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Conference Background
The 2" Suan Sunandha National and International Academic
Conference on Science and Technology (SsSci2019)
“Science, Technology and Innovation for Sustainable Development”

©

The 2" Suan Sunandha National and International Academic Conference on Science and

Technology, entitled "Science, Technology and Innovation for Sustainable Development" is the
prestigious event organizes by Faculty of Science and Technology, SSRU, to provide an excellent
platform for the national and international academicians, researchers, industrial participants and
students to share their findings and establish collaborations with each other’s and experts. The
conference will be held in Bangkok, Thailand on 8" November 2019.

The key intention of this conference is to provide opportunity for the national and
international participants to share their ideas and experiences. In addition this conference will help
the delegates and participants to establish research or business relations and future collaborations
in their career path nationally and internationally. We hope the outcome will lead the major impact
on updating the knowledge and research base scopes of conference’s eight major topics.

This Conference is sponsored and organized by Faculty of Science and Technology, Suan
Sunandha Rajabhat University. The conference would offer a large number of invited lectures and
presentations from distinguished speakers. The best paper awards will be given for the papers judged
to make the most significant contribution to the conference.

This conference provides respectable platform and decent opportunity for participants to
exchange knowledge, share experiences and develop connections with faculty members,
researchers from academia, industry, government and students. The conference includes eight major
research areas:

1. Computer Science and Information Technology

. Mathematics and Statistics
. Physics and Energy

. Chemistry and Forensic Science

. Environmental Science and Technology

2

3

il

5. Biology, Biotechnology, and Microbiology

6

7. Food Science and Technology, and Home Economics
8

. Sports and Health Science
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WRANNTIN wasHauayY
Conference Co-hosts and Supporters

o

diinanuaugnIINNINITEANAnK

Office of the Higher Education Commission

A11NUAMENTTUNTITEUAIYA
National Research council of Thailand

Faculty of Science

University of Hradec Kralove (Czech Republic)

—

Okayama University (Japan)

OKAYAMA

UNIVERSITY

Ho Chi Minh City Open University

(Vietnam)
Kazan Federal University (g Kazan Federal
(Russian Federation) UNIVERSITY
Chia Nan University of Pharmacy and Science [ ﬁ?
(Taiwan) ”‘@;);{&“‘

WIME§e v el ﬁ ( \

Chiang Mai Rajabhat University

Facutty of Sclence and Technciogy
‘Ching Mai Rasbhat Universiy

U INGIRETIVI)UATATTITUIY
Nakhon Si Thammarat Rajabhat University

W IngdesvAna1Ue
Lampang Rajabhat University

UM AINYITYTIVAUMETAY
Rajabhat Mahasarakham University

U INENFEVANaNaUAT
Sakonnakhon Rajabhat University

WIS TvAgasuns
Surindra Rajabhat University

WNIMERE YA AyaaIRsI
Pibulsongkram Rajabhat University
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WRANNTIN wasHauayY

Conference Co-hosts and Supporters

UININYIRUTIVH VNGRS
Thepsatri Rajabhat University

IR TV UATIYEN
Nakhonratchasima Rajabhat University

NAKHON RATCHASIMA RAJABHAT UNIVERSITY

o o o o L
UMINGIFETNWAYNYTYT e
Phetchaburi Rajabhat University A
uStm anlafia i ¥38ad (Usemnelne) S1dm analytikjena
Analytik Jena Far East (Thailand) Ltd. A Endress tHauser Company
V3o Salawunes ain sf HISTOCENTER
Histocenter Co,.Ltd (Thailand) o -
U3En Ansnauedle@ioa 91n SITHIPORN),

Sithiphorn Associates Co.,Ltd. associates

US9n 1w leeud I1in

Vana Science Co.,Ltd. IANA
SCIENCE
Ut glufin wouunda wouvi loudiile3e u AE
AoutaLAWY 7R
UNITED ANALYS' NEE!

CONSULTANT ¢ NY LIMITED

United Analyst and Engineering Consultant Co., Ltd.

USE¥ wasa 31179 MERCK

Merck Ltd.
IS
U 9o da im SCI
Scispec Co., Ltd. SPGC

- o2 P )
VTN INBDINU LBALNBT 91NA '
PerkinElmer Co., Ltd. PerkinElmer’

For the Better
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Conference Committee

ngupsuiamesuazmalulagasauma
1 999ans19N38 ANes 189
Assoc. Prof. Dr. Phayung Meesad
2 fHemans1nsd asuudies Saudsaeddl
Asst. Prof. Dr. Montean Rattanasiriwongwut
3 59IENENS1A138 ATNSOR WRAlanIng
Assoc. Prof. Dr. Ponrudee Netisopakul
4 gemansnnsdydind walyniiad
Asst. Prof. Dr. Chutipuk Kemwimoottiwong
5 feemans1sd ns.suty Jusy
Asst. Prof. Dr. Ronnachai Chuentawat
6 813 ATUNAR FIATIEN
Dr. Noppadon Phumeechaya
7 fHemansnsd asiIng deus
Assist. Prof. Dr. Pijittra Jomsri
nguAtinAENS a6A
1 509mans19158 ag.aglud durad
Assoc.Prof. Dr. Chartchai Leenawong
2 fwmansasd ns3lsod fndy
Asst. Prof. Dr. Wirot Tikjha
3 {PeMans1nsed sy &
Asst. Prof. Dr. Boorapa Singha
4 fehemans1ansd as.uny Tunsege
Asst. Prof. Dr. Bongkoch Nimtrakul
5 APemansnsd avung lafius
Asst. Prof. Dr. Nop Sopipan
neaidnd wisay
1 femans1ansd as.ugui aided
Asst. Prof. Dr. Naruebodee Srisang
2 {Hemans1sd AsuITIM Nol
Asst. Prof. Dr. Navavan Thongmee
3 919138 A5, By Jndad
Dr. Chanade Wichasilp
4 138 as.unsal USnysae
Dr.Pakorn Preechaburana
5 {Yiemansansd asduniend AeAdynad
Asst. Prof. Dr. Kanthapat Kitti-atchawan
6 HUIEAMansI9138 ASluNgiY a1usil
Asst. Prof. Dr. Kheamrutai Thamaphat
7 593ER319138 AR 915U
Assoc. Prof. Dr. Narong Sangwaranatee
8 39INANI19138 N385 BVSWIY

Assoc. Prof. Dr. Ammara Ittipongse
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King Mongkut’s University of Technology North Bangkok

UMINEENALLLAENTLIBUNANTEUATIATD

King Mongkut’s University of Technology North Bangkok

andumalulagnsyasundninaummisainn szl
King Mongkut's Institute of Technology Ladkrabang
IR VATl

Chiang Mai Rajabhat University
IR T BAUATINFEN

Nakhon Ratchasima Rajabhat University

N IMeNdu A UATUTY

Nakhon Pathom Rajabhat University

U INede v auEum

Suan Sunandha Rajabhat University

anfumalulagnszaeuindninaummsaiansy e
King Mongkut's Institute of Technology Ladkrabang
wnIeayNvAyaaIasm

Pibulsongkram Rajabhat University
UAIMIAE BN Te sl

Chiang Mai Rajabhat University
WAINNRETVAYNARS

Thepsatri Rajabhat University
WINNFETVAUATIIVENN

Nakhon Ratchasima Rajabhat University

andumnalulagnsyasunaninauviisainn szl
King Mongkut's Institute of Technology Ladkrabang
W IngnaeNua)iyadnTIl

Pibulsongkram Rajabhat University

IR BTt

Chiang Mai Rajabhat University
WNINeFEsTIUAERNS

Thammasat University

UINNRYTIVAWERT

Thepsatri Rajabhat University
wninendemalulagnszaounasuys

King Mongkut’s University of Technology Thonburi
WIS UAY UM

Suan Sunandha Rajabhat University
WISV UM

Suan Sunandha Rajabhat University
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FNARTINNTE WARNTIIMINT AT WS Auaou
Prof. Pol .Maj. Gen. Patchara Sinloyma
F9IANANTIA15E WU TINeN 1559 Fvyaelve
Assoc. Prof. Pol. Col. Witchuvanit Witchuvanit
HY8mMans19138 As.3ANTI Junzudl

Asst. Prof. Dr. Rapiphun Janmanee
HYI8AMans19138.03.818513 Nowniey

Asst. Prof. Dr. Saithan Thongphrom
HY8mMans19138 A3, @3198 auuy

Asst. Prof. Dr. Sarawut Somnam
HYemans1sd as.daddn qud1sey

Asst. Prof. Dr. Wallika Suksomran
fnmans1anss as.suIng wWasinan

Asst. Prof. Dr. Thanakorn Pluangklang
feemansnansd asadan seuatan

Asst. Prof. Dr. Wanida Wonsawat

919158 A% WaBENIIY logniin

Dr. Ploysai Ohama
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10

11

12

13

14

15

399A1EART1A3Y A5 U3 Fuifinad

Assoc. Prof. Dr. Kooranee Tuitemwong
39INEANT19158 A3.5YAMU 3TN

Assoc. Prof. Dr. Touchkanin Jongjitvimol
HYI8AanI19138 A5.30A3U fauas

Asst. Prof. Dr. Chisiri Konkong
HY18Mans1n3d as.nvlinn gaum’

Asst. Prof. Dr. Kotchanipha Udomthawee
Heerans19158 ns.nqual Tunes

Asst. Prof. Dr. Krit Pinthong
feemansnasd as.Anddng lufinevioised
Asst. Prof. Dr. Kittisak Chotikadachanarong
919138 s.nANa dlgiey

Dr.Pakkakul Sangsuriya

HYI8AanT138 Asiieuie Pius

Asst. Prof. Dr. Thiamhathai Choopan
919138 A3.l05INg Shulsavined

Dr.Triwit Rattanarojpong

HYIA1AnT19138 A, DUTHUS §93uns
Asst. Prof. Dr. Amornpan Ajjimaporn
HHI8AanI19138 A.Aunu ngyatinug
Asst. Prof. Dr. Chantana Kankamol
;:I‘zhamam%nsé 75.08¥A" 91918N5NNT
Asst. Prof. Dr. Piyada Achayuthakan
919198 03 Jun Wugity

Dr.Wattana Panphut

Dr. Mohammad Bagher Javadi Nobandegani

Dr. Ha Thanh Dong
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Royal Police Cadet Academy
Tsseuwneiondsna

Royal Police Cadet Academy

W IneaevigiyadnsIy
Pibulsongkram Rajabhat University
W Ivendenviggiin

Phuket Rajabhat University
WNIMERE VATl

Chiang Mai Rajabhat University
WIMEIRETIVA NS

Thepsatri Rajabhat University
IR TBAUATIIVE
Nakhon Ratchasima Rajabhat University
U INYIFY UL e ue i

Suan Sunandha Rajabhat University
WISV e ueium

Suan Sunandha Rajabhat University

UINEFNATAERS

Kasetsart University
WIS A RyaaInsI
Pibulsongkram Rajabhat University
wnIeae A RyaaIasIm
Pibulsongkram Rajabhat University
WInendesvigasuns

Surindra Rajabhat University
WInendesvigaiuns

Surindra Rajabhat University
UAINIAE Yo sl

Chiang Mai Rajabhat University
AudiugimnIsuLazmalulaginmuviani

National Center for Genetic Engineering and Biotechnology

WINNFETVAUATIIVENN
Nakhon Ratchasima Rajabhat University
WM aEmAlLLAENTEARUNATUYT

King Mongkut’s University of Technology Thonburi

UNINYIFBURAS

Mahidol University

UM INYT VAT

Suan Sunandha Rajabhat University
UMINGT TV AU

Suan Sunandha Rajabhat University
UMINGT TV AU

Suan Sunandha Rajabhat University
UMINGTETIUL AU

Suan Sunandha Rajabhat University
UMINYTETIVL AU

Suan Sunandha Rajabhat University
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F99NANT1A158 As.gwn Aaurtiunna
Assoc. Prof. Dr. Suthep Silapanuntakul
309A18MT1158 A3.LUgyanTal Uszans
Assoc. Prof. Dr. Benjaphorn Prapagdee
HYemans9138 as.nging legmuun
Asst. Prof. Dr. Charnwit Kositanont
HYemans9138 st anslngu
Asst. Prof. Dr. Saowanee Wijitkosum
HYemans19138 35100 AI5135h
Asst. Prof. Dr. Thaunwadee Srithawirat
HY8mans19138 A3.1aNiansd asius
Asst. Prof. Dr. Khamanitjaree Saripan
399A1an319158 Aslnyad uIumas
Assoc.Prof.Dr.Paiboon Jeamponk
HYemans19138 3000 fxlum
Asst. Prof. Dr. Anat Thapinta
399MNARTITEAINLG YBuUNS
Assoc.Prof.Sivapan Choo-In
HY8Mans19138 AIALIRY gn1sana

Asst. Prof. Dr. Tatsanawalai Utarasakul
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599MAnT19138 A5 JuTnd yaudn
Assoc. Prof. Dr. Chuenchit Boonchird
s09nanTI3d ne.viAdld Augnsan
Assoc. Prof. Dr. Tasanee Limsuwan
509FNANTI13E N3.ANR AW
Assoc. Prof. Dr. Khongsak Srikaeo
HH8AanT138 A3.33uns il
Asst. Prof. Dr. Teerin Chysirichote
919138 A3.590 S35y

Dr. Thanida Chuacharoen
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1

HHeans1ansd asalinn vanetaulnena
Asst. Prof. Dr.Wanida LAIWATTANAPAISAN
{terans19158 ns.auduaun iing
Asst. Prof. Dr. Somjintana Toutip
HYemans158 as.vyia foinla

Asst. Prof. Dr. Chayanit Luevanich
HYI8Aans19158 As.0usHuS §93uns
Asst. Prof. Dr. Amornpan Ajjimaporn
013159 uHnT Wuvideyan

Ampika Nanbancha

Editorial Board

1

HYI8AanI1138 as.0100R Aylum
Asst. Prof. Dr. Anat Thapinta
Prof. Dr. Hongjoo Kim

Prof. Dr.-Ing. Mitra Djamal

Assoc. Prof. Dr. Nguyen Hieu Trung
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PHIANTUUINGS
Chulalongkorn University
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Pibulsongkram Rajabhat University
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Thepsatri Rajabhat University
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Suan Sunandha Rajabhat University
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Suan Sunandha Rajabhat University
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Suan Sunandha Rajabhat University
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Suan Sunandha Rajabhat University
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Mahidol University
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Kasetsart University
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Pibulsongkram Rajabhat University
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King Mongkut's Institute of Technology Ladkrabang
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Suan Sunandha Rajabhat University

PHIANTUNINGS
Chulalongkorn University
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Mahasarakham University
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Phuket Rajabhat University
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Mahidol University
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Mahidol University

UMINGT VAT
Suan Sunandha Rajabhat University
Kyungpook National University, Korea

Institut Teknologi Bandung, Indonesia

Can Tho University, Vietnam
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Prof. Dr. Subhash C. Pandey

Prof. Emeritus Manit Rappon
Assoc. Prof. Dr. Thanh Son Dao
Dr. Soo Rin Kim

Dr. Vinh Truong Hoang

Dr. Wong Tze Jin

Dr. Stephen Raymond Morley

Editorial Managers

1

10

11

HY8Mans19138 As.000R fxlum
Asst. Prof. Dr. Anat Thapinta
3.3 Uiy

Dr. Wattana Panphut
NA.A3.YAUEY @MTaNa

Asst. Prof. Dr. Tatsanawalai Utarasakul

NA.AT. AN FOUAT

Asst. Prof. Dr.Pijittra Jomsri
9.0 219Ad99N

Dr.Nich Wongsongja
A3.40E 1agnan
Dr.Manussawee Dechkla
n3.5UA" 55@%@

Dr. Thanida Chuacharoen
3. Auadd uauAinus

Dr. Sansanee Sansiribhan
ATYAYTA HANTUTIY

Dr. Chookait Pudprommarat
A3.NaRenI1e lognun
Dr.Ploysai Ohama
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Dr.Suriyan Sompong

Journal of Environmental Research and Development
(JERAD), India
Lakehead University, Canada

Vietnam National University, Vietnam

Kyungpook National University, Korea

Ho Chi Minh City Open University, Vietnam
Universiti Putra Malaysia Bintulu Campus, Malaysia

Leicester Royal Infirmary,England
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08.00 - 09.00 . amzifou m Vinadunihvonssqungisuuedagy tu 3
09.00 - 09.15 . NANTIBUNTUTEYY
Tog  {928A180519138 As.00iR Azlunn
ANUARMEINEIAERSUAzImALULaE
09.15 - 09.30 w. naiUansuseyy
Ty 529ANEAS19758 AS.ALAY LNAITY

B8NTUANMIINES YA AU UM
09.30 - 10.00 u. - fSueuvesiisednundnnnsiuuazansnIng iy
- WBNBUTIIAUNANUITUAAU TI1UIU 3 51973
Ty 599ANEAS19158 AS.ALAY LNAITY
B3NTUANMIN YT VA AU
10.00 - 10.30 u. UssEefeY 1309 “Recent Technology Breakthroughs in the Control
of Iron Deficiency Anemia”
1ne  Prof.Dr.Michael Bruce Zimmermann

Zurich Swiss Federal Institute of Technology (ETH), Switzerland

10.30 - 11.00 w. UssEnefivy 13049 “Universities Facing Severe Challenges of Fewer
Children Trend and International Competition”
1ne  Prof.Dr.Chih-Hsiang Liao

Vice President of Chia Nan University of Pharmacy and Science, Taiwan

11.00 - 11.15 u. SuUsemuemsIN a muntviesUsegunagSeEuadagy Tu 1
11.00 - 12.15 u. thiauanammAfonuumelawed u fumivonssgumadduedasy tu 1
11.15 - 12.15 w. thisueranuifeuuunIAUTIIY o Fasuszrn U 1, 2 uaz 3
WOINR5IE 10 1 nguanpenfmesuasmaluladansauna (nqudosd 1)
oI 10ysE & fu 1 nguaeenfwesuasmaluladasauna (nqudosd 2)
Woeuanyini Lo 2 nguanAnduasnEaay

Viosuanysni U 2 nguaIneeansmIivILaEINEImaRsaun W
Wiosuanusn & fu 2 nguavafivaedfineimans

OIYHUINTY 18 Hu 2 nguaineenansauandounasinelulad

NIOINGURY u 2 nguannTiner meluladthnin uazqadinen
osngouveadsy U 3 nduaninenmaniuanvalulaiinsemsuagavnasueans
12.15 - 13.15 . SutssmuewnananeTu o esesian u 1
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13.15 - 15.30 W. UauanauIdeuuunAlanas
M AuntiviesuszyaninSiduadagy YU 1 (o)
WiounouUATNIsIIEUeNANUITEUUUNALUAMES

13.15- 1445 0. UauaNaUISILUUNAUTIEIY o FaUszaudu 1, 2 uas 3 (o)
WOIN05IE 10 fu 1 nguaeenfwesuasmaluladansauna (ndudosd 1)
WoIN10yTaE @ 1 nguanreufiunosuasnelulafansauna (ndudosi 2)
VioeuanyIni Lo fu 2 nguanAnduwasnEIY

viosuanyini U fu 2 nguaAineeansniwILaYIneman saun
Vioeuanysnt & fu 2 nguaadinmaniuazadn

WOIYWUINY 18 4 2 nguaineenansiunndounasinelulad

Viosywuany U 2 nguannTiner meluladthniw uazqadainen

VONTEULeARTN  TU 3 nguavInenmansuazimalulagnisemsuasAnsuAans

14.45 - 15.00 4. SUUTENURIMNTIN U AuvtiesUsyyunauges Fu 1, 2 uay 3

15.00 - 17.00 w.  YNAUIHANUIIBUUUNIAUTIENEY B VioUseay 1, 2 uae 3 (fa)
NToUUDUAUNTNITUNAUBNANUITHUUUNIAUTIEY 0 osUseyungudon
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Conference Schedule

©

08.00 - 09.00 Registration (Krungthon Ballroom, 3 floor front area)
09.00 - 09.15 Giving a briefing of the conference
Asst. Prof. Dr. Anat Thapinta
Dean of Faculty of Science and Technology
09.15 - 09.30 SsSCI 2019 Opening ceremony
Associate Professor Dr. Luedech Girdwichai
President of Suan Sunandha Rajabhat University
09.30 - 10.00 Presenting a token of appreciation to the distinguished co-hosts and
taking a group photo
Presenting three awards for outstanding
Associate Professor Dr. Luedech Girdwichai
President of Suan Sunandha Rajabhat University
10.00 - 10.30 Keynote Speech “Recent Technology Breakthroughs in the Control of
Iron Deficiency Anemia”
Professor Dr. Michael Bruce Zimmermann
Zurich Swiss Federal Institute of Technology (ETH), Switzerland
10.30 - 11.00 Keynote Speech “Universities Facing Severe Challenges of Fewer
Children Trend and International Competition”
Professor Dr. Chih-Hsiang Liao
Vice President of Chia Nan University of Pharmacy and Science, Taiwan
11.00 - 11.15 Refreshment Breaks at Phanurandsi Ballroom, 1% floor front area
11.00 - 12.15 Poster presentation session (Phanurangsi Ballroom, 1°* floor front area)
11.15-12.15 Oral presentation session (meeting room 1%, 2" and 3™ floor)
Phanurangsi Room A, 1°" floor Computer Science and Information Technology (Group 1)
Phanurangsi Room C, 1°" floor Computer Science and Information Technology (Group 2)
Bongkotrat Room A, 2™ floor Physics and Energy
Bongkotrat Room B, 2" floor Sports and Health Science
Bongkotrat Room C, 2" floor Chemistry and Forensic Science
Busabongkot Room A, 2" floor Environmental Science & Technology

The 2™ Suan Sunandha National and International Academic Conference on Science and Technology
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Busabongkot Room B, 2" floor

Krungthon Ballroom, 3™ floor

@) SsSeisi

Biology, Biotechnology and Microbiology

Food Science & Technology and Home Economics

12.15 - 13.15 Lunch at Rim Nam Terrace, 1°! floor

13.15 -15.30 Poster presentation session (Phanurangsi Ballroom, 1% floor front area) (cont.)

Presenting poster presentation certificates at the presentation area

13.15 - 14.45 Oral presentation session (Meeting room 1%, 2" and 3™ floor) (cont.)

Phanurangsi Room A, 1°" floor
Phanurangsi Room C, 1% floor
Bongkotrat Room A, 2™ floor
Bongkotrat Room B, 2" floor
Bongkotrat Room C, 2" floor
Busabongkot Room A, 2™ floor
Busabongkot Room B, 2" floor

Krungthon Ballroom, 3™ floor

Computer Science and Information Technology (Group 1)
Computer Science and Information Technology (Group 2)
Physics and Energy

Sports and Health Science

Chemistry and Forensic Science

Environmental Science & Technology

Biology, Biotechnology and Microbiology

Food Science & Technology and Home Economics

14.45 - 15.00 Refreshment Breaks at front area of each meeting rom (1%, 2" and 3" floor)

15.00 - 17.00 Oral presentation session (Meeting room 1%, 2" and 3" floor) (cont.)

Presenting oral presentation certificates at the presentation rooms

The 2™ Suan Sunandha National and International Academic Conference on Science and Technology
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Oral Presentation

Conference Sessions: Computer Science and Information Technology (Group 1)
Phanurangsi Room A, 1% floor (#2n10434# L@ u 1)

Chairperson Co-Chairperson

Dr.Vinh Truong Hoang 919158 As.AnfAM dnesiuns

Vice-Dean, Faculty of Information Technology a1y ingimansussendanyinemansuasinalulad

Ho Chi Minh City Open University

K
U
[

UMY TIA AU
QBANARTINNTY 1395895 YT T AnumIneduasefinAlelloud
Wuwes muudmalulad uinerdugsiatudge

Paper Code/ International/

No. Time ) . Name Institute Topic .
Registration Code National
Development of Innovative Media for International
SSSCI2019 CS 4 L )
L. 11.15-11.30 - - Way Sokhom Mahidol University Communication Sangha in Phra Nakhon,
SSSCI2019 O 121 )
- - Bangkok, Thailand
- . o . Application Development for Pon-Yang- National
SSSCI2019 CS 8 N3TUNNT NUATAU Sakon Nakhon
2. 11.30.-11.45 -~ Kham Fattened Cattle in Sakon Nakhon
SSSCI2019 O 56 Kannikar Kamolrat Rajabhat University
- Province on Android Operating System
, 11.45.12.00 SSSCI2019_CS_1 FATUnT NN IR YA MsRAIAULUUaRN SIS sUgnaenuyd National
‘ o $55CI12019_O 4 Rujijan Vichivanives angium fhedumeiiinvemnasnda
. 12001215 $SSCI2019 CS 6 F5edind 1hseiug unIvendumalulad nmsthiamadendmiulsandianugdagly National
‘ ' ' $55CI2019 O 44 Jeerasak Numpradit WIYIBWNAMSTUAIWLE  SEUUANISIEToU
12.15-13.15 Buffet Lunch, Rim Nam Terrace, 1° floor
. Rajamamgala University R - v y
SSSCI2019 CS 9 QNNY INBY mstmelulagdumesiinoonfiadin
5. 13.15-13.30 -~ of Technology Y National
$55CI12019_0_71 Looknu Authong Uszgnaldany
- Suvarnabhumi
SSSCI2019_CS_10 Fdusi IR YA mslamesinituiiomngadlunsddlssny
6. 13.30-13.45 - - - o e e o - National
SSSCI2019 O 80 Chatchanun Namwon NyaeInTI guanvnssuTunadauisuiminiivelan

The 2™ Suan Sunandha National and International Academic Conference on Science and Technology
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No. Time
1. 13.45-14.00
8. 14.00-14.15

9. 14.15-14.30

10 14.30-14.45

14.45-15.00
11. 15.00-15.15
12. 15.15-15.30
13. 15.30-15.45
14. 15.45-16.00
15. 16.00-16.15

Paper Code/

Registration Code
SSSCI2019 CS 11

$55CI2019 O 85

$55CI2019_CS 12
$55C12019 O 91

S55CI2019 CS 13
S55CI2019 O 93

$55CI2019 CS_14
$55CI2019 O 95

$55C12019 CS 15
$55CI12019 O 99

$55CI2019 CS 16
$55CI12019 O 83

$55C12019 CS 17
$55C12019 O 117

$55CI2019 CS 18
$55CI12019 O 120

$S5C12019 CS 38
$S5C12019 O 235

Name

#5135 WRTHA

Sarawut Pajonetid

Usznnsal unnnde

Praphaporn Nopparai

Ual gUUT
9 Y Y

Thanawut Thoopucha
ANty winuUseiedy
Supachai Promprasoet
guadat Inswau
Ubonsilp Phoprom

AWy wlueARaUPIsit

o

Manwongdeon

uaised A5t

Maneerat Paranan

guafad Indnsu

Ubonsilp Phoprom

Ui y@dn

Institute

U INESYTVAY
Fedll

1y Angndewmalulad
NILABULNANTLUATINTID

WISV
AYaAIATIY

U INEUTVAY
NyaeAsIl

Refreshment Break

U INESeTvY
anauns

1M Ingnaenalulad

NITIDUNANTLUATNLD

UyMIneasnalulagsy
1InanyTuaen e

INTIIWHIUTD

U INENSUTvAY
anauns

U INESUT1U4Y
UASAISITUIIY

Topic

ueweundndudmsuidnayulnsuy
sruvluRnisueunsed lngldlausveanu
wwosls
nsUsEgNAnIEUIUNITERNIUUUSEAUNTSA]
@ @ (3 a fa & a ¢
Alilunsiaunivledndivddiannsedng
o w w a1 =
dwiuiusgnaumsiildlesngmalulag
nmsfesiunarasinunisiilvareninnely
thuiuszuumuaunsivavesiiseaunsal
= a
LAFEUT
szuumuannMslaUanouianesnialnadiu
¢ A a
guUNIULARDUN

msiawendnduiioatuayunuuinig
fgansgIuiumAlulagansaume
Mefindszansamnsuimsianisadsdudi
nafiAnyUsENRARuaE S e udY

arluanseadnsnanisinens

o < a ¢ A a
nsimwdulygussAvgiienisiieulou
wheinduaiunisiseuinaendin

ASHAILITEUUNITUINITNBUAINE R WA
Tnawalulad lail vew (LINE BOT) w84
aonduideuasiau avIne1qesayg
anaunas
ﬂ1sﬁwmszwmmmQmugﬁuazmm%ﬂu
lsaTeulgnitvdnaes
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National
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National

National

National

National

National

National



Conference Sessions:

SSSCiZiTy

Computer Science and Information Technology (Group 2)
Phanurangsi Room C, 1** floor (240104598 & Yu 1)

Chairperson Co-Chairperson

HYemanT1sdandng Asaanise

No.

1.

ANURAEINGNANERS

VNI TvANA1UN

Time

11.15-11.30

11.30.-11.45

11.45-12.00

12.00-12.15

12.15-13.15

13.15-13.30

13.30-13.45

13.45-14.00

Paper Code/
Registration Code
SSSCI2019 CS 24
SSSCI2019 O 152
SSSCI2019 CS 25
SSSCI2019 O 156
SSSCI2019 CS 26
SSSCI2019 O 158
SSSCI2019 CS 28
SSSCI2019 O 162

555CI2019 CS 29
555CI2019 O 163

5SSCI2019 CS 31
55SCI2019 O 181
5SSCI2019 CS 32
555CI2019 O 202

8197158 AT.UNAS {AIDTIEN
auimeeNiunesfny AugInemanswazmalulag
UM uATUTH

Name Institute Topic
WU Mandia o . MIIATIERLAENEINTAIYRIMIINTT MUY
) LU INYIDYNLLYN - o i
Pruksanan Kamlapit aumluqmaammmw
SHNg ALY e oA Ginrai-Bot for Ordering and Recommending
W InengAalIng i o
Ratchadaporn Kanawong, Healthy Food Online Application
aidw g - . AMFWAUINTENLERNNTVIBLAT D991 U
) ) LU INYIDYNLLYN " . W .
Suttisa Kunju LWﬁ‘Uﬁ NTEUANYITIU LD LBURA NI
' LN wounAindutiswiiou
Chaiyapan Charoensuk . .
INVAHNITUAT ANTTUUTENIULN

Buffet Lunch, Rim Nam Terrace, 1 floor
mswauiuleiuaziukeundindumeyva

allns wiadles Suan Sunandha Rajabhat  uasU nsdifiny nAnwanvigmelulad

Sumitra Nuanmeesri University FSEUNA ANEINEFERSuaTAlUlad

WISV UM

ANy Unaaung o nsfnnsesayadmivssuuugesiiay
Burapha University }

Thanaluk Pranekunakol vunlnglay STackSTorm

Anfinal Judin umIngndewmalulagsny  nsesnwuu FTP wiskdlunisSudslndsyming

Kttipat Panfak 1ARFITIUYH Client wag Server
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National
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National

National

National
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No.

10

11.

12.

13.

14.

15.

16.

