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Development of Thailand Reference Material
for determining trace elements in drinking water
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UNAQED

Tan919893U584 (Certified reference material, CRM) W30T09M139n15A1 A Thailand Reference Material (TRM) ﬁm%u’?@ﬁmﬂ%mmﬁaaiwfw
Faldgnitmuntulnsanitunsine i TnsTansrsdsiusesignuantuneldlasans the ASEAN Food Testing Laboratory Committee
(AFTLO) mawiden TRM vilasnsifiuansayanesnasgiuuaniden (Cd) nasuns (Cu) wilin (Fe) dngf (zn) wazneha (Pb) adlumsazaethitiiany
Junsa vy vmsdinweruduieieaty wazaruates Tnenszuauntsnas TRM Wulumuderime 150 17034 - 15O suide 35 itelild
CRM #ifianunn Andadauazaranuliiutiueuveanisiaves TRM gnlvir1saewalla Exact-matching double isotope dilution mass spectrometry
(IDMS) wagann Measurement Traceability for Life Sciences Testing and Forensic Conformity Assessment Bodies (P113-A2LA) 53‘14’5’1 ABRIRN
madswianssunaFeudisunansiaiidalnenmenssunsanasinenaina 5y SIM-QM-S2 SIM.QM-S7 uag CCOM-K89) ansnsntiunldidy
Foyaauayumadudianiandredduginail

Abstract

Certified reference material of determining trace elements in drinking water has been developed. It is so called Thailand reference
material (TRM) issued by the National Institute of Metrology (Thailand) has been initiatively produced under the project of the ASEAN Food
Testing Laboratory Committee (AFTLC). The TRM production was prepared from spiking appropriate amount of standard solution containing
Cadmium (Cd) Copper (Cu) Iron (Fe) Zinc (Zn) and Lead (Pb) into acidic aqueous solution. This regards using valid procedures for homogeneity
and stability studies implemented according to the requirement stated in ISO 17034 - ISO Guide 35 to ensure the quality of CRM. Their
property values of TRM were characterized by exact-matching double isotope dilution mass spectrometric (IDMS) technique and their
associated uncertainties were then estimated from characterization, homogeneity and stability studies. Referred to Policy on Measurement
Traceability for Life Sciences Testing and Forensic Conformity Assessment Bodies (P113-A2LA), results for measurement comparison activities
of the International Committee for Weights and Measures (CIPM) participated, e.g., SIM.QM.S2 SIM.QM-S7 and CCQM-K89, could be considered

to support for becoming a prospective reference material producer in this region.
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1. unun (Introduction)
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osdausingg vessunie ldud dom thuvdes iy ln WWusiu dhdremusuaumgiivesiimeliiae taelfnszuiunsmaeilusunesuiulueg
sarilos Snvtraelumsdidesanseng lusiene aywdisuiudesslnmhiiavein uesllasuudouliiunasissgusumminionisuilae
fafunennadnseirmuinadesluidulifieugniouasindeiodedauddyesneds iielinssuaunmsnnthfuiieuaonfouasdy
lumunasgufmun Sniduaiuwaraduayuienssumsiafiisadestussluihiudnie

mansnlangienUinatesluhfilifaugnieuanindetetu uluadoddfansdeilfnmsguiuiivensulussduana Yansheda
wienddnlngdmnanantunesineiiitedesssdulan fosindranassznauazisiags anduuasineuisnfdaiiuauddyue
nsinfigniesvessimuiinaiesluhiu SeuiuumumsinuansrdwesmsnmatasnUiiudesluidy ensuaussionufesnisiansa
MInsRind uanaSuadenuaiiniiivesuilan

2. 55N15398 (Experimental)

duiosanmsdaianssunadeunusiungnisasainseilansluth (PT BQSF ME 01-2015) melélasenis the ASEAN Food Testing
Laboratory Committee (AFTLC) &adumusauilosswing 3 miawsu léun Physikalisch-Technische Bundesanstalt (PTB) nsuinendansnis
wig () uae aouannTivienwiawnd (o)

