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Pesticides are peculiar compounds because, in addition to their intentional effects, they are toxic for 32 several non-target organisms included humans and their toxicity has limited species selectivity. In 33 several studies and reviews about the risk of occupational exposure to pesticides, they have been 34 implicated in causing or promoting cancers, leukemias, and lymphomas due to their properties of 35 inducing mutations, chromosomal alterations or DNA damage [START_REF] Viel | Bladder cancer among French farmers: does exposure to pesticides in 379 vineyards play a part?[END_REF]Maroni et 36 al. 2006;[START_REF] Provost | Brain tumours and exposure to pesticides: a case-control study in southwestern France[END_REF][START_REF] Maele-Fabry | Risk of leukemia among pesticide 349 manufacturing workers: A review and meta-analysis of cohort studies[END_REF]. Some of them interfere with normal 37 neurotransmitter function (Calamandrei et al. 2006;Eyer et al. 2008;[START_REF] Slotkin | Developmental neurotoxicity of low dose 371 diazinon exposure of neonatal rats: effects on serotonin systems in adolescence and adulthood[END_REF]) and others 38 act as enzymatic and/or endocrine disruptors [START_REF] Petrelli | Reduction in fertility in male greenhouses workers exposed to 358 pesticides[END_REF]Hoogduijn et al. 39 2006). But, exposure to pesticides may be a significant risk factor also for food consumers for their 40 frequent occurrence as residues in fruit and vegetables even at very low concentrations (ng-µg/g 41 food). Many studies showed that chronic exposure to low levels of pesticides in fruits and 42 vegetables is associated with genetic toxicity (De Marco et al, 2000;Feretti et al. 2007). Among the 43 adverse effects of pesticides, genotoxicity is of particular concern because of the irreversibility of 44 this process. Plant systems are able to bio-concentrate pesticides as well as other xenobiotics but 6 in distilled water. Finally, the mixtures were co-incubated with ascorbic acid (3000 µM) and gallic 134 acid (400 mg/L) at room temperature for 1h on mechanical shaker before mutagenesis/genotoxicity 135 testing to evaluate if the activity of pesticides could be influenced by the presence of those 136 metabolites.

