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ABSTRACT

The reusability of boron solution in wood preservation process using pressurizing

impregnation process of the rubber wood industry causes the color in the solution
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changed from colorless to dark brown and even black as the increase number of its reused
cycles. Applying those solutions to the process affects the natural color of the treated wood.
This research was conducted to investigate the efficiency of coagulation and flocculation to
reduce the turbidity and color of boron solution that was used as wood preservative. Types of
coagulants, coagulant dosage and initial pH of boron solution were studied. Results showed
that the maximum reduction of turbidity and color occurred when alum, ferric chloride (FeCl,),
and polyaluminium chloride (PAC) at the amount of 4.7, 1.7, and 3.3 ¢/L, respectively, were
added to boron solution with initial pH of 8.0. At the stated conditions, removal efficiency for
turbidity were in order of PAC (95.6%) > FeCl; (92.1%) > Alum (87.4%). Color removal efficiency
were in order of FeCl; (97.8%) > PAC (96.7%) > Alum (96.1%). The results of the current study
can be used as preliminary information for the selection of coagulants for the removal of
turbidity and color of boron solution for recycling purpose in the wood preservation process.

Keywords: Decolorization, Turbidity removal, Coagulant, Boric acid, Rubber wood industry
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ABSTRACT

Mineralogical, chemical composition and ceramic properties of clay from (°Cal pottery
area in Rongang community Pattani Province were studied to assess their potential for use. The
majority of clay was quartz with slightly kaolinite and illite. High SiO, content (47.68-58.36%),
ALO; (24.11-26.94%), Fe,05 (2.35-3.18%) and TiO, (1.32-1.46%) was determined. Large amount
of clay (61.94%) with the size less than 45 um were passed sieve number of 325 mesh as the
fine particles resulting to increase the clay toughness. It was found that weight was rapidly
decreased in the temperature range of 700-900 °C, the weight decreases slightly due to the loss
of water and organic matter. Testing of clay after fired at temperatures of 700-900 °C was found
that the linear shrinkage were 5.10-7.95%. Densities were 1.69-1.71 g/cm”. Flexural strength of
colcined somples were 1.42-3.88 MPa. Clay from Rongang community can use as raw materials
(°Cal pottery with a high ALLO; content suitable for refractory products. The product was slightly
shrinkage after the temperature of 900 ° C with non-deformation or distortion however, there
were disadvantages with large quartz particles size higher than 300 pm resulting in rough texture,
high porosity and less strength. Therefore, the quality of soil was improved, their properties will
be also improved.

Keywords: Clay, Mineralogical, Chemical composition, Ceramic properties
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yaafigninnvun Suvddansluiuiugnisnlol
9aunnIaand 800 °C: BuNIFasgniun
Ingdvald [1]

Weight loss (36)

100 200 300 400 S00 GO0 700
Temperature (°C)

ATNA 6 NSINAINNAUNUSSENIN9U I nTn

800 900

Auvilefugumail
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Si Kal

AT 7 a e SEM way SEM-Mapping vesiuwilen n) faun1sw 4) 700 °C @) 800 °C 1) 900 °C

PP 22 13 atuit 1 unseu - figuieu 2562



3.3 SEM-Mapping
INAITIATIZRAULUTEINOULAE WA
MswndemnAdin SEM-Mapping uanssianmil 7
SEM- Mapping Tuduilifufeunusin Si
wiluuSaaeaiulinusin Al wanadnusian
sanarndu Quartz (SIO,) vu1A ~100 um %30

Ingindn nzaneegluiufIpg1udaTHIUNITIN

a

Ngungil 700, 800 uag 900 °C Alivasusiuiu
e vinldnasgadutiigs (20.96%) uaz
ANULTeLsIee (3.88 MPa) LAYUSIIUTOU
Quartz LY u Kaolinite (AL, (Si,0s) (OH),) Lag
Ilite (2K,0 3MgO AL,0;245i0,12H,0) Wu519) Si
uaz Al Usingegluuinanfieddu fanni 8
3.4 NMsAnwgUTIRumTeIiag SEM
INAMNEIY SEM Fa0IN91 9 wae SEM-

. Y] ~ a p= A v < '
Mapping #4019 8 Auienfianwaziuusiu

] d

I3 & ¥ [ & ¥
WN 9 kazkUuNauNIN1zIINNY d@uniiunay

Ingtfuns Quartz [10] wazdrunianwaidu

wiudy Kaolinite wag Illite [10,11]

o 1 —
AWH 8 NNaNY SEM 89U ieinauLm

Ao slsuIna
1361978 W( nsJinw

3.5 s lufumileanae SEM-EDX
Tups197 1 1 8unsteseesdusenou
s lufumiednie SEM-EDX Tinaaennaeaiu
HanAaau XRD Wud1 Sio,uagy Al20, 1Ty
p3AUTENBUNANLAY SIO, WU 47.68-58.36%
ALO, 24.11-26.94% uag K,0 0.08-1.03% Fa.du
parUsgnoulu Quartz (Si0,) Kaolinite (AL, -
(Si,05) (OH)) wae Ilite (2K,0 3MgO ALOs
24510, 12H,0) 4N 1NE SN Fe,05 2.35-
3.18% v lRAuiiddinauns @au TiO, 1.32-
1.46% Yusglusegnadntosdsliiansansie
wulsishe XRD lesaniloguTananiossnn
3.6 N1INTLAIWVUINAUIS Wet sieve
INNITANTUIAAIETD Wet sieve WUI1

a =

Aumilendauiadnnin 45 um JUSuaunn

'
a

nandia 61.94% yilvaudiaumdedaunsoduy
sUld wagnuAuwmileanfivunalvgnia 300 pm
sosaunU3unn 12.22% Fadueyniavuialug

e AuMEIULALITNTUGY WAAIRINTIA 9

80 - Rongang

% Retained
8

0 - _,_é_,_&_,_m_,_m_,_m_____._mﬁ_gﬁ
45 63 106 125 150 180 212 250 300

Opening size (mm)
Al 9 wan1siUTeuiguTLIAgUaLAY 1A

AT
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M990 1 wan1Fasieviesduseneusinlufumiledmeinaia SEM-EDX

Analyzed Concentration (Weight %)
Unfired 700 800 900

Average SD Average SD Average SD Average SD

MgO 0.46 0.05 0.50 0.10 0.45 0.05 0.50 0.03
ALO; 25.30 0.76 26.94 2.23 24.11 4.80 26.81 1.49
SiO, 47.68 0.92 55.92 2.99 58.36 6.95 54.57 2.14
K,O 0.89 0.03 1.03 0.09 0.90 0.18 0.99 0.08
TiO, 1.32 0.11 1.32 0.14 1.32 0.26 1.46 0.37
Fe,O;, 2.35 0.18 3.18 1.01 2.53 0.57 2.82 0.51

3.7 M5%aATUdY (Linear shrinkage)
Tunmd 11 fuwmdervsiinisdoundas
YUIANAIIINNITOUIAS Lﬁ'awmﬁwﬁagiwdw
oumeavdstugy Idssmeeonlusyniavesiuay
Wudanuyinliseganan dnavinlwsedng

\degunse vielAase (1]

2.0

8.0
7.0
8.0
50
4.0
30
20
1.0
00 ; ; ;
800 00

drying (%) 700

linear shrinkage (96)

Temperature °C

AT 10 nTANUFNRUSIENIRUngRiY

ANSUAFITAAUNDULALWEINITH (700-900 °C)

ANNNITNAFDUNITRARILTIUEUN DY
Aswniianduy 5.10 + 0.54% n&IN15LK 700 °C
A 6.02 + 0.29% Md9N15LH1 800 °C ilAn
W 6.54 + 0.42% wagndanisiun 900 °C flan
Ju 7.95 + 0.55% ndsandinuniudiiotn

EUAGIDNASTHLDIDINAITOUNTE UN LhAZWS

M 24

Uil 13 avuil 1 unsieu - fquisy 2562

lufuaziinnisaaiedinazisosaaluavinla
awmﬂ%mﬁumﬁmﬂumaﬁﬂﬁmmmﬁﬂaﬂsﬁuﬁ’u
AT AUAZLELANININITUARININDY
Wlrsushesdfssennn wazinmsuaniinla (1]
3.8 n13gaduin (Water absorbtion) uag
AMUAUIKUUTIU (Bulk density)
msgm%uﬁfma"amﬂm wanafan il 11
wudfigangdl 700°C fiALdy 21.40 + 0.11%,
800°C f1A11Tu 21.00 + 0.06% wazfigangi
900°C §ienHu 20.96 + 0.13% 1ion13gaduh
gadunavildgnguluguauiisiwanuin dau
AsTanunuLtuarTasauafeu deau
Fosiasenietuay fgaumgdl 700 °C Ay
1.69 + 0.02 g/cm?, 800 °C fAdu 1.70 + 0.01
g/cm® uazdigamgdl 900 °C fndu 1.72 + 0.01
g/cm’ HaanAlIuuuILUuatuisaunly
ﬁm’ammmmquuﬁmaqﬁﬁumulﬁé’qﬁ17i
guun i 700 °C AU 36.27 +0.11%,
800°C AWIAU 35.95 + 0.08% Way 900°C i
AU 35.63 + 0.79% LagNaIN1TINIAI0E1

eiiAungu (Porosity) anauantisuanyinble

v
=

gaunigeiuingfvursviinfsyanaoud



finmsvasuazaeveusiUagnuluilonuud el
A1ABUT9E4 (35.63-36.27%) tHBNARON
d’l a a v L% v
avareluileduives [9] dunelaainua
n1svegeuatAUsENaUslufumilyd wu K20
Wigq 0.89-1.03% ity MsgaduuiiiAana

dintior Welingaumgiifia@uazasnndesiua
£ g v

ANIVUMIUTRzINR AN o leg ) lasiy

1.80 [ Bluk density - 2200

—~
—~

‘“E [E) Water Absortion EQ,
5 2150 ¢
S °
- -
Q
Fa 2100 5
E v
< o
g ©
% 20.50 E}
E ©
= =

20.00

700 800 900

Temperature (°C)

AN 11 ANUFURUGTENINAINUAUT B

v
= @

MIYATULN AURUNNINRINITIHN

3.9 F§U09AUA29E19NDULAZNITUAILNN
a a ' o o a
AVDIAUNDULALNAINTITLHIAINING 12
NUIAUNLLINDUKNTFNT 1EIN15LHT 700°C
Waswdudienady 800°C dihana way 900°C

Furmnaseu FJanunzaudinsudutngivlu

q

v
=T

AMSHARNANTUNTRONTTULATDITURURIN LTI

AHBINTATITUYR

f) ) f) 3)

= = o ' a o . %
AN 12 dUDIRIDY19AU N) AIDYTILLIAS

) LW 700°C @) L1 800°C 9) L1 900°C

Ao sasuIna
3619778 m nsvinw

3.10 AMUWUTEIVRIAY

NANISANYIAINUNLYIVDIAULEAIA

A | a ~ A a H
M13199 2 wuAumiedasiiaTunaiiuna
A lvduatursasrudndudeuldluardy
Y9uad Liquid limit (LL) 27.81% wazUsuna
¥ v ~ A o 8 va ~ o & v %
Wrteefiganvinliauainisadadududouls
Plastic limit (PL) A® 14.54% @14150ATUIUN
ArAaUileavesiuls Plasticity index (Pl) @9
13.26%

A5719% 2 HaNISANYIAMUMTEIVDIRULTIBNS

Average SD

Test
(%) (%)
Liquid Limit (LL) % 27.81 0.84
Plastic Limit (PL) % 14.54 1.02
Plasticity Index (Pl) % 13.26 1.28

3.11 A21UUAIUIIRBUTIAR (Modulus of
Rupture: MOR)

A1 MOR vasfuinilednounasnasnsmn

wanIan1197l 3 wudrgamginisiigetuan

ﬂ’J’WiJLL%QLL‘Nﬁ]%LﬂlJ%u

A1979% 3 Naﬂ’]i’alLﬂi’]zﬁﬂ’ﬂllLL‘ﬁﬂLLiQ?JENaUﬁEJu

LIRS ARINTITHN

Test  Unfired Fired (°C)

700 800 900

MOR 1.42 2.23 2.93 3.88
(MPa)

SD 0.14 030 021 0.75
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3.12 A151UTB U UNANISAYAUIUIVY
Ju KATNINTFIU UDN./AKY.
nswssuiisuesauseneunaaiilunuy
wileranmudsounasnuduludssmalneuans
Tup5197 4 wudn Aumiealsasnst ALO, g
niundssuunanmsisduauaiiaumilel
wiflUSunas SIO, Hesndtwnasdu q mavasaan
A3 5 NI una Py 9 Hunaimsetunuas
lsideguvSeunnvinvdaen Sevazvesariufivngly
W& I3 (LON) 21nen3ad 4 SlarlndiAesduumas
fudu q waziiA1ey (<15%) ndamngungd
700-900 °C Audin1snadltios (6.02-7.95%)

LLGiﬂﬁ@@%lJﬁ’]ﬁmgjﬁﬂﬂ’lLmalﬁsu 9 NN 6
(21.11-21.26%) warAUuusIaNaNS9di 8 1
AFININAUNUNEIEY UALIINTIFIU LN/
WHY. 1099nTws Quartz vualung (@ >300
um) Yueg wazdl Kaolinite agitiee dunalaain
M197991 7 fUSunaRuiidnensnsaun 325
mash Liigq 3% mndesnTsUsuUselFATuRoai
N1339U Quartz vuralngesanld nialdin
AR liFeInsALLd s ann
Tnedogeiulunisnesng 4 11a1nauide

wasrululsemalneaanianuln

A15197 4 N5USEUMIEUBIAUSENEUNMAAL lLALAUIINUITEDY [12]

Analyzed Cco1 co2 co4 Co05 co7 Cco8 Research
MgO 0.65 1.03 0.78 1.20 1.15 1.30 0.46
ALO, 17.74 18.49 21.04 20.08 15.18 15.18 25.30
SiO, 66.60 64.23 63.85 60.67 60.67 60.67 47.68
K,O 0.74 2.24 2.20 2.23 3.12 3.12 0.89
TiO, 1.08 0.95 0.95 0.89 1.18 1.18 1.32
Fe,Os 3.63 3.67 2.74 6.54 7.61 7.61 2.35

LOI 9.23 7.19 7.93 7.63 - - 7.24
anTedl 5 msFeuifisunsvadadiowtiuazndanfunuisesy [12]
Clay co9 C10 Co3 c1n Research
Drying Linear shrinkage (%) 8.19 9.44 7.25 4.68 5.1
Firing linear shrinkage (%) 13.20 13.80 12.60 7.22 6.02-7.95
Maef 6 Masuiisunisgeduindannfunuisedusasauinsg i [12-15]
clay co9 Cco3 Cc12 Research uan. UNY.
(601/2546) (46/2556)
Absorption (%) 5.93 11.82 9.23 21.11-21.26 <8% <8%
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nsviNw
A998 7 MsSeuiisuruinnisnssnevesienuiunuisesu [12]
Clay Co6 Cco9 Cc10 C13 Research
Retained weight 325 mesh (%) 5 6.93 9.33 12 3.10
A998 MsSBuisuauLd s e sRuRsuH LA S N TUA T BY [13]
Clay C15+SD C14+SD C16+£SD C174SD  ResearchxSD
ADULNT MOR (MPa) 2.48+0.20 4.05+1.45 3.22+0.21 2.38+0.20 1.42+0.14
AN 800 °C (MPa) 2.31+0.14 5.56+1.48 3.79+£0.21 2.03+0.28 2.93+0.21

4. d3UNaN1INAAaDY
INNITNAAOUVAUTANIILTINGA
23AUTENEUMALAN WazauURNI9N18ANYBIAY
wited 3nyuyulsesns o, azunse e.iiles
2. Uannil LLazmmaaaLmﬁqmmﬁ 700-900 °C

Auwmilgrnyuulsseniandidmiumungay

' '
= a a o ¢ A

Mgliduingfundniuainsasufum iyt

q

P '

NABINTSATISUVIA LAedenLAumASINTUSU

q

o a @

ALO; aamurzNazdrlUvianFaginula

€

fifiaan1sgnIuLdgaduungs 31nn1IMAABq
a1nsnwlifiegauumgil 900 °C Inendnsueiva
fufoadndes Jalidegunsmiodaideud
Toideifloynamenduunsluainin 300 um Uu
ogvinlsidofuneruiiannnungugauas

v

ruudassioemnuiulRvasilndaudRinay
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The production of Activated Carbons from Nipa palm stalk in Palain River

Basin Community, Trang Province

qUsnal quA’, 139d a9RT, unea Tnaiwmia’

