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22 ABSTRACT

23 Combination of pesticides; acetamiprid, flutolanil and etofenprox are 

24 usually used for tomato fruits for protecting them against pest infection. 

25 Generally, pesticides, residues could be one of the health hazard sources. 

26 Two specific simple sensitive chromatographic methods are developed for 

27 simultaneous estimation of the concerning pesticides’ residues using simple 

28 economic steps of field sample preparation. The first method is HP- TLC 

29 method. Hexane: methanol: acetone: glacial acetic acid (8: 2: 0.5: 0.1, by 

30 volume) is proposed as a developing system. The second one is RP- HPLC. 

31 Acetonitrile: water (75: 25, v/v) is proposed as a mobile phase. The 

32 recommended methods are completely validated regarding ICH guidelines. 

33 Their means percentages and standard deviations of accuracy range 

34 100.32± 0.89- 99.27± 0.9. The methods’ repeatability and intermediate 

35 precision relative standard deviation percentages range 0.395 & 0.894. 

36 They are successfully applied for estimating the pesticides in pure and 

37 commercial forms and field samples.  

38 Keywords: 

39 Acetamiprid; flutolanil; etofenprox; HP-TLC; RP- HPLC; validation.
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44 1. Introduction

45 Many plants’ pests and diseases affect food crops. So farmers use the crop 

46 specific pesticides to produce abundant high-quality crops (Knowles, 

47 2008), (Garau, Angioni, Aguilera Del Real, Russo, & Cabras, 2002). 

48 Tomato fruits have a high anti-oxidant capacity which reduces the risk of 

49 cardiovascular and cancer diseases (Raiola, Rigano, Calafiore, Frusciante, 

50 Barone, 2014), (Bhuvaneswari & Nagini, 2005) and contain a variety of 

51 vitamins and minerals. Fresh tomato fruits could be a potential source of 

52 harmful and toxic pesticide residues (Zork & Maja, 2009). At Egypt, Al-

53 Fayoum governorate, location of the study, tomato fruits are sprayed with 

54 three pesticides acetamiprid (ACP), flutolanil (FLL) and etofenprox 

55 (ETFP), concurrently, to control attack of insects and fungal growth 

56 (Approved Recommendations for the Control of Agricultural Pets, 

57 Agricultural Pesticide Committee, Egypt, 2015). 

58 Acetamiprid (ACP) is N-[(6-chloropyridin-3-yl) methyl]-N'-cyano-N-

59 methylethanimidamide and has PubChem CID 213021, MF: 

60 C10H11ClN4 and MW: 222.676g/mol. Flutolanil (FLL) is N-(3-propan-2-

61 yloxyphenyl)-2-(trifluoromethyl) benzamide and has PubChem CID 47898, 

62 MF: C17H16F3NO2 and MW: 323.315g/mol. Etofenprox (ETFP) is 1-

63 ethoxy-4-[2-methyl-1-[(3-phenoxyphenyl) methoxy] propan-2-yl] benzene 

64 and has PubChem CID: 71245, MF: C25H28O3  and MW: 376.496g/mol. 

65 The chemical structures of the compounds are figured out in Figure S1. 

66 They are commonly freely soluble in acetonitrile and methanol (Turner, 

67 2017).

https://www.ncbi.nlm.nih.gov/pubmed/?term=Bhuvaneswari%20V%5BAuthor%5D&cauthor=true&cauthor_uid=16305484
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nagini%20S%5BAuthor%5D&cauthor=true&cauthor_uid=16305484
https://pubchem.ncbi.nlm.nih.gov/search/#query=C10H11ClN4
https://pubchem.ncbi.nlm.nih.gov/search/#query=C17H16F3NO2
https://pubchem.ncbi.nlm.nih.gov/compound/71245
https://pubchem.ncbi.nlm.nih.gov/search/#query=C25H28O3
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68 The literature survey shows some published methods which determine 

