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Advances in Science, Technology & Innovation (ASTI) is a series of peer-reviewed books 
based on important emerging research that redefines the current disciplinary boundaries in  
science, technology and innovation (STI) in order to develop integrated concepts for  
sustainable development. It not only discusses the progress made towards securing more 
resources, allocating smarter solutions, and rebalancing the relationship between nature and 
people, but also provides in-depth insights from comprehensive research that addresses the  
17 sustainable development goals (SDGs) as set out by the UN for 2030.

The series draws on the best research papers from various IEREK and other international 
conferences to promote the creation and development of viable solutions for a sustainable  
future and a positive societal transformation with the help of integrated and innovative 
science-based approaches. Including interdisciplinary contributions, it presents innovative 
approaches and highlights how they can best support both economic and sustainable  
development, through better use of data, more effective institutions, and global, local and  
individual action, for the welfare of all societies.

The series particularly features conceptual and empirical contributions from various  
interrelated fields of science, technology and innovation, with an emphasis on digital  
transformation, that focus on providing practical solutions to ensure food, water and energy 
security to achieve the SDGs. It also presents new case studies offering concrete examples 
of how to resolve sustainable urbanization and environmental issues in different regions of the 
world.

The series is intended for professionals in research and teaching, consultancies and industry, 
and government and international organizations. Published in collaboration with IEREK, the 
Springer ASTI series will acquaint readers with essential new studies in STI for sustainable 
development.

ASTI series has now been accepted for Scopus (September 2020). All content published 
in this series will start appearing on the Scopus site in early 2021.
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About MedGU

Steps toward the creation of a Mediterranean Geosciences Union (MedGU)
Mediterranean Geosciences Union (MedGU) aims to create a unique federation that 

brings together and represents the Mediterranean geoscience community specializing in the 
areas of Earth, planetary, and space sciences.

MedGU will be structured along the lines of American Geophysical Union (AGU) and 
European Geosciences Union (EGU).

The plan is to establish a large organization for the Mediterranean region that is more 
influential than any one local geoscience society with the objective of fostering fundamental 
geoscience research, as well as applied research that addresses key societal and environmen-
tal challenges.

MedGU’s overarching vision is to contribute to the realization of a sustainable future for 
humanity and for the planet.

The creation of this union will give the Earth sciences more influence in policy-making 
and in the implementation of solutions to preserve the natural environment and to create 
more sustainable societies for the people living in the Mediterranean region. It is hoped that 
the union will also provide opportunities to Mediterranean geoscientists to undertake inter-
disciplinary collaborative research. MedGU plans to recognize the work of the most active 
geoscientists with a number of awards and medals.

Although MedGU has not yet been officially inaugurated, its first annual meeting is 
planned for November 2021 in Istanbul. This will provide a forum to achieve a consensus 
for the formation of this non-profit international union of geoscientists. Membership will be 
open to individuals who have a professional engagement with the Earth, planetary, and space 
sciences, and related studies, including students and retired seniors.

Nabil Khélifi and Attila Çiner have taken an ambitious approach to the launch of the first 
MedGU Annual Meeting 2021 and hope to develop it in the near future into the largest inter-
national geoscience event in the Mediterranean and the broader MENA region. Its mission is 
to support geoscientists based in this region by establishing a Global Geoscience Congress.

It is expected that hundreds of participants from all over the world will attend this first 
MedGU Annual Meeting 2021, making it one of the largest and most prominent geosciences 
events in the region. So far, over 1300 abstracts have been submitted from 95 countries. 
The meeting’s sessions will cover a wide range of topics with more details available on the 
Conference Tracks.

