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Abstract:  The NW part of "Lefka Ori" mountain, in Chania prefecture, Crete, is structured by carbonate bedrocks which permit the entrance of water in the interior of the mountain.  In this part of the mountain a complex underground aquiferous system has been developed, and is discharged through several groups of springs, with the most important of them the springs in the area of Agyia, southwest of the city of Chania, with an average annual flow of 8.1(106 m3 of water.  We carried out chemical and microbiological analyses on water samples taken on a monthly basis from several springs and drillings of the area, as a part of a research program aiming the investigation of the water quality of the "Lefka Ori" aquiferous system and the potential changes of the quality of the water throughout a year, as well as the comparison of the quality of the water of different springs.  Our results show that the quality of the water of each sampling site remains literally unchanged, at least for an eight months long sampling period.  Additionally, according to the data we present, the springs of Agyia area can be separated in two major groups with water of different quality.
The work presented here is part of the project with the title "Study on the Quality of the Water of the Broader Aquiferous System of Agyia Springs, in Western Crete" which is co-funded by the European Social Fund and National Resources, EPEAEK II - ARCHIMEDES
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1.  Introduction

Leuka Ori mountain is the second highest mountain of Crete and one of the highest mountains of Greece (highest peak 2452 m, above sea level).  A significant part of the mountain is structured by carbonate bedrock, which, metaphorically, can be described as a sponge for the rainfalls and snowfalls.  The water is transferred to a complex system of karstic aquifers, and finally it wells up through several springs [1].  Agyia springs, located at the south west side of the city of Chania, comprise one of the most important group of springs in terms of the amount of water they provide (average annual flow of 8.1(106 m3).  This water is used as water supply for the population of the area as well as for irrigation of the local cultivations.  A significant amount of the water is also transferred to the sea by streams.  Although the amount of water which wells up from the springs is large, the needs, especially during summer, are not covered, due to the increased consumption by touristic activities and irrigation.  Thus, several drillings operate in the area and they contribute to the total water supply.  For a sustainable water management, it is of major importance to examine the possibility of changes of the water quality, probably because of the pumping of water in summertime, or other reasons.  For this, we carried out a study on the quality of water of the area, choosing several sampling sites, including both springs and drillings.  The duration of the study presented here was from August 2005 (high water consumption season), until April 2006.  We did both chemical and microbiological analyses, the results of which are presented along with the conclusions of our study.
2.  Sampling sites
The sampling sites chosen for this study are marked on the map of the area, presented in Fig. 1.  More specifically, samples were taken from the springs Platanos, Vrisidia, Kolymba, and Kalamionas (sites 1,2,3,4 on the map, altitude ~40 m above the sea level), in the area of Agyia, as well as from the springs Nikoliana, Panagia, Kefalovrysi, in the area of Meskla village (sites 8,9,10, altitude ~200 – 220 m), Fassa's spring, (site 7), and the drillings of Koufos and Fournes (sites, 5 and 11, respectively).  The samples collected from springs out of the Agyia zone were analyzed for two reasons: first because the waters from these sites are also used as supplies for the people and the agriculture of the area and secondly, in order to compare the quality of their water with the quality of the water of Agyia springs.
Two separate samplings were done for each site: one for chemical analyses and one for microbiological analyses.  For the latter, sterilized bottles were used.
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Fig. 1.  Map of the area SW of the city of Chania, showing the sampling sites of this study.

3.  Materials and Methods
Most of the analyses (pH, EC, total hardness, [Cl-], [NO3-], [SO42-] microbiological analyses) were carried out immediately after the samples were transferred in the laboratory.  For the rest of the determinations, part of the sample was acidified with conc. HNO3 to a final concentration of 1% (v/v) and stored at 4 ºC until use.  

The chemical analyses of the samples include the determination of the following parameters: temperature, pH, electrical conductivity, total hardness, and the concentration of Cl-, NO3-, SO42-, Ca2+, Mg2+, K+, Na+, Mn2+, Fe2+,3+, Zn2+, Cu2+, P (in the form of PO43-).  
For temperature determination, an electronic thermometer was used, either directly in the water coming out from the spring, or in water collected in a plastic bottle.  In the latter case, care was taken for thermal equilibration before measurement.  
ph was measured by a ph electrode, calibrated by fresh standard solutions before each set of measurements.