69 them individually; spectrophotometric methods for determination of ACP 

70 and FLL residues (Valéria, Sanja, Nataša & Zsigmond, 2012), (Qin, Shi, 

71 Gen-di, Hongboand, & Xiao, 2011), (Gallart, Armenta & Guardia, 2016), 

72 HPLC methods for determination of ACP and FLL residues residue (Lazić, 

73 Šunjka, Grahovac, Guzsvány, Bagi, & Budakov, 2012), (Martı´nez, Gil 

74 Garcı´a, Martinez, & Lopez, 2002), (Kikuchi, Sakai, Nemoto, & Akiyama, 

75 2018) and HPLC methods for determination of ETFP residue on vegetables 

76 (Jia, Bi, Wang, Qiu, Zhou, & Zhou, 2006), (Sung, Abd El-Aty, Young, 

77 Myeong, Mi, & Han, 2014), (Deuk, Hyeok, & Kwon, 2011). In spite of 

78 (Hegazy, Abdelfatah, Mahmoud & Elsayed, 2018) has published an HPLC 

79 method for determining a limited number of pesticides, they determine 

80 pesticides mixture which is different from the concerning mixture. Also, 

81 the method is applied to another plant species. 

82 The trend to analyze a narrow range of pesticides belong certain plant 

83 product via specific method has been noticed last years (Abdelfatah, 

84 Hegazy, Mahmoud & Elsayed, 2018), (Tiwari, & Asthana, 2012), (Baig, 

85 Akhtera, Ashfaq and Asi, 2009). A GC-Mass method is found for the 

86 estimation of 186 pesticides including the concerned pesticides (Zhao, 

87 2014). The work aims to estimate the residues of tomatoes crop specific 

88 pesticides on the fruits before processing and serving stage.

89

90 2.  Materials and methods

91 2.1 Instruments

92 2.1.1 HP-TLC method
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93 CAMAG TLC scanner operated by winCATS software, HP-TLC 20 x 20 

94 cm aluminum plates coated with 0.25 mm silica gel 60 F254 (Merck, 

95 Germany), rotary flash evaporator (Shanghai Shensheng Biotech limited 

96 Co., China), and TV ultra-sonication (Sonix, USA) were used. 

97 2.1.2 RP-HPLC method

98 1200 infinity series LC connected to 1260 UV - VIS detector with 1260 

99 infinity, and 15 cm x 4.6 mm (i.d 5 µm particle size) Zobrax SB C8 column 

100 (Agilent, USA) were used.

101 2.2. Pure samples: 

102 ACP (99.21%), FLL (99.08%) and ETFP (99.18%) were purchased from 

103 Sigma-Aldrich (Cairo, Egypt). 

104 2.3 Commercial formulations:

105 - Jinx®(ACP; 20 % w/w, Batch No. 309872), Moncut® (FLL; 25 % w/w, 

106 Batch No. 206214) and Primo® (ETFP; 10 % w/w, Batch No. 2046) were 

107 purchased from producing companies; Claire Manufacturing Co. (USA), 

108 Nichino Inc. (USA) and Shoura Chemicals (Alexandria, Egypt), 

109 respectively.

110 2.4 Chemicals and reagents:

111 Methanol and acetonitrile (HPLC grade) were purchased from Sigma-

112 Aldrich Chemie (GmbH, Germany). Hexane, glacial acetic acid, acetone 

113 and sodium sulfate of analytical grade were purchased from El-Nasr 

114 Pharmaceutical Chemicals Co. (Cairo, Egypt). De-ionized water was 

115 purchased from SEDICO Pharmaceuticals Co. (Giza, Egypt).

116 2.5 Standard solutions

https://digital.sciencehistory.org/catalog?f%5Bmaker_facet_sim%5D%5B%5D=Claire+Manufacturing+Company
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117 ACP, FLL and ETFP standard stock solution (1000 µg mL-1) and standard 

118 working solutions (100 & 10 µg mL-1) were prepared in methanol.

119 ACP, FLL and ETFP commercial stock solutions (1000 µg mL-1) and 

120 working solutions (100 & 10 µg mL-1) were prepared in methanol.

121   2.6 Field sampling:

122 2.6.1 Sample preparation:

123 Tomato samples were collected from El-azab district, Al-Fayoum 

124 Governorate, Egypt during the winter season (average temperature: 20◦C). 

125 Samples of three kg of previously sprayed ripe tomatoes by the studied 

126 pesticides were collected at three replicates each one was one kg so the 

127 total weight for all the samples was three kg. The samples were taken 1, 3, 

128 7 and 10 days after spraying by pesticides regarding FAO/WHO guidelines 

129 (FAO/WHO. 1985). 

