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1. Introduction

Nitrate contamination in groun-
dwater, produced by the over-ap-
plication of mineral and organic 
nitrogen fertilizers in agriculture 
or by anthropogenic sources as 
animal manures, industrial wa-
stewater and leaks from sewa-
ge systems, is an important and 
growing risk to water quality in 

major groundwater bodies (here and 
after GWBs) around the world (Bu-
row et al., 2010; Capri et al., 2009; 
Kammoun et al., 2018; Nemčić-
Jurec et al., 2007; US EPA, 2000).

Recently, stable isotopes of oxy-
gen and nitrogen have been used 
as valuable tools to determine na-
tural and anthropogenic sources 
of nitrates (Aravena et al., 1993; 
Kendall, 1998; D’Antonio et al., 

2009; Xue et al., 2012; Heaton et 
al., 2012; Stellato et al., 2016; Cos-
su et al., 2018). In general, isoto-
pic composition of nitrogen can 
vary between –20 and +30 ‰; in 
particular: i) δ15N values around 
zero ‰ (-5; +5) are characteristic 
of synthetic fertilizers; ii) δ15N 
values between +3 and +25 ‰ are 
characteristic of animal dejection, 
since biometabolic processes and 
volatilization of urea and am-
monia cause the enrichment of 
15N into the residue; iii) nitrogen 
compounds in precipitation do 
not generate an increase in nitrate 
concentration in agricultural soils 
and generally show very high va-
riations in isotopic composition. 
As a consequence, nitrates deri-
ved from fertilizers can be distin-
guished from those coming from 
animal dejection or sewage (Ken-
dall, 1998).

The δ18O of nitrate originating 
from nitrification can vary from 
–10 to +10 ‰, while the δ18O in-
terval of nitric fertilizers is very 
narrow around +23.5 ‰ and fi-
nally the δ18O of nitrate in preci-
pitation spans over a wide range 
from +30 to about +80 ‰ (Xue et 
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This paper concerns the evolution of the quality of the groundwater bodies over space and 
time, with special focus on nitrate. This case study deals with the qualitative status in allu-
vial-pyroclastic groundwater bodies located near Naples (southern Italy). The study is based on 
a significant hydrochemical database, gathered through: (i) groundwater sampling and water 
level monitoring, (ii) chemical analyses (Mg, Ca, K, Na, Cl, HCO3, SO4, NH4, F, Li, Br, metals) 
and (iii) isotopic analyses (δ15N and δ18O in NO3, δ18O and δD in water). Such data, proces-
sed using maps and graphical elaborations, has been very useful for identifying groundwater 
nitrate contamination. Finally, the application of isotope techniques has been important for 
understanding and following the trend of possible attenuation processes of nitrate content in 
groundwater.
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Analisi idrochimiche e isotopiche per la definizione della contaminazione da 
nitrati nelle acque sotterranee. L’acquifero alluvionale-piroclastico della Piana 
Campana (Italia meridionale). Questo lavoro è incentrato sull’evoluzione della qualità 
delle acque sotterranee dei corpi idrici sotterranei nello spazio e nel tempo, con particolare 
attenzione ai nitrati. Il caso di studio si occupa dello stato qualitativo dei corpi idrici sotterranei, 
di tipo alluvionale-piroclastico, presenti nei dintorni di Napoli (Italia meridionale). Lo studio si 
basa su un database idrochimico significativo, ottenuto attraverso: un campionamento delle 
acque sotterranee e il monitoraggio del livello piezometrico (i), nonché analisi chimiche (Mg, 
Ca, K, Na, Cl, HCO3, SO4, NH4, F, Li, Br, metalli) (ii) ed isotopiche (δ15N e δ18O in NO3, δ18O e 
δD in acqua) (iii). Tali dati, elaborati mediante mappe e grafici, hanno consentito di definire la 
contaminazione da nitrati nelle acque sotterranee. Infine, l’applicazione di tecniche isotopiche 
ha consentito di comprendere e seguire l’evoluzione dei processi di attenuazione dei nitrati 
nelle acque sotterranee.
Parole chiave: contaminazione delle falde da nitrati, analisi isotopiche, protezione delle falde.

