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A Cloud-Linked Ambient Air Quality Monitoring Apparatus for 
Gaseous Pollutants

Vehicles on the road are increasing in number and traffic condi-
tions are getting worse exposing one to a plethora of diseases by 
going out on the traffic. People do not know the actual measure 
of the quality of the air they breathe outside on a regular basis, 
but it is of utmost importance to know of such in order to take 
precautionary measures. This study sought to make the quality 
of air known to the general public. Consequently, a microcon-
troller-centered device which could measure CO, NOx, and C6H6 

concentrations in ambient air was developed along with a web 
application to display and visualize the data. The device uses a 
fan to sample air into an aluminum pipe containing metal oxide 
semiconductor gas sensors which detect and measure the gas 
concentrations in terms of mg/m3. An aluminum steel mesh is in-
stalled on the device’s inlet to filter out dust particles and is regu-
larly cleaned by a vibration motor. The web application tabulates 
and plots data near-real-time whilst presenting the air quality 
index and a short-term exposure limit warning. Multiple devic-
es can be deployed through registering in the web application. 
Two three-hour sampling data were gathered at dawn and in the 
morning along the University of San Carlos – Talamban Cam-
pus’ Portal which showed how the pollutant concentrations were 
low at dawn and which slowly grew higher during the transition 
to morning when road traffic began. Verification of the device’s 
readings was done through comparing its results with a private 
emission testing center’s exhaust gas analyzer. Air quality at the 
university’s portal was found to be in good condition during the 
monitoring periods.
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I. INTRODUCTION 

Air quality is a vital criterion for the overall quality 

of the environment. It gets polluted most 

significantly by the combustion of fuels [1]. 

Vehicular sources have been found to emit the 

largest portions of carbon monoxide (CO), 

nitrogen oxides (NOx) and volatile organic 

compounds (VOCs) – all of which are major 

pollutants that can adversely affect human 

health and the ecosystem [2]. 

CO is a criteria pollutant and is one of the gases 

focused on in this study. The benzene 

hydrocarbon and the oxides of nitrogen, NOx, 

which is composed of NO2 – another criteria 

pollutant [3] – and other nitrogen oxides were 

also focused on in the study. CO is a colorless, 

odorless, and tasteless gas which is commonly 

a result of incomplete combustion. It competes 

with oxygen when inhaled and would lead to 

oxygen deficiency. Short and long-term 

exposure to NO2 can cause lung function injury 

and respiratory infections. Benzene is an 

aromatic hydrocarbon VOC which is also a 

product of vehicular exhaust emissions. 

Exposure to benzene through inhalation is risky 

and has been found to cause cancer in humans 

[4], [5]. 

In a study, concentrations of CO have been 

found to be higher in high-traffic areas than in 

low-traffic areas. The high CO concentrations in 

high traffic went over the Environmental 

Protection Agency (EPA) limits. The study 

strongly suggested that vehicular emissions 

greatly contribute to CO levels in the 

environment [6]. In terms of nitrogen oxides, it 

was found that its concentrations are higher in 

areas predisposed to traffic compared indoors 

and inside vehicles [4]. Another study showed 

that benzene inhalation is significantly affected 

by the amount of time people spend in traffic or 

refueling their car. It also found that people were 

exposed to benzene in levels higher than the 

low-risk level recommended by the World Health 

Organization [7]. 

The aforementioned are indicative of the 

harmfulness of the air people that breathe in 

traffic-prone areas. Monitoring the pollutant 

gases would be the first step in controlling and 

preventing them. Currently, there is not a way to 

know the exposure levels in real time within 

areas where people are actually exposed to 

them. This makes the people unaware of the 

safety of the air they breathe. 

This is the main concern of the study, thus, the 

researchers have developed an air quality 

monitoring system that could measure CO, 

C6H6, and NOx levels in mg/m3 within areas 

where people are significantly exposed. Metal 

oxide semiconductor (MOS) gas sensors were 

used to measure the gas concentrations as they 

are a cost-efficient solution for gas sensing. 

Several studies had been undertaken in 

developing devices that could detect and 

measure a variety of gaseous pollutants using 

MOS gas sensors. Some of the studies [8] were 

done indoors and others [10], [11], [12] directly 

measured the gases from a vehicle’s exhaust. 

