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Abstract: Air pollution is a serious problem in densely populated and industrialized areas in some
Asian countries. The area investigated for this study is Bangkok, Thailand. The air pollution in central
Bangkok is significant in areas with high population density. To monitor air pollution over a large
area, this research aims at developing a cost-effective and real-time air pollution monitoring system
that utilizes numerical modeling in conjunction with inexpensive, state-of-the-art gas sensors, remote
sensing methodologies, and Internet GIS. Conventional pollution detectors, installed by the Bangkok
Pollution Control Department, as well as WO; sensors are employed for in-situ pollution
measurements. The data obtained from the satellites sensors and measurements conducted on ground
are used for numerical modeling by “Multiple Regressions” to investigate air pollutants distribution.
The analysis and correlation of the air pollutants data are transferred to a Personal Digital Assistant
linked via Bluetooth communication tools and Global Positioning System for rapid and simultaneous
dissemination of information on pollution levels at multiple sites. Copyright © 2007 IFSA.

Keywords: Internet GIS, Real time air pollution monitoring system, Remote sensing, Tungsten oxide
semiconductor sensor
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1. Introduction

In the present technology dominated modern society, the environment has undergone a vast and
complicated transformation due to increased urbanization and industrialization, particularly in large
cities. To meet our ever-rising demand of energy for a better quality of life creates a conflict between
generation and consumption of energy with continued degradation of the environment. Air pollution is
an extremely serious problem in densely populated and industrialized areas in some Asian countries.
The area under investigation for this study is Bangkok, Thailand. The air pollution in central Bangkok
is significantly large, particularly in areas with large sources of pollution and a high population
density. The pollutants that contaminate urban environment are nitrous oxide (NOy), fine suspended
PM, sulphur dioxide (SO;), and ozone (O3) causing the most widespread and acute health related risks.
Recent studies on the effects of chronic exposure to air pollution have singled out PM suspended in
smog (NOx) and volatile organic compounds (VOCs) as the pollutant that are the most responsible for
life-shortening respiratory and associated health disorders. Some of the primary pollutants causing
serious air pollution problem in Bangkok are Oxides of Nitrogen (NO,, NOy), O3, VOCs and
Particulate Matter (PM, 2.5), as reported by the PCD, Thailand. Furthermore the Global NO, column
(molecule cm™), as detected by the satellite such as SCIMACHY, clearly shows that NO, columns are
increasing at a rapid pace in and around Bangkok area since 2003 [1]. Many pollutants, such as Carbon
monoxide (CO), SO,, suspended particles in VOCs, etc., also exist in the general Bangkok urban
environment, however, the present investigation focuses on monitoring and analyzing NOy, O; and
PMs as the representative pollutants, employing cost-effective metal-oxide gas sensors. These gas
sensors can readily be deployed for field testing and real-time monitoring as compared to the
conventional air pollution monitoring systems which are time-consuming and expensive [2].

The investigation presented here employs data obtained by WO;3; semiconductor-type gas sensors in
conjunction with satellite imagery as a cost-effective and efficient alternative for monitoring air
quality. This approach is fairly inexpensive, portable due to its compact size, and offers real time-data
monitoring capability. Furthermore, the air quality monitoring unit, as described in this investigation,
can be deployed anywhere and transmit data that can eventually be routed via an Internet GIS network
system as a rapid monitoring tool to the general public and policymakers. The data from the gas
sensors monitoring air pollutants is uploaded in real time via PDA to the air quality monitoring server
as concentration values. Users can simply browse and view the air quality data in graphical format in
real-time. Sampling time of each day comprises, in general of rush hours - typically in the early
morning and in the evening. In addition, other sampling times are also carried out when the traffic flow
is normal, so as to compare the air quality levels between dense and less traffic conditions. Thus, the
objectives of this investigation are twofold, viz.; (a): to apply a network of semiconductor type gas
sensor coupled to PDA type devices for air pollution monitoring in urban area and disseminate the
information in real-time via PDA and wireless GIS, and (b): to assist policymakers in establishing
priorities, measurements of air pollution in Bangkok and increasing public awareness and enhanced
public participation. The data obtained from the satellites sensors and measurements conducted on
ground using the gas sensors are also used for numerical modeling for correlation of the air pollutants
distribution. The ultimate objective of this investigation is to deploy gas sensors in metropolitan cities
worldwide to be able to monitor pollution levels in real time. Availability of pollution levels data and
its correlation with respiratory ailments will be a great tools for policymakers in developing an Alert
and Response System (ARS®). Subsequent implementation and/or modification in policies to reduce
pollution will help millions of people in enhancing their quality of life.