Hydrochemical and 
isotopic analyses to identify 
groundwater nitrate 
contamination.  
The alluvial-pyroclastic 
aquifer of the Campanian 
plain (southern Italy)
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al., 2012). Hence, the coupled use 
of δ15N and δ18O of nitrate allows 
to characterize nitrate sources in 
groundwater as well as to iden-
tify the occurrence of microbes 
mediated reactions such as deni-
trification, which is an important 
process able to reduce nitrate 
concentration in groundwater 
(Bottcher et al., 1990; Sanders 
and Trimmer, 2006; Widory et al., 
2011).

In 2017, 23% of the Campania 
region (3,160 Km2) was classified 

as nitrate vulnerable zone (NVZ), 
according to the EU’s Nitrate Di-
rective (91/676/CEE); two coastal 
GWBs of the Campanian plain 
the “Volturno-Regi Lagni” plain 
(P-VLTR) and the “Eastern plain 
of Naples” (P-NAP) are entirely 
classified as NVZ (fig. 1).

In these areas, the agricultural 
activities are very intensive and 
create a strong impact on groun-
dwater. In particular, in the Vol-
turno plain the land use shows a 
strong agricultural development, 

with a high percentage (81%) of 
cultivated fields (grain cereals and 
grass cultivations), mostly in asso-
ciation to the numerous livestock 
activities, predominantly compo-
sed of buffalo farming companies. 
Nevertheless, the urbanized en-
vironment represents a relevant 
percentage of the area (7.4%) and 
extends mainly along the coast 
(Aucelli et al., 2016). Moreover, 
the studied areas can be identified 
as peri-urban areas, where, around 
a big city (Naples), industrial sett-

Fig. 1. Location of the study area in Italy (upper right corner). Hydrogeological map of the “Volturno-Regi Lagni” plain (P-VLTR) and “Eastern 
plain of Naples” (P-NAP) groundwater bodies: 1) Calcareous debris deposits. Medium-high permeability; 2) Alluvial, lacustrine and marine 
clayey – silty deposits (2a: sand deposits; 2b: of marine origin). Low-medium permeability; 3) Pyroclastic deposits. Medium-low perme-
ability; 4) Campanian Ignimbrite, often covered by pyroclastic deposits. Low permeability; 5) Old tuffs. Low permeability; 6) Limestones 
and dolomitic limestones. High permeability; 7) Piezometric contour lines of the main aquifer (m a.s.l.;2004-2006); 8) limit of the GWBs.
Ubicazione dell’area di studio (in alto a destra). Carta idrogeologica dei Corpi Idrici Sotterranei della “Piana del Volturno-Regi Lagni” e della “Piana 
a Oriente di Napoli” 1) Detriti carbonatici. Permeabilità medio-alta; 2) Depositi alluvionali, lacustri, e marini limosi e argillosi (2a: sabbiosi, 2b: di 
origine marina). Permeabilità da bassa a media; 3) Depositi piroclastici. Permeabilità media-bassa; 4) Ignimbrite Campana, sovente coperta da 
piroclastiti sciolte. Permeabilità bassa; 5)Tufi antichi. Permeabilità bassa; 6) Calcari e calcari dolomitici. Permeabilità alta; 7) Isopiezometriche della 
falda principale (in m s.l.m. 2004-2006); 8) limite dei Corpi Idrici Sotterranei.
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lements, natural and agricultural 
landscapes, and landscape betwe-
en urban spaces coexist (Corniello 
et al., 2007), causing many ecolo-
gical disturbances. On top of that, 
in some areas there are illegal 
building developments with illi-
cit sewage connections or on-site 
sewage disposal.

Since the nineties, for the two 
considered GWBs high nitrate con-
tents in groundwater have been re-
corded (Corniello and Ducci, 2009; 
2014; Corniello et al., 2010; Ducci 
et al., 2017a, 2017b). These high 
values, up to 300 mg/L in the shal-
low aquifer and until 150 mg/L in 
the deeper aquifer, were confirmed 
in next decade (Corniello and Duc-

ci, 2009). In the P-VLTR GWB an 
increasing trend was recorded in 
the period 2011-2015 (Ducci et 
al., 2017b). Isotopic studies car-
ried out in a small sector of the 
area revealed that high contents 
of nitrate were prevalently due to 
the farming and the buffaloes bre-
eding (Corniello and Ducci, 2009).

The aim of the present study is 
to advance the knowledge in the 
area on the qualitative status of 
GWBs, especially with respect to 
nitrate content (tab. 1) actualizing 
a very great number of previous 
datasets adding only a few moni-
toring wells measurements located 
at key locations, where additional 
isotopic analyses were performed 

(δ15N and δ18O of dissolved ni-
trates and δ18O and δD of water), 
in order to better constrain the 
sources of nitrate contamination 
and to effectively plan proper pro-
tection measures.

