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Abstract In southern Latium region, Central Italy,
groundwater and spring water resources in the carbonate
aquifers are the major contributors of drinking and irriga-
tion water supply. The aim of this study was to review
hydrochemical processes that control the groundwater
chemistry and to determine the suitability of springs and
groundwater for irrigation and drinking purposes on the
basis of the water quality indices. Physical (pH, electrical
conductivity, total dissolved solids) and hydrochemical
characteristics (Na™, K%, Caz+, Mg2+, HCO;™, Cl7, and
SO,47) of springs and groundwater were determined. To
assess the water quality, chemical parameters like sodium
adsorption ratio (SAR), total hardness, Mg-hazard (MH),
sodium percentage (Na %), salinity hazard, permeability
index, and Kelly’s ratio were calculated based on the
analytical results. A Durov diagram plot revealed that the
groundwater has been evolved from Ca to HCO; recharge
water, followed by mixing and reverse ion exchange pro-
cesses, due to the respective dominance of Na—Cl and Ca—
Cl water types. According to Gibbs’s diagram plots,
chemical weathering of rock forming minerals is the major
driving force controlling water chemistry in this area.
Groundwater and spring samples were grouped into six
categories according to irrigation water quality assessment
diagram of US Salinity Laboratory classification and most
of the water samples distributed in category C2-S1 and
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C3-S1 highlighting medium to high salinity hazard and
low sodium content class. The results of hydrochemical
analyses and the calculated water quality parameters sug-
gest that most of the water samples are suitable for irri-
gation and drinking purposes, except for the samples
influenced by seawater and enhanced water—rock interac-
tion. High values of salinity, Na %, SAR, and MH at cer-
tain sites, restrict the suitability for agricultural uses.

Keywords Carbonate aquifers - Geochemical
characteristics - Water quality parameters - Salinity -
Water—rock interaction

Introduction

Groundwater is an important natural resource especially for
drinking and irrigation uses. Water quality assessment is
essential for human health and the definition of water quality
depends on the desired use of water (Hoek et al. 2001; Jain
et al. 2009; Kirda 1997). Therefore, different uses require
different criteria of water quality as well as standard methods
for reporting and comparing results of water analysis (Singh
etal. 2004). The natural water analyses for physico-chemical
properties are very important for public health studies
(Rizwan and Singh 2009). These studies are also a main part
of pollution studies in the environment (Palma et al. 2010).
The variations of water quality are essentially the combi-
nation of both anthropogenic and natural contributions
(Chen et al. 2006). Natural variations in groundwater
hydrochemistry should be considered when assessing water
quality data from groundwater monitoring programmes, as
elevated concentrations for certain parameters might be
influenced by the aquifer lithology (Kumar et al. 2009).
Therefore, to ensure that long-term sustainable groundwater
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resources are achieved, groundwater resource management
is required through an assessment of anthropogenic pres-
sures and the physical characteristics of the subsurface
deposits, i.e. soil, subsoil, and aquifer type. The water quality
assessment is mostly based on hydrochemical analysis and
many organizations renew and publish the guidelines for
drinking water to protect public health.

In Italy, water for different uses (i.e. drinking and
agricultural) relies mostly on groundwater resources from
carbonate aquifers. Carbonate aquifer systems often
respond rapidly to changes in environmental and climatic
conditions (Mahler and Massei 2007). Many studies have
been conducted on carbonate aquifer systems such as
geochemical processes in these systems and their hydro-
geological implications. In these systems, chemical com-
position of groundwater is controlled by many factors,
including the composition of the precipitation, variations in
flow, seasonal changes in recharge, geological structure,
and mineralogy of the aquifers (Chenini and Khmiri 2009).
The interaction of all factors leads to various water types.
In recent years, hydrochemical investigation techniques
provide much information for the identification of main
hydrogeochemical processes affecting the composition and
the quality of spring and groundwater within the carbonate
aquifers (Briz-Kishore and Murali 1992). The hydro-
chemical properties are generally related to (1) water—rock
interactions, (2) natural factors such as mixing between
seawater and freshwater, (3) anthropogenic factors, and (4)
the type of groundwater circulation (Mercado and Billings
1975; Mayer 1999). On the other hand, the composition of
water in carbonate systems is the result of the dissolution of
variable quantities of rock forming minerals that controls
the water chemistry (White 1988; Ettazarini 2005; Edm-
unds et al. 1987; Moral et al. 2008).

In the present work, spring waters and groundwater from
the carbonate aquifers of the southern Latium region were
characterized employing physico-chemical data to deter-
mine the water suitability for different uses (i.e. drinking and
irrigation). This study was also designed to hydrochemically
characterize these aquifer systems, with the aim of achieving
proper management and protection of these important
resources. The main objectives of this study are (1) evalu-
ation of water geochemistry; (2) determination of water
quality parameters; and (3) assessment of water suitability
for drinking and irrigation purposes by comparing the
identified parameters with the standards and guidelines.

