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Abstract The degradation of groundwater quality, which

has been noted in the recent years, is closely connected to

the intensification of agriculture, the unreasonable use of

chemical fertilizers and the excess consumption of large

volumes of irrigation water. In the hilly region of central

Thessaly in Greece, which suffers the consequences of

intense agricultural use, a hydrogeological study is carried

out, taking groundwater samples from springs and bore-

holes in the Neogene aquifers. The aim of this study is the

investigation of irrigation management, water quality and

suitability for various uses (water supply, irrigation), the

degradation degree and the spatial distribution of pollutants

using GIS. The following hydrochemical types prevail in

the groundwater of the study area: Ca–Mg–HCO3, Mg–Ca–

Na–HCO3 and Na–HCO3. In the above shallow aquifers,

especially high values of NO3
- (31.7–299.0), NH4

?

(0.12–1.11), NO2
- (0.018–0.109), PO4

3- (0.07–0.55),

SO4
2- (47.5–146.5) and Cl- (24.8–146.5) are found, par-

ticularly near inhabited areas (values are in mg L-1). The

water of shallow aquifers is considered unsuitable for

human use due to their high polluting load, while the water

of the deeper aquifers is suitable for human consumption.

Regarding water suitability for irrigation, the evaluation of

SAR (0.153–7.397) and EC (481–1,680 lS cm-1) resulted

in classification category ‘C3S1’, indicating high salinity

and low sodium water which can be used for irrigation in

most soils and crops with little to medium danger of

development of exchangeable sodium and salinity. The

statistical data analysis, the factor analysis and the GIS

application have brought out the vulnerable-problematic

zones in chemical compounds of nitrogen and phosphates.

The groundwater quality degradation is localized and

related exclusively to human activities. Based on 2005 and

2008 estimates, the annual safe yield of the region’s

aquifers were nearly 41.95 MCM. However, the existing

situation is that 6.37 MCM of water is over extracted from

these aquifers.
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Evapotranspiration and irrigation analysis � Central
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Introduction

In central Greece, in the broader area of the Thessaly

valley, the need for drinking water and, especially, irriga-

tion water, is increasing continuously, as this area exhibits

intense agricultural activity and the drought hitting the area

in the recent years does not contribute to the full renewal of

groundwater which is consumed to a great extent by the

overexploitation of aquifers.

The increase in irrigation demands, which has occurred

after the 1970s in the full extent of Thessaly, often results

in significant deficit of water during the summer months
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(Filintas et al. 2008a). The size of the water deficit depends

on the hydrological conditions. The most important prob-

lem of water scarcity appear in the areas of Larissa, where

the discharge of Pinios river is significantly reduced and

declining of the groundwater levels in dry seasons is

occurred (Marinos et al. 1995; Lazaridis et al. 1996;

Filintas 2005; Koutseris et al. 2010). Water scarcity in

Thessaly can only be confronted with the construction of

water-storing works and the necessary water reclamation

works (Filintas et al. 2008a; Koutseris et al. 2010).

Intense agriculture as well as disposal of urban and

livestock waste has negative environmental effects on soil

and water. As a result, of the wasteful use of fertilizers and

pesticides, as well as of the intense land cultivation

(without fallow periods) soil’s organic matter is diminished

and the soil is degraded. The loss of soils ability to support

agriculture and the increase of their erodibility is the end

result of the above (Filintas 2005).

Nitrogen is a nutriment substance of vital importance,

necessary for the growth of plants (Delgado and Shaffer

2002; Follett and Delgado 2002; Filintas 2005; Filintas

et al. 2006; Filintas et al. 2007a; Filintas 2008). Therefore

it is often added to the soil to increase productivity. Nitrate

(MO3
-) which is percolated in agricultural lands has been

long recognized and remains a growing concern due to the

application of nitrogen fertilizers (Tan et al. 2002; Filintas

2005; Filintas et al. 2007b; Filintas 2008; Filintas et al.

2008b) and the returns-waste of animals (Silva et al. 1999).

In Greece, in recent years, the increase in irrigation

lands was very significant and was accompanied by mod-

ernization of technological equipment, the use of new crop

varieties which are efficient and resilient to diseases, as

well as the increased application of ‘new technology’ fer-

tilizers which increase the degree of utilization by the

plants. In total, 2,077,067 tn nitrogen and 4,832,354 tn

phosphate fertilizers were consumed in the period

1980–1991 (Filintas 2005). Nitrates from fertilizers and

other sources are characterized by their great ability to

move towards the shallow and the groundwater as they are

soluble and are not blocked by soil particles.

Surpluses of nitrates can cause pollution of water res-

ervoirs and aquifers (Solley et al. 1990; Postma et al. 1991;

Dioudis et al. 2009), thus creating health problems to

humans and animals. The problem of pollution by nitrates

is not only noticed in the Thessaly plain but also in many

other areas in Greece (Lambrakis et al. 2001; Stamatis and

Boudouris 2003; Dimopoulos et al. 2003; Stamatis et al.

2006; Filintas et al. 2008a; Daskalaki and Voudouris

2008); at the same time, eutrophication phenomena have

started appearing in river estuaries (Bellos et al. 2004;

Filintas 2005; Filintas et al. 2008b).

Irrigation water of the study area derives either from

groundwater or from surface waters. Surface waters are,

often, transported to the fields with draining trenches, from

where they are pumped with portable pumping equipment

and usually, are applied to the fields using sprinkler, furrow

or drip irrigation. The central Thessaly area suffers intense

agricultural exploitation and irrigation is applied empiri-

cally and is not based on scientific methods such as cal-

culation of evapotranspiration so that soil water deficit is

exactly replenished; nor is the rate of water percolation in

the soil seriously taken into account. The result of this

empirical application of irrigation water in the fields is the

loss of significant quantities of water through runoff, where

this is favored by terrain slopes as well as through deep

percolation, especially in sandy soils. The surface runoff

contributes to pollution by nitrates of the surface water

bodies, while deep percolation contributes to aquifer pol-

lution by nitrates. Intense precipitations, irrigation methods

as well as likely floods influence the concentration of

nitrates which are accumulated in the surface and

groundwater.

Moreover, two main concerns arise from the presence of

nitrate and phosphate in water: (a) the high loading levels

in surface water systems can increase the growth of algae

blooms, thus causing a deterioration in the aquatic biotope

of fish and other aquatic organisms, as well as wild fauna

and generally an environmental deterioration and (b) the

high levels of nitrates in drinking water can have adverse

effects in human health.

In the present study, the results of the hydrogeological

investigation of the area based on the application of hyd-

rochemical methods and the use of GIS are presented. The

aim of the study is to bring out the problem and the extent

of groundwater pollution by nitrates and ammonium, which

is due to the intense agricultural activity in the broader

area. The results constitute important evidence for taking

environmental measures for the protection of groundwater

and, generally, for controlling the further deterioration of

the natural resources in the broader area.

Materials and methods

Study area

The study area occupies the south central part of Thessaly

plain (Fig. 1a, b and c). It is restricted in the northeast by

Larissa sub-basin (part of the eastern Thessaly basin) and

southern by Farsala sub-basin (part of the western Thessaly

basin). Pinios River, which drains Thessaly plain and falls

into Aegean Sea, bounds to the North the study area. In

north-western it is delimited by the marbles and gneisses of

Titanos mountain as well as the carbonate mass of Fyllion

mountain, while the carbonates and metamorphic formations

of Halkodonio mountain bound to the southern–western the
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study area which is part of the intrabasinal high of central

Thessaly that occurs among the grabens of eastern and

western Thessaly. The study area of Nikaia constitutes

generally a hilly until a semi-mountainous elongate zone

with relatively smooth to intense relief, where the altitudes

oscillate, in the flat-hilly region from 100 to 300 m, while in

the northwestern and the southeastern mountainous masses

it reaches 525 m. A relief differentiation is presented

between the northeastern and the southwestern part of the

area related to the tectonic deformation of the broader area

(Fig. 1c).

The climate is characterized by a humid and cold period

beginning in October followed by a dry and hot period

beginning in May (Fig. 2a, b and c). As it results from

meteorological data of the time period 1966–2008 (HNMS

2010; Filintas et al. 2008c; Dioudis et al. 2009; Filintas

et al. 2010), from the two representative meteorological

stations (Larissa station in the northern part and Farsala

station in the southern part of the study area), the atmo-

spheric temperature oscillates between 5.25�C in January

and 27.08�C in July (Fig. 2b). From the climatic data of the

study area, the ombrothermic diagram of a 43-year time

period (1966–2008) was constructed and is presented in

Fig. 2b. The mean rainfall value for the study area is

513.68 mm year-1. The average monthly temperature, of

the last observed year (2008), is ranging from 5.1�C in

January to 28.6�C in July (Fig. 2a). The study area has a

temperate Mediterranean climate with warm dry summer

and a mild winter, and is designated as Csa according to

the Koeppen climatic classification (Filintas 2005), and

also it is characterized as XERIC MOISTURE REGIME

according to Soil Survey Staff (1975).

The higher mean monthly rainfall for the year 2008 was

rw = 67.60 mm and it was observed in September, while

the lowest one was rd = 3.60 mm at the month of May.

Also, the effective rainfall Pe was calculated based

on USDA-SCS (1970) method and is presented in Fig. 2a

and b.

Based on the meteorological data of the wider region

and by application of the Coutagne method (Coutagne

1954a, b), the annual evapotranspiration (E) (Filintas 2005;

Filintas 2008) was calculated (Fig. 2c). The Coutagne

(1954a, b) calculates the annual evapotranspiration (E) and

is based on average annual values of precipitation (P) and

air temperature (T) or the corrected air temperature (Tc);

the method has certain limits for T and P outside of which

it is no longer valid. In the present study it was used the

corrected air temperature Tc (Soulios et al. 1991; Filintas

2005), the calculations were inside the method limitations

and the mean annual evapotranspiration E was found to be

415.03 mm (80.7% of precipitation).

Two basic lithological types are developed in the study

area, the Neogene sediments and the Holocene (quaternary)

deposits which cover 65.36 and 34.64% of the region

respectively, as the GIS analysis revealed. The ground-

water studied emanates from water springs and wells

supplied by these two lithological units.

From, studies that have been realized in the wider space

of Thessalian basin and in other basins of Greece, it has

been find out that the infiltration factor in the Holocene

Fig. 1 a Greece with the location of the study area. b The four catchments (basins). c Topographical map (contours and elevation), with the

sampling points (springs and boreholes), the catchment boundaries, the hydrographic network and towns and villages of the study area
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deposits and in the neogene sediments amounts about 14

and 7% of precipitation that fall in their surface respec-

tively (Kallergis 1970; Soulios et al. 1991; Voudouris

1995; Soulios 1996).

Geology

The study area is structured from alpine and post-alpine

formations and belongs geotectonically to the Eastern

Greece unit. It covers the bigger part of the intrabasinal

high of central Thessaly, which occurs among the grabens

of Eastern and Western Thessaly. The area is formed from

a NNE–SSW main fault system and a NNW–SSE fault

system. Fault tectonics has contributed in the formation of

the relief of the region (Fig. 3). The post-alpine formations

of the study area consist of:

(a) Holocene recent deposits: they are alluvial sediments

constituted from fluvial sand deposits covering the

internal parts of the basins and talus cones as well as

scree developed at the margins of the hills.

(b) Neogene formations: they cover the most part of the

study area and consist of clastic materials derived

mainly from limestones, dolomites, flysh, schist and

ophiolites that structure the surrounding mountains.

