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[ Abstract] Objective: To evaluate the uncertainty of the determination of polysaccharide content in
Haemophilus influenzae type b ( Hib) conjugate vaccine by ultraviolet-visible (UV) spectrophotometry. Methods:
According to the General Rule 3421 of the Chinese Pharmacopoeia, the polysaccharide content in Haemophilus
influenzae type b conjugate vaccine was determined. Based on the experimental process, the Evaluation and
Representation of Measurement Uncertainty, and the Guidelines for the Evaluation of Uncertainty in Chemical Analysis,
the uncertainties of the measurement results were systematically evaluated. Results; The sources of uncertainty
mainly included the preparation of standard solution u(P) , sample processing u(S) , standard curve fitting u(C) ,
measurement repeatability u(rep), UV spectrophotometry u(1I), and method bias u(B). The combined standard
uncertainty (u,) was 1.109 0 pg-mL ", and the expanded uncertainty (U) was 2.218 0 wg+mL ' (coverage factor

k=2, 95% confidence probability). Conclusion: The dominant contributors to measurement uncertainty were
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standard curve fitting, sample processing, and method bias. The fitting of the control standard curve significantly
reduces measurement uncertainty , with this effect being particularly pronounced. The uncertainty introduced during
sample processing primarily stems from pipette operations, which necessitate rigorous metrological verification.
While standard curve preparation is time-consuming, optimized workflow efficiency can be achieved by employing
pipettes for sample processing volumes of 1 mL or greater and utilizing micropipettes for standard curve preparation
when the volumes are 1 mL or less. Method bias-related uncertainty requires strict compliance with standardized
testing protocols, with particular attention to meticulous control of experimental parameters. Furthermore, maintaining
appropriate laboratory temperature conditions, implementing regular instrument calibration, and performing systematic

equipment maintenance all contribute substantially to uncertainty mitigation. This study can provide references for

uncertainty assessment of drug quality control based on UV spectrophotometry.
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mL ™ R G0 B R o B 1 A A R P i A
0. 1% = SALER BV W 5 mL, 1R 5 5 fin A Hi A< 19
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4.1 HREBZEERHFSINNTIHEE u(P)

4.1.1 XIS AEE S AT E R u(Py)

C ) % A VS VBT FH ) D-AZ BB 20 R 99. 7%, F
V) JUE 5 6 BR 1 5 A TR AN 0 £ 8 B D-R b
AR (99.7 £0.1) % , 354 43 A db B 41 55 [N
Foh =3, 000k FE G S0 51O B AR RS B E JE u
(Py) =0.1% +/3 =0.057 7% , A% b i A W o
ko AN B 0 s (LA B B R LA
SYHE R (WD), A X bR AN B0 2 B v, (Py) =
0.057 7 +99.7 =0.000 579,

4.1.2 XTESHREGIA AT EE u(W,)

HRAE K P 1Y K o IR A5, KO i KA R 22 0
+0.05 mg, N0 , & HF k=3 fnifER
Wi u(W,) =0.05 +y3 =0.028 9 mg; HX 7 ifE
A EE u (W,) =0.0289 +25 =0.001 16,
4.1.3 EXEGANAHEE u(V,)

T W (A R RHEARTE AR (A
G ) BEHEASBA 22 FE AN B2 B 3 S BUR AT E . R
## JJF1059. 12012 5 JJF1135-2005, % & 45 F1 45 &
A E B = fAnf , BE N T k=6, IR
AR NI T k=3
4.1.3.1 100 mL %5 & MM HE 5] A BN 2 FE u
(Vi) FRUERWE A2 B 100 mL (5 K o2
+0.10 mL) ,u(V,,) =0. 10 +./6 =0. 040 8 mL, #H %}
FRUEAHRE B u,, (V,,) =0.040 8 + 100 =0. 000 408 ,
4.1.3.2 R EMARSHEE u(Vy) K
REU MK 280 2.1 x 107" mL-C ™", 5050 % 3 3 O
ol 3 C,KIEWRE K 20 C,u(V,) =100 x3 x
2.1 x107* +./3 =0.036 4 mL, # X b5 4 A 8 5 BF
u,(V,) =0.0364 +100 =0.000 364,
4.1.3.3 BEABEE v, (V) u, (V,) =

u, (V,)? +u,,(V,)? = /0.000 408 +0.000 364’
=0.000 547,
4.1.4 WEIIANASHEE u(V,)

