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Determination of 58 kinds of pesticide residues in animal derived food by
QuEChERS-gas chromatography-tandem mass spectrometry

YANG Kai", SUN Li-Ping, OUYANG Yan

(Shenzhen Agricultural Product Quality and Safety Inspection and Testing Center, Shenzhen 518055, China)

ABSTRACT: Objective To establish a method for rapid determination of 58 kinds of pesticide residues in animal
derived foods by QuUEChERS-gas chromatography-tandem mass spectrometry (GC-MS/MS). Methods  After
dissolving the oil and fat in n-hexane, the sample was subjected to ultrasonic extraction with a saturated acetonitrile
solution (containing 1% glacial acetic acid). The extract was purified with anhydrous magnesium sulfate, octadecyl
bonded silica gel (C,g), and N-propylethylenediamine (PSA), and then nitrogen was blown to near dryness in a water
bath. An internal standard was added and dissolved in ethyl acetate. GC-MS/MS was used for determination, and the
blank matrix matching standard curve internal standard method was used for quantification. Results The linear
relationship between 58 kinds of pesticides was good within the mass concentration range of 0.005-0.500 mg/L,
with correlation coefficients (+?) greater than 0.9945. The limits of detection and limits of quantification were

0.001-0.005 mg/kg and 0.002-0.015 mg/kg, respectively. The average recovery rates of pork, chicken, fish, eggs
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and milk matrices at 3 different spiked levels ranged from 71.8% to 117.4%, with relative standard deviations of 0.7% to

8.7% (n=4). Conclusion This method has high sensitivity and good accuracy, and is suitable for simultaneous

determination of 58 kinds of pesticide residues in animal derived foods.
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LA A PR EE R (TR N 100 pg/mL) R R
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Mo A7 BR 2N A ); N-EVAP24 4 [ 3h & W X (£
Organomation 23 A); 3-30KS s i3 74 2 OAL(FEE Sigma 2%
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W OIA L RS SR TR 2 mL IEC %2, IRE 1 min, FEAIA
10 mL % 1%0KBERR AT IE OB AN Z ISV, WRE 1 min,
FEHIL 10 min, T-20 °C¥%% 15 min /5, HIA 1 g oK 22
B4 g TOKBREREE, HE 1 min, T 10000 r/min #.0> 5 min,
SYBCEISW 5 mL, A 15 mL HEEWR B0 R (NS
600 mg Jo/KBREREE+100 mg PSA+100 mg Cyg), #E 1 min,
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AL TG-5SILMS S AH @354 (30 mx0.25 mm,
0.25 um); #FHS: AR, 4iE =99.999%; 4riffEa:
Ao BERE; HRETREE: 280 °C; WiEH: 1 mL/min; #F#F
1.0 pl; WHISER 3.5 min; P FHR S BIAEE
90 °C, f#4% 1 min; LA 40 °C/min F+ 2 180 °C, {#4¥F 2 min;
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280 °CA#:3% 7 min; L) 40 °C/min J+Z 300 °C, {£4% 3 min,
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Table 1 Mass spectrometry parameters of 58 kinds of pesticides and internal standard

