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Abstract: Problem statement: The analysis of the relationships among the diffehydrogeological
Units and the assessment of groundwater qualityuem@amental to adopt suitable territorial planning
measures aimed to reduce the potential groundwatkrtion especially in agricultural regions. Irigh
study, the characteristics of groundwater dynaraizs the assessment of its quality in the CuneamPlai
(NW Italy) were examinedApproach: In order to define the geological setting an in&ens
bibliographic analysis has been performed by thbasa. This analysis was implemented by several
correlated land controls and specific surveys ttaate permitted to analyze to certain reliabilitg th
Quaternary evolution of the entire plain sector dhe current relationships among the different
geological bodies that strongly affect the grounwalynamics.Results: The Quaternary alluvial
deposits overlap a Tertiary sedimentary successimough a series of erosional unconformity
surfaces. These Quaternary deposits highlight @&hlar thickness ranging from 80-100 m in the
foothills of the mountains up to a few meters ia thore distal portion of the plain. In these defgosi
there are several unconfined aquifers which arénpdtaulically interconnected due to the deep fuvi
incisions that reach the underlying tertiary sudtstr The Cuneo plain is intensively populated and |
of villages and farms characterize the landscapethke overall area it is present an intensive
agricultural and livestock activity predominantpresented by crops of wheat and corn and farms of
cattle and pigs. All these activities representnpa@ind diffuse groundwater pollution sources and
require a considerable amount of groundwater wigctithdrawn from the Quaternary aquifers by
means of thousands of water wells. The groundwatatity is strongly influenced by the content of
nitrates and manganese. The nitrates are link@@ltation due to agricultural activities and livesk
and increase along the groundwater flow lines. Mla@ganese content is quite high in the foothills of
the mountains and in some restricted areas of e pnd appears to be linked to the natural litho
logical composition of the aquifer€onclusion: Due to high degree of intrinsic aquifers vulneripil
over the entire Cuneo plain sector in order to cedihe actual groundwater pollution and the rigk fo
human health it has to be planned several temit@titable planning actions aimed to limit niteate
effluents and livestock untreated discharges adegndith the European rules.

Key words: Quaternary aquifers, groundwater dynamics, nitgaddution, agricultural activities,
cuneo plain

INTRODUCTION assessment of the groundwater quality are
fundamental to adopt suitable territorial planning
To correctly assess the planning actions to beneasures aimed to reduce the potential groundwater
implemented in order to reduce the groundwatempollution by means of land use restrictions (Astetaf
pollution risk, the hydrogeological setting and theal., 2011; Cheongt al., 2011; Hamilton and Helsel,
groundwater dynamics have to be evaluated at ah995; Lo Russo and Taddia, 2009; Nouri and
early stage of any territorial analysis (Bianchskai  Malmasi, 2005). Moreover, the preliminary
etal., 2011). hydrogeological analysis is essential in the ateas
The accurate analysis of the relationships amon@re strongly impacted by anthropogenic sources such
the different hydrogeological Units and the as the agricultural areas in the developed countrie
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The examined area (1.790 Rnconsists of a large
plain crossed by the Stura di Demonte river ancerov
a vast portion of the Piedmont territory. It faitaighly
between the Langhe and Roero Hills to the east, the
Alps to the south and west and the Turin plainhe t
north (Fig. 1). Within this sector several
geomorphological units are identifiable such as the
main plain, the valleys bottom and the relatedaizgs,
the uplands and the ancient alluvial fans.

The main plain was originated by the deposition
of coarse sediments, with a sandy-silt matrix,
belonging to a series of large coalescing alluvial
fans, originated by the main water courses flowing
from the mountain sector in this wide area. Theewat
courses located in the northern portion of the area
belong to Po river catchment area while the
hydrographical network of the southern portion ffow
into the Tanaro river basin. In the plain sector
belonging to the Tanaro river catchment basin it is
possible to observe a relatively recent rapid
deepening of the main watercourse and its
tributaries, which now flow deeply in the plain.
These phenomenons affect both the Quaternary
alluvial deposits and the underlying Tertiary
- succession.

T : In the Tanaro river basin the valleys bottom el t
related terraces are represented by a narrow rahge
Fig. 1. Location of examined area (1) Main lakey, ( recent alluvial deposits which are segmented in a
Quaternary alluvial deposits; (3) Pliocene various orders of terraces. A series of uplands and
deposits; (4) Oligo-Miocene deposits; (5) ancient alluvial fans mainly located at the foottbé
Alpine basement; (6) Cuneo plain boundary; (7)alpine mountain chain and in some isolated pathef
Main towns; (8) Main rivers plain are also present at a more elevated altiasle
compared to the fundamental level of the plain.

