Monitoring of pesticide residues in apples, lettuce and potato of the Slovene origin in the years 2001 to 2004

Table 1. Sampling of agricultural products in the period 2001-2004 2001 2002 2003 2004 check the proper use of pesticides and be assured of the quality of fresh food produced by Slovene producers for the market.

.0 fludioxonil 0 1 0 2 0.0 3.3 0.0 7.1 iprodione 1 0 0 0 6.7 0.0 0.0 0.0 metalaxyl 0 2 0 0 0.0 6.7 0.0 0.0 pirimiphos-methyl 0 1 0 0 0.0 3.3 0.0 0.0 procymidone 1 1 0 1 6.7 3.3 0.0 3.6 tolylfluanid 0 0 0 1 0.0 0.0 0.0 3.6 vinclozolin 3 0 0 0 20.0 0.0 0.0 0.0
The purpose of the present paper is to present the results of pesticide residues in apples, lettuce and potatoes from 2001 to 2004 and compare with the results of monitoring in those three matrices in Belgium [START_REF] Dejonckheere | Monitoring of Pesticide Residues in Fresh Vegetables, Fruits, and Other Selected Food Items in Belgium, 1991-1993[END_REF] Egypt [START_REF] Dogheim | Monitoring of pesticide residues in Egyptian fruits and vegetables during 1997[END_REF] and Denmark [START_REF] Andersen | Results from the monitoring of pesticide residues in fruit and vegetables on the Danish market[END_REF].

Materials and methods

Sampling

In the period 2001 to 2004, 404 apple, lettuce and potato samples were collected. The sampling was random and it was carried out in eight agricultural production areas of Slovenia (Ljubljana, Kranj, Nova Gorica, Koper, Novo mesto, Murska Sobota, Maribor and Celje). Agricultural products were taken directly from the field or from storehouses after the pre-harvest interval for the plant protection products that had been used. The sampling was performed by agricultural inspectors and a sampler from the Agricultural Institute of Slovenia in collaboration with Agricultural Advisory Service during the period from May to November. The programme of sampling is shown in Table 1.

[Insert table 1 about here]

Analytical methods

Multi-residue method

The following pesticides were analysed using a multi-residue method in the years 2001 heptenophos, imazalil, iprodione, lindane, malathion, mecarbam, metalaxyl, methamidophos, methidathion, parathion, permethrin, phosalone, pirimiphos-methyl, procymidone, pyridaphenthion, quinalphos, thiabendazole, triazophos and vinclozolin. In 2003 the following pesticides were added to the programme: azoxystrobin, bromopropylate, chlorothalonil, cypermethrin, dichlofluanid, omethoate, oxydemetonmethyl, phorate, propyzamide and tolylfluanid.

In 2004 the following pesticides were added to the choice of those from 2003: cyprodinil, diphenylamine, kresoxim-methyl, myclobutanil, pyrimethanil and spiroxamine.

Extraction and clean-up

The sample was cut in four pieces; two opposite quarters were taken, mixed and stirred.

The mixed sample was extracted immediately or it was kept in plastic vessels at -20ºC.

To 20 g of mixed sample the following mixture of three solvents was added; acetone, petroleum ether and dichloromethane at a ratio of 1:2:2, homogenised with an Ultraturrax and filtered through filter paper (black strip) into a porcelain Büchner funnel apparatus. The lower water phase was separated and the upper organic one was filtered through filter paper (black strip) into a Soxhlet flask. The solvents were evaporated on a rotary-evaporator and blown to dryness under nitrogen. The extract was dissolved in a mixture of cyclohexane and ethyl acetate at a ratio of 1:1, filtered through filter, pore size 0,2 µm, and cleaned-up by gel permeation chromatography. The eluate was evaporated on a rotary-evaporator and blown down with nitrogen. The dry residue was dissolved in acetone (Baša [START_REF] Česnik | Multirezidualna metoda za določevanje ostankov pesticidov v sadju in zelenjavi, Zbornik Biotehniške fakultete univerze v Ljubljani, Kmetijstvo[END_REF][START_REF] Makovi | Pesticide Analytical Manual, Vol. 1, Extraction with acetone, liquid-liquid partitioning with petroleum ether/methylene chloride[END_REF]Thier and Zeumer, 1987;Thier and Zeumer, 1992).

