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Aok, FE&E, Mk, REE & ¥, & 4, &AL, KxBFH
CHTILH R Tl A BR IR "l AR ey WL Bl 310024)

WE: AW T QAN BEROR 18 R ) FE 7772 (GUM 6 ) R il (8130 08 3% 25 Yk 20325 I 2 40
FRYERY RN E A TITE . SRR B R FE=2, AN 95% , GUM 5 A5 il el 2 17 5 8 5 v i
B 551 84.23% 0. 10% F14.26%+0. 54% , 15l EIE PR 25 R K . SR GUM Y& 37 B s AR AR AN o
PR ot BT I | 3 AR AT B B A R R BRI 0 T AT A R, L P o R R R B RN W
Oiite SEA 2 PO AR OO T B SR TR ) S 0 s SR P s i 1 1k AT S 5 A A AT I IR
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Uncertainty evaluation for determination of starch content in tobacco
based on GUM method and control chart method

SU Yan, JIANG Jia-lei, CHEN Xiao-shui, ZHAO Pan-pan, LU Yang, PAN Li, LU Ming-hua,
ZHU Shu-xiu
( Technology Center of China Tobacco Zhejiang Industrial Co., Lid., Hangzhou 310024, China)

Abstract: According to GUM method and control chart method, uncertainty for determination of starch content in to-
bacco by continuous flow method was evaluated. The results showed that when the expansion factor(k) was two and the con-
fidence probability was 95% , the content of starch was 4.23% +0.10% and 4.26% +0.54% by GUM method and control
chart method respectively, the evaluation results by control chart method was larger. The model for uncertainty was estab-
lished by GUM method. The uncertainty of measurement was composed of sample weight determination, water content deter-
mination, dilution and volume fixation in sample pretreatment, concentration determination and repeatability of determina-
tion. The repeatability was the main sources of the uncertainty. By comprehensive consideration of the two methods, it is
recommended for laboratories which have identified main sources of uncertainty to evalute long-term quality control by utili-
zing control chart method.

Key words: continuous flow method; starch; GUM method; control chart method; uncertainty
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H T, AR A7l 2R FH 2 T R S8 7 T VA 2
JoT, e AR B B 38 4o T K 5 A A B U S Y
00 18 3% B2 B 1 A 0 R R AR B o e B E R
i, REAE TG0 e R B B | T Af 1% 2L
UL Bl RN £ 35 R D0 A5G, SR AN 7K A 117 B 42 B R
TEAHEA T AELR SO RS I () 7 2, — e FR B LA
TR AR DA R A SR HERR M (E ) R
FRATSR BN I 2%, T 300 o 25 SR i) o 5 M 1 R e
B2 AT WX IZ T VR AN 28 BE A T IR

AN BE VTR 14 B ES AN [A] 4324 Bottom-up
(H L) R Top-down ( H LTI F) k225, H
AT, Z A HE H AR BT JJF1059.1-20127 F11 JJF 4.1-
20121 R R o B VT 350 S BROSCHR[ 9 119 Bot-
tom-up %, CIEAHHE BEFRRIERE) " B 5 15
(GUM ) T 2275 A Mt i R v o S ) AT AN
FE B VA 2D TR R BB, I N R iR
B, REONE B PEE TAEMELLER I SE g 2= )
ZITE, Top-down 31" F 1995 4E U4 i | % 07 vk
KBRS AR RS Z ST,
P A T AN BT, ELAT B Y mT 4
YEPE P2 it s C 422Uz B T ke
FA TR bR AR E BE AR

ARG AV 142 2 2 v 0 S 0 E R
RS AR AT 255 40, R GUM 2 5 VE M %
S AN E BE Y BRI, SRS AN E B
1, I A ) P 0T U A 5 N AT AN A B O
A W 2 PO E S R M 2= 5 DI R EE = e Ky
B ARSI PR T B B AR