The upper part of the Neogene formations including

Pliocene–Pleistocene fluvial and continental deposits

such as clays, loams, sand and conglomerates are

developed at the northern and southern slopes of the

hills. In the central part of the region Miocene

lacustrine to marine marls were deposited. At certain

places marly limestones with plant remains and

thickness up to 15 m are occurred. The thickness of

Neogene formations aquifers is appreciated in

300–400 m roughly (Bornovas et al. 1969; Katsikatsos

et al. 1983; Katsikatsos 1992). The alpine substratum

of the abovementioned sediments consist of upper

Cretaceous flysh underlain by the upper Cretaceous

karstified limestones outcropping at the eastern and the

southwestern margins of the study area with a thick-

ness of 100 m approximately. Metamorphic rocks,

such as gneisses, marbles, chlorite and mica schists,

occur in limited extent at the north-western part of the

area. This metamorphic system belongs to Pelagonian

geotectonic zone (Bornovas et al. 1969; Katsikatsos

et al. 1983; Jacobshagen 1986).

Hydrogeology

Two different types of aquifers exist in the study area, the

aquifer hosted in carbonate formations and the aquifer in

neogene formations. In southeastern and northwestern

section of Neogene formations different karst systems are

developed in the carbonates. The intensively karstified

limestones (upper Cretaceous) of Mavrovounio Mountain

are thrusted at the impermeable flysh. At the northeastern

margin of this karst system at the contact layer with the

neogene formations, small karst springs drain the karst

system. A significant amount of the karst water moves and

contributes to the lateral feed of the surrounding neogene

sediments. The Cretaceous limestones of Fillion Mountain

form an important karst system, which undergoes an

intense exploitation through boreholes for drinking and

irrigation purposes (Kallergis et al. 1973; Mariolakos et al.

2001a, b). The neogene formations, which cover the most

part of the study area and exhibit a thickness of 400 m, host

Fig. 2 Diagrams of monthly means: rainfall (P), effective rainfall

(Pe), air temperature of: a year 2008, b 43 year time period

(1966–2008), c Rainfall trend and three year moving averages and

evapotranspiration trend for time period (1966–2008)
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locally unconfined and confined aquifers due to the alter-

nation of permeable and impermeable layers. These aqui-

fers undergo also intense exploitation through a large

number of boreholes for irrigation purposes.

Unfortunately, there are no official data of the technical

characteristics for the wells of the study region, so it is

difficult to derive a precise description of groundwater

horizons, which are developed inside the Neogenes’

formations. Also at the available geological mapping

(Bornovas et al. 1969; Katsikatsos et al. 1983) was not

performed in detail a stratigraphy description and thus the

Neogene formations of the region in question are indivis-

ible. The few available data elements of technical charac-

teristics description for the area’s boreholes (wells), as

depth of well (drilling), their water volume supply, the type

of rock that they had drill etc., emanates from information

of the householders. Based on this information, all the

boreholes (wells) are supplied by Neogene formations. The

discharge rates of the boreholes under favorable develop-

ment conditions reach 20–30 m3 h-1. In some deeper

boreholes, a characteristic rotten egg smell declares the

presence of hydrogen sulfide. This could be attributed to

the existence of organic matter in the neogene sediments,

especially in the northeastern and southern part of the area,

where the central and lower sediments are developed in

fluvial-lacustrine and lacustrine-marine environments

(Katsikatsos et al. 1983; Katsikatsos 1992). A small num-

ber of springs are occurred in the neogene sediments at

different altitudes (Fig. 1c). The springs’ discharges range

is between 0.01 L s-1 and 0.22 L s-1 (Table 1), while in

dry periods most of them fall dry due to the presence of the

large number of the boreholes.

In the broader area, in the Quaternary deposits of the

northeastern Larissa basin and the southwestern Farsala

basin, important unconfined aquifers are developed. These

aquifers, suffers overexploitation mostly for irrigation

usages, due to the intense agricultural activity in the area.

The thickness of the unconsolidated deposits ranges between

a few meters in the intrabasins and some ten meters in the

grabens basins (Kallergis et al. 1973; Mariolakos et al.

2001a; Mariolakos et al. 2001b).

Hydrochemistry

Groundwater field sampling and laboratory analysis

In the frame of this study, water sampling was undertaken

in May 2008 (May 5–10); according to the climatic

Fig. 3 A simplified geological

map of the study area (Bornovas

et al. 1969, 1983; Katsikatsos

et al. 1983; Plastiras and

Karantasi 1985), (1 Holocene

deposits, 2 Neogene sediments

(carbonates, marls,

conglomerates, clays, sands,

etc.), 3 Flysch of Upper

Cretaceous, 4 Carbonates of

Upper Cretaceous, 5 Gneisses,

Schists and Amphibolites, 6
Geological boundary, 7 Fault

probable, 8 B1-B25:

Groundwater sampling point of

Borehole, 9 S1-S11:

Groundwater sampling point of

Spring)
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characteristics of the broader area this time is the beginning

of the dry period. Samples were collected at 11 springs’

outlets and 25 boreholes that were bored in neogene for-

mations, in two different types of polyethylene bottles

(100 mL and 1,000 mL volume). The specific boreholes

have been chosen based on their depth and their spatial

distribution, while the springs based on their discharges

(Figs. 1c, 3). The first bottle type of 100 mL volume was

filtered on site through 0.45 lm pore size Millipore filters.

It was then acidified to a pH about 2 with 65% ultra pure

HNO3 for heavy metals determination. The second non-

acidified aliquot (1 L volume) was retained to determine

major cation analyses and non-metal ions (Ca2?, Mg2?,

Na?, K?, HCO3
-, Cl-, SO4

2-, NO3
-, MO2

-, MH4
?,

PO4
3-, Br-, I-, F-) as well as SiO2, H2S and carbonate

and total hardness. Uns

table parameters, temperature (T), electrical conductiv-

ity (EC), pH, dissolved oxygen (DO) were measured from

untreated samples in situ using the portable devices WTW/

LF-330 for electrical conductivity, WTW/330i for pH and

WTW/OXI-96 for dissolved oxygen. Springs’ discharge

rate and pumping rates in boreholes were also measured in

situ.

The rest of the analyses were conducted at the labora-

tory of Mineralogy-Geology, Agriculture University of

Athens. The parameters Mg2?, Fetot, Mn, Cu and Cr were

determined by atomic absorption spectroscopy (GBC/

908AA), while the alkali-cations Na? and K? by flame

Table 1 Descriptive statistics of physical and chemical parameters in boreholes and springs

Boreholes (n = 25) Springs (n = 11)

Parameter (units) Min Max Mean Std. Deviation Min Max Mean Std. Deviation

Depth (m) 80.000 250.000 154.400 47.00 0.100 0.100 0.100 0.00

Q (L s-1) 7.500 15.500 11.184 2.03 0.010 0.220 0.065 0.08

T(oC) 14.600 23.200 19.184 2.41 12.800 17.200 14.764 1.57

pH 6.900 8.100 7.388 0.37 7.100 7.900 7.536 0.33

EC (lS cm-1) 481.000 1146.000 769.480 166.64 950.000 1680.000 1171.000 248.35

SAR 0.153 7.397 2.266 1.99 0.371 0.933 0.636 0.22

TDS (mg L-1) 429.000 985.000 663.680 141.14 714.000 1356.000 956.091 197.37

DO2 (mg L-1) 1.600 9.100 6.492 2.10 5.800 9.300 7.555 1.12

DO2 (Sat%) 2.000 91.000 64.320 24.42 58.000 92.000 76.000 10.96

H2S (mg L-2) 0.000 2.600 0.748 0.84 0.000 0.500 0.100 0.21

Tot-H (od) 4.000 28.100 15.416 6.39 25.800 47.700 32.127 6.55

Temp-H (od) 12.300 24.400 16.700 3.15 11.800 30.800 20.436 5.50

Perm-H (od) 0.000 11.000 1.544 2.92 4.500 26.400 11.691 5.80

Ca (mg L-1) 20.200 96.000 54.116 20.93 72.000 172.000 128.100 34.38

Mg (mg L-1) 5.200 75.800 34.104 21.50 22.200 130.000 61.536 31.41

Na (mg L-1) 7.000 144.500 71.124 42.17 20.300 57.500 35.209 13.23

K (mg L-1) 0.500 10.200 2.408 1.87 0.400 14.100 4.500 4.45

NH4 (mg L-1) 0.020 7.430 0.470 1.47 0.120 1.110 0.326 0.28

HCO3 (mg L-1) 4.402 8.703 5.974 1.12 4.202 11.004 7.303 1.97

Cl (mg L-1) 14.200 92.200 52.680 21.40 24.800 127.700 58.691 33.59

SO4 (mg L-1) 1.300 103.200 34.024 31.72 47.500 146.500 101.536 38.43

NO3 (mg L-1) 11.400 83.600 31.100 18.99 31.700 299.000 95.809 71.83

PO4 (mg L-1) 0.080 0.740 0.307 0.15 0.070 0.550 0.176 0.13

NO2 (mg L-1) 0.002 0.059 0.011 0.01 0.018 0.109 0.037 0.03

Br (mg L-1) 0.000 0.100 0.020 0.03 0.020 0.090 0.045 0.02

I (mg L-1) 0.000 0.160 0.024 0.04 0.000 0.060 0.021 0.02

F (mg L-1) 0.000 0.020 0.006 0.01 0.000 0.010 0.007 0.00

Fetot (mg L-1) 0.005 0.045 0.020 0.01 0.000 0.072 0.029 0.02

Mn (mg L-1) 0.004 0.048 0.027 0.01 0.000 0.052 0.029 0.02

Cu (mg L-1) 0.006 0.034 0.017 0.01 0.000 0.034 0.017 0.01

Crtot (mg L-1) 0.003 0.034 0.013 0.01 0.000 0.026 0.009 0.01

SiO2 (mg L-1) 11.100 33.200 18.892 6.15 19.200 29.500 24.982 3.04

1086 Environ Earth Sci (2011) 64:1081–1105

123



photometry (Flamephotometer IMTECH/420). Total

Hardness (Tot-H), calcium hardness (Per-H) and temporal

hardness as well as Cl- were determined using titration kits

(Total Hardness: ManVer Buret Titration Method 8226 of

HACH, Calcium Hardness: Buret Titration Method 8222 of

HACH, Temporal Hardness: Buret Titration Method, HCl

0,1 N Titrant, Methyl-red indicator and Cl-: Buret Titra-

tion Method AgNO3 0,1 N Titrant and KCrO2 indicator

(Höll 1979). The parameters SO4
2-, NO3

-, MO2
-, MH4

?,

PO4
3-, Br-, I-, F-, H2S and SiO2 were determined by

spectral photometry (HACH DR/3000) using the suitable

HACH kits.

Data analysis

Graphical methods as the expanded Durov diagram (Lam-

brakis 1991), scatter plot diagrams, eigenvalue diagram

(Filintas 2005), statistical methods such as descriptive sta-

tistics, factor analysis (Davis 1986) and R-mode factor

analysis as well as geostatistical methods (Filintas et al.

2007b; Filintas 2008; Hatzopoulos 2008; Filintas et al. 2009;

2010) and Trend surface analysis (Filintas 2008) were used

for the data processing of chemical analyses but also for the

presentation of the results. The software PHREEQC was

used for the simulations of chemical analyses.

