PROCEEDINGS

Natural resources /

green technology &

sustainable development

5th-7th October 2016, Zagreb, Croatia



Published by:
Faculty of Food Technology and Biotechnology, University of Zagreb, Croatia

Editors:

Ivana Radojci¢ Redovnikovié
Visnja Gaurina Sréek
Kristina Radosevi¢

Tamara Jakovljevic¢

Renata Stojakovié

Dina Erdec Hendrih

Cover&logo design: Hendrih Feldbauer d.o.o.
Printed by: Hendrih Feldbauer d.o.o.
Text prepared by: The information provided in the Proceeding is based on the submitted

abstracts of conference participants. Authors are fully responsible for the text and its quality.
Language corrections were not made.

ISBN 978-953-6893-08-9

A CIP catalogue record for this book is avaliable from the National
and University Library in Zagreb under 000942980.




Organized by

Croatian Forest Research Institute

Faculty of Food Technology and Biotechnology, University of Zagreb
Faculty of Forestry, University of Zagreb

Institute for Adriatic Crops and Karst Reclamation

Croatian Society of Biotechnology

Academy of Forestry Sciences

Supported by

International Union of Forest Research Organizations, Division 9 - Forest Products (IUFRO)
European Forest Institute (EFI)

European Biotechnology Thematic Network Association (EBTNA)

Under the auspices of

Kolinda Grabar - Kitarovi¢, President of the Republic of Croatia
Ministry of Science, Education and Sports

Ministry of Agriculture

Ministry of Environmental and Nature Protection

University of Zagreb

Croatian Environment and Nature Agency

Croatian Chamber of Forestry and Wood Processing Engineers
Croatian Science Foundation - Project EFFEctivity

Croatian Chamber of Economy

Croatian Academy of Sciences and Arts

Zagreb County

City of Jastrebarsko



Chair of the Conference
Dijana Vuletié, Croatia

Organization committee
Chair: lvana Radoj¢i¢ Redovnikovi¢, Croatia
Co-chair: Tamara Jakovljevi¢, Croatia

Members

Damir Jezek, Croatia

Vladimir Jambrekovi¢, Croatia
Renata Pernar, Croatia
Lukrecija Butorac, Croatia
Vesna Zehner-Krpan, Croatia
Igor Ani¢, Croatia

Jadranka Frece, Croatia
Kristina Radosevi¢, Croatia
Marina Cvjetko Bubalo, Croatia
Jasna Halambek, Croatia
Marija Gradecki-Postenjak, Croatia
Hrvoje Marjanovi¢, Croatia

International Scientific Committee
Chair: Tamara Jakovljevi¢, Croatia

Co-chair: Ivana Radojci¢ Redovnikovi¢, Croatia

Members
Giancarlo Cravotto, Italy

Mersudin Avdibegovi¢, Bosnia & Herzegovina

Francois Lefevre, France
Daniel Kracher, Austria
Alessandra De Marco, Italy
Sladana Sobaji¢, Serbia
Zoltan Barcza, Hungary
Anikd Kern, Hungary
Aleksandra Sander, Croatia
Stela Jokié, Croatia

Mladen Brnci¢, Croatia
Tonci Rezi¢, Croatia

Confrence Secretary:
Renata Stojakovié
GREEN2016@sumins.hr

Elvis Paladinié, Croatia

Sanja Peri¢, Croatia

Silvija Krajter Ostoji¢, Croatia
Ivan Seletkovi¢, Croatia
Zeljko Zgrabli¢, Croatia

Dinka Matosevi¢, Croatia
Slobodan Miko, Croatia
Natalija Veli¢, Croatia

Ivan Balenovi¢, Croatia

Masa Zorana Ostrogovié Sever, Croatia
Jasnica Medak, Croatia

Anita Slavica, Croatia

Visnja Gaurina Srcek, Croatia
Verica Dragovi¢-Uzelac, Croatia
Karin Kovacevi¢ Ganic¢, Croatia
Suzana Rimac Brnci¢, Croatia
Nenad Potoci¢, Croatia
Tomislav Dubravac, Croatia
Milan Pernek, Croatia

Mladen Ivankovi¢, Croatia
Danko Dimini¢, Croatia

Jura Cavlovi¢, Croatia

Goran Jeli¢, Croatia



Sponsors

Croatian Chamber of Forestry and Wood Processing Engineers
Zagreb County

Zagreb County Tourist Board

Gorea Ltd.

