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Synthesis of cordierite from bagasse ash

13500 AuaeTuns”, Ul dunsan’, duadld Snlnewedodn’

uazgniun A3dseiasgae’
Wanna T.saengchantara’, Pranee Junlar', Sansanee Rugthaicharoencheep’,
and Sutthima Sriprasertsuk’

[ 1

HUNnAnga
ATetiflunsdanszrnesiae lsnannidanudas ﬁ’ﬂmmqmidaumauﬁﬁ‘lum?wmammﬂmiw

anumasulnawlsfeuFunn Mgo seninsdenas 9-14 AO. FenIN9daaY 30-38 LAY SiO_ FNINGaLIAY
47-55 Aunnugnsingavingliidniudes wunilam Aun Lazazgiun Unliindaasiznlnne

T a (QI a ° QI Vv a v 4‘ ( aa a a
pedLAelsAgUNOL 1250 uaz 1300 'C neraauiaiiandunn naldinsasandisdanunsniniinadxrD)

:: (% = ] dld T & a z ° z [~ Qy QI a °
nntiAnGengmsdunauiaedinelsfiinuEugeEn thintugthihaunasey wazinigumgll 1300 C
ANHIANTANINNENINUELET TALA N1TVIAGD mi@m%uﬁﬁ WAZAMUNUNLUL ANULANLSS (Modulus of
rupture) WazAdulsz@nsnisuenasiliadau (Coefficient of thermal expansion) NANNIANEINAADY WU
ansdrunauni pefiAgles fintulBinugedn ndunigumgll 1300 C TauiAnanian wasil nsvasn
(Shrinkage) $atiaz 8.6 NIAATULN (Water absorption) ¥eeaz 8.4 ANUMLLLL (Bulk density) 2.09 NFU
ARNLNANITURILAT ANANULTINT 48.9 WnzWiaAa uazAmdulsAnanisueneiiiadau 3.53x10° 'C

Abstract

This research presents the results of a cordierite synthesis from bagasse ash. The formulas
were calculated using a tri-axial table by varying the amount of MgO, Alzos, and SIO_in the range
of 9-17%, 30-38%. and 47-55%, respectively. The selected raw materials were mixed using bagasse
ash, magnesite, kaolin, and alumina and fired at 1250 and 1300 'C to form a cordierite phase. The
structures were analyzed using powder X-ray diffraction (XRD) method. A formula with the highest
cordierite phase was selected to form samples and then fired at 1300 'C. The physical properties, i.e.,
firing shrinkage, water absorption, bulk density, modulus of rupture (MOR), and coefficient of ther-
mal expansion (COE) were studied. The samples yielded firing shrinkage of 8.6%. water absorption of
8.4%. bulk density of 2.09 g/cm3, MOR of 48.9 MPa, and COE of 3.53x10° / "C.experimental body fried

at 1200 'C was found its ability to absorb the liquid at a certain level and to release the fragrance.

Adadn : muden, redifelad, Yagmlensangaamnaan
Keywords : Bagasse Ash, Cordierite, Industrial Waste

"naNIneARAIUINIg
*Corresponding author E-mail address : wanna@dss.go.th
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AN9NA 1 avAlsznauniAlivasingAy

Composition | Bagasse ash | Magnesite | Kaolin AIQO3
(%)
SiO2 71.12 - 47.2 0.02
NOQO 0.43 - 04 0.30
MgO 1.58 41.88 0.06 -
AIZO3 8.96 0.05 37.3 99.6
on5 1.06 - 0.06 -
SO3 0.28 - - -
KQO 2.61 - 1.7 -
CaO 7.81 0.55 0.1 -
TiO2 0.67 - - -
MnO 0.26 - - -
FeZO3 473 0.05 1.0 0.02
ZrO2 0.05 - - -
BaO 0.03 - - -
L.O.l 0.43 54.81 13.0 0.10

22 AudndIuNauNlTluN1IAaag

] ¢ o’dl U

AuNanueInadae lsan bl un1snAaed
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wanafalugiii 1

g1 ANTNANLRs LN N muAdIuNanluN1TNAaad

o ql Y =
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G waz H muadu Insunazqnildiunnfesas
289 MgO Al O uaz Si0 uandlumsned 2 uag
. 2 3 2
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2 3 2 9 1
[ Y = s a a
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Tumns19n 3

P97 2 UTunnfesazans Mgo AlO  uay Sio
1 2 3 2
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Sample MgO AIZO3 SiO,
A 9 30 55
B 13 30 51
C 17 30 47
D 13 34 47
E 14 34 46
F 9 38 47
G 9 34 51
H 12 33 49

A3 3 éaumamaﬁmqﬁuﬁ%ﬂumwmaa\‘i

Sample | Bagasse ash | Magnesite | Kaolin | Alumina
A 57 16 13 14
B 51 21 13 15
C 46 29 11 14
D 42 23 19 16
E 38 23 24 15
F 44 16 26 14
G 42 21 23 14
H 46 19 21 14
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4. 491 (Conclusion)
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A comparative study of the firing shrinkage properties of
the process temperature control rings
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Abstract

A process femperature control ring was developed from talc, magnesium carbonate, barium
carbonate, iron oxide, kaolin, and quartz. The ring is formed by dry pressing method info a 2.5 cm diameter
ring with the density 1.8 g/cm’. The ring had the firing shrinkage affer fired at 960°C, 1100°C, 1140 °C, and
1200 C varied in the range 2.21-9.98 % with the standard deviation varied in the range 0.00-0.06. In this
study, the properties of the ring were statistical analyzed. It was found that an increasing temperature
resulted in an increasing firing shrinkage but had no effect on the standard deviation values. The study
also presented the comparative properties of the ring with the one available in the market in terms of the

average firing shrinkage, the standard deviation and the change of the shrinkage with temperature.

AdA @ lTdn, W, gUnIalnTIvReUgUN)d
Keywords : Ceramic, Kiln, Process Temperature Control Rings

"N Inenaansuing
*Corresponding author E-mail address : lada@dss.go.th

Bulletin of Applied Sciences Vol.3 No.3 August 2014. | ] 5



1. unun (Infroduction)
MaENTNgTLRUMIgATNEIBNNS ZLIUNNSHER
qlq v a o (4‘ = = = Vv
ninalvindndunnoanuninunimvisaidaniela
m‘iLmLfﬂiﬂﬁﬂiﬁ"qumﬁqqﬁqﬂi:mm 1200 B9AN
wradea nnsldidnmalssamense i 1 Wi
1% I a @ v s aw
uwia o dudu nezuunistinedlsuguge uaz
\HuduneuntanudAty Aeslnisaiuan gl
1081 WATUTTENNIA INARSUNNLHN AL heat
work LazussennFwiLnzal vnliteanulazinaay
ane Lﬁmmwmﬁumua“mm’m heat work §u
mammmammmm D87 NITMTINERUTZALLAS
ANLALNALDUDY heat work TAANIELIANLNA
ey aqifuiins1d Thermocouple AILA

¢

g 4J a v [~
uqﬂmmmwaaumwmﬂﬂi:Lmn wazatunilu
Unseiftndianandszina Tangnislden 1a5s

D D

ABNTLHLARZATI(1)
N1 ldf Thermocouple  AFI9ABLNITLHN
o a I Vo 4‘ a g o
Hunsdingoungid 1uladn heat work iAAYUTY
D o o | v Cs X .
HanAu dunnsligingitlszinm pyrometric device
9¥@11190/M379801 heat work lagldvannisuag
%3 = = 44' a o g
nanamvsanisidagtiilainanisgniivasgiingol
NATLHN i:ﬁwmmwmﬁaw?aﬂﬁiaﬂﬁamamﬂﬂini
Y o . - o o
%muﬂmzmwmgmmnﬂuLLaznmﬁM‘LumsLm
saeunaify temperature equivalent Hnane

dsziam lGun ring bar war cone lnegtnsiid

o [ < dld v Vv I
anwuzifurnaunsanwu nulunasrainlaun

Bullers Rings(2-3), PTCR Rings(4), TempCHEKs[S)
Flupu aﬂmmmmu’tmuummiwmmmmm‘lum@
wilana ummmqmwa’memmmwaauqmeM
v 1 v
FEAUANN LA
Adeiilaguneninsieaeugungiuuy
dae doo  ea v
NNaLNLANHULLUY NlTauTANITUAALL LN TY
NN97919801 heat work TWAILNIAENTLANENANARS
13nN"3(6) unmsraauauiAneafla IRl
| = a & o Vv Q‘Id ) 1 v
e WRauieuiuglnsahidnidwminglurias
nan iinegatdnaninlunisiiunldlunisnsis

28U heat worklULANLNNIINTZUIUNITHARLEININ

2. ’Qﬁ‘ﬂ’]ﬁ‘a'%'ﬂ(Experimen’rol)
2.1.mwamqﬂnecﬁmiq@aauqquﬁtLuu
Nay
2.1.1. ﬁmqﬁuLLazqmimumaﬁmqﬁumﬁ’i
Tunswdmgunsailaun MiaAu uunili@auaifuaiun
WATKUITEUANSLALLA NV EN aanTias 9110
wianeanlananusem Uznnse wenda dunane
AR AUBNITTUBUNTA cerafast LAZTANINTA
u?qwé%‘aﬂa: 99 (Pure 99 %) AINLFHN AUAALATEA
Julueda Aaaluus 91ne avAalseneuAdued
’J”mqﬁmmmﬁqmiwﬁ 1 wardunauildlunis

\ATEURLINTOL (AIBEN SHUARIAIAITNT 2

N3N 1 BeAUsENELIATIURTRORL LAZATUNALYDIFIBENI S

§aﬂa: *quﬁu FeZO3 TiOQ NQZO KQO CaO MgO BaO SiOZ AIZOa LOI
328 fanu 026 | 00 0.0 00 | 046 | 345 | 00 | 601 | 033 | 00
30.0 wuniFeuAniunium 0.0 0.0 0.0 0.0 03 | 429 | 00 | 00 00 | 549
3.0 WLFELATUBLLA 026 | 000 | 000 | 000 | 0.00 | 00 | 990 | 00 00 | 07
3.0 A7 1.0 0.0 0.4 17 01 | 006 | 00 | 472 | 373 | 130
303 Fann 0.1 0.1 0.0 0.1 0.1 0.1 00 | 992 | 02 | 02
0.9 wanaanlan 87.7 0.0 0.0 0.0 05 | 07 | 00 | 28 43 | 00

Bulletin of Applied Sciences Vol.3 No.3 August 2014.




2.1.2. FNIATHLUNALA LLa:mié’m%ugﬂ
unduNaNreeIngALTUIL 3 Alandy finauinlu
fnsdru 4555 lundaunaunm 5 Alansufuan
8 lus Tnendu sTPP $emaz 3 1fluansdleaes
N9TANLUAD *‘;’mqﬁuwé’wmﬁmmi:mmmm’anme
ﬁqgﬂﬁ' 1 wazfinunnilsegufl 476 lupsau wiey
aath3unn 60 nn. wauluesasniuliduiuiae
wenu wazld Darvan Usuanuvtinuasaadlnla
W, 1.80 NFU/AL.TU. AMUWLA 45 cps nNau
ﬁfmﬁﬂﬁiﬁmm?ﬂmmwaﬁwLm?\'ml,m?ﬂumw'u
W4(Okawara U FL-12 ﬂi:mejﬁu) fiany
rotational speed 50 \H9md uaz feed rate 50 7L
maunl wsadlvlaunayatfunn 40 nn. launaya
mmauﬁqgﬂﬁ' 2 L'hLmaiéamﬁm%ugﬂimmﬁﬁmiu
isnsdnlansadndneile  WWuunlanzaunadudy
Audnand 25 1, miingogng 4.48 N3y useER
2100 psi mu@uaﬁﬂmaﬁﬂﬁﬁyugﬂﬁﬁm’]wmuﬁu
1.80 + 0.03 NFu/aL. 7.

gﬂﬁ 1 minimwmmmaqmm‘uaqﬁaaﬁ'w S

2.2 NsulFauREUANTANITNAALTB LN
wa3gUnsalvnvmutLazgUnsalvnidluiiaenann
1 g ©° v 1 dlﬂ o ]
quadnsalvtndrainaedszinanddinunalu
NAIAAIALN 2 FIBENT FaEnd A TUUNALEUNAL
Audnansszunn 20 Uy, wazfedne B duunmidu

Bulletin

rnuAuinanelszin 60wy, NaasuANTANITVIA
o L‘].I??ﬂuLﬁﬂ‘uNmzwﬂ’]qa‘ﬂniniﬂﬁﬁhwﬁw
"Luﬁmmmmﬁuqﬂmtﬂﬂﬁﬁmm ﬁqquﬁﬂﬁiLwﬁ
960 ‘C 1100 °C 1140 °'C waz 1200 C ldfanmlunig
UszinanaiianSoufisuaiads Ardude
LRI LATMANUALAUSTININENTRAINET
FIMINFIDEN A B UAZ S (ILTTALYUNTINITINN
2.3. NFIATTVINANINABRSLAENTLTAR A
2.3.1. NedausTiuvasgungiiinane
nsvasaienuesietwiselllagld one way
ANOVA ¥n@n F A () 1AuInnananangs F
(F critical) LLamiw:ﬁuqmmﬁﬁLLmﬂﬁhqﬁuﬁmam'a
Satiarnnavasiiianatniiteddmneans
232 nadeuAddisaLuInsgL
PAANNTAAFLI DLENTAITIDENT A B WAz § Ul
i:rﬁugm‘mqﬁﬂ%‘Lmﬁtﬂgﬂul,l,ﬂam?aiﬁ IPEIvNAINY
ﬁuﬁuéﬁzw’iwmé’;mﬁmLuummigmmmm?wm

r?htﬁaLmﬁm:ﬁuqmmﬁnwmﬁmamwmmm

4 . e
37 2 unayadwmiuan

FuiufszninamusanArdulsvans anduiug
(correlation coefficient, r) LAZNNTIAATIZANTNANAE
(Regression analysis) NNAN significance F AN
1NN 0,05 uanvIAda Aty
qmmﬁmﬂmﬁ'Lﬂgﬂuuﬂmiﬂiugm%ﬁu

of Applied Sciences Vol.3 No.3 August 2014. | ] 7



233 VAADUANNAMLTBNUUNNATIIL
NNFVAFILLIALENURIAIAENT A B 1Y S WANAINUY
= | % ] a | cla = | NI
visald matndlaiasige TneFeueua e
LWUNNASEIUYFEAIANLLSUTILURINITVAFILLE
LEN9EINGARENT A LAY B FEWINNAI0ENY A LAz
S $UUINNFALN B LAY S A0el F-test LA F A1UATY
" TALINNIANINGA F (F crifical) LaRIINAINY
wistsulianuuananaiuagnedtedAynneana

234 NAADUANLFELUAINITNAGILLD
ENUBIFIDENT A B UAZ S TULAAZTZALGUNTUAN
Ansiuvisely fetndladanasan Tneld one way
ANOVA vnan F Ay (F) ANnnanAningm
F (F critical) WAAIIUTAYDIFIDENINLANANTUL
HaRaspEazNNTUAMILLBLNNeEN T Td ATNNNED A

=1 = | QI o 4‘ |
wavLlF AU ANRALUDINITNAF I ALNT TN
FBENY A LAY B FUINNAIDENY A LAY S FNING
FaENg B WAZ S Aaeit-test LLAAN t AL (D) 1
AININNINAT T INQA (¢ critical) LARIIIALRAEUI
FatnauAnATuae N TTadNAY

235 naaauniIfLlasuLlasundnn
NIUAFNLDINALTZ AL UNY TUBIUALAIBEN
egalaiimas TneiFauiaumanudusensim
izmdwmimmﬁ’;Lﬁmmﬁm:ﬁuqmmﬁ ANANLATY
4 o~ 4 . . o
figauaniniinsiaauulauesainisnasiiiiainn
NUFZALANUNNLAY

9 U U
2.4. AaNAday

2.4.1. NMEEUAZNNTIAGUNTLATKNN
Tun1snmaaslaaien tuiin ﬁaﬂﬂ"m%gnm?ﬂu%a
ARSLAELIAIUNA 20x25x15 L. LENLATNDATINITLED
2 'c/umm guldl 1 4l nsmersaeugungiinig
ludeldaninlaannmesludlidayinsgiuaiin R
FalsznaumiawaiAdunanlsiAsuiasas 13 ua
waATLLTANENINTaeLE LN NIFHLTREUAY
AILANNITTARUNAIAIEAIFNEENINGS 91U S 90
Aeluas r:Jamimwaauqmmqﬁmﬂu%’awudﬁ

gaungiilunisiensetnadanudsuuuuinsgu

ldunnnin 2°c

242 N1TNAADUNITNAFALT B LM
nagauntavaLiiatunlaeFenfsuaunnteu
UASUALNIANLIFUBY ASTM C326 — 09 Standard
Test Method for Drying and Firing Shrinkages of
Ceramic Whiteware Clays 4nuiusnagnaiildlu
manmaaUlFun 7-10 #1En1s/fethe Fuflaunn
ﬁqaﬂ'wﬁmmmmiﬂﬂmu%’a ATUINISREAZNNTUA
fuilainennannis

ﬂ'}']ﬂﬂ']’ll»fl"l’]l,l,ﬁﬂ_ﬂ’)']Nﬂ’WLﬁ@LN']

Mauasa, fatay = — X100
AIMNENUNBEUN

3. HALAYITING (Results and discussion)

mam@mmaummmﬁmﬁamemqﬂﬂmiﬂﬁ
Tlureamain@nene A uaz B) LLa:aqﬂﬂa‘miﬁ'ﬁlﬁmm
(B0t S) UARIEIRNSIIT 2 gﬂﬁl 3 AaAE(mean)
LLazmzﬂ'auLﬁmmummgﬁu (standard  deviation)
JaanIVARaLEIaIiag A Daadalutig
Saraz 2.10-5.93 Sandrudeuvumnmsginilugag
0.04-0.10 MavaFLTiaLNIessating B HAnaaely
dhfaraz 0.35-7.38 Tmdauiniumnasgiulusg
004-0.11 nMevAfLaINTaIntg S HAnade
Tuse¥anas 2.28-6.46 dArdauiianuuninsgiu
Tusin9 0.02-0.06 HANINARRILAASLLLTTILYRINNT
L‘VQ\IIM%uﬂ]’rﬂ\‘iﬂl’]Lagﬁlﬂ’]i‘ﬁmﬁﬁLfi'aLNﬂLfi'ﬂ’aquﬂuflﬂ’]‘i
Lmqﬁuimﬂﬁmﬂ'w A uaz s fauiAnvasiiie
i uT9gIng 960 'C- 1100 'C @4N916BEN4 B
LLazﬁlquQﬁ 1200 °'C Fete A waz S Tautianig
MAFTaENANIEREn B mmgﬂmaﬁma?\lmﬁra
pufisauumsgIuLatAaziotsluLAaz s T
gumvgiidanuunnaieegtuiutadrAgvsely
M?faﬂﬂil,ﬂ?ﬂuLﬁﬂuauﬁﬁmmqﬂﬂmiﬂﬁﬁmmﬁuﬁ
9 munelunesrainsniusacldnigsiiagnzianae
atmlunisigal Lﬁaa%qmwm%ﬁa‘lu@mmwmm
qﬂmtﬁﬂﬁ'ﬁﬁum

] 8 | Bulletin of Applied Sciences Vol.3 No.3 August 2014.



