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Abstract

Background and Objectives: Particulate matter smaller than 2.5 microns (PMZS) is a major
problem in the country, having adverse effects on public health and causing much concern
to all parties. Although some local areas have not yet encountered the problem, as the
economy develops, they may eventually face air quality issues. Therefore, building the

capacity to cope with the PM_ problem for the public and local agencies, such as municipali-
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ties and towns, is important and necessary for their operations and to prevent the problem
from increasing in the future. The present research aimed to create an inventory of PM__
sources and emissions of urban areas in the Nakhonchaiburin provincial cluster, namely,
Nakhon Ratchasima Municipality, Chaiyaphum Municipality, Buriramn Municipality, and Surin
Municipality, and to study and compare the proportion of PM__emissions between sources,
as well as spatial analysis by creating PM__ emission maps of the study areas.
Methodology: The methodology consisted of reviewing relevant studies and selecting
significant sources, which were divided into 3 main groups: (1) point type, including industrial
plants, temples, and large establishments; (2) mobile type, including road transport and rail
transport; and (3) area type, including residences and commercial buildings, markets, and
agricultural areas. Then, data on sources were collected through field surveys, questionnaire
data collection, contacting agencies for information, and traffic volume surveys. Emissions
were estimated using the emission factor method, with the base year set to be 2023.
Main Results: Road transport group was the most important source of PM__emissions in all
study areas, accounting for more than half of all sources, or 51-61 percent. The second most
significant source in all areas was the residential and commercial building group, accounting
for 19-33 percent. The third most significant source was the industrial factory group in 3
areas, except for Chaiyaphum Municipality, which is an agricultural area group. The sources
that contributed the least to PI\/\Z5 emissions in all areas were temples, large businesses,
rail travel, and markets. When considering the pollutant emission rate per unit area, it was
found that Buriram Municipality, which has the smallest area of only 6 sg.km, exhibited the
highest pollutant emission rate per area, at 2,384 kg/sq.km/year, while Nakhon Ratchasima
Municipality had a slightly lower pollutant emission rate per area at 2,239 kg/sqg.km/year.
Surin and Chaiyaphum municipalities ranked 3™ and 4™ with values of 1,725 kg/sq.km/year
and 1,004 kg/sq.km/year, respectively. The pollutant emission rate per capita, ranked from
the highest to the lowest, was Chaiyaphum, Nakhon Ratchasima, Buriram, and Surin munici-
palities with values of 0.84, 0.72, 0.61, and 0.53 kg/person/year, respectively.

Conclusions: The main sources of PM__emission were the road transport group, the residential
and commercial building group, and the industrial group. The emission rate per unit area
was in the range of 1,004 - 2,384 kg/sq.km/year. The emission rate per population was in
the range of 0.53 - 0.84 kg/person/year. The results of the spatial emission analysis for large

municipalities clearly show that higher emission areas were along the main roads.
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Practical Application: Results are useful for the four municipalities, sovernment agencies
involved in air quality management, public health agencies, academics, and the general
public. Knowing the pollutant main sources and emission rates would lead to effective

measures to reduce emissions and solve PM__ problem in the study areas.
Keywords: Emission Inventory, PM25’ Particulate Matter, Air Quality, Air Pollution Source
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Table 1 Summary of emission sources and data collection methods

Source Pollutant Source | Activity Rate | Data Collection
Scope s
Category Description (AR) Method
Production proFes§es, Secondary data
Type 2 and 3 fuel combustion in Horsepower o
1. Industry i i from Provincial
factories boilers, furnaces, and (HP)
) Industry Office
heating systems
Number of
) Cremation process cremated Field survey and
Temples with ! . ' .
2. Temples . and fuel combustion bodies/year, interviews
crematoriums S .
in incinerators fuel (sampling)
volume/year
Fuel fi ki Fuel
Hospitals (with in- HEL Use Tor cooxing ue Field survey and
3. Large ) (LPG/charcoal), volume/year ) )
. patient), hotels, ) ] interviews
Establishments ) boilers, waste (liters or i
shopping malls o ) ) (sampling)
incineration systems kilograms)

4. Rond Highways, main ‘ VKT (Vehicle Road segment
- hoa roads. and Fuel consumption by Kilometer traffic count
Transport secondary roads vehicles Traveled) per | using Mid-block

road segment Count method
, Fuel use by Secondary data
) Rail routes ) Fuel
5. Rail ) locomotive cars from State
crossing the study ) volume/year )
Transport (passenger and freight ) Railway of
area ) (liters) )
trains) Thailand
Detached h , , )
6. Residential esiw(; ehousoeusses Household/commerci Fuel Field survey and
& Commercial P : al cooking using LPG | volume/year interviews
o townhouses using ) ]
Buildings , and charcoal (kilograms) (sampling)
fuel for cooking
Market places
with street Cooking and grilling Fuel Field survey and
7. Market _ . .
vendors and using LPG and volume/year interviews
Places . . . .
stalls using grilling charcoal (kilograms) (sampling)

or cooking

8. Agricultural
Areas

Farmland used
for crop
production

Open burning of
biomass residues
from harvesting

Dry biomass
residue
weight/year
(kilograms)

