115815 Mahidol R2R e-Journal T4 10 atiudl 1 Ussifouunsiau-weney 2566
Received: July 26, 2021, Revised: August 4, 2022 , Accepted: October 21, 2022
http://doi.org/10.14456/jmu.2023.5

nsAnYIUsEANSANYBAIAIUANAMATNANETUNEALS
AMMSUNISIATITHTSAUN DAL LUTSU

Study of In-house Internal QCMs Efficiency for Serum Copper Analysis
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Abstract

The Toxicology Laboratory, Faculty of Medical Technology, Mahidol University had been developed
and produced In-house Quality Control Materials (QCMs) of serum copper analysis for replacement. In order
to ensure the efficiency of in-house QCMs, the researchers aimed to study the characteristic of this in-house
QCMs by following ISO Guide 80:2014. Homogeneity and seven-month study of stability were investigated.

The results showed that the concentration of In-house QCMs were 73 and 143 pg/dL (%CV = 2.32, 1.61,
respectively) showing relatively low variance and had %recovery 102, 104, respectively. The statistical analysis for
homogeneity assessment (F test) showed the value of calculated F less than Fyc,, and p-value > 0.05 (p-value =
0.215, 0.051, respectively) indicating the homogeneity. The linear regression slope of stability assessment showed
95% Cl and p-value > 0.05 indicating the stability up to 6 months of both levels.

These results imply that the in-house QCMs had efficiency required according to ISO Guide 80:
2014 statistics and also had appropriate value for using in routine laboratory. Moreover, the process and

statistical analysis method in this study could be applied in other In-house QCMs.

Keywords: Copper, Homogeneity, in-house Quality Control Material, internal quality control (IQC), Stability
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neauns (Coppen unssmdrdgysonis asznelusime ananudssnsialsauda vy
Wauveseulwifivhnuieesiulusiuressime swivInIuglunsaindaraiu Snvislidnduns
uywdinnndy 30 ¥ie Wuiugulunsiauuasnns afraaiuuazUiganisgndndae (Aredondoa &
LA QYLA ulaauadsianie (Escott-Stump, 2008; Nunez, 2005; Escott-Stump, 2008; Linder, 1991)
Hordyjewska et al, 2014; Linder, 1991) U3uailne Temaitsrsmesvaamesasindulddoniisnly
Laggﬁ'mmgamamwﬂmmmmmgagﬁ 0.6-16 911157981893 UAN U U UV D ILASLNBINDA DAY
fiaanYuseyu (EFSA Panel on Dietetic Products, ABINTVDIINNY N1IETNNLVIANBILAITANNRU
Nutrition and Allergies, 2015; Tapiero et al,, 2003) mﬂmiam%mﬁﬁmﬂﬂaﬁaﬁﬂ%mmﬁmxﬁazauqﬂu
Tnemeunmuldunluemsusznn emmaa &2 379M8 (Rowin & Lewis, 2005) wsaifinanlsa Menkes
wiadn waswdadio (Dudu (0¥ad, osan, ganad disease %aﬂuimmaﬁuqmsuﬁﬁmiam%’ummm
wagAIung, 2561) Tusnenisuywddaulngazmny AnUnduazirlugnisidedin (Hordyjewska et al,
yosunsldlusu 1o #ila wavauss (Escott-Stump, 2014; Kodama & Fujisawa, 2009) 1127514018910
2008) lunmgUnfinesuasunnnit 70% axduegiu nosunsdulvgyliinanylainae Usinaudinden
ceruloplasmin & 1§ uTusAundnfivinniinfiouds ¥199e8nIUnAkALLANDINTS myeloneuropathy
yosuadlugidaifiorneg nelusnenie (Tapiero et al, (Wazir & Ghobrial, 2017) d2un19z319n ez d
2003) NOWALIUNU NN TiaIeeg1a 1wy N1Tagag nosaunAnusonMznesaaduiwinlaainnis
glulnadu luddu Aeaanau uazaniiy HIegaTusm uilaremsvaenfivuidounasuns (National