Determination

The content of pesticide residues was determined by GC/MS (MSD). The compounds were separated on a HP-5 MS column (30 m x 0.25 mm x 0.25 µm). Selective ion monitoring was carried out for 2 -4 characteristic ions. In order to avoid the influence of matrix the calibration was carried out using matrix matched standards. Identification was based on a comparison of retention times and mass spectra of standards and samples. Quantitative was carried out on target ion (Baša [START_REF] Česnik | Multirezidualna metoda za določevanje ostankov pesticidov v sadju in zelenjavi, Zbornik Biotehniške fakultete univerze v Ljubljani, Kmetijstvo[END_REF][START_REF] Fillion | Multiresidue Method for the Determination of Residues of 251 Pesticides in Fruit and Vegetables by Gas Chromatography/Mass Spectrometry and Liquid Chromatography with Fluorescence Detection[END_REF].

The multi-residue method was validated for apples, lettuce and potatoes. The limit of detection, limit of quantification, repeatability, standard deviation and recoveries of this method are shown in Tables 2 to 7.

[Insert tables 2 to 7 about here]

Determination of dithiocarbamates

Extraction

The sample was cut in four pieces; two opposite quarters were taken and cut into smaller units. The sample was extracted immediately or it was kept until analysed in plastic vessels at -20ºC. To 50 g of unfrozen sample, 40 ml isooctane and 100 ml solution of tin (II) chloride (20 g tin (II) chloride + 500 ml HCl filled up to 1L with MilliQ water) was added. The samples were heated for at least 60 min at 80ºC. This yielded carbon disulphide (CS 2 ) which was dissolved in the organic phase (isooctane) (Restec Laboratories Limited, 1997).

Determination

The CS 2 in the isooctane phase was determined using GC/MS with selective ion monitoring. (Restec Laboratories Limited, 1997).

Determination of benomyl, carbendazim and thiabendazole

During the extraction benomyl is transformed into carbendazim.

Extraction and clean-up:

The sample received was cut in four pieces; two opposite quarters were taken, mixed and stirred. The mixed sample was extracted immediately or it was kept in plastic vessels at -20ºC. 8 g of unfrozen sample was weighed into centrifuge tube. To the sample 15 ml acetone was added and homogenised with an Ultra Turax blender for 30s.

15 mL dichloromethane and 15 mL petroleum ether were added and homogenised for 60 s. The homogenate was centrifuged for 5 min at 400 rpm. 30 mL of the upper, organic phase was pipetted into a Soxhlet flask and evaporated to dryness on a rotary evaporator. The residue was dissolved in 2 mL solution of internal standard benzimidazole (10 mg benzimidazole are diluted to 100 ml with methanol; from this solution 0.6 ml are pipetted and diluted to 100 ml with methanol). For the clean-up diol bonded silica extraction columns were used which were first conditioned with 2 mL methanol. Then 1 mL of extract was applied and washed with 1 mL methanol. The column was dry in approximately 1 min, then it was eluted with 2 mL solution of Health, Welfare and Sport, 1996).

Quality assurance

Each series of analyses included two spiked samples of each commodity analysed. For each batch recoveries had to be 70 -120 % to be acceptable. The recoveries were allowed to be higher for those active compounds which were not found in the samples. In potato samples, residues of only dithiocarbamates or no residues at all were found.

Active substances found during the four year monitoring in apple, lettuce and potatoes samples are shown in table 8. The frequency of pesticides found in apples, lettuce and potato for each year of sampling are shown in tables 9-11.

[Insert tables 8-11 about here]

A comparison of the results for apples in Slovenia with the results obtained for apples in Denmark has shown captan, folpet, dichlofluanid and dithiocarbamates to be found in both countries [START_REF] Andersen | Results from the monitoring of pesticide residues in fruit and vegetables on the Danish market[END_REF]. Bromopropylate and phosalone were found in apples both in Egypt and in Slovenia [START_REF] Dogheim | Monitoring of pesticide residues in Egyptian fruits and vegetables during 1997[END_REF] captan, diazinon and tolylfluanid were found in apples in Belgium and in Slovenia [START_REF] Dejonckheere | Monitoring of Pesticide Residues in Fresh Vegetables, Fruits, and Other Selected Food Items in Belgium, 1991-1993[END_REF].

[Insert table 12 about here]

A comparison of the results obtained for lettuce in Slovenia with those obtained in Denmark indicated comparable levels of dithiocarbamates and iprodione in both countries [START_REF] Andersen | Results from the monitoring of pesticide residues in fruit and vegetables on the Danish market[END_REF]. Dimethoate was found in lettuce both in Egypt and in Slovenia [START_REF] Dogheim | Monitoring of pesticide residues in Egyptian fruits and vegetables during 1997[END_REF]. Dithiocarbamates, iprodione, metalaxyl, procymidone, tolylfluanid and vinclozolin were found in lettuce in Belgium and in Slovenia [START_REF] Dejonckheere | Monitoring of Pesticide Residues in Fresh Vegetables, Fruits, and Other Selected Food Items in Belgium, 1991-1993[END_REF].

