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Abstract

Wan Khan Mak or Wan Khan Mak Setti (Aglaonema tenuipes Engl.) is a medicinal plant found at the forest edge in all
parts of Thailand. It is gaining popularity due to high antioxidant and anti-allergenic properties. It also has an auspicious
name that makes it popular as an ornamental plant. This study aimed to determine the effect of plant hormones on the
growth of Wan Khan Mak on Murashige and Skoong (MS) medium using plant tissue culture technique. The best callus

induction from seed was obtained when supplemented with 3.0 mg/L naphthyl acetic acid (NAA) on MS medium with
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the callus size of 0.68+0.19 cm and 86.67+5.77% callus formation. The induction of new shoots from the germinated

seed was observed when supplemented with 2.0 mg/L 6-benzylaminopurine (BAP) gave the highest amount of new

shoots formation (2.77 £1.59 shoots per explant) with the most complete size and appearance. The maximum root

induction from the shoot of Wan Khan Mak was achieved when supplemented with 2.0 mg/L NAA (11.93+1.65 roots

per explant) with 100% induction rate. Our results are useful for basic information on the use of plant tissue culture

techniques in the development of Wan khan Mak in Thai herbs and propagation as an ornamental plant.

Keywords: Aglaonema tenuipes Engl, plant tissue culture, plant hormones
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Figure 1 Characteristic of Aglaonema tenuipes Engl.
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LARARIINLNAAITUIUANN
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NANISANBINITTNUILARAFINNLNEA 1%
. X X 4 oA
dunanumamnasiteLiagas MS Adnzaslun
NAA ANNNT% 1.0, 2.0 ke 3.0 adnSuAaaaT was
NAA:BAP @MULINTH 1.0:1.0 ez 2.0:2.0 NaanIuaAadas
A o & . o & & o
wWarwll 12 §lan wudnmanamanwaaduwuasas
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mm@agjsl,mm 0.03+0.05-0.68+0.19 LUUALNAT LAZIDUAE
P8INIAAUARNTDELIZNINY 13.13+11.54-86.67+5.77
I@mLuﬁﬂﬁl,a‘%aguummnww:l,gmLﬁal,?iagm MS fiLdi
NAA auLdNTw 3.0 adniudedas Ravadradond
PN ALDRIVOILARTH LLa:é'@mmiLﬁ@Lmaé'agaﬁq@aﬂ"m
%o N9aia (p<0.05) (Table 1)

' g [ A o o s aa o A
LANAINN BB NIRIRIAUNIINOG (p<0.05) UANNRA

Table1  Size and percentage of callus induction by cultivated seeds of Aglaonema tenuipes on MS medium with

NAA and BAP at different concentrations

Treatment (mg/L)
Size of callus (cm) Callus induction (%)
NAA BAP
1.0 - 0.03 +0.05% 23.335.77°
2.0 - 0.08 £0.07" 56.67+5.77°
3.0 - 0.68+0.19 86.675.77°
1.0 1.0 0.110.10° 60.00£10.00°
2.0 2.0 0.02 £0.04° 13.13£11.54°
C.V. (%) 96.78 17.01

F-test

* *

¢ The different letters in the same column are statistically significant different (p<0.05), Each value in table is represented as mean + SD

fnuaznafauasdaluganinanasNiia NAA
ANULTNTY 3.0 AAENTNABRAT WUNIILITYVRILARAE
Mdunuuinziuusis (Compact) Aru3useliFilisnsan
DEITNININTITYIVDILAA UAZIIN TANTNARBINLGY
NAA:BAP aultud 1.0: 1.0 iadnIudadias wuiinng
USUONVBILURA INUTWAUNUAZETIILARARTUUTLI

dl a v v a a L

FUULN TANMTNABINLAN NAA ANULTadH 2.0 TadnTu

(A) NAA 1.0

(B) NAA 2.0 mg/L

(C) NAA 3.0 mg/L

AoAaT WULAANIVLBFILL TR BILNRATIUTURNN
uuaadmandosuasnuNIINTYRITIN TANINARDI
Ldy NAA anudutu 1.0 TaanIudados wunsain
unasdasdosaunnuaiinisaigvasdrunndalan 1a
MINaaaINidn NAA:BAP auLtutu 2.0:2.0 Hadniu
doday Anwmznnfaunsdaliosfigandiianisiasey
a .
WaIINNA (Figure 2)

(D) NAA:BAP=1.0:1.0 mg/L (E) NAA:BAP=2.0:2.0 mg/L

Figure 2 Effect of different concentrations of NAA and BAP on callus formation of seed of Aglaonema tenuipes Engl.

(photo taken 12 weeks after cultivation and bar =1 mm).

Tagnlmelwadae:daesluwiniinszdums
senuazmaadylassiswmd mudivgesluufizan
mouenanvaztglunsassiandeadufininedyle
mnuamsinsluaisihzdiuldimadusesluneen

a A

$u Ao NAA NaNu Tyt 3.0 IaansudadasiNuda8d

= =3

WornsNInTnin i Aauaadale aandunanuity

2 A

Fugilszntnmwlunistnihldifauaadaldd (g39
157elnslsanl uazamie, 2564) luzeinnuidudu NAA



Vol 41. No 5, September-October 2022

ﬁ@‘%ﬂﬂiwwumnﬁzymaaLmaﬁaﬁfaﬂam@iﬁmﬂﬁ@mm
INFALARIN 9% LLamsl,ﬁLﬁu’hﬂ%mmaaﬂ%uﬁvl.xigq
VININMBUN TrgdILES NI ANTINTINAUBanGud
agjimsflmuﬁ@vlﬁﬁﬁﬁu 010 NAA Uaz BAP 3370
Tumssninwiaitudunann wuinieanudud 1.0:1.0
fadnSudedas smansananudulassalaidnisiadey
#ouninnIlg NAA Wadataden lasfinnsuanasne
aUoINEauazIiauaaRERAaslud RIS uAN
wdfiatinanududuin 2.0:2.0 SadnTudedas wu
mafauasaatasLanII3YVaININGINN ugasimMle
BAP Laz NAA iauﬁulumwmiuﬁuga%u FNINTIVE
La“mmiﬁ'mumaaaan%mm:‘lﬂmi@ﬁuﬁayj’mmiumﬁ@
V‘iﬂﬁl,ﬁ@miﬁ]’%zymaoﬁnvlﬁmnﬁd%u {89910 NAA waz
BAP \Juzasluufvnduaanduuazlolalaiin F300nEnH
\ugeslunRvinuszaulusiniaibossyves euusle
uazdunundamstaiypasdudaunasainiuaasan lag
sonduimazindouiilazauluusnmaernldannnin
faudug uarfsmaninsiefidaesnlddn sulola
lafiuduzesluwRofinusauluwiaRmsudoaiuean
Fu lagazfiunumlunsaiuqamssanzasiaia il
Wemaesavesenuilolunsudasss uaziinadanis
La’%ruuﬁwmmaaLﬁaLﬁaLﬁrﬂumuﬁaﬂLLa::nn (Miransari
& Smith, 2014) Ssgasluniansesriaiinmvinaui
fassuMBITNaIwaeeNyile Lf‘IaLﬁaLﬁrgmuﬂam
wazsnEwAe T ualsnafiszanlwuiaRsudazoiia
Tl liwindw deislunnsdnsnsininliie
wARARINLNAARINENTALRen I Trlauas A TN Y
yaszaslunizannniguenfimunzanuiulsun o
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(Aglaonema tenuipes Engl.) in vitro

