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Uncertainty evaluation for the determination of calcium content in calcium
tablets by automatic potentiometric titration
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(Hebei Provincial Center for Disease Control and Prevention, Shijiazhuang 050021, China)

ABSTRACT: Objective To evaluate the uncertainty for determination of calcium content in calcium tablets by

automatic potentiometric titration. Methods The whole process of determination of calcium content in calcium

tablets by automatic potentiometric titration was analyzed, a mathematical model was established, and various

uncertainty components were analyzed. According to JJF 1059.1-2012 Evaluation and expression of measurement

uncertainty, each uncertainty component was evaluated and the extended uncertainty was calculated. Results The

content of calcium in a brand calcium tablet determined by automatic potentiometric titration was (17.85+0.17) g/100

g, k=2. Conclusion The uncertainty of this method is low and the results are reliable.

KEY WORDS: automaticpotentiometric titration; calcium tablets; content determination; uncertainty

Jilllg

1 5

N AE LR AR T T B A0 5 S, AR T g
{73 BOHE Al SR S 4, S U P 4 Lk —
AR W AR AT SRR AR R R B B O T LN B
SE JE I R/NE Y R R S B R FE SR A AT Tz A
3 R T S 1 R 005 5 1 v i B 1O B sl
7 T RE A B Lz, BOR M 22 Y S 56 2 ok A Sl LA

EREBT LE . FIA B Ak e (0 5250 o &
HAT A b s ey TP BN b S5
AL G5 A S0 B0 FE SE by S 06 Ak AR A B, AR
JIF1059. 1-2012 8 A BEPEE 5 &8 ) U1, bl
FH B 3 A7 i I 85 R A O I T N
EREIFE, A RS AR E E A, BE A
FE B0 3 S Sl PR ITIOL D A S 6 5 AR 1 R B A ) AN
25 L PAS HR AL B 22 A B

“ERSEE: XIEK, FAER6, FEOT7 R R PR B S L 2RI AR . E-mail: hbede1208@163.com

*Corresponding author: LIU Yu-Xin, Senior Technologist, Hebei Provincial Center for Disease Control and Prevention, Shijiazhuang 050021,

China. E-mail: hbedc1208@163.com



4662 1% A T R A

81

2 HHSHE

21 UESEHF

809Titrando H BhHLAIHE(L . ¥5 & NGt 78
3al); AL204-1C HLF R (B LR -FE R 20 1)), ik
THARL(EE CEM 2],

PEURE S A T SRS e, BRI il 17 g/
100 g; BTHIfbAARG R SR ENA(100 g/L). GRfbBhisi
(10 g/L), ¥ Riiami(14.7 g/L) . Z WU 2.8 Z b
W (ethylene acid-2Na, EDTA-2Na)
(0.050 mol/L)(4#5}y GBW(E)080459)(F EF HERFEWIFEBE) o
2.2 FnEERARECH

HEBf I EDTA-2Na FRUEV 20.00 mL T 100 mL
FET, MAKERZZE, ¥4, WEEH 0.010 mol/L,
Il FH AL o
2.3 HMAIBFNSCIE SR

I 10 FoRES B PR b 78 A FBE, R AR IR
0.3 g(itf % 0.0001 g), TR THMEES, A 7 mL 4R,
iz BRSO T A (O RV A BRI A T I A . TR TR 2 HIBUH
T MEE, 7E T BT 140~160 °CHRZE 1 mL A4y . I
FEA T, BB E 50 mL &8I, 8Kk
VIHARE 3~4 R, GIFBEIRIE TA P IR ER EZ)
FEM B2 mL AR T REAR R, A 0.1 mL BRALSRIA T,
0.1 mL AFEFRANIAIR, 5 mL B AL, /K E 50 mL,
L EDTA-2Na Al VA i e ), Wi Sk s &2
A BB RFEE R, FFRTE, (B A iR B e &
B CREE R IR 2 et
2.4 ENHUFER

diaminetetraacetic

X = Cx (M —Vp) xV, x40.08 y
mxV3x1000

100

o
X-IAE S & 4, g/100 g;
C-EDTA-2Na bt FH W A4 ¥ B, mol/L;
V- 8 IRV T T T #ERY EDTA-2Na FRifE R