Methodology
The main spring water and groundwater sampling survey
was carried out in southern Latium region of Central Italy

from 2002 to 2006. Groundwater samples were collected
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from 20 wells in Pontina Plain and 54 spring water samples
were collected from Lepini (12 springs), Ausoni (16
springs), and Aurunci (26 springs) mountains (Fig. 1). All
samples were collected in laboratory certified clean bottles
and location; date and time of sample collection were
recorded. Water temperature, electrical conductivity, and
pH values were determined in the field using PC 300
Waterproof Hand-held meter (http://www.eutechinst.com/
manuals/english/pc300_r3.pdf). Laboratory analyses inclu-
ded major cations and anions. All samples were maintained
in refrigerated conditions before analyses. For chemical
analysis, 250 ml of water was collected in polyethylene
bottles, filtered and then acidified (http://www.irsa.cnr.it/
ShPage.php?lang=en&pag=nma). Water samples were fil-
tered through cellulose filters (0.45 pum), and their major
and minor constituents were determined by a Metrohm 761
Compact IC ion chromatograph (replicability =£2 %)
(http://www.metrohm.it/Produkte2/IC/index.html). A Me-
tropes C2-100 column was used to determine cations (Na™,
K™, Mg?", Ca?™), while a Metropes A Supp 4-250 column
was used for anions (C1~, SO, , HCO3™) (Metrohm 2000)
The analytical accuracy of these methods ranged from 2 to
5 %. Bicarbonate content was measured by titration with
0.1 N HCI using colour turning method with methyl orange
as indicator. Chemical analyses were performed on the
collected water samples at the Geochemical Laboratory of
Sapienza, “University of Rome”. The characterization of
spring and groundwater samples has been evaluated by
means of major ions, Ca”, Mg”, HCO5™, Nat, KT, CI™
and SO, . For the identification of water types, the chem-
ical analysis data of the spring water samples have been
plotted on the Piper and Durov diagrams using Geochem-
istry Software AqQA, version AQC10664 (Rockware
AqQA Software 2011). In addition, for the evaluation of
water quality parameters magnesium and salinity hazard,
sodium adsorption ratio (SAR), sodium percentage (Na %),
total hardness (as CaCQOj), exchangeable sodium ratio
(ESR), Kelly’s ratio (KR), permeability index (PI), values
of springs and groundwater samples were also determined
using AqQA software and some mathematical calculations.

Geology and hydrogeology

Lepini, Ausoni and Aurunci are three different groups of
mountains belonging to the pre-Apennines of Latium and
they occupy a well-defined geographic area, called “Vol-
scian mountain range” (Fig. 1). The Lepini Mountains are
located in the northern part of Pontina Plain and hosts an
important karst aquifer. The aquifer in the Lepini massif
may be classified as “unconfined with an undefined bottom
surface”. The Pontina is a coastal plain developed along an
extensional marine boundary and positioned between the
Lepini—Ausoni mountains of the Central Apennines and the
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Tyrrhenian Sea (Fig. 1). In Pontina Plain, much of the
groundwater comes out in springs near the boundary
between the Pontina Plain and the carbonate massif, all of
which join a series of streams and canals that drain to the
Tyrrhenian Sea (Memon et al. 2011). Two aquifers are
present in Pontina Plain: one is an unconfined aquifer lying
under the Quaternary deposits covering the limestones at
the south-western margin of the Lepini complex, and the
second one is a confined aquifer where the water is dis-
charged from the calcareous aquifer of the Lepini massif
and flows to the sea. The Ausoni Mountains rise in
southern Latium and extend to the coastline, starting
immediately after the middle Amaseno valley (Fig. 1). The
Ausoni hydrogeological unit is mainly composed of lime-
stones with interbedded dolomitic limestones. Most of the
springs lie along all of its borders but with no sharp sep-
arations between their recharge areas. The Aurunci
Mountains represent the southeastern part of the Volscian
range and are oriented more or less parallel to the Apennine
range. The Aurunci Mountains are made of two distinct
hydrogeological units: the western Aurunci, belonging to
the Ausoni—Aurunci system, and the eastern Aurunci,
which is separated from the western ones by a marly-are-
naceous flysch complex (Boni 1975). The western Aurunci
hydrogeological unit consists of dolomitic limestones and
dolomites of Jurassic and Cretaceous age. The springs are
supplied by groundwater that is derived from these geo-
logical formations. The groundwater is directly discharged
into the Liri river through the narrow alluvial belt sepa-
rating the unit from the river. The unit holds multiple
hydrogeological basins, whose boundaries match important
tectonic lines that caused the outcropping of the calcare-
ous-dolomitic Jura (Accordi et al. 1976). The eastern
Aurunci hydrogeological carbonate structure is surrounded
by relatively less-permeable sediments, including the
Frosinone flysch, the Roccamonfina volcanites and the
Garigliano plain alluvia (Celico 1978).

Results and discussion
Water chemistry

Statistical summary of physical and hydrochemical
parameters of sampled waters and guideline values of
World Health Organization (WHO), US Environmental
Protection Agency (US-EPA) and US Salinity Laboratory
(USSL) for comparison are presented in Table 1. The
temperature of Lepini springs range from 10 to 15 °C. The
pH of these springs ranges from 6.9 to 8.1. Lepini springs
show a total dissolved solids (TDS) content within the
range 101.5-1,264.3 mg/l. The electrical conductivity (EC)
value of the springs varies from 138 to 1,540 ps/cm. The

