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Abstract: Where the unique natural water resource is groundwater, the attention and the
susceptibility of local communities and authorities to groundwater quality degradation
risks can be so high to determine relevant problems to waste management, especially
for landfills in operation or to be realised. A multi-methodological approach was
suggested with the purpose to clarify the role of landfill leakage on groundwater quality

degradation.
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The selected study area (SSA) hosts some landfills in a narrow portion of a wide and
deep coastal karstic aquifer, for these characteristics to be considered a case of high
hydrogeological complexity and vulnerability. News concerning nitrate and secondly
iron groundwater concentration anomalously high caused concern in the population and
strong local opposition to landfills.

The multi-methodological approach includes: the hydrogeological site characterization;
the chemical study and the multi-isotope characterization of groundwater and leachate;
the land use analysis and the estimation of nitrogen contributions deriving from
fertilizers; the mineralogical study of groundwater suspended particles to define the role
of natural soil substances.

The hydrogeological site characterisation highlighted the local peculiarities of the
aquifer. The chemical study was used to define geochemical features, groundwater and
leachate characteristics and their macroscopic mixing.

The environmental isotopes of hydrogen, carbon, nitrogen, and oxygen were used to
investigate the groundwater origin, the most relevant geochemical reactions, the
existence of groundwater-leachate mixing, and the sources of anthropogenic NO.. The
land use analysis highlighted quantity and type of used fertilizers permitting to compare
these with groundwater in terms of isotopic signature. The mineralogical study
demonstrated the role of suspend natural particles due the presence of terre rosse (red or
residual soils) in groundwater.

The approach confirmed that there are not the groundwater quality degradation effects
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of landfills, contributing to reassure population and institutions, simplifying the waste
management.

Keywords: landfill, leachate, pollution, nitrate, isotopes, karstic coastal aquifer, Italy,
Apulia

1. INTRODUCTION

Municipal or urban landfill leachate consist generally of many different organic and
inorganic compounds that are either dissolved or suspended in the wastewater
(Mendoza et al., 2017). According to Mor et al. (2006), areas close to landfills have a
greater possibility of groundwater contamination because of the potential pollution
source of leachate which also contain heavy metals, including iron, and nitrogenous
solutes, including nitrate (Mendoza et al., 2017). Anomalous high groundwater
concentrations of these substances close to landfills can alarm population, highly
increasing opposition to landfills in operation and/or to landfill extensions.
Nitrogen-containing compounds are found in the organic substance, where nitrogen is
present, for example, in the amino acids that make up the proteins. In contrast,
lithospheric minerals containing nitrogen are generally very soluble, and therefore rare
(Appelo and Postma, 1996). Nitrogen is an important component of natural waters,
where it is present dissolved in different valences such as +5 in NO,, +3 in NO,, 0 in N,
and -3 in NH; (Appelo and Postma, 1996). The concentration of dissolved molecular
nitrogen in water, in equilibrium at 25 °C with the atmosphere, is 5x10* M (14 mg/L).

The natural groundwater nitrate concentration is generally low; concentrations greater
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than 1 mg/L can be generally due to anthropogenic activities (Dubrovsky et al., 2010).
High-nitrate concentrations in groundwater are a worldwide problem (Burow et al.,
2010; Strebel et al., 1989; Thorburn et al., 2003).

Ingestion of high nitrate rate can cause many problems to humans; the World Health
Organization (WHO) states that the NO, concentration for drinking water should be less
than 50 mg/L (World Health Organization, 2011).

Potential sources of nitrate for groundwater include mineral fertilizers, septic waste,
animal manure, and landfill leachate (Heaton, 1986).

As all crops are not able to use all the added mineral fertilizer, the use of nitrogenous
fertilizer creates risk of increasing percolation and leaching of nitrates to groundwater,
which are very relevant in the case, almost frequent, of over fertilisation (Bijay-Singh et
al., 1995). Many studies have indicated a high correlation between agriculture and
nitrate concentrations in groundwater_ (Heaton, 1986; Sheikhy Narany et al., 2017).

Iron is a metal that can be considered almost common in natural soils and rocks.
Groundwater can transport iron as dissolved or suspended particles. The extent to which
iron dissolves in groundwater depends on dissolved oxygen and pH of water and not by
natural or anthropogenic iron sources (Appelo and Postma, 1996); the suspended
particles can be due the natural presence of residual soils (Moresi and Mongelli, 1988).
A low concentration of iron can be considered positive, as it is an essential nutrient for
human, if natural (World Health Organization, 2011).

The aim of this paper is to clarify the existence or the absence of groundwater pollution
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by landfill leachate mixing and, in the latter case, to explain the source of groundwater
quality degradation mainly focusing on the role of nitrate and secondly of iron. For this
purpose, a multi-methodological approach was proposed. A selected study area (SSA),
was considered with the purpose to testify the existence or excluding leachate effects on
groundwater quality. The SSA is a narrow portion of a wide and deep coastal karstic
aquifer, for these characteristics to be considered a case of high complexity and
vulnerability. Five landfills have operated from 1975, one after the other, using
increasing safety and technological devices to reduce risks due to leachate leakages.
Mainly nitrate and secondly iron groundwater concentration were considered
anomalously fearing the population, worried about the potential effects of landfills. For
this reason, some landfills were seized by public authorities, hypothesizing a huge role
of these in the groundwater quality degradation.

The approach considers each potential source of nitrate, considering the type of local
land use: mineral fertilizers, septic waste, animal manure and landfill leachate.

The approach includes the use of nitrogen, oxygen and tritium isotopes as tracers for
evaluating contamination of the landfill.

The use of 0N is based on the distinct isotopic composition that characterizes nitrate of
different origin (Aravena et al., 1993). For the commercial fertilizers, typical 6N values
range from -2%o to +4%o, for soil organic nitrogen nitrate the values range from +3%o to
+8%o0 and + 10%o to +20%o for human and animal waste nitrate (Freyer and Aly, 1974;

Kreitler, 1975; Gormly and Spalding, 1979; Heaton et al., 2012). In the case of *O,
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synthetic fertilizers are characterized by enriched O values (+ 18%o to +22%o), since the
source of oxygen for these chemicals is atmospheric oxygen whose value is *O=+
23.5%0 (Amberger and Schmidt, 1987). This method was successfully used for the
resolution of different groundwater nitrate sources in Australia, identifying a leachate
derived source down gradient from landfill (Moreau and Minard, 2014).

The method based on the determination of the stable isotopes *H and *O, useful to
support the hydrogeological conceptualisation (Mook, 2000), is able to highlight
leachate contamination of groundwater, i.e. due the enrichment of *H due to extensive
methanogenesis (Hackley et al., 1996).

Tritium (‘H) is a radioactive isotope of hydrogen, occurring in very low quantity in the
natural waters (Tazioli, 2011). Tritium levels in municipal solid waste landfill leachate
can be several orders of magnitude greater than background groundwater levels due to
the presence in the waste of some items containing high levels of tritium, such as
luminescence paints and watches (Robinson and Gronow, 1996; Hackley et al., 1996;
Tazioli, 2011) as verified in municipal landfills throughout the world (Fritz et al., 1994;
Robinson and Gronow, 1996; Hughes et al., 2011; Raco et al., 2013). Because of this,
tritium may be a sensitive indicator of leachate impacts on groundwater samples
(Kerfoot et al., 2003).

Other isotope used for prevention and control of groundwater pollution is the 6=C of
total dissolved carbon. In general, the range of 8°C,. in the groundwater may be very

wide, the most common values range from -25%o to -10%o, (Boutton, 1991).
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Under reduction conditions (similar to those present in landfill environments), 6=C is
highly enriched (8C > +10%0) (Wimmer et al., 2013). The positive value of 6=C is due
to the production of methane under anaerobic conditions (Wimmer et al., 2013).
Focusing on leachate-impacted groundwater, 6°C of major carbon compounds
highlights attenuation due to biogeochemical reaction from dilution as a result of
advective dispersion (Mohammadzadeh and Clark, 2011).

