
1. A preselection method (PS) has been applied to groundwater chemical data. Based on
the selected chemical indicators corresponding to human associated pressures, the
collected samples have been categorized into two groups : human impacted and closer to
natural background.

2. Mean concentrations of main pollutants such as NO3, Cl, SO4 are significantly higher in
the human impacted population whereas DO and pH values are lower indicating that
wastewater flows (urban sewage and agricultural return flows) are a major pollution
source in the studied aquifers.

3. Samples are impacted to a lesser extent by sea water intrusion, with the main
problematic areas to occur at the coastal part of Schinos and Central Evia aquifers.

4. Natural Cr(VI) concentrations range from 5.6 to 52.1 ug/L while the respective
concentrations in the human impacted samples are found to be higher, ranging from 6.1 to
163.6 ug/L.
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ASSESSING THE NATURAL BACKGROUND OF 

Cr(VI) IMPACTED AQUIFERS IN CENTRAL GREECE

In Greece, Cr(VI) occurrence in groundwater is an issue of public concern, with its origin to be

attributed both to natural and anthropogenic factors. According to Water Framework Directive

2006/118/EC the members states of the European Union have to take into account the natural

background levels in order to set threshold values for the assessment of groundwater chemical

status. Within such a framework, the scope of the present study is to assess the chemical

status deviation from the natural groundwater quality due to the human induced pressures in

porous aquifer which have as a common feature the geogenic origin of Cr(VI).

A total of 134 groundwater samples were collected during the wet and dry seasons of 2017 and

2018 from four Cr(VI) impacted porous groundwater bodies of Central Greece, where Cr(VI) can

be attributed to both geogenic and anthropogenic factors. Hexavalent Cr concentrations range

from <0.9 ug/L to 430 ug/L (Fig.1). The majority of wells are used for irrigation (79%) whereas

21% are used for domestic- drinking water supply (Fig.2).

A deterministic preselection method (PS) (Table 1) [1] was tested in order to discriminate two

sample populations, one representing human impacted samples and a second being closer to

natural background. The dataset used includes major and trace elements concentrations from

the sampling stations of the four porous aquifers which have as a common feature the geogenic

occurrence of Cr(VI) due to the interaction of water with ultramafic rocks (Fig.3).

According to PS method, the variances

of the two sample populations (human

impacted and natural) were compared

using one-way ANOVA. It was found

that the between groups variance is

significantly different than the within

group variance.

The descriptive statistics of Cr(VI) for

the two groups of samples are

presented in Table 2.

Median concentration of Cr(VI) for the

human impacted samples is 46.6 ug/L,

while the median being closer to natural

background is 17.2 ug/L (Fig.7).

❖ HYDROGEOCHEMICAL FEATURES

❖ NATURAL BACKGROUND OF Cr(VI)

Chemical 

Indicator

Pollution sources

Na/Na+Cl≈0.5 & 

TDS>500mg/L Sea water intrusion

Na/Cl>1 Wastewater

(urban sewage)

NO3>50mg/L Ammonium 

fertilizers, urban 

sewage 

DO<6 mg/L in 

shallow wells

Wastewater

(urban sewage)

SO4/Cl >0.09 Agrochemicals, 

wastewater

According to PS method out

of 134 samples, only 41

samples were categorized as

more representative of the

natural background. As it is

shown in Fig.4b , the

majority of the natural

sample population has a Mg-

HCO3 water type, which is

typical in areas where

groundwater interacts with

ultramafic rocks. In contrast,

human impacted sample

population presents a variety

of water types (Fig.4a)

showing the anthropogenic

signature. This is also

justified by the lower mean

values of DO (6.7mg/L) and

pH (7.5) of the human

impacted population

comparatively with those of

the population closer to the

natural background

(Fig.5a,b). Human impacted

population is also

characterized by much

higher concentrations of

major pollutants such as Cl

(183.5mg/L), SO4 (87.6mg/L)

and NO3 (114.6mg/L)
(Fig.5c).
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Table 1: Chemical indicator criteria used 
in the PS method.

Some of the samples located in the coastal part of the aquifers are impacted by sea water

intrusion as they present a Na/Na+Cl ionic ratio equal to 0.48 (Aegean sea water ratio) and

high EC values (Fig.6a). Wastewater leakage was also identified with many samples to

present a Na/Cl ionic ratio greater than 1 and a SO4/Cl greater than 0.09 (Fig.6b,c) [2.3]. The

negative correlation of DO with EC (Fig.6d) further supports the impact of wastewater flows

on groundwater quality. In particular, the use of agrochemicals was also justified by the

identification of agrochemical grain aggregates in suspended material collected on water
filters (Fig.6e,f).

Number of 
samples (n)

Mean StDev of mean Minimum Median Maximum

Human impacted
population (H)

87 52.3 37.1 6.8 46.6 163.6

Natural
population (N)

41 22.8 12.9 5.6 17.2 52.1

Figure 6 : a) Scatter plot of EC versus the ionic ratio of Na/Na+Cl , b) Scatter plot Cl concentrations versus the ionic ratio of Na/Cl ,
c) Scatter plot Cl concentrations versus the ionic ratio of SO4/Cl , d) Scatter plot of EC versus DO, e,f) Scanning electron
microscope (Sem) microphotographs of of agrochemical grain aggregates in suspended material collected on water filters.

Table 2: Descriptive statistics of Cr(VI) concentrations in ug/L for the human impacted and natural population.
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Figure 4 : a) Water types of human impacted population , b) Water types of natural 
population

Figure 5 : Comparative interval plots of the human impacted and natural population for a) 
Dissolved oxygen (DO), b) pH and c) Na, Cl, SO4 and NO3 concentrations.
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Figure 7 : One-way ANOVA boxplot diagram for Cr(VI)
concentrations of human impacted and natural population.

Figure 1 : Land use map of the study areas with Cr(VI) concentrations.

Figure 3: Hydrolithological conceptual models a) Loutraki basin, b) Schinos basin, c) Central Evia basin and d) Thiva basin.

Figure 2: Water use percentage
of the sampled wells.
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