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Arsenic, antimony and other toxic elements
in the drinking water of Eastern Thessaly
in Greece and its possible effects

on human health

Abstract Twenty-six groundwater
samples were collected from the
Eastern Thessaly region and analysed
by ICP-ES for these elements: Al, As,
P,Pb,Zn, Mn, Fe, Cr, Sb, Cu, Na, Br,
Cl, Si, Mg, Ag, Be, Bi, Dy, Er, Eu, Au,
Ge, Ho, In, Ir, Os, Pt, Re, Rh, Ru, Lu,
Hf, Hg, Tm, Zr and Nb. The objec-
tives of the study were to assess the
level of water contamination with
respect to the EC and the USEPA
health-based drinking water criteria.
The geology of the studied area in-
cludes schists, amphibolites, marbles
of Palaeozoic age, ophiolites, lime-
stones of Triassic and Cretaceous age,
Neogene and Quaternary deposits.
The element ranges for groundwater
samples are: Al 7-56 pg 17!, As
1-125 pg 1'%, Br 6-60 pg 1™!, Cl
500-25,000 pg 17, Cr1-6 pug 1!, Cu
1-15 ug 1!, Fe 10-352 pug I, Mg
2,940-40,100 pg 1I"', Mn 0-8 pg 17",
Na 3,650-13,740 pg 1I”', P

20-48 ug 1", Pb 0-7 pg 17", Sb

0-21 pg 17!, Si3,310-13,240 pg 1™
and Zn 7-994 pg 17!, The results of
groundwater analyses from the
region of Eastern Thessaly showed
elevated concentrations of As and Sb.
Factor analysis explained 77.8% of
the total variance of the data through
five factors. Concentration of Br, Cl,
Mg, Na and Si is directly related to
the presence of saltwater in the aqui-
fer, so grouping of these variables in
factor 1 probably reflects the seawa-
ter intrusion. Al, As and Sb are
known to form complexes in the

environment, so grouping of these
elements in factor 2 indicates their
similar geochemical behaviour in the
environment. The high negative
loading of M in factor 2 indicates the
presence of manganese oxides—
hydroxides in the study area. Pb and
Zn are associated together in sulphide
mineralisation; so grouping of these
elements in factor 3 reflects the sul-
phide mineralization paragenesis in
the Melivoia area. P and Cu are
associated together in phosphate fer-
tilizers; so grouping of these variables
in factor 4 could be related to agri-
cultural practices. Cr, Fe, Mn and Mg
are associated together in iron and
manganese oxides—hydroxides and
the weathering products of the olivine
of the ultrabasic rocks; so grouping of
these elements in factor 5 reflects the
lithology of the area. There is a nat-
ural contamination of groundwaters
with elevated concentrations of As
and Sb due to the presence of the
arsenopyrite and stibnite mineralisa-
tion in the Melivoia, Sotiritsa and
Ano Polydendri areas. Contamina-
tion over the health-based drinking
water guidelines given by EC and
EPA has been investigated from nine
sampling sites out of 26 of Eastern
Thessaly region.
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contamination - Arsenic -
Antimony - Health risk -
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Introduction

Arsenic (As) is present usually in small amounts in all
water, soil, rocks and air (Onishi 1969). Arsenic exists
in oxidation states of =3, 0, +3, and +5. In water, in
reducing conditions, it is more likely to be present as
arsenite with an oxidation state of +3. However, if
the water is oxygenated, it is more likely to be present
as arsenate with an oxidation state of +5 (Interna-
tional Programme on Chemical Safety, 2001). Natural
waters contain low levels of arsenic, in the As (V)
form as H,AsO4 and as As (III) in As(OH); (Cox
1997).

The most common As mineral is arsenopyrite.
According to Goldschmidt (1954), arsenic is common
in galena, pyrite, chalcopyrite but very rare in sphal-
erite. The chemical behaviours of As and antimony
(Sb) are similar and both these elements form oxya-
nions in water and are chalcophilic group V metalloids
(Wilson et al. 2004). Antimony is considered to be
carcinogenic and toxic in a manner similar to arsenic
(Gebel 1997).

