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Abstract: In this study, the resin adsorption effect on the 5 kinds of pesticide residues in instant tea solutions was studied. Through
the comparison on the adsorption properties of two macroporous resins for pesticides residues and tea polyphenols of instant tea
solutions by static adsorption experiments, the NC-100 resin with higher adsorption rate was screened out. The optimal adsorption
parameters of dynamic adsorption were determined by the orthogonal experimental design and statistical method: sample flow rate was
3.0 BV/h, pH was 5, temperature was 80 “C, and concentration was 100 mg/mL. Under such process conditions, the removal rates for the
five kinds of pesticides reached 75.1%~90.4%, with the loss rate of tea polyphenols being 17.6%. The established detection method for
pesticides has good accuracy and precision, with a good linearity in the range of 0.2~50 pg/L, correlation coefficient (r*) higher than
0.995, and limit of quantification as 0.01 mg/kg. After pesticide was spiked at 0.01 or 0.04 mg/kg into the blank tea powder, the recovery
rates were 76.4%~114.5% with relative standard deviations (RSD) as 2.3%~4.8% (n=3). Based on the detection method and
comprehensive analysis of the process and results, the adsorption mechanism was examined to provide a theoretical and practical basis
for the application of resin to removing the pesticide residues in instant tea.
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1 MRIEREE

L1 AR5 3

NaCl. Z[. NaOH. HCl (44l 254
AR AR O BIR (Aika), %
Sigma-Aldrich AF; Z&RH:. HEE (takah),
iR IR A R AR MgSO4. N-Pj
L (PSA). frsfbimiB (GCB): Lhifgazifise
R R AR AT Je A NAHMSLIER (0.22
um): fEE C&B AF]; NC-100. D1300 KFLUKFE
WE, EEHERE CRHEA R AT .

WEEHR (buprofezin). Z W R (carbendazim).
efi fjz, (indoxacarb). F: A& (isoprocorb). MEH
% (thiamethoxam) Fr#Edh: 100 pug/mL, f&[E Dr.
Ehrenstorfer GmbH /2 & .

1.2 Q554

AL204 HLFIrHT RV, MEREE) - R 2 A0 L
AR AF; 1260-6420 WA, HE Aglient
ATl XW-80A WRERGAL, i EBRHHM A

FRAF]; RI-TGL-1650 & 3 md B 0L, T HmIL
IIHTAC B IR A ] s KQ-250DE Fi %42 0 A5 15 1k
a5, RImEANESEAIRAR: B TM-D24UV
gtk 24, 5 E Merck Millipore /A & ; LLS PLUS
SRR, R)IRIERHEA R AR DC-0506
IR, LB RER R AR EHTAE
(NE-AME: 25~32 mm, KJF: 600 mm), JtiX
WERHERAR .

13 Zheyik

1.3.1 st

HLIBE 3 B 108 (ESD, IEBS P st
2RI (MRM): FEAONE, AR
53991749 10 L/min F1350 'C; B4HE LK 3500 Vs
SRR 40 psi, HEFESHNE 1.

=15 MRZAKE RN SH

Table 1 The MRM parameters of the 5 kinds of pesticides
et etk EHEBT THT WAV AER/NV

201* 10
v o i) 306 120
116 15
b 60* 18
2ER 192.08 94
132 34
N 149.9% 25
B 528 125
56.1 25
) 137 5
R 194 80
95% 20
211%* 5
Ekk 292 80
181 20

E CAREBT
2 BERRER
Table 2 Program of the gradient elution
Fag/(mL/min) BF1E/min  AFHAE A% AEHAE B/%