aaﬂ%ul,l,azvlfﬂﬂvl,ﬂﬁuﬁa%imﬂluLuﬁﬂﬁazﬁﬂlﬁaﬂuﬂin
Fniuaads leatIlUsEEnTA W dsazRulunsiniin
LARARLWATUNITRAdRINTeanTURI 0 brla la e
Ralden wiedesldaeslunnsgosrrniuisazanisa
wanduuaadsla (Abbas et al, 2018; Mostafiz &
Wagiran, 2018; Seyyedyousefi et al., 2013)

1 %] o v
Nazadaasluw BAP uaz TDZ @an1s¥ni i
LﬁﬂElaﬂsl‘l/i&l%'lﬂa')%ﬂaﬂ‘llaﬂ')'l%‘ﬂ%‘ﬁﬂ'lﬂ
NNTHFINANLDAVBIINUTUANINIINANT
LANSLNAA IR AW 8aaLTaNNTNYNLaa UKW
\WRoaiitaldagay MS Aildu BAP auLdutu 1.0, 2.0 uaz
3.0 UaAnTNG0RAT Waz TDZ AN T% 1.0, 2.0 Laz
3.0 IaAnSudafaT Wan1wll 12 Flanw wuhmnganis
nasadaIIatninlinasealndle lagswinuaalni
LAZANINENIVBILAAUARETANTNARDINANNUANGI I
agadinyfm N Iada (p<0.05) wunstinsaalndann
fgaunIWsaaitaliagas MS Nldu BAP a1
WNTH 3.0 Faansudafag ﬁﬁwmuﬂaﬂgaq@ 3.06+1.48
\ y= ' ' a o o a aa
B0 Ua bianuuandvadltedmayniaia (p>0.05)
o A a o o A a o 1 a 2 A
nu gaIfildn BAP anuidudu 2.0 IadnTudeday 5l
UIULaA 2.77+1.59 8aa (Table 2) luaIuv8IUM1AVBS
HAANUINNITLAN BAP @UNTH 2.0 Naanindaans
lfifiasaanfvmalnafigaarefitoddn (p<0.05)
N - APNR v o
FnSudansiaIntuiaey BAP anududu 3.0
fadnTudadas ddannaifiasaagingaainliedary
NNRNA (p<0.05)

Table 2 Effect of BAP and TDZ at the different concentrations on shoot induction

Treatment (mg/L) Number of shoots Size of shoot (cm) Shoot induction (%)
BAP
1.0 1.170.36° 0.41£0.11° 16.675.7°c
2.0 2.771.59° 0.93£0.18" 60.00+10.00°
3.0 3.06+1.4°a 0.71+0.1"b 80.00+10.0°a
TDZ
1.0 2.13+0.71° 0.32+0.08" 63.3315.77°
2.0 1.37+0.66° 0.95+0.22° 26.6745.7°c
3.0 2.10£0.97" 0.45£0.13° 80.00+10.00
C.V. (%) 50.62 25.82 15.00
F-test * * *

9 The different letters in the same column are statistically significant different (p<0.05), Each value in table is represented as mean * SD
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3.0 §aAnTudafay WUNNITVLIUVWIAFIUTIRL BN
rwalngiiluueasasdaudfnoufdoussinaaty
99980AlRNBILFULULARSE (Figure 3) LEuwLABINY
A. commutatum Schott “Red Valentine” 83NSaLAALARNE

A A X X 4 o a

"l,muaLamJaguummﬂmuammamawmqm MS L&
TDZ aNuULTUTW 0.4 UaANTUADNAT (Zuopu et al., 2018)

dl a U U a a L 1 a
TANMINARDINLGY TDZ AnuLdudn 2.0 Tadniudadas
fnaeSguasdmseadndsugiuasnoinioavilwnig

T Aa 3 v v ' a

uangaalndifadwldvios wavwauassaadimaaigann
figa (Figure 3) gasluu BAP uaz TDZ \fusgoiluuis
feglundulolalafimdwdsiiu lasfdsininmluns
RINILETUMIUUILTRR NITVNLVUIALAZNNTHAENIVES
vrad laudunuimainlwnnstninldiAaduuaznsiiae
19 (FUNT Uszidigasana, 2552) ANNANIANENN ber

(A) BAP 1.0 mg/L

(D) TDZ 1.0 mg/L

Patamaporn Tilarux, Amornrat Suwanposri, Sirichan Tachai,

J Sci Technol MSU

i . P X
W aNAINTMINNINIWIUL AT AATULAZYUIAVDIL DA
1 dld a U U a a L 1 a
WU gaIfilin1aia BAP anuidudu 2.0 Iaanudedas
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“e da X 0 o .
T wnveiveafiinuludianmgs veafildfivwalng
wazauysal aufieldasnisnisifiasealnaifigs
lunsfnwnisdniiseaszlnafiunsfiaduyg wuin
A. commutatum Schott Linzaalnaldunnfiga 4.08 aa
Watningls BA anulud 8.0 AadnSudafas (Abass
et al., 2016) Aglaonema Schott “White Tip” wuliauaala

= a A ad A o o o

¥Nfl9 6 Baq UazpaainIIesYUNAAL NGy BAP
anudutu 30 lulasluans soaaSgund ueliadnii
@28 TDZ anudutun 20 lulasluans sauisadninsea
16 6 aaLTUNL wAnsiaIvedsaatinnIzangm (Chen
& Yeh, 2007) 1anNi Aglaonema UITHA lwN13TNIN
saadadltaasluuie 2 wiia sunu 1wuln Aglaonema
“Lady Valentine” @24l NAA: TDZ fianuidudiu 0.5:2.0
JaanSudedas sannadniivealndlans 10.9 vaa

1 d‘ 1 = a v dl od o U a
udtlalFauisunisaiyusy saafivnindly BAP i
mitaslasnf@nin (Fang et al, 2013) las Ahmed
and Mohamed (2018) lasin& udavas A. commutatum
N ldAauaawuIdatningy BAP anul T
4.0 Jadnsudadag a'lmin%'ﬂﬁ'maﬂvl,ﬁmnﬁqﬂﬁa
4.56 880

(E) TDZ 2.0 mg/L

F el

(B) BAP 2.0 mg/L

(D) TDZ 3.0 mg/L

Figure 3 Effect of BAP and TDZ at different concentrations on shoot induction.

