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Abstract Fourteen sediment samples from the banks of
river Nestos, Northern Greece, were collected, extracted
with HNOj; and analyzed for their content in 10 major and
32 trace elements. The analytical methods used were ICP-
OES and ICP-MS. The results indicate that the sediments
in the northern Greek part of the river have the highest
elemental concentrations partly because of human activi-
ties, but mainly due to natural processes. The two dams that
have been constructed in the middle course play a buffering
role on the elemental content, for all the elements analyzed,
of the river sediments, decreasing downstream concentra-
tions and sediment load. An increase of concentrations is
newly observed in the low course and delta because of the
mobilization of fine sediments by natural processes and
agricultural practices. The comparison of the river sedi-
ment contents with contaminated land guidelines has not
revealed any potentially dangerous concentrations for the
elements analyzed.

G. Papastergios (P<)) - A. Georgakopoulos

Department of Mineralogy-Petrology-Economic Geology,
School of Geology, Aristotle University of Thessaloniki,
54124 Thessaloniki, Greece

e-mail: gpapaste @geo.auth.gr

J.-L. Fernandez-Turiel

Institute of Earth Sciences “Jaume Almera”,

Consejo Superior de Investigaciones Cientificas (CSIC),
Lluis Solé i Sabaris, s/n 08028, Barcelona, Spain
e-mail: jlfernandez @ija.csic.es

D. Gimeno

Department of Geochemistry,

Petrology and Geological Exploration,

University of Barcelona, Zona Universitaria de Pedralbes,
Marti i Franques, s/n 08028, Barcelona, Spain

e-mail: domingo@natura.geo.ub.es

Keywords Trace elements - Sediments - Geochemistry -
River Nestos - Greece

Introduction

Trace elements, especially heavy metals, in sediments may
lead to irreversible health diseases while, at the same time,
playing an important role on the ecological quality of an
ecosystem. It is certain that a variety of human activities
often mobilize and redistribute the natural content of trace
elements in the environment so much that they, in some
cases, can cause adverse effects. High levels of heavy
metals in sediments and soils may be mobilized and accu-
mulated in microorganisms, aquatic flora and fauna, which,
in turn, may enter into the human food chain and result in
health problems (Kabata-Pendias and Pendias 2001; Sin
et al. 2001; Sastre et al. 2002; Cui et al. 2005; Papastergios
2008). Both industry and agriculture have contributed to
increase the concentrations of environmentally important
trace elements through many ways such as waste disposal,
atmospheric deposition, fertilizer and pesticide use, and
other means (Hesterberg 1998; Kabata-Pendias and Pendias
2001; Cui et al. 2005; Papastergios 2008).

Sediment is mainly composed of inorganic and organic
particles and can be considered as a relatively heterogenous
media matrix, in terms of its biological, chemical and
physical properties. Sediments and soils may be regarded
as important sources, depending on their physicochemical
properties, for trace elements, especially sediments in
aquatic environments (Fernandez-Turiel et al. 1995). Trace
elements are introduced in such environments through
many ways, such as atmospheric deposition, erosion of
geological materials or through anthropogenic activities
(Sin et al. 2001; Sarkar et al. 2004).
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The chemical analysis of river sediments is a useful
method for studying metal contamination in an area (Dal-
macija et al. 2006; Papastergios 2008). Furthermore,
sediments not only act as the carrier of contaminant sub-
stances, but also may contribute, as a potentially secondary
source, to the deterioration of the aquatic system by
releasing trace elements found in their surface, into the
water phase, through various processes (Kabata-Pendias
and Pendias 2001; Sin et al. 2001; Sarkar et al. 2004).

River Nestos has been monitored during the past years
for several parameters, such as water level, water and air
temperature, water conductivity, monthly flow, redox
potential, dissolved oxygen, chemical content of its water
for some elements and Hg in fish tissues (Darakas 2002;
Petalas et al. 2005; Psilovikos et al. 2006; Christoforides
et al. 2008). Moreover, several studies have been published
regarding water management problems and transboundary
river basin management, from both Greek and Bulgarian
sides (Diadovski et al. 2007; Kampragou et al. 2007; Mi-
mides et al. 2007; Eleftheriadou and Mylopoulos 2008;
Mylopoulos et al. 2008). However, to the knowledge of the
authors, no research has been available until now, regard-
ing the elemental content and distribution of the river
sediment load. The present paper aims to do so and to
further contribute to assess the distribution of major and,
especially, trace elements in the Nestos river sediments.
This research is a contribution to the environmental mon-
itoring of the river Nestos and its hydrological basin, a
major concern in Northern Greece due to the occurrence of

Fig. 1 Map showing the course

areas of great ecological interest as well as the develop-
ment of important economic activities in this region.

