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SUMMARY 

Two new units, the oil and the decipol, are 
introduced to quantify air pollution sources 
and air pollution perceived by humans in- 
doors and outdoors. The oil is introduced to 
quantify pollution sources. One oil is the 
emission rate of  air pollutants (bioeffluents) 
from a standard person. Any other pollution 
source is quantified by the number of  standard 
persons (oils) required to cause the same dis- 
satisfaction as the actual pollution source. 
The olf unit is analogous to lumen and watt 
for light and noise sources. The decipol is 
introduced to quantify the concentration of  
air pollution as perceived by humans. The 
perceived air pollution is that concentration 
of  human bioeffluents that would cause the 
same dissatisfaction as the actual air poUution. 
One decipol is the pollution caused by one 
standard person (one oil), ventilated by 10 l/s 
o f  unpolluted air. The decipol unit is analo- 
gous to lux and decibel(A) for light and noise. 
The percentage o f  dissatisfied as a function o f  
the perceived air pollution in decipols is 
presented here, based on bioeffluents from 
more than one thousand occupants, judged by 
168 subjects. A method for measurement of  
pollution sources and perceived air pollution 
is described. The new units provide a rational 
basis for the identification of  pollution 
sources, for the calculation of  ventilation 
requirements and for the prediction and 
measurement o f  air quality indoors and out- 
doors. 

INTRODUCTION 

In this paper two new units will be intro- 
duced, which make it possible to quantify air 
pollution sources and air pollution as perceiv- 

ed by humans in the indoor and the outdoor 
environment. This quantification provides a 
rational basis for identification and removal 
of pollution sources, for calculation of venti- 
lation requirements and for establishing 
future ventilation standards in buildings. This 
has important, potential implications for the 
consumption of energy in buildings and for 
the prediction and measurement of air quality 
both indoors and outdoors. 

For more than a century the quality of air 
has been judged by its chemical composition. 
In industrial environments, hygienists have 
established threshold limit values for single 
chemical compounds, where the chemicals in 
question are usually a result of the production 
process. The basis for the threshold limit 
values has been the relation between a dose of 
the chemical and the response of the workers. 
A limit has then been established below which 
the health risk was acceptable. These limits 
have generally been placed at relatively high 
levels, where it was quite easy to measure the 
chemical with standard instrumentation. 

In non-industrial buildings (e.g., offices, 
schools or dwellings), the same hygienic/ 
chemical principle has not been very success- 
ful. In such buildings there are often com- 
plaints about the indoor air quality, sometimes 
described as the 'sick building syndrome'. The 
syndrome comprises the sensation of stuffy, 
stale and unacceptable air, irritation of 
mucous membranes, headache, malaise, etc. 
The syndrome occurs in many buildings but 
with large variations in intensity. In some 
buildings only a few sensitive persons may 
complain, while in other buildings 20%, 40% 
or 60% of persons may suffer. Often there is 
no single chemical in the indoor air that can 
explain the complaints, but thousands of 
compounds may be present in concentrations 
several orders of magnitude lower than in 
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industrial premises. Since the concentrations 
are so low, they are difficult to measure by 
ordinary chemical analysis. Even if we were 
able to make a complete chemical analysis, 
there are only minimal data available on the 
effects on human beings of the single com- 
pounds in such small concentrations. Further- 
more, if we assumed that  such information on 
each single compound was available, we 
would still not  know how to deal with the 
many thousands of  compounds when they 
occur together. We would not  know their 
combined impact on the human perception of 
air quality. 

The conclusion is that  the traditional 
hygienic/chemical method at this stage is 
usually insufficient to define or rate the 
quality of  air as perceived by human beings. 

THE olf UNIT 

A next logical step is to admit that  the 
human senses are usually superior to chemical 
analysis of  the air. The senses involved are the 
olfactory, sensitive to odorous compounds, 
and the chemical, sensitive to irritating com- 
pounds in the air. Both senses are situated in 
the mucous membrane of the nose. These 
senses determine whether the air feels fresh 
or stuffy,  whether it irritates or not,  whether 
it feels good or bad, whether the air can be 
judged acceptable or unacceptable. A natural 
alternative to chemical analysis is therefore to 
use man as a meter to quantify air pollution. 

The idea is to express any pollution source 
by a comparable known reference source. The 
new unit is called one 'olf ' ,  from the latin 
word olfactus (olfaction), although both the 
olfactory and the chemical sense are involved 
in  the definition of the unit. One oil  is the 
emission rate o f  air pollutants (bioeffluents) 
from a standard person. Any other pollution 
source is then expressed by the equivalent 
source strength, defined as the number of  
standard persons (olfs) required to cause the 
same dissatisfaction as the actual pollution 
source. The olf is thus a relative unit  similar 
to the met unit for metabolic rate or the clo 
unit  for insulation of clothing, both intro- 
duced by Gagge et al. [1]. 