Supranee Wunsri'", Woorawood Duagsiri', Noppadon Podkumnerd'
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ZnCl, mudududesay 30 Tdnsdrulasindnsznitcwesaiumsinaeasnszau W 1 4 14y

= P W

naINInNsERY 3 FIlue Anedenanlaaudududnisainniininisgadulelefuasiian windu

q

'
o ' v = o

659.90 & 28.17 fadnfudonsy FelArgenitAmnsgIunanduNgnaInITNzfelliAIN1ady

o 1w ' v oA ¥ a A v

lalafulasiindt 600 fadnTusiensy uazAnsgaduiniauug wiriu dansgadudunduugld

Y Y Y
Foway 96.54 £ 0.15 1HUSua1u 1.0 nSudedns Bar1unsgrundadnananainssudaiiiy
Foway 98.94 THUSuauau 1.0 nSusiedns

s

ANEARY : 19910 AN Fada auiuiu
Abstract

This study was investigated the properties of activated carbon prepared from Nipa palm
stalk. The stalk was used to produce charcoal by carbonization process. The charcoal was then

activated by chemicals. Reflux technique was used for heating in order to optimize the synthesis
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Conditions activated carbon from Nipa palm stalk. The optimized parameters were ratio of
activated chemical to charcoal, time, absorption of lodine, absorption of methylene blue. The
results showed that the use of 30% of ZnCl, at the ratio of 1:4 (w/w) of Nipa palm stalk activated
carbon and activated chemical, activated time of 3 hours, gave the highest performance for
lodine absorption (659.90 & 28.17 mg/g). This was higher than that of the industrial product
standards which state a minimum lodine absorption at 600 meg/g. The methylene blue
absorption was 96.54 & 0.15 % for 1.0 g/l of charcoal which is slightly lower than industrial
product standards (98.94 % for activated carbon1.0 g/l)

keywords : Nipa palm stalk, Nipa palm activated carbon, Biomass
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NN NUARIT NN T geaTanIInuaiy
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2. /e liun1sidg
2.1 MSWBENATUNNAEIaNITANSUB LU-
Ly
thmsanindedetiazeiaiierdnds
aﬂﬂiﬂﬁamaqﬂ%nmﬁ’mmmqmﬂ LUK
ST NG 2 dsantiniananlius
LLa”aﬁwmqmﬂmmﬁwmemuﬁqmﬁqﬁ
800 - 1000°C LA2NEUIINUINITIATIZAEUTR
NNAYAINVDINIIIINUAE ENUANTUANIRIN
Usznousie manudu (Moisture content) any
BUIMIFIU ASTMD2867-95 [13] (Annual Book
of ASTM Standard, 1998) USuneuansseine
(Volatile matter) MM33511m531U ASTMD5832-
95 [14] (Annual Book of ASTM Standard, 1998)
USuauen (Ash) ma3sunsgiu ASTMD2866-
94 [15] (Annual Book of ASTM Standard, 1998)

warUSunauansuauAsia (Fixed Carbon)
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Abstract

This research aims to study the effect of temperature at compressor room on the energy
consumption of compressed air system at Panasonic Manufacturing (Thailand) co. ltd Khon Kaen
branch. The data was recorded for three periods. First period was pre and post compressed air
system improvement to reduce temperature. The improvement was done by changing the
exhaust fan capacity from 1,060 to 1,700 m>/min, and relocate installing position of vacuum
suction from above the compressor to compressor exhaust. Then, the data including the
temperature around machine and inside room, power consumption and air flow rate were
measured by thermo logger, ECD power metter and flow rate meter, respectively. The results
founded that an average temperature inside room was decreased from 38 to 33 °C, efficiency
of the compressor was increased from 6.63 kW/m*>/min to 6.4 kW/m®/min, and energy was
decreased from 5,846 to 5,704 kWh/day. In addition, this improvement can reduce amount of
carbon dioxide (CO,) for 27 tons per year. For second and third periods the results were
observed when outside temperature was changed. The second period, there was energy
consumption of 5,688 kWh/day when an average outside temperature was 31 °C. In addition,
outside temperature at 36 °C, there was energy consumption of 5,737 kWh/day in the third
period. From the results showed that it was the change of outside temperature does not affect
on temperature at compressor room, but obtained from heat of machines. Therefore,
temperature reduction can increase the efficiency of the compressor, resulting to save the
energy as a production cost.

Keywords: Compressed air system, Temperature in compressor room, Energy consumption
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beam 1435u1m3g1uv09nIUNIMA (DOH standard) waziiAfibaainnisiiusiusiudeya way
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ABSTRACT

This study aims to investigate the measurement of flexible pavement overlay design using
Benkelman beam (BB). In this case, pavement deflection, pavement overlay thickness, and
pavement usage property parameters that reported from measuring tool. In this study, data of
pavement deflection under load was collected. Selected pavements are in asphalt concrete
type and under usage. The structure component, appearances, usage lifetime, and layer
structure were also investigated. For case study, 10 pavements in central region of Thailand
were selected and separated into 27 test section, each range of 2 kilometers. Then, test sections
were grouped according to traffic volume, asphalt concrete pavement thickness and service
lifetime. Tool used for measuring pavement deflection parameter under load are Benkelman
beam (BB), For testing, data of deflection parameter, thickness and type of material in each
structure layer, temperature, rut depth, percent of cracking, and traffic volume were collected
and analyzed Benkelman beam according to DOH standard to determine the relationship. In
this step, statistical programming was used to determine relationship and statistical parameter.
Therefore, this design resulted in reduction of construction cost, and the maintenance cost
could be reduced.
Keywords: Benkelman beam, Overlay design, Flexible pavement
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ABSTRACT

In recent years, studies on track degradation in railways have attracted a great deal of
attention. Intensive research activities have been carried out by many organizations with the
aim of securing a high level of safety and reliability of the infrastructure system. New
technologies and stringent safety standards are constantly being introduced for several
reasons, not only to prevent the assets from failure or damage but also to minimize the main
sources of problems associated with the performance degradation in terms of quality,
comfort and safety of each journey. Following these shortcomings, this research aims to
develop a logical model for the deterioration of track geometry and to incorporate the
proposed model as basis for optimizing maintenance in practice. For the purpose of analysis,
a segment of Northeastern line from Thanon Chira junction to Nong Khai station comprising
320.900 km. and 35 stations, in length will be considered and multivariate statistical analyzes
will be employed in some geometric parameters. The results will be used to derive the
optimization model for scheduling track maintenance by means of tamping in a given period
of time.
Keywords: Track quality index (TQI), Ballasted track, Track irregularity

1. INTRODUCTION competitiveness  yearbook 2014, rail

Railway network in Thailand with a
total distance of 4,033 kilometers covering
47 provinces. Most of the railway tracks are
single tracks, totaling a length of 3,569
kilometers or 88.5% of Thailand’s railway
network, while the rest of the network is
either double tracks or three-way tracks,
totaling a length of 464 kilometers or 11.5%
of Thailand’s railway network. Overall,
62% of the tracks have been used for more
than 30 years and 1,509 kilometers, or 35%
of the tracks still have wooden rail sleepers,
making them incapable of efficiently
supporting increased train speed and weight
[1].

According to the International
Institution for management (IMD), World

transportation development in Thailand
ranked 43™ among 60 countries in Asia and
had a track network density of 0.009
km/sq.km. Service quality and safety were
also reported as unsatisfactory, with train
operation lacking punctuality and with a
low train speed of only 54 km/h. Moreover,
information quality of tracks in Thailand
(72" among 148 countries) as per the World
economic forum report 2013-2014 ranked
much worse than Singapore (10") and
Malaysia (18™) [1].

Typically, the track structure can be
grouped in two main categories:
superstructure and substructure.  The
superstructure consists of rails, fastening
system, rail-pads and sleepers, while the

Received 25-02-2019
Revised 14-05-2019
Accepted 16-05-2019




Ao sfsuIna
1361978 W( nsJinw

substructure consists of ballast, sub-ballast
and sub- grade that the components as
shown in Figurel.

[ railpad/fastening \rail

Figure 1. Design of a ballasted track [2]

Some important parameters that
describe the layout and path of the track are
defined as “track geometry”. By design,
track geometry should contain the specific
criteria to ensure the optimal comfort and
safety for train operation. For this reason,
the European standards [prEN 13848-5]
have specified the requirements for the
homologation of track geometry including
longitudinal profile, alignment, gauge,
cross level (or super-elevation irregularity)
and twist that schematic description
regarding these geometry variables. Figure
2 illustrates a schematic description
regarding these geometry variables.

y = Alignment ]
h = Cross Level f
a = Gauge
k = Twist

Figure 2. Track geometry parameters [3]

Longitudinal profile and alignment
are delineated with the track geometry of
each rail projected longitudinally against
the wvertical and horizontal plane,
respectively. Any change in the elevation of
the two rails relative to a designated level is
called longitudinal profile deviation. For
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an upward vertical deviation, the sign is
denoted as positive while a downward
deviation is expressed by a negative value.
The alignment irregularity is caused by the
lateral variation of the rails from a given
centerline of the track. If the lateral
deviation bends to the left, the sign is
symbolized as positive while a negative
value is given when the track deviates to the
opposite direction. Gauge specifies the
inner distance between two rails measured
at 14 mm below the top surface of the
railhead. In Thailand, the gauge for railway
lines is 1.00 m., although a wide variety of
gauges are used around the world. The term
of gauge irregularity, therefore, refers to the
deviation of the track from its specified
value. Figure 3 illustrates a schematic
description regarding Measurement of the
inner distance between two rails.

Figure 3. Measurement of the inner
distance between two rails measured at 14
mm (requires Zp = 14 mm) [4]

The other parameter, cross level or
cant irregularity, measures the amount of
vertical deviation between two flat rails
from the design value. This design value,
commonly called super-elevation, helps to
compensate the centrifugal force of the
vehicle on a given curve. Consequently,
cross level is not considered a defect unless
it deviates from the predefined super-
elevation. The last geometry variable, twist,
is also associated with super-elevation. It
measures the difference in the super-
elevation between two points taken at a
separate fixed distance along the track [2]



1.1 Assessment of track condition

The track geometry is subjected to
atmospheric  influences and dynamic
stresses due to the operational loads. These
processes lead to the modification of the
track geometry, which, if not controlled to a
certain degree, may result in safety risk and
derailment. In order to prevent the track
from these issues, the railway network
should be inspected as well as regularly
maintained in accordance with the railway
engineering standards.

1.2 Track inspection Car (TIC)

Prior to the maintenance works, the
measurement of the track geometry
parameters is normally carried out within a
specific time interval. The results are
recorded as numerical values, which can be
used to indicate the level of track quality. In
the first method, the measurement is
conducted manually, by workers who walk
along the track to detect the existence of any
geometry problems [Lichtberger, 2005].
However, this technique is considered
inefficient, particularly in terms of time and
labor cost, due to the extent and large scale
of the railway network. The accuracy of this
method is questionable as well, since not all
rail defects can be directly detected by the
human eye. With the advancement of
technology, the application of sophisticated
cars has been incorporated as supplement to
the previous technique. The use of the track
inspection car has proven to be efficient,

yielding more outputs in the track
information data.
In  Thailand, track condition

monitoring for railway track is performed
by the Track inspection car (TIC) EM 120N
(Figure 4&5). This machine can acquire
traditional geometry parameters, such as
gauge, cross level or superelevation
irregularity,  twist,  alignment  and
longitudinal profiles with a sampling rate of
0.25 m.
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In order to perform those functions,
the machine is embedded with two main
modules: a car with real time measurement
module and a stationary data storage
module [5]. The first module is designed to
read any gap in the geometry parameters
from the predefined design and then sends
the results to the second module for storage
purposes. The computer program, which
links to the Global positioning system
(GPS) receiver, will analyze the data and
give the information according to customer
specifications.

Figure 4. Track inspection Car EM120N
[SRT]

Figure 5. Monitoring track quality by
EMI120N [SRT]

The irregularity data provided by EM
120N is based on the measurement of a 10
m chord-versine, this technique is to assess
the gap corresponding to the observed

Vol.13 No.1 January - June 2019 61 44
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roughness of a straight- line in the center
point of the track in the 10 m distance
measurement. This gap is then defined as
track geometry irregularity. The following
Figure6 illustrates how the track geometry
parameters are measured by EM 120N.

10 m- chord

" Sm > < Sm N

. Rail
L] L] L1 L

Sleeper

Surface irregularity
Figure 6. Track surface irregularity [6]

1.3 Track quality index tolerance
The track quality Index tolerance
SRT was defined divided into 5 types, and
each consists of index in each deviation list
as follows:

Table 1. Standard for track quality index
tolerance [7]

—
P Value or TQI value each g‘
Track Item (%) 5 -
Quality a §
oo _ ~ ®
Condition . o % z . % li
TE S E ¢ EF
©o £ g 2 F 3
S < &
Very A 0- 0- 0-9 0- 0-
Good 13 5 14 10
Good B 14- 6- 10-  15-  11-
20 13 20 27 20
Fair c 21- 14- 21- 28- 2I-

30 22 31 36 30
Not Fair D 31- 23- 32- 37- 31-

40 31 41 46 40
Not E >4 >3 >4 >4 >4
Acceptance 1 2 2 7 1
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1.3 Track Degradation Mechanism

Having the knowledge of the
degradation process will aid in the estimate
of the future state of a track condition and
in the mitigation of the problems associated
with operational safety. The following
section presents the theoretical framework
and the current practices related with
railway track degradation.

Track degradation is a complex
process. The mechanism involves many
influencing parameters such as axle load,
traffic speed, climate, track characteristics
and topography (Figure 7). Today, research
efforts have been carried out not only to
address the degradation problems, but also
to determine the contribution of each
parameter to the entire process.

Ferreira & Murray [1997] have
investigated the physical factors that may
have impact on track deterioration.
According to the results, the authors argue
that the declination in the track quality is
mainly driven by three parameters, i. e.
dynamic forces, axle load and train speed.
Speed contributes to the deterioration
process by increasing the dynamic forces at
high speeds and decreasing those at low
speeds. Load contributes to increased rail
wear and fatigue, wheel wear, and strains in
rails and sleepers. Consequently, cracks in
the rail and sleepers will occur, the railhead
will be worn out, the rail fastening will be
loosening, and the ballast load will thus be
redistributed. These situations will lead to
reduce travel safety and comfort and
increase track components deterioration
and delays. [8]
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Maintenance Ballast
o Rail , Sleeper
- Lubrication . - Type/Quality )
- Ballast cleaning - Type/Quality ) - Type Quality
- Tampin - Wear - Thickness )
mping - Age . - Thickness
- Grinding - Rail welding - Age A
-1 tion interval - Age
nspection interva Dust
- /)
v
Condition Track Geometry
v Superstructure -Curvature
Track L ( -Elevation
» Degradation |«
T . Train
| '~ Dynamic Load
T - Type of Train
- eralfﬁlc dgnsny
Environment T oa
Substructure gomgge
) - Temperature - opee
- Type /quality - Humidity
. - Corrosive
- Thickness Environment L
Static Load

Figure 7. Parameters of Track degradation [8]

2. MATERIALS AND METHODS

2.1 Phase I

This section discusses the activities of
the research methodology. Such activities
include literature review, data collection,
research approaches and procedures used to
develop the optimization model. The
literature survey the concept of track
degradation and the application of existing
methodologies for assessing track quality,
including track quality index. The aims are
to develop a comprehensive understanding
of the track degradation mechanism, to
systemize the normative aspects that should
be considered in the framework modelling,
and to identify the feasibility of current
approaches in adapting the changes in track
performance behavior. In order to obtain

this information, different databases from
many sources were explored. These data
can be classified as primary and secondary
data. The data collected by the researcher
for the purpose of study through various
experiments or from the on-site data
recording are called primary data. The data
taken by the researcher from secondary
sources, internal and external, are called
secondary data, this study, the primary data
were collected from refer databases.
consisted of measurement  reports
conducted by Track inspection car (TIC)
EM 120N, which comprised all information
about the geometrical quality of the track,
such as longitudinal profile, horizontal
alignment, gauge, super-elevation, network
topography, etc. Over 10 years of
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inspection records were acquired from  junction to Nong Khai station comprising
March 2007 to March 2016. The area of line 320.900 km. and 35 stations, as shown in
chosen for this study was Thailand’s  Figure 8.

Northeastern line from Thanon Chira

Study area

Lam Narai Ubon
; i Ratchathani

Bangkok

Figure 8. Proposed study area location, NE Line

WEIGHT TROUGH TRACK
50,000
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35,000
30,000
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15,000
10,000 —6
s,nooz‘ss*

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
—i—Per year x 1000 -#-Cumulative x 1000

Figure 9. Weight through the track of NE Line [9]
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Figure 10. TQI value by EM120N [9].

