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Quantifying Uncertainty of Calcium Determination in
Infant Formula by AAS and ICP-AES

Jang-Young Jun*, Byung-Man Kwak, Jang-Hyuk Ahn, and Un-Young Kong
Research and Development Center, Namyang Dairy Products Corporation

Uncertainty was quantified to evaluate calcium determination result in infant formula with AAS (Atomic

Absorption Spectrometry) and

ICP-AES (Inductively Coupled Plasma-Atomic Emisson Spectrometry).

Uncertainty sources in measurand, such as sample weight, final volume of sample, sample dilution and the
instrumental result were identified and used as parameters for combined standard uncertainty based on the
GUM (Guide to the expresson of uncertainty in measurement) and Draft EURACHEM/CITAC Guide
Uncertainty components of each sources in measurand were identified as resolution, reproducibility and stability

of chemical balance, standard material purity,

standard material molecular weight,

standard solution

concentration, standard solution dilution factor, sample dilution factor, calibration curve, recovery, instrumental
precision, reproducibility, and stability. Each uncertainty components were evaluated by uncertainty types and
included to calculate combined uncertainty. The kinds of uncertainty sources and components in the analytical
method by AAS and ICP-AES were same except sample dilution factor for AAS. The analytical results and
combined standard uncertainties of calcium content were estimated within the certification range (367x20 mg/
100g) of CRM (Certified Reference Material) and were not significantly different between method by AAS
followed by ashing and method by ICP-AES followed by acid digestion as 359.52+23.61 mg/100 g and 354.75+
16.16 mg/100 g, respectively. ldentifying uncertainty sources related with precision, repeatability, stability, and
maintaining proper instrumental conditions as well as personal proficiency was needed to reduce analytical error.
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Table 1. Analytical condition of calcium by AAS

AAS
Classfication Condition
Wavelength (nm) 227
Slit (nm) 0.70
Current (mA) 10

Table 2. Analytical condition of calcium by ICP

ICP

Classfication Condition
Waveength (nm) 317.933
Sample gasflow (L/min) 0.7
Plasmagasflow (L/min) 12
Auxilary gasflow (L/min) 0
Nebulisation flowrate (L/min) 0.02
Nebulisation pressure (bar) 10
Entrance dit 20
Exit dit 80
Increment (nm) 0.004
Generator power (W) 1,000
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Table 3. Uncertainty components associated with the analysis of calcium by AASand ICP
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AAS ICP
Parameter Description Source Parameter Description Source
W, Calibration W, Calibration
W, We, Weight of sample Repeatability Wy Wy, Weight of sample Repesatability
Wi Resolution Wee Resolution
Pea Purity of Calcium Purity Pea Purity of Calcium Purity
Fea gga:ﬁwa ght of Molecular weight Fea g?ﬂ:ﬁwg ght of Molecular weight
Ce go;r&c_mt]ral onof Concentration Ce g;r::mrw onof Concentration
T Calibrati STD Calibrati
STD, Dilution of toration 2 Dilution of Calcium oretion
STD Cacium Sandard ~ epeatebility STDy Standard Repeatability
5 Temperature STD Temperature
C C 100
A STD,q o
Linearity of A Linearity of A
Lo Cdlibration Curve Calibration La Cdibration Curve Calibration
Ia Iar Estimation by Resolution I, Iir Edimetion by Resolution
imation . imation .
s ingrument Stability hs instrument Stability
Iap Precision lip Precision
Rua R.p ) Reproducibility Rui Rpe . Reproducibility
R, Recovery of matrix Recovery R, Recovery of matrix Recovery
Final vol of Cdlibration Firal vol ¢ Cdlibration
inal volumn . inal volumn o .
Vi sample Repeatability V; sample Repeatability
Temperature Temperature
D, DSP Volume of diluted Repeatability
. sample Temperature
Concentration of sample in extraction solution(C.)
Standard stock solution Q\‘ Standard solution
/ / / <&——— calibration —— calibration
concentration  purity formula weight \«——— repeatability & repeatability
Calibration curve temperature temperature
/4 /4 /4 '\ volume of volume of
micropipet mass flask
calibration linearity repeatability < Instrument
Matrix \ \ \
recovery  recovery reproducibility resolution  stability  precision
< Cs(Ca content)

calibration Volume of mass flask

/
S

calibration temperature

repeatability ———p»
resolution ——p»,

repeatability

Final volume
of sample(Vy)

