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ABSTRACT

This research aims to assess risks at a liquefied petroleum gas (LPG) filing and
transportation station in Rayong Province using Failure Mode and Effect Analysis (FMEA).
A process flow chart was used to identify critical failure points across three main processes:
LPG filling, transportation (including warehouse storage), and gas tank storage. Risks were
evaluated using Severity, Occurrence, and Detection to calculate the Risk Priority Number
(RPN). Results showed a significant risk reduction after implementing preventive and
corrective measures. The risk of leakage during the gas filling process was reduced by 75%
with strict valve seal inspection measures. The risk of gas filling valves not closing properly
was reduced by 76% by replacing high-quality valves and inspecting equipment before each
use. The risk of overfilling was reduced by 78% by checking and calibrating pressure sensors
every 6 months. Cylinder drop risk during transportation was reduced by 67 %, and valve
leakage by 76 % . Improper stacking risks decreased by 75% using standard racking. Gas
leakage in storage was reduced by 76 %, and fire hazard risk was lowered by 66.7 % with
automatic suppression systems and emergency training.

KEYWORDS: Failure Mode and Effect Analysis, Risk Priority Number, Liquefied Petroleum

Gas filling and transportation station
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ABSTRACT

This research presents an engineering economic cost evaluation of a 1,000 kVA 3-phase 50
Hz 22 kV-400/230 V distribution transformer. A computer is used to assist in evaluating the
cost of the distribution transformer to ensure it is suitable for the load usage, with accuracy,
speed, and precision. The evaluation incorporates the transformer loss test results from the
factory, interest rates, electricity tariffs, service life, and the environmental cost of energy
losses in the transformer. These factors are used to assess and compare the transformer
costs to determine the most appropriate option for a project, industrial operation, or business.
This allows users to select the most cost-effective and efficient distribution transformer.

KEYWORDS: assessing the costs, transformer, transformer power loss
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24 nagauarmasgadaneliilundaulas

o

2414 masgandanisliilundauilas (Power Losses)
1 o Qs v 1 o et v A
drmasgaionalwinlundoudas iudridsgyidsrinlundaudaslnin 4
Usznaudie drfasgaiFoluuniunan(Core losses) wazdianugniislusanianaiuad

(Copper losses) G307 (1) [6-8]

PT = PCore + PCU (1)

o o a o

lasf Py Aa MasgaFusnluandautas (W), Pe, A8 Masgadaluunwman (w)

Q@
a A

WAz Pey Ao Masgaydsluzanianasuas (w)

o [
21.2 nﬁa\‘ig{ytaﬂ‘lmm%maﬂ (Core losses)

minageutda993 433U 1 ilunmmaseuiiamidanugnisluunuwnin lay
0TI IR UIARIAUTIAUGT (Low Voltage winding) waztda9336NUUARIALIIA
849 (High Voltage winding) engayifeluunuinaniinainanugniiodaiaaifa (hysteresis

a A ' A da X

loss) UAZAMAFYLFLLHEDIIINNITUF INAIU (eddy-current loss) uazAAMFYLFBTILAATY

luunundnaziidnaafilunn 9 anzvasnnznalwin disunisn (2) 6, 7]

P.. =P, +P. 2)

Core

lapfl Py fia anugydsluununin (w), P, Aa anugyiduandainaifa (W) uas Pe
fa AnugiFsaInnIzuE eI (W)
ANNFYLEITAABITH (hysteresis loss) AIauNIT (3) [9]

P, =K_-B"-f 3)

{ ™ a A‘ Q 4 1 v 1
laof K, A auﬂsza‘nﬁmanaqﬁwaulmmumﬁﬂ, B ﬁamm‘ﬁmLLuuLauLLsame%goq@

(T) uaz f e awh (Hz)
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AMUFYLFEINNTZUR WA (eddy-current loss) AIaNNIT (4) [9]

2 2 2 -3
P.=K_-f -B"-d -10 4)

d' A . d' A 3 a &
I@]UV] K, A8 ﬂ’]ﬂ\‘l“ﬂﬂizuﬁvl%ﬂ'lu, d A2 ANURWBIVDILNBLAINIINLUA (mm), B A AN

WWLUWLFULTIUNRANGIFD (T) uae f fla Aud (Hz)

®

0 ® Aet—
Sup ply 3 Variac o Io Watt e b
39“”9 ' 3 phase Io 3'“:'" i
ase
° : [ ] Co4—

n

Low Voltage Side _ High Voltage Side

U1 msnagauiaees

213 msgzytaﬂmn‘ﬂﬂa'mwmum (Copper losses)

NNINAFOUANIIAY @”agﬂﬁ 2 Tan138A1993AIANIIAIBUIIAUET LazsY
w39AU IWALT AR I AT UL ITIA UG LflumsmaauLﬁam@hmmg@tﬁmluwmwauma
Ta8aA2995N19@1UUIIGN (Low Voltage side) LAZINBUTIAUNIIGIWUTIZI (High Voltage
side) lﬂwl,ﬁmuﬁﬁ'@mzLLaéﬁuLLiagam"L@T@”aaumiﬁ (5) [9, 10]

Pou = 3y Ry iy “Rey) (5)

lapfl Ry AAMUAUNMUIANIAUTIFY, |y, AD NIZUENNEUIANIAUTIFI, Ry A AW

FUMBTARIAUTIGT LA |y AD NIZUEN WA BUARIAUIIG
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) (1) -1

P 6
+) (6)
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pe | 7o O R e
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2.3 a1s1azadvsianiad

Glumiﬁﬁ]zﬁmimﬂﬁunumamﬁmmadﬁi'mmzl wolgiduuwimslumsiansonidanls
wiaudsssmineldmunzaunuinsafldonw wasdmesfifieadosnunisinieyd
yznauaiy aravesnaulad (Cost to Own Transformer; COT) [6,12-15] muaumsﬁ' (7)

FC
COT=C+PW|C— +K_L +K.L, (7)
100

lasfi C fa NasudwaIndaulas
FC fa dRauIa
| Ao aanaanids (%)

A 1 v v

N fia Tasangmisldnuvasmiautas (D)
PW @@ flinduilagiiu (Present-Worth)
L, fia danugadovnzlidlnan (kw)
L, Az anugmiFsamzdlnas (kw)

wazimuald K, uaz K, fadiasilunisiiansdenmnemdaudss assumsf @) uas (9)
K, =C, +TC, 8)

2
K, =D (C,+T,C,) 9)

A o q’l 1 tﬂl v 1 Qs
lagdl T, A Swuts lusdadnndiautasinanssnn
Tw

'
o a

A
f
fa St lusdelnndautasinalnaaaf
C. fia AMwasnulnin (U ndaniiag)
C, fia AANuGaIMINad WA (L ndadilaladaall)
D @ danlnaansnsdalnaainne
Y v A Y
2.4 AWNUAHFILIAADN
- “ - v A X 4 X o X e
nandalWiacidywifouiadendrs 9 tiedudzduadnudonwisnles las
wwwzagidedldwasnunestaziidymifaniadenuinniwasnunyudon aonu

o a @ & & s A, A % A
mﬂmm:migryLaﬂwaamuvl,%lﬁﬁﬂLﬂumu%m‘nmwans:‘numaammaau I@]U‘YIZJ'WISE'W%
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a Qs 23 Y o 1 Q/ a QF
28484ANITUIHITIANMIMDLIUNTZAN (BIAMTUNITH) 138 aun. lamnuasanlszins
mMItdesfoiauntzaneeinslawasnw i @1nszuuiniemsinii) agjﬁ 0.4857

kgCO,-e /kWh [16] 813NTOFWIBALAAIRINNTA (10)
USanowirmisannszan = 04857 x Load Losses x $wintalasdadlfindaudssinglnan (10)

2.5 ilszansninvasnnanilasin

daedninw (N) vesndaudadininfe sanausasias i nsseandariias lninn
Jauth duwrmlaarnaunisn (11)

. Maaarinm
% UszEndn W ()= ———— —— - X 100 (11)
Tﬂa\‘lLmYW!‘YHﬂWaG;EtyLﬁ&lIu%NaLLﬂad

