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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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LA QYLA ulnauadssianie (Escott-Stump, 2008; Nunez, 2005; Escott-Stump, 2008; Linder, 1991)
Hordyjewska et al, 2014; Linder, 1991) Usunailng Tomafisrameazanesunaintulatesiosanly
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nounslatusu 1n Wala wazauss (Escott-Stump, 2014; Kodama & Fujisawa, 2009) AMEfisraniee
2008) lunmgUnineunsunnnit 70% azduegiv ownsdulvigyliinnnylainee USinaudiniden
ceruloplasmin & . JuTUsAundnfivinniinfiouds 1199e8nIUnAkALLANDINTS myeloneuropathy
yosuatlugidlaifiorneg nelusnenie (Tapiero et al, (Wazir & Ghobrial, 2017) d2un19z319n 188z d
2003) NBIMAIIUNUIVITTIaNE8819 W N15adng Naauaunniusanneneawnaduiwialaainnig
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Research Council, 2000) n1sauAnlalaldna
AUALTA (McArdle et al, 2008) wagn13bATUNBILA
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Spectrometry (ICP-MS) Bagnitanuntulud) o . 1980
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Wansaendsnulugunsivdaanduaiunay
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state) vlianunsatnsziuanudutuve e
wdsupnuAnnaduuasiiindulnedeuiuAian
\uasiinlfanansazaieunsgiu (Gonzalvez & de
la Guardia, 2013; Moldovan, 2019) @3un153LASILH
VeAIEVENNT AAS HLABATA NS InEgafe
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#eene annsainusuadldlusesu nilwiomududn
quianiladedududiu (ppb-ppt) (Amos, 2006;
Atomic Spectroscopy, 2013) AUNMTIUATIZANDIUAY
AIEVANNTS ICP-MS nsaranefi0g19egnadaNILaIn
5¥UU nebulizer Wag spray chamber indiuaall
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FLHLLIAT T LR MINLNUNUINTFIU ISO Guide
80:2014 Guidance for the in-house preparation of
quality control materials ( QCMs) (International
Organization for Standardization, 2014) vielidn
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1. ésmvauAunIWAElunEALY
arsmuauauninnteluiildlunisinei

Qﬂwamﬁﬁuf\]’m 4% Bovine Serum Albumin (BSA)

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

NaCl (Lot No. K39486504849; MERCK, Germany)
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Huidoansiiviuanudutuseansinasgumesuas
1,000 mg/L (Lot No. 19-133CUX1; PerkinElmer,
USA) toseulufiaanududureanednns 70 pg/dL
wag 140 po/dL iielwaenndastudieeidnadaves
WoeUfuAnTs (70-155 pg/dL) vinsinsnesiaIAIy
duduresmesundluasaunugunnaeluiindn
Futeseinies FAAS o wosUfjiRnsfivine nuz
wadan1sunnd unAnedouding finsaiuau
ﬂmmwm‘&ﬂuIm 814 Seronorm™ Trace Elements
Serum Control ¥4 2 32U Level 1: Lot No.
1801802 uag Level 2:lot 1309416 (Sero AS,
Norway) ansmuguamamatelufindniueaiazgn
wusld Microcentrifuge tube lneussyvaonas

