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Abstract

Reliable analytical methods are needed for detection, quantification, and identification of hundreds of pesticide
residues in many different commodities. This application brief describes the development and validation of a
comprehensive method based on gas chromatography with tandem mass spectrometry (GC-MS/MS) for the
determination of 166 pesticides in rice-based baby food. Extracts were prepared using a published version of
QUEChERS for cereals followed by determination with GC-MS/MS. The use of GC-MS/MS utilizing atmospheric
pressure ionization (APGC) has been shown to offer significant improvements in performance over electron
ionization (El) for pesticide residue analysis, in terms of selectivity, specificity, and speed of analysis. The
extremely high sensitivity of the APGC Xevo™ TQ-XS System was demonstrated with reliable detection for almost
all analytes at concentrations as low as 0.0003 mg/kg, even when injection volume was limited to 1 L. The

method was successfully validated in rice-based baby food using the SANTE guidelines document. The results
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from analysis of the spikes at both concentrations showed that 91% and 98% of the analytes were within the
required tolerances for recovery and repeatability, respectively. The method is considered sensitive, specific,
accurate, and suitable for the determination of residues of a wide range of GC-amenable pesticides for checking
compliance with the specific maximum residue levels (MRLs) set for food intended for infants and young children

and has the potential for determination at much lower concentrations.

Benefits

- The method can generate extremely high sensitivity to meet the regulatory limits required for the

determination of pesticide residues in baby foods

- The method is also suitable for determination at lower concentrations as typically required by the food

industry and for risk assessment purposes

Sensitivity was achieved using conventional splitless injection of 1 pL of acetonitrile extract

Introduction

Pesticide residues resulting from the use of plant protection products on crops that are used for food production
may pose a risk factor for public health. Infants and young children are considered as a vulnerable group when it
comes to exposure to pesticide residues in foods as they have higher relative food intake to body weight than
adults, diet is less varied and internal organs and central nervous system are still in development. In the US,
tolerances for pesticides are set by the EPA for a range of in foodstuffs and are not a part of US infant formula
legal requirements. In Europe, specific MRLs were set for food intended for infants and young

children. Commission Directive 2006/125/EC specifically applies to processed cereal-based foods and baby
foods for infants and young children and Commission Delegated Regulation (EU) 2021/1041 amending Delegated
Regulation (EU) 2016/127 deals with the requirements for pesticides in infant formulae and follow-on formulae.?
Following the precautionary principle, the legal limits for these types of food products were set at very low levels,
In general, the default MRL of 0.01 mg/kg is applicable but more severe limitations were set for pesticides or
metabolites of pesticides with an ADI lower than 0.0005 mg/kg body weight per day. Certain pesticides have
MRLs listed at lower concentration (0.004-0.008 mg/kg) and others should not be used at all in agricultural

production intended for infant formula and baby food. These analytes need to be tested down to a reporting limit
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of at least 0.003 mg/kg.

Compliance with these MRLs is checked by the monitoring for residues in various types of food specifically
dedicated to children using suitable validated analytical methods including the use of multi-residue approaches.
These are often based on the combination of the QUEChERS sample preparation and liquid chromatography with
tandem mass spectrometry (LC-MS/MS) and GC-MS/MS determinative steps. Both LC-MS/MS and GC-MS/MS
techniques are required given the different physico-chemical properties of the analytes to be sought. Tandem
mass spectrometric detection provides the sensitivity and selectivity needed to determine residues at the very
low concentrations mandated and to ensure the baby food is compliant. Methods often need to be sensitive
enough to determine residues accurately well below the specified legal limits to generate data for risk
assessment purposes. Governments typically operate pesticide residue testing programs, and the food industry

also carries out its own testing.

