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Abstract

The objective of this research was to study the surface water quality
Improvement by biomass fly ash. This study compared the coagulant between alum
(industrial grade) with biomass fly ash from power plant. The study of optimum dose,
coagulants type and efficiencies. The Jar test was used in a coagulation and
flocculation process with 100 RPM for rapid mixing for 3 minutes, then slower to 40
RPM of slow mixing for 30 minutes and settle for 30 minutes. The analysis of
characteristic of water before and after process included 5 parameters; total dissolve
solids, conductivity, turbidity, temperature and pH. The 6 levels of coagulant
concentration changes were 0, 10, 20, 30, 40, and 50 ppm respectively.

The results showed that the optimum dose of 2 coagulants gave highest of
efficiencies were 20 ppm. The water quality after the process use alum gave a total
dissolve solids, conductivity, turbidity, temperature and pH average of 41.10 + 0.20
me/L, 82.73 + 0.12 ps/cm, 6.66 + 0.04 NTU, 30.00 + 0.00 °C, and 541+ 0.26
respectively. And water quality after the process use biomass fly ash gave a total
dissolve solids, conductivity, turbidity, temperature and pH average of 47.60 + 0.00
mg/L, 95.83 + 1.53 ps/cm, 9.31 + 0.01 NTU, 30.00 + 0.00 °C, and 6.89 + 0.25
respectively. The efficiency of turbidity removal uses alum higher than that the
biomass fly ash from power plant gave an average of 63.65% and 49.22% respectively.

Keywords: Fly ash, biomass power plant, water quality Improvement, surface

water
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msLﬂﬁﬁ%ﬁamzﬂau%qﬁﬁhqqmfﬂfwﬁ‘uﬂ'aums‘mmaaa wiofinnandudu 0 ppm Wiy
fureadsazaretn Ssnsinvesudsazaren (TDS) deinteadunisinasuvetszy

5 '

van uazauieglui duluaveaudazanetiidsduegiuamnsilii uanndegieden

U
a a o 1

agluinauaiinsguamnIniiUszUAsliiiiy 1,000 Tadnsusiedns (nsueundly, 2543)

1%
a a

dmfumnudunsa-rs nuiasduannsouiulsahimauldaftenduda el a1y
2590 Wuswug (2559) nanliidlesnnansdudleararstiudrasunndals AU uaei
anmdushahlingilsidurenifnfudinsianmuseaduauiafnngneufuaséulda
wazanaudunsadnaioglunasiinasgunmuaminszdifesglutg 6.5 - 8.5 (nu
ounify, 2543) dwiumsmaaesinuhierndsnsvasssdatananiesnmsldansdu
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dleazaeihudnilidamnunnduazdonumiuniduiliddfievandas fafuddla
ansduluanudutuiigsiiorndsnismaassdadaid msihluldemluszvunisudn
ihispundssnuednedefesusumanudunsa-aslidandunans dduiaionduyu
13lunNsEUIUNSHARAIUATUNSIHNUSIMa sHud mT U T we N U Hiay
dilsrinneunisuiulsaasrdansuiulsalriadetiliduandaii insiznisvaaessinns
naaesTian N gumgiiviesUnd

A9 2 AENwEYRINBULaEYaIN1TUTUUTIwRETAT1aRENoUUTEIANANaREAN
Tsalniir@aunaldens

157803
adadu  anudu YDIu nnstilndn ANYY gl (°0)
(ppm) NIA-AN9 azanei (us/cm) (NTU)
(mg/\)
0 6.75 + 0.11 32.87 + 65.60 + 0.50 18.33 + 29.00 =
10 7.00 + 0.29 0.05 70.90 = 0.00 0.12 0.00
20 6.89 + 0.25 35.40 + 95.83 + 1.53 10.56 + 30.00 =
30 6.82 + 0.10 0.00 86.77 + 0.06 0.03 0.00
40 6.84 + 2.01 47.60 + 103.77 £ 0.06 9.31 + 0.01 30.00 =
50 7.12 + 0.06 0.00 109.33 + 0.06 11.71 + 0.00
4337 + 0.25 30.00 =
0.06 11.09 + 0.00
51.90 + 0.57 29.00 =
0.00 11.88 + 0.00
54.57 + 0.01 30.33 +
0.23 0.58

10T 2 MsulEauaminiaAuneudgdssuurdntinuszUveamaug
unspzan TnadsunlasUSinaansadenunznourendnasy finanududy o, 10, 20,
30, 40, Az 50 ppm MIUARU wm'wL{haaamﬂiiﬂiﬂ/\lﬁﬁamammiaﬂ%"U‘Uqﬂ‘fwﬁaﬁulﬁ
Alusedunils Jenuavun nesnan (2560) nanlid ilesnrnidasefiesduszneuvesans
sanles Seanursavinaneaiosninvesroaassdvinliarssunisludndesiusafu

[

\Hundoauazannzneuasgdsld uazlidnwagmanmenimiifnguidn 9 Wudwauann uae
fifluiifngs shlviansdunistameRnfinvendaosnounnagnouasgiuans shlfanunse
U1inansBunFOleR Ganudn yanismeassiinnududu 20 ppm Tusansamlunisan
mweuldfian Tnedaanugundsnismaasslneiade 9.31 + 0.01 NTU uazegluinausi
wmsgrunmmEUseUTlsiAu 10 NTU (nsweundly, 2543) dmsuianuidunse-a

naINsUTu R nRIRulaeiassntselningunaiidfieviliansiamin tne
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v

menautRveninlnuantRiduduihlifiesvdinimeasswesyailiussdnsan

9
a

TunsanANuguiafiane 20 ppm TA1fiLInAINITIAaedlagLade 6.89 = 0.25 eagly

nusanAsgILALA s UIAeeglutae 6.5 - 8.5 (nsuewsly, 2543) dadulal
Fududondumaeiiiieusuiielifuszuy angassa Wusvag (2559) Tiseauin s
vidhassmnldifumslauenquaudfannziinzaslaslifesfuasiiieusuandunse
aslifuseuy Geaenadosfunanismaass nuindiassainlsslwiridimaaaiunsn
Usuugsnmnminléd Tnefifesvdenisuusedailianas dmduensiilui uas
vosudsazarsthildfintu osnstadninilifindunsiavszafiazarsluth ns
Usuugsnmantinlasldidiaesannlsdluiidamna audnvusveadifiesdusenauves
oonledlave Fuduasusznovedunisiazanstudliloseu 1wy nadunds ms uay
inde friiasararsusuueglutiinanniagilidinisiilnihgedusie denndedma
YOINIINARDIVDINNATUN NBINAN (2560) @mmwﬁmwéfmmiﬁﬂiﬂ/\lﬁmé’qmiwmaaﬁa
fidgeninAudaumanaans wudeafuiurendiaraisth damstavesudearaio
(TDS) FenadondunisinnasiuvesUszquan uazauflegluth ddudwesudiaraistids
Juagiuamsilnil  wiyniegdadseglunusiinasgiuaunintuszd iy
1,000 fiadn3usiodns (nsueundie, 2543) dmsugamadl feedediliuaneiu oaain
nsvanesiguugiiveslngiaun

NnMsAnvIUSsUisu S namsaismnzneuiin auserinsansdufuLdi
aeslunsuiudssgunIniy wudssaninmiidfianesansadiangnouiis 2 vind
Usgavsnmlunisanaiesuldafigaiviinamududuresasiiu 20 ppm lned
AAugulagleAsliniy 6.66 + 0.04 NTU wag 9.31 = 0.01 NTU dwiuasadimznou
Usslamansdu wazidnassanlsdlalidauna mudidy duanddunmd 2 Tnsnmami
reumsuulgnhAudsvesnnugulaeiade 23.43 + 0.32 NTU Tngdszavsnmlunisan
Aeauiienandiduing q dauandlunind 3

—— {1a0¢ = @5au

20.00
=)
E 1500 -
2.
2 10.00 -
<
<

5.00 -+

0.00

0 10 20 30 40 50
AMLNTY (ppm)

AN 2 ANUYUTANLTUTUIN 9]
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L IGREGH Waney
3 7000 1 63.65
e
2. 60.00 T
=
e 490, 5153 51.20
& 5000 4 4591
< : 42.40 A
S 9.49
£ 40.00 N N 3564 3520
'ad
£ 3000 - X N\
H
E 20.00 - R N N
w2 ]
= N 3
& 1000 A \ \
r S RS %
- 0.00 - T T T T 1
10 20 30 40 50
AMUTNTY (ppm)
A 3 UszAnSamn1smdnanauguinanundusig 9 vesEsauiuasey
d3UNaN15338

nsfnEINIsNIsUSUUTIAunni ARy Tneldidraesainlsdlnilidiung
Wisuifeuduansdugeamnssuvianaduasaiamgneu lagvinnsmeassieadinad
Sasnsmuiinnuifiseu 100 seusewdl seeziian 3 unil nmudilanuitiseu 4o
FRUADUNY S¥EELIA 30 WY LAYTEELLIAINITANAZNBU 30 U AIUDNYDIANTAINS
noUiuANASRY 6 52U fie 0, 10, 20, 30, 40, WAz 50 ppm WU A154Y wazidaey
nlsdlatidaunaldfonamsamsaanauuuenindsnisuiuussamnini 2 gl
Usgavdamlunsanaaeuldafigaianududu 20 ppm Tnoflansduiiuszansaings
nindaseidnties Tnefiuszansnmlunsmdnnnuguadewinduiesas 63.65 uazies
av 49.22 dwisuansduuaziiassnlsslnihdna mudidu Tnefivis 2 yan1smnaesdl
AAuuudIsUTuURauamindaiedeniiu 6.66 = 0.04 NTU wag 9.31 + 0.01
NTU dmfuansainsmeneulszianansda uazidassanlsslnindiana muddv s
inuefnasTuAua i UssUirualiliAy 10 NTU nsdivesfioavdanismnasansly
Haeslifesdudosarnailunisuduafitorndsnisufuusamnini esain
AautAvondfnuanifdudedaiulivilifiesndsnimaaesiidanas msldarsdy
TumsududgnevilifiiormdimmesssdiaanasdeUiuaasduiiiuiuhidunis
Usuugsasiirnanudunsn videfievanas fafuidassdunannlsdlihdmaannsn
ilulflunsadngnouldlpeiifefnhasdudolindosmnailunmsuiuaftorvesni
dmunsuiuugeqanin Tngafilewndsnismaassdareglugasidunans vinlls
Audesansiafianalidne Wunsliusslonianneadedifleglutesiu dasanuafini
oongaunden YilmAnnswannidels
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SRIGIGIRIE
AsinsAnelagildsunlasansasramznousiindu o wagtieaiusainld
Uszgndldlulsmdnuasysuussnunmuilssdsiold

AnAnssuUIENA

{ideveveunmainIvinermaniduinden auginsimansinaluladuaz
NSNEAS  IMINeFeTvigesal nsuszdinaviauasezan lseliihfatesainiu
Jinozan dwiumsatuayuiangunsal uazieiesdlolunisAnuide

LONE381989

nuaYUN NBaNa, dnus fsenysng uaramdn diaysny. (2560). AIWANTOVES
haeenluddentsiidaindeguruiienszuaunsademenou uaniouidioy
nUansdy.  umaniendeinsmsmans, 6(2), 129-139

N9 Wusvun, aden Feeumying. (2559). msthdaindeainlsanudourinlagld
whaeednludiuansadunznew. wmInerdsinumsmans, 7(14), 12-22

A3ens IaUnge.  (2544). prwddyresh.  duidle 22 fusneu 2561, 270
http://Awww.nimt.or.th.

Fnya warsny.  (2551).  wINEINIETINVIAUAENISITNINGINT MATVITIINGT Uag
avAriermaniduandon Anginemans wivendododu. Wodlud

Usgmensuaungy. (2543). Anwéﬁmmigw@mmwzh/wm AMENTIUNITNITUIMS
Tnssmsdaliihazeelusuunihsveiandns

Usilund Beagy. (2551). msUsuUmannImiiady. aansanuinermansgunin
ooulatl 113vn1s sueTrewsly uardsandon. duile 27 fugieu 2561 91
https://www.stou.ac.th

wsdn auslnsasiia. (2541). msleaIummnaznaulumsusuysaszansnmssuun
nenoulsseIundnd Uszrumiadan. Gveadnus N UUNR)
UNINGNFUNYATAIART. NTHNN)

Tsalwihdaflezainiu. (2560). Senudsednd, salwihdadesainiu, szan
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Wastewater (20 ed.). Washington D.C.: American Public Health Association.

