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Introduction
Chromium (VI) has been a concern in many countries around the world for
environmental and health issues for some time now. No studies of chromium (VI) have
taken place in Cyprus water systems so far because until recently chromium (VI) was
considered a pollutant of solely anthropogenic origin. Recent studies have suggested
that Chromium (VI) of geogenic origin might have a significant contribution in cases of
Cr (VI) pollution depending on the geological conditions. More specifically the later
has been linked with ultramafic lithologies. This study was designed as a pilot project
in order to investigate, for the first time, first principles of the presence, behavior
distribution and chemistry of Cr (VI) in ground and surface water systems at three
selected areas in Cyprus.

Aims of the CrITERIA project (Consortium Level)
The aim of the CiTERIA project is to deliver an optimization tool which includes a data
base as well as documentation that will assist water resource management
organizations and water users on decision making when coping with water scarcity,
climate extreme events and polluted water. Pollution by Cr(VI) is used as an example
of additional water pressures and is tackled through integrated water resource
management. The optimization tool integrates innovative monitoring techniques with
a full set of assessment options.
This project utilises:
(i) The scientific expertise of the participants on Cr(VI) water contamination in addition
to other anthropogenic pressures (sea water intrusion, intense agriculture,
urbanization), geochemical and hydrogeological conditions relevant to Cr release to
surface or groundwater bodies, agricultural and industrial water demand.
(ii) Access to existing research data from the Mediterranean Cr(VI) affected basins in
Greece and Italy.
(iii) The involvement of stakeholder dialogue and support, for developing a water use
demand driven management processes.

The project aims at developing a user- friendly tool that provides access to a set of
problem-response options that will support stakeholders on management decisions,
in line with their priorities of water use (e.g civil, industrial, agricultural) and takes into
account the EU water framework directive and the prescribed water quality
regulations on Cr(VI). Analytical and effect-based screening tools will be applied for
the identification of water contamination and its impacts. The project will give a
specific focus on water quantities, direct costs for water treatment and indirect costs
accounting for impact of Cr(VI) contamination. Different scenarios are explored in
relevance to emerging climatic changes taking into account ground truth data from
the extremely arid environment of Oman, where similar geologic conditions prevail,
as a future analogue of Mediterranean water basins in Greece, Italy, Cyprus and
Turkey influenced by Cr(VI) releasing processes. Additionally, with the aim of
supporting the decision making procedure for each case study, the tool will provide
high-spatial resolution information on vulnerability and impact indicators related to
water budget and

Project Design and Structure
Sampling and analytical approaches
The sampling for Cyprus was designed by taking into consideration several factors with
geogenic and/or anthropogenic components. Any relation between geogenic trivalent
chromium Cr(III), and hexavalent chromium Cr(VI) from prior mining activities were
considered as one of the aspects that needs to be investigated through sampling and
analysis of waters and possibly rock material from abandoned chromite mines (Figure
4). The groundwater sampling grid has been selected to cover two areas of known sea
water intrusion into coastal aquifers namely the kokkinochoria (Area 1 in Figure 7) and
Kiti (Area 2 Figure 24) areas. Sampling is also carried out from an area which lies on
the ophiolite complex of Troodos and in proximity to the abandoned chromite mines
up in the Troodos ophiolite in order to determine if any geogenic concentrations of Cr
(VI) are present. Selected groundwater samples in proximity to urban and or industrial
environments have also been selected in order to obtain a wider picture of any
possible sources of anthropogenic contamination of Cr (IV). Special focus have been

given in areas of proximity to known industries of hexavalent chromium
contamination. Scenarios will be explored in relevance to emerging climatic changes
taking into account ground truth data from the semi-arid environment of Cyprus,
influenced by Cr (VI) releasing processes.

Chromium (VI) Literature Review
Chromium exists in the earth’s crust in average concentrations of 100 mg/Kg and in
ultramafic rocks it can rise to average concentrations of up to a 2400 mg/kg. The most
common Cr-containing mineral is chromite (FeCr2O4), in which Cr occurs in the +3
oxidation state.1 It is present in ground water in either the trivalent [Cr(III)] or the
hexavalent [Cr(VI)] oxidation state, and Cr(VI) was demonstrated to occur naturally in
ground water of arid regions of the southwestern United States2 and other countries.
It is of primary importance to distinguish between the oxidation states of Chromium
because Cr (III) is only sparingly soluble in natural water and is thus rather immobile,
whereas Cr(VI) is quite soluble in water and is comparatively much more mobile. Cr(III)
is considered an essential nutrient in moderate quantities whereas Cr(VI) is considered

a toxin and a carcinogen.3 The general guidelines of the World Health Organisation4
(WHO) state that health effects on humans are largely determined by the oxidation
state and that maybe distinguishable guideline values for Cr (III) and Cr (VI) should be
derived. However, as it stands, guideline values are given for total chromium. Because
of the carcinogenicity of Cr (VI) by the inhalation route and its genotoxicity, the current
guideline value is 0.05 mg/L (although there have been question marks of its validity).
As a practical measure, 0.05 mg/litre, is considered unlikely to give rise to significant
risks to health, has been retained as a provisional guideline value until additional
information becomes available and chromium can be re-evaluated.
Chromium as a raw material is used in many industrial processes, including textile
dying, for chrome alloy and chromium metal production, chrome plating, corrosion
control, steel refining, electroplating, leather tanning manufacture of catalysts,
pigments and paints, fungicides, the ceramic and glass industry, in photography, and
wood preserving. Improper handling or treatment of wastewaters results in soil
pollution and ground and surface water pollution. The element is used in organism’s
natural processes in minute quantities, and is related to metabolism of glucose and
fat.5 An excessive amount of chromium though in the human body is toxic and causes
cancers.6 In some countries like Taiwan,7 chromium is a major soil contaminant.

Geochemical baselines projects on Chromium
During the GEMAS project8 9 the concentrations of Co, Cr, Cu and Ni (among many
other elements) in European soil were determined by ICP-MS after a hot aqua regia
extraction, and WD-XRFS analytical methods, and their spatial distribution patterns
were analysed by GIS software. The presence of mafic and ultramafic rocks, ophiolite
complexes and mineralisation, is widespread across the European continent, and
seems to explain most of the variability of the elements studied in this work. A large
belt, north of the last glaciation maximum limit, is generally dominated by lower
concentrations compared with central European and Mediterranean areas and to
some areas in Northern Europe where higher Co, Cr, Cu and Ni values also occur.

Cr(VI) and the effect of ophiolites
Recent studies have demonstrated that Cr(VI) can be of geogenic origin and in
particular in areas where there is a presence of ultramafic lithologies.10 Some of these
results show that the Cr(VI) detected in plumes of industrialised areas of Greece are
likely caused by a combination of geogenic and anthropogenic sources. It was
indicated that although a cluster of industries were located in the center of a high pH
plume located upstream of the main Cr(VI) plume also spatially correlated with
elements such as Mg and Ni s likely caused by a combination of geogenic and
anthropogenic sources. More recent studies have looked at Cr(VI) distribution and
geochemistry using statistical methods. One such study11 employed statistical
methods, such as factor analysis and Pearson correlations, and specialized diagrams,
in order to determine the origin of elevated metal levels as a function of the geologic
background in five areas in Greece. High concentrations of hexavalent chromium
Cr(VI) have also been observed in ground water in the Emirate of Abu Dhabi, United
Arab Emirates. Researchers12 have proposed a conceptual model which attempts to
explain how eolian transport might be the source for the widely distributed of Cr(VI).
The alluvial fan aquifer of Abu Dhabi has been derived from weathering of the Oman
Mountains is composed largely of carbonate-cemented clasts of weathered pyroxenes
and olivines derived from the ultrabasic ophiolite sequence associated with the Oman
abduction zone.