Time

14.00-14.15

14.15-14.30

14.30-14.45

14.45-15.00

15.00-15.15

15.15-15.30

15.30-15.45

15.45-16.00

16.00-16.15

16.15-16.30

Paper Code/
Registration Code
$55CI2019 CS 35
$55CI2019 O 214

555CI12019_CS_36

$55CI2019 O 221

$55C12019 CS 21
$55C12019 O 130

$55CI2019 CS 39
$55CI12019 O 250

555CI12019 CS 23
555CI12019 O 150

$55C12019 CS 20
$55C12019 O 123

$55C12019 CS 19
$55C12019 O 122

$55CI2019 CS 5

$55CI2019 P_42

$55CI2019 CS 7

$55CI2019 P_d5

Name

=] =]
U3n1550 SNWENBNTFEU

Preedawon Kadmateekarun

MeYau Wnzdns

Kanchana Kanthachak

dn3siy) 1aulsas

Jakapat Janethaisong

Uszu Wuoen

ufing lveuen
Bopit Chainok

e LCRTREI TRV

Voottichai Nakpeata

s wAee

Pattanan Nakyos

Fuyg Insanwal
Chatchuda Potiluck

glsassal Snwnnaed

Uraiwun Ruxpakawong

Institute

Suan Sunandha Rajabhat

University

WIS TvY
Wedl

Rajamangala University
of Technology

Suvarnabhumi

Refreshment Break

WNINYIRYTIVAYNYTYS

N IMeNdu A UATUTY

Rajamangala University
of Technology
Suvarnabhumi

Rajamangala University
of Technology

Suvarnabhumi
Mahidol University

UM INENFE1VA])
AyasaAsl

Topic

ATHAULDNNALATUTEUUIAN1TTALUN
BRLuLiA
nsdaasuniseusnuiUyeviesdiudums
X . . - " .
wingiasensangldmaluladnisreuiimes

mMsdanisanulasasuvesiiduiea

nRALISEUUNISIANTS RISy yNeaulall
AN ImManswasinalulag wnIne de sy
Agunsys

sruunTvinanmenaninasenmninly
Ualdearsu?

nstlassngangitnUssendldu

M luslapeaun v dumsuuasevielsany

FEUUANTAUVAAIUANNITUTELIANANSANY
ASMANEINGIFENNTIANNT

UNINYIRENTARA

nsafluunAgeUAAYEUALTOLA LAZATIY
Aneu LnudnlulR
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National
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SSSCiZiTy

Conference Sessions: Chemistry and Forensic Science
Bongkotrat Room C, 2™ floor (oeuanusmyl & Yu 2)

Chairperson Co-Chairperson

HYI8AaNT19158 ATYUAS indiuns 919158 As.NaReNTY loanih
ANURAEINEAERSLaTmALULaE 19138 AL INeNmERsSLazmAlulad

UINGIRYINVAYNYTUT U INNETIAAIUFTIUN

Paper Code/

International/

No. Time Name Institute Topic

Registration Code National
The preparation of hybrid material of

SSSCI2019 CH 7 Maha Sarakham Rajabhat

1. 11.15-11.30 - Pornpan Tana cobalt complex into mesoporous silica International
SSSCI2019 O 160 University

- from the rice husk
DFT investigation of toluene adsorption

SSSCI2019 CH 11 Maha Sarakham Rajabhat

2. 11.30.-11.45 - Pasakorn Sangnikul on silicon carbide nanosheet doping with International
SSSCI2019 O 182 University

- transition metal for sensing application

SSSCI2019 CH 19 Suan Sunandha Rajabhat The Effect of Viscosity-imparting Agent on

3. 11.45-12.00 - Jitlada Chumee International
SSSCI2019 O 604 University Textural Properties of Toddy Palm Syrup
SSSCI2019 CH 3 pAANS A3anwal Dusitporn o . BnsnavesEnsiuAufeaulRTsnavaiay

4. 12.00-12.15 - ) UNINYIAYLNWATAVARNT . - National
SSSCI2019 O 76 Srilak P9 TINA LU SR NENANTUY

12.15-13.15 Buffet Lunch, Rim Nam Terrace, 1% floor

SSSCI2019 CH 6 Yfun Aaudliay Chutima o . HaveINsUSUaN U ad B isisanis

5. 13.15-13.30 - - UPINYNRYAVANUATUNS - - . - National
SSSCI2019 O 140 Silamaneewet WUHANAAUINARAYBIAUTENBUNIAWAL
$SS5CI2019 CH 21 F¥51050] Usenazluua o . MsAnwIaINgNWALl U%mmﬂuaanuazqwé

6. 13.30-13.45 T UNNINGIAETIVNG WYTYT v - National

5SSCI2019 O 246

Vatcharaporn Prapasanobol

ATUBDYULNDATLVDINNING
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No. Time
1. 13.45-14.00
8. 14.00-14.15
14.15-14.30
9
14.45-15.00

Paper Code/
Registration Code
SSS5CI2019 CH_ 22
$55CI2019 O 243

$55CI2019 CH 20
$S5CI2019 P 147

$S5CI2019 CH 14

$S5CI2019 P 199

Name

UNung sondun

Pattamaporn Yodsanti
Wilasinee

Sathitdetkunchorn

nTe U
Ekkachai Achcha

Institute

UIMEFYTIVAYNYTYI

Rajabhat Nakhonratchasima

University

UINEIFETIVAUATAITIA

Refreshment Break

Topic

msUsefiudnen mnisiudinAsusuveedy
patudminmasys
MIATIEine™ wian wazwaaley Tuth
UIA1a tnemadnezaaudn wougasn
Fuawnlnsinlouns

o 2 v an e
AsiAdaUaeilawdanESAgILATHY
sonlonuunsraneniilelaeldnsindeu

Tnlin
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SSSCiZiTy

Conference Sessions: Mathematics and Statistics
Bongkotrat Room C, 2™ floor (Foeuanusmyl & Yu 2)

Chairperson Co-Chairperson

HYem1anI19158 AT UTENSR Lasay 919158 AT.YUNYTA HANTUTIY
MATYIVIEDH AYINeFEns Wnthanuigadaussynd angineiemansuasinalulad
WInendedauing UM TIAAIUFTIUN
Paper Code/ International/
No. Time Name Institute Topic
Registration Code National
SSSCI2019 MA 1 a3ns wdnuaeAn - . deulvunsUssmsvesiledtunisuan
10. 14.30-14.45 - - UININYIRYNYATFAERNS National
SSSCI2019 O 12 Siriporn Lapouangkham
14.45-15.00 Refreshment Break
- KAYRINTIUTIAN TALMT N TeTiTinG
SSSCI2019 MA 2 L84 F9INTITNIS - . v Do - - B ,
11. 15.00-15.15 - UMINPIRY YN DINA AOMLUULTIALIAAIEAASAITUNSTEUInYDILSA National
$SSCI2019 O 17 Jedsada Sutjaritthurakan o
79
The Resistance Factors Affecting the
SSSCI2019 MA 3 Uiis F3mslnsiu I Adoption of Healthcare Robots
12. 15.15-15.30 - URINYIYUNAA National
SSSCI2019 O 77 Paniti Vichitkraivin Technology in Thailand Government
Hospital
$SSCI2019 MA 5 #ns WAL o . enanvaligailinduveseuius
13. 15.30-15.45 - URINYIQYLNYAIAENT National
555CI2019 O 86 Sitthikorn Nakkao
SSSCI2019 MA 6 wanwal A3iies Faculty of Science, General Solution of the n -D Pompeiu
14. 15.45-16.00 - National
SSSCI2019 O 107 Yaowaluk Srimuang Ramkhamhang University ~ Functional Equation
$S5CI2019 MA 7 Seyeyrdnwal nwgassal L. , ﬁﬁ]ﬂﬁﬁmﬂﬁﬁauiﬁmﬁ’ué’mwmwawu
15. 16.00-16.15 - 1IN aeLTe el , . National
SSSCI2019 O 153 Tunyaluk Thepsuwan INNYUY Y
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No.

16.

17.

18.

Time

16.15-16.30

16.30-16.45

16.45-17.00

Paper Code/

Registration Code
SSSCI2019 MA 8

$55CI2019 O 171

SSSCI2019 MA 9
$55CI2019 O 173

$55CI2019 MA 10
$55CI2019 O 176

Name

ARINE AN
Sasiwimon Raokhetkit
Khontha

Rukchart Prasertpong

o a a L
IR Usslasgnee

Sayr¥ad Fusan

Thanwarat Chatcharata

Institute

UMINY R YTITUANERNS

Nakhon Sawan Rajabhat

University

U INESeT1v4Y
UATAIIIA

Topic

msfnwpudululdmassegmanslunis
antunouresnsindeuudilunssuiunisnn
Laud
loftanelusnuarmed-lafasuluuiging
Uszanauveshangumeldnnuduiusnien
nasuarAauLniila
Tu-lofasnuarlu-lefammesnluyiginig
Uszanuvesisngumeldnnudiniusnies
wosuazaauuwniia
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SSSCiZiTy

Conference Sessions: Physics and Energy
Bongkotrat Room A, 2" floor (FR9UINV5AY 13 YU 2)

Chairperson Co-Chairperson

589MaNI197158 AT UUIN Ydn

ANURAMEINEIMansasnAlLlad NnINeaEIIYAUATAISIINIIY

Paper Code/

No. Time
Registration Code
SSSCI2019 PH 25
1. 11.15-11.30 -
SSSCI2019 O 164
SSSCI2019 PH 27
2. 11.30.-11.45 T
SSSCI2019 O 192
SSSCI2019 PH 1
3. 11.45-12.00 - T
$55CI2019 O 6
SSSCI2019 PH 2
4. 12.00-12.15 -~
SSSCI2019 O 7
12.15-13.15
SSSCI2019 PH 4
5. 13.15-13.30 -

$55C12019 O 16

S99FNANTIATY AS.ASTE LN

Name Institute

Nattapon Chantarapanich Kasetsart Univeristy

Natthaphong Kamma Khon Kaen University

Pinyapach Tiamduangtawan NIV UINYATAERS

nade Inaziium - . .
) UUMINYIRYNEAIAEANT
Kullita Kolanan

ANENEINY AIndauuayian unIngraumaluladnszaeunaIsuys

) International/
Topic
National
Design and Analysis of Plastic Medical ]
) International

Tray for Implant Packaging
A Polymeric Coating on Prelithiated
Silicon-Based Nanoparticles for High International
Capacity Anodes used in Li-ion Batteries
s ianfidieunialiinseuniangg
FOULTUALBINN TANTIUTENOU Wodlaila _

. o . National
woaneged (PVA) Lavauuiseneanlyn
(Sm20s3)
mMenTiaTzilanzezlatumsmaianig
HeUUVDITEeNT uazndeganssAl National

aLﬁﬂﬁﬁa‘ULLUUﬁlaﬂﬂﬁﬁﬂ

Buffet Lunch, Rim Nam Terrace, 1% floor

' WIS T1U4Y
Wichan Lertlop o
OGN

msimuadymliinAnwsAuniiewmun
NadUnNEN NS EUYDITNANWITWTN 1 National

anidnduszendtnisfinw 2562
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No.

10

11.

12.

13.

14.

15.

Time

13.30-13.45

13.45-14.00

14.00-14.15

14.15-14.30

14.30-14.45

14.45-15.00

15.00-15.15

15.15-15.30

15.30-15.45

15.45-16.00

16.00-16.15

Paper Code/

Registration Code

SSSCI2019 PH 7
$55CI2019 O 37

$55CI2019 PH 9
$55CI2019 O 46

$55CI12019 PH_10
$55CI2019 O 47

sssci2019 PH 23
sssci2019 O 157

$55CI2019 PH 29
$55CI12019 O 136

$S5C12019 PH 30
$55C12019 O 155

$55CI2019 PH 31
$55C12019 O 224

$SSCI2019 PH 32
$S5C12019 O 237

$S5CI2019 PH 33
$55CI12019 O 249
$55CI12019 PH 5
$55CI12019 O 21

Name

oy vaAshY
Assawin Yodruk
afigh dunnivi

Apirudee Tentawechakit

g Uuge

Pisan Pansook

Swilng duan
atchaneekorn Punla
Pich Khoem
i ety

Ravipat Lapcharoensuk

UATUNT NRYIUAR

Makkaryn Kanchanasoot

B50UIA LEAUIIN

Ornanong Sanorchit

Petcharat Jaiboon

& a a 5|
Fuwg 1AaU

Ununs Indanin

Bantorn Chitsupap

Institute

1y Angnaewmalulagnsy
UNAMNSTUASHTR

UAINYNRYTTTUAERS

UMINY1SETTUAERS

Maejo University
aotumaluladnsyasu
NANIIRUNIMTAIANTEUS
Refreshment Break

UAINYNRBLNYATANERS

U INESeT1v4Y
WINERT

Sakon Nakhon Rajabhat

University

WIS TvAY
Fetlnl

WNIMYIRBYTIN

Topic

MIWALLARBIMARB AL UYLSR
Development of A Rotary-Bending Fatigue
Tester
nsUssiudnenImnIseusnENEaY
nsgifinw: Tsameuavessguunaive
NSUTEIUAUANANAATUFAENS VBa
nswasliihFefeuauuy wuade Tnald
aufsnnszuuindadululsaundnyun
Faud
nsiawadkaeindiuwesevalndlagly
roUweseonledifutanilsanuudug
mnnesirusiudveunieaies
durlsuseaninsiivesdmiunisnsiadeu
A

nseenuuukarUssendldiwadininganim
AN egunsallwiu st
MsmduUsEaNSN1sanneusEwNLLUD
uruEulevudeeiu Baso4d Taeiltngnsnisn
[ @

Wumuseanu

Effect of drying temperature on quality of
RD6 variety brown parboiled glutinous
rice
malssuliisudnenmiadindadldun
ndnTnmanuald
NsAUALATBIUTUINIALUUYIEta 59

& 44' 9 9
anudusiiiontsuszndanasaulii
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National

National

National

National

National

National

National

National

National



SSSCiZiTy

Conference Sessions: Biology, Biotechnology and Microbiology
Busabongkot Room B, 2" floor (ﬁam‘lﬂ‘mﬂ‘d U YU 2)

Chairperson Co-Chairperson

Aemans13158 as.de gula 819158 AT.UUNITN F5I155H

AMAITVINGT AMLINYFIENS UNINLFELAnG

Paper Code/

FntanuninTive augdIngimansuazmalulaguninedesisigaiuatiun

International/

No. Time Name Institute Topic
Registration Code National
SSSCI2019 BT 1 Vil 83Ty W INGIRETUAY AIvaINaIBvesyiaiugUaninly
1. 11.15-11.30 - - 5 P National
$S5CI2019 O 19 Ruthairat Siriwattanarat auan ARDILAURAUNUTINTUNNUNUAT
SSSCI2019 BT 2 Pornsiri Bumrungtham o . ASLAAL NISUEAIDDN WAYNNSANYIANYME
2. 11.30.-11.45 - — . UANINLIAYTITUAENS - . National
$S5CI2019 O 28 N3A3 Urgesu 093N TUULVLNUULUE
. o . nsAnwIaNTRUIUIENSURINLENGN
$S5CI2019 BT 9 59NTIU NBIYY Rapeepan UM N1V 4 oa - 54 P
3. 11.45-12.00 -~ - - WULLDANWINNLLNATEY) mﬂgﬂiuwuwmﬂ National
SSSCI2019 O 89 Kongtoom NYUIUIBUUS y
- priunnUesUsyivdlng
SSSCI2019 BT 11 Krit Phinetsathian newal UIMEIRE 1V ANUMEINUAIENITINTNYRINY L Ed DY
a. 12.00-12.15 - - - v e National
$55CI2019_O 103 Aunsianas ANAUAT Jminanauns
12.15-13.15 Buffet Lunch, Rim Nam Terrace, 1% floor
AMNENTO UM IAULIALUIUEIUATS
gudsmaviauveseulaianiniiutiu
SSSCI2019 BT 12 Araya Pranprawit Suratthani Rajabhat 24 . .
5. 13.15-13.30 - - - viostululminuil vy 9 duagunzia 8ne National
SSSCI2019 O 108 91581 U51uUseIng University -
- 1Wag
Janingsugiond
SSSCI2019 BT 20 Asro Hajiabdullah o . ASHARNSATNTTRNIINAINEIRNAMELTD
6. 13.30-13.45 - - URNINYIRLEVAIUATUNS National

55SCI2019 O 141

9958 vizBdunalany

Actinobacillus succinogenes
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No.

10

11.

12.

13.

14.

15.

Time

13.45-14.00

14.00-14.15

14.15-14.30

14.30-14.45

14.45-15.00

15.00-15.15

15.15-15.30

15.30-15.45

15.45-16.00

16.00-16.15

Paper Code/

Registration Code

$55CI2019 BT 21
$55CI2019 O 144

SS5CI2019 BT 28

$55CI12019 O 220

$55CI2019 BT 29
$55CI2019 O 222

$55CI2019 BT 31
$55CI2019 O 225

$55CI2019 BT 33
$55C12019 O 229

$55CI2019 EN 15

$55CI12019 O 106

$55CI2019 BT 38
$S5C12019 O 245

$55CI2019 BT 39
$S5CI2019 O 247

SSSCI2019 BT 32

$55C12019 P 228

Name
Soilng @ndl
Ruchnekorn Swami
fariun fde

Kaltima Pichai

AQa91 WALWNG

Kanwara Wongpaet

Peangjai Jianwitchayakul

a a a
wiedla Fesivna
UM MU
Rungnapa Tagun

AinAwn LnegeIn
Kittima Ketsa-ad

Tnsgne e
Krailerk Taweechue
Ny93E7 A1
Pornariya Chirinang

143 guileslaWatcharee

Hanmoungjai

Institute

UM INYIRBYTN

W INedesvin e

Iedesvin e

UIINNRETVAYINARS

Refreshment Break

WINe§e A e

UNINEIS8UAnG

IR TIVANYTYS

IR TIVANYTYS

W INedesvin e

Topic

v & & a a
nsfudadeuuaiizevesinlalegniuain
#9518 Arthrospira platensis waza11sng
Synechocystis sp. PCC6803

2 o X o e ) 5
MaiusneRedananuminiUaen
[ aa o 4 =l I3
dulzan Inedsn1sviianuuidonids
wqﬁﬂismaqumﬂmm (Dendrocygna
Jjavanica) Uswngafiutin aely
UANINEIRY
1A Welnl Audusisy
Anumatnuatensiinmaedldneunuly
Jrinanysndneamluniswdadendinga
Tddouandnauyn

nansenuvasaiwlusyuuidnaudise
daiTAslusnouduns Y iadedd
MsfaksnLUATISER UM ULAnsTiass
ansanusRIITINLaran TN zay
Tun1sadreansanusaiaiadanim

ms@nwifiensvanfuiandlelnduazany
AunUsvesdudeleaunduluung (Capra
hircus) ideslugenTamesys
AauanURTulniues Lactobacillus
plantarum 3C2-10 finAnansanusaRann
Fanmandendy
nanswigrendulediaiasuuemsides
L%aqmﬁmmawﬁmm 9
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International/

National

National

National

National

National

National

National

National

National

National



Chairperson Co-Chairperson

No.

1.

SSSCiZiTy

Conference Sessions: Environmental Science & Technology

HYILAEnIINTeIAng Yuiles

ANURRMEINEIAansLavinalulad uine1desvsigedlng

Time

11.15-11.30

11.30.-11.45

11.45-12.00

12.00-12.15

12.15-13.15

13.15-13.30

13.30-13.45

13.45-14.00

14.00-14.15

Paper Code/
Registration Code
SSSCI2019 EN 1
SSSCI2019 O 22
SSSCI2019 _EN 2
SSSCI2019 O 34
SSSCI2019 EN 3
$SSCI2019 O 43
SSSCI2019 EN 4
$SSCI2019 O 48

$55CI2019 EN 5
$55C12019 O 50
$55CI2019 EN_6
$55CI12019 O 53

$SSCI2019_EN_13
$55C12019 O 105

SSSCI2019 EN 18
5SSCI2019 O 116

Busabongkot Room A, 2nd floor (ﬁaeq‘wan% 0 VY 2)

HYILAIEnTINTE AS.iAUNIEY gn1sana

Name Institute Topic
nhing Iuanse UNINRYT1U6Y MTAATITURUETY IR aVNEsEAUT IR
Pornthip Wimonsong qaugsond vowszwmAlny
AUy Laduten . Asuantglamudin nannvesdeni
WTInendewding

Chamnanpong Chalermpow NNTNYATLAEYAFINNTTY

Amsann g1l Sakon Nakhon Rajabhat wINNNsIANIsYEENeluLiIneNdy

Phatlapha Thanwised University ﬁ?“ﬂﬁgﬁﬂaum

Suan Sunandha Rajabhat Mining waste separation behavior related

#iua AURAl

Suwimon Kooptiwoot University factor
Buffet Lunch, Rim Nam Terrace, 1% floor

neng daglning unInedemalulag nsussifiumiveulanIwiInANTIIes

NILIDUNABTUYS

Suan Sunandha Rajabhat

Todsaporn Neelapaijit AANYUTY

g AURA Development of a garbage bin selection

Suwimon Kooptiwoot University expert system for waste separation

. . ANTIATIERANIANLALYDINUNAY GIS
QU aUURA i o a4z B

! Thammasat University Wisdenfindlssnunusvezyaneedy
Vivian Chullamon . _ -
nasnuludmiauyusiil

AsUsTiuUSINansn waskansenu
Aphiranan Phongjetpuk Mahidol University

suANUIALAaN lunsHaRnTELElNTN
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International/

National

National

National

National

National

National

National

National

National



No.

10

11.

12.

13.

14.

15.

Time

14.15-14.30

14.30-14.45

14.45-15.00

15.00-15.15

15.15-15.30

15.30-15.45

15.45-16.00

16.15-16.30

Paper Code/

Registration Code
SSSCI2019 EN 22

$55CI2019 O 145

SSSCI2019 EN 23
SS5CI2019 O 148

$55CI2019 EN 26
$55CI12019 O 166

SSSCI2019 EN_29
$S5CI2019 O 184

$55CI2019 EN_30
$55CI12019 O 186

SSSCI2019 EN_33
$55C12019 O 203

$55CI2019 EN 17
$55C12019 O 115

Name

Inyad udumay

Paiboon Jeamponk
WWENT HOUNU

Walaiporn Phonphan

MY 2fdeIn

Nich Wongsongja

1510501 Infa7ns

Waraporn Kosanlavit

ugns nvenady

Naruporn Wetchayagulchai

5w 1w3glnasnw

Nitinarth Charoenpokarj

11e1 gonys

Wanida Chooaksorn

Institute

U109
AU

U189
AU

Refreshment Break

WM I VAWM

U149
UATTIEIN

UAINYSUFTTUAERS

Suan Sunandhda Rajabhat

University

UAINYUFTTUAERS
AudSsEn

Topic

wansenuangymnnznuanaiudetlyn
gunmewteveUsvrIruniISuUINg
Alsaneruiadeauey Samindosey

a a & A
n1seanuA1siasuLUasnunUITIBaY
Jarinayvsainsumewmalulagnsdsig
syuglna

N3ANYINSNEIUTINVDIYUTUINUE AL
warduandonusnaseulsdluiimanh
Woursueiuns Sminmeyauy3
Promotion of Community Participation
for Saline Soil Remediation by
Alternative Technology of Bio-Organic
Fertilizers and Nano Material at
Krabueang Yai, Phimai District, Nakhon
Ratchasima Province
msdenmaluladinmnfivsaudmiu
mswdsvezyadesdundsny nadifinw
Jainunusil
ANUVAINTTA AUYNYUUALAIIUATILARS

YoIUA ‘Luﬁuﬁaeﬁimﬁmmuﬂ Usnanels
nzla Lﬁamiaﬁﬁﬂéuaxmwia&Lﬁ?ia'sl,%&ﬁrm
gneiiles Jminaynsasmsu

nsfinwinuamiiangiiumeenviey
USNUTBU UM INeNdsTTUAEnsAus Sedn
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International/

National

National

National

National

National

National

National

National



SSSCiZiTy

Conference Sessions: Food Science & Technology and Home Economics
Krungthon Ballroom, 3" floor (ﬁaan@asuuaagu dU 3)

Chairperson Co-Chairperson

FOIMNANTINNTY A3 5TAMIUL 299N 9191380 A9.51UA1 ATy Wnthanrivingimansuazmalulagnsens

AURRMEINeIMansiarmalulad uinedevdgiyaaey  auginermansuazvalulad unnInendesadgaiugiun

Paper Code/ International/
No. Time Name Institute Topic
Registration Code National
The effect of extraction methods on
SSSCI2019 FT 19 Suan Sunandha Rajabhat
1. 11.15-11.30 - T Supatchalee Sirichokworrakit phenolic, anthocyanin, and antioxidant International
SSSCI2019 O 114 University
- activities of Riceberry bran
e Y AnwrautAnisnienw wedl wag 1nwuin1sues
SSSCI2019 FT 1 U35 avgw? A Do o« y -
2. 11.30.-11.45 -7 UMINYIRYIIER utlaunungtu Wethuuvuiutsandursdiulu National
SS5CI2019 O 8 Thanawee Loikaeo o e .
NARNUNYUUBY
.. . o . uinnssumsudnnseiieandenlstundau
SSSCI2019 FT 3 Ayey1ivs wwsIngal UNINYIFYNVAY . . . o s
3. 11.45-12.00 T . Suusemu meweluladnisnenmendels National
SSSCI2019 O 29 Kanyapat Petcharaporn AUFUUM o
- U (Air Fryer)
. - . ASANWIINTIETMMINTANNSHARLINS NAY
SSSCI2019 FT 5 INNUA YW UNAINYIFYVAY . e o e w4
4. 12.00-12.15 - v . LTRFNTUNEIURUUNT NIELTIFUAIBLATDY National
S55CI2019 O 38 Jutamas Moolwong AUFUUM . o v
NIAILUUGNNET
12.15-13.15 Buffet Lunch, Rim Nam Terrace, 1° floor
SSSCI2019 FT 18 >ANS nananing UM INeEY naveIMswisuuugBonudenonuns
5. 13.15-13.30 - - v . N . . e National
SSSCI2019 O 104 Choosit Hongkulsap TIVNLEIUGUUNT AIVDIANTANAINN ADNNTTLIYY
SSSCI2019_FT_20 aigna Uszinadng N INgay msmuanilaenisldudaiumadinuas
6. 13.30-13.45 - . . . - National
SSSCI2019 O 146 Nattapol Prathengjit VN EIUGUUNT uihgraunundeana
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No.

10

11.

12.

13.

14.

15.

16.

17.

Time

13.45-14.00

14.00-14.15

14.15-14.30

14.30-14.45

14.45-15.00

15.00-15.15

15.15-15.30

15.30-15.45

15.45-16.00

16.00-16.15

16.15-16.30

16.30-16.45

Paper Code/

Registration Code

SSSCI2019 FT 21
$55CI2019 O 172

$S5CI2019 FT 22
$55CI2019 O 174
$S5CI2019 FT 18
$55CI2019 O 104
$S5CI2019 FT 14
$55C12019 O 88

SSSCI2019 FT 26
$SSCI2019 O 191

SSSCI2019 FT 27
SSSCI2019 O _207

$S5C12019 FT 30
$55CI2019 O 242
$SSCI2019 FT 32
$55C12019 O 248
$SSCI2019 FT 12
$55C12019 P 73
$SSCI2019 FT 31
$55CI2019 O 244

SSSCI2019 FT 28
SSSCI2019 P 227

Name

1903 3vsnsna

Worakorn Wiwatcharakornkul

F3gns yuduniu
Teerayut Poonjunna
191050] A9eEBUN
Waraporn Songsriin
ATDIANAT AATUNUN
Krongsakda Phakthanakanok

o

TUR wiEITT

Wandee Kaewsuwan

230Uty Aauasyingea
Arunchai

Tangcharoenbumrungsuk
AAUST FAUSH1

5HA1 WYY

Tuiennsal wWaauag

Nanyaporn Mueangdang

AAUST FAUSE1

viiug Buniusedns

Khanittha Inprasit

Institute

PHIANTUN TN

UNINEIEE
FIUAYUATATTITNIIY

UNINEIEE
FIUAYUATATTITNIIY

UNINEIEE

swigustusends
Refreshment Break
Nakhon Sri Thammarat

Rajabhat Univerisity

WNINYIRE VA ATUNS

UIINIRYTIVAYNYIYT

UIINIRYTIVAYNYIYT

UMINYNET19A
ETGERGERH

UIINGIRYTIVAYNYIYT

NsANEIMERSUSNNS

Topic

aeRuileviiiuend qrsdnuoyyadass
wavUSiauansussneuiiuedniionun ves
nonld 5 alialufinainas
AMINAIUIHNARSUluUSE Development
of Pra Butter Products
nsldngnUsenaunurIauaudlui
594

NAYDINITOULAIRDENBUE U259

wulmlusieaanumidulyse

nssuiEnsHandednvaoduiaves
ndrgauyuklanen
nsAnwuiteganadululslunsly
dursuseaUninsalnUuasAluamindilu
%qﬂq%mqgﬁmamﬂumisxuLméaéfuma
0391 voULES

Ashdueaineanaunuimansieluvunig

1SV ULL DNy S

mnaunuudaiudendamengniuly
aenvaddenlus
mMsmuviaieaua MmNt lnasen

AsAnwautRasansNaNsYIelans
Inuaiulalasreanssnlunisuiulsuile
AudavearuNUaIg iU UNTBU
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International/

National

National

National

National

National

National

National

National

National

National

National

National



SSSCiZiTy

Conference Sessions: Sports and Health Science

Bongkotrat Room B, 2" floor (Foeueanusny U YU 2)

Chairperson Co-Chairperson

As.nANa dadgtey 819158 AS.AUNGY SRzl
inidevosfoRnseniugmansuasmaluladtanmdn i Fntaa Iy IngmansnIsinILasaunIn
AugRuUTIMNsIukazAllagYIn iR (BIOTEC) AEINEAmaRswazmAlulal unIne1dusvagaIugIu
drinauimunIneimansuazmaluladuiand (@mne.)

