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Abstract: The recent years’ groundwater degradation is mainly related to the intensification of agriculture, the unreasonable use 
of chemical fertilizers, the overexploitation of the aquifers for irrigation purposes and the intense urbanization which 
lacks the necessary infrastructure. In Erasinos Basin located at the Eastern Attica, which is heavily influenced by the 
consequences of intense agriculture and urbanization, a hydrogeological study took place including sampling, 
chemical analysis of the groundwater from springs, wells and boreholes, which exploit the aquifers of the Neogene 
formations and the karstified carbonates of the bedrock for irrigation purposes. The aim of this study is the 
investigation of the characteristics and the differentiation of groundwater quality, the degradation rate, the spatial 
distribution of the contaminants and finally, the suitability of groundwater for a number of purposes. Samples from 55 
points were collected and used for the determination of main elements and heavy metals. Two hydrochemical 
groundwater types prevail in the study area: fresh water types of Ca-HCO3 and Mg-HCO3, indicating natural aquifer 
recharge; old water of Na-Cl, Mg-Cl and Ca-Cl types, with high TDS values indicating reverse cation-exchange 
phenomena. The highest concentrations of NO3- (9.3-379.3 mg/l), NH4+ (0.05-5.74 mg/l) and PO4

3- (0.03-2.43 mg/l) 
appear in the unconfined aquifer, in regions with intense agriculture activities and close to urban areas. The highest 
heavy metals concentrations (Zn, Cd, Mn, Pb, Ni, Cu and Cr) are observed mainly in the western part of the basin, 
where mixed sulfide minerals are present, but also close to industrial units and areas of intense agriculture. Sea water 
intrusion is observed in the eastern part of the basin. Statistical analysis, factor analysis and GIS applications provide 
the spatial distribution of groundwater vulnerability due to contaminants. Degradation is local and solely due to 
human activity. The groundwater is unsuitable for drinking water needs due to high contamination load, while at parts 
is almost unsuitable for irrigation purposes due to its high salinity. 
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1. INTRODUCTION 

The Erasinos Basin was always an agricultural area because of the gentle relief and the fertile 
delta of the river. The Erasinos Delta with a surface of 2669 hectares is a protected area according 
to Natura 2000. Recent studies proved significant decrease of the precipitation (Baltas et al., 2010; 
Karpouzos et al., 2010) and an increase of the days of high temperature (Tzanakou and Deligiorgi, 
2006) in the last decade, which has a negative effect on the aquifer natural groundwater recharge. 
World theories of climatic change (IPCC, 2007) are proven in the study area (Hatzaki et al., 2006), 
resulting in surface and groundwater degradation (Mimikou et al., 2000), shortage of water 
reservoirs (Mimikou, 2005) and appearance of desertification phenomena (Kosmas and Danalatos, 
1994). Many studies concerning the negative influence of the long dry periods in the aquifers in 
semi-arid areas search out for methods to minimize the degradation of the groundwater quality and 
solutions to cover the water needs especially in summer touristic season (Werner et al., 2011; 
Christodoulou, 2011; Kourakos and Mantoglou, 2010).   

The construction of the National Airport of Athens, Attiki Odos and suburban railway led to an 
urban and tourist growth as well as development of the area resulted in the population boom of the 
area (GSA, 2001). The towns located in the study area lack sewer networks and the presence of 
septic sinks and sumps contribute to the groundwater contamination. The intense agriculture with 
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excessive use of agrochemicals and fertilizers as well as the atmospheric deposition of exhaust 
gases from cars and airplanes contribute also to the contamination of soil and water resources. 
Antecedent hydrogeological studies (Mariolakos and Lekkas, 1974; Kounis, 1979; Georgalas and 
Koumantakis, 1997; Alexakis and Kelepertsis, 1998; Kounis, 1998; Stamatis et al., 2006; Bathrellos 
et al., 2008; Farmaki and Thomaidis, 2008; Champidi, 2011) point out the groundwater degradation 
of the area of Mesogia. The groundwater degradation reflects on the high salinity of groundwater 
due to sea water intrusion as a result of the overexploitation of the aquifers and the presence of 
residual salts of evaporite origin, the high concentration of nitrogen (NH4

+, NO3
-) and phosphorous 

(PO4
3-) compounds due to industrial and agricultural activities as well as the significant 

concentrations of heavy metals of geogenic and anthropogenic origin.  
Main contamination receivers are the agricultural regions and the surface and groundwater 

bodies related to them. The effect on water is a quality and quantity issue, since the contamination 
in recent years is closely related to the intensified agriculture, which requires the use of chemical 
fertilizers and the disposal of industrial, human and agricultural wastes. The excessive use of nitrate 
and phosphate fertilizers had significant negative environmental influence. In the broad study area, 
not only the surface and ground water resources were contaminated by the increase of nitrate and 
phosphate concentrations, but also eutrophication phenomena occur in the Erasinos River estuaries 
and the Vavrona Bay (Stamatis et al., 2000).  