1 ARSIk

1.1 RF AR Fn R

) AR ToK Sl AN | R
WAL R SA 0 255 AT, AR VE A | SR VE A
) H Sigma 23,

WAL JECAEAE S T Tl A BRI AT 2
Pt

A L SCI 5 R B 8 L (AR B S AR
P ) (G3 B A B RS AL NI S (AR BRI
i) \XS204 B 54 RAF- (JkdE 0. 1 mg, Mettler Toledo
INEE AR | Futura 72 22 37 8l 43 1A ( Alliance /23 F)
7= ) (CT410 i UECRE i B (Foss 23 A 7= i) L KQ-
500DB H4 P i o A (B L T M A A A D
Hi) o
1.2 KEAH*E
1.2.1 GUM %32 ma2n ey Roh g E &
HRSCHRL 16 ] X6 T A 25 i A 7000 5 - FREL 250 mg 105
FET 50 ml G3 BRE5 B I Ab it U =k, A 25 ml
80% L FEARFNEALERIA W, ¥ G3 Fedb BB ab sl 2
BT 400 ml BEFRH, ST A A 30 min, BUH T
S FTFFHEZEF A BGR, FH 2 ml 80% L - A Ak
NSRRI 4 G3 Tkl mUBEAR T A 15 ml
40% fe EBRVA RO 7 HEHL 10 min, FHIIA 15 ml 7K 3%
% BTERARBORTA 50 ml = BH 5 ml T
50 ml ZE i INAKGEZS  HIESR 8 4 Hr {3 E

FE IR GUM 0BT U8 3 2 0 0 S 60 A 32 1 R
8, Ve B il A AN B AR AR T

T.A=R; ,£R;,

AP TA HTER & i Ry CHTER & BV X {H
1, (rm) A il JO B 00 5 A )R X s o4 A i
o u, () RE S KRN 5 LA B AR s oA
B BE TR 5w, (v) DA FITAL BEAG B E A R 5 1A
AR AR UEANB A BE O3 0t 5w, (o) Do R R BE T 4t 5
A BRI R AN 2 BE 0 5w, (rep ) A RE i 0 42 FE
SENEG I AR RIS bR UEAE 2 B it
1.2.2 =4 B &R 28 2 R A A
P P T W i Rt 75 A T 1 RS A —
MG TR, AT EHEHG - S 2 5 RE T RS
L C R I LR et U A NP R i SRl E %N
Ko R T P B by A B AN S E R

L (m) 1P+ [ (w0) P+ (0) P+ (e) P+ (rep) 2

4IRS R 5 BB 5 =,
SR ASHE RV ST PERO 0 9500 22 s PR 5
R,

2 R0

21 GUM ZRFEEMEENENFAHEE

2,11 #se 2 W I N6 Aa A AR R TR S
Fu,(m) KFRAMERKARTFIREN 0.50 mg, %
Y5150 2 B AR R 2 I A5 B R T- E
SIABIAMEARTE R w(B.C) N

AX2
u(B.C) =2 20,408 2 mg
J3
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Ko, A IR R SRR ZE

FERFREURS B 2 0. 10 mg, 0 PERG] AR 2
4 0.05 mg,0. 05 mg AL &8, IS 3 A F
FRITESE 2 T A, AT DS K43 BER 5| A B 5
HEANTESE w(B.R) N

Ux/2

u(B.R,)= 5 =0.040 8 mg

K, U BRI BRG] AR 2E

XA it T B U 5 | A PR AN A BE w,, HEAT
B

W=/ Uipe,) Fipr,” =0.410 2 mg

FES AR m 2N 250. 00 mg, B BRI E 51 A
AR AR R AN 2 B 4 8w, (m)

m)

ty(m)=="-=0.001 641

2.1.2 #%m AR B BN G AR AR R
RS F uy(w) XS AKREIEAT 2 YOFATI
B IELSE RN 8. 06% 1 8. 11% , W25 0. 05% , Ff
i S 7K M 7 5 A RIBR AT B w(w) A

R(u
—_-0.031 29%
1.13%x42

u(w)=

®1 HERENTHEE

Table 1 Uncertainty of measurement instruments

o, 113 93Tk [ 7] R RLE 9 2 AT I
ﬁﬁ%ﬁ%&ﬁ@%%m%ﬁRwﬁW£o
RS B KRS w R 8. 09% , FF i 7 7K R
FE G AT FXS BREAST E i u, (w) N

rel(w)_ u(W)

2.1.3 mkﬁﬁ'*@kﬁﬂA%ﬁﬁﬁﬁ%%
RS F u,(v)  FESATAS IR R E A 2 T4
PRI 25 5 — | o s TNV AT 3 3 TR X
TR AR TR0 3 58 = BT as B ; 565 1 L R
FEXTR W A5 A% 0 YRR RN 52 5 55 L, 2 R I AL
;557 IR EE X A e AR5, TR 45
T AR T 88 2 4,5 ml TR 11,
50 ml R 1 AS(FE 1),

urel(”)z 2Xu’re]<v )2+u el(%)z'm.el(vz)z =0.001 502

K ow,, (v) AHTAL PR B 25 R 5 I AR A
XAREANTE B o3t 5, (v)) A E 2R B AR 51 A R
AAXIARAEANT 2 5w, (v,) A 5 ml AT RS Wi 51
AT XS B AN 22 5w, (05) O 50 ml 25
AR AR AT E JE

