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Abstract: To establish a method for the determination of morpholine guanidine residues in lettuce, ultra

performance liquid chromatography-tandem mass spectrometry and uncertainty evaluation of the established
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method were studied. After samples were extracted and purified, the morpholine guanidine was quantified by

scanning with positive ions from an electrospray ionization source in multiple reaction monitoring mode. The

uncertainty was synthesized by building a mathematical model to analyze the sources of measurement

uncertainty and quantify each uncertainty component. The morpholinoguanidine showed a good line in the

range of 0.1~20 mg/L with a correlation coefficient R of 0.999 3. The spiked recoveries at the three levels of
0.5, 5.0 and 10.0 pg/kg ranged from 84.08% to 98.06% (n=6) with the relative standard deviations of 3.58%
to 5.26% (n=6), and the extended uncertainty was 2.84 pg/kg (k=2) at 95% confidence interval for the

determination of morpholine guanidine in the sample at 17.5 pg/kg. The method was rapid and efficient,

highly accurate and reproducible, and the recovery and precision can meet the test requirements. The

uncertainty was mainly caused by the standard solution, the establishment of the standard curve and the

recovery of the sample spiking. The experimental results could provide a reference for the determination of

morpholine guanidine residues in lettuce by UPLC-MS/MS and the uncertainty evaluation.

Key words: ultra performance liquid chromatography-tandem massspectrometry (UPLC-MS/MS); uncertainty

evaluation; moroxydine; lettuces

Mo IR IR — A AR AT 28 IS PIR T 2, BY
ek AR 2 LIBT IR FAYT s gk, kAR
VER—BhRRAN . TRk A2, k) iz T B
TR AR KRS S A 0 22 1 T Ay v B,
2005 4, o AN RSEATE RO FRA 5 560 5 SCHH
BRFEE R (X)) I CedgE R ) WESHE 2, (3
A — e 2 A P L RN SR A o T H B R 25 7
PR, R SRR SR P AR S A
FHAk . A BRARSE AR 2 Rl Sk R R
N bk A% B o 2 A SR R B . KRS . 1%
MRy AR LY g
MR IR ER Bk (0 o AR A, KT R R ICA 5 o
Sy T PEA N — 5 B2 B I 8 S BRAS I Jr vk B e &4
SRR AT AR S R

ARG S ST R OB (05— T S/ 5 R vk
JE NGRS BY 2, JFARYE CNAS-GL 06 {fb2443
B ANH E BE B PEAFE RS ) A JJF 1059.1—2012
CMFEASE E BE P2 53R ) Wi 8 7 i o7 ik
PRI T AN BEVEAG 3B, ST AN FE VT
Jie, A BT S v ) SR A R I A B S B ) 2
BUHE, A b kAR B2 4 A IE B T
i SR 24 SR AR AR

1 #RI5F%E
1.1 SR al
LR Nk IAR ME & (4L 99.8%, 1g): dbat

TR IR A AR AR AR HEE, 2IF. 2
B (sl ). fEE Merk AR ; 8. =AM,
BEGEREFR AN . SAAbEN . SR . TOKBRIREE (43
Brafi ). R Kkl

A= S T T S BE LA i o
1.2 UE5EE

LHEAC BT IR AL 1290-6470, B A H 15555 55
FUR (ESI)., BIAHZEHUCREE . £ E Agilent; Multi-
tube Vortexer MV-3000 Z 4 IRz %y . AARSE £}
HARA ] BB ARSI : 56 [F Organomation
AIWRAL; B.0HL: fE SIGMA; 0.22 um JERE (4
BLAR ): R 40T 6 56 3 4 IR A BR A 7 5
Milli-Q % B 7K % 4 4% : 52 E Milipore 24 7] ; HLB
[ AHZEHUAE 200 mg/6 mL: AgelaCleanert PEP-2
SPE; ME 203 F3Afr K1« S - MR i 4E R 20 A 5
T\ RE e i A REE (C18, 40~60 wm ). N-
P32 —H( PSA,40~60 um ) f1 2 1LHK 2( GCB,
40~60 pm ): FiEEE T A YR R A
1.3 KWAHE
1.3.1  bRyE

e bk A 9 i A5 9 . TERR PR 0.012 13 g 31
P e b AR oA 5, Y B RO E 45 % 10 mL,
Wt R B g 1.0 mg/mL A VA% 4 TR o