The statistical, geostatistical, hydrogeological GIS

analysis, GIS delineation of catchments and aquifers, GIS

parametric mapping, precipitation and evapotranspiration

calculations, groundwater-wastewater and irrigation envi-

ronmental management analysis, water Balance (recharge-

discharge) and the water suitability for irrigation analysis

were conducted at the laboratory of Remote Sensing and

GIS, Department of Environment, University of the

Aegean. For the statistical analysis, it was used the statis-

tical software SPSS 13. A computer digital geo-database in

GIS was also designed and developed (Filintas 2005;

Hatzopoulos 2008; Filintas 2008; Filintas et al. 2009; 2010)

for the study area, which contained five matrixes with the

spatial and attribute data of the studied parameters and of

the spatial data of the water samples and the results of the

laboratory analyses as attribute data. For the use of various

maps, the georeferencing of the GIS and geological maps,

for the development of digital databases, the digital ele-

vation model and the output parametric GIS maps were

used the software: (a) ArcView 3.2 and (b) ArcGIS 9.1. So,

by use of methods of laboratory chemical analyses of water

samples, GPS verification, GIS, geostatistical and statisti-

cal methods and computer data processing, the spatial

variability of the NO3, NH4, PO4 and EC was modeled and

mapped in digital form in the Greek Geodetic System of

Reference called EGSA87, (Projection Type: Transverse

Mercator, Spheroid name: GRS 1980 and datum:

EGSA87).

Results and discussion

Hydrogeological GIS analysis results, types

and boundaries of aquifers, delineation of catchments

and climatic data of the region

From the hydrogeological GIS analysis of the study area,

the definite boundaries of surface area catchments (Fig. 1b,

c) and their amount were derived. There are four (4)

catchments in Nikaia region with an amount of 866.56 km2

(Table 2). Also, the GIS analysis revealed that there are

two different types of continental aquifers in Nikaia region,

the carbonate formations type of aquifer (with an area

found to be 300.18 km2), and the neogene formations type

of aquifer (with an area found to be 566.38 km2). The

definite boundaries of the two continental aquifers of the

study area are presented in Fig. 4.

Unluckily, there aren’t any available official data

records for long term water extraction from the study area

aquifers, so it is not possible to present the water extraction

history of the area.

By applying the moving average technique (3 years

averages for 43 years data series) to the annual average

values of air temperature data from 1966 to 2008 (HNMS

2010; Filintas et al. 2010; Filintas et al. 2008c; Filintas

2005), an increasing air temperature value of 0.64�C from

1966 to 2008 was observed. Unfortunately, the climate

change, that causes the increase of air temperature has also

reduced rainfall intensity over the wider area of Thessaly

plain in Central Greece and the statistical analysis of

rainfall indicates that, there is 10.7% rainfall reduction

nowadays from the beginning of this century. The mean

monthly average rainfall values of the time period

1966–2008 are ranging between 15.87 mm month-1 in

August and 66.91 mm month-1 in October. The higher

values were observed mostly during the period October to

March (Fig. 2b, c).

Available water resources, precipitation,

evapotranspiration, groundwater, wastewater,

irrigation environmental management analysis

and water balance (recharge-discharge)

The main aquatic source which replenishes the water

resources of Nikaia study area is the rainfall and also a

small source portion is contributed by the Pinios River

streams, Nempegleriotis and Ennipeas River.

Available water resources, precipitation,

evapotranspiration

The average rainfall value for the study region is

513.68 mm year-1 and the amount of average precipitation
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water volume over the four catchments surface (Table 2)

was found 445.13 MCM (106 m3) in annual basis. The

Zappion catchment receives the highest precipitation water

volume that is 213.92 MCM, while the Mosxoxori catch-

ment has the lowest one, which is 69.39 MCM (Table 2).

Based on 43 years rainfall data series (HNMS 2010;

Filintas et al. 2008c; Filintas et al. 2010), and by applying

of the moving average technique to the annual average

values of precipitation, from 1966 to 2008 (Fig. 2c), a

decreasing trend of 1.39 mm per annum was observed.

Also, the analysis revealed that in the last 10 years, there is

10.3% reduction in rainfall measurements, whereas, 10.6

and 11.6% reduction is reached when only the last 5 and

3 years values of precipitation are used respectively

(Fig. 2c). From the aforementioned, it seems that water

scarcity is at our doors.

Water scarcity inevitably tantalizes peoples, regions and

nations in a struggle for existence and moreover when rivers

cross borders within or between nations, water scarcity is a

harbinger of trouble which leads to water stress and possibly

to water wars between nations. In such times, construction of

big dams is a necessity (Filintas et al. 2008a). Although, there

have been some proposals for dam constructions in the area,

till now none was constructed, due to lack of funding, society

opposition from NGOs and environmental agencies, etc.T
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Fig. 4 The definite Catchments boundaries (ct-A, ct-B, ct-C, ct-D),

types and definite continental aquifers boundaries of the study area
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The society opposition stands because, despite the

reception of measures, the improvements in the program-

ming, planning, construction, operation and management

of dams and water reservoirs, nowadays remain a widely

widespread environmental concern that the big dams lead

in important negative environmental impacts in a wide

spectrum of functions of natural ecosystems and of human

societies (Filintas et al. 2008a).

Moreover, various studies of rainfall (precipitation)

analysis and evapotranspiration calculations (Soulios et al.

1991; Voudouris 1995; Soulios 1996; Filintas 2005; Fil-

intas 2008; Hatzopoulos and Filintas 2009), for Greece and

central Greece catchments (basins) with similar conditions

as those of the present study region, revealed that, the

variability of evapotranspiration was 70.1–82.8% of the

average annual amount of precipitation. So, only a

17.2–29.9% of the precipitation is really contributing to the

water budget of the area.

Based on the meteorological data and by application of

the Coutagne method (Coutagne 1954a, b), the total annual

evapotranspiration E (Fig. 2c) and also the annual evapo-

transpiration E of each catchment (Filintas 2005; Filintas

2008) were calculated (Table 2). For the Coutagne method

(1954a, b) application, it was used the corrected air tem-

perature Tc (Soulios et al. 1991; Filintas 2005), the calcu-

lations were found to be inside the method limitations and

the mean annual evapotranspiration E was found to be

415.03 mm (80.7% of precipitation). The utilization of

corrected air temperature gives more satisfactory results

equally to this method in Central Greece prevailing con-

ditions according to various researchers (Soulios et al.

1991; Voudouris 1995; Soulios 1996; Filintas 2005) and

that was the reason of applying the corrected air tempera-

ture Tc.

The average annual precipitation water volume of the

neogene sediments surface (Neogene formations type of

Aquifer which is 65.36% of the study region) for the four

catchments, amounts in 290.93 MCM. From this volume of

water the 80.79% is evaporated, that is to say 235.07

MCM, the 7.0% (20.36 MCM) infiltrates to the ground-

water storage, the 0.12% (0.359 MCM) is used for muni-

cipal water consumption (Drinking water, Houses, Hotels,

etc.) only in Ennipeas River catchment and the rest 12.08%

(35.15 MCM) is storm runoff.

For the Holocene deposits surface [Carbonate formations

type of Aquifer] (34.64% of the study region), it is appre-

ciated that annually accepts an average precipitation water

volume of 154.19 MCM, from which 124.58 MCM are

evaporated, 21.58 MCM infiltrate and enrich the ground-

water storage, and the remaining 8.02 MCM is storm runoff.

Globally, in the study area, the amount of average

annual precipitation is 445.13 MCM of water volume,

359.66 MCM are evaporated, 41.95 MCM infiltrate to the

groundwater storage and the rest 43.53 MCM is storm

runoff (Table 2).

Groundwater, wastewater

Groundwater constitutes the major part of the water

resources of Nikaia region. However, over extraction of

water from the continental aquifers of the study area,

nitrate pollution due to the intense agricultural activity and

the middle recharge capacities resulted in the depletion of

available freshwater within the aquifers. At three catch-

ments of the Nikaia region (Nempegleriotis R.-Nikaia,

Zappion and Mosxoxori catchments) a domestic total water

volume of 1.19 MCM is supplied by water imports

(transported with pipelines) from the neighboring Larissa-

Pinios catchment (Municipality of Larissa) for municipal

consumption (Drinking water, etc.). In the fourth catch-

ment (Ennipeas River catchment) a freshwater volume of

0.359 MCM is used for municipal water consumption

(drinking water, houses, hotels, etc.) (Table 2).

Irrigation water is supplied from: boreholes (wells),

available perennial springs, streams and rivers, irrigation

pipelines and channels (in some areas).

For the time being, the effluent water (wastewater) of

domestic uses (houses, hotels, etc.) and livestock breeding

are not used for irrigation (Kalavrouziotis et al. 2011), due

to traditional negative opposition among the local farmers’

society (Hatzopoulos and Filintas 2009).

The aquifers of the area characterized into two groups

within four hydrologic regions (catchments) (Fig. 4),

which are having variable capacities (Tables 2, 3).

Although, in the region, 41.95 MCM infiltrate and enrich

the groundwater storage, the aquifers are depleting due to

high irrigation demands in the last three decades, and the

average water table level is reaching 30–45 m below sur-

face level in the east and south farm land, while in the rest

of the farm land is reaching 80–180 m below surface

(Filintas 2005). Based on 2005 and 2008 estimates, the

annual safe yield of the region’s aquifers were nearly 41,95

MCM however, the existing situation is that 6,37 MCM of

water (deficit) is over extracted from these aquifers, as it is

presented in Table 3, (Filintas 2005).

Irrigation environmental management analysis and water

balance (recharge-discharge)

Agriculture, contributes a lot to the economy of the four

catchments. The current crop patterns were grouped into 12

groups of crops (corn, cotton, sugarbeet, alfalfa, medic,

tomato, vegetables, vineyards, fruit-bearing trees, olive

trees, watermelon, melon, etc.), exhibiting similar charac-

teristics with respect to water consumption (NSSG 2009;

Mpliatsos 2009; Filintas 2008; Filintas 2005).
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The ratio of population working in agricultural (farm

and livestock) sector in the region is 56.10% based on

census 2001 (Filintas 2005). Irrigation water is supplied

from: boreholes (wells), available perennial springs,

streams and rivers, irrigation pipelines and channels (in

some areas). The total area used for irrigation in all the

catchments is 193.07 km2 (Table 2). Moreover, the per-

centages of irrigated land of each catchment and the per-

centages of irrigated land of the agricultural catchment land

are respectively: at Nempegleriotis R.-Nikaia catchment

24.94 and 26.77%, at Zappion catchment 24.74 and

32.27%, at Mosxoxori catchment 19.80 and 25.69%, and

finally at Ennipeas River catchment 24.11 and 30.08%.

Until the 1980s and 1990s, old flood irrigation tech-

niques were commonly applied, when water shortage, new

plantations water demands and environmental water man-

agement forced the local farmers to install water-saving

irrigation equipment and apply new water-saving irrigation

techniques such as drip irrigation, etc. The government and

the European Union supported these changes by subsidiz-

ing the investment equipment costs (Filintas 2005). Water

outputs from the water balance (recharge-discharge) bud-

get are agricultural irrigation, municipal water consump-

tion (only at Ennipeas River catchment), industrial water

consumption, stock farming, hydro network system and

transportation pipelines losses, unused effluent water

(wastewater) and some uncontrolled springs and streams

flows that flow to neighboring catchments and finally are

discharged to the Aegean sea.

