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The determination of cannabinoids in hemp beverages by ultra-high
performance liquid chromatography-tandem mass spectrometry
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Abstract

In this research, the suitability of sample preparation and liquid chromatography — tandem mass spectrometry
for the determination of cannabinoids in hemp beverages was studied. The method validation was performed
by using in-house method based on AOAC (2020) 2018.11 and accuracies were in acceptable range as
following the EU Commission 2002/657/EC. The averages of recoveries were 99.5, 98.4 and 98.0% for cannabidiol
(CBD), 98.4, 97.3 and 96.9% for (—)—A9—tetrahydrocannabinol (A9-THC), 93.0, 100.4 and 100.00% for (-)-A
8-tetrahydrocannabinol (A8-THC), 85.0, 99.1 and 100.8% for (-)-trans-delta-9-THC carboxylic acid A (THCA-A)
at the concentration levels of 0.10, 50 and 100 mg kg™, respectively. The precision was also in the acceptable
range. The relative standard deviations (RSDs) were in the range of 3.59 - 9.78%. Furthermore, the detection
limit and quantitation limit were 0.010 and 0.10 mg kg™, respectively. These research results demonstrated
that the method was reliable and suitable for the measurement of cannabinoids in hemp beverages. The

cannabinoid concentrations in real samples ranged from not detected to 4.10 mg kg™

Keywords: Cannabidiol, Tetrahydrocannabinol, CBD, THC, Beverages, Liquid chromatography — tandem mass spectrometry
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1. UNU (Introduction) .
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W.A. 2565 (384 HARA TR MINEdauLsznaLesdI
WeftyT TRty (RUUN 2) TeinnsaruANLENINL




CBD uLaz THC Iuﬂ?‘mm‘ﬁlLLmﬂm'NﬁuTmﬂ%u@ﬂﬁu
11A8917 11U NERANTLesa Tes mﬂm LATINAD
FinmumBunnfuustinsialnarense fasll THC
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1.41 Tn@nfusia 50 N3 [10] WanaNRLlsTnIFAnIENge
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309 HanduaiausnnansanawAuudlnees
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saansuaz THC Talifin 0.15 Naanfusedns [11] Aadu
N1TAILANALININUATNIATTIUTRINARS UT T 1UNT
AasdunumdrdnylunisguanazAnasesuilng
TnalanzniansaaauniLFuiuans THC uay CBD
aqi1AaN1msg1uId L AOAC Lﬂu’)ﬁ%l‘nﬂﬂ@ﬂ‘i_lﬁﬁ
nanasuAUuess (Cannabinoids) Tui 1 uay
a13anim Tnawmalialawesnefuuuaninlasuninns i
(High Performance Liquid Chromatography; HPLC)
wazaminlasuninna i unagilninsius? (Liquid
Chromatography — Mass Spectrometry; LC-MS) [12-
15] Tnadinnamagauansnguuauunduasfa1uUNIN
e 17 7t Lmemumiwmrau‘luwmﬂmmmemm
wmlmmmummimmmu Liquid-solid extraction [16]
yenanlATIN SRR AdeL U MNTT898Ns
nguuALWNTuetAsanALA QUEChERS (Quick Easy
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lunguermsdanandninys TdsAuainioyas
WNTUNAANTYT UUNALILAZ NS WA LazwLdn
IFdnasAns luiunindaesunsasuauazniuy
WA HHaN1TNAaeLvilaA1iaanuantaenisaa Ny
(AnFaaaynsAUNAL (%recovery) agil 122) [17] ludl
2564 nauAneagniniswnng lansimuIanasey
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#ngl SPE Oasis HLB wazliiAnFasaznishundueglu
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wazdaiidadninlunissieunsnainsguiseasses
TanulndiResiuansueseg1aiazinnmagey
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IﬁLﬁ”ﬂﬂ’]?LﬂgﬂugﬂLL‘LI‘LJ‘IJ‘ﬂ\‘i'M? THC waz&1s CBD
sanvanannsnmagauAN g liredsdsldASenay
NNIAUNALTD9419 THCA-A galieFaniay 206.3 Lazans
CBDA agflutnsiaaaz 114.7-182.3 [20] andadnin
18938N19NARRLAINANNIARE ATl R TEAGaL
ATLAUNITUR AN ATALAQNATNLIZNANIZNTIN
AT1TURU 31101 5 alla TAwA cannabidiol (CBD)
(-)-A9-tetrahydrocannabinol (A9-THC) (-)A
8-tetrahydrocannabinol (A8-THC) waz (—)—trans—ldeltla—
9-THC carboxylic acid A (THCA-A) lusiegnairsasau
Ineldinatindainlasninna W wnussusaannssss
(Liquid Chromatography — Tandem Mass Spectrometry;
LC-MS/MS)

2. 28m4248 (Experimental methods)
2.1 @SLANLASIAAINENANERT

ANTNIRTFIU Cannab|d|o| (CBD) (CAS No.
13956-29-1) mmmmm‘v]ﬁﬂmqu@mamv 99.6
ARERN Tk N (-)-A9-Tetrahydrocannab|nol (dronabinol)
solution (A9-THC) (CAS No. 1972-08-3) A2NLE4YD
agadeadesay 97.0 419N1ATZ U (-)-A8-
Tetrahydrocannabinol solution (A8-THC) (CAS No.
5957-75-5) ﬂfmuu?@ﬂf@fjwﬁfaﬁﬂﬂm 97.0 waz
ANTNMNTFIU (-)-trans-delta-9-THC carboxylic acid A
(THCA- A) (CAS No. 23978- 85- 0) mmmzﬁmﬁfamau@ﬁ
Faaay 97.0 mmﬁmaﬂmwwmmmim Lipomed
aﬁqum?mmﬁmmﬂiu Internal standard) 1 2 w0l
An mammmumﬂélu Cannabldlol D, (CBD-D,) (CAS
No. N/A) mmumm@mm@mmw 98.5 Ay
mmﬁmgﬂumﬂiu ) -A9—TetrahydrocannablnoI-D3 solution
(A9-THC-D,) (CAS No. 81586-39-2) ANL3ANT
ativdeafeuar 96.0 a1z Iunte N
Hanlae Lipomed i wnueauazezdinglulnsd
AU INLAIL HPLC v7a LC uanlng Merck
muﬁ\ul,@u‘lﬁjuﬁﬂum{mw (Ammonium formate,
NH,HCO,) %uﬂmmw‘imm”ﬁ AR uaz ngANaFHN
(Formic acid, FA) mummqumm”‘w LC-MS NaRLAg
Slgma NFTUNANTATANEFN 7] ”memmmmam
g3 dfnanushunuliinlitieendy 18.2MQ-cm Tnefld
LAFBINIBILN U Smart2Pure 131 Thermo Scientific

2.2 AN9ATAEUAZIGLATEN
221 asaransuenltaviafiun (pain
mmummmmmmu 20 mM 1Lag pH 3.2)
49 NH,HCO, 41uau 1.26 +0.01 niy
asluraaLAalTNIATIUNA 1000 HARART LALANLNT



ﬁmmu?zgw%rzgq waadFuaudunsa-sng (pH)
gneinsanasiin Wi pH winiu 3.2 (ealdirsesinaanaih
NIA-AY ﬁ‘u QOrion 2 Star 1349 Thermo Scientific)
LLmﬂmﬁmmmﬁmmmmmmmm AUINTALBNRT

2.2.2 4n3aeangNIfnTgIL CBD (Stock standard
solution) AN 1.00 Hadniusedadans
£3819317357114 CBD 10 HAANTNUATTN
dinfuviueu azanefsumiues meaduaaf
BHmsaun 10 HaAART HNNNILeaaUINTALENAT
divTuasaun A lugududegoumgi -20 asrngaldaa

2.2.3 ms@zmﬂmmﬁmA@THc (Intermediiate
standard solution) AT 1.26 AaANFUsRNARART
Thlmsanssnmeg s A9-THC 100 lalpsans
189819821813 IU A9-THC Adnadndu 10.26
Nadansureladans waathundiuniuea 900 Tulnsans
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224 mimmammﬁmA&THC(Intermediate
standard solution) AYNNEND4 0.94 HAaRNFUAAHARARNT
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Paauia@e1iiuinsaun 2 Hadans ulugududs
HIUNYH -20 BIANLTAITHA
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(Intermediate standard solution) AN NTY 1.00
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A9-THC A8-THC uaz THCA-A Anudingis 10 Tulasniu
AaNafamng
Hunsiansazarauinggiu CBD Andndu
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ALTILTNIRT 10 NAAART FNNNLeAUN AL AT

2.3.2 ansazaeNnIg e lunaNed CBD-D,

uaz A9-THC-D, Aududiu 10 lulasniusadiadans

Julnsa13azananinggiu CBD-D,

ANNLTNT Y 1.00 AaANSUABNARAAT A1UIU

100 lulasams A9-THC-D, Aonuidiadins 1.00 Hadniu

saladans 4119 100 lulasans asluamuialiunms
10 RARARNT RNHNNILDAUINTALBN AT

2.3.3 @178ANENINIFIUNEN CBD A9-THC
A8-THC 1az THCA-A ANNIW 0 0.1 0.5 1.0 2.5
5.0 kaz 9.5 lulasniureniadans

Hulnarsararaninsgiunay CBD
A9-THC A8-THC way THCA-A Anudindis 10 Tulasniu
FalaRanT (18 2.3.1) A11au 0 10 50 100 250 500
waz 1000 lulasans musdu adluranufivdadmiu
AAENALATEI LC-MS/MS 111 2 NARART ANANTAZANS
N msg1untelunan CBD-D, uaz A9-THC-D,
AN 10 TulAsnFureaNaRanT (18 2.3.2) A9
50 TulAsAms IANENILeASIUIL 950 900 850 700
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19NN 1 NWEENNIMKIRTFIUNEN CBD A9-THC A8-THC uay THCA-A

o o U3nmsuad
o ANNLANUU Usnmsuas
STAUARINGIN o UFNIRTURINIURR | FITRSAIBNIATIIU
(lulasnsuma ANTASANLNIATFIU - e
NATFIU = aa . (lalAsans) malunas
o Aaaans) (lalpsans) -
(lulasans)
1 0 0 950 50
2 0.5 50 900 50
3 1.0 100 850 50
4 2.5 250 700 50
5 5.0 500 450 50
6 9.5 950 0 50

2.4 m‘j‘Lfﬂ‘iElNﬁl’]’ﬂEl’N

ﬂQMQ@EWQﬂ?WN’]m 1-5 nfy LLmuumm‘wunmLuu@u Tmﬂm@m\imiﬂummm@mummﬁlm@mﬁ
An memumm@mmmu Lmumumammmumﬂummﬂ 2.3.2 CBD-D, uaz A9- THC D, ATUIU
500 1111???@?1‘3‘ LW’aeLﬂﬁJﬁ‘vﬂ'LlﬂQ’]NL°]J3~I°1I°LALV]’muﬂ'LIVlLﬁlllslu@’ﬁll’]lﬂ?ﬁqwﬂ@ 2.3.3 uaY meumuamwawa@’]\ﬂﬁlm
i“”m_lﬂ”J’]NL‘lIN“].I‘LW]LWN’]”@N@’]M?UW?Q@Q@@QH LC-MS/MS LL@’J‘]J?“LITE‘N’W]?MELNV]’]%@@Lﬂu 10 HaRART
(‘mﬂm@ﬂ’mmﬁuﬁmmmau%hﬂ?mmmnmmmmmmﬂmmummmmmu) naIaNIUINARznau
mmmu‘l,umm”@wmamﬂumL°1nLﬂifa\muumqmmmmma@u 3000 g tian 5 u’WlLL@”ﬂﬁ‘@ﬂN’]uLLNuLNNLU?u
211m 0.20 ¥i5a 0.22 1NT@?LNW?@Q1M‘HQ@LLﬂ'J“lILL’]ﬂL@ﬂ@‘ﬁ’]@’m?UﬁlﬂL“ﬂ’]Lﬂﬁ"ﬂ\‘i LC-MS/MS

2.5 MIATLANAMNN
NawEe Standard check A19aZA1ENNASEIU Cannabinoids Tnendenwdenfiszdunanadiudu 1 sy
an 2.5 vide 5.0 lulasniusedadans Tusdanduneaiuiude 2.3.1 waznsear umNNILIUIWIA 0.20
178 0.22 lulanmsadluzanrunadndmsuandniuweses LC-MS/MS

2.6 mMamgarnmenAdAlAsaInngN-ungdidnlngiunsg .

