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Abstract

Inorganic arsenic (4s) is a naturally occurring metal, present in various ecosystems.
However, it can also be added to an aquatic system by anthropogenic activities. The
aim of the present study is to determine the total As content in the Palea Kavala
river (NE Macedonia, Northern Greece). The correlation between As content and
some chemical and physico-chemical parameters of the samples was also examined.
Research demonstrated significant As concentrations in the water and the sediments
of the river. No correlation was found between As and pH, Fe, Mn in the water
samples. Concerning the sediment samples, positive correlation was revealed for As
with Fe and Mn content, while negative correlation was revealed between As and
pH. This is probably indicative of a higher arsenic mobility in the Palea Kavala
river water than in sediments. Since no anthropogenic activities were observed in
the river’s catchment area, elevated As concentrations are probably due to the
lithology of the broader area and especially the presence of extended ore
mineralizations including As-bearing sulphide minerals. However, the research in
the study area is in progress since a more detailed evaluation of the local sources of
As and mechanisms of As release is required.
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Hepilnyn

To opoeviko (As) eivor ynuikd oToLyEl0 WOV UTOPEL VO VIOPYEL OTO. ETLPOVELOKD,
DOGTIVA OIKOGVOTHUATO, LOY® QUOIKDV 0AAG Kol avOpwmoyevav dpaotnprotitwyv. O
OKOTIOG TG TaPODOOS UEAETNG EIVOL VO. TPOGOIOPIGTEL 1] TEPIEKTIKOTNTO, 0 OMKO AS
7000 TV VOGTWV 0ALG Kol TV Inudtwy tov péuatos Tlodwds Kafdlag, mov
Ppioxeron arnyv Avorodixyy Moxedovia (B. EJAdda). Eyive emions uio mpoomobeio vo,
01EpeLVNOEL TOYOV GVOYETION TV GLYKEVIPOOEMV TOV AS e KATOLES YNUIKES KOl
POOIKOYNUIKES TOPOUETPODS TWV OEIYUGTOV. Me fdon to. amoteAéouora, oev PpéOnie
Kamoio. ovoyétion tov As ue g mepiextikotnres Tov Fe xor Mn ota deiyuora vdarog,
xabwg ovte ko pe 1o pH tovg. Aviifeta, mpoadiopiotnke wg Oetikn n ovayétion Tov
As ue tg ovykevipaoeis Fe kou Mn kaBog ko pe o pH v ilnudtwv. O1 vyniés
mepiexnikotnres As oe ola ta deiyuota, mbavov va opeilovior oty vmopln
HETOALOQOPIOV otV €VPUTEPY TEPIOYH EPEVVOS HE UEIKTO O100y0. OPUVKTA TOD
wepigyovv  As, mopd oe avlpwmoyevels dpaotnpiotyres. ITlapolo ovtd, vl
OTOPAITHTH TEPOLTEP® EPEVVA, WDTTE VO TPOTOLOPLITOVY UE UEYALDTEPN LETTOUEPELD. O1
TNYéS Tov AS aTnv mEPLOYN.

AéEerg kAerora: Avopyavor poravtés, Bapéo uétarlo, Bopeia EAAdda.
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1. Introduction

Trace elements, especially heavy toxic metals, in surface waters are attributed to natural or
anthropogenic sources. In elevated concentrations, toxic metals may lead to irreversible health
diseases. For this reason, the pollution of the surface aquatic systems, especially rivers, with
inorganic pollutants has been attracting the attention of public and scientific community over the
last few decades (Kabata-Pendias and Pendias, 2001; Suthar et al., 2009). A naturally occurring
element in ecosystems is inorganic arsenic (As). It occurs in a variety of environmental media,
including minerals, rocks, sedimentary deposits, soil, water and plants and usually is incorporated
in sulfide minerals. Nevertheless, arsenic can also originate from anthropogenic activities and
transmitted in the environment as a contaminant through sewage discharge or use of fertilizers in
agriculture (Nordstrom, 2002; Hoang et al., 2010).

Arsenic contamination in water has caused severe health problems around the world, since it
causes serious natural hazards when exceeding the established standards. The association between
arsenic and human health effects is well described by numerous related surveys globally.
Furthermore, the chemical analysis of river sediments is very useful when studying inorganic
contamination in an area (Forster and Salomons, 1991; Abernathy et al., 2003 and references
therein).

The objective of the present study is to determine the presence of the total arsenic content in water
and sediments of the Palea Kavala river and examine if there is any correlation with chemical and
physico-chemical parameters of the samples. Palea Kavala river is located 6 km north of the
Kavala city, in northeastern Greece (Figure 1). It emanates from the Lekani mountains and passing
through the Palea Kavala village it flows towards the Philippoi plain. When entering the plain, due
to the extensive karst formations, the river disappears into the sediments.