0.0 10.0 90.0
2.0 10.0 90.0
7.5 40.0 60.0
7.6 45.0 55.0
16.0 45.0 55.0
16.1 60.0 40.0
0.3 24.0 80.0 20.0
24.1 100.0 0.0
28.0 90.0 10.0
28.1 100.0 0.0
45.0 100.0 0.0
45.1 10.0 90.0
60.0 10.0 90.0
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614 Poroshell 120 EC-C18 A4+ (2.7 um,
3.0 mmx50 mm); AEid: 40 °C; #AEE: Sul; i
# 0.3 mL/min. JiahH: A O (% 0.1% (VIV)
2D, B A 5 mmol/L [ LR /KB 0.1%(VIV)
FER], VLBNAHRE BEGEBRE 7 Wk 2.
133 Hmark®

R AR B AT i 98000 5 = B 10 mL 257K T~ 50 mL
B0E Y, H 10 mL ZFEREG iwiEdREY 5 min,
B NaCl2.5 g, i g4k 2 min, T 10000 r/min
2.0 5 min, WELEBAVIHE, I 1 mL LZE K
FEEUBIIANF2E A 150 mg MgSO4. 50 mg PSA Al
50 mg GCB™ ) 2 mL .00, JRHEHRY 2 min,
15000 r/min &> 5 min, #£HX 200 pL #4422 mL
BT, I 800 uL #B4EIK, WIERE 1 min J5
IEALIE R A U

G AL

JA ZA KR EFk— A 95% B8 24 h, &R A
DR 4%~5%#) HCL 238 6 h, A ARMKEE b H—
J 4%~5%%) NaOH 7238, 6 h, A &ABAREE F g mlsl,
1.3.4 AW %I
1.3.4.1  FEASMWR RGBT

a3 A AR B — 5 B & AL B ) NC-100
D1300 KFLHHAET 100 mL B €5 L = M,
TN — € SR EE B, 120 v/min #BRIRY
24 h, REIKIRFEW N SIEME RS, DU
A AP VB b AR 27 T I B 2R 0 B A s 2 T Y
07 2R e SR S T PR R B R

R AEIR BF2E E FAMR P& Q B Al R -

E:MXIOO% (1)
C()
Q:(Co—Cl)xV (2)
w

AF: Q: 4oFRME, mg/g; E: AWE, %; C
B ATIRE, mg/mL; C,: RAWERE, mgmL; V: &Rk
#wA, mL; W: #WiEEE, g.

R ERNE: % GB 8313-87 HINA
i 0 Bk R AT Lt 23 A,
1.3.42  ZhaAW MR Bt

HER AR B L AL PR ) NC-100 #iE 60 mL 2\ 2
Mtk (NAE-4ME: 25~32 mm, KJE: 600 mm),
SR 5 A T2 A ] T A T R R e DR 5 VA A
T B IR, A e 26 I 0 2 R A e VS A A
WA — g S R E AT BRI T R B, DA A
TR b T AR 24 B R B 258 A0 3= B2 R ) Sk 2 By 1)
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I AR L IR IR B AR
T T 25 W B I B 1) R At B 4 il B it Bh &8 15
R B DR K, B DR 3475 - VA AR IR U
pH PASGREE, 72D sikie il b, RAHESR
BARALAR Z55% B B T2 4, RS iR IR Vit L
3 RIS AR AL B T BV 320K, BV=
YA B R R 1 95 A AR R T PRI R JE AR B
#*3 L () EXZWERKFER
Table 3 Ly(3*)Orthogonal experimental factors level table
iy

KF Amik B C D KE
(BV/M) pH BE/C  /(mgmL)

1 3 3 60 50
2 4.5 5 70 75
3 6 / 80 100

1.3.5 #HEAE

K HH Excel 2003 X} s2ig £ 7% 28, Origin
8.5 WAEAEE, KM SPSS 17.0 HHATZFMENHT, &
KPR E N p<0.05.

