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ABSTRACT. The aim of the study is the assessment of the water quality of surface and groundwater aquifers in the area of Amyntaio basin in Northern Greece. Water samples were collected from eighteen wells and from two lakes (Cheimaditida and Zazari, four samples per lake) and were analyzed for the determination of the concentration of anios and cations. In addition, pH and Electrical Conductivity (EC) were measured in situ, while salinity index and alkalinity were estimated in all samples. Furthermore, Piper, Wilcox and Richards diagrams were constructed using the water quality data deduced by the laboratory measurements. In general water from both lakes could be regarded acceptable for irrigation, while groundwaters of the region are not recommended for irrigation of sensitive crops. 
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РЕЗЮМЕ. Целта на изследването е оценка на качеството на повърхностни и подземни водни източници в района на басейна Аминтайо в северна Гърция. Събрани са водни проби от осемнадесет кладенеца и две езера (Хеймадитида и Зазари, четири проби от всяко езеро) и са анализирани за определяне на концентрацията на аниони и катиони. В допълнение, на място са измерени pH и електрическата проводимост, докато индекса за соленост и алкалност са оценени за всички проби. Също така са построени диаграми на Пайпер, Уилкокс и Ричардс като са използвани данни за качеството на водата, изведени при лабораторни измервания. Като цяло, водата и от двете езера може ката се използва за напояване, докато подземните води в региона не се препоръчват за напояване на чувствителни насаждения.
Introduction 
Water quality has been rapidly declining worldwide, particularly in developing countries due to natural and anthropogenic processes (Carpenter et al. 1998; Chen et al. 2002). Groundwater is the main source for drinking and irrigation due to shortage of surface water but also deterioration of water quality, which is affected by the sources of natural and artificial origin. Safe drinking water is the basic need for every citizen for sustaining life. If the water is suitable for drinking, it can also be safe for all other purposes, in general.  Generally, groundwater is safer than surface water under normal conditions, in many parts of the country. As demand for groundwater has increased many folds, it causes not only depletion of water levels, as its natural protection from the contamination by the infiltration of recharge water through soil cover. However, the soils can be contaminated by the influence of human activities due to not following the strict environmental norms. 

The geochemical characteristics of groundwater are the result of the combined action of different factors. They are closely related to the geological environment and hydro-meteorological condition of the area, groundwater recharge, flow and discharge as well as human activities. (Zu et al, 2013). 

The main objective of this study is to evaluate the hydro-chemical characteristics of water determine its usefulness for agricultural water supplies. The suitability of surface water and groundwater for agricultural purposes can be determined by evaluating some physicochemical parameters along with some calculated hydro geochemical parameters and graphical representations.
Material and methods

Description of the study area
The study area includes the watershed basin of two lakes in Greece, Zazari Lake and Cheimaditida Lake. The total surface of the target land is about 228 km2; The surface of the first lake is 1,9 km2 and the corresponding surface of the latter one is 9,5 km2, as shown in Figure 1 (Gudulas, 2012; Gudulas et al., 2013).
The study area has a climate type which differs from the typical Greek Mediterranean climatic conditions, due to the high altitude (600–1900 m) and the long distance from the sea side. In addition, as the study area is located in the continental mainland, and there are not any mountains in the northern side, the climatic conditions are more similar to the middle- European corresponding ones. As a result, the summer season is warm with maximum temperatures observed during July, while winter is cold with minimum temperatures during January. Spring frosts are often extended till the end of April, while the snow period starts on November and sometimes is prolonged till April.
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Fig. 1. 3D topographical map of the drainage basin of lakes Zazari and Cheimaditida 

This watershed basin is part of the greater basin of Vegoritida lake, which is located on the south-eastern part of Florina prefecture. Water samples were collected from eighteen wells and from two lakes in April 2010 (Cheimaditida and Zazari, four samples per lake) (Fig. 2). These samples were analyzed for the determination of the concentration of F-, Br-, Cl-, NO2-, NO3-, HCO3-, PO42-, SO42- and cations Li+, Na+, NH4+, Κ+, Ca2+, Mg2+ by ion chromatography. In addition, pH and Electrical Conductivity (EC) were measured in situ, while salinity index and alkalinity were estimated in all samples.
Geological setting

The study area is located in the south-eastern part of the greater basin of Vegoritida and belongs to the Pelagonic geotectonic zone. This zone is extended from north-north western to north-north eastern and starts from the borders between Greece and FYROM up to the Magnesia peninsula and the Skiathos and Skopelos islands (Mountrakis, 1985). It consists of Palaeozoic and pre-Palaeozoic metamorphic rocks, on which Neogene and Quaternary sediments have been developed. 

