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This research aimed to study and compare air pollutant amounts classified by season in the upper northern
region of Thailand by collecting air pollutant data from January 2014 to December 2022 from eight Air Quality Monitoring
Stations of the Pollution Control Department, Ministry of Natural Resources and Environment. The researcher divided
the data into three seasons as follows: the rainy season (May-October, 6 months), the winter season (November-
February, 4 months), and the summer season (March-April, 2 months).Descriptive statistics were used to analyze the
amounts of air pollutants. The amounts of air pollutants were compared across different seasons using the Kruskal-
Wallis test, and the pairwise medians were compared using the multiple comparison method with the Mann-Whitney U
test at a significance level of 0.05.

The results of the average monthly air pollutant amounts for 9 years between 2014-2022 have shown that the
upper northern region of Thailand has the highest amounts of particulate matter with a diameter of less than 2.5 microns
and 10 microns, and carbon monoxide gas in March. Ozone gas is highest in March-April. Nitrogen dioxide gas has the
highest amounts in February and March. As for sulfur dioxide gas, the amount does not vary much each month. The
air pollutants that exceed the standard value in every province include particulate matter with a diameter of less than
2.5 microns and 10 microns, and ozone gas. When the seasons change, the amounts of particulate matter with a
diameter of less than 2.5 microns and 10 microns, and ozone gas, are significantly different at the 0.05 significance

level.
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Figure 1 The average monthly air pollutant amounts for a 9-year period between 2014-2022 in the upper northern region of Thailand
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Table 1 The concentrations of PM, 5 classified by seasons for 9 years from 2014 to 2022

Province Rainy Season Winter Summer Percent
Max Min Mean Max Min Mean Max Min Mean values > std.
Chiang Mai 66.00 4.00 14.45 96.00 6.00 30.17 266.00 5.00 64.11 14.57
Chiang Rai 178.00 4.00 13.50 94.00 4.00 26.33 259.00 8.00 67.63 11.82
Lampang 49.00 3.00 13.16 136.00 6.00 36.50 157.00 7.00 54.38 15.55
Lamphun 53.00 3.00 13.79 91.00 7.00 34.11 183.00 4.00 48.75 10.20
Mae Hong Son 38.00 2.00 8.21 168.00 4.00 26.17 323.00 8.00 93.50 13.98
Nan 82.00 4.00 14.75 107.00 6.00 31.56 168.00 7.00 55.25 12.44
Phrae 85.00 3.00 12.64 151.00 8.00 36.33 158.00 8.00 50.00 14.18
Phayao 38.00 3.00 10.87 99.00 5.00 33.17 246.00 9.00 54.14 12.69

The standard value (std.) for the 24 -hour average concentration of PM, 5 is 50 ug/m® until May 31, 2023, and from June 1, 2023,

onwards, the 24-hour average concentration of PM,  is 37.5 pg/m®.

Table 2 The concentrations of PM,, classified by seasons for 9 years from 2014 to 2022

Province Rainy Season Winter Summer Percent
Max Min Mean Max Min Mean Max Min Mean values > std.
Chiang Mai 99.00 9.00 29.15 150.00 10.00 47.56 296.00 13.00 84.06 3.05
Chiang Rai 201.00 2.00 22.93 118.00 7.00 39.28 371.00 13.00 87.89 3.59
Lampang 100.00 5.00 25.54 204.00 8.00 56.91 229.00 11.00 90.28 4.89
Lamphun 90.00 8.00 25.21 165.00 10.00 51.64 243.00 15.00 7411 2.07
Mae Hong Son 89.00 4.00 17.81 179.00 8.00 32.97 340.00 11.00 110.83 6.53
Nan 126.00 7.00 27.13 133.00 6.00 46.94 214.00 14.00 84.31 2.60
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Table 2 (Continues)

