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ION-EXCHANGE MEMBRANE PROCESSES: PERSPECTIVES IN
WATER TREATMENT AND DESALINATION

Jodo G. Crespo'’?, Sylwin Pawlowski', Svetlozar Velizarov'
T LAQV-REQUIMTE, Department of Chemistry, NOVA School of Science and Technology, Universidade NOVA
de Lisboa, 2829-516 Caparica, Portugal
“igc@fct.unl.pt
2 Instituto de Tecnologia Quimica e Biolégica Antdnio Xavier, Universidade Nova de Lisboa, Av. da Republica,
2780-157 Oeiras, Portugal

In this lecture, the original concept of ion-exchange membrane (bio)reactor and its design
and use for the removal of ionic inorganic pollutants from drinking water supplies will be
presented and discussed. The target pollutants include nitrate, nitrite, perchlorate, arsenate
and ionic mercury. The mechanism of ionic transport will be discussed as well as the
methodology for process optimization.

Additionally, the concept of capacitive deionization will be presented as well as the recently
proposed flow capacitive deionization (FCDI) using flow electrodes. Different applications will
be discussed, including the recovery of lithium from brines. The impact of fluid rheology on
the design of the FCDI cell will be emphasized.

Perspectives and research needs for the implementation of ion-exchange membrane
processes in water treatment and desalination will be discussed.

Keywords: lon-exchange, Water treatment, Water desalination, Donnan Dialysis, Capacitive
deionization

Acknowledgements: This work received support and help from FCT/MCTES (LA/P/0008/2020 DOI
10.54499/LA/P/0008/2020, UIDP/50006/2020 DOl 10.54499/UIDP/50006/2020, UIDB/50006/2020
DOl 10.54499/UIDB/50006/2020 and PTDC/EQU-EQU/6193/2020 DOl 10.54499/PTDC/EQU-
EQU/6193/2020), through national funds. This work also received funding from the European Union
Horizon 2020 research and innovation programme under grant agreement No 869467
(SEArcularMINE).
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MITIGATING ANTICANCER DRUG POLLUTION: NANOFILTRATION
FOR CONTROL OF EMERGING CONTAMINANTS IN WASTEWATER
EFFLUENTS

Maria B. Cristévao?, Jorge Bernardo? Andreia Bento-Silva’, Maria R. Bronze'3, Jodo G. Crespo?,
Vanessa J. Pereira '+
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Anticancer drugs have been increasingly reported to occur in various water sources,
including hospital and wastewater effluents, raising concerns about their environmental
impact. With the rising number of cancer cases, the consumption of these drugs is expected
to increase, emphasizing the urgency for effective treatment methods to prevent their
discharge into aquatic environment. This study aimed to propose a solution to mitigate the
release of anticancer drugs into the environment.

An analytical method combining solid phase extraction and liquid chromatography with
tandem mass spectrometry was optimized to detect these emerging contaminants in
wastewater effluents. An occurrence study was conducted using grab samples and passive
samplers to assess temporal variations in the drug concentrations.

Laboratory-scale experiments were then performed to evaluate the efficacy of different
nanofiltration membranes for treating these compounds spiked in laboratory-grade water,
synthetic urine, and a real secondary effluent. High percent rejections were obtained with the
Desal 5DK nanofiltration membrane. A pilot-scale nanofiltration unit was then implemented in
a wastewater treatment facility to validate laboratory findings and optimize operational
parameters that guarantee a high drug rejection while minimizing fouling.

The diverse structures and properties of the tested anticancer compounds suggest a broad
applicability of nanofiltration for pollutant removal. Implementation of nanofiltration in
wastewater treatment plants is therefore considered promising to safeguard the aquatic
environment.

Keywords: Anticancer drugs, Wastewater effluents, Occurrence, Nanofiltration, Pilot scale

Acknowledgements: Financial support from the European Commission through the project ERA-NET
Inno Indigo 2014 (Inn-INDIGO/0002/2014) and the Twinning project TwiNSol-CECs (grant agreement
no.101059867) is gratefully acknowledged. We also acknowledge the financial support from Fundagéo
para a Ciéncia e Tecnologia and Portugal 2020 to the Portuguese Mass Spectrometry Network
(LISBOA-01-0145-FEDER-402-022125), the R&D Units "GREEN-IT - Bioresources for Sustainability"
(UIDB/04551/2020, DOI: 10.54499/UIDB/04551/2020 and UIDP/04551/2020, DOI:
10.54499/UIDP/04551/2020) and iNOVA4Health (UIDB/04462/2020 and UIDP/04462/2020) as well as
the LS4FUTURE Associated Laboratory (LA/P/0087/2020, DOI: 10.54499/LA/P/0087/2020), and the
Associate Laboratory for Green Chemistry — LAQV (UIDB/50006/2020 and UIDP/50006/2020).
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HETEROATOM-DOPED PYROCHAR FOR EFFICIENT METAL-FREE
CATALYTIC OXIDATION OF CONTAMINANTS OF EMERGING
CONCERN

Sanja Panic*, Mirjana Petronijevié, Igor Antié, Jelena Zivanéev, Maja Buljovéié, Natasa Burisié-Mladenovié
University of Novi Sad, Faculty of Technology Novi Sad, Bulevar cara Lazara 1, 21000 Novi Sad, Serbia,
*sanjar@ff.uns.ac.rs

The widespread occurrence of contaminants of emerging concern (CECs) has been a very
important issue in the field of environmental remediation, giving rise to concerns about their
potential toxic effects to aquatic ecosystems and human beings. Many of these compounds
are not the subject of routine monitoring or emission control, and current efforts to prevent
and mitigate their risks are insufficient. Due to a trace concentration and often recalcitrant
nature of CECs detected in wastewater, conventional water treatment technologies are not
efficient in their elimination. Persulfate-based advanced oxidation processes have been
recently recognized as effective strategy for the removal of emerging pollutants. Compared
to other remediation technologies, these processes offer several benefits including being
eco-friendly, cost effective and possibility of achieving total mineralization of contaminants.
Persulfate activation using heterogeneous catalysts is simpler, more efficient and economical
compared to energy-based activation methods. Therefore, the design of engineered catalyst
with adjustable physicochemical properties and superior performance for the removal of
CECs remains an important challenge.

In this study, novel metal-free carbocatalysts were prepared via simple green synthetic route
(ball-milling and subsequent pyrolysis at 600°C) using pinewood sawdust, as carbon
precursor, and cheap precursors of urea and boric acid as nitrogen and boron sources,
respectively. The obtained single-doped (N-, B-doped), as well as the N/B co-doped pyrochar
were employed as metal-free activators of peroxydisulfate (PDS) for the degradation of 22
CECs in a water solution model mixture (10 ug/l concentration of each compound) — 11
pesticides and 11 pharmaceutically active compounds. The roles of dopants, intrinsic and
extrinsic properties of the synthesized catalysts were systematically investigated and
correlated with their performance in persulfate oxidation of selected CECs. Additionally, the
degradation kinetics of each individual pollutant has been explored. The results
demonstrated that all the prepared carbocatalysts manifested excellent activity for 20 tested
CECs, being superior activators for the degradation of pharmaceutically active compounds
compared to the tested pesticides. The B-doped pyrochar exhibited great capability to boost
persulfate activation for ~100% removal of 7 pesticides and all pharmaceutically active
compounds. It is expected that this study provides new insights into the rational design of
cost-effective, eco-friendly and highly efficient metal-free carbocatalysts as promising
candidates for practical applications of CECs removal from wastewater.

