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Abstract—This study delineates the geochemical, mineralogical
and sedimentological characteristics of soils collected from woodland
and forest areas affected by the fires of August 2021 at the Pelopio
region, Ancient Olympia Municipality, Ilia prefecture, Greece. The
mineralogical composition of the samples consists of quartz, calcite,
feldspars (albite, oligoclase, anorthite) and clay minerals mostly
smectite, kaolinite, and illite. Quartz ranges from 38% to 57% with an
average of 48%, calcite ranges from 2% to 25% with an average of
14%, feldspars ranges from 7% to 26% with an average of 17% and
clays ranges from 4% to 43% with an average of 21%.
Sedimentological analyses classify most of the samples as loam to silt
loam. Sand percentage ranges from 14.76% to 71.11% with an average
of 35.01%, silt ranges from 21.68% to 62.34% with an average of
44.96%. Geochemical analyses of the soil samples applied for total
organic carbon (TOC), total nitrogen (TN), total phosphorous (TP),
Cu, Zn, Mn and Fe. TOC ranges from 0.28-0.83%, TN from 0.09-0.48
mg/g, TP from 0.02-0.26 mg/g, Cu from 10-21 ppm, Zn from 15-34
ppm, Mn from 612-1204 ppm, Fe from 9528-27500 ppm. The pH
ranges from 7.5 to 9.07 with an average of 8.74, while the values of
electrical conductivity (EC) range from 0.05-0.12 mS/cm, with an
average of 0.07 mS/cm. Statistical analysis of the data shows a positive
correlation between clays and Zn, Mn, Fe. TOC and TN show a strong
positive correlation, while Fe shows a strong negative correlation with
calcite.

Keywords—Soils, geochemistry, mineralogy, sedimentology,
woodland, forest.

1. INTRODUCTION

OREST fires have caused a great ecological and

environmental disaster not only in Greece but also in
Europe and worldwide. According to the European Copernicus
service, 2021 was one of the worst years for catastrophic fires,
with figures showing that this year more than twice as many
large forest fires have been recorded in the European Union
compared to the 2008-2020 average [1]. By early August 2021,
the European forest fire information system had recorded 1,100
fires, 300 more than the annual average [2]. During August
2021, the area of Ancient Olympia at the prefecture of Ilia,
Greece was affected by a wildfire that caused dramatic changes
in the natural environment.
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Forest fires impact the ecosystem and results in changes of
the soil properties [3], [4]. During such events, tremendous
amounts of thermal energy affect not only the aboveground and
belowground biota, but also the physical, chemical and
mineralogical characteristics of soils [4], [5]. Particle size
distribution does not change, but the removal of the fine fraction
through runoff and surface erosion lead to soil coarsening [6],
[71.

Organic carbon consumption begins at about 200 °C and total
oxidation of organic matter occurring around 460 °C [8]. Soil
pH increases after fires because of the organic acids destruction,
while EC is temporarily elevated from the release of ions after
the combustion of the organic matter [9], [10]. Even if the
mineralogical composition does not change in a great extent,
there is evidence for mineral alteration with temperature, within
the upper 1-8 cm of soil depth [9], [11]-[13].

In this study, we detect the environmental status of woodland
and forest areas of the Pelopio region at the Ancient Olympia
Municipality, part of the Ilia prefecture Western Peloponnese,
Greece, affected by the fires of August 2021 in regard to the
sedimentological, mineralogical and geochemical
characteristics of selected soil samples.

II. MATERIALS AND METHODOLOGY

A. Study Area

The sampling was carried out at woodland and forest areas
of the Pelopio region at the Ancient Olympia Municipality, part
of the Ilia prefecture Western Peloponnese, Greece on July
2023. For the procedure, 18 sampling sites (samples 1-18) were
chosen along the area of interest and one more sampling site as
areference material with coding Pel R 23, sample code R (Fig.
1). All samples were extracted from the uppermost 10 cm of the
soil horizon and well mixed and homogenized according to
LUCAS topsoil survey methodology [14]. The coordinates of
the sites were estimated using Maggelan Explorer XL G.P.S.

