124 H3W JEg I R Vol. 12 No. 3
2021 42 A Journal of Food Safety and Quality Feb. , 2021

M 425 % & R X, AL, B £, 2
CEMTHE 2 IR 5 BE, 22 730050)

 E: BE IPE S RO G5 R ETUREE S D 4-FOR A SRR B A E R B
AN 5 BE VP AE I RA B R, JeMr AN s BE B KR IR, XA PR | ATAR BRI AR | B O | AR T
EMZ MG K dm A M MRS e ARG . SR ST 4-ERA SRS RN
59.44 pg/kg, Y RAHERE R 3.6 ng/kg (k=2), P2 nadl i ANe e B 19 52N SRR ER T i A br
MERMZILE IS AR AGERE . G0 LEAS IS At r DOz 07 P o A oo O P R T, i i s 8 T ) 14 V4
PE, BRAERRE D2 AR OG5 HUE

RRIE:  ESOROR G5 SRR BT, 4- SRR LR, AN E

Uncertainty evaluation for determination of sodium 4-chlorophenoxyacetate
residue in bean sprouts by ultra performance liquid
chromatography-tandem mass spectrometry
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ABSTRACT: Objective To evaluate the uncertainty of the residual amount of sodium 4-chlorophenoxyacetate in
bean sprouts by ultra performance liquid chromatography-tandem mass spectrometry. Methods Mathematical
model of uncertainty evaluation was constructed, the sources of uncertainty were analyzed, and various components
were quantified and synthesized such as sample weighing, pretreatment process, standard material preparation,
standard working curve fitting, experimental repeatability, and recovery rate. Results When the content of
4-chlorophenoxyacetate in bean sprouts was 59.44 pg/kg, and the expanded uncertainty was 3.6 pg/kg (k=2), the main
factor affecting the measurement uncertainty was the uncertainty introduced by the standard solution preparation and
standard curve fitting. Conclusion In the detection process, a standard solution of higher purity should be used to
improve the accuracy of standard solution preparation and ensure that the correlation of the standard curve meets the
requirements.
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4- & 7K H & PR #M (sodium 4-chorophenxyacetate,
4-CPANa)[BFRII VA R, J&— iy HI AR B 2R R Ay
R, FEA PR PG AT e ERE P A 3 2 . R, 2
HEERTT AU, B A R, i A AR A AE R R,
4-H AR CTRANRESE HE S 25 T IR AR A, S0 b B
F 0 N Tkl 1B A 32 o T = i IR (D 257 7 N 7S
AT ROR T SRR L A R, g AN, M
PEG M AT T R il AR AT, Ll 4-E0RE S
TR A (G 1 SR R R bR R ol e Y AR R 4-G0R
SR L BRANNT /)N BRSSO ST A, SRR, E
e A0 X /0N U I 20 M A S VR, AR
FH 23— 2 i 5 1Y, 3 IO LA S £ VS )
A Pl BN OGP AR AR IR 6%
FENRIENG W) BT A4 ) (B bt 20t B PR ) L R
AP R AR A T 2 LA 2015 4R 11 B
DR, SR RE P - FRE SR 4R
HEA ORGSR B RN E A K bn ke, R M7 bR, R
AL 2 PSR B AN REE AL 0.001 mg/kg!™, 7EATAL
A M B A A A R e Ay s R A DN 45 R A o R T
FIRIE I A5 R GAL A% 5, LIHERIRAIR, A7
AN E FE P

D555 AN o 32 (TR AR AN 0 ) 48 AR i P 2810 A9 15 6L,
FAEMR T4 D S (B A WO A AR A 280 SEBRAa il o o 14K
SO 15 45 R (R AN A R A (0 O e DO e RO 0 i BT
MO A E L U B R T L AN B S B O3 ek
TG AN E B, HECE I /N S e T G 45 2R I3 4 114
L, B SRR AR E AT BT 4-FR R
LR EAMIETIT AN E FER S B 8D . AWF A&
SEBRRIN A1, ARYE BIS 201703 (&2 R AR KR T 5]
i ) NIRRT )y i, 27 TIF 1059.1—2012 ik
At FEPEE S5 30R ) ML CNAS-GL006 { fh2 43
AN E B R PPASHERE ) UOORE I vk, R R T RO
o 3% - B B i % 3% (ultra performance  liquid
chromatography-tandem mass spectrometry, UPLC-MS/MS)
XL 4RO SR TINE, I BCE R
SE TR T AN BE VA8 KB I, A3 BT A I 2ok i v 3
RZE YT BEIRTT, Ry S S A B s i R 2 1 L HERA
P R s o R A 7 G 000 225 SR B T S A AR AR, [T IS
S e Al A R R R R B e AN R PR BRI S