2. Study Area

Bangkok was chosen as a model study area which is home to approximately 8 millions people.
Approximately 20 % of the total population of Thailand is concentrated in less than 6 % of its territory.
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In Bangkok, most of the population (slightly over 8 million habitants) lives in the Bangkok
metropolitan area and the remaining people live in the vicinity of Bangkok, defined as the neighboring
provinces of Pathum Thani, Nonthaburi, Samut Prakan, and Samut Sakhorn. This overall population is
distributed very unevenly over the central plain as human density culminates in Bangkok and its
vicinity to 5111 habitants/km” but has an average of approx. 117 habitants/km” in the remaining rural
areas. The study area covers 1569 kilometer square consisting 50 districts as shown in Fig. 1, and the
inset is displayed using Quickbird satellite, zoomed at an altitude of 10 Km, as obtained from Google
Earth website, clearly showing congested areas. Real-time monitoring of pollution is thus critical for
Bangkok, as there are many reported cases of respiratory related illnesses due to severe emission of
pollution — thus providing impetus of this investigation. It is the opinion of the authors that the unit
reported here can readily be deployed in large metropolitan cities worldwide for similar investigations.

Fig. 1. The study area of Bangkok.

2.1. Experimental Investigations

Recent development of thin semiconductor films employing nanostructured materials, Nerst-type
potentiometeric devices based on solid-electrolyte membrane, and Nickel oxide/Zinc oxide (NiO/ZnO)
capacitor type gas sensors and detectors offer excellent alternatives for environmental monitoring. The
devices are low cost, light weight, and relatively small in size. Several different kinds of thin-film
sensors are commercially available as well, for detection and monitoring of NOy gas. These sensors
and sensing materials include lead phthalocyanine (PbPc), thin film (Palladium Platinum Gold)
Pd-PtAu-WOs;, Thick film (Titanium Oxide) TiO,-WO;3, and WO;3 semiconductor type Schottky
structures [3]. For this investigation, low cost, metal-oxide (WO3) semiconductor junction with
Schottky structure type sensors were used. The WO; based sensors were purchased from the Synkera
Technologies and packaged in a commercial electronic package (P/N 7000006) [4]. Platinum was used
as an electrode to measure conductivity changes of the sensor operating at a working temperature of
about 250 °C [5]. In terms of its principle of operation, the resistance change is primarily caused by
loss or gain of surface electrons as a result of adsorbed oxygen reacting with the target gas. The WOs3
semiconductor layer used in this investigation is an n-type oxide which increases in resistance in the
presence of oxidizing gases such as NO, or O; and decreases in resistance in presence of reducing
gases, such as CO or methane (CH4). A possible interaction mechanism between NO, and WO3; may
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be through superficial W>* may be described as:
NO, + W (W' -NOy) (1)

Hence the response of metal oxide based gas sensor response to NO, is caused by adsorbed species
which capture electrons and hence make sensor resistance (thus voltage) to increase [6].

2.2. WOj3 Sensor Calibration and Gas Sensitivity

The calibration experiments were conducted at Petro-Instruments Corp. (PICO) Ltd in Chatuchak,
Bangkok. The concentrations of NO, gas in 0-7.34 ppm range were measured using varying gas
mixtures of O3 and NOy by employing a ‘Programmable Multi-gas Calibrator’ model 5008. The gas
calibrator is linked simultaneously to NOy gas analyzer using a “Dual Chamber Chemiluminesce” gas
monitor, from Environment S.A., to accurately acquire NO; concentrations produced by the multi-gas
calibrator. The ratio used for mixing gases was NOx:Os3 (1:1) by gas volume. Besides flow meter
“DC-lite” - which uses patented Dry-Cal near-frictionless piston technology and photo-optic sensors
were used to obtain volumetric flow readings quickly and accurately. The air and gas flow rate were
adjusted at 70 ml/min. Power source was provided by a 9V and 1.2 mAH adapter. The sensor was
inserted into a plastic chamber of 10 ml volume under continuous flow of testing gas mixtures at a
constant flow rate. Before measuring NO, gas each time, the sensor was stabilized for a minimum of
16 hrs at room temperature. At each calibration of the sensor response, WOs gas sensor was exposed to
NO; gas for 5 min with absence of air in between each sensor response test for 2 min. A schematic
diagram of the calibration system is illustrated in Fig. 2.