137 Mutagenesis / genotoxicity testing 138 Ames test was performed on Salmonella typhimurium strain TA98 for frame-shift mutations and 139 TA100 and TA 1535 for base-pair substitution to detect direct mutagenic compounds. The plate 140 incorporation assay was conducted without metabolic activation (S9) to detect direct mutagenic 141 compounds [START_REF] Maron | Revised methods for the Salmonella mutagenicity test[END_REF]. Preliminary tests of mutagenesis/genotoxicity were carried 142 out to select proper test doses independently for each sample tested. Sodium azide (2, 1 and 0.5 143 µg/plate) and 2-nitrofluoren (1, 0.5 and 0.25 µg/plate) were used as positive controls for TA100, 144 TA1535 and TA98, respectively. Results obtained showed that these positive controls behaved as 145 expected and that consequently all tests could be considered valid.The number of His+ revertants 146 was counted (colony counter Cardinal, Perceptive Instruments, Suffolk, UK). Results were 147 expressed as mutation ratios (MRs) between the number of colonies on test plates and the number 148 of colonies on solvent control plates. A compound was considered mutagenic when the MR was 149 more than double and a dose-response effect was clear (US. EPA, 1983). 150 151 E. coli PQ37 was used in the colorimetric assay SOS-Chromotest. This strain exhibits sfiA::lacZ 152 fusion and has a deletion of the normal lac region, so that β-galactosidase activity is strictly 153 dependent on sfiA expression. The assay is quantitative [START_REF] Quillardet | The SOS Chromotest: a review[END_REF]. The phenolic content of the selected vegetables was determined using the Folin-Ciocalteu method 171 as described by Rekha and Vijayalakshmi (2008). The vegetable sample was homogenized, mixed 172 with distilled water (1:10) and shaked at 26°C for 2 h. The extract was centrifuged at 3000 rpm for 173 15 min, 0.25 mL of Folin-Ciocalteu (1:2) and 1 mL of 10% Na 2 CO 3 were added to supernatant 174 solution. The mixture was incubated at room temperature for 2 h and the absorbance was measured 175 at 760 nm using a Unicam, Helios Alfa spectrophotometer. Gallic acid was used as a standard. A 2. Seven samples (38.8%) did not contain any pesticide but five out of 200 eighteen (27.7%) showed two or three pesticides simultaneously present. Five vegetables were not 201 in compliance with Italian directive on Maximum Residue Limits (MRL). Among the pesticides 202 found at higher concentrations, azynphos methyl, was detected only into aubergine and indoxacarb 203 in a tomato sample was found at concentrations three fold higher than the allowed limit. 2) were subjected to Ames Test and SOS Chromotest. Sample 3 was chosen 249 because it contained penconazol, a pesticide not allowed in Italy that, even though it was found 250 neither mutagenic nor genotoxic (Table 3 andTable 5) it could determine any effect when in 251 presence of other pesticides. Sample 7 was chosen because azynphos methyl residue exceeded 252 three fold the maximum concentration allowed. The sample number 13 was selected because all 253 residues in this cherry tomato were at concentrations higher than the respective limits. The results of 254 genotoxicity tests on vegetables are shown in Table 6. Neither mutagenic nor genotoxic effects 255 were found in the vegetable extracts tested. The mutagenic/genotoxic activity found in the previous 256 tests for the pure pesticides, some of them highly active such as iprodione and indoxacarb, was Chromotest. The analysis of data from Ames test on S. typhimurium TA98 and TA100 for pesticide 275 mixtures (Table 7) showed mutagenic ratios > 2 only at 100% for mixture B. The results of 276 mixture A indicated a MR >2 only at 100% for TA98 while for TA100 at 100% a toxic effects of 277 the pesticides was found. A clear dose related effect was shown but the mixtures were not 278 considered positive for those two strains because there were not two consecutive dose levels with 279 responses at least twice that of the negative control. On the contrary, data obtained from the strain 280 1535 showed a strong positive mutagenic effect also according to the statistical analysis for both the 281 mixtures indicating that they induced direct mutations for pair base substitution. The mixture B was 282 the most active with a MR = 2.33 already at 25% of the mixture dilution. Finally, the pure 283 pesticides, found positive for mutagenesis, when in mixtures showed some interactions determining 284 the decrease of activity on the strain TA98 while the mutagenic effect was maintained for TA1535.
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As reported in Table 8, the mixtures were not able to induce the SOS system, they exhibited a clear 286 dose-response relationship and a toxic effect was shown for not diluted mixtures of pesticides 287 (100%). On the basis of these results, to demonstrate that the high decrease in activity of the 2006). The green pepper exhibited the highest 300 antioxidative activity followed by aubergines and cherry tomatoes but no further data were found 301 for aubergines in the literature. Figures 1 and2 compare the mutagenic activity of azinphos methyl 302 (for S. typhimurium TA100 and TA1535) and the mixtures A and B (for S. typhimurium TA1535) to 303 the same activity when the pesticides were pre-incubated with gallic acid or ascorbic acid. The 304 inhibitory effect of the antioxidants on the activity of pesticides was high and significantly different 305 indicating that antioxidants positively influence the decrease in mutagenesis of pesticides. The same 306 trend was shown for the genotoxic activity of azinphos methyl (Figure 3) that was suppressed going 307 from IF = 2.71 to 1.14 and 1.12 with ascorbic acid and gallic acid, respectively. The present study has shown that vegetables cultivated and distributed in South Italy may contain 311 mixtures of pesticides at concentrations higher than the respective MRLs. It is to be considered that 312 the MRL expressed in mg kg -1 of food, is the amount that may be taken daily without evident health 313 risk but it is referred to adults whose weight is comprised between 50 and 80 kg. Table 3: Mutagenic activity of the tested pesticides in Salmonella strains TA98, TA100 and TA1535. In bold the positive MRs.

± SD= standard deviation obtained from three independent experiments. nm= no mutagenic effect. ns= no significative number of revertants compared to the control. a MR (Mutagenic ratio): number of revertants/plate compared to the negative control.

F o r P e e r R e v i e w O n l y

Table 4 : Mutagenic activity of λ-Cyhalothrin in Salmonella strains TA 100, TA 98 and TA 1535. In bold the positive MRs.