2. SELECTED STUDY AREA

The SSA is located in the municipality of Conversano, close to Bari, the main town in
the Apulia region (Fig. 1). The SSA elevation ranges from 100 to 175 m a.s.l., with a
mean land surface slope of 1.3% from west to east (seaward). The SSA is a rural area.
Agriculture is the main activity, namely mainly due to vineyards cultivation, orchards,
olive trees, and arable crops.

The study area includes 5 solid urban waste landfills, distinguished from I to V in
chronological order of realisation, which are located roughly at 5 km northwest from the
town of Conversano (Fig. 1b and Ic).

Landfill T collected wastes from 1975 to 1982, for about a year in 1989 and for about
100 days in 1996, less than 10 years as total. This landfill was not sealed by capping.
The leachate tapping system was not realized.

The Landfill IT operated from 1993 and was closed in 1996; the landfill post-mortem
was terminated. It was equipped with a definitive capping realized with HDPE

geomembrane and other typical urban waste tools, to nullify leachate leakage risks. The
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landfill II top now hosts a photovoltaic system. The leachate tapping system is now
completely unuseful and unusable.

Roughly 1,465,000 m’ of wastes were disposed from 1996 to 2011 in the landfill III. At
the present, the top of the III has been realised by a capping of HDPE geomembrane.
The Progetto Ambiente Bacino BA/S landfill system is made up of two sectors or tanks,
landfills IV and V (Fig. 1c). Roughly 200,000 m’ of waste were disposed from March
2011 to April 2013, temporally covered by soil layer in landfill IV, while the V was
realised but is still unused.

The landfills from II to V were built with a very low permeability bottom with different
solutions which include a clayey layer as minimum to hold back the leachate, collecting,
tapping and treating it. Contrarily, the oldest landfill (I) has not waterproofing liners at
the bottom; after closure, the landfill I was not sealed by impervious capping to prevent
rainwater infiltration, nor precautions were taken to collect leachate, limiting the
leakage toward groundwater.

Landfills III, IV and V were sized by authorities. Merging all boundary conditions, it
was possible to sample only the leachate of landfill IV.

3. GEOLOGICAL AND HYDROGEOLOGICAL SETTINGS

The Murgia Plateau, which represents the central part of the Apulian carbonate
platform, is made up of a Cretaceous carbonate succession in which the Bari Limestone
Formation (Valanginian-Early Turonian) and the Altamura Limestone Formation

(Coniacian-Early Campanian) can be distinguished (Spalluto, 2012). An unconformity
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marked by a bauxite horizon and red soil or terra rossa deposits separates the two
Cretaceous formations (Borgomano, 2000). The Bari Limestone Formation, roughly 2
km-thick, outcrops in SSA (Fig. 1b).

Red soil is produced by limestone weathering: when limestone weathers, mainly by
dissolution, the clay contained in the rocks is left behind, along with any other non-
soluble rock material. The red soil is typical of karstic Mediterranean areas (Bates and
Jackson, 1987). The main minerals of red soil are illite, kaolinite, and oxides and
hydroxides of iron; minor components are quartz, feldspars, micas, oxides and
hydroxides of aluminium, and oxides of titanium (Moresi and Mongelli, 1988).

The Murgia Plateau emerged since Late Cretaceous until Pliocene (Pieri et al., 1997),
creating a major unconformity covered by thin (<100 m in thickness) Pliocene to
Quaternary deposits. These deposits consist of Middle Pliocene-Lower Pleistocene
calcarenite (Gravina Calcarenite) and Quaternary alluvial deposits, silt and red soil, that
fill the bottom of very flat and large karstic valleys, in SSA. The thickness of calcarenite
and alluvial deposits is low and, in any case, their role is certainly negligible for the
scopes of the paper. A narrow outcrop of marine silico-clastic unit of Middle
Pleistocene age lies above Calcarenite di Gravina Formation at the north-western side of
SSA. It includes fine sands and brownish silts in the lower part and by sandy clays and
greenish and grey clays in the upper part, reaching a maximum thickness roughly equal
to 15 m.

The plateau, greatly affected by paleo-tectonic and neo-tectonic movements (Pieri et al.,
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1997) shows intense Kkarstification with karst features at various scales, including
swallow holes, dolines, dry valleys, and poljes. The saturated groundwater flow happens
only in the deep and wide karstic aquifer which includes the whole Murgia Plateau
(Cotecchia et al., 2005). The inland portions of Murgia constitute the recharge area; the
natural outflow happens along the coasts of both the Adriatic and Ionian Sea (Polemio,
2005; Zuffiano et al., 2016). The aquifer is of coastal type, with relevant seawater
intrusion effects (Polemio, 2016). Different quality and quantity degradation effects
affect this aquifer, as well known by time (Polemio and Limoni, 2006).

Pure fresh Murgia groundwater shows typically salinity less than 0.5 g/L. with chemical
characteristics determined by water-carbonate rock interaction (Polemio et al., 2009).
Focusing on SSA, groundwater flows toward the Adriatic coastline, with a general flow
direction towards NNE. The piezometric depth is high, from 120 to 137 m, feature this
that complicates any type of survey. Excessive groundwater exploitation, especially for
irrigation, is still increasing the effects of seawater intrusion.

4. MATERIALS AND METHOD

A multi-methodological approach was tested in SSA. The test involved a survey
squared area of 6 km of side centred on the landfill group. 18 water wells or
piezometers were selected; the majority is used for irrigation the rest for landfill
monitoring (Fig. 1b).

The approach merges in unique framework of knowledge: the hydrogeological site

characterization; the chemical study of groundwater and leachate; the multi-isotope

10
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characterization of groundwater and leachate; the land use analysis and the estimation
of nitrogen contributions deriving from agricultural activities, focusing on the use of
fertilizers; and the mineralogical study of groundwater suspended particles to define the
origin of the iron in the water samples.

The purpose of the hydrogeological study is to confirm the hydrogeological
conceptualization of the study area bounding aquifers and aquitards, assessing hydraulic
conductivity, recognising main three-dimensional groundwater flow paths, guiding
sampling and data discussion, using a wide set of methods, the systemic description of
which is outside the paper scope (Custodio and Llamas, 1996). Climatic gauge data,
including rainfall and air temperature measurements as minimum, should be considered
mandatory.

The groundwater potentiometric head measurement within wells under no-pumping
conditions (static head) was realized seasonally in SSA, using a larger network (using
some wells outside), and hourly with automatic probes, using a group of wells and
piezometers close to the five landfills. The automatic probes measured groundwater
temperature and electrical conductivity, apart from potentiometric head.
Multiparametric logs of all available wells, tracer tests, pumping tests, and the use of a
climate gauge completed the hydrogeological set of determinations. Multi-parametric
well logs of electrical conductivity (EC, defined as electrical conductivity at 25 °C), pH,
temperature (T), salinity or TDS (estimated by EC and T), redox potential (Eh) and

dissolved oxygen (DO) could highlight the existence of natural quality trend and/or

11
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anomalous effects to be related to anthropogenic effects and seawater intrusion
(Cotecchia et al., 1999).

The sampled well was purged using a flow cell and a multi-parametric probe with EC,
T, pH, TDS, Eh, and DO sensors, withdrawing 3 water-well volumes at least pursuing
low flow conditions, after that sampling when the steady groundwater trend of each
parameter is observed.

After sampling, on site procedures included: (1) storing EC, T, pH, TDS, Eh, and DO
values of sampling; (2) assessing the alkalinity in the field, by means of titration with
HCI; (3) acidifying samples for cation analysis by the addition of HNO, to a pH < 2; 4)
filtering water samples for metals determination through a cellulose acetate membrane
(pore size 0.45 um) and then acidifying by HNO. to a pH < 2.

