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Determination of 184 Pesticide Residues in Tobacco by Gas
Chromatography-Quadrupole Time of Flight Mass Spectrometry

YIN Rui?, SUN Peng?, YU Weisong', SUN Huiging?, LU Shijun', WANG Yunbait, CAO Jianmin®”
(1. Institute of Tobacco Research of CAAS, Qingdao 266101, China; 2. Graduate School of CAAS, Beijing 100081, China)

Abstract: An analytical method for rapid screening of 184 pesticide residues in tobacco was established based on filter solid phase
extraction method by gas chromatography-quadrupole time of flight mass spectrometry (GC-QTOF/MS). Single factor examination
combined with the Box-Behnken response surface analysis experiments was used to investigate the effects of solvent volume, water
volume and purification volume on the recovery of target pesticides. The optimal sample preparation procedure was as follows: the
tobacco sample was extracted with 15 mL acetonitrile. After shaking and centrifugation, 1 mL supernatant was cleaned up by
Cleanert NANO purification columns. After dried by parallel concentrator, the extract residues were reconstituted with
n-hexane-acetone(1/1,V/V) and then detected by GC-QTOF/MS. The linearity of the method was good. At the addition levels of 0.05,
0.25 and 0.5 pg/g, the average recovery rates were 62.05% to 122.19%, 65.18% to 120.21% and 68.55% to 119.41%, except for some
pesticides. The relative standard deviation (RSD) were 0.16% to 14.04%, 0.15% to 12.06% and 0.03% to 14.92% (n=3). At the
addition levels of 0.05, 0.25 and 0.5 pg/g, the proportion of pesticides detected by the workflow software was 71.74%, 92.39% and
98.91%, respectively. The convenient, rapid and accurate method can be applied for qualitative and quantitative detection of multiple
pesticide residues in tobacco.

Keywords: filter solid phase extraction; gas chromatography-quadruple time of flight mass (GC-QTOF/MS); response surface
methodology; tobacco; pesticide residues

[1-2]

ASTIP-TRICO6 1610232016008
1994- E-mail yinruiyancao@163.com
* E-mail caojianmin@caas.cn
2018-08-24 2018-12-12


mailto:yinruiyancao@163.com

80 2018 39
MRL
CORESTA 2016
“ " 106 2016 (22]
B Cleanert NANO
2014 “ 26 -
" 123 2017 (23]
4l Cleanert NANO -N- PSA
Cis
322 -
- 58 - (s-11] GC-QTOF/MS
Cleanert NANO SPE
SPE 184
- /
184
1
11
[12-15] 7200 GC-QTOF/MS(
)
[16-17] Heidolph
QUEChERSP®818] SPE
[6.19-21]  SPE Cleanert NANO
50 mL
QUEChERS Dr. Ehrenstorfer 95%
« ) - 171
VIV 1000 mg/L
A B C
SPE 5.0 mg/L
0.01~0.8 mg/L
Cleanert NANO 184 1



6 - 184 81
1 184 RT (rd)
Table 1 Retention times, coefficients of determination(r?), limits of quantitation (LOQs) and recovery of 184 pesticides
Recovery/%
, LOQ/ _ _ _
Pesticides RT/min ' (ug-g?) Spiked Spiked Spiked
0.05 ug/g 0.25 ug/g 0.5 pg/g

