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B E: B TE V&SR 605 - 8 B FE I (ultra performance liquid chromatography tandem mass
spectrometry, UPLC-MS/MS){l & 525 H F ik DL K F2 3k R ME sk B RIS . 3k IR LR OB
B 2 Ik, ek, REHE Tt Eik, 4 Infinity Lab Poroshell SB-Aq i AE 4> &, %M
UPLC-MS/MS il WFRESHATE 0T, BRI 240G LR W C i A= A AN B 4 i e K,
M ZFP RIS Y 100 pg/kg B, HATRASERL U=2.1 pg/kg (k=2); 4 572F RSk Ay
10.3 pg/kg i, HA EAHER U=1.7 ng/kg (k=2). LRI L2 AP A0 & i o 1 BORUE TRl i i 1015 LUK
FRUER R A R 72, HUOR BISeR, HoAl R R sz
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Uncertainty evaluation for determination of metronidazole and hydroxym
etronidazole residues in bean sprouts by ultra performance
liquid chromatography-tandem mass spectrometry
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SHENG Hua-Dong, PAN Xiang-Jie
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ABSTRACT: Objective To evaluate the uncertainty of determination the residues of metronidazole and hydroxy
metronidazole residues in bean sprouts by ultra performance liquid chromatography-tandem mass spectrometry
(UPLC-MS/MS). Methods The samples were extracted by ethyl acetate for twice, then purified by rotating
evaporation and mixed cation exchange column. The samples were separated by Infinity Lab Poroshell SB-Aq
column, detected by UPLC-MS/MS, and quantitatively analyzed by internal standard method. Results Standard
curve fitting and standard solution preparation produced the largest uncertainty component. When the metronidazole
content in bean sprouts was 10.1 pg/kg, the expanded uncertainty U=2.1 pg/kg (k=2). When the content of hydroxy
metronidazole in bean sprouts was 10.3 ug/kg, the expansion uncertainty U=1.7 pg/kg (k=2). Conclusion The
uncertainty of bean sprouts is mainly derived from the fitting of standard curve and the configuration of standard

solution, followed by the recovery rate, and other factors have little influence.
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T, WMAEE, BRI, W R, SRk
RN FLIRHERR, THBRIE ST, [R5 3 0 S i N AR I
B2 A T R A i oK, T RABT IR 2R B, il Bz kAR
M, [ G230 B SURE T, YIm iRz N5 % .
B G ZF IR R P XK B TSR AR, HL ST SRk B
J&, AR5 RO, P A EA R R
WRAE S 2F (0 2R 7 i AR Hh B I R B AR R MA T, LA
WA B 5 2R I AN JBE R AR R A RO

PR, S —F A RABT R R, JE T B2
25, FETIRYT IR AETA T R I R 58U AR
PN ARFIFR G4 235 Srh e, HASmE R VTR T,
EARBEE R PRt A H ZFERE-, It
HOE BA W TEBOR P A BOs LML SR, T L s ik
AN BE P o3 A T4 B U1 AR — BB g,
SN IHALTE PR AR RO, AL . IRt BRORYR
MR, M RGERA KR . IX2, A B R5
JRAAIRRA | JEPE T8 | 2 R P R 4, S 4 ] Echh 3
FRBL PR Ay FE i e rr) A 0

AN E FE RN AE SE 30 I A 45 A rp | T R 25 1 A
TE, TS B i EAS e E AR E, 1 T R gl i i
{EAFAE TR B EE E R TFE, ESH S el & 25 R 1
FERREE, JE— e 1. AHE B M KN e T
D 2R BT i S Ik, JF 3 SR IR 25 AL A A% ) E A C,
H T S B0 AN AT sl G b A7 AN B, K L T 2 R
PR, X S A 25 R BT i | R AR KU R A
RSO B A T B R AG PR s 4 AR S ),
1L GEARUE rh I A i 5 A 5 2 v YRR A R R g
19 T3 1 o ASBIE 9 R PR R 800 €233 - B 0K 5T 3% 125 (ultra
performance liquid chromatography-tandem mass spectro
metry, UPLC-MS/MS)#6; I i 8 57 25t Y Al e 1 35 5k FH A
WA i, KA JUF 1059.1—201 2B AN 1 FE P 3%
7R ) FIIIF 1135—2005 (AL o3l i ANl 2 BEVEAE ) 3
E o) 7 2 Y e R PR e e g B R SR A B, B
RS o ) 0200,