=0.003 870

s A B IEAVF —fE BefEro e RABEN (20£5) C ] B BURIE M BRif
¥ B2 (ml) I3 R R A PIBRAEAS T 2 B AT E B N E B
FiAR R / / 0.008 164 0.009 093 0.012 22 0.000 815
5 ml ATEAF W AR / / 0.000 775 0.003 031 0.003 13 0.000 626
50 ml IR 0.050 2.449 0.020 416 0.030 311 0.036 54 0.000 731
500 ml %Sl 0.250 2.449 0.102 082 0.303 100 0.319 83 0.000 640
1 ml 3B 0.008 2.449 0.003 266 0.000 606 0.003 32 0.003 322
5 ml 43R AE 0.025 2.449 0.010 206 0.003 031 0.010 65 0.002 129
2.1.4 S R TR N B AR AT AT R R T Lm
Fu(e) BERKRIEN S ARSI 25 tea( Somy )= 7=0.002 735
ZHRIEY) BT bR ) BT 4l B bR HEAE A AR AR ()
u,,(S.m,)= =0.000 684
PRt s R RE T AR 2R AU G2 M, ELEEVE B AR >
HEY BUARIBUSTHE R 150. 0 mg, SCHEVE R bR fEY) PR w,(Sm)=/u_(S.m,) +u,,(S.m,)* =0.002 819

s RN 600. 0 mg , 2 BEFE f 5T &0 2 51 A bR i
AN E B, B v S5 0T g 0 5 1A () A AN
urcl(S'm) A

K, my my, 4300 R BB TE K | ST E A FRELT
L 1, (Somy ) v,y (S.my ) 5300l R LA E Ky | SCEEDE
3 ST 2 5 | A A X AR AN 2 B 5w, A il B
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S E S | ARIAREAHR E R
TERSIRIE ) I 4 = 99. 8% , ¥ 3451 A3 A A,
OO EIX [A] 2 068 B 0. 5% , A4 o 40 5 0 2 51 A )
FXTAHARE T w,,(S.P) A
Fl

u,,(S.P)) :ﬁx(;
1

=0.002 898

F2

uml(S'Pz):ﬁxG
2

=0.002 898

u,,(S.P)=./u(S.P,)*+u,(S.P,)* =0.004 098

K F, F, 058 AR TE R S AEVE M AR HEY)
FEEERE ) VTR ZE (B8 0. 5%) 56, .G, 73 R ELA%
TEMD | S HE TE M bR AE Y BT B A EE (1158 99.8%) 5
W (S.P)) \u, (S.Py) 43 5k ELEE WE Ry | 55 TE B i
HEY) BT Sl B 5 | A B AR X AR EAN A 2 B

T BB L % U A N S B TE AR e L, K
AR, R E S 20 I AE 500 ml I P E R, 500
ml 2R AR R AR AN FE AN 3R 1 B, Bl
FEHIE] 2 4~ 500 ml 750, A AR AR 2 51 A Y
PR E w,, (S V)M

u, (S.V)=./2xu,,(v,)* =0.000 905

o w,,(v,) N 500 ml ZEEHT A BIH A AR
WA E S

VE BB M A VA TR FR 7R 4 R R A A VA T
50 ml AR, ARIERE R B2 T 5
PR FE N 55— 25 WO RO RSHE 5 — TR X 25 i i
FEZARFRARE I 5 35 = BO VRS v 3 35 DU YL B8 Xt
B A VR IR RIS IR, 6 A M AR v AR R
Bol A, T 54> 50 ml 2589, 2 R 5 ml 43

FEWAE LA ) 2 MR 1 ml 43 BEMRAS (% 1) AR UEAB A8
PR TR | A BIAR R R 5 B w,, (S.D) M -

Uy (S.D)=
0.005 815

A, (vy) R 50 ml 28RS BIAR X i
R FE su,,(vs) 95 ml SR EEIRASE A AR A A7
ANHARE P su,, (vg) H 1 ml S0 EWAE 5 | B AR XS bR i
ANRERE

VEM B TAEAREMZE R .

