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Introduction  

This good practice, is meant to describe the role of different pollutants from agricultural sources in the Friuli 

Venezia Giulia Region. This activity takes into consideration two different issues: evaluation of soils 

vulnerability to nitrates and the use of isotopes as an example of innovative tool to discriminate different 

sources of nitrates and investigate nitrate dynamics. 

Background  

The most relevant impact of agriculture on regional water bodies is probably related to the nitrogen from 

organic and mineral fertilizers. Nitrates Directive (91/676/EEC) and Water Framework Directive (2000/60/CE), 

provide a comprehensive frame of interventions where nitrates reduction is part of a wider approach aimed at 

preserving water quality. Pursuing to the implementation of the Nitrates Directive no. 91/676/EEC, a number 

of studies on aquifers vulnerability have been carried out in Italy and in Friuli Venezia Giulia in order to identify 

the most sensitive areas and eventually designate the necessary Nitrates Vulnerable Zones. 

The national Law (D.Lgs. no. 152/2006) considers the following issues when it comes to define vulnerable 

zones: livestock manure and fertilisers loads, aquifer intrinsic vulnerability, soil attenuation capacity, climatic 

and hydrological conditions; cultivation management and agricultural practices. 
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1. Vulnerability maps  

In 1998 ERSA proposed a regional working group in charge  to define the vulnerable zones, and outline a 

regional code of good agricultural practices. ERSA drawn the soil attenuation capacity maps for the regional 

plains at an identification scale (1:250.000). In the following years further soil surveys provided new data which 

, on one hand, were used to draw updated soil maps and, on the other, to obtain more detailed soil 

attenuation capacity maps. 

All soil data collected are stored in a geographical information system format (GIS) and used together with 

morphological information to draw the soil attenuation maps. Considering previous experiences and other 

approaches adopted in different Italian regions, a quite simple parametric system has been proposed, selecting 

five parameters that are supposed as the main candidates in affecting the quality of water flowing through the 

soil: 

ü available water capacity (AWC); 

ü cation exchange capacity (CEC); 

ü soil depth; 

ü permeability; 

ü physiography. 

Each selected parameter was given a score using a range of values and stated types so as to get five classes of 

attenuation capacity: very high; high; medium; low; very low. For each Soil Typological Subunit (STU) a rating 

was computed as a sum of soil qualities mentioned above. For each Cartographic Unit final global assessment is 

obtained as a weighted sum of different STU’s falling in Cartographic Unit. 

These information are also available on ERSA web site (http://www.ersa.fvg.it). 

ERSA, in cooperation with other regional government departments and Universities also carried out a more 

complex vulnerability assessment  on the basis of the SINTACS methodology, recommended as reference 

method by the Italian national legislation. SINTACS is an acronym which comprises  7 different parameters 

affecting vulnerability; the acronym refers to Italian words for: 

ü Soggiacenza (S): depth to groundwater 

ü Infiltrazione efficace (I): actual infiltration rate (mm/y), affecting pollutant transport underground; it is 

computed using precipitation and evapotranspiration data. 

ü potere autodepurante del mezzo Non saturo (N): potential autodepuration in in vadose zone 

ü Tipologia della copertura superficiale (T): soil type 

ü ƭƛǘƻƭƻƎƛŀ ŘŜƭƭΩ!ŎǉǳƛŦŜǊƻ όA): aquifer lithology  

ü Conducibilità idraulica delle rocce (C): rock hydraulic conductivity 

ü acclività della Superficie (S): surface slope  

 

 

 

http://www.ersa.fvg.it/
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Fig. 1: Soil attenuation capacity maps: Gorizia and Trieste provinces (on the left) and Pordenone plain (on the 

right). 