3. Jwaaunsnagaunsiaudasswing
3.1 mﬁmﬂaauLﬁam@hﬁﬁﬁ'ﬂﬂﬂﬂgzyLﬁﬂ‘lmmumgn

wialTund maslwigiFoouelifdlnas (no load loss) Muu1a331% IEC 60076
%38 Wan. 384-2543 mmm@imammugﬂﬁ' 1 TogdoussanliineuuaaIausIane
(Low Voltage winding) uaz1a19336Nuuaa2aUs3a%gs (High Voltage winding) nT S
wssswlfinawingy 400v (legliauladnszusiiindn) udarnnissiuniadiinas and

v 1 o o =3 A 1 {
Idazdudiaslndhgmdoluwnuwnan Seazddasnlunn 9 anazvadlnan

3.2 msnadauiiariarinas iMigydeluaaalanasuas
A a ' o @ = = A
$#388719138N0 9 mao"LWngrymwmw‘[ma (load loss) ANXX1AIZ 1% IEC 60076 %38
4 a X A ) ' {
80N, 384-2543 GnammmarmmzLLaw"Lﬂalum@aa@maamauﬂawmxmgiwaﬂmwugﬂﬁ 2
1aUNNIIRAIITVARIANIIATULIIAUEN LLazahfJLm@”uVLWWMT’m@m@@Tmuim"’uga PINBU

Usuliladrnszuananuinng snansadiwislaannaunsn (12)

l= —— (12)
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Tawfi | = nyzusilnaluzasia (A), S = Maslidvaamdaudas (VA) sz V = ussawlnin
Pagnaaulad (V)

laguuna 1,000 kVA 3 ph 50 Hz 22 kV-400/230 V Aenfinanszusivinny 26.24 A (lag
Tigulasussauiifiodu) udavhmssud Saddinas ﬁhﬁ"L@Tﬁ]:Lﬂu@hﬁ’lé'JVLWﬁhgryLﬁaﬂ,u

VARIAVIBILLA

4. HANINANDINATNITANNIDE
41 HANIINANDY

lavindautasauna 1,000 kVA 3 ph 50 Hz 22 kV-400/230 V. 81¥NnNINagauafigd
gyriamsiilundaudas iudridsgyidosialunioudasivi desznevudae
ArfiasgiFuluunuindn (Core losses) uazdranugyiislusaaianaiuas (Copper
losses) lagqaaniifvasmiauyasdanens gasased 1 wazvinnmasasmeniaaga i

vindautasiinine lasnsdaunszua (HV.Current) N1 ldannnsdwIsaun1sn (12)

@
o

aaudlnan 0% U9 100% MuaITWA 1 udwhmyiamasgmFoeamsiaulad (Load losses)

AN o @ A
ﬂ’]ﬂvl@]l,l,ﬁ@]\'i@]\‘i@]'ﬁ’]\‘]ﬂ 2

A157191N 1 Qmauﬁ?mawﬁaLLﬂaaﬁﬂwmwmm 1,000 kVA NizFlwn1snagau

Capacity (kVA) 1,000
High Volt (V) 22,000
Low Volt (V) 400/230
HV. Current (A) 26.24
LV. Current (A) 1,443.42
No load losses (W) 1,251.90
Load losses (W) 11,690.40
Total losses (W) 12,942.30
Short cct. Imp (%) 6.00

% Reg (%) 1.35
Efficiency (%) 98.72
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M9 2 emasgadevamaiaudlassiniizuuia 1,000 kVA filaonmsnegay

Load (%) HV. Current (A) Load losses (W)
0 0.00 0.00
10 2.62 116.90
20 5.25 467.60
30 7.87 1,052.10
40 10.50 1,870.40
50 13.12 2,922.50
60 15.74 4,208.40
70 18.37 5,728.10
80 20.99 7,481.60
90 23.62 9,468.90
100 26.24 11,690.00
110 28.86 14,144.90
120 31.49 16,833.60

A a a a o @ A a X :
MNAIWN 2 Kafifiaannagiendsnuliilunioudasiifeduluudnnszlnas
o o & ' o a o 6 & 6 a v a

saInLEaIANNFNRBT I msIg s iesidudvatinaanidon ldaazd 3 uaz
WakwRasanludiunisdassfioiSaunszanasdnisuinissanisioiawnszan
Y o 1 Q a Ar 1 23 v

(89AN13UNITH) Wia aun. laimuadigulsz@ninislassfimseunszanvasniyls
WA U WA (@ nzuudmihens W) agf 0.4857 kCO,-e /kWhaiall mansaduimle

GIFUNNIN (10) LATRINNTOURAIANUFUNUTITRIIUTU N sUd e oiSawnszanny

1 asieue L a@"lﬁﬁ'agﬂﬁ 4
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Agrydevensisunsdmmiwiildainnrmeadeu
18000 . : :

16000 ¥

14000 /

@ 10000

8000 /
6000 : : - : /
4000
2000
0 ________./
0 10 20 30 40 50 6 70 80 % 100 110 120
Load (%)

Load los

1,000 kKVA

31N 3 ﬂ'"lgzyLawaawﬁauﬂmﬁmﬁwmmﬂ 1,000 kVA flaainnisnagay

Uanuiinwiaunszan keCO2Z-e/A)

g >
10000 /
0 —/

0 10 20 30 40 0 60 70 R0 90 100 1o 120
Load (%6)

—1,000 kVA

sUn4  nisdsssarsusnladenladainnisguidezasndanlassiniigwia
1,000 kVA

4.2 WANTIATWIDL
nnalautadzuna 1,000 kVA 3 ph 50 Hz 22 kV-400/230 V. 1111n153LA 512 L1
anazlnanasn lugangnisldnu 15 O Jdavaande 6% uaz 8% (@amaaniduiug

U
a1 inedull 2568 atfluta 6%-8% [17]) uszwiniiaasninuitaslumalianzidasii
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1) C = 421,800 un

2) FC = 5%

3) 1 = 6% waz 8%

4) °1h<1mﬂqmﬂfmumamﬁauﬂm 15 1

5) PW = 9.712 (aTaanily 6%) uas 8.559 (Samaanids 8%)
6) L, = 1.252 kW

7)L, =11.690 kW

8) T, = 8,760 T las

9) T, = 8,000 Flas

10) C, = 4.15 (UN/HAUIL), (W.4.2568)

11) C4 = (196.26 LIN/MWILAABK 8aUNGA) x 12 = 2,355.12 LN/ a8/d)
12) D = 1,000 kVA (sun@linaiaudassnslnaansfi 8,000 $1lua)

421 mMsawIman K, uag K,

[

@hswmmamﬁauﬂm 1,000 kVA ﬁ’]&l’liﬂ‘lﬁﬂvt dﬁ
Dige = 1,000/1,000 = 1.0

NFNMT K. = Cy+TLC,

azle Koo = 2,355.12 + (8,760%4.15)
= 38,709.12

PINFNNT K, = D*(Cyq+T,C.)

azle Kuioo = 12[2,355.12 + (8,000%4.15)]
= 35,555.12

4211 n3fiaasiaaniis 6%
famdautas 1,000kVA sansomldanaunsi 7 eait
COT = C+PW [C (FC/M00) + KL, + K,L,]
421,800+9.712 [421,800 %(5/100)+38,709.12%x1.252+35,555.12x11.690]

5,133,998.08 1N
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4212 n3fiaasnaniie 8%
dawslautad 1,000 KVA aunsawi ldanaunmsn 7 aait
COT = C+PW [C (FC/M00) + KL, +K,L,]
421,800+8.559 [421,800 %(5/100)+38,709.12%x1.252+35,555.12x11.690]

4,574,568.35 U

= = v
4.3 dszansninzasnNaunildalg

a P o

UszAnTawannaunsn (1) awandaudad 1,000 kVA Llainalnaaivne a1u15n

o

FWID LA A9

ﬁ']é”m,mﬁvgw

% UseAnTnw (N) = X 100

asavinn+idaguiFolundaudas
[1,000 / (1,000 + 12.942)] x 100
98.72%

v
o =

@519 3 wWisuifisusiaindauias 1,000 kVA (COT) sasiaantis 6%, 8 %

COT fisasaanids 6% COT fisasaanids 8% UsefnTnmnwnuaulas
(L) (L) (%)
5,135,451.66 4,574,568.35 98.72%
5 &3d

