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Abstract

Air pollution has become a severe problem in most of the world and is among the governments' prior
subjects. In the present time, urban dwellers spend most of their time in confined spaces such as home,
office, school, shopping malls, and gyms. Contaminant gases (CO,, CO, NO,) and particulate matters
arising from occupant activities such as exercise, sleeping, cooking, smoking, and cleaning are among the
most critical factors which influence indoor air quality. Such gasses and particulate matter depend on
human activities lower indoor air quality; hence, they cause many serious health problems, especially
respiratory tract, cardiovascular and dermatological diseases.

In this study, the indoor air quality of housing is examined depending upon occupant activities. Air quality
parameters of temperature, humidity, CO,, CO, PMjo, NO,, which are collected from the bathroom,
kitchen, living room and bedroom of the housing, are measured using 32-bit ESP32 controller and a set of
air quality sensors Obtained air quality data is saved to cloud server by the help of mobile user interface
developed through Blynk IoT platform. As a result of the analysis, it is observed that occupant activities

like sleeping, shower, laundry, and cooking adversely affect indoor air quality.

Keywords: Internet of things, e-nose, indoor air quality, human activities

1. Introduction

Air pollution either indoor or outdoor is a significant
environmental health problem that influences developed
or developing countries [1]. Indoor air quality is
particularly crucial for those spending most of their time
inside. However, most of the time, such individuals are
not aware of internal pollutants that they are exposed to.
Especially patients, elders, and children are exposed to a
lot of physical, mental, and psychological diseases
caused by low indoor air quality [2]. Serious health
problems arising from indoor air contaminants may
occur either immediately or in years [3]. Indoor air
quality may not only stem from internal pollutants.
Outdoor pollutants may significantly decrease air
quality by entering the space in different ways [4].
Particularly occupant activities such as heavy traffic,
industrial zones, and construction substantially
exacerbate this problem [5]. Particulate matters (PM)
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are considered the most prominent pollutant material
carried from the outside to the inside. PM refers to the
particles that hang in the earth's atmosphere. PM is the
tiny solid particles that are usually moved through
solids, liquids, or air. Notably, children, elders, people
having asthma or cardiovascular diseases are adversely
affected by PM. PM may result in inflammation by
profoundly penetrating the lungs. Specific heavy metal
components contained in the PM may cause even lung
cancer [6]. Carbon monoxide (CO) is one of the
primary sources of air pollution and is called the silent
killer. CO is colorless, odorless, tasteless, and relatively
stable. It may substantially harm human health even at
low levels of concentration. In indoors, CO can be
generated through improper combustion of carbon-
based fuels such as petroleum, firewood, and coal. In
general, the outdoor level of CO is higher than indoor.
Industry and automobiles are among the primary
sources of CO output [7].
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Carbon dioxide (CO;) makes a significant impact on
human health and is an essential index of indoor air
quality. Indoor CO, levels over 1000 ppm correspond to
an air problem [8].

Another prominent gas causing air pollution is nitrogen
dioxide (NO,). This gas is hazardous for human health.
The foremost source of NO; in the areas where people
populously dwell is motor vehicles. Remarkable studies
should be conducted in order to decrease NO> emission
arising from motor vehicles in urbanized areas [9]. NO;
leads to air pollution on its own, but nitrogen oxide also
generates ozone and ozone pollution, especially in
summer [10].

Occupant activities cause the generation of various air
contaminants indoors. Cooking activity in the
residences leads to the output of pollutant substances
such as PM, black carbon (BC), CO,, polycyclic
aromatic hydrocarbons (PAH), formaldehyde (HCHO),
nitrogen oxide (NOx) [11]. Types and amounts of
pollutant substances arising from the cooking activity
may change depending upon fuels, cooking methods,
and content materials [12]. Among the air contaminants
generated in residences, PM mainly occurs during the
cooking activity and causes severe breathing problems
and even lung cancer. The distribution of these tiny
particles may alter according to diversifying cooking
ways and methods [13].

One of the vital data providers of a smart city is loT
platforms [14]. An IoT platform is a cluster of
technological entities, including smart physical objects
like sensors, actuators, cameras, smart tags, and
connected software services and systems. In general
terms, an [oT platform gathers and processes a large
amount of real-time data through smart city objects to
ameliorate city services [15].