130 2.6.2 Sample extraction:

131 1 Kg of sprayed tomato fruits was peeled then the peels were chopped and 

132 shake with 20 mL of acetonitrile for 2 minutes in a 50 ml centrifuge tube 

133 then 5 g of sodium sulfate were added. The tube was centrifuged for 2 

134 minutes at 6000 rpm. Supernatant extracts were collected, quantitatively, 

135 and concentrated to 3 mL under vacuum using a rotary flash evaporator at 

136 28 ◦C. All the process of preparation was done thoroughly using clean tools 

137 to prevent cross-contamination. Samples were kept at a fridge to minimize 

138 pesticides losses via evaporation or degradation according to a 

139 recommendation of the European Commission.

140 2.7 Calibration curves

141 2.7.1 HP-TLC method
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142 A series of serial dilutions of ACP, FLL, and ETFP in concentrations 

143 ranges from 0.10-1.40, 0.01-0.22 & 0.01-0.20 µg mL-1, respectively, were 

144 prepared. Samples were applied on HP-TLC plates using 10 µL of each 

145 prepared solution using a Camag-Linomat IV applicator. 

146 2.7.2 RP-HPLC method

147 Different series of serial dilutions of ACP, FLL, and ETFP in 

148 concentrations ranges from 1.00-14.00, 0.10-2.20 & 0.10-2.00 µg mL-1, 

149 respectively, were prepared. Triplicate injections were carried out with 

150 injection volume 20 µL.  

151

152 3.  Results and discussion

153 3.1-Method development and optimization

154 3.1.1 HP-TLC method

155  Chloroform/acetone, hexane/acetone, methanol /chloroform and 

156 methanol/hexane were tried but give bad separation. The addition of acetic 

157 acid to methanol/ hexane reduces tailing and achieves moderate separation 

158 (Benger, 1991). Finally, the developing system methanol: hexane: acetone: 

159 glacial acetic acid (8: 2: 0.5: 0.1, by volume) gives optimum separation. Rf 

160 values of the concerning pesticides are 0.30, 0.45 and 0.71 for ACP, FLL 

161 and ETFP, respectively, Figure 1. 

162 3.1.2 RP-HPLC method

163 Multiple chromatographic conditions have manipulated to achieve the best 

164 resolution for the three concerning pesticides including organic modifier, 

165 scanning wavelength of detection and flow rate. Methanol: water (70: 30 

166 and 50: 50, v/v) and methanol: 0.2 % acetic acid solution (80: 20, v/v) give 
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167 bad separation, then acetonitrile: water (75: 25, v/v) gives moderate 

168 separation with broad peaks, finally acetonitrile: water (75: 25,v/v), pH 

169 adjusted to 2.87 with glacial acetic acid results in the best resolution with 

170 no tailing (Hajimehdipoor, Shekarchi, Hamedani, Abedi, Zahedi, & Gohari, 

171 2011). Scanning at 225 nm gives highly sensitive results with the lowest 

172 LOD and LOQ values. Many flow rates were tried; 0.60 mL min -1 gives 

173 the best resolution and short time of estimation. The retention time values 

174 are 5.68, 7.50 and 9.01min for ACP, FLL and ETFP respectively, as 

175 illustrated in Figure 2. By plotting the concentrations versus the relative 

176 peak areas, a linear relationship has obtained. Table I shows the regression 

177 equation parameters. 

178 3.2. Method validation

179 Method validation has carried out for both proposed methods regarding 

180 ICH guidelines (International Conference on Harmonization, 2005).

181 3.2.1 Linearity: 

182 A linear relationship has obtained for both methods in concentration range 

183 0.10-1.20, 0.02-0.25, and 0.02-0.20 µg band-1 for each of ACP, FLL, and 

184 ETFP by HP-TLC, respectively, and 1.00-14.00, 0.10-2.20, and 0.10-2.00 

185 µg mL-1 for each of ACP, FLL, and ETFP by RP-HPLC, respectively, 

186 Table I.

187 3.2.2 Accuracy: 

188 The recovery % of blind pure pesticide samples have calculated and the 

189 concentration ranges have determined using Beer’s law, Table I. The 

190 obtained recoveries percent are 99.24, 99.18, and 99.72 for each of ACP, 
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191 FLL, and ETFP by HP-TLC, respectively, and 99.48, 100.09, and 99.68 for 

192 each of ACP, FLL, and ETFP by RP-HPLC, respectively, Table II. 

