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Abstract. Providing accurate measurements and monitoring of air quality is considered to be one of the most
prominent features of modern cities. One component of air pollution is particles of diameter between 2.5 and
10 micrometres and less. They are mixtures of small solid particles and liquid droplets produced due to chemical
reactions. Having said this, in this paper, an attempt is made to design and program a low-cost air detector
accumulating data about the concentration of particulate matter of diameters 2.5 and 10 micrometres in two
different places in the city of Sulaymaniyah and at two different times, (i) during the institution of quarantine
regulations, due to COVID pandemic, and (ii) after quarantine is lifted. In addition, a website is created
simultaneously to both demonstrate and save the data obtained by the air detector. Moreover, using the quantifying
method developed by the United States Environmental Protection Agency (EPA), the accumulated data can be
used for decision making. Lastly, it should be mentioned that all the millstones of this research were carried out
practically on a small scale, and the created system was able to provide data with reasonable accuracy. It should be
pointed out that the process of data recording was between 20th of February and 10th of May 2020, in two different
places namely Sarchnar and Saholak, which was during quarantine. Thus, the concentration of both particulate
matter of 2.5 and 10 micrometres till end of April was low with an average of 40 and 60 w.g/m? for 2.5 micrometre in
Sarchnar and Saholaka, and 90 and 140 pg/ m?® for 10 micrometres in Sarchnar and Saholaka since quarantine
regulations werestrict. However, from 20th of April till 10th of May as the quarantine regulations got less serious, the
number increased to 75 and 70 pg/m® for 2.5 micrometre in Sarchnar and Saholaka, respectively and 140 and
180 wg/m? for 10 micrometres in Sarchnar and Saholaka, respectively.
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1 Introduction

According to the World Health Organization (WHO), air
pollution is considered to be the primary cause of about
7 million premature deaths all over the world annually
[1]. For instance, research studies have confirmed that
only in the year 2016, 3.8 million people died due to being
imposed in an unhealthy environment [2]. Moreover,
WHO has released a report claiming that about 90% of
the world population is deprived of an environment with
the kind of air qualities accepted by their standards [3].
Despite all the above-mentioned data, now it has been
confirmed that air pollution can also play a significant
role in spreading COVID-19 [4]. Recently, it has been
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discovered that particulate matter (PM) is one of the
most dangerous components of air pollution [5]. PM are
particles with a diameter ranging between 2.5 and 10
micrometres or less, and they can be solid or droplets [6].
They are produced due to natural phenomena like fires,
or they can come from emissions of power stations,
industries, etc. of course, Iraq is one of the countries
which is considered to have been producing a lot of PM
every day due to different activities performed in the
country. For instance, in every city in Iraq, there is a huge
number of cars, and according to research done, PM
produced from car engines in Baghdad exceeds the
standard adopted by WHO by 114% [7]. Nevertheless,
researchers have suggested that fulling the engine with
biokerosene will reduce the concentration of PM 2.5 and
10 productions dramatically, namely 51.8% and 42.7%
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Fig. 1. A classification of sensors used for PM measurement [11].

[8]. Besides cars, oil, and gas, electricity production from
local generators is also deemed to be one of the main
sources of PM production. Thus, research has suggested
that replacing the local generators with solar (photo-
voltaic) module will cause in reducing PM 2.5 and PM 10
by 85.6% and 52.4, respectively, in certain applications
[9]. In response to the above shown problem on one hand,
and the fact that the number of official stations for air
quality monitoring was highly restricted, and they are
only able to provide data which has been averaged for
24 hours on the other hand, LuftDaten — Citizen Science
Project initiated an endeavour aiming at using Internet
of Thing (IoT) to collect data about air quality. The
project terminated in creating a sensor that can be easily
connected to a huge database which is used globally.
Nowadays, there are over 14.322 thousand sensors in
69 countries [10]. Even though the data accumulated
from these sensors are not as accurate as those coming
from the official stations, they have the advantage of
being able to increase the coverage of air pollution
considerably, and the collected data is demonstrated
every minute. Having said all above, this paper makes an
attempt to perform a case study for the city of
Sulaymaniyah. However, it should be pointed out that
this paper will use its own sensor and website developed
by the authors of this paper. The main purpose of
performing such a task is to create a system for the city of
Sulaymaniyah so that the local government can easily
monitor the air quality of the city. The scope and novelty
of the research will be limited to developing and installing
two sensors in Sarchanr and Saholak — for a cost-effective
solution, and they only recorded data between 20th of
February and 10th of May. However, the local govern-
ment can easily repeat the model developed here in order

to cover more areas once the budget is provided. Having
such a system will provide the local government with
crucial data for decision making. It will also give people
knowledge about the quality of air in all places of the city.
Lastly, the implementation of such system will reduce the
possibility of inhabitants being imposed to air pollution,
which prevents the spread of many diseases.

2 Related work

Throughout the last five decades, several methods have
been used to measure and monitor the concentration of
PM in the air. Some of them have been quite useful, and
some others have demonstrated shortcomings. In
order not to neglect those attempts on one hand and
show why the selected method is more effective, this
section will emphasize two essential points, namely
summarizing some of the sensors which have been used
for the mentioned purpose. And how other researchers
have been able to monitor the air in different locations
using the same mechanism and method adopted in this

paper.

