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Abstract: Anovel method was developed for simultaneous determinaion of methamidophos and other 55 pesticides in black tea using gas
chromatography -triple quadrupole mass specrometry (GC-MSM S). The extraction effects of different extraction regents were compared and
the purifying effects of Cleanert TPT Solid phase extraction column and QUEChERS were also investigated. The optimum pretreatment
conditions for the teasamples were determined as follows: extracting the tea samples by n-hexane: acetone (7:3, V/V) followed by Cleanert TPT
column purification. After purified by Cleanert TPT solid-phase extraction tube, the signal-noise ratios of 54 pesticides were improved by two
times. The purified samples were then analyzed by GC-M SM S with “timed SRM” mode, and quantified by internal standard method. Timed
SRM can solve the data shortage and quantitative accuracy problem caused by traditional MRM method. The limits of detection were in the
range of 1 pg/kgto 18 ug/kg. Atthe spiked levels of 3 pg/kg to 600 pg/kg, the recoveries of 55 pesticides (except methamidophos)ranged from
73% to 126% with the relative standard deviation less than 18% (n=6). The results demonstrated that this method was accurate and effective,
suitable for the determination of 56 pesticidesresiduesin black tea.
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B A AR

1 SCIGERSY

1.1 AR SR

TSQ-Quantum GC™ < AH (1% - = = PU AR A 53 1k
Bk, 3% [E Thermo Scientific A ; Minishaker MS1,
RIMEIRIR A%, A IKA A F]; KS501 HUE 2 [ 4k
Vits, MEHE KA AT F£E KDC-40 R #.00l, %
B RAE; MTN-2800W ZURAX, i BURE JE B
ANFE s ROF, JEE 0.01 g #10.01 mg, #it METTLER
TOLEDO A #]; #aizkKA (3EE Millipore 7))

56 Mk 2 bRt 46 [ Dr. Ehrenstorfer 23], 4l
J£>95%. HIEE. IECkk. NEE. CE htasal,
By A wls HARLR R, MSERT AR 4K H
PureLab PLUS1+FLEX #4l/K 2554, JEEELGA
AT TOKBRIRAN (b al), oMb 24857, 300 C
NHET; QUEChERS 43 B AHZE U & (% 6K

MgSO4 150 mg. PSA50 mg Flf 8866k 50 mg), 4
123 w]; Cleanert TPT A%, 2000 mg/12 mL, Agle A&
CLAFE S e T T .
1.2 FRERTR TRFRFERE . TARBRI P bR

73 AIAREUE & bR dEs T 10 mL K&+, FHH
REI AT EZS, B 56 Ak SR RARGE S . 70
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JrHF, R B R TR TR AR RV I A
F 25 R AR O (1.5 Fc il B 7 TR FRObm v LA
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HORIE I B 2Y, RSN L mg/L.
1.3 &S
1.3.1 i

oA B BN A DB-35ms (30 m>0.25
mm>0.25 pm, Agilent J&W. Scientific); ii: 1.3
mL/min; FEFECNEEE: 250 C; BEEERE: 2ul. MR
THEFERE : 50 ‘CHEFE I min, LA 30 C/min 25 FHL £
150 °C, FLA 6 ‘C/min FHi 42 300 °C, fi/m LA 30 C/min
FHEZ 320 ‘C, {3455 min. ¥AFZERKE]: 4 min.
FEH LIRSS : 280 °C.
1.32 kgt

AR (ED BER: 70 eV, B FIRILE:
250 ‘C; KETHIL: 50 pA, MHES: ArS, RifEEh
JE77: 1.2 mTorr. SR HZ NN CGERS SRM) #8i5L,
FAEMREET . TR REREAE AR B R L3R
1.

F1 56 MRZMRERE], $HERF. fiiERE. &MEE. BXAYK. KHRMEER

Table 1 Retentiontime, parentionand daughterion, collisionenergy, linear range, correlation coefficient, limits of detection (LOD) and

limits of quantization (LOQ) of 56 pesticides

No Name tR Parent ion  Daughter Collision Linear Correlation LOD LOQ
' /min /(m/z) ion/(m/z) Energy/v  range/(ugikg) coefficient  /(ugkg)  /(ugkg)
SPIRA L F B
M #= [Heptachlor-exo-epoxide” 17.03 222 226653* ig - -
(cis-, isomer B)]
il 141 80 10
(Methamidophos) 6.46 141 95* 10 60~600 09999 180 600
% KK 108 79 10
2 (Metolcarb) 8.42 108 107+ 10 4~100 0.9926 1.0 4.0
A FLH B 250.1 200.1 20
3 (Flpvalinate) 8.96 252.1 200.1* 20 4-100 0.9967 10 40
4 A8t 9.16 126.1 55 10 4~100 0.9986 1.0 4.0
(Molinate) 126.1 98.1 5
5 eI 10.97 322 146* 25 4~80 0.9995 1.0 4.0
(Sulfoten) ' 322 202 15 ' ' '
BTR
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BT

