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Abstract

This study aimed to 1) simulate the safe evacuation time (RSET) during daytime
and nighttime compared to the legal required time, and 2) to suggest improvements in
the fire evacuation pattern to be appropriate for the area in order to evacuate people
from the building in the least possible time. Pathfinder program was used for evacuation
simulation during fire. There were 176 building occupants during the daytime and 79 at
nighttime. This study simulated fire situations according to 8 hypothetical situations;
1) setting the delay time before evacuating (delay time) and 2) not setting the delay
time before evacuating (delay time). The results showed that during the daytime, termi-
nal patient wards had the longest RSET (624.3 s; 10.4 min), while at night the overall
RSET was highest (832.8 s; 13.9 min). The increased RSET at night was attributable to
reduced staffing levels. When delay time was excluded, terminal patient wards still ex-
hibited the longest daytime RSET (541 s; 9 min), and the overall nighttime RSET remained
the highest (767.3 s; 12.8 min). This study found that occupants required more than 300
seconds (5 minutes) to evacuate exceeding the legal time limit except for the fire sce-
nario in the 2™ floor pantry room where no delay time was specified. These findings
highlight the need to minimize evacuation delays and demonstrate how simulation re-

sults can inform improvements to evacuation planning.

Keywords: Required Safe Egress Time (RSET), Pathfinder, Hospice Palliative Care and Elderly
Care Building
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Abstract

This study aims to develop a compact semi-automatic steel- pipe bending
machine integrated with a polynomial regression model for predicting the optimal bend
angle. Experiments were conducted using steel pipes with diameters ranging from 3/8 to
3/4 inch and lengths of 5, 6, and 7 meters. The investigation focused on the quantitative
relationships among motor rotation counts, the resulting bend angles, and changes in
end-to-end pipe width after bending. The results show strong correlations among all
variables, with average correlation coefficients exceeding 0.90. Motor rotations exhibited
a positive correlation with bend angle, while bend angle and end-to-end width displayed
a negative relationship. These empirical findings were used to construct a polynomial
regression model for predicting bend angles from motor rotations. The model achieved
an average R’ value above 98% and a confidence interval of approximately +5 degrees.
The findings confirm that the developed bending machine and regression model can
accurately predict and control bend angles, making the system suitable for practical

small-scale steel-pipe bending applications.

Keywords: Semi-automatic steel-pipe bending machine, Polynomial regression, Bend-

angle prediction, Optimization
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Abstract

This study aims to analyze and improve the production process of a beverage
bottling plant by applying Lean principles in conjunction with the development of an
integrated performance dashboard to reduce machine breakdown time. The improvement
approach is based on the Deming cycle and employs Lean tools such as preventive
maintenance 5S and standard work to identify and eliminate waste in the production
process. Pareto analysis indicates that the most critical wastes affecting the process are
defects and rework, followed by waiting time. These findings correlate with the breakdown
analysis, which identifies the Crowner and Carton Sealer machines as critical bottlenecks
with the highest accumulated downtime, together accounting for 44.58% of the total
breakdown time. Root cause analysis using the Why-Why technique reveals that the
primary issues stem from a lack of preventive maintenance, the absence of standardized
work procedures, and operator behaviors. After implementing the Improvement measures,
the breakdown time of the Crowner machine decreased by 94% from 0.82% to 0.047%,
while that of the Carton Sealer machine decreased by 76% from 0.76% to 0.175%. The
results demonstrate that integrating Lean principles with the Deming cycle and a
production performance dashboard can effectively reduce breakdown time, enhance

production efficiency, and establish a sustainable system of continuous improvement.

Keywords: Lean principles, Deming cycle, Performance dashboard, Breakdown time
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Abstract

This research aims to 1) study problems and approaches for developing an
application for condominium juristic person management, 2) design an application to
improve incomplete operational functions, enabling all user groups to access services
more conveniently, and 3) propose approaches for applying digital technology to
improve the efficiency of condominium management. The study employed Research
and Development (R&D) methodology through five main steps: 1) literature review,
2) interviewing stakeholders from management and operational departments, 3) studying
existing manual work processes, 4) data analysis for application design and development,
and 5) summarizing approaches and presenting the prototype. The target group included
condominium projects under Senses Property Management Co., Ltd., managing over 20
projects. The findings revealed that althougsh the company utilizes a main web
application, three sub-systems—1) cleanliness inspection, 2) security monitoring, and
3) shuttle van booking—still rely on manual recording via spreadsheets and documents
lacking central database integration, leading to redundancy and difficulty in data
verification. The researcher proposed an Android-based application prototype developed
using Canva and Adalo, integrating QR Code technology for inspection points and GPS
for van tracking. Preliminary testing with 8 department heads and related personnel
indicated that the application prototype helps reduce data recording steps, decrease

paper usage, and make work processes more systematic with improved data accuracy,
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with an overall satisfaction level at the highest level (Mean = 4.50,S.D. = 0.44). The
developed prototype covers three main systems with five key features: inspection point
scanning, photo documentation, real-time history verification, van status display, and
advance booking. This prototype aims to enhance the efficiency of condominium juristic

person management and improve residents’ access to services.

Keywords: Research and Development, Android Application, Condominium Juristic Entity,

Work Inspection System, Facility Management
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Abstract

This study presents BraillePlay, a gamified tactile learning system designed
specifically for visually impaired children aged 6-12. Building upon a 2024 braille prototype
[ 6], this work shifts focus from functional demonstration to evaluation of learner
engagement and learning experience. The system integrates a 12-pin braille display, QR
code recognition via ESP32-CAM, and audio feedback to create an interactive learning
environment. To enhance engagement, a game-based learning module was developed,
featuring character identification challenges, sound-based quizzes, and a reward system
with LED feedback. System effectiveness was evaluated using a 5-point Likert scale
satisfaction questionnaire and teacher observation of learmer engagement. The device was
tested with 15 participants (10 children, 5 teachers) over two weeks. Results showed 100%
accuracy in braille actuation and QR reading, with 97.5% audio reliability. More importantly,
the average satisfaction score from the 5-point Likert scale questionnaire was 4.7/5 from
children and 4.5/5 from teachers, with an average engagement level of 4.4/5 based on
teacher observation. Key challenges included occasional servo jitter and delayed audio
response. Proposed enhancements include 3D- printed motor housings, S.D. card
integration for scalable audio, and a companion app for progress tracking. This work
demonstrates that play-based interaction significantly improves braille literacy acquisition
among children, paving the way for future assistive technologies that prioritize engagement
and accessibility.
Keywords: Braille literacy, visually impaired children, gamified learning, inclusive education,

tactile interface
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G;JGLLGiﬂ’IiﬂEJustIEJJJ“a (87 QR) — Uszaiana
(AIUAN Arduino) —> HAANS (LWARIHABNYS

WSAA + Ld89naunau)

2. firmnsidBuazatesTINNTIdY
n. NGUAIDYIa
n939ui 1438 Msduie g1z
(Purposive Sampling) AnLdNELUNI T
15 pu wuau:
1) HNUNNTDISEEAT: 10 AL (@18
6-12 V) 21nl5ATYUADUAUATUBANTUNN
2) agmsAnuiiley: 5 au @uszaunmsol
doudnusiusaauInndl 3 U)
fiail auangudegnsiefutedia
vasmsAnwdiasiu (Pilot Study) Fawmnwa
dmsunsussdiuanudululduazuiulse
sukuuneuveeratunaulvasialy [14]
7. 93YITUNTIVY
ns3ded dndunislasdatulundn
3U557UMTITY leldunTzUIuN1SVeAIY
guveunditnsuideuazlauanusiuile
rousuddunsiiutoya ol
1) anudusaulaglasunisuanian
(informed Consent): §unAsaeuarAgEULaL
WsuAdendsntasuteyaingUssasduay
fupouegnetniay
2) msundesdnidiuyana: Toya
amuagnifuiduanudy Mstaunudonss
(19fu DO1, DO2)

3) AuUaenny: gUNTAlN NS
nsvdeuAuUasnden1sliiuazninag
nouldau

4) anglunisaeuda: fidnsuaunse
paudInnITidelanasanailaglinsenuy

avsla 9

3. Lﬂ'%laqﬁaLLazmiLﬁuswsw%'aga
n. n30edlodde
1) AU BraillePlay: szuutieiseus
SNEILUTAALUULNY
2) wuvasunIuAIUNanela: 11nsa
druuszanmuen 5 56 (Likert Scale) dnnnu
nsldanu Anuayn wagauianelalae iy
(FAuLesiy Cronbach's O = 0.85)
3) wuudanangAnTsu: dMsUATIn
sysuauadlauazamdsle (1-5 sedu)
4) wuutunnALLLET: Tunngmsn
ANLENSD95EUU (QR, LUTAE, LHEa)
%. sﬁy’umumﬂﬁusﬁaga
1) szemseunis (1 dUans): naaeu
syuukazUsulnlutaunnses
2) szggnaaedld (2 dam): Jidrva
dszuuiuay 30 Wit 579 10 A
3) svezUsudiunag (1 dUah): udeya

wUUgRUANLLATEUNwal
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4. nMsATzvidaya
. ARRLTINTIUUN (Descriptive Statistics)
T#iinszideyaimluuaznansuseifiussuy
1) Aads (Mean) wazdrudeauy
1IN (S.D.): dunsuazuuuaNanela
uazIEAUAUEUL
2) Souay (Percentage): @1M5UAIY
WUEIUDITEUY
v, adfiseyuudosiu (Preliminary

Inferential Statistics) 1849 MnAgUA7IDE1

M990 1 asuIBMTiinseiteyanuiiiin

a

YUIALEN (n=15) NM5IASIERNead A9l
seRunMud oy 95% LLasﬁsqﬁiNmmﬁaﬁ’u
(Confidence Interval) Hiaifianuundede
YINANITIVY [15]

1) One-sample t-test: LUSBUWIBUAZ L

AUNanelanuAINad (3.0) Ll enadau

€

vdn

=)

2) Pearson Correlation: 3LA51291AY

fgusussrminemvaulanazauianela

Fadi3m wSasile Adanle
AULNULIVBITZUU wuutudIn Sovay, Al
LIAIMBUEUBY EARTRT RGN Aade, S.0., Range
aMuRanala WUUEDUATN 5 SEAU Mean, S.D., 95% Cl, t-test
seauauaula LLUUﬁ'\‘iLﬂGlIﬂEJﬂg Mean, S.D., Correlation

5. NSTUIUNTIATITNLATNANITIVY
. A/NSNAdaU
1)

Y 1 <

WIS INUANTBIN19@I8RT 10

=S

AU (218 6-12 U), A3 5 AU
2) S28Eian: 2 &Uav, Tuay 30 il
3) T IN:

3.1) Anuwiugwasszuu (QR, wWagd,

\de9)
3.2) LIANMBUAUDY
3.3) anuitanelavesld
3.4) sgauauaula (Faune
loea3)

2. B/NFUATILRNIEDA
delinan1sivefianuundodonicadi
mﬁLﬂiﬁzﬁ“ﬁ'@;ﬂaﬁaﬁ%ﬁuﬂﬁﬁﬂﬁ:

1) @8fBanssaun: 519U LaaY
(Mean), a'aul,ﬁ'w,uummgm (S.D), hag
Way (Range)

2) adifgeayuu: 14 One-sample t-
test WSguiBuATLUUANURIWDlILaLAIY
aulafuAnanamemgud (3.0) Aszduaing
et 95% ennasutsddaymneada

3) 429A9ud 03U (95% CI): 518911
29m2113008 03T U0 IALRE BLil DuAR IR T

wassluUsEng
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4) vundnsna (Effect Size): ANUIN A. NANTNAADU
A1 Cohen's d \fieUszifiupuminevasny

WANFSTINY [16]

AN 2 ALNUGIVOITTUU

WeAdun1svinau FIWIUNITNAFIU d13a AMuLLuE (%)
115871 QR Code 122 122 100%
ﬂ’]iLLﬁﬂ\iNagﬂﬁf}iLUia’é 122 122 100%
ASIaULEYS 122 119 97.5%

MTIATILANANAITNT 1 SzUvamnse  waugiies 97.5% fadnandgminisdeans
81U QR Code waghaninasnusiusaala  szuinslulasreulvsaaesiu DFPlayer Mini
uslugn 100% Fenanstennuufofoves  Welnsdanudiegissingy