2.1 Types of sensors and their working mechanism

Various research studies have been conducted to design
and propose different kinds of sensors using different
mechanisms of working so that better air quality monitor-
ing is accomplished. Each sensor has its distinctive features
and is used for unique applications. Also, each of them has
its own advantages and disadvantages. Having said this,
Figure 1 illustrates a classification of the PM measurement
devices available in the market [11].



H.L. Azeez et al.: Renew. Energy Environ. Sustain. 7, 19 (2022) 3

As it is illustrated in the above graph, the devices and
methods are divided according to finding either (i) the
concentration of PM or (ii) size distribution. The first
method used to measure the concentration of PM is known
as the Gravimetric method. Here, the main principle is that
filters are weighed before and after sampling time.
Nussbaumer used this method in the process of combustion
of gases [12], and Giechaskiel in the process of nucleation
accumulation [13]. This method has the shortcoming of not
being accurate and working under determined temperature
and humidity levels. Also, it has been confirmed that this
method demands future analysis in order to give certain
results, such as Scanning Electronic Microscopy (SEM)
and Transmission Electronic Microscopy (TEM). Another
method which is also very common in measuring the
concentration of PM is known as the optical method. Here,
particles are imposed to light, and they will either scatter or
absorb the light. The summation of both of them is also
known as extinction [14]. The light scattering photometer
device measures all the lights reflected from the particles,
and it uses visible light, 600 nm, with an angle of 45 and 90
[14]. Each and every particle will have its own angle of
reflection, and this is how the concentrations of both PM 10
and PM 2.5 are determined. Several techniques are used to
measure absorbed light [15], but it is also confirmed that
this method, despite its many difficulties, does not have
good results [16]. The light distinction is a method
developed in a laboratory by Mellon et al. [16] and
Pettersson [17]. It has the shortcoming of not being
available easily [11]. The last method of measuring the
concentration of PM is known as microbalance. Here, the
resonance of frequency is used to determine the concen-
tration of PM. This method was used by Jiang and bell for
measuring PM 10 [18] and Elsasser for measuring PM 2.5
[19]. As it is shown in the provided graph above, there are
five methods to determine the size distribution of PM.
However, it will not be explored here since they are not in
the scope of this study. Lastly, it should be said that the
selected method in this research is the best since it low-cost,
it is easily available, it does not have restrictions, and it is
accurate in range of 10% of error. It should be noted that
correction functions can be used by employing large sets of
data from the sensor and utilizing reference values from an
air quality monitoring station [20]. Moreover, having such
systems can help in produce large sets of data which can
used for forecasting PM values with respect to other
parameters using Artificial Neural Network (ANN)
techniques [21].

2.2 Examples of implementations of the method
adopted in this paper

This section is devoted to exploring the works of some
researchers who have implemented the same method
adopted here. The main purpose here is to demonstrate
how those researchers have used this method and to
investigate the concentration of different elements in the air.

Marinova et al. [22] identified relative environmental
parameters of a smart city using IoT. The system they
have developed is encompassed in three main parts. The

first part is called sensor nodes. Various sensors were used
such as CO-AF sensor with a range of 0 to 5000 ppm for
carbon monoxide, NO,-A42F sensor for nitrogen dioxide,
0X-A421 sensor for ozone, O,-A2 sensor for oxygen, and
HDC1050 sensor for humidity, temperature, and pres-
sure. It should be mentioned that all those sensors are
from Texas instruments. Once the data is received
appropriately through all the above-mentioned sensors,
using IoT, the data was sent to the second component of
the system, which is the webserver. In the server, the data
were collected and interpreted according to certain
algorithms installed in it. Lastly, the third component
of the system consists of a computer and other devices for
the purpose of result demonstration. The research has
concluded that the obtained results are very similar to
the data released by the official station of the same city.
Therefore, it is concluded that this method, despite the
fact that it has almost the same result as the official
stations, has the advantages of covering more area and
giving fast results.

Mehmet Tastan and Hayrettin Gokozan [23] have used
an approach that they refer to as ‘low cost, open source,
easy installation, and do it yourself’ [23] for monitoring air
quality in any area. Here, the related parameters of air are
determined through several sensors such as MH-Z14 sensor
for Cardone dioxide, NICS-4514 sensor for nitrogen dioxide
and Carbon monoxide, GP2Y1010AU sensor for dust, and
DHT22 sensor for temperature and humidity. Again, here
the data received from the sensors are stored and
interpreted in a server, and the results are illustrated on
smart devices. Lastly, the researchers have been able to
find the concentration of the above-mentioned elements,
and they have discussed the reasons why such elements
increase in the air and what should be done to solve the
problems created due to the increase.

Ashish Guptal and Rajesh Kumar [24] have used a
semiconductor sensor of MQ, which is considered to be very
successful in determining the concentration of CO, CO,,
H,S, and NHj3 in the air. Then, the data are saved and read
using a microcontroller called AVR. Once the data are
interpreted, the results were sent to the end device. Again,
the two mentioned researchers have confirmed that the
method is very effective, and they have drawn the
conclusion that it can be recreated and used by scientists
worldwide.

