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WE [ A6 xR AR ZHRAEE - BIEFE R (UPLC - MS/MS) M 2 4 W 4 A A HUBE R 35 5% B 09 R A 2 B ATIR 4B, [ 7 %]
AAE JIF 1135—2005¢ 405 547 Ml 3 R 4 5% 37 2. ) A= JJF 1059. 1—2012¢ 0 & R 4 2 F 372 5 A7) P 644 £ MA, £ B UPLC - MS/MS
MR T 4 FAAEER G EG , EIMNE AT 4 ARG TR A RRBEAL 3R RS R RR AT AT, &
FARESZTHERBRERACTE AT ERFALE, [ER]EAMFT LRSS TN 0.048 57 pg/kg of, AT R AR EEH
(0.048 57 £0.011 55) pg/'kg, & A HF k=2; B XA FRAKRREEFH0.065 34 pug/kg B, L & & R # € & A4 (0. 065 34 =
0.016 41) pe/kg, LA BT k=2; % XM ¥ KB4 4 0.043 14 ng/kg i, L5 B R A ZEH(0.043 14 £0.011 02) pg/'ke, L4 H
T k=25 S XA P =B F 4 0.058 36 ne/kg B, R R A A (0.058 36 £0.013 02) pg/kg, &4 BEF k=2, [ 4] Han g
25 RN L B RR A R A AR R B 6 AR N R B e gy ik e A, A B R R A s AR D

KEIA R IR ANEER KRG U R B ARG - $ KR E % (UPLC - MS/MS)

RESHEE S-03  TERIDAE A XEHE 0517 -6611(2018)06 —0157 —05

Uncertainty Evaluation of Determination of Organic Organophosphorus Residues in Corydalis yanhusuo by UPLC-MS/MS

DIAO Yin-jun' ,LIU Li*,XIAO Shan-mei' et al (1. Jinhua Polytecnical , Jinhua , Zhejiang 321017 ;2. Jinhua Comprehensive Quality Supervi-
sion and Testing Center of Agricultural Products,Jinhua,Zhejiang 321017)

Abstract
Corydalis yanhusuo by ultra-performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS). [ Method ] According to JJF 1135 —
2005. Evaluation of Uncertainty in Chemical Analysis Measurement and JJF 1059. 1 —2012 Evaluation and Expression of Uncertainty in Measure-
ment ,a mathematical model was established for uncertainty evaluation. The sources of uncertainty that may be introduced were analyzed and each

[ Objective | This study aimed to evaluate the uncertainty of measurement in the determination of organic organophosphorus residues in

component of uncertainty was quantified for the calculation of the combined uncertainty. [ Result] The expanded uncertainty of (0.048 57
0.011 55) pg/kg (k=2) was obtained for the determination of the presence of 0. 048 57 pg/kg malathion; the uncertainty of (0.043 14 =+
0.011 02) wg/kg (k=2) was obtained for the determination of the presence of 0.043 14 wg/kg isocarbophos; the uncertainty of (0.065 34 +
0.016 41) ug/kg (k=2) was obtained for the determination of the presence of 0. 065 34 pg/kg omethoate; the uncertainty of (0.058 36 +
0.013 02) pg/kg (k=2) was obtained for the determination of the presence of 0.058 36 wg/kg triazophos. [ Conclusion] The preparation of

standard solution , curve fitting and measurement repeatability were found to be the main sources of uncertainty.
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1.1.3 {¥#%, Waters UPLC/ Xevo TQ — MS — MS ( firl H1, 1§ 25
HER) , 32 Waters A F); A1 HAL IRA A%, M8 IKA
v E]Milli - Q 8 4fi /K ¥ 4k & 4t , 56 [ Millipore 24 5] ; N —
EVAP112 ZWAY, 3 [E Organonation Associates Jnc 2\ ] ; HL A
TR B, BRI AR SR F R AR A BRA F]53 - 15 B0
BL, FEIE Sigma 2 A5 ALA P ER (0. 22 pm)