[Insert table 13 about here]

In the potatoes grown in Slovenia only dithiocarbamates were found but they were not found either in Denmark or in Belgium [START_REF] Andersen | Results from the monitoring of pesticide residues in fruit and vegetables on the Danish market[END_REF].

[Insert table 14 about here]

The active substances which exceeded the MRL in apples in Slovenia were phosalone in 1 sample (0.7%) and tolylfluanid in 2 samples (1.3%). The content of phosalone in the sample was 2.24 mg/kg, compared to the MRL of 2 mg/kg. The content of tolylfluanid was 0.33 mg/kg in one sample and 0.95 mg/kg in the other one (MRL for tolylfluanid in apples is 0.21 mg/kg). In lettuce from Slovenia, the MRL was exceeded by: dimethoate, dithiocarbamates and metalaxyl, each in 1 sample (1.0%). Dimethoate was present at 2.56 mg/kg (MRL of 1 mg/kg), dithiocarbamates at 6.36 mg/kg (MRL of 5 mg/kg) and metalaxyl was present at 0.14 mg/kg (MRL was 0.05 mg/kg).

In potatoes from Slovenia, the MRL of 0.05 mg/kg was exceeded by dithiocarbamates in 36 samples (23.1%) at levels ranging from 0.06 to 0.51 mg/kg. Considering these exceedances for dithiocarbamates in potatoes a question arises as to whether the treatment of this crop was really carried out in accordance with the registered use. No exceedances of MRLs were found in apples, lettuce or potatoes in Denmark [START_REF] Andersen | Results from the monitoring of pesticide residues in fruit and vegetables on the Danish market[END_REF]. In Egypt no exceedances of MRLs were found in apples whilst in lettuce dimethoate was exceeded. The maximum value of dimethoate was 2.90 mg/kg, with an MRL of 2 mg/kg [START_REF] Dogheim | Monitoring of pesticide residues in Egyptian fruits and vegetables during 1997[END_REF]. Vinclozolin was exceeded in apples in

Belgium at a maximum level 1.05 mg/kg (MRL of 1 mg/kg). In lettuce the following substances were exceeded: bromide at a maximum level of 351 mg/kg, (MRL of 50 mg/kg), dithiocarbamates at a maximum level of 33.18 mg/kg, (MRL of 5 mg/kg), iprodione at a maximum level of 61.5 mg/kg, (MRL of 10 mg/kg), metalaxyl at maximum level of 0.38 mg/kg, (MRL of 0.1 mg/kg), propamocarb at a maximum level of 10.61 mg/kg, (MRL of 5 mg/kg), propyzamide at a maximum level of 0.12 mg/kg, (MRL of 0.1 mg/kg) and vinclozolin at a maximum level of 13.73 mg/kg, (MRL of 5 mg/kg). In potato chlorpropham was found at a maximum level of 7.2 mg/kg, (MRL of 5 mg/kg) and thiabendazole was found at a maximum level of 5.97 mg/kg, (MRL of 3 mg/kg) [START_REF] Dejonckheere | Monitoring of Pesticide Residues in Fresh Vegetables, Fruits, and Other Selected Food Items in Belgium, 1991-1993[END_REF]. 

Conclusions

The contamination with pesticide residues of apples, lettuce and potato produced in Slovenia in the years 2001 to 2004 is not any cause for concern. Fifty-one percent of samples of apples, lettuce and potatoes did not contain detectable residues. In 10.4 % of apple, lettuce and potatoes the MRL was exceeded, but to a large extent (8.9 %, 36 samples) this was caused by dithiocarbamates in potatoes. Dithiocarbamates are the only active substance found in potato. The limit of quantification for dithiocarbamates is 0.05 mg/kg, which was the MRL for potatoes. In January 2005, according to the new 

Table 4 :

 4 Repeatability standard deviation of multiresidual method for apple, lettuce and potato

						total
	apples	15	30	36	70	151
	lettuce	15	30	24	28	97
	potato	30	30	35	61	156
	total	60	90	95 159	404

Table 5 :

