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Particulate matter (PM) might cause various adverse 
human health effects, especially for susceptive 
populations such as children (Pope III, 2000). As children 
spend significant amount of their times in schools; it is 
desirable to understand their PM exposure levels in such 
environment.  

Multi-day monitoring of indoor and outdoor surface 
area (SA) concentrations of ultrafine particles (UFPs) and 
number concentrations of particles of 0.3-10µm was 
conducted in four primary schools in Singapore. UFP SA 
concentrations were monitored by the Aerotrak 
Nanoparticle Aerosol Monitors (Model 9000, TSI Inc., 
Minnesota, U.S.A). Particle number concentrations were 
monitored by the Aerotrak Handheld Particle Counters 
(Model 9306, TSI Inc., Minnesota, U.S.A.). Indoor 
monitoring was conducted in classrooms with different 
ventilation modes, which included fan-assisted natural 
ventilation (NV) and air-conditioning and mechanical 
ventilation (ACMV). The NV classrooms were equipped 
with ceiling fans with opened windows/doors. The 
ACMV classrooms were tightly sealed and outdoor air 
was supplied into the indoor environment via ACMV 
system. Particle number concentrations were converted to 
volume concentrations assuming spherical shapes.  
 

 
Figure 1. Time-resolved indoor and outdoor UFP SA 
concentrations in a selected school day in one of the 
schools. 

  
In NV classrooms, the indoor UFP and fine particle 
concentrations correlated well with corresponding 
outdoor concentrations during both daytimes and 
nighttimes (Figure 1 for example).  The air exchange 
rates were typically high due to window/door openings 
and fan operation. The close correlations between 
indoor/outdoor UFP and fine particle concentrations 
implied the potential to assess corresponding student 

exposure in NV classrooms based on outdoor monitoring 
data, given the known classroom characteristics.  

In ACMV classrooms, the indoor/outdoor 
correlations of UFPs and fine particles were weak (Figure 
1 for example). We found that ACMV 
operation/maintenance played an important role in PM 
concentrations. In the well-maintained ACMV classrooms, 
fine particle (<2.5um) concentrations considerably lower 
than those in corresponding NV classrooms. However, in 
those poorly-maintained ACMV classrooms, fine particle 
concentrations were comparable or even higher than those 
in their corresponding NV classrooms. The findings here 
highlighted the effects of ACMV system maintenance on 
indoor air quality and special attentions are desirable on 
this issue from school building service managers and local 
education authorities. 

 

 
Figure 2. UFP SA and PM2.5 volume concentrations in 
the school nearby an expressway and the school in 
residential area.  
 

Primary schools located in areas with heavy traffics 
and anthropogenic sources had significantly higher 
outdoor PM concentrations than schools located in areas 
with less PM sources (Figure 2). In NV classrooms, 
students attending these schools exposed to on-averagely 
two times higher PM levels than their peers attending 
schools located in less polluted areas.  

The exposure levels for the students in the NV 
classrooms depend largely on the outdoor originated PMs, 
which are highly associated with the near-by environment. 
The well-maintained ACMV systems can effectively 
protect students from outdoor originated PM.  
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