The Zazari lake and the south-western part of the Cheimaditida lake have been developed on these metamorphic rocks (gneisses, amphibolites, and slates), which are water impermeable  structures  In  a  distance  of  about  2.5 – 3 km
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Fig. 2. Watersheds and Water sampling site
north-eastern from the Cheimaditida lake, and close to the draining ditch, slates have been found in three wells, in depths of 419, 425, and 489 m, respectively. However, in a longer distance from the lake to the north-eastern side, in the centre of the basin, no similar background was found, even in wells with depths exceeding 500 m. In addition to these rocks, carbonate rocks were found, below the Neogene geological formations from the Mesozoic Era in various depths in five wells in different locations to the eastern and north-eastern side of Cheimaditida lake. These rocks were found in depths ranging from 135 to 435 m. Limestone was found in two wells in depths of 413 and 435 m, respectively, in a distance of 3.7 and 2.4km north-eastern from the lake. In lower depths (130–170 m), these rocks were found in an area in the eastern side from Anargiroi village in approximately 5 km from the north-eastern border of the Cheimaditida lake. Between the impermissible substrate of the metamorphic rocks and the bottom of the lakes, the Neogene sediments have been deposited, as a result of the physical weathering of the neighbouring mountains. (Gudulas et al., 2013)
Results and discussion

The results obtained from the hydro chemical analysis of surface water and groundwater samples are present in Table 1. 
The analyses are then used to identify the hydro chemical characteristics, the hydro chemical evolution of the surface water and groundwater, and to assess its quality since it is used for agricultural purposes. 

The pH values of the groundwater range between 6.59 and 8.19 indicating neutral to slightly alkaline water conditions reflecting some extent of water–rock interaction within the aquifer.

The pH values of the Zazari lake range between 6.96 and 8.19 indicating slightly alkaline water while the pH values of the Cheimaditida lake range between 6.26 and 7.59 indicating slightly acid to slightly alkaline water.(Fig. 3)

The EC values ranged widely from 275 to 7,362 μS/cm at  25oC. Such a wide range of EC values indicates that the hydrochemistry of groundwater at the area of study is controlled by various hydro chemical processes such as dissolution–crystallization o salts, water–rock interaction and anthropogenic pollution. The EC values of the Zazari lake range between 151 - and 197 μS/cm while the EC values of the Cheimaditida lake range between 427 and 620 μS/cm (Fig. 4).
Table 1
Hydrochemistry of surface water and groundwater in the study area for April 2010 
	ID
SAMPLE
	pH
	E.C
μS/cm
	ANIONS (mg/l)
	CATIONS (mg/l)

	
	
	
	F-
	Cl-
	NO2-
	Br-
	NO3-
	PO4--
	SO4--
	HCO3-
	Li+
	Na+
	NH4+
	K+
	Mg++
	Ca++

	G20
	7.24
	1470
	0.2
	59
	nd
	0.16
	23.2
	0.62
	268.3
	478.3
	0.1
	19.9
	nd
	2.8
	113.6
	97.9

	G22
	7.40
	1294
	0.6
	55
	nd
	8.60
	9.6
	nd
	227.7
	390.4
	nd
	30.9
	nd
	6.6
	76.6
	93.1

	G24
	7.25
	7362
	0.5
	835
	nd
	23.48
	19.9
	4.26
	626.9
	1507.1
	1.5
	431.3
	nd
	18.9
	443.8
	120.7

	G25
	7.17
	3808
	0.5
	172
	nd
	9.27
	199.4
	7.99
	34.6
	135nd
	nd
	134.6
	232.3
	62.7
	100.8
	101.3