Province Rainy Season Winter Summer Percent
Max Min Mean Max Min Mean Max Min Mean values > std.
Phrae 104.00 1.00 24 .44 179.00 11.00 54.46 209.00 13.00 77.28 2.82
Phayao 76.00 2.00 19.10 125.00 5.00 46.97 298.00 15.00 83.65 291
The standard value (std.) for the 24-hour average concentration of PM,, is 120 pg/m?®.
Table 3 The concentrations of carbon monoxide gas classified by seasons for 9 years from 2014 to 2022
Province Rainy Season Winter Summer Percent
Max Min Mean Max Min Mean Max Min Mean values > std.
Chiang Mai 2.80 0.00 0.70 5.30 0.00 0.94 4.40 0.00 1.13 0.00
Chiang Rai 3.90 0.00 0.44 8.30 0.00 0.56 3.40 0.00 0.75 0.00
Lampang 1.60 0.00 0.48 2.70 0.10 0.81 3.20 0.00 0.85 0.00
Lamphun 5.60 0.00 0.35 4.30 0.00 0.55 2.90 0.00 0.63 0.00
Mae Hong Son 5.70 0.00 0.46 7.70 0.00 0.65 5.00 0.00 0.92 0.00
Nan 2.63 0.00 0.43 2.50 0.00 0.51 2.40 0.00 0.72 0.00
Phrae 2.90 0.00 0.32 2.80 0.00 0.52 4.20 0.00 0.58 0.00
Phayao 4.90 0.00 0.30 2.60 0.00 0.47 5.10 0.00 0.60 0.00

The standard value (std.) for the 1-hour average concentrations of carbon monoxide gas is 30 ppm.
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Table 4 The concentrations of ozone gas classified by seasons for 9 years from 2014 to 2022

Province Rainy Season Winter Summer Percent
Max Min Mean Max Min Mean Max Min Mean values > std.
Chiang Mai 52.00 0.00 12.00 93.00 1.00 25.00 136.00 0.00 30.50 0.44
Chiang Rai 190.00 0.00 16.11 118.00 0.00 18.39 119.00 1.00 36.28 0.52
Lampang 98.00 0.00 20.33 110.00 1.00 25.61 140.00 1.00 45.17 1.94
Lamphun 91.00 0.00 20.20 105.00 0.00 26.20 127.00 0.00 40.00 1.80
Mae Hong Son 89.00 0.00 13.94 130.00 0.00 16.42 157.00 0.00 37.33 1.19
Nan 97.00 0.00 18.28 113.00 0.00 22.71 139.00 0.00 37.56 1.38
Phrae 98.00 0.00 19.04 176.00 0.00 24.22 139.00 0.00 43.61 1.94
Phayao 99.00 0.00 20.24 122.00 0.00 27.09 146.00 0.00 45.75 1.24
The standard value (std.) for the 1-hour average concentration of ozone gas is 100 ppb.
Table 5 The concentrations of nitrogen dioxide gas classified by seasons for 9 years from 2014 to 2022
Province Rainy Season Winter Summer Percent
Max Min Mean Max Min Mean Max Min Mean values > std.
Chiang Mai 134.00 0.00 12.75 165.00 0.00 20.50 104.00 0.00 23.54 0.00
Chiang Rai 51.00 0.00 3.04 42.00 0.00 4.89 78.00 0.00 7.38 0.00
Lampang 34.00 0.00 3.88 69.00 0.00 9.22 64.00 0.00 9.07 0.00
Lamphun 81.00 0.00 6.11 71.00 0.00 12.53 94.00 0.00 12.11 0.00
Mae Hong Son 40.00 0.00 2.56 39.00 0.00 3.63 54.00 0.00 7.75 0.00
Nan 39.00 0.00 3.16 56.00 0.00 5.65 86.00 0.00 7.67 0.00
Phrae 95.00 0.00 5.12 70.00 0.00 10.36 63.00 0.00 11.06 0.00
Phayao 29.00 0.00 3.96 63.00 0.00 7.14 70.00 1.00 8.59 0.00

The standard value (std.) for the 1-hour average concentration of nitrogen dioxide gas is 170 ppb.
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Table 6 The concentrations of sulfur dioxide gas classified by seasons for 9 years from 2014 to 2022

Province Rainy Season Winter Summer Percent
Max Min Mean Max Min Mean Max Min Mean values > std.

Chiang Mai 19.00 0.00 1.07 25.00 0.00 1.11 7.00 0.00 1.50 0.00
Chiang Rai - - - - - - - - - -

Lampang 13.00 0.00 1.19 13.00 0.00 1.83 14.00 0.00 1.50 0.00
Lamphun 27.00 0.00 1.61 19.00 0.00 1.97 14.00 0.00 1.89 0.00
Mae Hong Son - - - - - - - - - -

Nan 14.00 0.00 0.66 11.00 0.00 0.88 8.00 0.00 0.89 0.00
Phrae 72.00 0.00 1.34 52.00 0.00 1.41 30.00 0.00 1.25 0.00
Phayao 18.00 0.00 1.24 19.00 0.00 0.94 15.00 0.00 1.20 0.00

The standard value (std.) for the 1-hour average concentration of sulfur dioxide gas is 300 ppb.