For the secondary data, the full text of many
journal articles and books were found in
electronic databases, such as Elsevier,
Emerald, ASCE, Transportation research
record, etc. The researcher also studied
relevant reports, master thesis and PhD
dissertations from various universities.
Furthermore, from the literature research in
the field of track degradation models, it
appears that there is a lack of studies
employing the methodology of power
spectral density to assess the quality of
railway geometry.

2.2 Phase I1
This section discusses the activities
analyzing data and developing

methodologies  for  optimizing  the
maintenance strategy to be subsequently
validated in practice. The data analysis
comprises the inspection, transformation,
and modeling of the data with the purpose
of highlighting useful information for the
proposition of the study. The statistical
approaches, such as correlation analysis,
and variance and regression analyses are
used to obtain the analytical representation
of the statistical relationship among the
track geometry parameters. The statistical
relationships are the main aim of this
research, which will enable to provide a
rational model to predict the future value of

track irregularity and at the same time, to
create the transition model of track
degradation. Finally, the research problem
in phase Il can be concluded when the
estimation model has been validated.

2.3 Calculation method of tolerances
for track irregularity or track quality
Index (P or TQI)

Each P or QI value, the tolerances for

track irregularity value (P) can be obtained
by applying the value of the item. The item
is analyzed using the following statistical
process as following; Given:
m = the mean value of accuracy, X1, X2,
X3, ...., Xn (mm), N = the number of points
measured, Fi = the number of points that
value of accuracy has Xi value, S = the
standard deviation (mm)

FiXi
m=—

N
S = vSo0%2 — m?2

So? = ZFiXiZ
o= N

a—m
ORDINATE+= S

(a+m)

ORDINATE—=
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Theoretically, P or TQI is the sum of
the tolerance for track irregularity value,
which has limit +a and -a, which defined in
a statistically that the P or TQI value is the
area under the normal distribution curve,
the segment is between £+ a and +o when
compared to the area under all normal
distribution curves, if giving P; is the
condition index calculated from the error
value that is positive (+),% and P is the
value of the condition index calculated from
the tolerance for track irregularity value that
is negative (-),%

So, P or TQI value = P1+P2 %

Figure 11. Normal distribution curve of
the tolerance for track irregularity value [3]

The maintenance division of SRT is
assigned a value equal to 3 mm, which is an
optimize value, which makes the MEAN
value between 0-1 and standard deviation
(S.D) there is value between 1-3 with values
between 1-3 for general conditions when P
or TQI each item is profile level of left-right
rail, cross level of left &right rail, alignment
of left&right rail and twisted, then calculate
Psum or TQIum by weighting each index.

Therefore,
Psum = [Pproﬁle + thist + Pcross level T

2Palignment] / 5

TQIsum = [TQIproﬁle + TQItwist + TQIcross level
+ 2TQIalignment]/5

P 66
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3. RESULTS AND DISCUSSION

The investigation was then further
continued by evaluating the existing
relationship between various types of track
geometry parameters. The value of TQI that
classified TQI into 4 section consisting not
fair, fair, good and very good which the
results as shown in Table2.

Table 2. P or TQI (%) of NE line

Avg. TQI
Year Por Compared Remark
TQI.  with SRT
Value Standards
(%)
2007 24 Fair
2008 17 Good
2009 34 Not Fair
2010 31 Not Fair
2011 32 Not Fair
2012 27 Fair
Very Track
2013 3 Good Rehabilitation
Very Track
2014 ! Good Rehabilitation
Very Track
200156 Good Rehabilitation
Very Track
2006 4 Good Rehabilitation
4. CONCLUSIONS
In order to keep the railway

infrastructure in the satisfactory condition,
the way this condition of every single
railway Infrastructure element changes,
should be understood. Understanding this
change in condition in fact means
understanding the behavior of railway
infrastructure objects, which paves the way
towards predicting it. In order to relate the
observed (captured) behavior in the past
with the predicted behavior in the future, so
called “degradation models” are
needed.The research presented in this paper
describes a generic/ universal degradation
model that was developed specifically so
that it would be flexible enough to be
applicable to any parameter’s deterioration,



yet powerful and flexible enough to
accurately represent/ fit various condition
behaviors. Developing such a generic
degradation model and empowering it with
LCC and numerical optimization
techniques, and incorporating them all in a
suitable, powerful yet flexible, track
maintenance management system, allows
railways to perform true long-term
simulations of the track behavior, balancing
effectively achieved quality with the costs
of maintenance works, inspections and
other consequences like traffic disruptions,
availability, etc., enabling significant cost-
savings.
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Abstract

Mango is an economic crop. In Thailand, mango can growth for every season in the year
and can be grown both green and ripe mango. Ripe mango is very famous and can be exported
to international market. A study found that Thai native ripe mango was found to have great
nutritional value. Green mango was widely consumed in local market. However, there was lacks
of its nutritional information. The nutritional information can encourage consumer to increase
green mango consumption. The aim of this research was to study antioxidant activity, beta-
carotene, lycopene and flavonoid content of Thai native green mango cultivars. The total
phenolic content, DPPH activity, FRAP activity, beta-carotene, lycopene and flavonoid content
by HPLC were determined. The results showed that total phenolic content, DPPH activity and
FRAP activity of Thai native cultivars of green mango were 121.99 - 641.75 mg gallic acid/ 100g
fresh weight, 0.35 - 1.25 mmole Trolox/100 ¢ FW, and 0.03 — 0.17 mmole Trolox/100 g fresh
weight, respectively. There were slight differences among cultivars. The beta-carotene content
was found to be 5.53 — 41.68 ug/100 g fresh weight. The ‘Thong Dam’ cultivar was found to
have the highest beta-carotene content, 42.43 ug/100 ¢ fresh weight. Lycopene content was
0.11 - 0.23 mg/100g fresh weight and high enough to be detected in only Keaw, Mahachanok,
Nam Dok Mai, Thong Dam, and Pim-Sean Man cultivars . The thirteen cultivars mango had flavonoid
content of 24.97 — 172.38 mg/100 ¢ fresh weight. The ‘Chokana’ cultivar of mango gave the highest
flavonoid content.
Keywords: Antioxidant activity, Beta-carotene Content, Lycopene content, Flavonoid content,

Green mango
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weivail IATBYANIATUANAIN NG NYLAL]
fduesdusznavdidgluna Tnouziiag
(Mangifera indica Linn.) \Julfinaiwnfouiifes
vilnafuilan Sdduusendlne Sugsravans
aeiitug Ssunsaneiugannsofunaldnaontied
nzaradudulinalwnfeudifinnnud fymis
LATEEAY INTIzuanaNadAnenInluniskEn
waznsnanegluseiugeudidall wwilduuagly
n1sverenisaseandudululauin (1] dmsu
uzag @nsadunilu 2 Yssianlug 9 fe
Uz UUTUUTENIURAEN LaguEiIIuUY
Fuusgmunanu Turauziawnavaglingsanu
#o319n18 Feuszneaudae 1dule waaides
woaneda wdn i walsiu Imdudnis
nfiudans Tuedu Imdud 1Wudu uzaiaeds
Hunaldiifnuamsemsgs (2] iosgsiedad
auddlunisdesdunisiinlsndalule
(Antilithialic) uagn1si1dneyyadase (Free
radical scavenging) Tngluannisii1vinatens
wad (lipid peroxidation) wazifisAanssuvaseuls
fiisatesfunisiueyyadasy (Superoxide

LY

dismutase ha e catalase) d NN ITIRDA1UATTN

LY v

nseAuAITULAwenI UB3AA (isoproterenol) [3]
3

Y

wenanil Wauzdae Jenu Innfiu a159unid
Aslulawsn nsmeedily ansuszneuTuedn welsi-
uosA (Carotenoids) WaraNTMeNTELALA ° [4, 5]
NMIAN wui ansuszneuTiueanluiiena
wyiauaziUden Useneulunae Imiud (Ascorbic
acids wa e dehydroascorbic acids), Ha1liusua
(Flavonoids), wals#iusen (Carotenoids), kaulny
(Xanthones), nsaN WBdn (Phenolic acids) wa

wnalawnuiu (Gallotannins) Wudy [6-11]
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Fetuenideiteiingusrasdifiodnw
asoongrsusislunaurinduszosnaiu
LuA1uAls9iu (Betacarotene) tala i u
(Lycopene) USunaansusnouiiuedniamun
(Total phenolic content) agaAuaIL1ITalu
nsinweyyadase (DPPH, FRAP, ABTS) lagldua
uzshehute 13 aeud fo WWonans dhdu
WA LAY @100 LU UMITUN AUDILDY
ihaonls! newh fuyued Ay Tyeetus
FauvsmaiuiReinaginnsmaasmuggnals
KaNARvDIE A aE LS IRDAIEY Setaya
wagndngumdingmanifildannisinuide
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' o

wnwasuazverglanialunisdieangseduaina
wd Saensyiulifuslamdaiiunnudfgues
msuslaaraliuiniu Fadunadvidludiunisan

AldIgluntsauaguatn saudsannisundn

nAndsiomisiasuUigsguain Juduves

Ussudandsunaiazleuiunntutagdu

2. B/nsaiunisive
2.1 YuABUNSIZELNEANA

AU AEINAANan YN AULRe
N139n15A17 (Commercial maturity index)
AndenuazyinIsiundanaainaudideuintes
UMINYIFTLAYATANEAT JINTAUATINTELN
luginsouuwisuiguisu Ingluudas yila
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hany dvwena UsuazanuuTysallndifes
fu vhmsneaes 6 91 wazlugvh duplicate 11
nAnuadilau1in1a19iAudr e Ry
AIAIYUNITUATIZIINGLAL]

2.2 MsaaszRdsunanudualsiv uas
lalaulundnna

PrdenainlewenaiuUasniaziiio wudu

v
a < o

Fudn 9 dlvwlululasiuwman Viuseegslid
gaunni -80 °C UNI1AEyIINITIATIEIUTU
wiualsiiu uaglalafiu fei

Bnsane wwaualsiiu wazlaladiu

[12] dnFIe819N@nNEa 31U U 3-5 n5U NUY

v
a o

aviden laluviauiiduinia W@u 10% Ascorbic
acid Usu1as 10 Uaaans way 2 M Ethanolic
potassium hydroxide (KOH in Ethanol) US1195
50 §a8ans vnsuaufunazdlugnindou
30 it dewnthiee i lmuigamaiivios
w9 ntuld Hexane Usunns 70 fiadans vin
mMswgegseiionu 2 uil wdnuendu
2 4 Wuenanstuuildluauidina ne
wendidl 5% (w/v) KOH U3uns 50 fiaddns v
MsafALenas 2 ASIEne Hexane USuns 35
a83M3 FENES Hexane panaInansianale

28 10% (w/v) Sodium chloride USu1ss 100

)

hol

Adans haraanEnaunlgul Usuins 100

pd}

a a

fladans 1iiods Akali oan nduiansazans
Freghailduminssemesavhazansanansania
90n¢184A384R evaporator neldAuiy 60
fiaaud lusraindeudt 37 °C avanwansanedily

1118A8A8AABLSNBSUTNTY USu1ms 1

=o

188805 uazlumuea Usuns 1 Nadans
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drarsazarelunenitasiginians
wawalsiy wag lalafiu uuSeuifisuiuans
wenualsiu wag lalafiu winsgu Anududu
100 ppm Iagtinansaganeunsgu LuAwalsviu
wag laladiu u1asgiu azanslussdlau
paslsNesy Lag lWNIuea ons1d@iu 10:1:1
YlUdias1eilaeiades HPLC-PAD (LC-20AT
prominence liquid chromatograph (Shimazu,
Japan) - SPD-M20A Diode array detector (PAD))
[13] lngl% Inertsil ODS-3 column (5 um 4.6 1.D.
x 250 mm S/N 5FI186218) wazduiintayalag
Solution programme (Shimazu, Japan) Laeld
mobile phase Usznausie acetonitrile (CH;CN) :
tetrahydrofuran (THF) : methanol (CH; OH) :
triethylamine (TEA), 989 80:40:6:0.1 (VA/A/NV)
Usznausig 0.2% Ammonium acetate 713
895115 lnalinny 1.0 Haddnsaeud d1usu
415 wudualsfiu wazlalafiu nsaaaaud
AVINETIAAY 450 nm
2.3 n1satasizrRdsutaunanlausen
Tun@nua
Wnsananailauesa [13, 14] U981
uzda9e 5 n¥u vewmdanauduliazidonly
ax@lau 80% U3ums 20 fiaddns Aifinsavlesiia
0.2% e 4 sarwaldod U1y 6 Ta1ue uda

N994A28 Whatman filter paper No. 4 41010

a

1NANAYINI8DETLAUDN 2 AT wata1sana

a

Lawnsauriu mmfussmaﬁw‘hagmaﬁqmmu
37 °C luaninAsagyuadigiados rotary
evaporator USuusunsansafngaetiinaudid
nsanesiia 3% arsanauuenaie C18 Sep-

Pak cartridge (Waters) @814A28U 1NAUN
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nsavediia 3% ieldiinia nsndunid way
arsusznovdasefiazaisiildgnazennun
ntuy Warliuesd sonudae wWnueaidl
nsaneslA 3% LN Membrane filter
gwn 0.45 Tuaseu Aoudaidiases HPLC
nsesataUsunaralaueed Taewedes
HPLC-PAD (LC-2 0 AT prominence liquid
chromatograph (Shimazu, Japan) - SPD-M2 0 A
Diode array detector (PAD)) [13] lagld Inertsil
ODS-3 column (5 um 4.6 ILD. x 250 mm S/N
5F86218) wagUuiindeyalay Solution
programme (Shimazu, Japan) msenaliueys
vilaglddndau gradient solutions voe solvent
A (4% phosphoric acid) wag solvent B (100%
acetonitrile) 7 3000 psi laglddnsnslua 0.7
fladdns/ g dnsasieaunuAAULAITENINg
250 way 550 nm tuuseuiisuivansazane
1M331U Kaempferol AMududy 100 ppm o
1U1d1988a1818105571 Kaempferol azaieglu
DYFLAUAUILTY 80%
2.4 N15AATILRNANTIUNTAUBYYADATE
Tundana
2.4.1 USurufluednianua (Total
phenolic content) [15]
thiegrailonzirmaniuansazane
ethanol AMILTY 80 % Tusnsndiu 1:1 (W)
JulvaziBeaundatrly wdweniiusanies
12,000¢ tYutian 20 unil dhasavaredula
(Supernatant) U33195 1 Jaddns u13LATI29AN)
a15Usgnauiiuedn lagvinlwidnansas 10 i1
W Tlmansiethefivinsdeansin 1 fadans

ldaslunaannmnass nasanntuivaisazane

M 72

Uil 13 avuil 1 unsieu - fquisy 2562

Folin-ciocalteu @15a ¢ a18 Folin-ciocalteu
Aududy 2N 1389198 10 widaedindu)
Usuns 5 Jaddns wanlilidulaifivaisezane
sodium carbonate (@ atr8d15a¢a18 Sodium
carbonate $1u2U 75 n3Y Fa8UndY wdIUTY
USumsidu 1,000 Haddng) USues 4 Dadans
wanlidnfudnads arnduiiluansiludigy
gaigfl 30 °C e 1 F2lus wdadeluudlu
Wugaumgdl 0 ssrnwaidua [Wuan 1 lus 39
ﬁ’lmawlf’iﬁqquﬁﬁm antuLluyaan
mi@G]ﬂauﬂguLLmﬁ’JEJLﬂ%IENﬂLUﬂIGﬁIWI@ﬁL(ﬂﬁ]%
(Shimadzu, Japan) fieaiemadu 760 nm thendi
g1ulAuIAIUINNIINLINTFIUVY gallic acd
ALY 20 40 60 80 Waw 100 ppm ¥N13
Plot graph szn31aUasidudnisaudfnsen
sonfnduiiseduanududusig 4 vesansadn
LAIMAUNTITLEUATI LAZWNUAT 50 % LaAn
Inhibition concentration Aa AAINAINITOVDS
‘U'%:u’1mmiﬁﬁﬂﬂ’]ié’ug’aa%aéaislﬁﬂ?wﬁa
(IC50)
2.4.2 ANUAMTAIUNTAIURYYABATY

(DPPH, FRAP)

A53AS1ZRANNEU5a TN DU
A1991uoyYaBaTEAI8IT 2,2-diphenyl-1-
picrylhydrazyl (DPPH) [16]

Yugdduiidiunssudutiiuuy
Wududnwiuw 40 lulasans nauiu ansazane
DPPH 3 fiadans wansliluiidauiu 30 wift udn
InrnsganduuasneiniesaalasTnlndines
fieuenindu 517 nm wazthandunasiieui

