
INTRODUCTION

Indoor air pollution is a major public health hazard for the world’s poor and most vulnerable
nations. Indoor Environmental Quality (IEQ) is a serious public health issue that needs to be
addressed at the local, state and global levels(WHO, 2014). It refers to the quality of the air
in an occupied space in concentrations that pose significant health risks to the pollutants
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ABSTRACT
Air is a vital resource for survival of all living beings. Breathing good quality air is not only
necessary but also very important to maintain our health and productivity. With an average life
expectancy rate of 80 years, a healthy person spends 83% of his/her life indoors. People often
think that they get cold and flu because of the weather outside, but this happens majorly
because of the pollutants present in air inside the building. Poor quality air increases absenteeism
and decreases the student’s productivity. Therefore, it becomes imperative to monitor the
indoor environmental air quality of an educational building to know the affects it will have on
the student’s productivity. In the present study, it was found that the concentration of PM

10

and PM
2.5

 was high during the month of November. The possible reason for the higher
concentration of PM could be burning of fire crackers on Diwali, burning of agricultural wastes,
high vehicular density and low temperatures.  The concentration of PM

10
 and PM

2.5
 were found

to be highest in the class which was occupied at all times. The study also highlights presence
of sick building syndrome amongst students in an educational building. The study concluded
that using interventions like various indoor plants will help in improving the indoor environmental
quality of the educational building.
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(Khare, 2000). A space with good indoor air quality is one that is well ventilated (with outside
air) and which is not compromised by pollutants brought into the space or by pollutants off-
gassed within the space.

For good health and comfort, good quality indoor air is a necessity. IEQ is important
because it can impact health, comfort, well-being and productivity of building occupants both
positively and negatively. Studies have shown that growth of microorganisms such as bacteria
and fungi, in and around a building serve as a source of indoor bio-pollutant. According to
WHO, the most important effect is increased prevalence of respiratory symptoms, allergies
and asthma, as well as perturbation of the immunological systems (WHO, 2009). According
to the report, dampness is estimated to affect 10-50% of all indoor environments in North
America, Australia, Europe, India and Japan. Environmental studies conducted by the
independent scientific groups, Environmental Protection Agency (EPA) and others have
shown that indoor air pollutant levels are greater than levels found outside.

Recent research by EPA suggests that an educational building’s physical environment
plays an important role in the productivity of students. Leaky roofs, problems with HVAC
systems, insufficient cleaning or excessive use of cleaning chemicals and other maintenance
issues can trigger a host of health problems like asthma and allergies which in turn increase
absenteeism and reduce academic performance. Many researches have linked environmental
factors to health outcomes and student’s ability to perform. Improvements in environmental
quality can enhance academic performance as well as teacher and staff productivity and
retention.

Strategies used to create good IEQ include mixing of air, maintaining appropriate exhaust
systems, utilizing high efficiency filters in the heating ventilation and air conditioning (HVAC)
system, installing walk-off mats at entryways, prohibiting smoking within the space, near
windows and air intake outlets, providing indoor plants, and using only low-emitting / non-
toxic materials and green housekeeping products.

The present study aimed at monitoring IEQ and assessing its effects on the productivity
of the building occupants in an educational institution in Delhi. This study will help in better
understanding of IEQ in the building and formulating the interventions for improving the
IEQ.

METHODOLOGY
The study was conducted in the capital city of India, Delhi. Delhi features humid subtropical

climate. It experiences hot and usually humid summers and mild to cool winters (Service,
2017). Temperatures in Delhi usually range from 5 to 45° C, with the lowest and highest
temperatures ever recorded being -2.2 and 48.4° C, respectively. According to a study by
WHO in the year 2014, Delhi was the most polluted city in the world. In the year 2016, Delhi
was placed eleventh- worst in the urban air quality database by WHO. During 2013–14,
peak levels of fine particulate matter (PM) in Delhi increased by about 44%, primarily due to
high vehicular and industrial emissions, construction work and crop burning in adjoining states
(Harris, 2017). Delhi has the highest level of the airborne particulate matter,  PM

2.5
  considered

most harmful to health, with 153 micrograms (Madison Park, 2017). In November 2016, in
an event known as the Greatest smog of Delhi, the air pollution spiked far beyond acceptable
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levels. Levels of PM
2.5

 and PM
10

 particulate matter hit 999 µg/m3, while the safe limits for
those pollutants are 60 µg/m3 and 100 µg/m3 respectively (Indian Express, 2017).  

