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Uncertainty evaluation of determination of 5 kinds of sulfonamides residues
in spinach by high performance liquid chromatography-tandem
mass spectrometry
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Dalian 116600, China)

ABSTRACT: Objective To evaluate the uncertainty of determination of 5 kinds of sulfonamides contents in spinach
by high performance liquid chromatography-tandem mass spectrometry (HPLC-MS/MS). Methods By establishing a
mathematical model, the uncertainty of the determination of 5 kinds of sulfonamides contents in spinach was evaluated.
The sources of uncertainty and their relative contribution to the uncertainty in the determination process were analyzed,
and the synthetic uncertainty was calculated. Finally, the extension uncertainty of 5 kinds of sulfonamides in spinach
was obtained. Results When 5 sulfonamides content was 3.6-3.7 pg/kg, the synthetic uncertainties were 0.302—
0.443 pg/kg and the extended uncertainties were 0.7-0.9 pg/kg (k=2) under the 95% confidence interval.
Conclusion The evaluation results show that the uncertainties of the experiments are mainly derived from standard
solution preparation, electrospray ion source of HPLC-MS/MS and measurement repeatability.
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Tk e 25 25 W S 48 BLAT X S SR B IO e 25+ 1) — 25 24
VIR BHR, T I FE T A B e . xR A
FRRRE, R PR MITELE, A NS E R B™
U ST AE R, B A R T AR, R e
iR 2 LRI s 38 Rt e etk th g4, & & 280l
Iz g AN A B4 3 15 i A L - 338 AN R
IR o HH BT 6 B e v 1 sh W £ P R B T e e,
Y E SRR AW TE e D . A B
5 Y] e = AR S S i ek B B AR A A 2 5k RE
FR—FEA AR R XU . R, 7 B TT R A B b
it e RS A3 AT B 9

HHEr, TR dhAd £y & M masg
K A4 2, Rl Jr ke v R e OB 332 <M 6
TSI FH A M 000 L AR (i G I FE Ay Mk U1, (R
F 5k 3 TP T2 25 W 5% BR KGN A AT EI AR X e /b, e SOAH
03— R R o 3 v — o R A T B 200,

A5 g3 T T O € % - B DT 3 o [ B
EPESR 5 PR % B S BT . o, A
FROSCHIMER, REREE R H R ER SR e ik BRI R
T AN G B Bt I ol 0 2 {0 223,
BB B I 5 25 SR R A BE P AR SCHRIE JIF 1059-2012
CI AT BEPPE 53R ) B, N h ek 20
HRE FEVEE AL S R, DI REE 6 s K AR R 5 |
A E B R, DU R I e, DA T B v
TEZE SRR, S IE AR AN A PR AR 5 B AR

2 MHERE

21 UE5EH

Qtrap 5500 BI(ESI")R AR 315 51 150 FH X (G2 [ AB 24
A); Sigma 3-18K =R VR B L LR E Sigma A F]); IKA
MS3 digital ¥ JETR A #r (T2 E IKA 22 H]).

ZIEMHEE(BRELL, £E TEDIA AH]); HER(MIE
ali, glif¥ =99%, FiEEMRAR), CRALHKL, sl
99.9%, KHFFERRA H)); eI K AlaiK, HBHAN
18.25 MQ-em(25 °C).

VEEEY 5 PR BT A 2 A TR A bR o I L T e
BEIE(99.0%, CAS 5 68-35-9) . fifli it — F KL% IE (99.0%,
CAS 5 57-68-1) . 1 Jit F' & W% I (99.0%, CAS 5
127-79-7) . TEREABLYE(99.9%, CAS 5; 80-32-0)Ff i
JE S IE M (98.0%, CAS 5 723-46-6) [ bR a9 K
100 pg/mL (1 mL), First Standard 23 7]

