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Antioxidant Compounds from Spent Coffee Grounds (SCGs)

Packapong Thuthaisong, Apivich Likitlersuang, Sarana Vanichchinchai, Anyapat Tamarree, Yuwajuk Pinnakbud, Konchanok Sriyuttakrai, and et al.

ENSD 2025-49
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AfLa Nrad
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Network Pharmacology-Based Investigation of a Traditional Thai Longevity Formula for Anti-Aging Potential

Hathaipat Sornnork, Naputsorn Geram, Alongklod Tanomtong, Nattapong Wongchum, Weera Thongnetr, Somchai Pinlaor, and et al.
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Network Pharmacology-Based Prediction of the Mechanisms of a Traditional Thai Herbal Formula for Diabetes Treatment

Naputsorn Geram, Hathaipat Sornnork, Alongklod Tanomtong, Nattapong Wongchum, Weera Thongnetr, Somchai Pinlaor, and et al.
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Recovery of Natural Bioactive Extract with
Antioxidants and Anti-Tyrosinase from Coffee

Silver Skin (CSS)

Packapong Thuthaisong, Apivich Likitlersuang,
Sarana Vanichchinchai, Napapat Pattanapirom,

Kunath Saisoothi, NutwaraTusjunt, and et al.
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Study of the creative process of recycled vinyl advertising materials for the

purpose of creating product prototypes that reflect popular culture

Sunisa Namdokmai and Khajornsak Nakpan

Faculty of Decorative Arts, Silpakorn University, Phra Nakhon District, Bangkok
* Corresponding author: namdokmai_s@silpakorn.edu

Abstract

From the past to the present, the evolution of human survival has been diverse, starting from creating
changes with survival tools that are close to us, such as rocks and wood, to tools from large-scale industries of
entrepreneurs and economic benefits. Before all products are decided to be purchased by consumers, there
must be communication from the manufacturer through advertising materials such as vinyl signs to publicize
the quality and properties of the products that want to persuade buyers. There is a trend of consumption that
follows the endless human needs. And of course, this type of material is still widely produced for advertising
because it is cheap, durable against weather conditions, and has a tendency to increase production in the
future. This research article aims to 1) study the creative approach to transform the characteristics of waste
advertising materials and form products from appropriate design processes. 2) study the context of society in
popular culture that has persuasive advertising to make people aware of the enormous consumerism, creating
value in design work, leading to new interpretations and meanings as a result of the creative process. The
quality of human life has changed according to the characteristics of various consumer goods. That means that
waste materials from product advertising are enormous every year. Therefore, the elimination of this waste by
creating changes to the appearance of materials, including their value, through studying the processes that
affect different appearances and extend their service life. Transforming waste from the advertising industry into
alternative materials is another way to restore a circular economy. This leads to the idea of billboards that used
to serve as advertisements during times when humans needed them, but then abandoned them when they
were no longer useful. The emergence of this new material is a reminder of the return to serve as advertising,

but in a more valuable.

Keywords: Process / Popular culture / Advertising / Vinyl billboard / Product prototype
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Analysis of Alternatives for Selecting Aerators in Surface Water Sources within

the Area of Mahidol University, Salaya Campus
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*Corresponding author: thitaree.wan@mahidol.ac.th

Abstract

Analysis of alternatives for selecting aerators in surface water sources within the area of Mahidol
University, Salaya Campus. Currently, Physical and Environmental Division, Mahidol University, Salaya Campus
supports being a Green University by focusing on using technology in water resource management to increase
dissolved oxygen (DO) for aquatic organisms and to improve surface water quality. Therefore, in order to create
efficiency and effectiveness in being a sustainable green university, this research article aims to find guidelines
for selecting aerators to be used in surface water sources within the area of Mahidol University, Salaya Campus,
to increase the efficiency of adding dissolved oxygen to surface water. Dissolved oxygen (DO) is the amount of
oxygen in water, measured in milligrams per liter (mg/L), meaning the number of milligrams of oxygen dissolved
in one liter of water. By measuring the dissolved oxygen of each type of aerator, to compare the options
between a 4-blade water turbine aerator, a 10-blade water turbine, a floating Jet Aerator, a Chaipattana turbine,
a 4-blade solar-powered turbine, and a fountain. The analysis covers the central area of Mahidol University,
which consists of 4-blade turbine aerators totaling 10 units, 10-blade turbines totaling 5 units, 3 Jet Aerators
totaling 3 units, 1 Chaipattana turbine, 16 solar-powered 4-blade turbines, 42 fountains, and 2 large fountains,
totaling 83 units. The analysis found that the 10-blade turbine aerators are the most efficient in aerating water
sources, and the 4-blade solar-powered turbines are the most cost-effective in installing aerators in the area of
Mahidol University, Salaya Campus. It is also a continuous and sustainable energy conservation in accordance

with the university’s policy.

Keywords: aerators in surface water sources/ dissolved oxygen (DO)
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feanisesndiauiiararslutionisriels wWeldivasdniunisduasieienewas UsSuiueandauiasataluing

fosn1sazuananulUlunsazeiinvesdniun 1wy Yaninfiudeinsseaufiastu 4-8 me/L lnganuanunsneondiau

Y

azangludIuIgVS a1 ATM 91 30 srnlealdeailel 7.5 me/L fAaguil 1

foonBoua:mstuthusans cu 1 ATM
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0°C, DO 14.64 mg/L
%14
212 10°C, D0 11.26 mg/L
§ . [ \zo-c,bos.oo mg/L
10 [ H 30°C, D0 7.54 mg/L
g gl
O O ME v sannnnnnsnnmrannnannnsnns MR
2o : s :
8 4 : :
2 : : :
0 e A & 1 A
0 5 10 15 20 25 30 35

Temperature (C)
U 1 Aeendiauazareluinuiavs a1 ATM (me/L) figauugiianeg [1]
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a 1 N & 3% a - T o a aaa Ao v |
AUNIY LYY LL‘Uﬂ‘VlLiEJLLasLﬁua’iﬂﬂmmmiaaﬂ‘ULﬁ]uVlaszﬂumL‘zjuﬂu aﬁllGU'JWL‘WaWUSLGU DO agagdaany

o N a1
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S oA a I ado w a adda A Y da = " 4 1 a H

VlLuWLiJEJEJaﬂﬂLﬂth INFATNNINYNNIAIACAYLLATAINYINDU ‘]Tuu’mumwgunEJulﬁ,JUEJEJmahJaJLaEJ E]E]ﬂ“lILQUIUU'HW
3 ' o &

U

gnidfognasimss lneA1 DO muwvanazuUIeendy 3 JULuU #s
1) thlusssumnialuunfiaviien DO Usvana 5 - 7 me/L
2) wsgruhiifamun i awiien DO Usvana 5 - 8 mg/L
3) dudpazilen DO fndh 3 me/L
Haseiidmwasooandiauluth (Dissolved Oxygen)
uwidsiaeswisiidusadseinia 100% bisndufesdiamududuresooniiauaratetisiniu Uunueondiou
avanetna3e (Dufiadniu/ans) szunnsatulunugamnl armdu wasarandu
1. aaﬂ%wﬂuﬁwsammLﬁaqmmﬁLﬁ'w‘ﬁu%wmammd15’1ﬁaﬁuﬁﬂ%mmaaﬂ%Lﬁ]ﬂm’fwﬁaaﬂjw'%nmfﬁﬂﬂdﬂ

o

waziundt fegraguiiszdutmeia (1 atm wie 760 mmHg) wavgamgil 4°C azfieendiauazanen 10.92 me/L us

'
a a

dniiugamaiiiugamagiivies 25°C 9dl DO ogfl 8.68 mg/L wiiiu

9 Y
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Y

PONTLAUATANUILRENINUITAUTEUM 20% A9R157991 1

A13197 1 Auansatunsaratsiiveduiaeandiau (me/L) MigaumgiuazAnuiANmg 9 o AUAY 1 Us581NIA [2]

gaumgll AAAY (ppt)

(°O) 0 5 10 15 20 25 30 35
25 8.24 8.01 7.79 7.57 7.36 7.15 6.95 6.75
26 8.09 7.87 7.65 7.44 7.23 7.03 6.83 6.64
27 7.95 7.73 7.51 7.31 7.10 6.91 6.72 6.53
28 7.81 7.59 7.38 7.18 6.98 6.79 6.61 6.42
29 1.67 7.46 7.26 7.06 6.87 6.68 6.50 6.32
30 7.54 7.34 7.14 6.94 6.76 6.57 6.39 6.22
31 7.41 7.21 7.02 6.83 6.64 6.47 6.29 6.12
32 7.29 7.09 6.90 6.72 6.54 6.36 6.19 6.03
33 717 6.98 6.79 6.61 6.43 6.26 6.10 5.94
34 7.05 6.86 6.68 6.51 6.34 6.17 6.01 5.85
35 6.93 6.75 6.58 6.40 6.24 6.07 5.91 5.76

'
= o £

3. sandaululiagiindulionuduusTenAiindu WAiseAuaugaloundIsedulImea (A1udY
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a U I ' o ° 1
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¥
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awasilonanaziioangauluiitosniusniiluseAuiusu
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2. JnguszasA
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3 afiumadenlunsedssnaiuenmeafiannislindsnuliihegsmediouasfduwazannsudesineg

Asvoulneanlen

3. VBULUAYDINISANE

¥
A A

YOUANUNNIANY InensiasisvinTeunquiufidIunavewnineIdeuding Feusenoulume w3aaay
a1mewuuiiusuieln 4 Tuin 9ruau 10 weses, Awiudiuiwla 10 Tufin 91u3u 5 ASes, WuUYuaeY Jet Aerator
U 3 1A389, Aaiudeiaun 1 1e309, ARy 4 Tuipuuulgansiwaddnuin 16 10399, waztnduiu 42 1A3es

2 o - v o 1 a ¥ A a Y = - a - a o =
T TUUIUIUY 81 LATD GNGHLm‘udﬂﬂiﬁlﬂ(ﬂﬂLﬂi@ﬁﬂaml@’]ﬂﬂﬂﬂdgﬂ% 2, E‘U‘Vl 3 LLaZGU‘L«!GWJENLﬂi’eNﬂaLﬁlmaﬂﬂﬂﬁﬂ\igﬂ‘ﬂ a4
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A997 2 gazduadeyamanaliannuansalunsiineINIAveATBINAANe AR UTHAN

. - Motor Oxygen Transfer
R i
Hp | kw Phase Rate (KgO,/hr)

1 wioafteniakuuR i 4 luia 2 |15 1/220V 3.0

2 w3saRuernawuuiaRufth 10 Tuia 3 |22 3/380 3.5-4.5

3 Lﬂ%uﬁummmwwjuaaa Jet Aerator 2 |15 3/380 1.5-2.5

4 Tarudeiaun 2 |15 3/380 24

5 U 05 | 0.4 1/220v ladszy

6 \wdenfuormeanuuiwiufitn 4 Tuita wuulearfisad 1 | 075 | 3/380 ladszy

= 1Y a & = a o o a5 a Y =
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. inSeufnamAnuuiiuft 4 Tuia isafuemaAnuuiaiudt 10 TuWn
P 30l 1 il 2 90l 3 30l 1 0l 2 90l 3
vUY 6.18 5.87 4.40 6.85 6.29 5.50
a9 6.02 5.84 4.21 6.78 6.21 5.42
iy 6.05 5.86 4.32 6.72 6.31 5.41
kil 6.04 5.87 4.30 6.73 6.20 5.30
iy 6.07 5.86 4.31 6.77 6.25 5.41

Aeendiauazasiniaiy 5.41 Aeendiauazansiiniady 6.14
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a9 5.10 4.92 4.80 5.10 4.81 4.63
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N 5.12 4.98 4.85 4.79 4.55 4.33
\ade 5.11 4.93 4.83 4.88 4.65 4.4
Aandlauazaetiaiy 4.95 Aeendlauazanetiaay 4.64
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A15197 6 APENTLIUATAILUNLRABYDILATBURNDINALARY UTELAN

10U ¥iinvasaiaafineina A1 DO (mg/L)
1 wuuRstuRth 4 luin 5.41
2 wuuRaufith 10 Tusia 6.14
3 wuuYjuaRY Jet Aerator 5.95
il BUUASAUTHRAILN 4.64
5 mefm 4.95
6 wuuReiufit 4 Tuie wuuleandivad 4.67

AvandlanazarginagvaaIaLina N AwiazUsELN
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£ 400
Q 200
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a a

P = A - a P a a U
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= <

g9an Ao inTeafuenniAuuuisiuiin 10 Tuita fidn DO sy 6.14 fadniudedns uaglasunfazladuy 3
Fr92a81 §3il 01.00 - 5.004., 07.00 — 10.004. wag 15.00 — 20.00u. TrAmdY 12 $alussoTu InsAmduelndindy
§1uudu 83.76 UWADTU TS 30,574.06 UMReTReLATD Imﬂ%’miﬁwmmmﬂqmﬁ (1) 97 6.1.1 uazaziiuladn
wdoafinornateiuiii 4 luta wuuleansiwad Sanududirenisamugean Wesnndealideneuderiosin

fausldidealainlunisieu Jseansaannisvantassineaisueulaeenlen (CO,) 91uu 10,348.8 kg/Tu/A309

'
=

IalaganunsadwinszesIaINsAuuAINNsAndsiaiugl 4 Tuinuuuleanfiead 91ngnsh (2) Inedeyaiinaiun
4 = = a % a o« - a v o oa @ a
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AuNSUATEAS
goandsuliih - w=PI[3]

W o= wdsuli Svdeduilaind-alus ¥5e Unit

Adaulni Svhedunlaing

v
1l

v (time) wihedudalus

W =PI
wasuliith (Unit) = 2.2 (Kw) X 12 (hr)
wasnulnia (Unit) = 26.4 Kwhr

—
Il

gasAnAnlii = USinasndagliiih (kwhn x sienelsegiln (un/eie) (3]

AnTus Y = 26.4 Kwhr x 3.1729 U/Unit = 83.76 Usou 1158 30,574.06 Umsedsewrses

Uszinwit 4 Hamsuualing
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Tt [daes oamoomEsens  [pearcas  ||amz  [|msew || seees | a3kt 2 et w|in o8z o0 12 £
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TEHLIANTAUYU

' v o a um
Al eiuAnena ?
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6.2 AMuIuAINITaRUSHNaN1sUaesfgrsuaulaeanlun (CO ,Emission Saved)
deyandulnihindalianieseaiuemeawuuisiuiin 4 Tuia wuulearsioad wdwumaAnisan
USuaunsuasefnaaisueulaeeanlen (CO, Emission Saved) amuaunsy (3) 5aula 10,348.80 AlansureTurainies

ALRGYagN 124,185.60 Alansusaidausioinsed fail

CO, (k) =wdsnlntiiianls (kWh) x CO, Factor (g/kwh) [4] (3)

CO, (kg) = 26.4 kWh x 392 g/kWh = 10,348.8 ke/Tu/n3eq

LONEI581989

[ eeendauavamsluthudavs a1 ATM dndsldan:
https://medium.com/@orapim.mo/%E0%B8%ADIE0%B8%AD%EN%B8%81%E0%B3%8BIE0%B8%BA%EN%BI%80%E0%BS
%88%E0%B8%99%E0%B8%A5%E0%B8%B0%E0%B8%A5%E0%B8%B2%E0%B8%A2%E0%B8%99%E0%BI%89%E0%B8%B3-
dissolved-oxygen-do-37e400feb6d3

2]  eendaluifoerlsuariladefidmasousinameseendauavansluth Whisldann: https:/www.neonics.co.th/dissolved-
oxygen/oxygen-in-water.html

3] ansnisrmwandsnulniuazanlih ifisldan: https:/erdicmu.ac.th/7p=564

[4]  Solaredge. (2022). Technical Note-Monitoring Platform Environmental Benefits Calculation. #uAu 12 wwigu 2567 20

https://www.solaredge.com/sites/default/files/monitoring_platform_environmental benefits_calculation.pdf
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Approaches to Integrating Lifelong Education with Natural Resource and

Environmental Management Policies for Ecosystem Security

Jaruwat Songserm* and Prachuab Tongsri

Department of Lifelong Education, Faculty of Education, Srinakharinwirot University, Bangkok

* Corresponding author: jaruwat.songserm@g.swu.ac.th
Abstract

This academic article aims to propose an integrated approach to lifelong learning and environmental
and natural resource policy in order to strengthen ecosystem security in Thailand amid the current
environmental crises. The Thai education system remains insufficiently integrated with real-life experiences and
environmental issues throughout the lifespan, resulting in a lack of essential skills and attitudes for
environmental stewardship. The objective of this article is to analyze strategies for integrating lifelong learning
with environmental and natural resource management policies to enhance ecological resilience. The study
presents a conceptual framework and practical strategies through a comparative analysis of case studies from
Finland and Sweden—countries recognized for their success in systematically integrating education with
environmental management.

Findings highlight the importance of both structural and practical integration, which can be implemented
through: (1) coordinating policies and operational plans across ministries and developing joint strategies among
government agencies; (2) establishing community-based lifelong learning centers for environmental education,
using schools and local communities as foundational platforms, linked with local organizations and civil society;
(3) developing curricula and activities connected to real-life contexts, emphasizing active and project-based
learning; (4) providing long-term funding support and creating participatory monitoring and evaluation systems;
and (5) promoting the engagement of the public and youth, ensuring inclusive participation in policy design and
implementation, while fostering environmental awareness and skills across all age groups. These strategies aim

to lay the foundation for sustainable development and long-term ecosystem security.

Keywords: Lifelong learning / Environmental policy / Ecosystem security / Integration / Participation
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The Economic Potential of Tax Measures on Personal Income Tax Deductions
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Abstract

This study aims to analyze the economic potential of personal income tax deduction measures for
stimulating the green economy in Thailand. The study systematically examines the effects of tax measures and
policies on consumption behaviors regarding environmentally friendly products and services, while
simultaneously evaluating fiscal implications for government revenue streams and macroeconomic expansion.
The methodological framework incorporates principles from tax economics, behavioral economics, and
employs rigorous econometric analytical techniques as well.

The empirical findings indicate that standard regression analysis failed to establish statistically significant
correlations between tax deduction measures and modifications in green consumption patterns. However,
Difference-in-Differences (DiD) analysis demonstrated that the results revealed statistically significant positive
impacts to tax deduction measures on environmentally conscious consumption behaviors, which indicates that
such tax deduction measures can effectively stimulate a behavioral transition toward environmentally
responsible consumption, particularly among middle to high-income consumers possessing greater financial
capacity to willing to pay in eco-friendly alternatives.

Despite these existing tax deduction measures framework exhibits limitations in its comprehensive
application across diverse product categories. The study recommends improving tax reforms to maintain
balance between economic development imperatives and fiscal stability, implementing complementary
economic incentives alongside regulatory measures to extend tax benefits throughout green supply chains and
establishing targeted consumer incentives. These findings contribute to guidance for developing tax policies
and measures that sustainably promote the green economy and enhance the efficiency of personal income

tax deductions in Thai context.