Carcinogenecity in humans due to the ingestion of
As-contaminated groundwater is currently regarded as
one of the major health problems in Banvgladesh, China
and Taiwan (Tseng et al. 1968; Islam et al. 2000; Guo
and Tseng 2000; Chakraborti et al. 2003; Watanabe
et al. 2004; Sun 2004; Paul 2004). Smith et al. (2000)
reported that the serious arsenic disaster in Bangladesh
is considered to be the world’s biggest mass poisoning,
and the situation in regions in West Bengal, India has
been equated with the Chernobyl calamity (Post
Conference Report 1995). An epidemiological study
(Tseng et al. 1968; Tseng 1977) carried out to investigate
the exposure of humans to high concentrations of As in
drinking water from southwest Taiwan, showed that
there is a relationship between skin cancer, keratosis and
Blackfoot disease or a type of gangrene and high con-
centrations of As in drinking water. Paul (2004) reported
that there are some similarities between arsenic poison-
ing and HIV/AIDS. In both, symptoms appear after a
few years, victims of both suffer from a host of oppor-
tunistic diseases and frequently experience social
discrimination.

The main objectives of the study were: (a) to assess
the degree of arsenic and antimony contamination in
groundwater; (b) to define the spatial distribution of
heavy metals and other elements in groundwater with
an emphasis on toxic elements (As and Sb); (c) to
identify the most heavily polluted areas for environ-
mental protection and remediation; and (d) to assess
the regional geochemistry of the aquifer system and to
delineate the factors controlling their geochemical
variability.

Study area
Geographical location and physiography

The study area is situated in the eastern part of the
Larisa town, central Greece (Fig. 1), about 400 km
north of Athens. It extends parallel to the western
coast of the Aegean Sea lying between the latitudes
39°40" and 39°52" and longitudes 22°45" and 22°55".
The relief of the region is quite plain with mountains
and low hills. Agricultural activity is intense with ap-
ple trees grown all over. Chestnut trees and vegetables
are also grown quite densely. Kisavos Mountain lies
west to the studied area while low hills surround its
northern and southern part. Most of the surface is
covered by forest.

Geology and mineralisation

The rocks of the Eastern Thessaly area belong to the
Pelagonian zone and the Eohellenic tectonic nappe
(Migiros 1983; IGME 1984, 1987). The Pelagonian zone
in the study area consists mainly of white grey, medium
to thick-bedded, karstic marbles. The Eohellenic tec-
tonic nappe in the Melivoia and Karitsa area consists of
serpentinites, metamorphic basic ophiolitic rocks
(amphibolites and prasinites) and metamorphic rocks of
sedimentary origin (mica—chlorite schists and quartz—
chlorite—mica schists) of the Palacozoic age.

The Quaternary sediments of the area studied consist
of unconsolidated material with sand and rounded and
angular pebbles in the torrent beds, and alluvial sedi-
ments. The Neogene sediments are composed of marly
limestones, marls, and conglomerates.

The serpentinites consist mainly of antigorite. The
amphibolites consist mainly of glauconitized actinolite
and plagioclases. The main mineralogical constituents
of prasinites are plagioclases, actinolite and epidote
while chlorite, sericite, titanite and Fe-oxides and
hydroxides occur in small proportions (Institute of
Geology and Mineral Exploration 1984). Eastwards of
the studied area, there are many occurrences of iron
oxides—hydroxides with copper, antimony and arsenic
mineralisation (Fig. 1). Copper occurs as malachite,
antimony as stibnite and arsenic as arsenopyrite.
Manganese and iron oxides are present in the
southeast part of the studied area. Malachite
[Cur(CO3)(OH),], stibnite (Sb,S3), and arsenopyrite
(FeAsS) occur within the metamorphic rocks of the
basement and the ophiolithic complex (Migiros 1983).
No mining activity has been reported in the whole
mineralised area.
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Fig. 1 Location map of the groundwater sampling sites of the East Thessaly area

Methodology
Water sampling and preparation

A total of 26 water samples were collected covering an
area of approximately 100 km?. All the water samples
were taken during the period December 2003—February
2004. The sampling sites are shown on the location map
(Fig. 1).

