91Sd1S fIdN

fadmdns snemaans uazinalulad

< v o
UN 3 QUUN 2 (WOEAIAN-FIKIAN 2569)
Volume 3 Issue 2 (May-August 2026)

LIBERAL ARTS, SCIENCE
AND TECHNOLOGY
JOURNAL

ISSN 3027-8929 (Online)



TONFNERNTIATY m,am%wau ’Nﬂi]ﬂ‘lf}a

NU5nE

AMUAAMEAAUFAANSLATINYANERS

NUDUNAWNYININT bNINa

UTIUTNS
$O4MANTINNTE NT.358ANA waAaLAM
$9FNANTITE A5 WaAsy Tanes
$99MANT19158 A5.AnTE Wiloulnd

L3

NUIYAEATINNIY A3.8719U DUDINUIN

N9IUTIAUISNS (n1elw)

NUILATETRINRTTY ﬂi.?QﬁWEJ Ineea

WM Ing1SunuasAEns)
S09FNEANTI5E A3.ANOIY LNYIAS
(WIvendeinunsians)
SO9FNANTINNTE AT.UYLAY v

(UMAINABLN YA TAIENT)

TOIAENTITY ATAYTUNT SNWFANATY

(UENINYIBYLNWATANEAT)

[ & &
Q‘U'Jﬁlﬁ’]ﬁﬁﬁ’ﬁ]'ﬁﬁl a.Usenn lozaay

"y L3
(UANMINY1RYNYATAERNT)

HYILAENTIATY AT.935MU WAaAT I

"y L3
(UANMINYI1RYNYATAERNT)
Yo s o
NTIYAIARINRTY AT NYIN ?Wﬁiﬂlla

(UENINYIBYLNWATANEAT)

HYILANANTIANTY AT NIANUS FSidleq

(UANINYIRYLNWATANZAT)

EviAneduinuasemans)
HTIBAERTI138 A3 fiawau Tunesd
EAneduinuaseans)
g}ﬁwmamwmsﬂ‘ a3.5u Tuven
EAneduinuaseans)
g}dasmamsﬁmsé M59A 0135
EviAneduinuasemans)
Qy‘ﬁwmamﬁmsé UStyay Waunaduans
AN duinuaseans)
s}zﬁamam'}misj N3N AILNDIAN
AN duinuasAans)
p}ﬁwmamﬁmsé YANNT AUANA
AWTAneIdeinunsAERs)
919138 03.lune n3uRnaT

(URINYIRYLNWHTANENT)



N9IUTIUI5N1T (AMuBn)

399A189 319158 A5.5578 sUTUA
(WRINIFUFITUAIERNT)
09MANT1158 03.gn51 InBidey
(@ umalulagnsyaauinandnnuvmsannseds)
FOIMNANTINTE A3 SyeySeil InThsy

(WP NINY1FUNALULATIITUIADAIULN)

a 6]

J9ANENT1TE A5.ANNTAE QLaseyAal

(UMINYINYETTUAERNS)
FOIFANTINTE AT NIANT LUSTITU
(UNINYABULIALT)
599A1AR 319158 A5.UTENAR ﬁwé%aqa
(UMINYINYETTUAERNS)
F09A1ENTIANTE ATLEUN NOTUNT
(UNNINYINYETTUAIERNS)
AYILAARNIIA15E AT UUNT RTTIN
(WMIneduuing)
HYI8Mans19158 a3 iBnde Yuuwds
(UMINYRETIAYNYAHIATI)
HYILAIARTIA5E 79,3993 Tanes
Wy INgags1vAUATUTH)
HYIeMans19158 A3.n13ud vetines
W Inerdemalulagsvienasyys)
AYILAARNTIANTE AT HIHIN IR RAUIAT
(WY INYISLATUATUNTILTN)
HYIeMans19158 A3.styrun lyeiuns
(UYNINY IS UEVATUATUNS)
HYIeMan519158 A3.993uns Sumes
(UNINYIABULIALT)
919136 AT.NGUNT AbINTnIue

(WrINe1aesTealu)

(&4

919158 A5.UBUIA WINYAR
(WM INYRLATUATUNTILIN)
8139158 A543 BINAN
(W Ineaewiivang)
919158 A.NING Yayes
(WM INYRLATUATUNTILIN)
919158 A3.y8mdln Ten
Wvningde@auns)
AMNARENG fuane

INITLuaraysNY BIANITAIUNGNUANENT NTENTIN

Vl%JWEJ’miﬁiﬁllsmaLLﬁZéQLL’J@éj@N)
Professor Dr.Yilin Sun
(Seattle Colleges, USA)
Professor Paul Kei Matsuda
(Arizona State University, USA)
Associate Professor Dr.Will Baker
(University of Southampton, England)
Associate Professor Dr.Pham Vu Phi Ho
(Van Lang University, Vietnam)
Assistant Professor Dr. Shahzada Qamar Hussain
(University Islamabad, Pakistan)
Dr.Dang Vinh Quang
(Vietnam National University, Vietnam)
Dr.Chatchai Rodwihok
(Konkuk University, Republic of Korea)
Dr.Peter Mickan
(University of Adelaide, Australia)
Dr.Junjira Tanum

(Yonsei University, Republic of Korea)



A81avIYN195215613

UNANTUUNR VUINUDY
UNENNAYNT FULDS

YIYADNT LY8EuNg

AIEAAUAENSLAEINENFNERS UMTINNSOLNWATAIANT INSUARIUNILEL
@i 1 W'dl 6 .AWNILEY B.AMNILEY 2. UATUFH 73140

T o ©

@ sy 034300481; 515 034351402

Y Jinnaput.c@ku.th

Website: https://1i04.tci-thaijo.org/index.php/art-science



A15URY

wdnmIseansiiieasaiuusransnimnisinnureayaaing
Tulssmeuiasgiaslsaneiuiaonau

5UINT wasLwAn, v wielly, §Avus wiawdos, suundy wias
nsitmLTagdan AUy MR Eounea RssU§RSE Mg
wasdmsumsniansuelussuuinammsia

Soyandin wileud, $35iun Fauany, winssa lawey, @13 a1da
msﬁﬂa‘usmLLasﬁﬁumw%’wmﬂimgwsjﬁﬁNaﬁaﬂssﬁw%mwmsﬂﬁﬁﬁmmm
WY USENUNNeNTIALATY 311A

yayth ugluwnd, fiasde wanlne
ngAnssnmslydedsausoulalfionmeniinvesauaiuaisduuen nsdifny
Janvdngnsuimsgsiatadin auivinisinnimeaiior Tsusuuagdioun

ARYEREANINTTUUINS UMNINYINENYATAIFNT INGUVANUNILFY

¢

algna dnyey, Ygydan maemu, YuunIun AITENTEYNA, UTANT weuen

9 9

sysnAvIatunsEtuaiamnlalugnamiugua: n3dlfny sesAmURHeNINeINTUYYe

LASOUNA ANATNIT
Decolorization of Methylene Blue and Malachite Green Using Hydrilla (Hydrilla verticillata)

Jassada Pangsri, Thanawan Panich-pat

NU

16

31

43

55

65



able of contents

Ergonomics for Enhancing Staff Performance in Public and Private Hospitals

Thanakorn Sangket, Natcha Phrupo, Thitichon Tangluang, Tanonrat Naktang
Development of a Biomaterial Mimicking Seagrass Roots Coated with a Photocatalyst
for Carbon Sequestration in Marine Ecosystems

Kanyapak Maunmee, Rujiranan Leesuksam, Pornpan Chomwong,

Saythan Saleephol
Training and Human Resource Development Affecting Employees’ Performance at
Bangkok Metal Crate Co., Ltd.

Boonnum Manochat, Pisamai Laothai
Social Media Usage Behavior for Tourism among Generation Z: A Case Study of
Bachelor of Business Administration Students in Tourism, Hotel, and Event Management,
Faculty of Hospitality Industry, Kasetsart University, Kamphaeng Saen Campus

Nattapon Satbut, Punyisa Lengwan, Chonmkan Sriviranichkul, Borisuth Saenkam
Governance and the Enhancement of Supervisory Authority: A Case
Study of the Associate Dean for Human Resources

Kruamas Smakgahn
Decolorization of Methylene Blue and Malachite Green Using Hydrilla (Hydrilla verticillata)

Jassada Pangsri, Thanawan Panich-pat

Page

16

31

43

55

65



A AaUrans mendans wavwelulag U9 3 a

'
o A

U 2 (nguwnAu-aemnay) 2569: 1-15

FACULTY OF
LIBERAL ARTS AND SCIENCE

KU nstsen
a d a [ 4 =
215415 dN: Aaud1dns INYIFAI1EdNs u,asmc-ﬂuiaﬂ S
LAS: Liberal Arts, Science and Technology Journal MLAMWM
ISSN 3027-8929 (Online) E.:'::EE::I

ArusAaUmansuazsneImans

UNANIY (Research Article)

NaNNITAENSIND UETUUTEANTAINNIFNIIUYDIYAAINT

lulsanenuasguazlsaneuiaenyy

Ergonomics for Enhancing Staff Performance

in Public and Private Hospitals

- 54

SUINT wawwnd !, dnvr wialls !, FAvud unandas !, suunsy wiane®’

LannInnangmitensdeasmegsia auginermaniuasAaumans unine1deysn Inenwsdunys suneviilnl

Jaiaduny3 22170

Thanakorn Sangket ', Natcha Phrupo !, Thitichon Tangluang®, Tanonrat Naktang”

! Department of English for Business Communication, Faculty of Science and Arts, Burapha University Chanthaburi Campus,

Chanthaburi, 22170, Thailand
* Corresponding author

E-mail address: tanonratn@buu.ac.th

Received: 14/10/2025; Revised: Date/14/12/2025; Accepted: 17/12/2025

AdIAgY

UNANYD

ASYANENS
UsANSAInnISYINau
YABINTNNNTUNNE

Tsameuasguazenyy

v v
v Aaao

n33dead el fiTaguszasdiio 1) Anwinisuszyndldvdnniseaanslu
T5ang1U1a5guazlsang1uIaenau uay 2) AT iNansEnuYeInIseran sne
4UNINYAAINTUATNITIAAAINUIAGDUNITYINNY N1TITETIUTINUAETLATIEN
onansyfenfififsadestslulssmanazsnssena 1 16 unAw (A,
2014-2025) el nsau P-T-E (UAAINT-S NWULIIU-ANINUING o) T
wanzan Usznaudunsensdaedesdiouszifiuaudsmmedunisemaninm
1195571 DA A L.Luuaaummwma”mLfaLLaximaﬂizQﬂuai‘ﬁﬂ (NMQ),
iwsesfioUsziiumnuds manienin (REBA), iedesfloussiiunameduuunay
LYUIIMAEAANTEIMIS (RULA), 1n3eaflousziiunnandsmasumssamans
Tudtingu (ROSA) LLaxﬂizLﬁuﬂmmmaﬂmiéﬁamwﬁ Joanna Briggs Institute
(JBI) uag Critical Appraisal Skills Programme (CASP) (2018) waziias1zvidaya
Tg 1438 n1571A 3998 011 (Content Analysis) wan133demudn yaainsly

159N81U18% 9803USLLAMKNTYAIIULE 8991NVIN13 TUBNLAG DU WAz



5UINT UANIYRE UazAas

KEYWORDS

LAS: Liberal Arts, Science and Technology Journal 3(2) (May-August) 2026: 1-15

anmundeud ldimmzay Ineilsyaanslulsmeruiasgdnndyaiszna
meawgauazdodiianinens wazluduisyaainslulsmeiaenvuny
Auidsannlsaszuundaienaznszgn (MSDs) uareniseenfiadulnsu
(office syndrome) anmstiwhanuuasmsisnanmuwandeslunsinalsined
Torunuiuduinsuitymdeaduuuuysanns Weu “yrans-dnvusam-
A mMIINAeY” Wi BNUIMINITIEAUDIANT LHUN WazyAAD Ll BENTERY

Usgdvznmnsinunasanulaeniovesyioeg1adedy

ABSTRACT

Ergonomics

Work Efficiency
Healhcare Personnel
Public and Private

hospitals

This research aimed to 1) study the application of ergonomics principles in
public and private hospitals, and 2) analyze the impact of ergonomics on
personnel health and the organization of the working environment. The
research collected and analyzed a total of 16 relevant secondary
documents (2014 - 2025), both domestic and international. The analysis
was conducted under the P-T-E (Person-Task-Environment) Fit framework,
combined with reference to standardized ergonomics risk assessment tools
including the Nordic Musculoskeletal Questionnaire (NMQ), Rapid Entire
Body Assessment (REBA), Rapid Upper Limb Assessment (RULA), and Rapid
Office Strain Assessment (ROSA). Document quality was appraised using the
Joanna Briggs Institute (JBI) criteria and the Critical Appraisal Skills
Programme (CASP) (2018) and the data were analyzed through a content
analysis approach. The results of the research found that that personnel in
both types of hospitals face risks from poor posture, manual handling, and
inadequate work environments. Public sector staff frequently experience
high physical workload and resource constraints, and private sector staff
show a prominent risk of musculoskeletal disorders (MSDs) and office
syndrome stemming from prolonged sitting and unsuitable workstation
setups. The results confirm that problem-solving requires an integrated
approach, connecting the “Person-Task-Environment” with organizational,
departmental, and individual measures to sustainable enhance work

efficiency and patient safety.
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dinau (Health and Interion) 1Wshefusgraiuszuiluuiunine viendngrudalieufieuiifiguiussaniuanes
wmsMsFuuAUiansnUsEendldldaie melidedinduninensvesesdns
1.1 JnguszasA

1. AnwinsUssendldvanniseenanslulsmeuiasguaylsmenuiatonu

2. ATV RANTENUVBINITEAIEATABAVAINYAAINT (Health) WagKHANTENUYBINITLAIANTNITIN
anmuandoslufivha (nterion)
1.2 uunAnuazvgufiitieadas
1.2.1 Wannmsvesmaniniseaans (Evolution of Ergonomics)

a =

AransnseAansdyaniiaainnisAnwianuduiusseninauuudiuau lauy sanniud sauasiity

a a v

Uszansamlunisviinu wnasddgisuduainnisiianudifgiunisesniuunulizauiuanuaiuisolas

o

o

Forfavesywd deundimniuudanisiamsnuegadussuuldifieanduneunandussansnmlunisyha
sufensfnvivimaazmsiedeulmlumshaouifiolesgimugyaiiiaannnsiedeulmilisiduinda
mmiﬂuﬁugméﬁwmmﬁLﬂiwﬁvhmmﬁaﬂumuiﬁwmma{]ﬂf\;ﬁ’u Tunawenmannisemanslaimunlugnis
Uszendliluuiunaudiineuuazauuins lnesatunseenuuuanidonuliivanyanfuadszayed foludurimis
nsvhau gunsal wazanimwandeunsvaiu denareidunseunuiAndifglunisussifiuiasufuussanimuanden
mavheululssmg1uia (Haines et al., 2002)
1.2.2 39935 14ASUUIMNEINAA1UN 58NS (International Ergonomic Standards and Guidelines)

osfMsUsINUITIeUsTINA (ILO) wawasdmsaundiolan (WHO) esuiinnaufisunivesssuundiilouay
nszgnanmsianuduavnddaueanisgadenannmusanuialan feaeviouliiuisanududulunsdnnis
mnudssiumseeaniegaduszuuluanuiivhaudmalimansussmaazesdnsseminssemaimuaunsgu
wazimdlunsUsziiukarauauaindssannsvia Wy

*1SO 6385: UANNNTYANANSIUNITOBNUUUTEUUU (Ergonomic Principles in the Design of Work Systems)
Farfunuaonndesseni ey ud 11U Lazanmuandeu (Intemational Organization for Standardization (1SO),
2016)

* NIOSH Lifting Equation dmsuimumimiineniivaenselunulduss (National Institute for Occupational
Safety and Health (NIOSH), 1994)

