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Uncertainty evaluation for determination of 4-chlorophenoxyacetic acid in
bean sprouts by liquid chromatography- high resolution mass spectrometry

GUO Li-Jing", WANG Sai-Nan

(Food Inspection and Testing I nstitute of Henan Province, Zhengzhou 450003, China)

ABSTRACT: Objective To evaluate the uncertainty for the determination of 4-chlorophenoxyacetic acid in bean
sprouts by liquid chromatography- high resolution mass spectrometry. Methods According to SN/T 3725-2013
Determination of 4-chlorophenoxyacetic acid residues in food for export, content of 4-chlorophenoxyacetic acid in
bean sprouts was detected. According to JJF 1059.1-2012 Evaluation and expression of measurement uncertainty, a
mathematical model for the evaluation of the uncertainty of 4-chlorophenoxyacetic acid in bean sprouts by
high-resolution liquid chromatography-mass spectrometry was established, the sources of each uncertainty
component was analyzed and quantified, and 4-chlorophenoxy in bean sprouts uncertainty in the determination of
acetic acid content was synthesized. Results When the content of 4-chlorophenoxyacetic acid in bean sprout was
35.11 pg/kg, the expanded uncertainty was 4.28 pg/kg (k=2) under 95% confidence interval. Conclusion The
preparation of standard solution is the main source of uncertainty in experimental process.
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4-F AR A Z R (sodium 4-chlorophenoxyacetate, 4-CPA)
R R | A . BivE R, FILATEdE T2,
Ak, RE G R, N TR AR g
T, HW Stk d AN, B FE . R,
JRE 2R 2015 455 11 SRR 1, A &8
A 4-CPA IR 2E, SR W A /R & 2F h 4-CPA
FR R

W2 AN SE A A FRAE A P M T A 00 1 A4 43
P G0 S RARB R MRS O L RO R T
SRR TR, MBI IASE AR . BRIET 448
HEA LRI E 7 R A E PP g 8D, (ATE H RS
W TR G 2 4-CPA BUKS 3 E s . AR K I
SN/T 3725-2013¢ Hi £ bl 4-50 285 2 TR AR B R 52 )
U0 5 7 2F rh 4-CPA FR P L, MLl JJF 1059.1-2012 (&
AHE T E 5o ) B CNAS-GLO6 { fb27 43 #r Fh A
FEREPEAE R ) B ik, s BeE R X 4-CPA
VRV 7 85 AN S A TP, T Ay ARG I 3o R ) o
PSR ARl 2= ARk 4

2 HHSH®

2.1 {5

Q Exactive Plus PUMAT-H L 038 Bk i 209 B (i
A H-ESI I, € [E Thermo Fisher Scientific 2\ &) );
Vanquish J&AH {1 R 50 (36E Thermo Fisher Scientific 23
wl); 3-30K &L Sigma A H]); ME203 HL R,
XSE105DU HLFRF-(R5i 2 0.001 g, Hi M -40H £
2]y, Milli-Q HE4liZK & 45 (34 [ Milli-pore 23 wl); HR2166
I T AL 2% Philips 23 +]).

4- E K H L R bR UE AL (4B 98.1%, 1 [E
Dr.Ehrenstorfer GmbH /A F]); B 8528 # [ AH 2 IUAT: (32 [
Waters A H]); HER(EIEAL), HEE., 2. ZRABE. IE
O bt (4,31 40)(24 [E Thermo Fisher 23], 5236 H/K S A il
—%K.

