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Abstract

The objective of this thesis was to study the efficiency of Coalescer process, Coagulation
process and combined process of Coalescer and Coagulation process to treatment of domestic
wastewater from Premprachakorn canal by studying the optimum conditions of factors that affect the
efficiency of wastewater treatment in each process. Coalescer process was to study the optimum

of factors such as type and height of media and flow rate of wastewater. This study found that
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optimal conditions for treating oil contaminated wastewater are: fibrous-type media, height 7 cm and
flow rate of 2 liters / hour, with the efficiency of treatment 76 percent. It was found that the medium
(spherical, fibrous and cylindrical), medium height (3, 5 and 7) and flow rate (2, 6 and 10) resulted in
the mean values of fats, oils and grease after water treatment by using the coalesser process was
statistically significant at the 0.05 level. Coagulation process was to study the optimum of factor such
as type and quantity of coagulant and speed of stirring in coagulation process. This study found that
optimal conditions for treatment of oil contaminated wastewater are: aluminum sulphate
concentration of 1 g / liter and stirring speed of 20 rpm, with the efficiency of treatment 92.66
percent. It was found that the chemical type (Calcium chloride and aluminum sulphate), chemical
concentration (0.2, 0.6 and 1) and stirring speed (20, 30 and 40) resulted in the mean values of fats,
oils and grease after the wastewater treatment by using the coagulation was statistically significant at
the 0.05 level. The efficiency of treating oil contaminated wastewater by using coalescer process and
the coagulation process was 94.03 percent.

Keywords : Coalescer process, Coagulation process
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E.COlIATCC25922, E. coliATCC8739 uagk. coli fuanldantndonegninisdnuaieilfeiingusvase
LﬁammaaquémaﬂLﬂﬂlmﬁé’miwﬁ 8 LU (Sam1, Sam2, Sam3, Sam4, Samb5, Sam7, Sam8 Way Sam9) 311
VlmaEJ‘UﬁJUL%laﬁgauﬁéﬁu&mlﬁﬁ%%ﬁ)qm 1w 14 vl leun Staphylococcus spp., Streptococcus spp.,
Serratia marcescens, Klebsiella pneumoniae, Enterobacter cloacae,Enterobacter aerogenes,
Klebsiella aerogenes, Citrobacter koseri, Klebsiella oxytoca, Pseudomonas aeruginosa, Providencia
stuartii, Providencia rettgeri, Aeromonas hydrophila, \a¢ Edwardsiellatarda Imwmaquémiéﬁuﬁga%w

fiszsumnududu 3 sedu fie 100, 200 waz 400 pg/ml AITBNTINANAINYY (Turbidimetric method)

v
o =

wnuusnwfaamgl 37 °C Wunan 24 Falus udnhludnnavndesduddudwuaiite Famuinudlng
Augatnfianunsagensunsdugslaniian wasligrsdudaiuuntudiessauanududuvesuulnduiuiy
flo Sam8 aunsndudute Staphylococcusspp.(99.7%) wawStaphylococcusspp. (65.1%)l¢1 aguliiniu

madenuisnidindduilinimundely welddwiuauauegdunidlungoneansiea

¥ v v
a °

Adney : WUlnAduasen, grsnsiudedunse, [Weqdunid, unieans
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Abstract

The results of previous study showedantimicrobial potency of synthetic peptides to inhibit £. coli
ATCC 25922, E. coli ATCC 8739 and E. coli isolated from boar semen. The objective of this study was to
investigate the antimicrobial activityof 8 synthetic peptides (Sam 1, Sam 2, Sam 3, Sam 4, Sam 5, Sam 7,
Sam 8 and Sam 9) that was found against the 14 strains of microorganisms isolated from boar semen
which wereStaphylococcus spp., Streptococcus spp., Serratia marcescens, Klebsiella pneumoniae,
Enterobacter cloacae, Enterobacter aerogenes, Klebsiella aerogenes, Citrobacter koseri, Klebsiella
oxytoca, Pseudomonas aeruginosa, Providencia stuartii, Providencia rettgeri, Aeromonas hydrophila, and
Edwardsiellatarda. Antimicrobial activity was tested at the concentrations of 100, 200 and400 ug/ml by
turbidimetric method after incubated at 37 °C for 24 hours. The percentage of bacterial inhibitionwas
calculated. The results showed that peptide Sam8 had the highest inhibition percentage against
Staphylococcus spp. (99.7%) and Streptococcus spp. (65.1%). with concentration-dependent inhibition. it
can conclude from this study that peptide Sam8 had the potential to inhibit Staphylococcus spp.
andStreptococcus spp. isolated from boar semen. It will be used to controlthe microorganismsgrowth
ofboar semen
Keywords : Synthetic Peptides, Antimicrobial Activity, Microorganisms, Boar Semen
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nsvwdendeqaunidludidenatsein 1du
Staphylococcus, Streptococcus, Escherichiacoli
war P. aeruginosa vJusu [3], [4], [5], [61[7) Fadema
AoUszdAvsnmnmsduiuglneansiuafiisownsuay
31m3n Escherichiacoli inaidufivsiodiogd vinlv
A mogRanasBndmalivLIatenTenanaiae
(7], [8] G’hamqf’;ﬁaﬁﬂLﬁué’aﬂ%mﬁ%auﬂumsazma
Fonadude iedudaninasquivinvesgdunis
WU Gentamicin, Kanamycin, Amoxicillin ey
Penicillin WJusu [51,09], [10] ag19lsAmunisiden
UiTuzinaluiiviediegiuasinisnnanseglude

wirkllele anvadeinlmdegdunsdaiuisanenasn

q

wumansuAludugienaununisldenu iy
Tudagduiiuummidshauladuegiaun
fmsneaunmsfnyieafumsliulnddgadn
PG-1, PMAP-23, LL-37, Indolicidin, Cathelicidin-BF,
Cationic  Antimicrobial

peptides  cyclic 2

hexapeptide (c-WWW, c-WFW) wag helical magainin
Il amide analog (MK5E) ansnsasusaqdunidnelsn
IMIN  Escherichaicoli, Klebsiellapneumonia wag
Salmonellatyphimurium i [10], [13], [14],[15]
Favdlnddunsgiiugatniidudulndanedu q
fudhluvihanedeviuead (Cell membrane) fnaviily
wadmeviongamstaiapiulaluluiian [16]
uenaninnsAneeuniig wudlndgu
8% Sam1, Sam2, Sam3, Samd, Samb,
Sam6, Sam7, Sam8 way Sam9 fgvsduduie £

coli  ATCC25922 [17] wazdanusUulneluseau

o

ANANLUTY 100 pg/ ml NilgzEugaue £ coli Niken
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lé’mﬂﬁﬂl,%aw'aqﬂﬂﬁﬁﬂé’w (Sam1, Sam2, Sam3,
Samd, Sam5, Sam7, Sam8 way Sam9) [18] Fadu
Fesfiauleagrhnisfnwiredienisnaaougns
nsfugaTnvenulngi deidoqdunisinenls
mndudenednssindu q Fsasifuussloviso
nsihulgnaununIeanusuianslderujaue

Tuasiieasiaessly

2. 3Faniiun133dy
2.1 mawdsudeqaunid
wismdegdunisdwuenldnnindewsans
14 +fin laun 1=Staphylococcus spp, 2 = Streptococcus

3=Serratia marcescens, 4=Klebsiella

spp.,
pneumoniae, 5=Enterobacter cloacae, 6 =
Enterobacter aerogenes, T=Klebsiella aerogenes,
9=Klebsiella  oxytoca,

aeruginosa, 11=Providencia

8=Citrobacter  koseri,

10=Pseudomonas

stuartii, 12=Providencia rettgeri, 13=Aeromonas

hydrophila wag 14 = Edwardsiellatarda [6] Tnende
Taladiien 9 vinaz 11aladl aduomsidsaie
Mueller-Hinton broth (MHB) U3u1m3s 4ml udatuen

TAd A usIens vortex nasnuinlUvunsauiy

'
4

YANSUEMIBLASeY shaking incubator MeEAMILEY

a Al

150 seumaul? 9 37°C  1JuLlan 3-6 ‘?JYJ?I@N

De

v

LB LNIZLAS LT D LAIYIN1SUSUAINULTUTUVD

v
N

Wegdunidudazvlialilaanududuanineiiiu

3

1x10°CFU/ml  Teenisinliideansivansazane
Normal saline solution (NSS) 0.85% U3u1615 4 ml
waznAruuieseLA3es Suspension turbidity
meter Wil#andl 0.5 McFarland (Anaduduvingu
1x10° CFU/ ml) m1s33nnsiiuuzailaaCLSI [19] uaz
Ferweemnadisate MHB auldanududugadie

a '

& e a o 6
VNLYDYAUNITYUADSTUALNINY 1x10 CFU/ ml

2.2 MIne@auansNIsAIugatnaatlUlng

dunszviseitoauras

LUUlwﬁﬁmf\ga%wﬁu’q 8 AU bown Sam 1,
Sam 2, Sam 3, Sam 4, Sam 5, Sam 7, Sam 8 Lag
sam 9 gawnIeulngnsdadansiziannuisnadn
(GenScript Leiden, Netherlands) 1ugULLUUNﬂ 1H
Fufnwlifigunnd -20°C ndsanifurhnisazans
wWiulnadunasigriurasidunigaisavans 2%
Dimethyl sulfoxide (2% DMSO) (AMMuLNTY 4,096
ug/ml) uagLAvsnunligumgil -200C 1ilevanld
AzvnsUsuanudntulllnadunsigiinazdu
ghetnaulsendeldtianadudu 200, 400 wag
800pg/ml uardiuauulnaunasiduluusuinsg
100pl voaurazAuLtudy ldaslungy 96-well
microplate  tfusuaunnududuar 3 91 uaz
wisuviquilldu Negative control TnaeTiunomns
\Aedie MHB U3u1ns 100pl waziedeaviau Positive
control IngUiuneufrusaila Amikacin (256 pg/

ml)  TudSuias 100 plwé’qmm?u N1n1siue

Foeaunds 1 wiln (annadudu 1x10°  CFU/mD)
U3uns 100ul ldaslulundagnauiinSouly
(sruUsuasdunauay 200 W) wazwSeuviay Blank
Tnetlmomsideade MHB wasthnduiiddunay
YsEnsavany 2% DMSO aeisay 100 pl Fepnuidudu
anvneveatiodund luusasvauildiiy 5x10°
CFU/ml waganududugaieveadulndusasidu
AAVIIAU 100, 200 Lazd00 pg/ml  MIUAIAU
i lutaldn 370C Wuiaan 26 Falus wdaeh
n3InA1ANY (Turbidimetric method) 1 Huen
oD #eim3es Microplate reader fienauenInau
600nm (ODgqo) Y11NISHAUTBYAAN ODgoalataf 24
voemsvaiioilufunmesifudnssuds

LUATILSE (% inhibition)
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2.3 nsiivdoya
AsAun L Uasifusnisdudauafiisey
(% inhibition) NTBLAAT OD, A MYINATIAT 24 F3L34
N 500

vasn1sunlagyimsaunleangns
% inhibition= 100 x [1-[(T600-B600)/(C600-B600)]]

T600 = ODyo U0 TINAGDU OD,0; B60O =
ODypo¥84 Blank; C600 = ODgqy, ¥09

Negative control

v
(A

TnewasiduddudsuafiseNanunsasausuls

TA117nNI1 50 Wasidud

4. wansfnwkazafuTIgNa
4.1 gvsnisenugadnveadulng Sam1
INHANIIANYIYNINITTUE UL YRAUNTY
M9 14 gfianuenlaannunderisgnsvenddlng
dunsied Saml lnegannAnUesidudnisduguie
a a lﬂ' U ¥ U 5§ < (3 !
wuatliSeanunsaseniuliunnnit 50 Wesidudnuin
WUl Sam1 anunsadugswmeitie Staphylococcusspp.

Nsysupudady 100 pg/ml leanniie 87.61U510ud

v
s v o a

(i 1) vausiennunuesidusmsdudiitdesnin

¥
@ & U o a

50 wWosidud watlwulduiuasidudnisdudaiudu
¥

WIBTEAUAMUUUTUNNTUABLIDAUNSY 3 A

Q

lewnEnterobacter cloacae, Aeromonas hydrophila
way Edwardsiellatarda @11 IORAIUIAULTUTY
vouuUlnslifissnntu iegvislumssud wiumnntu
(1wl 1)
4.2 gvmaiugadnveaullng sam2

MnuanIsAnwIqninsdududeqdunis
79 14 ¥ia fuonldarndndonognsvendulng
fuAs1Eh Sam2 Ima@mmﬁwma%wﬁuﬁmiﬁugﬂL?ga

wuafiSenanunsagausulauInnIn 50 Wasidud wuin

v
a o a

lansadudwieiedunsdns 14 vlia (A 2)

yuzifgItunulesidudnisdudandasnin 50

v '
U a

f & 13 =] o f < (3 LY &
Wostgud wadlwuwilduivesidunnisdudanudu

deseduanuidudufistudedoqdunid 3 «ia
1¢wA Enterobacter cloacae, Klebsiella aerogenes
WAy Providencia  rettgeri I9@NNTONAMUIANULTLTY
vouUUlndlsiiuannty Wegslunisdufafiuunty
(A0l 2)
4.3 gvismssugaTneaulng sams3

MnuansAnsgnnisdudadeqdunis
e 14 wiafiuenldainindeviegnsveauing
dumsreisam3 TnsganAntefidudnissudade
wafiSeianansaseniuldiinnn 50 Wedduinuin
wWilna

stuartii N5EAUAMMTNTU 100 pg/  ml lauinds

Sam3  @unsadugenelde Providencia

76.3 Wasidusd (il 3) vauziieatunuiedidug
nsdudafitiosnin 50 Wedidus witluulthuedidus
nsfufaiuiuiiessduanumduduiiniude
L%laﬁgauﬁ&j 3 wila lowA Enterobacter aerogenes,
Klebsiella oxytoca wae Edwardsiellatarda 35611158
iwwmndudureadulndlifiuinniy iiegn?
Tunsudafivanniu (1wl 3)
4.4 qvsnsiuadnueaullng Sama
MnuansAnugnanisdudateqdunis

'3

9 14 gfauenlaainuidenadans vouudlng
dunsizi Samd lnggainAndesidusinisdudaie

N A A o P | s < &
wuASeRausasausuleunnnin 50 wWasidud
WU WUlne  Samd anunsadudesasde Providencia
rettgeri N15¥AUAMUTNTU 200 pg/ml launfie 51.0

f & & a a o f & & Y
WBSLEUR (NN 4) YELAINUNULUBTIURNITEI UL
Adesndn 50 Wasidud walwurlduilesigus
A5 8UTNNUTULLDTLAUAINULTUTULNUTUAD
L"lﬂlaﬁgau‘vﬁé 2 ¥8e lawn Serratia marcescens wag
Providencia stuartii 3983150 WAILIAINULIUVUVDS
wWulnaliiiuundu wegvslunisdudainuiniu

(mwﬁ 4)
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a5 grimsugadnseaullng sams
MnuansAnwqninisdududoqdunid
w14 efefuenldainmindeneans veaudlng
duarwd sams TnsgainAdesidusinissudude
wuafiFefiannsaseusulduinnit 50 Wedidud
wuin wWulng Sams anunsadudsseite Enterobacter
aerogenes fisziumnadudu 400 pe/ml leunds
51.5 Wedidud (nwdl 5) vuzifeafunuiesidusd
msdudsiiviosndn 50 Wesdusd willuuiliesidus
nstudaiuiuileszduaududufiviuse
L‘dgafgauﬁsj 2 ¥fn laun Enterobacter aerogenes
uay Klebsiella aerogenes JT@NMNTONAUIANLTLUU
vouuUlnsliifiusnntu iegvislumssud wiumnndu
(mwﬁ 5)
4.6 gvimaugaTnseaullng sam7

INWANIIANYIYNINITTUE UL YRAUNTY

o
o

e 14 vile uenlaanniiigenedns vaadulng
[ '3 1 ¢ < I3 1 3 4’4’
duasiesisam? lngganAndesifudnisdudute
N a A v vy ' s 2 ¢ |
wuATISENaUNsagaNSUleN1INNI150 WasiEudnuin
wWulnm Sam7 anunsadudsmewte Edwardsiellatarda
Asziruansidudu 200 pg/ml ldanntie 55.5 Wesidud
(Wi 6) vauzienunuesidudmsdudsitasnin
50 wasiusuaiwuilduiuasidudnisuduindy
WaseduaNuLtutuiuTunoiodunsd 1 viln
lauA Enterobacter cloacae I@NsORRLNANLLUUYY
vosUnaliliuunnUy Wegyislunsdugaiuunniy
(NNN6)
4.7 gvsnmsiulainvealulng Sams

NNANISANYIGNINITTUSUTeaUNTE

v
o

7914 viia FnenlFaindndereans veaudlng
dasgdt sams lnsgainandefiduinisdudute
wuaiefiaunsaseusulduinnit 50 Wedidud
wuin WUl sam8 emnsadiud s ede Staphytococcussop
wazille Streptococcus spp. svsuAILITY 400

pg/ml leunndie 99.7 Wesidud way 65.1 Wesidud

v ¥ ¥
L

muddu Snigrslunssudisede 2 vilai Sudiy
wndy dletissiuanudutuiiniudnge (nmil7)
wazidlng Sams anunsadudsdede Enterobacter
cloacae fiszfuarudutu 200 pe/ml Lauanda
64.3 1WasiEus (n il 7) sazifsrfunuosidus
nsfudafidosndt 50 wWesidud uniluualiy
Wesdudmstuduiniu Wesssunnududuingy
soieqdunid 1 wil ldun Providencia stuartii
Seansanaunanuiduve U nal R Rusn iy
Lﬁaqm’éiuﬂﬁé’uéy“mﬁumn%u (il 7)
4.8 gvismsiugadnvesullndsamg
MnuanIsAnwgnEnsdudutegdunis
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9 14 9ia Auenldanundanedns vewdulnd

o 6 1 5§ & (3 L% gj A
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wuaTiSenanusasausulaunnIn 50 Wosud wuin
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ANUlNTwiNTusowegdunsd 4 villa laun

Providencia  stuartii, Providencia retteeri,
Aeromonas hydrophila Way Edwardsiellatarda
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Synthetic peptides Saml on 14 strains

1

A0 o Pl 2 i et A o Pt

a

Al 1 Wesidudnisdudaweadulng Sam1 fiszaumnududy 100, 200 waz 400 pe/ml sialdaqauvsd

- % 5 & a
VILLEJﬂlﬂﬁ]Wﬂu’lL‘UEJWEJE!ﬂ‘J 14 YU

Synthetic peptides Sam2 on 14 strains

i IH B '“ |, ‘ J.‘l [  1 ”

Sty pr  Stepicecan e Cmboderbned Wbk apts " r——

At Petts B2 P Ak o et

a

mwii 2 Wesidudnisdudwendulng Sam2 fissdupnnandudu 100, 200 uaz 400 ug/ml deLteqaun3e

o v = a
VILLEJﬂlﬂﬁ]']ﬂUWL‘UEJW@Ejﬂi 14 yun

Synthetic peptides Sam3 on 14 strains

a

mwii 3 Wesidudnisdudwendulng Sam3 fissdupnnududu 100, 200 uaz 400 ug/ml deLteqaun3e

- % s & a
VILLEJﬂlﬂmﬂuﬂL‘U@WE]Ejﬂ'ﬁ 14 YU
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Al 4 Wesidudnisdudaweadulng Sama fiszaumnududy 100, 200 waz 400 pe/ml sialgaqauvsd

Synthetic peptides Sam# on 14 strains

1L

- % 5 & a
VlLLEJﬂlﬂﬁ]’]ﬂuﬁL‘UEJW’e]?jﬂi 14 YU

Synthetic peptides Sams on 14 strains

'H ‘1' m il o1l 'l al' [T T ll i‘ n o

r— P

0yt Pepide w200 i P 8880y o epide

mwii 5 Wesidudnisdudwesdulng Sams fissduanandudu 100, 200 uaz 400 ug/ml selteqaunie

o v = a
VILLEJﬂlﬂﬁ]']ﬂU’]L‘UEJW@E‘jﬂi 14 yun

synthetic peptides Sam? on 14 strains

IR ﬁ“

ﬂ‘ || L] ﬂ' 1l Bl ii i1

0yt Boptte 8200 i Bt 850 g o et

a

Al 6 Woesidudnisdudiweauulng Sam7 fissduanududu 100, 200 uaz 400 ug/ml siolteqaun3e

uenlaainienieans 14 vin
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Al 7 Weoslduinisdudaeaudlng Sams fiszdurmudutu 100, 200 waz 400 ug/ml AoLAUNE

uenlinungerieans 14 ¥iln

¥
= a

Al 8 Wasidudnisdudaveauulng Sam9 Asgsuaadudu 100, 200 uag 400 pg/ml folaadun3e

q

q' 1 & a
VILLEJﬂVLWmﬂmmEJWEJ?jﬂS 14 HUA

I1NKANISANYINTNITTIuaTnvetlllng

v
a6 v

dupszvihe 8 WuseioqAunIdie 14 vila Ausnld
ndudereansuandliiiud Sams Aseeiy
iy 400 pg/ml Siesdusmssudsiiannsa
vousulduardadunssududofinanntudedisziu
arduduiiniusnglelaedudane.de
Staphylococcusspp. (99.7%) wazide Streptococcus
spp.(65.1%) ﬁLLﬁJﬂlﬁmﬂﬂj’]L%@W@QﬂiiﬁaﬂdﬂLguguﬂ
WuRefufuTenuves Speck wazauy [9] finudn

WulnAduassndugadn cWWW  wag cWFW

ausadududeqdunsdnuenlaainuoneans
wutReaiu lewn £ coli, Klebsiella pneumonia
waz Enterobacter cloacae \Hudu uaydaunse

gudaTe91989 Staphylococcus  aureus  ATCC

29213 lagsgnslunisdudees Sams tifuiinaula
& ' ~ ~ kA
LJUBEIIUINLUBIINUTIEUNITUULUBUYBY
& a a e ¥ X A &
Wwegdunidludeneansnunisvuileauie
Staphylococcus spp. Useiianuwazdamuluyiunu
11ndnee [5], [6] wazdasinuaasidunnisduds

o UUlnadudu q Adeunindesay 50 wallgns

1Y 1Y

n13sugavuegiussAuaudutuiulansliiulad

v

Faanunsariu AN T UTUYaRUUlnA LA aELEY

¥
] a

WeWmungvsnsudrelteiunidaelula

a

Mnuan1sdudiaadnvewlulndil senndasiu

q

s
2

AUS189UTN @5ANA [16]  Wars1891uves Saldit
wagAmy [20] nantenalnnisyinnuvesdulnaaniu
g8 lovarulngdnidnvinaieiiedun3griunig

\Woviuwad (Cell membrane) Faguuuulunisidn
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vhangvonuulndanedy q 1 erAndulduaszuuy
Wy WUlndRagaidmdoueadfeusstalui
adn3osinfurinlidevuieadugn woziAngtuld
vidowlnddnldduiuderumadienislifuus
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Tudulipid bilayer Tueviuwadi3osiiuawingle
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Andugldduietundsnnduionsdilnavesans
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wiemeluluiian

5. a@sunansanen
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Sam8 g usIvesnalte Staphylococcus spp.
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Synthesis of carbon coated ironoxide nanoparticles

for the removal of methylene blue from water

a

o 1 aa 2 a a3 o aa 4 o 5
Inan Insiu, 1550 ASuansena’, anif anf -, silg A3y, S5gs Myud
. . 1 - 2 3 .4
Jitsupa Kraiwan', Wanna Sirisangtragul’, Supawadee Daodee’, Tanat srivises ,

Theerayut Chamnuwong5
ydngmsiiinenmans anuinetenansysaums angivenmand snineveuuiu
anuindned aarInermans Inivendereuuny 2. Ueuniu
‘auifigaindngiu 4 dhaufigaindngiudsin 2. vouunu
*MAIvEN Aeiziviendmans WinIneduveukiue veuwa

1Jitsupakr@kkumail.com, 2vvarmas@kku.ac.th, 3csupavvaol@kku.ac.‘th,aferrir_‘t08062527@hotmaiL.c:omEtheerayt@kku.ac.th

UNANED

nsminddeufinndrsluinianingaamnssumedtaaduduisnazasn Maunue urandgm

o =

noUszasdifieduasizieyniauluminaiou

o a

ﬂﬁLwﬂi’a@@m%mwumaaﬂﬁ?uv‘hvl,é’fmﬂ nsfnynided
A15UBU (carbon coatdironoxide nanoparticles, Fe;0, @ C NPs) LLazUSSLﬁuﬂizﬁw%mwﬂlummm%’uﬁﬁau
Lmﬁﬁuuqiufw BUNTA Fe;0, @ C NPs dA51MnUisensening Fe,0, wava15azraensn L-ascorbic
APuuvasvesmiuou lu Teflon lined stainless figamadl 180 ° C 1uian 4 92l roufigaviiondnualéng
nfesanssatdidnasaunuudeskiu (TEM) wandiifiueyunafifidnuusdunsenay suasesring 9.70 £247 nm

a A =

fin1snsgaedng daruwundladudumaf 65.32 emu/g wagnuallansunidudunussves Fe,0, AU

1 ' '
A a

AsuBuTilAfaUNUNRIilaTATIEYRIBS ST WdNesuB NS usAaUnlnsiimes (FTIR) n1snaasy
ANuaNsatunisaaduddouunduuglut wuinaiuisagadusiunanisianduduiduug nan133de
wansliiuinanunsalssandldounia Fes0, @ C NPs utanaaduiiievndnddexluiniia

[

Ardnfey : sunewlumdnesnles, msuey, wWitduug, woa-ueanssin

Abstract

The removal of dyes from wastewaterby adsorptions is comfortable and low-cost
method.However, the separation of some adsorbent material from an effluent is complicate. This
study aims to synthesize carbon coatedironoxide nanoparticles (Fe;s0, @ C NPs) and evaluate the
adsorptive capacity of methylene blue dye in aqueous solution. TheFe;O, @ C NPs were synthesized
in the present of Fe;O,and carbon source; L-ascorbic acid solution in Teflon lined stainless at 180°C
for 4 h. Transmission electron microscope (TEM) showed spherical and high dispersion characteristic
with an average particle size of 9.70 £2.47 nm. The saturated magnetization was 65.32emu/g. The

FTIR spectrum confirmed the bonding of Fe;O, and carbon coated. For investigation of adsorptive
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capacity, it was found that the synthesized Fe;O, @ C NPs has adsorption capacity, and reduction

ability. These results demonstrate that the Fe;O, @ C NPs can be applied for absorbent for dye from

wastewater.

