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Abstract

Groundwater quality monitoring in Slovenia is carried out for 15 years. Groundwater quality used to be assessed on individual sampling site as well as for the aluvial aquifers according to standards for drinking water. In year 2002 new slovene legislation for groundwater, harmonized with EU legislation, came into force determining different approach to groundwater quality assessment. The basis for groundwater quality assessment are groundwater bodies and representative monitoring network enabling determination of chemical status of groundwater body. In the presentation two approaches are compared and discussed.

INTRODUCTION

An important characteristic of relatively small Slovenia is very high variety of ladscape, geology and climate. About 40% of landscape mostly in southern part of Slovenia is karstic with indicative karstic phenomena like caves, collapsed caves, dolines, karstic sinks and springs. In the north-western part there is high mountain region, while in central and eastern part flat regions of broad river valleys with aquifers of intergranular porosity are dominant. In south-western part of Slovenia there is Adriatic coast region. 

In flat river valleys there are numerous sources of pollution mostly due to agriculture, industry, dumping grounds, dense settlements, all affecting the quality of groundwater. 

Shallow aluvial aquifers with intergranular porosity and karstic springs are most important sources of drinking water in Slovenia providing about 90% of population. Karstic aquifers are most complex systems. Hydrogeological explorations of Slovene karstic land were carried out in numerous tracing experiments for more than 50 years but our knowledge about the underground flows and karstic fractured systems is still unsufficient. It will be difficult to identify groundwater bodies on karstic terrene. Aluvial aquifers have some selfcleaning ability, while groundwater of karstic springs is much more vulnerable. Until now it has been succeeded that no special treatment of drinking water from aluvial aquifers is needed. For karstic springs in most cases desinfection is sufficient.

SLOVENE LEGISLATION FOR GROUNDWATER

Until 2002 no slovene legal acts nor EU directive covered the quality of groundwater. Groundwater quality for all individual sampling sites was assessed according standards for drinking water [1]. The new slovene Decree on quality of groundwater [2] determines the rules for the identification of groundwater bodies and groundwater quality assessment. According to the Decree the same assessment rules for groundwater in aluvial aquifers as well as in karstic aquifers are to be respected. Limit values for 23 parameters of chemical status are given. Chemical status of groundwater bodies shall be determined according to statistical procedure proposed by EU experts [3]. Groundwater body is considered to have good chemical status if all parameters of chemical status have lower or equal annual average values (confidence limit CLAM) compared to limit values. Regulation on imission monitoring of groundwater [4] determines groundwater monitoring performance.

GROUNDWATER MONITORING

Groundwater quantity monitoring in Slovenia has been carried out since 1950 while groundwater quality monitoring started 15 years ago and has been running in two parallel programmes, groundwater of aluvial aquifers and springs. 

Monitoring network for 20 aluvial aquifers includes 84 sampling sites, mostly wells and borings, while monitoring of springs covers about 90 springs in Slovenia. Yearly only 15 springs are interchangeably in the monitoring programme. 

Groundwater samples, taken 1 – 2 times a year, are analysed for 90 to 170 different physical, chemical and microbiological parameters. Parameters analysed in groundwater of aluvial aquifers are in the table 1.

Table 1:
Parameters analysed in groundwater of aluvial aquifers

Parameter group
Parameters

Physico-chemical parameters measured at sampling site
Temperature, pH, electroconductivity, dissolved oxygen, oxygen saturation, reductive potencial

Basic chemical parameters
Oxygen, COD, BOD, TOC, nutrients (inorganic N- and P-compounds), ions of alkaline metals, anions,  ..

Pollution group parameters
Surfactants, mineral oils, AOX, cyanides, phenolic index, PCB

Heavy metals
Cu, Zn, Cd, Cr, Ni, Pb and Hg

Pesticides
Triazines, organochlorine pesticides, derivatives of phenoxy acetic acid

Volatile hydrocarbons & aromatics


Identification of organic compounds by GC/MSD

Monitoring programme for springs additionally includes larger scale of basic chemical parameters, pesticides and metals as well as organo-phosphorus compounds, phtalates, PAH, phenols and microbiological parameters. Sediment of springs is analysed for heavy metals, EOX and PCB, non-targeted organic compounds in sediments are identified by GC/MSD.

Main differences between existing and future monitoring scheme will be following:

· Aluvial aquifers and springs will be in the same programme for groundwater quality. 