Y=b,+b,X

A Y AR I N R X AR R b, R
TAEARE AR 0, b TAERRUEIRZRPR

TS Bl ik TAE bR o il 26 R F B/ — 3 ik 40
A S BIRRHE R E B4 AT AR

2

5><ur(-:l ( 1)3 ) : +2Xu’re[ ( 1}5 ) : +2Xurel ( 1}6 ) : =

S 1 1 (ep=c
u<c.5)=bix L)

1 n XX

K w( C.8) g TAERRUE A 5 SR
ANHETE ; S, AFRZEHIARUEZ (0.000 027 4) 56, N
TAEARUE R A2 (0.001 61) 5 P Ky 87K -1 5
BB sn FHRBEKEEL(S) 500 NIRRT E T
HI{(90.098 4 mg/L) 5¢ hy TR h £k e 3 -4
{H(90.000 0 mg/L) ;S &L i1k (8 910.030 7)

AR HE 2 B T3 ME ¢ S 90 mg/L, TAE
Tt I E 5 A BIAIRE AT E E u,, (C.S) A
u(C.S)

=0.018 64 mg/L

u,(C.8)= =0.000 207

X MR A it 4 JBE ) 2% AN A R B R AT

4H
i

u’rel(c>:
2.1.5 MEZELHINANGAASTARERHEE S =
w, (rep)  FRICA]—HH A i 42 JFRAE £ 000 o A7
FEEME W, 45 R mE 2 B, EEEEE T
51 B AR AN 2 B o 0 5 vk AT 2 B, DL ZE
IRIERR 2532

Fie B DU ZEIR 1, i ) 4 1 52 14 5 | A AR X A
HEATIE L 0 it w,, (rep, ) VAR —FE 5L 64T 9 P
T IR EIR 22 S (rep) FISFIIMH R, (Form, B

S,(rep)

w.s XV

=0.008 416

u’rel(repl>:

w,,(S.m)*+u, (S.P)*+u,,(S.V)*+u,,(S.D)*+u,,(C.S)* =0.007 708

IR 2205 9 UCH AT I E 45 R 220 R )
ZEREON C RS E S IE YR n, IR b i o
SENEGIABIARXSSRAEANA E BE 338w,y (rep,) N

u,,(rep,)= =0.009 019
Ry XCX\n
2.1.6 ABAFERHEHE v DFEIR LA AT AR
Yﬁgmﬁﬁfﬁ}g U

Uy =/ [ (m) P+ g (w) TP+ [ uy (0) P+ [ uy(c) 17+ [ u,y(rep,) 17 =0.012 25
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DU IREEAS R EAN T RE L w,
=0.052%

u =R, u

rell

WZE LA AR AR HEA TR EJE u,y -
P, Ry, FRTER & I (E

Uy =

W 25 45 VR IEAS 22 B wy

u, =R, u..,,=0.054%

AT GUM LT T A & 2 I 1) AN o
AT ot SO 0 | R S K R E | A B R
A RERL R BE E A A A 5 N ar i, DIE TR
S 3 o ) DL ZE 7R VA AV 22 vk AT I , 2 Fh
T3 EVEE I E B A A (n=9) 200 5 S
®2 NEREMBEFNENESHIANTIHEESR

Lu(m) TP+ ug(w) P+ (v) P+ u,(e) 12+ u,,(rep,) 12 =0.012 76

) 68. 98% 11 71. 019% ( 3 2) , & W & T & M5
HOEXNE BV s i KR R . 48T AN
DU RE VRBCTS , 00 5 7 0 H R P E A SE2 ] | AN
IR 2 R BCT, A 25 0 I 2 ) AN W 8 o AR i
d e T SRR, M= 3 I, I Bk B ROk
5,24 n=9 B, A A%,

Table 2 Uncertainty components introduced through determination of repeatability by Bessel method and range method

1 FE/RY 2%
wi DS ERAE Wy g g o muk | wan
/S Sl ol S CONE T WU RA U RN

(%) (%)
1 4.23
2 4.16 4195 0.0495 0.07 1.13 0.9 0.008 343 0.010 442 0.012 10 68.95 0.01370  76.22
3 4.00 4.130  0.1179  0.23 1.69 1.8 0.016 481 0.019 025 0.018 80 87.67 0.021 00 90.60
4 4.18 4.143 0.0995 023  2.06 2.7 0.012 004 0.013 476 0.014 90 80.57 0.016 20 83.19
5 4.26 4.166  0.1009 0.26  2.33 3.6 0.010 831 0.011 979 0.014 00 77.36 0.01490  80.39
6 4.34 4195 0.1148 034 253 4.5 0.011 177 0.013 078 0.014 30 78.16 0.01580  82.77
7 4.27 4206  0.1086  0.34 270 5.3 0.009 760 0.011 317 0.013 20 73.94 0.014 40 78.59
8 4.33 4.221 0.1097 0.34  2.85 6.0 0.009 191 0.009 992 0.012 80 71.80 0.013 40 74.57
9 4.31 4.231 0.106 8 034 297 6.8 0.008 416 0.009 019 0.012 20 68.98 0.01270  71.01

woo(repy ) s VUBEJRIE T AR b U R B A2 5 | A AR AR AN S BE 2w, g (repy ) < AR 2T (KR i D0 S5 | AR ART X R vHEAS A 2 B2
Ot sy« DUIE IR A AR AR AN E L 5,y < PR 22 5B AR AR AN JEE