The Cyprus setting
Cyprus is an island situated in the north-eastern Mediterranean Sea and covers an
area of 9251 km2. It has a typical Mediterranean climate, with hot and dry summers
from mid-May to mid-September and rainy winters from mid- November to midMarch. Land use in Cyprus can be subdivided into the following major classifications:
(i) Undeveloped forests that cover much of central and northwestern Troodos Massif,
(ii) Scrubland (garique–maquise) and degraded land that occupies much of eastern
Troodos and the southern Troodos flanks as far as the coast (excluding parts of the
Polis Valley and coastal fringe around Pafos and Lemesos) with some valleys heavily
terraced,

(iii) Cropping areas that are mainly found in the eastern end of the island between
Kokkinochoria and the edge of the Troodos Mountains. The principal crop is wheat,
followed by olives, vineyards and citrus fruits. There is intense farming with irrigation
and use of fertilisers in areas such as the Kokkinochoria, west of Lemesos on the
Akrotiri Peninsula east of Paphos and in the valley south from Polis. Historically, most
of the irrigation water was obtained from ground water resources.

The geology of Cyprus
The geology of Cyprus can be divided into five main geological terranes, the Troodos
Ophiolite Complex which has been subdivided into the ultramafic/mafic cumulate
units and the overlying basaltic volcanic units; the MamoniaTerrane; the Keryneia
Terrane; the Circum-Troodos Sedimentary Succession; and Quaternary units (Figure
1).

Figure 1. Simplified geology of Cyprus

At the regional scale there is significant information regarding the correlation of
chromium with the underlying lithological conditions. Chromium is an element found
in abundance in plutonic rocks of the Troodos Ophiolite. Cyprus because of its geology
it has geogenic chromium characterising certain ultramafic lithologies and in its soils
at concentrations depended on the geological origin of the material. Recent
geochemical mapping activities have looked at total chromium concentrations in soils.
There is geochemical information available regarding the soil and water geochemical
backgrounds in terms of total chromium. Some evidence does exist it terms of the
chromium arising from anthropogenic activities such as industrial and other activities
from previous datasets relating to potential sources of contamination.
Heavy metals distribution in soils vary because of geological and climatic conditions as
well as anthropogenic activities. In arid or semi-arid environments, evaporative
concentration is the main drive for heavy metals and salts accumulation in soils.13 The
concentrations of soluble salts are high in most soils in semiarid areas and
accumulation of elevated concentration of heavy metals can be correlated with these.

Geogenic chromium
Geochemical mapping studies14 have shown that Cr is typically highly elevated in
ultramafic lithologies due to substitution for Fe in various ferromagnesian minerals
and the formation of their own minerals (Figure 2). It mainly substitutes for Fe in
spinels as well as forming its own spinel - chromite (FeCr2O4). There were economic
chromite mines associated with harzburgites and dunites in Troodos, with sporadic
chromite accumulations spread throughout the ultramafic units (including the
serpentinites where chromite tends to survive the hydrothermal alteration). In the
secondary environment, Cr is typically preserved as chromite which disperses
mechanically.
Soil aqua regia Cr (ar-Cr) and total Cr (tot-Cr) concentrations1 are an order of
magnitude higher over the ultramafic lithologies than any other lithology (including

1

Soil ar-Cr are chromium concentrations measured after aqua regia digestions of soil samples and
subsequent Induced Coupled Plasma Mass Spec (ICP MS) whereas tot-Cr are chromium concentrations
measured using Neutron Activation (INAA) on soil samples.

the mafics). This includes the Arakapas Transform Sequence. Chromium is also
elevated in the vicinity of the slivers of serpentinite on the Akamas Peninsula and to
the east of Pafos, low-lying areas along the southern coastline, the Kokkinokhoria
region and the northern end of the Polis Valley. A comparison of the ar-Cr and tot-Cr
data (including the ratio map) indicates significant variations in signature between
these areas of elevated soil Cr contents (Figure 3). There is generally a converse
relationship between soil tot-Cr and the ar-Cr/tot-Cr ratio, suggesting that in areas
with low Cr values most of the Cr is in extractable form (e.g. associated with Fe oxides)
rather than bound up in chromite or Cr-substituted magnetite. The ratios are very low
along the entire southern coast, and especially in the fanglomerate-dominated
Kokkinokhoria area, indicating the majority of Cr in those areas is present in either
clasts of transported ultramafics or as chromite in the heavy mineral component of
the sands observed at many of the beaches. The top soil/sub soil ratio of Cr is
commonly >1, which is probably the result of lag accumulations of chromite at surface.
The elevated Cr values in the Upper Pillow Lavas compared with the other basalts are
related to their picritic nature.

Figure 2. Geochemical maps showing the distribution of aqua regia extractable in top and sub soil. Graphs at the bottom
show the box plot statistics per lithology, normal distribution and distribution along traverses X-X and Y-Y as depicted
in the maps above

Figure 3. Geochemical map depicting ratios of total versus aqua regia (a) Cr and (b) Ca in topo soils (from Cohen et al)

Chromite mining in Cyprus
Mining for chromite was carried out in the past for the extraction of high
concentration ore which was exported. Most of this mining was carried out through
underground tunnels up in the highest reaches of the Troodos mountains. The origin
of the chromite deposits is directly linked to the genesis of the Troodos ophiolite and
in particular to the cumulate rocks through the fractional crystallization process.
Chromite is a mineral ore and the secondary component of the ultramafic rocks of the
ophiolite complex. The most significant deposits of the ore have been found in the
area where harzburgite and dunite meet around Mount Olympus. The best-known are
the Kokkinorotsos, Kanoures and Hadjipavlou deposits (Figure 4 Geological Map).

Figure 4. Geological Map of ultramafic geologies on the Troodos ophiolite

The economically exploitable chromite deposits are podiform type and occur at high
altitudes. The content of these deposits fluctuates between 45% and 60%. Chromite
has a variety of textures with the most common being massive, leopard type (globular
concentrations). The three mines are still abandoned at present.

Chromium in groundwater
Toxic element concentrations such as arsenic, cadmium, lead and mercury have been
monitored in Cyprus’ groundwater bodies15 under the Water Framework Directive,
2000/60/EC and in relation to the Directive 2006/118/EC. Total chromium
concentrations which have also been investigated through recent groundwater
samplings have showed moderate distributions of total chromium in groundwater in
Cyprus. Groundwater monitoring schemes carried out by the Geological Survey
Department in 2013 (wet and dry seasons) show that concentrations range from very
low values of 0.001 mg/l of up to 0.104 mg/l. The highest values of chromium
concentrations have been obtained in coastal areas where seawater intrusion occurs
in most of Cyprus’ coastal aquifers. Moderate to high values are also obtained in areas
of plutonic rock lithologies up in the highest parts of the Troodos Ophiolite. Until this

project was initiated there was no knowledge in terms of which proportion, if any, of
hexavalent chromium contributes towards these total concentrations.

