
Water samples were collected from 13 case study 
areas in central and eastern Mediterranean countries 
including Italy, Greece, Cyprus and Turkey during 
wet and dry seasons of 2017. The effect of dry 
climate conditions on groundwater quality was also 
examined by using Oman as the arid end member. 

The main objectives of the present study are to:
• Compare the major groundwater quality 

parameters from present wet to dry climate 
conditions.

• Assess Cr(VI) occurrence in groundwater under 
the present climate gradient from Italy to Oman.

• Propose a conceptual framework for identifying 
feedbacks between Cr(VI) groundwater 
contamination and future climate scenarios in the 
study areas.  

The general characteristics of the case studies are 
described in Table 1.
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Case Study
Total Prec.
Wet Season 

(mm) 

Total Prec.
Dry 

Season 
(mm) 

Main 
Water 
Uses

Lithology of 
Cr(VI) 

Impacted 
Aquifer

IT-Pollino 793 337
Domestic &
Industrial

Serpentinite, 
shale & 

conglomerate

GR-Thiva 445 111
Irrigation, 
Industrial

Conglomerate, 
sand, silt

GR-C.Evia 258 81
Irrigation &
Industrial

Serpentinite &
conglomerate, 

sand, silt

GR-Loutraki 272 56
Drinking & 
domestic

Serpentinite & 
conglomerate, 

sand, silt

GR-Schinos 272 56 Irrigation
Serpentinite &
conglomerate, 

sand, silt
TU-Mersin, 

Tarsus,
Karaduvar

Kazanli

515 122
Irrigation & 
Industrial

Serpentinite,
sedimentary 

rock & alluvial
Deposits

CY-Troodos 685 202
Irrigation 
purposes

Serpentinite

CY-Kiti-
Perivolia

345 70
Domestic & 
Irrigation

Conglomerate, 
sand, silt

CY-
Kokkinochoria

327 77 Irrigation
Conglomerate, 

sand, silt

OM-Nakhl 120 22
limited 

water use
Serpentinite

OM-Barka 77 7 Irrigation
Conglomerate, 

sand, silt

Figure 5 -Interannual evolution of SPI12 for Italy,
Greece, Turkey, Cyprus and Jordan case studies
according to model simulations under RCP 4.5 and
RCP 8.5 for 1971-2095

Table 1- Precipitation, water uses and aquifer lithology of the 

study areas.
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Figure  2-Piper diagram of a)Wet season and  b) Dry season of 2017  

Figure 1- a) Map showing occurrences of eastern Mediterranean and 
Peri-Arabic ophiolite sequences -remnants of the ancient Tethys ocean 
floor and potential sources of Cr(VI) in groundwater. Case study areas 
of the ERANETMED CrITERIA project are marked with stars b)
Drought Severity map with CrITERIA case studies [1].

Figure 3- Diagrams of the main physicochemical parameters of wet and dry season of 
2017  a)Conductivity EC  , b) pH, c) Dissolved oxygen (DO), d) Nitrate (NO3), e) 
Hexavalent chromium (Cr(VI)) f) Scatter plot of Hexavalent chromium concentrations vs 
total chromium concentrations in groundwater of the Greek case study areas.

Table 2 Trends and differences of precipitation indices 

between the reference period and near and distant future of 

precipitation indices for RCP 4.5 | RCP 8.5. Non statistical 

significant values (at a=0.05) are indicated with n.s.

b)

Figure 4- Scatterplot diagram of HCO3/Mg molar 
ratio vs Mg/Ca molar ratio.
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Freshwater resources are directly linked to both ecological services and human development, while water quality has 
been recognized as a water management problem with great sensitivity to climatic variability and change as early as 
the 1980's. Specifically, groundwater quantity and quality can be directly affected through changes in precipitation, 
evapotranspiration, recharge rates, and indirectly through changes in land use, irrigation and other human activities.

In the present collaborative research within the frame of the ERANETMED CrITERIA project, we assess real 
situation data from case study areas following a gradient from relatively wet to dry conditions (Fig.1a-b). A 
common feature of the studied groundwater bodies is the presence of geogenic Cr(VI) which is linked to ophiolitic
rock occurrences.