Journal of Science and Technology Songkhla Rajabhat University

7 1 atudl 2 n30AN - $U31AY 2563 Vol.2 July - December 2020




MsEFIVINTINEIAEauaznalulad unIne1desvigam 11

aunaAanslunisauwisilaedqelulasiansiuivaniou
Kinetic of Drying of Lanchester’s Freshwater Prawn by Microwave-

Hot air Combination

) al* =~ lav ¢ o A 1 o ¢ al
1RaYe Auna luns wadensu ,A930U NILYBUNATY  LLASNII0UY BBUYIN

. 1* . 1., 1
Mongkolchai Kampagdee , Maitree Polsongkram , Virat Whangkuanklang and
1
Karan Homchad

UNANED

[
v ad o

mATelTnqusrasdileofing saunarans, mmdsslnihdnne wazardly
mssuwisfanesfeaufou lulasiin uaglulasvsauivaniou Ateulunismaans
ouuasheauTeuiionmgdl 3 sefu Ae 50, 60 waz 70 °C Anuvuuuululasian 3 sedy
fo3,45uaz 6 We' wazemuvuwiululasisiuivandeu fnnnudiauai 1 ms’
feosfiaudududuiosas 70 %w.b. vinsvaaeseuwRsdeasaunsetinauiy
aavheuiiufosas 20 %w.b. nan1INAABINUIY NTBULTIFIBANToUBE1ALAYLT
grumpfiaudou 70 °C Taeuuisdufian 60 min nseuuisseaumuwiulalasow
6 Wg' filfiianeuniaiesiian 28 min waznseuurisioanumuwiulilasmsiy
aufouitmuuwivlulasion 6 We' fafugamgiianiou 70 °C THnaeuwsisiosan
16 min dmsumanuAEomdnusinznmseuuisisdosiffian fo n1seuuisie
aumunudulalasian 6 We' iiesethadien fensinsldndanilunssmenh wihfu 4.4
ke ' edniseuwineandouiidanuaine L* 11nndn nseuwieinelulasianuas
lulasinsuiuauseu dmsuandun (a¥) uazdivies (b*) aglA1geniiniseuurismgay
widgedununnunuiililasaniidisdy dwsudeulvniseuuisfaiifdigadio n1s
suwisaselulasanifissediafsriifeulunisaaesnnuduiu 6 We-1 Fsldinan
auwtk 28 min uawilnsinslandanulunssseni wihdu 4.4 kg

Addny : Narley, lulasii, n1seuudie, nseuwiselulasisiuivaueu
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Abstract

This research is study of kinetics, specific energy consumption and
color of lanchester’s freshwater prawn of drying by microwave-hot air combination.
There different condition were hot air microwave 3 level are 50, 60 and 70 °C,
density microwave 3 level are 3, 4.5 and 6 Wg_1 and density microwave-hot air
combination. The hot air velocity for all experiment was fixed at 1 ms . The study
drying of lanchester’s freshwater prawn, The initial moisture content was about of
70 percent wet basis until the final moisture content to 20 °C wet basis. The
results showed that hot air drying takes the shortest drying time about 60 min at
hot air temperature 70 °C, density microwave drying takes the shortest time about
28 min at density microwave 6 Wg-1 and microwave-hot air combination drying
takes the minimum drying time about 16 min at microwave density 6 Wg’1 with the
hot air temperature 70 °C combination. For specific energy consumption, lobster
drying showed that The best specific energy consumption is the drying condition
by microwave density at 6 Wg_l. The energy consumption rate in the water
evaporator is 4.4 ng_l. Color value of hot air drying, L * brightness, rather than
microwave and microwave-hot air combination. For the red color (a *) and the
yellow color (b *) will be higher than hot air drying by will be higher as the
microwave density increases. For shrimp drying conditions, the best is Microwave
drying of shrimp by microwave alone at the 6 ngl concentration test condition.
The drying time was 28 min and the energy consumption rate in the water

evaporator was 4.4 kJg .

Key word: lanchester’s freshwater prawn, Microwave, Drying, drying of microwave-

hot air combination
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unin
] <

flatles (Macrobrachium  lanchesteri) Wuffadsuumdndinuldluynginie
vosUszndlneg Fsdonthmviemsiusgnaunsuans iesndinadmalazuinisgs
wazanInnUsEnevmsldvaezULuL uennifwessilomimudsguvinduds
wiaielvanunsofuinuliliuu neiifsannsofnunsaniuagdvosdslilalaglaivinli
AnLEe
nseuListEisnIsnaufeuduitRuAuilisuauisunainsldouuis
WAAFsINSINERsINdILAeRn Fsnseuukaiiensnandeuliudnnsiemanny
$ounnanougiiuenvowmdndusinniulunianufouwdilusineluromansus (Fu
et al, 2017) Gsmseuuisnemsmnanouiifumaianiseuuisdldsumssonsuun
flanluszdilan ogalsfmuinifovansautlidiuinisiindn fusidudatugumgigadu
szziiaIuny 9 wsiliAnmadevy denuantR savid nau uagd veandninuel
(Suwit et al, 2015) wiledaafunsgaydevosnmunimadnsasilumsouuaisfingrian ¢
finnsdumeluladlniq uldfielvilussansamluniseuuiaiindu wu sursuse
Talasion Geinideldinluldvinnsmaassegisunsviats (Das and Arora, 2018) N3
suwisemdslalasin Wumseuuiaoadumiuiivesauuudindgn Welwanadiiid
ogluaunuuiminiifinduaud Tuananiolundniusiaziiansmuuagiinnisvy
nszunniusewidlanavhlmAnenufeustnemings anufeuiiintunielundn Souseid
anunsodsenemaaiunsluninsusioonunSsiauenaguinuazanusaUsendn
wissmannndudlefisuiuniseunisieauieu ( Serowik et al, 2018 )  uAnTEULHS
ﬁaaﬁwé’ﬂulmnﬂﬁ%’aLﬁaﬁamsﬂszmaqmwgﬁﬁlﬂaﬁwLauasﬁaL@uﬁmwﬂﬁwﬁmﬂizmswﬁq
Fadunauannisnszaendnuaiululasnnildaduae (Song et al, 2016) 41n
UanpuvatuiarianIsauLie lalinnsuimalianiseuwismendululasiinuazausou
wvhausuiy Woudludeideveuarisnsouudeliiiussansnmiiadu (Aiquan et
al., 2013)
fngusvasdluenuifed ednuiladeiiddesaunamans amdany
e wazAd vesniseuwiaiadeameanou, lulasin waglulasiansiuduandou
Tnewdmnevesnidde fo ldfweseuuisiifinnuiugarine¥osas 20 %w.b. uari
WiRBdEEY

BNMAas
1 NMSASEUAIDENN WD

Aalosilimnassindoainaan suneiles fanfauasmedun thund
Tfazvern udnhanantudeauszana 3 min ndudnduuninlilHusts 30 min uazih
fegnaiildlumanuiu Inedsosluaufigungli 105 °C umw 24 h puanAsgILYDY
AOAC (AOAC, 1995)
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2. ndeseunriaialasselulasivsiuiueniaiou

\3eseuwtiaados dvdnnisviau fie enmaneuenIzgRgaEnalgn
omaveadinngluiaieseuui ntusinimasgnasiuludesiifdnianudou
dhdieliornimiansmemannufeunngvhanudeuilienmeigumndasiuay
Heoulwinaeseuurs 1nifueiniafeuszgnasdludsieseuuiaionaniseuuisiales
Tngmsmuaugungiouwiaazgnasaindgungimemesludilainiadivesiies
ouua Wledsdyanaludwnauaueamgiiiieruayligamgilunmsouurianad fauans

PN
Tuguin 1
? Outlet air
Magnitron

| D Temperature controller

Drying Chamber - (=]
Temperature sensor
Product $
Vé Measure air velocity
N
< | Heater | { Inlet air

Blower

JUN 1 inSeseuusaeemelulasiavisiuivaniou

3. MINARBINITOUIS
3.1 mMssuwinlameausau
nsvaapssULfsHpefsansou vhmstssgumndouutiudeuly
nARDs 3 SEAU A 50, 60 uay 70 °C audwuuaziUaiaiesouuialy 15 min
nnduthdeehafslesfiwiouly 100 ¢ WfeseukazshnseuLiasesuy 15
min Mntuihfesiouuisesnudsuagyimsanduiindrimin Wedaase
wdhisesnduidiaosounisinniseuuissols min vhagnaisiuau 4 ade
Mntwhmafiusreznatluniseuuisdsenidu 30 min ¥igudaunseiads
dogauuisiinuiugaineindu 20 %wb. Sadudrfildinddsusanim
To4naNPNIMARDIVALTY
3.2 mysuwissglulasian uaglulasinsiudvauiou
nsnaaeseuwiieogmelulasiruazniseuuislulasinsuivay
$ou shnsisanadosauuilaeyhmatsavasanumuuuululasim 3 sedu
wazgamgiivesaniou 3 sedu auidoulunsvaaes \Waededly 15 min 910ty
hnegnafaeemin 10 g laluaeiivunadusinugudnans 10 cm Yy
WesauniauazNsoULRIosuIL 4 min 1niuthooninaniese UL
wudrduinegiaioluoumanuiunazdufinuanisounsis snmaaos
suwsauisBnadalagldiednetmloslmilasifiunainisounisiunadiag 4 min
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Wesnungusitegakaziifdeg1sliouniaudiu insnaaesgiaunseialaniuy
gavinenaroewiniu 20 %w.b.

4. NMTIATIEINITOULAS

a.1 Fhm’m%lu (Moisture content, M )

Ao AnfivsuenuInainifloglundn fusiiioutuinavessdndus aanuduly
wAnSuTIuauTugudon (Wet basis, Mw) Sssuwnlldainaunisii 1

M, =22 x 100

w

(1)

e M, fie enudugiulen (%wb) w fe maWenvesian (kg) d Ao WA

ve47an (kg)

4.2 9@ IUANUTU (Moisture ratio, MR)
fla AIvIUENdensINsasuslasulatinglundnduaiguiuusunamnuauy
SuAULTBNAINTOULINIATAY fHedun1Sh 2 (Diamante et al,, 1993)

_ Mi—Meq

MR =
Mo—Megq

iarnnutuiiddessnnilafisuiunnututuiu (M, <<M,) uag
amuiinailag (M, <<M,) Fsrazmauaunaluaunisiieiu vihliaunsadeu

aunsld WaEuns 3 Ualal et al,, 2018)

Wi M, fie ANNAUSUAY M, Ao ANuTL Aiaile o way M, Ao
dgl’ &) 5 @ 13 1
ANUTUENAS LUULUDITUAFIULNY (%w.b.)