Paper Code/ International/
No. Time Name Institute Topic
Registration Code National
SSSCI2019 SP_15 Biomonitoring of metals exposure in
1. 11.15-11.30 - Churairat Srimanee Mahidol University International
555CI2019 P 128 Aranyik handicraft workers
. YARNAN 5 35 warn19AnIsANLTALES
SSSCI2019 SP 1 UMINYRY Y - o . a
2. 11.30.-11.45 - Jatuporn Ounprasertsuk o o VDIUNANY mm'mmaa‘awﬂgwwuﬂu National
$55C12019 O 11 Ui gaugiiun
- Uszinelny
SSSCI2019 SP 2 UMINYI§Y The Development of Line Application
3. 11.45-12.00 - Luckwirun Chotisiri . . National
555CI12019 O 15 VA FIUGUUN for Home Visit among NCD Patients
N HAYRIlUTUNTUANINAVADNEFNTTUAS
SSSCI2019 SP 5 1Inede o . . .
4. 12.00-12.15 - Wachiapom Chotipanut o o ENLﬁim?jsﬂﬂWW%MQQQ@’]@UWWU@‘UNUN@ National
SSSCI2019 O 23 Ui gaugiun .. Lo
T DUNDIUNIT W INAYNTEIATIN
12.15-13.15 Buffet Lunch, Rim Nam Terrace, 1° floor
o . ngAnssumstoaiulsalumiues
SSSCI2019 SP_ 9 NIENG NI Mr.Phoowasit UWINYNY Do .y,
5. 13.15-13.30 - ? ? . Usgnvunguideslusuaiinou National
SSSCI2019 O 33 Phoolawan FVNLFANAUAT

gneiles Tarinanauas
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No. Time

6. 13.30-13.45

7. 13.45-14.00

8. 14.00-14.15

9. 14.15-14.30

10 14.30-14.45
14.45-15.00

11. 15.00-15.15

Paper Code/

Registration Code

$S5CI2019 SP 29
$55CI2019 O 219

$55CI2019 SP 30
$55CI2019 O 233

$S5CI2019 SP 31
$55CI2019 O 232

SSSCI2019_SP_ 32
SSSCI2019 O 238

$55CI2019 SP 33
$55CI2019 O 241

$55CI2019 SP 8
$55C12019 O 32

Name

AT Tewd9A

Dawinee Chinnawong

wndns lveu

Preetiwat

Wonnabussapawich

17 @884

BND
=)

) I3 PN
oaane laies

Andg3uns Wayadlsad

Tipvarin Benjanirut

Institute

UNINRY

A auns

UNINRY

FIVAYUATIIVEN

UNINYIRY

FIVAYUATIIVEN

INYITYNTATIIUGY
d3uss

U INENSYTVY
UASATTITUINY

Refreshment Break

UNNANYIRYVAY
augum

Topic

nsenexaveshiugmeninlugtiede
wdew a lsmeunadevzuaglsmeuia
duaSuavnmiiuany snnedave fmin
auns
nMsiaugULUURINTSuduESHaun mlag
N3EUIUNTHAIUTINYBIEIDY MAUIA
suanuestn gunelveusns Jmin
Wetlnl
wavesTUsunsunsBamBennduiilo
danaraNsInNINNINLYRITINANTEAY
iseuAnwnimiauassvdin
UszdviEnavesguuuun1sdnnisisouns
aoulagldtamidundnEeimsguasn
ftheszuuiilauasvaenidonsernadugy’
madeus inuensuidam nsvhenudu
i wazauAaiuvesindny nangms
Usenefletinsiundndugs amufiing
ANAUNIUNNE IeNFNTA51I0UEY
&uss Jwmdant
AMANTIALAENMIELNBUINITVOUNYATNS
yn@mugiuiisvaufeu suneiios
JIAUATAIEITUTIY

ANUABINITHALNTUNTIUTNTATUAUA N
vouaeoglurnunTminay sy
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International/

National

National

National

National

National

National

National



a 2" conference
SSSCiziie

No.

11.00-16.00
13.00-15.00
15.00-16.00

Paper Code/

Registration Code

$55CI2019 CS 22
$S5C12019 P_142

$55CI12019 CS 27
$55C12019 P_159
$55C12019 CS_30
$S5CI2019 P_165

$55CI12019 CS 33
$S5C12019 P_211

$S5CI2019 MA 4
$55CI2019 P 78

Phanurangsi Ballroom, 1* floor front area: ntiwinsUssgun1y3eE 4u 1

Conference Schedule: M%UANI

Poster presentation for participation

Topic

msSuuntndnmmunadnuasuas s
Seou ngldmaianisduundeyamedsaull
msanaula nsdAnwin@nwumiine dy
wan1sAlneg
Tunansyiewginssuanudssnsiie
ANMEAMIATIANIINITIEBS
madsggnatsnsieladdmiviansalunis
SeunISaoU
nsiUSsuisulszansamnisyinuneduiin
fumigdwidnlensuuaannedinsiidulay
THlaseneussamiisunazgendiasng
Yiuned
firupRuazngAnssuvesddnsesrulsygyns
UATINTEYIN ﬁﬁﬁiamﬂ%ﬁmsiaﬁ
Tngansiuniengavme ($9dn) - unauau

Theme

Computer Science and

Information Technology

Computer Science and
Information Technology
Computer Science and

Information Technology

Computer Science and

Information Technology

Mathematics and Statistics

Poster presentation for evaluation committee (UaUBNANULAZN1IATIVAALLULIAENTTUNTINTIALA)

Poster presentation awards ceremony (WSNaUT At ausranUITINITUTELANIUAMDS)

Name

#3559 1a3ny5mul

Sirithorn Jalearnrat

AUAUA JUNSAYYING
Somjin Junatarajessadkorn
an1SPU INRIUING

Sakauwrat Jongpattanakorn

alging Tawn
Natthawut Soha

USendnil urmaassal

Preyarat Naksuwan
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a

q

Institute

UNINGEE
wansAng

UM INEGY
A uATUTY

UAINYIRBLNYATAERS

PanTalvIne1de

WNIMYIFBYTN



No.

10.

11.

12.

13.

14.

15.

16.

Paper Code/
Registration Code
SSSCI2019 MA 11
$55CI2019 P_189
$SSCI2019 MA 12
$55CI2019 P_193
$SSCI2019 MA 13
$55CI2019 P_205

SSSCI2019 PH 8
$S5CI2019 P 40
SSSCI2019 PH 11
SSSCI2019 P 64
SSSCI2019 PH 12
SSSCI2019 P 65

$S5CI2019 PH 13

$55CI2019 P 66

$S5CI2019 PH_14
$55CI2019 P 94

$55CI2019 PH_15

$55CI2019 P 110

$55CI2019 PH_16
$S5CI2019 P 111

SSSCI2019 PH 19
5SSCI2019 P 131

Topic

Stratified Unified Ranked Set Sampling for
Asymmetric Distributions
AudNiuS IR UIeULaz AU
TutidanuUas
nansznUTesUInaWuTiinaerauuy
dmsulsale wih Un
mamsenliiisnanwanafin wagidule
ALk

Energy Absorption and Exposure Buildup
Factors for Coconut fiber gypsum board
Evaluation of radiation shielding properties
for samarium bismuth borate glasses
Evaluated shielding radiation and
exposure build up factor for La;O3 based
glasses

Energy Conservation of Split Type Air
Conditioner in Mechanical Engineering
Department Building of RMUTL Tak
nsUszgndIsmMamaanmenumulnihves
%uﬁul,ﬁaﬁumt,mﬁaﬁwmma wagMsLARE
WA

Development of quantum mechanics
learning by integrated teaching using
normal scattering effects on charge
transport in a metal/superconductor
junction
UsvanSnmueaniedosTiuiauaasesn

WYY DINAINLAAE D TIIN9ASINYAT

Theme

Mathematics and Statistics

Mathematics and Statistics

Mathematics and Statistics

Physics and Energy

Physics and Energy

Physics and Energy

Physics and Energy

Physics and Energy

Physics and Energy

Physics and Energy

Physics and Energy

Name

Chainarong Pianpailoon

alngdld A
Nattinee Khongnual
AnfAnNs wawny
Kittipat Pondach
FNAY A9

Singhadej Tangjuank

Kittisak Sriwongsa

Kittisak Sriwongsa

Kittisak Sriwongsa

Yuttana Sriudom

suind Sygadiu

Thanawat RangSungnoen

eyl Feas

Panupat Chaiworn

WIEANA Inayns
Pongsuk Jittabut
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Institute

Sakon Nakhon Rajabhat
University
N INESYTUAY
UATAIDITUTIY
W INESYTVAY
UATAIDITUTIY

WNINGIRENUAY R Ane
W IngnduRaUIng

wInedeAalng

WINeIdeAalIng

Rajamangala University of

Technology Lanna Tak

NakhonRatchasima

Rajabhat University

W Ineae v e sl

W IMENdeT1vAY
UATIIYEU



No.

17.

18.

19.

20.

21.
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Incident Action Plan Analysis: Case study of the provincial flood
response plan of Thailand

Pornthip Wimonsong?, Kantida Boonma?, Bussayamas Hemmanee!, Thana Charuphanthuset®, Pongpon Plodpai*
and Tanabodi Krongyuti?

!Department of Disaster Management, Faculty of Science and Technology, Suratthani Rajabhat University
2Department of Disaster Prevention and Mitigation, Ministry of Interior

Abstract

This study aims to study the structure of the provincial flood response plan 2018 of
Thailand. The completeness and recommendations for the development of the provincial flood

response plan in Thailand were analyzed in accordance with the national disaster prevention and
mitigation plan 2015. The incident action plan consists of 14 elements. The resulted showed that

the provincial flood response plan 2018 consists of at least 7 elements and only one province
contained 14 elements. The elements of incident situation and incident objectives were found

mostly in the provincial flood response plan followed by communication and warning system,
respectively. The elements which lack in the plan were transport plan followed by disaster risk map,

statistics data on natural disaster and evacuation plan, respectively. The provinces containing more
than 12 elements located in south of Thailand with the highest percentage of 57.14. On the other
hand, north east of Thailand displays only 20 percent. Thus, the guidelines for improving the
provincial flood response plan represent both policy and operational levels. In case of policy level,

the government should promote and support the strengthening of community building, promote
the integration of networks, prepare lessons for water and disaster management and
communication channels with the government at all levels. For operational levels, each province

should continue to develop the provincial flood response plan. To ensure that the flood response

plan is effective, plan and operation action should be closely related disaster situation that occur
in the province. Furthermore, understanding the role of networking for supporting and exchange
knowledge is an important way to develop themselves and be able to manage the disaster more
sustainably.

Keywords: Public disaster, Flood Management, Incident Action Plan

6-2



unin

Mnanmafioniaiinsiuniuludagduiiliinlandesszaufudefdanssssuvadianuinay
ArmguLsEnty TnslemeUsemdlnedinisfiutureanizanudssnngnndedaiuiigmiiintueg ey
dansEnURoTeTIn danu Aswgia wardanademdusgnann anamunisaignndeluefndiiuandudtmsdns e
2554-2560 uanslilfiufisnuguusvesnisiingnnisegradiulddaiou aaindeyaasuaniunisaignnisves
nsudosiuazussimanssaudie lulnnsdnsiy 2554 Tdwuanudemeguanfndusosas 71.22 vearudene
Wauszine flyariAnudenie 23,839,219,356 U 5838911 Ao Unnsdnsny 2556 Anmduiesas 47.71 19
AN EEIETUTEINA flyar1Anudenie 1,841,217,148 um wazlulnmsdngy 2560 Anlufosay 32.25 104
AnudemeniUssmna fyarinnuidons 1,050,281,996 vIn (nsudestulazussimansisade nsgnsismalneg,
2561) wumavilslunsiesfunazannansznuananasisudvodisiivszanamuazdsdu Aonisananuidssan
as1saue FuduiBnisitanunsnufoaléRuslussdunseunta Uy dans wazdseine nstessuanuwdenlunsii
Faanuanunsolunisuuisenisidsuutasaniwgdeniasuisuimsdanaiioananudeafiusefvinms
5950917 WonsaisemsiunwomineInsssITALaz BnseRunua ARy Ui sefuTaumdnludas
LLmuW@ummegﬁmt,axé’mmﬁ’uﬁ 12 (2560-2564) et N3NNI TsANd A sen s TENAIN oY
Tunisiuiefugnnds iletesfunansenuiliiniu n1sdnwid Sedednuviunundymngundessfuimin
atulnnsAngy 2561 vesUsemalng Liielilduumslunisnieunistestutazuszarunsujifausening
Wig9usg Mg ﬁgwmwﬁﬁﬁmwﬁﬂLLawﬁwﬁmUﬁﬁami wielvannsadidunstestuuasudlotiom
nsiAngnndeldegissimiuariiuseansam uazimuanihfinuiuiavevvesmhsnuiiisadeslilsmiouse
msuftRnulusseznowdnde vuzifnde uasvdainde Wolinishemdeiduluogsmnduasiusesniunsaise
napnIuiuydUsraufouasiuiivszausslindugannsunilans nufnwiiliaaussasdifiofnwlassadoun
wagnnanndeseaudandn atulnmednsy 2561 vesusewelng Tiasieianuauysallasitowuginlunsimn
WL TeYLvn RS UTuaN Y saimuwun1sUesiuuas usTmasnsauiowiand Unnsdnsiy 2558

o

NQUIZAIAYRINITIY

[ [ o o

1) iefinwlassaiunundyusanndeseauiavin adulnmsdnsy 2561 vesUsewmelng

q

a o

2) iATIsANNaNYSTe LT MR Nn e sERudmin atulnnsdngy 2561 vesUsuindlng

o

a 1Y o

3)  lemdouuzilumsimuususndamnennfoseiuimiavessumalnelinsuiuauysal
EERVVRRERT

1. Sumpumsineuaznssrusudoya

NM3ANYINTIATIALRLR TR anneseRumiavesUsemelng laadunisinenisfinulaseasnuuipn
LHULHTYR (Incident Action Plan : 1AP) LazuuaARALIfUNNSaUHLATMGDITBIMN953R (Business Continuity
Planning : BCP) Fafiulassairdlunisviianudlaunisdymnanndsvesnsssinenistesiulasusnmansisude
syiudandn atulymsdnsty 2561 anudiAnueaunAnunulfiRnisiuanisal (1AP) uazuwIAmABafUNTALNY
AuABLeI953A (BCP) 9gtasvianuitilansdAnuivesunutagiu maiauunul joAnisivgnisal 19as
N15319uaY wunsdmsugiyrinismgnisallunisimuaidmaneuas Tngusvasd dalsenouvedwnuuians
wgnsal FadunsinwiBanmuaim hnssusauasiesgideyanndeyausugll anmsdunealiudmsesdnsds
fvthilunisimusulevis wazfideivalu sunisiwieumouvesunuindymaanndouuy (in-depth interview)
wazyiNsTIUTIMdeYaIINToyaunumTwngnndy atulnnsAnsy 2561 w3 75 Fanda (BNIUNTINNUMIUATIAE
vay3) uenaniddlideyanisgiarnionarsfiisitos (Documentary Research) léur tonansivinis Aedsfiusiann
uwdsdayarie 9 wagtenansswmsfileouns MAtesiuuAnuazmsdaviumndyimngnne

6-3



2. Mslaszvidaya

slumﬁtmwﬁ%'azﬂaL%q@mmwﬁu Linn1snsgideyanuaLaNyTivo KTy IATERUTIIn WAy
AinnideyanuunnesosesuszneulNEmA o deuuzi lum TSy Iagnn o e dminuay
579018 1ABN151151871395980U (Checklist) ToyavidUsznouveINUNTYmALATIIATIEWT A NE RasnIY
Annienansitigfesiiomuumaasdoiausuurlunsuivusausundyingnnfossiudmia Ingesduszneu
younunyvnansagUldRd

1) @nun19alansnsasie (Incident Situation: 1S)

2) InguszasAveInsdniuay (Incident Objectives: 10)
3) adaveyansiiingde (Statistics data on Natural Disaster: SD)
a) LquViLLamﬁuViLﬁsqqmﬁa (Disaster Risk Map: DRM)
5 ‘ﬁaga‘ﬁuﬁlﬁwﬁa (Disaster Risk Information: DRI)
6) “ﬁauﬂaﬁmwﬁ'wEJ”lﬂiLLaz?iﬂLL’mé'an (Resources and Environmental Information: REI)
7) 23RnsUURlun1Izandu (Emergency Operation Organization: EOO)
8) miviimmﬂﬂ/ﬁuvj (Relief: R)
9)  undsiveasuUsEanm (Sources of Finance: SF)
10) nmsAeansuarlnsauuiay (Communication: C)
11) MIuAaFiou (Warning System: WS)
12) msdadsguéinfiadang1 (Shelter Centre: SO)
13) uwun1sewgn (Evacuation Plan: EP)

14) WHUSINEANEZAINAIUANUIAL (Transport Plan: TP)

NaN1SAN®YI

v L3 (Y

1. ﬂ']i%Lﬂiﬁ3‘1’}“19]'81]6ﬂ']‘lJﬂ’J’lﬂJﬁﬂJyjiﬂJ‘llax‘iLLNuLN%NVL%G!QVIHI]EJ

Y

a o

IINNITIATIERTBYAAUAUAUY TUVDILNULNT YA NN Auszaudeanin adulnmsdney 2561

Y Y v 99
a o

yosUszmalng nui unusdgivngnnsesedudomte adulynsdnsis 2561 Tosdusenevvesunudussiu
7 0adUsEneU wazuiuNIyvngnnfeseiuimiaifauasuiuauysalinniigafed iy 14 ssdusznou fides 1
Fmin Tnsunundymnenndosssudmindnlngfifsiuu 11 uay 12 esdusznou Andudesas 26.67 uas 21.33
pmdIiu nmdl 1 wanalifunaufivansainuanysave awnuET gy gMnAsaIne aAUsE NEULNUINT yLUe 14

p9rUsENRULARLI IRl uUSEWAlne

6-4



WNUTILEAIDIAUTENAUWNLHTYWA 14 asAUsznauwdazIminlulssmdlne

300000 600000 9200000 1200000
1 1 1
(=} [}
(=} =}
(=] (=1
[=EE F ©
= (=1
™~ ™~
o~ o
(=] (=]
(=1 (=1
o o
S - =]
(=] (=]
3 3
2 2
0 (=]
(=) (=)
(=1 (=1
S 4 =]
(=} (=}
c Z
(=] (=]
(=] (=]
(=} (=}
o o
(=1 (=]
o) o
= o o @ o 0 -
'FI"IEIﬁU"IElﬁﬂJu‘E'InHm
7 aarusenau (2 4awin)
8 aandsznau (4 Tamin)
9 aaddsznau (13 Jewin)
(=1 g (=]
8 . o 8
g - B 10 esFusznou (10 Sma) | 8
= : =1
: B 11 osdusznau (20 Tavia)
B 2 aviusznou (16 Sawin)
B : ocdusznau 9 Sanin)
B o oadusenau (1 Sandn)
(=] (=]
(=} (=}
o | L ©
(=] (=]
= f=1
= #111A15IRNsTed R ™~
aaurinenmanfuasnalulail
0 100 200 300 400 umAneasuAngTegdsai
- s s Kilometers
T T T

300000 600000 200000 1200000

AT 1 UNUTLAAIBIAUTENBUMKNLINTEYIA 14 asAUsEnauwsiazdminludsemelng

6-5



NHANTIATIEToYa0AUTENOULNUINTYWRgNNABusaza1u WUl Jeyaaniunisalaisisude (IS)
Laginguizasdvaantsdnviunundaunn (10) Wuesduszneuiinulunsundgungvndouniian Ae s1uau 74
Jamin sesaenfe wwunsdeansuazinsauuin (O dwau 73 min msudadiou (Ws) 1w 72 Fande Feyasu
n3ngnsuardwIndon (RE) $1uu 71 fande ﬂﬁﬁﬂéﬁu’aquéﬁﬂﬁa%mn LLazﬁa;&aﬁuﬁLﬁmﬁﬂ 311U 70 Fanin
ﬂ']i‘UiiLVl’W!ﬂ‘ﬁLLazﬂ’ﬁﬁuW” $1uru 69 Favdn undafiunvessudszanas S1uau 59 Sandn uazununITONENTILIL
40 Fafn ustedslsfinalunmuvesusemAlnedadinsininosusznauduaiftosaninfndy unuiluansiiud
\dosf wazunussnNazMINduANIAY Aostiaes Andudenar 44.00 (33 Sandn) 29.33 (22 Yanin) was
16.00 (12 Ss3m) muddu fsuananini 2

80
60

N 40

=

T4

g 20 I

=

(e

N ]

0

IS 1I© SD DRM DRI REl EOO R SF C WS SC EP TP

BIAUTENOUVDIUN U TYLAGNNAY

WA 2 LAAINTIATIENT0LANLATUNTLTBIDIAUTENDULARE ANUYDIUHULHTY LA

9

PNMTIATIEVTRYAAINANY THVRIUNULE TR NN e seAuTmTaTiunndt 12 asruszneuduld wut
Tuaaldfinisaiiunisiu 8 Famde Andudesay 57.14 sesasunfanianziunn $1uu 2 Jaie Andusesay 40.00
Tnglunangiusendaaunilefinisadunisiiesdseay 20 AgandlunIng 3

25

g IWL

A1ANAN mMeawnile aA

A1ARZIUDDN MARgIuAn
azTusenidsunie

B uudaminnavua 1 Srunudaniniifiunnnii 12 ssrdsenau

= a Iz v ¢ = ] 13
AINN 3 LLEWNﬂ’li’JLﬂ‘J'IS‘WUE];JJ&ﬂ’J’liJﬂSUﬂ’JU‘UENENﬂ‘USzﬂ@‘u‘mﬂﬂm’] 12 93AUsENDU

6-6



2. FaUNNTDIVDINUNTEYWAQNNAY
mﬂmaf;mmumauamummmumummﬂsmawawauaLLawmmunwmwmumummmmgéfwﬁmm

Y
v
& A A

WU aﬂﬂﬂiuﬂE]U‘V]ll“Uaﬂ’]’Nll’Wﬂ‘V]E‘W]ﬂE] WHUSIUIIANNAZAINATUALUIAL TOIAIUIAD LLNUWLL?WNW“L«W]LHENJWEJ
ﬁﬂﬁ]‘ﬂ@lluaﬂ’]il,ﬂﬂﬂﬂ LAZUNUANTONEN AINEIAU IﬂEJﬂ’]ﬂ(5]u'J‘L!E]@ﬂiJ‘UEN’JNIUﬂ’ﬁ‘\]@W’]ENﬂUiuﬂ@U@WNﬁﬂﬁ‘U@NﬂaﬂﬂiLﬂﬂ

@

Aonazurunisanen lneinisdavhaadudevas 33 33 mﬂmi’umﬂmmmﬁm‘v‘l’wENﬁﬂizﬂaué’mmﬁ@ﬁﬂaaa%mmi

a

mﬁmaLLauLqummaﬂamawmﬂmumumﬂumﬂmam umimmmmﬂusaaau 20.00 mAldramsInhesdusenay
FuunugsaNazaINFIuALANLAs UNLTLans LTI s sgnduunTiga En1sdavinAnidudosas 21.43 uay
28.57 Ay MAnasvIAnNsInThesdusEnoufuuNLSILIBANATMINMUALNANLas IR UTLARsLTIR TY
undige fnsdmiAniduiesar 14.29 waz 19.05 awdidu aamileviansiaiiesduszneusuLIuSILIBANY
arAINFIUANUIANLAUNUNNTENENIINTAdR Dn13dasinAailutesar 11.11 uar 33.33 auddu uazaia
ny upondsanilonamsdarhasdussneuduuausnsmLEraINd UANLIALLA LT AR VLT ABsSanniian

fnsanvihAadusesay 5.00 waz 15.00 mua1su lnelis1uasdenninisnen 1

M99 1 UARITEYAAIINUNNTDIUINTNEAVBILK LN TR UARZAA

1A Juudmin  duduvesesAusznauiiivesitanniige  SevazvaimsdavitesAussnau
. 1. adAveyansiinde 33.33
AAngiueen 6
2. UNUNTONYN 33.33
. 1. adRdayanisiinge 20.00
MAngIuan 5 . y
2. UNUBNIEANETAINAUALNAY 20.00
., 1. WHUSINYANINAZAINATUALIUNA 21.43
nald 14 d X A
2. UNuLansiuLdy sy 28.57
1. WHUSIIYANINAZAINATUALIUNAY 14.29
n1ANA"Y 21 4 X
2. UNunLanIiuLdg e 19.05
. 1. WHUBWILANNAEAINAUANLIAY 11.11
nMawile 9
2. UNUNTONYN 33.33
. - - 1. WNUBIUIAINAZAINATUANUIAY 5.00
mangiueanieumile 20 4 X a4
2. WRUVILEAAINUTLEADINY 15.00

WHULHTEY R annAuseaudawin adulnmsdngy 2561 vesusewalng wudi dalldesinaunsdsenislunis
wisun1ssullouazuilulaymannde ImaLa‘wwLqua"ﬂmammasmﬂé’mﬂumﬂuﬂ'ﬁwLﬁué’aﬁmﬁﬁﬂunﬂqﬁmﬂ
Foilnsuduneifienudssiunseses Wewssuenmieulunisindetine dugraufiounuouy dumasng
MMIBNNLANNAZAINTIBNTOUTLTTUINNTITIAT N3vudie indoutihe uasdnmidumadesiivasads lunsdd
Andfeldagiaiuniieg dmsusauiivansiiuiidsssedunuindaduesduszneuiisnduluniald ananans uaz
aangueenidsunie vldmauisiuifienudeunaudenaingnnds fadusumamidunisuimsianis
gnnste Tgiamgyadunisnaueunisliiau n1snsdades nnamernsaluasifoussdvim nasnaudiunis
Useufetivia ?éqLwiaz%’wi'ﬂﬁﬁ%%’aiumﬁmeﬁuazﬂizLﬁuﬁyuﬁL?%mqmﬁaﬁum@mﬁu oty nss Ui
L?‘iaqumﬁ'mfu ansodunldlunismuuimislunisanfivnislesiunazussimnansenuanenndelimuizauiv
Nuisne q Famsliuasnisildlaswadouazanmsnisitldldlnsiadng aansadnasunrudfydnsuinasnisisasu
WpsTEzEN Tdsnmanennsaluaiieusotivioy FaduABnasnsuiiorugnndvdnisniaianunsathluussgndld
‘Luﬁuﬁ'ﬁ'ﬁﬂLﬁmqmﬂﬁmﬂuﬂizﬁi’mﬂ% uananil nsdaindeyanuaiaveyanisiiagde mmummmqmﬂu
A1ARIUDDN WazNIANY IUAN ﬁﬂﬁmwﬁagamﬂﬁmﬁ’a%wmﬂmﬂﬂ’amﬁw,ﬂmuimawmLm’]w Ussianfefiintu

6-7



vevads uarannsoiieneiliiduuleuienmsuimatansfeRii mstmuafianisnisuimsianmssedudminld
AMTULHUNTENENVBIUN LT RaNNAe sEaAUdmdna adulnnsdnsy 2561 wud dmsandunsiunamilouss
mangfusen Yovay 33.33 fallanudndulunsiwiounisonen dmungaenen wazuumlunisenem Lilols
Ussrsuannsndiemdenuadunisenenludesuld warlunsdiidiosnsaudiemdelunisewsn agndlsiian
w1 iRnumaus g ennfeseduimte Weiamgfefivituaiienldlibulumuunuiingiiaue
Fedu madamaunlunmsdeniuiiedeRtRuuuiugiuuuegiaioslay 2 af Fuluanuiifimnyauiiganiumssauy
vosiermgdunssuilefefivh uazervesiinsdensendn 1-2 A%y muwdrumngay Seanudufuiieaths
ussiaguuasAfisurimuaidensU iR AuRTR nvidadunansedulifuisounniadussuuriounuiind
diomeimuUiudgasumsiuiioatteaiies waranmsinuiiieatostunsuimsdnmagnnderilussfuusame
Famin wagiiostiu nud TunmsmwesszmansiinistmusiimnenisuimsiansssduUssmaitanuduennin
fisruutimsdanistoyaduninenniuarlnsadesdnadnseduuloue naenaunsiduesnadeiiion luvasi
seiudmin wuh filduldduds msuszanuny msdeans msmuan dademensiiies wasmsidiusiuve sy
finasieuszansnanistesiunazuilatymanndy ludiuvessedumauia wuiddeunnsinsiuluesduseneuees
wwmdlunsdanisgnnde Madtuegfudnuuziamzuazanudundwesiu warlussdufiuu wuihnsidud

' <, Y U Aawva @ a o & % v v I ]
vowuruegndugusssuluynszesvosnsdnnmsdeRuRdudedndulunmsaswurulidianuduuds (15199 2)

#5Unan1339Y

NN15ANYINITIRVIH U gNnde seaudamda atulnnsAngy 2561 W 14 peAUsEnaU WU
wnuEBwnanndeseiudminfiyamulunisnannsuiiedefivhegraduszuy dnsdmueduiiRnuuassiuna
sthilfegnstaian uasiideyassdusenouduaniunsaiammande Tnqusrasdassnstarunudeyafiufidodts
foyadiunineinsuazAunnden nsfeasuainsauuwiay Msudafiou uazmsdndagudinfistangn egslsfinm
failerheflannsausuusddiunuiianuysanmsBauld fe uwusiusanuaznindiuauuiay unuiuansiuiides
o affteyanisiinds uaznsdaviununisenew lnsanuauysalvesusunTymanniosefudmiafiunni 12
osdUsznaviuly lumeldAndudosas 57.14 Tuvaziinang fusenideamiedinmsdnuiunsifiesiosas 20 lned
Fwtafiinsdarhunuadmngnndy adulnnsdngy 2561 Asuia 14 asduszneu iss 1 mda fefy Sududesd
wwIndlunsHanAugn1sInviukuTangnndeatuanysal aaonaun U UALaEIAUIUTUUTINUHTYN
oesiLilos

M19199 2 Feaslvesnsuimsiamsgnnaeluszaulsznea Jwmin wagviesdiu

Usziaudidnu daaguvasUssnudianu

Yauglunmsusmsinnistiwessena | - AsAvuaiiani1anisusmsannisseaulssmanianuduennin

(YWYNS YUMEIIA LazANE, 2559) - flspuuuimsdanisteyamunineinsiiluguuuuvesgudtoyauiuieni

LASDYILBIANTILNEITDY

- atuayuMITeed1asiaiiio

- PVNIASIES1909ANTNANTEAUULEUIETABNSLS AL LASIFS19D9ANTRANWAL

(9¥E LAWY waggdTIal wasumdy,
2560)

fudszdvsnanisdesiuwazudlatymenndelunsavmumuns

dnnsannay I:u'ﬁmﬁmv‘hLquLL:u'w]Lquﬁmﬁmam%Lﬁmﬁvﬁ’l

n1susnisnisdesiunazudladani | - msvimsmislesiugnndy wud filduladnuds msuseauau msdeans

gyndbluunngunmamunas n1smvay Jadeniansidies waznisidiusiuvesyuvuianuduiusniauin

- guassANaNIsUIslann nsusrnlsnunsuiaveulaensdluiens

6-8



Uszihunanen

FaagUvasUsunudiing

wnuSulledeiUn AuauAsInIaye
(gl DeuBUNI, 2559)

nsazaensauatnvisaiiedlugueuszaude waznisuiamdinlunisiana
YoIUHUT U AUATR

wwImslunisdnnisgnnde: nsdldnw
WAUIAUATUUNYS
(lnsimid 11an wazAe, 2557)

a wa

MINUHUUITMNIIANTENNIEIa N Yuziin Lagndauiaieivn
aguttutdingelunisdndulaudlalganuaaiunisel
mMsasAuPLdsiunadusiigeg tewdlulamsauiu

NsTALESELAUGNNRITIATIY

NNSUIMTIANITENNAYYDUNAUIAUAT
malng 8nemInlig Jninavan
(MBANE UTIUNID UASTIAT AUALIVY,
2561)

FULUUIRINMSTUTTIANTSENNAeiddny Ao N1sysuINTTINiuniignu

Y
v

WgITDIATYNTY TWUINIINITUIMITTANITUINA A1Tudioudend

UsEAnEn1n wagsEuUNSIanInUeIYeIgBuMIslATINSULNLE e

N1508AUMIEUNITUITINIgNNAETy
TEAUYNUY
(F291 UT5AS, 2560)

nsfidusauvesyuvuegindususssuluynssesvesnisinnsdenua
nsaeusulidianuduwiadaeniesgidlunisduaiotneuaznis
Ansiadaansiuniasglunnszau

@

FuraasUuUessilsungmanewasulovslrdanudavgulunisuims
Janisuwuuysannsidenadesiuiitinanudueguay Tausssuvesyuy
msdariszuuiasgumsBnlifulssnsuildsunansmy
mMsInviguteyaruvudmiunsianisennde

MAeyiBadure YNy

6-9




wumnuazdaiauauusTun1suTuussunun By gnn iy
ForausuuziBauleuiy
1) Walemauazasnsosmsliguauliidnuniidusulunmsudlouiulsunundymauwasinnsdeiviodns

Dugusssu

2) maaunalalunisguatanaussssusasnalavhauimiumbsnuesdnsamilunnsedu sudedssuy
nssnduladans muauguaiiiduionaw

taiauauurlussivufjianis

1) m’nﬂ%’uﬂqqLquLw%fgm@iuu&iax%’mi’miﬁﬁmﬁﬂﬁ’lLquﬁmeﬁuﬁﬁmﬁaLLauLmué’mwmwawm

auALUALlAazLDYn

2) NFIAVIUNUNITENEN ABIUBNTIRITDIdn UNoneNlsIAndeNURLaz UanLudunIsivasnielung
Wumanfiegerdevesiusvausdsludianuniusesonenlagasidun
3) WaUSuUsRuETnannigvenasd s sdesiulazussmassudedmineg oo uaz

Anwuwamensufitnudiedamedefitituasendulunuununnd vsela

o

9 afeanudlaluunuimveaasetiglunisaduayunazuanivisussuiieiauinisiuileduidiedis

foLiag

LONEI581984

nsudlastunarussmansisaty nsemsiwmale. (2561). deyaasudanunisalgnnae. Fuduiile 22 unsiaw 2562,
9 : http// www.cmsdetail. directing-6.191/28057/menu_4469/3897.2/uNutiTayininannie+U+2561.

fust 1BeuBunsn. (2559). udseunuduiiessith wautauasinnzaye. nendnusUsayauimsgsiaumdudin
A1U13NTIANITINAENS AnENIRIveAanswaNISUYT UM INeSesITUAERS.

