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Introduction

A core research problem of UCRSEA focuses on improving the understanding of climate vulnerability
in urbanising areas and the ways in which climate vulnerability and urban poverty are linked in Southeast
Asia. Growing cities in Southeast Asian countries are experiencing similar pace and patterns of
urbanisation. With increasing population, local authorities have to tackle increasing issues of solid waste,
wastewater, pollution, contamination and environmental degradation. Air pollution is one of the major
environmental issues in urban areas. Impacts of air quality on human health in urban areas are well
researched and recorded. However, air quality index and data are not regularly or widely monitored,
easily accessible or accurately interpreted in many Southeast Asian cities.

UCRSEA aims to test and refine innovative methodologies and tools to support vulnerability assessment,
public dialogues and participatory resilience building in cities. Citizen Science and Tai Baan Research
approaches will be explored and adopted. This will involve local multi-stakeholders or local community
members in monitoring air quality to detect air pollution, particularly particulate matter with an
aerodynamic diameter of 2.5 um or less (PMzs), using AirBeam device. This participatory research aims
to address one of the UCRSEA research questions, which is — How fo strengthen the agency of
individuals, groups and institutions to improve economic, physical and social well-being in urban areas,
particularly in response to climate change.

Airbeam Device

Under UCRSEA, the AirBeam device has been introduced to the partners. The AirBeam is based on the
open-source AirCasting platform for collecting, displaying and sharing environmental data using a
mobile device. The device allows users to measure four variables: humidity, sound level, PM2s, and
temperature, and share the data with others online. It can be used as a research and advocacy tool to
encourage community engagement in dealing with urban environmental issues. Citizens can use these
findings to engage in shared learning dialogues with government officials and other actors about how
their cities should address air quality issues.

The device can also be used as a teaching tool in a number of ways. First, by making measurements,
interpreting the data, and comparing data from different regions, students will learn about methods of
scientific investigation. Second, the findings on the distribution of pollution and the varying levels of
pollution from the different regions will increase the students’ awareness of environmental and public
policy issues. Third, collecting a complete data set may require students to measure several different
regions daily and maintain this routine for an extended period of time. Students may divide into several
groups and each group will take charge of each region. This will teach students how to assume different
roles and take responsibilities as part of a team.

Name of applicant

Assist. Prof. Dr. Arika Bridhikitti
Dr. Thayukorn Prabamroong

Faculty of Environment and Resource Studies, Mahasarakham University, Thailand
Background context

Lacking measurements on air pollution in Maha Sarakham, Thailand makes it difficult to identify
vulnerable areas for health risk implication in this province. Applications of the Airbeam device would
hereby provide initiative statements for air pollution assessment. Since its ease of handling and
communications, this approach would promote public awareness on air pollution hazard and risk and
also encourage social involvement in mitigating adverse effects associated with the air pollution.



Maha Sarakham Municipality and MSU communities are known as the fast-growing cities in
Maha Sarakham Province. Both are approximately 10-km apart and population easily mobilizes between
both areas. Population growth there is primarily contributed by an influx of unregistered MSU students,
approximately 40,000 yearly. In the past years, number of construction sites in both cities had been
budding along with population growth. This had been related to dusty environment and possibly high
levels of air pollution. Therefore, we propose using AirBeam as a tool to identify hazard and vulnerable
endpoints. Then health risk of those vulnerable endpoints will be justified from the AirBeam Particulate
Matter levels and collective information obtained from vulnerable groups and local public health sectors.
Finally, the research findings will be publicized in various formats, including local newsletter, poster
adhered over the public spaces and circulation in special events. MSU undergraduate students from the
Faculty of Environment and Resource Studies are the key drivers on those tasks.



Final Report on Citizen Science and Airbeam Work

in MSU communities, Maha Sarakham, Thailand

Asst. Prof. Dr. Arika Bridhikitti
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Mahasarakham University, MSU, is the home to over 40,000 students resulting to a
growing number of population and vehicles in the surrounding communities. MSU has
also often experienced dusty environment due to constructions and poor road condition.
This could more or less affect public health and welfare. The MSU communities
considered in this AirBeam study include 5 communities, which are Ban Tha Khon
Yang, Ban Kham Rieng, Ban Don Na, Ban Don Yom and Ban Don Nong in
Kantarawichai District. Furthermore, we are only focusing on those areas along main
roads to MSU, as shown in Figure 1.

Figure 1 Mahasarakham University (MSU) Community area

Objectives

1. Assess potential health risk in air pollution-prone areas in Maha Sarakham
Province, Thailand

2. Raise awareness of students, local community leaders, local authorities on the
local air pollution situation by engaging stakeholders in the data collection
process

Expected outputs

e Air pollution hazards and risks— in selected research sites.

e Recommendations for the local government to reduce hazards and tackle risks
in selected research sites-based on multi-stakeholder engagements. The
recommendations should be formulated directly by local public health officials
and key actors (e.g., community leaders and health staffs) who are involved in
the research.



Deliverables

e Worldwide report on PM2s level in MSU communities through AirCasting
Website;

e 1 narrative report on environmental surveillance or air pollution exposure for
MSU communities;

e 1 poster media on research findings to be submitted to TEI and community
leaders;

e 1 NEWS article delivering information on UCRSEA network and PM2 s
problem in MSU communities.

Key activities and approaches

This research were conducted from November 2017 to June 2018. The key activities
were as following:

1. Polluted area identification: Three air pollution-prone areas were identified
from those exhibiting high level of PM2sin ambient air: This PM2shad been
measured real time by the AirBeam device at 7.00 -9.00 AM and 4.00-6.00
PM in 6 weekdays, representing days with high human activities. The
measurement were conducted once a month from February to March 2018
(1st Feb, 2nd Feb, 8th Feb, 7th Mar, 9th Mar and 14th Mar, 2018). During the
measurement, traveling speed had been kept below 40 km per hour.