L]

' [

IINNITANBINLINAD LLﬂiﬁ‘ﬁﬂﬁﬁunmﬂﬁﬂuuﬂmﬁﬁa ATNAIIH WA draw

A v

FAINIINAINW AR drT1aSudnTaInaTaulas LLa:mﬁﬂé'agmLamamwauﬂmﬁﬁwa@ia

o

£y v a Y @ o o Ao [ a = A A v @
@]unu@]’]uﬁ\‘]uj@ﬂaw LLQ?.:@]']LLﬂia’]ﬂmuﬂﬂ']cL%@]uqquLﬂaﬂullﬂﬂ\‘]ﬂﬂa ﬂqLﬂu@uﬂﬂﬁ;Uu N

=

nsdwimdIuduiuazaasuledanaenidengs (nan19n 3) idunaliananvas
ISR GRGIGN
maaam@!mﬂumﬂﬂw%quﬂuuamauwummmmmauﬂawu NMIAIRNBuUaILawN
Puazmundaundailnd i blaamandainis nsansidaounsautaslng lunsdiidasdinng
ﬁwmmuazﬁmm’@mj’unmiavlﬂ WWINIINTBONLULAITIHBTMIAYaInNaulas lwdauia
& ° [ . ° (% { v A o
lnnjinazvinlet Voltage Regulation aaasg1u1sadIwIslaangunisn (5) lasltdrinag

A o v a A v a l&/ o v o 1 A
ATTWRANNFNNITA (12) v lrUse@nsansesntaudadiwndn vinlwszuudniied
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IMPACT OF TEMPERATURE ON DISSOLVED OXYGEN AND WATER
CHARACTERISTICS IN A BUBBLE GENERATION SYSTEM WITH
COOLING MECHANISM

=) a Qs an v Cg/ Qs =) 5 a
nadqm Dawsnunug' amis d2190s° Uizgnidl Tnifw® Aumpnaad analum’
2 a o A 5
Lae AIH Uszddwns
12979754, ﬂmzﬂgmams‘qmm%mm VAINeNaUna luladsnTuinadan
INUVAVDWLAL 150 DUWUATIUNT S1LNBLABIVIULAY FINIAVBLLAK 40000,
1kittikun.pi@rmuti.ac.th, 2khunnithi.do@rmuti.ac.th
34597127158, AMLAAINTINANRAS WA INERNALUlaENTNINGDFU TNV UVAVIULA
150 DUUAIIUNS S1LNBLTDIVEULAK FINIAVBULAK 40000,

3prutchayawoot.th@rmuti.ac.th, “vitsanusat.at@rmuti.ac.th, *khanuengnij.pr@rmuti.ac.th

Kittikun Pituprompan1, Khunnithi Doungpuengz, Prutchayawoot Thopan3,
Vitsanusat Atyotha* and Khanuengnij Prakhammin®
2 ecturer, Faculty of Technical Education, Rajamangala University of Technology Isan,
Khon Kaen Campus, 150 Srichan Road, KhonKaen 40000, Thailand,
1kittikun.pi@rmuti.ac.th, 2khunnithi.do@rmuti.ac.th
345 ecturer, Faculty of Engineering, Rajamangala University of Technology Isan,
Khon Kaen Campus, 150 Srichan Road, KhonKaen 40000, Thailand,

3prutchayawoot.th@rmuti.ac.th, 4vitsanusat.at@rmuti.ac.th, *khanuengnij.pr@rmuti.ac.th

UNAAL
mﬁa‘i’aﬁﬁf@lqﬂs:aaﬁl,ﬁa?mmwanszmmaaqzvmqﬁ@iaﬂ’%mmaaﬂ%wuaza']ﬂﬁmaz
qmé’nwmwaaﬁﬂmzuuwﬁmﬂaammﬂﬁaﬂﬂavlﬂmiﬁ']mml,ﬁu I@]U’L’*ﬁqamnuﬁ 3 320U Aa
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L o o A A A 43 P A o A a a ?:
umm@mﬁmaqm%gmmumu I(ﬂﬂ‘ﬂﬂqm%ﬁ 21 CNﬂ']'].]i&l"lmﬂaﬂ‘ﬁlﬁ]%ﬂzﬂq&I%"Ifﬁ\‘iq@‘l

[
a a o

11.6 mg/L uazfigaenndl 25 °C fdndga 10.5 mg/L vusfidnuSunmvasudsasasluiuas

U 9
. . v 2 ¥ - - - e
drmth I Suwliundvaugunnd lasfigannd 25 °C GedSanmvasudsazay

luﬁﬁgoq@ 91.7 mg/L Ll,azmmiﬁﬂWﬂﬂgdq@ 184.3 uS/cm anutunsa-arsfarasua
7.4-7.9 %aazﬁau’lﬁtﬁmwsm"'vqm%gﬁﬁgaﬁuﬁﬂﬁ@h anudunsa-aelaruinninseau
qmwnﬂﬁ@‘iﬁ NMIAATIEANIET AR Two-way ANOVA Ltamslﬁaqnmgmfluﬁaﬁ'ﬂﬁﬁwaasm
fvpddndedSumeandiauazaisin USunmvesudeazaroluin drnisilnda uas
Aranudunsa-as amefidesurzezafiuins dnade Usunmoandanazansinuas
AT UNIA-A1 L NILIEIU LLa:"l,ajwuﬂﬁé“uw”uﬁﬁﬁﬁﬂﬁm”tyizwmqm‘ngﬁua:sw:L'Jm
a;ﬂvl,@i”dﬂqnwm“ﬁLﬂ%ﬂ%ﬁ'ﬂﬁ%ﬂﬂ”ﬁgﬁﬁﬁﬂﬁwa@iaqmauﬂ'ﬁmmﬁﬁ lagvilwar USunmeandian
azainanas vafaUinawesudsazasluin dnsi i wazenanuidunsa-ang
Ruiu s‘éwaﬁ'wﬁ’@ﬁﬂdnmmmﬁ,ﬂﬂﬂszqﬂ@lﬁl“ﬁlumiaaml,uuLLﬂ:ﬂ%’Uﬂ;aszuuﬂwﬁmﬁw
iauﬁamﬁ@miqmmwﬁwﬁm%’ummnwmﬂﬁaﬂ'ﬁdﬁﬂi:ﬁﬂ%mw

o o a

adan: gunpdl, szaznanfuinm, sandanazansluih, USinowesudazanaluin

ABSTRACT
This study aimed to evaluate the impact of temperature on dissolved oxygen and water
characteristics in a bubble generation system with cooling mechanism. Experiments were
conducted under three temperature conditions (21 °C, 23 °C, and 25 °C) and three storage
periods over two weeks. The investigated parameters included dissolved oxygen (DO), total
dissolved solids (TDS), electrical conductivity (EC), and pH. The findings indicated that DO
exhibited a significant decreasing trend with increasing temperature, with the highest value
recorded at 21 °C (11.6 mg/L) and the lowest at 25°C (10.5 mg/L). In contrast, TDS and EC
showed significant increasing trends as temperature rose, reaching maximum values of 91.7
mg/L and 184.3 uS/cm, respectively, at 25 °C. The pH ranged between 7.4 and 7.9, reflecting
a tendency toward higher pH values at elevated temperatures. Two-way ANOVA confirmed
that temperature exerted significant effects on DO, TDS, EC, and pH, whereas storage
duration partially influenced DO and pH. No significant interaction effect between
temperature and storage duration was observed. Overall, the results highlight temperature

as a critical determinant of water quality characteristics, reducing DO while increasing TDS,
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EC, and pH. These insights provide useful implications for optimizing water treatment system
design and enhancing water quality management in agricultural applications.