Weight of sample(Ws)

Fig. 1. Fish bone diagram of uncertainty sourcesin calcium analysis.
(—: Only applied to the calcium analysishy AAS)
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C, = CX VTS X DX 1000 (@)
Ws = Wc : WRp : WRS (2)
Co=Pu"Fea"Cea"STD " L (k" Is* 1p) " Ry €
D, = D, - D, @
C. Concentration of sample (mg/100 Q)
C. Concentration of sample in extraction solution (mg/L)

<

 Find volume of sample (mL)
W Resolution of weight of sample
W, Weight of sample (g)

We,: Repeatability of sample weight
W, Cdlibration of sample weight

D, Dilution of sample

(Only applied to the cacium andysis by AAS)
D, Volume of pipet

- Volume of diluted sample

- Purity of cacium

. Formula weight of cacium

- Concentration of cacium

STD: Standard solution

L. Linearity of cdibration curve

lz: Resolution of instrument

lg Stability of instrument

Precison of instrument
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Ry: Recovery of matrix
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n: Number of measurements

s, Pooled standard deviation

U: Expanded uncertainty

k: Coverage factor

v Effective degree of freedom
v;: Degree of freedom

C: Sendtive coefficient
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Table 4. Uncertainty budget for the deter mination of W, and W,
Parameter Vaue Degreeof freedom  Standard uncertainty Relative sten dard Type of uncertainty
uncertainty

(%) X; \% u(x) ux)/x; AorB

W, - - 0.00017 - B

We, 5.0000 10 0.00200 - A

We - - 0.00003 - B

W, 2.5000 10 0.00201 0.00080 -

Wy 1.2500 10 0.00201 0.00161 -
type FFESE(UWg,) 0.00200& F313om, o] we] i Fdo] BIL(USTDY))= BT ¢k, B2 183 5%
© W34 Sl 158]0lM 55 Wl 100] Hr} E3F A2e] & o o3k Bgwg st At ¢4, B8 £xe
a5 00001gel™ Eallsol I BEFEELE(UWR)E ESE = ARAERE FREe ZE EFA10F] AlET7 o]

000003 golth. Age] FHRFEIZ(UW,))E 2 FFEI=
of that AFTe AFZLE 00020101H, AHEFESE
(U(W_)/W,)E 0.00080(0.00201/2.5)°]t}.

ICPEl o3t A AlgS] FAE 12509 4300,
AEe] FA SA B3 2 AFEe] A AASHS] F
9 sl AABIATE o] We] AfEe 10009, A-L9

WA e B, A A 28 AL Edlls

So) BYE 991 PH NB A ZY4 EEEdEe

gellA IA woenw
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3 O

3t AXFSIATE Al2ke] FX7F 99.997%2

2 0.99997+000003¢ 2 71487, BY A}

N
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FEEAAE Boz wprolFH s Y FFESEUR.)

+ 0.0000170]22, A

T=ZH3C
EEES:

(U(P-)/P-)= 0.000017 (0.000017/

0.99997)°|t}. TN Bl o3t BwE i, 24
o] Ba}eke 40078°)%, IUPACOIA] 2EE Ca ¥AF Tl &

e 000401tH(16). WA, B @ AAHE £

Z8 715

J3oZ WWrH FFEEIEE(u(F,)) 0.0023(0.004/./3)0]H,
2ol gk A EEE e (u(F.)/F.)E 0.000058 (0.0023/
40.078)°] At} g qFNe] T AleF AZAL 74l 10.00

