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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.
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2. AEMS9as (Experimental methods)

Tanenadeisesdminintfnaueglunsiveanelas
(TRM-F-2006) ffasifjiiAn1saineiaiiunaeiai
AnTNRTINEUIRT ARG TUN U TN Ane
AudulelAaqi U (Homogeneity study) LAy
AHIENET (Stability study) ATINDITILAZNATFILLE
NIHARTAAENBITLIBIANITULAMUAN ISO 17034
[4] @9l dsrazinanlunsafiveilszinm 2 U (panan
W.A. 2563 - A8 W.A. 2565)

2.1 nzasiiauazailnsol
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 \pi3eveiagfianging (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 1ANAEFNAT (HDPE amber 125 mL,
Nalgene, USA)

22 @19LAN
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 CGNAT1,
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 AgANAUNU
2.3.1 namraNAfataNeimeaslas
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wazinadanzanelas 7 daatrauninnis@nm
AL wiadgamuludesdu wudadiaanuidy
Walaeaiu
- IﬂLﬂﬂ‘@\‘lLLux‘lﬁlQ@m\‘i (Sample d|V|der)
f9aziinnsumasfetnansiine ma‘[qmmmmum
Tiinsussqasluaaaufia Pyrex mimmiu AUNTLIY
VLmm@mqmmif«ﬂummjmmmﬂmw (Bariun9¥
AINEzanAlaun12d191n DI (Deionized) 1 791
NTiInIzLg 10% HNO, ilunaiuinnda 24 $alus
wazAN9aEt DI 8N 3 9a1) AUk 337 290 LneUssq
YINRY 25 NN
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2.3.2 MsANEUTNIUARE 19NN AN
(Sample intake study) (Meazidenaluiade 3.1.1)
233 nsAnseiad N wideAeaiu
(Homogeneity studies) (?Wﬂ@t@ﬂm@ﬂiuﬁ'ﬁﬂ 3.1.2)
2.3.4 N1TANEIANLADET (Stability studies)
(aazidsnag luinda 3.1.3)
- mmm:mmmmamivmﬁummmm
#1984 (Short-term stability study)
- NsANMIANIATIESIT Iz TAR
#1984 (Long-term stability study)
235 1Az Aqag 19N 1nzanalasg
(Characterization) (:nazidanatilurinde 3.1.4)
2.3.6 msliFnTLsReLNTAAENIEN (Certification)
(eazidanagluiade 3.1.5)
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wanzanRz 0.30 Afy - Bvaluation (ANCVA: Single factor - Leng term siabiliy study (= 12 - GSA-ICPMS, GSA-ICP-OES - Information value for 2 elements
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3. NALAZAIA19D! (Results and discussion)
3.1 msﬁnmﬂ?mmﬁ'thqﬁmmmu (Sample intake study)

ANsANELS NN AR89z AN Mlaeiinfaesn9iFun (0.1, 0.2, 0.25, 0.30 WAL 0.40) Niu
\An HNO, 5 mL uaz HF 0.1 mL uwdavinnnstesfieiates Microwave digestor AINKNANNINARRINLINLFHM
satnetiasndy 0.30 niu viliinantsdnlidesiinnnuimetaitiasnniianuudugiias wazAdeaunnggu
duing (Relative Standard Deviation : RSD) % iiuwnausinsiesdjimntsimsngietiunzdueniy fia 1anndn 5%
wazsaatng ldfaandn 0.30 nin uBunnsetiaiiaeweiinlinansdandanuududn uaziianugnies
Aananalugiln 2
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3.2 m‘a‘ﬁnmm'lmﬂmu'ammnu
NEMAIAINNIIRNEFIALNNEN Lwamm@mummmumameﬂum@\mmm\immm Tnatinmuianans
ISO 17034 1@ummummﬁwmfmmm\m\mma”wmmu 11 290 Iﬂﬂ’)ﬂ“ﬂﬂﬂ@"’ 2 11 WAUINIALATIEN
pneinAila External calibration ICP-MS Tmeldalisl ANOVA ”Luma?ﬂﬂmmmmmu@meﬂu NANITNAAaL
tmeld (a) Cochran’s test waz (b) One-Way ANOVA (F-test) wummammm’mﬂummmmﬂu wazlud
mmumnmeﬂu@m\mummm Imel
(a) Outliers 14@1n13 Cochran’s test; None LN@ R/Rm‘ < Cochran critical value
(b) NN51l921301 ANOVA #ingl F-test AnFUTTAUANNLTRITL 95% (o0 =0.05); 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