KEYWORDS: Temperature, Storage duration, Dissolved oxygen, Total dissolved solids
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laguaazAIIIILEAIAT SS (Sum of Squares), DF (Degrees of Freedom), MS (Mean

Square), F (F-ratio) &z Sig. (3xAURDENTY)
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Source SS (Type Ill) DF MS F Sig.
Temp 1157.688 2 578.844 63.485 <0.001
Week 0.016 2 0.008 0.001 0.999
Temp * Week 0.016 4 0.004 0.000 1.000
Error 738.544 81 9.118
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Comparison

Temp - Temp Mean Difference SE df t Prukey
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ABSTRACT

Nowadays hygiene face masks, personal protective equipment, are widely used for
protection against airborne transmission diseases and particulate matter. However, hygiene
face masks made of polymer can emit volatile organic compounds (VOCs) which is harmful
to wearers. This study aimed to measure VOCs quantitatively and qualitatively from four
brands of single-use medical face masks and four brands of non-medical face masks. Each
face mask was tested by cutting into a 1 x 5 cm? piece, placing it into a 20 mL glass sample
vial, and sealing it tightly. The sample was then shaken at 30 °C for 24 hours. In-vial VOCs
were sampled using solid-phase microextraction (SPME) with a DVB/CAR/PDMS fiber for 3
minutes, then analyzed by gas chromatography-mass spectrometry (GC-MS). Results show
alkanes were major emitted compounds from all tested face masks due to their production
of using polypropylene fibers. Additionally, ketone, aromatic, and alcohol compounds were
detected, which are presumed to be additives in the manufacturing process. The total VOC
emission rates were 0.03-0.14 pg/mzh'1. The statistical analysis using the linear regression
method indicated that the number of days and type of face mask had no statistically
significant effect (p-value > 0.05) on the quantity of TVOC emitted from the face masks.
A simple method of air-drying face masks for 3 days was found to reduce TVOC by two to
five times. Furthermore, VOC emission standards for single-use face masks are thought to
assist protecting consumers.

KEYWORDS: volatile organic compounds, face masks, SPME-GCMS technique
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Isanenua adfin niavasinan laglasunssusasunasgIunmseaniuy 15w ASTM F2100
(american society for testing and materials) %38 EN 14683 (uﬁmig’mqiiﬂ) AN WSV D
wihmnflasesemastu GsUszneudstunsesfisnansnasiwdalsa azoasas uas
PoIaIINEInAnas dszindmwlunisnsasuuaiiise (bacterial filtration efficiency; BFE)
gandﬁaﬂa: 95 6’5\1mm:aua%m%”uqﬂmﬂsmaﬂﬁuwnzﬂumiﬂaaﬁummwim:mmjaa

tﬂy 1 v s Ql o %] U Aa o L 1 s
Walyn mwmmﬂamuzlm"l,ﬂgﬂaammummumﬂmwu‘lum@ﬂs:m’m i N13T09N%
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AVEELRN vﬁaLﬁaacﬂmmwini:mwaaa:aamamnﬂmsy‘w]@ lo wieann wmnszanil
liflanasguniseenuuufitaian i’a@;ﬁlﬁ’lummﬁmmmﬂuﬁﬁ TRQRUATIER nIanIzanw
udn Uszansanluninsesidalsnenadininminnmnmemasunnd [5,15,16] #iann
aunaiuNs 8 HARA W HITULRENAIBENILULANEEAIN (convenient sampling) ilasaning
wazgzaanlunisiiandledeldag1siasy wazaragreniininawipinainnany
%ﬁ'm'maum”ﬂé’m%'uw@aauQﬁﬁ'ﬂ"l@‘fmni”ﬁua:mn%a wazuvgenialulniud

NINNUAIUAT LRZIIRIANAIFTANN AIANT19N 1

MIWN 1 BRHAVDIRHININOUIN L AR UNAFDY

Ussian | & |WReAw| 2w MW | eINeTINEEe | uawiw’ [ awdsznau
Waw | veaw/dl
U wia | nuaeny

winn | W M1 13-12- | 13-12- 201202 47
AU 2020 | 2023
§UlE |G| M2 | 13-12-| 13-12- 201202 47 W
n 2020 | 2023
msuwwnd [ Fyq | ma 11-12- | 11-12- 201201 49 W EISE |
2020 | 2023 — -
W | M4 |01-08-| 01-08- - 181 3% |-
2020 | 2023 —
wimn [Wea| N1 20-07- | 20-07- - 193 2%
aUNNE 2020 | 2023 o
dmsuld | A N2 | 28-10- | 28-10- |F2010170007G| 93 7%
'y 2020 | 2023 .
g N3  |20-07-| 20-07- - 193 4 il >
2020 | 2023 —_—
W N4 |25-12-| 25-12- - 35 1
2020 | 2023 ' ™

WNEAG: T AUNBDI TTHLNIANAILGNARIRRIIUNAFDY
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2.2 IWABWNIINARND

dm’?ﬁ]”yf:@’?ﬁ'ﬂm_iami‘nmaaaamﬂu 3 NINARRI bALA (1) AT29I0aNTDUNIILIRE
MNRIININOUINY Lﬁiaszqwﬁ@LLazﬂ?mmmsSuw?ﬁszmsﬁﬂa@ﬂdayaanm T@mﬁﬁy
BannagauninmMNaing 8 KRR (2) AT TAMTAUNSITzIRBANNRIA MNa WS ER
Hwn3iean 3 5% Tagdszanmn thadnsiuuanislunissadSunmasdunidssineann
wihmnawdaraugnih lulgdnu I@s@%"ﬂtﬁan@?’aazhwﬁwmnamu”ﬂmﬂmw@aaaﬁ 11
ﬂdaﬂmiﬁuﬂ%ﬁi:mﬂgaﬁq@ wae (3) 3Lﬂﬂ:ﬁ°ﬁagammﬁ§LﬁiaﬁnméﬁLLﬂiﬁﬁNa@iaﬂ%mm
myBunsfmenufidaadssganminmnamdoudaznaas o

winmnawdsdaniunasaugniwunaaniiu 3 ngu laun winnewds wanede
'vsﬁﬁn’maum”mﬁﬂ'ovl&ignl,ﬁﬂwmu winnneaw s lifdsay nunsds %ﬁﬁmﬂamw‘"ﬂ‘ﬁlgn
vyrimelugsdfeniduszoziaan 28 u newth lunasay Wi newNpiay nunpis
%ﬁf’m’mamﬁ'ﬂﬁgnmmmﬂluqas’ﬁﬂﬁamﬂunm 28 1% Lm:gnmaaﬂmﬁmmﬂunm
3 7u lasdszuim wunomg nimnawdsgniiuinslugsfufaniduiia 28 Tu
Lﬁaamna;ﬂwﬁaosal"ﬁmumaaLﬂ%iaaﬁaﬁm%“u?msw:ﬁmmsﬁuw%'ﬁszmU

%if'm'mamﬁyﬁ’lm"’l,uﬂﬁmaawzﬁaﬁuﬁfaﬂazg}ﬁl,ﬁwwgyﬁ (aluminum foil) kaztAvlu

A =

79%Ufan (zip lock bag) ¥as7u thalasnulildomeidr lysudanuninninawii lae
\ufigunnd 28+0.8 °5. LazANNTUTaLAT 611.1 1%@@@@1313.1%%5@11%&1”@ (TODAY'S
INTRUMENTS, Taipei) fawsi1lunasay nsnasaugmngiiluniimaseuniuguil 30 °o.