(photo taken 12 weeks after cultivation and bar =5 mm).
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(Aglaonema tenuipes Engl.) in vitro

T@zléhuﬂamm“ﬁuvimnﬁm’%mﬂummsgm MS Ldu
NAA ALt 2 AadnIudadias I31wausasmn ans
g71978937N LLa:é'mﬁmﬂﬁmﬁngoﬁqﬂaﬂﬁaﬁﬁﬁﬁﬁﬁty
NNRDA (p<0.05) YU 11.93+1.65 31N ANLIIIN
1.40+0.21 LFUALUAT LAZAAINNIILAAIINITaLaz 100
709890188 gmﬁlﬁu NAA ANULTNT% 1.0 Uaz 3.0

a

IafnTudafay aus1aU (Table 3)

Table 3  Effect of NAA at the different concentrations on root induction
NAA (mg/L) Number of roots Length of shoot (cm) Root induction (%)
1.0 4.600.96° 0.53£0.12° 100.0020.00°
2.0 11.931.65° 1.40+0.21° 100.00+0.00
3.0 0.63+0.61° 0.06+0.05° 56.67+15.27°
C.V. (%) 20.36 22.09 10.31
F-test * * *

“° The different letters in the same column are statistically significant different (p<0.05), Each value in table is represented as mean + SD

fnuuzraITNIuTanIMasaINifiy NAA A

Wt 1.0 FAENTUEDRAT WUTNIIRTYVOITINADUTN

AINVFALIVWIAVBIIINADUTIITUIIUINVDITING
[l lﬂl a v v a A e

ladwn gan1Inasasiidy NAA anudutn 2.0 Tadniu
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(A) NAA 1.0mg/L

(B) NAA 2.0 mg/.

a

Lﬁal,ﬁﬂuﬁummsmamﬁus] LLa:erg@mimamﬁmu
NAA @MULTUTH% 3.0 FaaNTUADRAT WUMIRTNULARNE
u’%nmd’mhumamamﬁ@Lﬂmma&'aﬁﬁﬁmaﬂizﬁ;nﬁa
atuazliningnaiisandunibiuaadalagsiniiniaiy
\ResLanitosuaz&uann (Figure 4)

(C) NAA 3.0 mg/L

Figure 4 Effect of NAA at different concentrations on root induction.

(photo taken 12 weeks after cultivation and bar =5 mm).
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Abstract

It has been reported that speeding driving is the main presumed cause of accidents in the system CRIMES
(Criminal Record Information Management Enterprise System) in the year 2018. The cause of accident is drivers
who choose to drive over traffic regulation speed limits which may cause accident. Therefore, it is important
to choose a speed appropriate to road type and road function. This study thus aims to explore relationships
between lane width and passenger car speed by using a case study of 39 road sections covering suburban

and rural road areas.

Regression analysis was used as a statistical tool to explore and describe those relationships. The
results are shown for both suburban and urban that were 95% significant with Adjusted R Square of 0.701
and 0.944 for suburban and rural road respectively. As a results from this research, the relationship between
lane width and passenger car speed could be used as a support tool for making decisions in road design to

correspond to surrounding area land-use.

Keywords: lane width, speed, passenger car
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Overview of road characteristics at the accident site, 2018

Characteristics

Number of accidents

of the accident

Straight way Curve Inter-section Other
Department of Highways 12,112 2,549 1,384
Department of Rural Roads 0 0 264
Expressway Authority of Thailand 630 62 30
Bangkok Mass Transit Authority 1 0 0
State Railway of Thailand 48 3 0
Total 12,791 2,614 1,678
Percentage 65.12 13.31 13.13 8.44
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Table 2  Research results on changes in speed limit measures in foreign countries
Change
Reference Country Before/After Results
(km/h)
. Speed declined by 14 km/h
Nilsson (1990) Sweden 110/90 .
Fatal crashes declined by 21%
Fatal crashes declined by 24%
Engle (1990) Denmark 60/50 . )
Injury crashes declined by 9 %
Speed declined by 4 km/h
Peltola (1991) UK 100/80 .
Crashes declined by 14%
NHTSA (1989) USA 89/105 Fatal crashes increased by 21%
Fatal crashes increased by 22%
McKnight, Klein and Tippetts (1990) USA 89/105

Speeding increased by 48 %
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Table 4  Positioning summary and determining examples
Item Number Unit
Should be located midway between signals 320 Meter
Should generally be located at intervals 400 Meter
Gap between vehicles 3 Second
Representative samples 125 Sample
9.00-11.00
Time of day of data survey 11.30-13.30 O’clock
14.00-16.00
Day of week of data collection 5 day / Monday - Friday Day
Road sections cover urban areas 23 Section
Road sections cover rural road areas. 16 Section
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Table 5 Number of locations
Lane width(m) Section

Urban area 3.00 4
3.25 8

3.30 5

3.50 6

U 23

Rural area 3.00 4
3.30 4

3.50 8

RPN 16

Total 39
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Abstract

This research aimed to investigate the environmental quality using data regression analysis. Data regarding air quality
were collected in 17 communities of Chanthaburi municipality with four pollutants detected; PMZ_S, PMm, CO and NOZ. All
wastewater samples in an oxidation pond treatmentment system were chosen by grab sampling for organic substances
analysis. The results of air quality index (AQI) indicated that very good air quality class. While, the amount of organic
pollution in wastewater treatment system showed a continuous decline. The multiple regression analysis indicated
that PM10 and season appropriated for AQI forecast. Moreover, the estimation of BOD value with simple regression
equation showed the coefficient of determination (R) of and dry seasons with high level, and were 0.837 and 0.873

respectively. Therefore, the forecast of water quality data could be applied to wastewater characteristic regulation.

Keywords: Air quality, wastewater characteristic, regression analysis, Chanthaburi municipality
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Figure 1 The map of study area at Chanthaburi municipality (17 communities)
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Figure 2 The sampling site of oxidation pond treatment system
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Table 1 Statistical analysis between air quality in wet and dry sesons
Wet Dry Paired T-test
Air pollutants
Mean SE Mean SE T Sig. (0.05)
PM__ (ug/m’) 3.94 0.57 23.47 0.97 - 35.386 0.000
PM_(ug/m’) 4.43 0.60 26.61 1.35 - 23.153 0.000
CO (mg/m°) 0.00* 0.00* 0.25 0.06 -4.136 0.000
NO, (mg/m?°) 0.00* 0.00* 0.00* 0.00* - -

PCD-Pollution Control Department; MRA-Multiple Regression Analysis

* Thailand AQI Criteria (0 — 25 Very good; 26 — 50 Good; 51 — 100 Medium; 101-200 Began to affect health; AQI > 201 Affecting health)

* Not detected

Table2  AQI (Air Quality Index) during wet and dry seasons in Chanthaburi municipality (17 communities)
AQI__values AQl values Air Quality*
PCD MRA
Communities

