01Sd1SINGUNASUS=gna

THE JOURNAL OF APPLIED SCIENCE

ISSN 1513-7805 [Print] ISSN 2586-9663 [Online] 4 17 avufl 2 [2561] Vol.17, No.2 [2018]
Cl
INDEX

UNANNITY ¥

1. Prevalence, site of infection, and differentiating oocytes of the cymothoid isopod, Norileca indica (Milne Edwards, 1840) 1

from its infected short mackerel, Rastrelliger brachysoma, in the Upper Gulf of Thailand

2. Improved ratio estimators of population mean using transformed variable in double sampling 9
v A T E;' 4 A A a a A o d’l Y 3y 2 a Y o o [
3. miﬂmaanuawwmﬂwummﬂ‘miawaﬁ‘waa'lamaﬂmaaﬂﬂummuamufnmumﬂiwmwamﬂmumﬂwm 19

Preliminary screening and identification of polyhydroxyalkanoates producing bacteria from cassava starch wastewater
F L a o« a7 ) v
4. Wﬁal,Uﬂ”liﬂ’J‘lJﬂllﬂTi‘]Jul‘]JE]‘L!GlI’ENLG]YE]@’s’ﬂﬁ/liEJGIL!‘]Jiiﬂ1ﬂ1ﬂ"lIENW’§IiJ!%”IZE‘U‘HW]Hlﬂﬂﬁﬂulelﬂi‘jﬂﬁﬁﬂﬂmcﬂ 28
Effect of airborne microbial contamination control of micro-perforated film into packaging
I 1
5. autiavesiulsonieso ninurasiusail luiuidunezuzianiaasval 39
Properties of railway ballast rock from igneous rock deposits in Chana district, Songkhla province
6. anuFTUIz I Tt uasdulsudnaelsyaniamuesdilszinanmasliznnsnnmadendintns 56
HUVRBNEIAD N UDIFARIDE
The correlation between auxiliary variable and primary variable on the population mean estimators of ranked set sampling
79 ¥ ) "o o o o A ) ) 2 o
Vs ﬂ1iﬂ5$f{!ﬂﬂ1‘]§ﬂ’]1lﬁﬂuuﬁhﬂlENﬂ'Iﬁﬂ’J’ULL‘Lluﬁ'I‘HﬂJﬂ'lﬁﬁﬂﬂ?iﬂﬂ@l?ﬂl@ﬂﬂiﬂ]’lﬂluu@ﬁﬁ31“%13ﬂa@01ﬂﬂlﬂﬁﬂﬂﬂﬂllﬁﬂ 67
a J F3 Y 'ﬁy
upungda ladiuadisoimadonau
Applying latent heat of condensation for deceleration of free fatty acid formation in brown rice by humidified hot air
fluidized bed dryer
& = a 3 v )
8. msaﬂmqagmasluiiNmwaﬁmﬂ'5:1J1mamsﬂ’Jmummwmwmmmmu 81
Water loss reduction in a water treatment plant by sludge concentration control
9. @nlsznmanndolsznnsnlsvlialaesldonsidinswiuragauuugiudmsunsiendlodagu 98

9
HUVLNTUYNNIWAINITFY

An improved estimator of population mean using dual to ratio-cum-product for post-stratified sampling

= masiasenaly 1151050 R dmsumsuaainasugiats aume 118

R programming for the geoinformatic display




NSsdsoNNMAnsSUs:gno
THE JOURNAL OF APPLIED SCIENCE

17 atuil 2 [2561] Vol17, No.2 [2018]

ISSN 1513-7805 [Print] ISSN 2586-9663 [Online]

e
ol ol

sarsInerdansUszand Junsansitafu
HAZWELNSUNAILITaLazUNAIIUNISI TN S L T
?aﬂmﬂumiLN&JLLW':"mmiLLaﬁwsnmiﬁmiwmmm%
uavinalulad LLa:‘/LﬁaL‘TJULLM@'QLLaﬂLUﬁIEJUL%EJuii:’M?J'N
ARIN91sE Tndunisuaztindne wannelunavaiouen
uminedomeluladnszaomndmssuasmile unaaui
wuownenadsudunulnevsenndinguila 11s5ans
dnffiuidag 2 atu daulaanunsadeiuatuuuvesulad
iéﬂ(ﬂ'&miﬁﬁhttp://www.joumaL.sd.kmutnb.ac.th Tngunay
fananazdetliineffuimewnsiunisussgndznnisnie
25a153vnnsdulaunney uazifudedniiuvedda

UNAUYINTU

® Jnguszasd

Wetwsuns/Mmuinasuainnsifenaznanunia
Apnisfiisatesmnsineeansiiugiu Inereans
Uszgnd wazmelulad Aferdeatundamens adid Hand
gnamnssy gunsainisunnd malulagdaisauna
walyladdinm guaimnssuinuns dwanden A

BAFINNIIY anUnonssu wagdmnssumans

®  AUUANISINEUNSANSES Uay 2 atu fAe

aduil 1 unsiau-dguien aduil 2 nsngra-Sunay
A . i < qu

MyaIneansvszendlifiuleuneiuaildinglunis
ARUNUMAINYNUNAIN UNAIINNNUNAIINILHBINY
NM15N1TUIINENTIRUIABE13UBE 2 YU (double
blind) neufiagnausun1sinun Wensarsasunanululs
ginududlowdy mnldfinsfndenduunnelu 4 dani

MeFEsveUiasnsARuiunaLu

®  ANTLNYLNIINTANT
Foddlimisnuiean wazannsamumiaanivles

YansasTIemaniuseend

® n1sdsuUNAY
dslvldunaiu .doc %ise .docx
i https://www.tci-thaijo.org/index.php/JASCI/
® dtneu
MAuarUseiuAnAmMNIIAnK
diinauanud auinenmansussynd
wnvgdumaluladnszaounainszuasie
1518 a.Ussn919g$ 1 vede NFUNN 10800
Tnsfwdt 02-5552000 o 4217

o e a
® NUINWINDIVTIAUITNIS

37.93.43WUS
se.a5.aulnvy
NA.AT. 1A

= (
B.ATNINIY

® U338U15n1T

JA.AT.00R

® 523UTIUIBNT
P95, LauD
3A.03.Ld1986
5705 J5efni
HFLAT. FUUATING
NF.AS.ITUNT
NFLAT.LUBYANT
NA.AT.DAUN

9.A3.anaaN

F33u
o
Uogun
Taviiivs

NIANDY

nsUnug

RN
v

GUTUEALY,
drnafensey

v
ASFUTUNIHN
dguansa Bela
dusssanasal

-
iR

unsanysal

o (nsannfailunaIusInsms

A.n3.Ussusy
f.95.89A31a
f.a5.4050]
.03, 39Uty
o

SA.ATNUAS

.
3A.09.964)
3A.07. LR80Ty
37098079
5A.95.875 Jand
IA.AT.473U1
IA.AT.ITIGND
WAL.AS.AUANIE
NAL.AT.LEUS

HFLAT.ANNTUG

Junslevi

Gl
o g g
WNAVIR-ATSUE
wflgRalnea
9.
255nulayan
399950

a

WHATLIA

.04 HA.AT.UTAAN naluR

S o e
N3.93139U

Dr.Elvin  James

siewan

Moor

® (e UTZAIUULAZIANT

3

UNBATUE
yelay Ty
UNEITIAENT

U9anInla

Wy
@51

1
Juuim

o

<
QAANNARAFANG

wInendemalulagnszasuinansyuasivile
wInedemalulagnszasuinansyuasivile
uInedemalulagnszasuinansyuasivile

wIngraumaAluladnseasunaInszuasile

wIngraumaluladnszaeuinansruasvile

wIngraumaluladnszaeuinansruasvile
wIngraumaAluladnszaeuinansruasvile
uInedemalulagnseasuinansyuasiviile
wmIngraumaluladnszaeuinansruasvile
wmIngraemaluladnszaeuinansruasivile
wIngrdumaluladnszaeuinansyuasivile
wmIngraemaluladnszaeuinansruasivile

wmIngraemaluladnszaeuinanszuasivile

UM INGGBYDULA

W INeGENTing

WNINeGENTing
anfumealulagnszasunaidigunmsainnszds
UAINYIRELNYATANENT
unngdemAlulaBnszIeuNaTUYS
WTINeNdewAlUlaENIZIRINAISUYT
UNTINEGETITUAERS

U INIREUTNR

wnmivendemaluladgsus
UNTINEGETITUAERNS
antumnalulagnszaeuinddnAunmsatanse s
umvendeeanyal

PHRINTUUNTING IS

INGIREUNNYATENT WITUINNE
WMnendewAlUlaEnIZIRINAUYT

wInedemalulagnszasunansyuasivile

wmIngrdemaluladnszaeuinansyuasivile
wmIngdewmaluladnszaeuinainsyuasivile
wmIngrdemaluladnseaeuinainsyuasivile

wIngdemalulagnszasunansyuasivile

« a A ¢ & Y a_ & Y )
UNAIMUNAIWUN Lﬂwaﬂmmumm@waummu

v o . < o & g
wazazfadudiuiinvoudananisnguunelag ionaazfintuainunaau”



http://www.journal.sci.kmutnb.ac.th/

The Journal of Applied Science Vol. 17 No. 2: 1-8 [2018]
NsasInenaanslseene doi: 10.14416/j.appsci.2018.08.002
ISSN 1513-7805 Printed in Thailand ISSN 2586-9663 (Online)

Research Article

Prevalence, site of infection, and differentiating oocytes of
the cymothoid isopod, Norileca indica (Milne Edwards,
1840) from its infected short mackerel, Rastrelliger
brachysoma, in the Upper Gulf of Thailand

Sinlapachai Senarat'”, Wannee Jiraungkoorskul? Jes Kettratad®!, Natthakitt To-orn3,
Pisit Poolprasert®, Chanyut Sudtongkong®, Theerakamol Pengsakul®,
Chamnan Para’, Woranop Sukparangsi®

!Department of Marine Science, Faculty of Science, Chulalongkorn University, Bangkok 10330, Thailand
2Department of Pathobiology, Faculty of Science, Mahidol University, Bangkok 10400, Thailand

3Faculty of Agricultural Technology and Agro-Industry, Rajamangala University of Technology Suvarnabhumi, Ayutthaya
13000 Thailand

*Program of Biology, Faculty of Science and Technology, Pibulsongkram Rajabhat University, Mueang, Phitsanulok
65000, Thailand

Department of Marine Science, Faculty of Science and Fisheries Technology, Rajamangala University of Technology
Srivijaya, Trang Campus, Sikao, Trang 92150 Thailand

®Faculty of Medical Technology, Prince of Songkla University, Songkhla 90110, Thailand

"Department of Western Languages and Linguistics, Faculty of Humanities and Social Sciences, Mahasarakham
University, Maha Sarakham 44150, Thailand

8Department of Biology, Faculty of Science, Burapha University, Chon Buri, 20131 Thailand

*E-mail: Senarat.S@hotmail.com

Received: 23/05/2018; Accepted: 30/08/2018

Abstract

Norileca indlica, a cymothoid isopod crustacean, is an obligate parasite infecting marine
fishes in tropical areas. This study attempted to investigate the prevalence, site of infection and
distinct stages of oogenesis of this parasitic isopod obtained from short mackerel (Rastrelliger
bachysoma). All N. indica samples were collected and processed through histological
techniques. M. /ndica showed higher prevalence during the dry season than the rainy season
and its parasitic infections were more prevalent in the female R. brachysoma (60% prevalence)
compared to males. Two distinct sites of M. Jindica attachment on the host (infection sites)
including gill and integument were clearly observed. Interestingly, this isopod preferred to
attach more on the integument surface than gill, especially in the female R. brachysoma (55%
prevalence). Using histological observation, N. indica exhibited asynchronous development of
oocyte in the ovary. The oocytes were enclosed by a thin layer of connective and muscular
tissues. Three stages of oogenesis can be identified in the ovary: oogonium, primary oocyte,
and secondary oocyte. Oogonium located inside the cyst near the germinal epithelium. A large
nucleus of oogonium was surrounded by a weak basophilic cytoplasm. Unlike oogonium,
multiple nuclei (2 - 3 nuclei) surrounded by basophilic cytoplasm was a key characteristic of the
primary oocyte. The secondary oocyte contained spherical yolk granules with multiple layers of
follicular cells, which might function to support yolk uptake into the ooplasm. In addition, early
embryonic development of N. /ndica was also observed in this study. Taken together, this
finding highlights parasitic prevalence and infection sites of N. indica in short mackerel, as well
as a better resolution of its oogenesis, early development and reproductive cycle.
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Introduction

Rastrelliger brachysoma, a short mackerel, is a fish with high economic value in
Thailand. Senarat et al. (2015) reported that R. brachysoma collecting from the Upper Gulf of
Thailand exhibited deteriorated health with the occurrence of the hepatic histopathology. This
severe health problem of short mackerel is possibly due to contamination of pollutants from
untreated water released from communities, aquaculture and industries around Chaopaya, Tha-
Chin, Bangprakong and Maeklong Rivers, and it has been clearly demonstrated that
contamination in the marine environment has a negative impact on marine organisms and
ecosystem status (Hungspreugs & Yuangthong, 1983; Cheevaporn & Menasveta, 2003;
Wattayakorn, 2012). In addition, the deterioration of the mackerel health is likely related to the
presence of a common parasite infecting R. brachysoma, which was identified to be Norileca
indica (Milne Edwards, 1840). N. Jndica is a cymothoid isopod crustacean (Isopoda,
Cymothoidae), mostly infecting fishes in tropical and temperate regions of Indo-Pacific Ocean
(Rameshkumar et al., 2015). It has been shown that N. /ndica specifically infected the gill
structure in bigeye scad (Selar crumenophthalmus) collecting from Thailand (Nagasawa &
Petchsupa, 2009). Although taxonomy, molecular biology and ecology of the parasitic V. /indica
has been clearly defined (Cruz-Lacierda & Nagasawa, 2017; van der Wal et al., 2017), its
reproductive cycle in tropical fishes visualized by histological techniques is still unknown.