LNBINRDIFNINLIAR DAY aaﬂszmﬂ"lmﬂ

n::' [ a s 6 U Y
2.21 MINAALIN 1 NIIAFITIWNILILRYINNARININDWINE
NINAFAVBNIBININNITILVAY Chatsuvan et al [17] (ﬂ”dgﬂﬁ 1 YRADWAITLNULAS
13129 A20879 1SANaRaUlaaaaRIININAWINY YUIA 1 X 5 03T, LFIUUIALAIAY
@1a819711a 20 ¥a. Jaclwuiusiin wEndr8a2101597a0 150 SaUGawN WATAIVAY
aa ° I A v o @ ' a A ¢ '
gunndn 30 °o. Liluszoziagn 24 T, Lwa’lﬁ%mmﬂammﬂaaﬂmiaumm:mmg(mmﬂ
mm’lummﬁmﬁaahwuﬁaama:auqa (equilibrium) FR8LATBIAILANG NN TUALYELN
(shaking incubator) (Miulab, China) 31A%®L3uLALMIBH9RITBUWNSTrzinenslusiatiy
matsmumnaialafawalulasuanunIintis (solid-phase microextraction; SPME) wiua¥
71l DVB/CAR/PDMS (Bellefonte, PA, USA) tilutian 3 wafl IWiuafiiquand@inan:
o o a & a A6 LA o a ' a Ae Aa
?ﬁV\SUﬂ’ﬁ’JLﬂi’]z%ﬁﬁiawfliﬂ‘izmUluﬂQNﬁVLNNT’J (apolar) LazNANFIDUNIHTEIRDAL

47188997 (bipolar) [18,19] I nBuiindrae19 T iassiarutaTasuialasulnynIil-
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wuaaUnlasinad (gas chromatography-mass spectrometry; GCMS) (Shimadzu, Japan)

a a A o a ae & a9 @
lavgmnnfigadavasiaias 250 °o. szpzamaoaIdunidsziean et 3 wii 19
AaaNizila Rx®5-MS, gmanniinaauit 40-60 °o. (8anANTUB0IgMRNE 1 °m./u1i)
WAz 60-80 °o./ufl (BaTmiaAnduasamnnll 20 *o/wnfl) iuwiaan 21 wifl, Inuasunu

40-500 amu USULAI 8 UAIAUITNT YD IRITOUNTHILLRBTIN (total volatile organic

v v

compound; TVOC) n”umimmg'miﬂﬁﬁuﬁmmmmm 0-400 WAN./AU.N. [17] MInagaub

& < A . va o M v o o A @ A o '
untinasauaiaidion (single test) f3dnldldvingn ivaldanisnifendradnsain
= ' o

Y

Nﬁ@lﬁmeﬁﬁﬂmﬂ%mmLLazﬂiameﬁ'}mﬂam ipndsrismluluriasaana

aa 3 o . aa a 6 o H
DNITLNUAID Y DNINAIERAID YN

3) anacmatg 6) tinlvwas

1) lannnawdislnana 2) 1t 24 B,

Tuanasnsnafindunis

AaaNd GC

P

—

311 1 ARADRNITNAFTDURALIATIERAIIDUNS I3z nA8INARA SPME-GCMS

2.2.2 MNAassil 2 NM5IAENIDUNIITIngaNuIINNawINBNHIwATHIAN 3 Tib
MMIATIIARIIBUNS FrzinganniInInaw B w1 Asannoluetas 3 T
Togdszanas daniinnnowss 13 1 x 5 A3.9%0. S1UIU0ENIas 2 T4 Im%w,wﬂgﬂﬁﬂﬂ
lalurrauiifualagisuaziinldienedzasdunidszma lasnud dau%uﬁamgﬂﬁﬂﬂ
dsaunsluanais (U%L'ammoLﬁu@ﬁuuaﬂmaoﬂuﬁm%iaaﬁaﬂma VAINIRUNAIRITAN)
@”agﬂﬁ 2 lasuvanuusrunannan Bebumasdunsagendanaduiia 3 14 lapdszunm
niwhliesesdmnassunissme laoldinaiia SPME-GCMS 15widsnnunmasas
R WUIHLIAG gowdidsanvasninnnawdoLduilas sulnsnandiuuanaiasidng
duluennIAaenIan DURINTEIRITUNIIN80IRDIWNNTANSIFINTU AN naw S

meluaras
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] o =2 t>
zllﬁ 2 aﬂ‘l&mzﬂ'ﬁﬂda&l‘ﬂﬂﬂﬂﬁ'}ﬂ'}ﬂEI‘W'I&IEI

2.2.3 nMIAwIkanIn1sdanlaaaa13dwn3Es2iueIIa (TVOC emission)

FNMIN LTI R IV WImnI8aIIN1TUandaay TVOC annwsinmnawasluninigse

NuNdaTy. aIgun1y (1)

E = (Cmask _Cblank)*V/A (1)
lapfi E = g@amnsUdes TVOC anuniinInawaiy (WAN./av.8.6asal.)
C. .o = ANAINTU TVOC Mmpluiafilawiininewaly (wan/au.u.)
Chame = ANWTNTU TVOC Meluvraniugui liilanshmnausis (wen./au.u.)
Y = U5masemaneluaiaaiatng (au.a.)
t&’ tﬂl v e v
A = Wuinimnawaiy 2 6w (A1.4.)

a I's aaAa

2.3 MPIUATIZHNEDA
a 6 v aa waa a v . . A = [ A
AenzidayanvaiidlasliiTninanasiBaidu (linear regression) tNaAnwdnLlaf
nadavSuna TVOC Nuaavdasanninnmnawitsudasudanms (y) laoinuaalus

8832 (independent variable) 2 @u1l3 Ao I1WIWIH (x,) UBLTRAVBIRTEININBWINY (X,)

2.4 NMIIANARNNINTWLWAKA (functional groups)
a [ 3 i & o v o @ A a 6 Aa .
AnnzrnyWeaiawuaantinnnawduaisaIasisomnunasudwn e (fourier
transform infrared spectrometer; FTIR) LU U Attenuated Total Reflectance (ATR) % % @
Universal (UATR) @a@3@28NANNEY KRS 5-LWT5 (Perkin Elmer, USA) laa¥inn133a g9
n1IganauTIiaunsILIa 400-4000 Ty NalFUsznaun1IRITMIEIBUNTzIRe T

JantaayaanunannninnInauwINg ‘mtﬁmnamﬁ'ﬂﬁm%'u‘iLﬂi’]:ﬁﬁ%’ﬂlﬁanflfﬂﬁ’lmﬂ

Faculty of Engineering, Kasem Bundit University Research Article




3AoNnssualsInuUUruna Un 15 alun 3 NUYIYU-SUIIAU 2568 519

o 6 A a [ | o A v L o a
AWNENWNILNNENFIaN N M1 LT uAINUWNazaU Luad%ﬂﬂﬂ%ﬁﬂ’]ﬂﬂ%ﬁ&lUI@]&I‘YI’JVL‘]_]NQG]

mni’a@]‘waﬁiwsﬁﬁmﬂu%ﬁ'ﬂ (5]

3. Han1Inaaad

a a A ¢ P J ¥ o
3.1 skazadaIsaunIgIzendanlassarnrkininawing

A13197 2 TieveIa1sdunIdisneNaatsesaanunannrinnInawialy Wu3N 813

sulnnjeglunguuaaiau (alkane) 11w 813 2,4-dimethylheptane, 2,4-dimethyl-1-heptene,
4 -methyloctane, 2,5,5-trimethylheptane, 3,3 -dimethyloctane, 3,7 -dimethyl-1-octene LLa s
R1IDUNIEILLNA UﬁWUI%ﬂ%N’lmgd lewn ans 2,5,5-trimethylheptane, 3,3-dimethyloctane,
2 ,4-dimethyl-1-heptene, 2,4-dimethylheptane, 2,2,4,6,-pentamethyl heptane, 3,7-dimethyl
decane, dodecane, hexadecane &13N132L%HE2BNNIINNABININAWINENAINROAARDINY

Aa 6 1 ¢ o A ;:? a v 2 v A a 6
Han Tl zRnguWNIATUANUAI 2899 EINN TInamaudlIBLaIaIWLTINIIUNDIY
BunI A NF299aAnAuTIFBUNLIA 400-4000 T wuwaumnATHQANAUTIFLUT9

_ £ A ' o ' Aa

2800-3000 " ug@dflawusz C-H Tadunyfaritunansasmslunguuaaiau (aidnelu

W18 3.5)

& a

A13797 2 ARADaIANIDuNIdssnanlaniaasainriiininawing

No. | PubChem RIBUNITITRE wihnmnawdols | wihmnewauls
CID NIMTUNNE 'l
M1 | M2 | M3 | M4 | N1 |N2|N3|N4
alkene
1 |21085 3,7-dimethyl-1-octene AR A RZ2R AR v |V
alkanes
2 (11512 4-methylheptane v v
3 |[35768 2,6,11-trimethyldodecane v
4 |14045 2,3,5-trimethylhexane v |V v
5 |519423  |5-methyldodecane v
6 |16656 2,4-dimethylheptane v |V v v | v
7 |519254 |4 5-diethyloctane v v
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A a a a6 cll ] (Y o '
M1379N 2 ﬁ%ﬂ“ﬂaﬂﬂ'\ia%'ﬂiﬂiglﬁﬂﬂﬂaﬂﬂaaﬂ%qﬂﬁuqﬂ'\ﬂauqﬂﬂ (@lﬂ)