FeraVina Ltd.

Zigante tartufi

Karli¢ tartufi - GIR Ltd.

Karbun - Karbun - Production of Charcoal and Firewood

Exhibitors

Kefo Ltd.

Crux Ltd.

Labeko Ltd.

UTP Ltd.
Ansar-analitika Ltd.
Kemolab Ltd.
AlphaChrom Ltd.



Acknowledgement to reviewers

The Editors of the Proceedings of NATURAL RESOURCES, GREEN TECHNOLOGY AND
SUSTAINABLE DEVELOPMENT-GREEN/2 the extend their deepest gratitude to the following
manuscript reviewers who maintained the professional standards of our Proceedings:

Tamara Jakovljevi¢, lvana Radojci¢ Redovnikovi¢, Croatia Giancarlo Cravotto, Mersudin
Avdibegovi¢, Francois Lefevre, Daniel Kracher, Austria Alessandra De Marco, Sladana Sobaji¢,
Zoltan Barcza, Aniko Kern, Aleksandra Sander, Stela Joki¢, Mladen Brncié, Tonci Rezié, Anita
Slavica, ViSnja Gaurina Srcek, Verica Dragovi¢-Uzelac, Karin Kovacevi¢ Gani¢, Suzana Rimac
Brnci¢, Nenad Potoci¢, Tomislav Dubravac, Milan Pernek, Mladen Ivankovi¢, Danko Diminic,
Jura Cavlovi¢, Goran Jeli¢



TABLE OF CONTENTS
Scientific papers

Session A: Productivity & sustainable management of ecosystems

VARIABILITY OF THE BASIC POSSESSION PARAMETERS IN PRIVATELY-OWNED 1
FORESTS IN CROATIA
Alen Berta, Vladimir Kusan, Denis Stojsavljevi¢, Dalibor Hatic¢
BIG GAME POTENTIALS IN REGARDS TO MEAT PRODUCTION 7
Kristijan Tomljanovié¢, Marijan Grubesié, Helga Medi¢, Nives Marusié
ETHNOBOTANY: AN INNOVATIVE OPPORTUNITY OF VALORIZATION OF EDIBLE 12
HERBS AS EXAMPLE OF GOOD PRACTICES FOR THE CIRCULAR ECONOMY AND
SOCIAL WELL-BEING
Aldo Ranfa, Adriano Ciani
TRUFFLE CULTIVATION: A MULTIFUNCTIONAL FORESTRY ACTIVITY AS CHALLENGE 18
FOR THE SUSTAINABLE DEVELOPMENT OF THE RURAL AREAS IN TEMPERATE ZONE
Adriano Ciani, Domizia Donnini, Gian Maria Niccolo Benucci
ASSESSING RURAL AND AGRICUTURAL RIPARIAN AREAS OF GREECE WITH THE USE 24
OF GIS AND SVAP
Georgios Giatas, Georgios Pagonis, Valasia lakovoglou, Dimitrios Raptis, Dimitrios
Emmanouloudis, George N Zaimes
Session B: Food as Natural Sources of Functional Ingredients
MINERAL COMPOSITION AND HEAVY METALS CONTENT OF SWEET CHESTNUT FRUITS IN 31
FIVE NATURAL POPULATIONS FROM CENTRAL CROATIA
Igor Poljak, Nada Vahci¢, Milica Gaci¢, Marin JeZi¢, Mirna Curkovi¢-Perica, Marilena
IdZojti¢
HEALTH PROMOTING AND SENSORY PROPERTIES OF CROATIAN MONOVARIETAL VIRGIN 38
OLIVE OILS
Mirella Zaneti¢, Eva Marija Curin, Elda Vitanovi¢, Maja Juki¢ Spika
KINETICS AND THERMODYNAMICS OF THE SOLID-LIQUID EXTRACTION PROCESS OF TOTAL | 43