Secondary data
from GIS
database and
literature
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Figure 1 Primary data collection (from left: temple, large establishment, residence

and market place)
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Figure 2 Road segments assigned in Nakhon Ratchasima municipality area
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Figure 3 Traffic data collection using Mid-block Count method
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Table 2 Emission Factors used for Fuel Combustion in Large Establishments [18]

Gaseous
Solid Biomass Liquid Fuel
Fuel
Firewood Charcoal Diesel Fuel Oil Kerosene LPG
(g/kg) (g/kg) (g/L) (g/L) (g/L) (g/kg)
2.56 4.62 0.66 0.72 0.62 0.04
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Table 3 Emission from 8 source groups in 4 study areas

PM, , Emission (kg/yr)
Source
NR CpP BR SR

1. Point Source 12,129 2,408 702 1,140
1.1 Industry 12,002 2,375 675 1,112
1.2 Temple 95 29 22 22
1.3 Large establishments 32 4 6 6

2. Mobile Source 43,492 16,962 8,816 11,667
2.1 Road transport 42,840 16,962 8,702 11,501
2.2 Rail transport 652 - 114 167

3. Area Source 28,349 11,537 4,789 6,859
3.1 Residential and commercial area 23,362 5,836 4,676 5,908
3.2 Market place 181 at 89 296
3.3 Agricultural area 4,806 5,655 24 655
Total 83,970 30,908 14,307 19,667
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Figure 4 Proportion of emission from the 8 source groups in the 4 study areas
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Figure 5 Proportion of emission from the 7 types of vehicle in the 4 study areas
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Table 4 Emission per area and emission per person in 4 study areas

Data NR CP BR SR
Area (sg.km) 37.5 30.8 6.0 11.4
Population (person) 115,970 36,588 23,494 37,258
Emission (kg/yr) 83,970 30,908 14,307 19,667
Emission per area (kg/sg.km/yr) 2,239 1,004 2,384 1,725
Emission per person (kg/person/yr) 0.72 0.84 0.61 0.53
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Figure 6 Emission maps of industry group (a) and road transport group (b) (clockwise
from top left: CP, SR, BR and NR)

(a) (b)

Figure 7 Emission maps of residential and commercial area group (a) and agricultural
area group (b) (clockwise from top left: CP, SR, BR and NR)
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(a) (b)

Figure 8 Emission maps of all groups (a) and land use map (b) (clockwise from top left:
CP, SR, BR and NR; color indication: red = dense residential and commercial area, yellow
= sub-urban area, green = agricultural area, blue = governmental and academic area)
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Table 5 Comparison of annual emission per area and person in urban areas

Annual Annual
i Area k Emission Emission
City/Area Country Population| Pollutant Ref.
(sq.km.) per area |per person
(ton/sq.km)| (kg/person)
Vientiane Lao PDR 46 197,530 PM 2 1 [14]
Phnom Penh Cambodia 29 586,387 PM 8 0 [14]
Bac Ninh Vietnam 83 174,821 PM 508 27 [14]
Can Tho Vietnam 100 322,162 PM 4 0 [14]
Palembang Indonesia 374 1,455,284 PM 15 0 [14]
Surakarta Indonesia 44 536,500 PM 41 0 [14]
Iloilo Philippines 78 424,619 PM 102 2 [14]
Cagayan de o [14]
Philippines 570 618,263 PM 17 2
Oro
Nakhon .
) Thailand 38 166,217 PM 8.74 2.00 [16]
Ratchasima
Chiang Mai Thailand 40 141,361 PM,, 5.41 1.53 [17]
South Coast ¢
) ) USA 17,100 16.8 x 10 PM 1.31 1.34 [21]
Air Basin 25
Greater P
England 1,572 8.96 x 10 PM 2.12 0.37 [22]
London Area 25
Yangtze River ) p PM
. China 358,000 | 222x 10 25 4.46 7.20 [23]
Delta Region
Anhui : .
. China 140,200 | 61.43 x 10 PM 2.30 5.26 [24]
Province 25
Zhejian 101,800
Jians China 54.42x10°| PM 181 3.38 [25]
Province :
Jiangs China 102,600 25
anssu ' 7866 x 10°|  PM 391 5.10 (23]
Province 25
Shanghai China 6,301 | 23.02x10°| PM,, 9.31 2.56 [25]
Nakhon ) )
. Thailand 37.5 115,970 PM 2.24 0.72 This study
Ratchasima 25
Chaiyaphum Thailand 30.8 36,588 PM2.5 1.00 0.84 This study
Buriram Thailand 6 23,494 PM2.5 2.38 0.61 This study
Surin Thailand 11.4 37,258 PM2.5 1.73 0.53 This study
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