2. Geological Setting

Geologically the study area belongs to the lower Pangeon unit of the Rhodope massif, consisting
mainly of gneisses overlain by marbles. In the Palea Kavala area the metamorphic rocks of the
Rhodope massif, were intruded by the Kavala pluton of a Lower Miocene age (21-22 Ma). The
latter has the characteristics of an I-type intrusion and is mainly composed of amphibole-biotite
granodiorite. Alluvial deposits which consist of clays, sands and gravels overlie the crystalline
rocks (Kronberg, 1970; Kronberg and Melidonis, 1970; Christofides, 1996; Vavelidis et al., 1997;
Melfos et al., 2008) (Figure 1).

The Palea Kavala region contains ~150 minor hydrothermal-magmatic base- and precious-metal
occurrences within the Kavala pluton and the surrounding metamorphic rocks of the Rhodope
massif. These occurrences have variable metal assemblages that include Fe-Mn-(Pb+Zn+Ag), Fe-
Mn-Au, Fe-As-Au, Fe-Cu-Au and Bi-Te, but most are weathered and oxidized. Primary metallic
minerals consist of pyrite, arsenopyrite, chalcopyrite, pyrrhotite, galena, sphalerite, tetrahedrite-
tennantite, petzite, bismuthinite, tetradymite, cosalite, bismuthinite, lillianite, proustite, pyrargyrite,
argentite, jalpaite, stephanite and native gold. Arsenic is mainly related with arsenopyrite, proustite
and tennantite (Vavelidis et al., 1996a,b; Melfos et al., 2008; Fornadel et al., 2011).

3. Materials and Methods

3.1. Sample Collection

Seven sites were sampled for water (PKW1 to PKW7) and thirteen sites for their sediments (PK1
to PK13) downstream the Palea Kavala river (Figure 1). Water and sediment sampling was carried
out in November 2009, after the dry season, and in May 2010, after the rainy season, leading to
fourteen in total water samples.
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Water sampling was performed with plastic bottles of 300 ml capacity, rinsed with distilled water.
Following that, the samples were delivered on the same day to the laboratory. Sediment samples
were collected at the top of the riverbeds and their banks, avoiding the input of other materials. All
sediment samples were collected with a plastic shovel and were put in plastic bags.

3.2. Laboratory Treatment of Samples

The water samples were filtered through 0.45 pm Whatman filter paper, acidified with HNO; (1:1)
to pH 2, and stored at 4° C in polyethylene plastic bottles until they were sent for analysis.

At the laboratory, after the removal of organic material, sediment samples were dried in an oven at
60° C. They were gently ground with rolling pin to disaggregate the samples but not break down
the grains themselves, sieved to collect less than 0.063 mm grain size and stored in polyethylene
bags until they were sent fir analysis. The <0.063 mm fraction was used due to the fact that the
environmentally available trace elements mainly remain in this fraction, because of its larger
specific area. Therefore, fine sediments have been used by many researchers in order to investigate
river pollution (Kabata-Pendias and Pendias, 2001; Salomons, 1995).

3.3. Sample Analysis

The physico-chemical parameter pH of the water was measured in the field during sampling, using
a portable combined instrument. The pH of sediments was measured at the laboratory using a
digital pH-meter. The chemical analyses were performed at the Acme Analytical Laboratories
(Vancouver, Canada). Metals in the sediments were extracted using the aqua regia digestion, while
their concentrations were determined in all samples by ICP-MS.

Figure 1 - Geological map of the studied area with the Palea Kavala river and sampling sites
(according to Kronberg, 1970; Kronberg and Melidonis, 1970 with modifications).
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4. Results and Discussion

The results of the physico-chemical analyses and of heavy metals content in water and sediment
samples are shown in Table 1 and Table 2, respectively. The pH values were approximately
neutral to slightly alkaline, with a range of 7.36 to 8.14. The range of concentration for As and Mn
in the water samples was 15.9- 59.9 ppb and 0.5-152 ppb, respectively.

Arsenic content after the wet season ranges from 28.9 to 59.9 ppb, and after the dry season from
15.9 to 37.4 ppb. This demonstrates that arsenic levels after the dry season (November 2009) are
higher than the respective ones which followed the wet season (May 2010). It is apparent,
therefore, that arsenic contents were higher during the period of a low river flow (Figure 2). This
has also been confirmed by previous studies (Giouri et al., 2012), according to which significant
variations of As content were found in most of the sites. However, clear trends in these changes
between wet and dry season were not determined, as it was also concluded by the coefficient of
determination (R2). According to its value (R2=0.60) there was found a positive but moderate
correlation between wet and dry season As concentrations.

Table 1 - Results of the pH and the As, Mn concentrations in surface waters of the Palea Ka-
vala river.

As Mn
(ppb) | (ppb)
min | 7.36 | 159 | 0.5

max | 8.14 | 59.9 | 152.0
median | 7.63 | 359 | 2.8
mean | 7.71 | 38.7 | 22.7

Number of samples pH

n=14
(PKW1a-PKW7a->Nov-2009)
(PKW1b—PKW7b->May-2010)

Figure 2 - Variation in the concentrations of As in the water samples collected downstream P
alea Kavala river, for both sampling periods.

Table 2 - Results of the pH and the As, Mn, Fe concentrations in the sediments of the Palea
Kavala river.