Keywords: Persulfate-based oxidation, Pyrochar, Metal-free carbocatalysts, CECs

Acknowledgements: Funded by the European Union. Views and opinions expressed are however
those of the author(s) only and do not necessarily reflect those of the European Union or EU executive
agency. Neither the European Union nor the granting authority can be held responsible for them. This
study is conducted under the project TwiNSol-CECs that has received funding from Horizon Europe
programme under grant agreement n0.101059867. The authors gratefully acknowledge the support of
the Ministry of Education, Science and Technological Development of the Republic of Serbia under
Grant 451-03-65/2024-03/200134 and 451-03-65/2024-03/200133.
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HYBRID ADSORPTION/MEMBRANE FILTRATION IN WATER
TREATMENT FOR THE REMOVAL OF
ORGANIC MICROPOLLUTANTS

Minja M. Bogunovi¢’ and Ivana I. lvanéev-Tumbas
University of Novi Sad, Faculty of Sciences, Department of Chemistry, Biochemistry and Environmental
Protection, Trg Dositeja Obradovica 3, 21000 Novi Sad, Serbia;
‘minja.bogunovic@dh.uns.ac.rs

The presence of organic micropollutants (OMPSs) in water bodies is a growing environmental
problem since some of them can easily pass through water treatment barriers. One of the
ways to remove them from water is use of hybrid membrane processes that combine
adsorption and coagulation with membrane filtration. In addition to removal of
microorganisms by microfiltration or ultrafiltration, such a process simultaneously removes
OMPs by adsorption on powdered activated carbon (PAC) and bulk organic matter by
coagulation (CoA). In our investigations we used lab-scale pilot plant (30L/h) that combines
ultrafiltration with the possibility of inline dosing of PAC and CoA for the removal of OMPs
from both surface water (river and reservoir) and wastewater. Experiments showed different
removal efficiencies, depending on the water matrix, sorbent dose, coagulant applied and
OMPs tested (4-99%). Presentation will show comprehensive overview of the results
obtained in different conditions, including testing not only PAC, but also eco-sorbents
designed and produced in laboratories of the University Duisburg Essen from Germany.

Keywords: Organic micropollutants, Hybrid membrane process, Adsorption, Coagulation

Acknowledgements: Obtained results are gained during work on Bilateral Cooperation Agreement
between the Republic of Serbia and Slovenia (2016—2017), Bilateral project between Germany and
Serbia (2021-2024) funded from German federal budget by the DLR Project Management Agency
acting on behalf of Federal Ministry for Education and Research (Bundesministerium fiir Bildung und
Forschung-BMBF), grant number 01DS21012A, and financially supported by the Ministry of Science,
Technological Development and Innovation of the Republic of Serbia (Grants No. 451-03-68/2020-
14/200125; 451-03-9/2021-14/200125; 451-03-47/2023-01/200125).
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GASEOUS BYPRODUCTS IN WASTEWATER TREATMENT:
CHALLENGES AND OPPORTUNITIES WITH MEMBRANE
TECHNOLOGY

Nandor Nemestothy*, Merve Visnyei, Veronika Kalauz-Simon, Peter Bakonyi
University of Pannonia Research Group on Bioengineering, Membrane Technology and Energetics 8200
Veszprem Hungary
*nemestothy.nandor@mk.uni-pannon.hu

Wastewater treatment processes generate various gaseous substances. While some, like
nitrogen released during denitrification, play a role in the treatment itself, others require
specific management due to their hazard or potential value. Methane (CH,), for instance,
poses environmental concerns as a potent greenhouse gas but holds promise as a
renewable energy source if captured and enriched. Hydrogen (H,) and hydrogen sulfide
(H,S) are further examples of gases with both risks and potential benefits.

This presentation explores membrane engineering solutions for addressing these gaseous
byproducts in wastewater treatment. We will discuss the application of both porous and
dense membranes for gas separation and enrichment. Two case studies will be presented:

1. Biohydrogen recovery and enrichment using a membrane bioreactor equipped with a
Polydimethylsiloxane (PDMS) membrane.
2. Methane recovery utilizing a membrane contactor technology.

These case studies showcase the potential of membrane engineering for transforming
wastewater treatment into a more sustainable process by capturing valuable gaseous
resources while mitigating environmental impact.

Keywords: Membrane technology, Gas separation, Membrane contactor, Biohydrogen, Biomethan

Acknowledgements: This research has been supported by the National Research, Development and
Innovation Office through the project nr. 2022-1.1.1-KK-2022-00002, titled “Establishment of a waste
management competence center at the University of Pannonia”. and the the Recovery and Resilience
Facility of the European Union within the framework of the Széchenyi Plan Plus programme (National
Laboratory for Renewable Energy project, no. RRF-2.3.1-21-2022-00009).
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THE CONTRIBUTION OF INOCULATED BIOCHAR TO PESTICIDE
ADSORPTION AND BIOSORPTION

Snezana Maleti¢*, Jelena Beljin, Irina Jevrosimov, Tamara Apostolovi¢, Srdan Roncevi¢, Marijana Kragulj
Isakovski
University of Novi Sad, Faculty of Sciences, Department of Chemistry, Biochemistry and Environmental
Protection, Trg Dositeja Obradovica 3, 21000 Novi Sad, Republic of Serbia
*snezana.maletic@dh.uns.ac.rs

Environmental pollution poses significant threats to human health and ecosystems,
highlighting the need for effective remediation strategies. Traditional methods of remediation
are often costly and time-consuming, driving the search for new, more efficient materials.
Carbon-based materials have emerged as promising candidates due to their eco-friendly
properties and expanding use in pollution control.

This study investigated sorption experiments in stainless-steel columns (4 cm diameter, 20
cm length) filled with soil amended with biochar pre-inoculated with a biofilm of vegetative
cells from Bacillus megaterium BD5. To assess the impact of inoculated biochar on pesticide
sorption, 0.5% of this adsorbent was added to the total soil mass in the column. Thiourea
was used as a tracer at a concentration of around 4 mg/L. Pesticide solutions were then
passed through the column, and eluates from the outlet were collected at various intervals
and analyzed for pesticide concentrations using GC/MS Agilent 7890 A/5975C.

