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Table 3. Outdoor Air Supply for Occupants (m3/hour,person) 

Name Dirty Sensation Odor Sensation Discom. Odor Sensation 
of Building Male Female Male Female Male Female 
--------- -----------------------

BJ College 5.8 4.5 5.8 5.8 7.1 
SK College 6.7 5.5 7.4 6.2 8.5 
so Building 13.4 10.0 13.4 12.1 14.3 

odor, the quantity of outdoor air supply per hour, person is 
m3/hour,person. This is coincident with the result of expe 
laboratory2). 

Conclusion 

7.2 
8.7 

12.9 

the 

The res l ts obtained from the investigations cnn ced on many and unspe
cified stude t s and persons receiving lectures in ·c t ual class rooms and 
lecture halls here smoking is prohibited or not onducted, for obtaining 
the relationshi betw·een the reports on contomi tion .11d odor sensaUons 
with respect to i1 oor air are summarized as f lows. 
I. The subjects (de pa nts) are difficult to .l early 1liscriminntc contami

nation and odor of · r even when the cone Lration o[ C02 within Lhe room 
5, accustomed 

cc111 c.llearly rl isc rimi11<1lt~ corilarni-
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Abstract 

In order to save energy, i.e. ventilation heat losses, the fresh air 
change rate should be adapted to the prevailing need. Even though it is a 
fact, that reducing the fresh air change rate will result in a ventilation 
heat gain, the fresh air flow rate should not be kept too low, so that 
pollutants, humidity and body odour can accumulate. The results of measure
ments in a climatic chamber and in a lecture theatre show a significant re
lationship between temperature, concentra ion of carbon dioxide and body 
odour of the indoor ai r und/?.r nonsmoking conditions. The upper limit of 
carbon dioxide, where the i~door air quality is stil l acceptable to per
sons entering a room, is between 0 . 11: and .0. l 5Z vo 1 , whereas for occupants 
in the room this limit may be set higher because of adaptional effects. 

Introduction 

Since many people spend an important part of their time in artificially 
ventilated or climated rooms, a healthy and comfortable indoor climate 
will attract. more and ~ore attention. In other words: the temperature 
should be adapted to the activities of the occupants and humidity, pollu
tants and annoying odours must not accumulate (1). The prevailing need of 
fresh air depends on the number of persons and on their activities in a 
certain space. Often, the fresh air supply is control led by temperature; 
but does temperature really reflect the effective occupancy of a room ? 

Animals as well as human beings exhale carbon dioxide as combustion pro
duct of their biological metabolism; for man in sitting position the 
amount is around 20 l per hour, and so, the concentration of carbon dio
xide seems to be suitable to control the fresh air supply if man is the 
only source of odours and pollutants in a room. 

The aim of this work is to point out the relationship between temperature, 
concentration of carbon dioxide and body odour of the indoor air. 

Method 

Eight experiments have been carried out in a climatic chamber and twenty 
two in a lecture theatre. The climatic chamber had a volume of 30 m3. The 
volume of the lecture theatre was 950 m3 and there was space for 160 
students. The air inlet was situated at the ceiling and the air outlet on 
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the floor. Fresh air flow rate and humidity were kept constant, while the 
temperature and t he concentrat i on of t he indoor carbon dioxide were mea
sured cont i nuous ly. Discharge ai r was sucked off and offered to a test 
panel outs i de. They subj ect ive ly compared t he percei ved odour intens i ty 
with some pyr idi ne reference odours, and they also answered some ques
tions concern ing the acceptance of the indoor air quali ty after 30, 60, 
90 and 120 minu t es (clima t ic chamber) , or aft er 15, 60 and 90 minutes 
.: l ecture theatre) . Together in t ime, t he persons in the chamber repl ied 
to those ques ti ons, wh ile t he s tudents i n t he lectu re t heatre dtd t he 
questi on i ng only at t he end of t he lectures. T~e questi ons are li sted i n 
table 1. 

Tabl e 1: Questions concerning the subjectively perceived indoor air quali
ty and temperature 

l. The odour in this room is: 
I 

acceptable D am not sure 0 not acceptable O I 

~ 
2. Mark the level of annoyance 

by an odour on this supposed 
self rating "thermometer"~ 

3. The temperature in this room is: 

too cold O rightO too warm O 

In the case of the cl imatic chamber measurement s, t he reference odours 
were produced by dynamic o 1 factometry , but bott 1 es with di fferent pyri -
dine concentrations in water were used for the lect ure ·theatre. Pyri dine 
concentrati ons of 0.1 1, 0. 19 , 0.35 , 0. 62, 1. 1 mg/ m3 for the cl imati c cham
ber and 0.67, 1.2, 2. 2, 3.9, 7. 0 mg/m3 fo r the l ecture t heat re we re used. 
Direct compari son of the two sets of odours showed , tha t t he odours i n 
bott les were subjecti ve ly valued about six t imes less intense than the 
odours offered by dynam ic olfact ometry . In order to be abl e t o compa re 
the resu l ts of bot h of the places, the t wo set s of ref erence odours were 
standardized. 

The test panels outside the rooms consisted of 15 students. The answers 
of them were weighted, and so each person had the same influence on the 
result. Inside the climatic chamber there were between one and four per
sons and the number of students in the lecture theatre varied between 21 
and 115. 

Results 

All the answers were divided into subgroups of different carbon dioxide 
concentrations or different temperature. 
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These were: Cl : below 0.08 % abs (Carbon dioxide) 
C2: 0.08 0.15 % abs 
C3: 0.151 - 0.22 % abs 
C4 : over 0.22 % abs 

Tl: below 21.0 QC (Temperature) 
T2: 21. 1 22.0 oC 
T3: 22. l 23.0 QC 
T4 : over 23.0 oc 

Figure 1 shows an example of the carbon dioxide concentration of one lec
ture theatre measurement. 

The measurements in the climatic chamber and in the lecture theatre con
firmed the expected relationship between the concentration of the carbon 
dioxide and the subjectively perceived body odour. The relationship be
tween the odour intensity and the temperature is not as obvious as figures 
2 to 4 show. The subjective perception of temperature showed also some de
pendence on the indoor carbon dioxide concentration (figure 5). 

A Spearman rank order correlation coefficient of 0.66 between the odour 
intensity and the carbon dioxide concentration was found for the data of 
the climatic chamber, and one of 0.4 for those of the lecture theatre. 
These coefficients are the result of the correlations between both of the 
parameters and· the time. 

Conclusion 

As an upper limit of the indoor carbon dioxide concentration we would pro
pose 0.15 % vol abs. (that is approximately adequate to O.l % vol rel. in
crease) . At that concentration not more than 15 % of the occupants inside 
complained of an unpleasant odour.The percentage of persons, who checked 
the indoor air from outside the room, is between 30 and 40 percents, be
cause of their higher sensitivity of odour perceptions. A concentration 
of about 0.15 % abs of carbon dioxide was reached at a fresh air rate of 
16 m3/h pers after 100 minutes (figure 1). 

Carbon dioxide fails as a leading component if man is not the only source 
of pollutants and odour, as during smoking occupancies. In that case, the 
concentration of carbon monoxide (2), or an air qual i ty sensor may give 
better results. 

The temperature in a room with sedentary working places could be kept at 
210 c. 
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Carbon dioxide concentration 
during one experiment in the 
theatre. There was a break 
after 45 minutes. (65 students; 
16 m3 / per s on hour). 
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