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ABSTRACT 
The purpose of this study is to present a method to assess the distribution of 

perceived air pollution in a room using trained panel with reference gas of acetone. 
Fifty-one subjects were trained to judge perceived air quality in decipol proposed by 
Fanger, and sixteen judges selected from them reported the indoor air quality of 
tobacco smoke from smokers at three measuring points in a small chamber. 
Age-of- air was calculated from the history of tracer gas concentration in order to 
assess ventilation efficiency at points of Interest in a room. 

INTRODUCTION 
Greater attention Is being paid to indoor air quality in reference to sick building 

syndrome. ASHRAE issued standard 62-89 with increased ventilation requirement of 
,10 1/s from 2.5 1/s per person in the previous standard for ordinary offices. In this 
standard a concept of •ventilation efficiency" was introduced. It is considered possible 
o improve the indoor air quality by maintaining higher ventilation efficiency in a space 
without increasing ventilation rate. 
, In the past the air change rate, i.e., the ventilation air flow rate divided by the room 

;\'olume, has been widely used as the design-parameter for assessing the air quality. 
The underlying assumption Is that both the air and the contaminants are uniformly 
9iluted and spread over the whole ventilated space. This assumption Is, however, not 
a~ays fulfilled, and a more sophisticated and comprehensive description of ventilation 
errects Is considered necessary. The air renewal process and the contaminant removal 
j}rocess are generally not Identical, so these two processes have to be tre~ted 
separately (Skaret, 1986). 

this respect the authors conceived that it was necessary to present a method for 
the perceived air pollution level at any point in a space and attempted to 

trained panel who infer the level of the air pollution in •decipol" unit proposed by 
(1988). ADPI (Air Diffusion Performance Index) expresses the percentage of 

In a room where there Is acceptable thermal comfort, air motion being taken Into 
consideration along with wet bulb and dry bulb temperature (ASHRAE Handbook, 
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1985). In analogy, a perceived air quality distribution index will be defined as the' 
percentage of points in a room where there Is acceptable air quality, which is accepted 
at least 80 % of the visitors (ASHRAE standard 62-89). 

TRAINED PANEL 
Trained panel used In this study Is a group of judges who were trained to judge 

perceived air quality in Fanger's decipol. In the training session, a gas of acetone w~ 
used as a reference gas for quantifying perceived air pollution level instead oJ 
bioeffluents. Training procedure Is comprised of a test for general olfactory 
discrimination and a test for evaluating acetone gas. After both tests, the best sixteen 
judges were selected as trained panel among fifty-one subjects and used as trained 
panel for the following experiments of tobacco smoke. 

') 

METHOD OF EXPERIMENT 
TEST FACILITY 

Fig.1 shows the plan of the air quality test chamber. The experiments were 
conducted In the air quality test chamber at Waseda University. The chamber Is 1.8 
m wide and 2. 7 m long with a ceiling height of 1.8 m, its volume being 9 m3

• The 
judges could evaluate the air samples taken from different locations of the measuring 
points. Flg.1 also shows three measuring points in the chamber : point 1 with a height 
of 11 0 em, point 2 11 0 em, and point 3 50 em. 

Measurements of carbon monoxide, sulphur hexafluoride, air temperature, 
humidity were taken at regular intervals through the entire experiments. 

TYPES OF EXPERIMENT 
Table 1 shows the four different types of experiment :type A with the air 

rate of 3 h-\ type B 4.5 h-', type C 7 h-'. and typeD 10 h-'. The air ... h., ... , .. 

was measured by tracer gas decay method at measuring point 3 in Flg.1, 
conditions of complete mixing. .... . ..o,IJ' 
EXPERIMENTAL PROCEDURE . 11 d 

Fig.2 shows the experimental procedure. One experiment was comprised 
smoking session (session I), and post smoking session (session II). For the c ''UI'"""""' 
of generating tobacco smoke, one smoker occupied In the chamber. D 
smoking session (session I) , the smoker made one cigarette of tobacco (th 
of •Mild seven") burn continuously (free burning). And the tracer gas !'f 
hexafluoride (SF e) was dosed serially In session I. In this session four 
~ere ~ep~ running to make the air completely mixed. · 

11 , l")med1ately after confirming the steady-state level of pollution, smoking, uv.,•Ju• 

SF8, and running the four fans were stopped, the butts and ashtray being 
Then session II started. The inside wall of the chamber was cleaned 
experiment. Trained panel evaluated indoor air quality in decipol during ....... ,.,,..,u. 
session 11. The judges walked serially from the waiting room to the sniffing 
where they Inhaled the air taken from different three measuring points, th 
diffusers. Immediately after sniffing the air of each location, the judges "'!ere 
report declpol values for each, using the reference gas of acetone (2, ?. 1 decipol level). · · • " 
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RESULTS 
QECAY OF SF6 CONCENTRATION AND AGE- OF-AIR 

In order to assess the difference of ventilation effect among the three measuring 
points, the local-mean age-of-air (Sandberg and Sjoberg, 1984) was used for data 
analysis. With the tracer gas (SF J concentration at each measuring point, the age-of
air was calculated using the following equation: 