M99N 2 ANLRRELATANAIULTIERLLULNATEIUIBNNTAGY LTDINNUDIIDENT A B LAy S 7
UYL 960°C 1100°C 1140°C UAT 1200°C

R A B s
Quu)l (°C)
960 | 1100|1140 1200| 960 | 1100 | 1140|1200 | 960 | 1100|1140 | 1200
1 210|352 (420596 |035]270|490|7.39|229]| 341|483 ]| 6.45
2 210|342 420|596 (035|273 |471|7.41|227|335|4.73|6.43
3 2.15|3.37 | 415|591 | 035|272 | 458 | 7.33 | 2.27 | 3.37 | 479 | 6.43
4 215|347 420|596 | 036 | 2.72 | 465 | 7.36 | 227 | 3.37 | 4.77 | 6.43
5 210|342 (4205911036 |276|460|7.36|231|335|4.73]|6.45
6 2.05|3.52|4.35|595|036|268|452|7.33|229]|3.35|4.77|6.43
7 215|342 435|586 | 036 | 278|471 | 742|229 | 337 |4.77 | 643
8 2.10 | 3.37 | 440 | 5.95 - 278 | 463 | 7.35| 2.31 | 3.51 | 4.89 | 6.61
9 205|337 445|595 - - - - | 229|347 | 485|647
10 205|352|435|586| - - - - | 227349491649
F’i”ILQ’gEI 210|344 429|593 |035|273|466|7.37|228|341|4.81| 6.46
dqmﬁmmummsgqu 0.04 | 0.06 | 0.10 | 0.04 | 0.01 | 0.04 | 0.11 | 0.04 | 0.02 | 0.06 | 0.06 | 0.06

gﬂﬁ 3 NTINNIINAFULIDNNUBIFIBENS A B UaT S

Bulletin of Applied Sciences Vol.3 No.3 August 2014. | ] 9



HANNINARELTEALUDIGUNYLINANENITVA
Fuilernansiedne A B waz s Tneld one way
ANOVA aﬁ;ﬂmaﬂwmmaauﬁqmﬁwﬁl 3 Wu3mn
A989UAT F UINNIAT F critical WaneIngeay
qquﬁﬁumm&hqﬁuﬁmaﬁa%’aaa:mwmﬁuﬁmm
pENLTRANANED A LL‘]_]a’JI’]ﬁ’JBEiNMngT’JLﬁl@LN’]QJ
%mﬁmﬂ'm:ﬁuqmwgﬁmﬂm MavAFLHung
LIUNN9@NAT  (vitrification) Adadownilesuin
m?waauLﬂuvﬁaLLﬁamqéauL“T}aumatmﬂﬁlﬁmm
nuldMeiu iunalviannungusianas ifianis

U ¢
NARINUUL(7.8)

A9T 4 NMavpdaUANNELITUGI T EILLINAsg Y
UBINTUAFIIBLENTLTLALUNOTINNTIN TaiaEnd A B Uz

s lnaldf correlation coefficient uag Regression analysis

Regression statistics A B S
correlation coefficient, r 0.31 0.49 0.05
significance F 0.69 0.51 0.95

naaaUANLLLssIuIInTAF I aLIN
SYINNAIBENY A B UAZ S ﬁqmmﬂﬁ 960°C 1100°C
1140°C uaz 1200°C e/l F-test agiluanisnaaay
99T 5 UAZANNT 6 WLAHANNINAADLIZIINS
Foena A uaz S fsshasetha A ez B 71 960°C

AN 3 NINAABLTALUDIGUN TNARDNTNAAILLBLENUBII0EN A B uaz S Tneld One way ANOVA

AUUDH A B S
(C) average F Forit | average F Fcrit | average F Ferit
960 210 581505  2.87 0.35 1640954 296 228  11887.26 287
1100 3.44 2.73 3.41
1140 4.29 4.66 4.81
1200 5.93 7.37 6.46

NANTITNAABLNIANUFUNUFTZNINAN
dautfimLuummgﬁummmimﬁaLﬁmmﬁ’m:ﬁu
UMY INITINT UBIAIDENN A B UAT S AIENIT
WATUNAT 1 UATNITILATIZINITNANGE LARIAY
AN9 9T 4 HANTNAARLUAAIIATIUIYNARENIT
A1 T tae 1N 1NA 0 wazilAn significance F U1nnan
005 uandlinfuhlimup LAY
snasgutugmgll uladhidrufisanuumsgu
JasnevaiTinEnI0siet A B uar S Tiu
ﬁuqmwgﬁmiLmﬁLﬂgauLLﬂaﬂﬂ"LugﬂﬁNLﬁu M
Adauidleauuinasguaasnsvaiadenlliy
Auszavgungiinisinazaaliinanisnsiaday
heat work lTunngindanusdugnlauudsanusz iy

a

AUNHU

U

AN F 4NN730 F critical kanainauutlsilsau
sseieeilimnuuanmaataiitiddn  usn
aﬁmwgﬁ@ﬁuﬁm F UATiaendn F critical Wamein
ANULLTUTIUTENINGReENe A B waz S ludanu
WANAN agﬂiﬁdﬁmammmaaummmﬁmﬁlmmﬁ
1100-1200 'C wp4aee § danuutlstsiuntluy
SLAULALINLANIDIAIBENT A U2 B Leriﬁqmmqﬁﬁﬁ
960 'C AMUULIILURIFIDENS B Uaz S TANsN
NMUaIaEe A asaflutladnAny

20 | Bulletin of Applied Sciences Vol.3 No.3 August 2014.



AN NN 5 NNINAFELIAMULLITUSIULRINITNARNLBLNNTTUNINNFIBENT A B LAz S

'
I a

NRUNNL 960°C 1100 °C

1140°C waz 1200 C Tneilef F-test

960°C 1100°C 1140°C 1200°C
Sample
A S A B B S A S A B B S A S A B B S A S A B B S
Mean 210 228 210 0.35 0.35 228 344 341 344 273 273 341 4.29 481 429 4.66 4.66 481 593 6.46 593 7.37 737 6.46
Variance 0.00156 0.00023 | 000166 0.00007 | 0.00007 0.00023|0.00378 0.00380 [0.00378 0.00129|0.00129 0.00380 | 0.01058 0.00386|0.01058 0.01307 |0.01307 0.00386 [ 0.00173 0.00308 |0.00173 0.00124 |0.00124 000308
Obsenvations 10 10 10 7 7 10 10 10 10 8 8 10 10 10 10 8 8 10 10 10 10 8 8 10
F 6.70920 2218642 3.30687 1.00485 | 2.92394 293753 2.73970 1.23482 | 3.38303 1.77991 [ 1.39165 247701
F Critical one-ail | 4.02599 552341 552341 402599 | 4.82322 482322 4.02599 4.19705 | 4.19705 402599 | 4.82322 482322

< a ¢ v
A9 6 HalATIziANULLsdsulaeld F-test

gl ()| A uars AuazB | Buazs
960 [ldwiniiu s<A) | lawindu @<Ay | windu
1100 Wi Wiy s
1140 Wi W Wiy
1200 Wiy WAy WU

nanisilauiauAadsunnisuadiiie
WWNTEINGIRENT A B LAY S ﬁqmmgﬁ 960°C 1100°C
1140°C waz 1200°C 1agld One way ANOVA Lans
Faps9R 7 wuluuAazgungl A1 F TA1UInna
AN Forifical WAAIINAITIAURIFIDENIT ULANANITL
fuaneanaznsnaiiiemnedaitoddynia
and uaniflouBenfenAiadaunenisaiiiaimn
FLUINPIBEN A BaZ B 2WINNAIRENN A WAT S
$2UINNPBEN B uaz Siaeld t-test LARIAIATIS

78 LLa:agﬂmamsmmaauﬁqmmqﬁ' 9 Wude
1NN T crifical LARITIANLRALTAIFIDENILAN
AnafuaEed e ALy ﬂm"iuﬁqmmﬁ 1100 'C A"
t fia8nan t critical WARIINANRAETZIINIFIDENT B
uaz s luumnmnariu

ﬂ‘i;'ﬂNﬁﬂ’]‘i‘Lﬂi‘EJ‘ULV]E]Uﬂ’]iMmm’)LJJ@LN’]GLu

Lwia:i:ﬁuqmwgﬁﬁqﬁ ﬁgquﬁ 960 'C @1ALNIS
NPT REY S>ASB ﬁqquﬁ 1100 'C
AFUNIVAFTIDLEN D90 S = ASB ﬁqmwaﬂﬁ
1140 °C E1FUNNIMARLTIALNIBEI0ENT SSB SA
LLazﬁqmmqﬁ 1200°C EALNIINARIT DIHNUD
F0E1 B > SSA LAAIIINIIVAGLTIDLENIDIFaEN
s geaeufutladAny ﬂﬂﬁuﬁ'qmmﬁ 1200 'C il
AN 9L B

A3 7 NN9FELITLUANRAEURINITVAGILLALNNTZIN9F0ENT A B LAY S N9unQil 960°C 1100°C

1140°C uaz 1200 C 1aeld One way ANOVA

L. 960°C 1100°C 1140°C 1200°C
ALY
average F Fcrit | average F Fcrit | average F Fcrit | average F Fcrit
A 2.10 12830.17  3.40 3.44 440.84 3.39 4.29 81.10 3.39 5.93 2247.71  3.39
0.35 2.73 4.66 7.37
S 2.28 3.41 4.81 6.46

AN 8 NN9UIFELTELANRREADINITUAGILLDLENTENINGAIDLENE A LAY B $YUIN9FM0ENT A UAZ S LAY

SIMINFIDEN B WAz S Mgl 960°C 1100°C 1140 °C and 1200 °C Tnelld t-test

Aaat

960°C

1100°C

1140°C

A s

A

B

Mean 2.10 2.28

Variance 0.00156  0.00023
Observations 10 10

Pooled Variance
df 12
t Stat

t Critical two-tail

2.10

0.00156 0.00007

0.35

0.00007  0.00023

7

10

0.00017

15

302.49

213

0.00378

10

0.00379

18

1.23

2.10

0.00380

10

0.00378 0.00129

10
0.00269
16
2872

2.12

8

0.00129

8

0.00270

16

27.29

2.12

0.00380| 0.01058  0.00386
10 10 10
0.00722

18
1372

2.10

0.01058

10

0.01167

0.01307

8

0.01307 0.00386

8

0.00789

10

0.00173 ' 0.00308

10 10

0.00240

18

2439

2.10

0.00173 | 0.00124

10

0.00152

16

-78.19

212

8

0.00124

8

0.00227

16

40.20

212

0.00308

10

Bulletin of Applied Sciences Vol.3 No.3 August 2014. | 2]



AN 9 LaNTLFELEUANRAEURIN1TNAGITRLENTE AN
ML A LAY B TY1INAI0E19 A LAY S WAZTYNINNAIREng

B uaz S 7igauugil 960°C 1100 FiN 1140°C and 1200°C o
1 t-test

gunnil ('O A uaz s A Uaz B B UaY S

960 T (A<s) | lainiu @<A) luwiiu @<)

1100 widu [Ty @ea) [luadu @<s)

1140 luwiniu (A<s) [l (a<s) [luwindu 8<s)

1200 T (A<s) |l (a<s) [l <)

LaNITMAaaLNITlAt LI asUnIANNTTIA
ﬁ’nﬁaLNWﬁU?:ﬁuqquﬁTmﬂLﬂ?ﬂﬂtﬁﬂummmﬁj’u
289n9¥ (slope) ANAUNTLAUAULARIAIANGI
710 ﬁﬁmmﬁuqmamq’iﬁﬁmimgﬂuuﬂawmm
m?‘mmﬁhLﬁlmmﬁ’m:ﬁuqmmﬁqq feene B 1n1g
Lﬂ?ﬁlﬂuuﬂawaqm'ﬁma“mmﬁaLﬁmmﬁ’m:ﬁuammﬁ
mmwmamq A uaz S NTHEUNYINITNAGDY Tu
AUz fathe s waz A SnnaulReuulasasdinns
wmrﬁaLﬁaLmﬁmzﬁuaqmmumﬂﬁﬁmﬁu

qﬂmmﬁﬁlﬁmﬂﬂ%‘lﬂuuﬂawmmm?wmﬁa
Lﬁmmﬁm:ﬁuqmm%q HuANALANNIVAsLTa
ngqLLazm'ﬁma?'wmf?"nLﬁaLmﬁmmﬁmmumm@m&%ﬁ
'a:Viﬂiﬁmaﬂ’ﬁmwaauﬁi:ﬁuqmwnﬂﬁ"Lﬂé’Lﬁmﬁ
AN uAnsNsTuLa LU gy ieulFey
eufumaeh s vnelufiosmana A uaz B WL
Aaeng S ﬁﬂ"]m'iwmﬁm,ﬁal,mqmﬂL"iuﬁl@qquﬁ
2901200 ‘C) Tandruflsaunmmsgruegluszi
Feafusat1eidminelusiosnanauaz iAsn
ﬁ@mﬁqﬁﬁ%ﬂ(‘?bOb) anvadimnsuasunlasuesa
miwmﬁfaLﬁaLma%“lu?:ﬁuLﬁmﬁ’uﬁaaﬂ'wﬁﬁwﬂw
Tuiaenana A uatiAEININFaLng B

ANTNA 10 ANANLTULRINIINAINALNITITUAUURINTVRAG
\iouniussAuguUnOll 189MIatNg A B UAZ S

Faeing AMUdaRINg N
A 0.0151
B 0.0280
S 0.0166

4. aguan1annand (Conclusion)
qﬂﬂinima?wmuqmmqﬁLLumqnauﬁ
WUty wuniideuaniuewn e
AFLeILA WEneanlad AL uazAeRT LAZIL
gURIETEARUNN ﬁﬁuﬁ’ﬁmmméfuﬁmmﬁqmmﬁ
960°C 1100°C 1140°C uaz 1200 C at/luriaeas
221-998 fiFhdaiieaiuuinpsgiu 0.00-006 A
ﬁ’]ﬁ‘L‘lﬁ‘ﬂ‘ULﬁﬂuﬂuﬁaﬂ’]ﬁ‘wﬁ]ﬁhLﬁ@LN’]‘H‘MQﬂﬂ?Oﬁﬂ
ﬁﬁﬁumﬁuqﬂmtﬁﬁﬁwmﬂuﬁmmmméﬁw’%’%mq
anauanslAiu
1)qﬂﬂ@tﬂﬂﬁﬁmmLLa:’a"wﬂﬁﬂuﬁmmmmﬁ
rfhmiwmrﬁhLﬁaLwﬁLﬁu%uLﬁai:ﬁugquﬁLﬂ'ﬁu
2)qﬂﬂamiﬂ17'iﬁmmﬁméfgul,ﬁml,uuu’]mg’m
mmm?mmﬁuﬁ'aLmiﬂ'%uﬁm:ﬁuqquﬁmﬂm
Lsﬁul,?wmﬁugﬂﬂiﬂiﬁ’%ﬁmﬂwiuﬁmmmm@ﬂm‘tﬁﬂ
3)@ﬂﬂiﬂiﬂﬁﬁmuﬁﬁﬁ%ﬁmLuummgm
visaanuulslsiuaglusz ALREITUA1 1B 4/I0ENY
qﬂmaﬁﬁé’ﬁmmﬂuﬁmmmm Tmﬂﬁqmwgﬁrf‘%ﬁ 960 ‘C
ﬂ'mllLLﬂ'iﬂ‘i’)uﬂmﬂqﬂﬂ‘mjﬂﬁWmuﬂflﬂl’lﬁil’ﬂﬂ']l’]ﬂm\‘l
Qﬂﬂitﬁﬁ@iwﬁﬁﬂuﬁmmmm A agnaflutadrAmny
A)QUn?ﬂﬂﬁﬁmmﬁmLa?alwaqmimmﬁa
e Lﬁnﬁuqﬂﬂmiﬁﬁhwﬁm‘luﬁmmmm A B
auvQil 1100 'C LLa:ﬁdﬁqthqﬂmtﬁﬁﬁhwﬂwﬂu
Viewmanm A uaz B aenadlutiadAny ﬁqmmﬂﬁ 960°C
Waz 1140 'C LLﬁfqﬂnimiﬂﬁﬁmuﬁﬁﬁ{’nagmmma
WwﬁLﬁﬂLmﬁwndﬁa‘ﬂnitﬁﬁfﬁwﬁwiuﬁmmmm B
aenuflutiadnAny ﬁqquﬁ 1200°C
5)qﬂnimi°ﬂ7ilﬁﬁumﬁmfuﬂ?alﬂuuﬂﬁwmm
mmmﬁuﬁ'aLmﬁm:ﬁuaﬁmmﬁagﬂu?zﬁﬂﬁﬁﬁm
ﬁuqﬂmaﬁﬁ’%mﬂﬂﬂuﬁmmmm A UATNTFA0EN B
5. imANgsuUlsznN1A (Acknowledgement)
ﬂm”ﬁ%’mamaummmu‘ﬁmmmam%ﬁmiﬁ
auuﬁuumi’m W mamammmqmmﬁim SiEeg
mmLuumﬂmmumaquLa wmaamwww@ma

Lummummumiw ﬁLI‘Ll’N’]LL’J"DEILL

22 | Bulletin of Applied Sciences Vol.3 No.3 August 2014.



6. 1ANA19A19BY (References)

(1) amn Wuézmmm. mmawaaugmmﬁ
N9, 21985LTTNEN, 2554, 15(36), 22-34

(2) Using bullers rings in statistical process
control (Online). (Viewed 8 June 2014). Available
from:http://www.azom.com/article.
aspx?ArticlelD=8172

(3) Bullers™ pyrometric Rings (Online).
(Viewed 8 June 2014). Available from : http://www.
mantectechnicalceramics.com/sites/default/files/
bullers_rings_brochure.pdf

(4] Process temperature control rings
(PTCR) (Online). (Viewed 8 June 2014). Available
from: http://www.ferro.com/nr/rdonlyres/74f71fe -
407d-4048-b386-24e90542a3fa/0/is04_e_ptcr.pdf

(5) TempCHEKs (Online). (Viewed 8 June
2014). Available from: http://www.ortonceramic.
com/products/tempcheks/

(6) nsuInenAaRsLENs. senuatiuauysal
Iﬂﬁ\‘iﬂ’W‘J‘ﬂW?Wﬁhuq‘ﬂ‘]ﬂﬂﬁﬂimﬁ"]@ﬂﬂu‘ﬂqquﬁﬁ’]'ﬁ%‘l‘u
LMWLNWQNMQQQ\‘I (iZﬁUﬁULLUU). 2556.

(7) REED, S. J. Infroduction fo the principles
of ceramic processing. New York : John Wiley &
Sons, 1989, pp.464-466

(8) KINGERY, W.D., H. K. BOWEN, and Donald R.
UHLMANN. Introduction to ceramics. 2™ ed. New
York : John Wiley & Sons, 1991, pp. 495-497,
pp.507-508

Bulletin of Applied Sciences Vol.3 No.3 August 2014. | 23



MSANAIUNUMUCIOANSA:ANEJOOWIIIND

melugoduoalfdansUINSOPAUUSOAED

The studies of hydrolytic resistance of inner
surfaces of glass containers for energy drinks
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Abstract

Nowadays, the market of the energy drinks is expanding quite substantially. From the safety point
of view, the contamination of heavy elements and glass composition elements which might be dissolved
by their solution is concerned. The glass with a high hydrolytic resistance property can decrease the
contamination of those elements. The objective of this study was to improve the hydrolytic resistance of
the energy drink glass containers by means of treating the inner surfaces with 1, 2, 3 and 5% of acetic

acid. Hydrolytic tests were conducted in accordance with ISO 4802-1. It was found that the hydrolytic
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resistance increased after the acid freating. The treatment condition of 3% of acetic acid for 30 second
resulted in the highest hydrolytic resistance. The treated and un-treated bottles were filled up with citric
acid solution at pH 3.5 (close to the pH of energy drink), kept at room temperature (about 25-27 ‘C) and
20°C for 7, 14,21 and 28 days soaking fime. The leached elements were analyzed by Inductively Coupled
Plasma Mass Spectrometry (ICP-MS). The results showed that the amount of leached heavy metals, i.e. As
Cd Cr Pb Hg Se Sb, and Ca K which were the compositions in glass, were not found. Only leached Na was
found. The results also showed that the contents of leached sodium from the treated and un-treated
bottles were not different at the same storage temperature. However, the amount of leached sodium
element (Na) of the bottles kept at room temperature was higher than those kept at 20 'C. The highest
content of leached sodium was found at 21 days soaking fime. In summary, the hydrolytic resistance of
glass surfaces for the solution af pH 3.5 was decreased when the temperature and the soaking time were

increased. average firing shrinkage, the standard deviation and the change of the shrinkage with temperature.