1.2 &

1.2.1 {84k, i ACQUITYBEH Cy 2. 1 mm x
100 mm x 1. 7 pm; A 40 °C; A il % 3l B2 20 °C 5 U
0.4 mL/min; F3IAH: HEE(A) F10. 1% HRRK SR (B) . B
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BEMFRT:0 ~ 1.5 min, 10% A;1.5 ~4.0 min, 10% A—50% A ;
4.0 ~8.0 min,50% A—90% A;8.0 ~10.5 min,90% A;10.5 ~
10.6 min,90% A—10% A ; >10.6 ~13.0 min,10% A, 3,

1.2.2 Fisseb. B U5 s miss B 1 UR (EST) 5 5 R iR

JE:150 °C 5 Wiy =X 22 5 W ( MRM) |, J5 33 SR 45 2 5000
BB IE:3.0 kV; By 51 (/) HE 500 C ;5
FEFAE 800 L/h oL (R T 40 L/h fif i
A CER) ik :0. 15 mL/min; EH TR IMRE

F1 MRM Ui 4 FIRGHRIERESE

Table 1 Mass spectrum collection parameters of 4 pesticides under MRM monitoring mode

e BB T TETXF HEFLHLE A e i
C - ! Mother Sub ion Taper hole Collision
ompounc ion pair(m/z) voltage // V energy // V
LRI Marla sulphur phosphorous 331.0 127,99 18 12,10
SEAL RS Omethoate 213.9 124.86,182.93 18 22,10
=W Triazophos 314.1 286,161.9 30 18,35
IK i Tsocarbophos 288.0 288.0,228 10 13,32

1.2.3  FESETARER, B b 25 A RE SR B0 R HLEDE R R AL
Fywg, ik 20 B, —20 CLAFE, 2 M. FRHIS. 00 g JTHAME M,
BT 250 mL RS AR, IA 2 1g BhUER], F2257, A 50 mL
THAR G HEI 30 min, fhiE, A 30 mL (ke 2 ~3
WRPRGRFRIE , AT UEW, T 45 C T ek 220 5 mL, 7 5
A 40 mL FTRMECR 10% B AL SRR 20 <
TRAT, A& (40 mL x2) iz $EH 2 min; A HLAHH
10 g To/AKBERRAMIIAK, T 45 °C U R s 23k T, A AR
T, M 5 mL IE kel it e 2, frgk.

GBI AR 5 mL &P BE - FEE(95:5) 1h 1k,
VPR S RS 28 AR AR IRORE S e — HBE(95: 5) Tk ik
FESI, BRI 4 mL, PRI 2 UK, IR PRI 40 A AR AEERL
Ferp R AR L, 78 40 COKIB &M F RS EIR T,
F 5 mL ZJEE %, 5 0.22 wm A HLARIERS , B,
2 HER54H
2.1 FHEEDH
2.1.1 BUAERIEES . AYURRER R

x=cX (v/m)
v IR P 5R R i, e/ ke e R BRIE T/ 28
AR AR AV B I 21 43 Y B MR ng/mL s v AR
WAL AT, mL s m A EEA T R B, g
2.1.2  REGEEERIEAHT. AR JIF 1059. 1—2012 (& A
B VPR 5 7R ) , ABRTERE il Ay i 4 R it A B 3 A B
ARBRMN 7 A BT, 5 BUBEA 245 5% B8 AN B o U 32
TG O ER RS AR E S . fSinEY R A 55
AN E BE o T ARV M A R 5 LA A
KAEMEANE T A A B . QR A B A = A R
B B . ALRERE SRR i R 2 BN N T3 A 1 AR A
BN, QMRS EE N E A AT EE ., @odrilEs]
ABIRBERE T JTHIrh 4 R WU A 5% E AN E
SR 1,
2.2 AHEESENITE
2.2.1  ARUERIIG AR E B
2.2.1.1 FRUERLEEE S AMARHEE U,y o RIEIRUEIE
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Fig.1 Uncertainty source for determination of four organophos-
phorus pesticides in Corydalis yanhusuo with UPLC-MS/
MS
B, EAmwE AR R R MR R AN 1 S
AR £0.032, £0. 140, 0. 120, 0. 190 weg/mL, FRuEVE R
A EY g 100. 00 pg/mL, T EhREAR 4 | SR AL SR 2R K I B
Bl = W Bl A XS S ) E B2 43 53] O 0,000 32,0. 001 400,
0.001 20.0.001 90,
2.2.1.2 FRifERE S WOE ARSI AR ATEE U, o B
35 JIG 196—2006( ¢ F B 42t & ) ML, 20 C i 100 L B
WA 22N £2 Wl (BRI 3 A, HAR AN B 2
Uy = 1154 7 FAXAHERE U,y () =0.011 55,

