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Rapid determination of 43 kinds of pesticide residues in aquatic products by
gas chromatography-tandem mass spectrometry with freezing lipid
filtration and dispersed solid phase extraction
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(Greentown Agricultural Testing Technology Co., Ltd., Hangzhou 310052, China)

ABSTRACT: Objective To establish a method for the determination of 43 kinds of pesticide residues in aquatic
products by freezing lipid filtration/dispersed solid phase extraction-gas chromatography-tandem mass
spectrometry. Methods The samples were ultrasonically extracted with acetonitrile, frozen and degreased, purified
by N-propyl ethylethylenediamine (PSA) and octadecyl silane bonded silica gel (C;g), in the multiple reaction
monitoring (MRM) mode, the retention time of the target compound and the fragment ion abundance ratio were used
for qualitative analysis and the internal standard method was used for quantitative determination. Results The linear
relationships were good within the range of 0.005-0.500 mg/kg, with correlation coefficients greater than 0.995, the
detection limit and quantitation limit were 0.002 mg/kg and 0.005 mg/kg, respectively, the recoveries at the 3 spiked
concentrations were within the range of 64.3%—119.0%, and the relative standard deviations (RSDs, n=6) was within

the range of 2.6%—11.3%. Conclusion This method is simple, rapid, sensitive and accurate, and is suitable for the
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rapid determination of 43 kinds of pesticide residues in aquatic products.

KEY WORDS: freezing lipid filtration; dispersed solid phase extraction; internal standard method; gas
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KEEAT WA KE, ELLEZAENKTWET BEE
WHRE AL BEE AT IR R R, K i b2k
[ H #52EH, A2 TR & ah E et EZ —,
KT il e B AR 2 8% B R R ORIR TN T I — 2R
it FH 202K B R K 7 S e AN T, R AR Y
R BEFR K WP ATRFE AR . 5% B AR 25 KR 43 Ry SRR MEA
2, FEFHAKR T A2 T B oK R E . AR
P, & EBUMINGR T K 5 A 2R B 9%, e T
25k B BR B . BK¥ Commission Regulation (EC) No
2162/2001 of 7 November 2001 FLaE K7 i Fp @ F A B e K
FREAHER 50 pg/kg, TAESEEE N 10 pg/kg, HAE EFIZEH
TR RUE TEETE B KRG f R B £ rh SR . TR
WG SR B R 30 ng/kg, Hifthta KoK E SR
10 pg/kg. FE GB 31650—2019 { £ hh &4 EFFrdE £k
rhE R AR R ) PRl SR ERfEfa N P/ VAT
50 pg/kg, TAEETEMAH/NTET 30 pgke, FIETH
BRTERTA S IRME R b /N TR T 10 pg/kge 2021 4REZ
T4 W B RS S 20 WUPAS-IR 7K 1) S TR L TR A4 T
A SR e RS R DU H o 7K™ i =B R B AR, A&
R AR IR R, KL AT R B e B LR o, $RER
Brigvefbak s 2, Akt AL RAR R T4 Bt
T — PR IR U . R RGN 2R A 205k BRI ik
PO PN NSRRI o {7 o | B E S

AT, A=k 25 5% B B8 00 kA SAH A S
RO SR - B AR (- R TR,
SHETEE AT . SPE2E H A BRI . A
- FR I BT A AT I TR . SRR, (LRI BRVE AR
AR RS- BRI TS b A e N . H AR S
A2 5% B I 2 AL PR E R R . BHLERIERER R AR
%, BUAES . AR ARG o A B EARAE A2
T HEARR, ATHE., R, SUFILR, TESSKRK
22 BRI R R, AT —E M. 5
TR TS RIS B HAT — e 25, a4
RV THEAR LTI RE o ERIT i ARG SAH - SR B s )
FEIKT il 2RI EAR 25k B R, AR IR AR
FHEEE G AU ZE IO RS Sl ik, B PR S
0, i - 5 BB BT 3% ¢ (gas  chromatography -tandem mass
spectrometry, GC-MS/MS)illzE, Z 5 KU Wil PIARI e it /il
AT S LAV VRIRLRE RIS B) R Aody ke 2 PR I 4%