* Wuavng OSHA dmsunumerunauazaugniadeudnedie Sdimdnufualumsananudsaanauenuas
NINHASTINYIR (Occupational Safety and Health Administration (OSHA), 2009)

Lmeqma’Wﬁﬂugméﬁwaqmsﬁmumﬁa%i’ml,l,aﬁ%'ﬂizl,ﬁummL?%&Jﬂumu%’aﬁ
1.2.3 n5aUUUIAA P-T-E Fit (Person-Task-Environment Fit)

n3eU P-T-E Fit 95U mmeRsENINe “Au-Nu-anminaden” Jsinasonrundsauasysyavsnmueany
lngUsznaume

1. Person (AL): @35¢ ANLTILTY WOANTIUNITINIU ©IN13AN

2. Task ($71): SEAULT L3R AMUDYEUE MsenafeudeUie wasauninge



SUINT UANIYRAG UazAaly LAS: Liberal Arts, Science and Technology Journal 3(2) (May-August) 2026: 1-15

3. Environment (@n1nuinaes): Wy 1118 99Aay Ladade seeglden Huilvininy uazgamgil

winasAUsznausanulined ssiulanmaiinviiniades wu Ay O 8oy nieawinuiu wavdlugnis

v
¢ U aa £%

vindvannsvhou nssuiidaduiugulumsinszinidfgunmuazanimuindedlunided
1.2.4 1p5esdlovssidunuaesnisemans (Ergonomic Risk Assessment Tools)

o

MAFgMuMsemansinldinsaennsgiulunsuseivimanazaninwinden Fueliaunsassysedu

o v

anandesldosnaduszuu wdesdlod A iild liud

* LLwaaumummiizwmz@ﬂ—ﬂé"mu'fal,muua%ﬁﬂ (Nordic Musculoskeletal Questionnaire: NMQ): 14
UssllusumiaazauynveseInsuin

* REBA (Rapid Entire Body Assessment): [dtszifiuviwneiasta wnzdwivnusnuagnisiedouerdine

* RULA (Rapid Upper Limb Assessment): 10U 5zt iuvimmediuuuee 1919018 19U Ao 1aa Wuw inunzfueu

o

F1UNULAEUREIDD

o
o

* ROSA (Rapid Office Strain Assessment): I4Usifiumnundssssaaninuneufinmes sais 16y 9o wnd
wazAduain
wiasowanitielfanandenlssmatmiuanudesfuomsiyeansmenuldesnadususss (Waters et al,
1993)
1.2.5 UWWIARAFUNINAINNITINIY (Work-related Health Concepts)
mmﬁmﬂﬂﬁmaﬁswﬂé’mLﬁaLLazﬂixQﬂammsﬁNm (Work-related Musculoskeletal Disorders: WMSDs)
Huilanitwuesluypansmsnsunmd Raanvimmsdu 9n on wiersinnu Tasamzlununeuia suengdae
wavauatuayy vsfinguiauenansuazunsuiawesiimueimsludnuas “eenfirdulnsu” Jsduiudiuns
Havhaugh 9 wazMIRaAn workstation filalmunzaufiuaise (Carayon et al., 2006)
LLuaﬁmﬁwuqmmwmfhﬁyl,ﬂuﬂsaUa‘hﬁmiumwsﬁwmmvﬁﬂaﬂalﬂﬁﬁﬂﬁlﬁ@mms WMSDs Wag office-type
Tulsameunasisaosseiny
1.2.6 UARA 1UNITODALYYANTWILINADUN TN (Interior Ergonomics)
NENN1TDBNUUVANMUINEDHN159119718 91K workstation deaAdpefuaTazayed 1wy a1l 113
nsUSusuviaReney seeavAdueia-und uazAuAMLaEINY mnanmwIndeulined axvihlviujiRnudesuniy
FevmeiineliAnanndes wu Auaniiull Bexlna wiedasgh
LLu’JﬁmﬁLﬂuﬁugnwummﬁmeﬁﬁﬁamwmmﬁaﬂumu%’a LLazﬁdaaa%mammLLmﬂmwmgULLuumwuLﬁmizwiN
lsangnuasguaglsmeruiaenyu (Chaffin et al,, 2006)
1.3 eiseiineadas
1.3.1 dagunn
auIsInd ua gian (2558) Anwivssiiuanudsaasadodsmmsemansveadmihiigldrenfamesly
Tsmgaduaiuguameiva Smianussaie lWunsfnwidelinngiuuuaiadaunauasUszfiuanudemns
nsemanslagld eFesiovszifiuieneduuuiazurunkasAnnTomms (RULA) HansAnyinuin timihiidany

Weegann 3nvmnanisviinu lnglayyvan As n1senuaudiuuy wag n1siuae yenatnddmulymiuasadngi
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o 1
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o w
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o
¥
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U
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n1sAn¥IMuI1 nerutadanuynanIwInduazynainsdueglitedidny Jadedssidaaudimsveinisiaunsives
1% & = oA ° A o g va N A v
sTUUNAIUiaLarnsERn (MSDs) Aan1senianiy lngianigegidvimmensiauiviliiineinsuiavseil s

Turaeidaduidomandmsu anuRaunfvesnisueundu (SDs) Aeananaien Aty nagnsnisdesiuisdwdudeosd

'
' N

ANULANANUATHALNETULINTNSIDARYIIANUIATEAN IR laLaEA1SEN1eNIY

S o €

Fr3ml (2564) Anwiprugnuarladeniimsemansiduiusivennsiaunilasesvuundauilowaylaseaing

v '
= A

PN ° Y A wa Yooy aw a o =
nszgniintuiiesanmsveulunguduidRnulsmeuia Tagldi8n1533ei8d1539 (Survey research) nan1siny

Y v

Uil yeansnquiliignsimnuynvesseuunanuionaslassaienseangs lneusnideinisuinuiniiande nas

°o v A <l o w aa =

diuan uaziiddyAe yaansililaldgunsalvieruussdnluiflinnudssgendinguilld egradfidudAgyneada

o q

aguldinisuiulsanmmsinusazdamgunsalruusadudsdndusgnddunisdesiutymauamvesypains
. A
nauil
iy uar allan (2566) Anwinsusziliuaudesionuinuninieszuulasesiuazannsinnules
upanshulsanerviaensuwvnils InglduuvasunuwaziunsnUssiuanudsmianisemans (\n3osllouseiliu
FNMIAIUVULAZUIUVILALAANTRWIMNUAZIAT BT DU TLTUAINIEEIMINI8AIN) KA TANYINUIN YAaINTH]
ansldaunggegauion vasdueans, tud uagndediuuy waslanudssinuvimenisviadlusgiugs Tagianigyin

guvhau Fedulngjegluszdudesgeiaann Weaussilluamigiuninanuds sy nuiyaansdiulngeglusedu

'
v o v va

eage dafuarsiinslienuddumssmans nsusudsuimiamsvhey uasnsdaliiiideaindwmsugiidessu
vhauunaitetesfullgmaunmsioly

aigian uazAmy (2568) AnwiAnuduiiusszninenudssinnisiuiumsujuiagiunsemanslunig
MeuresypaInsurungUisuen lssmeuiaunusiil 3n1539ei@mssanun (Descriptive Study) vivdayavinngu
F883yAINNSUNLNETIELENTILIY 80 AU FIBLUUABUAN HANNSANWYY WUIANIEEIINMSYaLT AU
AungAnssunseaanslunsinureuaaInsuaungUlsueneg 19l ded Ay Taowanisfnuniidulssleniluns
iluldfpvlsunsundeumsnisifieduadunginssunisemansimangan uazananandsddunsuiaduanms
evesypanshulsameuiasiely

Phoonjaroen et al. (2025) ﬁmznmm‘qﬂLLazﬁﬂi’aﬁé’mﬁuﬁ‘ﬁUﬂdmmmsﬁﬂﬂﬂa‘lmq‘mﬂéﬁmﬁamﬂmsv’hmu
yomguaukungtasuen Tagliiinsidunadarnshenduiedisdiu 147 au Ussiuanuidsamnsemans

FeLA5 091l aUsELIUAMUESMNNAUNTEFERS LUATNIUIes TUN WY (Thai ROSA) kagkuvaaunuaIulIn



SUINT UANIYRAG UazAaly LAS: Liberal Arts, Science and Technology Journal 3(2) (May-August) 2026: 1-15

HaNSANwINUTY WS walngavgnuseidiudnfianudsmnanisemansluseaun windusenuauYnves
a1nsUIANaLaEnIEAnEs lasanneil AslazradIua Jauansernuliaenadassenitmalsaiiuaubesniy
w3 esiladuszaunuinfisenuade dedudndudedinmsuivlsuniedlousailuliazidentu saudnisduiu
wmsnsuAluluaniuninukazduasungAnssuguamag edanisduladenaniesinmenazinlafidmanaainis
UI931nN1591914
1.3.2 dfanmuInaeu

07191 wazamy (2564) Anwin1susulgsannaulaeyssendldnanniseatans luyaainsddnay
ans1saguisninumanseny $1uau 30 Au lunsideleujuinisuuudidusulaenudoyadnanimuasda3inm
U52naUAkuuUszi U@ eInunIsuAIans LuuaaunIuANURanely wazNITAUNUINGHN Kan15ANYINUII

1 a L3 U ¥ [ 1 ¥ 4 o =1 =
yaanssuiemsilgmuagiauouuiniuiuugslu 4 sundn (9w mseusailianug msusudssanniau nsin
nengnaes warnsIavieile) nasanandumssuusulianisua anudsdunisihauanas uazazuuLaie
anuianalaluaninauduniseaniwasn1sidiusiunen1suiulssannau Wntusg1elivediAyni1ada
InedadauiannudnSafidrdydio nsfldusamvesuaainslunsiaszidam 1wy wasdndunuegindussuy

gw (2568) Anwinsdnaninwindesluesinsidmanonisujifnuvesyaainslsmeuawimisludmin

I3 Ay a =@ Y 1 ° v & a4 oA a % v aa
uAsUgH LuMTRelelsuna Ingldngudiedns 9w 284 au Tduuuasunuluiniasile uagiinsevideyanigadi
Aederan1sAnynudl yaanslanuiiuiniinisdanisanmiedesluesinsuaznan1sujiRnulaesieyluszu
wnuazladadunisdnnisanmuandenluesdnsiidanuduiiusmeauinuazidudiivuananisujuiRnuegiad
WodAgyneana laun 91useuun1susmsinnisuazaulasiaseesnns 399lAuInsannsanIniIndouia
lnlameed W8an1suimsinnsuazlassasnei daau ilunguadidglunistuindeunanisuifnuvesyaains
Tssneuawisil

ANA kazANE (2567) Anwinavadn1slduinnssuiseawumasieaumImMIemansuazauldauauns

v a s Yada o | Y] . = o | v v X a a =
vaurldaunauiunes ngldisideuuuduadu (Crossover Design) Fsenanadinsazgnguliiaidviinlavianianeu
v a N ¢ v & = a o v 2 o W
WA UITZLAUAINLE BININITEANEATAI8LAT 030 0 UTZ LT UAIIULE BIN1IAT1UNITEAIARS LUd11UNaT1U (ROSA)
£ Ve 1 o ] U 2 v a s = 2; = L% L2 ¥ ¥V dyd

wazdnAnuianliauganigiuniineutasnasldauneuiiames 30 u nnuuIsinuazadulunaaeumeiindsn
AN LazUsziiunedsian nan1sAnsInuIn aeziul Useilluanudssndiuniseaansludiingiu (ROSA) Ll

~

uansinafuogidedAgmieadn enelusarsenintenauiiliidng winuieanaldauevesiunmessniungud
AnuLAnsnaiueg1eitedfameeEdd Tnsenisliauisusna wde feren Teile uazile anauileldiisnang
uinnssuiisesuvy Faandliifiuinnislduinnssuaiudnanotstisaneinisliguavieiithluglsameszuunsegn
wazndunield
1.3.3 Ineidnus

a1 (2561) Anwimstszdiunaresgunssitisndeudiedtislumsanadsweandunileuaznszan
Tugfdeneunavedlsmeawimisuiminvays 1unsideimaaes Ineidenngusegragdioneiuna 33 au
warTanadniuszezina 4 dani feouvulssdumudssimamsionulnglfisdesovsaiiuieneduuuas
wruruazARNTesims (RULA) wazuuvasuammuiinlianduidenasnszgn nan1sisewut nisldgunsnitae

o 1 a

wadeuded el Yrsananudsaveimamsinuliegiiteddyneaia wastivanauidnUinnauilonay



SUINT UANIYRAG UazAaly LAS: Liberal Arts, Science and Technology Journal 3(2) (May-August) 2026: 1-15

o w

nszanusau/uansasatnle deuwsinusandunvesnauiieonduasnssduiloaslidsunlasagneafidodAnnig

1] o
'

afinfin nansIdeagUld gunsaiteedeudtedasansailulfifudeyaiugulumsuiulfifteanaudes
yadundsiiouagnsrgnuiyaainslulsmenuiaduse luld

w51 (2564) Anwinsuszgndldmdnnisemansuuuidusalunsuivusannauiieanmuidsseslva
Tungamiinnumeaivayuredsmeuiawimiduimiavay3lagldisidefmaassiunguiaogie 43 au uazld
idesiiousziiiummndssaninue wdssdeuszifiunnundsmsunsemansluditneu (ROSA) uaziarudn
voenduilofe Electromyography (EMG) Han133dsmudn ndminn1sudulgsaninauuda asuuua i
amﬁmuammaﬁwaﬁﬁaﬁwﬁ’zymaaﬁﬁiummzﬁmmiﬁﬂﬂmlmLLazisﬁummﬁw'eNﬂé'mLﬁa"lwdﬁﬁumiﬁmmmL‘duﬁ’u
Wiz dilinuanuuandisegnafiedidgyneaddian nan153deasuladn nmsldndnniseeanswuufidiusiy
annsndunumeifvssavsamlunisanmuidesinunmsemansluanuiivinanule
1.3.4 unAIWITINIT

weswun (2557) eSuneuseinulymauniseransiunisvhanm Ima%’jﬁ]w’lﬁLﬁmﬁuﬁuﬁﬂﬁﬁﬁmudaﬂwm
sfinanvinusazideiilignges dadusunsesequamlunsiany unanudiinausuuzuumnausleiu ooy
miﬁﬂmmmqﬁgﬂﬁmLﬁaﬂaqﬁumma& TurauzihsaiuaniuUsznaunismsiinuddgiunisdnaninwinasulunis
vhauiiinnuasnsds ufseenuuugunsalidhouuasiaiesiesng 1 Wimnzaumumdnnisemans

AtigyaunsiagemsuiuUinsufoRnusnuaziadoud e ianfiousanennmdnnisemand (2562)
oSuefis "gllensusuussnmsuftAnuenuazindeuiie Tansneusinenamdnmsemans” tiletdunumsliany
Usgneufamsanunsaduiunisuiuuganmndenuasinsinuilisadesiumsenuasindeuting Janlsivsnza
fugnirmandnniseanans affedaseuaquiladesine q Tussuuau edadoresgning qunsal anmandon uay
dnwairvosnu itetosfunansynudessuundmilouarnszgn SudunananmsuftRmudlivuzas Tnoany
Hapmnseeansiiiimilugeinisuinidesuiinilva wvu vdduans 1 uaziai mwﬁLﬁumiﬂ%'uﬂgamu@jﬁaﬁ%
Freduaduligninamnsaviouldesnvasndvangtfive msidutie warlspannsiemu

qvisAng uazame (2563) tnausuuAslunmsUszgndlfivaluladmssenuuusiassaiiouads (Virtual Reality
Desien Technology) titeldlunsuseifiuguniseand Tnetlhiuinnaluladivieiiuauaznin aneuiianain
arunilondn uagannInUiuusssEAninmmsvinauvioransenunisquniniionfiadut U tRauseninnis
Useifiuniennaedlinuas venand Ssanmsoldidunumdlunsiauieiesdiouasiutsanmdnualosdnslud
awiuaiodmiunsidentiiniesiieUssiiusumssmanidndeg