The study area is flat in its central part, and the elevation varies from medium in the eastern and 
northern part to highest in the western and southeastern part. That mountainous part consists of 
carbonate and metamorphic formations, while the flat part of the study area consists of Neogene 
sediments and recent alluvium deposits and is under heavy agricultural use. Irrigation needs fully 
depend on wells and boreholes. Because of the gradual water shortage of those upper formations, 
farmers seek water in deeper aquifers. In general, the exploitation of the aquifers, the excessive use 
of chemical fertilizers, the intense urbanization in eastern Attica and the lack of any biological 
processing of urban waste, are the main reasons for groundwater contamination. In this paper, the 
results of the hydrogeological study took place in area based on hydrochemical methods are 
presented. The purpose of this paper is to point out the degradation of groundwater and its geogenic 
and anthropogenic origin. The results of this study constitute an important basis for the necessary 
protection steps that need to be taken to prevent any further degradation of the areas’ natural 
resources. 

2. STUDY AREA 

The study area occupies 212 km2 in eastern Attica and is located between 37,51o - 38,01o lat and 

23,49o - 24,01o long. The area is defined from the Southern Euboea Gulf eastwards, the hilly region 
between Spata and Artemis northwards, the Ymittos Mountain at the western side and Merenta 
Mountain as well as the hilly area between Markopoulo and Koropi at the southern boundary (fig. 
1). The relief is gentle in the central part, where the Mesogia Basin is developed, and becomes steep 
in the western part at Ymittos Mountain. The Mesogia basin includes the catchment area of Rafina 
stream in the northern part and the catchment area of Erasinos basin located at the southern part, 
which is the subject of the present study (fig. 2). The lowest elevation is observed in the eastern part 
of the basin where the coastal zone is extended, while the highest one (up to 1km) in the western 
part at Ymittos M.  

The study area presents the typical Attica Mediterranean climate. The mean annual temperature 
reaches 18.7oC, with an absolute minimum of -3.35oC and an absolute maximum of 39.3oC. The 
mean precipitation is 431.2mm in dry periods from May until September (National Meteorological 
Survey, meteorological stations Spata, Peania and Rafina 1957-1997, met. stations Spata, 
Markopoulo, Porto Rafti, Kantza 2006-2009, National Airport «Eletherios Venizelos», 1999-2009). 
The annual water balance for the hydrologic year 2005-2006 was estimated based on weekly 
measurements of discharges of Erasinos River and the calculation of the evapotranspiration using 
the empirical formula of Burdon & Papakis (1979). From those calculations is deduced that for 
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431.4 mm of precipitation, runoff comprises 13.1% (56.5 mm), evapotranspiration 59% (254.5 
mm), which is typical for Mediterranean climate, and 27.9% (120.4 mm) infiltration. The highest 
infiltration rate takes place primary in the karstified carbonate rocks which are present in the 
western, eastern and southern margins of the basin and secondary in the Neogene and Quaternary 
deposits, which cover the major part of the basin (fig. 2). 
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Figure 1: The study area (source: Google 2011). 

3. GEOLOGY 

The study area belongs geotectonically to the Attico-Cycladic Massif. In the geological structure 
of the area and of the whole Attica generally two major systems prevail: a) The crystalline basement 
of Paleozoic - upper Cretaceous age and b) the clastic depositions of Neogene and Quaternary age 
(Fig. 2). The consolidated formations of crystalline bedrock consist of schists and carbonate rocks, 
mainly lime and dolomite marbles. The Neogene and Quaternary formations consist of marly 
limestones, marls, clays, sandstones, conglomerates and other unconsolidated materials 
(Jacobshagen, 1986; Κatsikatsos, 1992). Generally, the geological formations of Attica are grouped 
in three major systems: a) the autochthonous system of Triassic and Jurassic schists and marbles 
that constitute the bedrock and the core of the Attica Mountains, b) the allochthonous system of 
Cretaceous limestones, schists and sandstones and c) the Tertiary and Quaternary deposits (Lespius 
1893). 

The formations of the autochthonous system with thickness approx. 800 meters (Katsiavrias et 
al., 2007) occur at the western, southern and occasionally eastern margins of the basin. They mainly 
consist of marbles (Jurassic upper and lower marbles) and schists (“Kaisariani schists” of Jurassic 
age). The lower parts of the autochthonous series consist of schists and dolomites (Lower Triassic) 
and outcrop in limited extend of land in the southern part of the basin. The formations of the 
allochthonous system with thickness approx. 250m occur in limited extend in the eastern and at 
locally in the western part of the basin. They consist of Upper Cretaceous limestones and schists, 
with ophiolithic and marble masses. At the base of the Cretaceous carbonates low thickness layers 
of mixed sulfide minerals occur (Mixed Sulfides PBG), which were exploited particularly through 
ancient times (Serelis et al., 2010). The central and northern part of the basin is covered from 
Neogene sediments, which consist of marly and travertine limestones, marls, clays, marly 
sandstones, conglomerates and other unconsolidated materials. The deposits’ thickness varies 
between 50 and 150 meters (Katsiavrias et al., 2007). The Quaternary formations consist of fluvial 
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and continental deposits with varied composition and small thickness, such as sands, clays and 
pebbles covering parts of recent streams and shores.  