As Mn Fe
(ppm) | (ppm) | (Wt %)
min | 633 | 51.3 | 405 1.6

n=13 max | 8.18 | 705.5 | 5268 4.0
(PK1 - PK13) median | 7.58 | 170.1 | 822 3.6
mean | 7.37 | 231.0 | 1097 3.1

Number of samples pH
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The pH values of the sediments range from 6.33 to 8.18, without any drastic differences among
sampling sites. As and Mn concentrations are high in all samples, ranging from 51.3 to 705.5 ppm
and from 405 to 5268 ppm, respectively. Fe was also relatively high varying from 1.6 to 4.0 wt%
(Table 2 and Figure 3). From the diagram in Figure 3, it can be concluded in general that the
variation in As concentrations, follow the variations of Mn and Fe.

The distribution of As in water and sediments of surface streams or rivers, is related with the pH,
the deliberate pollution and the release of other compounds which can adsorb arsenic. In the case
of rivers, the As content may be strongly affected by geological characteristics of the drainage area
of the rivers and by anthropogenic inputs. The adsorption of As on precipitated hydrous Fe and
Mn oxides that exist in the sediments of the rivers, is significant. It is apparent, therefore, that the
correlation between the content of As, Mn and Fe in the collected water and sediment samples
should be further studied (McLaren and Kim, 1995; Smedley, P.L. and Kinniburgh, D.G., 2002;
Gault et al., 2003; Sanchez-Rodas et al., 2005; Nordstrom, 2011; Sarmiento et al., 2012).

According to the water analyses results in Palea Kavala river, the relationship between As content
and pH is weak but negative (Figure 4) with a correlation coefficient factor R>=0.18. Similarly the
correlation of As with Mn is also very poor, with R?=0.0051 (Figure 4). Arsenic in water is also
very poorly correlated with Fe. According to the present study, Fe in most of the samples was
below detection limits, with the exception of 2 samples (data not shown). This means that there is
not any relationship between As and Fe and therefore As in the water is not adsorbed because of
the presence of Fe.

Figure 3 - Variation in the concentrations of As, Mn and Fe in the sediment samples
collected downstream Palea Kavala river.

Figure 4 - Scatter plot of arsenic concentrations in the water sample in correlation with pH
and Mn content.
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According to the results of sediment analyses (Figure 5), a moderate negative correlation was
observed between arsenic and pH (R?>=0.41). The correlation of As is stronger with Mn than with
Fe. This is concluded since the value of correlation coefficient factor for As with Mn is R?>=0.77,
while for As with Fe is R?=0.30. It should be mentioned that the sample with the most elevated
concentrations of As and Mn is not plotted close to the rest ones (Figure 5). However, by
exempting that specific sample, the correlation between As and Mn is slightly weaker (R2
decreases from 0.77 to 0.54), remaining still positive and relatively good. As illustrated in Figures
4 and 5, arsenic shows a closer relationship with pH, Fe and Mn in the sediments than with the
corresponding parameters in water.

Since in the catchment area of Palea Kavala river any anthropogenic activities were not observed,
which as a consequence can increase metal concentrations in the sediment and water, it is assumed
that high arsenic content can be attributed to the geological environment. After all, some of the
primary minerals that comprise the metal assemblages occurring in the Palea Kavala region,
mainly arsenopyrite, proustite and tennantite (Fornadel et al., 2011), are related with the elevated
As concentrations. This is also demonstrated in Figure 6, since it is revealed that higher
concentrations of As are observed mainly upstream Palea Kavala river, where the majority of As-
bearing ore mineralizations occur.

5. Conclusions

The purpose of the present study was to determine the total arsenic content in water and sediments
of the Palea Kavala river (NE Macedonia, Northern Greece). Furthermore, it was examined if there
is any correlation between As and some chemical and physico-chemical parameters in the samples.

Results of chemical analyses demonstrated considerable concentrations of As, both in water and
sediments of the river. This is probably due to some geological factors such as the lithology of the
broader area. Especially the presence of extended ore mineralizations which include arsenopyrite
(FeAsS), proustite (Ag3AsS3) and tennantite ((Cu,Ag,Fe,Zn)2(As, Sb)4Si3) in metal occurrences in
Palea Kavala region, and so in the river water and sediments because of weathering and
transportation, can be related with As content.

Figure 5 - Scatter plot of arsenic concentrations in every sediment sample in correlation with
pH, Fe and Mn content.
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Figure 6 - Spatial distribution of Ast) in the water (a) and sediments (b) of Palea Kavala
river.

Physicochemical factors such as pH and the presence of Mn and Fe oxides, can contribute to the
adsorption of As. However, no correlation was found between As content and pH, as well as Fe
and Mn in the water samples. On the other hand, positive correlation was revealed for As with Fe
and Mn and negative correlation was observed between As and pH in the sediments. It can
probably be concluded that mobility of arsenic in Palea Kavala river is higher in water than in
sediments. However, the research in the study area is in progress since a more detailed evaluation
of the local sources of As and mechanisms of As release in surface water is required.
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