F5 R 2K P EA ] /min FEMER T3 (m/z) JE i B X (mlz) il fii fil /e V
1 FH il 3.70 141.00/79.00 141.00/94.80 20,6
2 iR 3.72 185.00/93.00 109.00/79.00 12,6
3 ST 4.82 136.00/94.00 136.00/42.10 12,8
4 FURR 6.28 109.80/79.00 156.00/110.00 11,8
5 GiEZR 7 7.07 75.00/47.00 121.00/65.00 8,8
6 S AVAVAN 722 216.90/181.00 182.80/146.70 8,12
7 R 7.44 93.00/63.00 87.00/42.10 8,8
8 T A 7.48 149.10/77.00 164.00/149.10 24,8
9 ) AVAVA 7.70 216.90/181.00 180.90/145.00 8, 14
10 FER R 7.76 213.80/141.90 213.80/178.90 28, 12
11 N AVAVAY 7.86 218.70/183.00 180.90/145.00 8, 14
12 W 7.96 137.10/54.10 137.10/84.10 20, 12
13 W TR 8.13 198.10/117.90 198.10/182.90 30, 14
14 SN 8.13 198.10/157.60 198.10/117.90 18,8
15 D AVAVAN 8.40 218.80/182.90 181.00/145.00 8,13
16 S G 8.98 333.00/231.00 388.00/333.10 23,15
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5= RZGZ4FR {5 B4 B+ 8] /min EMEBF X (mlz) FE X (m/z) iR /e V
17 LIRTEIZA 9.02 198.00/145.00 186.80/124.00 14,16
18 FH BEXT i 9.08 124.90/47.00 124.90/79.00 12,6
19 AR 9.23 131.90/117.00 234.00/146.00 12,18
20 280 9.26 144.00/116.00 144.00/115.00 11,22
21 AR 9.57 125.00/79.00 277.00/260.00 8,6
22 LEE R TR 9.74 125.00/79.00 127.00/99.00 8,8
23 BEFEIR 9.92 199.00/171.00 196.70/168.90 5,10
24 X B 10.12 291.00/109.00 109.00/81.00 6,8
25 = 10.20 208.00/111.00 208.00/180.80 18,8
26 K R 10.23 121.10/65.00 136.00/108.00 14,12
27 SRR 10.34 111.00/74.90 139.00/111.00 12,12
28 U R ik 10.56 419.80/351.10 351.00/255.00 10, 30
29 FH 5L S M 10.56 241.10/121.10 199.00/121.00 20, 10
30 “HKR 10.67 252.10/161.00 252.10/162.00 14,8
31 HRE 10.75 368.80/214.90 366.90/212.90 28,28
32 ik 10.98 195.80/139.90 168.00/140.00 10,8
33 R 11.07 128.00/65.00 168.20/70.00 18,8
34 EZ U 11.39 236.00/167.00 236.00/125.00 8,18
35 FRIE R 11.52 322.88/306.14 320.91/304.05 30, 20
36 LN 11.79 383.00/241.00 383.00/255.00 10, 17
37 T 11.76 336.90/266.90 339.00/268.90 6,15
38 i 12.01 137.10/102.00 247.10/227.00 12, 15
39 307 12.51 162.10/119.10 161.00/134.10 8,10
40 (BN 12.79 172.90/109.00 172.90/145.00 24,14
41 T e 13.00 125.00/89.00 250.00/125.00 16,20
42 IR B 13.39 181.00/165.20 181.00/165.90 21,10
43 e 13.45 160.00/133.00 160.00/76.90 10,22
44 WA R 13.55 264.90/210.00 181.00/151.90 10, 20
45 PRAT 13.98 182.00/74.80 182.00/111.00 30,12
46 ER R 14.19 197.10/141.10 207.90/180.90 10, 8
47 Rl 15.17 183.10/153.00 183.10/168.00 12,12
48 ik R 15.26 147.10/132.10 147.10/117.10 12,20
49 AR 15.93 226.00/206.10 163.00/91.10 12,12
50 A 16.25 180.90/152.10 163.00/91.10 20, 12
51 TS R 16.41 199.10/157.10 157.00/107.10 8,20
52 ik 54 1k 16.59 163.10/135.10 163.10/107.10 8,16
53 AR 17.70 125.00/89.00 167.00/125.00 26, 10
54 S E A R 17.77 180.80/152.10 250.00/55.10 20, 14
55 NP Pk TR i 17.78 164.00/132.10 132.00/77.00 8,19
56 N RN 18.60 265.00/139.00 323.00/265.00 40,16
57 AR 18.67 252.80/92.90 181.00/152.10 18,18
58 ik AT g 19.49 344.10/156.00 344.10/329.00 34,12
AR WA LE A 10.97 183.00/155.00 135.00/99.00 11,9
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Fig.1 Total ion chromatogram of 58 kinds of pesticides in pork blank matrix matching standard solution (0.500 mg/L)
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O Je AR 25 5% B8 K I P P B BB, AR IR 5 Jor 5 I
1 58 Rk 251 7E Z I h A B AP s R . AR, 22
et ), S AR ASHRTE, AN BEKE A v i 1 D A 24
B AR O & e R AR L, T ORIk g, o
AHEEIECRE N NG, T LA 26 B 78 43 4 5 ik B 422 fil,
PG PRI A 2 . A5 SCER[21193E, 7E 2 o
AIE O BEA AT £ i AR AR P A 2 i R B, hi HLAT A
T ABREE S T AR TR A4, FRAREERTR T4, HEEL
H PR 25 R T A TN 81 52 38 (n=3), 58 e 24 B I A
KN 0.1 mg/kg, XTEH T80 2 mL IEC K, #4551
110 mL ZJE . 10 mL IEC e M 2N . 10 mL 1E C beif
G 1% VKSR ) 3 BUSCR B 52 i (HLIE] 2) . 4528
7w, TERAOIBEREBUERIR, B 31 Fhezy 7
80%~110%, JRPE ] GBS NG FIE C kit TR a4k 2,
4 IE C et F SRS VR AL BOA RIS TR, A 45 Bl
25 ISR TE 80%~110%; 24 FH IE O BE A 215 (7% 1% 0K
TR VVE 2 BB B, BT S8 HE 80%~110% 1Y 4 24 B i fe 5,
RE S0 Fh. Rk, BEFRIE CEi RN 2 (B 1%k B AR
RHREUGR
232 RIFAegik#F