The study area is structured by a fault system trending E-NE and W-NW as well as by small 
tectonic displacements caused by a NW-SE fault system. The NE-SW fault system has mainly 
contributed to the depression of the Mesogia basin. The western part of the basin is tectonically 
controlled by the Ymittos marbles, while the central flat part of the basin was formed by the NE-
SW pre-alpine synclinical folding. Afterwards, the shape of the basin was formed by the post alpine 
tectonic movements (Jacobshagen, 1986; Κatsikatsos, 1992).  

 

Figure 2: A simplified geological map of the study area (Katsiavrias et al. 2007; 1: Holocene deposits, 2: Neogene 
formations, carbonates, marls, conglomerates, sands, etc, 3: Carbonates of Triassic-Upper Cretaceous, 4: Schists and 

phyllites, 5: Ophiolites; ´B1-B12: Sampling boreholes, "W1-W40: Sampling wells, .S1-S3: Sampling springs) 

4. HYDROGEOLOGY 

The study area is structured from geological formations with different hydrogeological 
properties. Within the unconsolidated Quaternary deposits of limited extend, which consist of 
gravels, sand and clays with thickness of few meters, a lowly productive phreatic aquifer is 
developed. The occurrence of clayey layers within the saturated zone creates, in places, semi-
confined conditions. The basis of this aquifer is the schists and the Neogene deposits. Groundwater 
recharge is realized not only by the direct infiltration of rainwater, but also by lateral seeps from the 
consolidated formations. A significant number of wells exploit the phreatic aquifer, which has been 
locally brackish, due to seawater intrusion resulted by the overexploitation of the aquifer.  

The Neogene deposits of the study area, which consist of marls, marly limestones, sandstones 
and clays, host lowly productive aquifers. The alternation of permeable and impermeable layers 
creates, in places, unconfined and confined conditions. The groundwater flow is locally controlled 
by the impermeable schists of the geological bedrock. The shallow aquifer of Neogene formations 
undergoes intense exploitation through a large number of production boreholes and wells for 
irrigation purposes and a small number of boreholes for industrial purposes (construction of 
stoneware, preparation of cement, etc.). The wells are 10 – 30m deep and show discharge rates up 
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to 5m3/h. The most of boreholes are over 100m deep exceeding absolute sea level. The discharge 
rates of the boreholes range from 15 to 35 m3 /h (Kounis, 1979; Stamatis et al., 2000). 

Schists are generally impermeable rocks, when their fractures have been filled with the 
weathering material. In the study area deep boreholes exploit lowly productive aquifers hosted in 
schist formations with discharge rages from 5 – 10 m3 /h (Kounis, 1979; Stamatis et al., 2000). 

 

Figure 3: Map of water table for the phreatic aquifer in Erasinos valley area September 2005. 

The carbonate formations and the marbles occur at the margins of the basin host highly 
productive aquifers. These rocks show high permeability due to their fracture system and mainly to 
the karstification. The boreholes B1, Β4, Β7, Β8 and Β9 (fig. 3) exploit the carbonate aquifers with 
discharge rates up to 50 m3/h; their deep is up to 100m showing negative hydraulic head. These 
formations are adjacent to the sea in Vavronas bay; thus lead in the high salinity of groundwater of 
the coastal aquifer.  

In figure 3 the map of water table for the phreatic aquifer of the Erasinos basin is shown. 
Measurements of water level of the wells and the boreholes took place on September 2005. The 
water table follows the development of the surface relief with some exceptions. Generally the 
groundwater flows in sea direction and discharges at the sea area of Vavrona bay, while in places 
flows into the Erasinos River.   

5. MATERIAL AND METHODS 

In the frame of this study, water sampling in surface water of Erasinos River and groundwater 
from different aquifers was undertaken on September 2005. The sampling campaign took place just 
after the irrigation period (at the end of the dry period) in order to have the most representative 
ground water samples. Samples were collected at 3 springs’ outlets (S1-S3), which are fed from the 
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Neogene aquifers, 40 wells (W1-W40) and 12 deep boreholes (Β1-Β12), which exploit the aquifers 
hosted in the Neogene and Quaternary formations, as well as the deep karst aquifer (fig.2).  

Unstable parameters, temperature (T), electrical conductivity (EC), pH, were measured from 
untreated samples in-situ using the portable devices WTW/LF-330 for electrical conductivity and 
WTW/330i for pH. The samples were collected in two different types of polyethylene bottles (100 
ml and 1000ml volume). The first bottle type of 100 ml volume was filtered on site through 0.45μm 
pore size Millipore filters. It was then acidified to a pH about 2 with 65% ultra pure HNO3 for 
heavy metals determination (Sr, Fe, Mn, Cu, Cr, Ni, Pb, Cd and Zn). 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

-, NH4
+, PO4

3- and SiO2). Total Hardness, Calcium Hardness, 
Temporal Hardness as well as Cl- was determined with titration kits (Total Hardness: ManVer Buret 
Titration Method 8226, Calcium Hardness: Buret Titration Method 8222 of HACH, Temporal 
Hardness: Buret Titration Method, HCl 0,1N Titrant, Methyl-red indicator and Cl-: Buret Titration 
Method AgNO3 0,1N Titrant and KCrO2 indicator). The parameters SO4

2-, NO3
-, ΝΟ2

-, ΝΗ4
+, PO4

3- 
and SiO2 were determined by spectral photometry (HACΗ DR/3000) using the suitable HACH kits. 
The parameters Ca2+, Mg2+, Sr, Fe, Mn, Cu, Cr, Ni, Pb, Cd and Zn were determined by atomic 
absorption spectroscopy (GBC/908AA), while Na+ και K+ using Flamephotometer (ΙΝTECH/420). 
All the analyses were conducted at the laboratory of Mineralogy-Geology, Agriculture University 
of Athens.  