Electrical conductivity was determined by an EC electrode, calibrated by suitable standard solutions.

For total hardness the method 314.B of [2] was used.
[Cl-] was determined by the argentometric method 407.B as described in [2].

[NO3-] was determined spectrophotometrically by the method 418.A as described in [2].
[SO42-] was determined by a semiquantitive method (Merck).
Ca2+, Mg2+, K+, Na+, Mn2+, Fe2+,3+, Zn2+ and Cu2+ concentrations were determined by flame atomic absorption spectroscopy, (Perkin Elmer, AA100).

[P] was determined according to the ascorbic acid method (424.F in [2])

Microbiological analyses were carried out for the determination of the number of colonies of total coliforms, feacal coliforms, enterococcus and e. coli, after incubation in suitable nutrients, for 24 hours in the appropriate temperature.
4.  Results and Discussion

Figure 2 presents data collected for each   sampling site from August 2005 until April 2006.  A representative set of results, (from analysis of the samples collected in March 2006) are shown in Table 1.  We note that in some cases sampling was not possible, either because the site was not accessible, mainly due to bad weather conditions in winter time, or because there was no water coming out of the spring(s).
The temperature diagram shows little changes for each site during the sampling period with the exception of Fassa's spring, which, most likely, is close to the surface and, consequently, is affected by the environmental temperature. The springs of Meskla group (8,9 and 10, Fig. 1) all show temperatures between 11.5 and 13ºC throughout the sampling period.  However, this is not the case for the springs of Agyia group:  Kalamionas' water seems to have the same temperature as the water from Koufos drilling, which is considerably higher compared to the temperature of Platanos' and Kolymba's water.

pH values do not seem to alter considerably, either for each site, or for the duration of the sampling for all sites.  Exception is the water of Fassa spring, which is more acidic (see Conclusions).
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Fig. 2.  Results of the chemical analyses of the samples from the sampling sites chosen for this study.  
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The sampling period was from August 2005 until April 2006.
Table 1.  A representative set of data from the samples collected in March 2006
	
	Nikoliana spring
	Kalamio-nas spring
	Panagiaspring
	Kolymba spring
	Fassas spring
	Kefalovrysi spring
	Platanos spring
	Fourne drilling
	Koufos drilling
	Vrissidia spring

	Temperature (ºC)
	11,5
	16
	11,5
	13
	14
	11,5
	13,5
	13
	16,5
	13

	EC (μS/cm)
	247
	1480
	249
	352
	92,2
	256
	288
	333
	1290
	305

	pH 
	7,93
	7,77
	7,99
	7,83
	5,75
	7,99
	7,72
	8,2
	7,89
	8,18

	Total Hardness (mg/L CaCO3)
	125
	963
	125
	176
	21
	129
	143
	174
	787
	151

	Cl- (mg/L)
	14,0
	45,0
	14,0
	19,0
	34,0
	15,0
	18,0
	23,0
	34,0
	18,0

	NO3- (mg/L)
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Mn2+   (mg/L)
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	SO42- (mg/L)
	80
	1100
	80
	80
	80
	25
	50
	80
	900
	80

	Zn2+   (mg/L)
	0
	0,004
	0,000
	0,004
	0,000
	0,000
	0,017
	0,014
	0,003
	0

	Ca2+    (mg/L)
	32,3
	150,0
	31,0
	39,5
	2,4
	31,5
	30,3
	31
	132,3
	31,8

	Na+   (mg/L)
	6,6
	21,1
	6,53
	9,67
	12,97
	6,64
	7,29
	10,55
	16,12
	8,93

	Cu2+   (mg/L)
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	K+   (mg/L)
	0,6
	0,9
	0,3
	0,4
	0
	0,3
	0,3
	0,3
	0,8
	0,4

	Fe2+  (mg/L)
	0
	0
	0
	0
	0
	0
	0
	0
	0,02
	0

	Mg2+ (mg/L)
	6,25
	63
	6,9
	12,9
	2,65
	7,04
	11,04
	12,74
	57
	11,2

	P (ppm)
	0
	0
	0
	0
	0
	0
	0
	0
	
	0


Electrical conductivity was also literally unchanged for each sampling site, during the sampling period.  However, two significant observations can be made from the corresponding diagram.  First, the sites examined can be separated in three groups, according to conductivity: One with high electrical conductivity (1300 – 1600 μS/cm) consisting of Kalamionas spring and Koufos drilling, one with very low conductivity (~100 μS/cm, Fassas spring), and one with the rest of the springs and drilling, with electrical conductivity ~250 – 350 μS/cm.  Secondly, the groups formed according to the electrical conductivity do not correspond, at least in all cases, to the groups according to their location: Kalamionas is located very close to Platanos, Vryssidia, and Kolymba springs, whereas Koufos drilling is located more to the west (see Fig. 1 and section 2).