B. Soil Samples Analyses

During the extraction procedure all sampling sites were
pictured with a scale index of 20 cm (Fig. 2 A). The amount of
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each soil sample was approximately 100 g. After the extraction,
all samples were sealed in zipped polybags, transported to the
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lab, and dried in the oven for 1 hour at 72 °C (Fig. 2 B).
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Fig. 1 Sampling sites at the Pelopio region at the Ancient Olympia Municipality, Western Peloponnese, Greece
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Fig. 2 Soil samples (A) after the extraction and (B) after the drying process

For the sediment classification of the soil samples, grain size
analysis was carried out using Malvern Mastersizer 2000
Hydro. The percentage calculation of the sand, silt and clay
fractions resulted in the statistical and lithological description
of the samples, based on soil terminology. The results of the
grain size analysis were plotted at ternary diagrams according
to USGS and ASTM-D2487 standard. The statistical
parameters of the soil samples were calculated using
GRADISTAT V.4 software [15].

The values of EC and pH were estimated according to the
standard methods of ISO 122565, 1997 and ISO 10390, 1997,
respectively [16]. The solution for the analysis required 2 g of
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fine powdered soil samples diluted in a beaker with 50 ml of
purified water. After 1 hour of resting time with periodical
stirring, the solution was analysed using a portable multi-meter
HACH HQ4300.

The geochemical analyses that were conducted in the soil
samples included the determination of the TOC, total nitrogen
(TN), total phosphorus (TP) and the X-ray Fluorescence
analysis [17]. After the homogenization, the suspension is
transferred to the elemental Shimadzu TOC analyser (TOC-
VCSH) for measurement. A certain amount of the sample is
inserted in a receptor full of the oxidative catalyst, Pt/AL,O;.
Vaporization of water leads to the oxidation of the organic and
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inorganic carbon to H,O and CO,. The CO, moves to the
analyser and is measured, calculating the concentration of TC.
The acidification of the sample with HCI acid causes
dissolution of carbonate salts, transformed finally into CO,. In
this way, IC is measured separately and from the difference
between TC and IC, TOC concentration is inferred. For the
determination of TN, a small amount of the sample is led into
an inert purified air stream, through a quartz pyrolysis tube [17].
The total concentration of chemically bound nitrogen converts
into NO. The NO encounters Os, contained in the gas stream,
resulting in the production of metastable nitrogen dioxide
(NO2*). The signal of the light emission, during the decay of
NO,*, is measured and is equivalent to the TN concentration.

The determination of total phosphorus values (TP) was
performed according to Standard Methods APHA (2005) using
a multi-meter HACH HQ4300.

Geochemical analysis of soil samples was carried out using
an S1 Titan Bruker Handheld XRF Analyzer. An amount of 0.5-
1 g of fine powdered soil sample was put under pressure to
make pressed powder pellets. Afterwards, these pellets were
measured at a range of 10-50 kV and 10-200 pA, using a
Rhodium tube with 30 seconds exposure time.

For the mineralogical analyses, the bulk soil samples were
placed in an oven for 1 hour at 50 °C in order to remove any
absorbed moisture, followed by subjected to sieving. Once
powdered to a size less than 10 um, the mineralogical analysis
of the samples was conducted.

For the determination of each sample’s mineralogical phase,
X-Ray diffraction (XRD) was performed. For this purpose, a
Bruker D8 Advance XRD diffractometer with CuKo radiation
(L= 1.54A) and a nickel filter was used, at a scanning speed of
2°/min, while measurements were obtained between the angle
range 20, 3-70°. The phase identification as well as the semi-
quantitative analysis was determined using Topas v.3 software.

[II. RESULTS AND DISCUSSION

A. Sedimentological Characteristics

The results of the sedimentological analyses show that most
of the soil samples are classified as loam and silt loam, while
the rest of them are classified as sandy loam and silty clay loam.
Sand, silt and clay fractions are plotted in a ternary diagram,
according to USGS and ASTM-D2487 standard and display
little variation of the grain size among the soil samples (Fig. 3).

Clay percentages range from 4.39% to 43.43% with an
average of 20.63% with the higher concentrations existing at
the northern section of the area. On the contrary, sand
percentages range from 14.76% to 71.11% with an average of
35.01% and the higher values are recorded at the southern
section of the region. The silt fraction concentrations range
from 21.68% to 62.34% with an average of 44.96%, noting
though a more normal distribution at the area.