O AARPI T, BRI 0 O g RS 2 ik
FRAC LA KBTI 5] N BERS R T 2R 205k B, bf
FIE A AR ATH R TN T BT L BT TRk
FARRTACERA A A HLAFIEAER . J NG . ZeRAR
SEIRVEEL, ARG A 25k B MR AR S

1 MR5ERZE

1.1 XBE5RH

Agilent 7890B/7000C T AH A 1%-FR IS T (Y . HP-5MS
B @15 mx025 mm, 0.25 pm). 250 B4EHE
(5 mx0.25 mm)(3& [E Agilent /A 7]); STI6R B .0HL(3E EFEER
KA RBHE A F]); BSA2202S - RF-(TH FE 28 L FIHT A |));
MS200 ZE WHER-SALWTH IS A R H); KQS5200E
R I Ve (R LB P AR A B2 H]); Reeko AutoEVA-20
4 A SR AR (BTN B RM YA BRA A,

PfES: BEEBE . a-/N N7 BANANAS . paSASAS . B
THBE . 0NN 43 FlbRERL (LEEE>98.0%) . SNAEL
SNFREEE 99.5%)(#5 E DnEhrensmUerGmUH A #)); 1IEC
Pe(Enkol, EEFER /KRB AT, . W, HEE
(e, £E Merck A H]); N-T3 2 — I% (N-propyl
ethylenediamine, PSA). | /\ b HEkE be s A FE BE (octadecyl
silane bonded silica gel, C ). 0.22 pm B PU% 2 IEIE (R
SRR A R A, SAE . TOK IR IRBE (4 M4,
JoIMARAAAT ), JOKERBREE AT T AE S b 550 °C
T 4 ho P BEALIASEA M T S fa MR BES5EK ™, T
HERNR G457,

1.2 L& H
1.2.1 &#&Ht

L REFE: HP-5MS 3% 45 (15 m=0.25 mm, 0.25 pm)5
Z5OAE (S mx0.25 mm); #EFECEEE: 250 °C; i &:
1.4 mL/min; RAREFFHE: #EEHFER 80 °C, f#£4F 0 min,
P 40 °C/min FHEE 160 °C, ££4F 0 min, F-LL 20 °C/min F+
IR ZE 290 °CAEHF 1.5 min, SR 12.0 min; #FFEE: 2 pL;
R AT, B RAEA; HES: B4R
K, A =99.999%.

122 Figdt

A T2 7 (electron ionization, EI);
ERE- B R EE: 280 °C; HLEEERE: 70 eV, &FUE
JE: 230 °C; Krllge R 2211 V; BUERAE: £ W
(multiple reaction monitoring MRM)#E=; Eim r=: WFR
2 43 PRI TS S5O 1,
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R1 43 HRARATRE GC-MS/MS S

