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Evaluation of the uncertainty in the determination of five papaver
nudicaule alkaloids from hot pot food by LC-MS/MS
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Abstract; According to the procedure for uncertainty assessment
described in JJF 1059. 1—2012 “Evaluation of uncertainty in

chemical analysis measurement ” and CNAS—GL06—2019

“Guidance on evaluating the uncertainty in chemical analysis”, a
mathematical model was established, and an analytical method

for the determination of uncertainty of morphine, codeine, pa-
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paverine, narcotine and thebaine in chafing dish food by LC-MS/
MS was established. The results showed that the synthesis of rel-
ative standard uncertainty for papaverine, narcotine, thebaine,
morphine and codeine were 5.1 X102, 5,0X 1072, 5.8 X102,
8.4X10 %, and 8.5X 10 2, respectively; the main factors affect-
ing the uncertainty of measurement results included the sample
recovery rate, the repeatability of parallel experiments, sample
extraction, calibration curve fitting, and the configuration of
standard working solution. From the uncertainty component of
calibration curve fitting, it was revealed that morphine and
codeine determined by the internal standard method were
obviously superior to the other three substances measured by the
external standard method. Consequently, using the internal
standard method could reduce the uncertainty caused by different
sample matrices.
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70 HE WO 0 S A B SR TR R AT I8 DU O R
Ty 1k B 2 SR i E o B R A RO S L R O SR R
] B JH Al A 32 V35 g A DU 4R RS B BRI E I S
1L MRt 5%
1.1 ##5iKH

R R : T il A

NG il 8 E Merck A #]

R R 4 TG K R B I /K I TR A - 3 T 4, [
24 LR 0 PR A A 5

B K R 4K

e M 7 i 2 99.8 %6, vl IRl 24 5 2 0 o G E B

EhR B OSE BAT ME e 99. 9%, i E Sigma-Aldrich

/L\\#

&l

5

T PR UE i 0 100 %6, o [ 2 5 A 0 o AR R T
Al AT UE S (AR ) £ 99.88 %, 78 [ Sigma-Aldrich

>
Il

H

FRAT T AR o 100 %6 o Hp [ 245 5 A 40 o G E T

N ifE-D3 A5 1 T AR B-D3 bR o S GROPRD 1002,
R S I R R A R A
1.2 (UgE5EE

OAH €8 1% — 5T 3% 6 X« Agilent 1200 B AH € 4%
1%, Agilent 6410B Triple Quad LC/MS %I = 5 & 8 pU 4
FEBRAY L I EST 85 7 P51 & MassHunter 3 40 B 44,
L [E Agilent 22 7] 5

HL 4001 K . ME204E & MS105 B, 3¢ [/ Mettler
Toledo £ A/ 7 ;

gl Ak KB Milli-Q Y, 5 Bl v =4 BR 23 A 5

P N DR 28 KQ-700VDB &, B 1L A A 28 A
PR .
1.3 Fi&
13,1 ARUEVEWEC ] 43 ) o o PR IBORR o O Y
0.5 2% HF [ Ay R R 5 A0 T 1l 2 SR IR T T A B RO e
SE N 1 mg/mL (W FR HE G A K. 1S HE-D3, T fF
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[R-D3 F1A] ¢ (R 2 S Wb » B HEAE AR a2 . 40
590 VR B BB  HR TT TR L AR ME A A S 1 mL, g
ME AT AE AR MERE I 5 mL T 25 mL A, 1
EARRE R IR RS R4S 3 B SO IR AT T R O R vk
K 40 pg/mL RN HE W] Ry U BE D 200 pg/mL IR G
o o i VW o