Analysis involved using a mathematical transport model to solve the advection-dispersion
equation (ADE), which provided transport parameters such as retardation (Ry) and
biodegradation (A), as well as breakthrough curves. The retardation coefficient for the
compounds investigated ranged from Ry=40-100, with Parathion-methyl < Fenthion <
Fenitrothion showing an increasing order of retardation. Biodegradation (A) of the compounds
ranged from A=0.2-3.3, also increasing in the same order. Interestingly, there was no clear
correlation observed between the octanol-water partition coefficient, retardation, and
biodegradation, suggesting that hydrophobicity alone did not determine sorption and
transport characteristics in these specific conditions. In summary, the introduction of
inoculated biochar is likely to enhance the simultaneous adsorption of organic compounds
onto the added adsorbents within the porous material and biosorption onto the inoculated
biochar. The addition of inoculated carbon-based materials to contaminated sediments
demonstrates potential as a remediation technique, effectively inhibiting pollutant leaching to
groundwater and facilitating immobilization. This approach holds promise for improving the
overall effectiveness of remediation efforts in contaminated environments.

Keywords: Sorption, Remediation, Pesticides, Soil, Groundwater

Acknowledgements: Funded by the European Union. Views and opinions expressed are however
those of the author(s) only and do not necessarily reflect those of the European Union or European
Research Executive Agency (REA). Neither the European Union nor the granting authority can be held
responsible for them. Grant agreement No. 101059546.
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SLUDGE APPLICATION ON LAND: OPPORTUNITIES AND
CHALLENGES

Djurdja V. Kerkez*, Milena R. Becelic-Tomin, Anita S. Leovac Macerak, Dragana D. Tomasevi¢ Pilipovic,
Dejan Krémar, Natasa S. Slijepcevi¢, Vesna Z. Pesi¢
University of Novi Sad, Faculty of Sciences, Department of Chemistry, Biochemistry and Environmental
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The concept of a circular economy implies a new approach to traditional wastewater
treatment plants that is promoted to address important sustainability segments such as
emissions, chemical consumption, water and energy interdependence and increasing
amounts of post-treatment residues or bio-solids. Sludge is an organic substrate relatively
rich in nutrients (nitrogen and phosphorus), as well as trace elements. The composition of
sludge varies regionally and seasonally, but in general there is little monitoring of data on the
content of nutrients in it. It is estimated that about 2.3-3.1 Mt of nitrogen and about 0.23 Mt of
phosphorus are found in the sludge generated during one year in the world. Sludge produced
from treatment of domestic sewage has long been applied to agriculture as a source of
nutrients to displace mineral fertilizers.

In this research, excessive literature review was performed to access the sludge
management practices in Europe. In addition, nutrient potential in sludge was evaluated on a
national level. Major opportunities and challenges were identified.

27% of produced sludge in Europe is used in agriculture as fertilizer on arable land and
pastures. This method is dominant in Bulgaria, Croatia, the Czech Republic, Denmark,
Ireland, Lithuania, Norway, Spain and Sweden. Composting and similar uses: use of waste
sludge after mixing with other organic material and composting, followed by use for parks
and gardens takes about 21%. This method is dominant in Cyprus, Estonia, France,
Hungary, Luxembourg and Slovakia. According to national sludge management program, in
Republic of Serbia around 135 000 tons of dry mater of sludge can be expected in the future.
This represents the source of nitrogen and phosphorus in amount of over 4500 tons each.

On the other hand, concerns arise from the possibility of the presence of various emerging
contaminants. However, these risks should be viewed rationally in relation to the
characteristics of the wastewater entering the plant, as well as through the efficiency and
type of applied technologies in the water line, which is closely related to the quality of the
separated sludge. By controlling the users of the sewage system and optimizing the
operation of the wastewater treatment plant, these risks can be reduced to a minimum.
Furthermore, more efficient technologies to preserve extract and reuse nutrients from
sewage sludge can be used.

Finally, states need to recognize the real value of wastewater and the potential resources
that can be recovered from it. They must include resource recovery and general circular
economy principles in their strategies, investment planning and infrastructure design.

Keywords: Sludge management, Biosolids, Nutrients, Resource recovery, Circular economy
Acknowledgements: This project has received funding from the European Union's Horizon Europe
research and innovation programme, Horizon Europe-Work Programme 2021-2022 Widening

participation and strengthening the European Research Area, HORIZON-WIDERA-2021-ACCESS-02,
under grant agreement No [101060110], SmartWaterTwin.
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REMOVAL OF ACETAMINOPHEN AND CLARITHROMYCIN FROM
WATER SAMPLES USING NANOFILTRATION AND REVERSE
OSMOSIS

Nikola Maravi¢", Zita Seres!, Jelena Surlan’, Natasa Burisié-Mladenovic', Igor Anti¢’, Jelena Zivanéev!,
Carla Brazinha?, Claudia F. Galinha? Joao G. Crespo?,?
"University of Novi Sad, Faculty of Technology, Bul. cara Lazara 1, 21000 Novi Sad, Serbia
*maravic@uns.ac.rs
2| AQV-REQUIMTE, DQ, FCT NOVA, Universidade NOVA de Lisboa, 2829-516 Caparica, Portugal
3 ITQB, Universidade NOVA de Lisboa, Av. da Republica, 2780-157 Qeiras, Portugal

Acetaminophen and clarithromycin are both contaminants of emerging concern in water
systems due to their widespread use and incomplete removal by conventional wastewater
treatment processes. Pharmaceuticals such as acetaminophen and clarithromycin can easily
enter surface water systems through the disposal of unused medications or via excretion.
Polyamide membranes for both reverse osmosis, SW30HR (Filmtec, USA), and
nanofiltration, NF270 (Filmtec, USA), were used for investigating removal of corresponding
two pharmaceutics. All experiments were conducted in METCell® dead-end unit (EVONIK,
Germany). This study investigated the impact of pH on the rejection rates of acetaminophen
and clarithromycin by SW30HR and NF270 membranes. The results showed that at pH 4,
both  membranes exhibit higher rejection rates for clarithromycin compared to
acetaminophen. However, at pH 10, NF270 membrane showed significantly higher rejection
rates for acetaminophen compared to the experiments conducted at pH 4 and pH 7. On the
contrary, clarithromycin showed different trend with the rising pH value in NF270
experiments. SW30HR membrane rejection rates of all tested pharmaceutics are higher in all
experiments confirming hypothesis of dominating size exclusion mechanism in the
investigated reverse osmosis process. These findings highlight the pH-dependent behavior
of the membranes in rejecting pharmaceutical compounds, which could be crucial in
designing efficient membrane processes for pharmaceutical wastewater treatment.

Keywords: Acetaminophen, Clarithromycin, Reverse osmosis, Nanofiltration, Polyamide.

