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contribution of 15N
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Since the years 70s, water needs for urban, agricultural and industrial purposes of the most
developed regions of Italy are supplied by the deep aquifers of the Po valley. The hydrodynamic
system of the Italian largest plain can be summarised as follows:

1) A phreatic, locally confined, aquifer, formed by historical and Holocene alluvial deposits,
generally gravels and sands, showing a hydraulic conductivity of 10'3 - 10'5. Its thickness varies
between 70 m (at the Alps and Apennines piedmont) to 10 m at the centre of the plain and at the
Adriatic coast [1].

2) A Pleistocene sandy and generally confined aquifer, alternated to clayey aquicludes, often
interconnected or faulted by a quaternary tectonics. The K of the aquifers is 10'5 - 10'6, and their
total thickness is ranging between 50 m at the west end of the plain (where they outcrop), and
1000 m at the centre of the plain (Mantova) or at the Northern Adriatic sea. The aquicludes, with
similar thickness, have a hydraulic conductivity always lower than 10"8; moreover they are
characterised by the presence of peat and other organic matter, determining the redox of confined
groundwater [2,3].

3) A sand aquifer of Pliocene age ("Astian" formation), phreatic at the mountains' feet, very deep
and thus confined at the centre of the plain with a K of about 10"6.

4) An aquiclude formed by blue clays of the "Piacentian" formation, with a very low hydraulic
conductivity. The latter formation is characterised by the presence of brines with EC sometimes
higher than 1000 mS/cm. Clays and brines constitute the basement of the porous media systems
in the Po valley [3,4].

Groundwater moves toward the Po river flowing eastward to the Adriatic Sea, with a hydraulic
gradient varying from 10~3 to 10'5.
The classical calcium bicarbonate facies in the recharge areas of groundwater turns to sodium
bicarbonate as a function of the aquifer confinement; at the same time pH turns to basic (8.5).
Confined and deep groundwater is characterised by a high chloride content [5].
Stable isotopes of the water molecule reflect, in the shallower aquifers, the isotopic composition
of the surface waters participating to the recharge. Stable isotopes indicating the portion of
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aquifers influenced by the rivers describe the evolution of surface water network. 2H and 18O
from deep groundwaters indicate the change in the past climates on the Po valley, and thus the
change of the recharge conditions in agreement with water ages. For instance, the water of the
Eridano basin (palaeo name of holocenic Po) aged of about 10 Ka, is depleted in I8O of about
2%o, with respect to present day groundwater. This water can be found in the Pleistocene
aquifers, as well as in the Pliocene, depending on the geological patterns. Fresh, but older water,
aged more than 40 Ka, displays an 18O content depleted of about 2.5 %o.
Such a stable system has nevertheless been perturbed by an important overexploitation of the
deep aquifers, in the quest of groundwater with better qualities. In fact, the high level of
anthropic pollution limits the exploitation of surface water or of shallow groundwater. The
perturbation is normally observed up to 400 m depth.
It is found that groundwater both from shallow aquifers and from very deep ones, displays a high
content of dissolved nitrogen both as ammonia and nitrates. Similarly, heavy metals are present
in shallow as well as in deep aquifers. In this case, the presence of such elements is due to the
movement induced by the high pumping ratios in the deep and basically stagnant groundwater. In
other words, the mobilised water takes out classical constituents of an anoxic environment.
The organic matter [2,7] evolves during burial, producing at different depths depleted CH4,
which escapes, and enriched CO2. The latter, dissolved in water, forms authigenic carbonates
isotopically very enriched (I3C sometimes as high as +4%o). This phenomenon introduces a
problem for the correction of 14C ages of groundwaters. It appears that the Po valley
groundwaters very often display a holocenic age, which in fact is the age of the decomposing
organic matter.
I5N in dissolved species of Nitrogen (Ammonia and Nitrates) allows to follow and understand the
geochemical processes and the hydrological evolution, both in shallow and deep groundwaters.
These stable isotopes allow, also, to separate the natural contributions from the anthropic
"supplies" to groundwater, and thus to introduce the concept of natural versus induced pollution.
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