W 3R T A B M VA R 5525 1 mL, PN B AR ME A A%
W 0.2 mL,AZIEARERZE 10 mL AR A, 55 RER
FREAIRESER 1 mL A ERZE 10 mL 5 &R
w1 Sy o AR o S R R R DA o R 0.1,0.2,
0.3,0.5 mL, AFRIRAERE &K 0.2 mL, I ZF 3 Sl 2@ B &
10 mL R, B2 BRI T & EEEER
0.4,0.8,1.2,2,4,8,20 ng/mL, My 7] 75 ok B 2.4,
6,10,20,40,100 ng/mL FJZ 5 ¥ fE T AR W . 9 b5 I TR
W 40 ng/ml,
1.3.2 FEMAEETr Y FRER 2 g R T 50 mL B0
L mA 0.3 mL AR BR HERE AW A S mL oK, A iE
30 s, HEFIMA 15 mL Z B, # i€ 1 min, 7 30 min, il
A 6 g TLAKBREREEF 1.5 g TEKEGFREH » 32 BN BE 2 min,
LA6 000 r/min (> 5 min, B iE W -8 0.22 pm JE EAE
S E DA
1.3.3 i WahM AN . BAHAE 0.1%
2 10 mmol/L W B2 2 7 W . #% 0.0~0.3 min, 90%
A;0.3~1.0 min,90% ~75% A;1.0~3.5 min,75% A;
3.5~4.0 min,75%~90% A3;4.0~7.0 min,90% A 1T
BhEE VE L. % 3% 4. Shiseido Capeell Pak Cis MG Il ,
2.0 mm X150 mm,5 pm; R 35 C i 0.3 mL/min;
BEREARTRS pls B A R me s l g H X iE
B E R Ty 2 R I (MRMD) 5 5 Fl B AR 6 A
Y BT SR IR 1.
1.4 BIEALIE

B 2B BR e T AR T 4 A B S R AR S R B
B BT TR AR IR SR A A 12k et e ME RO AT A IR Dl Y

1 SHMHENGKEYE 2 HMAIRHRIG &G
Table 1 Mass spectrometry conditions of 5 target compounds and 2 internal standards
EA BFERLGn/ ZUREIE/V  RifEAER eV
BEBEK BB 3401 75 F:171.17 ,202.1 120 40
AR AT BB T 1414.1; F 5 F:220.0 ,353.0 135 30
HER fE T .312.4; T8 F:58.27 ,251.1 120 30
iz} i £} 8 7. 286.1; 755§ :165.07 ,181.1 135 40
A A5 A BB F:300.4; F B F:165.0 ,215.1 120 35
Al 1 R-D3 BB F:303.0; F 5 F:165.0 ,215.0 70 35
1t iE-D3 BEBSF.288.9; F B F:164.57 ,152.7 135 50
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R A g5

r—— R, %,
2.2 REBEHH

M1 2.1 PRI RT D I RE R E B R B BLR LA
Jrin D AR e AR 5 IR AR T AR AN E R B
BRI AR A e G ) RO EAE AT wa (Vi) BIARR
Wi B @ £ 645 fE T A 2K 51 A B A 80 € w
(C) 5O HE A ATAL P AR IR E L > T2 R
PREE o Compg ) BORE B BRI woa (Vi ) 5L B 7E JE 5
@ BB EZESIAMDEE L w.a():© BRI
PG A BRI E FE woa S ) s © BRI A
TEJE wra (r) o FoHP 28 O B A8 JEE 0 S AR B ST L 4500 A
VARG A5 T S B R R B A

m

U, (X) =

23 BERMEESENANEIHE
2.3.1 bR AR B I I ) 2 R T T B O

(1) Hn ES BEFR & 51 A B 58 JE R T+ 3 2 —
KA AR A A2 E S« 82 R A i 5 BE Y R A S
AR MES 80 E BETH ST S5 RNk 2 o . i TARMEY R
TE A5 AR 4 R 22 3 [ SOHE T BT o AT 22

x2 KFE(d=0.01 mg)RESINNAHEE
Table 2 Standard uncertainty of balance

(d=0.01 mg) measurement

U el ()nlm; )2 Jr U o] (VM; )2 + U re] (le,,\gg )2 + U el

my)? +uw (Vi) T (O F g Fam)? +uw (97
2
3 HMEVRBESIANENIHEEITELR

Table 3 Standard uncertainty of material weighing

AHERE i A%/ mg XIETE/mg b H AREARTHENE /g

RMEIRZE w(my) 4 0.05 0.05 J3 2.89X107°
S wCmy) 0.01 0.005 J3 2.89X10°°
TR wlms) 0.15 0.075 J3 433X 1070
MR wCmy)  0.15 0.075 J3 433X 1070