 5 Recoveries (mg/kg) of multiresidual method for apple

	Pesticide	spiking level (mg/kg)	recovery (%)	CV (%)
	acephate	0.2	103	8.7
	aldrin	0.2	88	3.2
	azinphos-methyl	0.2	89	14.5
	captan	0.2	105	27.5
	carbofuran	0.2	90	4.6
	chlorpyriphos	0.2	89	3.1
	chlorpyriphos-methyl	0.2	90	4.1
	cyhalotrin-λ	0.2	90	6.0
	DDD-o,p	0.2	86	2.5
	DDD-p,p in DDT-o,p	0.2	92	11.8
	DDE-p,p	0.2	89	2.6
	DDT-p,p	0.2	112	31.6
	deltamethrin	0.2	90	21.0
	diazinon	0.2	89	2.7
	dimethoate	0.2	91	5.6
	endosulfan-α	0.2	89	4.2
	endosulfan-β	0.2	91	6.5
	endrin	0.2	93	13.7
	fenitrothion	0.2	94	6.2
	fenthion	0.2	64	14.0
	fludioxonil	0.2	56	18.2
	folpet	0.2	119	34.6
	HCH-α	0.2	89	4.7
	heptachlor	0.2	89	12.0
	heptenophos	0.2	91	3.6
	iprodione	0.2	89	9.4
	lindane	0.2	93	10.0
	malathion	0.2	90	2.8
	mecarbam	0.2	89	3.3
	metalaxyl	0.2	89	2.7
	methamidophos	0.2	80	10.4
	methidathion	0.2	92	5.2
	parathion	0.2	90	5.7
	permethrin-cis	0.2	91	8.1
	permethrin-trans	0.2	91	9.3
	phosalone	0.2	92	9.0
	pirimiphos-methyl	0.2	89	3.3
	procymidone	0.2	89	2.5
	pyridaphenthion	0.2	89	6.9
	quinalphos	0.2	89	3.8
	thiabendazole	0.2	78	9.0
	triazophos	0.2	88	3.8
	vinclozolin	0.2	89	3.1

Table 6 :

 6 Recoveries (mg/kg) of multiresidual method for lettuce

	Pesticide	spiking level (mg/kg)	recovery (%)	CV (%)
	acephate	0.2	101	6.4
	aldrin	0.02	85	4.8
	azinphos-methyl	0.2	93	4.9
	captan	0.5	73	15.6
	carbofuran	0.05	100	4.5
	chlorpyriphos	0.05	105	4.4
	chlorpyriphos-methyl	0.05	102	4.1
	cyhalotrin-λ	0.05	106	8.3
	DDD-o,p	0.2	91	5.1
	DDD-p,p in DDT-o,p	0.1	101	7.5
	DDE-p,p	0.2	94	4.2
	DDT-p,p	0.2	93	5.0
	deltamethrin	0.2	98	5.4
	diazinon	0.02	85	5.0
	dimethoate	0.05	97	5.1
	endosulfan-α	0.13	89	6.6
	endosulfan-β	0.067	89	6.6
	endrin	0.05	106	7.2
	fenitrothion	0.05	93	5.9
	fenthion	0.05	98	5.1
	fludioxonil	0.05	103	8.7
	folpet	0.5	71	18.2
	HCH-α	0.02	87	4.9
	heptachlor	0.02	82	6.9
	heptenophos	0.2	96	3.7
	imazalil	0.05	93	8.3
	iprodione	0.5	94	7.7
	lindane	0.05	110	4.5
	malathion	0.2	92	3.9
	mecarbam	0.2	91	4.6
	metalaxyl	0.05	103	4.5
	methamidophos	0.05	99	17.3
	methidathion	0.2	89	6.5
	parathion	0.05	92	6.2
	permethrin-cis	0.073	94	4.7
	permethrin-trans	0.032	109	8.6
	phosalone	0.05	106	7.5
	pirimiphos-methyl	0.05	100	4.2
	procymidone	0.05	104	6.0
	pyridaphenthion	0.05	106	7.7
	quinalphos	0.05	101	6.7
	thiabendazole	0.05	103	10.1
	triazophos	0.2	93	5.0
	vinclozolin	0.05	106	4.6

Table 7 :