One of the studies [9] was even done to build an 

electronic nose for indoor air contaminants. 

Every single one of the studies succeeded in 

building their devices to measure the gases 

precisely. MOS gas sensors are relatively and 

significantly more economical than other gas 

sensing technologies such as the ones currently 

being utilized by the government to monitor 

pollutant gases. The sensors have proven in 

more than a few studies [13] that they are 

capable of quantifying specific gases despite 

their apparently lower cost. 

A. Objectives 

The research had the following objectives: 

1. Develop a device that could measure CO, 

C6H6, and NOx concentrations in ambient air. 

2. Classify the safety of the measured gas 

concentrations in accordance to standards. 

3. Develop a web application capable of serving 

and mapping multiple sensor nodes deployed in 

different locations. 

4. Transmit data to the web application through 

GSM and display them near-real-time. 
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5. Use the device to assess air quality along the 

gates of the University of San Carlos. 

B. Limitations 

The study only entailed the design, development, 

and testing of the system. The system has the 

following limitations: 

1. Gases measured are only CO, C6H6, and 

NOx. 

2. Cellular network connection is necessary to 

transmit data to the web server. 

3. No water-resistance technology is added to 

the device, making it susceptible to rain. 

4. Accompaniment is necessary for the device 

when monitoring. 

The whole experimental research was 

conducted within the gates of the University of 

San Carlos. Verification testing was also done at 

one Private Emission Testing Center in Cebu 

City. 

II. METHODOLOGY 

A. System Concept 

Figure 1 shows the conceptual framework of the 

system. 

 

 

Fig.1. Conceptual framework 

 

Air is sampled to the system using a fan onto the 

sensors which measure the concentrations of 

the gases and transmit their analog voltage 

outputs to the microcontroller unit. An Arduino 

Mega 2560 microcontroller board was used for 

data processing and controlling the whole device. 

The MCU then converts and calculates the 

received signals into their appropriate units of 

measurement for outputting. The outputs are 

then sent to the cloud via GSM which are then 

available for viewing through the web application. 

Furthermore, an RGB LED lights up in red or 

green to indicate whenever a gas concentration 

is above or below its safety threshold, 

respectively. Ultimately, all data were logged to 

a micro SD card as a comma-separated value 

(.csv) file as an offline backup storage. 

B. Air Sampling 

The device evaluates the concentration of 

pollutants in the air that a person breathes on the 

side of the road. The sampling occurred under a 

typical daily routine at a pre-established location 

[14]. 

1) Foundation of Sampling Analysis 

The method of air sampling was set to analyze 
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an estimated volume of air inhaled by an 

average-weight person per minute. The amount 

of air inspired per minute is normally about 6 L 

and its derivation [15] is shown in Eq. 1. 

 

 

 

As an average person breathes 6 liters of air per 

minute, the device gathered a sample of air on a 

6 liters per minute basis to simulate and sample 

the volume of air a person breathes within a 

minute. Since having a 6-liter per minute flow is 

too weak to pull enough air with concentrated 

levels of pollutants, the device’s air flow was 

made faster using a fan. The sampling period 

was fixed to 1 minute for the purpose of having 

outputs of mg/m3 per minute. 

2) Sampling Method 

The researchers implemented the free-flowing 

method for the air sampling in which its design 

overview is shown in fig. 2. The air inlet and 

outlet sides measure 17 cm. by 17 cm. while the 

length measures 30.35 cm. long. 

 

 

Fig.2. Free-flowing design 

 

a) Principle of Operation 

Air was pulled into an aluminum pipe in a specific 

range of 

flow rate with the help of a fan. The fan pushed 

the air into the tube where the gas sensors 

instantaneously measure the concentrations of 

the pollutant gases. Air flowed out of the 

chamber with the help of another smaller fan. 

b) Sampling Analysis 

The gathered sample volume can be calculated 

using Eq. 2. 

 

 

 

Within a sampling period of 1 minute, the MCU 

read the values from the sensors every second 

accumulating to 60 readings. Reaching the last 

second, the microcontroller then computed for 
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the average concentration levels of each 

pollutant. With a resulting density (mg/m3) of the 

pollutant, the weight of pollutants in a 0.006 m3 

volume can be computed to be able to acquire 

the X weight (mg) of pollutants a person possibly 

breathes on that same minute with the 

proportion expressed in Eq. 3. 

