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QuEChERS-high performance liquid chromatography-tandem mass spectrometry (HPLC-MS/MS) using carboxylated

multi-walled carbon nanotubes (MWCNTs-COOH) and attapulgite (ATP). Methods Tea samples were extracted with

acetonitrile containing 1% acetic acid. After purification with anhydrous magnesium sulfate, primary secondary amine,

MWCNTs-COOH and ATP, the extract was filtered and analyzed by HPLC-MS/MS. Quantification was performed using

matrix-matched calibration curves with external standard method. Results Satisfactory linear relationships were

obtained for target pesticides within the range of 1-100 pg/L, with correlation coefficients (r) all higher than 0.995. The

spiked recoveries of 16 kinds of pesticides ranged from 77.2% to 114.7%, with relative standard deviations of

1.2%-9.4%. The limits of quantitation of the method were 0.16-3.46 pg/kg. Conclusion This method is simple,

accurate and rapid. It can be applied to the detection of relevant pesticide residues in tea, and provides reliable technical

support for quality-safety risk monitoring and pesticide residue control of tea agricultural products.
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BN . T ORI R R O (R, XAk T
JERR B AR 25 B, BRARZS I A, R OREEE 2
flE R Byl ] RS & R E LR R

QuEChERS J5 A —Fl-HReas | 7 (8 A o i b B H,
A, TEARZFR BRI RS T 1z W, ZRERmANK A
(carboxylated carbon nanotubes, MWCNTs) 5 M 1% +
(attapulgite, ATP)VE N #T BRI f A1 K}, iy QUEChERS 7E42 {1
THT i U 2 RERRCKAT th T A P FA
SPERT, e R A AP Bt R T, LA
R R A 4 Al JE TR 4 R U R, 2 RERRAK
AR AR I E AT R . AR i S B A b
K4S (MWCNTs-COOH)4E S QUEChERS Fik&gh& =
PURAT BIEAY, B TR0 16 FPAe 205k B = iy s 43
B K 7 % . Wang %511 MWCNTs-COOH 1
QuEChERS J5 ¥ 0y W B 391, 5 1% G 1 v Ak W B 5910 4 Lt
MWCNTs-COOH 44K Ze b 7E B 1 5 TP Al 5L ol
Joj(matrix effects, ME)J7 HIB9HERE S 4T, A ik
FRAE 0.1~2.6 pgke TEHI A, 28 Fhak 25 (0 hnax ol R 78
75.3%~113.6% 2 [8] , #H X 4% #E 1 2% (relative standard
deviation, RSDY/NTF 14.3%, HA R0 R G0E FuERfH:
ATP E—FhEK BRI KRB L0 Y, ARG HA—
YLK LT Y SR B AL, BB SR A L g oK fLIE, R
B R REIE, e Ly P AL TE W R R v AT A I B A T

EABLE], XISt . K2, 2. Gl
SEDRAR M (3 A B e B B RE T, BLAR R
RAMLRE . SOTCEE, B & SR T
BERTEZO B BFSE O 80— ATP I T3R8 . A W45t
FAR 2% B AT b b, TR SRR AR . FHLR
PP, (A— ATP fE7EW] R EkEG: 4l ATP
YGRS K F A %, Xt g2k
s 5 6 S AR A R 5T 2 T R BRI A 2, A R LA il A
FM B IR R E AT R o BUA STk, H5 ATP 15 Rk
HORH T 25 QuEChERS BiTAbBRAA R ifGE /0 .