Phong Truong et al. [25] have installed a sensor called
NDIR in five different places, and the data were stored in a
database called LoRa, which is considered to be very
powerful in data transformation and storage. Once the data
are received, interpretations are made according to the
given codes. Then, the final result is sent to the end device.
Despite all that has been said, the point which these
researchers would like to confirm is that this approach can
be utilized for covering a wide distance, and the data
transformation can be outstandingly fast.

Lastly, it should be mentioned that there are many
other papers which confirm that the adopted method here
is very effective [26-28]. However, the only difference in this
paper is that the assembly of the system is unique, and the
creation of all the parts namely hardware and software is
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Fig. 2. A flow chart of the stages conducted to create the low-cost IoT-based air quality sensing system.

shown in detail so that anyone can duplicate the method,
and consequently be able to monitor the concentration of
PM in the air.

3 Material and methods

This section is devoted to explaining the two main
millstones of this research, which are the hardware and
software designs. However, Figure 2 shows a flow chart of
the entire project in steps.

3.1 The hardware design

This section will be devoted to explaining all the parts that
are included in the hardware design of the system, why they
are chosen, and how they are connected. It should be
pointed out that availability of materials, low cost, high
accuracy, etc., factors played a significant role in choosing
the following components.

3.1.1 Single board micro-controller (esp 8266 NodeMCU
MCU-v3)

Taking into account the availability of materials and
striving to select the best of them simultaneously, it was
decided that esp 8266 NodeMCU — y3 will be used, which
has the following features as it has RAM of 50K, it can be
connected to Wi-Fi, and it has the capacity of 4 MB flash
memory. The main function of this element is that it takes
information from the sensors and it is programmed to

interpret the information. Figure 2 provides a picture of esp
8266 NodeMCU — y3. In the coming sections, the coding of
this element is vividly demonstrated.

3.1.2 Dust sensor (SDS011)

Among all the above-demonstrated sensors, SDS011 dust
sensor was selected for the following reasons: (i) it allows
the usage of a big fan which increases its quality, accuracy,
and reliability, (ii) it can measure between 0.0 and
999.99 wg/m?, (iii) it requires the following features such
as in put voltage of 5 V maximum, current of 80 mA, sleep
current of 5mA, the required time for the response of
1 second, the serial data output frequency of 1 time/second,
the relative error of 10%, temperature range of 10-50 °C,
the physical size of 71mm * 70mm * 23 mm, humidity
range Storage of Max 70%, and Air pressure of 86 KPa
~110 KPa. Figure 3 shows the components of SDS011.

The PCB (Printed Circuit Board), which is the part
that has all other components placed on it, is used as one
side of the casing. The diode is placed on the PCB side (this
is compulsory since any noise between the diode and the
LNA ought to be avoided). The diodes are laser and
photodiode which are used to direct lights at the aimed
particles. The laser placed on the plastic box is connected to
the PCB via wire. The main CPU (Central Processor Unit)
is an 8 bit processor, which is deemed appropriate for this
application. Under the shielding, there is a Low Noise
Amplifier, which is directly connected on the opposite side
of the diode. Figure 4 shows a picture of the sensor
connected to the selected CPU.
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Fig. 3. Single Board Micro-controller esp 8266 NodeMCU — y3.

fan

(placeholder)

laser diode

Fig. 4. The main components of the sensor (SDS011) and their
names [29)].

When particles of the determined diameter go
through the sensor, light scattering will occur. The
process of light scattering will produce electrical signals,
and the electrical signals will be interpreted and
processed according to the program installed in the
sensor. Then, the sensor will distinguish the wavelength
of the scattered lights, and this is how the concentration
of PM 2.5 and PM10 will be known. As it was said
previously, the process is accurate with only about 10% of
inaccuracy, and of course, this is with the certain
limitations pointed out previously.

3.1.3 Connecting the parts

Before starting the assembly process, the following
materials have to be prepared, namely Esp8266 NodeMCU
model v3, SDS011 Dust Sensor, Power supply, Voltage
regulator, Datable wire (for compiling code), Wire, Switch,
Led, and a Waterproof plastic box.

Once all the parts were ready, the assembly process
began. Taking into consideration many designs that are
available in the market, it was decided that the following
structure or design, as shown in Figure 5, is suitable.

Fig. 5. Photograph of the (SDS011) sensor and the CPU with the
Fan.

Then, the final design was constructed and placed in a
waterproof box to protect it from damage and climatic
conditions since it is installed in outdoor environmental
conditions. A pipe and a wire were taken out from the box
for the sake of a power supply and an outlet for the sensor.
Figure 6 provides a picture of the constructed system in a
waterproof box.

3.2 Software part

An explanation of all the programming parts of the
system is laid out in detail in this section. All the coding is
provided in the appendices so that others can follow
the process and duplicate what has been accomplished in
this study. The software part has three main millstones
that have to be completed. First, free web hosting has to
be registered. Then, a database has to be created inside
the free host. Appendix one showcases a step-by-step
guide on how to create the database inside a free host.
Once the data base is created, then it has to be
programmed so that it accomplishes the task given to
it. Appendix two has all the coding of the database and
other additional details that are necessary. Lastly, the
Arduino microcontroller has to be programmed. Appen-
dix three presents the details of how to program and do
other technical works so that the system functions as it is
required.