2.1 nsuinermaninisumg (m) Humhenuiivdeuieds uazdpfanssumageuautinganalienesilanglud fegmhgindey
TngMsiinansara1euInsgIuYes Cadmium (Cd) Copper (Cu) Iron (Fe) Zinc (Zn) uag Lead (Pb) Tusinauiidesmsadluthuseanloseu Usu
pH Tihn 2 fenselusindudy shnswaulidudodeitu taeldfegnahuszain 8 dns uagvhnmsussgadiuria HDPE wamaz 100 mL

2.2 fhedrfamagnasndinguamiezetunidiad dhomasineiafiuasdinin aoitunesineuieni W) Weliuinw Anwieu
Huidleifiertu Anviadiosnim wasliirn3uses vessgluh

2.3 Aenssuiilumnutaniioszning 3 wheau WWun nafnenmansnsunng () 1. wag Physikalisch-Technische Bundesanstalt (PTB)
Faduifatuayusuyszna

fegshmendmnmadnfanssumeaeuanutiung i ndunuiessietunidied i, Wi ldlumsiauioduTagdsdeiuses
dmiuinsguiinadosluthiuselu Tas 1. fvunen target measurement uncertainty 7933ans1s8si fAnsanninasianalaluiueuresnis
SomosTangadeinanlas BCR uasaslliiutusuvasmsinfimeanduinmsineuwieniléiunissusesmustuunann ISO/IEC 17025 s1sasidon
Fapnsnadi 1

A9 1 MsUTeuiieusendng uncertainty vesslangluiansndeiinieuld wazinmeiuuginveaBCR matrix CRM

Measurand in Concentration | % uncertainty (k=2) | % uncertainty (k=2) according | % uncertainty (k=2) according
environment range (mg/kg) of TRM to recommended BCR Matrix | to NIMT accreditation ISO/IEC
(water) CRM [T7] 17025
Cd 0.001-0.01 6.0 3.1-3.4 4.5-5.0
Cu 0.1-1 2.2 2.3-2.7 3.0-4.0
Pb 0.01-0.1 6.6 2.7-3.1 2.5-3.0
Zn 0.1-1 29 2.3-2.7 5.0-6.0

3. walla:d91snd (Results and discussion)

3.1 wannsinwarmnduieifisatuvesUSuusiglutha
ﬁ’aaemﬁwgﬂa;'umﬁmu 11 f9819 Lagyinsvageus1en1s Cd Cu Pb way Zn 1aes Isotope Dilution - Inductively Coupled Plasma
Mass Spectrometric (ID-ICP-MS) [1] Fausiazsogsasnadeunuuth 2 ade (Duplicate) wavvinsUssdiuaunduiodeniumuuuimares 150
Guide 34-35 Tagld ANOVA fissupmuifiesu 95% wuth Cd Cu Pb wae Zn Tushedredmuduiodontu dwamsinuianduased 2-5
(F <F)

cal crit
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A1597 2 wan1sanwAnduiladeniuves Cd Tuthau

ANCVA
Source of Variation 55 df M5 F cal P-value F crit
Between Groups 1.64832E-08 10 1.64832E-09 1.425020738 0.28441337 285362486
Within Groups 1.2T237E-08 11 1.156TE-09
Total 2.920TE-08 21

a = g & 9 3 A
M1579% 3 WaN1sANEIANNUULLBLREINUYBY Cu quqmll

ANOVA,
Source of Variation 55 cf M5 F cal P-value F crit
Between Groups 3.31928E-05 10 3.31928E-06 1.18943%9044 0.38809455 285362486
Within Groups 3.06969E-05 11 2. T063E-06
Total 6.3889TE-05 21