2 HBRESDM

2.1 B Ktk
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Fig.1 Multiple reaction monitoring (MRM) chromatograms
of mixed standards solution
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R T AR R R RSN Ko N s 4 SRR, A T v
R FH 25 5 b v H 2 5 S Sk v S AR 25 HEAT
L8190y R A A 5 () (0 o 1 S5 0o 5 T fe 244t
FFARMEIZ (WK 4), 455 FKIX 5 Pl 247 &
o T Rl Y R MRS R R AT, AR BB 120.995,
K FH 1) 25 RE A 32 ) AR b 94 7R 92 SR A
EEEMRLOQ), LMEMELL N 10 B B AR EE/E N

X6 ZR I K K SR ) it RIS Ak 24 B Rk B R )
SRIPOP, 2 B AT 9008 P i S I AR X 5 b
TR AT ()R

£ 1 LOQ 14 LOQ BN R BV /KPR 47 5
Fhge 25 1 [ 2 FIORG 2 B sy, WRIGE R 3 IR, %
M8 1.3.3 Frididtrar b # s BN, 45 s,
1E 2 AR INKE R 0% 21 51 35 [l S R 357
76.4%~114.5%, RSD ¥JTE 2.3%~4.8%, &3k E
Wb F 4 (AOAC) X A7 i Ak 24555 B3 A4
SIHT ISR, S5 W% i B AT R AR T ARG

SERRR, ATTVAR E B RSN T [ bR R B i A o B

F 4 5 MRANENLEEHTE, HEXRHK. EEMRMMRLE
Table 4 The linear equations, R?, limits of quantitation (LOQ) and MRL obtained for 5 pesticides

KB 28.2 y=12197.5x+1253.4  0.9969 10 0.05
7 B 13.4 y=1833.4x+41.98  0.9994 - -
kB 23.4 0.2~50 y=136.1x+14912  0.9990 0.01 5 5
xRk 52 y=3516.4x-203.4  0.9984 10 20
ZHR 4.5 y=5488.2x+59.2 ~ 0.9990 5 0.1

#* 5 5 MRAR B RFEZE
Table 5 The recoveries and RSDs of 5 pesticides spiked at low and high concentrations
A& K FAm (1LOQ) HKERAr (4L0Q)

A5 BV /Y% RSD/% /% RSD/%
v B 76.4 23 94.2 3.3
5t 7R B 112.2 3.5 88.6 4.4
2 R B 88.5 3.1 95.7 4.7
Rk 923 25 102.3 3.2
3ER 114.5 48 105.5 3.8

#* 6 KTLWBESH
Table 6 The parameters of macroporous resins
L] MR #42/mm F @A (m?/g) FL#2/mm
NC-100 FEAR M 0.3~1.25 450~500 12~16
D1300 FRARME 1.6 250~300 20~60

R 7 TENAEFBSHRA AR T 5 MR SR RIUR B 200

Table 7 Effects of different resin types on the adsorption of 5 pesticides and tea polyphenols in instant tea solubles

it g A% 8/(mg/mL) EAEE/(1gl) SEHR/(ug/l) B EAR(ug/l) FAER/(gL) “Ex%/(ug/L)

e 162.0 198.5 2995.3 133.0 2855.4 2010.1
NC-100 131.0 34.2 623.3 35.5 356.2 221.0
D1300 133.1 63.2 889.1 56.5 477.1 655.1

. X%y R B $RR S 5 7 B k%A

K E/% FIRE/% FRE(Y% FRE(% FRE(% FRE/%

NC-100 19.1 82.8 79.2 73.3 87.5 89.0
D1300 17.8 68.2 70.3 57.5 83.3 67.4
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Fig.2 Effect of flow rate on removal rate of pesticides and
loss rate of tea polyphenols
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Fig.3 Effect of pH on removal rate of pesticides and loss
rate of tea polyphenols
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Fig.4 Effect of temperature on removal rate of pesticides
and loss rate of tea polyphenols
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G, SEIBOI BT i o BE AT LASE N 5 22 W) (A A
R il X 2% 22 By AR DU A R, R v A
SRR 2 WA, WIINEERE, FTUAASEE
BB R EIREZEAN 80 T, X5 S
R T S B 2 T S i R o b O 2 W AT R A58
— 3, PR N TR 2 AR SRR T, K
TR BEAE I, VAT RO R, RGN R
AT, AT R BE AR I, BB B ) T B
@%, HERGEMREAIET, MEER, X2H5
eGSR A LIRS, T A R () 5T
EARNE R A, 05 SR AN L i e
JBE eSS RANME, R, ZEEEIEEI 80 CH
SRV 7% VA PR R e £ PR OB B UL
244 BRBRREAMRHKRGEREES