POLYPHENOLS, ANTIOXIDANTS AND EXTRACTION YIELD FROM NETTLE (Urtica dioica L.)
Ana Jurinjak Tusek, Maja Benkovi¢, Ana Bels¢ak-Cvitanovi¢, Davor Valinger, Tamara
Jurina, Jasenka Gajdos Kljusuric¢




Session C: Green Technology for Sustainable Production

APPLICATION OF NANOSUSPENSION IN EXTRACTIVE DENITRIFICATION AND 48
DESULFURIZATION OF FUELS
Anamarija Mitar, Jasna Prli¢ Kardum, Aleksandra Sander
COMPARATIVE STUDY OF BASIL OIL AND LINALOOL AS GREEN CORROSION INHIBITORS 53
Jasna Halambek, Ines Cindri¢, Marijana Blazié
PERFORMANCE OF LABORATORY-SCALE CONSTRUCTED WETLAND FOR DEGRADATION OF | 58
SODIUM DODECYLBENZENESULFONATE
Ines Cindri¢, Nina Popovic
OPTIMIZING OF SWEET WHEY ULTRAFILTRATION AT 25°C AND 40°C 63
Irena Baruk¢i¢, Drazen Casek, Nada Vah¢i¢, Rajka BoZani¢
INFLUENCE OF HIGH POWER ULTRASOUND AS GREEN TECHNOLOGY ON WINE QUALITY 70
Natka Curko, Anet ReZek Jambrak, Marina Tomasevi¢, Leo Gracin, Karin Kovacevi¢ Gani¢
Session D: Biomass and sustainability
THE RUB RESISTANCE OF PRINTED PAPERS WITH VARIABLE CONTENT OF WHEAT PULP 76
Ivana Plazonic, Zeljka Barbaric-Mikocevic, Vesna Dzimbeg-Malcic, Irena Bates
BIOSORPTION OF Cu* FROM AQUEOUS SOLUTION BY HYDROCHAR OF GRAPE POMACE 80
Jelena Petrovi¢, Mirjana Stojanovié, Jelena Milojkovié, Marija Petrovié, Zorica Lopicic,
Tatjana Sostari¢, Marija Mihajlovié
THE USE OF BEVERAGE STORAGE POCKETS (Tetra Pak™) WASTE IN WOOD-PLASTIC 90
COMPOSITES
Mohammad Farsi, Fatemeh Maashi Sani
REMOVAL OF CONGO RED FROM AQUEOUS SOLUTION USING LIGNOCELLULOSIC 95
BIOSORBENT AND SOLID STATE FERMENTATION OF DYE-ADSORBED BIOSORBENT
Antonija Kezerle, Natalija Veli¢, Hrvoje Pavlovi¢, Darko Veli¢, Damir Hasenay,
Davor Kovacevic
Session E: Biodiversity and Ecosystem Services
NEW EMERGING POLLUTANTS IN THE SOIL 100
Natasa Stoji¢, Mira Pucarevié, Igor Kuzmanovski
VARIABILITY OF EIGHT YEARS OLD PLANTS OF PEDUNCULATE OAK IN PROVENANCE TEST 106
ZePCE, BOSNIA AND HERZEGOVINA
Mirzeta Memisevi¢ HodZié, lvica Murlin, Dalibor Ballian
RUNOFF AND SEDIMENT TRANSPORT ON MEDITERRANEAN MICRO-SCALE PLOTS WITH 112
DIFFERENT VEGETATION COVER
Lukrecija Butorac, Goran Jeli¢, Vlado Topié
DETERMINATION OF CARBON AND NITROGEN IN REFERENCE SOIL SAMPLE 118

