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Evaluation of uncertainty in determination of iron in folic acid tablets by
flame atomic absorption spectrometry

LI Kai, ZHANG Mei-Ping, MA Kai-Xiang"

(Beijing Zhendong Kangyuan Pharmaceutical Co., Ltd., Beijing, 102200, China)

ABSTRACT: Objective To evaluate the uncertainty of the determination of iron content in folic acid tablets by
atomic absorption spectrometry (AAS). Methods The sample was diluted with constant volume after digestion, and
the content was detected by atomic absorption spectrometer with reference to GB/T 5009.90-2016. Through the
analysis of the calculation formula of iron content, the uncertainty components of various influencing factors such as
sample weighing, digestion solution constant volume volume, standard curve fitting, preparation of standard solution,
purity of standard substance, repeatability of measurement and blank reagent were calculated and evaluated, and then
the uncertainty of synthesis was calculated. Results The iron content in the folic acid tablet was 41.25 mg/kg, and
the expansion uncertainty was 1.24 mg/kg at a 95% confidence probability. Conclusion The uncertainty can be
reduced by improving the preparation of standard curve, which provides a reference interval for the method transfer
of determination of iron content in folic acid tablets.
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21 UES5EHF

R F (bt 4 A S B 24 W 0 9 B A PR w4 AL,
MR (g ali, BRoafk THARAGRAF); YHRITRIFR
FRUEYI BT (1000 pg/mL, H EFEEHHF R,

PL403 HL F KT (M Fr 8 FE Rl 2 AL 28 R A A );
Multiwave3000 i 715 A3 (B8 1 ) 2 7R A A PR A /D),
PTFE-TFM ¥ fif & (8 3 F) % K 01 A B A A ),
PinAAcle900T Ji TP TEIL (35 E PerkElemer 2 H]);
AS-2 BRZS O BAM AT (34 E PerkElemer 2% wl); Milli-Q
Reference 4i K HL(EK 5tk T8 AR A FRA F]); 09A24S HL 34
R AR (1 v 1 Al A R A PR FDD

22 FLWHE
2.2.1 BRE B

4MR(5:95, V-¥): B 50 mL A2, HA 950 mL #B4kik
RAJRIH]

BRBMERE (100 ug/mL): HERGIEEFRER 10.00 mL,
FARSBRIAT(5:95, VIVAEZZ 100 mL 2 RIAT,
222 B SRIER B

BOER A 20 HWR4m, MEFRFREURES 0.15 gCRSHi £
0.0001 g), BT IS, A 5 mL WilE, 75 MR
I 130 °CTi#k 30 min; B2, RIS, MM
A S S5 ANLESE, A T AR P A T R TR
G, BT HRIGERR F, 160 °CHERRZE 1.00 mL, ##FH|

100 mL 255, A/ RHEAK RN EERN I 2~3 X,
BIVRIR S A R, ISR (5:95, VNERE
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ER
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Table 1 Best working conditions

W RAETIRE AT i AR

TR
= /nm /nm /mA /(L/min) (L/min)
Fe 248.33 0.2 10 2.5 10

225 _Eduthm

A3 BIERR AL U ARMERE %7 0.00, 0.50, 1.00, 1.50,
2.00 mL F 100 mL A, I FRHIREE(S:95, VESR
il e BARE MRS . JashiEs, MR 2.2.4 81 KA
FUBOETE Y TAESAF, T30 minJ&, S5 % bR 2k
VR, A ERERD . RRAAR I (RS kI ) U
FI5E
226 SAEREATEAK
_(€-Cyx107° y

m

X 107 1)