Three polluted areas around MSU campus have been assessed by considering
those with average PM2.5 of greater than 50 pg m™ for more than 40
sampling times (N) to avoid effects of short-term high PM2.5 loading and
their locations are on the map in Figure 2.

e Area A is at MSU gate to Ban Don Nong community. It is dominated by
campus impervious surface, bare soil around the middle of the circle and
also residential area on the upper right corner. There is an on-going
construction site during the measurement.

e Area B is predominated by mixed paddy fields and newly-developing
residential areas.

e Area C is the highly-dense business and residential area. There is an on-
going construction site during the measurement.
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Figure 2 Maps of MSU surrounding communities and three polluted sites consider for
this study. The circles have 250-m radius and represent areas for the study on
pollution source inventories.

2. Air pollution sources inventories and mapping: At the three polluted areas,
potential air pollution sources were investigated. The sources include
transportation, BBQ, agricultural open burning, construction. Activities
relating to the sources were assessed and they are number of vehicles, type of
vehicle, traffic speed, number of BBQ vendors, amount of agricultural residue
on fields, amount of open burning waste, types of working construction
machines, road characteristics.

Pollution source inventories had been assessed by collecting source activities
in relevant to the emission factors of total suspended particle (TSP), as
detailed in Table 1. All sources within the 250-m circle boundary for those
three vulnerable areas (see Figure 2) had been investigated. The circles were
centered at the high-volume air sampling locations, which will be described
later. Fluxes of the TSP for each PM source were estimated using the
following mathematic relationship:

TSP Emission flux (g day™) = Source activities x Emission Factor

Geographical information of the TSP emission flux has been presented on
map. The map could be used to interactively imply contributions of TSP from
multiple sources to people in the vulnerable areas.

3. Health effect assessment: Semi-structured interviews were conducted with at
least 35 local residents living in each of the three polluted areas for 5 years or



longer. The interviewees exclude smokers and account for people in the ages
of 15 to 70 year old. The interview was followed questionnaire, as shown in
the following page (in Thai) and it covers the detail below:

e General individual information: sex, age, address, residential duration,
education, income, career, health status etc.

e Ranking potential TSP sources in their locality.
e Health symptoms in the present and in the last 5 years

e Effects of TSP on the health symptoms in the present and in the last 5
years

4. Data analysis (correlation analysis): — quantitative, semi-quantitative, or
qualitative (has yet to be defined).
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Research Findings

1. Polluted area identification

The three studied areas were selected for this study as the areas with polluted air
quality by considering anomalously high PM level based on AirBeam measurement.
The distribution map of the potential air polluted sources in the air pollution-prone
areas: A, B, and C are illustrated in Figure 4.
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Figure 4 Spatial Distribution of potential air pollution sources in the studied areas (A,
B and C). Green is construction sites, Dark Blue is underground water pipe lying,
is rice field burning, Orange is BBQ shops, and Red is Domestic refuse
burning.
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Figure 4 Road Environment along Area A

Figure 5 Road Environment along Area B
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Figure 6 Road Environment along Area C

2. Air pollution sources inventories

Six categories of air pollution sources had been considered in this study, which
are roadside construction, in-road vehicular emissions from its exhaust pipe, road dust
suspension, BBQ grilling, agricultural burning and refuse open burnings. Table 2 shows
the air pollution sources contribution, estimated using emission factors and Figure 7
summarizes the contribution from each source category.
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Table 2 Source inventories of total suspended particle in three studied areas

TSP (kg/day)
Area A Area B Area C
Construction
%gd\?\;gtrgr Undergroun
Machinery types Building pi Building d Water
Ipe Pipe Lyin
Lying pe Lying
Observation Date 9/4/2018  12/4/2018 10/4/201  7/4/2018
(Mon) (Thu) 8 (Tue) (Sat)
Track lying tractor 0.03 0.03 0 0
Wheeled Tractor 5.57 11.14 2 0 0
Wheeled Dozer 7.08 21.24 3§ 10.62 3.54
Scraper  29.43 39.24 "g 26.16 78.48
Motor Grader 0 10.64 s 10.64 0
Wheeled Loader 0 0 § 0 0
Track Lying Loader  2.88 2.88 3 2.88 2.88
Off-Highway Truck  152.64 89.04 3 63.6 16.96
Roller 116 435 2 46.4 14,5
Miscellaneous: Cable-
Sling Cane 7.22 0 0 0
Total 216.45 217.71 160.3 116.36
Vehicle Emissions
Observation Date 3/4/201
11/4/2018 (Wed) 8 (Tue) 17/4/2018 (Tue)
Light-Duty Diesel 0.033 0.038 0.003
Heavy-Duty Diesel 0.011 0.008 0.004
Total 0.044 0.047 0.007
Road Dust
Type of Road Paved Paved Unpaved
Observation Date 3/4/201
2/4/2018 (Mon) 8 (Tue) 4/4/2018 (Wed)
4-wheel Gasoline
Vehicle 10.38 24.81 214.03
Light-Duty Vehicle 16.89 16.11 38.26
Heavy-Duty Vehicle 9.23 4.17 5.94
Motorcycle 5.09 4.40 851.37
41.59 49.50 1,109.60
BBQ
4/4/201
Observation Date 6/4/2018 (Fri) 8 6 Apr 2018 (Fri)
(Wed)
Number of BBQ spots 6 18 5
Total dust loading, TSP 0.055 1.466 0.063
(kg/day)
Agricultural Burning
Rice Straw Burning 0.016 No No
Municipality Refuse Burning
Municipality Waste 0.154 No No

16
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Figure 7 Six air pollution source apportionment and their contributions into total dust
loading

Area A

Total dust loading within the area A was approximately 476.02 kg day*. Construction
accounted for 91% of total dust contribution into Area A, or 434.16 kg TSP day™,
followed by road dust (9% or 41.59 kg day?). The constructing works in the Area A
included large apartment buildings and underground water pipe lying, resulting to
intense earth moving activities in this area. Furthermore poor road surface has been
adversely affecting people living along the roadside due to high dust suspension and
unsafe condition.