° U o & a a 9 ' a wa a s o s
ﬂium/]']ﬂ'?‘u‘ﬂ@‘m']ﬂll@ﬂqiﬂﬁxLﬂJ‘Uﬂ'}WlILﬁEJ\‘iLLaS‘Uﬁﬂﬂix‘ﬁ/l'ﬁ/l']\‘iﬂallGN'WUF’YP]&IW']LG]@5mqﬂﬁaﬂﬂ7§8ﬂqam3 (2566)

U q

v v

Iegliidadgmanudssinunseeansifietuiufuiiinuaeniianes Jsdulvgdamunanvimianisiieu
v O o & i N o aa a =~ | ° 1
Mlalwngay lnenznistealieadunaiuiu aleldauiiaue BnsUseidiuanudes (Wu MIAIMLNAL/uL
Y8IAD NTBYNN/NNMVBIRVUYIBUUY) L lWamsaUTuUTIvImaazannuaeuimeslvigndesmunannise
¢ A o o a & Y & Y a wa
Aans e tngusrasdlunslesiuuazanlenianisiinlsawazannudulaslussuunanuilowasnszanve s TR

T duluegrediusednsam



SUINT UANIYRAG UazAaly LAS: Liberal Arts, Science and Technology Journal 3(2) (May-August) 2026: 1-15

1.4 NFAULUIAANISIAY

P-T-E (UARINT-ANYZIU-ENTMILIAGDN)
UARINT: SNBSS TEUATANTIANIMNUIMEATW, WOFNTIUAUAIY
ar - = w W X A -
Uaanfy, o1nsHaUNAMIIRIUNELENLDELRL
@ W 5 o =l o = o ¥
dnwazame: Palemsyihanueuiy, 1uideavie

anmadex: gunsalaniiiin, anmwasfaumnainenm

v

' = R . =
YITNHLEEN {ﬂj'ﬁﬂl\l, Uﬂw'ﬁaa%lquﬂ{]ﬂUJuL]ﬂq'Lm'u:'

v

- &
Nﬁﬂqﬁij'?.lﬂ"l'r'li lspssuunau LUﬂLLﬁxﬂ'ﬁ&j@ﬂ “8"

+

Y - v ' - El
NEANEUDNL/UTNT: anTnTatlisussliunianaany

. -
foWmAUUTUTDINATINE

Anutasann Kroemer & Kroemer Elbert (2001); Briclger (2008);
Hignett & McAtamney (2000); Sonne et al. (2012).

AW 1 NFPULWIANLUNTIY
= ada v

2. 33UYUIEINY
2.1 YBULUANTINY

n1339ea3tdun15398@98na13 (Documentary Research) dsdaunsngiissaunssunediunisussyneld
nannseenanslulsaneiuialng MinAsguazonTY AsBUAgY 2 Javan b (1) dfguamuesyaaing (Health) wiu
ANLYNYBIRINSRAUNANISAUSEUUNGLLBUaENTEAN WavoenilaTulasy MIadie uasnadeUsednsnimau uag
(2) FRANMINRBNNNTVINU WU @Dy waeadne seesldon N15ININeUNTal uAzIATBY LSS tnuAntanunAIY
MenunaeiALgefosIn 16 unAY B3 A.A. 2014-2025 eI uiisuanumilou-anusieseningdsame1ua
TPuazloNTY wasIRANNINRLIIAINISEMERSTINEAUUSUNLNg

g A o

2.2 INUNAALADNLLASANDAN

wnasiAndeniduenasiAnwluuTunlsmeiuialng (Tesguazienyu) S180UATIAR LU INYTE
ANTNUINRDNMIBLATIT DU TZIUAIUEIIN AU TEAERTAUNINTEIU WU kUUARUAINSEUUNAIHBuarlATe
nsEQNUBsAn (NMQ), kuuUsziliunnsideaenienn (REBA), WuuUsiiusaneduuulasuauyiagAnnseaiin i
(RULA) oz wuuUszifiumnudsanienisemasludidniu (ROSA) tlunwnlveniessngy Adulugig a.a. 2014-

v o |

2025 wazilszdeudsitedaiaun druena1siduunussansnmsuseanuiulaivins wna1sign uesedeuds

o
o o

WIelinanfsvinineites xgninesnaInnsdauasIzn



SUINT UANIYRAG UazAaly LAS: Liberal Arts, Science and Technology Journal 3(2) (May-August) 2026: 1-15

2.3 \n3esilouaznnsaindoya

dmiuisesiiouaznsatatoya {ifessdauniestomasguinenilunuiuaty Tiun wwuasunmszuy
n&unilouaslnsansegnuesin dmiueimsssuunszgn-nduiile way uuuasunusruunduilenarlasansegnued
fin (NMQ), wuuussiiiunandssnanionin (REBA), LUuUsziug 19nodmuulasuaueLayAnnsesviinia (RULA)

WAy LUUUSEEUANMEEM19NSEAIRSIUEINNIN (ROSA) @1115UN15UseurnmIaunasALd8suasdniilany n1g

'
o Y °

anatayaniiun13aieuuunesunInsgIL ATeuAgudeyaudwazINANL Ussinnlsmeruiauagnguuaaing

o

aa dl' a4 dy v o S aa ° | &
'Jﬁﬂqﬁ/laﬂﬁaﬂllamisﬂ G‘I'JSU'JWNWQEUIWW (MILKAUIDINTT ﬂ')']llsqﬂ LASNANTENU) AT

o

anRan 1nwIndouludivinau

(esUsznouamilin uasaine szenden) muddaiausnusieumsnsnnmuusazau
2.4 M3UsTNUAMNINIBNETS

ﬂ’]iUi%LﬁﬂﬂqﬁUﬂ?W“Ua\iLaﬂa’]iaﬁﬂvﬂLﬂiLWIK Joanna Briges Institute (JBI) e g Critical Appraisal Skills
Programme (CASP) (2018) A3UAUNTBU Scott (1990) WAz Mogalakwe (2006) lngfia13auANYNABIVDILAT
weouns pandeiovesszidous auduiunuvenau/uiun wasanudaauresaumsneiuingUstasdves
nsfnun iielinsAmnuuazasunaiindefiouaraenadestusevintunastoya
2.5 MsaTsikazduaszidoya

Tutunsinmgiuasduanesitoya Wnmslnnehifanmunimuuuiiesgidlon (Content Analysis) 32
MyAATRTUsHRU (Thematic Analysis) neldinseu Au-au-anmwindey (P-T-E) fivanzau lnedavinananiy
a0lif dfvesguninuwasniseanwuungludiingu wasduasizii@anssaun (Narrative Synthesis) LUsuiiay
Tssmeuasgiuenau iethlugdeaguiieaiu “anumilon” vesemudssiinusmiuuas “Armeins” vesguuuy
mmdsmudediiniBauiun was “desinenuide” Wy nmsysanmsnisemansluiiguaimuazasemansluiia
anmwandeslufivhanunelunuder msfenunassezen waznsUssfiudunuiagyssansua gavinedsdai

Jorguadannsnsemansifiarudululaluma §iRdmsulsmeuialne

10



5UINT UANYRS LazAaly

LAS: Liberal Arts, Science and Technology Journal 3(2) (May-August) 2026: 1-15

3. HANTSIVYRALIATICINANITIVY

M15°99 1 MNuan1sduATILINITIeAsItlluaeliivan nudnwasdsuazdedinfiunnseseninalsine1unasguas

LONYU 18ALLBYAATUAIMT

aau  S/UszhuSeudioy Tsengu1asy Tsangunatenyu nsAr/ Ay
1 dnwazanuidsman NUBINTANNRAUNAIINTEUY nuanseenladulasy mnndsaiamegULuy fufio
(WMSDs/Office-type) ﬂﬁmﬁ':auazﬂizaﬂga TneLang Toganzas , U1, tva , “msldussiivnlmuuazanniily”
Ao U1 Tia nasane wazia Lin foilo inanmsnhai YRAlINYIUIATY
mnmseniedeuinedths msfy,  Wadunanuuainmsld fu “msegiuddou” vos
Tasmng o uay n1soudu ﬂamﬁ’ma%ﬂ?ﬂ wagyimsly TsaneuIaLenT
Ny WaNgauiuaTIEYeITeNTY Fafpdldumandivineiu
2 Jadoaumnms anmuandeslumsinudils] flgunsalasuninudmsias  mnuuansaegi “Auammnisea
anmuwanden (nterior)  18aduwaesen vy el HANAA LY A1 NN “nsiigunsed”
fiflsouen szozaolivvan gy enaudosdassuuuiudiliidngy
wasarheilliashiaue fufisifn  Audsvedaludiniug s msvhauduseyana
e 9 vesvies JFulamzynna
FuuasuasTudy
3 asuuulszidiu indesile  Aade REBA gend 7 (ssuidies FLady ROSA Az RULA ATLLUABAAIT UGN YUY
s amagy g9 Tagwnzlumhilvesmewia  eglussiuuunansdegsly LATDINSTITBNY Uans
nsuAans WawKYIENeIU1a nauwInsUeNTlF ANudITUS ST Ieimng
ANMLIATENNAYDINNTYD USRS
yAAa
4 NYRNTINNTTVINUY fesinuseiionasen hifinan snlaifiveindy (Micro- WaestnsruunduLazmS
(Behavior) AnLieane break) wifmutuaglalause AnngAnssuiifduvesnise
GRGIH
5 HadwSAUUsEAVEA M iumﬂmqq?ﬂu neveldEmTy  UstAvBawanasainadiudn ﬂzymsswﬂa”wmﬁ"aLLasﬂs:qﬂﬁ
nu nalnensaiaUseanSanuas

AMNINUINNG

1338 wandliFuauuansadeuiunssrindsmeunassuasensy Insdadodedunassiniuussnionm
uazdosinvesanimwindenlunisviinuedistaiau duentuiiarundssnnnsamimeduasnisdaanildimga
nsliaTesdieUssiiunnuidsmnasnunssmandmuannsgudenndstuaI M axounideslosning
UARINI-ENYUTIU-ANINLINT DN

KaveIMTITEASsiiiauonanmsinaTzianIssuNINTkIuNsAAEaNTILIL 16 UnA (A.A. 2014-2025)
Tuvsunlsmeualng lnesigauniy aeeliAvan A TAMUAVAMUDIYAAINT (Health) kag TRFUANINLIAGONNTS
v (Interior) w¥ea iSsuifisusswindsmenuiadguazienyu fdinddny Tiun anuynvesernisindnimdsaszuy
ndnnilouaznavgn uazeeniie@ulasy uay AzuuuUssiiunudsmsiiunsemansnunnsguseiniesiou sy
AudBIIuNTEManfnuINRTEIL Sfunsihlaue FuanEafiugum (3.1) Audesaiuaninwndes (3.2)

MsduAsIzitonled (3.3) wazdeinnansoududauleuiy (3.4)

11



SUINT UAUYIS UpzAaly LAS: Liberal Arts, Science and Technology Journal 3(2) (May-August) 2026: 1-15

3.1 Afdugunm (Health)

(% v

HAAUATNINVBIUARINTALDUFULUUAIE LI UANATEnT 19N IASTuateNTY Al HaduaT1eriadinly

o '

l5amg1unass nquneuIakazuaaInsatuayuiiauyne N siaunfmalsassuundaiauaznszan luseaugaegn

o« 9

o ' o v A

setilos Tnesumisiinuuos 1éun Ao U1 Ina ndsans uazin nalndrdgyAenisiunssiienuazindoudeiiae msu
wiadamiiinanis waznisfunaziiudunauiunelddeditamdaunasiasen susily Tsmeiuiaensy nau
oovlilauaznuenansiwliueinsludnvazesniiadulnsugs Inslamzas-ui-lna-deile feduiusiunistsnsiiu
DAY ST 9 LLazmﬁéTym'namWLLumé’auﬁhjmmzh”ua%'izﬁwqﬂﬂa msmetaindugwhlindnuienunuaziing
wuvazaLInamsIeInsiinuauluanesunus deluszfiansan Jesesuanimuandsunisyheiy (nterior) Aitdush
udnlAni v adeesanann
3.2 RN ILENINLINEDUNI5197U (Interior)

naduanTLIRdouT uTs “TasiAniBanienin’ way “dosinanisaerinisldauase” Tuaesudun fail Ty

lsamu1asy wudedindanienmuesanmiindenluiiviianu wu Isuazinanluaunsauiuls anansesiuoiuazy

v P v
Aaa o o

Wi uasarinaliiasiiane saudanrwazanlumsisnnasiuiftuau vlvfuiiRnudessaseseriiiy Jn vie
BouAugas 4 Tudau Tsmewiaeney ulfigunsainsunin widmunisisanaeluiiauoateni ssozgaslivmig yu
Agueda-wndliduiusiudonen warniinfisiilisesiudiuer uenani SmauuameiuiaianzyrrauazsEUUT e
&u (micro-break) fdufinasdnuay mdsufiudeiniesflovssduauidsmndunisemaniniuuinsgiu aenndes
fungAnssuvimadeswarensiinenudefnsuniufiuimunimuaranmuinden wdiurudiiusBanguasuad
Farau Feaguliluhdedaly
3.3 HAN1TEUATIZALTIAN

mMsduaTpinmsmmunilen anmndouilined vimades (szeznai-vii-usi-anud) ensinund
milsassuunduiiiouaznzgnuaroonfiadulnsuiiussavinmanas feil ethassdifudinsesisaniu nuvidsimaa
210 anmwndendilidinung vivnadessdeu (duration-postureforce—repetition) 81n1sARUNRIMIsASEUUNELE
uaznsrgnuazeeiladulnsy way UssAvsaimauanas (Fuatewi nanadesielads1ITy mmﬁwwamqﬁu) WINTNNT
ldnadafonhausiudu Idun (1) Ufuanmuwindou Wiasandeaiszass (2) Anmgdnssuvasnds 1wy madaondiae
MSARUNL wagNIINAY 20-30 Funfinn 20-30 unit (3) atuayulsuieeadng Bosuiedowjuuss allenakean 1 wih
warnsAnn LIt e ianaliie T dyesmadinanludmguinaznsinnis deludu msedusiena lae
Wigufiunn g/ SenuaInakazaunountil
3.4 dodninvan1sideuaziaiauleunaideufun

Tui§938340 nsdansreiiidu numudanssuun (narative) Tsdutugunmeuduady wnissdoussdiud
WaINMNaNe LazaLuanawedLRunyiliiAnaududeuld eg1dlsid Ussilununimienaisaieinasi Joanna Briggs
Institute (JBI) way Critical Appraisal Skills Programme (CASP) (2018) kazn3au Scott (1990) wag Mogalakwe (2006)
foduamniideievesteasy ilsvismsduiiunsauseiunieudu Tiun szivesdng (Fmupspsgiuemanity
1 t¥e wazauUszINMUTESN) Sduuun (Asatiuiadeine iesdeussduaudsmneiunseman fannnnsgu
selasina wionuudlugaidey) uas seduyana (Wsunsussdanmundeulumshaluneyans msindy wasvnda

wigealdiianladifiu 30 Jwi) wieunia uavuesadinauna Y0 3-6 WWeou ieliasuulsuintussuardsduandeduny

v
o o = [

afusena wazdodeuloviefinaiun undallay aguarszdidgaenisdne wasduummeandunisidndulussezdu

LS ITUSH

12



5UINT UFUVAS UnzAaLE LAS: Liberal Arts, Science and Technology Journal 3(2) (May-August) 2026: 1-15