Acknowledgements: Funded by the European Union. Views and opinions expressed are however
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programme under grant agreement n0.101059867.
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SEWAGE SLUDGE BIOCHAR AS A SORBENT FOR
CONTAMINANTS OF EMERGING CONCERNS REMOVAL FROM
WATER

Vesna M. Vasi¢', Dragana V. Lukié, Marina B. Séiban
University of Novi Sad, Faculty of Technology Novi Sad, Bul. cara Lazara 1, 21000 Novi Sad, Serbia,
*vesna.vasic@uns.ac.rs

The continuous release of contaminants of emerging concerns (CECSs) into the environment
has been recognized as a danger to the ecosystem and human health. Through sewage,
these compounds reach the wastewater treatment plants, which are ineffective in the CECs
removal, so they remain in the effluent and are discharged into the water bodies. Thus, it is
necessary to evaluate and develop effective technologies for the remediation of CECs.
Biosorption is one of the most promising low-cost techniques for water treatment. In recent
years, various materials have been tested as biosorbents, and more recently, attention has
been drawn to sewage sludge as a raw material for biochar production, which may be
promising from the viewpoint of circular economy and waste management. In recent years,
the quantity of sewage sludge has been increasing globally, due to the increased number of
wastewater treatment plants, so the need to manage this waste has become an important
issue. This paper will summarize the state of the art on the application of sewage sludge
biochar as an adsorbent for CECs removal from water. It is obvious from the literature that
specific properties and porose structure make it suitable for the removal of contaminants
from water.

Keywords: Sewage sludge, CECs, Biochar, Wastewater treatment.
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TiO,/CNT-MODIFIED PVDF COMPOSITE MEMBRANES FOR
ENHANCED MEMBRANE FILTRATION OF OILY WASTEWATERS
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2Department of Horticulture, Faculty of Technical and Human Sciences, Sapientia Hungarian University of
Transylvania, 400112 Cluj-Napoca, Romania
3Department of Applied and Environmental Chemistry, Institute of Chemistry, University of Szeged, Rerrich Béla
sqr. 1, H-6720 Szeged, Hungary
4Institute of Physical Metallurgy, Metal Forming and Nanotechnology, University of Miskolc,
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Oily wastewaters are produced all over the world by several activities. The most conventional
techniques (skimming, flotation, sand filtration, etc.) must be augmented with advanced
methods for the efficient elimination of micro- and nanoscale oil droplets. As water quality
regulations tighten, membrane filtration has become more popular for wastewater treatment,
since the technology is known for its simplicity in operation, non-chemical properties, and
exceptional cleaning efficiency. However, it is hecessary to develop membranes to minimize
the impact of fouling when oily wastewaters are membrane filtered.

In the present study, PVDF membranes were modified with different TiO,/CNT
nanocomposites, and the membranes were used to filter crude oil emulsions (c=100 mg/L; V
= 250 mL) with a dead-end type membrane reactor (Millipore XFUF07601) at different
transmembrane pressures (0.1-0.3 MPa) up to a volume reduction ratio (VRR) of 5. The main
filtration parameters (such as fluxes, filtration resistances, flux recovery ratios, purification
efficiencies) were compared at varying conditions (e.g. altering transmembrane pressures,
pH value, oil sample) in the case of the pure PVDF and the TiO,/CNT-modified PVDF
composite membranes. The nanocomposite-based modification proved to be efficient to
enhance the fluxes and flux recovery ratios and proved to be efficient to increase the
purification efficiency in most of the examined cases.

Keywords: Membrane filtration, Oil emulsion, TiO,, CNT, Composite membrane
Acknowledgements: The research was funded by the Hungarian National Research, Development and
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MULTICOMPONENT ADSORPTION KINETICS OF
MICROPOLLUTANTS ONTO LIGNOCELLULOSIC BIOSORBENTS

Dragana, V. Lukic¢*, Vesna, M. Vasié, Marina, B. Séiban
University of Novi Sad, Faculty of Technology Novi Sad, Bul. cara Lazara 1, 21 000 Novi Sad, Serbia,
*dkukic@uns.ac.rs

Over the past few decades, the presence of chemicals of emerging concern (CECs)
presence in water bodies has raised concerns due to potentially harmful effects on human
health and the environment. One of their primary pathways to water bodies is wastewater
treatment plants since conventional treatment is inefficient in the removal of CECs. The
removal of micropollutants represents a major challenge due to their low concentrations,
complex mixtures, and diverse sources of contamination. Innovative wastewater treatment
technologies for the efficient removal of CECs include advanced oxidation processes,
membrane filtration, and activated carbon adsorption. Each of these technologies has its
advantages and limitations, and ongoing research seeks to optimize their performance, cost-
effectiveness, and scalability for widespread implementation.

Due to the high cost of the adsorption process, the focus of active research in this area is the
development of effective and novel materials for pollutant removal. There are two main
directions in searching for these materials: the usage of natural, abundant, mainly waste
materials (row or modified) and the development of new synthetic materials.

In this paper, raspberry cane and lignin isolated from this waste material were investigated
as potential biosorbents for the removal of chemicals of emerging concern from a synthetic
mixture. The multi-component adsorption kinetics of 35 different compounds was carried out
in a batch mode. 0.5 g of each adsorbent was mixed with 500 ml of a mixture of CECs
(neutral pH) for 24 hours. At different time intervals, an aliquot of the mixture was taken and
residual concentrations of CECs were determined. The results revealed that the same 14
compounds showed no adsorption on both of the investigated biosorbents. The rest of the
CECs appeared to be adsorbed fast, mostly during the first 60 min of the process. For all
compounds, the equilibrium was reached within 6 hours. For 11 compounds removal was
over 80% either by raspberry cane or lignin. However, lignin appeared to be generally slightly
more efficient and it adsorbed more different components than raspberry cane.

Keywords: Micropollutants, Wastewater treatment, Biosorption, Raspberry cane, Lignin.
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ROLE OF A HIGH-RESOLUTION MASS SPECTROMETRY IN
INVESTIGATING PROCESSES FOR REMOVAL OF CONTAMINANTS
OF EMERGING CONCERN FROM WATER

Igor Anti¢*, Jelena Zivanéev, Maja Buljovéié, Dusan Rakié, Natasa Purisié-Mladenovié
University of Novi Sad, Faculty of Technology Novi Sad, Bulevar cara Lazara 1, 21000 Novi Sad, Serbia,
*antic@tf.uns.ac.rs

Estimating human exposure to an environmental "cocktail” of chemicals is becoming one of
the biggest challenges in modern science. The first and highest obstacle on that path is a
reliable determination of as many as possible contaminants of emerging groups (CECs) with
versatile physico-chemical properties present in environmental resources in trace amounts.
CECs is a vast group of chemicals with unknown or suspect toxic effects that are currently
not regulated, controlled, or routinely monitored in the (aqua) environment. Discharge from
wastewater treatment (WWT) plants is recognized as one of the most important sources of
numerous CECs in the environment, as conventional WWT plants are not designed to
remove such micropollutants. Many processes, including physical (adsorption, membrane
filtration), chemical (ozonation and other advanced oxidation processes (AOPSs), including
0s/UV, UV/H,0,, Fenton and Fenton-like oxidation, etc.), and biological (application of pure
or mixed cultures) have been investigated for removal of CECs from wastewaters as
potential quaternary WWT process. Some of the mentioned treatments may result in
transformation of parent compounds into even more polar and mobile products than their
precursor chemicals and sometimes with increased toxicity; these transformation products
are also considered as CECs. This is why it is of paramount importance to have robust
analytical methodologies to investigate the presence of a wide range of CECs including their
TPs in treated wastewaters to obtain full scale of the treatment efficiency. In the last decade,
a new horizon has opened with the development of powerful instrumental techniques based
on high-resolution mass spectrometry (HRMS) and data processing software. The availability
of many acquisition modes together with high mass accuracy and resolution of HRMS
measurements enable wide-scope suspect and non-target screening (NTS) of thousands of
compounds. Additionally, retrospective analysis of archived HRMS data sets, allows
identification of CECs that have not been in focus during the first data processing. This work
aims to indicate the role of HRMS in investigating the efficiency in removal process for CECs
in water. The challenges of CECs identification and quantification will be emphasized as
during the HRMS NTS analysis thousands of chemical features with specific retention time
and mass spectra can be detected. Processing of such data sets demands the latest
software solutions, trained laboratory analysts for implementing various data interrogation
steps (blank subtraction, replicate analysis, peak alignment), and tentative annotation of
detected features with relevant HRMS databases, but it offers an extensive chemical profile
of water samples, inevitable for further contaminants prioritization and risk assessment.

