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Evaluation of the measurement uncertainty for the determination
of calcium using atomic absorption spectrometry

QI Qi-Ge*, GAO Wa, WU Ni-Er, MAN Du-Hu, CHANG Jian-Jun, SONG Xiao-Dong

(Inner Mongolia Mengniu Dairy Industrial Co.Ltd., Hohhot 011500, China)

ABSTRACT: Objective The uncertainty of the detection results of calcium using atomic absorption spec-
trometry has been evaluated, which ensure the detection results accurate and reliable. Methods According to
general rule of evaluation of the measurement uncertainty, mathematical model was established and the meas-
urement uncertainty for the determination of calcium using atomic absorption spectrometry was analysed. Fi-
nally, combined standard uncertainty of detection results was calculated. Results The content of calcium was
8806.92 + 780.30 mg/kg. Conclusion Relative standard uncertainty caused by repeatability, digestion recov-
eries and dilution were the main factors for the determination of calcium using atomic absorption spectrometry.

KEY WORDS: atomic absorption spectrometry; uncertainty; calcium content

2| 25N A EEGE . HOT R, MR,
S AT e D W A 0 7L A o 05 5 4
M EAGE BRI BER S A PP PR SRR H B T, B IAE TR B A TR

il

SAEA, AR AN AR, TR, HraE e BERRIED, JExEILE TR A, AT R T
RN A IR, MABERFRIEUE . PP A R Wl s LS 5 5 J5t 0 42 28 SR 00 S 2 JE 1 A6
T, T AR e I A BN,

& H: N5 AR ARREREE T H (2010ZD06)

Fund: Support by Inner Mongolia Natural Science Foundation(2010ZD06)

*RIRAEE: I, B, SR, SRR, FEMR A AR R . Email: qigige@mengniu.cn
*Corresponding author: QI Qi-Ge, Master, Analysts, Senior Engineer, Research Directions Food Instrument Analysis and Detection, Inner
Mongolia Mengniu Dairy Industrial Co.Ltd., Hohhot 011500, China. E-mail: qigige@mengniu.cn



5 2 34

FUHCAS, A5 Jaly Wil E LA b 8 A i R ROl S BT e 485

2 MEITE

2.1 SKIGMRY

JEF W oG BE TG 28 O BT ) . B3l
RN R (P o) b 5T Ak T WS | A5 AR e V4 2 (1.0
mg/mL)[E ZEARY) O S AR IERE T : (50 pg/mL)
SEALHR (50 g/L)E 250,
22 BEFRBCENEILMFIEBSENEFEH
[RIBFA T EBEE
221 RFBOKE M E SUH A5 A E g ik
é{]ﬁfﬁm

WEEZ T IRAL)G . H 20%hmRis e, JHEa s
— SRR, WBGE AT AR TR R T
FEREE AR S5 T, AR R 422.7 nm 3L
PRk, FLWORRE S i e L .
222 RFRMEMNEINHTHEES FHE
2221 FESLHIE

KFES IR AR ALK 1 g =
0.0001 g), 7EHLHAR ek, BB ADIRY AL
FH 20%A9ERR 5 mL(PE 4l il Ak e 5 =
50 mL, FFMZHR 1.00 mL %] 50 mL #55fH, fn 1.00
mL BV ARl E S . [FB A PE s PR

B ek SN 5 B A B A TR i G 4
AR)ITE

Y =coXVxA/m (D

Ay FESHES RS, me/ke

co: FEARINE RN BRIATR 25 15 45 04 T Bk
pg/mL

Ve FESREILIR R E R R, mL

m: ﬁﬁt‘l)ﬁ%, g

A: FEBRRRASEL
2222 bRUE T

RIERIEE 0.5, 1.0, 2.0, 3.0, 4.0 mL #6545
YEH (50 pg/mL) T 50 mL 2588, 1 1 mL 48
WA e 7, R, %1
2223 WG

TiC T - s M V5 RO T D - WS A3 Dl B
AR LRI, SRS PRI AL BRAT A RE i o R
VRS BRI T e
2224 BRSPS UTEAEE . ALES B B
$190%~105%

3 RFIRBCEMESS 7 AR A1 E B KIR

FBE (1), AHEBRIEA T 10 K.