22 ZWAHE

221 ARk IAEW K GG L%
M 100 pg/mL 23 FiE R PR AR P ECE 100 pL A

FNWA/INE R, SRIEINA 900 pL FIEE, JHI I3 W ik
10 pg/mL. M 10 pg/mL HHCH 100 pL fifAZ] 10 mL 255
M, RS, ENAREE R 0.1 pg/mL. M bk
0.1 pg/mL W AR 0.1, 0.2, 0.5, 1.0 F1 2.0 mL Jin
AEF| 10 mL i, FESEERERE 4SS 10 mL, At
IR B EE R 1. 2. 5. 10 F120 pg/L (4 R 50 bRME T
VAR, DABRUEV W Tt R P (C) R AR AR, 1 A THT AR (Y)
RYNAEFR, il TAR I
222 Henara e

FRH5.00 g T34 573l (3 30 T 50 mL Ay .08,
A 1% R 208 20 mL, FlIRBER ARSI 30 s J5, R
FEIL 30 min, FF BSOS FHIEAGEE, SR5AT 0.2 pm 3
FLUBIEE, oo Fe A A% TAE A AT I A2 .
223 RABEHE-FRAELM

(1) WAH TS

& [# Waters 23 Al XBridge C g {8545 (150 mmx2.1 mm,
3.5 um), AR 30 °C, #FFEER 20 pL; WEAH; A H 1%
HERIK T, B N O, BV P IR 1.

®1 REERERRERF

Table 1 Mobile phase gradient elution procedure

BHAl/min+ FE/(mL/min)  WEIAH A% BT B/%
0.00 0.4 95 5
2.00 0.4 95 5
5.00 0.4 65 35
8.00 0.4 45 55
8.10 0.4 10 90
9.00 0.4 10 90
9.10 0.4 95 5
12.00 0.4 95 5

(2) Fuiksit

BhAS 2 8 Wil (dynamic multi reaction monitoring,
DMRM)iF & F A=, HAFES L 2.
224 HEFHE Fo &0 F TR RIR

(1) Bty

T SR T B e Tk AR A K

Y= CxVx fr (1)
mx R

Ao XS g 45 i, ne/keg; C-MARE TAEITZ45
FI RPN VAR BE, ng/L; V-l BER BOE B, mL;
S E G m-R R TR IR BT, g5 R-[EIIK
&, %o

(2) AT EANHHE B (1R R

R4 ) e S R AN A (1), 95 30 s e 2 2 0 N
E PR SEIR N :
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OFR LT S IABIAE S ua(C);

QBRI E L ura(V);

@M F A E L we(f);

@RISR E E ura(R);

A H I 25 HL 2 PR S A AN E T wa(S)
R2 BREENEEROBIRESH

Table 2 Some mass spectrum parameters of multi reaction
monitoring scanning mode

S EVER T BT fpEEEE BRI

(m/z) (m/z) IV NV

s 251/156 23 5
Tieh P s W 251/156

251/185 27 5

BRI 279/156 2 55
- 279/156

A 279/204 2 60

it iz FR 2 265/156 25 5
R 265/156

R 265/172 24 "

o 285/156 23 5
Tk i Sk 285/156

285/108 35 5

WEREH LS 254/156 2 5
254/156

I 254/147 2 45

3 HRESR

31 MEAHEEITEE
3.1 ARBEEREH 5 NG TR T u(C)
311 FRUEES AR A BN wa(Cy)

(1) TEEREFRUEY) BT T | AR E S ure(p)

FH R 0 T UE A B AL A R e g e | e — PR S
Tt e FP SRR I | i e G I AR R i fe P 5 S Wk s 5 51 o
99.0%. 99.0%. 99.0%. 99.9%F 98.0%, ¥ EAHERE
R5%, WEEF R R 2, W ARAER G E SN
u(p)=5%/2=0.025; FHXSFRMEANTIE L we(p)FEIRA u(p)/
AR, ERSITFE 3 .

R3S HERREMRIBRSINNTIHEER
Table 3 Uncertainty of introduction of five sulfonamides
standard solution

W BT BOMOTOL BN BNTILR
e FOLEENE WE B g

ua(p) 0.0253  0.0253 0.0253

0.0250 0.0255

(2) ARAEVS IR R AR (V)

M 100 pg/mL RERHRARA R P EGH 100 pL A SR
AN, SRIEA 900 pL H R, OGBS i R vk BiE
10 pg/mL. M 10 pg/mL FFECE 100 pL A F] 10 mL 25

B, AEBES, WHERTE N 0.1 ng/mL.