2.6.1 1A1902A18NINTIUNEN CBD A9-THC A8-THC uaz THCA-A NAntuiduduszndng 0.5 i
10 lulAsnuseNadans LazIMURATINTBINTLLHWNLLLTY TUA 0.20 vize 0.22 Tulasiuns asluzanauinian
mm andATas LC-MS/MS m Agilent 1290/6460 1i31W Agilent Technologles ANNAN1IZLATEY LC-MS/MS

mummﬂumawmmu Cannabinoids sand AOAC (2020) 2018.11 [21] prail
ARANIL ABANI LC-MS/MS Iiin stainless steel 1117 2.1 x 150 NAALNAT LAY
NNSARBANI2.1 x 5 NaAWAS L3sysne C18 1nennIA 2.0 lulaswns

(Supelco Ascentis Express C18)

UM NADANI: 25 A9ANIALTEA
13u1msnan: 3 1ulpsams

JpnieeReuLazdnIINTiug:  ANA1IN 2

LAFaIRTATA: MS detector AMNANIINN 3
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S, e 4 A o
R38N 2 ’J{]ﬂﬁﬂLﬂ@@%%LL@z@ﬁ]ﬁ‘ﬁﬂqﬂﬁ@

1981 A, % ARTIMSIUA
(W) 20 mM NH,HCO, , pH 3.2 (NaaAMTADUN)
0.00 40 60 0.400
12.00 5 95 0.400

12.01 5 95 0.600
14.00 5 95 0.600

14.01 40 60 0.400
16.00 40 60 0.400

A13799 3 AN19XUB9LATEY MS detector

el Retention time Fragment Collision energy
y . .
(RT; min) Pfez\l/llssczr) on | product ion (Ms2) | eneray (Frag; V) (CE; V)

316.3 193.2 88 20
CBD 5.504 3163 135.0 88 20
316.3 259.1 88 20
3193 193.1 88 20
A9-THC 8.219 316.3 123.0 88 20
3193 259.1 88 20
316.3 193.2 88 20
As-THC 8.398 316.3 123.0 88 20
3153 259.1 88 20
359.2 341.2 85 25
THCA-A 8.580 359.2 2191 85 25
261.2 85 25
CBD-D, 5.482 318.3 196.1 85 20
AQ-THC-D3 8.188 318.3 196.1 85 20

2.6.2 MINNEDLANIIOUZADILARY LC-MS/MS Tmmg%mmimmﬁmﬁizﬁumqwﬁu%’u 1 s¥AU
\@anann 2.5 vire 5 lulasniuseiiadans aausuatinedes 3 41 iiaAUINLAN System suitability AN US
Pharmacopoeia Ingifiinousinnsaanumail

- mLﬁmmummgmﬁuﬁwﬁ(Relative Standard Deviation; RSD) of area < 2%
- RSD of RT < 2%




27 mMSAsIRAUANNIELAURING TnesLiumamnal In-house method based on AOAC (2020) 2018.11 [21]
mﬂnmm@ur?T')faﬂ'NLL:U@Nﬁu’?‘#@ﬁqeﬂwﬁwmﬁmﬁu (Blank sample) LL@gﬁqgmﬁﬁmﬂﬁummmw
NATFIU (Spiked sample) NazAuAuidindus  vrelndiAsagusd Sauau 10 41 Wedszunundinaes
NIRIANLLATTASTRTEINIMENNNL s luniliniaiaissiuaudindu 0.10 wax 0.50 Hadniuseilaniy
wazpPENAIet e IANA1TNINTgINEN 2 szAuAdadndy A 50 uaz 100 HadnFusenlaniu enasey
pudindunssiunaanazgerastainisda udamuiniesaznisaunduuarAanuidesuudninsivefigal
ANRNFRYLATANLIENTedaageL uananilldfiiummeseutaanuihudunss nemagaunauddy
7 920 A9t 0 0.10 0.50 1.00 2.50 5.00 waz 10.0 lulAsnsusielanans wavsssuansdnduas 3 41

3. HALAEIANTDL (Results and discussion)
3.1 MSNARALANNL T ULRUATI (Linearity) ARIFITHNIATFIU Cannabinoids
ﬂmm‘llmﬂmiwmm@umaﬁmmﬁmw 7 iym‘ummmmu feil 0 0.10 0.50 1.00 2.50 5. 00 uav
10. Oimemmmmmm NIzhumudNd Az 3 9 Vl,mmwwLL@m\mfnmuwuﬁivmwmmmmummmwmu%
LL@quMmﬂme\immmmmﬂmmmmm 1A MS detector m\wﬂ‘w 1 LL@“’?‘U‘V] 2 WAANANNANNUSIZWINNAINN
Lmumummm@mu’l@LL@:mmnmq (Residual)

£ 30 CBD 210 A9-THC
2 & oo s :
& -8 20 o % e
EE 10 Py = 25062x+00489| | &2 By = 0.7587x+ 0.0616
<« .t € &
3 o? R? = 0.99724 3 Lot R? = 0.99494
0 & ~ 0
0 5 10 15 0 .5 10 15
Sasduiui 1 Ensaas CBD uax CBD-D, fnsdauiufiliingmaas A9-THC uas A9-THC-D,
20 As-THC 10 THCA-A
a =
:‘E 15 . ag g% 5 | e v
2 & 10 2% Ly = 0.7699x - 0.0418
< g LA g = -
g ’% 5 Pt y = 1.7828x - 0.0012 c ‘E 0 @ R2 = 0.99655
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33 n’muﬁm‘i'\zgﬂﬁmqqﬁhlﬁ (Limit of Detection; LOD) wazlimarnauaimsuisunas (Limit of
Quantitation; LOQ) 5 . ' .
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4 laiww 0.105 0.106 0.089 0.086 101.2 102.5 93.8 84.3
5 Taiww 0.108 0.106 0.088 0.085 103.5 101.9 92.7 81.2
6 laiww 0.096 0.106 0.099 0.088 93.2 101.4 103.7 84.7
7 laiww 0.101 0.105 0.091 0.095 985 101.4 95.6 90.9
8 Taiww 0.108 0.109 0.096 0.089 104.7 104.8 101.1 86.6
9 Taiww 0.099 0.096 0.088 0.089 97.9 917 924 86.0
10 Taiww 0.109 0.108 0.089 0.089 107.0 104.2 92.4 86.1

Aeds  0.103 0.102 0.089 0.088

SD 0.005 0.006 0.006 0.003

Sy 0.004 0.004 0.004 0.002

LOD 0.011 0.012 0.012 0.007
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Abstract

The certified reference material for determining some elements in green chiretta (Andrographis Paniculata)
powder has been developed by the National Institute of Metrology (Thailand) (NIMT), which is called Thailand
Reference Material (TRM) to support quality control of the traditional herbs and herbal products. NIMT has
been recognized for the Calibration and Measurement Capability (CMC) on the International Bureau of Weight
and Measures (BIPM) website for participation in the inter-comparison activities of the International Committee
for Weights and Measures (CIPM) participated (e.g., CCQM-K89, etc.). Certified values of As, Ca, Cd, Cr, Cu,
Fe, Mg, Mn, Ni, P, Pb and Zn with their associated uncertainties and information values of Hg and Na were
then reasonably obtained. Their property values of TRM-F-2006 were characterized by ID-ICP-MS, GSA-ICP-
MS, GSA-ICP-OES, Ext-ICP-MS and Ext-ICP-OES techniques. The TRM-F-2006 regards using valid procedures
for homogeneity and stability studies implemented according to the requirement started in ISO 17034 to ensure
the quality of CRM. TRM-F-2006 can be used for method validation and quality control purposes.

Keywords: Certified reference material, Herb, Green chiretta, Reference values, Measurement uncertainty
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iWetneatiuayunMAn s AULaERR Ay ulne
TiiANgnAes uaziiaouydeneainnsnaetiaw
naulAnamInsanen 9 o, Tefuniseansulusediu
ANANNITLIZNIARINAINITONNAIUNNTIA CMC
vwdulasaes BIPM annisiddanilsauiiaung
madaszvinaszmalumenmssne - inviamsdalavzwnin
”lummu"twmmmuwn@immummmm Tpenszuau
NNINAG TRM umﬂu"l,ﬂmmmmﬁmmm@mmmfawm
FUBIAINITUUADNIN ISO 17034 41113011 TRM
T4 lunnsnsasastaNgnFesaaddanagan 99N
U114 lunrsarupuanin waasied JiRnasle
sanvsdetaeliiviacjiRnsmmzinaaauayulng
Tudszmalnatunasmedandegeiusesnielulszina
Tunefivnzan anszeziaan unsrudanaalszma
vinlinanisdnanniiesdfiFnstiu o danugndes
Teazdanaliinsnanayulnsiiagnnin uaztasasis
grinsnannsialyl

2. AEMS9as (Experimental methods)

Tanenadeisesdminintfnaueglunsiveanelas
(TRM-F-2006) NfasifjiiAnsaineiaiiuviaeiai
AnTNRTINEUIRT AR U TN Ane
AT ullelAaaiy (Homogeneity study) WA
AHIENES (Stability study) ATNINDITILAZNATF LB
NTHARTAAENBITLIBIANITULAMUAN ISO 17034
[4] @9l dsrazinanlunsanfive sz 2 T (nanan
W.A. 2563 - AULNEIL W.A. 2565)

2.1 nsasiiauazailnsol
2.1.1 Sieve shaker (Retsch, model AS 300,
Germany)




2.1.2 Testsieve 90 um (Retsch, model ASTM
E11-95, Germany)

2.1.3 Sample divider (Retsch, model PT100,
Germany) .

2.1.4 \pisastiasifiageing (Anton Paar, Multivave
7000, Austria)