Data should be georeferred to the same coordinates system to make possible the drawing of different layers 

and other GIS elaborations. Each parameter is given a score; each parameter has been assigned a different 

weight in the overall calculation and an intrinsic vulnerability is computed; to get an integrated vulnerability a 

specific knowledge of environmental pressures of Regional environment is needed. For the assessment of the 

activity related  to the Nitrates directive, the nitrogen loads in agriculture were also calculated ( either from 

synthetic fertilizers and from livestock manure). 

The overlay of the information concerned with the intrinsic vulnerability and with the nitrogen loads provided 

an evaluation of integrate vulnerability (in Fig.2 an example for Marano and Grado lagoon basin). 

The methodology is very similar to the DRASTIC method (used in some countries, e.g. in USA and some 

European countries) but SINTACS is more specifically tailored to the Italian territory and its hydrogeology. 
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Fig.2: SINTACS method on Marano and Grado lagoon basin. 
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Advantages and limitations  

A reason for using these indexi based methods (vulnerability maps based both on soil characteristics and 

SINTACS) is that they are easy to be implemented, quite few expensive, also because they use data that are 

usually available, and easy to update if new survey or new study activity are conducted.  

In this way an assessment of vulnerability over large areas can be obtained in a short time, they need quite 

simple GIS technology, which nowadays are available in most administration sites, and they show to be very 

useful when a technical support is asked to provide information in a very short time. Once data are collected, 

georeferred and stored, it is possible to implement further elaborations (e.g. using different weights for 

parameters) or to explore possible future scenarios. 

Indexing methods are frequently used at medium-low scale (1:100.000 – 1:25.000) depending on quality and 

detail of available data.  

The information provided by these maps should be compared with the measured groundwater quality data in 

order to calibrate the methodology results and sensitivity, moreover users should be aware that when it comes 

to figure out specific pollutants different parameter sets or weights should be used. 

Results 

On the basis of the knowledge gained through the soil attenuation 

capacity and the SINTACS methodology, the boundaries of two 

different NVZs were identified: 

ü the territory of Montereale Valcellina municipality, in 2003 

(ca. 6,800 ha), due to a high concentration of nitrates in 

deep water; 

ü the Marano and Grado Lagoon basin, in 2008 (ca. 175,000 

ha), due to a eutrophic condition of the lagoon. 

 

F
Fig.3: Nitrate Vulnerable Zones 
in Friuli Venezia Giulia. 

2. Discrimination of nitrogen sources in Marano lagoon catchment 

basin 

A more recent activity (project FONIMAR), aimed to identify and characterize the main anthropogenic nitrates 

sources affecting the Marano lagoon and its catchment area, was carried out in 2009-2010 with the scientific 
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cooperation and supervision  of the Joanneum Research Institute  with studies focusing on the Marano lagoon 

catchment basin (designated as NVZ since 2008).  

In this study, the intra-lagoonal water circulation dynamics and biological mechanisms were investigated using 

a combined approach of hydrochemical, isotopic and remote sensing techniques. In order to increase the 

knowledge on nitrogen origin, some sample points were chosen along main low plain rivers downstream of the 

so called “spring belt”. 

Since the presence of nitrates in the lagoon is the result  of different processes and originates from various 

sources, it was  first necessary to identify their provenience and origin and afterwards to discriminate between 

the nitrates arising from agricultural activities and those from other anthropogenic activities. 

Methodology  

This new study relies, beside the traditional hydrochemical analyses (main ions and nutrients) on some 

isotopic analyses and isotope enrichment determination (δ‰), in detail: the stable isotopes a n d  

e n r i c h m e n t  of the water molecule (δ
2

H and δ
18

O), the stable isotopes a n d  e n r i c h m e n t  of the 

nitrate molecule (
15

N, 
18

O and 
17

O), the isotopic signature of boron (
11

B), the stable isotopes of the 

sulphate molecule (
34

S and 
18

O) and the tritium/helium (
3

H/
3

He) isotopic method. 