ST H T RSB (S min, 10 min) T AR HEE
ARG RE 2 ROy U FREUECE . 25 R, H A PR LR
DR RCE R o SE— X A AR T 2R Ak, R
75 10 min LUG S8 R 24 (1 - 247 [ e e 1K B B R It T2,
DI, SR PEREE A 10 min FHEEOT .

® Zf ~ IEC R
IEC LM Z I 1%0KRR)

X

\
N

22262
80~110 >110
EL &7

B2 AR ISR EL 58 PR 2451 [mlfige
Fig.2 Recoveries of 58 kinds of pesticides extracted with
different solvents
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FERTESRBGE R, 13U pH 25 M 0 X T R BE
JREIAR 2R IR . A 0FFER PUREE, 18 ZBRENAT 1%
IIEOVKEE TR L SRR 22 phER R R eh, $REURAL T pH 2
5.5 BPTPAT SR MRS, KRR A PE AR 8 . ARBFSR
PEBERE 2 FAAERR, 76 0.1 mg/kg FANACE T #4705 Bk
SC¥(n=3), HXF T QuEChERS VLR EHEEL (4 g KRR
B+l g @Ik, CREPERRIRALG ¢ TOKBIMREE ¢
TR LTREN)  APEETRE phER R R ERA(4 g TOKBRIREEH] g &
A+ g FEEIRIH0.5 g FPETIRE AN HEIICR AT
(WL 3, Erh 58 Rl 2575 53 2 AHlR]). 455R IR, 58 Fivk
- (B R KAMEICN: TR % thih IR R £060.(98.0%)> 47
BERR R R AR R 40.(94.5%)> M il £ 40.(81.8%), I HLAEfHFH
CTREMEIR R ZMET, BT S el . AURSAN
FHFER LS, AR ISR IIE 80%~110%Z ], HIt,
SR BERE L IR pER R R IR B ER T .
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Fig.3 Effects of 3 types of salt packs on the recovery rates of 58 kinds of pesticides
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TCKBRREEE QUEChERS H:H AR, MK A
IR TS 60 °CLLE, &SBHRRENLZ, WH
. FREEE . SURRERICR M E R, KR BGR R
WA VKA H A R IR PN G K B BREE, AT DA bk A Bt
KRN, S AR T B R BURI A 20 CYKFRYA VR AN IR
[F](5. 10, 15, 20, 25 min)X}45 AIZS (3L AR mICR Gn
FRUREE 0.1 mg/kg, n=3)HZMI(ILE 4), 2558 3RH, BIRIER
VR REAR g Ml A e Fh F 2 AL 3 KT S B0 25 [MDIBCR A AR 14
[a] &, AV 15 min LUF IR EEAS B i m a1 A
M, A FEIESN 15 min,