In this study, our attempt was to record the site of infection and prevalence of V. /indica
in the R. brachysoma. In addition, the description of differentiating oocytes found in the
parasitic isopod N. /ndica ovary was conducted using an accurate histological method. This
study gives a better picture of how N. /indica oocytes developed as well as structure of the
isopod embryos, potentially increasing our understanding on infection mechanism and the
reproductive biology of N, indlica. It could also provide an insight on how to solve health
problem from the isopod infection of R. brachysoma as well as the parasite—fish health
relationships in this ecosystem.

Materials and methods
Animal collection and sampling site

The sexually maturated, Rastrelliger brachysoma (total length: male, 16.50 £ 0.98 cm;
female, 16.70 = 1.12 cm), as a fish host of WNorileca indica, was obtained (40
samples/sexes/season) using bamboo strake trap. Fish collection was done during rainy season
(October to November 2013) and dry season (December 2013 to February 2014) at a station
(13°1618.4" N, 100°02°13.4" E) locating in the Upper Gulf of Thailand, Samut Songkhram
province, Thailand.

Assessment of infection sites and parasitic prevalence

All fish were euthanized by rapid cooling shock (Wilson et al., 2009). The external and
internal anatomies were assessed and inspected via stereomicroscopy and visual observation to
identify the existence of the parasitic isopods. If parasitic isopod Norileca indica is present, total
length and prevalence percentage throughout infection sites were measured.

Histological observation

Norileca indica samples were fixed in 4% paraformaldehyde at 4°C overnight and were
processed according to histological techniques (Presnell & Schreibman, 1997; Suvarna et al.,
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2013). Paraffin sections were cut at 4 pm thickness and stained with haematoxylin—eosin (H&E)
(Presnell & Schreibman, 1997; Suvarna et al., 2013). The ovarian structure and oogenesis of N.
/ndica were examined under the light microscopy and photographed with a Leica DM750 light
microscope (Boston Industries, Inc; USA).

Results and discussion
Prevalence and site of infection of the parasitic isopod Norileca indica

A total of twenty-six Norileca indica with the mean total length of 33.10 £ 0.98 (SD)
mm were collected from their infected Rastrelliger bachysoma. Results of parasitic prevalence
and site of infection for N. /indica are summarized in Table 1. In all seasons, the prevalence of
N. indica was higher in the females compared to the males. A highest prevalence of this isopod
was recorded in the dry season of female R. brachysoma (60% prevalence), compared to the
rainy season. Two distinct infection areas of M. /indica included gill and integument surface,
similar to the previous observations (Rivichandran et al., 2009; Rivichandran et al., 2010). A
highest presence of N. indica was obviously found in the integument surface, especially in
female R. brachysoma (55% prevalence in the dry season) and (40% prevalence in rainy
season). The mechanism of why this isopod preferred to infect the female fish than the male
one and how it preferred to populate more on the fish integument than the fish gill are still
unknown and this should be addressed in the future works harboring integrative knowledge of
histology, cellular and molecular biology.

Table 1. Prevalence (%) and site of infection in Norileca indica

Seasons/Fish Rainy season Dry season
Males Females Males Females

Prevalence of 15%(3/20) | 50%(10/20) | 5%(1/20) | 60%(12/20)
infected isopod

Site of infection/organs
Gill 5% (1/20) | 10% (2/20) 0 5% (1/20)
Integument 10%(2/20) | 40% (8/20) | 5%(1/20) | 55%(11/20)

Differentiating oocytes in the parasitic isopod Norileca indica

The developing oocyte and oocyte maturation of Norileca indica was present in all
samples, indicating asynchronous development of oocyte in the ovary (Figures 1A-1B). It was
suggested that N. /indlica might favor a multiple spawning seasons or a long spawning period. A
correct evaluation of the reproductive and spawning seasons of this isopod is hence required
for further studies. Histologically, the outermost layers of the ovary contained a thin layer of
connective and muscular tissue (Figure 1B), called as “ovarian capsule”. The ovary carried both
developing oocytes and nurse cells (Figures 1B-1C). Based on considerable differences in cell
size, histological staining properties and histological features, differentiation of oocyte was
classified into three major stages: oogonium stage, primary oocyte stage and secondary oocyte
stage (Figures 1D-1F). This pattern of oocyte differentiation was similar to previous
observations in Bopyrina abbreviata (Romero-Rodriguez et al., 2017) and other crustaceans
(Krol et al., 1992; Van Herp & Soyes, 1997; Smija & Devi, 2015). However, some studies
showed that the five distinguished stages of ovarian maturation were identified in penaeid
shrimps (Tan-Fermin, 1991; Medina et al., 1996). This difference in staging system might be
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due to different duration of oocyte development in a species-specific manner, different
classification system and standard criteria and guidelines of the morpho-histological features.

Oogonium (0Og)

Microscopically, it was revealed that Og located in the oogonial cyst near the germinal
epithelium (Figure 1D). Og was oval in shape (10-15 pm in diameter). The oval nucleus (about
5 pum in diameter) was stained faint blue with the H&E method. Heterochromatin condensation
was slightly observed within the nucleus, which was surrounded by a slightly eosinophilic
cytoplasm (Figure 1D). This Og feature was similar to Foleptestherita ticinensis, reported by
Scanabissi & Tommasini (1990). The pre-follicular cell could not be observed at a light
microscopic level. Electron microscopic level is needed to further investigate in this event.

Figure 1. Light photomicrograph of the ovarian structure (A-C) and differentiating oocytes (D-
F) in Norileca indica. Note: Fc = follicular cell, Ge = germinal epithelium, Hc = heterochromatin
condensation, n = nucleolus, Nc = nurse cell, Nu = nucleus, O = oocytes, Oc = ovarian
capsule, Od = oil droplet, Og = oogonium, Om = ovarian maturation, PO = primary oocyte,
Yg = yolk granules.
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Primary oocyte stage (PO)

The PO, undergoing 1st meiosis, had a spherical shape. PO is bigger than the
oogonium (about 20-30 pm in diameter), A large nucleus with about 20 pm in diameter carried
the small dense cords of heterochromatin. Multiple nucleoli (2-3 nucleoli) were found close to
the nuclear membrane (Figure 1D). The ooplasm became a strong basophilic staining. The
follicular cells were present and enclosed PO (Figure 1D). Similarly, this character of PO was
also reported in pink shrimp Penaeus paulensis (Pérez Farfante, 1967) (previously known as
Farfantepenaeus paulensis) (Dumont et al., 2007).

Secondary oocyte stage (SO)

SO was a developing oocyte stage and found the most in the ovary. The SO is bigger
than Og and PO (ranging from 300-400 um in diameters) because a lot of the yolk granules
were accumulated in the ooplasm. Spherical yolk granules were detected as the acidophilic
stained granules (H&E method) (Figure 1E). These unique SO characteristics are similar to what
found in other crustaceans including giant river prawn Macrobrachium rosenbergii and Chinese
mitten crab Eriocheir sinensis (Dhainaut & De Leersnyder, 1976; Erribabu & Shyamasundari,
1978; Meeratana & Sobhon, 2007). According to Erribabu and Shyamasundari (1978), they
speculated that yolk granule was produced/ transported from vitellogenin in the haemolymph
under hormonally regulated synthesis. The decrease of encentric nucleo-cytoplasmic ratio was
obviously seen (Figure 1E). The oil droplets were seen and widely distributed (Figure 1E). Ravid
et al. (1999) also reported that the lipid storage was produced from the hepatopancreas before
it was transported to the ovary during vitellogenesis in crustaceans. The function of lipid played
a key role as the energy source (triacylglycerols and phospholipids) for hormone synthesis
(Lubzens et al., 1997; Ravid et al., 1999). A single layer of the supporting follicular cell was also
well developed (Figure 1E), which might function to support yolk uptake into the ooplasm
(Souty, 1980). This SO pattern is well agreed with Souty (1980) investigating another marine
isopod, Idotea balthica basteri.

In the last stage, the oocyte had the maximum diameter around 500 pm due to the
abundance of yolk granule in the ooplasm. No nucleus was detected under the germinal vesicle
breakdown (GVBD) (Figure 1F).

Moreover, the embryonic development was also observed (Figure 2A). The fertilized
egg was filled as yolk plate (Figures 2B-2C), whereas its surface was well developed by
multilayers of blastomeres showing the mesodermal plug (Figures 2C-2D), similar to what
found in isopod, frona sp. (Nair, 1956) (Figure 2). Embryonic development in A. indlica is little
known and further studies are needed.

Conclusion

To investigate the pattern of isopod infection which might affect the heath of marine
fishes, here we firstly demonstrated the prevalence and infection site of cymothoid isopod
Norileca indica (parasite), a common ectoparasite of fishes in temperate and tropical water of
Indo-Pacific region, in short mackerel Rastrelliger bachysoma (host) collected from the Upper
Gulf of Thailand. Parasitic infection took place in dry season more than rainy season, and the
parasite had prevalence in infecting females more than the male mackerel. Additionally, three
distinct stages of oocyte development toward oocyte maturation were identified: oogonium,
primary oocyte, and secondary oocyte. Further investigation the effect of N. /indica on immune
response in R. brachysoma is required to understand isopod infection. This study could provide
a foundation to investigate the advanced reproductive biology of isopod, which could be applied
to resolve the problem of R. brachysoma health.
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Figure 2. Light photomicrograph of the embryonic development (Ed) in Norileca indica. Note:
Bd = blastodisc, Mp = mesodermal plug, Yp = yolk plate.
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Abstract

Transformation techniques can be useful for improving the efficiency of the estimators.
New ratio estimators for population mean using both the transformed auxiliary variable and the
transformed study variable in double sampling have been proposed. To see how the proposed
estimators perform, a simulation study had been conducted in which a percent relative
efficiency was used to compare the proposed estimators with some existing estimators. The
results showed that the proposed estimators were more efficient than the existing estimators.

Keywords: ratio estimator, auxiliary variable, mean square error, double sampling

Introduction

Using the benefit of known auxiliary variable, related to the study variable can possibly
decrease the bias and also increase the efficiency of the estimators. Ratio estimator is one of a
well-known estimators that use the information on an auxiliary variable X that related to the
study variable Y in order to estimate the population mean of the variable of interest. Cochran
(1977) proposed to use an auxiliary variable, related to the variable of interest to improve the
population mean estimator in simple random sampling. The classical ratio estimator is given as
below.

Yp = IX, (1)
X
where ¥ and X are the sample means of the study variable Y and an auxiliary variable X

respectively. X is the population mean of an auxiliary variable X. The mean square error of the
ratio estimator is given as follows.
. =)=
MSE(YR) = [T) Y*(Cy+C5—2pCy Cy),
where C, and Cyare the coefficient of variation of X and Y respectively. pis the correlation

between X and Y and a sampling fraction f =n/N where N is the population size and n is the
sample size from simple random sampling without replacement.
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Many authors have used the ratio estimator to estimate population mean with the use
of known population values of auxiliary variables [see, e.g., Sisodia & Dwivedi (1981), Singh &
Upadhyaya (1986), Kadilar & Cingi (2004), Nangsue (2009), Yan & Tian (2010), Subramani &
Kumarapandiyan (2012) and Soponviwatkul & Lawson (2017)]. Moreover, some authors have
applied the transformation method to the auxiliary variable with the purpose of producing a
more efficient population mean estimation.

Srivenkataramana (1980) proposed to transform an auxiliary variable x; to increase the
performance of the population mean estimator. The variable x; is transformed to

x;k= (N)_(—nxi)/(N—n),i=1, 2,..,N and a corresponding sample mean of X;k is

X = (N)_(—ni)/(N—n)=(1+n))_(—n§, where m=n/(N-n). By replacing X into

(1), Srivenkataramana (1980) ratio estimator is shown as follows.

Yrs = =X Q)
X
The mean square error of this estimator is given as follows.

. —f\—
MSE(Ygg) = (Tj Y’ (C§,+ (1—1")Cx—2(1—m)pCy Cy)
Later many authors have also improved the efficiency of population mean estimation

using the population mean estimator on a study variable by using this variable transformation

(see e.g., Tailor & Sharma, 2009; Onyeka et al.,, 2013). However, most authors only
transformed the auxiliary variable X. Later, Adewara et al. (2012) proposed to transform both
an auxiliary variable X and a study variable Y to increase the efficiency in estimating the
population mean of the variable of interest. They proposed to use a transformed sample of

auxiliary variable i* and study variable ?* in the classical ratio estimator. The transformed

sample mean of the auxiliary and the study variables are X = (N)_(—ni)/(N—n)
=(1+m)X-7nX and ?*= (N?—n?)/(N—n):(lJrn)S_(—n? respectively. The ratio

estimator after using transformed variable i* and ?* of Adewara et al. (2012) is defined as
follows.