A = @ & o 9 T A
A58 4 wansAnwAlulleeniuves Pb Tuinsu

ANOVA
Source of Variation 55 df M5 F cal P-value F crit
Between Groups 3.2953E-07 10 3.2953E-08 0.729992407 068623673 285362486
Within Groups 4.96558E-07 11 4.51416E-08
Total B.26088E-07 21

a = g & 9 3 A
M5 5 WAN1SANHIANUUULUBLALINUYBY ZNn E‘Luu’]ﬂll

ANOVA
Source of Variation 55 df MS F cal P-value F crit
Between Groups 0.000612028 10 6.12028E-05 2004898213 0.13469116 2B53624B6
Within Groups 0.000335793 11 3.05266E-05
Total 0.000947821 21

3.2 wamsfn¥IAUETEIIEEaY (Short-term stability) ¥aeU3anausglunau

diednaesanzaum)iannsvuds Jevdwmadenissemelureshuasiinaromanududuvedlans Tunsfinwinnueaiiosvesinogn
szpzduiiu 14 isochronous scheme Tneihiegnaiiiufigumgil 4°C 25°C way 40°C gamgiiay 3 van Wussaziaan 1 §Uavi anduwrhnmsiesz
fegraauanieuiu meldanznismaasufieanu (repeatability condition) Fsazaunsnaawansynuenainananulinifivesnsnouauss
vouAsedle BNawnieumeluarItiine nansfnwanuaiivsssezdunanduguil 1-4 :nn1sUsslumeadn [2] wudn waldfinasuansig
o PRI ' s ¢38 o =~ \ o ¢ a I TV
fuegnadifivddiy uwansd Cd Cu Pb war Zn TuwvindundanuadoslutiszeznaUssan 1 &ad ilesmnadvsnmvessigmaiillusiegig
WAeudege IwesyinunnsliinnAmnaninisiiaiesninvesiandedssevduind lnvaunsaasirnuliwdueuils
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3.3 wan3AN¥IAUETETIZEZE1 (Long-term stability) vasU3anausnluinau

v
a 3 [

msAnwauadiessvevenves Cd Cu Pb way Zn vhlagdudegahiiivlieamgll 4°C S1uiuaisay 3 vasludeudl 0 7 14 uaz 17
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15799 6 agunanTinseianualivssserevessnfiaulaluitegainigamad 4 °C

Elements
Cd Cu Pb Zn

Statistical Parameters
Slope (b), mg/kg -2.98E-06 2.89E-06 3.37E-06 0.000205
Standard error of slope (Sb) 4.76E-06 4.65E-05 0.000121 0.000229
Degree of freedom 2 2 2 2

[B]

. 0.628 0.062 0.0278 0.896
t = %
calc
tet = 005,22 4.30 4.30 4.30 4.30
Statistical significance at 95% Cl No No No No

Wenadeunadfnuaunisn 1 wagldnanisaaeudaanslunsiei 6-7 aansaasuladn JandedsdmsuinUiunausgluihauiinnuates
Tugasszezaan 17 dew Waiuiigamgll 4°C
o B ,
X — Xcam| € 22yud, + Urpp aun1sil 1

Im Ao eriiald 99nn15Ane) long-term stability WetaWIu 17 1oy
X a ] S o X Y Y a
CRM fo A9 CRM Ma3euliu 91nn13kiae19da
Uy Ao Armwlivdueudiinls 91nnnsane long-term stability Wonanu 17 Liou
Ucpy e meanailiuiueuiiialdves CRM fiwdeudu annnsTiandneds