temperature of Ausoni springs ranges from 12 to 15 °C.
The pH of the Ausoni springs ranges from 7.1 to 8 indi-
cating alkaline nature of the water. The EC and TDS values
of the springs range from 315 to 2,310 ps/cm and 255.3 to
1,318.4 mg/l, respectively. The temperature of Aurunci
springs ranges from 3 to 31 °C, with minimum and maxi-
mum values, respectively. The TDS content ranges from
245.6 to 1,149.7 mg/l. Aurunci springs show alkaline nat-
ure (pH 7.2-8.2) with low to medium electrical conduc-
tivity. However, few springs show high total dissolved
solids (1,150 mg/l) and electrical conductivity (1,217 ps/
cm). This fact is probably related to the more time for
water to interact with the host rock. The groundwater of
Pontina Plain show alkaline character with pH values
ranging from 7.3 to 8.0 corresponding to carbonate system
waters. The temperature of groundwater ranges between 12
and 17.6 °C. The electrical conductivity and TDS con-
centrations of the groundwater samples from Pontina Plain
show varieties due to water rock interaction and seawater
intrusion near the coastal area. The TDS and EC values of
groundwater vary from 336 to 2,790.1 mg/l and 412 to
4,180 ps/cm, respectively (Sappa et al. 2012).

The conventional classification techniques (i.e. Piper
and Durov diagrams) were applied to evaluate geochemical
processes. The hydrochemical facies of springs and
groundwater was studied by plotting the concentrations of
major cations and anions in the Piper trilinear diagram
(Sappa et al. 2012). The types of water that predominates in
the study area are (1) Ca—-Mg-HCOs;; (2) mixed facies
between Ca-HCO5; and Na-Cl; (3) Na-Cl; (4) Ca-Cl
(Fig. 2). The major cation and anion concentrations of the
samples from springs and groundwater in the region are
plotted on a Durov diagram in Fig. 3. Durov’s diagram
helps the interpretation of the evolutionary trends and the
hydrochemical processes occurring in the groundwater
system and can indicate mixing of different water types,
ion exchange and reverse ion exchange processes. In
Fig. 3, samples fall in field 3 the zone of low-salinity water
(Ca-Mg-HCOj; recharge water); samples located in fields
5, 6,7 and 1 of Durov diagram indicate mixing and reverse
ion exchange processes, respectively (the dominance of
Na—Cl and Ca—Cl water types). Reverse ion exchange
consists of exchange Ca®" from the clay fraction in aquifer
system. In the higher salinity environment, the process of
reverse ion exchange may create CaCl, waters due to the
removal of Na* out of solution for bound Ca®". Alterna-
tively, CaCl, type waters could also be a result of the
mixing process between fresher water with more saline
older water (Adams et al. 2001).

The major cations of springs and groundwater domi-
nated by calcium and bicarbonate belong to the group of
Ca—HCO; water type, followed by magnesium, sodium,
sulphate and chloride. However, the composition of spring

Piedase cllod ayao .
KACST a,01éitlg roglel @ Springer



118

Appl Water Sci (2014) 4:115-128

Table 1 Descriptive statistics of spring water and groundwater hydrochemistry and guideline values of WHO, US-EPA and USSL

Sampling locations T pH EC Ca Mg Na K Cl HCO;~ SO;* TDS
(°C) (usfem)  (mg/)  (mg/l)  (mg/h) (mg/l) (mg) (mg/l)  (mg/) (mg/)
Lepini springs (12 samples)
Mean 128 7.7 517 64.3 13.7 37.4 29 55.4 239.8 16.4 430
Median 125 7.7 399.5 67.2 6.5 6.8 1.2 9.6 2359 4.3 3344
Min 10 6.9 138 15.4 1.4 29 0.1 39 67.1 1.7 101.5
Max 15 8.1 1,540 111 44.7 221 15.8 3384 448 85.4 1,264.3
Ausoni springs (16 samples)
Mean 126 7.7 826.3 65.2 18.2 73.5 35 128.4 2342 27.2 550.2
Median 12 7.8 404 61.6 9.2 8.6 0.8 13.3 232 5.8 324.3
Min 12 7.1 315 41.5 3.8 4.1 0.2 7.5 177 3.8 255.3
Max 15 8 2,310 89.2 47.8 293.1 154 5249  305.1 110.9 1,318.4
Aurunci springs (26 samples)
Mean 121 7.7 545 72.8 25.6 10.6 29 12.7 316.5 34.6 475,7
Median 12 7.7 428.5 64.9 9.9 7.6 1.1 9.7 2441 53 337.8
Min 3 7.2 311 44.5 1.5 42 0.3 45 170.9 2.7 245.6
Max 31 8.2 1,217 197.3 93.4 50.5 21.6 46.7 805.5 195.8 1,149,7
Pontina Plain groundwater (20 samples)
Mean 148 7.8 1,900.7 124 43.1 232.6 17.7 445 297.2 117.2 1,276.8
Median 135 79 1,4485 1256 389 58 17.2 397.8 2845 55.6 970
Min 12 7.3 412 50.2 15.1 10.3 1.1 9.4 92 6.1 336
Max 176 8.0 4,180 198.1 76.5 705.6 415 1,220 610 348.7  2,790.1
WHO (2006) guideline values NS 6.5-9.2 1,500 75 30 200 200 250 NS 250 1,000

Na % classification (Wilcox 1955)

Na % classification <20 % excellent

20-40 % good 40-60 % permissible 60-80 %

EC (ps/cm) Salinity hazard Salinity hazard class doubtful
US Salinity Laboratory US salinity hazard 100-250 Low Cl
classification classification 250-750 Medium 2
diagram (USSL 1954) 750-2.250 High 3
>2,250 Very high C4
Sodium hazard SAR Sodium (alkali) hazard Sodium hazard class
classification <10 Low S1
10-18 Medium S2
18-26 High S3
>26 Very high S4
US-EPA (1986) hardness classification Hardness as CaCOj3; (mg/l) Water classification
0-75 Soft
75-150 Moderately hard
150-300 Hard
>300 Very hard