Keywords: Tax Deduction Measures / Green Economy / Behavioral Economics / Sustainable Consumption / Fiscal Stability
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finsfudanandou

anadlafugiudiunisdafunSiunedertiuinannsinnsananulevieniandvesdy Usznoudae
MENNNIALATEIAWINGDN WagndnnsmaATgaaningAngsy iatuayunAnnsiaiiundnsuilaaduduas
THusnsiidmansznusedsnndon aaenauuuannmsuilnaduiuazuinsiiluiinsiuduinden e lUaaveeu
mEfuldnsdyarasssuaaINMsEuABIUL 099, 90/91 andeyasemsaudiiiisiunisanvdeunid 2568 av
wiuldunsnisldfiveviwnnisanngevududuazudnsiiuiinsfuduindendidniaumy “Easy E-Receipt 2.0” 813
felaifusegelasnniiniians lesanduduazuinmsiiuiinsfudanndousinddunugs vinlinsgamyududuas
Usmsifuinstudanadeuintuluamzngu (Niche) wiofuslnadiZien (Green consumers) duditlaiionldtiadosu
dwandeuluniadonldauduaruims shlvnaindidevessumalneddliunivanauhiians (17] Snfsduiudade
fuasugia 01 eldder avlddneilidenadestunisdniudin aenndosnmsamiasegialned 2567 A
fdsenefiiudosas 2.7 indoyaidiofuuuun® .90 90/91 wuiinelddervesaulneiadvegiivssuna
264,607.7 vinsia® [13] M18ldvesyanavzgninngumaiaseldieduumeiuliynnasssun delseldszming
150,001 — 300,000 U [2] 1ummzﬁﬁiws‘§awmsaw;ulumamummlmaLﬁammé'fﬁu (Thai ESG) {udvsnsinanneou
Iindsansinenldieuds [5] Sulfvhiideduidemieamu vieidiu vionadszlewndle q dldsudesnnsue
mheanuivliuinesunulveiiennudBumungrneidhevdnnindwagaaraudnning wxfiavslasuniseniiu
A MUNATT 42 WRUTEINAN)MIeSY NS [3]

mnRsanieindsdouaraufulafideifieduduaruinisiiufinafuaunndon wuinduiloaduladne
dufuaruimslunaifiutuinnnirdesas 20 whiudesas 20 Mefsduliiiufesas 20 whiuSesas 55 uazsan
Tn&iAssvdeniniu whiufesas 25 Saduldhauduasusnsiiuiesiuaundeumniinaduyuiiudulifuies
a¢ 20 Wdmarensiadulatovesuilaaunniian uenantafedusauds Sefitatesuatuayumsdnaladeun
Mnumsmsgslanazdaaiunsuenniigaisiesas 88 luvridadssnunisan nansenudsndenldaiesesasn
Yovay 83 Uadususiagsninunaliiuiesar 20 whiudesas 65 uasdladosuanuindefiovesinanievas 64
pE wansened 1 Tnenduiuiladiulngandunguifinelfsssuuunansduly nsamzngudiiselddus
45,000 Juguly seiuntsinudaususyaastuly weedaudiladymendwandon [8] %uﬂuadmuﬁﬁﬁwé’a%a
wnfign idesnlifinsemnsdunnin e anuslan lifinsslumadegyes uasimnudlafiosldsnelud
duduaruimsidulinstudanadon (14 TnadunguitdmeimdeuastoauiUnindnalndiAstuauddidu
fnsfudanedensgudr winguilnaziaudilasofiuunnnidudung
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= ° < ' A4 o v a A a a v a P
5197 1 wansanarnudiladefieduiuazusnisiulinsiudwnden (8]

anuviuladieiiiedudinazusnisilulinsdu | Sesay | Jadefidmarenisinduladoduinasusnsiiuing | fovas
Aauandon %) | fudwndey (%)
seidunnnidesar 20 20 | wwnsnsgdlauardaaSunisuieg 88
saniintuldiudosas 20 55 aanansENUAIIngeuliase 83
AlndAevEoiiay 25 | simaniundliiudesay 20 65
mmﬂﬁaﬁammﬁm%m 64

v
Y

el fuslaanesirdudimiulnsiudwndendalinangninduiung iWewngsiaeadduyunisianndud

Y

warUsuugenssuiunskaniuszezusn agnslsnng madtlussezaeluaruwansinwesaduiiifulinsiudwndendu

FuAnununzuSuimanawnuiuildunaiafivngsnadesdsuiilugdlunaiasugia BCG Fagsiauiavanunsauimsaunu

msdanslaluszezem aunsadungudmneifdmsugsianduduiwazusmsiidulinsiudanedenluiddgumu

= a ¢ a P a v N PN v o v .
A5 2 nan IR IzEnIsUasuLUaeInsUsinaduAas Usn1sllulingiudsndeu (Green spending)

Variables Coefficient Std. Error t - test p>1tl R?
Intercept 62.8292 3002.211 0.021 0.984 -7654.600
Tax deduction -374.0018 132.106 -0.283 0.788 -3767.444
Income 0.0662 0.058 1.146 0.304 -0.082
Awareness -196.3596 507.206 -0.387 0.715 -1500.175
Age 131.8428 167.044 0.789 0.466 -297.557
Observations 10
Df Residuals 5
Df Model a

NNMFIATIIToLANIERR NUinunINIsanrgeunBdmansENUBIUINAengAnsSUEUSIATIA LA NTLS

Wi 0.88 visedndusasay 88 wansuduusSTudkUsiuuleusanrgausanisitatevesUseavuludus iy

finsfivdwandey 1eld seiuaunseiinifeiivaanndeu waregvesiuilana iy 0.788 0.304 0.715 uag 0.466

o o

MEIAU UaTlaTmasnisanrdounBiitesenufsietadlifinadenginssunisldaeludumddeiegditeddgy

A13197 3 HANITIATITIAAILLANEITUAMULANANYBIIRSNTaAEaUNBINaRan1TUSInARUA LAz U NS ulinsiuFawndey

Variables Coefficient Std. Error t - test p>I1tl R?
Intercept 5500.0000 935.414 5.880 0.001 3288.097
Treatment 2375.0000 875.000 2714 0.030 305.954
Post -2500.0000 1870.829 -1.336 0.223 -6923.807
Interaction 2375.0000 875.000 2714 0.030 305.954
Observations 10
Df Residuals 7
Df Model 2
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¥
P

PNMTIATIENTBYaN1EEH nuirAduUsEAnTvesAUfdunusseninadiiuds (Interaction) Wwiniu 0.030 Usd
ImnasnisaangeundiinanenisuilanduiuasuinmsiidulnsivawndenegefidedAgnieada nanifie §
Ii5uansanndount® (Treatment) fwwilduuslanduduazusnisiidulinsivdwandeuindulussdundunala

o w a

ag9lsM7 wilaeddedAgyn1eada uanansenuda iR (Practical significance) seglusziuuunans uwansliiiiud
WAsNINSisegafsoaliiisswelunisairansiudsundamginssueseddu uaznsuslaaduduaz
Uinsiiduinsiudunndensntanamdsiinisldinnsnsdand (Post) eratinainvanedade wu siaiidegade
Wisuiisuiuaudiily anuliutusuvesuleuisniasy sawfanisvinanuiuazanunszvinvesiuilnase
Usglemifiwiswesduduazudnsidufinstuaswnndon sududenasuseulsuisuazannsnisdu 9 wu nsTi
foya maasrausagdlarunsUsssnduiug wienmsiiunisnguanedie aenadesiu Kallbekken et al. [16] st
wmssaAsygmansinasensiasunginssuguslnadlemugfunslidoyaidaiau 1wuidedtu Schuitema et
al. [19] nuinsanndeundanunsaduasunisdentindnuarainlalusseren nindsenvulanudilaluulouiy
warfiusegelanianisiuiieane wazseauwes OECD [17] namdaninisgslananddndudeweniuuniugiuns
atfuauanaasglusUuuudy q wu msganyu mslideyanansusiilusdla wagmsmunumnsgiudanndey Lie
afuenuiulaudfuslnauazanaudualunisdaduladeduduaruinisiifiaaigsdu mnlddnsfmuaulsuisd
Farauuazdeidos fuslnrenadniussgslalutiagdulsiifisane fvnszduliinisuilnaduiuazusnmsimdulingiu
danndenanaduszoren [21] 917 as1saspnmald Iidsdumasnismengruneiiaugliuusegdennanisiu
(Financial incentive) TunsUsuasunginssuiivszauaudisannnsdnnisvezemns ngldumsnismsngmane
dwunisfsvszomsluiuiilinaueey saudanesnsmaassgmansifinisndisssudonomandeiisve
ATISOU %39 Pay-As-You-Throw (PAYT) [7]

5.3 wumnansanulsuisuazuasnisaavgauntBduldyanasssuniainnsuslnaduduazuinigi
\Wuiinsfudunden

mBAwndeuaivdnnisinsannsinfundfenadilinseunqunsdafun@auduaguinismnussan
doliitingnunetydAlieradugusssy mhsnusg viowinaudmihfivessgidsifsnansevinnsinifundenns
Tusaugiduiuazunisiiduiinstudunedenflifiss oy videdorimunlidvimenddmiunisanngounStuls
yARASTINA1 MIanndaunBaumiiuinsiudundeuvessumdlnedadiliddoyaionzianzaniafuduiuas
Uinsiduiinsiudndouiianunsaldanndoundiuliyanasssualalagnse [5] msRinrsanisdaiung
AsuauvilifunuAuduazuInsiianagelu daansenuseirsugiaunnie daw madies Sausisu aaonIuliaTin
vesUszrwuitlionavanidssnisemedunndenls Jsealnsliansnennmsduiuionssunissruuiasughad
dawansznudedsunazduandey

wasmsanvgountBiuldyanasssum Judusnfnmsldiiueiedeadusgdalunadondoduduar
Uinsdudinsfuauandoulfunniy %ﬁmmmimﬂm@ﬁﬁagLauﬁ?uawhimamqumamﬁmsﬁmmmﬁmi mMnInvi
ulsuisuazinnsnisaavgeunSiuldyanasssumiiaonadesiuuuntymain desvealseimelng azdionsdu
uazenmsiAulnvesszdulATYEie wazannanszyumIdIndeuuaznsiUasuuUasanwgliennanasdaindouls

ynnsiaszidnaninuazanulululdlunsiavuleuisuazainsnisaamdounBduliyarasssuniainnisusian
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dufuazuinsfiiudinsfudannden Ussimalnefifnenmiduasugamaniiiayliunsnmsaamdoun@iuldyana
s35unitensedulasugRaddeld og1lsin Selidedfauazarumimenatsuszns Felanusndusesiuuss
TnssadunSuaziugun@lfnseunguunniu msvsuldunsnsliaonademuasmnsaniuidmneduiunndon
suidsnsadeunseinuazaiuayuanynadiy wenaini maviuuzlasainmmamBastasliAneuauna

szmieelavesiguasUszvulidnSaandounmdeeradusssy wanwiannsed 4

M13197 4 JoATHnTaNNIsUTUUTIININIINIINE iedvsanvdeun BRuldyanasssumm

=) & a a
WINTNIN NN BUTELAUANTNNS

anvgaun1BRuliuAnasIIUA

S19a8LPALALTOAITRANTUILULINIINITHAUN

1193117 "Easy E-Receipt 2.0

nsliddsnddulayanasssunlavinaavgeugedudvsearuinislulssme geanlaiiiu
50,000 U TaglanizduAl OTOP wazgdaniaguyy Feanusausuldiieaduayududiidy

Ansiudawinadauiiudule

nsaduayunisasulunesyud
Wufinsiudawndeu

nslianslunisaangeundmsunsamulunemuiitiuaiudadu 09 newusidlveiie
ANUEadY (Thai ESG) ansanseduligasuaulalunsmuiyaiuduindouuniy

msarusegslanisaaneounts

nslanslunisanngauniBdmsunsdeduiuasuinsidulinsiudundeuamnsansduld
v o 4 a v va o ey A ' =
duslnadendudlaglviansussleniaudy q uenannisaanedounts

n1svianalngelandusednsam
dmiuningsia

wmsnsaatluiifuslaadundn luvuziniagsheiindauassnsauinddolildsy
usagslafitaiay dwaligndnuimeenafifunugeiuannisuiudsunssuiunisdalmndy
fnsudauneden udlifinpsnsanmdouni@itisannszdunu Ssmslidvsussleminand
urganuazdliuinisdider wu WanseniumStulddayana dmiugsiaiinanauddiden
visoliwdanuazenn anmSuiirdmsumaluladiiduinsivaanndes ietaelssisaunsa
ansuyuasnanduilusmiugsiuld

ANSIANAIINATERUALALNTS

atuayUNNAAEIY

a0 aA

guslaauisdinenalinsiviunasnisaavdeun1 ey wielinilainduiladninglasuans

S
waznsvindeyaiitnauenavhlissmuildliavsisiey Jemsussmdniusiausslomivesnis
anudeun® dmsunsuslaeduiiduiinsiudaneden uazmnusmiieannaisatuayuain
Vlzﬂﬂﬂﬁ%'j N wazUsEuvL WU aseunanesy (Platform) nieuendiadu (Application)
ooulaiilideyaifiriuauduazuinsiilédsuaviaangoun® Aiussrvuaunsonsaeuld
haudlaaandould uaranunsavedunBldiety visesnuaigduaiunmsuesiufugsia

19U FoduA@Tea5u E-Receipt anudoun@onlud® (Judu

nsiniswesnguseldteuasiiu
nan

fldsudsslovianunsnsaandeumddnlug fungussldvunansiegs deliaszndiiu
Isuazanunsaldavsanngouls Tunnsiingusolddesonalailisudsslon ilosanlisglu
inausifidendont® viodenSlusadi viliussgdaveannsnsasmgeunslinsouaguyn
ngu msvEIENIAsNIRugAMyLlREnT (Green subsidy) vi3elasAnAE (Tax credit) ilelving
selddesliunausslowininiu iwu fifselddninnusiand asléfuTugavyuiu
(Refund) wnuni1sanueount® uenand n1seeniuulasinissausenineisuazionsu Lite

alvayudumATelidntsihetu wu dusadioteduiiuunanesuvesdy \Judu

P

YaULIAVDIAUAINLASUANS

anvgaun18dasin

wasn1sndenadiliasevaguaudmnuszianiilufinsiviieden e1eviiliusegalade
guslananas Feprsvengveuiunduilvinsounquunsnisanvdounts 1w eamsessuniin

43




N13UTEYUIYINTILAUYA aswaueghedBy (asedl 1) B9 “@suaswanszvuiiiodsunasian (Real World Impact)”

EN Sustainable Development National Conference Suit 5 ﬁqmau W.A. 2568

(ENSD Conference) o AuzAwandauuazninensAand anIneduaiing

mmmsmam@ﬂimﬁu?ﬁw%m'ﬁ S1Ua8LP LA TOAITRANTUILLINIINITHAUN

anvgaun1BRuliuAnasIIUA

nandueisleda vinstenusudumngnengnisldnu aaenrunisiininsgiususesnly wu

aandawindau (Eco label) Wunasidnuninduiysaianlananunsoldanngeunsle udu

uonani anudetiuluulevisuazanulusssulunisesnuuuulevie [Wuladedrdyndenananiseeusy
wnsmMInsdannden nsmmglunguseliliunaisdein [18] mniinsuiulsmnniman8amisned 4 aganunse

daasusngunliruinsnisaangaun1Sanunsaannisuaseiiwaisveulaeenlen (CO,) 19 1.8 - 2.5 AuneAusnel

'
a

yarfinsdaatiAudifaandundomiousseduiiilaifanatisanveznarainanadadeuldfesas 10 - 15 sol
[17] Snviamndinslfavisinanngoundnnnslivinistouusaiaddliih gunsaidinvsednd asthvannisaia
verdidnnseiind (e-waste) Insaaiwnnaunsagdlaliiuilnadendessnnnidolmilusniosas 30 azannsnan
USunauverdselnnaananilauinnan 200,000 sunal Tuseaulseine [20]
msdavileunsuazinnsnsanvdeundiuliyanasssuniiaeandesiuuuntiyvauindouvesUssmalng
TnafdsiennudusssunazUsedvsnmvaaulovie ssdiensyiunazenszaumsiivlaveasugnadiden wazan
NansEUNIAIIndeLarnsilasunlasanmgiionnielse rsliussavan avieufsuuimsnisaiismasniw

JENIINTANETUATHENAFT LN TSN ¥ ERLININININISAGIYRIUTEImAl U HEE 1

6. agUNaNISANEN
nsAnwASIliingUszadiieAnw A e dng MWIBUATYEAMaNSYRIINTN TN A BABNITANE aUN BIRY

a o a

leyanasssun WenseduAsygiadidetlulsendlve nan1sfnuiuussdninavewnsnisanndouniddenis

o«

'
=

nsgawAsgnaddielulsemalne Weia1sana1nn1sinszin1sannay (Regression analysis) Wiiedagnaufied lainy
anuduiudfsiveddgmeadfseritanasnisaavgeunBuasnadsunUameginssuvessevivu agralsfanu
del#Bmsiemzsinnuuanidlunnuuaniig (DID) FuuTeuifisussninsaanainoukasndsnisdsduldinnsnig
wazsgninenguildsuansusslovdnmansfunguitlilésu sanmsinvimuiniunsnmsaavgeunSiinanssvuideuan

AaNgANTIUNITUSLnAALTI9E 19l Ted Ay N19ada 1193n1IN19ERelBnSnasgelidedrdgsanisdnduloves

€

a

vslna vilvindnsuaiazusnismiduiinsfudawndauiiniuanuisalunisudstudiusianiinduilswSeuiiouniu

e

madenhly el Yssnalvefidnonmiterldinesmsaavdeundidulduaeasssuananmsuslnnduduazuinsi
Huiinsiudanndon ionszdumsugiadidenls egnalsin duldediauazanuymevatgdsemsludaasvgmans
Fefianusndudesdinsuvusdanadeniduanifiugunslinsevequunntu msuiuldinsmsliaonadomuay
wanzanfumnesudaindon swiansaieanunszrinuazatiuayunynaiadn lngaasgaisiinisiiun
ulsvionszdunasgdlalifudauasdlivinsatagumuiudi vieuimsfifuiinstudundeuniy naonauns
atfuayuneUszvulazienvulumsuslnadudazuimsiidulinsfudanaden aagsiaenafionsannagnsnis
MInaIfiudin 919 wnsnsdeasunisung LLﬂMLUﬁggﬂﬂﬁQUﬁmLﬂ?iaumﬁaﬂ%a%uﬁﬂﬁlﬂuﬁmﬁ’uﬁummé’au

nauny Frzslunaddenisaiaussgdalumsdendeduiuaruinisiiensanndeundiuldyanasssuni
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Assessment of Public Perception of the Impact of Coastal Erosion to Support
Sustainable Marine and Coastal Management: A Case of Chao Samran Beach,

Phetchaburi Province

Boonyabhorn Sutjarit was Preeyaporn Muenratch”

Department of Geography, Faculty of Arts, Silpakorn University, Phra Pathom Chedi, Muang Nakhon Prathom, Nakhon Pathom

* Corresponding author: muenratch.p@gmail.com
Abstract

This research aimed to assess the public perception of the problems and impacts of coastal erosion
and the community’s need to participate in solving coastal erosion problems to support sustainable
management of marine and coastal resources. Questionnaires were distributed to 190 people in the community
and analyzed by using descriptive statistics. The results show that the sample highly perceived the erosion
problem in the Chao Samran Beach area, while the perception of economic impacts was high, and the social
impacts were moderate. However, the sample highly perceived the environmental impacts. In terms of
sustainable marine and coastal resource management options, the majority of the sample knew that there
were ways to prevent and solve erosion problems in coastal areas, mostly known of wave protection walls.
They also agreed that this problem should be solved urgently. However, the level of community participation
in solving the erosion problem is at a moderate level. Therefore, the results reflect that relevant authorities
should increase support for activities that motivate people to participate in solving the coastal erosion problem,
as well as appropriate management options for the coastal context to support sustainable marine and coastal

resource management.

Keywords: Public perception Assessment / Impacts of coastal erosion / Sustainable marine and coastal resource

management / Chao Samran Beach / Phetchaburi Province
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Life Cycle Assessment and Economic Viability of Rice Straw-based Plates

Case Study: Nong Nam Sai, Phachi, Phra Nakhon Si Ayutthaya Province

Nafeesah Mahamad, Sukanya Sereenonchai, Jirataya Roemmontri and Monthira Yuttitham”

Faculty of Environment and Resource Studlies, Mahidol University, Thailand.

* Corresponding author: monthira.yut@mahidol.ac.th

Abstract

Rice cultivation is a significant contributor to greenhouse gas (GHG) emissions in Thailand, Especially due
to the open burning of post-harvest biomass, which remains common because it is a rapid and labor-efficient
disposal method. Conversely, the combustion of biomass contributes to air pollution and drives climate change.
Consequently, rice straw biomass has been transformed into value-added products, such as rice straw-based
plates, as a means to reduce open burning and serve as an alternative to plastic products. This research aims
to assess the life cycle and economic viability of rice straw-based plates. The study applies the Life Cycle
Assessment (LCA) methodology based on the principles established by the Thailand Greenhouse Gas
Management Organization (Public Organization). Primary data were collected from the Lifelong Learning Center
in Nong Nam Sai, Phachi, Phra Nakhon Si Ayutthaya Province. Results indicate that the production of a 15 cm,
12-gram rice straw plate generates 0.0216 kg CO,-equivalent emissions over its life cycle. The emission
distribution is as follows: raw material (58.52%; 0.0126 kg CO,e), manufacturing (29.58%; 0.0064 kg CO,e),
transportation (1.36%; 0.0003 kg CO,e), and end-of-life disposal (10.55%; 0.0023 kg CO,e). Economic analysis
reveals a unit production cost of 2.91 THB, with a selling price of 5.00 THB, resulting in a net profit of 2.09 THB
per unit. The above findings indicate that rice straw plate production is economically viable, as it yields a
relatively high retun per unit. Furthermore, the production process adds value to biomass, reduces pollution
caused by open burning, and offers potential for sustainable commercialization and community-based

enterprise development.