1 MHR5RE

L1 #E5ERF

DA T YR AT, A AR R T, B
EONSERE R, &R 10 pg/kge

AB Sciex5500 Qtrap — & PUMFT B IR (BE A H

355 B FUR)(32E SCIEX /A w); Agilent 1290 #8 = s AH
A (5 2B A R Milli-Q B4k I (35 E Millipore
Z5l); STI6R iV VR 5 o pL(E = 22 8K K Sorvall A H);
HY-2A JEHEIR G (L = A A F]); VG3 S025 it
BEIRATR . T25 EREAIHRHLAEE KA 22H]); GM200 JJ X
WAL (75 1E Retsch 23 7)o

T (0.25 @/, 99.9%) (37 58 K A5 B 00 A BIR 2
wl); FRIE Y (50 mg/if, 99.4%) R ACH ASME-D, (10 mg/
W, 96.3%) . SRACRILH @§ME-D, (10 me/i, 99.8%) (AL 5k
AR A BR A ], PHEFA8HAE Oasis MCX (3 [# Waters
ol R KN FF A GB/T 6682—2008 ( & i &4 H
FhnifE TSR = UK E SR ) L8 = — R K, OIE.
FBE(fa ik al, f8E Merck 2AH])o
1.2 LWIE
1.2.1 HSara

2 PR (U A 510 45 R S g (KEH 22 0.01 g)
A, F 50 mL .04, HWERRINA 20 uL P4 TAERIR
JE 1 min, BEEHCE 10 min, A 10 g JOKBERGE, RIEHE
2], A 20 mL ZBRZ B, #WHE 3 min, A HEE 6 min,
12000 r/min #.0> 5 min, B EEREBRITEZEH . sRiEA
20 mL ZFRZFRE AR 1 IR, A 2 IO, T 40 °CK
WHRHEZE R E T o iNA 0.1 mol/L £hi2 5 mL i eI ik,
gk

BUR A PH B 58 e AR ZE UM, AR 5 mL F R
5 mL 0.1 mol/L RG-S, 15 iR R bigin A 2 [
FAAEBUNME B, #KH 5 mL 0.1 mol/L 5% . 5 mL HI
Uk, BJE A S mL UK R, IEEAE 40 °CK
BHAWRZET, B 1.0 mL 0.1% B2 K ERE S
J&, it 0.22 pm UERRE, AR SRR (- BRI BRSO AE
122 WAHGIEEG

BB Ci5 (2.1 mmx100 mm, 1.8 um): #Eik: 35 °C;
WiE: 0.25 mL/min; PEAERE: 5 uL; AEIR: 35 °C; WA A
R B R 0.1% /KR . BEBEM AR 1,

®1 BERRERF

Table 1 Gradient elution program

Bf)/min+ 3f3#/(mL/min) WM A% WS B/%
0 0.25 10 90
2 0.25 10 90
3.5 0.25 90 10
4.5 0.25 90 10
5 0.25 10 90
6 0.25 10 90
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123 Rkt
F, 5% 2% B 1-VJF (electrospray ionization, ESI): 1F & FH
A, AR £ MK M B (multiple  reaction
monitoring, MRM); HLWi55 ML F: 5.5 kV; & F IR E:
550 °C; ARSI 30 psi; FASIES: 50 psi; HEIS
FE77: 50 psic JRIESHULE 2,
F2 FHEMMEERERNEERESH

Table 2 Main mass spectrometric parameters of metronidazole
and hydroxy metronidazole

e 7T ERAE e

P &Y
g miz) (M) Y Y
" 128.0% 20
A
1 PR i e 172.1 5.0 70 33
2 Hfi§ e -D, 176.1 82.1 70 20
- 123.1* 17
3 F2 I i s 188.1 1261 70 9
4 FRILHREEME-D,  190.1 128.1 70 24
s ERE T
1.2.4 $FAER
X = CxV
mx f,