Table 7 The comparison of the differences in air pollutant amounts classified by seasons for 9 years from 2014 to 2022 using the

Kruskal-Wallis Test

The concentrations of air Rainy Season Winter Summer Statistics df P-value
pollutants Median IQR Median IQR Median IQR

Chiang Mai

- PM, 13.00 6.50 25.50 19.50 63.50 34.50 70.77 2 0.000*
- PM,, 28.00 13.00 43.50 20.50 81.50 49.00 65.61 2 0.000*
-CO 0.66 0.30 0.93 0.25 1.09 0.41 30.51 2 0.000*
-0, 10.50 5.50 25.00 10.00 30.50 16.00 5.85 2 0.054

- NO, 11.00 3.00 20.50 8.25 22.00 12.00 42.70 2 0.000*
- SO, 1.00 0.00 1.00 0.00 1.50 1.00 19.16 2 0.000*
Chiang Rai

- PM, 5 10.00 6.75 25.50 10.00 68.00 50.25 33.83 2 0.000*
- PM,, 20.00 7.25 37.50 20.00 87.00 61.50 68.41 2 0.000*
-CO 0.44 0.20 0.56 0.19 0.73 0.30 26.57 2 0.000*
-0, 14.50 9.00 17.00 9.25 35.00 5.75 45.89 2 0.000*
- NO, 3.00 3.00 4.00 4.50 6.00 10.25 7.21 2 0.027*

- S0, - - - - - - - - -
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Table 7 (Continues)

The concentrations of air Rainy Season Winter Summer Statistics df P-value
pollutants Median IQR Median IQR Median IQR

Lampang

- PM, 12.00 6.00 30.50 33.00 55.00 29.00 34.89 2 0.000*
- PM,, 22.00 14.25 47.00 43.00 92.50 39.50 68.24 2 0.000*
-CO 0.44 0.16 0.81 0.30 0.83 0.28 45.07 2 0.000*
-0, 18.00 8.00 24.00 12.50 46.00 7.50 52.19 2 0.000*
-NO, 4.00 2.00 9.00 4.00 9.00 4.25 60.05 2 0.000*
- SO, 1.00 0.00 2.00 1.00 1.50 1.00 27.02 2 0.000*
Lamphun

- PM, 5 11.50 8.50 32.50 13.75 43.50 29.25 37.81 2 0.000*
- PM,, 23.50 12.00 47.00 20.50 73.00 36.25 72.26 2 0.000*
-CO 0.34 0.13 0.51 0.20 0.61 0.29 40.89 2 0.000*
-0, 18.00 11.00 24.50 12.25 39.50 7.50 43.50 2 0.000*
-NO, 6.00 6.00 10.50 9.25 10.00 9.25 28.78 2 0.000*
- SO, 1.00 1.00 2.00 2.00 2.00 1.25 242 2 0.299

Mae Hong Son

- PM, 5 7.00 4.00 19.00 20.75 90.50 72.25 38.23 2 0.000*
- PMy 15.00 8.00 25.00 2275 99.00 54.75 63.60 2 0.000*
-CO 0.42 0.24 0.62 0.17 0.92 0.52 34.09 2 0.000*
-0, 12.00 8.00 15.00 7.00 36.00 8.50 43.26 2 0.000*
-NO, 2.00 1.00 3.50 3.00 8.00 6.75 17.46 2 0.000*
- S0, - - - - - - - - -
Nan

- PM, 5 13.00 8.25 30.00 20.00 55.50 26.50 34.29 2 0.000*
- PM,, 24.00 12.00 43.00 24.50 83.50 30.25 58.09 2 0.000*
-CO 0.44 0.25 0.50 0.24 0.75 0.20 30.49 2 0.000*
-0, 17.00 8.00 19.00 12.00 39.00 6.00 42.93 2 0.000*
-NO, 3.00 2.00 6.00 1.50 8.00 3.00 59.84 2 0.000*
- SO, 0.00 1.00 1.00 1.00 1.00 1.25 1.40 2 0.497
Phrae

- PM, 5 11.00 6.50 32.00 22.25 45.50 20.25 34.77 2 0.000*
- PMy, 21.50 10.25 46.00 32.00 74.50 33.50 72.61 2 0.000*
-CO 0.30 0.19 0.51 0.25 0.61 0.30 40.25 2 0.000*
-0, 17.50 6.50 23.00 10.50 43.00 9.00 53.31 2 0.000*
- NO, 5.00 2.00 10.00 7.00 12.00 4.75 52.24 2 0.000*