Sampling site :
The site of the educational institution is located in central Delhi. It is accessible by

metro and railway both. The site is within 10 min walking distance from ITO and Pragati
Maidan. It witnesses high inflow and outflow of traffic throughout the day. The site is also
surrounded by a few construction sites. Due to this location, it experiences heavy motor
vehicle emissions, exhaust from diesel generators and dust from construction sites (Bengali,
2017). The microenvironment (Lab 1 and Lab 2) selected for the present study were on the
second floor of a newly constructed building in the institutional campus (Fig. 1).

Sample :
For the present study, monitoring data was collected for five months (Sept. 2016-Feb.

2017) for PM
10

, PM
2.5

and meteorological parameters i.e. temperature and relative humidity.
A continuous monitoring system was installed at the present site for obtaining the data. The
monitoring was done on five working days (Monday-Friday) for 9 hours (8:00 am – 5:00
pm). IAQ3007R monitor by Rave Innovations was used for monitoring. It is a microcontroller
suited for IAQ monitoring for Indian field conditions. It provides real-time, instantaneous and

Fig. 1 : Diagrammatic representation of the layout (not to scale) of the monitoring sites:
Lab 1 and Lab 2
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hourly data for the PM
10

 and PM
2.5

 pollutants. The teachers, students and other staff members
were asked to perform their normal activities during the monitoring in order to get real time
readings without any disturbance. A questionnaire survey was also conducted to have a
better understanding of the problems, faced by the occupants of the institute, in relation to
IEQ.

RESULTSAND DISCUSSION
Concentration of PM10 and PM2.5:

The concentration of PM
10

 and PM
2.5

, monitored during the period has been represented
in Table 1 and 2 at  Lab 1 and Lab 2.

Table 1 depicts the concentration of PM
10

and PM
2.5

in different months. The highest
mean concentration has been observed in the month of November followed closely by January.
The reasons for such high concentrations could be the practice of closing the doors and
windows during winters which build up the concentration of particulate matter indoors. The
possible sources indoors could be the chalk dust, re-suspension of dust particles on mopping
and cleaning and the influx of particulate matter with the occupants’ shoes while entering
Lab 1.

A similar trend was observed in Lab 2 wherein the highest concentration was observed
during winter months i.e. Nov., Oct. and Jan. The concentration of coarser particles i.e.
PM

10
 was found to be higher as the average number of students at all times was much

Table 1: Variation in concentration of PM10 and PM2.5 from Sept 2016-Feb 2017 In Lab 1
LAB 1

Pollutant Sep-2016 Oct-2016 Nov-2016 Jan-2017 Feb-2017

PM10(µg/m3)
Mean 40.53 ± 12.22 158.59 ± 126.37 631.43 ± 526.17 465.21 ± 50.4 51.89 ± 1.84

Max 92.34 590.56 2254.2 563.15 53.9

Min 0 133.61 370.04 48.93

PM2.5(µg/m3)
Mean 25.51 ± 9.9 99.22 ± 89.29 203.1 ± 87.26 179.33 ± 18.51 41.14 ± 0.49

Max 59.75 1216 411.9 213.19 41.72

Min 0 0 82.79 151.44 40.46

Table 2 : Variation in concentration of PM10 and PM2.5 from Sept 2016-Feb 2017 in Lab 2
LAB 2

Pollutant Sept-2016 Oct-2016 Nov-2016 Jan-2017 Feb-2017

PM10(µg/m3)
Mean 259.25±142.09 663.66±162.31 1092.57±311.41 475.86± 85.02 265 ± 15

Max 531.67 972 1488 340 280

Min 6 299 353 641 250

PM2.5(µg/m3)
Mean 46.85 ± 22.57 262.22 ± 143.63 438.07 ± 234 290.50±55.53 106.52±11.087

Max 141 625 865 185 117

Min 4 21 88 402 95
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higher than in Lab 1.The coarser particles have a tendency of being resuspended easily and
settling faster than the finer particles (Kulshreshtha et al., 2008). The concentration of
PM10 and PM2.5 was comparatively lower in September as mentioned in Table 2 due to
high relative humidity which tends to share an inverse relationship with particle concentration.

Indoor-Outdoor (I/O) ratios:
Indoor outdoor (I/O) ratios were calculated using the concentration of PM

10
 and PM

2.5

indoors and outdoors. The outdoor data was procured from Central Pollution Control Board
(CPCB) for the present study. The I/O ratios for PM10 in Lab 1 exceeded unity in January
2017 indicating the presence of source indoors. The possible source for high concentration
during winter months could be the closure of doors and windows due to excessive cold
winds. The occupants preferred to stay indoors during winters. I/O ratios less than one for
other months indicate the presence of source outdoors. The location of the institution building
is such that it has a railway station, a crowded traffic intersection and a market nearby
which could have been the potential source outdoors.