The complete data on agricultural use (net irrigation),

domestic use (residences, hotels, livestock, etc.), available

water resources (infiltration recharge, surface waters, water

imports) and water withdrawals, as well as monthly bal-

ance of water resources vs. water consumption are sum-

marized in Table 4. Generally the study area is a region

with relatively low hydrodynamics that is related straight-

forward with its lithology.

Groundwater quality

Groundwater temperature presents great differentiation

(Table 1), between springs (12.8–17.2�C) and deep bore-

holes (14.6–23.1�C). The highest groundwater temperature

exhibits in boreholes at the southern part of the study area

(B18: 22.1�C, B20: 23.1�C and B22: 23.2�C, see Figs. 1c

and 3). Generally, the study area but especially the south-

ern part, which is formed by fault tectonics and is char-

acterised by the presence of higher groundwater

temperature in deep boreholes, is part of the broader area of

East Sterea Hellas, where an increase in geothermal fluid is

observed coinciding with the Pliocene-Quaternary volcanic

activity resulted in the creation of the volcanic centers of

Lichades in Evoikos Golf and of Mikrothives in north-

eastern Orthis mountain (Fytikas and Kolios 1979). In

Farsala basin, which extends southern of the study area,

geothermal reservoirs have been found in Krini and

Ampelia regions with temperature up to 26.2 and 39.1�C

respectively (Stamatis et al. 2007).

Groundwater presents an alkaline character with pH

values ranging among 6.9 and 8.1 (Table 1). The spring

waters exhibit high content of dissolved oxygen (5.8–9.3

mg L-1 corresponding to 58–92% saturation degree). On

the contrary the boreholes present a great range of the DO

content between 1.6 and 9.1 mg L-1. The deeper boreholes

B5, B14, B16, B17, B18, B19, B20, B21 and B22 reveal the

lowest values of d DO (1.6–5.9 mg L-1) due to the presence

of organic matter in the neogene marl formations and the

prevailing reduction conditions in deeper layers. In the

abovementioned boreholes the relatively high concentration

of hydrogen sulfide is characteristic. The concentration of

Table 3 Capacities of the area’s Aquifers and the menironmental consequences after annual water withdrawals (existing situation) (Filintas

2005)

SN Catchment Aquifer type/

percentage (%)

Infiltration

Recharge (m3)

Safe

yield (m3)

Withdrawals

(m3)

Existing

situation (m3)

1 Nempegleriotis R.

(Nikaia) ct

Type Aa/(19.89%) 6,436,031.0 6,436,031.0 9,220,079.6 -2,784,048.6 (deficit)

Type Bb/(80.11%)

2 Mosxoxori ct Type Aa/(41.39%) 6,867,764.1 6,867,764.1 4,206,659.6 2,661,104.5

Type Bb/(58.61%)

3 Zappion ct Type Aa/(28.56%) 19,251,713.0 19,251,713.0 25,328,974.8 -6,077,261.7 (deficit)

Type Bb/(71.44%)

4 Enippeas River ct Type Aa/(57.71%) 9,397,909.4 9,397,909.4 9,564,238.1 -166,328.7 (deficit)

Type Bb/(42.29%)

Total (100.0%) 41,953,417.5 41,953,417.5 48,319,952.0 -6,366,534.5 (deficit)

a Type A continental aquifer of carbonate formations
b Type B continental aquifer of neogene formations
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Table 4 Water consumption (m3) per use (irrigation, domestic use, total use) and available water resources for the 4 catchments of the study

area

Catchment (ct) Months Agricultural

use

Domestic use Total usea Available water resources

Net

irrigation

Residences,

hotels, etc.

Livestock Infiltration

(recharge)

Surface

watersb
Water

importsc
Groundwater

extraction

Nempegleriotis R.

(Nikaia) ct

January 0.0 33,892.7 25,848.3 65,555.1 680,480.6 0.0 0.0 65,555.1

February 0.0 34,997.9 26,691.1 67,692.8 539,393.0 0.0 0.0 67,692.8

March 324,580.9 36,471.5 27,815.0 453,548.4 627,645.4 96,996.0 127,957.0 228,595.4

April 1,622,904.4 36,839.9 28,095.9 1,986,282.7 504,895.5 136,546.0 1,510,643.3 339,093.5

May 2,434,356.6 38,681.9 29,500.7 2,947,359.1 557,424.3 279,968.1 1,630,458.1 1,036,932.9

June 4,057,260.9 40,523.9 30,905.5 4,865,949.0 294,647.5 170,754.9 2,604,072.8 2,091,121.3

July 5,193,294.0 41,997.5 32,029.4 6,209,318.2 238,172.1 211,640.2 3,424,849.4 2,572,828.6

August 3,570,389.6 42,365.9 32,310.3 4,295,003.6 198,791.8 222,728.5 2,640,181.6 1,432,093.5

September 1,363,239.7 41,260.7 31,467.5 1,688,429.0 409,209.0 221,336.3 620,883.2 846,209.5

October 616,703.7 38,313.5 29,219.8 801,816.1 838,325.6 161,943.0 285,253.4 354,619.8

November 292,122.8 37,208.3 28,376.9 416,673.0 779,826.7 60,257.0 237,346.4 119,069.6

December 0.0 34,261.1 26,129.2 66,267.7 767,219.5 0.0 0.0 66,267.7

Subtotal 19,474,852.5 456,814.7 348,389.7 23,863,894.6 6,436,031.0 1,562,169.8 13,081,645.3 9,220,079.6

Mosxoxori ct January 0.0 22,272.2 16,985.9 43,079.1 726,127.7 0.0 0.0 43,079.1

February 0.0 22,998.5 17,539.8 44,483.8 575,575.8 0.0 0.0 44,483.8

March 281,885.6 23,966.8 18,278.3 364,887.6 669,748.3 88,135.1 118,956.7 157,795.7

April 1,409,428.0 24,208.9 18,462.9 1,639,478.8 538,764.2 124,072.1 991,065.3 524,341.4

May 2,114,142.1 25,419.3 19,386.1 2,438,146.9 594,816.7 254,392.2 1,589,797.7 593,957.0

June 3,523,570.1 26,629.8 20,309.2 4,033,141.8 314,412.6 155,156.0 3,210,397.2 667,588.6

July 4,510,169.7 27,598.1 21,047.7 5,149,872.4 254,148.9 192,306.2 3,779,384.4 1,178,181.8

August 3,100,741.7 27,840.2 21,232.4 3,557,687.0 212,126.9 202,381.6 3,156,279.8 199,025.5

September 1,183,919.6 27,114.0 20,678.5 1,390,273.2 436,659.0 201,116.5 734,632.5 454,524.2

October 535,582.7 25,177.3 19,201.4 653,906.5 894,561.0 147,149.0 265,189.1 241,568.4

November 253,697.0 24,451.0 18,647.5 333,971.0 832,138.0 54,752.3 220,651.8 58,566.8

December 0.0 22,514.3 17,170.5 43,547.3 818,685.1 0.0 0.0 43,547.3

Subtotal 16,913,136.5 300,190.4 228,940.1 19,692,475.2 6,867,764.1 1,419,461.0 14,066,354.6 4,206,659.6

Zappion ct January 0.0 31,938.3 24,357.8 61,775.0 2,035,480.9 0.0 0.0 61,775.0

February 0.0 32,979.8 25,152.0 63,789.4 1,613,453.7 0.0 0.0 63,789.4

March 695,060.6 34,368.4 26,211.1 879,696.2 1,877,438.1 340,495.9 118,956.7 420,243.6

April 2,432,712.2 34,715.6 26,475.8 2,913,420.0 1,510,263.5 479,332.7 1,029,627.1 1,404,460.2

May 5,212,954.7 36,451.3 27,799.6 6,169,661.0 1,667,389.8 982,803.7 2,561,877.3 2,624,980.1

June 9,730,848.8 38,187.1 29,123.4 11,458,954.4 881,361.3 599,420.4 4,773,628.2 6,085,905.8

July 11,120,970.0 39,575.7 30,182.4 13,088,082.2 712,429.9 742,944.4 6,071,251.7 6,273,886.1

August 7,645,666.9 39,922.9 30,447.2 9,022,649.0 594,634.0 781,869.0 3,457,014.8 4,783,765.1

September 2,919,254.6 38,881.4 29,652.9 3,490,732.2 1,224,042.4 776,981.7 314,842.5 2,398,908.1

October 1,320,615.2 36,104.2 27,534.9 1,614,952.4 2,507,633.1 568,486.7 265,189.1 781,276.6

November 625,554.6 35,062.7 26,740.6 799,717.0 2,332,648.8 211,526.9 220,651.8 367,538.3

December 0.0 32,285.5 24,622.5 62,446.5 2,294,937.6 0.0 0.0 62,446.5

Subtotal 41,703,637.5 430,473.0 328,300.2 49,625,875.3 19,251,713.0 5,483,861.3 18,813,039.2 25,328,974.8

Enippeas River ct January 0.0 26,615.3 20,298.1 51,479.3 993,639.6 0.0 0.0 51,479.3

February 0.0 27,483.2 20,960.0 53,158.0 787,623.0 0.0 0.0 53,158.0

March 346,081.0 28,640.3 21,842.6 443,006.9 916,489.5 121,947.3 95,611.7 225,447.9

April 1,730,405.0 28,929.6 22,063.2 1,994,009.4 737,249.7 171,671.2 155,168.4 1,667,169.7

May 2,595,607.5 30,376.1 23,166.3 2,965,834.0 813,952.4 351,987.4 1,291,118.3 1,322,728.2
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hydrogen sulfide in boreholes varies between 0.0 and

2.6 mg L-1. In springs S3 and S8 low concentration of

hydrogen sulfide (0.5 mg L-1) is detected (Table 1).

Spring waters present high values of electrical conduc-

tivity and TDS (total dissolved solids) ranging from 950 to

1680 lS cm-1, as well as 714–1,356 mg L-1 respectively.

On the contrary the groundwater of boreholes exhibits

lower values of EC and TDS ranging among 481 and

970 lS cm-1, as well as 429 and 985 mg L-1 respectively,

with an exception of the wells B20 (1,050 lS cm-1) and

B21 (1,146 lS cm-1), which are also characterised by high

temperature values.

The most important characteristic of the water springs is

the pollution by nitrates (NO3
- : 31.7–299.0 mg L-1) due

to the agricultural activity of the broader area. Moreover,

the high values of NH4
? (0.12–1.11 mg L-1), NO2

-

(0.018–0.109 mg L-1) and PO4
3- (0.07–0.55 mg L-1)

indicate groundwater pollution caused by anthropogenic

activities. The concentrations, which are shown in Table 1,

in most groundwater samples from spring and shallow

boreholes, exceed the upper limits given by the directive

concerning the water quality for human use (EEC98/83

1998; WHO 1984). Relatively similar groundwater quality

deterioration reveals the boreholes in depths from 80 to

120 m. High nitrate concentration in groundwater present

the boreholes B23 in 100 m depth (NO3
-:83.6 mg L-1)

and B25 in 120 m depth (NO3
-:77.4 mg L-1). The highest

NH4
? concentration shows the borehole B20 in 80 m depth

(NH4
?: 7.43 mg L-1), while B15 in 120 m depth present

high PO4
3- concentration (PO4

3-: 0.53 mg L-1). On the

contrary the boreholes in greater depths present lower

groundwater quality deterioration with NO3
- values rang-

ing from 11.4 to 62.1 mg L-1, NH4
? between 0.02 and

1.11 mg L-1, NO2
- from 0.002 to 0.059 mg L-1 and

PO4
3- among 0.08 and 0.49 mg L-1.