FEABWE (A ) RAERTEE FRM(A
G) BEHEAS T A R I B U8 3 R SO N
4.1.4.1 10 mL A HET | AT E B u(V,y,)
PR UEVS W E R4S 5 10 mL (e KA 25: £0.02 mL)
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FIAMIFRHEARTIEEE u(V,) =0.02 +,/6 =0.008 16 mL,
AR B AN 8 5 BE u,, (V,,) =0.008 16 + 10 =
0. 000 816,
4.1.4.2 RPN AENAFEE u(Vy)  u(Vey,)
=10 x3 x2.1 x107* +./3 =0.003 64 mL, 4% 475 1
AHAEE u,, (V) =0.003 64 =10 =0. 000 364,
4.1.4.3 1 mL BBERHETI A AHERE u(V,)
FARER S (e R A 2E: £0.007 mL) 51 A 1Y b5 1
AHIEE u(V,,) =0.007 +/6 =0.002 86 mL, A Xf
FRAEARHHE B u,, (V,) =0.002 86 +1 =0.002 86,
4.1.4.4 RPN AENAFEE u( V) u(Vey,)
=1x3x2.1x10"" +,/3 =0.000 364 mL, X} 5
AHEREE u (V) =0.000 364 +1 =0.000 364,
4.1.4.5 HWRAWEE u, (V) u,(V,) =
u, (V)2 +u, (V)2 +u,, (V)2 +u, (V)" =

0.000 816> +0.000 364> +0.002 86> +0. 000 364°
=0.003 02,
4.1.5 FREHEWECHI S A AT EE u, (P)  u,
(P) =
= ,/0.000 5797 +0.001 167 +0.000 547° +0.003 02° =
0.003 33,
4.2 AHELESIINHAREE u(S)
4.2.1 FpFREEN 1000 wh (4 n] 52 A% e bR
HEE WG A AT BE u(Vy)
4.2.1.1 1000 wL iy A3 5% W a5 A HE 51 A A
e u(V,) ®EERESIHERALTFIREN
+0.003 mL,J& B 28 AN & B, 4% = 1 o A 1A,
u(V,,) =0.003 +/6 =0.001 22 mL, 43 $F 5 0. 1 mL
(100 L) ,0.2 mL(200 wL),0.4 mL(400 pL),0.6 mL
(600 L) ,0.8 mL(800 wL),1.0 mL(1000 wL),4H
X BR AN 7 B u,, (V,,) =0.00122 +0.1=0.0122;
0.00122 +0.2 =0.006 10;0.001 22 +0.4 =0. 003 05;
0.00122 +0.6 =0.002 03;0.001 22 +0.8 =0. 001 53;
0.00122 +1.0=0.00122,
4.2.1.2 BB AEMAHERE u(Vy) u(Vy)
=0.1x3x2.1x107* +/3 =0.000 036 37 mL,0.2 x 3

uml(PR)z +urc](WR>2 +u,,(V, )2 +ur(:l<v2)2

x2.1x107* +,/3 =0.000 072 75 mL,0.4 x3 x 2.1
x10 7" +/3 =0.000 145 5 mL,0.6 x3 x2.1 x 107"
+/3=0.0002182 mL,0.8 x3 x2.1x10 " +/3 =
0.000291 0 mL,1.0 x3 x2.1 x10™* +/3 =0.000 363 7 mL,
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AXF AR EAR A E FE u,, (V) =0.000 03637 +0.1 =
0. 000 364 ,0.000 072 75 +0.2 =0. 000 364,0.000 145 5 +
0.4 =0.000 364,0.000 218 2 + 0.6 =0. 000 364,
0.000 029 10 +0.8 =0.000 364,0.0003637 +1.0 =
0.000 364 ,
4.2.1.3 HWRATEE u, (Vy) u, (V) =

u, (V,) > +u,(Vy)® = /0.0122° +0.000 364

=0.012 2, ,/0.006 12° +0.000 364> = 0. 006 11,

0.003 06> +0.000 364° = 0. 003 07,

0.002 04> +0.000 364°

0. 002 07,

0.001 53 +0.000 364° = 0. 001 57,

0.00122° +0.000 364> = 0. 001 27,u,, (V,) =

0.0122% +0.006 117 +0.003 07% +0.002 07> +0.001 57 +0.001 27°
=0.0143,
4.2.2 FRFRZIE N 1000 ~5 000 pL /4 7] 94 5% W A%
W0, 1% = FALKREE RIS (RO 1) 5l A~
WiE B u(V,)
4.2.2.1 11000 ~5000 pL [ 0] 5% W 84 HE 5|
AWAREERE u(V,,) AR 15 2] 5 K R ifiR
£ +0.06 mL, % = A it ,u(V,,) =0.06 +
J6 =0.024 5 mL, WZHL 0. 1% = %Ak Bk 6 B2 7% W
5 mL, MR FRIEA B E BE u,, (V,,) =0.0245 +5 =
0.004 91,
4.2.2.2 RBEWEAEARFEE u(Vy)  u(Vy)
=5x3x2.1x107* +./3 =0.001 82 mL, # %} 7
AHEREE u, (V,,) =0.001 82 +5 =0.000 364,
4.2.2.3 HWATHEE u, (V) u,(V,) =

