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Evaluation of uncertainty in determination of urotropine in Tofu skin
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of Measuring and Testing Technology, Kunming 650228, China)

ABSTRACT: Objective To evaluate the uncertainty in determination of urotropine in Tofu skin by liquid
chromatography-mass spectrometry (LC-MS). Method According to JJF 1059.12-2012 Evaluation and expression of
uncertainty in measurement, the uncertainty sources in determination of urotropine in Tofu skin were analyzed. Furthermore,
the combined uncertainty and expanded uncertainty were calculated based on the established mathematic models. Results
The major uncertainty source in this method was liquid chromatography-mass spectrometer equipment. When the
urotropine residual content in Tofu skin was 0.523 mg/kg, the expanded uncertainty was 0.018 mg/kg, and the urotropine
residual content was expressed as (0.523+£0.018) mg/kg (k=2). Conclusion The method can provide a scientific basis for
the measurement results and the reliability of the method of liquid chromatography-mass spectrometry for the determination
of urotropine residual in Tofu skin.
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FHEE LA IR S A 42 B ) U R, S8 FEA R Tik
AR YT . (AR R S5 DR
TR e, R AE™ S K AR T

AT, & EIATA BRI AR E R A SN/T 2226-2008
CHE s O SRR £ 5 P S T A B R AR I vk ) B
T IRAE XS IR 3G P IR AU A S 1 FE 5 A I B T
7 51 & B O 5 R 2R R 22 AR, Al J i R AN e Tl
S T AR ARSI T R o A I X 2 i A B 43 E
77 0k, D0 G R i 3 HT A, XA
PEATPRA, DU R i G 0 45 SR A R 38 B, Ol 2 (UG Tl g
EEASH & TP TAR RIS,

2 MRS

2.1 X5

UFLC-20A #1435 (H 4 SHIMADZU 7% #]);
API3200 — 5 PUAT A3 R BT IR L (& [ AB 22 /)); (il
#: CAPCELL PAK(CR) (2.1 mmx100 mm, 5 um, HZ
SHISEIDO /A #]), Shim-pack XR-ODS(3.0 mmx75 mm, 2.2
um, HZ SHIMADZU /A )); Analyst i TAERE (35 E AB
v Fl); GL-12B R 3 &5 0 AL (LW = R 22 AURR T );
N-EVAP & WAL (3EE Organomation 23 A]); CPA225D HLF
K- (8 E Sartorius 2 Fl); L [ AH A BR3& B (3 [
Waters 2~ 1); Omni 4 i #1(3€ [ Pulsafeeder /A 7); Cleanert
PCX [EAHZEBU/ME (S5 [E Agela Technologies 23 /).

BRI AR (99.5%, 78[E Dr. EhrenstorferGmnH 2
d); M. WEE, 2G5, 3 Fisher 22H]); K5
Prat, \ORINAMLARAR); ZMRE g, £ Fluka
AH); ARG, SR TARAR); 182 MQ #i4l
KL R BRSPS B SE T
22 WA

FREX 10 mg Si&FE MM bR T 100 mL &+, M
LB E S, BN 100 me/L BbREY) FRAGE £, B
HARAFEF-20 CokAE™, &M HEifEBUREGE S 1.0
mL F 100 mL ZF &, JH 0.1% L MR- LR (82, V:1)
ER, BUCRMEEM ST 1.0 pg/mL AOFRHER R, 6B
Ph01% R (8:2, V:VFaFéak 5.0, 10.0, 50.0, 100.0.
500.0 pg/L A R 0RO 335 - R B s s

BESR I B U ERIERE S FH AL S8 BTG B, AR
FREX 2 g ilFECRE#I 2] 0.01 g)F 50 mL B.045 9, HERIIA
0.4% = SRIEWERZE 10 mL, FXFALLL 10000 r/min 3
i 2 min J5, FELL 10000 r/min £5.0> 5 min, B EIH® T 59—
50 mL &0 H, A 10 mL LOKARFIR A e, e
PR 484RHE 5 min, FFLL 10000 r/min 5.0 5 min, FIHE T
FAHU, FRKHEH.