2. Geological and 
hydrogeological 
characterization of the 
study area

The stratigraphy of the Campa-
nian Plain is the result of marine, 
fluvial, and volcanic processes. 
Marine-transitional deposits are 
the deepest ones (Romano et al., 

Tab. 1. Groundwater samples collected in the wells shown in Figure 2 and used for isotopic analysis (δ15N and δ18O of dissolved nitrates 
and δ18O and δD of water). (-) The symbols refer to the not executed analyses.
Acque sotterranee campionate nei punti d’acqua di Figura 2 usate per le analisi isotopiche (δ15N e δ18O dei nitrati e δ18O e δD dell’acqua) e 
relativi valori. (–) I simboli si riferiscono alle analisi non eseguite.

Sample 
ID GWB NO3

δD (‰ vs VSMOW)  
– H2O

δ18O (‰ vs VSMOW)  
– H2O

d-excess δ15N (‰ vs AIR)  
– NO3

δ18O (‰ vs VSMOW)  
– NO3

PC_V P-VLTR 10.7 -40 -6.6 13 - -

PC_U P-VLTR 5.9 -26 -4.7 12 - -

PC_T P-VLTR 138 -36 -5.6 8 - -

SMF_1 P-VLTR 1.7 -35 -5.7 10 - -

SMF_2 P-VLTR 5.2 -36 -5.8 10 - -

SMF_3 P-VLTR 1.4 -32 -5.6 12 - -

SMF_4 P-VLTR 50.6 -37 -5.3 5 - -

SMF_5 P-VLTR 63.5 -35 -5.3 8 - -

VIL_1 P-VLTR 42.0 -30 -4.8 8 - -

VIL_3 P-VLTR 59.5 -29 -5.2 12 6.3 6.7

VIL_4 P-VLTR 80.9 -33 -4.8 6 - -

VIL_5 P-VLTR 77.3 -31 -5.3 11 - -

PC_E P-VLTR 55.7 -41 -8.2 24 8.8 5.1

PC_466 P-VLTR 96.9 -36 -8.0 28 7.4 6.6

PC_B P-VLTR 55.3 -40 -7.3 18 6.3 5.3

PC_G P-VLTR 62.8 -43 -8.5 25 8.5 5.2

PC_S P-NAP 47.5 - - - 6.7 1.4

PC_H P-NAP 147.0 -37 -5.5 7 6.4 4.5

PC_O P-NAP 12.2 -35 -5.9 12 5.9 2.6

PC_L P-NAP 175.0 -31 -5.5 13 8.3 7.2

PC_I P-NAP 95.4 -37 -5.2 5 9.7 9.0

PC_R P-NAP 130.0 -42 -8.5 26 7.0 0.5
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1994; Bellucci, 1998; Aprile et 
al., 2004). Campanian Ignimbrite 
(also known as Grey Campanian 
Tuff) is the most widespread vol-
canic product across the Plain and 
it is located above transitional-ma-
rine deposits (fig. 1). The Campa-
nian Ignimbrite extends over an 
area of about 30,000 km2, inclu-
ding the Volturno river plain with 
thickness between 30-60 m (Cor-
niello and Ducci, 2014). The Cam-
panian Ignimbrite is absent close 
to the Volturno river, due to river 
erosion and there is a widespread 
presence of peat lenses, that deter-
mines negative redox conditions 
in groundwater (Corniello et al., 
2010).

In the Campanian Plain there 
are two GWBs. In the first, the 
P-VLTR GWB, the main aquifer 

is located in the alluvial, pyrocla-
stic and marine porous sediments 
underlying the Campanian Ignim-
brite, which plays, where present, 
the role of a semi-confining or con-
fining bed; the aquifer is phreatic 
only near the coast.

In the southern part of the plain, 
in the P-NAP GWB, corresponding 
to the eastern plain of Naples (fig. 
1), the stratigraphy and the hy-
drogeological setting are similar 
to those of the P-VLTR, except in 
the S sector. Here, the aquifer is lo-
cated in the pyroclastic reworked 
deposits and is phreatic, locally 
confined by peat levels or by most 
impervious levels as Vesuvian or 
Phleagrean tuffs. Despite the lo-
cal differences in the stratigraphy, 
the permeable layers of the P-NAP 
GWB are in hydrogeological conti-

nuity, constituting a single aquifer 
(Corniello and Ducci, 2013).