Teble 5 5 69 YERd 713} o] AAZRH FFHE & +003mgmLE HoIUaL, 95% AlF]FFolA 0032 EFd=E
Table 5. Uncertainty budget for the determination of C,,»
. Combined
Degree of Standard Reative standard . Type of
Parameter Value . . relative standard .
freedom uncertainty uncertainty uncertainty uncertainty
(x) X; v u(x,) U(X;)/x; /(z {u(x;)/x; }2) AorB

Pea 0.99997 - 0.0002 0.00017 B

STD2 Fea 40.078 - 0.0023 0.00006 0.00150 B
Ca 10 - 0.0150 0.00150 B

<D STD, 5, 100 9 0.0381 0.00038 0 A
125 STD, 5, 50 - 0.0142 0.00028 00048 B
STD,,, 100 9 0.0381 0.00038 A

STDzs STD,5, 50 - 0.0142 0.00028 0 B
STD STD, 100 9 0.0381 0.00038 0 8 A
5 STD,, 5 - 0.0045 0.00090 ’ B

STD, g, 100 9 0.0381 0.00038 A

STDuo STD,q, 1 - 0.0025 0.00250 0.00253 B
Lea 2515 7 0.0046 0.00181 0.00181 A
Rap 0.9744 9 0.0039 0.00407 A

Rua Rir 389.74 - 5.9214 0.01519 0.01573 B
(NS 25 14 0.0017 0.00069 A

I, las 224 20 0.0064 0.00284 0.00334 A
lap 25 99 0.0040 0.00162 A

Cer 2.247 - - - 0.01649 -

YThe concentration of sample in extraction solution in AAS.

ACalcium standard stock solution.
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Table 6. Uncertainty budget for the determination of Cel?

Degree of Standard Rdative standard  Combined relative Typeof
Parameter Value freedom uncertainty uncertainty standard uncertainty  uncertainty

(x) X; v u(x,) U)X, /(z {u(x;)/x; }2) AorB
Pea 0.99997 - 0.0002 0.00017 B
STD2 Fea 40.078 - 0.0023 0.00006 0.00150 B
Ca 10 - 0.0150 0.00150 B
STD STD,,, 100 9 0.0481 0.00048 0.00102 A
= STD,, 25 - 0.0045 0.00090 ) B
STDq,, 100 9 0.0481 0.00048 A
STDs STDg,, 5 - 0.0045 0.00090 0.00102 B
STD STD, g0, 100 9 0.0481 0.00048 0.00255 A
100 STD,, 1 - 0.0025 0.00250 ) B
Ly 51.57 7 0.0616 0.00119 0.00119 A
R Rp 0.9635 9 0.0041 0.00422 0,026 A
M Rk 385.41 - 84216 0.02185 ) B
(S 50 14 0.0058 0.00012 A
I, lis 44.31 20 0.1203 0.00272 0.00325 A
lp 50 49 0.0889 0.00178 A
Cy 44.343 - - - 0.02272 -

YThe concentration of sample in extraction solution in AAS.
ACacium standard stock solution.

7RG JerR, Zg 37 T ZFEISEUCY)TE
0.015(0.03/2)°1™, o) EFE2H=(u(C,)/C)= 0.0015 (0.015/
10)0lth. wEhA, BFEHY £%, BAY 233 TR
ofgt Al EId=E Tt A ARARIA Al &
o] At HFE3= (u(STDY/STDY)E= 0.001500] T}
AASH 23t g AN ERFSNS HFN 1mL &
o2 A3 BFHsle] 100mL wlAaZ ekl 34 sk
sinong, REFEN 2AX BEE 1mL H3l oJ%
ZA B3wel 100mL vlAZeEksa By A ust
s oF sith Table 4o YeERRS=o] 1mL 39
A de] B3 Es 95% Al1EEedlA] 00059 E3=
7, 1AL ko] Fho] 20|22 FFEIE (U(STD,yy)
0.0025(0.005/2)° 1™, “3ti=-SHe (U(STD 4 )/STD )& 0.0025
(0.0025/1)°]t}. 100mL W 2Zek2x3 Fyu) =4 i3k B8
= a7l dig A SAukEAge 9%k B3%, 100