This first 2021 Annual Meeting will have a “hybrid” format, with both in-person and vir-
tual participation. Springer, its official partner, will publish the proceedings in a book series 
(indexed in Scopus) as well as a number of special issues in diverse scientific journals (for 
more details, see Publications). The official journal of MedGU is Mediterranean Geoscience 
Reviews (Springer).
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Conference Tracks

The scientific committee of the MedGU invites research papers on all cross-cutting themes of 
Earth sciences, with the main focus on the following 16 conference tracks:

•	 Track 1. Atmospheric Sciences, Meteorology, Climatology, Oceanography
•	 Track 2. Biogeochemistry, Geobiology, Geoecology, Geoagronomy
•	 Track 3. Earthquake Seismology and Geodesy
•	 Track 4. Environmental Earth Sciences
•	 Track 5. Applied and Theoretical Geophysics
•	 Track 6. Geo-Informatics and Remote Sensing
•	 Track 7. Geochemistry, Mineralogy, Petrology, Volcanology
•	 Track 8. Geological Engineering, Geotechnical Engineering
•	 Track 9. Geomorphology, Geography, Soil Science, Glaciology, Geoarcheology, Geoheritage
•	 Track 10. Hydrology, Hydrogeology, Hydrochemistry
•	 Track 11. Marine Geosciences, Historical Geology, Paleoceanography, Paleoclimatology
•	 Track 12. Numerical and Analytical Methods in Mining Sciences and Geomechanics
•	 Track 13. Petroleum and Energy Engineering, Petroleum Geochemistry
•	 Track 14. Sedimentology, Stratigraphy, Paleontology, Geochronology
•	 Track 15. Structural Geology, Tectonics and Geodynamics, Petroleum Geology
•	 Track 16. Caves and Karst, a special session on the occasion of International Year of Caves 

and Karst
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About the Conference Steering Committee

Executive Committee

Honorary Chair

A. M. Celâl Sengör

Associate Editor, Mediterranean Geosciences Reviews (Springer)
Eurasia Institute of Earth Sciences, Istanbul Technical University Istanbul, Turkey

Organizing Chair

Attila Çiner
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Founding Editor-in-Chief, Mediterranean Geosciences Reviews (Springer)
Chief Editor—Tracks 11 and 14, Arabian Journal of Geosciences (Springer)
Eurasia Institute of Earth Sciences, Istanbul Technical University, Turkey

Conference Manager

Mohamed Sahbi Moalla
Performer—The Leading Conference Organizer, Tunisia
Journal Coordinator, Euro-Mediterranean Journal for Environmental Integration 
(Springer)
ISET, University of Sfax, Tunisia

Conference Support

Mourad Amer
Founder and CEO of IEREK
Editor of ASTI Series (Springer/IEREK)
IEREK, Alexandria, Egypt
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Preface

This proceedings volume is based on 57 papers accepted and presented during the 1st 
Mediterranean Geosciences Union (MedGU-21) Conference organized in Istanbul, Turkey, 
in 2021 under the auspices of Springer Nature. Although more than half of the contributions 
come from the Mediterranean region, many other countries around the globe also actively 
participated in developing this volume. In detail, almost half of this volume’s papers (29) are 
related to the Environmental Earth Sciences. In the second part, a total of 19 articles contain 
works from Geomorphology, Soil Science, Landslides, Paleoclimate, Geoarcheology, and 
Geoheritage.

Last but not the least, the third part includes nine papers dealing with karst research. 
These were submitted to the special session on the occasion of the International Year of 
Caves and Karst (IYCK), declared for 2021 by the International Union of Speleology (UIS) 
under the auspices of UNESCO. Following the main goals of IYCK, the focus was on all 
spheres related to the fragile karst environment, especially regarding important issues such as 
the protection of caves and their natural resources and sustainability.

The book is relevant to all researchers and students on the topics mentioned above, pre-
senting an updated view on field studies, laboratory analyses, and modeling in earth sciences.
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Removal of Pb(II), Cu(II), 
and Cd(II) from Aqueous Solution 
by Alginate-Immobilized Aquatic 
Weed M. spicatum

Jelena Milojković, Zorica Lopičić, Marija Mihajlović,  
Milan Kragović, Biljana Gligorijević, Tatjana Vojvodić,  
and Jelena Avdalović

