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Uncertainty evaluation for the determination of nitrogen content in Spirulina
tablets by constant method
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ABSTRACT: Objective To evaluate the uncertainty for the determination of nitrogen content in Spirulina tablets
by constant method. Methods The first method (constant method) in the fourth nitrogen determination method of
the Chinese pharmacopoeia 2015 edition was used to determine the nitrogen content in Spirulina tablets. The
uncertainty of determination of nitrogen content in spirulina tablets was evaluated through the obtained test data.
Results When the nitrogen content was 20.59 mg/tablet, the standard uncertainty for the determination of nitrogen
content in Spirulina tablets by constant method was 0.197 mg/ tablet, the extended uncertainty was 0.39 mg/tablet,
and the determination result of nitrogen content in Spirulina tablets was (20.59+0.39) mg/tablet (k=2, P=95%).
Conclusion The uncertainties of measurement mainly come from the repeatability experiment of sample
determination, sulfuric acid standard solution, titration process, digestion and distillation of sample, and the
uncertainty contribution of sample weighing is small.
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AB265-S HLF RV (AR -0 R 24 H]); DL-1 #
T A AR T A B AER A FRA FD)

WiiR . EEAEN  TH AR . HIELL . 95% L (S
Mrali, 12548 LAR A BRA A, SRR . BRERA .
B2 . BERLCOT AT, R KU Ak A R RN A R WD,
ZRIBIK S
22 LWHE

FREUIEANE 0.38 g, BEA 500 mL BLERES A, AR
TR A 0.5 g, JOKBIEREN 10 g, WRERER 20 mL; n#L, £F
REESEAHALIE, . A 250 mL 4ifbok, s, i
40% S ASIEI 75 mL, ndEk, FASEREPLREOR S
BB EE, 50 mL 2% IR SR, i E 2T -5
F B SR A F8 8 10 7; 2818, FH ¢(1/2H,S0,4)=0.05 mol/L
TRERFRMAER R, JR A E 145 R 25 S
23 BEMHEFRR

g Rz ) P22015 A RS PR A E v A —
RCHREER), XU I R, R HOE AR
M x1.401x(V, =V)x V¥ f &

0.05xm
R NS EAR, mg 1401 4 1.0 mL #RER[c(1/2
H,S04)=0.05 mol/LIFRERRA Y TRMRE, mg, M-HilR
PRERR MRS, mol/L; Vo-#f i HFERR BRARMEV MR AT,
mL; V-2 FUHFEBRRRPR A IR, mL; m-FrpRFE S
, g
24 THEERXRESITE

R S 50t 3k PR AN AR B A b R
SE R ANHRAE B B BRI I RS AR E S
Unrei(x), BRIRFMERIG I AMIAREE wa(M), RAEFRET]
AT TE B ugre(m), THETIABIARIEE uprea(Va-V1)o
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31 NMEAHEESEHNTERE
3.1.1 MEELMIIANN R ZSE upra(X)
AR YR S5 BT R R T B TR AV A 0.050598 mol/L,

N=

RS B R Ol 0.2506 g, M € EIZ0) 2015 bt
VO P8 JRU I 5 B — VR (e TR ) X RE I R S A T 8 Yl
i, 8 YN EE AN 1 BRI RS S A o DOk
TEBEAT 525 H0), 8 s, R ZE4a X EH i KEM G EHR:
1.654, B/NT 5%l B G(0.05,8)=2.032, A TGS 1H,
SEBAE AR M A SR S LA B A E 4 D
FER N A HEAT I . B MR bR e 2
1 < . B
s(x)= [n_lg:(x—x)“] =5.51x10" mg,

8 YIS 25 B 220

s(x) 5.51x10"

B N

A EIE MR 20,5926 mg, MHEEEVESIA
AR ANif 2

=1.95x10" mg ,

u(x) 1.95x10"

u, (x)= = =947x10",
() X 20.5926

*1 HREASENEER
Table 1 Results of determination of nitrogen content in samples

B - TEERY) H,SO4 25 F1THFERY) HLSO
55 ﬁ#ﬁ%@ﬁﬁ 280, ZRE U H i mg

TR VymL TRFL Viy/mL
1 0.3846 23.24 0.20 21.2850
2 0.3814 2322 0.20 21.4449
3 0.3826 22.19 0.20 20.4211
4 0.3815 22.18 0.20 20.4707
5 0.3866 21.90 0.20 19.9433
6 0.3827 22.09 0.20 20.3230
7 0.3842 21.85 0.20 20.0217
8 0.3865 22.86 0.20 20.8310
EEE 03838 22.44 0.20 20.5926