Figure 5.

Groundwater monitoring schemes carried out by the Geological Survey Department in 2013 (wet and
dry seasons)

Chromium in Urban environments of Cyprus
A recent geochemical study of the soils of the urban area of the capital of Cyprus,
Lefkosia has shown that total Cr and Ni are associated with ultramafic lithologies in
Cyprus and that both are closely correlated with each other in soil (Figure 6).

Figure 6. Distribution of aqua regia-extractable chromium in soil samples of Lefkosia (Nicosia). The diameter of circles is
proportional to concentration. Geology is used as the background and legend depicts lithologies (Zissimos et al 2017)

The higher values of Cr in the Lefkosia area are mainly in soil overlying the
fanglomerate and Nicosia Formation plus a few sites within the residential areas. Cr
and Ni are correlated with Fe, Al and Mn, but not with Mg, indicating the aqua regiaextractable component for Ni and Cr is linked to secondary Fe-Mn oxyhydroxides
rather than clastic material derived from the Troodos Ophiolite (including chromite).
By comparison with a number of other European cities, surface soil in Lefkosia has
lower median concentrations for most trace elements, including PHEs. The influence
on the soil of the Troodos Ophiolite is reflected in elevated Cr, Mn and Cu but lower
Pb and Zn than other European cities. Median concentrations of total Cr in the soils of
Lefkosia were found to be at the level of 36 mg/Kg with maximum values reaching the
level of 175.6 mg/Kg.16

Conceptualisation and characterization of water bodies under
study
Kokkinochoria Aquifer (Study Area A1)
The study area (South-East Mesaoria Aquifer also known as the “Kokkinochoria
aquifer”) is located in the south – eastern part of the Cyprus and covers an area of
approximately 449 square kilometres. The land is predominantly used for agricultural
purposes (about 91%) and only a small part, approximately 4% is residential area
whereas the rest 3% is state forest (Figure 7).

Figure 7. Land use (Corine 2006) in the study area (A1), (Source: Geological Survey Department).

Topography and meteorology:
With the exception of a small hill in the eastern part, the rest of the inland part of the
study area (A1) is characterised by a low relief terrain with almost no drainage
network. The highest elevation of the inland part is just about 80 meters above sea
level (Figure 8). Along the shoreline along the Ormideia – Xylofagou and Agia Napa –
Protaras municipalities, however, reef limestone and marine terraces form a slightly
more rough topography.

Figure 8. Digital Elevation Model (25m) of the study area (A1). Rainfall and climatological stations are depicted as circles
and rhombus, respectively, (Source: Geological Survey Department and Meteorological Services.)

The area’s mean annual precipitation, based on data from eight (8) rainfall stations
within the study area A1 (station 800, 810, 825, 845, 888, 889, 891 and 895) for the
period 1990-2014 is about 324mm. Precipitation is not distributed evenly throughout
the year. The months of December followed by January are the wettest with a mean
rainfall of 82mm and 77mm, respectively. Winter and spring seasons are usually
followed by dry summers with little or no precipitation (Figure 9).

Figure 9. Mean rainfall for the period 1990-2014, for all station in the study area (A1).

According to the station 845, which is located in Frenaros municipality the annual
mean daily temperature of the study area is 20 oC with August following by July are
the hottest months and January following by February are the coldest ones. The
annual mean relative humidity at 8:00am is 69% (Figure 10).

Figure 10. Mean daily temperature (oC) and mean relative humidity (%) for the period 1990-2015 for station 845.

Geology:
Surficial geology of the area is dominated by Pliocene and Pleistocene gravels, sands,
silts, calcareous sandstones, sandy marls and marls. Furthermore, Lower and Upper
Miocene bioclastic limestone of Terra and Koronia formations outcrop to the south
east and south parts of the coastline, respectively. Bentonites of Kannaviou formation
and Moni mélange are seen in the southeast part of the area (Figure 11). A substantial
part of the study area is covered by a thin crust of secondary limestone, locally known
as “kafkala” and the rest by “terra rosa”, a fertile rather thick red soil cover, usually
overlaying “Kafkalla”.

Figure 11. Geological map of study area (A1).

Hydrogeology:
The South Eastern Mesaoria Aquifer has been divided into four water bearing units:
(a) A sandstone and sandy aquifer of the upper (sandy) part of Pliocene - Pleistocene
to Recent sediments. This is the main, “first class” (i.e. with considerable thickness,
lateral extent and hydraulic connectivity) aquifer of the area and it is the more heavily
exploited. This aquiferous unit can further divided into four zones based on lithology
and productivity (Figure 12):

Zone 1: The aquifer has substantial thickness especially in the south east. Thickness
ranges from 5 to 30 meters and its transmissivity and storativity coefficient from 0.03141 m2/day and 2.2% -20%, respectively. The base of the aquifer along the coastline,
however, is below sea level and in direct contact with the sea and thus vulnerable to
seawater intrusion which has been documented as early as 1960.
Zone 2: The trough shaped, impervious base of the aquifer reaches approximately 80
meters below sea level in its center and boarded by impervious subsurface ridges at
its flanks. Due to the geometry of this zone, it is thought not be vulnerable to seawater
intrusion and therefore the Increase salinity brought about by the lowering of the
water table is believed to be due to older trapped seawater and not to contemporary
seawater intrusion. Thickness is about 30 meters and its transmissivity and storativity
coefficient 0.2-72 m2/day and 10%, respectively.
Zone 3: It can be further subdivided into one larger groundwater unit and a number
of smaller but thicker units. It is estimated that no substantial groundwater outflow in
the other zones occurs from this zone. Thickness is about 20 meters (5 meters of which
is saline) and its transmissivity and storativity coefficient 0.9-8 m2/day and 4%,
respectively.
Zone 4: It basically consists of the southern costal part of the area. When Tera
limestone (lower Miocene) is developed, Zone 4 is a very thick (up to 200 meters. This
Zone is in direct contact with the sea and thus prone to sea water intrusion, which has
been documented as early as 1960. Thickness is about 20 meters and its transmissivity
and storativity coefficient 0.02-14 m2/day and 3%, respectively
(b) A limestone aquifer of the Miocene reef limestone (Koronia and Terra member of
the Pachna formation). It outcrops in the eastern and southern coastal areas. In the
latter, it extends as a confined unit further to the west and it is hydraulically connected
to the sandy aquifer of zone 1.
(c) A confined gypsum aquifer of Middle Miocene age. It occurs mostly west of
Pergamos where is exploited and it is characterised by highly saline water.

(d) A chalky aquifer of the Palaeocene to Lower Miocene (Lefkara and Pachna
Formations). It can be intersected mostly to the south-eastern and south parts of the
area. It is very poor and of not considerable importance.

Figure 12. Contour map of the aquifer’s base (including units A,B,C and D) in meters above sea level. Aquifer unit A is further
divided in zones 1 – 4 (Source: UNDP 1960).