The hydrochemical patterns 
reflects the groundwater flow 
patterns in the plain, as could 
be expected. Near the limestone 
mountains (NE of the plain), where 
there is a conspicuous groundwa-
ter outflow (Corniello and Ducci, 
2014), the r(Ca2+ + Mg2+)/r(Na+ + 
K+) ratio, and the HCO3

− content 
are high, while along the coastal 
areas more alkaline conditions oc-
cur (Ducci et al., 2016).

In the P-VLTR and P-NAP 
GWBs different types of “natural 
contamination”, due to volcanic 
formations, are observed, such as 
high fluoride (almost everywhere 
> 1.5 mg/L, and often exceeding 
3 mg/L) and high arsenic content 
(close to the Phlegrean Fields, 

Fig. 2. Groundwater monitoring network 2003-2004 and 2014-2016. Isotopic analysis are labelled (seeTable 1).
Rete di monitoraggio delle acque sotterranee 2003-2004 e 2014-2016. Le etichette delle analisi isotopiche rimandano a tabella 1.
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where As >10 µg/L). The high As 
values derive mainly from water–
rock interaction, and its mobility 
is favoured by the presence of ste-
am-heated groundwater (Aiuppa 
et al., 2003). In the sectors close to 
the Volturno river in the P-VLTR 
and close to the sea in the P-NAP, 
groundwater shows lower nitrate 
content (fig. 3), related to reducing 
conditions, also testified by low 
SO4 and high Fe and Mn (Corniel-
lo et al., 2010; Ducci and Sellerino, 
2012; Ducci et al., 2016).

3. Materials and methods

The groundwater quality data-
base used in this study includes 
more than 300 samples collected 
in 180 sampling points in diffe-

rent time (2003-2004) and with 
different purposes (Corniello and 
Ducci, 2009; 2014; Corniello et al., 
2007; Ducci and Sellerino, 2012). 
25 water points of this dataset 
belong to the groundwater mo-
nitoring network of the Agency 
for Environmental Protection of 
Campania Region (ARPAC) that 
started in autumn 2002 and was 
implemented in 2015 (Adamo et 
al., 2007; Ducci et al., 2017b). This 
database (fig. 2) constituted the 
background for planning the new 
sampling campaign.

The groundwater levels measu-
rements and groundwater sam-
pling were planned with the aim 
to investigate sectors with scarce 
knowledge of the piezometric pat-
tern and geochemistry or where 
very high levels of nitrate measu-
red in the past required to check 

the evolution of the contamina-
tion (fig. 2).The present study in-
cludes 107 new measurements of 
piezometric levels and sampling 
of the groundwater from the deep 
aquifer, collected in wells located 
in the southern part of P-VLTR 
and in the P-NAP GWBs (fig. 2).

In this new campaign, the coordi-
nates (X-Y-Z) of groundwater moni-
toring point were recorded using a 
Garmin GPS. Before sampling, the 
wells were purged for removing sta-
gnant water. All the groundwater 
monitoring points were analysed 
on site for EC, pH, alkalinity, tem-
perature and piezometric levels. 
Subsequently, the samples were 
stored for metals and isotopes 
analysis in PE bottles, while in glass 
bottles for the analysis of dissolved 
elements (HCO3, NOx, NH3, F, Cl, 
Br, SO4, Li, Na, K, Ca, Mg).

Fig. 3. Variation of the nitrate concentration in groundwater from 2003-2004 to 2014-2016.
Variazione delle concentrazioni di nitrati nelle acque sotterranee dal 2003-2004 al 2014-2016.
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Chemical analysis, including 
major cations (Na, K, Ca, Mg), 
anions (Cl, SO4, NO3, HCO3) and 
metals (Al, Ag, As, B, Ba, Be, Cd, 
Co, Cr, Cu, Hg, Fe, Mn, Ni, Pb, 
Sb, Se, Sn, Te, Tl, V, Zn) were per-
formed by the laboratories of the 
University of Naples Federico II 
(Department of Chemical Scien-
ces), by using ion chromatography 
and mass spectrometry on unfilte-
red samples stored at 4 °C. Most of 
the analyses (70%) show a charge 
balance error of less than 5%. The 
data obtained were organized in 
a database purposely designed to 
satisfy the analytical needs of GIS 
(ArcGIS 10 and QGIS 2.14.18), 
also used for the drawn up of the 
thematic maps.

