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 ΙNTRODUCTION
The Axios River originates from the South part of FYROM αnd discharges into the Thermaikos Bay in the North Aegean Sea west to the City of Thessaloniki (Figure 1). The length of the river is around 380 km and only the last 80 km is located in the Greek territory. The Greek portion οf the Axios Basin has αn area of 120.000 ha and 95.000 has been developed to become one of the most intensively cultivated areas of Macedonia, Greece. High priced crops (vegetables, cotton, corn, rice, sugarbeets) are rotated with cereals and 

alfalfa. The total agricultural land is irrigated; the irrigation water derived either frοm the Axios River οr ground waters while ground waters are also used for supplying drinking water in a11 villages and towns of the basin. Ιn addition, about 50% of the drinking water supplied to the City of Thessaloniki is derived frοm ground waters of this basin.

Pesticides and other pollutants including phosphates, nitrates and metals and in situ measurements of pΗ, conductivity, temperature, turbitity, dissolved solids, dissolved oxygen and BODS are monitored in the Axios River and the associated surface aquatic systems of its basin since 1992 (1,2). Data concerning the occurrence of pesticides in the surface aquatic systems of the Axios River basin will be presented. Pesticides in water samples were determined either by off-line SPE extraction and GC-MS (3) οr οn-line SPE associated with HPLC/DAD (4).

PESTICIDE RESIDUE LEVELS ΙΝ ΤΗΕ AXIOS RIVER

During 1993, pesticide residue levels were monitored at a sampling site (SS) located at the Greek/FYROM boarder (SS-1Α) and at SS-9 located close to the river delta while during 1994 residue levels were also monitored at SS​6 located half way between SS-1Α and SS-9 (Figure 1). These data αre presented in Table 1. The total pesticide residue levels at the SS-1Α ranged from 0.05 to 1.0 μg/1 except for the period of May to July when these levels exceeded the 1.0 μg/1 level.The main pesticides present at the SS-1Α a11 year round were the isomers of hexachlorocyciohexane (α-BHC , β-BHC γ-ΒΗC or lindane and δ-BHC), the concentration of α-BHC itself occasionally exceeding the 0.5 μg/1 level. During May-July a great variety of pesticides and metabolites were also determined at the SS-1. The total arnount of pesticide residues present at the SS-9 was approximately the same with the respective load present at certain date at the SS-1 except fοr the period of  May-July when αn additional and occasionally substantial load was added giving rise to residue levels exceeding the 5.0 μg/1 level.

PESTICIDE RESIDUE LEVELS ΙΝ OTHER SURFACE AQUATIC SYSTEMS OF ΤΗΕ AXIOS RIVER BASIN

Pesticide residue levels were monitored at the SS 108 (Figure 1) located οn a majοr draining/irrigation cana1 associated with the Axios River, at the SS 14Σ and 15Σ located οn secondary draining/irrigation canals of the areas called Aspros and Koufalia, respectively and at the SS 16 and 17 located οn secondary draining canals of the areas called Vrahia and Halastra, respectively. The data collected from monitoring studies conducted during

1993 and 1994 are presented in Tables 2 and 3. The isomers of hexachlorocyclohexane, 

α-BHC and lindane, were also present in the waters of these aquatic systems, even though nor hexachlorocyclohexane οr lindane were used in this basin. These are obviously derived from the irrigation water (water of the Axios River). Α great variety of other pesticides was also present in these aquatic systems. Their presence also exhibited a seasonal variation with the highest quantities determined during the May-July sampling period, this coinciding with the irrigation season.
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Table 1. Pesticide residues (mean+SD, μg/1) in the Axios River in 1993 and 1994.