Groundwater from both sources is characterized by great

variety of concentrations of sodium (15.9–144.0 mg L-1),

chloride (14.2–127.7 mg L-1) and sulfate (1.3–146.5

mg L-1). The higher concentrations of sodium are located

in groundwater of deep boreholes, while chloride and sul-

fate are presented with higher concentrations in spring

waters and shallow boreholes. Their presence is related on

geogenic factors, such as the existence of residual evapo-

rates within the neogene sediments but also with anthro-

pogenic influences. The F-, Br- and I– reveal low

concentrations (Table 1). The higher halogens concentra-

tions were detected in groundwater of the deep boreholes at

the southern part of the study area. The concentrations of

SiO2 in spring waters oscillate between 19.2 and

29.5 mg L-1 and in the boreholes between 11.1 and

33.2 mg L-1, with the higher concentrations found in the

boreholes with the higher water temperature.

The concentrations of heavy metals Fetot, Mn, Cu and Cr

in groundwater of springs and boreholes oscillate in rela-

tively low levels. Their mean values (in mg L-1) amount in

0.032, 0.031, 0.018 and 0.014 respectively and they do not

exceed the maximum acceptable levels, as these are

determined by the Directives concerning waters of human

consumption (EEC98/83 1998; WHO 1984).

Classification of groundwater

As is shown in Piper diagram (Fig. 5a), groundwater

samples are classified in three groups. In first group belong

all the spring waters and 32% of the groundwater samples

of boreholes. In percentage 55% on the total of the spring

Table 4 continued

Catchment

(ct)

Months Agricultural

use

Domestic use Total usea Available water resources

Net

irrigation

Residences,

hotels, etc.

Livestock Infiltration

(recharge)

Surface

watersb
Water

importsc
Groundwater

extraction

June 4,326,012.5 31,822.6 24,269.5 4,906,685.3 430,245.0 286,240.2 3,307,442.4 1,313,002.8

July 5,537,296.0 33,269.1 25,152.0 6,265,873.5 347,779.5 266,082.7 3,587,557.8 2,412,233.0

August 3,806,891.0 32,979.8 25,372.7 4,327,754.6 290,276.3 280,023.4 2,996,079.5 1,051,651.7

September 1,453,540.2 32,401.2 24,710.8 1,690,635.5 597,528.1 278,273.0 527,198.6 885,163.8

October 657,553.9 30,086.8 22,945.7 794,654.4 1,224,125.3 203,601.3 213,146.3 377,906.8

November 311,472.9 29,218.9 22,283.8 405,365.0 1,138,705.0 75,757.6 177,349.4 152,258.0

December 0.0 26,904.6 20,518.8 52,038.9 1,120,295.9 0.0 0.0 52,038.9

Subtotal 20,764,860.0 358,727.5 273,583.5 23,950,494.8 9,397,909.4 2,035,584.1 12,350,672.5 9,564,238.1

Total 98,856,486.5 1,546,205.5 1,179,213.5 117,132,739.9 41,953,417.5 10,501,076.2 58,311,711.6 48,319,952.0

a Total use It’s the sum of agricultural use (net irrigation plus irrigation losses) and domestic use (residences, hotels, etc. plus livestock plus

domestic losses)
b Surface waters (springs, rivers, lake lagoons reservoirs)
c Water imports from neighboring catchments
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waters are classified into the groundwater types Ca–HCO3

and Ca–Mg–HCO3, while in the rest 45% the Ca–Mg–

HCO3–Cl–SO4 type is the dominant type. In this group,

Ca2? (21–72%) and Mg2? (18–63%) present the dominant

cations, while HCO3
- (41–74%) and SO4

2- (8–26%)

prevail the dominant anions. The water samples belonging

in this group could be considered as fresh water, younger

than the groundwater of the second and third group (Lloyd

and Heathcote 1985; Appelo and Postma 1994). In the

second group, belongs the higher percentage of boreholes,

approximately 52% of their total number. The samples are

classified into a variety of water types including Mg–Ca–

Na–HCO3, Mg–Na–HCO3, Na–Mg–Ca–HCO3 and Na–

Ca–Mg–HCO3–Cl types, with no dominant type. These

boreholes are located in the southern and western part of

the study area. Their spatial distribution represents a wide

transitional zone from fresh recharge waters in mixed type

waters (Lloyd and Heathcote 1985; Appelo and Postma

1994). Obviously the water–rock interactions are still in

progress. In this groundwater type, Na? (20–55%) and

Mg2? (12–55%) are the dominant cations, while HCO3
-

(50–76%) presents the dominant anion. In the third group

belongs a small number of boreholes (B2, B3, B9 and

B11), roughly 16% of their total number, located mainly in

the northern and eastern part of the study area. The hyd-

rochemical type Na–HCO3 prevails in this group. Na?

(68–81%) and Ca2? (13–19%) are the dominant cations,

while HCO3
- (71–77%) presents the dominant anion. The

low calcium concentration could be attributed to cation

exchange processes, which took place in the neogene

aquifers of the area due to the abundance of clay minerals

in neogene sediments (Lloyd and Heathcote 1985; Appelo

Fig. 5 a Classification of

groundwater in Piper diagram,

b-c Classification of

groundwater using the expanded

Durov diagram: b Springs

S1-S11 and c) Boreholes

B1-B25
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and Postma 1994). According to the geochemical simula-

tion of the groundwater Sylvite (KCl), Halite (NaCl),

Anhydrite (CaSO4), Quartz (SiO2), Feldspar (NaAlSi3O8),

Dolomite (CaMg[HCO3]2) and in certain cases Carbonate

(CaCO3) are the main minerals that participate in the rocks

of the study area and are dissolved in groundwater.

Figure 5b and c presents an expanded Durov diagram

with the classification of the groundwater. According to

this diagram, the following hydrochemical types prevail in

the groundwater of the study area: Ca–HCO3, Mg–HCO3

and Na–HCO3. In Ca–HCO3 water type belong fresh water

samples, which are younger than the groundwater of the

other groups. Generally, they are fresh recharge waters,

which are enriched in elements in relation to their litho-

logical environment and individually to the human activi-

ties. In the Mg–HCO3 Water type, belongs the group of the

transitional zone from fresh in mixed waters. They are

considered as modified by cation exchange processes and

obviously by hydrolysis of magnesium minerals in alkalis

(Na? and K?) and in Mg2? infiltrated fresh water into the

neogene sediments. Obviously the water–rock interactions

are in progress and consequently no dominant water type is

represented. In Na–HCO3 water type, belongs the recharge

water, which undergoes the cation exchange processes.

Origin of the chemical elements of groundwater

Most groundwater samples of the study area are charac-

terized from high concentrations of dissolved salts of ge-

ogenic origin, mainly in Ca2?, Mg2?, Na?, SO4
2- and Cl-.

Based on the lithological environment and the various

geochemical processes took place during the infiltration in

deeper layers, groundwater obtain its chemical character.

The presence of residual soluble evaporates in the neogene

sediments, which have been deposited in lacustrine–marine

environment, is a primary factor for the high salt concen-

trations in the groundwater of the study area. All the

sampling points are located in places with positive

hydraulic gradient and in distance of enough kilometers

from the sea, thus seawater intrusion due to over pumping

is excluded. Table 5 presents the ion ratio of Na/Cl and Cl/

Br. The Na/Cl ratio has a value of 0.858 for seawater.

Lower values obtain seawater intrusion. The mean value of

Na/Cl in the groundwater of the study area is 1.162 indi-

cating that seawater intrusion does not occur in the study

area. The ratio Cl/Br for seawater is 648. Lower values

denote seawater intrusion, while higher values imply

evaporate dilution in groundwater. In the study area the Cl/

Br ratio exhibit values ranging between 1,397–4,395 (mean

value 3,215) in spring waters and 852–19,180 (mean value

4,359) in boreholes. These values denote the presence of

evaporates in neogene formations of the study area and the

enrichment of groundwater in salts due to their dilution.

Figure 6a–d, depicts representative cross-plots, where

Na, Ca and SO4 are plotted in relation to Cl- concen-

tration as well as Ca is plotted in relation to SO4. The

lines join the end members in all diagrams (ground-

water from the borehole B15 with the lowest TDS

(429 mg L-1) and groundwater from spring S5 with the

highest TDS (1,356 mg L-1)). In the case of Na and Cl-,

a small percentage of samples approximately 30%, seems

to originate from mixed waters with similar chemical

composition with that of the end members. The majority

of water samples present a sodium excess. In this group

belong the deep boreholes located in the northeastern and

the southern part of the study area. In the presence of the

clay minerals in the deeper layers of the neogene sedi-

ments could be attributed this sodium excess due to the

cation exchange phenomena. In diagram b of Fig. 6 is

shown that all spring waters present a calcium excess

caused by the carbonate mineral dilution, while the

groundwater in boreholes depict calcium deficit indicating

that cation exchange phenomena took place. In diagram d

of Fig. 6 sulfate excess in relation to chloride is realized

in spring waters, while in groundwater from boreholes the

opposite is found. This sulfate excess could be attributed

in the dilution of anhydrite as is shown in diagram b.

Anhydrite dilution could be also related to the excess of

calcium due to high relation coefficient presenting the

calcium–sulfate relation.

Factor analysis

In multivariate statistical analysis the Factor analysis is a

useful explanatory tool and it can be applied to discover

and interpret relations among variables or to test

Table 5 Ion rations in groundwater of the study area (Na, Cl and Br values are in meq/L)

Ionic relationship Springs range values Boreholes range values Comparison to Seawater

Ion ratios Min Max Mean Min Max Mean Mean

Na/Cl 0.480 2.124 1.162 0.304 4.938 2.088 0.858

Cl/Br 1397 4395 3215 852 19180 4359 648
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Fig. 6 Cross-plots of Cl versus

Na (a), Ca (b) and SO4 (c) as

well as Ca versus SO4 (d),

e Eigenvalue diagram of the

factor’s analysis initial solution.

a Main contribution PCs, b Low

contribution PCs
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hypotheses (Davis 1986). Factor analysis attempts to find a

way to identify underlying variables that explain the pat-

tern of correlations within a set of original (observed)

variables. This modeling procedure is often used to con-

dense the information contained in the original variables

and reduce the number of variables in a data set with a

minimum loss of information, but can also be used to

explore the latent structure of the variables in a data file

(Filintas 2005). In the present study modeling, it was

applied primary the factor analysis and finally the R-mode

factor analysis for extracting factors governing the water

chemistry and its physical characteristics of the study area

Basins. The data matrix of 30 variables (T, pH, EC, SAR,

TDS, DO2, DO2 (sat.%), H2S, Tot-H (Total Hardness),

Temp-H (Temporal Hardness), Per-H (Calcium Hardness),

Ca, Mg, Na, K, NH4, HCO3, Cl, SO4, NO3, PO4, NO2, Br,

I, F, Fe, Mn, Cu, Crtot, SiO2) and 36 observations has been

used in the present factor analysis.

The resulted eigenvalue diagram (Fig. 6e), of the fac-

tor’s analysis initial solution helped in the determination of

the optimal number of components (factors), which was

seven (Table 6).

