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Abstract

The air we breathe both indoors and in the external environment significantly affects human health and life. The legal
systems across the globe, including the United Nations programs, have taken measures to protect the right to clean air as a
basic human right. Urbanization and modern lifestyles have changed the dynamics of need and usage of products and allied
activities. However, the scope of this study is focused on the investigation of indoor air quality (IAQ). This study is perhaps
the first ever attempt to investigate the indoor air pollutant in different environmental setup based on building code specially
for nonindustrial indoor environments, i.e., office buildings, public buildings (schools, hospitals, theatres, restaurants), and
private dwellings in Dehradun, India. Air pollutants measured in this study include particulate matter (PM10), carbon diox-
ide (CO,), carbon monoxide (CO), ozone (O;), sulfur dioxide (SO,), nitrogen dioxide (NO2), volatile organic compounds
(VOCs), and formaldehyde (HCHO). In order to identify the exposure level of indoor air pollutants on human health, chronic
daily intake has been calculated. In residential building occupancies, the concentration of particulates is higher in indoor air,
and the key sources are kitchen activities such as the operation of gas stoves for cooking. In educational buildings, signifi-
cant pollutants present are CO,, formaldehyde, and respirable suspended particulate matter (RSPM), predominantly due to
characteristic available ventilation systems. Compared to other indoor occupancies, institutional buildings related to health
science have significant sources of indoor pollutants generated from biomedical waste, medical equipment, and instruments.

Keywords Indoor air quality - Air pollution - Ventilation - Chronic daily intake

Introduction

Health is wealth is an old age saying that has proven
accurate, most recently during the Covid pandemic
where we battled to save human lives. There can be no
categorical definition of good health, but we would all
agree that it would include a holistic positive physical
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o Indoor air pollutants of various environmental settings were
above acceptable limit.

o Institutional and mercantile buildings were observed with higher
chronic intake.

o Business building was observed safest in terms of chronic daily
intake.

o Residential and business building had highest CO and O4
concentrations, respectively.

e Proper ventilation and optimization of pollutant sources is
required.
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and mental state of mind and body. While most of our
focus remains on nutrition, exercise, and immunity, we
tend to ignore the importance of an element as basic
yet essential for the normal functioning of cells in our
body—air (Wang et al. 2022a; Cobbold et al. 2022; Nan-
dan et al. 2021a).

The air we breathe in the external environment and indoor
spaces directly affect our health (Vergerio and Becchio 2022;
Sadrizadeh et al. 2022; Dong et al. 2022; Choi et al. 2022;
Ali et al. 2021). The legal systems across the globe, includ-
ing the United Nations programs, have taken measures to
protect the right to clean air as a basic human right (Maz-
zarino et al. 2020). In the Indian context, Article 21 of the
Constitution reads, “No person shall be deprived of his
life or personal liberty except according to the procedure
established by law.” With changing dynamics of law and
society, the ambit of article 21 has widened to include the
right to clean environment, air, and health as a fundamen-
tal human right extending to natural persons and not just
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citizens. Being justifiable against the state for any violation,
one can approach the Supreme Court and High Court as of
right to Constitutional remedy through Writs under Article
226 and Article 32 of the Constitution. Some critical judi-
cial pronouncements like Kharak Singh v. State of UP (AIR
1963 SC 1295), MC Mehta v. Union of India (1987 AIR
1086), Subhash Kumar v. State of Bihar (AIR 1991 SC 420),
Maneka Gandhi v. Union of India (AIR 1978 SC 597) serve
as important precedents emphasising protection of this right.
In addition to some statutes regulating pollution by vehicles,
factories, the Environment (Protection) Act, 1986 serves as
the primary law directing the central government to protect
and improve environmental quality, control, and reduce pol-
lution from all sources (Vallero and Vallero 2014). The Air
(Prevention and Control of Pollution) Act, 1981 serves as
a specific act to control and prevent air pollution in India.

Air, as we understand, both indoor and external environ-
ment impacts human health and lives. However, the scope of
this study is focused on the investigation of indoor air quality
(IAQ). Indoor air quality can be understood as air quality
within and around buildings and structures (Mannan and
Al-Ghamdi 2022), which along with psychological aspects
of natural indoor lighting, acoustics form a part of indoor
environmental quality IEQ) (Du et al. 2022).

Indoor air pollution today is a significant health hazard in
developing countries (Yue et al. 2021). Poor indoor air quality
has potential health hazards on the occupants due to different
kinds of contaminants. The negative impact on health can be
acute or chronic. It mainly occurs due to gaseous substances
or contaminants in the occupancy primarily generated by
anthropogenic activities varying with occupancy classifica-
tion such as residential, business, and industrial. Sometimes,
poor indoor air quality in some occupancy classifications
also results from the release of airborne bacteria and gaseous
substances.

Additionally, indoor air pollution in modern buildings
results from the emission of smoke from fuel combustion
and different complex mixture of finishing products contain-
ing volatile and semi-volatile compound material. The pres-
ence of contaminants and pollutants varies from occupancy
to occupancy depending upon its type, nature of usage, geo-
graphical position, and material used during construction or
operation. While developing building occupancy, indoor air
quality is a primary concern for building designers, devel-
opers, tenants, and owners. If a proper ventilation rate is
not maintained, accumulation of gaseous contaminants and
pollutants may exceed its exposure limit and lead to health
risks on occupants resulting in respiratory illness, fatigue,
nausea, headaches, and allergies.

The National Building Code of India has classified build-
ing occupancy into nine groups (Alnuaimi et al. 2022).
This occupancy consists of its characteristics according to
the nature of work, types of material used, total floor area
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ratio, and conditions as prescribed by the code (Kumar
and Singh 2021). All the classified occupancies generate
numbers of indoor air pollutants from different sources (Pal
et al. 2022). Since the sources of pollutants are different,
the concentration and types of pollutants also vary (Men-
tese et al. 2020). Few common pollutants can be found in
almost every occupancy classification (Nandan et al. 2019),
such as CO,-generally by human respiration, volatile organic
compounds-plywood fibers and resins (Nandan et al. 2021b),
particulate matters—by dust particles, and raw materials
(Nandan et al. 2020a). However, monitoring and controlling
these indoor air pollutants within prescribed limits are nec-
essary to ensure no harm is caused to the occupants (Ganesh
et al. 2021).

Several studies have confirmed that the atmospheric
pollutants generated by human activities can harm human
health (Xu et al. 2022; Silva et al. 2022; Saquib et al. 2021;
Li et al. 2020; Jie et al. 2014; Boré et al. 2022; Bao et al.
2022). These pollutants require control and monitoring to
prevent health impairment. To control these pollutants, ade-
quate ventilation is essential to dilute them (Ye et al. 2017,
Izadyar and Miller 2022). Generally, human activities are
carried out under enclosed areas depending on the occu-
pancy type with different sources and types of pollutants
(Wolkoff et al. 2021). Thus, a higher ventilation rate would
reduce the chances of exceeding exposure limits and reduce
the prevalence of the airborne bacterial disease (Paleologos
et al. 2021; Louie et al. 2018; Fonseca Gabriel, et al. 2021;
Elsaid et al. 2021). A study says that a ventilation rate below
10 I/s has a higher significance on human health due to
indoor air pollutants in business occupancies (Nandan et al.
2021b). The ventilation rate of 20-25 1/s does an outstanding
job in reducing the concentration of pollutants in the indoor
premises (Nandan et al. 2021b).

