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Abstract

Due to the escalating severity of PM2.5 pollution in Phitsanulok Province, this study
investigates the concentration, morphology, and elemental composition of fine particulates.
The research compares a forest area (Kwai Noi National Park) and an urban area (Phitsanulok
Municipality) to characterize the distinct pollution profiles between these two environments.
In this study, PM2.5 samples were collected using the gravimetric method with a 24-hour
sampling duration. The sampling campaign was conducted in 2024, spanning two distinct
seasons: the dry season (March-April) and the rainy (wet) season (May—June). The results
revealed that, during the dry season, the average concentrations of PM2.5 in both study areas
exceeded the National Ambient Air Quality Standard set by the Pollution Control Department
of Thailand (37.5 pg/m? per 24 hours), with mean values of 51.23 + 13.41 pyg/m? and 46.33 +
10.95 pg/m?3, respectively. In contrast, during the wet season, the concentration at Khae Noi
National Park was considerably lower (22.23 + 5.85 ug/m3) and did not exceed the standard
limit. Furthermore, when comparing the two sites within each season, it was found that during
the wet season, the PM2.5 concentration in the forest area was significantly lower than that in
the urban area (P<.05). Morphological analysis using a Field Emission Scanning Electron
Microscope (FE-SEM) and for elemental composition using Energy Dispersive X-ray
Spectroscopy (EDS). The findings revealed the identified nine dominant particle types: (1)
elongated cylindrical (rod-shaped) forms, (2) fluffy aggregates, (3) irregularly layered crystal
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structures with uneven surfaces, (4) symmetric spherical particles, (5) asymmetric spherical
particles with smooth edges, (6) coiled structures, (7) elongated rectangular rods associated
with irregular and spherical shapes, (8) irregular aggregated particles, and (9) elongated tapered
rods. Elemental composition analysis indicated that carbon (C) and oxygen (O) were the
predominant elements across both sites and seasons, followed by silicon (Si), nitrogen (N), and
sulfur (S). These compositions suggest that the major sources of PM2.5 include incomplete
combustion of fossil fuels and biomass, biological residues, soil dust, pollen, metal abrasion,
and dispersion of chemical fertilizers from agricultural activities. Overall, the study concludes
that PM2.5 in Phitsanulok is influenced by various emission sources across both seasons and
locations. Effective emission control measures, particularly during the dry season and in urban

areas, are essential to reduce PM2.5 levels and mitigate health risks for local residents.

Keywords: Particle morphology; Particulate matter less than 2.5; Kwai Noi National Park;

Phitsanulok Municipality
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Figure 2. The two selected study areas within Phitsanulok Province
(a) The study area located within Kwai Noi National Park

(b) Roadside sampling sites along Boromtrailokkanat Road
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Figure 2. The separation distance between the two study areas
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Table 1. Show the fieldwork for sample collection

Areas Dry Season Wet Season
1 21 March - 22 March 1 May - 2 May
Kwai Noi National Park 2 23 March - 24 March 3 May - 4 May
3 9 April — 10 April 5 June - 6 June
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Boromtrailokkanat Road 2 16 March - 17 March 9 May - 10 May
3 22 Apri- 23 April 12 June - 13 June
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o guenuuisnAuatios danadewifiu 51.23 + 13.41 pg /m® dwduiiusunuuvsulaslanuise
finnadunintu 46.33 + 10.95 pg /m?
Fofinsanandeyagndesineniedinneinisuninszanevesiuaressvuinidn Table 2
nuisgRuAItduLAzUayanen e ine1innuaenndesiu Wy Tugauds 9neuLiaIALA?