	G29
	7.27
	4242
	11.0
	285
	nd
	9.34
	55.6
	nd
	793.4
	472.2
	nd
	391.3
	nd
	6.3
	165.2
	34.0

	G34
	7.30
	1101
	0.4
	63
	nd
	0.86
	89.3
	nd
	75.7
	395.0
	nd
	18.4
	nd
	0.7
	49.9
	109.6

	G35
	6.79
	1666
	0.4
	54
	nd
	0.77
	4.1
	nd
	114.3
	715.1
	nd
	62.5
	nd
	4.1
	113.1
	71.8

	G36
	7.18
	565
	0.5
	15
	nd
	nd
	9.4
	nd
	12.1
	261.9
	nd
	9.1
	nd
	1.3
	19.6
	59.1

	G38
	7.26
	2454
	2.2
	121
	nd
	8.54
	19.5
	nd
	707.6
	473.5
	nd
	76.8
	nd
	4.6
	173.7
	165.8

	G39
	7.05
	1314
	0.5
	109
	nd
	8.90
	7.7
	nd
	239.9
	414.8
	nd
	35.3
	nd
	2.0
	38.5
	178.1

	G43
	7.31
	521
	0.4
	18
	nd
	nd
	8.3
	nd
	63.4
	148.6
	nd
	7.1
	nd
	2.9
	9.1
	64.3

	G44
	7.39
	688
	0.4
	18
	nd
	nd
	39.3
	7.47
	32.0
	315.7
	nd
	4.6
	nd
	1.1
	11.0
	105.1

	G45
	6.60
	841
	4.5
	30
	nd
	8.28
	7.8
	7.59
	24.7
	361.0
	nd
	7.0
	nd
	2.8
	14.1
	116.4

	G46
	7.40
	7134
	0.5
	884
	nd
	nd
	116.8
	nd
	782.4
	128nd
	nd
	462.9
	nd
	7.9
	383.5
	252.7

	G48
	7.57
	322
	0.4
	12
	nd
	nd
	6.2
	nd
	21.1
	101.9
	nd
	7.5
	nd
	3.5
	9.4
	27.2

	G51
	6.66
	928
	0.4
	48
	nd
	8.39
	11.1
	7.19
	21.3
	457.3
	nd
	11.9
	0.4
	1.2
	51.7
	90.3

	G55
	8.20
	275
	0.4
	11
	9.84
	nd
	6.3
	nd
	10.6
	112.0
	nd
	3.8
	nd
	1.2
	22.0
	9.6

	G63
	7.54
	626
	0.1
	9
	nd
	nd
	22.1
	nd
	18.2
	336.7
	nd
	4.3
	nd
	1.0
	24.9
	79.3

	X1
	7.49
	427
	0.5
	24
	nd
	nd
	6.0
	nd
	61.4
	87.3
	nd
	10.7
	nd
	3.6
	13.1
	36.7

	X2
	6.27
	437
	0.5
	23
	nd
	nd
	6.1
	7.70
	37.9
	125.0
	nd
	10.5
	nd
	4.2
	13.1
	37.3

	X3
	7.59
	620
	0.7
	30
	nd
	4.07
	6.4
	4.19
	78.7
	144.4
	nd
	14.2
	nd
	6.7
	21.7
	49.1

	X4
	7.50
	459
	0.7
	18
	nd
	nd
	2.4
	0.54
	46.6
	129.1
	nd
	10.1
	nd
	4.3
	14.0
	40.1

	Z0
	7.18
	151
	0.5
	13
	nd
	nd
	9.5
	7.50
	25.8
	58.0
	nd
	3.0
	nd
	1.4
	13.5
	11.9

	Z1
	6.96
	180
	0.5
	13
	nd
	nd
	6.5
	nd
	25.2
	15.0
	nd
	3.8
	nd
	1.5
	4.4
	13.7

	Z2
	7.44
	180
	0.5
	14
	nd
	nd
	6.7
	nd
	30.1
	14.0
	nd
	3.7
	nd
	1.4
	4.7
	14.3

	Z3
	8.20
	197
	0.5
	15
	nd
	nd
	9.1
	nd
	29.1
	21.2
	0.1
	4.3
	nd
	2.3
	4.5
	16.4


