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Rapid screening of 125 pesticide residues in tea substitutes by
multi-plug filtration cleanup method combined with gas
chromatography-tandem mass spectrometry
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Abstract: A rapid screening method for 125 pesticide residues of different polarities in tea sub-
stitutes matrix was developed using rapid screening combined with gas chromatography-tandem mass
spectrometry (GC-MS/MS). The targets were separated on DB-1701MS quartz capillary column (30
mx0.25 mmx0.25 pm) with programmed temperature rise, detected by GC-MS/MS in multiple
reaction monitoring (MRM) mode, and quantified by matrix-matched solution internal standard

method. The methodological validation of 125 representative pesticides in tea substitutes was carried
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out by GC-MS/MS method. The results showed that the tea samples could be extracted most effi-
ciently when using acetonitrile without immersion in water. The M-PFC TD-1 column had a good
purification effect on the Dendrobium officinale flower extract with a guaranteed high recovery.
The results of optimized analysis showed that the 125 components had a good linear correlation in
the range of 0.01 mg/L to 1.0 mg/L (R*>0.980). The LODs and LOQs were 0.003-0.02 mg/kg (S/N=
3) and 0.01-0.05 mg/kg (S/N=10) ,respectively. The recoveries of the 125 targets at three levels were
in the range of 62.6%-107.6% with relative standard deviations (RSDs, n=6) of 1.0%—13.8%. Compared
with other classical pretreatment methods, this method does not require activation, equilibration
and elution steps, consumes less solvent, and the M-PFC TD-1 column shows better purification
effect, which can directly adsorb large molecular interferences, such as pigments and alkaloids,
in the matrix of the substitute tea, and is easy to operate, rapid, and with high sensitivity, which
is suitable for the rapid screening of pesticide multicomponent residues in the bulk substitute tea.
The method established in this study was used to monitor 50 samples of tea substitutes provided
by the pilot production enterprises in Guizhou Province, in which at least one pesticide residue was
detected in two samples of tea substitutes, with a detection rate of 4%. This study aims to enhance
the scientific and practical aspects of setting local standard indicators or technical requirements by
understanding the types and levels of pesticide residues in substitute tea products.

Key words: gas chromatography-tandem mass spectrometry (GC-MS/MS) ; multi-plug filtration