1,2-Dibromo-3-chloropropane ( ) 447 0.9970 0.017 60.79 61.24 61.82
Methamidophos ( ) 5.89 0.9991 0.012 73.68 71.31 73.68
Dichlorvos ( ) 6.19 0.9971 0.013 72.76 70.21 72.28
Disulfoton sulfoxide( 7.30 0.9994 0.015 117.91 117.74 119.41
Mevinphos(E)[ ()] 9.00 0.999 7 0.031 59.78 59.65 59.30
Acephate( ) 9.10 0.997 4 0.041 50.83 55.82 58.94
Mevinphos(Z)[ @1 9.17 0.998 4 0.038 47.02 55.14 55.83
Pebulate( ) 9.62 0.9950 0.026 86.62 87.89 82.79
Methacrifos( ) 10.46 0.997 5 0.037 72.07 74.26 78.49
Isoprocarb( ) 11.13 0.998 6 0.031 76.96 74.28 76.63
Heptenophos ( ) 11.90 0.998 9 0.034 80.40 83.52 86.89
Omethoate ( ) 12.16 0.998 6 0.045 62.05 65.18 68.55
Thionazin( ) 12.48 0.999 8 0.019 80.60 77.99 75.27
Fenobucarb( ) 12,51 0.998 9 0.009 77.05 79.22 80.78
Propoxur( ) 12.58 0.998 7 0.010 81.56 79.71 72.93
Demeton-O( -0) 12.61 0.998 4 0.045 71.05 76.83 73.40
Demeton-S-methyl ( 12.73 0.999 6 0.036 81.23 77.21 80.87
Cycloate( ) 13.00 0.997 7 0.042 83.90 88.52 83.64
Ethoprophos( ) 13.01 0.999 7 0.033 83.49 82.39 76.73
Naled ( ) 13.42 0.996 3 0.036 45.70 44.17 52.20
Chlordimeform( ) 13.47 0.9991 0.047 73.44 78.13 75.25
Trifluralin ( ) 13.95 0.9953 0.022 94.99 92.62 92.39
Benfluralin ( ) 14.03 0.995 4 0.003 81.34 81.30 80.23
Cadusafos( ) 14.08 0.999 2 0.024 77.52 70.87 7351
Phorate( ) 14.22 0.995 4 0.038 71.54 70.63 86.44
BHC-alpha(a- ) 14.32 0.998 9 0.010 97.22 87.61 83.93
Hexachlorobenzene ( ) 14.59 0.996 9 0.043 54.59 54.71 60.48
Dicloran( ) 14.78 0.9991 0.013 96.41 103.27 100.49
Demeton-S( -S) 14.85 0.999 6 0.024 74.31 73.90 75.37
Dimethoate( ) 14.88 0.998 0 0.035 71.38 73.03 79.91
Carbofuran( ) 15.21 0.996 4 0.039 89.15 84.75 75.01
Atrazine( ) 15.32 0.996 7 0.010 77.21 81.01 72.50
BHC-beta(f3- ) 15.36 0.999 6 0.010 87.07 94.92 87.74
Clomazone (M ) 15.39 0.998 0 0.018 109.34 105.94 103.17
BHC-gamma( ) 15.58 0.998 5 0.010 100.98 105.19 103.50
Quintozene( ) 15.67 0.9991 0.025 76.96 74.18 76.92
Terbufos ( ) 15.87 0.997 3 0.008 80.43 80.41 87.55
Fonofos( ) 15.94 0.998 6 0.018 87.54 81.12 74.71
Phosphamidon(E)(  (E)) 16.33 0.998 6 0.036 75.61 71.62 77.80
Diazinon( ) 16.42 0.999 7 0.013 73.26 79.54 76.09
Disulfoton( ) 16.45 0.9997 0.043 51.64 50.00 55.79
BHC-delta(s- ) 16.52 0.9955 0.009 89.11 95.26 86.62
Chlorothalonil ( ) 16.71 0.995 8 0.036 28.52 27.72 33.34
Mexacarbate( ) 16.77 0.996 2 0.016 85.78 88.38 80.62
Tefluthrin( ) 16.88 0.996 3 0.025 122.19 117.87 85.14
Isazofos( ) 16.89 0.997 2 0.011 78.94 82.98 86.79
3-Hydroxycarbofuran(3- 16.95 0.9952 0.023 96.91 80.81 88.22
Iprobenfos ( ) 17.14 0.998 9 0.004 72.16 72.95 80.86
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1
Table 1 Continued
Recovery/%
RT ) LOQ/ _ _ -
Pesticides Imin r (g Spiked Spiked Spiked
0.05 ug/g 0.25 ug/g 0.5 pg/g
Pirimicarb ( ) 17.38 0.998 7 0.033 86.99 83.76 84.14