3.3 Accuracy, uncertainty and data availability

DSDO011 is one of the best types of sensors available in the
market. The working principle is based on light
scattering, which is considered to be effective, especially
when working with small particles. It is also deemed to
be highly accurate and reliable due to distinctive
parameter features, which are demonstrated in the table
below.

Besides all the parameters mentioned above, some
additional information should also be pointed out. Since
the size of the sensor is L¥W*H = 71 * 70 * 23 mm cube, it is
considered to be very suitable for many applications. Also,
its working hours are estimated to be about 8000 hours
which is again very reasonable.
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Table 1. The main parameters of the sensor used in this research.

Name of the sensor Parameters Unites Measuring range Relative error %
Range pg/m? 0.0-999.9 10
Rated current mA 70£10 -
Rated voltage \Y 5 -
Sleep current mA <4 -
Temperature °C -10 to +50 10

DSDO11 Humidity % 70 10
Air pressure KPa 86 to 110 10
Corresponding time S 1 -
Serial data output frequency Hz 1 -
Mnium resolution of particles pwm 0.3 -
Particles concentration pwm 0.3 to 10 10

Fig. 7. Picture of the final product embedded into a waterproof box.

4 An overview of the system

Up to now, all the hardware parts of the system have been
assembled together very well on the one hand, and on the
other hand, the software part has been programmed.
Moreover, it should be said that while designing the two
mentioned part, it has been made sure, through initial
tests, that they can work in one system. After the two

designs were completed, a practical test was conducted,
and the result showed that the system works according to
what was created in the design part. Effectively, making
this system an appropriate example of the Internet of
Things (ToT) since all the parts are well connected
together, and using internet information can be trans-
formed and interpreted well. Figure 7 is an example of the
system and the places where the sensors are installed.
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5 Result and discussion

Having said the main objectives for conducting this
research, this section seeks to provide two tables that will
demonstrate an example of all the data accumulated during
the data collection period. The data is illustrated in two
columns, each capturing the details of a particular area in
Sulaymaniyah, namely Saholaka and Sarchnar. After the
data is recorded according to the procedure set previously,
the designed website, using the codes given to it,
demonstrated the result. Large data was collected for
4 months, starting from February to May, from two places
so that it can be determined how polluted the atmosphere
of those mentioned places has become. The results are
provided in Figures 9 and 10.

As it is depicted above, the first and second columns
demonstrate concentrations PM-10 and PM-2.5 in the air.
The third column is the place from which the data was
accumulated, and the last column is the time during which
the data collection took place. However, before performing
any analysis, it should be said that the concentration of PM
in the air has global standards according to which it is
analyzed.

Columns P10 and P_ 2.5 provide data showcasing the
pollution of air, and they vary in the size of the particles
that they investigate in the air. As it is illustrated in the
table above in Figures 9 and 10, the data accumulated over
time shown by P10 and P 25 are different for various
times and places.

Further the data is displayed across time of measure-
ment for the two location and is provided in Figures 11-14;
a visual demonstration of the results obtained above has
been shown.

Having provided the data for 22nd February in
Figure 8 and 22nd April in Figure 9, a sample was taken
from Saholaka to see how the system actually works. The
P 10and P_ 25 for 22nd February shows 1.7 and 1.4, and
it shows P10 and P_ 25 of 2.30 and 1.8 for 22nd April. As
it can be seen, the number has increased slightly; this
increase can be traced back to the fact that as the weather
gets hotter, the movement of the particles increase and the
machine consequently will read higher numbers. This
conclusion is right for Sarchnar as well. However, the main
reason for this expected increase is that as time passes,
gradually, quarantine regulations have been made less
serious, and more PM producing activities have started to
take place.

Taking a close look at the data provided in the graphs
depicted above, it can be seen obviously that the
concentration of both PM 2.5 and 10 in the area of
Saholaka is higher than in Sarchnar. The reason can be
traced back to the fact that the area of Saholaka is
more crowded, and it has more cars. Also, the concen-
tration of trees is very higher in Sarchnar compared to
Saholaka.

Ho Jo et al. [31] have determined the average
concentration of PM2.5 and 10 to be around 260 and
190 pg/m? for the years of 2017 and 2018 in Bupyeong-
samgeori station tunnel. this means that Jo has chosen the
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Fig. 9. Data for February of 2020 saved in the database.

most polluted place in the city, and the concentration of
PM cannot be higher in anywhere else. This number is very
close to the number that this research has found. However,
it should be mentioned that the number found in this
research for the city of Sulaymaniyah is during the time of
COVID-19 more specifically after long period of quar-
antine. Thus, it can be concluded that the two chosen place
of this research are as polluted by PM 2.5 and 10 as it is very
close to one of the most polluted places in South Korea.
Moreover, Tagle et al. [32] have calculated the average
concentration of PM 2.5 and 10 for the city of Santiago in
Chile to be around 80 and 50 p.g/m?® for the last six months
of 2018. The above-mentioned concentration of PM is for a
normal time of a city in Chile which is lower than the
quarantine time of Sulaymaniyah. This again confirms that
the city has high concentration of PM in its area. Lastly,

Firoz Khan et al. [33] have also determined the concen-
tration of PM 2.5 and 10 to be 20.6 and 9.6 in Yokohama
Japan. Even though they have claimed that such findings
exceed the international standards, it should be mentioned
that those results are very low compare to the findings of
this paper. However, the standards adopted for countries
are different, and it is known that Japan is one of the
countries that bestows a lot of emphasis to environmental
problems [31].