A
X MR PRI & i, me/ke;
C AR W PR BT EE R B2, mg/L;
Co FZ5 FARE b R A BT E MR, mg/L;
VA S T AR ROE AR, mL;
m AR, go
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eI 285 S MOANHR e B L3R 2, — S
3.22 ARl KBATEAR NG AN U SR\/Z,-=1 =i 1)
(1) ARUERMZE IS LRSI AR ERE Ug o _mn 2
HbRIEVIR 6 VA, MRS AP IR 3 K, FARAA A AR
P ; . . . . Sr=0.0027 mg/L; Uc;=0.0119 mg/L;
= WY G LU A b AR B \EQ LY N . e S .
BRI A, EURE Y, WORE HEl L O 7 2 2 02 1 A0 A B S 1
Y, WG EERIMEMETT R 7=0.08982X+0.00299, i e
28 WA 2B R=0.99947, HARBIE .32 3.
U _Uc 00119 _ oo
B B LR AL R R ) AR R S IR A 5, A e ©lC) e, T12375
FRUE I 28 BARHEY BT 5 | A BN A v
FRERTZR LA
PR B 40
R
10 mLZI B 4
5 mLZ R A
2 mLZI B IR
LI ERE 100 mLA R 1 mLZ B % 4%
PR A\
BEBNAHEE

/
RIERHE 50 mLE &R HHEH WEEEH
HRERRE SRR
FERFRE FEIH AR B2

B 1 AT O R 43 IR S 5]

Fig.l1 Uncertainty source component causality diagram
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Table 2 Repetitive measurement of iron content in folic acid tablets and calculation of uncertainty

F5 1 2 3 4 5 6 7 8 9 10
B/ (mg/g) 4146 4156  41.09 41.13  40.77 40.66 41.16 41.86 41.66 41.13
_ - 1 10
A x (mg/g) x :HZizlxi =41.25
o " 10 32
PRl 22 S/(mg/g) S= 721:1(’“1 *) =0.38
n—1
e s 038
X AR 2Z RSD RSD=2=—=2=0.0092
x 4125
. ) . RSD  0.0092 o
Wi 2 P RAR AR AR U (mg/g) Uy=—pF= =0.0029 , (p F K E):
o
Wit S PEARXS AR AT E B Usa(x) Upel(x) = Ux . % =0.00007
X

®3 MAEEZER@=6)
Table 3 Absorption results (n=6)

e 5 /(mg/L) 0.0 0.5 1.0 1.5 2.0 2.5
W 1 0.0000 0.0484 0.0962 0.1418 0.1822 0.2240
bin 2 0.0001 0.0479 0.0950 0.1416 0.1816 0.2254
I3

3 0.0000 0.0475 0.0956 0.1407 0.1817 0.2250
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Table 4 Significance of letters in formulas

FhE =94 I=REN ¢l
Ucl o T 2R 0L AN o
p AR il 8 T B U p=10
n o o Y R0 S A AN B n=6
m AN B A R 0 T 000 VR B m=3
Co 3 DN P ot e B Cy=1.2375 mg/L
o o P B2 R P S C=125mg/L
b oA 2 22t R I Ak 5=0.08982
SR BR 2% AR TE S
Y R 7R I BB i B IROEBE, Abs;
Y AR AT o i 2R 2006 R T TSA5 3 0 13 BB o OB B, Abs.

(2) PREYIREEEE B AT E L Uy

MR BT R AR VS B HE R UE B AT S0, B R
1000 pg/mL Y JRANHEE U R 2 pg/mL, ZEIERDA6E
fEHEZ P=95%, 00 & ¥ k=2, WIEKIPI0ER BARHEE AR
FRUEAHA E FE Urel(cz)I

UTCI(CZ) = m = 00010

(3) PRUE I H] L FE S A EE Ucs

FRUEE L i R T A 2409 100 mL PAARZ
B 1, 2, 5, 10 mL ZIERA, S8 O 3
TR R Y USTHT 4, 100 mL BAARZ A St = 1
2.5 mL ZIEWRAS M4 22545 5128 +0.10,+0.008 . +0.012
+0.025 f1+0.05 mL, M=/ 01i% )&, W5 EF =6

R i S BS E N RIS 2045 °C, MR4E (fh2
SR MR OR B E B R PR AR 4R R ) UOTRE K i B K R ECh
2.1x107* mL/°C, IR % 18, W& NT =3, bR
WL AR S A I3 5
PR E S AR, — AT 71k 100 mL %