± SD= standard deviation obtained from three independent experiments. a MR (Mutagenic ratio): number of revertants/plate compared to the control. 

  properties of the pure pesticides utilized in the present study are given in 84 Table1. All pesticides, 4-nitroquinoline-N-oxide (4-NQNO), 2-nitrophenyl-β-galacto-pyranoside 85 (ONPG), ρ-nitrophenyl phosphate disodium (PNPP), citric acid, gallic acid, ascorbic acid, Folin

  of E. coli PQ37 was diluted and incubated for 2h at 37°C to a bacterial density 156 of 2 x 10 8 bacteria/mL. Then, 1mL of the culture was diluted in 9 mL of fresh medium. Fractions 157 (600 µL) were distributed to test tubes containing 20 µL of the sample and negative (solvent) and 158 positive controls (4-nitroquinoline-N-oxide). After shaking for 2h at 37°C, two aliquots (300 µL) each tube for β-galactosidase and alkaline phosphatase assay with 4-160 nitrophenyl-β-D-galactopyranoside (ONPG) and 4-nytrophenyl phosphate (PNPP) solutions, 161 respectively. The β-galactosidase and alkaline phosphatase activity were measured as o-nitrophenol 162 and 4-nitrophenyl concentration, respectively, by photometric measurement at 405 nm. The 163 genotoxic activity was identified as the ratio R= β/ρ where β represents β-galactosidase activity and 164 ρ, phosphatase alkaline activity. The results were expressed as induction factor (IF) for each 165 dilution of compound, defined as IF= R/R 0 , in which R 0 is the spontaneous ratio measured in the 166 solvent control. A sample was considered genotoxic when the IF was more than double with a clear 167 dose-effect relationship (Ruiz and Marzin 1997). Also SOS Chromotest was carried out in the 168 absence of S9 fractions of liver homogenate from rat. 169 Determination of Polyphenols 170

  176solvent control was prepared for each dilution of sample and positive control. Each sample was 177 analyzed three times. Results were expressed as microgram gallic acid equivalent per g Oyaizu described byRekha and Vijayalakshmi (2008) was used to determine the 181 reducing activity. The sample was homogenized and mixed with distilled water (1:100) and 182 centrifuged at 1500 rpm for 20 min. The extract (0.5 mL) was supplemented with 0.5 mL 183 potassium ferricyanide (1%) and 0.5 mL of sodium phosphate buffer (0.02 M, pH 7) and the 184 mixture was incubated at 50°C for 20 min. Then, 0.5 mL of trichloroacetic acid (10 %) was added 185 was left at room temperature for 15 min and then was centrifuged at 1000 rpm for 186 5 min. The supernatant (1.5 mL) was mixed with 0.2 mL ferrichloride (0.1 %) and incubated at 187 room temperature for 5 min. Vitamin C was used as standard. The absorbance was measured at 700 188 nm (Unicam, Helios Alfa spectrophotometer). The results were expressed as an equivalent performed three time (three independent assays). The results of all assays were 192 analyzed using analysis of variance (one-way ANOVA ) and difference among means were 193 compared to negative control for critical F at p ≤ 0.05 or p ≤ 0.01. The level of significance is given 194 in the respective tables. Furthermore, the coefficient correlation (R) was estimated with linear 195 regression statistic method and compared to Student's t distribution for p ≤ 0.05 or p ≤ 0.01. different classes were detected in the samples of vegetables examined and all 199 results are reported in Table
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  Cypermethrin, chlorpyriphos methyl and indoxacarb were found, concurrently, into a sample of 205 cherry tomato at concentrations higher than the respective MRLs, as well as λ-cyhalothrin in yellow 206 pepper and fenazaquin in cherry tomato. One sample of green pepper contained penconazol (0.02 207 mg/kg), a compound not allowed in Italy. Looking at these findings we chose the twelve pesticides, 208 representative of different chemical classes, to be subjected to mutagenesis/genotoxicity testing to 209 determine whether compounds commonly used in South Italy against pests can damage DNA. the pesticides inducing or not direct mutagenic activity in the Ames test are shown 211 in Table3. All pesticides were examined at concentrations around values detected in the 212 contaminated vegetables. Chlorothalonil, chlorpyriphos ethyl and penconazol were negative for all 004 µg/mL. The other pesticides were not able to determine a significant SOS pesticides tested, azinphos methyl, cyprodinil, fludioxonil and iprodione were 240 positive to Ames test as well as stimulated SOS DNA repair system in E. Coli PQ37. chlorothalonil, 241 chlorpyriphos ethyl, cypermethrin and penconazol were not mutagenic for Salmonella neither 242 genotoxic for E. coli. 243 244 Our main objective was to investigate whether the contaminated vegetables maintained the same 245 genotoxic activity detected for pure pesticides or they had any antimutagenic/antigenotoxic effect. 246 For this reason bioassays were performed on food extracts. Of 18 vegetables analyzed by GC, 247 sample number 3 (green pepper), sample number 7 (aubergine) and sample number 13 (cherry 248 tomato) (see Table
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  257 completely suppressed. The MRs (ratio between the number of revertants of the test plates and the 258 number of revertants of the solvent control plates) was often less than 1, indicating that the food 259 extracts reduced the number of revertants by comparison with the negative control, acting as 260 protective factors for mutagenesis. The same findings were achieved for the SOS Chromotest. 261 These results differ from those of Feretti et al (2007) that in a study on the extracts from pesticide-262 Page 10 of 29 http://mc.manuscriptcentral.com/tfac Email: fac@tandf.co.uk the Allium cepa assay, found genotoxicity in the most extracts except in 263 those not contaminated by pesticides. The Ames test and SOS Chromotest were also performed on 264 the mixtures of pesticides found in sample number 3 (green pepper) (mixture A) and in sample 265 number 13 (cherry tomato) (mixture B), to evaluate whether interactions could occur between 266 pesticides. For this reason, the mixtures were analyzed starting from the respective maximum 267 concentration of each pesticide found in that vegetable and maintaining the same concentration ratio 268 between the pesticides (only dilutions of the mixture were done) to compare their effects with those 269 of all constituents without testing all possible combinations of the individual pesticides. The 270 genotoxicity of the mixtures could not be described with respect to synergistic, antagonistic or 271 potentiating effects of pesticides because no dose-effect curves for each of the single pesticide were 272 done. This approach just allowed us to establish if the effects of the combined pesticides could 273 justify the decrease in genotoxicity showed by vegetables contaminated in the Ames test and SOS 274