Fogns Juaeses o33 Auiln uazunsal arauns. (2559). aaunisaligmlunwsiuuazdaiausuuziBalougly
NMTUIMNTTANTTINYBIUTEWA. 1N5aNTISELAYAILN 195, UT 39(1), 63-84.

Inviend 1181 qunsde Yousa uaviiana wsvufivinena. (2557). wwmslunisdnnisannde: nsalinwimauiauns
UMY, aadunsguningn, 77-105.

#9971 U3599A3 Uity Wi Unasmil mshl uas degns Tunesieas. (2560). n1sasaunseunsussiianndely
FTAUYNYU. NTANTITeUazITUT LIS, Uil 40(1), 103-115.

WETNG WIIWNIT UATNIAT AUALIYY. (2561). NITUITNITIANITANNABYINAVIAUATUIA NG S1LNaNIALHEY
JInaan. MIansmsiiesnisunases, U7 8(1), 229-245.

99y L@ ITes wargdsIal waswnndy. (2560). n1susnisnislesiuuazudladyignndelulvaniannaniuas.
Msansinwusadin, Ui 18(2), 111-127.

Emergency Operations Center Guide. (2004). Incident Action Plan: KPB - Emergency Response Plan.

International Organization for Standardization. (2012). International Standard ISO 22301: Societal security

Business continuity management systems requirements. Switzerland.

6-10


http://www.cmsdetail.directing-6.191/28057/menu_4469/3897.2/%E0%B9%81%E0%B8%9C%E0%B8%99%E0%B9%80%E0%B8%9C%E0%B8%8A%E0%B8%B4%E0%B8%8D%E0%B9%80%E0%B8%AB%E0%B8%95%E0%B8%B8%E0%B8%AD%E0%B8%B8%E0%B8%97%E0%B8%81%E0%B8%A0%E0%B8%B1%E0%B8%A2+%E0%B8%9B%E0%B8%B5+2561

nswanfnglamuiinnwainvesdenienisinensiazanann sy

a o

TIUYNIY 1RFURT"?, 1729500 2WANELUAS P, 89991 SAdTRNate’S, uaz Unidin vigyausea™
IpnurAanndenuarninensmans wniverdoufioa e nvamansn uasuga 73170
E-mail: *firstc87@yahoo.com, bjaruwan.vvon@mahidol.ac.th, achara.uss@mahidol.ac.th and “bundit.cha@mahidol.ac.th
unAnge

o gy

ATl ’mqﬂizmﬁtﬁaﬁﬂmmmamﬁwvl,amu%amwaWﬂmmLﬁamqmimwmiLLazqmmMﬂiiu oA
¥1UD08 WNTudUEra e AnauY wazngneunletiudilsnas lngldnssurunisgesaarsnuulildennia 2
fupou duliunimeaesuuungluminnaaesuin 250 Sadans FsUsznauseingiu 170 fadans muffusiude
30 fiaddns neldannizvesgungiifl 35:2 earmwaldua uazAraudunsa-sasudulutig 5.8-7.0 dwmsu
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Biohythane production from agricultural and industrial wastes

Chamnanpong Chalermpow!?, Jaruwan Wongthanate®, Achara Ussawarujikulchai®®
and Bundit Channarong®¢

'Faculty of Environment and Resource Studies, Mahidol University, Salaya campus, Nakhonpathom, 73170
E-mail. *firstc87 @yahoo.com, Pjaruwan.won@mahidol.ac.th, cachara.uss@mahidol.ac.th and
dpunditcha@mahidol.acth

Abstract

This research aims to the biohythane production from agricultural and industrial
wastes such as sugarcane bagasse, cassava rhizome, water hyacinth and cassava starch
sediment by a two-stage anaerobic digestion. It was conducted in a batch test using a
volume 250 mL laboratory bottle that composited of 170 mL combined with an inoculum of
30 mL under conditions of temperature at 35+2°C and initial pH ranges of 5.8-7.0 for stage-
I biohydrogen production and 7.25-8.50 for stage-ll biomethane production, respectively.
The results showed that the maximum biohythane from water hyacinth+ cassava starch
sediment (WH+ CS) waste with hydrogen yield, methane yield and hythane yield of 33.34
mL H./g COD, 193.55 mL CHa/g COD and 228.38 mL Hythane/g COD, respectively. Also,
the Ha content of 15% and COD removal efficiency was 50%.

Keywords: Biohythane; Agricultural and industrial waste; Two-stage anaerobic digestion;
COD removal efficiency
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unin

Tuilgtuuramdsnumdnildlunisdssdinssdniu wu Weomamoada uazriuiiu SuwAnnza
whau uaziilothunldaefinisUanudesfimiSounsyan wu esueulavenles FsdsmaliAnusngnisainaglan
oty Ky Tefesnuvdmsnunaunuiivangaufianusonauundanumdn uandundanuiiazenn
AoliiAnuafivniedawindou (Chandra, Takeuchi, & Hasegawa, 2012) fngdan1w (Biogas) ordundsanu

nownuydanidanidundoy leaidufemindusiusssurifannnisviingssaansvesasdunsdgnialdaniie

De

UsiAaneendiaunielildeiniea (Anaerobic digestion) asrusznaudiulngilufadinu (CH.) nsyuaunsil
Huiteslunsiasuveadedssandudluidunsualin Wufansduiieliaufeulunisuszneveims
waglfifumeiidudiunanludomdsdmiuiniosud Goad sratadfiia uaslnin grssaumes, 2555)
tHagtuil venanfedivmuuds dalifwdniandsiamnsnianlfifundamumauuldde fMelalasnau () 39
Wuundandsnurdandeildsuaruauls iewnanidundinuiiazetn annsusesuaivgiuindon uay
aunsaldunuimeamsitludanaadluauinnla (Show, Lee, Tay, Lin, & Chang, 2012) lalasiauuaziinu fie
IFndufetnmfifinannssuiunistesamevesarsduniduuuldldonnia faduiiden Wesindunisi
vesdenrunsruun A dundnumeauny nsnansdussuunssiiuuy 2 uneu Ao Jumeud 1 s
nanfwlalnsiaw wardunouil 2 nsndafieiing lunsdneafidiuaanudt ssuuniswin 2 Suneu §
Useans nmlunisudnfneunnninseuunsnsin 1 sumeu (Liu et al,, 2013) Tnofeis 2 vinazidundany
avouazannislaesieifeunszanifloloufunislindsnundnogne st fesssued wasdwiu Suin
wwaRalun1stndsnuis 2 sdadunansudionelfiAandnunaunuluguuuulnl Fond frelemy

(Hythane) W3atwanANTIaaLTanI1 AelawmuTanin (Biohythane) (Liu et al.,, 2013; Roy & Das, 2016)

Ussinalneiduussinanunsnssuidnandnmanisinemsuazgaamnssunuasogidudiuiumn 3a
dwaliiinveadsanienssunariidusuaunn Tnsvesdeowmniiluuna g Afnivuamdany Sonld
NeuazingnIngs miﬁﬁaqmé’]ﬁmwamLﬂuwﬁad’m ﬁﬂﬁmammﬂ%ﬁymwawé’ﬂl,l,asé’wi’mLLﬁ{]zgmmiﬁﬁm
gademeniainuasidlunanfenty Funadafuwdmdsnuiivnzaudenisiauiegsddunarandym
AduIndeu (17590 WEVZLLAS, 2558) il TmgRuTlazumeaeu Wi 1) vudes Wuduvesdwusesdii
Fuohluliusgloni wdousnmnuaziduls Tasasdiviunanhnauasiwagloags wangdumsthandandsny
mmuuamﬁugammsmﬁm (Fruased 1nivus wazaunsd Toves, 2561) 2) wifudsnds Hudwuildouse
sgwrhaastufugdu sanuflulanfuifeiudvends Susgnimdmnitfueudisiululisslonilulsan
3) finpura el fivensiusosaundnagluusid Swilfiiaguassetenisauauuaznisisdinves

a adao

dodun nsfnwfiiiuumudn dnavsrduingiuiddneningslunisudnfitedann (Hans & Kumar, 2019)

q

o w

waz 4) aznounladudznds Wunznauanszuuviidaindevedswundauds ferusznoundnidu
astulamsanuulndudnailsiuaziinquedunsdfimunzandunisudaiiedanmidudiuauuin (Show et al,
2012)

o

nUsTaIAvaINITITY

diaAnwInN1snaniglawudnn naINveLdENINITINYATHAZRAAIMNTTH MENITEUIUNTHRAA LY

lail¥e1n1# (Anaerobic digestion) 2 Tunau
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1. JngAuasiuiililunsmaas

i’mqﬁuéﬁgq AulseEnoumIy 1) 91u9e8 (SB) 2) windiud1Uznas (CR) 3) Knauwi (WH) waz 4) aznauuis

Hud1Uznds (CS) uaﬂmﬂuﬁ]ﬂﬂjmﬂauLLi’]aLUummﬂsammmqmwLﬂumamamamsmwmm 3 iausn lown
5) ¥rudos+nznauLiNtud Uz nas (SB+CS) 6) midud 1z nas+nznounduiud1uznds (CR+CS) 7) Anauain+
nzneuuilaiudUsnds (WH+CS) sauadu 7 1iia mavaaesazlininagneugdundd (Seed sludge) anlsaiidh
Awdnauuuldldormanduiade (noculum) eilldinsusuanmingiudeiude B fiatiluusios ngiu
Wielidmumnzausenisuanine Tnevusesfuminiudzndwsinsusuanimeenmsuauniugandnls
Tusddunan 7 u duinurnazuiuanmsneanusou (Preheat treatment) figamadl 100 ssrwaldea
Hunan 1 dalus LﬁaL“fluﬂWiaawiﬂsqa%ﬁaaﬂﬁuuazqﬁuw%‘é Fadidnlunsfiudnsinsndnfedaninzhens,
Zhao, Xu, & Li, 2014) d@usnznaukdssiudrvzndsliiinisuSuanin i’mqauﬁgﬁuﬁgﬂwmgﬁwmLﬁuﬁmél’uiu
SnsrduvesTngiudasudotindu wihtu 1 de 2 udrtudunanlidniu snduhuinnziaudneuzmns
nMenmuaaiifiddey Wid Aramnadunsa-ang (pH) $lof (COD) vetudaioun (TS) veaudesmeld (vs)
‘U%mm@um%‘&?mi‘uauﬁwm (TOQ) LLazU%mvauImmuﬁy’wm (TKN) (APHA, 2012) @1915U284F8N19N15LAYAS
iimylns1evianiiu (Lignin) iediwaglaa (Hemicellulose) uagisaglad (Cellulose) (AOAC, 2016)

2. NINAABY

n1sMAaeIRlun1suuUng (Batch experiment) lnglda3annaaes (Laboratory bottle) vu1m 250

faddns wagewiumeganataindanierinliiAnanieildiiuas Ysumsaisazareiviinisnaasshe 200
95805 Usenoume Wiide 30 Haddns wagingausdu 170 daddns adusenvinsusvaninvesvinuiili

agluanmiloandiau ngldnsviuldenmamefilulasiau (N) Uszana 1 uidl uaslnvanuiimegngns wieu
Ansenafiufng (Ar bag) ileussafneiiiniuluseninanimaans LLéhﬁmnwaﬂuéwﬁwmuauqmmﬁLL'U‘U
\En (Water bath shaker) 71 3542 perneaidoa fednsiss 100 seusound Fwsdidunslurinmnasaiuis
2 $uneu dmdunszuaunsningesaarsuuuldldennia 2 Juneu lunsinwiiine Tuneudl 1 n1swanine
lelasiau dhemidodaudausuanmieminsoufionmgf 95 ssnwailia Uszann 15 w1l (Heat shock) e
FudsRanssuveanuaiiseildlelnsiau LLazL“T‘;Iuﬂ'ﬁﬂﬁséjul,wﬂﬁL%‘aﬁmmsamﬁmlaimwuiﬁ (Roy & Das, 2016)
Imaﬂ'ﬁmmLﬂumm—ﬁhqSuﬁumaﬁmqﬁuﬁy’qé}'uagJJ"lwzm‘ﬁ'L“T‘;Jummﬁmmwmmmmmsamauwiawﬁm d1msu
Sunoudt 2 msuanfeiiny FuesiRutidesduitliiunsuSuanmieauteu 30 fadans LLazi“mqauﬁgqﬁu
fiAnndunsa-dnaduduareglugaiifunatsdsdn feanisuivanmanuunsa-ssesasdiulunn
noassldlaieuluatsuaiun (NaHCOs) TilanmiBussuaznsndaiingn (H.50,) Iotlan midunse
3. mshamuasvdeunsasuwdasiinetulunszuruniswiin

nsnTafnuiinafiiedanmiiiedudsgnifulluguivine Tasldnssuendaiividenda (Glass
syringe) N 24 Flud wagnsratanaduduvesfing Ha, CHa, N, way CO, fillunsAusznavvesfinadinini
\AnTusa81A309 Gas Chromatography (GC-TCD) MaaﬁnﬂLiummimmamlwm 4,6, 8,10, 12 wazyne 24
Hlus auninmsveasdlifinsndnfedaninietu venaniasinsduiegnilurnuimaass Inediuly
P18l a LA ndINsrUIun1sHnkasnsaaa1dlefifienuszansninnisiidadled (COD removal
efficiency)

4. msieszideya

4.1 a1n15 Mass balance equation M@ 1uraiUSuranisndnfiglemu Jawvadu n1snanfie
lalasiau (Hydrogen production) hagn1sWwannieilinu (Methane production) (Wongthanate &
Mongkarothai, 2018) Faaunsdi 1

Vi = Vit + CrilVei- Vo) + Vi(Cry - Chj) (1)

e Vi Wae Vit it Usinmsinglelasiauviotnedviuasan o vandl i wae i-1 sugdidu

Ve bag Vo1 AB USHIRSALTINIWAIANA U 187 i Uag -1 muasu
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Cihag Cuyq Ao dndluvesiiglalasiaunsefigiinu vsudiuenian1uuuluvInuiINaaes
(headspace) 4 138171 i waw i-1 AUy

Vi i USinasavanesuiian Headspace

4.2 EUNSWUUI1a83 Modified Gompertz equation tJudnuiaunisiaziuildlunsuaanis
Usununisuannnelalasiauazan (Cumulative hydrogen production) hagUsuianisudaiigilinuazau
(Cumulative methane production) (Wongthanate & Mongkarothai, 2018) Faaunnsii 2

H = Pexp {-exp [(Rme/P)A - 1) + 1] } @)

e H (mL) Ao Usinaumsuaninelalasiauazay MsoUsuiunsuanieiiinuasas)

P (mL) fie Usinaumswaniinelalasiaugege (iFeUsunaniswanineilinugega)

Rm (ML/h) fi 8nsinsuaninelalasiaugean (M3ednsinisudnfineiiinuasan)

A (h) Ao szeznaMIUTuanmuesingiu

e fin 2.171828

4.3 gun1sAuaInUszansnnnsindadled (COD removal efficiency) sazfunnmnnsyuIng
wifnita 2 duneu iileneassnisanaswesdunisinglussuumandtn (nduuseny Yy, 2595 Mudy, asuing
uaunwsuy, waztens1y Adeyley, 2555) Feaunsi 3

% N15M3ALeR = (CODy, — CODou)/ COD, X 100 3)

e % n1sMAndlen Ao SevavveiUszansnmnisidndlon

COD:, Ao AdlefisusuAounITTT

CODout AI® ﬁﬁ%laaqmﬁﬂawé'qmiwﬁma%ﬁ]?:u

4.4 n1sAudunIsanlulalamu (Biohythane) azAuiusovazvosliuialalasaulneuiuins
(Ho/Ho+CHa) (%) (Liu et al., 2013; Qin et al.,, 2019) wazkananiwlawu (Hythane yield) (Qin et al., 2019) ¢
aunsi 4 wag 5 MUy el

(Ha/Ha+CHa) (%) = (Ha/Ho+CHa) (v/v) x 100 (4)
Hythane yield = H, yield + CHq yield (5)

dlo (Hy/HztCHY) (vAv) e YSinadlelasiauannnnswaufinglewnu

H, %39 H, yield Ao wandnielalasiau

CHa %139 CHa yield Ap nandninedinu
NaN15IBUAZAITEAUTIUNS

1. padnuaznsneamuazaaiivasingRunidu

wamimaaa@mé’mmzmqmamwLLawmLﬂﬁmﬂi’mqauﬁy’qﬁuﬁwm wansluasnadt 1 fedl

997 1 ANENYENNNIEAINRAENINATVAEEN NN YATUAL IRATVNTTULAEN INAZNOURAUNIE

w5fmes (Miae) SB CR WH cs SB+CS CR+CS WH+CS Seed
sludge
pH 4.50 6.28 6.68 4.12 4.65 5.33 5.15 8.16
COD (g/L) 4.00 24.00 24.00 24.00 32.00 32.00 40.00 24.00
TS (g/L) 0.10 6.28 0.37 126.31 90.33 19284 11659 18256
VS (g/L) 0.04 6.11 0.15 12532  74.66 173.07 72.34 153.29
TOC (g/L) 1.73 2.04 0.67 2.55 3.78 4.15 4.15 8.30
TKN (g/L) 0.04 0.38 0.36 0.92 0.94 1.25 0.92 2.10
Lignin (%) 7.69 2031 3.28 - - - - -
Hemicellulose (%) 2296 047 18.88 - - - - -
Cellulose (%) 41.12 3755 4322 - - - - -
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v o
[ a o Y o '

INANTNN 1 HANITNARBIANEN YTV TNQAUAIUIIIUANUT ﬁﬁhmmﬁflumm—ﬁmaaﬂmhq 4.12 -

q

v '
' a o N 1A

= 1 a1 & Y Aa <, i = v o
8.16 qjﬁa?uiﬂfyﬁ]xﬂﬂ’uﬂuﬂﬁ@ gNLIUNINAZNDUNNANLTUAIY N9U W3ﬂ@uLL{]\‘iﬂU'ﬂWﬂ@UWNﬁNWgﬂauLLﬁQQSNW’]SH

q
v

lof veudsiviun veudszmeld Usinadunidasueuriovun uarUSinalulasiuriamuageniningfuidu
roudenanisinunsegieinan uenanfviinaneaglaaiidussdusznauddglunsndamdnuanvesdenis

nsineRsaziifesazanniigaludnauyin aueiy vudssuaziniiudusnamnuasy
2. nsAnwnswanfinglamu

ArAudunIa-AesuAuYeInsTUIuNsintuneud 1 azeglugisiiidunsnauinais aenuanis

naaedlunisei 2 wud Tngaudsiuninandniivlelasiau (H; yield) Niganfie aeneuuduiudlends (159.99

o

fiaddnslalasaw/niudled) waringAudsiuninandninglalasauiidnande dnauyin (0.11 daddnslelasiaw/

q

nfudled) wonaindl Usuuniswdninglalasinuazaugeanaziiateglugag 0.06 - 23.61 dnsn1suaning
lalasiauasanaziirnaglutig 0.003 - 1.97 uagdrantunsusuann (Lag phase) dmsunisuaniiwlalasiau
aragluyae 8 - 14 Flus dwiunszuauniswiintuneui 2 aenudunsa-ansagegludimdunarsauiava

gou FahfeUszuna 7-8 91nNan1IMnaedlumsen 2 wuil JngRvasiundnandafineiinu (CHs yield) Tigen

v '
v a o v a

A o ) o A aa o U Ay A a a & a o
AB NﬂG\U“U’J’HG\SﬂauLLﬁd:u‘uﬁ’l‘U%VIad (195.04 llaaa@]illLWU/ﬂillsUI@@) LA INNAUAIAUNUNANAANIYULNUNATE N

q q

v
Y o o o

Ao wiinduduzuae (3.39 Tadansiwu/nsudlan) M9l suses+arnaukdaluduerasnuimingdudivsnaa+

'
a a

ngnoundaiudenddldiinandaieiimuindu Fngauniivsuiunisudaivinuazaugegaaziiaiogluys

q

1.70 - 41.05 dnsnsuaniadinugeaaaziiateglugie 0.17 - 4.10 uagdrnailumsuiuanmaesnisuaniig

Hmuazegluyie 10 - 14 9lug

o
a o v

M1319% 2 Mandafinglawmuainingauawiu lnenssuiunisdesaaswuulyildeinie 2 Juneu

" , . L . ) Hythane

v a Initial Final Hzyield Initial Final  CHs yield Ho/ . COD
YA yield (mL
P pH pH  (mL Hyg pH pH (mL CHa/g  (Hz+CHo) removal
AIAU hythane/g

(H)  (H2) COD) (CHy)  (CHs) COD) (%) (%)

COD)

SB 585 643 0.36 7.25 7.66 5.07 6.61 5.43 92.33
CR 5.85 6.57 1.12 7.25 7.75 3.39 24.83 4.51 62.67
WH 6.00  6.58 0.11 7.25 6.66 28.61 0.38 28.72 46.00
CS 7.00 544 159.99 8.50 7.20 9.45 94.42 169.44 50.00
SB+CS 7.00 5.15 11.50 8.00 7.25 ND ND ND 40.00
CR+CS 7.00 514 15.90 8.00 7.18 ND ND ND 66.67
WH+CS 7.00 4.92 33.34 8.00 7.33 195.04 14.60 228.38 50.00

v
o U v

dndrwvesingivssiuniusunalalasiaulaguianns (Hy/H+CHa) ann1sadalulelamu nan1snaaes

o

Tupn5199 2 wudn IngRuiidadiuveslalasauuiniande axnaunduiudsndsdosay 94.42 uaviSesEau

o v

Ngauaaell hdudevasiesay 24.83 dnaurin+aznaundaiudevasiesas 14.60 ¥1udesiouay
6.61 LazanAUBINSe8aY 0.38 MNa1RU dmsunananiiglawmu (Hythane yield) 9MnHNaIINYDIHANAN N
lalasiauuasfiadmuluingiudsdunuii aguawiuninandaiglamuigafe dnavyn+agnauwdeiu

dends (228.38 Hadanstawmw/nsudlen) axnauwtlasiudUsnds (169.44 Taddnslawmu/nSudlen) dnauan
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(28.72 fiadanstawnu/nSudlen) v1uosy (5.43 Tadanslawu/nsudlen) warwinsiud1uends (4.51 Naddnsle

W/NSUTLaR) AuaIsU

UszdnSnmn1sidndled (COD removal) iumsuansiianisanaswesdunieinglussuunismlinuuy

v a A

govaane lnedunieingazanaswazildewdufinadinim Fwinuanismaasinudl IngAuniusednsainnis

q

19nTlofingnanfe Yusesiesar 92.33 uaziied@inuaingawininell wddudiendraznoundedy

Do

° v v

dueraasesay 66.67 WiNTudUsnaasoeay 62.67 HNAUIIN+AzNaULTITUdIULrae wasnznaukdesu

°

FUrnasseeay 50 LarMUAILENAUTINSBURY 46 LarTIuDpe+arnauklsiud1Usnasiaay 40 suansu

nandnfelamuiinmainnszuaunasindesaansuuulalldornia 2 funeu lumsAnuniladredy
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Guidelines For Solid Waste Management in Sakon Nakhon
Rajabhat University

Nathaporn Jirawattanasomkul, Phatlapha Thanwised, Sarocha Boonruang, Anchaleeporn Chottam and
Weerawat Supimon
Program of Environmental Science, Faculty of Science and Technology, Sakon Nakhon Rajabhat University,
680 Nittayo Road, Mueang District, Sakon Nakhon, 47000, Thailand
e-mail: nathaporn jira@gmail.com, thanwised56@gmail.com

Abstract

At present, Sakon Nakhon Rajabhat University (SNRU) has experienced problems

with reducing waste, lacked of separation from the source by participation, even though there
was Recycled Materials Center. Therefore, the researcher was interested in the studied of

guidelines for solid waste management in SNRU. This research have 3 objcetives are (1) to
studied the amount and composition of solid waste , (2) to explore the participation behavior
and knowledge of waste management, and (3) to studied guidelines for proper waste
management. We surveyed the amount and composition of solid waste included questionnaire
were used as a tool. Test the statistical difference of each composition of solid waste with
One-simple T-Test statistic by IBM SPSS Statistics 22 program. The resulted indicated that
SNRU has a total solid waste generated about 2.33 tons / day and solid waste generation rate
about 0.18 kg / person / day. The largest composition of solid waste was organic waste 45 v,
recyclable waste 26 % , general waste 29 ¢ and each composition was not significantly
different (P> 0.05). For knowledge, attitude and behavior in waste management, surveyed at

source, it was found that all sources had knowledge and attitudes about waste management
were good to very good, but had behavior related to solid waste management remained low
except for academic buildings which had a behavior was good. So the behavior of waste

management should be adjusted, such as a campaign on waste separation at source. Waste

bins should be made into 4 categories which are organic waste, recyclable waste, general
waste and dangerous waste. Organic waste should be made into compost and then used as

fertilizer for plants. And should public relations about the Recycled Materials Center
thoroughly.

Keywords: Knowledge of Waste Management, Attitude of Garbage Management, behavior of
Waste management
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Carbon Footprint Assessment from Municipal Market Activities

Todsaporn Neelapaijit*? ,Sasidhorn Buddhawong®
1 School of Energy Environment and Materials, King Mongkut's University of Technology Thonburi

Bangkok, Thailand
E-mail. 2 todsaporn.neelapaijit@mail kmutt.ac.th ,° sasidhorn.bud@kmutt.ac.th

Abstract

Global warming is a problem that has a huge impact on earth. The main cause of

global warming is the greenhouse gas emission which mainly comes from human activities,
including both small and large business operations. At present, enterprises or agencies have

begun to focus more on the evaluation of carbon footprint in order to evaluate the release of
greenhouse gas and finding ways to reduce the carbon footprint. In general, there are certain

businesses that the carbon footprint assessment has not been performed such as a bazaar
business or a shopping center. This research studied on the assessment of carbon footprint

from the operation of a bazaar business. The selected study area is the Thung Khru Plaza
project. The assessment was divided into 3 scopes according to the Carbon Footprint
Assessment of Thailand Greenhouse Gas Management Organization (Public Organization)
using the 2018 database. The result of the research showed that the total carbon footprint is
1,852.72 tCO2e per year, divided by scope 2 and 3, 500,956.39 KgCOze and 1,852,720.99
KgCOze, respectively. The activity which is the main cause of carbon footprint is waste that is
taken to eliminate in landfill in the project with an amount of 1,832,105.54 KgCO.e. The

assessment of the carbon footprint makes it possible to know the amount of greenhouse gas
released and operation. Therefore, there should be a guideline for reducing greenhouse gas

emissions in order to develop both the business and the environment together.

Keywords: Carbon Footprint, Municipal Market, Thung Khru Plaza
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PM 2.5 Reduction by Installation of Facade
with Broad Leaf and Narrow Leaf Plant

Akarat Panrare!” and Atch Sreshthaputra®

Innovation Design of Ecological Architecture Program, Faculty of Architecture, Chulalongkorn University,
Bangkok, Thailand
Email: gunthunp@gmail.com

Abstract

PM 2.5 have been the important issue for living in a city with its health impact. PM 2.5
reduction by green facade was studied in this experiment. The steel fagade with 3.70 X 2.50
m was installed at the front of model room which located near the 4 lanes road. Broad leaf
and narrow leaf plant as Epipremnum aureum and Chlorophytum comosum were attached on
the facade for 2 weeks. The inside and outside air quality of the model room as PM 2.5,
temperature, relative humidity were hourly observed. The result showed that installation of
facade or green facade could significantly reduce PM 2.5 and heat through the model room
via shading and plant evapotranspiration. Both Epipremnum aureum and Chlorophytum
comosum gave better PM 2.5 reduction than steel fagade which corresponding to Leaf area
index (LAI) during conduct the experiment.