GAFREACK BT A R A
22 SEWHE
221 HRALE LN E

G AN IE S, PRI 5 g(REE) 0.01 g)
HJSIRERL T 100 mL (.04, A 15 mL 0.02 mol/L
NaOH /A#, HHIA 20 mL IFE %%, 7E7% 5 min, 4000 r/min
B0 2 min, KBR B2 ECKE, 5T 28000 R 5 T
pH{EH 2.5, JIWA 20 mL Z82 Z E&¥%7% 30 min, 4000 r/mim
#5002 min, BCEEAPIEWE, FRIEMA 20 mL 2R B,

HERI R, 5IF FEAVIER, T 45 CARML IR
T, 3 mL 2%H BRKIE W%, Rl Bk iR
IASE R FEE, AWEA BB 7383/ M, SRIRHRIR A
2%% K . 30% I BER KRR, HEEMSE, &EM 3 mL &
2% F R FR B VR, WRCEE B R I VEIRIA T 45 °CAR
WAIORT, 1 mL faAHE#AIRE, o 0.22 um JEE,
LML E
222 &L

83 ¥ . Thermo Fisher Scientific Hyoersil GOLD
VANQUISH #%(10 mmx=2.1 mm, 1.9 pm); FEi&: 30 °C; £a,i%
e WiE: 0.3 mL/min; #FFEE: 5 pL; WShHH: 0.1%F R
KB ZNE=55:45(V:V), 251 ¥
223 A

RS AT FR S 55 B IR (HESTHD), 25 F 1%
HAIRE 300 °C, B HIE 2500 V(g FHiL), <k
IR 350 °C, ¥ EN,)35 arb, HiBISIE(N,)S arb, fififf
FiERIEW 5 d ®IE 1 i, R SPATRo E
I, fEEAEEA 35 (N)CE, 4-CPA [IE &5 1%t 186.9962
> 128.9910, EVERE T4 K 184.9993 > 126.9939, 186.9962
> 1226.9939,,
22.4 THEEIFAER

£:2% SN/T 3725-2013 (MIHLE, T FHECHFEAIR ()T
AR 4-CPA BRI L.

m

AP X—FE L 4-CPA FFR BB, pg/kg; c—MbRUE T/E R
2551 4-CPA MUHREE, ng/mL; V—EE ML B 28 BARFH,
mL; m—i LR AR MR R R &, 2o

3 HREHR

3.1 PHRAEEXRESH
SEA AN E FEBCEAE TR I AR, MRS AR . B
ERER . MRS AR SR E IR BCH] . AR h £k
PUA L E AR O SR T S 2R R 4-CPA R E Y
AN FEEAT 430, BARIE 1 TR .
3.2 THREERTRE
3.2.1 ARBEAEERELH) 5] AL 69 RAE B Ug(Cy)
(OARHED B4R 5 R AT E L Ue(P)
4-CPA FRUEPIRIAEEE N 98.1%, HAEAT R ML A
TERER+1.0%(k=2), T 4-CPA 7 HEY) 5T 09 A 2 BE A

-2
uPy= 2107 510,
R v AN 2 B A
-3
Uret(P)= % =5.10x107>,
9.81x10
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Fig.1 Sources of uncertainty

PR ED B FR 25 R AT E L U(M)

RS BB 0.0001 g I HL T ROFFREARED T, e
K ALVFRIE H£0.00005 g, HEHIEI4M G k=3, TIFREE G
0.01019 g B, FRIEET IS HAHH & BN

u(m)= ijg : =2.89x10° g,

AR AN 22

2.89x107°
0.01019

QbR UERE R HUE 252 HL B R AT E (V)

FREMREAZE 10.0 mL A AR, SR
KBRS, e 2s H20.020 mL, HHI5I4M G k=3, M
S g R R 5 A
0.020
3
ARXH AR AT R

1.15%1072

Urer(MY)= =2.83x1073,

u(V,)= =1.15x102 mL,

urel(vc): =1.15x% 10730

(4) B HE A 2 W 25 35 18 B A8 A 5 RS 1) A i R T
urel(Tc)

SCIG A IR T E(20£5)°C 8), ik E A IRE N
20 °C, 20 °CH BRI IK R Eh 2.5x107°/°C, B EEAYAFT
M 2RO 1.18x1073/°C, $ied95150 4 k=~3 , MI5E 25500
TR AR AR5 | F B AR AR A E B