Fefb: T AHZE BRI AT 3 mL HEEAT 0.4% 1=
AR ITE, IR R AR o VERTRI 3.0 mL KA
Wit BIAHZE IR, A 3.0 mL 0.1%2, R ik 8 51 AR 28 Bk,
FERMEW, 7€ 15 mm Hg DURJEA 3 min AR T,
S5 1 6.0 mL 2K -H B TL(5:95, V:)UERR, WA VERRI,
FFTE 40 CT AR S ZiE T, #ERHEL 1.0 mL 0.1%4
BR-Z. 16 (8:2, V:V)iEfmakiE, 24 0.22 pm BB UE, (ERAH
- Jo T/ TR I A

5% Wsht A #2810 mmol/L ZEREVER(Z
18 pH {HF 4.5), WishtH B AN NG, WM L3 1.
W4~ 0.4 mL/min; H:7E4 40 °C; #EAER 5 uL.

®1 REENBEERRER

Table 1 Gradient elution procedure of mobile phase

H5F (] /min 0.0 L5 2.0 3.0 3.5 6.0

B% 40 40 80 80 40 10

JRiE S E: A e sE U TR (BST); K
WMy Z2 RO W (MRM); BEEHLE: 5500 eV; AT
10.0 Psi; Al 10.0 Psi; ZRHFNRE: 450 C; <
60.0 Psi; 4fiBh/<: 50.0 Psi; HAthZH% &2 0% 2,

3 MAENIRERHEE

3.1 FRERBRESERESENTIHEED
(DB FE AR E S I 2E AR RN 99.5%, Mbrifi fhal
FEB] A AT E R
(1-Cs) _ (1-99.5%)
NG NE)
Q)R- ARV I RIR2E H+0.01 mg, FRIUS KT
FrifEdh 10.00 mg, WEETE I, 51 AFHXARUEA T E BN

Urel (StdB) = % =0.0577% o

U, o (std 4) = =0.2887% .

®2 LEERPRESTESH

Table 2 MS parameters for urotropine analysis

% B (m/2) FAHH I 6] /ms fll f# L R /e V LR RV
i 141.1/112.1* 100 40 17
L% 4T
141.1/85.1 100 40 22

G A ki g L
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G)F B EL IS, ] 1 mL BREMEFRZI 1 mL
PRUERE T 100 mL R, 152 1 pg/mL A94R
HERR TR C ), 5IARIRO AR A 2

2 2
U, (stdy) = \/Urel (std, ml,%‘]ﬁ%) +U,q (SIdIOO mL’EE‘#ﬁL)

\/(?/'50281)2 +(J§(11100)2 =0.4655%

FRUEVA TR B R A 5 JE AN 35 3 IR o

(DHFREY) 5 AR 2

T BRI R B AR, 5% 6 0 7 8
FT 7 A B AN B

U, (std)=0.73% .

32 REEIERIENHAHERED

Z R BRGNS R P A EE, SIS
A I AR BT B B0 e TE B AE P kR . X
PR E AW ZE N < 3% AT LALL 3% A AT AN SR UE I 22 o

U= 250 s

o

33 HERHEFRSIENTREE
(DR HE SRR A B IR 22 190.0001 g, FREUEE A 2
g, BUBEIE A4, 51 BRI R AT 2 BN
0.0001
\/§><2
QM 10 mL() A EHA Z)RITFIERRIRZE R
£0.02 mL, BUEIE/ A0, BT BR 2 AR A i
AN S

U,y (m) = =0.0029% .

u(y)  0.02
v, J3x10

(3) 5 mL B & SR KR 22 440.05 mL, FHXJ R

U,q(M) = =0.1155% .

Up) =52 =2

@ EAMAEBGR T, 27K TR, A 1
mL(7)BE, HAFMERKIRZN 0.008 mL, BUEE
Aii, BRI B A BAR X AR AN 22
u(¥3) _ 0.008
v, 3xl1

(5) B RE A i A 2l AR 5 LAY A AT S B

T LR & R R B AR, FE 0T BE SR 1A
i B

=0.5774% .

U,y (V) = =0.4619% .

U, (pre)=0.40% .

3.4 FRERZIESIANRNENIRERNREE Uap)

ARHFFEXF 5 AAS ) U BE 1 5 T FE S AR E TR A 7
FE, BAMREEDE 1K, JEE S K(n=5). MR E ik
TR XTIV A L6 4. DAMREE B AsbR, Wi BUh AL bR
PEATHLE, BRIR B R Y=261X-507(+*=1.0000)( iL
% 5)o MR A Z() TR GNAR R 1V V0 e e AR 0 e =
PR IR ZE S()=14.24,

XPRER ARG T 6 REE S MISE (p=6), FEIFE W [l 15
TIPS B 315 pg/L(ILER 5). i AR Q)R
PN AN ARIE R RS | AR REASH 2 S

37477 |1 1 (315—133)2
U(p) = —+_t 2 2 2
261 (6 5 (6.75-133)" +(9.92—133)" +(48.1-133)

+(100-133)? +(500—133)?