DSLH % TEQ20+5) °C JEE NS L, IRk
FHOR 1.18x1073/°C, W) FF bt Tk 85 7 A AR B AR b Ay -

£(5%1.18x107°7,)=+0.0059V, (FHh, ¥, g H AR5
WRSETE A A, TR AR Ak A W AT 2 A

u(V 53)=0.0059V,/ /3 =0.0034V,

TROAH /N v H T 3 AR AL S EUAR BRI S | A AN
W52 BE R u'(V;4)=0.0034V,=0.0034 mL, AH%t45HEA &
et (V1.0)=0.0034.,

10 mL %5 B b o 2 A8 Ak 3 BUA RS (kB A
HIAHE BE N 1'(V10,0)=0.00347,=0.034 mL, FHXARHESTH
JE et '(V10.0)=0.0034;

200 uL B S 100 uL H R R IR A8 1b S BT s
I AR E N u'(Ve,)=0.00347,=0.00034 mL, %}
PREARTAE 10’ (V0.1)=0.0034, BT T 2 Wk, FriiAixt
FRUEARTAE et (Vo )= 2 1Pt (Vo 1)=0.004808;

1 mL B A 900 WL FF it v 3 75 Ak 3 AR R AR 1k
SIABIARHEE R 1'(Vy5)=0.0034V,=0.00306 mL, AHXIHx
HEATAE 1r0'(V0.0)=0.0034

OFbpfERh L FL RS I ARHIERE . M iR 0.1 pg/mL
W PR B 0.1.0.2, 0.5, 1.0 1 2.0 mL MAZ] 10 mL
Fafip, SRR RABER S 10 mL, B bR v E
1. 2,05, 10 F1 20 pug/Lo A5 S AN RS W 25 BC il 45 Jbm
YEVR W5 | B BRI bR v ATl 2 E A 4~612TV R,
A, u(V sum)=10 mL ZRIR R ARVFIRIE/ B 5 u(V om)=
2 I LS Y N A S T AN ) ouV o swmenw)
W (Vo) T Vo) 5 tiea(V o sssomsmm)=u(V s n )/ GE B
Bl [FB, u(Vewn). u(Vow). u(V swnons) N (Vs ons)
R R L,

it

3

x4 HERERERR

Table 4 Calibration information of measuring instruments

TR HR/mL  HHRE ERRFRE
10 mL A 245 10 5 +0.02 mL
200 uL Byl 0.1 1 £2%
200 pL BB A% 0.2 1 £1.5%
1 mL B A% 0.5 1 £1%
1 mL BB #% 1 1 £1%
5 mL Bl 2 1 £0.5%
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Table 5 Uncertainty of volumetric introduction*

V snm U U U Urel
/mL (Vwww)mL (Vam)mL (Vgmmomm)/mL (V simens)

10 0.0115 0.034 0.0359 0.00359

B R RIE M, C% 8 R R A S BUA TR LT A
A E R o

bR o 1 WG 3T BE 51N R AR X AR E R B E
Z"rel(Vst):
et (V10)+ 12 (M10.0) + 120 "(Voor)
+1” 01 (Vo.9) + Sttrer> (Vi0.0) + ttrer”> (Va20)

tttre” (Vi0)+ ttrer” (Vos )+ ttrer” (Vo2 )+ ttrer” (Vo)

(0.0034)% +(0.0034)” + (0.004808)” + (0.0034)°
= [+5x(0.00359)% + (0.00446) + (0.0067)>

+(0.0067)% + (0.009304) + (0.012037)
=0.0215

5 FORERERY wea(Co) %R \/ure12 (p)+uy’ (V,) 53k

1%, 2R8I TR 7,
3.1.1.2  FRMEMEILE AHE B ue(curve)

Xof B Y T ARV A T 52, 4 SR 0 A A o il
Lo ARUE AR WO | WAL RHEM Oy BRI G R
Bk 8, o C R RAR HER IR B, Y S TR

X EEF R B RE SV REA T 6 VI, FRASAE SR IR TR Y
O VA B T e VR PSS . R AR i A B AR R B B 3
FREND 5.00 g LARCERMAL 20 mL, RS 5 R
MRS N 3.6, 3.7, 3.6, 3.6 Fl1 3.7 pgkg., R
P Q)RR E LS AMIBREARTESE u(curve)Fl
AIXFBRUEA E S wer(curve), 5L 9.