HN

Sl
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)
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ox ot 1S
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o ome Bomo ey
ox i
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=0 T
mL vl aEekaAs] Wiy BREE B3 2QloR I
SISt 100mL Wl AERRAA o] A BREl] wE Alde
o] B3E 108] whaste] Eekaae] A7 E8 7HSA
oL S Skt olell thalt EFHA7E 0008870 22,

~

ek A type B =R Ated #FEESEE 000123
(000387//10)01H, A= ZHSF7) 108]o] 2= golt}, &=
gk Zekaa 108] Wk A A A0 E3=E 000017
oz TEeld Y IHEFEIEE 0001240]th 100
mL HlaEekaae] Wi wy Bdhee R iead A
A 7IEe R e 100mL viaEEea #3570, 3487,
FIR AT we BEE a3 Al g FASAHA
YR 55 JEsle] ARteiglon, Zizte] #FEEert 003,
0.02309, 0.00395 18]35 000017°]| 2%, 100mL Hl2=Zep2=
o] Wiwd E3=E 0038070)th. welA, 100mL w2}

23 RyZ=Hd 3 FFEIFE(USTD,,)E 003809
(J (0.03807° + 0.00124%) Yo W, 4t FF2-3He (USTD,y, )/STD )
= 0.00038(0.03809/100)0]Tt}. 1 mL ¥=lol| &J&F T3 23X
3ol 100mL waFekaa B S0 gk E3eE §
AepH, REEgd ZAA] A EFESE (U(STD,,)/STD )=
0.00253°] Ft}.

ERFENOZRE s5mL vfo] 2T S o]8-3te] 100mL
ml&Zekso] SjAste] STDL(5mgL), STD,(25mglL), STD,
(125mgL)e] ZFEAES Axsit o] wf, TFEEY I3 F
AN BT a2y BF8Y AN e BYEE v
of a}m, 5mL mlo]ARIINE o] &3 FFE wHA B
Ty WAZAEAM Ao B3t 95% A F 0l 0.0090] =
2, FFEEE 0.0045(0.009/2)01, i EEe2=s 0.0009
(0.0045/5)°It}. F-¥=7ge] e Sdee REFEN ZAN
o} T o R b, ¥FESEE 003809, AJtiEg=
+ 0.00038°1H, A= 9oltt. wEbA 8 33l A
E3e g3 2589 Mo 2= BIEE % BF
ol 3|4 A] STD(5mgL), STD,(25mg/L), STD, .(125mglL)
Z}z}e] A3t B8 (U(STD,)/STD,, U(STD,.)/STD, ., U(STD, )/
STD, .= 0.00098, 0.00048, 0.00048°]T}.

ICPHol 28 Z4 B4 B389 STD,(25mglL), STD,,
(50mg/L), STD,,(100mg/lL)e] EFEIF=E AAS ZETFEY
ZAN] B Ak U WHo R Ak, STD,,(100
mglL)e] B8vE RRFL zAA] Bl FUsh, ¥
£ STD,(25mglL), STD,(50mglL) AN EF&== 5mL
nlo]zZE2 u|Fo) &3 FEFE-FE9 100mL WS )
=40 tigt FFEIEE ] 7 F Utk S, STDL(25
mg/L), STD,(50mg/L) ZAA] 5mL mlo]az]slo] <3 ¥
E3lw 001423019, AIE3=E 0.00028(0.01423/50)°]T}. 100