2.1.5 ICP-MS (Agilent, 8800 Triple Quad, USA)

2.1.6 ICP-OES (PerkinElmer, AVIO 500, USA)

2.1.7 HR-ICP-MS (Thermo Fisher Scientific,
Element XR, USA)

2.1.8 MANAERNAT (HDPE amber 125 mL,
Nalgene, USA)

22 @9LAN
2.2.1 Arsenic (NIST SRM3103a, USA)
2.2.2 Cadmium (NIST SRM3108, USA)
2.2.3 Calcium (NIST SRM3109a, USA)
2.2.4 Chromium (NIST SRM3112a, USA)
2.2.5 Copper (NIST SRM3114, USA)
2.2.6 Iron (NIST SRM3126a, USA)
2.2.7 Lead (NIST SRM3128, USA)
2.2.8 Magnesium (NIST SRM3131a, USA)
2.2.9 Manganese (NIST SRM3132, USA)
2.2.10 Mercury (NIST SRM3133, USA)
2.2.11 Nickel (NIST SRM3136, USA)
2.2.12 Phosphorus (NIST SRM3139a, USA)
2.2.13 Phosphorus (Inorganic Ventures CGP1,

USA)
2.2.14 Rhodium (NIST SRM3144, USA)
2.2.15 Sodium (Inorganic Ventures CGNAT,
USA)
2.2.16 Yttrium (NIST SRM3167a, USA)
2.2.17 Zinc (NIST SRM3168a, USA)
2.2.18 Elements in pine needle (NIST SRM1575a,
USA)

2.2.19 Elements in spinach leaves (NIST
SRM1570a, USA)

2.2.20 Nitric acid (65% HNO, Suprapur grade,
Germany)

2.2.21 Hydrofluoric acid (40% HF Suprapur
grade, Germany)

2.2.22 Hydrogen peroxide (30% H202 Suprapur
grade, Germany)

2.3 AFANAUNU
2.3.1 nawraNAfatnaNsinzatslas
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- Fanafimzanalasanniudmiing
Tagauayulnsing 10 Alandu waziinisuanusin
nradalasiennamidsaiulugenanasinlulug)
mnuuﬂmmmmﬂmmm@umﬂm%mmﬂhimam TEN
381 (Sieve) 11417 90 1uTasimms uaskauihuie et
FnglLATRaNANFaDENg (Roller mixer) 11iaan 1 §Uanif
waviuadanzanelas 7 fetraunvinnisAnm
mwmﬂummmmnu‘lummmu nudl Al
Walaeaniu
- TmLﬂiﬂdLLUdmmm\‘i (Sample d|V|der)
faaziinnsumasietnansiine mﬂhaamammum
Tiinsussqasluzanuiia Pyrex VII‘H?@Q?‘U AUNTLIY
VLmmﬂmqmmﬁ’lummyjm@mnmm (Barinunnavi
ANELaNAlAuN1Ta191n DI (Deionized) 1 781
ANtuiNIzLg 10% HNO, ilunaiuinnda 24 $alus
wazAN9A9ET DI BN 3 981) AUk 337 290 LneUseq
YINRT 25 NN
- tdshedensinzaelar 337 1n
luaneFa@ununn 20 kGy LW@@@IEN’WGJL%@@@MVITE] wa
Lﬂumiﬂm@mmﬂmmmmmqmqmimm
- ANmIAINNTY I HDRLCEBRRPE
Wnzanelas 0.5 nfy ”Lﬂ@u”lumummmu 80 °C
faan 16 9l m@uﬂﬂmm@ Freeze dry o
-5 °C, AHAU 13.3 Pa 1{luaan 20 Falus LL@ﬂ’éﬂﬂ‘L&
Tammmwmu (DeS|ccator) mmmmmm (S|I|ca gel)
@uaﬂiummq mumummmmuuﬂ Tneuaiild Ae
Anialusetnansiimeanslaswiniy 2.06%
2.3.2 MTANEUTNI AR 19NN AN
(Sample intake study) (:eiazidenaluiade 3.1.1)
233 nsAansiAd N wileAeany
(Homogeneity studies) (?Wﬂ@t@ﬂm@ﬂiuﬁ'ﬁﬂ 3.1.2)
2.3.4 N1TANEIANLADET (Stability studies)
(aaziesnag luinda 3.1.3)
- mmm:mmwmeivmﬁummmm
#1984 (Short-term stability study)
- nMsAnHIANATIIgITEZ NN TAR
#1984 (Long-term stability study)
235 3A1eWAqag 19N 1nzaalasg
(Characterization) (:n/azibanagilurinde 3.1.4)
2.3.6 MsliFnILsReLNTAAENIEN (Certification)
(eazidanagluiade 3.1.5)



\Aaninghu LA

. L
CRELEE] Ansnanugu

- / B
= B
. d <%

-Tawalmzanelasan - Sieve (swseunia - e ldudedaeiu - ussynaluganfenlneldisTeauisdinadne - anzdidunnan - Oven80:C
Aewann < 80 um) (20 kGy) - Freeze dryer
- Screening test

AnymBanudiedn a o 8 a o - P Y, ¥ o

Fmne nEAMALLULLaLAIAY Anmanuafias AiasziuazluA1ansda

- Banaudantnd - Systematic random (n=11) - Short term stability study (at 45°C) - ID-ICPMS - Certified value for 12 elements
wanzanRz 0.30 Afy - Bvaluation (ANCVA: Single factor - Leng term siabiliy study (= 12 - GSA-ICPMS, GSA-ICP-OES - Information value for 2 elements
statistical test) moniths, Isochronous methed) - Ext-ICP-MS, Ext-ICP-OES

1 v
717 1 dumeunisimLdanggeiuseslinimens lunaimzanelas

3. NALAZAIA19D! (Results and discussion)
3.1 msﬁnmﬂ?mmﬁ'thqﬁmmmu (Sample intake study)
ANgANELS NN AR s 9Nz AN Alaginfaedn91Fune (0.1, 0.2, 0.25, 0.30 WAz 0.40) Ni
\An HNO, 5 mL uaz HF 0.1 mL uwdavinnistesfieiazed Microwave digestor AINNANNINARBINLINLFHM
sathetiasnd 0.30 niu inliinanisdnlidesiinnuimenaitiasnniiauududtiias wagAdeuuinnggu
&g (Relative Standard Deviation : RSD) % iunausinsiesdjimnisimsngietiunzdueniy fia 11nndn 5%

wazsnatng ldfaandn 0.30 nin uBunnsetnaiiaeweiinlinanisdandanuududn uaziianugnies
pananalugiln 2

Sample intake
1700.00
1600.00
Bl
o 8
§ 150000
5 ’ : i
% 140000 * @
8 L - '
o
g 130000 . 8
S
o
1200.00
1100.00
0 0.1 02 0.3 04 05
weight (g)

UM 2 nansAnEBuNusaet 1 iwENzaN




3.2 m‘a‘ﬁnmm'\mﬂum'ammnu
NEMAIAINNIIRNEFIALNNEN Lwamiq'm'aummmul,uﬂmeﬂummqmm\immm Taetinmulanans
ISO 17034 16’1Nﬂ’]i"&ll[ﬂ']@?;l’1\‘1°]J’ﬂ\‘1'3’51ﬂ’ﬂ’]\‘l‘ﬂ\iLL[ﬁl@“’Tﬂ@ﬂu'su 11 99, TWEI'JWII’M'@“’ 2 11 WAUINIALATIES
paelnAilA External calibration ICP-MS Tagildafisi ANOVA 1uﬂﬁﬁﬂﬂﬁﬁﬂQﬁNLﬂuLu®Lﬁﬁl’mu HANNINAADL
taeld (a) Cochran’s test waz (b) One-Way ANOVA (F-test) Wummammmmtﬂmuamﬂfmu wazlud
mmmmnmqnu@mmummm Tnel
(a) Outliers 14a1n13 Cochran’s test; None LN@ R/lea‘ < Cochran critical value
(b) NN51l92131 ANOVA fingl F-test AMFUTTAUANNTRITL 95% (o0 =10.05); Pass Lm'a F-value < F-critical
Sup = The between unit standard deviation
S, = The repeatability standard deviation
Upomo = Standard uncertainty between unit variation
ot o= Percent of standard uncertainty

Wanud13an199a’1ef Sufficient repeatability Anldusnarananllifuiladentiu azdszfivlfann
Between-bottle variance Taainaann Within-bottle homogeneity effects fedndesnnn lnaanunsalssiluls
FAANNTN 1

No

Unomo = Sbb =

WwNWL413an39a 19 Insufficient repeatability 8nBwauas Repeatability standard deviation #ia S,
(Variation between units) ALANNNINANUI L AFIANNNTN 2

MSwvinin 4 2
Unomo = Shh = / n / YMSwithin @

Tml MS,ishin Lﬁﬂ“]_lwi’lﬁuyRepeatability variance m@&lﬂﬂii’mmﬁumiﬁﬂwﬂ Between-bottle homogeneity study
Tenan)sAnEANNuieAeTuALaaslunn9 1
AN3719% 1 Han1sAnEANNTluLameniy

ICP-MS 0.000 0.044 0.021 1.50%
Ca ICP-OES 177 457 211 0.97%
Cd ICP-MS 0.0028 0.0023 0.0011 2.3%
Cr ICP-MS 0.000 0.063 0.029 2.3%
Cu ICP-MS 0.0037 0.1368 0.0632 1.1%
Fe ICP-MS 13.7 20.7 9.6 1.7%
Mg ICP-OES 28.7 91.2 42.1 0.7%
Mn ICP-OES 0.158 0.697 0.338 0.6%
Ni ICP-MS 0.034 0.051 0.024 2.0%
P ICP-OES 25,8 5.1 24 1.0%
Pb ICP-MS 0.020 0.015 0.007 2.0%
Zn ICP-MS 0.000 0.751 0.347 1.0%
Hg ICP-MS 0.0004 0.0006 0.0004 2.7%
Na ICP-OES 1.06 1.22 0.56 0.5%
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3.3 msANMMANULADES (Stability studies)
3.3.1 MaAnwANANE Tz dUTesTandneB (Short-term stability)

mmnmmwmei”ﬂ”aum@\mmmqmuﬂm Isochronous scheme Tngifiufeenanaflinzans
I@iw@mmmmq . LW@@’mﬂmnﬁ%@munMWﬂmmuzﬂqwmum@m@ﬂ?‘mmmmmq 7 lunsdssfiuaiinsnin
m@qmﬂ?mmmmiumamqm'ﬂﬁmma‘iﬂa 1un naiuguund (22+3) C waz 45°C \luszaizioan 1, 2 uax
3 dlandd Imﬂimmmum\m\m 4°C antifinsziietsusanianiufamaila External calibration ICP-
MS uaz ICP-OES nelian1nznismaaaufieniiu (Repeatability condition) Aa18NINAANANIENLIENAAAAN
anulipsizaanIsreLatesaATeNE ABNTWTENARE1LAYIEIATITE AINNMIUsTHUNNIATA [4] (A3n13
71 3) wudualddanuuandeiueteiidedAny Nrzduanudesiu 95% duandliiiiuianisil Shortterm
stability LilasaniafssnInaesg g e uiEEaiAN AsayuiuannstlAndnanatnisliatiasninaasian
Eridarzarduia Iaanunsoagiveaalainueuil 4