151235 91915 RN nstaudeeiadny

A15197 3 anRevdAuaLRdy

ASTUAUNIT Aade Guai) S.D. daaraan (Guail)
AN58IUAIRINA5A (QR) 4.12 0.89 26-53
ASLEARINABNYIIUTAA 1 1wad 0.8 0.07 0.7-09
NSUEAINADNUILUTAR 2 1wad 1.3 0.12 1.1-15
Asiaudes 0.4 0.06 0.3-05

SURINTZUIUNS 6.72 1.24 5.0-85

MTIATIVRANANTIN 2 Daweuaues  aliauelun1suseuianaves ESP32-CAM
\AgasEULegN 6.72 W91 (S.D. = 1.24) Fa  fideInT19dULaYonTa QR Code §4819
aglunaineensuld sgalsin dranad  lasunansenuandadeneuen wu wasaing

wAneE19iy (5.0-8.5 w19 1Annauld viSeyumsneniin
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A519% 4 WANTEIIRINTIND LA N TNAROUN AR

N (Mean + A3 (Mean t-value -

318013 - P 95% CI  Cohen's d
S.D.) S.D.) (win) value
Td9ude 4.8 +0.42 4.6 + 0.55 12.65 <001*  [4.51, 4.28
5.09]
ANNAYNUAYAIN 4.9 + 0.32 4.7 + 0.48 17.89 <001*  [4.68, 5.96
haula 5.12]
AdAlaUYeNdEEY 4.6 + 0.52 4.4 £ 0.55 9.23 <001*  [4.24, 3.08
4.96]
ALLUTIVRS 5.0 = 0.00 5.0 = 0.00 - - [5.00, -
Lsaa 5.00]
AMUNInala 4.7 +0.48 4.5 +0.53 11.18 <.001*  [4.37, 3.54
Tnesau 5.03]

*mngwe: Wiguiiguiuanan 3.0, p < .05, Cohen'’s d > 0.8 UaRiIyuINNEHATZ AU

o

115315129 HARINAIS19T 3 Avuuy  Bududinisesnuuuszuuiinansenudeuan
anuianelalassiuveadin (M = 4.7,SD. = egruinsaiennuiianelevesdld [16] uaz
0.48) ganI1AINANNINGU (3.0) 88198 AzuUUIINAT (M = 4.5) TliAnsaenaneariu
Wod1Ayn19adf, (9) = 11.18, p <.001,  Lfin Febusuruinieteveinisusaiduain
95% CI [4.37, 5.03] A1 Cohen's d = 354 ¥ vansuvdsdoya

A13190 5 seauauaulavendn (Funelaeas) waznsieseiBduius

SaLAn anuaula (1-5) AMURILe (1-5) AnudluNsveLEULRY
D01 5 5 Ung
D02 4 vense
D03 5 5 Ung
D04 3 3 liiroy
D05 5 4 Uay
D06 a a vands
DO7 5 5 Usy
D08 a a vands
D09 5 5 Uy
D10 a a vands
Anade + SD. 4.4 +0.52 4.2 +0.63 Yot 50%, U1aASs 40%
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MRz fisiu

1) ANUFUNUSTENT190 U NS

TATIERaNdUNUS V0N S dU (Pearson

Correlation) wudnaruaulauazainudslad

AuduRusAuluianisuinegeildedAgy,

H8) = .89, p = .001 FauanaTuAndifinu

1% v

aulagainaziinnundlalunisiSeuigane

¥
o

2) NMINAFUBHEATY: AZLUUAIIY
aulalede (4.9) ganinA1nans (3.0) agnadl
HedAny, t(9) = 8.49, p < .001, 95% CI [4.03,
4.77]

3) wyAnssuideUsedng: audlunns
YoLauiiu (7 970 10 AW) Ustiszuuannse
a¥1ausegalaniglu (ntrinsic Motivation) 1

WiniSeusnusiusadidegadeiu

M19199 6 agunanIIAdUnINAITIANSounTIATIEINeEDA

v

Aa%n nan1sUsziiiy GREGITGINY] QBT
AMULNUEIUDITIUYU  97.5-100% §n51A1UFU59 (Binomial)  LABRANATR 3 ASIAIN 122

naReUALeLRAY 6.72 + 1.24 3UN9l  Mean = S.D., Range 474 5.0-8.5 319l
awfiowelavesdld  4.7/5 (éin) #9)=11.18, p<.001, d=3.54  LUTBUBUAUAINATY 3.0
seauauaula 4.4/5 #(9)=8.49, p<.001, r=.89 dunalagng + Correlation

NM5AUTIIHALTIENR: HANITILATIEHA
neadaadvauuauuagIun1sIdedn
BraillePlay @nansaaseUssaunisalmsiseus
fifiszavsanls Tno:

1) Ay efisvessnsauas: §ns
ANEILS D 100% lun1suaninalusas
Lare1Uu QR Code GUTUAINULED 85D
a01UnenITUTEUY

2) UsE@VBNanIuNISHaIuIIN: AZILLU
mmﬁqwahuazmmau%ﬁqaﬂfhmﬂmq
ag198ltBdArY (p < .001) WFONVUINBNTNA
5¥AUg3 (Cohen's d > 3.0) FlFiuranis
sonuuulaeludlddugudnalawaznisys
anmanuifeduiinansznuduindiuiase

o

3) YaINAMTUNARA: AIULUTUITIU

Y9IIAIMDUEUDS (S.D. = 1.24 TU) Uaz

AuLiugvendes (97.5%) uuszifud
aeelsuUgtluniswaunestudaly welw

sruuilnuatiesnngaan

6. Unyviinuuazuuamenswaun
n. dosiaiiny
1) @eaaudn: haarnalunisigigs
Idanmiieaudiniglu
2) wewwasdu: nanunasgiela
laiaties
3) Toyadeundudnin: ifisadeas
1w LED Taifin1sdu
4) lidnsAnniuaiudimdi: ag

lanunsogusiinisiseuresusazianle
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. UWINaNSUTUU

1) Wnsa SO, ulnadeuendramnn
Wiennumazdesonssinn

2) sonuuufi Bavsinaslnisie 3D
Printing: 14 PLA unueza3an tleannnsdu

3) fimuueundiaduiaia: dmiung
FARNINANUN1INL Y USUUNLSOY Lazas1
189U

4) Wiunsdu Tduamesduvuindn
wielduiafiuiy

5) W anuvaInNvans 1wy Usaund,
MsdznAfN, INUTUA

6) uwnyn Tuumine? dwmiuldiithu

y5alupaSau

nseAUTIUUSIUIBUNAITY
AseildiEue BraillePlay dwiinu
TanwudloFoudieufunuddedu 9 Tudu
n1si3gu3dnusiusadunalulagyieinie
sail
1. MeUSeuilguddniuniideneuniin
Sl ldiEue BraillePlay dwiinu
TnawudloSoudisurunuisedug Tudu
nsi3euidnuausadiunalulagvieinie
Tnefinmsinseinnuuansadesendsd
1.1 WSyuLgunu BrailleBlocks
(2022): BrailleBlocks tJusguun1sisoug
dnwsiusadiiuveaaududaiiunisifous
WUUTINT BTENINUANTNITNIEEALAY
Funasosfiflanemund [10] Bsldudonlififu

dondn Tuvaue? BraillePlay gaiunisiseus

wuudase WausruuAdaiinisnevauss
WUR wazaiursafaniuaui1anila
nadnsauaulande 4.4/5 109 BraillePlay
gesniuwlifuvesszuudinangdu eaain
WinanusamuANTznssauslaies (Self-
paced Learning) 37LAUY04 BraillePlay A9

AsuEnAlulagnUNAUBU B SN EUETE

'
=

Fetreifinusagalaliianldnnninszuuuden
fifunsBeuiuvuiniioiosogiafien

1.2 W3guiguiu -Touch (2023):
Touch 1 ugUnsalanuld M eenuuuan
dmunsiseuisnusiusadluioidudy 3
AU1I0ARNULAZ I TITAN LA INANINATNYS
wsaduuvedua [11] eglsfioy vuideil
HeglutunmassuasidunsGeuuuudiud
Tumansefiudnu BraillePlay danulsiusau
Tusunisdngs iesannldendauaifiisunu
suazainsnusuldldisluieaisuuas
fitu uenant Auusiugluntsuanng
LUSaa 100% ¥e9 BraillePlay Huduauiaiios
yosoiauasifleifisuiugunsalaalafisinmy
Hoyminisidounan uananil BraillePlay &9
fleadusznounsiSoudiinunufinainuans
1 BedeliinTdudamnnty

1.3 Wiguigunu LEGO Braille
Bricks (2023-2024): LEGO Braille Bricks Liu
yaveaauiiiidnusuazdiaviinuivy
vien uazfigayuiiToanugUuuUSnYs
wsad PelifniFeusiumsauditiu [12]
usl LEGO Braille Bricks aztduin3 eailofii)

UseAngnmdmsumsiSeusnugu uivie

- 73-



N3msIvnsmaluladenangsy : 41 Ine18esIvAaIGUUN

U1 14 avuil 1 Worunsiay - dquiey 2569
sruunsUszilunanaznisiteyadoundy
wuU Ui Tuvaes BraillePlay f5suuleh
sre¥ariulal LED uazides ndourianunsain
szauanuaulauazauianelalangessuu
Fsaonadeaiunzuuunduinolodigeds
4.7/5 1nudin 1esanldsu Feedback viud
lovihgnees dududeldusuiddydmsu
nsUssLiluNan1sseu;

1.4 WWSyuLfigunu loT-Based Al-
Powered Braille Learning System (2023):
ATeiaueszuUsumesinveassna
Fuindousetyyruseivg Geanunsoanld
vuihileuardansUszaunisainislddingss
maa@ﬁmswawm [13] egnslshinu syuu
fifinududeuguazdoamanaluladiugs
Tuniensetudau BraillePlay 14815 auas i
Seudiouazddunua ueaiunsali

= v

Uszaunisalnisifeus nuraulanunis
penuUUToNAWIST Uy deaenadasfiy
wWhningveanalulagnisAnwiwuusiynauy
Tagandetnasuanududeunanadaiiin
wulussuu Al seeuge
2. MIAAATVHAS NS 6E] (Theoretical
Analysis)
HaNITITEATUAYUNg B RAIUINT
N9V 1o N aLas [3] ag 19T nLau
Tngtanigluy9dsuuanisyusssy
(Concrete Operational Stage) q‘fﬂlﬁm%ﬂuﬁ
laduunisasion azuuumuauls 4.4/5
wagauiawela 4.7/5 agvieuin madsu

1N “A15199371” LU “nrstaunleldneu”

Pasanaunaduluniaeus uenaini
03AUTzNaULNNARLATY (Gamification) LY
szuulis19danaulil LED wavidusvuiye
A40AAA DINUNOYNITLATULTINIIUIN
(Positive Reinforcement) ﬁ‘d’saﬂizﬁ:ﬂﬁlﬁﬂ
FoamaiFeusan o (nuilunisveisuiia 7
970 10 A)
3. msa%mammmaqmaé’wé (Explanation

of Outcomes)

INMTIATEATOYATIAN WU
yonadwEd il

3.1 AL UTIID9TEUU (100%
s ULUTAa/QR): INAINNITEDALUULTING
i faneimesigoslafufiuyuegaiuns
(Groove-fit) wazld Arduino Mega #ifiniae
AuTLganadmiunsauauiiuldiaios

3.2 ALLugIvoLdss (97.5%):
mmsﬁﬁmﬁmwmm 3 ads AN Latency
Tun154 0d155¥ %1313 Arduino U DFPlayer
Mini diefinsdaeusnsinsuiuly oy
Jodiamanailnvedugasaign

3.3 anuitanelags (4.7/5): \inan
Uadeduusyaunsaldld (UX) WWumedn leun
Yunauualvgifi Fudedmduidniinngms
aean Fduanlaiifagadaua wagideaimis
fidladne

3.4 198190UAUBY (6.72 TUT): A1
ANNLUTUTIU (S.D. 1.24) 1NRAINNTEUIUNIT
UsganananInves ESP32-CAM #ilaeanin
LaIINd oy Fadenndosiutedannlugig

N1INAEU
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4. YedrAgson1sAnyIkuusIunnAY
(Implications for Inclusive Education)

mui‘ﬁaﬁﬁwmmﬁﬂﬁ’miumilﬁuLﬁu
Poei195eninanaluladdugs fuaiy
Aoan1stunisifeusuuuidifle laeiaue
madenfiaunaszwinennuiuais Ay
waula wazanulululdlunsiluldassly
uFunn1sAnwvedlne waadnsguduii
Fndudosltimaluladsaunaansly Lilo
afadszansnimmisSeuiuasnseeniuud

wiugldduaugnans (User-Centered Design)