Table 6 Principal factor communalities and R-mode factor loading matrix (n = 36)

SN Principal factor matrix R-mode factor matrix

Component Communality Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6 Factor 7

1 T (oC) 0.895 -0.165 -0.380 -0.809 -0.042 0.072 -0.001 0.248

2 pH 0.864 0.169 0.012 -0.044 0.797 0.305 0.161 -0.283

3 EC 0.952 0.794 0.427 0.169 -0.106 0.306 0.012 -0.074

4 SAR 0.916 -0.007 -0.740 0.129 -0.559 0.179 0.062 -0.063

5 TDS 0.985 0.864 0.407 0.005 -0.041 0.259 -0.009 -0.060

6 DO2 (mg/L) 0.906 -0.230 0.054 0.915 0.031 -0.035 0.000 0.103

7 DO2 (sat%) 0.890 -0.257 0.077 0.895 -0.006 -0.041 0.024 0.122

8 H2S 0.850 -0.011 -0.065 -0.886 0.103 0.039 0.126 0.180

9 Tot-H 0.990 0.605 0.752 0.040 0.220 0.077 -0.016 -0.054

10 Temp-H 0.911 0.927 -0.045 -0.110 0.104 -0.028 0.089 -0.136

11 Perm-H 0.935 0.292 0.836 0.274 -0.026 0.251 -0.022 -0.105

12 Ca 0.910 0.170 0.901 0.248 0.005 0.014 0.038 -0.071

13 Mg 0.903 0.791 0.342 -0.174 0.339 0.109 -0.060 -0.020

14 Na 0.942 0.187 -0.725 -0.076 -0.543 0.276 0.003 0.066

15 K 0.734 0.439 0.133 0.146 0.057 0.348 0.014 0.615

16 NH4 0.820 0.698 0.241 -0.373 0.366 -0.036 0.007 -0.002

17 HCO3 0.909 0.926 -0.047 -0.110 0.103 -0.030 0.089 -0.135

18 Cl 0.745 0.659 -0.013 -0.021 -0.241 0.473 -0.134 0.100

19 SO4 0.820 0.591 0.578 0.050 0.106 0.321 -0.057 0.128

20 NO3 0.903 0.092 0.898 0.148 -0.107 0.229 0.043 -0.021

21 PO4 0.751 -0.319 -0.096 -0.100 -0.264 -0.143 -0.088 0.729

22 NO2 0.775 0.507 0.178 0.503 0.448 0.115 0.130 -0.047

23 Br 0.941 0.296 0.307 0.061 0.069 0.866 0.004 -0.037

24 I 0.913 0.043 0.009 -0.212 0.182 0.911 -0.020 -0.039

25 F 0.638 0.088 0.048 0.049 0.752 0.025 0.239 0.052

26 Fe 0.818 0.091 0.149 0.064 0.154 -0.057 0.868 0.048

27 Mn 0.785 0.050 -0.111 0.126 0.120 0.005 0.860 0.025

28 Cu 0.842 -0.064 0.035 -0.288 0.094 0.031 0.863 -0.002

29 Crtot 0.489 -0.167 -0.185 -0.161 0.030 -0.088 0.342 0.524

30 SiO2 0.777 0.290 0.583 -0.144 0.542 0.130 0.135 -0.062

Eigenvalue 6.462 5.540 3.974 2.886 2.599 2.546 1.499

Variance (%) 21.539 18.467 13.248 9.619 8.664 8.487 4.997

Cumulative variance (%) 21.539 40.007 53.254 62.874 71.537 80.024 85.022

1096 Environ Earth Sci (2011) 64:1081–1105

123



• Factor-1 has high loadings of carbonate Hardness

(Temporal Hardness), HCO3, TDS, EC, Mg and NH4.

Factor-1 may be treated as a ‘‘bicarbonate–carbonate

hardness’’ factor and explains the dissolution of Dolo-

mite (CaMg [HCO3]2), Anhydrite (CaSO4), Mg silicate,

Sylvite (KCl) and part of Halite (NaCl) as the dominant

chemical processes in the Pinios river basin. Factor-I

accounts for 21.54% of the variance in the data matrix.

The presence of ammonium is related with the intense

agricultural activity that takes place in the region

(Filintas 2005).

• Factor-2 accounts for 18.47% variance in the data

matrix and consists of variables Ca, NO3, Calcium and

Total Hardness, Na and SAR. Factor-2 may be treated

as a ‘‘nitrate-carbonate-calcium hardness’’ factor and

explains the dissolution of Carbonate (CaCO3), Na

silicate, Feldspar (NaAlSi3O8), Halite (NaCl), SiO2 as

Quartz and part of Anhydrite (CaSO4). This factor is

mainly represented by NO3 and Ca and shows negative

loading of SAR and Na. The nitrate ion has no

significant lithological source in the area and it may

be associated with surface runoff of nitrate fertilizer

from the catchments, nitrates leaching into deeper soil

layers from the intense agricultural utilization (EEC91/

676 1991; Filintas 2005) and from atmospheric inputs.

• Factor-3 may be treated as a ‘‘dissolved oxygen-

hydrogen sulfide’’ factor and shows negative loading

of H2S and temperature in relation with dissolved

oxygen as it was expected. The third Factor accounts

for 13.25% of the variance in the data matrix. The high

loadings of dissolved oxygen are mostly attributed to

springs samples as laboratory and field analysis

revealed high values (6.0–9.3 mg L-1) that correspond

to 58–92% saturation and secondary to a limited

number of the boreholes.

• Factor-4 accounts for 9.62% variance in the data matrix

and is mainly represented by pH. The groundwater of

the study area shows an alkaline character with pH

values between 6.9 jai 8.1.

• Factor-5 may be treated as a ‘‘halogen’’ factor and

shows high loadings of iodine and bromium. This factor

accounts for 8.66% variance in the data matrix and is

mainly attributed to the presence of organic matter

(lignite).

• Factor-6 has high loadings of iron, copper and manga-

nese and accounts for 8.49% variance in the data

matrix. Factor-6 may be treated as a ‘‘heavy metal’’

factor. However the actual measured values do not

exceed the maximum acceptable levels, as these are

thus determined by the Directives that concern waters

of human consumption (EEC98/83 1998; WHO 1984).

• The factor-7 is less significant and accounts for only

5.00% of the total variance. This factor may be treated as

a ‘‘phosphor-potassium’’ factor and may be associated

with the intense agricultural utilization of the study area.

Factors 1, 2, and 3 account for 53.25% of the variance in

the data matrix and dominate over the other factors in

controlling the water chemistry. The rest four factors

account for 31.77% of the variance and all the seven fac-

tors taken together explain about 85.02% of the total var-

iance in the data matrix, indicating that the determined

variables, which control the water chemistry are rock

weathering with significant contribution of NO3, NH4 and

PO4 from anthropogenic (agricultural) sources.

Trend surface and geostatistical analysis

In general, what makes GIS different from other kinds of

computer mapping systems is that the attribute data and

spatial information are always linked and processed jointly

in GIS (Filintas 2005; Hatzopoulos 2008; Filintas 2008;

Filintas et al. 2010). In the study, whenever it was judged

necessary, it was applied the appropriate transformation to

the data sets. A trend surface analysis was performed for

each one of the input datasets of the NO3, NH4, PO4 and

EC in a three-dimensional data space in order to identify

trends in the input dataset and then the results used in the

geostatistical analysis. Trend was resulted in the cases of

NO3 and NH4, which was attributed to the geology, ele-

vation and slope patterns in conjunction with the agricul-

tural utilization patterns of the study area.

Then, by use of methods of laboratory chemical analysis

of water samples, GPS verification, GIS, geostatistical and

statistical methods and computer data processing, the

spatial variability of the NO3, NH4, PO4 and EC was

modeled and mapped in digital form in the Greek Geodetic

System of Reference (EGSA87) (Filintas 2005; Hatzopo-

ulos 2008; Filintas et al. 2008c). In order to identify the

appropriate geostatistical method of spatial interpolation

the below mentioned criteria were applied: (a) Mean

Standardized Prediction Error (MSPE), as close as possible

to 0 and (b) Root Mean Square Standardized prediction

error (RMSS), as close as possible to 1 (Filintas 2005;

Hatzopoulos 2008; Filintas et al. 2008c). An extent

examination was carried out in all the results obtained

applying different geostatistical methods of spatial inter-

polation with non-independent control points. It was

revealed that the most efficient and prominent method for

measured data was the ordinary Jriging (or Jrig). Table 7

shows the best final results that were obtained regarding

MSPE and RMSS of: NO3, NH4, PO4 and EC, applying

non-independent control sets of spatial interpolation. These

result values are acceptable and are in accordance with the

above-mentioned criteria, proving the suitability of the

methods applied.
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The GIS mapping results have interpreted the spatial

variability of the NO3
- values, and as a consequence

showed the nitrate pollution dispersion in the study area

(Fig. 7a). After the creation of the first map and the clas-

sification by Defined Interval method (Filintas 2005;

Filintas et al. 2008c), the boundaries of nitrate classes

concentrations in the waters were determined. In the GIS

map produced (after spatial interpolation), the problematic

and vulnerable zones subjected to nitrate pollution have

been located (Filintas 2005), and two main zones (with

three classes) of nitrate pollution risk were identified

(Fig. 7b). These zones are described below: The first zone

of nitrate pollution covers almost the half of the study area

(50.76%) shown in Table 8, consist of two subclasses 0–25

and 25–50 mg L-1 NO3
- respectively. The 25 mg L-1

class actually is the suggestive European Commission (EC)

limit while the 50 mg L-1 class refers to the maximum

limit (EEC91/676 1991; EEC98/83 1998; Filintas 2005;

Filintas et al. 2008c), for drinking water. In certain parts of

this zone, the concentrations of nitrates are exceeded the

proposed European and Greek limit of acceptance for

safety (25 mg L-1) reaching values up to the maximum

upper limit of 50 mg L-1 and are subjected from small to

medium risk of nitrate pollution. For this reason the

monitoring of these waters, springs and boreholes is of

great importance in order to early detect any increasing

trends of nitrate concentrations. The second vulnerable

zone of nitrate pollution covers the rest of the study area

(Fig. 7b). The nitrate concentrations which varied from

50.1 to 298.9 mg L-1 are well above the European maxi-

mum limit of 50 mg L-1 for drinking water (EEC98/83

1998). This zone refers to the northeast, northwest, central-

west, southeast and southwest part of the study area. The

above mentioned areas are of great nitrate pollution risk,

and apart from the continuous monitoring of the nitrate

concentrations in the springs and boreholes, other actions

are of significant importance. Thus, priority must be given

in the political decisions that should be made, the man-

agement rules for environmental protection that should be

applied and the decrease of nitrate human impact from

agricultural activity that should be achieved. The top pri-

ority must be given to the degraded springs and in a second

run to the boreholes belonging to this zone.

Regarding the ammonium content, the acceptance

limits for drinking water are between 0.05 and

0.50 mg L-1 (EEC98/83 1998). The values of NH4?

determined in the laboratory and the parametric GIS

mapping interpretation of the data in the area (Fig. 7c),

varied from 0.02 to 7.43 mg L-1. The initial ammonium

prediction map (Fig. 7c), was created after classification

using Defined Interval method. After bordering the

ammonium water concentrations in the study area, another

GIS map of spatial interpolation included the problematic

and vulnerable zones subjected to ammonium pollution

have been located (Filintas 2005), which consisted of two

main zones (classes) of ammonium pollution risk

(Fig. 7d). The first zone of ammonium concentration

(0–0.50 mg L-1) covers the greater part of the study area

(78.11%) as shown in Table 8. The levels of concentra-

tions observed, were not exceeded the maximum accep-

tance limits concerning waters for human consumption

(EEC98/83 1998; Filintas 2005). In this zone a low

ammonium pollution risk should be attributed. The second

zone covering the 21.89% of the study area presents

ammonium concentrations from 0.50 to 7.43 mg L-1.