The chemical study was focused on main ions along with some minor significant ion
(Na+, K+, Ca», Mg~, CI, NO;,, SO, NH;, Li-, F, Fe», and Mn>) to define: geochemical
features, supporting the hydrogeological conceptualisation; groundwater and leachate
characteristics; and macroscopic mixing (Custodio and Llamas, 1996; Syafalni et al.,
2014).

All these procedures were applied to all 18 wells and the leachate of landfill IV. Survey
and sampling were realised during November 2014 (distinguished with * throughout
this paper), March (**) and June 2015 (***). The unique exception is at point 4 of the
sampling procedure: a former fraction of groundwater samples was not filtered but was

acidified before chemical analysis. This choice was due to the scope to explain some

12
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anomalously high iron contents that were detected in previous determinations in SSA.
The latter fraction was filtered to tap suspended particles from filters to be studied with
the scanning electron microscopy. The scope of both fractions was to verify if they can
explain a dissolved metal enrichment in the case of sampling without filtering before
acidifying as was realised in some previous determinations.

Water chemistry analyses were carried out at the chemical laboratory of DiSSPA.
Anions (F, Cl, NO,, SO;) and ammonium ion (NH,) were analysed by ion
chromatography, while Li, K, Na, Ca, Mg, Fe and Mn by means of ICP-OES
spectrometry.

The charge balance errors for the analyses was mandatory within 5%. Ion
chromatography results and the water classification are shown in Fig. 2.

The descriptive statistic for groundwater and leachate is shown in Table 1 and Table 2.
The multi-isotope characterization of groundwater and leachate was focused on 6*O,
OH, ‘H, 6°C, 0*N-NO, and &*O-NO,. Water sampling and storing for isotope
determinations do not require any specific pre-treatment apart for the dissolved
carbonate 8*C,., 0*N-NO, and 6*O-NO.. The sample for the dissolved carbonate 6-C,.
was acidified with orthophosphoric acid, according to Atekwana and Krishnamurthy
(1998). The sample for 6*N-NO, and 6*O-NO; was acidified with hydrochloric acid to a
pH < 2.

It could be suggested a refrigerated storing of the polyethylene bottles of tritium (H)

water samples until the laboratory analysis starts. The whole set of determinations were
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realised in SSA (Table 3).

The isotopic content of 8*N-NO, and 6*O-NO, was determined also considering the
main used commercial fertilizers, using the result of land use analysis (Table 4).

Stable isotope values of 0*O and 0:H were measured by Wavelength-Scanned Cavity
Ring Down Spectroscopy technology. The uncertainty of the measurements is + 0.2 0
%o for 80 and + 1 0 %o for &H (Table 3). The isotopic ratio 6=C,. is measured by mass
spectrometry IRMS with a Finnigan MAT250. The uncertainty of the measurements is
+ 0.2 8 %o for 6°C,. (Table 3).

Groundwater and leachate °‘H level was determined at the Hydroisotop
Schweitenkirchen GmbH Laboratory (Germany), by liquid scintillation counting (LSC),
proceeded by electrolytic enrichment (Table 3). Due to the low level of tritium in
groundwater, each groundwater sample was subjected to an electrolytic enrichment
process before the measurement. The analytical precision for tritium was 0.5 TU (1o
criterion/analytical errors), which can vary from +0.59 to +£0.96 TU.

The analysis of nitrogen and oxygen were carried out at the ISO4 laboratory of Torino
(Italy). For nitrogen and oxygen isotopic analysis, the dissolved nitrate was
concentrated using anion exchange columns filled with resin. Nitrate were then eluted
with HCI and neutralized with AgO, filtered to remove the AgCl precipitate, then
freeze-dried to obtain solid AgNO,, following a modified method from Silva et al.
(2000). Two aliquots of this salt were separated and then combusted in sealed quartz

tubes with different reagents, in order to produce N, for 6N analysis and CO,, which is
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cryogenically purified and analysed for its oxygen isotope composition. The analysis of
gases was carried out by means of IRMS (Finnigan MAT 250). The 10 analytical
precisions for 0*N-NO,and 0*O-NO:; are +0.5%o and +1%o, respectively.

The land use analysis should recognize potential nitrogenous sources in the SSA, using
a wide set of methods, the systemic description of which is outside the paper scope. In
the case of mainly cultivated areas, an affordable choice is to use remote sensing maps,
refined by on site GPS observations, and technical interviews. On this basis, it is
possible to recognize cultivation, acquiring data on fertilizer loads and types (Table 4).
This approach was used in SSA: merging satellite images, land use maps, and direct
observation on site, using GIS tools and interviews, it was possible to characterize in
details the use of fertilizers in an area equal to 8 km around the landfill group. The
current land use in the study area comprises mainly vineyards cultivation; orchards,
mainly cherries; olive trees; and arable crops, mainly horticultural crop.

The mineralogical study of groundwater suspended particles could be easily realized
distinguishing the particles trapped by filters (cellulose acetate membrane with pore size
of 0.45 um), used for groundwater sampling for dissolved metal determinations, by
means of SEM (scanning electron microscopy). It was previously used to recognise the
source of chromium contamination of groundwater in a natural soil (Scott et al., 2011).
This method was applied in SSA specially to define the origin of the iron in the
groundwater samples (Table 5).

The particles of twelve filter of cellulose acetate membrane (pore size 0.45 pum), used

15



316

317

318

319

320

321

322

323
324

325

326

327

328

329

330

331

332

333

334

335

336

337

Accepted version for publication (post print)

The original or published publication is available at https://doi.org/10.1016/j.wasman.2018.05.014

Reference to be cited: Raffaello Cossu, Livia Emanuela Zuffiano, Pier Paolo Limoni, Giorgio De Giorgio,
Paola Pizzardini, Teodoro Miano, Donato Mondelli, Roberto Garavaglia, Carmine Carella, Maurizio
Polemio, 2018. How can the role of leachate on nitrate concentration and groundwater quality be

clarified? an approach for landfills in operation (southern italy). Waste Management, 77, 156-165.
doi:10.1016/j.wasman.2018.05.014

for the sampling of the metal dissolved in groundwater, were analysed at laboratory of
Scienze della Terra e Geoambientali of University of Bari by means of scanning
electron microscopy with an energy-dispersive X-ray spectrometry (SEM-EDS). SEM
and EDS analysis were recorded by using EVO-50XVP (Leo-Zeis); microanalyses were
achieved with an X-max (80 mmr) silicon drift Oxford detector supplied with a Super
Atmosphere ThinWindow ©.

S.RESULTS AND DISCUSSION

5.1 Hydrogeology

The hydrogeological study confirmed the conceptualization: SSA correspond to a
unique, karstic, wide, and deep (hundreds of meters) aquifer, the groundwater of which
mainly flows in a direction roughly orthogonal to the coastline (SSO-NNE). The
potentiometric variations are deeply influenced by daily and seasonal exploitation needs
for irrigation, with relevant difference between wells.

A typical example of well multi-parametric log of a Murgia well in almost natural
conditions is in Fig. 2: almost steady temperature (apart from shallower portion),
roughly 17 °C, low and almost steady EC and salinity (with typical values of pure fresh
groundwater), pH slightly greater than 7, positive values of DO and Eh (Cotecchia et
al., 1999). Typical deviation by this trend were observed for the deeper portion of some
wells in terms of greater values of EC and TDS and decrease almost to zero of DO and
Eh, as it could be the effect of upconing due to well overexploitation (Polemio et al.,

2009).
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26 well tests or pumping tests were available for SSA. The hydraulic conductivity
determined by these tests was in the range 5 10° to 4 10° m/s, with mean value equal to
4 10+ m/s, which is typical of aquifers of good hydrogeological characteristics
(Cotecchia et al., 2005).

