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MRl il 7 > RG> ARSI T PR, HAME R N IRBE S 50 0.15 me/kg I, HARRAHE &
0.04 mg/kgk=2), L5 IZIPANEERY A AR G5 - BT 100 5 N IR, PIARTE AT St i A AN BE A PPA £
BT S K
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Uncertainty evaluation for the determination of profenofos in citrus by gas
chromatography-tandem mass spectrometry
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ABSTRACT: Objective To establish a evaluation model of uncertainty for determination of profenofos in citrus by
gas chromatography-tandem mass spectrometry (GC-MS/MS). Methods According to the CNAS-GL006:2018
Evaluation guide for uncertainty in chemical analysis, the source of uncertainty for determination of phosphorus
bromide in citrus by gas chromatography-mass spectrometry was analyzed, and a scientific mathematical model was
established to quantify the influence components. Results The order of influence of uncertainty on the result of
determination of profenofos by GC-MS/MS was as follow: The dilution preparation process of the standard curve>
linear fitting>the pre-treatment process of sample. When the content of profenofos in citrus was 0.15 mg/kg, the
extension uncertainty was 0.04 mg/kg (k=2). Conclusion The evaluation model provides a reference for the
evaluation of uncertainty in quantitative analysis in the determination of profenofos by GC-MS/MS.
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1 5

TE 2018 A%t L A 2 5% BA 1 W B s vh R B, M AR
S SR DR T B P S ke R e U IR R R T
TRRBE L AAT B R s, R A e R Y A
R A A HLBE A BURITOT, SRR bR i 0 9K 240t 3 A ARl B
e Hh [ S50 == E I AT 22 5145 CNAS-CLO01:2018 (A
SR HES R R SN T HEI ) R, TSR A I (1 S 56
IO E I AN S, S G I R SR A T SR A T KA,
G A N LB R B A . AL GB
23200.8-2016 { fr A L2 FE ZARE KRGS H 500 Flide
24 AR Sl S AR B R A e AR T - i ) PTG
FHA PR N IR BRI B B, 2 CNAS-GL006:2018 { fb2E 2 #r
HRONHSE BE B PEAG FE R ) U JOF 1059.1-2012 ¢l AN
SEREIEE SR ) AT JIF 1135-2005 (Ab22 4347 I S
R ) VIR TAE O BEVEE, LA IYI4 B b e AF B 2
B, Bk SR A . M R 4 SR S R R
SRR i A A SR AR AR, TR A S G
H & R R iR gt 21314

2 RS TS

21 #MREEH

SE AR AG W T T

TN TR B M B (99.0%+0.5%) . N B 4R B bR o
(99.14%=0.49%, f%[F Dr.Ehrenstorfer GmbH 23 F]); Envi-18
F:(12 mL, 2.0 g). Envi-Carb #£(6 mL, 0.5 g). Sep-Pak Z N
FHHEQGmL, 0.5 g, 3 [E Waters 24 F).

ToKBRBR N (4B ali, [ 24 48 Bk 2= 08 B /),

AL M al, T ARCERH B A IR D), NI . L

ki, WS4, £ E Fisher Scientific 22 H]).

22 NF/EERE

TSQ8000evo B A €43 -JFi 154X (35 E Thermo Fisher
/A #]); DB-5Ms UTH:(30 mx0.25 mm, 0.25 um, 3% [F Agilent
/v )); XS205 DU HLF R F(%E 0.1 mg, i LAFRRE-FEF
Z/NT]); KS 260 $2 1K | Vortex 3 TR HENR 1% #5 (T5 [ IKA 23 7);
Multifuge X3R ¥ % .0 HL(3£E Thermo Fisher 24 F]);
Multivap Z ML (ZEE Organomation /A ]); Gradient A10
Milli-Q 47k L (35 [E Millipore 23 &)); FA25-20G K1) i £
(¥ 5 o A A BT A 6 A7 BIR A 1)
23 KWHE
23.1 &R B

HERIFREL 10 mg NIRBEFRUES T 10 mL 52+, H
WP E R EZE, Bohl i 1 mg/mL pRUERE R, BEOG,
=20 °CUKAHRAF

232 AARIARR A B

HERAPREL 10 mg NER L SEARUEM T 10 mL 28I,
FNEG R E R 22018, BRI 1| mg/mL NFRMERR, &
¥, =20 °CUKAR#AF
2.3.3  ARofvh KRR A Bk