Phosphamidon(Z)( (2)) 17.73 0.999 4 0.030 7137 72.87 73.07
Propanil( ) 17.73 0.9975 0.020 66.02 71.50 78.36
Acetochlor( ) 17.96 0.998 9 0.050 88.05 92.95 87.03
Parathion-methyl( ) 18.10 0.996 3 0.012 68.82 77.39 73.24
Chlorpyrifos-methyl( ) 18.11 0.998 3 0.024 65.71 69.36 73.52
Vinclozolin( ) 18.12 0.999 8 0.048 97.19 89.96 99.81
Carbaryl( ) 18.27 0.996 8 0.063 90.30 103.07 86.93
Tolclofos-methyl( ) 18.27 0.998 9 0.045 81.81 75.02 77.02
Heptachlor( ) 18.30 0.999 6 0.007 95.60 92.93 98.27
Alachlor( ) 18.42 0.999 7 0.020 91.42 96.60 92.32
Prometryn( ) 18.62 0.999 8 0.007 92.28 86.23 90.93
Metalaxyl ( ) 18.64 0.996 7 0.031 89.76 82.97 84.68
Fenchlorphos( ) 18.66 0.999 7 0.015 91.59 86.30 85.09
Demeton-S-methy! sulfone( ) 18.83 0.996 0 0.046 92.65 85.10 84.28
Methiocarb( ) 19.16 0.996 1 0.048 49.09 58.82 54.35
Fenitrothion( ) 19.19 0.998 5 0.033 75.40 87.12 73.94
Pirimiphos-methyl( ) 19.31 0.999 4 0.020 75.01 69.65 72.18
Bromacil( ) 19.31 0.999 6 0.009 70.98 71.74 74.95
Aldrin( ) 19.59 0.999 5 0.024 96.68 95.62 97.17
Malathion( ) 19.65 0.998 6 0.025 79.31 80.48 79.53
Phorate-sulfone ( ) 19.77 0.9957 0.028 79.82 78.04 81.46
Metolachlor( ) 19.78 0.9990 0.035 92.75 92.64 92.10
Fenthion( ) 19.91 0.999 6 0.019 71.08 70.76 72.69
Dicofol I( ) 19.94 0.997 1 0.047 73.85 73.68 76.17
Dicofol I1( ) 28.26 0.996 5 0.042 71.59 69.47 75.93
Parathion( ) 19.97 0.996 1 0.029 69.69 70.13 71.32
Chlorpyrifos ( ) 19.99 0.997 4 0.036 84.89 80.80 89.52
Triadimefon ( ) 20.11 0.996 1 0.006 87.39 87.91 87.14
Chlorthal-dimethyl( ) 20.15 0.999 2 0.031 114.44 111.22 105.30
Dimetachlone( ) 20.22 0.999 6 0.071 70.83 71.79 70.14
Isocarbophos( ) 20.25 0.998 8 0.037 71.87 72.47 71.30
Thiamethoxam ( ) 20.53 0.998 7 0.018 72.35 85.59 87.05
Bromophos( ) 20.60 0.999 1 0.027 70.04 72.61 75.02
Butralin( ) 20.64 0.996 0 0.013 70.56 70.91 73.43
Diphenamid( ) 20.66 0.997 7 0.039 92.47 93.44 92.99
Isopropalin( ) 20.95 0.9957 0.031 115.86 102.95 101.45
Oxychlordane( ) 21.05 0.9995 0.018 95.64 94.50 93.45
trans-Chlorfenvinphos( -E) 21.07 0.996 3 0.020 87.17 93.29 83.69
Heptachlor epoxides-cis( - 21.11 0.999 3 0.018 102.64 94.75 101.32
Terbufos sulfone ( ) 21.17 0.997 0 0.004 75.99 76.64 74.09
Pendimethalin( ) 21.19 0.9951 0.017 69.34 68.94 73.76
Penconazole( ) 21.22 0.999 0 0.039 84.71 91.00 87.73
Heptachlor epoxides-trans( 21.28 0.998 2 0.017 98.91 99.68 94.20
Captan( ) 21.43 0.998 9 0.020 77.10 75.70 74.29
cis-Chlorfenvinphos( -Z) 21.47 0.9980 0.036 75.78 74.62 75.10
Isofenphos( ) 2157 0.9957 0.053 68.40 69.89 74.48
Quinalphos( ) 21.63 0.999 6 0.010 71.96 69.07 79.18
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1
Table 1 Continued
Recovery/%
) LOQ/ _ _ _
Pesticides RT/min ' (Mg-g™h) Spiked Spiked Spiked
0.05 ug/g 0.25 ug/g 0.5 pg/g