Water samples were obtained from springs, drillings
and wells, the only available source for sampling.
The hydrogeological characteristics and locations of
groundwater sampling sites of the Eastern Thessaly area
are shown in Table 1.

All possible precautions were taken during collection
and handling of samples to minimise contamination.
The water samples were directly collected in polyethyl-
ene bottles. Water pH was measured immediately after
collection using a pH paper and the redox potential was
measured in the field using an YSI Model 63 Eh-meter
calibrated with Hach Solution. Two hundred millilitres
of each sample was vacuum filtered through a 0.45 pm

pore size membrane filter and acidified to a final
concentration of about 1% nitric acid and then stored in
a polyethylene container. Exposure of the samples to air
was minimised when filtering the samples to reduce the
possibility of oxidation. The temperature of all samples
stored in the fridge was maintained between 0 and 4°C.

Chemical analysis

Chemical analyses were performed at the Laboratory of
Economic Geology and Geochemistry of the Geology
Department, National and Kapodistrian University of
Athens and the ACME Analytical Laboratories Ltd,
Canada. All samples were analysed for As by Atomic
Absorption Spectroscopy (AAS/Perkin Elmer 1100B)
with a Mercury Hydride System (MHS 10/Perkin El-
mer). The following elements were analysed by Induc-
tively Coupled Plasma Emission Spectroscopy (ICP/ES):
Al, Pb, Zn, Mn, Fe, Cr, Sb, Cu, Na, Br, Cl, Si, Mg, Ag,
Be, Bi, Dy, Er, Eu, Au, Ge, Ho, In, Ir, Os, Pt, Re, Rh,
Ru, Lu, Hf, Hg, Tm, Zr and Nb. The trace elements: Ag,
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Be, Bi, Dy, Er, Eu, Au, Ge, Ho, In, Ir, Os, Pt, Re, Rh,
Ru, Lu, Hf, Hg, Tm, Zr and Nb in all groundwater
samples were not detected. Analytical precision was
calculated from these duplicate samples and it was found
to meet international standards.

Statistical analysis

The study focused on 15 elements—Al, As, Br, Cl, Cu,
Fe, Mg, Mn, Na, P, Pb, Sb, Si, Zn and Cr on the basis of
specific interest related to the lithology and the ore
composition of the area. The software Microsoft® Excel
for Windows and SPSS® 8.0 for Windows was used for
data analysis.

The statistical technique of R-mode factor analysis
was used for the interpretation of the geochemical data.
Factor analysis aims to reduce the complex pattern of
correlations among many variables to simpler sets of

Table 1 Hydrogeological characteristics and locations of ground-
water sampling sites of the Eastern Thessaly area

Sampling Location Type of  Dominant
site sampling formation
site

1 Sotiritsa Drilling  Marbles

2 Sotiritsa Spring Marbles

3 Sotiritsa Drilling  Hydrothermal altered
metamorphic rocks

4 Sotiritsa Spring Hydrothermal altered
metamorphic rocks

5 Ano Polydendri  Spring Hydrothermal altered
metamorphic rocks

6 Skiti Well Weathered metamorphic
rock

7 Skiti Drilling  Hydrothermal altered
metamorphic rocks

8 Ano Polydendri Spring Metamorphic rocks

9 Sotiritsa Drilling  Hydrothermal altered
metamorphic rocks

10 Velika Drilling  Hydrothermal altered
metamorphic rocks

11 Agia Drilling  Marbles

12 Skiti Spring Marbles

13 Skiti Spring Marbles

14 Skiti Spring Marbles

15 Skiti Spring Hydrothermal altered
metamorphic rocks

16 Kokkino Nero  Spring Marbles

17 Karitsa Spring Marbles

18 Karitsa Spring Marbles

19 Karitsa Drilling  Marbles

20 Stomio Drilling  Metamorphic rocks

21 Stomio Drilling  Metamorphic rocks

22 Stomio Drilling  Metamorphic rocks

23 Stomio Spring Metamorphic rocks

24 Omolio Spring Metamorphic rocks

25 Omolio Spring Metamorphic rocks

26 Omolio Well Weathered metamorphic

rock

relationships between fewer variables (Davis 1973;
Alexakis and Kelepertsis 1998; Kelepertsis et al. 2001).
A varimax rotation was applied to the initial factor
loadings in order to maximise the variance of the
squared loadings (Harmon 1976).