 7 Recoveries (mg/kg) of multiresidual method for potato

	Pesticide	spiking level (mg/kg)	recovery (%)	CV (%)
	acephate	0.2	100	19.6
	aldrin	0.05	95	3.7
	azinphos-methyl	0.05	102	6.9
	captan	0.2	97	4.9
	carbofuran	0.02	88	6.5
	chlorpyriphos	0.02	89	6.9
	chlorpyriphos-methyl	0.02	86	5.9
	cyhalotrin-λ	0.05	99	6.3
	DDD-o,p	0.02	87	6.6
	DDD-p,p in DDT-o,p	0.1	100	6.7
	DDE-p,p	0.02	88	5.8
	DDT-p,p	0.2	98	4.9
	deltamethrin	0.05	93	7.2
	diazinon	0.02	85	6.8
	dimethoate	0.02	86	6.7
	endosulfan-α	0.033	95	14.8
	endosulfan-β	0.067	96	4.0
	endrin	0.02	88	5.5
	fenitrothion	0.05	97	5.5
	fenthion	0.2	85	4.2
	fludioxonil	0.05	99	6.7
	folpet	0.2	101	8.7
	HCH-α	0.02	84	5.6
	heptachlor	0.02	83	6.1
	heptenophos	0.02	87	7.2
	imazalil	0.05	100	7.3
	iprodione	0.05	99	6.2
	lindane	0.2	94	4.6
	malathion	0.05	98	3.6
	mecarbam	0.02	87	6.8
	metalaxyl	0.02	85	5.8
	methamidophos	0.2	96	9.1
	methidathion	0.02	90	6.0
	parathion	0.05	100	5.7
	permethrin-cis	0.018	99	5.9
	permethrin-trans	0.032	99	6.3
	phosalone	0.05	99	6.5
	pirimiphos-methyl	0.02	86	5.9
	procymidone	0.02	86	6.0
	pyridaphenthion	0.05	102	5.3
	quinalphos	0.02	88	6.6
	thiabendazole	0.05	98	8.1
	triazophos	0.5	94	4.3
	vinclozolin	0.02	84	9.8
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Table 8 :

 8 Active substances found in apple, lettuce and potato samples

			apples			lettuce			potato		
		no. of	portion	range	no. of	portion	range	no. of	portion	range	
		samples	(%)	(mg/kg)	samples	(%)	(mg/kg)	samples	(%)	(mg/kg)	
	bromopropylate	2	1.3	0.03 -0.03	0	0.0	-	0	0.0	-	... [1]
	captan chlorpyriphos-methyl cyhalotrin-λ	26 8 1	17.2 5.3 0.7	0.02 -0.97 0.01 -0.03 0.02	0 0 0	0.0 0.0 0.0	---	0 0 0	0.0 0.0 0.0	---	... [2] ... [3]
	cyprodinil	3	2.0	0.01 -0.02	2	2.1	0.02 -0.11	0	0.0	-	... [4]
	diazinon	46	30.5	0.01 -0.15	0	0.0	-	0	0.0	-	... [5]
	dichlofluanid	3	2.0	0.02 -0.51	0	0.0	-	0	0.0	-	... [6]
	dimethoate	0	0.0	-	5	5.2	0.03 -2.56	0	0.0	-	... [7]
	dithiocarbamates	66	43.7	0.05 -0.80	30	30.9	0.06 -6.36	38	24.4	0.05 -0.51	... [8]
	fludioxonil folpet	0 5	0.0 3.3	-0.05 -0.06	3 0	3.1 0.0	0.02 -0.12 -	0 0	0.0 0.0	--	... [9]
	iprodione	0	0.0	-	1	1.0	0.05	0	0.0	-	... [10]
	metalaxyl	0	0.0	-	2	2.1	0.03 -0.14	0	0.0	-	... [11]
	phosalone	56	37.1	0.01 -2.24	0	0.0	-	0	0.0	-	... [12]
	pirimiphos-methyl	0	0.0	-	1	1.0	0.03	0	0.0	-	... [13]
	procymidone	1	0.7	0.02	3	3.1	0.01 -1.28	0	0.0	-	... [14]
	pyrimethanil tolylfluanid vinclozolin	4 23 0	2.6 15.2 0.0	0.01 -0.03 0.01 -0.95 -	0 1 3	0.0 1.0 3.1	-0.02 0.02 -0.10	0 0 0	0.0 0.0 0.0	---	... [15] ... [16]
											... [17]
											... [18]
											... [19]

Table 9 :

 9 Frequency of pesticides found in apple samples

			number of samples			sample portion (%)	
	active substance	2001	2002	2003	2004	2001	2002	2003	2004
	bromopropylate	0	0	2	0	0.0	0.0	5.6	0.0
	captan	4	1	0	21	26.7	3.3	0.0	30.0
	chlorpyriphos-methyl	0	0	2	6	0.0	0.0	5.6	8.6
	cyhalotrin-lambda	1	0	0	0	6.7	0.0	0.0	0.0
	cyprodinil	0	0	0	3	0.0	0.0	0.0	4.3
	diazinon	6	5	12	23	40.0	16.7	33.3	32.9
	dichlofluanid	0	0	2	1	0.0	0.0	5.6	1.4
	dithiocarbamates	5	13	23	25	33.3	43.3	63.9	35.7
	folpet	0	0	0	5	0.0	0.0	0.0	7.1
	phosalone	6	15	16	19	40.0	50.0	44.4	27.1
	procymidone	0	0	1	0	0.0	0.0	2.8	0.0
	pyrimethanil	0	0	0	4	0.0	0.0	0.0	5.7
	tolylfluanid	0	0	0	23	0.0	0.0	0.0	32.9