Gi= Boreholes

Xi= samples of Cheimaditida lake

Zi= samples of Zazari lake
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Fig. 3. Spatial distribution of pH in the study area
[image: image3.emf] 

L ignite mine   of Amyntaio  


Fig. 4. Spatial distribution of EC in the study area
The concentrations of major cations such as Na+, Ca2+, Mg2+ and major anions HCO3- and SO42-.
Calcium and Magnesium ions present in groundwater are particularly derived from the leaching of limestone, dolomites, gypsum and anhydrites, whereas the calcium ions are also derived from the cations exchange.
The range of sodium of the surfer water is 3 to 14.2 mg/l, while of groundwater is 3.8 to 462.9 mg/l. The high concentration of Na is probably the result of the weathering of rock forming minerals such as halite and sodium plagioclase, along with anthropogenic sources including industrial, domestic, and animal wastes (Freeze and Cherry 1979).
High sodium can also result from dissolution of soil and rock minerals and/or evapotranspiration of the runoff and irrigation water resulting in the concentration of salts (Al-Shaibani 2008).

In addition the higher concentrations of sodium have been detected in regions where aquifer is deep and the groundwater possibly contacts with lignite deposits, since high concentrations are observed in wells (G24, G29 and G46) that are near the Amyntaio lignite mine. (Fig. 5)
[image: image4.emf]    L ignite mine   of Amyntaio  


Fig. 5. Spatial distribution of ions Na+ in the study area

Sulfate was the second more abundant anion in groundwater samples. The sulfate values range between 10.6 - 782.4 mg/l. In the central part i.e. between the two lakes (Cheimaditida – Petron) grow three cones. The highest values are in wells (G24, G29 and G46) which are very close to the of lignite mine (Fig. 6). These wide differences in the concentrations of SO42- ions can not be normal. Due to both in the contact of this aquifer with layers of lignite so in secondary enrichments occurring because of anthropogenic activities. High SO42- content in groundwater of the study area may be also attributed to the impact dissolution of gypsum in soil zone

[image: image5]
Fig. 6. Spatial distribution of ions SO42- in the study area

Piper (1944) trilinear diagram is very useful for the identification of hydro chemical type of groundwater (Martinez and Bocanerga, 2002; Leboeuf, 2004; Adams et al., 2001) and for the interpretation of hydro chemical relationships between groundwater as: (Custodio, 1987 ) a) mixing different types of water, b) cationic exchange, c) dissolution and precipitation reactions and d) sulfate reduction. The concentrations of major constituents of water samples were plotted in the Piper trilinear diagram to determine the water type (Fig. 7). The majority of samples lie within the Ca-Mg–HCO3 type and Ca-Mg–HCO3-SO4. Calcium and Magnesium are major cations and HCO3- and SO42- are the major anions respectively in the study area.
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Fig. 7. Piper diagram of the water samples in the study area
Irrigation water quality

The suitability of water for irrigation mainly depends on relative values of salinity (EC) and Na+ concentration in relation to other cations and anions (Todd 1980; Hem 1991).
Salinity hazard

The classification of water for irrigation purpose depends on the sodium ion and total salt content of the water. The electrical conductivity values range from 151 to 7,362 μS/cm in the study area. A high salt content (high EC) in irrigation water leads to formation of saline soil. Concentrations of soluble salts in irrigation water attribute as low (EC<250 μS/cm), medium (250–750 μS/cm), high (750–2,250 μS/cm) and very high (EC>2,250 μS/cm) salinity zones. 
Sodium adsorption ratio