In fact, nitrate, one of the most common pollusant
in groundwater, causes a significant water-quadisue MATERIALSAND METHODS
worldwide, especially in agricultural regions (Blkdland
Denver, 1995; Silvat al., 2000). Nitrate can originate Geological setting-Quaternary units: In order to
from various anthropogenic sources, such as f@tdi define the geological setting an intense bibliogiap
animal manure, domestic waste water and septist@sk analysis of local historical geology investigationas
well as organic nitrogen from soil (Aravesaal., 1993;  been performed by (Conét al., 2000; Vignaet al.,
Fogget al., 1998; Hakimet al., 2009; Minet al., 2002;  2010; Zuppi and Sacchi, 2004). This analysis armd th
Wang and Yang, 2008). Thus, the risk assessment @brrelated land controls and specific surveys have
groundwater by nitrate becomes increasingly importa permitted to reconstruct to certain reliability the
(Phamet al., 2011; Saccet al., 2007). Quaternary evolution of the entire plain sector #mel

In this study, the characteristics of groundwaterpresent relationships among the different geoldgica
dynamics and the assessment of its quality in theeG  bodies which strongly affect the hydrogeological
Plain (NW lItaly) were examined by an analysis & th relationships and the groundwater dynamics.
principal Quaternary hydrogeological Units, their  The Quaternary alluvial plain overlays the Plicgen

geometrical, structural and hydrogeological sediments (Tertiary substrate) and develops in a
relationships and by an extensive groundwater tyuali subsident basin located between the Alpine baseft@nt
survey across the province. the W and S) and the Langhe hills (to the E) (E)g.
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Fig. 2: Example of a contact between the overlaying
Quaternary deposits and the Miocene substrate
Fig. 3: Segmentation of the main plain due to therr

The depositions of the Quaternary floods have been network deepening
heavily influenced by several tectonic factors de
fluvial dynamics. As a matter of fact, during tipisriod The Unit 2 of the main plain outcrops in the left

a series of weak uplifting events have affected theynd the right bank of the Stura river to the casfice
Cuneo southern sector, resulting in the deeperfitigeo  with the Tanaro river. The whole plain correspotuls
entire river network and conditioning important the Tanaro river basin. Due to the deepening oésgv
phenomena such as the Tanaro river diversion. Th@aterways (river Stura, Gesso, Pesio, Ellero, Gpissa
result of this CompleX evolution is a number ofdmnt Mongia and Tanaro) the p|ain was Segmented into
erosion surfaces, which develop at differentseveral different sub-areas. These rivers curremtly
stratigraphic position. They have similar sedimgnta embedded in the Miocene or Pliocene substratefaeve
environments and identify several Units that aeady  tens of meters below the fundamental level of tlaénp
distinguishable basing on the altitude, the patiike (up to 80-90 m in the case of the Stura river) (Big
and degree of alteration of the clasts. The thickness of the main plain deposits (Unit 2)
ranges from 40-100 m near the main Alpine valleys,
RESULTS to 7-8 m in more distal areas of the plain, likesh
facing the Langhe and Roero hills. This Unit cotssaf
coarse gravels with cobbles up to 20-30 cm in dtame
with a patina of alteration, surrounded by a sasitty-
« Unit 1 of bottom valley deposits and related Matrix. The overlaying soil is constituted by brown
terraces sandy-silty clay about 1 meter thick. In the area
«  Unit 2 of the main plain between the Stura and Maira rivers several thick
«  Unit 3 of ancient terraces cemented horizons are present while, on the narther
border with the Turin plain, the gravels are codeby
The Unit 1 of bottom valley deposits and relateda 10-15m thick clay-loam horizon related to laduostr
terraces outcrops mainly along the slopes of thersi  environment. The Unit belongs to the sandy-gravel
flowing in the catchment area of the Tanaro rivasib.  deposits (Fluvial and Fluvioglacial Riss, Fluvialivih
This Unit is the result of a series of progressiveand Recent Floods). It is not possible to distisguhe
deepening of the river network phenomena andpldest sediments (Fluvial Riss) from the most récen
subsequent deposition of a small layer of sediment§-luvial Wirm). Through an important erosional
connected to the diversion of the Tanaro river whic surface the Unit 2 overlays the deposits belonging
occurred after the formation of the main Cuneorplai the Pliocene succession and the Oligo-Miocene
The lithology consists of coarse unaltered grawétlh ~ succession to the eastern part.
scarce sandy matrix and a silty-sandy soil, veity G0 The Unit 3 outcrop at high terraces isolated an th
cm) that is present on the terraces and in arettsefa plain, along the alpine relief and at the main Poir
away from the river beds. In many portion of the plateau (near the Roero hills). It represents tdevel
examined areas the Tanaro river and its tributdliss  Of the alluvial deposits of the Middle-Upper Pleistne
directly on the Pliocene and Miocene Units and the(?) which was deposited on the area located
thickness of alluvial deposits is negligible or eiis between the Alpine basement and the Langhe hi
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Fig. 4: Hydrogeological sketch map of the invedegaarea (1) Unit of bottom valley deposits andtesd terraces;
(2) Unit of the main plain; (3) Unit of ancient taces; (4) Tertiary sediments; (5) Groundwater flow
direction; (6) Potentiometric surface contour limesl their elevation a.s.l.-equidistance 10 m;3pjings;
(8) Main rivers)