Air pollution from a human being was 
chosen as the reference to define the new olf 

unit for two reasons. The first reason is that  
bioeffluents emitted from a person to the air 
are quite well known to everyone, based upon 
daily experience. The second reason is that  
more complete data are already available on 
the dissatisfaction caused by human bio- 
effluents than by any other type of pollutant. 
For more than one hundred years, human 
beings have been assumed in ventilation 
standards to be the major pollution source in 
non-industrial buildings. Human bioeffluents 
were studied extensively already by 
Pettenkofer in the 19th century [2] and later 
by Yaglou in the 1930s [3]. 

The most recent data on human bioeffluents 
were collected in two experimental auditoria 
in Denmark [4, 5]. In two studies, bio- 
effluents were emitted from a total  of more 
than one thousand sedentary men and women 
in thermal neutrality. The air quality was 
judged by 168 men and women just after 
entering the space. They were asked to 
imagine that  they should enter this space 
frequently during their daily work. They were 
then asked whether they would judge the. air 
quality to be acceptable or not. Occupants 
and judges were adult students or white- 
collar workers between the ages of 18 and 30 
years. The occupants were sedentary (1 met) 
with an average skin area of  1.8 m 2, and their 
hygienic standard corresponded to 0.7 bath/ 
day and changing underwear every day. 
Eighty percent of them used deodorant.  
The age of the bioeffluents when judged 
was, on average, approximately 20 minutes. 
The standard person referred to in the defini- 
tion of one olf is the average sedentary 
occupant participating in these studies 
[4, 5]. 

The original data [4, 5], which compare 
well with similar North American studies [6], 
were re-analysed and a minor correction was 
made considering a recent identification of  
pollution sources of  17 olfs from materials in 
the experimental auditoria. The corrected 
curve is depicted in Fig. 1, showing the 
percentage of  dissatisfied judges as a function 
of the ventilation rate per olf during steady 
state conditions. This basic curve defines the 
dissatisfaction caused by one standard person 
(one olf) being ventilated by unpolluted air at 
different rates. The dissatisfied are those 
judges who found the air quality unacceptable. 

The formula for the curve in Fig. 1 is: 
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Fig. 1. The curve defines the percentage o f  dissatis- 
f ied judges caused by one standard person (one olf), 
when ventilated by unpolluted outdoor air at differ- 
ent ventilation rates. A standard person is the average 
of more than one thousand sedentary, adult experi- 
mental subjects in thermal comfort. The air quality 
was assessed by 168 judges just after entering the 
experimental space. 

PD = 395 exp(--1.83q °' 's) for q I> 0.32 1/s olf 
PD = 100% for q < 0.32 1/s olf 

(1) 

where PD is the percentage of  dissatisfied and 
q is the steady-state ventilation rate per olf 
(l/s olf). 

The percentage dissatisfied decreases first 
steeply and then slowly with increased venti- 
lation. It is obvious that  some people are 
extremely sensitive and require a high ventila- 
t ion rate to make them feel that  the air is 
acceptable. On the other hand, the curve 
shows that  others are rather tolerant,  judging 
even extremely low ventilation rates as 
acceptable. 

Figure 2 shows the percentage of  dissatis- 
fied predicted by eqn. (1) as a funct ion of  the 
actually measured percentages of  dissatisfied 
in the experimental studies [4, 5]. 

THE decipol UNIT 

The concentration of  air pollution depends 
on the pollution source and the dilution 
caused by the ventilation rate (indoors) or the 
wind (outdoors). The perceived air pollution 
is defined as that  concentration of  human bio- 
effluents that  would cause the same dissatis- 
faction as the actual.air pollution concentra- 
tion. The perceived air pollution is measured 
in the new unit  'pol '  f rom the latin word 
pollutio (pollution). One pol is the air poilu- 
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Fig. 2. Comparison between measured percentage of 
dissatisfied and percentage of dissatisfied predicted 
by eqn. (1). The correlation coefficient is 0.89 (R 2 = 
0.79). I n t h e  studies with male [4] and female [5] 
occupants, the air quality was assessed by panels of 
male and female judges. In the female study each 
point represents 203 votes, in the male study 59 
votes. 

tion caused by one standard person (one olf) 
ventilated by 1 I/s of unpolluted air. This 
means 

I pol = 1 olf/(I/s) 

To obtain more convenient numbers it, is 
suggested that the perceived air pollution be 
expressed by one tenth of the pol unit: 

1 decipol = 0.1 olf/(I/s) 

One decipol is thus the pollution caused by 
one standard person (one oil) ventilated by 
10 I/s o f  unpolluted air. 