Study area

Nestos, which is called Mesta in Bulgaria, is one of the
most important transboundary rivers in the Balkan Penin-
sula. Its source is located at Mt Rila, in central Bulgaria,
and discharges into the Thracean Sea (North Aegean Sea),
where it forms its delta, which is one of the most sensitive
wetlands in Greece, if not in Europe. The total area of the
river basin is around 5,750 km?, lying about 60% of this
area in Bulgaria. The length of the river course is about
230 km, around 135 km of which are within Greece. The
Greek part of Nestos river flows through the prefectures of
Drama, Xanthi and Kavala and contributes to the recharge
of karstic springs which are a significant source for the
irrigation and water supply needs for these prefectures
(Darakas 2002; Kallioras et al. 2006) (Fig. 1).

Nestos river forms an extensive deltaic plain (about
600 km?) in the boundaries between Kavala and Xanthi
prefectures. Because of its biodiversity the delta of Nestos
river accommodates a variety of habitat types and flora and
fauna species that are not found anywhere else in Europe,
which has resulted in the protection of the area by the
RAMSAR treaty as an internationally important wetland
complex (Efthimiou et al. 2003; Emmanouloudis et al.
2006; Kallioras et al. 2006; Psilovikos et al. 2006).

and the basin of river Nestos N

4500000

e
d Greece
ﬂleSSilonild

T

§ i Legend

3§ | — RiverNestos

Nestos catchment area

Sefres

A
Ny Q’x
i LS

egean Sea < //)_I/\Jﬂ;k\_a:
Aegean S 2 % /'_ _
R

Konjotini }
; 1] 20 40 L

T

@ Springer

T T



Environ Geol (2009) 58:1361-1370

1363

The wetlands which are located within the river delta are
influenced, to a great extent, by the operation of two Greek
large dams that are constructed upstream (Emmanouloudis
et al. 2006), namely Thisavros (height: 175 m, capacity:
7.05 x 10® m®) and Platanovrisi (height: 95 m, capacity:
8.4 x 10’ m%) (Fig. 2). These dams were constructed
during the early 1990s (1990-1998) by DEH (Public Power
Corporation of Greece S.A.) in a mountainous region and
provide hydroelectric power and water supply for irriga-
tion. The construction of these dams has aroused great
concern about their impact on the river downstream
(Darakas 2002; Efthimiou et al. 2003; Petalas et al. 2005;
Emmanouloudis et al. 2006; Kallioras et al. 2006; Psil-
ovikos et al. 2006). On the Bulgarian part of the river
operates the dam of Despat which was constructed and
operated before the dams of the Greek side.

As a result of the human activities taking place in both
the Bulgarian and Greek parts of the river, several types of
contaminants are introduced into the river flow. These
contaminants are wastewater, either treated or untreated,
from small towns and industrial areas in the Bulgarian part
of the river and wastewater, either treated or untreated,
from small towns, industrial areas and agricultural drainage
ditches which receive residues of pesticides and fertilizers
in the Greek part (Darakas 2002).

Geological setting

The study area (Fig. 2) is a part of the Rhodope massif, which
mainly consists of (a) gneisses, schists and amphibolites

(Permian—-Eocene); (b) marbles (Permian—Eocene); (c)
granitic and granodioritic rocks (Eocene—Miocene); (d)
acid-intermediate volcanic rocks (Eocene—Miocene) and
(e) sedimentary deposits (Miocene—Holocene). The intense
plutonism of the Rhodope is represented by granites, gran-
odiorites, monzonites, quartz monzonites and diorites while
its volcanic activity is represented by rhyolites to basalts
(Kilias and Mountrakis 1998; Kilias et al. 1999; Christofides
etal. 1998, 2001; Pe-Piper and Piper 2002; Rondoyanni et al.
2004; Zagorchev 2007). Furthermore, inside the Greek part
of the river Nestos catchments’ area, several ore occurrences
of PBG sulfides, Mn and other elements can be found
(Epitropou and Chatzipanagis 1989; Nimfopoulos and
Pattrick 1989; Filippidis et al. 1996; Vavelidis et al. 1996,
1997; Nimfopoulos et al. 2000).