 

 

 

C. Particle Filtration 

The device tolerated solid particulates which 

were 

accumulated as the fan pulled from ambient air. 

The smallest opening the air passed through 

which is the sampling fan’s inlet and outlet were 

considered. Air passed through an aluminum 

steel strainer before entering the device. 

Since air was sampled frequently, the device 

had to handle the cleaning of the dust filter itself. 

To do this, a vibration motor was attached onto 

the aluminum steel strainer to stimulate a 

pulsating pattern to the filter and dust it off. The 

vibration module was activated periodically after 

every sampling cycle. 

The effect of the filter to the flow of the air was 

tested by using a digital anemometer which 

could measure the velocity of the wind blowing. 

Measuring with or without the filter, the 

anemometer returned 0.13 m/s which indicates 

how the installed filter had no effect to the airflow. 

D. Gas Sensing 

An array of three commercially available metal 

oxide 

semiconductor gas sensors with different 

sensitivities were used to detect and measure 

the gas concentrations. The MQ-3, MQ-7, and 

MQ-135 gas sensors were used to measure 

C6H6, CO, and NOx, respectively. The MOS 

type of gas sensors employ a tin dioxide (SnO2) 

metal oxide crystal as the sensitive layer such 

that when it gets sufficient heating from its heater 

voltage VH pin, gas gets adsorbed [16]. Figure 3 

shows a MOS gas sensor’s typical measuring 

circuit.  

 

 

Fig. 3. Gas sensor measuring circuit 

 

As the sensor detects a higher concentration of 

the gas, resistance RL which is connected in 

series with the sensor increases, thus increasing 

the load voltage across RL. Output voltages from 

the gas sensors are connected to the 

microcontroller unit’s analog input pins to get the 

10-bit ADC readout which would then be 

converted to its voltage output equivalent, Vout. 

For P
roof O

nly



Eunalili Maye L. Culpa et al., AJCE, 2020; 3:8 

https://escipub.com/american-journal-of-computer-engineering/                             x 

Vout was then used to compute for Rs which is 

the resistance from the sensing element of the 

sensor that changes depending on the gas 

concentration using Eq. 4. 

 

 

 

The value of Rs was then used to calibrate the 

sensor as R0 which is the value of Rs in clean 

air. Further calculations were done by solving for 

x using the equation of a line for a log-log graph 

shown in Eq. 5. 

 

 

 

The acquired value would be of log base 10, 

therefore the value x was raised to the power of 

10 as in Eq. 6 to get the actual ppm value as 

calculated, constituting the final step in 

extracting the ppm concentrations from the 

sensors. 

 

 

 

The calculated ppm values were then converted 

into mg/m3 using the equation derived in the next 

section. 

E. Gas Measurement Unit 

A very dilute solution is expressed in parts per 

million (ppm). The ppm unit, however, is 

dimensionless [17], and it would be hard for the 

average individual to perceive and understand 

the gas measurement under such unit. The 

researchers aimed to make the gas 

concentrations known and understandable to 

the public, thus the values were converted to 

mg/m3 as classified under the International 

System of Units. 

Table I shows the gases to be measured and 

their corresponding molar masses. The molar 

masses were used in the equation to convert the 

ppm readings to mg/m3. 

 

TABLE I. GAS MOLAR MASSES 

 

 

Equation 7 is the equation used in getting the 

ppm value at Standard Ambient Temperature 

and Pressure [18]. 
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where,  

ppmSATP = ppm value in standard ambient 

temperature and pressure 

molar mass = weight/mass of the gas 24.45 

L/mol = molar volume at SATP 

Transforming and manipulating Eq. 7, the final 

equation for computing the mg/m3 value is 

shown in Eq. 8. 

 

 

 

where, 

mg/m3 = desired output 

ppmrv = readout value 

P = ambient pressure 

T = variable ambient temperature 

F. Safety Classification 

1) Short-Term Exposure Limits 

Short-term exposure limits (STEL) are the 

acceptable average exposure values of the 

gases within a short span of 15 minutes [19]. The 

STELs for the measured gases are shown in 

Table II. 