  the vegetables, showed in Table6, could depend on the presence of natural 289 products such as vitamins, or secondary metabolites as flavonoids, we determined the content of 290 polyphenols and the reducing activity of the vegetables because these may contribute to overall 291 antioxidant activities of food. Subsequently, the mixtures A and B and azynphos methyl, the only 292 pesticide found in the sample of aubergine (7), were co-incubated with standard antioxidants 293 (ascorbic acid and gallic acid) and then subjected to Ames test and SOS Chromotest, for the strains 294 for which were previously found positive. The data presented in Table9, concerning the hydrophilic 295 portion of the content in polyphenols and the total reducing activity of the contaminated vegetables 296 indicated that the presence of antioxidants was high. The content in polyphenols expressed as µg 297 GAE/g (gallic acid equivalents/vegetable) fell into the range of values reported for cherry tomatoes 298 in previous studies (Toor and Savage, 2005; Brat et al. 2006) while our results were higher for 299 green pepper when compared to those of Brat et al. (

  b R : dose/response relationship evaluated for non-toxic concentrations One-Way ANOVA used to determine differences among means in negative control and sample. *p≤ 0.05 **p≤ 0

  Figure 2

  Figure 3

Table 1 :

 1 Characteristics and properties of the tested pesticides.

	The results of this

.84) Chlorpyriphos methyl (0.67) Indoxacarb (0.34)

  

				0.50
				0.50
				0.10
	14	Cherry Tomato	n.r.	
	15	Cherry Tomato	Fenazaquin (0.78)	0.50
	16	Lettuce	Iprodione (2.31) Cyprodinil (1.14)	10.0 10.0
			Fludioxonil (0.85)	10.0
	17	Lettuce	n.r.	
	18	Lettuce	Fludioxonil (0.13) Cyprodinil (0.47)	10.0 10.0

Table 2 :

 2 Concentrations and Maximum Residue Limits of pesticides occurred in the tested vegetables. In bold the pesticides found at concentrations higher than the respective MRL.

	n.r. = no residues

Table 5 :