05 T ARG BA RAR A 8 2 B o
T A RANHRE BE Ao AR Al TR I E AR A K
FRME | ATAE BB E A R ah R I E 51 AR A
XIARAEABHE B Sy i )i T B R E i, A
WA R RW], Y A SR E B A3 A U
HEANHRE JE v e — o 10 3 iy o i I, DU 5 7 9
Mgy 5wl 6, WIBR EFR, ILIE Rk
A M (n—1) RTFWEENAHBE(v) (£2),
PRI DL 26 R vk UM 22 0k AT &, B b DL ZE R
VETT S H bR Qi 22 132 S 5 VA v Al 22 T AS S
FEARBOBR G 22 , th T H 2 PR 2 B AS 1 A
YA D 22 B T T AR o s 22, A1 Ok DL BE R R A
IS YRR, LT SEPE TGy SCHR[ 7 ) 48t AE
IS DR I, S R IR 22 05, 70 5 U R
Z0F R BCR T N Rk . 2R % 08, e D1 26

IR AT R AN A PR A, n=9 B, DU
FRUEATRE BE R 0. 052%

22 EHBEZFIEEHMESENENAHEE
221 HKFERE EREELRMT  HEESCER] 16]
TR (1) 7808 TS 4 ot T % s E AT DU, DU
TR H 3 WGBS E 12 10 5600 e 55l
222 BAEEAE OB 3x12 4B Fm s a] HE
J¥, ] Grubbs #5552 %5 25 BEE AT R 99, 75 95%
T HIE 36 418 o HE(E .,

223 HIBEXMA IS R Minitab #4
TR A I e A AT B S v TR A g rh
e SRR P, GRA BYIEL P, [H KR
FNVEREL P, (R SR SR IRl P, (HI KT
0. 05(95% W EAFIE) , RV BHEFTA M 5, >k
JH Minitab 250 Hb 9 22 5 2R -8 246 30 ) o B8 2 15
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TFEIER MG BT R ZAER- IR AR E N 0. 41, H
P=0.33>0. 05, R IEHR AT A IEASMEH

2.2.4 HFAEHFHME (I-MR) 324 B fo R # 7T
G54 T-MR il PRI ) S 0000 ) & BB o
AR, AR (E 1) R R RGA T4
TR TR B R TE e S RE

5.0F
S 45
i
Xt
R 4.0F
pisd
35 Il Il Il Il Il Il Il Il |
1 5 9 13 17 21 25 29 33 37
WE AL
&1

4.26% ,¥5 i KB B F AT s R 4r B R 5. 07% i
_ MR
k11287
FERE SRR S B I [DRE 2 MR A% 3l 22 1

YIHE.,

3.45% , PRUEAHIEE u=39 K S, MR

BaithzE (%)

IRE AL

WEM AER R E (I-MR ) 1= 5] E

Fig.1 I-MR control chart for starch

T i kO R AR E S 0 T A RN
0.270% ,29% GUM £ VT B bR 1A B 28 FE 1Y 5. 2
(R 3), WEEIREIRRERE MR Lo R —
PN UAE [R)— b SR FHAH R4S A A R B) 22 P 1)
TS, R B ST A0 e B,
ST e R S AT PR R, SE 00 N T LT
S DN B B0 R B A ) P 235 2R SR vk R A Ty
BTAS BI AN B O R, I A Ge i
P,

F3 FREETEFELE

Table 3 Comparison of methods for uncertainty evaluation

R M EREYE  AERSTEE  VRAHEE
W T ik (%) (%) (%)
GUM ¥ 4.23 0.052 0.10
il T 4.26 0.270 0.54

3 45 i

GUM 1P JH L 3E ) 75 it H4.23%+0. 10% , HX
95% M EAGMER VRN Fh=2, NHEE EEH
FES TR E | & 7K 800 7 | F AL RAR B 45k i
WisE e A S Ao AU, Her i e i A 4y
TG AN B e, PR s i A v e
N BN XA TR il R A

P Tl P 1 TP A B B % B 4.26%£0. 54%

Bos% B R, RN Fh=2, ZTIELGES
T HNEREEWEMH EEZM, 550 HFRE
Pl B ARG, R XS T B A R AT I . 5
B L 2 RO AR C 200 E A E BRI
F14) S 56 2 SR RS il Rk A 7 S 36 2 o 4 /KO- K
T,

S 3k
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