 

TABLE II.  SHORT-TERM EXPOSURE LIMITS 

 

 

Whenever a measured gas reached its STEL, 

the RGB LED on the device lit up in red as an 

indicator of the hazard. On the other hand, the 

LED stayed green when no gas reached its 

STEL. The STEL was likewise displayed in the 

web application when a gas reached its STEL 

through a line threshold in the graph. 

2) Air Quality Index 

The Air Quality Index (AQI) is an indicator of air 

quality based on hazardous air pollutants. The 

different AQI levels are represented by certain 

colors and are associated with levels of health 

concerns [20] as illustrated in Table III. 
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TABLE IV.  AIR QUALITY INDEX RANGES FOR CO 

 

 

Table IV shows the different CO average mg/m3 

levels with their corresponding Air Quality Index  

values. 

Measurements of CO for 1 hour were averaged 

and the AQI was calculated using Eq. 9. 

 

 

where, 

IP = AQI for pollutant P 

C = Pollutant Concentration 

Clow = Concentration breakpoint <= C 

Chigh = Concentration breakpoint >= C 

Ilow = Index breakpoint corresponding to Clow  

Ihigh = Index breakpoint corresponding to Chigh 

The AQI was displayed in the web application 

along with its corresponding health advisory. 

G. Cloud Computing 

The device immediately sent the measured CO, 

NOx, C6H6, pressure, humidity, and 

temperature levels to the cloud while deployed 

at a remote area. It established connections to 

the internet via GPRS and requested to send 

data to the web server via HTTP POST 

employing a device-to-cloud connectivity model 

[21]. 

Upon failure, the system utilized the second 

mode of transmission. The GSM module 

employed SMS to send a text message to 

another GSM module which was connected 

using a PL2302 USB to Serial TTL module to a 

server which sent the received serial data to the 

web server via HTTP POST through the RESTful 

API developed to fetch incoming data. Once the 

web server deployed in the cloud receives POST 

data, it then communicates with the clients in 

order to update their views and display the new 

data received in a near-real-time fashion. The 

routes for data transmission are illustrated in fig. 

4. 

The web application is responsible for handling 

all the data. It was developed using Node.js in its 

Express framework to handle server-side 

processes and the classic Bootstrap front-end 

framework for designing the user interface. All 

data were stored and queried to and from a 

NoSQL database, MongoDB. All received data 

were visualized and plotted near-real-time 

through Socket.io. A screenshot of the user 

interface of the web app’s dashboard for a single 

location is shown in fig. 5. It also shows the 

visualization of each of the pollutant 

concentrations through the graph. 
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Fig. 4. Data transmission routes 

 

 

Fig. 5. Web app dashboard interface with graph display 

 

At the top part of the dashboard are the current 

AQI value and its details, the corresponding AQI 

health advisory for the public, and the current 

ambient temperature, relative humidity, and 

barometric pressure. Users are able to choose 

to display the data in a graph or a table. The 

STEL warning is depicted through the graph 

such that the data points in the time series graph 

changes its color into red when it exceeds its 

respective threshold. The individual AQIs are 

also displayed along with a small histogram to 

show its previous values. 

By clicking Tabulate, the data will be shown in a 

tabulated form as in fig. 6. 
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Fig. 6. Web app tabulate data interface 

 

Users can also download data depending on the 

range of dates specified. A date range is to be 

selected and the input field will be automatically 

filled as shown in fig. 7 below. By clicking the 

“Download” button, the data will be downloaded 

and saved to a user’s local drive as a CSV file. 

 

 

Fig. 7. Download interface 

 

Users can choose to visit the dashboard for a 

particular location wherein a device is currently 

deployed at. Firstly, a user can select through 

the list of the locations where a device is 

deployed by clicking on the “Stations” tab at 

rightmost side of the top navigation bar. When 

logged in as the administrator, serial numbers for 

a device can be viewed by clicking the “Show” 

button in the devices list as shown in fig. 8. The 

serial number serves as the passkey for a device 

to validly send data to the web application. 
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Fig. 8. Deployed devices list 

 

Furthermore, the deployed devices can also be 

viewed through a map. The devices are marked 

with a circle which is colored depending on its 

current AQI as in fig. 9. 