B4R K & 0970k

W E AR50, 75 A1 100 mg/mL)FIHEE 4%
VB ARIR 22 K FLI g NC-100 X A 255% 1 2 Fr %
A Z W A0 R ZR I REA, T A% VA AR T O A
W FM 5K IR A 1:10~1:20, iR E
f T 100 mg/mL B, FERECRIE, AZEraksE, H
5 PR 2558 B A IR BE T, HLT Bk R A
SN, JE VR AN TR A, BT DAAARE S R Ak
AR AR I M BE &, L 100 mg/mL 1A%
AR B e R B o RIS 5 A& 5 Fk .
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Fig.5 Effect of concentration on removal rate of pesticides
and loss rate of tea polyphenols

M5 LAt T A T oA T AR B 1 3
T, NC-100 ZYB 03 4 5 b AR 255 B Aok 22 Ty
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We, R EE I /N sE 2 N TR HUN K B3R, A
T Ja SN T RGN0 B, BRIACR
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* 8 RAGKBEBRRERRL S

Table 8 Orthogonal experimental analysis of pesticide residue removal rate

P A B c RAKGERE%
R 1 KE 2

1 1 1 1 1 56.6 53.2

2 1 2 2 2 78.8 73.2

3 1 3 3 3 86.4 88.2

4 2 1 2 3 78.5 76.6

5 2 2 3 1 65.4 60.5

6 2 3 1 2 58.8 60.1

7 3 1 3 2 79.2 75.5

8 3 2 1 3 75.2 74.6

9 3 3 2 1 61.5 60.8
K, 436.5 419.7 378.6 358.1 - -
K, 400.0 4278 429.5 425.7 - -
K 426.9 415.9 4553 479.6 . -
K 72.8 70.0 63.1 59.7 b -
K 66.7 71.3 71.6 71.0 A -
ks 712 69.3 75.9 79.9 - -
R 6.1 2.0 12.8 20.2 - -

AL A;B,C;D;

E: AR IE R T AR A KRG HRFH T 2484F, T L RATHE ST, BB AR % Br g 40 5k B4F H 55 4847,
B FAEE Y 5 ARG KRG R 2 B AR T AL IR — 3, PTAR IR o 6 — A 7 RARAE A AT 50T 2.
#* 9 MEFAREKFXTRAZEBEMRFENI I
Table 9 Effects of different levels of four factors on the removal rate of agricultural residues

7 E KRR 1 £ F 7 A= fdE ¥y 75 Fn F & p & 2EM
A(Fi%) 119.4 2.0 59.7 11.9 <0.01 ok
B(pH) 12.2 2.0 6.1 1.2 >0.05
C(RJE) 508.0 2.0 254.0 50.7 <0.01 ok
D) 1235.3 2.0 617.7 123.3 <0.01 ok
gE 45.1 9.0 5.0
ot 1920.0 17.0

E: Foos(2,9)=4.26, Fo01(2.9)=8.02, **AkFHE%E, p<0.0l; *ATEE, p<0.05; p>0.05 AFAEE, TH.
Fz 10 FZEMHRKFIERRRIE S