AEATY : ANNNUMUGRANTLAT, UTTIAUTILGY, NMIMAsBUAMAIMUNIURBUN
Keywords : Chemical Resistance, Glass Container, Hydrolytic test
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Abstract

Lead-free solder is material developed in order to replace original solder in electric and electronic
industries which mainly contains tin and lead. To use lead-free solder, it is necessary to analyze six
hazardous substances according to RoHS directive to ensure that the lead-free solder contains contaminants

in products under the limits of this directive which, in case of lead, its content shall not be more than
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1000 ppm. For analysis to ensure that lead-free solder used contains regulated substances under the limits,
two standard test methods can be used which are International Standard IEC 62321-5: 2013-edition
or Japanese Industrial Standard JIS Z 3910: 2008. Both standard methods employ wet digestion using
concentrated acids and heating on hotplate. These digestion methods consume more acid content and
can cause air pollutant. Development of new sample digestion using closed system such as microwave
digestion can reduce amount of acids used and pollutant. This study focused on reducing mixed acids
and digesting sample by microwave digestion. After obtaining optimized condition for sample digestion,
the process of the method validation for the determination of lead content in lead-free solder using
inductively coupled plasma optical emission spectrometer was conducted to proof of certain
performance characteristics. From the study, it was found that there is no matrix effect. While bias and
precision studies showed that the percentage of recovery and relative standard deviations were in good
agreement with the criteria. Then data from the bias and the precision study could be used to estimate
measurement of uncertainty of the method. The expanded uncertainty of lead in lead-free solder by this
method was less than + 15 %, at the confidence level of 95 %. The estimation of measurement uncertainty
obtained was corresponding to the target uncertainty. Therefore, it can be concluded that this validated
method was fit for intended use and laboratory can use this validated method to provide testing service

for customers further.
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arialuansazanefaadng | 0.4943 0.0595
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Comparison of measurement uncertainty between ISO/GUM and
method validation approach of mercury measurement
in drinking water sample
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Abstract

Measurement results from chemical testing laboratories that can be internationally acceptable need
to apply Metrology in Chemistry (MiC) which is an important science of measurement. The key principles of
MIC includes metrological traceability, method validation and uncertainty of measurement which are the
factors that laboratories need to demonstrate to comply with ISO/IEC 17025. This studies concerned with
comparison of the estimation of measurement uncertainty of determination of mercury in drinking water by
using 1ISO/GUM approach and method validation approach.

There were many sources of uncertainties when using ISO/GUM approach such as precision, volumes
of samples, volumes of blank and concentration of samples. Meanwhile method validation approach had
only precision and bias. It was found that the expanded uncertainties were 8.5 % and 11%, respectively. The
estimation of measurement uncertainty in this paper can be applied to other measurement methods that
using calibration curves.

AdAY : AANNLUNBUNTIR, Usen, nTINIATIIY
Keywords : Measurement uncertainty, Mercury, Calibration curve
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2. 18N1998 (Experimental)
2.1 FEVnday

UszgnAldignaaeuny  Standard methods  for
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2.2 NTATINABLAIUAUNAAUNATBIIT
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prdaLITENLULINASg LTS (relative standard
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2.3 n9dszanuAianu luuduaunsin @)

2.3.1 unasAtAuliuiuaunisdn
(identify sources of uncertainty) tng/lusngiimatan

232u1U3u uA A uldudusy
(Quantifying uncertainty) wazAuuAmANLLLLaY
774 (Cdleulating the combined uncertainty : uc)
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(Calculating the expanded uncertainty: U)
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3. NALALI9130] (Results and Discussion)
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spike
_ C s 4.9747
R = = —— = 09884
C 5.0
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0.047 )
uR,) = 0.9884 x || ——— | + (0.00115) = 0.00282

10x4 . 97°
AIIadaUANNRTEAATYIRIANNABEY TeRasRaNINIIANAUNALLANG19ann 1 vidald Taald t- test
h— R, 1 — 0. 9884

= — T = . = 4.1
uR,) 0.00282

tﬁmqm

o "o

NATOUNAT L. ARURLAN coverage factor (k) N2 LA 95 % HANYINAL 2 axifiugn t.

AU AU

o o

HAmnnndn 2 fatiuArAunauaAns1ean 1 adneltdadnAny Ao u(R ) " Taethenanugn@eslilson

(%
o

UANAMN UL UIRINANNITR A9t

— \// — \2 2
uR ) 1—R _ 1 — 0.9884
—_— = —= | +uR) = ——————— | 4+ (0.00282° = 0.0064
R, Kk 2
- u(R,) mlFnAdaudisauummsguesmAunduinistesitainanaantaslday
U(ﬁs)
— = s = 0.0423 mg/L
Rs
ATUIUANANL LULLUBLSINUBIAUENBEN
— \// 2 S 2
u(R) u(R,) u(R.) ; ;
— = || =] +| = = J0.0064° + 0.0423° = 0.0428
R R, R,
3) A liutuauLmasEy g wBunsnlduaznnzuindeualasiuliiuen

NNTANHIAUAIBENLAZ AN U978 AU U LUUALAINANUERENLAZ AIULALNILAD
nagaudnslitllauazmainBuinsauiane g 323 ArusruatAduliudusu
wougulutiszaznamil wanstnuvaursesuts  uImsgIusIuazAANUlluLlaUIENEIsTAUAINY

LRI 95%

1) ﬁﬁmmmmm”la\il,l,iiu@ummﬁma‘qu

2

rep

\/0.04282 + 0.03427 = 0.0548

u = 0.0548 x 2.0 = 0.1096 Mg/L
2) AUIANAN N LLLe UTE NI LA NT R 95%

u = ku, =2u, = 2x0.1096 = 0.2191 pg/L

3.2.4 NN9LUNA Usan = 2.00+0.22 ug/L ArzduANNITALIU 95%
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3.3 nsilFauiguAtAY luuduaunlaan
LU ISO/GUM uazuuInnislddayasainnig
ATINARLANUALIVARULALYRNIE

AN NN 1 ALFAUILUINIG ISO/CGUM Tunad
ANANY T LLUAUS T UIULINT LARINNFRANTUNTU

d a4 e A4y oA

AOUNITNAADL LATRILANAN LATRILATN LIRS
sauTaNsLRsIUTlAuNIIMAGDL  daunuInneng
lidayasnnnisnsirantainuaungaunaedis
NansunuvasAAuluntuaulun nsiuineldan
AL lULULAUAINNITAN AN LETLBENILAZ AL
4 o oy o 4

WENUaannanl  T9lANNN9ILNANTINLAINLATAY

Vv Vv v v
unlarnzLInaanliLg?

4. 491 (Conclusion)
nasAnEInUiINAtALllLduaunigin
U nautlsonlutini 1Eannuuamne 1ISo/GUM A
Wty 8.5 % dauAanuluutuaunisdainldann
NN 1 I8La91NNITATINADLAI ALY
AUNAVRIE WNTY 11% WAN1TUTTUNUAIANY
TuutuaumuLUINIG ISO/GUM Hunasanainuly
utauRFe AN uIInssdedlinan N
wuanansldayasnnnisnsiadaunIuaLmg
aunaw03saveafuniadenvasieslgiminng
yaaLlF NI S nearasmnn

agnlsfimunisiaanlduuimnalaiaslfisinng

A9 1 NsLLFELie UL F A AN TILLLAUAINLLINTS ISO/GUMUAZILIMNINS Lidaya

NNITATIADU WJWJJﬁlJLM@mJNﬁ‘lJ'D\FJ%

1 1 1
' - AU lusuuaulugd relative standard uncertaint
wasAANL Tuluay 3Ul relative standard uncertainty
wuINeNT I IaUaaINN1TATIR
KUINNY ISO/GUM i =
ANUAUVAAUHNATIIT
ARG (U ) 0.0342 0.0342
pre
Ll?mmﬁamiw(uv ) 0.00128 -
sample’
ﬂ?mmu‘umﬁ(uw ) 0.00128 -
ue) 0.02285
u 0.013
std
- 0.0064
o = — //
Anuanaencu(R )" )
B - 0.0423
AENAENCU(Rg )
AL lduduauuenaU) Nevdu
Lo 0.17 0.22
ANULDLU 95%, Ug/L
nan1sinsan, g/l 2.0 2.0
Anfludneas 8.5 11.0

ABIRANTNAMLIMINzaNULNIRgUszasAnisld
nuiflundngauiiaiansunaldanalsznausin  (4)

n1stszunuAtA Ll wduaunna luumaul
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A preliminary survey: Problems of physical and chemical properties
of community consumption water quality
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Abstract

Problems of physical and chemical quality of consumption water in requested communities in
Thailand were a preliminary survey. The consumption water samples of the communities in Phrae, Nong
Bua Lam Phu, Nakhon Phanom, Bungkarn and Songkha province were collected for testing the physical
and chemical properties (26 items) of the water according to Thai drinking water standards: Notification
No. 61 (2524) and No. 135 (2534). The standards were approved by the Food and Drug Administration
(FDA). used as the regulation for bottled drinking water that is available in Thailand. The purpose of the

survey was to explore the quality problems of raw water (well water, deep well water, shallow well water
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and river water), also the tap water from both groundwater and deep well water. The obtained information
will be used as guidance for improvement of the water quality to meet the standard of consumption
water, as well as for choosing a proper drinking water filter system to fit the existing water source quality. Results
showed that all the bottled drinking water and rain water consuming in the community daily lives were
met the quality standards. Most of the tap water, and raw water did not meet the drinking water standard;
however, these types of water were not consumed directly. The problems of community consumption
water quality found in this survey comprised 14 items, namely color, odor, turbidity, pH, total solids, total
hardness, sulfate, chloride, barium, nitrate, iron, manganese, aluminium and silver.concerned with
comparison of the estimation of measurement uncertainty of determination of mercury in drinking water
by using ISO/GUM approach and method validation approach.

There were many sources of uncertainties when using ISO/GUM approach such as precision,
volumes of samples, volumes of blank and concentration of samples. Meanwhile method validation
approach had only precision and bics. It was found that the expanded uncertainties were 8.5 % and 11%,
respectively. The estimation of measurement uncertainty in this paper can be applied to other measurement

methods that using calibration curves.

Adade : nIsadediy, aunmwdmsmenwuaziadl, digulneuilng, unasiimam
Keywords : Preliminary water survey, physical and chemical water quality, consumption water
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2. 78N19798 (Experimental)
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An assessment of coliform and fecal coliform bacteria levels in surface
water resources of Bangkok and vicinity area
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Abstract

Coliforms and fecal coliform bacteria of surface water resources in Bangkok and vicinity areas
were measured and assessed regarding pathogen contamination. 64 samples were taken from the
Chao Phraya River, canals, and reservoirs during June to September, 2012. Coliforms and fecal coliform
bacteria were enumerated by multiple-tube fermentation technique for members of the coliform group and
estimated coliform concentration as MPN index/100 mL. Results indicated that the level of coliform and
fecal coliform bacteria measured by MPN was in the range of MPN index/100 ml <1.8 fo 1.6 X 10", It was
found that 15.6 % of total samples, coliforms and fecal coliforms level was exceeded surface water quality
standard class 2. Furthermore, 39 % of total samples, coliforms and fecal coliforms level was exceeded
surface water Class 3. Results revealed the overall sanitary quality of selected surface water resources
in Bangkok and vicinity areas that the source water may have been contaminated by gastrointestinal

pathogens and must be freated and be improved for consuming purposes.

Aade : wueiialadviodn, Adaleadnasy, AunwursniAanu
Keywords : Coliform Bacteria, Fecal Coliform, Surface Water Quality
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Quantitative analysis of PBBs and PBDEs in plastic parts of electrical
and electronics equipment according to RoHS regulation
by gas chromatography/mass spectrometry
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Abstract

A test method has been developed in this research for quantitative analysis of polybrominated
biphenyls (PBBs) and polybrominated diphenyl ethers (PBDEs) in various plastics, including acrylonitrile-
butadiene—styrene, polypropylene, polyethylene, high-impact polystyrene and polyethylene terephthalate
plastics based on the solvent extraction of the sample with soxhlet extraction technique and detection
by gas chromatography/mass spectrometry. It was found that the test method was able to quantitate mono-

brominated - decabrominated biphenyl and monobrominated diphenyl ether—nonabrominated
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diphenyl ether between 100-1,750 mg/kg and decabrominated diphenyl ether between 100—8,000 mg/kg.
The limit of detection (LOD) was between 3.9-25.5mg/kg. The limit of quantitation (LOQ) was between
13.1-85.0 mg/kg. The precision of the method expressed as percentage relative standard deviation was
between 1.8 and 10.2, except 17.0 for BB-209 at lowest concentration (100 mg/kg). The accuracy of the
method expressed as percentage recovery was between 80.9 and 116.8, except 130.1 for BDE-047 at
lowest concentration (100 mg/kg). The obtained accuracy and precision of the method therefore meet
the required accuracy expressed as % recovery which is between 70-130% and the required precision
expressed as percentage relative standard deviation which is less than 20%RSD of the [EC 62321:2008

international standard method.

Mada : PBBs, PBDEs, wanafin, uialasuilnnsil/unasnlnsiuns
Keywords : PBBs, PBDEs, plastic, gas chromatography/ mass spectrometry
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NTUINLIANRATUTNG AU IALTNI9ILATIEN

naaauansdunstlunanduiglinaaiianie 14
RS T VTN EIN13TA A2 A UAUBIAINUFDINTUD
dszine AalpAnsWmuIsnagaunilsunnanslu
N PBBs WAZ PBDES TuudunanaAnE e ATA

ufalasunlnns i/ uuaaningiums

2. 38N195I9E (Experimental)
2.1 gilnsal \3nsile

2.1.1 Lﬂ?‘lﬂx‘lLLﬁﬁIﬂiM’WIWﬂ?’]Wﬁju68QON
Network GC System L38W Agilent Liausiefiuiaad
wuaaininsiiinasuiinQuadrupoles 5975 Inert
Mass Selective Detector 154 Agilent Technologies
Rasadnenedul o ailn capilary unmduEY
Auinany 0.25 TaAluMT 817 30 LWAT LARBLAIY
LWaagjﬁ’uﬁﬂjﬁm 5% phenyl polysiloxane (DB-5MS) i
Hanununaasian 0.25 lulpsiums

212 IAsssnnathg 914 SM 2000 LT EN
RETSCH

2.1.3 Lm?"muma:ﬁﬂmju ZM 200 L5HN
RETSCH

214 m%;m Soxhlet extraction system
g2nauAae Soxhlet Extractor mmﬂél'ummm 100

aa

JaaamsCondenser WazCellulose thimble auA

a

30 adans Wurugudnane 22 Tadluns @4 80
Haalung
2.2 a19iAdl

22.1 asumsgruluaninaeandanas
41982878 PBBs LAY PBDEs %u@mmw*‘ia@é'wﬁq
FU9RURILTEN AccuStandard,Inc.U.S.A.

222 4.4’-Dibromooctafluorobiphenyl
(DBOFB) Auidudu 98.8 + 4.0 lulpsniume
ﬁaaam%u@mmw”iaQﬁw%ﬁmawaw?ﬁm
AccuStandard.Inc. U.S.A.

2.2.3 IRMM 310 Polyethylene tere-

phthalate  TuAuNINIana198FLTDIIBIANNLIY
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IRMM, Belgium
2.2.4 ERM-EC590 Polyethylene sj'?u
ANNNTAN 94T LTURNAN T IRMM Belgium
2.2.5 ERM-EC591 Polypropylene %u

ANINNTAN 99T LITRIURANTUIRMM, Belgium

2.3 AnnAv

rﬁTaaﬂ'wﬁﬁmﬂmumimwaaummamm
aunawanaitas i ysuiniusastnananann
azpslalulnsd-damladu-alnsunadlnsnauned
ensaulaBULRANDRA lATALLAT NAALEVIBALLNDIAN
NUam ﬁﬂmﬂmﬂmﬂuﬁéu PBBs WAz PBDEs

2.4 N19LATENAIRE9IAENITANAFIDENS
NANAANAEATFYINAABULLTENIER

ARl ALUUNALENNIN 2 L TURUATATE
PRasiaveny  unsathdlfaziandieiAseun
AazlAEAlALNU Ring sieve aunp 750 lulpsiums
WEiasatnaTiaaz Banuaatsz i 0.1 nulda
u fndauarilnsecadng glass wool Lilatlasiu
luliAretvastuzyinnisaing nalsazans 50
lulnsnfumaliaaams DBOFB Usunms 200lulAsams
asvlunua ulngauco tasans uaz la pumice
stoneadluanANALLs 1NN 8-10 AU thiuda 11
ldlusoxhlet extractor walRaLINALLIALAINUNAL
ﬁuwgrﬁf;ﬁﬁa:mﬂ wdrtimadnualuAILLULan A
Slunaethation 2 drludeeliudazsatninig
afplinanlezinn 2-3 wit Udealfansiiadnla
Wundarongasluaindsunnsauin 100 Jaaans
Tmﬂmthuﬂmﬂuﬁaé’ﬁmmﬂél’uﬁmiwqﬁum%v’qaz
sz 5 DaRAAT 3-5 AXYEALANNINANLAL
WMUNZAN LAy Wuluniuaalsuing 1 4aaans
avluansazanamatnuiialiisatananaaniiana
avangunlutURUNT AR AR ANNTANAZNALLEN A
aanuenansazans Uastlviaisazansetluauga
Augaumgivies uaiufFuinsliily 100 Jadans

ntiutnansavanamagialdiulenidansagunu

WHUNFRdANAZIREAts U 0.45 TulAsiumg
iNauennatarniinnaznauatluasaralafiesng
1lulpsd59A wum 1000 imimamqmmiazmm
fasing 1000lulAsansldadluainldmatng aulm
2 JadanTLAZIANANTaYaNE PCB 209 1Wudu 10
Tulpsnfumalulnsdms 1507 ms 20 lulnsans uan
navasazaneiiluitamenulneld Vortex mixer
NTULNLNILATIZANNLS U PBBs WAy PBDEs 1msl
GC/MS
s 1 adq (4

25 N1gNAdaLAIagndlnaIsundlasuiin
ne/uuadidningiuns

nsnageumdsunnaislungy PeBs uaz
PBDEs ldf@nnnzandiasad GC/MS Mdil

1) Injector  AilAProgrammable-Tempera-
ture Vaporizer (PTV) T‘]J?Lm?llgquflﬁ’m 250 29AN

= | a = v

vrataea 1Ufu 300 asAEal@aa (0.01 uln) ALe
8m31 300 BvANTAITEARDUNIULATASEUNYL L]
1 300 asALralded (Hunan 145 uniiPurge flow
50 ladamnImauipurge time 1.0 UMdRIIN9 lna