Area B

Among three studied site, the Area B has the lowest magnitude of dust loading (~51.01
kg day™). Ninety seven percent of the dust was from road dust. Road surface here is
paved and found with high-speed traffic, inducing air mass turbulent and high dust
resuspension. BBQ grilling was found many times in this area and it was accounted for
3% of total dust contribution.

Area C

Area C exhibited the highest dust loading, which is approximately 1,386 kg TSP day,
which 80% from road dust and 20% from roadside constructing works, including an
apartment building and an underground water pipe lying. The road surface was
unpaved, covered with coarse gravel. Thus the traffic speed is comparatively low as
compared to those in the Area A and B.

17



3. Health Effect Assessment

Thirty five questionnaires had been distributed to local residence living in each of three
studied areas for 15 years or longer. Based on public perception, road dust had been
ranked as the most significant source of air pollution in Area A and C, and ranked the
third significance in Area B. This perception provided the similar conclusion with those
of emission source inventories. Furthermore, constructing works, including apartment
buildings and underground water pipe lying, were also perceived as the top three
significant air pollution sources in all studies area. Nonetheless the construction site in
Area B was no longer existed during the measurement. Vehicle emissions from exhaust
pipes had been claimed being one of the significant air pollution sources in Area A and
B. This conclusion was not in agreement with the previous estimation, showing less
than 1% contribution of the dust from vehicle emissions.

Almost informants in the three areas had been experienced skin, eyes or nose irritation
and feel annoying with dusty environment. Informants in Area C had the most number
of victims experiencing coughing, sneezing and airway congestion. Furthermore, many
informants in Area C also feel uncomfortable with dust stain on the clothes and dust-
contaminated foods.

Table 3 Assessment on public perception on dust sources and effects taken during
April 2018 at three studied areas

|

Area A

Area B

Area C

Section 1: General Information of Samples

1. Gender

Male = 15., Female = 20

Male = 15., Female = 20

Male = 15., Female = 20

2. Age

Female = 0 - 20 years old
=3,21-40yearsold =
13,41 - 60 yearsold =4

Female = 0 - 20 years old
=2,21-40yearsold =8,
41 - 60 yearsold =10

Female = 0 - 20 years old
=2,21-40yearsold =
10, 41 - 60 years old = 8

Male = 0 - 20 years old=
3,21 -40 years old = 6,
41 -60yearsold = 6

Male = 0 - 20 years old=
2,21 -40yearsold =9,
41 -60yearsold = 4

Male = 0 - 20 years old=
1,21 -40 years old = 8,
41 -60yearsold= 6

3. Household member

1-3members=11,4-6

1-3members=19,4-6

1-3members=9,4-6

members = 24 members = 16 members = 26
4. Local residence 15-30years=16,31-60 | 15-30years =24,31-60 | 15- 30 years =13, 31 -
years years =19 years = 11 60 years = 22
5. Occupation Commerce = 13, Commerce = 28, Commerce = 17,
Freelance = 22 Freelance = 7 Freelance = 18

6. Outdoor hours per
day

1-4hrs=11,5-8hrs=
24

1-4hrs=8,5-8hrs=27

1-4hrs=16,5-8hrs=
19

7. Having chronic
health conditions

Yes =6, No=29

Yes =15, No=20

Yes=12,No=23

8. Smoking

Yes=6,No=29

Yes=5,No =30

Yes =13, No=22

9. Having smoker(s) in
the same household

Yes= 20,No=15

Yes= 28,No=7

Yes= 14,No =21

Section 2: Public perception on local air pollution sources

Building Construction

210

140

205

Underground water
pipe lying

175

272

245

18



Area A Area B Area C

Vehicle emissions 245 259 175
BBQ 140 147 140
Municipality Refuse

Open Burning 105 105 105
Rice _Straw Open 70 70 70
Burning

Road Dust 280 205 280

Section 3: Public perception on effects from high dust exposure

Health effects

Coughing, Sneezing (21)

Coughing, Sneezing (13)

Coughing, Sneezing (34)

Airway congestion (25)

Airway congestion (9)

Airway congestion (27)

Skin, eyes or nose
irritation (35)

Skin, eyes or nose
irritation (33)

Skin, eyes or nose
irritation (35)

Aesthetic effects

Annoying (35)

Annoying (35)

Annoying (35)

Dirty Clothes (17)

Dirty Clothes (4)

Dirty Clothes (32)

Unclean foods (22)

Unclean foods (8)

Unclean foods (33)

Reducing traffic visibility
3)

Reducing traffic visibility
(5)

19



Final Report on Citizen Science and AirBeam Work

in Maha Sarakham Municipality, Thailand

Dr. Thayukorn Prabamroong
Faculty of Environment and Resource Studies, MSU

Maha Sarakham Municipality (MSM) is considered as the fast-growing cities in Maha
Sarakham Province as compared to the past 10 years. To our knowledge, there is no air
quality monitoring station located in the area like other mega cities, for examples,
Bangkok and Khon Kean. The issue of particulate matter (PM) concentrations has
received more attention since it can cause adverse health impact. Exposure to
particulate matter with a diameter less than 2.5 microns or um (PM25) has been linked
to lung and cardiovascular disease and increased in both hospital admission and
mortality. To better understand how PM2 s be serious, AirBeam device should be a tool
to support our hazard identification as well as vulnerable endpoints. Information on
PM:2s for MSM s still required to facilitate a better understanding on particulate air
pollution though local participation. This could promote public awareness on air
pollution hazard and risk and also encourage social involvement in mitigating adverse
effects associated with the air pollution. Our works also involved using Geographic
Information System (GIS) which deals with data visualization and spatial data analysis.