4. un&asy
Kaduaszibusuiinssmansdutiadefiuguiismusisaunmyaansuasamnmuinslulsmeuialne
HoiAnasataniasguasiensy mnusuanssfuluguuuanudsuazdednin dsionnlduumadetuusleldimn
wnmsimsnzaumsduiuuienzuiun InedenniseenuuuiarUsuaninwandeunisvhay (nterion lifunsdaaiy
woAnssunisinuivasadsuazminefuaise (Health-safe behavion) aghaiiussuunazsoiiles ivngdenisan
pIMsszuunduilouarnszgnuareenifie@ulasy mugiunsfsssaninmay msdaonderesitas uasaussdu
YBITFUUUINITAT TG
JaiduauuL
1) Toraupkuzd MUl MEIUIasy
mslirnuddnfunsanassaunnmenmiiaannnisen indeuthauasnsiniranisiidesti Javieidey
\Autaenn q Fsdndudesdnasseuvszanadedamaunsaiiunsslunisied oudodvasuasulssesdusznoy
anmuandenfiugiu wu mauasiateveuas eslinesfisesiuadsy wagiuivhawiidedenisindoulm uenainil
asflsruuuimansfianssernamainudeiiies nufatmuatisindussnaduszuy ifovsmaruduazanlena
Anenmsfiaunimsszuundundeuaznszgn mednhdiiowaianisenuagyimaiivaendemaenaulsunsunisiineuss
\BefiRedsainane wtsduaimgAnssunmmihauiidenndestundnnsemanslusnuguagiasliogisuszansna
2) Totausuugdmiulsameuiaonyy
WiunsannssnuanmMsadnunauasnufduius ULz uenasuazuneuAeS
nsan “szuudiusanilnuneyana” Safunalnd ey TaglvyaannsldfunisUssfiuasusufeesdusznausg
iy szaznthae yumsliRguain-und uernssesiundsaegegniesnundnadsmans uenani msimualusunam
Hostuseniadulnsuiiflassairadoau wu niswndudutons mebawmbon 20-30 Fufl uaznisuiulnansuiioan
Autdou doiauaiiufindenisldazuuuainiedosdiovszifiu i wadesdleusziiuanuidemnanionin (REBA),
13 pefloUszifiusanBd U LLAT UYLV ILALAANTIVIMNS (RULA), 1a3oslleUszidunnandsmnsinunsemandlu
d1ineu (ROSA) LfJuﬁ’a%’?@@mmwa’mLLasLﬁugmsﬁagaﬁm%miﬁmmuLLasU%J‘U‘Uqaamwmmﬁauaﬂw&imﬁaa Faazae
afanmsgrunsdnaniiiuiaenadesiunelussdng
1aNE1581989
miayawn Yoy, (2561). msUssiiiunaveseunsaltaeindeuderitielunisannuidesesmnduiouasnssgntugtiae
weu1aveslsaneawiedslusinvay’ BverdnusUsaaninitlsifinnsafiusd] amivedoysm,
Auzvhaumsiaviglionisuiuuimsuftinuenuasindeutne fanseoussmenuvdnnisemans. (2562). glionIs
U?’Utlgm7ﬂ/jﬂ’ﬁd7uynzéaztﬂ§au§7ﬂiﬂ@ﬁaz/téNn')z/ml/wa”nmif/ﬂ?ﬂm{ [Ergonomics manual for lifting
and handling operations improvement]. a@aUuduasuAulanie 9130wy Lazaninkinasnlunis
U (2IAM UML),
auzvhaudnvheilensusifiuranundssuarUsuussinmeufoRnuneuiamesnundnnisemans. (2566). gilon7s
Ussidiupuideauaz s U savm e UR umenT s SHIuMANN158AIARS. https://www.tosh.or.th/e-

book/Ergonomic-Risk-Computer/mobile/index.html#p=1

¥
P

AN 3350UANT, Auanssas nInng, 3578 ASIULY, wagansnu yyitving. (2567). Havaen1slduinnssunsosuuuing
AomuFsIINMsEAmansuazauliauauiesamevalfuneuiunes. 175575

av

398 U IneseveuLnY (AUUTMTRANY), 24(4), 51-60.

13



5UINT UFUYRS UATAIY LAS: Liberal Arts, Science and Technology Journal 3(2) (May-August) 2026: 1-15

Wy wiiay, wazatean enasa. (2566). msUssduanndosonuinunimesyuulassuazainnisinaues
yaanshlsanerualenvuwianils. 295975920 aensBuasaaanae, 32(1), 22-29.

T3 Usnans. (2564). m’lmgﬂLLaz“fjﬁ]i)’&l‘vmmi&JﬂWamﬁﬁuﬁuéﬁ’vmmiﬁmﬂﬂaizwﬂﬁmLﬂfaLLazIﬂNﬂﬁx@ﬂﬁLﬁm%u
Lﬁaqmﬂmiﬁmuﬂq’u;ﬂwﬁﬂﬁﬁﬁmﬂu‘bqwmma. 5AVITISITUGYAITNT UM IN188UTAG, 51(2),
149- 158.

w31 wiadlvd. (2564). msUszendlananmsemansuuudausmlunsusulsanaieannauiesedlvalungu
wﬁ’m7umaaﬁ’uayu%ao?sqwm‘umuﬁdwﬁqZuﬁdm”mfay? BvendnusUSayaindilifinnsdifumi]. uninerde

YIN.
Y

£ o

15501 Tavgy, gnws nanila, Udlsu naedad, uwavdsednd vine. (2568). ANLEUTUSSEWINIRN I EBIIN M SYNUAY
myufURdmunsemanslumaheuvesyaansunungieuen lsameruauyusiil. 175975398a75750/8Y
AIans UM INYIAYTIVIeUaTIveH, 14(1), 76-84.

lnSTUN 1935yER. (2557). msBunastisuuumsemans. 2959753 sum inededaLisueidy avuinemansuay
wAlulad (Online), 7(1), 11-15.

qvisAng auUy, evrssas AsAlsan, wargdsad wnygdR. (2563). meluladmseenuuudasusaiouatsdmiuns
UssifluinunIseeans. 295875391058 menasdaiisuesdy avuivemansuazinalulad (Online), 14(3),
12-17.

30191 AW, TN WIMUARNTA, wazunY ARITEITN. (2564). NsUTuUTanmnulaeUszendldvannisemans Tu
YAaNTETINUESITUEUIMIANMNENIAN. 27977579707159I5 15 dgY TN, 7(4), 167-180.

JUITI0U YAIRTNATS, Uaveilan enABa. (2558). mﬁ‘disLﬁummLﬁaaLLasﬂﬁﬁJL?immﬁﬂ’ﬁamam%ﬁumLfﬁmﬁ’lﬁ;ﬂﬁfi
AoumailulsmeuadaSuaunitua Smiavuesay. 915975 39851575Ug VTS
UNIINEIag VO UINY, 8(3), 64-T2.

21 1nTARNIA. (2568). mﬁﬂamwLL’Jmé’aﬂuadﬁﬂiﬁdmaﬁiamiﬂﬁﬁ’ﬁmummqﬂmﬂﬂinwmmaLLﬁwﬁﬂuﬁdWﬁ'ﬂ
WATUTA. 8n9104 : 11TFITUUBLIAITNTUALAIMUAITHT, 31(3), 95-105.

Bridger, R. S. (2008). Introduction to Ergonomics (3rd ed.). CRC Press. https://doi.org/10.1201/9781439894927

Carayon, P., Schoofs Hundt, A., Karsh, B.-T., Gurses, A. P., Alvarado, C. J., Smith, M., & Flatley Brennan, P. (2006).
Work system design for patient safety: The SEIPS model. Quality & Safety in Health Care, 15(Suppl 1),
i50-i58. https://doi.org/10.1136/qshc.2005.015842

Chaffin, D. B., Andersson, G. B. J., & Martin, B. J. (2006). Occupational Biomechanics (4th ed.). Wiley-Interscience.
https://books.google.co.th/books?id=rOHWDwWAAQBAJ&pg=PAd&source=gbs _selected pages&cad=1#v=
onepage&q&f=false

Critical Appraisal Skills Programme (CASP). (2018). CASP Checklists. Oxford: CASP. https://casp-uk.net/casp-tools-
checklists

Grandjean, E. (1988). Fitting the Task to the Man (4th ed.). Taylor & Francis.
https://archive.org/details/fittingtasktoman0000gran/page/n9/mode/2up

Hammig, O. (2020). Work- and stress-related musculoskeletal and sleep disorders among health professionals: a
cross-sectional study in a hospital setting in Switzerland. BMC Musculoskeletal Disorders, 21, 319.

https://doi.org/10.1186/512891-020-03327-w

14



SUINT UAUYIS UpzAaly LAS: Liberal Arts, Science and Technology Journal 3(2) (May-August) 2026: 1-15

Haines, H., Wilson, J. R,, Vink, P., & Koningsveld, E. (2002). Validating a framework for participatory ergonomics
(the PEF). Applied Ergonomics, 33(6), 567-587.
https://publications.tno.nl/publication/34620530/fWvLDQ/haines-2000-validating.pdf

Hignett, S., & McAtamney, L. (2000). Rapid Entire Body Assessment (REBA). Applied Ergonomics, 31(2), 201-205.
https://doi.org/10.1016/50003-6870(99)00039-3

International Organization for Standardization (ISO). (2016). /SO 6385:2016 Ergonomic principles in the design of
work systems. Geneva: ISO. https://www.iso.org/standard/63785.html

International Organization for Standardization (ISO). (2018). ISO 26800:2011/Amd 1:2018 Ergonomics—General
approach, principles and concepts—Amendment 1. Geneva: I1SO.

Kroemer, K. H. E., & Kroemer-Elbert, K. E. (2001). Ergonomics: How to Design for Ease and Efficiency (2nd ed.).
Prentice Hall.

McAtamney, L., & Corlett, E. N. (1993). RULA: A survey method for the investigation of work-related upper limb
disorders. Applied Ergonomics, 24(2), 91-99.

Mogalakwe, M. (2006). The use of documentary research methods in social research. African Sociological Review,
10(1), 221-230.

National Institute for Occupational Safety and Health (NIOSH). (1994). Applications manual for the revised NIOSH
lifting equation NIOSH Publication No.94-11. https://doi.org/10.26616/NIOSHPUB94110revised092021

Occupational Safety and Health Administration (OSHA). (2009). Guidelines for Nursing Homes: Ergonomics for the
Prevention of Musculoskeletal Disorders. Washington, DC: U.S. Department of Labor.
https://www.osha.gov/sites/default/files/publications/final_nh_guidelines.pdf

Phoonjaroen, P., Utaiwattana, N., & Thawisuk, C. (2025). Ergonomic risks and musculoskeletal pain among office
workers in a healthcare setting: A cross-sectional study. Siriraj Medlical Journal, 77(6), 446-455.
https://doi.org/10.33192/smj.v77i6.272161

Scott, J. (1990). A Matter of Record: Documentary Sources in Social Research. Polity Press.

Serranheira, F., Sousa-Uva, M., & Sousa-Uva, A. (2015). Hospital nurses tasks and work-related musculoskeletal
disorders symptoms: A detailed analysis. Work: A Journal of Prevention, Assessment & Rehabilitation,
51(3), 401-409. https://doi.org/10.3233/WOR-141939

Sonne, M., Villalta, D. L., & Andrews, D. M. (2012). Development and evaluation of an office ergonomic risk
checklist: ROSA—Rapid Office Strain Assessment. Applied Ergonomics, 43(1), 98-108.

Thinkhamrop, W. & Laohasiriwong, W. (2015). Factors Associated with Musculoskeletal Disorders among Registered
Nurses: Evidence from the Thai Nurse Cohort Study. Kathmandu Univ Med J, 13(51), 238-243

Waters, T. R., Putz-Anderson, V., Garg, A., & Fine, L. J. (1993). Revised NIOSH equation for the design and evaluation
of manual lifting tasks. Ergonomics, 36(7), 749-776.

World Health Organization & International Labour Organization (WHO/ILO). (2021). WHO/ILO Joint Estimates of the
Work-related Burden of Disease and Injury, 2000-2016. Geneva: WHO/ILO.
https://www.who.int/publications/i/item/9789240034945

15



' '
= o

A: AaUrans meneans wazmalulad U9 3 atun 2 (wguaiau-a9iau) 2569: 16-30

FACULTY OF
LIBERAL ARTS AND SCIENCE
AruzAalmMansuasinemans

KU 2sseon,
215815 AN: AaUA1ans eA1ans wasmalulag S
LAS: Liberal Arts, Science and Technology Journal mLAm“mm[
ISSN 3027-8929 (Online) ::I::EEE?'?‘:

UNAINI8 (Research Article)

NISWAUIFAYINNRULUUSINAYINLLALARBUAWHISIIIUN I8N

LEIEINSUNI5MTIAITUDUTUSZUUTIANINLLA

Development of a Biomaterial Mimicking Seagrass Roots Coated

with a Photocatalyst for Carbon Sequestration in Marine

Ecosystems

C% ¢

AeyayAia widiaudl *, 135109 Aguau U, wawssal lawaed |, w515 andua !

H5aSeuingnmansunsanyine1de gnssays suneaesiites Smingnssays 72110

Kanyapak Maunmee !, Rujiranan Leesuksam '*, Pornpan Chomwong *,

Saythan Saleephol !

! Princess Chulabhorn Science High School Suphan Buri, Song Phi Nong, Suphan Buri 72110, Thailand

*Corresponding author

E-mail address: seagrass.carbonproject@gmail.com

Received: 29/03/2026; Revised: 25/04/2026; Accepted: 30/05/2026

o o

AdALY

UNANED

Ludidey
AEnIAlunsLa
GURENU DR RIGN
LAREEUASUBLUA

o

TanTInm

n1siNYuvesiteasvaulaeanlyd luusseIn1AINAINTITUVRINY B dINali

v 1

wiaynsaeduarsveulaeenledluusuiauin Jaudzdivzasniizlaniou

'
a a v

winaunaliinn1lensalunela denansenusedaldinfias1adaseasanaaday

ASUBLIUA U vee Uzn15e wazdnivnzialdenuds saudeszuuinavg meiadnil

v
[ o =

unumddglunisiniiuansuen MAdediiingussasdiienmuian@aninain

q
[

ludidsudsunvulaseas19snng 1mzia wasAnw1Uszdans nnvos
assaUfRsedenadunsdeunsueulasenlalui i duueaideunsueiun
iieanwanszyuvesnznsalunzia Jaqdinmgnitamnainniamzludiden
vwrhsdnsmtudonuesun Weadislasadrmsuadesinvg weia a1niu
ihJanguludssendldsinduanssauiserdieuas laun @15 CaO arsmoulndn
Ca0/TiO, war @13Aoulndn Ca0/Tio,-ZnO tnevhmsnageuluiusiaainlossuy
wazmziadiaesiiinnfuunasansveulnoonleduasnszduu jasendasua
danshleian Uszavsnmlumswdsuasveuleeenlusignusuifivannsiases
nyilsidusewmeaiayesnsareiudursusaanlnsalny (FT-IR) nan1snaaes

nuludidsuansansyiulauazdanizristinuazivdenveslan laawietng



Agaan el uazmas LAS: Liberal Arts, Science and Technology Journal 3(2) (May-August) 2026: 16-30

'
a

fuuadnuagdasdurnsindedenvesfimungautagliifalassadiesian
ufausauazaiaue luduvesnisisafAordouas nuinasuea@ousenlys
amnsadsuaiveulaeenlediduaisuszneuaiveiunls uazifleldsaufy
Inndoulneenleduasddoanledliuszaninmgedu Tasiameluszuuimeia