_ _lol
tb] - s(bl) (3)

nel 1, <t, . =Stable
3.3.2 NIANHIANIATIEITTEZE19289T8AE1984 (Long-term stability)
. HeslfiAnsiimanzveiuradiailivinnisidengusinetnaesiimeanalas Auau 2 vanliiiuld
= a ) =1 A o o ' o 1 ] o
Mool (22+3)°C luszeziaan 1, 3, 6, 9 UAT 12 HaUANNAAL Wudan1sdnLEnnnes lHANLANseil

a
'

atheiitiadAty Nszdunnaidetii 95% wanviszaznarluniaiuinesetsaiimzanalasiiguunil (22£3)°C
lidenansznufsszauanudndugasensiag o Gsnsmlzemn 4 spddnsusdulllunafeniu fe ldiuus
i (Trend) 2R90aNIAATITRATY ﬂﬂm@mmmMmmm As Tt/ FinATia GSA-ICP-MS uaz Pb tneldinaiia
ID-ICP-MS tflusiig mLL@mﬂui'ﬂ‘w 3 wazHAMIANEANIATETIZEzE Wandlumead 2

Concentration of As (mg/kg)
Concentration of Pb (mg/kg)

0 2 4 6 8 10 12
- 9 6 8 10 12

Storage time (months) Storage time (months)

U7 3 AnuiaTiesszeza1aed As waz Pb lushetnansimzanelas
Tae 1y, ldanuanisAneauaiasluszazeng Tneld Trend analysis Aaaunish 4
Ups=Sp Xub (4)

§p = mmﬂmmLﬂ@faummﬁmm@mummmm (Standard error of the slope)
X, = umwmmlummqm (Time)




dl =2 a
AT 2 HANITANHIANIAD AT I UTE Iz

4, (noto) u, (maa)
As 0.03 Mn 1.32

2.0% 2.4%
Ca 486 2.4% Ni 0.04 2.4%
Cd 0.003 2.5% P 20.5 0.8%
Cr 0.021 1.7% Pb 0.02 1.9%
Cu 0.12 2.2% Zn 0.20 0.7%
Fe 5.0 0.8% Hg 0.0008 5.0%
Mg 146 2.6% Na 3.00 1.5%

3.4 FAsziinlatiaflInzanalas (Characterization)
Tumsmnzifinnuang lussianganalaniu Tdihdetmsiianganalasn 0.30 nfu Fin HNO,
5 mL waz HF 0.1 mL w&avinnnseieafqeLaAzas Microwave digestor MukAazdunauni1samey In13ld QC
sample @wA NIST SRM 1575a (Trace elements in pine needles) az NIST SRM 1570a (Trace elements in
spinach leaves) #nt Ananisatasziiiunnlusnet wiinnzanslastaamaiinsng - wansluniaem 3

I~ = < o a
R399 3 wansaarsidiunalusnetsianzanelasinamaiinsg ]

Mss acion (ngKo) i, (noho e
As 1.28 0.02 A), B), C)

Ca 20,231 199 A), C), D), E)
Cd 0.141 0.0005 A), B), C), F), G), H)
Cr 1.25 0.0005 A), C), F), G)
Cu 5.64 0.05 A), B), C), G)
Fe 659 8.6 A), C), G)
Mg 5,616 77 A), D)
Mn 54.4 0.75 A), C), D), E)
Ni 1.60 0.02 C), F), G)
P 2,726 32.9 A), B), E)
Pb 1.23 0.006 A), F), G)
Zn 30.9 0.20 A), C), F), G)
Hg 0.017 0.0005 Q)

Na 200 2.44 B), D)

© Analytical method Aa 38N193LATIzLENEE lureiinnzanalas
A) Gravimetric standard addition-inductively coupled plasma-(quadrupole) mass spectrometry
(GSA-ICP-(Q)MS)
B) Gravimetric standard addition-inductively coupled plasma-(high resolution) mass spectrometry
(GSA-ICP-(HR)MS)
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C) Gravimetric standard addition-inductively coupled plasma-optical emission spectrometry (GSA-ICP-OES)
D) External calibration analysis-inductively coupled plasma-(quadrupole) mass spectrometry (Ext-ICP-(Q)
MS)
External calibration analysis-inductively coupled plasma-optical emission spectrometry (Ext-ICP-OES)
Isotope dilution-inductively coupled plasma-(quadrupole) mass spectrometry (ID-ICP-(Q)MS)
G) Isotope dilution-inductively coupled plasma-(high resolution) mass spectrometry (ID-ICP-(HR)MS)
H) External calibration analysis-inductively coupled plasma-(high resolution) mass spectrometry (Ext-
ICP-(HR)MS)
ﬁ\‘lﬁﬁ'ﬁ]\‘i{]ﬂElﬂ’ﬁ?'lLﬂ?ﬁvﬁ‘ﬂuuV]TﬁlLﬂNEI\‘lVLﬂL‘}J’W'JNL‘LE‘EI‘LILV]EJ‘]_IN@WW?Qﬁ‘lﬁ‘ikl'?ﬂﬁi’)I?lh&ﬁl‘)‘ﬂ‘&ﬂﬁ‘ﬂﬂ@’)ﬂﬁ@’]ﬁl
LWfamemmmmmiummmiumamamq 7 1Aun CCQM-K89 [5], CCQM-K108. 2014 [6], CCQM-K125 [7],
CCQM-K145 [8], APMP.QM-S17 [9], SIM.QM-S10 [10], CCQm-K128 [11] \ilusiu GﬁQLNW?ﬂsﬂﬂluﬁfJ‘ﬂﬁdeﬁﬁ
ﬂ@um\mﬂmmm@umumeﬂmnmﬁmﬁﬂmmai% MWﬂLL’&ﬁﬁﬂquaﬁuﬁiﬂﬂ‘ﬂ\‘lﬂ%"}ﬂﬁﬁ[31[31'1\‘1 "’] EluLN‘Vlﬁ‘ﬂsﬁ
mm‘lﬂm ﬂ'aummmmmmiummmﬂ?mmmmiumﬁﬂmawhﬂm Tmmmmmummh‘mmma Exact matching
double ID-ICP-MS [12] "INL'ﬂuLVIﬂuﬂﬂ’]‘i"Jm'V]VLE’]i“LIﬂ’]ﬁ‘?;l@llﬁ“]_ls[,uiwﬂll@ﬁﬂ@fﬂL'ﬂu’lﬁ‘VlNV’]’J’]QJLLNLLZN ANNTDADL
flaunaulyds International System of Units (SI units) 1iTramnse anidu As Lag Mn Lummmﬂu Mono-isotope
Tadanunsnld 1IDMS 16 acldinatia GSA Tunnsdnisunusng esdfimnismssdetiunzdiadldiuniseeniu
drfiavnaNnsaneiunsinlinaussnuazianzvrindsnguuivlad BIPM Ingunisdnsunseudiay
HaN133R N9I9ARNTEULARINN ISO/IEC 17025 Waznns Peer review tael Technical expert a1nALseinsn
aeingmaLiied [13] Imﬂuﬁﬂgﬁummmmmmmiumﬁmﬂ?mmmﬁﬂumﬁ’m:mEIT@?LLmﬂummﬁ 4

19N 4 nanguAuannmn lunieialFunnis g lureianzanalas waznsaeudeunaulilda Siunits

Proof of competence Standard solution | Traceable to SI Unit

CMCs* NIST SRM3103a =

Ca CMCs NIST SRM3109a \/ -

cd CMGCs NIST SRM3108 v :

Cr Self-assessment™ NIST SRM3112a \/ =

Cu Accredited NIST SRM3114 \/ -

Fe Accredited NIST SRM3126a \/ -

Mg Accredited NIST SRM3131a \/ =

Mn CMCs NIST SRM3132 \/ -
Ni Self-assessment NIST SRM3136 \/ dunahdmufeufieusants

dnlugnanis CCQM-K128

B Self-assessment NIST SRM3139a \/ -

Pb CMCs NIST SRM3128 v -

Zn CMCs NIST SRM3168a \/ -
Hg Self-assessment NIST SRM3133 \/ ﬂﬁyﬂﬁ?LiﬂiQNLLﬁ‘ﬂuLﬁﬂ‘umﬂﬂ’]i‘

dnlugnenig APMP.QM-S17
Na Self-assessment Inorganic Ventures i )

CGNA1




*CMCs (Calibration and Measurement Capability); #iasfjiiAn1siasviatiunadiail dAnuamnsanwniin
duneesivluszAuainauazsinglu CIPM MRA database (KCDB) Tnauansndngiuuwivlafaes BIPM
(e UNIRTINanlan)

** Self-assessment; N13AAYINTTULAMNN ISO/IEC 17025

3.5 mMslANTUSRILIARA9AY (Certification)
TunslirnFusesundagdnedeiiesfiiRin1sl435n1991a21e4 (Analytical method) 16ur ID-ICP-MS,
GSA-ICP-MS, GSA-ICP-OES, Ext-ICP-MS way Ext-ICP-OES FTIA5UIDY (Certified value) T#una1n Weighted
mean 11 3 unasnan i T&un Characterization, Homogeneity LAz Long-term stability mfmmmummq I N@mmm
VMHATIENIU On dry mass basis uaza1unsngaudiaundyluds St units 16 Fanauanslunnsai 5 uaziitaiaz
ﬂﬁ‘vNWELLWJ’mVLNLLuuﬂuﬂJ‘ﬂ\‘iﬂ’]‘VlVLm“Llﬂ’]'j‘?‘LlT‘ﬂ\‘iu aglainnesnAAn L dueusananalfiddaeiu Aedunns
715 uay aun139 6

2 2 2
Uer = ‘/ U char U homot U s (5)

Uern = 2 * uc (6)
el .
TAannuani1sAnEANluilamaai
I HRINNANIANHI AT EILE9
Tdannisduiinsnziidnetnenesianeanelas

homo
Its

char

o o

As1ad 5 namslAngnedaun Tand9BedniudnEunnens lunsianzanelas (On dry mass basis)

Elements Mass fraction Unomo Uiss Uchar U, U cru (95% Cl)
(mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) gl
il 2 0. 0 0.02 0.04 0.09

Cel® 20,231 211 486 199 566 1,133
cd® 0.141 0.001 0.003 0.0005 0.004 0.008
Cif 1.25 0.029 0.021 0.0005 0.036 0.080
cu® 5.64 0.06 0.12 0.05 0.147 0.30
Fe® 659 13.7 5.0 8.6 16.9 34
Mg® 5,616 421 146 77 170 340
Mn® 54.4 0.34 1.32 0.75 1.56 3.1
Ni®© 1.60 0.03 0.04 0.02 0.05 0.11
pe 2,726 25.9 20.5 32.9 46.6 94
Pb® 1.23 0.02 0.02 0.006 0.032 0.07
Zn® 30.9 0.35 0.20 0.20 0.45 0.9
Hg® 0.017 0.0004 0.0008 0.0005 0.001 0.003
Na® 200 0.564 3.00 2.44 3.91 10