=
R
A
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Table 7. Values and uncertaintiesfor calcium analysisby AAS
. Relative standard
Parameter Vaue Degree of freedom Standard uncertainty uncertainty
(%) X v u(x) u(x)/x;
W, 2.5000 10 0.0020 0.00080
V 100 9 0.0381 0.00038
D, 100 9 0.0381 0.00038
Ca 2.247 - 0.0371 0.01649
Ca 359.52 - 11.8053 0.03284
Table 8. Values and uncertaintiesfor Ca analysisby ICP
Combined standard Relative standard
Parameter Vaue Degree of freedom uncertainty uncertainty
(%) i v u(x;) ux)/x;
Wy 1.2500 10 0.0020 0.00161
\2 100 9 0.0381 0.00038
C, 44.343 - 1.0076 0.02272
Cq 354.75 - 8.0824 0.02278
AAS IcP
018 5000000
0.16 4 z
0.14 4 4000000 +
012 4
g N 3000000
-i 0.10 4 %
E 0.08 E
< 2000000
0.06 -
0.044 1000000 -
0.02 4
0.00 T T T T T 0+ T T T T T
0 1 2 3 4 5 ] 0 20 40 60 80 100 120
Concentration of calcium (mg/L) Concentration of calcium (mg/L)
Fig. 2. Linear least squarefit and uncertainty interval for duplicate estimationsby AASand ICP.
mL W&=Fet2a 73] 246 Os 358 s ZEEEY A BEE-3E (u(V,)/V,)E 0.0038(0.03809/100)°] T}
ZAAN Y T, TFETEE 003809, AHEI=E
0.00038(0.03902/100) 1 t}. whehA], EFE&H STD,(25mglL), AEEY sMA| SEE
STD(50mglL), STD,,(100mglL) ZHzte]l A FE3e AASHo gt AHA] AP FMo ME EFd== 5mL
(U(STD,)/STD,;, U(STD,)/STDy, U(STD,,)/STD, )= 0.00048, 3 ARGA] Bgws) FaSAd tigt EgeE st
0.00048, 0.00253°]H, 5743157} 103]°o| =2 AHfr=ve 9olth silom, ALHE BREFEd A sYg WS At
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4 A= 27 Tale 5 3 60l o
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A AFe Ha= 100mLi g H’H«l EFEdEE AAS
Ht ICPY B 5040}111 HEHIE 100mLE & W) %

St of ALk =& ixﬂ/\] 100 mL Uﬂ/\}iﬂ]-/\i 5

1o
=

) 5ol et ehis) Falg WHoR AR,
G710l thE AERe] Z4usae) s S3he. 100mL §
sgaleze] Yhay Bohes) Bohe gelow veiHgle
W, AEE 24357 108012 92 Akteld. web
HFHIE 100mLEY weo] EFEEST(u(V)= 0.0380901H,

0.00450, “JTH3EFE-3H= (U(D,)/Dy)= 0.00180(0.00450/2.5)°] 3
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250mg/L, 500mglLE, ICPY 7ZA$= EFg 2
mg/L, 100mgLE 35144‘ W Z2dste] 2Adskal 3111 Fg 2
o YeRH At

A, = BXG+B, (12
(Co-C)
uCy = —1 %+%+°S_ (13)
Y [A;~(By+ByxCpI?
_ =
s = — 14
sx= ¥ (-0 (15)

=1

p: Number of measurements to determine C,

n: Number of messurements for the cdibration

Cy Concentretion of Ca in the extraction solution

C: Mean vdue of the different cdibration standards

i: Index for the number of cdibration standard

j: Index for the number of messurements to obtain the ca-
ibretion curve

A744L linear lesst square fittingell 213l 2](12)¢} o] 1
lﬂ"’ﬂ—i 2= 3}\_131 /\1(13) (15)2 o].Q_o}o:] AARAM 21-/\4,] =
FrE Axkebd AASY BFEIE (Ul 00046, AT
FEIE (ULl )E 00018 (0.0046/2515)°19, ICPY] &
B3 (UlL)E 00616, A EFE T E(UlL)Ly)E 00012
(0.0616/51.570)°1t}. H84de] JAAGTE= AASE 09999, ICP
7} 0.9999% FERSt

ofE (Matrix)oll 2[st S&t=

AAS gt ZAgrAe] B9 v
g AEY B I7E ‘:'ﬁ =o] FEId=EE §
ato] FaiiTt. Table 50 YERH A3} o] A5 EF=
400 mg A7Vt H7ysk Olzoﬂ o st 5]"\0 /\1?54 = 10Q PN
3 A3}, Hi 389.74mge 24 (R,,) 97.44%2) ﬁTgE el
E}. o] W EFHAE 125%3 01, whEhA] 3)5E Adde] i