Its thickness is rather small, usually less thanni.0 DISCUSSION

These sediments were then affected by a series of . ) .
erosional events probably related to the finalesagf ~ HYdrogeological setting and groundwater dynamics:

the uplifting of the whole southern area and partly'n the Cuneo plain, several unconfined aquifersewer
erased. The Unit 3 mainly consists of very identified. They are hosted into different
heterogeneous gravels with abundant silty-clay imatr hydrpgeolog|cal Units and S(_eparated by extensivk an
The pebbles reach a significant size to more tham 1 continuous outcrops of the Miocene - Pliocene sabest

S i . sediments located along the river's deep cuts.
in diameter in the areas near the basement whdreas, : .

. . . . ; The substrate is characterized by a very low level
the more distal portion, the particle size is

significantly reduced. The soil is characterized &y 22r?§i;inc1)(ra1§btltlwléyriggnddei];gatfoﬁ g?l}]gfgﬁihnagsvt;ii@ns\;l
thick alteration layer (about 2 m) of reddish-perpl o the aquifers hosted into the overlaying Quaigyn
silty clay (named Ferretto), followed by gravelsieth  zjjyvial deposits. The limits among the different
are intensely altered to several meters in dep#thE hydrogeological Units are detectable along the main
terrace is joined with the main valley through gt@@  embankments of the rivers that cross the Cunea piai
gentle slopes with topographic difference in heightthe right respect the Stura river.

between 5 and 30 m. This unit overlies the Pliocene Each Unit belonging to the Quaternary
Units and, marginally, the Miocene deposits. Thehydrogeological Series usually hosts unconfined
lower contact is marked by an evident erosionalaquifers, distinguished by geometry and topographic
surface (Fig. 4). elevation which are characterized by a specifibaege-
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discharge mechanism and a dominant hydrogeochemicdirections are strictly determined by the geomefrthe
facies. The bottom of the different aquifer systemsunderlying Tertiary substrate and by the river auten
corresponds to the discontinuity surfaces thatregpthe  they intercept the substrate. The Piedmont regional
Quaternary Units from the Pliocene, Miocene Unitd a monitoring network (piezometers, meteo-climatic
from the Alpine basement depending from thenetwork and flow levels on the main rivers) allotes
geographical and stratigraphical position. reconstruct the correlation between the rechardettaa
Basing on the collected geological data and theiunderground flow.
interpretation several hydrogeological Units gralipe In the plain area where the unconfined groundwater
into two main hydrogeological series, namely Basalpotentiometric surface is very close to the topphgi@a
Series and Quaternary Series, have been recognized. surface there are numerous springs and drainage
The Basal Series consists of siliciclastic depgasit trenches (over 100 are recorded). In these area=® s
the Tertiary Piedmont Basin (Oligocene-Pliocene) isthe XII century several major drainage works hagerb
not described in this work. On the contrary, thecarried out in order to drain extensive parts ef phain
Quaternary Series is characterized by three maiwhere the wetlands were present. These drained
hydrogeological Units. groundwater combined with several wells, are
The Unit 1 of bottom valley deposits and relatedabundantly used for irrigation. On the contrary the
terraces has a very high permeability, but dueht t drinking water wells exploiting those aquifers hawee

very low thickness, hosts very limited aquifers. treat the groundwater due to the bad water quédity
The main Alluvial Unit (Unit 2) generally the human consumption.
highlights an overall high hydraulic permeabilitiyn The ancient Alluvial Gravel Unit 3 corresponds to