Indoor air quality can be determined by various meth-
ods in which chemical, biological, and physical air pollut-
ant with different composition in different environmental
settings (Paleologos et al. 2021; Fonseca Gabriel et al.
2021; Zheng et al. 2022; Stewart et al. 2022; Shendell and
Nriagu 2011; Mar¢ 2017; Haines et al. 2020). The indoor
environment is dynamic and is influenced by many things
such as materials (used in buildings for interior decora-
tion, raw material used in the process), equipment and pro-
cess, human movement and other activities, re-suspended
particulate matter, and inadequate ventilation rate (Zhang
et al. 2022; Wang et al. 2022b; Ninya et al. 2022; Li et al.
2022). From the various pollutants found indoors, certain
pollutants are predominantly found in various occupancy
and have the most significant health impact, such as nitro-
gen dioxide, carbon mono oxide, HCHP, VOCs, airborne
bacteria, and wood smoke/tobacco smoke (Sivanantham
et al. 2021; Kaikiti et al. 2022; Jung et al. 2021; Bralewska
et al. 2022; Abdel-Salam 2022). WHO has published
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literature on TAQ (World Health Organization 2014) and
observed its impacts on the human body, such as respira-
tory issues in children and those exposed at the point of
contact, dermal impact, cardiovascular, cancer, and sick
building syndrome (Tran et al. 2020; Amoatey et al. 2020).

Occupancy can be used as a dwelling or workplace, the
purpose depending upon the need, which varies as discomfort
caused to the occupants due to indoor pollutants varies (Raziani
and Raziani 2021). It is widely accepted that a building that
does not offer natural ventilation is more susceptible to poor
indoor air quality (Heracleous and Michael 2019). Logically,
air quality in an enclosed environment is mainly based on com-
ponents and activities. Human beings who occupy the area for
the activity are the best judge of its air quality owing to their
olfactory sensitivity to irritants and the effect of the chemical
compounds (Nandan et al. 2020b).

Globally, people spend more time indoors than outdoors
there, and they are exposed to pollutants generated inside
the occupancies and the outdoor pollutants that penetrate
and contaminate the indoor air (Paleologos et al. 2021; Yang
et al. 2019; Pettit et al. 2018; Nair et al. 2022; Goujon-Gin-
glinger and Mitova 2021; Bhat et al. 2022). It was estimated
that the 1.6 million death toll and 3% of the worldwide
increase of disease are due to the increased level of par-
ticulate matter and gases found indoors generated by solid
fuels and biomass (Nandan et al. 2019). This number clearly
shows that indoor air quality has a more significant impact
than outdoor air (“WHO guidelines for air quality’, 1998)
(World Health Organization 2014).

Humans are only responsible for creating a comfortable
environment for themselves. Their health is foremost; hence,
due to any reason their health gets impacted, pollutants are
present indoor; it is a matter of concern. ASHRAE guide-
lines stated that people spend 80-90% in the indoor envi-
ronment, so building characteristics play a pivotal role in
maintaining good indoor air quality (Nandan et al. 2020b).
Few studies also state that a poor indoor environment cre-
ates significant discomfort for occupants and decreases work
performance. Hence, it is established that initial planning
building design parameters should be considered for occu-
pant well-being (Sajeev et al. 2022; Abhijith et al. 2022).

Previous observation suggest that reactive organic com-
pounds and their reaction product could adversely impact
human health even if exposed to low concentrations
(Mousavi et al. 2022; Ma et al. 2022; Liu et al. 2022; Halios
et al. 2022; Xue et al. 2022). To be more precise about reac-
tion products, it can also be explained as the indoor environ-
ment can be referred to as a reaction vessel where several
compounds enter and leave. Some react with the product
indoors and create more reactive or irritating substances.
Most building finishing products and household products
are a source of VOCs during their usage and are referred to
as reactive compounds (Nandan et al. 2019).

Research methodology

According to National Building Code, the indoor air was
sampled with occupancy classification such as residential,
educational, institutional, business, and mercantile. Indus-
trial, storage, and hazardous occupancies fall under indus-
trial environments. Hence, these are excluded from the
study (Liu 2021). All the occupancies were situated in the
different geographical locations of the area. Institutional
and business occupancies were situated along the roadside;
hence, the measured concentration is likely influenced
by the outside traffic. During indoor air sampling, it was
ensured that the same was occupied. All occupancies have
natural and mechanical ventilation based on their needs.

The term indoor air usually applies to nonindustrial
indoor environments like office buildings, public buildings
(schools, hospitals, theatres, restaurants), and private dwell-
ings (Xavier Guardino Sol4, no date). Indoor air quality
survey was done for residential, educational, institutional,
business, and mercantile occupancy for five buildings from
each that was sampled for 90 days. The concentration for
CO, and PM,, were measured for an 8-h period during the
daytime. The measurement period considered the opera-
tion of utilities in the kitchen, pantry, geyser/water heaters,
and other types of equipment concerning their occupancy
and need of the operation. Similarly, sampling for VOC and
formaldehyde was also collected for an 8-h average con-
centration. Indoor air was sampled by placing the sampling
instruments in different points of the indoor occupancy area
at 1.5 m of elevation from the ground and 1 m away from
the potential source of air pollutants.

Site sampling and meteorological condition

In order to sample the indoor air pollutants, it is necessary
to analyze the climatic condition of the area. This study
was conducted in Dehradun, the capital of Uttarakhand
(India), situated 674 m above sea level. The hilly area
leads to natural temperature variations with the elevation
difference. The annual average wind speed in Dehradun
is 1.7 m/s with maximum wind speed, which goes up to
5 m/s. The pie chart shown in Fig. 1 depicts the month’s
wind direction during the data. It shows that 32% of the
wind direction is in the south-west direction, with the least
of 4% in the north and east direction. The average wind
speed during the duration was recorded at 0.61 m/s.
Dehradun’s climate is slightly moderate because it is
situated under the foot of the Himalayas. The temperature
does not rise much in summer, but it reaches up to freez-
ing point in winter. The average temperature for Jan, Feb,
and March is depicted in Fig. 2. It also depicts the relative
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Fig. 1 Wind pattern of selected
area for study (Dehradun, India)
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humidity and the average rainfall during this period. On
average, the annual amount of rainfall in the district of
Dehradun is 2073.3 mm annually, and the annual tem-
perature is 22.8 °C.

Result and discussion
Group A: residential building

National Building Code of India has classified residential
building as group A, and it has six subdivisions depending
on the characteristics and nature of usage. Generally, these
occupancies are provided with sleeping accommodation with
or without cooking or dining facilities for the occupants.
Several studies have shown that particulate concentration
is higher indoors than outdoor air, and one of the sources is
kitchen activities, e.g., use of gas stove for cooking and tobacco
smoking (Huang et al. 2022). General characteristics of the
monitored occupancy are given in Table 1 where different home
has been considered for study in different environmental setup.
In the present study, commercial area, traffic flow, and
population density have been considered to consider different
home to determine precise pollutant type at different environ-
mental setup. It was observed that housekeeping activities,
re-suspended indoor particulate matter deposited on domes-
tic floors and furniture, also contribute to the concentration.