Table 10 :

 10 Frequency of pesticides found in lettuce samples

			number of samples			sample portion (%)	
	active substance	2001	2002	2003	2004	2001	2002	2003	2004
	cyprodinil	0	0	0	2	0.0	0.0	0.0	7.1
	dimethoate	1	3	1	0	6.7	10.0	4.2	0.0
	dithiocarbamates	3	7	6	14	20.0	23.3	25.0	50

Table 11 :

 11 Frequency of dithiocarbamates found in potato samples

									Formatted: Centered
									Formatted Table
									Formatted: Centered
									Formatted Table
									Formatted: Centered
									Formatted: Centered
			number of samples			sample portion (%)	Formatted: Centered
	active substance	2001	2002	2003	2004	2001	2002	2003	2004
	dithiocarbamates	6	13	14	5	20.0	43.3	40.0	8.2
									Formatted
									Formatted: Centered
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Table 12 :

 12 Active substances found in apple samples (%)

	Denmark		Egypt	Belgium	Slovenia	Formatted Table
	bifenthrin	n.d.	n.a.	0.9	n.a.	
	bitertanol	1.2	n.a.	n.d.	n.a.	
	bromopropylate	n.d.	6.8	51.3	1.3	
	captan		n.a.	4.3	17.2	Formatted: Right
	captan + folpet	14.6	n.a.			
	carbendazim	1.2	n.a.	9.6	n.d.	
	carbosulfan	n.d.	1.4	n.d.	n.a.	
	chlorpyrifos	n.d.	n.d.	0.9	n.d.	
	chlorpyrifos-methyl	n.d.	n.d.	n.d.	5.3	
	cyhalotrin-λ	n.a.	n.a.	n.d.	0.7	Formatted: Font: Symbol
	cypermethrin	n.d.	5.5	n.a.	n.d.	Formatted
	cyprodinil	n.a.	n.a.	n.a.	2.0	
	diazinon	n.d.	n.d.	0.9	30.5	
	dichlofluanid	1.2	n.d.	n.d.	2.0	
	dicofol	n.d.	13.7	n.d.	n.a.	
	dimethoate	n.d.	4.1	1.7	n.d.	
	dithiocarbamates	15.9	n.d.	n.a.	43.7	
	endosulfan I	n.d.	n.a.	0.9	n.d.	
	endosulfan II	n.d.	n.a.	0.9	n.d.	
	endosulfan SO 4	n.d.	n.a.	0.9	n.a.	
	fenitrothion	n.d.	n.d.	0.9	n.d.	
	fenpropathrin	1.2	n.a.	n.a.	n.a.	
	fenvalerate	n.d.	1.4	n.a.	n.a.	
	folpet		n.a.	n.d.	3.3	
	malathion	n.d.	1.4	n.d.	n.d.	
	metalaxyl	n.d.	n.d.	0.9	n.d.	
	methoxychlor	n.d.	50.0	n.a.	n.a.	
	phosalone	n.d.	5.5	n.a.	37.1	
	pirimicarb	1.2	n.d.	1.7	n.a.	
	procymidone	n.d.	n.d.	n.d.	0.7	
	pyrimethanil	n.a.	n.a.	n.a.	2.6	
	teradifon	n.a.	1.4	n.a.	n.a.	
	thiabendazole	n.d.	n.a.	0.9	n.d.	
	tolylfluanid	n.d.	n.a.	7.8	15.2	
	triazophos	n.d.	1.4	n.a.	n.d.	
	vinclozolin	n.d.	n.d.	14.8	n.d.	

n.a. means not analysed n.d. means not detected
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Table 13 :