Keywords: Compounds of emerging concerns, Transformation products, HRMS, Suspect screening.
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ENHANCING THE EFFICIENCY OF LOW-PRESSURE
MEMBRANE SEPARATIONS USING 3D PRINTED SPACERS

Szabolcs Kertész", Imre Vajk Fazekas', Martin Trancsik’, Aws N. Al-Tayawi?, Jozsef Richard
Lennert®, Sandor Beszédes', Jozsef Csanadi, Tamas Szabé’, Cecilia Hodtr!, Gabor Veréb?,
Zsuzsanna LaszI6'

'Department of Biosystems Engineering, Faculty of Engineering, University of Szeged, Szeged H-6725,

Hungary, *kertesz@mk.u-szeged.hu
'Doctoral School of Environmental Sciences, University of Szeged, Szeged H-6725, Hungary
3Department of Power Electronics and E-Drives, Audi Hungarian Faculty of Automotive Engineering,
Széchenyi Istvan University, Gy6r H-9026, Hungary
“Department of Food Engineering, Faculty of Engineering, University of Szeged, Szeged H-6725, Hungary
Department of Physical Chemistry and Materials Science, Faculty of Science and Informatics, University
of Szeged, Szeged H-6720, Hungary

Our research primarily focuses on investigating the flow hydrodynamics within different
membrane modules and assessing the potential consequences of altering these dynamics
on process parameters. Our overarching goal is to optimize the flow conditions in both a
smaller, classical, statically stirred laboratory separation cell and a cross-flow Vibratory
Shear Enhanced Processing (VSEP) device with a larger filter surface. To achieve this goal
and mitigate membrane fouling, we aim to implement shear rate enhancement on the
membrane surface using 3D printed elements. Specifically, we plan to insert specially
designed (promoters) into the smaller module and (spacers) into the larger VSEP separation
module. We consider it important to carefully select 3D printable materials suitable for
producing promoters and comprehensively test their mechanical robustness. In this work,
various 3D printed spacers were investigated using a specialized VSEP device during
ultrafiltration of model dairy wastewater. Our goal is to compare the effects of mechanical
module vibration with the integration of spacers into the module, both of which can
significantly mitigate fouling tendencies in the polymer membranes used. Additionally, we
were curious to explore whether improved results could be achieved through the use of
further developed, redesigned shapes (shape testing) and the utilization of Polyethylene
Terephthalate Glycol (PETG) material alongside Polylactic acid (PLA) (material testing).
Compared to the control measurements, the results showed improvements in all cases when
the spacer was inserted into the module, when module vibration was applied, and when both
spacer and module vibration were used together.

Keywords: Dairy Wastewater, Ultrafiltration, Membrane Fouling Mitigation, 3D Printing and Design,
Spacers
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EVALUATION OF FLOW DYNAMICS UTILIZING INTEGRATED 3D
PRINTED TURBULENCE PROMOTERS FOR MITIGATION OF
MEMBRANE FOULING

Aws N. Al-Tayawi', Hajnalka Csott:, Nikolett Sz. Gulyas'*, Jozsef Richard Lennert’, Zsuzsanna
Horvath Hovorka?, Zsuzsanna Laszl63, Cecilia Hodltr?3, Szabolcs Kertész®
'Doctoral School of Environmental Sciences, University of Szeged, Szeged H-6725, Hungary
2Department of Mechanical Engineering, Faculty of Engineering, University of Szeged, Szeged H-6725,
Hungary
SDepartment of Biosystems Engineering, Faculty of Engineering, University of Szeged, Szeged H-6725,
Hungary, * kertesz@mk.u-szeged.hu
‘Department of Food Engineering, Faculty of Engineering, University of Szeged, Szeged H-6725, Hungary
Department of Power Electronics and E-Drives, Audi Hungaria Faculty of Automotive Engineering,
Széchenyi Istvan University, Gyér H-9026, Hungary

The rapid expansion of human populations has led to an increased demand for water
resources and subsequently heightened levels of wastewater production. Membrane fouling,
a persistent challenge in membrane-based wastewater treatment technologies, necessitates
innovative strategies to enhance operational efficiency. Mitigating membrane fouling is
imperative for sustaining filtration efficacy, extending membrane longevity, and reducing
operational expenses. This study investigates the integration of 3D printed turbulence
promoters to ameliorate the performance of a classical laboratory-scale ultrafiltration (UF)
cell/module employed in the treatment of dairy wastewater. Parameters including
transmembrane pressure (0.2 - 0.4 MPa), stirring speed (0, 200 & 400 rpm), and membrane
cut-off (10, 20 & 50 kDa) are systematically examined to optimize the filtration process.
Experimental trials conducted on the UF equipment utilizing dairy model effluent enable the
identification of optimal operating conditions, notably including a 20 kDa membrane, 0.3 MPa
pressure, and 400 rpm agitation speed. Four distinct designs of 3D printed turbulence
promoters, fabricated from diverse filament materials (e.g., PLA, TPU, stainless steel, resin),
are assessed to evaluate their effects on permeate flux, membrane retention, and overall
resistance. Results reveal that specific turbulence promoter configurations, particularly the
'PLA initial' and 'PLA mini' variants, substantially enhance permeate flux and organic
compound retention. Subsequent analyses employing different printing filaments
demonstrate resin as the most efficacious material, significantly enhancing both flux rates
and overall resistance mitigation.

Keywords: Dairy Wastewater, Turbulence Promoters, Membrane Fouling Mitigation, 3D Printed
Materials.
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ADVANCED OXIDATION PROCESSES FOR NATURAL ORGANIC
MATTER AND EMERGING CONTAMINATS ABATEMENT IN WATER
TREATMENT

Jelena Molnar Jazi¢*, Tajana Simeti¢, Marijana Kragulj Isakovski, Aleksandra Tubi¢, Jasmina Agbaba
University of Novi Sad, Faculty of Sciences, Department of Chemistry, Biochemistry and Environmental
Protection, Trg Dositeja Obradovica 3, 21000 Novi Sad, Republic of Serbia
*jelena.molnar@dh.uns.ac.rs

The quality of water sources is highly affected by the presence of natural organic matter
(NOM) that significantly varies in composition depending on the location, presenting the main
precursors of regulated and emerging disinfection by-products (DBPs). Alongside natural
contaminants, the aquatic environment is becoming increasingly vulnerable due to the
discharge of wastewater effluents and the widespread presence of contaminants of emerging
concern (CECs). Water scarcity is already driving the urgent need for improved water
treatment, highlighting the ability of advanced oxidation processes (AOPS) to treat various
contaminants, surpassing the effectiveness of conventional technologies.