3.1.2 BRBAFEER NG TH T ua(M)

(D) TCAK B BR B2 P A HE ) o o o R b M V5 R i O e
FE G AR E E upn(M)

X R ERARHEI R T 3 PR AE, 3 IREARAE, 6 IRPRE S,
Rk 2 R,

=2 BBRINEBRRIRELESR
Table 2 Calibration results of sulfuric acid standard solution

P— %7kﬁ%@§%ﬂé@§ﬁ THAER HoSO M 1,80, e
WY /g V w/mL mol/L
1 0.1515 28.24 0.050595
2 0.1528 28.66 0.050611
3 0.1544 28.28 0.050596
1 0.1528 28.48 0.050600
0.1588 29.60 0.050597
3 0.1517 28.28 0.050591
M 0.1537 28.59 0.050598
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s(M) = \/[nl—li(M - M)'1=6.86x10" mol/L.

i=l

R — i . M
Ij\'”;&%*ﬂXﬁﬁﬁ{EKﬁﬁﬂgfg uAre\(M): S( )7:
Jox it
6.86x10°
T =553x10",
J6 x0.050598

(2)TCAKBRR M AL BERREY) 5 | AR5 BE up(P)

HAEFRE) BB Al A, T RATERE R 0.02%, k=2,
MBIARAHERE 9 u,(P)=0.0002/2=1.0x10"

(3)JC/K BT B 28 B A IO P O o ek PR BB 5 LA
HREE up(M)

M TUPAC S5 W Jit -1t e A 15 0K BB A Hh 45 JC 3R 1Y)
JEF L B R E B S k=3 . SRIBK LR
JEF R AR AN E S T4 3
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Table 3 Standard uncertainty of atomic weight of elements

JLE X F R PRAWEE AR
C 12.0107 +0.0008 4.62x10™
0x3 15.9994 +0.0003%3 3x1.73%x107*
Nax2 22.9898 +0.000002x2 2x1.16x107°

FEER T T R ER B EE R i MY R B e K R
Fe PRI
M =2A (N)+A (C)+3A (0)=105.9883 g/mol.,
AETCE BRI RSE, PRI IOk R iR 40 EE /R
JE G B (R & bs AR T B FE R up(M): u, (M) =
JRu(N)T +[u(O)T ++[3u(O)]
M
_(a’—a) 110-80
o2 2
u, (M) =
J2x(L16x10°) +(4.62x10") +3x (1.73x107)"
105.9883 B

a =15%

520x10°,

(4B ER PR HE B FER AR I BUE bR EAST X 40 1
u(V iz)

OHIE JIG 196-2006 (& FHBEES EAE ) MIRRLE, A 9
50 mL PRI e B HERR TR, K+0.05 mL. M3 2 AI4,
V +=28.59 mL =M k=6, Mk ESs I AmM
FEX R v AN 5

0.05

w)= e 2839

@Ry Z IR EEERITEQ20£2) °C, HIBIERIE (P=95%,
k=1.96), KA R BN 2.1x10™ C, B AR ER IR
FEGIARIBRUEATERE wn(V w), WISEH = BT A

=7.14x10",

AERTARAEA 2 B
28.59x2x2.1x10™
uZ(VM‘) =
1.96 x28.59

BRI IRV VA E PR RO AT PR UEAS B 2

u, (V,) = \Jlu, (V)T + [, (7,)T =

J(7.14%107) +(2.14x107) =7.45% 10"

BRRBTIE A VS | A TR A A i

s M) = J[ut, (PYT + [, (M)T +[ut, (V)T ) ,

Uy (M) =J(1.0x107) +(5.20x10°)* +(7.45x107)* =
7.52x107, 1, (M) = \lu, s (M)T +[tt,, (M)T

=2.14x10"