Table 1 GC-MS/MS parameters for 43 kinds of pesticides and
internal standard
FE O e BT (i) LA
/eV
1 FH L 230.9>128.9*%, 260.0>75.0 25,5
2 a-7N7N78 216.9>181.0%,218.9>183.0 5,5
3 B-INININ 216.9>181.1%,218.9>183.1 5,5
4 PANAAS 216.9>181.0%, 181.0>145.0 5,15
5 FETBLBE  230.9>129.0%,230.9>175.0 20, 10
6 S-7N7N7N 217.0>181.1%, 181.1>145.1 5,15
7 ZIRHEH] 187.0>124.0%, 187.0>159.0 20, 10
8 RGBS 125.0>47.0%, 125.0>79.0 10,5
9 T 388.0>332.9%, 333.0>231.0 18,27
10 FEEBEEI  153.0>96.9*%, 96.9>64.9 10, 20
11 DRIGEE  172.9>99.0%, 126.9>99.0 15,5
12 FEEBEIL 153.0>97.0%, 124.9>96.9 10,5
13 O 278.0>109.0%, 124.9>47.0 15,10
14 HEILIR 313.8>285.8%, 198.9>171.0 5,15
15 X 290.9>109.0%, 138.9>109.0 10, 5
16 = I ] 128.0>65.0%, 208.0>181.1 20,5
17 ZHEARWEEE 250.0>139.0%, 250.0>215.0 15,10
18 FILSMIBE  199.0>121.0%, 241.1>121.1 14,22
19 THIRR 251.8>162.2*%,251.8>161.1 10, 15
20 FULERBE  351.0>255.0%, 420.0>350.9 18,15
21 AL 366.9>212.9%,368.9>214.9 30,30
22 R 282.8>96.0*, 96.0>67.1 10, 10
23 i 128.0>65.0%, 128.0>100.0 25,10
24 AUHI 383.0>255.0%,383.0>213.0 24,36
25 Tk A1 Pt 206.1>116.1%*, 206.1>131.1 6, 14
26 Lo 136.9>102.0%, 327.8>246.8 15,15
27 fEBRBETEAN  278.0>109.0%, 125.0>47.0 15,10
28 fEBRBE 309.9>105.0%, 124.9>47.0 10, 10
29 WEFE R 163.1>132.1%, 163.1>117.1 8,24
30 ST 187.0>124.0%,316.0>247.0 25, 12
31 BEFEZEME  181.2>165.2*%, 181.2>166.2 25,10
32 FEZERE 207.9>181.0%, 181.1>152.0 5,25
33 RATBE  182.0>111.0%, 182.0>75.1 15,30
34 EFEAEE  208.0>181.0%, 181.1>152.0 5,25
35 SHER 183.1>168.1%, 183.1>165.1 14, 14

= 1(E)
FE o kaw BT A () W e it

/eV
36 FATHEME  162.9>90.9%, 162.9>127.0 15,5
37 AFHNE  181.0>152.1%,163.0>91.0 25,10
38 FAULSENE  198.9>157.0%, 198.9>107.0 10, 25
39 ik 3¢ i 163.0>107.1%, 163.0>135.1 20, 10
40 FUNHEE 167.0>125.1%, 181.0>152.1 5,20
41 TR EENE  250.0>55.0%, 181.0>152.0 40, 40
42 IR IR 322.8>264.8%, 324.8>266.8 15,15
43 TSR 181.0>152.1%,252.9>93.0 25,15
44 ﬁmﬁjﬁ% 353.0>263.0%, 353.0>282.0 15,15

(NH7)

T+ Fon i T

1.3 #HmETatE
1.3.1 FamfRi

PRI 28 ¥ 5T A FE 5 5.00 g+0.02 g T 50 mL .0 7,
JA 5 mL —Z%7K 120 mL Z. &, 2500 r/min I8 HEPR % 1 min,
AR 20 min 5, f0A 1.0 g &A% .4.00 g LK BRFRER,
2500 r/min iBiEPR % 30 s, 8000 r/min &5.0> 5 min, -20 °C¥ %
20 min, FiEWRAREL.
132 % 1

BU1.3.1 fpdfbifi 6 mL 2 15 mL .08, A 0.1 g
Cis. 0.2 g PSA. 0.5 g JU/KBiEREE, 2500 r/min R IEHR
30 s, 8000 r/min Z.0>» 3 min, B 4.00 mL & T 10 mL ZE
B, 40 CCAMER T, MEFIMA 1.0 mg/L AMAE LR
100 pL, FEAERIIA 900 uL IE %6, RHE 1 min, #8755 30,
i 0.22 pm HHLIERL, FF AL,
1.4 fRERRAE