(a) Certified values Lﬂumwvl,mmnmﬂmrjmmmem 2 vivaunnd 2 Faal
(b) Information values Lﬁumﬂniﬁiﬂqmeﬂum@mmmummmﬂ@ LmewnfamVL:umewaw%ﬂivmummiuLLuu@u
aslasrypnnulduiuen
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4. @31 (Conclusion)

nanaAezieiiunatiad thaninnaainay
NN ANTUNIATINEWIRTNR HARIAREN9BT LB
dmindnfsunouenglunsimeanalas (TRM-F-2006)
191 337 wdae TaellinnnsAnEn A auilaifaaiu
WAZANINLANE18TEAE19EY sandlH A EB e
515 14 93n Tasuiadup81989 (Certified value)
12 57 A8 As (1.28+0.09) mg/kg, Ca (20,2311,133)
mg/kg, Cd (0.141£0.008) mg/kg, Cr (1.25+0.08) mg/kg,
Cu (5.64+0.30) mg/kg, Fe (659+34) mg/kg, Mg (5,616+340)
mg/kg, Mn (54.4£3.1) mg/kg, Ni (1.60£0.11) mg/kg, P
(2,726£94) mg/kg, Pb (1.23£0.07) mg/kg Uaz Zn
(30.9+0.9) mg/kg LLﬂzﬁ’]Lﬁ@Lﬂu%H@ (Information value)
2 579 AR Hg (0.014-0.020) mg/kg WAZ Na (190-210)
mg/kg Tnednssisaamaiiagig <) léun 1D-ICP-MS,
GSA—lICP—l\/IS, GSA-ICP-OES, Ext-ICP-MS way Ext-ICP-
OES Tnszununsu@n TRM ifhilumasnnsgunisudn
TAAENBIFUIBIAINITULANIN 1ISO 17034 #1190
mumuﬂmﬂmmqmmmmm AAINNINUTAA BB
frmmmwmuwuiﬂ”lf’ﬁ‘luﬂ’wmm@@ummmm@mqm
VLG mummiﬂ%ﬂumimummmmwmmwmﬂgum
19 enmﬂm’lmmmLﬂmvwma@uauu”lwm NANNIIAT
HANgnFied Laziiannudena

a _
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A study of Nakornpathom red clay body
for application in ceramic products
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Abstract

This research aimed to develop red clay body which was used for stoneware production in Nakornpathom
province. The body should have high fired strength, closed to the body strength used in current stoneware
production which would be strong enough for forming and handling. The research was carried out by a selection
of raw materials: Nakornpathom red clay and Sieved-Nakornpathom red clay, compared the results with
Chiangmai commercial clay. The clay slap was pressed into the square-shape mold and the green samples
were then sintered at a range of 1005 to 1248 °C. Colour, phase information, chemical composition, flexural
strength, hardness, water absorption, shrinkage and thermal expansion were determined. The results revealed
that the properties of Nakornpathom red clay can be developed for use in the stoneware industry. The water
absorption rate of Nakornpathom red clay was less than 3% when applying the appropriate firing temperature
between 1105 to 1200 °C. After firing, Nakornpathom clay showed red brown in color (L* a* and b* values were
34.84 20.22 and 34.81, respectively) with water absorption rate of 0.00%. Nakornpathom red clay and Chiangmai
commercial clay presented no difference phase composition which contain quartz, cristobalite, mullite and
hematite. The flexural strength of Nakornpathom red clay was 39.08 N/mm” which was higher than Chiangmai
commercial clay (22.58 N/mm?). The thermal expansion coefficient of the clay body was slightly higher than
W31 clear ceramic glaze. The glazing ceramic prototype made from Nakornpathom red clay showed high

flexural strength with no visible crack.

Keywords: Red clay, Stoneware, Ceramic, Nakornpathom
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Abstract

Office of Atoms for Peace (OAP) has started to install underwater radiation monitoring station after nuclear
disaster at Fukushima Daiichi nuclear power plant, Japan, in 2011, to measure gamma radiation under seawater.
Measured data can be useful for nuclear and radiation safety regulation for the purpose of human and
environmental safety. An important problem happened to the under-seawater radiation monitoring station is
the leakage of seawater entered into sodium iodide scintillation detector (Nal) causing damages to components
inside Nal detector such as sodium iodide crystal, photomultiplier tube (PMT), and tube base. To solve that
problem, OAP has designed and developed a loading device for underwater radiation detector and so on
through installation, system testing, and calibration with Cs-137. Result from measured data shown that gamma
radiation background (BKG) under seawater at Songkhla province is approximately 10 nSv/h. After installation
of loading device, measuring system can be operated efficiently and sustainably and it can be employed as

prototype for design and development in future.

Keywords: Sodium iodide scintillation detector (Nal), Gamma radiation, Background, Underwater, Loading device
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Abstract

Indigo (Indigofera tinctoria L.) is a shrub belonging to the Leguminosae family. It prefers sunlight and little water
and mostly grows in the north and northeast of Thailand. Indigo is considered the well-known textile dye in textile
industry due to its beautiful and durable color. After the production of dye color from the indigo, a large amount of
indigo stem has been discarded as waste. This research thus aims to study the feasibility of using indigo residues
from dye extraction process as raw material in handicraft paper production to reduce the amount of waste and add
value to indigo stem waste. Indigo wastes after dye extraction was analyzed the chemical compositions and pulped
by soda pulping process. The indigo pulp properties were further improved by beating. Then, handicraft sheets was
formed and tested for the physical and optical properties. The paper bag packaging prototype was subsequently
made from these indigo handicraft sheets. The results showed that the amount of holocellulose was 28.6% and lignin
was 12.1%. The indigo pulp after soda pulping had 58.3% yields and had 190 mL CSF freeness after being beaten
for 3 minutes. The pulp could be formed into handicraft paper without extra additives addition. The handicraft paper
made from stem mixed with leave had tensile index of 9.63 Nm/g, tear index of 8.28 mN.m?g and burst index 0.69
kPa.m’/g. The paper bag made from this handicraft paper could be used to carry the light-weighted item.

Keywords: Indigo residues, Chemical composition, Handicraft paper
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4. ﬂ‘a‘ﬂ (Conclusion)
LﬂiﬂLﬁ@@ﬁMﬂﬁNNL@N’]mmﬁﬂ?yﬂﬂuLﬂNIﬂ@LﬂENﬂ‘LIW“D
7lailels (Non-wood) TudAs TR NENdileiede
1.34 mm uazdsiupsmianuedulaendudniias
\a&eIaEl 1.36 mm fam@ﬁlumqmwmqmmwsnmu’lﬂﬁwm
1l mmimm@mLﬂum@”meﬂmvmummmu;uu
i) LLmvmmmmmﬁmu nazaeinnnsInlAlngldifes
AN m@umwﬁummsmmm PANMLINLL B EINTZ AN
ummm?‘flmmumwaﬁLufa\amﬂLﬂumwmafaﬁmﬂmquﬂws
AFPA NSHARIENITANEANNAIEENTZMINIENE LAY
iumgummmﬁm’lﬁéﬁu’lﬂﬁmqmmmgmﬂummaﬁmzmw
mrﬁuﬂfjnmﬁmmﬂmﬁlmmwﬁawhﬁuLL@zﬁdmmlimLﬂigﬂ
wsunsvanenihuussarinusilssinnoudmitsmdaedhil
g wazmnnsiasmsiiunliussqrioui sz
ANNTEANHFRNNITNAEARFUAT NN T I F LA
waNVANE Lazae N NnIg AR DIigRA NIy
anasedldansiteiuA KSR esUNEnN

5. neRAngsNUszmeA (Acknowledgement)
1evauAndInguawnAlulatquudmiu
fayan1sfinsaiNadaing s uazanseniu laviulne
flgnuazndnamu sunaislau dmdngnauns fieie
fupsamdamasindiuRanssideil LAYIRTRLIAN
MARTERA O s MmN msAnaRS AR
ayAzilunslindesqanssmidvivdinseiduly

6. LANA1921924 (References)

[1] wﬁwmﬁﬂgumwmﬁ, &rinaneniinig eudeys
vieatiu. A3 : ifien@ossnnA [Bumediin). (1.4l
[dnDaiiie 3 womaniaw 2565). ideldann: ntto:/
www.esanpedia.oar.ubu.ac.th/tint/?page_id=59

drtinaanznasunsiiAmiteszanau Tasenis
fuillasnainnezmaaTs. glenisudndidannanu

[2

=

[Bumasidn]. AuWAZsn 2. ngawmne: 1sdnywiliug

19w ¥i3 Anrie; 2555 [inlaiile 27 ganax 2565]. 1
faldann: https://www.rdpb.go.th/UploadNew/
Documents/fngianmsna.pdf

[3

[}

NINAULETUNNTINHAT. TTULATAUNANTHAANIG
Aununs ayulnsuaziezeana (asn) U 2562
[Bumesiiin]. 2563 [inTailie 9 wyrAnEw 2564].
infalfann: https://production.doae.go.th

NEATAUNIL. UgnATuLINaIuNel Wikitema
L’&?N?’]EIVLMI@\? mﬁmﬂmjaﬂwmummim [Bumaiiis].
2560 [Lmﬂﬂqua 3 wqmmﬂu 2565] dhiveléann: https:/
www.sentangsedtee.com/farming- trendy/article_37502

[4

[l

[5] Aragla Tanin, Wann ingnle, gaus LALA IS,
BnEnaze9e g LN o NANAALATAININTEY
WAARUTATIN. 91961TINHATNIZABNING .
2563;38:426-33

[6] Henriksson G, Brannvall E, Lennholm H. The Trees.
In Ek M, Gellerstedt G, Henriksson G, editors.
Pulp and paper chemistry and technology volume
1 wood chemistry and wood biotechnology.
Stockholm: School of Chemical Science and
Engineering Royal Institute of Technology; 2009.
p.13-44.

[7] Ferdous T, Ni Y, Quaiyyum MA, Uddin MN, Jahan
MS. Non-wood fibers: Relationships of fioer properties
with pulp properties. ACS Omega 2021;6:21613-22.

[8] Kawase K. Chemical components of wood decayed
under natural condition and their properties. J Fac
Agric Hokkaido Univ.1962;52:186-245.

[9] Shakhes J, Zeinaly F, Marandi M, Saghafi T. The
Effects of processing variables on the soda and
soda-AQ pulping of kenaf bast fiber. BioResources
2011, 6: 4626-39.

[10] Leponiemi A. Non-wood pulping possibilities — a
challenge for the chemical pulping industry. Appita
J. 2008;61:234-43.

[11] Sehaqui H, Zhou Q, Berglund L.A. Nanofibrillated
cellulose for enhancement of strength in high-
density paper structures. Nord Pulp Pap Res J.
2013;28:182-89.

[12] Ardsamang T, Puthson P, Somboon P. Effect of
long-fiber hardwood kraft pulp from Baccaurea
ramiflora Lour. on handsheet properties of pulp
blends. Agric Nat Resour. 2020;54:287-94.