#6 BRBJSIINNTIHEE'
Table 6 Uncertainty of pipette introduction”

V www/mL V gunte KICVFIRE /% u(V wwe)/mL u(V we)/mL u(V wiwgvwn)/mL trel(V iz mnr)
2.0 0.5 0.00577 0.00680 0.00892 0.00446
1.0 1 0.00577 0.00340 0.00670 0.00670
0.5 1 0.00289 0.00170 0.00335 0.00670
0.2 1.5 0.00173 0.00068 0.00186 0.00930
0.1 2 0.00116 0.00034 0.00120 0.01204

TE: il AL A0 A, B8 18 R AL A S ARV AR 5 | AR A 5 L
RT 5 HEBRRERTRESINNTHRE
Table 7 Uncertainty of concentration introduction of 5 sulfonamides standard solutions
i J s e Tl e — Y B g e Tt fpe Y i Tt e S I i e Y S e
trel(Cyr) 0.0332 0.0332 0.0332 0.0330 0.0334

#=8 SHMBRMETERTRKE. TR, SRtk HAXRBMEEHENRIREE
Table 8 Residual error of concentration, peak area, calibration curve, correlation coefficient and regression curve of 5 sulfonamide
standard working solutions

EY) VORI ((ng/L) U T R KA R AHSCREL B Ze R Rk 22
i i v 1.0, 2.0, 5.0, 10.0, 20.0 834586(;33’6?& ;gggoo, Y=90700C-6000 0.999 8360.32
it fiie — FH B g g 1.0, 2.0, 5.0, 10.0, 20.0 72232’83)5?)?%%’4%‘(‘)%000’ Y=42800C+29300 0.996 4526.86
T i P s e 1.0, 2.0, 5.0, 10.0, 20.0 622%’8})1}%?%%’4%%%000’ Y=48200C+16700 0.999 2784.33
S AR 1.0, 2.0, 5.0, 10.0, 20.0 72423;333,6?%358800’ Y=69300C+3250  0.999 4867.56
Tl PP e 1.0, 2.0, 5.0, 10.0, 20.0 93400, 176600, 425000, Y=83200C+10400  0.999 9730.88

823000, 1675000




8312 R i Rl $10 &
1 1 -2 3.1.2 /’?Z‘\ﬁ‘i‘l*‘ﬁ’liﬁ urel(V)
R (C_CO) N Vi P
uleurve) === At @ B2 AN 10 mL 1% BN, ¥EZT 10 mL
2(Cy=Gp)’ FERR, TSR S MBI RIS . 10 mL &
. - FREE A GUAERRRA 7B £222 960,020 mL, BUFIZAMAT, W)

Ao, STl HIZR AIRIAR T 22 (R 2 MBI DS); a—ELZRA)
Ay p— PR A BB 5 W B p=6; m— Tl T IR 1 5
n=5; y—SARHERBETIRY yo— A8 BRI MR A A Tl
DRI, Co— BRI L H, ng/L; Co —bRIER
VR L () T, ng/L; C —F5IRE S 7Rk B 24, pg/L.
L5 b, bRV TR A B R SE B (O AR B A
U (C)= it (Cog )+t (curve) TR, 4R ILE 10,

FrE N B E BE R A X AR ME O B2 R A A R
u(V)=0.02/ \/3 =0.0115 mL; u(V)=u(V)/V=0.00115, i F
10 mL ZAEMEHT 2 ), Fr LA X bR ER 6 E B

(V)= 22,411 =0.00163.
313 MEETLMRHEE ua(fy)

HEEEMWRET, SHR—FEAR NI R EE N E 6
WK, T AR UEAS T RE L AR X AR EAS R E B, 0 45 2R 0L
%11,
3.1.4 EKERHZE ue(R)

AR FEHRAVESC T, X Seke S b AT T s [ i 52 56
052 By IETSR | SEE [RDIACR A K BT R s v A ff 5 B AT
MR HEAN B A2 B L3R 12,

R9 HRABARONENRERE., RERELHE, WEFHEENMENRETHEE
Table 9 Mass concentration, mean value of mass concentration, standard uncertainty and relative standard uncertainty of sample
solution measured six times