The total hardness of the samples followed exactly the same pattern as the electrical conductivity.  Again, Kalamionas and Koufos samples showed  much higher total hardness values, whereas Fassas sample showed very low hardness.  The rest of the samples exhibit relatively low total hardness.

Exactly the same behavior was observed regarding the concentrations of SO42-, Ca2+, K+ and Mg2+, whereas the general pattern was the same, but not so profound for the concentrations of Na+ and  Cl-.  Fourne drilling showed a high K+ concentration in one sample, result which was not reproduced and was probably due to K+ contamination of the container of the sample.  In general, all the samples we analyzed showed very low concentrations (much lower than the acceptable values set by EU) of NO3-, whereas the concentrations of Fe2+,3+, Mn2+, Zn2+, and Cu2+, were in trace levels (data not shown).  

Microbiological analyses for the determination of the number of colonies of total coliforms, feacal coliforms, enterococcus and e. coli showed for most of the samples a quite high population after incubation for 24 hours in the suitable nutrients (data not shown).  In general, the number of colonies was not stable for each sampling site, but, in any case, the presence of micro biotic organisms in the examined samples excluded the corresponding waters from human consumption without prior processing (chlorination, etc).  
5.  Conclusions

The complex, karstic aquiferous system of Leuka Ori mountain is one of the richest and most important aquifers in Greece.  Its total capacity (regarding only the water which wells up from springs suitable for exploitation) exceeds 1,2(108 m3, as an average value [1], amount which is sufficient for the support of population double than the population of Crete.  Besides the volumes of the water mentioned above, a huge amount of water coming from the same aquifer is lost to the sea through underwater springs [1].
Chania prefecture is an intensively cultivated area.  The touristic activity of the area is also of the highest in Greece, contributing strongly to the total income of the prefecture.  Consequently, the water consumption increases very much during summer, due to both the consumption in urban and touristic areas, and to extensive irrigations of local cultivations.  Unfortunately, the discharge of the Leuka Ori aquifer is much more intense in winter and in spring time, when the needs for water are less.  So, although the total amount of the potentially exploitable water is theoretically more than enough in order to cover the total needs of the area, in summertime it is necessary to supplement the water obtained from the springs of the area with water from drillings.   The most important group of springs for covering the urban areas needs as well as irrigation, is the one of Agyia, southwest of the city of Chania, with an average annual capacity of about 8.1(106 m3. 
A very important determinant for the optimum management of the water resources of an aquifer such as the one under investigation is the water quality, which could change during a hydrological year, due to several reasons, one of which could be the pumping of water during summertime.
To investigate the water quality of the broader karstic aquiferous system of Agyia springs in at least a hydrological year, work is in progress for the chemical and microbiological examination of samples from several sites, including springs and drillings.  The results of this work, from samplings covering the time period between August 2005 and April 2006 are presented here.  We note that the drillings, mainly in the area of Myloniana, south of Agia, operate intensively the months from August to November, whereas the pumping is literally interrupted during the months December to April (Fig. 3, [3], [4]).
The major conclusions from the data presented in this paper are the following:

a.  The water from the springs in the area of Agyia (sampling sites 1-4, Fig 1), does not have the same quality for all the springs, regardless the fact of their close proximity.  More specifically, the water of Kalamionas spring shows a much higher total hardness, higher electrical conductivity, and higher concnentrations of Cl-, SO42-, Ca2+, Mg2+, K+, Na+.  The quality characteristics of this water are basically the same with those of the water of Koufos drilling, which is located about 4 km southwest of Agyia springs.  A reasonable explanation of this behavior is to consider the operation of at least one fault in the area, which interconnect(s) the Kalamionas spring and Koufos springs and drilling, as part of the same sub- aquifer, and separate(s) them from the rest of the springs of Agyia.  In an aquiferous system of the size and the complexity of "Leuka Ori" it is not unreasonable to consider several sub aquifers, which are either interconnected or separated.  The water quality of these sub- aquifers will depend on the content of the rocks with which the water equilibrates before its appearance in the spring.
b.  The quality of the water, for each sampling site, seems to remain unchanged during almost a hydrological year, and to be independent of the operation of drillings in the area, in the summertime.  This is a very important result, which shows that the aquifer which provides the water to these springs and drillings is very large, and possibly the amount of water that can be pumped from the drillings could increase without affecting its quality.  Work is in progress in order to verify this hypothesis.
c.  The springs of Platanos, Vrissidia, Kolymba, Nikoliana, Panagia, and Kefalovrysi, as well as the drilling of Fournes provide the area with water of high and stable quality.

d.  On the other hand water from Kalamionas spring and Koufos drilling is not suitable for human consumption due to its high content of several inorganic ions, mainly SO42- (above the acceptable levels, set by EU, [5]) which make it quite hard.  In contrast, the water of Fassas spring is extremely soft.  This spring probably carries water from a surface, relatively small aquifer, isolated from the others examined in this study.  The rocks of the area contain mostly insoluble material, and this results in water with low mineral content.
e.  The microbiological load we observed with our analyses in the examined samples excludes the use of the the corresponding waters from human consumption without prior disinfection. 
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Sheet1

		5/18/06

		Θέσεις δειγματοληψίας		Ολικά κολοβακτήρια		Κοπρανώδη κολοβακτήρια		Escherichia coli		Εντερόκοκκοι

				(cfu/100 ml)		(cfu/100 ml)		(cfu/100 ml)		(cfu/100 ml)

		Αποστειρωμενο H2O πριν		0		0				0

		1 -Πλάτανος		14		0				0

		3Α - πηγές Αγυιάς, νότιο δείγμα		14		1				0

		3Β - πηγές Αγυιάς,Κολύμπα A		47		3				0

		3Β - πηγές Αγυιάς,Κολύμπα B		13		0				0

		4 - Καλαμιώνας		200		23				28

		7 - Φασσά		7		0				0

		8 - Νικολιανά (Μεσκλά)		12		0				0

		9 - Παναγιά (Μεσκλά)		20		1				1

		10 - Κεφαλόβρυση (Μεσκλά)		9		0				0

		Γεώτρηση Κουφός*		3		0				0

		Γεώτρηση Μυλωνιανά		nd		nd				nd

		Γεώτρηση Φουρνές		2		0				0

		Αποστειρωμενο H2O μετά		0		0				0
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						Platanos spring		Kolymba spring		Vrissidia spring		Kalamionas spring		Koufos drilling		Nikoliana spring		Panagia spring		Kefalovryssi spring		Fournes drilling		Fassas spring

				Total Coliforms		7		6				140				29		32		80				13

				Faecal Coliforms		3		3				15				22		23		29				1

				E. coli

				Enterococci

				11/14/05

						Platanos spring		Kolymba spring		Vrissidia spring		Kalamionas spring		Koufos drilling		Nikoliana spring		Panagia spring		Kefalovryssi spring		Fournes drilling		Fassas spring

				Total Coliforms										54								34

				Faecal Coliforms										2								0

				E. coli

				Enterococci										1								2

				12/12/05

						Platanos spring		Kolymba spring		Vrissidia spring		Kalamionas spring		Koufos drilling		Nikoliana spring		Panagia spring		Kefalovryssi spring		Fournes drilling		Fassas spring

				Total Coliforms		32		23				60		0		36		26		20		0		36

				Faecal Coliforms		2		1				40		0		8		6		7		0		3

				E. coli		1		1				25		0		3		2		3		0		1

				Enterococci		2		20				10		0		7		2		6		0		2

				1/16/06

						Platanos spring		Kolymba spring		Vrissidia spring		Kalamionas spring		Koufos drilling		Nikoliana spring		Panagia spring		Kefalovryssi spring		Fournes drilling		Fassas spring

				Total Coliforms		21		22				163				154		170		251		11

				Faecal Coliforms		1		2				30				79		82		128		0

				E. coli		0		1				15				38		41		64		0

				Enterococci		1		18				5				156		133		245		0

				5/18/06
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