'
4

FaumneinsanaAfeduiiyatiunowzdnia
frundl s 19U nsifeuguuusiuie uie
welulaBaladugs n1sih Brailleplay TUld
PFRzdrwannseasiasy wavilnlenalv
WnlaRnTinweAenueteg1dasy denndes
Futlmangnswaunssdu (SD.Gs) fu
nsAnwRTaunw
GEIL

aAteiilfiaue BraillePlay szuuiFous
SNUILUTAARUUNLFINTULANUANTBINIY
A1901 kUFISARITNENILUIINA URUUT
2024" we n1TRRNLUUTONAKIT NI LAY
yumeaitudin IduAsuudadiduaiesie
Msi3ufiviuas wuamnansuiuussaiiy
7 mnunideiie Teyatoundu uaznsves
v uielildldisluionssuuasiithu
Tnewiu anuthaulawasnaidnfe snwddodl
Preduasusunalulagnisfnyiluusiugn

&, . ° ) o o« = 1Y
AU LaLLUULUUBE AN NI ULATDIND NIILIYUT

Tuowandiaumdsliifnrunisiau aavie
i BraillePlay laildufinsgunsaitneniaious
wiidudesdiefivaedelonauazaiisny
ffula Ihdnunnseamaaemaninsaifous

LATNAILTINYEAIUAULDIbADE19DATY
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Abstract

This study aimed to: 1) assess the working environment, 2) analyze the
conformity of the occupational health and safety management system with ISO
45001:2018, and 3) evaluate organizational readiness for developing the system toward
certification under the standard, using a plastic manufacturing plant as a case study. The
research was conducted as applied research. Data were collected through workplace
environmental monitoring using standard instruments, including an air sampling pump,
sound level meter, wet bulb globe temperature (WBGT) meter, and lux meter. Document
review and management system assessment were carried out using a checklist
developed from the requirements of ISO 45001:2018, the ILO-OSH 2001 guidelines, and
Thai occupational safety legislation. In addition, operational risks were assessed using a
Risk Matrix. The collected data were analyzed to calculate key indicators, including the
Compliance Score (CS), Environmental Score (ES), and Normalized Risk Score (NRS).
These indicators were then integrated into the Safety Readiness Index (SRI). The results
showed that the Compliance Score (CS) was 85.00, indicating a good level of conformity
with occupational health and safety management requirements. The Environmental
Score (ES) was 100.00, demonstrating that all measured workplace environmental factors
complied with the applicable standards. The Normalized Risk Score (NRS) was 78.80,
indicating that the overall risks were maintained at an acceptable and controllable level.
The Safety Readiness Index (SRI) was 87.93, which was classified as a high level of

readiness for developing the management system in accordance with 1SO 45001:2018.
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The findings provide baseline information for planning occupational health and safety
system improvements, prioritizing issues requiring corrective actions, and serving as a
guideline for organizations preparing for ISO 45001:2018 certification in a systematic and

effective manner.

Keywords: Occupational Health and Safety, Risk Assessment, Work Environment, Safety

Readiness Index
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Abstract

An anatomy laboratory is an area where various chemicals and pollutant sources are
present, particularly formaldehyde, particulate matter, and airborne microorganisms, which
may adversely affect the health and safety of workers if the ventilation system and indoor
environmental conditions are inadequate. This study aimed to evaluate indoor environmental
quality, assess the performance of local exhaust ventilation systems, and investigate the
relationship between indoor environmental quality and ventilation system performance in an
anatomy laboratory. A cross- sectional descriptive study was conducted from August to
November 2025 over a four-month period. Indoor air quality parameters and ventilation system
performance were measured using industrial hygiene instruments. Data were analyzed using
descriptive statistics and Pearson’s correlation coefficient. The results showed that illumination
levels were mostly within standard limits, while airborne fungal concentrations and fine
particulate matter levels were generally within acceptable ranges, although some sampling
locations exceeded the fungal standard limits. However, formaldehyde concentrations in most
areas exceeded the recommended standard values. In addition, temperature at some
monitoring locations (17 out of 56 points), as well as relative humidity and air velocity at several
locations, were outside acceptable ranges. The performance of local exhaust ventilation
systems was also found to be below the designed criteria in most areas. No statistically
significant relationship was found between indoor environmental quality and ventilation system
performance at the 0.05 significance level. These findings may serve as baseline information
for improving environmental conditions and ventilation system performance to enhance safety
and operational efficiency in anatomy laboratories.

Keywords: Indoor air quality, local exhaust ventilation, anatomy laboratory
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mudrauiudeslaesaluenme -0.0653 0.6325
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Feslnosauluanieiu PM,, -0.0460 0.7350
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(Pearson correlation coefficient)

- 107 -



N3msIvnsmaluladenangsy : un1Ine 188519 DA ugUUN

U9 14 avvil 1 ihouunsipu - dguieu 2569

afUsiena

1. MIATTRaNINWING aNHRIUURNS
neInafEns

1.1 AMSATIVIAUEIEINS

HANISA529TALAIETN9RE UL UUT Ui
7l wud Amuduveauasainsadegs
NTUAUAUINTFIUAY EN 12464-1 [10]
Wal 9190 99119 nE N YU IANI TV B
wosUfuAn1sneiniamandiisuudodld
wasadndlusyAugs il oatuayunisHis
9197198 1M LATNITANBIT8AZLB 8AUDY
Tssadmeneginng dedoserfonisusaiiu
318a2LDUAV0IDT8IY Nannlaen LduUsEam
wazlasaas1svunaaneg1sdaiau og1lsh
AU IINATTNUNIUITIUNTTUNUI 18 98]
NATeTAnwIUTER U AL I asE e
TuneelURnsN1EInIAranIvI e R AN
lneasanaut1991in vilvnisedusienalu
Fruddsliawnsaouiioufuanuisend
vsunlnaldealaognsdniau

Fathy nsiseufisunanisinenlunded
99198991093 T8luan nuina aunig
MsunmEnlndlaes Wy nsAnEINISeanIUY
sruuuasaafioUFuUTssE R UALdesaing
melurieaingtan [12] Fanuinanuidauuas
ansliidulunannausiinnsgiu esanms
fndaszuunaainsliaenndasiudnunse
A9n55uMSTF U UT ALLANASYDINE
N3ANWIRINEIDUANINTRQUIEAWANITLY

NuNUNALAnEeiY Tnevesufdanisnie

| v

Anamansiduilui idedddnisueiiu
Teazdenge vasvieaingdUlegaiiuniny

o

aunsuazninueulud iy

n13nsI9Tanasauuuldasniueg
LANITN NUTT AIAIULTUVBIREL NIUATY
UM351UVY The Illumination Engineering
Society of North America: IESNA [11] 3713U
24 30 Anlusavay 96 nasaliuuieniy
An1arans nuetay 8 Walida vinlien
AduveMatliNIuNInSEIY S 1 90
Andudesas 4 Feaenndastunanisfnu
n15UsEIduAILTUAIAT 1 LaNIz Aty
ouTeu [13] wui1 anmmiivinliaadudu
LasainesndnueiiInsgIu danunain
melurienaenliliiiisane vasalnd1in
uaznaenlliazein

1.2 MsnsIadnduacaasuunnian

M99 Ind Az IAANT WY 56

30 I PM, o Tutagdudalainamiuinsgiu

= o

$1989 MaTenuaifsiingUsvasfiield
Judeyausznoumsusziliuwwilidunanin
prnrantelui s udnisuaszldidu
guteyalunsiisyidussezen
HaN13nTIVIn uazoasvwIAliAY 2.5
Tuaseau (PM, ) nuidemududuedowintu
1.57 lulasnsusiognuinrians Faagluinasi
wmsgruAaAmeINIAneluetasiiivua
lagnsuoutyly [8] Nan1sAn¥IAINa 17
#oAndIiuN1SANYIT0Y Sesena et al. [14]
Avszidunuamenaluriesufiinisves

uIngae lneaseunauladeniunignn

- 108 -



The Journal of Industrial Technology : Suan Sunandha Rajabhat University
Volume 14 / Number 1 / January - June 2026

LAl kazdInIN FIWRINITUTEUSATINTG
2U1881n1¢ (Air Change per Hour; ACH)
LarA1NLA BefoguAIN 931891191019
AIUANLAZTANITIZUUTLUIBBINAT
wnzauiiunumdAylunsannsagauves
wanwareluein1suazyesnyITeA Uy
azoadliieglunasifisonsuld
n115959970) uazessvualiiiu 10
lupseu wudn Wdulumunaeininsgiuves
nsuewse Tnedenududuadeowitu 2.76
lulasnudegnuiafiiuns Feaonndasiuna
nsfnwiaun1nd awrndeulusiaisly
wosUfuRnsiafiuazimnssuiafifanitu
waluladdedes wudn anududuaie
PMy, tdulumanausiunnsgiuaes US EPA
Tnoifidadogegn Wity 483 laulasn3usie
anuAfiung [14]
nMsnTIRTILILaYNIAkYINaasluaINA
(Particulate Matter; PM) u106114 9 lawn
PM, o ,PM, 5 k@ PM,, Lilaiseuiiisunaiu
LI UIATFIUAINUINTFIU 1SO 14644-
1:2015 [15] wu31 vesufURn1sn1eInia
manslidaduiesarern JamniuTeudio
sefuAIAZDIR AfinTaaTnduiueynin
PM, , dAlnatAeeiuesdyein ISO Class 6
ﬂ'ﬂﬁmwi’mﬁ’]muaqmﬂ PM, s dAnlnalAeg
futfesazem SO Class 5 AfinsIingIuIn
aUNIA PMy, danlndiAgsiuiiosazein 1SO
Class 6 4 489l fin3Anw17 51897un1S
WisuWiuseRuauare1nrewiesUuans

AULIRIEIU 1SO 14644-1 Tagnse

1.3 Msnsraanudududaslaesy
Tuene

Wosrswluenefinsaainldiiaade
220 CFU/m? @ sgTuinausinnnsgiuaiLin
iz%ﬂqmm‘wmmﬂmaiummsmuﬁ'mu
auTinua [8] wan sAnwIddonadoIfy
n15Anw1ves Uruiing Slude uasame
(2562) fiszidunganweinaneluoinis
299l5INYIVID LaLINEUAIAIULTUTY
128 pvo 08 951590 U N ALY 289
CFU/m? Fadsegluinasiunnsgruduieddu
avviauliiiuitaninmiindeunislueians
GUmamuwmmaﬁﬁiswmﬁmﬂwmzum‘w
'mmmﬁ'wimsammmmm’wmuqumi
vuid ouvendoslioglussduvousuld
[16]

Nan15n529 5L o5159uluenimile
WSy UEUAUENINLINA DNAEUDNBIATT
wansbiiiudauszdnianlunismiununis
wndidg ngluenisvosavodidesiain
meuenluszdudia Tnenuiemududuedy
voudormumeluiesufiRnisdidif
102.5 CFU/m? vaig i n15m5295nuUs 1aa
mMeueneans (suidvedu 5) Tngldindoady
f98190171¢ 2 vila lawn DUO SAS Super
360 waz Spin Air UL wuaududuveaide
F15WNNAU 220 CFU/m3 tag 120 CFU/m?
mud iy iefinsandanududugsanves
Wo51591N18UBN8ANST 220 CFU/m? Lag
Yhanfunasasdueudududosseming

aelukarnigusne1ais (Indoor/Outdoor

- 109 -



N3msIvnsmaluladenangsy : un1Ine 188519 DA ugUUN

U1 14 aUuil 1 Worunsiay - Jquiey 2569
Ratio; /O Ratio) wuinilanwiniu 0.47 Ssilen
48N 1 LARIDINAANS bULTIUINABNNS
AIUANANNINDINANIETUBIATS Wlog9n
nann1suseiiiunamnmeInan1glueInns
58y anuiduduvesaledidesnisly
91A137 §1113AIUANANINUING BN
WinzauasiamIninut it uvesales
L%@iﬂua'm'mmsuaﬂmﬂﬁ [17] Wan15AnY
mena1adsaziouliiiudszuuniuay
anmwingeungluiesujuiinisauisnan
msUuidewvendosnanumasiidaniouen
Iopgnediusyansnn

athalsfinnu wiidn 1/0 Ratio azsnin 1
wirdutudessaasneluiian 102.5
CFU/m? Hudinaduusnaiuandfidiud
mwm?{'mﬁ%mﬁaeﬁmﬂmsﬂmﬁaumsﬂ,u
%30 N15aLaNYDIaUDs lUlATIAT19%T 0
gunIal F9ATLUUNITATINABUA VA NWY
meluieanigTaiadians wuasniia
mm%uﬁmaﬁﬂﬂgjmslﬁdmmL%aimwsf[,u
91A1S