	Pesticide
	1993
SS-1Α
	1993
SS-9
	1994
SS-1Α
	1994
SS-6α
	1994

SS-9

	alachlor
	0.165±0.205
	0.495±0.177
	0.084±0.066
	0.082±0.069
	0.095±0.094

	atrazine
	0.190±0.088
	0.204±0.106
	0.083±0.166
	0.153±0:168
	0.226±0.399

	α-BHC
	0.139±0.095
	0.073±0.050
	0.095±0.104
	0.043±0.030
	0.068±0.076

	β-BHC
	-
	-
	0.028±0.031
	-
	0.021

	γ-BHC
(lindane)
	0.048±0.045
	0.028±0.031
	0.035±0.037
	0.018±0.009
	0.042±0.079

	δ-BHC
	-
	-
	0.017±0.026
	-
	0.007±0.005

	carbofuran
	3.66
	4.780±2.25
	0.911±1.075
	0.854±0.9
	1.092±1.557

	chlorothalonil
	0.19
	0.22±0.145
	2.16
	-
	-

	chlorpyrifos
ethyl
	
	
	0.027±0.031
	-
	0.018±0.017

	diazinon
	-
	-
	0.016±0.026
	-
	0.006±0.003

	DDD
	-
	-
	0.005
	-
	-

	fenitrothion
	-
	-
	0.010±0.010
	0.002
	0.050±0.113

	faenpropimorph
	
	
	0.114±0.131
	0.070±0.047
	0.011±0.082

	fluometuron
	-
	-
	0.025
	-
	0.005

	flutriafο1
	
	
	0.004
	0.007±0.003
	0.091±0.087

	G-28*
	
	
	0.005±0.004
	-
	-

	heptachlor
epoxide
	
	
	0.002±0.001
	
	0.005

	malathion
	0.015±0.007
	0.02
	0.077±0.116
	0.019±0.008
	0:155±0.152

	metalaxyl
	0.13
	-
	0.05
	-
	-

	methidathion
	0.020
	0.095±0.106
	0.010
	-
	-

	metolachlor
	0.335±0.261
	0.250±0.130
	0.034±0.060
	0.022±0.001
	0.010±0.013

	mevinphos
	-
	-
	0.047±0.078
	0.009±0.013
	0.059±0.078

	molinate
	-
	-
	0.045±0.047
	0.079±0.059
	0:148±0.116

	parathion-
	6.69±11:53
	0.04
	0.036±0.031
	0.075±0.090
	0:066±0.123

	methyl
	
	
	
	
	

	paraoxon-
methyl
	1.31±0.74
	19.6±26.8
	-
	-
	2.185±2.506

	parathion
	0.02
	0.36±0.042
	0.008±0.006
	0.010±0.007
	0.055±0.104

	paraoxon
	0.094±0:076
	0.131±0:144
	0.013
	-
	0.04

	phorate
	-
	-
	0:004±0.004
	0.002±0.001
	0.002±0.002

	prometryne
	0.55
	0.262±0.196
	0.006±0.006
	0.084±0.135
	0.031±0.088

	propachlor
	-
	-
	0.029±0.027
	0.049±0.052
	0.032±0.046

	propanil
	0.853±0.92
	4.382±6.612
	0.291±0.426
	0.103±0.076
	0.223±0.340

	simazine
	0.07
	-
	0.104+0:176
	0.124+0.200
	0:501+0.962

	terbufos
	0.120±0.106
	0.063±0.071
	0.155±0.300
	0.055±0.064
	0.077±0.128

	trifluralin
	0.105±0.007
	0.07
	0.003±0.006
	0.002
	0.004±0.003


*/. G-28 denote deisopropylatrazine.

Table 2. Pesticide residues (mean±SD, μg/1) in some surface aquatic systems οf the Axios Basin in 1993.

	Pesticide
	10Β
	14Σ
	15Σ
	16Σ
	17Σ

	alachlor
	-
	0.061±0.071
	0.023±0.008
	0.544±0.915
	1.53±2.453

	atrazine
	-
	-
	0.08
	0.32
	0.044±0.021

	α-ΒΗC
	0.041±0.038
	0.033±0.019
	-
	-
	0.039

	β-BHC
	
	
	
	
	

	γ-BHC
	0.021±0.017
	0.016±0.011
	0.11
	0.005
	0.023±0.024

	(lindane)
	
	
	
	
	

	δ-BHC
	
	
	
	
	

	carbofuran
	
	2.5
	7.0
	δ.44
	9.65±0.495

	chlorothalonil
	
	0.621
	0.18
	0.08
	0.175±0.143

	chlorpyrifos
	
	
	
	
	

	ethyl
	
	
	
	
	

	diazinon
	
	
	
	
	

	DDD
	
	
	
	
	

	fenitrothion
	
	0.036
	0.04
	-
	-

	fenpropimorph
	
	0.332±0.435
	-
	0.033
	0.077

	fluometuron
	
	
	
	
	

	flutriafol
	
	
	1.0
	
	

	G-30*
	
	0.143±0.023
	
	
	0.228

	heptachlor
	
	
	
	
	0.02

	epoxide
	
	
	
	
	

	malathion
	
	
	0.064
	0.04
	0.04

	metalaxyl
	
	
	
	
	

	rnethidathion
	
	
	
	
	0.3

	metolachlor
	
	0.104±0.055
	0.28
	0.405±0.346
	0.154±0.023

	mevinphos
	
	
	
	
	

	molinate
	
	
	
	0.1
	0.33

	parathion-
	
	
	0.028±0.025
	0.017
	0.108

	methyl
	
	
	
	
	

	paraoxon-
	
	3.04±4.0
	9.29±13.1
	1.383±1.285
	3.327±2.33

	methyl
	
	
	
	
	

	parathion
	
	
	0.089±0.154
	0.137±0.177
	0.038

	paraoxon
	
	
	
	
	0.304±0.404

	phorate
	
	
	
	
	

	prometryne
	0.34
	0.413±0.397
	0.14±0.155
	0.077±0:066
	2.54±4.32

	propachlor
	
	0.074±0:061
	0.53
	
	0.081

	propanil
	17.56±24.66
	0.087±0.037
	0.35±0.5
	0.476±0.776
	11.467±18.4

	simazine
	
	
	
	
	

	terbufos
	
	2.573±2.47
	0.627±0.441
	
	0.17

	trifluralin
	0.1
	0.009±0.009
	-
	-
	0.006±0.005


*/. G-30 denote deethylatrazine.

