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ABSTRACT: Objective To establish a non-derivatized extraction method for the simultaneous determination of
chlorthal-diacid, dalapon and trysben in tea by liquid chromatography-tandem mass spectrometry (LC-MS/MS)
combined with hydrophile-lipophile balance (HLB) clean-up. Methods Tea samples were extracted by 20 mL of
1% acetic acid in water and 10 mL of methylene chloride; clean-up by HLB (300 mg/3 mL) filtration. Separation of
the target analytes was achieved on an octadecylsilane (C;g) chromatographic column, and quantitation was
performed by LC-MS/MS in negative ion mode. Results The 3 kinds of herbicides were effectively separated on
the C5 column with good linearity in the range of 0.01-2.00 pug/mL (r>>0.997). At 4 spiked levels of 0.05, 0.25, 0.50
and 1.00 mg/kg, the average recoveries of the 3 kinds of pesticides in the blank matrix of tea ranged from 71.1% to
119.2%, with the relative standard deviations between 3.3% and 18.3%. The limits of detection were ranged from
0.002-0.009 mg/kg, and the limits of quantitation were ranged from 0.008—0.029 mg/kg of the 3 kinds of herbicides.
Conclusion The developed method offers a simple and rapid pretreatment procedure, eliminating the need for
derivatization. It is friendly to the inspectors and the environment, and can be used as a method for large-scale
detection of chlorthal-diacid, dalapon and trysben residues in tea.

KEY WORDS: chlorthal-diacid; dalapon; trysben; tea; non-derivatization; liquid chromatography-tandem mass
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MISRBUR PRt AT A RTATAE, 25 /0 (0 33 - R BB T i i 12
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hi(BERE = 98%, InssltkabriEY .G, Wi, FiR., &
i, g, AP Eakal, FERCH/RBHL (h EHA R
/N H]]; HLB FE(300 mg/3 mL, 38 [ K 65 A5 28 w));
QuEChERS (Quick. Easy. Cheap. Effective, Rugged. Safe)
LHEE NS N 5 mg G ZREWRYK & (carbon
multi-walled carbon nano-tubes, C-MWCNTs), 45 mg H:
LSRN 25 mg Cpg, AU RHMEREEARABRA F]]; Agilent
Zorbax SB-Cjg#£(50 mmx0.30 mm, 2.1 pm, FEZHERL
Al); I H— UK (Milli-Q BB AKX, 7= B vk Akl
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(electro-spray ionization, ESI)]. Zorbax SB-C,g {4j41:(50 mmx
0.30 mm, 2.1 pm)(3E E"LHAR 2 F]); TP-602 BUHL +KF-(F
B 0.01 mg, LREFEZRIMIURRGEARAF]); TGL-16 #
1R A R B AL )N BRMY A FRAF]); KN-026S #lig
1 2R IRA I AL R E N BB ARG BR 2 F]); PDS00
U A HOS) SR [ RIS AR (L) B BR A H ], GDI16
Plus 2 = BB GRYIB HRHE AT IR A RD); Milli-Q 4l
IKHLCE E R e Rl 2= A ADD

1.3 R T5E

13,1 #RfEisik mu )

Ay AMERFRICS 45 BARY 10 mg AR UESS TF 10 mL A%
R, W RS, BB FER D, mf
BT EWEE N 1 mg/mL (W FRARUEME 25, T-20 °Chi#
1o LI _EAf e 0.01,0.05, 0.10, 0.20, 0.50, 1.00,
2.00 pg/mL AR GHRIERZE
1.3.2 HSaTazE

BT AR A S IR AR 2.00 g(FE T ZE 0.01 g)
MR RESL, = 50 mL HEERLLAEH . A 20 mL 1% 18
7K+10 mL & BE, IWHERS] 2 min, 6000 r/min, 4 °C& R
B0 5mine B 1.5 mL EIHW T QUEChERS L& N, iR
FEIRAT 2 min J5 A 6000 r/min B5.0> 5 min, UGG _EIE K
1 mL 1 0.22 pm=13 mm W LM FLIEL T 2 mL JEFE
M, 4 LC-MS/MS Z3¥7 .