Recent progress in semiconductor technology led to the
development of the Internet of Things (IoT) by
effectively reducing the cost thanks to the integrated
circuits composed of sensors and embedded processors
[16]. By means of the IoT, many different objects and
devices surrounding us connect through the Radio
Frequency Identification (RFID) [17] and sensor
network technologies such as Z-Wave and ZigBee. [oT
is connecting more devices day by day. The expected
number of devices connected to IoT is forecasted 24
billion until 2020 [18].

This study proposes a low-cost, portable, IoT-based e-
nose to measure indoor air quality parameters of
contaminant gases like CO,, CO, PM,j,, NO,,
temperature, and humidity by using a set of sensors. An
embedded 32-bit ESP32 controller is used for the
proposed e-nose. As for the measurement of air quality
parameters, GP2Y1010AU, MH-Z14, MICS-4514, and
DHT?22 sensors are employed. The users can monitor air
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quality parameters in real-time numerical and graphical
formats utilizing an android-based interface developed
through the Blynk IoT platform for the proposed e-nose.
In the case of measured gas concentrations exceeding
pre-determined  limit values, it sends mobile
notifications through e-mail, twitter, and so on mobile
platforms. Thanks to the data which can be monitored in
graphs through the mobile interface, users can inspect
the influences of individual activities like sleeping,
cleaning, cooking on indoor contaminant gas
concentrations.

2. Related works

Ozone, one of air quality parameters, is a crucial
environmental problem in megacities where intensive
human activities take place to the extent that can harm
human health. In a study [19], examining the data
collected from various living environments in China, it
is concluded that, in addition to seasonal factors, human
activities also cause ozone pollution. Smoking indoors
may result in remarkably serious health problems,
notably on children and elders. In a study on this subject
[20], the data is gathered from 12 separate bedrooms at
different residences to determine the differentiation
between smokers and non-smokers in terms of the rates
of contaminant gases CO, VOC, CH,0, PM, s, and PM
they are exposed to. The study, of which participants
smoke either in the balcony or outside, remarks that
pollutants arising from the cigarette smoke accumulated
on the clothes of smokers contaminate the living
environment at a considerable rate. Various wood-
burning methods are investigated in the places heated by
biomass regarding their effect on indoor pollutant
concentrations [21]. Based on CO, CO, and PMI10
measurements, which are taken from the rooms heated
by an open fireplace and wood stove; it is reflected that
cancer risk in the room heated by the open fireplace is
seven times more than the one with the woodstove,
likewise, that the level of PM10 is 25 times more in the
former. In the research which is conducted to compare
seasonal and spatial alterations in indoor air quality as
well as differentiation at various climatic zones in the
tropics and the subtropics [22], internal and external
ambient temperature, relative humidity (RH),
formaldehyde (HCHO), CO,, bacteria, and fungi are
monitored at eight different residences between 2012
and 2015 during the four seasons. According to the
results, significant differences in terms of indoor air
quality have been observed dependently upon the
structure of the buildings, heating methods, climate,
indoor smoking, cleaning, cooking, dampness, and
humidity. A study [23] deals with a small investigation
in a student cafeteria designed for leisure time to
develop an extensive air quality monitoring program. As
a result, even if average levels of comfort parameters
and regulated air contaminants generally fall within the
international intervals, CO, and PM values display
remarkable fluctuations depending on activities and
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occupancy rate. Likewise, more than 80 % of PM
concentration is generated in the inner space. In the
study [24] investigating contaminant gases such as CO»,
CO, HCOH, NO3, O3 and the particles that hang in the
air like PM;, PMjys, PMj;y as well as
meteorological/comfort parameters in 101 confined
microenvironment (classes, bedrooms, and cafeterias)
from 25 kindergartens and primary schools; samples are
collected from each confined space for at least 24 hours
and nine consecutive days. According to the results,
thermal discomfort and low humidity are observed
respectively in 60.1 % and 44.1 % of the classes.
Likewise, it is observed that students are exposed to
PM2.5 at 69.1 % and CO; of 41.3 %. Children have
narrower trachea and bronchi in comparison to adults.
Therefore, irritation led by air pollution in an amount
which only causes a mild reaction in an adult may
considerably block a small child's trachea and bronchi.
On this grounds, evaluation of indoor pollutant exposure
of  children is important, especially in
microenvironments such as kindergartens where they
spend most of their time. Based on the results provided
by the indoor air quality research [25] conducted in
daycare centers in 25 separate provinces in Seoul, mold
levels are remarkably higher in the facilities having
water damage than those without such damage.
Moreover, it is concluded that new buildings with larger
spaces have a lower level of bacteria and mold.
Ventilation of the environment is suggested in the
morning before the arrival of children because of high
levels of VOC, which increases during the night. A
study [26] conducted at two primary schools and a
kindergarten in Kozani/Greece from Monday to Friday
deals with 15 physicochemical air quality parameters to
examine indoor air contaminants that children are
exposed to and possible health risks in the school. It is
stated that natural ventilation falls short in all these
schools, that ambient air, occupant activity, and material
emissions are determinant on indoor air quality, and that
estimated average life-long cancer risks are low. In the
study [27] examining the influence of cooking activity
in the kitchen over indoor air quality, the alteration of
PM contingent upon five different cooking methods
[steaming, boiling, stir-frying, pan-frying and deep-
frying cooking]. Whereas the lowest PM is observed
during the steaming process, the highest level is noted
during the deep-frying cooking activity. It is indicated
that the PM level decreases at a rate of 60-85 % when
air cleaner is used. In Colorado, indoor air quality
measurements [28] are conducted during the cooking
activity at 11 buildings having distinct construction
characteristics. Accordingly, it is reflected that 20
minute's cooking activities cause average PM2.5
concentration between 100 and 500 pug.m, that CO2
concentration exceeds 1000 ppm at six of tested ten
residences, that the level of formaldehyde exceeds 9
pug.m> the chronicle limit determined by California
Office of Environmental Health Hazard Assessment
(OEHHA) at 3 of the buildings, and that the usage of
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hood reduces PM concentration at the rate of 75 %.
People spend approximately one-third of their lives in
their bedrooms. Therefore, maintaining proper
conditions, including air quality, is crucial in such
spaces. Individuals may have trouble while falling
asleep in non-ventilated bedrooms, or they may not
appropriately have rest during the sleep and may awake
wearily. As a result of indoor air quality measurements
[29] conducted in the bedroom of a single-family
residence, it is monitored that CO; concentration
increases during the night and exceeds the permitted
standard of 1000ppm.