1 MR5ERZE

1.1 MRS5S
HIEME), OB, WEE., 2. PRR(Giga, £

[ Fisher 23 H)); #EBGHAL(4.0 g TKFIRREE, 1.0 g T/KZ
FREN) . kA4 (300 mg Fo/KBRRREE . 100 mg |-/ \ i Bk
GREBEIT] Cis, SEELERAEA ], SLH A —Z0K;
4-F R L RN AR 2 bR ME b (ZE B = 95%, FEE Dr
Ehrenstorfer 23 ).

Agilent 6460 =B (15T R (B A LB %5
BFUR . = E DO AT Mk B B S 40 T 4% A2 MassHunter
T AR, EZHERA H); VORTEX-5 IHEIR S a1
AR DR B8 3 A FR A w1 ); KS501 #& JR (1 [ IKA A w));
Centrifuge 5810R i & 0> AL (72 [ Eppendorf 2 Al);
ME204/02 L F K- (i ARG R -FEF] 2 24 F]); EVASOA
RARAL (AL 5238 7 R BHUAR A B wl); Milli-Q #BZli/K L
(3£ Millipore 22 l),

1.2 LWIE
1.2.1 Hena

HEBIFRIL 10.0 gOH AR 0.01 g)ilAEE T 50 mL H.28
EOLER, A 20 mL & 1%H BRI Z B, SRS
2 min, MASREGA, SZENRBERA 1 min, LA 10000 r/min
B0 5 min, FEEEE)ZE OGR4 mL & T 5500
BT, WIERA 2 min, Bl 14000 r/min #.0> 5 min, %
BAER BV T 15 mL B8, T 45 cOKBHARE
IET, i 1.00 mL FEE, IREIRA], i 0.22 pm A HLIERS,
Ht UPLC-MS/MS 1l 5E
122 &4t

{5341 CAPCELL PAK C5 (50 mmx2.0 mm, 2.5 pm);
WE: 0.3 mL/min; AR i, HERAARL 5 uL; WshA:
ZNE(A)-5 mmol/L LIRS (B); #HEVEDL: 0~ 0.5 min,
90% B; 0.5~7.0 min, 90% B~5% B; 7.0~8.0 min, 90% B.
123 REEHt

B B R, R Ea 2
W TSR 300 °C; TS H 12 L/min.
124 MEHEAGES

FriEk B X He AR (D)5

Y C><V1><V3><1073
mxVy x 1073
Horp: X Rt 4R E C RN S (UL 4-E R R LR
i), nglkg, C NHAREMEESN 4-FRALRIIRE,
ng/mL; Vi NARBURIATR, mL; 7, NIREUR X EUATR, mL;
Vs HIREEE ST, mL; m HIRXFERRE TR, g.

2 HER5SH

21 T HEERXIR

RYELPRLIG R, X E P 4-FIRE LRGSR
e E SR W AR E IR . FEAFRE . RS
AhPRRI AR . BRUEPIRALRE | PR TRECH] . B AR

o
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FHI2E

WE AR ZR LA RSB A M . IR 4
22 THEEREE
22,1 HSARE TN AT E T u(m)

FREL 10.0 g 52T R P B K Aei/rin 25 H+0.01 g,
TR, W HRBE JE u(m) = 0.01/+/3 =0.0058 g;
Urei(m) = 0.0058 /10 =0.00058 .