Wet Dry Wet Dry Wet Dry
1 5 24 4.94 27.00 Very good Very good
2 2 22 0.00 19.30 Very good Very good
3 18 96 24.90 83.03 Very good Medium
4 2 23 0.54 23.16 Very good Very good
5 6 23 6.04 28.10 Very good Very good
6 3 30 2.74 40.73 Very good Good
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Table 2  AQI (Air Quality Index) during wet and dry seasons in Chanthaburi municipality (17 communities) (cont.)
AQIPCD values AQIMIRA values Air Quality*
Communities
Wet Dry Wet Dry Wet Dry
7 1 19 0.00 17.65 Very good Very good
8 3 20 3.29 14.92 Very good Very good
9 4 22 2.74 24.25 Very good Very good
10 1 20 0.00 18.21 Very good Very good
11 6 19 9.34 17.65 Very good Very good
12 1 20 0.00 20.41 Very good Very good
13 7 26 11.53 26.45 Very good Good
14 2 17 2.18 11.06 Very good Very good
15 2 21 0.00 19.30 Very good Very good
16 3 25 2.18 27.00 Very good Good
17 2 21 0.00 29.75 Very good Very good
Table 3  The analysis of mutiple linear regression of AQI
Model Equation of multiple linear regression R R Sig.
1 YAQI =-3.479 + ‘1.202XPM10 0.940 0.883 0.000
2 YAQI =-3.304 + ’1.648XPNI10 - 14.’]95DSeason 0.967 0.936 0.000
Table 4  Correlation of dependent variable (AQI) and independent variables (PM2_5, PMm, CO and season)
Correlation AQl PM, . PM_ co Season
AQl 1
PM25 0.919 1
PM10 0.940 0.990 1
CO 0.383 0.490 0.429 1
Season 0.658 0.868 0.835 0.497 1

* Correlation coefficient level (0.90 — 1.00 = Very high; 0.70 — 0.90 = High; 0.50 — 0.70 = Medium; 0.30 — 0.50 = Low; 0.00 — 0.30 = Very low)
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Figure 3 Concentrations of PM, 5 and PM,, during wet and dry seasons

Figure 3 Concentrations of PM25 and PM10 during wet and
dry seasons
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Figure 4 Scatter plot of air pollutant concentrations and AQl
during wet season and dry season
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Normal P-P Plot of Regression Standardized Residual
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Figure 5 Linear relationship of indepent variable and
dependent variable
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Table 5 The simple linear regression analysis between BOD and COD from oxidation pond treatment site
Seasons Equation of simple linear regression R Sig.
Wet Y., =0128X_ —0.741 0.787 0.002
Dry Y., = 0.123X_ —2.924 0.910 0.000
Full year (Wet + Dry) Y,,, = 0.098X_ +0.064 0.766 0.000
Table 6  The criteria of Pollutant Standards Index (PSl) and PM10 concentrations
PM") (ug/m®) Corresponding PSI Air quality description
<50 <50 Good
51 - 150 51 -100 Moderate
151 — 350 101 — 200 Unhealthy
351 — 420 201 — 300 Very Unhealthy
> 420 > 300 Hazardous
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Figure 7 Scatter plot of estimated BOD vs. observed BOD during wet season (a) and dry season (b)
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Abstract

The objective of this research was to study the biodegradation of used lubricating oil by bacteria isolated from the eastern
coast of Thailand. Results showed that out of a total of 315 bacterial isolates, 18 bacterial isolates had the ability to
degrade used lubricating oil by more than 80% over 7 days compared to control. The degradation efficiency of the
components of used lubricating oil was tested with selected bacterial isolates as single and mixed cultures for 14
days. Results showed that Pseudomonas sp. TR-47.5 and Mixed 3 (Pseudomonas sp. CB-25.1, Staphylococcus sp.
TR-46.6, and Pseudomonas sp. TR-47.5) had the ability to degrade glycerol, n-alkanes, and fatty acids more efficiently
than the other treatments. In summary, Pseudomonas sp. TR-47.5 and Mixed 3 could be applied in the future for

decontamination treatment of oil in environment.

Keywords: Biodegradation, Used lubricating oil, Single culture, Mixed cultures
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LN

mytwiewihdunsasuldud (used lubricating oils)
lugamedeumdaniuilymiamdgimlan ilasanns
Walw1wedUszinadns g laddresidunnsaiiaies as
AUWNAL PARINNTIN LNBATNTIN YITU9 UAzNIMDY
Wen dsRanTumnaniaaudaslfiniunsadndiniy
a9 HIDLASDITN IR ﬁwﬁumaﬁuﬁgﬂﬁﬂﬂ%
writsunilsasinmainaululslng uazdnduniions
anihlida LL@iwuiwdaulﬂan'L‘T;Iumsﬁﬁﬂ"?ivl,ajgﬂ'i’ﬁ LT
MIYARANHI NI wiamyUdasinsdunieunasin
wonanimstwilonvesindundaaulfudronainen
M35 maseninamsrnasuazsausIwle (Meeboon et al,
2016; Kurnia et al., 2018)

WndunseanlsznavudisansUiznay
lalasanfuan wiiadudausna (C,-C,) 3NN 75%
WAZENILANLLEY 10-20% (Ibrahim, 2016) laaulrajusa
adurdslwidutugwiiady dun sdszneulng
fuafsaazlsunén (polynucleus aromatic, PNA) §4817
Lﬁuqmmw leun snsdunmumsnansau a3zIums
N32819N1 wazaznaw T9azfasdusznauduans
afun3s 1w lulasianuncTanzeng g (naxfans yaysnwn,
2547) udLiialfianszuIwms InSUa9103098e 18
*vaa'a?z‘mzwumiﬂmﬁaumwﬁmﬁuga%u 1T @i
FINZH UUIToN wNHLTon OaAaLlUBTY UWWWNIAY
Wwiauwnan uazezlsund@nlalasansuen (aromatic
hydrocarbons, PAHs) lagsindunseauldud itz iusunm
283 PAHs wazlaveniinunnintindunsdeauidslailels
s ibiuastenziSiasiianuiuivde 75850
§9 (Salam, 2016; Parikh et al., 2018) wonNIE TR
waniianuasnudenistosaanslasnszuauniIng
5530178 FnlmAansandaluisnadentdunaiwn
(Gan et al., 2009) msfuiminTunseauludinna
LimTugaLﬂmzmnmmua:ﬁa’[ﬁﬁ@é’umwm@iaai’m:
699 13w 6iu la wazlunszgn swrsfadssdansiialie
mﬁaLLa:ﬁalﬁLﬁ@nﬁiﬂawsﬁufmﬂ%uﬁw TuFsin g
m'aﬁ:ul"ﬁuﬁaLﬂuﬁ'ﬂqﬂmuﬁLﬂué'umm@iaugwﬁ &a3
wasnssonduagann edasiiitmsmiatindunae
aulduditoghomanzay iRenanidssduanefaziad
AuFsunasauLasflfiafionduamuudnnfidanude
ﬁaﬂﬁﬂmﬁau{i’]ﬁu(Hussein and Khudhair, 2018)