S Xt v PR | R R PRI W 455 B, ng/kgs COAY
T by o AR P | 3 PR R I 00 5 R E, /L VO BRI
SERW, mL; m OWRERL R, g f ORI 5T [T
K, %o

2 HER55H

21 HmATHEERESH

R A5 2 0o I A5 B A A 37 () B4 AR, UPLC-MS/MS
5 7 25 e B e AR 5 P e 3 o ) AN S I R A
PLUFJLAN T 1 (1) DR 2o 2 BE WL 51 A B S ff
Uret(X); Q)FRFEE S A E JE ua(m); B)FESLE AT
BN SE BE Upet(V); (AR R R ILA AR 22 JE Ue(curve);
W BRI B AR E R Ue(C); (6) BRI FE R
BLRLN AN E BE Uper(rec)

22 THREERTE
221 RRITAR FEAUHOE 5] N RH L U (X)

AL FERE SR AR X S0 R R BRI R E AR
WEERIZEEE . PR TPIREN . BRASMA R RS
HZ S ABARHEE

SEATIE 6 ByFEdh(n=6), I UPLC-MS/MS &, %
R 3. N ZRARIIL, 6 YR PHEAR SR8 i br o

n

72
2. (Xi=X) S0

i 2 s(X) =\[E———— , FRUfEARHE B uX) ===,
n-1 Jn
R AS B 2 U (X) = % )

222 BRI AT EE Ue(M)

FREUEZE 5.00 g, H 402 — FFERHETE U K F4
KAEVFR 2 K005 g B4, um)=0.05 g/ 3
=0.02887 g, Uy (M)=0.02887 g/5 g=0.005774.

223 HEEEFIANGTHEE Ue(V)

FERESR | mL, ARIETEBBAC AR EIES, | mL
AR AT AR A IRV IR 22 NE10 pL, BTS00,
k=~3 , AHIEE u(V)=10 uL//3 =0.005774 mL, AHXARHE
AHIEE U,q(V)=0.005774 mL/1 mL=0.005774,

224 ARBEW RGN A E L Ue(curve)

el 6 AR B v B AR IR EAR T 42, A~
W RE S ARRER I A EEE I RE 3 WK, DAbRUHERBOIRE X
(ng/L) R At bR, DABRY) I bR oE i 1 —F 0 T RS bR a2

i%a’—m%mﬂzw%ﬁ%ﬁm, F RN = e 4,

i

LRk 1A R A S 2R AR O R B r” L 4
RIEEMEAEM 6 IR, Xo MMM E, Zetkm

H o 2 % B Xo W bR M N B 2 B u(curve)=

EYaY
11, Ke=X)"

o|wn

n
[A —(a+bX))P
T Zn:(xi—X)Z o, s = 'é
i=1

o

n-2

SRR 2 AR IR 225 b SRR a iRIE; n=18, Al
o VR VS R S B R B, XA bR T VRVR Y S Y E
Urei(curve)=u(curve)/Xy, LGSR ILE S,

®3 MK E RN SIANNTREE U EER

Table 3 Repeatability relative standard uncertainty u,(X) calculation results

) 5 A/ (ng/kg)
GRILEY| EHIE/ (ng/kg) s(X) Uret(X)
1 2 3 4 5 6
FH i e 10.127 9.998 10.002 10.120 10.112 10.007 10.061 0.06450  0.002617
FE S g e 10.313 10.139 10.598 10.702 10.065 10.012 10.305 0.2879 0.01141
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Table 4 Linear regression equations and correlation coefficients of metronidazole and hydroxymetronidazole residues
Aghis
& Xi/(ng/L) Ak Ly LiPES (9]
1 2 3
1 0.8050 0.8000 0.8120
5 4.9920 4.9980 5.0020
FH fif e 10 10.6900 10.4930 10.5790
A=0.847X+1.190 0.998
20 17.6520 17.5980 17.6900
50 46.0020 46.0120 45.9890
100 84.7580 84.7940 84.8200
1 0.105 0.103 0.0996
5 0.202 0.209 0.205
10 0.409 0.402 0.404
PR H i A=0.04000X+0.01500 0.999
20 0.810 0.806 0.800
50 2.030 2.010 1.994
100 4.017 4.106 4.072
%:2 5 urel(curve)i‘-l-%:gél:%
Table 5 Calculation results of U,(curve)
GRILY] Xo/(ng/L) X/ (ug/L) S b a Urer(curve)
FH i e 10.061 31 1.3738 0.8470 1.1900 0.07937
PRI i g 10.305 31 0.03533 0.04000 0.01500 0.04261

22.5 AR R B A TR TN RS Upg(C)

T Y T TR ) oL R 5 | A AN A B 2 A 355 P s
B MEARAE S AL . ARER PR EAE L . PR IER IR
FREEZS . PR MBS A AT E B .