Materials and methods
Sampling

The sampling took place between December 2002 and
January 2003. Fourteen samples from the banks of river
Nestos were collected. Sample S1 was collected from river
Despatis about 2 km before it meets with river Nestos.
Sample S2 was collected at the crosspoint of Nestos and
Despatis rivers. The rest of the samples are distributed
through the whole Greek part of the river. A G.P.S. was
used to locate the sampling points. Geographical, geolog-
ical, and geochemical information was implemented in a
GIS project using ArcGIS 9.0 software (Fig. 2).
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Sample preparation

The river sediments were dried in an oven at 40°C (Fern-
andez-Turiel et al. 1995, 2001; Papastergios et al. 2006;
Papastergios 2008). The <200 um fraction was used due to
the fact that the environmentally available trace elements
mainly remain in this fraction (Fernandez-Turiel et al.
2001; Kabata-Pendias and Pendias 2001; Lucho-Constan-
tino et al. 2005). Fine grain particles may act as effective
carriers of dissolved metals from the water column to the
sediments and thus originate elevated concentrations of
heavy metals in the fine-grained sediments. Because of
their larger specific area, the fine-grained fraction usually
contains higher concentrations of trace elements (Lu et al.
2005).

The elements of interest were extracted using analytical
grade nitric acid (Papastergios et al. 2006; Dalmacija et al.
2006; Papastergios 2008). The HNOj5 extraction procedure
is a very strong acid digestion that puts in solution almost
all elements that could become “environmentally avail-
able” (Pickering 1986; Walsh et al. 1997; USEPA 1998;
Quevauviller 2002; Sastre et al. 2002). Analytical grade
HNO; has been selected in order to work with extreme
conditions and maintain, at the same time, the compati-
bility of the leachate with the input solution for chemical
analysis (direct determination after dilution).

A split of 0.1 g of each sample was placed into 14 mm
diameter polyethylene tubes. Then, 2 ml of HNO; was
added. All samples were placed in a rotary shaker for 24 h.
After the extraction procedure, the solution was filtered
(Schleicher and Schmell 5892 white ribbon, ash-less, filter
paper circles of 125 mm diameter) in 100 ml volume
flasks. The volume flasks were made up volume with Milli-
Q type deionized water of 18.2 MQ/cm. The final solution
was placed in HDPE (high-density polyethylene) bottles,
labeled, and stored in dark at 4°C until analysis (Papas-
tergios et al. 2006; Papastergios 2008).

Analytical methods

Ten major (Al, Ca, Cl, Fe, K, Mg, Na, P, S and Si), and 32
trace element (Ag, As, B, Ba, Cd, Ce, Co, Cr, Cs, Cu, Ga,
Ge, Hg, La, Li, Mn, Mo, Ni, Pb, Rb, Sb, Se, Sn, Sr, Th, Ti,
U, V, W, Y, Zn and Zr) concentrations were determined in
all samples by Inductively Coupled Plasma-Optical Emis-
sion Spectrometry (ICP-OES) and Inductively Coupled
Plasma-Mass Spectrometry (ICP-MS). A Perkin Elmer
Optima 3200RL with a Perkin Elmer Autosampler AS-90+
was used for the ICP-OES analysis, while a Perkin Elmer
Sciex Elan 6000 with a Perkin Elmer AS-91 automatic
sampler was used for the ICP-MS analysis. The analyses
were performed at the SCT-UB (Scientific Technical Ser-
vices of the University of Barcelona), Barcelona (Spain).

@ Springer

Details on ICP-MS analysis are in Fernandez-Turiel et al.
(2000). In order to check the quality of the results, the same
methods were applied to the reference material NIST SRM
2704, as well as to four duplicates of a randomly selected
sample.