@ Springer
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The sources of VOC in residential occupancies are leather
sofas, old laundry, fiber and resins, and furnishing on the
wall. Aromatic VOCs such as benzene and toluene depend on
consumer products. The operation of gas stove and unvented
gas heaters could have led to emission of high level of for-
maldehyde in kitchen and living room. Usage of water heater
and solid fuel also produces carbon mono oxide in the indoor
environment, which was also observed (Fig. 3).

Particulate matter

The line chart shown in Fig. 3A illustrates the concentration
of recorded PM,, for all five residential occupancies. Table 1
describes the general characteristics of each occupancy,
where the number of occupants and number of smokers vary.
In the case of particulate matter, smokers have a more sig-
nificant influence on concentration. The PM,,-recorded con-
centration has been compared with the standard of “Ameri-
can Society of Heating Refrigerating and Air Conditioning
Engineering” (ASHRAE), which comprises three classes to
the ranking of indoor air quality. The concentration of par-
ticulate matter was found more in the kitchen area compara-
tively living rooms and bedrooms. The average indoor con-
centration of PM,, with or without smokers were observed
as 123 pg/m? and 70.13 pg/m?, respectively. In addition to
measuring pollutant concentration, tobacco smoke and out-
door air have a more significant impact.
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Table 1 General description of the sampled indoor occupancy
Indoor occupancy District condition Age of the Indoor finishing Type of ventilation No.of  Type of cooking No. of
occupancy in  material occu- appliances used smok-
year pants ers
Home A Mixed commercial 8 Plastering wall, Natural ventilation 7 Natural gas and 3
area, high traffic marble floor with ceiling fan electric induction
flow, medium
population density
Home B Mixed residential 6 Plastering wall with  Natural ventilation 5 LPG gas 1
area with number wood furnishing, and exhaust fan
of private dwell- tile floor
ings, medium
traffic flow
Home C Mixed residential 7 Plastering wall, Mechanical ventila- 5 LPG gas 2
area low traffic vinyl floor tion
flow, high popula-
tion and vehicle
density
Home D Mixed residential 10 Plastering wall with Mechanical ventila- 3 LPG gas and elec- 0
area with number wood furnishing, tion tric mug
of private dwell- tile floor
ings, medium
traffic flow
Home E Mixed commercial 11 Plastering wall, Mechanical ventila- 4 Natural gas 1

area, medium traf-
fic flow

marble floor

tion

Home A recorded the highest concentration of 352 pg/m®
due to its district condition (highly dense with most minor
ventilation available) and higher number of tobacco smoke.
Except for Home D, all other four occupancies exceeded the
ASHRAE standard of 100 pg/m®. Home D has less number
of the occupant as well as there are no smokers present in it.
In some cases, predominant indoor cleaning activities such
as vacuuming and sweeping contribute highly to indoor air
pollution.

Carbon dioxide

The primary sources of carbon dioxide in residential build-
ings are respiration, kitchen operation, tobacco smoke, and
outside air. The CO, concentration varied according to the
space and number of occupant smokers. The average con-
centration of CO, in all the five occupancies was recorded
at 682 ppm. Similarly, PM,, except for Home A did not
exceed the HKIAQO Level II Standard (The Goverment
of the Hong Kong Special Administrative Region Indoor
Air Quality Management Group 1999) concentration of
1000 ppm (Fig. 3B). In addition to this, CO, concentra-
tions were found to be slightly more near the kitchen area
comparatively living area. Home A recorded the highest
concentration of 1260 ppm, and Home D recorded the least
amount of concertation of 180 ppm.

Carbon monoxide

The sources of CO are from the combustion process used
for cooking and heating since 65% of the study that has been
conducted widely falls under the winter period. The graph
shown in Fig. 3C clearly depicts the increase in concentra-
tion during winter and started to decrease as the temperature
increases. Because of that, it gave rise to the concentration
of CO due to the usage of room heaters. During sampling,
windows and other sources of opening were closed. CO can
also be induced in the indoor environment by infiltration
of the outdoor air. Nowadays, various cooking and heating
appliances are used in residential occupancies, out of which
any faulty and poorly maintained equipment can also be the
source. All the occupancies exceeded the ASHRAE Class B
and C of 9 ppm, mainly during winter. Later, as the atmos-
pheric temperature starts to increase, the concentration started
to fall. The mean concentration of all the five occupancies
was 8.90 ppm, slightly less than the ASHRAE Class B and C
standard value, but it exceeded the Class A value of 2 ppm.

Ozone
Since the sources of ozone are primarily outdoor air, other

air purifiers regularly used instruments such as electro-
static precipitator, and negative ion generator was not used
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Fig.3 Concentration of different types of A—H indoor air pollutant in different residential occupancies

in residential building. Hence, it is evident that the indoor
ozone level could vary according to the outdoor level. The
line chart shown in Fig. 3E depicts the level of concentration
that fluctuates as the outdoor level increases or decreases.
The mean ozone concentration is 0.055 ppm, far behind the
OSHA standard value of 0.1 ppm. The lowest concentration
level was 0.01 ppm, and the highest recorded concentration
level was 0.13 ppm. The day the highest concentration was
recorded, the outdoor temperature was 38.5 °C which greatly
influenced the indoor concentration level.

Sulfur dioxide

The sources of sulfur dioxide in residential occupancies
are tobacco smoke, vehicle exhaust (space for parking the
vehicle inside the occupancy), and improperly vented gas
appliances. Wood and coal stoves are also sources, but LPG
or natural gas are now being used for cooking purposes.
These are the sources that contribute to the indoors, but the
concentrations are highly affected by the outdoor sources
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such as vehicle emission and smoke from industrial chim-
neys. Figure 3G illustrates the variation recorded of indoor
SO, level. Only a few instances did Home A and Home C
exceed the ASHRAE standard level of 50 pg/m?. The mean
concentration was recorded for all the five occupancies that
were 35 pg/m®. The highest and lowest level of mean SO,
was recorded in Home A and Home D, and the concentration
was 46 pg/m® and 18 pg/m?. The reason behind the increased
level of SO, in Home A is that there was the parking of two-
wheelers inside the space.

Nitrogen dioxide

The primary source of indoor nitrogen dioxide is LPG or nat-
ural gases used for cooking and heating appliances. During
sampling, the concentration was found to be more during the
cooking period than during non-cooking periods. As we can
see from the line chart shown in Fig. 3D, there is an increase
in NO, concentration during January and February because
the air exchange rate during winter is usually reduced since
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64, 58, and 39 occupants, respectively, as shown in Table 3.
The general characteristics of classrooms are as detailed in
Table 3. Pollutant concentration in classrooms were ana-
lyzed and compared with the relevant standard.