X
s | X+C
Yra, =Y ﬁ, 4
X X
= _k )_(+
YRra, =Y *+p}, (5)
X +p

-10 -
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where CX and pis the population coeifficient of variation and correlation coefficient of an

auxilary variable respectively.

However, increasing the efficiency of the ratio estimator by using the transformed
study variable which is the function of its population mean is in doubt by some authors (see
e.g., Onyeka et al., 2013) because if the population mean of the study variable is known then
there is no need to estimate its value. Therefore, it is not useful in practice to apply Adewara
et al. (2012) estimator to estimate the population mean of the study variable that is already
known.

Neyman (1938) proposed a technique called double sampling which is a very useful
sampling technique in estimating these unknown parameters. Let N be the number of units in
a population U = Uy,...,Uy. A simple random sampling without replacement (SRSWOR) is used

!
to collect a large sample of size n in the first phase sampling to collect the information from
an auxiliary variable as it is less time consuming and less cost to obtain when compared to a

/
full study variable. Then a smaller sample size n (n<n ) is selected from the second phase
using SRSWOR to obtain the information on both the study variable and an auxiliary variable.

Assume that X in (1) is unknown, the classical ratio estimator under double sampling is given
by

YRDs = %i', (6)

where X'is an unbiased estimator of population mean X from the first phase sampling based

’ _
on sample size n . X and y are the sample mean of the auxiliary variable and the variable of

interest that have been estimated from the second phase sampling respectively.
The mean square error of this estimator is given as follows.

MSE(YR ps) = MSE(\?RH( j(zpcx Cy—C3)-

L'
n n
Later Lawson (2016) proposed new ratio estimators for population mean by adjusting
Adewara et al. (2012) estimators in which unknown population means of both an auxiliary
variable and the study variable are estimated. The transformed variables of the auxiliary and
the study variables are given by
NX'—n'x; * Ny'—n'y; . '
xsz X 70Xy and y; = y—,yl, =1, 2,..., 0.
N-n' N-—-n

* *
A sample mean for X; and y; are

X = W—_nlxz(l+n)i'—n§ and ?*: M:(1+n)?'—n?.
N-n N-n

Assume that the population information of the auxiliary variable and the study variable
are unknown. Lawson (2016)’s estimators are defined as below.

Yrry = 2%, )
X

-11 -



The Journal of Applied Science Vol. 17 No. 2: 9-18 [2018]

NsAsInenaaaslseene doi: 10.14416/j.appsci.2018.09.001
%
Eal y _
YRT = TX’, (8)
y X
_ %

2 y _
YRTX = —*X’, (9)

Yy x

where X'is an unbiased estimator of population mean X from the first phase sampling based
/ —
on sample size n . X and y are the sample mean of the auxiliary variable and the variable of

_ % _ %
interest from the second phase sampling respectively. X and y are the transformed sample

mean of the auxiliary variable and the variable of interest respectively that have been estimated
from the second phase of sampling.

In this paper, we aim to propose new ratio estimators for population mean using
transformation technique following Lawson (2016) and Adewara et al. (2012) using both the
auxiliary variable and the study variable in double sampling. The proposed estimators will be
compared with the classical ratio estimator using a percentage of relative efficiency (PRE) in
double sampling.

The proposed ratio estimators are presented in Section 2. The efficiency comparison of
the proposed estimators and the existing ratio estimators using simulation study are given in
Section 3. The conclusions are given in Section 4.

Methods

We propose to adjust Adewara et al. (2012)'s estimator following Lawson (2016)’s
estimator by using the transformation technique to transform for both the auxiliary variable and
the study variable in double sampling. We have suggested to estimate the population mean
and also the population values of the auxiliary variable such as coefficient of variation,
correlation coefficient, the quartile functions, median, coefficient of skewness and coefficient of
kurtosis based on sample from the first phase sampling.

The proposed estimators ?RNi ,1=1,..,10 are given as follows.

2 _x| X'+¢

YRn, =Y |5 | (10)
X +Cy

S [ X'+r1

YN, =V ( — | (11)
X +r

2 x| X'+

YRN, =Y | = =N} (12)
X +q,

S _*| X'+q

YRy, = — | (13)
X +q,

-12 -
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Ea x| X'+

YRN, =Y | = A | (14)
X +q;

s ok i’-i—q

YrNG = Y _*—d ; (15)
X +qd

as % i’-l—q

Yrn, =Y |5 (16)
X +qa

S _#( X'+m
X +m

2 x| X'+

YRN, =Y *—Bl ; (18)
X+,

& x| X'+

YRN,, =Y | = b, : (19)
X +B,

where ¢y is the sample coefficient of variation, r is the sample correlation coefficient,
q,,9;,97-94-9, are the sample values of the first and the third quartiles, the inter-quartile

range, the semi-quartile range and the quartile average, m is median, B, and 3, are

coefficient of skewness and coefficient of kurtosis of an auxiliary variable X respectively. These
values of an auxiliary variable have been estimated from the first phase sampling.

Therefore, the general form for the proposed estimator ?RN is given as follows.

X +a

where a is real numbers or estimated value of parameters of an auxilary variable from the first
phase sampling.

2 _x( X'+a
YRNZY( m ], (20)

Results and discussion
The population size N=1,000 is generated to see the performance of the proposed

!/ !/
estimators. A sample of n (n = 50, 300) units is selected in the first phase sampling then a

sample size n (n = 5, 10, 15 for n’ =50 and n =5, 15, 60 for n' = 300) is selected from the
second phase sampling with simple random sampling without replacement. The correlation
between the variable of interest and an auxiliary variable are -0.2, -0.5, -0.7, 0.2, 0.5 and 0.7.
The value of the variable of interest (X,Y) is generated from the bivariate normal distribution
with mean equal to 20 and 10 respectively and the variance for both variables is equal to 1 and
repeat 10,000 times. A percentage of relative efficiency has been used to compare the

-13 -
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performance of the proposed estimators with the classical ratio estimator under double
sampling. The results are presented in Tables 1 to 4.

Table 1. Percent relative efficiency of the proposed estimators over the classical ratio estimator
under double sampling for N =1000, n' =50 with a negative relationship between X and Y

p='0.2 p=-0.5 p=-0_7
Estimator n=5 n=10 n=15 n=5 n=10 n=15 n=>5 n=10 n=15
Yor 100 100 100 100 100 100 100 100 100
?RT 140 137 132 174 174 170 198 201 201
X
?RT 427 323 241 569 450 340 685 566 434
y
?RT 1219 522 278 1411 581 299 1533 617 312
Xy
§RN1 1219 522 278 1411 582 300 1533 617 312
\?RNZ 1218 522 278 1407 579 297 1527 612 309
?RNz 1252 549 300 1470 627 335 1612 677 357
\A{Rm 1252 549 301 1472 629 337 1614 679 358
?RNS 1224 526 281 1419 588 304 1544 625 318
{}RNé 1222 524 280 1415 585 302 1539 621 315
{}RN7 1252 549 301 1471 628 336 1613 678 358
{}RNS 1252 549 301 1471 628 336 1613 678 358
?RNQ 1219 522 278 1410 582 300 1533 617 312
?RNW 1228 530 284 1426 593 308 1556 631 322

Tables 1 and 3 show similar results, we can see clearly that the proposed estimators
using a transformed variable for both X and Y variables performed a lot better than the classical
ratio estimator and Lawson (2016)’s estimators with a negative relationship between X and Y.
The proposed estimator using transformed variables for X, Y and g5 (?RM) performed the best.
All other proposed estimators gave similar PRE except the proposed estimator using a
transformed variable for X, Y and 1y (?RNZ) gave slightly less PRE when compared to ?RT .

Xy

The proposed estimators performed well, especially for a small sampling fraction.

Tables 2 and 4 show similar results but the results are different when compared to
Tables 1 and 3. We can see that the proposed estimators using a transformed variable for X
and Y variables and some sample of an auxiliary variable such as q,,q,,q,and median

performed better than the classical ratio and Lawson (2016)’s estimators when p = 0.2. When
p=0.5and 0.8, all new proposed estimators performed better than the classical ratio

-14 -
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estimator and some of them gave the same PRE when compared to Lawson (2016)’s estimator
using a transformed variable for both X and Y variables (X:(RTxy ). The proposed estimators

performed well, especially for a small sampling fraction and when there was a weak positive
correlation between X and Y.

Table 2. Percent relative efficiency of the proposed estimators over the classical ratio estimator
under double sampling for N =1000, n' =50 with a positive relationship between X and Y

p=0.2 p=05 p=0.7

Estimator n=5 n=10 n=15 n=5 n=10 n=15 n=5 n=10 n=15
Ypr 100 100 100 100 100 100 100 100 100
‘:(RTX 107 103 55 77 74 71 58 55 97
§RTy 310 223 86 211 152 113 153 180 163
§RTXy 1008 437 189 767 358 213 595 1514 243
?RNI 1008 438 189 767 358 213 595 1514 243
?RNZ 1008 438 189 767 358 213 595 1513 243
§RN3 1016 446 180 761 354 210 585 1499 251
{}RN4 1017 446 180 761 357 210 584 1498 251
{}RNS 1011 439 188 767 358 213 594 1513 244
{}RNG 1010 438 189 767 358 213 595 1513 244
Y}RN7 1016 446 180 761 354 210 584 1498 251
Y}RNs 1016 446 180 761 354 210 584 1498 251
Yrno 1009 437 190 767 358 213 595 1514 243
‘A(RNW 1011 441 188 767 358 213 593 1511 246

We can see clearly that the proposed estimators performed very well when the sample
size n is small in Tables 1 to 4 when there is both a negative relationship and positive
relationship between X and Y. As you can see the PREs decreased when the sample size n
increased so the new transformation method can be used to increase the efficiency of the
population mean estimator with a small sampling fraction which is a benefit to researchers in
saving money. However, the new estimators seem to be less efficient when the sample size is
larger.

Conclusion
Transformation method has been used to improve the efficiency of the population
mean estimator using ratio estimation under double sampling. In this paper, we proposed to

-15 -
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adjust the transformed variable technique proposed by Adewara et al. (2012) following Lawson
(2016)’s estimator by using the transformation technique to transform for both the auxiliary
variable and the study variable in double sampling. The proposed estimators using a
transformed variable performed better than the classical ratio estimator and Lawson (2016)’s
estimator under double sampling. We can see a huge improvement in the percentage of
relative efficiency when using the transformed variables for a small sampling fraction. All
proposed estimators performed well when the relationship between X and Y variable was
negative and when there was a weak positive correlation between X and Y. Therefore, it is a
very useful technique that can be used in practice to improve the precision of estimators by
using both auxiliary and study variables and also some estimated values of the auxiliary
variable when the population values are not known in a small sample.

Table 3. Percent relative efficiency of the proposed estimators over the classical ratio estimator
under double sampling for N =1000, n' =300 with a negative relationship between X and Y

p=-0.2 p=-0.5 p=-0.7

Estimator n=5 n=15 n=60 n=5 n=15 n=60 n=5 n=15 n=60
Yor 100 100 100 100 100 100 100 100 100
?RTX 144 141 143 176 173 181 197 196 210
?{RTy 529 541 369 661 691 530 756 800 682
‘_}RTxy 11463 3646 623 13820 4297 692 15404 4715 733
f}RNl 11463 3646 623 13820 4298 692 15406 4716 733
{}RNz 11461 3644 622 13811 4290 688 15389 4701 726
§RN3 11537 3719 669 13960 4426 765 15599 4886 826
§RN4 11539 3721 669 13964 4430 768 15605 4892 829
Y}RNS 11474 3657 630 13840 4315 702 15432 4739 745
{}RNG 11469 3651 627 13830 4307 697 15419 4727 739
{}RN7 11538 3720 669 13962 4428 767 15602 4889 828
?RNB 11538 3720 669 13962 4428 767 15602 4889 828
Yane 11463 3646 624 13820 4297 692 15405 4715 732
‘L(RNIO 11484 3666 636 13857 4330 710 15455 4758 755

-16 -
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Table 4. Percent relative efficiency of the proposed estimators over the classical ratio estimator
under double sampling for N =1000, n' =300 with a positive relationship between X and Y

p=0.2 p=0.5 p=20.7
Estimator n=5 n=15 n=60 n=5 n=15 n=60 n=5 n=15 n=60

100 100 100 100 100 100 100 100 100

?DR
Vi, 106 106 99 77 75 71 57 55 54
§RTy 430 363 236 303 250 157 220 180 113
§RTXY 9169 2708 526 6655 2003 433 4928 1514 361
Yy, 9169 2708 526 6655 2003 433 4928 1514 361
Yiw, 9169 2709 527 6654 2003 433 4927 1513 360
Vey, 9190 2729 539 6644 1997 426 4908 1499 344
Ve, 9190 2729 539 6643 1997 426 4907 1498 344
Tin, 9173 2712 529 6654 2003 433 4926 1513 359
Vi, 9171 2710 527 6654 2003 433 4927 1513 360
Yan, 9190 2729 539 6643 1997 426 4907 1498 344
Yan, 9190 2729 539 6643 1997 426 4907 1498 344
Yrno 9170 2708 526 6655 2003 433 4928 1514 361
Ve, 9177 2715 530 6654 2003 433 4924 1511 358
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Abstract

