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FIFIRE SRR BSS FE . Y EIT TPk Bl 411 pg/kg, VRAHIEE N 9.8 ngke, #EFLMGEE IR N
(41.1£9.8) pg/kg (k=2). & %IV I v] FH UM G- R IR ST A 0 R rh BEAE AR B BB 23T
KR AR G- BRI, A, AR E B SR AR 2k

Uncertainty evaluation of determination of chlorpyrifosin fruit juice by gas
chromatogr aphy-tandem mass spectrometry

XU Rong-Rong”

(Liuzhou Institute for Food and Drug Control, Liuzhou 545004, China)

ABSTRACT: Objective To evaluate the uncertainty of determination of chlorpyrifos in fruit juice by gas
chromatography-tandem mass spectrometry (GC-MS/MS). Methods According to the national metrology technical
specifications JJF 1059.1-2012 Evaluation and expression of uncertainty in measurement, the sources of uncertainty of
determination of chlorpyrifos were analyzed. Furthermore, the combined uncertainties and expanded uncertainties were
calculated based on the established mathematic models. Results The uncertainties of this method mainly came from the
preparation of standard curve and the dilution process of samples. The chlorpyrifos content of fruit juice was 41.1 pg/kg, the
expand uncertainties was 9.8 ug/kg, and the chlorpyrifos content was (41.1+9.8) ug/kg (4=2). Conclusion This method
can be used for the uncertainty analysis of chlorpyrifos residues in fruit juices by gas chromatography-tandem mass
spectrometry.
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dMusE s, WTRES S BB ILIN M RERE R . #E GB
2763-2016{ &% e EFhilE & R 2y RER R )
B e 3o SR 91 v 28 58 92 14 d5 55 % B PR 4t (maximum residue
limit, MRL)AT BHBARE . ARG H & TAES, K3
HE LI AN AR BE A, AN 255 SR A PR BT S
S L ARG 2 SR T B0 R BIRE R A A I,
SRS ARG I 5 SR R T AR R, A AT I R A A R B PR
HEAHEIEEEZIAT TR SZ0R, R TRAERE | 5
ARSI B, o S 56 5 1 LA I I R T AN
FERIRRFED, ER, XM €5 H I Tk I s SR
FEFEMAE BR b 1 AN 8 T R LR A .
AP IET TIF 1059.1-2012 (BT EEIPE 55

78 ) [0 CNAS-CL06: 2006 ¢ fb242 b7 Ho AN o B A

G ) 7. CNAS-CLO7 (Ao fE ry sk ) B JIF

1135-2005  fk 2% 2 B i & Ao B pE e ) ), k3% GB
23200.8-2016 { Fr b L2 FE ZARE KRG H 500 Flide
24 Je KA 2 SR B R I RE SO 3 -k ) O
AR BTG A E B D E 50 10 61 PN 1 R 6 SRkt 1)
Xt STt op R AR W BR e RGN ) AN R B AT I E AN AT,

NS = TR AR L MR A

2 RS

21 # N

TR R
22 XFE5HH

Agilent 7890A-5975C AT BT i1 FHAX (36 [ &8
22 H]); AE200 HL 4347 R G LR -6 R 2 A W) .

R gel, A RERHARAR), Ok,
HRERHARAR), ECkE(Eikad, 5 2R A R
5 F]); Envi-18 FEAZEBUMEQR.0 g/6 mL, EE GG
Al); A BRI A — UM E(500 mg+500 mg/6
mL, i JH FE BT BB A R A R ), B 58 AR o % W (100
pg/mL, ANHHEE+0.08 pg/mL, WRIHTRED . LR
WEE (100 pg/mL, ANHEE+0.17 pg/mL, %F RIEC
Pt ) (Al BRI AR 3P BRI T
23 ZWIR
23.1 BLEMH

() SAH &

3% 4 DB-1701(30 mx0.32 mm, 0.25 pm); #<NA
R TR, TR 1.0 mL/min; $EFE TR 290 °C, A4y
WAERE; AR PR 40 °C, f9F 1 min, L 30 'C/min AR
BEFFZE 190 °C, 745 15 min, FLL 30 °C/min (T Z
300 C, P¥F S5 min,