FCA PR HEAS B 52 B2 -

ulmygy) =

(2.89 X 107°)% +2 X (4.33 X 107°)* 4 (2.89 X 10 °)* =
6.78 X 107 g,

S U6k B 7 43 1 A0 Bk OB UE o LA R il SR 481 2 IR R
BB 43 590 g 42.43,31.80 mg, LY 57 43 A 3 55 D) ueh
PR AR RS AN 4 2 BE A

U (g ) = [(6.78 X 107°)/(42.43 X 107°)]* +
[(6.78 X 107°)/(31.80 X 107°)]* = 2,66 X 10,

Bl 90 PR St 51 A (AR X A B T A5 R DLk 3,
YA R R YRR G B St Ak R 0T B U ) SRR A 51 A B A
X AN B 2 B o

AN E BE 4y i 2 W5/ mg XA
et On ) 42.43 31.80 2,66 % 107?
et Cm gy 1) 41.93 30.56 2,75 X 107
tra Cm ) 12.44 32.11 2.65 % 107
et O ) 42.87 31.01 2.70 X 107

(2) 5 HA 5 BN & B - 10 K g 2

WA E R EEN R 3 A AR
Z2u (V) AR ZE o (Vo) R fdi 5 FC ) B 9 TR BE o (V)
AL

S EMR BN 20 C(fE£5 CZ AR, MY
I3 AR 20 CHIIEIK R (o), HEEN 1.2X107°, R
Jp1.03X 1077, Z K 1.37 X 10 ° , B o 2.5 X 104,
& 0.5 %0 F R ) FY s 0 R R R /N T 2SR
TFo B L AR K R O N TR Y B Bk R
Al Z WA . AR HE JJG196—2006( 3 JH Bl 75 it 28 46 2 M
FEVHLE A BT 4 B30 A 90, BRI 43 A Ak 2 bl
(EURACHEMD WA S IR M = 5 4 #i o 355 45 40 o 19
HEATER LN AZE 1 mL BARE Wi 8 Oy Bl T35

w (V) = 0.007/6 = 2.86 X 10 mL;

u(V,) = 0.005X 1//6 = 2.04 X 10 °mL ;

u(Vig) = 1.2X107° X 1X5/4/6 = 2.45X 10" mL;

u(Vyp) = 1.37X107° X 1X5/4/6 = 2.80X107° mL,

e AT R AC R 1 mL BAAR 2R R
WHLH 4 R (AR 74 22 YR T o HEAR X A UE AN B 2
JBE 53 50 R
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{286 X 10 %)% 4 (2.04 X 10 %) + (245 X 10 *)* ] +3[ (286 X 10 *)* 4+ (2.04 X 10 *)* + (280 X 10 *)* ] } X (1/1%)

883 <107,

RS LA L D AR AT TR RO 5 U H AR X bR oS B RE B 0 A -

(1286 X 10 ) (204 X 10 °)? F (245 X 10 °)7 ]+ 4 [ (286 X 10 °)? + (204 X 10 ° ) + (280 X 10 ° )2 | } X (1/15)

9.96 107,

MG 2 4 o AS [R] 05 B A4 AR S s ol S Wl 58 B &% 1.3.1
HR bV TR A O R L O T A O R VR U B A
it BT EAS B R B L2 5
2.3.2 WAEFRUETAEM L ™ AW REE a7 4
N [ e BE Y A4 B S 1k A5 B0 A A o % 0 T R
AR LRI BN A=aC+bCa,b 4350 Ry R
R 05 B M A R A& 6 TR . M mE Wl 5 N
R PR B 3%, i E-D3 # B S 76.68 ng/mlL, U I FX

