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Abstract 

Soil, as the primary receptor of anthropogenic urban contamination acts as a sink for a variety of
toxic and other hazardous substances.  It constitutes, therefore, an indicator of contamination and
may be utilised geochemically to assess environmental quality of urban and suburban areas.

In Nafplion, an urban and suburban area of 50 km2, was investigated using for the first time in Hel-
las an integrated approach with all available geoscientific techniques to make an in-depth environ-
mental impact assessment.  One of these techniques was applied geochemistry, which mapped the
geochemistry of surface soil (0-10 cm) with 144 samples, collected on a regular grid of 500 x 500 km.
The following fifty determinands were measured on the soil samples:  Ag, Al, As, B, Ba, Be, Bi, Ca,
Cd, Ce, Co, Cr, Cu, Fe, Ga, Ge, Hg, K, La, Li, Mg, Mn, Mo, Na, Nb, Ni, P, Pb, Rb, Re, S, Sb, Sc, Se,
Sn, Sr, Ta, Te, Th, Ti, Tl, U, V, W, Y, Zn, Zr, pH, electrical conductivity and grain-size distribution.

The aim of the geochemical study was to distinguish, as far as possible, the origin of chemical ele-
ments, and (i) to classify them as geogenic or anthropogenic; (ii) to delineate contaminated areas,
and (iii) to assess potential future impacts of human activities on soil.

Interpretation of the resulting geochemical patterns has shown that those of  Al, Fe, Be, Ce, Cr,  Co,
Ga, Ge, K, La, Li, Mg, Nb, Ni, Rb, Sc, Sr, Tl, V, Y, W and Zr are of geogenic origin, since they are
directly related to parent rocks, whereas patterns of As, B, Ba, Bi, Ca, Cd, Cu, Mn, Mo, Na, P, Pb,
S, Sb, Sn, Th, U and Zn are interpreted as being of dual origin, geogenic and anthropogenic.  In this
paper, the geochemical distribution of only five elements shall be described, i.e., Pb, Zn, Cu, Ni and
Na.  This case study was indeed very interesting, since for the interpretation of some patterns, even
the military history of the area had to be unravelled.
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1. Introduction

As more population is moving to towns, seeking better working and living conditions, there is a
greater pressure on finding suitable land for industrial, residential and recreational use.  Urban and
suburban soil, because of past and current polluting activities, is considered to be of potentially high
health risk with respect to toxic elements and organic compounds. Surface soil is the main receptor
of urban contaminating activities, since it acts as a collector and a reservoir of toxic elements and
other substances.  It is, therefore, a good indicator of anthropogenic contamination, thus, allowing
the geochemical assessment of the quality of the urban and suburban environment.  Since, the qual-
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ity of our living environment affects our health and overall well being, it is necessary to map the dis-
tribution of toxic elements and other substances in soil, and to locate and delineate precisely haz-
ardous areas, which must be rehabilitated before their reuse for residential, recreational, or even
industrial, purposes. 

The present work is part of an integrated geo-environmental study and refers to the results of the geo-
chemical survey carried out in the urban-suburban area of the city of Nafplion (Tassiou, 2009; Vas-
siliades, 2009), which is situated in the north-eastern part of Peloponnese, Hellas (Fig. 1).  The
integrated geo-environmental study covers an area of 50 km2, and is delimited to the south by the
Palamidi hill, to the east by Aria hill and the Exostis-Lefkakia depression, to the north by the Argos-
Tirintha-Nafplion plain and to the west by the Akronafplia (Arvanitia) peninsula (Fig. 2).

2. Objectives of urban geochemical survey

The aims of the soil geochemical study, carried out in the urban-suburban area of the city of Naf-
plion, were to distinguish, as far as possible, the origin of inorganic chemical elements, and (i) to clas-
sify them as geogenic or anthropogenic; (ii) to delineate contaminated areas, and (iii) to assess
potential future impacts of human activities on surface soil.