6 (;it:i ) 11.25 iﬁ 6953* 160 10200 0.9982 3.0 10.0
8 (Proitfnihos) 1251 222 11696: l55 4-100 0.9942 10 4.0
Cmme e e T
N A
. (He;iailor) 1416 gggg 236051.59* ﬁ, 4-100¢ 09992 10 4.0
13 (p?ﬁﬁb) 14.33 ;ggi 16;11* ig 14-280 0.9993 4.0 14.0
14 (A‘ﬁjﬁ) 14.54 iggi 116301.'11 ig 4-100 0.9983 13 40
16 ( d6elt;;—|‘c;—|) 14.89 igg 118802'?9* g 10200 0.9988 32 10.0
18 (Toilii-ﬁziyl) 15.16 ;g? 22550; i: 5~100 0.9988 10 5.0
19 (Mﬂiiiﬂzm) 15.43 iggi 1??)1 ;g 14280  0.9984 45 14.0
20 (ﬁ;fozcﬁhlfér ) 15.66 ;ggi 1231* i: 5~100 0.9984 1.0 5.0
21 (étgaﬁ] ) 15.84 2221 212909'11* 155 5~100 0.9963 1.0 5.0
22 (Dietzﬁif;arb) 16.15 ;2;; 2126; g 10200 0.9995 3.0 10.0
23 (i;ﬁﬁ) 16.05 iggi Zi ig 30~500  0.9962 100 300
24 (Chlorjﬁi-ethyl) 15.99 ig; 11679: ig 5~100 0.9989 13 5.0
25 (j:;f;fi) 16.02 i;g ig; 18 4-100 0.9987 10 40
26 (E?hijniie) 16.13 gggi 126017'.1; 12 5~100 0.9959 12 5.0
27 (;r%sf;) 16.26 iii 111155 ;8 10~200 0.9951 3.0 10.0
28 (Fjﬁgﬁm 16.16 Z; leooi ig 8~200 0.9919 25 8.0
29 (p;aﬁ?::z:fyb 16.64 ;gi 1f39; g 4~100 0.9981 1.0 40

BT
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ELEW

30 (pe;j?:niinn) 17.15 ;221 116921'.1; E 4~100 0.9987 1.0 40
31 (Proffyi;z]one) 17.90 222 222* ig 5~100 0.9936 1.0 5.0
32 (Bro?niﬁf—iiyl) 17.70 ggg 5233 ig 5-100 0.9923 10 50
B Cfl&fd;nl(; IPH 1 17'8188/18' gig 22665%?9* ig 5-100 0.9981 10 5.0
34 (0,21;4_';‘;85 17.98 ;‘1‘2 2‘1‘2 ig 3~80 0.9953 1.0 3.0
35 (an?ﬁos) 17.98 ig? 11128; ig 5~100 0.9990 1.0 5.0
gt )t 21 zme 1 2004 090 /10 ) 200
37 (Paclfbﬁ:iizole) 18.36 izgi 112257'.1: i: 4~100 0.9996 1.0 4.0
38 (p4,'§_';;eE) 18.99 321‘% 1275 ;g 3~80 0.9956 1.0 3.0
39 (Feiisios) 19.17 §§§1 223.361* 18 30~600 0.9963 10.0 30.0
40 (O?;_;jg‘é) 19.61 ;g? 11665; ig 4~100 0.9923 1.0 4.0
“ (Ptriﬁ;fe) 1985 o0 = - 5-100  0.9958 15 50
42 {pffiffm\ w2 3 L. \ 30500  0.9957 9.0 30.0
43 (H:iﬁifox) 19.97 ;2‘;1 11‘;9; 18 50~500 0.9995 15.0 50.0
U matioms O b0t et 5 4100 0994 10 40
45 (Fi?mﬂf”) 20.27 21983?1 1152; 28 30~400 0.9994 10.0 30.0
46 (p‘fs_;'g%) 20.85 ;23 11665; ;8 5~100 0.9974 1.3 5.0
47 (Fuijxjpijp) 21.59 ;g? 22680; 18 10~200 0.9973 3.0 10.0
3 (0?;‘_'5’32) 20.47 ;gg 11695; ig 4-100 0.9983 1.0 40
49 (Pisz?;te) 21.84 228 12703; 155 10~200 0.9990 3.0 10.0
50 (C'jifiil) 22.30 izgi 113623."11 ig 10~200 0.9962 3.0 10.0
51 (p‘,‘g_;jgtﬂ 21.72 ;g: 11695; ig 5~100 0.9973 12 5.0
>2 (E;i:;:;ﬁos) 2% o o i~ 5-100 0.9 13 50
53 Py rﬁjg::ilon) 24.03 22’81 129093* ;g 4~100 0.9992 1.0 4.0