Keywords: fagade; PM 2.5; Broad leaf plant; Narrow leaf plant; Green fagade

6-40



unin
AN MINMANBUBNe A STIugasdsHalsEvnslanldFunansEnusiogunm wasuamniideTinds 3.7 1
auvhlaniul 2012 ilesaniuazessvuinidnnit 10 luaseu Telou lulnsiausenles wazdameslnoonled
(WHO, 2014) 28411 European Environment Agency (EEA, 2014) Tauszanunisinlutast 2012-2014
Uszanslugiinmaglsazdufariudurunn 10 lunseu Sosar 50-63 uaziuwina 2.5 luaseu Sovas 85-91 Fadu
Usnajuiigeninfesdmseunsiolandmuaunmsgily fe dwsuduwinae 10 luaseu delsitAu 20 uan/aua.
wazuawa 2.5 luasew TA1liAu 10 uAn/aua. s!usuumﬁﬂma'wﬁmmmmum’hﬁiwwwLﬁumsﬂ,a nollin
AITEABLADY miLﬂﬁmwﬁmmwmﬁaumﬁw’;uuawﬁwgii'wﬂwlﬂw%auﬁu 19U Polycyclic aromatic
hydrocarbon (PAH) waglangwiin (Riddle et al, 2009) Huiiieitrgsnamends aunsathgszuunudeladin /i
AN sdnaurseeainlidennnaznauld (Seaton et al,, 1995) duagaasuunalngyiinrasininunain
5957 wazanAanssuveaywd Tuvasiiduazesunadniiunasindisnanafuanledesasud (uudu way
fua) Na vl waznszuIuMINENINsUEREMNTIY (Chow et al., 2006) BUNANLVLIAENNIN HIATIN
nsvudauazUisoueiiignnseduseuas (Photochemical reaction) io1afiansiie 1wy Tangudin Polyaromatic
Hydrocarbon (PAHs) Polychlorinated dibenzo-p-dioxide/Dibenzofuran (PCDD/Fs) taz Polychlorinated
Biphenyl (PCB) Faduansneuziss (Dzierzanowski et al,, 2011) ﬁmuﬁ%’aﬁﬁﬂmmiﬁwﬁﬂﬁﬁaamﬂqﬂamwﬁa
ilevinidu Green wall ‘W‘Udﬂﬁdammﬁjuﬁﬁiﬁumiﬂqﬂﬁﬂﬁﬁ Heduawiniuanueudigenans andessuniu
wartfiaiiuiiades eavannuaiemedinluandos msgnidlivinadudmaridsanyianlda
(Alexandri and Jones, 2007, Chiquet et al., 2013, Dover, 2015, Jepson, 2016, Johnston and Newton, 2004)
'3‘§mi‘ffmU%mmrz!uiﬁgﬂﬁwme‘ﬁuimEJﬁwﬁaﬁa{]ﬁaﬁdamaﬂswmamsﬂaﬂismmmcﬁu Ao gaunqll AU VS
du Ansdren fusassdaddneawlunisenduldunnsiaty fednuneRalu susdu sualy Tnsameduils)
unlufinnusnzaniinsinussandlfluniseedudosnndlufivnaeatisd (Dochinger, 1980, Bache, 1979,
Beckett et al, 2000, Feer-Smith et al., 2005, Ram et al., 2012) Lwiawﬁs!uﬂuﬁauﬂé’ugimﬁmmmﬂaamﬂ au
iheluiinnarlui SeUsinaruiinnuiinazdemaliunaneanainlufivldinn (Udeshika et al, 2018) Tngdurun
Tvgjazngaeesnanluiiliieian wazividlaunagquialununagdnduduldfnifendaluEeuau

mui%’aﬁlﬁﬁmsnNa‘*ummiamﬁy’qLLmﬁ’uLLmﬁﬁﬁquﬁhq (Epipremnum aureum) Wusmunudisluning uay
FuiAsugi3eunen (Chlorophytum comosum) Ugniiglunauuasielunha ieandurun 2.5 luaseudngin
01A13 waenanaoelFnnaduauuanmudoudndgieims Tagliesasun 8 ns. Aksogiuauu iy
foyauiunudu gamnd wazanutudising
IngUsaAvaIn1side

Lﬁaﬁﬂwwa‘uaﬂﬂ’]iaﬂ(ﬁ?ﬂLLNﬂﬁ’ULLﬂﬂﬁﬁﬁuwgﬁi’N (Epipremnum aureum) \usunuiitluning uazdu

\swiiFeunen (Chlorophytum comosum) Ugniitluuauuazfigluning ileandusunn 2.5 lunsouthginennis
wavnanasgldannisiiuaumiuananufoudiddienans

sz1lgUas98
1. NSWSgUTRINNDIAEIADY
AUNBIVUIN 2.15 X 3.70 4. WUN 8 M5.4. AMgkauduTuvasanun 12 uu. 2 9u tnglelasansn

a8

daned fveaaduuszguunn 0.90 X 2.00 4. uazmiA19wwIn 1.10 X 1.50 4. SzarAugaaniuiei

1Y

Wi 2.50 1. egsanauu 2.00 1. Fuduauu 4 taw 1ndiu 4 wenliluaa

6-41



PERSPECTIVE

il U

aa

AT 1 UARININ 3 7 (N) UAZAMINYUNBIPUUY (V) VBWBITIABY

2. mafadaunsiunn
VIATUHITILAAMIBIIANNADIVIA 1. YUIA 3.70 X 2.5 4. fuunateeinewedasms ity 6 x 6
gal. uimdngnnasnane Andausstunaliunstiunnogvinaanudaiosians 0.50 . faguil 1 ()
3, miamﬁuﬂ%aqﬁai’@qmmﬁ LG waduwn 2 lupsou
amﬁy’uﬂ%"aﬁmqmmﬁ uazANTUFLTMG B¥o IBUTTON DATA LOGGER U DS-1921G ngluiesdnaes
Tfogennuiisdufiaiunuu 0.30 4. wazaggenity 1,50 1. Funeuenfiosiassfinduaiesingumniuas
Autudiinslivineanes 030 4. LLazasuiqamﬂﬁumdLﬁw 1.50 3. LA3BInR Brie SNDWAY Ju SW-6258
Aindameluviesdnaedogunsanuiisdufniuauu 030 1. uazaggeainiiu 1.50 1. funeusniesiiaes fns
o Tnduliinennnet 0.30 1. uazeggeINAiumaii 1,50 4,
4. miam@?ﬁuwgmq WAZLATHRLTOUUBNAUWNITILAR
denlddiunanans (Epipremnum aureum) Wusunuiigluning fifdunuluszana 10-15 Tu/nszan
wazduaswiouuen (Chlorophytum comosum) Wusunuiitluuay s uauluyszanu 25-30 Tu/nsgans 14
Wasnugninduuaziunailuiniduianign lunszansdmden vuna 8 x 11 x 8 oy, yndanszansiulnsensn
wawanmeaInminuuadurugugnad 1 uu. [iungamSeduasegiseunendIuiu 240 fiu Aogans
G0N
5. myinvsaduwg 2.5 luaseu gamgll uazANLTUEINS
udeyaufinarurun 25 Tuaseu gamndl waranuBuduing sedlus lnewSeudiou 4 yans
aaed 1) anmeesiiaesiilifiunsiaunng 2) iessnosiiindunsaung 3) ﬁaﬂﬁﬂaaﬂﬁamﬁy’qLLm‘lﬁTﬂmeLazﬂgﬂ
Fungane way 4) siosaesiiRndaunstiunnuazgnduasuiizeuuen tneldnarlunafvleyauinuruiun
2.5 lunsou gaungd uazaTAudTmS luusasgnnismaasadunavieiostu 3 fu
6. MILATwRteayameINITMEta
WisuiilsuUsunaruwunn 2 luaseu gamgd wazALTUEINS luusazan1iede One-way ANOVA
uay Least Square Difference fisgfumuidosiufosay 95 snelusunsu SPSS fu 17

NaAN1538
1. WisuiilsupmnwenAluwsiagyIsIan

nmaneaesfivtoyatiunurung 2.5 luaseu gamgl uaraududuing sedlus Tnsnsuidio
AuNMIMANIUBnkazglue1As NUhEasaLiaTiTiaua e aLandsiusenidy 5 9aana Ae
(1) 6.30-10.30 1. (2) 10.30-15.30 w. (3) 15.30-19.30 u. (4) 19.30-0.30 . k@ (5) 0.30-6.30 U. WATINAR
meusnuaznelugasvesUsinasuuunn 2.5 luasou gungll uarANuTudnivs utastasnaineiu figuil 2

6-42



U NAA VD IQUNNT wazANTETMS Tutasinan 10.30-15.30 1. ﬁmqnﬂdwammgu usilaiupnengee9l
HyedAgy (p>0.05) ehuwasiwumﬂ?mwﬁum&JuaﬂLLaxmaﬁaqﬁwamﬁﬁhLmﬂvmﬁ’umﬂﬁqmiuﬁmﬂm 6.30-10.30
U, uag 10.30-15.30 . warkanensangIIatdueesiited @y (p<0.05) lutiaian 6.30-10.30 u. uthaiani
fifju 2.5 luasousnfign Seduusiuusinusosudiisnuiuiinnass uflugiana 15.30-19.30 u. faudfaed
Usnassasudiisinsnnmenfu uinduidutienin daieefienuduiusiuenuunniisesgamngl

6.30-10.30 W.  10.30-15.30 ¥. 15.30-19.30 4. 19.30-0.30 ¥.  0.30-6.30 w.
FuusaRde 2,883 ° 2,174° 2,650° 826° 545°

25

20

15

VHReGHR

14

10

/nnelu

° a a a b a
a
0 2 mo a b b

6.30-10.30 w. : 10.30-15.30 4. 15.30-19.30 U. : 19.30-0.30 W. : 0.30-6.30 u.

WER1NN1EUDN

-10

W o)l W ANaTu A

AR 2 BasinseuenuazneluieadiassvesUinaruug 2.5 luaseu aumall warANuTuENIng wax
Iwusaeutiade 5 Ju Funi-ans) luudazdiaia

2. WM IARRAUATILAR AT UK ILAATUgNAULET

miﬁ(ﬂ{?}z\?LLNﬂﬁJﬂLLWﬂLﬁ@ﬁﬂﬂ%uﬁmﬂm%’]ﬁﬁaﬁ’]aaﬂ IoSeuiievUsunardurng 2.5 luaseu gumgll
wazmLdE Turaanan 6.30- 1030 . uay 10.30-15.30 w. lmmamqmauaﬂLLauﬂwaiuQWﬂwsmaqUimmeu
w1 2.5 lupseu gaumall LaEALTUEINE Yo 2 Faaan maﬂ‘w 3 uay 4 iiewSsuiieunanisandaunets
uaniugnititeanduuung 2.5 luasey Tudianan 6.30-10.30 u. waz 10.30-15.30 u.

M15197 1 ma@hqmauaﬂLLazmaiuﬁaqﬁwaaaﬁuaqﬂ%umr;!ummm 2.5 luAsau qmwgﬁ wazANUTUFUNNS Tyt
1381 6.30-10.30 U. way 10.30-15.30 u.

6.30-10.30 u. 10.30-15.30 u.

YANITNAAD - ¥ , = e .

) DN ANTU Wu 2.5 DN AT Wu 2.5
TaiTlunaTannn 0.49° -1.80° 17.30° 1.99° -4.04° 11.09°
Tunsdaunnenawmen 1.24° -1.22° 28.30° 2.14° -4.22° 14.09°
WU ILANUG NGRS 1.49° 2.13° 35.63° 3.09° -8.00° 18.38°
WA URNLATYY . ) . . . b

“ ¢ 1.66 -2.71 32.40 3.66 -6.11 17.06
LSOUUAN

o w

nueng fsnysenfuanaiuluwiavanus waninuuanaeivegilitudAyn1aia (p<0.05) Lo
WIBUWEUTEnINYANITNAREY

6-43



LuammLmemeaEmLmEmlumumamuﬂum&f[,ummiamanamquuammmqam (p<0.05) Hlsan
ursUauanvhuidilisuaniusetans LLauLuaﬂaﬂwmmmaaqwﬂmmmumalummaamamwmuaﬂamm
WedAtyn19adif (p<0.05) wivlinvesiivlidmalinsanaseauumgiunneieiu 938781 6.30-10.30 u. dn1s
anasasRMnNtauNdIYInIan 10.30-15.30 u. ins1glugiath ﬁuﬂaﬁﬁmwwmLLﬁuqqmauaﬂmmi (N9
wazauw) Sagananuioulilinin Judnnmsunsidnnudeudigiemiesnitlutisaneiiute (nsuiaun
NAIUNAUNULAL DY NINAIY, 2545) nasAnITueenkazneluensiidninay wswaslueimsing
avaumuiulinssinstemennidlueasaeudion wasilofiufindluiunaSunndmalinanatunigly
mmiLﬁuqﬂﬁuaﬂwﬁﬁaﬁﬁmmqaﬁa (p<0.05) ML LTwAsa NN sRdesiswazAnnsaeti
Untulunainaneiu wazUSunaunsdansieiuaawysiunssiuusunasedending (Usnsaun, 2558) daunalaain
%741781 10.30-15.30 w. ﬁﬂ’nw??ugjqﬂ’iw’;qlf;m 6.30-10.30 u. firlunfrsaziimsaetunnnifisluway winisua
nsnanosiinaisesududuinsaneuen/nglueas serhangauanasuiiFouuenlndifestu eradu
szamuLveslungenaildua 10-15 Tu/nszans luvaefinnuvnuiveduiasuiizeuuen 25-30 Tu/
nszana (3Uf 3)

3UN 3 dnvarluvesivluuau (wsuiisouuen, n) uasiirlunie (nges, ) Ndlunmmeass

dyduazaiusena
Hadeiidsmansznusensilenszanevesiu Ao gungil AT VS auniaay uazivusazeiid

dnenmlumsansuldunnsieiu Tnetamevildadalud ( (Dochinger, 1980, Bache, 1979, Wiman, 1985,
Beckett et al, 2000, Feer-Smith et al., 2005, Ram et al., 2012) Iuwu%mmaa&LUUUinmaLLEJﬂIWLLm%mmifﬂiwi
Auds wazduifanszane waziudeyafutianainuin ganan Wewndadudutinaguvgivsseinie
Aouthasuaziuazaniasgiuastaduuinaiesduiatuayedld Usznoufuifnfanssuiiainsuazessan
15957195 MB3UAUAT WAtIaaN15.30-19.30 . Wutraanfiflgamgiigeaavesiy (Panrare, 2015) finasnsves
Usnasjutiosaansrzenmasounssruazosdiassiiululuusseimatiugs (Beckett et al, 2000, Feer-Smith
et al., 2005) U910 19.30 U. 3041 MIITRTRVILNES dawalvivTinaduluusseiniaanasing (Chow
et al, 2006) fatudadeniUisuifisunanmsiniussunaiiugniimfteaniuruia 2.5 luasou Tutasaan 6.30-
10.30 u. uag 10.30-15.30 u. sisly

msfnsaunstiaunnuasursiauaniiugnity unisnsesuidrgieinisdieiinismenienin dmsumsinda
unstiaunnagnaier wandu Biofilter Wlaugnitvsude nanismaaesmuitnsRndaussTuaneg1afetisandu
azeadlatng winsugnitysiueie ansatisanySunadulaegdiled1fy (p<0.05) N1l dI8AnAINLTIVES
au warluitvgieandunaznsesuneudigiienais (Currie et al,, 2008) faidvudng iy viedifaluitluu
LARBUNUN azﬁﬂizaw%mwiuﬂﬂiamsguuﬂﬂ‘ﬁu (Beckett et al, 2000, Feer-Smith et al., 2005)

6-44



Jorduauuz

msﬁmé?nLLmﬁ’qmehUammm%'auﬁvﬁwgiﬁammﬂﬁ Tnefiunsdunnimindlisuanfusionas wasiile
Uz;]ﬂﬁﬁuﬁ’mﬁ’;aazﬁﬂﬁammm%'auﬁL%'ngéhmmﬂéf \osnldsuanannluiiviudusarldraduainnisaeh
vasfiiae vieiluay (aswiEeuven) uarlunts (naene) fussavinmlumsandusue 2.5 luaseu i
uansneiu fedmniuszezailumaiudeyaliunuiuaufiousnlulmdvieunnnaifisdu dneamlunsenei
LLazams!uazaaaﬁwqjﬁammim%Lﬁuﬁulﬁ AFnwndiiuily (Leave Area Index, LA)) tisinenaeliiansal
nalnnsandu 2.5 luaseu Téaumniy

LONEITB1989

NFUNRIUINENIUNALNY UAEUSNUNGNIU NTENTHNGI. (2545). undl 2 nsidenldian
gUnsalneaisiidigaandRnnaduauiy 10 ¥lia. lonasimouns uuvnanisidentdian
NoAI1 LLazamuLﬁammq%’nﬁwé’wu,

Alexandri, E., Jones, P., 2007. Developing a one-dimensional heat and mass transfer algorithm
for describing the effect of green roofs on the built environment: comparison with
experimental results. Build. Environ. 42, 2835-2849.

Bache, D.H., 1979. Particle transport within plant canopies-l. A framework for analysis. Atmos. Environ.
13, 1257-1262.

Beckett, K.P., Freer-Smith, P.H., Taylor, G., 2000. Particulate pollution capture by urban trees: effect of
species and wind speed. Global Change Biol. 6, 995-1003.

Chiquet, C., Dover, J.W., Mitchell, P., 2013. Birds and the urban environment: the value of green walls.
Urban Ecosyst. 16, 453-462.

Chow, J.C., Watson, J.G., Mauderly, J.L., Costa, D.L., Wyzga, R.E., Vedal, S., Hidy, G.M., Altshuler, S.L.,
Marrack, D., Heuss, J.M., Wolff, G.T., Arden Pope I, C., Dockery, D.W., 2006. Health effects of fine
particulate air pollution: lines that connect. J. Air Waste Manage. Assoc. 56, 1368-1380.

Currie, B.A,, Bass, B., 2008. Estimates of air pollution mitigation with green plants and green roofs
using the UFORE. Model. Urban Ecosyst. 11, 409-422.

Dochinger, L.S., 1980. Interception of airborn particles by tree plantings. J. Environ. Qual. 9, 265-268.

Dover, JW., 2015. Green Infrastructure: Incorporating Plants and Enhancing Biodiversity in Buildings
and Urban Environments. Routledge, Stoke-on-Trent, 120-282.

Dzierzanowski, K., Popek, R., GawroNska, H., Saebg, A., GawroRski, S.W., 2011. Deposition of particulate
matter of different size fractions on leaf surfaces and in waxes of urban forest species. Int.
J. Phytoremediation 13, 1037-1346.

EEA, 2016. Air Quality in Europe—2016. https://www.eea.europa.eu/publications/airquality-in-europe-2016.

Freer-Smith, P.H., Beckett, KP.,, Taylor, G., 2005. Deposition velocities to Sorbus aria, Acer campestre,
Populus deltoides x trichocarpa Beaupre, Pinus nigra and x Cupressocyparis leylandii for
coarse, fine and ultra-fine particles in the urban environment. Environ. Pollut. 133, 157-167.

Jepson, P., 2016. A rewilding agenda for Europe: creating a network of experimental reserves.
Ecography 39, 117-124.

Johnston, J., Newton, J., 2004. Building Green A Guide to Using Plants on Roofs, Walls and Pavements.
Greater London Authoritypp. 121.

Panrare, A., Sohsalam, P., Tondee, T., 2015. Constructed wetland for sewage treatment and thermal
transfer reduction, Energyprocedia 79(2015), 567-575.

6-45



Ram, S.S., Majumder, S., Chaudhuri, P., Chanda, S., Santra, S.C., Maiti, P.K., Sudarshan, M., Chakraborty, A.,
2012. Plant canopies: bio-monitor and trap for re-suspended dust particulates
contaminated with heavy metals. Mitig. Adapt. Strateg. Global Change 19, 499-508.

Riddle, S.G., Robert, M.A., Jakober, C.A,, Fine, P.M., Hays, M.D., Schauer, J.J., Hannigan, M.P., 2009. Source
apportionment of fine airborne particulate matter during a severe winter pollution episode.
Environ. Sci. Technol. 43, 272-279.

Seaton, A., Godden, D., MacNee, W., Donaldson, K., 1995. Particulate air pollution and acute health
effects. Lancet 345, 176-178.

Udeshika, W., John, W. D., Paul, M., Kevin, R. 2018. Quantification of the traffic-generated particulate
matter capture by plant species in a living wall and evaluation of the important leaf
characteristics. Science of the Total Environment. 635. 1012-1024.

WHO, 2014. WHO’ s Ambient Air Pollution database - Update 2014 : Data summary of the AAP
database. http://www.who.int/phe/health_topics/outdoorair/databases/cities/en/.

6-46



The 2" Suan Sunandha National and International Academic Conference on Science and Technology; SsSci 2019

a ¢ & dw
N1FIATITUAMNUNRUZTUVIINUNIATY GIS
4 a 4% < Y Y =
iataaniinalsseuudsvezyanasidunasauludmdaunusii

LU gauud, WWIAY ananIw*

cu a

MAYIAINTTUAT ALEIMNTIUAMERS UTINeIRsTTNMENT (AudTdn) Swiauyusiil 12120

email: vivianteve@gmail.com

UNANED

ywaszandalulgnindndudednnis Tsswuudsvezyadoadundsnudunadonnisunis

¥
Ao

Samsdmiuimiaunusd madedigusrasdiiomidamnzandmivlsliimes luiuifmiaumusi e
THarvugiarsauma GIs \uedesile Inefinmsmusmdeyasutadodiefinsandunasilunisdendiis Jafoi
Hunasionsulunuideivssneudae 12 tadeResvasisainyuwu svogvisnitufignamnssy aeddlain
annillwih an1fiuseun ssegvisnaniune g srervianInanuAng srevvinanusiindinaes M
fufidesserig masaliluazauiudu Bnsdnnaafedldmalesgifomadamdanimtnveudasdade
wazaduA1azluuYeslady (Ordered Weighted Averaging) Tussuugiiansaume Tneliddadnvaliiiovsd
AMuLANAsTEIsiuT i auwagllvanyay navesnsAnwimun 7 suneludminnusiillaslddndu
fufnzanudagsnafisufuiiuiivaunvesfmindunusinui sunenasma finrumungaugeae
5898931 FiB B nevuBde Sunadignni SuneaMnauLt SunawleaUnuesnll sunedyus way sunsaulan
AUEEU wamamseTeiims el uiuiay 9 delu

Adaey: Tssliihaee, nsdesgdisinuniaing, Jwminunusil, seuugiiansaumne

6-47



GI1S-based Site Analysis for Selecting Suitable Sites
of Waste-to-Energy Plants in Pathumthani

Vivian Chullamon, Wanwisa Skolpap+
Department of Chemical Engineering, School of Engineering, Thammasat University (Rangsit campus),

Pathumthani, Thailand 12120
E-mail; vivianteve@gmail.com

Abstract

In response to cumulative municipal waste problem in Pathumthani, a waste-to-energy
electric power plant is selected as waste management approach. This study aims at assessing
waste-to-energy power plant potential zones in Pathumthani using Geographic Information
System (GI1S). GIS data collection depends on all 12 factors considered in this study as
follows: the distances from power plant site to communities, to industrial areas, to power
lines, to power stations, to waterworks stations, to hospitals, to education institutes, to main
water resources, to accessible roads, to railways, to airports and the risk of flooding. After
multiple layers of information have been generated as a single map using GIS, the suitable
power plant locations are defined on the basis of the ordered weighted averaging (OWA)
technique. Color-coded symbology is applied to the maps to differentiate suitableiunsuitable
areas for power plant establishment. Considering proportions of suitable areas of each of the
seven districts to the total area of the province, the most suitable district is Klong Luang,
followed by Nongsua, Lamlukka, Ladlumkaew, Muang Pathumthani, Thanyaburi, and
Samkok districts, respectively. This analysis approach should be further developed and
applied to other areas.

Keywords: Waste-to-energy power plant; Location suitability analysis; Pathumthani; GIS
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Biodiversity of aquatic organisms and water resources quality
in Pibulsongkram Rajabhat University (Talay Kaew Campus)

Silorat Jitbanthao?, Natthawan Sukja® ,Orachorn Chimjan¢, Supattra lamnak®, Suksaman Sangyoka®
Faculty of Science and Technology, Phibulsongkram Rajabhat University, Phitsanulok, Thailand
E-mail 3silorat j@psru.ac.th Pnatthawans@psru.acth ¢orachorn@psru.acth 9supatrapsru@gmail.com

tsuksaman@psru.ac.th

Abstract

The research was carried out to study biodiversity and surface water quality in
Pibulsongkram Rajabhat University (Thale Kaew) for use as a guideline to maintain water
quality in water sources, maintain good conditions suitable for various uses and to restore
water quality in degraded water sources or have a tendency of degradation to have the better
condition by studying the biological diversity of aquatic organisms, physical and chemical
water quality with a total of 10 points sampling between June to August 2019. The results of
the study found 4,717 aquatic organisms, classified into 11 Orders, 21 families with the
highest number of members, namely Bulinidae belong to Hyarophila, the surface water
quality parameters are; temperature 1S between 2833-31.67 °C, dissolved oxygen (DO) is
between 037 - 446 mgL, the pH is between 6.96-7.61, nitrite is between 042-2.61 mglL,
contamination of heavy metals including lead, copper, cadmium, iron and zinc in surface
water by lead which exceeded the standards in 10 sampling point. The sediment, iron
contamination was found between 0.41 - 0.97 mg/L shows that the surface water resource in
Pibulsongkram Rajabhat University receives wastewater from activities of the university can
be utilized for consumption and consumption but must go through normal disinfection and
improvement the quality processes before used. The analysis of the relationship data, it was
found that the dissolved oxygen, temperature, pH, nitrite and heavy metals in sediment and
water are related to the biodiversity index (P <0.01). therefore, organisms in the water source
can evaluate the quality of that water source.

Keywords: Biodiversity water quality Surface water resource
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ija E = Adwlin1snszany H = Aduidauainiaigsed Shannon- Wiener’s Evenness Index
S= ﬁi’ﬂuaumﬁﬂﬁuaqé’m’iwﬁﬁﬂuqmLﬁuﬁ’aaahqﬁ?u Taof E fleogsening 0-1
5.3 3paaszvanuiinnaia (Species richness) A33dues Margalef’s Diversity Index
D = (5-1) / In(N)

o D = Adilinrumnnvia S = Suuviavesdninhimlugaiuiiegna N = Sruaudainhiu

sromuaiduldlugaifiusognaiulasd D mnefls Suusiievedeidinsomineiud
mﬂmfuﬁ’lmﬁﬁuﬁshm FgnailaluniarurduinuUisuiisutuieUssidiununanavaneuasnseineada
iomanuduiusseninsadaild Tannunarnnatemsdanmiunsifinesvenideiinisves Spearman's
Correlation wazl#33n13v81 One-Way ANOVA Litelnsginuunnsnsressmsiimesvousazuvainngly
WTIneNReBARyYaaIns @ungant) Ineldlusunsy neada

NANTITBLATRAUTIY
ALAMEIIINETWLAZLAS]

kansAnyAmnImi s Lazaad (159 1) nuigumgRvesitluundsthaely uined
s1vigiyaansn agluyis 28 - 31 ssrwaldea ?jqqmmﬁﬁmmzamiamwﬁ’ﬁﬁ%maqé’miﬁmﬁﬂu'?j"m 23-32
sl (nsupIuANNATiy, 2558 n) dwmsugumnivenifleglussniguugifiangausonsisdinves
dnith lumsfinvdonadesnannsiigamgiivesenidligann Tasanggaefidnendutasgguu uonanilu
uwanuwisdisaanvesiuls Unaguitufiuaen

oenfiufiarmsluth luuwdanhngluuminendosmsgiyaasasuis 10 90 1Hud Vinafnineieans
91A15815A 91ANTNITANWINLAY DIANTINYINTT BIANTLITEUNNITIAINTA eUTEYUATITIIYR Lsmdnuy 01A13
Avsdminuzmaluladnisinunsiaze1ving neRNMYe Laze1AsUuRNITENsITUEY fiAnademiitu 0.48, 2.09,
1.06, 2.69,4.86, 2.46, 3.17, 0.50, 0.37 wag 0.41 adn5u/ans Famnoendiauiiararertnimunzausensensadin
vedaithdedlaifing 3 fadnsu/ans (NsuAIUANNATY, 2558) AmSuuva U NS SeuNrITsasnsal i
Aoendiautazansihasan iesniinsfassiminiofueendauliiu

arudunsn-ing vasunasiineglunminedeesgRiyaasasiuna 10 9a fanadewinty 7.17, 7.21,
6.70, 7.38, 7.61, 7.30, 7.03, 7.03, 6.96 wag 7.04 mué"l@“fuﬁmagﬂuﬁhnmmmLﬂuﬂim-ﬁhnﬁmmxamiami
fsaiinvesdn e 6-9 (nsuAIUANLATY, 2558)

IulmmaﬂuLmanmmﬂqu’mmaaiwﬂgwuammmm 10 90 ummammﬂu 2.45,0.63, 0.67, 2.62,
0.94,0.70, 0.68, 0.66, 0.41 kaw 0.55 MY smmaqmummmmmmmam uazunasthusnaATIneIns
fafiiguiunasiinsgiununnuaiAudmiveyinsdaiinfinisiidngean Ly 1 fadn3u/des (aw
AIUALLATY, 2558) Witloraiidesnannunasinuiiom 2 LmdaﬁﬁmiﬂdaafwLﬁamﬂdammmq6] aq@ijdqﬁw

Usmailavewiinlut uazpgneuiu vesunaniineluiminerdessdpfiyaasesm s1uau 10 gaufiv
fog1e Ingldnisnsiadnlanswin 5 579 lawn Az (Pb) waaLilew (Cd), neauns (Cu), wdn (Fe) uay danzd
(zn) (?ﬁgau,siﬁauﬁqmau - Awnan wuusinalansmifnlut avun 5 519 Ysunalangniinegseving 0.01 -1
fiadnfu /ans wnsgilaneminilidusunseredd@inlu aeh dodsiifu 0.05 adndu /ans waadloy
fodldiiy 0.005,0.05 Jaansy /ans nedwad fadlidiiy 0.1 fadnsy /ans way danzddedliiu 1 Hadnsy /ams
FeUsunnd pzia TuLLwéqﬁwﬁmLﬁuﬁmmgmﬁmum AU wARLlEY, N8R4, WIaN way dansd ﬁﬁﬂmﬁuﬁmmgm
fmun Usnalaveninlungneudufimuiuiunalaveniinegszning 0.29-0.96 fadniu/Alandy nasigaan
nznauRuluumasthinfuioduasesdnivniniu azd fodlaiifu 36 Saansu/Alanty uanden FodaiAu 0.16
fiadnsuw/Alan3u esuns dedlaiiiu 21.5 fadndw/Alaniu dingd dedliiiu 80 Sadniu/Alandu Feusannlans
wiin mem, uaaide, nosuns uay dingd ldwuuSinalavewiin us wan wuiiiuTunadifunsguimue
AruvaInviatesTan mvesdalitisluuaa
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mqwa’muawmaqmum NN LLammu'1ﬂﬁuummaqmamslut,maqmmq6"] meluumdssudgiya
#9A51% (mumLaLLm) WUATIn 11 Susu Uimauma 21 236 SauTIWREY 4,717 6 Sudy Hemiptera wu
mmmmmﬂ‘wqm Ao 5 29 LLas’Nﬂmmu’aumawqm 1A 29 Bulinidae aglududiu Hyarophila (®157971 2)