Keywords : Ironoxide nanoparticles, Carbon, Methylene blue, L-ascorbic acid

1. uni
INNTHAIUINIAULATYIAILAETIANVDY
Useinalny dewalilinisvenedivesgaainnssy
AinaInnage ity gRaImMnIINYIULUA LAz
gnavnssudiannsednd gnamnssudme uay
Hapitdniisfanssnanmaiaummsnugnanns s
Ao {]z:y,mmamwimmawwsmaﬂwwﬁﬁ vlosaan
goamnssuanag sududeddiilunssuiunianin
Tagianglugnamnssudae feindefignudesy
20NUNIINNTEUIUNTHENzaglugUrveaTUATY
Sun3daneg Ainnsdudounesdainnsyuaunis
Wendou 0191153l B (thodamine B) uiiaoalsud

(methyl orange) m3a@nalalolan (crystal violet)

v
o

AB4lALIA (congo red) WALTA (methyl red) 5949
wiiduug (methylene blue) “a=[1] Adauiuitauug
Jadududn (basic dyes) fienldfunnlunszuiunis
Jouddmsurnluy audnd wazihe [2] 1ieswin
nsaangmmstinwinlaenluannsssufuay
firunduite (3] msnndwwesddeuluiiieusnain
aSassrurgMaLA LN AT Ssamnse
LL‘WS'ﬂizmafgj?ﬁLL'mé’amLazLﬁmmiazamﬂﬁﬂﬂmuﬁu
Aolitniredwinden uazdwmainnansznuse
Yymavanlalueu wu neliifineinisvieladgiun
Aauld e Toads nsidnadeunouiiauvas
thanssaurdsdiarudniu Jagdunsidadnided
\AnNEdauiinasds 1w ion exchange, chemical

oxidation F8MIrnAznew (precipitation) WieMsAALY

=% [ o

(adsorption) @ wisMnladreldaunuen [4] dae
AgaduNTusEaNSAmgs WU ufuiud (activated

carbon) wesla (perlite) tuulplui (bentonite)

F8n1 (silica)  @lolant (zeolite) wsAumilen (clay
minerals) safivianulunduasenlaniansssui
wazanwdsldannisinuns(s-8]

aunaunly Ae suniafivwiedidnlugag 1-100

v '
N aAa o W

urTuiuns a1nn1siflvunaidn diuifduiag
fn1snszngruInedsatnane dauantinig
nanmkagnaaiinanasluaneyniasiadieiu
fiflvunelvg) (bulk material) 917 AuALTRLTILAS
nsdanseu wenistiliin [9] FsinsUssend
Tulunatednuaey Wy synaudvanuilman
panlen (ron  oxide nanoparticles) waiwanaia
4Uia3n151 (superparamagnetic) fiflanTRudvan
(10]

Tutsinausinavienuduiivinsowad wasimsdanszn

wuuldiades waglidisruraudimdnandng

Ma’m‘mm8"3'%%"@53msﬁﬂmmmm%’uiamwﬁm]'mfﬂ
ey uddediinanguantilunisasfiuiiony
I‘uamazLﬂuﬂsmmsﬂ%ﬂqaﬁuﬁaﬁaa polyacrylamide
UU carbon-coated Fe,0, [11] #3® porous carbon
nanosheets LiinUszanEn1mvasnsidalanemin
Tuthlé [12) wiensfnwinismidaddonuituug
A28 carbon dot @ zinc peroxide embedded poly
vinyl alcohol (PVA/CZn0,) [13] wsiannUegyna
Tunsuentanildlunsgaduunssiineanainihiis
wua1 vilaenn ﬂﬂiﬁ’wuﬂﬁa@mﬁuﬁwﬂmawm
weneenamnneiRnsRlE e aaudufive
warannsa gz adud s dumsinuni
finguszasdiiednunisldoynauilumdniadey

AT5UBY (carbon coated ironoxide nanoparticles,

Fe,0, @ C NPs) Ingl¥nsaueamastinfuuwmasansueu
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o

ieldlunisgaduddenuifuugludiiiomundu

mgadunivszavsnngdlunisidnddeusely

2. Asnsantiveuivg
2.1 msduaszioynaunlumanulusenles
(Magnetite nanoparticles, Fe;0, NPs)

#1 FeClL.GH,0 USunm 9.942 g hazans
FeCl,.6H,0 U3u1a 6.758 g adlu Erlenmeyer flask
UM 250 ml LAy deionized water (DI) USuns
100 ml waztonuoa (50%) Usums 50 ml nauli
ansavaedniu neldussennialulasiaudunan
5 Wit waentuLh Erlenmeyer flask 7ivn3eusnly
Arwdouiigangd 90 °C unan 1 alas 9ndu
Wuansazareweulutilou (NH,OH) U5u pH 1Ju 10
wdmgalviauoutvasavansiidliansazaneiiu
ﬁqmmﬁﬁaa AautlUueNaITuYI9ae U8 I0UNIA
wlundnuilusenles dewniossunsiarndoutu
&amzneuseih DI nane q aSs sunszitiansazane
fanudunans udrhuundlng (Magnetite, Fe,0,)
fduaneildluouiioamai 55 °C 1lunan 24 Falus

2.2 n1sdATIERAISUBULARRUAYAIAUITY
wianulusanled (Carbon  coated  Fe,O,
nanoparticles, Fe;0,@C NPs)

1 Fe,0, Mduameileusunm 0.5 ¢ azae
luasagany L-ascorbic acid Usums 50 ml naulw
answanduiledeniu udnhasavanonaumldady
Teflon lined stainless W1l autoclave ﬁqmuqﬁ 180°C

& <& Lo 2 a v
Wutian 4 GU'JIIN Vlﬂﬂﬁﬁ’liazmﬂwu%amwﬂmwaﬂ

9 Y
v

szdpuduansazaredudinaty aanduily
centrifuge iewsniivdrunzneaunes Fe;0,@C NPs
hlusufigamadl 55°C WWuian 24 Falua [14]
2.3 msngadienanual
YA FUIN UATNITNITTAERIVIBYNIA
Fe,0, 48y Fe,0,0C NPs fidaunszile 3iases

lngndesganssaudidnnsoukuudesiy  (FEI Ju

TECNAI G2 20) Ainwnaudfnisusiimansae vibration
sample magnetometer (VSM) 3LAT12RlATIA3199174
wilaeiseinsudnesudunsisaannlnsalal
(Bruker §u TENSOR27) uagnadauyszanininyes
symaulumanuilusenladiduaszsiluniside
adouumauvgluifeiidaadnlnsinlnfines
(Shimadzu U UV-1800)

2.4 nrsnadaulszansninvasayniauilu
widnurlueanludinfiouarsuey (Fe,0,@C NPs)
lun1sidnddeuumauug

nsnAasunTewuUng (batchexperiment)
Lﬁawmaaumivgm%’vﬁ%uL@Jﬁﬁqu [15] 93 Fe,0,@C
fidunzild 0.1 ¢ adluwanuuliumsauia 100 ml
ﬁﬂ,ﬁmzmEJG"hiugﬂa'ﬁLLmauaaaiudwaﬂfwé’miﬂI%ﬁﬂ
(ultrasonication  bath) wtsansuvauasedilalaly
conicaltube 411A 15 Ml usazwaealilAANLNTY
W 25, 50, 100, 150, 200, 600 kag 1200 me/L
wtnansazanglumauugluanududu 6 mg/L
Ysuas 5 ml aslulsazvasannasy Umaonfing s
TUwuen (100 rpm)l,ﬁw'f’gasmﬁnm 0, 1, 10, 20, 30,
40, 50 waz 60 W7 udaTeszilnswend Ty
youdi00ni8n1s centrifugation MRS 12000
rom tunan 5 uil dhduvesansazangluiiaeit

P

mUSuamMauugimasluansaraiemeiniesyd

U

Fddaauninsliladwesinlnue1indu 664 nm
wiAuSesarNIMIRMaNUg (@un159 1)

n = [(Cy-C/CJ*100 (1)

'
P

Wamurualit n As Sewarn1sAImufauua

Y

A1 C, AD AL WIS IAUTDIE Az aNeddonmiauug

)
(mg/L) way A1 C, Aiv AL UTeIasazauddon
Lmﬁﬁuuqﬁnm@m 9 (Mg/L) ATUINAIIUAINITA
lunsmdnddeniufifuug (removal capacity)
Fauansluaunsi 2

9. = [(G -CO*VI/M 2
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v

dleruald g.fie Aruaisalunisiidag
fouuiiduug (mg/L) A Ce Anududuisudu
(mg/L) A1 C. fe ﬂmwﬁ’wﬁuﬁauaa (mg/L) M fn
UIVRUNA Fe,0,@C (g) kag V Ap USu1nIuas

asavanewmfiauug (L) auawy

3. wan1sAnwLazafusINa
3.1 msduaszieyniaunlumndnuilusenlss
LAdeUAISUBY
nsdaasizieuntaulumanuilueanlen
IaoUAMIUBU (Fe,0,@C) WUU 2 Sumou Usznaudie
msduasizeynaulumanunlusenles (Fe,0,)
Fe3snnsmnazneusial (Co-precipitation) Mina1n
nsINAZNeUTINTERIILNessa (Fe’') wavinassn
(Fe’" Tuansazas NH,-OH uaznsiadaumisueu
UUOUNIAVD Fe;O, nn835lalnsinesuoa
(Hydrothermal) lagdl L-ascorbic acid Wuunadeves
asueulpemsusuasutfluanstisatiosuas
Yostunmssadidueunirruinlvgves Fe,0, [16]
LLasﬁv‘fmﬁwﬁLﬁuﬁngm%’uﬁgamLumﬁuuqmﬂmi
AATIEREIn JUII9 KAENITNTEINLAIVDIBUANIA
fpTeladae TEM (nwdl 1-A, B) wansliiiuennia

@

Aildnwazidunsnay flvuinsening 9.70 £2.47 nm
oynadulngiinisnszanedaiia urfdsloynia
vnduinnisudidunguieuiiyusisliniveu
Turauefiusnafiives Fe,0, nudnwaznsiadoudiing
Fuuenaradnduduresasveniiadouuueynin

(Fe;0,@0)

(A)

~ 80 7
8 E -
~ 70 A X =9.70 nm
< E
c 3 0 =247 nm
& E
& 60 7
@ E
@ 50
|4 E
ag 40 7
2 ]
@ 30 7
33 E
s ]
= 20
£

10 A

o

6 8 10 12 14 16 18

YurmaynA (Wnluwns)
(B)

2N 1 sUs1INsnIENEiLazIuIn (A) ves

a1N"A Fe,0,@C NPsIAT1w¥ilag TEM(B)

msfnwguanRLlmanveseuna lnenegou
audinauiudndeludostuiouviuudmanans
WU Fe,0,0C ﬁlﬁmﬂmsﬁqmiwﬁmmsa@ﬂaml@f
Tneuruulngnans wavaunsaindeudilaniuuiy
wimdnonsusieynafiduasedlidantfdy
wiwdn ntuiandnwaudisamesdaausvan
Fa8eBaa VSM 91 300 K %319 -30000 &9 30000 kO,
(il 2) wamsandRuimAnuuugesns Tngen
wintlawdufistumusuus vdnneuenag 1usans
Tugaausn uazglinanvadameidaguidansngn
udinganmzusimandusiilurag 30,000 Oe figamni
300K U3 feee Fe,0,@C Srmunulawdudus

(saturation magnetization: M,) 65.32 emu/g
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TuwzlAvIiu Fe,0,@C An15nTeanuifaluliiay

ausanenantaienelfaunukiwvannieusn

80
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-80
Magnetic Field (Oe)

AW 2 BamesTagUuimvinvateunIA

Fe;0,@C

aansu FTIR 9949 Fe,0,@C ﬁLﬁmmmmﬂiw‘h
FEWINOLADUVDIS VAN LA AISUBUNIITUIN
mst:déisJuLuJaqmmﬁﬂﬁéT'wuaw;gWﬁﬂii”'u i 3
wansgaluandy FTIR U89 Fe,0,, carbon hagy
Fe,0,@C Nansiasginuailansuaas carbon i
findnwazninaiaunau 3736-3018 cm MRS
wuuBavemylonsenda (O-H  stretching) finfitas

= -1 ) A i 1Y
AU 2974 cm ANNITEAULUUVEATERINNUSTY

N A -

asuauwarlelasiau (CH stretching) finfiaundy
1651cm 9 nnsdusuuBaees C=0 finflavadu
1420 way 1043 cm' @enndasiunisdunisiauuy
lalgusnasiagaunnsves C-O-C MUA1FU @0nnRD3
fusreuves[lduasnuiindnvaznitduiavadu
500-600 cm ' filinaInn1sduTeIRUsE Fe-O 3
Fe 0, WaUSouifisuiuaiuansuves Fe,0,@C waz

ASUBU WUNMSIURBULUAURIaUAAUYDY Fe,0,@C

= N A

anlansudsianvuzianianutndygiudinin

auAnsuUee Fe,0, 1H8991NNSIAANUSEUDY Fe,0,

=< o

Favinl

e

AuAISUOUNAGBUNUNRY (Fe,0,@C) [16]

o a

BUNIA Fe,0,@C NFNATINTNIINTENLFING uae

fiauatiesasdu nszatedqladludanansiidui

wotllafenaslaiAnn1suenduls Wawniieltinae

wiindnnrgusneyniaiinisiadsuiniuuainin

A1YUBN

Fe304

Carbon

—e304aC

0.9

0.8

0.7

0.6

%Transmittance

0.5

0.4

0.3
3500 2500 1500 500

wavenumber (cm-1)
il 3 @nesu FTIR 989 FesO,, carbon uas
Fe;0,@C
3.2 n1snaasulszdnininnisindnddou
WmauUg
INNANTNAFDULUUNE (bathexperiment)
NaMsANYInATIMINEELYEY Fe,0,0C Tun1sgady
ddouuiiauug Tudinian 0-60 urfl nudns o
nsgadugegadian 0-1 uiiitsunsiiuazidingnioy

aunaiiian 40 Wil (il 4)

60 —@— 25my

50 mg/l
> 100 mg/t
g\, 50 150 mg/t
> - —@— 200mg!

4 —@—— 600 my/l
0 —@— 1200 g/l

aa

famaznmanddouwiiauua
w
)

20

IOW.

0 10 20 30 40 50 60 70

1381 (W)

¥

A 4 Sevarnsgaduddenwnauuglels

USual Fe;0,@C NANULTNTULAZLIANAN 9)

AMITLTUNLUNE @RS Fe,0,@C Tun1sidn

]

Adenuiauugnanudutu 6me/L Waauidudy
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vosmgaduidu 25, 50, 100, 150, 200, 600 uax
1200 me/L mua19u WUl Fe,0,@C Hi5osazmsnindn
ddouLuiiauuginiy 6.66-53.45 lagiAuaunse

lun1sidaddeuiuiiduug Ao 0.004-0.031 mg/g

'
a

AUAIRY N1siuANUTNTuvesiIgaduiinavinli
fovarn1smdnddonunauuguitniundsdunsinui

fuaguInuliansgaduiiiudu (1wl 5)

0.035
0.03
0.025
0.02

0.015

anuausalunisnida (me/g)

0.01

0.005

0 200 400 600 800 1000 1200 1400
anududuves Fe,0,0C (me/L)

=

AR 5 ANENINTATY Fe,0,@C Tunisaadud

douluiiauug

PNNTANYI904 El-Shamy [13] AidAsIE%
polyvinyl alcohol/carbon dots decorated zinc
peroxide (PVA/CZnO,) lnaidenldnglaaduumas

s o I3 a '
asvaulunisdansigieuniauily Cpo,, NNy
HaduTaidu -COOH- uay -OH wavldlauauugnaln
NMIATUELUTIAUUQUBY ConIINNITLAANUSE

lalasiau (H-bonding)  s¥ninemyiladuiia COOH-
wag -OH Aululnsiauernenvauuiiduug Lin
Electrostatic interaction Szﬁﬁ’iwﬂisﬁ;auuuﬁuﬁ’s
Y839 CZnO, fuUseuInuuddouuiiuuguas T
Ttstacking interaction FENIINIUDLLSUANUDY
WAAUURRAY Coye luszfinisdnwriidentd
L-ascorbic acid  Luuvdsvasansueudisl COOH-
way -OH vuRanalnnsgeduddenuiiduugeradu
nalnludnuazlednvuznislndidssiunisinm

Tudedu uazdeelasunisiigadnely wenain

N13M3nddaNiauUgaINN1IRTUAUMIAATULAT
msfidauiledusiatiuoynia Fe,0,0C 9191AAN
UfAzenswenaned (decolorization) wagnseoeaay
(degradation) (il 6) FeenaiAnanUfAzenseming
Fe,0,@C ithitlididnaseu uazansazaeifiauug
vhnihiisudidnaseu udvasunasglidu a2
TA#iauug (lueco-methylene blue) Falaifd vilor
Aantsnlenansdfivuiiouludauandoudnnis (15
%nmnﬁaﬂiﬁé’fﬁ’amm%’uﬁmmzam 19U Fe,0,@C
gwanUuauddonunauuglaegediussdnsnn
wndy awnsaluFnuiuiunadennagsinig

[y

o I ~ @& a & & a )
LLEJﬂ’]aV]@]@SUUEJEJﬂI@QWEJ Uanudune L duingnu

- o
GNYRIZGR
14 o
1.2 10 min
) 20 min
% 1 30 min
= 40 min
= 9 A i
'¢ 08 MB comn
g Vd
& 0.6 A
I
[~ ~
€ 04 \ayl LMB
0 — = T —

200 400 600 800
AU19AAU (UIluuns)

a Naa a o a '
2N 6 gIdlUaALANTNLEAINITIUAB UL UAYAN

'
a

NIRANAULANYBITaUUgTIMARINURSe1N159n

U

FUr84 Fe,0,@C (150 mg/L) fivaansingg

4. @5Unan1e
NN15dATIENOUNA Fe304@C Hdnuuy

Dunsenay vunaduriaudnanande 9.70 + 2.47 nm

o

An15nszaeng e liinniswendlaeae

wiimdnatauen n1sAnwiiisesnisidadden

W Ad uUglagIBN13n et (adsorption) wuilusedviam

lunsminddeuwiiauug

AnAnssuUsENA
mATetlasuniidennnemilurneinetmans

UININYIBLVDULNY
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nsiguiiisulssansainsendnsununiinauau EXACT, WILSON wag
ISRT P EWMA iiansaadunisildsuntasdndiuvaade
A Comparison on Efficiency between EXACT, WILSON and ISRT P EWMA

Control Charts for Detection the Proportion

alganT Yreufa’ Fauuv 913l5UATH’ wae gIua Wusuda’
Nattawipa Khaikaew' Thitanont Charurotkeerati” Suvimol Phanyaem?
ANEINEIMansUsEEnd unineraemalulagnszasundnssuasvide” >
nattawipa.aum@gmail.com’
UNANED

o

I8

o

nuszasALiialTeufisuysransmwvesunugiinuaudadiuveuds Jaunuglinunud
UIAnv1UsEnaunie HUIAIUAN EXACT, LHUNTAIUAN WILSON Uazununiiniuny ISRT P EWMA
dlermundndiuveade (po) 11U 0.04, 0.06, 0.08, 0.1, 0.3 1Az 0.5 seRuUnsasuLUasdnaIuode
(8) Wiy 0.0, 001, 0.03, 0.05, 007, 0.09, 0.1, 0.15, 0.2, 0.25, 0.3 uaz 0.5 F aFMuATLIARIBE1T ()
Wwinifu 30, 50, 70, 100, 150 waw 200 FanausinldlunsiFeuifioudszanamvssunugiiniun Ae A
g1IsadudlensyuunsegueniviianisaauAy (ARL,) 9nHansAnwagulsi il uNUDNAIUAL EXACT,
WILSON azfiUszAnSamaiaaid osesunisivasundasandadinvendowindy 0.5 uazunugfiaiuay

ISRT P EWMA 9ziiUsedvinmsngaideszaunisildsundasendndiuveadedian 0.01 <0 < 0.15 lunnnsdl

YDIVUINAIDYS

AdNALY: wNunAAIUAN EXACT, Wnunilniuas WILSON, WnuiiAauau ISRT P EWMA, ANNYTIINRAY

Abstract

The objective of this research was to compare the efficiency of detection the proportion control

charts that are EXACT control chart, WILSON control chart and ISRT P EWMA control chart. This research

considered the standard detection the proportion (p,) are 0.04, 0.06, 0.08, 0.1, 0.3 and 0.5. The shift of
detection the proportion (&) are 0.00, 0.01, 0.03, 0.05, 0.07, 0.09, 0.1, 0.15, 0.2, 0.25, 0.3 and 0.5.

Sample sizes (n) are 30, 50, 70, 100, 150 and 200. For each studied situation, the criterion used to compare

the performance of the control chart was the Average Run Length when the process out of control (ARL,).

The results of this study were as follows: EXACT, WILSON control chart are most efficient when O = 0.5.

The ISRT P EWMA control chart is most efficient when 0.01 <d < 0.15 in case of all sample size.