MWCNTs-COOH HA HZsEAR sp” 24 bBRB 42454,
BRI R BRI T REA . R 4L nE e non HESEH
B KHEAE A ARAS I PR 2S . 38 B W I S S A M R o
FelT; H 3R AR FEER AR W B 7 5 - {H MWCNTs-COOH
BB FFAERIBR: KPR EE  SEBET SEA  HEHERK 4T TR
M7 AT B, FLE bR 2 5) 55 22 T 2500 I 5 e 4 oK
EREWIFOLS, 51R BFRY AR Sk . 52
L, ATP —4EGKEf AE RS A A0 ARk IR AL, 7T ad ol &b
YER . WetEAE AR R 4 At e R . 2R . LR
Ltk SRR, H AR SLIE BRI T 4 KA
. [ ATP GV/bBUKES, TCEARORMIESS . 85T EER
P, ST RARTOZE I 5 W B et 22 5, ARBIESE 4R Y
B2 : MWCNTs-COOH 5 ATP & it o] JE A7 o T4
DARREAAR R o A 0 P AT T 2 T RS, AE Rk
AL AL A R s, R AT R AR B AR 2l
Bl SRR AR R SRR R, R0 AL RO S AR RN
H i fE A% ATP 5 MWCNTs-COOH Kt . Rl fb2s
T 35 5 1 A S 5 41 0

JETF I, AR LATTE MWCNTs-COOH il ATP 5t
B, A7 % MWCNTs-ATP &2 & W Mg kR, ookl
% QUEChERS FIALFE )y 3, 254 i AH (o iih- 2 6 i i
F AR (high performance liquid chromatography-tandem mass
spectrometry, HPLC-MS/MS), 37 7] [ Zm-rp 16 F
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FH1TE

ACLFR BRIy i, 2t RS A R SR S 4
1 MR57E

1.1 MR5RF

A AR TR R T 5% M A8 B A SRS DU e W R 2
FCRERERE, B LS AR P T B O T AR (R AY); B
RS SIBRAAE . eSS, 1L 40 BT, 4 °ClbLE
A7

MRk BE PR . BEAEIEAE 16 FhoR ZARHE S, (T R
F£ 100 mg/L, Al EREREE AR IR W), SR EALRR AN K
& BE 5~15 pm, AME 8~15 nm, MR 3~5 nm, ZHE>98%,
FeFREA>250 mY/g, BEINTTREAT R A7 BR2 /), ATP(200
H, W SCRHM A RA D, 2. IEC k. RO
P . FEE(@igal, 56 Tedia AH]); N-NHZ %
(N-propyl ethylenediamine, PSA, 4 ¥ =97%) . #i 2 &4
(MgSOy). HALE(NaCl), 4R, HFR . JoK OB, HREE
OrHrat, iR T A AR A R ) o
12 UFE5EE

ACQUITY UPLC H-Class/Xevo TQ-S CRONOS %X
YR AR (8 1% - BB 05 T 1{ . ACQUITY UPLC HSS T3 %4t
(2.1 mmx100 mm, 1.8 pm) (3 E R4 H]); SUS10 FHH
HL 8 (OB H A H 3228 \l); PL2002 HL T KF- RS E 0.01 g,
MERFE-FER 203 (1) A RS ] T, BC-1000 28 ATETR
B CFEYIE S A AR A D, 3k15 7 2O LR P A 3G
Zvl); JPS-20A IR TR (RINT A HRERLEA BR A /),
X700 & AL i A ST R AT B W), HY-3 23
REPR G & (BT MR A R AR, ek (EE
Millipore /v #]); PTFE #F=0EH(0.22 pm, FiZ 5L 5
AR D,

1.3 MWCNTs-ATP & & I M4 # s 5l &

PRI —E i MWCNTs-COOH 5 ATP # T 30 mL
ToK 2B, JEIREIR pH g 4~5, 2 )5 G 75 30 min,
BT, SRR T B S A 4R AMT Y6 (=365 nm)
T RESY 3 min, 8% MWCNTs-ATP & 448
1.4 #HmETE

WERIFREL 2.0 g ZNHAFET 50 mL BB, i
A5 mL &K, WIERSIEHE 20 min, ZJFHIA 15 mL
1%Z B2 ZHETEF \1 g NaCl 12 g MgSO,, i#iEdRY 10 min,
W f5 T 10000 r/min #5.0> 3 min, MEFIEIK 5 mL FIE® T
10 mL RNEEL.OEH, A 250 mg MgS0,.100 mg PSA |
120 mg MWCNTs-ATP (100 mg MWCNTs-COOH+20 mg
ATP), iRiEPR?% 1 min, 10000 r/min B5.0> 3 min, BUERE
T 0.22 pm A7 HLIERIF R AR/, FE EALRI .