22 water points (fig. 2), selected 
on the basis of their availability 
and significance, were also sam-
ple for isotopic analysis (δ15N and 
δ18O of dissolved nitrates and 
δ18O and δD of water) in order to 
identify either the source of the 
high contents of nitrates and the 
groundwater origin. The samples 
were analysed at the CIRCE (Cen-
tre for Isotopic Research on the 
Cultural and Environmental he-
ritage) laboratory of the Depart-
ment of Mathematics and Physics 
of the University of Campania “Lu-
igi Vanvitelli” (Caserta, Italy).
δ15N and δ18O of dissolved ni-

trate, reported as ‰ versus AIR 
and VSMOW, were measured in 11 
wells by means of the silver nitra-
te protocol (Silva et al., 2000) and 
analysed by a TC/EA-CF-IRMS sy-
stem (Delta V Thermo Fisher). The 
precision of the whole procedure 
involving the preparation protocol 
of aqueous samples, reference ma-
terials and the isotopic analysis, 
reported as standard deviation (1 
σ) of AgNO3 measurements, is 0.7 
‰ and 1.2 ‰ for δ15N and δ18O, 
respectively.

Water stable isotopes (δD 
and δ18O, reported as ‰ versus 
VSMOW) were measured in 21 
wells by means of a TC/EA-CF-

IRMS system (Delta V Thermo Fi-
sher) with an analytical precision 
of 0.2 ‰ and 1 ‰, for δ18O and 
δD, respectively.

The mean infiltration altitu-
de can be estimated by means of 
the equation reported in Zuppi 
et al. (1974) for the peri-Tyrrhe-
nian areas of Italy: Height (m)= 
–1000*(δ18O + 5.14)/3.44.

4. Results and discussion

The range of nitrate content 
measured in groundwater sam-
ples is 0.2-175.0 mg/L, with mean 
value of 40.0 mg/L and standard 
deviation 37.5 mg/L. The number 
of exceedances of the 50.0 mg/L 
threshold value (EU’s nitrate di-
rective) is 33 on 107 samples; the 
wells with groundwater exceeding 
the threshold are located in the 
central part of the P-VLTR and in 
the SW sector of the P-NAP. De-
spite the high levels of nitrate de-
tected, comparing these data with 
those recorded during 2004, it is 
possible to assert that the conta-
mination level has not worsened 
over time; the nitrate concentra-
tion is equal or less that in 2004 
for 70% of the monitoring points 
(fig. 3). The remaining 30% of wel-
ls are located near the coast; here, 
there is no reduction in nitrate 
contamination, but rather a mo-
derate increase (usually between 
1% and 3%) due to the widespre-
ad presence of holyday’s houses, 
mainly used in summer periods 
and not always connected to the 
sewer system.

In Figure 4 δ18O and δD values 
for 21 wells sampled in the two 
GWBs are shown. All the values 
fall between the Global Meteoric 
Water Line (Craig, 1961) and the 
Eastern Mediterranean Meteoric 
Water Line (Gat and Carmi, 1970). 
As a reference, also the Southern 
Italy Meteoric Water Line presen-
ted by Giustini et al. (2016) has 

been reported. From the analysis 
of the isotopic results (tab. 1), all 
the piedmont wells (PC_G, PC_E, 
PC_466 and PC_B for the P-VLTR 
and PC_R for P-NAP) are characte-
rized by more depleted values of 
δ18O and δD and high deuterium 
excess values, indicating that the 
recharge of this area is originated 
by water infiltrating at high alti-
tude from vapour masses formed 
in conditions of low humidity 
(65-70%) (Clark and Fritz, 1997). 
From the piedmont areas towards 
central areas of the plain more en-
riched values (SMF and PC wells) 
are observed, becoming even more 
enriched from central to coastal 
areas (i.e., VIL wells). The obser-
ved trend towards more enriched 
values is due to the mixing with 
water recharged locally at a lower 
altitude formed by humid (humi-
dity 80-90 %) air masses, close to 
the sea, and therefore characteri-
zed by enriched values of water 
stable isotopes.

The mean value of δ18O of pied-
mont wells (8.0 ± 0.5 ‰) can be 
used to estimate the mean infil-
tration altitude. The estimated ele-
vation of the recharge area of the 
NE part of P-VLTR aquifer results 
between 680 and 980 m a.s.l., well 
supporting the hypothesis that 
the infiltration occurs mainly on 
carbonate mountains located at 
the NE border of the plain.