. 4J YV G 24 a aa | a v
289 Heliumaa b luwnann1.3 Jaaansmauninlagldl
. 4
AMIINTT IAAIN

2) Oven TsunsugauMniin 90 avrLTaLTea
funan 1 wuduiugumnl Aednst 20 a4e0
aidealiigumnlis2sasriraldied LazAgngLl
Pflunan 3 wi

3 padml - wuaduluAudnas 0.25
Taalmg ANNENT 15 1wng wilanelupdauflena

4 A ,

AINTURA DBSMS (5% Phenyl + 95 % dimethyl poly-
siloxane)limnurunaadiay 0.25 luasay aunsn
nugnnlligegn 325 amiTalTea

4) gunniund MS Transfer line 300 24"
ERGHG

5) Detector(quadrupole mass spectrometer)
Inadan1ie lon source temperature (MS Source)

300 eNALTALTEA MS Quadiupole 180 avANLTALTEA
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LA lonisation method : electron ionization (El) 70 eV
Ansnzvianslungu PBBs Uaz PBDEs lu selected
ion monitoring (SIM) mode wazliuiannedy
(reference mass) é’m%’umamfrﬁmmﬂumju
PBBsALAAIlUANTIN 1 L1anNRIdMSUNN9AIIA
Tnanslunqu PBDEs Aauandlumsen 2 uazuia
F1BIEIMEUNIIM59TAPCB-209 A4lHiTlu internal
standard waz DBOFB @ niuldfiilu surrogate
standard Asnandlumisnen 3 vaanldlesaun
e eNHaFLNAYEINNINLEINM. (Quantitation
. K% dl = = 4‘ v [
ion) uazldlapauninanan 1-2 laaauinaldeudu
L%q@mmw (qualification ion)dMFUNL PBB 130
peDE tluq Tnadlessunuadulsifiulesaundni
Uigufuaannnm Gdentification ion) dWFLINL

PBB ¥5a PBDE 11U ¢

3. WAKAZI9190l (Results and Discussion)
3.1 NNIATINADLAUTIOUZUDILARDS GC/MS
1§ nsraaeuLilofiufus s UL GC/MS ANy GC/
Ms Pmunzauuazldvinliians Pegs uaz PBDEs 7
flialuianagilaeianiz decabrominated diphenyl
ether (BDE209)@anesn Iaanngyii/3unns BDE-206
ﬁﬁagﬂu BDE-200 Tidindu 5 lulnsndumeiiadans
Taenlnfaznsiadenatnation 1 asdetl vidansdl
fisaaianzannsmagennlasull  viseinne
Lﬂ?ﬂlmuuﬂaqqﬂmiﬂﬁﬁmaam'wﬁﬁﬂﬁﬁﬁtym'awa
NAAal (8) LNUYINITEALEL AR AeNLienavaad
131104 octa-BDE206 Ma151n0us91184 octa-BDE206
LAY deca-BDE209 viefiaaninAn Pr-206 lslifu
40 Aarieniianny eo/Ms mnzaudmiy
N1sNAAaL PBBs Waz PBDEs lusiadnala wuinla

A1 PR-206 WML 1.76 AN00ENULNUTINI98aLsL

ANFN 1 111amié’ﬂqaqaf'w%’umim-iwimmﬂunfjlJ PBBs

- lon(m/z) for the detec-
AUAUDIPBB

tion in SIM mode
Mono-BB 231.9 233.9
Di-BB 309.8 311.8 313.8
Tri-BB 387.8 389.8 391.8
Tetra-BB 307.8 309.8 467.7
Penta-BB 385.7 387.7 545.6
Hexa-BB 465.6 467.6 627.5
Hepta-BB 543.6 545.6 705.4
Octa-BB 623.5 625.5 627.5
Nona-BB 701.4 703.4 705.4
Decao-BB 781.3 783.3 785.3

A7 2 umawé’w%qziw?umimiwi’mmﬂunfjJJPBDEs

aftinuad PBDE lon(m/z) for the detection
in SIM mode

Mono-BDE 2479 249.9

Di- BDE 325.8 327.8 329.8

Tri- BDE 403.8 405.8 407.8
Tetra- BDE 323.8 325.8 483.7
Penta- BDE 401.7 403.7 561.6
Hexa- BDE 481.6 483.6 643.5
Hepta- BDE 559.6 561.6 721.4
Octa- BDE 639.5 641.5 643.5
Nona- BDE 717.4 719.4 721.4
Deca- BDE 797.3 799.3 959.1

Notation: Bold: Quantification ions ; Underline : Identification ions

AN319N 3 WIAANTENNENENUTLUNTIRTAAST PCB-209 (infemal
standard)ilaz DBOFB (surrogate standard)

lon(m/z) for the detection in SIM mode
PCB-209 (IS) 497.7
DBOFB (sur- 456.0 458.0

Compound

rogate)

Notation: Bold: Quantification ions ;Underline : Identification ions
v o 4 o
Aelpan1zmunzauaaaAIas GC/MS 1a
anwouzlaguninunsy GC-E-MS Tuluumauny SIM
(selected ion monitoring) URNANTUNATINU PBDES
NI v v L = Y 1
WAz PBBsiANULINdUANEA AR100 unluniume
ladans (ppb) Aauansluglil 2 aziunlalagin

Immm%qﬁﬂmmmﬂumju PBBs @Y PBDEs WAA
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a QI o va a
AUANLAL WaNAY Lazuanaananiulsn 1Ay
WLUNZAUABNITIATIZINLFUNUARIANT LA INA
dl NI (% v v 4: = £ 1
aenszauAnududusingnas 100 lulasniune
Tasamnstasanuanuiudulunanannioo Naandy
aanlansy Walduvinsietieananasn 0.1 N5y
LLazﬁﬂ?mmiqmﬁﬁﬂﬂmqmiazmﬂmwﬁqmmﬁm

W 100 Uadang

ATUAIALAINNITUENNElAANIIENLUNLIZAY

dwiuunialasuninnamasuanslugisuazeaziiu

NANLNTDULENEANT PBBs WAz PBDEs $ulATINVLA 19
a d‘ AR

WA wazans PCB 209 Mldifluasuinsgiuniely

(internal standard) 57474 DBOFB(&19UIRMT9U

Surrogate dNUFUMTIAAALNTAUNAL) Trinanain

fulafuaened aniu penta-BB LAY tetra-BDE

5171 2 Tasunnunsures GC-E-Ms Tulnunauny sIM 189@1911M997L PBBS WAz PBDESTI 100 ng/ml

gﬂﬁl 3 uay 4 wansuualasunlnunsuang
lopaufifluiandnusilanizdniuans PeBs Az
PBDEs Tmﬂiaaauﬁﬁm'ﬁmaﬁiaﬂi:fg(m/z) 2319, 311.8,
389.8, 309.8, 387.7, 467.6, 625.5, 703.4 WAL 783.3
d¥un1smsaata PBBsiUszneu e mono-BB,
di-BB, 1ri-BB, tetra-BB, penta-BB, hexa-BB, octa-BB,
nona-BB 1A% deca-BB MuFAL drwlaaauiiiidn
J,J’]ﬁﬁ]l’r]‘]_]‘il‘z"?1 (m/z) 247.9, 327.8, 405.8, 325.8, 403.7,
483.6 561.6, 6415, 719.4 laz 799.3 muaau 1fu
lapaudmsn19m99a3n PBDESTIsZnaLAAE mono-
BDE, di-BDE, 1i-BDE, fetra-BDE, penta-BDE, hexa-BDE,
hepta-BDE, octa-BDE, nona-BDE Was deca-BDE

dsngielulasunlnunsuiifeuiuiuainlaed
Retention time WML 8.052 uN¥iuaz 8.071 UM
AUANAL ﬁmmm‘lugﬂﬁ' 4 Uaz 6 MUAIAL WA
iiaeannnisliuilFfavecleaauiiduandnwel
wnziuanslusnazsinaevinlinismidiuining
wmallAN19AsaTaasaeLuaainingunsanungm
i lpnausinlusnansaliiassdouruiuiny  aziiu
NN13mgaTaasiaenatin GC/MS HANUINNNZ
"lumﬁmqqLﬁIaLﬁmuﬁ’ummﬁmﬁa‘immimm?\lm’m

AN
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g 3 wualasuninunsuveslessuinfulandnuolianiz (231.9, 311.8, 389.8, 309.8, 387.7 UaT 467.6 m/2)dMFLUN3I193MANT mono-BB,
di-BB, 1ri-BB, tetra-BB, penta-BB llarhexa-BB AUANAL

Ui 4 wualasuninunsuveslessuinfulendnunlianiy (6255, 703.4 uaz 783.3 m/z) d5UnsIaTA@50cta-BB, nona-BB
azdeca-BB MIUaIAL
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32 neAnmANufludunsLinearty) 189
NENUIATIIU
< G| ¥
nsAnenANuludunssransuinegu
TnpseunsIMuInegIud1nFuNI19ILATIZ AN
Usumuatsunazaiinlunqu PBBs WAz PBDEs
299ANULALTU50—850 unluniumailadans(ppb)

waznAaal 3 dnlulAazssAUIARIANULAUNLAN

N91NUINIFIUUDINTGIAIIT PBB LAY PBDE UMAZ
1A AIFBENNIMLNAT UL monobromonated
biphenyl (gﬂﬁl 7-1), decabromobiphenyl (gﬂﬁl
7-2), monobrominated diphenyl ether (gﬂﬁl 8-1)
e decabrominated diphenyl ether (;;J“]Jﬁl 8-2)i
AndunlszAviaanduug (corelation coefficient,

4 o . .
=>0.9957 U lmuinuMnNIseausy

U7 5 wualasuntnunsuvadlessumbuenanuiianz (247.9, 327.8, 405.8, 325.8, 403.7 WAz 483.6 m/2)

AVTUMTIINANToCta-BB, nona-BB Lazdeca-BB ANNANAL

U7 6 unalasuntnunsuvadlossumbuienanuniianz (5616, 641.5, 719.4 uaz 799.3 m/z) dm¥unsIainansocta-BB.nona-8B

llazdeca-BB mIUAAL
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33 N13ANHIAAIITANITATIANLLAZ AR
AN IALE IR FNAAAL

NI9ANENAAIITANITATIANLLOD)  UAdn
IMANTIALTUIULOQ) waisnadaLinaniiAy
spke) @1wUINIPIULARZALALUNGU PBBs UAZ
PBDEs%qmaumaur%mrﬁ Monobromo- 4 Deca-
bromo-  adlunanasnaila ABs a<ldiflusiunu
wadmatann  uazwatanniiialiiaislungu PBBs
WAz PBDEs ﬁﬁ:ﬁummL%J’wﬁuﬁi’ﬁqmmawawﬂﬁﬂma

NAAAL A 100 Laaniumaniandy [7udu 10 €1

Linearity of BB 002

10.00000
9.00000

8.00000
y=0.011x-0.123

7.00000 R2=0.9991

6.00000

5.00000

Area ratio

7-1

4.00000

3.00000
2.00000
1.00000

0.00000 T T T T T T T T 1
000 10000 200.00 300.00 400.00 500.00 600.00 700.00 800.00 900.00

Conc.,ppb

NNNFANHI LOD Uaz LOQ UBIBNAALNUINAN
LoD atlutag 3.9304 255 HadnFuseflaniuuas
A LOQ aglutae 13.1 D4 85.0 Tadniusailaniy
Faazifiudndn LOD uAZ LOQ UPIPBB LA PBDE
Lwia:ﬂjﬁmaammé’mﬁm:ﬁurﬂmm‘ﬁmyjurfimmﬁ
AN1NIOAAIE N BNl AmaaeLene Aefissd
mmm’imﬁuﬁﬂqm 100 Taanfumaniandy uazAn
ma‘ﬁuﬂﬁuﬁa‘zﬁum’mLﬁu%’uﬁ%ﬁammmam'm AB
100 dadnsumanlaniy atszning 50-150 % Faflu

lmuinusniseauiuaedisunsgL (8)

Linearity of Deca BB-209
0.00800
oo y = 3E-08x" + 4E-05x + 0.0009 /‘i
=555 g
00400 /
i /
PR
g
i P 7-2
60000 +——— - - - - - - . .
000 10000 20000 30000 40000 50000 60D.00 70000 S00.00 SO0.0D
Conc. ppb

U1 7 newlunmsgudmiunismaaay monobrominated biphenyl 1aeild mono-BB002 (HuANsU1M9gILT-1)
Ilae decabrominated biphenyl 1meldf deca-BB209 Lﬂumimmigm 7-2)

Linearity of Mono BDE-003

7.0000

6.0000
y = 0.0074x - 0.1068

5.0000 R? = 0.9984

4.0000

3.0000

8-1

Response ratio

2.0000

1.0000

0.0000 T T T T T T T T 1
0.00 100.00 200.00 300.00 400.00 500.00 600.00 700.00 800.00 900.00

Conc. (ppb)

Linearity of BDE 209

0.07 4

0.06 q

y = 4E-08+C + 4E-05x- 0.0001
0.05 1 R =0.9999

0.04 4

0.03 4

Area ratio

0.02 8-2

0.014

0.00 200.00 400.00 600.00 800.00 1000.00

Conc. (ppb)

911 8 nemlinmsgudmiLN1TMAgaL monobrominated diphenyl ether Tatld mono-BB003 (fuatsumIgIUE-1)

Ilae decabrominated diphenylether 1meldf Deca-BDE209 Lﬂumimmigm (8-2)

3.4 NNFANENANULLLUIRENARDL

NNSANEIANLLLUIRIENAAAL TAENITLAL
ansumsgiuaslunanaann utn azeslalulngs-i

a a a aa a aa a <
wleau-alpsunaadlnsnauneaenavladuuim

noaalnsaunas  wadleauennIlannANLIL

Fusnee 3 Aty ¢h nans a0 lneld tetra-
BDEQ47, penta-BDE099, deca-BDE209 L& deca-
BB209 LElufuNUUDIANsUNqUPBDESUAZPBBS AN
dau wurnAAuLuszylugd % nisAuNdL

UB4N1TNAARLIANTIUNQY PBBs WAz PBDEs 71ldiilu
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% a a an T a =
ANy lunatannaia azmsia lulnga-tnnilaau-
almsunealnsnau  weawdauladuiianeaalens
Aulay  WaANAUETNLAAT AU LTUTE A1l
natepnududuszivge eglutag 809-116.8 %
at/lua 70-130 % wariianududusingn Aa 100
fiadanFumeflaniy aglure 90.5-116.8 8Ny Tet-
ra-BDE047 fIAn % nnsAundy i1l 1301 Tedang
T 50-150 % dmFuanududusiign Failuan
P ax = <

AMUAaIALAaauIadlanadauaullnnuinum
mmaﬁwaﬁ’%‘mmgm (8)

3.5 NNSANENAIUINENURITNAAAL

NN9ANEIAINULNENUDIENAAALAIEITNIT
Wnasunsguaslusatanaannainoasla
1Tulnsd-tmilndu-alasunaalnsnaunaalang

a [~ a = a aq

uladuunanadalnsaulas weaenawnEsWnLan
#1s1/91n PBBs uay PBDEs 7Aududumnae 3
prucdindy ¢ nans g Taeld tetra-BDE047,
penta-BDE099, deca-BDE209 Wazdeca-BB209 (ilu
ﬁumu‘ummﬁuﬂa"u PBDEs La=PBBsaNuANAL1H
maumqumauﬂﬂmﬁﬁmmimaau 1Ananisnaaay

4‘ I I 1 =
ANues szypelugile RSD agfluing 1.83 09
1024 &NAUNTNUUDY deca-BB209  TIALLTLTIU
. A a o | a o Al ~
#1100 Hadnfusanlanfiaanuiiesszylugy
% RSD WA 17.0 2endlsfmuilapsll % RSD tingl
NN 20M9tiUAsDaINANANLEsIn I anAaaLL Ty

lmuinuginisgeniuaaisungguana (g)

4. agﬂ (Conclusions)
m‘mmaaumﬂ?mmmﬂunéuwaﬁimﬁLu
< Na = « 1 an a
\Anlaliafimas(PBDES) wazanslungu wadlusiiu
WaluAtaeees)  lunanasnatinazaslalulngd-i
a = an aq a aa a <
wlpdu-dlmsunadlngvau  wasenauladuuina
a = a aa a
WoaAlATaULEY  WeALENAWENN LA lAEmALA
ufalasuninnedl/uuadaininsiumanuinngin

wnsgIUdmMIuNITIAT TN Bu s uRaz e

lungu PBBs Waz PBDEs d14Anuiluidunselutag
v v L% 1 a aa | o
ANUEILAL 50-850 uNTunfuRaliaaansliAdullsy
ANFANEUINUS () & 0.9959AINANNTIRLSUNUADS
Aenaaavaglugag 13.1 04 85.0 Naansusanlany
AAuLiY s2lugtlues % nsAundy egluaag
70-130 % uarAnuiiasrasnsaaauszylugl %
RSD at/luie 1.8 24 102 sniunslaad Deca-
Qld | NI v v «I7 a a Y
BB209 MLAN % RSD NAMUILALAT (100 Haandy
Aanlansy) Wil 17.0 ENANTaENINSatas 2061
:; aa qu | ] ql |
TuisneaauidatAusdulaz A e fluly
ANUNUTINNTEONFUUBIIENARDLLIATTIUAING
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A preliminary survey: trans fat in fried food, bakery, edible fat and
oil products and milk and milk products
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Abstract

CThis preliminary survey aimed to determine dietary sources of frans fat and to raise consumer
awareness on selecting the proper dietary food. The research focused on the investigation of total frans fat
contfent in high-fatfoods, which can be divided into four categories of fried foods, bakery, edible fat and oil
products and milk and dairy products. One hundred and ten samples were sampled and analyzed by a gas
chromatography/flame ionization detector (GC/FID). The highest amounts of frans fat in each food categories
were obtained as follow: 6.20 percent in donut or 3.41 grams per serving size, 5.18 percent in wafers or 0.64
grams per serving size, 7.72 percent in non-dairy creamer or 0.25 grams per serving size and in the range of
0.01 to 0.63 percent in milk, milk powder and milk ice-cream which is less than 0.32 grams per serving size.
The main trans fatty acids found in these foods are trans-octadecenoic acid (C 18:1 1) (77.86%) and trans-
linolelaidic acid (C18:2 1) (16.56%).