Application of ozonation and ozone based-AOPs including TiO,/Os, H,0,/O5 etc. as well as
UV-driven AOPs (UV/H,0,, UV/persulfates) led to the partial oxidation of the fulvic acid
fraction, thereby increasing the hydrophilic content of NOM originated from groundwater and
surface water. Utilization of AOPs resulted in an increase in the emerging nitrogenous DBPs
formation during the subsequent chlorination compared to the raw water, while precursors of
carbonaceous DBPs were reduced. The estimated removal of certain CECs from
groundwater including benzophenone, 2-phenoxyethanol, butylated hydroxytoluene and
benzoic acid by ozonation increased with increasing ozone dose (up to 1.0 g Os/m®) and was
in the range 24-70%. Ozone and ozone-based treatments enable partial removal of
chlorinated volatile organic compounds from groundwater. Combination of UV light with
hydrogen peroxide, persulfate and peroxymonosulphate enables complete degradation of
alachlor and 1,2,3-trichlorobenzene from natural water matrices and in the presence of
different reactive radical species. Our preliminary research also indicates that organic
sunscreen agents are prone to oxidative degradation in water mediated by hydroxyl and
sulfate radicals.

Summarized results indicate that AOPs can effectively be applied in water treatment for
natural organic matter reduction and emerging contaminants degradation in water, where
sulfate radicals driven AOPs might be an attractive option to overcome the difficulties caused
by water matrix effects. Special attention should be paid to the DBPs formation during the
subsequent chlorination and measures to mitigate associated risks.

Keywords: Advanced oxidation processes, Water treatment, Disinfection by-products, Emerging
contaminants
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ADDRESSING ARSENIC CONTAMINATION: A POLYMER-BASED
NANOCOMPOSITE FOR WATER TREATMENT

Jasmina Niki¢’, Malcolm A. Watson, Maja Vuji¢, Jovana Pe$i¢, Jovana Joki¢—Govedarica,
Srdan Roncevié, Jasmina Agbaba
University of Novi Sad, Faculty of Sciences, Trg Dositeja Obradovic¢a 3, 21000 Novi Sad, Serbia,
*jasmina.nikic@dh.uns.ac.rs

Arsenic contamination in water sources poses a significant threat to public health and
environmental sustainability worldwide. Traditional methods for arsenic removal often suffer
from limitations such as high cost, chemical usage, and sludge generation. In recent years,
polymer-based nanocomposites have emerged as promising materials for arsenic mitigation
from water, offering cost-effective and sustainable treatment solutions. In this study, in situ
coating of polyethylene powder (PE) with Fe and Mn nanoparticles was utilized to fabricate
FM-polymer-based nanocomposite (PE-FM). Various characterization techniques were
employed to analyze the structural and chemical properties of the nanocomposite, providing
insights into its performance and efficacy. Successful coating of polyethylene with Fe and Mn
was confirmed using BET, SEM-EDS, and FTIR techniques. The coating process increased
the surface area of the PE (1.06 m?/g) by a factor of three and the pore volume (0.003 cm®/g)
by a factor of two, suggesting the prepared nanocomposite should demonstrate improved
adsorption capabilities. To evaluate the adsorption performance of FM-polymer-based
nanocomposites for arsenic removal, batch experiments were conducted. Preliminary
adsorption experiments indicate that while PE by itself is ineffective for arsenic removal, the
novel FMBO nanocomposite efficiently removed both As(lll) and As(V), achieving a high
removal efficiency (over 90%). This study contributes to ongoing efforts to address arsenic
contamination challenges and advance the development of innovative materials for clean
water.

Keywords: Arsenic, Polymer, Nanocomposite, Fe and Mn nanoparticles, Water treatment
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DIELECTRIC MONITORING IN WASTEWATER-TREATMENT AND
SLUDGE UTILIZATION PROCESSES

Zoltan P. Jakéi* Cecilia Hodur, Sandor Beszédes
Department of Biosystems Engineering, Faculty of Engineering, University of Szeged, Moszkvai krt. 9, Szeged,
Hungary
*jakoiz@mk.u-szeged.hu

Our research presents an integrated approach to enhancing biogas production and organic
matter removal in wastewater treatment, focusing on microwave (MW)-enhanced techniques
applied to meat industry sludge and wastewater. We explored the efficiency of combining
iron oxide (FesO,4) nanoparticles with microwave irradiation and a microwave irradiation-
enhanced Fenton-like method to assess their impact on anaerobic digestibility and chemical
oxygen demand (COD). The combined application of microwave irradiation with magnetic
iron oxide nanoparticles significantly increased the soluble chemical oxygen demand (SCOD,
with an enhancement ratio above 1.5), enhanced the rate of biogas production, and tripled
the total cumulative biogas volume, all while maintaining or slightly improving the biomethane
content. Furthermore, the study of dielectric properties, including the dielectric constant and
loss factor, measured during the treatments provided a novel method to evaluate the
efficiency of these pretreatments, revealing a strong correlation (r=0.9942, R?>0.99) with
changes in SCOD. Simultaneously, the microwave-enhanced Fenton-like oxidation process
demonstrated its potential in reducing the high initial COD (1568 mgL-1) found in meat
industry wastewater. Adjustments in the intensity of MW irradiation and the dosage of H,O, /
FeSO, were crucial, with higher settings leading to significant COD reductions and nearly a
threefold increase in the dielectric loss tangent (tand). Specifically, applying 60 kJ of
microwave energy with a 0.14 mgFe*/mgCOD dosage resulted in more than 40% COD
removal efficiency. The research findings underline the advantages of using microwave-
enhanced methods in wastewater treatment, illustrating how operational parameters such as
MW energy intensity and chemical dosages critically influence treatment outcomes, thereby
offering reliable solutions for improving biogas production and organic matter reduction in
industrial wastewater treatment.