NS not stated

samples discharge at lower elevations, issuing from Lepini
and Ausoni Mountains, and groundwater from Pontina
Plain belong to or show a tendency to the group of Na—Cl
dominated by chloride, sodium, sulphate and potassium.
The large variations in ion concentrations, TDS and elec-
trical conductivity (EC) were thought to be mainly due to
water—rock interaction along the flow paths and seawater
intrusion in the coastal area. In the previous studies, this
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fact was studied by geochemical modeling and saturation
index computation of the Lepini, Ausoni and Aurunci
springs and Pontina Plain groundwater. The results of
geochemical modeling suggest that most of the spring
water and groundwater samples are saturated with respect
to calcite and dolomite; however, all sampled waters are
undersaturated with respect to gypsum and halite (Sappa
et al. 2012). The Gibbs plots are employed to understand
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Fig. 2 Piper diagram of springs and groundwater samples

the processes which affect the geochemical parameters of
springs and groundwater. These diagrams, representing the
plot of log (TDS) versus ratios of Na*/(Na™ 4+ Ca®") and
CI'/(C1I™ + HCO37), are widely used to assess the dis-
tinction between waters controlled by water—rock interac-
tion (i.e. leaching and dissolution), evaporation and

precipitation (Gibbs 1970). Gibbs’s plots (Fig. 4) show that
most spring and groundwater samples fall in the rock
dominance area. The water-rock interaction (chemical
weathering of rock forming minerals) predominates the
water chemistry of these springs and groundwater. How-
ever, some spring (low discharge Lepini and Ausoni
springs) and groundwater samples clustered in the region of
evaporation zone. Evaporation increases salinity by
increasing Na™ and C1~ with relation to increase of TDS.
This is also observed by Piper plot, having significant
increase of Na* and Cl~ in some spring and groundwater
samples. This may be attributed to the dissolution of
evaporate minerals (such as halite) and seawater intrusion
near the coastal area.

Water quality assessment

The chemical parameters play an important role in classi-
fying and assessing water quality. Thus, to evaluate water
quality for different uses, water quality indices such as
TDS, EC, pH, SAR, Mg-hazard (MH), total hardness,
salinity hazard, ESR, permeability index, Kelly’s ratio and
sodium percentage were calculated from the chemical
analyses of 54 spring and 20 groundwater samples. The
results of the different indices for irrigation water quality
are presented in Table 2. Then, the analytical results of
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Fig. 3 Durov’s diagram of springs
and wells for definition of groundwater
chemical types
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physical and chemical parameters of springs and ground-
water were compared with the standard guideline values.

Drinking water quality

Major anions and cations The concentration of various
ions in the groundwater and spring samples was compared
with WHO standards, which are given in Table 1. The
minimum required amounts of magnesium and calcium in
drinking water are 10 and 20 mg/l, respectively, and the
desired amounts of magnesium and calcium in drinking
water are 30-50 and 40-75 mg/l, respectively. The calcium
concentrations in water samples range from 154 to
198.1 mg/l with minimum and maximum values, respec-
tively. Almost 42 % of the spring and groundwater samples
contain Ca concentrations higher than 75 mg/1, while about
3 % of the springs show Ca concentrations less than
40 mg/l. Besides, 55 % of the total samples show Ca
concentrations ranging between 40 and 75 mg/l. In the
study area, magnesium concentrations range between 1.4
and 93.4 mg/l. Most of the samples (~60 %) show mag-
nesium concentrations <30 mg/l. However, about 17.5 %
of 74 samples show magnesium concentrations higher than
50 mg/l. The remaining water samples have magnesium
concentrations within the range of 30-50 mg/l. Among the
springs, the highest calcium (197.3 mg/l) and magnesium
(93.4 mg/l) concentrations were observed in water samples
from Aurunci mountains. Besides, groundwater samples
from Pontina Plain also show higher Ca (198.1 mg/l) and
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Mg (76.5 mg/l) concentrations. The sulphate concentration
in water samples ranged from 1.7 to 348.7 mg/l. The
highest values were observed in Aurunci springs
(195.8 mg/l) and Pontina Plain (348.7 mg/l) groundwater;
however, most of the samples are within the maximum
allowable limits WHO (2006) standards. The high con-
centration of sulphate is likely due to the dissolution of
gypsum minerals which is common in the study area.
Nevertheless, high concentrations of sulphate in ground-
water of Pontina Plain are attributed to the proximity of the
sampling locations to the coast. Bicarbonate values in
water samples vary from 67.1 to 805.5 mg/l. The potas-
sium values of the water samples range from 0.1 to
41.5 mg/l and most of the samples in the study area fall
within the guideline levels; however, springs and ground-
water belonging to Mg-HCO; and Na—Cl water types show
higher potassium concentrations. The sources of potassium
in the water samples are attributed to the dissolution of
silicate minerals, seawater intrusion near the coastal area
and/or agricultural activities. Sodium and chloride con-
centrations in the investigated water samples are found in
the range of 2.9-705.6 and 3.9-1,220 mg/1 with minimum
and maximum values, respectively. The highest concen-
trations were observed in some groundwater samples of
Pontina Plain and some low discharge springs from Lepini
and Ausoni Mountains. Most of the samples have sodium
and chloride levels are not in excess of the permissible
limit of 200 and 250 mg/l, respectively (WHO 2006).
Based on these results and comparison values, most of the
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groundwater and spring samples were found to be within
the suitable limits.