Gas Inlet Gas Outlet
|:‘:| Test chamber Ijj
Sensor

D AP
Potentiometer Kﬂm )

Vy
Potentiometer

OC power supplier R,
YV

Output voltage meter Vg,

Fig. 2. Schematic of the measurement system. Legends: V.: circuit voltage;
Vi: heater voltage; Ry : load resistance; Vg.: output voltage.

2.3. Real Time Air Quality Monitoring In Urban Environment Using Internet GIS
and Satellite Imagery

Conceptual framework for real time air quality monitoring based WO; gas sensors and satellite
imagery through Internet GIS [7] is shown in Fig. 3. The composition of input consists of data
obtained from, (a): WO; semiconducting gas sensors, (b): in-situ pollution measurements from the
PCD, and (c): satellite imagery. The satellite imagery consists of data from the MODIS (Near Infrared
Band) [8], Landsat ETM ™ Data (10.4-12.5 pum), and SCIMACHY (Thermal Infrared band) so as to
detect aerosols, PM, and NO, respectively. From the literature review, it seems that most of the
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investigations on air quality based satellite data have been carried out by using Landsat TM7 and
MODIS data. In this work, data obtained from SCIMACHY is incorporated due to its high spectral
resolution in the range from 0.3-0.6 pm for thermal infrared band. All of satellite imagery was
analyzed using the second order polynomial coordinates transformation in order to relate to ground
control points in the area under study to match to their corresponding row and column positions. A
geometric correction method “nearest neighbor” was applied to the obtained satellite imagery to ensure
that the digital numbers (DN) of each image stay the same. The DN values for the near infrared and
thermal band of the equivalent aerosols, PM and NO, measurement locations, respectively, were
extracted and correlated with in-situ measurements using multiple regression means. For the data input
retrieved from WO; semiconducting sensors, the sensors provided electric signals, based on the
NO, concentrations, which were directly converted into digital format employing analog to digital
(A/D) converter. Afterwards, all of input data mentioned above including WOs sensors, in-situ
measurements and satellite imagery were collected and input to the GIS for further processing, to
prepare a comprehensive air quality levels database using PostGreSQL (Extension of PostGIS). The
data of pollutant concentrations, GIS base maps, satellite imagery and attributes were uploaded to the
mapserver as a map file. The results are employed for air quality modeling of the central Bangkok
area, which can be applied for disseminating and monitoring real time air quality levels as well as
updating information through the Internet GIS using Web Map Service.

R
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In-sity Measurements

Creating Database
PostgreSQL, PostGIS,
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Correlation between
In-situ Measurements
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Apache, PHP, HTML
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Real Time Air Quality Monitoring
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Fig. 3. Conceptual framework for real time air quality monitoring based WO; Gas Sensors
and Satellite Imagery through Internet GIS.

3. Results and Discussion

3.1. Typical Responses of WO3; Semiconducting Sensor to NO, Gas

Fig. 4 shows characteristics of sensor responses with different gas concentrations. The gas sensors
were tested for sensitivity, selectivity, stability, and reproducibility. A representative data indicates
that the sensors typically exhibit a linear response, as illustrated in Fig. 4a The data supports the
investigation of Wang et al., [9], in which the sensitivity of WO; film calcinated at 500 °C display
linear response as a function of exposed concentration of NO,. For a typical sensor, when observed on
a curve of voltage output versus concentration plot, the characteristic of sensor response displays a
linear correlation between NO, gas concentration and voltage output measured from the sensor, with a
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regression coefficient of 0.94, indicating correlation within experimental margin and the data show
reproducible responses across this range of exposed concentrations. The response and recovery time of
the sensor is dependent on the NOy concentrations. The circuitry in the sensor refreshes itself
periodically for reproducible results. In addition, different gases were exposed to the sensors in order
to investigate the selectivity of sensor response [10]. The sensor was exposed to NOy gas in
0-7.54 ppm range to investigate the characteristics of sensor response to varying concentrations as
shown in Fig. 4b. To investigate further the stability characteristics of sensor response to NOy, the
sensor was exposed to pure NOy gas of 10 ppm for 5 minutes displaying fairly uniform response [10].
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Fig. 4. Typical responses of WO; semiconducting sensor to NO, in 0.54-7.50 ppm range and in linearity
to different concentrations of NO, challenge.