, HAHEANST, f 100 mL 25505 A RIAH X AR AN

ﬁ
° — 2
Ureiizz100)=y 7 * Useizs100y = 0-00193

fH T 1 L 20 3 R A B A R R SRR 3300 Sy
0.5. 1.0 mL, HAHEZ, FILAFH 1 mL 28R4 5| AR
ARXS AR UEA T E B hy
o Ure %l Ure Z
Urel(?lu):\/( 01(?1))2 +( 1l.(gll) )2
T 2 mL 2 J3E R TR T s v TR SRR 20531y
1.5.2.0mL, HAHEMS7, FEIEAFH 2 mL 28RS 5 AR
AHXTHREAS 7 B2

o Urel(?l]Z) 2 Urel(?lJZ) 2
| 7+

E&%

=X
B
.
rE

=0.00749

=0.00210

5 L 20 J32 05 A7 IC 1 b v O YR T RO R g
2.5mL, PR 5 mL ZI R4S S | BOARR SRAEAN I 2 1

=0.00085

o Urcl(?lJS) 2
Urcl(ZlJS): ( 2; )

10 mL 21 B2 W T o b vV VG 45 VB LR
UM 10.0 mL, R AS H 10 mL 205 W% 5 | A AR AR AN
Wi B
Urel¢ziio)

10

DU VR 5 R 1 BRAE X R HEASI A2 B Ut M

U ~ (U;el(ﬁwm)z+(U:e1(£IJ1))2+(U:e1(zuz))2
) +HU :el(é‘l 5 +U :el(?l 10))°

WUV VR VS VT 7 A v PR 2 8L B v B i 4R 1Y

AHXIARAEAS I 2 S Urcl(c)jfl'

U

U:el(zumf ( )* =0.00021

=0.00806

rel(c \/Urel el) +Urel(c2) +Urel(c3) =0.01257
3.2.3 KA J:_é T E LA 5| A8 R EE Uco
208 GB 5009.90-2016" 5 & 4715125 11525 6 1K,
SAMFRF A AR S i, SR 6.
ISR 4 1A 5 56 B0 A P ARG B 1A A9 AR T s v S
BE Uret(eoy M-
u . _RsSD_0.0146
rel(co) Jn J6
324 HoniHBREERBIIANGTHTE U,
ol T it o R AR R E B Tl RS
7 2 R B X AR AR B R R A . SR ( %Fﬁiﬂz
FEREASA E LR ) UTAT 4, A 110 50 mL FA R A2
Fe2EHK+0.05 mL, i = Mo B, LS B k=6,
Usssoq) —%
SO R L e R A i 5 R, s B A=3, WIS

=0.00596

=0.0204 mL
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Table 5 Uncertainty introduced in the preparation of standard curves
iH KEAVFRZE R ENATEE W 7 AR AN E B AEXT A VAN o
0.10 5x2.1x1074
100 mL U = " XX 0 - -
g%’;ﬂ £0.10 mL #100() =~ J¢ Uss100(2) = NG Urassto = \/UﬁIOO(l) +Ugs1002) —0.00073
~0.0408 mL —~0.0606 mL 100
0.008 5%2.1x10 4 x1
1 mL U7|J11 — Us = U 2+U 2
e 20008 mL AN Q) 3 Usegiay =220 00335
~0.0033 mL —0.0006 mL !
0.012 5x2.1x107 4 x2
2mL Ugpy==—7— Usgpoy=—F7—— Usiny? +Usingy’
e 0012mL #2() =~ g %12(2) NE] Um%n=V%MU 220 _ 00252
=0.0049 mL =0.0012 mL 2
0.025 5%2.1x107 x5
. Ugisqy =—7= Ugisoy=—7=—— U ZiU 2
i 20025 mL () = fg %15(2) NE] L%MM=VZWU A5Q) _ 0 00213
~0.0102 mL ~0.0030 mL 3
0.05 5%2.1x1074x10
10 mL Usitoqy =—7 Uy, === U 2LU 2
eyl £0.05 mL ZI10(1) J6 Z10(2) B Ureicatio) = Z10(1) Z0@)  _ 000213
~0.0204 mL ~0.0060 mL 10
Fo6 AFN=HMNELER (2) SRR
Table 6 Reagent blank test results o, v 16,17 \
M (AL Fr b A 8 B A PEA R R ) U715 5143
ol lhacs PR ELZMEL N 0.5x5— N A BT, 28 KEm
1 2 3 4 5 6 e — DA BECT N 0.01 mg, i THRE S| AMIFRAEARTH
U
WSCREME 0.5417 0.5430 0.55219 0.5641 0.5423 0.5445 BN
U, ,=0.5x0.01 mg=0.005 m
T HH 0.5480 ‘ e : § -
—— MR E e —IE R E T 2 Ik, —RELEEEE, —IK
R S 0.0008 . . o = o
" SRR FRTE, TV ST, R A5 AP BR YA 5
HH S A Al 22
Esﬁﬁ 0.0146 U,, =25 (U, 24U, %) =0.1635