Tamara Jakovljevi¢, Martina Sparica Miko, Ozren Hasan, Slobodan Miko, Anamarija Laslo




BIOSORPTION OF Cu?* FROM AQUEOUS SOLUTION BY HYDROCHAR
OF GRAPE POMACE

Jelena Petrovi¢*, Mirjana Stojanovié, Jelena Milojkovié, Marija Petrovicl, Zorica Lopi¢ié, Tatjana

Sostarié’, Marija Mihajlovi¢*
IInstitute for Technology of Nuclear and Other Mineral Raw Materials, 86 Franchet d’Esperey

St., 11000 Belgrade, Serbia

*MSc Jelena Petrovic
Institute for Technology of Nuclear and Other Mineral Raw Materials,
86 Franchet d’Esperey St., 11000 Belgrade, Serbia
Tel/Fax: +381 11 3691 722
Email: j.petrovic@itnms.ac.rs

1. Introduction
Copper is one of the toxic metals commonly found in industrial effluents [1, 2]. Although low
concentrations of copper are essential, its excessive levels in waters can be detrimental [3].
Conventional wastewater treatments such as chemical precipitation and reduction,
filtration, flocculation, ion exchange, electrochemical treatment, are insufficiently selective,
oftentimes polluting, expensive, and have various technical limitations especially at low
concentrations of contaminants [4].
In recent years, increase of environmental awareness has resulted in the development of
new, eco-friendly technologies for the removal of wastewater contaminants. One approach
has been the use of different biological materials as adsorbents of pollutants from aqueous
solutions [4-6]. Compared to the conventional methods, biosorption has numerous
advantages: selectivity, low-price, high efficiency and sustainability [4]. Expended biomass
can be regenerated, or subsequently reused in different ways. Also, the adsorption efficiency
of biomass can be increased by physical, chemical, thermal or combined modifications [7-9].
Along with the biosorption, development of new methods for conversion of waste biomass,
focused on design of novel multifunctional materials, become very attractive. One of such
technologies is hydrothermal carbonization (HTC) [10-12]. HTC is a thermochemical process
for converting of lignocellulosic feedstock into lignite-like product at elevated temperatures
(180-280°C) and high pressure (2-10 MPa) in the presence of water [13]. The process
converts all the carbon from biomass to the coal, with no methane or CO; release into the
atmosphere [11]. Unlike gasification or pyrolysis, HTC does not require intensive and
expensive pre-drying of raw material. The resulting product-hydrochar, created via reactions
between subcritical water and lignocellulosic residues, is hydrophobic, porous, solid material
with high carbon content [14]. So far, HTC has been utilized on a wide range of different
feedstock [13-16].
One of raw materials that is highly suitable for HTC is grape pomace (GP), produced in the
course of winemaking [13, 17]. According to the statistic, grape production in Serbia takes
place on about 58,000 hectares, with a total annual production of about 430,000 tons of
fruit [18]. However, up to 25% of the used amount of raw material, in form of pomace,
remains after grape processing stored on permanent or makeshift dumps [18]. This waste
biomass with a high water content (>60%), composed of grape seeds, skins, and stems, due
to degradation of organic matter, drainage and evaporation, has a negative impact on the
environment. Therefore, appropriate utilization of GP is necessary.
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The aim of this research was to investigate the ability of GP hydrochar (HC-GP) to remove
copper ions (Cu?*) from aqueous solution, simulating wastewater with low toxic metal
concentrations. Particular interest of this study was to evaluate the suitability of GP as a
precursor for preparation of adsorbent, because this type of biomass is largely available in
Serbia. The effect of sample dose on Cu?* sorption for the adsorbent prepared from the GP
using HTC was determined using different initial metal concentrations. Equilibrium sorption
isotherms were assessed together with the modeling of the obtained experimental results.
Binding mechanism of copper for HC-GP surface was implied using FTIR spectroscopy.