3. Materials and Methods

Indoor air quality is a significant health threat for
children and individuals in need of care, who spend
most of their time in indoor environments. Harmful
gases within the confined spaces are a part of our lives;
but, most of us do not have precise data about the air
quality we respire. Indoor air quality may change
because of the influence of outdoor pollutants and
individual activities of the occupants residing in the
ambiance. In this study, an IoT-based e-nose is
proposed to measure the real-time alteration of indoor

air quality contingent upon individual activity
parameters.
Ambient temperature, relative  humidity, and

contaminant gases such as CO,, CO, PMo, NO; can be
real-timely monitored thanks to the proposed e-nose.
The system, which is based on an IoT architectural
design developed by a 32-bit ESP32 controller, offers
an entirely wireless solution. In Fig.1, the architecture
of the proposed e-nose system is displayed.

|-nase

Usar Wobill
Irerface

Hatifications

Fig.1. Structure of the proposed loT-based measurement
system.

The embedded ESP32 microcontroller for the e-nose air
quality measurement and monitoring system in Fig. 1
contains the Harvard Tensilica Xtensa LX6 32-bit Dual-
Core processor, which can operate up to 240 MHz
frequency [30]. For the measurement of contaminant
gas concentration, an array of sensors containing
GP2Y1010AU, MH-Z14, MICS-4514, and DHT22
sensors are utilized. Android based mobile application,
which enables user interaction with the measurement



/

)

Celal Bayar University Journal of Science
Volume 18, Issue 4, 2022, p 393-401
Doi: 10.18466/cbayartbe.1018796

M.Tastan

system, is generated by means of the Blynk IoT
platform. Blynk is a hardware-agnostic IoT platform
with customizable mobile apps, private cloud, device
management, analytics, and machine learning [31].
Thanks to the cloud server service of Blynk, data is
hidden and easily accessible when required.