Research Council, 2000) n1saufAialagldnlg
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AUALTA (McArdle et al, 2008) kagn13tATUNBILAT
2NN1591191U (Wiwanitkit, 2008) #38LAnanlsANIg
NUFNTTU LU Wilson's disease (Hordyjewska et al,,
2014) FadulnaieliiAnens wu rduld endeu
Uanvies iends Uindswe uazlunsdieoussiifinng
Matedularlne198uns189933n (Hordyjewska et
al,, 2014; National Research Council, 2000; Stemn,
2010) faumsnsImUsnamemeadlud ond
ANAAsioNTIdadelsAazRAn NI NY
Jagtumsimsigriseaiunaauaslivaneds
AUANNTTAR DL 1AL TEAUANUTLTUVDIND LAY
Witeulflunsiinnginaiesl foAnisiyvine
Taun Atomic emission spectrometry (AES) W@ ¥
Atomic absorption spectrometry (AAS) Wanan nil
wlulaBlyaiq Agnitanrdudiodiudssavsnmluns
ATIZNOY1TU Inductively Coupled Plasma Mass

=

Spectrometry (ICP-MS) Bagnitantulud a.d. 1980
(Houk et al, 1980) N15ILATILVNDILAIAILAANAT
AES Wumsldmauieutuansazanedogng vinli
2ABNYBINBIUAITABINTILATIZIINNTE FulH
nanendueznenluanIuzgnnIvAu (excited state) we
Wanisaendsnulugunisidwanduaiunn sy
(spectral line) ndunnduezneuaaiuziy (ground
state) ¥ilifanansainseduanuiduduvomounai
wsiumadeudusaiiiatulnedioutudinig
auasiialdanansaraieunsgiu (Gonzalvez & de
la Guardia, 2013; Moldovan, 2019) @3un153A31¢%
vesuAIIndnns AAS HUARATi LTz gedae
nszurunsfivhlmesundludessnareduesney
dase (free atom) WA IWBEABUYANTUNTINIUIIN
wnaenLdaLas (Hollow Cathode Lamp; HCL 439
Electrodeless Discharge Lamp; EDL) AfPueninay
Fumzfunsauns viliasuaniuziduszaeugn
nsedu uaraunsainszRuaNiuiuvemauadls
Mnmsiadmsgandunasdeazdiusiulneiieutu

AINsANGukaN Inlaanasaraneanmsgu (Amos,
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2006; Atomic Spectroscopy, 2013) ﬁgﬁﬁ AAS @11190
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Yirsesivsnamenshuiiosnsd@sulusedu ppm e
aenndasfuUTmamoadlustnenysd deans
muguaunmaeluildnuluiagduiissiuainy
Wuduliaseuaquiuterd1edwesiesujuiming
wazasmuauAunmMnglufIna niifdonAoudng
Iieluviowann 5ﬂ‘17iy’qé’aﬁiwmqﬁqlajmmxamﬁ’umi
daldlunmsmuauannmniglu fefesfoinsg
AN UUTMIFUA MY AnzivaTiansunmg
WIS eUAna Lfﬁuﬁumméwﬁzﬁﬁaﬁmiﬁwm
waznAnarsnuauamnma1eluduies (nhouse
quality control material) tfien1snawny f38335015
YSuwsisinanududuvamesndliiiiaumgasio
sl é’aﬁ’uﬂmzQ’%%’a%w‘hﬂﬁﬁﬂmﬂizam%mw
yosasmunuamnmmeluiindntuewang Tasg
aaanduardudodsiuazanuasiniu
5EULLI81 LAY ANNLNNYININTFIU 1SO Guide
80:2014 Guidance for the in-house preparation of
quality control materials ( QCMs) (International
Organization for Standardization, 2014) vielidn
wAlANSUMERUH TRUATITIATEvisEiunaung
Tugsufinrusiulalunsldansauauamaimaiglud
mémﬁul@ﬂumiﬂﬁﬁﬁmmmzL‘fJumiLa%mmmgmmi
muauannnngludnns Tnssnszdunnusiunwes
szuuMsAIUAuAuAINATelY FrensIfiuTe
ANLANNTARINIALLEILaz Rt Banduulun

Inszivemialfiansla

F/N1sAnEN

1. aspruANAnINAeTuREALY
arsmuauauninnteluiildlunisinei

Qﬂmam;ﬁumﬂ 4% Bovine Serum Albumin (BSA)