3.2. Real Time Air Quality Monitoring in Urban Environment Using GIS Modeling
and Satellite Imagery

The air quality dissemination and monitoring model developed is applied in central Bangkok
environment so as to retrieve and monitor real time air quality levels of aerosols, PM;o, and NO, and
also to continuously update information through wireless GIS and map-server service to be displayed
in the form of GIS database. The air quality levels were overlaid with Bangkok base maps and satellite
imagery. The three classes of air quality levels reported include low, moderate, and high correlated to
the National Ambient Air Quality Standard of the PCD. Internet users, hence, can browse and query
air quality based maps, related to geographic information, including districts, urban settlement
(education, offices, villages, temple, and the like), roads, railways, hydrology, and with satellite
imagery as a background. The server is programmed such that the air quality events that were
monitored for past 48 hours can be queried at a given time. The fundamental functions are developed
for both PDA and PC users including the buttons of browse, refresh map, query, zoom in, pan, and
zoom out to retrieve map layers. Fig. 5 shows a typical screen view and pollution distribution for a site
under investigation.

1070



Sensors & Transducers Journal, Vol.77, Issue 3, March 2007, pp.1065-1072

ﬂ

73 k3
‘ 1/203.159.10. 15/beefagm_inithtm_v| @ URL

Alr Quallty Mandia: i B,

GIS layers
) = = unctions, Zoom in/out, Pan
-
Functions = = _
Browse © Browse | Ree3] | O Query Daily NO2
Query |view Tools & &) ¢ ip B =18
| ————n )\_.L_J

NO2 PPB
B2 3ERESR

- Query Result

IAQM namez Din

R I 1
SUBMIT Tine in Hour

LOCATION Daily NO2
v

Junkasame Traffic Police De pt

jRe ek o National Housing E

<

Ratburana Metrological Dept £

\

L R (R B e L
78 185 148 kn Tine in Hour

Fig. 5. Real time air quality monitoring in urban environment using GIS modeling and
satellite imagery: the current low NO, concentration levels covering 70-100 meter
around the Dindang station.

As an extension to this project, an optical model to calculate aerosols optical depth is in progress.
Studies are carried out to estimate absorption and scattering properties as well as backscattering
probability of the suspended matter. Such events, in conjunction with spatial distribution of
temperature, air currents, and VOC and other pollutants concentration will be able to validate the
satellite based observation. Furthermore, hyperspectral measurements in conjunction with the proposed
optical model will provide a theoretical basis and practical basis for space based measurements and its
correlation with observation on the ground, viz. quantifying as to how much aerosol is in the air by
investigating the transmission of the sunlight. Additionally, users will be able to query the current and
daily air quality level in graphical formats using OWTChart open source software. Remote sensing
methodologies are currently used to identify urban air pollution concentrations of NO,, dust
distribution, and aerosols, which are modeled respectively using Scanning Imaging Absorption
Spectrometer for Atmospheric Cartography (SCIMACHY) (0.3-0.6 pm), Landsat 7 ETM" data and
Moderate Resolution Imaging Spectroradiometer (MODIS).

4. Conclusions

It was established, using this investigation that cost-effective WOj; semiconducting gas sensors can
provide good performance characteristics, such as high sensitivity (<0.5-7.50 ppm), reproducibility,
insensitivity to moisture and reliable operation at relatively high temperatures. The sensors in
conjunction with Internet GIS are a viable tool to monitor pollution in urban environments. Remote
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sensing techniques using satellite imagery obtained from SCIMACHY, MODIS and Landsat 7
ETM+ Data can be applied to investigate the real time urban air quality levels and its correlation with
ground based measurements. The Internet based GIS is a user friendly, real-time, interactive tools to
provide data on air quality levels and will help increases public awareness and participation.