These values are exceeded the acceptance levels for

drinking waters (EEC98/83 1998) defining this zone vul-

nerable and of high pollution risk (Fig. 7d).

The phosphate results from GIS mapping showed that its

concentration varied from 70 to 740 lg L-1 (Fig. 8a). All

values covering the 100% of the study area (Table 8) are

considered as acceptable because they lay well below the

normal levels of PO4 for drinking water, while the maxi-

mum acceptance limit is 5,000 lg L-1 (EEC98/83 1998).

The GIS mapping of EC values showed that they vary

from 481 to 1,680 lS cm-1 (Fig. 8b). It is deduced with

the aid of GIS techniques, that 100% of the values in the

study area are considered as acceptable values (Table 8)

because they lie between the normal acceptable levels with

an upper level of 2,500 lS cm-1 for the drinkable waters

(EEC98/83 1998). Regarding irrigation use of water, the

GIS mapping and classification showed that groundwater

of the study area in spatial percentage 100% (Table 8)

are classified in medium (250–750 lS cm-1) to high

(750–2,250 lS cm-1) salinity zone (Richards 1954), indi-

cating medium so high salinity and can be used for

Table 7 Final results of the

evaluation criterions of spatial

interpolation methods with no

independent control set for

NO3
-, MH4

?, PO4
3- and EC

A/A Parameters (units) Method of spatial

interpolation

MSPE RMSS

1 NO3
- (mg L-1) orJrig -0.03123 0.9763

2 NH4
? (mg L-1) orJrig -0.04744 0.9397

3 PO4
3- (lg L-1) orJrig -0.06806 0.9640

4 EC (25�C) (lS cm-1) orJrig -0.01763 0.9999
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Fig. 7 a Nitrates zones GIS map, b nitrates above limit classified GIS map. c NH4 zones GIS map, d NH4 above limit classified GIS map
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irrigation in most soils and crops with little to medium

danger of development of exchangeable sodium and

salinity.

Water suitability for human consumption

All small communities in the study area are supplied with

drinking water from local boreholes except the city of

Nikaia which is connected with the water supply network

of Larissa city. The main water quality problems appear to

be the groundwater hardness, the pollution by nitrates and

the presence in certain places of hydrogen sulfide and

obviously of other gases. Considering the results obtained

from chemical analyses, groundwater is characterized by

high calcium and magnesium concentrations contributing

to the increase in total hardness of spring waters, which

varies from 25.8 to 40.4odH (German grade of hardness).

Thus, spring waters could be characterized as very hard

Table 8 GIS extracted

coverage percentage of the

study area for nitrates,

ammonium, potassium and

electrical conductivity

a For drinking water (EC98/83,

1998)
b For irrigation uses (Richards

1954), classification of

irrigation water

S. no. Parameter Units Upper

allowable limit

Classes of the

parameter

GIS extracted coverage

percentage of the

study area (%)

1 NO3 mg L-1 50.00a 0–50 50.76

[50 49.24

2 NH4 mg L-1 0.50a 0–0.50 78.11

[0.50 21.89

3 PO4 lg L-1 5,000a 0–5,000 100.00

[5,000 0.00

4 EC lS cm-1(25�C) 2,500a 0–2,500 100.00

\250b \250 0.00

250–2,250b 750–2,250 100.00

2,250–5,000b 2,250–5,000 0.00

Fig. 8 a PO4 zones GIS map, b EC zones GIS map
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waters. The groundwater in boreholes presents a variety in

hardness with values being between 4.0 and 28.1odH. The

lowest hardness values (4.0–6.7odH) are observed in the

waters of Na–HCO3 type, while the highest hardness values

(11.8–28.1odH) have presented the waters of Mg–HCO3

type. Many from these waters can be used for covering

human needs, unless they also contain H2S and/or other gas

concentrations. The main problem of the water seems to be

their high content in nitrogen compounds. The mean value

of nitrates exceeds the 50 mg L-1 limit (EEC 98/83 1998;

WHO 1984) and is observed in almost all springs. There-

fore, groundwater from springs is unsuitable for water

supply. In addition, unsuitable seems to be the groundwater

from shallow boreholes (80–120 m depth), which are also

characterized by high concentrations of the abovemen-

tioned pollutants exceeding the upper acceptable limits. On

the contrary, boreholes of great depth (180–250 m) do not

appear any groundwater degradation, since all chemical

parameters lie bellow the acceptable limits and therefore

their groundwater is considered suitable for human

consumption.

Water suitability for irrigation uses

In order to evaluate groundwater quality and its suitability

for irrigation, weightiness was given in evaluating and

identifying potential problems (factors) related to irrigation

water quality. The chemical parameters (Table 1) were

compared with guideline values from literature (Richards

1954; Rhoades 1977; Ayers and Westcot 1985; Filintas

2005) in order to identify a potential problem water based

on possible restrictions in use related to the following

factors: (1) salinity, (2) rate of water infiltration into the

soil, (3) specific ion toxicity and (4) some other miscella-

neous effects. The water quality factors results of the

present study are:

Salinity

Regarding salinity, EC and TDS were evaluated together.

Salts in soil or water reduce water availability to the crop to

such an extent that yield is affected (Ayers and Westcot

1985). The EC is an important and reliable indicator of the

total dissolved solids (salts) content of the irrigation water

(Filintas 2005; Filintas et al. 2008b, Filintas et al. 2008c)

and the laboratory results showed that the mean EC and

TDS of the boreholes (0.76 dS m-1; 663.68 mg L-1) and

of the springs (1.68 dS m-1; 956.09 mg L-1) have a mean

degree of restriction on use ‘slight to moderate’ (Ayers and

Westcot 1985), and they are both acceptable for most crops

(Ayers and Westcot 1985; Filintas 2005).

Infiltration

The infiltration factor affects infiltration rate of water into

the soil. The evaluation of infiltration factor was performed

using EC and SAR together. The Sodium Adsorption Ratio

(SAR) is an indicator of the sodium hazard of water (Fil-

intas 2005; Filintas et al. 2008b). The mean degree of

restriction on use for the infiltration factor of the irrigation

water of boreholes is ‘none’ (SAR = 2.266 \ 3 and EC

[dS m-1] = 0.76 [ 0.70), according to irrigation water

quality limits (Ayers and Westcot 1985). A plot of ana-

lytical data on the Rhoades (1977) diagram of relative rate

Fig. 9 a Diagram of relative

rate of water infiltration as

affected by salinity and sodium

adsorption ratio (adapted from

Rhoades (1977) and modified),

b diagram of irrigation water

hazard classification based on

total salts (EC) and SAR

(adapted from Richards (1954)

and modified)
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of water infiltration relating salinity (EC) and SAR

(Fig. 9a), shows that the waters of the boreholes B16, B17,

B18, B19, B20, B23, B25 and of the whole dataset of

springs are classified in ‘no reduction in rate of infiltra-

tion’, while the rest fall into second category ‘slight to

moderate reduction in rate of infiltration’. Both water

sources can be used for irrigation purposes according to

Rhoades (1977).

EC and sodium concentration are very important in

classifying irrigation water. While a high salt concentration

(high EC) in water leads to formation of saline soil, a high

sodium concentration leads to development of an alkaline

soil (Filintas 2005). The calculated values of SAR range

from 0.153 to 7.397 for boreholes and from 0.371 to 0.933

for springs. The plot of the data on the US salinity diagram

(Fig. 9b) according to Richards (1954), in which the EC is

taken as salinity hazard and SAR as sodic (alkalinity)

hazard, shows that the mean of the water samples, the

boreholes B8, B10, B16, B17, B18, B19, B20, B22, B23,

B25 and the total set of springs (S1-S11) fall in the category

‘C3S1’, indicating high salinity and low sodium water

which can be used for irrigation in most soils and crops with

little to medium danger of development of exchangeable

sodium and salinity. The boreholes B2, B3 and B9 fall in the

category ‘C3S2’, indicating high salinity and medium

sodium hazard and can be used for irrigation in certain soils

and crops with caution and in association with soil analysis.

The rest of the boreholes fall in the category ‘C2S1’, indi-

cating medium salinity and low sodium water and can be

used for irrigation in most soils and crops with little danger

of development of exchangeable sodium and salinity.

Specific ion toxicity

The toxicity problems occur if certain constituents (ions) in

the water are taken up by the plant and accumulate to

concentrations high enough to cause crop damage or

reduced crop yields. The ions of primary concern are

chloride and sodium. Chloride (Cl-) is usually the source

for the most common toxicity in the irrigation water. The

mean value of chloride is 1.49 meq L-1 for the boreholes

and 1.66 meq L-1 for the springs. The degree of restriction

on use (Ayers and Westcot 1985) for the chloride is ‘none’

for surface irrigation, micro irrigation and sprinkler irri-

gation for the boreholes and the springs, except for springs

S5 and S11 that have degree ‘none’ for surface irrigation

but ‘Slight to Moderate’ degree for sprinkler irrigation.

Chloride concentrations are considered acceptable for

surface, micro irrigation and sprinkler irrigation in the

study area (Filintas 2005). Sodium (Na?) is toxic and its

toxicity is not as easily diagnosed as chloride’s (Filintas

2005). The mean value of Sodium is 3.09 meq L-1 for

boreholes and 1.53 meq L-1 for the springs with a total

mean (boreholes ? springs) of 2.62 meq L-1. The degree

of restriction on use (Ayers and Westcot 1985) for the

Sodium is ‘Slight to Moderate’ for sprinkler irrigation with

boreholes irrigation water, except in the cases of the water

of boreholes B1, B4, B5, B12, B13, B14, B15, B16, B17,

B18, B24, B25 and all the springs, which are classified to a

degree of restriction on use ‘none’ and can be used without

restrictions for surface, micro irrigation and sprinkler irri-

gation in the study area.

Other miscellaneous effects

The pH mean of the boreholes is 7.39 and of the springs is

7.54 and both are classified as ‘Normal range’. The Nitrate-

Nitrogen (means 7.02 and 21.63 mg L-1) and the bicar-

bonate (means 5.97 and 7.30 meq L-1) for boreholes and

springs respectively are both classified as ‘Slight to Mod-

erate’ degree of restriction on use. The means (in mg L-1)

of Ammonia–Nitrogen (0.362 and 0.251), the orthophos-

phate (0.307 and 0.176) and the iron (0.020 and 0.029) for

boreholes and springs respectively are all classified as

‘none’ degree of restriction on irrigation use.