1809 FUTNYFY UV MY AT UBLUNBENTARUIINEANTIATIZN FT-IR

KEYWORDS ABSTRACT

Mycelium The increasing concentration of carbon dioxide in the atmosphere due to
Ocean acidification human activities has led to significant absorption of CO, by the oceans.
Photocatalyst Although this process helps mitigate global warming, it results in ocean
Calcium carbonate acidification, which adversely affects marine organisms that rely on calcium
Biomaterial carbonate structures, such as mollusks, corals, and shell-forming marine

species. It also impacts seagrass ecosystems, which play a crucial role in
carbon sequestration. This study aims to develop a biomaterial derived from
mycelium that mimics the root structure of seagrass, and to investigate the
efficiency of photocatalysts in converting dissolved carbon dioxide into
calcium carbonate, with the goal of mitigating the effects of ocean
acidification. The biomaterial was fabricated by cultivating mycelium on rice
straw combined with ground seashells to form a porous structure resembling
seagrass roots. The resulting base material was then integrated with
photocatalysts, including CaO, CaO/TiO, composites, and CaO/TiO,-ZnO
composites. Experiments were conducted in both de-ionized water and
simulated seawater systems supplemented with a carbon dioxide source and
activated under ultraviolet (UV) light. The efficiency of CO, conversion was
evaluated through functional group analysis using Fourier Transform Infrared
Spectroscopy (FT-IR). The results demonstrated that the mycelium
successfully grew and effectively bound to both rice straw and seashell
particles. Smaller straw particle size and an optimal straw-to-shell ratio
contributed to a stronger and more uniform material structure. Regarding
photocatalytic performance, calcium oxide was found to effectively convert
CO, into carbonate compounds. Furthermore, its combination with titanium
dioxide and zinc oxide significantly enhanced the conversion efficiency,
particularly in the simulated seawater system, where distinct carbonate

functional group signals were observed in the FT-IR analysis.
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chloride 23.991 n$4, potassium chloride 0.742 n5y, calcium chloride 1.135 ¥4, magnesium chloride 5.102 N3y,
sodium sulfate 4.012 n34, sodium bromide 0.085 A5y, strontium chloride 0.011 NS4 Wag carbonic acid 0.027 ASY
uwiavansluth DI 1 8ns antuniudeirdesmuuingn 30 undl uazSaranudule 34 ppt
2.2.5 mvmdoulssansnImyesanssUfAse s euauuuaslunnUasumsueulneenlvai tuupaifeunsuaiusn
w3 DI uavimsiasians (Sea) pgeaz 500 adans iy NaHCO, Usunad 0.424 nsu N 30 U9 LaZIUS
Tddnines 4 ar 100 Tadans WuanssaUiAsewiamg 9 Uuia 0.25 nfudetnines famisnadt 2 sandulviuas uv 1y

nan 1 9lus warthlunseawaziiudisgraietlUinszisae FT-IR
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M19199 2 YilavesanslundazyanITmaaes

YAURAITIULABLYANTNAGDY

VUL Yol 1 Yol 2 Yot 3
DI Cao CaO/TiO, Ca0/Ti0,-ZnO
Sea Cao Ca0/TiO, Ca0/TiO-ZnO

2.3 M3AnwUszaninmvasiandinmludidennfouasisauisendlaunds
dlennapussdvBnmuesanaisuiitemeuadunsudsuaiveulneenlsdiluuaa@oumivaiunuuuniud
ﬁ’lﬁ’liLi'GUﬁﬁ%EJ’Wl’NLLﬁﬁﬁzd 3 oiln wwhansiedou TaeEuandans PVA 5 n¥u wawlu DI 150 faddnsniuuarlvia
fouttgumnd 80 sarwaBoa iunan 2 Falus ndutmsansssufitendasuas 0.5 nfu uazthlumulfansdioyne
ashianeidunat 30 it nimnduihluedeuuuianludidonfeulsuaridunuiindeundluouigungd 105 s
wageadunan 30 uii iethlunnaeulagliiBnsmaaeusaamsvaaeuysansnmussnsansissufisensnouaslums
WasuensusulaeenlediuuraiBouaiueius
3. HANSVNAADILAZIALATIZHHANITNAADY

3.1 msAnwnssyiulavedudidsunigldansiiuanseiu

nsnwnsiydulaesludideunisldannenaifesiunndieiu Wedmuilaseaicfaninmlvddnvay
adrsnugmeadmvldiiulaseaiagiutan sudunismeaeaduszesiiat 25 Yu lngving1vienun 3 ads
Ignansmaasauanssamssd 3

A15199 3 MssgAulaveudeluiduunelianziunnaniy

YUIAVBINIT1D v o o v o
. AN 1 AN 2 AN 3 Mean % S.D.
fataannae
Pa91980 1 @, (2:1) 3 a 3 3.33 + 0.58
Wetadu (2:1) 4 5 4 433 + 0.58
Pa91969 1 @, (1:1) 2 3 3 2.67 + 0.58
Wetadu (1:1) 4 3 3 333+ 0.58

o

NUBUN: AzkuUNITTLAUnvesludiGeuivuadall
=

1 = wigAulatesunn (duleunaquilosnd 30%), Soydulates (Fuleunaau 30-50%)

a a

widulalwnan (duleunagu 50-70%) , 4 = Wigduled (duleunaqu 70-90%)

o

a a

WIyAulesann (duleunaauunnndt 90% )

o

3
5
namsAnwnsaiyiuinvesdoludideuneldannsiunnmeiu TnewSeudevsuearainiuassasdnmhg
frdeiuFenvies wuihnmswigivlaveadoludidesdaruuandisiuluusazganisvnaes Ingannsndesiuaiais
nswsadulnanunluteslasi whadnatu 2:1), whedhase 1 aa. (2:0), wredndu (1:1) was vhadhase 1 e (1:1)

aude TnesdAiade + dauﬁwwummgm (Mean + S.D.) WinAU4.33 + 0.58, 3.33 + 0.58, 3.33 + 0.58 gy 2.67 +

0.58 muasu Inefunnanaunisy (1) way (2)
_ =z
== (1)

n

S.D.= /Z(;‘—:’l‘)z )
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a 1

3.2 MyAnngianeazianienelasaielazasilsznaumaalivesasiseufisenviincig o
3.2.1 myuATIzvianwalzianzn NInNas NuazesAYsEnaunNAiives CaO
MNMIANIIENBALIaNIZYIUAeNeEUNTHAY (Raw shell) Finwil 1 UsingRiAn1sduuuy asymmetric
stretching vasWuss C-0 Tumjansueiun (CO,?) pg1edaiau a fumisiavadutszanas 1400 cm™ Saufufindisumis
870 cm war 710 cm! Fuduendnuaivesunadouaniuaiun (CaCos,) ot UdonesuIsURIUNTZUILNTTIAT
gaunindl 900 °C Llunan 4 Falus wudndia Caco, meluieuimun wagUsngalutisauniu 850 cm™ Fedusitusiu
nsduvestusy Ca-0 Uadaenisaansdaideniudeunes CaCo, TUidu CaO (Habte et al., 2019) @onnaoaTuNaNIS
ArTzvisnenatla Raman Spectroscopy lagwuindaegadenresurssuiuneunisilunmi 2() Usingiasiui
fwnsUsTanal 1091 cm! 9denndnatun1SE MUY symmetric stretching vy CO,~ P dudnvuzianizaes
1n539a§19 CaCO, (Fernandez-Manteca et al, 2025) newndanswilunindl 2(b) wuinfiafisumis 1091 cm® wgly
otednu FestFamsaaeimiserudouves Caco, Wil Ca0 muufAsen calcination aghdlsina luanmsuves
G'ha&hwé’qLmﬂsﬂﬂgﬁﬂiwﬂﬁﬁ%mﬁq 359 cm! Fadusndnwalvesiusy Ca-O (Galvan-Ruiz et al., 2007; Wang et al.,
2024) @onAde3iy defect-induced Raman mode 499 CaO ﬁLﬁmmﬂmmhiaugsgﬁmaﬂmaa%’wwﬁﬂ 191 oxygen
vacancies 3o lattice distortion wenanfidanuiinfisunis 706 cm™ v83n15dU calcium carbonate poly-morphs
aragonite (Arroyo Loranca et al., 2023) @ euansdisn1saamndeuas CaCoO, unedu Yavendansiudsumasin CaCo,
Ui cao Salsiauysal damali¥anildfidnvusidussuunan (mixed phase) 581319 CaO wag CaCo, wonanil
mMsnTadeulassadendndemadia XRD luamd 3 LLE‘WNE‘ULL“U“Uﬂ’liLgEJ’.JLUuﬁﬁaﬂﬂﬁ@ﬁﬁUTﬂNﬁ%’ngﬂLL“U‘U Cubic 994
CaO M1U1IM5§1U JCPDS No. 37-1497 (Wu et al,, 2023; Zhang et al,, 2019) Tnewufiansiaeuundndisuma 32.2°,
37.3°, 53.8° uay 64.1° finsnsranuiinveunaideslensenles (Ca(OH),) vi3ewla Portlandite fisumis 18.1° wag 34.1°
uwnsnidwidntios (Huh et al, 216) Fadunarnaudiauseuiinges Cao figaduaruduluusssiniainlhiaa
hydration 789 CaO A18M&IN15w1 wazdsnaliiieg1addnuazidu multi-phase system iow3suiiiy Cao fu
Raw shell nuinlasaasne CaCo, Imsdsumalusgnedniau mnanudidyyraiguazdnvazfiniuauasduildi

Ca0 fidapszhnnaguidefisiifiantinnmenmuasedifunzaudmsuiluinundutanaeulndsludnudnly

Ca0

Raw shell

Transmittance (a.u.)

1400

T T 1 1 T 1
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm™)
A1 1 @Unasy FT-IR wsuiieuasrusenaunanilseninaddsnnosunasuiu (Raw shell) warkwAa@euaanlunnds

AN9LNN (Ca0)
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(@) 359 (b)
1091

706

Intensity (a.u.)
Intensity (a.u.)

T ¥ T T T T T T T T T T T
500 1000 1500 2000 500 1000 1500 2000
Raman shift (cm™) Raman shift (cm™)

A9 2 @ne3NT WU (Raman spectroscopy) 984 (a) lasnvesunssuivu way (b) waa@euesnlye (Cao) NduAIIE

ANUFINNDYUINTY
* & * CaCo,
i e CaQ
¢ Ca(OH),

Intensity (a.u.)

{ Raw shell
T — T T T " T I' T

0 40 50 60 70 80

20 (%)

2w 3 gULmeiLg&nLuué’qﬁLaﬂSﬁ (XRD) vemsunadonannies (Ca0) fiduasziannildenesunssy
3.2.2 myunTIevianvalziane NaTNas NuazeRUsEnaun adves CaO/TiO,

Hansaseidemaiasanuaninsalnd (Raman Spectroscopy) Tunmit 4 fiuansfinlendnualivudnve
Anatase-TiO, (E, mode) fuvis 141 cm™ SmAUNTEUT 450 way 614 cm™ (Kumar et al,, 2016) UON9NE NMIATITNY
dynnailugag 239 cm? FrBusumsasetueia Ca0 uazayiiuduaziimsanunirwesiinuim 450 uag 614 cm’
UstRsmsTudouusnafiuinduiassuindassadramdninassiiannsaiudunsduassviansnoulndniiinisnsyanein
youaiadhegsainaue nan1slaszRsnaniaudenrdosTunTlnsidnvusaNznelAsiEd e sEsnoulnEn
wradeneanleduuiisessulnmileulaeenles (Ca0/TIO,) fewmaliansinivuesssdiond (XRD) fuwanshu andl 5
fudunsilegues Tio, ussdusznouTanedretanu Tnsusngfiamssinmiddnyiiyy 26 Usvana 25.3° Ssaenndosri
SEUNUNENURY TIO, tsvad1awla Anatase (Ahmed et al, 2025) Saufufinwiufishumia 27.4°, 37.8°, uaz 53.9° Favadas

1As9asala Rutile (Hossain & Ahmed, 2023) Usuananadunamay
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141

- 450 614
3

=

>

)

@

£ 239

500 1000 1500 2000

Raman shift cm™

A9 4 AUneSNIIWIU (Raman spectroscopy) Uaduaa@aneanleaiulnidenlaenles (Ca0/TiO,)

Py ¢ TiO, (Anatase)
¢ TiO, (Rutile

Intensity (a.u.)

20 ()
Al 5 JUuuuMsAsIuusRiend (XRD) vowandsusenlasifulnnioulasenled (Cao/TiO,)

3.2.3 myanTizvianwalziansn Nlasa e esAYseno un1Aives CaO/TiO Zn0

N19IAsIsRanwzanIzN1IlasIasLarosd Usenaunitaiivesatsnenlndauradeueanlyd/ nmndeula
vonlwd-Sedoanlest (CaO/TiO,Zn0) fewmafin Raman Spectroscopy Fanandlunmil 6 Usingdyandfiawiufisiumis
iuAAnUsEInn 141, 450, 614 cm adnefiulassadne Cao/Tio, Faoraiinainnisteuriufuesdayainsening TiO, uat
Zn0 Usifensiiansitudeutuuinauiiuinduia uasnsnuiiuesivssaninmuesTanaeulndn Wedinses
sUwuumsEsIUuesisdiandlunmil 7 nngiamadeauuanedives Zno Taswadn Wurtzite 7 31.7°, 34.4°, 36.2°
(Naufal et al,, 2024) fianursafugunisiiogues Zno Saffulaseadis Cao uag TIO, 1§ mIsgiruuvouasauyin
atfuayumsaalasiaiissesdesniln Fulunumdidylunisandninissuinduresszy dmaliuszansnimlunis

weisemeuaiiedsuingasveulaeenlydduueadonnsuaiuniivauesadived Ay
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141
450 614

Intensity (a.u.)

239

T T T
500 1000 1500 2000
Raman shift (cm™)

29 6 aUnAsNIIIUL (Raman spectroscopy) Usskaa@sueanlenlnnidedlaoenlss wasderanlan

(CaO/TiO,-Zn0)

® 7n0O

Intensity (a.u.)

10 20 30 40 50 60 70 80
20 (%)

A 7 gﬂLLUUﬂmg&nLuu%’ﬁLaﬂ% (XRD) wasmadeneonlwalniiiivdlaoenlen wazderesnlen(CaO/TiO,~Zn0O)
3.3 nsvadauUsEAnsnMnsssUFAzendeuadunmsiuasuafueulasenlediduuea@euaisusiun
3.3.1 HaNIsNAaeUNIITIUNNTe I euaalne a1 TISa U AT 1 e A

91NN19IATIERANBzIaNIzNLATiAewALla Fourier Transform Infrared Spectroscopy (FT-IR) 98462134
UfATemevdnaiadunszuiuns ileneaeulsensamnisiudsuiieasueulaeenledduwaaidounaisueiun
Wisudtsuszminaanniz DI wazdmzadaes amdl 8a) uansua FTIR vesn1svnaeului DI nudtansissUfasendis
auvilad @i af sundsUssuna 710-870 cm? Fududnvazdunizssaa@eunifusiun (CaCo,) (Diningsih &
Rohmawati, 2022; Torres-Mansilla et al., 2023) Fsagvioufisnsduaiuainnalnnisssufizerdnsuas (Photocatalysis)

Tumsnsgdunsdsuguasveulinnagnewdu CaCo, vuiivesasisadisen WeasiseUjisemeuasgnnsedusiae

wsnuuas () szinnisadregdidinasou (e) uaglea (h") fsamns (3) mntugdidnnsounaslsadwinujizeniu
asUszneulutindsannts (@) wag (5) hlviAan1snseRuURSeweouyars 1 Tuaums (6-12) ieulasaivevlneenled
Tuthl¥mnaynaudu caco, Iuﬁqm wonaniifsumisiia 1400 cm? Fafumsdunuu asymmetric stretching v8e CO
eafuayunisifinng anfueiun uinuniasdnvuzveaiiadind il iusdresanivaiunenadieglugves
surface carbonate figfslsinnndnoensanysal Wofiansanans Ca0/TiO,ZnO nufiafiuiduil 1216 uag 1740 cm* Tnedia

#1 1216 cm™ awnsaszyladndunyluaisueiun (HCO,) adu intermediate Tunszurunsuusanin CO, vauzAiaf
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1740 cm™ duiusfunisduesiusy C=0 wae species Tuannefignnazsu (activated CO,) n1sUTINgURsTiAvisaDs
fumisilaviouinszuuvesansussneu CaO/TiO,ZnO laliflsaumanunsasniu CO, iy wAgasansedy CO,
ihdanuziindeudensiinufiselsodsiivssansam dwalsiinrmassalunsgaduuasisaninafusugeninas
139037 Cal uay CaO/Tio, dwsunwd 8(b) Faudunanmsnaaeulutmziadiaes wuinansswiAse e uviauans
findl 870, 1216, 1400 uaz 1740 cm™ pgraudn wazirnuduintuieiousunsmaasuluth DI avsieuldifiuin
anmuandeudill HCO, egudtisduasiiansruaumagaduuaznisudsan CO, 1#ABtu agrlsfimulusiiegne Cao
uaz CaO/TiO, Usngiiadl 854 cm Faanunsnszyleindu surface carbonate fidslsifmundu Caco, fiauysal Tumis
n3IAUTI F99E9 CaO/TiO,-ZnO hiusingiiadanan? wansliiuinnssuaunsasuruan intermediate lUg caco,
Aaduldanysaianirluaniizimsiadiassiidunasaiveuluguees HCO, Usinmge Suderonisifinnszuiuns
adsorption-activation—precipitation sghssiawiios dwaliaunsauvasasveulaeanlemluiludu caco, l¢egrad

Uszaninmanitiandu

Transmittance (a.u.)