NTINUINTFIUVDY Trolox (10-50 Hadniu/ans)



= a a

waztUTouiiisuaiilafuianfiuddadungu
AIUALLTIUIN (Positive Control) lunisvnaes

2.4.3 N133ATIsRANaInsatunsdu
a13RueUYadaTEALIS Ferric Reducing Ability
of Plasma (FRAP assay) [17]

a

lagn15guanTavany FRAP Nigungil

a

v
v o

37 °C waznaNansayale FRAP 3 fiaddns nuln
n&u 300 lulasdns wararsazany Ferous
sulphate 19U 0.6 lulasluanedns Usuing
100 Talasans welddiu faiels 10 Wil uds
Wlutuiin spectrum fimuenindu 350 — 700
nm Tneldndwdy Blank wasiuSeudisusi
IFfuAIniuggadunguaiuandeuin (Positive
control) Tunsvaans
2.5 NM5ATIRVITIYANIADR

WIBUBUANNUANAI I NERR AU S
pangqvid1dguesndnanauiazaleug lag
A1 AULUTUIIU (Analysis of variance,
ANOVA) wazilFeuiisuanuunndsvesanads
35 Duncan’s new multiple range test (DMRT) il
swiummderiufesay 95 nAuandlaelady
+ andesuunnsg Aalaeldswaug 6 dudu

DE19UDY

3. NAN15398
3.1 GSunawudualsiiu laladiu wazwanls-
vasdluilovesanzsing
anstuduelsfiu wazanslalafiuluiiiona
1A AU NUTLzanaa 13 anerius SUTinaens
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(mg/100 g fresh weight)
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Nam Dok Mai
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Mun Khun Sri
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Nong Sang
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Pim Sean Mun
Bao
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Cultivars

Antioxidant activity

(mmole TE/100 g fresh weight)

Total phenolics®

(mg gallic acid/ 100 g

DPPHY FRAPY fresh weight)

Ascorbic Acid 2.57° 3.40° 4693.73°

Kheaw Savouy 1.24° 0.14¢ 432.02"

Nam Dok Mai 0.77% 0.16° 569.65°

Mahachanok 0.85¢ 0.15¢ 523.02¢

Choke Anan 1.25° 0.17° 641.75°
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Pim Sean Mun 0.35' 0.03' 121.99"
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Mun Khun Sri 0.77% 0.07" 221.3¢

Sam Rudu 1.07° 0.10' 290.66"
C.V. (%) 13.84 13.09 12.75

F-test *% *% *%
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Abstract

The present study is aimed to study and determine the total phenolic content, the
metal chelation and the antioxidant activity of the extracts of Rhizophora apiculata bark and
leaf from the organic solvents which were hexane, ethyl acetate and methanol. The total
phenolic contents of six extracts were analyzed by the Folin-ciocateu colorimetric method.
Their antioxidant properties were determined by free radical scavenging and metal chelation.
The R.apiculata leaf and bark extracted in ethyl acetate and methanol had more total
phenolic content than those extracted in hexane, especially the bark extracts, for which total
phenolic content was calculated at 1.620 £ 0.082 mg GAE/ g CE for ethyl acetate bark extract
and 1.595 £ 0.033 mg GAE/ g CE for methanolic bark extract. The results of the free radical
scavenging activity study showed that the antioxidant activity of R.apiculata was more
pronounced in the bark than in the leaf. This was clearly demonstrated by the lower 1Cso
values, especially in the ethyl acetate and methanolic extracts (ICso = 6.31 £ 0.23 and 6.80
+0.19 g/mL, respectively). These antioxidant activities were stronger than those of the BHT
standard, which produced ICsy values of 10.13 + 0.45 g/mL. Furthermore, these data for
antioxidant activity were supported by the results of the metal chelation assay, in which ethyl
acetate and methanolic extracts of R.apiculata bark showed the highest capacity of metal
chelation by ferrous ion at 10.497 + 0.051 and 10.234 + 0.101 mg Fe*/ g CE, respectively.
It can be concluded that the R.apiculata bark extracts had interesting bioactive substances,
and were effective in scavenging free radicals and chelating metal ions. Its extract has the
potential to be a powerful antioxidant agent. Further research is required on the recognition
and purification of the interesting bioactive and phenolic compounds from ethyl acetate and
methanol extracts of this species.
Keywords: Phenolic content, Free radical scavenging, Metal chelating, Rhizophora

apiculata, Extracts

1. INTRODUCTION vitro HIV-1 inhibitor in human cells [1] and

Rhizophora species are mangrove as antiviral [2], antibacterial [3], and
plants and have shown a variety of medical antioxidant agents [4-7]. These applications
and pharmaceutical uses. Extracts of  are made possible by major secondary
different parts of the plant have applications ~ metabolite or bioactive compounds like
against various animal, plant, and human polyphenol, which occurs as tannin in this
pathogens. They have been used as an in  species [8-12]. Tannins are natural
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polyphenols, occurring in leaf and bark,
which combine with proteins to form stable
complexes [13-14]. Their antioxidant
properties were characterized by free
radical scavenging activity [6-7].

R. apiculata, locally known as
bakauminyak, is one of the major species of
the RHIZOPHORACEAE family. This
plant is a rich source of antioxidants due to
its high total phenolic content [4-5].
Moreover, it exhibited higher free radical
scavenging activity and ferric reducing
power [4]. Previous reports have revealed
that extracts from R. apiculata showed
strong antioxidant activity, due to its
polyphenolic content [9-12], especially in
ethanolic bark extracts [2,6-7]. In a
preliminary researches rendered various
important bioactive compounds which
showed potential as antioxidant agents
[5,15]. This was confirmed by a recent
report on the petroleum ether, methanol and
chloroform  extractions of  another
Rhizophora species, Gynotroches axillaris.
It was found that the methanolic solvent of
its leaf exhibited significantly higher
antioxidant activity than the petroleum
ether and chloroform extracts [15].
However, there has been little study of the
antioxidant activity of R. apiculata leaf and
bark extracted in different solvents. So, it is
important to screen different solvent
extracts of this plant to expand our
knowledge of its antioxidant activity and
possibly discover a new source of
economically valuable materials and
metabolites with therapeutic properties.

Therefore, this study aims to:
1) sequentially extract  bioactive
compounds from R. apiculata leaf and bark
using the three organic solvents consisting
of hexane, ethyl acetate and methanol; and
2) determine their total phenolic content,
antioxidant activity, and metal chelating
action. To the best of our knowledge, this
research studies the effect of phenolic
content on metal chelation and antioxidant
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capacity. The association between total
phenolic content, antioxidant activity and
metal chelating action will be discussed.

2. MATERIALS AND METHODS
2.1 Materials
Fresh leaf and bark of R. apiculata were
collected from  Rajamangala  beach,
Rajamangala  University of Technology
Srivijaya, Trang province in Thailand. The
voucher specimen (BKF no.194836) is
deposited at The Forest Herbarium, Thailand.
The plant materials were washed under tap
water and dried for a week. The dried materials
were then ground to a fine powder in an electric
blender and stored until maceration prior to
analysis. Folin-ciocalteu reagent, gallic acid,
butylated hydroxytoluene (BHT), 1,1-diphenyl
-2-picrylhydrazyl (DPPH) were purchased
from Sigma-Aldrich Chemical Co. Other
chemicals used were of 99% or greater purity.
2.2 Preparation of R. apiculata leaf
and bark
One thousand grams of leaf and bark
were extracted by maceration for a week in
sequentially polar organic solvents. These
solvents were, in order of increasing
polarity, hexane, ethyl acetate and
methanol. The resulting extracts were
filtered with Whatman No. 1 filter paper
and the filtrates concentrated by rotary
evaporator in a vacuum at 50°C to give dry
residues which were kept in a refrigerator
until use. The percentage yields of the
hexane, ethyl acetate and methanol crude
leaf extracts were 0.35, 2.8 and 23.04%,
respectively, and 0.85, 0.96 and 54.41% for
the bark extracts. The extracts were then
analyzed for the determination of total
phenolic content, antioxidant activity and
metal chelating action.
2.3 Determination of total phenolic
content
The contents of total phenolic
compounds of the leaf and bark crude
extracts were determined using the Folin-
ciocalteau method modified by the method
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of Miliauskas et al [16] using gallic acid as
standard. Each sample was prepared by
dissolving 10 mg of each dried extract in 10
mL methanol to obtain 6 sample solutions
at a concentration of 1 mg/mL.Then, 0.2 mL
of each sample was pipetted into a vial
containing 2.5 mL of H,O. Folin-ciocalteu
reagent (0.2 mL) was then added, mixed
well and left for one minute. Finally, 2 mL
of 7 % sodium carbonate solution was
added and the mixture was incubated for 60
min in the dark, at room temperature. The
absorbance was recorded at 765 nm using a
UV-vis spectrophotometer. The total
phenolic content for each sample was
calibrated alongside the standard curve of
gallic acid at concentration 20-100 mg/mL
and expressed in terms of gallic acid
equivalents (GAE) per gram of dried crude
extract.

24 Free radical scavenging activity
onto 1, 1-diphenyl-2-picrylhydrazyl
(DPPH)

The free radical scavenging activity
was determined using the DPPH method as
described by Seethalaxmi et al [17]. The
procedure is as follows: 2 mL of each test
sample and standard were mixed with 2 mL
of 0.15 N methanolic DPPH solution. The
mixture was vortexed and allowed to stand
at room temperature in the dark for 30 min.
The wavelength of maximum absorbance of
DPPH was measured at 517 nm using a
spectrophotometer. Methanol was used as a
blank. BHT (Butylated hydroxyltoluene)
was used as a positive control. The
percentage of free radical scavenging
activity of each concentration was
calculated based on the formula (1-(Asampie—
Asample blank)/Acontrol)) x 100 Where Asample iS
the absorbance of the test sample with
DPPH solution, Agmple blank 1is the
absorbance of the test sample only, and
Aconirol 18 the absorbance of DPPH solution.
Higher free radical scavenging activity
indicates higher antioxidant activity by
lowering absorbance of the reaction
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mixture. The decrease in absorbance is due
to the reduction of the DPPH radical, which
was measured wusing a UV-visible
absorption spectrometer at 517nm (U-1800,
SHIMAZU Co., Japan). The antioxidant
activity of the test sample was expressed as
the effective concentration of the extract
(mg/mL) required for scavenging the free
radicals. All measurements were performed
in triplicates and expressed as the average
values. ICso was calculated by plotting
inhibition percentage against sample
concentration. BHT was used as standards.
2.5 Metal chelating activity onto 1,10-
phenanthroline (Phen) assay
The antioxidant capacity of the
R.apiculata leaf and bark extracts measured
using the Phen method was studied
according to the method of Szydlowska-
Czerniak et al [13] with minor
modifications. In a 10-mL volumetric flask,
0.6 mL of each sample solution (1 mg/mL)
was added to 1 mL 0.2% FeCls solution and
0.5 mL 0.5% 1,10-phenanthroline solution.
The reaction mixture was made up to
volume with methanol. The solution
obtained was mixed and left at room
temperature in the dark. After 30 min, the
absorbance of the orange-red solution was
measured at 510 nm against a reagent
blank (1 mL of FeCls (0.2%) and 0.5 mL
of Phen (0.5%) made up to 10 mL with
methanol). The activity was recorded by
comparison with the calibration curve of
working  solutions of FeSO04.H,O
between 0.62-10.00 mg/mL. The least-
squares method was applied to calculate
the lines y = 0.019x (R? = 0.990) Phen
method.
2.6 Statistical analysis
The results were expressed as
means * standard deviation. The data
were analyzed by one way ANOVA and
different group means were compared by
Duncan’s multiple ranges (DMR) test. P <
0.05 was considered significant in all cases.
The pearson correlation test was used to



determine the correlation between variables
in total phenolic content results, metal
chelation and scavenging activity for R.
apiculata leaf and bark extracts in different
solvents. P < 0.05 was considered
statistically significant.

3. RESULTS AND DISCUSSION
Phenolic contents of R. apiculata leaf
and bark were extracted in different solvents.
Several extracts of R.apiculata leaf and bark
from organic solvents are reported to provide
diverse medicinal properties [10-11]. In this
work, we prepared extracts from R.apiculata
leaf and bark using three solvents: hexane,
ethyl acetate and methanol to obtainsix sample
extracts. The total phenolic content of the six
extracts was determined by the Folin-ciocalteu
method and the data were showed in Figure 1.

1.80 4 i 1.620 1.595
1.60 4 mTotal phenolic content (mg / mL)
1.40 4
Eg 1.20 4
0 1.00 1
E 0.80 4
OEﬁ 0.60 4
0.40 4
0.20
0.00 +

Figure 1. Total phenolic contents and metal
chelating activity of leaf and bark
R. apiculata extract. RLH, RLE, RLM are
leaf of R. apiculata extracted by hexane,
ethyl acetate and methanol, respectively.
RBH, RBE, RBM are bark of R. apiculata
extracted by hexane, ethyl acetate and
methanol, respectively.

The amounts of phenolic content can
be clearly compared in Figure 1. The total
phenols of the extracts were expressed in pug
per gram of dried sample based on a
standard curve generated with gallic acid,
according to the equation y = 0.003x +
0.001 (R? = 0.999). A distinct difference in
total phenolic contents was observed
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between the leaf and bark extracted with
hexane and the other extracts. The amount
of total phenolic content was markedly
higher in the ethyl acetate and methanolic
extracts of both leaf (0.158 to 0.168 mg
GAE/g crude extract, CE) and bark (1.595
to 1.620 mg GAE/g CE). This difference in
total phenolic content was especially
pronounced in the bark extracts. Moreover,
the results obtained indicated that extracts
of the bark had higher total phenolic content
(0.070 to 1.620 mg GAE/g CE) than
extracts of the leaf (0.051 to 1.158 mg of
GAE/g CE) from the same solvent. These
results showed that ethyl acetate and
methanol  efficiently  extracted  the
significantly bioactive metabolite
substances and released most of the
secondary metabolites from the bark. This
may be due to the fact that phenolic
compounds are extracted in higher amounts
by using polar solvents like ethanol and
methanol [15, 18-19]. Differences in the
polarity of the extracting solvents could
result in a wide variation in the
polyphenolic contents of the extract [19-
21]. A study by Hong et al reported that
phenolic compounds, extracted as gallic
acid from hydrolysable tannin in the bark of
R.apiculata, showed excellent biological
activity [9] and also constituents of the leaf
of R. apiculata are useful in several fields
[22]. Their activity may be supported by the
composition of the leaf and bark extracts as
reported in the literature [11].
3.1 Metal chelation assay

The purpose of this test was to
determine the capacity of the bioactive
compounds in the samples to bind to the
ferrous ion, catalyzing oxidation. The
evaluation of metal chelation is especially
important for the analysis of antioxidant
activity because iron in its ferrous ion form,
or Fe’™ is an essential catalyst in the
catalyzed oxidation reaction, which
generates several antioxidants, presented in
the following equation:
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Fe(IID)-L + antioxidant — Fe(II)-L
+ oxidized antioxidant

where L 1is the ferrous-selective
chromagenic ligand (1,10-phenanthroline).
The obtained results are listed in Figure 2.

12.00
10497 10.234

m Metal chelation

10.00
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6.00

mgFe*/ g CE

4.00
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Figure 2. Metal chelating activity of leaf
and bark R. apiculata extracts. RLH, RLE,
RLM are leaf of R. apiculata extracted by
hexane, ethyl acetate and methanol,
respectively. RBH, RBE, RBM are bark of
R. apiculata extracted by hexane, ethyl
acetate and methanol, respectively

The antioxidant capacity of bark
extracts significantly differed from that of
leaf extracts. Moreover, the obtained results
showed that ethyl acetate and methanol
were more efficient solvents than hexane
for the extraction of antioxidants.
Therefore, it is possible that phenolic
antioxidants are products of secondary
metabolism in plants and they show not
only free radical scavenging activity but
also a metal chelation potential [23-24].
Our results showed that the bark extracts
from ethyl acetate (10.497+0.051mg Fe*'/ g
CE) and methanol (10.234+0.101mg Fe**/ g
CE) were more effective at chelating iron
than the other extracts. This corresponds to
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the results for free radical scavenging
activity and total phenolic content, all of
which may be a consequence of the
bioactive substances in this part of the plant.
3.2 Antioxidant activity of
R. apiculata leaf and bark extracted in
different solvents DPPH assay
In general, phenolic compounds are
commonly found in plants and have long
been considered as potential antioxidants and
free radical scavengers [25-26] due to their
redox properties, which allow them to act as
reducing agents, hydrogen donors, and
singlet oxygen quenchers. Naturally-
occurring antioxidants may have the
potential to prevent disecases and the
oxidation of food and here we considered
the antioxidant potential of R.apiculata
extract [4-8]. The free radical scavenging
capacity of the leaf and bark extracts was
determined using the DPPH method. The
reduction capacity of DPPH was
determined by the decreased in its
absorbance at 517 nm, which is reduced by
antioxidants [4]. Figure 3(A) showed a
significant decrease in the concentration of
DPPH due to the scavenging ability of the
extracts. As shown in Figure 3(B), the
extracts showed the increasing in free
radical scavenging activity when the
concentrations were increased. The DPPH
scavenging activity observed in ethyl
acetate and methanol extracts of both leaf
and bark were higher than in the hexane
extracts from both parts. The results for the
bark extracts showed the highest DPPH
activity in ethyl acetate (96.919£0.157%)
and methanol (95.271£0.108%) and were
comparable to the standards, BHT
(93.910£0.117%). These DPPH scavenging
activity results correlated with the results
from total phenolic content (r> = 0.999).
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Figure 3. DPPH Free radical scavenging
activity of leaf and bark R. apiculata
extract(A); Percentage of free radical
scavenging activity of leaf and bark
R. apiculata extract (B). Values are the
average of triplicate experiments and
represented as meantstandard deviation.