A3 BIETR R — 2 BT i A A 2 I N FRAM IR S L, H
FBRER, EAZE 50 mL KM P, 40 5 H %
1000 mg/L FIPRMERG TR, T 4 CORFIRCIRAT, AR
6 M H: AHIVEFFLE 1.00 mL ARAERERR, TIEC R
FEZYZE 100 mL 25, BUllAL 10.0 mg/L iRFrbruEHE]
W WERFEEL 1.00 mL NFRMER RS 100 mL 2+
BENARPRAI Y 10.0 mg/L, T 4 °CukASRECIRTE, AL
B3 Ao bR TAERRECH]: 2 HERRE 5. 10, 20,
50, 100, 500 pL FVR-GHREHEIE, AL 100 uL 10.0 mg/L
WARHIER, FIECERBER S 10 mL AR .
15 HiEAE

FEA TP AR ZGTR B B W (mg/ke)i IR A (DITHE

CxV

- m

w

M
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K(OHF, C B bR dh 23 Fr s ny A 25 5% B 1Y it ok
B, mg/L; VIR E B, mL; m NEEREE, g

2 HER5HH

2.1 REIRCIBEHIK
211 RIEF 4L

ABFE LA RS PPN FRAE LA T B . INERAIZ G 3
T HLE RIS K= i 43 Fp 20 32 BUSCR OInbrvk 22
0.5 mg/kg, n=6). XFHHEAHLEAT, $EBCRAE 30.5%~71.1%2Z
(), 332 F B e, SoKMELLE I EAT 42 o TR
CIEFIT BRI, AR oA BEAr v ik, A Ak
RIKBBREES, NI, ZIESKE 5432, BRIk
T 85.1%~115.0%H1 81.0%~116.0%Z 0], I LMETE A 5
ASVEUTIERR 2 Koy F A, 5 NEAR LT AR s ik, 42
BBk AR D, (EF/EEesil. BIAFRERE I
YE SRR b Z2 20 43 AR 2 AR A
2.1.2  FRIRFRBREG A

ABFFE S T A ERFR(10, 15, 20, 25, 30 mL)i
B FRBCR OIFRIR E R 0.5 mg/kg, n=6), LAFIICRME
NG R, SR E R BRSO FR % 3 fin
AR, MAERATE 20 mL ZJ5, BRI A5,
ST A LR A TR B8 S T REXT IR A TS G, TR i
ZHEHIRIBUAT R 20 mL.
2.1.3  4RERAS ] 49 4k40

PEWOE T AARTR 2 T LS, 75 S $E B ) 2R 17
Pk, AR5 LS T AN S ARl (10, 15, 20, 25, 30 min)
FI RIS AR EE N 0.5 mg/kg, n=6), DAHEIn i R4
RTG53 PRI S 3R i 4 7 B ] 348 o
ThiE, AR AR 20 min 25, FSARTC I B,
[N A {2 AR 75 B 1) 28 20 mine
214 HAT E M E B

K= S AT M IR RIE AR, A&l 20
PRWZ 5, OB ETTIERR 2, BE WG 55 2% T wk SR
Ko HE BRI 02 BRI LG BEIG S 5 (03 (gel permeation
chromatography, GPC)73 55 . [ AU (H M S AR AR /M)
Hfb, XA A HLRFIEFE R R L RCRAR . A, i
FARZGH 43 5 R AN 5 200, W LICR R R
D5 B KR 3 B2 B A BRI W Hh 43 3 R, BR R AER
BB MBE N TR PSA. Cig A HUEIAEZEIC L BR o 32T %)
AR HRIREE (=10, —15, =20, =25 °C)FI¥ITEI(5. 10,
15, 20. 25 min)ZbBIRCRAG L EE, &Y IEBURAE-20 °C
TR 20 min J5, SRBOR BRI LIS, BELETE
BUDEERE b, AREH L E PRI EIEW 6 mL BEE D)
Ah 15 mL B0, fIIA PSA . C g FITC/K R BREE 438k [ A0
ZEEAE . I JEK B R BE 1A F S Rk R R AR BOR Y
IK4Y, % W8 EN-15 mL QuEChERS #+LA, 0.5 g /T LA