BT
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BER
54 ( Aiﬁi:fs) 24.55 ;ig 11587: ig 10~200  0.9939 3.0 10.0
T T T
56 (mzﬁoi i“rb) 30.28 282 11304i ;8 4~100 0.9944 10 4.0

E:oW T BIFAHAREET.
1.4 FEAbHE
1.4.1 #EH

FREUZL SRR, 2.0 g T 50 mL B ZER PR 205 5
OV R, INIE 245t ARR=7:3(V )20 mL, 3000 r/min
[ & $%7% 30 min, 4000 r/min 550 2 min, _FEIEWE:
% 22 % 50 mL g, idE TR R H 10 mL IEC i
WEI=7:3 (VN $EL 1 X, G FFmIRIEIR, BT
40 CAKIBHEMIKAE R 2105 mL, Frfib.
1.4.2 Fik

7E Cleanert TPT A I Z) 2 cm 5 Jo/K SRR £,
15 mL 25 W =31 (VN iEk. B
ANCTHEH TPT Arf, F2mL 28 2K=3:1 (VA
VR, R sl A, B 25 mL
CIEHHR=31 (VN ke, i il T
W, T 40 CKIH AWRYE 249 1.5 mL, S 20ul
PRI, TRE], R 20mL, iT0.22 um FHFLE
JE S s AR ASOR € %- = EE U AT e B B 0 52
1.5 7% AR IO il

HERRRREN 2.0 g BAPERE, 4% 1.4.1~1.4.2 35 4E, i
257 AR T

2 @RS

2.1 BREBUA IR R

i FH PRI I HR 2 e 258 B AR 77 A E e
Wl CBRO MR RS REEER, LR
2R, TIRE T, AT MR 2T
A [FIRF B L2 B SR 9, &5 R ATIR G a7k
ITIREL AXHEE TAE: LRLEE=11 (VIV) (1
SREG, ECkAR=73 (VIV) (2 SEFD B
PR S HE A AT LA RES G ISP A BRI 4
5 PHRBUSAR. SRR Zess S 1 s, 4%
T (RIS et RN 2 . £ 2 £, 2 542
WAL 1 S HRBGR B R SR BUSCRA 4T, IR AR
75~120%: [AIFF A2 o S B0 93.0%, =T 1 S4EH
A (87.5%). LKAl PHRMEDGHIFERUSTE I HREUK
iz R, 1 SRR ERIR, fAE—Em
T F, ACRA 2 SHEGH GE ORI E=7:3,

VIV) AT HEEL
d - OExtraction Solvent No.|
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Bl
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Al
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Fig.1 Recoveriesof 56 pesticidesextracted by Solvent No.1 and
Solvent No.2 in black tea

7E: B a¥: 1: Methamidophos, 2: Metolcarb, 3: Fluvalinate,
4: Molinate, 5: Sulfotep; 6: Phorate; 7: alpha-HCH; 8:
Propetamphos; 9: PCNB; 10: gamma-HCH; 11: beta-HCH;
12 : Heptachlor ; 13 : Pirimicarb ; 14 : Alachlor ; 15:
Chlompyrifos-mtethyl ; 16 : delta-HCH ; 17: Aldrin; 18 :
Tolclofos-methyI; 19: Metribuzin; 20: Metolachlor; 21: Butralin;
22: Diethofencarb; 23: Linuron; 24: Chlompyrifos-ethyl; 25:
Malathion; 26: Ethofumesate; 27: Carbary; 28: Fenitrothion,
B b #: 1: Parathion-ethyl; 2: Pendimethalin; 3: Procymidone;
4: Bromophos-ethyl; 5: Chlordan (I +1I); 6: o’p-DDE; 7:
Quinalphos; 8Endosulfan (alpa+beta); 9: Paclobutrazole; 10:
p’p-DDE; 11: Fenamiphos; 12:0’p-DDD; 13: Perthane; 14:
Profenofos; 15: Hexythazox; 16: Isoprothiolane; 17: Fenoxanil;
18: p’p-DDD; 19: Fenoxaprop-p; 20: o’p-DDT; 21: Propargite;
22:Oxadixy|; 23:p’p-DDT ; 24 : Edifenphos; 25: Pyridaphenthion;
26: Anilofos; 27: Pyridaben; 28: Indoxacarb.
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Table 2 Recoveriesof spiked 56 pesticides in black tea with 2