u, (V,)  +u(Vy)® = /0.00491% +0.000 364°
=0. 004 91, by 1 ffy £ ¥ W ) 45 3ok #2 b 4 4] 1 000 ~
5000 pL /Y AT 4 B8 W 4% 6 X, 18 u, (V,) =
/6 x0.004 91 =0.012 0,
4.2.3 BRFRZEE Y 1000 wL il 35 B W A 1 H
AWy B (AW 2) 51 ABYANHE BE u( V)
4.2.3.1 [ 1000 L A8 B W f A HE ST A B AR
B u( V) ARUEAHEE R u(V,,) =0.003 +
V6 =0.001 22 mL, W U A B} 2, BV 9 0. 4 mL, HTXF
FRUEARHERE u,, (V,,) =0.00122 +0.4 =0.003 05,
4.2.3.2 REWHTFENAHERE u(Vy)  AriE
A ERE u(Vy) =0.4 x3 x2.1 x10™" +.3 =
0.000 145 5 mL, A X #5 1 A 80 & u, (Vi) =




0.001 455 +0.4 =0.000 364,
4.2.3.3  HFMAHHEE u, (Vy) u, (V) =
u,, (Vo) +u,,(Vs)? = /0.003 05 +0.000 364" =
0.003 07, 47 1 iffy 2 ¥ W& il & of & o i A 1 000 ~
5000 wL i 7] 38 % U 5 W8 B b A 9y £ BE VIR 6 1K,
o, (V) = /6 x0.00307" =0.007 52,
4.2.4 IR A R E BE u,, (S)
u, (S) = Ju,(V,)> +u,(V,)  +u,(V,) =
0.014 3% +0.012 0% +0.007 52* =0.020 1,
4.3 IREHEMAINHNTRABEE u(C)
D-RZWEAR E AR W R AT € 2 0y, 4
FEEM, LT AME UELERBETEY y =
0.028 6x +0.013 9, Horfr A Jy W 3% B, X A% 0 &
H,a=0.0139(#HE),b=0.0286(4l%),/E B %X
ANHAGEFE o bRiERT Zen] A B AN 28 BE R

Se J1 1 (c,-c¢)’
U(C) =b\/n+p+zj'_’](cj_c)2

S04 - (a+bC)7)
SR:\/ n-2

Aosp =2 CREH S I8 RO sn = 14 (B i
T2 A A I B0 5 €, O R RIS (g
mL ") 5 € bR v i AR S (g - mL )
C; g b o 1225 W A5 5 PR IR B (g - mL ™) 54,
DR ORI SE A A T TR R B O BE AR5 S o A o
i 2% B TR A b v 25 (BR 22 HIBRUEZE ) 56 R A a0l
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B, WA XEAE S, =0.015757,u(C) =
0.417 0, HAHXS FREATHE L u,,(C) =u(C)/Cx =
0.0375,
4.4 NEESHSINMWABEE u(rep)
AP AT E 6 WM& &, 43 5l 25. 00,
24.89 24.84 24.79 24.82 25.13 pg-mL " FH{H
J524.91 pg-mL ™' FR#EZE S(rep) =0. 131; b ifi A
i€ B u(rep) =S(rep) +4/6 =0.053 5 A%t 45 R
WEE u,,(rep) =u(rep) +24.91 =0.002 15,
4.5 EN-DAXEFSINHNAHEE u(l)
AT KA TR UE B LB G L R
NHASERE u,, =0.3% k=2, FCAH X AR MEAS B0 2 B R
u, (1) =0.3% +2=0.0015,
4.6 FHERBINNAHEE u(B)™
43 A T3k B D 4R 2 7 Sy A3 A el o SR R AR
[l g3 3 925, ) 8 AH 24 T £ T RO B Y 80%
(f%) \100% (1) \120% (i )RR b, 1S4 3 53 J3l)
il & 3 4, 2 9y I e L i R A VR Tl
ZAy Bk 102, 4% 104, 1% 103, 9% ; 103. 1%
102.5% ,102.0% ;114.5% 117.6% 117.8% , -3
I3 107.54% ,iH8 S =3.99% |, J5 A 1oy 1 A
W R u(B) =3.99 +./9 =1.33% ,u,, (B) =
1.33% +107.54% =0.012 4,
4.7 ERHAWEERITM
T 35 00 A WA 6 A o AN A 2 B Ry