(Lot No. STBFO746; Sigma-Aldrich, USA) Tu 0.9%

NaCl (Lot No. K39486504849; MERCK, Germany)

58

http://doi.org/10.14456/jmu.2023.5

Hudeasiiusuamududuieasnasgiunesuns
1,000 mg/L (Lot No. 19-133CUX1; PerkinElmer,
USA) toseulufiaanududureanednns 70 pg/dL
waz 1640 pg/dL ielwaenndastudieidnadaves
WoeUfuAnTs (70-155 pg/dL) in1sinsesiaIAIy
uduvemeaunsluasauauauamaieluiings
FueaIBIAF0 FAAS o1 WosfiRin1siwiven aauz
wadan1sunnd unAngdouding finsaiuau
ﬂmmwm‘&ﬂuIm 819 Seronorm™ Trace Elements
Serum Control ¥4 2 32U Level 1: Lot No.
1801802 uag Level 2:lot 1309416 (Sero AS,
Norway) a1smuauamuamaelufindntuesiazgn
wusld Microcentrifuge tube lagussyviaonas

Uszana 1 mL uazfiulugifu -18°C aundnagldau

2. N15ANYIUTEANTAINVRIEITAIVANAAIN
nmelundnios
AnvUsEANSNINYeIa1TAIUANANAIN
aeluits 2 level TnoUssiiiuarainududu
(Characterization), A21u 1P uLldotdeafu
(Homogeneity) wag ANAIF (Stability) AnuLned
ISO GUIDE 80 :2014 Guidance for the in-house
preparation of quality control materials (QCMs)
(International Organization for Standardization,
2014) Y321 duA1A I T UEITAIUAMAMAN
Aelundnesdieds FAAS Tneldin3esinsiza
Varian SpectrAA-640 oy igaUfjURN5iwIne Ay
WMALANITWINTE uriInenaeuiing level ag 10
NADA MINNTIATIERNIAIAMUTUTUYBINOILAS
WUy 2 6 m’mL‘ﬁum’faLﬁmﬁumaamimuamﬂmmw
melundnieagnAnulaenisgudiiegisansaiugm
ﬂmmwmaiuwaml,aaﬁu’q 2 level sgdiuay 10 iaan
¥msiesgimmanuduturemea Uy 2 5
ahummmé’fwaqmimuqm@mmwmaﬁ,uwamLam??q
2 level 3gNILATIEINIAIANUTUTUVBINBILAY
WUU 2 9 nnifewduszeziign 7 WWeou (anay w.e.

2563 - LlWweU W.A. 2564)
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3. MFIATIZHANGEDR
Foyaiilifmunazgniiasevideisng
anflaeladlusunsy Microsoft Excel 2019 n1s
UsgluarAnududulangaiuaaial Overall Mean,
Standard Deviation (SD), %CV, %recovery UsLiiu
anunduiioideniudae ANOVA uae F-test Tne F <
Feitical ﬁﬂ?giwmmL‘?;Jut,ﬁalﬁmﬁwaamimmu
aunnaelundniesogluinusieoniuls
(International Organization for Standardization,
2014) wazUsziduAmuTuIe NN TeLEY (linear
regression) vedudazaIdLduiiedasziauen
fasmnandesiu 95% (p-value > 0.05) Ustasaauns

MesansmIvANauAnAeluliag level

NAN1SAN®
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1. wan1suszifiuataadudunasuasluans
AuANAMN WA TUNEALDY
31NN153LATITRITAUNeLaluaIsAIuAY
Aunwnelundnesis 2 level FeLAosiinT1zs
Varian SpectrAA-640 WUIHAMULTLTUYBINDILA

FinFeuldivindu 73 £ 1.7 uay 143 + 2.3 pe/dL 39

g9nANNANINAD 70 WAy 140 pg/dL A1NEGY

wazia 2 level il %recovery 11nn31 100 fis 104
war 102 fisziuauduty 70 waz 140 pe/dL
AINEIRU WazIINAITAINIMANEIUSEANS AL
LUsUsIULarANTEUUULIATEIUTBIAITAUAN
A nnelunaniana 2 level fiA7 %CV iy
2.32 ay 1.61 waz SD WAy 1.7 wag 2.3 A1uaInu
asArvAuAuAINAIEluNEnLoIves level 1 gl
%CV 7iganin level 2 vauzdt level 1 ff1 SD ffounin

level 2 (miwﬁ 1)