N b I ) AR v . MERR IR 0.05 mL bR
it & W, B E A2 50 mL, ¥JE N 1.0 pg/mL,
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iRl
4] (1]

REZ=

I b TR A VAR - A I 1.0 mL A o i
W IR A E 252 10 mL, K4 0.1 ug/mL.
PRCHLH

N ORIV 7 AR s AR A0 e 2 W RS 2 el bk
WICHR A PR, FH 255 1A o B BB S T i 4 vk
R AR W, AT A
1.3.2  FEALATAL R

FREC 2.0 g WAEF B0, A 1.0 g &
B8 1.0 g ZBREN & 10 mL 2 , B BEPR % 5 min,
HEAREL S min, JIA 3.0 g T/KBIEREE, TRIETR
%% 2 min, LA 8 000 g Z5.0> 5 min, WX 15 2 mL,
JinA 500 mg Jo/K B REE , 50 mg PSA, 50 mg C18,
10 mg GCB, i€ 1 min, 10 000 g &.[> 5 min,
BT G s EALIE o
133 ki

{6384 : ACQUITY UPLC BEH HILIC( 50 mmx
2.1mm, 1.7 um ); JiahAH: & 0.1%H R 5 mmol/L
LRI ZE PR A -2 NE( B ), it # : 0.3 mL/min,

PEREARRL. 1 pL, FER: 35 °C. BREEVRMFRE .
0~1.0 min, 95%B; 1.0~4.0 min, 95%~40%B;

4.0~4.5 min, 40% B; 4.5~4.6 min, 40%~95%B;
4.6~6.5 min, 95%B.
1.3.4  JRi% &M

MR . 320 °C; WiAEFIAIRIE . 400 °C; PiisH|
Nl =N

35Arb; FUIESEULE 1,

F1 LBHIEZERESH

Table 1 Main mass spectrometry parameters of moroxydine

A

44 EWE X @B X Collision RF Lens
- m/z m/z Energy/V v
172.3>113.1* 19.20 39
N bk I 172.3>113.1
172.3>130.1 16.67 39

s ONERE T

Note: *Quantitative ion.

14 HFEHEBET

ARG, KA B R RIS 2 A )
B
X:ch
m

K X FOREEE g A & 5, AR
e T 50 (pg/kg ); ¢ ZR7s B bR HE T A5 H i il
SE VR PRI R R, B N e AT (pg/L s
V FoRilE s, B2 (mL); m R
A BT, AN (g),

1.5 AHEERREDH

G5B JEBC AR TN S g8 i B3 A, 52
IS KRR AR . B IRBEAIE . ARTER X
PRuEth &Rl . FRuEdh & . B VI 5507

BT EST IRIE R 7445 A7 T X ZAC SR L 3 U B IG5 00 ) AN
ZRE T BRI 40 kv TR o, BAmE 1R,
bR FRE TR FESBR R
PR FRAEF I, 8 -
S\ I (B,
BRU. ) R (KF)

Fri (KF)

_

> PRI (B
e BRI, WE) N\t AR FER %
PRI PN
LC-MS/MS

B1 FEFHmEERETE

Fig.1 Schematic diagram of the main sources of uncertainties

2 ZER51%ie
2.1 HEZFEFIDHATK B EHNE
2,11 Zetvu Rl Skt R

HRE S B0 T AL PR R, A P i o i B T

BAL 0.1, 0.5, 1.0, 2.0, 5.0, 10.0 fil 20.0 pg/L
A P RS b o T AW, ML, DA vk
X (pg/L) NEEASR, WA Y MHAAR, 4
AR ERNZE , BIA R R ¥Y=102 791x-17 457
(R=0.999 3), LR, fext Hbrb A
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PEATHERR 2 0 o JE L 1) 25 R S TS A R R AR
WRE AR I, Znrb s, AL, XA
A Y S ARV B AR i B A A 3 Wk,
3 UHEREMR R (SR L (S/ND) #9KTF 3 Fl 10 i
AR S B A 0.5 pg/kg, EFEFEH 1.5 pg/ke.
2.1.2 DR SR %

TEZ FRE PG, by & 3 DK
WRATHR HED BT (n=6 ), HEATIOAREDSCSES:, 45 5R
W% 2, MkARYE 0.5, 5.0 F1 10.0 pg/kg ANk
) [ IS R TE 84.08%~98.06% , AH X b i 22
3.58%~5.26%, i & Rz ELK .