Q)i A

H, T2 7 % T (electron impact ion source, EI); Hi &

fE 70 eV; PUZLFFIRIE 150 'C; BRI 230 C; fEHk
TR 280 C; ¥AFILER 3.5 mino K AL T80 (selected
ion monitor, SIM). 3 FEI5 FIER 45 S £ B B[R] FRRAE 2
T 1.

x1 HEVHEMMERE TR

Tablel Qualitativeand quantitativeionsof compounds
Ewar  REWE(min) ERETFme) BB L)
HELR

BESLIR

17.697 353 355, 351

15.449 314 258, 286

232 ARBEAEE R A AR R B

FHZRFTAT56% 1.0 mL AL EbRMER £ 10 mL &
L, EZERIFFNARE 10 pg/mL; FIHZEFE % 1.0
mL BAEMARAESE 2 10 mL B, A RIS bR g £
VAW 10 pg/mL,
2.3.3 AR vh LR 69 BL

FE A 1.0 mL FRUEMEA R E T 10.0 mL 2580,
R EAZZE RIS 1.0 pg/mL BARMER FIR
H6 £ 1.0 mL BAPERE SRR, SHEEMA 50 uL INFRIF,
TR BRI 10, 30, 50 pL AOFRAEST FRFN 10, 30,
50 uL AOARIERE TR, TRATENE RIVARIE . DL R S bR e
VTR EE AE S PRI T L AEL (m s/ vois) AR ARAR, 7
BEHE 5 BRI EUAB (A /A i) IONARAR, 22 G ArE
S
234 HeumE

FEMAINZ IR GB 23200.8-2016 (£ 24 E F il
KRIRFFEZEH 500 Fpkzhy RARSfb Mk EEmlE <
RS- ) U0, RS FRECZ 10 g £ 8L CREHA 2 0.0001
2) T 100 mL B0, KA 40 mL ZJiE, #7575 15 min,
A 5 g GAksh, A 15 min, 5L KRR EHR
20 mL, FHETFZ 10 mL ZIETEBR Envi-18 A, H 25
mL ZWEVEME, WL TR, 40 Chef; 28 LK vkss
EA 1 mL, B BABRERE 44—, 42 em B
KEREREN, A 10mL Z0E @ BFG : 1, vniffk, 8Lk 1
mL W ARTR T 78 R, 35S mL 20 HFRG 1 1, 1P)
VML, WCEVEIR ERREE T, 40 Cleft#E kK E4 0.5
mL, FIECEEERER, BHE KT B E 10 mL &
LEH, AREZA 1 mL, FHEMA 50 uL NEREWR, e
TRATE 0.22 pum JERE, SRR SEW, A OIS B
W . LAOR BRI A+ =F B2 e v, MRt &kike &
IR 22 RIUE (/N W 17 = A

mpe X N

=M)h>£< Rec M
o X iR TP REAE IR B i (mg/kg B pg/g); m o ARG
VRIS B RESE ISR (), HY A w/A s APRIEE 2 2
BRRAS N RS R, BUE N 200 0); MRS Y

X
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%8 &

PRFERE (g); Rec 1 Rl AR B 1 [T CA (%) o
3 ZER5SH

31 THEERKIR

AR AR IR, TR i 0 S s 1 R 9 T AR
LA — Gy bR, e TR R T bRk B m] 2
B, SO AR JCFRE R, A B IR Nl
SR B AN 2 B, 5 TR v i e AR bl e 7 v B
BRI A AR s 2200 B LS 0 A S B8 AN o 2 11
WEREASRHER S FER AR . FRA R R . SRV
AR, AR PREY BOX — N ERZ 3 I, 7352
PR ST A 20 BE  of ph £ PO TG 1) R o B 2 AU 5 R
32 AHHEESENITE