Photocatalyst + hv —» e~ + h*
h* + HCO3 - CO, + H*

e  +C0, - COy

CO; + OH™ & C0%™

CO, + H,0 & H" + HCO3

CO, +20H™ & CO0% +H,0
HCO; & H* +C0%

HCO5 + OH™ & C0% + H,0
Ca** + C0% - CaCo,

Ca?* + 2HCO; - CaCO0; + CO, + H,0

Ca0

Ca0/Ti0,-Zn0
1740

(a)

Ca0/Tio,

T T T T T T
2000 1800 1600 1400 1200 1000 800
Wavenumber (cm™)

T
600

Transmittance (a.u.)

(3)
(@)
(5)
(6)
(™
(8)
)

(10)
(11
(12)
Cal
caorTio, h

Cao(Ti0,-Zn0O

Wavenumber (cm'1)

T T T T T T T T T T T T v
2000 1800 1600 1400 1200 1000 800

T
600

A 8 nsieTgienanualmmyilsidusiemaiia FT-IR 489 Ca0, CaO/TiO, Uay CaO/TiO,+Zn0O Mendaasaau
UfAseluannz @) 1 DI uaz (b) dmeiasiaes
3.3.2 Hamsnaaeun U e meuaslneldian Fan mlugiasnna e un 1881915 IUg A3 9 U
s ianiinmanludidesifasanadoununnngmzialasendousifaionmaluladnsiusian

1@ Yugllassaiiegiuvesiannnnisunludidensiuivrsdiuasivionvesludnsdiuivuizauniy m15ei 3 uag

Wlunegeudsydninmussasssufisemsuadunsiasunisveulasenlendunaadounisveiunnielianzii DI
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LAzt mziasaeman ST gRass i isenendinisadeusiemaia FT-IR nuwwnlduilivd uvesarsuseneu
CaCo, fanmil 9(a) ansisaUfAefivaaoulu DI uansfiafisumis 830-870 cm’ waw 1089 cm™ duiudiumsdunas
niasuatunlulaseaine CaCo, ﬁLﬁmﬁuuuﬁﬁa@ Yugfifiaf 1216 cm’ dunusiuny HCO, Faduvfinansiinans
(intermediate species) lunszuruntsudsanin CO, luth d@utasiiafl 1360-1400 cm™ Lﬁuﬂwﬁumaw CO,> agNou
ﬂ’ﬁdaﬁwamﬁuammﬁ%Lmzagjuuﬁuﬂa (surface carbonate) warfiafisumia 1740 cm™ wansdan1sduvasiusy C=0
84 activated CO, wadwdsanaUsdinszuIums photocatalysis aunsouvasansvaulaeonlesluti DI Ju caco,
18 Wonaaeulunsiasrassmendsmnageunuiinganini 9b) lushwazadefunmsmageuluii DI wasilieifiuiy
fisuas 1645 cm'® %ﬂiﬂmo’iuém%’uﬁaamﬁa@ Ca0 uae CaO/TiO,Zn0 wansdan1siUdsunuas HCO, Afuannduly
nszvaunsuUsanm CO, luthliidu Caco, vuiiuRrTaninlnaeazdas JsuanittanTaninanlufideudeilasadig
Asunuunnug meaiitedoudieansis sWiAsen Cao uay Ca0/TiO,-Zn0 amnsavhmiiniidusislasadesesiu
(scaffold) wagateifiuiuiiAadmiunisgadu CO, mugiunsissufiserdisuas demaliifianisdousy
msvaulneenlarluiluilu Caco, I¥egediussansam vonanidiofinnsanaruduresiia FTIR wudmsvaaeuly
thmeiaaedidygnmemyaiveiunuazlumivenfiduniith ol sgsdninu Sesddussavsamlunsgaduuas
wsaniw €O, luannrdmeiatugandt Sudownanmisieguasluaiveunuazaunamiveiualuszuuiidosronis

WinUfAsenegeselilos

a Ca0 b
Ca0 (a) (b)
870
3 |caormio 5 |caorio,
s - 2
(] ]
Q 1400 1089 830 ©  [Ca0/mio,-Zn0
S |CaOITio,-zn0 5
E 1740 1360 1216 E
n w0
c c
o &
= =
' T i 1 L2 1 ] 1 Li 1 & 1 L 1 T T T T T T T
2000 1800 1600 1400 1200 1000 800 60O 2000 1800 1600 1400 1200 1000 800 60O
-1 i
Wavenumber (cm’) Wavenumber(cm1)

Al 9 MmelleTgilendnualmangdilsidusnemeada FT-IR vestantanmanlaudideniifasaiadouwuunamgh
VELAARBUAILEINTEAUTLEY CaO, CaO/TiO, uag CaO/TiO,Zn0 mwé“ua%aéwﬁﬁ%m photocatalysis Tugn1g (a)
1 DI uag (b) nziasiaes

4. unasy

asUnan1s@nyinuin maiaiansaiaginmanludideniilasairadousuusnudgmeiaieldidu
susesduasssisendeuaddunisidasufienfusulaeenladifuaisuseneuaueiuniiados Tnenanis@nusm
mswsivlavedlu@ideunuin anneildhedmdunaniuionnesunandenludnsdu 2:1 duasunsveneiives
duleldadian nefidazuuumsniagdvinedsgeqad 4.33 + 0.58 Fudulsludidouannsodanie Yanmdodians
nMainwasiazdszasauindulasaiegrundeituniseu 80 °C luduvesnsduaseiansissufiten nansdinse
shomadia FT-IR, Raman wag XRD duulgiransuaafensenles (Ca0) fiwmssuandonvesuissurndi 900 °C

¢

U3gndgauazillohuimunduaisaenlndawuulngnin CaO/TiO,-ZnO vsiinlastadiesessenwilailauysel Jad

o o

UNUMEAYNTIEaRdnTIN1sTINAINGUTD1UsEY denalvidiuseAnSamlunisinduasusugeninansineiegeiltdyda
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Tnenanzidlonsaeuluannzimeasians wunsUTINguemgilanduaisuaiun (CO,) fiazvioulnseadne CaCo, U
\aunAY 830-870 cm™ uar 1089 cm! fiflanuduvesdyanadidawunitlu ol Fudunainanusngnisal lon Effect
Tumaaiunisanagneuvuiuiinanfinmiliadeudisasssufaten sgrlsfiinmsideluouanenafinisfinwaiu
nunureslassadicladidoudensinmvenssuainluszzenuaznismagoulussuudnammeasss WioUsziuna
ﬂiwuﬁa?aﬁ%ﬁmLLaxﬂizﬁwﬁmws[,umiammwmmL“ﬁuﬂimawmagm (Ocean acidification) #smsiseseiiosluguil

o

fodunnmeiiddyediebdunsszgndlifangudinmiionisiniiuafuousgdsdu
AnAnssuUsENA
Trsanuddsildfunsatvayuuvssniaainiasnissenanlassiureainineimaniuen ase 28
(YSC 2026) lngdinanuinuingrmansuazimaluladuiend @me.) wazdinaunsideuriena (3.
ANZERIILVBVBUAD WA JUNTERIIN ONeMIlssSeuinemansquinsausIvinends anssaus tunis
g18ANATAINIUNITILATINY kazVevBUAMAMEAAUMENTLATINENAMENS NINBIFBLNYATANENT TNE1A
fumanay Toinunsuasugy TuaeyeseiviesUfuRin1s3d idesile it uvetanuargunaal
wanfiygy1sin wleudl uay u19E1I3TU FaUany YOUBUAN UNAINTNSTTA JANIY UAE WNENIEEENT
a1dna agivinuilasanu Aldlidiaueuuy wnfn naensuudlogaunnsosing 4 iilelilassnuduiauysaiddu
YoraUANAANSE Loy 9 uazlies q vinermanigunsusTinends gussays ireeliduinw maeasulitidile
Tianudewmaslunisvillasau veveunssgaiduiiiavdmivaume Auusl Hnostaemde sialowaslifiddasy

lassnuguildidagarluied

v
=]

Vneand AuA1UsEn1sle 9 Afdnlasanudull Auey

@

pvilassnuvensuidueiosdnnisyyridensan

Um1 11301 3919158 RaenIuETgUNIsEAMYNYINY
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collect data from 164 employees of Bangkok Metal Crate Co., Ltd. Data were
analyzed using descriptive statistics, including mean and standard deviation, as
well as inferential statistics, specifically correlation analysis and multiple
regression analysis. The research findings indicated that the overall levels of
training and human resource development were at a high level. Furthermore,
they exerted a statistically significant positive influence on job performance. In
particular, training needs analysis and training evaluation were the key factors
contributing to employee job performance. Based on these findings, it is
recommended that organizations systematically plan training programs aligned
with job descriptions, and implement continuous follow-up evaluations to

enhance personnel potential and sustainably increase competitive advantage.
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anansyeau 0.05

KEYWORDS ABSTRACT

Behavior This study aimed to investigate social media usage behavior for tourism and
Social Media to compare the differences in demographic factors influencing such behavior
Tourism among Generation Z. The study focused on 310 undergraduate students
Generation Z enrolled in the Bachelor of Business Administration Program in Tourism,
Kasetsart University Hotel, and Event Management, Faculty of Service Industry, Kasetsart

University, Kamphaeng Saen Campus. Data were collected using a
questionnaire and analyzed using descriptive statistics, including frequency,
percentage, mean, and standard deviation, as well as inferential statistics,
namely the Independent Samples t-test and One-Way ANOVA, at a
significance level of 0.05. The findings revealed that most respondents used
social media for tourism-related purposes between 6:01 p.m. and 12:00 a.m.,
accessed social media five or more times per day, spent more than four
hours per day on social media, and preferred TikTok as their primary platform.
Overall, social media usage behavior for tourism was found to be at the
highest level. Among the dimensions examined, perceived tourism benefits
recorded the highest mean score, followed by information exposure,
experience sharing and exposure, and information seeking, respectively.
The hypothesis testing results indicated that gender and year of study
significantly influenced social media usage behavior for tourism across all
dimensions. In contrast, age and average monthly income showed statistically
significant differences only in the dimension of perceived tourism benefits at

the 0.05 level of significance.
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1.1 dnguseaeAn1sive

1. 1ieAnwimgAnssunislddodenneoulaiflensviosiiisavesauiaiusisdunen nsddnwy ddandngns
UIMSINATR adrnsiansvieadienlsusuuaydud ANNERNANYNTIUUINT UMINGNFENUATANERS TN 109
MUNIUEY

2. ilenlFeuifisungAnssunslidedsaussulatiiensvieniisrduunmuiiafedulssrnsmanivesau 10
lwe-lstulen n3diAnwy Sanndngnsuimsgsnatadin avninnisianisvieaiisalsusunasdiud anzeaamnssy
UINIT UNTINEISUINYATATEAS INNVAAILINILEY
1.2 dUNAFIUNNIY

H1: DAnfifneunnisfuiingnssunislidedsaueoulaifiensviondienunnsedu

H2: TAnllongunnaniuiinginssunislidederuesulatiiiensviesiieauansieiu

'
aa Ao o =

H3: fanfitdsdnulutulfuanesiuinginssumsidednuesuladitonisviedisaunnsnaiu

Ha: fanTiTiselfladeseifouuaniiuiinginssunslidedinuesulatiiensvieaiisunnsieiu
1.3 N1TINUNIUITIUNTIU
1.3.1 wwaAniAeaiumginssugusinasunisvisaiie
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laun n1ssuianudens Mskadaya n1sUseliuniuden nsinaulate uarngAnssumdsnisde (Schiffman and
Wisenblit, 2019) luuunvesnisvieafienasielvsl Buhalis (2020) szyinmaluladansaumaiiunumddalunisiaoy
KungAngsulugsuuu "e-Tourism® Aidavisnfsntiuanusnduasdudiuia uonani usegalaluniafuniedsd
Anuduius fuseiuUszaunisal Tnednvieaiernziarsnanaininiedunnd1siunui993d3n (Pearce, 2021) 3
aonndaafuuuIAnues Cohen (1972) Awunussinniinvisafisnussiuanudeanisanuulanivivazauduingly
unawioafien 9 Gartner (1994) a5u1eindenineg dnasonisiuuazldsuntasnmédnualvosuvasisaiiealule
tnvioufisaegreunn Tugaiimeluladidranfiunuin Xiang and Gretzel (2010) uduirdedanueeulatlinaedu
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lpgluudaunny (Questionnaire)
2.1 Y9UANITINY UUINT UaznguA a8
2.1.1 Ussynsuazngusieed

Uszmnsitdlumsinwaded Ao Gdniimdsdnussiusyans NANGATUIMNITINIUAR @191 IN53ANT
vioien 15ausy uazdlud AnrgRaMNITNUINT UM ANeIdEInYATANAnT INBNVARIUINLEY $1UIU 1,577 AU
(sruvasauWAliEn unInedenensaans, 2568)

nauFegs fie TAnTimdsAnunsziuUTgns dngasudmssstatudin aurivinmsiansvieadiodlsusy uas
Blud AnzgRAMNTINUIAT WMAMNdInYATMARS INETARUNILEY AUIARINGATNIINGURIDEaATT Nosuny
(Krejcie and Morgan) Szfiupnudiesiu 95% wagseiuanunainaion 5% (Krejcie and Morgan, 1970) langusogns
$1uan 310 AU FsdnurnangusegsiifissesientsnaeuauRgiu (Sufficient Sample Size) iilesinuilavinnis
AAT1EROUNEDRTOUNAT (Post-hoc Power Analysis) fglUsunsy G*Power d1u5uaiia One-Way ANOVA LuU 4
nau fiszsutiodndny 0.05 wazvunBvEwasziUULnATa (F = 0.25) wuingusoens 310 au Trennameaifgenin 80%

1Y)

Ferhunausinmsguvesidesziuana

nsideadsiffedtaludesnindondeguiiosnnliisnadennquiegsuuuianziazasvienun iy
avan Gsanavhlinguiiegeiildddnuamameia o19arlinsounquiufunuuesUssrinsiamn (Gusn uasanse,
2565)
2.1.2 Bmsifudeya

angiteliuuvasunuduaiosdielumaiurusmdoua Tnsutsihouoenitu 3 dudedl

dauil 1 wwuasunudoyadadudiuynnavesimeuuuuaouniy Usenoudae ina o1y sulinisinu seldse
Wou anwazanuduiuudenneu (Check list) nauldiissmmnauiden

dufl 2 wuuaeunungAnssunslidedenueeulat Snumrdnuvuriaunduwuuidonneu (Check list) nauld
WE9AIRBULAE?

