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Abstract: The indoor aerosols that arc. among others, generated by air-conditioning systems arc especiall y 
signifi cant in school facilities. The measurements carried out in the new, air-conditioned auditorium have shown 
that the aerosol concentrations arc strongly dependent on the operation or the air-conditioning system and the 
presence of students. The aerosol concentration was approximately 5 times higher when the air-conditioning 
(AC) system was switched on. An increased air movement inside the auditorium and the connected with it 
rcsusperuion of the particles settled on the indoor surfaces could be responsible for this fact. It could also result 
from the ineffective operation ofthe AC fi lters. The presence of students in the auditorium caused an increase of 
the coarse aerosol particles irrespectively of the AC system operation. The results of aerosol particle monitoring 
should be taken into consideration while controlling the AC processes in order to ensure the desired indoor air 
quality in this type or facilities. 
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Until the late I 990s aerosols of ambient origin were assumed as the main source of indoor 
air contamination. However, it has been observed that in many cases the concentrations 
of indoor generated aerosols are signifi cantly higher than those of infi ltrated ambient 
aerosols [ 1, 7]. The main sources of indoor generated aerosols are building materials, 
furnishings, equipment and room occupants [2, 9, 11 ]. Additionally, when buildings are 
air-conditioned (AC) the AC systems could also introduce aerosols to the indoor air [8]. 
The presence of aerosol particles in the indoor air is not desired and is a reason for many 
nuisances. The naturally occurring gravitational or electrostatic deposition of these par­ 
ticles may in many cases lead to the deterioration of the indoor surfaces and appliances. 
Aerosol particles present in the indoor air have been also recognized as a signifi cant cause 
of health problems. It is well established that various respiratory symptoms and diseases 
are associated with exposures to these particulates [5, I 8, 20]. The issue of indoor aero­ 
sols has become especially important in school buildings. This is related to the fact that 
students spend a considerable portion of their time in school facilities and these aerosols 
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may adversely affect their health as well as their academic performance [3, 13, 14]. Par­ 
ticular attention should be paid to school buildings with AC systems, due to the fact that 
those systems may be responsible for generating additional aerosols [5, 8]. 

Until very recently most indoor aerosol studies were carried out either for naturally 
or mechanically ventilated buildings. Ventilation systems were examined to establish 
how they protect the indoor environment against outdoor particles, or how indoor-gener­ 
ated particles are distributed by these systems. This paper deals with the influence of the 
AC system operation on the aerosol particle concentration in an occupied and an unoc­ 
cupied school auditorium. According to the literature, only a few researches have been 
conducted on the aerosol particle concentrations in air-conditioned classrooms, however, 
the occupancy of the classrooms has not particularly been taken into account [5, 8, I O]. It 
seems important to consider the varying classroom occupancy during the measurements 
as it may have a significant impact on the indoor conditions and the obtained results. 

MATERIALS AND METHODS 

The particle number concentration measurements were performed in a new air-condi­ 
tioned auditorium at the Lublin University of Technology (LUT). The auditorium with 
seats for I 86 people (Fig. I) is located on the first floor of the LUT building and has a vol­ 
ume of approximately 1200 m3 (average dimensions - 20 x l 5 x 4 m). It has 8 double pane 
air tight windows (2.6 x 3 m) and a carpeted floor. The auditorium was ventilated with a 
total supply of 1.6 m1/s of conditioned outdoor air (50%) and recirculated air (50%). The 
air conditioning system provided mechanical ventilation, cooling or heating and humidity 
control inside the auditorium and comprised of a supply-exhaust air handling unit with a 
rotary heat exchanger, a heat pump, a water heater and a humidifier. 

!

Fig. I. The scheme of the auditorium with the measurement point 
A - scene, B - occupation zone 
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The auditorium was irregularly occupied from Monday to Friday, usually from 8 
a.m. to 8 p.m. according to the schedule of the LUT courses. After each 45 or 90-minute 
lecture there were 15-minute breaks during which the students moved in and out of the 
room. 

Sizes and concentrations of aerosol particles were determined in the middle of the 
occupied zone by means of a laser particle counter ROY CO 243A with iso-Diluter 050 
(Pacific Scientific Instruments, USA). The samples were collected at 60-second intervals 
with a 15-minute delay time. The counter categorized the collected particles into four size 
ranges: 0.3-0.5, 0.5-5, 5-10 and >IO µm. Signal to Noise Ratio was 1.6:1 at maximum 
sensitivity (0.3 µrn). The air temperature and relative humidity were measured using the 
thermohigrorneter LB- 70 I (LAB-EL, Poland). The inaccuracy of the measured parame­ 
ters was 0.2°C and 2% respectively. 