Objectives

e To develop GIS-related database for air quality study for Maha Sarakham city,

e To seek for proper sites for air quality monitoring using GIS analysis,

e To assess potential health risk in air pollution-prone areas in Maha Sarakham
city, Thailand

e To raise awareness of local villagers, village health volunteers, local
community leaders, local authorities on the local air pollution situation by
engaging stakeholders in the data collection process and lesson sharing.

Expected outputs

e Air pollution hazards and risks-in selected research sites.

e Recommendations for the local government to reduce hazards and tackle risks
in selected research sites-based on multi-stakeholder engagements. The
recommendations should be formulated directly by local public health officials
and key actors (e.g., community leaders and health staffs) who are involved in
the research.

Deliverables

e Specific spatial data in GIS format of Maha Sarakham Municipality as
supporting data for PM2s management

20



Health risk map on particulate air pollution resulted from PM2 s measurements,
emission source identification, spatial analysis and health risk assessment
Worldwide report on PM2 s level in MSU communities through AirCasting
Website

Narrative report on potential health impacts of air pollution in Maha Sarakham
city or relevant

Health network including community leaders and village health volunteers
Publication article to be submitted to the MSU Community University
Engagement Journal (optionally)

Local NEWS papers

Poster Info-Graphic

21



Key activities and approaches

This research was conducted from November 2017 to July 2018. The key activities are
as following:

1.

Development of GIS spatial data for spatial analysis of PM2s pollution as well as
seeking for proper sites for an installation of air quality and meteorological
monitoring station specific to

the context of Maha Sarakham city.

Identification of particulate air pollution risk areas with community participation:
City plan in 1997 in association with satellite data was used to identify polluted
area with focusing densely population. In this work, there are three air pollution-
prone areas covering 17 communities which first and second one refer to local
government zone and the rest refer to residential zone. PM2s was measured using
the Airbeam device for two days (i.e., Wednesday and Saturday) at 7.00-10.00
AM (morning) and 3.00-6.00 PM (evening), representing days with high
(weekday) and low (weekend) human activities. Time periods for the PM2s
monitoring were suggested by division of public health and environment,

Maha Sarakham Municipality. The measurement was conducted on February 21
and 24, 2018.

Air pollution sources inventories and mapping: Potential air pollution sources
over three polluted areas will be investigated. The local sources ware guided
using observation data. To our knowledge, street vender, particularly grilling is
the most possible contributor to particulate air pollution in Maha Sarakham city.
Near source measurement was done. Also, emission rates from the past works
were collected as underlying information for air pollution study.

Exposure assessment at the three high-PM areas: The assessment was based on
data from Department of public health and environment (Maha Sarakham
Munipality) and this works. There are two locations that ambient PMo
concentration (24 hrs) were measured using the high volume air sampler.
Exposure assessment will include PM1oand PM2s by using conversion factor
(i.e., PM25=0:75 PMyo) following Wu et al. (2016) as in Zhang and Tropathi
(2018). Health data were collected through the interviews of 136 local people.

Health effect assessment: In-depth interviews with helps of village health
volunteers were made. We focused on local people who live in three air polluted
areas. There are 136 questionnaires collected. Health effect was preliminarily
assessed here.
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Results

1. Development of GIS spatial data for spatial analysis of PM2s pollution
Spatial criteria for site selection for air quality and meterological mornitoring
stations in Maha Sarakham city were collected from literature reviews and
interviews. Regarding the criteria, GIS data were requested from goverement
ogranizations/agencies. Some of them were develoeped in our work. Data quality
control and assurance were also made in this study. GIS techniques were used to
organize compatible data for spatial analysis. Current database specific to air
qualtiy study includes administractive boundary, land use/land cover, local
government area and road network as summaried in Table 1.
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Table 1: Spatial Criteria for Site Selection

Degree of Area of
Consideration * Interest
Buffer 3 = % . °
Aspect Criteria Data 2 g Zone S £ & g E
Type z 2 (m.) = | = & >~ 3
S S 5| 3 =
= » = <
<
Environment | = E‘ ;’;L;/ral water Polygon HS 50° | /| /| 1:25000 22%1156- LDD
HS 10¢ / 1:4000 2006 ESRI
2. Road Line Littidej
HS 50¢ / 1:4000 2016 etal.
(2016)
3.Residential/
commercial/ Littidej
government Polygon HS 25¢ / / 1:4000 2016 etal.
Infrastructure buildings (2016)
and public
utility 4.Locaton of
important
residential/ Point S 100f / / 1:4000 2006 ESRI
government
building
5. Community Littidej
area covering 17 Polygon 1:4000 2016 etal.
communities (2016)
6. chgpsrtﬁjgéid Polygon Hs | s0s | / | /| 125000 | 21> | LDD
: : 1985 | Pekel
Disaster 7. Flood-prone area Point HS 30" / / N/A etal.
2015
(2016)
Air pollution 8 ?ﬁ:sﬁézlzlgh Polygon | HS 101 / / N/A 2018 v-:—/(r)];li
Remarks:

@ Highly Sensitive; HS and S (Sensitive); N/A = data is not available; LDD = Land Development Department

b Use 50-m buffer to avoid impacts from settlement of the riverbank as well as flooding.