Results and discussion
Major elements

Table 1 shows the descriptive statistics for the major ele-
ment concentrations of sediments (mean, median,
minimum, maximum and standard deviation). Iron has the
largest, median' (10.01 g kg™') and is followed by Al
which has the second largest one (6.37 g kg™'). Calcium
has a median of 6.23 g kg™, Mg of 3.85 g kg~' and K of
2.83 g kg~ . The rest of the major elements shows medians
below 1 g kg™'. The low Si values are due to the HNO;
extraction procedure that is not designed to attack alumi-
nosilicate matrices.

Aluminum, Ca, Fe, Mg and K have a very similar pat-
tern in their geographical distribution (Fig. 3a). Con-
centrations in sample S1 are close to their median values.
Sample S2 shows a first peak, which is the maximum value
for Al and K. Then, a decrease is noted for samples S3 and
S4 and the concentration of the elements reaches near their
median values again. For samples S5 and S6, a second
increase is noted and the maximum values for Al, Fe and
Mg are observed in sample S6 and in sample S5 for Ca and
K. From there on (sample S7), until sample S9, which has
the minimum values for all five elements of this group, a
second decrease is noted. Finally, for the rest of the sam-
ples (S10-S14) an increase is observed once more and the
concentrations of the elements reach near their median
values again (Table 1). The remaining group of elements
(Cl, Na, P and S) seems to follow this pattern, but not with
the same degree of similarity. Their common characteristic
is that they have their largest values in either sample S5 or
S6 (Fig. 3b). These observations are in agreement with
Darakas (2002) which cited similar results regarding the
water quality of the river. Silicon shows a rather constant
behavior throughout the whole river as a consequence of
the extraction method (Table 1).

Aluminum, Ca, CI, Fe, K and Mg have larger median
values in the first group (S1-S6), whereas Na, P and S have
larger median values in the third group (S10-S14), which is
near the river’s delta. This distribution could be attributed
to the surrounding rocks that the river crosses in its
northern part and that could contribute to the elevated

! Because the mean is more influenced by extreme values than the
median, the latter is chosen for discussion in the text.
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Table 1 Concentration values (in g kg™ ") for the major elements of the present study and their descriptive statistics

Sample number Al Ca Cl Fe K Mg Na P S Si

S1 6.76 6.63 0.22 10.54 3.09 5.29 0.00 0.80 0.18 0.17
S2 17.08 10.34 0.02 2221 5.06 8.84 0.67 0.52 0.65 0.22
S3 7.40 274 0.04 11.28 1.98 3.33 0.02 0.42 0.20 0.32
S4 6.15 2.82 0.05 9.87 3.43 3.93 0.00 0.64 0.04 0.25
S5 9.54 11.21 2.57 15.22 5.07 8.61 6.57 0.47 1.28 0.21
S6 17.06 9.17 0.14 25.02 4.88 9.74 0.00 1.73 0.08 0.38
S7 4.26 4.83 0.04 6.48 1.52 2.73 0.00 0.65 0.12 0.17
S8 3.59 4.64 0.02 5.90 1.21 2.55 0.12 0.50 0.05 0.38
S9 1.30 1.67 0.06 2.13 0.40 0.84 0.16 0.18 0.04 0.23
S10 5.30 3.33 0.02 8.10 2.58 3.51 0.56 0.59 0.14 0.16
S11 5.72 9.09 0.02 8.69 2.18 3.71 0.41 0.70 0.56 0.24
S12 7.40 7.65 0.16 11.60 3.14 492 0.54 0.55 0.39 0.31
S13 6.60 5.84 0.02 10.14 3.17 4.55 0.25 0.70 0.18 0.22
S14 4.19 9.61 0.14 6.60 2.20 3.44 0.20 0.82 0.23 0.18
Mean 7.31 6.40 0.25 10.98 2.85 472 0.68 0.66 0.29 0.25
Median 6.37 6.23 0.05 10.01 2.83 3.85 0.18 0.61 0.18 0.23
Minimum 1.30 1.67 0.02 2.13 0.40 0.84 0.00 0.18 0.04 0.16
Maximum 17.08 11.21 2.57 25.02 5.07 9.74 6.57 1.73 1.28 0.38
SD 4.58 3.16 0.67 6.21 1.43 2.60 1.71 0.35 0.34 0.07
S1-S6 (median) 8.47 7.90 0.09 13.25 4.16 6.95 0.01 0.58 0.19 0.24
S7-S9 (median) 3.59 4.64 0.04 5.90 1.21 2.55 0.12 0.50 0.05 0.23
S10-S14 (median) 5.72 7.65 0.02 8.69 2.58 3.77 0.41 0.70 0.23 0.22