Keywords: Life Cycle Assessment of Products / Air Pollution / Climate Change / Greenhouse Gases / Rice Straw

Plates / Economic Viability
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5.1 NMsiUIIUTNTaya
nsUssiliutadunsauwmensussduinginstinnielanseunisuseiliuwuy Cradle to Grave v83 IPCC
2006 wazdoyaaneddnsusmsdansinuieunszan (ednsumau) (T60) Insuusayasenidu 2 Uszuam loun

Toyaugugdl (Primary Data): iiusausiudeyaiigaiunszuiunisndnaiumied n1sauds uaznsdndiming
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aszuauMsidandeingdu
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wilaudUznas 0.2250 kg
Tganlyl (Sodium hydroxide) 0.3600 kg
TR 24125 kwh
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ATZUIUNIINER
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nsUszifiuipdnsiinvesnuradn Tnnsdnaiienusinunisdesfieieunsyan (Greenhouse gas
emission: GHG emission) Tuguansusulasenlesifivuri (CO.e) 14ABnMsMmUUIMIL IPCC 2006 Fen1sAruimnis
Udosfmidounszanturrfinnsanindeyafanssuiifintsdniunisluiufiguiuidudszavinisudesfiedounsyan

(937991 2) Tneldaunns fadl
GHG emission = Activity Data x Emission factor

119 GHG emission = Ysunaumsuassineisounszan (Rlansu COLe Aonthanansinm)

Activity data = Yayafanssu (W dwiln USunn wasnu viesgeeni)
Emission factor = AduUszaAnsn1sUdesingiTounszanveusiazianssu

A15197 2 AduUsEANSAsURRE A S aunseaniilglunisuseiiu

319N13 ne Emission factor WiaaTin Usniom
(kgCO2e)
Cob kg 0.0319 IPCC Vol.2 Table 2.2, DEDE 2022
Cassava starch ke 0.5410 Ecoinvent 2.2, IPCC 2007 GWP 100a 2012
Sodium hydroxide diaphram kg 1.1200 Carbon Cloud 2023
Sodium hydroxide ke 0.4690 ISCC v2.3-EU 2015
Electricity, grid mix kWh 0.5986 Thai National LCI Database, TIIS-MTEC- 2019
NSTDA (with TGO electricity 2016-2018)
Electricity usage kwh 0.4857 Thai National LCl Database, TIIS- MTEC- 2021
NSTDA (with TGO electricity 2016-2018)
hUssr-msvssdidugiinnn m? 0.2843 Thai National LCI Database, TIIS-MTEC- 2019
NSTDA (with TGO electricity 2016-2018)
MITIUTIarNMTUTUUR m’ 0.1302 Thai National LCI Database, TIS-MTEC- 2019
@mmwﬁuﬁaﬂmumaamsmﬂ NSTDA (with TGO electricity 2016-2018)
iaﬂiswminﬂ‘ummﬁﬂ 448 km 0.3131 Thai National LCI Database, TIIS-MTEC- 2019
Fauuuuni 0% Loading NSTDA (with TGO electricity 2016-2018)
iaﬂswwssnﬂmmméﬂ 449 tkm 0.2698 Thai National LCI Database, TIIS-MTEC- 2019
Jauuuun@ 50% Loading NSTDA (with TGO electricity 2016-2018)
nszAwElanau ke 0.1900 Thai National LCI Database, TIIS-MTEC- 2021

NSTDA (with TGO electricity 2016-2018)

62



M3UsEYUIYINTTLAUBIA aswaueghedBy (asedl 1) B9 “@suaswanszvuiiiodsunasian (Real World Impact)”

EN Sustainable Development National Conference Suit 5 ﬁqmu‘u W.A. 2568

(ENSD Conference) o AuzAwandaunazninensAand unIneduaiing

5.3 MaUszliuanuduAmiuasegaans

nsfnwilddeyadununandnauniedng suiadukiuguinan 15 wuiaes tiutn 12 n3u Tagdiaei
Aldaneduingiu ndsu Auss waenineinsdu q fieates enf vheim ulaudiusnds Tannl i dhuseun
wagiu udsiuuuseny hieyaldfouaiterhnmsinsesiyadiiunu waednsmanouun wardssdiudnean
wazAuAAINsasUlunsana g Wethsdaduleamu

MsAMnAMSaTNane UL ileUssiiumnuduimaasugmans laensuszidiuyarnsasmu (nvestment

Costs) haznanauwnu (Benefits) Inganunsasuialasadl
ERR = B - C

Wa EIRR = 8RTIHARDUWIUNIUATEEANERS
B

YaANanauLUIAnY
C = yarwunualddnglunisasmu
nsesgiuaunistsuaunsatlUldlunsdndulaamundnauidnliegumngan lnanisiaisan

[ a Y

AuAuatudglanazdunuegiaduszuy Weadvayunsiwuignavnssudininuasnandunidulinsiu

@

dwnseulussivguyuvselamnavungonat 19y

6. nan1sAnwILAzaAUTENE

6.1 naMsUTELINININTAINUNIL17

a U LY aa a L (3 ¥ U ! 23 A v @ aa

nNsUszliudInsTinvewdnduanamuriiedn nuinsudesingseunsean (GHG) naendginsiinvesanu
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- nszvumsléndeingiu InsUdesfmFounszangsiign Andu 0.0126 kg COLe ioAnLdu 58.520%
vo9n13Ug0EIMUA ANMANSNU1INNTTAINQAUIINAALNYAT LU W199717 wladudUenas uwag
Tonlul definsliwdanuuazninensluduneumsndninghudeudisge

- AszuIuMskan dnnsuasefngisounszaniiuau 0.0064 kg COe nioAmdu 29.58% 83n15Udas
e %aﬁmmnmﬂ%‘lw%LLazWé’wumm%auluﬂssmumiLL‘USEUWN%W@LﬁuLﬁaﬂizmmLazﬂﬁ"ﬁu
U

- pszuaumsvuas finsudesfmdeunszaniiies 0.0003 kg COLe wioRndu 1.36% iflpsanszeznly
msuudeingRvuazndndusidiioguldlnaanuvaman

- aszvaumsléen ldwuAanssufinelviAanisudesfinsdeunsean esinauvinsdrudundnfos
Uszavldnaiieuarlddeddndanuseminansldau

~ pszvaumstidan dnmsudesfinaideunsyan 0.0023 kg COe vivoRnilu 10.55% vosnsUaoesiavan

Fedlnguna1nnIsINNITVEY WU NSEINAUNIENITERYAANe UV A1EUAINTITIU
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nszvIuMsliundeingau 0.0126 58.52%
ATEUIUNIITNER 0.0064 29.58%
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JUT 1 uana (n) YSunaunnsuaeeineisounsean uag (v) Sesagnisudesiniiaunsyan
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M19199 4 ToLARUNUNITHARIIUNTEA YNNI

FeMTIRgAY Vmnauitld Vel imdente (Um) Ao (um)
719417 21.000 kg 3.75 78.75
utlsiuduzmas 0.2250 Kg 13.75 3.09
Toalvl 0.3600 kg 58 20.88
Tl 2.4125 kwh 3.24 7.82
thsetn 0.0610 m? 10 0.61
Pu 15.0000 kg 10 150
AL 1 day 350 350

Funus (210 Tu) 611.15

Wdesumusiely 291

s1PeRely 5.00
mlsreolu 2.09
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The Efficiency of Bloodstain Removal on Fabric Using Crude Papain Enzyme

Extracts from Papaya Peel and Seeds

Sorathon Suksamrit and Pawarit Pongsiriwat

Surawittayakarn School, Nai Mueang, Mueang Surin, Surin, Thailand

* Corresponding author: sorathon081050@¢mail.com
Abstract

This study aimed to evaluate the effectiveness of crude papain extract from papaya peel and seeds in
removing bloodstains from fabric, as well as to compare the volume of extract obtained from each source. The
crude enzyme extracts were prepared and their volumes were measured and averaged. The results showed
that the average volume of crude extract from papaya seeds (63 mL) was greater than that from the peel (40
mL). The extracts were then tested for their ability to remove bloodstains from cotton and nylon fabrics. After
washing, the fabrics were examined for residual blood using the phenolphthalein and luminol tests, and color
intensity and lightness were measured using the HSL color model. On cotton fabric, the extract from papaya
seeds had a lower average color intensity (1.7%) compared to the peel (3.53%) and lightness values of 44.84%
and 46.45%, respectively. On nylon fabric, the color intensity percentages were 2.36% (seeds) and 3.14% (peel),
with corresponding lightness values of 49.15% and 49.749%. Although the seed extract generally showed slightly
better stain removal performance, both extracts demonstrated similar levels of effectiveness on both types of
fabric. Therefore, it can be concluded that crude papain extracts from both papaya peel and seeds are

comparably effective in removing bloodstains from fabric.

Keywords: Papain enzyme / Crude enzyme extract / Bloodstain / HSL color model / Color intensity and

brightness levels
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Microbial Fermented Bio-Extract for the Biodegradation of Non-Recyclable

Paper Waste: A Sustainable Waste Management Strategy

Thanasit Chandenduang'’, Teerawat Chaweenin®, Tiparporn Bubpachat?, Peeraphong Pokphat?,

Chomnutcha Boonmee?, and Jutarat Jaingam'

!Princess Chulabhorn Science High School Pathum Thani, Thailand
?National Metal and Materials Technology Center, Thailand Science Park (TSP), Pathum Thani, Thailand

* Corresponding author: thanasit.cha@pccp.ac.th

Abstract

The increasing consumption of paper products has led to a growing concern over the management of
paper waste, especially those that cannot be recycled. This study investigates the biodegradation properties of
non-recyclable paper waste, namely bagasse-based food containers (P1), ink-printed pizza boxes (P2), and
plastic-coated chicken rice wrappers (P3) using microbial fermented bio-extracts in 16-liter organic waste
composting bins. Dried cow manure (C) was served as the primary microbial source, while the efficiency was
enhanced with the addition of microbial fermented bio-extracts from rice rinse water (R), Trichoderma spp. (T),
and banana shoot (B). Microbial analysis revealed that banana shoot microbes exhibited the highest density,
followed by Trichoderma, rice rinse water microbes, and cow manure, respectively. Complete decomposition
of bagasse containers was achieved within 4-5 weeks. The paper component of the chicken rice wrappers was
fully degraded in the Trichoderma-enhanced system; however, small amount of residual paper was adhered to
the plastic film in other systems. The ink-printed pizza boxes exhibited the slowest degradation rate, ranging
from 88% to 94% within 8 weeks. Trichoderma demonstrated the highest efficiency in accelerating paper
decomposition, followed by banana shoot microbes and rice rinse water microbes. The resulting compost was
evaluated for chemical properties and phytotoxicity through germination and plant growth tests.

The results demonstrate the potential of microbial fermented bio-extracts as an effective and
environmentally friendly method for converting certain types of non-recyclable paper waste into safe soil

amendments suitable for agricultural use, thereby offering a sustainable solution for paper waste management.

Keywords: Biodegradation / Paper waste / Rice rinse water microbes / Trichoderma / Banana shoot microbes
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Application of the Malaysian Water Quality Index for Evaluating Urban Canal
Water in Bangkok, Thailand

Nattanan Ployprom’, Arthit Phosri, and Tanasri Sihabut

Faculty of Public Health, Mahidol University, Thung Phayathai Subdistrict, Ratchathewi District, Bangkok, Thailand

* Corresponding author: nattanan.ply@student.mahidol.ac.th

Abstract

This research investigated the water quality of canals in Bangkok using the Water Quality Index (WQI)
established by the Ministry of Natural Resources, Environment, and Climate Change of Malaysia. Key
parameters for evaluation included pH, suspended solids, dissolved oxygen, biochemical oxygen demand,
chemical oxygen demand, and ammonia-nitrogen, based on water samples from 299 sampling points
analyzed by the Department of Drainage and Sewerage, Bangkok Metropolitan Administration. The water
quality was classified into five categories, ranging from Class | (best quality) to Class V (worst quality).
Additionally, the spatial distribution of water quality across Bangkok was analyzed using QGIS software. The
study revealed that the WQI for most canals ranged from 31.0 to 51.9, representing 58.52% of the samples,
which corresponds to Class IV. This water quality is suitable for irrigation and is commonly found throughout
Bangkok. The second most frequent range, from 51.9 to 76.5, comprised 39.13% of the samples and was
classified as Class lll. This level of water quality can support fisheries for common, economically valuable, and
tolerant species and may be used for livestock drinking or serve as a water supply if extensive treatment is
applied. In contrast, only 0.67% of the canal water was rated as Class 1B, with a WQI ranging from 76.5 to
92.7. This high-quality water was found in the Bueng Nong Bon Canal, located in the Prawet District within a

residential area, and can be used for recreational purposes involving body contact.

Keywords: Canal water quality / Bangkok / Water quality index (WQI) of Malaysis / Water quality assessment /
GIS
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Factors Affecting Solid Waste Management Behavior and the Guidelines for Solid
Waste Management Action Plan: A Case Study of Ban Don Subdistrict
Municipality in U-thong District, Suphanburi Province

Orranut Sommaphi, Sukanya Sereenonchai, Noppol Arunrat, and Saranya Sucharitakul

Faculty of Environment and Resource Studies, Mahidol University, Thailand

*Corresponding author: orranut.som@gmail.com

Abstract

This study investigates household waste management behavior, its influencing factors, and proposes an
action plan using the Theory of Planned Behavior. Data were gathered from in-depth interviews with community
leaders and public health and environmental officials, and surveys from 101 residents in Ban Don Subdistrict
Municipality. Analyses included descriptive statistics, Chi-square tests, Pearson’s correlation, and multiple
regression. A SWOT analysis and TOWS Matrix were then used to develop targeted strategies for improving
waste management practices. The research results revealed that: (1) Overall waste management behavior was
moderately appropriate, with social status, participation in related activities, and income significantly associated,;
(2) Household size, subjective norms and behavioral intention about waste management significantly influenced
waste management behavior; (3) The proposed strategies are as follows: The Strengths-Opportunities (SO)
strategy is to elevate waste management as a priority on the municipal agenda, increase the frequency of
related activities, and allocate budgets for waste management projects. The Weaknesses-Opportunities (WO)
strategy is to align policies with legal requirements and expedite the study of waste collection service projects.
The Strengths-Threats (ST) strategy is to increase the waste management budget, raise public awareness, and
promote community health volunteers as intermediaries to reach the public. The Weaknesses-Threats (WT)
strategy is to expand the workforce responsible for waste management and deploy personnel to engage directly
with the community to better understand the issues. This study strongly recommends shifting from a
government-led approach to a participatory model, where citizens actively contribute to sustainable waste

solutions supported by facilitative governance.

Keywords: Theory of Planned Behavior / Solid Waste / Waste Management / SWOT Analysis / TOWS Matrix
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Gaming and Simulations for Collective Learning on the Value of

Ecosystem Services and Biodiversity at Khao Chang Hai Cave, Trang Province
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Abstract

Khao Chang Hai Cave, Trang Province, is importance area for ecosystem services, particularly local
economy. However, the local people still unaware of the value of this ecosystem. Consequently, it is necessary
to create a tool for collective learning on the value of ecosystem services provided by this cave ecosystem.
Gaming and simulations have been proved to be used to enhance understanding of a complex ecosystems.
Therefore, this study aims to create a gaming and simulation that represents the cave ecosystem mentioned
earlier. It will be used as a tool for knowledge sharing about ecosystem services, value of ecosystem services,
and biodiversity found around the cave ecosystem. The modelling process consists of three main steps: defining
objectives and creating a conceptual diagram, constructing the model along with pre- and post- tests, and
conducting an initial trial with undergraduate and graduate students. A gaming and simulation was created in
form of a board game inspired by the Monopoly game concept. The equipment includes a game board with
activity spaces, diversity cards, activity cards, informational documents, and pre- and post- tests. This game is
suitable for 4-6 players per group and requires approximately 50 minutes to complete. Preliminary testing
results with three student groups showed that the game can serve as a tool for shared learning. Suggestions to
improve the game were provided. For future studies, participatory gaming and simulation field workshops will
be conducted with local stakeholders, including villagers, staffs from subdistrict administrative organization,
students, teachers, and tourists, to facilitate mutual understanding about the value of ecosystem services and

biodiversity in this cave ecosystem, as well as co-identify sustainable conservation strategies.

Keywords: Biodiversity / Cave ecosystem / Conservation / Model / Value of ecosystem services
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Assessment of chloride natural background levels: A case study of the

Phra Pradaeng Aquifer in Samut Prakan Province, Thailand
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Abstract

Assessing the natural background level of chloride in the Phra Pradaeng aquifer—a significant
groundwater source in Samut Prakan Province—was the goal of this study. The rise in chloride levels, which
could be brought on by industrial processes or seawater intrusion, is currently endangering the area's
groundwater quality. To prevent long-term effects on water resources, stringent groundwater monitoring and
management measures must be put in place. Data used in this study ranged from 2010 to 2021. To understand
the distribution of chloride levels and to analyze potential patterns brought on by seawater intrusion into the
aquifer, the natural background level of chloride was examined and measured. The ion balance analysis, piper
diagrams, and statistical analysis were applied. The findings demonstrated that the quantities of chloride in
each area's groundwater sources varied considerably, with coastal regions having considerably higher levels
than other regions. The wells showed considerable seawater intrusion, and most of the groundwater sources
were sodium chloride (NaCl) groundwater. As a result of these findings, the natural background level (NBL) was
determined and the trajectory of water quality changes over time was analyzed, highlighting the significance of
ongoing monitoring and the creation of suitable policy measures. To keep Samut Prakan Province's groundwater

supplies sustainable.

Keywords: Groundwater / Natural background level (NBL) / Chloride / Phra Pradaeng aquifer / Seawater intrusion
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The Impact of Water Salinity on the Formation of lodo-trihalomethanes

in Water Treatment Plant
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Department of Environmental Science, Faculty of Science, Silpakorn University, Nakhon Pathom, 73000, Thailand.
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Abstract

This study aimed to analyze the impact of water salinity on the formation of iodo-trihalomethanes
(IF-THMs), a group of disinfection by-products (DBPs) generated during the chlorination process in a public water
production system. The target compounds included dichloroiodomethane (DCIM), bromochloroiodomethane
(BCIM), and triiodomethane (TIM), which pose potential health risks due to their higher toxicity compared to
other trihalomethanes (THMs). Water samples were collected from a water treatment plant in Bangkok at four
stages: raw water from the canal, post-coagulation, post-filtration, and treated water from the distribution
system. The water quality parameters analyzed included pH, hardness, electrical conductivity, alkalinity, total
dissolved solids (TDS), salinity, organic matter, iodide and chloride concentrations, and residual chlorine.
Additionally, experiments were conducted by adding sodium chloride at different concentrations to examine
the influence of salinity on I-THM formation. The results indicated that the raw water met surface water quality
standards, with pH ranging from 6.6 to 7.5, hardness between 60.78 and 114.9 mg/L, electrical conductivity from
207.50 to 363.33 puS/cm, salinity between 0.10 and 0.18 ppt, alkalinity ranging from 91.18 to 101.60 mg/L, TDS
between 181.33 and 239.33 mg/L, and chloride concentrations from 8.61 to 29.80 mg/L. After treatment, most
water quality parameters decreased except for chloride levels, which increased. Specifically, pH ranged from
6.3 to 7.5, hardness from 59.74 to 127.20 mg/L, electrical conductivity between 212.83 and 358.33 uS/cm,
salinity from 0.10 to 0.19 ppt, alkalinity between 12.70 and 77.89 mg/L, TDS ranging from 102.00 to 314.67 mg/L,
and chloride levels from 14.50 to 34.91 mg/L. DBP analysis revealed that BCIM was not detected in any water
samples, while DCIM was found only in raw and post-coagulation water. Pearson correlation analysis
demonstrated a positive correlation between iodide and both DCIM and TIM, particularly at higher salinity levels.
Furthermore, salinity influenced I-THM formation through its interaction with organic matter, chloride, and
residual chlorine at a significance level of 0.05. These findings highlight the role of iodide and salinity in I-THM
formation and emphasize the importance of controlling iodide levels, organic matter, and salinity in water

treatment processes to minimize the risks associated with these disinfection by-products.

Keywords: lodide / lodo-Trihalomethanes / Salinity / Disinfection Byproducts / Tap water quality
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I-THMs) 2gvinn1sitasziians 3 vie laun taraslsleleladinu (DCIM) Tuslumaslsleleladiinu (BCIM) wazlnslelola
Sy (TIM) Tneld3amsaiaseansavans (Liquid-Liquid Extraction; GO) fie msthihdhethwnnsesaensnenses
GF/C wazd1u1n509A0828n58A1¥NT890U1A 0.45 um 91ndud1t ik un1snsos 25 ml uald
Tuandwndeafisl NazS0s 5 me wanlidniu wda3afin MTBE 2.5 ml deuaziilunaud Vortex Mixer Wuvian 5 undl
uaz Tunens MTBE fiegdnuuuansazateldvan Viral nsaaindeinies Gas-chromatography Mass fagufi 1

Water sample 25 mL Vortex mixer 3 um
o 0.45 pm

=]
=~ MTBE2SmL

Na,S0; 5 mg
= 1/ =
—d g . > > > —
/

/ |
Na,S0,5mg -

S ~
Aneuyy MTBE

il alao : r « i: [m —}
GC-Ms ' N B

FoRuETATAINUATY Vortex mixer 5 w1l

v
7

gﬂﬁ 1 Juppunsannalelolalnsanladivmu (odotrihalomethanes; I-THMs)
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3. FnsAnmdnamnisifnanswassldainnissndelsandulelelalaselafinu (Formation potential of
I THMs with lodide) ¥1laen1sitdfieg1901n509628n58A 181509 GF/C WAYNTEATYNTOITUIA
0.45 pm 11 Phosphate buffer 5 ml Taluwaausunns 250 ml Wiuansazanulaliaasls 0.48 ml wazansazaie
TusaBenlelolas 1.2 ml andutiniikiunisnsewdaldluminiinms 250 mUIRdumnuddailuufigamgd
25+2 °C \Huaan 8 dalus iensunauwdrhiunidusesludeunaslsd 2 ml dewhlvasadeaisazats (Liquid-
Liquid Extraction; GC) LazuUsiivauE AR g ueaeTunuvae alolealad wazAraolsd éfﬂg"dﬁ 2

mes 0.45 um NaOCl 2 ppm 0.48 ml ot - 5
phosphate buffer ki~ sppm12m  Whaudy 1% Ammonium
‘\/ 8 250 mL chloride 0.2mL ~.__
[ = wih

/
/
e

(; \‘
= 5
A +H§—
w8 flasce2C
wyal i

Jiu pH vouhin7 £0.2
#3t phosphate buffer S mL

uidh 10 ven Nay5,04
Tnmsnsie LLLR N
\\ E 4
\ - nmazEdin 5 mL
AR - Kiig

. AA A A A a
A AA a

T S Weiie THMS
3@ Cly residual uax CI, 1 wa

3‘1]17i 2 9undUN13Y Formation potential of I-THMs with lodide

4. F3nsfnmmansenuresaindonisfinasnassldainnisdnielsangulelelalnsenladiny
(Formation potential of I-THMs with lodide and Salinity) VnlnunstiinfegwnnsemiensEnenses GF/C waz
NEABNTO99UIA 0.45 um 11 Phosphate buffer 5 ml Taluvanu3uing 250 ml huansazanglaluaaslsn 0.48 ml
wavansavanelufadelolelad 1.2 ml enduduledenaslsiiinmududy 19 uay 5% wiadahihiiiunsnses
uéldluranusanes 250 ml Widunnudraniludsiigungii 2552 °C Bunm 8 dalus ideasunauditimisniin
woulafloumaslss 2 ml dewildafnduansazans (Liquid-Liquid Extraction; GCO) wazuuatniivuud ldiased
USnnunaeTunavde Alelelad wazAinaslsd faguil 3

1994045 pm NaOC 2 ppm 0.48 ml
phosphate buffer ki~ 5ppm1.2 Nad 1% Ammonium
L I 5 1%, 5%~ chloride 0.2 mL ~__
) / Tevowida 240 mL
e
¢
a— w W
¢ ( ud 8. 125°C
" el fAsm
Wi pH veadllu 74 0.2 g
#u phosphate buffer 5 mL
. vueil0men  N@2S5:0
Tninmdo SN0SHISS]
0
' - nimpzRdEn 5 mL
T Lifi& - Kilg
g o = o
AA AAA a
; I Onladogy WU FTHMS
% €L, residual uss CU7, 1" e