The diagram of Figure 5 shows 
the characteristic ranges of possi-
ble nitrate sources in surface wa-
ter and groundwater (atmospheric 
depositions, nitric or ammonium 
fertilizers, manure, etc.) (Kendall, 
1998). The two GWBs are conta-
minated mainly by nitrate origi-
nating from natural nitrification 
processes occurring in the soils 
and by manure spreading and/
or sewage leaking from collectors 
or septic tanks. All the collected 
samples have a NO3> 50.0 mg/L, 
except a sector of the P-VLTR 
GWB located on the left side of 
the Volturno River, where nega-
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tive redox conditions occur (Cor-
niello and Ducci, 2014), promo-
ting a natural attenuation of the 
dissolved nitrate (i.e., denitrifica-
tion). The denitrification process 
is evidenced in the observation 
points SMF_1, PC_U and PC_V in 
Figure 2, having NO3<1 mg/L. On 
the other side, the P-NAP GWB is 
characterized by NO3 always hi-
gher than 150.0 mg/L; in these 
areas, no self-purification proces-
ses are evidenced by isotopic and 
chemical data.

5. Conclusions

Hydrogeochemical and isoto-
pe data collected and acquired in 
two groundwater bodies located in 
Campania region (southern Italy) 
provided information about the 
persistence of the high levels of 
nitrate content recorded in past 
years, that gave a bad quality sta-
tus to these GWBs.

The results of the hydrogeoche-
mical study show that the applica-
tion of rules and actions in the last 
10 years has led to a control of the 
nitrate problem but not to a reso-
lution; in the two GWBs the NO3 
content in groundwater seem ge-
nerally decreased, probably than-
ks to the improvement of good 
agricultural practices and land use 
restrictions, to the control of the 
sewerage systems and to the prohi-
bition of use of certain chemicals 
(EU’s Nitrate Directive – 91/676/
CEE). It is important to highlight 
the dilution effect operated by the 
groundwater inflow from carbona-
te mountains, as demonstrated by 
the elevation of the recharge area 
(between 680 and 980 m a.s.l.) 
individuated on the basis of δ18O 
and δD and by the persistence of 
the nitrate contamination in the 
coastal sectors. The source of ni-
trate, investigated using the isoto-
pic ratios of nitrogen and oxygen 
of dissolved nitrate, seems preva-

Fig. 4. δD vs. δ18O diagram of the groundwater samples of Table 1and Figure 2. EMMWL: 
Eastern Mediterranean Meteoric Water Line (Gat and Carmi, 1970); SIMWL: Southern Italy 
Meteoric Water Line (Giustini et al., 2016); GMWL: Global Meteoric Water Line (Craig, 
1961).
Diagramma δD -. δ18O dei campioni d’acqua di Tabella 1 e Figura 2. EMMWL: Eastern Medi-
terranean Meteoric Water Line (Gat and Carmi, 1970); SIMWL: Southern Italy Meteoric Water 
Line (Giustini et al., 2016); GMWL: Global Meteoric Water Line (Craig, 1961).

Fig. 5. δ18O-δ15N diagram (Kendall, 1998) of the groundwater samples of Table 1 and 
Figure 2. The black symbols refer to the P-VLTR GWB and the white symbols to the 
P-NAP GWB.
Diagramma δ18O-δ15N (Kendall, 1998) dei campioni d’acqua di Tabella 1 e Figura 2. I simboli 
neri si riferiscono al CIS P-VLTR, quelli bianchi al CIS P-NAP.
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lently due to the spreading manu-
re application to crops and to the 
urban sewage leakage. Indeed, this 
hypothesis seems confirmed by 
the changes in land use showing 
an increase of peri-urban areas, 
often not connected to the sewer 
systems (Corniello et al., 2007; 
Ducci et al., 2017b).

The application of isotope te-
chniques has given an important 
support to understand and follow 
the trend of possible attenuation 
processes in nitrate content. In a 
near future, to better constrain the 
sources of nitrate contamination, 
the isotopic signature of the pos-
sible sources present in the study 
area should be determined. This 
could give also the possibility to 
apportion quantitatively the dif-
ferent contributes to the mixing 
(Xue et al., 2012).

In conclusion, the dimension of 
the area and the very complex land 
use require a deeper monitoring 
and analysis, not viable without 
a purposed funding provided by 
new projects aimed to protect 
groundwater from nitrate conta-
mination.
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