Sodium hazard is also expressed in terms of the sodium adsorption ratio (SAR). SAR is calculated from the ratio of sodium to calcium and magnesium. SAR is an important parameter for the determination of the suitability of irrigation water because it is responsible for the sodium hazards (Nagarajah et al. 1988). SAR is calculated (Eq. 1), taking the concentration of ions in meq/l.
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The sodium hazard (S) index is classified as (a) low sodium hazard (S1), when the SAR is less than 10; (b) medium sodium hazard (S2), when it is in between 10 and 18; (c) high sodium hazard (S3), when it varies from 18 to 26; and (d) very high sodium hazard (S4), when it is more than 26. As the sodium hazard increases in water, it makes soil unfit for plant growth due to loss of soil permeability. Therefore, the higher the SAR values, the greater are the risk of sodium on plant growth. (Suba Rao et al., 2012)
The computed values of SAR from the surface water and groundwater of the study area are in between 0.108 and 6.152 According to the classification of sodium hazard, the surface and groundwater sampling points of the study area fall in the excellent category (S1) for irrigation. Thus, the water can be used for irrigation on almost all types of soils without any water salinity control measures.
Another ratio related to the sodium hazard is expressed in terms of sodium percentage (%Na+) for judging the water quality for irrigation. This is calculated (Eq. 1), taking the concentration of ions in meq/l.
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Generally, the %Na+ should not exceed 60 in water used for irrigation. In the present study, the groundwater shows the %Na+ from 3.414 to 52.892 Thus, the quality of groundwater is suitable for irrigation
USSL’s diagram

The combined effect of EC and SAR on plant growth is shown graphically by the United States Salinity Laboratory (USSL; Richards 1954), which is widely used for classification of water quality for irrigation (Fig. 8). The correlation of EC and SAR is classified the diagram as zones. The zones of C1S1 and C2S1 come under good water quality category, the zones of C1S2, C2S2, C3S1 and C3S2 under moderate water quality category and the remaining zones of C1S3, C1S4, C2S3, C2S4, C3S3, C3S4 and C4S1 to C4S4 under poor water quality category, with increasing salinity hazard from C1 to C4 and sodium hazard from S1 to S4 for irrigation. (Suba Rao et al., 2012)
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Fig. 8 Classification of water quality in the study area (Richards 1954)
The determined values of EC and SAR from the water samples of the study area are plotted in the Richards diagram (Fig. 9). All water sampling points of Zazari lake fall in zone of C1S1 (indicating low salinity hazard and low sodium hazard sodium hazard), all water samples of Cheimaditida lake fall in zone of C2S1 (indicating medium salinity hazard and low sodium hazard). Most of groundwater samples were categorized in C2S1 and C3S1 zones, presenting low alkalinity and high salinity, while few of groundwater samples are included in the field C4S1, with low alkalinity and very high salinity. Only one sample measured that had the quality of waters in the field C4S2 i.e. very high salinity hazard and medium sodium hazard. 
Wilcox diagram

Percent sodium is plotted against conductivity, which is designated as a Wilcox diagram (Wilcox 1955). The chemical analysis data of all the samples (surface water and groundwater) have been plotted on a Wilcox diagram for the three sets of data (Fig. 9) 
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Fig. 9. Classification of water quality in the study area (Wilcox 1955)
Based on the Wilcox 1955; classification, 100% of the lake’s water samples and 44% of the groundwater samples belong to “Excellent to Good” category. The rest of groundwater samples 33% belong to “Good to Permissible”, while 11% belong to “Unsuitable” and (11%) belong to “Doubtful to Unsuitable” category.
Conclusions
Ground water hydrochemistry in the study area is dominated by the Ca–Mg–HCO3 type followed by Ca-Mg–HCO3-SO4. Calcium and Magnesium are major cations and HCO3- and SO42- are major anions, respectively in the study area.
Water quality, based on percentage sodium (%Na) alone indicates that 100% of the surface water and groundwater samples are suitable for irrigation 
According to the classification of sodium hazard (SAR), the surface and groundwater sampling points of the study area fall in the excellent category (S1) for irrigation.
The analytical data plotted on the US Salinity diagram (Richards, 1954) illustrates that Zazari Lake belongs to the C1S1 category, while Cheimaditida Lake is included in C2S1 category. Most of groundwater samples were categorized in C2S1 and C3S1 categories, while few of groundwater samples are included in C4S1 category. Only one sample measured that had the quality of waters in the C4S2 category. 
Therefore, water from both lakes could be regarded acceptable for irrigation, while groundwater of the region are not recommended for irrigation of sensitive crops.
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