Results

The range and the mean values of the results of chemical
analyses are shown in Table 2 in comparison with the
Parametric Values given by the EC (1998) and the
maximum contaminant levels and secondary maximum
contaminant levels given by the EPA (2001) for drinking
water. From this table, it is obvious that only As mean
value (12 pg 17') exceeds the Parametric Value given by
the EC (1998) and the maximum contaminant level
given by the EPA (2001) for drinking water. The As
concentrations vary between 1 and 125 pg 17!, Fe mean
value (93 pg 1™") does not exceed the Parametric Value
given by the EC (1998) and the maximum contaminant
level given by the EPA (2001) for drinking water. The Fe
concentrations vary between 10 and 352 pg 17",

The correlation coefficient matrix for the water data
is shown in Table 3. Principal component factor analysis
with a varimax rotation was subsequently applied to the
data in order to create factors each representing a cluster
of interrelated variables within the data set. The pro-
portion of the variance explained by five factors, the
rotated factor loadings and the communalities are
presented in Table 4.

Classed post plots of geochemical distribution were
created in Surfer®7 for Windows using kriging as the
interpolation method. The classed post maps were pro-
jected on the simplified topographical map using
Surfer®7 for Windows in order to visualise the spatial
relationship between the arsenic and antimony concen-
tration and the various sources of contamination in the
study area. These maps are presented in Figs. 2 and 3,
respectively.

Discussion
Assessment of groundwater pollution

The redox potentials and pH for the East Thessaly
sampling sites are the principal parameters that control
speciation of As and Sb in the study area. Water pH for
East Thessaly sampling site samples varies between 6.0
and 6.6, while Eh ranges from +0.572 to +0.612V
(Table 2). The above-measured Eh-pH conditions
plotted in a diagram depicted by Vink (1996) suggest
that antimony in the water samples of East Thessaly
should be principally as SbOj,q~ and arsenic as
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Table 2 Summary of the chemical composition of groundwaters sampled in East Thessaly, Greece, in comparison with secondary and
risk-based drinking water criteria and the percentage of Eastern Thessaly’s groundwater exceeding these criteria (n=26)

Risk-based drinking
water criteria

Percentage of Eastern
Thessaly’s groundwater
exceeding criteria

Mean Minimum Maximum Parametric MCL SMCL EC MCL SMCL
value (EC*)  (USEPA®)  (USEPA®) (USEPA®)  USEPA®)
pH 6.4 6.0 6.6 None None 6.5-8.5 NA NA 423
Eh (V) 0.602 0.572 0.612 None None None NA NA NA
Al (ug 1™ 17 7 56 200 None 5-200 0 NA 0
As (ug 17 12 1 125 10 10 None 23 23 NA
Br (ug 17 32 6 60 None None None NA NA NA
Cl (ug17h 12 500 25,000 250,000 None 250,000 0 NA 0
Cr (ng L_'l) 2 1 6 50 100 None 0 0 NA
Cu(ugL™) 3 1 15 2,000 None 1,000 0 0 0
Fe (ng17™) 93 10 352 200 None 300 3,6 NA 1
Mg (ug I7h) 13,710 2,940 40,100 None None None NA NA NA
Mn (ug 1Y) 2 0 8 50 None 50 0 NA 0
Na (ug I™h 7,748 3,650 13,740 200,000 None None 0 NA NA
P (ug1™) 25 20 48 None None None NA NA NA
Pb (ug 17 1 0 7 10 15 None 0 0 0
Sb (ng 1Y 2 0 21 5 6 None 154 154 NA
Si (ng1™h 8,203 3,310 13,240 None None None NA NA NA
Zn (pg17h 85 7 994 None None 5,000 NA NA 0

NA not applicable

“The EC has not yet established risk-based drinking water criteria for Br, Mg, P, Si and Zn
®The USEPA has not yet established secondary or risk-based drinking water criteria for Br, Mg, Na, P and Si

arsenates H,AsOg,q) and HASOi_(aq). These inorganic
species of arsenic are more toxic than the organic forms
and are regarded to be one of the most serious drinking
water pollutants (Smedley and Kinniburgh 2002;
Impellitery 2004).