- SO, 1.00 0.00 1.00 1.00 1.00 1.00 1.04 2 0.595
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Table 7 (Continues)

The concentrations of air Rainy Season Winter Summer Statistics df P-value
pollutants Median IQR Median IQR Median IQR

Phayao

-PM, ¢ 10.00 6.00 29.00 24.50 55.00 29.00 35.82 2 0.000*
- PMyo 18.00 10.00 44.00 27.75 78.00 54.00 73.78 2 0.000*
-CO 0.27 0.13 0.44 0.20 0.61 0.24 46.71 2 0.000*
-0y 18.00 7.00 26.00 11.50 46.00 12.00 46.25 2 0.000*
- NO, 4.00 2.00 7.50 3.50 9.00 4.50 51.12 2 0.000*
- SO, 1.00 0.25 1.00 0.00 1.00 0.00 1.55 2 0.460

* significant difference (p < 0.05)

3.2 MmadSeuieuanuuand 19U MEITNA N EN19817A

PUUNAIUNANA \ady 9 I w.a. 2557 - w.e1. 2565

31N Table 7 UFAIANNTUIIU (Median) WATWHE
Mmalnd (IQR) vastfunmanafisnsamaluudazngnia
wazanMaIsuiisuanuLana@ N TeIlTIN MR INAN BN
armaluiuiinianitenauuuasszinelng sunnana
79na GINA W.A1. 2557 - W.A1. 2565 LM INARAY Kruskal-
Wallis Test wuin UTunmduazaasawialaiiiin 2.5 luasau
wandlinwad1itas 2 qg}mmém%’unm”mf@sluﬁvuﬁ
HRCIVDGELIRTIN mﬁmfuﬁomaaumﬁmgmﬂﬂ@jLﬁamaaudw
USanaduazaaszwaliiin 2.5 luasawsaingnia @;1@1"7'1'
LL@m@mrTuI@ﬂ%ﬁmiLﬂ%'uuLﬁﬂuw@mﬁ'sami'ﬂmau Mann-
Whitney U Test fiszauiudazy 0.05 wuin Yinnmuazans
e litfiu 2.5 luaseudanuuandrsnunndnanialunn
1IN0 I(ﬂﬂqg%ﬂuﬁﬂ%mmgoﬂdm@umaLl,atzqgjw]umué’m“u

NammﬁﬂuLﬁm.lmmLmﬂ@hwaaﬁmmﬁgua:aao
2w laitfin 10 Vl,miauﬁimunmquma Wudn U3nnmdu
azaasrwia i 10 luasaunandranuadistasy 2 agna
ﬁm%’unnﬁ'@m”@‘[uﬁuﬁmﬂmﬁa@lauuu Gainiinasay
dusegunaglasiinadioufisunwgudrsminasey
Mann-Whitney U Test fiszausidnday 0.05 wuin LVl AN
azassrwia liifin 10luasaudanuuandrinunngnanialu
NNIINIA Icﬂﬂﬂ@‘?auﬁﬂ%mmgmdmg}ﬂmaLLazﬂ@Nu
MURIAY

wan 1Tl uLfisuauLand1suaIUINI AT
aruauuananladiuunaiungnia wudn Usuimfine
asuaunauan loduandrsnuadniias 2 ngniadniunn
somialuiuiinmanilonouuu i Simeseudtogmne
gﬂ@sﬁﬁmﬂﬂ‘%ﬂuLﬁmuwmmﬁmmsmaau Mann-Whitney U

Test N3zAUUBRIATY 0.05 WU IWRIALTLITIY UNdoIRan

1w uazweien JuSuaiaasuanuananloduand1ann
fmitnndngma snciudswiadoalna §1109 duu uazuws
ﬁﬁﬂ%mmﬁwmﬁlauuauaﬂvl,smﬁl,qu%au"l,sjLmﬂ@haﬁ'm]g]
A7