A mobile downhole fluorometer was used to check if relevant vertical flow components
exist into surveyed wells, realising tracer tests with fluorescein (Polemio and Mitolo,
1998; Polemio and Limoni, 2009): the results showed the negligible role of vertical and

flow components in the available wells.

5.2 Chemical composition

Physical-chemical characteristics of leachate samples depend mainly on waste
composition and water content of waste. The characteristics of the leachate samples of
landfill IV are in Table 2. The pH range is from 7.90 to 8.20. The values of EC (21.80-
26.50 mS/cm), BOD (335-450 mg/L), COD (2240.0-5210.0 mg/L), and high values of
ammonium (range from 1603.0 to 2636.0 mg/L) indicate the presence of inorganic
material in the leachate. The BOD/COD ratio is considered an indicator of organic
matter degradation in a landfill. Low BOD, low BOD/COD ratio (0.12 as mean value),
high ammonium and pH 8.1 (mean values) are the characteristic conditions of
methanogenic phase (Lo, 1996).

Considering the sampled groundwater, pH is from 6.73 to 7.44 and EC is 0.68 to 2.91

mS/cm. The highest electrical conductivity values were measured at well 1, the deepest
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(300 m in depth), reasonably due to the seawater intrusion.

The chemical groundwater classification could be based on the Langelier-Ludwig
diagram (Fig. 3): the first group of samples (right-bottom) shows a Ca-Mg-HCO.
composition, with TDS from 671 to 936 mg/L, while the second group shows a Ca-Cl-
SO. composition, with TDS from 1147 to 1925 mg/L; the salinity increase from the
former to the latter group is coherent with an almost proportional sea water mixing
(Custodio and Llamas, 1996; Polemio et al. 2009).

The well 17 and its samples can represent the pure fresh groundwater; these samples
and the sea water sample should be considered the two end members of the mixing line
plotted in Fig. 3, along which all the groundwater samples are dispersed, confirming the
idea that the well-known mixture of pure fresh groundwater and saline water due to
seawater intrusion is the dominant phenomenon in SSA, as well-known at regional scale
(Polemio et al., 2009). Using the Langelier-Ludwig diagram (similar results were
obtained with other purely chemical diagrams, as suggested by (Custodio and Llamas,
1996), the chemical study does not show macroscopic leachate effects on groundwater,
the variable characteristics of which seems mainly due to pure mixing with sea water.
The chemical study, almost simple and inexpensive, confirms its utility, as in previous
experiences (Syafalni et al., 2014).

The concentration of NO: of groundwater samples varied from 13.40 to 59.90 mg/L
(Table 2), although only one sample mildly exceeded the permissible limit, equal to 50

mg/L (3 in Fig. 2b). The NH," concentration in the water samples was lower than the
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instrumental detection limit (<0.1 mg/L).

The BOD and COD ranges were from 1.00 to 10.00 mg/L and from 5.00 to 51.20 mg/L
respectively. The mean groundwater BOD/COD ratio was equal to 0.5, significantly
different from the leachate ratio.

The groundwater samples were analysed for heavy metal such as Fe and Mn (Table 2).
Fe concentration in the groundwater samples varied from 0.01 to 1.79 mg/L. while Mn

varied from 0.0001 to 0.02 mg/L.

5.3 Mineralogy of the suspended solids

The results of mineralogical analysis show that the filtered material is mainly composed
of calcium oxides (26-93%), iron (8-84%) and silicon (2-47%), thus confirming the
typical red clay composition present in suspension in the analysed groundwater
samples. These results show clearly the iron concentration of unfiltered and unacidified
samples was due the natural or background effect of suspended clay particles and not to
anthropogenic activities. These results are coherent with previous experiences (Scott et

al., 2011).

5.3 Isotopic composition
Stable isotopic compositions of groundwater range from -7.23 to -6.42%o for 6*O and
from -42.83 to -39.27%c for &-H. The mean &-H and 6*O values for groundwater and

leachate are -41.00 and -6.78%o and 5.57 and -4.93%o respectively (Fig. 4 and Table 3).
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The isotope composition is very similar for all groundwater samples and completely
different respect to leachate samples. Fig. 4 shows the 0*O/&H values compared with
the Global Meteoric Water Line (GMWL; Craig, 1961) and the Mediterranean Meteoric
Water Line (MMWL; (Gatt and Carmi, 1970); the groundwater samples are very close
to the Global Meteoric Water Line (GMWL; Craig, 1961), confirming the high impact
of the isotope characteristics of infiltrated rainfall (natural recharge) and secondly the
absolutely negligible role of leachate characteristics. Fig. 4 suggests a rapid infiltration
of meteoric water recharging the coastal aquifer, in a temperate weather (Mook, 2000).
The absence of groundwater point dispersion denotes that the sampled groundwater
belongs to a geographically narrow area of the same aquifer, as an effect of a narrow or
homogenous recharge area. These results are coherent with previous hydrogeological
knowledge on the aquifer and its groundwater (Tulipano et al., 1990; Polemio and
Mitolo, 1998) and do not show effects of groundwater-leachate mixing, coherently with
previous landfill studies (Syafalni et al., 2014).

The leachate tritium ranges from 182 to 235 TU (Fig. 5a). Tritium levels in groundwater
samples range from <0.60 (lower detectable limit) to 3.1 TU. Comparing this range with
rainfall data published by the Global Network of Isotopes in Precipitation of IAEA

(http://www-naweb.iaea.org/napc/ih/IHS resources gnip.html), it can be considered the

pure effect of radioactive decay of rainfall tritium (Tazioli et al., 2002). These tritium
levels suggest that groundwater residence time in the carbonate aquifer is generally

high, the leachate contamination seems unrealistic (Fig. 5a). These results are coherent
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with previous experiences on the groundwater contamination due to leachate (Hughes et
al., 2011; Raco et al., 2013). Secondly, the significance of salinity variability, roughly
assessed by chloride, on TU variability seems negligible, showing the seawater
intrusion cannot justify the low TU values of groundwater (Fig. 5a).

Even for &C the isotopic variability of groundwater is rather low (-7.23 + -11.28 %o)
and typical of natural groundwater (Fig. 5b); these values are characteristic of
groundwater flowing within an aquifer constituted by carbonate rocks of marine origin
(Anders et al., 2014). 6=C of leachate samples ranges from 21.85 to 22.77 %o. The high
positive value of leachate 6°C is due to a typical process which is well-known, the
methanogenesis process (Wimmer et al., 2013), that using the light isotope, leaves the
heavy isotope available for the formation of the percolated aqueous phase, which is
enriched in &°C. &"C results do not show effects of groundwater-leachate mixing,
coherently with previous landfill studies (Mohammadzadeh and Clark, 2011).

The groundwater isotopic compositions of dissolved nitrates range between +2.94 and +
11.06%0 vs AIR in 0*N-NO, and between +6.4 and +16.64%0 vs SMOW in 6:O-NO.. In
order to identify the different sources of nitrate, samples were plotted in a diagram
displaying the 8:N-NO, vs 0*O-NO, concentration (Fig. 6). The nitrate content of all
groundwater samples is very well correlated to fertiliser effects. The three samples of
well 15 show 8N-NO, values greater than the rest and for this could seem an exception;
at the contrary, they highlight the effects of partial denitrification, which is typically

able to increase in 0*O-NO, and 0°N-NO, values along a path that is generally bounded
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by the green lines of Fig. 6. These results are coherent with previous experiences on the
source of groundwater nitrate (Moreau and Minard, 2014).

6. CONCLUSIONS

The natural presence of suspended clay particles in groundwater, due to the natural
presence in the aquifer limestone of red clay in thin levels or filling voids, explains the
concentration of dissolved iron higher than true and so high to cause concern, as an
effect of the not used optimal sampling procedures (sampling without filtering and
acidifying).