The experiments were carried out during the lectures for the following conditions 
established in the auditorium: 

60 students were present in the auditorium and the AC system was either 
switched on or switched off , 
45 or 90 students were present 111 the auditorium and the AC system was 
switched on, 
44 or 84 students were present 111 the auditorium and the AC system was 
switched off. 

The number of students present in the auditorium varied (max. 90) and the AC sys­ 
tem was switched on. 

Detailed information on the individual measurement conditions is specified with 
reported results. The research was conducted for several weeks in the springtime 2008 
(March - April). 

RESULTS AND DISCUSSION 

In order to ascertain how the switched on/off AC system in the auditorium influences 
the aerosol particle concentrations, the results of measurements from two subsequent 
days when the AC system was either switched on or off for the entire day were analyzed. 
During those days the lectures in the auditorium started at 8: 15 a.m. and lasted until 8:00 
p.m. Table 1 presents the basic statistical information about the measured aerosol number 
concentrations in both days. 

Table I. Twelve-hour data· for the measured aerosol particle number concentrations, in [particlcs/rn'] 

Particle size AC on/off 
AC off AC Oil 

(µm] means' ratio 

0.3-0.5 (1.92/1.77 (1.20-2.78)) x 107 (6.47/4.99 (3.58-11.7 I)) x 107 3.37 

0.5-5 (8.5317.37 (5.08-13.25)) x I O" (3.12/2.27 ( 1.38-6.39)) x I 07 3.66 

5-10 (2.65/2.83 (0-8.65)) x I O' (1.63/1.50 (0.11-3.14)) X jQ5 6.15 

> 10 (3.18/1.77 (0-10.59)) X 103 ( l.38/1.24 (0-3. 18)) x I O' 4.34 

* - arithmetic mean/median (range) 

The graphs a and b in Figure 2 illustrate the mean concentrations of the measured 
particles during the lectures which took place between 12: 15 p.m. and 2:00 p.rn. with 60 
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Graphs in Figure 3 present the concentrations of coarse aerosol particles (5-1 O urn 

and> I O µ111) in the air-conditioned auditorium directly before the 2-hour lectures, dur­ 
ing the lectures and just after their end. Graph a presents the concentrations of the afore­ 
mentioned aerosols when the lecture took place from I O: 15 a.m. to 12:00 p.111. and there 
were 45 students in the auditorium. Graph b refers to the situation in which the lecture 
lasted from 5: 15 p.111. to 6:45 p.m. and there were 90 students in the auditorium. While 
comparing graphs a and bone can notice similar dependencies between the aerosol par­ 
ticle concentration and the duration of the lectures. The difference consists in the fact 
that aerosol concentrations are almost three times higher when 90 students are present 
in the auditorium than when 45 students attend the lecture. The coarse aerosol particle 
concentration changes inside the auditorium may result from the varied activity of the 
students. Higher aerosol particle concentration was noted both immediately upon the en­ 
trance of the students and after they left the auditorium. During the course of the lectures 
the concentration of these particles decreased, therefore one can assume that a part of the 
aerosol particles was removed by the AC system or settled on the indoor surfaces [7, I O, 
12). The accumulation of a certain amount of these particles in the students' respiratory 
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Fig. 3. The concentration of coarse aerosol particles before, during and after the 2-hour lectures with a 
switched on i\C system, a - lecture from I O: I 5 a.m. to 12:00 a.111., 45 students, b - lecture from 5: 15 p.111. to 

6:45 p.111., 90 students 
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the lectures for an effective particle deposition. A greater activity of the smaller group of 
students as well as their different seat arrangement cannot also be ruled out [4, 6]. 

Diagrams a and b in Figure 5 present the changes of the coarse aerosol particle 
concentration with respect to the number of students present in the auditorium. These 
dependencies indicate that the mean concentrations of these particles increase together 
with the increase of the number of students. The bars denote the standard deviation of 
the measured particle concentrations. The values of the correlation coeffi cients amount 
to about 0.42, p = 0.05. The instability of the measurement conditions could be respon­ 
sible for the considerable scattering of the experimental points around the best fi t lines. 
For example, the indoor air thermal parameters as well as the students' seating arrange­ 
ment inside the auditorium varied during the individual measurement periods. A higher 
increase of the indoor air temperature and relative humidity was reported when more 
students were present in the room which resulted, among others, in a higher ventilation 
rate and therefore a more effective aerosol removal from the auditorium [7, 8]. One could 
also observe that when fewer students were present they usuall y took seats at the back 
of the auditorium, closer to the measurement point. In such cases a higher percentage of 
students was seated near the measurement point comparing to the situation when more 
students were present and they were more equall y spread around the whole auditorium. 
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Fig. 5. The mean concentration of coarse aerosol particles during the lectures vs. the number of students, a - 
for particle size fraction 5-1 O µm, b - for particle size fraction >IO µm 
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