In order to characterize the chemical composition of the different water types the concentration of nitrate, 

nitrite, ammonium, chloride, bromide, calcium, magnesium, potassium, sodium, sulphate, total silicon, 

orthophosphate, as well as the total phosphate and total boron have been analysed. Moreover the 

physicochemical parameters such as pH, electrical conductivity, dissolved oxygen, salinity, and temperature 

have been also measured. 

A combined analysis of different stable isotopes has been used to discriminate between different sources and 

to explain water dynamics: 

ü the stable isotopes of the water molecule have been used as tracers to calculate mixing ratios between 

sea and fresh water and to determine the mean altitude of the recharge area of surface water; 

ü the analysis of the stable isotopes in the nitrate molecule has been used to differentiate between nitrate 

coming from agriculture (synthetic and natural fertilizer), airborne nitrate and nitrate from nitrification 

processes in soils; 

ü boron isotopes and isotope signatures have been used to identify the impact of domestic waste water to 

the aquatic system and to discriminates nitrate arising from livestock manure or sewage pipes, being the 

boron a co-migrant of nitrates from these two sources; 

ü the stable isotopes of the sulphate molecule has been adopted to determine on one side the origin of 

sulphate and to the other to separate terrestrial and marine sulphate sources. 

Finally, the tritium/helium isotopic method has been used for groundwater dating (samples were collected few 

km above of spring belt) so as to give information of how long it takes to the water to come outside after 

infiltration in the deep soil. This latter should be an important data for the NVZ action programmes: in fact this 

technique enables the assessment of resident-time of the water and of its solutes inn the groundwater and 
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then provides a direct information on the possibility to evaluate whether the effects of the measures taken 

with the implementation of the Nitrate Directives can be appreciated in a reasonable time frame. 

Along with the classical lab analyses and the innovative isotopes studies , the monitoring programme has also 

included remote sensing techniques. To achieve the multi-temporal analysis on the spatial distribution of most 

superficial algal flora, surface temperature of the Lagoon and part of its catchment area as well as the key 

environmental and morphological changes of the Marano lagoon occurred from the begging of the 1970s 

remotely sensed data from the satellites Landsat 1- MSS, Landsat 5-TM, Landsat 7-ETM+ as well as actual 

orthophotos have been processed and interpreted. 

 
Fig.4: Sample points in FONIMAR project. 
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Advantages and limitations  

The results of the hydrochemical analyses have shown that the spatial distribution of nitrate in the different 

lagoon sectors is very heterogeneous. To explain this phenomenon it should be recalled that the water 

circulation in the lagoon is very complex and influenced by many factors. 

The combination of traditional hydrochemical analysis, isotopic analyses and remote sensing can be used to 

provide a wider picture of the biological and physical behaviour of the system under study and can explain 

some situation that with other approach could not be possible. 

Main sources of nitrates are quite clearly shown in some sample points, whereas complex circulation 

phenomena makes it difficult to state clearly the main source in some other points. 

The study results suggest the most relevant and interesting areas where to conduct and carry out deeper 

investigations (e. g. the spring belt and the water table which supplies  it). 

In the frame of the project, due to the limited project budget resources, it was not possible to collect water 

samples on monthly interval basis, therefore the accuracy degree as well as the limitations that the results 

based on six sampling campaigns only have on the interpretations and analyses of the data has to be taken into 

account. The limitation in the project budget are due mainly to the costs of isotope analyses. 

The study gives some information that should be confirmed with other activities and some open question 

remain particularly on fractionation of the isotopes; the soil biomass (the organic matter but especially the soil 

microbial population) contributes to the mixing of isotopes having different enrichment and then the original 

isotope signature can be diluted and attenuated making difficult to discriminate nitrate from different sources, 

the larger the area investigated the higher the number of nitrates having different isotope signature then the 

higher the occurrence of fractionation of the isotopes and of this dilution effect. The study was focussed mainly 

on the dynamics of the lagoon therefore it is not possible to draw the same conclusions for the ground waters 

and the nitrate dynamics in the water tables of the plain and upper plain areas of the region. 