M1319% 1 NsUsEuAIANILTUYmBIRAdluasAIuANANAINAElUNS 2 level NnEnTY

AUSUNTIATIZATEIUNDILATlLR S 1ne3T FAAS

Cu (ug/dL) Control level 1 Control level 2
Cup Replicate 1 Replicate 2 Replicate 1 Replicate 2
1 75 74 146 144
2 74 72 143 140
3 70 74 142 143
a4 72 73 140 140
5 71 70 143 145
6 72 74 147 144
7 72 71 139 140
8 72 74 144 145
9 76 74 142 143
10 73 70 145 140
Mean 73 Mean 143
SD 1.7 SD 2.3
%CV 2.32 %CV 1.61
%recovery 104 %recovery 102
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2. uan1sAneIANduULBAgIRULATAUAIAD
vasaIAuANAAINAETuREALD

UszdnSnnvadansauauaunInaeluns

v
a =

2 level ﬁwamugnwmaaulmaﬂisLﬁumwmﬂurﬁa
Weatunazauasia nan1svaaeuanaduie
Lﬁmﬁ’uﬁﬁmmblé’mﬂﬂ’ﬁﬁﬁa;&aﬁgn 20 AWNILATIZY
neadfaaeluInnsy Microsoft Excel 2019 Taeld
ANOVA: single factor fia3iA51¢%AILLANA1I0
FEAUNBLATLULARZTRDA NUTIAITAIVANAMAIN
aelundniessis level 1 uaz level 2 fiAaany
wUsusauaielungu (The sum of squares within
group) 1AU 22.500 Way 27.500 ANEAIHU Hounin
ANAULUTUTIUNTENINNGY (The sum of squares

between group) 4ilA1 34.050 uay 74.250

http://doi.org/10.14456/jmu.2023.5

AINAIRU LaeA1ANLUTUTIUTINTOY level 2 Han
111071 level 1 91NN1TANUIUAT F AZAT Foen
WU level 1 way level 2 A1 F LvinAvU 1.68 (p-
value = 0.215) az 3.00 (p-value = 0.051) AUEAY
Tneen F gasansmunuamninn gl 2 level dan
T8N Foye $82A7 pvalue > 0.05 (AN5137 2(A)
uay 2(8)) fetudsansoaguldansmuguamnm
melutis 2 level famduioertuoglunasii
sousuls Tnewudn level 1 flanuduiloidiontu
1 level 2 ipsanaanusisseing F uay
A Foine V09 level 1 3A1011A91AIAINAIITDY
level 2 wazA p-value 194 level 1 HAWINNTT p-

value ¥84 level 2

A13199 2 nsUszdiuanudulefsiuresaisauaununinaieluindndudmiunisinsizi

sedunotwndludsulngds FAAS fiseiuaududunauns (A) Level 1 (73 pe/dL) wae (B) Level 2

(143 pg/dL)

(A)

Source of Variation SS df MS F p-value F crit
Between Groups 34.050 9 3.783 1.681 0.215 3.020
Within Groups 22.500 10 2.250
Total 56.550 19
(B)

Source of Variation SS df MS F p-value F crit
Between Groups 74.250 9 8.250 3.000 0.051 3.020
Within Groups 27.500 10 2.750
Total 101.750 19

a13AUANANNINA1ETUAITIAINAIAITA
wazaglauuielinsounquszeziialunisldau

’i]’]ﬂNaﬂ’ﬁ‘di%Lﬁuﬁ’]ﬂ?’]uﬂﬁﬁ?%@ﬁﬁ’ﬁﬂ?U@Mijﬂ’]‘w
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Ingld Regression Statistics WUIATAIUANALAIN



215819 Mahidol R2R e-Journal ?J17‘i 10 aﬁuﬁ 1 Us¢aAUUNIIAN-WUWI8Y 2566
Received: July 26, 2021, Revised: August 4, 2022 , Accepted: October 21, 2022

ety level 1 wag level 2 dA1A1uFUVDIANNTS
\BaduagludisnnuiBesiu 95% wazAn pvalue >
0.05 (A151971 3(A) war 3(B) Wuszeziian 7 ey
WAz 6 HaUALENY ﬂn%ﬁmimmu@mmwmﬂiu