d2udl 3 uuuaevanueduifsaiunislidedennesulay dnwaruuvasunmduluuiiasdudszanan
(Rating Scale) finausiaun A mtnasUssdias 5 sy

o o

dmsunmsveageuinsesdiaiienside auzdideliuuuasunmuiudayaninngusiiesne lnsthdemanulunaaes
Tifiufidnnids@inusedudIynns vanansusmsgsia a1v3nmsdanis visaned Tsausy uagdlaud AuggRamNIs
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wazinu 0.70 (Kilic, 2016) T@ArAnudesiuresuuugouay ity 0.82 wﬁamﬂﬁuﬁaﬁwLﬁuﬂmﬁmwim%@yjamﬂ
Uszansnguidvang Ao aniimds@nuszduinges wdngasuimassia awnivmsinnislsausuvioniioouay
BLIUd AERRANVINTIUUINT UNTINYIRUNYATAIANS INYUUATUNINEY 71U 310 AU
2.1.3 m3uAsIwiveya

mylaseitoyalilusunsudnsagunieada Insuuseenilu 2 dw laun adflmssann was adfdeyuu

1. adAdenssaiun (Descriptive Statistics) [ifieedursdnuvagimluvesnguiegsuaznginssunslidodsay

soulau lngldriaud (Frequency) Sauas (Percentage) Atades (Mean) wazaiuieduuunsgiu (Standard Deviation)

o

Tngldnausinisudaninumanevas Yoy (2542) 5 sgau Al

fAuade 4.21 -5.00 vanefe  SiavEwamnilan
Aads 3.41 —4.20 nefe  A8ndwauin
Aady 2.61 -3.40 nehe  JA8ndSwauiunans
Aady 1.81 -2.60 nunehy  dovdwatioy
Auade 1.00 -1.80 vanefe fiavswarouiian

a

2. ad@daayanu (inferential Statistics) Wil onaasuanuuansnswestladomslidodsausouladvesianiil
dnwazdruyanauandneiy Tneliada Independent Samples t-test dmunsiisuidisudindoszsing 2 ngu uazans
AAT1EriALUUTUTIUNIBFEY (One-Way ANOVA) dsisunisiu3suliisudiad sseninennni 2 ngy snwuaiy
wansiseeuiitud1Aty awvN1IMAARUI18ARI8TT Least Significant Difference (LSD) Tnefvuasedutodfyeadadn
0.05
3. NAN133Y

Han1sAnyfeyamuUszynsmansveainouluugeuny wui nqufegdlrgdumendgs 3w 233 au
Anlusevaz 58.3 eglutniey 21-23 T §1uau 245 au Aadusesas 61.3 SdAnusERuUSyaesTuTi 4 $waw 210
au Anduderar 52.5 M1¢lladsdeiieusglutag 10,001-15,000 U Fau 176 au Anidudesas 44.0

nansAnymgAnssunsiidedsanesulall wuin ndusedisdnilvgltdedsauesulatifiensvieadisauniian
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Uadg X S.D.
sumsienandeya (Information Seeking) 4.18 0.837
sunsiaudeya (Information Receptivity) 4.24 0.815
sun1siiadudszaunisel (Experience Receptivity) 4.19 0.831
ﬁnumi%fufﬂisimjﬁmnmwimLﬁm (Perceived Benefits) 4.32 0.802
FIUNNAY 4.23 0.821

N7 1 nud Jadeiiierdestunginssumslddedsaueeulatifionsvienfivavesdanlaesmegluszsiv
1niign (X = 4.24, SD = 0.821) definsanidusiosu wuth dumsiviussleviannnsviendion (Perceived Benefits)
fifladugeiian (X = 4.32, S.D. = 0.802) 848911 Ae sunsilasuteya (Information Receptivity) (X = 4.24, SD =
0.815) Aunsidasuuszaunisal (Experience Receptivity) (X = 4.19, S.D. = 0.831) kag AUAITHANMITRYA

(Information Seeking) (X = 4.18, S.D. = 0.837) A1UaAU
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t/F Sig. t/F Sig. t/F Sig. t/F Sig.

Independent

Samples t-test

L 5.83 0.000* 5.47 0.000* 3.14 0.002* 5.91 0.000*
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21y 2.31 0.104 2.18 0.115 0.064 0.938 a.41 0.013*
Hulmsinu U3 15.62 0.000* 14.38 0.000* 16.74 0.000* 17.09 0.000*
selfindereiiou 2.64 0.052 1.96 0.136 2.44 0.072 2.84 0.040*

o
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Hadesueny wui ndusegeiiongdetuinginssunislidedenuesulatiiionisvioadien v 4 Yade fo
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A1 Sig Iaseilddetosninsefutudfynadai 0.05
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o
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Liusnsefuiidesainan Sig Ansiesildfidnunnninsgdulioddgmeadan 0.05 dunissuiusslovianmsvionien
(Sig=0.040) unneei 1ileannen Sig Mmserilafianeeninsesuliuddymeadad 0.05
4. @yuuazanusnena

Mnuansinytadudmyanaidmarionginssunislidedinueeuladiiensvisaiisvesauiaiusistunen
nsalfiny ddandnansuinisssnavadia a19133n158Ansvie i ealsausuuagdud AMEEAFINNTINUINIG

v
Y o a

UNTINIRBNYATANENT Ingaiunalay asuiazeiunenald Al

o
o w =%

nguietsdmlnaiumemds ong 21-23 T MdsdnwseduUyaniduli ¢ seldiadesefousglutae
10,001-15,000 v fingAnssunislidedinueaulaviflensvieaiivnnniigaluzisnar 18.01-24.00 u. finudlunisidh
THdedsnunaulaiiuse 5 afeduly uarlinanadouinni 4 Saluwiotu fodsauseularidldsmumniiande TikTok
Fsaonndesiudeyaues Datareportal (2025) fiszyinamueistunsalulsemelneddndrunsld TikTok unndnfesas 50
uarldinanadeussum 2 Fluwiotu asveuliiuiunamiosiiledulinaadudondnitannguilduslaademdu
msvieadien il UsunesdinuaminendeneiitdndnlngjordelumernuariiticnarinomdadnSeulunewdu vl
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KEYWORDS ABSTRACT

Supervisory authority This research aims to examine and analyze the scope of supervisory authority
Higher Education held by associate deans in higher education institutions, using the Associate
Governance Dean for Human Resources at the Faculty of Liberal Arts and Sciences,
Chain of Command Kasetsart University, as a case study. The article intends to establish a correct
Human Resource understanding of decentralization principles and effective corporate
Management governance. This qualitative study is conducted through an analysis of
Organizational Culture administrative law frameworks and documentary research. The findings

confirm that the associate dean’s supervisory power is legally valid under the
Kasetsart University Act and Faculty Order No. 90/2568. The results of the
research indicate two main issues in faculty management: 1) Lack of
understanding of hierarchy by some individuals may lead to inappropriate job
recommendations that compromise accountability; 2) Miscommunication in
public spaces about the legal authority of deputy deans, resulting in ethical
violations and legal issues. The researchers recommend that organizations
accelerate the culture of good governance by encouraging effective
communication and respecting the chain of command to improve

transparency and ensure long-term management stability.
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KEYWORDS ABSTRACT

Absorbance This study evaluated the decolorization performance of Hydrilla verticillata in
Decolorization water contaminated with methylene blue (MB) and malachite green (MG) at an
Hydrilla verticillata initial dye concentration of 100 mg/L under continuous fluorescent illumination
Malachite green (24 h). MB exhibited a gradual decrease in absorbance, achieving 87%
Methylene blue decolorization after 24 h and 93% after 96 h. MG was decolorized more rapidly,

reaching 43% after 1 h and complete (100%) decolorization after 72 h. After 96 h,
total Kjeldahl nitrogen (TKN) increased significantly (p < 0.05), whereas
dissolved oxygen (DO) decreased significantly (p < 0.05) in both treatments,
while pH remained stable (6—7). FT-IR spectra of MB and MG before and after
treatment showed similar characteristic absorption bands, with no detectable
changes in the major peaks, indicating that no detectable structural changes
occurred in the dye molecules during the experimental period.

1. Introduction

Nowadays, synthetic dyes such as methylene blue (MB) and malachite green (MG) are widely used in the textile,
leather, paper, aquaculture, and laboratory industries. They are inexpensive, readily available, and highly effective,
making them popular for a wide range of industrial and laboratory applications. However, these same properties contribute
to their persistence in aquatic environments and their widespread occurrence in contaminated water bodies. Their intense
color and resistance to natural degradation make their removal from wastewater a major environmental challenge. When
released into natural water bodies, these dyes can exert severe toxic effects on aquatic ecosystems. They reduce light
penetration and dissolved oxygen levels, thereby inhibiting photosynthesis in submerged aquatic plants. As a result,
aquatic vegetation gradually declines, leading to reduced food availability and oxygen supply for aquatic organisms.
Furthermore, because of their chemical stability, synthetic dyes can persist in the environment for extended periods. They
may also bioaccumulate in aquatic organisms, enter the food chain, and ultimately pose toxic risks to higher organisms,
including humans. Even at low concentrations, these dyes have been reported to exhibit mutagenic, teratogenic, and
carcinogenic effects, raising serious environmental and public health concerns. The oral median lethal dose (LDso) of
methylene blue and malachite green in rats has been reported to be 1,180 and 275 mg/kg, respectively (Clemmensen et
al., 1984; Seif et al., 2004; Abdullah et al., 2016). Conventional wastewater treatment methods, such as chemical
oxidation, membrane filtration, and activated carbon adsorption, are often expensive, require sophisticated infrastructure,
and may generate secondary pollutants. As an alternative, phytoremediation, which uses plants to remove, degrade, or
stabilize contaminants, has attracted increasing attention as a simple, cost-effective, and environmentally friendly
approach. This technique is particularly suitable for developing countries and small-scale wastewater treatment systems
because of its low operating cost, minimal energy requirements, and sustainable nature. Successful phytoremediation
depends on selecting plant species that can tolerate and grow well in contaminated water while effectively removing
pollutants.
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The use of aquatic plants has been recognized as an effective alternative for wastewater treatment. Hydrilla
verticillata, a submerged macrophyte, has shown considerable potential for phytoremediation because of its rapid
growth, high biomass production, and large surface area, which enhance its capacity to adsorb and accumulate
pollutants, including synthetic dyes. As a submerged aquatic plant, H. verticillata absorbs water, nutrients, and dissolved
substances directly from the surrounding water through its leaves and stems. Its tissues contain extensive aerenchyma
that facilitate gas exchange and buoyancy in aquatic environments (Sriphen, 1987). In addition, hydrilla propagates
easily and is widely distributed in freshwater ecosystems, making it a readily available and sustainable plant for
wastewater treatment. It is also commonly cultivated in aquaria and aquaculture ponds, where it provides shelter for
aquatic organisms, improves water quality, and contributes to oxygen production. Because of these characteristics, H.
verticillata has considerable potential for the remediation of dye-contaminated wastewater. Therefore, the aim of this
study was to evaluate the decolorization of methylene blue (MB) and malachite green (MG) in contaminated water
using H. verticillata.

2. Materials and methods
2.1 Collection and preparation of plant

H. verticillata was collected from the greenhouse of the Department of Botany. The plant was washed
thoroughly with tap water and distilled water to remove dirt. The acclimatization was done in laboratory conditions with
tap water only for 7 days under contact of natural sunlight.

Table 1 Characteristics of methylene blue and malachite green

Parameters Methylene Blue Malachite Green
Molecular formula Ci16H1sN3SCl C23H25CIN,
Molecular weight (g/mol) 319.851 364.911

Color index number 52015 42000

Density (g/ml) 1.0 1.0448

Melting point (°C) 190 158-160

Amax (nm) 664 618

2.2 Synthetic water of methylene blue and malachite green

Methylene blue (MB) was obtained from the Department of Biology, whereas malachite green (MG) was
obtained from the Department of Microbiology. Synthetic dye solutions of MB and MG were prepared at an initial
concentration of 100 mg/L following the method described by Karaghool et al. (2022). This concentration was selected
because it is widely used in laboratory-scale dye removal studies, provides reliable spectrophotometric measurements,
and represents a relatively high contaminant loading for evaluating treatment performance. Each dye solution was
prepared to a final volume of 1,000 mL and used as synthetic wastewater in the subsequent experiments. Approximately
20 g (fresh weight) of H. verticillata was placed in a 2,000-mL glass beaker containing the dye solution. The
decolorization of MB and MG by H. verticillata was monitored using a UV—visible spectrophotometer (Model V-5100,
Serial No. AD2203026, METASH Instruments, Shanghai, China) at wavelengths of 664 nm and 618 nm for MB and
MG, respectively.
2.3 Water quality analysis

The following parameters: TKN (Total Kjeldahl Nitrogen), dissolved oxygen (DO), pH and temperature (T)
were measured for the dye-contaminated water before and after the experiment using standard laboratory procedures.
2.4 Experimental setup for removal of methylene blue and malachite green

Twelve glass beakers were prepared, consisting of six control groups without H. verticillata (three containing
methylene blue and three containing malachite green) and six treatment groups with H. verticillata (three containing
methylene blue and three containing malachite green). Each group was prepared in triplicate, and each beaker contained
1,000 mL of synthetic dye solution with either methylene blue or malachite green at an initial concentration of 100
mg/L. The treatment groups were supplemented with 20 g (fresh weight) of H. verticillata and maintained at room
temperature under continuous fluorescent illumination at approximately 4,000 lux. This light intensity was selected to
provide stable and reproducible lighting conditions throughout the experiment while supporting the photosynthetic
activity of H. verticillata. Water samples were collected after 1, 2, 3, 4, 5, 24, 48, 72, and 96 h of treatment and filtered
through Whatman No. 40 filter paper prior to analysis. The absorbance of each sample was measured at 664 nm for
methylene blue and 618 nm for malachite green using a UV—visible spectrophotometer until the absorbance reached
zero or a near-zero value.
2.5 Characterization of methylene blue and malachite green by FT-IR spectroscopy (Model: Spectrum Two, PerkinElmer,
US.A)

Water samples from the experimental group containing MB and MG were subjected to FT-IR analysis both
prior to and following the experiment. This comparative assessment aimed to determine whether any structural
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alterations of MB and MG occurred during the course of the experiment. FT-IR analysis was performed using dye
solutions collected at the end of the 96 h treatment period.
2.6 Analysis of dye decolorization

The decolorization of methylene blue and malachite green was evaluated using spectrophotometric analysis.
Water samples were collected at 1, 2, 3,4, 5, 24, 48, 72, and 96 h during the decolorization process, and their absorbance
was measured using a UV—Vis spectrophotometer at the characteristic wavelengths of each dye (approximately 664 nm
for methylene blue and 618 nm for malachite green). The percentage of dye removal was calculated from the initial and
subsequent absorbance values, providing a quantitative assessment of decolorization efficiency under the experimental
conditions. The percentage decolorization was calculated using the following equation:

- Initial absorbance — Ob d absorb .
Decolorization (%) = nitlal absorbance — Observed absorbance x 100 (Parshetti, 2006)

Initial absorbance

If slightly negative absorbance values were obtained after blank correction, they were treated as zero because negative
absorbance has no physical meaning and may occur when the measured absorbance approaches the practical detection
limit of the instrument.
2.7 Data analysis

The experimental results were presented as mean + standard deviation (SD) based on three independent
replicates (n = 3). Water quality parameters (TKN, DO, pH, and temperature) were summarized descriptively to
characterize the dye-contaminated wastewater before and after the experiment. Decolorization efficiency was analyzed
using SPSS version 16.0. Differences between the control and treatments were evaluated by one-way analysis of
variance (ANOVA). Differences were considered statistically significant at p < 0.05.