31]17; 3 ‘ﬁu'umaumiﬁﬂ Formation potential of I-THMs with lodide and Salinity
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aad

4.2 sdanldlunsine

1. Az sdwoiamuaminiludensinsginadatug Idu duade

2. Jpsianuduiusseninaanuauiunisiieaiswassldngulelelalasenlaiivu sauds Anuduiusiu
msfwestu 1 MiRedestumainaanguil lneldadudszAvsanduiudifesau (Pearson Correlation Coefficient)

5. naMsAn¥ILazafUTIEHE

5.1 namsAnegan i luvasthrisunasudadnszuaunissdatiss

MnmsAnwmaiuiegnai 4 90 Tasasifiudogiesiuau 1 fedhdluuazgauasiivgnay 67 L malfu
fegrahdidumssauitiaiouiiguiou 2567 fufeusuney 2567 suiavan 4 ads el fegrai usiazgnazgn
Ansesinunmihluusiasmisfinesn 3 ads dielideyaiinnuindede Tasn1sAnvinuinuaimihavaineass
Usgirfidnannuunsa-dne (pH) eglutag 6,675 Feogluinusiunsgrunmainiiiafuiininualsi 5090 (1]
et fidunsruaunianamiissdniiien pH egsning 6.3-7.5 wandiiudnthdsasianmbunarsiaieu
LAYUAINIUNTEUIUNITNER mmmﬂisﬁwwmﬁﬁuagjiwdw 60.78-114.9 Mg/l LagRRIRINKIUNTZUIUNITNEANUIN
1A1AUNTEA90YTENTNN 59.74-127.20 mg/l Feldfiauunnsnafuannidn ﬁm%’ummiﬁﬂw%mmﬁﬁUagjslmm
207.50-363.33 uS/cm wagndsnunszuIun1suanagluyag 212.83-358.33 pS/cm wandbiifiuindinisialailid
wiltanaadniies SsorainainnsvuiunsanagneulaynanTesiiannsaanyiinalessuunsdaludily oglsd
A1 v-w'wmwmﬁmaqﬁwﬁuagﬂu‘dw 0.10-0.18 ppt kandIWIUNTEUIUNITHARDYLUYI9 0.10-0.19 ppt FaenAoutng
Tndidesitu agvioulidiuiinssuiunsndmhlssuldfinadonnudsuaseanuduveniannin merudusg
(Alkalinity) maaﬁﬁuagﬂuﬂdm 91.18-101.60 mg/l kATNSINIUNTLUIUNTHANBE UG 12.70-77.89 me/l Farau
Lﬂumaﬁﬁwmwﬁwﬁ’miami%’ﬂmm pH ’Luﬂszmumimﬁmﬁﬁﬂizm Iaggremuanaunansn-aeazdasiunisie
nfeuasviodstih Avesudeiamuniiazaner (TDS) luiegsthAvegssndng 181.33-239.33 mg/l uarluthiikiu
nsEUIUNSNanegluYIe 102.00-314.67 mg/l asouliiuinssuumsaniaansaandmeuditasanathured
g1 LLG]I‘LJ‘U’]Q‘UNL’Jmmﬁ]im”lLWM‘leNmﬁ]LﬂEJTUENﬂUQmﬂ’]W‘UENu”IﬂULLawU‘iuaVIﬁJﬂW‘UEN‘iuUUﬂiEN dmsuamaalsnlu
5ﬂaua§jswiw 8.61-29.80 mg/l wazluthiirunszurumsnaniutudy 14.50-34.91 mg/l Famsiiuduresdinae
Isftlorafianmnuonmaiuasenitolsa wu asesu lunssuiunssdetiiuszn egilsfinu Anaslsdiinudsey
lusiiuaendouarlideliiAauanssnusonmuamih el mnnisamedesesinuitldinmsanuloleladluii
NOULATURINTLUIUNITHER T,msvmwnwﬁma%ﬁﬂdnmﬁgﬂmamaﬁmeﬁﬂfﬁumﬂﬂaawizmu,asugﬂﬁw'm
ﬂssmumswﬁmfwﬂizmLLé'aﬁ?uhjLﬁumﬁmmmgmqmmwﬁwﬁaau [1] LLasmmgwu@mmwﬁwism (2]

5.2 an1sANBINANTENUTaIAMANABN SRR TasElfainn1ssndangulalelalasenlafiny

amsAEnwmUIInIRAsasnassliannisindelsaveandulelelalaselafinudeuiuiisedulinulaaae
Tsleloladiinu (DOM) Tusluaaelslelelafiinu (BaM) uazlnslelelaiiinu (M) luynyaifiudiegianiy
uvdan1sviuiisen wuihilanslaaaelslelelnfinu (DAM) uazlaslelelafinu (TiV) iAatuluynqaifufesia
Tnglainuluslunaslslelelafinu (Bam) Bnvsrnloleladuazaaslsflutmdnwhuiiseduiisnfutulunngaiv
fhegain iewssuileutuailelelas LLazﬂaaliémmﬁmm;mLﬁuﬁaaéwﬂfwﬁauv‘hﬂﬁﬁ%m uaztiiodinsgsinanseny
vowrmaAudensiinansnasslfannissdelsangulelelalaseladimuldfinaifuleiouaaslss (Nacl) Aaanm
W 1% uay 5% laelinisiinseiadadulsyavsanitusifiesdu (Pearson Correlation Coefficient) Tagiviun
AUNRFIUNEDA Ao Ho - Amnslweslidanuduiudidaduiu uas Hi : Amsfiwesianuduiudidaduiy ng
frvunszRutedifadl 0.05 911153 IeRNadRnUd1 ArduUszansaniusifiesdu (Pearson Correlation
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Coefficient) seninamlalalan Arraslse wazAlalelalnselaiiny (F-THMs) Sanudunusinuwanseiulunuseau
AULAYL AIRNSI9T 1 WA RS9 2

A15199 1 AduUseanSaviusiiesduseninsenlelelad wae Alelelalnsanladvu (-THMs) Tuaufuiiuananaty

Formation potential of I-THMs with lodide and NaCl 1%

parameter ﬁ}ﬂLﬁU(fhasJ"N P-value Pearson Correlation Coefficient
1 .380 0.3795
2 .369 0.6306
lodide - DCIM
3 126 0.2744
4 ND ND
1 903 0.0974
2 694 03062
lodide - TIM
3 602 0.3982
4 561 0.4390

Formation potential of I-THMs with lodide and NaCl 5%

parameter i;mﬁuc?haiiw P-value Pearson Correlation Coefficient
1 .352 0.6480
2 .353 0.6469
lodide - DCIM
3 128 -0.2717
4 ND ND
1 .238 0.7625

lodide - TIM

4 .065 0.9346

newe : * danuduiusfiseaulvddey 0.05
ND = Not detected (as1aliinuansngulelalalasalaiin Fdliaunsalinsgimeeadialed)
ouiufiege 1 vanedia Uiy
ouiiufiege 2 vanefis thndwmnazneu
Afiufege 3 vuneds dimdmsiensos
2 o =
ANUAIDYI 4 U809 WUz
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A151991 2 AduUsEAvSariusiesdusEnIneAnraslss wae Alelelalnsanladvnu (-THMs) TuanauAuiwansaty

Formation potential of I-THMs with lodide and NaCl 1%

parameter quﬁUﬁ'ﬁ@ﬂWﬂ P-value Pearson Correlation Coefficient
1 291 0.7087
2 310 0.6904
Chloride - DCIM
3 ND ND
4 ND ND
1 .556 0.4440
2 .289 0.7110
Chloride - TIM
3 .269 0.7307
4 195 0.8053
Formation potential of I-THMs with lodide and NaCl 5%
parameter i}mﬁu&haiﬁd P-value Pearson Correlation Coefficient
Chloride - DCIM
3 ND ND
4 ND ND
1 .902 -0.0985
2 .488 0.5120
Chloride - TIM
3 .662 0.3378
a .938 0.0619

newe : * danuduiusfiseaulvddny 0.05

ND = Not detected (as1aliinuansngulelelalaselafiny Fdlianansalinsginiadiale)

ouiufiege 1 vanedia Uiy

oLiufege 2 vanefis thndwmnazneu

Afiufeg1e 3 vuneds Yimdmsienses
2 o =

ANUAIDYI 4 U89 YUz

21119197 5.1 wudrlugedt 2 Afinauds NaCl inanududu 5% dudleleladiiauduiudidauanduen
Inslelelpfmuitfuanslunduanslolelalnselafinuetneiiduddny nanfe ierlelelafiiutu mlaslelelnfiny
fagifutududu 3] Sauandliduindoranufugeluazdmaronisifnasnaosldngulelolalaselaiinu
Tudnwazifeatufugail 3 Adu NaCl Amnududu 5% Auanswadnsluiianafotuivlugei 2 dmdulunisidi
5.2 diothanaslsfuanlelelalaseladmiluanuduiifaududuunndstuiuasiuilugei 1 uazqeil 2 73
A9uin NaCl imanadudy 5% dufiauduiuslulufiansuinegradideddey Seinaelsdiuiianuduiugiv
alaaaslslolelafimuiiiuanslungulolelalasenlaiinu uenainid eruduiusseninssmsiinesdu q wu
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ANAABSUAIABLATANAAB AN UTANLALRLSIIUINAUAIAaBLSA NaNnAe WaAAaslsmiiuly ANPRESUALNEDNAY

v
a

yURRseaefsty iesaneasiuaraneiuinlunselsdlossu 4] egndlsfinu Aeasiunsviediruduiusids
audulelolad wneanu mnlelaladifisdu drseiunundetvanas iesnaaeiuihuiisentulelelafauin
nssleluleleda (HOD FsanunsaviuAseransdurdsluiuaselfinaswassldlunguleleln (-0BPs) Tnewilduty
fomsngulelelalaselaiinu [5] waranwamsdnwdsdliiuiunumaesdleloladuageududulinadoninfnans
waseldngulelelalnsenlafinulunszuiunsndmiwssun mududsdmasomsfimesau 4 lviAnamwaosls
naulelelalnselaiinulédnde Inemsiinnsmuauszdulelolad asdunisluiuasanudalunssuiunsudaly
wangay Snitnsldanssndemsiinslilulfinuiiangay Weanaudssinnininansnassldngulelelalas -
gladiny

6. A3UNAN1SANEN

nsfnwiiiadunsiiessiiansenuresaandaluthdenininaiswaoslingulelolalaselaiiny
(FTHMs) e duansimantulunszuiunisandolusruunaninuszun nsanizlanaslslelolaiimu (DCIM),
Tuslueaelslololnfinu (BAM) uaglnsleleladiony (TIM) Faflenundufivgs namsdinszsimmimesaainimiwialy
wu31 Ard1Rvatnaassdszuailan pH 9gluY39 6.6-7.5A1IUNTEAY 60.78-114.9 mg/l n1 5 Lol
207.50-363.33 pS/cm wagAnuLAY 0.10-0.18 ppt G?iqa&ﬂummfﬁmmgmqmmwﬁﬁaﬁu dlerunssuaunsnan
husgt mgunmindulngazanas sndutimueaslsdfiintu mnmslienginanszuresaranfudenisiie
arswaosldlung 1-THMS Tagld Pearson Correlation Coefficient wuth Araudaluthiiunumdidalunisnszdu
nadnasnaesldngui lnedeifiunududelafeunaslsflumududu 1% way 5% wuhummmes DOM uas
M Faduanslundu FTHMs Suualdufintuniuseduanuduiigetu Inslanigfinumdugeaaiinaaoy
(NaCl 5%) wumauduWusi¥svanegrefidodidgszninglelalaniuTM uazseninsaaslsanuDCM
Mnnsfnuisasulin eanudunasseiuleleladluthilviwasemsiAnasnassldngulelelalaseladinmilu
nsgvrumanamiszdn mnaaraddluiigaiuly ovdmalifnansiviidanudesdegunm dsdu arsiims
muauaudsluh ansedulelelad uazeuqunsldanssnidelimnzaufioanaudsslunisifnansng 1-THMS
fifusune warlumsuimsdanisauamiluowianmsdisfonn sdsuulamesantnundon Tasiamegns
snanvesimsafiorarilfriaudaluwmashdafiaty mnlifinisauuiid o1enelfAnarndssdenaam
huszluazgunmvoag il

LONET81989

[1]  AsumuANNatiy. (2537). Uszniaraiznssun1saawindouusiend atiuil 8 (2537) Fea ﬁmummmﬁﬂuﬂqmmwfﬂmméﬂﬁﬂﬁaﬁu.
https://www.pcd.go.th/laws/4168/

21 n15UsEUIuATNAdN. (2565). UEn1An15UszUaunTuads 13es mmsﬁﬁmumqmm‘wﬁﬁﬂizm‘uaqmiﬂisﬂmm‘waw
https://vvwvv.mvva.co.th/vvp-content/upLoads/2022/12Lnmsz/‘lﬁ’mumfw*dﬁzmmsﬂixmuﬂwam-w.ﬂ.2565.pdf

[3] Liang, L., Singer, P. C., Zhai, H., Zhang, X., Zhu, X., Liu, J., & Ji, M. (2022). Effect of seawater intrusion on the formation of
disinfection by-products in drinking water. Science of The  Total Environment, 827, 154398.
https://doi.org/10.1016/j.scitotenv.2022.154398

[@  §5998 Y& wavamy. (2548). Yyminaeiu aaelsd ludiuszuaiildlugmaivnssunazuuanisnisudle
https://www.welkinchemi.com/content/19565/chlorine-effect-solution

[5]  Huiyu Dong et al. (2019). Formation of lodinated Disinfection Byproducts (I-DBPs) in Drinking Water: Emerging Concerns and
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nsdnnsveAvasinluglssteudasnves

3

' a1 a ¥ o v & a 61
257035 Wanal', uwea Yumenldl’, S3ans Juiwand

] 1Al a o al S v v O%
, NI LUUAT, DAYY RRRIST , WATEITI BAINAYY

TsaSeunseqossug oy neg) 1mingiesd
2haus3eansaumans unrmeayenisalneg
* Corresponding author: suwannee_ads@utcc.ac.th

UNANEa

n9ise i ngUszasdifie 1) WALFULUUNNTINNTVELLAYRIMTUUUATUNIT 2) AnwUseansninvesseuy
mMsdamsveziAYeIT wag 3) Insgitadviidemaremnudifalunsanuinuvesimve s mAdeldsuuuuns
Jduuagiaiul (Research and Development) $31iun153318eU AN 1suuuildausau (Participatory Action
Research) nguinegnadonuuuianzas 500 au uwiuduyaanslsndou 28 au uazidniSeulsed 472 au in3eslede
Usnausig wuud1Tavsunave LuuUssldungAnssy Luunaaeuadiug Lazeeniuu JULUUNISInNsvesLaY
919113 "3Lﬂiwzﬁsﬁa;&aﬁqaaﬁaL%aWiimmLLazmﬁmswﬁLﬁam HANITITENUIN 1) JULUUNTIANSVELLAYRINS
Judwmdn vharnmanafinuun SehUn wazldfifuds durgudnans 40 wufuns g9 60 lwufiluns awnsogesaans
vziavemsiiniely 7 Tu uazndnedursdamnings 2) Ysunamesavemnsanaain 6.1 10w 3.0 Alanfusedou
Anlufosas 50.1 3) Uaduanudniavszneudmenisiidmsinvesldnlddiuds nslneusudeujufinng wanis
ausunsanUinaeziavesnelulsussuandiiiuinnuineusagndnisevsuiinnuuandsedefidedfy
38R (p < 0.05) wazanufianelasoniseusuegluszdugian (X = 4.60) uaznsAnauUszidiunasgadelies Tng
asU wuamamsdanisveziave W sTivau TeanUiinumezavewnsiulsadoulfesiediusyavinim daeUsemdmin
nAndeBuviddannings wazUgnilsindinsudaundeslviiuinbsunasyaains detausuuzdmiunmsidesioludie
nsthiumsilussgndlluuiundu wu qusuniessdnsingg ileveeranisanueyogiadidu

ANEATY: N13IANTTVELAYRIMT / JaSeudsedn / MTTealfuRnisuuuliasa / wsyghanyuieu

145



Fos “idiuadrmansenuiiieidsunlaslan (Real World Impact)”

M3UsEYUIYINTILAUBIA n1sUIRE1NEEY (AT 1)

P | a
EN Sustainable Development National Conference AN 5 UQUIBY W.A. 2568
(ENSD Conference) a ANZRWIRARNLATNSWENNSAERST NINenauNing

Food waste management leads to a zero-waste school

Warakorn Phummanee?, Noppadon Pindokmai?!, Teerapat Panpipat!, Sureeporn Naendee?!, Apichai

Chaochote?, and Suwannee Asavakulchaiz*

1 Phra Suthammayanthera Witthaya School, Uthai Thani Province, Thailand
2 Faculty of Engineering, University of the Thai Chamber of Commerce, Thailand
* Corresponding author: suwannee_ads@utcc.ac.th

Abstract

This research aims to 1) develop an integrated food waste management model 2) study the efficiency
of the food waste management system and 3) analyze factors contributing to the success of reducing food
waste. The study employs a Research and Development (R&D) approach combined with Participatory Action
Research (PAR). A purposive sampling method selected 500 participants, including 28 schools staff and 472
boarding students. Research instruments consist of a waste quantity survey, a behavior assessment form, a
knowledge test and the design of a food waste management model Data were analyzed using descriptive
statistics and content analysis. The research findings revealed that 1) the food waste management model
involved a fermentation bin made of thick plastic, featuring a sealed lid and an open bottom, with a diameter
of 40 cm and a height of 60 cm. It could decompose food waste within 7 days and produce high-quality organic
fertilizer. 2) The amount of food waste was reduced from 6.1 to 3.0 kilograms per month, representing a 50.1%
reduction. 3) Success factors included stakeholder participation, hands-on training workshops, and continuous
monitoring and evaluation. Training on food waste reduction within the school demonstrated a statistically
significant difference in knowledge before and after the training (p < 0.05), with the highest level of satisfaction
for the training (x = 4.60). In conclusion, the developed food waste management approach effectively reduces
food waste in schools, conserves water, produces high-quality organic fertilizer, and fosters environmental
awareness among students and staff. Recommendations for future research include applying this approach in

other contexts, such as communities or organizations, to expand sustainable waste reduction outcomes.

Keywords: Food waste management / Boarding schools / Participatory action research / Circular economy
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nsdanisvezirvemsiunisdlulssinudfgilasuanuaulalusedvaina Wesanveziavenmsiduane
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winvasnsiinfinedivu (Methane) Jadufaieunszanifidndsulunsiiifinnnelandeugininasveulaeanled
fia 25 win [2] Tuszwelng nsudwasuauAMEwIndeN NTeNTImSHEINIsIsUYRLazAIIndau Tadnrilasenis

o o

Tsassulannvey (Zero Waste School) Liedaasunisan Anwen wazuveenauunldusslevidludluaganune [1]

o w v

pgslsinn dgymaeziavonsiuanudnuidulssiiuddgaiudunndeuiidwansenusenisuass e ounsyan
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wagAlddelunsiida Tnsanzlulsnioudseaidnmsinomistdingeuis 3 de msmumuissunssunui
AT UL aunsiansvesmalululsaou [3] dfnnisdnwiemssunisianisvesiasensluuiun
lsaSguusedn

WAn Circular Economy e3umssessuindunumeiiivszansnwlunsdnnisvezesnadadu Tnesjari
msminensndunnldlmilussuu swfunguinmsidsundameingsy feSuienseuiumsidsuudamaingsy
KU 5 Fupou ldud tudeunsfionsan nsfinnsun mawdeuns msasileUfud uazmsadlidagfngaall [6]
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Abstract

Coffee silver skin (CSS) is a thin tegument of the outer layer of coffee bean, CSSis a by-product of the coffee,
appearing during the roasting step. Although this is produced in large amounts as an agricultural waste, the
chemical components and biological activity have never been explored. In this study, CSS was extracted using
three different polarity solvents and three extracts were evaluated for antioxidant and anti-tyrosinase activity. The
ethyl acetate extract showed the most potent inhibition against DPPH (2,2-Diphenyl-1-picrylhydrazyl) and ABTS
(2,2"-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid) with IC,, values of 0.31 + 0.06 and 0.49 + 0.03 (mg/mL),
respectively. In addition, ethyl acetate extract also revealed the most potent inhibition (25%) against tyrosinase at
the concentration of 0.25 mg/mL. This finding suggested that CSS would be developed as a prolific source of

antiaging agents such as cosmetics.

Keywords: Coffee Silver skin / Total Phenolic / Anti-Tyrosinase / Antioxidants / Bioactive Extract
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1. Introduction

One of the main problems that occur due to the production of goods and services are the offshoot of waste
as a byproduct, most of these many different kinds of waste do not get disposed of properly, causing widespread
damage that builds up to unimaginably high degrees over year and years of inaction. The focus of this research
paper is to study one of these types of wastes, more specifically Coffee Silver skin which is a by-product of
processing and roasting coffee. And one of the largest sources of discarded waste in the world [1].

Coffee is one of the world’s most consumed drinks in the world, with each small cup of coffee requiring ~11
grams of coffee beans. In the perspective of the world with over millions of people consuming coffee at an average
of over 2.25 billion cups of coffee consumed worldwide every day, the amount of waste is bound to be astronomical.
In 2023 alone, global coffee production reach approximately over 10 billion kg [2]. Coffee is one of the worlds’
global economic plants and the global coffee market was valued at approximately 223.78$ billion in 2023 with
forecasts of even further growth in the coming years, [3] supporting the livelihoods of roughly 25 million small
producers all over the globe, with >90% of coffee production in developing countries.