1.5 FoERRAVECH

PRuE TAETR: WERAPRE — 0 16 FlR 25hRUES: T
10 mLAF s ailih, O EREZ8, B 10 mg/L K&
FRIERR AR, ML, —18 CCIRAF.

FETTFRIE TAEWR: FRICEM 28 FIRESL, IR 1.4 J5ik
TR B B 28 LA . AR TR . 25
A T mL ARG E LAER IR R, BRMREAN 1. 2, 5.
10, 20. 50. 100 pg/L RHNELFARME TARR, BECHLAH.
1.6 @iESREEY

BRE A BN @G F A ACQUITY UPLC HSS T3
(2.1 mmx100 mm, 1.8 um); FshAH: A #1842 mmol/L H g
#-0.01%) F RR/K VAW, B AH 9 B, I3 0.3 mL/min; 41
1R 40 °C; #ERERE 5.0 pL, BREEVEBLFRF W3 1,

#&1 HPLC HMERBRER
Table 1 Gradient elution program of HPLC

i} 7] /min TBIH A% WA B/%
0.00 95.00 5.00
1.00 95.00 5.00
2.00 85.00 15.00
5.00 55.00 45.00
18.00 30.00 70.00
20.00 10.00 90.00
25.00 5.00 90.00
26.00 95.00 5.00

JRIE A HAE5E ) T (electrospray ionization, EST),
B FREEL(BSTY); £ [ Wi (multiple reaction monitoring,
MRM)RE; B XS4 B E] 30 ms; AT 35 psi; M%<
55 psi; HFEIIMIA 55 psi; B FIRIRAEE 550 °C; BTk
JE 5500 V,

1.7 HIEAE

AT Z Origin 2021 £ EIHAEA3 4 b 345
AH I

2 HERE5HH

2.1 RFiM R R F R HRE
e B 1% (scanning electron microscopy, SEM)
EGIE IR R T 3 FAPEHG OB SRHE, il 1 PR,
ATP S8 LAY (R B 41 4R ok JE S0, FL 35U B] 7
FEWT A A RIS . MWCNTs-COOH U] 2 Btk S 7Y (i =
e NPIR AL, (H B TR FEAAE A R FR s g s .
¥ ATP 5 MWCNTs-COOH & &5 (MWCNTs-ATP), AL
BRI " FL T RS 005 R4S : MWCNTs-COOH LA
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M B2 1 RRZE M T 40 T ATP 1, I3 554 T ATP
IR b, WO SRR % . B SRIER T, ATP KIH
M ¥ 52 (Si-OH) 5 MWCNTs-COOH & [ I 3% (-COOH)
22 [0 3 2ok SRR FE 7 A i i LTS A, TR B g P A
YER S e se d L R T 52 A 25 IR .

1 WHHE R ATP, MWCNTs-COOH, MWCNTs-ATP f) SEM ¥

Fig.1 SEM images of adsorbents ATP, MWCNTs-COOH and
MWCNTs-ATP

22 RiESHML

Xt 16 B 25 IR A bR S I N EAT e,
NIST FrfEZEVC ALK ZR, TE PR 5 o B I L oy 458 v 199
BFEREEE T, T g E s, 5
FRBRE 2 AR B . R B TR R R
SERE TS EMS T, JEN MRM 25074k, 16 FH
PRAC 2 B 8 BB 0 B KRR LR 2,
MRM EI3E4nE 2 PR,