The recommendation to consumers based on this information may help decrease the risk of death
and illness from coronary heart disease and sudden heart attack by avoiding high trans fat foods or partially
hydrogenated oil such as donuts, wafers, non-dairy creamer and margarine. Pathogens and must be treated
and be improved for consuming purposes.

fedn : losunsud, naaledu, lesufiiunssuunislalasiudunnesu
Keywords : Trans fat ,Fatty acid , Partially hydrogenated oil
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vnsuthdu (Hadans) 15 0.17 0.07
N3 (nfu) 14 1.02 0.28
ATHLTEIN GEN) 3 0.23 0.05
uunSaNA (HaRan9) 200 0.32 0.22
AN (nFw) 50 0.32 0.20
lapnanu (nfu) 80 0.27 0.24

4. @91 (Conclusions)
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The study on efficiency of Acorus calomus L. extract against fruit rot
fungi isolated from lychee

g2936 wiusnil”, 9197 qausneds’ @eda angle’, lasnn seaussiasy’
Suwannee Thaenthanee', Jaravee Sukprasert’, Saijit Daosukho', Soraya Rodprasert’

unAnga

nAFeiifunnsAnenlszAns nnassansatniiuiin (Acorus calamus L) Elum'iﬂ"uég\mww?iy
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NARLA 91U 15 aneiug C(lolaian) Imﬁﬂ’]ivzfﬂLLﬂﬂL%@i’]‘].l?ﬁjﬂé@’mLﬂa‘aﬂma’gu%‘(l:mﬂ%g‘ Tissue fransplanting
figatinisnalanrnidaund Koch (Koch's Postulation) LLa:’%o’]LLuﬂﬁ’]Equé‘;L%ﬂiﬂﬁ’Jﬁ%%WN Molecular technique
nsnaaeLlszAnanmansatainuinfnsrinazaeiemusaesa: 95 uBBuRLNUAsTUS RS
Luum?ﬂﬂumiﬁug’qmaﬁmLﬁuimsumL?JwamﬁaiiﬂmaLﬁwiﬁﬁ?mﬁumﬂu 2 gduuy Aa NINARBLILUAY
Nzl uaznINAARLLLNAALA namaeLluauNzIadER3 Poisoned food technique TaeNInaw
ansarnutinluawng Potato Dextrose Agar (PDA) iilamanudiudiu 10, 100, 1,000 , 10,000, 20,000, WAz
30,000 ppm WU ansatninut s FuAMuE LT A 10,000 ppmM Fulyl LLamﬁaaa:maﬁué’qmiLﬁm
mamﬁu’lﬂm‘"}/@imagﬂmﬁm @INNI SaEaz 80) ‘lummwﬁmié’uéﬁqL?Jyamm%l,uum?ﬂu fianududu 1,000
ppm uanssanay miﬂummawammmLau"lmmaimaaﬂ 70.26 drunsnadeLLLNARLA THdenansatniny
thiszsuaudiudi 10000 uaY 20,000 ppm UMAdaULle: ammw"[ummummﬂmmmu‘lﬁmmmﬁmma
Tannahuunaaua Tagthnaauannuseansatininui mmﬂmmmLLmaLLa:ﬂgﬂmmﬂmmﬂa‘[mmmmaau
inlthinluanmsimunyauniune 7 "quLLa:é*qmmmiw?mLﬁﬂimmauﬁu‘lﬂﬁyam Wi ansatindnuling
sduAMudiLdy 10,000 LAY 20,000 ppm AMNINUZABNNIITIYLBLTBINILIL 15 anewug Tusziians
fuffadesn Psuumauisuanududy 1,000 ppm mmmé’ué’qmﬂﬁmmmLﬂ“}/@iﬂﬁv‘]ﬂmﬂﬁuﬁ A3l

prufuldiflunisdszgndldansaininuilunisamuguiaesinalsauaiinluaua

Abstract

This research was to study the effect of Acorus calamus L. (Sweet flag) extract on the mycelial
growth inhibition of 21 strains of fruit rot fungi. Among these, é were reference strains and 15 were strains
isolated from lychee fruit peels. The isolation of fungal strains was performed by using tissue fransplanting
technique, proved fo cause fruit rot disease according to Koch’s Postulation method. The fungal strains
were classified using a molecular technique. The ability of A.calomus extract by 95% ethanol on the mycelial
growth inhibition was compared with commercial fungicide, carbendazim. The experiment was performed in

2 ways, on Potato Dextrose Agar (PDA) plates and on lychee fruit. The test on PDA plates was performed
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according to Poisoned food technique. Various concentrations (10, 100, 1,000, 10,000, 20,000, and 30,000
ppm) of the extract were determined for antifungal activity on PDA. The result indicated that all fungal
strains were sensitive to A. calamus extract at the concentration of 10,000 ppm upward. The average
mycelial growth inhibition of the extract at 10,000 ppm was more than 80% whereas that of carbendazim at
1,000 ppm was 70.26%. The extract at 10,000 and 20,000 ppm were tested for the mycelial growth inhibition
on lychee friut. The lychee fruit were cleaned, sprayed with A.calamus extract, punched with the needle,
and inoculated with the tested fungi. All inoculated fruit were incubated in an appropriate condition for
7 days. The growth of the tested fungal mycelium were then observed. The result showed that the extract
delayed the mycelial growth of 15 strains on lychee fruit whereas carbendazim inhibited 21 strains. Therefore,

the A.calamus extract has a potential to be used to control fruit rot fungi in lychee fruit.

Medg : Tsawaldn, a13aieanie, Litchi Chinensis
Keywords : Fruit rot, plant extract, Litchi Chinensis
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3. Hallaz19190U (Results and Discussion)
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MH6, MH7, MH8 Waz MH13) A9nIWA 1

MK1 MK2 MK6 MK7 MK8
MK9 MK11 MK12 MK13 MH2
MH5 MH6 MH7 MH8 MH13

ni 1 Tplatanaiesnalsanatunnuanlaannildanuaaua
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v

323 Mednduunaeiugirasnelsn  obromae, Cochliobolus geniculatus, Fusarium sp.,

nalnuenlaanilaenuadua Pestalotiopsis virgatula, Nigrospora sp., Colletotri-
HANNTARTUUNAENUELTATI9IUI 16 @18l chum gloeosporioides, Alteraria alterata, Fusarium

o & o . o & A v , , .,

Wug WU U % similarity ﬂumma‘ﬁwagslug’]umauua solani, Aspergillus carbonarius Was Phoma sp. 1agl

Genbank 1INNINFAEAT 99 (AN 1) UAZWLIN  BELUNAUALNTLITRSANETUEENGEY S11u 9 aneiug

Wularasi dsneanuinnalsananauasiuiy 13

aeiug (3) lAunnqu Lasiodiplodia pseudothe-

AN 1 nednduunaneiufirasnalsanainiuenlnanildentaduanieds molecular technique

Code o uon'ldvin ulfsuiisuniy % similarity | nelfiialsn | ona1581989
Genbank Accession
No.
MK1 Diaporthe phaseolorum wldennaaus JQ514150.1 99% iwaaniluga [10]
(Wutrew) maog
MK2 Lasiodiplodia wdennaaus EF622077.1 99% waninludus [3]
pseudotheobromae (ﬁuﬁ:ﬁﬂu)
MK6 Cochliobolus geniculatus nldonwades JIN943417.1 100% wanirluaus [3]
oo
WugAen
(Curvularia geniculata) ( N )
MK7 Fusarium sp. wldennaaus GQ352485.1 100% paninludus [3]
(Wutrow)
MK8 Setosphaeria rostrata nldenwaaus HE664034.1 99% EEERILE [111
(Wutrow) FRERUITEIREN
“
ERLNTEY
MK9 Pestalotiopsis virgatula wdennaaus AY687880.1 100% paninluaus [3]
(Wugrow)
MK11 Lasiodiplodia wdennaaus EF622077.1 100% waninlu@us [3]
pseudotheobromae (ﬁufﬁﬂu)
MK12 Nigrospora oryzae wldennaais HQ608152.1 99% waninluaus [3]
(Wutrow)
MK13 Lasiodiplodia nldennamis EF622077.1 99% aaniluaus [3]
pseudotheobromae (Wutrow)
MH2 Colletotrichum waenwads EU552111.1 99% aaniluaus [3]
. o o
gloeosporioides (Wuga3828)
MH5 Alternaria alternata nldennamis HQ263343.1 99% aaniluaus [3]
(WufeasIn)
MH6 Fusarium solani nldennamis FJ345352.1 98% raniluaus [3]
(WufesIe)
MH7 Nigrospora sp. wldenwnaaus JUN207335.1 99% waniluaus [3]
(WufesIe)
MH8 Aspergillus carbonarius nldennaaus AJ280012.1| 100% wanihluaus [3]
(Wufeaean)
MH13 Phoma sp. wdennaaus GU045305.1 99% waninluds [3]
(WufeaeIn)

94 | Bulletin of Applied Sciences Vol.3 No.3 August 2014.



3.3 Nsnadaulszansninansanmninuun
Tunsfiufenisiasyiauinuainsnalsanaiuiuu
UL

3.3.1 NFUIANANULELALURIANTENT A
| ‘1: qlq a a o :j a d‘y
Mutintlszansnmlunisdiuienisiasyraauaagn
A1873 Poisoned food technique

an9aAINULN NFZAUANUILAY 10, 100,
1,000 WAz 10,000 ppm LUAIMIT PDA &11190
N nalinanEiUEINeBEIIL 6 aneviug
H5aaazn1sfiudanisiasyuevidulaiaasniage
11 2.26,6.00,7.21 UWAZ 81.18 MUAIGL (NINT 2)
TuausRaNsIUAa) ANSILLANTY NTLALAINL
Wudu 1,000 ppm  waAITaLAZN19EUEINITIAT Y

% & P q' =< o
voudulendinsiade 61.71 (M3 2) 3sagille
1 [ | 9: ql o v
1181981 AI UL TZAY 10,000 ppm tTlumAulll
Aun9ndUfnNgIas I tlesla  aanAaaiLNIL

s I

AqURY WANUAY ARENTEIAL UATANY (2542) 71

wuanangataleniuaauasIuindlss@naninlu
nefudannsiasyanaduladiagn  Colletotrichum
gloeosporioides UWaz Botryodiplodia theobromae
1anAnudnduszAuunnI 5,000 ppm Al (12)
UanNaNU Phongpaichit, S. UAYANT (2005) WM
° [ %3 Vv U qo/ QIQ Q(u/ 3 4’/ Vv U
arsdAylumInudnndgnadudaaas taun
Vv 1 [ %% 4J
wA-0115U (B-asarone) lanadaLAIUANANY
LFgNENLAAINNITUENANTANANEILLUNIUAUDY
v 1 qe/ Q (= | (%3
WUl wazdiuen-analsuiudiulsznaunan
. L. ¥ Y )
WUIAANONEELENIUATY  Trichophyfon rubrum,
Microsporum gypseum Wz Penicillium marneffei
luszavge  lasansadmvinliidulaasdniny
nalnm (13) Avtdu lunisneaauilsz@nsninans

anmInutnlunisfudinisiadyiaulnewlasing

1
I's

leppallna 21 deius NAnuanlaanaanaas

9

Qy NI <X e ‘UQ‘ o Vv Vv
Aua AuaanlunssAuANULL LU 10,000, 20,000

Waz 30,000 ppm lunsnaaausalil

Colletotrichum sp.

Curvularia sp.

Fusarium solani

amit 2 Talatlveatiesnelsanainateiuganddeuuannis PDA wauatsainiImuLnissiu

ANUELAUANG g wazansfiufuAsIANSIULANTY
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Lasiodiplodia sp.

Pestalotiopsis sp

Phoma sp.
PDA A.calamus A.calamus A.calamus A.calamus Carbendazim
(Control) 10 ppm 100 ppm 1,000 ppm 10,000 ppm 1,000 ppm

i 2 @ie) TalatlreutesnalsanaitiateWuganedauuais PDA nauansaininuing
sEAUANUETLAUANG g wazansfiufuansIASILIUANTY

msi 2 Sesarnisfiuiinisiasguetdulaliosaieiugadiiuanmis PDA nauansainiuLms il
ANULTUANN ) wazansfiufuansASIuLANTY

¥

9 F i
MouI¥3181904 ' $ovazmsdudamansgueadulodest + Anllsunuuuiasgiu

UUBIM1T PDA NNE

msataumhfiszauanumdudu MTuady
10 ppm 100 ppm 1,000 ppm 10,000 ppm 1,000 ppm

Colletotrichum sp. 0.00+0.00 0.00£0.00 0.00+0.00 72.95+2.34 7.71£4.07
Curvularia sp. 6.13+1.28 11.72+5.41 31.61+£0.97 88.07+0.30 18.14+3.03
Fusarium solani 0.00+0.00 10.52+0.83 0.00£0.00 83.37+1.21 88.10+0.00
Lasiodiplodia sp. 0.00+0.00 0.00£0.00 0.00£0.00 85.42+0.78 88.89+0.00
Pestalotiopsis sp. 7.41+4.73 13.77+£3.92 11.62+1.25 88.96+0.27 88.89+0.00
Phoma sp. 0.00+0.00 0.00+0.00 0.00+0.00 68.32+1.92 78.53+£0.00
Yogaznsdudimswigeaduloden 2.26+1.00 6.00+1.69 7.214037  81.18+1.14 61.71%1.18

11 < K ! v v
ANRAEABINNINAARY 4 ThluuaazAudLdy
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3.32 N19NAAALUIZANENINURIANG
afmhlunsiufinnaesaiAtineatase
TeAanLLA Nz DA safadiiuLh e s
AMUILAY 10,000, 20,000, WAT 30,000 ppm LU
913 PDA ansndiufinisissneadilaiasna

'3

lsanaiinauaniuenlaansssualannaneiug
H¥naazniedudinigiasyuasdulalasiaie
82.83, 84.81 UAZ 85.49 MUAL LTn9tiLtivag]
FYUINBREAY 65,32 — 89.40 luanusNAstIEERgN
ANSILUANTUNTZALAINLIALAL 1,000 ppm Hiasay
[ :‘: a Vv 4‘1/ ql a |
nefiufnsasyuasduladinsiads 7026 Haaa
nsfiuiagsrninedetiay 550 — 89.15 (AT
4‘1/ ql 1 s a s Vv |
3) Wenimuneadiuumdulusziugs laun After-
naria alternata (MH 5), Colletotrichum sp. (mﬂﬁuﬁ:
§19849), Setosphaeria rostrata (MK 8) laz Curvularia sp.
@eiugagy) Sesaznetiudasuies 550, 7.71,
15.34 14aY 18.14 ANUANML d0AAARSNLSIENILADS

WILTINY ANMTINA UAZAMIY (2553) UAT DigVNH

= PN & | & v
YRR WATANE (2553) NWLLARTINDLTANTAIUNL
ASLLUANTUIUITALIAY (> 500 ppm) ANFILIUAEY
\uanslunquinudiinnlaa ANEnEwanan1sasg
TsAu Tubulin nieludialAdsduadaies) @il
a QI (v o ] =
Wansaeuudasmiaiiugnssy  Tusiuvisuadtuy
Beta-tubulin aziiualianmunsaazdluaaalilsmu

wasuutadlyl

MARLARTIAING1 (14) uaz (15)

4 =2 a v ! K7 [
LIRRLNANITANUNIUARANT LRI

HANTNARDLLUANULWNZL R LAASTALAUIN
anganminuinidsz@ansninlunisdudinigiasey
49/ dl (% v v | v
VAR NITALIANLLILAL 10,000 ppm  (Tusulyl
Aoy WeAns ANl udununzauuaasanna
Tunsildldeu Audenldasadainuinisziu
AN 2 92AU TAWN 10,000 WAT 20,000 ppm

< a (% (% :; dy 12 a
Weaueunuasfiududasiasiuuady  lunis
naaauN13fuiinisiasyAulnuavaaInalsanag

WU LUNAAUR

M99N 3 Seraznsfiudanisiasyueadulaansuuavig PDA wauasain sz AuANUdLduang g

wazaAN9EUSIAIRsIANSILIUATL

o ¢ &
TWYWUGLBDI

v ¥ '
" Sovazmisdudimsniguouduledes + Anllsuuunasgiu

UUDIM1T PDA NINE

' I
msafaNuinTEAUANUTITY

o

A3 UUMTY

10,000 ppm 20,000 ppm 30,000 ppm 1,000 ppm
Colletotrichum sp. 72.95+2.34 87.50+0.29 86.78+0.48 7.71+4.07
Curvularia sp. 88.070.30 88.48+0.16 87.94+0.08 18.14£3.03
Fusarium solani 83.37+1.21 86.28+0.92 88.00£0.34 88.100.00
Lasiodiplodia sp. 85.42+0.78 88.81+0.45 89.19+0.16 88.89+0.00
Pestalotiopsis sp. 88.96£0.27 88.96+0.32 88.54£0.32 88.89+0.00
Phoma sp. 68.32+1.92 78.4910.25 78.77+0.70 78.53+0.00
MK1 (Diaporthe phaseolorum) 88.87+0.08 89.25+0.08 89.30+0.14 88.90+0.19

85.93+0.23 87.47+0.61 89.01£0.23 88.73+0.09

MK 2 (Lasiodliplodia pseudotheobromae)
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AN 3 (D) Faparnsdiudanisiasuendulaidasuuanis POA nauatsanauinistAuAudLdy

AN Warasfufuaas AduuATL

o ¢ &
TYWUGLBDI

Ea ¥ '
" $ovazmsdudimsinuouduledes + Anlisuuunasgiu

UUDIM1T PDA NINEY

asasainhiiszauanududy MUy

10,000 ppm 20,000 ppm 30,000 ppm 1,000 ppm
MK 6 (Cochliobolus geniculatus)

84.54+0.13 83.95+0.60 85.67+0.12 47.34+6.30
(Curvularia geniculata)
MK 7 (Fusarium sp.) 73.36+0.59 75.8420.32 75.84+0.56 77.00£0.40
MK 8 (Setosphaeria rosirata) 85.180.05 86.3240.16 86.67+0.24 15.3441.37
MK 9 (Pestalotiopsis virgatula) 87.26£0.34 87.25+0.08 87.4240.39 88.52+0.06
MK 11 (Lasiodiplodia 85.74+0.27 88.02+0.58 88.96+0.32 89.15:0.10
pseudotheobromae)
MK 12 (Nigrospora oryzae) 89.31+0.04 89.02+0.04 89.074032  89.0410.27
MK 13 (Lasiodiplodia 86.20£0.56 87.89£0.33 88.93£0.22 89.15£0.15
pseudotheobromae)
MH 2 (Colletotrichum gloeosporioides) 88.10£0.22 88.24+0.25 88.69+0.18 86.67+0.61
MH 5 (Alternaria alternata) 65.32+2.15 67.31+0.44 69.39£0.37 5.50£3.04
MH 6 (Fusarium solan) 71.9740.36 71.0821.01 75.82+0.61 77.8420.33
MH 7 (Nigrospora sp.) 89.40£0.09 89.15+0.17 89.36+0.04 88.88+0.06
MH 8 (Aspergillus carbonarius) 87.15+0.27 87.3140.28 87.82+¢0.13 88724023
MH 13 (Phoma sp.) 83.9640.57 84.35+0.22 84.0140.16 84.35+0.16

82.83+0.61 84.81+0.36 85.49+0.29 70.26+0.97

9 ¥
fovazmsdudimsnigveuduluien

'ANRAEURINNINARRY 4 T lulAazANULLdY

4. nanaaavtlsz@ngninansanainuunlu
nafiLngiasALIna9AnsNe lsANAINLUNARLA

angananuth NezALANUdLAL 10,000, uaY
20,000 ppm  ALN90ILENNNTIATYUDITDIVLIUNG
L Ay o ¢ @ X o Y Aa
aualiduau 15 aneiug uaiesaneiugansas
o % o 4” QI Vv -~
T 5 aeiug wazidemfuanldainiaen
HARUATIWIU 10 aneug Vel atsadininuid

9rAUAINUITLIY 10,000 WAT 20,000 ppm @11N90

v v
o Qs a =)

fiuflanngiasueada tnlussiulndiAeeiy Tune

dl |8 a dl s Vv Vv =
NANTILUANTUNTEALAINULLULU 1,000 ppm U

Usrangnnlunisiiuianisiasaeadnsnansiiug
Tpawungiasyueadulainstasninvaaimniiu
ATILA (AN 4) anvpfiasanaduiinisiasy
Vv 4‘1/ val 1 o ::
wnadulediasuuang PDA  laannedudanng
193YUBUTDINLUNAAUR  BIALAAANANTANATINT
paNqVIBLULALNR Asdiufanisiasganlnesias
Uinundudalaanss  naneaauluanumnzidiads
lowan  lusuzAnamedeuuunadus  Uiladenll
4 I - Qy QIQI °
a1w13nAuAula nandAe HAAUANLNUIMAADY