Fig. 1: Map of Hellas showing the location of the city of Nafplion in relation to Athens.
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3. Lithology and morphology

In summary, the geological formations on which the residual soil was developed are the following
(Photiades, 2008, 2010):  

• neritic limestone of Lower to Upper Cretaceous age with its base rich in serpentinite breccio-
conglomerate; 

• limestone and dolomite of Upper Triassic to Lower Jurassic age, locally with Fe-Mn encrus-
trations; 

• serpentinite tectonic mélange;
• flysch mélange;
• tectono-sedimentary mélange (clastic ophiolithic formation), 
• Quaternary alluvial deposits with swampy and brackish soil, and
• Recent fluvial deposits comprising heterogeneous coarse materials, derived from the erosion

of the pre-Neogene basement. 

Morphologically, the area constitutes an old weathered surface.  The limestone outcrops are strongly
weathered, and the collected soil samples are mostly residual (terra rossa). 

4. Methods

4.1 Sampling and sample preparation

The routine soil samples (0-10 cm) were collected from a regular grid of 500 x 500 m that covered
an area of 50 km2.  Duplicate field samples were collected from 10% of the sites for quality control
purposes, and the estimation of sampling, analytical and geochemical variance.  In total, 144 soil
samples were collected, weighing about one kilogram each.  The soil samples were dried at 30oC and
then sieved through a <2 mm nylon screen.

4.2 Chemical analysis

The following chemical elements were determined by an ICP-AES Spectrometer after a hot aqua
regia leach:  Ag, Al, As, B, Ba, Be, Bi, Ca, Cd, Ce, Co, Cr, Cu, Fe, Ga, Ge, Hg, K, La, Li, Mg, Mn,
Mo, Na, Nb, Ni, P, Pb, Rb, Re, S, Sb, Sc, Se, Sn, Sr, Ta, Te, Th, Ti, Tl, U, V, W, Y, Zn and Zr.  Aqua
regia dissolution is effective for base metals and associated elements in sulphides, oxides and car-
bonates.  Rock forming elements and refractories are only partially attacked.  It is noted that the
aqua regia leach is partial for B, Ba, Be, Ca, Ce, Cr, Fe, Ga, Ge, La, Li, Mg, Nb, Rb, Re, Sb, Sc, Sn,
Sr, Ta, Te, Th, Ti, Tl, W and Zr, and limited for Al, K and Na.  In addition, the soil pH, conductiv-
ity and the grain-size distribution were also determined.

The quality of analytical results was monitored by laboratory internal control samples, blanks and
subsamples of the routine soil and field duplicates.  Overall analytical precision was better than 5%
at the 95% confidence level for almost all elements determined.

4.3 Data processing

A geostatistical spatial structural analysis study was performed on the geochemical data of each el-
ement by plotting semi-variograms in different directions, and testing the extracted parameters by
point kriging before plotting its distribution map by ordinary kriging with Golden Software’s Surfer
program (Tassiou, 2009; Vassiliades, 2009).  A ten grade colour scale was used for map plotting,
which is based on the following percentiles:  2.5, 5, 10, 15, 25, 50, 75, 90, 95 and 97.5. 
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5. Results

In this paper, the geochemical distribution of only a few elements is described, e.g., Pb, Sn, Cu, Ni,
and Na.  For a full description of results the reports by Tassiou (2009) and Vassiliades (2009) should
be consulted.

5.1 Lead (Pb) distribution

Lead varies in surface soil (0-10 cm) from 4.65 to 166.8 ppm, with a mean and median of 30.0 and
20.6 ppm, respectively (Fig. 2).  One sample had a value of 882 ppm Pb, and was removed for the
data processing, because it distorted the patterns.  Levels of Pb>51.56 ppm characterise the city of
Nafplion, and especially the area of Palamidio castle, with the source of polluting activities going
back to the Hellenic war of independence against Turkey in the early nineteenth century.  Elevated
Pb values are also observed near to major roads.

5.2 Tin (Sn) distribution

The Sn variation in surface soil (0-10 cm) is from 0.1 to 17.6 ppm, with a mean and median of 1.69
and 0.97 ppm, respectively (Fig. 3). Given that 11 ppm Sn is the maximum total value for unconta-
minated soil (Chapman, 1972; Kabata–Pendias and Pendias 1984), values >9 ppm Sn, specifically
in the city of Nafplion, and around Palamidi hill, appear to be related to anthropogenic activities.
Similar to Pb, elevated Sn values are observed near to major roads.

Fig. 2: Geochemical distribution of aqua regia extractable Pb in the <2 mm fraction of soil (0-10 cm), Nafplion,
Peloponnese, Hellas.