 13 Active substances found in lettuce samples (%)

	Denmark		Egypt	Belgium	Slovenia
	bifenthrin	n.d.	n.a.	5.4	n.a.
	bromide	n.a.	n.a.	64.3	n.a.
	chlorpirifos	n.d.	n.d.	1.8	n.d.
	cypermethrin	2.3	n.d.	n.a.	n.d.
	cyprodinil	n.a.	n.a.	n.a.	2.1
	diclofluanid	n.d.	n.d.	0.9	n.d.
	dicloran	n.d.	n.a.	0.9	n.a.
	dimethoate	n.d.	3.6	n.d.	5.2
	dithiocarbamates	9.1	n.d.	14.3	30.9
	endosulfan	2.3	n.a.	n.d.	n.d.
	fludioxonil	n.a.	n.a.	n.a.	3.1
	folpet	n.d.	n.a.	0.9	n.d.
	iprodione	2.3	n.d.	26.8	1.0
	malathion	n.d.	3.6	n.d.	n.d.
	metalaxyl	n.d.	n.d.	0.9	2.1
	methomyl	n.a.	n.a.	6.3	n.a.
	parathion	n.d.	n.a.	0.9	n.d.
	permethrin	n.d.	n.d.	3.6	n.d.
	pirimicarb	n.d.	n.d.	2.7	n.a.
	pirimiphos-methyl	n.d.	n.d.	n.d.	1.0
	procymidone	n.d.	n.d.	0.9	3.1
	propamocarb	n.a.	n.a.	38.4	n.a.
	propyzamide	n.d.	n.a.	0.9	n.d.
	tolclofos-methyl	n.d.	n.d.	11.7	n.a.
	tolylfluanid	n.d.	n.a.	2.7	1.0
	vinclozolin	n.d.	n.d.	47.3	3.1
	n.a. means not analysed				
	n.d. means not detected				

Table 14 :

 14 Active substances found in potato samples (%)

	Denmark	Belgium	Slovenia	
	carbendazim	n.d.	1.9	n.d.
	chlorpropham	n.d.	33.3	n.a.
	dieldrin	1.2	n.a.	n.a.
	dithiocarbamates	n.d.	n.a.	24.4
	propham	n.d.	10.2	n.a.
	thiabendazole	n.d.	13.9	n.d.
	tolclofos-methyl	0.6	n.a.	n.a.
	n.a. means not analysed			
	n.d. means not detected			
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Table 3 :

 3 : Apple, lettuce and potato samples which exceeded maximum residue levels

			exceeded result	MRL
	matrix active substance	(mg/kg)	(mg/kg)
		phosalone	2.24	2
	apples	tolylfluanid	0.33	0.21
		tolylfluanid	0.95	0.21
		dimethoate	2.56	1
	lettuce	dithiocarbamates	6.36	5
		metalaxyl	0.14	0.05
	potato	dithiocarbamates	0.06	0.05
		dithiocarbamates	0.06	0.05
		dithiocarbamates	0.06	0.05
		dithiocarbamates	0.06	0.05
		dithiocarbamates	0.06	0.05
		dithiocarbamates	0.08	0.05
		dithiocarbamates	0.08	0.05
		dithiocarbamates	0.09	0.05
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Monitoring of pesticide residues in apples, lettuce and potatoes from Slovenia in the years 2001 to 2004 Abstract Apples

  , lettuce and potatoes (404 samples) produced in the Republic of Slovenia were analysed for pesticide residues at the Agricultural Institute of Slovenia in the years 2001 to 2004. Sampling from eight agricultural production areas was performed at market producers at the harvesting of products or in storehouses, after the pre-harvest interval of plant protection products used. Samples exceeding the maximum residue levels were

	Introduction
	Following authorisation from by the Ministry of Agriculture, Forestry and Food the
	Agricultural Institute of Slovenia introduced permanent and systematic surveillance
	programme for pesticide residues in agricultural products in 1987. Until 1999 the
	monitoring of pesticide residues was carried out within framework of expert projects.
	F o r Since 1999 the Program of National Monitoring of Pesticide Residue in Foodstuffs and Agricultural Products has been performed on the basis of a Decree on Monitoring of F o r
	P P
	e e the following: 3 apple samples (2.0%) containing 0.33 -2.24 mg/kg (phosalone and tolylfluanid), 3 lettuce samples (3.1%) containing 0.14 -6.36 mg/kg (dimethoate, e r e r
	dithiocarbamates and metalaxyl and 36 potato samples (23.1%) containing 0.06 -0.51 R R
	mg/kg (dithiocarbamates). Residues of two or more active substances were found in 73 e e
	apple samples (48.3%), of which MRL was exceeded by 3 samples (2.0%) with the values ranging from 0.33 -2.24 mg/kg and 9 lettuce samples (9.3%) for which the v i e v i e
	MRL was exceeded by 3 samples (3.1%) with the values from 0.14 -6.36 mg/kg. In w w
	potato samples only residues of dithiocarbamates or no residues at all were found. Residues of the dithiocarbamate group were the most frequently found, i.e. in 66 apple O n l (Commission recommendation 99/333/EC, Commission recommendation 02/663/EC O n l samples (43.7%), 30 lettuce samples (30.9%) and 38 potato samples (24.4%). y and Commission recommendation 04/74/EC). The monitoring results are intended to y
	Keywords: monitoring, pesticides, plant protection products check compliance with maximum residue limits (MRL), to determine the origin or
	explanation for any contaminated agricultural products and to determine whether
	producers have followed good agricultural practice. By determining pesticide residues
	in agricultural products after picking, digging or harvesting (until marketing) we could

Pesticide in Foodstuffs and Agricultural Products (Official Gazette of the Republic of Slovenia No. 13/99). It was harmonised with the monitoring programme within the Ministry of Agriculture, Forestry and Food (Agricultural Institute of Slovenia) and Ministry of Public Health of the Republic of Slovenia (Institute of Public Health of RS and Institute of Public Health Maribor). The activity was based on guidelines and goals of the Law on Plant Protection Products (Of.G. RS No. 11/01) and of Regulations on Pesticide Residues in/on Foodstuffs and Agricultural Products (Of.G. RS No. 73/03).