[=3 NI i 4J Vv °
m‘ummﬂmﬂmﬂq@ TINUNITLUINIAEUBDIALUDU
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vnadnavinliiRan s uilaurediesurldluna
aua Weannmunzaminlfides sy ly ansain
fiuadeulannzisnun/Fenis Adldanusndiud
miw?nﬂam“?amﬁag”lumai% duansiiudiains
ANFLLIUANTY fﬁqLﬂum?ﬂmﬁuﬁﬁmL%@?ﬁmﬁmgm%u
(systemic fungicide) %Qﬂqm?ﬁmﬁ’hiﬂwﬁmﬁlaﬂm
Lavanunsnfuianisiaiyaeadasnelsananily
(16) "Lusum:ﬁmiaﬁmiﬁuﬁ’maﬂqmaﬁhuuﬁmEIa N9
Uansanaiuinazdisannsifinlsaiiinannidon

ygrnals  winlyaiuisnannisiialsalananun

AINNUIREUBY Rattanakreetakul WazAnLE (2003)
IEnaaoLlsZANF nnaNTARPLaNLDAYBITILLN
flazdunnuidudu 2,500 ppm ‘lum?muquﬁy@m
Tsauauunsaluauzine InennsquiAdauy wudn
Lﬁama@uﬁumamﬁwﬁaaﬂmaiuq@maﬁmi
srunvadlsalusuusan ansarmANIULANL90
linuaunsszunadlsauainla uAiTlaneaat
ﬁ’umau:mqﬁaaﬂmauanq@ma angannaz luanunsn

AuAuNaialeals Weieuiunisldansiad (17)

v
I Vv

A9 4 nefiufanisiasyaeadulatenalsanaiiilgnuunaduannumeaisaininuiiissfiu

ANUdiNdumng g wazansfiufaansATIUAN T

nevuiiFen ‘mswigveudulaFesuuraais g
asasatnhiisgdunuduty MIUMTY
10,000 ppm 20,000 ppm 1,000 ppm

Colletotrichum sp. ++ + +

Curvularia sp. + 4+ +

Fusarium solani + ++ +

Lasiodiplodia sp. +++ ++ -

Pestalotiopsis sp. ++ + +

Phoma sp. ++ T+t +

MK1 (Diaporthe phaseolorum) ++ + +

MK 2 (Lasiodiplodia pseudotheobromae) +++ +++ -

MK 6 (Cochliobolus geniculatus) + + +

(Curvularia geniculata)

MK 7 (Fusarium sp.) ++ + +

MK 8 (Setosphaeria rostrata) +++ +++ ++

MK 9 (Pestalotiopsis virgatula) + ++ +

MK 11 (Lasiodiplodia pseudotheobromae) +++ +++ +

MK 12 (Nigrospora oryzae) + + R

MK 13 (Lasiodlplodia pseudotheobromae) +-++ +++ +4
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v
I Vv

A9 4 @) nnefiuginnsiasguesdulaiiasnelsAnaninlgnuunaauannumtasainiuing
szauAMUELdUANg g wazansfiufiaiiesAnSIuuA T

neuTiFes ‘mswigvouduladesuuraaisiiude
asasatnhitsedunudutu MSUAITY
10,000 ppm 20,000 ppm 1,000 ppm

MH 2 (Colletotrichum gloeosporioides) ++ ++ +

MH 5 (Alternaria alternata) ++ ++ ++

MH 6 (Fusarium solani) ++ ++ T+t

MH 7 (Nigrospora sp.) ++ ++ T+

MH 8 (Aspergillus carbonarius) +4++ . +4

MH 13 (Phoma sp.) ++ ++ 4+

) \ - X - v X o o - v e Lo
- lununisaaeadng, + wunigeayradduladinmiasniATeng, ++ wuN1sRsyanduleans I uATING,

+++ WunsaTyaaduleTiesAsaLAquTITLa

4, aa;ﬂ (Conclusion)
v [ =

nsldansannanivayulnslunisaiunu
Teanaliindaniafuifen Wlunadanuilanuiaula
~ & aa a o 1 |
iasniuisnisideansiemeaunin 1nnInTg
Tansiall luauddedl laAnmUsz@ansninans
afmulnlunisfiuienisiasyiAuinuaaesine
Tsananinluauaduan 21 aneiug uaesans

TUFENBIIIUIL 6 anefiug wazdnuanainidden

HARUATIUIU 15 aneiug nsneaaeulisniiunig
Tu 2 guuuy 16N nMsnAgeLLUAIINIZITE UAZ
NINAADULULAAUA  Han1enAadasluaumnzLae
TPENANAITANALUANMNG PDA WLANATANANISZ AL
ANUdLdUATLA 10,000 ppm Hudull a@tun9n
fusanisiasyaaaas i 21 aneiug daulunis
NARALLUNAAUR  WLINENTANAIULN AL LY
20,000 — 30,000 ppm A1UN90ATADNTIATYUDN
49/ Vv v ( o 3 =RKX | Ve
e ln 15 aneniug Asilu [sdianudulalunis
Usrenaldarsanninuingiuiuisnisau s iy ns
| qe/ Vv = = a 4‘ QI a a
quluthdeu visensirdauis aiulszangnn

lunisilesiunisiuni@auazinangnisiiuinm

Wdl:l é’ = s 1 v a
langvauLaziinnuleaniagainiinisldansiadl
Fuasnzn ashalefinny AgiiAnusziingydalunng
1 iasaniisnsnudndsiunn-ananlsu ludnuin
TuansnauziGuazdnumamls (5)

= =
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Innovation of rubber cap for covering concrefe block from natural rubber

fudan gissidey’ a3an souduns”

Pantila Poomrabeab', Orasa Onjun"
UNAnea

ansiurunensdmiuaguuenaaunss unisuauNauiussnIgAaunTaLazeny Tnanisi

mqummmLﬂummLwa“l,ﬂmauuuuaaﬂmaum‘m ﬂ‘-v.,,“l,muaaﬂLLuﬂwummmummeuauﬂuuaaﬂﬂaum‘m
WATANUAIENNULAL ﬂaammmmuﬂuuaanw uaaﬂﬂwmmﬂwmmmﬁ glpuden” (safety Block) R
annsnldauianelunazneusanenans mmwmﬂummnmLwaiﬁ“l,mammmm awammmumwmﬂ
mmauuaaﬂmaumm mmamﬂmmvﬁ,mmaqmuummummmmma*mummuaaﬂﬂwﬂwu (18N, 2378-2551) 14
ammqm‘wm AUAR BNIUYN STR 5L 100 phr LAAITaLANTLALLA 50 phr “Lammaﬂ 50 phr thifumsniiu
5 phr FeAaanlds 5 phr NIPRALAETA 3 phr ma‘ﬂmﬂuﬂ’]il,aauamw 5 phr Tiiea 1 phr Nauna 0.5 phr
fnuzdu 3 phr @ 5 phr lawiandu 2 phr Lastitel sl fanunneuenetmaiilezananmunniuialg i
anstlasuisddanslalaan 5 phr anstlesiuluAniEe 0.5 phr uas vanstlasfiuitins 0.5 ohr Saav0INng
‘wmaauamummqmﬂmwwmwammmwmnmqmmumauuaaﬂm@uﬂsmmimuamummummmmmmu
yan. 2378-2551 f9t AU 56 eSle AMuANLLIIAY 147 wnzihama anuiiaiiennatenay 570
nsulReuuasrnuudmsaiusaiviiu 2 1efie mewdsuatemuduusiimdinsaaadenas 13
Larnswasuulasnuiiniisnamaniuisanadiorar 9 AmnuiusensTad 246 ANUNANTARIUAT AU
ma‘laisnuvl,mﬂaﬂul,l,ﬂaq uandanadn 096 wnziana uay mmmwummamaamwauﬂﬁmmﬂ‘[mmﬁm
ansiinsfilanasz iy 3-4

Abstract

Rubber cap for covering concrete block is a combination of concrete and rubber blocks called
“Safety Block”. For this product, a concrete block serves as a base and a rubber block provides a soft
and elastic surface on the top can be used in both indoor and outdoor environments. This research is
to find the best formula for making rubber cap for covering concrete block and its property must meet
all criteria of the industrial standard number TIS2348-2551. The best compound formulation found in the
research is; rubber 100 phr, Calcium carbonate 50 phr, White clay 50 phr, Paraffinic oil 5 phr, Zinc oxide
5 phr, Steric acid 3 phr, Antioxidant 5 phr, CBS 1 phr, TMTD 0.5 phr, Sulfur 3 phr, color 5 phr, Paraffin wax 2
phr, and added UV protection & phr, anti-fungal 0.5 phr and anti-bacterial 0.5 phr for more efficient use
of the outdoor environment. The test results from the best formula found that the product meets all criteria
of the industrial standard number TIS 2378-2551 that is, hardness (66 Shore A), tensile strength (14.7 MPa),
elongation at break (670%), hardness changed after aging increase 2 Shore A, fensile strength changed
after aging decrease 13% and elongation at break changed after aging decrease 9%, abrasion resistance
(246 mm’), good Ozone resistance, compressive strength (0.96 MPa), and level 3-4 grey scale Q.U.V.
weathering resistance.

AEIATY : UADNADUNGA, NN
Keywords : Concrete Block, Rubber Cap,

'naAneNAIEAUINIG
*Corresponding author E-mail address : orasa@dss.go.th
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1. UN1 (Introduction)
ﬁwﬂuﬂw‘h’iuﬁaﬂmauﬂ?m"lumiﬂﬁmmu
MamALNIAfTuaEan I INTIaUaTN T AA
YT 21P98A90 ALNUENIEY AU Hesni]
ANUAIENL mmmLﬂ?\lﬂuLLﬂaqﬂ%’mﬂﬁ'ﬂugﬂLLuu
e wazdrauAnusautieaninnIsnAsunin u
mm:ﬁu%@ﬂm\iﬂﬁu (1) danuanennuuazlaandt
1NN uAffaiinnglfeudaudnatian 1ilneenn
flAumandvaneivin AuRALIAAReZiNrLn
EedVTLAQULARNABUNTS Fafluudaniitinns ey
NANUTRAURNENINLAZADUNTAYNAIEN Y WazEY
FlunnsanBunnencildlitienas unuSanilad
peiianutamlauiuuienand anvadsiinany
WU IURIADUNG A %QLﬂu%’aﬁﬂﬂmg@ﬂmqﬁmq
miﬂfi ﬂamﬂuiﬂmqmm waznsldauasdl A
uumammmua A0uENNNdn  waridnAy
chmma‘mmnmmmmuuuaaﬂmaummmmmnam
Wit ldouldaudauan sy Fezvinli
ThainatalnilarAualIeunauu WAL uAL
mauaummmﬁaqma‘ﬁumé%’fﬁﬁmm'iﬁmmJJ
Uaonftl ALANENY ATLMLIY UAY3NATIALNZ AL
ﬁq&umgmﬁm%ﬁfmﬁﬁﬂﬂmwiumqmimmmqq
Gl,u\'mu%”ﬂﬁlﬂumiﬂ?"uﬂa;qqmmammmq
IGCEGREGH Lﬁ@‘lﬁlﬁgﬁmmmauﬂmﬁﬁﬁﬁ'qmiu
NINAANLINENAMTUAGUUABNABUNTA ity
Lﬂmsv?mmgmmamﬁm%@qmmwmiuugaﬂmqﬂﬁu
(uan. 2378-2551) (2) %uﬂum%mﬁm%ﬁiﬂﬁﬁmﬁqm
Lﬁmmﬂmmnﬂwﬁw?nmquuﬁaﬂﬂauﬂ?mﬂu
LAR ST s usesiy wazumegu
fuq dluamidse dail so 815:2008 siush
AENAINITYNNA) ASTM D570-98 (ﬁmmmi@ﬂ?ﬁu
1) ASTM D792-00 (AUMLALLILY 1SO 3417:2008
(fi:ﬂ:L’smaﬂai?ﬂma:i:ﬂ:mmﬁw‘lumimgﬂ)
ASTM F2157-02 7148 6.8 (N198AAIUAILINNTZUNN)
ASTM F2157-02 ¥hda 6.9 (maﬂquﬁﬂuumﬁy’q) uay

BS 812:Part 114 ¥1dia 5.2 (LL@8ANILUBINUE)

2. 18N197498 (Experimental)
2.1 8NUAZANTIAL

2.1.1 8714899U1A (NR) 1nsm STR 5L
u?ﬁm“lmﬂéiy”m;mwa\mqwm {7110

2.1.2 uAALTENANTUBIUA (CaCO3, 4Q
(MCET) 13 Inaies aulundu 41in

2.1.3 1Aadl (White Clay, China clay
5-400 (MFA70)) 13InAwed dulundu s1in

2.1.4 gdanadl (Hard clay, Microbrite
FH100 (MFASD) 13TvInaInes aulundu s1in

2,15 ansdrelfensiy (Paraffinic oll
(rubber process oil P-30)) LIHNLANGL BUInBIINTA
poflalsdu A

2.1.6 Tmaanldn ZnO, Zinc white seal
KS-5) LSEMANGL Buimadingm posilalsdu Anfin

2.1.7 NIAALAELEA (Stearic acid (Beads))
L3ENANGL Buinafingn Aestaisdy s1in

218 anstlaafiinisi@eLAnTI (onol®LC)
LSENIALEL Bumasingm poslalsdu Anfin

2.1.9 N-cyclohexyl-benzothiazy sulfon-
amide (CBS, Vulsator CBS (P)) LFEMIALGL Suimes
s Aadtalsdu Andn

2.1.10 Tetramethyl thiuram disulfide (TMTD)
L3EANGL Buinafingn Aestaisdy 41rin

2.1.11 iz Gulphur, $) UFEMALE L
Aumesingn Aedlaisdu S1dn

2.1.12 FRuUEY NO.524 / Andeusy
NO.333 / AUATUHL NO.112 % 9UAIUIIIR
A lnyadind

2.1.13@191@3 uAuA U unalalau
lanasilu, Paraffin wax) USEMLANEL Buimed
maa Avsiaisdu 1in

2114 a19tlasiuivddanslalalan
(Tinuvin) Mviuduain falnyadial

2115 ansilaauiiouuniide (rgaguard
B5000, silver-zeolite) 13InUea pewiindud 41iin
(UWNIL)
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2.1.16 anstlaaiuides (rgaguard F3000)
Vidnlnuea rewiiadud 1ia vy

2.2 28n4ATE9ARNLNIA (3) RENAATENN
poutRdmFurinnanSuivuinadniuaguy
UAANADUNTA Mﬂgmmqﬁugm 997 1) o
naAnENAvaILBINuANIALl (4) ﬁﬁﬁiaamﬁﬁhm
R ol (gﬂ‘ﬁ' D)

() Anwnaveslsuinansvinljiseanis
ﬂ\‘igﬂ (vulcanizing agent 38 curing agent) Aa
AUz

@ Anwrnavesuruansdaalienaiy
(plasticizers) AR thiTumnsity

@) AnwNaUnIdRgIdIuansIT el AseINg

o ¥ 4d e -
ANsN 1 gmsensiuguiienazii liaungesnisuan
HanSuTuInewdmTuAgUUAanAaUnsAnalyl

as 4nIENIugIL, phr

£119U914 STR 5L 100
ANTALAL Variable
angtelvenatiy 5
Feraenlan 5
NIANALALTA 3
astlaaiuniai@auanimn 1
AdunA 0.5

a
Tiioa 1
Auzau 2
-
A 5

U711 dunauniseangrsanenaulng TnanisiFauiiey
PFunuanstalianng g

ﬂx‘lﬂ‘:‘ﬂ (vulcanization accelerators) FYYN (CBS:TMTD)

4 ANEUAURIITAYRIATANAL  (fillers)
22N wAAELASUaLA, LiAadl wazandalnatl

5) wuastasiuseddansilaloan @19
Hasfudeuuaiide wazanslasiuiies Weliinne
Junnemanananaiileravanmannan

©) ﬁm:mLﬁ'aﬂ%’uﬂqqrﬁimuﬁﬁmmLﬁwm
19 InensUSulFununnusdy wpadauAfsLaLLm
wazliimad

%) ﬁnmﬁaﬂ%’uﬂ@qauﬁ’ammuf‘ﬁ\i AL
numalelau wazAnuAuRan1sdnd Taenisusy
UBunalams iy thsfumneity wasinusdu

®) ﬁmmLﬂ'aﬂ?"uﬂa;q%LLa:amJ’?]mir%mmi
FouanInan e

NNTLAKANENLAZANTIAL (5) nevinluead
UANANTZULLA (internal mixer; YFM Serial No.
0241) LLa:Lﬂ?“lﬂ\mmﬂ’Nﬂ’a\‘l@lﬂﬂé\‘l (two-roll mill;
YEM Serial No. 0242) Anntitienditasansiaiii
“lr?ﬁm’imﬁﬂumzmimgﬂ Lﬁami:ﬂmmmimgﬂ
(GrezNa@nasy; 52 LLamzﬂzmmﬁ%'ﬂumimgﬂ;
1'90) ﬁqquﬁ]éo"c 51’1mm‘%"aqi’mm@mgﬂmmmq
(moving die theometer; TECH PRO/rheoTECH MD+)
ANLUIE ISO 3417:2008 LLé’ﬁﬂﬁ’fL’Jmm'imgﬂﬁm
IEunfluuuamnalunissse s unaaeLALTANAG
e Taeldusdfuiuasiisasdnlansaaandow
WHUANLTAU (hydraulic press with heated plates;
YFM Serial No. 0138)

2.3 NAdaLauANIINAnduazidenalusie
ﬂﬁﬁﬁﬂ’mm?ﬁm“?uwma@uauﬁ’amqmﬂmwmr@m
mqmauﬂfnrﬁnﬂqmmnmfiﬂ%’uﬂqqqm ianmaay
PIUFNULIIAN (tensile strength, ISO 37:2005) AL
amﬂﬂ‘u’m (elongation at break, ISO 37:2005) AU
w4 (hardness, ASTM D2240-05) N13LLLNA%EAL
%‘ﬂuﬁl 70°C 1flulian 72 ‘T]I’ﬁm (aging at 700C/72h.,
ISO 188:1998) AMUAIUABNNTTAA (abrasion
resistance, 1ISO 4649:2002) ANNUANNULDIARDANIN
auinINAlALIFITNN1Y (weathering resistance,
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ASTM G154-05) NISAUMINIENAINITYNNA (com-
pression set at 700C/22 h, 1SO 815:2008) AM9INNT
@m%m}] (water absorption, ASTM D570-98) A3
NUNUUL (density, ASTM D792-00) LazANLIIELRA
Wﬂummﬁua’a (skid resistance, BS 812:Part 114
Wda 5.2) LLa:ﬁﬁmmauﬂnﬁ@’m@mmqﬁ'mm:
auﬁqmé’mmﬂauauﬁﬁﬁm qlinsudaumy - wen,
2378-2551 (A3 2)

3. HALATIA70! (Results and Discussion)
Lﬁla‘lm%mamﬁmﬁwmmwéw%’mquugaﬂ
AAUNSATITALNUNL HAVEU TILAAUTINTTUNN
wazdanutaendelunisldonugs anTadadaatiann
Aanusanisldauiennelunarnnauanaians
Aelavinnnsnnassenngnsansnaulifunazgns
Tngnisdsudsaffunnienauazansiaiiend (6) (M9
i3 LLéaﬁ’mﬁugﬂLﬁammaamwmmaﬂa%ﬂj 928y