10 mL B (A 9%) FLIFR2EN £0.02 mL, RGN AR
oA HARMEARTNEE T U o, =0. 011 S5, AHXTANH & B
U0,y =0.001 155,

LI RIRTIEIK R AL By« =1.37 x 107, 205
B2 (20 3) C  RBLIELEE P sl R 50004, ok R S TR
FIFIXT AT EE AU,y .y =0.002 373

AL H P AR VR AV RN 5 A BIAR X AN E BE A U,
=0.011 85,
2.2.1.3  ARAMERFIEBIC R R BT E E Uy o
FH B BR VA 2R 9 VW 5 LA BRI AN RE B Uy 0 FHER
PRI RS AR AS R i T ARV T 10 mL pRe 75 &
HLCA 80 v NG E 2, 3320, A9 B0 B e B 70531y 5,20,
50,100,200 we/L BIBRAEZR S ECHIbRAE R 5005 |
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Table 2 Uncertainty during standard solution dilution
W £ Pipette KB Volumetric flask L)% Temperature

bR e

Wik oy pap R
Sandard e v A MXCR B oo A OMXCR  REEDE WIKREC R ER g
solution AT Rt EE  WEHE  Specifi- S B WiEE  Temperature The volume i€ & Re atve relative
concentra-  Specific- Permissible . . Permissible . . . uncertaint '

A G Uncert- Relative  cations Uncert- Relative error expansion  Relative y uncertainty
tion // pg/1.~ ations errer ainty uncertainty mL error ainty uncertainty C coefficient of uncertainty ’
acetonitrile

5 50 pL +1.500 0.612 400 0. 012 250 10 +0.020 0.011 55 0.001 155 +3 1.37x107° 0.002 373 0.012 530 0.015 684 87
20 200 pL. £3.000 1.224 700 0.006 124 0. 006 668
50 500 L. +7.500 3.061 900 0.006 124 0. 006 668

100 I mL  +0.007 0.002 858 0.002 858 0.003 890
200 2mL  +0.010 0.004 082 0.002 041 0.003 336

2.2.1.4  PRAEMZILE A RATEE U, o BOS LT
HIRE N 5,20,50,100,200 we/L (4 5 FlhR i 5 510 3 W45
10 WLl , KR AH B B (35 I T AR (Ad) , 05 T LA 26
PERIATTRER A = aC + b, e, a JREER, b g i, e KL
PR 3 P dAR v 2 ADL5 ™ A A ANl
rgﬂ‘j!

JSe f1 1 (G =Cy)
U".](M B a N/P * n * E;l:I(CU _Cl)2
P, S AR HEVE I TR RR SR 22 AR 22 , THR T 0 -

> [A=-(aC+b)]°
SR:\/ n-2

n R INRE VR, xR 5 A B AR RE , n = 155p
Xt C B REL,p =6
XFBCTHPHPERE St P ESREBRA SRR | =i K B
FEEHHT 6 YR ARSI T AR, R Il 7 R A
PSS9 0.048 57.0.065 34.0.043 14.0.058 36 pg/kg.
AT P SR AR R = e KR BR A
HEMZR AU A 7™ A B AN B 522 J&2 93 331 O 0. 013 09.,0. 020 287,
0.005 737.0.023 98,
2.2.1.5  FRiER RN O R RIS AR 2 G Al
ABERE Uy o

_ 3 3 3 3
Urel(sp) = Un',](p) Uy Uy + Ui

x3 EHENSEAFTEREXRY

Table 3 Uncertainty resulting from least square curve fitting

. - e I B2
Compound Peak area Ma‘ss concen- The regression R
tration // wg/L equation
=Rk 3 461.50 5 Y =406. 94X +1 864.31 0.999 7
Marla sulphur 9 443.80 20
phosphorous 22 139.10 50
44 527.60 100
82 353.86 200
SRR 126 262.50 5 Y'=27 964.862 1X -102 965.1573  0.998 6
Omethoate 590 119.00 20
1 165 332.00 50
2 473 287.00 100
5616 997.00 200
=L 12 972.00 5 Y =937.26X +7 521. 16 0.999 9
Triazophos 24 910.00 20
55 486.00 50
100 546. 00 100
195 166. 00 200
IR e B 716.70 5 Y=169. 86X —271. 50 0.998 4
Isocarbophos 4 168.90 20
7 852.30 50
15 119.20 100
34 482.10 200