2 283,2 308,1 949,2 288,2 186,2 048,2 286; 1] £ H-D3
WeJE SN 79.92 ng/mL, W H B H 1 416, 1 538, 1 329,
1519,1501,1 453,1 445, B —PHYERE B OEFT 6 IRE R
Dk, BE b 5 R AR W B AY S 38 vk BE G ) O B8 SE R
4.331 1 ng/mL, #F W] T 3. 899 FEMH
3.023 3 ng/mL. M Mg 26.022 1 ng/mL. 7] £F
23.020 1 ng/mL, th i/ 3 vk 004 B et &R 51 A bR
TR E B2 = (3) fR .

1 ng/mlL,

®4 BRABASINNTIBEE

Table 4 Standard uncertainty of measuring tool usage

KAl A SO FRAXE AZE/mL «(V) /mL «(Vy) /mL u(Vy) /mL EAE FERRR S E
4(a/o) , 2.45 X 1078 (F i) 8.88X10 % (a/c)
1 mL BpRER L 45 +0.007  2.86X107%  2.04X10°3 , NG ]
5(b) 2.80 X 107% (ZHE) 9.96 X103 (b)
2 mlL HUAR LRI A 1 +0.010  4.08X107%  4.08X10°*  5.59X10 *(Zf%) /6  4.02X10°®
o N 2(a/c) , 1.22X 102 (HI ) 4.76 X103 (a/c)
5 mL MR RS A +0.015  2.50X 1073 1.02X102 , NG
1(b) 1.40X1072(Z %) 3.50X 1073 (b)
1 mL 3 340 B 0 4 4 4 +0.008  3.27X107%  2,04X107%  2.80X1073(ZfE) /5  9.53X107*
o 10Ca/b) , ‘ 1.13X1072(a/b)
10 mL Bk 258 )i +0.020  8.16X107%  2,04X1072  2.80X1072(ZJE) /6 ‘
9(e) 1.07X10 2(c)
25 mL HFRE A i iR 1 -+0.03 1.22 X102 510X1072  6.99 X102 (ZHE /6  3.50x10°°
100 mL AR A it 1 +0.10  2.86X107%  2.04X 107" 2.80X 107! (ZE) /6  4.47x 107

Ta g s by BESEAR L A CLR AR AT T e S nl FR A

x5 BREMERIBRSINNENEGHIRERBEE
Table 5 Standard uncertainty of standard series

solution configured

Y12

VS MR BE ) F- 35 ng/ mL;

AW T AT
7R it 00 T 7 A= 4 A X A o

(D FER PRSI AR B B R T 82— K.
HE N R KA 523, 1 (DA RS AR . R4

SEATRRIR 2 R FRAE B 23 5 Oy 2,027 2,2.008 8 g,

R A WA B 7 o
: n— B O U =T
 rel (ot g ) 1.92 X 107*
L ST 22 Ve .
weel (g 1) v tdre (g ) sl vel Ot gy ) 1.95 X 102 P i B U KL P =65
el Cmap ) 1.88 X102 i AR TT{EI{/E
. LA Fm o T A pl 4
u(©) = —- AR FERAR T,
; — 2.3.3 B g AR 51K AR 1
DA —@ ] (L, amOF
= P n - o
n—2 (RO}
i—1
(3) KRS & o iR AR MEAS B BE AN 8 TR .
A
DUPAE B A 5 B A X A
U (my) = 4/ [(2.89 X 107)% +3 X (2.89 X 10 *)* ] X (1/2.027 2° +1/2.003 8 ) = 3.52X 10",
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Table 6 Standard curve data
4oy [ 1 5 Fit KA R 5 (CH u(C)
P2 S8 A=0966.104 2C+183.577 6 0.999 1 2.62 X 10? 1.53 X 10°°
ey T A=2159.589 7C+232.764 0.999 6 3.90 X 102 1.02 X 107°
FWEH A=782.967 7C—0.594 4 0.999 8 8.93 X 10! 6.50 X 1072
i e A=0.6155C—0.007 9 0.999 6 6.31 X 10°° 5.71 X 10
GRS A=1.561 6C—0.003 7 0.999 4 1.81 X 1072 6.46 X 107°

