
INTRODUCTION

All human beings need a regular supply of food and water; and an essentially continuous
supply of fresh air to live. Recognizing the need of humans for clean air, in 1987 the WHO
Regional Office for Europe published the first edition of Air quality guidelines and health risk
assessments associated with air contaminants. It is an obvious fact that people are exposed
to air pollutants both outdoors and indoors. Children and adolescents spend a considerable
amount of time indoors either in school buildings or at home (Bakó-Biró et al., 2012).
Therefore, most exposure to air pollutants occurs inside homes and school. Children are
exposed to pollutants generated outdoors that penetrate into the indoor environment and also
to pollutants produced indoors from varied occupant activities such as space heating, cooking
and other indoor activities, or emitted from products used indoors (WHO, 2010; Goyal and
Khare, 2009).

Researches in the area pertaining to indoor air quality in schools have received enormous
attention of scientists, researchers, academicians and policy makers worldwide. There are a
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ABSTRACT
The increasing ambient air pollution in urban areas possess serious threats to the indoor air
quality of urban school buildings; making the students and teachers vulnerable to air pollutants.
The present research paper tries to provide a glimpse of present status of indoor air quality
(IAQ) in urban schools located in Delhi-NCR, India. Analysis of research highlighted the degraded
IAQ in schools. The average PM

2.5
 concentrations in both air-conditioned and naturally

ventilated school buildings were much above the levels recommended in National Ambient Air
Quality Standards, India. The results of the study highlighted problem of poor indoor air
quality in urban school buildings.
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large number of research publications available which provides insight into the problems
associated with indoor air in schools. These studies claim poor state of indoor air quality
(IAQ) in school classrooms (Lee and Chang 2000; Daisey et al., 2003; Mendell and Heath,
2005; Abu-Dieyeh et al., 2010; Fadeyi et al., 2014; Mohammadi, 2014). Similar claims are
being made by the research studies conducted in India which clearly indicated that IAQ is an
equally important issue in India (Goyal and Khare, 2009; Chithra and Nagendra, 2012; Habil
and Taneja, 2013; Greenpeace India, 2015).

IAQ inside classrooms is critical for the millions of students who may suffer from long
term consequences of poor IAQ in learning environments. Hence, the need was felt to
conduct research on IAQ in schools. This research tries to present the present status of
IAQ in school classrooms in India. The general objective of the study was to assess the IAQ
in selected schools through the concentrations of respirable particulate matter (PM

2.5
).

METHODOLOGY
The study locale consisted of six schools (2 air-conditioned and 4 naturally ventilated)

located in Delhi-NCR region (Fig. 1). The IAQ parameters were measured on both working
and non-working days in four schools (School A, B, C and D).  Whereas, in School E and F
the data of only working day could be collected due to technical problems and school
permissions.

Fig. 1 : Map of Delhi region showing the
region of school selection

Indoor air quality in schools was estimated using digital IAQ monitor- Rave IAQ 3007R
(Fig. 3), which works on light scattering principal for PM

2.5
. It can take range of PM

2.5
 from

0-500 ug/m3 with the accuracy of ± 5%. The instrument can run on two modes viz., Survey
or Recording (with location id and date-time stamps). Correction factor for PM

2.5
was

calculated with the DustTrak which is real-time optical scattering instrument that measures
particulate matter in the air flow by the extent of forward scattering of an infra-red diode
laser beam. The readings of PM

2.5
 were taken on 5 minutes intervals for one complete

working day and non-working day per school (5-6 hours/day).
Descriptive statistics and other statistical analysis parameters were determined using

the SPSS software and Microsoft Excel.

Fig. 2 : Sample selection
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RESULTSAND DISCUSSION
The data collected using IAQ monitor was analyzed in depth to conclude the findings of

the study which are discussed below:

PM2.5 concentrations in the AC and naturally ventilated classrooms:
The data in School E was collected in winter season and in rest of the other five schools

in monsoon and summer seasons. Further, the readings of PM
2.5

 obtained using IAQ3007
were compared with the reading obtained on TSI-Dustrak and correction factor was
calculated. A Pearson’s correlation was used to determine the linear correlation of PM

2.5
  values

reported by DustTrak and IAQ3007. To determine significance between correction factors
based on grouped concentrations of PM

2.5
, a one-way analysis of variance (ANOVA) was

used. Correction factors were determined by the formula:

ty

tx
yx

 timeof value

 timeof value
instrument versusinstrumentforfactorCorrection 

To obtain a correction factor for the IAQ3007, five minutes interval DustTrak average
readings were compared to averaged five minutes interval values obtained on IAQ3007.
The formula (Correction factor = DustTrak values/IAQ3007 values) yielded an average
correction factor value of 3.6 ± 1.5. After applying the correction factor, the obtained mean
values for PM

2.5
in selected schools are mentioned in Fig 4. After applying correction factor,

the mean values of PM
2.5

 in all the schools were exceeding standards laid by NAAQS i.e.
60 µg/m3 (National Ambient Air Quality Standards, India). In School B and School F, the
mean PM

2.5
concentrations were comparatively lower than rest of the schools as School B

used HVAC system and data on the School F was recorded on the day having heavy rainfall.
In School E, mean PM

2.5
concentrationwas almost 4 to 5 times higher the recommended limit

of NAAQS-India, as the data in school E was collected in the winter season (Fig. 4).
On comparing the mean PM

2.5
concentrations in schools on working and non-working

days, it was found that mean PM
2.5

concentration in  on non-working days were lower than

Fig. 3: IAQ monitor used- Rave IAQ 3007R
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Fig. 4 : Mean PM
2.5

(inµg/m3) on working days in selected schools after applying correction
factor

mean PM
2.5

concentrations on working days in School A, B, C and D (Fig. 5). Higher mean
on working days indicated that occupants significantly contributed to the increase in
accumulation, suspension and re-suspension of particles in the air.

Fig. 5 : Comparison of PM
2.5

concentrations in the AC and NV classrooms on working
and non-working days after applying correction factor
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Conclusion and recommendations :
The purpose of this study was to assess the indoor air quality in air-conditioned and

naturally ventilated school classrooms. Analysis of the results suggests that PM
2.5
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concentration was much higher than the recommended levels of 60µg/m3 (NAAQS India) in
all the schools. The average PM

2.5
concentrations in schools on non-working days were

lower than mean concentrations on working days.  Higher mean on working days indicated
that occupants significantly contributed to the increase in accumulation, suspension and re-
suspension of particles in the air. Classroom activities such as movement of students, use of
chalkboard, opening and closing of doors etc. significantly contributed to increase in particulate
matter inside classrooms.

On the basis of analysis of the results, it is recommended to install fresh air dampers
along with air purifiers having pre filter, hepa filter and carbon filter with the fitted cooling or
heating coil to tackle problem of higher particulate concentrations in HVAC schools.  But
these solutions prove to be costlier. Schools having split ACs and naturally ventilated schools
may adopt combination of air filters fitted on exhaust and inlet air fans to provide adequate
air exchange rate of 8 to 10 AER and also filter air to remove suspended particulate matter
from air.
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