AR L 23 S B SRR, | — R K R
DUbRHEY A BE Bl i BRI TAR RS AR5 R

B U, 28514 0.019 66.0.019 71.0.019 69.0.019 75,
2.2.2 MESLIE SRS IARAHERE U,y o
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2.2.2.1 FERFREAERATE R Uy, o FRELS g TCHIRE
wi, RO HEE Foib I e K AR 250 +0. 001, 4% BE 5 4
AR, HARHEE U, =0.000 408 2, AHX ARHEE U,y
=0.000 081 65,
2.2.2.2  FERARBEREBU™ERAHEE U,y o

(D) FERER A E L . FES S R b
HZEREEAE | mL, HARF AR 258 +0. 008 mL, 4%
HEIS S50 AR H G, ASH 2 2 0,004 041, AH XA 6 2 2
0.004 041,

BT RARBUAK R BBy « =1.37 x 1077, 5L 3
TR (20 £3) C RBLIREE I sh B350 /0 A, BUH RE 5 1R
AT AN 2 B 0..002 373,

ACFR T B 9B TP T A 51N B R X RS B E N
0.004 686 24,

(2) (AR RE R = A R 2 BB . SRR 3 P A5 A ol
EEGEMARUR 10 WL, B85 EHLERE RN 10 pL, i 54
AP AR IR 22 (RSD) Ry + 1% , 4856 I8 23 A Ab 3, 10
AHXIARAEASHA R 0.005 8,

el RS ABURBUS A AR E I U, (.., =0.007 457,
2.2.2.3 [T A AT E B Uy o BT A
PRUEDR2E S ) R IURARR U =S /BRI U,y =Uy/
A TS BN DR S | AR 2 B R X ASH 52 B, 245 51 W
4,

F4 FTHH 4 MAVBERZAR MK ZE B AR ERE R R EE E

Table 4 Recoveries,the relative standard deviation of the relative uncertainty of four kinds of organophosphorus pesticides in Corydalis yanhusuo

At 10 pe/L A 50 pe/L AN 150 pe/L

Adding amount 10 pg/L Adding amount 50 pg/L Adding amount 150 pg/L AR

oy W
L TR R PRk R PRk HIXR  Synthetic
Compound Average RSD e B Average RSD e B Average RSD e R uncer-

recovery % Relative recovery % Relative recovery % Relative tainty

rate // % uncertainty rate // % uncertainty rate // % uncertainty
LRI Marla 83.4 7.2 0.086 33 87.3 5.5 0.063 00 93.2 4.3 0.046 14 0.116 4
sulphur phosphorous
EHALIRH Omethoate 81.2 6.3 0.077 59 92.4 6.9 0.074 68 89.7 5.3 0.05909 0.1228
=W Triazophos 98.5 4.5 0.045 69 96.7 7.3 0.075 49 85.8 6.6 0.07692 0.1170
JK B Isocarbophos 102.2 7.8 0.076 32 98.4 5.9 0.059 96 105.4 5.2 0.049 34 0.108 9

2.2.2.4 FHEVEARINE L U, o MBI BHPERE &
H BRI | ST AR R L = R K Y R R AT 6 U
52 T IE 77 AL NI E S U,y WA 50 FHRS AN E S

O A N E E WL 6.
2.2.3 HFMATERE. HHRAXWT:

U, =
2.2.4 PIRAHEE ., RIEHAE JIF 1135—2005 , % FRZ
HO e R LS 7 b =2 5, WIOCHT P oA ML & i
JRAHAERE U=U,, x2 x X, i 45 20 1% 200 sl
T4 P HUBEAR Z55% B S A IR R 7,

2.2.5 M@ RS T b SR e AL R AR =k
B KB B 4 Pl BB A 24 5 B8 O R I 45 2R 43
(0.048 57 £0.011 55) .(0.065 34 +0.016 41) . (0.043 14 +
0.011 02).(0.058 36 +0.013 02) pg/kg.