Total dissolved solids (TDS) High concentration of TDS
in drinking water may cause adverse taste effects. A water
containing TDS <500 mg/l can be considered as fresh
water. Water with a TDS lower than 1,000 mg/1 is usually
acceptable for consumers (WHO 20006). In the study area,
the TDS content of spring water ranges from 101.5 to
1,318.4 mg/l. It was found that 87 % of the spring water
samples are classified as fresh water, while the rest of the
springs are considered as a brackish water according to the
WHO guidelines. Most of the spring samples show TDS
values below 1,000 mg/l and suitable for drinking and
irrigation purposes. Groundwater samples from Pontina
Plain show the highest TDS values ranging from 335.9 to
2,790.1 mg/l. Based on WHO Guidelines for drinking-
water quality, 45 % of total groundwater samples fall in
brackish water category while, 55 % of total samples
classified as fresh water.
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Fig. 5 Box plots show mean, median, 25-75 percentile, minimum
and maximum values of total hardness

Hardness Determination of water hardness is a useful test
to measure quality of water for domestic, agricultural and
industrial uses. High levels of total hardness does not cause
health risk; however, both extreme degrees very soft
(<75 mg/l as CaCOs3) and very hard (>300 mg/l as CaCO3)
are considered as undesirable features in water. Hardness
levels between 80 and 100 mg/l (as CaCO3;) are generally
acceptable in drinking water and are considered tolerable
by consumers (Ternan 1972; Bernardi et al. 1995; Memon
et al. 2011). The total hardness of water is the sum of
calcium and magnesium hardness expressed as mg/l
CaCOs. The total hardness (as CaCOs3) of water samples
can be calculated using the following equation (http://
water.usgs.gov/owq/hardness-alkalinity.html#hardness):

[CaCO3] = 2.5[Ca*"] + 4.1[Mg**]. (1)

The US-EPA classified water that contains 0-75 mg/l
CaCOj; as soft, 75-150 mg/l CaCO; as moderately hard,
150-300 mg/l1 CaCO;5 as hard and >300 mg/l CaCO;5 as
very hard (US-EPA 1986). The total hardness values
(mean, median, maximum and minimum) of springs and
groundwater were presented in Fig. 5. The total hardness
of Lepini spring samples range from 56.2 to 461.2 mg/l
(Table 2) and fall between soft and very hard water
category. Ausoni spring water samples show total
hardness ranging from 144.7 to 499.5 mg/l and
classified as moderately hard to very hard water. The
highest total hardness values were observed in water
samples from Aurunci Mountains ranging from 148.2 to
712.7 mg/l with minimum and maximum values,
respectively. Almost all Aurunci spring samples are
characterized as very hard water. The classification of
water based on total hardness shows that most of the
spring water samples fall between hard and very hard
water type. The total hardness values of groundwater from
Pontina Plain range from 151 to 572.2 mg/l highlighting
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Table 2 Water quality parameters for springs and groundwater