cleanup; pesticide residues; rapid screening; tea substitutes
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Table 1 Retention times and MS parameters of the 125 target compounds and internal standard (IS)
No. Pesticide tx/min Chemical M, CAS No. Ton pairs (m/z) CEs/
formula eV
IS heptachlor epoxide (¥ %L %) 23.080 C,,H,CL,0 389.3  1024-57-3 353>263", 353>282 15, 15
1 isoprocarb (5P E) 7.481+14.510 C,H,,0,N 1932 2631-40-5 121>77", 136>121 20, 10
2 dichlorvos (##) 7.986 CH,CLOP 2210 62-73-7 185>109", 185>63 20, 15
3 fenobucarb (#h T &) 8.710 C,H,NO, 207.3  3766-81-2 121>77°, 121>104 20, 15
4 methamidophos ( F i) 9.925 C:HsNO-PS 1411 10265-92-6  141>95", 141>79 10, 15
5 dichlorobenzonitrile (il ) 10.208 C,H,CLN 1720 1194-65-6 171>100", 171>136 25, 15
6 molinate (RFFEL) 12.643 C,H,,NOS 187.3  2212-67-1 126>55", 126>83 10,5
7  tecnazene (P& f§IETK) 14.387 C,C,HNO,  260.9 117-18-0 259>2017, 259>141 10, 30
8  ethoprophos (K Z#) 15.308 CH,O,PS, 2423 13194-48-4 158>97", 158>81 18,15
9  diphenylamine ( &%) 15.393 C,H, N 169.2 122-39-4  169>168", 169>167 10, 15
10 phorate (F %) 16.413 C;HO,PS, 260.4 298-02-2  260>231", 260>171 10, 20
11 chlorpropham (%1% R ) 16.668 C,H,CINO, 2137 101-21-3  213>127", 213>171 20, 10
12 sulfotep (3445 ) 16.700 CH,O0.P,S, 3223  3689-24-5 322>266, 322>146 10, 10
13 pentachloronitrobenzene ( 71 5 fiff 3t 7% ) 17.688 CsCLNO, 295.3 82-68-8 249>214", 237>143 15, 20
14 terbufos (4§ T B ) 17.874 C,H,,0,PS, 2884 13071-79-9 231>129", 231>175 20, 10
15  clomazone (5% ) 18.021 C,H,CINO, 239.7 81777-89-1 125>89", 204>107 15, 20
16 triallate (Bf 4 {2) 18.066 C,H,CLNOS 3047  2303-17-5 268>184", 142.9>83 20, 15
17 diazinon ( W) 18.159 C,H,N,0,PS 304.3 333-41-5 304>137", 304>164 35, 35
18  fonofos (3 Hu &)%) 18.312 C,H,OPS,  246.3 944-22-9  246>109", 246>137 18, 10
19 pyrimethanil (7% i) 18.355 C,,H,N, 199.3  53112-28-0 198>156", 198>182 25, 18
20  simazine (PY¥3E) 19.129 C-HCIN; 201.7 122-34-9  201>138, 201>172 10, 15
21 dicloran (5T H%) 19.175 CH,CLN,0,  207.0 99-30-9 176>148", 206>176 10, 10
22 atrazine (35 %) 19.227 C,H ,CINy 221.7  1912-24-9 215>200", 215>172 10, 15
23 terbuthylazine (4§ 1 ) 19.313 C,H CIN 229.7  5915-41-3 214>104", 214>119 15, 10
24 iprobenfos (5 &%) 19.831 C,H,0,PS 2883 26087-47-8 204>91",201>122 10, 15
25 triazophos ( = M) 19.976 C,H, N,O,PS 3130 24017-47-8 257>119", 257>134 25, 20
26 pronamide (4 BEH ) 20.030 C,H,CLNO  256.1 23950-58-5 254>226", 254>191 10, 15
27  pirimicarb (H7F ) 20.108 C,HN,0, 2383 23103-98-2 166>96", 166>83 10, 15
28  dimethoate (k%) 20.498 C,H,NOPS, 2293 60-51-5 125>79", 125>93 10, 40
29  chlorpyrifos-methyl ( H JE 2 5E85) 20.499 C,H,CLNO,PS 3225  5598-13-0 286>241", 286>208 25, 10
30 monocrotophos (A% ) 20.665 CH NOP 2232  6923-22-4 127>109°, 127>95 15, 18
31 phosphamidon (%) 20.665+22.432  C,H ,CINO,P 299.7 13171-21-6 264>193", 127>109 8,12
32 acetochlor (£ HEfi%) 20.896 C,H,CINO, 269.8 34256-82-1 146>131", 146>130 20, 20
33 alachlor (FHEft) 21.312+25.131  C_H,CINO, 269.8 15972-60-8 188>160", 188>130 10, 40
34 Prometryn (fhhii) 21.374 C,,H,,N,S 2414 7287-19-6 242>184, 242>199 10, 10
35  pirimiphos-methy ( 15w BE B ) 21.470 C,H,N,0,PS 3053 29232-93-7 290>125", 290>151 20, 20
36 ametryn (35 Ki) 21.579 C,H,,N,S 2273 834-12-8 227>58", 227>170 10, 10
37 vinclozolin ( 4 & F)) 21.735 C,H,CLNO, 286.1 50471-44-8 212>172, 212>145 15,20
38 thiobencarb (R #iJ}) 21.737 C,H,CINOS 257.8 28249-77-6 125>89",125>99 20, 11
39  metribuzin (1% R ) 21.826 CH, N0, 169.2  21087-64-9 198>82", 198>55 18, 30
40 metalaxyl (H 552 ) 21.934 C,H,NO, 2793 57837-19-1 206>132", 206>162 20, 10
41 chlorpyrifos (#5E#) 22.058 C,H, CLNO,PS 350.6  2921-88-2 314>258", 314>166 15, 35
42 parathion-methyl (Ff 3% i %) 22332 C,H NOPS 2632 298-00-0 263>109°, 263>246 15,5
43 dicofol ( =4 AW ) 22.564 C, H,CLO 370.5 115-32-2 251>139°, 251>111 10, 35
44 metolachlor (574 HEJI%) 22.598 C,H,,CINO, 2838 51218-45-2 162>133", 238>162 15, 10
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Table 1 (Continued)
No. Pesticide tp/min Chemical M, CAS No. Ton pairs (m/z) CEs/
formula eV