T 50 i A P R v b A T R AR ) SR EUROR, A
A A ZH(20 mL 7K+10 mL 7 1% 7 B2 9 F 5); B 2H(20 mL
1% BR7K+10mL 58 H 5e); C Z1(10 mL 7K+20 mL &% 1%
IR ZHE); T RGP IREEXT 3 2,
IYIERFIIAT 1%, 2%, 3%. 4% BRI IR; H#
THALSCR, FARBUAFIXTR 2 Fivg b : HLB FIsk
f) QUEChERS ¥k 4%, B 1.5 mL Fi5 T QuEChERS i
A&, IWIEIRAS, T 6000 r/min F &0 5 ming; BT
i 0.22 pmx13 mm JE ¥ 66 (Nylon)J&sk, MEWIE T 2 mL
R, fF LC-MS/MS 4341; HLB b 5 xC A EL 1.5 mL
LERGS HLB AR i ilfLgsk, /IMELTTEIL), HifE
FFEEE P 0.22 pm B8k, JEBIREE = 2 mL JEREH,
£ LC-MS/MS 43#7
133 BEH

() Eggaf

{0154 Agilent Zorbax SB-C g (50 mmx0.30 mm, 2.1 pm);
PR 1.0 uL, AFIR M 35 °C, W H 0.3 mL/min, W 3h
AH: A WHEL . B N/K(E 5 mmol/L ZR%ER). M v 1%
J#: 0~1.0 min, 20% A; 1.0~6.6 min, 20%~80% A; 6.6~7.0 min,
80%~90% A; 7.0~7.1 min, 90%~98% A; 7.1~11.6 min, 98% A;
11.6~15.0 min, 20% A,

QBTG4

ESIIE; T4 350 °C; T4 10 mL/min; 251k

#7715 psi; #5300 °C; #HSE 11 mL/min; B4HE
L 4000 V; 335 2 /2 Wil (multiple reaction monitoring,
MRM), FMREEE & o
134 FEFEE

A GRS B AR . L = 3 K025, 0.50.,
1.00 mg/keg) iR &P HEW W, #% 132 #HATATAAHE, H
LC-MS/MS #4743 o T 550 (3] wAc 56 0 A X A o fh 22
(relative standard deviation, RSD), M7 A IEREE |
1w E R, LA XK H B (imit of detection,
LOD)=3.3x(SD/k), & #& R (limit
LOQ)=10x(SD/k)!" 555155 )5 % LOD Hl LOQ. KL
(matrix effect, ME)E 1 X S A HE 26 81K -5 1 70 AR e il
LRPRIG M 1, FARRS FIER N ME. 4|ME|EAK
TF20%0F, IAH ME45, AT AR 1&; IME| A 20%~50%
W, FoRH4E ME; HME[EBLL 50%8, BHERMSE
N i ME 200,
1.3.5 SRS

RS (14 5% 2023 45 BEHLAER DY 1| 22 11 X [ 20
DI AT . 20 (2. 10 3325 . 10 Oy FEASAN 40 (a2t
100 7 FF df JEATSUBRIR . 55 B Rl R B 2 B B A
14 HIEALE

R EFHE S 5 FH WPS Excel 1 SPSS Statistics
27.0.1 HATEIESEH 204, T Origin 2022 A TERIEZ:,

2 HRED

2.1 UEBEHML

SABRER . 20 BRGSO AR YRR 2, A S
Bt I = S v = = W o B N 1
SAHVERE AT 5 mmol/L ZERER(I/K, W BEREIRES 3 Fh
BRELT 04 B ROR, CRRE MR LU s pH
B FIRIE, AREEHE 3 FIBREFIEREEMREF, HA
SAE BT IR IR B4 i BH ZE S Y 2 TR