The use of GC-MS/MS utilizing atmospheric pressure ionization (APGC) has been shown to offer significant
improvements in performance over El for pesticide residue analysis, in terms of selectivity, specificity, and speed
of analysis.> We recently demonstrated the performance of a method for the determination of pesticide residues in
cucumber using GC-MS/MS with APGC on Xevo TQ-XS after QUEChERS.* The objective of this study was to
demonstrate the performance of a method for the determination of residues of pesticides and their metabolites, at
concentrations suitable for checking MRL compliance in baby foods and lower, using GC-MS/MS with APGC on
Xevo TQ-XS. The validation batch was prepared by the European Union Reference Laboratory on Pesticide
Residues in Cereals and Feeding Stuff (EURL CF) within the National Food Institute Technical University of
Denmark. Samples were extracted using a modification of the CEN QUEChERS method designed for analysis of

cereals.®

Results and Discussion

Validation was performed by replicate analysis of spiked test portions of a rice-based baby food. Extracts were
analyzed by GC-MS/MS, with APGC on Xevo TQ-XS, using previously published conditions.* The following
factors were assessed: selectivity, sensitivity, calibration graph characteristics, recovery, and within-laboratory
repeatability (RSD,). Recovery and repeatability were determined from the analysis of six replicates prepared at

two concentrations: 0.0005 and 0.001 mg/kg.
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The chromatograms for flufenoxuron and pymetrozine both exhibited significant peak tailing and those for
carbaryl were impacted by significant isobaric interference on both MRM transitions. Carbosulfan exhibited good
calibration but was not detected in the spiked samples. Carbosulfan tends to rapidly degrade in acidic extracts,
typically to carbofuran. Dicofol and tolylfluanid were not detected in the matrix-matched standards or spikes,
presumably due to stability issues. The degradants for each pesticide, 4,4'-dichlorobenzophenone (DBP) and
dimethylsulfotoluidid (DMST), were monitored to represent these analytes instead. Results are given for all

remaining 166 analytes.

The gas chromatographic method provided separation of the target analytes from isobaric interferences derived
from the matrix for all but carbaryl. Chromatograms for the main MRM transitions for a selection of analytes are

shown in Figure 1.
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Figure 1. Chromatograms from the analysis of a selection of analytes in the matrix-matched standard at 0.004

mg/kg.

The sensitivity of the method was evaluated by assessment of the response of the matrix-matched standard at
the lowest concentration prepared (0.0003 mg/kg) and consideration of the response from the blank. The blank
baby food was found to contain a residue of 2-phenylphenol but not at a high enough concentration to comprise
quantification. As blank values should not be higher than 30% of the residue level corresponding to the reporting
limit (RL), the RL was raised to a value of 0.001 mg/kg and so results obtained from the analysis of the spikes
can only be considered indicative. Of the 165 remaining analytes (see Annex for full list), all but one could be
detected at 0.0003 mg/kg. The limit of detection (LOD) for thiometon was 0.0005 mg/kg. This demonstrates the
extremely high sensitivity of the APGC approach with reliable detection for almost all the analytes at
concentrations as low as 0.0003 mg/kg even when injection volume was limited to 1 pL. Figure 2 shows

chromatograms from the analysis of a selection of priority pesticides in the baby food matrix-matched standard
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at 0.0005 mg/kg.
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Figure 2. Chromatograms from the analysis of a selection of priority pesticides in the baby food matrix-matched

standard at 0.0005 mg/kg.

The lowest calibrated level (LCL) for each analyte was established by evaluation of the bracketed calibration
graph. The performance for fluoxastrobin and tetraethyl pyrophosphate (TEPP) was considered semi-quantitative
only as the calibration graph exhibited poor residuals (>20%) across the concentration range and values for
coefficient of determination (r?) of <0.95. Data points at low concentrations were excluded from the calibration
graph for thiometon due to poor residuals (>20%) and the value for LCL was adjusted accordingly to 0.001
mg/kg. 96% of analytes exhibited residuals well within the +20% SANTE tolerance.® The calibration graphs for
95% of analytes had values for r? >0.98. Calibration graphs from the analysis of a selection of priority pesticides

in baby food matrix-matched standards are given in Figure 3.
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Figure 3. Calibration graphs from the analysis of a selection of priority pesticides in baby food matrix-matched

standards.

Identification criteria, retention times and ion ratios, were calculated and flagged using TargetLynx. The retention
time and ion ratio of each analyte detected in each spiked sample should correspond to that of the calibration

standard reference.® The retention times of all 166 analytes were found to be within the tolerance of +0.1 minute.
The ion ratios from the analysis of the spiked samples were within £30% of the average of calibration standards

from same sequence for 94% of the analytes.