Lastly, it should be said that the data accumulated in
this research tells that the city of Sulaymaniyah is
polluted compared to other cities around the
world. Therefore, it must be said that the city of
Sulaymaniyah has to take serious steps toward solving
the problem so that the risk will not have too severe
consequences.



150

100

50

0

PM2.55 (pug/m?)

H.L. Azeez et al.: Renew. Energy Environ. Sustain. 7, 19 (2022)

7 Server: localhost:3306 » @@ Database: id12585775_db_fest »  Table: dustes
7] Browse ¥ Structure [ SQL 4 Search #c Insert [} Export [&f Import
smalagt a8 000, Josation. date s i
[J &7 Edit 3¢ Copy @ Delete 28304 230 530 saholaka 2020-04-22 17:47:58
[0 7 Edit ¥ Copy @ Delete 28305 170 300 sarchnar 2020-04-22 17:52:54
) g7 Edit :'J_-E Copy & Delete 28306 1.80 230 saholaka 2020-04-22 17:52:59
[0 47 Edit 3 Copy @ Delete 28307 130 130 sarchnar 2020-04-22 17:57:54
[l 27 Edit ____3'-5 Copy @ Delete 28308 1.80 1.90 saholaka 2020-04-22 17:57:59
[ g7 Edit 3 Copy @ Delete 28309 120 130 sarchnar 2020-04-22 18:02:55
[J g7 Edit 3¢ Copy @ Delete 28310 160 200 saholaka 2020-04-22 18:03:00
[0 47 Edit 3¢ Copy @ Delete 28311 170 180 sarchnar 2020-04-22 18:07:55
[ 7 Edit 32 Copy @ Delete 28312 260 280 saholaka 2020-04-22 18:08:01
[0 47 Edit $c Copy @ Delete 28313 140 150 sarchnar 2020-04-22 18:12:56
0 g7 Edit :'Z_-E Copy @& Delete 28314 230 3.10  saholaka 2020-04-22 18:13:01
[0 7 Edit 3 Copy @ Delete 28315 110 380 sarchnar 2020-04-22 18:17:57
[ g7 Edit 3£ Copy @ Delete 28316 120 130 saholaka 2020-04-22 18:18:02
() 7 Edit ¥ Copy @ Delete 28317 200 220 sarchnar 2020-04-22 18:22:58
[J &7 Edit :i.-E Copy @ Delete 28318 1.80 2.90 saholaka 2020-04-22 18:23:03
[) 47 Edit $c Copy @ Delete 28319 170 210 sarchnar 2020-04-22 18:27:58
[ g7 Edit TZ_-E Copy @ Delete 28320 1.40 1.60 saholaka 2020-04-22 18:28:03
[0 g7 Edit ¥ Copy @ Delete 28321 130 500 sarchnar 2020-04-22 18:32:59
[ g7 Edit £ Copy @ Delete 28322 190 230 saholaka 2020-04-22 18:33:04
4 [ Checkall With selected: o7 Edit %t Copy @ Delete =} Export
<< < 1133' Number of rows: | 25 Filter rows: ’Search this table

Fig 10. Data for April 2020 saved in the database.

Sarchnar station PM 2.5

A A
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R VNN SRSV AVl
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Date (day)

Fig. 12. PM10 measurements from Feb to May 2020 in

Sarchnar Station PM 10

20-Feb 1-Mar 11-Mar 21-Mar 31-Mar 10-Apr 20-Apr 30-Apr 10-May

Date (day)

Sarchnar, Sulaymaniyah.

Fig. 11. PM2.5 measurements from Feb to May 2020 in
Sarchnar, Sulaymaniyah.
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Saholaka Station PM2.5

N
o
o

o

PM2.5 (ug/m?)

20-Feb 1-Mar 11-Mar 21-Mar 31-Mar 10-Apr 20-Apr 30-Apr 10-May
Date (day)

Fig. 13. PM2.5 measurements from Feb to May 2020 in
Saholaka, Sulaymaniyah.