(DIEGEAR AR 5 | A AT E

FH I Y 4025 99.3%, U=0.5%, HAHXIFRIEAHE
B U,q(P1)=0.005/0.993=0.005035 . ¥3 Jk FF i M 1) i J35 oy
99.4%, U=£2%, A XT 45 HE RN i 2 B Ue(P2)=0.02/0.994
=0.002012,

SACHIRSME Dy F4EE ) 96.3%, U=+2%, FIXTFRIEAN
7€ JE U (P3)=0.02/0.963=0.02077 ., fRACFRIELFFREME D, 1Y
af BE ol 99.8%, U=+0.5%, #1 %t % #E K # & &
Urel(P4)=0.005/0.998=0.005010,,

FH T el A M 40 J50 20 152 R PN s 40 JBE 0 5 5 R X s
FHIEEN: Upgt (Rp) = \Juret (P)? + Upeg (Py)? =0.005422; ¥5
i F T s Ao 0 ST 40 5 T PR AR ) B 2 B PR R AR AN B
SR U (Pras) =\ Uret (Py)? + Upeg (Py)? =0.02137,

(QOFREARAE S I AR E B
FHHLF IO HERFR L AR T 11.02 mg, HLFR

SERSHEUE 3R I KA K AL FAR R 22 440.05 mg, A3
5143 A, AN SE BE u(C »1)=0.05 mg/~/3 =0.02887 mg,
SIFREAIEE Ury(C w 1)= 0.02887 mg/11.02 mg=0.002620.. 7
O SLFTSIE 10.98 mg, WHEAHHEE u(C e ,)=0.05 mg/v/3
=0.02887 mg, MHXTFRAEATHEIE Uu(C ko 1)=0.02887 mg/
10.98 mg=0.002629.,

WIS 10 mg, — MW #R, CFT R Rk
7= A AN S

G)FRIERA A T 255 | AIANH 2 B

PR EGE 5 108 255 | B AN 78 B K T 4 301 R a2 A8 T
FIRFUEZAK 5 | A BIASH 2 R 10 mL 25 =51 A BIRH
SETE .

HRR A BB E B JIG 196—2006( 5 FHBE 3 5 2L ),
A G RN VPR 2E 440,020 mL, R =FA5040, it
Bl AIASHE FE A u(Cyy)=0.020 mL/~/6 =0.008165 mL,
Uyel(C21)=0.008165 mL/10 mL=0.0008165.

HHE JIG 196—2006 #5E, 10 mL 2SIk & 7E 20 °CHF
B B THY, ASSZERTE 20 °C5 CCIRBEAIE FHRE, HIf
HUAFIEIK R B8R 1.1x107°°C, A V=10x1.1x10"x5=0.055 mL,
F B 3553 43 A5, u(V)=0.055 mL/ /3 =0.0318 mL, Ug(V)=
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0.0318 mL/10 mL=0.00318.

D, 43 0 28 A I . PRk PR e A i e
Dy AUTRAC RS HAG ME Dy A A XA v A 1 2 A
Uper (1) = \/2urcl(c21)2 + 22U, (€)% =0.004643; Upgi(C 12 2)=
0.004643

(BRI AR RS | A A o i

B 100 pL ¥EH 1.0 mg/mL B ASMFR AR T
10 mL a0, A R 10.0 mg/L BIRRHER o (#
120~ 200 puL s FEAIFLBARER 100 uL BIFRIERS W, AT
R N2.0%, MRS A0, BIABIRTERE N ucs)
=100 pLx2.0%/~/3 =1.1547 pL, Up(C3;)=1.1547 pL/100 pL
=0.01155.