Keywords: EXACT control chart, WILSON control chart, ISRT P EWMA control chart, Average Run Length
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1. umin
Jagduiinisudatudunisnanlunssuiunis
QRAIMNITTUABUTIIGY ANNINVDINANT AT U131
ﬁ‘wm‘ma"wvﬁ”zy’lumwﬁ’ma’*u%%aﬁué’wms@ﬂm
AuAN Mo AuaniRvesdnsasiduluaun
fosnsvesfuilansuiiniseenuuundndasiliyda

i lofinuaudRnudenvuanazguslnadeanisiiaiy

Y a v

WMUNEANM NS U AR A 9T LA SUAINT By

wnnimdndueigidndudniudnindndudesniuny

AMANYBINAAT U LANUNINTFIUAAMUA UiA1Y

a v a o

WJuasenszviunisuandnd mmmuwwammmw

v
o & a =

HARTUIIAANTY T NERADINITAIVANAURUKYS

Iyad ¥

Minadudesian lneUadui Inanoninudunls

a

Usgnausgnangtade 1wu wilnau in3esdns Tnghu
wardsnisudn iudu winidlolafindnAausidnin
wnsgrind uagadrsaudemeliungudadu
othann fefuesfinseueuaunmiagldnsaiunm
nszvaunIsneaifundaslunisiiudeya wazudly
Tounnses i emanngfiviliiAanisnanveade
FamsmuaunszuIuNIsaiAUszneuseLa3 osile
waneyda iy lunsisaey wnugiinsle Salaunsy
wudarnsuan wnugiimuesdaedosdenifominnldly
NILUIUNTATUANAMAINNTNGR AD UHUNTAIUAY
(Control Charts) [1]

o 1

wrunfinuandndiuveadodunnugiiniuny

' v
a v

fiasealafnuiluaded Wesmnuaugimuaudina
awsauinyseyndldlalunainvatggaaivnssy
wlesaniusuglimuaudadiuveads p Adeulity
o8 1unInaIB uS1IAANAIN T0lUN1IATI9T Y

o

AM5LUA BULUAITDINTEUIUNITNE R M3 8RTIVTY
n5uUa sundasladn 1, [21, [3], [4] 59 liynade
naeviuladne uasimuiuaugidauaudadiuves
deluragguuwuy 19y ukugdaluay EWMA,
UWNUATAIUAN ISRT P UaguWu)iimiunu ISRT P EWMA

W [5]
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~ o

NTANF1NT 190U {IT8TedAruaulan

a o

gl naueyszAninmvesnugdniuaudadiunie
A5 EXACT, 75 WILSON waziuguiiiguussdnsam
WHUNAAIUAL ISRT P EWMA [5], [6], [7], [8] waui
mdeasUdmiunsussendldluaniunsaisnag laegg
wanzay Inefiuszannnusaunuginiuny wneds

AnulilunsesedunsiasullasraanseuIung [4]

2. TngUszaeAvaInIsiaY

iloFeuiisuuszansnwvssunugiaiugy
dndauvoadeia 3 unund Ao unugfinauan EXACT,
WILSON uag ISRT P EWMA

3. e lun1sa9e

Aelladassdeyafiidnwazn1swankas

v v
o =] § a =

nIuw lngn1snnasiunazassdnadniind uld
274 AD A uazidey

asredoyamumouimnismnaes ferelull
3.1 YAULUANITNARDY

1. wruRfildlunsfnuiuszneudie uwugd
AUAL EXACT, WHUAIAIUAN WILSON uazuuuqil
AIUAL ISRT P EWMA

2. imsfnwilagnisdnaesdeyamedsueui
A15lan1elAn1sHaNLAIUIY (Binomial Distribution)

3. Avuaridnduvesdoilionszuiuniset
aeldnisaiuau (pg) FA1vinfu 0.04, 0.06, 0.08, 0.1,
0.3, 0.5 MUEFIY

4. MnuaAdnduvandeilansyulunishiog

Y

meldnsaauau (py) = po +0

5. vusliseaunsiUasuwlasindndinues
e (0) dawindu 0.00, 0.01, 0.03, 0.05, 0.07, 0.09,
0.1, 0.15, 0.2, 0.25, 0.3 wag 0.5 MUANY

6. MUUATUIAFIBES (n) TAWKNAY 30, 50,
70, 100, 150 tay 200 AUE1AU
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P

7. fmuedimnsiilwesvesunuginiuay (A) A8 Wenszuiuniseygaelin1sAIuay (ARL)

gawwindu 0.01, 0.05, 0.1, 0.5 wazidlanszuiunTeguanmilonIsAIuAL (ARL,) &

8. MYUAAIANNYITINAALLUBNTEUIUNTOY  FFATUSEENT A nlun15ATI93UNsUasuwlasna

meldinamuau (ARLo) iFwinifu 370 Pgeiurzfinnsananiofilinadnsves ARL,  tod

9. imundnauseulun By 10000 dan by qnaunsansindunisudsunlases

q

sau Wweadeluswnsy R Tunisinassteya avva
v ASEUIUNSHARLALSININ

3.2 YUABUNIIANUUNTIVY 4.1 ArAduenddeifeilionszuiuniseg aeld
1. 9raesteyalagimualvidoyaiinisuanuas n13A2UAN (ARL)

muuneladndiuvends (py), szAunisiuasunlas

C e = o ' i . & & - o
A IUVRILA Y (O)uazuuIne 19819 (n)  A19190 1 A1ANEIIINREY (ARL,) bD po 3IA1

AU esNnmualilureunnside WAdU 0.04 waz S Sewindu 0.00
2. AuINAITATINAAIUANUY (UCL) hag
N o @ . N Y - ISRT P
YninAIUANENS (LCL) YoeuHunnIUANa 3 Uil n EXACT WILSON
EWMA

warihdeyaiildainnissiaembenatluunugiinauny

o, = _ o g y 30 370.678 370.231 370.756
3. UUNNIIUIUAT AN BUNUVBYABDNUBDN

50 370.857 370.930 370.445

[

Fpdrinnruauduassnveanmsidiluuiazsou

. o ¥ o 70 70.872 70.336 70.18
4. Tuwsaganunisaivingn 10,000 sou tagly 370 370.33 370.189

100 370.495 370.926 370.130
TUswnsu R

5. ﬁ?u’)mﬁ??ﬁﬂ'ﬂu?ﬂ’ﬁﬂLQ?ﬂIEJLﬁI@ﬂiSU’JUﬂ’ﬁ 150 3ro.81 570.948 310.776

200 370.717 370.509 370.675

agnglanisaluay (ARL,)

6. AMUIUMIAIAIINYIIILRAUNONTZUIUNIS 4. R o o
, » . . o A1INN 2 AIAINNY1IINRRY (ARL,) LHBD pPp 1AM
agusnuiian1smiuAy (ARL,) lnedasstoyalviaguen

o o o 5 - Wiy 0.06 uag O dAwiriu 0.00
Panrinauay (nszurunsisuudasluaniis)

7. WANTUIAT ARL, maumugﬁmmuﬁgﬂ 3 ISRT P
wugfimuauiuuniladilie ARL, Afignuuansin " BACT | WILSON EWMA
Lquqﬁﬁu’uf\]zﬁﬂ33?1‘1/1%mw1umimaﬁumimﬁauLLan 30 370.450 370.043 370.189
b 50 370.756 370.056 370.503

8. @yUnan1svaaes 70 370.073 370.176 370.970

100 370.202 370.439 370.992
4. nan1sANYIRAZNITAUTIENE 150 370 557 370.030 370.949
AA211817391a38 (Average Run Length: 200 370.172 370.566 370.454

ARL) fie Suruieganievesgaianeglulnidn
n13AIUANNBUT NTEUIUNTA Ty 10N UBN

1Y

a o & & | <
UM ﬂﬂ']UﬂiJLﬂuﬂiﬂLLiﬂIﬂﬂLLU\T@@ﬂLﬂu 2 @nNuY
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M13197 3 A1ANENT9RAE (ARL) 1L po fiAn

WU 0.08 wag & dAwindu 0.00

A15197 6 A1ANB1NT9RAE (ARL) LHB po fiAn

Wiy 0.5 wag & dAwindu 0.00

ISRT P ISRT P
n EXACT WILSON n EXACT WILSON

EWMA EWMA
30 370.196 370.208 370.213 30 370.207 370.312 370.747
50 370.413 370.904 370.933 50 370.763 370.546 370.913
70 370.630 370.726 370.158 70 370.312 370.472 370.275
100 370.884 370.020 370971 100 370.253 370.749 370.929
150 370.834 370.134 370.279 150 370.129 370.282 370.118
200 370.853 370.756 370.193 200 370.845 370.800 370.733

M13197 4 A1ANET9RAE (ARL) LB po fiAn

WiNAU 0.1 waz & dAwindu 0.00

91151991 1 89 6 wandliiuinlunnnsaia

ANYINUVBULIANISNAABINNAILIT9AU T

A1A1NE1T wRd Bl anseuIuniseg Aeldnag

] | & A = a
AN 5 AIANNY1ITINRRY (ARL,) LHBD P 4AN

WU 0.3 way & TAwAU 0.00

ISRT P
n EXACT | WILSON . © o v <
EWMA AIUAY (Nszuaun1sgluladnisiud sundas)
30 | 370328 | 370.193 370.955 HANY 370
50 370.301 370.044 370.090 4.2 ﬂ'lﬂ’a'm&l']’J’NLaaEILuaﬂiz‘mumiaguanmua
70 | 370021 | 370428 | 370332 n13AUAY (ARL,)
100 | 370405 | 370746 370.544 . 4 y -
AN 7 ANAIINETIINLARY (ARL,) LUD pPo HAN
150 | 370542 | 370554 370.379 o
1nu 0.04
200 | 370440 | 370.195 370.918
ISRT P
n S EXACT | WILSON
EWMA

0.01 370.678 | 370.231 | 48.683*

0.03 370.678 | 370.231 | 14.364*

0.05 | 370.678 | 370.231 | 8.210*

0.07 370.678 | 370.231 | 5.630%

0.09 370.678 | 370.231 | 4.201*

0.1 370.678 | 370.231 | 3.695*

30 0.15 252.463 | 190.842 | 2.267*

0.2 125.760 | 96.917 1.597*

0.25 51.562 | 371.147 1.172*

0.3 15930 | 16.089 | 0.939*

ISRT P
n EXACT WILSON

EWMA
30 370.876 370.989 370.990
50 370.330 370.304 370.774
70 370.977 370.994 370.664
100 370.419 370.900 370.699
150 370.284 370.639 370.350
200 370.301 370.644 370.721

0.5 0.000* 0.104 0.163
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ISRT P ISRT P
n S EXACT | WILSON n S EXACT | WILSON
EWMA EWMA
0.01 370.857 | 370.930 | 37.485% 0.01 370.871 | 370.948 | 22.417*
0.03 370.857 | 370.930 | 8.305* 0.03 291.430 | 295539 | 3.032*
0.05 355.469 | 358.387 | 4.322* 0.05 159.720 | 160.159 | 1.200*
0.07 296.739 | 298.498 | 2.817* 0.07 60.568 56.099 0.570%
0.09 222908 | 221.064 | 2.010* 0.09 15.481 14.683 0.237*
50 0.1 | 186.529 | 186.186 | 1.738* 150 0.1 6.504 | 6.943 | 0.143*
0.15 59.674 54.663 0.998* 0.15 0.000* 0.000* 0.000*
0.2 13.428 11.890 0.585% 0.2 0.000* 0.000* 0.000*
0.25 1.630 1.357 0.268* 0.25 0.000* 0.000* 0.000*
0.3 0.257 0.086* 0.086* 0.3 0.000* 0.000* 0.000*
0.5 0.000% 0.000% 0.000* 0.5 0.000* 0.000* 0.000*
0.01 370.872 | 370.336 | 58.974* 0.01 369.550 | 370.509 | 26.956*
0.03 369.178 | 369.730 | 6.856* 0.03 261.252 | 273.294 | 2.365*
0.05 324.892 | 324.065 | 2.517* 0.05 106.469 | 114.275 | 0.712*
0.07 250.111 | 249.441 | 1.280* 0.07 26.724 28.098 0.221*
0.09 170.641 | 168.120 | 0.724* 0.09 4.007 4.131 0.053*
70 0.1 | 136.285 | 133.645 | 0.547% 200 0.1 1.206 1.554 | 0.020%
0.15 24.428 25.935 0.116* 0.15 0.000* 0.000* 0.000*
0.2 2.600 2.713 0.017* 0.2 0.000* 0.000* 0.000*
0.25 0.158 0.040 0.002* 0.25 0.000* 0.000* 0.000*
0.3 0.000* 0.039 0.000* 0.3 0.000* 0.000* 0.000*
0.5 0.000* 0.000* 0.000* 0.5 0.000* 0.000* 0.000*
0.01 | 370495 | 370.926 | 46.380* | * yanefa unugfienuauiuliien ARL, silan
0.03 338.243 | 340.452 | 4.815* . )
0.05 | 238570 | 2a0.410 | L651* 31015199 7 @rusaasunala aeil
007 | 135584 | 134.643 | 0766 WNUQIAIUAN EXACT szfiuszAnsnwAdigaiile
009 | 59060 | 59591 | 0377* WIAFIDE1INAY 30 wag 50 sedunUAsuuUad
100 0.1 37.554 | 37.628 | 0.253* Adadiuvendeviatu 0.5 waziiauiaiiedis
0.15 1.922 1.756 | 0.021* WU 70 sedun1sIUE sunlasadndiuveade
0.2 | 0.000% | 0.000% | 0.000* | iy 0.3, wnuniiAIuAy WILSON agiluszansam
0.25 | 0.000* | 0.000* | 0.000% ﬁ‘ﬁ'qmLﬁ'aﬁuumm”aaa'wm'mwu 50 SEAUNT
0.3 0.000* | 0.000* | 0.000% WA suwUasAndaduveadewindu 0.3, MATRHE
0.5 0.000% ] 0.000% | 0.000% AIUA Y ISRT P EWMA e Ussdns ainlu
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nsnTdunsasuuUadlanigalunnnstinAnw

LAYLE VUINRBY 1Y INU 100, 150 wag 200

LA UNITIUA sULUaIANIEAEIUVDILE UL AU

0.2 §14 0.5 WUl 3 UHUNINUTEANTAINNIATIITY

Msasundaslaliunnsneiy

i | 2 A 2] o
A15199 8 A1ANE1ITNLRAY (ARL,) LB Py HIA

Wiy 0.06
ISRT P
n S EXACT | WILSON

EWMA
0.01 | 370.450 | 370.043 | 61.264*
0.03 | 370.450 | 370.043 | 16.368*

0.05 | 370.450 | 370.043 | 8.976*

0.07 | 370.450 | 370.043 | 6.022*

0.09 | 366.828 | 368.804 | 4.460*

0.1 | 349.707 | 352.034 | 3.971*

30 0.15 | 247.816 | 190.006 | 2.472*
0.2 | 135914 | 119.102 | 1.728*

0.25 | 60.450 | 52.947 | 1.276*

0.3 | 20545 | 21.116 | 1.003*

0.5 | 0.044* | 0044* | 0.205
0.01 | 370.756 | 370.056 | 78.501*
0.03 | 370.756 | 370.056 | 12.496*

0.05 | 370.756 | 370.056 | 5.909*

0.07 | 311.356 | 363344 | 3.706*

0.09 | 259.346 | 306.337 | 2.618%

0.1 | 232700 | 273.748 | 2.251*

50 0.15 | 96.083 | 97.556 | 1.256*
0.2 | 24.896 | 28928 | 0.837*

0.25 | 509 | 5666 | 0.505%

0.3 0584 | 0413 | 0.229*

0.5 | 0.000* | 0.000* | 0.000*
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ISRT P
n 5 | EXACT | WILSON
EWMA
0.01 | 370.073 | 370.176 | 166.667*
0.03 | 370.073 | 364.010 | 16.821*
0.05 | 340.148 | 309.736 | 4.720*
0.07 | 277.642 | 229.981 | 2.220*
0.09 | 203.410 | 158.774 | 1.235*
0.1 | 166.583 | 123.723 | 0.947*
70 0.15 | 41.735 | 24.459 | 0.282*
0.2 | 5626 | 3232 | 0.052*
0.25 | 0319 | 0.160 | 0.008*
0.3 | 0.000* | 0.000* | 0.000*
0.5 | 0.000% | 0.000* | 0.000%
0.01 | 370.202 | 370.439 | 41.267*
0.03 | 347.863 | 347.469 | 5.788*
0.05 | 271.821 | 273.357 | 2.531*
0.07 | 178.246 | 181.673 | 1.466*
0.09 | 97.200 | 95269 | 0.926*
0.1 | 68674 | 66.586 | 0.759*
100 0.15 | 5280 | 6.105 | 0.200*
0.2 | 0197 | 0.120 | 0.023*
0.25 | 0.000* | 0.000* | 0.002*
0.3 | 0.000* | 0.000* | 0.000%
0.5 | 0.000% | 0.000* | 0.000%
0.01 | 370.557 | 370.030 | 40.524*
0.03 | 319.258 | 315.200 | 4.280*
0.05 | 198.537 | 204.565 | 1.520%
0.07 | 90.187 | 94.560 | 0.745*
0.09 | 31.241 | 31.993 | 0.353*
0.1 | 15.169 | 16.981 | 0.223*
150 0.15 | 0.158 | 0.000* | 0.011
0.2 | 0.000% | 0.000* | 0.000%
0.25 | 0.000* | 0.000* | 0.000*
0.3 | 0.000* | 0.000* | 0.000%
0.5 | 0.000% | 0.000% | 0.000%
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ISRT P ISRT P
n 5 EXACT | WILSON n S EXACT WILSON
EWMA EWMA
0.01 | 367.868 | 366.633 | 32.454* 0.07 373.458 341.924 7.211*
0.03 | 287.938 | 289.299 3.169* 0.09 351.157 308.591 5.279*
0.05 | 148.754 | 146.692 1.046* 0.1 340.612 293.867 4.620%
0.07 45.708 47.730 0.421* 30 0.15 246.319 180.109 2.731*
0.09 9.958 9.569 0.142* 0.2 152.389 89.975 1.900*
0.1 3.890 4.162 0.073* 0.25 70.013 36.269 1.380*
200 0.15 | 0.000% | 0.000* | 0.000% 03 | 26341 | 12.066 1.060*
0.2 0.000* 0.000* 0.000* 0.5 0.081 0.041* 0.243
0.25 0.000* 0.000* 0.000* 0.01 370.413 370.904 67.619*
0.3 0.000* 0.000* 0.000* 0.03 370.413 370.904 12.195*
0.5 0.000* 0.000* 0.000* 0.05 360.247 359.634 5.837*
* e unugfieauauiuliien ARL, il 0.07 | 323.601 | 322783 | 3.663*
o vo & - 0.09 268.468 269.408 2.604*
NANT99 8 ansoaTURAlAAT WUl
g 0.1 | 240901 | 241.801 | 2.224*
AIUAN EXACT uaz WILSON agiiusydnsnmanan
) L . 50 | 0.15 | 108999 | 103.620 | 1.225*
L BYUIARIBY 1V IAU 30 WAy 50 STLAUNIS
. o L ) 0.2 | 31493 | 29.765 | 0.723*
Waguwlasrndadiuveudowinnu 0.5, unugll
, , 0.25 5.726 6.544 0.387*
AuUAY WILSON a¢fiUsea@nSanaianid auun
! . ! 0.3 1.145 0.900 0.155*
f19810M17U 150 sEAUNsUAsULUaRNEndIu
0.01 370.630 370.726 68.316*
VBAFULNNNU 0.15, WNUNUAIUAY ISRT P EWMA 003 | 365620 | 370.495 9.826%
eiuseanianlunisnsiasunisiasunaslaf 005 | 325382 | 330.595 4.164%
Vl?iﬂiunﬂﬂimwﬂﬂ‘m LAaZ U DYUINRNIDYIILNINY 0.07 258.439 261.228 2 450*%
150 uag 200 sefunsiasuulasidndiuveide 0.09 | 187.173 | 186.422 | 1.640*
winiu 0.2 f9 0.5 Wy 3 wHuHfUsEANS AN 0.1 | 150.126 | 156.238 | 1.353*
msnsadunsiasunlastaliuansneiu 70 0.15 | 35916 | 36.469 0.589*
L o R 02 | 4282 | 5227 | 0204
19199 9 ATAIUYIIINREAY (ARL) LB po UA
D 0.25 0.081 0.239 0.042*
L11nU 0.08
0.3 0.000* 0.041 0.006
ISRT P 0.5 0.000* 0.000* 0.000*
n S EXACT WILSON
EWMA 0.01 370.884 370.020 90.662*
0.01 370.196 370.208 | 123.702* 0.03 355390 | 356.081 10.382*
0.03 370.196 370.208 22.736* 0.05 203.692 281.272 3.201*
0.05 370.196 366.996 11.185* 0.07 224.064 188.867 1.460%
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ISRT P
n 5 | EXACT | WILSON
EWMA
0.09 | 140312 | 106.439 | 0.762*
0.1 | 107597 | 74.437 | 0.550%
100 | 0.15 | 13226 | 8.180 0.094*
0.2 | 0661 0.160 0.008*
0.25 | 0.000* | 0.000* | 0.000*
0.3 | 0.000* | 0.000* | 0.000*
0.5 | 0.000* | 0.000* | 0.000*
0.01 | 370.834 | 370.134 | 60.010*
0.03 | 332478 | 330572 | 5937*
0.05 | 236.434 | 236395 | 1961*
0.07 | 129.148 | 127.903 | 0.728*
0.09 | 54304 | 52865 | 0.457*
0.1 | 29875 | 31.431 | 0.331*
150 | 0.15 | 0.856 0.599 0.021*
0.2 | 0000* | 0.000* | 0.000*
0.25 | 0.000* | 0.000* | 0.000*
0.3 | 0.000* | 0.000* | 0.000*
0.5 | 0.000* | 0.00* | 0.000*
ISRT P
n 5 | EXACT | WILSON
EWMA
0.01 | 367.994 | 369.745 | 46.567*
0.03 | 305.132 | 305560 | 4.227*
0.05 | 180.729 | 184230 | 1.349*
0.07 | 72.665 | 68931 | 0.549*
0.09 | 20.189 | 19.995 | 0.206*
0.1 | 9.219 8.325 0.117*
200 | 0.15 | 0.000* | 0.000* | 0.000%
0.2 | 0.000* | 0.00* | 0.000*
0.25 | 0.000* | 0.000%* | 0.000%
0.3 | 0.000* | 0.00* | 0.000*
0.5 | 0.000* | 0.000* | 0.000*

* yignefie wnuiinauantulyien ARL, d9ign

a

q
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1

91915797 9 aunsaasunalanadl unugiiaiunu
EXACT %ﬁﬂizﬁm%mwﬁﬁqmLﬁammmﬁaaﬂmmﬁu 70
sEfun1sasunlasrrdadruvendewindu 0.3 way
0.5, usunfiaruAy WILSON azilszansamaiiamile
UIAFIDE1TY 30 way 70 srRunsWasuLUasen
dnduveudswiniu 0.5, unugiiauAy ISRT P EWMA
ailsydvBamlunismsdunsasunUadldfiianlu
nnnsalfidnwy waziflevuindaogravindy 100, 150
waz 200 szAunsWasuLlasAdadiuveadeingu

0.25 9 0.5 WU 3 UHUNNHUTLANTAINNIATIDT

AsasunUaalaluunnsnaiy

AN5199 10 ArAueIIaede (ARL,) W8 po SA

Wwindu 0.1

ISRT P

n S EXACT | WILSON
EWMA

0.01 | 370.328 | 370.193 | 89.631*

0.03 | 370.211 | 370.193 | 20.579*

0.05 | 357.880 | 370.193 | 10.430*

0.07 | 340.025 | 370.193 | 6.821*

0.09 | 315.246 | 359.030 | 4.948*

0.1 295.446 | 347.096 | 4.332*

30 0.15 199.790 | 204.407 | 2.578*

0.2 109.192 | 112.398 | 1.729*

0.25 48.431 | 49.795 1.234*

0.3 15716 | 20.334 0.980*

0.5 0.078 0.000* 0.171

0.01 | 370.301 | 370.044 | 166.903%

0.03 | 365.427 | 370.044 | 20.843*

0.05 | 339.636 | 370.044 | 7.802*

0.07 | 303.226 | 324.683 | 4.384*

0.09 | 254.173 | 272.350 | 2.898*

0.1 228.304 | 244.445 | 2.426*

50 0.15 | 103.085 | 105.336 | 1.258*

0.2 30.809 | 31.082 0.740*
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ISRT P ISRT P
n S EXACT | WILSON n S EXACT | WILSON
EWMA EWMA
0.25 6.535 6.264 0.388* 0.25 0.000* 0.000* 0.000*
50 0.3 0.895 0.712 0.154* 150 0.3 0.000* 0.000* 0.000*
0.5 0.000* 0.000* 0.000* 0.5 0.000* 0.000* 0.000*
0.01 370.136 | 370.428 | 78.262* 0.01 370.195 | 370.591 | 60.427*
0.03 358.080 | 370.226 | 11.589* 0.03 320.536 | 309.105 | 5.634*
0.05 322.368 | 341.905 | 4.733* 0.05 216.012 | 189.086 | 1.663*
0.07 272.179 | 284.820 | 2.760* 0.07 99.039 81.675 0.701*
0.09 203.558 | 214.807 | 1.809* 0.09 31.587 24.379 0.290*
0.1 170.266 | 179.538 | 1.548* 0.1 14.782 11.292 0.168*
70 0.15 | 51.494 | 54.743 | 0.676* 200 0.15 | 0.000* | 0.000* | 0.007
0.2 8.755 8.618 0.265* 0.2 0.000* 0.000* 0.000*
0.25 0.768 0.758 0.063* 0.25 0.000* 0.000* 0.000*
0.3 0.077 0.000* 0.009 0.3 0.000* 0.000* 0.000*
0.5 0.000* 0.000* 0.000% 0.5 0.000* 0.000* 0.000*
0.01 | 368832 | 370.746 | 83.942* | * ynefa unugfieauauiuliien ARL, il
0.03 349.402 | 358.861 | 10.105*
005 | 293216 | 305514 | 3.563* RNAN5T 10 mmsaagﬂwalﬁﬁﬁﬁ wHuHAIUAN
007 | 213965 | 221724 | 1.799% EXACT %ﬁﬂizﬁ%%mwﬁﬁqmLﬁ'amumﬁaasmm’wﬁ’u
009 | 138278 | 143.999 | 1.060* 50, 70 waz 100 seiunsiUasuLUairdndiureads
01 106.714 | 109845 | 0.832* Wiy 0.5, unugdAluay WILSON agiiuszdniain
100 0.15 14976 | 14560 | 0217* ﬁﬁqmﬁammmé’aaﬂwwﬁﬁ’u 30 seAunsUABuLYA
02 0.960 0918 | 0.027% AFREIUILEIYINAY 0.5 LazrundlIeg1awinny 70
0.25 0038 0000 | 0.002% seauMaUaguLUasdngduvaadeniniu 0.3, unugi
03 0000* | 0000* | 0.000° AIUAY ISRT P EWMA qgilUszdnsanlunisnsiadu
05 2000* | 0000* | 00000 nsiasuulaslaangalunnnsdinfne LLaSILﬁ’e]%UWG]
001l | 367429 | 370.908 | ea.692" $198199110U 150 ag 200 wé’umﬂyﬁﬂuwm
005 221031 | 331289 | 677ev AdREIUIRNdYINAY 0.25 5&I 0.5 WUIWY 3 UHUYI
fusgansamnsnTadunmsildsundasialuiunnaneiu
0.05 235.073 | 239.041 | 2.292*
0.07 129.887 | 137.575 | 1.098*
0.09 58.194 59.531 0.579*
0.1 35.088 34.514 0.417*
150 0.15 | 0934 | 1397 | 0.041*
0.2 0.078 0.000* 0.000*
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AN5197 11 ArAueniiaede (ARL) W8 p A1