Fig. 2 : I/O ratios for PM
10

 in Lab 1

Fig. 3 : I/O ratios for PM
2.5

 in Lab 1
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The finer the particle, the less is its aerodynamic diameter which makes it remain
suspended in air for a longer duration than its coarser component. The I/O ratios of PM2.5
in Lab 1 were found it to be below unity in all selected months except September when there
were some college events organised in the building. The event resulted in high footfall in Lab
1 for a longer duration of time, thereby taking the I/O ratio, higher than one.

I/O ratios were calculated for PM
10

and PM
2.5

for Lab 2.For PM
10

, in all months the
ratio was found to be more than one. This indicated the presence of a source indoors, which
could possibly be the dust being brought inside the lab along with the footwear of the occupants,
the use of materials like saw dust during the practical sessions and chalk being used for

Fig. 4 : I/O ratios for PM
1.0

 in Lab 2

Fig. 5 : I/O ratios for PM
2.5

 in Lab 2
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teaching purposes. The students had some practical sessions wherein they were supposed
to clean the leather material, utensils etc. which could have resulted in high concentration of
PM10 indoors.

I/O ratios for PM2.5 in Lab 2 were less than unity in all the months except September
when the college functions had been organised. In the rest of the months the source was
predominantly found outdoors. The proximity to the metro station, high vehicular density in
the area, nearby construction site could be the reasons for overall high concentration of
PM2.5 in the institution area.

Sick building syndrome and perception of occupants regarding IEQ:
The occupants of the institution mainly comprised of students, teachers and staff

members. Majority of them reported (Fig. 6) that they spent around 5-6 hours on an average
in Lab 1 and Lab 2.The amount of time spent in a particular microenvironment defines the
exposure of the occupants to pollutants present in indoor air.86% of the occupants felt that
the building had sufficient sources of natural ventilation as it was newly constructed (Fig. 7).
On further investigation it was revealed that 81% of them felt that the washrooms lacked
proper ventilation whereas 14% felt that their classrooms were also not sufficiently ventilated.

71% of the occupants reported presence of dampness in walls or ceilings in their rooms.
This dampness after sometimes became black due to formation moulds and fungi on the
walls. Fig depicts that almost 98% of the occupants were aware about the presence of

Fig. 6 : Amount of time spent indoors Fig. 7 : Presence of natural sources of
ventilation

Fig. 8 : Area with improper ventilation Fig. 9 : Presence of dampness/ moulds
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HVAC systems in their laboratories and classrooms. When the occupants were asked to
grade the indoor air quality in their labs, majority of them (90%) felt that it was average
(Fig). Noise levels were considered to be high source of disturbance by the occupants and
according to them were the major reasons behind the Sick building syndrome symptoms that
they experienced. Sick Building Syndrome (SBS) is a condition that causes various symptoms
like nausea, headache, watery eyes etc. amongst the occupants of a building. Once the
occupants leave the building, these symptoms usually subside. The occupants of the selected
institution felt increased heartbeat or palpitation most of the times followed by irritation,

Fig. 10 : Prevalence of good IAQ in building Fig. 11 : Awareness on HVAC

Fig. 12 : Noise levels in the building Fig. 13: Prevalence of sick building syndrome

Fig. 14 : Prevalence of disturbing noise Fig. 15: Prevalence of environment friendly
cleaning agents
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headache, mood swings etc.71% of the occupants felt disturbing noise or odour to be normal
part of their routine and felt that it hindered their concentration on classroom activities.
Majority of the occupants (81%) denied about having any knowledge on usage of eco friendly
cleaning agents in the building premises

Conclusion :
The present study revealed that the concentration of PM

10
 and PM

2.5
 was found to be

high during the month of November. The concentration of PM
10

 and PM
2.5

 were found to be
highest in Lab 2 as the number of students occupying it at all times was higher than Lab
1.Sick Building syndrome was found to be predominantly present amongst the occupants
mainly students. The occupants did complain of fatigue, tiredness and lack of concentration.
The lack of permissible standards in India for Indoor Air Quality makes the issue more
problematic. The present study had its limitations in terms of monitoring duration and lack of
sufficient data. Limiting the pollution sources, improving air quality by air cleaning or increased
ventilation rates may increase performance of the occupants. Certain interventions like using
indoor air plants like Areca palm, money plant, mother in law’s tongue etc may help in
improving the quality of air found indoors especially in educational institutions and residential
areas. 
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