Despite Coffee Silver skin typically making up only 1-2% of the mass of roasted coffee beans, it accumulates
to significant quantities annually due to the massive demand and consumption of coffee production. Data from
industrial coffee roasters indicates approximately 1 ton of coffee silver skin by-product produced every 120 tons of
roasted coffee which along with the process in which coffee is produced is extremely water intensive especially in
wet processing methods has contributed and snowballed into many other worldwide problems such as
deforestation and carbon emissions. [4, 6]

Though there are a lot of disposal methods used currently, they face a lot of challenges when imposed. In
many regions of metropolitan areas that have high business surrounding coffee consumption, the disposal methods
consist of sending coffee silver skin to composting facilities near the area. However, taking into account the logistics
and management of the transportation of coffee silver skin, it would not doubt be very costly—studies have reported
disposal costs of around 447.55 pounds per ton when utilizing composting facilities as a disposal method [5].
Another well used method is incineration and landfilling with these methods posing a lot of environmental challenges
through the release of methane and carbon dioxide adding onto greenhouse gas emissions which may even top
that of coal combustion. All of these methods put an economically impossible limit for small businesses to invest in
other lose value processing due to high logistical and handling costs [7].

Recent research has explored various coffee silver skin methods of disposal by incorporating it into
functional and economically feasible products such as bakery items, water adsorbents and most importantly
cosmetics which had significantly reduced disposal costs. An instance of this was in Naples where they had
replaced part of their wheat flour with small amounts of coffee silver skin in bakery products, managing to reduce

disposal costs by 190.09 pounds per ton [4].
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The main purpose of this research paper is to explore the bioactive components of Coffee Silver skin, most
notably their antioxidants and anti-tyrosinase efficacy from its compounds. Using three different polarity extracts to
separate specific compounds of the substances resting in Coffee Silver skin, this research aims to evaluate its
phenolic activity for the purpose of potential utilization in economical and healthcare fields. The research could be
used to maximize the efficiency of disposal of coffee silver skin through providing other means of use for companies

to build off of their waste to decrease waste costs and increase profit.

2. Objective

1. To identify the potent bioactive extract inhibiting against free radical and tyrosinase.

3. Scope of the Research Study

1. Evaluation of CSS extracts against antioxidant and anti-tyrosinase together with determination of their

total phenolic and flavonoid contents.

4. Experiment

4.1 Plant Material

The coffee silver skin (CSS) were obtained from Nestlé (Thai) Ltd in June 2024. A voucher specimen was
deposited at the Natural Products Research Laboratory of Center of Excellence in Natural Products, Department of

Chemistry, Faculty of Science, Chulalongkorn University, Bangkok, Thailand.

4.2 Extraction and Isolation
The coffee silver skins (CSS) (1.5kg) were mashed and macerated with MeOH (3 L each, 2 times for 2 days)

at room temperature. The MeOH extract was then partitioned with hexane and EtOAc. Removal of the solvent under

reduced pressure yielded hexane EtOAc and MeOH extracts (Figure 1).

Coffee silver skin (CSS) 1.5 kg

Extracted with MeOH (2 L for 2 days)

Crude extract of CS5

Fartition with hexane and EtOAc

(S5 - hexanes C55 - BtOAC CS5 - EtDAC

Figure 1 Chromatographic separation of coffee silver skin (CSS) extract.
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4.3 Estimation of Total Phenolic Content (TPC)

Total phenolic content was evaluated using the Folin-Ciocalteu method [6, 8]. Briefly, each sample of coffee
silver skin (CSS) (1 mg/mL) was diluted with DMSO to make five concentrations 2, 1, 0.75, 0.50, 0.25, 0.125 mg/mL.
Then, the coffee silver skin (CSS) solution (25 uL) was mixed with 125 ul of 0.2 N Folin-Ciocalteu reagent for 5 min.
Subsequently, 100 pl of 75% (w/v) sodium carbonate (Na,CO,) was added. The absorbance at a wavelength of 700
nm was measured using a microplate reader against DMSO as a blank. All reactions were performed in triplicate.
The results were expressed as mg of gallic acid equivalents (GAE)/g of partitioned extract using a standard graph
for gallic acid in the range of 0.02-0.1 mg/mL.

4.4 Estimation of Total Flavonoid Contents

Total flavonoids content was evaluated using the aluminium chloride (AICI3) colorimetric method in a 96 well
microplate reader. Briefly, twenty-five microliters of the coffee silver skin (CSS) extract solution dissolved in DMSO
was mixed with one hundred microliters of distilled water. Then, 7.5 uL of 5% (w/v) NaNO, solution was added and
incubated at room temperature for 5 min, followed by the addition of 7.5 uL of 10% (w/v) AICI,. After being 6 min
incubation at room temperature was added 50 pL of 1 M NaOH. The absorbance at wavelength of 510 nm was
measured. The TFC was expressed as mg of quercetin equivalents (QE)/g of partitioned extract using a standard
graph for quercetin (0.1-1 mg/mL).

4.5 Determination of the antioxidant capacity

The DPPH free radical scavenging activity assay

The potential of the crude extracts was determined as previously described [6, 8]. Five different
concentrations of each sample were prepared in DMSO. The each well was mixed with 20 uL of the sample and 80
puL of 0.15 mM DPPH in MeOH for each concentration and incubated at room temperature for 30 min. The
absorbance was measured at a wavelength of 517 nm (A_,,) using a microplate reader. Ascorbic acid (vitamin C)
was used as the positive control. Each assay was performed in triplicate. The free radical scavenging activity was

calculated from Equation (1):

% DPPH radical scavenging activity = [(A-B)/(A)] x 100, (1)

where A is the A, ,of the negative control and B is the A,,, of the treatment. The % inhibition (Y axis) was

517
plotted against the extract concentrations (X axis) and the effective concentration at 50% (EC,,) was obtained from
the graph.

4.6 Determination of the Trolox equivalent antioxidant capacity (TEAC)

The Trolox equivalent antioxidant capacity (TEAC) assay followed the described method [6, 8]. The stock
solution of ABTS"" was prepared by reacting 7 mM ABTS solution with 2.45 mM potassium persulphate solution in

distilled water at a 1:1 (v/v) ratio in the dark at room temperature for 16 h before use. The stock solution (one mL)
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mixed ethanol (Thirty-five mL) to obtained an absorbance at 734 nm (A734) of 0.700 + 0.025. The 0.3 mL of each
extract at different concentrations dissolved in DMSO was mixed with 2.7 mL of the prepared ABTS " solution, left
for six min in the dark and then the A

(),

.5, Was read. The percentage of inhibition was calculated according to Equation.

% ABTS radical scavenging activity = [(A-B)/(A)] x 100, (2)

where A is the A, of the negative control and B is the A.,, of the treatment. The % inhibition (Y axis) was

734 734

plotted against the respective extract concentration (X axis) and the EC50 value was obtained from the graph.
The results were then compared with the Trolox standard curve (0-0.2 mM) and the results are expressed as umole
Trolox equivalents (TE)/g partitioned extract.

4.7 In vitro tyrosinase inhibition

Anti-tyrosinase activity was conducted as described by [6, 7, 8] using L-DOPA as the substrate and kojic
acid as a positive control. Briefly,120 pL of 2.5 mM L- DOPA in 80 mM phosphate buffer (pH 6.8), 30 yL of 80 mM
phosphate buffer (pH 6.8), and 10 uL of partitioned extract or kojic acid (positive control) at different concentrations
in DMSO. All sample solutions were incubated at 37°C for 10 min and 300 pL of L-DOPA was added. After mixing,
the reaction was added 40 pL of 165 units (U)/mL mushroom enzyme in phosphate buffer was added and incubated
at 25 "C for 5 min. The absorbance was measured using spectrophotometry at 475 nm was measured using a
microplate reader. The tyrosinase activity was calculated as the IC,, value. Each assay was performed in triplicate

and the percentage TYRI was calculated from Equation. (3);

The inhibition Percentage of tyrosinase inhibition = [(A control - Asample)/A control] X 100, (3)

where Aconirol i the absorbance of the enzyme activity and Asxmple is the absorbance of enzyme activity
in the addition of the sample solution. The concentration at 50% inhibition (ICso) was obtained by plotting the

inhibition percentage and sample concentration.

5. Result and discussion

The partitioned extracts of coffee silver skin (CSS)

The methanolic extract was first prepared from the coffee sliver skin (CSS) by soaking in methanol. The
methanol soluble portion was separated by liquid-liquid partition with hexane and EtOAc, respectively. Three
partitioned extracts, namely hexane, EtOAc and methanol extracts, were obtained. The EtOAc partitioned
extracts had the highest yield (above 40%). The MeOH partitioned extracts exhibited a sticky solid form, whereas
the hexane partitioned extracts exhibited an oil form.

Determination of the total phenolic compound and total flavonoid compound

The TPC and TFC were determined from the calibration curves of gallic acid (y = 7.5447x - 0.004; R =
0.9975) and quercetin (y = 0.4651x + 0.0519; R* = 0.9781). The biological activities of hexanes, ethyl acetate
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and methanol extract from coffee silver skin (CSS) were summarized in (Tables1). The TPC of ethyl acetate
(EtOAC) extract was the highest with value of 62.91 + 1.46 mg GAE/g extract and the highest TFC was shown by
ethyl acetate extract with value of 247.41 + 6.28 mg QE/g extract.

Antioxidant activity of the fractionation

The results of partitioned extracts with antioxidant assays from the coffee silver skin are shown in (Table 2)
along with that for ascorbic acid as the standard reference for the DPPH and Trolox as the standard reference for
the ABTS assays. The ethyl acetate was the most potent inhibitor against DPPH with ECsy values of 0.31 + 0.06
mg/mL. Although this was still almost 22-fold less effective than ascorbic acid (EC,, of 0.01 + 8.9 mg/mL), while the
hexanes extract had the weakest DPPH scavenging capacity. The ethyl acetate showed a significantly strong
ABTS radical scavenging ability with (ECso values of 0.49 + 0.03 mg/mL), although this was still over four-fold less
effective than Trolox EC,, of 0.12 + 0.02 mg/mL.

Tyrosinase inhibition

All the partitioned extracts were initially screened for tyrosinase activity [7]. Generally, the ethyl acetate
was the most potent inhibitor against tyrosinase activity with %inhibition (36.04%) shown in Figure 2. On the other
hand, hexane showed weak or no inhibition, except for MeOH that show a significant suppression against
tyrosinase with %inhibition (28.06%).

It should be noted that higher inhibition against radical and tyrosinase is corresponding to higher total
phenolic and flavonoid. We therefore assume that the active components in EtOAc and methanol extracts are

possibly phenolic and flavonoid type compounds.

0.10 mg/mL 0.15 mg/mL
20 30
~ 15 -
3 ] 20
E10 E
E R
0 0
CSS-hexane CSS-EtOAc  CSS-MeOH CSS-hexane CSS-EtOAc  CSS-MeOH
0.20 mg/mL 0.25 mg/mL
40 40
5 30 5 30
< £
E20 E20
’ o - H 10

o
(=]

CS5-hexane  CSS-EtOAc  CS5-MeOH CSS-hexane CSS-EtOAc  CS5-MeOH

Figure 2 Tyrosinase inhibition of coffee silver skin (CSS).
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Table1 The TPC and TFC of the coffee silver skin (CSS) extracts

Sample Total phenolic (mg GAE/ g extract) Total flavonoids (mg QE/ g extract)
CSS - hexanes ND ND

CSS - EtOAC 62.91 + 1.46 247.41 +6.28

CSS - MeOH 58.59 + 0.77 142.67 £6.18

Notes. Data are shown as the mean + 1SD derived from three replicates. EC,; = concentration at 50% inhibition ND = Not detectable.

Table 2 Antioxidant activity of the spent coffee grounds extracts.

Sample DPPH EC,, (mg/mL) ABTS EC,, (mg/mL)
CSS - hexanes NI NI

CSS - EtOAc 0.31£0.06 0.49+0.03

CSS - MeOH 0.54 £0.04 0.83+0.02

Ascorbic acid 0.01+£8.9 -

Trolox - 0.12 £ 0.02

Notes. Data are shown as the mean + 1SD derived from three replicates. EC,, = concentration at 50% inhibition NI = percentage

inhibition less than 30% at highest concentration tested

6. Conclusion

The ethyl acetate had the highest antioxidant activities, which were correlated to the highest TPC and TFC.
Their fractionation led to an enrichment of bioactivities, suggesting these might be the major active compounds in
the coffee silver skin (CSS). The ethyl acetate was the most potent inhibitor against tyrosinase with highest

%inhibition.
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Abstract

This research investigates the efficiency of color removal from treated hospital wastewater using a UV
iradiation process combined with hydrogen peroxide (H202). The study focuses on determining the optimal
concentration of hydrogen peroxide and UV exposure time for effective color removal. Hydrogen peroxide
was applied in volumes of 0.1, 0.3, 0.5, and 1 ml, and UV exposure times were set at 1, 3, 5, and 10 minutes.
The initial color level of the treated wastewater was measured at 24 ADMI. The results indicate that the
optimal conditions for color removal were 0.3 ml of hydrogen peroxide and a UV exposure time of 5 minutes,
under which the color level was reduced to 6 ADMI, corresponding to a 75% removal efficiency.
In comparison, using UV irradiation alone led to only minor reductions in color, with a maximum removal
efficiency of 13% at 5 minutes of exposure. The turbidity remained below 1.5 NTU under all experimental
conditions. The combined UV/H,0 process did not affect the conductivity or pH of the treated water. Using
30% hydrogen peroxide at the optimal dosage and conditions resulted in a treatment cost of 5.22 THB per
cubic meter.

Keywords: Color removal / Hospital wastewater / UV irradiation / Hydrogen peroxide / pH value
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Abstract

Currently, the global food waste crisis, particularly from leftover food in household consumption,
amounts to more than one billion tons per year. This results in an increase in greenhouse gas emissions from
decomposing food. Consequently, governments around the world have introduced policies and launched
campaigns to raise public awareness of the issue, such as waste management and disposal policies and food
waste prevention and reduction policies. Recognizing the importance of these problems, the research team
developed a food management system through loT technology, along with a mobile application.

The objectives of the research are to design and build a prototype of food management system using
loT, with four main processes: 1. identifying and analyzing user needs, 2. designing the food management
system, 3. developing a prototype, and 4. evaluating the system.

The research team collected data through questionnaires to identify and analyze user needs. They also
created evaluation forms for user interface design and system usability, assessed by five experts. The collected
data was then statistically analyzed by calculating the mean and standard deviation.

The results of this research showed that the overall user interface design was rated at the highest level,
with a mean score (X ) of 4.80 and a standard deviation (SD) of 0.45. The usability of the food management
system prototype through loT was also rated at the highest level, with a mean score (X ) of 4.60 and a standard
deviation (SD) of 0.55.

Keywords: [oT system / Food management system / Application / Inventory management
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6. M3lddaany wsgay 4.80 0.45 wniige
7. AMNEIBN Tuade 4.40 0.55 1N
8. NMWTIUNTTDBNUUY 4.80 0.45 mm?iqm

91NA5199 2 maUszdumsTdnueUnaaty wudn 1. anwazaanlunislday HavglusyauNn (X = 4.20,
SD = 0.45) 2. whlade wasgluseduuin (X = 4.40, SD = 0.55) 3. [¥nuldlifadym waegluseduuin (X = 4.00,
SD=0.71) 4. 3138msldnule maeglusgduunn (X = 4.00, SD = 0.00) 5. esienisidnfisdoya nasgluseduiin
(X = 4.80, SD = 0.45) uaz 6. anufianalalunisldaulaesiu nasgluseduuin (X = 4.60, SD = 0.55) Snsta dadl
Toruonuziuduiivnavesgunsaifiannsaldnulddu fe ssligunsaidu q wu wiudnaunsoldoudeld e
Awazmnauglfuthuiidaeeny

9197 2 wausydiunsidure s UnAATURLLUUTEUUIANITEIMSNIUSEUU loT

Hdonsuszidiu Anade (X ) SD AskUaNa
1. anwazmnlunisldau 4.20 0.45 0
2. Wlady 4.40 0.55 110
3. Tdnulalifadgym 4.00 0.71 0
4. $735nsiaule 4.00 0.00 10
5. fegienisidndeteya 4.80 0.45 wniign
6. muianalalunisidnulag sy 4.60 0.55 wniige

6. a3Unan1sANEN
nansUssdiuseUndindudunuuvessyuudnnisemsazvioubiiuisanudisaluniseenwuudiufnserld
wazmsldnulussdviinfiansla lnsanunsaagudssiiiudfals 2 fu fe
1. shunsesnuuudninseld sglusefuannianniian (Awds X ogszwing 4.20 e 4.80) Insasdusznay
ﬁlé’%’umsﬂimﬁuqaqm Ao N5l4E (X = 4.80, SD = 0.45) LAYANSINNTONLUY (X = 4.80, SD = 0.45) Fasans
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Usziliuluszuunn

2. iunsldnu egluszduaniduiu Ao anudesenisidifsdeyalasunisuseiiiugean (X = 4.80, SD =
0.45) 5898911 Av AIUNINBLAlAYSIU (X = 4.60, SD = 0.55) karAINLULa918 (X = 4.40, SD = 0.55) d@uanu
avanlunsldauldsunisusediudl X = 4.20 (SD = 0.45) vauzdinisldnulaeldfadgm waznnsansidinisléau
IgsumsUsadiuiiudl X = 4.00 (SD = 0.71 waw SD = 0.00 AWETY) Tadeiausnuriidfey Ao nswamnli
weUwdiaduaunsolfnulfuugunsaifivanuaisnniu eslameuiivida esuisanuasminuifgeoiguazdlid
ARINISUNAR VALY

Fatu nansUsudiull wanslidiuiueundiedusuwuuiidnenwgdlunmsluiaudesen undnSusiass
Tneilgaudsnunisesnuuuiiansnu viuae uazlinuine daduledvddyiesduaiauligldoensuuasldomszuy
Fanso sy oT iieanveremsuarUsendaaldinglupsiSeuldegefiussdnsam sudmnslianuddnyiu
msfaudunsafissvessruuLazMITesiugUnsalinanuans ielrueundinduaunsoneuaussaudeanis
vosglinnaueneuazsesiudnugasislaluenandndie
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UNANED

I

Tudadunandunniouusinanazndalasnelulszwelne Wesaniinsldwnasifulunssuiunsuandad

lamavulaululaswaiadin Fediaudesranishasuduta nmsAaneluasaliinguseasmiadneinisuulauved

q

lulasnanafnluiudanudwsomsneluiiufiensassuguaans anminedoudien Inenvangln s1uan
4 %11 fhograiudaiunadnansdunidaaedd Oxidative Digestion (H,0,) kaznsosusnlulasnarafnniu silicon
membrane (1.5 pm) fauthlUinserdugiuiasysinavedulasnaiadiniiendesganssalamnaslo hunuasssy
UszLanmwanafnelewmaila Fourier Transform Infrared Spectroscopy lusia Attenuated Total Reflection $aufiun1s
pnaougnAvaemameluiusmhsomafefinsaniadeidmadensutou
KansAn19INNsdesndesgansmianeile wutudlulasnatain 123316 Tusesegiaiuds 150 mL
(\ade 63 + 36 B sladuguitnuniigafio duls sundaust 3-726 lulasues WoduiegndluTinsgvidae FTIR
14 Gy annsaszydululasnanainld 42.9% SuunduldidunanafinUsziam Polypropylene uag Polyester 911173
dunaveafIdeTIuiuluunsIIgUIAUIA W‘Uﬁ?L‘Wi}ﬂ’]iUuLﬁaumﬁmwﬁﬂﬂizaavﬂf’lLL‘ﬁﬂﬁI‘fI’Uﬁﬁpj’]LL%dﬁ’m%’UU%Iﬂﬂlu
nsvudndeuanm viielilamaainudeudusuvanhivuaznszuiunsudniudeanndums sanisfnwadedld
Hudeyafiuguuananmsuudoululaswanainluiiuifinenaswaln dwiulssduanudssnnnisldfuduialules

nanamneoly

Arddsy: nsuwleu / lulaswanafin / dwda / SHrudmdeens / ewanagiiv
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Microplastic Contamination in Ice Cubes from Food Vendors at the

Faculty of Public Health, Mahidol University, Phayathai Campus
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Teerapat Arawan, and Teerapong Lertassavakorn”

Department of Environmental Health Sciences, Faculty of Public Health, Mahidol University, Thailand

* Corresponding author: teerapong.ler@mahidol.ac.th

Abstract

Ice is a widely consumed product in Thailand. However, the raw water sources used in the production
process in various studies are found to be contaminated with microplastic, posing potential exposure concerns.
This study aimed to investigate microplastic contamination in ice cubes from four food vendors within the
Faculty of Public Health, Mahidol University, Phayathai Campus. Ice samples were collected and treated to
eliminate organic matter via the Oxidative Digestion method using hydrogen peroxide (H,O,). The solution was
filtered through a 1.5 pm silicon membrane before analyzing the morphology and quantity of microplastic
under a stereomicroscope. Then, microplastic identification and classification were conducted using Fourier
Transform Infrared Spectroscopy (FTIR) in Attenuated Total Reflection (ATR) mode. Additionally, a sanitary
inspection of food vendors was assessed to determine the contamination factors.

The stereomicroscopic analysis results showed microplastic particles ranging from 123 to 316 pieces per
150 mL ice sample, with an average of 63 + 36 pieces. The most common morphology observed was fibers
with a size varying between 3 to 726 pm. Subsequently, 14 suspected microplastic particles were randomly
selected to undergo FTIR analysis and 6 pieces (42.9%) were confirmed as microplastics. These microplastics
were classified as polypropylene and polyester. Based on observations and sanitary inspection, potential
contamination sources included deteriorated ice sacks used to pack ice for transportation and pre-existing
microplastic contamination in raw water and ice production processes. This study provides baseline data on

microplastic contamination in the Phayathai Campus area for further risk assessment of microplastic exposure.