1.4 N15ASITAAIULT UV UFS
Wosunanlan luanie

AU ut uvesarsosuan Las i
avanfaldliidulunuunnsgiud fvusly
UsenAnsuadannIsuazAuAToIIY [9]
Tnenuinfldnadewindiu 1.19 ppm %aqaﬂdw
Aasg il ﬁqﬁawaﬁmmammﬂ
Tuganariivhnsesataiisiuiuseenanss
Tngneluvesufiinmsunnninsiuiuied

v

AARITEUUTEUIEDINALRNIET dIHa LY

UszanSamlunismivnuuazidnloseme
Yasd1sWesINad lananas wazenavinliiin
nsazvauvesarsUudouluusseinaniely
WosUfUAn 19 0 u wan1sd@nwd Ll
#0AAABINUNISANYIVDT AR WININSNE
atus LazAmy (2563) 71AnwIn1sUsELY
ANLE BIIINASF A saT e las Ty
Vot URnsnginamansvesmingldy
wisnils Fasrsauimududuadovesans
Wosunadlanilawinfiu 0.155 ppm uazegly
WNUTINIATFIUAILUTENANSUATARNITWAS
Aupseaussnu [18] uenainil Silsiaenndas
AUNISANYIVDY NUAITIOL WIUNA LATANY
(2567) fiuszfiunudssenisiiouzisean
mMssuduNanasuaflennmanismelalulide

wNNg 5e1I19N19ssuUURN15N1830A

'
=

AERT T INUT1AIULE UTULRE BYB9ES
Wosuadleslud wandeufianindu 0.31
ppm wazdegluinausiunmsgudiiivun [19]
AULANG NVBINANITANYIAINA1IBIAAN
31nanwurn1sIan1Tneluiesuuinis
TIUIUT19019158 e AUIUINITTNI1997
wazUszANS AINVBITTUUSEUIBOINIAT
LANAIAY TAEAISANEIVDS NUAITIEU WU
WA WagAMY 595189718 1ATLRUINTS
Y UAnunInieTnamansinasanis
LNS NTENUALNITTIELNYUDIANT
Wosunafladdusseania wasiiuifilaves
sreenansdlugfiiinduiivultusiliaams
UanUdesansnesinadladeeangussenniely

USauiigedu [19]

-110 -



The Journal of Industrial Technology : Suan Sunandha Rajabhat University
Volume 14 / Number 1 / January - June 2026

1.5 manrviagamgiiuazanuiy

Atad vvesgung il dulumueaii
sefsnaunmeinianielueimsiinsuounsie
muua [8] lnenudnAtgamgidnieluvias
UfURN AN 19005 1ud fvun
wazdAadswintu 23.84 °C ﬁgqua’mﬁmma
u1a1nlurasaiiinisnsatadsiuiy
flungluresdiinisaeudiatios dwa
Tanufeuiiinainianssuuaznisazay
Arwdounniensuyudaeluiiuiianas 39
vilvigumgiinneluesdidiininumsgiud
Anun Kan1sAnwInInaliaenndaiu
AMIANEIV0Y uAgua wlusny uavAue
(2562) fiRnumstuitourouteduvisuay
AuAmeIN1An1glueIA1svedlsangIuIa
sefunfend danuditgungdaislusies
Fugmsilenadowinfu 27.5 °C Fageninen
11ATFIUT MU [20] AIULANGANYBING
nsfneIRInaMoIinIINaNBauenslgI
i U 19U T2UUUTURINIA Ay
ANTNUINE DUV ILA LA IUT T uAnA9fY
dmsunan1snTaTanut uduivs anelu
wosUfuRnismeiniamans wudiAade
yosmutuduinslidulunuaiivonsuld
ALNINYDINTUBUINY [8] WAy ASHRAE [4]
Tnenuianududuingnmelurosdiaigen
42911935107 v wardAiad sy
75.48%RH V19 0194inandesnveanis
v I sularnsuaniUd suonAsEnIng
nelukaznisuaniied dawaliiinnisasay

999ANUF UM STUN UAR LYY Han15ANYI

Aenandliiaenndesiun1sinwives 913w
NIYAUTIA UazAMY (2566) AANYIAMAIN
2IN1ANINAUNIT Juazan1inuwing suly

¥ a va

el uRn1saugInermansuazimnalulad

a @

wninerdemaluladsivusaa G anudn
WosufUAnsiadid wandoudarainuty
FURNS 128 19117 Y 37.0%RH T 9enIAn
mmgmﬁﬁmum [21] ANULANANIVBINE
A1TANEININA1ID1AANIINENYUEAINT T
Meluies SLUUTEUE8INA LAYENNLING Bl
lanzveei e JUAnsusazUsLani
UANFENAU

1.6 MIAT2INAMUSIAY

Anadsvesnudianlidulumunag
unsgui imualagnsueunsty (8] laed
ALad uvinfy 0.38 m/s 116 819Lin91n
n1snsEaefiveInsELdon ansluiesd
Tylasiane favnsnisinaveserniaiilined
sdsenaiitadudunen wansluiud wu
msdnnegunsal indesile viedsiavnddu q
ﬁdawaﬁagmmumﬂwaﬁauﬁummmﬂma‘m
¥o4 nansAnwrTiaenadosiunisAnyves
St Yui uazane (2567) TiUszdiunMAW
a1 nAn1eluaIAITuaEng 18115089
91A157DIUAAINTN NIV IUlsINe U8R
witsndls Janinaseys Fareauinmnudian
sty 2.93 m/s wazldiduluany
NAININTFIUTDINTUDUNTG WA I [22]
wiArenudiauiinsranuaziinuunnsa
U WANANTA WY saDnan sl U

UseAN5NINUDINITNTEANYAIVDIDINALAY

-111-



N3msIvnsmaluladenangsy : un1Ine 188519 DA ugUUN

U1 14 aUuil 1 Worunsiay - Jquiey 2569
syuvszUIweInAniglusiAsiunumaAy
AAMNINANINLINRBNNETUEIATS
1.7 n13052990UTERNEAINIZUUIZUNY
26
nan13nTIInensINsiualuidurieves
SEUUSZUIBRINIALRNIL T (Local Exhaust

a

Ventilation; LEV) WUdW"L;JLi‘]uiiJmmmﬁ;:Jmam
wuzdmMTUN150RNIUUTEUY 1AENUI19A
arvindnlvgneluiesfuminisiifngnsn
nslvaluduriosninumsgiudiuau 24 qa
Anidufosay 96 veagansavinTianua Vel
913N AANNUTEEANT AINVDITLUUTEUY
o mafianasnnenynisldanuvesgunsal
Tnslannzinaufionadmnusisevanamsed
Usgdnsanlunisvinauanas dewaliensa
n1sinavesaintantslussuuangaad
muualun159ankuy (Design flow rate) wa
msanwifligenndesiunisineves Zdila
(2021) Fa@nwIUsLANSAMNVBITTUUTEUY
oImAngAidmiueslfjiAnisnisiana
Aans Inenui1szuu LEV fissnsinisiva
YIDINAWINAU 777 CFM @10150A9A&1T
Wosuadlenuariiusalaografiusz@nsain
[23] AULANAIVDINANISANYIAINATIB19
avvieuliiuinUsyansanaesseuusyung
gmeanziidanuduiuslnenssiusng
nslwavesernianisluszuy Tnewdiesns
nsluaniniaafiesnwuul’ e19dswali
Uszavsnmlumsidaansiuideunisenniea
anas uaziiislontansavauvesansiuiou

a wa

meluiuilfiRnu

1.8 @11z UdU8LT g v &
(Thermal Comfort)

nan1sUsEiduAsian 1z unauneLa g
gaungiingluviesljiAnismeinamans
nu19an T indulvgeyluinueiundnie
an1zauny (Comfortable condition) 371U3U
54 90 Aoduseway 96.4 ﬂumﬁwuwmuﬁm
Aegluinausiouguidniios (Slightly warm)
F1uau 2 9n Aadufesar 3.6 e en
founanusnasnaniaiauguduing
gunifiuiidy dwalinisssmevounionn
Aivdsanas wagynliuszd@nsainlunns
JEUIEAINSDUDIT1INEANAY 9dINa T

ad

HUURnuinauidnauguanninsesiu
DiinaTIainlaase

UM

2. anudunusqunmdaindaslueinis
NUILUUITLUIEINA

a

HAN13ANYIAMUENTUTSENIQUN
fuidestsanlueinia wudn gaung il
Amduus v esnsaulusinimegad
Wod A ayn19ad fivi szdu 0.05 (p-value =

a

0.272, = 0.149) Viedloraiionnangamad
wdsngluieslfoRnisnmeiniamansdien
wirity 23.84 °C aaglusziuiionadaasio
msisgiulnventesluomsAeudnaios
esanidesnelsalunyuddulngn
WwiAulaldaluggamgiivseann 25-40
°C fatfu miLﬂﬁauLLanmaqqquﬁﬂwU‘Lu
WosUfUAnsluy9i Anwrenadslaiiies

naardmanan1sasuLlavaIUsuaTe

-112 -



The Journal of Industrial Technology : Suan Sunandha Rajabhat University
Volume 14 / Number 1 / January - June 2026

s1luenideg1adatau nantsdnwi b
A0AARDINUNITANIVDY NYINE ANUITAY
(2559) A1ANEINITUNT NTEABVO Y 05TI
pn1an1gluriesufuinismaianisunmg
wars1eauIgangddanuduiusigeuin
sysuunansfuUsInadoslusnnie (r =
0.637) Imawumﬁaqmmmﬁuﬁu Uinauie
siluormediuunldundsdunny [24]
HaMsANEIALELTLESEMI9RNA Y
Suimsfudesisanluonnie wun Audy
Fuimslifeuduiusiumududuveate

o o

siswlusniaegeitdvdAgynaiansziu

v

Wosnnanusuiantesitueinialiladued

Y

o s a

UssRuAITudTInE e aseiiion unds
fiedas1ud wandoud usaudae Wy N3
SEUIHOINIA NISLaNLUE BUBINIA WA
s lndesn wansAnwhdenadaeiu
NMIANIVDY Ty InIus InnEUS LazAy
(2568) FafnwUinanduvidluenanely
WU UuAn193a333ne Angineimans
UMINY1F8QUATIY5I LAgNUIIANNTY
Fuinslufiauduiusiuusunandesnly
gannAneus s susg i tuddyn1aada
(p-value = 0.593, r = -0.325) [25]

A nduanuduiusseuninad o515

Tuernianun uavess PM,s wud1lud

AUFNNUS o1l dBd1AYNI9ad AT TEAU

0.05 (p-value = 0.271, r = 0.150) 9191919
Lﬁ'aﬂmmmﬁmms{ uarveoiniely

WesljuAniseyluseaunuazdaliiies

WOV AZd INAN BNITHYIUABENS BNS
unsnszaeveadosiluenie yiliusuna
L?ﬁyai’lﬁaﬂummﬂ"LzJﬁazjh”uﬂ%mm PM,
\ig0g19ier nansAnwi llaenndaiu
N1SANYIVDI UTIALAY NUNTTOL WAYAE
(2566) %ﬁﬁﬂwmmmwmmﬂmsﬂ.ummwa
Foaelulsmenuna 6 wisluwngusui 4 uag
FIENUNANUTNTUVBS PM, s HAuduius
Bauansysudunanstuusinandesisaly
910 (r = 0.362) [26]
Tuguvesnnuduiugseninadiossiu
Tuernaiy PMy, wudnldfinudunusesis

AdvdAyn1sad@nszau 0.05 (p-value =

v
] a

0.735, r = -0.046) yisil@1ainanUIuURY
EWEJEJJﬂ’l‘c’JIUﬁENEJ‘EﬂUiSﬁJUG];’WLL@%lﬂLﬁt‘N
weftzdsmanonsiuduresSnandoslu
91N1A HANSANEIT donAdpatunIsANE
Y09 UTIFLAY RUNTIA UazamE (2566) T
wuin PM,, liifieuduiuddudsinandes
saluene (r = —0.010) [26]
HANSANYIANNFURUSTEIN9AIILS7
auruld 85157ulusinia wuvlyd
Auduiusegefiveddyn1adf v sz

