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Abstract: A rapid determination method of 21 organophosphorus pesticides in tea was devel-
oped by QUEChERS method using modified multi-walled carbon nanotubes ( MWCNTs-OH) ,
primary-secondary amine ( PSA) and MgSO, coupled with gas chromatography-mass spectrome-

try. The pesticide residues in tea were extracted with a hexane-acetone (2:1, v/v) mixture,
and cleaned up by dispersive solid-phase extraction using MWCNTs-OH and primary-secondary
amine (PSA) as the sorbents. After centrifugation and filtration, the target compounds were
analyzed by gas chromatography-mass spectrometry and quantified by the external standard
method. Under the optimized conditions, good linearities were obtained in the range of 0. 01—
0. 50 mg/kg. The average recoveries were in the range of 81. 5% —109. 4% at three spiked levels,
with relative standard deviations ( RSDs, n=5) of 2.3% —10. 6%. The limits of quantification
were 0. 001 -0. 040 mg/kg. This method is simple, fast, sensitive, cheap, and can meet the
requirements of the rapid detection of organophosphorus pesticides in tea.
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WCFEA . FRERO.5 g FEah T 50 mL B0 AL
mL A E LA IR % IR A, A 10 mL 1E C k-
PR (2:1, v/v) . FHIRTER & 25 10 e PR % $E B 10
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Table 1 Retention times, quantitative ions, qualitative ions, regression equations, correlation coefficients (r) ,

linear ranges, limits of quantification (LOQs) of the 21 organophosphorus pesticide residues

. Retention Quantitative Qualitative Regression Linear LOQ/

No. Pesticide time/min ion (m/z) ions (m/z) equation " range/ (mg/kg)

(mg/kg)

1 dichlorvos( &g 2) 6.04 109 185, 220 Y=5412350X-3344.45  0.9991 0.01-0.50  0.007
2 ethopropho ( K£:#) 9.21 158 200, 242 Y=2386151X+3428.27  0.9971 0.01-0.50  0.005
3 phorate ( 1 $£#) 9.77 620 121, 231  Y=427761X+2017.15 0.9978  0.01-0.50  0.004
4  dimethoate ( JR) 10.12 125 143, 229  Y=1019550X-5553.80  0.9998  0.04-0.50  0.040
5 disulfoton( Z £ ) 10.83 88 274, 186 Y=6648090X+24176.9  0.9964  0.01-0.50  0.003
6 iprobenfos( %) 11.13 204 246, 288 Y=6084430X-4431.54  0.9977  0.01-0.50  0.001
7 chlorpyrifos-methyl ( F ZEZEFEM ) 11.62 286 288, 197 Y=4690580X+19053.1  0.9951 0.01-0.50  0.001
8 ronnel ( fz BEHE) 11.89 285 287, 125 Y=2842840X+25858.8  0.9952  0.01-0.50  0.001
9 fenitrothion ( A% MEA7 A ) 12.11 260 277, 125 Y=866343X-6917.31 0.9985  0.01-0.50  0.006
10 malathion ( ZHBEHE) 12.27 173 158, 143 Y=2440330X-21285.0  0.9986  0.01-0.50  0.010
11 fenthion ({4 Hi#E) 12.46 278 169, 153  Y=3156610X+7293.82  0.9989  0.01-0.50  0.002
12 chlorpyrifos( R4t %) 12.49 314 258, 286 Y=877995X-1867.21 0.9969  0.01-0.50  0.002
13 isocarbofos ( 7K Ik i ) 12.63 136 230, 289 Y=367232X+2156.23 0.9981 0.01-0.50  0.010
14 quinalphos ( BEET#) 13.31 146 208, 157 Y=3664110X-10769.1  0.9975  0.01-0.50  0.004
15 methidathion ( ZFMf) 13.58 145 157, 302 Y=11347400X-105354  0.9983  0.01-0.50  0.006
16 profenofos( N 75H) 14.14 339 374, 297 Y=564799X-1304.89 0.9969  0.04-0.50  0.038
17 ethion( ZHHE) 15.03 231 384, 199 Y=4495240X+19549.0  0.9972  0.01-0.50  0.005
18  triazophos ( = M) 15.27 161 172, 257 Y=2940320X-25890.0  0.9986  0.02-0.50  0.020
19 phosmet ( V. HEH# ) 16.52 160 161, 317 Y=4567180X-12625.7  0.9955  0.01-0.50  0.008
20 Phosphonothioic acid( EPN, &i#)  16.57 157 169, 323 Y=3343000X+12831.7 0.9979  0.01-0.50  0.010
21 phosalone (fk ARG ) 17.21 182 367, 154 Y=2483800X-8541.53  0.9995  0.01-0.50  0.009

