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Determination of nonylphenol in milk by QuEChERS-ultra performance
liquid chromatography—tandem mass spectrometry and the
evaluation of the uncertainty

WANG Quan-Shuai’, SUN Wei-Ming

(Beijing Huairou District Center for Disease Control and Prevention, Beijing 101400, China)

ABSTRACT: Objective To establish a method for the determination of nonylphenol in milk samples by ultra
performance liquid chromatography-tandem mass spectrometry and estimate of the measurement uncertainty.
Methods The matrix effect was analyzed, the analysis effect of different mobile phases was compared, the target
residues of main reagents were analyzed, and the conditions of ultra performance liquid chromatography-tandem
mass spectrometer were optimized. The uncertainty was assessed according to CNAS-GL 006:2018 and JJF
1059.1-2012. Results The matrix inhibition effect of milk was very large, and the limit of detection this method
was 0.1 g/kg.The recoveries were 85.7%—110.9%, the precision were 4.9%—-9.5%, and the correlation coefficient was
=0.9990. In this study, a mathematical model for the evaluation of uncertainty was established, and the extended
relative standard uncertainty was 0.072. The residual amount could be expressed as C=(11.33+0.82) g/kg, i=2.
Conclusion This method is simple and rapid, the sensitivity, precision and recovery are all satisfied with the

methodological requirements, which can be suitable for determination of nonylphenol in milk samples. The repeated
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measurement, standard substance itself and curve are the important sources of measurement uncertainty.

KEY WORDS: nonylphenol; milk; ultra performance liquid chromatography-tandem mass spectrometry;

measurement uncertainty
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S810R & IR IE B O HL(EEE Sigma A T]).
22 RIS

4-T- B[ (4-nonylphenol, 4-NP)(4liEF: 100.0%, %
Dr.Ehrenstorfer 2\ fl); 4-n-T: 3£ -Dy(4-n-nonylphenol-D,
4-n-NP-D)(4liJE : 98.9%, C/D/N Isotopes 23 Fl); i . HE
(to s 2l g, At 5 it B R A BR A FD); 2K (ACS ).
QuEChERS #fb A1 (£ E Agilent A H]).
23 EWHE
2.3.1 ARBIRIR B H

VERFREL 4-NP FlI 4-n-NP-D, b4 10 mg(F5H =
0.1 mg), M PEEE %, B2 100 mL a0, HH
B e 2202, BVRARUERE 2R o P2 BIMERR A 1 mL Fr
MG 2 100 mL b, AP EER 2205, 1’5,
—18 °CI#4F o 4-NP Fl 4-n-NP-Dy F v {58 JF ¥ vik 5 141 Ny
1.0 pg/mL.
232 HSEra®

$EE: FREL2.000 g 22 A WA TARE, BT 50 mL HFE
BEOEH, A 100 uL [ R NBRE B, A28
10 mL, FEHAGEEFEA NaCl, {847, #A$2E 10 min,

Hefb: WEC 1.5 mL FiE# 2 QUEChERS HbiE, 7
IMRAL, T 4 °CATRELHL 10000 r/min 5.0 10 min, B
I mL FIEW T 15 mL REBELE T, ZRERT, AlmL
HEER, RARGEME, LHLIE.
233 PBELH

WA RS A BB Wi B: K(EH
0.05%%/K), FREEVERRR P WL 1; J#: 0.2 mL/min; i
FEi: 5 ul; FEE: 40 °C.

=1 BEERER

Table 1 Gradient elution program

B[] /min Al% B/%
1.00 40 60
1.50 90 10
2.00 100 0
7.00 100 0
7.10 40 60
9.00 40 60

JoT i A5 A1 LT 25 F, B9 1E B R C(ES T, 22 S i il
(multiple reaction monitoring, MRM); % HRJE: 300 °C;
AR EE 200 °C; IIPVEHUREE 500 °C; TR H
10.00 L/min; filt #4 3 3#  10.00 L/min; % & <
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Fig.2 Analysis of nonylphenol content in water, methanol and acetonitrile
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PR3, Al mpr e L. . & 3 ik
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1D 3 N Ay P R o 1
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W3 4,