The recovery was evaluated using the data from the analysis of the six replicate spikes, at the two concentrations.
The SANTE guidelines specifies an average recovery for each spike level tested to be between 70 and 120%.% The
results from analysis of the spikes at the two levels showed that 90 and 92% of the analytes were within that
tolerance, respectively. Recovery of carbofuran was consistently high (>140%), presumably due to the contribution
from the degradation of carbosulfan in the spikes. The remaining compounds all exhibited recoveries between 30

and 140%, but they are consistent (RSD <20%). A summary of the recovery results is shown in Figure 4.
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Figure 4. Summary of the recoveries (percent) from the analysis of spiked baby food.

The repeatability (RSD,) of the method was also satisfactory. SANTE guidelines states that RSD, for each spike
level tested should be <20%.° At 0.0005 mg/kg, 96% of the analytes were within this tolerance. At the higher
concentration of 0.001 mg/kg, all the analytes exhibited values for RSD, <20%. The repeatability values are

summarized in Figure 5.
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Figure 5. Summary of the repeatability (%RSD,) from the analysis of spiked baby food.

The limit of quantification (LOQ) for each compound was determined as the lowest spike level for which the
above acceptance criteria were met.® Table 1 shows a summary of the performance data for a selection of

pesticides, which were considered a high priority by the EURL.
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Compound ‘ r res'\inda:als Recovery and RSD, (%) ‘ LoQ ‘ MRL
Compound (%) 0.0005 mg/kg | 0.001 mg/kg = (mg/kg) (mg/kg)
Aldrin 0.983 21 54 (17) 96 (7.3) 0.0010 0.003
Cadusafos 0.994 15 96 (6.0) 100 (3.6) 0.0005 0.006
Carbofuran 0.994 14 146 (6.8)* 164 (2.8) N/A 0.010
Chlorfenvinphos 0.996 12 91(6.8) 101 (4.1) 0.0005 0.010
Chlorpyrifos 0.994 13 85 (5.4) 96 (4.0) 0.0005 0.010
Cyhalothrin lambda 0.984 21 61(8.3) 109 (4.4) 0.0010 0.010
Demeton-S-methyl 0.991 17 74 (6.0) 87(3.7) 0.0005 0.006
Diazinon 0.994 14 90 (6.4) 98 (3.5) 0.0005 0.010
Dicofol (as 4,4'-DBP) 0.994 15 81(4.5) 90 (4.4) 0.0005 0.010
Dieldrin 0.992 12 90 (14)* 91(8.2) 0.0005 0.003
Disulfoton 0.991 18 89 (6.3)* 106 (10)* 0.0005 0.003
Endrin 0.993 12 88 (11) 108 (5.3) 0.0005 0.003
Ethion 0.991 18 84 (6.3) 98 (4.4) 0.0005 0.010
Ethoprophos 0.994 14 117 (6.5) 122 (2.9) 0.0005 0.008
Fluquinconazole 0.994 18 85 (12) 103 (3.6) 0.0005 0.010
Fipronil 0.994 14 92 (5.5) 101(3.8) 0.0005 0.004
Methidathion 0.993 15 102 (6.5) 110 (4.9) 0.0005 0.010
Parathion 0.991 10 93(5.3) 102 (5.9 0.0005 0.010
Triazophos 0.995 10 90 (4.7) 102 (4.4) 0.0005 0.010

Table 1. Summary of the performance data for a selection of high priority

pesticides. (* ion ratios out of tolerance).

Conclusion

This application note describes a sensitive and accurate multiresidue method for the determination of pesticide
residues using GC-MS/MS (Xevo TQ-XS fitted with APGC). The method allowed for reliable quantitation down to
concentrations well below the MRLs specified for food for infants and young children. It was successfully
validated according the SANTE guidelines, presenting results for 166 pesticides in rice-based baby food. The
results from analysis of the spikes at both concentrations showed that 91% and 98% of the analytes were within
the required tolerances for recovery and repeatability, respectively. The method exhibited very high sensitivity
(LODs typically £0.0003 mg/kg) without the need for solvent exchange, PTV or large volume injection. The
method is considered sensitive, specific, accurate, and suitable for the determination of residues of a wide range
of GC-amenable pesticides for checking compliance with the specific MRLs set for food intended for infants and