Y. peak area; X: mass concentration (ug/L).
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Fig. 1 GC-MS chromatogram of the mixture of the 21 standard organophosphrous pesticides
For peak identifications, see Table 1.
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Fig. 2 Effect of the different extraction solvents on the extraction recoveries of pesticides spiked

in the blank tea
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Fig. 3 Effect of the different sorbents on the extraction recoveries of pesticides spiked

in the blank tea
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Fig. 4 Effect of the amount of MWCNTs-OH on the recoveries of organophosphrous pesticides spiked in the blank tea
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Table 2 Recoveries and relative standard deviations (RSDs) for the 21 pesticides spiked in tea (n=5)

B Spiked/ Oolong tea Black tea Green tea White tea

No. Pesticide
(mg/kg) Recovery/% RSD/%  Recovery/% RSD/% Recovery/% RSD/% Recovery/% RSD/%
1 dichlorvos 0.01 89.5 8.9 92.6 8.7 92.5 6.4 95.6 7.6
(FEE) 0.1 87.2 6.5 91.6 7.3 92.6 5.9 94.5 5.9
0.5 93.6 5.3 96.8 6.4 95.8 5.6 98.5 4.5
2 ethopropho 0.01 103.5 5.6 104.5 5.9 103.2 5.6 102.5 4.9
(KEHh) 0.1 100.1 3.4 102.6 4.6 101.3 5.1 102.3 3.8
0.5 102.5 3.6 103.5 4.6 103.5 4.8 102.5 3.9
3 phorate 0.01 96.8 5.6 93.6 6.4 92.5 5.9 96.5 5.4
(R 0.1 95.4 4.2 93.6 5.2 95.6 4.6 94.6 4.2
0.5 94.5 4.3 91.6 5.9 96.8 4.6 93.6 4.8
4  dimethoate 0.04 83.5 10.6 86.9 9.9 87.8 8.5 88.9 8.4
(AR 0.1 81.5 8.4 86.4 7.9 93.2 8.1 91.5 7.9
0.5 88.9 7.8 87.6 7.6 95.4 7.2 93.6 6.2
5  disulfoton 0.01 87.5 6.9 89.6 6.7 92.5 6.5 92.6 6.7
(ZF%) 0.1 90.9 6.4 91.2 5.4 94.5 4.9 9.5 6.1
0.5 92.6 5.6 93.2 4.5 91.6 4.5 95.6 4.4
6 iprobenfos 0.01 96.8 5.4 92.5 5.3 93.6 4.7 92.5 4.8
( SHFREIE) 0.1 95.7 4.6 91.5 5.1 96.5 5.1 94.3 4.1
0.5 93.6 4.1 92.5 3.9 93.5 4.5 95.1 3.6
7 chlorpyrifos-methyl 0.01 95.6 4.8 91.6 4.7 93.5 4.6 91.8 4.3
(HELREFE ) 0.1 99.9 4.9 94.6 4.9 96.3 3.5 95.3 4.1
0.5 98.2 4.5 93.5 4.5 98.7 4.2 93.5 4.2
8  ronnel 0.01 101.2 3.5 104.5 3.9 99.8 3.5 100.5 3.9
( Bz ) 0.1 103.5 4.9 97.8 4.1 100.2 3.6 95.6 2.3
0.5 102.1 3.5 100.2 3.6 100.8 3.4 96.3 2.4
9 fenitrothion 0.01 96.8 4.6 97.5 5.6 98.4 5.4 94.5 5.6
( A IER) 0.1 102.8 5.6 100.3 6.4 98.6 5.3 96.3 5.4
0.5 100.5 4.3 98.6 5.2 95.6 4.6 95.5 5.2
10 malathion 0.01 87.9 7.3 91.5 5.8 91.2 5.4 94.5 4.5
( SRLELHS) 0.1 90.3 6.9 87.6 6.4 91.5 4.9 93.6 4.2
0.5 88.9 6.8 85.6 6.7 87.9 5.2 96.3 3.9