Keywords: Contamination / Microplastics / Ice cubes / Food vendors / Phayathai Campus
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1. uniin

lulaswanain (Microplastics) WuBudunanainidvuindnnin 5 Jadiuns nannsuanin wiedoaaiy

a

YosnaraRnuLIalve) wseainnszuIuNISRARNaTaRnvuadnielinzausensidnu Jagtuilymlulasnaain

@ a

fAnudAyiinEngu Weenylandinisudanaiafinuinndy 430 ausiu [1] winduilvggnatafingsds 8 ausiu

o
v

gnudesiiaasgumayns wagnudnnnitfesay 50 dauniianysemeluiode Ingganarafniazussesie
wanadnJuvesfinuinniige [2] dwivanunsaiveswarainlulsemelnelud 2564 fUTuumesnanadnldnfuden
(Single-use plastics) iAnTuatnnsuslnagsds 2.76 Sudu Tnsdosay 63 \ugewanadin Ly gedou geyits dailug)
\Huwana@naila polyethylene %awqﬁﬂﬁumﬂ%‘wmaaﬂﬁLﬁummaﬁnﬁuﬁ WININAINALAINUALIIAYN VDY
wan st nsliuimadiommsednedilldussfasinanainfifissnniu wasnsrdavernatainegslignies (3]
lulaswanadnudrinndnsannisludaidafneuvudeugduandonlutiunmun Tnefinsuudeusi
szuuiinammziaanmssrusindefiiiunsttn wsiidsgeuiliihunsideddaummnisudeunnan
Ranssuveaysd 1wy msfinanainldafuierendlignies nisliiaosdionsuasieiug viemsdndiitidule
wanaAnLudanyseneu [4] dwaliAnnsunsnszneveslulaswaainlunzialél iosnlulaswanaindvuadnuas
fiorgmsdenanieiiuiu VilfAansanaussuuiinemmaalusreren Tasaunsodluudouogl uinddemis
vosdnith Wednithaululasnanafnidiluasiinnsarauuazdnenenludsduilaamuadu (5] o1f nusienuns
vudouvaslalaswanainluaruinaeninensuans wuiarfthivalulaswanainiade 0.3-4.3 Sused Uan
ihRuiiviadalaswanaiiniade 0.9-3 Tusif wasdauiusni¥duiinalilamatainads 0.3-2.3 Suseda (6]
vouduinismmanulalaswanadnlufuannsinuns lnedaannslinanafnaauminfudiodudinasiyiulnves
oty udiilofidumanadniinnisidenanmandededunadewiliiinmsuanaarsve swanadnazauaglufu denals
anauiRveshufinsdsuuadly Wy anuwgu msdushuveni lvnsesydulavesiufnmaasundasld [7]
Freanuililasanafntuidioulunarnuanedinarsdauandon dealvuyudiidesmienisfududanatstomesg
MnTBNuUTessnInesudaitlanaina (WWF) wut uyusuilanemsitnisuudeulslaswarafniadegeds
2.000 FusiadUav vise 250 ndused [8] uazdamuirlulaswanainaunsaaesasslueinie wywdannsogaaululas

wanaRnidguenlalaenss vilifinnsianegauvendeswonisinlsageauldmeuas usswen sudsaunsaiding

Y

nszudidendwalivasnidoauasinisudsinasiiunnudswhliinlsafilauaznasndondnie (9]
fnanmdunedeniidinnunisuudewresulasnarafnfeunanihduiielilunmsaulaauilan neudade
< a o o ala a & v = 14 % a a H I3 ' =3
Jundndugiienuslnauasnnelaineludsenelng siudainsldunanifvlunssuiuniswdniiuds agnelsinny
nnsanwAuainuITelul sewalnenuieddonenvlulasnaiafnluiudsdmsvudlaefifissnuigofion
Wity 91n91398vedaTdl gavn waauiing Ay nuiwnauhfuluimindugiivsunalulasnatainade 224 Ju

I a

odns waznuluudsldegi 28 Fusedng [10] wandbiiuiaanudessienslasuduialulasnarafinainnisuilne

5 a

WwdanFousuusenla dwsuluiuiinaraisisuavenans unninedeuiing Useneuluieynains dndnw uag
YARANIBUINNUITUSN15T 99 s ka1 uAsatu duswiuunn we deldisienuieidfunisiuidauves lulas

3

a Y 2 o o a A va o e S = 4 a o v = v ° |
WaﬂaﬁlﬂiuuﬂLL‘Uﬂa’HﬁiUUﬂﬂﬂ VliJQ’JR]EJﬁ]ﬂa‘lﬂ,ﬁm%ﬂﬂwﬂﬂ’]iﬂuwau%mlmiﬂiwmamﬂiui’mmLL‘UQ‘UaﬂiﬂumwmﬁJ
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asnegluiiuiauasisuguaans uninerdouiing envangiv Inefnwfalnauazauasiudsiiun
giavadlulasnanadin wiedudeyaiiugiuuaninisduilenlulasnaradnluiuiinenuangyiln dmsuussduniiy

desnnnslasuduialulasnanafin uazidudeyalunmsfiansanandemninmstulewvedilasarafnguudoly

2. Inguszasd

1. Wednwnisdudeuveslulaswanafinlutiudewesdusmineemsnieluiiuiieuzaisisuguaians
NNIEduLdng Inenuangaln

2. fledmunguiedilamaainiivudeuluthufwesusminsommsneluiufiensasisugueans
WNIeduudng Anguangaln

3. \fefinwvuiauarUiinuveslulaswanainivudeuluiudeosudmiisemsnslufiuil ey

A15IUFUANERS UNINedELTing e nanngtn

3. YBULWATDINTTANE
Anwinisvwdeululasnwarafnluudansenuslanvesiudmiisomsagluiufiauzaisisuguenans

UMY envangln 91U 4 51U

4. 35n156nw

4.1 TUMBUNISHAUAIDES

¥ P v
Ya o A v 1 a o

ide¥edingnniuianinidmiieemns iasedaneluiufinaraisisuaemans uniivetdeuiing lagld

v
o 1 ° <

Y3ALA Duran Yu1a 1,000 dadans dmsuussgiegiauds nieudsuaainssydeuaziumisiiu ussadunges
Tusnwgamadl newthdegnduldfiulugifuiiviesd fiRnsamaiginenmansewdeduanden luseninansiiu
#eg19 Andunisnsvdevaufviaemisngluduimiieemis nglduuunsianinsgiuauiviaemis (anu

va o

nONIENTIFUANYNzYvRsanIUNTIvLIge1ms wa. 2561) Wuduuy Hudideladnsusuldsuiiaiuunsiade e

o o

l9n579Uszliudassunstaseonvdmananisuuoululasnatainluanudded fauwanslunisei 1

4.2 YUNBUNITHHTINAIBENS

thiegrsudediivludiduiesufifims daidlilgamnfivies 30 wifiviesuninihudezarats deudieldly
Jninesaunn 500 fadans anduiy 30% Hydrogen Peroxide (H,0,) 40 fiaddns adlusitagnuazinluguuunili
aufau (hot plate) figrungfl 65°C tiofinidolsauazansdurisingiionauideundefauntusaegns [11] Tnevin
nsmudizegnann 4 10 wit e 1 43l Weliinnudouatauds thiegniudsiararonseauuugaaniasiu
silicon filter BuIAgNTY 1 um U158 DI water Tl filter 1 usiusiofiegs 100-150 fadans Aeui filter

Mensnisliagnates 1 9l viseaundnvswiioamniiviesuuaumzelugaaniu (fume hood)
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Jarnunguanune NUBWR

WY e | ladfifanssy

1. wda unausiuasgIuiiIvun WU 1p3eming o,

2. hudafvlunmausiazon lfiaswanusn Tetda

3. MYuzUTIRude 19geIniiueg1aies 15 wufiwns anUin

VOUNBUY §aINNUBENTBY 60 LURLNT INUTIUTINTUL

4. laifiihdunesuay sengnatwey

5. l¥gunsaliazen daudmiuAunsesniudadasiamns

6. Lo svsedeves Wwiswluduhudsdmsuslnn

7. Megunsaldmsudiniudavinzay wu neanesuldduda

T
ULV

D BTAUTIALTVIILRY v eeeeeso e eeeeeesseeeseeesessesee e sesess e eeee e esee e eeee e eeeseee o2 e e 222t 22t s e r e

4.3 Sumeuiinmesitoya

pravlulaswanainlumediniududestufeasniundesganssmiuuuanesle (stereomicroscope)
B0 OLYMPUS qu S2X16 Tnefnwuavesdudmiinininngdululasmaadniinudeiniasiie invunariulsunss
DP2-BSW 9 ndufieuiudududnanimulundesriniulilamaaingde shnsduauietstudaudianainasdu
Lulaswanafniundesganssmildaslu Plate wuv 12 Y9 1hluTiasievideiades Fourier Transform Infrared
Spectroscopy (FTIR) i@ Microscope Spectrometer §¥a Thermo Fisher Scientific 3U Nicolet iN10 Wiensavdeu
aerUsznaulassadmaniivestudnindulilasnanainaswioll Wunanafnulela kunsiieuiiu spectra vas

fegneiuunasdayalu library vasA3ad FTIR

4.4 MInUANANTIN (Quality control)

ALtiun1snseuiieg19aIuAL (Blank) mwj"l,ﬂﬁaasmﬁwﬁq Tnglditih Deionized (DI waten) Litons2980UN"3
vudoulslaswanafnlusznihsfifinimeaes safundndeansldgunsainaaesiifiduisznavtesanafinuas
fupouflenaneliinnsudeulslaswarafinnnanimuwindeslurosfiRnsls [Wud daufBadunanadin 1nl4

svgilleuesdnguiinvinnewlasigi Andunsnisuuazaindieg1mntuneuly fume hood YnH1arumiside

Wavihlviwiisly fume hood Lieasni1suulauainenia Wumu

5. nan1sAneLazafusIeNa

5.1 wadnszinsvuidowvadulaswanafinluinudirendesganssaduuuanasle

181



N13UTEYUIYINTILAUYA nswaueEned iy (Asei 1) B9 “@suaswanszvuiiiodsunasian (Real World Impact)”

EN Sustainable Development National Conference Suit 5 ﬁquqﬂu W.A. 2568

(ENSD Conference) o AnrAandouuasninensaand andnedeaing

wan1sAnunstudeuedlulasmanainlutiuesiudmhsomsneluiuiinuearsisuguaans
wminendeuiing Inenuanaln S1uau 4 $1u Wiudaesita PHOL - PHOA) wunsuudeulilasnanainlutiudwes
Susmiomangluiiufienasisuguamans uninerdeuiioa Inenvangyiln uyn 4 fedreiivhnamsa
Az Tnedavunistudevlslaswanafnusiusluiegnsnuauiild DI water fae (U7 1) Tasnsuudlousnamnan
danndeumeluviosjifinig $198eananideues Nandi uazanz wuiUsuailulaswanainaelueiaisgeninlud
Taaudddutimdmsauuazgguun sudsmsihaanssuvesnudneiifnauulsusweamsinaluenadadunis
sionnlalaswanainidrgeras [12] dswademsvudoululnsnatainlusosnamunuld sauds DI water #l4lunns
nnaesidu type Il water o1adwalidmuiavtugnldmndiouiunisld type | water (Ultrapure) W3ofnsoses

type Il water toeiidenyseavsnimaudwalidmuiasiudiuluiinginivauls anvuzdugiuvedulaswaaind 3

v
o ' ° <

Snwairaniionun 6 dnvauy SuunuTeuaewgiogaiind 830 Fu Tnednuuzdugiuvedulasmanainiiny
wniigadte Tulaswanadnedadule smufordauiuiidy uassiadudiunudifu (e 2) dauguuuuiisslany
violieaemunsnszudnuurduguesilasnataindn 3 dnvaz Ao ssnau (Sphere) iananafinu3ans (Nurdle)
uazliia (Foam) Lilesantlagtudseimalnefiuseniansensisansisaiay Bes Mmuadnwazveaasesdiensiivhunan
thudh wies (atufl 2) na. 2562 fwualii amdn vieveiaTesdensiifdunauvomanainlulastng du
Fuil 1 un91an wa. 2563 shliusumalngbifimandauasldnanainussaninand (13] saudedudmiooimsiivh
mafuiegisuddainlinuneluin Tassegamansinsgilulasnaiainves PHO1-1 meldndesqanssa]
wwuaweslefiviin Tulaswanainunniluiaegteiamunu (blank) Tnenudnuwasduguvesdlslasnaiainia 3

il (5UA 2) Bevuaves lulasnanadininuegsening 3-726 lulaswns (15199 3)

() Silicon filter Alailazunisnsos (Fdwwens 1X) (@) Silicon filter finsesieee blank

JUN 1 1WSuieuuNuNsed silicon Nidesnu stereomicroscope seninedalilditinunisnses (n) uaznsesudisieieene blank (@) ; lng

#imasvee 1X [A) Silicon filter finsasiy DI water] 7177899¢7¢ 11.5X [B) Us1alulasnarainviiaiduly O uielulasnatainyia

17

Fudu D) suTslulaswanafinviawsuild]
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sU#l 2 wansiesziilulaswatafinues PHO1-1 Ndesenu stereomicroscope; 1naiinadve1e 1X [A) Silicon filter fingosnay DI water]

u

imasere 11.5X [B) susilulaswanafinsiadule O suslulaswanafinslindudiu D) gusrslulasnaradnviinuduilas]
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Automated Photobioreactor for Atmospheric Carbon Sequestration Using
Chlorella Algae

Kanokkan Meekeaw, and Nopparat Wankaew’

Hua Hin School, Prachuap Khiri Khan, Thailand

* Corresponding author: kanokkanmeekeaw123@gmail.com
Abstract

Due to the direct impact of global warming on living organisms and the Earth's climate, particularly the
greenhouse effect primarily caused by carbon dioxide, the researchers designed and developed an automated
photobioreactor for atmospheric carbon sequestration using Chlorella algae. The system consists of four
components: (1) a photobioreactor structure designed with CAD software and fabricated using a 3D printer, (2)
an automation control set comprising control boards and sensors, (3) an algae growth monitoring set with
detection cameras, and (4) a real-time data collection system via loT platform. Testing results showed that the
structure could support weight and be installed correctly with an average efficiency of 80.00%. The
photobioreactor control set connected and functioned properly with an average efficiency of 80.00%. The
growth monitoring camera system detected Chlorella algae correctly with an average efficiency of 90.00%. For
CO; sequestration performance, the system reduced atmospheric CO, concentration from an average of 587.53
ppm to 503.03 ppm during the 5-day testing period, representing an average sequestration efficiency of 14.06%,
with maximum and minimum average sequestration rates of 19.25% and 8.29%, respectively.

This developed system applies technology to address global warming through CO; sequestration using
Chlorella algae maintained by an automated system. The purpose is to enable the system's application to
larger structures, adaptation for other algae species, and accurate, efficient analysis of CO, sequestration in the

environment.

Keywords: Photobioreactor / Carbon Sequestration / Chlorella Algae / Automation / Detection Camera
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Anuansalumsuienmdudues CO, gafila 15-20% [3] fiuszavinnnsdansizsiuasgs anunsadsu CO,
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Abstract

The global accumulation of plastic waste continues to rise annually, with a substantial proportion being
improperly disposed of, resulting in severe environmental degradation and negative impacts on public health.
Biodegradable plastics have emerged as a promising alternative to conventional plastics, offering a sustainable
solution for mitigating plastic pollution. This study aims to evaluate the biodegradation behavior of three types
of bioplastics—polylactic acid (PLA), polybutylene succinate (PBS), and polybutylene adipate-co-terephthalate
(PBAT)—under two distinct conditions: (1) simulated industrial-scale aerobic composting at elevated
temperature over 84 days, and (2) real landfill conditions over a 365-day period. The results revealed that all
three bioplastics underwent complete degradation under composting conditions. PLA fully degraded within
14 days, while PBS and PBAT achieved complete biodegradation within 84 days. In contrast, the landfill
environment significantly slowed down the degradation process. PLA was the only material that completely
degraded within 365 days under landfill conditions, whereas PBS and PBAT showed only approximately 11%
degradation during the same period. Surface morphology analysis using scanning electron microscopy (SEM)
indicated increased surface roughness, the presence of cracks, and microbial colonization on the residual
bioplastics, confirming the occurrence of biodegradation.

These findings provide valuable insights for the development of bioplastic materials and offer guidance
for the effective management of biodegradable plastic waste in Thailand, contributing to more sustainable

environmental practices.

Keywords: Biodegradable plastics / Organic waste / Degradation / Landfill / Microorganisms
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2. danzfildlunisvnaeunistesaans fie @an1izidsunuussuuninuesduniswuuldennialussau
gnanvnssu gamnigaduna 84 fu Judunmeaeuiiveniulussivana uazannzaiduveilanavveyifunan
365 Yu FadunisdanisvezndnvesUszindlng

3. Jsziunanisdesaanslasduiulledidudnistosaatsarniinindiniely uazfnniunsiodey

v

HURATBIMAEANTINNITENINNTNAFBUNNSEDEAATEMIENADI9aNIIALBLENATOULUUADINTIA (SEM)
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4. 35n15ANEN

4.1 NMSATEUNANARNTININ

Yufiananaindanimis 3 via Ussnaudie PLA, PBS way PBAT "Lﬂaulaimm%uﬁqquﬁ 70 D9ALYALYYE
Hunan 24 dalus douthluFuguifuusu fenslfiedesin (Cast sheet extrusion machine) (fu LR 8906-02F 138w
HAAKE, Germany) uHunanafindanwiikiiunistusuazgnihaniinssvinuansd tasthloulugeu (FED 720, Binder,
Tuttlingen, Germany)ﬁqmmﬁ 105 asrngaldod Wunategetes 4 Falus autminasdiiednseisuna
ALTLBIFI8EN (% moisture content) warUSunawosedwiLavesiDE1e (% total dry solids) Pty
wigamndl 550 ssreadea 1uian 8 alus iledinsgsiuiunuvesudsissivelfuosiiogne (9% Volatile
solids) Biaserivsinalulnsiausieisinanvalneldiedeandulnszsilulasiau Vapodest 45s, C. Gerhardt GmbH &
Co. KG, Kanigswinter, Germany) dsiammuuvesiiegdagldiaesinanuruifanea (Film master model,
Alfa Mirage Co., Ltd., Osaka, Japan) Frethausiunanaindanmia 3 vila Wi 5 x 5 MsraeuRiuns Husiogns

lugaeanuduneuhuyimsfneinisgesaateniadinm

4.2 nsAnwNsgesaatenanainInwluszuunlinvesdunsd

Anwinisgesaaenarainininlussuundnuesdunid lnewsenTanminuasAIUALEN1IENIAA0US 19BN
WIMIFIU 150 16929: 2021 [7] e anaradnileasluverdunsy ussgasddluriesriuauanmgll {Wuian 84 Ju
(1 sovveIMsMadeUNstesaatluszuLninuesBuv3d) AamugumglinsuiinnasnnisAnwmeindestuiintoya

(Data logger) Ausag1amarainfsnunisdevaanslussuunsinvegdunsdidunan 7 14 21 28 42 56 70 uay 84 Yu

'
a

Wauazidndulaunfninduiiegns antuiideglleuldanuiuiiounll 40 ssrwadea autminas
v mtnnmwamATegarnstaraaty auaun1si 1 wiaudngguiveAnwanuagniinignmyesdunataini

Waruwdasly udegsleniindldvaunmsfined 84 Tu uidinsesautindwunisminlussuundnuesdun3e

(Wi-Wf)
i

X 100 (1)

Sogavnisdesaany =

Tng W, AoAndntnisuduresiiedns niladunsy uay W, Aeatminfivesdiedeiivdendesinunisees

aaelunsiazanial wiedundu

4.3 M3fnwnsgesaatewarafindanmluszuuilsnavves
Anwinisgevaaienisnaradindinmlussuuilanauvegluveilnavvesyuou Jwminanssays lnetiegns
wanafnilsasluveilinavresiissauanudnussann 2 was aniuau Wuszesiaan 365 Tu (1Y) Aanugumgl

Tuvellnavrezaaaanisfinumeiniesiuiindaya (Data logger) Liusiiagnananafinil 90 180 270 uax 365 Tu uaz

'
=]

Wegafiiuliuiduasidadevulounfnundudiedns antduilleulaanuiuiiaugd 40 esrwaded

umtnadm diddmdninAuinmatSesaznsgesaaty Muaunsa 1 wuhednude 4.2 nieudieguiiedng

anwazduguIneveunaafniUasulUasly
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4.4 M3ANEINISIUAIULUAIUBIRINAERNNAINILNSEREEA8N9TININ
Anwin1siasunlasiiuiiesiagananaindinnwnazsdanaaniunisanwinisgesaaslussuundnvey
Sunsduazszuuilinavawy MendesganssAudidnaseuluuaeInsn (SEM) (Hitachi 300N) Aifndswens 2,000 L

JUANAINLBZHANSANWN LS

4.5 ananidlun1sine
Han1sAnwigninauslusluuuaiade + Andeuuuninggiu (Mean + SD) anflunislulusunsy Microsoft