The quality of the antioxidants in
the extracts was determined by the ICso
values shown in Table 1. The ICso value was
studied to compare the effective
concentration of each sample at which
DPPH radicals were scavenged by 50%
from the linear regression analysis. A lower
ICso value indicates a greater antioxidant
activity of the extract. In this study, the free
radical scavenging antioxidant capacities
(ICso) of ethyl acetate and methanolic
extracts from both parts of R.apiculata were
greater than those of the two hexane
extracts. In particular, the ethyl acetate and
methanolic bark extracts presented great
capacity to scavenge free radicals. In
contrast, the free radical scavenging
activities of the controls, BHT 10.134+0.45
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png /mL, were higher than those of all the
leaf extracts and also the bark extract from
hexane. Interestingly, both the ethyl acetate
(6.31£0.23 pug/mL) and methanolic
(6.80£0.19 pg /mL) extracts from the bark
had lower ICso values than the BHT
synthetic standards. The results indicate
that the ethyl acetate and methanolic bark
extracts were able to act as free radical
inhibitors and primary antioxidants reacting
with free radicals. We assume that the
effectively prevented radical scavenging
occurred from the phenolic compounds.

Table 1. ICso of R.apiculata leaf and bark

extracts by DPPH method
DPPH radical
Parts Solvents scavefngmg
activity
1Cso (ug/mL)
Leaf Hexane > 500
Ethyl acetate  166.47 = 7.70
Methanol 147.33 £ 5.47
Bark Hexane > 500
Ethyl acetate 6.31+£0.23
Methanol 6.80+0.19
BHT - 10.13 £ 0.45
4. CONCLUSIONS

Leaves and bark of R. apiculata were
extracted sequentially with hexane, ethyl
acetate and methanol. The ethyl acetate and
methanol were found to be good solvents
for the extraction of phenolic compounds
than hexane. Especially, the ethyl acetate
and methanolic of bark extracts appeared a
good source of polyphenols and possessed
good antioxidant activity on DPPH radicals.
Thus, R. apiculata bark may be source of
natural antioxidants.
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ABSTRACT

Streptomyces sp. RS2 was isolated from soil samples in Dong Pong village,
KhonKaen province, Thailand. The active strain RS2 was identified as genus Streptomyces,
and it was related to S. gelaticus NRRL B-2928T at 99.43% 16S rDNA similarity. It was
screened for antifungal and antibacterial activities by dual culture and cross streak methods,
respectively. The results showed that Streptomyces sp. RS2 exhibited anti-microbial activity
against fungal and gram-positive and gram-negative bacteria. Therefore, it was cultured on
ISP2 medium at 30°C for 7 days. After incubation, the culture medium was dried, and the
mashed biomass was extracted with organic solvents as methanol (MeOH). The crude
MeOH extract was purified by using a high performance liquid chromatography (HPLC)
with diode-array detector (DAD). Additionally, the partial purified fractions were tested for
antibacterial activity by agar well diffusion method. The results showed that 5 fractions
showed antibacterial activity against S. aureus ATCC 25923, Pseudomonas aeruginosa
ATCC 27853 and Escherichia coli ATCC 25922. The fraction number 3 and 4 exhibited
the highest antibacterial activity, these fractions will be interested to purify and study in the
function of the active compounds in the future.
Keywords: Actinomycetes, Streptomyces sp. RS2, Antimicrobial activity, S. aureu

1. INTRODUCTION are derived from the active compounds

Actinomycetes are filamentous gram
positive bacteria. They have a high guanine
and cytosine (G+C) content in their DNA
[1]. Generally, they are free living and
commonly distributed in aquatic and
terrestrial environment [2]. Actinomycetes,
especially Streptomyces, have variety of
applications in biodegradation, industrial,
biotransformation, environmental, agri-
cultural, and pharmaceutical fields [3] .
Approximately 70% marketed antibiotics
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produced by genus Streptomyces such as S.
Aureofaciens which is an important
producer of  chlortetracycline  and
tetracycline [4]. The majority interest in this
genus is the ability to produce many
important bioactive [5] . They have
produced a wide range of clinically
important antibiotics, including strepto-
mycin, tetracycline, neomycin and
erythromycin [6]. These compounds are
used not only in the treatment of various
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human and animal diseases but also in
agriculture and biochemistry. Currently,
gram-positive and gram-negative pathogens
are the most important causes of infections
in hospitals such as surgical site,
bloodstream, urinary tract, pneumonia and
skin infections. However, microbial natural
products have been one of the most
important sources of novel bioactive
compounds. Many researches have focused
on the broad-spectrum antibacterial and
antifungal activity of the crude extracts and
purified compounds from the genus
Streptomyces. Additionally, this genus
continues to play major role in the novel
bioactive compounds production.
Therefore, the objectives of this study were
to screen, extract and partial purify
antimicrobial agents of Streptomyces sp.
isolated from soil samples.

2. MATERIALS AND METHODS
2.1 Streptomyces sp. RS2

Streptomyces sp. RS2 was isolated
from soil sample, and it was classified as
genus Streptomyces based on phenotypic,
genotypic and phylogenetic analysis [7].
The strain RS2 was identified based on
phenotypic characters such as
morphological, cultural and biochemical
characteristics was studied by following
the methods of Mangamuri et al. [§8]. PCR
amplification of 16S rDNA gene was
performed using 20F (5°-
GAGTTTGATCCTGGCTCAG-3’)  and
1500R (5’-GTTACCTTGTTACGACTT-
3’) as forward and reverse primers,
respectively. Amplified DNA was purified
and submitted to sequencing by National
center for genetic engineering and
biotechnology  (BIOTEC).16S  rDNA
sequence was analyzed using the BLASTN
search tools and EzTaxon-e server. The
phylogenetic tree was constructed by the
neighbour-joining method by using the
software package MEGA version 6.
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2.2 Production and extraction of anti-
microbial agent
Streptomyces  sp. RS2 was
cultured on ISP2 medium and incubated at
30°C for 7 days. After incubation, the
culture medium was dried and the mashed
biomass was extracted with methanol
(3x1L, MeOH) [9]. Crude MeOH extract
was evaporated to dryness by speed-vac™
concentrator (LaboGene) at Faculty of
Science, Khon Kaen University, Khon
Kaen, Thailand. The crude extract was
stored at -20°C.
2.3 Partial purification of the crude
MeOH extract by HPLC-DAD analysis
The crude extract was partial purified
by wusing a high-performance liquid
chromatography with diode-array detector
(HPLC-DAD). The solution of sample
(1 ul) was injected into the HPLC column
(10 X 250 mm, filled with Nucleosil-100
C-18 (5 m). Separation was performed by a
linear gradient wusing 0.1%  ortho-
phosphoric acid as solvent A and
acetonitrile as solvent B. The gradient was
used from 0 to 100% solvent B in 15 min at
a flow rate of 2 ml/min. Multiple
wavelength monitoring were performed at
210, 230, 260, 280, 310, 360, 435 and 500
nm, without reference wavelength. The UV
visible spectrum was measured from 200 to
600 nm. The partial purified fractions were
collected and screened for antimicrobial
activity against reference bacteria as S.
aureus ATCC 25923, P. aeruginosa ATCC
27853 and E. coli ATCC 25922 by agar
well diffusion method [10].
2.4 Testing for antibacterial activity
by agar well diffusion method
The partial purified fractions were
tested for antibacterial activity by agar well
diffusion method on Mueller hinton agar
(MHA) [11, 12]. The reference bacteria
as S. aureus ATCC 25923, P. aeruginosa
ATCC 27853 and E. coli ATCC 25922
were inoculated into Mueller hinton
broth (MHB) and incubated at 37°C, for 4-
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6 h. The culture broth were adjusted the
turbidity to equal the 0.5 McFarland
standard, and then three dimensions swab
were prepared on a MHA medium. After
that, wells were prepared and cut out by
a sterile cork-borer. The crude extracts and
partial purified fractions (30 pg/well) were
dissolved in 25% MeOH at final
concentration. These solutions (20 pL)
were loaded into each well and incubated at
37°C for 24 h [13]. The diameter of
inhibition zone (mm) was reported after
three repeats.

2.5 Scanning electron microscopy
(SEM)

S.  aureus ATCC 25923, P.
aeruginosa ATCC 27853 and E. coli ATCC
25922 cells in exponential phase were
treated with the active partial purified
fractions (100 pg/well), incubated at 37°C
for 2-8 h. Cells without the active fractions
were used as controls. Bacterial cells were
collected by centrifugation at 4°C, 5000 for
10 min, and washed gently with phosphate
buffer saline (PBS, 0.1M, pH 7.4).
Subsequently, the tested cells were fixed in
2.5% glutaraldehyde solutions at 4°C for 2-
3 h and dehydrated with gradient ethanol
solutions (30, 50, 60, 70, 90 and two times
with 100%). The cells were critical-point
dried, mounted on stubs, sputter-coated
with gold (gold-palladium, or platinum) and
finally imaged using SEM (LEO 1450vp) at
the Department of Biology, Faculty of
Science, Khon Kaen University, Khon
Kaen, Thailand.

3. RESULTS AND DISCUSSION
3.1 Preliminary screening for anti-
microbial activity
Streptomyces sp. RS2, an anti-
microbial-producing  bacterium, showed
antifungal and antibacterial activity against 10
plant pathogenic fungi, 5 gram-positive and 4
gram-negative bacteria, respectively.
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Interestingly, Streptomyces sp. RS2 exhibited
antibacterial activity against 18 clinical strains
of Staphylococcus aureus and Methicillin-
resistant S. aureus (MRSA). Therefore, this
active isolate was selected for the further
study [7]. The similar results were reported by
Nguyen and Kim [14] that the Streptomyces
olivicoloratus showed antimicrobial activities
against Bacillus subtilis, S. aureus, P.
aeruginosa, S. epidermidis, Paenibacillus
larvae, E. coli, Candida albicans and
Aspergillus niger. Tamreihao et al. [15]
reported that the Streptomyces sp. MBRL 10
exhibited antifungal activity against the tested
fungal pathogens. The active strain MBRL 10
showed the highest activity against
Rhizoctonia solani. Additionally, Euch et al.
[16] reported that two bioactive compounds,
namely 3-phenylpyrazin-2 (1H) -one (1) and
3-O-methylviridicatin  (2), showed anti-
bacterial activity against the tested human
pathogenic  bacteria as S.  aureus,
L. monocytogenes and S. typhimurium.

3.2 Identification of Streptomyces
sp.- RS2

The result of cultural characteristics

illustrated range and optimum temperature
and pH for growth were 25-40°C and 30°C;
and 5-10 and 7, respectively. The range of
NaCl concentration and optimum NaCl for
growth were 1-8% and 1%, respectively.
Based on 16S rDNA sequence and
phylogenetic tree characterization, the isolate
RS2 belongs to the genus Streptomyces.
Isolate RS2 (1418 bp) showed 16S rDNA
sequence similarity with S. gelaticus strain
NRRL B-2928T (1483 bp, 99.51%), S.
sanglieri strain  NBRC 100784 (1481
bp.99.44%) and S. atratus strain NRRL B-
16927 (1487 bp, 99.37%). The phylogenetic
tree determined by neighbor-joining method
was presented in Figure 1. Based on the
results of cultural, physiological, and
biochemical characteri- zation, the selected
isolate was identified as genus Streptomyces
and designated as Streptomyces sp. RS2.
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Streptomyees flavogrisens CBS 10134 (AJ494864)
Streptomyces halstedii NBRC 12783 (AB184142)

Streptomyces argenteolus NBRC 12841 (ABIS4187)
Streptomyces microflavas NBRC 13062 (AB184284)

Streptomyces anulams NRRL B-2000 (DQ026637)
47| Streptomyces praecox NBRC 13073 (AB184293)
Streptomyces baarensis NBRC 14727 (AB184615)
Streptomyces rubigimosohelvolus NBRC 12912 (ABIS4240)
Streptonyces badius CSSPR36 (AY999783)
|| Streptomyces albovinaceus CSSPA18 (AY999739)
Streptomyces sindemensis NBRC 3399 { ABIB479)
Streptomyces griseinns CSSP433 (AY999891)
 Streptomyees globisporus NRRL B-2872 (EF178686)
Strepiomyces cavourensis NRRL 2740 ( DQ44ST91)
Streptomyces gelaticus NRRL B-2928 (DQ026636)

Streptonyces sp. RS2
——————— Streptomyces drozdowiczit NBRC 101007 (AB249957)

Streptomyces laculatispora BK166 (FR69210)

Figure. 1. Phylogenetic tree of the selected isolate RS2 based on 16S rDNA sequences using
Neighbor-joining method. The numbers at the nodes indicate bootstrap support (%) based
on NJ analysis of 1000 replicates. The scale bar indicates 0.001 substitutions per site (C).

3.3 Partial purification of the crude
MeOH extracts and antibacterial activity
The HPLC-DAD chromatogram of

the crude MeOH extract is shown in Figure. 2.
All of the partial purified fractions were
screened for antibacterial activity by agar
well diffusion method. The results showed
that the fraction number 1 (11.448 min), 2
(13.341 min), 3 (15.042 min), 4 (26.173 min)
and 5 (26.462 min) exhibited antibacterial
activity against S. aureus ATCC 25923,

P. aeruginosa ATCC 27853 and E.
coli ATCC 25922 (Figure 3 and Table 1).
As the fraction number 3 and 4 exhibited the
highest antibacterial activity especially
against S. aureus ATCC 25923 and many
isolates of MRSA. Moreover, S. aureus
particularly MRSA are one of the most
important human pathogen in hospital.
Hence, both of these fractions will be
interested to purify for further study. The
similar result was reported by Rajan and

Vol.13 No.1 January - June 2019 93 44

sisuIna



s1sUIna
nsJINw

sansive LT

Kannabiran [10] reported that the crude
ethyl acetate extract of Streptomyces sp.
VITBRK2 was purified by HPLC-DAD
analysis. The purified compounds were
identified as N-Acetyl-phenylalanine, 3-
methyl-indole and amicoumacin antibiotic.
These active compounds exhibited
antibacterial activity against drug resistant
Methicillin-resistant S. aureus (MRSA) and
vancomycin resistant Enterococci (VRE).
3.4 Effect of the active purified
fractions on the tested bacterial cells
The result showed that the tested
bacterial cells were slightly changed and
decreased after treatment with the active
purified fractions as shown in Figure. 4. The
results illustrated that the active purified
fractions exhibited a broad spectrum of
antibacterial activity against gram positive
bacteria (S. aureus ATCC 25923) and gram
negative bacteria (P. aeruginosa ATCC

27853 and E. coli ATCC 25922). The cell
morphology of the tested bacteria without
being incubated with the active fractions
showed a complete and smooth surface;
while after incubating with the active
fractions, the cell morphology and the cell-
shapes of the tested bacteria were damaged
and completely destroyed. Therefore, these
results suggested that the active fractions
from the crude MeOH extract of
Streptomyces sp. RS2 may act on the
bacterial cells, resulting in the inhibition of
the bacterial growth. Previously reported,
He et al. [17] showed that a novel
polysaccharide of S. virginia HO3 exhibited
broad spectrum antibacterial activities
against S. aureus, B. subtilis, Listeria
mono- cytogenes, E. coli,
Zygosaccharomyces bailii and C. utilis.
Based on SEM  observation, the
polysaccharide could be destroy and disrupt
the tested cell.

o] DAD1=210nm

DAD 2 = 230 nm

ces] DAD3 =260 nm

DAD 4 =280 nm

o] DADS5=310nm

DAD 6 = 360 nm

°*1 DAD7=435nm

aasl DAD 8 = 500 nm 13.341
15.042

0454
0404
2 03]
0.304
0224
0204

11.44

0104
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26.173

26.462

N

000 1) 1000 1500 2000

Figure. 2. The HPLC-DAD
Streptomyces sp. strain RS2.
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Table 1. Antibacterial activity of the partial
purified fractions against S. aureus ATCC
25923, P. aeruginosa ATCC 27853 and E. coli
ATCC 25922 on MHA medium by agar well
diffusion method.