Each classroom has two windows and two means of
access and egress. None of the classrooms has an air con-
ditioning system. For ventilation purposes, classroom one,
classroom three, classroom 4, and classroom five have
entirely relied on natural ventilation and ceiling fan, whereas
in classroom three, an exhaust fan was installed. Mainly,
the pollutants present in these indoor occupancies are CO,,
formaldehyde, and respirable suspended particulate matter.
The source of CO, pollutants is from the respiration activ-
ity of occupants and the outside air, and for formaldehyde,
it is generally due to plywood resins and fiberboard used in
the classroom for decorative purposes. These pollutants can
harm students’ health and result in impaired concentration
or memory, which directly or indirectly affects learning. An
increase in concentration may cause neurologic effects and
may lead to diseases such as asthma or allergies, which may
increase absenteeism in the class.

Particulate matter

The primary sources of particulate matter in educational
buildings are outside air and activities, such as construc-
tion activity or vehicle emissions. The figure shows the
indoor PM,, levels of all the five classrooms measured
across the Dehradun area. The lowest, highest, and mean
value of measured concentration is depicted in the chart
w.r.t ASHRAE Class B standard. The mean value for all five
classrooms exceeded the standard limit. The measured con-
centration of particulate matter ranged from 30 to 270 mg/
m? across all five classrooms as shown in Fig. 4A. Highest
level of pollutant concentration was detected in classroom
A due to highest number of occupant, and the sampling that
was done during classroom was occupied at the fullest which
also lead to the resuspension of the particulate matter during
the sampling. Classroom E detected the lowest level of mean

Table 3 General description of the sampled educational indoor occupancy

concentration of 105 mg/m® because of its district condition
and fewer number occupant (Fromme et al. 2007).

Carbon dioxide

In educational building, the main source of carbon dioxide is
outside air and respiration of the occupant. The figure shows
the CO, concentration variation in all five classrooms w.r.t
the source and occupancy. Classroom A and B’s mean con-
centration exceeded the given HKIAQO (Hong Kong Indoor
Air Quality Objective) Level II Standard of 1000 ppm,
whereas classrooms C, D, and E complied with the stand-
ard. The CO, concentration in all the five classrooms ranged
from 400 to 2150 ppm. An increase in CO, concentration
was caused due to insufficient fresh air supply indoors.

Figure 4C shows the variation of measured CO, of
90 days; here in the chart, classroom B is equipped with
a mechanical exhaust fan and classroom E, which wholly
relied on natural ventilation. The chart shows that the air
change hour in classroom E is better than that in classroom
B. The concentration of CO, was lowest when the class was
not occupied. As soon as the classroom starts occupied, the
concentration of CO, starts increasing. Similarly, variation
was also noticed during lunch breaks or when the classroom
was partially occupied. According to ASHRAE, it is man-
datory to maintain 15 cfm/p of ventilation rate to maintain
good indoor air quality.

Carbon monoxide

In educational buildings, the only source of carbon monox-
ide is from the outside air. Hence, the concentration level is
far below the ASHRAE Class B of 9 ppm. The carbon mon-
oxide concentration in all five classrooms ranged from 0.6
to 3.2 ppm as shown in Fig. 4E. There was a slight increase
in concentration detected in classroom A due to the presence
of a nearby food court. The detected mean concertation was
1.8 ppm.

Indoor occupancy Age of the Indoor finishing material Type of ventilation Area of the No.of  Means of
occupancy, in occupancy occu- access and
year in m? pants egress

Classroom A 8 Plastering wall with partially wood furnish- ~ Natural ventilation 90 75 02

ing

Classroom B 6 Plastering wall Natural ventilation 60 64 02

and exhaust fan

Classroom C Plastering wall, tile floor Natural ventilation 45 46 02

Classroom D Plastering wall with cement painted Natural ventilation 60 58 02

Classroom E 5 Plastering wall Natural ventilation 60 39 02
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Fig.4 Concentration of different types of A—H indoor air pollutant in different educational occupancy

Ozone

Figure 4G contrasts the indoor concentration variation
across all five classrooms w.r.t OSHA standard value of
0.1 ppm. The mean concentration of detected ozone level
was 0.07, which is below the permissible limit. An increase
in ozone concentration was detected as the increase in hot
weather. The primary source of ozone is that it is formed
by a photochemical reaction in the presence of sunlight and
precursor pollutants (NOx and VOCs). Hence, it was likely
to observe a controlled ozone concentration level in educa-
tional buildings.

Sulfur dioxide
In general, motor vehicle emissions and industrial emis-

sions are the predominant sources of sulfur dioxide. Fig-
ure 4B shows the measured variation of SO, in educational

institutes. The range of measured concertation was sampled
from 5.2 to 13.2 pg/m>.

Nitrogen dioxide

In 2010, WHO guidelines for indoor air quality for selected
pollutants defined the toxicology effect of NO, and also
derived maximum exposure limit, i.e., 200 pg/m?> for 1-h
average and 40 pg/m? for annual average. ASHRAE has also
provided threshold values for indoor air quality parameters
in which there are two classes for NO, Class A and Class B,
40 pg/m* and 80 pg/m?, respectively. However, only class-
room A exceeded the annual average at few instance; oth-
erwise, the mean value is under prescribed standard limit.
Figure 4D shows the NO, variation in all five classrooms.
The NO, concentration ranged from 11.9 to 51.2 pg/m?
across all five classrooms. There is no primary source of
NO, indoors; the concentration we measure is penetrated
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by outdoor sources and causes the elevated indoor level. =
Hence, the district condition of educational institutes plays §
a pivotal role in managing indoor air quality. For example, _g B
the range of concentration measured for classroom A is 14.8 > § N i} L= _
to 51.2 pg/m®, whose district condition is a mixed urban <E S84 2 222 8 N
area with high traffic flow, whereas, for classroom D, the =
measured concentration range is from 11.9 to 37.8 pg/m?, § 2 2
which is situated in a rural area with significantly less traffic E g ol o~ 0 o o 2
flow. The chart shows that the concentration in educational %D% § ;\:c; % = g e 3 g
institutes situated in diverse urban areas has a broader range Zzs 8|~ S §0
than the educational buildings in rural districts. Eln? o o= ;“
S |srR23383C z
Volatile organic compound E E
| o 2 + A C‘:y
Figure 4F shows the lowest, highest, and mean concentration ”é a5 c-cdscC-aelxs f
value of volatile organic compounds in all five classrooms 3 ] -§ -
and the variation between the concentration measured in the é E3 U= g 23« = =
classroom. The measured concentration of VOC ranged from Cld |©¥FSSw =3 = %1) %
0.09 to 1.32 ppm across all the classrooms sampled. The g ON_O e 3 g 28 § &~ 2
mean concertation ranged from 0.26 to 0.44 ppm, below the Z [ ~-cSxac= % £
standard permissible limit of Leeds of 0.5 ppm. There was s Z 3
an elevated level of VOC detected in classroom A because A "§u e § w20 [‘i a E é
of poor ventilation, which causes the polluted outdoor air to £ f - e o - d % =
infiltrate into the indoor. =12 © 2% 3
fl2|lcged8mn29a |8 2¢
O 1A A S S~ S = = 2 9
Formaldehyde s lew . 5 28
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Formaldehyde in educational building ranged from 1.2 to ~ o) é £
27 pg/m3, which were below the HKIAQO standard level of = z “ é 2 §
100 pg/m?>. Figure 4H shows the concentration variation of ;; o éﬂ &= 2 g 5 E M) = b £
formaldehyde in all the five classrooms. There was not much g g = 5 g g
of an apparent source in the classroom; hence, the concentra- § % ; - S-S %" % z
tion levels were deficient. Some of the evidence sources in a _§ Cl3 |89 23w 3a g é L%‘
few classrooms were sitting arrangements which are made Ti § oo 25 .3 A £ =2
up of plywood and coated with aldehyde resins. In the class- 5 S |22 2365838 a ol % Z
room, fiberwood was also used for the decorative purpose of § E g 3 g
the classroom, which can be a potential source; a summary 3 ! I A e 2 § =
of all the educational indoor air pollutants collected has been E “2 T |8 =de=S =8 £ Z T
tabulated in Table 4.Environmental Protection % é ] - E El 5
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Group C: institutional building occupancy 2 © j TTesmTeT % 8 F
The institutional building has a very complex environmental = % 3 E
condition, including various kinds of pollutants. Hence, it is § E 5 g j
necessary to study indoor air quality and ensure its healthful ERE E" G B > ﬂén z S
condition for patients and healthcare workers. § E aaoe s % § 5
The sample has been collected for five hospitals across ks % E 2 w o T 4 i
Dehradun city, which included civil hospitals and multi-spe- § Sl g8 _2asax > 5 8
ciality facilities that are tabulated in Table 5. To sample, the § - . qg) "§ g ®
pollutant at a different location was designated, according 2 . §D £ é"’g EEZ e ?-:o £
to the point of source of the pollutant. The frequent loca- A g E g é £ 22 § gmg ) g g
tion was the hospital’s main entrance, laboratory, outpatient 3 E|=fs2g 85082 8 283
department, emergency ward, and kitchen unit. Indoor air ﬁ & E 88383 % 9 E = :: = ? 13
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Table 5 General description of the sampled hospital indoor occupancy
Indoor occupancy District condition Type of hospital Area Type of ventilation Age of the
of the occupancy in
hospital year
Hospital A Commercial area, high traffic flow, Civil 2215 Natural ventilation with exhaust fan 8
medium population density
Hospital B Mixed commercial area, medium traffic =~ Multi-specialty 4452 Centralised AC 6
flow
Hospital C Mixed commercial area medium traffic ~ Civil 1635 Natural ventilation with exhaust fan 7
flow, high population and vehicle
density
Hospital D Mixed commercial area, medium traffic =~ Multi-specialty 3569 Centralised AC 10
flow
Hospital E Mixed commercial area, low traffic flow  Multi-specialty 4125 Mechanical ventilation with AC 11