11 fenthion 0.01 103.5 3.9 102.5 4.6 96.8 4.2 95.8 3.6
(o 0.1 109.4 3.6 99.6 4.5 101.2 3.9 102.3 3.8
0.5 102.6 3.9 100.5 5.4 102.5 3.1 101.5 3.5
12 chlorpyrifos 0.01 96.8 6.5 93.6 5.6 96.8 4.5 98.7 4.1
(FEHEE) 0.1 102.7 5.4 100.3 5.9 101.6 4.3 98.9 4.1
0.5 101.5 4.6 98.5 4.5 100.6 4.1 95.6 3.9
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Table 2 (Continued)
. Spiked/ Oolong tea Black tea Green tea White tea
No. Pesticide
(mg/kg) Recovery/% RSD/% Recovery/% RSD/% Recovery/% RSD/% Recovery/% RSD/%
13 isocarbofos 0.01 95.5 6.3 95.6 7.4 96.3 8.4 99.8 4.8
(K et ) 0.1 98.3 6.4 94.6 7.2 92.6 5.3 96.3 5.1
0.5 96.5 6.3 92.5 6.5 90.8 4.5 98.6 4.3
14 quinalphos 0.01 95.6 5.6 96.5 4.9 92.5 5.6 95.6 4.3
(MERREE) 0.1 96.6 4.6 97.5 3.9 96.5 3.5 96.5 4.2
0.5 95.6 4.2 96.3 3.6 92.5 3.6 95.5 4.1
15 methidathion 0.01 89.7 6.8 92.5 5.6 92.1 5.2 91.5 4.9
(AN 0.1 94.3 5.8 98.4 5.4 97.4 5.1 96.6 4.9
0.5 95.5 4.8 96.5 5.6 98.9 4.3 95.6 4.2
16 profenofos 0.04 105.5 5.8 99.8 6.5 103.5 6.4 102.5 5.2
(HIRBE) 0.1 104.7 4.9 101.6 4.2 106.3 5.1 102.3 3.5
0.5 102.5 4.2 100.4 3.6 102.5 4.5 105.3 3.5
17 ethion 0.01 92.6 5.6 93.6 6.9 98.7 5.3 98.5 6.4
(LB 0.1 98.9 5.4 94.6 5.4 93.1 4.8 95.6 6.3
0.5 96.3 4.6 98.6 5.6 96.3 4.8 96.3 6.5
18 triazophos 0.02 86.3 4.6 86.4 5.2 88.9 4.8 86.9 3.9
( = me) 0.1 91.8 4.3 92.6 5.3 91.6 5.1 91.2 3.3
0.5 9.5 4.3 93.6 4.2 95.6 5.3 96.5 3.6
19 phosmet 0.01 99.6 4.1 94.5 3.9 92.5 5.6 91.5 5.6
(B ) 0.1 99.4 3.9 97.8 3.6 93.6 4.8 93.5 4.6
0.5 98.9 3.5 98.6 4.1 96.3 4.6 96.5 4.2
20 EPN 0.01 97.8 4.9 93.5 5.2 9.5 4.6 93.6 5.7
(BB 0.1 97.5 3.7 94.5 4.3 91.2 3.9 92.4 5.1
0.5 98.6 3.9 98.4 3.9 95.4 3.6 96.8 4.2
21 phosalone 0.01 99.8 5.9 96.8 6.1 98.5 4.9 93.9 3.5
(RATRHE) 0.1 101.1 4.1 99.6 3.9 96.3 3.9 94.6 3.5
0.5 99.6 4.3 100.2 4.3 96.8 3.9 95.8 3.6
2.4 ERRIEmET i = AEIE 1 AR ARSI R SRR A, AR A

FIAS D5 B2 X) 100 DA ARG (LG S 2 (20 SR . (PR SE FARAC IO 20 L1 BHVERE
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K BB B, 1 AN RE SR T SRR, 1 RS AR SRS IR P BN,
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Table 3 Detection results of the practical samples

Sample Pesticide Detection value by this method/ ( mg/kg) Detection value by traditional method'?*’/(mg/kg)
Oolong tea isocarbofos 0.142 0.129
Black tea isocarbofos 0.035 0.029
Green tea chlorpyrifos 0.026 0.021
Oolong tea malathion 0.046 0.041
Oolong tea fenitrothion 0.058 0.055
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