193 3.2.3 Precision:

194 It has tested regarding to both repeatability and intermediate precision. 

195 Values verify the precision of the proposed methods showing repeatability 

196 0.486, 0.515, and 0.484 for each of ACP, FLL, and ETFP by HP-TLC, 

197 respectively, and 0.418, 0.427, and 0.395 for each of ACP, FLL, and ETFP 

198 by RP-HPLC, respectively, Table I. 

199 3.2.4 Specificity: 

200 Figures 1 & 2 show peaks of the studied pesticides verifying the specificity 

201 of the proposed HP-TLC and RP-HPLC methods, respectively, without 

202 interference from other excipients. Rf values of the concerning pesticides 

203 are 0.30, 0.45, and 0.71 for ACP, FLL, and ETFP, respectively. The 

204 retention time (tR) values are 5.68, 7.50, and 9.01min for ACP, FLL, and 

205 ETFP respectively. Table II shows the values of R% of each drug 

206 determined by each method.

207 3.2.5 Limit of detection (LOD) and Limit of quantitation (LOQ)

208 The limit of detection (LOD) has calculated and found to be 0.030, 0.006, 

209 and 0.006 for each of ACP, FLL, and ETFP by HP-TLC, respectively, and 

210 0.031, 0.030, and 0.031 for each of ACP, FLL, and ETFP by RP-HPLC, 

211 respectively.

212 Limit of quantitation (LOQ) has calculated and found to be 0.090, 0.019, 

213 and 0.018 for each of ACP, FLL, and ETFP by HP-TLC, respectively, and 

214 0.910, 0.092, and 0.093 for each of ACP, FLL, and ETFP by RP-HPLC, 

215 respectively, Table I. LOD & LOQ have calculated according to the 
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216 reference; (Shrivastava and Gupta, 2011; LOD=3.3xSD of the 

217 response/slope,

218  LOQ=10xSD of the response/slope.

219 3.2.6 Robustness: 

220 Robustness of the methods have verified by deliberate small changes in the 

221 chromatographic conditions (USP, 2011), % RSD of each pesticide has 

222 calculated for both methods; results are listed in Table SI. 

223 3.2.7 System Suitability:

224 Table III shows the system suitability testing parameters of the proposed 

225 methods.

226 3.3 Application to commercial formulations

227 The proposed chromatographic methods have used for the determination of 

228 ACP, FLL and ETFP in Jinx® Powder, Moncut® and Primo®, respectively, 

229 Table II. 

230 3.4 Field sample estimation

231 A clean-up, or dilution step may be necessary to reduce matrix 

232 interferences and reduce contamination of the instrument system leading to 

233 an improved selectivity and robustness (European Commission, 2017). The 

234 novel way of sample preparation presented in this work is correlated to 

235 peeling just the exposed surface to sprayed pesticides and only peeled 

236 surfaces proceed in field sampling. That saves time and cost of sample 

237 preparation. Field samples are collected according to WHO/FDA 

238 guidelines.

239 At first day of sampling, the field samples estimation shows values little 

240 over the acceptable values of the maximum residues limits (MRLs) that 
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241 obey the recommended dose for human health and vegetable productivity 

242 regarding FDA authority (Michael, 2015), (Michael, 2010) and (Michael, 

243 2013). But at tenth day, they shows values much less than that of MRLs, 

244 the results are listed in Table SII.