31971 7 mansUssluanuaiesszezanvessinuiinadesludtegnahiiulin 4oC

Elements |xm — XcRM 2* H;'El + HERM Analysis Conclusion

|Xm — XcamlS

Cd 0.0001 0.0003 2'\,1'11%,: + HE‘RM Stability observed

1Xm — XermlS

s
2N Up + Uggy
1% — XcrumlS

[942 2
2% Us, + Upppy

Cu 0 0.0172 Stability observed

Pb 0.001 0.0040 Stability observed

X — Xepumls
Zn 0.003 0.0248 ) |"'3+_: Stability observed
2N Um + Ucgy

3.4 nMaugAsANENNIaNTIas R InadesTuinau

. vhmathsusSeuiisuansiasinuiinaeslusiegisiivarnaneileuanseuaansafuns il i duisessuvemnuUssma
191 SIM-QM-S2: Trace elements in drinking water [3] wag SIM.QM-S7: Supplementary Comparison for Trace Metals in Drinking Water [4] wu
41 wamsialasnmsnduiivmels wagldfunseensulussduainannmsyseniaauansanisiunisda Calibration and Measurement
Capability (CMC) vuiulesivas International Bureau of Weight and Measures (BIPM) d1115u Zn iffosanlifisnenisiieuiisunanisia zn Tu
fognath FwevBusnuanismaaey Zn Tusiens CCQM-K89: Trace and Essential Elements in Herba Ecliptae [5] 3nUanaunu Lﬁ'admm‘ﬂuﬁﬁ
Taevhtuin wwsndluhfufiamsdudoutosinniflesuiuamindsu wn . aunsouansauasoves Zn lusvdndayulns doud
arwasnsalumsin Zn lubile Tnemsdesizsiviomeldndnns Exact matching double IDMS @l primary method wazindeiaies ICP-MS
(;i‘dﬁ 9-12) Ing1498ls Measurement Traceability for Life Sciences Testing and Forensic Conformity Assessment Bodies (P113-A2LA) [6] wujﬂ
wavsn1sisAanssumsUSeuiiieunanisinfidalnenmen TN TNATIENaING (19U SIM-QM-S2 SIM.OM-S7 uaz CCOM-K89) annsathuild
Dudeyaaivauunsiluindntagdrdavesginield
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Pb Mass Fraction , nglg
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U7 12 Panau Zn fisneanily
ccam-Kg9 T ccaom-rP126 T CCQM-K89 Error bar wandi

: standard uncertainty
1duTiuLansgle Key Comparison
= Reference Value (KCRV)
duUszIansds standard

uncertainty U94A191994

Mass Traction of fn, pg's
.

‘ﬁf_l:: @f‘ac;;} 1’5’-‘ o & +¢'I:*+ Q;..,HGL# Q_ﬂd:' \3\31' #:'-‘ 15-:“ &S ¥ 'PN\:?;VM?%L'?‘\FH\F‘G\?‘\
-4 W a¥
\‘3“3
& ICP-MS HR-ICP-MS INAA A AAS + ICP-OES I [D-ICP-MS

3.5 nsliAndneBavassinluiagdrededmivinsgUsuaiosluthiy
. 1l adertuilumsmyiinamessis 1iun Cd Cu Pb uaz zn lutandrsdauvindihiu Taonadudemnsail 8 Taseiaals)
wiueuiusingliluduses Usznouseenuliiuiueunes characterization ( Uppay ) homogeneity ( Uppme ) 48 long-term stability (
Upes)

M131N 8 Wan1sliA1819BATang19BsdmIuTaUsSIuslunay

Elements | Mass fraction, mg/kg U e Upome Uppe U, UCR__-_., (95% CI)
Cd 0.0050 0.0001 1.57E-05 5.71E-05 0.0001 0.0003
Cu 0.504 0.0050 5.14E-04 5.58E-04 0.0051 0.011
Pb 0.061 0.0013 9.81E-05 1.46E-03 0.002 0.004
Zn 0.632 0.0073 3.92E-03 2.75E-03 0.0087 0.018
u

char lgannsdudiegneTandnedai §1uiu 11 van udwihnisindemailia Exact-matching double IDMS
Uhomo Iannuanisinwenandudedontu
WenuinidmsTaldt sufficient repeatability ansliuiuowananulifudedeatu azusaiuldann between-bottle variance lngua

270 within-bottle homogeneity effects fioitipann lngauisaussdiuls fsaunish 2 wulunsdlvesnisinuSuna Cd Cu wag Zn

ME ﬁllﬂ']i‘ﬁ 2
omo = 1.
Uy, Sbb .