· Monitoring network will be designed to satisfy the demands of statistical calculations of chemical status for groundwater bodies. The option for groundwater quality assessment on the sampling site will be kept.

· Pollution trends will be determined for the groundwater body as well as for individual sampling site.

· Every six years surveillance programme (higher sampling frequency as well as larger list of parameters) will be carried out, in the meantime operational programme will be running.

· List of basic and indicative parameters according to Regulation [4] will be shorter.

GROUNDWATER QUALITY ASSESSMENT

Groundwater quality used to be assessed according to standards for drinking water [1] on individual sampling site. Annual average values of selected parameters were compared to limit values for drinking water. Long term trends for groundwater in aluvial aquifers were calculated and graphically presented for individual sampling site as well as average values for the whole aquifer while in karstic area only for individual karstic spring. Additionally comparisons among springs were made. 

Limit values of selected parameters for drinking water as well as for groundwater are given in table 2. Limit values for groundwater are the same or even strickter as drinking water standards.

Table 2:
Limit values for drinking water and groundwater

Parameter
Unit
SLO drinking water [1]
SLO groundwater [2]

Ammonium
mg NH4+/l
     0,1
       0,06

Potassium
mg K+/l
/
10

Nitrate
mg NO3-/l
50
25

Individual pesticide
(g/l
     0,1
       0,06 

Atrazine, desethyl-atrazine 
(g/l
     0,1
     0,1

Pesticides
(g/l
     0,5
     0,5

Mineral oils
µg/l
10
10

Tetrachloroethylene and trichloroethylene 
(g/l
10
     4,0

For groundwater in aluvial aquifers annual average values for indicative parameters (nitrates, pesticides and AOX) used to be separately given on maps. On figure 1 results for pesticides in 2000 are indicated.
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Figure 1:
Frontiers of Slovenia with rivers and aluvial aquifers where the average pesticide 

concentration on individual sampling site is depicted according to color codes

From figure 1 it can be realized that enhanced pesticides concentrations are found mostly in aquifers of north eastern part of Slovenia but also on some sampling sites in central Slovenia.

The same results of groundwater monitoring in year 2000 were statistically treated for the whole aquifer according to new slovene legislation. Results for pesticides are shown in figure 2. Aquifers with average annual values (confidence limit CLAM) for pesticides lower or equal to limit values are coloured green, while those where values are higher are coloured red.
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Figure 2:
Frontiers of Slovenia with rivers and aluvial aquifers coloured according to

confidence limits (CLAM) of pesticides for the whole aquifer; average values on individual sampling site exceeding limit values are coloured black 

The statistical treatment for pesticides gives similar result compared to those for individual sampling site (Figure 1). Aquifers most affected by pesticides are in north-eastern part of Slovenia. However this kind of assessment gives an overall average value of selected parameter for the whole aquifer where polluted sites are neglected (figure 2: green aquifers with sampling sites coloured black).

For the determination of chemical status all 23 chemical status parameters have to be  statistically treated and compared to limit values.

Long term trend of selected parameter used to be determined for the individual sampling site as well as for the whole aquifer. In figure 3 long term trends of pesticides for the aquifer of Dravsko polje and for sampling site at Brunsvik are given. Comparison of two graphs shows the expected but significant difference between the values at individual heavily polluted sampling site compared to the whole aquifer. It is reasonable to assume that groundwater quality assessment on individual sampling site should not be omitted.  
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[image: image4.emf]Sampling site Brunšvik: 
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Figure 3:
Longterm trends for pesticides in groundwater of Dravsko polje and at sampling site

 

Brunsvik

CONCLUSIONS

Identification and characterisation of groundwater bodies is most important first step of new approach to groundwater quality assessment. In Slovenia this will be very delicate specially for aquifers with karstic porosity.

Monitoring network will have to be representative for the whole groundwater body as to enable chemical status and long term trends. It is most important that the number of sampling sites on groundwater body will be sufficient for reliable statistical treatment.

In EU it has not been decided about the chemical status parameters yet. Limit values for chemical status  parameters [2] in Slovenia reflect the high slovene goal for good quality of groundwater.

Comparison of two different GW quality assessment approaches shows similarities in the large scale, but differs at local scale. Local pollution should be controlled by assessment on individual sampling sites.
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