Fig. 2. The sensor array used in the proposed e-nose
system; a) GP2Y1010AU, b) MH-Z14, c¢) MICS-4514,
d) DHT22.

Fig. 2 displays the sensors used to measure the
contaminant gas concentration in the e-nose system.
GP2Y1010AU is a dust sensor equipped with the optical
sensing system and the analog output. An infrared light-
emitting diode (IRED) and a phototransistor are
installed diagonally. The phototransistor detects the IR
light reflected from the dust arriving the air chamber of
the sensor and generates a voltage accordingly. MH-
Z14A CO; sensor module utilizes the non-dispersive
infrared (NDIR) principle. It also performs
measurements between 0-5000 ppm and at Sppm
resolution along with +50 ppm accuracy. MICS-4514 is
employed in the measurement of gas concentrations
such as NO,, CO, and hydrocarbons. It has two sensor
chips, including independent heaters and sensitive
layers. One of these chips recognizes oxidizing gases
(OX), and the other one identifies reducing gases
(RED). DHT22 temperature and humidity sensor
consists of two parts; capacitive humidity sensor and
thermistor temperature sensor. It is equipped with an 8-
bit microcontroller. Its relative error values are noted as
+ 0.5 °C in temperature and £ 2 % rH in humidity
measurement [32].

(a)
Fig. 3. IoT based e-nose measurement system a) Outer
view, b) Interior view.

(b)
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Fig.3 displays the images belonging to the IoT based e-
nose system, which is used for indoor air quality
measurement and includes sensors to measure various
gas concentrations. In Fig.3, the interior and outer views
of the measurement system are respectively provided.
The fan, which is installed at the rear cover of the
plastic box of the measurement system, constantly
vacuums air from the environment. There are holes on
the front side of the box to enable air contact with the
sensors' measurement surface. Data to be recorded in
the cloud server can be sent to the user as an e-mail at
request.

e moap AIRQURLITY

RS

S DdTn

g fing

(a) (b)
Fig. 4. User Interface; a) Numeric Panel b) Graphic
Panel.

Front panel views of the developed android based
mobile user interface are shown in Fig.4. In the "e-nose
data" window displayed in Fig.4-a, data of the
measurement system can be seen in numbers;
additionally, it visualizes the levels of PMjg, CO,, NO,
and CO values as "good", "moderate" and "poor"
according to their intervals. In the "Graphics" window
shown in Fig.4-b, graphics can be seen as the data is
sent to the cloud server by the e-nose measurement
system. The dataset that is updated by the cloud server
in a minute can be monitored in graphics live, hourly,
daily, weekly, monthly, and annually at request.
Furthermore, the data recorded by the cloud server can
be sent to the e-mail address of the user in the "csv"
format.

4. Results and Discussion

By means of the schemed IoT based e-nose
measurement system, six different indoor air quality
datasets, including PMjy, CO,, NO,, CO, temperature,
and humidity, are collected from the various living
spaces of a residence like the living room, Kkitchen,
bathroom, and bedroom. The data extracted with a
frequency of 5 seconds is transformed into a-minute and
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hourly average values. Data gathered by the IoT-based
e-nose system is recorded in the cloud server in one
minute's intervals. Graphics are drawn by normalizing
the collected data. The residence does not contain an air
cleaning system, and ventilation is performed through
natural ways by means of opening the doors and
windows of the rooms. During the measurements, doors
of the test rooms are kept closed, and transmission of
gas and PM concentrations to other rooms is blocked.
Thereby, the effect of natural ventilation over alterations
in gas and PM concentrations is determined.

cleaning. As shown in Fig.5-a, upon the shower activity
starting at 18.45, humidity, CO,, NO,, and CO values
rise quickly. These values increase during the activity;
and, at the end, humidity rises from 60% to 99.9%, CO,
concentration from 320 um.m3 to 430 pugm>, NO
value from 45 pgm? to 80 pgm> and CO gas
concentration from 0.8 mg.m to 4.1 mg.m?. After the
first shower activity that takes half an hour, upon the
natural ventilation, humidity decreases from 99.9% to
72%, CO; concentration from 430 ug.m to 370 pg.m,
NO; value from 80 pg.m3 to 58ug.m= and CO gas
concentration from 4.1 mg.m? to 1.6 mg.m?. After the