£
o

0.05 (p-value = 0.6325, r = -0.0653) N3u

e

Em]Lﬁ"aqmmﬂgﬂqumﬂwaﬁaummm
meluesufUanisildaiaue 3ld¥y
BVBNAINITUUI W ARAZNTLaNAEY
omaneluiiuf dwaldanududuveaie
saluornelyiUd sundasetg199alay ua
nsAnuilaenndesiunisinuues Feyayn

AUA INNTWUS warAuy (2568) T 9nUIN

-113-



N3msIvnsmaluladenangsy : un1Ine 188519 DA ugUUN

U1 14 aUuil 1 Worunsiay - Jquiey 2569
anusaanlsifanuduiugiuUsinandoslu
gnnAneus s sueg i vudAyn1eada
(p-value = 0.182, r = -0.707) [25]

AT UAMNAUN UG TEWI19ANULT UV
YpeEsNOINaR bERNUERIINT Inaluidusie
wuIliflauduiuseg1didudAgynisaia

586U 0.05 (p-value = 0.078, r = 0.359)

v v
]

wellorafnandasenatsUsenisiideane
UseANSn1MUeIsEUUTEUIERINTA WU B1Y
AMsldnuresinal Useansaimvesainuisa
souaay saudernudlunisvihnuresssuy
Feon9dwmalisnsnisinavesenielaad
Laglu @ u1508anAINULT UT UYDIENT

asuanlantaagrelused@nsnin

dyuna

AUANE 1wandoun18lueIA15YB
wesUftRnsniginmamansinamnnivnes
fogluinausiinnsgiuuaznsiineiides
#5unsusuuse Tnsanandumesuasaines
wuuiiufiialuuasuuuldaenuonanizqn
dalngjogluseiuiivmzaunazidulumy
WAL ivue azveulisuseansainves
srUULAIaT T L Banar 015U TR 1w
yauzAnnudutures uazessvuinsng
wazUiuidoriassuluenmeaoglusydui
gousuld wansfiausednSnmussssuunses
oIMAkarNIInmInuareInngluiuiily
seAUT imnzay egalsAnny ouvgd
A udLIng wazanuiianlunateqe

asredaldidulumuinaeivinsgiuiuuzdl

sl a o

1TA8LRNITANUT UAUN NS NI U A INT AN

U
Y v

fvunegiaiies uanani anuidudy
Yasansnesuaflanluoniadiulngjgendn
ANIMSEILT MU wazUssAnsnmves
szuuszusoInAaniziidulngldiduly
muenfieenuuuly aanunisaldsnanazyion
Tiiudadadiinvesssuussuigeinialunis
AuAuLaz S e Suneluiuiias
wnaanidauaiiwanizyn

A1 Predicted Mean Vote (PMV) lngi57

aglugisanizauie wansliiuidldau

Y

¥ '
& a

nungansfuiauauiengldaninwingey
AINATT WIITWITIHLADIAUNILATNUIIEIU

| & ¢ < &
alidulumuinaemiannsgiuiany wenani
NMITLATIEN ANMUFUWUS TENT AN
dawanasuniglusinisnuuseansninues

SEUUSEUNIERINAb LN UANA LN US D9l

: v
=~ 1 A o a

Hod1AyN9ada JausrnszauNanuniglu
o URnisenalasudnsnaaindnuaens
it undsiuinuaiiy waznisdanis
szuU 1nnIdaseduan nwndeuialy
LNENBE9LAY?

Taagy wan1sdnwn s hisiufany

sudulunisusuugeszuuszuteeinia

' v
P

ANIEN NIIATUANANNYY KaENITIANIS
wndandaasesinadled 1 osnsedv
AN A swndaunigluieal fUAn15e
In1emansliaenAReIiuLINIIUAUAIY
Uaonsisuare1¥eudy sulsylIganaIy
\deetogunmuaziinuszdnsamlunis

U TRnuvesldnuiunlussesen

-114 -



The Journal of Industrial Technology : Suan Sunandha Rajabhat University
Volume 14 / Number 1 / January - June 2026

Jaannn

1. nsanwluadsiidunisiiusaodns
WUU Grab Sampling 1 un1siiuiegsly
Franamie lildasnsatwanisieszs
1USUBUAUNITS U LRERaanIYaELIaN
Asvihaula

2. msAnwadaiildiedadlofusiogig
L%@iﬂiuaﬁﬂﬂﬁﬁfﬂﬁiuﬁu usfiadasilovisans

a

yilpazldndnnisifusiegrwazidaulunis

=3 v

Ausegeiilndifsaty uiauLAnA@es
dnwuznIunadanasUssa@nsnanusg
\A3esilonnadenanonIuAaIALAE DUTBINE
A15M53377 F9IAITRATAURAIURANITANEN

281958 ns 19

RIGIGIIE
1. AsUsSuonsInsluavesenieludy
vielvegluthsanunsgrufimanzas 1ol
WensanemLaziiaansansiaiiluenniregng
fiuszansam Jeaztrvanaududuves

'3 N

Wosutadlanlviey lussaulasnsdusie
HU IR

2. sfimsmunuseiuarududuivg
meluiesuansTveylugeiimuzan
ilethsannisazanvesansrlosutanlanly
1M uaglasiunsisyivlavesdon g

wduasugunnanianieglueinsivied
Tuseiuiivaenfouasimnzausefuidanu

3. AnudunasainefigaiAundnsesud
Wnzaneadnansenusen U URu 1

ANSLAABEILEIRN (Glare) AL BEAINNY

a1801 Lazn15 a1 sunIuluIEnIenIg
UfURU FeonvdenanoUszAninmuas
aaauglunsufoRnu feudelating
Usudsagvuvunisdauasiaganinuiy
naealnuazUanisldauvaonlnulsiumia
HaN150NwUUlLNUIIAIANUTULAIET
\dvanaunde 973 Lux dedsaaduluny
\NUTNASEIL EN 12464-1 BNt UFian
UftRNuinuraealiidizavielianunen
Told msdudumsaidsunasnalilngiud
wazdnliN1snTIRERUTINAIN TSN M TEUY
wavaivegaiane Wo¥nwiUszAnsniw

YaasyuukasailimingausansUuRnu

n1sAnw13delusunan

NuITslusuIAnAITy lun1sUTEIEu
nssvdudaasviesunadlenvesduiinu
ludnvaziaaal Wy n1siiudlegrawuu
1A BRaeAT AN (Time-Weighted
Average; TWA) %3 0n130 539 auuusaLfies
wlerinanuusiuglumsuszfiunnando e
AUAIN woNANT A nwIAINFUTLS
seminsnanmaawndounislueiansiv
HANTENUATUAVNIN FIUDIANUTEANTAMN
YITTUUTTUIIDINIAANLTUATIIATNS
mupuAmnsiulaglduuuiasmarmans
voslnatdsrrulas (Computational Fluid
Dynamics; CFD) #1434 aasfinnaifudayalu
viangtishatuazianean Izl el
aaNsnAzouANNLINADNTI AR

ATOUARNUDINANITANWILANE WY

-115-



N3msIvnsmaluladenangsy : un1Ine 188519 DA ugUUN

U9 14 avvil 1 ihouunsipu - dguieu 2569

(1]

References

Environmental Health Bureau,
Department of Health, Ministry of
Public Health, Operational Manual for
Inspection and Assessment of Indoor
Quality, Thailand:
Department of Health, Ministry of

Public Health, 2016. [Online]. Available:

Air Bangkok,

https://ghh.anamai.moph.go.th/storag
e/app/uploads/public/603/b5b/072/6
03b5b0720697166916487.pdf. [Accessed:
Nov. 25, 2025].

King Mongkut's University of Technology
Thonburi, “Because indoor air quality
is important,” 2021. [Online]. Available:
https://shorturl.asia/IXMTO. [Accessed:
Nov. 25, 2025].

V. Surawattanasakul, W. Sirikul, R.
Sapbamrer, K. Wangsan, J. Panumasvivat,
P. Assavanopakun, and S. Muangkaew,
“Respiratory symptoms and skin sick
building syndrome among office
workers at University Hospital, Chiang
Mai, Thailand: Associations with indoor
air quality, AIRMED Project,” Intemational
Journal of Environmental Research
and Public Health, vol. 19, no. 17, p.
10850, Aug. 2022, doi: 10. 3390/

ijerph191710850.

(4]

(5]

- 116 -

ASHRAE, ANSI/ ASHRAE Standard 55:
Thermal Environmental Conditions for
Human Occupancy, 2023. [Online].
Available: https://webstore.ansi.org/
standards/ ashrae/ ansiashraestandard
552023. [Accessed: Nov. 19, 2025].

P.  Soonklang, “A Comparison of
Formaldehyde Air Monitoring Methods
for Health Risk Assessment of Gross
Anatomy Staff,” M.Sc. thesis, Major in
Occupational Health and Safety,
Faculty of Public Health, Thammasat
University, Pathum Thani, Thailand, 2023.
C. Panikhom and S. Chaiklieng,
“Health risk assessment of indoor air
quality exposure among healthcare
workers in a community hospital,
Khon Kaen Province,” Thai Journal of
Toxicology, vol. 39, no. 2, pp. 1-18, 2024.
D. Bhat, H. Chittoor, P. Murugesh, P. N.
Basavanna, and S. Doddaiah, “Estimation
of occupational formaldehyde exposure
in cadaver dissection laboratory and
its implications,” Anatomy & Cell
Biology, vol. 52, no. 4, pp. 419-425,
Dec. 2019, doi: 10.5115/acb.19.105.

Department of Health, “Notification of
the Department of Health on Indoor
Air Quality Surveillance Values in

Public Buildings, B.E. 2565 (2022),”
Nov. 21, 2022.



The Journal of Industrial Technology : Suan Sunandha Rajabhat University
Volume 14 / Number 1 / January - June 2026

[9] Department of Labour Protection

and Welfare, “Notification of the
Department of Labour Protection and
Welfare: Occupational Exposure Limits
for Hazardous Chemicals,” Royal Thai
Government Gazette, vol. 134, Special

Section 198, pp. 34-53, Aug. 3, 2017.

[10] European Committee for Standardization,

EN 12464-1: Light and Lighting-Lighting
of Work Places-Part 1: Indoor Work
Places, 2002. [ Online] . Available:
https://www.ageta.lt/app/webroot/fil
es/uploads/filemanager/File/info/EN
12464-1.pdf. [Accessed: Nov. 19, 2025].

[11] The IWluminating Engineering Society

of North America, [ES Lighting
Handbook: The Standard Lighting
Guide, B/W ed. New York, NY, USA:
Iluminating Engineering Society of
North America, 2000. [Online]. Available:
https://ia801308.us.archive.org/26/ite
ms/ieslightinghandb00inillu/ieslighting
handb0Oinillu_bw. pdf. [ Accessed:
Nov. 25, 2025].

[12] S. Mahathakulrungsri, “Redesigning Interior

Lighting for Improving Illuminance
Level of In-Patient Room: A Case
Study of Bhumisiri Mangkhalanusorn
Building, Chulalongkorn  Memorial
Hospital,” M. Arch. thesis, Dept. of

Architecture, Faculty of Architecture,

-117 -

[15] International

Chulalongkorn  University, Bangkok,
Thailand, 2021.

[13] K. Koonmueng, N. Narinya, and P.

Sakunkoo, “Illumination spot measuring
and analysis in classrooms, Faculty of
Public Health, Khon Kaen University,”
KKU Journal for Public Health
Research, vol. 10, no. 2, pp. 70-76,
Apr.—Jun. 2017.

[14]S. Sesefia, A. M. Rodriguez, and M. L.

Palop, “Indoor air quality analysis in
naturally ventilated university training
laboratories: A health risk assessment,”
Air Quality, Atmosphere & Health,
vol. 15, pp. 1817-1837, 2022, doi:
10.1007/511869-022-01220-0.
Organization for
Standardization, ISO 14644- 1: 2015,
Cleanrooms and Associated Controlled
Environments-Part 1: Classification of
Air Cleanliness by Particle Concentration,
2015. [Online]. Available: https://
antoandoluong.com/Files/Docs/ 2020
3181613304. pdf. [Accessed: Nov. 19,
2025].