6. STATISTICAL ANALYSIS 

Summary statistics e.g. mean (m) standard deviation (σ), minimum-maximum values and 
coefficient of variation (V) of the hydrochemical data are listed in Table 1. The coefficient of 
variation (V) which is a measure of the relative dispersion of a parameter (Saager and Esselaar 
1969) was computed using the formula: V = σ  m-1.  

The interrelationships between the constituents of the groundwater are important, from a 
hydrochemical point of view. For this purpose the data were subjected to simple correlation analysis 
and R-mode factor analysis in order to examine the relationships between the parameters. The 
simple correlation coefficient (Douglas and Leo 1977; Rao et al., 1977; Ratha and Venkataraman 
1997) measures the strength of two parameters, when the dependent parameter is influenced only by 
independent parameter and vice versa. The correlation matrix of chemical data for groundwater and 
surface water is given in Table 2.  

The factor analysis is a branch of multivariate analysis and is useful tool for interpreting 
commonly collected groundwater quality data relating them to specific geochemical processes 
(Hakli 1970). The principal aim of factor analysis is to reduce the complex pattern of correlations 
among many parameters to simpler sets of 'factors' which are then interpretable. The method 
consists of the following steps (Saager and Esselaar 1969; Ruiz et al. 1990; Voudouris et al. 1997): 

The data were standardized with (mean = 0 and standard deviation = 1) using the formula 

zi = ( xi - xm ) / σ (1) 

where, z is the ith value of the standardized variable zi, xi is the concentration of variable i and xm, σ 
are the mean and standard deviation of all xi. After this transformation the correlation coefficient 
matrix were computed. Eigenvalues and eigenvectors were calculated for the matrix. The data were 
transformed into factors. The factor extraction has been done with a minimum eigenvalue as greater 
than 1 (Kaiser 1958).  

Next the factor loading matrix is rotated according to varimax scheme (Davis, 1987). This 
procedure renders a new factor loading matrix, which affords greater ease for interpretation. And 
lastly the contribution of each factor at every site (factor scores) was computed. This step is 
important for the mapping of the geographical distribution of each factor. 
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Table 1:  Descriptive statistics for the chemical analyses of the groundwater of Erasinos basin 

 

7. GROUNDWATER QUALITY 

Main elements: In table 1 the groundwater quality of the study area is presented. The 
groundwater of the area is characterized by relative high TDS values. Ca2+ (74.0-206.5 mg/l) and 
Na+ (25.0-460 mg/l) are the dominant cations, while HCO3

- with values ranges from 201.3 to 881.4 
mg/l prevail over the anions. Cl- and SO4

2- show lower concentrations (20.4-140.0 mg/l and 15.5-
701.1 mg/l respectively). The presence of these elements is attributed to the geological formations 
structured the Erasinos basin and also to the adjacent contact of the area with the sea. Groundwater 
comes mainly from Neogene marly limestones and carbonate sandstones and secondary from the 
crystalline rocks of the basement. Neogene formations are considered as marine-lacustrine deposits; 
thus the presence of evaporates could contribute to the enrichment of the groundwater with the 
above mentioned elements. Figure 4 presents the average values of the main elements in different 
aquifers in the study area. 

Based on the salinity, two different types of groundwater are defined: groundwater in the coastal 
aquifer, which is affected from the sea water and groundwater in inland aquifers, which are 
influenced mainly from anthropogenic activities and secondary from geogenic factors.  

In figure 5 the groundwater quality in the east coastal area and the groundwater in the inland 
aquifers in central and west part of the study area are presented. The different groundwater quality 
between these two regions reflects on the presence of high concentrations of Na+, Cl- and SO4

2- in 
the coastal aquifers due to sea water intrusion.  

The spatial distribution of electrical conductivity (6A) and TDS mg/l (6Β) is drown in figure 6. 
Based on this figure the coastal and inland areas are clearly defined; the highest values of the above 
mentioned parameters are presented in the coastal area due to sea water intrusion, while the lowest 
ones are distributed in the central and western part of the study area.    
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Figure 4: Groundwater quality (springs, wells, boreholes) in the different aquifers developed in the Erasinos basin 
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Figure 5:  Groundwater quality in coastal and inland region in the study area 

Figure 6:  Spatial distribution of the electrical conductivity EC μS/cm (Α) and TDS mg/l (Β) trends 
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Groundwater temperature is different between shallow and deep aquifers. The fresh water of 
springs and shallow wells shows low temperatures between 15.5oC and 20. 9oC. The temperature in 
deep wells ranges from 16.8oC and 25.0oC. The highest temperatures are presented in the boreholes 
and wells in the west part of the study area (Β6:25.0oC; W7:20.9oC; W19:21.5oC; W28:20.9oC and 
W30:20.6oC). These high temperatures presented in karst groundwater are concerned with the 
fractured tectonics prevail in the broader area of Attica and the various geochemical processes took 
place in the aquifers. The thermal - mineral Vouliagmeni springs with temperatures over 25oC are 
located at the western margins of Ymittos M. (Sfetsos, 1988) and could feed boreholes and wells of 
the study area located close to Ymittos M.  