WA, mL;
Vo-ii¥ 8 25 AT WS FTIHAERY EDTA-2Na ARifEfd FHVE

WA, mL;
V- AR E AR, mL;
i TR B IRUARR, ¢
V-1 2B TR ALV AR, mL

3 HER55H

3.1 THREERIES

M S P R R AR 0T, A Bl R AT S )
PRSP S NS FER A TN LA m:
(D) M5 A A E B upe) (X); (Q)FESAFRETIAY
A E E ura(m); Q)RR AL G E &5 A AT E JE
Urel (Va); (DFRUEIR IS A BT E B urel (Vo); (SPRHES
VS WOTHFEIARTE | A A2 B wper (V1); (67 28 FHIRARTE AL
ARG AT E FEure) (V) (7)ENBCR G ] ASH E
(8) A B HL LT E AL 5 A B E o1 (€) o
32 ETHEESENITE
32,1 FAMME TN TR U ()

BRI E B i upe) () FE AN
S, ATAL BRI AR 0 — SOk, AR PR DL I N R A S
EREMERGIA . FATFREC 10 438K, &0 0.3000 g, 1%
2.3 FATHIAL BRI SEE, 25 1 SEIIH AL E W) 0.022 mL, %X

g e .
HESTRA R T PERIZER 5 1.
F1 RAEFEFEEEEENELER0O=10)
Table 1 The results of repeated determination of calcium content in the sample(n=10)
Y L S 22 9 A 25 - (A FH WA
/g V/mL (Vi-V,y)/mL /(g/100 g)
1 5.384 5.362 17.909
2 5.401 5.379 17.966
3 5.322 5.300 17.702
4 5.400 5.378 17.963
5 5.381 5.359 17.899
0.3000 17.851 0.719
6 5.399 5.377 17.959
7 5.321 5.299 17.699
8 5.346 5.324 17.782
9 5.404 5.382 17.976
10 5.307 5.285 17.652
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BRI E 45 R AR o i 22 AR DL SE AR A GBS B

s(x) = /& 0.128 g/100g, & PEIIE B A KI4R
HE R SE JE u(®) = 2 =0.041, A X bR HE R B E

_ (x) 0.041
Upe1 (X) = =

= = 0.00230
X 17.851

322 HEMHRE IR ZF U (M)

FABEME N 0.0001 g MR, HERFREFESD
0.300 g, KRB/ PNEUEGE 4 A1, & RKEREIES, £
0~50 g JEREIN, KM R4 N 0.0001 g, M KTFHR
T S EORE S TR B E BRI A0 A, k=V3, NIARHEAR
W B u(m) = °°°°1 = 5.77 X 1075 g, AR A7 A 2 iE

Uper (M) = 5707:;2 =0.000192.

323 HmiHAE R EFIN T E B (Vy)
FERER S AT E R R B2 50 mL FEi
AFRERIR Ak, MR JIG 196-2006 (5 PSR ISR 256
R ) P B 9% 50 mL 5RO R fei/FR2E R 0.10 mL, %
WA A i k= V3, M uVyy)= 010—0058mL
Uret(Va.1) =" = 0.0012. 2 RAFR R (A 20 °CRAEAL, 5
B R 20 °C+3 °C, K A B K & Bk
2.1x10%°C, W@ R FH I AAREZIK, ik R 2% gk
BRI L AT BE o R IR AR 105 [ A 7K A PR AR
b A V=50x2.1x10*°Cx3=0.0315 mL, % MK 2046, W)

u(Vs. 2)7‘”’315 0.0182 mL, U (Vs 2)7‘””82 =3.64 x 1074, ¥

ah T A 5 E A 51 B H AR HE S B E T we (V) =

\/u?e1(V2.1) + u, (V,2)=0.00125,
324 ARRBBORE N R B e (C)

BRSPS E 5 T B S AR HE A B 11
AN R FE R B2 255 | AR 2 FE o M AR v BE 55,
EDTA-2Na Bl B AHXT 3 AN 2 B4 0.001, k=2, W
B A 00 R R 8 B e (C) = 25 =
0.0005.