young children and also has the potential for determination at much lower concentrations.
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2-Phenylphenal 27 30 171>152(30)  171>153 (20) HCH beta 12.7 5 181>146 (20) | 183>148 (30)

ipri 201 30 223>56.1(15) | 223>126(20) HCH gamma 2.9 5 181-146(20) | 183148 (30)
Acrinathrin 21.8 45 289>93 (15) 541>93 (25) Heptenophos 10.4 5 260>89 (25) 215>89 (15)
Aldrin 15.5 65 293>186(35) | 328>293(10) | Hexaconazole 7.4 30 314>159 (19) | 3145701 (17)
Atrazine 12.7 30 216596 (23) | 2163174 (18) Hexythiazox 16.9 5 230>116(30) | 228>116 (30)
Azinphos-ethyl 219 5 289>137(20) | 13277 (20) Indoxacarb 25.2 30 529-529(2) | 527>527(2)
Azinphos-methyl 21.2 5 261>125(20) | 132>77(20) lodofenphos 7.4 60 | 377>362(25) | 412>377(5)
Azoxystrobin 255 30 404>372(15) | 403>344 (10) Iprodione 202 5 314>245(10) | 330>245(15)
Bifenthrin 204 30 4225181(20) | 181166 (15) | Iprovalicarb 17.9 30 3215119 (16) | 321>203 (6)
Bitertanal 224 5 338>70(8)  170>141(18) | lIsofenphos-methyl 16.0 5 231>65(30) | 231>121(20)
Boscalid 23.5 30 343>140(20) ~ 342>140(15) Isoprothiolane 17.5 30 290>204 (2) 290>118 (10)
Bromofos-ethyl 16.8 50 357>301(15) | 359>303 (15) Kresoxim-methyl 7.8 30 206>131(10) | 206>116(5)
Bromopropylate 20.4 50 3415155(35) | 3413183 (18) Linuron 152 30 2495160 (18) | 249>182(16)
Bromuconazole 208 | 5 376>159(30) | 378>159 (30) Malaoxon 4.4 10 315>127 (12) | 315>99 (24)
Bupirimate 7.8 30 317>108(28) | 317>166 (28) Malathion 15.3 10 331>127(12) | 331>89(24) |

1.8 30 306>201(12) | 308>172(10) | Mecarbam 164 | 30 329>131(10) | 329>159 (5)