Wwirdu 0.3
ISRT P
n 5 EXACT | WILSON
EWMA
0.01 | 375.009 | 370.6781 | 152.730*
0.03 | 372.876 | 368.8887 | 37.293*
0.05 | 366.420 | 361.0698 | 17.505*
0.07 | 352.985 | 348.0383 | 10.767*
0.09 | 333.048 | 333373 | 7.640%
0.1 | 324735 | 320.497 | 6.700%
30 0.15 | 254.879 | 250.866 | 3.873*
0.2 | 169.223 | 168.632 | 2.617*
0.25 | 91.093 | 86.475 | 1.940%
0.3 | 37.075 | 35905 | 1.474%
0.5 | 0.000* | 0.000% 0.752
0.01 | 377.719 | 369.666 | 133.465%
0.03 | 370.367 | 367.080 | 26.967*
0.05 | 360.214 | 349.923 | 11.974*
0.07 | 343565 | 322.193 | 7.275*
0.09 | 314390 | 284.048 | 5.044%
0.1 |299.102 | 267.250 | 4.379*
50 0.15 | 193.061 | 158.323 | 2.448*
0.2 | 94216 | 65795 | 1.599*
0.25 | 31.781 | 17357 | 1.155%
0.3 6.185 | 2873 | 0.932*
0.5 | 0.000* | 0.000% 0.031
0.01 | 373.726 | 369.122 | 176.771*
0.03 | 356.184 | 361.070 | 26.190*
0.05 | 338.864 | 346.755 | 10.987*
0.07 | 304.716 | 315246 | 6.572*
70 0.09 | 267.612 | 272.689 | 4.615%
0.1 | 244948 | 254756 | 3.923*
0.15 | 118551 | 122.691 | 2.195*
0.2 | 35399 | 35710 | 1.421*
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ISRT P
n S EXACT | WILSON
EWMA
025 | 6178 | 6341 | 1.049%
70 0.3 | 0.455% | 0545 0.865
0.5 | 0.000* | 0.000* | 0.005
0.01 | 371.764 | 368.344 | 83.617*
0.03 | 349.632 | 351.734 | 15.436%
0.05 | 316.070 | 320.808 | 7.089*
0.07 | 268.838 | 271.561 | 4.395%
0.09 | 204.058 | 213.289 | 3.099*
0.1 | 175488 | 178.045 | 2.618*
100 0.15 | 50.342 | 53.176 | 1.459*
0.2 6374 | 7741 | 0.984*
0.25 | 0346 | 0.195% | 0.691
0.3 | 0.000* | 0.000* | 0.300
0.5 | 0.000* | 0.000* | 0.000%
0.01 | 373.051 | 367.838 | 64.743%
0.03 | 353679 | 345588 | 11.213*
0.05 | 312.951 | 292.684 | 5.358%
0.07 | 244.487 | 222.625 | 3.294%
0.09 | 171.004 | 142.607 | 2.288%
0.1 | 134.049 | 105964 | 1.969%
150 0.15 | 18322 | 12176 | 1.077*
0.2 0.895 | 0.462* | 0718
0.25 | 0.000* | 0.039 0.257
0.3 | 0.000* | 0.000* | 0.028
0.5 | 0.000* | 0.000* | 0.000%
0.01 | 368694 | 365232 | 51.518%
0.03 | 335863 | 337.458 | 9.000%
200 | 0.05 |274.167 | 270.666 | 4.315*
0.07 | 185.592 | 184.230 | 2.658*
0.09 | 100.829 | 97.717 | 1.848*
0.1 | 66480 | 68.659 | 1.590%
0.15 | 4046 | 3384 | 0908*
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ISRT P ISRT P
n S EXACT | WILSON n S EXACT | WILSON
EWMA EWMA
0.2 0.000* 0.039 0.412 0.01 370.580 | 370.227 | 148.018*
200 0.25 0.000* 0.000* 0.050 0.03 369.589 | 364.207 | 31.135*
0.3 0.000* 0.000* 0.001 0.05 359.047 | 346.272 | 13.434*
0.5 0.000* 0.000* 0.000* 0.07 340.336 | 320.038 8.060*
0.09 313.845 | 282.532 5.592*
* e wnunfinIuauiulian ARL, shilge 0.1 |294.940 | 264.138 | 4.814*
, ) 50 0.15 | 191.194 | 152.777 | 2.696*
1NASN 11 @0 NalARal WNunIAIUA
el 11 annseaqURaldil usugiemue 02 | 84257 | 57296 | 1757
EXACT waz WILSON agduszansnmaiianlunnnsel
, , ! ! 0.25 21.901 11.731 1.219*
YOIVUIAAIDEWNANYT szaunITUABULUaIAdRdIY
L, . 0.3 2.529 1.157 1.003*
YUALINAY 0.5 wazununiinaual ISRT P EWMA qgil
o . o 0.5 | 0.000* | 0.000* | 0.000*
UszdnSnnlunisnsidumsivdsundaslaniianlumn
d U ) - ! 0.01 | 370.184 | 370.751 | 206.015*
NAlUDUINADY1IN AN SEAUNITIUABULUAIAN
o L . . 0.03 | 362.820 | 355.868 | 31.103*
dndruvedeiindu 0.01 84 0.15 uaztilennuun
. 5 . o . 0.05 | 343.720 | 333.325 | 12.555%
feg1enfny) szaunsiudsunlasridndiuvoads
L s . B 007 |314.896 | 292.347 | 7.415*
Windu 0.5 WUIMY 3 U ANUsEANEnIMNIIRIITY
o . Lo 0.09 268.099 | 241.315 5.102*
mswasunlaslaluunnenaiy
0.1 245,148 | 217.615 4.389*
AN319fl 12 Aranaeaiaaeds (ARL,) Lle p flen 701 045 [119.929 | 91.132 | 2.464*
WU 0.5 0.2 29.953 18.354 1.582*
0.25 3.345 1.676 1.103*
ISRT P
n S EXACT | WILSON 0.3 0.078 0.000* 0.983
EWMA
0.5 0.000* 0.000* 0.000*
0.01 370.201 | 370.545 | 311.746*
0.01 369.869 | 366.438 | 93.279*
0.03 367.099 | 368.189 | 67.255*
0.03 358.733 | 347.999 | 17.404*
0.05 358.464 | 360.759 | 26.245*
0.05 332.006 | 316.335 7.883*
0.07 347.455 | 346.560 | 14.633*
0.07 292.147 | 273.584 4.831*
0.09 328.472 | 329.755 9.651*
0.09 239.539 | 208.932 3.363*
0.1 317.424 | 322.131 8.127*
0.1 205.440 | 179.990 2.895%
30 0.15 | 249.582 | 251.800 | 4.490* 100
0.15 65.395 48.197 1.584*
0.2 160.774 | 160.385 2.981*
0.2 7.910 5.018 1.046*
0.25 74.532 78.267 2.144*
0.25 0.154 0.039* 0.791
0.3 23.184 22.679 1.600*
0.3 0.000* 0.000* 0.351
0.5 0.000* 0.000* 1.000
0.5 0.000* 0.000* 0.000*
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ISRT P
n 5 EXACT | WILSON
EWMA
0.01 | 370.717 | 361.225 | 70.243*
0.03 | 352.395 | 341.737 | 12.572*
0.05 | 310.266 | 285526 | 5.851*
0.07 | 245848 | 220.252 | 3.599*
0.09 | 168515 | 142569 | 2.523*
0.1 |129.848 | 107.792 | 2.171*
150 0.15 | 17.194 | 12137 | 1.179*
0.2 0467 | 0.272* | 0.846
0.25 | 0.000* | 0.000% | 0347
0.3 | 0.000* | 0.000* | 0.029
0.5 | 0.000* | 0.00* | 0.000*
0.01 | 370.756 | 362.159 | 84.674*
0.03 | 344.965 | 332362 | 12.134*
0.05 | 289.260 | 268.449 | 5.598%
0.07 | 207.532 | 181.507 | 3.410*
0.09 | 123430 | 97.017 | 2.380*
0.1 | 84.141 | 69.048 | 2.041*
200 0.15 | 4435 | 2840 | 1.095*
0.2 | 0.000* | 0.000* | 0.806
0.25 | 0.000* | 0.000* | 0.229
0.3 | 0.000* | 0.000* | 0.007
0.5 | 0.000%* | 0.000* | 0.000*

T
a

* yignefis unugilnruautulyie ARL, diige

q

¥
Yo A a

99397 12 annsnaguaalddel uundaua
EXACT wag WILSON aziluszAnsnmadianluynnsd
YBIUUIAFIBE IR SedunsAsuLasidndIy
YoudUINTU 0.5, Uazunu)iAIUAN ISRT P EWMA 9%
fuszAnsanlumsmsadunisidsundadldaigaly
nanslvesafiogsiifnu sefunsiUAsuLdasen
dndruveadenindy 0.01 8 0.15 uaziieynauin
fregniidnw sefunsiAsullasadadiuveade
Wity 0.5 wudhs 3 unugfifuszansnimnisnsiady

MsasunUadlaluunnsneiy
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Abstract

The purpose of this research was to study the physical characteristic of microplastics in seawater
from Phetchaburi province. The eight seawater samples were collected for analysis of microplastics. Then
the microplastics were then classified in color and shape by stereomicroscope. The results indicated that
the dominant colors of microplastics were transparent and blue accounted for 25.59 percent and 25.15
percent, respectively. The most common shapes of microplastics are fragments and fibers.They were
equal to 62.26 percent and 21.14 percent, respectively. The microplastics found in the study were
classified as secondary microplastics and presumed from many sources such as large plastic debris, fishing
equipment, plastic wraps, and laundry wastewater. Finding microplastics in seawater should result in
further investigation on the impact of microplastics in marine animals especially human food marine
animals.

Keywords : Microplastics, Physical characteristic, Seawater

-481-



MIUTEYUIVINTFEUINAUILTTAVNR duInendansuazmalulad anInendesvigiunsnuu A 4

U 22 WOBAIAN 2564 QI AINYIAENT UNNINEIREIIVAIUNTNBY

1. Ui
“dmtiniun 510790 A Laida b Tusdla”

Wunuaudfnuvesnaiadin saeingidnaiadn

q

o a

FalasuminutousgraunsvateludiInusedndu
RAEMNTIHN Uazdu U w.A.2562 Nilankdnnaiain

171094 368,000,000 §u lasUsenaduidulseine

'
a a a

nannarafnuinfigandudesas 31 vaawaiafn

v
o

wan [1] Fewanaindosay 40 vowanaRnIwANA
grlfiflendmdunvuzuasussaiag (2] Wwudeiu
Tudszinalnenarafiniesas 414 n3ovinu
2,331,000 s gnldndnduussgiue sesmaunleiun
w3paldlnihuazdidnnsedndivindu 838,000 Fu
Aarfudesar 14.9 uenanissldlugnamnssy
Aeasns Tudusaeud indedldlundadeu uavdug
nnstguselosudrsauvinlnussinalnefivey
WANAANWAINITUIINANINDS 1,930,000 fiu druluiey
Lilagnirlulduselevise dvszwanafiniiies
390,000 fursese8ay 20.21 Lﬁwﬁuﬁgﬂﬂwlﬂ%ﬂmﬁa
LLamJ'%mmmezwmaaﬂﬂm’%auﬁ%uwmé’amwhﬁ“u
30,000 fiu Anluieway 1.55 [3]
n15¥nn1sveznaafnfisslafiuszansaan
windiens ﬁwiﬁﬁ%swmaaﬂmadauﬂwﬁaugj?ﬁLmé’am
sudauanms Tud wa. 2562 Yseinalnggniney
Tududy 6 vaslanfifisvssnanafinasgumayms
mnﬁqm (4] Lﬁa%gwmaaﬂgﬂﬁqaqqimmmgmué'a
%LU§smLLﬂaqgﬂéwLﬂuwmaaﬂmumLé"ﬂﬂ A

a a6

ATLUIUNSININEANN ANUTDU LALAaUNSE Wanahn

q

fifnunadniidond lilaswanadnlasfouinduriu
gudnanslaitiu 50 faduns (5] iesdaelulas
nanadndvuindnuazimiinuiSasnsonssasld
saluluumnagms ilimunisuudevlulasnanadin

Tomlulussuufinaumayns wu wema [6] Unga

'
aAaa

[7] AaiFinUs ool [8] WHudu

a o

Pnmgrat1w e Taulufnwinisvudeu

lulaswanadinluding avedaminnesys 1edain

@ @

wrdamysysidu 1 Tu 23 JminvesUszmalnedid

Y] a

fufidndunzia Snnanzialudmimnysysdadu

= o

WunyUszasiutunddglasanizlusinotiu

e

wiaLLazsLnevye dediliinnsAnwnisuuiou
gaslulasnanadnluimeiaunou naannnsdneni
yilimsuanunisaidagtiuresnisudoululas
wanadnlutmeiauazaiunsadeuloaunasinin
Llaswanafinfiwuld Snitaduteyafiugruieilug

MIIANISVEENAERNVRITIV IR YSHialy

1Y

2. nguszasAvan1sidy
WeAnwmdnuwagnianignn laud duazgusg

vaslulasnaradnluimeia

3. AAun1598

A198191uN153w

v YY)
v A 2

Y1neantgluni1s338aSItAUINA AU
nveilauseanm 6 ludnsia (11 Alawwns) Fadu
szazArluanIsinUssusnutulannsyey 1.62-

12.00 ludwzia 9nwiedsgafiviiedisiineta

v
o

v 8 ﬁ]]ﬂﬂi%ﬂ’]EJG]’]@JWJ’]@JEJ’]’N]@B@“U’]EJEJ@‘U@Q

a @

FrTaunsys Awandlun1sned 1 uagnni 1 38013

v
°

Y 1 < < 1% J
Lﬂ‘Um’JaUWQ‘u’]W%LaL‘UUﬂ'ﬁLﬂ‘ULL‘U‘U‘\J'NI@EJI‘L!LLW@%@@
H 2

13 o 1 3 a a ]
LAUAIDYNIIUINELAUTUI 20 ARTHAZ LT LE U

W BLHTIUNISAATIZI

M157197 1 ganiudieg1ameLa

¥ 4 nian1eiiFans
0 WUN = <
azmgm aamgﬂ

P1 | vimzyy 13 16'12"N 100 02'36"
P2 | Uhuwvau 13 13'27"N 100 05'52"E
P3| Urnnzia 13 11'15"N 100 10'02"E
Pa | umawiinide 13 05'd5"N 100 11'19"E
P5 | waddny | 1275922"N | 100 09'29"E
P6 | Unifwu 12 53'a0"'N 100 07'36"E
P7 | v 12a7"15"N | 100 05'03"E
P8 | ABULIAIT 12°40'40"N 100 03'51"

-482-




MIUTEYUIVINTFEUBNAUILTAVNR duInendansuazmalulad anInendesvigiunsnuu A 4

Uil 22 WeEATAY 2564 0 ANINBIANEAT UNINRETITAYTUNIINBY

SAMUTH
il SONGKHRAM

x

A INIawmiia
e P1

Mot (1<)1m:uu) (¢ ;

nusigh (uuva)
Q
R

P3

PHETCHABURI

po @
®-
® s

X,mnion’imm
\

Ml 1 dumagaiudiegismeLa

\nsesilagunsaiuazasiad

wdesfiogunsniuararsindiililun1sidondsd
Usznaumiy

1. NARIRaNIIANLULAADSLD

2. goaniy

3. ededlirudou

4. AYLASISEU 2 WA LALN YUIA 5.6 Jadluns
LazIuIm 0.3 Uadluns

5. YANTBIAYYINA

6. A309uM
7. A3EAENTBIGF/C
8. asail laun Iron (Fe(ll) solution 0.05 M

30% Hydrogen peroxide Sodium Chloride Wag

|
o

4Ind
ananidlunisive
aa al a v & X a v ' a
anantglunisidensedl Ae Spuay ALRAY LAY
drulonuunnsgu
JUABUNITATUNITIATIEN

msaszsbulaswaainiasetnludmea [9]

v
v a

aaa
HITNTIANU

= ¢ X % ' °
1. n1swelgugunsalilesdu neuvinnisg
3LﬂiwﬁlﬂﬂiwmaaﬂﬁwizmLLazﬁmé’u%Qﬂﬂiaq

£%

AILNTEAYNTEY GF/C drunyugldussaiieens

v
°

dmeianaziaiowianie desdredaetiusyun
#inseudrsuiu 3 ade wazihdnneddnsuld
Tulaswanafindinsesldandregraimeialusy
gamgdl 70 esrwaldeaduian 12 dla
2. n15n589R18E198 e Juneuiidy

nsuenlulasnanafinesnaindreenetimeLaddl
sl

(1) WD AN IUATLNSISEUTLAN
5.6 $aALUATLAEIUIN 0.3 NaALUATLABITINZUNT
FOUBUIA 5.6 TATLUATOYTINUULAZAUMEAZUNTS
FOUVUIN 0.3 UaAlunT

@ THhndudndraaunaiainuietan
FoUuduquuarLnssseunansy Ade uazfiudy
wanadnvietandevuiieguunzunsiseurunn 5.6
fadunsly

(3) lHUnnAvALAULAEAULAYNANERNYTD
Faqudouuiieguunzunsesounun 0.3 fadunsldas
Tudnines

a

3. n1sgasaatedunieing Junouiidu

a a v 155

n1sgevdansdunivingvuegnululasnaiadn

9 Y

o

Tneiasnnssadl

(1) Wuansazany 0.05 M Fe (II) 97uu 20
fadansuag 30% H,0, 31U 20 Taddnsas Tulnines
Aeswarafnuay Yagdeuu

@ dialiigungirendunan 5 und
ntulduriswivdnniuansadufninesudiiela
FIEATLANUIRN

3) ddmneslddiuuaiadddaiiudon
Tnessgnungiiniiu 75 ssrwaldes

@ dledunadiunsaniausaiminves
voswauliifnineslunsilugaantu deiisliau

Ujisenanas

-483-



MIUTEYUIVINTFEUINAUILTTAVNR duInendansuazmalulad anInendesvigiunsnuu A 4

U 22 WOBAIAN 2564 QI AINYIAENT UNNINEIREIIVAIUNTNBY

(5) delidiianeanfawarirtninesiule

o

ANFeudnasINaungll 75 sarwail@eaduiian

3

30 W9

o =~

nudandevusnlimifiy 30% H,0,

q

=t

(6) a1
asld 20 Haddns ﬁwq}éﬂaui’aqﬁaﬂuwgﬂﬂaﬂﬂm8
QURUA

(7) A3 NaCl 977U 6 NSUFABAIDE19 20
fiaddns Wieliuruuuiuressiegn

©®) thinnesluseuuededimmudousnads
Tnelvinnufeudiguvgll 75 ssmiwaldea au NaCl
avanenunudSsenasuazdanalilnuiigamnfivos

4. nisnsewenlulaswanadn Junoudiiu
mssenlulasnanafinesnainvesuay Wewieuiily
Anwndnwaienamenwasiiianisel

(1) Wdnadudngstradnnesidntesdn
ﬂﬂLﬂ@%éﬁEJ@QﬁLﬁﬁmW@BﬁLLazf;lgdﬁﬂlilﬁNﬁu

@) shedreiiluvewuadladiuuuun
NFDIHIUNTTANWNTDI GF/C

(3) dndnsdredninesnansadouasinas
AS¥AT¥NTBY GF/C Udadﬁm%aa@mqagmmﬂ@mﬁw
DONIULIY

(4) mammwmaﬂ’ﬁummwwL%@LLas
Unshaoeliuiaiigumpiveatiunan 24 Hilus

5. msAneaneauzvaskulaswanain Junau

=

& ° a ' a
Wlun1sdwunduazgusieslulasnaiadin il
FBnseatl

(1) B1NTLANYNTDINWIILAIN1FBIbFNA DY
JanssAduuvameslofmdveny 350 wh

(2) Fuunduarsuivedlulasnatainiiny
e wundidu 6 8 (101 Town Ta 1@ Y1duwns

& ° a | | ° I3 o

Wdes /1 wagdus dugusedwunidu 5 dnvae
[11] loiun dule (fiber) Fu (fragment) 1fin (pellet)

BEUUNS (sheet) wagwhuay (film)

4. wan1sAnwIkazn1saiuTIENa
nsanwiselulaswanainludmziavesdmie

wsyd wud fegraimzalugaiiudiodieiomn

wululasnatafin lnedd1ulunlazauinnlans

Tums7a9 1

A19199 2 PunazaunvedhulaTHatadn

AU YA
0

(@Fu/gnurAnuns) (lunasaw)

P1 88,166.67% 34,642.22 0.0068 - 2.2590

P2 | 57,000.00% 28,279.85 0.0068 - 2.3949

P3 48,833.331+12,858.20 0.0067 - 3.1579

P4 37,500.00% 5,267.83 0.0068 - 2.1900

P5 50,166.67% 1,607.28 0.0063 - 3.4585

pP6 73,666.67146,589.52 0.0078 - 2.5036

P7 | 74,666.67% 32,864.62 0.0059 - 1.6526

P8 | 65,000.00% 30,347.98 0.0069 - 1.8851

31NA15199 1 99 P1 nuswiululasnaiadn
wIn¥ian se3a3un Laun P7 wag P6 diu 9 P4
< a a a v a P A a ¢
Juvsnannululaswanafintosiian widlodnsen
meadaudmusuululaswatainlulsazyaiv
mvgaludanuuanasiusgrsiidediAg (P > 0.05)
druvuevaslulasnalafninuainnisiiudiag9ui
nzia wui lulasnanadnnawusdadululaswaiasin

@ = = @ 1 a a

UIRLANABIIUIALANNTN 2 Hadwuns [12] way

o

fanwagnenIgnIneail

=

4.1 4
MsAnwASdannundvealulasnaiadine
@,

amdu 6@ loun TaenihRuunavdosmuazdug

Wana d1 YU wazin) kan1sAnwinudl dla uay

—~

v '
a o a =

Furdunuanigalaedmdudadiuinduiesay
25.59 waysouaz 25.15 ANAI0U 5998917 LeuA
dduq (Gowvaz 21.62) W (Govay 13.61) und (Fosay

12.93) a1 (Sewag 1.31) uasiuaes (5eway 0.24)