Control/ Inhibition zone (mm)

Partial S. P. E. coli
purified  @ureus aeruginosa ATCC
fractions ATCC ATCC 25922
25923 27853
C NI NI NI
Frac. 1 11.21+ 3.15+ NI
' 0.04 0.35
Frac. 2 12.02+ 411+ 2.05+
) 0.15 0.21 0.55
Frac. 3 22.51+ 9.65+ 5.14+
' 0.74 0.55 0.63
Frac. 4 21.02+ 8.51+ 4.35+
' 0.05 0.34 0.57
Frac. 5 15.53+ 5.65+ 3.01+
' 0.32 0.25 0.59

Values are means of three replicates +
standard deviation (SD), NI; no inhibition; C,
control (25% MeOH); Frac. 1, fraction 1; Frac.
2, fraction 2; Frac. 3, fraction 3; Frac. 4, fraction
4 and Frac. 5, fraction 5

S. aureus ATCC 25923 P, aeruginosa ATCC 27853

E. coli ATCC 25922

Fig. 3. Antibacterial activity of the
active fractions from isolate RS2 against S.
aureus ATCC 25923, P. aeruginosa ATCC
27853 and E. coli ATCC 25922
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Fig. 4. SEM micrograph of pathogenic
bacteria after treated with the active
purified fractions. al-a3: S. aureus ATCC
25923,b1-b3: E. coli ATCC 25922 and cl-
c3: P. aeruginosa ATCC 27853, 1 bacterial
cells without treating the active fraction; 2
treating with the active fractions

4. CONCLUSIONS

Streptomyces  sp.
antimicrobial-producing strain that
exhibited the highest antifungal and
antibacterial activity. Interestingly, five
partial  purified fractions  exhibited
antibacterial activity against S. aureus
ATCC 25923, Pseudomonas aeruginosa
ATCC 27853 and Escherichia coli ATCC
25922. The results of this study suggest that
the active Streptomyces sp. RS2 is a
potential strain capable of producing
bioactive compounds and could be used
these active compounds against drug and
multi-drug resistant bacteria.

RS2 is an
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ABSTRACT

The aims of this study were: (1) to examine the amount of heavy metals i.e. lead,
mercury, copper, cadmium, manganese contaminated in soil in the area of junk shops in 12
villages of Khoksa-ad sub-district, Khongchai district, Kalasin province, and to assess the
quality of groundwater and soil surface water, and measure pH and conductivity of soil and
water samples. (2) to investigate hazardous waste disposal in the area of Khoksa-ad sub-
district, Khongchai district, Kalasin province. The data were collected and employed the
distribution of 329 copies of questionnaire the respondents.

The findings revealed that (1) the average amount of heavy substances i.e. lead and
cadmium indicated the undetectable value in water quality. (2) majority of the respondents
accounting for 223 people or 67.8% knew hazardous waste, 213 people or 64.7% realized
the effect of hazardous waste, 246 people or 74.8% did not attend training on hazardous
waste. The participation in hazardous waste management was at moderate level (X = 3.29).
The people expressed their suggestions on that that sub-district administrative organization
should provide waste bin and collecting truck in the area. They also would like the authority
to handle hazardous wastes separation and disposal appropriately.

Keywords: Knowledge and understanding, Hazardous waste, Community participation,
Khongchai district

1. INTRODUCTION terms. This is because toxic chemicals

Electronic waste or E-waste refers to
waste from electrical and electronic
equipments (WEEE) such as unwanted,
obsolete, or expired electronics appliances.
Electronic waste is classified as hazardous
waste due to the fact that the parts of electronic
device contain heavy metals. If these parts are
disposed inappropriately and leaked into the
environment, it will harm people’s health in the
area and its ecosystems in both short and long

contamination exists in the ecosystems for
a long time and accumulates in the organism.
Therefore, the electronic waste management is
crucial in that it must be technically and
systematically handled [1]. The pollution
control department reported that, in 2013, the
number of used mobile phones were at 9.14
million units. This had reached to 9.75 million
units in 2014, and up to 10 million in 2015. The
number of personal computers (PCs), in 2013,
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were only at 1.99 units. This was increased to
2.21 million in 2014, and 2.42 million units
in 2015. Also, The average life-span of
mobile phone is 3 years. The Cathode Ray
Tubes-TV is 6.9 years, and flat screen TV is
3.8 years, while computer is 3.65 years [2].

At present, the number of electronic
waste recycling plants in Thailand with
proper process of sorting and grinding
electronic components are limited and
insufficient to the fast growing quantity of
electrical and electronic products remains.
In addition, smuggling of electronic
remains from foreign countries into
Thailand has been increasingly detected.
These e-wastes are transported to the
villages for the wvillagers to separate,
disassemble, and sell metal components
while the remnants of electronic wastes are
destroyed by burning or landfill. This
improper burning and destruction of
electronic waste inevitably causes harmful
problems to environment, community,
health and safety of people in this career.
The department of disease control, ministry
of public health reported the risks of heavy
metal No.13 accumulated in the body of
many villagers. The heavy metal
contamination in the community waters was
also detected. In addition, the local
administrative organization reported that
the results of random blood test of villagers
who dealt with waste separation work
showed the contamination of lead in their
blood nearly everyone. Some were
exceeding the standard value especially in
children aged 1-5 years. Therefore, this
problem of inappropriate electronic waste
management is a crucial issue that should
not be overlooked for the community waste
management in Thailand [1].

E-waste management is currently
lacking ~ comprehensive = management
systems covering collection, separation or
disassembly, transportation, recycling and
disposal, and reclamation of products from
manufacturers and suppliers was merely
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observed in Thailand. These e-wastes,
therefore, become huge burden for local
administrative organizations that have no
standard disposal facilities and proper
management systems. The electronic waste
is normally disposed together with common
waste, and sold to Sa Leng vendors or junk
shops. There is also the smuggling of
electronic waste or electrical appliances and
inoperable second-hand electronic products
from overseas into Thailand. They are
improperly handled or recycled by sending
these e-wastes to the villages for waste
separation in the community. The villagers
then disassembled the parts for metal pieces
to be sold. The remaining parts will be
destroyed by burning or improper landfill in
illegal places. Some types of products, such
as light bulbs and batteries, do not have
a recycling market, or they come with the
fee for recycling. So, nearly all of these
product remains were dumped with regular
waste making it the risk that dangerous
substances and heavy metals in the product
remains will leak and contaminate the
environment. The ecosystem and food
chain are contaminated and causing
problems to environment, community and
health. For example, burning wires to get
lead and copper for sell causes some plastic
and metal vapors which is one of the causes
of cancer [3]. Burning the circuit board to
melt lead and copper causes the toxic
vapors to spread into the air, accumulate in
soil and water. The use of acid in metal
extraction from circuit boards without
proper wastewater treatment leads to
contamination of  sewage into the soil
and water. Dismantling/disassembly
refrigeration and air conditioning without
refrigerant retrieval device leaks refrigerant
into the atmosphere and destroys the ozone
layer [4]. Therefore, contamination of
electronic waste is starting from e-waste
producers to e-waste recipients. And
finally, this risks the health and well-being
of people and environment.
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The e-waste separation in the
community plays crucial roles in e-waste
disposal. The researchers, therefore, pay
interests in knowledge and understanding of
hazardous waste disposal by using the
participation of communities under
jurisdiction of Khoksa-ad sub-district local
administrative organization. The research
site covers villages in Khoksa-ad sub-
district, Khongchai district, Kalasin
province.

1.2 Rerearch site

The environmental problems resolution
committee of Khoksa-ad sub-district
administrative organization stated that
Khoksa-ad sub-district was formerly a part
of Nong Paen sub-district under
administration of Kamalasai district. It was
separated from Nong Paen sub-districtsince
1958 to the present. Khoksa-ad under
administration of Khong Chai district,
Kalasin province and the administration
covers totally 12 villages.

The  Khoksa-ad  sub-district
administrative organization was established
on February 3, 1997 under the tambon
council and sub district administrative
organization act B.E. 2537 (1994). The
administration area covers 35 square
kilometers or about 21,893 rai. The total
population was 7,561 people in 1,543
households. The average income is 90,000
baht/household/year.  Khoksa-ad  Sub-
district context is rural society. Therefore,
the people’s main occupation is agriculture
that accounts for 95% while the rest is
trading and businesses. Most of the area is
fertile plain with many irrigation canal
systems flowing through making the area
perfect for rice farming and crops
cultivation in dry season. There are
abundant sources of water for making a
living. After cultivation season, the
villagers normally cultivate other farming
activities or other career choices for extra

PP 100 T 13 atufi 1 unsrmu - fiquieu 2562

income throughout the year, that is, the
popular junk trade. This is due to the trends
of world economy and capitalist economy
have dominated and penetrated into every
sector worldwide whether it be industrial
capital, modern technology, civilization,
and values from abroad. These evolutions
affect tremendous changes on economic
and social conditions on the increase of
value such as land, properties, animals,
animals, economy, agricultural products,
and career choices. The transportation has
become more convenient where the asphalt
road began to link villages and sub-district
center in 1997 and the Songthaew bus runs
from villages to the city in 2003. Also, the
electricity, water, concrete roads in every
village in 2003.This development is the
results of decentralization under local
administration act B.E. 2537 (1994) when
local administrators are directly elected as
representatives in the administration of
local organization.

Khoksa-ad sub-district is located in
the west of Khong Chai district and covers
the area of 35 sq. km. The geographical
settings is rich and fertile plain located in
Lam Pao irrigation area and the water
pumping with electricity from the Chi River
project. The North is adjacent to Non Sila
sub-district, Khong Chai Pattana sub-
district in the south, Nong Paen and Khong
Chai Pattana in the east, Kantharawichai
district, Mahasarakham province in the
West.

1.3 Difficulties for waste entrepreneur
the area

The environmental problems
resolution committee of  sub-district
administrative office stated that the junk
trading of villagers in Khoksa-ad sub-
district started 13 years ago with only a few
traders. The operation of the pioneering
group was successfully and able to generate
a lot of income.



Figure 1 Khoksa-ad sub-district, Khongchai
district, Kalasin province

This has become the successful
model that villagers in Khoksa-ad sub-
district could perceive and decided to
engage in the junk trade. Then, the junk
trade business in Khoksa-ad sub-district
was expanded and the number of junk
traders were also increased as well as the
amount of junk items with diverse kinds of
junk. Also, the area of junk trading was
expanded from the local area to nationwide.
The survey in April-May 2008 indicated
that there were 228 villagers engaged in
junk trading. Junk items were also brought
into the area around 767 tons each month.
The list of junk goods brought into the
community included old cars, motorcycles,
refrigerators, televisions, fans, audio
players, electrical cords and parts, etc. at the
volume of 274 tons per month. Also, other
junk materials brought into the community
were steel, copper and aluminium at the
volume of 492 tons per month. After
villagers bought these junk goods, they will
disassemble junk into pieces and sell out the
pieces separately. However, there were
items unable to sell totally around 20 tons
per month.Junk trade in Khoksa-ad sub-
district caused the following problems.
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1.3.1 Environment; The operation
of junk trade which involved activities such
as collection and disassembling of junk
items at residential area usually caused
environmental problems as follows.

1.3.1.1 Contamination of toxins in
soil and water because, after disassembling,
the old junk items will be poured into the
soil. For example, disassembling the engine
will leak a lot of engine oil flowing into the
area. These oils can penetrate into the soil
and the groundwater. Or, in case of
dissecting the car battery will be pouring
acidic soil. The acid can be spread in the soil
and into the groundwater as well. Dumping
the waste all over the area causes toxins to
contaminate soil and water. For example,
trashing television glass screen leaves
mercury spread to soil and water. In
addition, contamination in soil and water
can also occur from burning materials. The
toxins in the debris are mixed in the
remaining ash and accumulated in the soil.

1.3.1.2 Contamination of
pollutants in the air. Villagers in the old
days used to burn junk items to separate
valuable materials such as burning copper
wire, burning plastic parts to remove the
nuts and bolts, burning tires to remove the
wire, etc. Burning these old parts resulted in
smoke and toxic odors that can spread far
and wide as the blowing wind. Toxins
evolved by burning old outdoor scraps may
include sulfur dioxide, carbon monoxide,
nitrogen oxide, volatile organic
compounds, heavy metals and dioxins
which is the most serious carcinogen.
Dioxins are produced by burning plastic
materials at low temperature.
Contamination in the air abstains the
villagers from drinking rainwater from the
roof.
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igure 2 Junk ard entfepreneu in
Khoksa-ad sub-district

1.3.2 Health; Junk shop owners and
neighbors are in risks in taking dangerous
substances into their body. The junk shop
owners have to separate valuable materials
from the toxic junk items by using unsafe
methods so they are in high risks of taking
toxic substances into their body by

P 102 T 13 atufi 1 unsrmu - fiquieu 2562

breathing toxic dust, fumes or vapors of
toxins, or skin contact, or ingesting without
knowing. Separation of junk materials
using bare hands, and later consume food
without washing the hands. Toxic exposure
like this may cause immediate illness such
as rash, burning eyes and nose and may
accumulate and appear later. The neighbors
who live nearby junk shop areas that
contain harmful substances may be affected
by the toxins. However, the chances of
getting toxins are less than those who deal

with disassembling the junk items. For
example, burning of waste dumping area of
the sub-district administrative organization
causes huge troubles of smoke and smell
spread to the people in Nong Tok Paen sub-
district located in the south of the wind
direction. This situation leads to filing the
complaints about this problem with
Khoksa-ad  sub-district  administrative
organization several times which damage
good relationship between the two
villagers.

Outpatient reports by symptoms
group (21 Disease groups) of Khok Prasit
Village (Moo 12) and Nong Bua Village
(Moo 3) under Khoksa-ad sub-district,
Khong Chai district, Kalasin province
indicated that the group of diseases that are
expected to be caused by junk items
separation activities of the villagers is
respiratory disease (Group 10) and skin and
subcutaneous diseases (Group 12). From
2004 to 2007, it was found that respiratory
disease, in 2004, the highest number of
patients in Khok Prasit village was 1,310
and, from 2005 to 2007, the number of
patients decreased from 2004 to 1,252;
1,001; and 1,253 respectively while the
number of patients in Nong Bua village was
uncertain as the number was increase and
decrease alternating each year. The year
with the highest number of patients was
1,272 in 2005. The lowest number of
patients was 721 in 2006 for skin and
subcutaneous tissue. Nevertheless,



Khok Prasit villagers were more likely to
suffer from skin and subcutaneous diseases.
The highest number of patients was 210
cases in 2007 and the lowest number of
patients was 103 in 2005 while the number
of patients suffering from skin and
subcutaneous diseases in Nong Bua village
was uncertain as the number was up and
down alternately. The highest number of
patients was 153 in 2007 and the lowest was
77 in 2006.

Figure 3 Waste Dumping Area of
Khoksa-ad  Sub-district ~Administrative
Organization

-

2. METHODOLOGY

The researcher employed the area-
based study and community way of life in
the village. The study was divided into
two parts: environmental research and
social research. The environmental
research focused on contamination of
heavy metals in soil and water. The soil
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and water samples collected were
analyzed for heavy metals concentration
and the soil and water quality standards
according to announcement of national
environment committee No. 25 (2004)
and No. 8 (1994) [5-6] for suitability of
soil and water in the community. The
social research aimed at exploring
community way of life regarding
management of hazardous waste, and
started with area survey, questionnaire
distribution, survey on economic, social
and environmental background of the
community to collect data of all
households that purchased and disposed
junk items and hazardous waste. The
qualitative data was collected by
interview, and the data was analyzed for
the overview situation of the community
and problems. The results of social and
environmental surveys were presented to
the community by organizing discussion
forum for the community to seek
solutions to fix the problems.