= U B T | AR AN E BE R

5x2.1x107* x50
U*50(2) —\/5

JItL 50 mL 755 AR BRI 5E BE N

\/U 250(1) +Uﬁ50(2)

=0.0303 mL

FREURE S B B35 my 24 0.1507 2.01510 g.0.1493 g,
0.1495 g, 0.1482 g, 0.1478 g. 0.1496 g, 0.1514 g, 0.1495 g,
EAHE ST, 50 5 R AR XA EAS G 22 i Ry

10 U
Urel(m) = /Z (—m) =0.00345

33 ARINERHEE

Urel(450) = 50 =0.00073 B 52 L4543 R R FE A 9 7 RS
BT AR SL TPBCE T AR 12, B 104 Rt A, OB U PR HEAE I

2 AR A T, T 10 AN 5 PR V02 2 AR AR X A
AN E BE N

Uveir) =\10% Wrerggssoy +Uretczston ) =0.00326
325 HEARZTIIANGRALE U,
(1) KPR
KAUE PR e R AR F IR 2E 9202 me, IRMNFETE
A3A, W IFRE TS | A RIBR AN BN
0.2

mlzﬁ

U =0.11547 mg

U :el(v) :\/ U rel(x)2 +U, rel(m)2 +U, rel(C)2 + Urel(V)2 +U, rel(co)2 =0.015
PRI AS () R e ARG B ok 41.25 mg/kg, T DA R
RS EAERE R

Uy =X x Uy =41.25%0.015=0.6188 mg/kg

34 SFETRIIRAHEE
e 9S%E AR T, WA SR T k=2, WIHE A Tk

Y TRAN E R
U=kxUy =2x0.6188=1.24 mg/kg
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Table 7 Contribution of Uncertainty Components

Fe s He AHXPRAEARTERE  SIEkE /%

1 Uy I T A 0.00007 0.28
FrRUEA L] |

2 Uae  IRMEMZEE 0.01257 49.66
b HEA) o A 2

3 Uricoy B2 0.00596 23.55

4 Uap FEBIERIRES 0.00326 12.88

5 Useim FE S PR 0.00345 13.63

3.5 H£ERIBE
K R R UG R e I E TR R R R
(41.25+1.24)mg/kg, k=2

4 &

AT FE R N W IS 8 2 o R R o R A
SEPEATASIN, e T I A AN R R R S R U A
B B B RETr ik o SRR, X RAH RE BE (1 BTk
IR AR IO | B Z AU SR ) i A 20
B, ORI 2 R SN RANBRE BE, R AL IR
TH AR E 7 S FE SR X A 5 R AN K . O T i
S UM 45 R A TR, AT R s v R A T T i ——
o7 R W SO A 45 O B A il 2 D R, L fek
0 B A58 s AR BL VA S RPN E B o R A PP gk
R R PSR 2 AR, ELWZ ANy i
LRI T —E M H L
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