2.3 REUETADIERE

Sh i S S8 TR MR i R 22 AR 2 5k B 0 A 19 R A R
BORF, ABFEAEZE AA R RSN 50 pg/kg HARIR

BRZG, REWET 2. 1%ZRNE. W, Ec s
H5ZmaW 5 e BRI 16 B B AR 28 RISCR R
W, W 3 PR, ARIERISTRGRBUGICR A B2
o ZMEAE R B R BT, g 25 [l i R S A
68.8%~129.7%, F rfv v 1 il [ i 5 fii 1K (68.8%), — Mk
W] w5 (129.7%) o T3 T 32 BB [ i 5 4 A 5 5E
(82.1%~176.7%), FEFLME . ZTH R | MEMG R 1 —1eph 4 Fp
R R 120%, FHHBEEERZE, 52RR
HARB T I O %8 B BUREH 43 4 24 ik s 5% A0 H
BRI S T 120%, BEAARTEEHR 76.8%~136.9%, HEnI:
S AERR AR 2 R BRE ) ik, R R MR 2R ORI, &
2 SRR R I, Rk 28R (53.7%~132.1%), F
rhE R bR 5 ki S T ISORAR T 70%, T ME R | R R A
TN 120%. HEZ T, 1% NG R B
4R HCE BE SRR E M, T R 2 IR B A F
78.3%~118.3%2 0], [H, ARFRBAEE 1%L N
£ QuEChERS Hij b # o (1) S AR B TR ) o
2.4 RBFIRNA)E R

PSA R[5 —Sepp kI 2 N7, REAEA AL BRI 1A
HUER . WSS UL BGR A R 2 2 T, AFXF A 44 S0 2 4 1) W B
AR/ A8 3 [ 2 oK MgSO04 (250 mg)5 PSA (100 mg)
s, BT 3 R4 100 mg MWCNTs-COOH ,
100 mg ATP J 100 mg MWCNTs-ATP (50 mg
MWCNTs-COOH+50 mg ATP)Xf 16 R4 25 5% B8 [ R Al 5%

Fz2 I6MRANEEF T, EMBFNRIERSE

Table 2 Quantitative ion pairs, qualitative ion pairs and collision energies of 16 kinds of pesticides

FFe k& EEE DI BB F (m/z) T8 F(mlz) A R AL/ V HEFL LR/ V
1 M, H bk ESI(+) 256.0 175.17/209.1 17/14 68
2 g H Jpk ESI(+) 223.2 126.0°/56.1 22/15 72
3 AL ESI(+) 351.9 200.0/97.0 18/33 55
4 2R ESI(+) 202.1 145.1°/127.5 9/27 40
5 3-FRIE T H AL ESI(+) 238.0 181.2/163.17 10/14 35
6 qE); ESI(+) 222.1 165.17/123.1 11/21 40
7 KEZ W, ESI(+) 163.0 106.0/88.0" 10/8 20
8 ZWR ESI(+) 192.1 160.17/132.1 17/30 50
9 Ik R ESI(+) 365.1 309.17/147.1 12/25 40
10 W e ESI(+) 250.0 132.0/169.1 14/12 65
11 W il ESI(+) 353.1 228.0°/168.1 15/25 40
12 PR e ESI(+) 142.0 94.1°/125.0 15/16 40
13 LS ESI(+) 261.0 75.0°/143.0 10/18 50
14 Y77 ESI(+) 314.1 119.1/162.17 35/19 55
15 F ESI(+) 299.0 77.17/129.1 26/10 40
16 Rt i ESI(+) 331.0 99.0/127.0" 12/23 60
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Fig.2 Spectra of 16 kinds of pesticide residues under MRM mode
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Fig.3 Effects of different extraction solvents on recoveries of 16
kinds of pesticides

Wi, ZEHER(E 4), BBl MWCNTs-COOH i, 424
[5] WAy 37 B4 95 (48.7%~176.3%), FLrhmkigh R 55 2 5w [nl
WCEARARCN T 70%), 18 H JHe R Rl [mT A e (it 2 0 i (R
T 120%), B PR AR Y, T BEXT R AR 2 1E
AR ARRE SR M . B A ATP B, IR — 2 R
(47.4%~158.8%), i 2 P2 (K 2l . b ) Il e R AL F
70%, d B EHE FH AR, T RE B AR o iR
MWCNTs-ATP {5k 58 G- W B TR, B s e Fn HE RS,
HARZG MR TETE 74.8%~115.7%2Z 1], AR A 0F
e, S D RIVE R ORAE TR AT ATP 7E R
[ KL 5 TR 9 [ i, MWCNTs-COOH Al Rl n-n 4
F L ASESEHLR R O F R A0 2, T/ H AR A 4t
RIFBGEE THARG R, T FIRGER, AT
Ak E MgSO4+PSA+MWCNTs-ATP 1E % QuEChERS Fij4b
PR AL IR B VAR R, 2 G EARE AL RCR 1 R B, G
FIRTE T ARG ER S (v S