45  methoprene ()5 Hifi) 22.807 C,H,,0, 310.5  40596-69-8 111>55", 153>111 15,5
46 malathion (5 H7 5 %) 22.904 C,H,0PS, 3304 121-75-5  173>99°, 173>117 18, 10
47  fenthion (f#if) 22.918 C,H,O0PS, 2783 55-38-9  278>109", 278>125 20, 18
48 cyprodinil (B ¥ ) 23.094 CHN, 2253 121552-61-2 224>208", 224>118 18, 40
49 fenitrothion (% B #) 23.230 C,H,NO,PS 2772 122-14-5 260>125", 260>109 15, 10
50 ethofumesate (£ %Wk HL#E) 23.354 C,H,0,8 286.3  26225-79-6 286>207, 286>161 10, 20
51  triadimefon ( =M ) 23.675 C H,CINJO, 2938 43121-43-3 208>181", 208>127 10, 15
52 pendimethalin (ZH R ) 23.880 C,HN,0, 2813 40487-42-1 251>162", 252>118 10, 30
53 parathion (X} ) 23.909 CHNOsPS 291.3 56-38-2 291>109", 291>137 15, 10
54 isofenphos-methyl ( F! 5 54 ) 24.003 C,H,NO,PS 3314 99675-03-3 241>199", 199>121 10, 10
55  quinalphos (% fif) 24.467 C,H, N,0,PS 2983 13593-03-8 298>156", 298>129 10, 30
56 isocarbophos (7K B ) 24.552 C,H,NO,PS 2893 24353-61-5 230>212, 230>197 5, 10
57  propanil () 24.648 C,H,CLNO  218.1 709-98-8 161>90", 161>126 20, 15
58  penconazole ([ E M) 24.648 C,H,CLN, 2842 66246-88-6 248>157", 248>192 25,15
59  phorate sulfoxide ( FT #1751 ) 25.039 C,H,OPS, 2764  2588-03-6 199>143", 97>65 10, 20
60 phorate sulfone (F 15 ) 25.040 CH,OPS, 2924  2588-04-7 125>97, 153>97 5,10
61  fenothiocarb (K #iE) 25.063 C,H,NO,S 2534 62850-32-2 160>72", 160>106 10, 12
62  fosthiazate (WM ) 25.100 C,H,NO,PS, 2833 98886-44-3 195>103", 195>139 10, 5
63  tetraconazole (U ik ) 25.127 C,H, CLF,N,0 3722 112281-77-3 336>218", 336>204 15, 40
64  butachlor (T #Jl) 25.135 C,H,CINO, 311.8 23184-66-9 237>160", 237>188 5, 10
65  terbufos sulfone (£§ T # BEHH) 25.696 C,H,0,PS, 3204 56070-16-7 153>97", 199>97 10, 20
66  triadimenol ( = M) 25.805 C,H,CIN,O, 2958 55219-65-3 168>70", 128>65 10, 25
67 procymidone (Ji % F) 25.942 C,H,CLNO, 284.1 32809-16-8 283>96", 283>177 10, 30
68  profenofos (T {5 ) 26.061 CHBrClOsPS  373.6  41198-08-7 339>269°, 339>251 10, 25
69 methidathion (F$M) 26.101 CH N,0PS, 3023 950-37-8 145>85", 145>58 10, 15
70  pretilachlor (P55 f% ) 26.150 C,H,CINO, 3118 51218-49-6 162>147",176>134 15, 15
71  napropamide () 26.156 C,H,NO, 2714 15299-99-7 271>72°,271>128 10,5
72 hexaconazole (T W) 26.244 C, H,,CLN,O 3142 79983-71-4 214>152", 214>124 25,25