 

 

Fig. 9. Mapped devices 

 

Lastly, the administrator can add or deploy new 

devices to a particular location through the 

interface shown in fig. 10. The administrator has 

to only click on an area in the map and its 

address and coordinates will automatically be 

filled. By clicking the add button, a unique serial 

key will automatically be generated and the 

sensor node will be added to the database. The 

web application will then be ready to receive new 

POST data for the new sensor node. 

For P
roof O

nly



Eunalili Maye L. Culpa et al., AJCE, 2020; 3:8 

https://escipub.com/american-journal-of-computer-engineering/                             x 

 

Fig. 10. Deploy device interface 

 

Any user can access the web application in any 

device with an internet browser and access to 

the internet. 

H. Research Environment 

The research focused on estimating human 

breathing 

exposure to gaseous pollutants in traffic areas 

and thus was situated on the side of the road as 

shown in fig. 11. The research was conducted at 

the University of San Carlos – Technological 

Center located at Gov. M. Cuenco Ave., Cebu 

City. The device was stationed within the 

university’s gates facing the road, where varying 

traffic conditions and other air-polluting 

exercises expose students, teachers and 

passersby. Moreover, the device stood as tall as 

the average human height of Filipinos which is 

about 157 cm or 5’1 ½” tall [22]. 

 

 

Fig. 11a. Experimental setup (side view) 
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Fig. 11b. Experimental setup (front view) 

 

The device was used to gather data for two 3-

hour periods in two different days in the same 

location. The first 3-hour period was operated 

during a moderate traffic hour in the morning 

from 8:26 AM to 11:26 AM, which is known to 

have bad traffic conditions. On the other hand, 

the second day was operated during dawn, from 

4:04 AM to 7:04 AM, with less traffic where only 

a minute quantity of vehicles had passed by. The 

device sampled air for one minute in every 5-

minute sampling cycle. The data gathered 

enabled for the comparison of the levels of the 

gaseous pollutants between the times of varying 

traffic conditions to reveal how the level of traffic 

and other air-polluting exercises can affect them. 

III.DATA PRESENTATION, INTERPRETATION 

AND ANALYSIS  

A. Sampling at Dawn and on Moderate Traffic 

Hours 

The following data (fig. 12 & 13) show the levels 

of CO, NOx, and C6H6 in two different sampling 

periods. One was gathered at dawn when levels 

of pollutants are supposedly low. The other was 

on a morning when the increase in number of 

vehicles will expectedly contribute to the rise of 

pollutant levels. 

Figure 12a displays the CO, NOx, and C6H6 

levels in ambient air beside the USC-TC Portal 

at dawn from 4:04 AM to 7:04 AM. Figure 12b 

complements fig. 12a with the graphed 

temperature and relative humidity data for the 

same time period. 

 

 

Fig. 12a. Gas concentrations at dawn 
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Fig. 12b. Environmental factors at dawn 

 

The data shows the low concentrations of the 

pollutants measured by the sensors in the street 

at dawn. At the final part of the 3-hour data 

shown in the graph, carbon monoxide 

concentrations shifted from 1.68 to 2.08 mg/m3, 

nitrogen oxides rose from 1.18 to 1.4 mg/m3, and 

C6H6 from 0.08 to 0.13 mg/m3. Benzene comes 

in minute amounts since benzene in ambient air 

is relatively low [23], so the levels of C6H6 are 

presented with a secondary y-axis for a better 

view of the graph. As time transitioned towards 

morning, the pollutant levels rose given that the 

number of vehicles on the road started to 

increase. Given the data, it can be determined 

that when the number of vehicles increases, 

pollutant concentrations rise as well since motor 

vehicles are a great source of urban air pollution 

[24]. 

As depicted in the graph, benzene levels are 

unstable. This shifting is caused by the low 

temperature ranging from 28°C – 31°C during 

the sampling period. On colder temperatures, 

Volatile Organic Compounds (VOCs) such as 

Benzene tend to remain longer in the 

troposphere as they decompose slower than in 

warmer temperature [25], [26]. 

Figure 13a shows the CO, NOx, and C6H6 

levels in ambient air in the same place as the first 

sampling period but during moderate traffic 

hours which was from 8:26 AM to 11:26 AM. To 

complement fig. 13a, fig. 13b shows the 

measured temperature and humidity data during 

the same period. The recorded output is a 

varying graph that spikes up when some 

external factors such as the quantity of vehicles 

change. 