Triadimenol( ) 21.64 0.9975 0.044 78.99 75.81 76.64
Phenthoate( ) 21.66 0.996 7 0.046 101.18 102.23 104.25
Folpet( ) 21.67 0.999 9 0.068 41.13 50.53 61.89
Methoprene( ) 21.93 0.995 6 0.030 101.19 103.22 98.71
Chlordane-trans( - 21.99 0.998 8 0.025 102.66 101.74 103.33
Methidathion( ) 22.10 0.9957 0.040 68.49 68.28 71.00
0,p"-DDE (o,p-DDE) 22.25 0.9955 0.012 110.88 108.02 99.12
alpha-Endosulfan(a- ) 22.43 0.9970 0.012 111.79 107.87 110.88
Disulfoton-sulfone ( 22.53 0.997 3 0.035 84.91 86.35 93.50
Tetrachlorvinphos( ) 22.53 0.998 8 0.022 69.38 67.40 71.75
Chlordane-cis( - ) 22.56 0.9975 0.023 98.39 99.33 97.82
Mepanipyrim( ) 22.60 0.999 0 0.016 9041 98.86 92.36
Butachlor( ) 22.70 0.999 0 0.046 109.04 120.21 112.00
Flumetralin( ) 22.75 0.999 5 0.039 85.02 88.66 85.29
Napropamide( ) 22.96 0.999 4 0.021 85.75 90.66 90.61
Fenamiphos( ) 22.98 0.9990 0.031 72.48 69.18 76.13
Hexaconazole( ) 23.02 0.998 7 0.029 70.99 7133 72.73
Imazalil( ) 23.17 0.999 2 0.016 74.02 72.60 71.82
Prothiofos( ) 23.19 0.9990 0.041 71.15 70.95 7221
Isoprothiolane ( 23.25 0.996 1 0.007 119.18 111.01 114.51
Profenofos ( ) 2331 0.998 1 0.039 96.52 94.64 92.31
Dieldrin ( ) 23.39 0.998 1 0.006 102.18 99.10 104.08
p,p'-DDE(p,p'-DDE) 2342 0.999 3 0.006 87.12 82.22 79.66
Uniconazole( ) 23.44 0.999 4 0.044 69.92 70.06 76.73
Pretilachlor( ) 23.45 0.999 5 0.044 80.81 82.30 85.25
Tribufos( ) 23.45 0.999 2 0.041 81.35 78.84 84.36
0,p-DDD(0,p'-DDD) 23.72 0.998 6 0.008 109.13 110.69 105.08
Myclobutanil( ) 23.73 0.996 1 0.031 69.62 75.90 76.26
Buprofezin( ) 23.83 0.995 4 0.027 100.29 102.62 105.69
Bupirimate( ) 24,01 0.999 2 0.021 79.16 79.17 79.91
Kresoxim-methyl( ) 24.02 0.997 2 0.018 101.70 98.86 105.72
Thifluzamide( ) 24.05 0.999 3 0.047 80.14 77.92 82.11
Nitrofen ( ) 2417 0.998 0 0.010 75.35 76.81 76.63
Endrin( ) 2417 0.999 9 0.010 87.46 82.80 83.21
Isoxathion( ) 24.18 0.999 1 0.055 116.20 111.71 115.94
Fluazifop-butyl( 24.46 0.997 4 0.023 80.22 70.43 70.88
beta-Endosulfan(B- ) 2452 0.999 8 0.038 99.46 83.86 86.89
Chlorobenzilate ( 24.62 0.999 2 0.039 104.81 101.80 106.96
Fensulfothion( ) 24.78 0.999 5 0.030 69.85 72.86 79.90
Fenthion sulfoxide( 24.79 0.998 8 0.044 7134 68.09 74.84
Aclonifen( ) 24.94 0.9970 0.027 88.14 93.58 86.35
p,p'-DDD(p,p'-DDD) 24.94 0.999 7 0.009 108.80 112.17 109.93
Fenthion sulfone( 25.01 0.998 1 0.042 94.12 91.99 90.63
0,p-DDT(0,p"-DDT) 25.04 0.999 4 0.006 99.29 94.81 93.79
Oxadixyl (% ) 2511 0.999 3 0.039 77.15 74.04 79.89
Ethion( ) 25.20 0.997 7 0.047 74.37 73.97 77.63
Chlorthiophos( ) 25.30 0.996 6 0.042 72.64 72.87 74.20
Triazophos ( ) 25.64 0.9971 0.026 95.69 88.22 86.39
Carbophenothion( ) 25.89 0.997 3 0.031 70.64 74.26 73.42
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Table 1 Continued
Recovery/%
» LOQ/ - - .
Pesticides RT/min ' (Mg-g™h) Spiked Spiked Spiked
0.05 pg/g 0.25 pg/g 0.5 pg/g
Benalaxyl( ) 25.99 0.999 5 0.015 91.29 87.81 94.52
Endosulfan sulfate( ) 26.08 0.998 4 0.012 88.07 83.18 90.44
Propiconazole I( ) 26.16 0.9990 0.040 71.32 7173 75.37