Abstract

Biosorption is evolving as a potential alternative to the 
existing conventional technologies for the removal and/
or recovery of pollutants from aqueous solutions. The 
present work investigates the possible application of 
waste biomass Myriophyllum spicatum (Ms) in remov-
ing contaminants, evaluating equilibrium through iso-
therms of selected heavy metals: lead, copper, and 
cadmium. As a heavy metal biosorbent, Ms was immo-
bilized in alginate beads (Ms: Alginate 2:1). Applied 
biosorbent, MsA, was characterized by scanning electron 
microscopy with energy dispersive X-ray spectroscopy 
(SEM–EDX) and Fourier transform infrared spectros-
copy (FT-IR). Experimental results were fitted (non-
linear) by six isotherm models: Langmuir, Freundlich, 
Sips, Redlich and Peterson, Toth, and Temkin. For 
lead(II) ion removal, fitting follows the following 
sequence, F ≈ R-P > S > To > L > Te, while for copper(II) 
and cadmium(II) ions are as follows: R-P > To ≈ Te ≈ 
L > S > F and R-P > L > To > S > F > Te, respectively. TOC 
analyses revealed that M. spicatum releases 35.04 mg/L 
of total organic content while immobilized sample, MsA, 
only 6.81 mg/L. Finally, this biosorbent was tested on 

a sample of real wastewater from a coal-fired thermal 
power plant complex TPP Kostolac (operated by PE 
“Electric Power Industry of Serbia”). The results indi-
cate that using immobilized aquatic weed M. spicatum as 
a biosorbent has a high potential for heavy metal waste-
water treatment applications.

Keywords

Biosorption · Heavy metals · Aquatic 
weed · Immobilization · Wastewater

1	� Introduction

Myriophyllum spicatum L. is a submerged aquatic weed 
found in at least 57 countries. Therefore, this weed is 
native to Europe, Asia, and North Africa but is also a major 
aquatic invader across most of North America (Couch 
et al., 1985). This weed has been classified as a Category 1 
weed due to its widespread negative effects on the environ-
ment around the world (Martin & Coetzee, 2014). M. spi-
catum fits the criteria for a prospective biosorbent because 
of its natural abundance, high availability, and non-toxic 
nature (Milojković et al., 2019). In our earlier investiga-
tions, we also showed good performance of M. spicatum 
immobilized in alginate beads (MsA) for the removal of Pb 
(Milojković et al., 2019), Cu (Milojkovic et al., 2019), and 
Cd (Milojković et al., 2016) ions from single-component 
aqueous solutions.

This study aims to continue previous research and inves-
tigate the possible application of alginate-immobilized 
aquatic weed M. spicatum in removing Pb, Cu, and Cd ions 
from multimetal aqueous solutions.
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3	� Results and Discussion

3.1	� MsA Characterization

The presence of calcium in studied samples could explain 
the white areas visible on micrographs (Dibdiakova et al., 
2015). Granule MsA is ovoid and spherical with rough, 
uneven edges (Fig. 1a, b). Different porosity is visibly strat-
ified. Macro pores are made up of complex layers, and tiny 
balls are bonded to the surface of MsA. After biosorption 
of heavy metals, porosity exists (Fig. 1b) but is not as plain 
as in granules. EDX confirmed the infiltration of examined 
heavy metals. After sorption, reduced peaks of Ca, as well 
as new peaks of Pb(II) Cu(II), and Cd(II), are observed 
(Fig. 1g) compared to the starting MsA material (Fig. 1f).

TOC analysis showed that MsA releases only 6.81 mg/L 
of total organic content.

FT-IR showed that carbonyl, carboxyl, and hydroxyl 
groups are likely involved in the biosorption of detected 
heavy metals by MsA. Identified chemically active groups 
are components of polysaccharides, cellulose, hemicel-
lulose, lignin, and proteins, which can be found in aquatic 
weed M. spicatum (Dibdiakova et al., 2015).