was sampled by placing the sampling instruments in differ-
ent points of the indoor occupancy area at 1.5 m of elevation
from the ground and 1 m away from the potential source of
air pollutants. Since most of the assessed hospital district
condition was commercial, there was also a potential source
for indoor pollutants outdoor air and nearby traffic flow.
The indoor air of hospital buildings contains various
sources for these pollutants that need to be contained to
decrease the indoor environment’s pollutant concentration.
Hospital is one of those public places where gatherings of
people with different health conditions; hence, it is essential
to avoid any secondary source of a contaminant that causes
additional impairment to the patient or the occupant. Com-
pared to other indoor occupancies, the institutional building
has loads of sources for these pollutants generated from bio-
medical waste, medical equipment, and instruments.

Particulate matter

Figure 5A represents the variation of PM,, in institutional
buildings. The characterisation of PM,, concentration
was primarily dependent on the district condition and the
occupant activity, which is one of the primary sources that
causes particulate matter’s resuspension in the environment
by walking through it via its shoes, clothes, and ground to
the air. There are a few primary sources of particulate mat-
ter in hospital buildings, such as the main entrance, out-
patient department, and kitchen unit. The measured range
of particulate matter across the five sample hospitals was
45 to 324 pg/m>. The mean concentration for the sampled
occupancy varied between 92 and 236 pg/m>. Hospital A
recorded the highest concentration level due to its district
condition and penetration of outdoor air into it. All the sam-
pled hospitals exceeded the ASHRAE Class B standard per-
missible level for PM,,. Low levels of PM,, were detected
in Hospital C due to the better ventilation system compared
to other sampled hospitals.

Carbon dioxide

Figure 5C shows the variation of carbon dioxide in observed
institutional buildings. Carbon dioxide in hospital buildings
mostly depends on the number of the occupant, mechanical
movement within the closed space, and penetration of out-
side air. The average concentration was detected between
890 and 1227 ppm across five assessed hospital buildings.
Hospital D detected the highest level of CO, concentration
of 1980 ppm. It is also because the hospital has excess gath-
erings of people compared to other institutional occupan-
cies. Except for Hospital A, all other hospitals exceeded the
HKIAQO Level II standard permissible limit of 1000 ppm.

Carbon monoxide

Carbon monoxide is derived as so-called combustion gas,
which means it occurs due to incomplete combustion. This
generally occurs from vehicle exhaust fumes from parking
vehicles entering the indoor and contributing to higher con-
centration. These higher levels of CO mainly were detected
where there is direct access to the outside air. During sam-
pling of hospitals, the concentration levels of CO detected
were varied from location to location. Figure 5E shows the
sampled hospital’s low, high, and mean values. The sampled
concentration of CO ranged between 1.1 and 5.2 ppm, and
the average concentration ranged between 2.8 and 3.42 ppm
across all the five observed hospitals. The detected concen-
tration level for CO was far below the ASHRAE Class B
standard permissible value.

Ozone
The nature of ozone is that it is generally found in substantial
concentration near the source, and it does not accumulate

as such in the indoor environment. In institutional build-
ings, various medical equipment utilizes UV (ultraviolet) or
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Fig.5 Concentration of different types of A—H indoor air pollutant in different institutional building occupancy

causes ionization in air, which produces ozone in the indoor
environment. Ozone is highly reactive, and it is evident that
various pollutants are present indoors, so if it is inhaled, it
may cause severe damage to the lungs and irritation to the
respiratory tract. Figure 5G shows the detected concentra-
tion of ozone in hospital buildings. The ozone concentration
ranged from 0.01 to 0.18 ppm, and the average value was
0.087, which was below the standard value of OSHA per-
missible exposure limit. A higher ozone concentration level
was detected in the laboratory and intensive care unit (ICU),
where medical equipment was present.

Sulfur dioxide
Figure 5B shows the measured concertation of SO, with its

lowest, highest, and mean value. The measured range of SO,
varied between 8 and 26 pg/m?, and the mean concentration

@ Springer

among the five hospitals were 15.42 to 17.03 pg/m?> since
the measured concentration was substantially lower than the
Class B and Class A of ASHRAE standard value of 80 pg/
m?® and 40 pg/m?, respectively. The average concentration
for January, February, and March are 15.74 pg/m?, 16.35 pg/
m?>, and 17.07 pg/m3, respectively. Unlike NO,, SO, does not
show any seasonal variation in its concentration.