ANl ufisuauLana1sBaIlIu AN
lolaudruunainngnia wuin y‘lﬂ{mfﬂluﬁuﬁmﬂmﬁa
aauvwzddiunufislelouuandrsnuatisies 2 ngnia
sniindsniariaslna LLa:L:ﬁaﬂ@aauﬁw‘”ﬁﬁgmsw@ﬁm
WmaSsuiguwvame8MIMAFaL Mann-Whitney U Test
fiszduiudndty 0.05 wud Usnmmalaloufianuuandts
ﬁ'unngqumai@ﬂqgﬁ”auﬁﬂ‘%mmganim@%mau,a:qg]tlu
AURIAU

wWan1atdIsuiisua unandldesUSumig
lulasiaulasanlodiuunaunggnia wudr diumine
lulasaulasanladuandraiuatnaon 2 ggniadwiugn
FanTaluiuiinmeiniionauun @”aifuﬁm@aauﬁ’m”ﬁugmﬁmﬂ'
T,(ﬂU%%ﬂ’]ﬂﬂ%ﬂ‘uLﬁﬂUWﬁﬂmﬁ’mﬂ’ﬁﬂ@ﬁﬂU Mann-Whitney U
Test AiszAURBAATY 0.05 wudn TaniaiuiySuimfines
lulasiaulasanloduandrsnunndnania oniiudania
Foslna §1hs S uwd wazweien Afvsnamelulasian
lasanladlungianliuandrinungnuny dudaniadoime
wazusidassauddiinmioiulasaulasenlodlugguuls
LANGAIALDANUT

wWan1atdIsuiisualunandldsesUsu s
danatlasanlodiuunaungnia wui dSanafodanad
lasanlodliuandranuluudazngniavasdiniadinm su
s uazneLen dmsusaniaauluiuinianilonauunazd
YSuaiadaneslaeanloduandranuatnetas 2 n9NA

a a

wazilanasaudisogunedlasiimadioufiounnam

o o o

@UN1INAROY Mann-Whitney U Test N3zaunadiann 0.05

4



Recent Science and Technology 17(3) 261507 (2025)

> o

wud miadeddiinafadaetiesanladlungion
VL&ime@iNﬁ'm]@%ma frudandtadaslnuiduSurawing

dainailasanlodlungrulivandranunanuna

4. &3l

9

nms3teidunsdnudSuiauazidSoufisuans
uaﬁwmamma‘[@ml’ﬁﬁaganﬁmgﬁmaammﬁy FITNANEN
AINIATIULAAY AJLALAAUNNTIAY W.A. 2557 D9 LGan
UNAN W.A. 2565 INMNNITNAILANUAN Y pﬁﬁuﬂ”@lﬁaﬂamﬁ
aNIAAmMINAIMANINIaTIvIaddaIRad ivaLduaun
YpINUNNIALRIHaAa LY 8 39nTavasUszinalny waan
nsdnUTin s uaRssaImMadunamggnaluRun
mamitananuntaddsanalng wuin Qua:aawmm‘lmﬁu
2.5 luavau duazassauraliiu 10 luavau uazfine

& e |1a a A a o

aiuaunauen lodddinaunnfigalwdoudway falalau
A A A A A =2 o
fusumunigalwdouduaniiswsou falulasiau

e 1a A A o R A
lasanladfivTurmuindigaluideununinusisdmaulas
o o o A A ' o A A a o
Jniafoslnifidaivegluszdugannidewidefivuny
o o A o o o o fa |a A v a
Jaiadu 9 amsufmataneslasanloddlsumnlndiAes
o ' A [ o o A A ' o A
ﬂulmmmmauimmammmwﬁwmmaﬂagimmugama
a o o o A a A v Aa &
WBunuaIniaan 9 ssuanRenemeandes liifiadywidine

“ o & 4 A v

nnimialuiuiinmamiiaaauuuasilzinalng Usznauean
Auazaaszwialaiifiu 2.5 luavou duazasszwialaiiiu 10
luason uazfolalow asanwuindafiiiuanessin uaz
WadISoufisuauuana1duadUS NN maITNa N #aINa 2
WU Lﬁaqgma@haﬁ'uﬂ%mmmimﬁmumn@haﬂ”u 1o
A & 4 a
Aarsalunnsiviunaawitiana nuwsasdsenalnyd
@hmﬁﬁﬁmmmsmﬁwmammﬂluqﬁaugoﬂdm@%ma
waznguuauial sniudSinafosanasiaoanlod