Cadusafos ne 30 271:131(22) 2712159 (16) Mepanipyrim 7.2 30 224577(35) | 224>106(25)
Carbaryl 4.6 30 1445116 (15)  144>115 (25) Metalaxyl .7 50 | 280>220(13) | 260>192(17)
Carbofuran 12.6 5 222>123(20) | 164>103 (20) 9.4 30 241>209(8) | 240>208(10)
Carbosulfan 202 30 381576(30) | 381>118(20) Methamidophos 55 30 142594 (13) | 1423125 (13)
Carboxin 126 30 236>143(16) | 235>143 (5) Methidathion 16,6 30 145285 (6) | 303>85 (20)
Chlarfenapyr 18.0 5 408>59(10)  408>59 (15) | Methiocarb 15.1 30 226>169(10) | 226>121(20)
Chlarfenson 17.4 5 303>159 (10)  303>128 (30) Methoxychlor 206 10 345>213(20) | 227>141(30)
Chlorfenvinphos 16.4 30 359599 (30) | 323>267(10) Metribuzin 143 50 198>82 (10) 198110 (8)
Chlarmephos 86 30 235-143(16) | 23597 (22) Mevinphos (sum) 8.4 30 225»193 (8) | 225»127(15)
Chlorobenzilate 18.4 30 307>139(40) | 307>251(20) | Monolinuron 127 30 215>126 (20) | 216>148 (15)
Chlorpropham e 10 214>172(8) | 214>154(18) Myclobutanil 177 30 288>179(10) | 28970 (18)
Chlorpyrifos 15.4 10 352>97(32) | 350-97(32) | Nuarimol 19.6 37 3155252(22) | 315>81(28)
Chlorpyrifos-methyl 14.3 30 321>286(10) | 28693 (25) Ofurace 18.9 60 232>158(20) | 281>232(8)
Clomazone 12.8 30 204>107(20) | 240>125(18) Omethoate 10.6 30 214>125 (22) | 214>183(1)
Cyfluthrin (sum) 232 30 2265208 (17) | 434>191(10) Oxadixyl 18.5 30 279>219(10) | 1635117 (25)
Cyhalothrin lambda 21.6 10 449197 (12) | 4505225 (10) Paclobutrazol 7.0 30 294>70(30) | 294>125 (50)
Cypermethrin (sum) 23.6 30 416>127(25) | 416>191(10) Paraoxon-methyl 13.5 30 248>90 (25) | 248>202(19)
Cyproconazole (sum) 81 | 5 2225125 (20) | 292>70(15) | Parathion 15.6 30 | 202>236(14) | 2915109 (15)
Cyprodinil 16.2 40 206593 (33) | 225>208(40) Parathion-methyl 14.4 30 264>100(22) | 263>109(15)
Deltamethrin (sum) 253 5 507>174(30) | 5062174 (30) Penconazole 16.3 5 286>161(30) | 284>159 (25)
Demeton-S-methyl 2.6 5 231>79(30) | 231>125 (20) Pencycuron 12.0 30 210>125 (15) | 212>127(15)
Diazinon 13.3 10 305>169 (22) | 305>97 (35) i i 16.2 21 282>212(10) | 262>162(10)
Dichlorobenzophenone, 4,4'- 15.7 30 251>139 (15) 250>139 (15) Permethrin (sum) 22.6 50 1835168 (15) 183>155 (15)
Dichlorvos 58 30 221>109(17) | 185>83(15) | Phentoate 50 274>121(10) | 274>125(15)
Dicloran 124 | 30 206>124(22) | 206>176(10) Phosalone. 211 10 | 368>182(14) | 368>11(42)
Dicofol 206 20 | 353>282(20)  353>317(10) Phosmet 203 20 318>160(10) | 318>133 (30)
Dieldrin 77 10 381>263(20) 381147 (20) Phosphamidon 4.1 30 3005174 (14) | 30051271 (25)
Difenoconazole (sum) 250 | 30 323>266 (14) | 406>251(25) Pirimicarb 13.8 50 166586 (12) | 239572 (18)
Dimethoate 124 30 230>125(20) | 230>199(10) | Pirimicarb-desmethyl 14.0 60 162>96 (13) | 224152 (9)
Dimethomorph (sum) 2556 30 388>165(30)  388>301(20) | Pirimiphos-methyl 15.0 30 306>164(22) = 306>108(32)
Diphenylamine nz 10 170583 (24) | 170>82(18) | Prachloraz 226 30 | 378>309(40)  378>351(30)
Disulfoton 135 5 88>60 (5) 274>88 (5) Procymidone 16.6 10 283>96(12) | 285>96 (12)
DMST 12.9 30 214>106(15) 2155106 (15) Profenofos 7.5 5 375>305(25) | 375>97(30)
Endosulfan Alpha | s 4075170(30) | 407>263(20) | Propargite 19.7 30 | 350>135(25) | 3505201(10) |
Endosulfan Beta 18.4 5 407>253 (20) | 407>219 (35) Propiconazole (sum) 19.3 37 342>159 (34) | 259>173(12)
Endosulfan Sulfate 19.2 30 424>229(18) | 424>239(36) | Propoxur 109 10 210>168(10) | 210>111(16)
Endrin 18.2 5 381>200(30)  380>345 (10) Propyzamide 13.2 50 173>145 (12) | 1733109 (22)
EPN 204 30 324>296 (14) | 324157 (25) Prosulfocarb 14.9 30 252>91(22) | 251>128(7)

i 20.0 30 192>138(10) | 3305121 (23) | i desthi 18.0 30 312>70(20) | 314>70(20)
Esfenvalerate/Fenvalerate (Sum) 24.5 30 419>125(30) | 419>225(10) Prothiofos 7.5 5 347>243(20) | 345>241(15)
Ethion 18.6 30 385>125(20) | 385>143 (30) Pymetrozine 7.6 30 218>79(30) | 218>105 (15)
Ethoprophos 3 30 243>07(31) | 243>131(20) Pyrazophos 217 33 3745222(22) | 374194 (32)
Etofenprox 23.8 50 163>135(10)  376>163 (10) Pyridaben 226 10 365>147(24) | 3095147 (14)