-484-




MIUTEYUIVINTFEUBNAUILTAVNR duInendansuazmalulad anInendesvigiunsnuu A 4

U 22 WOBAIAN 2564 QI AINYIAENT UNNINEIREIIVAIUNTNBY

Fauanslunmil 1 uagideduunniugaiiuiegng
WU ganiudeegne PL P2 P3 P4 uay P5 wululas
wanaindlawazinduanitan dauqaiiudesns P
P7 way P8 wululaswanafindiden une wasddug

1NN ALAAIIUNINT 2

Ol

1.31% 2559% - | 9

~
0.24% C
W hidu
W uat
mGE
[ Kl

m o

29 1 dedruvesdnnulululaswaiain

P8

[ il
Fo i
F |

2

P3

P2 P
i

i

P1

=

=)
w
=

40 50 60

o
=

e
=
=

Fndruvesiny (%)

29 2 dedruvesdnnululalasnatafindwunmiy

DRI HEEN

g 1 wansldifiuindimeiavesdinte
wasyiinsuudeululaswanafindlauagdddu
TuUSunafilndidssiu wazuinndnlulasnanadn
d8uq Fedonndesiunisdnuilalasnanainluii
nziavesedide [13] dnluiiuiidnusun Wy
Urnudindansyen [14] uiinanades Useimasy
[15] wshiiiida Usvinaiy [L6wunana@nduniuasa
Tawnnindsue dewndvnuardladudiuveadin

wanainneunazdoudaus viu Wednswieinnseu

msmenmvienuieunuasLanisilidideu
iulingaluvdedaasvdoifissduniuasdlawiniy
Feansoagulainmanulilasnanaindviwasdla
waniiuiivinaduiisedunmagisianiougs dau
ihwziavesdmiamssyinvlalaswaraindlaway
Shisunnninasug du Teglulasnanaindlaenad
wasiidaunannarafnitldvevundn Sneinneg
waztduduiiltlugunsainsiuszas [14] Tuvaed
lulaswanafindthGuonadundsiudamangunsal
Tumsvinuszas wu sane Wi [13] wisgnalsinnu
manululaswanafnfifidsige Tuthneiaded swase
nsnululasnaafnludninziadae esainlulas

NAARNDIANFAA YA ULNAINBUNY  LWAINDUARD

A

wiodaliTindug Mduemns [13] Felulaswanadin
fifahau /1 une la 917 W wasndes audy
fisfanuludninziau Yanazssdaus (Pampus
argenteus) Ya1a3n (Nibeaalbiflora) [17] Uaiyun
ASUWEDS (Thunnusalbacares) [18] \Jusu
4.2 3U39
sUfrevadlulasnanainludmziadanin
wasyd Suundy 5 dnvae Tiud Wdule 3u uda
WHLUN daguiuildy nan1sfinyinudl JUsieiuy
JunaziduiloduguiaiinuinniiaslasAniduiosas
62.26 warigay 21.14 @ UE1HU 5998917 LALA
uriuilagl (5ouaz 9.36) uWuuns (5p8az 6.90) uazidn
(Fovaz 0.27) Aauanslunmil 3 uaziileduunnuge
\fumegnamuiyngaifusaeganylalasnanadndiil
Snwandutuuniian sesasn Tdun (Hule uas

[

LUy Aakanstunmid 4 ddululasnanainid

%) 2 & D
aﬂHm%LUULQJﬂW‘UUE}EJVIZ‘jﬂ

-485-



MIUTEYUIVINTFEUINAUILTTAVNR duInendansuazmalulad anInendesvigiunsnuu A 4

Uil 22 WeEATAY 2564 0 ANINBIANEAT UNINRETITAYTUNIINBY

il 3 daduvesgusisinulululasnanadin

miu
[ Bi]
Busiuun
Dusiufldy

Widuly

232 2R K

=
5
5]
S

40 50 60

_4
]
-
8
g

dncmosgusofiny (96)

il 4 daduvesguisinulululaswanaiindauun

Augafiufeg

a

N DA o
AINNINN 3 LLﬁﬂﬂIMLMu@WWUlMIﬂiwmamﬂ‘mJ

o)

rduuiagidulenvinniiandiaenadodiu

N

54
Y

nsAnwgusveslilasnarainluuiiandue 1w
21Uas@e [13] Unnuwaltnd nseen [14] wiidnisa
Uszadu [16] 1udu lulaswanafniigusiaduiu
WAn9InAISUANTNYsvEEWataRnIuInlng [16]
[ 6‘5 = @ 2N A a = dy &

fatudednlainlulasnanadninulunis@nwr iy
lulasnanafnuuunisgd uenaniin1sndndiuves

| [

lulaswarafnffigusraduduininningusnedug
wansliiiuinusnaiiuiidnuilanimwandoudivinli
VNN TNNIRANTNVRIIEENAIaRNYUIA NG LU
ANUToUINUATR NG NTgaN [7]
Lulasnanafiniifigusaduduledudnuaziing
YY) I o a a da
wnilududvass uwnasiudnvaslulasnarafinid

sUsnduduloninain 2 wnadlvg lawn gunsal

v
[

Fulan wu Bukaretng dulgaindme [16] satl

a

Feffarunduldlii llesnanadniisigusadudule
finuannnsAnerddunasindaainnisiuszas
ihilsannszurunistidaiidesusuy wazdude
mngurdlasenizideiiinnnsindiuasdme

199 Janansliiiuindmeglaluusnaiiiuiiedns

TasunansenuaniienszuIunsitnu L devse

v
o a

didsannyuvuniinazegrinsainveianninig
lulaswanadnffsusraduiiduladdudndnain
QenanaRnuazYpIuTIIMIANgY FeainnisAnunil
wulalasnanafingusaduuiufiduunnidududuany
FawanaliifiuinAanssuvesuyudiidiufiunig

Judoululaswanainluimesa

Al

fedrvatlulaswanafinilaainnisiudiiegns

S YY) N ' '
u’mma%ammmmeiqswuaLLaz‘gﬂ‘i’mmﬂ LLaﬂ\f[,u

ANT 5 D9NNA 9

v

= Y & % L aa \
NINN 5 anwauzlJuldullagyuaen IﬁLLaz‘U’]’Jﬂ;u

=] '

Al 6 dnwagtduiaudvgu

q

-486-



mMaUsEyaivINsELeNanUATESEAUNIR AMuAnemansuazmelulag inInendesuigiunane AT 4

Uil 22 WeEATAY 2564 0 ANINBIANEAT UNINRETITAYTUNIINBY

v
o a

= 1Y g & = v o
AN 8 anuauslJurduALALaSLEUAUNEY

-:1' [ & Y
AINN 9 ANWULLUULAUALAY

Jaeusuuzlunisidy
nsAnuITeadwelumsifiusegisingia
Tushuwmisiivihsannueilmeialussozanag wonsiu
N9NTZLVBINBAUENIINIEAINTINTATNATERN
dielsildtoyaitaiaunniunaransnsniiludenles

dnstudaululasnanadinludminea lnoanzdnd

Pt 14
nzailuemsvesywdla

AnAnssudsend

AIevevauANdIINMUAMENTIUNTALETY
Inenmans Ideuavuinnssy @nan.) aduayuuise
aniddeuazduaSuAaUTRUETIN UINeNaEIINNg
wasyaflianueyesgilunsUssaunutuney
199 Tunisvesuuaivayunsify wazaUieun
Wugew dndneraransusednainnividaine,
ANEINgImEnshaznalulad urIne1desivng

wsyslia oA zikugtinsldndowanssel

LONET81989

[1] Plastics Europe. (2020). Plastics - the Facts
2020. Retrieved from  https://www.plastics
europe.org/en/resources/publications/4312-
plastics-facts-2020.

[2] Pig, S, Lars, K, Achim, R, Lara, D. &Michael, C.
(2021). Chapter One - Current status and future
development of plastics: Solutions for a circular
economy and limitations of environmental
degradation. Methods in Enzymology, 648, 1-26.

(3] ddnnunemumIaiuaTuaunm. (2563). 37
nannguamaulneg U 2564. ngavma: diinemn
ﬂamumia%ﬁ\m%mj‘amw.

[4] Royal Thai Embassy, Washington D.C. (2019).
Thailand’s rank improves on ocean plastic
pollution. Retrieved fromhttps://thaiembdc.org
/2019/12/02/thailands-rank-improves-on-

ocean-plastic-pollution/

-487-


https://www/
https://thaiembdc.org/2019/12/02/thailands-rank-improves-on-ocean-plastic-pollution/
https://thaiembdc.org/2019/12/02/thailands-rank-improves-on-ocean-plastic-pollution/
https://thaiembdc.org/2019/12/02/thailands-rank-improves-on-ocean-plastic-pollution/

MIUTEYUIVINTFEUINAUILTTAVNR duInendansuazmalulad anInendesvigiunsnuu A 4

U 22 WOBAIAN 2564 QI AINYIAENT UNNINEIREIIVAIUNTNBY

v & a

[5] quidsmi Anfnsediey, 017ing Wivssny, Lougna
landusuns, way 295nY nausuiasy. (2562).
uaanslilasnaafnluwndsindsf uwasszuy
Yrininde. 295msdauandn, 23(1), 1-10

[6] WAS 1enInd Lardsa55al SAULA. (2562).
geglsilasnanafinudnamemailve Tuan Smia
o, M5aIEMamAe, 23(2), 1-11

[71 Anh, T. T, & Sandhya, B. (2020). Microplastics
pollution with heavy metals in the
aquaculture zone of the Chao Phraya River
Esturry, Thailand.Marine Pollution Bulletin, 161,
111747

[8] UAnad s15zuud, guvie Insauaing, wagunng
Feausau. (2559). nisuuidouvedlilaswanain
Tueyaae U IMEMAINATILAL AN IARS
W Ywindunys. ununwes, dd@iuiiey 1),
738-744.

[91 NOAA. (2015). Laboratory Method for the
Analysis of Microplastics in the Marine

Environment: Recommendation for quantifying

synthetic particles in waters and sediments.

Retrieved fromhttps:// marinedebris.noaa.gov/

sites/default/files/publications-files/noaa

microplastics  methods_manual.pdf

[10] Shazani, S., Shamila, A, Mohd, .
(2019).

M. S &

Muhammad, H. L Ingestion  of
Microplastics by Commercial Fish in Skudai
River, Malaysia. EnvironmentAsia, 12(3), 75-84.

[11] Khalida, J., Lei, S., Jiana, L., Donmgj, Y., Chunfu,
T.Jingli, M.&Huahong, S. (2017). Microplastics
and mesoplastics in fish from coastal and fresh

waters of China. Environmental Pollution, 221,

141-149.

[12] Selvem, S., Manisha, A., Venkatramanan, S.,
Chung, S. V., Paramasivam, C. R, &Singaraja, C.
(2020). Microplasticpresence in  commercial
marine sea salts: A baseline study along
Tuticorin Coastal salt pan stations, Gulf of
Manner, South India. Marine Pollution Bulletin,
150, 110675.

[13] Kamalodin, K, & Al, M. (2020).
Neustonicmicroplastic pollution in the Persian
Gulf-Marine Pollution Bulletin, 150, 110665.

[14] Anh, T. T., & Sandhya, B. (2020). Microplastics
pollution with heavy metals in the
aguaculture zone of the Choa Phraya River
Estuary, Thailand. Marine Pollution Bulletin,
161, 111747.

[15] Zhong, P., Yan, S., Qianlong, L., Cai, L., Xiuwu,
S., Qing, H.,..Hui, L. (2020). Riverine microplastic
pollution matters: A case study in Zhangjiang
River of Southeaster China. Marine Pollution
Bulletin, 150, 111516.

[16] Theresa, W. L. L., Lincoln, F,, Lang, L., Qun, X,,
Heng-Xiang, L., Xiang-Rong, X, &Lin, C. Y.
(2020). Spatial variation of floatable plastic
debris and microplastics in the Pearl River
Estuary, South China. Marine Pollution Bulletin,
158, 111383.

[17] Jinghang, W., Mingxiang, L., Yaowen, Z. Jingjing,
L., Hanghai, Z., Rijin, J., & hunfang, Z. (2020).
Microploastics in the digestive tracts of

commercial fish from the marine ranching in

east China sea. Case Studlies inChemical and

Environmental Engineering, 2, 100066.

-488-



MIUTEYUIVINTFEUBNAUILTAVNR duInendansuazmalulad anInendesvigiunsnuu A 4

U 22 WOBAIAN 2564 QI AINYIAENT UNNINEIREIIVAIUNTNBY

[18] Adil, B., Marieke, D., Tim, W., Nanne, V. H., Ruth,
A, Sammy, A.,..Thomas, M. (2020). Occurrence
and abundance of meso and microplastics in
sediment, surface water, and marine biota
from the South Pacific region. Marine Pollution

Bulletin, 160, 111572.

-489-



MIUTEYUIVINTFEUINAUILTTAVNR duInendansuazmalulad anInendesvigiunsnuu A 4

U 22 WOBAIAN 2564 QI AINYIAENT UNNINEIREIIVAIUNTNBY

Qo

= 1 [ 1 = a
NsANYINaYaIAIANTUNIARILAT MU NisaAULERYSYRInI UMY

Y

Tundleveunas
Study the influence of acidity alkalinity and temperature on the
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Abstract

Banana “Hom Thong” (Musa AAA group) is an important economic crop. Banana pulp contains
the amino acid tryptophan, a precursor to the production of the neurotransmitter serotonin. It serves as
a relaxation tool. This study investigated factors affecting the stability of tryptophan in banana pulp in
order to be the guideline for preparation tryptophan rich products. The experiment was designed as
Factorial in CRD carried out at four pH states and at three different temperatures. At 4 levels of pH, 3, 5,
7,9 and at three temperatures there were -20° C, 63° C for 30 minutes (pasteurize) and 121° C for 15
minutes (sterilize). The results showed that the effect of pH affected on stability of tryptophan at -20° C
where pH 3 obtained lower tryptophan content than pH5, 7, 9 statistically significant while the
pasteurization and sterilization did not differ significantly.

Keywords: banana “Hom Thong”, tryptophan, stability
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Abstract

The objective of this research was to study factors affecting the efficiency of chromium
hexavalent removal in chromium synthetic wastewater and in wastewater from COD analysis using
commercial activated carbon as absorbent material. The factors studied were the activated carbon
content, initial pH, and the adsorption time.lt was found that in the batch experiment, the optimum
conditions for removal of hexavalent chromium were 0.2 g of activated carbon, initial pH of 2, and 90
minute of absorption timewere able to remove chromium hexavalent in synthetic wastewater from
the mean initial concentration of 47.30 + 0.02 mg/L reduced to the mean concentration of 0.17 =
0.00 mg /L. The mean removal efficiency was 99.64 + 0.01%. The mean adsorption capacity was

23.56 + 0.00 meg/g. And in the wastewater from COD analysis from the mean initial concentration was
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31.52 + 0.08 mg /L reduced to the mean concentration of 0.04 + 0.01 mg/L. The mean removal
efficiency was 99.86% =+ 0.02. The mean adsorption capacity was 15.74 + 0.00 mg/g. In the
continuous experiment it was found that the optimum conditions for removal of hexavalent
chromium werethe introduction of synthetic wastewater and COD analysis wastewaterat a flow rate
of 7 mL/min were able to remove hexavalent chromium from the mean initial concentrations of

47.30 £ 0.02 and 31.52 + 0.08 mg/L. The mean concentration was reduced to -0.01 + 0.00 and 0.01 +

0.00 mg/L, respectively.

Keywords : Hazardous waste, COD, Chromium, Activated carbon
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FloR NIEUIUMIN WA aRATAENU WY MIDonTLatu
Sendu nsvldiAnnzneu n1swanUasuloseu
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wiehilifes e wWu duneunsindngsendadd
Wasmnnlunsign e1allAldaneauagldianuy
miam%’uL’TJu%%wﬁaﬁiﬁ%’wmmaﬂmmﬁmiﬁﬂwﬁf;fﬂ
og1asioidlos 1esanndiuszanSamgauazsdunue

Taigaenndudou Wun1swasuwamnududuadans

q
¥ ¥

i wewnsgedu wietuldilelimsdudalnen s

@ a

sgrivansgaduLaransignaadu ananaduiiuyes

Y o

langeanainansazaiy sIusansadfagaduun
Hrunszuiuiisinduanldluadladn [6] dagady

1 v (3

Afeuly Ao aruiugiue (activated carbon) 1189910

v
o o

fnufdazgnsudwIuun lvliaiuaiunse

9

lumsgadusaiivge

Y
NuITeilavinnistadeniinasreUsednsan
Asndalastieurane1i1aum (hexavalent

. 6 Y a o ¢
chromium, Cr ) Turidedaaseinarluansavans

1%

Imdennmslinedlefvewiosl UAmsdwinday

o o v ¢

laenszurunsaadu Jangaduild Ao d1ududud

P

N9M1561 (activated carbon) BLTULLININISANER

wazanUSuuvendsaniesljuinisduandey

o

2. IngUsTaAvan1ivY

1. Anwdasefdnareuszansainnisinda
Tasufiouenyanaudludidsdunsisinazdnde
NNTIATIVTOARLAUAUTUANIINITAN

2. iedunumenistidauazanUsuames

elurieauiinns

3. ABAUUNNTITY

mMswiseuitegnsinge

Tdeildlunsneaes 1 2 via

1. ndeduaseilasidlon

wapuiEsdnasyilasidonanududy

500 fadnSuredns lneulvunai@eulalasiun
(K,Cr,0,) (s?iﬂﬁmaim,aqawiﬁu 294.18) %l 1.41 nSu
avansluthndu 1,000 faddns antudesainge
fAszauaududuiidesnisie 50 fadnsu

2875

=3_

2. dhidsannsinszialed
4158va197na8911n153LAS1 2% E L0
WJurendedunsieiifiusiusuiiesetidnain
vosUfoRnslnszamniw (L404D) Tnetnan
Woaslrlamnudiutuaglugis 30 Tadnsusedng
JumpuAsAEUNTITe
mMsafiunsiTesuadu 2 Mveaes Ae
n1snaaesdi 1 Anwruszaniamlunisiida
Taseusngnaudlutndeduasisivazinde
21AN1591A512% T 19RNINISNAABIUUVUUAR
(batch experiment) fidunaudil
Funeudl 1 Anwinavesssuznafmuizay
Tunsidnlasidaueneniaus
VSudltewiduduvesindeis 2 vin dae 1 N
HCL%3® 1 N NaOH T¥anilteuwiniu 2 uavmsinide
U3y 100 addns Tdvanguvanivuna 250 fiaddns
wingnuiuiudusn 0.2 nfu adduvinguauniall
Juniuansazrarefinnusiseu 200 seuseuTILAU
ﬁaasmﬁuﬁ‘aﬁizaxLammﬁrﬂm%’umq6] fu wadl 5,
15, 30, 60, 90, 120, 150, 180, 240 Laz 300 U
¥msvaaed 3 sinsesenuiusiusesnainansazany
asazanefildluiinssimUsunalasdouiinge
sheedosaalnstilndines Ju UV-VIS 1800
Fumoud 2 AnwnavesafiteviSudumuizay

Tunsmanlasiouanagninaus
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VSuftoSuduresindea 2 4dn §ae 1 NHCL
#58 1 N NaOH lvilarfiteawiniu 2, 4, 6 uay 8
wagnaetndsUTia 100 faddns ldvangusuy
Yua 250 HadansiAnaiuiutuausunm 0.2 A5
aﬂummgﬂwvjﬁﬂﬂﬂumumiasmsﬁmwm%aiau
200 sousipwfifiuiregeiidsiiszernainisgady
FRUITELIINTURDUT 191n15VAaBe 3 81n504
grufusfuseanainansazats drarsavarefilaly
Jeszimusinalasdeufimdesonissaalns
Inllaflias Ju UV-VIS 1800

Funouit 3 AnwinavesUutan ufuTud
Funzanlunmsidalasdlomansnaus

USuioniuduvesindeiis 2 vila #ae 1 NHCL
v38 1 N NaOH Tldaftevmunsananduneud 2
uazntAUSIn 100 faddnsldvingUranuun
250 fiadans WunuiutuAUINIMA199 fu A 0.2,
0.4, 0.6, 0.8 kay 1 N5y aﬂuﬂumgﬂﬂumjﬁﬂﬂﬁu
muasazaneiir IS Isau 200 soUREWT WuFieEe
‘13%?181‘7‘5585nmmi@m%ﬁmmgamm%’umauﬁ 1
¥insvaaes 3 sansesanuiusiudeenainansazans
hasaraneiilaluinszimudualasdondivie
sheedosaalpstilndines Ju UV-VIS 1800

n1snaaesdl 2 Anwiuszansamlunisiida
Tasdleuengaudlutndeduasisivazinde
2NN153AIERELaANIn1INRasILUUAaLiaq
(continuous experiment)ﬁ%’umauﬁﬁﬁ

USuievBuduvesindedta 2 vlia fe 1 N HCL
w39 1 N NaOH l#enfiewivindy 2 deutinde
otwiailoadgrednifiussqauisiuigs 10 wuiams
fe Peristaltic pump tnevanevieansenadumils
WeureUareaodul wazUanednsiundaieusu
msnusussﬁ;ﬁ;wL%UU%’Ué’mwmﬂuaa&iwimﬁaaﬁum
Ydefiunnsnatu fo 3, 5 way 7 Jaaanssauniiiu
(?h@&i1@57ﬁ1uaﬂwuﬂaé’mﬁaaﬂmmﬂv] SrezIan 5 Wil

UDITTELLIAT 90 wthansaratentaluIasieu

Uunalasifloumdesonissaalasinlafines
5 UV-VIS 1800

ASAATITINANTTNNADS

1L nsmiUsgdniainnisgadulasiiey
Tasudeueneriaus fsaunisi 1
Soraznsiadn (% Removal) = (Co — Ce) x 100 (1)

Co

Ty Co = avududuvesansavansisudu (me/L)

Ce = ANUMNTUYRIETAzaeNaNna (mg/L)

2. msmisuunsgadulasienlasidey
LENYINAUAGIAUNTTN 2

YSunumsgadu (ge) = (Co - Ce) x V. (2)

W
lng ge = AMUANIAlUN1IRATU (Me/g)
Co = mnududuvesansazaraSudu (me/L)
Ce = amududuresasazansiiauna (me/L)
vV = Yuesvesansazane (L)
W = dminvessuiusiug (o)

4. wan1sAnwIkazn1seAUTIENa

Nan1sANwIYeENsasIBULara AUS1eNala
Tnoutseandu 2 nMsnnaes At unouNsHLEUS
bRl

nsneassd 1 Uszansmwlunisindalasdioy
wnenaudludndedunszdwazindeainnns
Anszudlefiinisnaassuuunund  (batch
experiment)

1. Uszdvdnmlumsidnalasdeuengniiaud
Tuhidedansgi

11 ssoznafinzanlumsmialasdion

LINYIILAUARAD izwnmmi@meﬁuﬁ 90 U
gruduiudauisagadulasilioueng1inaudann
aududus R ueasYINtY 47.30+0.02 fiadnsy
HOANT mﬁammL%u%uwﬁami@ﬂéﬁumﬁawhﬁu

0.20+0.00 fiadnsunedans JUse@nsSn1wnisnidn
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\duderay 99.65:0.01 uarUTIuMTgAduIRds
Wiy 24.91+0.00 fadniusioniy LLaxmi@m%'ULﬁWﬁu
06959397 5 Wfiusn Termmntudu vdansgedy
Windu 0.52+0.00 dadnsudedns uUszdnsamn
msidniadedenas 98.96:0.01 wazUTinumIgady

WRAYLINAY 24.74+0.01 HadnSUADNSY INTULSY

AINNTEEEIAINIIRATY 90 UHl Aaanslunnsan 1

o

151990 1 mavessrezIanimnnzaulunisnian

1ASLHgNLENYIILAUAAILDTUA NN UA UL Y

FuAs1e9
AU UTY LG JSuou
Al . . .
. dansgadu N1 nsgadu
(wn)
(mg/L) (%) (mg/g)
5 0.52+0.00 98.96+0.01 24.74+0.01
15 0.41+0.00 99.17+0.01  24.79+0.00
30 0.37+0.00 99.26+0.00 24.82+0.00
60 0.20+0.00 99.59+0.00 24.90+0.00
90 0.20+0.00 99.65+0.01 24.91+0.00
120 0.19+0.01 99.59+0.01 24.90+0.00
150 0.20+0.00 99.59+0.01  24.90+0.00
180 0.23+0.01 99.53+0.02 24.88+0.01
240 0.23+0.02 99.54+0.01 24.89+0.01
300 0.19+0.01 99.62+0.02 24.91+0.00

