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a b s t r a c t

This paper discusses the effect of meteorological parameters
(temperature, relative humidity, solar radiation, pressure, wind
speed, wind direction and precipitation) on indoor coarse (PM10)
and fine (PM2.5 and PM1) particles in a naturally ventilated
classroom. The indoor PM10, PM2.5 and PM1 mass concentrations
and meteorological parameters were monitored for 222 days during
winter, summer, monsoon and post monsoon seasons of 2011 and
2012. The occurrence of atmospheric stagnation, recirculation
and ventilation events at the study site was also estimated. It was
found that the occurrence of stagnation was comparatively more
frequent in post monsoons (74–81%) and winters (53–76%),
recirculation in monsoon season (46%) and ventilation in summer
seasons (45–59%). Maximum PM concentrations were also observed
under stagnant atmospheric conditions. The highest concentrations
of coarse and fine particles in the classroom were associated
with strong and low winds respectively. Among the other
meteorological variables, temperature (R2 = 0.32–0.47), relative
humidity (R2 = 0.34–0.36) and precipitation (R2 = 0.13–0.27)
showed moderate dependence with indoor PM concentrations.
However, solar radiation (R2 = 0.06–0.15) and atmospheric pressure
(R2 = 0.16–0.21) showed poor correlation with indoor PM
concentrations.
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1. Introduction

Indoor–outdoor air quality relationships are complex interactions of various factors like meteoro-
logical parameters, indoor sources and sinks, pollutant depletions, filtrations and ventilations, etc.
(Yocom, 1982). Among them, outdoor meteorological characteristics exhibit significant impact on
indoor air quality. In the past many studies have demonstrated that outdoor air pollutant concentra-
tions were having a significant impact on indoor air quality of naturally ventilated buildings (Kingham
et al., 2000; Chaloulakoua and Mavroidis, 2002; John et al., 2007; Lunden et al., 2008; Chithra and
Nagendra, 2012). In buildings close to industrial areas or roadways, outdoor pollutants can migrate
to the indoor environment through open doors and windows. Recently, USEPA (2011) reported that
local climate change also has the potential to affect the indoor air quality.

In the past, few studies have been carried out to examine the relationship between air pollution
and meteorological processes in different indoor environments. It was found that the correlation
between indoor and outdoor pollutant concentrations varied over a wide range in different areas with
different emission rates and meteorological characteristics. Chan (2002) studied the indoor–outdoor
relationships of particulate matter (PM) and nitrogen oxides (NOx) under different ambient meteoro-
logical conditions. It is found that temperature, humidity and solar radiation played a vital role in the
variation of the Indoor–Outdoor (I/O) ratio. On the other hand, both pressure and wind speed seem to
have relatively little effect on the I/O ratio. Similarly, Gupta and Cheong (2007) reported that the tem-
perature (R2 = 0.543) plays the most significant role in affecting the I/O ratio of PM followed by the
relative humidity (R2 = 0.539) and wind speed (R2 = 0.379). It is observed that an increase in ambient
temperature enhances more particle migration indoors. This may be attributed to the temperature
gradient that is established between the indoor and outdoor locations, which favors the motion of
the particles. Tippayawong et al. (2009) observed a significant negative correlation (R2 = 0.195–
0.679) between temperatures and indoor PM2.5 concentrations during daytime and positive correla-
tion (R2 = 0.187–0.675) at night. Among all the meteorological variables, wind speed has been the
most closely analysed as it influences the dispersion and dilution of pollutants. Cheng and Li (2010)
reported that low wind speeds and low mixing-layer heights lead to high PM10 and PM2.5 levels.
Massey et al. (2012) observed that PM indoor/outdoor ratios decrease on increasing temperature
and wind speed, whereas a very good relationship was not found between PM ratios and humidity.
Riain et al. (2003) have found wind direction to have a considerable impact on fine particulate matter
and CO concentration levels in naturally ventilated buildings. For a constant wind speed, I/O ratios of
CO varied by 50–60% about the mean value with direction, and by 20–30% for particulate matter.
Elbayoumi et al. (2013) reported a negative (not significant) relationship between wind speed and
indoor PM10 and PM2.5 levels in naturally ventilated schools located in Palestine.

In India, particulate matter (PM) is one of the major air pollutants and it is often exceeding the per-
missible limits in many cities (CPCB, 2010). The indoor PM concentration of naturally ventilated build-
ing is significantly affected by ambient PM concentrations and meteorological conditions. So it is very
important to understand the effect of local meteorological parameters on indoor air quality of natu-
rally ventilated buildings. The aim of the present study is to understand the relationship between
indoor coarse (PM10) and fine (PM2.5 and PM1) particles and outdoor meteorological parameters like
wind speed and direction, temperature, relative humidity, solar radiation, atmospheric pressure and
precipitation in a naturally ventilated school building. Our investigation is one of the first attempts
to determine the relationship between indoor PM and outdoor meteorological parameters using
long-term data in India. The results of this study will be useful for the urban planner to design the nat-
ural ventilation system and identification of building orientation to reduce the impact of outdoor air
pollution on IAQ of the classroom.

2. Methodology

2.1. Sampling procedures

In the present study a naturally ventilated classroom in Chennai city was selected, which is sur-
rounded by densely populated residential and commercial area (Fig. 1). The sampling campaign
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