-3__ -5

(T (1810 2\./5;10 )x10%5

ZEE LRI E BB, TR v 25 TS | B AR X
PR AN E R
Ut (Cy) = YU (P + U2, (M) + U2, (V) + U2, (T) =338x107

=3.33x1072,

rel
3.2.2 AR P AR B 5] A 6 R B Ug(Cy)
(VbR UEGE 25 R BUATRG R I A E E Upa (Vo)
i F 20~200 uL B ESALEL 100 pL ARififil &, HRiE
P A AR, JLAE R F0 25 H0%, S k=3 ,

DR v fih 25 TR B R A (8 AR X R v AS 66 R A
2x1072
re; Vst = — =

u 1( ) \/5

QPRI B)E 2R3 BB R AT E E U V)

FEER W EA S 10 mL A A5, MR A
Ko ARl H 4022 4+0.020 mL, #4957 k=~/3 , N
FRuE TAERE A e LS [ B A E R N

uogy:9§§9=115x1041nL0

AR AR UEAT 2 JE N

1.15x1072

e VS =

u 1( ) \/g

(3) b v P[] Y A8 25 3 45 VL AR A 5 B9 R A S
Urcl(Ts)

SO =R BEFE (2045) °CE s, 2k e AR EE
K20 °C, 20 °CHFBEI I AK 2R E R 2.5x107°/°C, B 1A
FUEIK ZEL 1.18x107/°C, # I 5140 i k=3, bR
[ 5 25 1458 100 B AR Ak 5 | RS ) AR G A v A 28 R

x —-3__ x -5
um(TQ:(IJS 10 %j; 10°)x10x5

ZEE DL B R O B A i, DUARME R RIS 1 1Y
AEXFBRAEAST E N

U (Co) = U2, (Vi) + U2, (V) + U2, (T, ) =3.52x 1072
3.23  AFEARRRALE AL GG R T E Ug(Cy)

(LB R TRV RS BUAR AR 5 | S B AN 5 Uret(Vims)

R 1 mL SBRZE W A RS BUObR HE R R, S8 5
HAG E R E DY, H B A0 25 4+0.007 mL, F¥95)
A3 k=~3, Wb v o 0 RS SO R A B A S A

U(Vone)= 0007 _4 pax10°3 mL,

3
AR X AR XS A VAN 0 A
4.04x107

=1.15x1072,

=1.15%x1073,

=3.33%x102,

Urel(Vins)= =4.04x107,



5206

B dn 2 4 R R I A 4R

81

Q)R FIVREE 2508 LS R B A E T Ut (Vi)

BRI RE 5% 10 mL A SR AR, AR Bl I ik L
FosE R0, LA RE F0.25 140,020 mL, 353950400 k=3
U TV e L 5 R B v A 2

u(V)= %ﬂ.lSXIO’ZmLO
AR AN S A
_ O LISx10? s
Urel (V)= 0 1.15x107°,
(3) s 1 11 FH VAR 5 B 35 ik B 738 Ak 5 | A 1 AN T 2

urel(Ts)
PR EE K 285 (55:45, VIV)ER, LI E RS

T AE(2045)°CUE 3N, AR E M IFELE R 20 °C, 20 °C
N 3 B 1 I K R B 2.5%1075/°C, , K BRI Ik 2 5
2.08x107%/°C, ZMEMARBZAK R 5L 1.37x107/°C, & [H1Yy
SIAMG k=3, VT o P VR RE 2 U A A5 A
X AR A By
(7.31x10%—=2.5x10)x10x 5

Hirpir 7.31x107°/°CH 20 °CHY, 7K: 25 (55:45)18 47 W
&3

258 VL B BANER E BE i, DU RR HE G S R Y
FRXH AR A B 2 S

Uy, (C,)= \/ufcl (V0 +U% (V) + Uk, (T ) =2.08x1072 .