This study aimed to investigate the
contamination of heavy metals from the
junk trading and the use of junk items in
daily life of people in Khoksa-ad sub-
district, Khong Chai district, Kalasin
province, and to examine hazardous waste
management in Khoksa-ad sub-district,
Kalaya district, Kalasin province. A
total of 12 villages were involved in the
study for collecting soil samples in waste
landfill and surrounding areas in the
villages covering 17 spots involving junk
trading activities. The soil samples were
tested for pH, conductivity, and
contamination of 5 heavy metals types
including lead, mercury, copper,
cadmium and manganese.

The groundwater, surface water,
shallow water samples were collected in
each village and these water samples were
also collected at the spot near the area of
waste dumping altogether 13 spots. The
water samples were analyzed for pH,
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conductivity, and contamination of 5
heavy metals including lead, mercury,
copper, cadmium and manganese.

This study drew the participation
in hazardous waste management in
Khoksa-ad Sub-district, Khong Chai
District, Kalasin Province that included
the total population of 1,829
households. The sample size was
determined using Taro Yamane formula
(1967) [7].

The research instrument was
questionnaire which was sectioned into 2
parts. Part 1 identified general
information of the respondents covering
7 checklist questions about gender, age,
education, occupation, income,
domicile, length of stay in community;
and 5 questions about the junk trade
career, income from the sale of junk,
knowledge about hazardous waste,
impact, and training on hazardous waste.
Part 2 identified the participation in
hazardous waste management. This part
was a rating scale format that is, 4.51-
5.00, means the highest level, 3.51-4.50
means the high level, 2.51-3.50 means
the moderate level, 1.51-2.50 means the
low level, and 1.00-1.50 means the
lowest level.

The collected data was analyzed,
recorded, categorized into a coding form,
and then statistically analyzed using a
computer program.

3. CONCLUSIONS AND DISCUSSION

3.1 Soil quality; The waste disposal
areas and areas involved junk trading
activities in the villages of Khoksa-ad
sub-district, Khong Chai district, Kalasin
province were examined. The average
examination results showed pH value at
7.42, conductivity (EC) at 138.90 uS/cm,
lead (Pb) at 87.14 mg/kg, mercury (Hg)

PP 104 U7 13 atufi 1 unsrmw - fiquieu 2562

at 0.10 mg/kg, copper (Cu) at 160.82
mg/kg, cadmium (Cd) at 1.67 mg/kg, and
manganese (Mn) at 232.28 mg/kg as
shown in Table 1.

The 4 types of heavy metals
including lead, mercury, copper,
cadmium and manganese do not exceed
the quality standards for agricultural and
residential use. It does not exceed the soil
quality standards used for any purpose
other than housing and agriculture.
According to Kewalee Natomtong [8]
in her study on hazardous waste
management with the participation of
junk traders in Kalasin, it was found that,
after the training on knowledge about
hazardous waste management, junk
dealers improved and developed the
areas used in waste separation and
disassembly for ease of storage and
transportation for sale. In addition, junk
entrepreneurs were more aware of safety
in their business operation. This study
showed that proper waste management
practice tended to decrease in the chance
of heavy metal contamination over time.

3.2 Water quality; Water quality in
Khoksa-ad sub-district, Khong Chai
district, Kalasin province was examined
by testing samples of groundwater,
surface water, and shallow water samples
from 13 spots. The average examination
results showed pH wvalue at 6.79,
conductivity at 2,001 uS/cm, lead,
cadmium and mercury not detected,
copper at 0.023 mg/L and manganese at
0.487 mg/L as shown in Table 2. The
water quality showed sub-standard pH in
some spots according to the 6.5-8.5
benchmark prescribed by the pollution
control department control. However,
there were 5 points that pH was in the
range of 5.83-6.29.
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Table 1. Soil quality in Khoksa-ad sub-district Khong Chai district, Kalasin province

Area Location pH EC Pb Hg Cu Cd Mn

uSem mgkg mgkg mgkg mgkg mgkg

Soil standard for living * 400 23 37 1,800

1 Waste landfill No.1 8.45 21200 7204 0.04 9975 239 62908
2 Waste landfill No.2 7.59 30100 160.2 0.04 40583 095 6544
3 North of waste landfill 5.69 2930 ND  0.03 5.08 ND 23342
Soil standard for living * 400 23 37 1,800

4  FEast of waste landfill 5.53 4080 9.01 0.04 3357 ND 47.31
5 South of waste landfill 6.01 10650 33.01 0.04 96.25 ND 19.32
6  West of waste landfill 6.00 1852 ND  0.13 449 ND  25.58
7  Ban Non Chai M.1 7.70 28600 2427 0.05 80.04 ND 33247
8  Ban Sa-ad M.2 7.89 4530 699 0.06 3.89 ND  49.00
9  Ban Nong Bua M.3 864 6490 380 024 1425 ND 121.00
10 Ban Nong Mek M.4 7.62 24500 4.80 0.15 3.30 ND 5546
11 Ban Khok Prasit M.5  7.50 321.00 10.07 0.03 5489 ND  58.33
12 Ban Don Kha M.6 7.82 12370 4845 0.17 54728 ND 79827
13 Ban Noi M.7 8.10 9830 21.10 0.50 20576 ND 189.21
14 BanNongMaToM.8§ 8.46 10340 85.67 0.05 20785 ND 73755
15 Ban Khok Prasit M.10 7.42 3810 5.03 0.05 3484 ND 3016l
16 Ban Nong Bua M.11 874 30500 ND 0.03 2921 ND 20730
17  Ban Khok Prasit M.12 6.92 2250 ND  0.05 7.73 ND 7837
Average 742 13890 87.14 0.10 16082 1.67 23228

Remark: ND = Not Detected

* The standards index according to National Environment Committee No.25 (2004)

In this regard, the pH of the water
may be due to water soluble substance and
heavy metals including copper, cadmium,
and lead were in line with the standard
benchmark. The manganese content, it was
found that Ban Khok Prasit, Ban Nong Bua,
Ban Nong Mek, and areas adjacent to waste
landfill showed the manganese content at
0.238-2.278 mg/L which were exceeding

the standards of not more than 0.1 mg/L.
The spot where the highest pH value was
detected was Ban Khok Prasit and the area
next to waste landfill. This meant that junk
trading activities of many households in this
area may perform inappropriate hazardous
waste storage and disposal i.e. burning and
outdoor storage which may cause heavy
metals to dissolve into water sources.
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Table 2. Water quality in Khoksa-ad sub-district, Khong Chai district, Kalasin province

Area  Location Type pH EC Pb Hg Cu Cd Mn
puS/em mg/L. mg/L. mg/LL. mg/LL. mg/L
‘Water standard for living * 0.1 0.005 2.0 0.03 0.5
p BanNon o indwater 671 2,190 ND ND  0.119 ND  0.613
ChaiM.] &roundwate . , . .
2 E/{arzl Sa-ad o indwater 6.03 858 ND ND 0051 ND  0.053
3 BanNong . ndwater 656 2460 ND ND 0029 ND  0.134
Bua M.3
Ban Nong
4 Mek M 4 groundwater 7.39 2,810 ND ND 0.014 ND  0.043
Ban Khok
5 Prasit M.5 groundwater 597 1,161 ND ND 0.005 ND  0.251
Ban Don
6 Kha M.6 groundwater 5.83 261 ND ND 0.010 ND  0.060
7 f/[ag Nol  oundwater 629 691 ND ND ND ND 0247
Ban Khok
8 Prasit M.10 groundwater 7.30 7,790 ND ND 0.001 ND  0.041
g  BanNong o dwater 596 3,760 ND ND 0001 ND 0455
Bua M.11
jo ~ BanKhok shallow 778 1,506 ND ND 0003 ND 2278
PrasitM.12  water
1 BanNong surface 702 509 ND ND 0002 ND 0238
Bua M.3 water
Ban Nong  surface
N . 720 413 ND ND 0001 ND 0272
13 Waste surface 817 1,600 ND ND 0038 ND 1.647
landfill water
Average 6.79 2,001 ND ND 0.023 ND 0.487

Remark: ND = Not Detected

* The standards index according to National Environment Committee No.8 (1994)

4. PATICIPATION
WASTE DISPOSAL

The study on the participation in
hazardous waste management of people in
Khoksa-ad sub-district, Khong Chai
district, Kalasin province deployed
questionnaire to 329 households. The
results showed that 68.7 % of the
respondents were female, 28.6 % were
older than 60 years old, and 51.1 % had
primary education, 52.0 % worked on

IN TOXIC
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agriculture, 47.4 % held average monthly
household income lower than 5000 Baht,
87.2 % held domicile in the district under
survey, 24.6 % lived in the community for
more than 61 years, 13.7 % performed junk
trading career, 86.3 % did not perform junk
trading career, 67.8% held income
range 1,00-20,000 Baht/month, 64.7%
knew the impact of hazardous waste,
74.8% had no training on hazardous
waste management, and the respondents



showed moderate level of participation
in hazardous waste management
(X =3.29).

It was found that most of the people
know about hazardous waste and the effects
of hazardous waste. However, most people
have never been trained in hazardous waste
management. As a result, the level of
participation in hazardous waste management
was moderate. The people, therefore,
presented the proposal to sub-district
administrative organization for allocating
garbage bin and garbage truck to handle
hazardous waste and general waste. It was
found that most of the people know about
hazardous waste and the effects of
hazardous waste. However, most people
have never been trained in hazardous waste
management. As a result, the level of
participation  in  hazardous  waste
management was moderate. The people,
therefore, presented the proposal to sub-
district administrative organization for
allocating garbage bin and garbage truck to
handle hazardous waste and general waste.

This is consistent with the study of
Angwara Sornsil [9] in her study on the
factors related to women’s roles hazardous
waste management in the household. The
results indicated that majority of the
samples held moderate roles in household
waste management. The factors related to
the role of women in household hazardous
waste management were experiences
involving  with  hazardous  waste,
information perception about hazardous
waste, knowledge of household hazardous
waste management, and awareness of
environmental issues. And, there should
reset the system on appropriate waste
separation such as provide sufficient
hazardous trash bin and at the location not
too far away for convenience in disposal. In
addition, it should promote and stimulate
women and household members to
participate in hazardous waste management
and conservation of natural resources. The
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campaign may be organized in the form of
regular and continuing activities. In
addition, the study by Kewalee Natomtong
[8] found that junk traders showed high
level of knowledge in hazardous waste
management and  awareness  about
hazardous waste management, but they
received support for hazardous waste
management at low level. After the training
about hazardous waste management, they
showed improvement and development of
the areas used for junk items separation and
disassembly.  Therefore, their waste
separation and management were improved
making it more convenient in storage and
transportation for sale. In addition, junk
entrepreneurs are more alarming on the
safety in their own business operation.

5. RECOMMENDATIONS

The use of electronic waste to recycle
or electronic waste recycling technology, in
overall, conform to steps and processes.
That is, separation process, disassemble
electrical appliances or electronic devices in
order to get metal, plastic, glass and
electrical circuits. The other processes
cover smelting and smashing the devices to
smaller the parts or cut into small pieces.
Then, grinding into power to separate
precious metals from the trash for recycle.
The recycling process of electronic waste
must perform appropriate pollution control
system including the use of dust collectors,
acid trapping system, and contaminated
wastewater treatment system so that the
quality of wastewater is consistent with the
effluent quality standards as prescribed by
the law before being released out from the
factory [10]. Currently, the problem of
electronic waste in Thailand and worldwide
is more serious regarding to quantity of the
waste. Management of electronics products
and appliances should raise awareness on
product selection process, people’s behavior in
waste  disposal, collection, separation,
transportation, recycling, treatment, and
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disposal. This situation awakens the
government and related agencies to work
together to develop integrated approaches to
determine the policy implementation to ensure
consistency and concreteness of the
government’s effort. The main unit in
charge of electronic waste management is
department of pollution control, ministry of
natural resources and environment. The
department of industrial works, ministry of
industry is responsible for the management
of electronic waste evolved from the
activities of industrial plants. Moreover,
industrial parks and other agencies are
supportive agencies that include department
of health, ministry of public health, ministry
of science and technology, department of
customs, ministry of finance, electrical and
electronics institute [11].
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ABSTRACT

Cleanliness is a basic health necessity for human. Nowadays, the common problem of
cleanliness is the deeply stains on clothing. The stain of blood is usually found and difficult to
remove. Moreover, most of remover mainly comprised of the chemical ingredients which may
cause skin irritation. Therefore, natural remedy is a good alternative. In this research,

the extracted spinach and amaranth were used as a blood stain remover. According to
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the oxalate composition can precipitate with metal (Ferrous in blood). Then the blood stain

can be easily removed. There were 2 sample groups; first, the extract from fresh spinach and

second, the extract from boiled spinach. The ratio of spinach and water is 1 kg : 600 mL. The

sample was done for 3 replicated to test the efficiency of spinach extract. It was found that 100 mL

dried blood stain could be removed more in both sample groups comparing with using water.

Keywords: Blood stain, Amaranth, Spinach, Natural blood stain remover
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ABSTRACT

Ripe palmyra palm fruit is an agricultural residue that can be used to produce

alternative energy. The fruit pulp extract contained carbohydrates (108.01 + 0.05 ¢/L) and sugars
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(64.36 + 1.67 ¢/L) which can be used as substrate for ethanol fermentation. This research
investigated the production of ethanol from palmyra fruit pulp extract by using Loog Pang Khao
Mak and Look Pang Satho. The effect of reducing sugar concentrations was studied by using fruit
pulp extract at 20, 40, 60, 80, and 100% v/v. The result showed that 100% v/v of fruit pulp
extract gave the highest ethanol concentrations for the fermentation with the two types of Loog
Pang. The pH affecting the fermentation efficiency was investigated at 4.5, 4.8, 5.0 and 5.5. The
optimum pH for the fermentation with Look Pang Khao Mak and Loog Pang Satho were 4.5 and
5.0, respectively. The fermentation with Look Pang Khao Mak at optimum condition gave the
highest ethanol concentration at 10.57 + 0.03 g/L with 48 h fermentation time. The ethanol
yield was 0.23 + 0.001 g¢/g. The productivity and fermentation efficiency were 0.22 + 0.001 ¢/L/h
and 45.08 + 0.15 %. For the fermentation with Loog Pang Satho, the highest ethanol
concentration was 7.93 + 0.03 g/L with 48 h fermentation time. The ethanol yield, productivity
and fermentation efficiency were 0.17 + 0.001 ¢/g, 0.17 = 0.001 ¢/L/h and 32.7 + 0.02 %,
respectively. These were significantly lower than the fermentation with Loog Pang Khao Mak
when statistically tested at 95 % confidential level.

Keywords: Palmyra palm fruit, Ethanol, Loog Pang Khao Mak, Look Pang Satho, Fermentation
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Abstract

The objective of this research is to develop two phase technique for evaluating the
efficiency of rental car usage; this technique consists of data envelopment analysis (DEA) when
undesirable factors exist, and hierarchical clustering analysis (HCA). The used data were taken
from the information systems of 104 government agencies and car rental companies. It consists
of the cost of car rentals, the entire active distance and the cost of maintenance as a desirable
factor, and the cost of car repairing after accident as an undesirable factor. When undesirable
factor exists, all mentioned data were firstly evaluated by DEA with additive inverse method
(ADD) and the evaluated data were further grouped by hierarchical clustering analysis. It is
considerate that data grouping by using characteristics of evaluated data criterion is more
effective than those using the judgment by the assessor. The results indicated that two phase
technique for the efficient evaluation is able to calculate and cluster the efficiency scores on
the use of rental vehicle in government agencies into three levels. These three levels include
low performance scores group (0.0000-0.4447) moderate performance scores group (0.4608-
0.7993) and high performance scores group (0.9475-1.0000). This efficiency data could be used
for decision-making in the policy development to allocate the rental car usage for decision
making unit (DMU) efficiently and worthwhile.

Keywords: Efficiency evaluation, Hierarchical clustering, Data envelopment analysis, Undesirable factor
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ABSTRACT

The objective of this study was to construct the appropriate forecasting model for the
coffee bean prices. The data gathered from the website of Office of agricultural economics
during January, 2005 to August, 2018 of 164 values were used and divided into 2 sets. The first
set had 156 values from January, 2005 to December, 2017 for constructing the forecasting
models by Box-Jenkins method, Holt’s exponential smoothing method, and damped trend
exponential smoothing method. The second set had 8 values from January to August, 2018
for comparing the accuracy of the forecasts via the criteria of the lowest mean absolute

percentage error and root mean squared error. Research findings indicated that for all
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forecasting methods that had been studied, the most accurated method was damped trend

exponential smoothing method.