Fig. 3 Diagrams showing the A 1000
variation in the concentrations Dam T Dam P Delta
of AL, Ca, Fe, K and Mg and the A l l « >
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§ 1.0 —&—Ca
© —&—Fe
—¥ Mg|
—»—K
0.1 T r . -
Nt S2 S3 S4 S5 S6 S7 S8 S9 S10 S S12 S13 sS4
Sample Number
B’

Concentration (g kg")

0 - v =
S1 S2 3 S4 S5 S6 S? S8 S9 S10 s S12 S13 S14
Sample Number

@ Springer



1366

Environ Geol (2009) 58:1361-1370

concentrations of these elements. Nestos river, at its
northern part, crosses through a series of metamorphic
rocks (i.e. gneisses, schists, amphibolites) which could be
the natural sources of these elements (Fig. 2). However, the
possibility of some kind of contamination, as a result of the
human activities taking place at that part of the river, or
before, cannot be excluded. In addition, the two dams of
Thisavros and Platanovrisi must play some kind of buf-
fering role to the further extension of the contamination
downstream. In fact, the dams regulate the Nestos flow and
improve the water quality and, consequently, also the
ecological quality. They operate as large-scale sedimenta-
tion cells (Emmanouloudis et al. 2006), decreasing the
content of suspended sediment and the concentrations of
associated elements (samples S7—S9). This feature has also
been observed in other Mediterranean basins (Fernandez-
Turiel et al. 2003).

The partly elevated concentrations that are noted in the
southern part of the river reflect the geological setting and
the anthropogenic activities. After sample S9, the Nestos
river flows through its extensive deltaic plain where culti-
vation of several agricultural species is intensive (Fig. 2)
hence, the increased concentrations of elements (e.g. P)
associated with the overuse of phosphoric fertilizers were
expected. Samples S10-S14 are in the river delta and also
show these effects. In addition, the delta sediments are fine
and can be easily eroded naturally and by agricultural
practices.

Trace elements

The descriptive statistics for trace element concentrations
of Nestos basin sediments (mean, median, minimum,
maximum and standard deviation) are shown in Table 2.
Selenium is not included in this table because all values
were below the detection limit (0.01 mg kg™ ).

Trace elements with median values above 100 mg kg™
are Mn and Ti while Ba and Zn have medians between 100
and 50 mg kg~'. Median concentrations between 50 and
1 mg kg{1 have Rb, V, Ce, Cr, Ni, Cu, Pb, Sr, La, Li, Y,
Th, Co, B, Ga, Cs, As, U and Zr. The rest of the elements
(Sn, Cd, Mo, Ag, W, Sb, Hg and Ge) have medians below
1 mg kg™

The geographical distribution pattern, for the majority of
the trace elements, is similar to the one described for the
major elements (Table 2). All trace elements show their
largest values in the first six samples (S1-S6) which are
above the dam of Platanovrisi (Fig. 4a—d), except for Cd
and Zn that have their largest values in samples S11 and
S14, respectively (Fig. 4b, d). Almost all elements show
either one or two peaks in samples S2 and S5 or S6. From
sample S7 until S9 they show a decrease in their concen-
trations, with sample S9 having the lowest concentrations

1
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for all trace elements apart from As and Cd (Table 2).
From sample S10 until S14 all elements show an increase
in their concentrations, which in some cases form another
pick (i.e. Zn for sample S14 and Mn for sample S12)
(Fig. 4a—d).

The trace elements allow to classify the samples into
three groups, such as the major elements, according to the
spatial distribution of their concentrations (Table 2).
Almost all of the trace elements have larger median values
for the first group of samples (S1-S6) than for the second
(S7-S9) and the third (S10-S14). Exceptions are As, Cd
and Mo, which have larger medians for the third group and
Hg, Mn, Ni and W which have, approximately, the same
medians for the first and third groups (Table 2). These
elements are associated with phosphoric fertilizers and
their increased concentrations in the southern part of the
river could be attributed to the overuse of such agricultural
products. In general, the distribution of the trace elements
content is similar to that of the major elements, and we
might attribute it to the same reasons, which are a com-
bination of natural and anthropogenic activities for the
northern part of the river, dam sedimentation effect in the
middle course and natural and agricultural processes in
the delta river, especially since elements such as Cd and Zn
that have their maximum values in that part, have been
associated with such contamination sources (Hesterberg
1998; Kabata-Pendias and Pendias 2001; Cui et al. 2005).