5. ANAYDININDLNIUNEINITEULI

nMsMAdoUAMAE feLe3esind Hunter Lab u color CFEZ 0939 #n
anfaldszuunsia CE (L* a* b Tesdfidiadnuadng (Lishtness, L¥) Arauiluduns
(Redness, a*) LagAmnududindas (Yellowness, b¥) Sa1uanvanefienindadng ddund
wazfinnududmies mudisu vaisiien L* a* uaz b* fidau wuieds Amenudle e
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Wudideazdenududunctu anudisu @999 dmsunisman L* a* way b* ¥89
FNWALNENRIDULI LAz UlINTNAaBY

6. AMUAUUADINAIUI NIz LETUN1TOULI (Specific energy consumption)
aunsavlaanaunis (4) (Hassan et al., 2018)

E +FE +F

S E C — microwave blower heater

(Mi_Mf)

(@)

dlo £ Aowdanulaihild kw) M, uez M, fie unamndutudunayiig

A
ANUTUEANY (9)

HAN1TNARBILALAATIEVINANITNARDY
1. JAUNGAIARTNITOULIAS

1.1 9aunamansnIsauLiiweemeausau

navaaeseuuiilasfsausouistesaisr Tnsvhmseudsiinuduisudu 70
%w.b. Junalunseuuisrunseitimnutuaninewiiu 20 % wb. wuii TuszeyFud
Buntsouurafuuuunsd Inendsuanuioursgnldsemeiieanaindslesesis
soidles uaziflomnutuludsosandiasaunseifaiagaings sihlianudunislufalos
gemungariuentat dawalidnsiniseuniiiwesiidianas vivbinseuwisileauSou
Wsegrafealtszoznaeuuisunu fauandusud 2 wui mssuukafalesfigumniiay
$ou 50, 60 waz 70 °C ldiianouuwiis 135, 75 wag 60 min Aua1GU uansliiud
sumpiianfouiigaasiidnsinsouuteiiunnnitnniseuuieiigumaianieudi uagnis
suuaduduanduniseuuinunafinagasiudsudumseuuiuuuanasilionudu
anaNLNTETIIAINTIRAANGM (Hemis et al, 2015)

—&— HA 50
—a— HA60

Moisture ratio

0.0

T T T T T T
0 20 40 60 80 100 120 140
Time (min)

JUN 2 nan1snaaesradIiussn @ ANIRUT UL UWIIYRIN B EmgaLTa U
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1.2 sauraninmsouwiialaaiglulasim

mseuwissoauutllilason wuifieuvuuiulilasion 3 45 uay 6
We ldateuutia 55 32 uag 28 min wandlifuinanumudulilasonisvdnase
mMseuwsiaros Taganuvutulilasnnfigaasfidnsinseuuisiinnnniinseuuad
anumunwiululasmdisingy duanduguil 3 deSsuifisudusewing 2 Bouurs az
dilsinseuuissheanunuuulilasndsnsnseuuisiisnnniiniseuuriengas
Souifipsetnafien mzlilasirannsnadseufeunnneluddeles vilvinnuiy
melufssosgninewmndinneuenegnndwhlshiifuenssmeléiadu ( Maskan,
2000)
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nseuuit 2 38 svhauhufudeutluassnsetoidsveusayislviaau Swsdiuldd
msousanmmLililasnsmivaufouiidnsnseuuisiigailviszoziainis
puLIanas G91nmsiieuiisunseuwisiiaumuulalasion 3 sedu fe 3 4.5
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UL ANTWIU 60 wag 70 °C vataukimiazilssuratfianandu 20 waz 16 min
AUa1AU (Funebo and Ohlsson; 1998)
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2. drdvesissesfianngnmaaniingg
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thanavese s ( Alibas, 2007)
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mseuwisnganuruLiulilasinsuivaniou aglvien b* vowdndndigs
nIn1seulisalsaunuILiululasinSeausouiisseg1afen lauen b* 9y
Wasuuadlumuanumuudulalasomiiedy

Tnvafifvesieaziidanududiung fefian  a* ge iosaniidfiarsnuuaziin
Suusenu wilwusiReaduand L aflrmaciesmnmaiuasuulasmesdis uddnad
a* wnauiulufasvilitaiansinild dsesdiuldanamsed 2
A5 2 e

lalpson aumliauseu dvesrrloy
(W/g) (°0) L* a* b*
DULNAYANTDULNNDELAEN
0 50 50.20+0.66b 21.08+1.40d 23.27+1.52¢
0 60 52.95+1.06a 23.63+0.28c 25.17+0.34de
0 70 40.77+1.77e 16.32+1.61h 18.62+2.27f
suwsmelulasviiisseg1ahen
3 0 46.91+0.65cd 17.97+0.05¢ 23.25+0.09e
4.5 0 48.27+0.29¢ 19.94+0.09ef 25.05+0.11de
6 0 45.75+2.71d 17.74+0.85¢ 23.98+0.61de
aulismglulasianswivansou
50 37.70+1.76¢ 18.00+0.16¢ 23.80+0.11de
3 60 40.74+0.27e 19.54+0.04f 24.13+0.07de
70 30.43+0.58)  20.33+0.59def 26.43+1.36d
50 48.63+0.48bc  18.10+0.17¢ 24.13+0.24de
4.5 60 39.74+0.99ef 20.46+0.27de 26.03+0.40de
70 34.30+1.69h 28.05+0.36b 55.51+7.51a
50 32.97+5.05h 30.16+x2.07a 49.16+4.90b
6 60 38.06+0.67fg  21.19+0.27d 24.46+0.26de
70 40.54+0.18e 27.29+0.26b 40.49+0.89c¢

3. ANUAUADINA I UIWINEA LY TUNTOUWIAS (SEC)
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suwiafanesioaniouliissegrufvafiimdsnudumsiganindu 4199 kig'
gauuiieunia 70 °C n1seuwiemganuvuwiululasiviiieseguiediidingld
wé’amuaﬁ’%wwﬁwﬁqm 4.4 1 ¢ Amumnudulileson 6 W g’
Tulasisauivandeuiianisldndsnusiniziedswiiv 21.08 kg’
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vnudulalasion 6 W g shausiuduandeuiigaumgliviidu 70 °C faazifiuiinis
suwtseaumuldlilesivlediafieraziisanuduufemdsnusunedesan Tay
mEuEsmdnuariidiiananiloouuiideanumuuililasianiidanndu i
srgza Ui medziiA1terad dmsunseuniseanurukinlulasnsuivay
fouflimsauildemdnusmizannnit Wesnindsnuanuaaiaiinnudeusie
WnleanuauUdsmdnusmneiimunniiniseunisaumunuululasomeds
LRE ﬁ\‘iLLamﬂum‘i’Nﬁ 2 (Das and Arora, 2018)

ased 2 AennuAuUEomdsnus el luniseuurs (SEC)

lalasin  ommg wasulnihldlugunsalsingg

i ihilseme ——— —— SEC
gl ?j?m @ gawes  lulasiavl  simauenna /e
(W/g) 90U (k) (kJ) (kJ)
0 50 113.29 12704 0 2701 135.98
0 60 113.48 10927 0 1964 113.60
0 70 114.48 4194 0 614 41.99
3 120.26 0 408 327 6.11
4.5 0 113.77 0 386 261 5.69
6 0 110.45 0 289 196 4.40
50 110.04 5069 408 327 52.74
3 60 114.03 5167 408 326 51.03
70 101.60 5259 408 326 59.00
50 103.67 4562 434 294 51.03
4.5 60 114.73 4134 386 261 41.67
70 97.68 2104 193 131 24.85
50 116.05 2534 241 163 25.33
6 60 113.44 2584 241 163 26.34
70 115.16 2104 193 131 21.08

GFLY

nuamananes asulédedl mssuwisdeamumuuululasnsmiuaudou
ausavaeuiludensyvesiiniseunisrieanurukiulilasnvseauiouiissate
e shldsnnniseuuiufingelunasszenainiseuuriaduas Tnsasdiulidnng
sunsfanossoanumuuiululasnnsuivanfeuiiadesiigaiitoulvnismaass
mnuvuyulalasom 6 e saufugumgiianfeu 70 °C WlewSsuiisuiuniseuus
muauFeukaraunLdulilasniigieg1afes wasndanudtmgluniseuuis ns
suwisielulasiamifissegrufadosiigaiiieulunisnaasseuusiaarumuiuiy
lalasian 6 We* fidwiiu 4.4 kg™ lesanlulasivanssoauisadiomihanmelu
wAnfusieengiiuenldmaiuatlsifindsnuandwhaiudou dusumanafaaients
puwselulasiaismiuandou fa a* fdunntumuaumuiuiullasio
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Abstract

The biggest impact of particulate air pollution on public health is
understood to be from long-term exposure to fine particulate matter (PM2.5),
which increases the age-specific mortality risk, particularly from cardiovascular
causes. Usually, the hourly PM2.5 level fits a gamma distribution, and this has led
us to consider testing this via the coefficient of variation (CV) of these data. Herein,
we present two statistical methods for testing the CV in a gamma population
based on the Score and Wald methods. To compare their performances, a
simulation study was conducted under several shape parameter values for a
gamma distribution. The performances of the test statistics were compared based
on their empirical type | error rates and powers of the test. Their performances
were then illustrated by applying them to the hourly PM2.5 level in Hat Yai,
Songkhla, Thailand. The simulation results show that the test statistic based on the
Wald method performed better than the one based on the Score method in terms
of the attained nominal significance level and is thus recommended for analysis in

similar scenarios.

Keyword: Hypothesis testing, Measure of dispersion, Gamma distribution, Air
pollution

Introduction

The population coefficient of variation (CV) is a unit-free measure of
variability relative to the population mean (Albatineh et al., 2017). It is defined as
the ratio of the population standard deviation o to the population mean g,
namely @=ao/u, where u#0. Furthermore, it has been more widely used than
the standard deviation for comparing the variations of several variables obtained

by different units.

The estimator of CV has been widely applied in many fields of science,
including the medical sciences, engineering, economics and others (see Nairy and
Rao, 2003). For example, the applicability of the CV method for analyzing synaptic
plasticity was studied by Faber and Korn (1991). Calif and Soubdhan (2016) used
the CV to measure the spatial and temporal correlation of global solar radiation.
Reed et al. (2002) used the CV in assessing the variability of quantitative assays.
Bedeian and Mossholder (2000) used the CV for comparing diversity in work groups.
Kang et al. (2007) applied the CV for monitoring variability in statistical process
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control. Castagliola et al. (2011) proposed a new method to monitor the CV by
means of two one-sided EWMA charts of the CV squared. The effect of the CV of
operation times on the optimal allocation of storage space in production line
systems was studied by Frederick and Kut (1991). Doéring and Reckling (2018)
proposed a method to adjust the standard CV to account for the systematic
dependence of population variance from the population mean. The CV for the
injection pressure recorded during the operation of the engine were evaluated by

Bakowskia et al. (2017).

The literature on testing the CV in a gamma distribution is limited.
However, there are many methods available for estimating the confidence interval
for a population CV. For example, the confidence interval for the CV based on the
chi-squared distribution was proposed by McKay (1932). Vangel (1996) proposed a
modified McKay’s approximate confidence interval for the CV. Panichkitkosolkul
(2009) improved the modified McKay’s approximate confidence interval by
replacing the typical sample estimate of the CV with the maximum likelihood
estimate in the case of a normal distribution. In addition, the confidence intervals
for the CV based on a ranked set sampling was proposed by Albatineh et al.
(2014). Recently, Sangnawakij and Niwitpong (2017) presented two confidence
intervals for the CV in a gamma distribution using the Score and Wald methods.
These confidence intervals for the CV can be used to test the hypothesis for the

Cv.

Air pollution has become a major problem for people living in industrial
cities. It harms human health, and it also has various indirect implications for
society and the economy by, for example, undermining a country’s economic
growth potential through a reduction of people’s work hours and a loss of
agricultural productivity (World Bank, 2016). Air pollutants include gaseous
pollutants and particle matters (PM). Fine particulate matter with a diameter of up
to 2.5 micrometers (PM2.5) are so small and light that they tend to stay longer in
the air than heavier particles. PM2.5 can be emitted from combustion sources,
such as diesel engines and biomass burning, or formed in the atmosphere from
chemical reactions of sulfur dioxide (SO,), oxides of nitrogen (NO,) and volatile
organic compounds (VOCs) (Narita et al,, 2019). PM2.5 has a potential risk for

human health, especially premature mortality under long-term exposure.
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Moreover, PM2.5 can penetrate deeply into the lung, irritate and corrode the

alveolar wall, and consequently impair lung function (Xing et al., 2016).

Some circumstances have led us to consider testing levels of PM2.5 in
terms of the CV. The information could be advantageous for the Thailand’s
Ministry of Natural Resources and Environment and other related organizations to
realize and plan for solving or reducing the problem of levels of PM2.5. The results
from a gamma quantile-quantile (Q-Q) plot (Figure 1(a)), a histogram (Figure 1(b)),
and applying the Anderson-Darling goodness-of-fit test show that the hourly PM2.5
levels from Hat Yai station from January 11-16, 2021 fit well to a gamma

distribution.

The objective of this study is to propose some methods for testing the
population CV and identify the appropriate methods for practitioners. Two
confidence intervals proposed by Sangnawakij and Niwitpong (2017) for testing the
population CV are considered. Because a theoretical comparison is not possible,
we conducted a simulation study to compare the performance of these methods
and used these results to suggest a test statistic with high power to attain a

nominal significance level for practitioners.