W 1IG 196—2006, 10 mL AEIEM RIFiRE N
+0.020 mL, RN =437, I AR EE N u(csn)=
0.020 mL/ /6 =0.008165 mL, Ug(Cs) =0.008165 mL/
10 mL=0.0008165, & # MR IATREZK S | 2 () ASiff 2 T T8
2L [ (3), u(V2)=0.055 mL/ <3 =0.03175 mL, Ue(Va)=
0.03175 mL/10 mL=0.003175,

P i S s 1 Y S R 5 A A 5 R X AN S A
gt (©13) = YUt (€51)% + Uge (€307 + Ugg (€5)* =0.01201.,

[ B, 0 e P A el A o Y 6 5 A 19 5 JC A AN
B 5E M2 Uper(C 1265)=0.01201,

B 100 pL 1.0 mg/mL F5TAC i D, T 100 mL 45
T, BRI 1.0 mg/L BOFRUHEA R ] 20~200 pL
R ESFCEL 100 uL MFRAETTR, FeiFiR2E h+2.0%, At
ML, BRI E R u(cs))=100 uLx2.0%/ 3
=1.1547 pL, Uy (Cs1)=1.1547 pL/100=0.01155,

6] |, J1 100 mL 5525 & e 25 m AP Ak D, 51 A
(4 A5 8 5 B u(Cs,)=0.1 mL/ /6 =0.04082 mL, U(Cs2)=
0.04082 mL/100 mL=0.0004082 =& 75 RFU ik A1 i B
u(V30)=0.55 mL/~/3 =0.318 mL, Uy (V5)=0.318 mL/100 mL
=0.00318.

STAR FR R e Dy VR RS R 1 B R X AR o S
RE N 1 U (Oig) =\/Ure1(051)2 +Upe) (C3)? + Uyt (C52)* =
0.01199,,

)2, SRACEEIE F e Dy VAR R 5 | L 1 45 A X
A REFE R Ure)(C 13:4)=0.01199

(5Pt M 2 B il 5 1 A B AN 2

SR 10, 20, 50, 150, 200 uL #&JF 4 10.0 mg/L Y
B MRFR AT, HIBEE 2 . 2~20 pl 1 20~200 pl EFEHH
s, WIEBBARARHEUE TS, M BB AR SR VAR X i
FE I HE8.0% . £4.0% ., £3.0%. £1.5%. £1.5%, IRMIIZ)
34, HBTBARE I ABIAIE AR uc)=10 uL x8.0%/
V3 =0.4619 pL, U(C1)=0.4619 pL/10 pL=0.04619; U(Cr)=
20 Lx4.0%/~/3 =0.4619 pL, Uyi(C7,)=0.4619 pL/20 uL =0.02310;
U(C73)=50 pLx3.0%/ ~/3 =0.8660 pL, Uy(C73)=0.8660 uL/
50 pL=0.01732; U(C7)=150 pLx1.5%/ /3 =1.2990 pL, U
(C14)=1.2990 pL/150 pL=0.00866; U(C75)=200 pL x1.5%/ /3
=1.7321 pL, Upy(C75)=1.7321 uL/200 pL= 0.008660.

P mA 1.0 mg/L BRI NFRER 100 uL,
20~200 pL fERRMB R, RIERAEIES, 100 pL # 2I7F
W2 N£2.0%, MM, BT A A E N
U(Cr6)=100 pLx2%/ +f3 =1.1547 pL, Uu(Cre)=1.1547 pL/
100 pL=0.01155.

10 mL il E 255 A AT E BE, 7520 A A1
FEE Upet(C1o mr )=0.003283

et o) R s A R 2R BN B B R X AS T

_ \/urel(cﬂ)z F Ut (C72)° + Uyt (€73)7 +Upgg (C74)* +
urel(CEﬁS) = 2 5 2
Upe1 (C75)” + SUpe1 (C76) ™ + SUre1 (G0 m1)

=0.06195,

DR UL, TRC o 35 26 F At s s v T 2R 5 ) AR AR U S i
FE Ue(C 3 5)=0.06195,

o 74 1 2 TR T S 2ok AR AN TR 0 AR B A B B AR
AN A

) \/urel(cqnl)z Ut (6p2)? + Uyt (O3)? + Uy (Gg)? +
urel(CEP) = 2 2 2
Uref (G5 )™ + Ure (Cizng )™ + Ure1 (Rp)
~0.06468; Upa(C 1:1)=0.06790..