Samples  Hardness (as Indication  Salinity Mg-hazard  Na-adsorption  Exchangeable Na % Kelly’s Permeability
CaCO;) (mg/l) hazard ratio (SAR) Na ratio (ESR) ratio (KR) index
LPO1 318.6 Very hard  High 40.6 2.09 0.59 37.94 0.6 60.25
LP02 228.2 Very hard  Medium 27.6 0.26 0.09 838 0.1 48.47
LPO3 221.7 Very hard  Medium 7.8 0.37 0.13 11.72 0.1 51.55
LP0O4 218.4 Very hard  Medium 22.0 0.25 0.09 828 0.1 50.86
LPO5 461.2 Soft High 39.9 4.48 1.04 52.08 1.0 65.44
LPO6 157.8 Hard Medium 17.2 0.15 0.06 5.69 0.1 58.66
LPO7 348.4 Very hard  High 37.7 2.05 0.55 36.32 0.5 58.58
LPO8 141.0 Hard Medium 12.0 0.12 0.05 5.09 0.1 61.37
LP09 153.8 Hard Medium 3.8 0.10 0.04 402 0.0 58.06
LP10 112.2 Hard Medium 23.9 0.20 0.10 10.82 0.1 67.73
LP11 56.2 Soft Low 31.5 0.23 0.16 1591 0.2 94.35
LP12 186.4 Very hard  Medium 6.0 0.15 0.06 543 0.1 54.21
ASO01 191.1 Very hard  Medium 19.6 0.16 0.06 592 0.1 53.69
AS02 188.0 Very hard  Medium 20.2 0.13 0.05 472 0.0 54.09
AS03 180.8 Very hard  Medium 14.9 0.20 0.08 725 0.1 54.43
AS04 144.7 Hard Medium 19.1 0.38 0.16 1399 0.2 65.33
ASO05 238.4 Very hard  Medium 355 1.74 0.56 36.55 0.6 62.89
AS06 259.4 Very hard  High 39.5 2.47 0.77 44.09 0.8 66.05
AS07 419.7 Very hard  Very high  46.9 6.00 1.47 60.19 1.5 69.69
ASO08 499.5 Very hard  Very high  46.6 6.35 1.59 6195 1.6 71.53
AS09 407.9 Very hard  Very high 459 6.31 1.56 61.59 1.6 70.81
AS10 280.9 Very hard  High 46.9 2.38 0.71 4220 0.7 64.85
AS11 157.7 Hard Medium 16.3 0.16 0.07 6.30 0.1 56.85
AS12 167.1 Hard Medium 18.8 0.16 0.06 6.02 0.1 56.30
AS13 167.5 Hard Medium 38.1 0.39 0.15 1371 0.2 61.04
AS14 199.3 Very hard  Medium 7.8 0.16 0.06 539 0.1 51.66
AS15 189.6 Very hard  Medium 12.6 0.15 0.05 536 0.1 53.33
AS16 211.7 Very hard  Medium 9.9 0.20 0.07 6.74 0.1 50.73
ARO1 639.0 Very hard  High 60.2 0.85 0.17 17.51 0.2 36.17
ARO02 3323 Very hard  Medium 50.2 0.19 0.05 574 0.1 41.19
ARO03 347.5 Very hard  Medium 52.9 0.21 0.06 642 0.1 35.79
AR04 381.4 Very hard  Medium 48.5 0.20 0.05 586 0.1 34.92
ARO5 413.4 Very hard  High 43.8 0.18 0.04 753 0.1 52.89
ARO06 326.1 Very hard  Medium 50.9 0.18 0.05 561 0.1 39.37
ARO7 361.6 Very hard  Medium 57.3 0.26 0.07 743 0.1 37.93
AR08 585.4 Very hard  High 59.4 0.91 0.19 18.34 0.2 37.41
AR09 396.6 Very hard  Medium 429 0.16 0.04 437 0.0 3543
AR10 388.7 Very hard  Medium 53.7 0.25 0.06 6.81 0.1 36.77
ARI11 175.1 Hard Medium 222 0.15 0.06 6.06 0.1 55.99
ARI12 183.2 Very hard  Medium 31.6 0.40 0.15 14.04 0.1 60.47
AR13 194.4 Very hard  Medium 19.1 0.17 0.06 624 0.1 52.36
AR14 188.6 Very hard  Medium 19.2 0.15 0.05 547 0.1 52.87
ARI15 252.2 Very hard  Medium 16.8 0.20 0.06 6.10 0.1 47.17
AR16 192.7 Very hard  Medium 19.7 0.15 0.05 552 0.1 53.14
AR17 202.5 Very hard  Medium 16.9 0.15 0.05 555 0.1 49.61
AR18 149.3 Hard Medium 25.6 0.15 0.06 620 0.1 60.01
AR19 152.0 Hard Medium 22.8 0.15 0.06 6.11 0.1 59.54
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Table 2 continued
Samples  Hardness (as Indication  Salinity Mg-hazard Na-adsorption  Exchangeable Na % Kelly’s Permeability
CaCO;) (mg/l) hazard ratio (SAR) Na ratio (ESR) ratio (KR)  index
AR20 712.7 Very hard  High 30.9 0.17 0.03 369 0.0 27.85
AR21 150.9 Hard Medium 24.5 0.32 0.13 11.84 0.1 60.58
AR22 194.5 Very hard  Medium 22.0 0.19 0.07 6.68 0.1 52.11
AR23 148.2 Hard Medium 5.0 0.28 0.11 10.37 0.1 62.71
AR24 158.7 Hard Medium 4.6 0.27 0.11 9.97 0.1 59.05
AR25 188.4 Very hard  Medium 4.0 0.21 0.08 726 0.1 54.56
AR26 199.2 Very hard  Medium 32 0.15 0.05 5.06 0.1 52.68
PPO1 251.8 Hard Medium 28.5 0.9 0.3 22.85 0.3 58.13
PP02 337.5 Very hard  High 31.7 54 1.5 60.04 1.5 75.02
PP03 408.7 Very hard  High 38.7 53 1.3 5691 1.3 68.73
PP04 201.5 Hard Medium 37.8 0.3 0.1 1126 0.1 54.26
PPO5 312.0 Very hard  Medium 20.0 0.3 0.1 850 0.1 45.17
PP06 482.3 Very hard  High 36.9 4.7 1.1 53.57 1.1 66.53
PPO7 263.9 Hard Medium 36.9 9.2 0.3 2646 0.3 57.31
PPOS8 2134 Hard Medium 29.6 5.9 0.2 2249 0.2 58.82
PP09 218.6 Hard Medium 31.8 3.0 0.1 11.12 0.1 54.26
PP10 151.3 Hard High 37.6 5.0 0.1 1426 0.1 16.97
PP11 151.0 Hard High 32.9 3.8 0.1 9.84 0.1 15.03
PP12 428.2 Very hard  High 32.4 1.0 0.2 24.68 0.2 45.96
PP13 251.5 Hard High 429 4.3 0.1 13.62 0.1 18.03
PP14 500.2 Very hard  Very high 43.9 10.5 2.1 67.58 2.0 72.58
PP15 572.2 Very hard  Very high 284 6.1 1.3 56.33 1.3 66.53
PP16 450.0 Very hard  Very high  36.3 9.3 1.7 63.06 1.7 67.75
PP17 265.5 Hard High 23.9 1.7 0.5 35.03 0.5 57.59
PP18 400.0 Very hard  Very high 41.2 11.2 2.0 67.58 2.0 71.50
PP19 225.0 Hard Very high 42.7 10.8 2.0 67.21 2.0 70.07
PP20 400.0 Very hard ~ Very high 41.1 11.0 2.0 67.57 2.0 71.52