1.2 arfensuduiimunzanlunissida
Tasdloueneaudluddedaaseiaad s
A ey 2 @1u1sagadulasideuang1Iaudan
ANt uSuRuRAsWINAU 47.30+0.02 fiadnsu
HOaNT mﬁammﬁmﬁwﬁﬂmi@m%Laf?ia LA
0.19+0.00 fiadnSusedns SuszdvSnmmsindaade
Sovar 99.59+0.01 wazUTunanisgaduladewiniu

23.55+0.00 fadnsusensy wasillowiuiiendy 4, 6

wag 8 anuanIatun1sgedulasdesiangdnaud
Anad AaLAAIMUANTIN 2
A15199 2 NaveIANNLETLSUAUTIMLNTaNluNISANER

lasulouengnaustuindedunsiyy

- AMUTUTU Sauaz Usunau
WLasu o L4 o L2 L4
= waImsgadu  nside nsgedu
Sud
(mg/L) (%) (mg/g)
2 0.19+0.00 99.59+0.01 23.55+0.00
q 0.54+0.00 98.85+0.01 23.38+0.00
6 1.25+0.00 97.35+0.01 23.02+0.00
8 1.83+0.00 96.09+0.01 22.73+0.00

1.3 Binaeuiudusivanzadlunisside
Tasdlenenemaudluidedansed daodnftud
Ao 0.2 nTu @unsagadulasideuEng1INaUAIIN
AUt S s uRAsWInAY 47.30+0.02 Sadnsuse
ang mﬁammL%wﬁuwéﬁmmm%’ma?amﬁu
0.17+0.00 fadnsusiedns UssdnSnmnsidaade
Souay 99.64+0.01 LL@SU%@J’]mmi@@%’ULQ%EJLVhﬁ’U

23.56+0.00 IaaNSUABNSUALAAIIUAITIN 3

o

A15190 3 mavesUSunaa U NI UANLRU YAy

v
o a

Tun1sminlasdieuengaud i dsdansivn

Ui anududy  Soway U3
duduliud vanisgeadu  mstida nspedu

(9) (mg/L) (%) (mg/g)
0.2 0.17+£0.00  99.64+0.01 23.56+0.00
0.4 0.30+0.01  99.36+0.03 11.75+0.00
0.6 0.32+0.02  99.32+0.05 7.83+0.00
0.8 0.29+0.01  99.38+0.01 5.88+0.00
1.0 0.30+0.02  99.36+0.03 4.70+0.00

2. Uszansnnlumsndnlasileuengniaun

Tud@ga1nnsIimszvidlen
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2.1 szeznanfinzadlunsidalasdon
wnyauslutdennmsiasevdled fediu
s fio szaza1MIgaduil 90 wit anansagadu
Tasiflvaiengiaunainanududuisusuedy
Wiy 31.52+0.08 Hadnsusodns aoANULTNTY
MAINN3RAFULRR1[U0.00£0.01 TUsEAnSam
msidmedsiosay 99.99+003 uazUTuumsgady
wasinfu 15.76+0.00 fiadnsusendunazaiuise
aadulasideuengnnaudldegiasaiiidous
5 unfinsn A1AUNTunaInIsgaduiiify
0.07+0.01 fadndusiedns UssdnSamnisminieie
Yovay 99.79:0.24 wazUIInumIgatuRdsyiniy
15.73+0.00 fadnsusenduswandlunisnad 4 uay
SlenBeudieuussavs st alasdleusneiaus
freduiutusluddedunssiuazdndeainnis
Aipszaidlen wud dleasuiian 90 Wi aususug
annsomislasdluenenaudluddedansz
waziidsannsieseitlofldgean fe1douay
mMstaaaas 99.65+0.01 way 99.99+0.03 uazU3ua
nMsgeduLRABNTY  24.91£0.00 uay 15.76£0.00

AUAINU FALEAILUNINT 1 wag 2

o

151990 4 Wavessrezamnnzaulun1siian

TAsteuEngaus LU E891NNNTIATIZVT LR

anudadunas U

81 . Youaz .

. msgadu . msgadu
(1) 11351137 (%)

(mg/L) (mg/g)
5 0.07+0.01 99.79+0.24  15.73+0.00
15 0.06+0.01 99.80+0.04  15.73+0.01
30 0.06+0.01 99.82+0.04  15.73+0.01
60 0.03+0.01 99.90+0.03 15.74+0.01
90 0.00+0.01 99.99+0.03  15.76+0.00
120 0.00+0.01 99.99+0.02  15.76+0.00
150 0.00+0.01 99.99+0.03  15.76+0.00
180 0.01+0.01 99.98+0.03  15.76+0.00
240 0.00+0.01 99.99+0.02  15.76+0.00
300 0.01+0.01 99.98+0.02 15.76+0.00

91915797 1 waz 4 wansliduinuszansam
Tunsidalasdlomensnauiifiuiuegnasing
Tugausn iesnaniiufinneuenvesdufusiud
neuinnspaduliiilatanavedlasidemansrinaud
gafniiey Jearursagaduarsavarelasidey
Lngaudliuuiuianeuenlaioarsinga
dloszornaiulutimilsituiiinnsuenvesaiu
Aufudgnuneauludsansaraelasdlouenyiaud
Junuakas luanavedlasideuana1inaud Jaung
dlugaituinanelugnguveaiagadu duindinis

TunaULINYNgnIIN1sgaduAsivieanasl7]
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WANAINAU
30.00
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£ 20.00
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€1500 4SS —6G-
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g —o— undudanszi
& 500 )
= 1dannsiaszvdien
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1381 (u1il)

awi 2 Bunaumsgedulasdleuensiaudludide
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22 mfessusuiimunzanlunisiiee
Tasusuensnnaudluiidesannisiaszidlen
Aagauiuiug A ey 2 aruisagadulasidey
LWNY1IBaYRaINAINL TN U U uaR ey
31.52+0.08 Hladn3usiading wiaem iU Nsn ety
Wwaswwinfu 0.02+0.00 fadnduredns Ussansaim
msidmedsiosas 99.91:000 uazUTuumsgady
WwasWinAu 15.75+0.00 fadnfusendy wazidlewiiy
Mo 4, 6 waz 8 ANuasalunsidalasiilew
e ausanas aanslumai 5 uasdlonSeuiiou
Usgandnmnisndalasidiouigngninaudnigniy
fusudluddeduasyiuazindoainnsiasiet
Flof wuin Afevdudurindu 2 aufusudaninse
fanlasdeuenyaudluidedaassiuasingy

PNMTIAT VTR NgwER daandluning 3 uay 4

519N 5 HavesAieivanzaulunsinInlasley

LENYINLAUA L UULELIINNNTIAT YT LB A

. AUt . TEFGLY]
Ny . Sovay .
= RININAYU Y QAU
3UAY n15113A (%)
(mg/L) (mg/s)
2 0.02+0.00 99.91+0.00 15.75+0.00
4 1.11+0.00 97.59+0.01 15.38+0.00
6 2.22+0.01 95.21+0.01  15.01+0.00
8 2.46+0.00 94.70+0.01  14.92+0.00

1NAN5197 2 uay 5 uandliiiuinusefsganis
TfiwosuszquInuuRavesaufusiudfingzvise
lesouauvaslelnsiaulnsiunlossy msifiuadudy
waresndeduasgainaiey 2 1y 4, 6 uay 8
iliusedngnn luniseeadulasllouenginaud
Istfovas ilosannsifiuenfitow duavinlviszquan
vuesufusiusanas fdunsfiuefioveesh
deoduasgiiinayilivseansnmnisaadulasidiey

LINYIINAUABART AUAIRU (8]

105.00
$ 100.00
sS 95.00 .m
Q(_
& 90.00
=
<
£ 85.00 .
= ¥ o e s
2 80.00 —— UNHYFILATIZH
E 75.00 —— U dgnmsitaszudlen
70.00
0 1 2 3 4 5 6 7 8 9
Aoy

AT 3 588arN15AN9 LA EULENYII AU LWL

aaa

WEedaA1kagdd891Nn1536AS1E T Lo A NNLD Y

WANE9Y
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~ 20.00
<
=1
»2 15.00 C—0{—r— 0
[y
&2
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g —— UAYFUATIZN
€ 500 x o a
& —l— udeannsiazidlen
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a
WY

M 4 YSunaunisgedulasdleueneninaudtui

FedaAs1ikasid891nn153LAS1E T LaANNLD Y

LANF19IU

[

2.3 Usmnadnuiusfusfiunsaslunmsinda
Taslonensmausluindeannsinsevialen Ao
0.2 U a1usagadulasideuiany1i1audan
ANt U HRuLRAsWINAU 31.5240.08 fadnsu
HOaNT Luﬁammvﬁmﬁwﬁﬂmi@méﬁma?ﬂlEthfﬁ”‘U
0.04+0.01 fadnsusiedns UssdnSamnismdnede
Yovar 99.86+0.02 wazUIuansgaduiadowiiiy
15.74+0.00 fiadnSusionsu wazifiodfinusunamaiu
Fusiudidu 0.4, 0.6, 0.8 wag 1 NSU AIYAILIT
Tunismdalasiisueng1aunanas aalanalu

AN519% 6 waziilaSeuLneulsEansnInnnsnIan
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Funsnziuarindeainnisinsizndlen wuin
Usunaaudusiug 0.2 n5u @auisandnlasiduue
ngnaudlutdedunsiziuasindsainnis
Anszidledligegn fidrfesaznisiidniade
99.64+0.01 Uag 99.86+0.01 wavUIuun139ady
WAy 23.56+0.00 Way 15.74+0.00 Aua1su

FaLEAILUNING 5 hay 6

A151990 6 WavRIUSUME IUANTUATL RN T AN

Tumsidalasieuenennaud ludennmsiwsen

Flof
Ui anududu fovay Usuna

gwnudud  waIs msida megadu
(® andu (mg/L) (%) (mg/g)
0.2 0.04+0.01 99.86+0.02 15.74+0.00
0.4 0.06+0.01 99.80+0.02  7.86+0.00
0.6 0.09+0.01 99.73+0.02  5.24+0.00
0.8 0.12+0.01 99.63+0.03  3.93+0.00
1.0 0.10+0.00 99.68+0.01  3.14+0.00

a7 3 uag 5 wandliidiuimsiiiauin
rududiud vhliuSunavesansiigngadusioniiae
ihuinvesduiutusanas videluanaveslasides
nsausiogluamsasansliifivmeriazaseuagu
U%L’JmﬁlLﬁ@mﬁLLaﬂLﬂgSuUi%ﬁp}fﬂwmﬂ (exchangeable
site)  vesgaduiadunaliuszdnsnmlunisida

TPsdleseneneus anaddl aiuUS Inauvasn N U us

25.00

£0.00 —o— i dudaasizi

< v
——ddganmsitaszudlen

000 020 040 0.60 080 100 1.20

YSunaarunusiug (nsu)
27 5 SeaynsMIALASIIBULENYNI AN LULLEE
duAs1evkazddg1nnN1IAs1ENT oAU U

auiududLanenaiu

101.00 ¥ o <
—— Undudanszi

100.50

(%)

—— vdeannsinzidlen

<

o

ANTNAINAIINIA

100.00

o

99.50
99.00

o

a
o
b

98.50

Us

98.00

0.00 0.20 040 060 0.80 1.00 1.20
USunaanunuiugd (nfu)

dl U = 901 a
ami 6 Usinaumisgadulasdesengniausludnde
FuAs1zinazdldea1nn1sIAs1enT e nuS U1

AUAUITUR AN U

nsmeaasdl 2 Uszandamnisidalasdey
wnenaudluindeduaszduazindeainnis
Anzidlaflaensaasssuusiatien (continuous
experiment)
1. Uszdvsnlumsminlasdleuengninaus
Tudedaunsgi
wufignsinisiva 7 fadansaeund
dufududannsamdnlasdemenyinaudlagaan
A dudusuduladoinfu 47.30+0.02
fednsusiedns ndamsgaduanuiduiuanaaviends
Wiafu -0.01+0.008a8n3usen Sussuanslunnd 7

JUsEarSammsndnwaesaeay 99.99+0.00 ALEARS

Tun i 8
= 0.50 —— dn5IN5l¥a 3 A/l
<X
§ 040 = dn57n15lua 5 ua./unil
2 030 ansnslua 7 va/undi
s
g
S 0.20
o4
2 010
B
=3
2 0.00 b o A AT A AT
2
pas 0O 10 20 30 40 50 60 70 80 90 100

-0.10

1381 (unil)

AN T ANLTUTUVDALASIHBULENYIINLAUANA
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nsaadulutdedunseiidnsinisivauansieiu
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100.10
S
10000 wwrwrurarwryrsyars rorssy
az ...-’ T e Y
£99.90
e —0— w5 nsiua 3 ua/unii
qi&?g 80 —l—ans51n5lva 5 ua./unii
99.70 dnsnsiva 7 va./aund
g

99.60

0 20 40 60 80 100

a1 (W)

ANWA 8 ANULUUTUVBILATLIEULENTIINAUANR

¢l

nspeduluindsdunseingnsnsivaunnsiiu

2. Usednsnmnismanlasieueneniniaun
Tuhideannsinszidlen

wuiismsinasiva 7 faddnsnouni

AUNNTUAFIN15aM19ALlATINBULENY I LAUALA

A9FANAMNULIUTUSUAULRABLNIAY 31.52+0.08

Y 9

LY

fadnSudeding vaenisgaduaudutuanasvie
RAYWINAU0.01+£0.00088NSUABDNSY LEAIATIUAING 9
FUsEans NmNSIInRaSaeay 99.99+0.00 AIUERS

Tunnd 10
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Abstract

The objective of this research was to investigate the change tendency of the vegetation of
Nong Han Lake, SakonNakhon Province using the Enhanced Vegetation Index (EVI) from the Sentinel-2
system and to analyze the vegetation temporal change of occupied area. The results indicated that
the average area of vegetation cover of 26.88 sq. km and water surface cover of 59.68 sq. km.
Moreover, the tendency of the extreme vegetation density of Nong Han Lake tended to decrease, in
contrast with the moderate vegetation density that tended to increase. Furthermore, the flood event
involves to vegetation cover of Nong Han Lake.

Keywords : Weed, Land cover, Water resources, Remote Sensing, EVI
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Abstract

Lipids is one of the major non-isoprene components detected in Hevea latex and derived
natural rubber. The lipid characterization has been intensively done but mostly in whole latex and NR.
This study aimed at analysing lipid location, lipid content and classifying lipids of the four Hevea latex
fractions (cream, skim, serum and lutoid) from fresh latex in order to understand better their roles on
NR quality. Nevertheless, to our knowledge the method to extract lipids dedicated to each latex
fraction was not systematically developed. This study aimed at selecting the suitable lipid extraction
condition to be applied with latex centrifugation fraction that consisted of cream, skim, serum and
lutoid. The results showed that the previously developed lipid extraction method for fresh latex could
not be applied to every latex centrifugation fractions as incomplete coagulation of latex fraction during
lipid extraction was observed and could resulted in an overestimation of lipid content. The optimal
condition was found to be using the freeze dried latex fractions instead of fresh fractions and applied
the method of lipid extraction previously developed for dry rubber. The detail of method development
was discussed.
Keywords : lipids, latex fraction, extraction

I. INTRODUCTION around rubber particle was reported to increase

Lipids have been reported to be the major
non-isoprene component in both latex and dry
rubber. The composition of lipids in different
forms of sample has been characterized in order
to answer specific questions. Several authors have
reported that the lipids are related to the
properties of natural rubber including stabilized
latex and film [1]. For

latex, concentrated

instance, hydrolyzed free fatty acid absorbed

mechanical stability of latex. In addition, total
lipid, neutral lipids and total fatty acids were
reported to negatively correlate with initial
plasticity (P0) and Mooney viscosity (ML) [2].
Plasticity retention index (PRI) was found to be
affected by free fatty acids in negative way as an

increase of fatty acids could lead to the auto-

oxidation of rubber and resulted in lower PRI.
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Until now, information of lipid content of
latex and dry rubber from various genotypes has
been published and its roles on structure and
properties have been studied. Nevertheless, the
location of those lipids in the latex is less known.
The knowledge of their initial location could help
to understand their involvement in the structuring
of natural rubber during the manufacturing of
rubber from latex.

In order to identify the locations of lipids,
latex would be separated in to cream, skim,
serum and lutoids through centrifugation. After
separation, lipids in each fraction could be
extracted and characterized. Firstly, the detail of
latex centrifugation condition previously described
by the team was applied in order to obtain the
intact latex fractions [3]. Since lipid extraction of
centrifugation fractions obtained from fresh latex
has not been studied yet, therefore the method
fresh lipid

previously developed for latex

extraction was applied i.e Liquid-Liquid extraction.

Nevertheless, due to the different physical
characteristic of each latex fraction, several
technical issues were faced for instance

incomplete coagulation or rubber fractions in the
extracting solvent. In this study, we aimed at
selecting the suitable lipid extraction condition to
be applied with latex centrifugation fraction in
order to provide the correct qualitative and

quantitative references for lipids in each fraction.

Il. SAMPLE PREPARATION
A. Latex collection
Fresh latex was collected from Hevea

brasiliensis tree RRIM600 clone from a plantation

of Union Rubber Co., Ltd. (Chanthaburi, Thailand).
The selected

and clonal certified trees were
tapped in the early morning. Latex was let drop
down into a collecting cup which placed on ice
bath and was collected one hour afterward.
During the collection, the bottles of latex must be
placed inside an ice box. The latex was filtered
through a stainless steel sieve (2 mm pore size).
B. Latex centrifugation fraction

A 30 mL of latex was centrifuged
(Beckman Coulter, Allegra 64R centrifuge) in order
to separate latex into four main fractions (Cream,
Skim, Serum, and Lutoid). Initially, fresh latex was
centrifuged at 16,000 g for 45 minutes at 4°C (in
TA-tube, Cl step). After centrifugation, skim and
serum was firstly sucked using a syringe to
another tube (TB-tube) while cream fraction was
collected with spatula and kept in 50 mL Falcon
tube. Lutoid fraction remained at the bottom of
the TA tube was mixed with 15 mL of 50 mM Tris
HCl pH 7.0 - 0.23 mM mannitol buffer and
centrifuged at 16,000 g for 30 minutes at 4°C (C3
step) in order to remove contaminated cream.
The skim and serum containing TB-tube was
centrifuged at 45,000 g for 45 minutes at 4°C (C2
step). Serum fraction was sucked and transferred
to TC-tube and while skim fraction was let in TB-
tuber. Serum was further centrifuged at 57,000 g
for 45 minutes at 4°C to remove contaminated
skim (C4). After separation, the four fractions were
freeze dried for further analysis.

C. Freeze drying of latex fraction

After the latex fractions were obtained,

each fraction (except serum) was diluted with

distiled water including whole latex before
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freeze-drying with the following proportions:
cream or skim: distilled water 1:4 and lutoid or
whole latex: distilled water 1:1 w/v. Then each
sample was transferred into the petri dishes (150
mm diameter x 15 mm height) in order to pre-
cool in the freezer at - 20°C for 24 hours and put
into freeze dryer (Cryotec 10X) at - 80°C and
vacuum pressure at 400 Torr for 24 hours.
D. Lipid extraction

The extraction of lipids was performed
with the four centrifugation fractions using the
following methods. The quantitative and
qualitative information of lipids obtained from
different methods were compared.

1) Ligiud-Liquid lipid extraction from
fresh latex fraction (L-L extraction). Three latex
fresh fractions (cream, skim, and lutoid) were
diluted with distilled water 20% w/v while serum
was not diluted. 5 mL of the diluted latex fresh
fractions were added dropwise into continuously
stired 25 mL of chloroform:methanol mixture
(2:1, v/v) within 4 min [2]. The coagulum was then
removed and the extract was filtered through
Whatman No.1 filter paper (Whatman, England).
The filtrate was washed with 1/5 of its volume by
a 9 ¢/L NaCl solution as described by Folch et al
[4]. After a clear separation between aqueous and
organic phases was obtained, the lipid containing
organic phase (bottom layer) was collected and
evaporated. The obtained dry lipid extract was
weighed. The extraction vyield was expressed
versus dry rubber weight. Three repetitions were
performed for each sample.

2) Lipid extraction from freeze dried

fraction (S-L extraction). Freeze dried fractions

was extracted according to the method previously
developed for dry rubber [2]. Depending on the
obtained quantities, a 2.8 grams freeze dried
sample of whole latex and cream fraction or less
than 1.0 gram freeze-dried sample from lutoid
and skim were cut into small pieces then stored
at -20°C overnight before grinding using a ball mill
blender under liquid nitrogen with 2 mm
amplitude for 4 minutes. After grinding, the
ground fraction was transferred into a bottle
containing 50 mL of chloroform:methanol (2:1;
v/V). After agitation at 250 rpm on a rotary agitator
for 6 hours at room temperature, the extracted
fraction was removed by filtration and the total
extract was concentrated using a rotary
evaporator. Total extract was redissolved with 4
mL of chloroform:methanol (2:1; v/v) and water-
soluble components were removed with 1 mL of
9 ¢/L NaCl solution. After the mixture clearly
separated in two phases, the lipid containing at
bottom layer was taken and evaporated to obtain
the lipid extract.

3) Ligiud-Liquid lipid extraction with
acidified condition (A-L extraction). 20 mL of
diluted fresh latex was added dropwise into
continuously stirred 100 mL of
chloroform:methanol mixture (2:1, v/v) within 4
min. The coagulum was removed, then the pH of
the filtrate was adjusted to 2 by 6N HCl before
applying Folch’s procedure, after that it was
continued as Liquid-Liquid extraction.

E. Total lipid characterization

1) Global profile analysis using thin

layer chromatography (TLC). Total lipid extract

was diluted to 10 mg/mL in chloroform. A volume
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of 5 W of a diluted lipid extract from each
sample was applied on silica gel 60G TLC plates.
The plate was developed in a chromatography
tank contained about 100 mL of suitable solvents
before being visualized by general or specific
detection reagents. The conditions of TLC
analyses listed below were used. The mobile
phase of neutral lipids was a mixture of n-
hexane:diethyl ether:acetic acid (80:20:1; v/v/v).
The TLC plate was sprayed with a mixture of 40%
orthophosphoric acid and aqueous solution
saturated with copper acetate (1:1; v/v). After that
it was put in the oven at 180°C for 10 minutes.
The lipids spots appeared brownish on a white
backeround.

2) Total fatty acid composition analysis
using g¢as chromatography (GC-FID). Total fatty
acids (TFA) obtained from saponification reaction
was performed by converting them to their more
volatile derivatives namely fatty acid methyl
esters (FAME). A volume of 5 mL of 2% of
concentrated H2SO4 in methanol was added into
the obtained fatty acid extract and the mixture
was refluxed at 80 °C for 1.5 hours. After cooling,
0.5 mL of water was added and the methyl esters
were extracted with 3 x 5 mL of n-hexane. The
methyl ester extract was evaporated to dryness
with an evaporator, weighed and redissolved in n-
hexane in order to obtain a 1 mg/mL solution
ready to be injected in GC-FID. A Shimadzu GC17A
gas chromatograph (Shimadzu Co., Kyoto, Japan)
equipped with a fused silica capillary column
BPX70 (30 m, id. 0.25 mm, film thickness 0.25

mm, SGE, Victoria, Australia) and a Shimadzu

AOC20i automatic injector (injected volume 1 L.

The initial linear velocity of helium in a column
was 34 cm/s. The temperature of the split injector
(split ratio 1:15) and of the flame ionization
detector were 250 °C and 280 °C, respectively.
Oven temperature was 160 °C for 0.5 min,
increased to 200 °C at 10°C/min then kept
constant for 4 min. Data acquisition was
performed using the GC solution v 2.10 software

(Shimadzu Co., Kyoto, Japan).

lll. RESULT AND DISCUSSION
A. Lipid content

1) Lipid content obtained fresh latex
fraction (L-L extraction): Fresh latex and four
fractions were extracted for lipids. The lipid
content was expressed against dry matter weight.
Lipids content of fresh latex were 2.69% w/w dry
rubber. This result was in agreement with the
work reported by Wadeesirisak et al. [5] working
on the same sample. Nevertheless, for rubber
fraction extracted with the same method, it was
found that cream, skim, and serum fractions
could not be completely separated from
extracting solvent (chloroform: methanol, 2:1) by
filtration as it is always done with fresh latex.
Moreover, the fractions passed through the filter
paper in the step of coagulum removing. This
contamination would lead to overestimation of
the lipid content. Thus, the method already
developed for lipid extraction from dry rubber
was applied.