Conclusions

The study area is part from the Eastern Hellas unit and is

structured from crystalline rocks of the substratum (schists,

marbles and ophiolites), Neogene clastic sediments (marly

limestones, marls, clays, sandstones and conglomerates)

and Quaternary deposits. It is formed by NNE–SSW and

NNW–SSE trending fault systems. In marls and marly

limestones the presence of organic material (lignite) is

characteristic. In granular formations unconfined and in

certain places confined aquifers are developed. From the

hydrogeological GIS analysis, were derived the definite

boundaries of four (4) catchments with an amount of

866.56 km2. Also, the GIS analysis revealed two different

types of continental aquifers in Nikaia region, the car-

bonate formations type of aquifer (with an area found to be

300.18 km2), and the neogene formations type of aquifer

(with an area found to be 566.38 km2). Globally, in the

study area, the amount of average annual precipitation is

445.13 MCM of water volume; 359.66 MCM are evapo-

rated, 41.95 MCM infiltrate and enrich the groundwater

storage and the rest 43.53 MCM is storm runoff. Irrigation

water is supplied from: boreholes (wells), available

perennial springs, streams and rivers, irrigation pipelines

and channels (in some areas). For the time been, the

effluent water (wastewater) of domestic uses (houses,

hotels, etc.) and livestock breeding are not used for irri-

gation, due to traditional negative opposition among the

local farmers’ society.
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Although, in the region, 41.95 MCM recharge the

groundwater storage, the aquifers are depleting due to high

irrigation demands in the last 3 decades, and the average

water table level is reaching 30–45 m below surface level

in the east and south farm land, while in the rest of the farm

land is reaching 80 to 180 m below surface. Based on 2005

and 2008 estimates, the annual safe yield of the region’s

aquifers were nearly 41.95 MCM, however, the existing

situation is that 6.37 MCM of water (deficit) is over

extracted from these aquifers (Filintas 2005). The hydro-

chemical analyses, that were realized in 36 globally

selectively sampling points (11 springs and 25 boreholes)

distributed in the whole extent of the study area, after

statistical treatment, hydrochemical diagrams development

and GIS mapping (graphical and statistical methods, scatter

plot and eighenvalue diagrams, factor analysis and R-mode

factor analysis as well as geostatistical and Trend surface

analysis) resulted in the following conclusions:

• Groundwater samples are classified in three major

groups (types): (a) Fresh water with low TDS value of

Ca–HCO3 and Ca–Mg–HCO3 types (b) Transitional

waters from fresh recharge in mixed waters including

Mg–Ca–Na–HCO3, Mg–Na–HCO3, Na–Mg–Ca–HCO3

and Na–Ca–Mg–HCO3–Cl types, which reveal that the

water–rock interactions are still in progress and

(c) alkaline waters with Na–HCO3 type, which have

undergone the cation exchange phenomena.

• The high salt concentrations are due to the mineral

dilution and the cation exchange processes. According to

the geochemical simulation of the groundwater, Sylvite

(KCl), Halite (NaCl), Anhydrite (CaSO4), Quartz (SiO2),

Feldspar (NaAlSi3O8), Dolomite (CaMg[HCO3]2) and in

certain cases Carbonate (CaCO3) are the main minerals

contain in the rocks of the study area and are dissolved in

groundwater.

• The Cl–Na, Cl–Ca cross–plots reveal that in a small

percentage of the water samples these elements have a

common origin, while in the majority of the samples

sodium excess indicates that cation exchange phenom-

ena took place.

• Chemical analyses confirm the existence of lacustrine-

marine phase in neogene formations of the study area,

which is responsible for the presence of residual,

evaporates.

• The factor analysis resulted in a significant data

reduction and it helped to extract and identify the

factors/sources responsible for variations in basins

water quality. Factor-1 (21.54% of the variance) may

be treated as a ‘‘bicarbonate-carbonate hardness’’

factor. The presence of ammonium is related with the

intense agricultural activity that takes place in the

region. Factor-2 accounts for 18.47% variance and may

be treated as a ‘‘nitrate-carbonate-calcium hardness’’

factor. The nitrate ion has no significant lithological

source in the area and it could be associated with

surface runoff of nitrate fertilizer from the catchments,

nitrates leaching into deeper soil layers from the intense

agricultural utilization and from atmospheric inputs.

Factors 1, 2, and 3 account for 53.25% of the variance

and dominate over the other factors in controlling the

water chemistry. All the seven factors taken together

explain about 85.02% of the total variance in the data

matrix, indicating that the determined variables, which

control the water chemistry are rock weathering with

significant contribution of NO3, NH4 and PO4 from

anthropogenic (agricultural) sources.

• The trend surface analysis that was performed for each

one of the input datasets of the NO3, NH4, PO4 and EC

in a three-dimensional data space resulted in trends for

the cases of NO3 and NH4, which was attributed to the

geology, elevation and slope patterns in conjunction

with the agricultural utilization patterns of the study

area.

The results of GIS mapping regarding nitrate and

ammonium concentrations revealed two mainly pollu-

tion risk zones for each parameter. The first zone of

nitrate pollution (0–50 mg L-1) covers almost the half

of the study area (50.76%) and is subjected from small

to medium risk of nitrate pollution, while the second

nitrate pollution zone (nitrate 50.1–298.9 mg L-1)

covers the rest of the study area (49.24%) and the

nitrate concentrations are well above the European

maximum limit of 50 mg L-1 for drinking water.

Regarding NH4
?, the first zone covers the greater part

of the study area (78.11%) and is characterized as low

ammonium pollution risk zone. The second zone

covering 21.89% of the study area presents ammonium

concentrations from 0.50 to 7.43 mg L-1 and is defined

as vulnerable and of high pollution risk.

• Regarding the suitability of the water for human use,

the groundwater from springs and shallow boreholes

are unsuitable for water supply due to the high

concentrations in nitrogen compounds exceeding the

upper acceptable limits. On the contrary, boreholes of

great depth (180–250 m) do not appear any groundwa-

ter degradation, since all chemical parameters lie

bellow the acceptable limits and therefore, is consid-

ered suitable for human consumption.

• Regarding water suitability for irrigation, the evaluation

of SAR (0.153–7.397) and EC (481–1,680 lS cm-1)

resulted in classification category ‘C3S1’, indicating

high salinity and low sodium water which can be used

for irrigation in most soils and crops with little to

medium danger of development of exchangeable

sodium and salinity. Also, the results showed that both
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water sources can be used for irrigation purposes with

some limitations.
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d’écoulement maximum. La Houille Blanche 6:360–369

Coutagne A (1954b) Étude de quelques correlations hydrométéoro-
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de France, Paris, pp 220–226

Daskalaki P, Voudouris K (2008) Groundwater quality of porous

aquifers in Greece: a synoptic review. Env Geol 54(3):505–513

Davis JC (1986) Statistics and data analysis in geology. Wiley, New

York

Delgado JA, Shaffer MJ (2002) Essentials of a national nitrate

leaching index assessment tool. J Soil Water Conserv

57:327–335

Dimopoulos M, Chalkiadaki M, Dassenakis M, Scoullos M (2003)

Quality of groundwater in Western Thessaly, the problem of

nitrate pollution. Glob Nest Int J 5(3):185–191

Dioudis P, Filintas A, Koutseris E (2009) GPS and GIS based

N-mapping of agricultural fields’ spatial variability as a tool for

non-polluting fertilization by drip irrigation. Int J Sus Dev Plann

4(3):210–225

EEC 91/676 (1991) Directive 91/676/EEC on nitrates from agricul-

tural sources, European Commission Report COM(97) 473

EEC 98/83 (1998) Council Directive 98/83/EC (Drinking Water

Directive), European Commission, Brussels

Filintas A (2005) Land use systems with emphasis on agricultural

machinery, irrigation and nitrates pollution, with the use of

satellite remote sensing, geographic information systems and

models, in watershed level in Central Greece. M.Sc. thesis, Dept.

of Environment, University of Aegean, Mitilini, Greece

Filintas TAG (2008) Study and mapping of biomass yield with the use

of spatial statistics and geoinformation. M.Sc. thesis, Dept. of

Natural Resources and Agriculture Engineering, Agricultural

University of Athens, Athens, Greece

Filintas TAG, Dioudis PI, Pateras DT, Hatzopoulos JN, Toulios LG

(2006) Drip irrigation effects in movement, concentration and

allocation of nitrates and mapping of nitrates with gis in an

experimental agricultural field. In: Proc. of 3rd international

conference haicta 2006 on: information systems in sustainable

agriculture, agroenvironment and food technology, HAICTA,

Volos, Greece, 20–23 September. ISBN 960-8029-43-0,

pp 253–262

Filintas AG, Dioudis P, Pateras D, Joutseris E, Hatzopoulos J,

Toulios L (2007a) Irrigation water and applied nitrogens

fertilizer effects in soils nitrogen depletion and nitrates GIS

mapping. Proc. of 1st international conference on environmental

management, engineering, planning and economics (CEMEPE/

SECOTOX), June 24–28, vol III. Skiathos Island, Greece,

pp 2201–2207

Filintas A, Dioudis P, Koutseris E, Papadopoulos A (2007b) Soils

nitrates GIS mapping, irrigation water and applied N-fertilizer

effects in soils nitrogen depletion in a drip irrigated experimental

field in Thessaly basin. In: Proc. of 3rd IASME/WSEAS

international conference on energy, environment, ecosystems

and sustainable development (EEESD’07), July 24–26, Agios

Nikolaos, Crete, Greece, WSEAS, ISBN: 978-960-8457-94-2,

pp 487–492

Filintas A, Polyzos S, Stamatis G (2008a) Planning, construction and

operation of dams and water reservoirs, in interelation with

environmental impacts. In: Proc. of 8th international hydrogeo-

logical congress of Greece, 8–10 October, Athens, Greece, ISDN

978-960-88816-5-5, pp767–782

Filintas A, Dioudis P, Stamatis G, Hatzopoulos J, Karyotis Th

(2008b) Environmental assessment of groundwater nitrate pol-

lution from agricultural wastes and fertilizers in central Greece

watersheds using remote sensing and GIS. In: Proc. of 3rd

international conference AQUA 2008 on: water science and

technology with emphasis on water & climate, 16–19 October,

Athens, Greece, ID-02, p 10

Filintas A, Hatzopoulos J, Polyzos S (2008c) Assessment of surface

water springs’ quality by the use of GIS and geostatistical

techniques. Chapter 28. In: Arabatzis G., Polyzos S (eds) Natural

resources, environment and development. Tziolas Publications,

Thessaloniki, Greece, pp 695–728 (in Greek)

Filintas AG, Hatzopoulos J, Parlantzas V (2009) Agriculture spray

machinery pattern testing and validation by the use of gis and the

use of a dilution of active ingredient in wastewater. In: Proc. of

5th international conference on energy, environment, ecosystems

and sustainable development (EEESD’09), pp 334–339

Filintas A, Dioudis P, Prochaska C (2010) GIS modeling of the

impact of drip irrigation, of water quality and of soil’s available

water capacity on Zea mays L, biomass yield and its biofuel

potential. Desalination Water Treat 13(1–3):303–319

Follett RF, Delgado JA (2002) Nitrogen fate and transport in

agricultural systems. J Soil Water Conserv 57:402–408

Fytikas M, Kolios N (1979) Preliminary heat flow map of greece. In:

Germak V, Rybach L (eds) Terrestrial heat flow in Europe.

Springer, Berlin, pp 197–205

Hatzopoulos NJ (2008) Topographic mapping, covering the wider

field of geospatial information science & technology (GIS&T).

ISBN-10: 1581129866, ISBN-13: 9781581129861, Universal

Publishers, 740 pp

Hatzopoulos J, Filintas AG (2009) Integrated urban planning for the

safe reuse of municipal wastewater and biosludge from WWT

Plants in crops and soils. Research Project Delivarables IV. Dept.

of Environment, University of the Aegean, Mitilini, Greece

HNMS (2010) Meteorological data of central Greece, Hellenic

National Meteorological Service (HNMS), Greece (in Greek)
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