LP Lepini springs, AS Ausoni springs, AR Aurunci springs, PP Pontina Plain groundwater)

hard to very hard water category. Waters with hardness
levels in excess of 200 mg/l are considered poor but have
been tolerated by consumers; however, waters with
hardness in excess of 500 mg/l are not suitable for most
domestic purposes. Few spring and groundwater samples
exceed the allowable limit for domestic uses. The
observed high total hardness values in water samples are
related to the main rock types in the area investigated,
where limestone, dolomitic limestones and dolomites are
the most dominant formations.

pH values The pH values of spring samples range from
6.91 to 8.15 indicating slightly acidic to alkaline nature.
According to the WHO (2004) guidelines, the range of
desirable pH values for drinking water is 6.5-9.2. There are
no spring and groundwater samples with pH values outside
of the desirable ranges.

Suitability of water for irrigation purposes/irrigation water
quality parameters

The results of the different irrigation indices sodium per-
centage, ESR, magnesium hazard, SAR, permeability
index and Kelly’s ratio for rating irrigation water quality
are summarized in Table 2 and some comparison values
are presented in Table 1 and discussed in the text.

Magnesium hazard (MH) Magnesium concentration of
water plays an important role in determining the quality of
water for irrigation purposes and hence, agricultural use.
Magnesium hazard can be determined employing the fol-
lowing equation:

Mg2+
100, )

MH=_ 2
Ca*" + Mg
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Fig. 6 Box plots show mean, median, 25-75 percentile, minimum
and maximum values of magnesium hazard (MH)

Generally, magnesium hazard more than 50 is
considered harmful and unsuitable for irrigation use
(Szabolcs and Darab 1964). The high magnesium content
in water will adversely affect crop yields as the soils
become more saline (Joshi et al. 2009). Evaluation of
mean, median, maximum and minimum values of
magnesium hazard are depicted in box plots (Fig. 6). The
magnesium hazard values of Lepini spring samples range
from 3.8 to 40.6 indicating that they are within the
acceptable limit. Similarly, the spring samples from Ausoni
Mountains have also magnesium hazard values (7.8-46.9)
<50 and can be classified as suitable for irrigation use. The
magnesium hazard values of Pontina Plain groundwater are
within the range 20-43.9 highlighting their suitability for
irrigation. On the contrary, for Aurunci spring samples
magnesium hazard values range from 3.2 to 60.2 (Table 2).
It is found that 27 % of spring samples from Aurunci
Montains have magnesium hazard more than 50 %
indicating that they are unsuitable for irrigation.

Sodium adsorption ratio (SAR indicator) The SAR
parameter evaluates the sodium hazard in relation to cal-
cium and magnesium concentrations. This parameter is
commonly used as an index to evaluate water suitability for
irrigation purposes (Ayers and Westcot 1994; Shaki and
Adeloye 2006). Thus, the suitability of the spring and
groundwater samples was evaluated by determining the
SAR. The SAR was calculated by the following equation
(Richards 1954):

N
SAR=—— 2% (3)

V(Ca+Mg)/2
If SAR value is <10, the water is safe to irrigate with no
structural deterioration. On the other hand, the SAR value
is >6-9, the irrigation water will cause permeability
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problems on shrinking and swelling types of clayey soils
(Saleh et al. 1999; FAO 1992). Continued use of water
having high SAR leads to breakdown in the physical
structure of the soil particles. High salt concentration in
water leads to formation of saline soil and high sodium
concentration leads to development of an alkaline soil
(Singh et al. 2008). The SAR values of springs and
groundwater samples are presented in Table 2. The SAR
values of Lepini springs range from 0.10 to 4.48. Samples
from Ausoni springs show higher SAR values, ranging
from 0.13 to 6.35; however, they fall within the
recommended limits. The highest SAR values were found
in groundwater samples from Pontina Plain ranging from
0.3 to 11.2. SAR values of water samples from Aurunci
springs range from 0.15 to 0.91 highlighting their
suitability for irrigation purposes. SARs for spring water
samples of the study area are <10 indicating excellent
quality for irrigation and all the samples fall in excellent
(S1) category. However, some groundwater samples from
Pontina Plain having SAR value more than 10 are
unsuitable for irrigation. To determine how the
interaction of the various ions affect the suitability of the
water for irrigation, the SAR has been plotted with the
conductivity measurement on the classical USSL (1954)
classification diagram in Fig. 7. US of salinity diagram
uses SAR and EC values for classifying irrigation water
quality. In this diagram, waters have been divided into low
(C1), medium (C2), high (C3) and very high (C4) types on
the basis of salinity hazard. On the basis of sodium hazard
waters have been classified low (S1), medium (S2), high
(S3) and very high (S4) types (USSL 1954). In the study
area, electrical conductivity values show varieties. The
electrical conductivity of sampled waters ranges between
138 and 4,180 ps/cm with a minimum and maximum
value, respectively. As seen in Fig. 7, most of the water
samples fall in C2-S1 class highlighting medium salinity
and low sodium content class. Only one sample sample
falls in C1-S1 showing low salinity and sodium content
class. However, some spring and groundwater samples fall
in the field of C3-S1 and C4-S2, which indicates a high to
very high salinity hazard and low to medium sodium
content. On the contrary, most of the groundwater samples
from Pontina Plain fall in the category C3-S1, C3-S2, C4—
S3 and C4-S2 with high to very high salinity and low to
high sodium hazard. Water that falls in the medium salinity
hazard class (C2) can be used in most cases without any
special practices for salinity control. Water samples falling
in the high salinity hazard class (C3) may have adverse
effects on sensitive crops and plants; however, very high
salinity water (C4) is not suitable for irrigation. In the study
area, spring samples taken near the coast and groundwater
samples from Pontina Plain show very high salinity hazard
and are unsuitable for irrigation.
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irrigation (after Richards 1954)