Mineralogy of Soils

The presence of quartz, carbonates, feldspars, and clay
minerals was observed in all studied samples in varying ratios.
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The spatial distribution and composition (%) of the studied
samples based on the content in SiO,, carbonates, feldspars, and
clay minerals were illustrated in Fig. 4.
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Fig. 3 Sediment classification of the soil samples

Quartz and carbonates are the main minerals, with values
ranging between 38-57% and 2-25%, respectively. In detail,
quartz is found abundantly in nature and has a high resistance
to weathering and alternation subjected to rocks due to
physicochemical parameters. Carbonates, and in this case
calcite, are also known to have high resilience to temperatures
up to 1000 °C.

Among the feldspar group, the identified minerals are albite,
and oligoclase, while anorthite was detected in a limited number
of samples (4, 6, 7). Their presence in sedimentary rocks is
frequently encountered in fine-grained rather than coarse-
grained sandstones [18]. On the other hand, smectite, illite, and
kaolinite appear to represent the secondary minerals, with
montmorillonite (smectite) being the most common clay
mineral. Kaolinite in particular is structurally damaged when
the material is subjected to temperatures exceeding 550 °C,
where the dihydroxylation of kaolinite occurs [19]. As a result,
the soil temperature in the sites, where samples 2, 3, 9, 12, 13,
14, and 18 were obtained, did not either reach a sufficiently high
level in order to destroy kaolinite, or the duration of the fire was
limited. Conversely, the lack of kaolinite in the remaining
samples could be attributed to the locally elevated temperatures
or the inherent absence of the mineral in each sample’s
composition.

C. Geochemistry of Soils

Geochemical analyses of the soil samples show that TOC
range from 0.28-0.83%, with an average value of 0.60%. The
TN ranges from 0.09-0.48 mg/g, with an average of 0.30 mg/g
and TP from 0.02-0.26 mg/g with average value of 0.14 mg/g.
The values of pH range from 7.5 to 9.07 with an average of
8.74, while the values of EC range from 0.05-0.12 mS/cm, with
an average of 0.07 mS/cm. These values are consistent with the
values reported by the Land Use/Land Cover Area Frame
Survey (LUCAS) project for sampling and analyses of the main
properties of topsoil in 23 Member States of the European
Union [14].
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Fig. 4 Spatial distribution and composition (%) of the studied samples based on the content in (a) SiOz, (b) carbonates, (c) feldspars, and (d)
clay minerals
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TOC concentrations appear to be lower in the central part of
the study area with the highest being found in the northern and
southern parts (Fig. 5). Similarly, the lowest concentrations of
total nitrogen and total phosphorus are observed in the centre of
the area, in contrast to the highest concentrations which are
located respectively in the northeast and in the northern parts.
The EC shows a clear increase towards the northern part of the
region, in contrast to the pH values whose increase is observed
from the northern and southern parts of the region towards its
centre (Fig. 5).

In the soil samples of the studied area, Cu ranges from 10-21
ppm, Zn from 15-34 ppm, Mn from 612-1204 ppm, Fe from
9528-27500 ppm. The range for Cu values are well below the
threshold value (100 ppm) for Cu in European soils [20]. In
addition, Zn concentration in the study samples do not reach the
lower guideline value of 250 ppm for zinc in European soils
[20]. The values of Fe and Mn in the studied area show lower
concentrations compared to the values reported for forest soils
[21].

The results of the geochemical analyses for heavy metals
show a similar distribution over the wider area. The lowest
copper values are found in the central part of the region with an
increasing trend in the northernmost, while the low zinc values
are found even further south where their increase is found in the
northeast (Fig. 6). The same variation is observed in the
concentrations of manganese and iron, where from the south to
the northeast, the increase in their respective values is recorded.

International Scholarly and Scientific Research & Innovation 18(7) 2024

Fig. 6 Distribution in Cu, Zn, Mn and Fe of the studied soil samples

Correlation matrices (Pearson) of all examined geochemical
and mineralogical parameters were calculated. The statistical
analysis of the data shows a positive correlation between clays
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and Zn, Mn, Fe. TOC and TN show a strong positive
correlation, while Fe shows a strong negative correlation with

calcite and a strong positive correlation with Mn (Table I).