E C/(ng/L) /(ng/L) u(curve)/(pg/L) Uel(curve)

i i s 0.819, 0.856, 0.919, 1.040, 0.866, 0.889 0.8982 0.0685 0.0763

Tk i — R ke 0.865, 0.877, 0.823, 1.020, 1.066, 0.881 0.9220 0.0785 0.0852

it e PR s e 0.855,0.912, 0.899, 0.919, 0.966, 0.876 0.9045 0.0429 0.0475

it Jre SRR R 0.854, 0.877, 0.899, 0.987, 0.866, 0.981 0.9107 0.0522 0.0573

T i R e S s 0.908, 0.898, 0.875, 0.999, 1.002, 0.877 0.9265 0.0868 0.0937

Fz 10 5 HBERVERRESSINNTIHBEE
Table 10 Uncertainty in preparation and introduction of 5 sulfonamide standard solutions
T i s e Tk Jie — FR S i itk e FR Rk s e Tk Jrie SRk R ik e FF S e
(o) 0.0832 0.0914 0.0580 0.0661 0.0995
z1 NEEEMSINNAHEE
Table 11  Uncertainty introduced by measurement repeatability

k&9 C/(ug/L) C /(ug/L) S(C)/(ng/L) u(f)/(ng/L) Urei(fr)

i i s 0.819, 0.856, 0.919, 1.040, 0.866, 0.889 0.898 0.077091 0.0315 0.0350

T e — F Bk e 0.865, 0.877, 0.823, 1.020, 1.066, 0.881 0.922 0.097053 0.0396 0.0430
it fie PP e s 0.855,0.912, 0.899, 0.919, 0.966, 0.876 0.905 0.038318 0.0156 0.0173
ik e S ks 0.854, 0.877, 0.899, 0.987, 0.866, 0.981 0.911 0.058736 0.0240 0.0263
it e PR S e 0.908, 0.898, 0.875, 0.999, 1.002, 0.877 0.927 0.058675 0.0240 0.0259
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Table 12 Uncertainty of recovery rate introduction
el RI% 1% SR/ Y% u(R)/% Urei(R)
i i s e 81.9, 85.6, 91.9, 104.0, 86.6, 88.9 89.8 0.077091 0.0315 0.0350
Tk e — R ke 86.5, 87.7, 82.3, 102.0, 106.6, 88.1 92.2 0.097053 0.0396 0.0430
itk Jie R Rk s e 85.5,91.2,89.9,91.9,96.6, 87.6 90.5 0.038318 0.0156 0.0173
Tigh i S A 1R 85.4,87.7, 89.9, 98.7, 86.6, 98.1 91.1 0.058736 0.0240 0.0263
itk i FP R S e 90.8, 89.8, 87.5,99.9, 100.2, 87.7 92.7 0.058675 0.0240 0.0259

WAL, 7 ¢ KB IO B R A5 1.0 A W3
PeE S W BEKFER a=0.05, th05(5)=2.571, & t KT
T to0s(SYE, MPEEIERY 1.0 AR EER, NEE
FH BB RN EE;, RZ, AEE. ¢+ HEARX
=1 1- | R, 255850 F 3% 13 o N3 13 s, B
T e — FR JEMERE ) ¢ (/N T 2,571, ATREEERIKERS|A
FANE AN, Hodk 4 FIEERE Y TR 225 RISCR S A AR
B B

F13 STHERE
Table 13 T value of 5 sulfonamides

TR BEAE WL BERRWOL OB BRI AR
W IE W I M I LS W e
t 3.236 1.969 6.105 3.726 3.068

3.1.5 wrREE B RN ELE RO ua(S)