Permeability index (PI) Based on permeability index,
Doneen (1964) classified the groundwater as Class I
(>75 %), Class II (25-75 %) and Class III (<25 %) to find
out suitability of groundwater for irrigation purpose.
Accordingly, Class I and Class II are categorized as good
for irrigation, while Class III water are unsuitable for
irrigation with 25 % of maximum permeability. The per-
meability index was calculated employing the following
equation, where all the ions are expressed in meq/l:

Na + VHCO3 <1

00. 4
Ca+ Mg + Na “)

The permeability index values range between 15.03 and
94.35 (Fig. 8). Most of the water samples fall in Class II
and only two samples fall in Class I indicating good quality

for irrigation purposes (Table 2). However, some
groundwater samples from Pontina Plain fall in Class III
and classified as unsuitable for irrigation purposes.

Kelly’s ratio (KR) Kelly’s ratio was calculated employ-
ing the following equation:

Na™

. 5
Ca’t 4+ Mg>+ )

Groundwater having Kelley’s ratio less than one is
generally considered suitable for irrigation (Kelley 1940;
Paliwal 1967). Kelly’s ratio for water samples varies from
0.03 to 2.04 (Table 2). Most of the water samples (~ 82 %)
have KR value <I, highlighting the good quality of
groundwater for irrigation purposes (Fig. 9).

Na % Sodium percentage is an important parameter for
studying sodium hazard. Na % is calculated using the
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Fig. 10 Plot of per cent sodium versus electrical conductivity (after Wilcox 1955)

following formula (Wilcox 1955) and all concentrations
were expressed in meq/l:
Na + K

x 100.
Ca+ Mg+ Na+K

(6)

High-percentage sodium water for irrigation purpose
reduces soil permeability and may prevent the plant growth
(Joshi et al. 2009). The classification of groundwater was
grouped based sodium as excellent (<20 %), good
(2040 %), permissible (40-60 %), doubtful (60-80 %)
and unsuitable (>80 %). The irrigation water classification
diagram (Wilcox 1955) was used to assess the water
quality (Fig. 10). Water samples were grouped into four
categories according to irrigation water assessment with
per cent sodium and the results are shown in Table 2.
According to Wilcox classification, 69 % of the water
samples have excellent irrigation water quality, 12.1 % of
the samples have good water quality and 6.8 % of the
samples fall in the category of permissible irrigation water.
However, 12.1 % of samples which were influenced by
seawater were classified as doubtful for irrigation.

Conclusions

Groundwater and spring waters from carbonate aquifers of
southern Latium region, Central Italy, were investigated to
evaluate the water quality for drinking and irrigation pur-
poses. The results of hydrochemical analysis show that
springs and groundwater in the study area are characterized
fresh to brackish and slightly acidic to alkaline in nature.
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The types of water that predominates in the study area are
(1) Ca—-Mg-HCO;, (2) mixed facies between Ca—HCO;
and Na—Cl, (3) Na—Cl and (4) Ca—Cl. The distribution of
major anions and cations and occurrence of different
hydrochemical facies suggest that the composition of
springs and groundwater are influenced by water—-rock
interaction and seawater intrusion in coastal area to reach a
final stage of evolution represented by the Na—Cl water
type (i.e. ion exchange interaction). Gibbs diagrams also
suggest that water—rock interaction and evaporation are the
main mechanisms controlling the water chemistry in the
study area. Springs and groundwater samples were classi-
fied as hard and very hard water and few samples exceed
the allowable limit for domestic uses. According to US-
salinity diagram, most of the water samples fall in C2-S1
classes highlighting medium salinity and low sodium
content class. However, some spring water (i.e. discharges
at lower elevations) and groundwater samples fall in the
field of C3-S1 and C4-S2. Most of the groundwater
samples from Pontina Plain fall in the category, C3—S2 and
C4-S3 showing high to very high salinity and medium to
high sodium hazard. Concerning the Na % parameter,
about ~70 % of spring and groundwater in the study area
is classified as excellent to good for irrigation.

The results of physico-chemical analyses (TDS, pH, EC
and major ions) and the calculated water quality parameters
(SAR, ESR, Mg-hazard and Na-hazard, total hardness,
Kelly’s ratio, permeability index, sodium percentage) show
that most of the water samples in this area was seen to be
good and suitable for drinking and irrigation purposes;
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however, some of the groundwater and springs were found
to be unsuitable for irrigation in a few places due to sea-
water intrusion (i.e. high salinity) and enhanced water—rock
interaction (based on magnesium hazard). It was concluded
that the most of the calculated indices fall within the rec-
ommended limits of US-EPA (1986), WHO and USSL;
however, the control of sodium and salinity hazard is
required for irrigation.
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