2.2.2 AN M LR TN A TR

(AR 5T 40 18 A AR HEAS TR R JE (1)

HAREY) T UE B AT 4-FR A LR R R
AHXAHRE BE A 0.30%(k=2), T B AR iEY) ST 4l 5 | A A
SIFRAEAH E BE urei(c1) M 0.0015,

QB BC T . BB RS A AR X b v AN

urel(CZ)
TEHIFRI 25.0 mg 4-50RE L IRARHESR(ZEEEN 97.28%)

FIHBEES 2 25 mL 5atifirh, 1980E 1.216 mg/mL (¥
A o ARUE PRI T R SRR 22 8+0.1 mg, #3575
Oy A TS, B ORR B AR ME 51O OR B R
u(my) =0.1/~/3 =0.058 mg; ,ei(m;) = 0.058 / 25.0 =0.0023
FH 0.1 mL 4B S 0.1 mL fi45 7 E 100 mL

Fith, HEEEREZIE, WE, 538 4-50RE RN
1.216 pg/mL WIARE TAEW, 2% GB/T 12806-2011 { 5255
FIFEUAS PR AR ) PR JIG 196-2006 € H B RS
HAHG E RR ) PR, R AR T, BB SR
JR RS 5 | ABIAHAE FE wea (Vo) ULZR 1, WA 28 )

BB LB AL A B A A AR MR B E JE  ua(e)
J 5 5 \/0.00232 +0.0033?
=\ Upe] (ml) + urel(Vb) = =0.0131,

+0.0120% +0.00322
(3) R H bR M7 R E 1) 3o 2 5 LA B R X s TE AN B 5

urel(c3)

i 10, 20, 100, 200 pL A4 BIRLHEL 10, 20,
50 100, 200 pL B AHRAEAE T 1 mL a0, Has
JRRIBER Z 20, BoRUREHRIE 514 10, 20, 50, 100,
200 ng/mL I RIRE LAREWR, 7% JIG 646-2006 { B4R
TR E R ) PR, IR i, SRR 2.
FAVRUEGS T L AR 5 | BRI BR AN B 2 B A

2 2 2
_ ”re](VIO) +urel(V20) +urel(V50)
Ure] (03) -

2 2 2
+urcl(V100) +”rc1(V200) +urcl(Vl.0) x5

=0.0171,

F1 ERERH. BRIEPSIIANTIHEE
Table 1 Uncertainties resulting from preparation and dilution of stock solution
HH 25 mL A& 0.1 mL 43 FER 48 100 mL &4
ZIE iR U2 A B /mL 25 0.1 100
K fE/mL +0.03 +0.002 +0.10
A= 0.03/3 0.002/3 0.10/3
AHEE u(V,)/mL 0.01732 0.00115 0.05774
LR B sl RE fR28/°C +5 +5 +5
AR Ik R B0 B e/ °C 1.1x10° 1.1x10° 1.1x107
AR B ux5x25/3 B usx5%0.1/~3 B ax5x100//3
AHAE E u(Vr)/°C 0.07939 0.00032 0.31755
B A E BE u(Vs) 0.0813 0.0012 0.3227
AR A AN RE BE stV 0.0033 0.0120 0.0032
F2 RIREBRREHERESIANTIHEE
Table 2 Uncertainties resulting from standard solution preparation
10 uL 20 uL 100 uL 100 uL 200 puL 1 mL
Bk B Bl B AT i
ZIFE iR U E A AF/mL 10 20 50 100 200 -
HE +8.0% +4.0% £3.0% £2.0% £1.5% +0.010 mL
HHEAR 0.08/~/3 0.04/+/3 0.03/~/3 0.02/3 0.015/.f5 0.010/~/3
AW EE w(Vy)/mL 0.04619 0.02309 0.01732 0.01155 0.00866 0.00577
T i 2y W EE R 25/°C £5 +5 +5 +5 +5 +5
AR Ik R B0 B e/ °C 1.1x107° 1.1x107° 1.1x107° 1.1x10°° 1.1x1073 1.1x1073
HEAR Bunx5x10/43  funx5x20/4/3  fusx5x50//3  fusx5x100/4/3 fuwx5%200/v3 fawx5x1/+3
AHARE E u(Vr)/°C 0.03176 0.06352 0.15878 0.31755 0.63510 0.00318
G RATERE (V) 0.05606 0.06759 0.15972 0.31776 0.63516 0.00659
AHXT B AN E B (V) 0.0056 0.0034 0.0032 0.0032 0.0032 0.0066
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(DR e T AE BRI A 51 8 A X B o R 1 E B
Urei(Cs)