Excel 2019 TngloHlandu AVERAGE way STDEV

5. nan1sAnyIazafusENa

5.1 namsAnseiauauURvaIwasingInm

auavtRvemaraindaniwiia 3 vda uandluasiedl 1 Tnsnanadinits 3 oin daUsinavedeimun (%)
swdsrUTinavesudeiiszvels (%) vowneds galndidsaiui 99% uandlsifiuimaradniiiiandnulunisng
afail fosdusznavndniduarsdunidfidonlumnfigungd 550 ssmueaidoa axifnnisaaredaluilufing
asuaulnoenleduaziin imuUSualulasaulunanaiinds 3 «fin Wevhnisinsgidaeiinmsaania deumun
vosusunanainiiedouladicaianonseniusuuaziidaumudeuindlndidesiu Inewarafinanmeda PBS

waz PBAT fimnunuininnatafindinweia PLA @nties

M19°99 1 AauaudRveswaadininmeiin PLA PBS uaz PBAT #ildlunisfnu

GGG PLA PBS PBAT
ANPINTU (%) 0.47 + 0.02 0.39 + 0.06 0.35 + 0.01
Usnavesudaiann (%) 99.53 + 0.02 99.61 + 0.06 99.65 + 0.01
Usnauvesudaiisemeld (%) 99.94 + 0.02 99.93 + 0.01 99.94 + 0.01
Ysunadlulasiau (%) 0.00 + 0.00 0.00 + 0.00 0.00 + 0.00
Aauade @aduwns) 0.113 + 0.003 0.146 + 0.002 0.168 + 0.005

5.2 HANNSAN®INSEDYHAIINANEANTININIUSLTUUNINVE LD UNSY

N ea

ShwmrnenenInueBunaaRngInm 3 vin finamdeegluszuuvdmiumsvsinsudveerBunidinan
#199 waneRem1519it 2 nansAnwluTudl 7 wudn PLA dAansuandniduiudntutesegradniay Sunaraind
AmsWTzUann Insasuulawesdanlussladudunigu dw PBS SuAnnsuanvineonidudu luvaigil PBAT
Ann1slinsauasnusesanidntdesuiameuvestunatain nmsunnoendudiuves PBS uay PBAT aziiiuanntuile

Winansvensuiuvesdunse TagluTui 70 Y89 1sANEINUTUAILNVUIAENTDY PBS Lag PBAT AladnuiUs1zund

waniind1e wazlinududrunanain@ininia 2 vliallussuuideduganisdnyii 84 Ju
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U AMSHILINADUUAZNINGINTANEAT UIAINeFuTna

Funarafnanmimdelussuuludazdisnangmitndaiminuazd e wWesifudnisdesaaises
NAERNTINN vﬁ’mamiugﬂﬁ 1 NaNSANEINUI NanaRnTan s 3 wile \innsdesaanslaognsauysal (100%) Tu
syuuninuezBuniaidunan 84 Ju Tne PLA Ranistavaansagnesing dmnstesaatenied 95.06% anelu 7 Ju
yesnsusingauiuverduvd uaziinnisdosaaslsegaanysainielunan 14 Yu luvaed PBS uaz PBAT fld1nns
dovamaiintuidiofiuszerianiminaniures Bunds Tuths 21 Sunsnvesnisfinyinud PBS frmsdesaaogs
A1 PBAT Tae PBS fiAnsdenaanaiaded 37.65% dau PBAT frnnisdesaaneiaded 23.549% ndsantuAinisdes

daneveINaIaRnTInInma 2 vlialfianlnalAesiu wasiinnsdesaasliegvanysainiglunan 84 Ju

A15197 2 ANEUUENINILANYDITUNANARNTININTEA PLA PBS wag PBAT naunistasamewarudanistasaaslussuundnuesdunse

a a

naUNSUREERTY wiinstosaneluszuuniinveySurEefinaene

. ¥ 2 % 4 88
o

"' amu

42 Ju 56 U 70 Ju 84 Ju
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715197 2 FNWUENINLNNYDTUNANARNTINNYEA PLA PBS wag PBAT Aaunstosaaawavuidanisgasaaalussuundnaesdunse
(%)

nouNISYRYEaNY

PBAT

120 —
100 +

80 -+
60 -+

ANSuBEdaNY (%)

200~

0 7 14 21 28 35 42 49 56 63 70 77 84
1381 ()

——PLA —a—PBS ——PBAT

JUN 1 uananisdesaae (%) veswanaindaniwylia PLA PBS uag PBAT Tussuuniinvezduvisd

NANNSANYINSHUALULUAINURIVIFI9E 19N ERNTINNLA AL ILANEINIUNSANYINTERsdanglussuUnIn
YELDUNTIWANIUATTIN 3 NUNNAARNTININAG 3 BA NEUNISYRYAa8rTanyuENURISyUalLaELe wWanu

n1sgogaatenyuI1 PLA 158uanvuintuell inTuuuRanaain du PBS way PBAT nudnuwaewuiandnuugussuas

HNTOU FIAINUNITINIEAAVRIAUNTIUNRIVDINAIERNTINIMNT 2 ¥llaTlsae
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v

a en' o L a a = & a Y ' ) a adc¢a ¢ o
A1919% 3 NIURTULUAIAN VUL NURIVDINANARNTININNG 3 A ViaﬂN’]uﬂ']58@8aa’]ﬁﬂui%UUﬁﬂJﬂﬂJﬂgau‘miﬂ UATIEANIBLATDY SEM

AM899818 2,000 N

FRANAERNTINN PLA PBS PBAT

AouNISLoEaTY

waIN1SERLEATe

Tunsfnwil finsAivAngungivesssuundnveeduNI&nINNINTgIU ISO 16929: 2021 wanslugud 2

laggungiigeanagludig 68.27 - 74.71 ssmuaaidoa anglu 7 Juusnvesnimadeu uazgungilegsyning

Y

45 - 65 PIANIALTYE NADANTLUIUNITULIN NBUANAINININ 45 DIANYATEE LUYIVNYVRINISULTNVLLDUNSE

(Tui 70-84) nMsmvaugauiiduladuddgyiiduaiunisgevaaenaraindinin tneluiigamgigeasiifanssy

a 4

v0998unsdweslulid wazluteamglianasziduunumuesdun3diilelng dwalinisvdnifiatusgauysal

v

wenaN gaumnnigederieiseanistevaaieues PLA iesanlndifusiuan glass transition temperature ¥8¢3an

q

Il PLA unnissuazgndesaangniiunszuiuns hydrolysis lid1edu warafn@anmeila PBS uar PBAT 1805

mstosaaneiindidesiu ognslsinu Tuta 21 Juusnresmsvageunuin PBS T8nsinistesaaiedigendn PBAT &9

a Y =

oraidesnananuunnsisvedasiaiisliana o PS fllassaimedimesuuuldnss Jsanunsagneduvddii-fuas
govaaneldinenin vazdl PBAT Usznoudnemhelassadaiiduaumunelsinin dainnunaiigs vinlidumusie
nsruIun1seraatelauinn i
AuautRvezduvsdnaudignsyuiunisndnuag auandivesdendnudwiunssuiunmmdnidunan 84 fu
p

wandlumsei 4 Jendniildannnszuiunisudnnatadindininsinduregdunsdduna 84 Tu Ianaudflewiuey

lunaiuasgrudedunidganudeinuavensuiimuniau (8]
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A ANsRIRdaNLATNSWEINSAERS A Inenduuiing

100 —

80 +
9
< g0 4
[
(;?
5
ER

20 4

0 f f f f } f

0 7T 14 21 28 35 42 49

ke

JUN 2 uansgaunginnnivinlalussnininssuiunsdesamenanaindinmlussuundnvesdunsd

A13197% 4 AuantRvesveydunidneudignsyuiunsinuazdeniinfildvdwiunsyurumsvsinduian 84 fu

GRIGHIG UEGIVED] Jewiin
ALY (%) 72.06 + 291 73.39 +4.33
USinauwawdaiavan (%) 27.94 = 291 26.61 + 4.33
USinauwesudaiisemeld (%) 86.56 + 1.38 74.14 + 1.33
Aaadunse-ang (pH) 7.52 +0.02 6.77 + 0.19
Al (ds/m) 3.45 +0.10 8.94 + 0.16
USinauduvisdaniuausiavan (%) 38.52 32.30
Usalulasiau (%) 2.92 +0.11 3.62 + 0.04
dngrdumsuounslulasiau (C/N Ratio) 13.19 8.92

5.3 nan1sAneNIsEagdatanatdfndInwlussuulenavvee

ANS197 5 LEARIENYAENIINEATNYRINANERNTINTNYTN PLA PBS Wway PBAT sanaunazndanistosaans
meldanngieilanavvevidusyeziian 365 Ju dau 3‘1J‘1'7i 3 uanaodifudnisdosaansvesnana@indaninia 3 wile
PNHANTANYINUIN PLA Lf]uwmaaﬂ%amwLﬁwuﬁmLﬁmﬁmmméaaamalﬁaemamyjzﬂ Tagtns 90 Yuusn wuis
3 9in Buinnisdesaaeiisndntos evinnisnaaeuaufaiuil 180 nudn PLA uansnisgesaaneLadogsis
82.09% n¥euiunisuaneeniiuduvuindn luvaed PBS uaz PBAT Sansilaanistosaatssinit 5% lutaanan
IR

dlerfinszeznaimstlinaudu 270 fu nuh PLA wBetudrufisndntos LLaﬂszU%udaumﬁaaajLastwé’q
AU 365 TU LLamﬁamiéaaamaﬁauyﬁﬁ

dau PBS way PRAT finsunnssnifiutudninniudionaiwld Tnstewzluiuil 270 egslsfny defansan
nediiuinisdosanelngimin nui PBS ua PBAT ensdienrautainogii 5.80% uay 6.329% suddu waxd

ALRREgAMEWIIUNUTEINM 11% Mevdinsuszeslian 365 Ju
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INNNSANWIANWULNURIVBIAIDE NNANFRNTINNLAALYTANAINSEINAU (AN1971 6) WU YUFIUYBS PLA 9
Faandeluiun 270 Tdnvaziuifivgssanniu J3uuadnuuiui warnunmsnisinveaunss aeradusilad
a1unsagesaany PLA Te d@1nSU PBS waz PBAT fauiiinazilivesifudnisgesaasiilussuuianavves wadanunis

Waguulawesiuiiludnuaiesse lagnumsineinveauvsdiduiu dwdtwwliunsdesamelusvezen

A15197 5 ANWUENINENNYBITUNANERNTINWUNA PLA PBS wag PBAT neunsdasaaeuasndsniseesaansluvsilinavves

fiaunstiaydaane wasnsdesaanglussuundnvezduniditiainie

PLA

120 +
100 +
80 —+
60 -+

40 —+

ASEREEANE (%)

20 4+
4-__——-'_-—-.

T T I
T T T

Q 90 180 270 360
an ()

——PLA —a—PBS ——PBAT

U 3 uanalesidusinsdesaaavomanain@ininailn PLA PBS uaz PBAT luveilinauves
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= a 1Y & a a a ] a o o ' ' a ¢ =
A19199 6 nsilAruulasaneuEiuRIveINaI@ANTIA NI 3 ¥n nawRun1sPesaanslulslenauves IAT1E%AIUIASEY SEM

a o

189818 2,000 N

FRANAERNTINN PLA PBS PBAT

AouNISLDYEaTY

“aIN1SERLEaY

MNHANANYINUI wanaRnTanwisanuie awnsedesdaneldsinswavauysalinnnitlussuuninves

dunidiaisuivssuuilinavvey lngdnsnistesdarsvesnaraindininiusgiuvatelade laun Tassasimng
wodwes vuaLazAInuIesTEn Jalnanennuudusazanusindislunistosaats udladowinden wu

wars gaunil ATy Anwfeu uarUIunueendiauluszuy

WaSeuieuan1izeaid 2 seUU WU Jaseundnfdanananinuwnna1eweddnsin1seesaaie lawn sinuea

a ¢ &

aun3d, USuueendiaulueinia, uar aumngivessyuy lneszuuninvedunididuszuuiineanseinia (aerobic

composting) endagdunidngulieenTiaulundnlunisgesaaeansdunid uazlinnsnduneminiiiewiy

q

a

nsenemeINIAkazaLEsuAINTsuTesaun3d Tumemsatudny ssuuilinavvezilussuuiinnelsaniazgls

8117 (anaerobic conditions) FadrinfanssuvesRauMIduengy 8nns gamgilindeluszuuilinaunaeanisinyinse

v '
a

Uegfl 34.41 asrngai@ea (Wandluguil 4) Faindnssuundinverdunsd daalvidnsinisgesaaisvesmanafinyiany
a
il

¥

yilnihinTuladninlussuuninveedunsd
a —
& 35 L
=
Q?
=
=
g
30 1
25 : : : :
0 90 180 270 360
1an ()

UM 4 wanspaminasininldlusgnitnssuiumsdesamenanaindanmluszuuihnauuey
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6. agUNaANISANEN

nsfnwliiiinguszasdiiieiUSeuiisudnsinisdesaansveanataintininyiia PLA PBS way PBAT anels 2

a

szuv b seuuninvegdunsduayseuuilinauver Tngldszevianisfinw 84 u dmsussuuniinvesdunsd uay
365 Tu dwmfuszuuilinauree nan1sAnwImuI wanaindinwiiausieanunsagevaaisliegrsanysainigly 84
Ju luszuundnuezBunie lae PLA dosaaianiiiign (95.06% nnelu 7 Tu uazauysallu 14 Ju) du PBS uay PBAT
goganuladinida Ing PBS ddnsinisgesaanvandt PBAT Tugae 21 Tuusn wazvs 2 vila devaaelaauysally
£ 1 v = 1 vV U < a a
syuviian 84 Ju Lufiu n1sfnwinisdesaarvateldaniizilanavvegnudn PLAWunatadndinan
Wiesladeanaunsagesaansldauysalnielu 365 Ju lnedinsuaneendududn Tdnsnsgevaaloadegds
82.09% luiui 180 wasldnuudrunawndeluiugarinevenisfinyl ameil PBS way PBAT dnisdouaaiaiiien

dndesnasndianisdinet Inefininistesaaisisgaineegfiuszuia 11% n15AUANaANYIAILNIATEIU

= o

SO 16929: 2021 lusguuniinveydunsg JunumdrAysedssansainnistesaarenaraindinin lnggumngivas

Y

Tutwiunseiudunidmesiulng uazgaumginanmadudisineduaiufanssunistosaansasdunidvoqdunie

Malng vilvinsgevaneveyduridnutamanadintiniminlaegeauysal

LONA1391989

[11 AL, S. S, Elsamahy, T., Koutra, E., Kornaros, M., El-Sheekh, M., Abdelkarim, E. A., ... & Sun, J. (2021). Degradation of conventional
plastic wastes in the environment: A review on current status of knowledge and future perspectives of disposal. Science of
the Total Environment, 771, 144719.

[2]  Tokiwa, Y., Calabia, B. P., Ugwu, C. U., & Aiba, S. (2009). Biodegradability of plastics. International journal of molecular
sciences, 10(09), 3722-3742.

[3] Qin, M., Chen, C., Song, B., Shen, M., Cao, W., Yang, H., ... & Gong, J. (2021). A review of biodegradable plastics to biodegradable
microplastics: another ecological threat to soil environments?. Journal of Cleaner Production, 312, 127816.

[4]  Sun, Y. Shaheen, S. M., Ali, E. F., Abdelrahman, H., Sarkar, B., Song, H., ... & Wang, Q. (2022). Enhancing microplastics
biodegradation during composting using livestock manure biochar. Environmental Pollution, 306, 119339.

[5]  Ahsan, W. A, Hussain, A., Lin, C., & Nguyen, M. K. (2023). Biodegradation of different types of bioplastics through composting—
a recent trend in green recycling. Catalysts, 13(2), 294.

[6] Xochitl, Q. P., Maria del Consuelo, H. B., Maria del Consuelo, M. S., Rosa Maria, E. V., & Alethia, V. M. (2021). Degradation of
plastics in simulated landfill conditions. Polymers, 13(7), 1014.

[71  1SO 16929:2021 Plastics — Determination of the degree of disintegration of plastic materials under defined composting
conditions in a pilot-scale test.

[8]  nsuimuniiau. sasgudedund (enih Jedunidauamas), 19 unseu 2568,

http://www1.ldd.go.th/ldd/Fertilizer/Organic_Fertilizer.pdf
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ANSENNUSSANSNINNI5aNNIYE3aUNTLTAN AINNTTUILINLAZNINASNBUINNTZUUUIUA

Undesuyuvun lduselovd

= 1

2! uaz 959y ¥anNgNs>

)
=
=
2a
-
b5}

2

e}

L anaryn v Inermansaanaen yasnsalumIng1ae uyaedilnal wamgln ngaunw
ZpuzImINTINAanT 9HIaIN T INEe18E wvaeialual amgaln nganme

* Corresponding author: (orathai.o@chula.ac.th)
UNANE

nﬁLﬁM%‘lA%@ﬁWL‘%auﬂimﬂL‘TJu{Jﬂ'«i’fﬂﬁﬁzyﬁﬂ'Eﬂﬁﬁ91mst.ﬂ?i&uuﬂmﬁmwgﬁmﬂm Anzlaniou Lazdina
nsgnustedsdinrhlan nsdanisindesuruiildngauuaznisinnisninagnaunmstidadndeilignieady
uwidsUdesfedounsvaniidndy nsnwadiiiingusrasdifieioufisuunmenisldusslenithiuaznnazney
mnsvuuthtahidsnuguruuukeniodieadndifionsanisidounszan uasdiemesiaudululdmaasugeans
wazdunndonvasnmsiithfiasnnazneunldusslon Tneflvevnnistnuluiuilsshdaindomaunauasuin
i3 (g 1 fiaun) BnsAnwiszneudenssunudeys mafuiegsnfarninagnousnlnsest waens
Fruainaufedounsyanaugiio IPCC 2006 wansnwwudilu® na. 2565 Tsidatidemanaunsiningad
mMsUgosfmidaunszaniiaay 3,865 duniueulneenlsdifiouwi nuinsldhiminssuuttetideienisinens
naumutUsEUaansaanmsUdesieieunszanld 0.5326 fundueulneenlesifiousi A3/ (anas 83.77%) uay
nstdninagneulundndedunidnaununisilenay annsuaseieseunseants 1,151.75 duaisusulneanlen
Wfieust/dUnii (anas 58.07%) agulinisinihiissagninagnouainssvutidmindesusunldusslonidu
wuefiddnenmlunsannisuaesiiedounszanluniansianisveade Lazdmansedundounazaudduly

ITYLY

AdAey: Madeunszan / ssuuthUndidemuguruiuukenfadnadad / Uiii / nnanaw / n1seuind3uia

AesaunsEan
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Enhancing the effectiveness of greenhouse gas reduction through the utilization

of wastewater and sludge from community wastewater treatment systems

Vijak Jaroensuk® and Orathai Chavalparit?”

! interdisciplinary program in environmental, Chulalongkorn University, Thailand.
2 Faculty of Engineering, Chulalongkorn University, Thailand.

* Corresponding author: orathai.o@chula.ac.th

Abstract

The increase in greenhouse gases is a significant factor contributing to climate change and global warming
and impacts living organisms worldwide. Inappropriate community wastewater management and improper
sludge management from wastewater treatment are important sources of greenhouse gas emissions. This study
aims to compare approaches for utilizing effluent and sludge from activated sludse community wastewater
treatment systems for greenhouse gas reduction and to analyze the economic and environmental feasibility of
utilizing effluent and sludge. The scope of the study is the Pak Kret City Municipality Wastewater Treatment
Plant (Zone 1 Sri Saman). The methodology comprises data collection, effluent and sludge sample collection
and analysis, and calculation of greenhouse gas emissions according to the 2006 IPCC Guidelines. The results
of the study show that in 2022, the Pak Kret City Municipality Wastewater Treatment Plant released a total of
3,865 tons of carbon dioxide equivalent. It was found that utilizing effluent from the wastewater treatment
system for agriculture to replace tap water can reduce greenhouse gas emissions by 0.5326 tons of carbon
dioxide equivalent/rai/year (an 83.77% reduction), and utilizing sludge to produce organic fertilizer instead of
landfilling can reduce greenhouse gas emissions by 1,151.75 tons of carbon dioxide equivalent/week (a 58.07%
reduction). In conclusion, the utilization of effluent and sludge from community wastewater treatment systems
is a potentially effective approach for reducing greenhouse gas emissions in the waste management sector and

contributes to environmental benefits and long-term sustainability.