2) Lipid content from freeze dried
fraction (5-L extraction): As the L-L extraction
method was not applicable due to incomplete
the

separation of fractions during filtration,
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method of lipid extraction from dry rubber was
tested. Under the framework of the project, it was
indeed planned to subject fresh latex
centrifugation fractions to freeze drying in order to
preserve other biochemical components for
further analysis including sugar and minerals.
Therefore, it was decided to test the extraction
method of dry rubber (Solid-Liquid extraction or
S-L) with the freeze dried samples. In this test, the
extraction would be done with only the freeze
dried whole latex and compared lipid content
and profile with the original fresh latex extracted
with L-L method. The samples used in this trial
were from RRIM600 clone. After extraction, it was
found that the lipid content of freeze dried latex
(2.35%)

than that of fresh

extracted with S-L  method was

significantly  lower latex
extracted with L-L method (3.03%) as shown in

Table 1.

Table 1. The lipid content (% w/w dry rubber)
from fresh latex extracted with L-L method and

freeze dried latex extracted with S-L method

Lipid content*

Samples
(Yow/w dry rubber)
Fresh latex (L-L) 3.03a + 0.27
Freeze dried latex (S-L) 2.35b + 0.03

*Data averaged from 3 replications + Standard error

B. The global lipid composition
In terms of quality, the lipid profile from
the TLC showed that free fatty acid (FFA)
proportion from lipid obtained from S-L extraction
was more important than that of L-L method

while other components were similar (Figure 1).

From this result, it led to the questions whether
(1) the free fatty acids in fresh latex was not
completely extracted due to the L-L extraction
condition or (2) freeze drying was associated with
lipid hydrolysis and release of free fatty acids. As
the pH around 7 of fresh latex extraction
condition is higher than the pKa of most fatty
acids (approximately 4.8), the structure of the free
fatty acid are mainly changed into the form of
soap (R-COO- ) so they are soluble in water. Thus
in L-L method free fatty acids could be discarded
in the step of water soluble compound removal.

To answer these questions, L-L extraction under

acidified condition was tested.

SE L-L S-L

-
'

¥ FreeFAl & & &
S . "esasmee
-ll----'-
Lz N |2 2 2|2 2 2
5 5 rrr-rrlri_
3
& 8 8|7 »lm'»m '
= TN Wl N W

Fig. 1. Profile of lipid extract of whole latex (WL)
from Solid-Liquid (S-L) and Liquid-Liquid (L-L)
extraction methods. Mix 34 composed of free
sterol (FS) and sterol ester (SE). Y; Y-tocotrienol,
free FA,; free fatty acid.
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Fig. 2. TLC of total lipids of whole latex (WL) from
Liquid-Liquid (L-L), Liquid-Liquid with adjusted pH
to 2 (aL-L) and Solid-Liquid (S-L) extraction (A) and
free fatty acid content determined from image
analysis (% w/w lipids) (B). Mix34 composed of
free sterol (FS), free fatty acid (freeFA or FFA),
triglycerol (TG), fatty acid methyl ester (FAME).
Mixd0 composed of free sterol, free fatty acid
(freeFA), triglycerol (TG), and sterol ester (SE). Qi
Ol- tocotrienol, Y; Y-tocotrienol.

Effect of extraction condition

To verify the possible non-extracted FFA, one
lipid extraction was performed normally with
RRIM600 fresh latex and another with acidification
that will allow the protonation of FFA (R-COOH)
hence their insolubility in water. An image analysis
was performed to assess the relative density of
FFA spot in comparison with the total density of
the neutral lipid extract analyzed by TLC (Fig 2(A)).

It was found that FFA was not fully extracted
from fresh latex using L-L (4.66%) method as
significant higher FFA (5.73%) was obtained when
extracted under acidified condition (Fig 2(B)).
However, FFA from S-L methods was the highest
(11.5%). The result suggests that though existing,
the incomplete extraction of free fatty acid due
to high pH is not enough to explain the difference
of FFA between L-L and S-L methods.

Fatty scids conpoution (Swh totad fatty acid)

I ci0  Cll ClE2 CH3

Method | Cl14:0 | Cl6:0 | CI6:1 | C1&:0 | CIS:l | €182 | CIS:3 | C20:0 | Furan
al-L 053 | 9.34d | 064 | 1991b | 1384 | 48622 | 568 1.22f 0.21f

L-L 035F | 931d | 042 | 2085 | 1409 | 48212 | 55l 127 | o020
sL 0.39f | 866d | 049f | 1946b | 1443c | 48662 | 565 1.24¢ 0.84%

Fig. 3. Comparison of fatty acids composition from
Liquid-Liquid (L-L), Liquid-Liquid with adjusted pH
to 2 (aL-L) and Solid-Liquid (S-L) extraction
method. C14:0; myristic acid, C16:0; palmitic acid,
Cle:1;
C18:1;0leic acid, C18:2;

palmitoleic aicd, C18:0; stearic acid,
linoleic acid, C18:3;
linolenic acid, C20:0;

arachidic acid, Furan;

triacylglycerol containing furan fatty acid

In addition to the reported difference of
quantity of FFA between the extraction methods,
a quality approach of TFA (Total Fatty Acid) was
carried out by analyzing the total fatty acid (TFA)
profile of the lipids by GC-FID. The comparison of
relative fatty acid from each extraction method is
shown in Figure 3. It was found that except stearic
(C18:0) from S-L method that
(19.5%) than L-L method

acid was

significantly  lower

-516-



MIUTEYUIVINTBEUBNAUILTTAVNR duInendansuazmalulad anInendesvigiunsnuu A 4

U 22 WOBAIAN 2564 QI AINYIAENT UNNINEIREIIVAIUNTNBY

(20.5%), relative proportion of other fatty acids
among tested methods was not significantly
different. It can be concluded that though every
extraction method affected significantly the
extracted quantity of FFA, there was no significant
impact on TFA profile of obtained lipid extract
which suggest that the quantitative difference
observed on FFA affect equally all FAs.

Effect of sample preparation condition (freeze
drying)

As mentioned previously, freeze drying could
induce lipid hydrolysis and release of free fatty
acids. In fact, this phenomena was observed from
other than freeze drying process (Figure 4). For
instance, when latex was spread on a petri dish
and was subjected to oven drying at 50°C, similar
release of FFA was observed as seen from TLC in
Figure 4(B). This rapid hydrolysis could be
explained by the activity of phospholipases as
they could increase sharply when the
reach the critical

(CMO).

phospholipid concentration

micelle concentration Generally,

phospholipid molecules form aggregates or

micelle with the polar heads towards the
aqueous phase at its CMC. With the local increase
of phospholipids concentration, it results in the
increase of hydrolysis rate at the interfaces [6].
Upon rubber

latex drying, phospholipid on

particle membrane whose structure is also
micelle became dense on the interfaces where
the evaporation occur thus the hydrolysis also
occurred rapidly. Moreover, the higher degree of
hydrolysis in lipids obtained from oven dried
sample than that of freeze dried sample was

observed from a higher proportion of free fatty

acid (Figure 4). This could be linked to a less
optimal temperature (too cold) condition for

enzyme activity.

(A) Freeze drying (B) Oven drying

Tl
reers ) g ®

Freesterol @&
t -

et fggiii

Fig. 4. TLC of lipids from whole latex (WL) sample
obtained from freeze drying (A) and oven drying
(B). Mix34 composed of free sterol (FS), free fatty
acid (free FA or FFA), triglycerol (TG), fatty acid
methyl ester (FAME). Mix40 composed of free
sterol, free fatty acid (free FA), triglycerol (TG), and
(SE). @; O-tocotrienol, Y; V-

sterol ester

tocotrienol.

V. CONCLUSION

From the results, it was seen that both
extraction method and sample preparation
affected the extraction rate of lipids. Fresh latex
extracted with L-L methods provided significantly
higher lipids content that that of freeze dried
sample of the same latex extracted with S-L
method. Freeze drying induced lipid hydrolysis
illustrated by a higher FFA rate without significant
impact on TFA composition. Nevertheless, the
extraction of fresh rubber fractions (cream and
skim) with L-L method could not be selected due
the difficulty of incomplete coagulation which
consequently resulted in contamination of
polyisoprene in lipid extract. Therefore, the freeze
drying of latex centrifugation fractions and S-L

extraction was chosen as the best compromise in
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order to apply a single reliable method that can

extract lipids from every sample.
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Abstract

Diversity and abundance of rotifer and cladoceran species in permanent waters were
investigated in Buri Rum Province. Qualitative and quantitative samples were collected using a 60 pm
mesh net from 19 localities (76 samples) in post-monsoon (October 2017), and pre-monsoon (April
2018). A total of 14 families, 12 genera, and 98 species of rotifers were identified. Additionally, two
new species were recorded for the first time in Thailand, Lecane dorysimilis and L.
marchantaria.Species diversity was higher in the post-monsoon (94 species) than the pre-monsoon
(73 species) samplings. The most abundant locality Huai Jorakae Mak Reservoir (50 individual L") in
post-monsoon. A total of 28 species of cladocerans belonging to 25 genera and 7 families were
recorded. Cladocerans were more diverse in the post-monsoon (28 species) than the pre-monsoon

(18 species). The most abundant locality was Huai Phlapphla (22 individual L) in post-monsoon.The
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environmental factors related to rotifers and cladocerans showed that Bosminopsisdeitersi,

Diaphanosoma excisum, Polyarthra vulgaris, Anuraeopsis fissa and Scaridium longicaudum were

positively correlated with pH, but negatively correlated with electrical conductivity, and total

dissolved solids.

Keywords : Rotifer, Cladoceran, Species diversity, Abundance
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s

(Evenness Index; E’) AN5IASIEMANUAUNUS
sznialsimed ralaweausy wasdadeduandan
ueUsenns Iaeldandunusailulinoa (Canonical
correspondence analysis; CCA) 31nlUsnga PC-ORD

U5

4. wan1sAnwILaznIseAUsINa
4.1 anuvanvinveslshinas

ANNSANYIAUNAINFUAVeILTALNDS
Tuundsions Sminy3sud 19 unds nulshles
oA 14 29 21 an 98 a03d (19197 1) Tuduud
96 aU8d 1uriataenuludszmalnouda [7-9]
AnduSevay 23.82 vemiafinululszmelve uiny 2
a¥%3d WHuvdaisrenundusnlulsamelng fe
Lecane dorysimiliswag L. marchantarials@es
wila L. dorysimilisnupfeusnluuszmadsauny
sUSAdeRU L. doryssausiaain1e1indn audng

%

YDIVBUWNUIUNTN (ventral plate) Hsoandndaau

£% t%

NYaUvarRUnnIuUY WNTTAWeY [10] Useu
gunvalIdinussmaduieduaswsn [11]
wae L. marchantarialulsawasinuaswsniuseme

U188 JUsAdeiu L. decipiens,

st ~} “‘) o
j # ';3"\‘1 g =1
¢ *)J = E
)
N - \
w ';ﬂ‘-‘i/
W 5
& i
Vel
\
f. .

AN 1 MegalsAmasinuasusniulsemealne
A. Lecane dorysimilis

9. Lecane marchantaria

L. arcuatela L. hamatausaninaiuiiasind
YOUAIUUU (anterior margin) 1 L. marchantaria
fia3nuduguly flveuuuusiunii (anterior ventral
margin) AzL1MANAIYOUVURAUNAY (anterior dorsal
margin) WeUUAVULNUAIUNLN (ventral aperture)
Lifudumuna [12] deswuiiusemas [13] uay
Ussinedude [14llunisfnwiaded ana Lecane nu
01 aU%d WDuanafinusniian Anduiesay 41.84
59909U7A0 @na Lepadella wu 11 aU%d uazana
Brachionus wu 10 &U3d Andudesay 11.22 was
10.20 muaey

dofimsanammainelinnuggma wuin Tugg
sy wulsAmesinnninggieunsan Sauauiiny
94 al3d waz 73 ad3d audifuisloRansun
anuvainvialussasunanifidnu wusiuauia
Tsfines ogszving 2557 al3d lnwenaftutiae
sszitann (uwdsindlsimesinndian Ae 57 aldd

Anludovay 58.16 oIvHAlsAWaSANUTILA

5098931 bown eruAvtauiudun wu 56 avldd

4 13

($owaz 57.14) uwaznawlng wu 51 al3d qaiu

]

AIDY VIR U LARINNY U AU LU UAUS IS LR way

wriasfinulsfnestesiign A erniuiieaine

[

ny 25 aU%d (Sewar25.51) Feqaliudiognedana

TaiffhddlnnudAsedn U LA L NAINR o UER D

o
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Tnodufieondy vauds LazwhaiaInis 9inasne

ANnuvanviavealsaes [15]

50 pm

AW 2 freglshivlsndianuynyuuin
A. Polyarthra vulgaris

. Sinantherina spinosa

= a sal Y No
M19790 1 IimLW@ﬁWWUIULLMaQu’mTﬂﬁ RAVERRLS)

29 Brachionidae

Anuraeopsis fissa Gosse, 1851
Brachionus angularis Gosse, 1851
Brachionus calyciflorus Pallas, 1766
Brachionus caudatus Barrois & Daday, 1894
Brachionus dichotomus Shephard, 1911
Brachionus donneri Brehm, 1951
Brachionus falcatus Zacharias, 1898
Brachionus forficula Wierzejski, 1891
Brachionus quadridentatus Hermann, 1783
Brachionus rubens Ehrenberg, 1838
Brachionus urceolaris Muller, 1773
Keratella cochlearis (Gosse, 1851)
Keratella lenzi Hauer, 1953

Keratella tropica (Apstein, 1907)
Plationus patulus (Muller, 1786)
Platyias quadricornis (Ehrenberg, 1832)
249 Lecanidae

Lecane aculeata (Jakubski, 1912)
Lecane arcula Harring, 1914

Lecane batillifer (Murray, 1913)

Lecane blachei Bérzins, 1973

Lecane bulla (Gosse, 1851)

Lecane closterocerca (Schmarda, 1859)

o

A19199 1 1sfilesnnuluwnaninntds 2.435ud (o)

Lecane crepida Harring, 1914

Lecane curvicornis (Murray, 1913)
Lecane dorysimilis Trinh Dang, Segers & Sanoamuang,
2015%

Lecane elegans Harring, 1914

Lecane flexilis (Gosse, 1886)

Lecane furcata (Murray, 1913)

Lecane haliclysta Harring & Myers, 1926
Lecane hamata (Stokes, 1896)

Lecane hastata (Murray, 1913)

Lecane hornemanni (Ehrenberg, 1834)
Lecane inopinata Harring & Myers, 1926
Lecane lateralis Sharma, 1978

Lecane leontina (Turner, 1892)

Lecane ludwigii (Eckstein, 1883)

Lecane luna (Miller, 1776)

Lecane lunaris (Ehrenberg, 1832)
Lecane marchantaria Koste & Robertson, 1983*
Lecane monostyla (Daday, 1897)
Lecane nitida (Murray, 1913)

Lecane obtusa (Murray, 1913)

Lecane papuana (Murray, 1913)

Lecane punctata (Murray, 1913)

Lecane pyriformis (Daday, 1905)

Lecane quadridentata (Ehrenberg, 1830)
Lecane rhenana Hauer, 1929

Lecane rhytida Harring & Myers, 1926
Lecane signifera (Jennings, 1896)
Lecane stenroosi (Meissner, 1908)
Lecane superaculeata Sanoamuang & Segers, 1997
Lecane sympoda Hauer, 1929

Lecane tenuiseta Harring, 1914

Lecane thienemanni (Hauer, 1938)
Lecane undulata Hauer, 1938

Lecane unguitata (Fadeev, 1926)
Lecane ungulata (Gosse, 1887)

29A Lepadellidae

Colurella uncinata (Muller, 1773)

Lepadella acuminata (Ehrenberg, 1834)

Lepadella costatoides Segers, 1992
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A19199 1 Isfvlesnnuluimnasdnnns 2.435ud (vie)

o

A19199 1 Isfivlesnnulunmnasdnnis 2.435ud (o)

Lepadella dactyliseta (Stenroos, 1898)
Lepadella discoidea Segers, 1993
Lepadella ehrenbergii (Perty, 1850)
Lepadella heterostyla (Murray, 1913)
Lepadella lindaui Koste, 1981
Lepadella ovalis (Muller, 1786)
Lepadella patella (Muller, 1773)
Lepadella rhomboides (Gosse, 1886)
Lepadella vandenbrandei Gillard, 1952
29A Mytilinidae

Mytilina unguipes Lucks, 1934

Mytilina ventralis (Ehrenberg, 1830)
29A Notommatidae

Monommata longiseta (Muller, 1786)
29A Scaridiidae

Scaridium longicaudum (Muller 1786)
29A Synchaetidae

Polyarthra vulgaris Carlin, 1943

29 Testudinellidae

Pompholyx complanata Gosse, 1851
Testudinella ahlstromi Hauer, 1956
Testudinella patina (Hermann, 1783)
Testudinella tridentata Smirnov, 1931
29 Testudinellidae

Trichocerca bicristata (Gosse, 1887)
Trichocerca capucina (Wierzejski & Zacharias, 1893)
Trichocerca chattoni (de Beauchamp, 1907)
Trichocerca cylindrica (Imhof, 1891)
Trichocerca hollaerti De Smet 1990
Trichocerca longiseta (Gosse, 1851)
Trichocerca pusilla (Jennings, 1903)
Trichocerca scipio (Gosse, 1886)
Trichocerca similis (Wierzejski, 1893)
29 Trichotriidae

Macrochaetus collinsi (Gosse, 1867)
Macrochaetus longipes Myers, 1934
Macrochaetus sericus (Thorpe, 1893)
Trichotria tetractis (Ehrenberg, 1830)
24A Trochosphaeridae

Filinia camasecla Myers, 1938

Filinia longiseta (Ehrenberg, 1834)

Filinia opoliensis (Zacharias, 1898)

29 Euchlanidae

Dipleuchlanis propatula (Gosse, 1886)
Euchlanis dilatata Ehrenberg, 1832

29A Hexarthridae

Hexarthra intermedia (Wiszniewski, 1929)
29 Flosculariidae

Sinantherina spinosa (Thorpe, 1893)

NUELNE LATEINNIE * nunedalsAasinuluy

Usewmalneasasn

4.2 anuvaInvlinvednalaigeunsy

numAalaLgaLsY 7 19A 25 ana 28 al¥d
(il 2) AaduFeray 22.58 veslismmuluyszmdlne
[16-17) Ineanafiwuanniign e Chydorus, Coronatella
wa Macrothrix wuanaas 2 aUtd Anluiosas 7.14
vosvinfinuiinunggudsusay aailaigousy
fianuvannuiiesnniian 28 a3d Aadusesas 100
yaspalaausLTNUTINA) uazngouNTaINY
18 &34 (Anidudesas 64.29) iloaanggndsusan
smorsludnanndy vl wazunasineudiv

' o

13glad ranlaweunsudeinedendouaziionnis

Y
v

Wiganalanasanluwrasinasin wuralawawsy

985811119 3-10 aUTd lnsunasinurinrailaweusy

winfian Ao USnuswfviEnaIaLarauIA

P

wuluasay 10 ad3d maammﬂmma’aﬁwmﬂmj
wazdlitmthmunuiy fafuuvaommsuasuvasende
uiealawwonsu [18] finutiosfignde Heduy
WU 3 alad

o

M15799 2 palaiausuinuluuvaina s 2.U5uY

29 Bosminidae

Bosmina meridionalis Sars, 1904

Bosminopsis deitersi Richard, 1895
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M19197 2 Aalagonsunnuluivanin1s .U35ud

GH)

24 Chydoridae

Ovalona cambouei (Guerne & Richard, 1893)
Flavalona cheni (Sinev, 1999)

Alonella excisa (Fischer, 1854)

Anthalona harti Van Damme, Sinev & Dumont, 2011
Celsinotum macronyx (Daday, 1898)
Chydorus eurynotus Sars, 1901

Chydorus opacus Frey, 1987

Coronatella monacantha (Sars 1901)
Coronatella rectangula (Sars, 1861)
Dunhevedia crassa King, 1853
Ephemeroporus cf. barroisi (Richard, 1894)
Karualona cf. karua (King, 1853)

Kurzia longirostris (Daday, 1898)

Oxyurella singalensis (Daday, 1898)

29A Daphniidae

Pleuroxus laevis (Sars 1862)

Ceriodaphnia cornuta Sars, 1885
Scapholeberis kingi Sars 1888
Simocephalus serrulatus (Koch, 1841)
29d Ilyocryptidea

Ilyocryptus thailandensis Kotov & Sanoamuang, 2004
29A Macrothricidae

Macrothrix spinosa King, 1853

Macrothrix triserialis Brady, 1886

29d Moinidae

Moina micrura Kurz, 1875

Moinodaphnia macleayi (King, 1853)

244 Sididae

Diaphanosoma excisum Sars, 1885
Latonopsis australis Sars, 1888

Pseudosida bidentata Herrick, 1884

AN 3 Ceriodaphnia comuta

4.3 ANuYNYNvRIlsALNes
NNNSENWIRRE TSN wuin Lshies
faundianungu 250 fasodns Tasluggudsusgy
Isflasiaunuiuuy 213 fnedns wazgqnau

Uy dAunuindy 41 daseding Nidedggnia

a A

wulsulesAdanuynyuiign fe P vulgaris 5990931
laun Sinantherina spinosakag L. bulla ANa1HU
definsanenumuidulusiasiuiinuin srafu
Wgasadinn lugandswsay danuygnyuvedlsimles
uniga (50 #aedng) sesaunfie s1afui
aunudum lugguaasgu danuynyuds disedng
dlevdeyalsfmeslumsfinuiaded sniinszsidud
Auvanila (H) winfu 1.37 dvdanuasiaue
(E*) Wiy 0.69 (157471 3)
4.4 ANUYNYUVDIAALALYOUTY

NSANIAIUYNYUVDIAATLALGDUTU WU
fianunuuduTn 68 dsedng lngluggudsusgs
fMuYnyy 51 Adedns ganeuusay 1auynyy
19 ffedns ﬁu’aamqgmawmmim%mmgﬂﬁu
mmﬁejﬂ Ao B. deitersi,D. excisum Wwag C. cornuta
pudduiiofansananumuuivluidasundaii
wuin qevdssan Fendunan nnanayusnndiae
fo 22 Masiedns sedasnde s1afuthvienain

fimnugnay 6 fasedns Insernvdanunainydn
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(H) veeranlaawsulunIsAnyIASIN Windu 0.91

fytaugELaNe (E7) Wi 0.63 (@157199 3)

M19199 3 AuYnYLarAvinTInYedlshes

wazpalaweusuluurains 2.455u8

WWAINNaY  ANYNYN , ,

dn (Aniadns) " -
Tsfnes 254 137 0.69
AANLALYOLTU 68 0.91 0.63

4.4 anuduRussEUIalsAmes Aalawausu
wazdadedauandenunasensveni
PNNTAATIERANMUFURUSTEWIN9Tad
Aawanden 5 dauds Ao Anudunsa-Ansesin
A5l Ysuavesudfiavargdiianun
Usuaeandiauiiazansluh qquﬁmaaﬁwmﬂ
wiasnmsdmiay3sag fulshilesuazealnigeusy
fiarunguannniiiosay 1 Swuiedu 10 aU34
Tagldn1siasgvianduiusailuiinea (Canonical
Correspondence Analysis;CCA) wun adbAauanday
vaUsemsvesiniiauduiuiiulsimeuazaaile
wousuTiAduUsyavisanduius (Pearson Correlation)
(p=0.1421) eghslaifitfoddynieada wnuildasue
anudaiugsenindladedanndeuveniuaslsies
wazaalaweusy Wonldunuil 1 (Ads 1) uazunufl 2
(Axis 2) flesanniien eigenvalue ﬁmqaﬁqﬂ Wiy
0.997 uway 0.990 MINAIWU INN1TNAFOU Monte
Carlo test 31u3u 3 fuUs laun Anudunsa-Ang
g9t Arnsli wazUsinamewdiiazaoti
Favue nuANANLELTLSIYIAY 0.472, 0.810 uay

v ¢ 1 aAov o o

0.918 MUAIRU YeadurwANUALNUSaE9TUYE1ARY

o
¥

9aA (p=0.045) Tun1sfinwiaseil annmy dasune
19731 anudunsa-A1eveeun dauduiiusidauin
FulsAwaswazaalalgansy 31U5 aUTd tawn