Ψηφιακή Βιβλιοθήκη Θεόφραστος - Τμήμα Γεωλογίας. Α.Π.Θ.



XLIII, No 3 – 1524

Fig. 3:  Geochemical distribution of aqua regia extractable Sn in the <2 mm fraction of soil (0-10 cm), Naf-
plion, Peloponnese, Hellas.

Fig. 4: Geochemical distribution of aqua regia extractable Cu in the <2 mm fraction of soil (0-10 cm), Nafplion,
Peloponnese, Hellas.
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5.3 Copper (Cu) distribution

Copper varies in surface soil (0-10 cm) from 3.85 to 278 ppm, with a mean and median of 41.6 and
32.7 ppm, respectively (Fig. 4). The elevated Cu values (>47 ppm) in the north part of the study area,
to the north-east of Aria and to the south-west of Lefkakia are considered to be due to agricultural
activities, i.e., copper sulphate is used as a herbicide, fungicide and pesticide.

5.4 Nickel (Ni) distribution

The Ni distribution in surface soil (0-10 cm) varies from 10.4 to 835.6 ppm, with a mean and me-
dian of 158.3 and 112.0 ppm, respectively (Fig. 5). The high Ni values characterise the flysch tec-
tonic mélange, which locally includes olistoliths of mafic lava, serpentinite and ophiolithic rocks,
as well as the tectono-sedimentary mélange of Upper Jurassic and the serpentinite tectonic mélange.
The geochemical patterns of Ni are almost identical to those of Cr and partly of Co, suggesting,

therefore, that the anomalous patterns are of geogenic origin.

5.5 Sodium (Na) distribution

Sodium varies in surface soil (0-10 cm) from 0.005 to 0.864%, with a mean and median of 0.033 and
0.015%, respectively (Fig. 5).  High Na concentrations are observed in the western part of the area
along the coast, and mainly to the north of Nafplion.  The reasons for these elevated Na values is sur-
face soil are probably sea spray, and irrigation with saline water due to marine water intrusion caused
by over pumping of shallow aquifers.  This area is also characterised by high values of B, S and Sr,
supporting, therefore, the marine influence interpretation.

Fig. 5: Geochemical distribution of aqua regia extractable Ni in the <2 mm fraction of soil (0-10 cm), Nafplion,
Peloponnese, Hellas.
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6. Conclusions

Interpretation of geochemical patterns of elements, presented on maps, is a complex, and difficult
task, because it requires an integrated evaluation of all available information.  It involves the study
of raw data, their statistical parameters, including linear correlation coefficients, as well as pH, elec-
trical conductivity, particle size distribution, geology and geomorphology of the area, and finally in-
situ observations with respect to land use.

Elevated geochemical patterns of Cr, Ni, Co, Mg and pH describe geological structures, such as the
tectono-sedimentary mélange and serpentinite mélange.  Areas with intense chemical weathering of
limestone (occurrence of terra rossa) are indicated by elevated geochemical patterns of Al and low
Ca.  In the terra rossa there is an accumulation of many elements (e.g., Al, As, Ba, Be, Cd, Ce, La,
Ga, Ge, Fe, Mn, Pb, Sb, Sc, V, Zn), and the resulting patterns are considered to be of geogenic ori-
gin.  Other elements with values, exceeding the natural geochemical background, such as Pb, Sn, Sb,
Zn, Mo, ± As, ± Bi, are associated with urban development.  Whereas, locally elevated values of Cu,
P, U, Zn, ± Cd and ± Th occur in agricultural areas, and are ascribed, therefore, to be caused mainly
by anthropogenic activities (Tassiou, 2009).

It is concluded that overall, the distribution patterns of chemical elements in the Nafplion urban and
suburban area are mainly of geogenic origin, and that anthropogenic contamination is of local sig-
nificance.  

Finally, urban geochemical studies are important, because they provide fundamental data about the
chemical state of our living and working environment, and they also establish the geochemical base-
line against which comparisons can be made in the future by either monitoring programmes or ac-
cidents of any type.

Fig. 6: Geochemical distribution of aqua regia extractable Na in the <2 mm fraction of soil (0-10 cm), Nafplion,
Peloponnese, Hellas.
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