SEmsidainiufivwdlanluisuadansana
vldwansa 155 LAuNNAas LTS TN waamsle
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gauw%sﬂuﬁssumaﬁmmﬁ@ﬁﬂi:'ﬁw%mwhmm’am
sanotiniwldd (Younus et al, 2020) IEESRPVIEHITRR
sfiafiflianuaansalunisdessans PAHs ladnde
Witlunszuiunsdasaameaslsznavlalasensuani
flavsafeluanalvwgjussdudou dosandonisrinau
FINAUBIIRUNTIRMIEWRUT INTIzUNIIBRUTNa
szfenudagluinsusnniasenainianaanizezIan
28INTHBURANY ﬁﬂﬂama’tumnﬂ’éngﬂ%‘%aﬁﬁﬂ
maﬁ@%uvlﬁmﬂn'jw?%aLn@]ﬁauﬁﬁﬁﬁuﬂ%ﬁlﬂma’mﬁmf
WWen wszlusdanizwiasanena lmanzaudanns
Lﬁrgmadﬁgﬁuﬂ%ﬁmﬂﬁuﬁjﬁ?u ﬁoﬁﬂﬂwl;it,ﬁ@mnﬂﬁsugﬂ
W38N 3398136199 1@ (Anene and Chika, 2011) 113
ziauammmsﬂs:ﬂauvlﬂmm'jfuauﬁl,ﬁ@%uvl@i"augmiaz
lﬁwawamqﬂﬁwUL'ﬂuﬁ”ﬁsnm%uauvl@]aaﬂvlfnﬁuazﬁ’] Zalai
Husuasusdiiauazannundan Tnoautouni
fnduuefiGovmoriefiuenldnnauniosinidwiias
iufienusansalumsgesaaenisiinwlaa laud
LL‘LIﬂﬁL%EJluaﬂqa Pseudomonas, Bacillus, Monococcus,
Acinetobacter, Citrobacter, Rhodococcus Wluan (Sihag
and Pathak, 2016; Salam, 2016; Obuotor et al., 2016;
Mahmood et al., 2017; Sagheer et al., 2017; Stephen
et al., 2020) ﬁdﬁud’]%ﬁ%ﬁl&%dﬁ"‘f@lQﬂi:mﬁlﬁaﬁﬂLaaﬂ
wwaidefdusantawlumsdessmesinTunsaauls
wdranmoilinzianaas Tueanvesdszinalng eld
Hunddouuadidelunsindaindundaauliudfivu
Howlussuadon wnasilangamnIIX Yinfsui3e uaz
TUTUGAN 9 gnsuidumadanlumamdaiidudiie
fastuasunesauuas idsmanansznudaszuLiinaingn
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ADANNDWBNIINVEL
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NMSLAUABEN9

VUGIBE19INzLa USu1as 50 Aadaas nine
wazlaan §e819ar 50 N3N NITLAUGIaHNIIEHNNNT
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WASTNTY Tudsndaazidanii maﬁ 2889 %’qu’% RS
A3a luﬁaaLQmLﬁauﬁqm 8% — NINYIAY 2558 A 1man
et 62 detna lasdadgnifvldlunasad
a a a =3 s Il 9/‘!‘ a a
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asusnuardalianuuaiisefiannsndesaais
wnsiunaaanliudd

idathaimas 1% (viv) nonialaan 1%
wiv) ldasluems Marine broth (Conda, Spain) Liafi
atwvmu 35 °C smewwmlaafmn,am, w24 52lua
Watfndwnuuafite tode 1% (viv) a\ﬂ,ummi
Bushnell Haas Broth (BHB) (Fluka, India) LLN:L@&Ju’mu
miaé"uﬁﬁmqmﬂ"ﬁmumﬁ’;mﬂndw 6 Leiaw 31N
Fugensnoudluimiarayd lugadiu 1% (viv) Undl
9ol 35 °C waziwtneIuaE? 200 rpm. tuam
7 T (@auU8931nIDN13V84 Basuki et al., 2011) #8990
HwimsuenuUATIEEUKeINT Marine agar a8inadia
spread plate uazdaidanlaladiiuanensiu shanugnide
1ﬁu’%qw'§ﬁmmaﬁm streak plate

nsnasaulsAnsnwnsdesaansinaunaaan
IFuarnasuuadiSoiuanle

Reauuafidefiuenldluenwis Marine broth
ﬁuﬁqmﬁgﬁ 35 °C 1lwm 24 Talag (FaM3LTRY8d
imaglilédn OD 600 nm iy 1) teBeuuaiiy 1%
(viv) asluarms BHB uaztdinihsiundaauldud 1% (viv)
Lﬂiwmﬂununaummu (control) Alaifmadinuuaiide
¥nsnasad 3 91 u:uLmaimmimmmﬂmmm 200
rpm. ‘nqmvﬁgﬁ 35 °C 1fluan 7 Su wasansiuuegningu
waaaulfudrlasnsld hexane Usunas 100 Jadaas
Taluamsiassdauasldlunmousnas (Separatory
funnel) mmvb 1 47lug uaz i ladnIgananugn
m’mm’mau 420 nm mﬂlmia\‘l UV-Vis spectrophotometer
(VARIAN Cary 50 Conc) Akt seanTnIwmstiagaany
indunseawldud (AauLas91n3dvad Rahman et al,,
2002 W&z Kumar et al., 2014) 3NN&NN1T it
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Biodegradation of used lubricating oil by bacteria isolated
from the eastern coast of Thailand

msa‘hLmnmﬂﬁuﬁfl,mﬁﬁl,%ﬂﬁﬁmﬁan

anwnanwmslalafiunemsiasiide U5 e
38967 uaznsAasunsupasuUafiGsAuenld udr3e
Fadanuuafisefiiussansanlunsdasaanusindu
MdaﬁuifLLﬁaﬁﬁﬁq@ Fuaw 5 laloaa Suunaonug
vasuuafiadisimafiansdaluana lasmamsduius
299 DNA ludmvasfin 16S rRNA ¥innnsiiia DNA aae
iaia PCR "lwuua%ﬁi%ﬁa universal primers 27F Uae
1492R INEWANMIMETULLE (DNA sequencing) 284
Suzn9it TaelFlwsiued 785F waz 907R (Macrogen Inc,
Korea) shandutuaiildliifisuanuadofugudaya
1w GenBank lasldlisunsy BLAST w89 The National
Center for Biotechnology Information (NCBI)