3.7 PNHEE ST

3.7.1 BFEVES
C; — Cy) x ¥V x1000
mx1000

XX R TR 00 & i, ng/kg; C-FERUH T8
B, ng/L; CoREhas IR, ng/L; V-FEBER A E 7k
L, mL; m-FE R, g
3.7.2 ARSI GG ARRT AR R R

bR AEY BOIER AT A1, 95% B A5 /K, k=2, TFILEbr
HED) SRS PR AN A€ BE 1, (STD) 4 0.02,
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Table 2 Parameters of mass spectrometers and retention time of nonylphenol

BELWK {5 B4 1} 6] /min HIAES T (m/z) Y (mlz) Q1 HLE/V CE/eV Q3 W JE/V
219.10 133.10 10.0 29.0 21.0
THm 4.909
219.10 147.15 10.0 26.0 26.0
224.10 111.00 11.0 22.0 18.0
5Dy 5.045
224.10 124.15 11.0 40.0 21.0

1000000 ¢ 1. NP 219.10>133.10(-)CE: 29.0

500000 j\
0
il 100000 | 1: NP 219.10>147.15(-)CE: 26.0 i
2 I
= 0 2: 4-n-NP 224.10>111.00(-)CE: 22.0
= 25000 <+ . -00(-)CE: 22. ﬂ
0 I\
500 | 2: 4-n-NP 224.10>124.15(-)CE: 40.0 j\
of
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At 1] /min
K3 TR RT
Fig.3 Chromatogram of nonylphenol standard
R3 FEREEERNEEE(N=6)
Table 3 Recoveries and precisions of this method (n=6)
HRA bR/ (ng/kg) [BI S 235 /% - 1A % K5 BE %
2.5 85.7~110.9 101.5 9.5
T 10 91.3~103.4 98.0 4.9
25 93.5~98.8 109.2 5.9
x4 FENKMEHLE. HXRY. EHRMESR
Table 4 Linear equation, correlation coefficient, limit of detection and limit of quantitation of this method
BRARK Lt R r LOD/(ng/kg) LOQ/(ng/kg)
T 5L ¥=0.314379X+1.09963 0.9996 0.10 0.30
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2 2
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Uy (1) = =0.003406 .

) 5 =0.005263 .
Urel (SZ) +2x Urel (Tl)

3.7.4 H&BARE T AGI AT AR R AL

FEA AR R T 00 2 — KPR E UE AT 15,
KB ER2ZEH 0.001 g, FFIE AT, Thz—X
-5 LA B AR AR AN 2
0.001/k _0.001/~/3

Upe) (m) = =0.0005774 .

375 I BATAR T AN GGARRT AR S R A R

PRE, AL ARG ] 10 mL 40 B W IR BOR,
2 mL 23R B 1.5 mL 4280 T QUEChERS kAL,
Bl mL BT 15 mL HEELEPHEH 1 mL B,
10 mL 435 W% 48 115 2% A 2 E T AT 410 0.03 mL, 2 mL
A3 BEMRAE R 2E R E UE S AT 818 0.010 mL, % = MIE 4
A, &G AN E 4> 5 A

U (Or) = 0'05/ k_ 0'0?7/*/6 =0.0012247 ;
1

oy (O) = 0.011/0/k _ 0.010/~/6 0002722 .
2

I mL B VRN 1%, BT,
LA A MR R R B

t (03) = 20 0010 604083

ke

ZHETE 20 °CTFMRZAK R 50 0.00137/°C, #HETE 4
AT, H IR 51 A AR s v S A o

N xATxa)/ k (10><5><0.00137)/\/§
e (1) = % = 10
1

R, 2 0 Wb R 5 1A AR X A R 1 o
urel(Q) %7:

“rel(Q) _ \/urelz (Ql) + “relz (QZ) +

=0.003955,

5 5 =0.006420 .
Urel (Q3)+urel (TZ)

3.7.6 ZALAZII AT ARAE AL
1 mL BBAR AT ES . | mL B itz
H 1%, =M ATE, HE| AR AHRR AN

Uy (D)) = % = &\/éo =0.004083 .