245 3.5 Statistical estimation

246 The results obtained by the two developed chromatographic methods for 

247 the estimation of pure samples of ACP, FLL, and ETFP have statistically 

248 compared to those obtained by the reported methods (Lazić, Šunjka, 

249 Grahovac, Guzsvány, Bagi, & Budakov, 2012), (Kikuchi, Sakai, Nemoto, 

250 & Akiyama, 2018), (Sung, Abd El-Aty, Young, Myeong, Mi, & Han, 

251 2014); where no significant differences have found between them, Table 

252 IV.

253

254 Conclusion 

255 This work presents two highly specific chromatographic HP-TLC and RP-

256 HPLC methods. They could determine the concerning pesticide residues in 

257 very low concentrations with perfect accuracy and precision. The novelty 

258 of the proposed methods is hidden in determination specifically the 

259 pesticides which selectively are used effectively on only palatable 

260 tomatoes’ parts. The proposed methods, superiorly are more specific, more 

261 economic and need less sophisticated tools and follow simpler extraction 

262 procedures than the published GC-Mass method (Zhao, 2014). Whereas the 

263 publisher uses complicated procedures for sample preparation and using the 

264 whole plant consuming longer time and requiring more expensive 

265 instrumentation. The most advantage of the methods presented in this work 
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266 over the published ones is their cost-effectiveness and simplicity of 

267 instrumentation making them suit inspection organizations in developing 

268 countries. Thus the proposed chromatographic methods can be used for 

269 monitoring ACP, FLL, and ETFP residues on tomato fruits for inspection 

270 purposes at Health ministry laboratories. Moreover, they could analyze 

271 corresponding commercial formulations without interference from 

272 excipients. 
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378

379

380

381

382

383

384

385

386

387

388

389

390 Figure 1: 3D HPTLC-densitogram of a resolved mixture of Acetamiprid (RF=0.30), 

391 Flutolanil (RF=0.45) and Etofenprox (RF=0.71) using hexane: methanol: acetone: 

392 glacial acetic acid (8: 2: 0.5: 0.1, v/v) as a developing system at 220 nm.
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393

394

395 Figure 2: HPLC chromatogram of a resolved mixture of Acetamiprid, Flutolanil and 

396 Etofenprox using acetonitrile: water (75: 25, v/v), pH adjusted to 2.87 with glacial 

397 acetic acid.

398
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400 Table I: Results of assay validation parameters of the proposed methods; HP-TLC and 

401 RP-HPLC.

402

403

404 * The intraday precision (n =3), average of three different concentrations (0.2, 0.6 and 

405 0.8 µg band-1) of ACP and (0.04, 0.08 and 0.1µg band-1) of each of FLL and ETFP for 

406 HPTLC method, and (2, 4 and 8 µg mL-1) of ACP and (0.2, 0.6 and 1 µg mL-1) of 

407 FLL and ETFP for RP-HPLC method repeated three times within day. The inter-day 

408 precision (n =3) repeated three times in three successive days. 

HP-TLC method RP-HPLC methodParameter

ACP FLL ETFP ACP FLL ETFP

Range 0.10- 1.2

µg per band

0.02- 0.25

µg per band

0.02- 0.20

µg per band

1.0- 14

µg mL-1

0.10- 2.5

µg mL-1

0.10- 2.0

µg mL-1

Slope 0.7956 4.4817 2.4624 0.5009 3.9941 6.9782

Intercept 0.0032 0.0023 0.0068 0.0548 0.0437 0.0341

Correlation coefficient 0.9999 0.9999 0.9999 0.9999 0.9998 0.9999

Accuracy

(Mean ± SD)

100.18

±0.93

99.32

±0.84

99.27

±0.91

100.32

±0.89

99.28

±0.91

99.76

±0.99

Precision

Repeatability

(RSD %)

Intermediate precision 

(RSD %)

0.486

0.802

0.515

0.894

0.484

0.704

0.418

0.813

0.427

0.795

0.395

0.687

LOD 0.030 0.006 0.006 0.031 0.030 0.031

LOQ 0.090 0.019 0.018 0.910 0.092 0.093
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409 **Limit of detection and limit of quantitation are determined via calculations 

410 (LOD=3.3xSD of the response/slope, LOQ=10xSD of the response/slope), 

411 (Shrivastava & Gupta, 2011).
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412 Table II: Results of application of the proposed methods to Jinx® Powder, Moncut® 

413 and Primo® and results of application of the standard addition technique.

414

415

416

417 *Average of three determinations.