 

 

Fig. 13a. Gas concentrations in the morning with moderate traffic 
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Fig. 13b. Environmental factors in the morning 

 

The graph exhibits the fluctuating concentrations 

of CO, NOx and C6H6 levels recorded in a 

moderately busy morning street along the USC-

TC Portal. The day the data was gathered, 

classes had already been concluded, and 

therefore less traffic than usual was expected. 

The spikes in the graph were taken note of, 

observing a similar pattern. The first few spikes 

in the graph were caused by jeepneys, buses, or 

other vehicles unloading or loading on the street, 

or by how the vehicles had to slow down or stop 

for the people crossing the pedestrian lane. As 

for the data recorded at 10:41 AM, a different 

external factor caused the increase in pollutant 

levels. A maintenance employee using a 

gasoline-powered grass cutter was trimming the 

grass a few inches away from the front of the 

device. The emissions from the machine caused 

this change of levels noting that power sources 

for small motors used in landscaping machinery 

undergo fuel combustion [27]. This implies that 

the device was effective in detecting the 

presence of changing pollutant levels. 

As for the much stable benzene levels during the 

second sampling period, the temperature of the 

ambient air got warmer. As the sun rises and the 

ground gets warmer, the vertical mixing 

becomes vigorous and the pollutants are mixed 

thoroughly therefore decreasing its 

concentration [28], [29] but with the significant 

increase in the number of vehicles, benzene 

levels stabilized with concentrations ranging 

from 0.12 mg/m3 to 0.13 mg/m3. Benzene stayed 

at stable levels, increasing only when caused by 

the significant factors such as the 

aforementioned. 

Comparing the two graphs, it can be declared 

that the levels of pollutants at dawn were 

significantly lower compared to the levels in the 

morning when traffic runs. The main factor 

considered to have affected the difference of the 

gathered data was the number of vehicles in the 

street. With the countable vehicles passing by at 

dawn, the pollutants dispersed in the air making 

the pollutants less concentrated in ambient air. 

As for ambient air in a busy street, pollutants 

come from a number of vehicles which makes 

them fairly concentrated and it becomes 

possible to detect them in higher levels. 

B. Air Quality Index  

As the device was monitoring air during the two 

3-hour periods, the Air Quality Indexes were also 

being calculated at an hourly rate. Figure 14 

below shows the AQIs for the two sampling 

periods combined in a single graph, separated 

by a dashed line in the middle. 

The graph shows the AQIs in green as they 

belong to the Good bracket with values of or less 

than 50 as dictated in Table III. This indicates 

that the air quality for the two monitoring periods 

were in good condition as the AQIs were 

relatively low which are categorized as Good. 

Moreover, the AQIs were significantly lower 

during the dawn period with indexes not 
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exceeding 21 whereas the AQI values for the 

morning period were not less than 31, indicating 

that the air quality at dawn was better than in the 

morning due to the pollution caused by moderate 

traffic. The trend line for the data shows an 

upward trend which indicates how air quality 

slowly worsened from dawn to noon. 

 

 

Fig. 14. Air Quality Indexes for the two 3-hour periods 

 

C. Comparison of the Device’s Readings vs. a 

Private Emission Testing Center’s Gas Analyzer  

To verify the device’s gas measurements, its 

readings were compared with a PETC’s gas 

analyzer’s readings. The PETC’s device first 

measured the emissions of a gasoline-fueled 

four-stroke motorcycle in which its result from 

the device’s display is shown in fig. 15 below. 

 

 

Fig. 15. PETC’s measurement using their Autochek™ Exhaust Gas Analyzer 

 

As can be seen in the LCD, their device 

measures CO in percentage which can be 

computed from our mg/m3 reading by reverting it 

back to its ppm value and using Eq. 10. 
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The researchers’ device was then used to 

measure the emissions from the same four-

stroke motorcycle for 10 repetitions and the 

results are shown in Table V. The % CO 

equivalents are also shown in the table. 

