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INTRODUCTION

LAND USES & WATER DEMANDS

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. Here we focus on the water quality of four groundwater bodies in
central Greece. A common feature of the studied aquifers is the presence of geogenic Cr(VI),
linked to ophiolithic rock occurrences. Our data are interpreted within the frame of the
ERANETMED CrITERIA project.
In CrITERIA, groundwater quality is assessed following a gradient from relatively wet to dry
conditions along the Tethyan Suture Zone that structurally defines locations of ophiolite
occurrences, extending from the eastern Mediterranean to Oman.
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We examine the linkage between the presence of mainly geogenic Cr(VI) in groundwater
bodies of Central Greece and environmental pressures in the respective aquifers induced by
the combined effect of anthropogenic activities and climate change, within the water recharge
zones.
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Estimated water demands in the study areas are driven by the current state of landuse. According to data
from CORINE 2012 landuse database, irrigated agricultural land imposes the largest proportion of water
demand on recharge areas of the studied water bodies. Especially in the Thiva-Asopos basin water
demand for irrigation reaches 91% of the total.
This fact, combined with the hypothesis of positive feedbacks between irrigation water return - application
of agrochemicals and Cr(VI) release in groundwater indicates that agriculture is the most significant
anthropogenic pressure on groundwater resources with respect to Cr(VI) concentrations.
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Background map source: Kaprara et al., 2015

Maps showing the location of Cr(VI) impacted groundwater bodies in Central
Greece (left map) and study areas of the ERANETMED CrITERIA project (map
above), extending along the Tethyan Suture Zone ophiolites.
A decreasing trend in dissolved oxygen (DO) in groundwater is noted on data
collected in 2017 in all participating countries going from west to east.

In addition to anthropogenic pressures a high
spatial resolution analysis has been performed
with observational data and climate model
simulations on several time-scales drought and
extreme precipitation, providing a concise picture
of drought and flooding events for the present
and the future climate for the case study areas
(Hatzaki et al. 2017).

RESULTS
HYDROGEOCHEMISTRY & ANTHROPOGENIC PRESSURES ON
GROUNDWATER RESOURCES
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The majority of groundwater samples (>100 measurements) are of Mg-HCO3, Mg-Ca-HCO3
and Ca-Mg-HCO3 type.
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.
Cr(VI) concentrations range between < 2 μg/L and 130 μg/L - in agreement with reported
geogenic concentrations from the international literature (Fantoni et al. 2002; Megremi et al.
2013). Cr in groundwater occurs mainly in its hexavalent state which is the toxic form of Cr.
Most samples have a molar ratio of HCO3/Mg close to 2, indicating water interaction with
seprentinite (Fentoni et al. 2002) which is a potential geogenic source of Cr
The influence of anthropogenic activities such as intensive agriculture is indicated by high
nitrate concentrations (>50 mg/L) occurring mainly in the groundwater of agricultural areas.
High sulfate and chloride concentrations are more profound in coastal areas, indicating the
impact of sea water intrusion on the quality of groundwater (maps below).

Spatial distribution of annual precipitation (in mm) as derived from the E-OBS gridded data (map on the left) and interpolated
maps (right) displaying dry season precipitation totals (in mm) derived from model data for RCP4.5 for the near and the remote
future and for RCP8.5 (bottom left and right), respectively.

The most significant decrease is seen in annual precipitation for Asopos for the RCP8.5, which
reaches 11.5 mm/decade. The comparison between wet and dry seasons, indicates that for the
near future the precipitation will remain unaltered. For the remote future, the decrease during the
wet season will be of about 25%, for the two scenarios, while the dry season precipitation will
undergo significant changes under RCP8.5 that will exceed 42%.

CONCLUSIONS
1. A decreasing gradient is observed in DO concentrations moving from Mediterranean countries
to Oman, indicating changes in biogeochemical conditions taking place within the aquifers
when moving along the aridity gradient.
2. Irrigation of agricultural land seems to be the most significant anthropogenic pressure on
groundwater of the groundwater in the Greek study areas, while there is also evidence of water
salinization in coastal areas.
3. 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.
4. 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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