Wanud13an199a19f Sufficient repeatability Aanalaintduauanauldiduilameniuy aztlszluldann
Between-bottle variance Taainaann Within-bottle homogeneity effects feddesnnn lnsanunrassfiuls
o =
FAANNTN 1

MS
o

(1)

Unomo = Sbb =

WweiNWL413an34a 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)sAnEANNuilaAeTuALaaslunN9 1
AN37199 1 Han1sAnANNTluameaiy

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 msANMANULADES (Stability studies)
3.3.1 MaAnwANANE Tz dUTesTandneB (Short-term stability)

mmﬂ‘mmmmei”ﬁ”aummfmmmamuﬂm Isochronous scheme TngiLfiuseenanafiinzans
I@iwﬂmummq y meﬁammmqv@mmmqﬂmﬂummmm@m@ﬂ?ﬁmmmmmq 7 lunsdssifiuaiasnin
m@qmﬂ?mmmmiumamqm'ﬂﬁmma‘iﬂa un nmaiunguuni (22+3) C waz 45°C \luszaizioan 1, 2 uay
3 dlandd Imﬂimmmmwmw 4°C antifinsziietisrsanianiufamaila External calibration ICP-
MS uaz ICP-OES nelian1nznismaasaiieniiu (Repeatability condition) aza1xnsnanuanszNLN@Iainan
anulipsizanIsreLALesBATENE FENNTFTENARRENLAZIEIATIZE AN sTiiuNnaaTiF [4] (annns
71 3) wudualadannuuansieiuetefidud Aty Nrzdunudesiuy 95% dauandlifiiiuinisi Short-term
stability LilgsaniafssnInaesg g e uiEaiAd AsayuiuannsalAnsdnanatanisliafiasninaesiag
Eridarzarduia Ieanunsoagiveaalinueuil 4

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

nel 1, <t, . =Stable
3.3.2 NIANHIANIATEITTEZE19289T8AE1984 (Long-term stability)
. veslfiAnsiimanzvieliuradialldinnisidengusinetnaesiimeatalas 4auau 2 wanlihivld
= a ) =1 A o o ! o 1 ] o
Nl (22+3)°C luszeziaan 1, 3, 6, 9 UAT 12 HiaUANNAIAL Wudan1sdnLEunniens HANLaNseil

q a
'

atheiitiadAty Nrzdunnaidestiu 95% waniszaznarluniaiuinesetsaiihmzanalasiiguunil (223)°C
lidenansznufsszauanudndugasensing o Gsnsmlzesmn 4 spddnsuduldlunafeniv fe ldluus
T (Trend) 204naNNTATILHRNTY ﬂﬂmq@mqmw\lﬁnmmm As TnelFinATia GSA-ICP-MS uaz Pb TnelfinAiia
ID-ICP-MS 1flusiu mLmesLuiﬂVl 3 uazHAMIANEANIATETIZEzE Wandlumeed 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
Tael 1y, IdannuanisAneauaiaslussazeng Taeld Trend analysis Asaunish 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)
Tumsmnzifiunuang lussianganalaniu Tdddaeteiianganalasn 0.30 niu iAn HNO,
5 mL waz HF 0.1 mL w&annnseiesrqeazas Microwave digestor TuuAazdunaun1sameyd an1sld QC
sample @A NIST SRM 1575a (Trace elements in pine needles) kaz NIST SRM 1570a (Trace elements in
spinach leaves) #atl AnanIsatAsziFulusnetwiinzanelasinamaiinsng o wansluniaem 3

F1997 3 nan1sassiFunnlusaettaianzanalasiaamatiasig o

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)

E) External calibration analysis-inductively coupled plasma-optical emission spectrometry (Ext-ICP-OES)
F) 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)
ﬁﬁiﬁmgummmLm%muumaLmumvl,mLsmmuL‘Lf?smwmuN@mmmﬂ?mmmm"lumamwwmﬂmw