AHEERIEETT A 2 B A SEPFE, XTERUE
ARPE T A AR ELH Gt 0 A D7 it A i A i o 2
OYEERPEE o BN MRS A AN E B, DRI

207 A BN E B B 280F0E, KPR | BRiER T

. BIE . B KRS
2% ook MR, Hdh o — B EK 2, kR E R
AIRE R i e Y B AT BB, — it
HAETE S35 (k B3 4 By 21
32,1 AFRBEMRFI NG AR AT TR TS wa(AF)

COBRAEDD I BB I BIAR SRR AT 2 (B )

BEFE AR UE S AR E(E N 100 pg/mL, ASHE JE+0.08
ng/mL, FEHIEMAEC k=3 T, AR R E
u(bz ,)=0.08/+/3 =0.05(ug/mL), #FFEMEHRME fh (¥ HH X b vf
RHEE BN (bR )=0.05/100=0.0005

(2) b o i 2 B Tk AR 51 A RO R X bR v R B
ﬂrel(ﬁ‘ v)

o v T 2 T ) 3o AR S AR R B R R UE R R
(14 702 R BE IR BE B R IR BUAE Mk 2 ANy iaT . S8 Hh
T 100 uL B IRAE 12 Y. 10 mL 5850 3 Y. 1 mL Bbrgk
MRS 1 YR, ARHE JIG 646-2006 ( BEUAE ) P2V AR A
JIG 196-2006 {  FHBERE 7 ) PG e U L AE 1 3R K A

VFiR2E, WA TR 225 | AR AR AT 2
B, BEAE 20 CRME, SCIRIREETE(20+4) CIEREIMSN, R
P 20 CHIAPLIAEFIRABUZAK RO 1x107 T
)RR 5 | (9 AE XA v AS B

A A (W3 2) 4 Bbr o il R e il 1L R 5 | AR A
S B AE AN E T

Hrel (JF{RV ):\/

3% 0.003% +0.005% +8x0.0172

=0.104
+2%0.046% +2 % 0.046>
Afsif
kxV (2)
Kb o MBI ERET R AT, & BURS 33%E
A AT, vV R PR

Lot Vs )=

ag

kxV (3)
K a HIREW S5 IRAEBIRZE, 5 FIRE R sh< ik
Ak R B FRTR, &k BURS 3T A T1aa), v ol
FARR,

G)PRUE LB E 5 A TIA IR EATA E B rai(p)

AR 6 AAS[FI Ve B ) B U MR HE A WEA T T DU
E, BAWENE 1R, E 6 K, TP ML G
BSEON 6, 5L 3. LLRSIBRER O h A0S A
Yyt LA D R AL AR, BEAEMELSS PN bR = B LA Ak
bR, SRIEIHTFE S y =1.1773x-0.0101, +*=0.9971(.%
3)o MR ()T YN AR b v VA Y G T AR TN AR T 7 A
BIPRUHETR 22 5(1)=0.028,

XTFE SRR EAT 6 WKEE S IIE, Rl ARV i e [0 I
FEHEERI P mow/m vl 0.369 (I3 4). HAEAR ()5
fo /N IR A AR E I 2k AL RR B 1A BIAREAS T 2 S

(0.186—0.30)°
(0.03-0.30)> +(0.07—0.30)> +
(0.09-0.30)> +(0.21-0.30)* +
(0.56—0.30)> +(1.02 - 0.30)?
ol A M5l A MM X AR E R BT R
Lei(p)=0.014/0.369=0.038 ,

ﬂrel(V‘]n%fE ):

) 0.028

11
- i =0.014 ,
P 1.1773 |6 6

F2 WHEEANBRB[OEMNITENBER

Table2 Relativestandard uncertainty of glass container and locomotive pipette

AR5 AR EA B E T2

H EEss A A AR E B AHXS AR 2 B
jrgc! o Hm e 2 >
(mL) WEL Leel(V ) Leet(V ) \//u'rel( Vﬁc?ﬁé) + s7e€ VJELLJE)
10 mL 25 5i(A ) 10.0 3 +0.020 0.001 0.0023 rat(10)=0.003
I mL FAARZR IR (A 20) 1.0 1 +0.007 0.004 0.0023 w:a(1)=0.005
100 pL Bt (A 4%) 50.0 8 +3.0% 0.017 0.0023 1#:0(0.05)=0.017
30.0 2 +8.0% 0.046 0.0023 1:(0.03)=0.046
10.0 2 +8.0% 0.046 0.0023 1:0(0.01)=0.046
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4
AP n Sy EAT B v 2 DL SRR i S 2% o R X
JSLFR MR ISEAED; y % B 0 B AR B T RT3 g
i/tl\{EO