Nowadays, Polyhydroxyalkanoates (PHAs) the group of biopolymer has been intensively interested since they
possess biodegradable efficiency as well as highly similar characteristic to petrochemical plastic. In this study, ten
PHAs producing bacteria were screened from cassava starch wastewater using Sudan black B (SBB) dying
technique. Only 10 isolates were subsequently identified through the 16S rDNA sequencing analysis followed by
phylogenetic relationship evaluation. The results revealed that they were successfully located into three bacterial
genera including Bacillus, Enterobacter, and Sporosarcina. Interestingly, the molecular identification profile of
KR_M9 was typically related to the strain Sporosarcina luteola, which has not been reported concerning to PHAs
accumulation. Hence, it could be classified as the novel PHAs producing bacteria with attention to the further

quanlitative and quantitative analysis of PHAs production.
Keywords: polyhydroxyalkanoates, cassava starch wastewater, Sudan Black B
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Abstract

Recently biaxially polypropylene (BOPP) film or micro-perforated film was developed to create a
modified atmosphere to physically extend the shelf-life of fresh-cut produces. However, the size of microhole
was 80 micron which is bigger than the size of typical microorganism, thus the biological contamination from the
air may occur. This research, therefore, aimed to study the possibility of microbial contamination via the hole of
micro-perforated film The experiment was conducted by pouring plate count agar in the tray and sealed with
micro-perforated films of different pore numbers, 0 holes (BOPP-0H), 5 holes (BOPP-5H) and 80 holes (BOPP-
80H). The trays were incubated at 25 °C and 8 °C (open and close refrigerator) for 10 days. The number of
airborne microorganisms was also examined by settle plate method. The result showed that the number of
microbes found in the tray related to that of airborne, especially when stored at 25 °C which had higher
contamination of airborne microorganisms than at 8 °C. Therefore, the microbes contaminated in the air could
pass through the perforated film of 80-micrometer size. This was due to the size of the hole bigger than the cell
and spore of microorganism. In addition, the tray covered with BOPP-80H had higher microbial contamination
than that with BOPP-5H. Whilst, the tray covered with BOPP-OH had no microbial colony. In order to prolong the
storage life of the fresh cut produces using micro-perforated film, the packaging must be placed in the atmosphere

with low airborne contamination to delay both physical and biological spoilage.

Keywords: biaxially polypropylene film, micro-perforated, fresh-cut produce, airborne microorganism, spoilage
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Abstract

The aim of this research was to investigate the physical properties of railway ballast rock for the rock
deposits in Chana district, Songkhla province such as Nahwah deposit and Tarmorsai deposit. The experiments
was devided into 6 parts such as mineralogy, abrasion by los angeles, aggregate impact value, size distribution,
specific gravity and water absorption and shape index were compared with the standard properties of State
Railways of Thailand (SRT). The result showed that thin section from mineralogy was granite and samples from
three deposits were complied with SRT’s standard. The abrasion value was less than 24%, bulk specific gravity
and water absorption was higher than 2.6 and less than 3 percent, respectively. For size distribution, Tarmorsai 1
deposit and Tarmorsai 2 deposit were complied with SRT’s standard except 1 sample from Nahwah deposit. The
elongation index of samples from Nahwah deposit, Thamorsai 1 deposit and Tarmorsai 2 deposit were grouped
into C, E and E type, respectively. The flakiness index of samples from Nahwah deposit, Thamorsai 2 and

Tarmorsai 1 were grouped into A, A and C type, respectively.

Keywords: ballast rock, physical properties testing of rock, rock deposit in Songkhla
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Traffic Policy and Planning, 2018)
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Abstract

The purpose of this paper was to compare the efficiency of the population mean estimator of the 4
Ranked Set Samplings which were Ranked Set Sampling (RSS), Extreme Ranked Set Sampling (ERSS), Balanced
Group Ranked Set Sampling (BGRSS) and Two-Stage Ranked Set Sampling (TSRSS) compared with the
population mean estimator from Simple Random Sampling (SRS) when respectively sequencing from the
auxiliary variables and the primary variable 0.1, 0.3, 0.5, 0.7 and 0.9 and Error in Ranking from sequenced groups
study. Bivariate data simulation was Bivariate Normal Distribution and Bivariate Lognormal Distribution. The
efficiency of the population mean estimators from there samplings technique was considered from Relative
efficiency. The result revealed that the efficiency of the population for mean estimator depended on the correlation

between auxiliary variable and primary variable and distributions.

Keywords: auxiliary variable, primary variable, Ranked Set Sampling
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Abstract

Latent heat of condensation is an energy-releasing reaction when water vapor comes in contact with the
surface of an object containing temperature lower than the dew point or saturation temperature of a drying media.
During the condensation, the thermal energy in the system is suddenly absorbed by the lower temperature object in
order to make the phase change. Subsequently, the object temperature rapidly increases to the mentioned temperature
of the drying media. In this research work, the energy-releasing property from condensation was applied to paddy
during fluidizing process to prevent the rancidity, caused by hydrolysis process of lipids in rice bran by lipase
enzyme into free fatty acid (FFA), of the brown rice during storage. Paddy with post harvested moisture content of
33.3% dry basis was dried out in varous conditions under humidified hot air (HHA) condition generated of saturated
water vapor by electrical boiler. The hot water vapor was injected into drying systems of fluidized bed dryer to blend
with the hot air (HA) which was set in different drying temperature of 100-150°C and 1-30% of relative humidity

(RH). The drying kinetic result revealed that the condensing reaction occurred at the initial stages of drying process
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when the paddy temperature was lower than the dew point temperature of HHA media. During the condensation
process carried on, the grain temperature rapidly increased to the higher level than that under the normal drying
process with HA. Its increase, moreover, was depended on increasing RH of the HA. The occurrence of
condensation resulted in better deceleration of FFA content of the brown rice compared to drying by HA during

storage for 6 months (analyzed every month).
Keywords: condensation, humidified hot air, fluidization
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Abstract

This research aimed to determine the optimum level of concentration of sludge in the superpulsator
settling tank at a tap water treatment plant in Bangkok in order to control sludge concentration applying in rainy
season of Thailand. This could reduce the water loss and sludge blockage problems during conditions of that time.
The reduction of water loss is an effective way to improve efficiency of the tap water treatment. We applied the
full factorial design of experiment which consisted of two main factors, such as alum rate and impact rate. Each
factor comprised of three levels. A factorial experiment was then conducted with three replications. After running
the system for 40 minutes, the water was drained and sludge samples were collected. After the samples were left
for 20 minutes, we then read the value of sludge separating from the water. The results were analyzed at 95%
confidence interval. According to the results, both factors significantly affected the sludge concentration. The
optimum condition of alum rate was 100 litres per hour and the optimum condition of impact rate was 65 times
per hour. When the system was controlled by these optimal factors, we could reduce water loss and sludge

blockage problems at 38% and 100%, respectively.

Keywords: water loss reduction, design of experiment, sludge concentration
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5 — Upper level of sludge blanker. 11 - Reagent feed.
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Figure 332. Pulsaror clarifier.

gﬂﬁ 1. Tnseadadeanaznou (pulsator clarifier) (Laurent, 1995)
a o g 9 a ~ 1A
1u&1u3%ﬂl&i“}fﬂﬁ@’ﬂﬂlL‘]J“JJmﬁflﬂammeﬂﬂﬂﬁfJa (Montgomery, 2009) Gluﬂ']iﬂﬂﬂllﬂﬂﬂ']ﬂ
mmztmalumiﬂ’mﬂummmgl}m’l'umﬂau miaﬁ]mm‘umi“lnﬂam@mﬂmnaﬁﬂaﬁﬁ) mﬁwﬂamﬁﬁﬂﬁmﬁma
! a o o o ¥ ! g H o '
NAAINMITINAUVDITLAD (level) ¥ 1T998 (factor) Nanuandul 1dlumsnaasain dredraury  nsal

v
210958 ilade A Uszneudiea seay uazifede B Usenoualebszdy  lumsnaaed 1 91 (replicate) 99

-84 -



The Journal of Applied Science Vol. 17 No. 2: 81-97 [2018]
NsAsIneaaaslseene doi: 10.14416/j.appsci.2018.11.002

@

v ¥
gﬂﬁ 2. ANAZNDULUVUAIVAVFUAZNDU (superpulsator) (Degremont Technologies, 2018)

9
19 ) 12 a = 4
UsznoudienIsnaaesianum ab Msnaaes dmsunisnaasusaneiSsauuuauysal (full factorial
. & v Ad g o YK a P ' Y1 o
design) naziiietlatsninerdesgminndaldeglugiuuvesmsesnuuudwaneisoa sznan 1anlade
v A YR o v R oA o A =
maniifins ludaenuuaziu aligdununalil Ao A*B*C... wlaneiiea jluvvowRUMINATEWDY
wianeFvafddey wu msvenuuuminaasuy 2 ulaneiea 1¥numsnaassnarefasenimuaszauy
£
¥017990 2 5zav luiladennua k Jads daumsesnuuumsnaaswuy 3* ulaneiiea l9nunisnaaes

@ @

o Ao o v ¥ o g
nanefavenimuaszauveifade 3 szau lutladenarua k Tads iludu
NAMIANBINUITENNEITRINUMIBRALLUMINARRUTFWANBTsa NUNTMTIMTeRALLY
minaasssanan T 1Fluadseiuaunn Anertesnumsiulsz@ninmmsnan miaadunumsHan
sudamsanueudelunszuIuMs 15U Suwanmanee (2006) Uizgnd IFudnmssenuuuMINARDINENIA
o o A oA o Y a A ad a ¥ ¥y oA < a S0 ¥
sgauhdoNminzauveansnuanilfinaveudedmiluirdudosngalugaaimnssules tnes 1d
I Y @ a = k A = 2
Tuammee & Kengpol (2008) szgnd lgvianmseenuuuminaaeusianeiioa 2“ ieaatsmnuandsnn
ATLUIUMIHAANATANTIFUAY Koonmee et al. (2014) 1¥msnaasaunvuransEea 2 lumsiasiei
[ = 4 a =l I
drunauveIneUns AloanruNUMsHannoUnIa (udu
9 H N ]
uonaniigiveldansnenarsiinerdesnumsiiulszd@ninmvesszuudeanaznonly
Y , - 2
nszUIUMsHanti1Ysza wunluauved Chomsuwan & Ratana-arporn (2009) HAMFANEIDALUINIGATLAY
1} [ = g‘l a g ad
Uszaninm Tasmstivaanuiuuesiianagneunuuiituaznou lunszuaumsnaatinlszidioisnig
aa X 1 o =2 a ) Y g’/ o Y ’o’ a ' A )
aaa e luaunsnimsaneidsuams lsasdulutuaoumsimIniiauanaznon  diunaeuily
msaniangimnzanlumsmitannuyu Tagiimsduniladendiwanonismiiannuualonis
PONUULUNITNARBIAIIBNNT 119U UBI Chooprajong (2012) IdANEIMTIIMZNEUAAINGIANAZNOULLIL
. . 4 " v a %,‘ [y Y Ed
solids contact clarifier HALAENBDULHININVBINNAZNDOU (lagoon) lunszurumswaninlszahnavunlslss Tow
I [ o [ A a a ] % ?;I a A
iumseiuaznou (coagulant aid) Tagvzsieiulszaniamlumsanaznoulusigguds Fni@uiian

- ? a 2
AMYUAT Nopparat (2012) Any1IsMsaathgadeves Issnumamirauey 4 veemsilszihunsvadn lag

-85 -



The Journal of Applied Science Vol. 17 No. 2: 81-97 [2018]
NsAsIneaaaslseene doi: 10.14416/j.appsci.2018.11.002

= o o < o ' H o H o w
ﬂmﬂaﬂus:uumsmmmmmﬂ%}wummgﬂuﬂuﬁamﬁ@mmyummumé}mwmimnmmmmzuw
4 (o ' ' ¢ g o wa a ¥ o
mzﬂaulﬁaﬂﬁUﬂmmmguiﬁ'aq“lummmmmgm lﬂ!fl_]ui%ll‘Uﬂ?iig‘UWﬂﬁ%ﬂﬂull‘U‘UﬂﬂIuN@] ﬁlﬂﬂﬂWﬁﬁﬂ@NWfl
¢ do @ w1 ' ' Y o 2 a A 2 A $q9
!.‘]fu@ll“]fﬂiﬁ'l‘l’ii']_l']ﬂﬂ1ﬂ313ﬁ!u’ﬂ]@ﬂﬂ@@lﬂ9‘l$ﬂﬂu&Lﬁ?ﬁQWﬁvlﬂﬂQQﬂﬂﬁﬂ!ﬂ')‘l_l?;mﬂTiﬂﬂLﬂﬂﬂiz@u%W@ﬁﬂiW

¥ o Vo ' ' o A o wa H a Y A
ﬂiz@u%ﬂﬂﬁ]uﬂ’ﬂﬂ1"’11E)Qﬂ’.lmslﬂmgﬁlmﬂmmm@liyu ﬂ'ﬁ‘ﬂ3zUuﬂfﬂIull@ﬁ]gﬁ'ln'ljﬂaﬂu']qiy!ﬁﬂ'lﬂﬂlwﬂ\?nlﬂ
v ¥ ' ' P .
uu%uﬂgﬂuﬁnmuQﬂJﬂQW’J’Jﬂﬂ’Jmﬁqu %Qﬁmﬁ‘ﬂﬂﬁmlﬁmﬁﬂﬂﬂWﬁ%mu&ﬁﬂﬂﬁQW’J’Jﬂﬂ’Jm"quuﬁMSJWﬁM