6 Conclusions and recommendations

In conclusion, throughout conducting this case study for
the city of Sulaymaniyah, a huge amount of data was able
to be accumulated, which can be easily utilized in decision
making, and of course, this will result in many advantages.
This research was able to find that the concentration of
both a particulate matter of 2.5 and 10 micrometres till
the end of April was low namely around an average of
40 and 60 ug/m® for 2.5 micrometres in Sarchnar and
Saholaka and 90 and 140 wg/m® for 10 micrometres in
Sarchnar and Saholaka since quarantine regulation was in
vagarious practice. However, from 20th of April till
10th May as the quarantine regulations were removed, the
number increased to 75 and 70 pg/m® for 2.5 micrometre
in Sarchnar and Saholaka and 140 and 180 wg/m? for 10
micrometres in Sarchnar and Saholaka. Moreover, while
conducting this research, many questions were raised to
which there were not straightforward answers. Therefore,
it is deemed necessary that some of those questions are
mentioned here to be addressed in future research. For
instance, it is crucial to precisely determine the main
sources of PM production such as cars, oil and gas
burning, electricity production, factors, etc., and the
contribution of each source. This will result in quantifying
the amount of PM coming from different sources, and of
course, this will help researchers to give more emphasis to
the source which causes more pollution. Moreover, it is
important to improve the data collection methodology so
that the process will be made as accurate as possible. In
addition to providing suggestions about how to replace
those old technologies causing PM production with more
sustainable products and services. Moreover, it is also
suggested that the government and private sector work on
enlarging the scale of this project so to cover all areas of
Iraq and not only Sulaymaniyah. However, doing so will
require a lot of research devoted to predicting the final
cost of the project, choosing best type of sensor, database,
and other equipment, determining the best positions for
the sensors, and many other concerns. It is important to
consider these findings in policymaking and awareness
efforts, in general, to educate the public about the risks of

Saholaka Station PM10

w
(=]
o

o

PM10 (ug/m? )
= N
8 8

20-Feb 1-Mar 11-Mar 21-Mar 31-Mar 10-Apr 20-Apr 30-Apr 10-May

Date (day)

Fig. 14. PM10 measurements from Feb to May 2020 in
Saholaka, Sulaymaniyah.

PM, and institute and enforce laws against in favour of
reducing of PM in the environment. Finally, investigating
new technologies which have been proven very efficient,
such as Advanced PM 2.5 and VOC Sensor Technologies,
which are not only very accurate, fast, and efficient but
also easily connected to smartphones [34]. Thus, it is
predicted that such technology will have significant
implications in the future.
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Appendix 1

Steps to Create Database Inside the Free Host

S =SSN JUN

8.
9.

. free web hosting from the web site of webhost 000 is used.
. singe up with you own email.
. go to (Manage Database) create data base using MySQL.

Give a user name and password to your new database.

. Give your data base name and host name.
. Then, go to (phpMyAdmin)
. Once you enter (phpMyAdmin), it means you have

access to the data base created.
Now, you can go to(structure) and create a table.
Once the table is created, you can give it a name.

10. After that, specify the number of columns and rows

according to your need

In our case, the number of the columns is determinate to

be five. The name of the columns is going to be as following
(id, p_25, p_ 10, location, and date) in order to be able to
enter values and names to extent you want in the columns
created, varchar and restriction of 255 characteristic are
given to the system.


https://aqicn.org/sensor/sds011/pt/
https://thesolaruniverse.wordpress.com/2019/06/13/fine-dust-monitoring-logging-at-luftdaten-info-with-a-nova-pmi-sds011-sensor-a-nodemcu-esp8266-and-the-internet/
https://thesolaruniverse.wordpress.com/2019/06/13/fine-dust-monitoring-logging-at-luftdaten-info-with-a-nova-pmi-sds011-sensor-a-nodemcu-esp8266-and-the-internet/
https://thesolaruniverse.wordpress.com/2019/06/13/fine-dust-monitoring-logging-at-luftdaten-info-with-a-nova-pmi-sds011-sensor-a-nodemcu-esp8266-and-the-internet/
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Appendix 2

PHP File Coding Which will be Uploaded in the Webserver

<IDOCTYPE html> <!-- declaration must be the very first thing in your HTML
document. -->

<html lang="en"><!--“en” for English HTML language, identify the language of text
content on the web. -->

<head><!--element is a container for metadata (data about data, document title,
character set, styles, links, scripts). -->

<title>Air Dust Suli</title><!--defines the title ofthe document.>-->

<meta charset="utf-8"><!--character set utf-8 is character encoding , capable of
encoding all characters on the web. -->

<meta name="viewport" content="width=de-vice-width, initial-scale=1">

—n

<!--<meta name="viewport"> tag in the <head> of the document. -->

<!--The width=device-width key-value pair sets the width of the viewport to the width
of the device. The initial-scale=1 key-value pair sets the initial zoom level when
visiting the page -->

<linkrel="stylesheet"href="https://maxcdn.bootstrapcdn.com/boot-
strap/4.4.1/css/bootstrap.min.css">

<!--add Bootstrap to this project(CSS) which bootstrap CSS file you downloaded from
Boot- strap site -->

<scriptsrc="https://ajax.goog-leapis.com/ajax/libs/jquery/3.4.1/jquery.min.js"
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></script>
<scriptsrc="https://cdnjs.cloud-flare.com/ajax/libs/popper.js/1.16.0/umd/pop-
per.min.js"></script>

<scriptsrc="https://maxcdn.boot-strapcdn.com/bootstrap/4.4.1/js/boot-
strap.min.js"></script>

<!--Many of our components require the use of JavaScript to function. Specifically, they
require jQuery,Popper and JavaScript pluginsso that we add -->