Table 10 Orthogonal experimental analysis of tea polyphenols loss rate

F e A B c REBHBEE%
I 1 KL 2
1 1 1 1 1 16.2 16.7
2 1 2 2 2 14.5 16.8
3 1 3 3 3 19.8 182
4 2 1 2 3 15.1 13.9
5 2 2 3 1 13.8 15.5
6 2 3 1 2 12.7 12.1
7 3 1 3 2 16.8 15.5
HTR
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HELER
8 3 2 1 3 19.2 17.5
9 3 3 2 1 17.5 15.2
K, 102.3 943 94.5 95.0 - -
K, 83.2 97.4 93.1 88.5 - -
K5 101.8 95.6 99.7 103.8 - -
ky 17.1 15.7 15.8 15.8 - -
k, 13.9 16.2 15.5 14.8 - -
ks 17.0 15.9 16.6 17.3 - -
R 32 0.5 1.1 2.5 - -
RAEA S AB,C;3Ds

x 1 HEFARIKENERSEHRAERIF M
Table 11 Effects of different levels of four factors on the loss rate of tea polyphenols

7 ERR  AREFHFe AdE ¥ 75 Fa F & p & 2EM

ACRIR) 39.6 2.0 19.8 15.7 <0.01 ok
B(pH) 0.8 2.0 0.4 0.3 >0.05

CCRE) 4.0 2.0 2.0 1.6 >0.05

DGRIE) 19.6 2.0 9.8 7.8 <0.05 *
RE 11.3 9.0 13
At 75.3 17.0

H#& 8 IR ZE M 4RI F1, Rp>Rc>Ra>Rp;
EIFEA IR Zh AR MRS, X R 255K B L IR 5
M) fi K R VA AR R B2, LR B AT T, B
Jase pHo HR 10 IR HrEi KTk, Ra>Rp>
Rc>Rp, RIFEAS IR BN A HASG T, X 248 22 M it
IR FEFG N f KR VA MR . LGRS
A pH; 25 H E R H A& # Y AB,CsDs, H
RO WIS KRR, BRISMEIN pH XK 2
PR BB RE AL, HARE R 25
RERBRIE WML EZNRN, hR 11 )=
SERTTHL, VAR N 2 2 By 40 K R A R 5
Wi, PR RE U0 FERE A 2, T pH AR BE X % 2 1)
PRFEIF TR FLN, LREH%E, T AB,CiDs
R R R B 2% 2, B - BE3ALE 3.0 BV/hpH M 5.
TFE 80 ‘CHIRFEA 100 mg/mL.

2.4.6 B ASEMIIE K
=12 SR MIRIER
Table 12 Dynamic adsorption verification test

KI5 1 2 3 FH){E
ERRB A% 835 842 849 84.2
SERERE, 793 804 79.8 79.9
BRmERES 755 746 750 75.1
FARBRERE/S, 882 876 893 88.4
ERAERENY% 895 904 912 90.4
REBBREY 181 17.8 168 17.6

Y BN AS W B IE AT R GG BT 13 B I AR A TR
3.0 BV/h, pH 7 5, %4 80 “CFIYE 4 100 mg/mL,
BHTIRUE RIS . EE 3 KL, BUOLTIME, 4
BWE 12 P, EiZLEEHET 5 MR E L
FRFTIA 75.1%~90.4%, 1M 7% 2 M R ZFE N 17.6%,
XL IE AT SEG 25 S mT A, A A NS AR RSN
AN B F B £ 2% A

3 Zhip

AL T RO B £ BB R 1S R I g T
BRI 5 PR LR 75, E T E R IR
N 0.01 mg/kg, RUFMIZMERR. BISCRARE%E
S P b e B UL T v R T T A VA AR R A 24
B RS HE S A SR o I8 I R S R PG LR T
VR ARSI K T % A AR R A 24 R R 22 T 11
W BRHRR I, MR I8 HE NIC-100 A% Jig EL AT e 4 Wi B
BB, BEIERAT M BRI AS R MRS, B
FISMRREE . pHy HEFIRIE 4 MAR R R
I, I EAS G A IR B R PR 4R VA 3.0
BV/h,pH N 5, 5% 4 80 “CAHIMKE Ny 100 mg/mL,
WA AN = B A RN T 3e . $R A A Ak
IR EA B AR EAR L (R R B VA A H A A

B X

B2 LK
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