PRAET TR E R AR B 2 20 mL BSVRAS
A1 100 mL ZHIEIA o HRHE 1IG 196-2006 & FHBE B T 4%
e MU ), A 9% 20 mL B e K A 25k 0.030 mL, $%
WA A k=6, M u(V.)= %—oousz
Urer (Vo)) =222 = 0000612, BSIRES ﬁxﬂﬁﬁ 20 °CH: IE(H,
MAEP?”%IJ@H H 20 °C+3 °C, H % K ARk L

AT E E ., mIREZAS B KHERELA YV

=20%2.1x107*°Cx3=0.0126 mL, &ML/ 4, W
U(V,p)=222 0012670 00727 mL, um(vd)f0 00727 — 0.000364. A4

20 mL BRI Bty (V) = Jurel(vﬂ) 12, (V)

=0.000712, [F¥5, 1155 100 mL 25 A AH X BRI 2
FEUpe) (V100)=0.00121,

B R E BE S A B AR RO B | A BRI
B ME A B 5 1 e (C) = \/ufel(c‘l) w2, (Vo) + 12, (Vaoo)
=0.00149.,

32.5  AREAR R IBIRH ARG AN A e (V1)

o 7 57 9 YR T R AR R AN 0 R 2 2 v L S T S8 A
LTSI o AR SZI 4 2 (IR B OC A 10 mL,
HAE JIG 814-2015 { F 3 H Ao a2 (UK e B ) UK e
VFIS224 0.025 mL, $2H8 4 k=, W u(v; =22 =
0.0102mL, Vi & W T B FEMR R 5344 mL, FF4

Uat(V1.)= £ = 0.00191. | %k My 20 °C43 °C, H% 1k
KBRS ik 7= A AR Bf a BE, TIR4 TR B Ak 5 2 B 7K
AR FR AR £k A V=5.344%2.1x10*°Cx3=0.00337mL, % 8 4F
ﬂ%é}'%ﬁ, )\IJ U(V1 2):0.0033770 00195 mL urel(vl_z)zo.oows _

5344
0.000365 . Fx fE fdF FH 75 T FE IR LS A B R B 2

Ure (V1) = \/u?e1(V1.1) + u?, (V1,)=0.00195,
3.2.6 i A KA I ACRARAR T N4 R A ey (V3)
fdF 2 mL B A HL 2 mL AR AL T R, M d

JIG 196-2006 € ¢ FHBEES BE 26 2 HURR ) 1) 2 mL A B

G R AVFIRZE R 0.010 mL, %I =510 k=v6, N
u(Vsq) = °°1° = 0.00408 mL, e (Vs4) = = =
0.00204- T”’ il %M 20 °C+3 °C, k %)ﬁmﬂﬁ{ﬁﬁﬂé‘zﬂ{%f“
AR E B, AR 4 Hh IR AR AR T R I K AR AR Ak
A V=2x2.1x10°Cx3=0.00126 mL, % M4 & 4> A, W
u(Vs,) = 003?6 =0.000728 mL, e (Vs) = S =
0.000364. JiE FHIRFE TH AL T AT B AR AH X BR AN

Bupe(V3) = \/ufel(V&l) + u?, (V52)=0.00207,
3.2.7 ERE G| A RS U (R)

A i AT AL B R R A T B 2 3 RO 1) AR B TS e
T B L AR S 567 5% ik R, *E?EEIL[&K?&?E%
IR B AR A B, I e 5 SR 5 T A
1E. HX3.2.4 1 10 Yl 45 R 04418 17.851 /100 g fE
RS S AR, FREX 10 {7 0.300 g FESL, 4
FIINA 30 mg £5, % 2.3 #FATHTALIEIF I e 45 5, TR
W, g5 2.