Only the aquiferous unit A can be considered as a “first class” aquifer whereas B, C
and D are classified as “second class” aquifers (i.e. without considerable thickness,
lateral extent or connectivity). Direct recharge from precipitation is considered to be
the major recharging mechanism although return irrigation and minor artificial
recharge process are taking place. Inter-zone inflows and outflow from and to the four
zones of this unit do occur as a results of the hydraulic connectivity, although limited,
of these zones. No major lateral inflows from the outer boundaries of the aquifer are
thought to occur. The deep is generally to the south and outflow to the sea can occur
in steady state from zones 1 and 4.
The yearly mean recharge of the aquifer was estimated to be in the order of 40 mm
summing up to 25 million cubic meters (+/- 20%) (UNDP 1960). The overall yearly

balance is summarized in Table 1. Over pumping was estimated to be 100% higher
than natural recharge as early as 1960.
Table 1. South-Eastern Mesaoria Water Balance in Million Cubic Meter (Source:UNDP 1960)
Zone

Direct Recharge

Inflow

Outflow

Outflow to

0

Inflow From
2 and outside
of the study area

1

3.8

1.8

2

4

0.57

0.88

4

5.2

0

0.7

0

1 and 4
north out
side of the
study area

3
4

4.8

0.72

0.57

3

2

0

In order to meet the agricultural and potable water needs of the southern coastal
areas of the island including the one of the Kokkinochoria area, the Southern Conveyor
Project has been carried out. It commenced in 1984 and phase 1 was completed in
1994 (Figure 13). It is the biggest water development project of the Island where a
pipeline was constructed in order to transfer and distribute water from the newly
constructed Kouris dam, in western part of the island, along the southern coast to the
terminal Achna reservoir. Phase I included the construction of Kouris dam on Kouris
river, with a capacity of 115 MCM, the main conveyor, a 110 Km long pipeline, Achna
terminal reservoir, with a capacity of 6.8 MCM, the telemetry system and
Kokkinokhoria, Athienou, Troulloi and Avdellero irrigation schemes on a total area of
about 9.767 hectares (9.270 of which in the Kokkinochoria area) for at a total cost of
approximately C£97 million
(http://www.moa.gov.cy/moa/wdd/wdd.nsf/All/8EEF9F39E5340593C2256DEF00
35466E?OpenDocument)

Figure 13. The Southern Conveyor Project. Red dashed line indicates the pipeline and green areas the irrigated land (Source:
The Southern Conveyor Project, W.D.D., November of 2000)

Quantity status of the aquifer
Due to the low rainfall and the lack of drainage network, groundwater recharge either
by direct infiltration, from torrents flow or lateral boundary inflow is limited. The
limited recharge, the high demand for water and the intensive and uncontrolled
exploitation of the aquifer, resulted to a negative water balance thus lowering the
groundwater level below sea level and consequently triggering seawater intrusion.
Figure 8 depicts the areas with negative groundwater level (red colour) and the front
of seawater intrusion. It should be noted that efforts for quantitative recovery of the
aquifer are put in place such as transportation of water via the Southern Conveyor
project, the promotion of wastewater reuse and other minor artificial recharge
projects.

Seawater
intrusion

Figure 14. Contours of groundwater level for 2016. (Source: Hydrology of W.D.D.)

(http://www.moa.gov.cy/moa/wdd/Wdd.nsf/resources_gr/resources_gr?OpenDocument#5)

Figure 15 to Figure 18 show the position of three monitoring stations and the
corresponding absolute groundwater level.

Figure 15. Position of ground water monitoring stations.

Figure 16. Absolute Water level in monitoring station 2002/V02 in Ormideia village.

Figure 17. Absolute Water level in monitoring station 2003/056 in Agia Napa.

Figure 18. Absolute Water level in monitoring station 2003/058 in Sotira village.

Quality status of the aquifer
Both agriculture, residential and tourist development of the study area along with the
excessive use fertilizers have degrade groundwater quality, especially in regards to
nitrates concentration. As a result, the area has been designated as a Nitrate
Vulnerable Zone. Furthermore, as mentioned above, groundwater deterioration in
terms of high chloride and sulfate concentrations due seawater intrusion also occurs.
Table 2 tabulates the results of chemical analyzes in several stations within the study
area for the period 2007-2015.
Table 2. Chemical analyzes results in several stations within the study area for the period 2007-2015.
Parameter

Threshold

Mean

Mean

Maximum

Count

Main source of

Value

Value

Value

Value

As

10 μg/l

3,2 μg/l

2 μg/l

17 μg/l

70

-----

Cd

10 μg/l

0,4 μg/l

0,075 μg/l

4,75 μg/l

76

-----

Hg

10 μg/l

0,1 μg/l

0,1 μg/l

0,3 μg/l

71

-----

Pb

10 μg/l

1,3 μg/l

0,75 μg/l

7,72 μg/l

70

-----

Ec

2500 μS/cm

2048 μS/cm

2020 μS/cm

3020 μS/cm

70

Sea intrusion

Cl

400 mg/l

337 mg/l

285 mg/l

665 mg/l

63

Sea intrusion

reduction

SO4

400 mg/l

158 mg/l

118 mg/l

493 mg/l

62

-----

NO3

50 mg/l

115 mg/l

30,5 mg/l

322 mg/l

61

Agriculture
and residential
development

NH4

0,5 mg/l

0,3 mg/l

0,05 mg/l

2,8 mg/l

57

-----

C2Cl4

2 μg/l

0,04 μg/l

0,03 μg/l

0,06 μg/l

57

-----

C2HCl3

5 μg/l

0,04 μg/l

0,03 μg/l

0,06 μg/l

57

-----

Data availability on chromium concentration in groundwater are limited and are
depicted in Figure 19. However, systematic samplings and determinations of
chromium concentrations in soil have been carried out within the Geochemical Atlas
of Cyprus. 36 Total chromium concentrations in soils of the Kokkinochoria area were
found to be relatively elevated in the top soil (Figure 2) and thus rendered further
investigations necessary on its source and its fate within the water cycle.

Figure 19. Mean and maximum total chromium concentration, in groundwater.