It was found that arsenic, antimony and iron contents
in groundwater exceed the critical level of the EC and
EPA drinking water standard (As: 10 pg 17!, Sb:
6 ug 1™', Fe: 300 pg1™"). According to the chemical
analyses, contamination over the critical level is ob-
served in nine sampling sites out of 26 in the Eastern

Thessaly area. Contamination of As (sampling sites: 3, 4,
5,9, 10, 15), Sb (sampling sites: 4, 5, 6, 7) over the
risk-based drinking water criteria given by the EC (1998)
and EPA (2001) of the Eastern Thessaly groundwaters
was observed. The EC and USEPA have not yet estab-
lished health-based drinking water guidelines for Fe;
however, sampling site 23 exceeds the USEPA secondary
criteria.

Despite the relatively low positive (+0.38) correla-
tion coefficient between As and Sb (Table 3), two
groundwater samples (sampling sites 4 and 5) out of 26

Table 3 Correlation coefficient matrix for Eastern Thessaly groundwater elements (n=26)

Al As Br Cl Cr Cu Fe Mg Mn Na P Pb Sb Si Zn
Al 1
As 0.70 1
Br 0.14 0.19 1
Cl 0.16 0.24 0.92 1
Cr -0.32 -0.20 -0.25 -0.29 1
Cu 0.29 0.28 0.15 0.22 -0.11 1
Fe 0.03 0.05 -0.14 -0.16 0.36 -0.05 1
Mg 0.30 0.18 0.56 0.50 0.24 0.17 0.02 1
Mn -0.05 -0.17 -0.04 -0.14 0.19 -0.02 046 0.32 1
Na 0.15 0.11 0.92 0.91 -0.33 0.23 -0.24 054 -0.19 1
P 0.00 -0.06 -0.11 0.02 -0.05 041 -0.02 -0.13 -0.21 0.04 1
Pb 0.09 -0.01 -0.33 -0.18 0.02 0.23 0.07 -0.16 -0.08 -0.14 0.62 1
Sb 0.26 0.38 0.17 0.17 -0.21 -0.17 0.03 0.06 -0.24 0.20 0.00 -0.09 1
Si 0.39 0.29 0.61 0.56 -0.25 0.31 -0.01 0.37 -0.05 0.61 0.17 -0.08 0.29 1
Zn -0.10 -0.09 -0.39 -0.25 0.08 0.14 0.00 -0.21  -0.10 -0.21 0.58 0.96 -0.13  -0.22 1
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Table 4 Varimax rotated component loadings of five factors and
percent of variance explained for 15 groundwater elements of
Eastern Thessaly area

exceeded both the EC and EPA health-based drinking
water guidelines. The As and Sb concentrations of the