2. Material and Methods

2.1 Biomass

The used GP was randomly collected from landfill sites, which have left behind after
processing of red grape grown on a test plot Radmilovac, property of the Faculty of
Agriculture in Belgrade, Serbia. Biomass was air-dried to constant weight and grinded in
order to obtain homogeneity of samples. Grinded material was sieved and fraction size of
0.5 mm was used in further HTC experiments.

2.2 HTC experiment

Preparation of HC-GP at 220°C we have previously described elsewhere [13]. Briefly, 250 g of
selected GP was carbonized in 2000 mL autoclave (Model 10253, Deutsch & Neumann), at
220°C within one hour. After cooling of the reactor to room temperature, HTC process
streams (solid HC and process water) were divided by filtration. Obtained HC-GP was rinsed
several times with distilled water and dried at 105°C in the oven. Sorption experiments were
performed with HC-GP particle size between 0.1 and 0.5 mm.

2.3 Chemicals

Copper solutions and standards were prepared using analytical grade copper nitrate salt
(Cu(NOs3)2, Sigma-Aldrich). A stock copper nitrate solution (1ImM Cu(NOs), x 3H.0) was
prepared with deionized water. The copper (ll) solutions of varying concentrations were
prepared by diluting the stock solution with deionized water.

2.4 Batch adsorption experiments

The sorption tests were conducted by contacting weighed amounts of HC-GP samples (0.01-
0.05 g) and 50 ml of copper ion solutions of different initial concentrations (0.1, 0.5 and
1mM) placed in 100 ml glass flasks. Erlenmeyer flasks were then located on orbital shaker
(Heidolph, model Unimax 1010) and shaken at room temperature (25+0.5 °C) for 180 min at
250 rpm. The pH value of all solutions was adjusted to pH 5, using 0.1 M KOH and/or 0.1 M
HNO3s solutions. The pH value was selected based on reported results indicating that the
highest sorption of copper ions has been attained at pH 5 [4]. The pH was monitored using
SensION MM340, Hach pH meter, with integrated magnetic stirrer. All experiments were
performed in duplicates and average values of obtained results were shown. The
concentration of copper ions was determined using atomic adsorption spectrometry (AAS)
(Perkin Elmer Analyst 300).

Equilibrium isotherms for Cu?* were obtained using sample dose of 0.5 g L' HC-GP in a range
of initial metal concentrations between 0.001-1 mM. The general procedure depicted above
was followed, applying the same experimental conditions. The suspensions were stirred for
120 min to attain equilibrium.

The amount of metal adsorbed by the HC-GP was calculated using Eq. (1):
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where sorption capacity, q, is the amount of metal adsorbed by adsorbent (mmol g*), Ci and

Ce are the initial and equilibrium metal concentrations (mmol L?), V is the volume of metal

solution (L) and m is the mass of the adsorbent (g).

Metal removal efficiency (%) was calculated from Eq. (2):

C.-C. x100 (2)

R=
Non-linear fitting method using Origin 9.0 software was employed to investigate applied
isotherm models.

2.5 FTIR spectroscopy

FTIR analysis of samples before and after adsorption was performed in transmission mode
using Thermo Scientific Nicolet iS50. The spectra were obtained in the spectral range of
4000-400 cm™.

3. Results and discussion

3.1 Effect of hydrochar dose on biosorption
The dose response for Cu?* was studied by varying amount of HC-GP from 0.2 to 1 g L™ at
different initial metal concentrations (0.1, 0.5 and 1 mM) (Fig. 1). Sorption experiment was
performed at constant pH 5, since at pH values higher than 6.1, precipitations of metal
hydroxides occurs [19]. Also, the pH value of the zero-point charge for HC-GP of 4.5 (data
not shown), indicate that the repulsion of positively charged metal ions at lower pH values
might take place together with a possible competition with hydrogen ions towards active
sites [19].