Keywords: Wastewater treatment, Sludge utilization, Microwave irradiation, Dielectric measurement,
Biogas production.
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ADSORPTION KINETICS OF ORGANIC POLLUTANTS ON
MICROPLASTIC FIBERS IN WATER

Maja Vuji¢', Vasiljevi¢ Sanja, Tajana Simeti¢, Jelena Molnar Jazi¢, Marijana Kragulj Isakovski,
Jasmina Agbaba, Aleksandra Tubic¢
University of Novi Sad, Faculty of Sciences, Department of Chemistry, Biochemistry and Environmental
Protection, Trg Dositeja Obradovica 3, 21000 Novi Sad, Republic of Serbia
*maja.loncarski@dh.uns.ac.rs

Microplastics, characterized as plastic particles smaller than 5 mm, are becoming an
increasingly prevalent and concerning environmental pollutant. Once they enter water
environments, microplastics absorb diverse pollutants, transforming into carriers of
hazardous substances. The textile industry and domestic washing of synthetic textiles are
the primary contributors to microplastic fibers in water, making them one of the dominant
forms of microplastics. While many studies have suggested that washing clothes is a major
source of microplastics, only few have investigated the impact of mechanically drying clothes
and textiles. The main objective of this study was to investigate the adsorption kinetics of
specific polycyclic aromatic hydrocarbons (PAHSs) onto microplastic fibers in water. Batch
adsorption experiments were carried out under laboratory-controlled conditions. The attained
results indicated that the highest adsorption rate was determined for adsorption of pyrene
and fluoranthene on microplastic fibers isolated from material collected on drying machine
filter, where 101.2 ug/g and 135.2 ug/g, respectively. The obtained results of this adsorption
study also revealed that the adsorption affinity of selected PAHs on microplastic fibers is
predominantly regulated by the physicochemical characteristics of the selected compounds
and the structural organization of molecules. These results highlight the significant role of
microplastic fibers in transporting organic pollutants in the environment and water systems.

Keywords: Organic pollutants, Microplastic fibers, Kinetic, Adsorption
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PHENOL REMOVAL FROM WATER SOLUTION USING PEROXIDASE
EXTRACTED FROM POTATO PEEL

Sasa Savic'*, Sanja Petrovic¢', Mirjana Petronijevic?
""University of Ni§, Faculty of Technology, Bulevar Oslobodenja 124, 16000 Leskovac, Serbia
*sasa.savic@tf.ni.ac.rs
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Phenol is the main pollutant in wastewater originating from industries such as petrochemical,
pharmaceutical, and oil industries. In the past, various treatment methods have been used to
remove phenol, such as adsorption, ion exchange, oxidation, and biological treatment. In the
last decades, enzyme-catalyzed polymerization of phenol has been developed as a new
methodology for phenol removal. Peroxidase is one of the most widely used enzymes in
enzyme-assisted phenol removal processes. It is known as an enzyme that has catalytic
ability over a wide range of temperatures, pH values, and pollutant concentrations. This
study investigates the feasibility of employing unpurified peroxidase extracted from potato
peel for phenol elimination from aqueous solutions. The influence of peroxidase, phenol,
hydrogen peroxide, and polyethylene glycol (PEG) concentrations, as well as incubation
time, temperature, pH value, and shaking rate on the efficiency of the phenol removal
process, was comprehensively evaluated. The phenol removal efficiency was assessed via
spectrophotometric monitoring of residual phenol levels in reaction mixtures. The highest
achieved phenol removal efficiency is 97%. The results showed that the use of raw,
unpurified peroxidase from potato peel can successfully replace commercial peroxidase and
thereby significantly reduce the cost of the procedure. In addition, the presence of PEG as a
peroxidase stabilizer showed little effect on the efficiency of phenol removal (3%), indicating
that the extracted crude peroxidase is stable even without a commercial stabilizer, which
could further cheapen the phenol removal process.

Keywords: Potato peel, Peroxidase, Phenol removal, Pollutant.
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THE MICROPLASTIC IS VISIBLE BY FLUORESCENCE UNDER
STEREOMICROSCOPE

Ziva Kolenc, Kaja Adamek, Sonja Smole MoZina*, Anja Klan¢nik
Biotechnical Faculty, Chair of Biotechnology, Microbiology and Food Safety, Department of Food Science and
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Plastics are valued in industry for their lightness, durability and versatility, but their
overproduction, especially of single-use plastics and microplastics, is responsible for
significant environmental pollution. Most plastics are difficult to recycle and the European
Environment Agency is calling for a shift to circular and sustainable practices. Every year,
around 370 million tons of plastic are produced worldwide, of which 6.3 billion tons become
waste. Humans can ingest between 70,000 and 120,000 microplastic particles a year, mainly
through the air, and those who mainly drink bottled water may ingest a further 90,000
particles. Microplastics, including fragments and pellets, are produced both during the
degradation of larger plastics and during the direct manufacture of products such as
cosmetics. Efforts to control and reduce their presence include EU regulations such as
REACH, bans on microbeads in cosmetics and regulations for artificial sports surfaces.

Microplastics in the food production environment increase the surface area for colonization
by microbial biofilms, as the food particles present promote their growth. Biofilms on
microplastics can become vectors of microbial communities including potential pathogens
and thus pose a potential risk to microbiological safety. Researchers continue to develop
techniques to identify and study microplastics in the environment and in food systems. At the
University of Ljubljana, Chair of Biotechnology, Microbiology and Food Safety, we focus on
microplastics as carriers of pathogenic bacteria in the food chain and develop standardized
methods for the detection of microplastics in various foods such as shellfish, chicken and
milk. Fluorescence analysis can be used to detect and characterize microplastics, although it
is less precise and widespread than spectroscopy. Fluorescence analysis of synthetic
polymers stained with Nile red enables the differentiated emission of fluorescence under
certain light filters; for example, polystyrene (PS) under a GFP filter shows an orange
fluorescence, while high-density polyethylene (HDPE) fluoresces yellow. This enables
preliminary identification of microplastics in food matrices, offers better resolution than light
stereomicroscopy and is suitable for experimental applications. In one approach,
polypropylene (PP) microplastics stained with Nile red were applied to raw chicken fillets.
Although these particles were invisible, they were visible under a fluorescence
stereomicroscope and remained attached to the filet even after gentle and vigorous washing.

Keywords: Microplastics, Fluorescence microscopy analysis, Microplastics in environment and food
systems, Food safety
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THE ADVANTAGE OF LPM LAMPS EMITTING AT 185 nm - A
SIMPLE SOLUTION TO ENHANCE THE EFFICIENCY OF
PHOTOCHEMICAL WATER POST-TREATMENT PROCESS FOR
ELIMINATING NON-BIODEGRADABLE ORGANIC POLLUTANTS
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The complete removal of persistent organic pollutants from water is one of the most
challenging tasks in water purification, especially in drinking water treatment. The production
of adequate quality drinking water is a universal problem today, partly due to the biologically
active and persistent organic micropollutants, such as pesticides, drugs, and especially
antibiotics, that cannot be removed by conventional water treatment processes. The
tightening of legal regulations reflects the importance and topicality of the problem.

The Advanced Oxidation Processes (AOPs) as water treatment processes are based on
radical generation and offers a solution to this problem. Some of the AOPs require UV
radiation, such as UV/H,0,, UV/Og, or UV/persulfate processes. Most often the low-pressure
mercury vapor lamp (LPM) is used as light source, which emits 254 nm UV light having an
excellent germicidal effect. The version of the LPM lamp with a high-purity quartz envelope is
called an "ozone-generating lamp" and emits 185 nm VUV light in addition to 254 nm UV.
Although this lamp is used on an industrial scale almost exclusively for producing high-purity
water required for the electronics industry, its use in drinking water treatment would also be
justified. The 185 nm photons are adequate to produce hydroxyl radicals from water and can
enhance the efficiency of the UV/H,O, and UV/persulfate processes. The higher price of the
UV/VUV lamp compared to the UV LPM lamp (approximately 25%) can be compensated by
the significantly lower dose of the oxidant, and permanent hydroxyl radical generation due to
the VUV photolysis of water.