[k (9 b iR 22 s (R) = /M 0.00570 , F7

WA B u(R) = 22 = 2220

00000180,
*ﬁxﬁwﬁfﬁﬁmf“urel(m =10 _ 229% _ 0.0018.

X IAR EIBCRPEAT t K5, U%XET[‘%:?:%EET%
FIAR RS IE . ¢ = LoRIITL0031 o0 oy e

u(R) 0.00180
HHEEN 9, 95%EMMERET I tos(v)H 2.26, t<tys(v), BiLH]
mlg# R Y | ZMAFAERENZS, 258U ik
HHITBIE .
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= 2 MAREERLE R (=10)
Table 2The recovery results(n=10)

AJRA/ Jinkr 2/

(@100 g) C miz/(2/100 g) &/1008) SR (R)
27.806 0.995
27.909 1.006
27.956 1.010
27.876 1.002
27.946 1.009

17.851 10.0
27.832 0.998
27.882 1.003
27.922 1.007
27.912 1.006
27.792 0.994

T 27.883 1.003

3.2.8 B FWALEEALTI A R F el (€)
(58] A% 52 36 e R R A2 T R A AR HETE A5, AN AR
H R IEIR2E R 0.01%FS, k=2, FNZeE] A AT FRIEAR

B el (e) = 252 = 0.00005.,

33 HWEXRFGENEREXFRENHEE ue (x)F0
TRAHEE U

1 3.2 SRR A R T AT, AR EIA R
B TR A AN o

o () J UE () () + 5y () + 7y (©)

re +uZ (V) + u,  (Vs) + uZy (R) + uZ, (e)
=\/0.00232 +0.0001922 +0.00125% +0.001492_ (o0

+0.001952 + 0.002072 + 0.00182 + 0.000052

A AT HE AR E I ulr) = upe (x) X £ =0.0046 x
17.851% g=0.082 g/100 g . 95%FE (ML T B & HF
k=2, W RAHERE U=2 x u(x)=2x0.082 /100 g=0.17 g/
100 g.

g5 b, JH A Bl T S R S R, %R
FRATE & (17.85+0.17) g/100 g, k=2,
34 EXNRETHEESELS

B RS A E R EILAT R 3, TUAERELN
TR S A 5 ) B AN 2 B S MR I K, i 2 PR AR T Ak
AR AR ORI | AR A &
FE SR TH ARG B 255 A A € A — e, (RIS
T R R A R A B, A R R SRR L RS
B, ARUETSIRC ], AR S0 bR SR 0 TR B ik
AHfrE B, PEmnal Rl k.

RIMEMTETHEETELEE

Table 3 Summary of the relative standard uncertainty components

A E B A FERS AR A A2 Pt o5 43 L%
T AR E e () 0.0023 20.7
FEROFREL S I A BT E BE 1ty e (M) 0.000192 1.7
FEREAL IS € 5 A BIAHE B e (V3) 0.00125 113
PRUETE WS | A BT E P ey (V) 0.00149 13.4
FRAEA T O RE AR TR T AR 8 e (V1) 0.00195 17.6
i 5 PR T AL BB S AR AS B E BE wper (V3) 0.00207 18.6
LT LA A o 0.0018 16.2
1 Bl B AL 2 AT AN 2 B urer (€) 0.00005 0.5

A SCATA M T A Sl AL S TR E B R
LRI R P A AU, PR A AN E A,
TR G RN B A AN BE . S5 RS, Pirdar
F 1 5 RS 9 0 0 DRl B PP 5 R ) 5 VR N T
AR, D5k AR, AR ATEE, AT LSS A R SL e
K, BA—@ERS .
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