No. | PubChem F1IBUNIIZLNEY winnnaw syl winnawae bt

cID NIMITUANE bl

M1 | M2 | M3 [ M4 | N1 | N2|[N3| N4

8 [11511 2, 4-dimethylhexane v v
9 (94213 5-methylundecane v
10 |28468 3,7-dimethyldecane v IV v IV
11 |537765 2,3,6,7-tetramethyloctane v
12 |16665 4-methyloctane VIV |V vV I|Iv | v
13 18591 2-methyloctane v
14 | 545936 5-(2-methylpropyl) nonane v v
15 (22202 3-methylnonane v
16 |519389 4,7-dimethylundecane v
17 |26058 2,2,4,6,6- v v

pentamethylheptane
18 |28459 2,2-dimethyldecane v v
19 [14257 undecane v v
20 [14478 2,5,5-trimethylheptane VIV IVIVIVIVI|IVI|V
21 (138117  |3,3-dimethyloctane v iIiv |V vV IivI|vI v
22 (17835 4-methyldecane v
23 (182333  [2,2,4,4-tetramethyloctane v v
24 (8182 dodecane v
25 | 86539 3,6-dimethylundecane v
26 |8186 1-undecan v
27 111006 hexadecane v

aromatic

28 (1140 toluene v |V

Faculty of Engineering, Kasem Bundit University Research Article




3AoNnssualsInuUUruna Un 15 alun 3 NUYIYU-SUIIAU 2568 5]

A a a a6 d' ] (Y o '
M1319N 2 ﬁ%ﬂ“ﬂaﬂﬂ'\ia%'ﬂiﬂiglﬁﬂﬂﬂaﬂﬂaaﬂ%qﬂﬁuqﬂ'\ﬂauqﬂﬂ (@lﬂ)

No. | PubChem fIBUNIHIZINE wihmnawasls | wihmnawasls
CID MIMITUNE 'l
M1 | M2 | M3 | M4 | N1 | N2 | N3 | N4
alcohols
29 |98034 tetrahydro-2,5-dimethyl- v |V v | v
2H-pyranmethanol
30 |86776 2-methyl-1-decanol v
31 [7720 2-ethylhexanol v v
ketone
32 |7909 methy! isobutyl ketone v
33 |31261 acetylacetone v
34 (94317 4-methyl-2-heptanone v
sulfuric
35 65111 decyl methyl sulfoxide v |V
carboxylic acids
36 [11048796 |methoxy phenyl oxime v |V v
terpene
37 440917  |d-limonene v

ANTLLAG: v RUNBHE ATIANUFITBUNITIzRLNNRININNaUNE

msﬁwummﬁmﬂmnjgnlﬁﬂuﬁwé’aﬁm:mm‘luqmm%msmm 9 13U 9ARIANTTA
HEAWAEAN gaanITuulIzensuasnIzanw udu [20] aaindanudwlyledin ans
mjuf:mﬁ]gﬂLﬁuluﬂi:mumswﬁ@\waﬁma%é’amm:ﬁ(synthetic polymer) tHa927nmiNIN
swnddulngninnmmsesudanaaaniltlossulnaidunedlnsiau (5] wenanit
H9ATIINLANT acetyl acetone, toluene waz 2-ethylhexanol Uaadaasannninmnuianm
N4 &34 3 mﬁ@f:a%ﬂumjmﬁimu nguazliandn uaznguuaanazad %amﬂuﬂéjummfmﬂ

Qﬂﬁ’]&ﬂlﬁtﬂ%ﬁ'ﬂﬁﬁﬂ:ﬂ’] Uluﬂizﬂ’)%ﬂ’ﬁ‘ﬂ’]dq@ﬁ’]‘ﬁﬂiillﬁﬂ']ﬂ‘lﬂﬂ’] HUTELAN LTU 8ILEULE

v
o Ed '

A o A A A a A2 A e o & @ 2 A
PINBARDIU NI FLARDULIT LIDU RAUNRUDUELT LISRIILANDW 9 LU Wa [21,22] 334
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AU dwlUla318119 3 TRARAIINIIINNITLANUGIRVBIRTININOWINY 9TUT T8V
Cabanes et al [20] mwwumﬂumjmaamu LaaA® axlINNAN wanazas AL LAS
msﬂs:ﬂaun@;uﬁu 9 MnNAFANTHaNaAINTREY WazIRITBad Ren et al [23] ATIINL
' a & A & Aa A6 oA

mﬂunqmmamu waadn wan ke azlvandnlalasaisuan LLa:msaumm:mﬂunquau 9
mﬂaqma'mﬂiwwﬁmwmaﬁﬂ

a'mmhﬁl,ﬁagmuLﬁngi'ﬁommﬂmwznmmu 21 dNARaT T UUNLAWANE ] Szane
A = A a a A v & v kg a A ¢ st =
LNB9UN 1UAE TADUATEE aauld 1Wudu [24] wananitasdunidrzmamanitonatdu

wqliaaladenniainisszanoifiesiin kel uas Au nisenanaldifiad® [7-13]

3.2 amIINTURUANIDUNSHILKLTINIINURININAWIANY

gﬂﬁ' 3 LaAdaaIINNTUaey TVOC nnsimnawNy niinnawNad niulenie
mMsunng 19 4 nanm Teasnslses TVOC agjisl,mi’m 0.015-0.048 UAN./AT.4.60T.
waznsnnawsisdmsulEvialung 4 naasmel fenaglugag 0.019-0.137 waAn/av.a.da
g3, annnazinldninnnewssdmsulerialy ndesmel N4 SnsUdesdSunm
TvVOC gaﬂ'jmﬁwmﬂamﬁywawﬁm«fﬁﬁu 19 171 lesanimIUsadsesansdunisazine
Tunguuaaian uaafn Alau uaznguansezlsan@n sanugindniininawsis nianmad
o lumm:‘ﬁ'maNﬁsm”meﬁﬂaﬂﬂdamaww:mﬂumjmaamu Yaidsuna TvoC fidaatses
29NNINAUINNINOUNBUARTNAAN T m%“fuaQﬁui’@qﬁummﬁwawﬁﬁmnamﬁ'ﬂ
uARTHAAN U LU TavasanTadnSanaadnnmMIsaTeAEulonaflnINay asad
*ﬁLauaﬂﬂlum:mummﬁmfugﬂﬂﬁhn’mamﬁ'mﬁaLﬁuqmauﬁﬁmamﬁﬁmnamﬁﬂ LT
n3faud Maianan waznstAnsmuln iudu 91358209 Ren et al [23] A379WL
ssdunidizinslunguuaaian uaadu uaalal azlann@nlalasansuen uazansdunid
i:mﬂlumjuﬁu 9 INPARMNTTUNRAWAIFAN 9IUTIUV8I Chatsuvan et al [17] 732390
YSunmansdunsidasmsaninunannidulosrsun fussdulogsasmeii laldriunmsyso
gnwla 9 wui dfvndsannisdsestesnidfidumdauidmeitmand 1.9 wih

RTNANT197 3 WU sasn1staadsas TVOC nninInawdon1anisunng
LLa:‘ﬁfhmnamﬁﬂﬁm%ﬂ"ﬁﬁlﬂﬂﬁ@haglfl,wﬁad‘l,néﬁﬁmﬁ'm”a@]‘ﬂszl,ﬂwvl,ﬁl,ﬂﬁauﬁqﬁmumi
Aolhiduszoziian 3 uaz 28 3 LLazﬁm@'ﬁﬂin”a@]ﬁszmmﬁmwﬁ@ﬂs:mm 10'-10% 1
udaEslusriadszana 10°-10* 10 ‘mhn'mamﬁ'slLﬂm”a@;ﬁé'uw”aﬁ'uu’%nmluwﬁw

ayn waztn ssdunIdsivenlantdasaaningg mﬁlLﬁﬁgjﬁwmmmzria’lﬁt,ﬁ@wammmia

@a@ﬂaﬂ@‘f Taganizlwnsmindnislgaudwaiuwin

Faculty of Engineering, Kasem Bundit University Research Article




3AoNnssualsInuUUruna Un 15 alun 3 NUYIYU-SUIIAU 2568 53

0.16
1 alkanes [ ketone [ alkcohols

0.14 4 | 3 alkene [ aromatic A others

0.12 4
—~ 010 A
&£
E :
S 0.08 - :
= :
W 005 | :