O 52 M uo(8.1);

Qco MIFRUEATNE BE 00y (8.2) (RIS HE A vz
AR A R,

OV HIFREATHE E uy(8.3);

@m BIAFEATE E us(8.4);

FGFRE G B AR HE AT B ua(8.5)

OB ARG | A PIBRIEARAE B us(8.6);

OBAEG A BIAREAT E FE ue(8.7);

@TH AL IR G | A BIBRHEAHE FE 1:(8.8);

@25 T BB REAR T E uy(8.9);

AORERRR BRI ARHEAS I 2 T 10(8.10) .
31 MEEZEETH u

FERE AT, X AE ST 10 Yo",
10 YR 2t B8040 (AL mg/kg) A -

1 2 3 4 5

6 7 8 9 10

9063.0 8343.0 8784.1 9092.6 8720.8

u(y)=s(»)/10"7=228.53/10"2=72.274, u(y),=72.274/8806.92=0.008206

8645.3 9008.2 8845.1 8907.1 8660.0

32 HIRERHEE u,

Tl 4% 5 ANEEFRUEVETR o, B KIG AAS
W29k, SRR WOCREE 4, M/ 3Rkilse,
HASHLE TR A=a + bxco AR ERZE ™ r, 51
T 1

AR RE S I E B 10 WK (p=10); HAEHI%
HBE Ao 0.2263;

RN B LT BAFFE S MR ¢=3.5188 ng/
mL,

co IAREATE JE u=(s1/b)<[1/n + 1p + (co— )/
See]"=10.000117 pg/mL.

K 5={3[4~(a + bxc)/(n-2)}"*=0.0000132
pg/mL;

b=Y[(c—c YX(Ar~A )/X(c—c )*=1.0471/16.4=0.0
64 ng/mL;
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a=A -bxc =0.1355-0.064x2.1=0.0011;
¢ =y.c¢i/n=2.1 pg/mL; n=10; p=10;

co—c =3.5188-2.1000=-1.4188 pg/mL;
Sec=Y(c—¢ )*=16.4(ng/mL)*;

M2, 11,,=0.000117/3.5188=0.000033

§ERRAETRRE c FARAE 4 LUK
BNZRAEBEEL

Table 1 Calcium standard solution concentration ¢ and
absorbance 4 and least-squares fitting a straight line

*x1

¢ pg/mL A4, 4,
0.5 0.0331 0.0328
1.0 0.0661 0.0662
2.0 0.1305 0.1296
3.0 0.1897 0.1906
4.0 0.2575 0.2593

A=a+bxc=0.0058+0.056%c; r=0.9998

33 VHIIRESRHEE u,
33.1 EREAS0 mL Y A BETHFIARE
#4 0.02 mL

A3, k=3"%, u(V,)=0.02/3"2=0.012 mL;
332 RBAFA

5 I 5 B B VS W R 5 R T IR (20°C)
AF SWAEMEL, FERAERAE AT 28, 525
FEREIREHITE 20°C£5°C, B A, KK
RBCR 2.1x107° €, MIBREAR#E B3R u(V)=
(50x5x2.1x1074/3"2=0.030 Ml

*2

333 SZRAEIRE T Lk

ARV BN w(V)FD u(V)15 7 IFRHEAR
5 B u,=(0.012%+0.030%)"2=0.032 3 4 112:,=0.032
3 mL/50 mL=0.0006 mL
34 mBRESRREE us

K- MPE H+0.002 g, 5EJE4 M, k=3"2, W
UCPR EEARAFFE i B it (BT i my FVRE L BT my),
u3=0.002x2"%/3'2=0.0016 g, M u3=0.0016 g/1.00
2=0.0016,

3.5 GIRERERNRERHEE u,y

AR AESE AR AR B E N 0.5%, k=
2, u;~0.005/2=0.0025, B4 114:¢=0.0025 /1000 pg/mL
=0.0000025 .
3.6 HRUESIAMIKERHEE us

WEFHEME 1 000 pL ZI0 58 W48 1 s R 22+
0.008, fEE ML /4, k=3"2, us=1000 puLx0.008/
32=4.62 uL, A tts;e=4.62 pL/1000 uL=0.00462.
3.7 BEUESIANIRERTHERE ue