According to the new Dutch List for contaminated land
(Dalmacija et al. 2006; Leung et al. 2006; Contaminated
Land 2006) no studied sample has values larger than the
target value proposed for the elements included in the list
(i.e. As, B, Cd, Co, Cr, Cu, Hg, Mo, Ni, Pb). However,
sample S2 exceeds the optimum limits for Ba, Cu, and Ni,
sample S5 for Cu and Ni, and sample S14 for Zn. A further
comparison with other international directives, such as the
ICRCL 59-83 (Interdepartmental Committee on the Rede-
velopment of Contaminated Land) (Contaminated Land
2006) shows similar results. No element has concentrations
larger than the proposed action values. Only As has larger
than threshold value for sample S2 and Cr for samples S2,
S5, S6 and S12. The above observations are in agreement
with Christoforides et al. (2008) who found that Hg (and
organochlorine) in fresh water fish from the river Nestos
did not exceed WHO and USEPA health guidelines.

Conclusions

Both major and trace elements have similar geographical
distribution patterns throughout the sediments of Nestos
river. They have their largest values in the northern part of
the river, above the dams of Thisavros and Platanovrisi, as
a consequence of natural processes and human activities.
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Table 2 Concentration values (in mg kg™") for the trace elements of the present study and their descriptive statistics

Sample number Ag As B Ba Cd Ce Co Cr Cs Cu Ga Ge Hg La Li Mn

S1 004 025 179 13569 0.13 20.86 835 2028 1.87 1537 358 0.04 0.03 11.36 11.86 403.91
S2 0.67 1133 7.18 211.82 044 6748 16.63 6428 8.17 3925 835 0.08 0.27 32.63 28.07 731.81
S3 0.10 242 4.69 105.67 0.21 3849 10.62 2138 273 13.62 3.77 0.05 0.03 18.04 10.82 653.22
S4 0.19 064 255 89.84 0.13 3898 7.66 18.00 236 3500 3.69 0.05 0.03 1929 11.67 288.87
S5 0.14 757 15.69 7141 030 2557 836 6943 4.19 5826 499 0.06 0.10 10.67 24.32 385.69
S6 0.04 025 1097 153.01 0.09 30.75 12.88 31.95 3.47 18.04 11.88 0.09 0.04 1791 3532 949.52
S7 002 090 457 6934 0.10 1622 3.79 1194 156 6.61 253 0.03 0.04 882 8.05 299.03
S8 0.14 084 324 6077 0.09 1433 350 1123 133 6.04 205 0.02 0.03 6.64 676 229.25
S9 002 1.03 068 4024 0.15 933 170 282 061 418 0.71 0.01 0.01 494 250 19441
S10 006 151 273 9620 043 2311 7.00 1799 209 13.69 287 0.04 0.03 1145 929 57024
S11 0.09 211 141 9746 056 3280 7.59 1983 1.77 1492 295 0.05 0.05 1435 9.32 40257
S12 035 352 278 12253 052 33.87 9.04 29.11 297 1839 4.09 0.06 0.08 16.80 1348 746.65
S13 0.07 3.15 415 9442 036 2556 795 2347 287 1333 3.61 0.04 0.04 1296 13.32 530.11
S14 002 211 527 7199 027 16.19 475 1555 1.66 1053 219 0.02 0.03 820 7.89 30429
Mean 0.14 269 483 10146 0.27 28.11 7.84 2552 269 19.09 4.09 0.05 0.06 13.86 13.76 477.82
Median 0.08 1.81 3.69 9531 0.24 2556 7.80 20.05 222 1431 359 0.04 0.04 1221 11.25 403.24
Minimum 002 025 068 4024 0.09 933 170 282 061 418 0.71 0.01 0.01 494 250 19441
Maximum 0.67 1133 15.69 211.82 0.56 6748 16.63 69.43 8.17 5826 11.88 0.09 0.27 32.63 3532 949.52
SD 0.18 3.13 4.08 4377 0.17 1456 3.88 1898 1.83 1504 284 0.02 0.07 7.00 9.12 22546
S1-S6 (median) 0.12 1.53 593 120.68 0.17 34.62 949 26.66 3.10 2652 438 0.05 0.04 1798 18.09 528.56
S7-S9 (median) 002 09 324 6077 0.10 1433 350 1123 133 6.04 205 0.02 0.03 6.64 676 229.25
S10-S14 (median) 0.07 2.11 278 9620 0.43 2556 7.59 19.83 2.09 1369 295 0.04 0.04 1296 9.32 530.11
Sample number Mo Ni Pb Rb Sb Sn Sr Th Ti U \% w Y Zn Zr