#2 HRRIEERERARERE (n=6)

Table 2 Recoverandrelative standard
deviation of samples ( n=6)

B U =] % L I5 A
ae2 7] ﬁﬁii{fj i?;g /Llf/(}t RSD/% ﬂqﬁzi/v thi?%

1 90.28

2 89.07

3 83.12

0.5 3.58

4 87.67

5 84.08

6 92.34

1 95.94

2 84.89

3 84.33
e ff JJIC 5.0 . 03.67 4.81 88.8 4.94

5 88.80

6 86.37

1 85.06

2 89.14

3 84.08

10.0 5.26

4 98.06

5 93.02

6 87.67

2,13 SERBRFE RN G5 R
WERERALET . /NETT . RETT  HIL
W | A P DX SN ) X3 g B AT AR M AR 45 10
ek, 350 kRS, RO T A
R IR % 121 P — b 0 A S A o v i bR DI B £y
17.5 pg/kg, HAHE o s sk IR B8 B 8 ARG 1 o
22 JBARABESEWTE
221 FRUEREEVRICHIE AR S I A BIATE BE e Cr)
PRUER BT AEE | Fraad fE . R AR SRR

B U R 5 | P AR FRUAE Ak S5 2 s oV VT T ol R v
SIARHE B0 E ORI, UES e, EhERng
WA v S B 2 R 99.8% , ST AE JE H+1.0%
(k=2), WIFRHED T 20 B 5 | AN AN 22 B2 u(P)=
1.0x0.01/2=0.005 0; MIXARMERTEE N trerp=
0.005/0.998=0.005 0., i 1153 BE{E 4 0.000 1 g, Fx K
FEVFIR 22 H0.000 05 g FYHLF KRR EAnfEY)
T, )%, FRAERE 0.012 13 g B, bR
YIRFRAEE S| A ARTEE N u(ml)=0.000 05/+/3 =
0.000 029 ; AHXS BREAKA TE FEN t4yer(m1y=0.000 029/
0.012 13=0.002 4, 2% JIG 196—2006 { & FHBH
FRERURR ), 10 mL A AR f 25 0+0.02 mL,
UL FHETE A0 A, DO v i 2 Y ) 3o R o 2%
AT AR E BE R M(VJ)ZO-OZ/\BZO.OH mL;
FEXSAREATAAE BE N i1 =0.012/10=0.001 2 mL,,
SHGEIR AR (20£5) CUED, 2RI E BT
TN 20 °C, BEAFIIBEEEIEAK ZRECh 2.5%10°/°C,
HELI IR B AK RECH 1.18x107°/°C1"™, Iy #R%s
RS AT AR EER : therry=(1.18%107-2.5%107) x
10x5//3=0.033 . £ - RH5E o, WIAR bk
£ W C AR S LA B A AR A
U2 (p)+ uly (m) + w2y (V) + uly (1)) =0.033.

222 Fp b RDE G O R SRR e B
trel(Cs)

ffiH 10~100 pL B AR FEH 50 L prife
it 550, WRE JIG 646—2006 { T Ak & MUAE ),
AR AER £3%, WM k=3, WERHER
£ WA BUAR LG A B AT A0 5 BE R u,, (V)=
0.03/~/3=0.017. Frifi FP I E AR 50 mL A 4
B, fo25 0 £0.050 mL, $3950150 0 k=+/3 , W
SERAWTI AR A EE R w(V)=0.050//3 =
0.029 mL o AHXBRIEA 0 E BN w,, (V,)=0.029/10=
0.002 9 mL, SR (20£5) Cilish, &
A FRRR A 20 °C, B B ES RS K R ECH
2.5x107°/°C, HEER AR R B 1.18x107/°CR,
D) P PR BT R B DA E BE R s u, g (T,)=(1.18%
10°-2.5%107°)x10x5/ /3 =0.033, 25 | AN & i 4%
i, DU AR o b ) IR C S A B RE AN A
U (O U2y (V) + 12y (V) + 1 (T,) =0.037.
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( mmemm=