ZafiTAnludusu Hemipter WUﬂismaaaanmmdﬂfw WUTMLA 5 297 L@uA 296 Corixidea, Gerridae,
Nepidae, Belostomatidae ta¢ Naucoridae é@s’?ﬁmma’wﬁmmsa%uaaﬂ%wumﬂmmﬂléﬂmamq 9@101509768
aglsluvansanmundeniisnafuiswunseaneegléhly (unua, 2552) Suffu Coleoptera wunszangeginluny
falgh v dinseuinzanuiiu (nsumuAuNadiy, 2548) dwmsudninthaulududu Ephemeoptera nutaniy
V3o SInerans e1m1sansa enmsundsiainsal ssuanu wazenasiaesdniansmeluladnisinens
LALDWNSIABNUUSLIN B1ASUMITTNAINTA] mm?iqﬂ ﬁaﬁtﬁaamﬂLméafwﬁmaaﬂ%Lﬁ]uﬁazmasl,uﬁ"ﬂqaagﬁ 4.86
fansSunodns %aﬁa’jwa&uislumm%ﬁé’m’immmﬁﬁﬁﬁmgﬂﬁ (as0usg), 2542) d@nlududu Odonata nunsza1weY
ynunaain s addislududu Odonata snerdvogniuasiiali (assvs, 2502) Feka 10 unds thiliiy

fegns Tivtdulnaquasut way diTindusu Odonata awnsnendeluuinniimeendiaulutilaiale

(ugua, 2552) ludiuresdudu Diptera wuldnnunasd sniuusnaausnalulagnisinunswazeimsiliny
#aldinvfinlududu Diptera Wosniluuinaniiingn uaz Wilva annsauiluwvaailuldlunseulnedsly
wuFdiTinegluwnasl deeuresdelidinlududu Ephemeoptera sinnuluthageafiiusunaeangauaraie
gaanunsaldiiluivsvenfgaunimieglunasifunn (nsuauguuaiiy, 2548) Tuusna erasunnidsansal
WuFWIndUAY Ephemeoptera uniigauagludusu Diptera 39d Chironomidae sinedeuagnulauny Auiey
a4 g o e a a wa o o A P
nfigduems (@sasvg, 2542) luusiiu e1rsufiRnsasisagaunuuinian WesindivUnagumniusud
& aAda v o ¢ . v o . ¢ . v o
dell33mlududu Basommatophora 79f Lymnaeidae 8 U U Hyarophila 739@ Bulinidae hagaunu
Architaenioglossa 29 Viviparidae anunsanulgvnalunnunast danulaluudnaiuids anmiuduldudann
Indsuileveldiiu Aurndaiuazddidinvuadndnerdeuinainuesinieiuiivd (gun uazaue, 2548)

M5V 1 AMAINNINIEAMBAZNIATIvRrANIi I MeluInedesvigivaansu (@unziauna)
(FUUNNITT0DF,Mean + SD )

o . 0d1593 (1-5)
NIIULADT ] 2 5 a 5 P-value

Water temperature (°C) 28.33+0.58 29.67+0.20 30.00+1.00 30.33+0.58 31.67+1.15 0.067
Dissolved Oxygen (mg/l) 0.48+0.20 2.09+1.60 1.06+1.07 2.69+2.81 4.86+5.92 0.423
pH 7.17+0.18 7.21+0.22 6.70+0.28 7.38+0.25 7.61+0.25 0.009
NH3 2.45+2.52 0.63+0.28 0.67+0.27 2.62+1.82 0.94+0.70 0.133
Tavewiinluth (me/)

Pb 0.06+0.09 0.08+0.10 0.07+0.10 0.09+0.10 0.12+0.09 0.983
Cd ND ND 0.01+0.005 0.01+0.002 0.01+0.002 0.415
Cu ND ND 0.01+0.005 0.01+£0.002 0.01+£0.002 0.415
Fe 0.41 ND 0.05 0.35+0.07 0.65+0.08 0.39+0.12 0.41+0.05 0.055
n 0.02+0.009 0.02+0.006 0.02+0.01 0.02+0.01 0.02+0.01 0.958
Taventinlungnoudu (mg/ke)

Pb ND ND ND ND ND 0.513
Cd ND ND ND ND ND 0.840
Cu ND ND ND ND ND 0.840
Fe 0.41+0.43 0.88+0.05 0.84+0.03 0.95+0.07 0.71+0.10 0.10
n ND ND ND ND ND 0.016
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ol 9981373 (PS6-PS10)
NI5HLHBI : P-value
6 7 8 9 10

Water temperature (°C) 31+1.00 30.33+1.53 29+1.00 29.33+0.58 28.67+0.58 0.067
Dissolved Oxygen (mg/\) 2.46+1.45 3.17+3.85 0.50+0.21 0.37+0.12 0.41+0.16 0.423
pH 7.30+0.20 7.03+0.09 7.03+0.06 6.96+0.56 7.04+0.30 0.009
NH3 0.70+0.45 0.68+0.34 0.66+0.28 0.41+0.19 0.55+0.18 0.133
Tavgminluth (me/)

Pb 0.13+0.10 0.14+0.10 0.14+0.12 0.13+0.11 0.13+0.12 0.983
Ccd 0.01+0.04 0.01+0.04 0.01+0.04 0.01+0.04 0.01+0.05 0.415
Cu 0.02+0.04 0.02+0.04 0.02+0.04 0.02+0.04 0.02+0.05 0.415
Fe 0.46+0.13 0.46+0.61 0.50+0.35 0.56+0,28 1.00+0.65 0.055
Zn 0.01+0.03 0.02+0.09 0.02+0.11 0.02+0.11 0.02+0.05 0.958
Tavgninlungnaudu (mg/kg)

Pb ND ND ND ND ND 0.513
Ccd ND ND ND ND ND 0.840
Cu ND ND ND ND ND 0.840
Fe 0.96+0.04 0.94+0.02 0.74+0.39 0.97+0.92 0.59+0.29 0.10
Zn ND ND ND ND ND 0.016

A1 P-value < 0.05 HansindlanuuanaiusgsiiedAeniaia
ND (Not Detected) = wisnfimesninaninsialinuy

M5N 2 ANUVAINTagYesEInluinumeslusInendeTuigiyaaen sy @ unziani)

Taxa RiLE NI
1 2 3 a4 5 6 7 8 9 10
Phylum Arthropoda
Class Hexapoda
Order Hemiptera (Bugs)
Family Corixidae, Micronecta sp. 21 12 20 3 10 15 11 22 8 2 124
Family Gerridae - - - 3 12 15 13 - 10 - 53
Family Nepidae 3 2 3 4 1 - - 15
Family Belostomatidae 11 9 27 - 2 12 12 21 [ - 98
Family Naucoridae 13 34 13 23 2 14 13 7 - - 119
Order Coleoptera
Family Elimidae 12 4 7 11 9 2 3 - 5 1 54
Family Gyrinidae 33 33 22 21 7 7 1 - 20 3 147
Order Ephemeroptera
Family Polymitarcyidae 5 20 - - 125 - 69 110 - - 329
Order Odonata
Family Coenagrionidae 17 20 5 57 21 20 55 - 9 - 204
Family Protoneuridae 16 14 6 22 27 17 43 1 1 6 153
Family Libellulidae - 3 9 12 10 2 - - 53
Family Corduliidae - 5 3 3 9 - - 30
Order Diptere
Family Chironomidae - - - 2 8 1 2 - 23 57 93
Family Stratiomyidae 30 21 25 13 - 5 9 - 5 7 115
Order Decapoda
Family Palaemonidae, Macrobrachium sp. - 14 - 4 6 19 24 - - - 67

Phylum Annelida
Order Phynchobdellida
Family glossiphoniidae 8 24 - 13 7 1 12 16 52 71 204
Phylum Mollusca
Order Sorbeoconcha

Family Thiaridae, Melanoides tuberculate sp. - 2 - - 8 8 4 - - - 22

6-63



The 2" Suan Sunandha National and International Academic Conference on Science and Technology; SsSci 2019

Order Basommatophora

Family Lymnaeidae, Radix auricularia

18 54 3 80 36 58 42 41 34 21 387
auricularia sp.
Order Hyarophila
Family Bulinidae, Indoplanobis exustus sp. 150 106 85 139 38 89 40 108 112 49 916
Order Architaenioglossa
Family Viviparidae, Filopaludina sumatrensis
30 62 50 27 130 58 289 4 4 - 654
polygramma sp.
Family Viviparidae, Filopaludina martensi
22 110 21 37 25 167 288 10 3 - 683
martensi sp.
Family Ampullariidae, Pomacea canaliculata
- 2 - - 3 7 92 93 - - 197
sp.
Total Number of Families 14 19 14 18 21 21 21 14 14 9
Total Number of Individual 386 557 292 470 490 533 1045 437 290 217 4,717

AMAUMANNMANY NNSNSEALAYAINNINNTTRve AT IRl uLME NN

AUV ANENSTIn e asiiTinlunma i WINYIF8T1BAYAYaaAsIH 9nn1sd1sanudn Ty
WENNUS RN INeEanS 81A15815A 81ANSANSANYTiLY 81ANFINENNIS 9IANSISUULITSAINTal MR
r3aBsloR smAnuy enansidssdniansmaluladnsinunsuazoims vevinnds warermsufoRnisansisaae
fadgiiainunainnaieiniu 1.65, 2.09, 1.67, 2.06, 2.16, 1.85, 1.75, 1.53, 1.52 uag 1.27 ANa6U
(3797 3) aunsananlEunaniusnaeAsEsuLIRsansal wazuINeIAsUURNMsas sMaviiAIY
mannvanevesdslitiatosilan esmniuidifiaumarnmaievessiiaun douianuvannvaienisiinin
wnnifuiindaseiinnunaineiindesniy (fyeyaly wazAne, 2556) INNANITIATIENAIUNAINYAIE VD
fin Withm (1970) léfmundndatinnuvainansvessdndiiianssning 3-6 uanein unasilifinsvuidou
Ftinnuvainedniifliinsening 1.5-3 wanein widsiniinsuudeutiunans wasduiaumainuanssing 1.5
LLamiwLméﬂﬁﬂﬁuﬁmiﬂmﬁaug& Sefuuaainnely UM INERETA Ay IY Huunaehfidnsuudon
Urunans Arduiianuannednvesddldinluwma whusnuinineimand e1a15ansi 01A15N1sANETILAY 81ANS
Ing1nns oaaiFeunndsasnsal vedseruaiidsled lswdnuy ernndssdniausmaluladnisinuasuas
911113 MeNNNYe ware1msufuRnsasIsuauiliawinhu 1.95, 291, 1.96, 2.60, 2.58, 2.67, 2.40, 1.36,
176 uay 1.50 auddy Ardainisnszaevesdaldinluunaninusnaininemans e1a1saisa e1a1s
nsfnyIfiley 91A15INEIN13 D1ANTIFeuNTITTadnTal veUsrYuATITsleR TsamdAnuy enn1nAsdninue
walulagn1sinunsuageIns newnude waze1a1suuanIsansIsag dawindu 0.37, 0.40, 0.35, 0.44,
0.44, 0.36, 0.30, 0.33, 0.3d waz 0.33 AIWAIFU wanvI1UTIAEUrTlswAnuuiinisnszaneveddldin
Aoutnsas LD

namsAnEIAELTLESE WA e SvesiuazAdlaurainnateveswie Aduiinisnsyane
wagArdvinuneiin (11519l 4) wud Aeumpiivenhiiianuduiusideuantudduiinnuannuiine i
Sodfynsadd (P<0.05) InefidrdudsyanSanduiusvinfu 0.479 Areendiaufiazangludhiinuduiusiu
TngnsanuAtRvdauraIniaIevertn Aveiin1snseay waganaiaiuuinaia lnedadulssdnsandunus
Winfiu 0.144, 0.167 wag 0.277 auaisu Araudunsa-a1e Sanuduiusidsulniuaisvianurainialsvas
ylianvtin1nsza1eeg 19l dod1Agyveaia (P<0.05) InaliarduUszdnsanduiusvindu 0.407 wag 0.383
audu dudsanunneinessditeddBomeadn (P<0.01) TnefanduussAndanduiusivintu 0.564 ¢
lulpsvdanudunuslensaiuanviianunainratevessidanifvinisnszaeuazanedanuunyda Inedlady
UsyAnsanduiusvindu 0.160, 0.276 wag 0.249 anudnsy alanewntinluiin finnuduiudidauiuadviin
warnvatevinvedanzutnuandlon waslavevtinman egnafideddyBannada (P<0.01) Inefiaduusyans
ANFUNUSINAU 0.482 way 0.482 Aua1ey Alanentinlufuaudunusidsuiniuafsiaiunainalsved
¥ila wavaruunaiinveslaveutdnay i sgrelldeddyn1eada (P<0.05) Inefiaduys Andanduiusiviagu
0.408 way 0.370 MUAFU Famnefsndaiinnumainuanemstaniniuamnsimesaesifivhnisinuniianng
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I =

W8IUDIU AITUINNANUFUNUSAINEND Utuanurasifdaun g sgvildaanunaten1etininyesdninga

q

auﬁﬁi’qu‘iﬁuﬁw (Mustagim-Alias and Ahamad 2013)

M59 3 ArtlinANuvaIvaIeNITIN YA Tuminedesuigiiuaansiu (daumeiauni)

o o A5
FUTAMUNAINWAIYNITININ :

1 2 3 q 5 6 7 8 9 10
fuilanuranuanaueiie 1.65 2.09 1.67 2.06 2.16 1.85 1.75 1.53 1.52 1.27
AYN1SNSEaNY 0.37 0.40 0.35 0.44 0.44 0.36 0.30 0.33 0.34 0.33
fuianuunnvia 1.95 291 1.96 2.60 2.58 2.67 2.40 1.36 1.74 1.50

A15799 4 ANANUAURUSYRIRVLY INANUNAINNAIENITINNAUAINISITLMDTVBIUMAL AT NDURY

o . Gyl Tl ATl
N15MDI - -
AIUAINUAYVDIYUR NM19NITNY AMUUINYUR

Water temperature (°C) 0.230 0.068 0.479*
Dissolved Oxygen (mg/l) 0.144 0.167 0.277
pH 0.407* 0.383* 0.564**
NH3 0.160 0.276 0.249
Tavewiinluth (me/)
Pb 0.318 0.036 0.001
Cd -0.482** -0.414 -0.247
Cu 0.173 0.040 -0.069
Fe -0.482** -0.141 -0.247
n -0.110 -0.116 -0.291
Taventinlungnoudu (mg/ke)
Pb 0.408* 0.260 0.370*
Cd -0.152 0.133 -0.020
Cu -0.085 -0.242 0.103
Fe -0.152 0.133 0.020
n -0.026 -0.195 0.310

*auduiusasiimnuusnaaiuegeiideddgisadanseau 0.05 (2-tailed)
aad Y

“auduiusaziinuuanasiueg1iidud Ay damnsaianiszau 0.01 (2-tailed)

G

3
v v
° o a a a

AMIANYIAIUNAINNAT1IN19TIN TNV 9F 9T TAInTUUN AUNTNUINTINUY wazpynoufunieluy

WNIngdesuigiyaaensu (@ungiauii) aunsoagunalane

1) gruantives fvinisne Idun gaungil sondiufiavanslut arandunsa - wanzaude
mstsaiinvesdadidisluuvanilulnsifnoundaininaineimans undniuiinueasineins fegandn
NIIUINTFIUAIAUA ﬂ'ﬂauwﬁﬂiuﬁwﬁwudwﬁmLﬁummsﬁmmgm’iumamwwu AoUsuna aei @S
WARALTIEY, NOILAILNEN way dansd ﬁﬁﬂmﬁuﬁmmgmﬁmum wazAlangntinlungnoauiu fvinisane @
Usnadavewiin mzia, waailoy, nesuns uaz dned LinuuSunadavewiin us Fe wudwﬁﬂ%mmﬁlﬁummgm
Avun

2) MINMSANYIAUNAINVANEY AILINNTEN LarNINSEANeTeEdTInlu wuinilesustnou ves
AR UL LA 4,717 § $1u9u 11 Susu Useneudie 21 194 lasunasinusinaermsiSeunmidsasnsaiil
ArAuraINTaevetrlingeaninfu 2.16 ushiaen1sujianisasisuay AIUMAINUATENITIAINT
@?wqmvhﬁ’u 1.27 Andaiinisnsranevesdelidinluuma i usna@ining1nsiams wasusnaensEouLmdsas
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nsaidiendeiinisnseanegegainiu 0.44 ‘U%naﬂ;iwSmuuﬁmﬁﬁuﬂmiﬂixmaﬁwqm WINAU 0.30 wagARvlaNu
Wnviaveddidinluunasinusnaensansa favtlanuunviinasgaminiu 2.91 USnaemsiasedninne
wAlulagnsineaswage1ms ﬁé’mﬁmmmn"vﬁmﬁwqm Wiy 1.36

3) ysfwosvoni Wun guugll sendiauiiazarsth anudunin - ds Tulasyi Tavemiinluuas
pznauRu dauduiusiuaidvdanurainnaienisdinmegeiitedAgnisana

Jarauaunuy

nsfnyideluaisiitaeszernarlunisifuiedswesdedi@inluwndnilviaseunqu ynggmauaziidng
syozanfulingay Wesnnatlunsfufodsdnadennumainuatsnsdininvesdeiidinluumasi
uenanfAIsinIsAnw IS Ilmessug veuinfiuia 1wy A1 BOD ALY AUNTEAE AULAN L udY

LONA158199

nsuAIUANLafY. (2548). f:jﬁamsmmaammmwﬁwﬁmé’mﬂajﬁmz@ﬂé’wé’mﬁﬁu. NIUAIUANLATY. NTENTI
NNENIFITUI ARG AUINE DL,

NIUAIUANNATIY. mmgmﬂmmwﬁw : mmsﬁﬂmmwﬁwmwamami@i’ﬁa%ﬁmaqﬁmiﬂfw (ooulan). (2558 n)
Fuduan www.pcd.go.th/info_serv/reg_std_water06.html (dniuiile 6 weunay 2562).

NSUAIVANNANY.(2547). AHBNITATIVADUAMAIMNAMINAUBE19918 (AAINLN). NTUAIUANUATY,
NIENTNNTNGINTFTIUN AU FWINT Y

v
v 6 & a o

Teyeynaly aunsUsyans. Asanwel dwdiites, §uSTand Rvindna. (2556). AT nviaNevesasi luktithd,
MIAITUNULNTAT.

QGE \ewnda, auns e3enn, audni nD9, SLUANE 9AUIT. (2548). ﬁjﬁamwaauqmmwﬁﬁaaﬁmﬂaiﬁ
ﬂis@ﬂé’wé’wﬁﬁumuwdqﬁﬁ@ ﬁwﬁfﬂé’mmﬁﬂmmwﬁ’] NINATUANLATY NTENTWNINENTEITUMAUDY
Aauandou

T3 vy (eulat) (2559). Tassnsiuymineinsussadungiaany awan duduain
http://www.sklonline.com/web/index.php/2016-09-29-02-53-57/2016-09-29-02-55-36 (1{1iaiile 6
NOWAIAU 2562).

[

ugua wasseau. (2552). alleuinidnintinfu n1sliseds @mmmm&iqﬁlﬁmima?%'ww%’smw. fsinsil 8.
YaULAY: Lauunaaniam

asnufugd meyaugaded. (2542). aftemnBedaiidntindn. funinadl 2. ngame : wau wiuds Sifa.

fase 71l. (2557). mslddnilifinszgndundathusunalngfien1sinaunsisaeunisdinin. madvdsinen
ANEINEIANERNT UNTINYIFENMATAY.

W.Patrick McCaffert. Aquatic Entomology The Fisherman's And Ecologist's Illustrated Guide To Insects And
Their Relatives. 1981.

Wilhm JL. Range of diversity index in benthic macroinvertebrate communities. J Wat Pallut Cont Fed 1970,
42: 221-4.
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Abstract

Cadmium contaminated in soil is one of the environmental problems which cause
effect on the living organisms. Biological remediation can be used to treatment heavy metals,
in particular, the use of microorganisms and plants for remediating cadmium contaminated
soil. Some microorganisms have cadmium resistant mechanisms. One of the cadmium
resistant mechanisms is the production of biosurfactant for protecting microbial cells from
heavy metal toxicity. Biosurfactant is capable to bind to cadmium in order to prevent
cadmium entering into cells. In addition, biosurfactant can increase solubility or mobility of
cadmium in contaminated soil. Increase cadmium bioavailability provides the plant ability to
uptake cadmium from soil and promotes cadmium phytoremediation efficiency. Therefore,
the objectives of this study are to isolate and screen cadmium resistant bacteria that are able to
produce biosurfactant from heavy metals and oil contaminated soils. The growth of
biosurfactant-producing cadmium resistant bacteria and the optimum conditions, including
carbon source, nitrogen source and pH for biosurfactant production were investigated. The
results found that a total of 47 isolates were isolated from 16 soil sample. Isolate CBI11 is a
cadmium resistant bacterium which produces the highest level of biosurfactant. It was
identified using 16S rDNA gene sequencing as Brevibacterium casei. In addition, the
results of the optimum conditions for biosurfactant production from B. casei CBI11 cultured
in Modified Minimal medium were 2% palm oil as carbon source, 2% yeast extract as
nitrogen source and pH 6.5. It can be concluded that B. casei CBI11 is a biosurfactant-
producing cadmium resistant bacterium and it could be applied for bioremediation of
cadmium contaminated soil.
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wiazlolaaniidauenlduinisnageunisadrsansanusaimaganm Tngvimsinsidsateudarlelsan ady
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mmmwquﬂ‘w B. casei CBI11 a¥1ansanussisialas Inefiauseiaing 30,543 mN/m
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Study on the quality of drinking water vending machine around
Thammasat University, Rangsit Campus
Kitiya Jumroontippawan® Wanida Chooaksorn?

12 Faculty of Science and Technology, Thammasat University, Klong Luang, Pathumthani, Thailand
E-mail troykitiya@hotmail.com; 2Email : chooaksorn@hotmail.com

Abstract

The objective of this work is to study and evaluate quality of the drinking water from
vending machines around Thammasat University (Rangsit Campus). The drinking water is

randomly sampled from vending machines installed in 10 dormitories around the campus
during the period of January-March, 2019. The quality of the water samples was analyzed and
compared with the Standards for Drinking Water Vending Machine Practice, and also the
standard for drinking water in a sealed container set by The Ministry of Public
Health of Thailand. It was found that only 10+ of the water samples pass both Standards,
while the rest did not pass the Standards for Drinking Water Vending Machine Practice. For
instance, 80% of the water samples did not have proper location to install the machine, or 60%

of the water samples did not meet the potable water standard, and no report on the water
quality analysis nor maintenance report. In addition, pH and Coliform bacteria parameters of

40% of the water samples did not pass the standard. This may be due to the lack of the
machine maintenance such as cleaning, or changing of filters. It is suggested that the relevant,

or regulate departments should inspect these vending machines and pose some measures to
improve quality of water from the vending machine to be in accordance with the standards.

Keywords: Drinking water vending machine; Drinking water quality; Thammasat University,
Rangsit Campus
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email: p.aphiranan@gmail.com
uNAneEs
nsfinwil TinguszasaiioUsediuusunanisidunlunisudalin (Water Consumption) wagnanseny
(

De

3

o

AIUNTSVINLAALULT (Water scarcity footprint; WSF) va4n15uan il 3 nsdlAnen aundn 1SO 14046 Tae
nsdifned 1 Yssfiunszualniln (1 kwh) aanlsduiimdssuainudousau fnszuaunisudndusuy
Cogeneration Wihwsssummduundadomas é?qaguﬂuejuﬁ%ﬁﬁwazm AN 2 Ussliunsualnidh (1 kwh)
nlsslafirdanavuimian ‘L%L%@Lwamﬂmwi’aamﬁﬂﬂumimwm é‘?ﬂa&ﬂufjmjﬁjmmﬁ waznsdiinud 3
Uszifiunszualaiitn (1kwh) 91nlssliitmdanuanudou Winesssurfuazdnduisududemas @T’qagisluejmfﬁ
vlng deulwanisussiliulanznszuiunswdnluin (Gate-to-Gate) NM3AuN1TIT8UTENOUMENITTIVUTIM
FoyafiAeriunsuanlih 1w deyaneniamans aniufids Aufivedlsdlaih doyadunisudelnih doyanis
launvesingdv Teyaisnisndnlniln aifinisnde dudruazdeeannssualnili g1udeya Water Footprint
Inventory W3anan1sinwn1sUsudiu Water Footprint fivigafiunisudnluiln diudavindaydsiens (Water
Inventory Footprint) #sagshlimsuisianamsldtlumsnanluihdentnendnsus wduideyaudssdue
Water Scarcity Footprint awUsna Han1sAn®Inudn nudn nsdifinwiil 1 A1 Water Consumption iy
0.0012 m’>/kWh wagan WSF i1ffu 0.0008 m°H,0eq/kWh nsgifinundi 2 A1 Water Consumption wihffu 0.0036
m’/kWh waga1 WSF i1y 0.0013 m’H.0eq/kWh wagnsdifinuidi 3 A1 Water Consumption i1 0.0075
m>/kWh wazfn WSF 15infu 0.0080 msH.0eq/kWh Sawadnsiildazanansaidundosiiofivaedausunanisldih
Tmansuwazedonvesn WA ki

AdRey: Usuaunsldin, Jewmesansudsiuaunnuaau, 8nasianiud, 11nsgu 1S0-14046,
nsuda i
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Water Consumption and Water Scarcity Footprint Assessment
of Electricity Generation

Aphiranan Phongjetpuk?, Pet Techarat?, Bunlur Emaruchi?, Kobkaew Manomaipiboon?
and Wimon Sonchaem?

Faculty of Environmental and Resource Studies, Mahidol University, Nakhorn Pathom, Thailand

E-mail: p.aphiranan@gmail.com

Abstract

This thesis is the study of water consumption for the electrical generation and conduct
the impact assessment of the Water scarcity footprint \WSF)under the ISO 14046, of 3 different
case studies in which : the first case study is the production of 1 kWh electrical current from

the Combined Cycle Powerplant with the production process by Cogeneration method, using
the natural gas as fuel, located on the Chao-Praya basin, the second case study is the production

of 1 kWh electrical current from the small-scale Biomass Powerplant, using the agricultural
residues (rubberwood slap) as fuel, located on the Pattani basin, and the third case study is the
production of 1 kWh electrical current from the Thermal Powerplant, using natural gas and
palm oil as fuel, located on the Bang Pakong basin; with the scope of the study focusing on the
electrical generation process (Gate-to-Gate). The procedure of this thesis consists of the data
collection related to the electrical generation process; such as the geographical data, location,
power plant area, electrical generation data, the receiving of the raw materials, the method of
the electrical generations, the statistics of the production, import, and export of electrical
current, Water Footprint Inventory database and the results of the Water Footprint analysis
related to the electrical generation. Those data will be used to conduct the list of Water
Inventory Footprint, which indicates the quantity of water consumption for electrical
generation per function unit; and evaluate it to create the results of Water Scarcity Footprint
(WSF). As a results; the first case study indicates that the water consumption equals 0.0012
m3kWh and WSF equals 0.0008 m3H,0eq/kWh, the second case study indicates that the water
consumption equals 0.0036 m*kWh and the WSF equals 0.0013 m*H,0eq/kWh, and the third
case study indicates that the water consumption equals 0.0075 m¥kWh and the WSF equals
0.0040 m3*H,0eq/kWh. The results of this study can help indicates the quantity of water used
for electrical generation, directly and indirectly.

