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Determination of 11 kinds of pesticide residues in liquid milk by

dispersive solid phase extraction coupled with ultra performance

liquid chromatography-tandem mass spectrometry
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Abstract: Objective: This study aimed to evaluate the safety of
A method for
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pesticide residues in liquid milk. Methods:
simultaneous determination of 11 kinds of pesticide residues by
ultra-high-performance liquid chromatography-tandem mass
spectrometry was established. The samples were extracted by

acetonitrile, purified by Ci;3 and PSA solid phase extractants,
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separated on a column Xbridge BEH Ci3 (100 mm X 2.1 mm,
1.7 pm), determined in multi-reaction monitoring mode, and
optimized for pre-treatment parameters using response surface
method. Results: The optimal conditions for pretreatment were
10 mL acetonitrile, 50 mg C;s and 30 mg PSA. The linear
relationships of 11 kinds of pesticides were good in the
concentration range of 1.0~ 100.0 pg/L, and the correlation
coefficients (R?) were all > 0.999. With addition of 10, 20,
100 pg/kg. the average recoveries were 82.7% ~102.0% . the
relative standard deviations were 2.89% to 8.87% , and the limits
of detection (LLOD) and limits of quantitation (LOQ) were 2.0~
3.0 pg/kg and 5.0~10.0 pg/kg, respectively. Conclusion: The
method is simple, convenient, rapid, high recovery rate and high
reproducibility, which could accurately determine 11 kinds of
pesticide residues in liquid milk.
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K1 SEREEMNH MS/MS S’
Table 1 MS/MS parameters of multiple reaction monitoring
B r FET ELiEREE R E BB T FET LFEWE wiEdE
aRiEy] . iRk .
(m/2) (m/2) DP/V CE/eV (m/2) (m/2) DP/V CE/eV
ZH R 192.2 160.1 60.3 15.5 fog 1 325.2 107.9 62.4 19.2
132.1° 60.3 43.8 217.2 62.4 22.5
AN 256.0 209.2* 64.2 22.8 PR S A0 332.1 231.0" 38.9 16.2
175.0 64.2 23.5 121.1 38.9 51.2
g bk 223.1 126.1 70.5 31.8 Hk e Pk T i 388.0 163.2" 88.5 32.5
56.2% 70.5 37.7 296.2 88.5 18.9
19 A b 252.9 126.1" 70.5 29.5 AT 350.1 198.0* 61.9 24.1
185.9 70.5 20.9 97.2 61.9 49.3
i TR s 289.1 125.2 81.1 38.7 JIig 2 e 338.2 97.0" 103.0 32.8
70.0" 81.1 39.9 125.1 103.0 34.1
5 T i 404.3 372.2" 88.2 18.5
344.1 88.2 34.8
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Figure 1 lon flow chromatography for the extraction of 11 kinds of pesticides
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Table 2 Factors and levels of response surface

xR 2 WO R EIRTERKER

methodology
K XiZHEHE/mL X, CiglE/mg  X; PSA Hi&E/mg
—1 7.5 25 20
0 10.0 50 30
1 12.5 75 40

Table 3 Results of response surface methodology

R3 MEHEBALRRER

optimization
e Xy X, X W/ %
1 0 —1 —1 82.1
2 —1 0 0 88.3
3 0 0 0 97.2
4 0 0 0 97.5
5 1 0 0 88.0
6 1 0 0 85.1
7 1 —1 —1 88.6
8 0 1 1 78.7
9 —1 1 1 85.7
10 0 0 0 94.1
11 —1 0 0 87.9
12 —1 —1 —1 86.3
13 1 1 1 88.2
14 0 0 0 93.5
15 0 1 1 88.1
16 0 0 0 92.8
17 0 —1 —1 87.5

VLR J5 7 ) 25 2R it

b, A5 S0 77 2 O

Y=95.024+0.21X, —0.48X, —0.19X; +0.05X, X, +

0.82X, X3

&S

Recovery/%

—3.70X, X

—2.30X%—5.52X}

Ca) ) I E
A6
Figure 6

—5.40X3
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BE 2668 | 202345 12 A | AR5

Fﬂi

i35 4 A1, Cog FH BRI PSA FI & 09 — Wi K Hisg
T H AR By Wl 3R 0 5 3 (P <<0.05); BRI P
0.004 8<C0.05, B ;s M REC Ry 0.917 4, K Wi
AR IR T 58 o T 000 o Wl R