msanslss@niannisdassangainlsenavvas
wnswnasanluaizasuuailisafidaidenads Gas
chromatography—mass spectrometry
msdnmudads 2 dw da nslEndude
wuafiFououiden ldun wueficelaloae CB-18.3,
CB-25.1, TR-46.6, TR-47.5 8z TR-48.3 WRTNIILT
ndweuuaRiZuuuuNay 1dun Mixed 1 (TR-46.6 uas
TR-47.5), Mixed 2 (CB-18.3, TR-46.6 uaz TR- 48.3),
Mixed 3 (CB-25.1, TR-46.6 uaz TR-47.5) Lz Mixed
4 (CB-18.3, CB-25.1, TR-46.6, TR-47.5 L8z TR-48.3)
Wisuifisudungualuau (control) Alugnsdunan
Wouuafi3y IassuuaiioAdaidanluenwns Marine
Broth ﬂuﬁqm‘mgﬁ 35 °C (luiaan 24 Tlua (Fan3a3y
yosumasliled1 OD 600 nm Wiy 1) Launagadiwin
1% (VIv) mumjumaamﬂumms BHB Afinsunsadn
15U 1% (viv) s ldiwendraanus 200 rpm. ‘?‘iqmﬁgﬁ
35 °C \{luan 14 Ju siesndunseanliuds laons
AzAN8A38 hexane 100 Aadaas wazlalunssusnans
Foraly 1 lus wonihiunseauldudreanainaims
Re9Le Siaseiiindsznouaesindundaaulsia s
Lﬂ%;a\‘] Gas chromatography—mass spectrometry (GC-MS)
(Agilent Technologies: GC/6890N, MS/5973N) naausTiia
HP-5MS (30 17 x 0.25 §aawuas, 1.D 0.25 lulasiuas)
gnzildlumsdaansuuy split 158asdnluns split
1Ju 30:1 dasimTwazesuiadiaon 1.0 Jafaasdeud
qnmgﬁ’uau injector LLae detector 1T 250 taz 300 °C anw
fu langunpil Guduft 100 °c asliiduan 5 wift
Lﬁ'uaqm%gﬁlﬂu 300 °C ludas1 5 °C dawi adld 5 wd
LLa:Lﬁuqm%QﬁLﬂu 310 °C ludam 2 °C dawfi aaliiiu
181 2 Wi AauUaIaINITN1IV8d Kumar et al. (2014)
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le,aﬁm‘miwam‘mﬂaad
nsusnuuATSafiansaganaanaR T REA DA
Txuan

nnmssgnuuaitEsluinoinaimets ne uas
Taau wohmansaugnuuaiSefiesaluems BHB 7id
s anlduds 1% iv) uundsansuon $1um 315
lolaan aruuafidsfuenldumaseulssansnmn
lumsdesaanoiniunsaauldud waa 7 51 wuind
wwaiizeffilsansawlumstdesaaeindunsasuls
WEXINN1 80% $1uan 18 laloiae Husedinsawluns
ﬂaﬁamyag’ﬁ 81.77-90.47% wazuuafizuftysansnw
‘Lumiziaﬁamﬂﬁﬂﬁuvlﬁﬁﬁqﬂﬁa TR-47.5 (Figure 1) lag
fnununawniiiuuefiZofuenldnninasauis
mydwdawidu wuiaslidsansamlumsdesaane
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isunaoawle 15w P. aeruginosa LP5 Auenldanausiil
mytwiondlasdsuitssanawlsmssesaaoiniu
waadultudrannnin 90% nelu 21 Su (Obayori et al.,
2014) P. aeruginosa ﬁLLﬂﬂvLﬁmﬂU%nmﬁﬁﬂﬁi‘l_lulflau
Talasanfuandiszansmwlumstosaaesindunaoan
IHudn 81% el 28 T4 (Thenmozhi et al., 2011) Uaz
Hussein and Khudhair (2018) TpawinuuefiBefiuen
Idanauitwiiontindunsaasn s1uu 25 lolmaa ued
Wos 3 lelaaaiSuszansawlunisdesaanotiidm
waeaulsuarldunnin 70% adnslsfieny Ussansaw
miziaﬂamﬂﬁ']ﬁuﬁa%uagﬁuﬂﬁmnﬂﬁawﬁmmmu
FMSUMItaUEANY L% ANUTY AT 08NFLat anennil
LRER1I81WT (Coulon et al., 2005)

5 b o L, 5 5 9 b 9

Bacterial Isolates

Figure 1 Biodegradation potential of the selected bacterial isolates. (n=3)

msﬁhLmnmzlﬁ'%fzuﬂﬂﬁﬁﬂﬁﬁmﬁan
yinmisnsansuzlalail 31519 Madusd ns
fesunsuvanuadide s 18 lelniaa AfUsEvENW
fapaanuinTunsealudNnn 80% wuniduuuafiGs
uwnswauLvau Swan 17 laloaa uacliiies 1 lalnaa
A TR-46.6 \uuuefiSezUunsuuingUnau 39Aalien
wuAfSy $1wn 5 laloiae fia CB-18.3, CB-25.1,
TR-46.6, TR-47.5 Uaz TR-48.3 anfuunsnunusuuaiise
wuinleloiaa CB-18.3 Uadnuiniian Pseudomonas
mendocina ymp 99% lalwlaa CB-25.1 Januinilan
Pseudomonas mendocina ymp 98% lalolan TR-46.6
Janunilon Staphylococcus hominis strain BP3_2A 99%

lolmiaa TR-47.5 § Pseudomonas mendocina strain
NCBI 10541 98% uazlalomian TR-48.3 Januiniian
Pseudomonas pseudoalcaligenes strain JCM 5968 98%
SafnnuaZuntauuaiiGelwarn Pseudomonas sp. CB-183,
Pseudomonas sp. CB-25.1, Staphylococcus sp. TR-46.6,
Pseudomonas sp. TR-47.5 Was Pseudomonas sp.
TR-48.3 MUEGL Snanosnddefirnuanwuinduuaiise
v&msJaqa'ﬁLmﬂvlﬁmﬂmeﬁﬁumﬁﬁﬁﬂ’nwmm‘m
Tunsdasamoiniudy shdunseau tindudlasdey
wiossUsznevlalasmsuaning 1w Kumar et al.
(2014) 71891391 Pseudoalteromonas sp., Ruegeria sp.,
Exiguobacterium sp. e Acinetobacter sp. wanlaann
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AznanluaLINeans=duAINEN 2100 LWAT RINTD
danaanoindule waz Abdel-Megeed and Rudolf (2009)
WU P. frederiksbergensis Wen laannimzsUaduasin
Uszinanasing saunIndeuaans n-alkanes &18817
(C,-C,) figmangil 4°C uaz 20 °C lélsuin
msanslss@ninnnsdeasdaradindsznauvas
¥ o A [ Aa Ao & [
W10 aw T2 aIRLANIISENAALAaNA Y Gas
chromatography—mass spectrometry
MIfnEIuUszneUvanTuraaaulTUa V9
nauAILANLAZNINNTMILANNT L TaLDATIEE WungY
auquildudsznevvasmsnivee 13 aila Tudeda
nguuaald 4 ngw asil ngud 1 da glycerol laiur 1,2,3 -
Propanetriol, monoacetate (CSH1OO4) Wz 1,2,3—Propanetriol,
triacetate (CH, O,) ﬂéj&lﬁ 2 fia n-alkane 'l§r Heptadecane
(C _H_), Docosane (C_H ), Hexadecane (C H ),
17 38 22 46 16 34
Octane (C._ H ), Hexane (C_H_), Heneicosane (C_H )
11 24 1o 22 21 44
. 1 = A .
ILae Eicosane (C H ) Ny 3 aa aromatic hydrocarbon
Iéiuri 2.4-bis (1, 1-d|methylethyl) -Phenol (C_H_O) uaznaju
‘Yl 4 fp fatty acid leun Methyl 12- methyltetradecanoate