[13] d19In9UNIRIFIUNARA U gRAIINTIN(AN).
NIRTTIUNAR T g RAIUNITNNTTAN U TS,
NBN.170-2550. NPINN: &ND.; 2550.







Bulletin of Applied Sciences, Vol. 12 No. 1 January — June 2023: 65-73

msasragaLANNlTlAIasNaAga LS uNIMBd dansd
nnnA 1AstNeN TNALAUN LAALNEN LASAZMNLNIAANNIAIN
MAUSIANDTNL TN

Method validation for determination of manganese, zinc, nickel,
chromium, molybdenum, cadmium and lead released from aluminium
cooking utensils

apnla NN, AuR Aednuaed”
Jitwilai Waluvanarak', Wandee Luesaiwong'
FULNAIN: 3 NNFIAN 2566 LA MILNAIIN: 27 NNATWUE 2566 ANFURNNA: 27 HuAN 2566

unAnsa
o a Yo a \ \ a = -

naussnazgiionlafuadufianetaunsuanalulszmalnauavilszmalugiiniaandauiiiasann
~ Y o o o vl , = Ay v [y A a 2 py o o w
Huminun anufeulsn wazsangn atslafimuideseamasnmusyesiiasgiitlun Ae e auzdndany
ananifiungn amnsaiansundzaazatteantedanzsing o dnllgamnmisimuisnaseuiunndans
al' ' 1 al' [=] o o 5| ¥ = % aa =2 ail'ﬁ 3|
Munsaaningansidusaunuansaniiusiesinsnmasauruldlsvedinaasunisinmntidsiiunisasmagey

o aal N o A a a = a ao - o \
AN Tl FraRanagaU BN Nenta 49nzd dnna Taaden THALRT AR LAZAZANLNIAANNIANN
mausinevg ity fametinduaninadniianaauneanfinaadiaduaininswss (ICP-OES) Ay Metals
and alloys used in food contact materials and article. A practical guide for manufactures and regulators [1] Wudn
FangldanuadipraadaduiuNImAdaULNan1ta Tnna Tasien TNAURITN wAsEeN Reia windu 0.05 - 1.0
AAANTUAARNT WATAINTA WiNU 0.10 — 1.0 RAANTNFADANT ANTASNTANIIATIAUIIBIWINNILE FanyR TNAa
TAneN TNAUATN LAALHEN Lazmzia Windu 1.0, 7.4, 0.6, 0.3, 0.3, 0.2 way 2.1 tulAsniuFeans ANTASNTRA
Tunedpdefiunnmesdanz@wintiu 0.10 Hadniusiedns uarsniimae Winiu 0.05 Hadninsedns Nsdne
1 1 v
ApnalenBeuar ANtz IAUNGL wazFesaresAdrudsnuunnsgud N S1ewiasnn
@fﬂuﬁq\ﬁ 83.8-98.4 LA 0.45 - 4.17 ANNAIAL LL@:ﬂ'ﬂmmimniu@ummwmLLﬁimm@ﬁrfiﬂmﬁlﬁ@mz +15 N9epLl
A o v o ¥ aa Y & A \ v a a [y a

pNITRUEREAL 95 ANt AANAA LB UEEIISATILNBENNIAINA TGN g LN tImMATA ICP-OES
thunsasagauanlgliues uasmanzaniudngszasiniglden

'
o o o~

AdAty: MTuzsnezgiiflen dandudasims sgiunsvideszans

q

"nedmdAusiuazkaniusigUing nsnanenmaniiinig




Abstract

Aluminium cooking utensils are widely used in Thailand and other ASEAN countries due to their lightweight,
transferring heat quickly and cheap prices. There is a trade-off, however, because almost all aluminium cooking
utensils can release metals through food when they contact with acidic foodstuffs. The method for determination
of manganese, zinc, nickel, chromium, molybdenum, cadmium and lead released from aluminium cooking
utensils by inductively coupled plasma optical emission spectrometry (ICP-OES) was validated according to
Metals and alloys used in food contact materials and article. A practical guide for manufactures and regulators
[1]. Results showed that instrument working ranges of manganese, nickel, chromium, molybdenum, cadmium
and lead were 0.05 - 1.0 mg/L and zinc was 0.10 - 1.0 mg/L. The limit of detections of manganese, zinc, nickel,
chromium, molybdenum, cadmium and lead were 1.0, 7.4, 0.6, 0.3, 0.3, 0.2 and 2.1 pg/L. The limit of quantitations
of zinc was 0.10 mg/L and the others were 0.05 mg/L. The bias and precision studies showed that percentage
of recovery and relative standard deviations of seven elements were 83.8 - 98.4 and 1.17 - 4.17, respectively.
While the expanded uncertainties of all elements were less than + 15%, at the confidence level of 95%. Therefore,
this test method for determination of seven released elements from aluminium cooking utensils by ICP-OES is

valid and fits for intended use.

Keywords: Aluminium cooking utensils, Food contact materials, Release element

'Chemicals and Consumer Products Division, Department of Science Service
‘Corresponding author e-mail address : jitwilai@dss.go.th

Bulletin of Applied Sciences, Vol.12 No.1, 2023



1. UNUI (Introduction)

NTULAIFN PD mﬂmmmmu’lumummﬁm@u
wsl%ﬁlumiﬂiwrmummi qmmu@ﬂwmmhm@mmmu”
wasindanluey Ae Tangsing o i wdn wdnndnliails
waveargiiion Inaniguryes navgiitanld 5y
ﬂ'}’n\lﬁﬂuﬂﬂl’]\iLLWﬁ"ﬂ@’]ﬂiuﬂﬁ‘”mFiVLV]HLL@”ﬂﬁ‘“’LV]ﬂ
”LuﬂmmmmLsnﬂw,u@\wmmmu’mumm HanuFau
187 i lilszudndamas WATIIANYNNINNTULINFN
wannanliaia Ifam\ﬁ,iﬂmmamwmmmuwmmu
azgiilan Ao Wanauzdudaiuanmsnidunsniise
PraLAN A1N1T0NANITUNTUTRAZANEBDNNIT D

avgiflanuarlanzsing o) dnldgamng dealiifising
mmm’mLzﬁm@ummﬂmnm’;‘mﬁ?ﬁmm‘immmdmmﬂ
Taellaidsla Fori mmﬂmmmqﬂmsﬂuvmmui@m
LL@VI@WN@MNMmmmm;”l,mfammmmﬂ@@ma
104279117 Jaqifulszmaluannnglslvanailszing
mmmuvmiu‘lﬁ‘l‘nmmuvmmmm@mmﬂﬂmmum
uarazgiitlanlans muwiuumsmmuum T 2004
wmwaiaﬂimﬂm%ww 1935/2004 Saiusziiien
mmnuma‘ﬁmﬂumsﬂmﬂﬂum?mmmmmnmm
mmmﬂui”muwLﬂu@ummmmmwuuwﬂ vizalua
mﬂ‘wmuﬂi”ﬂ@umma‘mmuuﬂm VIRNNAETAT R
LAZNALIBIANNT Lmvivmm‘uu”l,msvummmmmm
A% 17 ﬂi:mm‘ﬁmw‘ﬂmmLL@:T@mmmmm [2]
aendlsfinniiaqriianinglsldaliiianaseuninsgm
Aidudandudannmatlssinnianzuacianeuan Hies
WU URA1N Metals and alloys used in food
contact materials and articles, A practical guide for
manufacturers and regulators [1] PAAANALRL Committee
of Experts on Packaging Materials for Food and
Pharmaceutical Products (P-SC-EMB) %ﬂﬁ’ﬁ’ﬂy‘@
Lﬁmﬁy 1) specific release limits (SRLs) vral3u10u
gegaineenlileseulanevieloaaulanzuan lumie

faAnfuaENIUNRTRaYAERENINANTAAVTELII T

(MgnrinuuaNunEn) geruslundaeilaniu vizeans
Lﬂuﬁmmummi (food simulants) 2) WINNNTNARBL
‘]ﬁmmiwvmwa@@nm (release test) zdm']imﬂuml,mu
prnslneiEneaeuidfeshunisnmaaenanul gl
20938 WAT 3) LNTINNT8aNTLLB9TARNTANITATIANMN
(LOD) Indnfian1adnifinnn (LOQ) Fesazaaddipu
NaL LL@:?@ﬂ@mmzﬁ'quLﬁmLuummgmﬁmﬁmf

o o = X4 o aal o o a

AQUUNITANEH RN U ENAAD LA MTLU LN
ﬂmfﬂq‘WN@WﬂmsﬂﬂqﬁﬁuvﬁﬁﬂN@u@NLHﬂNIﬂﬂW?Q@@@U
ﬂm@ﬂiﬂ’myﬂﬁqﬂﬂ@ﬂmﬂEILﬂEIQﬂUﬂ?‘NWEHI@VVWLLW?ﬂ@ﬂ

NGaTiUNUeIMNTLIENNNIARIN Metals and alloys
used in food contact materials and articles. A practical
guide for manufacturers and regulators 1ABINNTWENLN
Tanasaunaieillinmageunnulfldredinaaey
Bunnuaaniiia 43ned waziinia (@dlueadilsznay
sadlulanzazgiulon) tandllan TuAUATN LAALHeY
wazazin (@iuansluilen) Aundaanuiannnnauy
wisinazgiitian InarvuaAA N liuiueud g
aganani1nagaaulanzumazainliiiusfesas 15
nsAnEALIANHTaNIT1ReRa LA daanisldeu
1841ATR9Ne (Instrument working range) Ananim
N19/9799%1 (LOD) %fﬁﬁﬁmmﬁ@ﬂ?mm (LOQ)
ANTauLBeY (Bias) WATZAININENTENI14NANg
(Intermediate precision) 1989 UINNAINLANANT
The fitness for purpose of analytical methods.
A laboratory guide to method validation and related
topics. [3] warn1rtszunniAAnn il i ueues
N1/ ANLEBNENT VAM project 3.2.1 development and
harmonisation of measurement uncertainty principles.
part (d): protocol for uncertainty evaluation from
validation data. [4]

m‘iwfmumﬁmmmuuﬂmummmamwmu
mmsl,%lm'amﬁmmmumﬁmm‘iwmLﬂummmm@‘u
789 (baan1ila dans@d uaziiniia)ane \asangadadl
mmmumiwmauummmmmummﬂ@umLﬂu
aﬁiﬂmﬂfﬂuwmmmuﬁmm mymwmmnmnuum
ﬁ-NuI@mzwmamm@nmzﬁmmﬁmmnmﬁ sty
‘wwmunumwLmeumLmuﬂm@Lﬂu‘twmuﬂwm@ﬂiywu
AAVANLILTULIRITINNE ﬁﬁﬂ%ﬂﬂﬂilﬁfﬂﬂﬁﬂim%mﬁn
udaunuansszinnnsauazniaznimaaaunld
Lﬂumm@nmnwmvmmmfau‘l,umqvwLLmnm (Worst-
case conditions) u@ﬂmnummm@mimwmimf;%@u
mw‘lﬂmmmﬁwmﬁﬂuﬂimmm@mLuﬂmuﬂu
89AUTENAUNANTBINTUTINAN 1BgaInTIHIULY
finsAneuaneFeaieaiunisunieansesesg il
mnmmwmﬁmLL@W‘T@@&"Mﬁmmmiﬁmamm@”@ﬁlﬁw
w&a [5-7] TanannsAnesrydnesgiilanainnsnung
@fﬂﬂmamamLmummiwLﬂummiuﬂ?mmmmmﬁ
Specific release limit (SRL) m@q@v@muﬂwmmmwu
FUTTIAT89FAUNUANTBNMS LAY NNIZNNSN AR LTS
Tmmmmaﬂgum Metals and alloys used in food contact
materials and articles. A practical guide for manufacturers
and regulators NuUALA Specific release limit (SRL)
we3azgiilaNwiniy 5 Hadniusanlaniuaims




aa a o .
2. 96M4994a8 (Experimental methods)
2.1 paasg
¥ g = & v v
nauryed NN ldlun1sAne Ae nlen 1
BN TWIAAINY 600 HaAART TasduunaAT
ANTEARLARIINTL