The absence of leachate contamination was confirmed by all applied chemical and
isotope methods. Where the SSA groundwater shows high nitrate concentration,
somewhere higher than the standard threshold value, this should be considered an
anthropic effect clearly due to the use of fertilisers.

The proposed multi-methodological approach offered all required answers concerning
the role of leachate on groundwater quality.

Due to the scientific relevance and reliability of the single merged methods, the
approach offered an authoritative contribution to the reduction of public opposition to
landfill in operation or landfill extension.

This combination of techniques provides an approach which is able to attain detailed
groundwater contamination understanding, offering a relatively cheap and fast support
to waste management decisions. A relevant advantage seems the possibility to identify

incipient pollution and provide early warning when chemical or biological indicators do
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not yet give cause for concern. On the basis of results, costs reductions could be
pursued, i.e. minimizing the number of collected samples and/or considered parameters.

The successful current application of a multi-methodological approach which integrates
the use of more isotopes with other methods could be considered a relevant forensic tool
to recognise potential sources of environmental contamination.

In terms of disadvantages, as the reactivity of the waste decreases, the stable isotope
fractionation could be reduced, reducing the significance of the isotope discussion. The
proposed multi-methodological approach could be theoretically applied worldwide but it
should be deeply validated in other natural and anthropogenic conditions. The
groundwater quality degradation could be justified as an effect of leachate
contamination in terms of many parameters, only some of which considered by the
proposed approach: to solve these limitations, it could be necessary integrating other
methods in the approach.

All these advantages can be reduced increasing research efforts and experiences, as it is
planned by authors for the immediate future.

Author Contributions: All the authors were involved in all phases of the article
development, setup and revision.

Acknowledgements: The research was founded by Societa Progetto Gestione Bari

Cinque Srl.

REFERENCES
Amberger, A., Schmidt, H.-L., 1987. Natiirliche Isotopengehalte von Nitrat als

23



486

487

488

489

490

491

492

493

494

495

496

497

498

499

500

501

502

503

504

505

506

Accepted version for publication (post print)

The original or published publication is available at https://doi.org/10.1016/j.wasman.2018.05.014

Reference to be cited: Raffaello Cossu, Livia Emanuela Zuffiano, Pier Paolo Limoni, Giorgio De Giorgio,
Paola Pizzardini, Teodoro Miano, Donato Mondelli, Roberto Garavaglia, Carmine Carella, Maurizio
Polemio, 2018. How can the role of leachate on nitrate concentration and groundwater quality be

clarified? an approach for landfills in operation (southern italy). Waste Management, 77, 156-165.
doi:10.1016/j.wasman.2018.05.014

Indikatoren fiir dessen Herkunft. Geochim. Cosmochim. Acta 51, 2699-2705.
https://doi.org/10.1016/0016-7037(87)90150-5

Anders, R., Mendez, G.O., Futa, K., Danskin, W.R., 2014. A Geochemical Approach to
Determine Sources and Movement of Saline Groundwater in a Coastal Aquifer.
Groundwater 52, 756-768. https://doi.org/10.1111/gwat.12108

Appelo, C.AlJ., Postma, D., 1996. Geochemistry, groundwater and pollution, 4th
corrected print. ed. Balkema, Rotterdam ; Brookfield, VT.

Aravena, R., Evans, M.L., Cherry, J.A., 1993. Stable isotopes of oxygen and nitrogen in
source identification of nitrate from septic systems. Ground Water 31, 180—186.
https://doi.org/10.1111/j.1745-6584.1993.tb01809 .x

Atekwana, E.A., Krishnamurthy, R.V., 1998. Seasonal variations of dissolved inorganic
carbon and 013C of surface waters: application of a modified gas evolution
technique. J. Hydrol. 205, 265-278. https://doi.org/10.1016/S0022-
1694(98)00080-8

Bates, R.L., Jackson, J.A., 1987. Glossary of Geology. American Geological Institute,
3rd edition.

Bijay-Singh, Yadvinder-Singh, Sekhon, G.S., 1995. Fertilizer-N use efficiency and
nitrate pollution of groundwater in developing countries. J. Contam. Hydrol. 20,
167-184. https://doi.org/10.1016/0169-7722(95)00067-4

Borgomano, J.R.F., 2000. The upper cretaceous carbonates of the gargano-murge

region, southern Italy: A model of platform-to-basin transition. AAPG Bull.

24



507

508

509

510

511

512

513

514

515

516

517

518

519

520

521

522

523

524

525

526

527

Accepted version for publication (post print)

The original or published publication is available at https://doi.org/10.1016/j.wasman.2018.05.014

Reference to be cited: Raffaello Cossu, Livia Emanuela Zuffiano, Pier Paolo Limoni, Giorgio De Giorgio,
Paola Pizzardini, Teodoro Miano, Donato Mondelli, Roberto Garavaglia, Carmine Carella, Maurizio
Polemio, 2018. How can the role of leachate on nitrate concentration and groundwater quality be

clarified? an approach for landfills in operation (southern italy). Waste Management, 77, 156-165.
doi:10.1016/j.wasman.2018.05.014

84(10), 1561-1588.

Boutton, T.W., 1991. Stable Carbon Isotope Ratios of Natural Materials: II.
Atmospheric, Terrestrial, Marine, and Freshwater Environments, in: Carbon
Isotope Techniques. Elsevier, pp. 173—-185. https://doi.org/10.1016/B978-0-12-
179730-0.50016-3

Burow, K.R., Nolan, B.T., Rupert, M.G., Dubrovsky, N.M., 2010. Nitrate in
Groundwater of the United States, 1991-2003. Environ. Sci. Technol. 44, 4988—
4997. https://doi.org/10.1021/es100546y

Clark, I., Fritz, P., 1997. Environmental Isotopes in Hydrogeology., Lewis Publishers,
Boca Raton. ed.

Cotecchia, V., Grassi, D., Polemio, M., 2005. Carbonate aquifers in Apulia and seawater
intrusion. G. Geol. Appl. 1, 219-231. https://doi.org/10.1474/GGA .2005-01.0-
22,0022

Cotecchia, V., Limoni, P.P., Polemio, M., 1999. Identification of typical chemical and
physical conditions in Apulian groundwater (southern Italy) through well multi-
parameter logs, in: Proceedings XXXIX IAH Congress, Hydrogeology and Land
Use Management. Bratislava., p. 353-358.

Craig, H., 1961. Isotopic variations in meteoric waters. Science. 133, 1702—-1703.

Custodio, E., Llamas, M.R., 1996. Hydrologia subterranea., Omega. ed. Barcelona.

Dubrovsky, N.M., Burow, K.R., Clark, G.M., Gronberg, J.M., Hamilton, P.A., Hitt,

KJ., Mueller, D K., Munn, M.D., Nolan, B.T., Puckett, L .J., Ruper, M.G., Short,

25



528

529

530

531

532

533

534

535

536

537

538

539

540

541

542

543

544

545

546

547

548

Accepted version for publication (post print)

The original or published publication is available at https://doi.org/10.1016/j.wasman.2018.05.014

Reference to be cited: Raffaello Cossu, Livia Emanuela Zuffiano, Pier Paolo Limoni, Giorgio De Giorgio,
Paola Pizzardini, Teodoro Miano, Donato Mondelli, Roberto Garavaglia, Carmine Carella, Maurizio
Polemio, 2018. How can the role of leachate on nitrate concentration and groundwater quality be

clarified? an approach for landfills in operation (southern italy). Waste Management, 77, 156-165.
doi:10.1016/j.wasman.2018.05.014

T.M., Spahr, N.E., Sprague, L.A., Wilber, W.G., 2010. The quality of our
Nation’s waters—Nutrients in the Nation’s streams and groundwater, 1992—
2004: (No. 1350.), U.S. Geological Survey Circular.