HEEAE 20 °CR I R B 0.00118/°C, #HTE41
ATEE, IR S R AR B AN A
(VDxATxa)/k=(1><5><0.00118)/x/§

Vo 1
Hit, A5l ARMXREARTEE u (D) A:

U (D) = \/urelz(Dl) + g2 (Ty) = 0.005317 .
3.7.7 B E A A G| NG AT R A R
SRR A 10 pg/kg BIRRSRIEAT 6 IREE A IE,
10.343, 10.132, 10.043. 9.832, 9.337. 9.126 pg/kg, ¥
E4 9.802 ngrkg, PRl 0.4762 pg/kg, FHXIHRIERZE
. e - Cs(x) 04762
N 4.9% PREEAHHERE u(x) H: u(x)= N
0.1944 pg/kg, FEAER 5IARIMISTARERTEE ug (x) H:
%’“) =% =0.01983 .
3.7.8 AR A AT A ARSI AR A
ARG R B AR I i, A v iR A A bR Sk TR
5 PN AR VR B I L AEL, AR BR o v J3E A5 1 0 TR 5 PR A 0 T
. B AKX ¥ =0314379X +1.09963 . #}K
b=0.314379, #HE a=1.09963, trifERIIIL 6 A58, 5350 K
5. 10, 20, 50, 80, 100 pg/L, FANSME 2 1k, n=12,
FEREEME 3 . WEEZIRHEIRZE Sg -
i(li —(be; + a))2

SR —4/i=L

ure (13) = =0.003406 .

urel(x) =

=0.21416 .
n-2

AR 2 2 A M 0 2R 5 AR A Al
B u(c) o

(c—2)
;(Ci —5)2

W, BT AU 5 AR AREATRE L 1) () o

u(c) =S %+ﬁ+ =0.4703 pg/L .

b
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c 04703
u(c)  22.661
3.7.9 A RmAN AR R L

B AR R EATE E uepe) (C) A

U (¢) = =0.02075 .

2 2 2
u STD) +u S)+u m)+
”rcl(c):\/ re (STD) #tr™(5) + trer” () =0.03635 .

thret” () + tyey” (D) + ey (X) + ey ()

DEME C 4 11.331 pg/kg. 1E 95%MWEF/AKF-T, M5
W ¥ k=2, M X ¥ '’ A E E R
U(C) =k xu,g(C) =2x0.036=0.072 , W ¥ J& K # & & K
U(C)=Cxu(C)=11.331x0.072=0.82, FIHLERER K
C=(11.33+0.82) pg/kg, k=2

A SIS X QuEChERS-7# (i A80BURH €8, 315 - £ 6 o 31 1%
XA I A I (Y 7 AR E B R IR T 0 HT .
& 5 AL, bR Y A B | RR b R 0 AR i 4R

P Ao e B R 2 X 5 R B A R R R R X
SERFEA fie /1N, X5 A 27 v SR 3 - 3 I B 1k
ST I AN T BRSBTS A T R A I E B, T
BT mL S R d Jn BRE A, WSRO, AT
BRI HIR S R AR 2% 7, B L P RS A ) B
N5 A8 o ARSI AN BE o M nl A, i RS AR IR 5
ARERIRZE

4 &

ABPTEN . AR Tk, ATAR AR H AR Sy i
] LR, L5 AR Rl Wi A A AL 7 IR 2R, B TR
AR R T B ARG o AS AR A % o T R A IO ) 0 A
W AT T 00T, XSRS R & A N R AT 10
Mr, BRUEMITOAS By | Ao i EE A2 00 E FIAR T 2R DL X455
WA R A, i PEASE I o e B A S R

x5 THEETEER

Table 5 Results of measurement uncertainty

Ve & Sl REHS W ik B B X AR A o A%
FrUEY T uge) (STD) B 291 5E 0.02 25.6
T P VR T ) uge) (8) B 0.005263 6.7
FEGLFR tge) (m) B iPE 0.0005774 0.7
PRI, bl e et (Q) B KiTE 0.004255 8.2
ER g (D) B i 0.003971 6.8
it A 0 ey (%) A KR 0.01983 25.4
PRl & el () A FETTE 0.02075 26.5
R Oils Foods, 2016, 24(6): 67-70.
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