Keywords: Greenhouse gases / Community activated sludge treatment system / Treated wastewater / Sludge /

Calculation of greenhouse gas emissions
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1. unin

mafiuturesfimdeunsyan WulladondnideliAnnisidsuamamgienmauazaniglanfou dwa
nsznusedsditiovialan Inedlsifuinianssusie sesunyed wu milindinuandemamleata mainues uazns
Wasuwamisliiiau Suammddyromaiiutuesimfeunsyan dmiulsumalne unaswsesineFounsyan
VANH1AINNIANTNEANAIIY N1TVUEAS BAAIMNTIU INWATNTTY karn15danisveade uwielianuneiedlunisan
nsUaesigisaunszanuasiidennacsznineUseiva uauseimalnedsnaundgiuanuiinieg Fadunisdanisiide
yuvu Sududnvilsernuviimeiidamansenudedanadon mavdesiideilildsunmsiitaetramngan saufens
famsninagneuannisthttideilignies duduundmesnisudesuafivuasfiedounszan demni Tsiiaue
fallymnsUdesfedounsraninmatderurlulssmdlng wasiauoumnsinuifiodithises mnagney
nnlssrimidsguausnldusslond faduanuneeslumsandiinufsieunssanlunmansdansvends uay

& = 1% & e a o
1Wun1sy ﬂ‘{jaﬂﬁﬂLL’JG]@’?JSJLL@%WJ’]@JLUU@QVWIV]’NM?%&@W\]LLa%E‘NmﬂJ’eNU‘JSL%ﬂ1u58888’]’3

2. Inguszasd

2.1 Weisuifisunumansliussleviihisaznnagneunnssuutidaiidssugueunuuienividie
adndiilensanfeidounszan

2.2 Wnwinnudululimaassgmaniuaruandouvesinsinisnisiiiiauagninpgneunnssuuite

UndesanguyuiuukenAinadndunldusslov

3. YDULIATBINTTANE

3.1 ﬁﬂ@ﬁﬂﬁiﬂwﬁwﬁﬂLLazmﬂmzﬂaumﬂiswﬂwﬁﬂﬁwLﬁasm‘qmmwuLLaﬂaL’;Lﬁmaé’mﬂuﬁmmmhaﬂwﬂ’mﬁw
deowmneaurauasiininga (eu 1 eaun) uldussleyd

3.2 Anunisanfedeunszananmmiinfsuazmnagneuanmatitatde e nAlifinadnd
wldUselovd

3.3 Anweudululdmaassgmansuardanadeuoanmsnnitfsuazmnagneuainssuutistdes

UL UukenALLanadadnsdifnwulduszlovd

4. 35n15ANEN

4.1 susiudeya

4.1.1 Feyalssmindsmaunaunsiininia (eu 1 Aauw) deegluwaiiufl wauiauasiinnia 61ne

Vv
1Y ' o o

Uninin Jamdauunys duils avTusenvesdinidmsze) szeziaindmiauunys 10 Alawns vadisediaiu
nysvnay Usuaumansouaguiiud 5 sua laun suathninda shuauiane suatiulng svavieana uwas fiua

v
A

AABUNGD 34 YU ANUNSURATEUNIMUA 36.04 M1519ALALUNT
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- FoyasyuutUnuude U 2565

AMUAINNTAlUNTIRISULEY (AU.a/3) : 6,000  wasUSuauEsNsIuTINAe Y (AU.8/31): 5,600
SovazUsunatdeltnse UL - 93.33 % UsztnnszuuUivauds : Activated sludge (AS)

- M3dnnsisaznnaznaulutagiu

v
v

e wauadtfiunsUdawalUldusslen wu daun satduldl wasmyudsulussuuiiaminge

o

nneznew: wavtadinnazneulUldusslend TnaunluviTanunsediu waz raensududdniunsiidn

9 Y

MnRzNauaINsEUuUIURUEY

4.2 \IUA19E19UNTIAZNINAZNDUNNIATIEN
4.2.1 ihsanszuuiivmiids wisimesnieszinsimesiiase leun anudunsa-aseH) , A

mﬁum%‘aﬁaaaamalﬁ (BOD) , YDIWTIUIUADE(TSS) s udnsiuwaz bl (FOG) way ﬁmm‘msﬁﬂu (TP&TN)
q.

& o ' o w o o A a ¢ & ! a <
2.2 \NUAIDYNNINAZNDUINTEUUUIUALNLEY LINBAATIZY ANUTUNTA-AS (pH) y YSUUVDILVITE LAY

Peviaun (TVS) , Usunavewdavisnun (TS) , anudu, Buniding , 519e1m15W (TP&TN) Fecal coliforms waz

Tavigndn (Landoy,neawna lasiieu dnia way aei)

4.3 masumtBinuinedeunszaniiinannistidaiideguey
TunsfunnuBinanisdesimeunszanainmsdantsindegususudiio 2006 IPCC Guidelines fiansa
frgigeunsyan Tiud Aedinu wasielundaoonled dufemsveulasenles (CO,) MiAnannisthsatudslsign
Yanuaiieminiinandusiiamsdann (Biogenic Origin) (IPCC, 2006)
4.3.1 nMsAuransUaes i (CHy) 9anude nisuaes CH, :nddeiiniuluaniiglaildeniea

(anaerobic conditions) Tusgnitamstriauaznisseuiednds gasiugiulunisaiuiude:

@

CH, Emissions = Total Organic degradable in Wastewater, TOW) x Emission Factor (EF)] - U3 CH, fiansn

Y

JuiaztlUly/imn (Amount of CH, recovered or flared)

- USunuansdunididesaaglaianualududs (TOW) Auinainduiudseyng (P) audigusuiu

N ea

a158unsgndesanielasieausied (1Wu Talugy BOD - Biological Oxygen Demand) wazuSuufinieladasingg wu
fnaruvassrnsTidenserussuutnigEs TOW fusadumine ke BOD/AY
gn3fuam TOW dwisutiifiesumu: TOW = P x BOD x 0.001 x | x 365 Tnsl
P = 97uuUs2¥1nS, BOD = USunad BOD Iuﬁﬂtﬁﬂ'ﬁqmu (nSu/an9), | = Padeuunidmdunisudesiinge
gaansuTInde (mndindsgnamnssusauiuindesusy mnldd 194 1)
- Emission Factor (EF) Ailausgiuussinmuesssuutidminds/nisdanisinde wasuunamsdunian
dovamsldgeaniiannsandniivuld (Bo) uas Methane Conversion Factor (MCF) 19938 UtH7

EF = Bo x MCF lngi:
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® Bo (Maximum methane producing capacity) Uss1agegaves CH, fianusandaléann
a139un3d 1 e (Ml kg CHy/kg BOD) dmisuiiduyuvu fn Bo Default #i IPCC fuuafie
0.6 kg CHa/kg BOD

® MCF (Methane Conversion Factor) dndauresansdunidluindefigesaarsuuulildoinie
warndn CH, Tuszuu/ABnmsdamsundeiug A1 MCF asunnesiuluduegiuussianvesssuy

Y1UnnNs oLRaIsaISuLILEe

4.3.2 msmunnisuassinelunsasenlan (N,0) andudy nsuase N,O 3nUNESIAATUIINNTEUIUNTS
Nitrification (Msiasuienluideiduluwsy) way Denitrification (MswasuluasnmiBuiwlulasiaw) veluszuutdn
uagnasnUaestfsgunaninsssuein

M3 N,O agiinsannUiinalulasauisunlutinde (Total Nitrogen, TN) gnsfie

N,O Emissions = [Total N in wastewater inflow - Total N in sludge removed] x EF d@%3uU N,O x 44/28

« Total N in wastewater inflow Aaandulszing gashevinsilulpsiauiidudedenusiod

o Total N in sludge removed fiarsanannU3unaninasneuiiistusardndnilulasiauluninasneuduiiy

e Emission Factor (EF) dw3u N,O é Default 71 IPCC fsundinsunisuaes N,O mnluimmuiuﬁ%ﬁaﬁgﬂ
Uéaﬂaamjtméﬂﬁfﬁismﬁﬁa 0.005 kg N,O-N/kg N

o 44/28: Lﬂué’mwﬁauhLaqaLﬁaLLﬂawﬂwmﬂ N,O-N 18u N,O (ﬁmﬁﬂimaqamad N20 e 44, ¥

2¥MoUVad N 2 D¥maufa 28)

4.3.3 msuwlaaduduiisuinaniveulneenled (tCO.e) wdsanAInUSINaANsUaRY CH, (U kg CH,)
wag N,O (U ke N,0) louda desiuuvasdumiesuiisurinaisveulaeanles (tCOe) lnsguierdnaninly
nsvililaniou (Global Warming Potential - GWP) Uadusiazine

- CH, (AR4) GWP = 25 tCO,e/tCH, - N,O (AR4) GWP = 298 tCO,e/tN,O

U3Uu GHG 593 (tCO,e) = (UTunau CH, (kg CHy) x GWP CH, / 1000) + (USu1ad N,O (kg N,O) x GWP N,O / 1000)

4.4 n15UsEEIUNSaANTSUaREANYITaUNSZANAINNITANTUNINTNITANANYLTUNSEAN
4.4.1 e nsigslulslunsineasunutinuse U

4.4.2 wwsnsldmnezneuldideuwnunisilinay
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5. nan1sAnEILazaAUTIENE

5.1 HAATITUUINIAZNINALNDY

o = . PSR e < =
M15°90 1 wamsaszvinanniisluiiun nudninda Qou 1 edaum)

wsdines 9ine Afiald
anudunsanazeng - 73
LRIV ! 33.2
vasudviuasy un/a. 5.00
vawdeazaneiioun un./a. 320
{laf un./a. 3.64
Glof 1n./a. 21.90
Yhifuuadlusiu 1n./a. 2.70
Tulnsiauaviun un./a. 9.76
Weawedansvan un./a. 1.244
TnanesuuuaiiGenomn MPN/100 L 93,000
E.coli MPN/100 mL 790

] a ¢ & A 2 =
AN 2 Naﬂ’]i]Lﬂi’wWﬂmﬂ’]Wﬂ’]ﬂﬂgﬂauf{,uWuw NUUINNIA (Isﬂu 1 ASENU)

wsdines 97 Aisald
anudunsauazang - 6.5
Bunawswdszmenaun 1n./0A. 98,500
Usunauvasudanaviun 1n./00. 203,000
AU Sovay 82.80
duniding Fovay 17.48
Tulnsiousianun 1un./nn. 4,640
Woanadanavun un./nn. 606
Araladnasunuaiise MPN/n3u 170
wAALlay un./nn. 1.97
Tasudion un./nn. 19.30
NDAY un./nn. 92.45
anina un./nn. 18.01
Az mg/kg 51.09

a ' Y a o ¥ a q Ay
5.2 mMsUsziunsuasefingisaunszanainnisdnnisuds lunuiduiuy
5.2.1 wautunn1suseiiunisuassineisounsyan
nsUsziiunsUaseieseunszanansruutdaunde 14isn1sauiseylugile IPCC 2006 (IPCC, 2006)

Sosmsudesiwdeunszanannisiinindegusuwaynsszuieiis lneduundunsuaesfefinuaniidegus
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waz nsvdesinglundaeenlesanings TnefiansananznsudosiedounszanUszand 1 18un nsudesing
IF0UNTEINNIATIINNTTLIUNTNITInMesszuuTaide Tisiudinisdesfsdeunsyandseiand 2 a1n
wiasUdesfedounsyanmadou Tiua nisléluihdemas sauits Ussanil 3 990 Wufenssuse Aiendestums
Udoefnaideunsyanmesonau 9 wu nsldhusel arsedl udu

Ardnea1nlunisyinliiinniiglaniou (Global Warming Potential, GWP) laun Anwatsueulasanlan
Wiy 1 wiwesingaisusulaesnlaaliieuwrii (COeq) AMaiinu windu 28 11vee COeq Awluniasonlas windu

265 W83 CO,eq 398198491n571891U IPCC 2006

5.2.2 MITIUTITeyananTsy

fFoyafanssudnunisssiiunsudesiedounsranansruuintiidsvesiuiidnulideyavesd
2565 Ingdayafanssudmiunmavssiiunisudesfeiing 1éud S1uaudszens Snmnadathide danuandsnlu
sUTlef dnsunmsvdesfinglunsasonled 1un s1uudsseng uasUsinamsuslnalsiumed suvidoyadmiy

M5UsEEIUNSUaREAWSAUNTEINIINNITIANITAINALNDY AILERILL A1 3

M19199 3 Toyananssuildlunisusiliunisudesinusounsean

a ' 1 de v Y
2YANINIIU nuY Al LTI

e

v o ° o & e
VIYANITIANTITUNAY VBINUNANTE

Hufwouwarosiu §13.041. 36.04 nunnia
FUIUUTEVINT AU 189,918 nudnnsa

- UIUUTEVINT MLIANAUIE A 189,918 nuUnnsa
Huitlusnsvriminige 73.0% 12 dspot.pcd.go.th
Sovaziiuiilvusng wWodidu 33.3 dspot.pcd.go.th
ANURUIMUUTDIUTEVING AU/A.N4. 5,261 nunnia
SrunulsErnIlguNsUSATT T aLEe Al 63,132 AU
Sovavsrunulsznsiildsunsusmsvidainge wWesidu 33.24 AU
B RRULTGEVGIE 1 any/Au-Tu 100 Uszunung
Alefvesdennuvasiia un/a. 120 NIUATUANNATY
Ysuunsudlnalusauaeslssanau nn./au-t 21.06 NINBUNY

dndaun1saanisude

- szuuthUnundy Ussan AS wWesldu 0.33 dspot.pcd.go.th

- UaLnsey Septic Tank wWoesidu 0.45 Usgunaunig

- duvigu Uedy wWesiiu 0.02 Usganaunis

- Udogasgunasilagnse Wesidu 0.20 Uszanuns

- PRI ST

dayaszuutirinuudsunian 1
Uszinszuuiniaunde AS dspot.pcd.go.th
AManLsatunssulIdY aua/du 6,000 dspot.pcd.go.th

217



N135UTEYUIPINTILAVYIA NSNAILIDE1EIEY (AT 1)

EN Sustainable Development National Conference

(ENSD Conference)

B9 “@suaswanszvuiiiodsunasian (Real World Impact)”
Juil 5 Tquieu w.A. 2568

W ANzRUIRdaNLaTNSWEINSANERS U Inendvuiing

A19199 3 Peyananssuldlunsusziliumsddesieisounsean (ve)

P a i . Ae v " Y
doyafanssu 178 Al undedioya
YSunasdewnifefidnsyuu au.a/iu 5,600 dspot.pcd.go.th
ATleRvasindadissuy un./a. 21.10 AMTI9IR
ATlervastiiig 1n./a. 8.10 AR5
o R 2
A53ANISNINAZNBY Smivilsnau nudininina
YSunaumznaunthludenau fu/dUanni 2,500 nudnnga
el 130,000 nud1nnsa
% Yo wWesidu 20.3 AnTaTm
% Bunieing wWesidu 17.48 AnIIn
% VoIV Wasidu 9.85 AR52279

5.2.3 AnnsUaee (Emission Factor) dwsumstrimindeyuauiaznsssuiena

AMsUaseigiseunsyanfildlunisAnauiinunsUassinesounseanain Msiidau L syusuwagnis

srungievesiuidny T¥ruugi1aingile 2006 IPCC Guidelines Failsgazidendisnm1sei 4

M19°99 4 mnsUaeenldlunismuunisUdesfingseunsyanainnsiidauideguvuiasn1sssuieiavesiuiidnw

w15 8nes Anirld
Maximum CH, producing capacity (B,) B, = 0.6 kg CH,/kg BOD
Methane Conversion Factor (MCF) Untreated

- Sea, river and lake discharge =0.1
Treated
- Aerobic treatment plant (Must be well manage) = 0

- Aerobic treatment plant (Not well manage) = 0.3

LY

Fndruvedusiuluideilildfinennsuslnn (Fuye) | Fronces = 1.1
dadiuvedlusiuaingnainssy WAEYENSSUTANUND | Frycon = 1.25

(Fin-com)

dadauves N Tulusiu (FNPR) Freg = 0.16 kg N/kg protein
U%mmluimLwﬁagﬂumﬂmzﬂau (Nstucge) Nowgee = 0 kg N/yr

Emission factor for N,O emissions discharged to wastewater

(EFerriuent)

EFEFFLUENT = 0005 kg NzO_N/kg N

Emission factor for N,O generated in centralised WWTP

(EFpLanT)

EFpant = 3.2 ¢ NO/person/year

fn: IPCC Guidelines, 2006
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5.2.4 nansusziiunsUassisounsyananmsidniideyuyu

nnsUszliuvinunsUaesfingiounsyanainnsUndnindeguruwagnsssuneiavesiunany loun

'
a

wirutauasUinnga U w.e. 2565 (JUil 1) wud fimsddesfiesounszaniiadu 3,865 fuasueulasenledifieuwi
(tCO,eq) lngLinan
- Ay 78.4 tCH, ¥392,194 duarsuaulaeenlenifisuwin (1COeq) Anduseway 57

- fwlunSaoenlas 6.3 tN,O w3e 1,671 duasusulaeenleniisumii (tCOeq) Amduipuay 43

Usuneuntsuaas

finusaunszansau

3,865 tCO.eq

JUT 1 uansnistdesfredeunszanannisthidmindesuwuveundutauasiininia U w.e. 2565

5.3 waanmsuszdiumsannisuasefingsaunszanainnisaiiuainsnisaningizounssan

5.3.1 wsnslihidluldlunsinuasunnissd

- nsdlgu Mdhussurlunsinisinens 31nvaya Thai national LIC database A1 Emission Factor ¥84
n13UszUUATIA (Metropolitan Waterworks Authority - MWA) #51891uan15Usziliun1sannisuassinegsou
N33aN A 0.7948 kg CO,e/m’

- nsdildunnsnis Wihdlsanszuutisadennldlunisinums andoya Thai national LIC database #n
Emission Factor msUsuugsgmnminidevespuveiiosunslug #o 0.1290 kg COe/m’

nstifegaiufiaaunFou agldiszana 600 - 800 gnurafiuns/lsred (nsumsinums,2564)

n1sUsziunsannisUdesfinwiseunszan endedeyaianssy wazA1nsUudeemutaya wudnUIuung
UdesfmiFeunszanainnsdigiu wihiu 0.6358 tCOeq/lsol waz nadiduiumnasmsiniisnnszuuiidadude
Tl unuhuszun nuidsunanisudesingdeunszanainnisiidaings Wity 0.1032 tCO,eq/lssial Andu

YunafingiZaunszaniianas 0.5326 tCO,eq/lisal Anlu 83.77 % Nanunsaanfinwdeunszanls (U7 2)

219



M3UsEYUIYINTTLAUBIA mIswaLeg1eEsBy (ASafl 1) B9 “@suaswanszvuiiiodsunasian (Real World Impact)”
EN Sustainable Development National Conference i’uﬁ 5 ﬁq‘u"]ﬂ‘u W.A. 2568

(ENSD Conference) o AuzAwandauuazninensAand anIneduaiing

11n51n15 1Nl TE TunsneasuuLnUszUn

nsdlldunasnns Wi — USinaufwiSeunsyaniianas 0.5326 tCO,eq/lsnatl] Anlu 83.77 %

it |

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

tCO,eq/l3

3UN 2 wansnsdaesfingdeunszanainuasnsléiniduldlunmsinuasunuinyssdn

5.3.2 wnsmsidninagnauldideununisilanau

- NgI MIfdannagnousyuU Tt Esdennssatnuazt lUEanauUSInm 2,500 fu/dUav 910
Yosya Thai national LIC database fi1 Emission Factor dw§u msilsnauvszveadonuugnudngunivia 981959y
nNeENaUBLRIY fe 0.7933 kg COeq/kg

- nsalldunnsnis WnstndaninegneuuSuim 2,500 fu/dant medsuinidenindun3d andeya
Thai national LIC database 1 Emission Factor dwnsuvhiendndunsduuuldeinie fie 0.3326 kg COeq/kg

n1suseiliun1sannisudeeineiseunsyan odedeyananssy uagAnsudesnudaya nuInuTuung
Udesfaidounszanainnsdlyu wihiu 1,983.25 tCOeq/daniuay nsdiduiumnasnsithisnssuudiieinde
Tl unuiuseun nuddsinanisddesfmideunszanannistidatnde wiiu 831.5 tCOeq/dUni Ay

Yanafingizaunszaniianas 1,151.75 tCOeq/dUnidndu 58.07 % flamisaanfwsaunszanls (Ui 3)

wnsnsldninagnauluvideununisidenay

nsalldunans videnindunse

Usinafedeunszaniianas 1,151.75 tCO,eq/dunmidmdu 58.07

ﬂigﬁir]u ﬁqlﬂﬂqmau _

0.00 500.00 1,000.00 1,500.00 2,000.00 2,500.00

tCO2eq/dUnm

JUT 3 uansnsddesfitmdeunsyanainunesinislinineeneuluvhdeununisilinau
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6. agUNaANISANEN

NMsAnyLiteUseliudneninnisanUsunafinuseunsean (GHG) HunsUssendlduuimiansinngiuas

nneznauIInszuutItadndssaugusunldusyleed Inedinsdline) a lssdhdadndamauiauasiininia (ou 1

AvaNIw) nudnsadiunudanisundeluaniiznsagiud msud we. 2565 JUsuunsuaseinesaunssan duu

Y

USTENNATINTTAL 3,865 fuasuaulneenlasifieuin (t1CO,eq) dwsznousiemsUdesinaiimu (CH,) Andutes
ay 57 (Weuwin 2,194 tCO,eq) warAwlunasenlas (N20) Andudovay 43 (Weuwin 1,671 tCO,eq) SRORTED
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Cellulose fiber extracted from Sang Yod rice straw and Chitosan from fish scales

for biopolymer film application for dye adsorbent

Sawika Benlato', Thanphitcha Kumyai', Parinda Hongkaew' and Supawadee Sukdam?”

!Bangkaew Pittayakom School, Bangkaew District, Phatthalung Province
?Bangkaew Pittayakom School, Phatthalung Secondary Educational Service Area Office

* Corresponding author: (supawadee.sukdam@gmail.com)

Abstract

In this research work, the cellulose fibers were extracted from indigenous rice straw (Sang Yod
Phatthalung rice). The chemical composition cellulose contents were determined. It was found that the
cellulose content from rice straw were 25.68%, respectively. The results of FTIR analysis revealed the evidence
of wave numbers of functional groups in the structure of cellulose fibers. From TGA analysis, the extracted
cellulose fibers exhibited high thermalstability. Additionally, chitosan was extracted from fish scales collected
in Phatthalung province, with a chitosan content of 40.24%. The results FTIR analysis revealed the evidence of
wave numbers of functional groups in the structure of chitosan, and TGA results demonstrated its good thermal
stability. The extracted cellulose fibers and chitosan were then used to prepare biopolymer films. The resulting
films were thin, smooth, and brown in color. FTIR analysis confirmed the successful crosslinking reaction
between chitosan and cellulose using citric acid as a crosslinking agent. TGA results further confirmed the high
thermal stability of the biopolymer film. The study found that a film containing 5% cellulose exhibited the
highest efficiency in dye adsorption. The optimal conditions for dye adsorption were at pH 7, with an adsorption
time between 60 and 120 minutes. From the results in this study, it is possible to apply the prepared biopolymer
film in the field of material technology i.e., material for treating wastewater from the dyeing industry, water-

absorbing polymer or hydrogel including biodegradable packaging films.

Keywords: Rice straw, Cellulose fiber, Chitosan, Biopolymer film, Dye adsorption
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