WKy 2Bk T PSA Fl Cis AT LALBRIRITFIEAZR, SCHLL
BT PSA. Cyg AN [A] FH AL A X L R AN [l I3 1 5 0,
GEIRFEW]: 2 0.1 g Cig F1 0.2 g PSA 2H A () EI R A AT,
ViAol i AR, R Bt e BR R 22 ikt T it =
WA ARZH S PSA MR, SECmISCRAR. KL, R
0.1 gCig. 0.2 gPSA F10.5 g L/RFRBREEH G5k .

22 (USEEHFHMK
22.1 JREEAF AL

f£ EI B BT X 43 Ffe 24540 A kA T —maig
#(QL Scan), 43 A FNS LGB F, 16 3~45 eV
A TR RE R A Ak, X3k e R I S R,
AR 2 T, TR B R B R R Y O
B TOR K Z B E R T 43 RluR 254k & Ak s B
Xt FRE R AR S HUL R 1,
222 AAEELE KA

WHEGOLT, A ERE-TRE S8R 43 FR 25415155
BT 30 min DA b, ASHIFSER ] = 8 DURRAT B 1 22 SO
W, T, BT A m ke e R
PEARZ AL BN 13 432 FE SR REAR, SR ] HP-5MS 34T
(15 mx0.25 mm, 0.25 pum)5r & 45 & TFHERF Mk, SEB
12 min NIERL 43 FARZG AT RIS Shy 17 3k G o A 1 i
BI5 Yy, 7E#E O 525045 mx0.25 mm)ARIEE, A
A3 iE
23 FHERNZMTEE. RHREEER

K H4 BR (limit of detection, LOD)#I 5 & FR (limit of
quantitation, LOQ)if 1t %5 FH AR S AN N B SL 301531, HEAE
IHEMEEL SIN=3 FlI SIN= 10 %R A9 RE o 76 Fe i S2 86
ST, 43 FiAZi Loy A B 0.002 mg/kg, & REFR A
0.005 mg/kg, Xf 0.005. 0.010, 0.020. 0.050. 0.100,
0.500 mg/kg R AN AR BARER AL 1T, T4k
LA, HXERBL KT 0.995, 43 FPRZ54 516 0.005~
0.500 mg/kg ¥ EA BIFIILMER R
24 FEMERESHEZE

D7 T B T 5 A R R S BR  UR FOR E A, K
I Rl — W BE AN 6 VR IBDSCR A IR AR HE R 2 (relative
standard deviation, RSD)3RME, Ak Edksem . . it
(0.400, 0.050, 0.005 mg/kg) 3 MHESE, =5 FISL TR |
TR AR | A | TEEE | JRBRk 6 FlKFE S T A
SEIGZER LS 2. IR 43 P2 A0 tn . THF
WP, Aeid, HilE . JREK 6 ARELRE RIS RISCR S BN
72.5%~102.0% . 80.5%~119.0% . 82.5%~119.0% . 64.3%~
92.3% . 68.6%~92.4% . 69.8%~88.6%, K5 B B 4> B K
4.5%~10.2%. 4.3%~11.3%. 3.1%~9.6%. 2.6%~9.3% . 3.6%~
9.1%. 4.4%~10.5%FF4 GB/T 27404—2008 { S5 JFift 4%
YL S BARAGIN ) T ik DA [l R IR 25 A 2R
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Table 2 Experimental results of recovery and precision (n=6)