Keywords: water consumption; water scarcity footprint; water footprint; 1SO-14046;
electricity generation.
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unin

Yhuasndsnuduninensifiaudenlosiusgrauuuniy: Yidudsndudmdunsuan msvuds uay
nsldndsnumnveuy wesndnuifedudsududmiunisatni nstidni waznnsuandieth saludanns
s1smsarmsamatldnuie amudeulosiulaznisimndsiuuas furesaominensitnasofustdy
auLLazéhumﬂﬁﬁqm‘}uﬁﬂaﬁﬁmmﬁm “water-energy nexus” (UN-Water, 2014) Imaqﬂmwfﬁwﬂmaﬂaﬂ%
fUTIaUsEIN 1,400 a1ugnuienilamms (UNEP&CEHI, 2009) TnguSanaisan 1,300 fSugnuIAinlamng
vioUssunndenar 97.5 Wulifilunsiauazamanyms ldanansohunuilnald Tudwdiinashiwdedosay 2.5
Fiduthda Uszneudie thudeialan Usyunw 24 augnuiaiilaluns (Sevay 1.74), gy 1w 11 &
anuAfAlawns (Fesaz 0.76) waniduiiaiu 0.1 Sugnuraiilamwns Favas 0.01) (MLIT, 2017) uywddinisld
YrUszana 4,600 augnuianflawnseiel Tddwiunisinunsuszanuiosas 70, dmsugnavnssudssanmuios
av 20 uazihl¥dmiuasudeusnussanadosar 10 Tasannsaliilul 2050 Uszannslanasifisdulugaesewing
9.4 - 10.2 Wuduau U 2017 AUszwIng 7.7 Wuaruaw) (UN-Water, 2018)

Tusrezinamanedudfiniumn Uizmﬂlmlé’m%mﬂ@mﬁmﬁﬁashm'aLi‘iaa WU @0uNITlABLAIREI
uusslud) 2548 Aiflyariauidemedis 7,565 Auum dawausznudeUszvvy 11 §1uay wazaaunsalgnnde
suusslu® 2554 Afyamnrendeme 1.44 Srudruum Tldsunanseny 12.8 Srueu wazideTiaunnis 813 au
(ARENTFUNSNINEINTUATR (MU, 2017) 5ﬂ‘1/lzﬂﬁLLu’ﬂﬁiJﬂ’ﬂﬂJ§‘ULLNLﬁm‘ﬁuﬁ@ﬂ q fathu Asusmsdanisih
othailszavsnmiadudsinduedrmisdmsumsldthlufanssus q vesuywd Tnefl Water Footprint 1fudn
niluedosflelumsuimstanind daingussasdiftomittnfivsuondsnsliuasnanssmuiiintuainssuy
Aouna i é“u%ﬁﬂﬁmwﬁﬁayjawaﬂiwwamﬁmﬁmsﬁda?amﬁam (Environmental Product Declaration:
EPD) (Ridoutt, 2009)

NsUsEiuIBmaTNANSUA (Water Footprint Assessment, WFA) folddumsedle dudwnndoudioz
4111501119781 UN15USMITTANTUN V0 IHEAS AT NTEUIUNITHIDBIANT ANNTBULANISAN TR mUA (Yu,
2010) G?idﬁaﬁ;ﬁuﬁ 2 wuamsitenimdnnisunldlunsuseifiuiiesieaunaves WFA (Jefferies, 2012) Wi
usn Ae TduuamnenisUszifiunumtagsny Water Footprint Network (WFN) Saidunismenieinesnniud
(Water Footprint, WF) deiduguiusdinisldindavesdudnsondndu lnefiansannisldiramenssiay
9008 (Hoekstra, 2011) n1sUsZIIUUDY WFN 2gitunUsnnalved blue water, green water Wa gray water Ws
LildRasundmansenunsldindeiud deiu Sadummanisiiniony 150 daiau WraA fesisazden
299 150 14046 Huagsjadiumaman WF anUimnunanssnuindeniifloniadamasonisliih lngldndnms
‘ﬁuﬁ’mmmmsﬂszLﬁui’gﬁﬂi%méumﬁam (Life Cycle Assessment; LCA) (ISO, 2014)

Adei WunsAnuysinamsldiuasaansenudunnumauaauiuesnsaaniii 3 nsddne 149
w&NNNS WFA 3l 1SO 14046 Sanadniilaazannsaduniesdiofitrsdiausuanisldiimmsauasnadon
vosnsuanliinuazanunsadinan1sUsiiiu VLUSU&J']smaajmsmLmeaammﬂ%ﬁﬂﬁmmzammmiwﬁmwémﬁmeﬁ
du 9 Wimslithedneiuszavsnmuandunmsdaasunseysndnmslidhdnge
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1. AnUBmamsidiilunswanliihvedsedihnsdne Tnensimszitadnenisldhlumsuan
Aszualnin

2. ‘UizLﬁuﬁmamai‘vﬂmw’%uﬁﬁmmi‘mmLmauff’] (Water Scarcity Footprint, WSF) va3uansiauaitnil 1
kWh, 3 AsaiAnen

3, Wiguiflsutsinamsidiuasnanssnuguanumauaauinanmseannssudliiiusas nsalfingm
s2108U35798
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WUV Cogeneration T4fesssumiduundadomas feoglugumindmasen

nsdiAnw 2 Wundadasinszualnd (1 kwh) anlsslnihdmnasundn T%Lfgaméqmmw’iaqmﬁa
THlunsinens @nlfforemns) ssogludumidnmi
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anunsoutenssdunidelaidu 2 dau fil

1. MmInusudaya

foyaildlunisinviduteyayiogd Ingldvhnmsnumsdeyannaniuthuasduandeuiie

Y 9
£

ANNEIBU angeamnsTiuvisUsEmalne wazdoyaarnnisiniihendnuvisUssmalng Useneumedeyatoya

Y
v a

mandmans anuiida Aufivedladlwih deyadiunisndnlaii feyanisldunvesingiiu doyaisnisnanlmi
affnsndn tiduardsoannszudlni grudeyatylnenmemesinniud wiouisldmumudeyananisine
wazenATedumsuanliihuszandng  warldundademasing q Tudsnduiiiedestuiesdinniman
Wi uaznamsfnuimsUszidiviome snndusiAeiunssanlaidin
2. Msleszvidaya

nsamAsnansldilunsyuiunsnanseniendn i (Water Consumption) wae
A1 WSF fﬁﬁ'&lﬁl%’wé’ﬂﬂ’ﬁ WFA 91335983 ISO 14046: 2014 Environmental management — Water footprint —
Principles, requirements and guidelines Felldunouvdn 4 Sumeu fiseazdonreluil

2.1 MvuatvanauazraunnsUsEIEy

Whanevesnsiine fe UsslusazuSeudlovuSunanislddembenaasasivedslih
nsdifinu nouTAnwIAn WSF vesusiaznsdifine

YoulnNsAnYIIWITe Lunsusalulydnensiewesianiud wazdssilual WSF au
084 1SO 14046 ﬁmmw%’agaLawwﬂizmumimammﬁu (Gate to Gate)

wirn19¥9 0 w3enieniiiindnfuet (Function Unit) dwmduanuided de nansu
nszualnin 1 kwh

2.2 3A51eUy T8 TI0meSNANT U
Wudumaun1sitas1eimmusunani1stansnenns Usunanistdun ndsnu Ysunaveads wse

uafiwiiAntuaInnsrUIumsuarduneluweuwmvasmskanlitin WedavihdaTsenis %nﬂwnaué’w%uﬂamﬁ
a1 (Input) Wud sl Wewds s IngAuilflunszuauns meldansiad wazdayaansviean (Output)
Tgun drideiiniu vafivmeonnia Anufou veadeaInnsyuInms uasnanfueisI
2.3 UszliIuNanIENuIoLnesHans ua
Juduneunisuseiiunansenufitiniuainnisuanndndnet ddunuideiendenyssdfiuna
AsynUAUNMsTIALAaLT Ao Wunsussduiinannudenisldiniouiuusunahiisndud alufiuiiis
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fufiedr WSF Fufinanuaguues Usunanisldihfiiisadestunisudnlaiin auveuinildne (Water
Consumed) fusnduiausiaesosindaiuil (Water Stress Index)
2.4 msudana
HutumeunsuUanavesmsusuidiu WSF pthmaansuaztoazuvainisuseidiu WSF 11519
ogsanysaliazifisanss Inefesusmanamuioafisorildiuneades nadné Joya 3¥ns auuigiu uazdodnin
g 9 azdeadinnulusdawastmauiielianunsadlatsnnududeu uaznnznsidegindeegns (Trade-Offs)
Tunsuseidiu WSF la uaﬂmnﬁ1umsaqﬂmaﬂaiLLamamaﬂwsﬂixLﬁu waginsulananisuszidiufidenadosiy
Wmnensfine Serdauazguuuuresenuazdognizylinauitunounisinundmaiswasyeurnves

A1SANYI

WNan1539e

HaNMTIATeitydnenisteyaasvndn-aisvieeniuniswdaliii (1 kwh) uagen WSF vedusiag
NIEAn ULAAIRINNTINN 1 Wagn1nil 1
M3 1 Uaydsensdeyaansudi-ansvieentunisadnlniin (1 kwh) wagan WSF vedusdaznsilfinm

sl 1 nsdlnuni 2 nselfnudl 3
Volume/kWh WSF factor WSF (%) | Volume/kWh WSF factor WSF (%) | Volume/kWh WSF factor WSF (%)
(m*H,0eq/unit) (m*H,0eq/unit) (m°H,0eg/unit)
1. Fuel - 2.88E-05 3.60% - 1.27E-03 94.17% - 4.44E-05 1.10%
- Natural Gas (NG) 1.77E-01 2.88E-05 3.60% 1.36E-01 1.70E-05 0.42%
- Rubber slab 1.66E+00 1.27E-03 94.17%
- Crude Palm Oil 1.55E-04 2.74E-05 0.68%
2. Resource - 7.62E-04 95.25% - 7.13E-05 5.28% 3.98E-03 98.89%
- Water Consumption 1.20E-03 7.45E-04 93.06% 3.68E-03 6.56E-05 4.86% 7.46E-03 3.86E-03 95.96%
- Electricity (Back up) 6.84E-03 1.75E-05 2.18% 2.22E-03 5.68E-06 0.42% 4.61E-02 1.18E-04 2.93%
3. Chemical Agents 6.15E-04 9.21E-06 1.15% 1.60E-01 7.49E-06 0.55% 1.18E-05 1.87E-07 0.00%
4. Waste 1.95E-04 3.42E-09 0.00% 2.77E-02 1.97E-08 0.00% 0.00E+00 0.00E+00 0.00%
Water scarcity footprint
- 8.00E-04 100.00% - 1.35E-03 100.00% - 4.02E-03 100.00%
[Input] - [Output]

P37; AINNTANUIN
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8.00E-03 - i6E03
7.00E-03 %
) 6.00E-03 %
E 3.00E-03 % % %
2.00E-03 | 0E03 %1‘3@03 % %
.00E-03 Z 8.00E-04 FRET RAAA
Case Study 1 Case Study 2 Case Study 3

% Water Consumption = Water Scarcity Footprint

AN 1 N5 1LERINaNISUSEUTDILAAaYNIIANEN
7317; INNNTAUIN

nsdlfinwiil 1 wanfaminszualidin (1 kwh) 9nlsdlvimdanuadous fnszumumsadaduuuy
Cogeneration Mfnasssumiduuvaaiomas é]gqag”lua;mﬁ%%’mism fvoulwnn1sUTeluluU Gate to gate 14
Poyanisuaalih 12 ey (uns1aN - Suau U 2016 ) wan15UseLiiua1 Water consumption A 0.0012
m’/kWh way A1 WSF @8 0.0008 m’H,0eq/kWh

nsdinunil 2 nansusinszualaih (1 kwh) anlssliihdunavunadn [domamnmyianumaeldly
nainwas @nldfenans) feegluguindani fvouamsvszfiuuuy Gate to gate Tdayantandnluih 12
Wou (Wnsnan — sueu U 2016 ) wanisuseiiiuan Water consumption #® 0.0036 m’/kWh Lag A1 WSF fe
0.0013 m’H;0eq/kKWh

nsdifinundt 3 Wurdndasinszualslin (1kwh) anlsslifimdanuanuieu lfesssumfazidu
ihifufudemas degluguihunazns SveuamnsUszidiuuuy Gate to gate Tdayaniaudsluii 3 Weou
(nunus-wwew Y 2019) nan1suseiiiudl Water consumption @ie 0.0074 m”/kWh uag A1 WSF #ia 0.0040
m’°H,0eq/kWh

ogalsfiny deyafithundsiliuvvesusasnsd@nuiidediafiuandneiu uazdoyaursUssinmiy
Awduvedlssliiin deyatngivvdeasiediildunesndlunszuiunsnanbinsudunummnduate enaagyili
Afildanmsvszduranadoulunnenuduaidld wasdeyannneussduiddildannsaldsrdaiod
funuresnsiithuasransenurosmsnannszudlaihinyssavlsdliihuusasnsdne esandeya
egnadafosiuly uiaansaltidudoyaatuayilunuddeduls
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ABSTRACT

The smog situation in Thailand mostly occurs in the northern part during dry season annually.
It is due to the burning agricultural field, having small pieces of weed as fuel. The shallow
geography with mountains surrounded cause more severe situation. This research aims to the
impact of smog pollution towards health of patients at Chiang Saen Hospital, Chiang Rai
Province during September to October 2018. A questionnaire is applied as a tool for collecting
data and is distributed to 385 sample (patients at Chiang Saen Hospital) - using purposive
sampling method. The data is processed via constant program. The results reveal that the
majority of respondents (59.9%) is female; the youngest age is at 10 and the oldest is at 76; the
average age is 38.34 (SD = 19.635); holding the senior high school certificate (32.7%). In terms
of knowledge on smog problem, the majority of respondents (68.6%) knows and understands the
issue at high level. The reaction behavior when facing the matter comes in various forms with
high and most frequency, including avoiding going outside during smog forming; using mask;
applying eye drops and taking rest in residence. In terms of health, 90% get high and highest
impact — eye irritation, bad smell, nasal irritation, nose running, coughing, sore-throat, throat
infection, hard breathing, discontent, angina or chest pain, headache, vomiting, skin irritation and
itching. Therefore, all of those (100%) visit the doctors at the hospital when they encounter the
problem.

Keywords: smog pollution in the north / the impact from smog / reaction behavior towards smog
problem
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Monitoring Mangrove forest Land cover changes with Remote
sensing in Samut Songkhram Province

WalaipornPhonphan, Mintra Wongkad, Darunee Rawangpai
Faculty of Science and Technology, Suan Sunandha Rajabhat University, Bangkok, Thailand
E-mail; walaipornph@ssru.ac.th, taywalaiporn@gmail.com

Abstract

The mangrove forest in Thailand provides food and many living organisms. Mangrove forests
also provide important nursery habitat for many species of fishes. Therefore, knowledge on
mangroves distribution and change is importance for effective management. Remote sensin
and geographic information system has been widely used to characterize and monitor an
studies on mangroves change. The main of research is monitoring mangrove forest land cover
changes in Samut Songkhram Province from 2008 to 2018. This study used multi-temporal
Landsat TM data and ancillary GIS data to quantify man?rove cover changes in the whole of
Samut Songkhram. This research used supervised classification technique and NDVI index.
Land-use was classed 6 groups which were mangrove forest area, urban area, agricultural
area, bare land area, fishery farm area and water area. The result found that overall accuracy
by calculating Error matrix during 53 to 83 percentages. The mangrove forest area is
increasing between 2008 to 2011 and 2015 - 2017. In the other hand, mangrove forest areas
are decreased between 2011 -2015. Information of mangrove forest area change of this study
is very useful to local government and urban planners for the betterment of future plans of
sustainable development of mangrove forest.

Keywords: mangrove forest, remote sensing, geographic information system
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Abstract

A Study of Social and Environmental Participation around Srinagarind Dam,
Kanchanaburi has objective of exploring, analyzing, lesson learned, Model of participation in
social and environmental communities. The methodology of research were study the basic
information of the project, Field survey, Focus Group, In-depth interviews, Model development

to determine the accuracy of the model and criticism of the participation model by studying
from the population living around Srinagarind Dam, Kanchanaburi. The research found that

exploring, analyzing, lesson learned, Model of participation in social and environmental
communities of 11 forms, namely 1) Model of factors affecting community participation 2)

Model of local development of people participation 3 ) Model of Social and Environmental
Participation 4) Model of on Community Rights Participation 5 Model of Method Participation
6) Model of Participation Examination 7) Model of Manage Participation 8 Model of opinions
on development dam 9) Model of participation in community activities 10) Model of in
participation in community activities and 11) Model of community leaders and guide the

development of models of community engagement is appropriate and possible in practice to
promote the quality of society and the environment to be better. The suggestions for

participation in 6 dimensions are environmental dimension, social dimension, economic
dimension, Management dimension, Physical dimension, Other dimensions, such as creating a
network of collaboration with various agencies and Future research dimensions should study
the project to developed the community participation model or social capital of the power plant
in other areas and study Model of community agricultural development, tourism community
network development model. Electricity Generating Authority of Thailand can be used as a

guideline for creating awareness listening to opinions and further public participation.

Keywords: Participation; Social; Environment; Srinagarind Dam
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. < S = ° [ [ = a a 1 23 &

Moving grate {Wumalulaginmnveeivunzaudmsuiminuyus il mseivsunadanUdossiuveainuseu

nszaniiesniunaluladivmnuuungdaladiun (Fluidized bed) Usvanmufesay 0.02

Keywords: vgzn1suaniaesingiseunsean, VTIaNOY, nasulihanvey
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Abstract

Due to accelerated urbanization and industrialization levels in Pathumthani, increased
municipal solid waste generation inevitably affects environment and public health reflecting
the need for seeking effective solid waste management. Waste-to-energy by incineration, one
of sustainable solutions, reduces waste volume and recovers energy. The objective of this
study is to select suitable incineration technology between moving grate and fluidized-bed
technology using data collection of amount of solid waste generation and quantity and
population density and data analysis of estimated greenhouse gas emission,. Based on the
2006 IPCC guidelines for national greenhouse gas inventories, the estimated total emission
from moving grate and fluidized-bed incineration technologies were 4,098.46 and 4,098.55
ton COg, respectively. It is pronounced that moving grate incineration is the suitable option
for waste-to-energy recovery in Pathumtani due to lower greenhouse gas emission about
0.002% than fluidized-bed incineration.

Keywords: Greenhouse gas emission, municipal waste, waste-to-energy electricity plant.
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51,100.00

84,000,005.00
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- - -
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&
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LIH kg 473,946,021.25
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27% Ammonia water of boiler liter 1,354,131.49
9 \Water consumption of boiler m3 101,559.86
g Hydrate lime consumption for attemperat{kg 3,791,568.17
E‘ Cooling water consumption for attemperalm3 2,031,197.23
8 Activated carbon consumption for dust cdkg 94,789.20
3

Output

‘Wi kwh 155,817,879.27

fAayanisdaaufieniaunsyan

iligasnisAuIn : 2560
a1vde 2
CO; Emission
CH, Emission

N2O Emission
i

nsinnsveuduniedsniawalul

Total Emission : ton CO2
dniudalia : ton CO2

Total Emission wwaaydAuldunaisiu ton CO2
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Uy kg 473,946,021.25
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27% Ammonia water of boiler liter -
o Water consumption of cooler m3 965,652.55
_3 Water consumption for wetting fly ash  [m3 335,254.45
-g sand consumption kg 5,388,017.93
fE Activated carbon consumption for dust cqkg -
3
w

Output

Iivh kwh 83,861,505.67

ivisasnisauin
81989

CO; Emission
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nsdansvaadedieiSnismnlval
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dafudiaia
Total Emission tnaiuzAulsunaniniu
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4,098.46 ton CO, warinaluladimwiuuy Fluidized-bed wanswanislanvassnigaisuaulaoanlen (CO,)

4,098.55 ton CO,
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Abstract

The objective of this research is to find out the waste separation behavior related factor by using
data mining technique. The factors of interested in this research are positive reinforcement of waste

separation, the negative reinforcement of waste separation, the society's norm, the number of bins,
the respondents attitude to waste separation, the respondents- thought that there will be bad effect
to the society if they do not separate the waste, and individual-s waste separation behavior. This
research found that the factor related to waste separation behavior is the respondent thought that
there will be bad effect to the society if they do not separate the waste.

Keywords: waste separation behavior; related factor; data mining

1. Background problem

The waste is the big problem during these days. There are many effects from the waste problem
such as bad smell, air pollution, water pollution, soil pollution, fire from the waste pile, the death
of marine animals from eating the plastic waste in the ocean. The people in many places around
the world have been trying to decrease the amount of the waste but not quite success. The waste
generated in Thailand is estimated that 73,699 ton per day (PCD, 2019). This is a serious problem
needed to be managed quickly and effectively.

The popular method used to decrease the amount the waste is 3Rs. The first R is to reduce the
things which could be the waste in the future. The second R is to reuse the things instead of
disposing them as the waste. The third R is to recycle the things instead of treating them as the
waste. To apply 3Rs effectively, the waste is needed to be separated properly. Some waste could
be reused; some could be reformed for being reused; some could be recycled. If the waste is not
separated properly, the waste will be mixed with other waste and contaminated with the other waste
which make them more difficult to be reused or reformed for being reused. The best place for waste
separation is at source. Everyone is the source of the waste. The package of our food finally be the
waste. The paper we used finally is the waste. The beverage cans are also the waste. Even the rest
of our food is also the waste. All products we consume have the waste. We know that many types
of waste can be reused, or reformed to be reused or recycled. If we can reuse and.or recycle all the
waste, there will be no waste any more. The important point is the waste is needed to be separated
properly. How to separate properly is depending on how to reuse, reform, recycle in that place.
Waste separation participation of the people in the area is also needed.

There have been so many work done in waste separation behavior as seen in (Bernstad, 2014;
Bortoleto, Kurisu, & Hanaki, 2012; Chen & Tung, 2010; Chu & Chiu, 2003; Davis & Morgan,
2008; Fadi, 2018; Fielding, McDonald, & Louis, 2008; Fujii, 2006; Gatersleben, Steg, & Vlek,
2002 ; Gonzéalez-Torre & Adenso-Diaz, 2005; Ittiravivongs, 2011; Kahneman 2003; Klockner &
Oppedal 2011 ; Kollmuss & Agyeman, 2002; Lange, Briuckner, Krdger, Beller, & Eggert, 2014;
Lee, Kurisu, & Hanaki, 2013; Mannetti, Pierro, & Livi, 2004; Nguyen, Zhu, & Le, 2015; Omran,
Mahmood, Abdul Azi, & Robinson, 2009; Park & Ha, 2014; PHUPHISITH, KURISU, &
HANAKI, 2017; Pisano & Lubell, 2017; Sheau-Ting, Sin-Yee, & Weng-Wai, 2016; Steg & Vlek,
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2009; Taylor & Todd, 1995; Tonglet, Philips, & Read, 2004; White & Hyde, 2012 ; Zakianis &
Djaja, 2017). From the literatures show that waste separation behavior could be different in gender,
age, academic level, income level, each house size, different cultures, subjective norms
,descriptive norms, environmental awareness, attitude, perception of recycling, cost of recycling,
perceived behavioral control, situational factors, social pressure from friends and family and from
the government (Ando, OHNUMA, Bl6baum, Matthies, & Sugiura, 2010; Ando, OHNUMA, &
Chang, 2007; Grazhdani, 2016; Pisano & Lubell, 2017; Srun & Kurisu, 2019; Wang, Guo, &
Wang, 2016; Zhang, Huang, Yin, & Gong, 2015). This comes to the fact that waste separation
behavior of a group of people can be different from other groups; and waste separation behavior
related factors in each group could be different from other groups. So it is necessary to find out the
related factors of waste separation behavior of the target group specially.

During these days, data mining has been involving almost all around. It can be used to reveal
the implicit knowledge. In this research we also use data mining to find out the related factor of
waste separation behavior of the groups of people of our interested. Data mining technique we use
in this research is classification technique. In SSRU, a university in Bangkok, Thailand, there are
many bins settled down for waste separation but in some bins, the waste is not separated properly.
If the waste is not separated properly, it will be hard to apply 3Rs to reduce the amount of waste.
In order to decrease the amount of waste, we need to get waste separation participation from the
people in the place. The big group of people is students, undergraduate students. Their
participations to waste separation are needed. The related factors of their waste separation
behaviors are needed to find out for policy making to increase their waste separation participation.
This research is finding out the waste separation behavior related factors of undergraduate students
in SSRU by using a data mining.

2. Objective

To find out the waste separation behavior related factors by using a data mining technique.

3. Methodology

A data mining technique used to find out the waste separation behavior related factors in this
research is classification technique. The software used in this research is «See5~,

3.1 Classification technique

Classification technique is also a machine learning technique which can be used to classify the
data to pre-classified class. The results from classification technique can be in the form of rule or
decision tree showing the relationships among the related attributes and the target attribute (class
attribute). The relationships found can be used to predict the class of the data. In this research, the
class attribute is waste separation behavior (separate the waste or do not separate the waste). The
collected data are all processed to find out which attributes relating to class attribute. By using
classification technique, we will get the related attributes as the related factors of class attribute
and the relationships among them.

3.2 Data

The data collected from three groups of undergraduate students in SSRU. All students were first
informed the objective of this research, then asked to complete the questionnaire depending on
their available and willingness to participate.

This research is finding out the factors relating to waste separation behavior in the society. The
data collected in this research are about the waste separation in the society. The collected data are
positive reinforcement, negative reinforcement, norms, many bins types, positive attitude for waste
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separation in the society, and the thought of the respondents that if they do not separate the waste,
there will be bad effect on their society. The data are collected by using questionnaire.

Seven questions in the questionnaire are follow.

Question 1: Is there any positive reinforcement of waste separation in the society?
Question 2: Is there any negative reinforcement of not separating waste in the society?
Question 3: Is waste separation the society norms?

Question 4: Are there many bins types in the society?

Question 5: Do you have positive attitude towards waste separation in the society?

Question 6: Do you think that if there is no waste separation in the society, there will be bad
effect on the society?

Question 7: Do you do waste separation in the society?
4. Results and discussion

There are 68 completed responses to the questionnaire.
4.1 Results from the questionnaire

Summary of the responses is shown in Figure 1.

Q1 Q2 a3
HYES H yes o yes
=no Hno = no
as Q6
Hyes myes
H no = no

Figure 1. Percentage of the answers in the questionnaire
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The results in percentage, the higher proportions show follow

1) No positive reinforcement of waste separation in the society,

2) No negative reinforcement of not separating waste in the society

3) Waste separation is not the society norm

4) There are not enough bins in the society

5) The respondents have positive attitude on waste separation in the society

6) The respondents thought that there will be bad effect on the society if they do not separate the
waste

7) The respondents separate the waste in the society.
4.2 Data mining processing

See5 is used to process the collected data. The collected data are preprocessed and reformatted
in the proper form for being processed by See5. Question 7 is set as class attribute.

The results from See5 processing is shown in Figure 2.

Class specified by attribute "Q7°
Fead 68 cases (7 attributes) f{rom waste73i-dev.data
Deci=zion trees:
06 = yex: vyeax (51-11)
06 = no: no (17-6)
Evaluation on training data (68 cases):
Decision Tree

Size Error=

2 17{25.0x) &%

{a) {b) i=classified as

__EE ___; {a); clas=s ves
11 11 {b): class no

Attribute usage:

100% Q6

Figure 2. Results from data mining

Two rules from decision tree got with 25 « error rate are

Rule 1: If the respondents think that there will be bad effect on the society from not separating
waste, then they will separate the waste in the society.

Rule 2: If the respondents think that there will not be bad effect to the society from not separating
waste, then they will not separate the waste in the society.
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If the respondents think that the society will get bad effect from not separating waste, then they
will separate the waste. Otherwise, they will not separate the waste. This finding is very interesting.
Bad effect on the society means they will get bad effect as well. No one wants to get bad things, so
they will act to protect themselves. In this case, they will act to protect their society which means
to protect themselves. This fact found might be the same in other groups of people. From the fact
that, everyone loves own life and want to get good thing. This might be common factor for all
livings.

The authority could take this finding to set the policy to promote the waste separation
participation by making them realize that there will be bad effect on the society if they do not
separate the waste properly; and make them intensify their realization that it is a crisis that they
need to separate the waste, otherwise, there will be bad effect on their society seriously. Not only
giving them the knowledge because the knowledge has been already distributed around but also
making them realize the intensity of the waste problem. And let them know that they can be the
important part to decrease the waste problem by separating the waste for 3Rs. Moreover, the
authority needs to set 3Rs programs properly to support their waste separation behavior. One more
important point is that there are some factors can inhibit waste separation behavior such as long
distance to waste bins, not enough bins for separating the waste, no respect to the person who
separate the waste. In case the person wants to separate the waste but the waste bins are too far to
reach in a reasonable time, then that person might not separate the waste properly. Or if the person
wants to separate the waste but there is only one bin in that place, it is impossible to separate the
waste. Or if the person wants to separate the waste and put into separated bins correctly but the
other people laugh at that action, finally they will not separate the waste any longer. Or in case,
everyone in that area separate the waste into the right bins correctly but the person who takes all
the waste from all bins do not collect them as separated waste but mixed all the waste together in
only one big bin instead. This means their waste separation actions are nothing because finally all
the waste is mixed together. These are very sensitive factors which also related to waste separation
behavior of the people in the area that the authority need to manage all synchronous properly, not
only for waste separation at source but also take all separated waste get into 3Rs properly obviously
through the life cycle.

Once they realize that they can protect themselves from bad effect by separating the waste for
3Rs, they will participate waste separation. Then the waste problem should be decrease. This study
can be used as a model for other projects which want to increase the participation of waste
separation at source. The project is needed to start with finding the related factors of waste
separation behavior of the people in that area, then taking the factors found to set the policy and
the programs properly for increasing waste separation participation.

There might be other waste separation related factors which are not found in this research
because the data are not collected in this research. The other factors might have more effect on the
waste separation behavior of this group, we need to find out more in depth further.

5. Conclusion

This research finding is useful for setting the policy and campaign to increase waste separation
behavior. The results show that the respondents will separate the waste when they think that if they
do not separate the waste then the society will get bad effect. To increase their waste separation
participation, we need to let them realize the bad effect from waste problem on the society, and
inform them that the waste problem can be decreasing by 3Rs which could be well done after waste
separation at source; and their action in waste separation is very important for 3Rs.
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Abstract

In this research, the waste could be separated into four types: hazardous waste, recycle waste,
organic waste and general waste. There are four color bins for four waste types. The red bin is
for hazardous waste. The yellow bin is for recycle waste. The green bin is for organic waste.
The blue bin is for general waste. This expert system is used to inform that in which color
garbage bin that anyone who is going to dispose the waste should put. The system was evaluated
In two facets: usefulness and easiness in five level of Likert scale. The evaluation results are
4.41 and 4.64 in average of usefulness and easiness orderly.

Keywords: waste separation; expert system; garbage bin selection

1. Background Problem

During these days, waste problem is around the world and needed to be fixed immediately
and seriously. The popular method has been used for decreasing the amount of waste around
the world is 3Rs (Reduce, Reuse, and Recycle). In order to apply 3Rs effectively, it is necessary
to separate the waste following 3Rs policy in local area. For example, to reuse the plastic bag,
the plastic bag which is disposing should be separated from other waste and keep in a special
bin which make it easy to clean for anyone can reuse it. To reuse plastic milk bottle can be done
by many methods such as reforming it to be a tree jar, pencil box, shoes container. Moreover,
plastic waste can be recycled for reusing it in other forms. In order to be reused or recycled, the
plastic waste is necessary to be separated from the other waste properly, to make it easy to be
cleaned and managed later. Otherwise, it will be mixed with other waste which is needed to be
managed as all waste. This means the waste increasing, waste problem increasing, more
pollution from the waste, and so on. This is why waste separation is very important and
necessary for 3Rs to decrease the total amount of waste and decrease the problem from the
waste around the world. If waste separation is not done properly, 3Rs cannot be applied
effectively, or can be applied with very high cost.

As seen in many communities that there had been many campaigns to motivate the
indigenous to participate the waste separation in local areas. Sometimes, we can see many
posters posted on many boards, many pamphlets, TV broadcast, etc, to promote waste
separation in many areas, also there are many types of bins sets around in the areas for getting
the separated waste to decrease the waste problem. The results from these actions found are in
many different type bins contain the same mixing waste. The waste is not separated properly.
There is very least of the waste separated correctly. From these facts found, we doubted why to
be like this and really wanted to know the reason of being this. So we interviewed and
discoursed some people around about how they dispose the waste in the bin in the area where
they live and why. The answers got are varies. Some answers are they do not separate the waste
to put into the separated bins because separating the waste is not their own duties; they should
not do that; the person who should separate the waste are housekeepers, waste picker,
housemate, and so on. They do not respect waste separation action. These reasons are big
obstacles of waste separation at source.

From our discourse, we also found that some people want to participate the waste separation
and want to put the separated waste into correct separated bin but they are not sure the waste
should be dispose in which bin. This is because they see that the waste in each separated bin
containing many waste types together. Moreover, the number of separated bins in the area is
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different from other areas. These makes them confusing. Moreover, there are many different
waste separation methods, different types bins found in many different areas. The same color
bin in difference area could contain different kind of waste. This make them cannot know that
the waste which they are disposing should be put in which separated bin. This is why they
cannot separate the waste and dispose to the right bin correctly in the area.

Let us consider from the facts found, in some areas, the waste is separated to be only two
types which are plastic bottle of drinking water, and the other waste. Some areas, the waste is
also separated into two types but in different methods. Some areas separate the waste into two
types, which are hazardous waste and other waste. Some areas, separate the waste into two
types which are organic waste and others. Moreover, in some areas, the waste is separated into
three types which are plastic waste, hazardous waste, and others; while three types in some
areas are organic waste, plastic waste and others; some areas are recycle waste, hazardous waste
and others, etc. More than that even though in some areas, the waste is separated into the same
types, but different in the bins, some areas use green bin for general waste, while some areas
use green bin for organic waste. The same color bin in different area could be for different waste
type. From these facts, we agree that it is hard for the people who want to participate the waste
separation to dispose the waste in separated bin correctly. When they are in different area, in
order to dispose the waste in the separated bin correctly, they need to find out the waste
separation method in that area first. This is also hard to do.

The objective of this research is supporting the people in this group to make them know that
they should dispose the waste into which separated bin correctly. As mentioned above that in
different communities, different areas, the waste separation policies can be different from each
other. It is hard for the people to know how to separate the waste in that area.

We found that in a ward in a hospital in Bangkok, Thailand, a housekeeper informed the
patient with the relatives how to separate the waste in the room. This made both patient and
relatives can dispose the waste in the separated bin correctly. For the relative who never got
this information, could not dispose the waste in the separated bin correctly. This leads to idea
that it is necessary to have someone inform each type of waste should be dispose in which bins
to make the people can separate the waste and put into the right bin correctly.

So, we need to have a person who takes responsibility on informing the individual who is
going to dispose the waste that that waste should be put in which bin in order to do waste
separation correctly in that place. By using poster, pamphlet to inform the people, it is hard for
the individual to find out the answer in which bin should put that waste. It takes time to find
out that information. Moreover, sometimes, in the poster or pamphlet, there is no wanted
information. In poster, or pamphlet normally have only some example of the waste. If the waste
which is going to dispose is not be the example in the poster or pamphlet, then he cannot get
the answer that which bin he should put the waste in. In such a hurry, most people don-t want
to spend much time to find out the answer that which bin they should put the waste in. This is
why waste separation could not be done properly. To have a person informs the others that the
waste which is disposing should be put in which bin, takes cost every day. This option cannot
be in used for long.