100.00

X 95.00
Z 90.00
T 85.00
8000 1 1 1 L 1 J
0 5 10 15 20 25 30
Y3 VBT[] /min

B4 R[S VRI AT 58 Fb e 24 [ e 44 ) 5 il
Fig.4 Effects of different freezing times on the recovery rates of
58 kinds of pesticides
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QuEChERS J5 1 LA PSA | Cis. A28 10H%
4 (graphitized carbon black, GCB). Jo/KERMREESE. PSA AE
FRFEATE BT AR TR SRR 5T, C s BT REST
BB AT AR R T AR I e S5, TCK it PR B RE B K 4R UK
rhER R 7Ky, GCB REARU R FR R A B, (H R
M ELAA T IIES A AR 2, 23R 2 BICR T I, BEBgi
VR ROy SRR S (e ), Sl T R T B —

&, WESE PSA. Cig FITOKEREREE bR . ZERE A
600 mg T/KBLREESH T, WML IERLIELE T Cy i
JiE g 50, 100, 150, 200 mg, PSA #RANHEJ 50, 100,
150, 200 mg Xf [ 2R (5200, KB Cis A1 PSA BN
100 mg B} 58 FlR 2 V-3 [EISCR iy o BHIE, SEae kst
600 mg JCKBRBREE . 100 mg Cs Al 100 mg PSA 1Rk .
2.3.6 KiBEEATIERGLE

B SIS AR W MR, BRARAESL, F3
H bk G Pt R Aoy 28, BTG SO R U Y I K
WRWRER T, SREHETE SR, KBREASEBT
50 °C, HNHATE WAL RS E T, ZRE%IE
IR WAL M, KRR R 45 °C. Xt
TFERIFREE T, — Bk Perh AL, S5
Hik[26-27]H1 GB 23200.113—2018 & & 4= [ FAnE )
JEMEE R 208 Fhofe sy ROLAHER e SIS
SR ) L SERERR O R LRI R R
24 EFEHN

XV BT AE FIRE T 28 FUBRAE A3 SIERE S 07, 00450 1
BN A F1 B, JEFALN (matrix effect, ME)=(B/A—1)x
100%, ME>0 [ Sy 5L BTSSR0, ME<0 By 5 BTl
[ME|<20% ., 20%<|ME|<50% , [IME[>50%/4} 5|2/~ 5% ME(7]
Zmg). W4 ME., B MEPS 2, AR, BN, S8
R SRR B DA A T A s GR ) ME(R
Kl s, Elrh 58 Ak 25 53% 2 #IR]). R ATREINBR ME
BIRZI, ARIEREINES SR B HERG I, AR R 2s A 3L S DL T
B £ PRI E i o
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Fig.5 ME:s of 58 kinds of pesticides in different animal derived foods

2.5 FHEFIIGE

Ik
ATy P A O B R ] B T BE R IE X A T Tk R
', XN R AR XSRS SRR AL TS
8, RINEAL I B 10 8 1k 5 2 B B T T R ) I A
W BT, R RAA BT
252 SMXFE, AEREEZER

VR S AR, F 1. 3B RS A 2

ZH 43 SR B 43 3R 0,005, 0.010, 0.050, 0.100, 0.200,

251

0.500 mg/L i & 7 JERVC AL TARMZR, DAARZS TRk (X,
mg/L) AR AR, A& 24 Rtk i U TR BRI D ik 0
FRUB LAY ONARAR, 2ol brifE fh 2o (W35 2) . 45 R o, 78
0.005~0.500 mg/L L5 [El P4, 58 FiAk 235 S AT ALl &R,
HISERECHBIRT 0.9945, LIE B TN 3 5501 1
(S/N=3)Hff e R PR, LAE 2 B -0 0L 1) 10 515 1 L. (S/N=10)
e PR, 155 58 R 24 ks i B 0.001~0.005 mg/kg,
ERIEA 0.002~0.015 me/ke, AR5kl i A BR T
K.