*5 ESNEFENTHEE

Table 5 Repeated determination results

; " HXFAS

WK PER AR

2531 Determ- Average g{ﬁfﬁf @;ﬁ]ﬂif;
Compound ination content anda rel()

times ng/mL deviation  Relative

uncertainty

L} A7 B Marla sulphur 6 0.048 57 0.000 600 0.012 35
phosphorous

EALIRF Omethoate 0.065 34 0.001 041 0.01593
=W Triazophos 6 0.043 14 0.002 013 0.046 67
FK MR Tsocarbophos 6 0.058 36 0.000721 0.012 36

2.2.6  ANHHE RN oA m A 2 ], R

2 2 2 2 2 2 2 2
rel(p) rel(v) rel(ms) rel(sv) rel(m) rel (ssv) rel(A) rel (w)
Uy +U +U +U +U +U +U +U

AT — BRI E ST oA MLBE R B & B e AR
SESE MR 8 i, 23 5k e bR v T Al B PR B VR 2
PR R GV C ) Ao 8L R A AR o LA BRI [
W EE A MR AR AN B, O o BEAE 0. 000 082 ~
0.011 640, HHp fy [T uie 52 1 8 52 M = A A i 88 A G A8
R KA R I A: AN R B . — W ) N 2
R PP P DR R B AR P AR 2 B R 7K S B, R TR AR FP AN
B2 BE T o4 B4 L G S PR L AR AR SR KRR
3 it

JCHA FP A BB SR B 0 e AR, R PR
W5 At R4 25 5 | AN o S8, o %o S0 36 2 3 B3
A VAR R R A L R R AR R A
FE R I RO (T — ERIBE TSR T v 4 R
WUBAC 25 5% B St 7 ik i i 4004 2o R s v V7 T
LI P A R AN 0 B e R, LR A O e R AR AR e B |
AN B o DRI, 76 S PR R v, w3 5 14
TRAS PR E ZR I WA I 5 VR, S8 AT AR S, DR
PSR (T — RIS AR s 1) R AU, O Wkt i v
ACER AT R RV E N 5L KO Dl NI 1 AN o
JE I PR TIEAG I 25 SR B 1
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Table 6 Relative standard uncertainty component
- — E 33> :/\ —J A 2: o - o) o)
R e AWERR At AR =t K ewust
: Source of Marla sulphur .
Uncertainty . Omethoate Triazophos Isocarbophos
uncertainty phosphorous
Uiy LR S 0.000 320 0.001 400 0.001 200 0.001 900
Uy PRIERE AT 25 0.011 850 0.011 850 0.011 850 0.011 850
Vvt i vhE 90 v o T 0.015 680 0.015 684 0.015 684 0.015 684
Uy PRI LA 0.013 090 0.020 287 0.005 737 0.023 980
Uviimy B FR 0.000 082 0.000 082 0. 000 082 0.000 082
Uiy PRFRR 0.007 457 0.007 457 0.007 457 0.007 457
Uiy EEE 0.116 400 0.122 800 0.117 000 0.108 900
Uy Eiy=X 0.012 350 0.015 930 0.046 670 0.012 360
U, A 0.118 900 0.125 600 0.127 700 0.111 600
R7T TR IMENBRARE 2T BIHEE &2 ik

Table 7 Expanded uncertainty of content of four organophosphorus

pesticides in Corydalis yanhusuo

fe2h SEE VA
P ;ﬁ id The measured Expanded
estieide values // wg/kg uncertainty
L R7 i W Marla sulphur 0.048 57 0.011 55
phosphorous
AL Omethoate 0.065 34 0.016 41
=mpfgs Triazophos 0.043 14 0.011 02
IK IR TIsocarbophos 0.058 36 0.013 02
[ | [/rerl B Vet Urer ) Urer s
0.14r Weaw Moy MUan Y/
0.12
2
.2 010}
wWE 0.08F
§5
Ko 0.06f
—‘v;‘ =
ﬁﬁg% 0.04 F
=
0.02

0
DA Zwrk P27

FALRR
Marla sulphur Omethoate Triazophos  Isocarbophos

phosphorous
HAEER S Organophosphorus pesticide

B2 THEETETRPERSHN
Fig.2 The result analysis chart in the process of uncertainty e-

valuation
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