LR

Vi AL
B4 RIEULHRIL AT 16 Fhc2y iR i s

Fig.4 Effects of different adsorbent combinations on recoveries of
16 kinds of pesticides

2.5 AICEBIERLWEITS S

M ALRE S T ADFR Y SL B0 A5 1, ABFSOR Lo(3%)IE
LR, REHEE T EMA) . W4 B) . 7
B () B ARBUR A (D)ix 4 AR ZE XS 16 Fak 25735 ()1
R, MR SRR 3 Fs. RIEE 4 k2
IYBTEES, & R SR EE Y Y A B>C>D>A,
A B2 A R 25 (R=18.0)f K, 7 I O 4 24 [l i
RGPS A R F BN . E— R, A
N A,B;CiD;, BRI E BF (Al 20 min . TR B A A R
MWCNTs-COOH 100 mg+ATP 20 mg., 32B7 2 MR 1E
e, BEBUSE] 10 min, AT, B K550 54
B K {l, JoHE By (MWCNTs-COOH 100 mg+ATP 20 mg)
B TR ENCR, SIS S i MWCNTs-COOH
) EA A A FRGsR X R 2GR R B R T, TRIET ATP o Bl
AR AT 0 T PR B o 1 T4

2.6 EFRYMNAER
HERTEA T, TR PR S m . e, G
Sy dlavlse s Bk iR EMEAER, SR ERAZY
HE SRS, I B R R T S, IXPRh
#3 EXRBRITEER

Table 3 Experimental design factors table

K Gk
N H, H N
o D I 2 g B st
[A] /min 770 [4)/min
MWCNTs-ATP 1
1 10 (MWCNTs- ) 3
COOH+ATP: 80+40) HEI
MWCNTs-ATP s
2 20 (MWCNTs- o 6
COOH+ATP: 90+30)
MWCNTs-ATP SEA
3 30 (MWCNTs- 10
Eidig

COOH+ATP: 100+20)
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®4 EXZHRITFRES LS

Table 4 Results of orthogonal experimental design and range

analysis
Fes Lk R 1R /%
A B C D
1 1 1 1 1 87.3
2 1 2 2 2 81.2
3 1 3 3 3 90.5
4 2 1 2 3 85.9
5 2 2 3 1 80.6
6 2 3 1 2 93.4
7 3 1 3 2 78.6
8 3 2 1 3 86.8
9 3 3 2 1 82.7
K 259.0 251.8 267.5 250.6
K 259.9 248.6 249.8 2532
K; 248.1  266.6  249.7 263.2
R 10.9 18.0 17.7 12.6
Herp B>C>D>A
RAKE 4, B; G D;

MEP* 7 AR SC SRR F AR ME>0% 56 B L ik 1
REGES, ME<O%ULHASE IS TR 200155 . 1Loh,
M IME|<20%0}, 55 ME; 24 20%<|ME|<50%Hf, ik
ME; 4 |ME|=50%H}, H}5% ME, ABF5Ex450t ME 19 16
A Zin) ME HARZER UL 5. I 5 %, medipk, 3-
BRI HE . AR ME; Mtamk, e, ZER
T4 ME;, HARA M ME, 16 Flikzidhh 9
Floe 2 Jy5it. ME, 2 B A 358 Jo o Z2 8804 25 1) 22 s S A A7
ERETH., WABKE ME #5188 k%E, AR
FAZS I 5 55 DG s ol 2 3 EA T AR 1, DB LS S i H
FRPIFERE S R A AT A, DA T 155y 7 S B i o BT
R R P AT S

il

20 H H
0

IME|/%

5 3 38
—n
=g

;_i_

E

By [—
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4

S A R g
FOTPPIPIPFI G
e sh41 :