 

TABLE V.  READINGS FROM DEVICE 

 

 

As shown, the device’s % CO readings were at 

par with the PETC gas analyzer’s readings given 

that in 8 out of the 10 trials, the results were the 

same with theirs. The readings on the 7th and 9th 

trials had an error of + 0.01 which is still 

comparable with the actual value. On the other 

hand, our readings of C6H6 which is a 

hydrocarbon are relatively lower compared to 

their HC readings since C6H6 is just one out of 

the total hydrocarbons [30] which they measure. 

IV. CONCLUSION 

The device developed was capable of 

measuring CO, C6H6, and NOx concentrations 

in ambient air in which its CO reading was 

verified through the comparison with the PETC 

gas analyzer’s reading. Data were successfully 

transmitted to the web through HTTP POST 

requests using the GSM module, yet produced 

some significant delays when using the GPRS 

connection due to the unreliability of the 

connection and the network provider itself. 

Graphing and tabulating of data in the web 

application’s view was done in a near-real-time 

fashion with the use of web sockets which 

resulted to imperceptible delays upon reception 

of data through the built REST API. The Air 

Quality Index was also computed for and was 

displayed and updated in the web application 

every hour. Moreover, the web application has 

the capability of deploying multiple sensor nodes 

deployed at different locations and serving them 

at once, only requiring a node’s respective serial 

number for a successful request to be granted. 

The gathered monitoring data in the university’s 

Portal proved an upward trend in the pollutants’ 

concentrations in the transition from dawn to 

early morning and showed irregular spikes when 

faced with traffic and other air-polluting activities. 

Generally, the gathered data presented how the 

air quality in the Portal was good during the 

monitoring periods based on the Air Quality 

Index for carbon monoxide. 

V. RECOMMENDATIONS 

The following are some recommendations to 

further the study and enhance the performance 

and capabilities of the system. 
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1. Implement MQTT (Message Queuing 

Telemetry Transport) using a capable GSM 

module in order for data transmission to be 

faster and have reduced transmission delay 

times. Using this transmission protocol, less 

bandwidth is consumed, therefore data usage 

will become more efficient. Moreover, 

bidirectional data transmission between the web 

server and the device will be implemented more 

conveniently and efficiently. 

2. Calibrate each of the gas sensors by testing 

them against gas chemicals of their known 

concentrations. This method of gas sensor 

calibration would result to more accurate 

readings than what has been accomplished 

since the sensors were only calibrated in clean 

air due to inaccessibility to calibration gases. 

ACKNOWLEDGEMENT 

The researchers extend their solemn gratitude to 

their advisers, Engr. Philip Virgil B. Astillo and 

Engr. Elline L. Fabian, for guiding them 

throughout their research; to the panelists, Engr. 

Van Patiluna, Engr. Jefferson Cañada and Engr. 

Ricardo Gahuman, for encouraging and feeding 

them intuitive recommendations; to their families, 

for their financial and moral support; and to the 

university, for providing them with facilities 

required for the accomplishment of the research. 

REFERENCES 

1. J. Wargo et al., “The Harmful Effects of Vehicle 

Exhaust,” Envi. and Human Health, Inc., North 

Haven, CT, 2006. 

2. Environmental Management Bureau, “National Air 

Quality Status Report: 2010-2011,” DENR, 

Quezon City, NCR, 2012. 

3. Philippine Clean Air Act of 1999, Republic Act No. 

8749, 1999. 

4. X. Han and L. Naeher, “A review of traffic-related 

air pollution exposure assessment studies in the 

developing world”, Environment International, Feb. 

2005. 

5. Substance safety data sheet, Benzene, OSHA 

1910.1028 App A, 1910. 

6. Nwadiogbu J. O. et al., “Contributions of vehicular 

traffic to carbon monoxide emissions in Enugu 

Metropolis, Nigeria”, Arch. Appl. Sci. Res., Enugu, 

Nigeria, 2013. 

7. Science for Environment Policy, “Time spent in 

traffic has major effect on personal exposure to 

cancer-causing chemicals,” European 

Commission DG Environment News Alert Service, 

Issue 387, Sept. 2014. 

8. B. Mumyakmaz and K. Karabacak, “An E-Nose-

based indoor air quality monitoring system: 

prediction of combustible and toxic gas 

concentrations”, Turk J. Elec. Eng. & Comp. Sci., 
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