Acknowledgements

One of the authors would like to express her sincere thanks to the Pollution Control Department,
Thailand for providing in-situ air quality data of Bangkok, field work, to Petro-Instruments Corp., Ltd
for successful sensor calibrations and to Geo-informatics Center, Asian Institute of Technology for
MODIS satellite image. The author also thanks the Silpakorn University, Thailand for supporting and
encouragement to carry out this research.

References

[1]. P. Stammes, The Netherlands SCIAMACHY data center, Retrieved September 13, 2005, from
http://envisat.esa.int/instruments/sciamachy/descr/concept.html

[2]. The Pollution Control Department, Air and Noise Quality Management Division. (2003). Air Viro System,
He’s Co. Ltd, Bangkok.

[3]. D. D. Lee and S. D. Lee, Environmental gas sensor, IEEE Sensors Journal, 1, 2001, pp. 214-224.

[4]. The Synkera Technologies Inc. NOx sensors (P/N 7000006-000). Longmont, CO, USA, 2004.

[5]. J. D. Deininger, S. S. Williams, J. C. Kostelecky, The Instrumentation, System and Automation Society,
ISA Expo 2003 Technical Conference. Also at http://www.isa.org

[6]. A. Gurlo, N. Barsan, M. Ivanovskaya, U. Weimar, and W. Gopel, Sensors and Actuator, Vol. B 47, 1998,
pp- 92-99.

[7]. R. Venkatesh, Free and open source software for Geoinformatics, Lecture Notes; Course AT76.01, School
of Advanced technologies, Bangkok, Asian Institute of Technology, 2005.

[8]. C. Ichoku, Y. J. Kaufman, L. A. Remer and R. Levy, Advances in Space Research, No. 34, 2004,
pp- 820-827.

[9]. H.S. Wang, C. T. Chou, and C. C. Liu, Sensors and Actuator, Vol. B 94, 2003, pp. 343-351.

[10].L. Blesma, Detecting Air Pollution from Space, at URL:
http://www.aero.org/publications/crosslink/summer2004/07.html

2007 Copyright ©, International Frequency Sensor Association (IFSA). All rights reserved.
(http://www.sensorsportal.com)

1072



Sensors & Transducers Journal /“

Guide for Contributors

Aims and Scope

Sensors & Transducers Journal (ISSN 1726- 5479) provides an advanced forum for the science and technology
of physical, chemical sensors and biosensors. It publishes state-of-the-art reviews, regular research and
application specific papers, short notes, letters to Editor and sensors related books reviews as well as
academic, practical and commercial information of interest to its readership. Because it is an open access, peer
review international journal, papers rapidly published in Sensors & Transducers Journal will receive a very high
publicity. The journal is published monthly as twelve issues per annual by International Frequency Association
(IFSA). In additional, some special sponsored and conference issues published annually.

Topics Covered

Contributions are invited on all aspects of research, development and application of the science and technology
of sensors, transducers and sensor instrumentations. Topics include, but are not restricted to:

Physical, chemical and biosensors;

Digital, frequency, period, duty-cycle, time interval, PWM, pulse number output sensors and transducers;
Theory, principles, effects, design, standardization and modeling;
Smart sensors and systems;

Sensor instrumentation;

Virtual instruments;

Sensors interfaces, buses and networks;

Signal processing;

Frequency (period, duty-cycle)-to-digital converters, ADC;
Technologies and materials;

Nanosensors;

Microsystems;

Applications.

Submission of papers

Articles should be written in English. Authors are invited to submit by e-mail editor@sensorsportal.com 4-12
pages article (including abstract, illustrations (color or grayscale), photos and references) in both: MS Word
(doc) and Acrobat (pdf) formats. Detailed preparation instructions, paper example and template of manuscript
are available from the journal’'s webpage: http://www.sensorsportal.com/HTML/DIGEST/Submition.htm Authors
must follow the instructions strictly when submitting their manuscripts.

Advertising Information

Advertising orders and enquires may be sent to sales@sensorsportal.com Please download also our media Kkit:
http://www.sensorsportal.com/DOWNLOADS/Media_Kit_2007.PDF



Distributed online in pdf format and on CD

www.sensorsportal.com



https://www.researchgate.net/publication/237734041