AP T SR R B A T AE N B R
WINEEES T, SRJE XA T B il AT, R ks
PFEF, EF 2 M550 B T3 T4 AU s+
XF, FEMIERS EARRAE AL S BRI R R . R RE
ERESE, HF RS EREE s,

SRR At 8 AN R i &R 7 2k R m
MASE vz 302.9 F1 mvz 300.9 T [E 4T 5 U,
PR mvz 302.9 Fil vz 300.9 MBS, L8t N wE A A
WE, WABEE R AN — TR N, 4B mvz
258.9 Al vz 256.9 iM% &+, T vz 256.9 3 nvz 258.9
D R B R L R MR AY, NI e mvz 302.9~mvz
258.9 S BRER K E 1 B T %, mvz 300.9~mvz 256.9 R HE
B FRAER &R R LR E FEEFIE

of  quantitation,
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mz 141.0 4 F&F, MEMmEERE, KERIEFLT
m/z 96.8 T B F m i % — - F &L S HCH 55 mvz 104.8
T B, mvz 104.8 8 vz 96.8 Wi o B 5 . 3 4R B i,
I EE vz 141.0~mvz 96.8 N F AL I E B 75, mviz
141.0~mvz 104.8 Sy HoE S i 1%, B RAE T8 F AU
BRI EMERTRE, RN vz 2249 1 mviz

223.0 IR 240 T8 F i, TERinaifEge R, w6k
BFRER—4 TR, 258 vz 180.9 F mvz
179 IR BT, 1 mvz 179 45 vz 180.9 WA 1 B 75
FEMEE L, KRR EE A vz 224.9~mvz 180.9 K E 2
BB X, mVz223.0~mvz 179 M HE BB FXF . 3
BRECFI ARG . AR AR R WL 1, MRM Q1 1 iR,

=1 3MBRERNZMRERIERESMN
Table 1 Names and mass spectrometry acquisition conditions of 3 kinds of herbicides
ha=2 WRPAFR CAS Bt Hitf /v hifERER/V LR ER B ] /min
1 BN 2136-79-0 302.9-258.9/300.9-256.9° 40 5 0.59
2 SEBA 75-99-0 141.0-96.8/141.0-104.8" 70 5 1.16
3 IR 50-31-7 224.9-180.9/223.0-179" 40 5 2.40
T ERE T
x102 | FHXTESFFJE H=126.9 (209.8%) 258.9
2.50 F
175+ SRR 225+
= 150} 2 200
B 1.25+ < L75¢
o100t g };(5) .
= “1: . r
B 0751 E 1.00 |
050 075
0251 0.50 |
0 025F 1786 300.9
e olo—w . M
02 04 06 08 1.0 12 14 160 180 200 220 240 260 280 300
KA []/min JEUAE L (m/z)
102 | FAXTE T AEEHL=51.8 (74.0%) 96.8
1.0 e 0.8
N 07
wm 08 & 06 104.8
o6t %05
B o
Z o4l = 0.4
E 03
0.2 0.2
0 0.1 141.0
P S S S S S S 0 . . . . ®
02 04 06 08 1.0 1.2 1.4 1.6 1.8 2.0 100 110 120 130 140
SRAEHTA]/min JE AT e (m/z)
x102| HIXTES FEEE =754 (102.4%) 180.9
1.0 b FIFR
= 7
m 08 £ 4
# o06} x
.’7, . N
S Z 3
< 04} £
Z 2
02}
1
0 223.0
e 0 . . . . Loe
1.6 1.8 2.0 2.2 2.4 2.6 2.8 3.0 32 3.4 180 190 200 210 220 230
SR I [B] /min SR L (miz)
BT 3 FPERERI MRM

Fig.1

MRM plots of the 3 kinds of herbicides
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2.2 EEGRMMLE
22,1 RIRFAE