BFRUERH S BB R BEN, 100 pg/mL AARE 8],
10 pg/mL BIARIE TAEW, 43 IR BARAE TAEW 50 uL. 4%
WEFFIAIE 10, 20, 30, 40, 50 uL T 6 2oL, FhE
FEALZS I BRRRIGE E 1.0 mL, JIA 40 pL B NFRAT2.3.2),
el B 500, 1000, 2000, 3000, 4000, 5000 ng/mL
FSE bR UE R AN S . BRI BLRL
234 HEraE

FREL 10 g il 8 1340 5B F 50 mL B0, A
20 mL ZJiE, PR EAE 15000 r/min 2J 3¢ 2B 1 min, A
2.5 g Gk, FEATH AR 1 min, B EOEAEONL, TE
3000 r/min B.0> 5 min, BEIEWR 10 mL RFidfk

#4 Envi-18 HEALA 228 1, FERTSEH 10 mL 25T
PERE, THESSOM, BA FR 10 mL 250K, JEH 15mL &
JEBEAE, BHERIEIRAE 40 °CKIB B AE T2 1 mL,
%M.

1E Envi-Carb #: A2 2 cm /5 JC/KBRERGN, Wiz
HEHEAE Sep-Pak PN AR TOER, A5 AR IBCAE T HEXS O MU 7
FEE o IMAEERTAEM 4 mL ZR5+HRG:1, V)T,
R T B TR PR A O, TRHOKE AR S R R R B & Ak
FEE, 40 3 A 2 mL AR+ ZEQG:L, VIVYTRIEFRBOM, FF
BRI AR, FEERBRA: BN 50 mL T-igi#s, A 25 mL
CE+HZEB:1, VV) PRI RO, O BT Ot TS O
b, JFALE 40 CCOKIB e MR 224 0.5 mL . KA 5 mL
IECUBETE 40 °CARIRHIEZ8 K, BTV I A H IR, B4
F 1mL, INA40 uL NPRIEW, 185, ik, HFAMEEE
I AE -
235 BBELEH

THEFERE: WA 40 °C, {£4% 1.5 min; 25 °C/min
FZE 90 °C, {#4F 1.5 min; 25 °C/min F+FE 180 °C, {f4%
0 min; 5 °C/min F}- % 280 °C, f#%F 0 min; 10 °C/min F} £
300 °C, fRFF 5 min; AN 1.2 mL/min; SEFEE: 1 uL;
AW ERE . B35 B T (electron impact, ENJi, 774k
RBFAIH 6 min, SRAE T2 5 2 F W (selected ion
monitoring, SIM X, ik an 1.

x1 RRBEERESH

Table 1 Main mass spectrometric parameters of detecting

profenofos
P L e Py Y =1
(m/z) (m/z)
PN TR profenofos 339 297. 374
WE L& heptachlor-epoxide 353 351, 355
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3 #RE5H
301 HEFER
yecox A S A
As Cs A
X: A 5% B 1, mg/kg;
Cq FLJFARME TAEA B R B P ¥ B, pg/mL;
A R T BRI A 1) £ U TR L
Ag: TR IE T ARV WP g o i) i s T 7L
Ci: AR NRYIHIE, ng/mL;
Coir FEJTIRUE T AW T BRI MR, ng/mL;
Asi FETTRRIE AR TR AR 09 €0 15 U [T AR
Ai RV T AR I g0 AR
V: PR ERAE A AR, mL;
m: BEERY R, g
f: BIE{E.
3.2 THEERKRESHEEL
3.2.1 AR E R R AR T NG AR
FREXZY 10 mg PRIRBEARAEDI BT, FIREE A % 10 mL.
(1) RFFRED AR E
e KPR E UEAS 25 H s ([ iR 25 £0.05 mg,
MR A5 53 A, AR HEAS 2 BE A -
U 2:(M)=0.05/+/3=0.02887 mg;
VA RRAL, H UL AR AR AN A A
U(M;)=v2x0.02887°=0.04083 mg;
FREFRUEY T M=10.80 mg, MAFRAEW M, fIAHXT
AN R
Uc(M)/M,=0.04083/10.80=0.003781,
(2) PRUEDIIT A SR 5 | ARARHR 2 BE, UEA3 45 H bR
HEANTE BE A

V
x — xf
m

U(P1)=0.5%;