Uszana 1 mL uazfiulugidu -18°C aundnaglda

2. N15ANYIUTEANTAINVRIEITAIVANAAIN
nulundnies
ANwIUIEANSNINUBIAITAIUANANAIN
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
NaBA NINITIATIEAMIAIAMUTUTUVDINDILAY
WU 2 9 mmLﬂuuﬁaLﬁaafﬁ’uﬁuaqmsmmmqmmw
melundnieagnAnuilaenisgudiegisansaiugm
ﬂmmwmaiuwaml,aaﬁy’q 2 level sgdiuay 10 iaan
¥msiesgimmanuduturemea Uy 2 5
ahummmé‘fwaqmimuamﬂmmwma‘Luwammﬁga
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wu 2 91 nauewusreriaa 7 iou (anau ..
2563 - Wwgu w.A. 2564)
3. NMFAATIZANIEDA
Foyaiildfmunazgniiaseideisng
anflaeladlusunsy Microsoft Excel 2019 n1s
UszrluarmnuudulagAtuinal Overall Mean,
Standard Deviation (SD), %CV, %recovery Usgiilu
anunduiloieniudie ANOVA uae F-test Tne F <
Foitical ﬂﬁ?’jwmmLﬂuLﬁaLﬁmﬁ’ummmimuam
aunnaelundniesogluinusifooniuls
(International Organization for Standardization,
2014) dazUsziduAInutuUsaunISITaEY (linear
regression) TauAazAUtITwieaTIsRAuen
FeAandesiu 95% (p-value > 0.05) Uaddannung

fvesansauauAunnelusag level
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1. wan1suszifivAatanuidudunasunsluans

AuANAMNINAE TUNEALDY
3INN153LATITRTTAUNBIUnluaIsAIUAY

Aunwnelundnesis 2 level FeLAosiinT1zs

Varian SpectrAA-640 WUIHAMULTLTUYBINDILA

'
a

FnTeuldiindu 73 + 1.7 uay 143 + 2.3 pe/dL 39

INIANIANUIAD 70 Way 140 pg/dL AuaTRY

e

v

wagne 2 level 3 %recovery 11nni1 100 Av 104
war 102 fisziuauduty 70 waz 140 pe/dL
AINEIRU WazaINAITAILIMANEIUSYANS AL
LLUiUiauLLaxﬂ'wLﬁmLuummgwmmaﬁmuam
qmmwmsﬂuwﬁmmﬁu’n 2 level Hfi %CV 111y
2.32 tay 1.61 wag SD WAy 1.7 Uag 2.3 A1uaInu
asArvAuAuAINAIEluNEnLoIves level 1 gl
%CV 7iganin level 2 vauzdt level 1 ff1 SD ffounin

level 2 (miwﬁ 1)

A1319% 1 NsUsEUAIANILTUYImBIRAdluasAIUANANAINAElUNS 2 level NnEnTY

AUSUNTIATIZATEIUNDILATlLR U 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
Yrecovery 104 Y%recovery 102
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2. wan1sAneIANduiafgIRULATAUAIAD
YasE1sAUANANINAETUREALD

a

UszAniamvesansaunuannnangluns

P%
a =

2 level ﬁmamugﬂmaau‘lmwizLﬁummﬁ]mﬁa
Werffukarainuasi nan1snageuaanuduiile
Lﬁmﬁ’uﬁﬁmmblé’mﬂﬂ’ﬁﬁﬁa;&aﬁgn 20 AWNILATIZY
neadRaaelUIunsy Microsoft Excel 2019 Tagld
ANOVA: single factor fia 3151 %iAINLUANATIY
sEAUNDILAdluLAaEian WUINAITAIUANANAIN
aelundmioaina level 1 uay level 2 fid1aa1
wUsusaunielungu (The sum of squares within
group) AU 22.500 Way 27.500 ANEAIFU HounIn
ANAULUTUTINTENINNGY (The sum of squares

between group) 3 4§1@1 34.050 way 74.250
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AUaIAU IneA1AULUTUTIUTINGBY level 2 TiAn
110077 level 1 31ANITATUIUAT F UWAZAT Friea
nU3 level 1 wag level 2 A FinaAv 1.68 (p-
value = 0.215) ua¥ 3.00 (p-value = 0.051) AUAWU
Tnge F vesansmuguamnimaelusi 2 level fan
T8N Foye $82A7 pvalue > 0.05 (AN5137 2(A)
uay 2(8)) fetudsannsoaguldansmunuamnm
meluiis 2 level ﬁmmLﬂuLﬁaLﬁsaﬁuaﬂumm%ﬁ
pausuld Tnenudn level 1 dannuduilodoniu
111N level 2 flpsanApusesznine F uay
AN Fiea 999 level 1 HA10INAT1ATAINANVD
level 2 wazA1 p-value 994 level 1 HAWINNAT1 p-