¢ Use 10-m buffer as in Center for Air Quality Research and Management, Chiang Mai University (2008) with
an emphasis on the main road. The widths of road for 2 and 4 lanes were defined at 4 and 20 meters,
respectively.

dUse 50-m buffer as preliminary by considering interview information from Khun Nittaya Chaisa-ard
(Environmental Specialist) from Air Quality and Noise Management Bureau, Pollution Control Department
(i.e., 300 m.) and literature reviews i.e., Center for Air Quality Research and Management, Chiang Mai
University (2008) and Central Pollution Control Board (2003).

¢ Use 25-m buffer for reduction of building impacts as suggested by Central Pollution Control Board
(2003) i.e., the distance must be double of building height. In this case, it was assumed that average height of
building in Maha Sarakham city is approximately 12 meters.

fUse 100-m buffer around government building with accessibility, safety, and available utilities were taken into
account. In present, most of the station are located in area of government organizations/agencies.

9 Same to natural water body.

h Use 30-m buffer far from flooding-prone areas (=50% of occurrence frequencies) during April and October
from years 1995-2015. Data was obtained from https://servir.adpc.net/tools/historical-flood-analysis-tool.

i Use 10-m buffer from high concentration of PMz2.s (>80 ug m) and residential areas with the map was
spatially interpolated using IDW as in Zhang and Tropathi (2018)
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In our spatial analysis for air quality and meteorological monitoring, there are two areas
which consist of general area (GA) and adjacent area to road (within 10 meters far from
main road) or roadside areas (RA). GIS database used in the analysis for both GA and
RA areas were shown in Figures 1 and 2.

il =
CJ) \q., 1 A :
M L
P 5/;
"-\-._A/-L-\‘ﬁ —
(r’ 3 L
a) Community area b) Residential/commercial/ c) Natural water body with
government building with 25- 50-meter buffer
meter buffer
yayss \‘\\ -
< \
, A P
. > W
d) Constructed water body e) Road network with 50-meter
with 50-meter buffer buffer
v h - i o
S N \ . Kw . 7\
-7 \ AN e \\ ~
f“J_‘ N\ ! A N J— - [)J v . ~ v \
) N - o p)
o~ v o g
~’ / <
\ //" N - ) ) VA i >
L/ 4 S
g) Flooding-prone area h) Important location of i) Area with high PM2s levels with 10-
with 30-meter buffer government meter buffer (Occurred in Moring
organizations/agencies weekday and evening weekend )

with 100-meter buffer

Figure 1: GIS database used for GA.
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a) Community area b) Residential/commercial/ c) Natural water body with

government building with 25- 50-meter buffer
meter buffer

I R

o {/“‘V.f/ o
\\\7 . . xLEJ_L RN
/‘ n// -
( / \ S S
~/ ) // /
& \/’

f) Flooding-prone area

d) Constructed water body
with 30-meter buffer

with 50-meter buffer

N
~—_/ 7 /
4
7
g) Important location of h) Area with high PMzs levels with
government 10-meter buffer (Occurred in
organizations/agencies weekday morning and weekend
with 100-meter buffer evening)

Figure 2: GIS database used for RA.
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As results from the analysis, there are 4 (Figure 3, for GA) and 11 (Figure 4, for RS)
proper areas for the instillation of air quality and meteorological monitoring stations in
Maha Sarakham city as summarized in Table 2.

Figure 3: Proper areas for GA.
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Figure 4: Proper areas for RA.

Table 2: Summary of proper sites for air quality and meteorological monitoring in

GA and RA.
Monitorin . Available

Area g Adjacent Place Area (sq.m.)
1.Faculty of Medicine (Mahasarakham University or MSU) 682.9
2.Maha Sarakham's Tourism and Sports Office 537.1
3.Faculty of Management Science 279.7

GA (Rajabhat Mahasarakham University)
4.Faculty of Management and Information Science 639.5

(Rajabhat Mahasarakham University)
1. Faculty of Veterinary Medicine and Animal Science 386.2
(Old Campus, MSU)

2. Suddhavej Hospital (MSU) 996.6
3. Suddhavej Hospital (MSU) 210.9
4. Medical Service Center, Faculty of Medicine (MSU) 251.7

RA 5. Maha Sarakham's Tourism and Sports Office 1246.0
6. Research Institute of Northeastern Art and Culture 750.5
7.Mahasarakham Business School (Old Campus, MSU) 272.7
8.Mahasarakham Business School (Old Campus, MSU) 550.2
9.Maha Sarakham Police Station 303.8
10. Mahasarakham Hospital 68.0
11. Mahasarakham Hospital 237.9
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2. Identification of particulate air pollution risk areas with community
participation

Levels of PM2swere measured using AirBeam device for 2 days, here, Feb. 21 and
24, 2018, representing days with high (weekday) and low (weekend) human activities
at 7 to 10 AM and 3 to 6 PM with the measurement time was planned together with
Maha Sarakham municipality. During the measurement, traveling speed was
maintained below 40 km per hour. Spatial distribution of PM2 s each period was made
using GIS techniques i.e., Inverse Distance Weighting (IDW). This technigue has
been suggested by Apak and Atay (2013); Musikavong and Gheewala (2017) as in
Zhang and Tropathi to be more appropriate for regional mapping. This work assumed
that each measurement point is homogeneously influenced by local emission sources
at the given period. This could help us to understand how PM: s levels are related to
possible emission sources as well as actitivies.

