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Abstract

This study aimed to develop and implement a small-scale laboratory approach by replacing a
conventional reaction rate experiment with chemical equilibrium and solubility equilibrium activities in a General
Chemistry Laboratory course. The study also evaluated the effects of the modification on chemical consumption,
waste generation, operational efficiency, and laboratory safety. An evaluation research design was conducted under
real educational implementation by comparing the conventional experiment with the newly developed small-
scale laboratory experiment. Data were collected from records of chemical consumption, chemical waste
generation, operational time, laboratory safety, and questionnaires completed by 25 instructors, teaching assistants,
and laboratory staff. The questionnaire demonstrated good reliability (Cronbach's alpha = 0.863). Data were
analyzed using descriptive statistics and a one-sample t-test. The results showed that the small-scale laboratory
approach reduced chemical consumption from 314.00 mL to 11.85 mL per student pair, representing a 96.23%
reduction. The total volume of prepared chemicals decreased from 91.3 L to 9.7 L per academic year despite an
increase in student enrollment from 510 to 1,400 students. The modified experiment also reduced chemical waste,
reagent preparation time, laboratory operation time, and risks associated with chemical exposure, chemical transfer,
and the use of laboratory glassware. Participants rated the modified experiment at a high level (4.46 + 0.61), with
the mean score being significantly higher than the predetermined criterion (p < 0.001). In conclusion, applying
small-scale laboratory techniques effectively enhanced laboratory safety, reduced resource consumption and
chemical waste, improved laboratory management efficiency, and supported Green Laboratory practices and the
Enhancement of Safety Practice of Research Laboratory (ESPRel) standards. The proposed approach can serve as

a model for improving other chemistry laboratory activities in higher education.

Keywords: ESPRelL Standards, Laboratory Safety, Le Chatelier’s Principle, Small-scale Laboratory, Waste

Minimization
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5189M15 ansmaiauizen (L) dunaeiuazaunanisazatglusuuuuufufnistedau (L)
Usanauansiadifiwiden 91.3 9.7
Usunaasiatagmae 10.6 1.1%
Bunaasiediildase 80.7 8.6

NUIT N5NAR8I8RIINISARULATelFa15AN939 80.7 8n5 lnadarsalladndesid 10.6 895 vaziin1snnaed
auganiuazaunanisazaglusuuuujiinsgediuliansiniinavieveuwsdazylintesndt 100 faddns nasduganis
Seunisaeu yenanil ledinsiSeuisudSnanasUssnueddeNiintuainn1sdnssunsaay Auuanslunnsedn 7
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- o ) Miscellaneous Aqueous Waste 6.4 L
N1ANTANEIN 1 Miscellaneous Aqueous Waste 60 L ]
Combustible Waste 5 kg
,j o ) Miscellaneous Aqueous Waste 5.5 L
A1ANTANWIN 2 Miscellaneous Aqueous Waste 30 L ]
Combustible Waste 5 kg
o o Miscellaneous Aqueous Waste 90 Miscellaneous Aqueous Waste 11.9 L
SAURAAUNTANEN
L Combustible Waste 10 kg

WU NMIVRRBIRIINSAnURAseneiAnvenduUsznmn Miscellaneous Aqueous Waste 531 90 895 faan
Umsfnw vauzfinisveassaunanililazaunanisazatglugluvulianisgediunelviiia Miscellaneous Aqueous
Waste 533 11.9 G915 uaz Combustible Waste 534 10 filansu naenUn1sfinw
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Multidisciplinary Digital Procedia, 2026; 002(03): 0202 Page 11 of 14

M15°9% 10 nan1sUsEliuANumINzaNTeINsUsTENAldMIMnaesaunaiuaraunanisaratelusUwuuUUinisgedu

funisusziiu seAUN1SUTZIEIU Mean + SD
ANUVLNE EUVDINITNAR D mnﬁqm 4.51 + 0.52
ANuUaeasielunsuumay Wniign 4.54 + 0.59
NSNS NeINsLaNsanveNLdey 110 4.49 + 0.66
NMIANRUNITNAGDY 110 431+ 0.75
Anuianelalagsan 170 4.46 + 0.52
ARdsTI 110 4.46 + 0.61

9115797 10 WU greunuudszifiufinnuAniiudonisszgndldnmeassaunateinazauganisazaiely
sUuuuUiRnsgodmegluseduann (4.46 + 0.61) ennaeusiyaii One-sample t-test lW3suiisuiuaLnmsi 3.00
wuAedsanuAndiulasTganinAinasigslitudAamneaia (t(24) = 11.97, p < 0.001) uandliifuingmeunuy
UsziliufianuAnviudeuindenisuszendldnmvaaesaunaniivasaunanisaratgluguuuuufifinisgedi
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Singh et al. (1999) fiszyinmediaufuAnisdediuannsnaanisldasiad anveads Lazanauidssninnsufiaauls
Tnglaldssanssnuslenmamaasniaious Sniassaenndaatu Armstrong et al. (2019) iy Cabrera-Franco et al. (2026)
flauoinmseenuuuianssumsneaedlysllimnzauiumsussgndldinaiafifnsdedin atfuayuuunannmsooniuy
viseUSuasuAanssumsmaaeslimnzaufuuiunvesnisinnisisunisaeuuazndnns Green Chemistry 1losa1n
anunsneenuuUiuReunMmaaettienadesiuuunmsTanssunsaauLay MUSIMsAN s fRMS A RB s