FEIL(URAP)= EFHAE /10 &2 rolE 3F 000397
(00125/J—())°]Et1 A EZE ﬂE(u(RAP)/RAP)t 0.00407
(0.00397/0.9744)°1c}. 382 ZFEIT(UR,R)E H7HSH &
& (400mglL)olA BlE ﬁ%i?éﬁrs’% 2polzkel 10.2561%
302 UFolE 3t 59214(10.2561/./3)01H, A EEE I E
(UR,R/R)E 0.01519(5.9214/389.74)0]t}. wizhx, AASHS] ©)

A(matrix)el] ©8 T FFE = 0015760] ).

ICPl] &]3 ZgRA 0] A9 A8 EFES 400mg H7)
ato] H7ke ol st 3|8 APS 103 AAIgH A3} S+t
38541 mge 24 (Ry) 96.35%2] 3443 Hoon, RFEHAE
1.29%%3 T} AASt”oﬂ gt Ao Aok 22 Hew

mo}wa, 3e AT EFEIE(UR,)E 0.00407(0.0129/
J10), AN EFEIE(UR)RY)E 000422(000407/09635)0113%
3489 EFEFE(URR)E 84216(14.5867/./3), N EFE
= (URR)R)E 0.02185(8.4216/385.41)0]t}. whehA, ICPH4-4
v A (matrix)el] 2]3F S EFEI == 0.022260| T}

A (matrix)ol]l 2%k 3=
5

14
ﬂJ[O ox fr

=

717158 28=
7171 ER3A BYEE
o] AdE Ho] By gelom v q able 52 69l
A B dRe] AASY] Ealls Ed=E 00030]H, xEES
ZU(,))E 000173(0.003/4/3), “3th E—ff— Q‘L(U(IAR)/IAR)L
0.00069(0.00173/2.500)°]t}. AAS] oFYA Eate= 19 534
5rol AA AEE 43 oH, 35 (pooled) @Qgﬁﬁ:—ﬁdz} s
el w2t 4 @) (e A8kl 73 A
(u(l,d)= 0.00637°] 3, “FFEF=S=(u(l, )
(0.00637/2.24)% ALF=EATt. AASS] A== S OEJ %-5-}57}
0.007°] 2, ¥FE3=(u(l,.)E 0.00404(0.007/./3), HHEFE
5 (Ul p)/,)E 0.00162(0.00404/2.5000) ©|t}. w}am, AAS]
g Als SAA, 71719 weled A el AYgEE
FAT 7171244 S EFESE(u(l,)/1,)E 0.003340] T},
ICP2] s EFxe 0010H, EFEI=(U(l))E
0.00577(0.01/ /3), FHHEFEZ=(u(l /1,0 E 0.00012(0.00577
/5000)0]1:]. ICPe] ¢rdA B3l 19 53X 559 A A
z2E .E.X4 o]_M_tq J—E(pooled) ;\13442.11z]. %Joﬂ IL]-E]- 5
g A type EEEIE(U())E 012033, FHEFESE (U,
I, & 0.00272(0.96265/44.31)Z AlLtEIAT) ICPY] AREE =
AE EI3%r) 01540012, FEEIE(u(l,)= 0.08891(0.1540/
J3), A EZE3E (u(l, )/ ,)= 0.00178(0.08891/50.00)0] T}, 1}
ZhA], ICPel 98t Als S78A], 71719 Eallsa P e
AL Aees ET 7I7IEAA BHEEESE(u(l ) )= 0.00825