7.3 10 304>202(36) | 304>217(24) Pyridaphenthi 20.2 31 341>189 (22) | 340>125(20)

Fenamiphos sulfone 202 30 | 336>266(20) 3365188 (28) Pyrimethanil 13.3 30 2005107 (24) | 20082 (24)
Fenamiphos sulphoxide 201 30 3202171(22) 320108 (41) Pyriproxyfen 213 30 322>185(20) | 322>96 (14)
Fenarimol 217 60 139>111(14) 3305139 (10) Quinoxyfen 19.2 30 307>237(20) | 307>272(12)
Fenazaquin 208 30 307>161(11) | 307>57(25) | Simazine 126 32 202>124(17) | 202>96(22)
Fenbuconazole 23.0 5 337>125(25)  129>102(15) Spirodiclofen 22.3 30 MN1>313(8) | an>7i(1e)
Fenhexamide 19.3 30 304>97(20) | 30297 (20) Spiroxamine 15.1 5 298>144 (20) | 298>100(28)
Fenitrothion 15.0 30 277>109(13) | 277>260(10) | tau-Fluvalinate (sum) 24.7 30 502>250 (12) | 503>208.1(12) |
Fenoxycarb 205 30 301>88(24)  301>116(7) Tebuconazole 19.6 30 | 308>125(50) | 308>70 (30)
Fenproparthtin 206 50 2655210 (15) | 349>265(13) Tebufenpyrad 20.7 43 334>117(34) | 333>171(15)
Fenpropidin 15.0 30 274>861(28) | 273>98 (10) Tecnazene 10.7 10 2585201 (15) | 2615203 (15)

imorph 15.6 4 304>147.1(28)  303>128(9) Tefluthrin 13.6 30 177>127(20) | 4185177 (25)
Fenson 15.8 30 268>77(15) | 268>141(15) TEPP 103 5 2915179 (22) | 291>99(30)
Fenthion 15.5 30 279>169 (16) | 278>109(16) | Tetraconazole 15.7 30 372>159(27) | 372>70(20)
Fenthion-oxon 4.8 30 263>231(15) | 2625109 (29) Tetradifon 21.0 10 356>159(15) | 354227 (15)
Fenthion sulfoxide 8.4 5 295>125(30) | 2953109 (32) Thiometon 12.3 5 246>60(25) | 246>88(5)
Fipronil 16.3 30 4375315(30)  437>368(20) Tolclofos-methyl 4.5 5 301>125(20) | 303>125(20)
Fluazifop-P-buty! 8.2 30 364>262 (22)  383>282(10) Tolylfluanid 6.5 30 346>137(25) | 347>137(28)
Fludioxonil 17.4 30 248>127(25) | 248>154(25) Triadimefon 15.6 30 208>127(15) | 208>111(20)
Flufenoxuron 135 30 332>304(15) 350155 (15) Tri-allate 1.7 5 306>144.8(30) 304>142.8 (30)
Fluoxastrobin 270 | 30 459>188 (28) | Triazophos 18.9 30 314>119 (35) 314>162 (18)
Fluguincenazole 226 | 45 340108 (40) Tricyclazole 175 5 1905163 (22) | 189>162 (8)
Fluquinconazole 226 a5 340108 (40)  375>340(7) Trifloxystrobin 19.2 30 222>190(5) | 222>162(10)
Flusilazole 78 | 30 316165 (28) | 3165247(18) | Trifluralin 7 50  306>160(25) = 3065264 (15)
Flutriafol 7.2 30 302570 (30) | 302>123 (40) | Triticonazale 211 30 3182701 (16) | 3185125 (35)
Formothion 13.9 5 199>125(15) | 258>125 (30) Vamidothion 16.9 30 2605146 (10) | 2065118 (28)
Fosthiazate (sum) 15.9 30 284>104(22) | 284>228(10) | Vinclozolin 14.4 10 288>176(20) | 286>214(20)
HCH alpha 121 5 1813146 (20) | 183>148 (30)
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