% GB5413.21-2010 ( Z24hLEC &b 3K s
(RN ) B, B 054 78 43 TR A1 I BEAILERCRE , viAh
FERIA], BUREANH 5 B ] 2200 .
HYEWERSIANRERHEE u,
RBERE 1 RTHT, A 0 b 13 Ry (90~
105)%, F5R 105%, T FR 90%, 2 584 (105~90)%
12=7.5% . ERRMFETE S , ur=u7ee=7.5%/3"7=0.0433 ,

3.8

TG o) BHRERTRERE v IR ITHEER

Table 2 The required data of assessment the ¢, of standard uncertainty u; calculation

F5 ¢ 4; ci-c” ArA™ (ci-c ) A;-AD) (e ) [A—(a + bxc)]?

1 0.5 0.0331 -16 ~0.1024 0.1638 2.56 0.0000°

2 0.5 0.0328 -1.6 ~0.1027 0.1643 2.56 0.0003’

3 1.0 0.0661 “1.1 ~0.0694 0.0763 121 0.0010°

4 1.0 0.0662 -1.1 -0.0693 0.0762 1.21 0.0011°

5 2.0 0.1305 -0.1 ~0.0050 0.0005 0.01 0.0014°

6 2.0 0.1296 —0.1 ~0.0059 0.0006 0.01 0.0005°

7 3.0 0.1897 0.9 0.0542 0.0488 0.81 0.0034’

8 3.0 0.1906 0.9 0.0551 0.0496 0.81 0.0025°

9 4.0 0.2575 1.9 0.1220 0.2318 3.61 0.0004°

10 4.0 0.2593 1.9 0.1238 0.2352 3.61 0.0022

Zill 21 1.355 0 0 1.0471 16.4 0.00003732
¥ 2.1 0.1355
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Table 3 The uncertainty component values

ANVHE RS w; w Vi x; R Uiret [=uil (i B x7)]
uo ) A 72.274 8806.92 0.008206 1
u, P VS TR A 3 0.000117pg/mL 3.5188ug/mL 0.000033 2
u, TERRTR 0.0323 mL 50 mL 0.0006 3
u3 B o 0.0016 g 1.00 g 0.0016 4
uy FrifEfidi 75 0.0016 1000 pg/mL 0.0000016 5
us i e 2o 4.62 uL 1000 pL 0.00462 6
u; TH Ak el g 0.0433 1 0.0433 8
Us FER REAT AL 0.014 mL 50 mL 0.0003 10
5% ik

39 AFZBASBMIRETHEE us

R HRAEERRR, 754 GB5413.21-2010 FZLR,
IATBRES B S B B NV AL 7= A S 1T 226
310 HRHERERNRERREE u
3.10.1 GERRME 50 mL ZEH FLIREE A=
0.02 mL

R E NI, k=3"%, u(V1)=0.02/3"?=0.01155
3.10.2

RE 25 I 45 O B T A IR R 5 A M TR B (20°C)
ARl SRR L, 2 AR TR ] 20, SE5
FERERERERITE 20°0£5°C, IR, KIREIK
ZBCH 2.1x107* ¢, W

PRIEAHHE BE S u(V2)=(50%5%2.1x10%)/3'7 =
0.0085 mL.
3.103 SZRATHREE

GV B SE u(V) T u(V)15 ug BIARIEA
B5E B uo = (0.011552+0.00852)1/2 =0.014 mL, Jf4
Uoret = 0.014 mL/50 mL=0.0003.,

4 BHRIRERHERE ul)

Uerer = [Zttine’(1)]2=0.0443
U= Uere¥8806.92=390.15 mg/kg
K=2, U=kxu,(y)=2x390.15=780.30 mg/kg(fd & A

TR 2. BEKFEL 95%)
5 R &

H 08 GB5413.21-2010 FrifE AAS PG, 455
. (8806.92+780.30) mg/kg.
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