Monitoring Network
Monitoring network utilized all available quality montoring boreholes in the study
area (A1) as to the best possible coverage. This aims to investigate the faith of soil
chromium in the water cycle as with the existing model it appears that about half of
the aquifer’s recharge results from direct infiltration of precipitation (including return
irrigation). The monitoring network for the Kokkinochoria aquifer is tabulated in Table
3 and Figure 20.
Table 3. Monitoring network for the Kokkinochoria Aquifer
Name

Code

Y
WGS84, 36N
3,871,866.00

Station Type

Village Name

1

X
WGS84, 36N
573,032.00

1983/071

Groundwater

ORMIDEIA

H3100-0294

2

590,120.00

3,872,155.00

Groundwater

AGIA NAPA MUNICIPALITY (INCL. AGIA THEKLA)

H3100-0453

3

586,372.00

3,871,681.00

Groundwater

AGIA NAPA MUNICIPALITY (INCL. AGIA THEKLA)

H3100-0609

4

594,702.00

3,871,000.00

Groundwater

AGIA NAPA MUNICIPALITY (INCL. AGIA THEKLA)

H3101-0318

5

595,507.00

3,876,006.00

Groundwater

PARALIMNI MUNICIPALITY

H3101-0607

6

591,787.00

3,878,626.00

Groundwater

PARALIMNI MUNICIPALITY

H3105-1071

7

582,472.00

3,876,646.00

Groundwater

FRENAROS

H3110-0461

8

576,346.00

3,877,211.00

Groundwater

AVGOROU (INCL. MONI AGIOS KENDEAS)

H4105-0006

9

570,341.00

3,875,050.00

Groundwater

XYLOTYMVOU (INCL. DEKELEIA)

H4106-1147

10

570,687.00

3,872,991.00

Groundwater

ORMIDEIA

H4107-0338

11

578,094.00

3,871,597.00

Groundwater

XYLOFAGOU

H4107-1127

12

577,280.00

3,872,805.00

Groundwater

XYLOFAGOU

H4107-2665

13

581,667.00

3,868,743.00

Groundwater

XYLOFAGOU

Figure 20. Monitoring network for the Kokkinochoria Aquifer

The kiti – pervolia aquifer (Study Area A2)
The kiti – pervolia aquifer is situated in the southern part of Cyprus and covers an area
of 40Km2. It’s a small phreatic aquifer and it extends from the Kiti dam to the north,
to the Larnaka Salt lake(s) to east and up to the chalks and marls outcrops of the
Lefkara formation to the west (near Tersefanou village). The southern boundary of the
aquifer is in hydraulic contact with the sea (Figure 21). Along the western half of the
aquifer, Tremithos River runs from the north to the south where it discharges to the
sea. In 1964, however, the Kiti dam was constructed on Tremithos River for recharge
purpose, at the northwestern corner of the aquifer. The two dominant land use types
are agriculture and urbanization (Figure 21). In order to meet the agricultural needs
of the area, the Southern Conveyor Project irrigates up to 1206 hectares in Kiti,
Perivolia and Meneou villages (Figure 13).

Figure 21. Land use (Corine 2006) for study area A2

Topography and Climate
The area below the dam is characterized by a low relief (0m - 60m), smooth terrain,
gently dipping to the south-southeast, towards the sea and the salt lakes (Figure 21).
The slope increases above the dam where elevation reaches up to 160m. The whole
area is characterized by semi-arid conditions, with a mean annual precipitation of
330,6 mm (based on station 710 located at kiti village) and a mean annual temperature
of 19,9°C (based on station 731 located at Larnaca airport). Precipitation is not
distributed evenly throughout the year, though. The months of December followed by
January are the wettest with an average annual rainfall of 84mm and 76mm,
respectively. Winter and spring seasons are usually followed by dry summers with
little or no precipitation (Figure 22).

Figure 22. Digital Elevation Model (20m) of the study area A2. Rainfall and climatological are depicted as circles and
rhombus, respectively, (Source: Geological Survey Department and Meteorological Services).

90

Mean Montly Precipitation 1990-2014 (mm)

80

84,2
76,1

70
60
50

48,7

48,6

40
30
20
10

28,7
15,9

14
8,4
0,8

0,5

4,7
0

0

Month

Figure 23. Mean monthly precipitation from 1990 – 2014 from weather stattion 710 (Raw data source: Meteorological
services)

Geology
The area’s surficial geology is dominated by Pleistocene marine terraces and Holocene
alluvial sediments. Underlying the abovementioned sediments are the chalks and
marls of the Lefkara (Paleocene-Oligocene) and Pachna (Miocene) Formations that are
seen outcropping outside the study area (Figure 24). The marine terraces consist of
alternating fine bioclastic sandstones and sand with silts, up to 40 meters in thickness
while the alluvial terraces range in thickness from 5-20 meters and consist of
alternating gravels, sands and silts.17

Figure 24. The geology of the study area A2 (Source Geological Map of Cyprus 1:250000)

Hydrogeology of Kiti-Pervolia Aquifer
The aquifer is phreatic and it develops in alluvial sediments and marine terraces with
the Paleogene chalks and marls acting as the impervious base of the aquifer.
Groundwater is recharged through the dam, Tremithos river bed infiltration, the
Meneou chain of wells and finally from precipitation and return irrigation.

Kiti-Pervolia aquifer quantitative Status
It is estimated that the annual recharge from the dam is about 0,4 Mm3of water
whereas additional 0,2 and 0,1 Mm3 are recharged through infiltration from the
Tremithos riverbed and the Meneou chain of wells, respectively. The latter connects
the dam with the eastern part of the aquifer up to the Meneou village area. Recharge
through the chain of wells is activated when the dam is filled up to 2/3 of its capacity.
Recharge from precipitation is estimated to be around 1,03 Mm3and 0,3 Mm3 from
return irrigation, summing up to a total of 2,06 Mm3 of annual recharge (Constantinou
2004). The water Development Department (WDD) estimates current annual
groundwater pumping around 2,8 Mm3, thus resulting to a negative water balance.
The most productive part(s) of the aquifer are located in the area of Kiti, Perivolia and
Meneou villages (Southeast part of the aquifer) where the aquifer thickness ranges
between 20 and 45 meter. These most productive parts of the aquifer, where a great
number of boreholes had been drilled for agricultural purposes, has been sea intruded
(Figure 25). The less productive parts are depleted and borehole yields have dropped
dramatically.

Figure 25.

Groundwater level contours for the year 2015. Source: WDD

(http://www.moa.gov.cy/moa/wdd/Wdd.nsf/all/944C608044F374C1C2257834002AADB6/$file
/Kiti_Pervolia_Mar_2015_EN.gif?openelement )

Groundwater monitoring borehole 1973/030 is located near Tremithos River (Figure
26) and records groundwater level on an hourly basis. Figure 6 depicts groundwater
fluctuation from February 2002 to September 2015. The dynamic character of the
aquifer is illustrated during the relatively wet years of 2004 and 2013 where recharge
can be clearly seen through a 6 and 4 meter increase of groundwater level.
Borehole 1973/030, altitude 12.56 meter
6,00
4,00

water level (meter)

2,00
0,00
-2,00
-4,00
-6,00

Figure 26. Groundwater (absolute) level fluctuations at monitoring station 1973/03 (Source: GSD)

Kiti-Pervolia aquifer qualitative status
The area is affected by both point and diffuse pollution sources thus deteriorating
groundwater quality. Sea water intrusion and nitrate pollution are the main pressures
on kiti-pervollia groundwater quality status. The observed increased concentrations
of chlorite and sulfate salts along the coastal part of the aquifer are attributed to sea
water intrusion, triggered by the existing aquifer negative water balance. Increase
nitrate concentration in groundwater, in some cases reaching up to 360 mg/l is mostly
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associated with agricultural although urbanization and the lack, in most areas, of
central sewerage treatment plants is also contributing to the nitrates’ increased
concentrations.
Table 1 below tabulates the results from the aquifer’s quality status assessment within
the frameworks of Water Framework Directive implementation for the period 20072015. The aquifer has been declared as nitrate Vulnerable Zone since 2008 under the
Nitrates Directive 91/676/EEC and special measures have been put in place since then.
Table 4. Chemical status of Kiti-Pervolia aquifer based on Water Framework Directive monitored parameters
for period 2007-2015.
Parameter