5. VDLAWDUNE

ﬁnﬂmamiﬁﬂmauﬁﬂﬁdwb!uazaawm@"l;iLﬁu 25

luasan ﬁ!uazaawmmvlmﬁu 10 luavan waziala louin

a

WARIIRIADY ﬂalﬁLﬁﬂﬂ@mnaWiuaﬁwwnammﬂsluﬁfuﬁ
mawmianauuusasdssinalne lagdSunmasuafuaInan
lungiauazgeningnuniuszngrumusiay f’ﬁmg%auﬁ’am”@
ﬁﬂnilﬂﬁziﬁmuﬁ@ﬂ@mQua:aawmﬂ"l,xil,ﬁu 2.5 lunsau
mﬂﬁq@] 3 AWALWIN Ao IRIAUNTaINa® LTITIBUAS
\Tealna 71]”\’1%f(ﬂﬁﬂ’lﬂﬂ’]i:fﬂﬂ’]ﬂﬁ@ﬁ@%’]I}!uazaa\‘]"ﬂu’]@]vl,&i
1A 10 Vlumaumﬂﬁqﬂ 3 AUAULIN Ao JWNIALAdaIFaY
srnanduene damsusiniafiaasndhsziinafadyn
ﬁmeaImumnﬁqm 3 AWALLIN fa J9RIaNzLen a1U19uas

' A 1 { { v a a a
WNT TIRTswNNeTRIAITIATIZRANEN FAQNISINANRI W

aInaN7 wazthunmuuaiassiwnsdesnuliasanuanw
TasuaR BN 0 MATAILARZIINIA ATIZRAILKINIG

lumaudladymnaissulanulymidald

6. naanssNlszn@

o

NiuavaugMNTaRATIE R BN ANTIAILANNAN
uLazzavUgMATNNITMIAITATamanT auAnmmant
uwazinalulad wnAnabnaapgne)ind Mlddaauauus

v v

Tumsiduaseit

7. LONE1IDI9DY

Attavanich, W. 2019. Cost of Thai society from air pollution
and countermeasures. Available  Source:
https://www.pier.or.th/abridged/2019/07/, December
10, 2023. (in Thai)

Attavanich, W. 2020. Social Cost of air pollution from
particulate matter 2.5 micrometers (PM2.5) in
Thailand. Working paper No.12/2020., Department
of Economics, Faculty of Economics, Kasetsart
University. (in Thai)

Eastern Economic Corridor (EEC) Office. 2020. Simple
knowledge dissemination documents About the
public AERMOD weather model. Available Source:
http://eec-mtp.onep.go.th/report/aermod-2 0 2 0 . pdf,
December 8, 2023. (in Thai)

Hansoongnem, S. and Boonyawat, S. 2010. The relationship
between atmospheric aerosol and meteorological
factors in Thailand : net radiation, air temperature,
annual rainfall, relative humidity and wind speed, pp.
26-33. In 4 8 ™ Kasetsart University Annual
Conference: Natural Resources and Environment.
Kasetsart University, Bangkok. (in Thai)

Pochanaet, P. 2012. Air pollution and long-range transport in
Asia: (1) East Asia. NIDA Journal of Environmental
Management 8(1): 57-77. (in Thai)

Pochanaet, P. 2014. Air pollution and long-range transport in
Asia: (2) Southeast Asia. Journal of Environmental
Management 10(2): 109-126. (in Thai)

Pochanaet, P. 2016. The present state of urban air pollution
problems in Thailand’s large cities: cases of Bangkok,
Chiang Mai and Rayong. Journal of Environmental

Management 12(1): 113-132. (in Thai)



Recent Science and Technology 17(3) 261507 (2025)

Pollution Control Department. 2020 .  Situation and
management of air and noise pollution problems
in Thailand. Available Source: https://www.pcd.go.th/
publication/25841, December 5, 2023. (in Thai)

Pollution Control Department. 2022. Situation and management
of air and noise pollution problems in Thailand.
Available Source: https://www.pcd.go.th/publication/
30447, December 11, 2023. (in Thai)

Srinarang, T. and Ket-ord, R. 2020. Estimating the particulate
matters (PM10) with spatial interpolation methods in
the northern of Thailand. The Journal of Spatial
Innovation Development 1(2): 35-47. (in Thai)

Suburairat, K. and Bunjongsiri, K. 2020. The quantitative
relationships of particulate matter (PM,, and PM, ;) in
each region and season. Huachiew Chalermprakiet
Science and Technology Journal 6(1): 94-103. (in Thai)

WHO. 2023. Ambient (outdoor) air pollution. Available
Source: https://www.who.int/news-room/fact-sheets/
detail/lambient-(outdoor)-air-quality-and-health, December
10, 2023.