SO (L1 (=T
b "N 1)
Jj=1
o n A AR MER RIS B S EG p RS E R I E N
WRE xo AR A il A H A TE T A5 i FU AR A 39MEL; x
YA bR SACA L R RIS, X bRuERN 2
B AR BR A AT IME; b o HZRRLE
(R RS A E B o m T A AR MEY L5 A B AH
AR A BB R

Myl CBR ):\/ Hif OB ) + g By + gt (B )

u(p) )

=70.00052 +0.104% +0.0382 =0.11

322 ARFIINGAAAARE TR E L pa(FF )

FRG 2.3 SEEE Ik, FREERCA 10 g, FEHEE 0.0001 g,
MR JIG 1036-2008 € HLF- K- ) PG MR, Bk BT %
VKAV E 0.5 mg, HeHAIA T k=3 T, R
Wi 25 5 800 BE AR T A Y bR ME S B B R (R
w)=alk=0.5/\3 =0.29 mg MM AREANTE L ea(FE ) =(FE
»)/m=0.29/10/1000=0.00003

3.2.3 ARAHBETE I A AT R g )
FE S AR BT RGP o ORI T 2L A
22 ISR 5 | M AR I 2 AN T LR R T 100
pL WA 6 YK .20 mL HAREE IR A 6 YA 50 mL 43 IR
B 6 U WU JIG 646-2006 ( i #s ) P24 E MLFR AN JIG
196-2006 € & FBE B R ) P IRG a MURE B2 A F K FeifF iR
22, WAEAR Q)T H 255 A WA SR N E B
HHTE 20 CRE, SCIRIREEFE(20+4) CIEMM: ), Wik
20 CHIAHLIAEFI R IARBIEZIK RZECH 1x107/C 585K
)T A R BT 5 R (AR AR AN B 2 . AR 45 i
(W2 5)B BURE bl i A8 o R 5 LA 118 R X A o AN B A
1,y (FED=6%0.0037 + 6 %0.002° + 6 x0.017” =0.043
324 EFEMIIANGMT T tea(®)
ARSLIGNFFEM AT T 6 RFEATINRE, 6 YR E 459 I
4. He A BIE N SR AR LR EE T AW
FRUEATHE R w(w)=1.2/6 =0.49 pg/kg; MFHRUEARH
SEE N we(w)=n(w)/ R =0.49/37.1=0.013
3.2.5  ERE T NGY AR ARE A B a(Rec)
XERESRIEAT T 6 YMARSE S, I 255 W3 6.
CNAS-GLO06 { fb2# 43 i R e FE e 46 e ) Ui siok
FEEBH S R G IR 2 o A (6)%T T k47 i 2 A
. FEEHER S, BIEMEN 95%TF, 1005(5)=2.57, 2f
Bl r=2.57, WSENGER 100%4 B 2R, i
FI M ELS R, Y <2.57, MR EMEZER, SR
EEESCNEET N