R4 OMEEZKRERHFEST
Table 4 ANOVA results for response surface

ﬁf

quadratic model

WMA M AmE ¥ F & P BEH
(o] 360.68 9 40.08 8.64 0.004 8 % x

X, 0.36 1 0.36 0.08 0.788 3

X, 1.81 1 1.81 0.39 0.552 6

Xs 0.28 1 0.28 0.06 0.812 6

X; X» 0.01 1 0.01 2.20X10 % 0.964 3

X; Xs 2.72 1 2.72 0.59 0.468 7

X, X5 54.76 1 54.76  11.80 0.010 9 *
Xt 22.23 1 22.23 4.79 0.064 8

X3 128.41 1 128.41 27.68 0.001 2 x =
X3 122.67 1 122.67 26.44 0.001 3 x =
s 3248 7 464
2 LI 13.49 3 4.50 0.95 0.497 6
iR 18.99 4 4.75

FIET 393.16 16

tox NEFBEMP<0.05); * x HEFWEF(P<0.01);
R2=0.917 4,

2.5.2 B EXEYCRBFEN i F EME 6 A,
W) I9E EkL Bk [ i R A I R R Cos &8 > 2 B>
PSA Him. R HRHE Cs FHE M PSA HEM X EH &
A, Cos R PSA 9 e A 5 43 5 24 50,30 mg, JHIE £
B R 2 05 FF G 05 A 4 0 B 0% T B, 1 X
I R A, Crg FH H 0T [0 1 256 00 58 i 5 oy B 3 L 45 R 3R AR
A0S 118 L FE AR B 18 [T 5 3Rk B AR M

2.5.3  SLEEIE — 2 5% I A ) R i A B A% A R I
W SR T AT AR AL E ML R L R I E SRR 2

PSAFIHE
Amount of PSA

-1.0 -05 0.0 0.5 1.0
CIXJ:H%
Amount of C g

(bh) kRl
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3D plot and 2D contour of interactive factors
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i H & 10.12 mL.Cs H & 49 mg.PSA FiE 30 mg. [l
Ry 95.04% . R T T AR IR B , B 2B i Ak 3 2% 14
FHENEHE 10 mL, Cy JHHE 50 mg, PSA Ji & 30 mg, It
£ 50 i R B R 94.66 %6 (2 = 6) , 5 B B TN (i A1) %
ZEARH 0.4% .

2.6 ERMM

TERLA 2 S R B, 11 Fh H bR 04 5 5T 4, I T

@mﬁ%%%@iBﬁﬁﬁ%%%ﬁ%%ﬂ$mﬁ
50 %% B BEAK U VR It 4R RE 3R 8020 LATF , Uk BH 32 21| JE T 11
R X FE R T ARAM AR S WS T
R E A HY TSRy, S AUl 5 5 P Y B bR fk

HERL ABEREN—BERRAEE

—BRERRIEEMNERSHH 11 MRAKEE

BT AR A T PR b o 0 B R i R AR
[T 38, DA T i S5 A0 1 1) 5 25
27 EBEAERRHE

I 5 AT, 11 Frofe 24 1 il 4 5 8 9T %o o2 1) A 5% 3R
BH4=>0.999, 435 LA ES R 1 3, 10 15 45 & i B A 5L
FFREE R, 4150 X 11 FhR 25 9K PR O 2.0 ~
3.0 pg/kg, E R H 5.0~10.0 pg/kg, B Bi% 7 v HAT
09 BERE D), B R BOR R B R R K,
2.8 FAEFIXE

M2 6 AIAL, 11 R 25 09 3 [ £k 82.7% ~
102.0% , AH XS AR A 25 4 2.89 % ~8.87 % , i B 7 1 [l it