The structure of this paper is as follows. The second section reviews the
point estimation of parameters in a gamma distribution. In the third section, we
present the proposed statistical methods for testing the CV in a gamma
distribution. The simulation technique and results are discussed in the fourth
section. A numerical example is illustrated in the fifth section. Finally, discussion

and conclusions are presented in the two last sections.
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Figure 1. (@) gamma QQ plot (b) histogram of the hourly PM2.5 levels from Hat Yai

station.

Point Estimation of Parameters in a Gamsnma Distribution

In this section, we explain the point estimation of parameters in a
gamma distribution. Let X =(X,,...,X,) be a random sample from the gamma
distribution with the shape parameter a and scale parameter £, denoted as

Gamma(e, £). The probability density function of X is given by

. _ 1 a-1_—x/p
f(xa,p) = ,B"T(a)x e’ x>0, >0, >0
(1)
The mean and variance of X are E(X)=af and Var(X)=af’, respectively.
Therefore, the CV of X is given by 6?=1/\/E. Since «a is unknown parameter,

it is required to be estimated.
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We consider the maximum likelihood estimators for & and B. From
the probability density function shown in (1), the log-likelihood function of «
and g is given by

in n
InL(a, B) = —%Jr(a—I)ZIn(Xi)—nln(F(a))—naln(,B).
i=1
Taking partial derivatives of the above equation with respect to a and g,

respectively, the score function is derived as

iz;:ln()(i) ~ nin(e) + % —nin(B)

n
Sx
i=1 no

g B

Then, the maximum likelihood estimators can be conducted for o and g,

Ula, p) =

respectively,

o= . -
> In(x))
2| In(X)—=——
n

Q|

b

where )_(zn'IZXl. is the sample mean of X. Also, the estimator of CV is given

i=1

by 0=1//a.

Proposed Test Statistics

Let X,,..,X, be an independent and identically distributed (i.i.d.)
random sample of size m from a population with finite mean, u and finite
variance, . Let X be the sample mean and S be the sample standard
deviation. Then #=S/X is the estimated value of the population CV,
=0/ .

We want to test for the population CV. The null and alternative
hypotheses are defined as follows:

H,:0=06,
H :0+86,.

In this section, we discuss two test statistics for the CV based on the Score
and Wald methods.

1. Score method
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Let ¢ and g be the parameter of interest and the nuisance parameters,
respectively. The score statistic is denoted as
W= U’ (a néo ) (aoaﬁo )U(aouBo ),
where ,@O is the maximum likelihood estimator for £, under the null hypothesis
H,:a=aq,, U(ao,ﬁo) is the vector of the Score function and I(ao,[?o) is the

matrix of the Fisher information. Here, it is easy to derive that the Score function

under H, is
D In(x,) + ==~ nIn(X)
Ula,,B)=| "= 2a, -
0
The inverse of the matrix of the Fisher information can be found as
follows
Wi 2K
e py=| " _ " .
( 0 :Bo) _z X2(2a0+1)
n na,

Using the property of the Score function, we can see that the pivotal

207 [ & n =
7 =1[ 0 In(X,)+——-nln(X
score n (; ( l) 2a0 ( )j

(2)

converges in distribution to the standard normal distribution. Since the
2
0 it is approximated by substituting & in its variance.

variance of ¢ is

Under H|;, the statistic in (2) is given as

28% (& n —
7 = In(X.)+——nlIn(X) |.
e =4 . [Z () + = nln( )J

From the probability statement, 1-y=P(-Z,_ ,<Z ,  <Z ), itcan

be simply written as 1-y=P( <0<u,). Therefore, the (1-y)100%

confidence interval for € based on the score method, CI, is given by

2 n 2 n
CIS =[ls’us]= \/;[M_Zl—;//Z ﬁ]y \/;{M+Z1_7/2 WJ 5

where M =nIn(X)-) In(X,) and Z_,, is the (1-y/2)" quantile of the

i=1

standard normal distribution. Thus, we will reject the null hypothesis,
H,:0=¢0,, if
2 n
90 <\/;[M—Zl_7/2 W]
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or

2 / n
90 > \/;[M +Zl—7/2 W]
2. Wald method

The Wald statistic is an asymptotic statistic derived from the property
of the maximum likelihood estimator. The general form of the Wald statistic
under the null hypothesis H;:a = ¢, is defined as

o T a8 P o
W, =(G-a) [ 1@ )] (@-a),
where l"‘“(&,ﬁ) is the estimated variance of & obtained from the first row

and the first column of /™ (0?,[?). Using the information of partial derivatives

from the previous subsection, the inverse matrix is given by

2 2%
r'ap= I T
12X X’Q2a+))

n na’

26°

where 1“(a, B) = . Therefore, under H,, we obtain the Wald statistic

no o .
A= _20?2 (a—-a),

(3)
which has the limiting distribution of a standard normal distribution.
Therefore, the (1-y)100% confidence interval for ¢ based on the Wald
method, CI,, is given by

R 24> . [28°
Clwz[lw,uw]z 1/\/a+Zl;//2 7, 1/\/61—217/2 7 5

where Z,_ , is the (1-y/2)" quantile of the standard normal distribution.

Thus, we will reject the null hypothesis, H,:0=6,, if

~2
6, <1/ 0?+Zl_7m/2i
n

~2
or 90>1/ d—Zl_ymfzi.
n

Simulation Study

In this study, two methods for testing the population CV in a gamma
distribution are considered. Since a theoretical comparison is not possible, a

Monte Carlo simulation was conducted using the R version 4.0.3 statistical
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software (lhaka and Gentleman, 1996) to compare the performance of the
test statistics. The methods were compared in terms of their attainment of
empirical type | error rates and the powers of their performance. The
simulation results are presented only for the significant level y = 0.05, since
1) y = 0.05 is widely used to compare the power of the test and 2) similar
conclusions were obtained for other values of y.

To observe the behavior of small, moderate and large sample sizes, we
used n = 10, 30, 50, 100, and 200. The number of simulations was fixed at 10,000.
The data were generated from a gamma distribution with f=2 and a was

adjusted to obtain the required coefficient of variation 6. We set @ =0.05, 0.10,
0.20, 0.28, 0.30 and 0.33.

As can be seen in the simulation results displayed in all the tables, the
empirical type | error rates of the Wald method were close to the nominal
significance level of 0.05 for all sample sizes while those of the Score method
were close to the nominal significance level of 0.05 for larger sample sizes. The
Score method performed well in terms of the power of the test for 8 >6,. On the
other hand, the Wald method performed better for 8 <8,. We observed a general
pattern; when the sample size increases, the power of the test also increases and
the empirical type | error rate approaches 0.05. Also the power increases as the
value of the CV departs from the hypothesized value of the CV. It was observed
that for large sample sizes, the performance of the test statistics did not differ
greatly in the sense of power and the attainment of the nominal significance level

of the test. However, a significant difference was observed for small sample sizes.
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Table 1. Empirical type | error rates and powers of tests for Gasmma(400,2), 8 =
0.05.

Metho 6,

d 0.01 | 002 | 0.03 | 0.04 | 0.05 | 0.06 | 0.07 | 0.08 | 0.09

10 Score | 0.955 | 0.165 | 0.009 | 0.054 | 0.195 | 0.432 | 0.688 | 0.865 | 0.956
Wald | 1.000 | 0.965 | 0.669 | 0.213 | 0.028 | 0.008 | 0.017 | 0.042 | 0.085

30 Score | 0.831 | 0.426 | 0.106 | 0.039 | 0.111 | 0.277 | 0.514 | 0.746 | 0.896
Wald | 0.970 | 0.809 | 0.474 | 0.164 | 0.045 | 0.057 | 0.153 | 0.322 | 0.527

50 Score | 1.000 | 1.000 | 0.987 | 0.338 | 0.083 | 0.636 | 0.977 | 1.000 | 1.000
Wald | 1.000 | 1.000 | 0.999 | 0.657 | 0.045 | 0.317 | 0.856 | 0.995 | 1.000

100 | Score | 1.000 | 1.000 | 1.000 | 0.769 | 0.068 | 0.837 | 1.000 | 1.000 | 1.000
Wald | 1.000 | 1.000 | 1.000 | 0.893 | 0.050 | 0.658 | 0.997 | 1.000 | 1.000

200 | Score | 1.000 | 1.000 | 1.000 | 0.983 | 0.060 | 0.977 | 1.000 | 1.000 | 1.000
Wald | 1.000 | 1.000 | 1.000 | 0.994 | 0.050 | 0.944 | 1.000 | 1.000 | 1.000

Bold numeric is the empirical type | error rates.

Table 2. Empirical type | error rates and powers of tests for Gasmma(100,2), 8 =
0.10.

Metho 0,

d 0.06 | 0.07r | 0.08 | 0.09 | 0.10 | 0.11 | 0.12 | 0.13 | 0.14

10 Score | 0.007 | 0.024 | 0.053 | 0.113 | 0.198 | 0.302 | 0.435 | 0.561 | 0.683
Wald | 0.668 | 0.417 | 0.208 | 0.087 | 0.027 | 0.009 | 0.008 | 0.009 | 0.017

30 Score | 0.820 | 0.436 | 0.113 | 0.038 | 0.104 | 0.270 | 0.511 | 0.750 | 0.899
Wald | 0.972 | 0.823 | 0.473 | 0.162 | 0.041 | 0.056 | 0.148 | 0.325 | 0.535

50 Score | 0.987 | 0.804 | 0.338 | 0.059 | 0.082 | 0.298 | 0.626 | 0.874 | 0.977
Wald | 0.998 | 0.947 | 0.654 | 0.217 | 0.048 | 0.099 | 0.313 | 0.615 | 0.852

100 | Score | 1.000 | 0.993 | 0.764 | 0.177 | 0.065 | 0.396 | 0.836 | 0.985 | 1.000
Wald | 1.000 | 0.998 | 0.891 | 0.369 | 0.048 | 0.210 | 0.653 | 0.939 | 0.997

200 | Score | 1.000 | 1.000 | 0.982 | 0.451 | 0.055 | 0.573 | 0.976 | 1.000 | 1.000
Wald | 1.000 | 1.000 | 0.994 | 0.599 | 0.046 | 0.415 | 0.943 | 1.000 | 1.000

Bold numeric is the empirical type | error rates.
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Table 3. Empirical type | error rates and powers of tests for Gamma(25,2), 8 =0.20.

Metho &

d 0.16 | 0.17 | 0.18 | 0.19 | 0.20 | 0.21 | 0.22 | 0.23 | 0.24
10 | Score | 0.051|0.082 | 0.113 | 0.152 | 0.196 | 0.246 | 0.304 | 0.358 | 0.424
Wald | 0.220 | 0.142 | 0.088 | 0.051 | 0.029 | 0.016 | 0.010 | 0.007 | 0.006

30 Score | 0.109 | 0.054 | 0.037 | 0.055 | 0.102 | 0.175 | 0.270 | 0.386 | 0.507
Wald | 0.480 | 0.306 | 0.160 | 0.081 | 0.039 | 0.040 | 0.056 | 0.096 | 0.151
50 Score | 0.362 | 0.159 | 0.065 | 0.044 | 0.073 | 0.163 | 0.296 | 0.457 | 0.616
Wald | 0.670 | 0.435 | 0.237 | 0.105 | 0.046 | 0.046 | 0.094 | 0.180 | 0.300

100 | Score | 0.781 | 0.468 | 0.190 | 0.058 | 0.063 | 0.175 | 0.382 | 0.627 | 0.821
Wald | 0.906 | 0.686 | 0.379 | 0.141 | 0.050 | 0.079 | 0.201 | 0.404 | 0.637
200 | Score | 0.986 | 0.845 | 0.473 | 0.120 | 0.055 | 0.213 | 0.563 | 0.846 | 0.974
Wald | 0.994 | 0.919 | 0.630 | 0.221 | 0.050 | 0.123 | 0.408 | 0.732 | 0.937

Bold numeric is the empirical type | error rates.

Table 4. Empirical type | error rates and powers of tests for Gasmma(12.76,2), € =
0.28.