HP-TLC method RP-HPLC method

Taken Found* 
%

Pure added

(µg/band)

Pure Found

(µg/band)

Recovery % Taken

(µg mL-1)

Found* % Pure added

(µg mL-1)

Pure Found

(µg/band)

Recovery %

ACP ACP ACP ACP ACP ACP ACP ACP ACP ACP

0.60 99.24 0.40

0.60

0.80

0.40

0.61

0.79

99.64
100.85
99.07

5.00 99.48 3.00

5.00

7.00

3.03

5.00

7.01

101.16
99.98
100.08

Mean± SD 99.85±0.91 Mean± SD 100.41±0.66

FLL FLL FLL FLL FLL FLL FLL FLL FLL FLL

0.10 99.18 0.06

0.10

0.15

0.06

0.10

0.15

100.41
98.60
100.32

0.50 100.09 0.30

0.50

1.00

0.30

0.50

1.00

99.96
100.50
99.52

Mean± SD 99.78±1.02 Mean± SD 99.99±0.49

ETFP ETFP ETFP ETFP ETFP ETFP ETFP ETFP ETFP ETFP

0.10 99.72 0.08

0.10

0.15

0.08

0.10

0.15

99.69
101.28
99.73

0.50 99.68 0.30

0.50

1.00

0.30

0.50

1.01

100.85
99.31
101.17

Mean± SD 100.23±0.91 Mean± SD 100.44±0.99
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418 Table III: System suitability testing parameters of the proposed methods.

419 *Calculated using three peaks.

420 **HETP = height equivalent to theoretical plate, (cm   plate-1).

421

422

423

424

425

426

427

428

429

430

HP-TLC method RP-HPLC methodParameter

ACP FLL ETFP ACP FLL ETFP

Reference 

value

Tailing factor* (T) 0.89 0.93 1.07 0.92 0.88 0.99  < 1.5 

Capacity factor (K') 3.10 4.62 7.21 4.51 6.52 8.01 1- 10

Resolution (RS) 1.69 2.53 2.92 2.50  > 1.5 

Selectivity (α) 1.53 1.52 1.44 1.23 > 1 

Column efficiency (N) - - - 1111 1600 4096 Increase with efficiency 

of the separation

HETP**

(cm plate-1)

- - - 0.013 0.009 0.004 The smaller the value 

the higher the column 

efficiency
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431 Table IV:  Statistical comparison of the results obtained by the proposed methods and 

432 the reported methods, (Lazić, Šunjka, Grahovac, Guzsvány, Bagi, & Budakov, 2012), 

433 (Kikuchi, Sakai, Nemoto, & Akiyama, 2018) and (Sung, Abd El-Aty, Young, 

434 Myeong, Mi, & Han, 2014) for determination of the concerning pure pesticides.

435

HPTLC method HPLC method Reported methods *Parameter

ACP FLL ETFP ACP FLL ETFP ACP FLL ETFP

Mean 99.64 99.79 99.86 99.99 99.98 99.77 99.50 99.67 100.03

SD 0.90 0.99 0.97 0.98 0.97 0.91 1.19 1.16 1.25

Variance 0.81 0.98 0.94 0.96 0.94 0.83 1.42 1.35 1.56

N 7 7 7 7 7 7 7 7 7

Student’s t-
test* (2.45)

0.26 0.22 0.29 0.85 0.57 0.44 ---- ---- ----

F- test** 
(4.28)

1.75 1.38 1.66 1.48 1.44 1.88 ---- ---- ----

436 * ACP was analyzed by using acetonitrile: 0.10 N ammonium chloride (80: 20, v/v) 

437 and gradient elution at 230 nm.

438 * FLL was analyzed by LC/MS/MS.

439 * ETFP was analyzed by using acetonitrile: water (85: 15, v/v) and 1 mL flow rate at 

440 225 nm.

441 ** Figures in parenthesis are the corresponding tabulated values at p = 0.05.

442

443

444
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460 Highlights

461

462  The developed chromatographic methods are highly sensitive 

463 and specific and have more economic methodology. 

464  The proposed field sample extraction procedures follows novel 

465 simple economic steps.

466  The methods performance are good consistency with the 

467 corresponding GC method and superiorly simpler than it. 

468  The methods can be used for monitoring the pesticides 

469 residues.

470