x5 I MRANREMEZ TR BXRYRREE
Table 5 Standard curve equation, correlation coefficient and sensitivity of 11 kinds of pesticides
[ a<t’] Y MIXEAEB R LOD/ (pug- kg™ D) LOQ/ (pg -+ kg™
ZWR y=1.29X 10"z +4.34 X 10* 0.999 9 2.0 5.0
ACEYUIN y=6.99X10%2+1.69X10° 0.999 2 3.0 10.0
HE H bk y=6.03X10%x+2.33X10° 0.998 9 2.0 5.0
T H R y=3.66X10"x+1.17X10* 0.999 1 2.0 5.0
i T e y=4.54X10'2x—5.98 X 10° 0.999 3 2.0 5.0
8% 1 T y=1.15X10°x+5.54 X 10* 0.999 0 2.0 5.0
R e y=1.43X10'x —2.87 X103 0.999 1 2.0 5.0
FH i 55 M0 y=7.91X10*2x—1.79X10* 0.999 4 2.0 5.0
I e Pk R i =1.27X10* 2 +7.11 X 10" 0.999 1 3.0 10.0
T 1 y=9.79X 10"z +2.09 X 10* 0.999 3 2.0 5.0
i o e y=09.29X 10"z +1.28 X 10" 0.999 9 2.0 5.0
F6 11 WHMRAXNEKERMBEE
Table 6 Recoveries and RSDs of 11 kinds of pesticides (7 =6)
ZHR LA IE ek
K/ — — — — — —
(g kg ) WASAE / (/A (DO 73 WA/ [EI L= WA i PO 7 WA/ [ PO R 73
(pg+ kg™ % W22/%  (pgekg™ % W2/%  (pgekg™ ) % fii 22/ %
10 9.07 90.7 5.23 8.57 85.7 6.67 8.63 86.3 7.66
20 18.72 93.6 4.57 19.00 94.9 5.52 18.50 92.3 5.65
100 98.80 98.8 3.22 100.00 100.0 3.36 98.30 98.3 2.89
g L bk i T e % A TR
KT/ — —~ — — — —~
(- k) W ARAE/ [ /A [ DO 73 A58/ (B YA i PO 7 W51F / S SV PO 7
(pg- kg™ D % W2/%  (pge+ kg D) % W2/%  (pgekg D % W2/ %
10 9.34 93.4 5.66 9.07 90.7 7.39 8.43 84.3 8.87
20 20.20 101.0 3.78 19.00 95.2 4.54 19.70 98.5 3.98
100 98.40 98.4 4.21 98.50 98.5 3.26 93.50 93.5 4.54
TR 3 5 M it R ik 14 i
K-/ - — - - 7 - -
(g k! WAHE/ WIS/ A b A 51/ (BN <Y (PO 7 W AE/ [ WA PO 7
(pg kg H % W2/%  (uge+keg D % W2/%  (ug+kg D % W2/ %
10 8.27 82.7 6.52 8.79 87.9 5.76 9.13 91.3 5.99
20 18.10 90.6 6.33 18.70 93.5 4.24 18.00 89.9 4.65
100 94.50 94.5 3.26 98.80 98.8 4.33 98.90 98.9 4.22
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k6
\ I W
I K/ — —
( ke 1) WARAE / [ /A [ DO 73 WA/ [/ AR AR I
1g * Kg . .
(pg kg™ D % W2/%  (pge+ kg D % i 2%/ %
10 8.89 88.9 7.78 8.78 87.8 5.98
20 19.70 98.6 4.77 18.70 93.4 5.45
100 99.70 99.7 3.89 102.00 102.0 3.08

R EE LWL GB/T 274172017 MR,
2.9 EERERNE

PR 7 B B L SE 30 RS FLRE L S5 R N
11 e 25 B A L 18 W1 E Al T B A 9 A AL o 3% ol AR A
% TR A9 5 B8 A K SR A A1 B S i 52 4 HE B 0 i 7 o 1 B
BB AR .

3 i
e P 1 AFT 3 B0 AL, 0 BT b B0 5 98, 55 5 4 186 20 A

g — IR B S 1R I E A FL P 11 Rk 2 5k
BTk . SRR, TR AR AL 5 1R B AR

Wl i 3 55 FU A 1% 22 /N T 0.4 06 5 o 0 ot ot 4 AT € At
ﬁEWF’ﬂE&%ﬁE’iﬁﬂjﬁéé‘%%?ﬁﬂ@;i%ﬁ?i?s?@?ﬁﬁﬁi»iﬁ

b4 /L FE IR L EL o] A 25 R B A T R S B A
?L#:ﬁ:ﬁ‘]ﬁ*ﬁ?ﬂﬂ%%*‘a Jri 8 A H BT S U0 A A £ IE B
W AR A LT o 2 AT A O A oAb T B S A ALY
T R R T ik

5% Lk
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