AN 99.0%, FIXFBREAHH E B A

U(P,)/P,=0.5/99.0=0.005051.,

(3) PRUERG R IR E 2R T | AP S

Ko I8 1IG 196-2006 (SRS LR G E AR ) 1)
10 mL A AR KA & iR 2E H+0.02 mL, &R
143 A, A BT 2 A

U 22(V)=0.02/4/3 =0.01155 mL;

TR SIS IR M (20+5) °C, AERTE 20 °CH Y
IRBUEIK RECH 1.49%107°/°C, #3851 50 41, Hop=HE AR
FE N

U we(V1)=1.49x10x5x10/+/3=0.04301 mL;

1 LA_E 2 J05 1A A BORE  BR AN 2 A

Uo(V))/V,=/0.011552+0.043012/10=0.004453;

L5 AR, bR o G A5 T O 1 S R 5 LA B AR X

PR IEA 22 R

UL (F8 %) = 0.0037812+0.0050512+0.0044532=0.007723 ,
322 MAREEIREE T AN AT

PIARIEUEAT 2 A 5 AR B A &R, RS
AT DG FR, PN it 85 R TC ) 2 ) AN N 2
323 AR A S| W KRR EE TAR TN R

P v 72 91 i 2 O S B0 A il £, T o AR S A
JE FEMBRARBER AR, SRS R, S5
= BRSSO,

1) ARIER R RS A BN E

(1) FRAEP A TR 1.0 mL ARUERE AR, TSR &
% 10 mL, BUHlEHEZ4 100 pg/mL.

FHE JIG 646-2006 B ias i AR ) 81000 L %
BABIZEL 1000 L I AVFIRZEN 1.0%, 513040, H
TR AN 22 BE A

U 52(V2)=1.0%x1/1/3 =0.005774 mL;

TREE: W SLIR R S (20+5) °C, NERTE 20 °CHIAY
KB R R 1.49%107°/°C, #3543 45, HARUEAR# &
R

U wi(V2)=1.49x10"x5x1/4/3=0.004301 mL;
F BSVRAR IR 5 | A1) £ JSCRE G s T AN A o A
U(V2)/Vo=+/0.0057742+0.004301%/1=0.007200;

10 mL A AR RS RVFIRZE H+0.02 mL, #%

W51 oA, HARMEA I 2 B R
U #2(V3)=0.02/+/3 =0.01155 mL;

R RS =R E R (20+£5) °C, NHERTE 20°CHT )
RBUIK R BN 1.49%107%/°C, 453515045, Hobr e A
FEJE N

U we(V3)=1.49x10x5x10/+/3=0.04301 mL;

B 10 mL A FAAHE 5 A M)A BAHXFR A1

FEE N
U(V3)/V3=v/0.01155%+0.04301%/10=0.004453;

=3 T Y 7 A R N A B O S AN D R W RO v
WA 2 Ry

U (1 1%)=+/0.007200%+0.0044532=0.008466 .

(2) bR TAER: "EL 1.0 mL AR, RN E
% 10 mL, FLHIFEWELZ R 10 ng/mL, HARHEATHE
14 43 HT B e A5 e e TV A T o 4 I

2) ArifE R LRI RC 5 A A B L3 2.

JIA 40 pL AR IRCHT AR AS B

AT AR E B 40x3%/A/3 =0.6928 uL;

HIRZES I AMIRIREE: 1.49x107x5%x40/~4/3=0.1721 pL;

B A AR ER B E E: V0.6928%+0.17217 /40
=0.01785;
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Table 2 Uncertainty analysis results introduced by the preparation process of standard series curve
stdl std2 std3 std4 std5 std6
R BRI A B /L 50 10 20 30 40 50
100 pL Bt iR 22 3.0% 8.0% 8.0% 8.0% 3.0% 3.0%
A HUE BT AR /mL 0.95 0.99 0.98 0.97 0.96 0.95
1000 pL AR 132 22 1.0% 1.0% 1.0% 1.0% 1.0% 1.0%
LR R R 2E/+°C 5
Y15y 53 R EL 1.732
sl 7 3V 0.00149
BRI U s(V)/uL 0.86603 0.46188 0.92376 1.38564 0.69282 0.86603
PR U s(V)/uL 0.21506 0.04301 0.08603 0.12904 0.17205 0.21506
PRl Uc(V)V 0.01785 0.04639 0.04639 0.04639 0.01785 0.01785
BRI LA A o A EAS B S i 0.08609
BRI U s(V)/mL 0.005485 0.005716 0.005658 0.005600 0.005543 0.005485
BRI U se(V)/mL 0.004086 0.004258 0.004215 0.004172 0.004129 0.004086
PRI Ue(V)V 0.007200 0.007200 0.007199 0.007199 0.007200 0.007200
TS UG A X B AN A 0.01764