R2 SSMRAMKIMER. KMHEE. BXAY. RHRSESR

Table 2 Linear ranges, linear equations, correlation coefficients, limits of detection and limits of quantification of 58 kinds of pesticides

= RLHIR 283l /(mg/L) ZPE R P () K BR/(mg/kg) & fR/(mg/kg)
1 FH JHe gt 0.005~0.500 Y=493X+1 0.9984 0.003 0.010
2 A 0.005~0.500 Y=1328X+1 0.9996 0.001 0.004
3 1 Y el 0.005~0.500 Y=380X-1 0.9980 0.003 0.010
4 FURR 0.005~0.500 Y=395X+2 0.9945 0.003 0.010
5 B 0.005~0.500 Y=2066X+3 0.9992 0.001 0.003
6 [ AVAVAY 0.005~0.500 Y=1087X 0.9997 0.001 0.004
7 SRR 0.005~0.500 Y=1385X+3 0.9996 0.005 0.015
8 LNED 0.005~0.500 Y=467X+15 0.9948 0.004 0.015
9 BANININ 0.005~0.500 Y=2786X-5 0.9996 0.003 0.010
10 TSR 0.005~0.500 Y=673X-1 0.9991 0.005 0.015
11 AVAVAN 0.005~0.500 Y=2785X-5 0.9996 0.003 0.010
12 TR 0.005~0.500 Y=1147X+1 0.9995 0.001 0.004
13 WA 0.005~0.500 Y=1935X+6 0.9994 0.001 0.005
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=2 RETLFR MU Fl/(mg/L) iy X REG) G BR/(mg/kg) a2 FEFR/(mg/kg)
14 S 0.005~0.500 Y=1564X 0.9995 0.005 0.015
15 S AVAVAN 0.005~0.500 Y=626X 0.9995 0.004 0.015
16 R 0.005~0.500 Y=2043X+4 0.9997 0.005 0.015
17 IR 0.005~0.500 Y=885X-1 0.9993 0.005 0.015
18 FR LT 0.005~0.500 Y=699X+6 0.9998 0.005 0.015
19 PR 0.005~0.500 Y=1080X+4 0.9985 0.001 0.003
20 2R 0.005~0.500 Y=1209X+8 0.9958 0.005 0.015
21 AR 0.005~0.500 Y=953X-2 0.9999 0.005 0.015
22 '8 Ak 0.005~0.500 Y=2450X+30 0.9993 0.001 0.002
23 AL 0.005~0.500 Y=1528X+3 0.9993 0.001 0.004
24 Xof B 0.005~0.500 Y=1353X+16 0.9979 0.005 0.015
25 = e i 0.005~0.500 Y=1072X 0.9997 0.002 0.006
26 K F B 0.005~0.500 Y=3149X+13 0.9995 0.002 0.006
27 A 0.005~0.500 Y=6192X+13 0.9994 0.001 0.002
28 T Lk 0.005~0.500 Y=4335X+11 0.9993 0.005 0.015
29 PR L S M 0.005~0.500 Y=5449X+9 0.9993 0.001 0.002
30 THI R 0.005~0.500 Y=1044X-2 0.9993 0.001 0.005
31 AU 0.005~0.500 Y=2162X-1 0.9997 0.001 0.004
32 TR ER 0.005~0.500 Y=1383X 0.9994 0.005 0.015
33 I 0.005~0.500 Y=1463X+7 0.9991 0.002 0.006
34 EZ3 0.005~0.500 Y=3420X+12 0.9993 0.001 0.002
35 FRUE I 0.005~0.500 Y=1036X-2 0.9991 0.002 0.007
36 H TN 0.005~0.500 Y=3198X+7 0.9990 0.001 0.002
37 T IR 0.005~0.500 Y=887X+2 0.9997 0.001 0.004
38 Hu g 0.005~0.500 Y=128X 0.9982 0.005 0.015
39 =BT 0.005~0.500 Y=1253X+2 0.9995 0.001 0.004
40 [SEZNLA 0.005~0.500 Y=2954X+23 0.9994 0.005 0.015
41 G e e 0.005~0.500 Y=2240X+6 0.9986 0.001 0.002
42 IR A i 0.005~0.500 Y=12354X+27 0.9995 0.001 0.002
43 O e i 0.005~0.500 Y=1618X+6 0.9986 0.002 0.006
44 FR R4 TR 0.005~0.500 Y=1926X+6 0.9988 0.001 0.004
45 RATRBE 0.005~0.500 Y=2269X+8 0.9997 0.002 0.007
46 B Rl 0.005~0.500 Y=1609X+5 0.9993 0.005 0.015
47 Al 0.005~0.500 Y=1740X+11 0.9989 0.005 0.015
48 g R 0.005~0.500 Y=8893X+24 0.9992 0.001 0.002
49 AT AR 0.005~0.500 Y=893X+2 0.9994 0.005 0.015
50 ERaR ]l 0.005~0.500 Y=1332X+2 0.9994 0.005 0.015
51 EER AV ] LT 0.005~0.500 Y=3247X+12 0.9992 0.005 0.015
52 ik 54 T 0.005~0.500 Y=9838X+15 0.9995 0.003 0.009
53 €] 0.005~0.500 Y=2317X 0.9995 0.003 0.009
54 TR A 0.005~0.500 Y=501X+2 0.9983 0.005 0.015
55 NP ik T 0.005~0.500 Y=2640X+6 0.9996 0.005 0.015
56 2Tk FY B s 0.005~0.500 Y=8671X+32 0.9988 0.001 0.003
57 A R 0.005~0.500 Y=851X=2 0.9987 0.004 0.013
58 Tk T it 0.005~0.500 Y=3059X+13 0.9989 0.001 0.002
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PERRFEDY . RO, far, MEMEYES HER, 0
SA10.02, 0.05, 0.20 mg/kg 3 N FEK-FITR-EAREE I,
HeARMR T A TR BRI AL, BRIDKCPEENE 4
W, 7E0.02. 0.05, 0.20 mg/kg 3 MAMACET, &Fh4257E
WAL SN, AR, SERAG R MR 3)551k
72.6%~117.4% . 71.8%~1152% . 82.5%~106.8%, AHX|FruE
TRZEDTNH 0.8%~8.7%. 1.2%~5.8%. 0.7%~7.0%. J7H:H)
TER S FIRS %5 454 GB/T 27404—2008 Sz e il
TS & RN ) RLRE, TR AR B AT I EK