4 IS U 1

oy UszauAnafeiunnsgu 24 9Ilu9 wazilliefiansa gauull ANUAUALTNG Wud1 o YIeTAg

19
A A & Y '

Huiudege anwe1niails dewarily AnunwiugwaziinanzenAla viliuavesdld

ausaasemugiuussemalauaziinnisavay uiluvagiedaiu luggru eneruuianuaiios

a

= YR a [ ¢ = ' & A = &
fisgduanade PM2.5 agluinadiuinsgiu iesanluyiwwesadu luweiiufigneuianuasy
ninasdies Ineruarestasgatuazeasliniluaressmnasdituldisinitaninenaiun
= = = = 1 £ A < 1 a & da
WawIeuigunanisAnuyiangeu (Wet season) wuteyanraulaiueg1ags Hunsy
auuusulaslanuisadensdiseauanais PM2.5 iiunaeiuinsgiu 24 §alus Inedanaiowiniu
40.17 £ 3.05 pg/m? Vg NUNGNEUUNINALAITBEITEAU PM2.5 anadnngauasiazagluinae

unsgu Tnedfldiade 22.23 + 585 ug/m? (Table 3)
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Table 2. Meteorological data on the date of field sampling.

Temperature Relative Rainfall Wind Speed
Date ¢0) Humidity Amount (Knot)
(%) (mm)
15 March 29.9 62 0 11
16 March 30.9 66 0 13
17 March 30.2 71 0 16
19 March 32.5 66 78 18
20 March 27.4 83 0.3 16
21 March 28.7 74 0 11
22 March 30.3 71 0 12
23 March 30.7 69 0 13
24 March 31.3 67 0 11
9 April 32.9 66 0 20
10 April 28.7 76 1.3 12
22 April 33.4 57 0 12
23 April 334 63 0 13
26 April 34.3 53 0 12
27 April 34.0 56 0 11
1 May 34.8 59 0 11
2 May 34.6 58 0 17
3 May 34.5 58 0 38
4 May 33.2 62 0 12
8 May 31.7 65 0 14
9 May 329 58 1.4 20
10 May 31.0 71 0 18
11 May 31.1 72 20.9 24
12 May 30.8 75 0 10
13 May 3238 72 74.8 18
5 June 31.2 76 8.5 26
6 June 29.8 82 13.6 14
12 June 29.9 78 0 12
13 June 29.7 75 0 11
14 June - 1 5.1 15
7 : nsugnioniven, 2568
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AN93A9129N19a8R (Independent Two-Sample t-Test ) wWisuiisuaadsanududy
V99 PM2.5 szijqﬁuﬁ'ﬁ%uauuUiuimﬁIaﬂmiaLLazqmmuLLmﬁmﬁLLmﬁaaiuﬁ%aquma IGEN
Feavldunly Table 4 WU S8AU PM2.5 a0 anenumieyfvaidaeiinuunndeiuegaiidudday
N9ERATENIN 2 §anTa (P<.05) Hsaadgarudseau PM2.5 Tuluadn (@nenu) anasegisdl

[ a

odAgynieadd dmsunanisnaaeunadfsenineggnia o Wufweies usnSuauuusuleg

o

o w a

Tanusadaduagusumuuiu livuanuuandseg1ideddymeaia (P<.05) voeseiu PM2.5
sewing 2 gemia edsuendeantumsalunasiidauazszdunistan Uaoseynialuussennmail
Waguwdasi 2 A8 WAz TEAURUNMTININTT IR

Sofimsanmiuduiusvessedu PM2.5 sewinassituiiluganiaiieatu (Table 5) wuin
TuggeludinuunnsinsedsiidodiAymeada (P<.05) vugiluggudslinuauuansiaog sl

v o w

uydAgy (P<.05)

Table 3. The mean + SD of PM2.5 concentrations for the two study areas across two seasons.

Air quality guide for
PM 2.5 (average 24

Concentration

Season Study area Mean % SD
hours) not exceed
(ug /m?)
37.5 pg/m?
Exceed the Thailand
Kwai Noi National Park 51.23 + 13.41 Ambient Air Quality
Standards
Dry season
Exceed the Thailand
Boromtrailokkanat Road 46.33 + 10.95 Ambient Air Quality
Standards
Not-exceed the
Kwai Noi National Park 22.23 + 5.85 Thailand Ambient Air
Quiality Standards
Wet Season
Exceed the Thailand
Boromtrailokkanat Road 40.17 + 3.05 Ambient Air Quality

Standards

|
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Table 4. The comparison of PM2.5 concentrations between the study areas and seasons,

analyzed using an independent two-sample t-test.