22 nsasiiauazgilnsol
2.2.1 irasBudniivaAniianataunaenin
paaaiatualninsimes (ICP-OES) &%a Thermo
Scientific {4 iCAP PRO Series HARAINUszmAleasnil
2.2.2 unuliipanndau (Hot plate)
2.2.3 NITUBNAN

2.3 @19LAN
2.3.1 8NIZAENIAIFIITALNNEN (Reference
solution) &%e High Purity k@RaINLszinAanigaizng
AuLdNdY 1,000 NaAnSumAeanT a1uiuaiiudulag
AMsgaLiEL
2.3.1.1 A19TANENIATFIUUIINITS
2.3.1.2 A13AzANENINTTINAINTA
2.3.1.3 4190 TANENINTIUUNAR
2.3.1.4 a19azanannsgulagien
2.3.1.5 a3azanaNIn g IuINALAN
2.3.1.6 @190ANHNINTFIULAALIE
2.3.1.7 4190 LAN8NINIFIUAZTA
2.3.2 #1TAZANYNIATIIUTTAUENDS 7 57
AINTe 2.3.1 8@ Perkin Elmer w@mmﬂﬂiymﬂ
anigawiini Anudindu 1,000 Haaniuseans waiy
AURZULUAN a‘?ﬂm*uma‘mﬂ'ﬁmfﬁﬁﬁmmﬁmﬂ?mm
NIMNAANNIBULB LN LAZNNIUNANLNEN
2.3.3 N9ATFAIN (AR grade) HARAINLIZINA
el }
2.3.4 WrdmAanleesn
2.3.5 ufiaenfneuniuLigniiesa
n91 99.995

vlaitlag

2.4 AEmaaiuanu .

2.4.1 d9an171auae9LATeeEe (Instrument
working range)

g5 dulAanisaausisy (Calibration curve)
seydneAAuLaLazANdindiuIesansaTany
ANUANE 9T 1 WA ANANL s AvENasmALlA (Coeficient
of determination, R?) mmmzwﬂ?xmlﬁmummwuﬁ
(Correlation coefficient, r)

Bulletin of Applied Sciences, Vol.12 No.1, 2023

AN 1 Fhﬂ')’\llL“ﬁll“ﬁu‘]]ﬂﬂ’&%‘@t@ﬁﬂlﬂ[ﬂi‘ﬂ’]uﬁmiﬂ

ANLTNTY

(NaansN/ansg)

wNHg d9n<d Aniia
TAsRen TuauRTTN
LAALHEN LATAZAD

ANTATANULLAIA
(AN32ZAENTATAINANNIN -
v %
Iusaeas 0.5)

mmmwmmgmmmﬁ 1 0.05
mmmmmmgmmmﬁ 2 0.10
mmmwmmgmmmﬁ 8 0.20
mmmmmmgmmmﬁ 4 0.50
mmmwmmgmmmﬁ 5) 1.0

2.4.2 MTFIINLATNNINARELFBENS
2.4.2.1 fAINUAZAIAAIDY NS
vifaazgiillandasansazaraniediausiau tivarindn
mm?mnﬂimmﬂmﬁu aniuaeeansaetitdszi
waz WsAanleaau
242 2 \FNANTAZAINTATAIN (dN19aZANE
FunuawnILlszimnee) Anndinduiatas 0.5 13ums
2 T4 3 289ANNRNNTUE (zﬁmﬁ*unq@ﬁnmﬁi%ﬂ?mm
400 Hadans) adlumdeazgilitlauninanugzainudn
Tnaduipanuny 2 dalue Wansudvuafieldidud
B IFUZGN mnuuﬂawﬁm A3URIANTAZANY LN E RS
Audy waziilldndaenasas ICP-OES
2.4.3 N1IMTARNTANITATIANY (LOD) Ly
AnaniAN1sTALEHN (LOQ)
WTENLAZNAREL ANt InNde 2.4.2
Ingldanrazarensadsinanududuianas 0.5 9w
8 N
2.4.4 natiusiainanTaNI2TALBENNN (LOQ)
Lﬁ?‘ﬂmLL@%%@@@UWJ@%’NMWN%’@ 2.4.2
Tneldpnetiwnlioargiitianaiuon 8 41 lHNaNsazane
mmﬁ’mmm@mmmum Anna Tanlan TuaLAY
wARLEN Laznzia NAdndnd 0. 05 daanfusiadns
mewmmmmmmmgméﬁm@wmmmeu 0.10
NaansuFeams



2.4.5 nsunAANlawdes (Bias)
AFENLATNAGR LRt aANT e 2.4.2
INANTATANENFIFIUNANTDIENNE ﬁqnva anina
TATINe T,mumuu wAALHEN uLaznzia 7 3 sTeu
A (A1 nAna §9) Nm19197 2 IneldFnetng
niiaargiitlunauiu 8 41 slauilansaranenInIgI
ALY

1977 2 ArpudinduTetansazatENIRTFIUNANT
3 3¥AUANNNI N

2

AN (NAANTN/ART)

wNamild dnina
Tasifian TuAUALN
LAALNEN LazAZM

AN1TasANE

ANTAZALNTATFIN
ANNIdNTUE R . B}
0.5

A19ATANUNIATFIY
NANTANN LT N
SZALIAN

0.05 0.10

AN7ATANENINTIN
NANN AN
FTALNAN

0.50 0.50

A1ATANUNIATFIU
NANTANN LT N 1.0 1.0
FEALIFS

246 NITUIANAINNLALITENT14NAN
(Intermediate precision)
WTENLATNAGELAIRE19ANT e 2.4.2
LﬁummmwmmﬂmmmmmLmelﬁm Iz‘ﬁi‘mzﬁ Hnina
Tanllan INALATN uAals Laypzia 1 3 s2AuAIY
Windu (1 nang g9) mummﬁ 2 Immgi@:dfum?m
a130zae 1908199119 4 11 WAZ 3 1 LAZNINIg
nagauudaiu 2 9u

3. NALAZIANT (Results and discussion)
3.1 dramsldnurassaasiia (nstument working
range)
mqmﬂ@mummmeu@mummaﬂwmymwm
dusunnatadasiriaanagenifiewBundesld
wWulaenisaeuiiey Taainusinnsiansn Ae
ﬁﬂﬁmﬂqzamﬁmuﬁmﬁuﬁ (r) AaadA1ldtiasndn 0.995
A1T9N 3 WaAIT 29T WA UATY ANANTY

mdndszansnissinaula (R?) wazmanilssanaandunus
(r) 29LNINTA mnvm Ania Tanian Tuaumdw
LAATEY Lazazia SapndutlsLAnsanduius e

Vlﬂﬁﬁﬁlﬁﬂ’mﬁﬂﬂﬁﬁ 0.995

AN997 3 ﬁqqmmmﬂwﬁuma ANNNTY ANdNUTZENT

nnsAnaula (R LL@vmmﬂ?mmwﬁuwuﬁ (r)
FA9AN
[~ £ 4
ulaumnse
(Naans/
ang)
waannila 0.05-1.0 61603 0.9998 0.99990
Fanv@ 0.10-1.0 5217  0.9992  0.99960
uning 0.05-1.0 2734 0.9999 0.99995
TAgien 0.05-1.0 5136 0.9999 0.99995
TuALAITN 0.05- 1.0 2699  0.9999 0.99995
LARLTE 0.05-1.0 15361 0.9985 0.99925
nzia 0.05-1.0 1074  0.9999 0.99995

3.2 ARAINAMIATIAUT (LOD) Wazlinannams
ansunae (LOQ)
wnanmageuande 2.4.3 UIATUIDLANTA
fﬁﬁﬁmmimmmmmmjiﬁ 1 LAZATUIIANTAAN TR
3IALBNIUAINANNNTT 2 TARA1 LOD WAy LOQ 284
waanila danzd dniia taaden TNALATN wAnHex
WAZAZTI WARIAINIIET 4

LOD = 3(S',) (1)
LOQ = 10(S',) (2)
S'O: SO F+H

Y ] = o

in S, Aa AndawdeanunAgg L (SD) Audn
ANNANIINAFEALAT LOD 31Ut 8 47

n Aie A1uIutresinatnvieslfimanasld
AVFUTENUHANNIMARAL A1SUNNINARALIL AL
vy 2 }

A o o e v a e/

n, Aa AuruirresuuasAmiesjinnsldlu

NNIMAZAL ANUFUNNIMAGRLLAN LA T INT 1




A13719% 4 AN LOD waz LOQ 184uaaniiia 49nzd dnna taailen TNauaTil wasien waznyia

Calculated LOQ (Nn./an4)

LOD (Raansu/ans)

waanila 0.0010 0.0038
fan<ad 0.0074 0.0245
unina 0.0006 0.0021
Tandew 0.0003 0.0010
AR 0.0003 0.0011
wAALHe 0.0002 0.0006
Az 0.0021 0.0070

NAAINNITANHIANT AT ANIIAIIANLAZANTAITAN1TTALTNNTuNINTHE danzd Aniia Tasllas
Tuauﬁﬁu&mummﬁﬂu WUIN 4eAARBITLINUT I MUAANTARNTANTATIANILALANTAANT AN ALTNNRT 84
ﬁﬂﬁ;mmﬂmm Metals and aIonsl usled in food contact materials and articles, A practical guide for manufacturers
and regulators [1] anidupziaAdndnAnnIAanILaEA1TAATAN19dALTHIDIgINI LN IUA
(LOD 0.001 LAz LOQ 0.002 1n./an9)

3.3 mstudulindrinmsinisanmu (LOQ)
huanismagasainde 2.4 .4 fiszdunnadiuduaesusanis Snifa Tandey TuauRTh wanay azi
win 0.05 Hadniu/ans wardanz@aanuidndu 0.10 HadnFu/ans snAuuAtTaaazNIAUNGL (%recovery)
wazfarazAdauieuninegudning (%RSD) udaiFauiauAuinueiiiuun Lanefisniswi 5 Ta1mnm
mﬂmmmmnmmmmﬁmmmmLmeua inifia Tasdlan TuauATN uaallan Az Wiy 0.05 Haaniu/ans
way 4Nz Wit 0.10 Hadniw/ans WesaniiA1Augnsias Anuies uazArAwldudtensesni il
T mnsnausiiismun