WAMANUINIDNNTIALA insufficient repeatability 8wSwawes repeatability standard deviation #ie Sbb (variation between units) g
ansamwnlanEunsn 3 wulunsdvesnisiauiuim Pb
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- — MSwithin & 2
Upomo = Sbb - ,I‘ - .
MSwithin

aunisi 3
108 MS,,isnin louinU repeatability variance wasnms¥aiildluntsfinu between-bottle homogeneity study

Upes ganmanisdnunanuedosluszozen Tngld trend analysis feaunsii 4

Upps = SpAup aunsh 4
8y = mwmmﬂmﬁaummgwwaqammsmnaa (Standard error of the slope)

X,y = swoznaiilvidndneds (Time)

WiaAagUseanaanulsintiuauvasailasunissusest fedatnissiuaanulisiuausanantidimeiy deaunisuandlitneansi

— 2 2 2
U = Juchar F Upomo T Upes
Ucgm =2*uc
firee1e N13AINA1919BazAAX L La U BILARLTEL

msdalsanAnaisrasmsAnmanududemsifuresiiegneui 11 van fmewaiea IDMS fawviniu = 0.0050 me/kg

Uepar snnufedirsliviuenreimsinlanmallia IOMS

Upar = 0.0001 mgikg

-5, = M5 _ M5 r
Upome = Qb = ; = T (MS UTRINATTEN 1)

Upomo = 1.57 X 10™5 mgng

Ups = SpXyp (Sp v nemen Regression)

Regression Statistics

Upper
Coefiicients Standard Ermor 1 Sitat P-valug Lower 95% Upper 85%  Lower 35.0% 9505
Intercept 0.004980039 549423E-05 90641237  0.0001217 0.0047 43641 0.0052 164 0004743641 0.00521644
X Variabla 1 -2.98651E-06 4.TS51TE-06  -0.6280556 0.5941226 -2.34464E-05 1.T4TE-05 -2, 34464 E-05 1.7473E-05
Upe, = (476 X 107%) X 12 (e =rerzaniainda 12 few)
Uy, = 5.71%X 1075 mgig
u, = 4/0.00012 + 0.00001572 + 0.00005712
uy = 000012 mgng
Uprae = 2 X 0.00012
Ucnn = 0.0003 mgrg
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4. asuU (Conclusion)

nauieTzietunEdiedl dhesnasinenaiiuasdinm aontusnnsine e Tudunsiinermansnisunmg uag Physikalisch-Technische
Bundesanstalt xanTansnsdsdmiuinsinuiinanioslutfiuswau 657 wihe Ty an. hnsinwarududodentu aruaiosvesiansid
FdliAN81983v89579 4 ¥lla Mewalla Exact-matching double IDMS ICP-MS wayseumendaseraluil Cd 0.0050 = 0.0003 me/ke, Cu
0.504 + 0.011 mg/kg, Pb 0.061 + 0.004 mg/kg WAz Zn 0.632 = 0.018 me/kg Tiszfunnandesiu 95% wagen uncertainty ¥as TRM dwmiusie
Cu uay Zn Mwdesldfimnuaonadoafuinausinuziines BCR matrix CRM Safiarmasivnauna Tuvaigfidmiusig Cd uag Pb fidn uncertainty 7
geminnasilumsait 1 1esandrd1edanes Cd uar Pb lutandridssusesdmiuTasmuiinaniosluhduroudieh o inTansredesusosiivil
fin1sundsvean us uncertainty Alddogluinasisonsuld iadngusvasdvoanslinutagdridsiifielilumsnmsseumiugniesedisnaaey
Tunsmuaeuds sudahluldlunismuauaunmeeaiosdfiinis
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