Wet Sig
Dry season Mean Std. Error
Study area Season t (2-
Difference | Difference
Mean | SD | Mean | SD tailed)

Kwai Noi National

Park

51.23 | 13.41 | 22.23 | 5.85 | 3.433 | .026* 29.00000 8.44781

Boromtrailokkanat

Road

46.33 | 10.95 | 40.17 | 3.05 | 9.40 .400 6.16667 6.56117

Note: The asterisk (¥) indicates a statistically significant difference at the 95% confidence level

(P<.05), as determined by an independent two-sample t-test.

Table 5. The comparison of PM2.5 concentrations between the two study areas during a single

season, separately for the dry and wet seasons, analyzed using an independent two-sample t-

test.
Kwai Noi Boromtrailokkanat
Sig (2- Mean Std. Error
season | National Park Road t
tailed) | Difference | Difference
Mean SD Mean SD
dry
51.23 | 13.41 46.33 10.95 .490 .651 4.90000 9.99528
season
Wet -
2223 | 5.85 40.17 3.05 .009* -17.93333 3.80905
season 4.708

Note: The asterisk (*) indicates a statistically significant difference at the 95% confidence level

(P<.05), as determined by an independent two-sample t-test.

anwasFugIuImNen

INNTANYIAN BN FUFIVVORUNIARY PM2.5 Menapsqanssauluudoinsin viniland
fiaty (Field Emission Scanning Electron Microscope: FESEM) wagn153insnzsiesiusenauniaail
(Energy Dispersive X-ray Spectroscopy: EDS) Wudwé’ﬂwmzé’mgmﬁmwﬂmLm'u 9 anweuy (Table
6) Ao

1. 5Us19uwre8 (Elongated cylindrical (or rod-shaped) form)

2. sUsaluieuds (Fluffy aggregates)

Volume 23 Issue 1: e0230105 14/34



AN WATULIAIT v v v a
AMULVUYULASHUFIUINGIVBY PM2.5

ISSN: 3088-1994 (Online)
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3. gﬂiﬂdwﬁﬂﬁﬂ:ﬁaﬁﬂLama%auﬁu (Iregularly layered crystal structures with uneven
surface)

4. n3NaNaNNINT (Symmetric Spherical particles)

5. jhﬂi'wwsmamﬁllu'aumm HUaULs8U (Asymmetric spherical shape with smooth
edges)

6. U undendeunu (Coiled structures particles)

7. 5Urawisdmdeniudnendouvusuinsliniueunaznssnay (Elongated rectangular
rods)

8. gﬂ’iﬂdiﬂjaﬁﬂLamaﬁm@fu‘ﬁuﬁau (Irregular aggregated particle)

9. gﬂi'NLwiﬁEJﬂﬁm (Elongated tapered rods particles)

WA PM2.5 ﬁwuiuﬁuﬁqwmuuﬁwﬁLLmﬁaa AYNITVYIYAINATRIE SN

1303 FESEM Tugquds wuinfloynieiidl sushauisenuazsusrvanemdsudeuiu susadudeu
Youagnsenaslianunsveuieudeuty uag susrmanialiaiauedouty dwluggrunuin
Fugnuiidnuag Uawidmdsuiiudendeuvuguisitdususuiidudoubssiisuiunse
naw JUTRBuYBuasTTInaNT iy waggUTwseISeIagnInansTaned Wefiansanu
sgnudaugudnvasiduwisen nsnay msdufeudu susisliaiaveifudanlng (Table 5)
ansAnw g TULATessUsEnaUsmTes PM2.5 Tufiufiuniiies Guauuusilaslanuin)
INMFIATIZRFUFINTEY PM2.5 Wud Tu gouds synaduddnwasdu Aeudsdouiu gUss
\nden uaziinisiFesiisiuiunsanasausnns tnedl sUndnldasinanedeudu dilu gouu wui