some limited areas it is observed a decrease ithe ancient alluvial fans and the ancient terraes is
permeability where the sediments are cemented eor thcharacterized by a medium level of hydraulic
silty matrix is abundant. The Unit hosts severalifmgs  permeability related to the presence of very coarse
which are usually unconfined and recharged by theravels with pebbles mixed with an abundant silty
rainfall and the important losses of the main strea matrix. In the areas where these sediments overlay
downflowing from the alpine valleys. In the dry seas lithotypes slightly permeable or impermeable (Rdioe
(winter and summer) several watercourses (Torrentand Miocene clays) a thin unconfined aquifer isaligu
Gesso, Torrente Grana, Po River) become totally drpresent. It is generally characterized by a rafleak
near their entrance into the plain due to the flosses lines drainage pattern directed to the edges of the
and only after several kilometres downstream, it igerraces. Elsewhere, where the Pleistocene gravels
possible to observe the presence of surface flosvtdu overlay sediments which are characterized by
alimentation coming from the groundwater. comparable hydraulic permeability values (Pliocene

The plain is subdivided into two main areassands and gravels), no aquifer is present. Beaziibe
separated by the course of the Stura river whosearticular morphology of the terraces each
deepening intersect the underlying Pliocene su@mmess morphological unit hosted an isolated aquifer whigh
and separate the Unit. On the left of the Sturarrthe  recharged uniquely by rainfall or irrigation water.

overall aquifer is continue while on the Stura rivight These unconfined aquifers have a very low
the aquifers are hydraulically separated due to th@roductivity due to two main factors: a very small
deeper cuts of different tributaries streams. recharge and a low permeability of the depositee Th

_ The main Alluvial Unit hosts the major _aquifers recharge is supplied solely by rainfall becauseegaly
which are exploited by thousands of wells for iaign, = here “are no irrigation channels. Moreover the

i?]dus”y and ht#m;m clor_]sum;?]tign TEe werl]ls (ériIIBrc]i | precipitation fall on a clay-loam thick impermealstil
the proximity of the alpine chain, where the defu nd a certain amount of runoff develops to the éoad

groundwater exceed S50 m, showed no speci he terraces without any infiltration. Therefordyofew

relationships with precipitation and a seasonaluahn . y o Yo

variation over 4-5 m. In the central plain the detu wells for agricultural purposes exploit such resesr
' grobably due to groundwater scarceness for irogati

groundwater strongly reduces and it is detectable . )
close relationships between the variation of theand human consumption only few small villages are

groundwater levels and the precipitation. In thaseas historically present on this area.

the annual oscillations of the piezometric surfase
smaller than 2m. Geochemistry and groundwater quality: The

The potentiometric surface (Fig. 4) has beengroundwater geochemical characterization has been
defined by means of over 1700 measurements in wellsarried out through 205 chemical analysis of water
piezometers and streams. The groundwater flowsampled in the entire area under consideration @jig
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Fig. 5: Groundwater monitoring network (1) Unit lodttom valley deposits and related terraces; (2} binthe
main plain; (3) Unit of ancient terraces; (4) Taryi sediments; (5) Monitoring wells

Groundwater are essentially a chemistry type  The monitoring points with concentrations of
HCO™> SQ*> CF - C&™> Mg™ > (Nd + K). Rarely nitrate significantly anomalous (>100 mg?), can be
it iszgossib+le to fjnd cpemistrytype HE®SQ?>Cl - considered as not representative and connected to
Mg*> C&™> (Na' + K"). specific pollution phenomena. These situations are

The quality of groundwater is strongly influenced yeq)ly rare (7 out of 205 points analyzed) and tedan
by the nitrate presence with concentrations ranging .o,s where the aquifer is very thin. In general,

1 . .
from 2'.2'152'9 mg L. In g_eneral, it s obse_rved_ an however, it is really evident a serious harm foe th
increasing trend for the nitrates concentrationthia : . : : .
groundwater quality circulating in the examined

direction of groundwater flow lines. This phenomeno . o : .
is probably due to an insufficient dilution capscdf aquifers. _Almost 48% of the area under c_onS|demat|0
has a nitrate content exceeding 30 mg. LThat

the aquifer or to an exceeding load of nitrogen ) . )
percentage increases dramatically to 73% if we

pollutants respect for this capacity. X : _
The nitrate level is below 10 mg Lonly in the consider the nitrate levels greater than 25 g L

alimentation zones where the aquifers are suppied The manganese content is quite high in the
the mountain torrents. Along the mountain footheltsl foothills of the mountains and in some restricteelaa
near the areas where the rivers losses supply tHf the plain and appears to be linked to the nétithe
aquifer, the nitrate levels range from 10+20 mg. L logical composition of the aquifers. The conceimbra
Similar values are found also in the areas fachgy t Of manganese measured in some wells exceed the
Langhe and Roero hills where the aquifer has a vergnaximum admissible concentration for drinking water
limited thickness and the wells intercept also epgg  according to the Italian legislation (D. Lgs. 31/00.05
aquifer. In most of the plain the nitrate valudégween mg L") and contribute to worsen the overall
20-60 mg L' indicating a strong anthropogenic impact. groundwater quality.
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CONCLUSION groundwater pollution level and the risk for human
health it has to be planned several territoriatadlée