bR R A AR A e B o, EEIE 3 1k, FIH
/N Tkl A bR e £, 5B EH R A A=B,Ci+B, (4
b ERT A5 SIS TR, B S REE, By kB, C AR
A5 AT MR ), A2 SR R A2 R L3R 3. HRBHMEA:
FREEME 3 K, WERILE 40 WIRHEREBIAETIA
PN 2 B4 T o

s 11 (C-0F
u(e)) =2 Lyl 078
Bl p n n )
¥ (C-O
i=1
< 2
D[4 —(By+ BiCG)]
Hep s=4= =9.2336 .
n—-2

b SOFRUERR 22 P REINAE & DU R B, B 35 n b
YE AR AR 2R 25 Ve BE s R B, B 5x3=15; Co ety
FRSRAT I BRSO T P 4-SOR A SRR TR, C o
i 2R A& T BE R 4- SR LR 1T 2 5T R L

®3 EILIEHZEIEN=3)

Table 3 Results of standard working curves (n=3)

n

>(C - C)

i=1
=35662.18 . P, ARifE LAEMIZeBl G5 A AR ARAEAR
B E BN uge(ca)=u(ca)/Co=0.0119,
223 WHRBREBRGIANAAAATE R T ua(V)

IRFRE BG B RGP BORAARTR . A BUATR | 7 28R FH
SIABIAHERE, BT H A58 22 AR AN 2 BE
VA SRR BE A HE R AR AN 2 BE A B R A B T 50 mL
B0, H 20 mL HARZEMAEFEEL 1% H R LI R UK
20 mL (Vy), #bJa, 5 mL 73R B R BUA LR 4 mL
(V2), £ 40 °CAKIBHFRESKT, 1 mL SRZFER I
1.00 mL ZfEHMERIE), 8 A KIPE, BHHEIE A0,
OB & B85 A M OM X R R B o
U V=g 0 + ttrs (V)2 + 1ty (V3) =0.0088, L5 5.
224 FLMAFINGARRTATE R uy(X)

T2 FRES PRI 60.80 pg/kg HY 4-EHA LR
PRAEVE I, EATINE 7 Ko EEMETI AR R AT &
JE () = S /NT /%, o SG) WbniElizE; ¥ NE
S E S EAFIME . TSR 6 R,

C= 9242 ng/mL; N (c,-C)= 26.69;

T P VR B MK 1216 2432 6080 1216 2432 4 BE’E#E‘:&@IE@E% 3
Ci/(ng/mL) Table 4 Results of determination of positive samples
VAT AR 4, 82 165 329 712 1388 W WA JE A I/ (ng/mL) Co/(ng/mL)
WETHIAR 4, 79 150 328 720 1369 1 519 91.10
W TRIFR 45 88 152 337 718 1354 2 499 87.57 87.25
(8] 1y A Y=5.626X+9.496 3 473 83.07
x5 HREBHESINNTHEE
Table 5 Uncertainties resulting from volume measurement
TiH 20 mL BPRZR R A 5 mL 3 BE W 4 1 mL BABRER WG 4
PR 2% U E AU mL 20 4 1
i fRE/mL £0.030 +0.025 £0.007
AR 0.030//3 0.025/~3 0.007/+3
AHREFE w(V;)/mL 0.01732 0.01443 0.00404
R 5 R fr22/°C £5 £5 £5
ZIEEBUE K REL B vw/°C 1.37x10°° 1.37x10°° 1.37x107°
AR B 2w x5%20/3 B oux5%4/ 3 B owx5x1/3
AN BE u(Vr)/°C 0.07910 0.01582 0.00395
G ATEE uw(V) 0.0810 0.0214 0.0057
AR BN 52 BE (V) 0.0040 0.0054 0.0057
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22,5 ERE G| NG T T L ue(R)