Pl AU T I 13 B2 48 % Pl Y8 00 5t 25 SR R AR G
AHEERN 1%, HEHT =2, WA AR AN E
1rer(S)=0.11/2=0.055,

32 RIAMEERGERTIA

3.2.1 A RADKTATAE TS ST Fr s AT TR A R
WAL - I R B R 5 AR v B A

FXEARUE AT E E ey R BRI B w435

= e (O)+th? (V) H tre” () + e (R) +10,7(S) 0

u=u*C WATHERE, S50 03 14 iR,

R 14 5 MEERREABENRETNHEEMNSBTETNHEE
Table 14 Relative standard uncertainty and synthetic standard
uncertainty of 5 sulfonamide concentrations

Wi RARE TR BT B WM A

W W W I WA SN

U 0.111  0.115 0.0836  0.0937  0.119
ul(nglkg) 0.400  0.424 0.302 0.341 0.443

M35 BR B 9 Commission Regulation (EC) No 333/2007
WA5(C.3.3.2)128, BT 38 FAEIRU, 454 07 ik A i R

Keagorsrm it 5 ) PR B R, 2EMR K b, 5 R s 45
PR HEATE B e KRR AKX Gy 1.0 pg/kg,
T REEK .
LOD
(=) +(aC)’ (3)
Kb u—F RAREAHE B, pg/kg; LOD—Jr ¥4 Hi R
(limit of detection), pg/kg; o— A [RIRINLH 43 & 10 X3 0 B9 &R
B, WK 15, C—Rr M-S =K, ngke.
HRAE FaRTHAR, AN B AT A i L L3R 16,
=15 AEHUNES 2NN o &

Table 15 « value corresponding to the content of different
tested components

B2 43 i Cl(ng/kg) a
<50 0.2
51~500 0.18
501~1000 0.15
1001~10000 0.12
>10000 0.1

F 16 THEESESHETRER

Table 16 Relative contribution of uncertainty components

RERER
e PR AR E R e RS R iﬁluﬂé;%
W% A% 1% % RS
1%
T WERE  39.64 0.78 16.69 16.69 26.20
Tt Jfie —
- 47.86 0.85 22.50 0.00 28.79
Tiff g HY 3
e 38.85 1.09 11.59 11.59 36.87
R 37.69 0.93 15.01 15.01 31.36
il g H 3 5
e 47.86 0.78 12.44 12.44 26.47

322 ¥V EARHEAL
MBEEXEN 95%F, A& TR =2, W A
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B dn 2 4 R R I A 4R

F10 &

TE AR IRA R we=uk THETAR, S5050F 3% 17 tho A
FE P BB AT R A B 29N, B R S T A K
Ty, KR 1. Wik, 5 FEEEY RATEE S N
0.9. 0.9, 0.7, 0.7 1 0.9 pg/kg (k=2).

R17T SHBERTRIHBER

Table 17 Uncertainty of 5 sulfonamides expansion

TN WM TR BEEAE BOEGS BEATIE
W I W WEE SRR
ud(pg/kg)  0.800  0.849 0.605  0.683 0.885

R A 0% - BRI BT R M 2 e 5 FPBE eSS HiA:
£, GiRFRHN:

T M IE : X=(3.6+0.9) pg/kg, k=2;

it g — F WS IE ; X=(3.7+0.9) ng/kg, k=2;

it iz FFY BRI X=(3.60.7) pg/kg, k=2;

T M WA 8% X=(3.6%0.7) pg/kg, k=2;

i i PP 5 S A s X=(3.7+0..9) pg/kg, k=2,

4 &

AHRGTPERE T R SO 0 3 - I B 1 0 9 S
5 PR T S RN E B, R A o ek
FE ISR B AT 0, R E AR | AR AR 2
FEAS BTk /N0.78%~1.09%), W] ZME AT FRifEi i
5 LA B ANH E BE AR 5T Rk 5 K (37.69%~47.86%) o il 1k
BE S bR ARV WL R, ROk, R R, —E
BEPAR LIRS VA o TR H IS 55 FL i R I e 2 SR 5 A
Y ASTH 5 B A X BT Rk (26.20%~36.87%) A - B 1 &5
FRET S5 | AN 2 AR X DTk o B e — FP B e A
DRI CR G AR A E AN, HA 4 AR & &
SEVEFN DR G | ARSI E BEHE o L6 LAUS ARSI 3l R v,
— B R E T | A AN | P e R
BEINSFATRERS I LA R ARAIE [mDCR

EEPES
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