The hydrogeological study of the Cuneo plain wasplanning actions aimed to limit nitrates effluerstsd
performed through the acquisition and the procgssfn livestock untreated discharges according with the
a series of interconnected data that permit tondetthe  European rules (WFD, 2000).
hydrogeological setting and to assess the basic
groundwater resources quality. Based on the
reconstruction of the stratigraphic and hydrogeicialg
characteristics of the different bodies it has been
recognized a Quaternary Series consisting of thre
hydrogeological Units.

The main plain unconfined aquifers represent th
main water resource for the most common uses
(irrigation and industry) and highlight a strong
anthropogenic impact. On the contrary the aquifers
hosted in the Unit 3 of ancient terraces and inthig 1~ Aravena, R., M.L. Evans and J.A. Cherry, 1993. ltab
of bottom valley deposits and related terracesnate isotopes of oxygen and nitrogen in source
very productive because of their thinness and the identification of nitrate from septic systems.
limited recharge. Ground Water, 31: 180-186. DOI: 10.1111/j.1745-

The Quaternary evolution highlighted a series of ~ 6584.1993.tb01809.x
water courses deepening events followed byAshraf, S., H. Afshari and A.G. Ebadi, 2011.
depositional phases that have generated sevetalctlis Geographical information system techniques for
hydrogeological areas. In particular, the Sturaeriv evaluation of groundwater quality. Am. J. Agric.
divides the Cuneo plain into two main areas throagh Biol. Sci., 6: 261-266. 2011. DOI:
deep cut of over 80m that intersect, for sevenas taf 10.3844/ajabssp.2011.261.266
meters, even the Pliocene substrate. Bianchi-Fasani, G., C. Esposito, M. Petitta, G.

The unconfined potentiometric surface highlights  Scarascia-Mugnozza and M. Barbietial., 2011.
the important contribution of aquifer recharge frtm The importance of geological models in

losses of the main streams in the foothill areath wi understanding and predicting the life span of

periods of complete drying up of the rivers. In thain rockslide dams: The Case of Scanno Lake. Nat.
area several water courses are directly suppliethéy Art. Rockslide Dams Lect. Notes Earth 323 Sci.
aquifer and it is possible to detect many springsied 133. DOI: 10.1007/978-3-642-04764-0 11 ’
on the permeability boundary between the underlyingzopike, J.K. and J.M. Denver, 1995. Combined Use of
Tertiary substrate and the Quaternary alluvial dépo Groundwater Dating, Chemical, and Isotopic
The main groundwater flow is heavily influencedtbg Analyses to Resolve the History and Fate of Nitrate
geometry of the substrate and is directed mainly Contamination in Two Agricultural Watersheds
towards NE: In the northern portion of the plaihe t Atlantic Coastal Plain, MarylandWater Resou. ’

ﬂOWT"L‘eS tr:”” to ’l\‘NtWt d"e‘]ﬁt‘fﬁ to the F(’jo Rt“’er- Res., 31: 2319-233MO0!: 10.1029/95WR01584
€ chemicar status of Ihe groundwater resource hen, J.J., Y.J. Chen, L.K. Teuschler, G. Rice End

has been defined through a campaign of sampling an Hamerniket al., 2003. Cumulative risk assessment

related laboratory tests that involved more tha® 20 f titati data. Envi rics. 14:
water points belonging to the various aquifers. The or quantitative response data. Environmetrics, 14.
339-353. DOI: 10.1002/env.587

quality is compromised by the presence of nitrétes
can reasonably be attributed to the flourishingoagr Cheong, J.Y., S.Y. Hamm, J.H. Lee, K.S. Lee and.N.C
livestock activities typical of the area. Severigl farms Woo, 2011. Groundwater nitrate contamination and
contribute to worse the pollution situation. Thepant risk assessment in an agricultural area, South
on the groundwater qua“ty due to nitrogen Compsund Korea. Environ. Earth Sci. DOI: 10.1007/s12665-
can be configured as a real injury. In fact, if we  011-1320-5

consider the other chemical parameters the groutedwa Conti, A., E. Sacchi, M. Chiarle, G. Martinelli and
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