To t h i s  end s t r i c t  

permit regulat ionsand increased checkings a r e  necessary,  Since 

t h e  e l iminat ion  of p o l l u t i o n  due t o  smoking requ i res  a  long 

v e n t i l a t i o n  t i m e ,  smoking - a t  l e a s t  i n  pub l i c  bui ld ings  - 
should be r e s t r i c t e d  t o  a  few rooms only. 

Pol lu t ion  caused by human presence and a c t i v i t i e s  could be 

taken care  of by regu la t ing  t h e  supply of f r e s h  a i r ,  i.e. 

ven t i l a t ion .  

Present  recommendations about f r e s h  a i r  requirements of rooms 

o r  enclosed p laces  a r e  based on p r a c t i c a l  experience. Sc ien t i -  

f i c  study of t h e  problem of bu i ld ing  v e n t i l a t i o n  was s t a r t e d  

as  f a r  back a s  t h e  18th  century ( 9 ) .  But u n t i l  today no leading 

compound could be found f o r  eva lua t ing  t h e  a i r  q u a l i t y .  This 

can be done only f o r  c e r t a i n  work p laces  wi th  high concen- 

t r a t i o n s  of s p e c i f i c  contaminants, 

It i s  the re fo re  urgent ly  necessary t o  o b j e c t i f y  che problem of 

indoor a i r  q u a l i t y  and t o  work o u t  recommendations f o r  minimum 

a i r  requirements o r  t o  replenish  t h e  e x i s t i n g  guide l ines  a s  

is  t h e  case with USA and Sweden, 

The important problem here i s  whether the necessary f r e sh  a i r  can 

be secured by n a t u r a l  v e n t i l a t i o n  - even when the  windows 

a r e  closed. For t h i s ,  knowledge of t h e  a i r  v e n t i l a t i o n  rate of 

t h e  room is  necessary. Calcula t ions  show t h a t  i n  case o f  t r a d i -  

t i o n a l  cons t ruc t ion  s t y l e  and average occupancy and use of 



r e s i d e n t i a l  b u i l d i n g s ,  t h e  demand o f  f r e s h  a i r  is on ly  p a r t l y  

m e t  by a i r  exchanges through j o i n t s  and cracks .  I f  t h e  a i r  ex- 

changes are n o t  guaranteed through n a t u r a l  v e n t i l a t i o n ,  addi-  

t i o n a l  window v e n t i l a t i o n  o r  mechanical v e n t i l a t i o n  systems 

should be  provided according t o  t h e  needs. 

5, Summary: 

Recently a l l  i n d u s t r i a l  n a t i o n s  are making e f f o r t s  t o  conserve 

energy by op t imi s ing  b u i l d i n q  i n s u l a t i o n .  I n  t h i s  connect ion t h e  

h y g i e n i c a l l y  r e l e v a n t  ques t ion  arises as t o  how f a r  t h e  indoor  

a i r  q u a l i t y  i s  modified by such measures. I n v e s t i g a t i o n s  are 

under p rog res s  t o  e v a l u a t e  t h e  a i r  q u a l i t y  as a func t ion  o f  

occupancy, a c t i v i t i e s ,  and v e n t i l a t i o n  rate. The d e c i s i v e  

c r i t e r i a  are temperature ,  r e l a t i v e  humidity,  carbon d iox ide ,  

odours and contaminants from consumer produc ts  and b u i l d i n g  

m a t e r i a l s ,  

Based on occupancy and proposed use  of  t h e  room, g u i d e l i n e s  

f o r  a  minimum v e n t i l a t i o n  rate should be  drawn. 
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