</head><!-- head close tag -->

<body>

<!-- working on website body -->

<div class="container">

<!--Bootstrap containers are used to establish the width for the layout,

and put in div so the container will affect all elements within the <div> container -->
<h2 class="justify-content-center">Air Dust in Suli</h2>

<l--put the head of the website to the center>-
>

<table class="table table-striped">
<l-- <p>The .table-striped class adds zebra- stripes to a table:</p> -->
<thead> <!-- to write the head of the table -->
<tr> <!-- to write table head in the row -->
<th>P-2.5</th>
<th>P-10</th>
<th>Statues</th>
<th>Location</th>
<th>Date & Time</th>
</tr><!-- table head in row close tag -->
</thead><!-- table head close tag -->
<tbody> <!-- open table body -->

<7php
//in the table body it has to open php file to produce a dynamic html page pages by
running a script directly on the web server.

//php is programing language and server-side scripting.

//between (<?php tag) any amount of php codecan be written.

13
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// date_default_timezone_set("UTC");
date_default_timezone_set(" Asia/Baghdad");

//lusing all date/time functions in a script to Setsthe default time zone
if(isset($_GET['p_25"]) && isset($S_GET['p_10"])&& isset($_GET]['location']) ){

$conn=mysqli_connect("lo-calhost","id12585775_db_test","db_test","id12
585775_db_test");

$p_25=$_GET['p_25";
$p_10=$_GET['p_10"7;
$location = $_GET]['location'];

mysqli_query($conn,"insert intodustes(p_25,p_10,location,date) values
('$Sp_25"'$p_10",'$location',now())");

//connecting mySQL to the dutes database and put those values ('$p_25",'$Sp_10",'Sloca-
tion',now())") in side (p_25,p_10,location,date)

echo "Air dust has successfully recorded to thedatabase";
//sending this print to Arduino serial print to thework is done successful.

}

//put isset inside an (if), Determine if p_25, p_10and location which are variable are
declared andaren't zero inside an (if).

/lp_25,p_10 and location collect form data after submitting an HTML form with
method="get"($_GET).

//'$_GET['p_25',$_GET['p_10"],and $_GET]'lo- cation'] are get from dust sensor via
programma-ble nudeMCU.

//Determine (conn) , mysqilconnect to put datainside MySQL which Cloud Database, is an
open-source relational database management system)

//by submit those things our host is localhost so (host type, mysql name, user nmae of
mysql, and mysql password).

/fthen  determine  p_25,p_10 and  location loca-  tion then put
$_GET['p_25'],$_GET['p_10"],and
$_GETT['location'] inside them.

// it main available data from arduino which it get.
else{

$conn=mysqli_connect("localhost","id12585775_db_test","db_test","id12
585775_db_test");

$res = mysqli_query($Sconn, "select * fromdustes order by id desc limit 7");
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// determine “res”(result parameter) as variableto the data that is returned by the function
mysql_query().

//"select * from dustes order by id desc limit 7" this line is for go to dutes database and
select allcolumns.

//"1d desc limit 7" it main from high i1d numbers to low id numbers limited by seven.
while($row = mysqli_fetch_assoc(Sres)){

//open a loop for each loop it only brings one row "$row" which limited by seven times put
mysqli_fetch_assoc($res) to

// to return, an associative array representing the next row in the result set for the result
repre- sented by the result parameter

$p_25 = Srow['p_25'];

//determine ($p_25,5p_10, S$location_place,$lo- cation_map,$date_time) brings database
infor- mation in side them on the row

//for location map we create a conditional one because of having the device in two places
//if the device from solaka it brings sahoalaka map link

// else if the device from sarchnar it brings sarchnar map link
$p_10 = $row['p_10'];
$location_place = $row['location'];
$location_map ="";
$date_time = $row['date']; if($location_place == "saholaka"){

$location_map =
"https://goo.gl/maps/7TdBdsJJGPDUSxQH7";

H
else if($location_place == "sarchnar"){
$location_map = "https://g.page/nalis-cafe?share";
000
H
echo "<tr>";

//we use "echo" to output data to the screen, first("<tr>") we define table row then (<td>)
eachstandard cells in this row in the table

echo "<td>$p_25</td>";echo "<td>$p_10</td>";
//then give it a condition for analysis the values by p-25

if($p_25 >= 0 && $p_25<=12){

15
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echo "<td class="text-success™Good</td>";
h
else if($p_25 > 12 && $p_25<=35){
echo "<td class=\"text-primary\">Moder-ate</td>";
//brige text primary which is blue for goodsituation

}

else if($p_25 > 35 && Sp_25<=55){
echo "<td class=\"text-info\">Unhealthyfor sensitive groups</td>";

//bring boostrap classes to give color for
texts

//bring text info which is green for Unhealthy group or sensitive groups situation
}
else if($p_25 > 55 && $p_25<=150){
echo "<td -class=\"text-warning\">Un-healthy</td>";
//bring text warning which is yellow forunhealthy situation
}
else if($p_25 > 150 && $p_25<=250){
echo "<td class=\"text-danger\">Very Un-healthy</td>";
//bring text danger which is red for a very unhealthy situation
}
else if($p_25 > 250 ){
echo "<td class=\"text-danger\">Hazard-ous</td>";
//bring text danger which is red for haz-ardous situation
}
echo "<td><a href=\"$location_map\" >$loca- tion_place</a></td>";

//for location place we put a link when anyone press the name of the place bring them to
googlemap

echo "<td>$date_time</td>";echo "</tr>";

}
§
7> <!-- php closing tag -->

</tbody><!-- table body closing tag -->
</table><!-- table closing tag --> </div><!-- div closing tag -->
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Uploading the accumulated codes into the free
host
— Go to file manager.
— Click on (upload file) and open (public HTML).
— Then go to index (here you need to up load your file).