=1.04 pg/L
DA IR LR BT ABIA XS FRUEARTAE BE N Usa(p)=1.04/315x
100=0.33%.

b 5 AR L AKX o M
#3 HERRBBRIETHIHRER
Table 3 Uncertainty resulting from the preparation of standard solution by temperature variation
FRAEE ARy AR Brsg  BEENR BRER O FEMMENR BWREMENR SR REA
(ug/L) (mL)  #FRZEmL) (mL)  HiRZEmL) BEmL) AERHERE (%) MEAHEE %) B Uastdp)(%)
C.:1.0 — — — —_— —_— —_— —_— —_—
C:5 100.0 0.10 0.5 0.005 0.5 0. 0577 0.5774
C>:10 100.0 0.10 1.0 0.008 1.0 0. 0577 0.4619
C5:50 100.0 0.10 5 0.050 1.0 0. 0577 0.5774 0.6518
C4:100 10.0 0.020 1.0 0.008 1.0 0. 1155 0.4619
C5:500 10.0 0.020 5.0 0.050 5.0 0. 1155 0.5774

TE: IR R RS A 4.
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el L @
p Z(x _;)2
=1

3 n bR ZN E A BB (U A B R, p EE
s B S E B xo AR DNAE bt AR AR BT 5 B E
TH(ug); x A PRIE TR A B R A B (e
(ng/L); X WHRAERIZRAS Ao R (ng); b W BRI,

4 MERHBEEMTESHRE!"

4.1 %QEE’:M:EXT*-FIETE%/E IL.\
43 B AR VAN B 2 BV B L3R 6,
42 BRFETRHEE

Upyot(X) =AU, (1) + U,y (m) + U, o (pre) + U2 (p)

=0.00732 1 0.0150% + 0.0040° +0.0033% = 0.0175 = 1.75%

o

43 HEXMTRIAHEE
95%E KT T, WCh=2, W
U,y =k xU,;(X)=2x1.75%=3.50% .
SEAFRRE B AE AR AR SRR S P K AT A
MR 0.523 mg/kg, W4 AN & 0
U =0.523%x3.50% = 0.018 mg/kg -
44 MELER
e BRI 1 5 S B rh S R AR 25 SRR
X =(0.523+0.018) mg/kg; k=2

5 g5

AHIFFE X T R 5 9 G ik B A R
R PHEAT TK%E%%M HRHE 254t A AR X AR HEAS ) 2
BETC R, RORH £ 35 o 35S PR IR B AN S BE R AN A B 3
BRI, HA Eﬂll’]l?ﬁw FE SR ISR A AR B 1 R
(0.523+0.018) mg/kg (k=2)-

T4 HRNESER

Table 4 Determination results of samples

1 2 3 4 5 H{H FRUEIR22/%
FREE I m(g) 2.0001 2.0066 2.0103 2.0004 2.0116 2.0058 0.005
M54t (ug/L) 334 327 323 289 301 315 0.019
i (mg/kg) 0.557 0.543 0.536 0.482 0.499 0.523 0.032
x5 K%k
Table S Calibration curve
ZRMERE AL B Xi(ug/L) LA ALFREER ¥ HLIH MR X HR(E Y (YY)
5 1260 6.75 798 462
10 2090 9.92 2103 -13
50 12100 Y=261X-507(r*=1.0000) 48.1 12543 -443
100 25700 100 25593 107
500 130000 500 129993 7
Y9{E 133
#6 LSFERNEHESENENIETBEE
Table 6 Relative uncertainty of each component in the determination of urotropine
AN RE By B3 WE T 1 i
Unei(std) FRUED) 5| A AN 2 B B KIFE 0.0073
Upel(m) LC-MS/MS My & AN o2 S B 2iFE 0.015
Uvulpre) F bl s AR S AR BN 2 A BT E 0.040

Urel(p) B 2640055 5 1A R AR X B AN 8 B A KPEE 0.0033
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