A total of 245 groundwater samples were collected from the studied aquifers. Both major and minor elements were 
analysed with a variety of analytical techniques including spectrophotometry, atomic absorption spectroscopy (AAS) 
and inductively coupled mass spectrometry (ICP-MS). 

• The majority of groundwater samples are of Mg-HCO3, Mg-Ca-HCO3 and Ca-Mg-HCO3 type (Figure 2a,b). 
However, the dispersion of samples towards high chloride and sodium concentrations  indicate the impact of sea 
water intrusion on the quality of groundwater in some areas. This is also justified by the elevated values of 
conductivity in these areas (Fig.3a). 
• Slightly alkaline pH values, typical of groundwater interacting with ultramafic rocks, predominate in all areas 
(Fig.3b). 
• A decreasing trend of dissolved oxygen (DO) is observed from wet to dry climate conditions (Italy to Cyprus). This, 
combined with an increasing trend in ambient temperature  possibly points to biogeochemical processes lowering 
the DO concentration in water (Fig.3c). 

• The influence of anthropogenic activities 
such as intensive agriculture is indicated 
by high nitrate concentrations occurring 
mainly in the groundwater of agricultural 
areas of Greece and Cyprus (Fig.3d).

• Cr(VI) concentrations range between 
< 2 μg/L and 130 μg/L are in agreement 
with reported geogenic concentrations 
from the international literature. The 
systematically higher concentrations 
observed in Italian and Greek areas 
compared to the other countries could 
partly be attributed to a higher level of 
industrialization of both countries. 
However, selection bias can not be 
excluded as a reason. In Oman, 
concentrations of total Cr range from 
30.9-59.8μg/L and 16.5-90.5 in the Nakhl 
and Barka areas respectively.

• Cr in groundwater occurs mainly in its 
hexavalent state which is the toxic form 
of Cr (Fig. 3f).

• No significant differences were observed 
between the wet and dry sampling 
seasons  for any of the parameters.

• The majority of samples have a molar 
ratio of HCO3/Mg close to 2 (Fig. 4), 
indicating water interaction with 
seprentinite [2] which is a potential 
geogenic source of Cr.

From a climate change perspective, an overview of the 
present conditions and possible future changes has been 
assessed based on CORDEX experiment simulations under 
RCPs 4.5 and 8.5 after further downscaling over the case 
study areas providing high spatial resolution information.

The comparison between present and future climate for both 
scenarios points towards a dryer climate. RCP 4.5 shows a 
mild decrease in precipitation that becomes more severe 
towards the end of the century, though under the RCP 8.5 
intense decrease is explicit in most timescales (Fig. 5 and 
Table 2) [3]. 

The significant increase of precipitation variability and short 
and long-term drought are likely to affect freshwater systems 
in the case studies as temperature and air humidity rates 
influence evapotranspiration, one of the basic components of 
the  simplified water balance equation:

P= E + R + G

P: Precipitation, E: Evapotranspiration, R: Surface Runoff and 
G: Groundwater Recharge

As a result the simultaneous increase of evapotranspiration
and the decrease of precipitation can reduce the infiltrated 
water (Fig.6) in groundwater bodies increasing the risk for 
both quantitative and qualitative degradation.

The case studies inter-comparison stresses the diverse needs on water management along the Mediterranean and at
the same time identifies common messages related to the future changes on water resources.

Our data indicate that under present conditions the problem of Cr(VI) contamination in ophiolite related aquifers is
also related to land use and that feedbacks exist between water quality and agricultural and industrial
(anthropogenic) pressures. For example, nitrification may play an important role on Cr release from its primary
mineral hosts [4].

Although, seasonal short term variations of aquifer conditions do not seem to play a significant role on Cr(VI)
concentration levels in any of the study areas, a decreasing gradient is observed in DO concentrations moving from
Mediterranean countries to Oman, indicating changes in biogeochemical conditions taking place within the aquifers.

The increased predicted climate variability and the trend in precipitation decrease with probable evapotranspiration
increase has profound impacts on water balance. These will primarily affect groundwater recharge and quantity in the
study areas, but will also lead to increased anthropogenic pressures on water.

The key for the estimation of potential groundwater quality feedbacks under changing climate in the future, including
geogenic Cr release and oxidation, lies with being able to better constrain and manage the effects of anthropogenic
pressures within water recharge zones.
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