Freyer, HD., Aly, AIM., 1974. Nitrogen 15 variations in fertilizer nitrogen. J. Environ.
Qual. 3, 405-406.

Fritz, S.J., Bryan, J.D., Harvey, F.E., Leap, D.I., 1994. A geochemical and isotopic
approach to delineate landfill leachates in an RCRA study. Groundwater 32,
743-750.

Gatt, J.R., Carmi, I., 1970. Evolution of the isotopic composition of atmospheric waters
in the Mediterranean Sea area. J. Geophys. Res. 75, 3032-3048.

Gormly, J.R., Spalding, R.F., 1979. Sources and Concentrations of Nitrate-Nitrogen in
Ground Water of the Central Platte Region, Nebraskaa. Ground Water 17, 291—
301. https://doi.org/10.1111/j.1745-6584.1979.tb03323 .x

Hackley, K.C., Liu, C.L., Coleman, D.D., 1996. Environmental isotope characteristics
of landfill leachates and gases. Ground Water 34, 827-836.
https://doi.org/10.1111/j.1745-6584.1996.tb02077 .x

Heaton, T.H.., 1986. Isotopic studies of nitrogen pollution in the hydrosphere and
atmosphere: A review. Chem. Geol. Isot. Geosci. Sect. 59, 87-102.
https://doi.org/10.1016/0168-9622(86)90059-X

Heaton, T.H.E., Stuart, M.E., Sapiano, M., Micallef Sultana, M., 2012. An isotope study

of the sources of nitrate in Malta’s groundwater. J. Hydrol. 414-415, 244-254.

26



549

550

551

552

553

554

555

556

557

558

559

560

561

562

563

564

565

566

567

568

569

Accepted version for publication (post print)

The original or published publication is available at https://doi.org/10.1016/j.wasman.2018.05.014

Reference to be cited: Raffaello Cossu, Livia Emanuela Zuffiano, Pier Paolo Limoni, Giorgio De Giorgio,
Paola Pizzardini, Teodoro Miano, Donato Mondelli, Roberto Garavaglia, Carmine Carella, Maurizio
Polemio, 2018. How can the role of leachate on nitrate concentration and groundwater quality be

clarified? an approach for landfills in operation (southern italy). Waste Management, 77, 156-165.
doi:10.1016/j.wasman.2018.05.014

https://doi.org/10.1016/j.jhydrol.2011.10.037

Hughes, C.E., Cend6n, D.I., Harrison, J.J., Hankin, S.I., Johansen, M.P., Payne, T .E.,
Vine, M., Collins, R.N., Hoffmann, E.L., Loosz, T., 2011. Movement of a
tritium plume in shallow groundwater at a legacy low-level radioactive waste
disposal site in eastern Australia. J. Environ. Radioact. 102, 943-952.
https://doi.org/10.1016/j.jenvrad.2010.05.009

Kendall, C., Elliott, EIM., Wankel, S.D., 2007. Tracing anthropogenic inputs of nitrogen
to ecosystems. In: Michener R, Lajtha K, editors. Stable Isotope in Ecology and
Environmental Science. Blackwell Publishing Inc., Oxford UK, 2nd edition,
375-449.

Kerfoot, H.B., Baker, J.A., Burt, D.M., 2003. The use of isotopes to identify landfill gas
effects on groundwater. J. Environ. Monit. 5, 896-901.
https://doi.org/10.1039/b310351}

Kreitler, C.W., 1975. Determining the source of nitrate in groundwater by nitrogen
isotope studies. (Report of Investigations No. 83). Bureau of Economic Geology,
University of Texas at Austin, USA.

Lo, IM.-C., 1996. Characteristics and treatment of leachates from domestic landfills.
Environ. Int. 22, 433-442. https://doi.org/10.1016/0160-4120(96)00031-1
Mendoza, M.B., Ngilangil, L.E., Vilar, D.A., 2017. Groundwater and leachate quality

assessment in balaoan sanitary landfill in la union, northern philippines. Chem.

Eng. Trans. 56, 247-252. https://doi.org/10.3303/CET1756042

27



570

571

572

573

574

575

576

577

578

579

580

581

582

583

584

585

586

587

588

589

590

Accepted version for publication (post print)

The original or published publication is available at https://doi.org/10.1016/j.wasman.2018.05.014

Reference to be cited: Raffaello Cossu, Livia Emanuela Zuffiano, Pier Paolo Limoni, Giorgio De Giorgio,
Paola Pizzardini, Teodoro Miano, Donato Mondelli, Roberto Garavaglia, Carmine Carella, Maurizio
Polemio, 2018. How can the role of leachate on nitrate concentration and groundwater quality be

clarified? an approach for landfills in operation (southern italy). Waste Management, 77, 156-165.
doi:10.1016/j.wasman.2018.05.014

Mohammadzadeh, H., Clark, 1., 2011. Bioattenuation in Groundwater Impacted by
Landfill Leachate Traced with 0813C. Ground Water 49, 880-890.
https://doi.org/10.1111/j.1745-6584.2010.00790 .x

Mook, W.G., 2000. Environmental isotopes in the hydrological cycle Principles and
applications, Volume IV, Groundwater Saturated and Unsaturated zone, Mebus
Geyh, UNESCO. ed. Paris.

Mor, S., Ravindra, K., Dahiya, R.P., Chandra, A., 2006. Leachate characterization and
assessment of groundwater pollution near municipal solid waste landfill site.
Environ. Monit. Assess. 118, 435-456. https://doi.org/10.1007/s10661-006-
1505-7

Moreau, J.W., Minard, A.M., 2014. Coupled nitrogen and oxygen isotope study of
nitrate at a rural unlined landfill in western Victoria, , Australia. Am. J. Environ.
Sci. 10, 383-390. https://doi.org/10.3844/ajessp.2014.383.390

Moresi, M., Mongelli, G., 1988. The relation between the terra rossa and the carbonate-
free residue of the underlying limestones and dolostones in apulia, Italy. Clay
Miner. 23(4), 439-446.

Pieri, P., Festa, V., Moretti, M., Tropeano, M., 1997. Quaternary tectonic activity of the
Murge area (apulian foreland - southern italy). Ann. Geofis. 40(5), 1395-1404.

Polemio, M., 2016. Monitoring and Management of Karstic Coastal Groundwater in a
Changing Environment (Southern Italy): A Review of a Regional Experience.

Water 8(4). https://doi.org/10.3390/w8040148

28



591

592

593

594

595

596

597

598

599

600

601

602

603

604

605

606

607

608

609

610

611

Accepted version for publication (post print)

The original or published publication is available at https://doi.org/10.1016/j.wasman.2018.05.014

Reference to be cited: Raffaello Cossu, Livia Emanuela Zuffiano, Pier Paolo Limoni, Giorgio De Giorgio,
Paola Pizzardini, Teodoro Miano, Donato Mondelli, Roberto Garavaglia, Carmine Carella, Maurizio
Polemio, 2018. How can the role of leachate on nitrate concentration and groundwater quality be

clarified? an approach for landfills in operation (southern italy). Waste Management, 77, 156-165.
doi:10.1016/j.wasman.2018.05.014

Polemio, M., 2005. Seawater intrusion and groundwater quality in the Southern Italy
region of Apulia: a multi-methodological approach to the protection, in: Maraga,
F., Arattano, M. (Eds.), Progress in Surface and Subsurface Water Studies at the
Plot and Small Basin Scale, Technical Documents in Hydrology. UNESCO,
IHP, Paris, pp. 171-178.

Polemio, M., Dragone, V., Limoni, P.P., 2009. Monitoring and methods to analyse the
groundwater quality degradation risk in coastal karstic aquifers (Apulia,
Southern Italy). Environ. Earth Sci. Former. Environ. Geol. 58, 299-312.
https://doi.org/10.1007/s00254-008-1582-8

Polemio, M., Limoni, P.P., 2009. Monitoring and velocity measurements in a karstic
coastal aquifer [Monitoraggio e misure di velocita in un acquifero carsico
costiero]. Rendiconti Online Della Soc. Geol. Ital. 6, 384.