358 MK TR IN AR B YR FOAE R AR AR E (n=4)
Table 3 Spiked recovery rates and relative standard deviations
of 58 kinds of pesticides (n=4)

o AH X
IR ‘jz ff; I S T
0.02 75.3~106.7 0.8~6.5
0| 0.05 75.2~112.6 1.3~5.7
0.20 83.6~103.8 1.1~4.8
0.02 72.6~112.4 1.6~7.3
PET 0.05 81.7~109.2 2.4~5.5
0.20 88.3~105.3 2.1~5.2
0.02 75.8~117.4 0.8~6.6
A 0.05 79.5~112.2 1.7~4.9
0.20 83.3~106.4 1.3~7.0
0.02 76.8~99.7 2.3~8.7
X5 0.05 71.8~115.2 1.5~5.8
0.20 82.5~104.5 1.4~4.9
0.02 76.6~107.2 0.9~4.6
44 0.05 75.2~114.5 1.2~4.9
0.20 85.5~106.8 0.7~3.3
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T T A ST A 5 0338 PRE R R 3 15 X8 AR AR,
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AT 1t G QUEChERS TiANEE vk, E v T
GC-MS/MS & Sl k£ bt rh 58 A 24 5% B (Al Jy
Do IR B, SRR, KRR, R, S
TSP S R AR 2R B BRI, (R, shi st s A
KB Z, ARUFFTITERUL S IR S JCHEE o5 iR sh it &
i, ETXT e . Racshy . e MR HAbsh YR
PEE LA TR Hoxt, i — IR s . S Ak,
PR R 725 B 55 PR 9 R AR BRI ) T A S
B RE S RS A PIFR)CY, AR 58 R FH A AR I B
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