®3 Rk

Table3 Calibration curve

Ze MR A AR Ltk Gh Ak AR . .
: - : " Lk i x i i y (i yiy
Xi(m esm/m piz) Vi(A4 wea/A wiz)
0.02 0.021600 0.03 0.013446 0.008154
0.06 0.067190 0.07 0.060538 0.006652
0.10 0.099056 0.09 0.107630 -0.008574
y=1.1773x-0.0101
0.20 0.239972 0.21 0.225360 0.014612
0.60 0.650826 0.56 0.696280 —0.045454
1.00 1.191814 1.02 1.167200 0.024614
¥l 0.30
T4 HBUEER
Table4 Determination results of samples
1 2 3 5 6 ¥IE Pt 22
BUFE & (g) 10.0530 10.0125 10.2692 9.8106 10.0289 10.0052 10.0300 0.15
m w/m pyiz 0.374 0.395 0.374 0.370 0.358 0.369 0.018
ﬁ\ﬁ(ug/kg) 37.2 394 36.4 36.9 35.8 37.1 1.2
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#*5 WHEEANBRJ[OENIRETREE
Table5 Relativestandard uncertainty of glass container and locomotive pipette

HES 5 AR AE AN 5

By iz A At FAXSARAEATRE BE  AAXAR A & BE
H= = v
w(mL)  REL o2z Heet(V wene) Heel(V ) \/ﬂrzel( Vigs) + /41'2e1< Vi)
50 mL 43 B W HEAE (A ) 40.0 6 +0.020 0.001 0.0023 1re1(10)=0.003
20 mL AR B (A HK) 200 6 +0.007 0.001 0.0023 srei(1)=0.002
100 pL B IRHE(A ) 50.0 6 £3.0% 0.017 0.0023 1:(0.05)=0.017
#z 6 EEMNELR
Table6 Determination results of recoveries
1 2 3 5 6 ¥ T O 2
] 26 (%) 87.4 92.9 91.06 90.22 89.52 90.18 90.21 1.8

e A EVEE I DU ZE IR A A HE DR 5 | B v
KW E B N u(Rec)=1.8%/ 6 =0.73%; 18 A 2> 3 (6)
1=[100%—90.21%| / 0.73%=13.41

|100% — Rec]|
= (6)
u(Rec)

ALY ¢ AZER AT 2.57, KBRS L RS
SR 100% 351 22 5, 1 [T Sc 3 A8 LE I 5 45 2R
T:37.1/90.21%=41.1 pg/kg

2 [ R AR A 2P i —FR A, (TR A
XIS 5 FE A

tei(Rec)=u(Rec)! Rec =0.73% /90.21%=0.008
33 THEEMEK

FE PRI B (K AT £ bR A B A

Lt = 12 B + 12 B 12 (B + 122, (Ree) + 122, a)

=J0.112 +0.000032 +0.043% +0.0132 + 0.008% =0.12

P A AR E AR E p(c)=pra(c)=41.1x0.12=
4.9 ng/kg
34 Y RAMEEFMERRR

e 5% M EERER T, MEEHET =2, iMHEY A
WEE N Ulc)=kxu(c)=2x4.9=9.8 ng/kg. ik rhEEFLIRY
HR BB R M (41.129.8) pg/kg (=2).

4 ¥ #

BT P S €0 3% 8 B T 0 A7 S T e 5
WA 53 1 AR S EE SR WA T T 8 4 T (407, AR 45 K 4%
5 PR A A R B R (ISR 7), AR A T T
R T 28 T 3o PR S W B ) B, e A e
R e P AN B 1 R SR BRI 2 T 5), ifie
1o PR J3E o8 85 1 B ELAR R RSV RR, T/ N 5 1 S

FEJE, T A e o LUCRE Al A B R A EE A A S
BGIABIAE BT, FRabZed 2 okds . 2 KE%
T 2 WIEARAL G fL, 1A %, A6 TPT
ZRHAEAER, S8 3 AL A OF T — IR E AT A, 7E
AN FE AR ISR A1 D0 T D A B IR, RN E

R7 BRMNEDZDENENTECHEE
Table7 Relativestandard uncertainty of each component in the
determination of chlorpyrifos

Gincs P 3 e 7 i il
(B3 ) B Joe o B b 0.0005
tra(FE 7) PREMLRCHS R BITE 0.104
tra(PE ) PREmA G AKIE 0.018
tra(FE ) R BZiTE  0.00003
e (FF 1) b s P B it 0.043
wei(Rec) Bl A 0.008

tra(@) EE AR A REE 0.013
S E Ak
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