Metho &

d 024 | 025 | 0.26 | 0.27 | 0.28 | 0.29 | 0.30 | 0.31 | 0.32
10 | Score | 0.080 | 0.107 | 0.129 | 0.154 | 0.188 | 0.220 | 0.257 | 0.301 | 0.348
Wald | 0.142 | 0.097 | 0.068 | 0.049 | 0.032 | 0.019 | 0.014 | 0.009 | 0.009
30 | Score | 0.052 |0.038 | 0.044 | 0.060 | 0.101 | 0.145 | 0.201 | 0.273 | 0.352
Wald | 0.294 | 0.186 | 0.115 | 0.069 | 0.045 | 0.039 | 0.041 | 0.055 | 0.081
50 | Score |0.143 | 0.079 | 0.042 | 0.047 | 0.077 | 0.127 | 0.202 | 0.301 | 0.412
Wald | 0.420 | 0.264 | 0.148 | 0.086 | 0.052 | 0.045 | 0.060 | 0.096 | 0.159
100 | Score | 0.445 | 0.228 | 0.098 | 0.049 | 0.063 | 0.126 | 0.237 | 0.394 | 0.570
Wald | 0.667 | 0.432 | 0.231 | 0.109 | 0.052 | 0.054 | 0.107 | 0.206 | 0.349
200 | Score | 0.827 | 0.553 | 0.250 | 0.084 | 0.051 | 0.136 | 0.328 | 0.576 | 0.797
Wald | 0.908 | 0.700 | 0.394 | 0.155 | 0.052 | 0.075 | 0.205 | 0.427 | 0.676

Bold numeric is the empirical type | error rates.
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Numerical Example

To illustrate the application of the two statistical methods for testing the
CV introduced in the previous section, we used data on the hourly PM2.5 levels
(ug/m’)  obtained from  Thailand’s  Pollution  Control  Department
(http://airdthai.pcd.go.th). The hourly PM2.5 levels were measured from the Hat Yai
station from January 11-16, 2021. The descriptive statistics are as follows: sample
size = 144, mean = 18.29, standard deviation (SD) = 6.33, CV = 0.34, coefficient of
skewness = 0.67, and kurtosis = -0.08. The distribution of the hourly PM2.5 levels
is slightly right-skewed and it has slightly thin-tailed data distribution.

A gamma quantile-quantile (QQ) plot and histogram of the data are displayed in
Figure 1, while density and Box and Whisker plots are shown in Figure 2. According
to the Anderson-Darling (AD) goodness-of-fit test, the hourly PM2.5 levels follow a
gamma distribution. Using a Minitab program (McKenzie, 2004), the hourly PM2.5
levels from the Hat Yai station were from a gamma distribution with a shape
parameter, @ = 8.5972 and a scale parameter, ,5’= 2.12763, while the estimator

of the CVis § =0.3411.

Table 5. Empirical type | error rates and powers of tests for Gasmma(11.11,2), € =
0.30.

Metho o,

d 026 | 0.27r | 0.28 | 0.29 | 030 | 031 | 032 | 0.33 | 0.34

10 Score | 0.080 | 0.107 | 0.129 | 0.154 | 0.188 | 0.220 | 0.257 | 0.301 | 0.348
Wald | 0.142 | 0.097 | 0.068 | 0.049 | 0.032 | 0.019 | 0.014 | 0.009 | 0.009

30 Score | 0.052 | 0.038 | 0.044 | 0.060 | 0.101 | 0.145 | 0.201 | 0.273 | 0.352
Wald | 0.294 | 0.186 | 0.115 | 0.069 | 0.045 | 0.039 | 0.041 | 0.055 | 0.081

50 Score | 0.143]0.079 | 0.042 | 0.047 | 0.077 | 0.127 | 0.202 | 0.301 | 0.412
Wald | 0.420 | 0.264 | 0.148 | 0.086 | 0.052 | 0.045 | 0.060 | 0.096 | 0.159

100 | Score | 0.445 | 0.228 | 0.098 | 0.049 | 0.063 | 0.126 | 0.237 | 0.394 | 0.570
Wald | 0.667 | 0.432 | 0.231 | 0.109 | 0.052 | 0.054 | 0.107 | 0.206 | 0.349

200 | Score | 0.761 | 0.505 | 0.232 | 0.080 | 0.051 | 0.121 | 0.286 | 0.526 | 0.751
Wald | 0.861 | 0.655 | 0.372 | 0.152 | 0.053 | 0.068 | 0.171 | 0.367 | 0.608

Bold numeric is the empirical type | error rates.
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Table 6. Empirical type | error rates and powers of tests for Gasmma(9.18,2), 6 =

0.33.

Metho 0,
d 029 | 030 | 031 | 032 | 033 | 03¢ | 0.35 | 0.36 | 0.37

10 Score | 0.087 | 0.102 | 0.131 | 0.156 | 0.187 | 0.216 | 0.254 | 0.303 | 0.345
Wald | 0.127 | 0.098 | 0.065 | 0.048 | 0.035 | 0.021 | 0.014 | 0.010 | 0.009
30 Score | 0.042 | 0.038 | 0.047 | 0.067 | 0.097 | 0.131 | 0.183 | 0.237 | 0.301
Wald | 0.231 | 0.157 | 0.108 | 0.066 | 0.043 | 0.034 | 0.037 | 0.050 | 0.062
50 Score | 0.099 | 0.056 | 0.042 | 0.051 | 0.076 | 0.113 | 0.174 | 0.248 | 0.343
Wald | 0.327 | 0.214 | 0.133 | 0.077 | 0.055 | 0.040 | 0.053 | 0.077 | 0.121
100 | Score | 0.326 | 0.179 | 0.083 | 0.047 | 0.060 | 0.106 | 0.187 | 0.309 | 0.464
Wald | 0.538 | 0.366 | 0.198 | 0.099 | 0.052 | 0.052 | 0.083 | 0.156 | 0.264
200 | Score | 0.696 | 0.439 | 0.203 | 0.073 | 0.051 | 0.106 | 0.238 | 0.447 | 0.658
Wald | 0.810 | 0.589 | 0.331 | 0.140 | 0.055 | 0.059 | 0.142 | 0.296 | 0.504

Bold numeric is the empirical type | error rates.

Our interest was in testing the population CV of the hourly PM2.5 levels.
Suppose the researcher wanted to test the claim that a population CV equals 0.35.

The null and alternative hypotheses are respectively given as follows:

H,:0=035
H,:0#0.35.
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Figure 2. (a) density plot (b) Box and Whisker plot of the hourly PM2.5 levels from
the Hat Yai station.

The lower and upper critical values of both test statistics were shown in

Table 7. The null hypothesis H, was not rejected since 0.3020< 6, <0.3820 and
0.3104< 6, <0.3927 using test statistics based on the Score and Wald methods,

respectively. We conclude that the population CV of the hourly PM2.5 levels does
not differ from 0.35 at the 0.05 significance level.

Table 7. Critical values of test statistic based on the Score and Wald methods for
the significance level of 0.05

Critical values
Method
Lower Upper
Score 0.3020 0.3820
Wald 0.3104 0.3927
Discussion

The aim of this study is to identify potential methods that can be
recommended to practitioners for testing the CV in a gamma distribution. From the
simulation results presented in Tables 1-6, it is evident that the Wald method
performed better than the Score method in terms of the empirical type | error
rate. A general pattern was observed (as expected); as the sample size increased,
the power of the test also increased and the empirical type | error rates
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approached 0.05. Moreover, the power increased as the value of CV departed from
the hypothesized value of the CV. It can be observed that for large sample sizes,
the performance of these methods did not differ greatly in terms of the power and
attaining the nominal size of the test. Nevertheless, a significant difference was

observed for small sample sizes.

Conclusions

In this study, two statistical methods for testing the population CV in a
gamma distribution were derived. Since a theoretical comparison is not possible, a
simulation study was conducted to compare the performance of these methods.
Based on the simulation results, the Wald method performed better than the
Score method in terms of the empirical type | error rate. The Score method
performed well in the sense of the power of the test when the population CV was
greater than the hypothesized value of the CV. On the other hand, the Wald
method performed better when the population CV was smaller than the
hypothesized value of the CV. In summary, we would recommend the Wald
method for testing since its empirical type | error rate is close to the nominal

significance level.
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Abstract

The objectives of this research aim to determine and evaluate the
contamination level of heavy metals including zinc (Zn), copper (Cu), cadmium
(Cd) and lead (Pb) in the sediments collected from cockle culture and non-culture
areas at Tha Tong estuary, Surat Thani province. Surface sediment samples were
collected with Ekman Grab from 3 stations in August, 2020. The concentration of
heavy metals were determined by Atomic Absorption Spectrophotometry (AAS)
technique. The assessment contamination of heavy metal in the environment was
assessed using four indicators, which include Geo-accumulation index (),
Contamination factor (CF), Sediment Pollution Index (SPI), and Pollution load index
(PLI). Results showed that the concentrations of Zn and Cu were in a range of non-
detectable (ND) to 6.28 pg/g and 0.00 to 20.81 peg/g, respectively. These
concentration levels of Zn and Cu from all three stations were not exceeding the
coastal sediment quality criteria, which was issued by Pollution Control
Department of Thailand. Pb reported as ND for every stations. Whereas, the
concentration of Cd (0.00 to 23.83 pg/g) was over than the standard criteria. The
risk analysis of le, indicated that the heavy metal Zn was in a range of un-
contamination to moderately level contamination in the sediment. While, the Iy,
values of Cu and Cd showed moderately level to high contaminated in the
sediment. The highest estimations of SPI was found in the cockle culture area. The
PLI values of metals in the cockle culture sediments were more contaminated
than Tha Thong estuary (PLI>1), which the values was in the range indicating the

degradation of the coastal ecosystem.

Keyword: heavy metal contamination, sediment, contamination index, cockle

culture area, Ban don bay
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(1190 terdumuazaniz, 2560) Insnstudeuvedaveninlungneufuiiunasiuiaun
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Haseglufiungneu (gaudnual Asdiduazany, 2561) mnlavgntindivsunauaandudy
figsannsnriiliiAndunnedednithmudaiudunmeregunmvosiuilon Tnsuyyd
#suansiiwdngsrnisanmauilnromsivudeulanswiin orafinadeguamluszes
g1uazAILEBIInlsady q muun Tnslameuandenuagas fianusanuially
dawandenlusssuvid mnlsfuuandouazdimansznuseln szuuilonazvaoniden
Turnedingfiinaroauesuayssuulszam Felaveminfsaossindmduamsnoune

gnthunouiiufineimziaienineddnvaunduisenlfgunssuninng
mamquﬁuﬁ 6 0o saudsunolyen vhang WuY Wed Neyaufvgauisdnnenaudn
famuenuuneisszana 120 Alawssuasdiufivssun 434,575 19 seafuthaing
rapsteslvyduunnifeaugauauysaiainnsarasvesmenoulnktinaedu
wiasemIddyvesdatn (Wigun saunes warlowns Auviaiies, 2562) e1dhuseu
Jugudnmvemimenssrsunafigauanysoiduuasifinnumarnnangluszuuing
namzia 1JuuvaninnsUssuaidrdgyuesssna unasoyuiadaiveia uagunaq
wngidsadniihuaneeiie lnsanzegsbenismzidsmesiasaduduaumin Tugn
Uuspulinenuindimingsugisidimamanveswasdlud wea. 2555 Ussuio 17,718
fu Anduyarindy 621 duum Farfuduuvawdnneswasaunadlngssfudu 9 ves
Uszmelng nsidsavesuasdludmingsugiondiuiuiuni 30 9 dafuanuiounes
ymntudesanldinalunsidesiosnisianisildie uazaieelddeuded dns
wansoralunsidsaesuassluiiuiisnnoleen suneviang WATEUNDNIYIUAYS
wosuasududniiiifszuunishvemsuuunsesiuiuns nousazenasidiacia o
Uinniuosimouliogmuinfulaaudnuszana 1 81 12 1 (esiing 2waad uax
ALY, 2559)

foyanisazanvoslangniinlungnoufuiuiie1ndunouldinsseauly
nsAnw1wes Roekdee (2015) Galdszyin Usnamaaidlon dingd vieduns gt uazlass
Fenedslunzneufufianoglutig 0.92-2.49, 12.87-3.63, 4.23-19.41, 18.08-33.95 uaz
31.85-77.32 mg/kg (midnusi) pusnsy dnlugnsazananvodlanguinlunynounu
avanaznuluvinamuiivinthneuss sSunenmgauiiug Smingegisnd vndeyans
dmsluneauy TeganegiuarmsliasziluiesUfoRnmsmuinalavenindign
szureasgenthuneulansuinluguveuaniion Tasdlen azin nesuns wazdsnyd i
MsssUsasgenlagiadeuTinm 104, 262, 47.1, 66, uag 423 fusietl Jedluvainis
Vudoundninnanunasifqeiidelsiuiiueu (non-point source) Tnelaveuiindiiieniu
HAosgeiodedTinuarsruuinavinaiiuiisnntiunoufens® uasuanilon (aufing
Ausafind wavame, 2550) Hufideudefusndiuneuduuinusineneuly 143
enumsazauvedlanzuinlungnoudiu (wandioy nzi neauns wazdanyd) wuin
Usnaumei nosuns uazdenedlufunrnoudien 9.8-27.1, 2.4-41.1 uag 5.5-91.2 ppm
muadiu Tngnosuasluuisannidanfunasiinnsgiung neudumeilmeiaitivualag
nsumuRuuaiiy Inglavemindnilvgdigausnuneiuasiunliianadussazinaily
ponly (algas TuBNa wavAuy, 2563)
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=