¥

PM2.5 fidnwae Aeudsdouniu 1935:uiuwiieen nadlswseuiisudugiuiunuiivl wuinlagsi

3

[ =

IMNUARIEATINY WAl FugIunGed Jaunnd1eainiiuiila (Table 5)

HAN1TIATIEIAUsENOUSN I auas (Figure 3) WU 16 519 LawA C O N Si'S K Mg Na

AlLSn Fe Ca Mo Ti Mn uag P d@3ulu gaeu (Figure 4) wu 13 519 bon C O N Si'S Mo Na K Al Fe

'
a

Ca Mg uaz Ti lag ﬁmﬁwumﬂﬁqm 2 gudiuusn laun Carbon (C) uag Oxygen (O) %qwuiunﬂﬁu
wagnnganIa (Table 5)

MnuansAnemuemaulavessgusdsluiiud evidu 599 Si (Silicon) wuludmdau
adlunnitufiuaznngenia danlvaidu euniaussnainiuuarssd Ssorafinanduiuiignitanilae
au Ju91nM59TTMIoneads uazmswnnllugnaivnssy daueyniadid sUs1amsnan 919
Usznaume ASUBUNIoTanau %uagjﬁmméﬁ%ﬁ@ (Quijano et al., 2019)

579 S (Sulfur) ussAdsznauiliAnainnszurunsinivd Tanauasd oindaloada
Tnslanzanniaiessudiea suniadnuasiiu feuys fusuuumany 9 uasilsnguun (uyans

LAEAME, 2567; A3I3504 WY, 2543) @mSUS Mo (Molybdenum) wuvisluiundinagiuniiios

|
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nngana wlvznuludndiuligedn weiidu lansuinfienaiinadeguaimuywd uesdusznauly

9 Y Y

. aaa

Aail%3n waze19anszareunIn Au Aiu Nsldle wazmswlndidoumnaaneada (Krachler et al,
2004)

nmsdeyalutieiunaznisAuaii@nwiananunisingauide ludagduliauaula
duegrannifvafutigmiduazessvunidn eusumalneiesfiiuuszmaivszauiuigmey
aveat Ussnalveifuiinumsnssuiaan 299,183,281 19 definrsandminfivalaniesfidnivg
p1iwvdnie inunsnssy Tnefuiinuasnssustaun 2,832,600 13 (nsuwamniiaw, 2562) ey
Auazessiiinvesdminfiualan liun Aaangrumvug nmswnluilas wu it mamnnedadn
3 Tutlagtuldtnasmslunissuilenasuiladyvuafiviuduazoos

FausuUfRnmstuindeunssuisnd “nsuflviyvuaiiviuiuazess” atufl o (wa.
b&od - bewo) JutunsuImianadysauinmaioauauunasindauafivluyndfodisdl
Uszansnnlagluiiuifledlinruddyfunisemuauniaruausunisuiuddsuwaluladeny
sudlaefimsatiuayususudlifi (BEV) wiewisdnwnislduasmamaasvgmans u nsufu
Asssudoumslinuuluunasasuuiuiiu (Congestion Charge) uagmsrfnuaiufiauasafive
(Low Emission Zone) uagduniufiufivuaginunsnssuunuaiug wunisaaiufimnlngd (Burnt
Scan) Ingldszuuasaumanimansuasdoyanifioniessyiiuil dodlniludidgn Tuaavldd
nsuimsdanmademdwmiuanududuresssuvinatudassiamugiunisldungnimi
ngvneUatnlugidings dnlunmenuasnssulaiinisenseduliginunsUasnnisiiisiunisivun
1MIFIU GAP PM2.5 Free Wagszuunsivanudioundu (Traceability) S95aufiamsnisiBagnlunis
salianSvieliuthomdouninunsnsfifingAinssunismn LagnsAnwunasnismemsiiiieniuay
s dudnensandisssmaniinssuiunsuanfientastunsieudledymvuenaty
Tauunusgraluszuu (nsupiupuuaity, 2568)