3. Results and Discussion
3.1 Water quality analysis

The characteristics of methylene blue and malachite green are presented in Table 1. The physicochemical
parameters, including dissolved oxygen (DO), pH, temperature (T), and total Kjeldahl nitrogen (TKN), were measured
in MB- and MG-contaminated water before and after the experiment (Tables 2). In the control group, before the
experiment, the mean temperature, pH, DO, and TKN values of the MB-contaminated water were 29.10 + 0.10 °C, 7.33
+0.15,7.35 + 0.02 mg/L, and 2.05 + 0.14 mg/L, respectively. For the MG-contaminated water, the corresponding mean
values were 29.10 = 0.10 °C, 6.67 £ 0.15, 7.35 = 0.02 mg/L, and 2.05 + 0.14 mg/L, respectively. In the control group,
after the experiment, the mean temperature, pH, DO, and TKN values of the MB-contaminated water were 29.97 + 0.32
°C, 8.43+0.15,6.89+£0.17 mg/L, and 4.89 + 0.80 mg/L, respectively. For the MG-contaminated water, the corresponding
mean values were 30.17 + 0.06 °C, 7.80 = 0.10, 6.84 + 0.08 mg/L, and 2.30 + 0.05 mg/L, respectively. Overall, the
physicochemical parameters of the MB and MG control groups showed no substantial changes before and after the
experiment.

In the treatment group, before the experiment, the mean temperature, pH, DO, and TKN values of the MB-
contaminated water were 29.10 £ 0.10 °C, 6.67 + 0.15, 7.35 £ 0.15 mg/L, and 2.05 + 0.14 mg/L, respectively. For the
MG-contaminated water, the corresponding mean values were 28.93 + 0.06 °C, 6.47 £0.31,5.15+ 0.47 mg/L, and 16.16
+2.53 mg/L, respectively. After the experiment, the mean temperature, pH, DO, and TKN values of the MB-contaminated
water in the treatment group were 30.17£0.11 °C, 7.17 £ 0.25,2.14 = 0.44 mg/L, and 159.70 + 14.14 mg/L, respectively.
For the MG-contaminated water, the corresponding mean values were 30.17 = 0.06 °C, 6.93 £ 0.21, 1.45 + 0.04 mg/L,
and 159.80 + 2.72 mg/L, respectively.

During the decolorization process, the solution temperature increased in both the MB and MG treatments,
indicating that the interaction between hydrilla and the dyes involved thermal changes. After treatment, the pH remained
within the neutral range in both the MB and MG treatments. Hydrilla absorbed substantial amounts of nutrients,
including nitrogen, from the water and sediment for growth, which can reduce the total Kjeldahl nitrogen (TKN)
concentration in the water. However, when the plant died and decomposed, the accumulated organic nitrogen may be
released back into the water, potentially increasing TKN levels. In addition, MB and MG can reduce light penetration
into the water, thereby inhibiting photosynthesis and decreasing dissolved oxygen (DO) production. This effect was
consistent with the observed decline in DO and the death of hydrilla after 96 h in the MG treatment.
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Table 2. Parameters of MB and MG contaminated wastewater before and after the experiment (mean =+ standard
deviation; n=3)

TKN (mg/L) DO (mg/L) pH Temperature (°C)
Controls Treatments Controls Treatments Controls Treatments Controls Treatments
MB MG MB MG MB MG MB MG MB MG MB MG MB MG MB MG
Be 2.05+0  2.05+ 2.05+0 16.16 735+ 735+ 7.35£0 5.15+ 733+ 6.67+0 6.67t 6470 29.10 29.10+ 29.10+ 28.93
fore .14 0.14 .14 +2.53  0.02 0.02 15 0.47 0.15 15 0.15 31 +0.10  0.10 0.10 +0.06

Af 4.89+0 23+0 159.7+ 159.8 6.89+ 6.84+ 2,140 145+ 843+ 7.8+0. 7.7+ 6.93x0 29.97 30.17+ 30.17+ 30.17
ter .80 .05 14.14 +2.72 017 0.08 44 0.04 0.15 10 0.25 21 +0.32  0.06 0.11 +0.06

Water quality analysis after the experiment showed that the MB and MG treatments exhibited elevated TKN
concentrations, decreased dissolved oxygen (DO) levels, and pH values that remained within the acceptable range. The
increase in TKN may be associated with the decomposition of hydrilla biomass and the subsequent release of organic
nitrogen into the water. In addition, plant respiration and microbial decomposition may have contributed to the observed
decrease in DO. According to the standards for wastewater discharge from Type A buildings, the acceptable pH range is
5-9, and the total Kjeldahl nitrogen (TKN) concentration must not exceed 35 mg/L (Tiyapairat, 2005). In the present
study, the pH values of both treatments remained within the regulatory limits.

Hydrilla absorbed nutrients, including nitrogen, from the water and sediment during growth, which may
contribute to a reduction in TKN concentration. However, as the plants senesce and decompose, the accumulated organic
nitrogen may be released back into the water, potentially increasing TKN levels. Furthermore, MB and MG reduce light
penetration into the water, thereby inhibiting photosynthesis and decreasing oxygen production, which may lead to lower
DO concentrations. This explanation is consistent with the experimental observations, in which hydrilla in the MG
treatment died after 72 h, while most hydrilla in the MB treatment died after 96 h. Light is an essential factor for
photosynthesis. In this experiment, fluorescent lighting was provided as a controlled light source. Under these conditions,
MB decolorization increased rapidly during the first hour and then continued to increase gradually until 96 h. Imron et al.
(2019) investigated the phytoremediation of methylene blue using Lemna minor and demonstrated strong
phytoremediation potential, achieving 80.56 + 0.44% methylene blue removal within 24 h while maintaining plant
growth. In the present study, MG decolorization increased during the first hour, decreased between 2 and 4 h, and then
gradually increased. After 48 h, the decolorization efficiency increased markedly. These results suggest that continuous
illumination enhanced the decolorization performance of hydrilla. The findings are consistent with the hypothesis that
hydrilla is capable of removing dye from contaminated water. Chahar et al. (2024) investigated the removal of the toxic
dye malachite green using the aquatic plants Hydrilla verticillata and Najas minor. Using 750 mg of plant biomass and
an initial dye concentration of 25 mg/L, the authors reported that H. verticillata exhibited a higher removal efficiency
than N. minor, with maximum removal efficiencies of 98% and 80%, respectively, after 5 days. In addition, H. verticillata
removed approximately 67% of malachite green within 4 h, and the removal efficiency increased to 85% after 10 h.
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Figure 1. Decolorization values (%) A) MB and B) MG

Figure 1A shows that MB decolorization in the treatment group increased over time, from 61.54 £ 8.25%at 1 h
to a maximum of 93.37 £ 8.21% at 96 h, indicating effective uptake of MB by hydrilla. In contrast, the MB control group
exhibited low and inconsistent decolorization (—7.53 + 24.84% to 42.23 + 17.65%) over the same period, confirming that
the observed dye removal was primarily attributable to the presence of hydrilla.

Figure 1B shows that MG decolorization in the treatment group was variable during the early stages of the
experiment but increased markedly after 24 h (24.42 +36.53%), reaching a maximum of 100.00 &+ 55.67% at 72 h. During
the final stage of decolorization, a few samples exhibited slightly negative absorbance values after blank correction
because the residual dye concentration approached the practical detection limit of the UV—Vis spectrophotometer. Under
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these conditions, measurement uncertainty and normal instrumental fluctuations may result in small negative absorbance
values, which do not represent physically meaningful negative light absorption. Therefore, negative absorbance values
were assigned a value of zero, and the corresponding maximum decolorization efficiency was reported as 100%. The
decolorization efficiency in the MG control group gradually increased over time, ranging from 17.14 + 8.88% to 72.92
+ 16.94%, indicating that some color loss occurred even in the absence of H. verticillata. However, the reduction in
malachite green concentration observed in the control group suggests that factors other than hydrilla also contributed to
color removal. Possible abiotic mechanisms include photodegradation under continuous fluorescent light exposure, the
intrinsic instability of malachite green in aqueous solution, precipitation of dye molecules during the experimental period,
and limited adsorption onto the glass beaker surface. Although these mechanisms were not directly investigated in this
study, they may have contributed to the partial decrease in dye concentration observed in the control treatment. Therefore,
the greater decolorization observed in the presence of H. verticillata is likely attributable to the combined effects of plant-
mediated processes and these background abiotic factors. The sharp increase in MG decolorization in the presence of
hydrilla indicated effective dye uptake. However, the mortality of hydrilla by 96 h suggests that MG is more toxic to the
plant than MB. Ahila (2021) evaluated the phytoremediation potential of Pistia stratiotes, Salvinia adnata, and Hydrilla
verticillata for the treatment of dye-containing wastewater and reported dye accumulation in the roots and leaves of P.
stratiotes and S. adnata. Anjana and Thanga (2011) reported that Eichhornia sp. achieved the highest decolorization
efficiency in textile effluent. Thilakar et al. (2012) identified P. stratiotes as an effective hyperaccumulator that removes
contaminants and nutrients through rhizofiltration, thereby promoting high biomass production.

In the present study, wastewater color decreased after 48 h of incubation with hydrilla, whereas plant decay
became evident after 72 h of exposure, likely due to the toxic effects of prolonged dye exposure and contaminant
accumulation. Decolorization of MG-contaminated wastewater showed only minor fluctuations during the early stages of
the experiment, followed by a marked increase after 48 h and reaching a maximum at 72 h. This pattern suggests that
hydrilla is capable of removing MG from contaminated water, although the process was slower than that observed for
MB. The relatively high initial concentration of MG may have exerted toxic effects on the plants, thereby limiting their
uptake capacity during the early stages of the experiment. This observation is consistent with the findings of
Parshetti et al. (2006), who reported that the bacterium Kocuria rosea achieved low decolorization efficiencies of only
13% and 6% at malachite green (MG) concentrations of 70 and 100 mg/L, respectively. Their results indicated that the
toxicity of MG increased with increasing dye concentration, thereby inhibiting microbial activity and reducing dye
removal efficiency. Similarly, in the present study, at an MG concentration of 100 mg/L, H. verticillata was unable to
rapidly remove the dye during the initial stage of exposure, as evidenced by only minor changes in decolorization during
the first hour. This delayed response further supports the conclusion that high MG concentrations can suppress biological
uptake mechanisms, resulting in slow and less efficient decolorization during the early stages of treatment. Overall, H.
verticillata demonstrated effective decolorization potential in water contaminated with MB and MG. The plant achieved
up to 93% decolorization of MB within 96 h, whereas MG decolorization reached 100% after 72 h.

The results demonstrate that H. verticillata has strong potential for the phytoremediation of dye-contaminated
water, particularly for the cationic dyes methylene blue (MB) and malachite green (MG). The high decolorization
efficiency of MB (up to 93% within 96 h) indicates effective dye removal, likely through adsorption onto plant surfaces
and subsequent uptake by the plant. This finding is consistent with previous phytoremediation studies, in which aquatic
plants achieved 80-95% MB removal under suitable conditions, highlighting the importance of contact time and plant
biomass (Imron et al., 2019). The faster and more consistent removal of MB compared with MG suggests that dye
structure may play an important role in the decolorization process. As a relatively simple cationic dye, MB may be more
readily removed by H. verticillata, whereas MG exhibited greater variability, possibly because of its higher molecular
complexity and greater toxicity to plant tissues. The fluctuating decolorization pattern of MG, followed by a marked
increase to 100% after 72 h, may be attributed to delayed uptake by the plant, adsorption—desorption dynamics, or
experimental variability. Similar behavior has been reported in other biosorption systems treating cationic dyes (Bayram
et al., 2022). Furthermore, the gradual increase in decolorization over time indicates that dye removal by H. verticillata
is a time-dependent process. The observed decolorization is likely the result of multiple processes acting simultaneously,
including adsorption onto plant surfaces, rhizofiltration, and biological uptake. Similar trends have been reported for other
aquatic plants, in which decolorization efficiency increased with exposure time as the interaction between the dye
molecules and plant biomass became more extensive (Abdullah et al., 2018).
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Figure 2. MB and MG dye-contaminated water A) MB control 0 h. B) MB treatment 0 h. C) MG control 0 h.
D) MG treatment 0 h. E) MB control 96 h. F) MB treatment 96 h. G) MG control 72 h. H) MG treatment 72 h.

Figure 2F and H show that the treatment group exhibited a continuous increase in the decolorization of both
MB- and MG-contaminated wastewater over the experimental period. These findings are consistent with previous
phytoremediation studies, which have demonstrated that, in both floating and submerged aquatic plant systems, the plant
rhizosphere plays a crucial role in the removal of contaminants, decolorization, and the improvement of water quality.
The rhizosphere, which is in direct contact with the surrounding water, facilitates several phytoremediation mechanisms,
including rhizofiltration (removal of contaminants by plant roots), phytostabilization (immobilization of contaminants
within the root zone), and rhizodegradation (degradation of contaminants by plant roots and associated microorganisms)
(Chandra et al., 2017; Tangahu et al., 2011). The removal of MB increased with increasing exposure time (Pathania
et al., 2017; Vieira et al., 2009). Increasing the contact time between the dye solution and the plants enhances the
likelihood of interactions between dye molecules and the plant surface (Khataee et al., 2012). A longer contact time allows
more dye molecules to interact with the available sorption sites on the plant surface, thereby improving dye removal
efficiency. This finding is consistent with those reported by Nasrullah et al. (2015) and Tangahu et al. (2011), who
observed that increasing the incubation time resulted in higher decolorization efficiency.
3.2 Characterization of MB and MG by FT-IR spectroscopy

The FT-IR spectra of MB before treatment and MBAF after treatment exhibited similar spectral patterns (Figure
3A). The broad absorption band at 3354 cm™ was assigned to the O—H stretching vibration of hydroxyl groups. The weak
peak at 1635 cm™ corresponded to the aromatic C=C stretching vibration, while the absorption band at 1228 cm™ was
attributed to the C—N stretching vibration of tertiary amine groups (Coates, 2000; Silverstein et al., 2014). The similarity
of these characteristic absorption bands indicates that MB and MBAF possessed the same chemical structure. Similarly,
the FT-IR spectra of MG before treatment and MGAF after treatment showed comparable spectral patterns (Figure 3B).
The broad absorption band at 3366 cm™ was assigned to the O—H stretching vibration of hydroxyl groups. The peak at
1630 cm™ corresponded to the aromatic C=C stretching vibration, whereas the absorption bands at 1363 cm™ and 1216
cm ! were attributed to the C—N stretching vibration of tertiary aromatic amine groups (Socrates, 2001). The similarity of
the characteristic absorption bands before and after treatment indicates that the chemical structure of malachite green
remained unchanged during the experiment. Overall, the FT-IR spectra of MB and MBAF, as well as MG and MGAF,
exhibited similar characteristic absorption bands, with no new peaks or significant shifts following treatment (Figure 3).
These findings indicated that no detectable structural changes occurred in either dye during the decolorization process.
Therefore, the observed color removal was not associated with detectable chemical degradation of the dye molecules
under the experimental conditions.
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4. Conclusions

Hydrilla verticillata demonstrated effective decolorization of water contaminated with methylene blue (MB) and
malachite green (MG), achieving up to 93% decolorization of MB within 96 h and complete (100%) decolorization of
MG within 72 h. FT-IR analysis revealed similar characteristic absorption bands before and after treatment, with no
noticeable changes in the positions of the major peaks, indicating that no detectable structural changes occurred in the
dye molecules under the experimental conditions. These findings suggest that H. verficillata has considerable potential
as a cost-effective and environmentally friendly alternative to conventional physicochemical treatment methods, which
are often expensive and may generate secondary pollution. Furthermore, its submerged growth habit provides a large
surface area for interaction with pollutants, making it a promising candidate for the remediation of dye-contaminated
water.
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