Tavzainazs Tnsdlon nosuas wazdenyd lunznoudunassdinuis uaziuiisessuinga
Faminguin wu Tasiflon nosuas axia daned Sanududueelutis 2.2-18.1, 1.8-44.8,
0.8-20.5, 7.1-215.4 fladnSuseilanutminui auddu wasdSunamesunuasdinga
fazaulungnoufuanaaesinuslutisiulaznarsassfiiifunasiaunmaznoudu
wazs Tt Sananesuandliifiudsnisuuidoussiuuunanwedansudniaaes usldwu
mstudeuvetlanewinie 4 vialuiuiisessuiiie luvasdl 9190 Jesdunuavan
(2560) T¥s19ruvsunalansnindivuileulunsneufuivindeunasatuas e
nsawme Ty 2 09 wut Aungnaufivindonsanm dnmsduidiougeniiviuisuFeunay
avs lnganglasiflemanagyinaud nosuns wazwan agnalsiniunisuseiiunis
Vuiouveslansuinluiiufisntuneu sududossniunisinwedienseds iiesann
Buiuifiinsiauveades 1N15Ve18AIVRIYUBY NISIATYLAULAYDIUIEIRAAINNTTY
wannvane UsznoududuiiuiivinnisinuasuazUssus saudansinzidesdn il
ddvasUszma vhliiinisudesveademdeiiania 9 aqgiLmeiqu'%mmmﬂ’[,umiazﬂ
dwalilavgminvanssiingnudeslilutouasdamndeuuarlVavaylussuuinamsia
wazweils neliinanudeulnsureminenssssuy ALazauIndoy waze199zdina
selilasiaRanssunsmzdesdn el nasnsuiinisarenenlulumddonmsves
uywduardeidindug FsdnudusdredaiidesinsfnyinazUssiduaniuninuednis
vuideuvaslangninluszuuiinansiavisilwosiiufiendiunou wetlulfidudeya
dmsumsuivnsianisnsuuidewveslaveninlufunsneuuinasnthunsusely

[

nUTEaIAYRINTITY

1. Anwmsuulaulanevindanyd nowna wandley waznzni lunsnauduy

USUNUTNNITILLRLINDELATIAE NUNUINWU LN VINNB S

2. Ysziiunmsvuiouvedlaneminlunenoudusiesid innisuuideuaina town
Atinsavaun1eTal (I, Uadenisvuleu (CF) dvlluaiiwvaangnoudu (SPI) uazdvil
Aszuane (PLI)

BAHUN1TINY
1. AMMUAYANUAIDENS

v v <

Nundmsuiumagmenauiulun1sAnwasel wuseandu 2 AU As NuAns

WANELALINBEBATY WATAUNUINUT TIUIUVIEY 3 @08 (A9 1 way m1519% 1) lag

a

Amunliaandi 1 dsegasanuiuivimes (Station 1) Fadugaiusiurlvasengsnatiu

o ala J

Aou LUNUNNTSZAUAMUANYDIUNTENINe 0.9-1.5 was an1dd 2 iWuaadluiunnisg
NS AEMBELATITINTE oL NN U NI I dusyesnie 1 Alawwns wasiung

@

fisgduanudnveninegsening 1-2 wns (Station 2) uazanilin 3 Wuituinismizites
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RULATITITsTEEMaInNunU nwd L TusE e 2 Alawns (Station  3) Teeilseau

1%
o '

ANUENTBUNBYTENING 1-2 lwas andlunisiiudiednfunznoulugisfeudamay
2563

saniitAUGnens

cstationts)

cStationy2:

o SN2 o = & 4 ¥ X4 &
29 1 annilinuiiegingnouay TUNUTUINWLLI D IMaENUTLNZIA8IMBEILATY

§ o (% 4

Ushaentiuney  dunemgauivg Swmingsugssil

L]

fa: Google earth (2020)

(%

M15°99 1 fidpgaiviegimzneuiuuinaetiuney Swingsugisnd

9

o

o a ~ a4 W '
A07UN wWnA UILIUNNUNIDYIY

azfan  9299n
Y Y

2 2 2

1 9.22099 99.49773  Unnwdithvimes (finsiidesdn iineil)

2 922714 99.48905 Huilwiziassvosuasaiannuslthysyana 1
Alawuns

3 9.23097 99.49275 HuflmziAswiesLATIIaInUInu ST 2
Alaluns

2. MsuAIREIRZNaUAY

WNufegeRungnauananlanig 9 laeld Ekman  grap iNuAgnauRUTIUIU
Uszanas 500 n3u wagvinsiusegemzneufuaniios 3 11 insutuarussldgady
wanafin Yauingeladn widudsauninfeiesd§iinns udnfvinuidedisly

VesUfjURnsgamgil 4 esewaduaaunitasiilvinseilutunsusely
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3. N15IASIZRUS Ul anzuiin

U1F08199ZNOUAUNIMINUANIULI UALTaZIDUALAITOUMIBAZILNTITUIN 100
i ntudafiognemznauiiu $1uau 0.3-0.5 nfu ldwranguruuuia 125 S08anT iy
nsndafissnidudusiui 5 Sadans uazdunsalusindudusiuan 1 Gaddes e vinis
dousegsansaraesy hotplate figamail 100-150 sarniwaldea undnATuYIMYA
Aomstenauysal MntuiisliliasazansiBundansesfenszatunses Whatman e
1 adluriniausinasvuin 50 fadans aeeeneuiivdoeiindu uaruuuSinsaud
50 Haddns wansansazaneiildldluriaindieddu (nsuimuniify, 2553) ety
Ansdimeanisvudeuredaneminlunsneudvludinaiivhnsine fendesdle
Ans Tnown3euansazatoanmsguiinududusd wadeuwiiu o, 0.02, 0.04, 0.06,
0.08 ppm  &wnzdwindu 0.1, 0.3, 0.4, 0.5 ppm NBILAY WU 0.2, 0.4, 0.6, 0.8 ppm
warmegAinfu 0, 0.05, 0.1, 0.15, 0.3 ppm wdnTsunTnuanspIuduRussEninenIs
aanduuasiuAadudy ppm veslanzlossuudazviaileifisurnisganaunaes

A9 IATIEA

4. n1sUsziiun1sUuilauvaelaneyiin

¥ v
o

msanwnisduieuvedanyminanuisedadidAnwmnsuuideuvedanynin
Tneldsudinsuuiddou leun sviinisavauniessdl (o) F¥HinETYIDINENOUAY (SPI)
Hasunsvuiou (CF) wazsviianszuaiy (PLY)

dyfinisagauniassdl () WWusdtansduandendgaldlunisuseidunns
Vuieulunznouiu Tnedandnasieudenisarausivoslansninialy Seanansa
Auwadldannaunsd (1)

I o [ Ch ] (1)
(ge0) = 98| 15R

oy C, Ao USunaanududuvedlaneminlumiegrslunmiiefiadnsuneilansy
B, fio Usunuanududuvedlangntingindslunzneufuves Roekdee (2015) lagen
AnsNulanyudndengd wandoularneawasluAunzNauaINUIINB1IUIUADUIIA
Wwindu 27.52 fiadnsusenlansy 1.49 Sadnsurenlansy wag 10.35 Hadnsusenlansy
U uazitastumdaiinisaraundsssdlannsaudadussiunsuudeuvemzneu
A (37471 2)
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A15197 2 YITUARIRNTALFULTITTALALTEAUNSULU D UVDINENBUAY

FEAUA g, srumsUuiouvasnznauiu
lgeo < 0 svduitlifnsuudou
0 < lgeo< 1 svsuitlifinsuudeusuissssuitinisuudieuuunans
1<l <2 sysuidinmsUuideudiunans
2< e <3 seviifinsuudoutunansaufassduiiimsudougs
3 < o < 0 sedfufifimsvutougs
4<le<5 Y "’Uﬁﬁmi‘UuLﬁauqaauﬁqssﬁ’uﬁﬁmsﬂuﬁjauqmm
lgeo > 5 sedufifimsvuitougann

n: Ho et al. (2010)

a

ftluaivrenznoudu (Sediment pollution index; SPI)
i intanunsnarieudsanneviornuiutouresnzneuduiiiosanlanemin
Miinaudeulunmsnmaslangudnimuannuiineglussdula nssuimmadnsan
nnsdanudutulaveninnnyilnanAnsiuiu (Singh et al,, 2002) daun13A1uInG

aunsi (2)
Cn] 2
— | XW
>[5 * wim
W

Tawen C, Wuvsunalansudnludhedimynoudiu uay B, Ao Usunadanswiniy
naslungnounu (Roekdee, 2015) @ua1 W, Huanihminanuduiivredanswinus
azwiln Femnudufivresdensadldadhwineidu 1 newaddaiminuiiiu 2 (Singh
et al, 2002) uaghaallouiAwvindu 30 (Kouchesfehani and Azizi, 2019) lawiing
§uunTaeen SPI iduiusiusesunsUudieu (msnefi 3)

SPI =

[ (%

A15197 3 ¥29A1 SPI NduwusAUsEAUNSULBY

JEAUAT SPI syfunisUuiouvasnsnaudu
9390 89 2 Usuandemznauiuiiunansssued
4192845 Usvandemsuuiloussauslunynouiu
%24 5 814 10 Usvandemsuuiloussudiunanslusynauiu
429 10 £4 20 vsvenfumstuiteusiugdlungnaudiu
A1LNNTN 20 vsveniumstuidousuusdlungneuiu

fi1: Singh et al. (2002)
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Hasunsuuddou (Contamination factor; CF) 1ushdSnuaiivmanznaunvly
anuwndeulagldsnsndiuves laveninudazailauaslansninding1s ieusziu
svsumsuuideuluanmuandeusineg (Kadhum et al. 2015) flaunisluntseuamss
aunsii (3)

C (3)
CF = m(sample)

Cm(backgroud)
10887 Creample HUAMUITNTWRRtaneninusaslalunenou wag Copackgound
Huanudiduveslansuiingindslungnouiiu (Roekdee, 2015) Faflanstiadenis
Uuidou wiseondu 4 svsu (msefl @)

A15199 4 AszeutavenisUueu

52AUAT (CF) sesulasenisuuidiou
CF<1 msuuous
1<CF<3 msuuitoulussaudunans
3<CF<6 msUuousnn
CF >6 msUudeuiasnn

Y

1 Hakanson (1980)

Fudnnszuafin (Pollution load index; PLY) Wushdiadilddmsudssdiunis
Fovanmwesszuuinamai esanlanewminluiiuiidedanuiedestussuuine
Mt ImammsmsqLLmIﬁmaaﬂ'ril,%"auaﬂ'lwmaasswuLaml,amsmuuawwmswu
Jnemainiuwsazdranaiigesnisanu (Tomlinson et al. 1980) launnsAuimnsis

wansluaunsi (4)

1

SPI = (CF; X CF, ...... ... .....CF)n )

gt n Aeduiuviiavedaveniin naaumdadonisvuiou (CF) vedlanewin
wiaz We n Wusuiuvedlanguinimuandesnisuseiiu avdlniseuatiwwisoandy

(@)

2 5EAU (AN51991 5)
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M15199 5 nauanbunisusealiuedan PLI

s¥auAn PLI s lun1susiliuvasan PLI
4390 8 1 AN MRENOURUTNANY Tl
>1 LRNSEBUANINYDINUNNI BTLUULLIANIILN

f31: Tomlinson et al. (1980)