Threshold Value

Average
Value

Mean Value

Maximum
Value

Count

Main source

As

10 μg/l

1,38

1,08

4,9

58

-----

Cd

10 μg/l

0,38

0,07

4,75

63

-----

Hg

10 μg/l

0,15

0,1

0,3

59

-----

Pb

10 μg/l

1,81

1,5

12,03

59

-----

Ec

2500 μS/cm

2351

2320

5510

61

Sea intrusion

Cl

400 mg/l

450,78

459.5

919

57

Sea intrusion

SO4

400

193,60

191

409

57

NH4

0,5

0,24

0,05

6,02

51

Agriculture
and
residential
development
-----

C2Cl4

2 μg/l

0,06

0,06

0,90

57

-----

C2HCl3

5 μg/l

0,04

0,03

0,06

57

-----

NO3

50

68,26

41

367,4

55

Data on groundwater chromium concentration in the area are relatively limited.
Cromium groundwater concentrations are depicted in Figure 27. Furthermore,
systematic samplings and measurements of chromium concentrations in soil has been
carried out within the frameworks of the drafting of the Geochemical Atlas of Cyprus
(Geochemical Atlas of Cyprus, 2011). Chromium soil concentration in the Kiti area was
found to be relatively elevated in the top soil (Figure 2). From the existing model it
appears that about half of the aquifer’s recharge results from direct infiltration of
precipitation (including return irrigation).

Figure 27. Average and maximum groundwater chromium concentration (Source: Geological Survey Department)

Monitoring Network
The monitoring network utilizes all available quality monitoring boreholes in the study
area in order to achieve the best possible coverage. This aims at investigating the fate
of soil chromium in the water cycle as with the existing model it appears that about
half of the aquifer’s recharge results from direct infiltration of precipitation (including
return irrigation). The monitoring network for the Kiti-Pervolia aquifer is shown in
Table 5 and Figure 28.
Table 5. : Monitoring network for the Kiti – Pervolia Aquifer
Name

1957/076
1966/018
H4012-0623
H4110-0331
H4110-0777
H4111-0215
H4111-0275
H4113-0008
H4126-0005

Code

14
15
16
17
18
19
20
21
22

X

Y

WGS84,
36N

WGS84,
36N

547887
550705
553971
553377
551225
554212
552170
551007
548947

3863446
3859305
3859467
3856211
3854255
3855898
3854020
3854701
3860996

Station_Ty

Village_Na

Groundwater
Groundwater
Groundwater
Groundwater
Groundwater
Groundwater
Groundwater
Groundwater
Groundwater

KALO CHORIO
TERSEFANOU
DROMOLAXIA
KITI
KITI
PERIVOLIA
PERIVOLIA
SOFTADES
KLAVDIA

Figure 28. Monitoring network for the Kiti – Pervolia Aquifer Study Area A2

Troodos Fractured Aquifer (Study Area A3)
Geography
The Study area (Troodos aquifer), consists of the Troodos massif, an east-westelongated, dome-like topographic structure situated in the central part of the Island.
Out of the 9.245 square kilometres of the total area of Cyprus, Troodos aquifer
occupies a total area of 2.480 square kilometres (Constantinou, 2004). Land use is
approximately evenly divided between agricultural and forested whereas only about
1,4% of the total area is urbanized.

Figure 29. Land use (Corine 2006) (Study Area A3)

Topography and meteorology
Troodos massif is the most dominant topographic feature of the Island. As previously
mentioned, it is an east-west-elongated dome-like structure ranging in elevation from
less than 200 meters in the periphery and up to 1952 meters on the very top of mount
Olympus. Lithology and tectonics have a profound effect on topography; it shifts from
low relief topography in areas of pillow lava outcropping to a very rough terrain with
deep incised stream channels and very steep slopes in the areas of diabase and
ultramafic, inwards (Figure 29). The area’s average annual precipitation, based on data
from 55 rainfall stations within the study area for the period 1990-2014 is about
594mm. Precipitation is not evenly distributed neither in space nor in time
(throughout the year). Higher precipitation is seen in the central and southern part of
the massif and decreases significantly in lower elevations (Figure 30).

Figure 30. Digital Elevation Model (20m) (Study Area A3). Rainfall and climatological are depicted as circles and rhombus,
respectively, (Source: Geological Survey Department and Meteorological Services).

Figure 31. Mean Annual Precipitation distribution (IDW, max stations: 5 and Min stations:3) (Study Area A3) for the period
1990-2014 (Raw data source: Meteorological services).

The months of December followed by January are the wettest with an average annual
rainfall of 109mm and 97mm, respectively. Winter and spring seasons are usually

Mean Montly Precipitation 1990-2014 (mm)

followed by dry summers with little precipitation (Figure 32).
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Figure 32. Mean Monthly Precipitation for all 55 stations (Study Area A3) for the period 1990-2014 (Raw data source:
Meteorological services).

Similarly to precipitation, there are variations in humidity and temperature
throughout the study area which are, naturally, related to topography. Mean monthly
temperature and humidity data from 8 meteorological stations within the study area
are depicted in figure 5 bellow. The months of August followed by July are the hottest
months and January followed by February are the coldest ones (Figure 33). Humidity
is reversely related to temperature with the highest values being observed in winter
and the lowest in the summer.
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30,00

90,00
25,81 25,89

25,00

22,84

80,00
22,53
18,56

18,53

20,00

70,00

13,96

15,00
79,11 75,29
10,28
10,00

13,41 13,41
77,26
67,51 9,24

65,49

7,35

60,00

56,71

50,28

44,04 41,35 43,61

49,68

57,31

50,00
40,00
30,00
20,00

5,00
10,00
0,00

0,00

Figure 33. Mean monthly temperature and mean monthly humidity for 8 stations (Study Area A3) for the period 1990-2014
(Raw data source: Meteorological services).

Geology (Study Area A3)
The Troodos ophiolite complex is one of the best preserved, lithologically complete
and well-studied ophiolites in the world.17

18 19

It consists of the mantle, plutonic,

intrusive and extrusive rock units overlain by the chemical sediments (Figure 34). It is
a part of an ancient oceanic crust that was created on the Tethys sea floor 91.6 (+/1.4) million years ago, during the Cretaceous.20 It forms the Troodos massif with the
impervious serpentinities and low permeability ultramafic mantle sequence
lithologies outcropping at the most elevated area at Mount Olympos (1951 m.a.s.l.),
concentrically surrounded by the heavily fractured mafic sequences of gabbros,
plagiogranites and diabase dykes with increased hydraulic conductivities, at
progressively lower elevations. The foothills consist of the pillow lava series with high
porosity but low permeability. The younger chemical sediments that are associated
with the genesis of the Troodos Ophiolite Complex consist of bentonitic clays, umbers
and radiolarites that outcrop in a patchy manner around the foothills of the Troodos
massif.21

Figure 34. The geology of the study area (Source Geological Map of Cyprus 1:250000)