73 oxadiazon (FERIf) 26.419 C,HCLN,0, 3452 19666-30-9 258>175",258>112 10, 25
74 fluazifop-butyl (M H AR ) 26.696 C,H,F,NO, 3834 69806-50-4 383>282", 383>254 10, 30
75 imazalil (il ) 26.798 C H,CLN,O 2972 35554-44-0 215>173",215>145 5,20
76  paclobutrazol (Z%mk) 26.800 C,H,CIN,O 2938 76738-62-0 236>125", 236>132 10,5
77  isoprothiolane (FF# 2 ) 26.956 C,H,0,S, 2904 50512-35-1 290>118", 290>204 15, 10
78  phosfolan (B ¥ ) 27.076 C,H NOPS, 2553 947-02-4  196>140", 168>140 10, 5
79  bupirimate ( £ W ¥ fif % i ) 27.430 C,H,,O.N,S 3165 41483-43-6 273>108", 273>150 18, 10
80  oxyfluorfen ( £ % # fift) 27.743 C,H, CIF,NO, 361.7 42874-03-3 300>223", 300>167 20, 25
81  flutolanil (JHENE) 27.885 C,HF,NO, 3233 66332-96-5 173>145", 281>173 15, 10
82  ethion (ZHi##) 28.139 C,H,,0,P,S, 3845 563-12-2 231>129", 231>175 25, 10
83  quinoxyfen (/4% ) 28.255 C, HCLFNO  308.1 124495-18-7 307>237", 307>272 20, 10
84  diniconazole (/i) 28.755 C,H,CLN,0 3262 83657-24-3 267>232", 267>232 10, 10
85  piperonyl butoxide ($%(fEt) 28.765 C,,H,,0, 338.4 51-03-6 176>131", 176>117 10, 18
86 trifloxystrobin (}5 [ ) 28.777 C,H,F,N,O, 4084 141517-21-7 222>162°, 222>190 10, 5
87  cyproconazole (J5 P ) 28.845 C, H,CINJO 291.8 94361-06-5 222>125", 139>111 15, 15
88  myclobutanil (Ji Fm:) 28.856 C,H,,CIN, 2888 88671-89-0 179>125", 179>129 15, 20
89  benalaxyl (75 &) 28.875 C,H,,NO, 3254 71626-11-4 206>132", 206>162 18, 10
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Table 1 (Continued)
No. Pesticide tp/min Chemical M, CAS No. Ion pairs (m/z) CEs/
formula eV
90  diclofop-methyl (ZRHE52) 29.352 C,H,CLO, 3272 51338-27-3 253>162", 340>253 15, 10
91 edifenphos (FL W) 29.416 C,H,O,PS, 3104 17109-49-8 173>109°, 310>173 10, 15
92 fipronil (5 H ) 29.424 C,H,CLFN,0S 437.1 120068-37-3 367>213", 367>215 30, 25
93 propiconazole (I FFI) 29.508 C,H,CLN,0, 3422 60207-90-1 259>173", 259>145 20, 40
94 epoxiconazole (L IFML) 29.683+31.022  CH,,CIFN,O 329.8 133855-98-8 192>138", 192>111 10, 25
95 fenthion sulfoxide ({5 B W5 ) 29.824 C,H,;0,PS, 2943  3761-41-9 278>109", 278>169 15, 15
96 isazofos (G MEH%) 29.834 C,H,,CIN,0,PS 313.7 42509-80-8 161>119", 161>103 10, 15
97 fenthion sulfone (ff &M ) 30.462 C,H,O/PS, 3103  3761-42-0 311>105", 311>137 20, 20
98 bromopropylate (75 ) 30.755 C,H,Br,0, 428.1 18181-80-1 341>185", 341>183 15, 15