TABLE I
CORRELATION MATRIX (PEARSON) OF THE STUDIED SOIL SAMPLES
TOC N TP Cu Zn Mn Fe Quartz Calcite Feldspars Clays
TOC 1.000 0.701 0.072  -0.044 0.024 0411 0.140  0.028 -0.330 -0.468  0.440
TN *0.701 | 1.000  0.248 0.109  0.163 0494 0273 -0.200 -0.097 -0.434  0.404
TP 0.072  0.248 1.000 0.145 0.293 0.552  0.454 -0.557 -0.073 -0.241 0.492
Cu -0.044  0.109  0.145 1.000 0.588 0.240  0.292 -0359 0.125 0.417  -0.093
Zn 0.024  0.163 0.293 0.588 1.000 *0.644 0.775 -0.415 -0.540 0.142 0.510
Mn 0.411 0.494  0.552 0.240 0.644 1.000 0.835 -0.183 -0.618 -0.002 0.502
Fe 0.140  0.273 0454 0292 *0.775 *0.835 | 1.000 -0.251 -0.684  0.005 0.579
Quartz  0.028 -0.200 -0.557 -0.359 -0.415 -0.183 -0.251 | 1.000 -0.206 0.086  -0.486
Calcite -0.330 -0.097 -0.073 0.125 -0.540 -0.618 *-0.684 -0.206 | 1.000 0.131 -0.591
Feldspars -0.468 -0.434 -0.241 0417 0.142 -0.002 0.005 0.086  0.131 1.000 -0.656
Clays 0.440 0404 0492 -0.093 0.510 0.502 0.579 -0486 -0.591 -0.656 1.000
*Correlation is significant at the 0.05 level
The statistical analysis in Table I reveals that Fe, Mn and Zn ACKNOWLEDGMENTS

concentrated in the same geochemical phase associated with
clays and/or oxides/hydroxides, and not carbonates due to their
negative correlation with calcite. By contrast, TN shows its
affiliation with the organic fraction of the samples due to the
strong positive correlation with TOC.

IV. CONCLUSIONS

The aim of this study is to identify the environmental status
of soils collected from the Pelopio region at the Ancient
Olympia Municipality, part of the Ilia prefecture Western
Peloponnese, Greece. For this purpose, we detect the
geochemical, mineralogical and sedimentological
characteristics of topsoil samples from the studied area. Most
of the soil samples are classified as loam and silt loam, while
the rest of them are classified as sandy loam and silty clay loam.
The silt fraction ranges from 21.68% to 62.34%, with an
average of 44.96%. Clay fraction ranges from 4.39% to 43.43%
with an average of 20.63% and the higher concentrations exists
at the northern section of the area. Quartz, carbonates, feldspars,
and clay minerals were observed in all studied samples in
varying ratios. Quartz and carbonates are the main minerals,
with values ranging between 38-57% and 2-25%, respectively.
On the other hand, smectite, illite, and kaolinite appear to
represent the secondary minerals, with montmorillonite
(smectite) being the most common clay mineral in the area.
TOC concentrations appear to be higher in the northern and
southern parts compared to the central part. In the latest, the
lowest concentrations of total nitrogen and total phosphorus are
observed. The lowest copper values are found in the central part
of the region with an increasing trend in the northernmost, while
the low zinc values are found even further south where their
increase is found in the northeast. On the basis of the statistical
analysis Fe, Mn and Zn concentrated in the same geochemical
phase associated with clays and/or oxides/hydroxides, and not
carbonates due to their negative correlation with calcite. By
contrast TN shows its affiliation with the organic fraction of the
samples due to the strong positive correlation with TOC.

International Scholarly and Scientific Research & Innovation 18(7) 2024

The authors would like to thank the Green Fund of the
Ministry of Environment and Energy, Greece for financial
support. Green Fund decision number 222.3.2/2021.

REFERENCES

[1] European Copernicus service, 2021. https://www.copernicus.eu/en

[2] EFFIS, 2021: https://effis.jrc.ec.europa.eu/

[3] Verma, S., Jayakumar, S. “Impact of forest fire on physical, chemical and
biological properties of soil: A review”. Proceedings of the International
Academy of Ecology and Environmental Sciences 2, 168, 2012.

[4] Certini, G. “Effects of fire on properties of forest soils: a review”.
Oecologia 143, 1-10, 2005 https://doi.org/10.1007/s00442-004-1788-8

[5] Niklasson, M., Granstrom, A. “Numbers and sizes of fires: long-term
spatially explicit fire history in a Swedish boreal landscape”. Ecology 81,
1484-1499, 2000.

[6] Oswald BP, Davenport D, Neuenschwander LF. “Effects of slash pile
burning on the physical and chemical soil properties of Vassar soils”. J
Sustainable For 8:75-86, 1999.