Propiconazole 11( ) 26.38 0.998 2 0.042 71.99 7177 72.53
p,p-DDT (p,p-DDT) 26.26 0.999 2 0.007 95.27 92.14 86.54
Tebuconazole ( ) 26.75 0.997 8 0.048 82.04 87.75 90.03
Triphenyl phosphate( ) 27.04 0.999 4 0.013 72.46 74.19 72.84
Piperonyl butoxide( ) 27.21 0.996 1 0.030 74.24 71.40 87.12
Iprodione( ) 27.80 0.997 0 0.031 113.85 108.85 105.34
Fenamiphos sulfone ( ) 27.89 0.9951 0.036 87.24 84.46 89.36
Bromopropylate( ) 28.10 0.998 9 0.014 93.49 87.83 91.51
Carbosulfan( ) 28.13 0.998 7 0.034 74.74 65.88 7143
EPN( ) 28.14 0.999 3 0.017 76.93 74.28 88.13
Chlorantraniliprole( ) 28.32 0.996 4 0.055 73.81 74.17 70.57
Bifenthrin ( ) 28.33 0.997 6 0.012 105.64 105.29 98.17
Methoxychlor( ) 28.38 0.999 8 0.009 87.22 8291 87.36
Fenamidone( ) 28.63 0.999 2 0.023 94.61 85.58 96.48
Anilofos( ) 28.83 0.996 3 0.046 102.76 103.53 104.88
Tetradifon( ) 29.02 0.999 9 0.024 75.04 73.89 74.39
Phosalone( ) 29.39 0.998 9 0.035 70.38 70.39 78.07
Leptophos( ) 29.46 0.999 8 0.036 107.88 107.98 107.79
Cyhalofop-butyl( ) 29.83 0.999 2 0.012 77.76 80.18 78.50
Cyhalothrin( ) 30.22 0.9971 0.021 7251 73.07 76.62
Fenarimol( ) 30.32 0.997 7 0.054 82.00 79.57 88.88
Pyrazophos ( ) 30.66 0.996 3 0.017 87.73 89.88 85.70
Benfuracarb ( ) 30.79 0.998 6 0.018 87.20 81.82 86.79
Bitertanol( ) 31.38 0.996 1 0.017 74.80 74.07 77.74
Permethrin-cis ( - ) 31.59 0.996 6 0.010 79.13 79.04 87.61
Permethrin-trans ( - ) 31.86 0.997 6 0.011 70.75 73.89 76.12
Boscalid( ) 33.36 0.998 2 0.043 83.75 87.41 87.58
Quizalofop-p-ethyl( ) 33.54 0.9993 0.040 90.57 91.76 87.77
Quizalofop-ethyl ( ) 33.61 0.996 8 0.046 114.22 111.19 112.89
Flucythrinate 1( ) 3381 0.9990 0.025 96.71 101.29 102.10
Flucythrinate 11( ) 34.19 0.999 4 0.026 101.39 107.69 109.45
Fenvalerate ( ) 35.10 0.997 6 0.057 100.40 102.67 109.19
Deltamethrin ( ) 36.51 0.999 6 0.041 77.00 75.96 71.98
Indoxacarb ( ) 36.51 0.998 2 0.042 85.02 84.71 84.86
Dimethomorph(Z)( 2) 37.02 0.995 7 0.053 71.82 77.78 76.79
Dimethomorph(E)( (E) 37.09 0.996 0 0.059 76.22 73.18 78.44
12 2 mL
1.2.1 1.000 g
50 mL 100 pL 2mL 45 C
5.0 mg/L 15 mL 0.5 mL - /1 VNV
2000 r/min 10 min 0.22 um

4000 r/min 10 min NANO GC-QTOF/MS
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Table 2 Factors and codes of the sample preparation
procedure designed by Box-Behnken [24-25]

Eactor Code Coding level
-1 0 1
Water volume/mL A 0 2 4
Solvent volume/mL g 5 10 15
Purification volume/mL  C 04 08 12
1.3
131 HP-5MS
15 mx250 pmx0.25 pum
280 C
60 C 1 min 40 C/min
120 C 5 C/min 310 C
5 min 99.999%
1 2 40.5 min
50 psi 1uL
13.2 El 70 eV
280 C 280 C
4 min TOF-Scan
50~500 m/z 5 spectrum/s 4 Ghz
MassHunter
2
2.1
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Fig. 1 The effects of water volume, solvent volume and purification volume on the recovery of target pesticides
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Fig. 3 Response surface and contour diagram of R=f (A, B) with the situation of 0.8 mL purification volume
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