The groundwater of the study area show an alkaline character with pH values ranging from 7.10 
to 8.53. The mean value reaches 7.41 in springs, 7.50 in wells and 7.38 in boreholes (table 1). The 
electrical conductivity (EC) range between 462μS/cm and 4430μS/cm in wells (mean value 
1770μS/cm), while in the boreholes from 650μS/cm to 3515 μS/cm, with a mean value of 
1781μS/cm. The high EC values are concerned with the high TDS values, which range between 
1147 and 1513.1 mg/l. In the boreholes TDS show values from 698.9 to 1890.9 mg/l, while in the 
wells from 609.5 to 3264 mg/l. The highest values are shown in the wells and boreholes at the east 
part of the region indicating seawater intrusion. The total hardness of groundwater expressed in 
German grads range in high levels due to the high concentrations not only of calcium and 
magnesium but also of sulphate. The mean value of the total hardness of spring water is 39.0 odH, of 
well water 40.5 odH and in boreholes 35.3 odH. High values are presented not only in the coastal 
aquifers, but also in the inland aquifers. The main origin source of these elements is the soluble 
marly limestones and the rest evaporate salts located within the Neogene sediments (Stamatis et al., 
2006) as well as the seawater intruded in coastal aquifers.  

The groundwater contamination in springs and wells from nitrate is very characteristic for the 
study area (NO3

-: 9.3-379.3mg/l). The lowest concentrations are observed in spring water (NO3
-: 

9.7-52.2 mg/l with mean value of 34.5mg/l), while extremely high values are determined in well 
waters (NO3

-: 9.3-379.3mg/l with mean value of 75.7mg/l) and in boreholes (NO3
-: 33.0-118.8mg/l 

and mean value of 65.6mg/l). The groundwater degradation due to anthropogenic activity is shown 
also from the high ammonium and phosphate values (NH4

+: 0.05-5.74mg/l and (PO4
3-: 0.03-

2.43mg/l). In the boreholes the nitrate and ammonium concentration range from 33.0-118.8mg/l and 
0.19-4.01mg/l respectively. The concentration of PO4

3- ranges in lower levels from 0.07-0.29mg/l. 
According to Sikora et al. (1976) elevated NO3

- and PO4
3- groundwater contents could be attributed 

to the application of fertilizers in cultivated lands as well as the leakage of domestic sewage in 
urban areas.  

The concentration of SiO2 in springs varies from 21.0mg/l to 24.5mg/l and in the wells and 
boreholes between 10.1mg/l and 38mg/l. The highest concentration is determined in the wells, 
where the highest temperatures are also observed. The halogens such as F-, I- and Br- present low 
levels. The concentrations range from 0.20-0.97mg/l for F- , 0.01-0.41mg/l for I- and 0.01-0.26mg/l 
for Br-. The highest concentrations are presented in wells and boreholes located in the coastal area 
presented also high chloride contents.   

Trace elements: The trace element concentrations exceed the maximum acceptable levels, as 
these are determined by the Directives concerning waters of human consumption (98/83 E.U). The 
highest concentrations are observed in Koropi and Peania regions, as well as in the coastal area of 
Vavrona – Porto Rafti. The variation factor show a large distribution of Cr with values from 0.000 
to 0.702ppm, Fe from 0.000 to 0.271ppm, Mn between 0.000 and 0.392ppm, Ni from 0.000 to 
0.297ppm, Pb from 0.000 to 0.434ppm, Cu from 0.003 to 0.157ppm and Zn from 0.010 to 
2.394ppm (table 1). The concentration of Cr exceeds 50 ppb in the 42% of the water samples. The 
highest concentrations are observed in the agricultural and industrial region of Koropi in the broader 
area of Peania. The concentration of Zn exceeds maximal limit of 100ppb (EEC/80.778, 1980; 
WHO, 2006). Trace elements such as Cd, Pb, Cu and Ni present also high concentrations. The 
concentration of strontium is particularly high in the whole study area (Sr: 0.270-7.240ppm), due to 
the presence of carbonate rocks in the geological structure of the area and also in the presence of 
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Neogene sediments of lacustrine – marine origin (Kabata-Pendias and Mukherjee 2007, Zavarin 
1997). Elevated Cr (up to 253mg kg-1), Mn (800mg kg-1), Ni (157mg kg-1) , Pb (43mg kg-1), Cu 
(46.1mg kg-1) and Zn (349mg kg-1) concentrations have been recorded in sediments of Erasinos 
stream as a result of a natural contamination source (weathering of ophiolite fragments within 
Neogene-Quaternary deposits) (Alexakis 2010). The highest concentration of heavy metals is 
observed mainly in the western part of the basin, where mixed sulfide minerals are present (Mixed 
Sulfides PBG), and the use of phosphate fertilizers is intense (Ross, 1994; Kabata-Pendias and 
Mukherjee 2007), especially the use of CuSO4 in the vineyard crop (Stamatis et al. 2006). Finally 
the free disposal of the sewage of some small industrial units located in the area contributes to the 
deterioration of the problem (Giannoulopoulos and Gkitoni 2008).   