0.04 - :

: [
0.02 :
0.00 : : . —1 . . .
M1 M2 M3 M4 N1 N2 N3 N4

medical mask : non-medical mask

RULLAA: others #aNedd miﬁuﬂ%ﬁixmm’m“ﬂmﬂéu sulfuric, carboxylic acids Waz terpene

sUn3  amsnsdasa TVOC ANRHININDWNEY

13N 3 aammsdandaas TVOC Mnumininamidsuazianlszanens ¢

Uszinniag 1RONAFDU E (ug/mzh™)
05" 374 | 28 34 | Ref.
WRAIRGN M1 — M4 0.015 - 0.048 - -
N1 — N4 0.019 — 0.137
f/dane su 4.80 ] -
SN 0.70
sc 9.00
coT 3.20
POE 3.70
T/C 1.90
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@139 3 aansdandaas TVOC anuiknnawsisuazidalszands ¢ (da)

UszLnniag IRONAFOU E (ug/mzh™)
05" 3% | 28 1% | Ref.
wirule cellulose flakes - 11 ND [25]
wool - 4 ND
hemp fibre - 33 8
wood fibre/Wool - 911 160
hemp lime mix (330 kg/m®) - 34 ND
hemp lime mix (275 kg/m3) - 28 ND
rigid wood fibre - 14 9
1436y $amaz 100 | expanded cork - 50 16 | [26]
lifsqsaszdi | particle board - 70 19
Tisaanes ESP insulation - 155 | 26

Sp8ay 100

lalaReaufin wood-plywood (teak oil) - 0.25 0.15 | [27]
MDF (spray paint) - 0.25 0.10
OBS (spray paint) - 0.25 0.10
MDF (acrylic paint) - 0.15 0.05
OBS (acrylic paint) - 0.15 0.05
Wood-plywood (soft cover) - 0.05 0.05
MDF (soft cover) - 0.05 0.05

WG T = m’m’i‘@ﬁuﬁ%ﬁmﬂ@ms@gﬁmﬁ
ND = Not detected

6
3.3 WANIVIATITHNIADG
3INAII9N 4 WU enInaseLRsIAN19aia (p-value > 0.05) TlARWINNIRA
aulylddinsadelnadmaynesiddalsuim TVOoC lasilan Adjusted R? 1¥iany 0.017

BUnaN Uﬂ’]'m’j?g‘ﬂ WUURNANINANBEAANNEINNTE AT TLN Uﬂ?ﬁ&lLLﬂiﬂi’)%’ﬂa\‘lﬂTﬂyjﬂvlﬁ

o & ° A { o
i Svonadunaandwiualatninies
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A 1 aa a I3 a U
M WN 4 ANFAAIINNIIIAINEHDANDULBILAW

aauily Unstandardized B Standardized p-value

Coefficients Beta

Constant 58.071 - 0.160
WU (X,) -0.205 -0.280 0.515
FHAVDIRUININAUWING (Xy) 56.718 0.578 0.209

Adjusted R2 = 0.017

3.4 uwInemsaalIunmarsawn3gszinganniininaniae

gﬂﬁ' 4 YSanms TVOC nnusinmnamlanaanmst M3 aaganagauninninauaie
MImIwnng wazwinnnawsonaanmet N4 draghenasauminnmnewsinlgviall nad
Alairunisissunuanutuduluriauiivessns TVOC windy 20 was 13 van./au.a.
ANRAY miﬁwumﬂmyLﬂumﬂumjwLLaamuﬁﬁagLﬁmluﬁﬁWﬂwnauwm"'ﬂ (MINAFDI 1
mﬁdﬁ 2) L1T% ®13 2,5,5-trimethylheptane, 3,3-dimethyloctane, undecane Wuan mﬂ‘ifu
datwihmnawdarssesnaasmet Wissudwaandaiitas 3 34 Tagdszanm (RUNBLAG
é’tyﬁ'ﬂmﬁﬁ'agﬂﬁ 4 M3* waz N4**) Wud1 anudutuaadans TVOC aaad 5 111 uaz 2 10
ANEAL

RINANT197 5 WU naInsRsanUSumEnssunsgizinaainninninawiand
w2 lduaaad lagniininew I NonNaan My M3 WURITUNITHAA LTH ]I 2,5,5-
trimethylheptane W&z 2,2-dimethyldecane JA1ANNLTUTHAARITOUAT 9.43 LAY 23.92
ANENGU TIENEITUITRA LTW §1T 3,3-dimethyloctane, undecane ILag 7-methyl-1-
undecene a1 linunaINIRIaY FmTUNRas I N4 wudus liugudsans lagsans
2,2,4,6,6-pentamethylheptane, undecane kaz N,N-dimethylformamide §13u1aaadlugae
ooy 13.0-73.7 hazURITUITHA LT &7 2,5,5-trimethylheptane WLz 3,3-dimethyloctane
a1 lununasnsisan nad Usunmansdunidszmefilanddogsanuiuand iy 819

Lﬁaama’mqmauu"'ﬁmamﬂmwua:md wadvasasudazsianatalnadanisssing
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25

20 - : W 33-Dimethyloctane

Undecane
T-Mathy-1-undecens
4-Mothyldecano
2,2-Dimethyldecans
4.5-Dimathyinonane
2.4-Dimethyl-1-heptene
4,6-Dimethyldodacane
2,2 4 A-Tetramethyloctane
N N-Dimethylformanmide

(ONnaoome

M3 M3 : N4 N4**

medical mask non-medical mask

suUn4  d3am TVOC YDIRWININHAAA T M3 ez N4 NI0h LARIBNITHIAN Y

NUNTHHIWBNITHIAN M3** Laz N4*

A199N 5 ANITNIWHAZIDYAZNITAANIVDIANIIDUNITHILLRLIINABININAWINY

AoauuaruaINIHIAN
fIBUNIHIzIne WinMnawNBRAaAMY | Wi nnawmNBNRaA N
M3 (ug/m’) N4 (ug/m’)
laiftoan | Aoan | Sowaz | liflsew| Aesw | Souas
NARY NARY
2,2,4,6,6-pentamethylheptane ND ND 0 3.66 0.96 73.7
2,5,5-trimethylheptane 1.1 1.00 9.43 0.95 0 100.0
3,3-dimethyloctane 1.75 0 100 1.55 0 100.0
undecane 6.20 0 100 3.44 2.77 19.5
7-methyl-1-undecene 0.47 0 100 ND ND 0
2,2-dimethyldecane 3.72 2.83 23.92 ND ND 0
2,4-dimethyl-1-heptene 0.77 0 100 0.72 0 100.0
2,24 ,4-tetramethyloctane 0.51 0 100 ND ND 0
N,N-dimethylformamide 5.18 0 100 2.99 2.60 13.0

RUNLLAQ: ND = Not detected
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TI01U5251% aNLTR qﬂmﬂﬂmmuwmma leun Tsawenuna afin wWIawadk1aa 1iued
ma"l,@ﬁ'um'mLﬁmmﬂmié‘mw"’amu%ﬁs’wmwm:ﬁnLﬁuﬁaﬂﬁu S LRV
mi’ngh'nmmﬂmzyznmmumﬁ]ﬁwaﬁﬂﬁwﬂ a9 wazdaatiani1IszaneLfad Ja0n13le
A A A A A 2 & & v A o v oA A A
walaliFeania WiavnUlmnsawaaa’mmmuawLﬂu@mm@mw’ﬂmmmm’m’mzmmﬂaam
NAHY LAY A% W3aaana LNaR? [7-13]