Biodegradation of used lubricating oil by bacteria isolated
from the eastern coast of Thailand

(CH_O) duisz ﬂaulumuuﬁaaauhuma atilu
sﬂ*‘nad n -alkane mﬂ‘na@ﬂa 49.02%, glycerol 43. 22%,
aromatic hydrocarbon 5.03% L&z fatty acid 271% &
retention time @9ld 8.76 — 39.11 w1l (Table 1 uaz
Figure 2) LL@]LsJaﬂﬂmaaﬂ‘ﬂsvﬂaumaamuwaaaﬂmm
Vmﬂalaalamslmﬂﬂmma Pseudomonas sp. TR-47.5
uﬂiwmﬁmwmﬂq@mmsnﬂamamm‘l@mngm glycerol,
n-alkanes las fatty acid L‘mﬁamﬂﬁmmj&l aromatic
hydrocarbon fla Phenol,2,4-bis (1,1-dimethylethyl)- 614
Table 1 uaz Figure 3 Afsnardafiadi retention time
15.82 w1l uazmslindLTe Pseudomonas sp. TR-48.3
s dassmeimlsznavvashiunsoauliudalalng
LREIN ﬁammmﬂaﬂamﬂmimju glycerol, fatty acid
ez n-alkanes 5%5] gnLi% Phenol,2,4-bis (1,1-dimeth-
ylethyl)- uaz Eicosane (Table 1) luwazfimsléndige
Pseudomonas sp. CB-18.3, Pseudomonas sp. CB-25.1
W8z Staphylococcus sp. TR-46.6 WuwRaaulznay
pasihiunseauldudmanesiiaf lisunsadesaanyld
(Table 1)

Table 1  Compounds of used lubricating oil by GC-MS analysis
Treatment Peak RT (min) Area (%) Name of Compounds
Control 1 8.76 24.61 1, 2, 3 — Propanetriol, monoacetate
2 11.49 18.61 1, 2, 3 — Propanetriol, triacetate
3 13.07 1.71 Heptadecane
4 15.69 2.09 Docosane
5 15.83 5.03 Phenol, 2,4-bis (1,1-dimethylethyl) -
6 18.16 2.34 Docosane
7 20.45 3.21 Heptadecane
8 22.63 2.33 Hexadecane
9 24.69 2.66 Octane, 2, 4, 6 — trimethyl -
10 25.01 2.71 Tetradecanoic acid, 12-methyl-, methyl ester
1 26.66 2.99 Hexane, 2, 2, 3, 3 — tetramethyl —
12 28.53 4.40 Heneicosane
13 39.11 27.29 Eicosane
Pseudomonas sp. CB-18.3 15.83 21.22 Phenol, bis (1, 1 — dimethylethyl) -
39.12 62.39 Eicosane
40.03 16.39 1, 3 — dimethyl — 4 - azaphenanthrene
Pseudomonas sp. CB-25.1 1 13.08 2.94 Docosane
2 15.70 3.49 4 — Octanone
3 15.83 14.32 Phenol, 2, 4 — bis (1, 1 —dimethylethyl) -
4 20.46 5.23 Ether, heptyl hexyl
5 24.71 6.74 Docosane
6 26.66 5.99 10 — Methylnonadecane
7 28.53 5.75 Pentatriacontane
8 39.10 43.24 Eicosane
9 43.03 12.31 N — ethyl — 1, 3 — dithioisoindoline
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Table 1 Compounds of used lubricating oil by GC-MS analysis (cont.)
Treatment Peak RT (min) Area (%) Name of Compounds
Staphylococcus sp. TR-46.6 1 13.07 3.23 Docosane
2 14.93 1.56 Ethanedial, dioxime
3 15.69 3.92 Pentadecane
4 15.83 10.89 Phenol, 2, 4 — bis (1, 1 — dimethylethyl) -
5 18.15 3.85 Tetradecane
6 20.46 5.95 Heptadecane
7 22.63 4.55 Eicosane
8 24.70 5.33 Nonadecane
9 25.21 5.08 Hexadecanoic acid, methyl ester
10 26.65 5.38 Pentacosane
11 28.53 8.06 Triacontane
12 39.10 32.15 Eicosane
13 43.04 10.06 N — ethyl — 1, 3 — dithioisoindoline
Pseudomonas sp. TR-47.5 1 15.82 100 Phenol, 2, 4 — bis (1, 1 — dimethylethyl) -
Pseudomonas sp. TR-48.3 1 15.83 26.87 Phenol, 2, 4 — bis (1, 1 — dimethylethyl) -
2 39.10 73.13 Eicosane
Mixed 1 1 15.83 27.65 Phenol, 2, 4 — bis (1, 1 — dimethylethyl) -
2 39.08 72.35 Eicosane
Mixed 2 1 15.83 21.40 Phenol, 2, 4 — bis (1, 1 — dimethylethyl) -
2 39.10 78.60 Eicosane
Mixed 3 1 15.82 100 Phenol, 2, 4 — bis (1, 1 — dimethylethyl) -
Mixed 4 1 15.83 27.05 Phenol, 2, 4 — bis (1, 1 — dimethylethyl) -
2 39.11 45.38 Eicosane
3 43.03 15.58 N — ethyl — 1, 3 — dithioisoindoline
4 4411 11.99 N — ethyl — 1, 3 — dithioisoindoline

WaanmmsldndifeuuafiZouuunan wuin
nauNasey Mixed 3 manTndasaanatinTundaanliud
\wRaLAed Phenol, 2, 4-bis (1, 1-dimethylethyl)- lANALTY
W@ Pseudomonas TR-47.5 (Table 1 waz Figure 4)
mmzﬁmjumaaa Mixed 1 W&z Mixed 2 8131308 08RANE
faulsznavvesindundaauldudnds Phenol, 2, 4-bis
(1, 1-dimethylethyl)- uaz Eicosane &9lWnatmuidsnfiu
Pseudomonas TR-48.3 sniiungunaasd Mixed 4 A
WU N-ethyl-1,3-dithioisoindoline 628 (Table 1)