#3UNaN1339Y
A15ATICHNIAIANUTUT UV AN TN IURTNDUAY
A53AsIZIMIUS U laneridnveIngnauay Lown dangd (Zn) waskiiey (Cd)

NoIuAs (Cu) kaznzna (Pb) Feainlaneninanaznsudulvedlusuaisazate dly
IATzImANUUTuYeslanyniina1eis Atomic  Absorption  Spectrophotometer

(AAS) HANITIHATIZYIMIAIAUINVUVDILANENTN LA NOUAY LEAIAIAITIN 6

A15719% 6 man1TIATIERlangrinlufIpgIREnaUAU

aonildi fdnzd (Zn)  waalew (Cd) NOIUAY i
(pg/s) (pg/9) (Cu) (Pb)
(He/9) (Me/9)

1 ND 0.00-1.58 0.00-10.90 ND

2 0.00-6.28 0.00-13.20 1.30-20.81 ND

3 0.00-3.33 22.66-23.83 4.21-15.32 ND
ANURTFIU 102.2 2.0 25.0 52.0

nu8we: Non-detectable (ND)  fig iA1AINI5eAUTITa1150n593T0, *ANUINT3 Y

AN MRznaURuYLHmzIalaensUAIUANLATIY

NANITILATIZYANUTLTUTOIEINEE (Zn)  Tunznoufunudn Usunadngadly
anfif 1 Saduiuiivinainudiwimesdidinisnsiaineglugas ND (Non Detectable)
fio agluszsuilianunsansiniamnuituduresdsnsaldshomainild duiuluanndi 2
Faduvsnafiinmawzidsmesuasiiiissesisaniiufivinudiesnluilussesms
Uszanay 1 Alawns wud Ysnuenududuvesdansdlidraglugig 0.00-6.28 pg/s uae
a0t 3 Fadufiufinisizidomesuaseiiflsroriieaniiuiivinuaddiean vy
sregn1eUsEanal 2 Alawns nuanududuresdengdegluaig 0.00-3.33 pg/g (M54 6)
FslaiiAunasiinnsguneneuRuneilmeiadiimuslagnsununuuaiiy (102.2 ug/e)

HANITIATIERANNTNTUYBILAATEN (Cd) TuagnauRUNUIT AUTLTUTO
weadlonaniifl 1 Faduiiuiivsnainwityimes fimegluyae 0.00-1.58 pg/g Tuvniy
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fanududuresandil 2 Fafuiufimanzdomesuasiifisvzeanituiivinuit
sontliduszesniaszana 1 Alawas wu anududuveswandouiinieglugig 0.00-
13.20 pg/g wazanilf 3 Mufimamzidsmesueasaifiszogisaniiuiivinusdihesnly
Uszanas 2 Alaiums wuenanduduvesuanilondiaoglutig 22.66-23.83 pg/g (519
6) Savaannildl 2 waz 3 fdAuAunasiuiasgusneuiuyelmeiadivunlaensy
AIUANNANY (2.0 g/Q)

HANTIATIZYIANTUTUYRImBLAY (Cu) Tunznaufu wuduSunumeuasly
a0l 1 Faduiuiivinaninuddwiines nudsinumeauns Se1eglugas 0.00-10.90
ug/e dwiuaniifi 2 Huitufimsedomesuasiiiszsozvisaniiuivinudihesntd
Uszanay 1 Alawns wud Usinaanududuvesmeiundeglugie  1.30-20.81 pg/s
waram il 3 iHuiiuiimamneifsmesuasiifisrssvisaniiufivinustheenluussanm
2 Alawns nuAnuuduvemaLasegluyie 4.21-15.32 pg/s nevnaniiiien Cu luiiiu
\nusianRsgIuRneuRueilmeiadifmuslasnsunuatLaiiv (25.0 pg/e)

Tuvagimududuresmeilungneufiuanmansainvemnanii froglu
s ND Faurnudiiudifiddniissfuiimedauazisnisnnaindildaninsonaia
1¢ lunnandiivhnsfnulasuinaenududureddansminvesuaaidouuazneauns
nmsfnuafsiifidnganiimsfinuives Roekdee (2015) aiUFeurisuu uwiium
arududuresdingduasnzialunsinuadsifiationndy

UszdiunsUuidouvaslanwiin
Arutinsaraugensl (I,
dydnmsazandassd Humdtansdanndeniignlslunisusadiuns
Vudeulunzneudu Tnerdinanasiouiinisasausaveslaneniniily nanisussdiu

v

YNNI TALAULYIGTUWFAIAINITIN 7

A15197 7 nansuseiliusvnsarauTas s

anniii NaN1SUTINUATUNTAZAUNIISIA
danzd wAnLdiau NDIUAY
1 ND 0.16 0.16
2 0.03 1.19 0.24
3 0.02 3.56 0.21

NANS1HANTUTEUAIRT LN TALAUTISTA NUIN daneFluganin 2
< dg‘, Aaa ::24’ a a 1 go’ I~
WUNUANTINIszL889188 kAT N9 US U Nkl eanluilussesUssuna 1
Alalns wag a0 99 3 WuNuNATnITIwILI 389108 WATINT T2 82919 NRUNUIN KN
gontuuszan 2 Alawns dawvi1iu 0.03 wag 0.02 aua1du Fseglusedunladingg

o

JudauaudseauniinisuuiUaudiunane wananin1suseiuafsinisasaudssa
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(lgeo ) VDIUAALTE WU aoniiit 1 saduiiuiiusnanuiivimes fidwiniu 0.16 49
ogluseiuildfinnsuuilonauianisvudeutunans an1iid 2 uitufiniamngdes
vesuATITTsrszsniuiiunuitheenluyszanm 1 Alawns fawity 1.19 Feeglu
seuifinsuudiouiunans wavandd 3 Duiuiinmamzsdemesuasaifszorviean
fufiunnuaithesnluuszana 2 Alawns wusviinnsavaudessdiingean lnefiduwiiy
3.56 Seagiiouninvesmsuuteulusedugs daunavese I,  vomeuaiy Aoy
Tur9 0.16 9 0.24 Fadnogluteilaifimstudouluaufimsuuouuiunas (e
7)

futluafivvoingnaudu (SPI)

Angrinafiwemznoudu Wuidiauanizuioruluiioues
avnaudu MsUsvdiunmsvuilouveslansudnlngldeduiuafvvamenoudiu Wunis
wansransudeulunmwsiuvedaveminlunsneuduvesiuiinisnzdesdn el
W 3 vila TngnanisUseidiuen SPIwudn aandi 1 daduusnainudiivimes fidsd
uaiwesnznoufu Javiiu 0.79 Feeglurag 0 fla 2 Ysuendameneuunainsssuud
eldwumstuddeu aanidit 2 Wuituiinsmnzidsmesuasediiissozsisanitufivnudi
oonluuszanm 1 Alawns nadwsuesd SPI SAvinfu 5.49 T eglutas 5 8 10 Ysuen
femsuuideusziuuunandlunzneuiu wavanidl 3 Wuiluiinisnzidemesuasedia
sropvhanniuiivinusdthesnludssana 2 Alawns fian SPlaglurae 10 fa 20 vsven
5&ﬂ'ﬁﬂul,'f"]aussﬁugﬂumzﬂauﬁu (SPI= 16.19) U'waﬂ5qmsﬂuLﬁauszﬁugﬂumsﬂauau
MnnsUsEEiuAn SPEwulufiuiinsmnesiEsmesunssiinsuuilevlunsnouny uazes
wumsﬂmﬁauqqqﬂuamﬁﬁ 3 Faduilufldsvosuassiidszozsinseanlainuinusith
Uszane 2 Alalums

A15199 8 HANNSUTELIUATLLAN WIDINTNBUAY

annil fulluafivroimenaumu
1 0.79
2 5.49
3 16.19

nsUszidiudiadenisuudieu (CF)

Pasonsvuideu WuiiTauafivniansnouduluaninundoulnely
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Abstract
TRY IT ON is an online application for cloth fitting that enables consumers to input
their measurement and create virtual model. It is a powerful and convenient tool
for consumers in order to obtain an accurate size of clothes based on actual body
measurement and product data. The design of application is practical, producer-
and consumer-friendly for online businesses. This application allows entrepreneur
to connect with consumers better and increase business opportunities. The aim of
this study was to develop and test mobile application for simulating online virtual
cloth fitting. The virtual model were created based on actual body measurements
and visualized by creating 3D human model. MakeHuman program and 3D Human
Reshaping with Anthropometric Modeling system were used to develop 3D human
model, and 3D Human Reshaping system was linked to user interface application
by Unity program via UDP Protocol. The results showed that TRY IT ON application
created a realistic 3D human models and visualized the actual shape and size. The
application was uncomplicated and easily operated. A user survey for this
application regarding usefulness, satisfaction, and convenience showed that users
were satisfied with application in a good level. In summary, TRY IT ON application
was a tool to create a virtual human model and able to visualize an actual fit for
consumers. This is the powerful and helpful application to automatically generate
perfectly fit products for consumers and can be applied as a business growth

strategy for entrepreneur.
Keywords: 3D human model, mobile application, online shopping
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Abstract

Sentiment analysis with text data mining is widely used for business
success. The researcher’s study is to identify the customer review sentiment from
Booking.com and Traveloka.com websites that both websites have indicated the
customer reviews and we cross-check in the prepare data process. We used more
tokenize engine including included MM, NEWMM andLONGEST with those of cut
word suite pythainlp’s stopword and our custom stopword. The results show that
the NEWMM engine has accuracy at 0.90 and 0.90for precision both positive and
negative reviews. However, the NEWMM engine with pythainlp’s stopword has
accuracy at only 0.81 and precision at only 0.81. Concluding, our sentiment model
with the decision tree technique can found better performance with the NEWMM
engine and research’s custom stopword.

Keywords: hotel reviews, sentiment analysis, decision tree, data mining
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nilnuisNMAAULaLAY

@ - awnsuiagWiiasy wWisuisufusan

AN 1 Frog1arIIlsaunsuluiuled

2. msRanwlnesiy pythainlp
Tulusunsu Python fiyadidadviunsdndnrsilnefildsunmsiaunfiided
Thai Natural Language Processing in Python (PyThaiNLP) LLazﬁ“quﬂ%imﬁaﬁm
ﬁwﬁﬁwﬁ@ﬁﬂﬁ
® N1AAAILUY mm  Dictionary-based Thai Word Segmentation
using maximal matching algorithm and Thai Character Cluster
(TCO).
® NIIARAILUU newmm Dictionary-based Thai Word Segmentation
using maximal matching algorithm and Thai Character Cluster
(TCQ). The code is based on the notebooks created by Korakot
Chaovavanich.