Due to the characteristic type of foods consumed by Slovenes (Slovene Food Basket has not been made yet) pesticide residues were monitored each year in samples of potatoes, lettuce and apples while the choice of other agricultural products and active substances analysed was adjusted to the guidelines indicated in the EU recommendations

  Proficiency Test 06 and in 2005 in the European Proficiency Test 07. In 2005 our work was verified and accredited by French (COFRAC) accreditation body.

	substances were not found in any of the apple samples. The highest number of active
	substances found in one apple sample (0.7%) was eight.
	[Insert figures 1 and 2 about here] Nine out of 97 lettuce samples (9.3%) contained residues of two or more active
	substances. Residues of two active substances were found in 4 lettuce samples (4.1%) of
	F o r Results and discussion Out of the total of 151 apple samples, 3 samples (2.0%) exceeded the MRLs for which MRL for dimethoate was exceeded by one sample (1.0%) containing 2.56 mg/kg, F and residues of three active substances were found in 5 lettuce samples (5.2%) of which o r MRL was exceeded by 2 samples (2.1%) containing 0.14 -6.36 mg/kg (metalaxyl and
	P phosalone and tolylfluanid, 117 samples (77.5%) contained residues lower than MRLs, P dithiocarbamates). Residues of four or more active substances were not found in any
	e e r and no residues were found in 31 apple samples (20.5%). Out of the total of 97 lettuce samples, 3 samples (3.1%) exceeded MRLs for dimethoate, dithiocarbamates and e r e lettuce samples.
	R e metalaxyl), 37 samples (38.1%) contained residues lower than MRLs, and no residies R were detected in 57 lettuce samples (58.8%). Out of the total of 156 potato samples, 36 e
	v i e samples (23.1%) exceeded the MRL for dithiocarbamates. In 2 potato samples (1.3%) the residues were equal to the MRL. In 118 potato samples (75.6%) no residues were v i e
	w detected. 73 (48.3%) out of the total of 151 apple samples analysed contained residues w
	O n l of two or more active substances. Residues of two active substances were found in 39 apple samples (25.8%) of which MRL was exceeded by 2 samples (1.3%) with the levels from 0.95 -2.24 mg/kg (tolylfluanid and phosalone), residues of three active O n l
	The accuracy of methods has been verified since 2002 by participating in the French y substances were found in 25 apple samples (16.6%) for which MRL was exceeded by y
	interlaboratory proficiency scheme BIPEA (Bureau Interprofessionnel d′Etudes one sample (0.7%) at a level of 0.33 mg/kg (tolylfluanid), and residues of four or more
	Analytiques). Z-scores for apples and lettuce from 2002 to 2004 were mainly below ±2 active substances were found in 9 apple samples (6.0%). Residues were found of four
	and are presented in figures 1 and 2. In 2004 we also participated in the European active substances in 5 apple samples (3.3%), of five active substances in 2 apple
	samples (1.3%), and of six active substances in 1 apple sample (0.7%). Seven active

  Commission Directive 2004/115/EC, the MRL was raised to 0.1 mg/kg. If the new MRL is used, the number of samples exceeding the MRL would be reduced to 27 samples reducing the overall exceedances for apple, lettuce and potato samples to 8.2%. Official Gazette of the Republic of Slovenia No. 11/01. Official Gazette of the Republic of Slovenia No. 73/03. Restec Laboratories Limited, (1997) Determination of Dithiocarbamates and Thiuram Disulphide, Pesticide residues in fruit and vegetables. Thier, H.P., Zeumer, H., DFG (1987) Manual of Pesticide Residue Analysis, Vol. 1, Organochlorine, Organophosphorus, Nitrogen-Containing and Other Pesticides. Weinheim, VCH, Verlagsgesellschaft, 383 -400. Thier, H.P., Zeumer, H., DFG (1992) Manual of Pesticide Residue Analysis, Vol. 2, Cleanup Method 6. Weinheim, VCH, Verlagsgesellschaft, 31 -36.
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