 5 Genotoxic activity for E. coli PQ37 of the tested pesticides. In bold the positive IFs.

			Mean		Dose	Mean		Dose	Mean	
			Revert./plate ±SD	a MR	(µg/mL)	Revert./plate ±SD	a MR	(µg/mL)	Revert./plate ±SD	a MR
	Negative Control		43 ± 8	-	-	169 ± 11	-	-	17 ± 3	-
		-	-	-	5	385 ± 13**	2.28	5	156 ± 25**	4.89
	Sodium azide	-	-	-	10	556 ± 25**	3.29	10	320 ± 19**	10.00
		-	-	-	20	809 ± 36**	4.79	20	496 ± 39**	15.50
		2.5	163 ± 16**	3.80	-	-	-	-	-	-
	2-Nitrofluoren	5	387 ± 13**	9.00	-	-	-	-	-	-
		10	516 ± 31**	12.00	-	-	-	-	-	-
		0.6 x 10 -1	67 ± 4**	1.56	0.6 x 10 -1	225 ± 21**	1.33	2.5 x 10 -1	20 ± 4	1.20
	λ-Cyhalothrin	1.2 x 10 -1 2.5 x 10 -1	88 ± 12** 103 ± 7**	2.05 2.39	1.2 x 10 -1 2.5 x 10 -1	268 ± 24** 304 ± 7**	1.58 1.80	5 x 10 -1 1.00	29 ± 6* 104 ± 8**	1.70 6.10
		5 x 10 -1	201 ± 8**	4.67	5 x 10 -1	375 ± 4**	2.21	2.00	71 ± 13**	4.20
		1.00	322 ± 41**	7.49	1.00	551 ± 26**	3.26			
	b R		0.99**			0.99**			1.00**	

± SD= standard deviation obtained from three independent experiments. * Significant at p ≤ 0.05. a IF (induction factor) = R/R0. b R: dose/response relationship evaluated for non-toxic concentrations. Page 22 of 29 http://mc.manuscriptcentral.com/tfac Email: fac@tandf.co.uk

Table 6 :

 6 Mutagenic and genotoxic activity of three contaminated vegetables expressed as Mutagenic Ratio and Induction Factor.

	Page 23 of 29	Food Additives and Contaminants
		(3): N° sample contaminated by Chlorpyriphos ethyl; Iprodione; Penconazol
		(7): N° sample contaminated by Azynphos methyl
		(13): N° sample contaminated by Cypermetrin; Chlorpyriphos methyl; Indoxacarb
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Table 7 :

 7 Mutagenic activity of pesticide mixtures found in contaminated vegetables.Mixture A: chlorpyriphos ethyl (0.40 µg/mL), iprodione (0.73 µg/mL), penconazol (0.02 µg/mL). Mixture B: cypermethrin (0.84 µg/mL), chlorpyriphos methyl (0.67 µg/mL), indoxacarb (0.34 µg/mL). ± SD= standard deviation obtained from three independent experiments. Sample's dose/response relationship evaluated for non-toxic concentrations. a MR (Mutagenic ratio): number of revertants/plate compared to the control. One-Way ANOVA used to determine differences among means in negative control and sample *p ≤ 0.05 **p ≤ 0.01

		GENOTOXICITY	
		(SOS CHROMOTEST)	
	Mixture dilutions in %	a I.F.
		100	1.31 ± 0.16
	Mixture A	50 25	1.83 ± 0.11 1.11 ±0.15
		12.5	1.04 ± 0.10
		100	1.31 ± 0.18
	Mixture B F r o	50 25 12.5	1.99 ± 0.20 1.47 ± 0.22 0.41 ± 0.12
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b R :

Table 8 :

 8 Genotoxic activity of the pesticide mixtures found in contaminated vegetables. Mixture A: Chlorpyriphos ethyl (0.40 µg/mL); Iprodione (0.73 µg/mL); Penconazol (0.02 µg/mL) Mixture B: Cypermethrin (0.84 µg/mL); Chlorpyriphos methyl (0.67 µg/mL); Indoxacarb (0.34 µg/mL)

	a IF (induction factor) = R/R0

Table 9 :

 9 Polyphenol content and reducing activity of three contaminated vegetables. Polyphenol content is expressed as microgram gallic acid equivalent per g of vegetable Reducing activity is expressed as an equivalent amount of ascorbic acid (µM).

		POLYPHENOL CONTENT (µg/g)	REDUCING ACTIVITY (µM)
	Aubergine	430.1 ± 48.2	3017.0 ± 103.1
	Green pepper	668.5 ± 48.3	4150.3 ± 337.3
	Cherry tomato	225.4 ± 8.6	1480.3 ± 140.3
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