® N1IARANLLUY longest Dictionary-based longest-matching Thai
word segmentation. Implementation based on the code from

Patorn Utenpattanun.
FIYAFAANLUD UL DIINT ABWINNSARRWNILAY d1USUNWIBUERNNITAN

9
¥

YadaANugIudnTunuUIsuguUsEansanlunisdwunanuidn Tngesuiens

WuwarUsgansnmnisiuunanuiansuiumedasulddadulaluidedald @
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3. PMAmUIlUILNT

nsTUsunsudm3uded Tnwmdnae Python lugu 3.7.4 \fie5833U pythainlp
1.5 Tunsuszananauazn1sdnAl $9u8U Natural Language Toolkit (NLTK) wag scikit-
learn wiieldinTaationtssuundremaiianisiuniiesdeya Sefidunevlunisesnuuy
W lusinsu

A13197 1 YA Python dwiuaiiauarinusednsnin Model nsiuundaya

yamdansadnauazIaUszansnm Model msduundoya

# N139UANINTIGYATBYR

data_pos = [(line.strip(), 'pos’) for line in codecs.open("pos-hotel.txt", 'r', 'utf-8')]

data_neg = [(line.strip(), 'neg’) for line in codecs.open('neg-hotel.txt", 'r', 'utf-8')]

features_data = [(split_ words(sentence), sentiment) for (sentence, sentiment) in

data_pos + data_neg]

# AT Feature Uagnsuuastoyagnisne uag Label Fadusdn

x_word = get words_in_sentences(features_data)

word _features = get word_ features(x_word)

x_features = apply features(extract features,features data)

x_data = [x_features[i][0] for i in range(len(x_features))]

y data = [x features[i][1] for i in range(len(x features))]
foyafignadsdunouiluaiwuuuuionhnsuadiedlud “0” wie “17 iiel¥

safuAvesfAudnysifmualy Sslddruauannnit 2,000 A1 Auen Feature 7

Usngluduneunanside

4. msnagau K-fold (10 -fold)

wiadla “K-Fold Cross Validation” gnszulidu Golden Standard dmsunisasns
wazUsziliulsednsnin wselsunin k-fold Mmendnn1smalian1svl Resampling Aon1s
wisteyaifu k daufieaiauazyseifiuuszansamlua (train + test) AMurAadey
AIAINUGNABY (accuracy) wusdayaidu 5 folds Inenisuusdeyaseuduluegne random
Afnsnszaedilndifesiuthsanay bias lumsideaulug dealdmuilume foRtaos
AR k=5 %38 k=10
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M13199 2 YAAEIN1w Python e Tauseangain Model nsdnuundaya wuu 10-fold

validation

yamdansUsaanauseanSn1muuy 10-fold validation

# n13v1 10-fold validation
k fold = KFold(n_splits=10, random_state=1992, shuffle=True)
word_features = None
accuracy scores = [ ]
for train_set, test_set in k_fold.split(features_data):
x_train = [x_data_feat[i] for i in train_set]
y_train = [y_datali] for i in train_set]
x_test = [x_data feat[i] for i in test_set]
y test = [y _datali] for i in test set]
classifier = DecisionTreeClassifier(criterion="entropy',random_state=0)
classifier.fit(x_train,y_train)
y pred = classifier.predict(x_test)

NaN15338
mav‘haamﬁmﬂ%uLﬁsm’faagaﬁmm‘%"mﬁa&fmﬁfmwﬂwwaaﬁqﬁ%’u pythainlp LA
MM NEWMM wag LONGEST Aifinsimunandnueaza (features) wiouyndnd 13 3
wuu baud AnAReyaA1ai1aes AnA1eag Stop word U84 pythainlp Weuiunislisa
M WiolauenadNivBsAAINLYNFBT (accuracy) wazd uiunmudnwazA vowusazliLng
1. in3esiledad MM
wn3esiloyail 1 AlFFumsiamlusubus Inedyamauynsudmiuioulnelu
s efiuszavsamlunsiuunanuidnlagndeusnmunsdifinisfnuendd
Tungu Stop word wienduaumandnuuzndslesunmsindnu s 3

A15197 3 AIAUYNABY LarTTUIUAIAMENYEAEIATEIID MM

w3esiladind A1AUQNABY (accuracy) AAMaNYME(features)

cutword 0.85 2382
stopword 0.82 2174
not stopword 0.84 2448

musedl 3 eFesslefaduuulsidauendildainiugniesi 0.84 Famnldynsingdd
404330 cutword fidnAnugnFesgstudl 0.85 udnmsdnuenddea Stop word w09
pythainlp fiAAnugnaesanasi 0.82 Tudsdneuusiudwesmsduundoya lumsa
7l 4 fosunsusnaaszineuFan
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)] ! ! ° vee v 1 A oA
M1319N 4 ﬂ’]ﬂ']qllLLlIUﬂ’ﬁ'V]’]u’]Uﬂﬁqugaﬂﬁnﬂﬁ'}ﬂLﬂi@\'ﬁia MM

wsasdlandn precision recall precision recall
Cutword ausanlivau 084 086 Anuidnvau 086 0.3
Stopword ausanlivau 081 083 aAnuidnvau 083  0.80
not stopword AN Livay 083 087 aAnuidnvau 086  0.81

dmsumsnadt 4 fregainiesilo MM TRAranuudugnsallifinsdausndiie 7 0.83
(Audnlivev) uar 0.86 (AINFANYOU) uaznsiliyadauanA1vasITelviainiy
wsiughil 0.84 (anwdnlsivev) uaz 0.86 (MuFdnvev) uinsalldyndauendivos
pythanlp Teesusiugifios 0.81 (arwidnliveu) uag 0.83 (Anudinveu) i
2. eR0silosind1 NEWMM
iwsesiloyeilysl NEWMM  Ieiaunnauiynsulml dusuldifionsdadanuilneds
Iesunsiindn Tienanugndesmssd 5 wagAmuusiug LM 6
M5197 5 Aeugndios uazduiumadnuuzsoiIesile NEWMM

in3esiladad A1A21ugNABY (accuracy) ARnManEs(features)

Cutword 0.90 1764
Stopword 0.81 1541
13414 stopword 0.90 1833

mumsedl 5 eFesslefaduuulsidauendildainiugniesi 0.90 Famnldynsindd
¥03f3d8 cutword flFAnugndeainduio. 90 uinsAausndweyn Stop word Vs
pythainlp ﬁﬁinmmgﬂé’aaamaaﬁ 0.81 wazAIANULIUIIVBINITIHUNTBYA Tum319il
6 fieSurousnauUsEIANANLTAN

M13199 6 FrANLLIUMTYTIIUIEANUFEANMIEAILIATEIEE NEWMM

w3asdladnan precision recall precision recall
cutword ausanlivau 090 090 aAuidnvau 090  0.81
stopword auianlivau 081 080 aAduidnvau 081  0.81
1aild stopword  mdw3Anlaiveu 089 090 auidnvau 090  0.89

dnsunail 6 feyaaiesite NEWMM Teauusiugnsdlifinsdauendits 7
0.89 (Anu3anlidveu) uaz 0.90 (AuFAnveu) uagnsalldyndauendvesdidelaay
wsiugnfl 0.90 (Anwdnlalwou) uag 0.90 (ANiAnvev) udnsdlldyndausndivos
pythanlp Biansusiugudios 0.81 (mnuidnlivey) uay 0.81 (MuFanveu) dutles
ninsdidu 9 Wwueiuyeiesiio MM

A v o

3. AsesdlafnA LONGEST
\AI0ailadnAl Lunnsaneniianue1ndundn waznotduiasesilonianvay

'
= |

WANFI9IN 2 YAKTN BIN1SIRAIAIUGNABININAITIN 7 Wazm15197 8 dmSudAd
wilugveyaLaTesilonnmil

A15197 7 A1ANYNARY LAz utuAIAMENvEMmeIATedle LONGEST
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o

in3esiladad A1A21UgNABY (accuracy) Ananwz(features)

Cutword 0.86 1883
Stopword 0.81 1573
13414 stopword 0.85 1875

AA197 7 insesdledaduuulifauendldannugndesii 0.85 Famnldya
dnrvesite cutword fiAnAnugndesiigaindndl 0.86 win1sfauenmFIeYa Stop word
94 pythainlp  fiANIANgNHBIARAsT 0.81 wazAAI Mg waInsundeya Tu
M3l 8 fleBunsusnauUszANANSEn
M5197 8 FAnsusuM U mEnsneseadosilo LONGEST

wsasdlanmn precision recall precision recall
cutword ausanlivau 086 087 aujdnvau 086  0.86
stopword ausanlivau 082 080 Auidnvau 080 083
1414 stopword  Anuidnliveu 085 086 Anuidnvau 0.86  0.84

dmsumsed 8 Meyniedesite LONGEST Iraneuutugnsdlafinisdauandii
71 0.85 (AnwAnlivev) uay 0.86 (Mufdnvou) waznsdldyndauondvesidelsian
AL 0.82 (AnufdAnliiveu) uar 0.80 (AwuiAnvev) uinsdlliyadausndives
pythanlp TWemnuusiugiiies 0.86 (anuidanlivev) uay 0.86 (M midnvev) Fafos
ninsdidu 9 Wudsiuyeedesiie MM uaz NEWMM

aiUsena

n13yaeuadIRuLUUNITIIMUNAIINTAN N1T3TellsausuenATiaduly
dndule fidevhmaiSsuiisussiiumdnvosauuigiusmeiniosdedadiniwilne Toud
MM NEWMM uag LONGEST IngluusiazyniinsdausnduiteiunisanyTuasilsl
Fndumunszurunisairsdunuuliiussansaimnazaslidennuiivesnislums
Uszaiana ﬁﬁmﬁwﬁm%’uﬁmwﬂﬁwﬁﬂ 2 Wuv il 1 1dynd1 Stop word 84 pythainlp
wazuuuil 2 §Afeldadrsgadmiuedasisuaudenndi welimiuansnnuidndsag
Usngey maznwilneddavine viefdu dnikadensuansanuddnluniwiga fae
minsalazgnidevludnwazvesnivimeninndt awideudiliidunsussereidu
9713 dnunan1sUszidiu Model 7 wuilimannugnaesifigeluyairiesiiodad fe
MM (nsel Tdyadauendvegide manugndes 0.85 AAuLLiug13anvau 0.86 uaza
Auwiug3dnliveu 0.84) NEWMM (nsel TdynAnuenA1vedide AAugnaes 0.90
AALLug3ENTaU 0.90 UazA1AULiug13dnliyeu 0.90) uay LONGEST (nsdl 19
YAARLENAIYBIRITY A1ANYNADS 0.86 ArANUiug13ANYBU 0.86 UAzAIAIMLIUEN
Sanlsiveu 0.86) eifisuiunislildgndnusnddmsiiuszansainganin wuin yadn
wendveiteUsngussaninmiianitegdaay ddunsvesdiinuludoyaiitnun
ahasunuy defiduihluangumdiileuansimdsgnindiuds auami 2 e amd
5
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nsduunAuianiin1sideluraegsia wazewideves ual wonw1v i wae
suWa LuavsiaTNa (2560) ianldinatia Word2vec fafuduneuisiudiug Al
wiugh wazaugndedluadinsaindingy udlunuifedidenldmniuilne uay
afsuuuuATunelvgfefmaudnusazdu 1764 f1 dmduiniesiiodnd NEWMM
Teramgnéesit 0.90 wirunslaldyadauendiifmauanvuzil 1833 f dmy
\esilafind1 MM uuuiAuReuimwn fannugndesgeaniiies 0.85 uaz LONGEST i
AAnugniesgegaLiies 0.86 dvsudunuuiiltsmiumaiadulifaduls uazlsing
Usgdvgnngegaasulare NEWMM

msWausesenieltUsEAME AwlumsUssananafifliuauinnuarausIng
shemsandudguanuaziitvdnnsneedia Weldidend wagnszuIuns Feature
Selection #ifiendmsuntsifinausalunissuun vie nmsldinaiadu q lunssiuun
msanvesnsviviledeya leifiuuszavsanlulonasioly
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35901 @ mesur, sU0. ?quw%fuﬂ”ﬁ wazdudin gruglanad. (2558). nsldimailanism
willaadayalumsiunuazdnien wudvdmsvinfnwruemalulagasaume.
Mssawaluladansaumaaianseds. aduil 4 T 2558 : 1-9

WAT Ngnw1YIA wae SuNa WWgVSIITNa. (2560). MIuunAUAniueaulalvas
nvieaiten Taeld Word Vector uaznisi3uivaaaios. maivnisimalulad
ANTAUNA UNNINEGY wialulagnszaaunanszunsivile

guiiy) 1013w, dgwas wansnd, Nesiga Westdusueha way Tadia saen. (2561). 13
nagauluinavesTruLLuzINAMEUnslagNTImileaten11NanAInsale .
nsUszguAvimstlyyiidanisziuni adeil 8. 19

Wannaphong. (2560). PyThaiNLP Tuga NLP a1w1lngly Python (Online).
https://python3.wannaphong.com/2017/05/pythainlp-nlp-python.html,
nsngIAx 15, 2563

Puidui. (2552). SYSTEM ANALYSIS TECHNIQUES AND DESIGN FOR BUSINESS

(Online). http://sasdkmitl09.blogspot.com/2009/07/blog-post_23.html, 18

nsNIAN 2563

Kasidis Satangmongkol. (2562). 85U7¢/ K-Fold Cross Validation wisulandieeralu R
(Online). https://datarockie.com/2019/11/15/k-fold-cross-validation, 20
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1) UnAUITY (research article)

2) UNATIIVININITBUNANUUSTIAY (review article)

3) unANIIAaIniisde (book review)

Mnfdsuiunduuesnanansduasindne fanelusminendosvfgaswan
uazfifoumeuen dnivnsily wazusivajrnthu saauildiunsiionsanasifia
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awlnereundimuseawsanguluussindalu-Sedidouunainy (authors
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