extract methods

Extraction Solvent No.1 ~ Extraction Solvent No.2

Recovery
o Acetone:ethyl acetate=1:1  n-hexane:acetone=7:3
(1]
(VIV) (VIV)
R<75 0 1
75<R<120 49 52
R>125 3 3
Not detected 4
2.2 AR SR
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Fig.2 lon chromatograms of e-HCH inthe prurified extracts of

black tea

7E: A:Cleanert TPT;B: QUEChERS.

SR VPRV E R IR A R AR . WO
B ANEAH AEUERSS o B E ik T WA
FAHERHA T 15, (I B el O A e 71
AU FBENT 8] o YRV AEH R T TG 0 25 b B AR 24 1)
[, PR 1B NI A R, AR ASER I RS A1
R RIS R 2R e /8100, ARSCE 2 17 [ AHAR Y
573 WA AH AR RO . BAHASCRHA] Cleanert
TPT ZLARABo ML, 7R AR 2 e A 7
() QUEChERS 71 o« ZLAHEMAIN 1 4 £ A R
SRR ELIECHANR=T3 (VN) $28 737
F1 QUEChERS 4 Hi [EIAHZEEU A AT Cleamert TPT 4%
1§14k, GC-MSIMS e . BT HR AN EIRT L,

1141

RINE TPT HAL G IR e LB 5y, AN e

HHHE N, H96%H4Z) (547 FIEM: HHEm 2
5 UL b, AR (E LR = 10 £, HiaR 2Rk
7y (FH#EE A1 2,4-DDE) [1){5ME: Lt 5 QUEChERS #+t.
AEERIRIE . B o7 S/ FIREIE RN, 4 2 gl
Ab B P PRI R I AR A 24 PR B ES T B I o 2
I 3 s Kk, RS2SR Clearnert TPT #1144k

2023
FS0004) - |||
£ 25 [ a
200000 £ 2 ||
= Z 1000
2 LS00 = 0 _ |
£ 1980 1985 1990
LOO0G - Time / min |
*
00K \ | |
N LA
0 = J %\
Is 19 2
Timwe ! min
50000 2 509 b
7
0000 - Z 1000 /\
ol = 0 Z )
B 150000 | 1950 1085 1990
E Time / min
100000 |
200,32
SO0 - *, 20.22
A Al
0 L b | I'k_ i)
I8 19 M

Time ¢ min

3 2 M LB ER IR E FRIEE

Fig.3 lon chromatograms of Isoprothiolane in purified extracts
of black tea

7Z: A:Cleanert TPT; B: QUEChERS.
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Fig.4 lon chromatogramsof sulfotep in the black tea detected
with Timed SRM mode
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Fig:5 lon chromatograms of sulfotep in black tea detected with
Regular method
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Table 3 Recoveriesand RS Ds (n=6) of 56 pesticidesinblack tea

No. Name Spiked Recoveries RSD(n=6)
(ugkg) 1% 1%
1 Methamidophos 60, 120,600 28,30,36 7.6,10.6,11.3
2 Metolcarb 4,8,40 95,103,105 7.6,6.5 13.6
3 Flpvalinate 4,8,40 103,92,110 105,9.2,10.3
4 Molinate 4,8, 40 93,98,92 9.1,106,4.3
5 Spifotep 4,8, 40 93,82,101 5.4,10.6,7.9
6 Phorate 10, 20, 100 98,107,116 5.7,6.3,5.9
7 alpha-HCH 4,8,40 102,99,110 94,103,116
8  Propetamphos 4,8, 40 95, 94, 98 8.7,8.6,7.0
9 PCNB 4,8, 40 88,97,104 11.3,10.3,105
10 gamma-HCH 4,8, 40 97,89,106 6.1,5.8,7.6
11 beta-HCH 4,8, 40 94, 89, 96 74,49,7.9
12 Heptachlor 4,8,40 89, 87,99 7.9,54,89
13 Pirimicarb 14,28,140 97,89,107 8.9, 10.6,13.6
14 Alachlor 4,8,40 97,95,106 8.6,9.4,5.6
15 Chlorpyrifos-methyl 5,10,50  89,96,108 8.6,7.9,4.9
16 delta-HCH 10, 20,100 103,96,108 7.3,6.9,8.1
17 Aldrin 8,16,80 98,106,110 10.9,135,9.6
TR
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18 Tolclofos-methyl