3.2	� Heavy Metal Adsorption Study

During the biosorption process, the highest removal 
was obtained for lead ions with a maximum capacity of 
0.530 mmol/g, while for copper 0.255 mmol/g, and the 

2	� Materials and Methods

M. spicatum used to prepare beads MsA originates from 
Sava Lake (Belgrade, Serbia). M. spicatum was immobi-
lized in alginate beads (Ms: Alginate = 2:1), and beads were 
made according to the method (Yan & Viraraghavan, 2001).

Scanning Electron Microscopy—Energy Dispersive 
X-Ray Spectroscopy (SEM–EDX) analysis was performed 
on MsA before and after the biosorption of heavy metals 
using JEOL JSM 6460 model. The release of organic car-
bon was determined by measuring the TOC by Analytik 
Jena, TOC/TN Analyzer (Multi N/C 2100S). In addition, 
infrared spectroscopy analysis (FT-IR) was performed 
on a Thermo Scientific Nicolet iS50 FT-IR spectrom-
eter in transmission mode with 256 scans over a range 
4000–400 cm−1.

The adsorption of the Pb(II), Cu(II), and Cd(II) was 
studied at pH 5.0 in the concentration range 0.2–6 mmol/L 
(for each heavy metal) as batch biosorption tests with two 
g/L MsA. After 24 h, heavy metal concentrations were 
determined on an atomic absorption spectrometer Perking 
Elmer Analyst 300. In addition, Langmuir, Freundich, Sips, 
Redlich and Peterson, Toth, and Temkin adsorption iso-
therms were used to fit experimental results. Evaluation of 
isotherm was made using OriginPro 2021 software.

To determine the effectiveness of the MsA in real waste-
water samples, this biosorbent was tested on wastewater 
samples from the coal-fired thermal power plant complex-
TPP Kostolac (PE “Electric Power Industry of Serbia”, 
Branch TE-KO Kostolac).

(f)

(g)

(a)

(c)

(b)

(d)

Fig. 1   SEM micrographs of MsA: before biosorption 50× a and c 120× magnification; after biosorption 50× b and d 120× magnification;  
f EDX before biosorption and g EDX after biosorption
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lowest for cadmium, 0.144 mmol/g. For lower initial heavy 
metal concentrations (2.5 mM), the removal efficiency was 
90–100%, while for the highest concentrations (6 mM), MsA 
adsorbed 72% of lead, 39% of copper, and 14% of cadmium.

To get more information about the removal mechanism, 
Langmuir, Freundlich, Sips, Redlich and Peterson, and Toth 
and Temkin models were used to fit experimental results, 
and characteristic parameters are given in Table 1.

The affinity of MsA for binding heavy metal ions 
changes in the following order Pb > Cu > Cd. It is common 
for all three heavy metals that Redlich and Peterson iso-
therm is one of the best-describing models for their removal 
from solutions. According to this model, the maximal 
adsorption capacities of the MsA for lead, copper, and cad-
mium ions were 0.602, 0.258, and 0.123 mmol/g, respec-
tively, which is in good agreement with ex12%). Lead ions 
removal was best described by Redlich and Peterson and 
Freundlich, while copper and cadmium ions removal were 
best described by Redlich and Peterson and Langmuir 
model. This suggests that for active centers in internal chan-
nels and cavities of MsA materials that are more difficult 
to access, there was direct competition between these heavy 
metals. Due to the higher affinity of the biosorbent for lead, 
copper and cadmium ions were displaced from these hard-
to-reach places, so they were mainly bound only to sur-
face-active centers. In contrast, lead ions were bound to the 
surface and in larger quantities to harder-to-reach centers.

The advantages of immobilization of M. spicatum were 
proven through TOC analysis because it was shown that 
immobilized biomass releases (6.81 mg/L) 5 times less 
organic matter compared to the biomass of this water weed 
(35.04 mg/L) during the treatment of water with the tested 
heavy metals.

MsA beads showed an excellent percentage of heavy 
metal removal from an actual sample of wastewater (TPP 
Kostolac). Chromium was removed in the highest percent-
age 75%, copper and zinc were released in the same amount 
50%, Cd 30.8%, and then other heavy metals: Ni (20%), Pb 
(7.14%), Fe (5.12%), and Mn (4.45%).