Polemio, M., Limoni, P.P., 2006. Groundwater pollution and risks for the coastal
environment (southeastern Italy), in: Sivapalan, M., Wagener, T., Uhlenbrook,
S., Zehe, E., Lakshmi, V., Liang, X., Tachikawa, Y., Kumar, P. (Eds.),
Predictions in Ungauged Basins: Promise and Progress, IAHS Publications.
IAHS, pp. 477-486.

Polemio, M., Mitolo, D., 1998. L’uso dei traccianti nello studio delle acque sotterranee
ed esperienze relative alla Puglia. Acque Sotter. 60, 9-25.

Raco, B., Dotsika, E., Battaglini, R., Bulleri, E., Doveri, M., Papakostantinou, K., 2013.

A quick and reliable method to detect and quantify contamination from MSW

29



612

613

614

615

616

617

618

619

620

621

622

623

624

625

626

627

628

629

630

631

632

Accepted version for publication (post print)

The original or published publication is available at https://doi.org/10.1016/j.wasman.2018.05.014

Reference to be cited: Raffaello Cossu, Livia Emanuela Zuffiano, Pier Paolo Limoni, Giorgio De Giorgio,
Paola Pizzardini, Teodoro Miano, Donato Mondelli, Roberto Garavaglia, Carmine Carella, Maurizio
Polemio, 2018. How can the role of leachate on nitrate concentration and groundwater quality be

clarified? an approach for landfills in operation (southern italy). Waste Management, 77, 156-165.
doi:10.1016/j.wasman.2018.05.014

landfills: A case study. Water. Air. Soil Pollut. 224.

Robinson, H.D., Gronow, J.R., 1996. Tritium levels in leachates and condensates from
domestic wastes in landfill sites. J. Chart. Inst. Water Environ. Manag. 10(6),
391-398.

Scott, D., Apblett, A., Materer, N.F., 2011. Iron-rich Oklahoma clays as a natural source
of chromium in monitoring wells. J. Environ. Monit. 13, 3380.
https://doi.org/10.1039/c1em10608b

Sheikhy Narany, T., Aris, A.Z., Sefie, A., Keesstra, S., 2017. Detecting and predicting
the impact of land use changes on groundwater quality, a case study in Northern
Kelantan, Malaysia. Sci. Total Environ. 599-600, 844-853.
https://doi.org/10.1016/j.scitotenv.2017.04.171

Silva, S.R., Kendall, C., Wilkison, D.H., Ziegler, A.C., Chang, C.C.Y., Avanzino, R.J.,
2000. A new method for collection of nitrate from fresh water and the analysis of
nitrogen and oxygen isotope ratios. J. Hydrol. 228, 22-36.
https://doi.org/10.1016/S0022-1694(99)00205-X

Spalluto, L., 2012. Facies evolution and sequence chronostratigraphy of a “mid”-
Cretaceous shallow-water carbonate succession of the Apulia Carbonate
Platform from the northern Murge area (Apulia, southern Italy). Facies 58, 17—
36. https://doi.org/10.1007/s10347-011-0266-0

Strebel, O., Duynisveld, W.H.M., Béttcher, J., 1989. Nitrate pollution of groundwater in

western Europe. Agric. Ecosyst. Environ. 26, 189-214.

30



633

634

635

636

637

638

639

640

641

642

643

644

645

646

647

648

649

650

651

652

653

Accepted version for publication (post print)

The original or published publication is available at https://doi.org/10.1016/j.wasman.2018.05.014

Reference to be cited: Raffaello Cossu, Livia Emanuela Zuffiano, Pier Paolo Limoni, Giorgio De Giorgio,
Paola Pizzardini, Teodoro Miano, Donato Mondelli, Roberto Garavaglia, Carmine Carella, Maurizio
Polemio, 2018. How can the role of leachate on nitrate concentration and groundwater quality be

clarified? an approach for landfills in operation (southern italy). Waste Management, 77, 156-165.
doi:10.1016/j.wasman.2018.05.014

https://doi.org/10.1016/0167-8809(89)90013-3

Syafalni, S., Zawawi, M.H., Abustan, I., 2014. Isotopic and hydrochemistry
fingerprinting of leachate migration in shallow groundwater at controlled and
uncontrolled landfill sites. World Appl. Sci.J. 31, 1198-1206.

Tazioli, A., 2011. Landfill investigation using tritium and isotopes as pollution tracers.
AQUAmundi - J. Water Sci. 083-092.

Tazioli, A., Boschi, G., Carlini, A., 2002. Monitoraggio dell’inquinamento da
discariche: metodi per individuare la presenza di contaminazione delle acque
sotterranee. G. Geol. Appl. 2, 130-136.

Thorburn, P.J., Biggs, J.S., Weier, K.L., Keating, B.A., 2003. Nitrate in groundwaters of
intensive agricultural areas in coastal Northeastern Australia. Agric. Ecosyst.
Environ. 94, 49-58. https://doi.org/10.1016/S0167-8809(02)00018-X

Tulipano, L., Cotecchia, V., Fidelibus, M.D., 1990. An example of multitracing
approach in studies of karstic and coastal acquifers, in: Proceedings of the
International Symposium and Field Seminar on Hydrogeological Processes in
Karst Terranes. Antalya, Turchia, pp. 381-389.

Wimmer, B., Hrad, M., Huber-Humer, M., Watzinger, A., Wyhlidal, S., Reichenauer,
T.G., 2013. Stable isotope signatures for characterising the biological stability of
landfilled municipal solid waste. Waste Manag. 33, 2083-2090.
https://doi.org/10.1016/j.wasman.2013.02.017

World Health Organization (Ed.), 2011. Guidelines for drinking-water quality, 4th ed.

31



Accepted version for publication (post print)

The original or published publication is available at https://doi.org/10.1016/j.wasman.2018.05.014

Reference to be cited: Raffaello Cossu, Livia Emanuela Zuffiano, Pier Paolo Limoni, Giorgio De Giorgio,
Paola Pizzardini, Teodoro Miano, Donato Mondelli, Roberto Garavaglia, Carmine Carella, Maurizio
Polemio, 2018. How can the role of leachate on nitrate concentration and groundwater quality be
clarified? an approach for landfills in operation (southern italy). Waste Management, 77, 156-165.
doi:10.1016/j.wasman.2018.05.014

654 ed. World Health Organization, Geneva.

655  Zuffiano, L.E., Basso, A., Casarano, D., Dragone, V., Limoni, P.P., Romanazzi, A.,

656 Santaloia, F., Polemio, M., 2016. Coastal hydrogeological system of Mar Piccolo
657 (Taranto, Italy). Environ. Sci. Pollut. Res. 23, 12502-12514.
658 https://doi.org/10.1007/s11356-015-4932-6

659

660

32



661

662

663

664

Accepted version for publication (post print)

The original or published publication is available at https://doi.org/10.1016/j.wasman.2018.05.014

Reference to be cited: Raffaello Cossu, Livia Emanuela Zuffiano, Pier Paolo Limoni, Giorgio De Giorgio,
Paola Pizzardini, Teodoro Miano, Donato Mondelli, Roberto Garavaglia, Carmine Carella, Maurizio
Polemio, 2018. How can the role of leachate on nitrate concentration and groundwater quality be
clarified? an approach for landfills in operation (southern italy). Waste Management, 77, 156-165.
doi:10.1016/j.wasman.2018.05.014

.1 Study area e Sampling point (June 2015)

] | — Hydrographic network @ Sampling point (March 2015)
~ — Fault Sampling point (November 2014)
Z Main groundwater flow path [ Landfill |