. - == = & 2" shower activity that starts at 21.00, the level of gas
= \ W concentration and humidity increase once again. At the
E_M \ = | end of the 2™ shower activity, humidity reaches the
g 5 e level of 99.9% from 71% whereas CO, concentration
Eol rises from 370 um.m? to 570 pg.m>, NO, value from
" 58 pg.m to 85 ug.m and CO gas concentration from
" I e ALl 1.6 mg.m> to 5.5 mg.m>.
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Fig.5. Air Quality Data of Shower Activity a) Humidity, :
b) CO,, c) NO,, d) CO
i
In Fig.5, the graphic shows the data of air quality 2 L L, S
change in time for the shower activity at three different i £
times at 18.45, 21.00, and 22.45. The bathroom area is : — . _ L
m? and naturally ventilated through a 40x40cm window, il
which is always open. The air quality measurement (d)

system is installed at a point with 1m altitude, where it
is not directly exposed to humidity. During the shower
activity, only soap and shampoo are used for personal
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Fig.6. Air Quality Data Collected from the Bedroom a)
PM, b) CO»,c) NO», d) CO
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After the 2" shower activity, which also lasts half an
hour, natural ventilation was performed; and, it is seen
that humidity declines from 99.9% to 90%, CO,
concentration from 570 ug.m to 500 pg.m=, NO; value
from 85 pg.m= to 72 ug.m3 and CO gas concentration
from 5.5 mg.m> to 4.3 mg.m3. At the end of the 3™
shower activity, the humidity surges from 90% to
99.9%, CO, concentration from 500 pm.m= to 560
ug.m3, NO; value from 72 ug.m to 80 ug.m= and CO
gas concentration from 4,3 mg.m? to 6,5 mg.m>. After
the natural ventilation until 07.00 following the half-
hour 3™ shower, the values decline to the levels of 77%
for humidity, of 350 ug.m for CO, concentration, of 61
ug.m? for NO, value and of 2,2 mg.m3 for CO gas
concentration.

Fig.6 displays the graph of changes in air quality data
gathered from the bedroom for 24 hours. The area of the
bedroom is 20m? and naturally ventilated through a
1.2x0.8m window. The measurement system is installed
at the center of the bedroom with 1m altitude. The
sleeping period is between 01.00-09.00, and there was
no ventilation in the meantime. An increase in COy,
NO,, and CO gas concentrations is observed after the
beginning of the sleeping period. Within this period,
there is not a considerable change in PM;o value.
However, CO, concentration, which was around the
levels of 360 ug.m at the beginning of the sleeping,
surges to 570 pg.m? at 09.00. Similarly, NO;
concentration rises from 46 pg.m> to 58 ug.m, and CO
concentration from 2mg.m> to 5.2 mgm?3. After
naturally ventilating the environment through open
windows at 09.00 that remain closed during the night,
CO;, NO,, and CO gas concentrations respectively
decline to 340 pg.m>, 40 ugm>, and Img.m3. On the
other hand, an increase in PMo value is observed upon
entrance of outdoor PM contaminants into the room
during the ventilation. The PM concentration reaches up
to 41 pg.m after the ventilation, whereas it was 27
ug.m previously. After two-hour ventilation that lasted
until 11.00 am, the door and windows are reclosed.
Henceforth, concentrations of CO,, NO,, and CO gasses
in the room reincrease, though lower than the rises
during the sleeping. PMjo amount displays a declining
trend after the termination of external contaminant
occupancy.