REZ=

2223
Ure1 (Cr)
fifi FH 10~1 000 pL L E AR FLHL 1.0 mL br
WA, HA R A 1%, H5)0AE, bk
il 2 WA BUA RS | A AR EE R u (V)
0.01/+/3=0.005 8. FRAEM I EAZE 10 mL A %%
A, HAENE0.050 mL, I, ER
OB AR M A B E R w(V,)=0.050/ /3 =
0.029 mL., MXTARUEARNTEE N u, (V,)=0.029/
10=0.002 9 mL. SCHZ R EAE (20+5) °Cezh,
PRUEE R RI GR T sh Al 25, A A o 8
W 20 °C, IR RECN 2.5%<107°/°C, K
(1 AR Ik R AN 2.08x107Y/°C, Z i IR B Ak
FBOCR 1.37x107/°C, WIFRE A S 25 FR 58 T
FIABIAHEEN u, (T, )=(1.31x10°-2.5x10")x
10x5/+/3=0.037, £5 AN 52 o, b e o T
B 41 5 LA BRI AR A 2 E
Uy (€)= N2y V) + 162 (V) + 2y (T, ) =0.038.
2.2.4  FRifE TR dh 2 BC A RE 5T B R a2
Urel(M)
SHEMWAKE AR, HEY S0 A, briE
AR R T Ao R R RS VR 5 LA PR B LR
3o U] ply b o e T i R S A AN S Sy

8

u (M=, > 7y (M,;) =0.043,

i=1

P A 8P I o AR 5B A i E

2.2.5 FRUERIZHL A5 AT EE w(S)
FHo2.1.1 a1, RSekAiAE 0.1, 0.5, 1.0, 2.0,

5.0, 10.0 1 20.0 pg/L (¥ FEE IR 2 R AF2 sk,
[l 5 Y=102 791x—17 457 ( R’=0.999 3 ), #}
R b MM a 50514 102 791 F1-17 457, XHAEE
ME 6 v, MAFEEEA y, bk TAEMZL
PR RT3 AR A4 0 A S it v e R I ke 32 43
N 3.51, 349, 3.57. 3.54, 346, 3.49 ugL, F
BUE R x=3.51 pg/Lo M4 IR AR ARAEMZR
(5% 22 IFRIEIR 22 Sk, HR DVZEIR Iy B HEL S B B
WEH 2651 A BAS B 22 B N

Z"][yi ~(a+bx)I’

i=1

Sk= =8 821.68;

n—2
Horp p=6 (KB ZAGIIRE), n=21 (FRITVETR
W E R EL ), ==5.51 (hriEliZ 2251 i ik i
ARSI ), o b v fh 2 v xof Bz 4 B Ik
BE, yi IARIEITZR X g et AR, ORE A 1)
AR, 14

I 1
—+—+

S YO
i=1

B R 5 LA RO R (S)=
u(s)

(xo — f)2

lxsyz%§ =0.087,

X0
2.2.6  FEAMFREGIAAHEE tel(Vn)

B SRR B 2 BE (R 0.001 g IRT-, fok
FEVFIR2E H+0.005 g, $i MBI 51 534, FREL 2 g B,
BES BRSO AT E R (r,m)=0.005/3 =

0.025,

®3 HAETEHEERANIEBRI[SIENTHEE

Table 3 Uncertainty introduced by pipette in preparation of standard working curve

b MV T 20~200 pL BB A 20~200 pL BE WA 20~200 pL BB A 20~200 pL FE A
BBUAR /UL (L) 20(1) 50(2) 100(3) 200(1)
HHRAEY% +4.0 £2.75 £2.0 £1.5
N . FiEaE
1 A=
TR A 7
AR 2 ure](Mur) ure](M.2) Ure](Mys) ure] (M)

0.023 0.023 0.021 0.0087
sl 10~1 000 uL B % 10~1 000 pL FE & % 10~1 000 uL B % 10~1 000 puL F %
BPUAR/UL (L) 980(1) 950(2) 900(3) 800(1)
KERE% +1.0 +1.0 £1.0 +1.0
N . wiEfE
1 A=
TR A 7
XA trel(Mhs) trel(Mro) trel(My) tel(Mis)
0.005 8 0.008 2 0.010 0 0.005 8
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0.002 9; MIXIHRHEAGEEN u, (Y,)=0.002 9/
2=0.001 4,
227 HEMEGIABIATERE e (Y,)