groundwaters studied show a wide range (As:
-1 B -1 .
Variable Factor | Factor 2 Factor 3 Factor4 Factor 5 1-125ugl™, Sb: (_)-1_21 pg 17). High values of As and
Sb were detected in the groundwater samples from the
Al 0.090 0.743 0.008 0.469 0.060  Sotiritsa and Ano Polydendri areas (sampling sites: 3, 4,
As 0.095 0.804  -0.027 0.239 0.022 5,6,7,9, 10, 15) while very low values were detected in
Br 0.944 0.111 -0.214 -0.012 —-0.080 . .
cl 0.927 0139  —0067 0015  —0159 the gr.oundwater samples .from the Karitsa, Stpmlo and
Cr ~0.146  —0431  -0.049  —0.049 0.632 Omolio areas (sampling sites: 16-26). By looking at the
Cu 0.236 0.053 0.250 0.680  -0.068  hazard zonation map (Fig. 2), arsenic contaminated
11\:/? _8%;491 8%‘2‘? 8~8§; _8'(2)22 8~ZS‘3‘ groundwaters are recorded in an area lying between
g . . —U. . . . . . . . .
Mn 0024 —0921  —0033 0087 0789  Melivoia, Ano Polydendri and Velika and this is due to
Na 0.940 0.070  —0.044 0.093 —0233  the presence of arsenic, antimony and pyrite minerali-
P 0.064 0.059  -0.013 0.884  -0.047 sation which is a natural source of contamination. No
Pb -0.122 0.047 0.963 0.120 0.065  sulphide mineralisation was found in the Karitsa and
Sb 0.147 0719 -0053  -0281  -0.135 Omolio areas. Antimony contaminated groundwaters
Si 0.553 0.357 —-0.139 0.529 -0.113 . . : ..
7n ~0.186 0113 0951 0024 ~0.065 are recorded in an area lying between Velika, Skiti and
Percent of  30.3 15.7 12.4 10.9 8.5 Ano Polydendri (Fig. 3) and this is due to the presence
variance of antimony and arsenic mineralisation which is a
explained natural source of contamination.
Fig. 2 Hazard zonation map 40.000 1 1 1 1 1 1 1 1
indicating As-health risk sites of
groundwaters of the East N
Thessaly area (Greece)
39.950 w E +
R.
24 l ‘( s
O 25 Om
39.900 g { N AEGEAN SEA B
Ston%i
39.850 o
East Thessal
39.800 -| Arsenic (As) concentrations (ug L-1)
of the East Thessaly groundwaters
As concentration in groundwater lower
39.750 O <10 thanthe EC and EPA health-based
drinking water guidelines
® 10-50 As concentration in groundwater
. 50 higher than the EC and EPA
> health-based drinking water
39.700 guidelines
<@ Arsenic minerilization
V' Antimony minerilization
39.650 . . .- .
[l Pyrite minerilization
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. stream
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T T I I I I I I
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From Table 3, it is shown that the elements Br, Cl,
Mg, Na and Si are strongly intercorrelated and associ-
ated with the seawater intrusion. The correlation
coefficient As/Al is significant and very strong (+0.70).
This observation indicates complex in the environment
between As and Al A recent environmental study
carried out by Smith et al. (2002) showed that As
complexes with Al. The correlation coefficient Pb/Zn is
significant and very strong (+0.96); this observation
indicates common sources for these metals.

In the present study, the element distribution in the
groundwater samples of the Eastern Thessaly area is
explained in terms of five factors, which explain 77.8%
of the total variance of the data set (Table 4). Factor 1,
accounts for 30.3% of the total data variability and
shows high positive loadings for Br, Cl, Mg, Na and Si.
This factor can be attributed to seawater intrusion in the
area.

Factor 2 is a dipolar factor with high positive loadings
of Al, As and Sb and high negative loading for Mn. This
factor accounts for 15.7% of the total variance, indicating

T
22.600

T T T T T T
22650 22.700 22.750 22.800 22.850  22.900

complexes formations between Al, As and Sb. Also Smith
et al. (2002) and Wilson et al. (2004) reported that As and
Sb have strikingly similar geochemical behaviours in the
environment and both complex with Al. As and Sb par-
ticipates in the chemistry of arsenopyrite and stibnite,
respectively, which form with chalcopyrite and pyrite the
sulphide mineralisation paragenesis in the Melivoia area
(Migiros 1998). Al was released during the alteration of
the metamorphic rocks the “host of the mineralisation™
by acid hydrothermal solutions and complexed with As
and Sb. The positive loadings on these elements is op-
posed by high negative loading on Mn, clearly indicating
the manganese oxides—hydroxides are antipathetically
related to the sulphide mineralisation and the hydro-
thermally altered zones. Factor 3, contributes 12.4% and
shows high positive scores of Pb and Zn, reflecting the
known sulphide mineralisation in the rocks of the area.
The sulphide mineralisation in the Eastern Thessaly is
reported by Migiros (1998). Factor 4, accounting for
10.9% of the total variability, is a factor with high positive
loading for P and Cu and median positive loading for Si.
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According to Kabata Pendias et al. (1992), P and Cu are
associated together in phosphate fertilizers; so grouping
of these variables in factor 4 could be related to agricul-
tural practices.