value ¥84 level 2

a a 13 &g o v A a X o o a L4
M99 2 ﬂ’ﬁﬂi&ll‘l«lﬂ?’lllL‘U‘L!L‘UEJL@EJ’Jﬂusﬂﬁﬂﬂqiﬂ’J‘UﬂMQMﬂq‘WﬂﬁﬂiuV]Nﬁﬁ]“lJUﬁ’Wii‘Uﬂ'ﬁ'ﬂLﬂi’]w}i

szdunotwndludsulagdd FAAS fiseiuaududunomuns (A) Level 1 (73 pg/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 dar 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
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asAuAuAUNINAETATTANAEINA
wazedliuuielinsounaussugialunisldau
INNANTITUSHTUAIAIUAIRIVBIAITAIUANAN N

a (1 =1 o
aelundmeudussesiian 7heu wasyianig
AnTendeyanivadiiaaglusunsu Microsoft Excel
Ineld Regression Statistics #UI1@1IAIUANAMAIN
aelu level 1 wag level 2 TANAIUTUVDIANNTT

Waduegluyianinudediiu 95% wagal p-value >
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0.05 (A51971 3(A) waz 3(B) WWuszeziian 7 ey
WAz 6 LRaUALERY ﬁn%’i’laﬁmmuammwmﬂiu
WAALDa level 1 uag level 2 flmnuasiiegluinusii
voufuldnisadfoufafoud 7uavidoud 6
Iy (Uil 1) uenaninudndaudduniil 16
A1 pvalue 284 level 2 fuwilduanasegeroiios
\etfisudy level 1 f1A1 pvalue aglugaann

TnaiAeaiy

M15197 3 N1sUsEiuANAaluTEeEa 7 WeuvesansauangunmaeluninesnseiuAIy

WUTUNBILAY (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%
a 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
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Week p-value Slope Lower 95% Upper 95%
24 0.171 -1.406 -3.510 0.697
26 0.030 -1.679 3173 -0.186
28 0.011 -1.948 -3.367 -0.530
3UM 1 gluansiAanudintuvesasmiuasaun nasluninieiszauaududuawns (A) Level 1 (73 pg/dL)

Y Y

uag (B) Level 2 (143 pg/dL) annisuseifiuanuasiiluseuziign 6 whou

200,

E

175

1504

125

1004

[Cu] ug/dL

75

| 3

2 (A) 73 pg/dL

e (B) 143 pg/dL

]

10

N158AUTI8NAN1TIY
nsANwAzTLIEIAIVANANAINAETY
wARLOITN TR TUENIUNIANY 1U ANsAIUAL
AunmAeludmiun13nsIaiATIEYTEA LIS
USurautipelusieg1991%15 (Chuachuada et al,
2002; Miller-Ihli, 1989) #3oludigrsladnizang
uywd (Sorbo et al,, 2013) fiansavluldarugy
Auamatelulaase Jymidrdyvesarsaiuqu

aasn A elunlylurosy

q

fudnsiwinendlng

Tsgaumnudutulimuneauiusaa181999994

t%

eeUfUANYS Usenauiudiidanieeansniuny

Aunmagluluviesnataiidnuiudndaiiesaind
AndntoedesmAeudIage NsRILIIAIUAY

o

A maeludmsunTIaTsivesuadlugTu

L]

15

L]

20 25

Time (Weeks)
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v v 1 £ a = I3 4
ANMUDUTUMLNEEUADNT LTINS R uTuUsE e vY
a o @
LaziAuTu

anspruAuAuaInAs Uiz aue el

'
v A

nud

A99979 WU

o w v

INANWNATU

Snwasiomnniounielnifes
Funywd wildesanvies fiinisiide
N¥UIUNITIANT 5IUTINAI0619T SUNYvduasy
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