[16] P. Tinochai, M. Tealek, and J. Kongpran,

“Indoor air quality in hospital: A case
study for a community hospital in
Nakhon Si Thammarat Province,”
Journal of Health Science, vol. 28, no.

2, pp. 325-333, Mar.~Apr. 2019.



N3msIvnsmaluladenangsy : un1Ine 188519 DA ugUUN
U9 14 avvil 1 ihouunsipu - dguieu 2569

[17]1R. Jabeen, M. I Kizhisseri, S. N. [21]J. Kanchanarong, V. Plongbanjong, and

Mayanaik, et al., “Bioaerosol assessment
in indoor and outdoor environments:
A case study from India,” Scientific
Reports, vol. 13, p. 18066, 2023, doi:
10.1038/541598-023-44315-z.

[18] T. Pahasup-anan, S. Chesuemae, S.

Samae, S. Yusoh, and I. Bindamae,
“Risk assessment of formaldehyde in
gross anatomy laboratory in a
university,” Journal of Energy and
Environment Technology, vol. 7, no. 1,

pp. 61-68, 2020.

[19]K. Promtes, O. Kaewboonchoo, K.

Harncharoen, and C. Ekpanyaskul,
“ Cancer risk assessment of inhalation
formaldehyde  exposure  among
medical students during anatomy
laboratory,” Thai Journal of Toxicology,
vol. 29, no. 1-2, p. 8, 2020. [Online].
Available: https: / / li0l. tci-
thaijo.org/index.php/ThaiJToxicol/arti
cle/view/244099. [Accessed: Nov. 25,

2025].

[20]N. Manorat and N. Sinthununsakul,

“Indoor air quality and microbial
indoor air quality in tertiary care
hospital,” Journal of the Preventive
Medlicine Association of Thailand, vol.

9, no. 2, pp. 232-241, May-Aug. 2019.

-118 -

S. Hongthong, “Monitoring of airborne
microorganisms and environmental of
laboratory rooms, Faculty of Science
and Technology, Rajamangala University
of Technology Rattanakosin,” Rattanakosin
Journal of Science and Technology

(RJST), vol. 5, no. 1, pp. 53-63, 2023.

[22] C. Pookaew, S. Kesornthong, and N.

Homkham, “Assessment of Indoor Air
Quality and Sick Building Syndrome
among Health Care Workers: A Case
Study of a Hospital in Saraburi
Province,” Journal of Roi Kaensarn
Academi, vol. 9, no. 9, pp. 882-895,
Sep. 2024.

[23] M. J. Zdilla, “Local exhaust ventilation

systems for the gross anatomy
laboratory,” Morphologie, vol. 105, no.
350, pp. 237-246, Sep. 2021, doi
10.1016/j.morpho.2020.11.002.

[24] P. Kimnarak, Airborne Fungal Dispersion

in Medical Technology Laboratories: A
Case Study of Medical Technology
Laboratory, Nakhon Pathom Hospital,
Nakhon Pathom Province, Independent
Study, M.Sc. degree in Environmental
Science, Graduate School, Silpakorn
University, Nakhon Pathom, Thailand,
2015.



The Journal of Industrial Technology : Suan Sunandha Rajabhat University

Volume 14 / Number 1 / January - June 2026

[25] C. Kokaphan, N. Khamhlom, J. Sathawon,

. Pongpan, S. Lorroenesil, Y. Kruawongsa,
P. Polyon, and S. Srisakhamkullawat,
“Airborne Microbial Concentrations in
Microbiology Laboratories, Faculty of
Science, Ubon Ratchathani University,”
Journal of Science and Technology,
Ubon Ratchathani University, vol. 27,
no. 2, pp. 77-89, May-Aug. 2025.

-119 -

[26] N. Pimphan, S. Phamon, A. Khanla,

and P. Inthasroi, “Indoor Air Quality in
Inpatient Wards: A Case Study of Six
Hospitals in  Health Region 4.
Saraburi,” Thailand: Occupational and
Environmental Diseases Group, Office
of Disease Prevention and Control
Region 4, Department of Disease
Control, Ministry of Public Health,
2023.



N3msIvnsmaluladenangsy : 41 Ine18esIvAaIGUUN

U1 14 avuil 1 Worunsiay - dquiey 2569
nswRuIusTRiaTnuledulssaiveaysneduinday

wasglwau doaun!, Juadnd nigyausludiv?, 2aun WA’

5
o3

fusnid dums’, 3TN ynsaadAugge
12345aquzimalulaggnannnssu i Ine1dessigutnusenda

Email: ployphailinnoi@mcru.ac.th1

Received: May 07,2026
Revised: May 25, 2026
Accepted: May 28, 2026
L 1}
Unanga

v '
o o S |

ﬁ]ﬂﬁﬁ?@i']sl]‘UillWL!Vl‘l/TWﬂ’WiLﬂ‘HGﬁaﬂLﬂu%@EJag 35.38 wasﬂgﬂé’uﬂsmﬁmﬂu%@ﬂag

a

v Y v
o

6.74 vosiudinanun ludunouniafuifsmadulzsndosinduiduluinhliluduuyse
widofesiuauinn FdutligtununansalngdenldiBmvhaneiiewisulgnsouselush
ThAndymuaie TunuideillfluduvssaunvhnssauiasUulssnnaudinseali
anungauitethluTusuiduussaiug fanmgfmnzauiildannmaaewanussg o
fio nszmwitmnuendule 75 Sadwns navanslinuni 75 n$u uazanzivanzanly
n15Pugy fo gaumnd 130 ssruwaldea Audu 50 bar uagtaan 15 3wl uenandddne
audAimanmenuazmenavesanuedulefuasliniungia dasznoufe mvaaey
AYIIVIUY MIVAFBUANLTLULY MINAFBUNIAATUL NMIVAABUAMINTY LaznIMAZEY
wsads Ingldadanisinsieiideya One Sample t-test nuitvuaLduleddnsnadoninis

o

naaeunIIen1eegeliduddgneada (p < 0.05) asuldhanuunnseseninsueduled

o

a

Sviswasiorn1maaey Tnsnantsdwamsadatdullusuaifsrtusunansiinseing
NAABUNNINBAIN uenanililonaaouse A NAYe MY IUITY T HANTVAEUUSTY
Fustnduledulzsniiruarein bifideauvididevuansailuldfuemsls S
vsspfarinndulodulzsnasdaiitednfndunisgadu uinnuansmadeuAmenIgnIn
wagnanaduwlifufezamnsainuivisefusiiieandodindeluld teunluldmauny
AVULNAERN

o & 1

AdnAey: lulodudean, UsTeAmY, NTEAI¥IINGITTUYIA, UTTIANIdesaaels, susny

9

danday

- 120 -



The Journal of Industrial Technology : Suan Sunandha Rajabhat University
Volume 14 / Number 1 / January - June 2026

Development of Packaging from Pineapple Fiber for

Environmental Conservation
Ployphailin Noibat!, Jintasak Kanchana-anotai?, Wasan Naksanee?,
Sirinrat Juntakan’, Jiracheep Butlertwisettitha®
L2345Faculty of Industrial Technology, Muban Chombueng Rajabhat University

Email: pLoyphailinnoi@mcru.ac‘th1

Received: May 07,2026
Revised: May 25, 2026
Accepted: May 28, 2026

Abstract

Ratchaburi province has an agricultural area accounting for 35.38% of the total
area, with pineapple cultivation covering 6.74% of the total area. During the pineapple
harvesting process, the leaves must be cut off, leaving a large amount of pineapple leaf
waste. Currently, most farmers choose to burn these leaves to prepare for the next
planting cycle, causing pollution problems. In this research, pineapple leaves were used
to make paper, and the paper properties were improved to be suitable for forming into
packaging. The optimal conditions obtained from the packaging production experiment
were: paper with a fiber length of 75 mm mixed with 75 grams of stabilizer, and the
optimal forming conditions were: temperature of 130°C, pressure of 50 bar, and time of
15 seconds. In addition, the physical and mechanical properties of fiber length and
stabilizer were studied, including thickness testing, density testing, water absorption
testing, moisture content testing, and tensile strength testing. Statistical analysis using the
One Sample t-test revealed that fiber size had a statistically significant influence on all
test value (p < 0.05), it was concluded that the difference between fiber sizes influences
the test values, and these statistical calculation results were consistent with the physical
test analysis results. Furthermore, when testing the cleanliness level of the packaging, the
test results showed that the pineapple fiber packaging was clean and free from microbial
contamination, making it suitable for food contact. Although pineapple fiber packaging
still has limitations in water absorption, the physical and mechanical test results indicate
potential for further development to reduce limitations for replacing plastic containers.
Keywords: pineapple fiber, packaging, natural paper, biodegradable packaging, environmental

conservation

-121 -



N3msIvnsmaluladenangsy : 41 Ine18esIvAaIGUUN

U1 14 avuil 1 Worunsiay - dquiey 2569
Ui

FwtarwyEifuiivenun Ussanm 3.25
&1uls Wuiuivhnsinues 1,152,159 19 @n
JuSeway 35.38 sumﬁuﬁﬂy’wm Imﬁuﬁm‘a
wingUgndudesaiiuseanm 77,653 13 Aoy
Sovay 6.74 sunefiinsimnzUgndulysed
W 4 sune Uszneuludesinesanis
1,756 13 @i 13,120 13 Tuan 61,328 15
wazUnvie 1,449 15 [1] Tneluduneunisiiu
Aemadulrsasnludesinadruiiluluiie
inliluduzsadnadivSunamasissuiy
wn luusazseuntsnanasiludulzsnani
gnﬁamnﬂdw 4,000 Alansusials warain
msAnwdasiunuin luduvssnanilmidy
lowedvanfuosas 2.7 vesuninly
Fuvzsnan Tuduursadudiuiifivaglaa
wioaunsalndulels Tnevhludomhuwan
JunszanvuazTanaduns ssiudndulely
FuuzsaflautRidenaiineudnegs fuegda
wazAudussgerninsananURileng
I (specific mechanical properties) GN
Wieuduaaumuwiy senuindiaegluseiu
Weadudulowda (2] AdnasTduegag
wnsuanelugnavnssunans v Snvadule
duvzsaduinufiseaiilaine waglid
asivsunTemnzauiiagianyinduuse

fusinaunuivinananiagsssunilaglian

< o

Usya U NUL AL BALNIUNT SUITNSVUSUNYIN

Y

(%

Wiussaduaiaiuisadesaasld Fadude
Indseuludesnisandymdwindeu e

< 1% a v & =t
L‘UUﬂ"IiﬁﬂﬂWiisﬁ‘WﬁWafﬂﬂLLﬁé‘fFNL‘Uu@ﬂ‘Vi‘UQ

madenbiguilnadentd Jagdulssmelng
masszautymanvesdunsizsiunidy
dusu 5 veaslan [3] nuUSuiaverna@in
Tudszwmalneandusosas 20 vesUSu0
yezmun WiaUszanal 2 audusiel Fwvey
warafndedddnalunisdevaaisiade
Uszanal 450 U danansenusiogunineundy
wazdwindouluszosend wasnint i
ag1aRn3s gy lAiinuaiwuazlaniau
nasslrlunazgenarainnasidudaden
SUAUAU ‘1’7i;:Jﬂuiﬁmmﬁﬁﬁgiu%ﬁmﬂixﬁ‘]’ﬁu

yognanaRnindutiymyunssifianusuiu
pgrussFuiiagdosuily dmnnldussgdes
aagldiindnannszay agldinailunis
gosaaIslafioUsyann s 2 - 6 Lieu
[4] nsldfussyiadigesaataladalumaden
fifuszansamlunsuidamamindey
ansPiuenTiaaglas (Carboxymethyl
cellulose: CMC) Wuayiudvaavaglaadils
mnmsdaudasmnaad SanauiRavaieild
7 1Huansiliduiy devaanglinusssund
wagifuansildsuniseouiulugnaivnssy
9MM5LAzUTIYN A LesanTauansn
Tunsadsilduuagiinanuudusadana
Trutanduleldfiniansuszauily wu
wlsdud1Usnas nienedlhidlanoaneged
(PVA) [5] nalnnistaimeserinadulesssuwd
fiu CMC \inanituselalasiausenitmyle
asanda (-OH) veuduluwaglaaludulssn
fluna1suendiuiia (-CH,COOH) ¥aa CMC

danalmdulofinnsganignuwtudutaz iy

-122 -



The Journal of Industrial Technology : Suan Sunandha Rajabhat University
Volume 14 / Number 1 / January - June 2026