The graphic in Fig.7 shows the changes in air quality
data of the cooking activity. The kitchen has an area
15m? and is naturally ventilated through a 2.2x1.5m
sliding door. During the cooking activity, the door was
kept open for ventilation, and any other ventilation or
filtering like aspirator is not used. The natural gas oven
is used for cooking, and meals are cooked by boiling
and frying. The cooking activity, which starts at 15.30,
ends at 16.00.
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Fig.7. Air Quality Data of Cooking Activity a) PMj, b)
CO,,¢) NO,, d) CO

It is observed that CO,, NO,, and CO gas concentrations
and PMjo increase during the 30-minute cooking
activity. PMjorises from 30ug.m™ to 68 ug.m=, CO, gas
concentration from 300 pg.m to 880 pg.m>, NO; from
30 pg.m to 80 pug.m3 and CO concentrations from 2,1
mg.m> to 10 mg.m. After the natural ventilation that is
performed after the cooking activity, all these values
rapidly decrease.

The graphic in Fig.8 presents the trends of normalized
values belonging to air quality data during the
laundering activity. Laundry room, where the washing
machine is situated, has an area of 10m? and is naturally
ventilated through a 40x40cm window, which is always
open. The measurement system is installed at the center
of the room with 1m altitude.
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Fig.8. Air Quality Data of Laundering Activity a)
Humidity, b) CO»,¢) NO,, d) CO

Laundering activity, which starts at 14.45, ended at
15.50. Rapid upsurges in CO;, NO,, and CO gas
concentrations and humidity are observed after the
beginning of laundering. Humidity increases from 58%
to 83% whereas CO, gas concentration rises from 350
ug.m3 to 560 pg.m3, NO, gas concentration from 20
pug.m to 87 ug.m= and CO concentration from 3 mg.m"
3 to 6,5 mg.m>. After the cease of laundering at 15.50,
declines in gas concentrations and humidity are
observed contingent upon the natural ventilation.
Indeed, daily routine activities like sleeping, shower,
laundry, and cooking make direct impacts on the indoor
air quality of the areas where we reside. As it can be
seen through the graphics generated by the data, such
daily activities cause the deterioration of air quality that
is determinant on our health and that we perpetually
respire. Whereas it is probable to take relatively pricy
measures like the usage of air cleaning systems to
enhance indoor air quality, even implementation of easy
precautions like simply opening doors and windows is
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of vital importance in the improvement of air quality.
The only way of doing that efficiently and affordably is
to measure indoor air quality regularly. Accessibility of
the measured data by the residents is also an essential
factor. In this respect, the e-nose air quality
measurement system developed by us collects data for
the residents with its properties of easy set-up,
cheapness, and mobility and shares the data with the
users through the Blynk IoT platform.

5. Conclusion

This study investigates alterations in indoor air quality
contingent upon occupant activities of a household such
as sleeping, laundering, shower, and cooking. The
developed e-nose air quality measurement and
monitoring system measures ambient temperature and
humidity, along with the gas concentrations such as CO,
NO,, CO,, and PMy, which cause indoor air pollution
and informs the users about measurement values. By
virtue of this awareness, users can minimize their
exposure to the polluted air and immediately take proper
measures to reduce the contaminant concentration. The
analysis results have shown that there is a strong
correlation between individual activities -like sleeping,
cooking, shower, and laundering- and indoor air quality.
Based on the data provided by the research, the
following outcomes can be concluded;

e The most significant change during the shower is
observed in terms of humidity and NO»
concentration. There are smaller changes in CO, and
CO values. After the natural ventilation procedures
following the shower activity, gas concentration and
humidity values significantly decline.

During the sleeping period between 01.00-09.00,
significant increases are observed in CO,, NO,, and
CO gas concentrations. In the meantime, there are
slight changes in PMo values. As a result of natural
ventilation after 09.00, remarkable decreases are
observed in the values of CO,, NO,, and CO gas
concentrations, while PM;o values increase because
of outdoor contaminants.

There occur significant upsurges in the levels of
PMip, COz, NO;, and CO during the cooking
activity; and, following the natural ventilation, these
concentrations diminish. Cooking appears as the
activity that damages health most seriously.

The highest surge during the laundering activity is
observed in the levels of NO, and CO gas
concentrations.

Low indoor air quality is undoubtedly a significant
parameter that directly influences human health. Even
the most uncomplicated measures to reduce the harmful
gas concentration in the ambiance, like opening the
windows, might enhance the indoor air quality to a
significant extent. Quantitative data obtained through
the research shows that the low-cost air quality
measurement system could contribute to a healthier
living environment.
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