Fig. 1 clearly shows that regardless of the initial metal concentration, HC-GP removes up to
85% of Cu?* from the solution. As it was expected, at constant initial concentration of Cu?*,
increasing of the sample dose up to 0.5 g L' provides a greater surface area and number of
available sorption sites for metal ions uptake. Increase of dose above this threshold did not
increase the percentage of Cu?* removal, and thus dose of 0.5 g L™! of adsorbent was chosen
for further experiments.

<Figure 1>

3.2 Effect of contact time

The effect of contact time was studied using selected dose of HC-GP (0.5 g L) and initial
Cu?* concentration of 1 mmol L™ at constant pH 5.0 and contact time up to 180 min (Fig. 2).
Contact time of 90 min was enough to reach equilibrium. Therefore, in order to ensure
sorption equilibrium, the contact time of 120 min was chosen in further experiments.
Copper adsorption capacity of 0.206 mmol g1, indicated efficient removal of Cu?* from water
solution by HC-GP.

<Figure 2>

3.3 Equilibrium isotherm models

In this study, Langmuir and Freudlich isotherm models were applied for analyzing the Cu?*
adsorption process on HC-GP surface in accordance to the obtained experimental data.

The Langmuir isotherm model, based on the assumption of a monolayer adsorption process
onto a homogeneous surface, is represented by the following equation:
9.K,C,

= 3
1+K,C, B

q.
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where the Ce is the equilibrium concentration (mmol L?), gqm is the maximum amounts of
Cu?* ion adsorbed on the HC (mmol g?) and K. is the Langmuir constant (L mmol™), related
to the affinity of the binding sites [20].

The Freundlich isotherm model that assumes a heterogeneous sorption surface with
different sites energies can be expressed in non-linear form as:

q.=K.C" (4)
where ge, represents the amount of the adsorbate per unit weight of the adsorbent (mmol g
1), K the Freundlich constant, (LY/" mmol**/" g'1), Ce the equilibrium Cu?* concentration in the
solution (mmol L?) and 1/n, the adsorption intensity (Freundlich parameter) [21]. Both
applied isotherm curves are shown in Fig. 3.

< Figure 3 >

According to the values of the resulted correlation coefficients R2, the Langmuir isotherm
(R?=0.999) gave slightly better description of the experimental data than the Freundlich
isotherm model (R? = 0.998), with a maximum adsorption capacity for Cu?* of 0.211 mmol g
!, Adsorption isotherm parameters for Cu?* are given in Table 1.

<Table 1>

3.4 FTIR analysis

The FTIR spectra of analyzed HC-GP samples before and after adsorption of copper ions are
presented in relevant spectral regions (3700-2800 cm™ and 1850-500 cm™) in Fig. 4. Detailed
spectroscopic analysis of the used HC-GP was given elsewhere [13].

Binding of copper for HC surface resulted in a reduction of the O-H stretching band intensity
(3346 cm™) and its shift to higher wavenumbers. This may be ascribed to the complexation
between the oxygen-containing functional groups on HC surface and metal ions [22]. Also,
notable weakening of aromatic C-H band at 783 cm™ and slightly decrease of peaks at 1613
cm™ and 1515 cm™ (attributed to C=C stretching of aromatic rings) after interaction with
Cu?*, may indicate the formation of coordination bonds between the d-electron of copper
and mt -electron of C=C bond of aromatic rings [22, 23].

<Figure 4>

4. Conclusion

Hydrochar produced by HTC from grape pomace have been studied as an adsorbent of Cu?*

from aqueous solutions. Resulted copper adsorption capacity of 0.206 mmol g, indicated

efficient copper removal using HC-GP. The sorption isotherms of Cu?* onto HC-GP were well

described by the Langmuir model, with a maximum theoretical adsorption capacity for Cu?*

of 0.211 mmol g'. The differences in FTIR spectra of HC-GP samples before and after

adsorption of copper ions seem to correlate well with the proposed mechanisms of metal

binding for the oxygen-containing functional groups present on HC surface. Our findings

suggest that the GP is a promising precursor for production of quality adsorbents for copper

removal from wastewaters using HTC.