324 AFR AR KRELA T ARG AL Ug(M)

SRR A IR, B T i 14 82 o 7 il A 75 o
ZEMEORUY, R B RRHE EIE, Hi RIS i
k=3, BRI AT 2 3o R R | A ) A
k1,

Fh e o T2 T ) e 5 S ) AN S R

12
Uy (M)= /ZUM(MV{)2 =3.04x1072,
i=1

325 ARBEIAEH AL T AN RHZE Ug(S
(1)4-CPA #71f il 2% 22 il
Hi fil e ok 50, 100, 150, 200, 250, 300 ng/mL
FRUE RS TAERR I, MBI 3 WK, TR B,

urel(Tm): =2.04x1 072O .
V3 P 2,
F1 FELERKEHERERRRE I BENTHREE
Table 1 Uncertainty introduced by pipette in preparation of standard working curve
20~200 puL 20~200 pL 20~200 pL 20~200 uL 1000~1000 puL 1000~1000 pL
Mt A& W A& M ar A&
B HUAT/ UL 50 100 150 200 250 300
. 2% +2.75 £2.0 +1.75 £1.5 +1.64 +1.5
i A%
e AR e
0y 3
. Uret (My1) Urer (My2) Uret (My3) Urel (Mya) Uret (Mys) Urer (Mys)
AERE AN o B - - B - B -
1.59x10°* 1.15%1072 1.01x10°* 8.7x107° 9.5x10°° 8,7x107°
1000~1000pL 1000~1000pL 1000~1000pL 1000~1000uL 1000~1000pL 1000~1000pL
M ar A& W A& M ar A&
R BUARTR /UL 950 900 850 800 750 700
2% £1.0 £1.0 £1.0 £1.0 +1.0 £1.0
s \ BEAFE
AR
3l 3
. Uret (My7) Urel (M) Uret (Myo) Uret (My10) Uret (My11) Uret (My12)
AERT AN o B B - B b B B
5.8x10°° 5.8x107° 5.8x107° 5.8x107° 5.8x107° 5.8x107°
F2 RIELERREERRNESR
Table 2 Determination of peak area of series standard working solutions
W% /(ng/mL) 0 THT R S-S5 06 TR
50 5672941 5569128 5670988 5637686
100 11834827 11823659 11830572 11829686
150 17663390 17584479 17666407 17638092
200 23605034 23597247 23600375 23600885
250 30687361 30685143 30686681 30686395
300 36959126 36950711 36958748 36956195
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LU/ N SRR IE © S WRIETFIIE T A BT
LR, hriE L)y 7 A=125215¢-854390, Hirh
R=0.9991, &% a i 125125, #&XFE b 4-854390,

)/ e I 3B bR v AR il 2R 1 AR T B R AR 1

&

E
PRERRIE 6 WK, MIARIEHA A, M RIA )y R
AR HHFEARTE P 4-CPA MM EE 43310 182.446.,172.437 .
178.673. 180.122. 179.649. 176.547 ng/mL, W/ —3f
Bl A bR vE T AR BT 5 | S RO BR A 2B N

u(S):St‘)‘\/llf-rﬁ-(caE ~%)

c

TP S p o (o 0 e 1T AR 22 A o v 22

=2.17x1072%

32.6 HRAREFIAN TH L Ug(M)

FE AN FR B 5 (9 RS- (ME203) 73 (B M 0.001 g, |k
FVFIRZER+0.005 g, LM k=3, FREL 5 g i,
RERL PR 5 AR AN 52 A
&\/25—2 89x107° g,