Nitrogen dioxide

The quantitative assessment of NO, across all the five hos-
pital buildings is depicted in the chart Fig. 5D. The mean
concentration for the measured NO, during the 3-month
study ranged between 14.38 and 17.53 pg/m®. The high-
est value for NO, among the sampled hospital building
ranged from 20.2 to 23.9 pg/m?, which is relatively lower
than the ASHRAE Class A standard value of 40 pg/m>. The
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generally polluted by industrial emission and vehicle exhaust
whether the building is mechanically ventilated or naturally
ventilated.

Generally, specific electronic equipment can be found
easily in office space, such as photocopiers, fax machines,
and printers, which are important to carry out the activ-
ity, but it is also essential to check the ventilation system.
This electronic equipment and computers should be used
with care because their heat-producing nature generates
pollutants above the nominal value. Table 7 shows many
activities, and sources are generally present near office
buildings, such as smoking lounges, parking garages,
emergency generators, and laboratories. In the office set-
ting, several workstations and photocopiers and printers
were present in observed places.

Particulate matter

Figure 6A shows the variation of particulate matter in
office setting. PM,, sources were mainly wooden furni-
ture and subsequent access and egress of humans from
one space to another, which brings particulates along with
their shoes. The human movement also creates resuspen-
sion of particulates present in the indoor environment. In
the office, carpeting was also present, which increased the
concentration of PM,,. The measured concentration of
PM,, was detected from 28 to 112 pg/m?, and the aver-
age concentration was ranged between 68 and 72 pg/m°.
The mean concentration was below the ASHRAE Class B
standard permissible level for PM,, since the concentration
was above the Class A standard value of 50 pg/m>. The
reason for detecting a lower level of PM,, concentration
can be the enclosed space, which avoided any medium of
the entrance of unnecessary particles.

Table 7 General description of the sampled office indoor occupancy

Carbon dioxide

In a business occupancy, the primary source of CO, is res-
piration by the occupant and outside air. Since the modern
office settings are air tight, which gives very little space to
the egress of outside air, hence, in this case, the concen-
tration of CO, more relied on types of human activities.
Figure 6C shows the measured concentration level of CO,
in all five offices. The concentration level detected among
the offices was ranged between 520 and 1362 ppm. The
average concentration of offices was ranged between 820
and 956 ppm, which was below the HKIAQO Level 11
standard permissible limit of 1000 ppm. The highest level
of CO, concentration was sampled in Office D; the reason
behind it was the poor ventilation rate of the office space.

Carbon monoxide

The sources that contribute to business buildings’ indoor
environment are mainly tobacco smoke and attached park-
ing garages where it comes out from vehicle exhaust. In
some of the business building, there was also facility for
pantry which is also a contributing factor to it. Figure 6E
shows the variation of carbon monoxide across the five
office buildings. The measured concentration of CO was
detected between 1.1 and 4.1 ppm, and the average concen-
tration of office buildings was between 2.3 and 2.9 ppm.
These values are below the ASHRAE Class B standard
value of 9 ppm, but slightly more significant than the Class
A value of 2 ppm. Since the concentration level was below
the permissible value, it does not harm the occupant, but it
can cause occupational gas poisoning in case of increased
concentration.

Indoor occupancy District condition Age of the Area of the Indoor finishing material ~ Type of ventilation No. of
occupancy in  occupancy occu-
year pants

Office A Mixed residential area with 6 155 Plastering wall, marble Centralised AC 32

number of private dwell- floor
ings, medium traffic flow,

Office B Mixed residential area with 9 135 Plastering wall with wood  Centralised AC 28

number of private dwell- furnishing
ings, medium traffic flow

Office C Mixed residential area low 8 210 Plastering wall, marble Mechanical ventilation 55

traffic flow, high popula- floor and AC
tion and vehicle density
Office D Mixed residential area with 11 130 Plastering wall, marble Mechanical ventilation and 35
Number of private dwell- floor air conditioning
ings, medium traffic flow
Office E Mixed commercial area, 11 125 Plastering wall, marble Mechanical ventilation 30

medium traffic flow

floor
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Fig. 6

Ozone

Ozone has a very adverse impact on human health if it gets
inhaled or comes in contact with the skin. Previous stud-
ies have shown the operator’s daily exposure using photo-
copiers and other electronic equipment, which are familiar
sources in offices. Several studies have shown that a higher
ozone concentration level reduces human performance if it
heavily taxes the respiratory system. Ambient ozone con-
centration is also a significant influence on indoor air qual-
ity levels. Figure 6G shows the variation between observed
ozone levels in business buildings. The measured range of
ozone ranged between 0.034 and 0.14 ppm, and the aver-
age concentration across the five offices was 0.083 ppm
which was lower than the OSHA PEL standard value of
0.1 ppm (Barrese et al. 2014).

Concentration of different types of A—H indoor air pollutant in different business occupancy

Sulfur dioxide

In-office occupancy, there is no primary source for SO,;
whatever the concentration detected indoors is from sec-
ondary sources, i.e., outside air, which gets polluted by
burning of fossil fuels, industrial emission, and vehicles
that use fuel of high sulfur content. Hence, the concentra-
tion will differ according to the proximity of these second-
ary sources. Figure 6B shows the variation of measured
SO, between all the five offices. The concentration of SO,
ranged between 8 to 28 pg/m>, and the average concentra-
tion ranged between 15 to 19.43 pg/m?>. These values were
below the ASHRAE Class A standard permissible limit of
40 pg/m>. High concentration was detected in the office
because of the attached parking garage and pantry facility
in the business building.
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Nitrogen dioxide

Figure 6D shows the variation of NO, among the five office
occupancies. In an office setting, the measured concentration
ranged between 8.1 and 43.2 pg/m?, and the mean concentra-
tion was between 23.1 and 25.6 pg/m>. In some instances,
the concentration of office A and office C exceeded the
ASHRAE Class A of 40 pg/m? standard value, but all the
five office building was lower than the ASHRA Class B
of 80 pg/m? standard value. The lowest mean was 23.1,
which was detected in Office C, which was equipped with
a mechanical ventilated air conditioning system. The trend
line during measurement of NO, showed higher concentra-
tion during winter due to usage of room heater in the occu-
pancy. The concentration of NO, from outdoor air is also
influenced in naturally ventilated occupancies.

Volatile organic compound

In-office spaces, the primary sources of VOC are electronic
equipment such as photocopiers, printers, and fax machines.
Certain cleaning products are also one of the sources of
VOC in office buildings. Specific types of VOCs are pro-
duced not only during printing or photocopying but also by
processed paper, which is a significant source. Wood furni-
ture is also one of the sources, specifically new desks, which
could release a relatively high amount of VOCs. The figure
shows the variation in VOC concentration among five office
occupancy. The measured concentration of VOC ranged
between 0.16 and 1.32 ppm is shown in Fig. 6F. The mean
concentration of all the five office buildings was 0.55 ppm,
slightly more significant than the recommended standard of
Leeds, i.e., 0.5 ppm.