R7T BREMERIBRINNENGHIEE
T E B

Table 7 Standard uncertainty of standard series

solution configured

AN BE ) i AR AN o2
el (g ) 2.19 X 10
Urel (M ppp) 2.15 X 1072
el (o g ) 3.51 X 1072
wrel C g 1) 2.61 X 1072
wrel iy ) 2.81 X 10"

F8 KRE(d=0.1 mg)RESINNFAHEE
Table 8 Standard uncertainty for balance (d =0.1 mg)

measurement

AHER M o2/ meg XEIPEGE/me & (B AREAHIEE/ ¢

ARERE ulmy)  +0.5 0.5 J3 2.89x 107"
ST uCmy) 0.1 0.05 J3 2.89X107°
EEM ulGny) 1.0 0.5 J3 2.89x 107
PR 2E wGmy) 1.0 0.5 J3 o 2.89x 10

=

(2) BES AR BGTRR 51 AR A 2 BE 5 A B B B
BEIAMAHEEN T ERENRENMHEM, 5°2.3.1
)7 AT AR A . MR JIG 1962006 BLAE A4S %)
B A S B &40 B bR e AT B E AT I, A 26
15 mLBE FR 48 W & 4 ) & i/ fo 22 0 w (V) = 0.025/
V6 =1.02X 107 mL, fi ik H «(V,) = (0.005 X
15)/4/6 =3.06 X 10 2 mL, 5B % i B N (20£5) C,H
FRUEARHIEE R u (V) = (1.37X107° X 15X 5) //6 =

P kL A e R 5 A AR X A B T
U re] (Vﬂ' ) =

(1.02X102) 2+ (3.06 X 10 %) * + (420 X 10 %) * /

2.003 8 = 2.64 X107,
2.3.4 FEMBEEWIIANATHEE HREIETIAMN
AWERZAET oV Flom W& 0B 5 5P ASH & BE 1Y 53
i JE A ZSTEE . AR S EEAT 6 RN E YR S L B {E
Ko pvy DU 38 R 2% 3ot B3 B R I A 2 R Y a3 A v e 22
(n=6)45RLWE 9,

FE 5 A2 M BB FRXASE A N

tea (fumg) = 6.22 X 107%/4.340 2 = 1.43 X 10 %;

e (f o) = 8.26 X 1072/3.906 2 = 2.11 X 1072,

U (fpmp) = 6.75 X 1072/3.023 6 = 2.23 X 102

e (frugm) = 1.88/26.023 2 = 7.22 X 10?3

e (fagpsp) = 1.77/23.015 7 = 7.69 X 1072,
2.3.5 HWBIBCHACEE S AR E R R BCEIE S
AP Agilent 1200-6410 3% 7 B¢ A3 A 06 18 PR 8 & 1
0.7 % W HAR N R AHAE BE R 0.7 %, 4 350 4y Aii i
B R O b oA

U L) = 0.7% /43 = 4.04 X 107,
2.3.6  FESIWCRGI AT E B X BB EE A AT
6 YIbR [l IR 5o, 5 R G bR HE Al O A 2 R L
HEO1.3.2 Jy i A 3, RS0 A 1B] WA it 3 X A A i ik
AT 5 B S AS TAKSE J i 45 Tl an ¢ 10 Jins o

FHDUZE R 28 AT B D026 1 A o D 25 B [l ol 26
51 AT AN B R N
1.05 X107

un.1(rm;;gﬁag) = = 5.31 X 107%;
4.20 X 102 mL, 80.8% X6
®9 HREIE
Table 9  Analytical results of sample