ANSINT 2 INQITUNATFILUDIALLTRAN ¢ VBILAATUTLEANENYHY AMULATIIL LN, 2378-2551

o

Han. 2378-2551

At - —
NEUTINRTFI NENAdaLl
AN, dafle 56-65 ASTM D 2240-05
ANATULINAY, lunzinanna 6 ISO 37:2005
mwamﬁﬂmm, HRLE 200 ISO 37:2005
nswaeuutaspasudvdatange, tesie Li ISO 188:1998
nsaeuuasraadnuusAmding, Sauaz +25 ISO 188:1998
nsulaeuulasponnd e avdang, feuay -50 ISO 188:1998
PNENWARNNITRE, gnUNARRAALNAS 250 ISO 4649:2002
ANUEala o Tinaeuuas ISO 1431-1:2004
Nandanagn, lunzlana 7.0 (min) ISO 7743:2004
ANNAITLIsARadan T naNTna N AlAgdTiITNa, nsdaina TYAU 3 ASTM G 154-05

2.4 NAAALNARAUT

mnmqﬂauﬂnrﬁ@miﬁwﬁ:auﬁqmmﬁmﬂ
n91liutlyegme VAR UNAULLUNUINENEUSL
ARULADNABUNTALLTIIATUADATN  UAINAFEL
aulANAALNLENS 9] 1AL MNNTARANUBIUINT T UNIN
(Force reduction; ASTM F2157-02 #adia 6.8) AN
mmﬁuﬁﬂuumﬁv’q (Vertical deformation; ASTM
F2157-02 ¥1de 6.9) ANUSIRIAMNLIBINUTN (skid
resistance; BS 812:Part 114 ¥ada 5.2) AINULIN
(hardness; ASTM D2240-05) Liia1#nnsldauil
Usz@ngnn wazanuisnldeuliness

Laaﬁﬂﬁamqgﬂﬁgquﬁ 160 BNALTALTHE AR
FruLsame uazArALEaiannn waniameae
uandlunnsnait 4 ientsi e Usuilgegme
AunAL LLa:ﬁmLaaﬂqmﬁmm:auﬁ@mﬁﬁamﬁmu
INUNLUATEIU Uan. 2378-2551 uﬁaﬂmqg'ﬁu LN
dtinnuunsgUNERSUTgRAMNg T
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9197 3 gmsensuazansialinldlunsAnmuavesffunuasvind§isensasgy ansmeliianatiu aisise

Uinsennisasgy wazansiiau

a3 13318 (phr)
RCO1 RCO2 RCO3 RCO4 RCO5 RC06 RCO7 RCO8

#79Uy19 STR 5L 100 100 100 100 100 100 100 100
wAAIBENAFIBLUR 50 50 50 50 50 50 50 100
Iviipad 50 50 50 50 50 50 - -
gsaane - - - - - - 50 -
Vs 10 10 10 25 5 10 10 10
FaAnan o 5 5 5 5 5 5 5 5
nInALAETA 3 3 3 3 3 3 3 3
ansilasfiunsidesanin 15 15 15 15 15 15 15 15
Fiiaa 0.5 0.5 0.5 0.5 0.5 1 1 1
Tdunn 1 1 1 1 1 0.5 0.5 0.5
Aueiu 1 2 3 2 2 2 2 2
a 1 1 1 1 1 1 1 1
lawnsniiu 5 5 5 5 5 5 5 5

919N 4 wauasauliAnng g NldannisAnuateFumuasviljiseinisagy aistaelianaiy

ansivlisennisasgyl wazansdi

ANLTR RCO1 RC02 RC03 RC04 RC05 RC06 RCO7 RC08
JrHzANANa (ts,) ﬁ 160°C, Ui 2.64 2.24 2.03 2.29 213 2.22 4.63 2.25
?zﬂmmmimgﬂ (t’90)17‘ll 160°C, w7 4.38 3.64 3.01 4.12 4.55 3.59 4.58 4.63
ANAULINAY, lnziama 16.4 16.2 16.1 13.9 15.7 16.0 13.2 12.9
mwﬁmﬁfaﬂmm, FGHIE 625 539 506 539 543 540 568 567

=4 ° aaa
3.1 AncauaslFunuansyindfnsenisas
sUiinpauimnne e 1ade
nsnaassdlutiflunisiddeuinauansyin
Uffsennisasgy Aa druziu NUFuiuuananeiy
AB 1,2 uaz 3 phr Auanslumsei 3 gne RCO1,
RCO2 Way RCO3 MINSNFL HANITNAADLNLIN
. Y o
TN Ui U A URLLINAUAN 1,2 LAY 3 phr 128771
Llunisasgtlanasmuaniy uazLiauFeasan
AMUAULTIAINLI T AN TdumnAneaenadiTadn Aoy
1 2= 4‘ o s QI g <X |
aglsinatFunuiuziuiugeauns 3 phr A
o A R =
ANUEALIRINARAAY  ALULLAANTINDNT Y218
Uilunnsasgl ANLANLLS AL ANUEIALTIAUNA

FITULEINLIN AT RC 02 (uzfuwinil 2 phr)
\Huansiinunzaunan
3.2 Anwuavadlsuuaisaelrenaiun
ADALTTANNN ) VLN
] Ny [~ =1 = 2
ngnaaaddrutiiunisidsaunaudsunc
angaelvenatiuma UniTunis il Nl3uIuumnmAng
il AR 25,5 uaz 10 phr Awuandlunnaai 3 gms
RCO04, RCO5 WAz RCO2 MUEIA AINNANITNAADL
WaIAUNLINLFUutNTuLINa i N1 U ANE Y
| z ] v = £ v
NeAy dwalviansialinng g awwnsanszanssiala
X 4 - ¥ .
Aluitlagne WanFauiausneia 3 ans wungne
RCO2 eL‘i"mmzmﬂumﬁmgﬂé’uﬂthm RCO4 LA
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RCO5 UANANTULTERAN90NANL AN UL IF 18T
fnehaii 3 4ns WL ANAMUANULIIAIUDIAAS
RCO2 @4N71 RCO5 UAZ RCO4 MIUAIGL ﬁqﬁ?uqm
ﬁquﬁ:auﬁqmﬁa 4ne RCO2 Ry
10 phr

3.3 AnwaIeIARsIdIuanssalRseng
mgﬂﬁ'ﬁﬁiaamﬁrfhm UDIEIN

druiifunimaseaniAniunnansis
ﬂﬁﬁ?mmimgﬂﬁmm:au Tnenlfuidsudnadiu
1IN CBSTMTD ML 0.5:1 phr (§0s RC02) UAZ
1:0.5 phr (gns RCO6) Fapn9190 3 HANIENAAaL
wandliiiun  wanlunsilvienasgduazanusiog
usaialiuansnsednafitdndy umiiesnn cas
Lﬂuﬁ’u’iﬁﬂguﬂuﬁ (primary accelerator) was TMTD
ApfusmFall (secondary accelerator) gms
RCO06 fﬁmﬂuqmﬁmmmu

3.4 AnuNauerinve9ans AL Ae
AUTTRANG 9 VBIEN

T R ST (L R I I Tty
gAY FTvinvLARITaLASUaLA TaAad uaz
aSaAad HANMINAADLINLAY LialReueuans
I T G T e e e
@ns RCO6), upaLTuAFLaIUAfLENSALARE (A9

RCO7) WAz UAALTEUANTLANIUA (47T RCOB) WL
ams RCO6 Ni upal@auAsuBiuAiLliAadly
Uszunnuatinas 50 phr naanluniayinlneneas
:j ql v <X Qd‘ [ z
sUdunan wazANUATLLIANATIAR AvTugns
< | dl ql
rRCo6 Audugnsiivunzauiign
3.5 1Ruastlasnussasansialaan a1
tlasiudpuuanize Laza1silaanulaes
nstudnSunnuIngedniuaguuden
a v a o v o R R o A
Aaunam bl ldauasefianaaAtianamnuilannsen
NAIINULLATIFELAZIARTIANAE 1TIRIINLLIANIEE
Aimnzaguuiuliuesg e iiugnay @
s fanavinlreat@ann Tuadeany fatiu NGN3
reos Fudugmsianamluvnzil Auiuatsilasfiv
Feadanshlaaelulfun 5 phr angtlesiuiae
wuATIEeLazanatlasiudin luLfunueensas 05 phr
@ns RCO9) udvinslFulssmantifona s e
el EnuNUTLIASgIL Nan. 2378-2551 AN 5
LLamqmmqﬁﬁmaﬂa’?nﬂ;qmauﬁ’ﬁmqmﬁﬁq
ANUNUADTalEU ANUATUADNITTAR LazauTTA
NNINUNIFIEDLANWUDIENN  UAZHANIARLALLT
MW nnnsdiidgsmauiiFanagy uwandlily
AN 6

QI Qd‘ Ve <X 4‘ s | dl v o S o
ANTINN 5 QmiEI’NLLﬁZﬂW?LﬂﬁJVI%ﬂUﬂ’WﬂﬂH’WL‘Wﬂﬂ?‘]_lﬂi;ﬂﬁh']_lmm’k‘iﬂ 2a9e9 N TR LN UANINLA

4IMT91U UBN.2378-2551

a9 Fu1tu (phr)
RC09 RC10 RC11 RC12 RC13 RC14 RC15 RC16

£119LYie STR 5L 100 100 100 100 100 100 100 100
LA aNANFUALA 50 50 75 75 50 50 50 50
Tavimael 50 50 75 75 50 50 50 50
U9 10 10 10 10 10 5 5 5
FaRaanlas 5 5 5 5 5 5 5 5
REGICH 3 3 3 3 3 3 3 3
Ansflea U@ NAN W 15 1.5 15 15 15 15 15 5
Fhea 1 1 1 1 1 1 1 1
NBNAG 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
nuzOu 2 5 2 5 2 2 3 3
a 1 1 1 1 1 1 1 5
Tawrsdu 5 5 5 5 2 2 2 2
anstleaiuia@danslalaian 5 5 5 5 5 5 5 5
anrtlasiuuuAiiGe 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
anstlaaiude 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
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QI e | QI v < 4‘ o a 4‘ v | ¢ o
AITNN 6 HAUNAULARNIN € W\lm’ﬂﬁﬂﬂﬁﬁ‘ﬂﬂH’WLW@ﬂﬁ‘Uﬂﬁ:\‘IﬂiLI‘]_IE‘I‘]J’a\‘iEI'W\'ILW@GLMNWULﬂm“VmWMumJWMﬁ‘EWU

Uan.2378-2551

ANLIR RC09 RC10 RC11 RC12 RC13 RC14 RC15 RC16
TYAZINANANDST (ts,) ﬁ 160°C, W1l 3.33 2.22 3.24 2.39 2.01 1.73 1.63 1.38
i:ﬂ:mmmimgﬂ (t90) ﬁ 160°C, U9 5.23 4.80 5.82 5.26 3.72 3.55 3.18 3.1
ALY, Tafle 48 52 53 56 49 52 58 56
ﬂ’l’mﬁ’mmi\ia\i, wnziana 15.7 13.3 12.9 9.0 15.1 15.9 16.8 14.7
mwﬁmﬁﬂmm, fnuay 599 497 555 599 570 546 580 570
mswlAsuaspanuudodauss, sefie 51 58 57 59 51 53 59 60
mswasuutlasnu LR, Jeuas -12 -40 -19 -14 -18 -22 -21 -13
mswlAsuutaspnugniiennavdatinige, feaas -12 -30 -14 -36 -14 -15 -14 9
AENURaNTTng, gnunAfiadiung 253 249 316 314 267 278 241 246
ANuAUTasaRaanwaNine N Alagdsisanng, | 3-4 3 2 2 34 3 3 34
ngdang

LLN@?J@%’]WU@Q%%@Q 0.49 0.43 0.43 0.42 0.43 0.42 0.45 0.47
MsAUFaNNEuAINIsgNNe, fatay 189 | 248 | 217 18.3 | 29.0 | 270 | 242 18.9
a"mﬁmi@m%uﬁﬁ, P 0.184 0.134 0.120 0.180 0.218 0.242 0.189 0.140
ANUUINUY, NTNFARQNUNATTWAINRS 1.319 | 1.333 | 1.456 | 1.456 | 1.329 | 1.346 | 1.319 | 1.346

< 4" v 1 a @

3.6 ﬁn‘mLwaﬂ?‘uﬂqqmauummﬁmwwm
#19 Tpen1sUSulBuNunnus U wABLEENANSUBLUA

s 3
waz lhpat

naaanldasiaiilude 3.5 uAIMAAALALITH

4 X - 4

A9 UDIEWGAT RCO9 HANAUINAL (ANF97
4) HANNTNAADLUAAIIUAITINT 6 WUINAIAINY
WAL ANAINANNUNTIUANIL - UBN. 2378-2551
= Y o LY 1 A [~
m“l,mmma‘ﬂa‘uﬂa;qmamummmwwmmqmgﬂ
TaansuBunuinuziu wieu e Aulsulsuon
upaldaLAsUaumAas lAaE 9INANTN 5 WU
4m3 RCI0 ?ﬁuﬂuqmﬁmﬂawm RCO9 1meiN1g
L unnuinuziuain 2 1fu 5 phr @audns RCTT
WwulBunuueadauaduaunuaziead  anuay
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Abstract

Voids and blisters often appear in a dumbbell-shaped tensile specimens fabricated by
thermoplastic injection molding process. In this study, polypropylene and high density polyethylene were
selected to investigate the effects of these defects on tensile properties; i.e., maximum load, tensile
strength and elongation at break. From the results of tensile properties for both materials, it was found
that the maximum load and tensile strength of specimens without defects were higher than those with
defects approximately 2%. As for the elongation at break for both materials, specimens without defects
provided final length greater than those with defects significantly (approximately 80%). In addition,
the cross-sectional area was observed by an optical microscope, showing that polypropylene specimens
contained voids where those of polyethylene had blister defects. This information was then employed to
determine the troubleshooting of defect formation in the polymeric specimens fabricated via injection

molding.

ANEn '"n; : Keywords : Blister, Defect, Polyethylene, Polypropylene, Void

"nainenaansuing
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Abstract

This pilot study is an exploratory research. The focus group of the study was laboratory workers
who received the training of laboratory safety and other laboratories related courses from the Bureau
of Laboratory Personnel Development, Department of Science Service, Thailand during 2010-2014.
The questionnaire was designed to collect the data of safety practices and opinions within their own
laboratory settings. Questionnaires was collected and analyzed. The results showed that the subjects of

the study were coming from diversified groups, i.e. testing, calibration, R&D, and academic laboratories
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which were the focused group of the pilot study. The results showed that more than 50% of the workers were
received inadequate training relating to the safety work practices. The majority of the people showed
frequent of lone working, and inappropriate use of Safety Data Sheet (SDS) and Personal Protective
Equipment (PPE). About 87.1% of workers reported accidents in the laboratories, and the two most
important factors to cause accidents were related to humans i.e. the unawareness of workers who
were involved in laboratory work and the inadequate of knowledge about safety of laboratory workers.
Moreover, most subjects reported that their own laboratories setting were not safe in term of physical safety
management or did not have the routine risk assessment of the laboratory. The majority of them believe
that their laboratory safety management should be improved and they should receive training in many
areas of laboratory safety. The results can be used in the training courses and present fo the public to

raise awareness of safe work practice.

Medy : AnudseaneludesUjiiinig, nsfneises, anulasesie
Keywords : Laboratory Safety, Pilot Study, Safety
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Evaluation of measurement uncertainty for volumetric glassware
calibration from the variation of surface tension between
liquid and glass
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Abstract

Measurement uncertainties in calibration of volumetric glassware are from many sources for instance
the weighting machine, environment, liquid temperature, position of meniscus. This paper described the
uncertainty due to the cleanliness of volumetric glassware. With the less cleanliness, it will reduce the surface
tension between the glass and the liquid. The less surface tension is the more contact angle and the less
volume of meniscus. In the controversy the more contact angle is the more cleanliness, it will increase the
surface tension between the glass and the liquid and the more volume of meniscus. In this case we found
that the effect of deviation of contact angle will affect the uncertainty of the measurement of volume
more that 50% of the overall measurement uncertainty. So the laboratory should pay more attention fo the
measurement uncertainty due to the variation of contact angle or surface tension between liquid and glass.
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Keywords : Measurement Uncertainty, Calibration Of Volumetric Apparatus
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E542-01: Standard Practice for Calibration of
Laboratory Volumetric Apparatus(3) ludals
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3. HALATIRTN (Results and Discussion)

aniadevasananulludueus e
INAMNULLITUTIUURIUTIAIEIT TUINURUNAINAS
unindeny  vinlrAtAnullwdueusiuvesinde
1B1nmsaunn 50 ml DAy 0012 mi fiszd
AnuEalus TN 95% Fauandlumd 1 uas
AU lURLLAUTILYRIATALTUNAT YUA 100
ml SiAvail 0,018 mi RierduAuEeTuss i
95% fauanslumsned 2 Arauldutususay
vastlidmuuin 2 ml Atanulustueusiumngu
0.0025 ml Ts=FuAnuiiaiiulezinn 95% Fauand
Tupn919ft 3 warAiauldutususuaesiiln
A 10 mil TiAWL 0.0038 mi TisxdiAuLEasil
U230 95% Fauandlumeah 4

ANGNN 1 wdnaN1gAUIuANANL lL UL UIRINNT e LE LA RS IR LA 50 mi

symbol Source Reading uncertainty Relative uncertainty divisor Standard uncertainty v
u(A) Repeatability 50.0102 ml 0.003 ml 60.00 ppm 1 60 ppm 9
u(B1) Resolution of balance 1 36.0974 g 0.00005 g 1.39 ppm 1.732 0.8 ppm Inf.
u(B2) Balance linearity 1 36.0974 g 0.0005 g 13.9 ppm 1.732 8 ppm Inf.
u(B3) Resolution of balance 2 85.9364 g 0.00005 g 0.582 ppm 1.732 0.34 ppm Inf.
u(B4) Balance linearity 2 85.9364 g 0.0005 g 5.82 ppm 1.732 3.36 ppm Inf.
u(B5) Humidity 1 1 ppm 1 ppm 1.732 0.58 ppm Inf.
u(B6) Air pressure 1 10 ppm 10 ppm 1.732 5.77 ppm Inf.
u(B7) Room temperature 1 10 ppm 10 ppm 1.732 5.77 ppm Inf.
u(B8) Water temperature 1 100 ppm 100 ppm 1.732 57.7 ppm Inf.
u(B9) Deviation of contact angle 50.0102 ml 0.007 ml 140 ppm 1.732 80.8 ppm Inf.

2.5 degree
u, Combined uncertainty 116.6 ppm
U Expanded uncertainty k=2 233.3 ppm
(0.012 ml)

AN97971 2 uananneAuliAtAL lduluauaasnnsaauiauInIALFuNAg AuNA 100 m

symbol Source Reading uncertainty Relative uncertainty divisor Standard uncertainty v
u(A) Repeatability 100.0133 ml 0.0003 ml 3 ppm 1 3 ppm 9
u(B1) Resolution of balance 1 60.2475 g 0.00005 g 0.829 ppm 1.732 0.48 ppm Inf.
u(B2) Balance linearity 1 60.2475 g 0.0005 g 8.29 ppm 1.732 4.79 ppm Inf.
u(B3) Resolution of balance 2 160.0196 g 0.00005 g 0.312 ppm 1.732 0.18 ppm Inf.
u(B4) Balance linearity 2 160.0196 g 0.0005 g 3.12 ppm 1.732 1.80 ppm Inf.
u(B5) Humidity 1 1 ppm 1 ppm 1.732 0.58 ppm Inf.
u(B6) Air pressure 1 10 ppm 10 ppm 1.732 5.77 ppm Inf.
u(B7) Room temperature 1 10 ppm 10 ppm 1.732 5.77 ppm Inf.
u(B8) Water temperature 1 100 ppm 100 ppm 1.732 57.7 ppm Inf.
u(B9) Deviation of contact angle 100.0133 ml 0.011 ml 110 ppm 1.732 63.50 ppm Inf.