A

v 3 = Ay A
°V]ﬁﬂLWf‘JGl,Wu"lqmlﬁﬂsllf’)\ﬁgﬂﬂﬁgﬂﬁlﬁgﬂf’)ullﬂ"luf’)ﬂﬂﬁ‘fﬂ

a

)Y

@ Y Ia v A @

= aw A Yy 9 Y o = 3 Y, o
INNITANYUDNTITLUASITUD EW]Lf‘IEJ'JSU?N"'IJ"IWluTnGlWW’Jﬂﬂllﬂ’ﬂilll “l%mmmzﬂu'lﬂ'lﬂslumim

an a ~ Yo AR A o P o o o
‘ﬁm'iE‘)E‘)ﬂmmm‘i‘ﬂﬂﬁmmﬁuﬂﬂﬂm’imeJﬂﬂfﬂ‘]Jﬂimﬁﬂ]en Iﬂﬂll’)@lqﬂizﬁﬁﬂmaﬁﬂmﬂfﬂ% EJLLazizﬂ‘lJﬁll’t‘N‘ﬂ%ﬁ]ﬂ

4 Yy g o ¥ § g 9 H
‘ﬁLW1J']§5ﬁiﬂuﬂ'ﬁﬂTUﬂNﬂ'ﬂlll"’l]ll"’lJHﬂlﬂﬂﬂzﬂﬂuiuﬂQﬂﬂﬁgﬂﬂuuﬂﬂﬂﬂﬂﬂﬂ%uﬁgﬂﬂu Lﬁ@clﬁ mm‘maﬂmqmﬁﬂ

uazanllymnsgaduvesszuUszINeaznou 1a

ad
IHENINAADI

¢ X
1. amwmifyrsazmsimazilesdu

'
Y a A4

a 2 o o Y Ag o A Y A o o A ' H
hluﬂ'ﬁwaﬁu'lﬂﬁgﬁﬂ'l ﬁ?llﬂﬁu'llsllﬁ/lﬁ'l WUABUIAU AINADINIITUIAIAULIN AD AIANNYUUDIUN

4
a ¥ =)

a &2 g v 3 a 3 = =1 9 o ~ 3 Yo

ﬂﬂiuﬂa@ﬂﬂﬁs‘ﬁﬂT G]NUJ1!l!fﬁfﬂﬂu1ﬂ‘lﬁuﬂﬂiiﬂﬂ?uﬂﬁﬁuWﬂimﬁﬂHWU %Wﬂ"’l]ﬂll“ﬁﬂﬂuﬁﬂﬂqluﬁ"liﬁﬂ 2 L‘H‘L!llﬂ’l"l'ﬂ"l
] 2 a = o Y 33 [l 1 T v ' a ] I .

mm@qummumﬂuiauﬂ mmmmuuﬂvlmﬂu 3 ¥N mmmuumﬂanwmmﬂu NTU (nephelometric

turbidity unit)

Y ' ' = % a ~ '
A15197 2. ﬂ1ﬂ31uﬂgu1ﬂﬂlﬂaEJ"UENL!W]IJIﬁ\?ﬂuﬂiﬂ!ﬁﬂﬂﬂu%ﬁﬂl’m? 12 Rou (W./. 2558 DAl 2560)

Faail oL FrmAnIuvesnAY (NTU)
1 WOATMIBY B3 WAL 20-30 NTU
2 Higuiey 29 nIngIAN 30-40 NTU
3 Aarnw B9 gaaw 40-50 NTU

From: Samsen water treatment plant, Metropolitan Waterworks Authority (personal contact)

2 ° ' Aa ' ? a <
Tugwiasell 1dimsanelugrananisanuuluiduaiuggma Uszuna 40-50 NTU wude

[l a X 1 { o ?y a
Uszanagrudeudamaviudeugaiavuesnnil ¥sedluggduveclszmalnehisuamihduiniag

T a a '

' a ¥ v ¥ wao H
ININDADNISIAUTZUY  SIUNIY AVNANNYUGIFA ﬂ\11!uWi}?li]ﬂ%\ilﬁ@ﬂﬁﬂ‘]&l"I‘iS‘]J‘]JuTi%‘]JTEJG]gﬂ’EJuGl‘H

! g wa 1 oA g Y a ' ! wa A
R RLY uanmﬁamnﬂmfmmmmmquﬁﬂu”lﬂmmmwmmumu“luzmazmmamé’a ﬂmﬁﬂﬂﬁﬁuﬂ

- 86 -



The Journal of Applied Science Vol. 17 No. 2: 81-97 [2018]
NsAsIneaaaslseene doi: 10.14416/j.appsci.2018.11.002

Y a A I Y @ ¥ .
youaunglFlumsnaass iulamnasgrumsarguainTasamsithse Sagunminuy real time
(Metropolitan Waterworks Authority, 2018b)

o y3 9 A% a a Vo Y o ¥y g o A
wmmﬂ”lﬂm‘umayaimmmﬂuqrgma“lumqmﬂan uaia It ueru s Ia ﬂ\igﬂ'ﬂ 3

=

v ¥ a o = Y 3 '
W‘]J’J"I‘Lﬂﬂll11ﬂTiQiylﬁﬂblﬂﬁluﬁﬁWﬂiSU’Juﬂﬁ Tﬂﬂﬂﬂuﬁz‘umﬁzﬂﬂulﬂuﬂﬂ‘ﬂ

a

°

3 = P
Wgaaeuniga

& 4 100
1800

1600 - &
80

1400 -

1200
60

ALY

1000

800

600

400 20

H ] H a1 v a a
51 3. LlNuﬂ1WW1!§I@]L!ﬁﬂ\i@nLL‘H“LNL!.EW“LEZJ1ﬂ!u1ﬁﬂllﬁﬂﬁ’E)'.]‘L!Iﬂ8lﬂﬁﬂsﬁiﬂﬁﬂﬂ1ﬂuﬁﬂﬁﬁ1ﬂu 2560

u U9 q

From: Samsen water treatment plant, Metropolitan Waterworks Authority (personal contact)

] < H A v Y X o ¥ Y o= o=
I,W]'E']ﬂ']\illiﬂﬁ'lll miaﬂmizmﬂmﬂauﬂzuwaiﬂmmmmmmmmﬂaquu PNUUADIATUIDN

=

v 9 v v a Yo = Y Ao
anunduvesaznou Iz audle 031 ldasgln 4 Dalymanudsgeuvesszuvanaznou Tandl
9 v
$WIUATIGIgaRe szUUNeTZINeAznouAY dungdiuInainannmsiazneulianududugenu liuaz
a @ 1 A I Yaou K Yo @ . < Yy 9
NAM3QARUANDNT 0187 §I9694 Iamruad Il swanol (response variable) 111UNTAIVANAIMTNIY
yoaaznoumuzay 13N 70-80 % AWNIATFIUVEINIAIVANTZUY (Laurent, 1995)
A Y gaow Y o . A a s A o B Y Y
iosdud e 18 15mann1s why-why analysis N0 3R 512 MI@ Mg IRANANMT LT UVD
o A = g A o ya ¥ = a =2 g a
aznouaunuli Fuiluaungihldinehgode vazguinll Fuiluaunguesmanadymszuuazneu
o o a Yot o Y oy A ° v ¢
gadu Tagnsdnlseyuszaunnuaanngidssaumsainazidminnilsesimihau asrsaeumigmyal
Aa 2 Y a A A o a = o a d g I Y
Joyinadu o vihaouasuietudunuinavesivan iimsiasizruuiuguvesanuiullls Tae
a J J [ o v J ] o A
1NMIIATIEHNU N Ty manunn 2 aunquanae sasimsteasdu limunzay (@eandosnuiuaas

Tu Chooprajong (2012) HarsnsMsnszunnin limngay

- 87 -



The Journal of Applied Science Vol. 17 No. 2: 81-97 [2018]

NsAsIneaaaslseene doi: 10.14416/j.appsci.2018.11.002
i A -~ 100
30 - R o
P
25 & r 80
i
20 - - 60 %

! Y " A
qﬁlﬂﬁ 4. LLW’HﬂTW‘W1L§'Tmm’ﬂ§ﬂﬂlu1’ﬁ\ﬂuui]ﬂ"]ﬂﬂiligﬂﬂﬁﬂ@l%ﬂﬂu‘]ﬂﬂﬁﬂﬁWﬂﬂJﬁﬂi}ﬁ?ﬂM 2560

From: Samsen water treatment plant, Metropolitan Waterworks Authority (personal contact)

2. MIgnUUUMINAad

A [l

] a 1 Bo‘ a 1 l;l =S
gavelainisnaasslugrudoudaniaudegaian anirtaulusisiivesnniiiaiaaugu

a
4

Tawilszunm 40 99 50 NTU ﬁa&udwﬁ‘lﬁmﬂmiﬁgﬂwamﬁaj"ﬂﬂ%ﬁ: T IRAdmsumnAuszupfithaui
mamulugeianduazswdahauiion pH 5.0 83 9.0 Swanazneuiildinisnaaedimdinsnan 50
amNARATAY Tuadoniae Tdmau 1 wie iduiuguinaiauoads 6.5 was taziinnugs 4.75 was
msauguaEniiesnINiRnaznouRIng 1 vedoqdail AINWAYY (turbidity) 7 + 3 NTU A1 pH 6.5
04 8.5 nagmnmuilua (alkalinity) 813 50 HaansuAvans (as CaCO,)

A 3 %} = A o 1
msdunlFlunmsnaasaiuasduiii 50% ww) Taglanududunsnsinisoedszua 35

A a o 1 a ' ' o o Y a s V&
Haansuaeans IAAnunns Uz 1.2 6a51ms lvaveuhdulszunm 50 gnuisimasaosd Tu

o a 1 o i o o I o A 1 1

daulsvasy Taun 998 (factor) MitwiimseonuuumInaasd Wutladendinaniznuaoan

Vo ' o H ° '

AN UTUUBInznou 311U 2 Tade Taun 9ns1msteasdu tazensimnszunnmii Tagldmvuas

o 9y o ' )] Yy a g 9 1 3w a
"’U'fJQﬂ"l]"l]fJVl'J 3 5¢a1 (level) "’Tﬁhlﬂell’ﬂllﬂE)NE]Qiﬂﬁﬂﬂﬂﬁzﬂ’;uﬂﬁﬂ’)ﬂﬂn‘ﬁi‘]ﬁﬂgﬂl@ﬁﬂiaﬁﬂﬂ1 !‘]Juiﬂ’mﬂi’t]ﬁiz

Y
lumsnaaodg A9l
- 17938803159 18e35dY (Factor A) 1 3 52A1 AD 60, 100 L1AZ 140 AATABFI 114

¥ 4 1 G'J
- 9980a 1M InTzunni (Factor B) 13321 flo 30, 60 taZ 90 A39A0Y2 119

- 88 -



The Journal of Applied Science Vol. 17 No. 2: 81-97 [2018]
NsAsIneaaaslseene doi: 10.14416/j.appsci.2018.11.002

aw

4
Gl’JLLﬂiGﬂMﬁ1WS‘]N1M’N]Ela ﬁf’) GI’JLL‘]J’N]’E)‘]JET‘H’EN (response variable) “lumi“vmam "lﬁlll,ﬂﬂWﬂ’ﬂll
) A ' Yo Y P o Yan
wmummmﬂaumﬂaaullﬂslmmmmswmm IﬂEJQ’]%EJUlﬂﬂ1ﬂ'IiVIﬂaENIﬂﬂi%?ﬁ@ﬂﬂllﬂﬂﬂﬁ‘ﬂﬂaﬂﬂlmﬂ
4 o 1 o dy I [
full factorial design Lﬁaﬁﬂymaﬂimuwammzwamwmammﬂm& mimammﬂumimﬂamuuu‘luqu
A Yy & o g o o ' Yy A a4 Y Y
mmmﬂmmmumaﬂmﬂusam ‘U’t‘)ﬂﬂﬁﬂiﬂ’t‘)ﬂi”lﬂﬁ%”lﬂﬁﬁﬁll IWDUANLAYINAIINAINLUNUHUDITTITAY
= o Y ' o H ¥y A4 A = Yo <
fngwamwgiuizuu Iﬂﬂ‘ﬂWﬂ”l'i‘V]ﬂﬂEN“lﬂ 3 A3 LWE‘)!WﬁJﬂ’NﬁJu%ﬂfﬂﬂﬂiﬂﬂ‘]Jﬂﬁ‘l/lﬁa’fjﬂuﬁtlﬂuﬂﬁﬁﬂﬂ’ﬂll

] I ~ a a A Y ya Y o ZI/ 2
unzilunzinaanuianaiauuun 2 (type II error: B) TﬂfJﬁ'JllLlﬁjﬂﬁﬂﬂqﬂﬂ1ﬂ1§ﬂﬂaﬂﬂﬂﬂﬁu 3x3x3 57U

g !
10U 27 nulemsnaaed

3. IBauduMInaasg

o A <3 a o Y
AutuMINAaeaziNUTIIINToyalun1snaas (B19BIMSNATOVAW Laurent, 1995) Aail