99  etoxazole (Z M) 30.931 CHF.NO; 359.4 153233-91-1 359>187", 359>340 15, 12
100  iprodione (5F/lK) 30.931 C,H,CLN,0, 3302 36734-19-7 314>245", 314>56 10, 25
101 oxadixyl (WEFH R ) 30.995 C,H,N,0, 2783 77732-09-3 163>132", 163>117 5,25
102 fludioxonil (T fi%) 31.003 C,HF,N,0, 2482 131341-86-1 248>182", 248>154 10, 15
103 fenpropathrin (F {44 ) 31.152 C,,H,,NO, 349.4  39515-41-8 265>210", 265>181 10, 20
104  tebuconazole ([ f) 31.272 C,H,CINJO  307.8 107534-96-3 250>125", 250>153 15, 10
105 pyriproxyfen (it k) 31.420 C,H,NO, 3214 95737-68-1 136>96, 131>78 15, 20
106 anilofos (¥57##) 31.420 C,H,,CINO,PS, 367.9 64249-01-0 226>157", 226>157 15, 10
107 fenamidone (KM A ) 32.206 C,H,N,08 3114 161326-34-7 238>237", 268>180 10, 20
108  pyridaphenthion (kW i ) 32.210 C,H,N,0PS 3403 119-12-0  340>199", 340>109 10, 20
109 phosmet (3l i B 5 ) 32.436 C,H,NO/PS, 3173 732-11-6  160>77", 160>105 25, 18
110 bifenox (3R [ % fk ) 32.642 C,,H,CLNO,  342.1 42576-02-3 341>189", 341>281 20, 20
111 tetradifon (=54 HEH) 32.655 C,,H6C14028  356.1 116-29-0  229>2017, 229>16 15, 20
112 lambda-cyhalothrin (&2 5098 546 R ) 33.090+33.461 C,H,,CIF,NO, 449.9 91465-08-6 181>152", 181>127 20, 30
113 phosalone (fR i #%) 33.479 C,H,CINOPS, 367.8  2310-17-0 367>182", 367>111 10, 30
114 permethrin (545 %) 33.765 C,H,CLO,  391.3 52645-53-1 183>168, 183>152 10, 20
115 mefenacet (4 HEME R 1) 33.825 C,H,N,0,S 2984 73250-68-7 192>136, 192>109 15, 30
116 fenarimol (58 % % BE 7)) 33.849 C,H,CLN,0 331.2 60168-88-9 330>139", 330>111 10, 30
117 pyridaben (ki = ) 34.271 C,H,CIN,08 3649 96489-71-3 309>147", 309>132 12, 25
118 coumaphos (4% f) 36.824 C,H,ClOPS 3628 56-72-4 362>109°, 362>226 15, 15
119  cyfluthrin (FU TR 37.053 CHCLFNO, 4343  68359-37-5 206>151", 206>177 15, 20
120 cypermethrin (5451 ) 37.089 C,,H,CLNO, 4163 52315-07-8 163>91", 163>127 10,5
121 flucythrinate (5 5% 3 18 ) 37.930 C,H,,F,NO, 451.5 70124-77-5 225>147,225>118 10, 25
122 fenvalerate (FUNA 1) 40.018 CHCINO, 419.9  51630-58-1 225>119", 225>91 18, 25
123 fluvalinate (5} 55044 1) 41.132 CHCIF,\N,0,  502.9 102851-06-9 250>55", 250>200 20, 20
124 difenoconazole (A ik 1 ¥R ) 41.782 C,,H,CLN,O, 4063 119446-68-3 323>265 , 323>201 15, 30
125  deltamethrin (L RZ ) 42.334 C,,H,Br,NO, 5052 52918-63-5 253>172",253>199 10, 25