MANAMTIA TSz noUa T uRaoan
IHudn wuimslendisouuafidoruunidsiuasuuy
Had uuAfiSezananIngesaauaslungauas glycerol,
n-alkanes Waz fatty acid wdazlaianuisngasaais
mﬂuﬂiﬁu"ua{l aromatic hydrocarbon wias1vliznay
lalasasuanitduarosnle lasdn@udaasnga
n-alkanes ﬁLﬂumﬂgmxgmiaﬂamﬂ"l,@i"dwniﬂmiﬂsju

n-alkanes Mo %%auuuﬁ'm%amimju aromatic
hydrocarbons (Hasanuzzaman et al., 2007) 30N31831%
a3 Basuki et al. (2011) Lfiﬂl’fﬂmﬂﬁl,%&l Acinetobacter
junii TBC 1.2 sogmameinTunseanltududuna 14 5u
wunasdsznevlalasasuenfiiuaodn (< C) uas
' 9
sdsznevlalasansueuiiduassn (= C,) An8IaE9
annifianBouReuiuwesn udasslsfiony wuedide
fN1InLag &A1Y n-Octadecane (C18H38) Wae n-Eicosane
(C,H,) SomoanansTUTBIUYed Obayori et al. (2014)
WU P. aeruginosa LP5 snanIndaggauantlsznay
lalasansueu C,C_.C usC, Twihunseauldud
Iagariasimelu 12 Tu udluiudl 21 woniiBanm
ypssn3Usznavlalasansuan C,C,.C_usC, RN
oilasunannnstessamsasdsznevlalasaniuan
luanalwaifa C ,C ,C ,C ,C ,C uazC_ Mhilu
q v 19 22 23 24 25 , 26 27
mydenavlalasasuenniiniang wuias
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Abstract

The aims of this study were 1) to develop a model and simulate data under different statistical conditions, 2) to confirm
model fit between developed models with the empirical data, and 3) to compare the factors influencing the efficiency
of parameter estimation. The method, of this study was experimental research. The steps were as follows: 1) data
generated by using the Monte Carlo method for analyzing the structural equation model 2) analyzing the structural
equation model and confirming model fit with indices for all 36 models 3) comparing the factors influencing the efficiency
of parameter estimation. The factors consisted of sample size, parameter estimation methods, and Level of
Multicollinearity. The results showed that 1) the simulation conformed to the conditions 2) model fit indices showed
that using Maximum likelihood (ML) and weighted least square (WLS) estimation methods, the model was consistent
with the empirical data at all levels of sample size and found that the chi-square statistic tended to increase when

the sample size was larger; and 3) In a comparison of factors affecting the efficiency of parameter estimation from
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the relative bias index (RB) and Monte Carlo standard error (MCSE), there was an interaction between the sample

size and the parameter estimation method that affecting the efficiency to parameter estimation at a significance level

of 0.05. Multiple comparison to explore the mean differences between pairs of groups shows that at the 200 sample

size, the ML vs. Generalized least square (GLS) and ML vs. WLS estimation methods showed a statistically significant

difference in both RB and MCSE indices. Therefore for sample sizes 400 and 1000 sample, parameter estimates

were no different.

Keywords: Parameter Estimation, Structural Equation Model, Sample Size, Parameter Estimation, Multicollinearity
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Figure 1 Structural equation model for this research
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CFl Index (NoMC)

CFl Index (MC=.8)
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Figure 3 shows Root mean square error of Approximation (RMSEA) each level of Multicollinearity (MC)



Vol 41. No 5, September-October 2022

018 (011) —* 4 .\

.991 (.006)
~

867 (011)

1.000 (. uuu)?

319(07/

.908 (.007)

248 (018) —+ 3

786 (.014)
.330 (.023) —* 43

A75(013) —¥ 4

—
f I

.267 (.020)

The performance of parameter estimation in structural equation modeling

/
v .398 (.034)

383 (.022)

.300 (.022)

under different statistical conditions

/- y5 [ 285(023)

265 (.020) .845 (.013)

g6 [ .373(022)
7 _.792 (.014)

821 (014).
y7 [ .326(023)
508 (.035)

.810 (.014)

y8 [ .343(.023)

856 (.012) .831(.013).802 (.013) 876 (:013) _

—
—

f f

.356 (.021) 1235 (.023)

X%=44.354, df = 33, p = 0.0896, ¥°/df=1.344, CFI = 0.999, TLI = 0.998,
RMSEA = 0.019, SRMR = 0.010 (Mplus 7 standardized estimates)

Figure 4 shows an example diagram of 1 of 36 structural equation model analysis results (MC)
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Table 1 Descriptive statistics of Relative Bias and Monte Carlo Standard Error

Level of mulicolinearity Estimation Relative bias (RB) Monte Carlo standard error (MCSE)
method n=200 n=400 n=1,000 n=200 n=400 n=1,000

ML 0.1095 0.1032 0.1004 0.1124 0.1064 0.0893

No Multicollinearity GLS 0.0942 0.0518 0.0797 0.0909 0.0631 0.0721
WLS 0.0947 0.0864 0.1027 0.1033 0.0977 0.0966

ML 0.1289 0.1033 0.0913 0.1284 0.1105 0.0819

Multicollinearity = 0.8 GLS 0.1076 0.0744 0.0786 0.1012 0.0779 0.0714
WLS 0.0943 0.0598 0.1034 0.0891 0.0636 0.0937

ML 0.1215 0.1132 0.0815 0.1153 0.1206 0.0759

Multicollinearity = 0.9 GLS 0.1032 0.0720 0.0903 0.1013 0.0753 0.0780
WLS 0.0941 0.1129 0.0725 0.0892 0.1240 0.0655

ML 0.1330 0.1005 0.0729 0.1254 0.1029 0.0698

Multicollinearity = 0.95 GLS 0.1016 0.0832 0.0985 0.0997 0.0837 0.0846
WLS 0.0866 0.1243 0.0983 0.0875 0.1328 0.0902

Table 2  Comparison of effect size of factors influencing the efficiency of parameter estimation

The efficiency of the structural equation model estimation

Effects
Relative bias (RB) Monte Carlo standard error (MCSE)
Model 0.580** 0.635**
Sample size 0.295** 0.415**
Parameter estimation 0.300** 0.341**
Multicollinearity Level 0.030 0.017
Sample size* Parameter estimation 0.349* 0.341*
Sample size* Multicollinearity Level 0.158 0.145
Parameter estimation* Multicollinearity Level 0.079 0.095
Sample size* Parameter estimation* Multicollinearity Level 0.0196 0.0179

RNYLAA: * p-value < 0.05, ** p-value < 0.01

Table 3  Multiple Comparison or post hoc test to explore the mean differences between pairs of groups of Relative
bias (RB) and Monte Carlo standard error (MCSE)

Parameter estimation Mean Difference (I-J)
Sample size
Level (I) Level (J) Relative bias (RB) Monte Carlo standard error (MCSE)

GLS .0215* .0221**
ML Kk *%

n =200 WLS .0308 .0281
GLS WLS .0093 .0060

ML GLS .0347 .0351

n = 400 WLS .0092 .0056

GLS WLS -.0255 -.0295
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Table 3  Multiple Comparison or post hoc test to explore the mean differences between pairs of groups of Relative
bias (RB) and Monte Carlo standard error (MCSE) (cont.)
Parameter estimation Mean Difference (I-J)
Sample size
Level (1) Level (J) Relative bias (RB) Monte Carlo standard error (MCSE)
WL GLS -.0002 .0027
n = 1,000 wLS -.0077 -.0072
GLS WLS -.0074 -.0100

RNYLAA: * p-value < 0.05, ** p-value < 0.01
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