U, (M) =4(5.53x10°) +(7.52x10")* =7.54x10" .
3.1.3 R BRETI AR ZE upre(m)

HL T REARE A, KEIEBas R s 0sm<s g,
HHR AR AR H+0.05 mg, HISIHH%IE, k=43, it
FERREL T 0.3838 g, T HL T ROFFR B 5 A BAHX R
e R

u (m)= 005 _ 0.05

kxmx1000 /3 x0.3838x1000
3.1.4 XA IHALB R T N ) R upe(rec)

H IR 1 T A AS 78 A BN A B S BUR S
&L VY RN IR AR R P PR A, AR A SRR
fB 5T A A HE A 2 T, AR RO A Sl Ak K R AR B T
JERFRZ N 340 mL, MOTEEEICRA 80%~110%"%), 445
SIMGEIE, k=3, IR B IEE T A B

=7.52x10",

a 0.15
u(rec)=—=—"--=8.66x10",
(rec) PR
u,, (rec) = u(rec) = 8.66x10 =2.55x10" .
340 340
3.5 AR ARFING R L upa(Va-V)
() BT 7, 5L ARIBRBRbR I R 22 AR AR Al 76 K

F 7 BIAMGRERR R R 2 AR, WA 45
Vi BIAIASER & BEE R /D, AT ZIEATT

(2) T 5E M AEAS SRR P IR]— A 52K, T 25 R
{HIRZEPIR, Wi V)V, MR EIR 225 | AR E AT
ATEE,

(3) BRERBR I TR S AT e A SRR =R
AL R R bR AP E AR R], R RR TR 0.3838 g,
TR 22.44 mL., 25 % ERE FEIREL
0.20 mL. I3 E 5 RS2 a6 2= R R AR A 5 | A A X AR EAS i
ESE:

0.05

=¥ = V6 % (22.44-0.20)

_ 22.44x2%x2.1x10™
1.96 x (22.44 — 0.20)

=9.18x10",

w,(V, -V =2.16x10",
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u, (V, =) =J(9.18x107) +(2.16x10") =9.43x10™ .
32 ARIMENHEEMBNIRENHERE

Uy, (X) =i, (M) +1’, (m) +u’, (rec) +u’, ,(V ,—V))
U, (X)=

J3.34x107) +(7.52x10°) +(2.55x10° ) +(9.43x10°)’ =,
1.24x10°

U, (X) =u’ () +u’ (X)),

U, (%) =+/(9.47x107)* +(1.24x107)* =9.55x10" .
B RFRERTIE B ()=t (6)*x=9.55x10x20.5926=
0.197 mg/

33 T RIAMEERERK T

B ST =28 G P=95%), W JRASH &
U=u(x)xk=0.197x2=0.39 mg/Ji .

3.4 MELHRIRE

HELE L I I E 25 5 R 20,5926 mg/f, THEE
SERLORER 2 /N, MEBEE AU AR S A (B
% P=95%)if, X=(20.59+0.39) mg/}1", {5 HF k=2,

4 % B

3 Ao X R E S R R AN o VT AT, 15
IR R A S R AREA T T B 1 (x)=0.197 mg/h,
VRAWERE U=039 mg/ k, RAUHHEHF =208 FEHME
P=95%); 1£ AZIVE P PRSI T AR E BE ()=
9.47x107; B JSE B BRARER G | ARIARTEE ua(M)=
7.54x10°*, IRFERR G| AR upe(m)=7.52x107, ik
FERTH L BB AR E S upa(rec)=2.55%107", T
RGBT EE upra(Vo-V1)=9.43x107, JrhE ML
B . BRRRPREVETR . R L AT A IR T AN
B B TTRRAER, I RERR i 5 | A DA 8 B BTk

DAL IR AN 8 B2 37 19 5 2o 0, A6 H & e A,
THH I 2 A I 2 A R R A, D] 2 YR
ERARIERE T u(x)=3.90x107", I TG ABAHE
B 145 (0)=1.89% 102, & HAHHE B u(x)=0.389 mg/}, ¥ Ji&
AHIERE U=0.78 mg/h, FAHHE B 45 Fas i K T ki
FEGEH DRI H BB ESE R /S e, AR - T
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