Geology [ Landfill 1

e [ Alluvial deposit [T Landfill 111
[ Sandy clay deposit I Landfill IV

| [ Gravina Calcarenite Formation [ Landfill V

¥ [ Bari Limestone Formation

Figure 1. (a) Italy, Italian regions, and selected study area (SSA). (b) Geological and

hydrogeological map of SSA. (c) Aerial view of five landfills.
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681

EC T pH DO Eh TOC BOD. COD

(mS/cm) °0O) (-) mg/L (mV) (mg/L) (mgO./L) (mg/L)
. Min. 068 1207 673 171  -5200 0.50 1.00 5.00
§ Average 1.14 1673 708 412 13254 241 4.44 8.64
g Max. 291 1948 744 825 24200 5.10 10.00 51.20
N Std. dev 046 112 0.16 163  62.06 1.50 274 7.84
Min. 2180  nd. 790  nd. n.d. 97000 33500  2240.00
§ Average 2437  nd. 810 nd nd. 119230 39833  3376.67
i': Max. 2650  nd. 820  nd. nd. 136000 45000  5210.00
Std. dev 238  nd. 017 nd n.d. 200.66 5838  1602.88

682  Table 1. Descriptive statistics for physical-chemical parameters of groundwater and

683  leachate. n.d. = not determined. EC was estimated at 25 °C.
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685
Li K- Na- N-NH: Ca~ Mg~ F Cl HCO. NO. SO: Fe Mn
Min. 0.00 1.10 5.90 n.p. 87.20 2590 0.10 22.60 378.30 13.40 390 001 0.0001
gy Average 001 4.61 69.57 np. 11569 5462 0.19 159.34 459.56 3226 2249 0.19 0.00
';5 Max. 0.02 20.00 333.80 np. 149.10 10500 1.00 848.00 549.16 5990 9470 1.79 0.02
]
gﬂ Std.dev  0.00 392 70.28 n.p. 17.78 13.66 0.16 163.47 44 81 1085 17.08 040 0.00
Min. 0.02 12394 1720.00 1603.0 31.50 3260 090 2725.60 10006.00 270 1060 123 0.02
g Average 003 1505.13 2140.30 2082.7 4550 4170 223 3266.70 1163392 4120 2937 346 0.04
o
g Max. 0.03 180720 2538.00 2636.0 55.50 5108 3.10 3788.00 12813.80 11500 58.80 545 0.05

Std.dev  0.00 285.64 409 .47 5204 12.49 964 117 53148 1456.53 6393 2581 2.12 0.01

686  Table 2. Descriptive statistics for groundwater and leachate. Chemical composition in

687  mg/L; n.p. = not present.

688
sample date 00 oH 0:C..  Tritium 6'»‘ij 00,
(%eSMOW)  (%sSMOW) PDB TU (%cair)  (%cVSMOW)

1* -6.64 -39.27 -8.69 <0.60 4.62 153
2% -6.84 -40.70 -8.59 <0.60 3.06 9.6
3% -6.47 -39.40 -11.28 0.90 3.12 9.6
4% -6.70 -39.83 -9.31 <0.60 3.05 8.9
5% -6.73 -40.28 -9.02 1.10 3.51 8.2
6%* -6.76 -39.89 -7.35 0.90 3.84 10.2
7* -6.64 -40.37 -10.33 1.40 3.20 93
8* -6.89 -42.16 =723 <0.60 4.62 12.6
9% -6.73 -42.61 -9.32 0.60 3.87 8.7
10%* Nov -6.82 -42.83 -9.21 0.70 5.58 12.7
11%* 2014 -6.63 -41.89 -10.75 1.30 4.64 133
12% -6.78 -41.93 -9.63 1.40 4.74 13.6
13% -6.55 -41.25 -9.77 0.90 5.08 12.3
14%* -6.77 -40.94 -9.03 2.00 5.37 11.3
15% -6.47 -40.23 -9.92 2.30 11.06 10.2
16* -6.61 -40.35 -10.66 1.20 4.57 11.0
17* -6.87 -41.55 -10.87 0.90 4.59 9.9
18%* -6.79 -41.59 -10.41 1.40 5.40 10.8

Leachate IV* -4.81 9.89 21.85  235.00 4.22 <1
1#* -6.86 -41.21 -9.74 <0.60 4.57 16.6
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2k -6.70 -40.92 923 1.00 3.37 12.0
3k -6.42 -39.62 -11.08  0.70 2.94 12.3
5k -6.62 -40.73 945 2.10 4.16 112
g -6.75 -41.75 -1045  1.00 4.95 118
1155 -6.67 -41.11 -10.76 ~ 2.00 3.94 10.7
123 -6.87 -40.26 931 2.00 4.46 11.7
March
135 2015 -6.76 -40.83 -9.95 1.60 5.30 11.6
1455 -6.89 -41.24 -9.55 2.20 5.60 10.0
15%5 -6.63 -39.83 -9.96 3.10 10.62 115
175 -6.94 4133 -1101 110 447 114
1855 -6.85 4142 -10.14 220 5.20 113
Leachate IV -5.22 277 2220 18200  3.15 <1
Bk -6.83 -40.07 -10.76 240 407 78
11k 715 -42.08 -1076  2.50 437 8.0
1255 723 4223 41023 210 523 7.8
135 2701 4143 921 1.70 3.68 7.1
1450k June 107 -41.97 864 200 5.06 6.4
[ 2015 -6.83 -40.58 978 300 10.60 6.9
1855 -6.98 4121 -9.48 2.00 463 7.1
Leachate TV 475 9.60 2277 22500 406 <1
689 Table 3. [sotopic composition of groundwater and leachate.
690
691
692
0"Nyox 07Oy,
sample (%cair) (%VSMOW)
Urea 0.15 -
Ammonium sulphate -0.53 -
Nitrophoska Special -0.22 -
Nitrophoska 1.38 19.0

693  Table 4. Isotopic composition of commercial fertilizers in the area.
694
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695
Sample SiO. TiO. ALO. FeO* ZnO MnO MgO CaO Na.O KO P.O. SO. Cl
2 1335 nd 559 007 nd nd 375 7326 032 056 nd nd 246
3 3103 nd 1264 2342 nd nd 406 2655 nd 0.74 nd 0.72 0.84
5 736 nd nd 2206 118 nd 607 6187 nd nd nd nd 146
8 46.89 031 22.17 79 nd nd 467 153 009 255 nd nd 0.13
11 1349 nd 502 358 101 nd 551 3865 nd nd 049 nd nd
12 2372 0.19 8.82 3638 144 nd 1.99 2658 021 068 nd nd nd
13 231 nd nd n.d nd nd 566 9054 nd nd nd nd 148
14 117 nd 022 6146 029 nd 298 1678 253 0.19 23 nd 1.57
15 1844 nd 441 4513 431 0.17 2.1 21.07 043 0.55 134 149 0.55
17 nd nd nd nd nd nd 6.16 9384 nd nd nd nd nd
18 1239 nd 333 752 nd nd 136 557 006 032 167 nd 0.1
696

697  Table 5. Analysis results at SEM-EDS. *Iron expressed as sum of FeO+Fe,O,; n.d.=not
698  detectable.

699
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List of figure

Figure 1. (a) Italy, Italian regions, and selected study area (SSA). (b) Geological and
hydrogeological map of SSA. (c) Aerial view of five landfills.

Figure 2. Multi-parametric log of well number 8.

Figure 3. Langelier-Ludwig diagram of the sampled groundwater and leachate.

Figure 4. Binary 6'H — 6*O diagram for water samples and leachate.

Figure 5. (a) Binary Tritium — Cl (mg/L). (b) Binary 6-C — 8O diagram.

Figure 6. Stable isotope composition of dissolved nitrates in groundwater and fertiliser
(modified after Clark and Fritz, 1997; Kendall et al., 2007). The rectangles highlight the

main types of nitrate sources.
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