6

at9lafd dulnaunnasguniaduvigasnniTe van.2424-2562 lddnaiinua

snwmeialdvesniininewspindaslifndufiadnd nineseulivinlasarafiiie
M MnuAg AN BN IRENE A1UN1ATFI% ASTM F2100 30DINTIALAA AN BT
MITInNTaIRIIMNewINETEaY 3 AeninmnawmNpinsulsmenmsunngludasnssy
wnasnalurwIalng ndadhiszanoifasianug wazldifiansunneianis manasaulw
Uufien wan. 2395 Law 10-2565 uadslddunasgaunisiinuaszauanuidutuaes
Usunmansdunidszmafitaesaanunannwiininawiy esiniianinulaonsovas
danld enadiannudududasariadianinninewidodisituiasgiunisiasjianng

' o | A A a a a6 P '
NaunaaNINRLIY RIDWILWIN NN UV waNTE N ItTeLnanNUantaagaanun

3.5 Myzﬁaﬁﬁunuﬁyﬂﬁmawﬁﬁmnamafl’sj

gﬂ‘ﬁ' 5 aLﬂnm%’ug@ﬂﬁuﬂﬁu%‘hﬁ?%ﬁnmnamuy&l ﬁ’ﬁ’mm‘sgﬂnﬁu{aﬁﬁumm@ 400-
4000 TN @1ULA389 FT-IR mﬂﬂﬁWWU“ﬁ’mQ@ﬂﬁu{aﬁﬂi:mm 460-2950 T3 laawy
TIANABTIF 2950, 2918, 2868 LAz 2838 Ty AugaIfIWuTE C-H Warituuaalungy
LaatAw (alkanes) Fefanusanasassnusiarasasdunisilsaldeseanu uisuues
Fan et al [28] ﬁﬂmwyjﬁoﬁﬁuuaaﬁﬁuﬁwauﬁawmaﬁnwaﬁiwsﬁﬁu (polypropylene; PP)
#p1e3849 FT-IR ﬁ’ﬁaa@@ﬂﬁu{aﬁ 650-4000 T3 AINNITNARBIWUTINAANAUIIF 2958,
2916, 2868, 2837, 1456 TN UAT19 841-098 T AugAsfiovius: C-H Tadlunguilariduuen

madﬂ@;maamuuuﬁuﬁmsju PP

UnA2IUI9Y ACUI3AINSSUANAQOS UK13NY1AYINBUUIUAQ




ﬁﬂ Kasem Bundit Engineering Journal Vol.15 No.3 September-December 2025

100

| |

L 459,94
90 A ) \ K808,93.47
1167,92.4/ \ Nea1,91.77
900,94.36
85 973,90.26

998,91.91

|

%T

1456,79.54

2838,79.71

70 A ‘
2868,79.34
1379,71

2950,71.69
65 A ‘

2918,66.31

60 T T T
4000 3000 2000 1000

Wavenumber (cm™)

v A

3N 5 u,nfumﬂwm%’ums@lﬂnﬁwsaaauﬂﬁLsﬂwaaﬁﬁfﬁmnamaﬁ'ﬂ A8LA589 FT-IR

4. aylwanineaay
PNRANNITATIVIAGNTOUNIHILRLIINAUN N NBUNLFIRTUNIINTUNNE WaTHINN
o NudmsulEvialy wumsﬂmﬂa’aﬂmﬂ,un@:mtamﬂuaaﬂunﬂuﬁﬁ'ﬂ Ha98197nENT
‘lumjuftgnﬁ'\mslﬂﬂumswamLﬁuiuwaﬁiwﬁﬁuﬁwmﬁ'uNawﬁ'\mnamﬁ'ﬂ WoNINNHEINTIA
wusslundu dlaw azlsanndn uazuanazed nwiinnawmduuI HEaA A Femain
wanmstivad U ludua e unITUIRININES fidarnaddasmsdunidezinariveglugs
0.015-0.137 NAN./A7.4.40T4. ni N nawmsonaasmes N4 Fodudragrandinnawde
gnsuldialy UsaddasaananlutSumgani HAAA AN 1-9 11 ResonaaudIfidns
dan1sUaalaasaIdunIgIzine TININNRINNNEWINEAILNNTIATIZANIRDE WU
Swawinnazriavasntinnnawais laidnsagrelvedamnieaiia (p-value > 0.05) M9
swpaswinnmnawsinluiuilaswn 3 3 Tagdszanm Troaadsinmasaunidssmno sy
Manvsasaanan 2-5 i V%f:%ﬁﬁmnamaﬁ'ﬂfi'amLﬂuqﬂmfﬁﬂaaﬁumuqﬂﬂaﬁl“ﬁﬂ”uaai’m
wwsnarsiiadasnuauiesninlsanadunisle 1u lada-19 (CoviD-19) ldnialng
(influenza) DAUW (allergy) \ud% Huazaasvwialanidnginane wiamssuldaimasufin
Aansalufiadszdriu ovfiigu yasnslusniuweuia ldud Tsswewna adin udu

v
v < X
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RN IMINTI M-Flow liraandasnudadiuglEizun M-Flow 3aidudadndnanlu
MInEUszEnSAnlasNveIauAUAIHIUNIG uIIpTeldiruananinaeilunsysy
AN IWINT DI M-Flow m’mﬂ’%mmmwsnuLLmé’m\i’mQ’L“ﬁ M-Flow luudazumwiaann 94
mmsvi’@”aﬂdnmmmﬁw"l,ﬂﬂiquﬁ%ﬁ'mhuﬁu 9 POINNRIABAIIT 6 817 AIUNTEIIN 9
AITANTI M-Flow 910 1 1u 2 Bag Lﬁaﬁmmu@[‘ﬁtﬁu 60% ANLITa 2 Al
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AdaL: a@a’mg\]’lfﬁizuu M-Flow, mifﬁ'ﬂgﬂLLUU“ﬁadLﬁummumaﬁmw, mmfg@hu

ABSTRACT
This research aims to determine the optimal toll lane configuration and number of toll lanes
corresponding to the proportion of M-Flow users, integrated with existing systems (MTC and
ETC), to maximize operational efficiency. The study employs the Aimsun microscopic traffic
simulation model to simulate traffic conditions at three representative toll plazas, with test
scenarios defined by three key variables: the proportion of M-Flow system users, the toll
lane configuration layout, and the traffic volume. Average travel delay was utilized as the
key performance indicator for traffic efficiency. The findings indicate that the determination
of the optimal toll lane configuration is directly correlated with the M-Flow user proportion. If
the user proportion is low, an excessive number of M-Flow lanes leads to underutilization
and negatively impacts the capacity of the remaining conventional lanes. Conversely, if the
M-Flow user proportion is high but the number of lanes is insufficient, it results in severe
congestion and increased travel delay. The research concludes that incrementally adjusting
the number of M-Flow lanes to correspond with the actual user proportion is a critical factor
and proposes a criterion for this adjustment based on total traffic volume and the M-Flow
user proportion for each plaza size. For instance, at Rama IX Toll Plaza, the number of
M-Flow lanes should be increased from 1 to 2 when the M-Flow user proportion exceeds

60%. The Bang Sue 2 Toll Plaza should maintain 1 M-Flow lane, and the Asok 4 Toll Plaza
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should increase M-Flow lanes from 1 to 2 when the proportion exceeds 28%, and further
increase to 3 M-Flow lanes when the user proportion exceeds 69%. These results provide a
practical guideline for optimizing toll lane configuration to effectively maintain the level of
service and minimize overall travel delay.

KEYWORDS: M-Flow user proportion, toll lane configuration, toll plaza capacity
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ABSTRACT

This research aims to develop a jig template for the installation of mirrors and LED
components, with a focus on reducing installation time. The improvement process
incorporates ECRS technique (Eliminate, Combine, Rearrange, Simplify) to optimize
workflow steps for greater efficiency and suitability. A comparative analysis of the installation
process before and after the implementation revealed a reduction in the number of steps
from 15 to 9, representing a 40% decrease. Furthermore, the total installation time was
significantly reduced from 426.62 seconds to 200.03 seconds, yielding a time savings of
226.59 seconds or 53.11%. The results demonstrate that integrating jig template design with
the ECRS approach effectively minimizes procedural complexity and operational time,
thereby improving production efficiency and reducing time-related costs in manufacturing

operations.

KEYWORDS: ECRS Technique, Template Jig, Mirror and LED
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