S1 0.13 1375 1659 2892 0.02 026 17.83 8.10 34323 2.04 30.77 0.07 7.1 4999 0.89
S2 028 6293 951 7927 054 058 3246 2191 221.74 561 6245 038 21.18 115.11 8.12
S3 0.18 1496 5636 4249 0.06 029 1232 11.15 202.85 231 3690 0.14 1121 4244 10.36
S4 0.15 16.72 3841 5061 0.05 0.25 11.53 948 250.81 1.65 2738 0.08 981 5930 1.26
S5 032 3797 28.04 5729 034 133 2983 7.53 54955 0.83 36.03 023 717 9625 299
S6 0.15 1940 822 5460 0.11 049 2974 9.16 721.80 098 58.04 0.11 2342 10545 0.73
S7 0.14 835 567 1783 006 023 1047 494 23576 1.04 1544 0.1 7.87 2881 0.95
S8 0.15 842 542 1473 005 019 943 654 207.67 0.80 13.66 0.06 551 24.69 0.87
S9 008 491 454 501 002 017 416 438 5525 0.61 461 0.05 214 13.63 042
S10 0.15 17.13 2120 2571 005 025 973 559 20578 150 20.03 0.09 7.66 46.76 1.31
S11 0.17 18.47 2479 3075 0.12 026 2294 6.08 149.65 491 2197 0.16 982 5411 214
S12 030 2565 1888 3824 0.15 031 1977 822 22993 264 3003 022 990 6098 225
S13 023 2186 1348 3327 0.07 025 1488 7.81 25693 135 2544 0.13 805 49.78 1.23
S14 0.19 1326 9.03 2191 0.05 020 1567 4.69 17993 0.68 1630 0.09 6.06 187.35 1.27
Mean 0.19 2027 1858 3576 0.12 036 1720 825 27221 193 2850 0.14 978  66.76  2.48
Median 0.16 1692 1503 3201 006 025 1527 7.67 22584 143 2641 011 796 52.05 1.26
Minimum 008 491 454 501 002 017 416 438 5525 0.61 461 0.05 214 13.63 042
Maximum 032 6293 5636 7927 054 133 3246 2191 721.80 5.61 6245 038 2342 18735 10.36
SD 0.07 14775 1468 1974 0.14 030 870 440 169.72 155 16.16 0.09 578 4565 297
S1-S6 (median) 0.16 18.06 2231 52.61 0.08 039 2379 932 297.02 185 3646 0.13 10.51 77.78 213
S7-S9 (median) 0.14 835 542 1473 0.05 0.19 943 494 207.67 080 13.66 0.06 5.51 24.69  0.87
S10-S14 (median) 0.19 1847 1888 30.75 0.07 025 1567 6.08 20578 150 2197 0.13 8.05 54.11 1.31
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Fig. 4 Diagrams showing the A 250
variation in the concentrations
of trace elements for all samples ~ 200
of the present study 2
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The two dams of Thisavros and Platanovrisi act as large river. However, since an increase is observed in the sedi-
sedimentation cells and do not permit the sediments with ments of the river, as we reach the river delta, another
the high concentrations to reach the southern part of the  pattern source of concentrations is identified. This is due to
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natural and agricultural mobilization of fine particles and
associated elements. What is important to point out is that
the general quality of the river sediments is not above
reference thresholds for contaminated land and, hence, it is
not posing an immediate threat for the plants, animals and
humans in the area.
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