Factor 5, contributes 8.5% of the total data variability
and shows positive loadings of Cr, Fe and Mn with a
median contribution of Mg. The variability of the ele-
ments in this factor can easily be attributed to the known
iron and manganese oxides—hydroxides and the weath-
ering products of the olivine of the ultrabasic rocks, which
are present in the area; therefore, factor 5 can be charac-
terized as “‘lithogenic”.

Effects of As toxicity on human

The waters of three arsenic contaminated sampling sites 4,
9, 10 is used for drinking and irrigation purposes in the
Eastern Thessaly area. The highest As concentration of
groundwater was recorded in the Sotiritsa area (sampling
site 3). The As concentration (125 pg 17") of groundwater
of the sampling site 3 exceeds the critical level of
103 ug 1I™' reported by Anawar et al. (2002). The
groundwater of that sampling site can possibly produce
dermatological diseases if it is used for drinking purposes.

However, the exposure time to develop arsenicosis
varies from case to case reflecting its dependence on ar-
senic concentration in food and water, genetic variant of
human being, nutritional status and compounding factors
(Anawar et al. 2002). Chronic arsenic exposure, which
causes skin pigmentation, inability to walk and deliber-
ating pain, may not be diagnosed until exposure has oc-
curred for several years (EPA 2002; McLellan 2002).
According to Dhar et al. (1997) arsenic-affected patients
show leucomelanosis, keratosis, gangrene, skin cancer
and melanosis. Also, Ramirez-Solis et al. (2004) reported
that long-term exposure to arsenic in drinking water has
been linked to cancer of lungs, nasal passages, bladder,
kidney, skin, liver and prostate in humans.

Conclusions

The results of groundwater analyses from the region of
Eastern Thessaly showed elevated concentrations of As

and Sb. Contamination over the health-based drinking
water guidelines given by EC and EPA has been recorded
in nine sampling sites out of 26 of Eastern Thessaly area.
Arsenic and antimony contaminated groundwaters were
recorded in an area lying between Melivoia, Velika, Ano
Polydendri and Skiti area, this is due to the presence of
arsenopyrite, stibnite and pyrite mineralisation which is a
natural source of contamination. Concentrations of As
and Sb below the health-based water guidelines have been
measured in the remaining 17 sampling sites of Eastern
Thessaly area. These sampling sites were recorded in
metamorphic formations and carbonate rocks without
any trace of mineralisation.

Factor analysis proved a successful method for
grouping the elements according to their sources and
provided evidence about their anthropogenic or natural
origin. The factor analysis applied on the data explained
77.8% of the total variance of the data set through five
factors. The first factor is that the Br—Cl-Mg—Na-Si
grouping of the variables reflects the presence of seawater
in the aquifer. The second factor is the ‘““mineralisation
factor’” and accommodates elements (As, Sb, Al, Mn) that
relate to the sulphide and manganese mineralisation and
the hydrothermally altered zones. The spatial interpreta-
tion of this factor signified the natural origin of As and Sb
in the Eastern Thessaly ground waters. The third factor
accommodated elements that related to the oxidation
products of galena and sphalerite. The fourth factor is an
“anthropogenic factor” and accommodates elements
(Cu, P) that occur together in phosphate fertilizers. Fi-
nally, the fifth factor is a “lithogenic factor’” and accom-
modates elements (Cr, Fe, Mn, Mg) that relate to the
known iron and manganese oxides—hydroxides and the
weathering products of the olivine of the ultrabasic rocks,
which are present in the area.

Presently, in Eastern Thessaly area, more than 5,000
people, drink water containing As and Sb above the EC
and USEPA guidelines on health. Strategies to protect
Eastern Thessaly’s drinking waters from As and Sb nat-
ural contamination must be studied, developed and
quickly implemented.
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