4	� Conclusions

Subsequent conversion of plant biomasses into animal 
feed, biochar, adsorbent, fertilizer, and bioenergy produc-
tion materials may support a circular economy approach 
(Kurniawan et al., 2021). It is demonstrated that this water 
weed can be applied sustainably as alginate granules 
because it is easy to cut and collect, with no need for addi-
tional energy for drying, solving some potential ecological 
problems and low cost (Milojković et al., 2018).

The application of aquatic weed M. spicatum may sup-
port a circular economy approach because it is something 
that would be discarded as waste, and that would have to be 

Table 1   Parameters of isotherms obtained for heavy metal ion removal by MsA

Isotherm Parameters Pb(II) Cu(II) Cd(II)

Langmuir (L) qm (mmol/g)
KL/L/mg
R2

0.479
32.166
0.89641

0.251
21.739
0.97392

0.130
121.559
0.86253

Freundlich (F) Kf
n
R2

0.618
3.337
0.97939

0.268
2.354
0.90042

0.134
8.308
0.52145

Sips (S) qm
KS (L/g)
nS
R2

5.470
0.144
0.368
0.96457

0.666
0.681
0.426
0.94488

0.078
3.909
0.332
0.79875

Redlich and Peterson (R-P) kRP (L/g)
aRP (L/mg)
bRP
qm (mmol/g)
R2

105.235
174.659
0.736
0.602
0.97790

7.512
29.165
0.918
0.258
0.98053

10.825
87.716
1.081
0.123
0.88843

Toth (To) qm (mmol/g)
KT (mg/L)Th

Th
R2

1.620
0.234
0.208
0.95469

0.278
0.087
0.697
0.97661

0.127
8.125
1.674
0.85988

Temkin (Te) bT (J/mol)
AT (L/mg)
R2

89,265.475
921,277.849
0.56652

57,675.715
405.437
0.97495

477,630.489
6.386
0.43264
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uptake and potential of produced biomass utilization toward cir-
cular economy initiatives. Science of the Total Environment, 790, 
148219.

Martin, G. D., & Coetzee, J. A. (2014). Competition between 
two aquatic macrophytes, Lagarosiphon major (Ridley) Moss 
(Hydrocharitaceae) and Myriophyllum spicatum Linnaeus 
(Haloragaceae) as influenced by substrate sediment and nutrients. 
Aquatic Botany, 114, 1–11.

Milojković, J., Popović-Djordjević, J., Pezo, L., Brčeski, I., Kostić, 
A., Milošević, V., & Stojanović, M. (2018). Applying multi-criteria 
analysis for preliminary assessment of the properties of alginate 
immobilized Myriophyllum spicatum in lake water samples. Water 
Research, 141, 163–171.

Milojković, J. V., Lopičić, Z. R., Anastopoulos, I. P., Petrović, J. T., 
Milićević, S. Z., Petrović, M. S., & Stojanović, M. D. (2019). 
Performance of aquatic weed—waste Myriophyllum spicatum 
immobilized in alginate beads for the removal of Pb(II). Journal of 
Environmental Management, 232, 97–109.

Milojkovic, J. V., Lopicic, Z. R., Sostaric, T. D., & Avdalovic, J. S. 
(2019). Biosorption of copper by immobilized Myriophyllum spi-
catum. International Journal of Advances in Mechanical and Civil 
Engineering (IJAMCE), 6(6), 7–11.

Milojković, J., Lopičić, Z., Kojić, M., & Petrović, M. (2016). Removal 
cadmium ions from aqueous solution by biosorbent—immobilized 
aquatic weed M. spicatum. EGU General. 2(5), 99–110.

Yan, G., & Viraraghavan, T. (2001). Heavy metal removal in 
a biosorption column by immobilized M. rouxii biomass. 
Bioresource Technology, 78, 243–249.

removed, disposed on landfills, and/or burnt; by its applica-
tion described in this study, it is re-valued as biosorbent for 
Pb(II), Cu(II), and Cd(II) removal.
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