1 ~r· 't =-x C(~dt 
P C(O) o 

...... (1) 

where TP :age-of-air at point p 
t :lapse time in session II 

C(O):concentration of tracer gas at t=O 
C(t) :concentration of tracer gas at time t 

· .. Table 2 shows the local mean age-of-air and the ventilation efficiency at each 
measuring point. The local air change rate in Table 2 is the reciprocal number of the 
age-of-air, and the ventilation efficiency at each measuring point was calculated 
according to the method by Sandberg (1983) as expressed by: 

~ , ADE = 
1/'tPx100 ...... (2) 

p 1/'t n 

AD~:ventilatlon efficiency (Air Diffusion Efficiency) at measuring point p [%] 
TP:age-of-air at measuring point p 
T":room average age-of-air under completely mixed conditions 

.Sandberg and Sjoberg (1984) defined several kinds of •ventilation efficiency", and 
~lied ADEP In equation (2) •air diffusion efficiency". In this experiment, the authors 
~ll)t simply •ventilation efficiency" . 
. lf:s the age-of-air value at each measuring point was almost the same in type A 
(s~.~ Table 2) and these local air change rates were found equal to nominal air 

. cha.J;lge rate. It seemed, therefore, that completely mixing level was reached under low 
~.r; ~hange rate. In type B, the age-of-air of point 3 was found greater than that of 
otn~r points and completely mixing level could not be reached. This shows there might 
ha.v~ .l;>een an upward air flow warmer than this space and the ventilation efficiency 
Was not so high In front of the return grill, i.e., at measuring point 3, in this case. On 
the other hand, In type C and typeD the age-of-air of point 3 showed the smallest 
'~atue. There may have been a by-pass-flow from the supply air diffuser to the return 
air IQtake at high air change rate. 

f§CEIVED 'AIR POLLUTION LEVEL 
C Fig.3 shows the perceived air pollution in decipol with lapse time in session II in type 

~ l]le regression lines in this figure were obtained by least square method. 
lhe perceived air pollution level decayed exponentially and considerable differences 

' lh~ decay among three measuring points were found In Fig.3. 
~Half-life-time of perceived air pollution" was used to assess the decay rate of 

d air pollution at each measuring point. The half-life-time at point p was 
·--.u .......... by the following equation using the decay constant of the regression line 
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for a given decipol value. 

~/2.p=ln2 xkP ...... (3) 

where t,12,p :half-life-time of perceived air pollution at measuring point p [min] 
kP :decay constant of the regression line for measuring point p [min] 

The decay constant is the reciprocal of the slope of the regression line as shown 
In Fig.3. Table 3 shows the half-life-time of perceived air pollution at each measuring 
point. 

DISCUSSION 
Fig.4 - Fig.7 show the relationship between the age-of-air and the half-life- time of 

perceived air pollution. The subscripts of the plots represent the measuring pdint 
number. In type A, both the differences In the age-of-air among three measur 
points and those in the half-life-time of perceived air pollution could not be founcfi 
much, and strong correlation between the age-of-air and the half-life-time was o 
manifested. It seems that in type A the trained panel could not distinguish !th'9 
difference in the perceived air pollution and the ventilation effect at each 
point turned out almost the same. It was found that both the age-of-air and the n"'"'_ .,..,.. 
life-time of perceived air pollution at measuring point 3 were greater than that of 
points In type B. Since the air temperature at point 1 and point 2 ( 11 0 em in 
were higher than that at point 3 (50 em), there must have been a tendency of 
air to ascend. In type B, the higher part in the chamber was ventilated more thafl 
lower part, therefore, both the age-of-air and the half-life-time might have 
greater. In type C and D, both the age-of-air and the half-life-time of perc 
pollution at point 3 showed the smallest value among three measuring nntnt~"·~ 

half-life-time of perceived air pollution had strong correlation with the age·
higher air change rate. As Carlton-Foss described that cigarette smoke 
toward the ceiling (1988), the difference between the results with indirect meas 
(tracer gas method) and those with direct measurement for air quality 
observed. It seems Important, therefore, not only to Investigate ventilation 
but also to Investigate Indoor air quality directly. Moreover It may be · no!;'SICtff! 
assess the ventilation efficiency based on the distribution of perceived ah' 
using trained panel. · l ,,,. 

CONCLUSIONS I lR 
1) Distribution of perceived air pollution was assessed with half-life-tlme'cif 
air pollution at three measuring points in the chamber, which was .., ... ,.., .... , ........ ~ 
of declpol values voted by trained panel. 
2) Ventilation effects In the chamber were assessed with age-of-air ......... J .. · - ··

decay of tracer gas (SF6). It seems that there was a by-pass-flow from a 
diffuser to a return air intake with high air change rate. 
3) Half-life-time of perceived air pollution had strong correlation with 
except the type of low air change rate (3.0 h-1

), It may be possible to "'""'"'~ 
ventilation effects based on the distribution of perceived air pollution 
panel. · · ' 
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