TR R, A HLRREBR TR A 25 A R EL
AT SR K2 K S 2 ERA R, i,
RIXT A 2H(20 mL 7K+10 mL 75 1% F ER Y FF ) . B £H(20 mL
1% BR/K+10 mL — & HF Be)Fl C 41(10 mL 7K+ 20 mL & 1%
F IR I Z N WE ARG IS T (SR 2%) I RCR L% 45 3
/R B 4UHREGIASCR R E(E 2), X SRR 5 4518
—3, BIAKY ZE S IR G i AR BRI T DL R
fif, PR EeE, BB KM RBGAIHCR E A+,

vz S BKR
1o | BB
[ SRR
100 |
v T
< 80} N\
: \
60 |
B _
40 |
7
20 |
G
0 R
A B C

I3
TE: A. 20 mL 7K+10 mL % 1% BRI H R B. 20 mL 1%Z K+
10 mL & F%E; C. 10 mL 7K+20 mL % 1% BR 14 20 o
B2 RIRRBGRT 3 Bl ek
(BINE 0.25 mg/kg, n=3)
Fig.2 Effects of different extraction agents on the recovery of 3
kinds of herbicides (spiked at 0.25 mg/kg, n=3)

222 REFBRE

HIT 3 FRERFRIE A PLIRARZY, i ePIRS T A T
AP AT, MR TR Ak AT KL H
PRACE W B, RS0 AT ) B o 2 [ W B A, A
TR AR i 5T v Y AR AL 5 0 S e S SRR AT BILT R o
AR g e 02T R A PSIBROY AR 1 AT 5 ik 1
FRATE SR IR, X B P IRV R R R B SR BOHCR, (HAR%
ZEHAA LR SRR . Al 2% 2 AW A
HIUR A4 1R B2 418 g S IBCSCR A S s B 1) R 3R Hhoim A
HIRRAA AR, W B8 A FREME, 7T AREHEA
(IR B2 25Xk 3 o e ) B IBCRCR A5, DTG A 5 o £
S BRI EE, IR BUR R RS . AR e T
FEARHFIIA 1%, 2%, 3%. 4%HBRA 1%, 2%. 3%. 4%
LR 2 R HLER RS R (K 3). 25533, 1e/K s
AHUERST, 2 (S0 3 FIERFERIR ZGTE 1% LRI
AR TE 80%~120%210), [EISRCRIRAE, PHIbE 255
e 1% LR — SR Bedf 4R HGH o

e kR
e B

S S

PRHGHIRREE

K3 AEA LIRS BRBEXT 3 BBk mo sl i) S O IR
(AN 0.25 mg/kg, n=3)
Fig.3 Effects of different acids and acidity on the extraction of 3
kinds of herbicides (spiked at 0.25 mg/kg, n=3)

23 B MK

2% 37 SV 5 e BRAE R PR R B R ek b, IR RUEH
B F [ A ZE B (cation exchange column, PCX)H: 0] A 5t
X B AR AT [ T4 0 25 o 3 TR v R 4R 2k R T
Yo, A 20000 AL BNk, AU PCX RURA
FE, T BI04 88 1k e S AR 2K 0 A AR TR, DL S B R
I 2t 25 R [ I 2 A A% 25 R o R PH B T 32 400 i AH 25 L
(strong cation exchange, SCX)H: B X} H ARy By o #
B AT, (HEEROR R AR, FEACER I b B o T e
KT, PR 2 b E AR AT EHE, BT 3
Tl B e E 4R UG KA, 1248 QUEChERS #E N & JE/K
TR BE S BRK ER 2K A BB TR gvdedb . HB o R0
IR B2 25, SRADKARIEER, J52:/H HLB Flgt
) QUEChERS X B 2t 24 iy b7 4k, AR T 847
PR . Bk, A5 2% I 1L T HLB (300 mg/3 mL)
FIC#E QUEChERS (P 41 WL 1.1) 2 Fhide AL 4 16 25 M (5 %)
W3 FERE AR 2GR ROR . 45 LB, HLB Mgk
R AL T o #E69 QuEChERS, 3 Fi H br ¥y [\ ik &R A
80%~110%z2 [A] (K] 4), HLB A:3ERE M 3 /K S5 M i S AR I
BREFR, o N- 20 N 8 ) R 5 i P — 2 0 2R R T,
S KM R AT R KR 1 R W, R
BEERG DT . R PEZ I, BR R BORE AP0, 25 LR, TR
LRI VEFE HLB b A i 7451k
24 FEFWIE
241 MEWE. EHELMHEE