The Troodos ophiolite complex was created along a spreading center above the
subduction zone of the ancient Tethys Sea. It was twisted 90° counterclockwise,
uplifted and placed in its current position and elevation during very complex
geological processes that involved the placement of continental crust bellow the
denser oceanic crust, collision of the African tectonic plate to the south with the
Euroasian to the north and the serpentinization of the ultramafic rocks such as the
harzburgites. During the Plio–Pleistocene there was a rapid uplift of Troodos that
caused additional substantial faulting and fracturing as well as weathering of the
overlaying rocks.17,18,19 In addition to the pseudo “stratigraphic” inversion of the
Troodos i.e. ultramafic rocks outcropping on the topographic higher areas of the
Troodos, uplift has also substantially increased the secondary porosity of the ophiolite
rocks and at the same time provided the sediments that were subsequently deposited
in the lowlands to form the most important clastic aquifers of the Island.21
Hydrogeology (Study Area A3)
Up until the 1970’s, the Troodos was considered to be an aquiclude of minor
hydrogeological importance. Nonetheless, hydrogeological studies and groundwater

prospecting proved that the Troodos ophiolite rocks host an important fractured
aquifer system of not only local but regional importance. Secondary porosity in
conjunction with the relatively high amount of precipitation in the Troodos mountains,
facilitate groundwater percolation along and within faults and fractures giving rice to
a very complex multi-lithological, multisystem fractured aquifer. In 1970, the UNDP
project completed a survey for the groundwater and mineral resources of Cyprus.
During this study, the prospecting potential of the Troodos massif was recognized and
a first attempt was made to quantitatively and qualitatively investigate Troodos
aquifer.22 It was also conceptualized that groundwater flow occurs from
topographically higher lithologies like gabbro to the lower ones, i.e. the diabase and
volcanics, and even reaching the circum Troodos sediments in the lowlands (Christofi
2016). During the Pitsilia Rural Development Project in 1976-1983 a total of 105
boreholes have been drilled in the Troodos ophiolite complex. It revealed (i) 42%
success rate (with yields greater than 10 m3/hr); (ii) a general trend of borehole yield
increase with depth up to 250 m from the surface, which ranged from 10 to 135 m3/hr;
(iii) the possibility of success was higher in gabbro, less in diabase and the lowest in
the volcanic rocks; (iv) the possibility of success increased with decreasing distance
from known uphill lineation and with increasing precipitation; and finally (v) uphill
slope continuity affected borehole yield. 23 Since then, a great number of government
and private boreholes have been drilled and it has been proven that groundwater can
be struck even at depths reaching down to 425 m from the surface, approximately 200
m below sea level. 21 The first conceptual model of the Troodos fractured aquifer was
developed during this period that suggested, among others, that groundwater flow
occurs from the gabbros to the diabase and through the volcanics to the circum
Troodos sediments.
During the Groundwater Resources of Cyprus project 2001-2004,24 the
abovementioned, preexisting conceptual model, was graphically presented through a
balanced 2D-groundwater flow model along two perpendicular geological crosssections extending over the complete NS and EW extension of the Troodos Mountains
(Figure 35). Simulation periods of 100 and 500 years were run and the results
suggested that on a regional scale groundwater percolation occurs from the ultramafic

and plutonic rocks on the top of Troodos down to the lowlands even recharging the
circum Troodos sediments (Figure 36 and Figure 37).

Figure 35. Simplified geological map with the location of the modeled groundwater flow cross-sections (Source GRC Project, 2004)

Figure 36. Modeled flow lines of the upper Troodos with simulation time of 100 to 500 years. (Source GRC Project, 2004)

Figure 37. Modeled flow lines of the Kargiotis and Kouris valleys with simulation time 500 years. (Source GRC Project, 2004)

Troodos aquifer quantity status
During the 1970 U.N.D.P. study22 the hydrogeology of Troodos was quantitatively and
qualitatively investigated. The groundwater prospecting potential of the Troodos
massif (2.480 Km2) was recognized scientifically for the first time and recharge was
estimated to be around 110 Mm3/year, while surface runoff and pumping amounted
to around 55 Mm3/year. The GRC project, estimated recharge (usable direct recharge)
to be somewhat higher, totaling to 154,83 Mm3/year (Figure 38 and Table 6)

Figure 38. Steady usable direct recharge of the different Hydrogeological Regions (Source: GRC Project, 2004)

mm

mm
/a

1.07

recharg
e/mobil
e
0.049

67

1.07

71

0.28

14.24

36

0.14

75

45.26

7.84

34

20.4

%

mm

16

0.7

1374

22.13

1374

22.13

66

4

0.2

753

3.01

5

0.02

606

24.7

4817

2919.94

10

5.83

49

Mm³

Steady
usable
direct
recharge

Direct
Recharge

Mobile
water
Mm³

Turnover

km²

A1
(other)
B2
(other)
C1
(Pillow
Lavas)

Total
storage
saturated

Area

Unit

Table 6. Troodos aquifer model balance results (Source: GRC Project, 2004)

mm

Mm³

Mm³
/a

C2 (Basal
Group)
C3
(Diabase
)
C4
(Gabbro)
C5
(Ultrama
f.)
total

394

16.1

549

216.17

78

30.88

111

43.5

1.413

50

19.49

106
6

43.5

399

425.28

37

39.38

169

179.92

4.573

76

80.6

229

9.3

869

198.68

73

16.71

253

57.78

3.435

113

25.88

137

5.6

900

123.25

175

23.97

105

14.35

0.599

53

7.23

245
1

100

1594

3908.47

57

138.92

140

342.17

2.463

63

154.8

Furthermore, since 2002 the Geological Survey Department maintains an automated
groundwater level monitoring network which covers the main aquifers of the island.
Because of the importance of TFA almost half of such stations are situated within the
Troodos area. Groundwater fluctuations depict recharge, long term effect of pumping
and precipitation trends. Figure 39 to Figure 43 show the position of all the monitoring
stations and the corresponding absolute groundwater level.

Figure 39. TFA groundwater monitoring stations. Labelled stations are the ones used in depicting groundwater level
fluctuations bellow

50

Figure 40. Absolute Groundwater level fluctuations at monitoring station 2009/057 in gabbro (Source: GSD)

Figure 41. Absolute Groundwater level fluctuations at monitoring station 1994/071 in gabbro (Source: GSD)
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Figure 42. Absolute Groundwater level fluctuations at monitoring station 2001/065 in gabbro

(Source: GSD)

Figure 43. Absolute Groundwater level fluctuations at monitoring station 1996/088 in diabase

(Source: GSD)

Troodos aquifer quality status
Based on literature review 17 25 26 27 28 29 30 31 22 19 24 it appears that the predominant
water type in the Troodos as well as in similar fractured aquifers is that of bicarbonate.
The preliminary findings in terms of major water types, related hosting rocks and
possible hydrogeochemical processes involved are summarized and briefly presented
below. 32

52

Ophiolites’ mineralogy is known to be dominated by ferro-magnesium aluminosilicate
minerals such as olivine, pyroxenes and amphiboles. Plagioclase, Na-Ca
aluminosilicates, precipitate later, in the upper part of the magma chamber. Mg-HCO3,
MgCa-HCO3, CaMg-HCO3 and Na-HCO3 appear to be the dominant water types for
ultramafic rocks, gabbro, diabase and volcanics, respectively. Hosting rock mineralogy,
precipitation chemistry and pH, water–rock contact time, and the extend of recharge
are the primary controlling factors on groundwater hydrochemistry. 19 22 24 25 2627 28 29
30 31 33 34 35