: . . Ya do o : o o g, v o .
FuAuseMsTaaInMUYUYeNNAUNINNA01AT 04 turbidity meter WAIINIU 1IM5USUEATINTIIE
y 2 v o . -
asdu nazlSudasimsnszunmiaulatenazszaunlFlunsnaass msdsusasinmsnearsdy 1435

o A A 1 I [ H Yas o A . Y Y [ 1 @

Usunnsea1eilu stroke tagmsdsuonsimsnszunniii 15351507 timer 1M d0ana0INUAITEALVDI
o A Y 1% @ 1 1 U Y o =1 4 Y
Tadsndoans ndanmsdsuavesszuuuaazmInaasd aztlass sz uumauszuna 40 ud el

' ' = o aaa v ¥ a G4 [ g o < (5 ' H I~
lLu1%31ﬁ1§!ﬂullﬁ}'i/nl];]ﬂﬁﬂ?ﬂﬂuWﬂUIﬂﬂﬁﬂinmllé}’J A INUUITNINMTINUAIDINUITSUIIASNDUNND

Y
a

o @ < @ ] o w [ %’ ~ 1 = a aa
dmsunudIega tazideg1niszeaznoui lauunlanszuenaiali IddSuna 1,000 Hadans uding
k2 = d' Y go} a @ U ?,’ [ [ d' o 1 1 q'
1320 wiit e ez neuluminAamsuendsznnaiazoianuazneu (Asgli 5) iimsemavesaznoui
Y Y o o = ' ' ' = v o 3 ° o o
laudniliiudinna Tasmseruangeuningageganaznouuendnuindzeln mmsdsualsenas

¥ ]
52AUY0IT0981aZTINITNARDITINUATY 27 HUIINTNATDY

Y 5 3 3 o ' 3 A aa
E‘l.]ﬁ 5. MIUINAIVDIUULASALNDUIINNITINUAIDINNUITEVIIACNDU 1,000 NaaaNT

- 89 -



The Journal of Applied Science Vol. 17 No. 2: 81-97 [2018]
NsAsIneaaaslseene doi: 10.14416/j.appsci.2018.11.002

Hataz3n3aNaNIINAADY
4' o v [ 4' I~ 1 [
HANINAADIN 1AINNTNABDITININ 27 HUIIMINAADY UAAIHAAIAITIIN 3 LT UNAIVDI
v v

anuutuaznoui lannmanaasslinaaud 40% (V/v) 63 92% (V/v) Tasaaduauluszuuaimnasgiu
MIAIAL (Laurent, 1995) 92 1HA1819899 70% (V/V) 019 80% (V/V) Wumnwamsnaaoddities 8 Arlu 27
A ] o ] H ' Y o Y] ° ] X o A a <Y
aneglunniuguainan luduaouas ldiveszdenimanisnaaesnanuatinduiiumsinsizidoya

uazaammuﬁwmuau auuuInelumsesenuuumsnaaeusaneisoa (Montgomery, 2009)

1. M3asgeuANNgnAesveszluuuMsNanes
2 2, Ay v p o )
Tuauaeuilazihmanmiinaassi ldanais1ei 3 yhmsasivdeuanugndssale Tsunsunig
an I
ADA Minitab release 16 (Minitab Inc., 2015) MinsFOUANUYAREIVBIFIULLUMINAReUTUNMIATIIEDD
1 4 T =Y a g a [
AU LTPDVBITYA 1ABRINTULDLVOITIUANAN (residuals) dzApsiimsuanusanuulnd Wudaszae
fu wazanuulsdsiulininei asi ldduiiums 1y Tuammee & Kengpol (2008) 1182 Koonmee et al. (2014) 34

A A Y1 = Y
ﬁ)zmmsamaaa‘lmmamimamummgﬂmm

Mmsan 3. gﬂuuumsmamuazwamsmam

A B mnau@!miﬁgummnau (%)
(L/hr) (times/hr) ﬂ%&‘ﬁ 1 ﬂ%&‘ﬁ 2 ﬂ%&‘?‘ 3
60 30 44 46 40
60 60 63 65 60
60 90 78 74 72
100 30 45 42 47
100 60 72 75 68
100 90 89 90 92
140 30 45 49 47
140 60 72 65 65
140 90 81 78 72

o A o 1 9 a 1D
winave: Jady A e 6n5INsea1sdy (Gasaod Tug)

o A o H )
1998 B Ao 6A31N150ILUNAH (ASIADT 119)

A @ T Y . a Y < a
ﬁ]?ﬂg‘lh/l 6 ANHULIAVDIATIUANAN (residuals) vun umMInIzneauuuIduasuiulng

uazdda Taunsw (histogram) Inmauinag vlvagyd 14 sraauandndimsuanuauuulnd e

-90 -



The Journal of Applied Science Vol. 17 No. 2: 81-97 [2018]
NsAsIneaaaslseene doi: 10.14416/j.appsci.2018.11.002

nIsgnImdandNnumlszINauwdunAn0s NUIIMINTZIBAIUIMEIUANANTIANHULUUD G
= Y U 1 Y =) g a '49! @ ' Y 2 g’/
vwaglldnardandedimsnszaeanuudas: livudvailszununudunanesuaznisnszeaing
auvnuazauanlndifesiu srnavesdeyaneudieni uaz inungluuumsnszaedivesmdaiu
Y 3 ] ' § a
ansuafianyuziflunur Tduuasdiala Jeagdndoyatinnuadesvesnnunlsdsiu iweiarsansl
' v Y @ o w ' A o AT A A ) Y =R
sgINmdIuansnuddumsnaaes nunnsiidnyasn liaunsamamismanieuua Tduld 39
Y o1 Y o~ a " W
ayillanmdmandlinnuddszaonu
v & = Y19 Ao Y = A A o 9
auiussansaagl Idndoyanisnaassgaiiinnugndewazinnuiurede amnsaihdeya

Y
ganan limsnazianuulsUsnluvuas la1d

Residual Plots for result

Normal Probability Plot Versus Fits
50 -
. *
30 251 *» .
T 1 .
H . .
()
& LIFTIEN .t
10 f .
1 5.0 )
50 25 00 25 50 0 ] D @ 30
Residual Fitted Value
Histogram Versus Order

t <‘: " I
=
=7
3
E?‘
g=u

o 2 4 2468 0D12HMIKIEN22ME
Residual ‘Observation Order

311 6. Residual plots Y04WaN1INAQLY

a d
2. msaanzHanuulsdsiu
o wa ) a 9 ) ° a ¢ A A o A ' o o
naanasRaeuguauavesteyasuieondd szihimsiasiziinesuduaunaguNTadevdn
v 1 = 1 1 Y 9 1 A @ o @ A 1 9 a 4
nazdosau Tnaaeninnududuvesaznousselviodidnnsela  aremsnasiznanuulslsiu
a 4 a =)
(ANOVA) auuuInuemsaaszianunlsdsivvesmsnaaeusaaneisoa (Tuammee & Kengpol, 2008;
Koonmee et al., 2014)

A a J A A ' v a £ v a 241
iﬂf‘lq’i'ﬂ‘ﬂ 7 naaanansans1ziaunlslsiu wudnlenasanamduilszansmsdaaule R” I

2 A4

v g o1 A ' ' ' '
MY 97.35% deniluminguaasideyalinnuminzavasmsadnaunisaanes 14 naza R fia

'
= A

= o 1 A o o v da a o o
IndiReeny Riad) naasndeyaninnlilumsadwanuduiusianiiome Wenasandtondnde

1 a 1

' o 2 aa '
ﬂ@]i?ﬂﬁﬂ?ﬂﬁﬁ’&li\l (A) 18RI INITNITZUNNUI (B) ?HIJ130ﬁ§’]_]vlﬁg]}’ﬂﬂﬂﬂﬁWﬁ@lﬂﬂ?ﬂ?ﬂmﬂi}Wlﬁl}umﬂﬂﬂzﬂﬁ)u

o o A Y

VA o o o . o o y
pgnTiadAYNIzaAY 0.05 (p<0.05) uaziadesnAe oATINTNEETENTINAVOATINTNTZUNNUT (A*B)

-01 -



The Journal of Applied Science Vol. 17 No. 2: 81-97 [2018]
NsAsIneaaaslseene doi: 10.14416/j.appsci.2018.11.002

1]
9

daa a 1 1 Y 9 [ A o v A o
ANINTNANDAIANUUNTUVBIAZNOU DY NNUITINYNTEAL 0.05 (p <0.05)

Analysis of Variance for result, Using Adjusted SS for Tests
Source DF  SeqSS AdjSS  Adj MS F P
Alum (A) 2 341.63 341.63 170.81 17.60 0.000
Pul (B) 2 5840.07 5840.07 2920.04 300.92 0.000
Alum*Pul 4 229.26 229.26  57.31 5.91 0.003

(A*B)
Error 18  174.67 174.67 9.7
Total 26 6585.63

S = 3.11508 R-Sq.= 97.35%  R-Sq.(adj) = 96.17%

a a J
3‘1.]‘“ 7. MLEAINan ATz s

3. mymminzasiigaveaifode
4 @ v J a a @ v @ ~ J @ J =
ieasnaeuaNuFNiUTYRIBNTHANAna N 2 Tate AszUN 8 W sasimsteasduiinandn
H o X A o o ' o
[WutuveniszIenynow [d0ARa0INUNTNAABIVBY Chooprajong (2012)] B9U5UsAITIMINBENTFUNIAD

o q ¥ v 9 3 A 2 Y o A a o q v v 9
i]31/”1‘Wﬂ'ﬂllmllﬂlumﬁﬂu153ﬂ"lﬂﬂ$ﬂﬂuLW115Uu UAD1BANITINITINNY 100 AN T/FU. ﬂg‘ﬂfh’i ANV NVUUD

s
°

H 2 A o o ¥ o
hszieaznouana luvmzonsimsnszunmii 8al5uldoasimsnszunmitgs whldanududuves
Ed 3
132110AZNOUFITURE

4 f ' y ' @ 1 ' o
HATINTPVINTNAVD 1T T8I IADANUTUTUYDMNTLVIEALADY WLINTITEIINTLHIOAT
1 % %’ 1 SO’ 1] -7 o % 3
MsteensduLazdasINInszunniinason U NI UYe Tz UIeA nouadeiisd 1y Taodunanis
H 1 % 1 1 % (%3 1] 1] % 9(; g’.} 2 1
Ssuimevyeansniaianusu limisu end081951 8ATIMTNTLUNNI 30 ATY/F.UATEATINTINY
a ' H Vo K Z o
AIAN 140 303/3U. UNAADANVITNTUYDINITZIALABUNINAIOATINTATLLUNALI 30 ATIY/BU.UALOAT
[ a 1o % cgz)z o J a [
MINBAITFY 100 AAT/FY. UADATINITATLUNNUT 60 ATY/FN UAZTOATINITIIEAITAY 140 AAT/BY.HAAD
Yy 9 H Y "o H ) @ 1 Y a
ANWUVNTUVDINTEUIUALNOUL0ENIBATINITATZUNNUT 60 ATYFY. LALOATINITILAITTY 100 AAT/W.
I 4 a a A o o a A 1 3‘/ o @ o
Fudy iwensannsdaninannlvdendn taznsmdninaiouvens 2 FTadenan szanusarilyle
< v o ' Y o o ¥ A '
Furuamalumslsudasimsneansduiudasimsnszunminnmungauas 11

ANUABINIATVAUANMTUTUVBIAZNEUNAT 70-80% aw15015UNTZUIUNST TAggAIsEALVDT

= 3

o A Y a a J @ o ya Y o a o o
ﬂ"l]"l]ﬂ‘l?ll‘ﬂlﬂgﬁllVlﬂ"l]"lﬂﬂﬁTV\IllfTﬂﬂﬂ‘VlﬁWﬁi'HJéllﬁﬂ 2 tadavian iﬂﬂgﬂ‘ﬂ 9 Q’Ji]ﬂllﬂﬂWﬂ"li'JLﬂ31$‘WIﬂﬂ‘Vl"lﬂ15

9 A % F2A 9 [ 1 9 =1 v Ao o 1 Y Y
ANLAUINUAU Y LW@WT?QQ@%%“@’N UDAIINITAIAITAY (alum) 100 UANUFUNAANUAIAIINANUY

) . ; e y
YDIALNOUNI 70% , 75% LAz 80% oaniduaingadai 75% aundaunu X vz ldmdasimanszunmin

-92 -



The Journal of Applied Science Vol. 17 No. 2: 81-97 [2018]
NsAsIneaaaslseene doi: 10.14416/j.appsci.2018.11.002

1 1 ) @ o I 1 v 1 o
(pul) 65 39d0NA1 alum 100 t1ag A1 pul 65 cnsurh 1 1Hduadsusasimsneansdunazeasimsnszunn