NnnsAnwITeves 13A51 ARgIna (2563) Besnmsnismengranelunisdanisiymidu
avopwwIaliiy 2.5 luasew (PM 2.5) nuindsemalnedndudesdinisujsulaseasiudessuuniy

v Y 1

wann1stdeeriuaiaii (Precautionary Principle) wagnanynenan1iziuda1e (Polluter Pays

3
Principle) Tngluidsnguanemsinisiusesansludanndonialilusgsssuyyiioat siusnsdli
Tauliunss wiewhusuusmezsiygfduadunassnuaunindauindouuiand we. 2535
Tinsdarhunulfoanssedudmiafinseunquyniiudl ldddaanzsannuauuady welhis
nsuimsdanadasnmudnunenisgiamans uonaind FesenseduaminsguAun eI
(Ambient Air Quality Standards) lsiviaifisuiusnsgiuaina wu ssdnisewislanvioussmnad

Waluuad oulsstuedouliiinnisannisuasslateanwiasndn g 19uase
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B 1 H & 4 o a
Ll wuiwartosuazmauaiealan

lusnunisatuANkmasnLila (Source Control) 11MSNISNNNYNUNEABIVIAYDINTLUNTT
Tafuld Taslamnznisimunuinsgiuaiunuiafivainuvasiidaliaseunquuszianianssud
yanuaeNIntL uaziuuniinualnwlsuliaenndestuanneziasugiuasdmsuiymeniu
FULDUVBIATIATINUILIUY AITUILUINAITUSMITIANITUUULBNATW (Unity of command) 14
pafM TN A windouvesanigomini (US EPA) inusuldiieanauiudeuresdiunaniii
seriadninnuAIuAuLaiwaslIninuAINg naelseu

uananil maudletiygmiluszerendesendeunsnmsmansugamansuazulausaivayy
(Economic Instruments & Supportive Policies) 11 n1sdaifiunSaindaunseniSaisueu ns
Idszuuansusuasintunipgaamnssy sudnsduasumalulagazein (Clean Technology) Hu
nsgavyunsldsosudliii (EV) wagnsiaunssuurudsasisngifiussansnmiiieantafivain
gruwisuy lunaneasnssy fsfesadvayumealuladnisdanisay Tanmdediaieannisw-lui
las aqua bdunisaseauasenidng wazdwasunisddusuvean1ausey1¥u (Public

a

Participation) [o@a51991U1MBT0ILAZ IR TN I UNITI N B AR DN 19T Y

Table 6. Morphological characteristics and elemental composition of PM2.5 in the two study

areas across the dry and wet seasons.

Study area Morphology Element %owt

F-DS-R2 "2,
Kwai Noi National C 65.0
Park O 239
Dry Season N 7.0
S 1.7
Si 0.8
K 0.5
Al 0.1

Elongated rods and

layered polygonal particles

|
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Study area Morphology Element %wt
e C 62.3

@) 27.8

N 35

Si 3.1

S 1.7

Mo 0.9

K 0.6

ZE 2000k 10.3mm 20000 70 High vecuum St ETD SOpA Stendard T e hor
Irregular fluffy clusters and Layered Asymmetric
spherical shape with smooth edges

@) 42.3

C 41.2

Si 7.4

Al 3.6

S 2.0

Fe 1.8

K 0.6

A : _ Na 0.4

Bb Hsory insmm Wooor Vo, tighescams 5" £ Sopa | Susams ‘

(Irregularly layered crystal structures with uneven Ti 0.4

surface) ca 02

Mg 0.2

N 0.0

US1-DS-R3 - ‘ @) 44.8
Boromtrailokkanat i R, C 38.3
Road Si 14.2
Dry Season S 1.2
K 0.5

Al 0.3

Sn 0.2

: . b & Na 0.2

aggegated fluffy clusters Fe 0.1

Mg 0.1
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& 4 o a
WUN LLﬂ‘mEJEJLLaSWIﬂU’]aWMQIaﬂ