Table 3. Pesticide residues (mean±SD, μg/1) in some surface aquatic systems of the Axios River Basin in 1994.

	Pesticide
	10Β
	14Σ
	15Σ
	16Σ
	17Σ

	alachlor
	0:0611±0.05
3
	0.068±0.062
	0.044
	0.052±0.036
	0.476±0.732

	atrazine
	0.213±0.307
	0.111±0.097
	0.461
	0.238±0.519
	0.177±0.292

	α-BHC
	0.030±0.030
	0.009±0.006
	0.024±0.021
	0.004±0.003
	0.007

	β-BHC
	-
	
	
	
	

	γ-BHC
(lindane)
	0.020±0.018
	0.018±0.011
	0.008±0.006
	0.010±0.006
	0.110±0.096

	δ-BHC
	0.010
	
	
	
	

	carbofuran
	2.52±4.43
	1.625±1.4
	15.04±17.3
	27.51±30.67
	17.7±24.25

	chlorothalonil
	0.005
	2:686±4.6
	-
	0.35±0.212
	-

	chlorpyrifos
ethyl
	0.012±0.006
	
	
	
	

	diazinon
	0.009+0.004
	
	
	
	

	DDD
	
	
	
	
	

	fenitrothion
	0.008±0.010
	0.004±0.002
	-
	0.002±0.002
	0.140±0.196

	fenpropimorph
	0.060±0.056
	0.024
	-
	2.87±3.44
	0.217±0.384

	fluometuron
	
	
	
	
	

	flutriafol
	0.042+0.054
	0.374+0.544
	-
	0.051
	0.72

	G-28*
	
	
	
	
	

	heptachlor
epoxide
	-
	
	
	
	

	malathion
	0.115±0.11
	0.080±0.040
	0.16
	0.057±0.041
	0.027±0.027

	metalaxyl
	-
	0.46
	
	
	0.020

	methidathion
	-
	-
	-
	-
	-

	metolachlor
	0.011±0.013
	-
	-
	-
	0.098±0.059

	mevinphos
	0.049±0:067
	0.031±0.037
	0.017
	0.008±0.009
	0.042±0.064

	molinate
	0.059+0.055
	0.508+0.61
	0.028
	2.16+3.05
	2.58+2.046

	parathion-
	0.034±0.048
	0.019±0.003
	-
	0.004±0.004
	-

	methyl
	
	
	
	
	

	paraoxon-
	0.015±0.021
	-
	5.38
	-
	0.45

	methyl
	
	
	
	
	

	parathion
	0.013±0.01
	0.015±0.016
	0.010
	0.007±0.008
	0.018±0.019

	paraoxon
	-
	-
	-
	-
	-

	phorate
	0.003+0.002
	0.004
	-
	0.010±0.003
	0.086±0.077

	prometryne
	0.102+0.180
	0.299±0.432
	0.047±0.040
	0:027±0.015
	0.381+0.704

	propachlor
	0.013±0.013
	0.019±0.014
	-
	0.015
	- .

	propanil
	0.342±0.380
	0.259±0.108
	0.035
	0.179±0.15
	0.297±0.217

	simazine
	0.549+0.887
	0.378+0.298
	-
	0.032+0.027
	0.349+0.369

	terbufos
	0.15±0.327
	0.026±0.051
	0.054±0.075
	0.016±0.019
	0.036±0.048

	trifluralin
	0.149+0.41
	0.002+0:002
	0.001+0.001
	0.003+0.002
	0.017+0.022


*/. G-28 denote deisopropylatrazine.
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Figura 1, Axios River basin




CLOSING DISCUSSION AND CONCLUDING REMARKS

The last session of the workshop was devoted to discussion among the participants and the members of the organising committee G. Angeletti, U. Brinkman, D. Barcelo, Ρ. van Hout, W.-Η. Mulder and Ε. Papadopoulou​-Mourkidou. All agreed that this meeting was successful and achieved the objectives put forward that is the presentation of the current scientific and technical progress in micropollutant monitoring in aquatic systems in both EU states and non-EU countries. However, all agreed that further research is needed in the following areas:

1. Further studies on the chemical characterisation and environmental behaviour of biodegradation and environmental conversion products and by-products of pesticides in aquatic systems. This need was exemplified by a case study of alachlor presented by Dr. Ε. Benfenati from Mario Negri Institute, Italy.

2. Development of methodologies for the analysis of biotic and abiotic conversion products of pesticides of environmental concern.

3. Investigate the influence of environmental water matrices (humic materials, salts, particulate materials) on the perfοrmance of the different analytical schemes developed so far for the determination of micropollutants in aquatic systems. Ιn particular the influence of these matrices on the stability, recovery during extraction and interference during determination of micropollutants needs further investigation.

4. Development of a universal robust on-line monitoring system for the determination of both soluble and particulate-bound micropollutants present in diverging natural water bodies.