W/ (ng » mL~1) Sy B/ o

45 LRI E=
1 2 3 4 5 6 (ng»mL™ D)

B SE 4.359 7 4.237 4 4,406 6 4.395 6 4.312 3 4.329 6 4.340 2 6.22X10 2
AT 3.942 1 3.885 7 3.817 8 3.954 1 4.023 6 3.814 0 3.906 2 8.26 X102
HERA 3.022 3 3.082 8 3.034 8 2.894 4 3.035 6 3.071 4 3.023 6 6.75X10 2

g pf: 25.263 3 26.430 0 27.861 6 23.361 7 24.918 1 28.304 7 26.023 2 1.88

CIREATS| 25.086 1 23.752 8 22.418 3 24.279 3 20.103 5 22.454 1 23.015 7 1.77
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®10 FFERDKEE

Table 10 The recovery rate of sample (n=26)
WK/ R R r/ % Sy [l .
457 o 1 A 22
(mg + kg™ 1) 1 2 3 4 5 6 = r/%
B2 BT 0.118 79.1 82.2 81.3 81.0 80.2 80.9 80.8 1.05X 1072
HEAr T 0.114 77.7 81.7 83.9 79.2 82.7 77.4 80.4 2.72X102
B 0.103 64.8 63.9 64.1 65.0 64.7 65.4 64.7 5.61X10
e 0.530 107.8 124.9 113.1 112.0 109.0 106.5 112.2 6.70 X 10
s 0.499 113.5 120.0 108.4 110.6 111.2 114.4 113.0 4.03X10
2.72X107% ., K1l SHEMENEMEERETHERE
Ut rogr ) = —— "2 = 1.38 X 107%;
80.4% X A/6 Table 11  Standard uncertainty of 5 alkaloids
S —2
s () — M —350% 107 R R HE M A
64.7% X6 Ui (X pa) 5.1 10-2
s Crag) = M 244X 102, Uit (X ) 8.4 X 10 2
IIZZA X«/E U (X g 1) 5.0 X 1072
o Py :M: 1.46 X 1072, U,a (X gpmp) 5.8 X102
113.0% Xﬁ Urad (X)) 8.5 X102
K H t*ﬁ%ﬁxﬂﬁi’ﬂuqkﬁi_ﬁi%ﬁﬁﬁﬁo
b = 1100% ~rmmm | _ [100% —80.8% | _ UK ugs) = Upy (X ) X Xagp = (8.4 X 107 2) /2 X
' Ul (g ) 5.31 X 10°° 17 1 /k
9= ;
36.2; pesse B
_ — o —2
t 100% — raar | 1100% —80.4%| UXygr) =Up Xy ) X X = (5.0 X 1072) /2 X
o e (roger 1) 1.38 X 10 28.5=1.0 pg/kg;
14.2; U X pup) =U, (X m)xxgm—(agxm N2 X
o _ l100% —rgen | ]100% —64.7% |  22.2=0.91 pg/ke;
wEE = = = = = _
o (v 3.94 10 U X)) =Uod X ) X X = (8.5 X107 %) /2 X
9. 97; 171=11 pg/kg.
100% — 1004 — 112.2 \ .
oy = 1100% —run | 100% —112.2% | _ B T b — 2 S % 950 5 5 IR AR o
U ret (7 uguge ) 2.44 X 107* /
Al A
0005 U B X Upsu (X) = 2% 1.2 = 2.4 ug/k
—_ wag — X U = 2X 1.2 = 2. g/kg,
o 1100% —ragw | _ 1100% —113% | B e "
R e (o) 1.46 X 1072 Il 5 T -«
8. 90. Ui = 22 pg/kgs Ugwr = 2.0 pg/kg, Ugpw =
SHLAMY ¢ (5 95U A1 f a0 pe/keUnin =22 pe/ke.

I FLAE L3, S5 SRR T 2,571, 088 » 5 100 % B 36 %
FH 25 M ATETH A K R A BLCR B E R F r B IE
o]

2.3.7 BRZESEP 5 BhAE W0 YA BURR S B Y R
REGERE S AHE 5 A A 7 3 38 (2O 3B T 184
X G bR HEAS B B 3R 11 TR .

HT AR R 2 YO ST RE IR I 25 L T AR R 2
RS R B i O B SER 31.1 pg/kg G
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