Calculated from Fig. 1, the percentage of  
dissatisfied as a funct ion of  the perceived air 
pollution is depicted in Fig. 3. 

The formula for the curve in Fig. 3 is: 

PD = 395 exp(--3.25C -°-2s) 

for C ~ 31.3 decipol 
(2) 

PD = 100% for C > 31.3 decipol 

where 

PD = percentage of  dissatisfied (%) 
C = perceived air pollution (decipol) 

In many well-ventilated buildings with low 
pollution sources, the perceived air pollution 
is below one decipol or 15% dissatisfied. 
Spaces with low ventilation and high pollu- 
t ion sources may have a perceived air pollu- 
t ion above 10 decipol or 60% dissatisfied. Air 
qualities around 0.1 decipol or 1% dissatisfied 
are hard to establish in indoor environments. 
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Fig. 3. The curve defines the relation between the 
percentage of dissatisfied judges mad the perceived air 
pollution in decipols. 

The use of  perceived air pollution to 
quantify air quality is not  restricted to build- 
ings, automobiles,  airplanes or other indoor 
environments. It may just  as suitably be used 
to quantify outdoor  air pollution. Power 
stations, industrial plants, automobiles and 
other  ou tdoor  pollution sources may be quan- 
tified in olf units, and the perceived air pollu- 
tion in decipols may be predicted throughout  
a city under specified meteorological condi- 
tions. Models used for predicting the distribu- 
tion of  single pollutants (e.g., SOs, NOx) from 
pollution sources [7] may be used to predict 
the perceived air pollution in decipols through- 
out  an urban area. 

ANALOGY TO LIGHT AND NOISE UNITS 

The two new units for air quality, olf and 
decipol, correspond to analogous units for 
light and noise. As listed in Table 1, olf cor- 
responds to lumen for light. Lumen is the unit 
for the light emit ted from a source. The only 
electromagnetic radiation which counts is that  
to w h i c h  the human eye is sensitive, i.e., 
radiation with wavelengths between 380 and 
720 nm. Within this range the impact of  the 
different wavelengths is weighted according to 
the sensitivity of  the eye. 

TABLE 1 

Analogy between the new units for air pollution and 
existing units for light and noise 

Light Noise Air pollution 

Source strength lumen watt oil  
Perceived level lux decibel(A) decipol 

For noise, the source strength is given by  
the sound power measured in watts. The only 
power  which counts is that  to which the 
human ear is sensitive, i.e., with frequencies 
between 20 and 20 000 Hz. But they count  
equally much, i.e., the varying sensitivity of  
the human ear to different frequencies is 
normally not  taken into account when speci- 
fying the source strength. This is in contrast 
to the olf unit that  integrates the emitted 
pollutants according to their impact on the 
human nose and the perceived annoyance. 

The decipol expresses the air pollution 
perceived by  the nose as the lux expresses the 
light perceived by  the eye and the decibel(A) 
expresses the sound perceived by  the ear. 
Both lux and decibel express quant i ty  or 
intensity, whether annoying or not. A given 
dB(A) may, for example, be caused by  traffic 
or by  chamber music. In contrast to this, it 
was found more useful that the decipol 
should define the annoyance. A certain deci- 
pol level expresses a constant annoyance,  a 
constant  percentage of  dissatisfied, indepen- 
dent  of  the type  of  air pollution. 

In the beginning, light and sound could 
only be measured using man as a meter. Later, 
instruments were developed taking into 
account  the sensitivity of  the human senses. 
At the moment  we can only measure olf and 
decipol using man as a meter. It will be a 
challenge in the future to  develop an instru- 
ment  which can measure the perceived air 
pollution, a decipol meter. 

HEALTH RISK 

It should be emphasized that the decipol 
level expresses how the air is perceived by 
humans, not  the possible health risk. Any 
such effect should be considered separately. 
Still, harmful pollutants, with a few excep- 
tions, also have a sensuous impact on man. 
Our senses have an important  warning func- 
tion against dangers in the environment. The 
decipol level may therefore in many cases 
even provide a reasonable first estimate of  a 
possible health risk. There are exceptions 
such as radon, which is not  perceived, but  
provides a risk for lung cancer. This is analog- 
ous to ultraviolet light, which does not  con- 
tr ibute to the lux level since it is not  perceived 
by  the eye but  nevertheless provides a risk for 
skin cancer. 