Acknowledgements

The authors are grateful to the Serbian Ministry of Education, Science and Technological

Development for the financial support of this investigation included in the project TR 31003.

References

1. P. Regmi, J. Moscoso, S. Kumar, X. Cao, J. Mao, G. Schafran, Removal of copper and
cadmium from aqueous solution using switchgrass biochar produced via hydrothermal
carbonization process, J. Environ. Manage. 109 (2012) 61-69.

83



10.

11.

12.

13.

14.

15.

16.

17.

M. Mashitah, Z. Zulfadhly, S. Bhatia, Ability of Pycnoporus sanguineus to remove
copper ions from aqueous solution, J. Artif. Cells. Blood Subst. Immobil. Biotechnol. 27
(1999) 429-433.
J. Milojkovié¢, M. Mihajlovi¢, T. Sostari¢, Z. Lopici¢, M. Petrovi¢, C. La¢njevac, M.
Stojanovi¢, Ispitivanje efikasnosti razli¢itih sorpcionih materijala za uklanjanje Cu(ll)
jona iz vodenog rastvora, Zastita materijala, 55 (2014) 25-31.
Z. Lopici¢, J. Milojkovi¢, T. Sostari¢, M. Petrovi¢, C. Laénjevac, M. Stojanovi¢, Uticaj pH
vrednosti na biosorpciju jona bakra otpadnom lignoceluloznom masom koStice
breskve, Hem. Ind. 67 (2013) 1007-1015.
J. Milojkovié, M. Mihajlovi¢, M. Stojanovi¢, Z. Lopi¢i¢, M. Petrovi¢, T. Sostari¢, M. Risti¢,
Pb(ll) removal from aqueous solution by Myriophyllum spicatum and its compost:
equilibrium, kinetic and thermodynamic study, J. Chem. Technol. Biotechnol. 89 (2014)
662-670.
M. Petrovi¢, T. Sostari¢, M. Stojanovi¢, J. Milojkovi¢, M. Mihajlovi¢, M. Stanojevi¢, S.
Stankovi¢, Removal of Pb?* ions by raw corn silk (Zea mays L.) as a novel biosorbent, J.
Taiwan Inst. Chem. Eng. 58 (2016) 407-416.
W.W. Ngah, M. Hanafiah, Removal of heavy metal ions from wastewater by chemically
modified plant wastes as adsorbents-A review, Bioresource Technol. 99 (2008) 3935-
3948.
M. Emin, S. Dursun, M. Karatas, Removal of Cd(ll), Pb(ll), Cu(ll) and Ni(ll) from water
using modified pine bark, Desalination. 249 (2009) 519-527.
B. Belhalfaoui, A. Aziz, E.H. Elandaloussi, M.S. Ouali, L.C. De Ménorva, Succinate-
bonded cellulose: A regenerable and powerful sorbent for cadmium-removal from
spiked high-hardness groundwater, J. Hazard. Mater. 169 (2009) 831-837.
V. Benavente, E. Calabuig, A. Fullana, Upgrading of moist agro-industrial wastes by
hydrothermal carbonization, J. Anal. Appl. Pyrol. 113 (2015) 89-98.
Z. Liu, A. Quek, S. Hoekman, R. Balasubramanian, Production of solid biocharfuel from
waste biomass by hydrothermal carbonization, Fuel. 103 (2013) 943-949.
M.T. Reza, J.G. Lynam, M.H. Uddin, C.J. Coronella, Hydrothermal carbonization: fate of
inorganics, Biomass Bioenerg. 49 (2013) 86-94.
J. Petrovi¢, N. PeriSi¢, J. Dragisi¢ Maksimovi¢, V. Maksimovi¢, M. Kragovi¢, M.
Stojanovié¢, M. Lausevi¢, M. Mihajlovi¢, Hydrothermal conversion of grape pomace:
detailed characterization of obtained hydrochar and liquid phase, J. Anal. Appl. Pyrol.
118 (2016) 267-277.
G.K. Parshetti, S.K. Hoekman, R. Balasubramanian, Chemical, structural and
combustion characteristics of carbonaceous products obtained by hydrothermal
carbonization of palm empty fruit bunches, Bioresource Technol. 135 (2013) 683-689.
H.S. Kambo, A. Dutta, Strength storage, and combustion characteristics of densified
lignocellulosic biomass produced via torrefaction and hydrothermal carbonization,
Appl. Energy. 135 (2014) 182-191.
J. Poerschmann, B. Weiner, H. Wedwitschka, A. Zehnsdorf, R. Koehler, F.D. Kopinke,
Characterization of biochars and dissolved organic matter phases obtained upon
hydrothermal carbonization of Elodea nuttallii, Bioresource Technol. 189 (2015) 145-
153.
M. Pala, I.C. Kantarli, H.B. Buyukisik, J. Yanik, Hydrothermal carbonization and
torrefaction of grape pomace: a comparative evaluation, Bioresource Technol. 161
(2014) 255-262.