L‘W@memwmmmiummmiumﬂmimq °'|VL®LLﬂ CCQM-K89 [5], CCQM-K108.2014 [6], CCQM-K125 [7]
CCQM-K145 [8], APMP.QM-S17 [9], SIM.QM-S10 [10], CCQm-K128 [11] iflusiu sn\‘u,umﬂsn“l,ummwmmu
Aeuinetianududeuinaurinmeninnimmeiimeanalas mnuansanusuznaenisdingnang o luwyiand
wanifla danilpuaunsnluniedntFunueinlunsiimzanelasls Immmmmum"lwaﬂmi Exact matching
double ID-ICP-MS [12] sn\‘iL‘ﬂummuﬂmmmvﬂ,mum'a‘ﬂ@musl,uiwmumﬂmwLﬂmﬁ‘wum’mLLuum auNInAaL
flaunaulyey International System of Units (SI units) 1Alnamss andu As waz Mn Lummmﬂu Mono-isotope
adgnunsald 1IDMS 1 acldinatia GSA Tunisdnifsunusng fesdfimnisiiasdetiunzdiaildiuniseeniu
drfiavnaNnsaneiunsialunaussnuazianzurindsnguuivlad BIPM ngehunisdndnnseudian
HaN133R NI9ARNTELLARININ ISO/IEC 17025 Waznns Peer review tael Technical expert a1nALseinAs
agieriaiies [13] InsndnguuaniaouainnsnlunisdntBunusinlunsiianzatalasuanslunisd 4

A19WT 4 nanguauannmn lunisialFunnisn luseianzanglas 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); #ias[jiin1siasvietiuniadiail dpnuaunsnnwniin
dunsesivluszduanauazisinglu CIPM MRA database (KCDB) Tnauansndngiuuwivlafaes BIPM
(WneuNmsInanlan)

** Self-assessment; N13AYITTULAMNN ISO/IEC 17025

3.5 mMslUANTUTRILNIAAAN9AY (Certification)
TunslirnFusesundagdnedeieslJiiRn1sl435n1991a21e4 (Analytical method) 16ur ID-ICP-MS,
GSA-ICP-MS, GSA-ICP-OES, Ext-ICP-MS way Ext-ICP-OES TIAFLTD (Certified value) 1Funann Weighted
mean 1 3 unasnan i l&un Characterization, Homogeneity Laz Long-term stability m&mﬂuﬂm\‘i i mmmrﬂ
VIUNATIENTU On dry mass basis karaunsngaudaundyullds St units 16 Fanauanslunnsed 5 uaziitaias
ﬂa‘ymmmmiuLLuuﬂuﬂumm‘wimumﬁmmu aglainnesnAAn il dueusananalfidnfae i Asdunis
15 uaz aun139 6

2 2 2
Uer = ‘/ U char U homot U s (5)

Uern = 2 * uc (6)
el .
TAannuani1sAnEANluiiamaa i
I HRINNANIANHI AT EILE9
Tdannsduiinsziidnetnenesianeanelas

homo
Its

char

o o

As1af 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,mmﬂmﬂmmwmmem 2 vivaunnd 2 Faaul
(b) Information values Lﬁumﬂnlﬁiﬂuwmﬂmﬂmawmummmu% Lmewnamvl,umewaﬂnmﬂivmummiuLLuu@u
Aslalsryannulduiuen

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




4. @31 (Conclusion)

nanaAAzieiiunadiad dhaninsmne ey
FNIW ANTUNIRIINEUINTNG HARTAREN9BITLTDY
dmindnfsunouanglunsimeanalas (TRM-F-2006)
1191 337 wdae TaellinnnsAnEn A auilaimaaiu
WAZANINLENE19T8AE19EY sandlHlTAE B aaeq
515 14 98n Tasuiaiup61989 (Certified value)
12 57 A9 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 Ua¥ Zn
(30.9£0.9) mg/kg LLmﬁ’]Lﬁ'ﬂLﬂu%'mﬂ@ (Information value)
2 879 An Hg (0.014-0.020) mg/kg AL Na (190-210)
mg/kg Inedinszisaamaiiaging o léun 1D-ICP-MS,
GSA—IICP—MS, GSA-ICP-OES, Ext-ICP-MS way Ext-ICP-
OES Tansz1nun1sndn TRM ihillnusnnsgninisuan
TANENBIFUIBIAINITLLAMNIN ISO 17034 A1119D
muﬂfaun@ﬂmmqmmmwm A9AINNIDUNTAABN9B
immwwwmmu”l,ﬂsl?ﬂumimmmmmﬁmm@mmﬁ
VLG ifaua\iu'ﬂ,ﬂi%‘l,umimmummwwm@wmﬂgum
1aF) mmﬂmﬂummmmvummm@muﬂwmm@mmmm
HANgNFiaY waziiAa N LTale

a _
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