MEASUREMENT OF POLLUTION SOURCES 

The measurement  of  the olf value of  a 
pollution source requires a panel of  subjects 
and a measurement of  the supply of  oUtdoor 
air to the space. The use of  panels of  human 
subjects is common in several other fields, 
where the human senses a r e  superior to 
chemical analysis, e.g., in food science. The 
panel should judge the acceptability of  the 
indoor air in the same way as was described in 
the above-mentioned experiments with 
human bioeffluents [4, 5]. They may also 
judge the ou tdoor  air. The perceived air pol- 
lution in decipols can then be found indoors 
and outdoors  from Fig. 3. As a calibration, an 
additional judgment  of  human bioeffluents 
from a large group of  sedentary persons 
during standard condit ions would be useful. If  
the selected panel of  subjects happens to be 
significantly more or less sensitive to air 
pollution than the large panel defining Fig. 1, 
then all the judgments  of  the panel should be 
adjusted up or down.  

The judgment  should take place immedi- 
ately after the panel enters the space. This 
gives the first impression of  the air quality, 
which has been used as a criterion in ventila- 
tion standards. The judgment  of  the bio- 
effluents defining the olf (Fig. 1) was also 
based on the first impression. With time, some 
adaptation of  the human senses may take 
place. The panel should therefore,  before each 
judgment ,  be exposed to air with low pollu- 
tion for some minutes (ou tdoor  air or air in a 
well-ventilated space). 

During steady-state conditions, the  emis- 
sion rate from all pollution sources in the 
space and the ventilation system, if any, may 
then be calculated from 

G 
(:outdoor + - = Cindoor ( 3 )  Q 

where 

Coutdoor = the perceived air pollution out- 
doors  (pol) 

Cindoor = the perceived air pollution in- 
doors  (pol) 

G = the equivalent strength of  all 
pollution sources in space and 
ventilation system (olf) 

Q = the rate of  supply of  ou tdoor  air 
(l/s) 

Pollution sources in the space may be sepa- 
rated from sources in the ventilation system 
by  turning off  the ventilation system and 
asking the panel to make a second judgment.  
Q is then the infiltration of  ou tdoor  air, 
which should be measured. Fanger e t  al. [8] 
used this method to quant ify pollution 
sources in 20 offices and assembly halls in 
Copenhagen. 

A certain pollution source in a space may 
be measured by  introducing the source to the 
space or removing it and asking the panel to 
make a judgment  during steady state condi- 
t ions before and after the change. 

When two sources emitting pollutants of  
the same nature occur in the  same space, it is 
obvious that  their olf values can be added. 
Even if the pollution sources are of  a different 
nature, it is assumed that the combined effect  
of  both  sources in one space can be found by  
simple addition of  the olf  values. However,  
further research on this topic is recommend- 
ed. 

The pollution from many building materi- 
als, carpets, etc., may most  conveniently be 
quantified as olf per surface area (olf/m~). 
Furniture, office machines, etc., may be 
quantified as olf per piece. 

The olf value of  ou tdoor  pollution sources, 
e.g., a chimney, may be estimated by ex- 
posing a panel to a diluted, known part  of  the 
total  f low of  smoke in the chimney. For 
combust ion of  oil, gasoline, kerosene, gas, 
coal, wood,  etc., the pollution source may be 
quantified as olf per wat t  of  fuel burned. 

Comprehensive systematic studies of  pollu- 
t ion sources could most  easily take place in 
climate chambers where the chambers and the 
air-conditioning system have a low olf value 
and where the air supply can easily be con- 
trolled and measured. 

CONCLUSIONS 

Two new units, the olf and the decipol, are 
introduced to quant i fy  air pollution sources 
and air pollution as perceived by  humans in- 
doors and outdoors.  

The olf is introduced to quant ify air pollu- 
tion sources. One olf is the emission rate of 
air pollutants (bioeffluents) from a standard 
person. Any other  pollution source may be 
quantified by  the number  of  standard persons 



(olf)  r equ i red  to  cause t he  same dissatisfac- 
t ion  as the  ac tua l  po l lu t i on  source  (Fig. 1). 
The  o l f  is ana logous  to  l umen  fo r  light sources  
and  w a t t  f o r  noise sources.  

T h e  dec ipo l  is i n t roduced  to  q u a n t i f y  air 
po l lu t ion  perce ived  b y  humans .  One  dec ipo l  
is t he  po l lu t i on  caused b y  one  s tandard  
pe r son  (one  oif)  ven t i l a ted  b y  10 1/s o f  un- 
po l lu ted  air (1 dec ipol  = 0.1 olf/(1/s)). The  
dec ipo l  is ana logous  to  lux fo r  light and  
decibel  (A)  fo r  noise.  

A m e t h o d  fo r  m e a s u r e m e n t  o f  po l lu t ion  
sources  and  perce ived  air po l lu t i on  is p resen t -  
ed. 
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