Appendix 3

Steps on How to Connect the Arduino to the

Created Web

— Connect Your NodeMCU to the Computer.

— Installed the COM /Serial Port Driver Driver (In order to
upload code to the ESP8266 and use the serial console,
connect any data-capable micro-USB cable to ESP8266
IOT Board and the other side to your computer’s USB
port.)

— Install the COM/Serial Port.

— Installed the Arduino IDE 1.8.8.

Installed the ESP8266 Board Package and Setup
ESP8266 Support.

After those steps are completed, SDS011 dust sensor
library should be downloaded. NudeMCU should be
connected to SDS011 sensor (TX connected with D4 and
D4 is instead pin 2 in Arduino so should change first input
to 2 in the Arduino IDE), The downloaded version will be in
form of zip. Then, the zip file created should be open which
will have a code attached to it. The code inside the zip file
should be taken to Arduino IDE.

After the above coding is added, codes for Wi-Fi
connection should be provided. If we want to give access to
the program, we should provide the name of the location,
user name and password of the place for which we want the
program to interpret the data.

CODE INSIDE ARDUINO IDE C LAN-
GUAGE

receiving data.

responses using standard HTTP verbs.

functionality exposed over HTTP.
#include <SDS011.h>

#include <ESP8266WiFi.h>//bring a standard library of esp8266 Wi-Fi to be
connected to ESP8266 module and Wi-Fi network so that it starts sending and

#include <ESP8266HTTPClient.h>//bring library of ESP8266HTTPClient.h, to
connect to ESP8266 module to a HTTP Client so that it sends requests and receive

//lwhich HTTP Client use for NET applications, It can be used to consume
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//bring a library of SDS011 sensor to be connected to microcontroller and SDS011
dust sensor so that it starts sending and receiving data.

String location ="saholaka".

const char* ssid = "Rawsha";

//write the name of the place WI-FI which thedevice set in it.

const char* password = "Rawsha2020";

//write the password of the place WI-FI whichthe device set in it.
float p10, p25;

//that float is SDS011 dust sensor output data.int error;// define an error
SDS011 my_sds; //defne my_sds by usingSDS011 libraray.

void setup() {
my_sds.begin(2, 6); //

Serial.begin(9600); // begine the serial by 9600

WiFi.begin(ssid, password); //begine the WI_FI connection.

while (WiFi.status() != WL_CONNECTED) {

//when the WI_FI is connected print (Connect-ing..) in the serial.

delay(1000); Serial.println("Connecting..");

iy

void loop() {

error = my_sds.read(&p25, &p10);//define erroras call my_sds to read(&p25, &p10) .
if (! error) { //if error not equal to zero .

if (WiFi.status() == WL_CONNECTED) { //Check WiFi connection status.
HTTPClient http; //bring this libraray for connec-tiong to html.

http.begin("http://dust-suli.000webhos- tapp.com/in-
dex.php?p_25="+String(p25)+"&p_10="+String(p10)+"&location="-+location);

//Specify request destination, put the values of&p25, &p10, and location string after the
website(http://dust-suli.000webhostapp.com/in- dex.php?) .

int httpCode = http.GET(); //define httpcode tohttp get the values.
if (httpCode > 0) { //Check the returning code. Serial.println("Requestsuccessfuly

recorded");
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//when httpcode geta number biger than zero from http print (Request successfuly
recorded) inthe serial.

}
http.end(); //Close connection. delay(300000);//give it 300000 sec delay.

delay(100);// give it 100 sec delay

Cite this article as: Hariam Lugman Azeez, Banu Umer Ahmed, Ali H.A. Al-Waeli, Internet of things-based real-time monitoring
of air quality in Sulaymaniyah, Iraq, Renew. Energy Environ. Sustain. 7, 19 (2022)




	Internet of things-based real-time monitoring of air quality in Sulaymaniyah, Iraq
	1 Introduction
	2 Related work
	2.1 Types of sensors and their working mechanism
	2.2 Examples of implementations of the method adopted in this paper

	3 Material and methods
	3.1 The hardware design
	3.1.1 Single board micro-controller (esp 8266 NodeMCU MCU-v3)
	3.1.2 Dust sensor (SDS011)
	3.1.3 Connecting the parts

	3.2 Software part
	3.3 Accuracy, uncertainty and data availability

	4 An overview of the system
	5 Result and discussion
	6 Conclusions and recommendations
	References
	Appendix 1
	Appendix 2
	Appendix 3 