During these days there are many computer applications used around. A computer program
which work like a human expert who has a specific knowledge and can use that knowledge to
inform the user to perform a specific task which needed to use a specific knowledge. This kind
of computer program is called as Expert Systems. There are many expert systems have been
used such as (Al-Hajji, AlSuhaibani, & AlHarbi, 2019; Arsene, Dumitrache, & Mihu, 2015;
Bursuk, Demirci, & Korpinar, 2016; Chen, Hsu, Liu, & Yang, 2012; Kaimal, Metkar, & G,
2014; M.Ahmed, Alfonse, Aref, & M.Salem, 2015; Tan, Tan, & Abdullah, 2018). Many Expert
systems are used in environmental field as seen in (Ahmed & Zulquernain, 2009; Al-Ani, Sidek,
Desa, & Basri, 2012; Alani, Basri, Abdullah, & Ismail, 2009; Bernardo, Souza, Nascimento,
Kaipper, & Alvim, 2014; Bielecka & Krél-Korczak, 2010; Buche & Querrec, 2011; Cheng,
Yang, & Chan, 2003; Gonciarz, 2014; Hakansson, 2004; Kabbashi, Fakhru'l-Razi, Suleyman,
& Salamin, 2006; Nasiri, Magsood, Huang, & Fuller, 2007; Ooshaksaraie & Basri, 2011; Oprea
& Dunea, 2010; Page, 1990; Rachida & Samia, 2013; Rolon-Aguilar, Rios-Gerardo, Cabrera-
Cruz, Torres-Martinez, & Roldn-Aguilar, 2018; Stefanescu, Stefanescu, Ungureanu,
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Constantinescu, & Barbu, 2011; Thomas, Tamblyn, & Baetz, 1990). So we can use an expert
system works as a person who informs the people in which bin should dispose the waste.

This research is development of an expert system working as a human who inform the user
in which bin should dispose the waste. Waste separation method in the knowledge base in this
expert system is the method generally used in many areas, which is the waste is separated into
four types (hazardous waste, organic waste, recycle waste, other waste general waste). Each
waste type will be put in each specific color bin. There are four color bins which are Red, Green,
Yellow and Blue. Red bin is for hazardous waste. Green bin is for organic waste. Yellow bin is
for recycle waste. Blue bin is for other waste. The expert system will inform the user that the
waste should be dispose in which color bin. This system can be used by any device connecting
to the internet such as personal computer, smartphone, tablet, computer notebook, etc. For the
other communities where the waste separation policies are different, this system can also be
applied by changing the knowledge in the system following by the waste separation policies in
that area.

This system can also be guideline for setting up waste separation the policy in selecting the
bin color for each waste type in other communities. In case, all communities use the same waste
separation method with the same set of color bin, this expert system can be used in all
communities by no need to change anything. Making waste separation getting better, 3Rs could
be used better, could lessen waste problem.

2. Objective

The research objective is to develop an expert system to inform the user which color bin
should be put the waste in, and to be a guideline for activating motivation in policy decision
making in bin color selection for waste separation in each community.

3. Methodology

The method used is the expert system development method. After finishing the expert system
development, the expert system is evaluated by the users in two facets: easiness and usefulness.

3.1 Expert System Development
Expert system consists of three main parts which are

1. Knowledge base: using rule base representation technique. There are 66 rules about the
waste and the color bin

2. Inference engine: using forward chaining technique.

3. User interface. In this system designed to use dropdown list box, and edit box. The user
selects the waste from dropdown list box, then the system will display the color of the bin in
which should put the waste.

3.2 System evaluation

After fully system developed, the system is evaluated by 22 users in two facets: easiness and
usefulness.

4. Results and discussion

There are two part of the results which are the expert system developed and system
evaluation results.
4.1 Developed expert system

The developed expert system is shown in Figure 1.
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Figure 1. Garbage bin selection expert system for waste separation

The user uses the system by selecting the waste from dropdown list box, then the system
will show the bin color for that waste. For example, the user selects food waste from dropdown
list box, then the system will show the bin color in green with the text «green-in the box below

as shown in Figure 2.
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Figure 2. The system shows green bin

In case, the user selects battery from dropdown list box, the system will show the bin color
in red with the text <red- in the box below as shown in Figure 3.
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Figure 3. The system shows red bin

In case, the user selects candy wrap plastic from dropdown list box, the system will show
the bin color in blue with the text <blue~ in the box below as shown in Figure 4.
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Figure 4. The system shows blue bin

In case, the user selects soda can from dropdown list box, the system will show the bin color
in yellow with the text <yellow~ in the edit box below as shown in Figure 5.
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Figure 5. The system shows yellow bin

4.2 System evaluation results

This expert system is evaluated by 22 users in two facets: easiness and usefulness in five
level of Likert scale (1-least, 5-most). The evaluation results are shown in Tablel.

Table 1. The evaluation results in easiness and usefulness

Likert scale 1 2 3 4 5
usefulness 0 1 2 6 13
easiness 0 1 0 5 16

The average in usefulness and easiness are 4.41 and 4.64 orderly.

In the facts that there are different waste separation methods in different places depending
on different policies. For example, some communities, waste is separated in to only two types;
some places, the two types are plastic bottle and others, while in some places are recycle waste
and other waste; in some places are hazardous waste and other waste; in some places are tin
can and other waste; some places are paper box waste and other waste. for some places, the
waste is separated in to three types in different styles, such as seen in some places separate the
waste to be plastic waste, paper waste and others; some places to be hazardous waste, recycle
waste and others; in some places to be plastic waste, paper waste, and others waste; in some
places separate the waste as organic waste, hazardous waste, and other waste, and so on. In
some places, the waste is separate into four types, with the different four types. While in some
places the waste is separated in to five types with the different five types. Some places, the
waste is separated in to six types, seven types, and so on. In some places, the waste is separated
to many details types such as tin waste, plastic bag waste, plastic bottle waste, glass waste,
paper waste, foam waste, organic waste, hazardous waste, general waste, etc. There are many
different waste types defined in many different places. And there are different waste separation
methods in different places even though the number of waste type are the same. All difference
depends on many factors such as the local policies. Moreover, about the color of the bins can
be different from the other places. Some places, we find that the blue bin is for the general
waste, while in some places, the blue bin is for organic waste. Some places, the green bin is for
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organic waste while in some places, the green bin is for general waste. For bin's color is for
different waste type in different places.

For the people who want to separate the waste to dispose in the right separated waste bins.
In their local area, there is a waste separation method, but when they are in the other places
where have different waste separation methods or different waste color bins, these make them
hard to separate the waste and dispose in to the right bin following the waste separation method
in that place. By using an expert system for being a consultant for the users that the waste in
the user-s hand should be disposed in which color bin make the user can dispose the waste in
to the right bin in that place correctly easily. The user does not need to know the waste
separation policy in that place, does not need to know what color bin is used for which waste
type in that place. The user can only ask the expert system that the waste in hand should dispose
inn which color bin. And that's it. This can make the user which really want to separate the
waste and dispose to the proper bin easily and correctly. The user using the expert system by
no need to spend some time to find out the information for waste separation in the places from
the poste nearby or pamphlet which the user night not be able to find out the information that
the waste in the hand should dispose in to which color bin.

The expert system is a prototype for supporting the user to separate the waste type and
dispose in to the right bin correctly easily. Even though in the place where using different waste
separation policy, the expert system can still be used with something needed to be done before.
The knowledge in the knowledge base of the system is needed to be adjust to be follow the
waste separation policy in that place and make sure that all the knowledge in the knowledge
system of the expert system is correct before being in use in that place.

This research is also a guideline for making decision in the policy setting to select the bin
color for waste separation in the communities. If all communities use the same waste separation
method and use the same bin color for the same waste type as set in the knowledge base of this
expert system, then all communities can use this expert system by no need to change anything.
Using this expert system will for only the first time of disposing that waste type to get the
answer that which color bin should be put in. After that for a while, the users will acquaint with
waste separation action and the color bin, after that using this expert system is not necessary
any longer. The expert is needed for only the user want to dispose the waste which is rarely to
dispose. This developed expert system work online, the user can use this expert system via
internet connection from any devices such as smart phone, personal computer, tablet, computer
notebook.

6. Conclusion

This garbage bin selection expert system is useful and can be used easily. This system can
work as a human expert in waste separation in the area who can inform the user in which color
bin should put the waste. This system can support the user who want to dispose the waste into
the separated bin correctly but does not know the waste separation policy in the place. This
expert system can be a prototype of expert system development for using in the other areas
which have different waste separation policies. The other area which have different waste
separation method can use this system by changing the knowledge in the system following the
waste separation method in that place.
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Relationship between Water Properties with Benthic Diatom
Communities and Trend of Using for Water Quality Assessment

Ekkachai Yana®?, Nattapon Chunam®®, Aubonwan Kamlangwong1'¢
'Environmental Science and Technology Program, Faculty of Science, Lampang Rajabhat University , Thailand
E-mail; 2ekkachai_y@hotmail.co.th

Abstract

The study of relationship between water properties with benthic diatom communities
(epilithic, epipsamic and epiphytic from 5 sampling sites in the upper and middle parts of
Wang River, Lampang Province. The samples were in collected and investigated in July
November 2017 and March 2018. Twenty-two Genus were found and classified to forty two
species. Dominant species (relative abundance >1% ) were used for evaluated the relationship
in each benthic communities using canonical correspondence analysis (CCA). The resulted
showed similar correlation in each communities which Achnanthidium straubianum,
Cymbella pavar, Cymbella turgidula, Encyonema silesiacum, Gomphonema lagenula,
Gomphonema javanicum, Gomaphonema subminutum, Navicula cryptocephala had a
positive correlation with alkalinity, conductivity, nitrate and phosphate which could be used
for indicate contamination of pollutant in natural water resources. Furthermore, the result of
CCA also showed the diatom with trend to indicated low contamination of nutrient and total
coliform bacteria due to negative correlation between Cymbella tumida, Encyonema leei,
Encyonema yuwadeeanum Navicula cataracta and Navicula microcephalum. However, the
using of diatom in benthic community for indicate water quality should consider with the
type of benthic communities which could be effected to the difference of limiting factor,
physico-chemical properties and also the diatom distribution in each benthic communities.

Keywords: water quality, diatom, benthic communities
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Tua"mmaqmiﬁﬂmmmwmﬂwmaLLaxmiﬂixm&JG'héuaﬂmawauﬁuﬁmﬂfﬂuﬁﬁwmeim Tneld fvil
ANUaINag(Shannon Wiener’s Diversity Index) LAZANNALALDUDINITNITANEG (species evenness)
wuinlun1siseadeinulnosnoufiuriostnanun 22 ana lewn  Acnanthidium, Caloneis, Coconeis,
Cyclotella, Discostella, Cymbella, Cymbop(eura Diploneis, Encyonema, Frag/(or/a Frustulia,
Gomphonema, Gyrosigma, Navicula, Pinnularia dlov¥n1sinsiziauvalnalsuas Auasiau aveanig
N3¥EMLALLENAUAN YA YIYLTN LA USE VMU WYy TnLuUEan s AuRsdiadvdanurainvane
(Shanon Weiner diversity index) ag/lua 0.31-1.02 M3anuasinauevesnisnszanefeglugig 0.44-0.90 Tag
Tuga@nuuuBainziuasnulnesnomstoun 42 wiin uasduriiau (>1% relative abundance) v 15 ia
lawn C turgidula, C. tumidula, E. silesiacum, E. yuwadeeanum, E. leei, G. subclavatum, G. javanicum, G.
lagenula, N. microdigitoradiata , N. rostellata, N. cryptotenella, N. palea, P. frequentissimum, P.
rostratum, P. lanceolatum ludiuvesyudnuuudanisliansiefiadaiainunainuaiy (Shanon Weiner
diversity index) oglutas 0.33-0.89 n1sAwaiiaLDvesN1sNIEEIeEluTN 0.31-0.88 Wulaezmeuiiua 29
¥iin wariduvlinay (>1% relative abundance) Wenua 11 vila laun A straubianum, C. turgidular, E.
silesiacum, E. yuwadeeanum, E. leei, G. minutum, G. lagenula, G. scalproides, N. microdigitoradiata , N.
cataracta, N. rostellata, P. lanceolatum wagludiuveagudinwuudainiziy dAdviininunainuaie(Shanon
Weiner diversity index) aglu34 0.18-0.94 mimmaﬁﬂLauasuaamiﬂizmaﬁaagﬂmm 0.31-0.84 wulnoznay
wue 31 vin uazduwiiawiu (>1% relative abundance) imun 12 wila 18uf A. straubianum, C. parva, E.
silesiacum, E. yuwadeeanum, E. leei, N. microdigitoradiata, N. cataracta, N. simulata, N. rostellata, N.
cryptotenella, P. lanceolatum (mi’mﬁ 1, A 2)

A1519f 1 diimnumannmans (Shanon Weiner d|ver5|ty index) ANuAIENBYBINITNTEAEFILAYSILILTTR
manlmamauwuwmuﬂwmwLmauﬂiuLﬂmmu,uuna
(WK = Jaun3, MM = dipaang, TC = vinlnnuanads, SPD = a@xniuai, KK = 1n1zan)

YUAINEALN LY YUANEANIENT Y ﬁu%wﬁmmzﬁ%ﬁﬂ

LAY

G'Eqaeiw Index Evenness Num.Spec. Index Evenness Num.Spec. Index Evenness Num.Spec.
WK1 0.66 0.60 13.00 0.76 0.65 15.00 0.76 0.68 13.00
MM1 0.93 0.68 23.00 0.89 0.85 11.00 1.11 0.83 22.00
TC1 0.59 0.59 10.00 0.48 0.44 12.00 0.67 0.60 13.00
SPD1 0.72 0.60 16.00 0.61 0.59 11.00 0.50 0.50 10.00
KK1 0.88 0.69 19.00 0.33 0.31 12.00 0.30 0.31 9.00
WK2 0.76 0.70 12.00 0.74 0.68 12.00 0.68 0.75 8.00
MM2 1.00 0.90 13.00 0.70 0.83 7.00 0.94 0.82 14.00
TC2 0.28 0.40 5.00 0.46 0.50 8.00 0.54 0.69 6.00
SPD2 0.29 0.37 6.00 0.39 0.50 6.00 0.23 0.38 4.00
KK2 0.81 0.75 12.00 0.41 0.39 11.00 0.18 0.38 3.00
WK3 0.67 0.64 11.00 0.65 0.65 10.00 0.63 0.70 8.00
MM3 1.02 091 13.00 0.61 0.88 5.00 0.99 0.84 15.00
TC3 0.65 0.83 6.00 0.51 0.57 8.00 0.61 0.68 8.00
SPD3 0.31 0.44 5.00 0.49 0.71 5.00 0.50 0.64 6.00
KK3 0.73 0.76 9.00 0.37 0.40 8.00 0.28 0.46 4.00
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amit 2 amdneldndesanssaiuuuiaudusznauidauens 1000 vinvaslnesnauiuiasiviauluuith
aha 5 gaiiiudietsvaausitnds luwasnatavie Wawazsunainizan Samiagning
(1-8) Achnanthidium straubianum (7-8) Encyonopsis leei K. Krammer (9,11) Encyonema
yuwadeeanum Yana & Mayama (1 1) Gomphonema javanicum Hustedt (12) Cymbella
tumidula Grunow (13) Cymbella turgidula Grunow in Cleve & Méller (14) Gomphonema
lagenula Kutzing (1 5 ) Encyonema silesiacum Crawford & Mann (1 6 ) Navicula
microdigitoradiata Lange-Bertalot (17) Planothidium lanceolatum (Brébisson ex Kitzing)
Lange-Bertalot (18) Planothidium rostratum (@strup) H. Lange-Bertalot

devnslinssinuduiusveslnognoufiuoslumadnuuudainetanuuuouagaaaintiug
Uszn1s lagldnsiiasigineaiauuu Canonical correspondence analysis (CCA) Tnglalusunsy Multivariate
Statistic Package (MVSP) hia$du 3.1 ievuuiliusiinvedlaozneuiianinsatstaunimilaeidenlnosmeui
nsnszeiTaNannT 1 Wesdud (1% relative abundant) wu Tugufwisauuuuiimudiuiussewing
nomeniiuioniuazamnminfiadiendeiu nanfoguinuuuBameununnudiuidonnsswindanouiiu
V’f’e]ﬂifﬂ‘ljﬁm Planithidium rostratum, Navicula cryptocephala, Cymbella turgidula, Gomphonema lagenula,
Gomphonema javanicum, cymbella, Gomaphonema subminutum fua1aadumns Anisia i Araana

6-146



Juane Usnadumsn (ndl 3) ludruvaagudnwuudainizdlansenuanuduiuiidauinsgning Navicula
rostellata, Encyonema silesiacum, cymbella pavar, Achnanthidium straubianum, Navicula
cryptocephala, fuamsiinszualidin Usinameamauazlulasiau (1 4) wazyudwwuudamziivny
AMUAUNUSLTIUINTEUI19 Cymbella tursidula, Gomphonema lagenula, Achnanthidium straubianum,
Encyonema silesiacum, Navicula rostellata, Gyrosisma scalproides, planothidium rostratumfuu3unadlu
wsauazroanadd Arnisiinszualndn Aranudunsa-drsazUSunalnanesuwuaiidetomn (ami 5)
uenntundidmumuduiusszridlaosmeuuazamnmihiifinuedisedeiussrihsgunuuuiameiean
wuunanAelugundainieiunuanuduiusigaausening Cymbella tumida, Encyonema leei, Encyonema
yuwadeeanum wag Navicula microcephalum fuuSunaluwmse Anistluda aranuduaisazuSunulad
Wosuwuaiiide (A 3) drugudnwuudanizilanseuazianuanuduiusidaussnindaszneuvia
Encyonema leei, Encyonema yuwadeeanum, Navicula cataracta, Navicula microcephala fuuSuaulu
w3 Usunaeawlauazainisilniuazlaesneusenandeuddfiauduiudifuinfuiiuiaeendiaud
azangluth (il o)

CCA variable scores

DS

Axis 4

BOD

Axis 2
Vector scalina: 0.60

il 3 anduiiusseninlasneuiiuvies lugudnuuudainigiu (epilithic) funmnimuuisszmsly
ANUMIBENII 5 9AVBIUIUTT
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CCA variable scores
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CCA variable scores
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demnfiufiflunsBanmezasiivesnisulvidmsuniweuasuiiownnses yivlnvesdusievasiie
(Opute, 2002) aeiwliﬁmulmzmauﬁﬂixﬁ]wéf’m&uislmgm%wuw%ngLﬁmmwmmmﬁmimﬁauﬁ Wwnuaafielduady
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fnAnuinaiuasdesadluldfs ehotc Zone FsdmaromanszaedmadlaozaoslugaTnuiasuuy Gohannes et
al, 2018) wazdsdmar oI Rulved Wi Tng o Annsfiuvieansasmsmelslussuuing s
WasugUTesEnsUsENaUsng feifnnnadddivioufisenailluumdnii Wumawasuguvesensuszneululasiou ms
wWasugUvesansUsnauneamn s smol and Stoermer, 2010) InsyadnusasuuvaziimsmudsuviofaufAsen
fafinanandrsfuiidsiudshlinsnssnedmednesmeuiusiesiiisnaty egnlsimuyadniaunsosududady
aun il fiwesnie lumdaildoswifussdemmudiiusfuadiinegudnaunsegluuinaiiitads
Sriiiddaluszuuineiuiteuas Suduund mddidwaiitdessuuinmilinsnsznesweddiindulllsse
AnuasnaynuuUEamelag Aanusanzauiumsiaiaiulnvesdsidinmsegluuinaiiaunsauuaddvinfs
dormuaysalvessruuinauaylunivesmUsndldlaosneuiiusadufeiudammmiiuestinisd ol
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aunsovhliaufiswsdlumssdanummiiulifviniaos
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TWAansnsyaresvedlnosmeuiuionhfidstuseiildnaludmvesnsisuiisunnumanvans g
azuuy woghdlsfinnuduiusseridlaosnontunmunmidldtuasienunderdetuluudvesanavedinesney
vz duanafiionuluudnidifnsuudeuresanssznoudunid lulssiau voareda lavewiin snsusag
ﬁgﬂ 5L‘1j pa9ntnevmnoulua A& Achnanthidium, Encyonema, Cymbella, Gomphonema, Planothdium &g
Gyrosigma Tlulnasmeudifitnsnnunugs (tolerance range) Ssvilanunsonszatedoglutiidnisvudou
a15Usenaundna1ibe (Naria et al, 2002; Rimet and Bouchez, 2011)
uenantussiiuldigudntinuuuuiienuduiussenidlaozneufuauniminfindeadstu deann

v v
o I o

nsieseilunguilanuisafienununsldilaesmenviaiindndrsiuduanunsothundd aundaiifnig
Vutlouvasasusznoulutiinadiild Tnsawglneznonsiin £ yuwadeeanum \ulnosnoniinuegluuvaniy
fiflansemsuavansdunidnutedufiuiiguinfifinissuniutos (Yana and Mayama, 2015) yonantuds
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Cymbella tumida aunsanszesegluuvasiifiuiinamsomeviomsuuteudisils (Laura et al, 2003)
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Abstract

The main objectives of this research were to study species diversity, abundance and
similarity of birds in studying site for making ecotourism seasonal calendar. The data was carried
out by field survey about bird species along mudflat salt fields and aquaculture sites from August
2018 — July 2019. The data was analyzed to find out species diversity, abundance and similarity
of birds. the study found that there were 10 orders, 26 families and 69 species of birds. The
highest number of was 29 bird species in order Charadriiformes. The highest number of 51 bird
species were found in the salt field areas. It was 2.77 according to Shannon Diversity Index. The
salt field areas were suitable in terms of foods, resting areas for shorebirds and seabirds.
According abundance index, 10 bird species were in level 5 of abundance. It was 14.49 percent
of all birds. the similarity index between bird species in salt fields and aquaculture sites was
0.667. In term of bird seasonal status, 28 resident birds, 8 resident and migratory birds and 33
migratory birds. in term of threatened species, 6 bird species were Near-threated (NT) namely
Painted Stork, Black-tailed Godwit, Eurasian Curlew, Curlew Sandpiper, Red Knot and Red-
necked Stint. Great Knot was Endangered (EN). Migratory birding is available in bird migratory
season from August — May every year. So, the community should conserve bird habitat in order
to let shorebirds and seabirds in the salt fields during the high tide. The salt fields in Bang Kaew
Sub-district can be developed to be birding sites for eco-touring and local knowledge resource
programs because the birds are the indicators of natural balance and richness of foods in

ecosystem.

Keywords: bird species diversity, bird habitat, seacoast, eco-tourism
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Water Quality from Water-Retting Process of Kenaf

Prapa Sohsalam®, Thitivara Poonsawat? and Duangjai Thaisopa?

!Science and Environmental Technology Program, Faculty of Liberal Arts and Science, Kasetsart
University,Kamphaeng Saen Campus, Nakhon Pathom, Thailand
ZBiological Science Program, Faculty of Liberal Arts and Science, Kasetsart University, Kamphaeng
Saen Campus, Nakhon Pathom, Thailand
Email: faaspps@ku.ac.th

Abstract
Kenaf fiber is the favorite material in northern Thailand but kenaf fiber preparation produce
the stinky wastewater after retting process. This research aims to investigate in water quality

changed during kenaf water retting process. The experiment was conducted in close system.
Water were sampling from retting tank for water quality parameters analysis. There were
Dissolved Oxygen (DO), pH, Chemical Oxygen Demand (COD), Suspended Solids (SS) and
total ammonia. The result showed that Dissolved Oxygen (DO) was radically decreased to 0
mg/L within 3 days after retting process. Soluble COD was 1,814 and 1,748 mg/L and total
COD was 2,177, 2,147 mg/L at 18", 21" days of the process. The maximum point of SS was at
133.33 mg/L at 18" days. Suspended and settle able solid was 673 mg/L. The maximum total
ammonia was 2.32 mg/L at 15" day with pH 4.34. Wastewater treatment is need for kenaf retting
wastewater before discharge to the public canal for environmental impact responsibility.

Keywords: Kenaf, Water quality, Water retting, Environmental impact
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pH

fiadnsy

a

svggalumswinandulevamiun (Ju)

amit 4 wavasinanadunsn - sazUTinauenladefiarangludurrenduleefiun

msieszsinenluile paASmsvesiudu (2543) agldruenludesusening wenluden (NH') uag
weulanilodase (NHy) dedndruvomenlunde 2 3uil sndsuuadiumuaanudunse-asesh wavgumni
wazilovhAuenlufesiuiinldludnamuinauenluiledass @auuazssyns, 2546) wuin Aueulaide
SaseiiduanlFeglutag 0.000 - 0,002 fadniusedns asthldhnszuaumsutnenidulesetwiliiieny
Wunse-sna agluYa9 4.34 - 5.03 LﬁaLU%‘&JULﬁ&JUﬁ’uﬂ'wmm5§1u1§1ﬁﬂiqmuqmammsm (NsuAUANNARY, 2553)
fitunAesdunsa-sns fansaszuiegurdsihasisugvioduandould a8l 5.5 - 9.0 uazanen
wenlanilosan uazanenladedasy Tuthurrleniduleveaun fienagluts 0.77 - 232 fadnsusiodns uas
0.000 - 0.002 findn3usiodns Wadsufeufumanuduturemenludefivasnserodeitn Atwualie
wolanflesiuuazauonlulledaseaglung 1.0 - 1.2 fadnsusiedns uaz 0.05 - 0.06 Nadnsusiedng iy
(@Tuisunamneideadn el aswan, 2555) ﬁ]zLﬁudmmlﬂimﬂLé’ulaﬁaafmamLLaquLﬁsﬂuﬂ%mmﬁqa
weulndesamganiiidivualy widueslufledassiidunldanludhudvonduloveiau widilsioglussdui
Hufiwsiode i

5. aun et lunszuaumsutwenidulewazuuanisnisinaiimvunzay

ssoznanfivngaufigalunisudneniduloefaundeth Mildldidulonmami eglutastudl 14 - 21
Tu (3197, 2558) Lﬁ'aﬁwﬂ'ﬂﬁ%mﬁ%ﬁlé‘luﬁumsmqﬂ Turaeiudl 15 - 21 aean1suinen Jseadnduredildiduled
ﬁ@mmwmmam wSsuiisuiuaunsguhidssnugaamnss (Mumueuaiy, 2553) UAzAMNATEIU
QmmwmmamiLamamm(amumaamimuLamammmaiﬂa aewan, 2555) azuiuladn mmmunmwﬂaﬂuu
fineaidunsa-she Auexludes adledazateth Avessuduiuass geniniinsimualy (sadl 1) sh
1ﬁlﬂaﬂu1§aizuwaﬁwLﬁaqjLméﬂﬁﬂmﬁﬁmw%a%ﬂLmé’amiﬁ defsufuanunisaiasefinumsnsyhnisusnenidu
ly amuuvdssssumfnasofignuaduiomausrlenlasens nmautwoniduledetvhliiddeuTinasnn
finAuwdiu Lﬁﬂmiéw‘ﬁluﬁfwﬂ%mmqﬂ fusuawenlanie g dudemnmsudnendeenslidsumsvita dams
trmidsnuuteuSuiiios (Stabilization pond) Wumsthintindefvnzauiiaglfdindidennnsudien
ille Tasszuuthiindiandeaiauazquasnusi Biauszuuligaenn drusussuulsifestiauigs uddodldnud
Tumsneaiannn (nsumuesmaty warasnAmimnssuAuIndonwisUszmealne, 25046) Teaonadosiudnune
vosgnamnIsuATITaUluTIUN
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M19197 1 Aaunmlunisugnenidule

Suih 15 - 21

. , 1ASFIULNT mmmuﬂmmwm
AILUT YDINTLUINDA “
. - Tssuenavnssn®  iennsiasedn i
dulgUadaun :
Areandauarangluli (un. /a.) 0 - -
AAudunsa-ang (un. /a.) 4.34 - 5.03 55-9.0 -
AwanluLdesiy (wUn. /a.) 0.77 - 2.32 - 1.0-1.2
AwanluLedasy (un. /a.) 0.000 - 0.05 - 0.06
Adlefavaiein (Un. /a.) 1,497 - 1,814 400 -
ANglefAnIuA (Un. /a.) 1,769 — 2,177 - -
Adlefnnnaznauls (un. /a.) 272 - 400 - -
ANYBILTIwIILADY (UN. /3.) 104.44 — 133.33 50 -
ANUBILTINVIUADE
< oy 487.78 — 673.33 - -
+ Ya9kd9uile (un. /a.)
ANVRILTIRUFILG (N, /a.) 383.33 - 540.00 - -

* ﬂ'm'1mmumwﬂiwuamamﬂﬁu (mumumuaww 2553)
** mmmmuﬂmmwmmamiLamamm (amumaamimﬂ%amé’m 10 ‘mEJEJq @4an, 2555)

dyduazaiusena

Mnmsvhatesaunisluth vlfAsnsdesaaemafuwasmsiosgeventdente vilvidulowen
\Hudaszaniu TuthausnvesmaudweniduleTeiuiinaamsduvidluihiigetu auluiud 18 uay 21 Aliddledd
asmaquaﬁqm n¥rntuddlofiidanas ilesnfanssueqaunisisuiuluegedeusuiinuduanm
@loiavaneii) fistogdn Flvendlosmauauazdlenniazarstnananiony sudtui 21 Wuduly wmse
QAuvidderaaeansdurisiiazaeiuioaiaweadlml naneiduasdunidiliavaieth (wadedunis) ua
vsdumnazneuasgiufudnenidulevefn dulunliulvlufiamaderfuliinaveudunuassuazvoauds
il anas iosmnveauauvuassuazvesudsauildidunaioninstesaaevondulevofnn naneilu
ansBunIsTadunidluideraasld udrdunisaavadlminaeduvesudunuaosuarveudansild au
yosudaunuassuazveauisauiinmtesiduloveigneduniddesaasaunin qduvidnauiilildeendiou
wdesiwadqauvsniluszuuies (Fuiin, 2557) liwnliuveudmnsuiiuulifuanas diudueslaniedasy
wazuasludesulfiAntulunisudweniduloefau seldeglussiuidufiviodnith (@antiifonamades
dnftheneils aswan, 2555) Annudunan-rne eglutag 4.34 - 5.03 SseglutaiannsaUdesivasgumaai
sysumAld Werfisutuenunsguhidssnugaannnssy (muauauuaiiy, 2553) asuafiivlududwonidule
Uafunitdndudesirdafe asdunid (@dled) uavvesudauviuasey

Jarauauuy

ansuafinluurenidulovefuniisiduesionfo a1sdunis (Adlef) wazresduaiuaos dedau
T Huansdund woslidgeanussanaiuil 21 vosmsuaren winduasiuwiltuanas ssvuthimindeuuy
YauSuatios (Stabilization pond) Faduiinmsiunzauiierldtidaindeannsunendule Faszuuthdnis
Anea uazguatnue Biauszuuldgienn fruaussutlifesdinnudas wieddiuilumsneatiann (na
muAuLaiiy wazaedmnssudsndeuuissemele, 2546) SsaenndasiudnunrvesgaamnisuniiiFou
Tuyuun
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