SLH XL PR A BEATINE , R B A SR
FEAh TGRSR B AR L, BTN 6 T, 4
RN 17.6, 174, 17.8, 17.7. 17.3. 17.4 ng/kg,
DUV it o S PR S 5 | ARSI R . A AR

=0.20 ; FEPEAHEE

u(Y,) =% —0.082; T PR R B I e, () =
n
u(t,)

——==0.0047,
X

2.2.8 KSR ESCS AR ASEA E FE e Yr)
Sy LA S O], A A R A s
0.5, 5.0 F1 10.0 png/kg X 3 NAKFEIIRUE S, B4
AKPEBME 6 UK, HAT DAL 545 | ORI
20 FESINAREISCG I ARIANE 2 B RS

u (X) _ \/ufel (Cst) + uZel (Cv) + urzel (Cm) + uZel (M)
rel -
ity (S) -ty (Y,) + tt (1,,) + 5 (V)

P 1B WS b o i 22 Sy = =0.044; FE

S

mﬁEW$%%Emnp7Lwom;ﬁﬁmﬁ
n

EWEN%%%E%JQF”?tﬂM%

23 ABAHEERT RABEENITHE
IR AN RE B 0 AR 4 B o

*4 NETHEENE

Table 4 Uncertainty components of measurement

(i K AR B AN 0 5 i
trei(Cor) o v At B VT 11 0.033
Urer( C) o v T 3 VR I 1 0.037
Urel(Cin) o o fofE TR P 1 0.038
troi(M) P 4 A il e il 0.043
trel(S) PR £ 1005 0.025
ure(Y) EE M 0.004 7
trel(Y) FE s PR 0.001 4
rel(Yr) RS BHBCR 0.012

B SRS B AN RE S -

\/ufel (Cst) + ufel (Cs) + ufel (Cm) + ufel (M) + ufel (S) + ufel (Y;) + ufel (Ym) + ufel (YR) =0.081,

SIS BT A% B R i rh R e IR oF- 38 R
17.5 ng/kg, WG BBRIEAHEE R w(X)=17.5%
0.081=1.42 pg/kg.

e 95% EAF AT THE I R 25 R 5 RN
JE B R T k=2, ) U=2u(X)=2x1.42=2.84 pg/kg.
24 MERAHEENERBS

R S 6 BT 0 7 0 ) A SRR L,
N E 45 R R (17.5+2.84) ng/kg, k=2,

3

%#ie

S g N7 A S rh g b IR B i UPLC-MS/MSS
R 7, R BN, WATZE 0.1~20 pg/L i H
W BRI, BEBbR el 407 #Eh Y=102 791x—
17 457 (R*=0.999 3 ). fEf%. . & 3 PMAKFERY
JbR E R 84.08%~98.06% (n=6), HHXHHRitE
2R 3.58%~5.26% (n=6), FikREEE, &
PE. EREGTRATEE, AROSWE R LI EIR . SR

TR SEBRAE SR I 25 R o, T L AR
A PR TAR B A A SR, 3 A o A 3 A A B
PERE 5L S5 AT A E BEVPANY, SRR, B
2 g i, k=2 (95%E R RE ), A% e abk A )
S50 (17.542.84) pglkg o Kt #& A AN B 2 5 0
BraR BT, s o il G e i ik AR 5 LA 2 B TR
TR B A FEA O B A T) 2 A P AR T S 7R e R
DRI BH A S S AN M, Ry [ sl A s B
Fn] BERT BRSO B, Al TR — M ik
SRS R P Ve BEAE, 3 42 S 8000 {1 v 255 e
HEN R A AR o T AR I UG 7™ A 3K AT
FERE, S BRARS I v nT 3 o A R A Y
FEL A T A 1 ok B AR L 2 1) fBE ™ A= 1) AN
AR R G S MER I o S0 A 3 Hp g bk
HICH% B 2t (4 A0 AN 0 2 B TP Sy TR S T A G
PR B AT 29 AR S i b B R S 1, B
e S R E
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