[7] Mermut AR, Luk SH, Romkens MJM, Poesen JWA. “Soil loss by splash
and wash during rainfall from two loess soils”. Geoderma 75:203-214,
1997.

[8] Giovannini G, Lucchesi S, Giachetti M. “Effects of heating on some
physical and chemical parameters related to soil aggregation and
erodibility”. Soil Sci 146:255-261, 1988.

[9] Arocena JM, Opio C. “Prescribed fire-induced changes in properties of

sub-boreal forest soils”. Geoderma 113:1-16, 2003.

Naidu CV, Srivasuki KP. “Effect of forest fire on soil characteristics in

different areas of Seshachalam hills”. Ann For 2:166—173, 1994.

Tan KH, Hajek BF, Barshad I. “Thermal analysis techniques. In: Klute A

(ed) Methods of soil analysis. 1. Physical and mineralogical methods”.

American Society of Agronomy and Soil Science Society of America,

Madison, WI, pp 151-183, 1986.

Ulery AL, Graham RC, Bowen LH. “Forest fire effects on soil

phyllosilicates in California”. Soil Sci Soc Am 60:309-315, 1996.

Ketterings QM, Bigham JM, Laperche V. “Changes in soil mineralogy

and texture caused by slash-and-burn fires in Sumatra, Indonesia”. Soil

Sci Soc Am J 64:1108-1117, 2000.

Toth, G.; Jones, A.; Montanarella, L. (Eds.) “LUCAS Topsoil Survey

Methodology, Data and Results”. In European Commission Joint

Research Centre; Report EUR 26102 EN; Joint Research Centre: Ispra,

[10]

(1]

[12]

[13]

[14]

Ttaly; pp- 1-154, 2013. Available online:
https://esdac.jrc.ec.europa.eu/ESDB_Archive/eusoils_docs/other/EUR26
102EN.pdf

[15] Blott, S.J., Pye, K. “Gradistat: A grain size distribution and statistics
package for the analysis of unconsolidated sediments”. Earth Surf.
Process. Landforms 26, 12371248, 2001.
https://doi.org/10.1002/esp.261

[16] Liang-chang Dong; Allan S. Hoffman. “A novel approach for preparation

213 1SN1:0000000091950263



Open Science Index, Geologica and Environmental Engineering Vol:18, No:7, 2024 publications.waset.org/10013712.pdf

World Academy of Science, Engineering and Technology
International Journal of Geological and Environmental Engineering
Vol:18, No:7, 2024

of pH-sensitive hydrogels for enteric drug delivery”. Journal of Controlled
Release, 15(2), 141-152, 1991. https://doi.org/10.1016/0168-
3659(91)90072-L

Avramidis, P., Nikolaou, K., Bekiari, V. “Total Organic Carbon and Total
Nitrogen in Sediments and Soils: A Comparison of the Wet Oxidation —
Titration Method with the Combustion-infrared Method”. Agric. Agric.
Sci. Procedia 4, 425430, 2015.
https://doi.org/10.1016/j.aaspro.2015.03.048
Morad, S. “Feldspars in sedimentary rocks”. In: Sedimentology.
Encyclopedia of Earth Science. Springer, Berlin, Heidelberg, 1978.
Cheng, H., Li, K., Liu, Q., Zhang, S., Li, X. and Frost, R.L. “Insight into
the thermal decomposition of kaolinite intercalated with potassium
acetate: An envolved gas analysis”. Journal of Thermal Analysis and
Calorimetry, Springer Science, 135, 27, 2014.

G. Téth, T.Hermann, M.R. Da Silva, L. Montanarella. “Heavy metals in
agricultural soils of the European Union with implications for food
safety”. Environment International 88, 299-309, 2016.

Arkadiusz Warczyk, Tomasz Wanic, Jacek Antonkiewicz, Marcin
Pietrzykowski. “Concentration of trace elements in forest soil affected by
former timber depot”. Environ Monit Assess, 192: 640, 2020.