8. CLASSIFICATION OF GROUNDWATER 

As is shown in Piper diagram (fig. 7), groundwater samples are classified in three major groups 
(geo-alkaline waters (I), geo-alkaline with elevated alkaline percentage (II), and alkaline waters 
(III). In first group belong 20% of the groundwater samples mainly coming from wells. The 
dominant groundwater types are Ca-HCO3 and Ca-Mg-HCO3, while the Ca-Mg-Na-HCO3-Cl-SO4 
is a secondary water type. The water samples belonging in this group could be considered as fresh 
waters, younger than the groundwater of the second and third group (Lloyd and Heathcote 1985; 
Appelo and Postma 1993).     

In the second group belongs the highest percentage of the groundwater samples (the major 
number of the wells, almost all the boreholes and all the springs with some exceptions) 
approximately 70% of their total number. The samples are classified into a variety of water types 
including Ca-Na-HCO3, Mg-Na-HCO3, Na-Mg-Ca-HCO3 and Na-Ca-Mg-HCO3-Cl types, with no 
dominant type. Their spatial distribution represents a wide transitional zone from fresh recharge 
waters in mixed type waters (Lloyd and Heathcote 1985; Appelo and Postma 1993). Obviously the 
water–rock interactions are still in progress. 

In the third group belongs a small number of samples (mainly from wells and one borehole), 
roughly 10% of their total number. The hydrochemical types Na-HCO3-Cl and Na-Ca-HCO3-Cl-
SO4 prevail in this group. The low calcium concentration could be attributed to cation exchange 
processes, which took place in the Neogene aquifers of the area (Lloyd and Heathcote 1985; Appelo 
and Postma 1993).  

According to the geochemical simulation of the groundwater Sylvite (KCl), Halite (NaCl), 
Anhydrite (CaSO4), Quartz (SiO2), Feldspar (NaAlSi3O8), Dolomite (CaMg[HCO3]2) and the 
Carbonate (CaCO3) minerals are the main minerals that participate in the rocks of the study area and 
are dissolved in groundwater.  

The classification of the groundwater is also presented in figure 8 using an expanded Durov 
(1948) diagram. According to this diagram, the following hydrochemical types prevail in the 
groundwater of the study area: Ca-HCO3, Mg-HCO3, Na-HCO3, Na-Cl, Mg-Cl and Ca-Cl. In the 
first and second groups belong the most samples from wells and boreholes located in the central and 
west part of the basin. They are considered as fresh waters of natural replenishment through the 
limestones, sandstones and other carbonate rocks. In this part of the area Neogene sediments, 
carbonate marbles and dolomites in the Ymittos M. occur. A small number of samples belong to the 
Na-HCO3 water type, which undergoes the cation exchange processes. They are considered as 
modified by cation exchange processes fresh waters, which have held the HCO3

- anions during the 
infiltration.  

A limited number of samples belong to the types Na-Cl, Mg-Cl and Ca-Cl. They considered as 
old waters affected by the reverse cation exchange phenomena and are enrich in salts. The elements 
prevail in the water composition of these samples are the major elements of seawater showing that 
seawater intrusion in the coastal area takes place due to overexploitation of the aquifers. This 
phenomena affects the water composition of these samples (W2, W3, W6, B1, B7 and S3, located 
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the coastal area), while the water of the inland aquifers are affected by the dissolution of the 
minerals of the study area. 
 

Figure 7: Classification of groundwater in Piper diagram (Α: wells and Β: springs and boreholes) 

As the map of water table (fig. 3) shows, the depths of wells and boreholes in the central part of 
basin are above sea level. Thus, the groundwater could not be affected by seawater intrusion. The 
high TDS values could be resulted from the dissolution of rest evaporite salts, which are found in 
the Neogene sediments of marine-lacustrine origin. This could corroborate from the Cl/Br ratio. For 
seawater the values of Cl/Br ratio reach approx. 300. Lower values of the ratio deduce seawater 
intrusion, while higher values evaporate dissolution. The values of Cl/Br ratio in the study area 
varies from 700 to 26400.  
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Figure 8: Classification of groundwater using the expanded Durov diagram for samples from wells (A), boreholes and 
springs (B). 

9. FACTOR ANALYSIS AND SPATIAL DISTRIBUTIONS 

In table 2 the correlation matrix of chemical data of the groundwater of the study area are 
presented. High correlation (>0.75) is observed between Cd and Ni (0.76), Cu and Cd (0.86) as well 
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II 
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Α) 
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as Cd and Pb (0.76), which is contributed to the presence of the mixed sulfide minerals but also to 
the use of pesticides in the study area (Kabata-Pendias and Pendias 1992; Siegel, 2002; Kabata-
Pendias and Mukherjee 2007; Εckel et al., 2005).   