2.5 degree
U, Combined uncertainty 86.4 ppm
V] Expanded uncertainty k=2 172.8 ppm
(0.018 ml)
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AN 3 wdman1gALIuANANL ldLUuauandnisaa s LTIm wuna 2 mi

symbol Source Reading uncertainty Relative uncertainty divisor Standard uncertainty v
u(A) Repeatability 2.0094 ml 0.0003 ml 149 ppm 1 149 ppm 9
u(B1) Resolution of balance 1 2.00g 0.00005 g 24.9 ppm 1.732 14.38 ppm Inf.
u(B2) Balance linearity 1 2.00g 0.0005 g 249 ppm 1.732 143.76 ppm Inf.
u(B3) Resolution of balance 2 2.00g 0.00005 g 24.9 ppm 1.732 14.38 ppm Inf.
u(B4) Balance linearity 2 2.00g 0.0005 g 249 ppm 1.732 143.76 ppm Inf.
u(B5) Humidity 1 1 ppm 1 ppm 1.732 0.58 ppm Inf.
u(B6) Air pressure 1 10 ppm 10 ppm 1.732 5.77 ppm Inf.
u(B7) Room temperature 1 10 ppm 10 ppm 1.732 5.77 ppm Inf.
u(B8) Water temperature 1 100 ppm 100 ppm 1.732 57.7 ppm Inf.
u(B9) Deviation of contact angle 2.0094 ml 0.002 ml 1000 ppm 1.732 577.37 ppm Inf.

2.5 degree
[V Combined uncertainty 633.0 ppm
U Expanded uncertainty k=2 1266.0 ppm
(0.0025 ml)
A ° 1 [ a a
AN 4 LdAIN1gATUINANANL lLLULaLIIN sdaLeLidn auna 10 ml

symbol Source Reading uncertainty Relative uncertainty divisor Standard uncertainty Vv
u(A) Repeatability 10.0366 ml 0.0003 ml 29.9 ppm 1 29.9 ppm 9
u(B1) Resolution of balance 1 109 0.00005 g 4.98 ppm 1.732 2.88 ppm Inf.
u(B2) Balance linearity 1 109 0.0005 g 49.8 ppm 1.732 28.8 ppm Inf.
u(B3) Resolution of balance 2 109 0.00005 g 4.98 ppm 1.732 2.88 ppm Inf.
u(B4) Balance linearity 2 109 0.0005 g 49.8 ppm 1.732 28.8 ppm Inf.
u(B5) Humidity 1 1 ppm 1 ppm 1.732 0.58 ppm Inf.
u(B6) Air pressure 1 10 ppm 10 ppm 1.732 5.77 ppm Inf.
u(B7) Room temperature 1 10 ppm 10 ppm 1.732 5.77 ppm Inf.
u(B8) Water temperature 1 100 ppm 100 ppm 1.732 57.7 ppm Inf.
u(B9) Deviation of contact angle 10 ml 0.003 ml 300 ppm 1.732 173.21 ppm Inf.

2.5 degree
[V Combined uncertainty 189.6 ppm
U Expanded uncertainty k=2 379.3 ppm
(0.0038 ml)

4. aq1 (Conclusion)
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Abstract

The sample preparation for laboratory proficiency testing of heavy metals in water must be
accurate, precise, and meet the requirements of ISO/IEC 17043:2010. The aim of this study is to find the
suitability of sample preparation for cadmium (Cd), nickel (Ni) and lead (Pb) in water by adding known
standard solutions in the deionized water, preserving with nitric acid at pH-value about 2.0, mixing, filling
in bottles and labelling. The samples are randomly selected for homogeneity and stability testing. The
statistical process was designed for homogeneity and stability evaluation according to the 1SO 13528:
2005 by comparing with the standard deviation for proficiency assessment which is the target standard
deviation by perception from previous rounds, standard method and expert judgment. It was set at 7 %
of the assigned values which were the reference values from National Metrology Institute (Thailand). The
results of homogeneity and stability assessment of three sets of samples showed that they were sufficiently
homogeneous and stable. These ensured that all laboratories receive distribution units that do not differ
significantly in the parameters to be analyzed.

AsA : NanssumasauANTIIYiBsUfTRng, ardudaiiediu, anuaties
Keywords : Laboratory proficiency testing , homogeneity , stability
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Tmﬂ = Sompling Inferval, N = a7uIUsfMaEng
FanuaTieRey, n = éwmuﬁaaﬂwﬁﬁmm%ﬁu ua
R = ‘mmﬂLammmﬁfmﬂ'ﬂqmmmﬂﬁgﬂdu
F18EN9N1T ALY FIUAUAREN9TInLIA
FsREn ()= 200 1A VLNEIRURIUA 001 A4 200
ﬁmauﬁaaﬂwﬁlﬁmmﬁu M= 10 90§t | =
200/10 = 20 UAz R= mamqmmmmnau m
maammwmﬁmwmmam 2 fettusnenaa

10 ‘]J']ﬂmtq]ﬂ?j‘u’i)ZJJM&J']HL@‘]J@\?LL&WQSLHWTYI\W 1

AN9IN 1 1 MINELATTBNAIBENTINAUIIUIL 10 1A

R | R+l | R+2l | R+3l | R+4l | R+8l | R+6l | R+71 | R+8l | R+9l

2122 | 42 | 62 | 82 | 102 | 122 | 142 | 162 | 182

25 nenagauanuiiuibatieaty Homo-
geneity testing)

ﬁ’mﬂ'wﬁ'%’mLm?ﬂu%uﬁ?u%ﬁaqﬁﬁauuaﬂq%
pufuiodenty  deufiazAidunnsuananeli
ﬁmﬂﬁﬁamiﬁﬁ’]é’mﬁmiwLﬁaﬁwmwmaau ne
FBENN9IUIU 10 ﬁuaﬂ"}w:gﬂejmﬁmﬂuﬁumu
suamgmﬁaaﬂ'wﬁy’wum‘imﬁ%duﬁfmﬂw(rondom
sampling) thlinagaausanis uwasdiay Tnia waz
mzﬁlﬁ AN13E Standard Methods for the Examination of
Water and Wastewater, AWWA, APHA, 217 ed. 2005
(&) Fusazsathamsmegeuuy duplicate wazly
nsdsvifiusaiitamsiaaeunnuifudemeatuaes
fnthaas A =inadaansnBauiauandauies
LULNNASEIUTTNINNAIDENN (The between-samples
standard deviation) TuANAIWBLUIASEIL
ﬁsh?l,umiﬂi:Lﬁumamiwmaaumﬁm}ﬁmm (The
standard deviation for proficiency assessment) 1agl
eLSj’immsﬁmmau%’ummmmmu ISO 13528 : 2005(3)

26 NINARALANUIADES (Stabilty testing)
et vimnuaiinsnaendie v nanfidamunali
viesUfiiRnsstunismeaey Tnsdusetdia
5 ﬁaaﬂ'wmnﬂ;mﬁaaﬁwﬁmﬁuﬁme'm"lﬁuﬁﬁm
UiiTAnsfidnsauRanssy  inlinnaeulffis
suAeatunsnaaeurnuiiuiiedenty ety
fivnnismageuazdeafusundannitimunls
viefiAnsvinemaaeniuiuaaing  deya
ﬁié’mmm"]LaﬁlﬂLLazLﬂ?ﬂmﬁﬂuﬁ’ummgwmﬂm
%’auﬂaﬁwmaaummLﬂutﬁmﬁmﬁu Tmeldfinouainng
HAUFLAULINTIIU ISO 13528 : 2005(3)

2.7 N9RANUULNNADA (Statistical designs)
gﬂLLuumanﬁLﬁ@%’fﬁﬂmmmLﬂmﬁmﬁmﬁuua:
mmLaaﬂﬂmﬂ;mﬁfmf;hqﬁ%’mm?mu%u ety
NN AULRIALBENNEIMEUNNT AL UAANTTUNNS
nagauANLinugy UHTRmuALIEluLng Il ISO
13528
TrensifauiisnAndauiisguimnsgiussning

: 2005(3) nsAnEANIduTaReiuYin

o I a [ I 1} QI dl U
AIDEINLNEUNUATAIVLLENLLULN mgﬂumiﬂumi
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UszifiunanismagauAnutiiungy Jeiinouneausy
o X s o X
ANuTutapeiy Al

A

s. S 030

s =

S
A

O p = The standard deviation for proficiency assessment

< = The between-samples standard deviation

dmsunisAnEAMLLaDETIads Rt iR
miu_l?ﬂuLﬁﬂuﬁ'ﬁLaaﬂﬂgmﬁﬁauuaﬁr%mmiﬁﬂ‘mmm
l@dsnuTTezIAIiYUANEUALAYAEUDITA
Vv ql [~1 4‘1/ = [ L £
dayaineaauanuiiuiianeiu inunnisuausy
ANNULADET AT

AN

| A-B | < 030,
A = The general average of the measurements obtained in the homogeneity check
B = The general average of the results obtained in the stability check

mm‘u The standard deviation for prof|C|ency
assessment(o’) ‘luﬂﬁvmiuul,a@ﬂhmmul,umLuu
mmgmlﬂmmﬂ (Target standard deviation) m
LL‘1/18|\‘1‘]J@\‘1%]@H’aﬁﬁﬂuﬂ‘j’fﬂ‘iZﬂ@Uﬂﬂﬁ‘ﬁﬁmumLﬂﬂi‘lflﬂl’]
Lﬂmmmaqﬁ‘«mﬁmﬁ?ﬂé’mﬁaHammmdamﬁ'm
Luummgmwmﬁ@nﬁwmaaumwmj’wmaﬁm'm
U1 (Experience with previous rounds) La<a1NAINY
amLﬁuﬂJadﬁﬂ?ﬂHﬂ(Percepﬂon of experts) ﬁdf}um
z«hwﬁmL‘uummgmtﬂmmmmmmmmmﬁm:u
dnifa uazpzialutin Amunalugtuuy % cv
(Coefficient of variation) TAglinuUaIInGL 7 % 284
Arvua  ieldlunsesiiuan e ety
LLa:mmLaﬁmma\ﬂ;mﬁaaﬂ'wﬁ%Lm?ﬂuﬁu wazlh
yinnnsAnwLeEUfAINLIMLN Z AL NS LA
nafsidudananlag Wisnfeutuan % cv 7
AurUlA9N Horwitz equation %qﬁqmmiﬁf]mm
Fal
(1-0.5 log C)

% CV =2

(C = The concentration ratio of assigned value)

a ' . .
3. NAaLAa¥13190U (Results and Discussion)
NN9LAEILFARENNEINTLRANTIUNAFD LAY
vt fimnissenislanzuinlutn wauam
YRINITANEN TN ZENTLAALaY  Tnifa  Las
peiluldl  TUASHLAINANTATANELINTIUTLTAN
(Certified reference material) ‘umu&ia:m@ nag
Fnundnnasazatefiageniensalumanlidan
ANUTuNgA-A9tiaENIN 2.0
n19tszinuanufluitaaenulasAdy
. » ¥ . . oa Y
\afgsasnmetnaidnnseuaudmiufanssuld
Adruasuunsguthingrewnazas dm
WL 7 % A9ARIMUA (Assigned value) T9AN
AMAUAUDINIY 3 mrfll;ﬂurfhﬁwﬁq (Reference
value) #laannviaailiiRnisansdeaatanntiuuing

INLUNIAN L AT ANIT TAAILLIL Isotope

Dilution Mass Spectrometry (IDMS) HANNSANEN
mmLﬂuﬁmﬁmﬁ’uua:mmLaﬁmﬂmmmﬁmﬂw
eI ET T 1n Taniuldmuinusiseuiy
sasmnuifhuiiaifenfulazanuiaios Tunanein
PRsFatNdAMumINzalieanad LAy
ﬂ@ﬂﬁmmaaumqmnmmwmﬂgummimme\ﬂu
A9 2 — 5 wazdayanatuayuanuiminzay
UAINNSFNNAUA AN Target standard deviation U89
fangguAn NIATUIN %CV A8l Horwitz equation
Iaatia 3 879 WUIMTAILINNT 13% CV U84AN
NMUA %qqm’hﬁh Target standard deviation
fifmualBvidy 7% cv ansdimun Fauandlu
AINT 6 uaziiathAadeunnanagaLAiy
oA uLAZ AN AEIaIHANAADLIANLIATES
WELTEUNUATEINEY  WUAKANARDLIURIFRBEN
Va3 Paiimunnanatiaanindenas 10 Awandlu
AN 7 %'qLmmﬁqmmmmimmﬁmﬂﬁﬁama‘
NPFaLFotIEmTINNT AN AnLTuE ety
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A v =< @ A A o o ¥ =
ANTINN 2 mﬂ%aﬂqiﬁﬂjﬂmﬂ'ﬂquLﬂuLuﬂLmﬁ’Jﬂusﬂﬂ\jm’lﬂﬂq\juqﬁqmw 1

Sample Cadmium (mg/L) Lead (mg/L) Nickel (mg/L)
replicate 1 replicate 1 replicate 1 replicate 1 replicate 1 replicate 2
1 0.667 0.673 1.405 1.43 3.971 3.999
2 0.674 0.668 1.408 1.404 3.971 4.008
3 0.679 0.672 1.413 1.421 3.984 4.035
4 0.663 0.685 1.393 1.437 4.008 4.055
5 0.673 0.675 1.408 1.417 4.011 4.072
6 0.680 0.681 1.431 1.411 3.986 4.068
7 0.667 0.670 1.401 1.403 4.048 4.007
8 0.672 0.675 1.424 1.422 4.059 4.051
9 0.671 0.671 1.415 1.417 3.962 4.036
10 0.678 0.670 1.402 1.409 4.040 3.970
mean 0.673 1.414 4.017
Sg 0.000 0.000 0.000
Between
Sample p , 0.043 0,093 0.277
analysis N
030, 0.013 0.028 0.083
s, S 030 » SUFFICIENT SUFFICIENT SUFFICIENT

dl v <K | Qy g a s I qoj dl
ANTINN 3 magammﬂmm’mLﬂuLuamenummmamqm ‘]q]ﬁ'Wl 2

Sample Cadmium (mg/L) Lead (mg/L) Nickel (mg/L)
replicate 1 replicate 1 replicate 1 replicate 1 replicate 1 replicate 2
1 0.04 0.04 0.408 0.407 0.31 0.31
2 0.04 0.04 0.406 0.405 0.30 0.31
3 0.04 0.04 0.400 0.408 0.30 0.31
4 0.04 0.04 0.404 0.404 0.30 0.30
5 0.04 0.04 0.408 0.404 0.30 0.30
6 0.04 0.04 0.408 0.405 0.30 0.30
7 0.04 0.04 0.407 0.402 0.31 0.31
8 0.04 0.04 0.402 0.408 0.30 0.30
9 0.04 0.04 0.406 0.408 0.30 0.30
10 0.04 0.04 0.407 0.409 0.30 0.31
mean 0.040 0.406 0.304
Between Ss 0.000 0.000 0.003
Sample 3‘ » 0.003 0.029 0.021
analysis R
030 0.001 0.009 0.006
s.< 03 o ” SUFFICIENT SUFFICIENT SUFFICIENT
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A v = @ A A o o ¥ A
MANTNNN 4 mﬂ%aﬂ’ﬁ‘ﬂﬂ‘]ﬂﬂﬂ'ﬂ’]ﬂl,ﬂul,uﬂLmﬁ'ﬂﬂumﬂ\?mflﬂﬂq\?u’] sl!mV] 3

Cadmium (mg/L) Lead (mg/L) Nickel (mg/L)
Sample
replicate
replicate 1 replicate 1 replicate 1 replicate 1 replicate 2
1
1 1.11 1.1 0.70 0.70 0.78 0.78
2 1.1 1.1 0.70 0.70 0.77 0.77
3 112 112 0.70 0.70 0.77 0.78
4 1.12 1.1 0.70 0.70 0.77 0.77
5 1.1 1.12 0.69 0.70 0.78 0.78
6 1.1 1.1 0.69 0.70 0.79 0.76
7 1.10 1.13 0.69 0.70 0.77 0.78
8 1.1 1.10 0.70 0.70 0.78 0.78
9 1.1 1.1 0.70 0.69 0.77 0.77
10 1.1 1.1 0.70 0.70 0.78 0.78
mean 1.112 0.698 0.776
S 0.000 0.000 0.000
Between N
0.064 0.058 0.048
Sample O »p
analysis "
Y 030, 0.019 0.017 0.014
N
Se <030 » SUFFICIENT SUFFICIENT SUFFICIENT

AN94T 5 Gi']agamiﬁﬂ‘mmﬁmaaﬂimmﬁaadwﬁwﬁq 3 U

Faatnaungad 1 Faetnigad 2 Faettgad 3
Item
Cadmium Lead Nickel Cadmium Lead Nickel Cadmium Lead Nickel
Conc. (mg/L)
0.621 1.324 3.962 0.043 0.411 0.312 1.127 0.712 0.815
(Reference value)
%CV (Target
standard deviation,
7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0
A
Op)
%CV (Horwitz
17.2 15.2 13.0 25.7 18.3 19.1 15.7 16.8 16.5
equation)
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AN94T1 6 WRHLTIILAN%CY U84 Target standard deviation (o) WAY Horwitz equation

Faatiatinged 1 Fatatingad 2 Fatiatinged 3
Item
Cadmium Lead Nickel Cadmium Lead Nickel Cadmium Lead Nickel
Conc. (mg/L)
0.621 1.324 3.962 0.043 0.411 0.312 1.127 0.712 0.815
(Reference value)
%CV (Target
standard deviation,
7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0
A
O p)
%CV (Horwitz
17.2 15.2 13.0 257 18.3 19.1 15.7 16.8 16.5
equation)
= = | = | 4" d @ I~ = [ | v a
AN947 7 WRauisuARAtAndtanadaUANUITuTaAENULAE AMLLADETIIUNUAID19R
Item Fedalgad 1 Faatadnged 2 Faeaingen 3
(mg/L) Cadmium Lead Nickel Cadmium Lead Nickel Cadmium Lead Nickel
Concentration 0.621 1.324 3.962 0.043 0.411 0.312 1.127 0.712 0.815
(Reference value)
Average mean of 0.673 1.414 4.017 0.040 0.406 0.304 1.112 0.698 0.776
homogeneity (8.37%) (6.80%) (1.39%) (6.98%) (1.22%) (2.56%) (1.33%) (1.97%) (4.79%)
Average mean of 0.665 1.408 4.025 0.040 0.406 0.300 1.104 0.704 0.790
stability (7.09%) (6.34%) | (1.59%) | (6.98%) (1.22%) | (3.85%) (2.04%) (1.12%) | (3.07%)

4. @31 (Conclusion)

NN9LATHUALDENIIURITNENITUARLT 8 Y
dnifauazazialutn  Sanumunzadmsnld
Tufanssunaasuauatuyiaalfilanag Tag
fatnainnufuiiaidenfuuazanuianasies
wafiazluldinans znusanissiiufanssunaant
ALY Tmﬂﬁmﬂﬁaﬁmiﬁﬁwﬁﬁﬁwmaaumm
FudaiRefunasAnuiatesuniiogn s fa el
5% uum'amucﬁmmmmwmamimma@umﬂﬂﬂmm
mmmumﬂaLwaamﬂ‘«wwmmi NUABNANIT
NAgdaL
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