[17]

[18]

[19]

[20]

[21]

Dionisios Panagiotaras* is an Assistant Professor in Environmental
Geochemistry at the Department of Environment, Ionian University Greece. He
is holding a BSc in Chemistry from the University of Ioannina Greece (1994)
and a Ph.D. in Geochemistry from the University of Patras Greece (2008). Dr.
Dionisios Panagiotaras research has been published in peer reviewed scientific
journals and international conferences. His research interest focused in the field
of Low Temperature/Environmental Geochemistry. Specific research interests
are clay mineralogy, soil and sediment geochemistry, water-seawater chemistry
and environmental uses of nano-scale geo-materials for the decomposition of
organic and inorganic pollutants by photocatalytic degradation.

Pavlos Avramidis is a Professor of Sedimentology at the Department of
Geology, University of Patras, Greece. His research focuses on Sedimentology
of Aquatic Systems, particularly on coastal ecosystems (lagoons, deltas, bays).
He was a graduate (PhD) and postdoctoral scholar of the Greek State
Scholarship Foundation (IKY) in the subject of Energy Mineral Resources and
Geology — Oceanography respectively. Since 1998 he studied more than 30
large public works projects, as a geotechnical consultant on subjects of
geotechnical engineering, geology, hydrogeology and environmental
sedimentology. He has participated as principal researcher in 15 national
research programs of the University of Patras and is currently scientific
coordinator on eight research programs implemented by the Research
Committee of the University of Patras. He has participated in a variety of
projects concerning protected areas of the NATURA 2000 network in Greece
and aquaculture impacts to the environment. As a researcher he has 60
publications in peer reviewed scientific journals and more than 50 publications
in national and international congresses.

Dimitrios Papoulis is holding a BSc in Geology and Ph.D. in Mineralogy from
the University of Patras, Greece (2003). He is a Professor in Clay Mineralogy
at the Department of Geology, University of Patras, Greece. Dr. Dimitrios
Papoulis research has been published in peer reviewed scientific journals and
international conferences. His research interest focused in the fields of clay
mineralogy and nanogeosciences.

Dionysios Koulougliotis is a Full Professor at the Department of Environment
of Ionian University (Zakynthos Island, Greece). He holds two B. Sc. Degrees
from the National and Kapodistrian University of Athens-Greece (Physics-
1989, Economics-2013), and two postgraduate degrees from the Department of
Chemistry of Yale University (USA) in the area of Biophysical Chemistry (M.
Sc.-1992 and Ph. D.-1995). Before his current appointment at Ionian
University, he conducted postdoctoral research at the University of Florence
(1995-1998), NCSE “Demokritos”-Greece (1998-99) and the Technical
University of Berlin (2002-03). His current research interests span the areas of
biophysical spectroscopy, chemistry education and education for sustainable
development.

MSc Dionisis Christodoulopoulos has been interested in paleoenvironmental
and paleoclimatic study of shallow lacustrine archives of the central-northern
Peloponnese, Greece during the Holocene period. His research comprises basic
proxies such as geochemical analysis through XRF system, mineralogical
analysis and standard sedimentological analysis (grain size, total

International Scholarly and Scientific Research & Innovation 18(7) 2024

organic/inorganic carbon, total nitrogen). Also, determination of nutrients and
heavy metals in sedimentary matter is part of his total research field. He is
experienced in field sampling and coring processing in lacustrine and wetland
environments towards the western Greek region.

MSc Dimitra Lekka has been interest in soil and sediment geochemistry as
well as applied ecology — management of ecosystems and biological resources.
Her master degree is within Environmental Sciences. She is also experienced
in field sampling, nutrients and heavy metals determination of water, soil and
sediment samples from various geological units.

Despoina Nifora has a BSc in Geology (2015) and a MSc in Geoscience and
Environment (2019) from the department of Geology, University of Patras
Greece. Her current role is as a PhD candidate at the department of Geology,
University of Patras. Despoina Nifora's research interest includes mineralogy,
soil geochemistry, origin and formation of clay minerals as well as their
industrial applications.

Denisa Druvari, graduated in 2014 with a degree in Chemistry from the
University of Patras. She holds a MSc (2017) and a PhD (2023) diploma in
Polymer Chemistry from the Chemistry Department of the University of Patras.
She is currently working on several projects as a Postdoctoral researcher at the
Department of Chemistry, University of Patras. Her research interest is focused
in the field of eco-friendly antifouling/antibacterial coatings for various
applications, such as marine aquaculture. She is also experienced in the
synthesis and characterization of materials used for environmental applications.

Alexandra Skalioti is a researcher at the Ionian University, Greece. She is
experienced with handling and statistical analysis of data.

214 1SN1:0000000091950263