Formaldehyde

In business buildings, for decorative purposes, various
kinds of products are used: sources of formaldehyde
such as finishing material used in wooden products, res-
ins, particle board and fiberboard, press fabrics used on a
desk, and foam insulation used along with the ductwork.
Tobacco smoke is also one of the sources of formaldehyde.
Hence, it is essential to give consideration to the distance
between the smoking lounge and offices. Figure 6H shows
the variation of measured formaldehyde in the business
building. The measured concentration ranged between 7.2
and 29 pg/m? across all the five office occupancy. The
offices’ average concentration measured from January to
March is 17.3 pg/m?, 16.2 pg/m®, and 19.02 pg/m?, respec-
tively. The concentration level was far below the HKIAQO
Level II Standard of 100 pug/m>. Since the exposure level
was below the air quality guideline, it is essential to be
aware of these kinds of pollutants (Barrese et al. 2014;
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Baek et al. 1997). A summary of all the office indoor air
pollutants collected has been tabulated in Table 8.

Group E: mercantile occupancy

According to National Building Code (NBC), mercantile
building includes shops, store, and for display and sale
of merchandise which can be wholesale or retail. Under
NBC, this category is again subdivided in three parts
depending upon the area and underground facility. These
places are such which is a center of attraction in terms of
purchasing products or spending time. For this study, we
have taken five photocopier shops in order to investigate
the indoor air of this mercantile occupancy (Table 9). This
type of occupancy contains various sources of indoor air
pollutants as such wooden furniture and products used for
decorative purposes, painting and furnishing of wall, and
photocopier and computers used for commercial purposes.

Generally, at mercantile buildings/photocopier sta-
tions, some of the hazards that occupant or consumer
may exposed to are various indoor air pollutant, electro-
magnetic radiation, and ergonomics condition. The major
sources of indoor air pollutant which highly contributes
in photocopier shops are photocopy machines which uses
toner and selenium. In this type of mercantile building, the
district condition of the shops also holds a greater signifi-
cance because it provides outdoor-polluted air to indoors
of these shops.

Particulate matter

The photocopy shops sampled are situated adjacent to roads,
where dust particles and vehicle exhaust emit particulates
that contribute to mercantile indoors. Figure 7A shows the
detected variation of PM,, across all the five observed pho-
tocopy shops. The measured range concentration of PM,,
was between 25 and 260 pg/m>, and the average concen-
tration was between 110 and 126.6 pg/m>. These concen-
trations exceeded the ASHRAE Class B standard value of
100 pg/m?3. The indoor source in this mercantile that con-
tribute to the increased concentration of particulates other
than outside air is that the photocopier emits toner particles.
Poor ventilation of these shops is also a contributing factor
to the increased concentration of these pollutants. Human
movement in the shops also creates the excitation of sus-
pended particles from shoes, clothes, and other sources.
The concentration level was low during the morning period
due to less vehicle movement on the road. High exposure of
particulate matter to human health impacts the respiratory
system, and if the exposure remains consistent, it may also
result in chronic disease.
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Table 9 General description of the sampled mercantile indoor occupancy

Indoor occupancy District condition Age of the Area of the Indoor finishing material ~ Type of ventilation No. of occu-
occupancy —occupancy pants
in year

Shop A Mixed commercial area, 10 144 Plastering wall, tile floor Natural ventilation 3

high traffic flow, medium
population density

Shop B Mixed residential area with 12 180 Plastering wall Natural ventilation and 4

number of private dwell- exhaust fan
ings, medium traffic flow

Shop C Mixed residential area low 7 121 Plastering wall, marble Natural ventilation with 2

traffic flow, high popula- floor ceiling fan
tion and vehicle density

Shop D Mixed residential area with 6 168 Plastering wall, plastered =~ Natural ventilation and 3

number of private dwell- floor exhaust fan
ings, medium traffic flow
Shop E Mixed commercial area, 11 120 Plastering wall, vinyl floor ~Natural ventilation and 4

medium traffic flow

exhaust fan

#“American Society of Heating Refrigerating and Air Conditioning Engineering” (ASHRAE) (Taylor 1999)

"Hong Kong Indoor Air Quality Objective Level I and II Standard (The Goverment of the Hong Kong Special Administrative Region Indoor Air
Quality Management Group 1999)

““Occupational Safety and Health Administration” (OSHA) Permissible Exposure Limit (Administration, O. S. and Health, Tide 29, n.d.)
Leeds standard
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Fig.7 Concentration of different types of A—H indoor air pollutant in different mercantile occupancy
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Table 11 Comparative

e Parameters Residential Educational Institutional Business Mercantile Air quality
parameter statistics of each ideli
. . . guidelines
occupancy with the air quality
guideline PM,, in mg/m® 144.9 128.42 175.08 7025 1189 100°
CO, in ppm 681.42 1008.9 1035.6 872.6 967.8 1000°
CO in ppm 8.9 1.83 31 2.4 4.46 9*
Ozone in ppm 0.05 0.07 0.087 0.083 0.08 0.1°
SO, in pg/m? 34.8 8.18 16.56 16.9 53.46 40
NO, in pg/m? 42.32 27.12 15.4 24.07 32.16 40*
VOC in ppm 0.65 0.36 0.75 0.55 0.9 0.54
Formaldehyde in pg/m®  30.2 10.58 18.77 17.4 31.89 100°

#“American Society of Heating Refrigerating and Air Conditioning Engineering” (ASHRAE) (Taylor 1999)

®Hong Kong Indoor Air Quality Objective Level I and IT Standard (The Goverment of the Hong Kong Spe-
cial Administrative Region Indoor Air Quality Management Group 1999)

““Occupational Safety and Health Administration” (OSHA) Permissible Exposure Limit (Administration,

O. S. and Health, Tide 29, n.d.)
dLeeds standard

concentration of pollutants that exceeded the air qual-
ity guidelines has duly been highlighted, and for those
concentration levels, the chronic daily intake shall be
calculated. From residential building PM,,, NO, and
VOC exceeded the guideline value because of tobacco
smoke and kitchen activities. In-home occupancies’ var-
ious decorating and furnishing materials also gave the
rise of VOCs in it. There were no particular sources of
pollutants in educational building occupancies compared
to other occupancies. Only the concentration values of
PM,, and CO, exceeded the guidelines value because of
the higher number of occupants and due to the frequent
movement and resuspension of the particulates. The
institutional building has a larger area than other build-
ing occupancies, and due to the nature of the operation,
there is frequent access of occupants. Due to the usage
of various medical equipment, ozone concentration was
found higher than other occupancies, but it was under
the guideline level. The concentration of PM,, and CO,
exceeded the guidelines values, which may be because
of a higher number of occupants, and the district con-
dition of the hospital was mixed commercial. Business
occupancies recorded most of the pollutants under air
quality guidelines only except VOCs. Due to the air tight
characteristics and reasonable ventilation rate of offices
that avoided the access of unwanted pollutant indoors,
which may be the reason for the lower concentration of
indoor air pollutants, the office uses various decorative
products and photocopiers, which may be given the rise in
the concentration of VOCs. Mercantile building includes
various types of retail and shopping facilities, but for the
study purpose, photocopy shops were taken. Due to the
frequent use of photocopying machines, it gave the rise
in concentration of VOCs. Other than VOCs, PM,, and
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SO, values also exceeded the guideline values. The main
contributing factor in this was the district condition of it.
Continuous traffic on the road and dust particles was the
secondary factor exceeding the pollutant concentrations.