AUANUNIULSIRABE 19T USEENT AN
mewglaidediadentd cMC i luansli
ANNAIAT (Stabilizer) TunsgutunIsHan

1Y (4 v

ussadunduledulzse

q
v

AealugAnwiAuai1dadanuauladne
nsiauIUsTIdInduledulznlagly
msvenduiiawaglas (CMC) WWuanslinnu
AN AN TUIUNMISATUUR o Rusisou
Wea¥eussiusifivasade 1uinsiv
Awandey uwazduasunsldtanmdetisan

FITUVG

uwuRanguiuazassaunsuiiiietas
wduledulzsn (Pineapple Leaf Fiber:
PALF) Usgneumieigaglaalszuivioay
70-82 Lailiwaglaasovay 5-12 uaganilu
Yowaz 5-12 auddy dulouiadiandd
Banafddoy 1dun auudaussiege dn
uegdags uazaunuILLuen vinlidule
dulgsadufiaulalunutanaeunodnuaz
U359 AR [6] duledudssaiiarniy
wssfsdumefifsuldfudulonda Tae
duleRfinnuensziunans 50-100 faduns

(mm) TennsBainzuazmstugUiiaian
nalnnsdanizseniredulesssuviiu
CMC Waruiuszlelasiau (Hydrogen bonding)
senamgilandures CMC funglensend
auuiuRdulewagloa dwaliAnlaseig
wodlesfudsusauazdangu nsifisdiua
CMC agtgifiuAuunIusaia wivnly

YSunanfuninsgauimungauasyinliiang

'
=]

wWazlazaideaiudangu [6] uldy
Aerdedusuussyiasiandulsssund
WUIIUTIYAUIMIINNINDTBE (Bagasse) uay
ulelsiflandinenailndifeaiuussy st
nsgmudandeg uidiilgminisgaduni
3¢ Beanusausuugslddentsiadeuiiavde
mauinanslvinmns faudlilu cmc

1Y

IngUszasAvan1sIde

1. iefnwiannziimanzaulunisuds
nszawniduledulzsn

2. tilefnwand® nsneamuazana
yaenszarwInduledulssa saufieadny
Uaeaderuyduniddmiuussadunduda
213

3. eWanussysarinduleduuysn

\ioaysnEawInaay

52108u35798

n153eiduvanszuiunisesndy 3
Funounan 1dun (1) Msudnnszaeainidy
leduesn (2) msvTuussnmandfnseany
LLaSﬂ’]i‘ﬁlugiJUﬁﬁgﬁ’m“ﬁ waz (3) NIVAdDY
AoaNURAveIUTI I

Funoudt 1 nswannszarwannduly
dulzn:

1.1 ¥lududersafimionsainnis
Aufisundnshanuazon dadenluiide
28N FAMALAAINULEII 5 SEAU TawA 1-2, 3—
5,25, 75 way 150 Jadums (mm) ANAI8

ansazany NaOH 5% 50 ndu (g) sialududzan

-123 -



N3msIvnsmaluladenangsy : 41 Ine18esIvAaIGUUN

U7 14 20U 1 FouunsIAY - Tguieu 2569
1 Alanfu (k) 1441 6 Ans (L) Agaumgilsl
#oen11 90 seAwaldea (°C) 1Wulan 2-3
Flus () arntudradeliazerndeiila
01y naetJuncunsEATYIUIA 297 x 420
fiadwns (mm) warainlufienniaarewm
Uszanas 4 Hlus (hn) (alennuanmsienszne

WYARLATURAINALLATIY)

= = v Y
M99 1 LLﬁﬂﬂﬂqiLmiﬂﬂLausLﬂaUﬂgﬁﬂ

dunad anueludulzsn @adung)

nIEAY )
g

nniaule P1 P2 P3 P4 P5
dudzsa 1-2 3-5 25 75 150
dhwinlu g 1000 1000 1000 1000 1000
J3uaw
P ml 6000 6000 6000 6000 6000
dndan
IETCINE]
. g 50 50 50 50 50
asenlus
nanildly
. hr 2.30 2.30 2.30 2.30 2.30
N13INU
naniildly
hr 14 14 14 14 14

[aukizeial

1.2 anlududesaan : 149ns1dIu
Twanlwdesas 5 vesmiinludulzsnaniild
fu Ao Tolgalv 50 nu (g) mensldlu
Fulzsnan 1 Alandu (ko) Tdurlunisda
Uszurw 6 aas (L) Toarlunisdn 2 - 3
F2lus (hn) Funatanidlddusuiien
uenantugamgivesnsududeddndos
Snwgumnivesmsaulaiaue laitosndi
90 A LaLTYd (°C) MABATYELIIAIVDINITAN
mngamgiianinagyinlinisiesgeveude
Wuwiusenlduinndissezafinunls
WlHidsnaardudondemaslunisd
[7]

1.3 msdraenszane: tedesnly
Fulzsaithunssudesdrshanuazenn 1
eldnineludoutuglusunlnethifldgdns
msdunsdrauutilnaiiuielilann
agluidenndnaeentvivan

1.4 n1snannszany: Yndediniu
msganduthesnlsun Felildiminang
10819809 (VANTEAY NI 297 LealnS
(mm) 877 420 Jadwns (mm) g9 4 aawns
(mm)) Mnduidelinsyatesadeidediy
Wuran 30 Junfl (s) wazmasuunzLASfia
vde udldiilevdetunasdeliviusiy
ptsasELe onRzunsuaInludnvae
Fmsaudimaduusuiieliissungeon
nnszaylviviug (8]

1.5 A15AINNTEANY: ANNNTEA1YLY
Tusuuszann 4 $lus Tnsaauiinndodl
AFOINIAEIBMEENEEATN HeINnsEATY
nludulgsaiinisnafags Fatunismn
nsvarvluiiunndnaziilinszaiuiinisme

FOE 1IN AT NRABONIINATUAT

- 124 -



The Journal of Industrial Technology : Suan Sunandha Rajabhat University

Volume 14 / Number 1 / January - June 2026

'
a

fumeuil 2 nsUFuUgsnaLtRuaznT
Jugtussafust: tinszaviindnandule
YA 75 Taduns (mm) wnauanslinag
A (CMO) TuuSuna 3 seduldun 50, 75
uag 100 n3u (@) Fawansluansnedl 2 Jugy
fenszuIunTsnTeuiigumgdl 100-150
I LaLgYa (°C) AU 50 bar 1391 15-

20 U9 (s)

AN5199 2 LARIDRSIAIUANINLINADUN B
NAADIAN MMM AUIUNSHNARNTEAE

WMABURIVUNA 75 Ladums (mm)

- YSunauansiiannuasia
[ « *
g T 29AUsTnau -g 50n%u  75n% 100 n¥u
i ) © ©3
1wty ¢ 1000 1000 1000
2 Yananhwa ml 6000 6000 6000
Toiden
3 . g 50 50 50
lensonlun
4 nnildlumsdn e 230 230 230
5 pafildlunsen hr 14 14 14
v 1
L a wva
YUNDUN 3 ﬂ’]iV]ﬂﬁ@UﬂmﬁiJ‘U@]“ﬂ@ﬂ‘Uﬁiﬂ

A9l nedsvauiAnIenIgnInkarnIeng
TALA AIUIUY AMURUILUY mi@ms‘ﬁmﬁw
“SO 535:1991” AINTU WAy W3 (ASTM
D828-97) AT IzHan18@dA One Sample
t-test WaznaapUANNYADASUATUAUNTE
dnfuusydueidudaeims

3.1 MmUYt uAdoU:
JunadouazgnaTINasufeAdInoaLieiiins
A1awes (Digital Caliper) Auaziden d =

0.001 #88.4ms (MmM) TAAINURUILAZRN

Alade fogsay 4 funs InTuNAEey
luusdazgns

3.2 ANSNAEBUNIAIINRUILUU:
Aurnananuduiudseninsimdnuas
Usunas @nunsansiadeuivinldainaies
FiaziBun 4 funus warUSuiaaiunsa
AIALFINNAAMUBIULIAAIINNTIE AN
917 LazAINMLNTBITUNAEeUlABYNTIN
ﬂ"]Laf?isJﬁ]'m%umaaULwiasqm lngvin1sen
M10819U11A 5 x 5 gnuieAnauiians (cm?)
N TUAIUIU AU UL UUF IS

v

saluil

=e

Mass

Density = Volume

o Density = AUUILUL ( g/cm?)
Mass = UTRUNTUNAgoU (g)
Volume = YSunstunnaau (cm?)

o

3.3 nrsnaasuatnuTuludan:

q

v
v a

fndunaaeulidauin 5 x 5 LlWURWAS (cm)
ildaminreunaaeusiordetiainea
4 gunids Huthwiinnouey sudogumgl
105 pemaida (°0) Wuan 2 Falus Asu
nanieenutadmdn a1ntur e

ANUTURIFUNSAD T
. wy
Moisture content = v X 100
0

o Moisture content = ATAINUTUVDS
Fuu (%)
W, = dmitinuastiunagaunauay (g)

W, = TN UNAFRUREIDU (9)

- 125 -



N3msIvnsmaluladenangsy : 41 Ine18esIvAaIGUUN

U1 14 avuil 1 Worunsiay - dquiey 2569

3.4 miwmaauauﬁami@m%uﬁw:
INSIUTUNARBUTUIN 2.5%5 LoURIAT (cm)
AuMUIUsENI 3 Haduns (mm) 44
dhwinguneasuneuthluudlutsieenn
Tooawdunan 60 3undt (s) Tnelviviantu
vedeu ndntuFuthduRudenseay
frszuazdathmindnady AUTUIUNIAAT
%%ﬁwmmmﬂmasuamfwﬁ%wmaaugm%m
Tynsaetminvestunaaeuieuusinny
WINTFIU “ISO 535:1991” Felddmsuneaou
miamﬁ?juﬁ;ﬂmaammwuawa%mimﬁwms
miAnadsaindunaasvluudazgns lae

AwnandAnseaduinlafsaunselull

Water absorption = il
0

Wi Water absorption = ﬂ'?ﬂﬁ@ﬂ%mﬁ’ﬁ
(gH,0/%)

W, = dhminvesdunadeureuLti (9

W, = dmivestunaaeundaih (9

3.5 NISNAADULSIAI: LASEUTY
naaouidusudmasuiudilagfaus sl
JUIRUITUIU 125x25.4 Hadiuns (mm)
AUNUIYTEUI 3 TAGAT (mm) YU
Y9ITUNAFOULAYIZNISHALYAILI9N
1A5FIU ASTM D828-97 BslddmIunaaey
auUR N15AIBINTEMYLaruesalngldons)
msasafined vnnsnadevautRnsieay
W39 MndULEUNUTZAIA AN3ENITUEER 5
Aladadu (kN) fmun audaildlu nnsia
Funndou (Rate of grip separation) Y111y

5 Jadunsredui (mm/min) Ngumgivies

NAADUANTRALIIAG LAZAIIUYIIVDIAT
(Gauge length) 80 {aGLUMTANINAIINYT
gudnaaiiiomeAinisiuyuLIsRs (Tensile
strength) AuBRAEYB4EY (Young’s modulus)
wazAn Wosi@uin1s8asa (% Elongation)
nAEoU 3 e fedhar 5 asdaevinns

AMUIMALSIRI LA RaaLN1SR LUl

Fin
Op = —
dle O, = fUMULsIRIEEn (N/mm?)