84



18.

19.

20.

21.

22.

23.

J. Zivanovi¢, Ekonomska obeleija proizvodnje groida i vina na porodi¢nim
gazdinstvima, Master rad, Poljoprivredni fakultet, Univerzitet Novi Sad, (2014).
(http://polj.uns.ac.rs/wp-content/uploads/2014/06/Zivanovic_Jovica.pdf, 20.3.2016.)
J. Milojkovié, M. Stojanovi¢, M. Mihajlovi¢, Z. Lopi¢i¢, M. Petrovi¢, T. Sostari¢, M. Risti¢,
Compost of aquatic weed Myriophyllum spicatum as low cost biosorbent for selected
heavy metal ions, Water Air Soil Poll. 225 (2014) 1927-1935.

L. Langmuir, The adsorption of gases on plane surfaces of glass, mica and platinum, J.
Am. Chem. Soc. 40 (1918) 1361-1403.

H. Freundlich. Over the adsorption in solution. J. Phys. Chem. 57 (1906) 384-470.

Z. Wang, G. Liu, H. Zheng, F. Li, H. Ngo, W. Guo, C. Liu, L. Chen, B. Xing, Investigating
the mechanisms of biochar’s removal of lead from solution, Bioresource Technol. 177
(2015) 308-317

A. Swiatkowski, M. Pakula, S. Biniak, M. Walczyk, Influence of the surface chemistry of
modified activated carbon on its electrochemical behaviour in the presence of lead (Il)
ions, Carbon. 42 (2004) 3057-3069.

100
0 +0,1 mM
—5-0,5 mM

- . . - -
80 ¥ = —a—1mM
70 o
60 =

40
30
20
10

L4
LT

Copper removal (%)
2

] 0.2 0.4 0.6 0.8 1
Dose (g L"l

Figure 1. Effect of the HC-GP dose on the equilibrium sorption of copper at different initial metal
concentrations (pH=5.0, T=25°C, t=180 min).
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Figure 2. Effect of contact time on adsorption of copper by HC-GP (pH=5.0, sorbent dose 0.5 g L7,
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Figure 3. Adsorption isotherms of Cu?* onto HC-GP (pH=5.0, sorbent dose 0.5 g L™
=25°C, t=120 min)
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Figure 4. FTIR spectra of HC-GP before and after adsorption of copper (pH=5.0, sorbent dose

0.5 g L%, Ce= 0.206 mM, T=25°C, t=120 min)
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Table 1. Calculated parameters of applied isotherm models for copper biosorption by HC-GP

Langmuir Freundlich

gmax= 0.211 mmol g’l Ke=0.171 LY"mmolt/n g’l
Ki.=3.77 Lmmol? 1/n=0.294

R?=0.999 R2=0.998
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