2.2.6  EDRCE N GRITAR FEAURRL 5| AG) A T Upei(rec)

tF B b5k & 4 MRE & 35 T R BE 2 2 HR BUH R,
PRI AW R BUR S BRI E B, R R T
B A AN R B s ST i 5

i BE O 1 (R SR ) — AR S S b 6 vk, AL
S A AR A5 5 FR A I TR RO, 25 SR L3R 6. MR
HEIRAFITEAGE] 6 LA R IR ZE o Ure(rec)=
u(rec)/ X o

RK6 Ug(rec)itBELER

Table 6 calculation results of u,.(rec)

[l /% _
R FHE X% s(X) u(rec) Urer(Tec)
1 2 3 4 6
F i e 10.127 9.998 10.002 10.120 10.112 10.007 10.061 0.06450  0.0263 0.002617
FEHL g 10.313 10.139 10.598 10.702 10.065 10.012 10.305 0.2879 0.1175 0.01141
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EBRE, S R AOBROT G- R IR A D

25 Hp P I R S P A ek ik B AN o B 6907

23 ANAHEE
YA e D S e B A e ) R XS AN A R B i SR AR T,
A AN TEA AN RE LA, WIHG 5 ANl S 4 24 5K

Upet® (X) + U (M) + U (V) +
Ure(W) = ; : 2 : 2 .
Urel (curve) + Urel (C) + urel(rec)

Upel(W 1)=0.1028; Upei(W 1:)=0.08218

24 TRAMEERERTR

i3 CNAS—GL 006:2018 {Ab2=43#7 H i & BE Y
TEAL eI ) B 5 T k=2 (95% EZ B0, ¥ R AH & B
U=U,o(W)x2xX, B I A5 31 5 ZF i e 771552 2 HH i male (g )
HEER, WE S,
3 4 ip

AP VUG ZE NN %, B FRERHRI 2 IR, Jie

IR, IRABHE FAc it ik, 4 Infinity Lab Poroshell
SB-Aq A EF43 25, UPLC-MS/MS HEATKGIN, PIAREE AT
SERMT o ARAETT A LA S HF AR S 52 v R e
AR S5 FE A 3 P S (4 R S A A i A TV o PP
IRFRW, MO ZEh M S R 10.1 pg/kg B, HY A
BEE U=2.1 pgkg (k=2); 528 Ak T A e 55 >
10.3 pe/kg B, HP BAHEE U=1.7 ng/kg (k=2). &4
AN B do EEORIE TR UE M 2 9305 DL R bR HEV W
ATC R, U e, HAh R R s B,
FESZEG S AR, AT DR IR A o il R A R B, [
S 5 H ARSI PRSP A T OB, A SRR 6 R AT K B A,
PR ERAEAKHE, W IR B ARIAEEE . A
BT 2R, (RIEI S R A e 5, %
R85 2 UK

®7 PEMMEERFEUENIHEESE

Table 7 Relative uncertainty components for metronidazole and hydroxy metronidazole

AR AR A1 2 2
AN JE 4y W5 FE AR

FH g F F: P e
Uret(X) WA A B AL AN 0.002617 0.01141
Urer(M) FEGLFR A 0.005774 0.005774
Uer(V) Sl E 2 0.005774 0.005774
Ur(curve) b 26005 0.07937 0.04261
Urer(C) o T VS VR A 1 0.06468 0.06790
Uai(rec) [ 4 23 0 3o e ) BREATL S o7 0.002617 0.01141

*8 EFPHEMMEERHEMAHEETEER
Table 8 Uncertainty evaluation for metronidazole and hydroxy
metronidazole in bean sprouts

T H F g F e F i e
STME X/(ng/kg) 10.127 10.313
B BAHXS AN 2 0.1028 0.08218
T RAHE E /(ng/kg) 2.082 1.695
Fr 25 5 /(ng/kg) 10.127+2.1 10.313+1.7
S0k
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