6 WA N AR A AR AR X B o R i N

0.01785%x6=0.04372;

ZE LT, BRUE RSN LV W EC T 5 A BURE X
FREAN o B oA

UL (A% B T2 )= 0.086092+0.01764%+0.043722=0.098 15 ,
3.2.4 HamFI N R

1) B ST FR G ]S 2 B 5 #r

SR, FRAT RS F REARE T TR AT, A EIRE L RN
FAHH 86.4% . 90.6%, HWTEAIMEUETLHEN, (HEN
T2 S A BRI AR PR — A 2 R AN A ) TR AR,
DR G X4 AL BRI A T A 2

(1) 20 mL A R HABRE IR S 25 1 AR i/F15 25 440,030 mL,

eI 5 oA, HARMEAIE R

U 22(V3)=0.03~/3=0.01732 mL;

T WSEH A IR E H(2045) °C, ZIETE 20 °CHffY
MK BB 1.37x1073/°C, 3514045, A iobR ik
AN E FE

U we(V3)=1.37%10"x5%20/4/3=0.07910 mL;

 PA P IR S | A& SR R bR AT R B

Uo(V3)/V3=v 0.017322+0.07910%/20=0.004049 ,

(2) 10 mL BHAEFLE 10 mL IER RIFIREN 0.6%,

PRI 5103 A0, AR UEAS A A
U 22(V4)=0.6%x10/1/3 =0.03464 mL;
TR LI A N (2045) °C, ZNELE 20 °CHTHY

TRFU K R BN 1.37x107°/°C, Fed95) 504, Ho= A ipR i
AN E
U we(Va)=1.37x107%x5x10/+/3=0.03955 mL;
H1 AT IS | AP £ JORE  R vE ANff  EA
U(V4)/V4=v/0.03464%+0.03955%/10=0.005258.,

(3) 1 mL WA EL | mL R ARIFIRZE R 1.0%, %
Y5y oA, HAREAH 2 B R :

U 22(V5)=1.0%x1/+/3 =0.005774 mL;

TREE: SIS IR S (2045) °C, ZHETE 20 °CHIHY
RFRIE K ZB0CH 1.37x107%/°C, #3959 40 45, H™ A= bR
AN JE N

U we(Vs)=1.37%10x5x1/4/3=0.003955 mL;

HT AT I | AP 45 JRE R R 1 AN o Ay

U(Vs)Vs=/0.0057742+0.003955%/1=0.006999 .

(4) 100 pL BRI I 40 pL B AVFRZE N 3.0%,
FEB ) oA, HARMEA I Ry

B S | AR A B 40%3%/v/3=0.6928 pL;

AIR25T | ABBAE E: 1.49%107°x5%40/4/3=0.1721 pL;

A B R AR EAS B 5 i - 1/ 0.6928%+0.1721%/40=0.01785;

8 YN PIARAE A B B AR X AR EAS T 2 B -

0.017852x8=0.05048;

PR i Ak B 3L R 5 | A ) B B XS A oA A

U (AT b 2

=v0.0040492+0.0052582+0.006999%+0.050482=0.05139 ,




3028

B dn 2 4 R R I A 4R 5510 4

2) PR PES A BN E BT

S(R) |1 1 (CxCy)’
+ —eeeeeee

WO R 6 Y AR PEAE SR A U, (%)= S
= Py NPT N o A fﬂﬁ pm Z_n C.—C )2
RORHE FE MO, LAS B LA 5 AT 10 5 R AR L1 (Gi=Co
KA 5 B AR VAN B, 8 BRRE AT, SRy [T bl
n-2

PRSI B MDA 2 L3 3,
3.2.5 AR K AATI NG A

Horpe PONFEMEL, P=8; m=noxbn I YR (n S i 2

BRI E S HR, R 6 MR MR, o 0 PRIIWEREDY 1): GOkl P Co ik

FME 1k, BRMEMERIE TR Y=0.00445X+0.2063,
r’=0.9990, MEREL 8 1y, 15

AN E BETH A N

WL (R CONITER ISR, RARAR; yi W AtR, 1T
AR 4.
L A BT AN E BERORIR, A5 R R 5.