High correlation is also observed between Cl- and Na+ (0.8) as well as Mg2+ and Cl- (0.8), due to 
seawater intrusion and the dissolution of evaporate. The correlation matrix between Ca2+ and NO3

-
 

is 0.74 showing the use of fertilizers and pesticides (Tisdale and Nelson 1975). The correlation 
between Ca2+ and NO3

- could be attributed to cation exchange between NH4
+ coming from the 

hydrolysis of ammonium fertilizers and Ca2+ coming from the dissolution of the minerals of the 
study area.  
 

Table 2: Correlation matrix of chemical data for groundwater aquifer 

 

In the present study the R-mode factor analysis was applied and four factors of 68.9% of the total 
variance were extracted governing the water chemistry and its physical characteristics of the study 
area (table 3).  

Factor-1 accounts for 30% of the variance in the data matrix. It may be treated as a “heavy 
metal” factor as it is connected with the presence of heavy metals such as Cu, Cd, Pb, and Ni. 
Figure 9A shows the spatial distribution of the Factor 1. Positive values of the factor are presented 
at the western part of the basin, between Koropi and Peania and also at the coastal region. The 
highest values are related with the areas of industrial and agricultural activities and the regions with 
the mixed sulfide minerals. 

Factor-2 accounts for the 21.44% of the total variance and has high loadings of Cl-, SO4
2-, Ca2+, 

NO3
-
 and NH4

+. This factor explains the seawater intrusion and the dissolution of the evaporate 
minerals (Ruiz et al., 1990, Voudouris et al., 1997). The spatial distribution of the factor 2 (fig. 9B) 
presents high levels in the coastal zone of Porto Rafti and Markopoulo, as well as in Koropi. The 
presence of NO3

-
 and NH4

+ could be attributed to the use of ammonium fertilizers in the study area 
(Tisdale and Nelson 1975).   

Factor 3 accounts for 9.9% of the total variance and presents high loading of HCO3
- and Na+. 

This factor is related with cation exchange processes. The spatial distribution of the factor present 
high values in the southeastern part of the basin (figure 10A).  

Factor 4 accounts for 7.61% variance in the data matrix and may be treated as a “phosphor-
potassium” factor. It may be associated with the intense agricultural utilization of the study area and 
especially the use of fertilizers with content (29-45% Κ and 18-22% Ρ as well as 29-32% Κ και 24-
25% Ρ (Tisdale and Nelson 1975). In figure 10B the spatial distribution of the factor IV is 
presented; the highest values are shown in the agricultural area of the Mesogeia basin.   
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Table 3: Loadings for the varimax rotated 4-factors model 

Factor 
Variable 

I II III IV 
Cl 0,02 0,75 0,51 0,12 
PO4 -0,16 0,07 0,15 0,68 
SO4 -0,01 0,85 -0,02 0,25 
Na -0,10 0,48 0,64 0,30 
K -0,17 0,04 0,14 0,82 
Ca -0,23 0,80 0,14 -0,30 
Mg 0,06 0,72 0,42 0,08 
HCO3 -0,10 0,22 0,75 0,23 
NO3 -0,21 0,71 -0,31 -0,33 
NH4 -0,12 0,86 0,19 0,16 
Sr 0,68 0,51 0,13 -0,10 
Fe 0,62 -0,03 -0,44 0,18 
Cu 0,88 -0,13 -0,18 -0,11 
Zn -0,29 -0,04 0,13 -0,20 
Cd 0,91 -0,16 -0,01 -0,14 
Pb 0,78 -0,08 0,07 -0,12 
Ni 0,84 -0,10 -0,23 0,01 
Mn 0,45 -0,02 -0,09 -0,10 
Cr 0,60 -0,03 0,36 -0,31 
Total  
Variance (%)  

29,98 21,44 9,90 7,61 
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Figure 9: Distribution of Factor I (A) and ΙΙ (B) scores. 
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Figure 10: Distribution of Factor III (A) and IV (B) scores. 
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10. WATER SUITABILITY FOR VARIOUS USES  

The drinking water needs of all communities in the study area were covered until the 80’s decade 
by groundwater from local boreholes. At the end of 80’s the communities were connected with the 
central drinking water supply network of Attica. In the frame of this study, the chemical analyses 
have shown that the groundwater is characterized by high concentrations of calcium, magnesium 
and sulfate, resulting in the increase of the total hardness. The mean values of total hardness in the 
area ranges from 35.3-40.5 odH (German grads); thus the waters are considered as very hart and 
unsuitable for drinking water needs. The high concentrations of nitrates and heavy metals are also 
precluded the groundwater from drinking water supply. The nitrate concentrations in wells and 
boreholes vary between 65.6 and 75.7 mg/l exceeding the maximum limits of 50 mg/l (EEC 98/83 
1998; WHO 2006), while in springs range up to 34.5 mg/l. Thus the groundwater of the study area 
is unsuitable for drinking water needs.   

 

Fig.11: Diagram of irrigation water hazard classification based on total salts (EC) and SAR  
[adapted from Richards (1954) and modified] 

In order to evaluate groundwater quality and its suitability for irrigation the Sodium Adsorption 
Ratio (SAR) is used, which is an indicator of the sodium hazard of water. The calculated values of 
SAR in the groundwater of the study area range from 0.38 to 7.81. The groundwater suitability for 
irrigation uses was classified with the help of Richards diagram (1954) based on electrical 
conductivity and SAR values. According to this diagram, waters could classify in two groups 
(Fig.11) α) C3-S1 and C4-S1, β) C3-S2 and C4-S2.  