=~

oA gt 7F BRIzl AUEFEIEES At
FATFET( u(cg/cs)—é— 74] fz A3} Teble 7 2 Table 801l
yehd Ak 7o) AASY] 739 0.03284(u(C,)/C,), ICP2] 735
0.02278(u(C,)/C,)°1 T} Ol 7%%— AAS A @8H gk 35952
mg/100g 2 ICP A|&d A%k 354.75mg/100gell 2H2H ) ¢
AETEIE(UC)E T+ 243 AASH AR TESE
(U(C,))E 11.81mg/100g, ICPE 2 4 ¥ F=E 8% (uC,)E
8.08 mg/100g>. = AHF = At

f

A
(S[(oMW)E= 2361mg/lOOg, ICPe] & 3= (U(C))E 16.16
mg/100ge 2 A=}, HEFAAR ZH7t 35952+ 23.62 mgy/
100g, 354.75+16.16 mg/100gC- = F A=},

%E,F QIxte| ALH7|0{=
SHBFEE} HF AFAA MR %° AASH2] 7

% 6.57%(359.52i 2361mg/100g), ICPEe] 7 4.56%(354.75
+16.16 mg/100 )= AP = th. AASHS] 7% N(1)91 2dz
A2 & EZwAdx}(uncartainty sources) 471471 A B0
X G Fg. 3o e A o] A7 FASEES
E(Wg), HSAEE FI(V)), SAuFD)ET AHEd5
ZHr ZAZHC)Ol 7P 2 9 mzlen, of7)e] x3E
RE B30l xKuncertainty factors)e] AtiE-g=r) AA] &3
zol| MIAE I Fig. 4l HeER Azt o] 314-8(0.01519),
HFEE 24)(000447), 3158 AE4(0.00407), 7171 A
(0.00284), 71741(0.00181), 7171 HHU=(0.00162), EF F&
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Fig. 3. Contributions of uncertainty sourcesby AAS.
C,a: concentration of sample in extraction solution, V,: final volume
of sample, W, weight of sample, D, dilution of sample.
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Fig. 4. Contributions of uncertainty factorsby AAS.

P.: purity of cacium, F.; formula weight of cacium, C_;
concentration of calcium, STD: standard solution, L, linearity of
calibration curve, |,5: resolution of instrument, 1,g stability of
instrument, |,,: precision of instrument, R,p: reproducibility of
matrix, R,g: recovery of matrix, V. fina volume of sample, W,,:
weight of sample, D,: dilution of sample.

(0.0015), A EFA=4(0.0008), 7]7] +3)%5(0.00069), A= 3]
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o] 3]48(002185), EFE& =A(000459), 35& A
(0.00422), 7171 <843(0.00272), 7171¢] 4= (0.00178), Al
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Z2H0.00038) o2 =A YERgtth
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Fig. 5. Contributions of uncertainty sourceshby ICP.
C,: concentration of sample in extraction solution, V: final volume
of sample, W,: weight of sample.
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Fig. 6. Contributions of uncertainty factorsby ICP.

Pe. purity of calcium, F, formula weight of calcium, C.;
concentration of calcium, STD: standard solution, L, linearity of
cdibration curve, |: resolution of instrument, o stability of
instrument, |,.: precision of instrument, R, reproducibility of
matrix, R recovery of matrix, V: fina volume of sample, Wy:
weight of sample, D,: dilution of sample.

CITAC Guidell &AgH 7814 Alit 2 FAIA 2] Wil <3
A2 sIAth AAS ofst ZF XAl uncertainty sourceZ A
AF] FA|, AlFe] HEHF, A5 84 223 71714 9
g =443k 5o] 283} Uncertainty sourcee] 71 +-4
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#3E 2388wy BAE AEEFEHQ Infat Formula
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el Zreka 367+ 20mg/100go] MR ==, CRM
oM BAE FUAFH APeatEs yHs FARE Aot 4t
ZESS ¥ F UtHp<005). SAHEFE AdIIA}t
A EaA e getelal Aldkelz g A7, A8A Aok
PFEEH SHoA AH R ofe]e o] Brh. 2, 2
Aol el o] AlFAY Fo] A ext YRS Tt
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