19 Metribuzin
20 Metolachlor
21 Butralin

22 Diethofencarb
23 linuron

24 Chlorpyrifos-ethyl
25 Malathion

26  Ethofpmesate
27 Carbary

28 Fenitrothion
29 Parathion-ethyl
30  Pendimethalin
31  Procymidone
32 Bromophos -ethyl
33 Chlordan (I +1I)
34 o’p-DDE
35 Qpuinalphos
36

37 Paclobptrazole
38 p’p-DDE
39 Fenamiphos
40 o’p-DDD

41 Perthane

42 Profenofos
43 Hexythazox
44 Isoprothiolane
45 Fenoxanil

46 p’p-DDD

47  Fenoxaprop-p
48 0’p-DDT
49 Propargite

50 Oxadixy|

51 p’p-DDT
52 Edifenphos
53 Pyridaphenthion
54 Anilofos

55 Pyridaben

56 Indoxacarb

5, 10, 50
14, 28, 140

5, 10, 50
5,10, 50

10, 20, 100
30, 60, 300
5,10, 50
4.8.40
5,10, 50
10, 20, 100
8,16, 80
4,8, 40
4,8,40
5, 10, 50
5,10, 50
5,10, 50
3,6,30
5,10, 50

Endospifan (a+f) 20, 40, 200

4,8, 40
3,6,30
30, 60, 300
4,8, 40
5, 10, 50
30, 60, 300

50, 100, 500
4,8,40

30, 60, 300
5, 10, 50
10, 20, 100
4,8, 40
10, 20, 100
10, 20, 100
5, 10,50

5,10, 50
10, 20, 100
10, 20, 100

5, 10, 50
4,8, 40

99, 91, 107
83, 84,93
103, 107, 111
98, 94,91
85, 97, 101
76, 92, 93
93, 99, 106

93.96. 94
87, 96, 102

126, 107, 109
96, 91, 106

92,99, 94
95, 93, 102

93, 107, 113
83,92, 104
108, 96, 106
95, 93, 112
95, 91, 105
92, 89, 96
98, 92, 103
96, 99, 105
87,79, 93
89, 92, 93
109, 103, 108
89, 82,81

96, 92, 109
93, 106, 103

93, 98, 96
93, 91,98
93, 105, 97
107, 109, 99
102, 109, 114
73,78, 81
96, 92, 106

94, 93, 99
97,99, 93
88, 91, 97

102, 113, 118
99, 105, 115

94,109,124
9.4,8.7,89

11.5,13.4,10.5
11.6,10.9,6.8

9.4,83,7.6
115,54,6.4
10.2,11.5,9.4

12.5.10.3.6.5
10.2,11.3,9.3

59,6.7,4.8
8.8,9.4,8.6

9.4,10.6, 15.6
8.9,10.6,11.2

11.1,5.9,13.1
2.9,109,7.9
14.6,8.9,5.7
10.5,9.4,10.4
34,105,116
10.7,11.2,6.7
11.6,12.3,5.9
11.6,10.4,9.9
14.5,9.8,83
10.6, 9.6, 15.6
9.4,15.6,11.8
13.5,/6.7,15.3

12.5,14.2,17.9
56,7.9,84

8.4,83,10.6
10.6,15.4, 12.7
9.5,10.6, 4.9
10.9, 9.6, 7.9
8.1,10.6, 11.9
7.6,7.8,10.6
8.1,96,7.7

8.7,8.9,10.4

10.4,12.5,94
6.4, 8.6, 10.5

13.1,9.5,14.2
8.5,9.4,10.6

2.7 SEBRFE A
I F ATV 15 A3 LT A RES , Horp — AN RS AR
&4 2,4-DDT A1 4,4-DDT, M&8 K 2.3mgkg, H
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