Study area Morphology Element %owt
C 57.8
@) 335
Si 2.7
S 25
K 1.0
Ca 1.0
Mo 1.0
oo Na 0.2
Aggregated fluffy particles, coiled structures, and Al 02
symmetric spherical particles

C 65.7
@) 279
Si 1.7
S 1.6
Mo 0.9
K 0.7
Ca 0.5
: Al 0.4

R 20004y 104 mm 10000x 70 Hiohvecwm S €10 S0pA Standord :
Irregularly layered crystal structures with uneven Fe 03
surface Na 03
N 0.0
F-WS-R2 C 52.3
Kwai Noi National O 37.8
Park Si 2.8
Wet Season Ca 2.0
S 1.6
Na 1.1
K 0.8
S A PR e e o R ey X s Al 0.8
Elongated rectangular rods over irregular clusters Mg 0.4
arranged together with spherical particles Fe 0.3
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Study area Morphology Element %wt
C 56.6

@) 30.0

N 6.0

Si 4.9

S 1.1

Mo 1.0

B ooy 4 mem 200w 5. eghracenm B |60, Soph | Bt | Thasomsenie o K 0.5

Fluffy clusters and aggregated spherical particles

- & (. N C 59.0

" 0 33.9

Si 3.0

Al 1.8

K 0.8

S 0.7

Fe 0.4

R b L R T P e R L = Na 0.2

Elongated tapered rods and dispersed spherical Mg 0.1

particles Ti 0.1

US1-WS-R1 C 64.6
Boromtrailokkanat O 24.7
Road N 4.4
Wet Season Si 2.7
S 1.2

Mo 1.0

Na 0.9

A P e B o S e B e Lo K 0.6

aggregated fluffy clusters Al 0.1
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& 4 o a
WUN LLﬂquaﬂLLangﬂUan‘Uanﬂ

Study area Morphology Element %owt
C 50.1
O 352
Si 6.3
Al 6.4
K 1.4
S 1.2
Fe 1.2
Ca 0.6
Mg 0.3
Na 0.3
C 47.2
@) 41.3
S 2.7
Si 2.6
Na 2.4
N 1.2
Ca 0.8
3 Bane e T 5 o £ 5 S e Mg 0.6
Elongated tapered rods partldes and Layered fluffy | 0.6
clusters Al 0.4
Fe 0.2

Y]
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80.00

Forest-dry season

70.00

60.00
51.63c

50.00
40.00
31.95b

30.00

20.00

Element composition of PM2.5

10.00 4.49a

0.00

80

2.39a

4.3a

0.58a

k

0.53a 1682

0.38a

0.62a

0.37a Oa 0.18a 0.25a 0.42a 0.33a

ca mo al fe na sn mg p mn ti
Eiement species of PM2.5

(a)

Urban-dry season

70
61.45¢

60
50
40
29.19b
30

20

Element composition of PM2.5

10 3.74a

1.85a

1.83a

0.74a

0.72a 0.9a

0.37a 0.58a 0.24a 0.17a 0.2a Oa Oa Oa

k

ca mo al fe na sn mg p mn ti
Eiement species of PM2.5

(b)

Figure 3. Comparison of elemental composition during the dry season between the roadside

area of Boromtrailokkanat Road and Kwai Noi National Park.

Note: (a) Kwai Noi National Park (b) Roadside area of Boromtrailokkanat Road
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Element composition of PM2.5

80.00

Forest-wet season

70.00
60.00
50.00
40.00
30.00
20.00

10.00

0.00

80.00

70.00

60.00

50.00

40.00

30.00

20.00

Element composition of PM2.5

10.00

0.00

55.97d

33.9¢

3.57ab

6b

0.87a 113a  0.43a 1a 0.7a 2a 023 017a  O.la
o B - - =
c o si al n s na mo k ca fe mg ti
Eiement species of PM2.5
(a)
Urban-wet season
53.97c
33.73b
3.87.
° 23 187a  17a 1.2a 1a 0.87a 047a 047a  03a 0a
|_| | ] | = = =
c o si al n S na mo k ca fe mg ti

Eiement species of PM2.5

(b)

Figure 4. Comparison of elemental composition during the wet season between the roadside

area of Boromtrailokkanat Road and Kwai Noi National Park.