I T =S /NG S R 1 G 7 N 1 - S i/ /N2
U (R) = S(R) /N / RITHE, s sr) Wobnifefiis: & b
TSR SR ¢ 4 B0 %o DRI A T 35 A 56, DA
i 8 & 15 R FH BN A IE R 73 45 SR A B I, AR
H: 1 =[100%R|/ ug (R), ZERUNFR 7 P, #idH ¢ ki

FHE S A AT UG FAH 10,0588 2.306, ARSLE ¢ {HK
F t00ss), VEEAZES B, IR A 0] E3RA IE B X
AT IE
226 EFF 4-RIEEALEMADI SRR

B RN E R A, R ENARE T 4-E0RE
RN B SR A B AR AR AN E

®6 TFFIERECHERNEENREWEMNEERIANTHER

Table 6 Uncertainties resulting from the repeatability and recovery results of sodium 4-chlorophenoxyacetate in bean sprouts

SRR

W5 YA
0 5 e & /(ng/mL) W5E 5 i/ (ng/kg) ISR %

1 118.25 57.77593199 95.03
2 117.45 58.7144314 96.57
3 119.37 59.64742212 98.10
4 120.42 60.13723395 98.91
5 118.65 59.30839365 97.55
6 125.71 62.83363656 103.34
7 115.36 57.66097188 94.84
FHME 119.32 59.44 97.76
B 22 3.2357 1.7571 2.8899
AN E T 1.2229 0.6641 1.0923
AT B B 0.0102 0.0112 0.0112

®7 IFP4ERECERNESEUREWEMNESERIANTHER

Table 7 Uncertainties resulting from the repeatability and recovery results of sodium 4-chlorophenoxyacetate in bean sprouts

5 B
5 ¥R B /(ng/mL) W 5/ (ng/kg) IR E/(ng/mL) BT/ %

1 118.25 57.78 2432 93.03
2 117.45 58.71 24.32 101.57

3 119.37 59.65 24.32 95.10

4 120.42 60.14 121.60 9731

5 118.65 59.31 121.60 93.66
6 125.71 62.83 121.60 102.48

7 115.36 57.66 194.56 98.12

8 116.24 58.10 194.56 94.25

9 117.82 58.90 194.56 96.31

- fE 118.81 59.23 — 96.87
RIRITES 3.00 1.59 — 3.37
AEXTBR HEANT 2 0.0084 0.0089 — 0.0116
T — — — 2.70

P — — — B
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2 2 2 2
Uge (M) + ugeg (1) + gy (€2) + tier (€3) _

2 2 2 = 2 B
Ftpe (€4) + g (V) + 1 (XD Fui (R

Ucrel =

(5.8x1074% +(1.5x107%)% + (1.31x1072)?
+(1.71x107%)% +(1.19x107%)% +(8.8x107%)* =0.030 _
+(8.9x1073)? +(1.16x1072)?

M FLERAY BT
FROF 5 R AN Wl (AR BRI 95% I}, A& [ 7
k=2), & F XI5
Urel=therer*k=0.030%2=0.060.,
4-E AR LR E S5 N 59.44 pg/kg, PRI 2%
ST BT B U=U,xx =0.060x59.44=3.6 pg/kg.

3 4 i

AR5 e FH 8 1o R AH 8033 - ER IO O 1 6 T 2 AR
KA 4-FR A ZRENHTIE, S G R A KTy
IR 53 BIS 20170307 Ko il AN s BE T 5 R r
2, SHASIINE B2 4-E R A LR B R it
AN 59.44 pgke, HMEY BAFEE N 3.6 pgke
(k=2 38 32T 25 DN ek AN 2 B 119 0k 7 AR P
B, X SR AT AN BT . A A T S R
A5, Xl i 2 SR e A K I R 3R A R A T ) T ) B A
BeRbRE . AREM R DI G R, ORI E R M
W DR M7 S v A P 4 5 v RO AR M, SR RS
N G BRVE R PE R St R 0/ o o 8 VR R A5 B
TE YRR AR 2 A I B, DRIEARE 2R 1Y
AASEMEARF A RILAE s B R A Yot B 300 P A A B AN R 45 11
WEUEFIRERE, A3 o A 5 SR B e 2, AU 0 XL 4
PO

SE MR
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