The major water types and related hosting rocks and possible

hydrogeochemical processes involved are presented in Table 7.
Table 7. Prevailing water types in ophiolites’ hosting rock(s); literature review findings (Source: Christofi 2016)

Water Type
Mg-HCO3
MgCa-HCO3
CaMg-HCO3
Na-HCO3
SO4
Hyperalkaline, Ca-OH or Na-Cl

Predominant hosting rock
Ultramafics
Gabbros
Diabase
Volcanics and diabase
Mostly in Volcanics
Serpentinites and volcanics

Agriculture and consequently increasing nitrate concentrations is the predominant
anthropogenic pressure on both surface and groundwater within the study area. Table
8 tabulates the results from the aquifer’s quality status assessment within the
frameworks of Water Framework Directive implementation for the period 2007-2015.
Table 8. Chemical status of Troodos aquifer based on Water Framework Directive monitored parameters for
period 2007-2015.

Threshold
Value

Average
Value

Mean
Value

Maximum
Value

Count

Cd

10 μg/l

0.38

0.09

4.75

238

Hg

10 μg/l

0.15

0.1

0.45

208

Pb

10 μg/l

2.05

1.5

35.08

227

Ec

2500 μS/cm

628.38

503

2290

237

Cl

250 mg/l

33.4

24

144.4

209

SO4

4250 mg/l

127.26

31

1311

209

NO3

50 mg/l

7.52

0.96

70.83

205

NH4

0,5 mg/l

0.04

0.03

0.2

198

C2Cl4

2 μg/l

0.04

0.03

0.065

203

C2HCl3

5 μg/l

0.04

0.03

0.065

203

Parameter
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Main
source

Geogenic

The data on chromium concentration in Troodo’s groundwater are depicted in Figure
44 and the statistical analysis of average and maximum values (per monitoring
borehole) are shown in Table 9.

Figure 44. Groundwater average and maximum chromium concentration (Study Area A3) (Source: GSD)

All but one sample show chromium concentrations bellow 6.5 ppb. Despite the fact
that the highest concentration is observed within the ultramafics, no other discernible
geogenic distribution is observed.
Table 9. Statistical analysis of groundwater average and maximum chromium concentration in the study area

Average Values

Maximum Values

n

194

194

Minimum (μg/l)

0,002245

0,00263

Maximum (μg/l)

15,006

27

Mean (μg/l)

1,9232

3,1247

54

Median (μg/l)

1,8625

3

Standard Deviation

1,332

2,7098

Furthermore, systematic samplings and measurements of chromium concentrations
in soil have been studied during the compilation of the Geochemical Atlas of Cyprus
project. 36 Chromium concentrations in the Troodos area were found to be relatively
elevated in ultramafics’ top soil Figure 2. In view of the above, further investigations
on chromium’s fate within the water cycle is necessary since the prevailing conceptual
model calls for regional groundwater flow from topographical higher to lower
lithologies Figure 35 to Figure 37.
Monitoring Network
Monitoring network focuses on monitoring ground and surface water within and/or
near the ultramafic rock exposures and ultimately where soil and hosting rock
chromium is relatively elevated. This aims to investigate the faith of either soil or host
rock chromium in the water cycle. The monitoring network for the Troodos aquifer is
depicted in Figure 39and tabulated in Table 10. Ground, surface, spring and
underground mine drainage waters are sampled. One of the surface water samples
falls outside the study area. Nonetheless it will help investigate any additional
chromium contribution (and its fate) from numerous springs along the path of the
Kouris River, a very significant river in both size and importance in terms of the study
area.
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Figure 45. Monitoring network for the Troodos Fractured Aquifer

Table 10. Monitoring network for the Troodos Fractured Aquifer
Name

Code

X

Y

WGS84,
36N

WGS84,
36N

Station Type

Village Name

1981/069
1976/067
1977/104
1978/132
1980/053
1985/050
1986/161

24
25
26
27
28
29

496347
499472
487082
489102
500722
513922
484097

3861791
3862021
3871161
3871601
3869051
3855981
3872126

Groundwater
Groundwater
Groundwater
Groundwater
Groundwater
Groundwater
Groundwater

PELENDRI (INCL. KARDAMA)
POTAMITISSA
MOUTOULLAS
GALATA
LAGOUDERA
EPTAGONEIA
KALOPANAGIOTIS (INCL. ORKONTAS
AND
MONI
AGIOU
IOANNI
LAMPADISTI)

1987/158
1990/145
1991/044

30
31
32

499078
493362
491142

3863209
3866491
3869761

Groundwater
Groundwater
Groundwater

1991/099
1996/094
1997/027
1997/033
1998/V01
1999/053
2001/034
2002/024

33
34
35
36
37
38
39
40

483972
502675
516742
494065
517802
506399
509862
516860

3866161
3862255
3854171
3862815
3846651
3866427
3855131
3851830

Groundwater
Groundwater
Groundwater
Groundwater
Groundwater
Groundwater
Groundwater
Groundwater

POTAMITISSA
KATO AMIANTOS
KAKOPETRIA (INCL. PLATANIA AND
AGIOS NIKOLAOS STEGIS)
PALAIOMYLOS
AGIOS IOANNIS
KLONARI
KATO AMIANTOS
PYRGOS
ASKAS
DIERONA
SANIDA
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2009/013
2006/044
2015/012
Alas 9-9-9-7

42
43
44

422660
507670
489989
492105

3861790
3856650
3866254
3867250

Groundwater
Groundwater
Groundwater
Spring

Arkolachania 9-6-3-GSD1

45

491248

3861661

Spring

CHROME
MINES
(KANNOURES) 3-1-1-20

46

488972

3866820

Effluent

PELENDRI (INCL. KARDAMA)
ARAKAPAS
PANO AMIANTOS
KAKOPETRIA (INCL. PLATANIA AND
AGIOS NIKOLAOS STEGIS)
MONIATIS (INCL. MESAPOTAMOS
SAITTAS FYLAGRA)
POTAMOS GERMASOGEIAS

CHRYSOVRYSI 3-2-1-15

47

487300

3869800

Spring

NEBETHANE

Kaminoudhia 9-0-0-281

48

490112

3862081

Spring

KOURIS 9-6-3-36
KOURIS 9-6-3-GSD1

49
50

494820
493700

3863310
3864224

Stream
Stream

KOURIS 9-6-4-90
LOUMATA TOU AETOU ''A'' 96-3-12
PHYLAGRA 9-6-3-66
YEROKAMINA 9-6-1-27

51
52

491670
489620

3849020
3864118

Stream
Spring

MONIATIS (INCL. MESAPOTAMOS,
SAITTAS, FYLAGRA)
KATO AMIANTOS
MONIATIS (INCL. MESAPOTAMOS
SAITTAS FYLAGRA)
ALASSA
PANO PLATRES (INCL. TROODOS)

53
54

493440
487546

3860200
3862107

Spring
Spring

PHYLAGRA
PANO PLATRES (INCL. TROODOS)
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