U, = urel(P)z +urel(s>2 +un=|(c)2 +U,-e|(1“ep)2 +urel(l)2 +ure|(B)2

PREARTEEE R u, =u,, x C; H i C i £
WiEr (ug-mL ™), u, =0.044 52 x24.91 =1.109 0,
WA & R 7 k=2, MR N 1 B AR HE R R 95% , ¥ &

0.00333% +0.0201° +0.037 5° +0.002 15 +0.001 50> +0.012 4> =0.044 52

AT U=k xu, =2.2180, fLik 5 20 & 511
7 25 Ry (24.91 £2.2180) pg-mL ™', EF RN
95% k=2, & AHE RS RARILE 1,

K1 OAHEE AR

R 5 T A YR AR 5 B S i R o S W
RERREHNSINNABEE u(P) 0.003 33
X HE ity 4 ol u(Py) 0.000 579
X HR it R ik u(Wy) 0.001 16
R u(Vy) 0.000 547
T B u(Vy) 0.003 02
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gk 1
R S HE AR T E B Sy L s S
L ESINN A HEE u(s) 0.020 1
1.000 I iy w35 8 VL 2 W B0 o4 5 T u(Vy) 0.014 3
1.000 ~5 000 L {147 I8 5% W 45 W It (5 7 1 u(Vy) 0.012 0
1,000 pL 14w 8 7 WA W BB A € W 2 u(Vs) 0.007 52
REHEMESIANNTBEE u(C) 0.037 5
MNEEEMSINNARBEE u(rep) 0.002 15
EIDAXREHIANNTBEE u(l) 0.001 50
FiERESI NN TBEE u(B) 0.012 4

f %

A SO AT R AR N IR SR A IR 2 ) dE )
3421 ME b R0 R I FT T 45 G i 2 R
AN FE AT VEAS o A BE Vg L R e R LUE
H AN E BT B AR A s o b 2 B UL R
Ab B T5 3 Ay o o RRC ) D A A RSN )
TR, AR H A R A 7 /N 173 B TR L8 oy B
TC T URAPEAG ™ ST T 2% IR 4R Y 4
FE L AR 2 LS AR A B T ik R A ST
R AN A B o DRI ] o 1 e D5 R AR
B R B O WL s S0 N 5L B R A K F
FEAR TN, I8 BER =A% ST v A LA, i AT
A R AR AN W 5 R AR BT B AN E
EEORIR T B WA, TR A A I 2
it BN E AR i £, AR AL, 2 R IR Ab
1 mL KDL E A A WA 1 mL DU HIRS W48 e A
Y HT 24 2003 e 5 T 3k D 197 7 T, 7" M R s o A 7 A
B ARG S A A AR U O A T
A Wl KRR R PR K T 2 D e A R R T
PRAUEAS LA 1 20 32 FA AN 10, WLV 52 36 A R 45 7%
W FEWAS BT, AR PR 5 1R 9 A i
JE 5 93 A, A B ] S5 56 PR IR AL, S 20 55 Ah- T L
oy EE R R AT R E I AR A s H R 4E R
Ir , B DR A AR AL T R A i TARIRES .

SO AT Loy 60t BE vk A 24 W Jo e A o 7 T A
TR U A ] R A G, B A AP R

SR R Z 5 5 18 o M o i v 25 o 2 i P 3R
XA E BE I oT Rk, A BIF ST AR 45 JJF1059. 1-2012

1544
Cy" PEHMBRE 2026 F35 35 £ 14

COM ANl 2 B2V RE 55 7 ) A B A= 20 v AN
SE TE R PEAL 45 ) P A9 2R, DS E R 5T o
AT 72 JEE 73 8 25 T7 1T 5% Ah- ] L 430l 0 JEE vk
E b B AT T 4 SR v 2 R R A AT
ST AT, B R RS S5 R AN E B, O K )
TRV B PAE RN SO, o 2 i Joi o 4 o R IR 2 52
P T 2R A -0 S i JBE U 1 AR O ST AN 1 1 JEE P
EHAZSHE L.

[ & % x # ]
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