5 16 FREGTEA T P i) MEs
Fig.5 MEs of 16 kinds of pesticides in tea

2.7 HAEFEN
271 &MwmiaziE, ARRAZER

i BRI 5T T 19 0 3 FH 28 IS R i S A /) — 2R
HIFFRRHEE R 1, 2, 5, 10, 20, 50, 100 pg/L FITRAHR
WEVA W, 9 AR eI 2 10 T R, XA OC R B () i1 T %
2o DL 3 55 R EL(S/N = 3) X8 07 0 R ik R B A SR A M R
(limit of detection, LOD), LA S/N= 10 X1 (1 Fi e EEAE
FE B PR (limit of quantitation, LOQ), HEARHKI &R W2 5.
ZER IR TELRAMEVEE 1~100 pg/L Py 16 A 253 S B
RIFIIZMECR, LM RE (DI RT 0.995, WLk
BREA S TR . Ay b BRR4C 251 LODs i
0.05~1.05 pg/kg, LOQs g 0.16~3.46 pg/kg, J5¥kREUEH
1o, REAE W A A TP 24 8% B H R M A [ 5K 22 A B
SRR ARSI T 3K

®S5 16 MRAWKIMEER, FERMZLHFRE. HXRK. LODs, LOQs

Table 5 Linear ranges, standard curve equations, correlation coefficients, LODs and LOQs of 16 kinds of pesticides

5 &Y RN/ (ug/L) L FHOCRE(r) LODs/(pg/kg) LOQs/(ng/kg)
1 Mt H ok 1~100 Y=7438.69X+927.33 0.9968 0.17 0.55
2 IE H bk 1~100 Y=24291.23X+9839.48 0.9952 0.13 0.44
3 A 1~100 Y=4435.12X+374.31 0.9977 0.25 0.83
4 2 1~100 Y=37672.65X+1995.25 0.9982 0.37 1.21
5 3-FRIE T E L 1~100 Y=9445 82X+3381.94 0.9964 0.08 0.27
6 o E R 1~100 Y=44628.16X+17225.67 0.9987 0.12 0.39
7 KZ 1~100 Y=7133.86X+1228.76 0.9972 0.22 0.72
8 ZWR 1~100 Y=9116.47X-428.92 0.9985 0.15 0.49
9 if s 72 1~100 Y=13629.83X+3941.13 0.9994 0.05 0.16
10 G H i 1~100 Y=1752.17X+2126.39 0.9953 0.19 0.64
11 B 1 T 1~100 Y=18894.62X+4384.05 0.9974 0.10 0.33
12 FH el 1~100 Y=8854.77X+955.16 0.9981 0.42 1.38
13 b 1~100 Y=2471.38X-637.11 0.9956 1.05 3.46
14 =T 1~100 Y=5422.64X+2583.33 0.9963 0.14 0.47
15 i 1~100 Y=11429.49X+2854.52 0.9991 0.66 2.18
16 LR DR TR 1~100 Y=6842.52X+1542.39 0.9975 0.58 1.93
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WA Bk 16 Fie 2 as SRR i T 3 A
[ R (10, 30, 60 pg/kg)AHFR EICSLL:, BN
KFES 6 K, HARABIFENT I LT IE . 16 Fifk
AL BT P bR [l SRR 2% 8 L3R 6. S IR R
TE 10 pgkg MAR K-, & 4R 25 (1 24 10 =y
77.2%~113.8%, RSDs 4 1.7%~9.1%; 7E 30 pg/kg IFRAFET,
BACHIPEII ISR N 77.6%~116.7%, RSD 4 1.9%~7.5%;
# 60 ugkg MR KT, & 42T 35 ik
80.4%~114.2%, RSD N 1.2%~9.4%, Z:H4 GB/T 27404—2026
(R P s & BRI ) 2R, R 2y B A
0 5] g 5 BTV Rl 70%~120%, RSD<20%., A7 LT A
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TS 43 T 235 KA A P AR 2 3 A AR AN Rt W B IXURS: o AR5
YR ATP 5 MWCNTs PR & Beedrfb ik 2, WA
£ 950 mg, FIAZLFRAERS 37 min, 7EAE I EHIE GCB 1Y
SN SEEL 16 FhAS [ AL P AR 24 A [l B, 43 B
PRI RAL T 77.2%~114.7 %, 5840 2 25 it 4R 5k A6
70%~120% 1 TSR EER 124K R AW RCR . /bl
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AR 2A 5% B (A ER T T A 5 VA A R T o