FURE S P30, HLI R

®3 HRESMTIHEEZERE
Table 3 The uncertainty sample repeatability

5 WAREREE C/(ng/mL)

Bubtit/mg  AQIEMET & X(mg/kg) PSR Xi(mg/ke)  ARMEMRZE/ % AR IER2Z/%

1 723.554 10.384 1.0692 0.1490
2 703.003 10.341 1.0692 0.1454
3 718.966 10.215 1.0692 0.1505
4 721.327 10.327 1.0692 0.1494
0.1510 0.003846 0.02546
5 736.501 10.023 1.0692 0.1571
6 731.074 10.058 1.0692 0.1554
7 723.896 10.138 1.0692 0.1527
8 713.976 10.261 1.0692 0.1488
F 4 SMUSSINNTHEE ST
Table 4 Uncertainty analysis introduced by linear fitting
stdl std2 std3 std4 std5 std6
o it WA T AR 1494993 3146171 5661971 8484380 11185905 13869954
PR I T AR 649461 634694 620423 636248 629915 610279
Area Ratio(y;) 2.3019 4.9570 9.1260 13.3350 17.7578 22.7272
PR Ci/(ng/mL) 500 1000 2000 3000 4000 5000
D5 REL m 6
r’ 0.9990

k7 e

#E a

U b
Frififi 2= S(y)

FIE U V- #4{E Co/(ng/mL)
P B P
M- 4 {E Cx/(ng/mL)
FREARHEFE U(X)/(ng/mL)
HEXS AR AN E B Urel(X)

y=0.00445x+0.2063
0.00445
0.2063
0.2700
2583.3
8

721.537
43.740

0.06062




5510 3 INIE: SR - ST A AL AR T PR ISR Y B R R 3029
x5 STHEENNE
Table 5 The components of each uncertainty
ZHIR
AN E BERIR SURE — £ IR A 1
T
Uc(fi &) 0.007723
Uc(h[a1¥#) 0.008466
Uc(TAER) 0.008466
Uc(iti£k) Uc(brifk) 0.08609 0.09888
Uc(hr i AL ) Uc(F: ) 0.01764 0.09815
Uc(MF5) 0.04372
0.004049
Uc(iib3) 0:005238 0.05139
Uc(FEh) 0.006999 0.05735
0.05148
Uc(F 1) 0.02546
Urel(X) 0.06062
S B AR AN R B A st

Uy=v 0.007723%+0.098882+0.05735%+0.060622=0.1296;
W A BRI ANB E A
U,=UxX=0.1296x0.1510=0.01957 mg/kg;
BFHERN 95%, B & T k=2, MIHRRAHE N
U(k=2)=kxU,=2x0.01957=0.03914 mg/kg;
FTLA, 27 B S PITRBE ) & B (0.1520.04) mgkg.

4 &

M3 5 TLUE H, NFRIEIES T il IR B, X
T R 2 BE RS R Bl 2 AR R L AR >
PUA > FEEL A ATAL B AR > it 2 W BC i 1L B, L Db o
Py I3 ) S R 3 AR i AN S B SR e/, L
PRI LA o AERRHE M AR RRBC I A oL R b, T O R
BC i R, RS B B VA T IR AR AR G, N B i 4
PR R IR 22 AR, 7T LA BERR T RORG 1) i i i FH ik
JR VTR T b o TP DI, DA T e BSOS R PR AR B A
HER SN LR EL ], 900 N B E AR B o (A
AR FH AR RO E VE, XFRHE R 90 TAER 1T 2
Mg, Rmga/ N A ERE, IESS R AR,

LAY CNAS-GL006:2018 { A2 Hrh A &
JERPPAGARRE ), oA SR (0 33 - T 0 R A7 v PN TR
AN 2 BE DR TR, ST Rk P BE AR T I R AR 45 AN 5 M 4y
W, Y RO AR R R AR E R, 45RO
(0.15+0.04) mg/kg(k=2), ZHIF, ZIEMBRIGZ L, MK
0 - T 3 U PR VLB, PN B VR R AT R A N A AN R
JE PR L T S5 K45 .
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