S IR/ (mg/kg) ISR/ % RSDs/%

0.400 86.6~102.0 4.5-7.6

e 0.050 82.3~96.1 6.4~8.6
0.005 72.5~86.3 6.0~10.2

0.400 82.2~118.0 43~7.1

PO 0.050 80.5~119.0 5.1~7.6
0.005 83.4~117.0 6.7~11.3

0.400 89.2~116.0 3.1~6.2

W 0.050 82.5~115.0 4.5~8.2

0.005 85.6~119.0 5.3~9.6

0.400 80.0~92.3 2.6~8.7

S 0.050 66.7~89.2 3.6~6.5

0.005 64.3~82.6 5.6~9.3

0.400 81.5~92.4 3.6~6.8

H{fif 0.050 68.6~85.3 5.8~8.2

0.005 69.3~82.3 6.5~9.1

0.400 80.4~88.6 4.4~72

Ve 0.050 70.2~85.6 5.1~9.5
0.005 69.8~81.6 6.9~10.5

FEGAERR 1 HOR, R 0.029 mg/kg, Ky EE
TN, B 1 FIE 2 4500k R R s TR A AR
HAGHRM MRM %R . E 1, 2 HAJLIE H, A
RIJSBEXTFR, ToA% T, 86053 ol i v B 1, W)

L2 X AR 75 9 S oA i A 0 ) 63

x10°

3.0
2.8
2.6
24
22
2.0
1.8
1.6
14
12
1.0
0.8
0.6
0.4
0.2
0
0.2

W o7

7.370 min

1 1 1 1 1 1

7.1 7.2 73 74 7.5 7.6
A3 83 i 8] /min

B1 o fa A R A TSR B = MRM (23 (0.037 mg/kg)

25 MHRERYMMAER

e RN (matrix effect, ME)$&RFI B BR 4 ) FE i 12
T, 2 b sl A0 400 L A RS DO 7, BT Xof A )
48 S B v RE Y R ), A R - R BT Ik B B S TR
T R TRSON, X VR B (R . ASBIF S 3 3 A Bk
GG N AR I S B R TORON T, AR IR B S
GB 23200.113—2018 & fh & & E ZAnifE AHYIEME & & T
208 Fife 2 S AR 5% BA B i g ASOME €S- S I P
%) M GB 23200.8—2016 (& EZEERrfE KRB
S 500 FiA 25 KAH DAL i ik B R SR -
FEIL Y o XA | TR MR RE . ARk, dER L UREK
6 ™ iR [ CR A IR IEAf A Wi AR R . Hl
A AL BOEAR B, 22 O W AR I AR L R T K™
st 14 35 SRR b A B AT AR IR, 43 Rl 245 20 3 1 IR
FE 64.3%~119.0%Z [, ¥ i 35 5 8500, 2 il 7 4 PRI L P,
Z T IE N AN R 2 B 7K 7= d e i BRI
2.6 SEFREERINE

FAWFFE T HEXT 100 SR AR A SRE S kAT
TR, KgAK A AR R B A R,
Hr IR 6 LR, & 7E 0.037~0.19 mg/kg Z[H],

Fig.l MRM chromatogram of fenprothrin residues in fish
(0.037 mg/kg)

x10°
7.675 min
2.6 -

24
22
2.0 -
1.8

i (.

02

| | 1 1 | |
75 76 17 78 19 80
5 B4 Bis} 18] /min

K2 R ARG MRM 34 (0.029 mg/kg)
Fig.2 MRM chromatogram of cyhalothrin residuesin fish
(0.029 mg/kg)
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FEAR 43 BhARZGER A T,

55 LA B 5 2T L%

J7 VLR AL PR R VR R B, A5 4> 2 R A HP-SMS 8% A

(15 mx0.25 mm, 0.25 pm)5

25 FE(S mx0.25 mm)Ep R,

12 min NIE AL 43 MR 2504, AR S0 int a1 g, 22 S

DAL AR 5 o
KT il 2 A2 R B AT PR

. PUTIURE ST o, R BORE R 2
TR I

SE B

BmAR, XI5, 93‘1%, S UM ETEEINE B A LA A 4 Fh
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