3 o w < 4 .
HImuany llﬁ’alﬂu%}@Hﬁlﬁﬂwﬂﬁﬂuﬂ'nllﬁqﬂqjﬂﬂlﬂ\iﬂj$uquﬂ1iﬁ@qﬂ

Main Effects Plot for result
Data Means

alum pul

: /\‘
$. 7

404

60 100 140 30 60 o0

; : ?
31 8. naluarasdninaveslidondnaennududuvoniszuieaznou

Interaction Plot for result
Data Means

alum

—&— 100
140

Mean

T T = T
30 ] 90
pul

Y a A : o @ ) H
Eﬂﬁ 9. UFANDNTNATINUDY 2 ﬂ"l]ﬁ]Elﬁiﬂﬂ@'f]ﬂ'J']lllﬁllil"llusllﬂﬂu'lﬁﬁiﬂ']ﬂﬁgﬂ@u

4. mimmaa‘umm’mmimlaémizummssﬁaﬁué’uwamﬁ%’n

A Ao R

AW av  d 1 v o Y A g o
MINATDVIUIUNANTIVY LU UNTNATOULN El‘LlﬂuWﬁﬁEﬂﬂlﬂﬂﬂTﬁi}"l]EJHTl"lH‘I/IﬁTﬂfU‘VN 2 ’ﬂﬁ]"l]t’]

o

v
9 v [ 1

Ay Yo Y 4 oA o o 1 v o Y A o T Ay Yo YA o
"lnﬂﬂllﬂﬂTﬂuﬂhl'J HUHUAD ﬂ$ﬂ1ﬂ15ﬂ5Uﬂ1ﬂﬂfl]EJHTL"’lﬂV]fﬂﬂﬂJVN 2 ﬂi]"l]ﬂ ﬁWﬂJﬂTﬂhlﬂﬂWWuﬂll'Jﬂ@ ADATIINIT

4 9 4
° [ °

' a 1 Y 3 o }
ﬁ]?ﬂﬁ'ﬁﬁ%’lﬂ 100 aQTADYY. LLIAZAIDATINITNTSUNNU 65 ATIADYU. I,Lﬁ$llﬁ'!,ﬂllﬂ’]ﬁ]mﬂﬂﬁﬂlﬂﬁuﬁ&lﬂﬂ@]%ﬂ@u

-03 -



The Journal of Applied Science Vol. 17 No. 2: 81-97 [2018]
NsAsIneaaaslseene doi: 10.14416/j.appsci.2018.11.002

11 30 929819 aauaadnalua1sen 4 [mmmmwmiﬁuﬁuwaﬁaaﬂﬂé’mﬁu Tuammee & Kengpol (2008)]
4 o a 4 aa .. .. A 1
Haziiio1 NI 1zh 928 1150UATUNEDA Minitab release 16 (Minitab Inc., 2015) wamInaasan ldnun

v v H v '
i1 C, =121, C, = 1.08 Falinmnnnd 1 g Teargil Idnnszuaumslianuamnsafiszduiiumsany de 'l

]
o a

1aTaonaninnszurumsazegluaniugu aagilit 10 HAAIAIINAINITOVEINTZVIUMIAIVANANWTUT U

U

v
1152118z NDU

y g H o @
ﬂ1§1\1ﬁ 4. FANITINUAT %UITEUIIIASNDUIIUIU 30 ATDYY

o
o

aZet 1 2 3 4 5 6 7 8 9 10

P S——— 76 75 74 76 75 74 75 77 73 76

aved 11 12 13 14 15 16 17 18 19 20

% 1N3NEAZNOY 75 74 73 73 74 72 75 73 75 75

e 21 22 23 24 25 26 27 28 29 30

o%iisTINEnzNOY 74 74 77 73 75 75 75 74 72 75
aswansnaaea

T O T

vinmaauszuulugluundy  winaudaivguszuoimsdsuasmang  Tasiuaziionull

. 2 A g ! Y = Y g A4 5 A < v o ' 3

ANWUINNIY (Wietloras) dawaliaznoulinnududugs mSea) mull fezdSudasimssearsdu

A v o ¥ g1 A 2 A ' Y] Y 9 f '

sazvselSudasimanszunmh ldiannudy  (mieanar)  auniz ldanududuvesaznoueglugia

Y
Uszana 70% 89 80% Taeldlszaumsaidauyana wenaniivinldanlSuszuuunuiuliermnalym
@ a o a 3% = 2 A [ = K A a

gAAUINITIURAANgATIOY  mImalgydenniuises  owdwwanalsmaninlszihiingaldTuua
' Y A a a o au & ' o A (R

s iafsumanas wenSeuiouzluuudununamsnaasdluauisell nundeshiinaaeninin

: N 2 o C e : e

induveInzneude 8ATIMINeEIsdN dasIMInTzunnitezlaieiInsgnINeaTIMINeasdus W

¥ d' 3 \

gamanszunmil - aunsammuaszautatsimimnzanlumsaiugunszuaumslane  19oasimse

a 4 o H ¥ 4 i o o

a@sdu 100 Aas/a e wazdasImsnszummin 65 A5 I Wohmauguasnan linaasaldly
a a 3 S < o A I & 1 1

N52IUMI3 e Issnumaninsaidne uaziudeyamsandiuauilunamiilasing v

' Ia d 1 o ' H = a & s '

uypuAuImINuAD 40-50 NTU nunamisnamigadeadls 38% wienailu 4,100 gnuiAnmasae

a 4 a ' roAA o '

wou Aadlumsaadunumskdaasld 8300 vmaemou uazawsnanlymnueNNINeINUTZUUNE

' 9
mznauqmu“lﬁ' 100% ﬁamﬂmmmm%’wammﬂmwwwﬂamﬂaﬂ 2.7 mmmﬁau MENAIMIMNNUAA

-04 -



The Journal of Applied Science Vol. 17 No. 2: 81-97 [2018]
NsAsIneaaaslseene doi: 10.14416/j.appsci.2018.11.002

auguilate wun bilimsusegeusuiiesnnntlymiszuuneaz nougadu

Cp,Cpk Yoaruinmihszunaaznau

LSL usL

Process Data
LsSL 70
Target =
usL 80
Sample Mean  74.4667
Sample N 30
StDev(within)  1.37564
StDev(Overal) 1.27937

——— Within
— — - Overall

Potential (Within) Capability
Cp 1.21

5|

|

|

|

|

: CPL  1.08
| CPU  1.34
| Cpk  1.08
|

|

|

|

|

|

|

|

|

|

T

Overall Capabilty
Pp 130
PPL 116
PPU 1.44
Ppk  1.16

Cpm *

70 72 74 76 78 80

Observed Performance | [ Exp. Within Performance Exp. Overal Performance
PPM < LSL 0.00 PPM < LSL 583.21 PPM < LSL  240.33
PPM > USL 0.00 PPM = USL  28.81 PPM > USL 7.62
PPM Total 0.00 PPM Total  612.01 PPM Total 247.96

v 4
sUn 10. uammmmmmmmﬂizmumimmuﬂmm%’u%}uuﬁzmﬂmﬂau

L)

o X
"l]Wﬂﬂﬁﬁﬂ‘hjWLIGEI‘]_IL‘?]EJ“]JﬂUﬂuGU?N Chomsuwan & Ratana-arporn (2009) %QL‘]JMﬂﬁ’EJ@ﬂLL‘U‘Uﬂﬁ

a 4 QI a a o ) %’ a § 4
naaesmpHoiulsza@ntnmmsiiaanuguueuhauluszuy 3 wlailszneudlsdanaznounnil

@

9 9 E ]
FUATNOU 4 wmmmzmmmmmmuwuuﬁﬂu%umnau 2 YUY WUANUUANANIINITUD El‘fl‘ﬁ!,fl}u

@

1 9 H b4
mMsfnyIMIAIUMIHAR luszuDdosnlinIanaznouuTFUAznoud AL 1 wideluman 1 wini

=2 1

dy o U =\ an Y ~ Y v [ ] 1
HININU Glu\?']uﬂ\‘lﬂaTJiJﬂ']iﬁ?ﬂNﬁﬂﬁﬁﬂ‘ﬂ']ﬂ']ﬂﬁ511']&1‘1/]']@?(‘519]"’ll’fNlﬁ'll1i1!?f1i?f11‘1/ﬂ“h’ﬂﬂlmﬁgﬁlﬂﬁﬂ1ﬂ’.l'lll

' 3

a 2 1 1 1 { a 1 I @ au & ao
YUUNUIAUAULA 10-100 NTU !W]W‘U'NETJLL‘UU‘U@Qﬁ?jé}llﬁlﬁlll%1q3gﬂﬂlﬂuﬂuﬁgllﬂﬂﬂ‘]JQTL!'JﬂEJa J1U9Y
dy o = [l 1 ] Z a A 2 A g ' oA o Y
UMMTANHURWIZFINAINNUYUIDIUIAU N 40-50 NTU G])'Qf]'t‘)lfl]uﬂ”m'NNSIJHVIQQ!LagﬂWiﬂjﬂﬂﬂJfJgUUﬂWqﬂ

! 9 ° ' o A : s s ] 3 A8 o
ADUVNYIN ﬂ’]ﬁﬂ1ﬁ1«!ﬂﬂ’l‘Uﬂ\iﬂ%ﬁ]mwaﬂ'JTJﬂﬁJﬂ’]!‘]J@ﬁ!C]ﬂ!ﬁﬂ'ﬂﬂmﬂflluellﬂﬁu'ﬁgU’]ﬂﬂ&‘iﬂ'ﬂu Gl,utﬂizlﬂ@@ﬂi']
' A a o 2 A 3 7 = o
ﬂ’liﬁ]’]ﬂﬁ’]ﬁé’}ll‘ﬂ 100 9Q13/FN. LALDATINITNTSUNDUIN 65 ATI/VU. UU ﬂ1§ﬂﬂ$ﬂ1lﬁlﬁgﬂﬂﬁgﬂﬂﬁgU']uﬂ’lﬁ
o A . N o . Y o A A ~ ' Yy g 3
ﬂ’]luullﬂﬂﬂ'mﬂﬂﬁvlﬂ @ﬂ'J'Uﬂllﬂﬁg’fU'Juﬂ’ﬁi]’]lﬂuﬁ@ﬂﬂ')ﬂﬂuﬂﬁ]fﬂﬂﬂuc] NDNPRVUFNANDAITUUVNUVUUITSUNY
] d' 4 L} 1 1 1 L} 1 ] 90’ a \ SO’
mﬂf)uiﬁ’@giuﬁm?zﬂw Lﬁ'ﬂhlﬂalﬁ}ﬁ\iwaﬂﬁgﬂﬂﬁ@ﬂﬁg‘uquﬂ'ﬁ U PRNUBIAANUYUUIAY A1 pH YBIUN
a 3 Y R o I Y A A a A ' o A v a
Ay 1Huau ﬂQﬂHl]u@]@ﬂllﬂ’]i'ﬂ@ﬂ!LU‘Uﬂ’]iWﬂaﬂﬂlWNLﬁNlW@W’lﬂ’lm@Qﬂﬂﬁ]fJVILWjJ13ﬁﬂ1ua‘ﬂ’l’33ﬂ’3’lﬂﬂ!uu’]ﬂu

4' ' v 3
nuanaalilawggmanazuvasine i

- 05 -



The Journal of Applied Science Vol. 17 No. 2: 81-97 [2018]
NsAsIneaaaslseene doi: 10.14416/j.appsci.2018.11.002

Padnssudszmea
A a ¥ A 3y a 3
gIveuevouqa W midmIUguNITHAAT 4 nearaaazI1eN fhe Tssnumamiaay ms
A ) P ¥y A A Yo o A 7 ao &
1521 unsvans nlalarmeyaszlumslfinsesdouaz Iddmusihniulsg Temineauideiion

du5ganell1dded

1PNA1391909

Chomsuwan, C. & Ratana-arporn, L. (2009). Improvement turbidity removal efficiency of clarifier in water
treatment process of water treatment plant. pp. 650-658. In the 47th Kasetsart University Annual
Conference: Architecture and Engineering, 17-20 March 2009, Kasetsart University, Bangkok. (in Thai)

Chooprajong, T. (2012). Recycle of sludge from water supply treatment system for using as coagulant aid and
reducing of alum dose (Master thesis) Department of Environmental Engineering, Faculty of
Engineering, Kasetsart University, Bangkok. (in Thai)

Degremont Technologies. (2018). Separation technology: superpulsator. Retrieved September 19, 2018, from
http://www.degremont-technologies.com/SUPERPULSATOR-R

Koonmee, P., Songserm, W. & Wuttipornpun, C. (2014). The use of granular blast furnace slag in concrete
manufacturing: statistical analysis. The Journal of King Mongkut's University of Technology North
Bangkok, 24(1), 103-110. (in Thai)

Laurent, S. (1995). Manual of Samsanl Water Treatment Plant. Contract No.G-SS-1A, Bangkok, Thailand:
Itathai Industrial Degremont Aquathai.

Minitab Inc. (2015). Minitab 16 Statistical Sofiware. Bangkok, Thailand: Solution Center Co., Ltd. (in Thai)

Montgomery, D. C. (2009). Design and Analysis of Experiments (7th ed.). New York: John Wiley& Sons Inc.