3

HARLDY level 1 uag level 2 Imnuasdaglunuani
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gousulaniadnoubiaioudl 7waziioud 6
AU (MW@ 1) uenNENUINRaUAFUAT 16
A1 pvalue 284 level 2 fuwilduanasegeroiios
\Wetfisudy level 1 f1A1 pvalue aglugaann

TnaAeauy

A157199 3 MsUseiuauAsilusEezIal 7 WeauvasansauauaunmAglukGaeTERuAIY
LWUTUNBILAY (A) Level 1 (73 pg/dL) uag (B) Level 2 (143 pg/dL)

(A)
Week p-value Slope Lower 95% Upper 95%
a4 0.085 -0.430 -1.005 0.145
6 0.804 -0.114 -1.453 1.225
8 0.490 -0.372 -1.734 0.989
10 0.535 -0.413 -2.009 1.182
12 0.709 0.250 -1.315 1.816
14 0.669 -0.291 -1.833 1.251
16 0.471 -0.533 -2.157 1.092
18 0.572 -0.467 -2.268 1.334
20 0.523 -0.577 -2.519 1.365
22 0.372 -0.854 -2.872 1.165
24 0.476 -0.740 -2.933 1.453
26 0.874 -0.171 -2.454 2112
28 0.785 -0.314 -2.727 2.100
(B)
Week p-value Slope Lower 95% Upper 95%
[ 0.834 -0.138 -2.629 2.354
6 0.493 0.469 -1.449 2.387
8 0.449 -0.442 -1.906 1.022
10 0.850 -0.136 -1.880 1.609
12 0.727 -0.291 -2.232 1.650
14 0.546 -0.559 -2.646 1.527
16 0.142 -1.138 -2.750 0.474
18 0.053 -1.480 -2.984 0.025
20 0.076 -1.529 -3.250 0.192
22 0.060 -1.741 -3.566 0.085
24 0.171 -1.406 -3.510 0.697
26 0.030 -1.679 -3.173 -0.186
28 0.011 -1.948 -3.367 -0.530
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200,
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125

1004

[Cu] ug/dL

i A(A)73p.g/dL

o (B) 143 pg/dL

]

10

L]

15

25

Time (Weeks)

Al 1 JukansdrAudiduresasnIuauAun nAEluREnesEAUATIILIUNeA (A) Level 1 (73 pg/dL)

wag (B) Level 2 (143 pg/dL) annisuseifiuanuasiilussuziig 6 hou

N1358AUIUHANTTIY
NsAnyIar LA sAIUANANAINATETY
wARLOITN TR TUENIUNIANY 1U ANsAIUAL
A mAgludmiun13nsIaiATIEsEAULIsT
USurautinelusaeg1991%15 (Chuachuada et al,
2002; Miller-Ihli, 1989) n3eludieeralaaiizves
uyud (Sorbo et al,, 2013) fiarmnsaluldarugy
Aan1natelulaase Ygmididgeesansaiuny

A mnglundldluesu juRnsiwinerdlng

q

a

Tsgaumnudutulimuneauius9a181999v94

t%

eeUfUANYS Usenauiudiidanieeansniuny

Aunmagluluviesnainiidiuiudidaiieaind

Andndessedesadeutngs msiawaIsAuAY

A maeludmiunisiiesgineswadudSung

Audutumnzaunensldiuasdadudselewl
= o &

wazNAILILTY

a1smuAuaan nagluiugauded

¥ '
[ =] = v a1

anvazileansimilounselnalAgeiuddensia 1u
FSuuued wiillosanviesiRnsidedndanieiiu
NILUIUNITIANT FIUTIUA8E19TT ULy vIuaY

suuszanalun1snsInaelsafnme (Infectious) Nau
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st lUlFau dafunieie sl fiRinsinineds
uuuazsdnasauauauninnieluiueield
AIUANAMNINAIETUAINTUNIIATIIIATIERTERU
nosundluTsulagld BsA Huidoans witeldimsian
waznAnaIsAIuANAnAINANeluAINE T TAman
MneiNInsgIuivLe §33835lavinnsdnyidd
Aty mnuduidoienfuuazauns 3
JunuauifvnandAgresaisaunuannindmsy
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