Three polluted areas over Maha Sarakham city were assessed which cover 18 local
communities. PMzs ranges from 50-70 pug m= for weekday (evening) and weekend
(morning and evening) as shown in Figure 6. While for weekday (morning), PM2s
increased to 70-75 pug m. When comparing to the national ambient air quality standard
for 24-hr average (not exceeding 50 pg m=), PM,s concentrations are considered to be
relatively high. However, the measurement here was made for 6 hrs which is only 0.25
of the whole day. More details are follows:

e Areal and 2 represent to local government areas e.g., schools temples and
health promoting hospitals, Mueng Maha Sarakham municipal food market,
bus terminal (i.e., Maha Sarakham’s bus station), and Department store.

e Area 3 represents to residential areas.

Weekday (Morning and Evening)
Area 1 Area 2 Area 3

Figure 5: Selected three air pollution-prone areas in Maha Sarakham city.
Remarks: only PM2s measurement in the morning was shown here.
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a) Weekday (Morning) b) Weekday (Evening)
Nl

¢) Weekend (Morning)

LY

Figure 6: PM> 5 concentration contours using IDW techniques.
Remarks: Accuracy of data is limited by the number of measurement which our
analysis focus mostly on the area inside red boundary.
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In this city, higher PM2sin the morning than in the evening was found. City-wide
average PM2s level was 63.6 + 21.0 pg/m?® and relatively elevated in weekday
possibly due to high in traffic volume. When considering the level of PM2 s for
the both period combined, three area show a comparable result which ranges
from 63.0-64.7 pg/m. It was implied that each area were influenced thoroughly
by similar emission sources.

Table 3: PM.s concentrations for the three selected areas for weekday and
weekend periods.

. . Mean + Standard
Area Period Time Deviation (ug/m?)
7-10 AM 76.1+99

Weekday 3-6 PM 63.7+20.4
1 7-10 AM 62.4+185
Weekend 3-6 PM 571+27.2
Combined | 7-10 AM and 3-6 PM 64.7+21.2
7-10 AM 71.7 £ 15.0
Weekday 36 PM 64.2%255
2 7-10 AM 504 +19.6
Weekend 36 PM 55.1 % 26.9
Combined | 7-10 AM and 3-6 PM 63.1+225
Weekda 7-10 AM 718+ 143
y 3-6 PM 64.1+231
3 7-10 AM 60.6 + 19.4
Weekend 3-6 PM 552 +29.0
Combined 7-10 AM and 3-6 PM 63.0 +23.2
Weekda 7-10 AM 73.9+13.7
y 3-6 PM 64.0+22.9
City- Average 7-10 AM and 3-6 PM 68.6 £ 19.3
Wia’e Weekend 7-10 AM 60.7 +19.2
3-6 PM 557 +28.1
Average 7-10 AM and 3-6 PM 58.3 +24.2
Combined 7-10 AM and 3-6 PM 63.6 £21.0
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a) Design of research activities through local participation
|

i

Figure 7: Activities in the work.
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3. Identification of potential PM2.s emission sources

PM2.s measured at three air pollution-prone areas with high levels was recorded and used
to identify possible sources. As results, potential contributors to particulate air pollution
in Maha Sarakaham city are street vender, particularly for grilling and vehicle’s exhaust
pipe. PM2s concentration levels near source are shown in Table 4. To better understand

emission sources, data collected from literature reviews will be additionally made.

Table 4: Screening result of PM2.s concentration levels near source

Range of PM2s

General Conditions

Sarakham)

Concentration Date/ Relati
Emission Source | Level in pg/m? ate Surrounding Temp. catve Remarks
. Time . Humidity
(1 min- Environment (Deg. C) N
(%)
average)
= Time taken to grill about
3 hours a day
(Séggﬁtg\ﬁ”?neg no.1) April 4, C';ﬁgi':?::fts = Use charcoal available in
T 95-146 2018/ Yak” 23 59 local markets
9:07 AM = Measurement made at
30 c¢cm closed to the
source
= Time taken to grill about
. Local market 3-5hoursaday .
Street vender April 4, lled “Talat 5 = Use charcoal available in
(Fish grilling, no.2) 59-80 2018/9:16 | aUeC 1A 32 50-53 local market
Yak
AM = Measurement at
approximately 30 cm
closed to the source
= Time taken to grill about
3-4 hours a day
(S(t:rheiectk\éingre;:“ng April 4, Locg{:llrlzzrket = Use charcoal available in
no.3) ' 22-103 2018/9:22 “Talat 5 Yak” 32 49-51 local market
' AM = Measurement at
approximately 30 cm
closed to the source
= Time taken to grill about
Local street 3-4 hoursaday .
= Use charcoal available in
Stre_et vender April 4, venders local market
é(rlillﬂlli(;l;enngnﬂcfi)pork 34-116 2018/9:53 ;;;Ia?fr?ir?t)) 35 42-54 = Measur_ement made at
T AM approximately 30 cm
closed to the source
= QOperated with hood
equipped
Bus Terminal = Public Bus
Vehicle’s exhaust - (Maha = Measurement made at
pipe April 4, Sarakham approximately 60 cm
52-92 2018/10:04 L 38 46-49
AM Municipal clgsed to the source
Transport = Diesel Engine/12,000
Station) CC/420 HP
Three-way = Slight traffic congestion
April 4, intersection = Measurement made at
Traffic congestion 55-94 2018/10:22 (Route from 38 45-47 approximately 200
AM Roi-Et to Maha meters closed to the

source
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4. Exposure assessment