Determining chronic daily intake

The study includes several indoor pollutants, and as per the
study, 65% of time spent by humans are indoors; hence, there
is a chronic health risk to the occupant. Hence, the health risk
assessment is mainly committed to chronic exposure to indoor
air pollutants that may have a carcinogenic or non-carcinogenic
impact on human health, since chronic exposure may lead to
long-term health hazards which can be very dangerous to human
health, whereas acute exposure does not result in such effects on
human. The primary pollutants examined in this study exceeded
the air quality guideline values. According to each occupancy,
the receptors of interest were the respective occupants in the
health risk assessment, and the prevalence route of entry was
inhalation. The chronic daily intake (I) was used to determine the
cancerous risk and noncancerous effects from chronic exposure
of indoor pollutants and was calculated by averaging sampled
concentration of pollutant daily intake over the given exposure
period. The chronic daily intakes for the indoor air pollutants
that may have health hazards on the occupants of respective
buildings were calculated by Lee et al. (2006)

I = (Ca'IH*E,E}E})/(365*AT*BW)
where

1 indicate the inhalation intake (mg/kg day),

Ca is the concentration of pollutant in (mg/m?),
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IH is inhalation rate (m%h), E; is the exposure time (h/
week),

Ep isthe exposure frequency (weeks/year), E}, is the expo-
sure duration (year),

AT is the averaging time (years), and BW denotes the body

weight (kg).

Chronic daily intake is associated with the exposure frequency,
duration, type of pollutants, and the pollutant’s concentration. Differ-
ent indoor occupancies are considered; hence, the daily intake will
also influence the type of activity pattern. For the given formula,
the data required are given in Table 12. Data for inhalation rate was
referred from Exposure Factors Handbook for the respective age
group as given in the handbook. Inhalation rate was taken in m’/
day, and the exposure time was in weeks, which varied along with
building occupancies. Exposure frequency for pollutant exposure
was taken as 50 weeks/year, on behalf of the usage frequency for that
occupancy. Inhalation intake was calculated for carcinogen and non-
carcinogenic pollutant exposure. An averaging time of 70 years was
taken to calculate for carcinogenic evaluation, and for the calculation
on non-carcinogenic evaluation, 30 years of a lifetime was taken.
The averaging lifetime for carcinogenic exposure remains an aver-
aging lifetime of humans, whereas, for non-carcinogenic, it is only

the averaging lifetime of the occupational period. Exposure dura-
tion for carcinogen and the non-carcinogenic product has taken the
occupant exposure time concerning the occupancy usually in case of
working its averaged 30 years indoors. Bodyweight for the occupant
was referred from the model factories act for adults. An occupant’s
chronic daily intake was evaluated on the 3-month sampling data
and the concentration pattern indoors. Other criteria such as expo-
sure time and frequency were made upon several assumptions and
by asking general series of questionnaires to the occupants. Health
risk assessment for worker exposure to indoor pollutants in the five
different occupancies was determined by collected reference data.
The aggregated daily intake in mg/kg-day of pollutants exceeding
air quality guidelines are summarised in Table 13.

Conclusion

This study investigated pollutant in different environmental
setup based on building code specially for nonindustrial
indoor environments, i.e., office buildings, public build-
ings (schools, hospitals, theatres, restaurants), and private
dwellings in Dehradun, India. The five indoor occupancies
were investigated for particulate matter, carbon dioxide,
carbon monoxide, ozone, sulfur dioxide, nitrogen dioxide,
volatile organic compound, and formaldehyde. All these
pollutants have various primary and secondary sources

Table 12 Chronic daily exposure and health risk assessment factor for the indoor occupants

Exposure setting Value
R E 1 B M
PM,, NO, VOC PM,, CO, PM,, CO, voc voc PpM,, SO, VOC

Concentration (Ca) 1449 4232 0.65 12842 10089 17509 10356 0.75 055 1189 534 09
Inhalation rate (m’/h) 2.1 2.1 2.1 2.1 2.1 2.1 2.1 2.1 2.1 2.1 2.1 2.1
Exposure time (h/weeks) 98 98 98 36 36 48 48 48 45 56 56 56
Exposure frequency (weeks/year 50 50 50 50 50 50 50 50 50 50 50 50
Exposure duration (year) carcinogenic - - 30 - - - - 30 30 - - 30
Exposure duration (year) non-carcinogenic 30 30 - 30 30 30 30 - - 30 30 -
Body weight (kg) 55 55 55 55 55 55 55 55 55 55 55 55
Average time (year) carcinogenic - - 70 - - - - 70 70 - - 70
Average time (year) non-carcinogenic 30 30 - 30 30 30 30 - - 30 30 -
Table 13 Tgxicity values . Parameters Chronic daily intake values in mg/kg-day
(inhalation intake) for various
pollutants that exceeded air Residential Educational Institutional Business Mercantile
quality guidelines

PM,, 0.74x 107 0.24x 107 0.43x10? - 0.34x 107

Co, - 1.89x10° 2.59x 10° - -

SO, - - - - 0.15x10?

NO, 0.21x 10? - - - -

voC 1.42% 10 - 0.8x 107 0.55x 10 1.12x 10?
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that contribute to indoor concentrations and pose a health
concern to the occupants. All eight pollutants were investi-
gated for an 8-h average concentration and compared with
the air quality guidelines. The average indoor concentration
of PM,,, NO,, and VOCs in homes exceeded the air qual-
ity guideline values of 100 pg/m?, 40 pg/m?>, and 0.5 ppm,
respectively. It was probably due to the kitchen activities,
LPG and laminates used in wooden furniture and finishing
product used such as lacquer. In addition to measuring pol-
Iutant concentration, tobacco smoke and outdoor air have
a more significant impact. In educational buildings, the
concentration of PM,, and CO, values exceeded the 8-h
average air quality guideline values. Since there were fewer
indoor sources compared to other indoor occupancies,
other pollutant concentration levels met the permissible
level of guideline values. The increased concentration of
PM,, and CO, levels in classrooms was due to occupants’
respiration and resuspension of particulate matter present
in the environment.

Similarly, in-hospital occupancy, the investigated concentration
level of PM,,, CO,, and VOCs exceeded the air quality guideline
values. The increased concentration level is probably the same as
the educational buildings. Out of all the five occupancies, business
buildings were found to meet the air quality guideline values for
most pollutants except for VOCs. The result was due to tight air
characteristics and adequate occupancy ventilation. Electrically
operated medical equipment can be one significant source of it,
and outside air also contributes to it. In-office spaces, the primary
sources of VOC:s are electronic equipment such as photocopiers,
printers, and fax machines. Other than this, wood furniture and fur-
nishing material contributed to it. The indoor concentration levels
of PM,, and SO, in photocopying shops were higher due to the
frequent movement of vehicles which creates the excitation of dust
particles, and emission of vehicle exhausts contributed to it. VOC
levels were also found to be exceeding the air quality guideline val-
ues. It is most probably due to the increased usage of photocopier
machines as the quantitative assessment suggests that the lowest
level was detected during morning periods.

This work concludes that chronic exposure to indoor air
pollutants in different indoors may have cancer and non-cancer
health risks according to the measured concentration level.

Data availability There is no associated data.
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