Note: (a) Kwai Noi National Park (b) Roadside area of Boromtrailokkanat Road
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CIIERERD)
Huagoasinsinuiiweunsesndudiunniingninssuiunsinvesiuazens lnegn
Fuunvondu 2 ngu liun 1iinanundsiuinduugugd (Primary Emission Sources) iusiafiud
QnUdesponunnuiasiuinlnenss 2.1Annuvdsrinudadunfend (Secondary Emission
Sources) Lﬁmmﬂﬂgjﬁ%mmaLﬂﬁﬁl,ﬁm%?uiumimmﬂ WU Nabnn13e9ndLatu n1sAIULLUTeLle
sunedunisfignoondladlutuussena uastlafowindondu q fdmansenudeauiduduvosy
ar009BniY 17ty NMsHNAuYegUYRl (Temperature Inversion) Fadunalnlunsazausadiv
g Selasunfudrgumnilufuusseinimazanasmunrugs liinaeiniafifiuiause
aoefuarnsznefieenlld Wefinusngnisal Temperature Inversion viliAatusnifiuludy
33819 danaliunaeinieldannsanszanedald Usingnisaiddnasnunioindulugasne
nasAuvselunAnu1l (Zhang et al., 2024; Zhai et al., 2023 )
namsAnwsERuATIdututesuareswaliAu 2.5 luasou (PM2.5) wuin luiiufiss
auuusulaslanuisn uay greTuwianAuaitos ey gauds uay godu seAuAmduduTeq
PM2.5 daulviiuinasiinnsgiu 24 FalusvasUsamalne sniiulu gouvesiiufignetuuvissnd
umtios BefiAale 22.23 + 5.85 ug/m? AMNIINATILATEIY
Tnesazdunvainadeseduannududy PM2.5 (pg/m?) flo Suauuusulaslanuisn
AR UNIAY 46.33 +10.95 pg/m? gaHuiniy 51.23 + 13.41 pg/m? d1MTUgNYIULAIYIA
Aoy oUENMIAY 40.17 = 3.0 pg/m? gAY 22.23 + 5.85 ug/m? LevnTiATIE
ysaBffelusunga SPSS nudn Faeadd ttest nudnlufind greuwsisnduedeos sefuay
Wnduves PM2.5 Innuunndeiuegeiitudfyseninagguasuazgaay (P<.05)
ogdlsfmuiansanluiiuil Suauuusulastanuise linuauuanesegeildedfay
sprinangna (P<.05) awFouifisuseiuemuidudussnitsiiuiivsassuggniadioatu wuigg
Hu danuuansegeidedfynisadfgauds lnuanuuansegeiidud Ay
ansdanafisiiumyudn Tutenauds Aufigneuwisnduamdesiissdu PM2.5 qaqn
idesanniAnaanunisal mswnlniFuaaluat (v Faduiedesmifinadennududuyesu
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d7u pyMANIRENeRARINNTUANATesTs TSI RN Tiad et uans
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(Maskey et al., 2016; Quijano et al., 2019; Pipal et al,, 2011)
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al., 2010; Murphy et al., 2006; Posfai et al., 2003)
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voaywd YU M393193kar il Snvnzuaresdusznausgmandd iiulsuwdsindnisdamia

MANMNTTU WaTAW/s3IMET (Ju et al,, 2003; Usman et al., 2022; Zeb et al., 2018)
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Table 7. Source identification of PM2.5 based on particle shape and elemental profiles

Comparison of PM2.5

Detail Study area
Study Area Kwai Noi National Park
Chemical G, O, N, S, Si, K Al, Mo, Fe, Na, Ti, Ca, Mg,
Composition

Overview

Morphological characteristics Overview

1 Elongated cylindrical (or rod-shaped) form)

Source The analysis of PM2.5 samples collected during the burning season
Identification revealed a predominance of elongated cylindrical (rod-shaped)
particles. These structures, in conjunction with the detection of K, C,
O, and S, serve as morpho-chemical tracers for biomass burning,

representing partially combusted plant fibers.