B. deitersi, D. excisum, P. vulgaris, A. fissahae S.

longicaudumuf A UFUNUSLTIaUAUAINITU
TriazUsunauvewdsiazatstn nande lsiwlas
LAz AAN ALY BLIUAINENIVLTAMUMUILUUANAIIN

ANl karUSuNuveLdsiazate Ty

4BR
3

Axis 2

B forfic

ot

ok
4
S

AR| 4aR
AR Wl KT bulla
Axis 1

0 TDS 80

10 AHAR Cond

P patiu
*

A yydah
6AR * yliavoamasiney
A 1 g
*S spinos

=

A7 4 1PaZNTULAASHANITIATIZRANUEUNUS
sy a9 edanra envas N Ulsh nes uarranlniwausy

1n8N15ASIEY CCA

4. asunansAnen
HAN1IANYIANUNAINTLAUALANUYNYU VD
Tsfulesuaznanlawonsu luundsiians fwmin
Y358 9117 19 unas Tudnnguasusgu (Ratau
2560) uazgAnoUNTAN (Ww1ey 2561) wulshues

=

Visdu 14 996 21 ana 98 alTdJunilalinenuaiausn
Tudsvinelng 2 al3d fe L

. dorysimilis Wag L.
marchantaria Tsfne$ dna Lecane Lﬂuaqaﬁwu
uInfign 509a9u1Ae @na Lepadella uagana
Brachionus a11d1du Tugguasusau wulsiimes
WINNTIANBUNTAY WiazuramuInuelalsimes
oejsering 2557 aUd Aalausousu WuTieA 7 29d
25 ana 28 aUTd anafimuuniiga Ae Chydorus,

Coronatella wag Macrothrix WUdnagay 2 aldd

-525-



MIUTEYUIVINTFEUINAUILTTAVNR duInendansuazmalulad anInendesvigiunsnuu A 4

U 22 WOBAIAN 2564 QI AINYIAENT UNNINEIREIIVAIUNTNBY

favdmsay ralaausuiiauvanviauinnitgg
rouusAuuAazuVaNh nunalawoLsuagTENIng
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firunyu 68 faredns wiafidAuyngLANTIdR
Ao B. deitersi,D. excisumway C. Cornuta H1Ua16U
Wendunat lugeuausau aalalwausuilaiig
nuinnigaeudunse-asesh fanuduius
Weuaniulsimesiaz Aalaweusu 5 alTd lawn
B. deitersi, D. excisum, P. vulgaris, A. Fissa wag
S. Longicaudum uaiAudunusITeauiuAIN1TE

TriwarUsunaveawdsiazaieni

AnAnssuUsEnA
YOUANAIANTITE AT.8800A3 LauIzLieg
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Jey¥snevavaislas (Arachnida: Scorpiones) Tusuanziunnvasdssindlng
Checklist of scorpions (Arachnida: Scorpiones) in western range

of Thailand
AU wuded |, aigwarl ngws’
Wasin Navvanetivvongl, Natapot Warrit”

1,2 a Yy A a a A a a a Y
AUGTEINIYRNIEUANINGTT MATNTIINGT ALLINEIMENS ANl INeTdy

1vvas,in.nwntw@gmail‘com, 2natapotw@chula‘ac.th

UNANE

nsAnweunsuisuveusUas (Class Arachnida, Order Scorpiones) Tuussimnalnetudansoglu

v v
o A

3585LﬁmﬁuLLaﬂuaaG\ﬁﬂ’l‘i%ﬂﬁ’lsﬁayaﬁiy%ﬂ8%@5’3&5&53UUM§5@1§’1LLuﬂ%ﬁ@ﬁiﬂ%ﬂ wu Tun1sdnwnseil
Ihmsdreituiivuany fuanvesssmalnafionenuarumainvaisuaymsnszateivesunsUosluitui
Tnedayamunazgniusuanmaiuduenasuazmadisafegannmaauiudeliaioway? fegn
ustlasianun (n = 129) avgniinandnvidneasdugiuinemeusniasseysianeldindesgansmiliuas
wuuaweslevinmsaenmiegsuuesudazinfendesninoauas dnvhunuiinansiumisiinuusistes
uiazaeAgelUsunTy QGIS 3.16.4 nMsdTanuiegsueievun 5 3f 7 ana 35 vianszangegly
fufnamneTunnvesusenelng Usznaude 23d Buthidae Koch, 1837 (3 ana, 5 aU%d) 29 Chaerilidae
Pocock, 1893 (1 @na, 5aU%d) 29A Hormuridae Laurie, 1896 (1 ana, 1 aU3d) 19d Scorpionidae Latreille,
1802 (2 @na, 3 aUTd) uawd Scorpiopidae Kraepelin, 1905 (1 @na, 21 aU¥d)

o

AENALY : Tamnusng, w¥snede, 118013, Anumainvany, widenyTusenidedls
Abstract

In Thailand, taxonomic study of scorpion is still in its infancy stage. Most historical studies
provided inadequate checklist and uncertain classification of the group. This preliminary work focuses
on the western mountain range of Thailand to uncover scorpion diversity and their distribution
patterns. Intensive literature review and field collecting using ultraviolet light survey throughout the
western range of Thailand. All scorpion specimens (n = 129) were examined and identified under an
optical stereoscope. Scorpion photographs were taken using DSLR digital camera. The distribution
maps of scorpion each families were created by using QGIS 3.16.4 software. The results confirm 5
scorpion families (7 genera, 34 species) in the western range of Thailand, including Buthidae Koch,
1837 (3 genera, 5 species);, Chaerilidae Pocock, 1893 (1 genus, 5 species); Hormuridae Laurie, 1896 (1
genus, 1 species); Scorpionidae Latreille, 1802 (2 genus, 3 species) and Scorpiopidae Kraepelin, 1905
(1 genus, 21 species).

Keywords : Systematics, Checklist, Catalogue, Diversity, South East Asia
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1. Uni

wiaUe9 (Class Arachnida, Order Scorpiones)

. Ao a =

JuddiTinlunguénividdesiifiiy Seteissududa
WaaliguTeadenivsinguinaldaduasuiiam
Uaneaaveaaddaaninlu (telson) [20] wusUes
Usngirvulandsuddasnarsvesgyalegidou
(Silurian) 1ileUsTaM 425-450 ulneu  [17]
{]ﬁ]ﬁ;ﬂuﬁumﬂaaﬁmm 2,597 wila [19] wavisrgau
nswuksasnniuialan snunioumining

Tagtunmsfnwwustadlulsznalnedandlidu
wnsvane e 15AnwIaUNTUITULAEN1TIAIN
UnyFsetounsedulszmalaeininemansy
dnueud Kovarik iissadaien [2] edlsfinu

Joyanis@nwdminauanysalwazn1susulndu

'
a

Tagdulagiamezdeyaninusenounagluuiiuans

¥
Ya o

nsnsrangiveLusUausazyiln el ilidede

¥ '
S a

fmnuaulanisfinwieynsuisiuvesiustodluiug
wuInESunnvesUsEwalnatilasa nidunun U ng
AINGANANYTAUNDIIEITUAIIUNAINVATBUAE

sUuuNIsNsEMeivedusUadluiiug

2. AFaiunisAnen
2

v '
A a

fufluuang Funnvosussinalne fanue
23 Jwda laud Weesne Weodlny wigesaou d1mu
AN NRYIUYT T1VYT NTYT UT2AIUATTUS YuNns
szues gaugiondl an Qe nsed uasedsssue
n¥a e aga awwa1 Unend vgan wavussna

2.2 duAulenans

duAutenansmsAnwieunsuisiuuuaes
ndaidsnenuiitnnisusingnisussenednuas
wargUisuillilunisszyrialuiufivuing unnves
Uszanelng deil (11, [21, [3], [4], [5], 6], [7], [8], [9],
[10], [11], [12], [13], [14], [15], [16], [18]

2.3 MsAudIeg1enInauILLaN1SAUS N

a‘

LAUA0819UIUBIN1AAUINTINTY

a

wuInrFunnvessemalnedisnisldlnaiouase’
(Ultraviolet light) fhegnsiinuazgninwianinlise
lovnuea 95% waziAvlugifuditlgumndl -20 e
waldea o guiidervigameneiiuiginets
A1A31TIINYT AEINEIAIENT uIaINT el
VNINYIRY
2.4 nmsfnwluiesUjusinig
MMsANaNYMEdNgIUINEINEUBNLAL
sryviindiegisusdasniglandesqanssailduas
wuuanesle (Zeiss Stemi 508) $auifutioyadildain
nsauAUeNaNT YiNsangn nilegauisadday
yiasigndesddnea (Canon 7D Markl) wagdavin
wruianssiwisinuussaasaz el sun Ty
QGIS 3.16.4

3. WaMsANYILATaAUTIUNA
HANSANINULLIU B NA 5 3¢ 7 ana 34 iin
nsveaglununuwIng JunnvasUsemalny Fauand

Tunnd 1

-529-



mMaUsEyaivINsELeNaNUATESEAUNIR AuAnemansuazmelulag inInendesuigiunane AT 4

Uil 22 WeEATAY 2564 0 ANINBIANEAT UNINRETITAYTUNIINBY

AN 1 LHUNLEAIELAUAANU LU IuFaEI9A
Tuiunwung JuanvasUsendlng
#ma Aa 29A Buthidae Simon,1879

v oA s

1 A 29F Chaerilidae Pocock, 1893

2N}

A

WIADY AB 29F Hormuridae Laurie, 1896

fa\)}

YU #® 297 Scorpionidae Latreille, 1802

2N}

1Wy7 Ao 296 Scorpiopidae Kraepelin, 1905

3.1 29 Buthidae Simon, 1879 (n = 64)

AnwazuuaUadnd Buthidae: A8
816 20-120 1. [19] pedipalp & chela anweug
Seudn wazladl trichobothria U3ty ventral
Ypipatella

nunen: waUeeed  Buthidae 1uuaa
Uasiiifiwieuss serdeegnumenvauniouiiin
andfy) wu Wuenlinedls! viefisnirauseiifofiuiu

MY UM BLUIUBIUU

wuaUa929d Buthidae Anuluiuiiuua
aziunnvasuszindlneg: laun Isometrus
maculatus, (Degeer, 1778) 91 3. g314g)551Uuay
QLﬁGl [5]; Lychas krali, Kovarik, 1995 910 1. Wesne
Fedlnd (n = 4, 719 2 uag 3) nuazgans (n = 1);
L. mucronatus (Fabricius, 1798) 310 9. Wigasdau
Wedlnad WWeese NMYIuys 1905 (0 = 5, 2w 4
waz 5) iasyswartnend; L scutilus Koch, 1845
31N 2. 51993579 nszluazezan [2], (3] uay
Thaicharmus mahunkai Kovarik, 1995 910 1. LWEU‘J‘Lﬁ

(2]

5 mm

awdi 2 uwusdeswsila Lychas krali, Kovarik, 1995
Tu9d Buthidae Simon, 1879 wirgfiwuain anin

WJadlu; A Ae dorsal habitus; B Aaventral habitus
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AR 3 LnuALaasswUdsnnuLLsestn Lychas
krali, Kovarik, 1995 Tu33é Buthidae Simon, 1879
Tudiuiwuine Tunnuaslsemealng

Fung waneurusvasisUasinulunisdrsia
AAAUIY

o a ° ' ' a

AT LARIFIILNUIVDILIIUBINNIIUIINANS

AuAuLenans

A B

— 5mm

Al 4 wuseswiln Lychas mucronatus (Fabricius,
1798) luasd Buthidae Simon, 1879 wAE{Ainuain
JmIns1vY3; A Ae dorsal habitus; B fie ventral

habitus

AR 5 LnunuaassiwndsinuinUesvila Lychas

mucronatus ~ (Fabricius, 1798) 124 Buthidae
Simon, 1879 Tuiufikwing Junnveslseinalng

Aung wangsruisvaasUoainulun1sdsia
AIAEUIY

a a ° ' ' a

ALY LEAIAILTUIUDILIIUBIINSIURInNIT

AuAULeNENS

3.2 29 Chaerilidae Pocock, 1893 (n = 27)
anwazuuslaeasd Chaerilidae: A1)
810716-80 Wu.[12] wazdNITUNVEIBVDILEY
coxapophysis ¥8e1dksnlUNY anterior
NueWn: LusUaend Chaerilidae fino1dy
ogfluvinanesiuneldfeufiudldsusuamanduls
unateeasd Chaerilidae fiwulufiuiinun
azdunnvasUsewmdlne : laun Chaerilus cimrmani
Kovarik, 2012 1 4. g5 men$o1l 3103 (n = 1, it 6
WaE 7) WYTUS YUNs (n = 2) @wan (n = 1) wasns

[7], [11]; C. kautti Kovarik et al. 2020 1A
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ad o 6

9. Us27UAIVUS [13]; C. neradorum Kovarik, 2018
N 2. gug351%; C stockmannorum Kovarik, 2018
91N 9. 59 [11] wag C thai Lourencoet al, 2010

70 9. US15IE [14]

5mm

AW 6 wistesuin Chaerilus cimrmani Kovarik,
2012 T3 Chaerilidae Pocock, 1893 wweE{fimuann

JWIAsIMUS; A Ao dorsal habitus; B fie ventral habitus

N la

o o o ud WA .
AN 7 LNUNLEAINILAUINNULLIU DU Chaerilus
cimrmani  Kovarik, 2012 Tufiufiuuingiunnees

Usznerlne

Aung wansswrtsvasusUasfinulunisdisam
AU
AT wansiundwesuuslesiivsiuainnig
duAulenans
3.3 29 Hormuridae Laurie, 1896 (n = 8)
dnvazuuiUasred Hormuridae:
Pedipalp i chala anwagziuu dusiauniudig
drutangves tarsomere |l V9V WULAAVIN
1 metasoma ViL%'EJ’JLﬁﬂ wazlaldl subaculear tubercle
i telson
eme): Ldasid  Hormuridae Snand
agluusnamenviau wu vshaddiuFenliviegeniiu
wueU0929d Hormuridae Anuludud
nuanzdunnvesuszindlne: laun Liocheles

australasiae 1775) 210 2. WFegbna

(Fabricius,
Wigosaou YUNT SeUe e (n = 1, NN 8 wag 9)

wagezan [2], [15]

——5mm

AN 8 wusUewlla  Liocheles  australasiae
(Fabricius, 1775) luisd Hormuridae Laurie, 1896
WMARINUIINTMIAI1TYT; A A dorsal habitus;

B Aia ventral habitus
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o a o | A ' a R
AN 9 LAUTLERIRLLINULINUB9RA Liocheles
australasiae (Fabricius, 1775) Tuiuflwuing Tunn
YasUsewalne

Aun9 wanaiwruavadeuaUanulunisdrsia
AIPAUNY

a a o 1 1 dl

ALY LAAIAILNUIYDILNIUBIINTIUINNNT

AuAuLenans

3.4 3@ Scorpionidae Latreille, 1802 (n = 12)
anwazuusUasaed Scorpionidae: A3
g1 60-180 1. [6] Wunustasvunnlg Tnild
A1 pedipalp i chela wuInlng) WarUIIUAIULNS
drutaeved tarsomere Il Y09 ANYAMEIAIY

nurwnn:  wuaUe93d Scorpionidae

dnerdeeglulnsauiialaduld nesiu idusiu

'
a '

LUIALAY WUINEY %58 99uUadn wasdyoiudu

o

oy f Y A & o ' o o
LUNL95 LU UD 999NN U UL UDINH AN ALY

o

‘vmmwgﬁﬁ]Lﬁmmﬂmmm%amaLﬁué’milﬁy&mua:
YU TENIU

uwnsUa424d Scorpionidae  fiwuluitui
uuanzIuanvasusendlne: laun Heterometrus
laevigatus (Thorell, 1876) 3N 2. YuNs (n = 1,
Al 10 uay 11) 331995517 uAIATsIINTIY P
ana [21; H. laoticus Couzijn, 1981 910 2. el
Maauys (= 1, Awd 12 uay 13) 51993
UATAISITUTIY T19YT waenss [21]; Javanimetrus

cyaneus (Koch, 1936) 310 2.@9a [21].

A 10 wusUeswiia Heterometrus laevigatus
(Thorell, 1876) Tua9d Scorpionidae Latreille, 1802
LWﬁQﬁwumﬂ{fwi’qu?; A @@ dorsal habitus;

B A ventral habitus
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Ad 11 wnufinansdwndsiinvuuslosvie
Heterometrus laevigatus (Thorell, 1876) Tuitdi
wuInzTunnvesUseialng

Aund waneurdenusosinulun1sdss
AAAUN

AT wansiuntsesuuadasfingsiuainnis

duAuLanans

—— 10 mm

AN 12 wasUesila Heterometrus laoticus Couzijn,
1981 Tuaed Scorpionidae Latreille, 1802 ig7inuan
JINT1WY3; A Ae dorsal habitus; B fie ventral

habitus

AT 13 wrufinanadiunidsfinususdesyia
Heterometrus laoticus Couzijn, 1981 ‘luﬁuﬁuua
priunnvesUseinalng
Aund wanauvtivesuuatesinulun1sd1 549
AAEUIL
ATenanatuniiueanuatesfinguainnis
duAuenans
3.5 29 Scorpiopidae Kraepelin, 1905 (n = 18)
anwuzuuUaelsd  Scorpiopidae:
A11U8179816224-75 11.[13] pedipalp & chela
NBaYADUTMULLALE subdistal tooth 91U 2 8
fiudnavausudorsaluas chelicerae
RUYLUA: wasUe929d Scorpiopidae
fnedeegldnauiiuniuiwenviosesunnveiu
wueUa929d Scorpiopidaefinuluiud
wuanziunnvosussinalag: laun Scorpiops
anthracinus ~ Simon,1887 a1A 3. L'W‘Ui‘lﬁ‘; S.

bastawadei Kovarik et al., 2020 310 3. @ga [13];

S. binshamii (Pocock, 1893) 1A 1. Wigasaau [2],
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[4]; S.birulai Kovarik et al., 2020910 2. YUNW3 [13];
S. citadelle Kovarik, 2013 910 2. AQYIUYTHAL
qaug$en9[9); S. dii Kovarik et al, 2020970 4. Wedlv;
S. dunlopi Kovarik et al,, 2020310 2. W41 [13]; S.
farkaci Kovarik, 1993 210 9. Wigosaau[l], [4]; S.
grandjeani (Vachon, 1974)370 9. UATAISITUIY;
S. kautti Kovarik et al, 2020 210 9. UASAISIIUIY; S.
krabiensis Kovarik et al., 2020311 1. ﬂi%‘ﬁ[l?)]; S.
longimanus (Pocock, 1893) a7 4. 1@l (n = 1,
m‘wﬁ 14 1ag 15) (new record); S. neradi Kovarik
et al, 2013 970 9. s¥uUBIAT YT TIUaznszd [8;
S. orioni Kovarik et al, 2015 910 9. WWasln [10];
S. phatoensis Kovarik et al.,, 2020 2710 9.4UNT; S.
prasiti Kovarik et al., 2020310 9. wiigosaou [13];
S. problematicus (Kovarik, 2000) 21A 4. tBedlual

(n =6, mwﬁ 16 way 17) [4]; S. scheibeae Kovarik

et al,, 2020 910 9. UASASISITUIIY; S. schumacheri

. AN 15 LHUNLAAIAILNUINNULLIU 39T
Kovarik et al, 2020 9101 3. $133; S. sherwoodae

) . Scompiops longimanus (Pocock, 1893) Tuiuiiuun
Kovarik et al., 2020910 2. W91 [13] .
ArTunnvasUsemalng

Aung wansiwrisvaswualasinulunisd1sia
AMAFUIY

A7 LENIALUUIVBILLIUBINNIIVINNAIT

AuAULNENS

5 mm

AN 14 LusUesviinScorpiops longimanus

(Pocock, 1893) Tuasd Scorpiopidae  Kraepelin,

—5mm

1905 wagAnuandmingvys; A fe dorsal

habitus; B Aiw ventral habitus it 16 wuslasvin Scorpiops  problematicus

(Kovarik, 2000) Tu24d Scorpiopidae  Kraepelin,
1905 negfinuanndmingiwys; A Ao dorsal

habitus; B Aoventral habitus
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V25 L E R

AMWA 17 unudinansdiundsiinvuusUesaiia
Scorpiops problematicus (Kovarik, 2000) Iwﬁuﬁ
wuIngTunnveslsemalng

Aunsuanssunisasudasdinuluns d1599
AMAFUIY

T2 wanaiwniweuusUesfinsiuainnig
duAuenals

sthalsfinusuuedaiilivindussniteniswa
MIAUALLDNENTUALNSAUAIBEINAFUINBIDLAN
urandeyalusfnilidaiaunaznslddnvasy
Tunisszyviafiviannuuiuey 017 S1uIuves
tricobotria flanusaiinn1suUsiule e [17] Fedamaly
Aansussenednvarveunewialusifiuanniy

TulszwalnenaenseezannEiuan

4. asunansAnen
AN HNULLIUBITINAUA 38 3R TuNuf
wunzdunnveaUseinalng lawn 19 Buthidae

(3 ana, 5 aUTd) 1A Chaerilidae (1 ana, 5 aUdd)

3¢ Hormuridae (1 @na, 1 aU%d) 23é Scorpionidae
(1 ana, 5 aUTd) waz A Scorpiopidae Kraepelin,
1905 (1 @na, 20aU%d) warsnenunsAunukeUes

31a S. Longimanus Asausnlulssnelng

AnAnssuUsznne
vevavandnlugudidorvigianiznisdiu
AnInen MeRYITINeT AnInerans Pnasnsal
uninendeililinisiismaslunisdrsiaiiu
frogauaziy 90UgWIAINIAlNMIINYIRENDIY
fyandiwnanlnvilinisatuayuiiuudviv

o

A1SANWILAIVY
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The Development of Environmental Awareness with

Circular Economy Lifestyle
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UnAnge

nsianmuaszriinludunedoutuitnsiesiliuysdansali®islulanuiinisiudsundas
Idegnadidu uyuduazduindenansamssegmfuviunadifuisimunlusuuuuiivainvatsuasnils
TuiufeiiTinasvgianyuisndaduisifianuddyseuyueriluamsvi 21 Wesnnilunszuadsay
Tanflanusavtilinnasissaseguesnsdiunatinaulsiuresssuuiinaiansssurfuag nsnagyinves
uywd fuluogaduiuarlideliAnsunsiesonisgydoarmainratenisinmitdludagiuuarounae
FTIAmswgAammuIsunelfiAnuszansamgegaiiiensiiulnedaunavesgsialagaziiuiFosnisly
n3wernsoersduamisludesnislénuninsaugiiuias nmsulsanmienduanldluluazniseenuuy
nAnAnsiuaznszuumsHanieliAnvedetosiiandumnefnunseuiinluduwindouldgniamuuazse
aamslﬁﬂsmgmaLﬂugﬂﬁiiuﬁ%’mw

o

fdndy : eumseiinludaaden, aTAnAsygRavsuioy
Abstract

Developing environmental awareness is a way for humans to live in a changing world. Man and
environment can coexist amid a variety of ways of development one of them is the circular economy
which is important to humanity in the 21 century because it is a global social trend that can make
human existence amid ecological variations both from nature and human action is peaceful and does
not pose a danger to the loss of biodiversity, both now and in the future. The circular economy has
been optimized for balanced growth and focuses on the cost of resource utilization in terms of full-
cycle product usage, reverting to reuse and product design and production process to achieve minimal
waste this means that environmental awareness has been developed and extended to a clear concrete
effect.

Keywords : Environmental Awareness, Circular Economy Lifestyle

1. unmi anuszy1v1@ (UN) LNYTI891UThe World

Tanludna3swil 21 dnsuSuasuednesiniss  Population Prospects 2019 @smianisaiinduiu
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#13 The 9R Framework (Potting et al.) A4l

-542-

Strategies

Make produet redundant by abandoning
its function or by offering the same
function with a radicallv different product

Ry Refuse

Make product

R; Rethink ense.

product

R: Reduce ¢ consuming fewer

R; Re-use

and maintenance of  defective
it can be used with its original

R Repair

Extend
life

Rs Refurbish

Extent of 9R Framework

Re Remanu- | Use parts of discorded product in a new
facture product with the same function

Spectrum of Circul

Use discarded tor its parss
R: Repurpose new product with a different function

Rs Recycle

Ry Recover

Pure Linear
Economy

Al 2 The 9R framework. Source: Adapted and
modified from Potting et al. (2017)[5]
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