Keywords: Coffee bean, Box-Jenkins method, Holt’s exponential smoothing method, Damped

trend exponential smoothing method, Accuracy of forecast value
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ABSTRACT

Quiz generation system is a very important system in education. This helps to assess
students' understanding of the lesson, and also allows users to easily and quickly create the
test. However, the existing system of creating quizzes has limitation to the ability for creating a
question, which is also entered by the user themself. As a result, it takes time to create a test
for a long time. Therefore, this research aims to provide a mechanism for the creation of
automatic quiz generation mechanism for multiple choices question by applying ontological
information to assess the difficulty level of the questions. The hybrid similarity was measured
using a combination of semantic similarity, semantic relatedness, and property values to
determine the difficulty level of the question. Then, the proposed mechanism was
implemented using the RDFaCE tool and PHP program to create an interface for user input and
displaying results in the creation of quiz based on user-defined data. In addition, the proposed
mechanism was validated to confirm the accuracy of the mechanism’s performance. By
comparison, the difficulty score derived from the proposed mechanism and the item response
theory. The evaluation results were consistent with 80 %. Therefore, the proposed automatic
quiz generation mechanism can be applied as a tool to quickly and easily create quizzes and
reduce the time of the work, including the creation of an increasing number of multiple choices
question which are diverse. This method can also determine the difficulty level of the questions
as required.
Keywords: Automatic quiz generation, Multiple choices question, Ontology, Semantic similarity,

Semantic relatedness
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gInTidn 0.81 - 1.00
gn 0.61 - 0.80
Junang 0.41 - 0.60
St 0.21 - 0.40
efign 0.00 - 0.20
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[Z] RDFaCE: special edition for X
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‘:\(—:‘@Iucalhu;h’quiz[adda’tin) B @ || Q searh

(%8 9 & & 4 @0-0 HZBO-0 ¢

RDFacCE : special edition for Schema.org
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Y Y TIENNEL IR

in the world, with around 69 million people.

southwest.

around the world.

Path:p

= Paragraph  ~|Font Famiy = Font Size

Eon v @ FOTE

Thailand, officially the Kingdom of Thailand and formerly known as Siam, is a country at the centre of the Indochinese peninsula in Southeast Asia.
With a total area of approximately 513,000 km2 (198,000 sq mi), Thailand is the world's 50th-largest country. It is the 20th-most-populous country

Thailand is a constitutional monarchy and has switched between parliamentary democracy and military junta for decades, the latest coup being in May
2014 by the National Council for Peace and Order Its capital and most populous city is Bangkok. It is bordered to the north by Myanmar and Laos,

to the east by Laos and Cambedia, to the south by the Gulf of Thailand and Malaysia, and to the west by the Andaman Sea and the southern extremity of
Myanmar. Its maritime boundaries include Vietnam in the Gulf of Thailand to the southeast, and Indonesia and India on the Andaman Sea to the

The Thai economy is the world's 20th largest by GDP at PPP and the 27th largest by nominal GDP. It became a newly i i
exporter in the 1990s. Manufacturing, agriculture, and tourism are leading sectors of the economy. It is considered a middle power in the region and

-A-i}.

country and a major

Words:209
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[E] RDFaCE: special edition for * X

lngszuvazuaniauduiiusvestoyai
vindgszuuluyuuessuwuy ROF triple

(Subject-predicate-object) [4] Fauandlunmil 4

@) ® localhost/quiz/add/tinyn

D@ ¢ |Qsrs WA © & & & O)- © H
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RDFacCE : special edition for Schema.org
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Mai
Thailand] officially the Kingdom of Thailand and formerly knawn as Siam |, is a country at the cel

|| paragraph [+ Font Famiy [+]/ Font sue ||

With a total area of approximately 513,000 km?2 (198,000 sq mi), Thailand s the world's 50th-Ia)
the world, with around 68 million people.

Thailand is a constitutional monarchy and has switched between parliamentary dem City

2014 by the National Council for Peace and Order. Its capital and most populous city is|

to the 2ast by Laos and Cambodia, to the south by the Gulf of Thailand and Malaysia, and to the Wil — A city or town
Myanmar. Its maritime boundaries include Vietnam in the Guif of Thailand to the southeast, and Inq

southwest. Entity URI

The Thai economy is the world's 20th largest by GDP at PPP and the 27th largest by nominal GDP.
exporter in the 1990s. Manufacturing, agriculture, and tourism are leading sectors of the economy.
around the world.

Path: div » p » Span = strong » Span._prop r_name:

Additional Type

Links: Description
Name of city in Thailand

[Download Schema org edition]

© Schema Colors

e Selected Schemas

® Change Selected Schemas (*disabled in demo version)
o Wordpress plugin (LS

[Demo of old versions]

URI of the entity Q
additionalType
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officially the Kingdom of Thailand and formerly known as Siam , is a country at the gentre of the Indoching

W\t a total area of approximately 513,000 km2 (198,000 sq mi), Thailand is the world's 50th-largest country. It
the world, with around 69 million people.

Thailand is a constitutional monarchy and has switched between parliamentary democracy and military junta for decal
2014 by the National Council for Peace and Order. Its capital and most populous city is| 1t is bordered to the
to the east by Laos and Cambodia, to the south by the Gulf of Thailand and Malaysia, and to the west by the Andaman
Myanmar. Its maritime boundaries include Vietnam in the Gulf of Thailand to the southeast, and Indonesia and India on
southwest.

The Thai economy is the world's 20th largest by GDP at PP and the 27th largest by nominal GDP. It became a newly i
exporter in the 1990s. Manufacturing, agriculture, and tourism are leading sectors of the economy. It is considered a
around the world.

Path: p » span » strong » span.[_prop r_name

Links:

Fact Browser

5 triple(s) found.

5 2

P: schema:description
0: "Name of city in Thailand”

S 2

P: schema:name
0: "Bangkok”
S:_2

type
0: “http://schema.org/City”

S:_i1
hemaname
0: "Thailand”

S: i1
P: rdftype
0: "http://schema.org/Country”

1w 4 vihvsuansnuduusyastoyaluyuies RDF triple
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Automatic Quiz Generation system

Select the difficulty level of question:
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Difficulty Level (ssfuaaumn)
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input level

Automatic Quiz Generation system

Generate question about = Bangkok
Difficulty level = Easy
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2) China
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ABSTRACT
This research purposes a graph mining technique to identify the particular characteristic
of Demospongiae by supervised learning method. The sponge dataset contained 7 families

belonging to the Demospongiae class was collected from the Mediterranean and Atlantic
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oceans. The dataset of Demospongiae was performed on graph dataset and then was analyzed

to identify the particular characteristic by using eraph based supervised learning method. The

learned substructures can identify the unique of a specific feature for each family and can use

to develop the prototype of knowledge-based expert system for Demospongiae identification.

The prototype was evaluated by measuring the efficiency from the ability to classify the sponge

family. The experimental results showed the identification performance accuracy is 76.47%. This

indicated that graph mining technique by supervised learning method is valid and practicable

for Demospongiae identification.

Keywords: Graph mining, Supervised learning, Demospongiae identification
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ynIualan (811188131 100 luasew) Senin
Microsclere Inavnnvuialngavarudidulase
$udquudnvearenindendoduloaleuiy
LL@Sﬁ‘U’J’]ﬂ‘UU’]WLgﬂLLVl'iﬂE]EqJ:i%in’Niﬂiﬂﬂ%’Nﬁ?u
diemquiioesiiisouu [3] Ssdnuwarging
gawnnivansuuuiaziteSunuandaiueenty
dnwarguirsesunngnliifudiuvislunisda
vanemy Tun il 3 uanadnuwarsuswessin

WUUR 9)

A

Siliceous spicules
(Demospongiae)
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N A

A\

Calcareous
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P.epmu 21 22 Triaxon (slx-rayed: Triaxon
Turning lork naones nq  reguiat lattico) {abarrant farm)
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26 28
.gg % ,
ﬂ»}-\}}?
3
Triradiale 29 %32 =
Totraxans
Polyaxons {crmslnu at rluhl angles) D&sman

Megascleres

Soraic 48 51
“Raphide 37 € D4 ﬂ ﬂ Sanidaster @:@
P Amphidise

Toxa 38 5'9‘““

Isachela

Anisochola

Forcops Faruupn

Spiraster 44 Hu:sﬂer

Splmmar

Flaricons

Stourodise

Microscleras

AT 3 ANYRTUTINVBINKUUAT [6]

n1svivilestoya (Data mining) @13130
& v va & ¢ v .
duauauznidudsslevidvugudeyavunalng

lngyhnsiessideyaiiemdeaguviseninuii

U
[

d1d Tenadnsilaunduaquandanie
anvazlanizvesteyanieglugiudeyativ v

willesdayansiwl (Graph mining) Wumsviumiles

Payazuwuunils Favinsimseideyanedly

U

JULUUYRINT M ieAumdeasunIenIu; lay

U
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nadnsTldzuandlasadiauazauduRusHig 4
Tuyndoya
wallan1sfuninsgesivsingues
(Frequent subgraphs) 1Huafianilalunisi
willosns i nszUILNEUMANDYEINS L0
Usznauludae nsmanudnmuavesnsmldos
LazasI9daUAIINdvIRAarnIINg o]l

A1AILDUBYNT1 Minimum support n3eti [7]
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gndrurdszgnaldivaulunateaiy tdu
lassadenisvinuiiendu nMsdesiziaiedie
deau wazarumeiudiansawne Ludu Loy
drluldlunisduninsgesfiusingueslu
g1utayans i (8]

SUBDUE 1Juszuuninisusildndn
Minimum description length (MDL) heuristic Tunnsn

n5Meoy Fervansmesminainaunisn (1)

oo sisuIna
1361978 W( nsJinw

DL(G)

value(S,G) = (DL(S)+DL(G | S))

e s Ao nsdosideanisnisAum,
G o nsLgn, DLG) Ao srurudaiidesnis
Tunsidsiansan, DLS) Ao Srurudndidesnis
Tunisidswansingesiidum waz DLGS) fie
srwudadidesnslumsdnsiansi G wdsann

lassaseges S gniudn

ParentList = {}
ChildList = {}
BestList = {}
ProcessedSubs = 0

foreach Child do

return BestList

Subdue (Graph, BeamWidth, MaxBest, MaxSubSize, Limit)

Create a substructure from each unique vertex label and
its single-vertex instances; insert the resulting
substructures in ParentList

while ProcessedSubs <= Limit and ParentList is not empty do
while ParentList is not empty do

Parent = RemoveHead(ParentList)
Extend each instance of Parent in all possible ways

Group the extended instances into Child substructures

if SizeOf(Child) <= MaxSubSize then
Evaluate the Child
Insert Child in ChildList in order by value
if Length(ChildList) > BeamWidth then
Destroy the substructure at the end of ChildList
ProcessedSubs = ProcessedSubs + 1
Insert Parent in BestList in order by wvalue
if Length(BestList) > MaxBest then
Destroy the substructure at the end of BestList
Switch ParentList and ChildList

AN 4 TURBUNITAUNNUDS SUBDUE
JUNDUITNITAUNIVBY SUBDUE 19 Beam
search tJundnlunisdumnsges Tunnd 4

Wudunawdsuldlunisaunminsinges Iaeduusn

a saad

09T UABUATLIUINNNITAS1RIRREANLTDIN

o

ParentList (Usnaulumielasesasiagagnayyin

A1suee), ChildList (Usenaulumiglaseasnages
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doufifidngegn) 1vidud1d19 wagly
ProcessedsSubs fiAsi1iu 0 Funeudaluii
nsaidlassairsdesannusiazinedevesynsond
g fuianun Taotenluldlilu ParentList
ndsarntunielugy while usarlnssaiisdosay
gNLe188na1n ParentList uazvenenameiiduly
Iilpsmafiududenuazgngen viewiududon
sEWnagABENaDIgn Lilo ParentList dA111a 2wl
N38aUTENIN ParentList fiu ChildList [9] Yoya
1idwes SUBDUE Wunsmilunuimguasdnums
vosing lnorimualitiedevesgasenunuieves
Tnguiednuurvesinguartiedevendulion

o £ s ! [ o [

wnuaNduRussenineingiuinguse
ANuEIUSTEn I TRgiuan Yy
n1siSeusuuviigaau (Supervised
learning) ¥a SUBDUE sjaitfuluinndeyaiiiiiios
2 naw (Class) ity msBeudiuuiifaouasdu
nsdumlassadensdesiiindulunsnids
uan uidnldeglunsigeau deyatndravedlu
gﬂLLuummﬂmWﬁﬁmﬁ:uﬁﬂLﬂuﬂmm%w*m w39
nsBau JsnslundazUssinnenaagiiiiies
nswhAgmsenatansnild Tng G ununswids
UIn uay G wnunswhdaau danwd 5() 38013
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(Isomorphic) funsmees g Mnaunswatiusndu
Haaufinawan (False negatives) waznavfiany
nauInfinanata (False positives) SFLUEEDR
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@
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Y
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q

|
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Wwavandlifilunsidisau 61 DL(G) s Sruaude
MUNuUAIINEIIVeIAMIN Y (Description
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Aasdnuaie (Judn) veensil G Ngndelnans

q

g0y S L51@1m1509 S teanaunish (3)

DL(G*|S)+DL(S)+DL(G™ )-DL(G™|S) (3)
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el®_
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n1siseuimens ilsduius lunismaaedlyd
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Repository [13] Westhuragiiusznaulime 45
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Supervised Learning
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AN 7 MaEueRuanYaEia 11 Aadnyazvesadluguiuunsm

2.2.2 n1sqiasngvideyalasld

nszuIuMslunsiBeuiuuuiidaau

be

n1snaaesligidely SUBDUE Tu
nsesendeyalasldnsvuiunislunisiseus
wuuilaeu Geyadeyaililunismaassléduun
pasdvesasilutusluaoudoiomn 7 29
Ferolull Ao Tethyidae, Clionidae, Timeidae,
Suberitidae, Stylocordylidae, Polymastiidae
way Spirastrellidae Tun1sneaesazihyadayayn
yhnsdeusiiosasd Insyadoyanesifiogluied
fifeansiSoudazlddnydnual xp druyadoya
osinfieglursdduazladydnualidu NP d
nszvuMIEBuiLUuEdaeunnans iunisfum
dnwazianizrososiiluudazaed Taed

Aaanwagralulinagliusingluneninidau

3.Naﬂqiﬂﬂaaﬂuﬁ$aﬁﬂiqﬂwa
A18819KANITILATIENTaYAN TN VDY
Westhnad Suberitidae Tutunluadewds Tngld
wadlan1svinviiesdoyansiv dlrenseuiunis
Weusuuuligasy wanssanand 8 wleviinag
a%‘m&Jmaﬁléfmnmﬁmeﬁ%'aaﬂaﬂﬂw‘WU:}'W

@

Pasiluwnayedlanwaziangaasalull

= v v a %%
ATNN 8 B\Iawlmﬂﬂﬂ’]i’JLﬂiWWUEJiJaﬂﬁW“UEN

Y

Wasluled Suberitidae

Wasiegluded Tethyidae drulveydl

sUs19vesvIInIuIatualiunuy Strongyloxea

U

FellanwaziSe WneUagnuntaankasdnau

yilelaiuviay F9nni 9

NN 9 ANYAUEUBIVINLUY Strongyloxea [14]
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Wosiegluied Clionidae Idnunizvas
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o e s ——

AT 10 SNWUZIBIVINLUY Oxea [15]
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o
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v
'

fannd 11 Tngdansarunisazaeelngiu du
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C —

AT 11 SNUZYEWINULY Styles [16]
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'
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. s A w & ' P
SUTN1WUU Spiraster FIUANYULLUULNIAANY
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a Vo @
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q

Learning Repository [19] QJ
Woatnhe 7 294 115Uy 51 81 WUl

Funuuszuufidervgaiunsadnunlsdues
Waaﬁﬂiﬁgﬂﬁaa 39 §10819 Fepauan
ANULUUETUAISTILUNYINAY 76.47% lagiing
msnedeuLandlumsed 1 feuszansamlunis
$uunaedvesiasin Jaldanndraruusugiss

aunsi (4)

D P
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s v 9
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Clionidae 4 6
Timeidae 3 5
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Stylocordylidae 2 0
Polymastiidae 9 0
Spirastrellidae 2 1
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ogluduinluavouies anuanismaassdanann
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av19dlg et &nwars ety luiaun
é’umuawu@%mmmﬁaﬁwLLumaﬁsuaqmaﬁw
1AgA15UsTUIANAMEABNAIADST NUI1TTUUTAN
AULLUgTUAITTIUUNLYINAY 76.47% 217
nan1TIdeuandliiiudl adansvininiestoya
nIMMEIBN1sREURULifaeuaansaunlyly
n15sundnwazauve et luduinlu-
avaudglaase
defiansanranissuunisduemlaninen
Funuuszuufideasig wudinoaiined
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