Fr = wsansgyingagn (N)

3.6 NMINAABUNIIPIUALUADASY
YOITANAUNADINIT: ATIVADUATUAIY
dre1nvesusIviunanduly lngldya
NAFOUAINET DNV INTUETIdU A0S
wazile ns19aeU0E1BUNREDY TC2
I 5 dedramageu suferudunsa
ANUBINTEANY ToN1SNAERUITIoWINTEA1Y
3un 15 x 25 fadwns (mm) luthnduiisld
T¥a1591nnsyarwennu Uz Uulutudain
ueniites (pH) vesansazanerhildnszany
Tnonnassfegiay 3 ade [9]

3.7 nMsnadeunisiasunlanig
NYATNVRIIAR: nsnadeuNsiUABuLUAS
yosusTatasinnduledulzsn Afuinulu
oaumgiiAnnin 10 ssmnwaldea (°0) Wunan
5 ¥u Inedananisaliudsunlaswesd nau

wargUnssiasuulasly

- 126 -



The Journal of Industrial Technology : Suan Sunandha Rajabhat University

Volume 14 / Number 1 / January — June 2026

Nan15338
NANNSNAABINUINNTEATYINUAUULSA
Afaqnue1dule 75 adwns (mm)

wanzaugad niun1siusy e nid

AuantRmeasliauaIis CMC Usuiu
75 n¥u (9) wuinduusunuimuivauign
MNNINAFRUANENTRTIININAkAZNNEA N

AILARILUAITI9N 3 LAy 4

nIgauilaNUazRealazisey WauTuli

A15197 3 audinnanienmeeanseanwInEulydulr sanauenLEulefneiu

. . anuenuduly Anwvuwiy Msgeduln AuTu
MDY NUYLNA
(mm) (g/cm3) (gH,0/9) (%)

Al 25 0.1850 4.12 6.82 diledu ey
A2 50 0.2012 3.87 6.45 HAutnaSey
A3 75 0.2245 3.50 6.21 3o wangauiige
Ad 100 0.2180 3.71 6.38 Aseu witduloenaiiu
A5 125 0.1990 3.95 6.61 wiilegniann Juglenn

NN aUTGH

A1519% 4 FuURn19NIENMLaENINNaYBINTEAYIRANENS IR INNATY (1Euly 75 U

v AAUALILUL ms@,méz’iuﬁ'] Audy usefe Tensile
A29819 CMC (g) RN
(g/cm3) (gH,0/9) (%) g (N)  (N/mm?)
a 50 0.2416 3.24 5.68 433 001386  vAAUEANEY
2 75 0.2549 2.83 6.00 1233 0.03946 mmzauﬁqﬂ*
a 100 0.2380 2.64 5.76 136.7 0.04374 udaiuly

TN TUTGA / HANITUATIINNGAA: p < 0.05 MTUYNTIENITNATOU

HANIINAABINITEATUIUTBUNUIN

aa ! £ =
Qmﬁ{]umL%ﬂquammaﬂqimuzﬂ AD 130 94AN

walea (°C) HaanIUnIazIIgasiden

UITYA TR sUSnaR IS e Ul ' v p
wosuTsyTaLIuLaz S Wseulifidy U7 2 uaneussyTosmNEATan
o3 Wenaaeuanuuaendevesussyiue

{UNADIVNT NANITNA A1981998 a
dudae1mns wansnaaeu 5 feenvegly aluazafiusena

¢@U C Fananainluiidesdunicd ce & v oo o
AU C TINAN lmlfuaa;au iEJLﬁ]E]IUu NATednuInsEawInEuledulysa
WILNZANFINTUUTTIDIMNT AShandlusURA 2 o a = 9

L 9 AANUE17 75 Taduuns (mm) HEUaETT b

AI1UALHY CMC 75 nu (9) wasTugud

-127 -



N3msIvnsmaluladenangsy : 41 Ine18esIvAaIGUUN

U1 14 avuil 1 Worunsiay - dquiey 2569
9ol 130 asALwaLea (°C) AN 50
bar 1381 15 3udt (s) luan1sfunzay
fian anuuanisEnisadulesiavina
HOATAITNAUILUY miam%m}ﬂ LagAI
mmsﬂguaamﬁﬁaéwﬁzywaaa (p < 0.05) 3
NANISAIUINNINANAADAARDINUNANNS
VAFOUNIINIBAIN @shiALAIEY CMC 7
naunanglunaziadoufinniouannszaiy
Frwanni1sdusiiuesilamty uananld
Ysunannifuluasdamaliussydusiiaig
udanaziUsny
dlowSsuflsufunudsefiieatewiu
Ussiarandulesssuena wuiiussiue

a o

nduledudzaalusuideiddaaai
NUIMUY 0.2549 NTUABNUIANEURLUNS
(g/cm?) Wazls9Ae 0.0395 UIAUADAITIY
faduns (N/mm2) TuseduilndiAsaiuuss

o (4 = a

Auva1nn1ndey (Bagasse packaging) Fadl
ATWsI9egluYae 0.025-0.050 TR UMD
A1519TaAWAT (N/mm2) wHU3IN NN
duleduursaiideldssuiunisdesaany
prusssuIRnaznsliTannaoiianig
N15NuAS Teatuayundnnisiasugie
My wIsu (Circular Economy) 18311AR Y
nagnantiiige (2.83 gH,0/9) ol
U5 dad aslasunisudilusioeg
nsfnwansindouiiianudunuiigsdu
WU VRasTSUTAVEeANSTaN e 9
wilussaduainniduledudysnasdad
fFogriadiunisgadui widuuslduiialy

nsawselulaenisfnyianndiasuni

ms%uﬁwqaLﬁaﬂ%’uﬂimmauﬁammw uay
Mz sageuauaNTANIInaLTiA 19
LSINTEUNN UsadinlAs wsanm iilelvins1uds
UAAsenfiAntusuussfueiidodiusann
nswvi1 uAdeilliudselevidonisduaiy
nsldTanmaelinianisinens andymivey
wanadin uaztIeysnYALIndoN
AnAnssuUsEnIA

YoV UANANVIIYNNALULAE N1THER
d3auy AMgmalulaganaivnssy
umIne1desviguytiuaouda Alknng

avvayunsaidunuidsluasail

References
[1] Office of Agricultural Economics,
“ Agricultural Statistics of Ratchaburi
Province,”
Economics, Bangkok, Thailand, 2016.

[2] T. Amornsakchai and N. Kengkhetkit,

Office of Agricultural

“ Mechanical Properties of Pineapple

Leaf Fiber,” Journal of Industrial

Technology: Suan Sunandha Rajabhat

University, vol 4, no. 2, pp. 1-10,
Jan—June, 2014.

[3] Pollution Control Department, “Plastic
Waste Management in Thailand,”
Ministry of Natural Resources and

Environment, Bangkok, Thailand, 2018.

-128 -



(4]

The Journal of Industrial Technology : Suan Sunandha Rajabhat University
Volume 14 / Number 1 / January - June 2026

S. Chaithammapakorn, “ Biodegradable
Packaging from Agricultural Waste,”
Journal of Packaging Technology, vol.
5, no. 1, pp. 12-20, Jan-June, 2015.

N. Klinpikul and Jantarat
Wutthisatwongkul, “Paper Properties
Testing Methods,”  Department of
Packaging Technology, 2015.

A. Suphaporn, “Polylactic Acid (PLA)
and

Properties Biodegradation,”

Biopolymer Research Thailand, 2011.

(7]

-129 -

W. Surawatthanawiset, “ Hemicelluloses
and Lignin in Natural Fibers,” Journal
of Bioresource Technology, vol. 8, no.
1, pp. 45-60, 2017.

M. Liwtaisong, “ Biodegradable Plastics:
Classification and Properties,”  Polymer
Science Journal, vol. 3, no. 2, pp. 22-
35, 2013.

C. Sirikasemloet, Pineapple Fiber:
Processing and Applications. Chiang

Rai, Thailand: Agricultural Research

Institute, 2011.



13aTIvInsmaluladenamnTsy : unI1IMeIaLTIVA A IUGIUN)

U9 14 avvil 1 1houunsIau - dguigu 2569

nsUszsiudunseluanInuIndauniIsinusauenvgsddnnsaing

lugnaunssusluiaa

a 1 o ¢ o 1 a
i gulashy!, dnwan waiesh’
L 2A0ug a5 5EUANENT ANINeausIIuAans
Email: laksana.laokiat@gmail.com?
Received: May 04, 2026
Revised: May 28, 2026
Accepted: May 29, 206
unfdnge

v
a1 o

MsAnEIBAsIEiLUUnAR Ao und et ﬁifmqﬂszmﬁl,ﬁa 1) YU UATIB LAY
2) YszifiuszavanudusunsieluanimuindeunisyauvesnsAnuenvezdiannseing
Iagaiun13ANYIHANITATIVTAANINKIAG BUNITVINUIINTBYaNFENT T1UU 2 58U
AINTIVIATEWIN W.A.2562 Uag W.A. 2565 SIUAUAITLAUEITIINTEUIUNITINNU AATIEN
Toyalngldaddidanssau ldun Argeqa-Areign Aede diudsauuninsgiu uas
ﬂimﬁumamimmi’mamwmé’aumiﬁwmmﬁavmmmg’mmmgwmﬂiuLLﬁfazm”nuﬁ
Aentes nanisineamuin 1) dsrenususseluanimwadounisviney 2 g leun suad

wagsunenn lneduaiinuitaedeveusin (<100 pm) wagdurwiadndiamnsadng

Y

mafumelald (<10 pm) duuiliugeudlewSouiisuiunansnsindalul we. 2562 lag

AEUTWIANDIN 0.39 + 0.02 me/m? U 0.46 + 0.06 me/m? uazAUTUIAENLTIAIN 0.25
mg/m?3 10w 0.33 mg/m? muaneiu eeslsfiniu @hﬁmni’miﬁﬁ”’wmagjﬁmfhmmmgmmq
91Thounsly variidunosiasazdungimsanulussdudunn dudunsammuiisedy
Feaadunaenszeyiian 8 FlusiiunlivanaudlenFouisufunanisnsaTalull we. 2562
Taganan 67.40 + 0.85 dBA 1Ty 64.27 + 0.46 dBA Faflaagluinausinnsgiu 2) Useiliusesu
anududunsienuitoylussdutunansiegs nsAnwafsivdlfiiuiidunsiely

anmuandennsvieuAnuenvediannsednduuiiogvanesulunsdazitunnisyinau Favili

v a

HUURnuilonadudadnnavaunmluanimiindeunisinuralesusiuiy lnganie

9 q

=]

Wedinmshnuwuunyuisuluudasiug

a

AdAey: verdidnnsetind, n1sdaunen, N1sUsudiudunTy, enamnssusluifa

- 130 -



The Journal of Industrial Technology : Suan Sunandha Rajabhat University
Volume 14 / Number 1 / January - June 2026

Hazard Assessment in the Working Environment of Electronic

Waste Sorting in a Recycling Industry

Yanisa Chumchairak?, Laksana Laokiat?
L 2Faculty of Public Health, Thammasat University

Email: laksana.laokiat@gmail.com?
Received: May 04, 2026
Revised: May 28, 2026
Accepted: May 29, 2026

Abstract

This retrospective cross-sectional analytical study aimed to 1) identify hazards
and 2) assess hazard levels in the working environment of electronic waste (e-waste)
sorting. The study utilized secondary data from two monitoring periods between 2019
and 2022 to analyze the working environment, combined with a walk-through survey.
Data were analyzed using descriptive statistics, including maximum and minimum values,
means, and standard deviations. The working environment was evaluated against legal
standards in each relevant aspect. The study revealed that 1) hazards in the working
environment of sorting were found to fall into two categories chemical and physical. The
average levels of total dust (<100 pm) and respirable dust (<10 pm) have increased since
2019. Total dust increased from 0.39 + 0.02 to 0.46 + 0.06 mg/m?3, and respirable dust
increased from 0.25 to 0.33 mg/m?3. However, the measured values are still below the
occupational health standards. Copper and lead dust levels were very low, while the
average noise level over 8 hours has decreased since 2019, from 67.40 + 0.85 dBA to
64.27 + 0.46 dBA, and remained within the standard limits. 2) The level of hazards was
found to be moderate to high. This study indicates that hazards in the working
environment of the e-waste sorting are multifaceted across different work areas, exposing

workers to multiple health hazards if work is rotated between areas.

Keywords: E-waste, Hazard assessment, Recycling industry, Sorting
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Abstract

This research aimed to design and construct a coconut fiber extraction machine
and to evaluate its operational efficiency. The machine dimensions were 50 cm wide,
130 cm long, and 120 cm high. The frame was fabricated from angle steel. Power
transmission employed a single-phase 220-volt, 3-horsepower electric motor at 1,450
rom, driving a shaft-mounted beating-blade assembly comprising 18 blades arranged in
a helical, alternating pattern on a 1.5-inch axle. Performance tests demonstrated that 1
ke of dried coconut husk was processed in 4 minutes, yielding an average of 0.50 kg of
fiber and 0.35 kg of coir dust, The results, based on the established criteria, show a
minimum performance test threshold of 80% of the sample weight. Therefore, with an
overall efficiency of 85%. The results confirm that the machine substantially reduces
manual labor, generates supplementary income for farmers, and mitigates air-pollution

caused by open burning of coconut husks.

Keywords: coconut fiber extraction machine, helical beating blade, coir dust, machine

efficiency, agricultural value addition, agricultural machinery
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