This works followed the guideline from Department of Health and Department of
Disease Control (2014) to assess exposure to PMio (24-hr average) and PMzs (6-hr
average, focusing on rush hours). In this work, PMio data was obtained from the
Division of Public Health and Environment, Maha Sarakham Municipality (MSM).
While for PM2s, it was taken from our measurement using AirBeam device. We used
a conversion factor following Wu et al. (2016) as in Zhang and Tropathi (2018) which
is PM2s = 0.75 PM10. To perform exposure assessment, many variables from our
questionnaire which are uptake duration (hr day?), frequency of exposure
(day year?), residential duration (years) and body weight (kg). There are 136
questionnaires collected over 17 communities where high population density is present.
The exposure assessment will refer to mathematical equation below:

B B C (mgm™3) X IR (m® hr™*) x ET(hr day ™) x EF(day yr=') x ED(yr)
PM2.5(mg kg~ *day™') = BW (cg) X AT (day)

Whereas, C = average ambient PM, s concentration (mg m-)
IR = inhalation rate (m? hr't), assumed to 0.83
(Department of Health and Department of Disease Control, 2014)
ET = uptake duration (hr day™?)
EF = frequency of exposure (day year™)
ED = Residential duration (years)
BW = Body weight (kg)

Exposure (T—j/day)

Hazard Quotient (HQ) =

mg
RfD(g/day)
Whereas,
Exposure= Exposure in mg/kg/day
RfD= RfD in mg/kg/day (0.005 mg/kg/day for PM.s)

Table 5: Health Hazard Quotient for city-wide average.

. C IR ET EF ED BW AT ! RfC
Variable (mg/m?) /((;:;) (h/day) ;‘::Z; (years) (kg) (days) (n(lii/yl;g- (mg/kg/day) HQ
PMzs @ 0.064 0.83 6 365 40.4 64.9 14746 0.0049 0.005 0.982
PMa2s P 0.011 0.83 24 365 34 62.4 17520 0.003 0.005 0.519
PM2s © 0.051 0.83 24 365 34 62.4 17520 0.011 0.005 2.286

Remarks: C = average ambient PM1o concentration (mg m); IR = inhalation rate (m® hr?), assumed to
0.83 (Department of Health and Department of Disease Control, 2014); ET = uptake duration (hr day);
EF = frequency of exposure (day year?); ED = Residential duration (years); BW = Body weight (kg)
@This work.

band ¢ Data from previous work at two locations i.e., Maha Sarakham police station and Charendej
Intersection, respectively. PM2s were calculated using the factor of 0.75 following Wu et al. (2016) as in
Zhang and Tropathi (2018). A relatively high HQ level for Charendej Intersection site possibly due to
electricity interruption during the measurement.

Table 5 suggested that heath surveillance of PM2 s impacts for this city need to be
regularly performed because value of HQ tends to be high. More in-depth
investigations are still required.
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5. Health effect assessment

In this work, health effect was preliminarily assessed due to limited number of data.
Relationship between health effect and PM2 is very complicated and still need more
in-depth investigations to provide better understanding on PM2 s impacts in Maha
Sarakham city. As results from 136 questionnaires, it provided basic information to
tell us which source local villagers are facing and how health of local villagers is. For
the entire questionnaires, when considering at residential areas (i.e., 3 areas), there
were 49, 27, and 28 people, sampled from the areas 1, 2, and 3, respectively. Some of
them live in the area of 1 and 2 and of 2 and 3, which were 5 and 26 people,
respectively. Our sample size consists of 58 males and 78 females accounting for 58%
and 78%, respectively. The sample age was ranged from 11-83 years (57+£12.9,
MeanxSD) and residential time was 40.4 + 23.4 years. Most of them are merchant
(53%), followed by business owners (25%). Most of the residential type is 2 storey
house (74%), followed by single storey house (25%) and multiple storey house (19%),
respectively. In terms of health status, most of the people were diagnosed their
medical conditions which implied that they know how to protect themselves. Among
the surveyed samples, there are 33% of smokers in the home, which could be a factor
contributing to their illness. In terms of perception of local villagers, most of them
know which sources cause PM2 s (Table 6), as indicated by reply response.

Table 6: Frequency of pollution from questionnaires.

Frequency of Occurrences

Sources of Particulate

Matter/Smoke/Soot/Ash Rarely Occasionally Daily Regularly
No % No % No % No %
1. Cigarette smoke 82 60.7 24 17.8 16 11.9 13 9.6
2. Cooking smoke 30 22.1 32 23.5 51 375 | 23 16.9
3. Incense smoke 36 26.5 83 61.0 12 8.8 5 3.7
4. Road dust/smoke from 17 |125| 36 |265| 26 |191| 57 | 419
vehicle’s exhaust pipe
5.Dust/soot from gas station 128 94.1 5 3.7 2 1.5 1 0.7

6.Dust/smoke from agricultural

biomass burning 93 68.4 41 30.1 2 15 0 0.0
7. Biomass open burning 58 | 426 | 67 |493 5 37| 6 | 44
i.e., waste/tree leaf)
8. Dust from drilling 124 91.2 11 8.1 1 0.7 0 0.0
9. Dust from construction 86 63.2 40 29.4 6 4.4 4 2.9
10 Dust/smoke from industries 132 97.1 3 2.2 1 0.7 0.0 0.0
11 Other possible sources
= Smoke from open waste
burning
= Smoke from neighborhoods
= Smoke from food grilling
= Chemical burning from
Nursing College 1 | o7 | 25 |184] 7 51| 6 | 44

= Dust from weed

= Road dust from truck

= Smoke from vehicles
combustion

= Construction equipment
Store

= Maintenance shop

11.1 no possible activities 97 71.3

11.2 not specified 15 11.0
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Among the all symptoms, nasal congestion, fatigue, and blurred vision were relatively
high, followed by found the most, followed by runny nose, sore nose, cough without

sputum, and eye burning or itchy. To relate these symptoms and PM2 s, it still requires
more investigations which could be part of our responsibilities to deal with.
A cooperation with key stakeholders, especially for Maha Sarakham Municipality and
Mahasarakham hospital are needed.