The water in the first group indicates high salinity and low sodium hazard. In this group belong 
70% of the samples; they present moderate quality and could be used very limited for irrigation 
purposes. In the second group the water present high salinity and moderate sodium hazard. In this 
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group belong 30% of the waters; they show a medium to bad quality and could be used only for 
irrigation of durable plants and well drained soils. 

10. CONCLUSIONS 

The study area located in East Greece is structured from the crystalline rocks of the geological 
bedrock (schists, marbles, ophiolites), Neogene sediments (marly limestones, marls, clays, 
sandstones, conglomerates) and unconsolidated Quaternary deposits. The study area is structured by 
a fault system trending E-NE and W-NW as well as by secondary fault system trending NW-SE 
resulted in the formation of small tectonic displacements. Within the porous sediments lowly 
productive unconfined and locally confined aquifers are developed, while in karstified carbonate 
rocks significant aquifers are hosted. A sampling network of 55 springs, wells and boreholes was 
defined. The elaboration of the chemical analyses (statistics, hydrochemical diagrams, R-mode 
factor analysis and GIS mapping spatial distributions) has shown the following conclusions:  
 Groundwater have been classified in three major groups: a)geo-alkaline fresh water with 

hydrochemical type of Ca-HCO3 and Ca-Mg-HCO3, with low TDS values, b)geo-alkaline 
water with high percentage of alkaline elements presenting a variety of water types 
including Ca-Na-HCO3, Mg-Na-HCO3, Na-Mg-Ca-HCO3 and Na-Ca-Mg-HCO3-Cl types. 
Their spatial distribution represents a wide transitional zone from fresh recharge waters in 
mixed type waters indicating that the water–rock interactions are still in progress and 
c)alkaline waters with dominant hydrochemical types of Na-HCO3, Na-HCO3-Cl and Na-
Ca-HCO3-Cl-SO4, which are old waters resulted from cation exchange processes and 
seawater intrusion. 

 The high TDS values could be attributed to seawater intrusion in the coastal aquifers, while 
in inland aquifers to dissolution of evaporates found in the Neogene formations and 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 Carbonate (CaCO3) are the main minerals that participate in the rocks 
of the study area and are dissolved in groundwater. 

 High concentrations of trace elements Sr, Fe, Mn, Cu, Cr, Ni, Pb, Cd and Zn exceed the 
maximum acceptable levels, as these are determined by the European Directives concerning 
waters of human consumption. The concentrations of Cd, Mn, Ni and Pb exceed also with 
percentage of 67.8%, 64.41%, 62.71% and 59.32% respectively the maximum acceptable 
levels. Their presence is attributed to geogenic influences by the mixed sulfide metals and 
ophiolitic complexes but also to anthropogenic activities such as the uses of pesticides and 
the disposal of sewages and industrial wastes.   

 High concentrations of nitrate and phosphate compounds (NO3
-: 9.3-379.3 mg/l, NH4

+: 0.05-
5.74 mg/l and PO4

3-: 0.03-2.43 mg/l) indicate the groundwater quality degradation due to 
agricultural and industrial activities. 

 With the use of descriptive statistic and R-mode factor analysis four factors of 68.9% of the 
total variance were extracted and large dispersion of Zn, Pb, Ni, Mn, Fe, Cr, K+, Cl-, NO3

-, 
NH4

+ and PO4 
3- values was concluded. 

 Factor-1 with 30% of the variance in the data matrix exhibit high loading and is connected 
with the appearance of heavy metals such as Cu, Cd, Pb, and Ni at the western part of the 
basin in the region where the mixed sulfide minerals found. 

 Factor-2 accounts for the 21.44% of the total variance and shows high loadings of Cl-, SO4
2-

, Ca+, NO3
-
 and NH4

+. This factor explains the sea water intrusion and the dissolution of the 
evaporate minerals; the coastal area is most degraded.   

 Factor 3 with 9.9% of the total variance and high loading of bicarbonate HCO3
- and Na+ is 

related with cation exchange processes at the southeastern part of the study area.   
 Factor 4 accounts for 7.61% variance in the data matrix and is associated with the intense 

agricultural utilization of the study area. 
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 The groundwater is unsuitable for human use due to high contamination load (nitrate and 
heavy metals) and to its high salinity.  

 Almost 70% of the samples could be considered as of moderate irrigation quality and could 
be used only limited for irrigation purposes, while the rest 30% of the samples could be 
considered as of moderate to bad quality and could be used for the irrigation of salt durable 
plants in well drained soils. 

 
Generally the groundwater of Erasinos basin could be grouped in two different types: 

groundwater of coastal aquifers affected by seawater intrusion and groundwater of inland aquifers 
influenced by geogenic factors and anthropogenic activities. The intense agricultural activity, the 
increasing industrial activity, the construction of the Greek National Airport, the increasing 
urbanization, the overexploitation of the aquifers have leaded in the degradation of groundwater 
quality. The sustainable water resources management is exigency for the protection and prevention 
of any further degradation of the area’s natural resources.     
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