FAfg - BCH] T 0.01, 0.05, 0.10, 0.20, 0.50. 1.00,
2.00 pg/mL (G40 RER A TEMZ . 258k 2 f1
23 PR EERBIR 3 FIBREFITE 0.01~2.00 pug/mL yLH A,
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LRI R, P H7E 0.998 DA E. 7 0.05, 0.25,
0.50 1 1.00 mg/kg 4 NERHACET, 3 FIBREFIELEM 25 1
TP R R 71.1%~119.2%, HH % AR 4 i 22 76
3.3%~18.3%22 [H]

120 b ]
100 + [ \

o : =
. B

oo}

B 4/%
3

20 +

QuEChERS HLB
eIy

B4 ORTEG AR R 3 F SR B0 a3 A 53
(I 0.25 mg/kg, n=3)
Fig.4 Effects of different purification materials on the recovery of
the 3 kinds of herbicides (spiked at 0.25 mg/kg, n=3)

R2 FMd 3 MBREFAERMKETHERES
BEE (=3, %)
Table 2 Correctness and precision of the 3 kinds of herbicides in
tea at different spiked levels (n=3, %)

F 3 FAth 3 MEREA LODs. LOQs REZk X R
Table 3 LODs, LOQs and linearity of the 3 kinds of
herbicides in tea

. R Hp g
e sipyz  TEREH LODs  LOQs iy

EA (r)  /(mg/kg) /(mg/kg) /e
ANkAR Y=871392§;‘95x+ 0.998  0.009  0.029 0.01
LA Y:72§§f§igox’ 0.998  0.002  0.008 0.01
2R YZ%SZ;SZESH 0.999  0.004 0.013 0.01

R ENLIN A E g

Amg/kg) [EN%  RSDs [  RSDs [EIR  RSDs

0.05 71.1 18.3 83.8 12.5 78.4 10.2

0.25 93.8 9.7 90.4 17.2 82.9 59
0.50 87.2 9.1 99.2 6.9 113.5 10.4
1.00 74.0 4.6 119.2 6.9 82.0 33

242 ¥EMREZTER

PL 141 ki Ag s 2 5L LOD A LOQ L3k
3. MR 3 BRI LOD £ 0.002~0.009 mg/kg 2 [,
LOQ £ 0.008~0.029 mg/kg Z[] ., iXIGULLE T 3 Fhik &5
FEAS [R] 1) 58 0t DX ) BR (M5 B R B, H R [ iy
GB 2763—2021 { &L ZRbRME &bl h AR 25 i K5k
BREL) Hh, EEXFOREZEIX 3 FBREL B T e B R
&, BREBEBEN 0.01 mgke, MAETZRHFHICREME,
W B IS ok S B 5 T I S R AR (0.05 mg/kg), [ B
&b M & B 4 (Codex  Alimentarius  Commission,
CAC)P? | 2P A AP b [ 52 4t K #5 A %t 3 FhBR
BHAATIRERE, XAERETHAERRE . AR
3 FBRE A LOD $9%K, nILA & B & et . 2 s g
SR K