Metropolitan Waterworks Authority. (2018a). Performance statistics and operation highlights of Metropolitan
Waterworks Authority. Retrieved September 19, 2018, from https://www.mwa.co.th/ewtadmin/
ewt/mwa_internet_eng/ewt news.php?nid=97

Metropolitan Waterworks Authority. (2018b). Real time water quality of Metropolitan Waterworks Authority.
Retrieved September 19, 2018, from http:/twqonline.mwa.co.th/EN/map.php?type=

Nopparat, P. (2012). Improvement of side-drain equipment for water loss reduction case study of Samsen 4 water
plant (Master thesis) Department of Industrial Engineering Technology, College of Industrial

Technology, King Mongkut’s University of Technology North Bangkok, Bangkok. (in Thai)

-06 -


https://www.mwa.co.th/ewtadmin/ewt/mwa_internet_eng/ewt_news.php?nid=97
https://www.mwa.co.th/ewtadmin/ewt/mwa_internet_eng/ewt_news.php?nid=97
http://twqonline.mwa.co.th/EN/map.php?type

The Journal of Applied Science

Vol. 17 No. 2: 81-97 [2018]
NsAsIneaaaslseene

doi: 10.14416/j.appsci.2018.11.002

Suwanmanee, P. (2006). The study of suitable factors in painting process by design of experiment case study: The
furniture industry (Master thesis) Department of Industrial Engineering, Faculty of Engineering, King
Mongkut’s University of Technology North Bangkok, Bangkok. (in Thai)

Tuammee, S. & Kengpol, A. (2008). Defect reduction in plastic sheet process: Applying the design of

experiments; A company case study in plastic industry. The Journal of King Mongkut's University of

Technology North Bangkok, 18(3), 80-89. (in Thai)

Udomsinrot, K. (1993). Wastewater Engineering. Bangkok: Mitr Nara Karnpim Limited Partnership. (in Thai)

-97 -



The Journal of Applied Science Vol. 17 No. 2: 98-117 [2018]
MsaInedaaslseanst doi: 10.14416/j.appsci.2018.12.001
ISSN 1513-7805 (Printed in Thailand) ISSN 2586-9663 (Online)

Research Article

amilszanamunaelszynsnlsulzalaeglsdanaiusauny

=

HARAMUUANHE I UM 310NAIDEN TNV DNIT UL

U

MEKAINITH
An improved estimator of population mean using dual to

ratio-cum-product for post-stratified sampling

a J d 1 a X v d2
AIHUN ITIUNIA * 1AL qNIIM ﬂﬂ'ﬂ'ﬁyﬁﬂ?\‘iﬂ

Jittranon Wannapong "+ and Supunnee Ungpansattawong2

'‘madalszgnd madnana auzInnmani uminedeveunny suneiiies Saniaveuunu 40002

Division of Applied Statistics, Department of Statistics, Faculty of Science, Khon Kaen University, Muang, Khon Kaen 40002
'MA3Naaa AaINemani YINedeveuLAY §1nBLiad 33K IATOULAY 40002

Department of Statistics, Faculty of Science, Khon Kaen University, Muang, Khon Kaen 40002

*E-mail: w jittranon@gmail.com

Received: 05/09/2018; Accepted: 11/12/2018

UnAnge
ao dyd @ s A ° [ J a Yo J U o 1
aaveilidaglszasametinauedlszmnununaslizanns  Taglsoasdiusununagug
9 [
fudmsumsidondlos NguuuunNTuginenaimsguaalslyannndilszanaves  Singh et al.
9 ! v v
(2005) WS AUNIMIAIAAIAAADUFNAITDURAY (mean square error: MSE) Yoaalszanainiiuaue wazyims
nssuieulszansmmuesdnlszinamiteuenuailszinauudaNaIuIWAUHARUVDI Tailor et al.
E A o w A 1 a a v o J aw 1 @ A o
016) Tasldmamanaoumasasunaouasamlse@ninmaunng  wanmsIenun adsznantinaue
Hszaninmgeanidlszananuudasidiusmnunanaued Tailor et al. (2016) od1diNow lunazwa

a = ' 4 o w = < a o a o
ﬂﬁﬁﬂ]ﬂﬂ%ﬁ’ﬂﬂ‘]ﬁ!{,]"IJﬂﬁﬂ?ﬂﬁ?ﬂ!ﬁauﬂ?ﬁ\iﬁﬂ\imaﬂuﬁﬂ\i611’97}!,1’71!%5\1IﬂﬂﬂﬁﬂWU’JmWWl’JmﬂJ

v

Y ! '
1N : ﬂﬁkﬁﬂﬂ@'l’JE]EJNq’lJ!LUU!LUQ%HQNﬂWﬂWaQﬂﬁQfN, ﬂ?ﬂﬂ?mﬂﬁﬂuﬁWﬁQﬁﬂﬂmaﬂ, Miszansnw
J
il

Do

v @ @

Wing, A1lszinuniidius iU UgNY

- 08 -


mailto:w.jittranon@gmail.com

The Journal of Applied Science Vol. 17 No. 2: 98-117 [2018]
NsAsINeAEnTUsTe NG doi: 10.14416/j.appsci.2018.12.001

Abstract

The aim of research was to propose the estimator of population mean using dual to ratio cum product for
post-stratified sampling. This proposed estimator was modified from the estimator of Singh et al. (2005). Mean
squared error of the proposed estimator was obtained. The efficiency of this proposed estimator was compared
with ratio cum product estimator by Tailor et al. (2016) on the basis of mean squared error and relative efficiency.
The results revealed that the proposed estimator was more efficient than ratio cum product estimator by Tailor et
al. (2016). In additions, the theoretical of mean square error of the estimator were illustrated with numerical

computation.

Keywords: post-stratification, mean squared error, relative efficiency, dual to ratio cum product estimator
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Abstract

Nowadays, geoinformatic science has played an important role in current research, especially natural
resource and environmental management. The high efficiency geoinformatic software is importnant to display the
geoinformatic data, which is virtal for researches and the effective natural resource and environmental
management in both temporal and spatial analysis. Beside the copyrighted and expensive geoinformatic softwere,

R may be a good choice for display the geoinformatic data. In addition, R is copyrighted, but it is open source,
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free to use and provide in number of geoinformatic packages. Thus, R is widely applied to display geoinformatic

data.

Keywords: R programming, display, geoinformatic science
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2) 1@eNY Packages 1A9N Install package(s) 1INUUILITIGHIIAN secure CRAN mirror 139N Thailand AAN
Y = A < A a 2 ' y R < < 2 a &
ok UAIFUADALAANINILAAAT (19U raster) DINWUAAN ok WUMITEATIFUNTLUIUMIMIAAAINALND
dy o Y FY a < 9 a dy A Y
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1. U9IAINY raster
< < < Aa <o Y} ' Y = 9 s Y
UWALNY raster (uuianandfensulumsadie o sams UAZIVIUVDYAUITTADT NITIANIT
9 s Y o ' ' ' s s = 7 S R A
mayauﬁﬁmaﬂﬂa%uwmﬂﬂ raster 1% mammqmm‘lﬂaummaﬁ sadamsuaasna lldusanes il
o -
A29819N15 1HUAII (Hijmans, 2017)
v
a o <
> Install.packages(“raster”) #0111 IManuazAaaLiANg raster
= 3 2
> library(raster) #38NLUNWALND raster VETRY G ARTY

= @ [} 3 <
> filename <- system.file("external/test.grd",package="raster") #5ond0819 1WS1NUTIALND raster

= Y F) o =
> #u’dﬂmﬂﬁ'mmmmmmmuﬂlmmﬂzﬁ
|% a
> #luauusnaiaisigsy (Meuse River)
> #szinanusd (Hijmans, 2017)

vy P s P o A a sq Y9 Yo & o ' '
># ﬂqﬂm%@]ﬂQﬂqiﬁﬂﬂqwﬁ!ﬁﬁlﬁﬂ5ﬁquﬂ3ﬂ1ﬂlﬂiﬂﬂﬂﬂuwjlﬁﬂi Gh’isl”]fﬂWﬁ\'i raster A1IDYNUYU
A s oA ° s s .

>#userdata <- raster(“Nog Iausaaesng 19iua/ludusmaes tf)

. A . Y v o AA .
> ZincC<-raster(filename) #1181 grid file (.grd) leagiugﬂmm RasterLayer (1uﬂ3llﬂi‘ﬂ%ﬂ ZincC)

<2 s o 1w A

> #naen (Plot) IWausainoialedenszl 4

> plot(ZincC,main="Zinc concentration (ppm) at topsoil",xlab="x",ylab="y")

2. uiiAnd sp
< & <& Hq yo o v a & 4 s
WNALNY sp (Pebesma et al., 2018) lﬂuLLWﬂLﬂﬁ]ﬂi"B‘ﬂﬂﬂ”liﬂ‘]Jix‘]J‘].lﬁWusUﬂﬂJ”aHNWHﬂLl‘]J‘]JL'Jﬂm’E)iG]N
) ) oA Y o A =Y 9 ) 1 -
ﬂigﬂ@lllll]ﬂ?lﬂ VoYaLVUYA LTH NANVDIANTUITOU WQUTL!HJ“L!@IL! VDYALUULAU LFU DUU LN Wuau
A ! A do o A A & v y < Vo
sazgivianemaoy 1wy wWuAtmda  veuwanuith  Wudu  Teedeyaluuiauny  sp vz lAily
v £
SpatialPoints(DataFrame) SpatialLines(DataFrame) (82 SpatialPolygons(DataFrame) FalimotnamslFanuaail
v
a o <
> Install.packages("sp") #a171 InanazAnAauiinNg sp
. ) = K 9
> library(sp) #L3UNLUNALND sp VEVRN G AT

@ i <
> data(meuse) #i30nT0YARIDGNVINUAALND sp

. ° Ao Yo 9 ¥ o Y Y .
> coordmates(meuse):~x+y #mwuﬂﬁ;mwuwmiwﬂmaga (@’Nﬂﬂﬁ‘nwu‘ﬁ"lﬂinﬂ ?coordinates)
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3 a
> data(meuse.riv) #3 sndoyaiaitiiiy
S ' o A
> # szvoyamiiuiy TWeglugilves SpatialPolygons (1udan1)5hae meuse.sr)
> meuse.sr = SpatialPolygons(list(Polygons(list(Polygon(meuse.riv)),"meuse.riv")))

> plot(meuse.sr, axes=TRUE,col="darkblue") sndoaui iy (31]‘17] 5)
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3. u¥iAND prettymapr (Dunnington, 2017)

3 < A @ a A ' ~ = Y} ) . )

L‘]JuLlWﬂLﬂfﬂ‘ﬂ1“]95’114ﬂ']iwaﬂﬁgﬂﬁﬁ‘ﬂﬁlﬁuﬂllagn1ﬂi']ﬁ'JuLLNu‘VIﬁ'JiJﬂ\Tﬂ'lﬁﬁi'Nﬂi'W‘lﬂ (graphlc) AU

a A 2 a0 & Yy Ay e 9 v v A2 vy 3
Qllﬁ'ﬁﬁul‘ﬂﬁ'f]u ] SBIUA QﬂTii‘]ﬁ\T]uVllliJ"]fﬂ"]f@u Tﬂﬂiuﬁ?ﬂl@uuu ﬂziwﬂlay‘mm LWALNY raster LA sp
J y 4 o o o o a ]
sume (U0 6) e 19 1Fansorh lhhlsuuazdszgna ldnumsuanwadugiiasaumaue 19 1deeng
N P RIASEY)
P2 a ¥ <

> Install.packages("prettymapr") #0171 Inaaiaz AaALNALNT prettymapr
> library(raster)
> library(sp)

= < 3
> library(prettymapr) #L3UNLUNALND prettymapr vumldau
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> iy SoyausmansanududuvesdansduSnanmhbuisonuiamg raser s

> filename <- system.file("external/test.grd",package="raster")

> ZincC<-raster(filename)

SHHHHH i’aya@qﬁuﬁuﬂﬁuﬁ%muﬁﬂmfu Sp #HHHH

> data(meuse)

> coordinates(meuse)=~x+y

> data(meuse.riv)

> meuse.sr = SpatialPolygons(list(Polygons(list(Polygon(meuse.riv)),"meuse.riv")))

S uetaanateyan T uveadanzauS i n e

> plot(ZincC,main="Zinc concentration (ppm) at topsoil",xlab="x",ylab="y") #uﬁmwa%’agamﬁmaéj
s dondeuiudeyaFuituiidhiudoyausmned drods add=TRUE######

> plot(meuse.sr, axes=TRUE,col="darkblue",add=TRUE)

SHHHHH# W'g@@]gﬂﬁﬁuﬁﬂﬁﬁﬁlﬁﬁﬂlla&’M?Wﬁ]ﬁ?ullﬂuﬁﬂ?ﬂuﬁﬂlﬂﬂ prettymapr##Ht#HHt

> addnortharrow(pos = "topleft", cols = c¢("white", "black"),text.col = "black") #W’gﬂﬁlgﬂﬂiuﬁ AINAINiIo

> addscalebar(plotunit = "km", label.col = "black", pos = "bottomleft") #ngﬂﬁmﬂi 1TIUUNUN
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. R: A language and environment for statistical
undation for Statistical Computing, Vienna, Austria.
1/ /www.R-project.org/.

A BibTeX entry for LaTeX users ia
@Manuall(,

title = {R: A Language and Environment for Statistical Computing},
author = {{R

u} 1,

organizat. = {R Foundation for Statistical Computing},
address xa, Austria}l,

year = :

url = (https://www.R-project.org/},

We have invested a lot of time and effort in creating R, please cite it
wh using it for data analysis. See also ‘citation("pkgname®)’ for
citing R packages.

@

311 7. dregemsdredalisunsu R
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