winmanasessninmsinujiteuasnmaaesaugaiaiiuazaunanisaraevziidommaaiunnsetu us
nMsUiudsuianssumaanedusuideililitnguszasdifioTouiisulssAnBnmaussnsnanesisaadlnenss us
\JunsUszifiunavesniseenuuuianssunsveasdlsifidinmadnénisisoudifeiunavesnnuidutusioszuuiadl ns
duna MAAsIz wazn1sulananisvnaedld vasifeiuaunsaussendldwaiaufifinisdeduldegranungay J9vi
Tinafinuagiieulszansnmyeiniseaniuuianssunsvaaedniluuiunvesnisinnisifounisaeuata 1nniins
Wisuiflsuauuanisvesiemmaveassfissesnaiien

Tugnunisldansiadl nan1sAnwinuinmmasesaugamiiarauganisazangluzuuuuluinisdeduldasiad
\lgs 11.85 Hadanssiequijinis Weiioudu 314 faddnsvesnismaasidnsnisiiaujisen Andunisanasiesas
96.23 uonani LLﬁdﬂﬁi’wmuﬁﬁmﬁL%’ﬂﬂﬁﬁ”ﬁmi%Lﬁmﬁumﬂ 510 Audu 1,400 AU uiUSinaansieiifiseunIounaond
MsAnwIdantanasan 913 dns indefies 9.7 ns uazUunuasiadiildaieanasann 80.7 dns 1nde 8.6 ns anad
Usznaidosas 89.4 wihdnnuddnifistuiev 3 uh uandiifuiinisannisliaseaiilildiinansuudiFouilanas
uAnainmssenuuuianssunsmnaestildasedlussiudediudaunduns Ssaenndosfundnnis Waste Prevention
LAz Source Reduction 484 Green Chemistry il sannisldninensuazninfnvondedeuddunaunisoanuuy
NSUIUNTT (Anastas & Warner, 1998; Anastas & Eghbali, 2010)

uenanMsanUitnamnesiiliudy mseenuuumvaasslusUuuufiRnsdeduddmadensnouasiad
dmfumsdanmaisumsdeuaisediednau lumsianadsunsdeunsinjiimanid AUfURnusndudeunioy
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Tfiansiadinandondsduganmsidsunsaeuduiuan wedfiunslumsdafiu mamuauama waensidnansadii
wiield egnslsfinnu nsveaesaunaniivaraunanisazanglugunuudjiinsdedldusunsasiaiidenisnaaesiioy
wn il sidennisufieanasegrannisuiontu sansfnwmuianafeundeveusarsiandsdugans
TanaiSeunisaoudvsunaldiiu 100 §addns axvieuliiuianisldaseildedadiuszansnm annsgandensnenns
wazgannsglumsianmsasiadiaavie FalulsslemionsuimsinnisviesufoRnislussezen
am3sfnuduandiiiuiinsanuiinamseiitusduneuniseenuuuianssy dwalnenssionisanyiina
voudsinil Ingraudeuszinn Miscellaneous Aqueous Waste anasa1n 90 ans 1deliled 11.9 dnsaatn1sAnw wiin
nanaaesgUuuUlvsiaedivondeuszian Combustible Waste 91nYanAuudesunsdiu fuduvendsauasUssinniuueg
dansavans wazsdudosdanismuuuinianisdanisveadeiifmun wansdnuiissaenndeaiuuuifn Green
Chemistry wag Green Laboratory filiiannudafunisanveadsfiunasiiin mﬂﬂ’j’mmgﬁmﬂ’lwaaﬁwé’al,ﬁm%ul,l,éﬁ

Tugumudasnasts nanisAnwnuinmsmeasssuuuulmitisanmudssannsduiaansied n1sanemansied
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$1fin iinauAanaInsEniensUTReulde dwalifnnsnialvaresansaiviensuaninveaiods Tums
AUt mimaaaamaLmJLLaUamamiauawiuiﬂl,t,uwgummiaamﬂmwmmimﬂmimummuﬂgﬂimLLamaam
maawumaﬂ lidesdunm uazdituneunismnassiifeudionin ililiwuimmmsninisilvavesansiadivienisunniin
vouATouAmaonTzBzIa ANy wiiaessUuuuarinugTRmnHous uinsantadodesiauddumaieiduiile
ddguesnsumseudsduieosufiins Teasnndostunuifn Laboratory Risk Assessment 484 Hill uag Finster
(2016)

Tudnuusgdnsamnisaiunu wm’1ﬂ151/1mamgmwuﬂﬁﬁﬁmiﬂaﬁquﬁhUamiwzanﬂuﬁqﬂ%umausummi
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fremans shlimsdudunuianusauarivssniaminniu uenanidiisanniszauresennnssaounay
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Nan1sUsziuaneasdaou fisaeu uazimihiivesl fURin1sdatuayunanis@nudenan laediauads
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UFtRnsaul
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