2.9 SEPREESRASN

Fz 6 16 FRZE 3 NINFRAKFETHFIEULZEFI RSDs (n=6)
Table 6 Average recoveries and RSDs of 16 kinds of pesticides at 3 spiked levels (N=6)

e oy 10 png/kg 30 pg/kg 60 ng/kg
[mT 1%/ % RSDs/% EE &I RSDs/% [mT %/ % RSDs/%
1 N F b 86.3 6.7 90.6 7.1 87.3 23
2 WE Bk 82.1 5.4 83.5 6.6 82.7 1.3
3 At 80.6 5.7 78.1 4.8 81.7 7.2
4 2 77.2 3.6 98.2 7.5 80.4 9.4
5 3-FR U H B 89.2 43 83.5 1.9 92.2 5.4
6 A A 85.8 4.8 86.7 2.6 88.1 6.5
7 KZ 109.5 7.5 116.7 4.4 114.2 2.9
8 ZWHR 80.9 8.6 78.6 53 85.4 6.1
9 ik il 72 96.7 1.7 104.2 7.1 96.4 7.6
10 18 T i 108.6 9.1 114.7 6.1 105.8 4.7
11 VA 85 ) 96.7 3.3 88.6 5.8 94.9 3.8
12 P e 113.8 2.9 97.4 6.8 101.7 2.4
13 b 93.5 52 107.6 73 96.1 3.6
14 I 94.1 45 89.3 6.7 88.2 32
15 i 88.7 6.6 87.3 3.4 91.3 6.6
16 LBIE R R 79.4 2.7 77.6 3.4 81.6 1.2

#=7 BEIMNFESHEHM QuEChERS #&MZEMH R A5 E 5 AR
Table 7 Comparison of the established method with other QuEChERS methods for the detection of pesticide residues in tea
. , W2 o 5510 s BT A B[ e A 24 Ko S%
PRI W B SR b2 s HULEHTIHJ i " - ISR /% \
Jins/mg /min I SCHk
K. I MWCNTs, PSA 600 38 47 61.0~112.0 [16]
NaCl KB . &
B MWCNTs-COOH., PSA. MgSO, 1875 39 16 71.2~128.2 [18]
12 2. Vg
K. 2 GCB. PSA. MgSO, 3960 46 11 70.3~114.5 [5]
K. 1%L R NE Cis. GCB. PSA. MgSO, 2250 25 10 80.6~118.8 [7]
2N Cis. GCB. PSA., MgSO, 688 70 6 84.3~116.3 [2]
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K. 1% R ZIE Cis. GCB. PSA. MgSO, 3000 44 4 72.7~104.1 [8]
Nano-ZrO,, SBA-15-Cg.
E=
K. I MWCNTs. MgSO, 800 36 10 72.0~111.0 [24]
K. 2N Cis. GCB. PSA. MgSO, 2750 43 12 80.6~106.6 [9]
K. 2N Cis. GCB. PSA, MgSO, 3437 55 7 86.6~116.7 [25]
K. 1%ZBRZ)E  ATP, MWCNTs, PSA, MgSO, 950 37 16 77.2~114.7 A5
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9 0.06~0.43 mg/kg; HZEEAE | HLFESL R s, SR
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i TP IR KR B B A ) SR, A R AR R 2 R R
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