* Quantitative ion pair. CEs: collision energies.
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Fig. 1 Quantitative distribution of the 125 pesticides in

50.0-60.0

90.1-100.0

Dendrobium officinale flowers extracted with dif-
ferent solvents in different recovery ranges
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F %4 Sin-QUEChERS Nano #: \MPFC-QuEChERS
# .M-PFC C #: .M-PFC TD-1 #} #il d-SPE % It {y,
Ko a4, Hodh Sin-QuEChERS Nano £ % 900 mg
MgSO, . 45 mg MWCNTs, 90 mg PSA Hl 15 mg
GCB) , MPFC-QuUEChERS #: & 4% 3 i i 3§ # (3
mL) % 150 mg MgSO0,.25 mg PSA #1 15 mg GCB) .
M-PFC C (200 mg,2.5 mL) & 150 mg MgSO0, .30
mg PSA il 20 mg FeN-MWCNT % 7k 58 3 4k v 25 44
KB oK), d-SPE # HU A1 P 3 KR 6.0 g MgSO, I
1.5 g NaOAc, 4fi f£ % N &% 150 mg MgSO, .50 mg
PSA .50 mg GCB #l 50 mg C,,. AHF5%EH 6 1734k
B RG2S FURE &, o SR 4l 1.3 797 1 A7 i Ak 3 4
PE fE AT (B REH :m/z 50~500) 43 5
ML A, LA A RO R T O 1 A3 ) R
K41k Sin-QuEChERS Nano #: MPFC-QuEChERS
¥ \M-PFC C #: .M-PFC TD-1 #: #il d-SPE 2 f¢)
FEROR R T 5 Al XA B W LI 2, 8
B A E LA 3.

B2 RASMHAELARNELEHBARRR
Fig.2 Photos of solutions after purification using five pu-
rification methods
1. unpurified; 2. Sin-QUEChERS Nano; 3. MPFC-QuEChERS;
4. M-PFC C; 5. M-PFC TD-1; 6. d-SPE.
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Fig.3 Total ion chromatograms in full scan mode of the
Dendrobium officinale flower extracts cleaned up
by different purification methods
a. unpurified; b. d-SPE; c. Sin-QuEChERS Nano; d. M-PFC
TD-1; e. M-PFC C; f. MPFC-QuEChERS.
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Fig. 4 Total ion chromatogram of a spiked Dendrobium

officinale flower sample
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Table 2 Distribution of the 125 pesticides in Dendrobium officinale flowers across different matrix effect ranges with five
purification methods

100 wg/kg 10 pg/kg
Matrix Sin- M- M- Sin- M- M-
effect/%  Unpurified QuEChERS MPFC-  prc pre " Unpurified QuEChERS MPFC-  ppc pre &
QuEChERS SPE QuEChERS SPE
Nano C TD-1 Nano C TD-1
0-100.0 8 7 10 7 11 9 5 6 8 11 9 10
100.0-121.0 7 5 15 15 38 24 9 18 17 23 35 25
121.0-151.0 14 54 57 65 56 63 24 50 54 55 53 58
151.0-201.0 30 45 35 29 18 26 74 41 43 34 27 31
201.0-300.0 16 14 8 9 2 3 13 10 3 2 1 1
2.4 ZMSEE KRR OE SR & MR E =R AR R AR 50 O AR SRR b R R R A

WK B2 A fRHAE 25 FURE S A 0 I 6 S AN ) vk i
IR A bR MEVE T, 72 1.4 15 GC-MS/MS 4 T #E47
W7E o DL E AR Y 8 e 25 W T RRURIT I A5 0 1 o o
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0.05 mg/kg; 125 B4k & W 09 i B IR R 62.6%~
107.6%, RSD (n=6) & 1.0%~13.8%; A1 5 5 3 UL M =
I (www.chrom-China.com) ., A T EEE R
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SR FHASHIF 5 38 57 1) J5 3 56 5 N 48 68 25 ) o ik s
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Fig. 5 MRM chromatograms of targets in positive samples

a. parathion-methyl; b. tebuconazole; c. lambda-cyhalothrin.
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