243 R
DL 1.3.4 J7kit5 3 b & emcoR . a-5 . 20K,
25, HAR S PR ME, Z5REWIGE 4): BFEERM
FHEATE 4 RS R ELES ME, 7E#UZE T B 5E ME;
FABKRRIY ME 7E 20%~50%Z[0], %k ME, RI Ayl
%o AR, RAMESEE B IE iR 2 S B R R AL
G, Rl RS A R E B RER (N-0-CO- |, -NH-CO-, -OH
A2, X ME IR A Uk 0 R, iR
ISR HER T, 15K L R C iR 2k, SMnikE
SEPEATRE S A
=4 5THEMT 3 FHERETIE Mes (%)
Table 4 ME:s of 3 kinds of herbicides in 5 kinds of teas (%)

B AR B FZEE
P 29.0 15.5 12.0
212 33.1 17.3 14.7
VIR 25.6 13.5 12.7
5P 32.8 14.5 13.5
WA 415 25.6 27.0

2.5 SERRFE AN

FIFEE ST 77 % 2023 A REALAH Y )1 22 11X ) 20
BysiAs . 20 45 . 10 (2% . 10 I FEAS AN 40 fnaf okt
100 F3AF S AT SAIRAR . 5 REA R 25 AR R ARG . 224
W, SRATHE R R R LA 2 3 (B9 0.009 mg/kg
#10.056 mg/kg), AT 1 O A GHEFES, MR H R ZER
L3 (F% 520 0.004 mg/kg, fILF LOQ); ZLATHE S e A
BRI NS EER 0.012 mg/kg, (BB BRELE) M AEHEFE
by AERSEESETERE | R (A RN 0.012 mg/ke, #B
BRI A B AEFES; EAFEA e R 1 g
(Z 10 0.0099 mg/kg); MAHESE 3 FhERE TR H
2 e S WP T [ R e Y D B S e DR v 9 S N N
2 BRI AR A/, 3 R T R fE B A 2, N
MR LA, AR B AR B

3 & 1

A g T — AP ARG AR AR B, HLB H b2 &
LC-MS/MS # il 2 M- b GABRIR . P Bl . BRI 51k
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54 20 mL 1% RK+10 mL — & W 53R BUS, FH HLB
Koy ik, Cs iBH20 3, LC-MS/MS 118 TAMRIEE
WA Oy A R FRSE B, e AT Ak, R R
R, BEXTRSN A SRR, R TFORIP AR, RIER
HEEAGIA T 3 FPEREERISR R ik, 3 KBREHIFE GB
2763—2021 H, ORI B AR I B B 2R | SRR v TG
HEFART AR, 207 et JC T 622 R I bRt i AT G
T H 2 AL AR TR P BR L E RIS 0.01 mg/kg, 4T
FERIRMARME GB 23200.13—2016 { Eib e EEARME 55
b 448 Fife 2 SR Ak A4 S AR BRI E VRO € -
TE:) LOQ M 0.23 mg/kg, ELARET ERIE R . ARWFFE
HAT Y 3 FIBREL R LOQ ¥LT 0.03 mg/kg, FH AL LOQ
40.01 mg/kg, REMSHH AL AT 3 FhBR FLRI AR ZR,
SHEENT. 3 ISR R AR U R v B A — i B AR A

K5 0T 100 43 DU )1 1l X T B S AGH, 45 SR 4,
X 100 2 Hhdtds 1 2P HiAl 2 1k, L GB 2763—2021 Hk
B AIGETERE0.01 mg/kg) I NIHAR 1 U MRKEEE
SRR IR N R 0.05 mg/kg, LI HE W R4 #%
e, FZFEIKGH 4 ), WHREME 3 K. &Emr
g, BEEE LOQ M 0.013 mg/kg, & TR BT FR
HHLAE(0.01 mg/kg), HOAEMERGH . HIL, %A fRiE—
RGO, PUREEIE LOD M LOQ, [FRd RpLBamaAn
3 PR A HER PR, eSSk e R A Tt .
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