Table 7: Health status for February in 2018.

Health Status

Symptoms Found Not Found
No % No %
1. Nasal congestion 46 33.8 90 66.2
2. Runny nose 33 24.3 103 75.7
3. Sore nose 30 22.1 106 77.9
4. Sore throat 26 19.1 110 80.9
5. Cough without sputum 32 23.5 104 76.5
6. Cough with sputum 25 18.4 111 81.6
7. Dyspnea 20 14.7 116 85.3
8. Breathing with wheeze 15 11.0 121 89.0
9. Headache 28 20.6 108 79.4
10. Fatigue 47 34.6 89 65.4
11. Tachycardia 21 15.4 115 84.6
12. Rash 22 16.2 114 83.8
13. Eye burning or itchy 33 24.3 103 75.7
14. Conjunctivitis 9 6.6 127 93.4
15. Tears flow very abnormal 18 13.2 118 86.8
16 Eye pain 21 154 115 84.6
17. Blurred vision 59 43.4 77 56.6
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Figure 8: Risk map for health surveillance as indicated by HQ. From the analysis, it was
indicated that there are nine prone-areas which were located within the following communities: Thayal
(i.e., 1), Mahachai and Phosri (2), Apisitl (3), Apisit2 (4), Nakwichai 1 and 2 (5 and 6) with possible
emission sources are from vehicular activities at Maha Sarakham bus station. Thaya3 and Samakkee 2
(7), Srisawat3 (8) and Patchimtat2 (9) with possible sources are from meat grilling.

This work has been designed to proceed through community participation at the
beginning. We worked together with MSM and used their existing mechanism, here,
health volunteers in each community convey our message on PMz.s impacts to more
local people. We raised awareness on PM2.s impacts on health though several
activities as shown in Figure 7. This work shared learning lessons through the show
(Figure 9) in cooperation with Faculty of Applied and Fine Arts (MSU) in form of an
academic service including short commutation with scientific information (Figure 10).
There are two rounds (i.e., July 4 and 5, 2018) of the show which first round for
general people who are interested in and the rest for target group (approximately 60
health volunteers from 30 communities). All participants were requested to fill in our
online evaluation form. It was found that most of them can specify PM2 s sources and
know how to fix the problem as well as to prepare themselves being away from
impacts of PM2s. The clip as a product of the show will be added with English
subtitle and be used as supplementary for learning. We will distribute this media to
schools in Maha Sarakham city.
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So far, MSM has attended in the project of Green City, assessed by the Thailand’s
Department of Environmental Quality Promotion (DEQP) in order to meet the national
sustainable development goals (SDGs) within the next 15 years (2015-2030).
Regarding KPI no. 19 as in Green City, waste water and air pollution in the city need
to be properly managed. Surveillance of air pollution as well as health impact
assessment from air pollution is necessary. Our work is considered to a cooperative
research which all findings will be used to support MSM’s plan on air quality
management in Maha Sarakham city (as shown in Figure 11). As our findings, there are
9 areas in this city (Figure 8) with health surveillance should be well take cared. We
will continue our works through participatory actions as one of the academic
partnership networks of MSM.
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Figure 9: Shared learning lessons with focusing on health volunteers from
30 communities in Maha Sarakham city, supported by
Maha Sarakham Municipality.
The show can be downloaded from: https://goo.gl/3fzfLF
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Figure 10: Shared learning lesson in short communication

40



Figure 11: Participating in Green city’s exhibition as MSM’s
partnership network and sharing learing lessons from
participatory research (on July 13, 2018).
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Figure 12: Poster no.1 (site selection for air quality and meteorological monitoring
station in Maha Sarakham city)
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Figure 13: Poster no.2 (health surveillance of pollution air particulate)
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Outreach activities

Asst. Prof. Dr. Arika Bridhikitti
Dr.Thayukorn Prabamroong
Faculty of Environment and Resource Studies, MSU

Student Involvement

Undergraduate students enrolled in the class on “Air and Noise Pollution for
Environmental Management” in first semester of academic year 2561 (BE) received
experience with AirBeam demonstration and be assigned to conduct small project with
AirBeam. As shown in Figure 7, the students prepared the poster presentation to
disseminate their outcomes of AirBeam research project in the last class.
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Figure A-1: Poster presentation produced by MSU undergraduate students
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Figure A-2: A senior student involved in the AirBeam Research and conducting field
measurement on source inventories analysis

Social Media Advocacy

MSU AirBeam team has released a NEWS article entitled “Problems on fine particulate
matter from ASEAN to MSU” anticipated to be published in “Siangthaibaan”, a local
Newsletter. Audiences of this Newsletter are MSU students and people in MSU
locality. The manuscript for this NEWS article is presented in the next page. Contents
of this article include overview on PM.;s and its health impact, current situation on air
pollution in NE Thailand, introducing UCRSEA AirBeam Network, comparative
results of PM2s in key ASEAN cities, suggestions on vulnerable area to high PM
exposure in MSU communities and suggestions on health risk mitigation.
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Figure A-3: Local News “Siangthaibaan”
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Info-Gra

The Info-Graphic poster summarizes the research outcome conducting at communities around

phic for Public Dissemination

MSU. It published on advertising boards at every MSU faculty buildings on Kham Riang

Campus.
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