A13799 5 AN3R8AZNNTAUNAL (%recovery) LL@:%’famzmzﬁquLﬁmLuummgmﬁuﬁmﬁr(%RSD) YBILHINTA
Iniia Tasdean TNAURT meﬁw Ay WNAU 0.05 NAANSH/ANT LAY dans@Adudndy 0.10 Naansu/ans
(ANUIDANNEANIINAAAL 8 ﬂm

AN NTULR RS SasaEMIAUNAL %ﬂﬂaqumﬁmmummg’mﬁ'uﬁ'wé
(Naansu/ang) (%recovery) (%RSD)

LL?Nﬂ’]u’& 0.0492
Fanz@ 0.0871 87.1 2.52
Hnifia 0.0491 98.2 0.83
JGEEY 0.0487 97.3 0.63
TuaLATIN 0.0473 94.5 0.24
wAALEN 0.0480 96.0 0.70
Az 0.0419 83.8 1.89
INOUARNULA 80-120 <10

Bulletin of Applied Sciences, Vol.12 No.1, 2023



3.4 AANlauLds (Bias)
iwanimeaauzesaIsazattsfiaatiianda
2.4.5 anuudinduaz 8 41 unAANTeEAZNIAU
NaU (% recovery) WadsziiuAiAaulendas Tneapn
FaearnisAunAuTeduaenila 4aned Inifia tasdew
Tuauady WARLNEN LAZAZA HANUTIRITUA LA
FaR13197 6

AN3197 6 AnFREATNIIAUNGUTBILNINTTA &anz@
Ania Taslan THALAYN wAREYN wazAzia
luansazans lfl/']'ﬂ?;ll’]\'iﬁﬂﬂ?ﬂyﬂ’]iﬁﬂiﬂ’]ﬁqqmiﬂuﬁﬂ\i
(ANIIDLANNRANTINARDL 8 4N)

/15a2AN8 SREATMIAUNAL

£16)
fnaeing + 0.05 1n./ang 98.4
waNTa  feeting + 0.5 un./ams 95.8
ANaing + 1.0 NN./ART 91.9
finaing + 0.10 UN./ART 87.1
Faned Faaeing + 0.5 un./ams 9.8
Finaging + 1.0 NN./ART 90.3
fnaeing + 0.05 1n./ang 98.2
unina fnaging + 0.5 NN ./ang 97.1
ANaing + 1.0 NN./ART 91.8
finaging + 0.05 UN./ART 97.3
laslan  feesng + 0.5 un/ans 97.9
Finaging + 1.0 NN./aRT 94.1
fnaeing + 0.05 1n./ang 94.5
WAUAtN  snasing + 0.5 1N /ART 94.0
Finaging + 1.0 NN./aRg 89.8
Aaaeing + 0.05 1n./ang 96.0
wAAWEN  Fiaatie + 0.5 un/ans 97.2
Fnating + 1.0 NN./ART 91.8
faaging + 0.05 1n./ang 83.8
azi Finaging + 0.5 un./aRg 93.2
Finating + 1.0 NN./ART 89.7

INCUTINIUA 80 - 120

35 ANANNLTE99E1WI19nane (Intermediate

precision)

iHanmeaaUTIesaNTazafLsisatneaInde
2.4.6 Anndindiuaz 7 41 Awanidrfesazaasdaudes
\WUNIRTFIUANS (%RSD) iietszifiuAanmes
1eduiNTia daned dnifa Tasdien WWRUAT LAnEex
LAZALNA NNUINTINIUUA

%RSD = 57‘3 x 100 (3)
ANT1aR 7 fiﬁmwﬁmmummgmﬁmﬁwﬁmmLmeﬁlm
&ined dnifa Tasillew Tuaumn uAnllauuas Az
Tuansazanefaddmiunafnm AN (A
AMNHANTNALDY 7 1)

srso

et}
Fiaating + 0.05 1N./ang 1.78

uaania AL + 0.5 1N./ART 0.45
fnaeing + 1.0 NN./AR3 1.07

FORENN + 0.10 NN./AR3 417

fanzd faaeing + 0.5 un./ans 1.30
FORENS + 1.0 NN./ART 1.89

Fiaating + 0.05 1N./ang 1.27

unina AL + 0.5 1N./ART 0.85
fnaeing + 1.0 NN./AR3 0.68

RN + 0.05 UN./amng 1.57

JEE fiveing + 0.5 Nn./ART 0.71
AL + 1.0 NN./ART 1.39

Fiaating + 0.05 1N./aRg 1.10

TuALAN fnaeg + 0.5 NN./ame 1.21
fnaeing + 1.0 NN./ART 1.66

Fiaating + 0.05 1N./ang 0.93

UAALHEN fnaeing + 0.5 §n./amg 0.71
Fnaing + 1.0 §N./aR3 1.17

Finaging + 0.05 NN./aAT 3.42

Az Fnating + 0.5 §N./ame 0.79
fnaging + 1.0 §N./amg 0.80

WNEUT NN UA 0.1 NN./ART < 22.6, 1 NN./ARAT < 16




37 msﬂszugmd’mmuhiuﬁuau
nsAnellEEnsdszannAanliuiuewaanisinlagld Method validation approach m1xenans
#1981 [3] InsunasrasArnnnliniuaumnannismaaauaulawdes (u(R) wazn1mmageuANies (u(P)
waztlszanniAaN e uaasn1sin s fail

u = CYu(R)* + u(Py? (4)

= = o o
W C e Avudinduresansazans
u_ Aa Aalduidieunns g

way ArAKldwduauasne U windu
U= kxu .(5) )

LN’rﬂ k Aa AN coverage factor HAwwinru 2 mmummmuus@mv 95

19199 8 aistlunasanuliuiuaurasnsianazAianuldueusensnAuindlfdraannaniila &ngd dniia
sl TuRuRT: LAl uazmzin FaAnmald wiwauaenewenenfldunndifenay 15 uaziiullais

LNOUTIAN ﬂ']’mVLLI LLuuﬂuL‘ﬂ’TﬂﬁJ’]ﬂ‘W [5]\‘11’]

LUaIaIAIANN l kL uaY wnamid | dancd anna | Tasdian | TuauauN | wamdaw

Anulawdas  u(R 0.0407 0.0552 0.0406 0.0237 0.0398 0.0322 0.0587
AT u(P)/P 0.0178 0.0417 0.0127 0.0157 0.0166 0.0117 0.0342
Anwlaiusiuausn, uc mg/L 0.0222 0.0346 0.0213 0.0142 0.0216 0.0171 0.0340

AN ldwwavaENg (U) Nees

4 oy 0.0444 0.0692 0.0425 0.0284 0.0431 0.0342 0.0680
AANNLTANUTREAY 95 (k = 2)

ANNENTY (Raansu/ans) 0.5 0.5 0.5 0.5 0.5 0.5 0.5

A laninanaensAnlusesay 8.9 13.8 8.5 5.7 8.6 6.8 13.6

Bulletin of Applied Sciences, Vol.12 No.1, 2023



4. 91 (Conclusion)
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Abstract

This research has developed a rapid, accurate and precise method based on inductively coupled plasma
optical emission spectroscopy for determination of lead in aluminium and aluminum alloys using non-matrix
matched calibration curve. Performance characteristics which are linearity, Limit of Determination (LOD), Limit
of Quantitation (LOQ), bias, precision and matrix effect were studied. The target uncertainty associated with
the quantification of lead in aluminium and aluminum alloys, should be no bigger than 20%. From the study, it
was found that LOD and LOQ are 2.164 and 100.0 mg/kg, respectively, while working range of this method
was 100.0 — 500.0 mg/kg. The method bias was evaluated from the recoveries of the standard substance
added to the lead-free aluminum at 3 concentration levels (low, medium and high) of the working range under
repeatability conditions. It showed that the recoveries were 81.76 —83.43%. For the precise of the intermediate
repeatability condition, the same concentration of the bias study was added to the samples showed that the
relative standard deviation was less than 3% and the matrix effect was investigated by a comparison paired
sample test between the non-matrix matched calibration method and matrix matched calibration method. The
Paired t—test is tcal (2.409) less than tcrit (4.30). It was found that there is no matrix effect. The information
obtained from the developed method can be used to estimate measurement uncertainty [1]. It was found that
the expanded uncertainties of this method at the confidence level of 95% was 19%. Therefore, the proposed
method for determination of lead in aluminium and aluminum alloys is accurate, precise, reliable, and fit for

the intended use.

Keywords: Inductively coupled plasma optical emission spectrometry, Aluminium, Lead
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Manuscript preparation and submission

For Research and Academic article
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» References: Bulletin of Applied Sciences uses the Vancouver referencing style.

»

»

A number in square brackets, [ ], should be assigned in numerical order to each reference
as it is cited in the text.

Reference lists should be listed numerically at the end of the article, in the same order
in which they were cited in text.

If citing more than one reference, write a number for each separated by comma e.g.
[1, 3.

If citing more than one reference which is numbered consecutively, include reference
numbers in increasing order separated by hyphen e.g. [1-3].

4. Table and Figure:
» Use Cordia New style, regular, size 12
- Table: Every table must have a caption that includes the table number on the top of the
table, with left align.
» Figure: Every figure must have a caption that includes the figure number on the bottom of
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Academic article
1. Abstract in Thai and English languages. Use font of Cordia New style, regular, size 14. The
usual sections should briefly contain objectives, methods, results and conclusion.

2. Keywords in Thai and English, not more than 3-5 words for each language. Use font of Cordia
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* Introduction:
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Main topic: Cordia New style, bold, size 16
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Content: Cordia New style, regular, size 14

» Content: states the written work in the topic.
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» Acknowledgement: should contain financial support and other research contributions.

» References: Bulletin of Applied Sciences uses the Vancouver referencing style.
» A number in brackets, [ ], should be assigned in numerical order to each reference as

it is cited in the text.
Reference lists should be listed numerically at the end of the article, in the same order
in which they were cited in text.
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Copyright notice
* The manuscript must never been published elsewhere or is under consideration by another
journal.

* The manuscript can be written in either Thai or English. Abstract must be in both Thai and
English.

« The submitted manuscript will be sent to at least three experts in the field (referee) to
evaluate the manuscript by double-blind (double-blind peer review).

+ BAS' editors reserve the right to pre-screening the manuscript and request the revise
version.

Responsibility: The published article is an academic work with authors' perspective not by
The Department of Science Service or editorial board. Authors are responsible for their works.
The published article must never been published elsewhere and is not under consideration by
another journal within 60 days.

Privacy statement
Personal data protection
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data) to facilitate efficiency and productivity in BAS publishing process. BAS is dedicated to
protecting your personal information and does not share your personal data with anyone outside
the organization.

1. BAS is strictly concerned about plagiarism and unacknowledged others’ work applies not only
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2. BAS does not disclose reviewers’ information to authors or other unauthorized persons.

Department of Science Service is aware of Personal Data Protection Act (PDPA) requirements
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