2 Elongated rectangular rods

Source The analysis of PM2.5 samples collected during the burning season
Identification revealed a predominance of elongated cylindrical (rod-shaped)
particles. These structures, in conjunction with the detection of K, C,
O, and S, serve as morpho-chemical tracers for biomass burning,
representing partially combusted plant fibers.

The occurrence of elongated rectansgular rods provides further
evidence of high-temperature thermal alteration. These well-defined
geometric structures, found alongside Si, Al, and Ca, suggest the
presence of mineral-based crystals or thermally processed plant
matter. Their co-existence with K'and S reinforces the interpretation

of a mixed-source environment, where primary biomass burning

emissions interact with crustal dust during intensive wildfire events

1. Fluffy aggregates

Source The observation of fluffy aggregates further confirms the impact of

Identification incomplete biomass combustion. These structures are characteristic

|
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Detail Study area

of soot agglomerates, primarily composed of C and O, which serve as
a scaffold for the adsorption of other detected elements such as K
and S. The prevalence of these porous, high-surface-area particles
during the burning season highlights the intense emission of

carbonaceous aerosols from wildfires, which significantly contributes

to the complexity of the PM2.5 profile in the study area.

4. Asymmetric spherical shape with smooth edges

Source The asymmetric spherical particles with smooth edges suggest a
Identification process of high-temperature melting and rapid solidification. These
structures, often referred to as fly ash, are likely formed from the
intensive combustion of biomass or fossil fuels, where inorganic

components undergo thermal transformation

5. Irregularly layered crystal structures with uneven surface

Source The irregularly layered crystal structures with uneven surfaces are
Identification characteristic of geogenic particles, such as aluminosilicate minerals.
These particles originate from soil dust resuspension, where their
angular and layered morphology reflects mechanical weathering

rather than thermal processing

Study Area Boromtrailokkanat Road
Chemical G0, S0 S, Mo, K

Composition Ca, AL, Fe, Na, N, Sn Na, Mg,

Overview

Morphological characteristics Overview

1. Fluffy aggregates

Source In the urban roadside environment, the dominance of fluffy
Identification aggregates primarily points to vehicular exhaust emissions,
particularly soot from incomplete fuel combustion. This is evidenced
by the presence of C, O, S, and N, along with trace metals such as Sn

and Mo, which are typically associated with engine wear and
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Detail Study area

lubricating oils. Additionally, the detection of crustal elements (Si, Al,
Fe, Ca, and Mg) indicates a significant contribution from road dust
resuspension and tire-pavement interaction. The co-occurrence of K

further suggests a minor influence from local urban biomass burning

or waste incineration.

2. Coiled structures particles

Source The identification of coiled structure particles in the roadside
Identification environment strongly indicates non-exhaust emissions, specifically
brake wear and mechanical abrasion. These spiral-like morphologies
result from the intense frictional heat and mechanical stress between
vehicle components. This interpretation is supported by the presence
of metallic tracers such as Fe, Sn, Mo, and Al. Furthermore, the
association of these structures with S and Si suggests a contribution
from tire and road wear particles (TRWP), where polymer-based
fragments undergo physical deformation during tire-pavement

interaction

3.Irregularly layered crystal

The irregularly layered crystal structures with uneven surfaces
observed in the urban roadside area are primarily attributed to road
dust resuspension. Their morphology is characteristic of crustal
minerals (e.g., aluminosilicates), which undergo mechanical
fragmentation due to vehicular movement. The presence of Si, Al,
Ca, and Fe confirms their geogenic origin, while the detection of S
and Mo on these uneven surfaces suggests that these mineral
particles act as substrates for the adsorption of anthropogenic
emissions, such as vehicular exhaust and industrial pollutants, within

the urban canopy.
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