AR AN S A
2.89x107

5

umy=

Urr(M)= =5.78x107*,

3.2.7 HSbE T A AT U(V)
FEANIREL . Bk, (I 100~1000 puL B2 25 5% B
1 mL FEAE R, WA e B MY, mka

K NE1.0%, ST k=3, MRS E RS REIA

C,, — bR T B9, ng/mL; R
-2
S, bl PR 5% 2 1 F u(v)= I'O};O ~5.77x10°,
—FRif WA 2 TR % K, n=18; e RN
n *T{/%I?E{&E’Juﬂnzo\@z, AR 18 IR, n=18; T
P — R I g, Tk 6 1R, P=6, 5
5.77x10 5
Hor, Upet(V)= f:5.77x10 .
n 3.2.8 ?’z‘gffiiﬂ'l’“*}’l»{ﬂé‘ T (R
Z[Ai(a+bcﬁi)]2 /f\s ),4:{ /J 7 rL»k (R > FE /Y
A~ - . ’
n-2 W, il Jé{AEEr&Fuﬂum H—nu‘:P4CPAA W3 3,
6
. n J—
c —ECW =175; L X=X
b 6 ’ E’E‘@ﬁ‘/ﬁﬂﬁﬁ S= I:IT = 3'92X104;
) _
Zcﬂfi iy N di _ S _ 1.
G - i:16 178312 BEMEAWERE u(R)—ﬁ— 1.60x107";
T 5 S /N T B4 B U TR 4 R 7 R v A I DB U (R) = L,R) 4.56x10°°,
4-CPA & i BT 5 | ke ¥ A AR TR AN 18 2 3R .
33 ERINERRAEERT BRIHEENITE
u l(S):LS): 1.22x10™,
e Ce ZEE VI EEER, MEREE S EINER 4 iR,
*£3 EFHI-EREBREEEMNELR(=06)
Table 3 Repeatability test results of 4-chlorophenoxyacetic acid in bean sprouts (n=6)
P 1 2 3 4 5 6
i /(ng/kg) 35.54 34.40 35.05 35.26 35.34 35.08
X (g/kg) 35.11

x4 NETHEENE

Table 4 Uncertainty components of measurement

s b 3/ AR B AN 5 B
Uret(Cy) TR UGt 25 TR L 3.38x107
Uret(Cy) o v v ) 7 VR T 3.52x107
Uretl(Cn) o Y57 8 A 2.08x107
Urei(M) o o T 246 i 1 3.04x107

Urei(S) FRUERT LG 1.22x10%
Urei(M) FE R = 5.78x10™*
Urei(V) B E 2 5.77x107
Urei(R) M E 4.56x107




5208

B dn 2 4 R R I A 4R

81

A BT AR HEAS G 2
b 00 = ur}(cst>+ tjfel (cs)+2u§el (cm)juil M) _0 61
Uzer (S) +Ugy (M) + Uy (V) + U (R)
SEHG AR G20 4-CPA 15 8 35.11 pg/kg, MG AL
B AN 2 A :
U(X)=35.11x0.061=2.14 pg/kg.
AL EIESSA, B RET k=2(95%8 157K
), T SEASH S
U=2u(X)= 2x2.14=4.28 ng/kg.

34 MENAEEMERRE

I8 SN/T 3725-2013  (H AT 4-S0RA L TRSR B
(R ) 5 5 2 4-CPA BRER BE AR G 2Frh 4-CPA ity
e 2558, VR 2 B 3ROR R X=35.11 pgkg, uX)=
2.14 ug /kgo FAY TRAE IR N(35.11 1= 4.28) ugkg, k=2,

4 & 1

SEI L AR AR UERE A . AR BRG] . BR
WEGE PV . BRvfE CAEIRZRECH] . ARuE G . FERLAR
HLRERERS . A 8 N XA & B ik T R A
By, SEFFUIRIE SN/T 3725-2013 Ji5E 525 4-CPA 4
ST, ANHE ) BRI RAR B B, R
E 25 5 R i MR G R PR S R M T R DL R T
AN TEH RGN AR v, R A ) S A DN PSR TR
IR i E P A i, DA ARG T 235 S A A B
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