In this work, the efficiency of the UV/VUV photolysis, and the additive effect of the VUV light
in the case of (V)UV/H,0, and (V)UV/persulfate processes were investigated. Trimethoprim,
a widely used and non-biodegradable antibiotic was used as the target substance. The effect
of oxidant dose, and biologically treated domestic wastewater as a matrix on the
transformation and mineralization efficiency were studied. Radical scavengers were used to
investigate the role and contribution of various reactive species to the transformation. Special
attention was paid to the effect of inorganic ions and formation of chlorinated organic
products, and the change of ecotoxicity of the treated solution. Efficiency was compared in
terms of electrical energy per order (Ego) values.

Keywords: VUV photolysis, LED, Antibiotic, Advanced oxidation processes, Water treatment
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INACTIVE BIOMASS OF THE FUNGUS Ganoderma applanatum AND
ITS BIOSORPTIVE POTENTIAL FOR REMOVING MALACHITE
GREEN FROM WASTEWATER

Natalija Velié", Marija Stjepanovic', Jelena Vukoje', Janez Gorensek?, Sandra BudZaki', Marta Ostojci¢?
"University of Osijek, Faculty of Food Technology Osijek, Franje Kuhaca 18, 31000 Osijek, Croatia
*natalija.velic@ptfos.hr
2 JAMB-Institute for Applied Mycology and Biotechnology, Vegova 26, Celje, Slovenia

In this work, the biosorptive potential of the inactive biomass of the fungus Ganoderma
applanatum for the removal of the cationic dye malachite green (MG) from model dye
solutions and synthetic wastewater was investigated. The biosorption experiments were
carried out in batch mode to investigate the influence of different factors on the biosorption
process, namely the concentration of biosorbent (0.5 - 5 g/L), contact time (1 - 120 min),
initial dye concentration (10 - 100 mg/L) and pH (4 - 10). An increase in biosorbent
concentration resulted in an increase in the percentage of MG removal and a decrease in the
amount of MG adsorbed per gram of biosorbent. The equilibrium state was reached within
120 minutes. Biosorption was very rapid in the first 30 minutes and then slowed down in the
later stages until equilibrium was reached. The biosorption process was dependent on the
MG concentration. pH values above 7 favored the biosorption of MG, as evidenced by a
greater amount of adsorbed MG per unit mass of biosorbent and a higher percentage of MG
removal. The biosorption process was better described by the Freudlich model and the
biosorption kinetics by the pseudo-second-order model than by the Langmuir model and the
pseudo-first-order model.

Keywords: Biosorption, Malachite Green, Ganoderma applanatum, Wastewater
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EFFECT OF SODIUM CHLORIDE ON THE REMOVAL OF
PHARMACEUTICALLY ACTIVE COMPOUNDS FROM WATER BY A
REVERSE OSMOSIS MEMBRANE

Jelena Surlan®, Zita Seres?, Nikola Maravié', Natasa Burisic¢ Mladenovic', Igor Anti¢’, Jelena Zivanéev!,
Carla Brazinha? Joao G. Crespo?3
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Pharmaceutically active compounds are often detected in the aquatic environment, including
surface waters, ground waters and even drinking water, due to their insufficient removal by
conventional wastewater treatments. Due to adverse effects of pharmaceutically active
compounds on human health and the environment, additional methods for their removal from
water sources are required. Membrane separation processes, including reverse osmosis, are
considered to be one of the possible solutions for the removal of the corresponding
contaminants from the aquatic environment. The aim of this study was to determine the
efficiency of commercially available polyamide reverse osmosis membrane (SW30HR,
FilmTec™) in the removal of four pharmaceutically active compounds (acetaminophen,
carbamazepine, salbutamol and bezafibrate) from model water solution and evaluate the
impact of sodium chloride addition on the removal of selected compounds. Experiments were
conducted in METCell® dead-end unit from EVONIK (Germany) and the pressure of 30 bar
set using a nitrogen gas cylinder. Rejections (%) from 86.28% to 96.53% were achieved with
SW30HR membrane for all selected compounds without the addition of sodium chloride to
the feed solution. However, addition of sodium chloride in the feed solution negatively
impacted the removal of selected compounds, with the rejections from 64.35% to 80.58%.
The highest impact of sodium chloride was observed for bezafibrate and salbutamol, with a
total decrease in rejection of 23.13% and 21.94%, respectively. Addition of sodium chloride
affected the diffusion of the selected compounds through the membrane by increasing the
osmotic pressure and therefore, decreasing the removal of selected compounds.

Keywords: Reverse osmosis, Water treatment, Sodium chloride, Membrane separation processes
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PRELIMINARY PRODUCTION COST ESTIMATION FOR
BIOSORBENTS DERIVED FROM PEACH STONES

Danijela Z. Stefanovic¢*, Marija R. Miladinovic, Biljana S. Dordevié¢, Milan D. Kostic¢, Olivera S. Stamenkovié¢
University of Ni§, Faculty of Technology, Bulevar oslobodenja 124, 16000 Leskovac, Serbia,
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The biosorption process has emerged as an environmentally friendly treatment technology
for wastewater. Consequently, many biosorbents have been developed using waste biomass
and successfully employed in the removal of various contaminants from wastewater. The fruit
stones show significant potential as biosorbents, whether processed through mechanical or
thermochemical treatments, thereby adding value to waste materials. The biosorption
potential of peach stones has been investigated for the removal of various emerging
contaminants from wastewater, including pharmaceuticals (carbamazepine, caffeine, and
diclofenac), pesticides (carbofuran, 2,4D, and imidacloprid), synthetic dies (methylene blue)
as well the hexavalent chromium. Estimating production costs for biosorbents is crucial for
evaluating their economic performance alongside adsorption performance such as
adsorption capacity and removal efficiency. This study presents an analysis of the
preliminary production cost estimation of biosorbents derived from peach stones. Based on
the production methods described in 6 different studies, the cost analysis considered the cost
of raw material, transportation, drying, chemical activation, carbonization, and grinding. The
cost estimation revealed that higher production costs are associated with processes involving
chemical activation with phosphoric acid, especially if the impregnation ratio is higher. The
cost of biosorbent production, depending on the method, ranges from €0.87/kg to €3.97/kg,
which corresponds to reported values for thermochemically activated biosorbents. Despite
the higher production cost of biosorbents, the lowest cost per gram of contaminant removed
from wastewater was achieved for biosorbents used in the removal of carbamazepine
(€0.011/g), caffeine (€0.015/g), 2,4-D (€0.018/g), and diclofenac (€0.021/g).

Keywords: Biosorbents, Peach stones, Cost estimation
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ADSORPTION EFFICIENCIES OF INDIAN NEEM LEAVES FOR
REMOVAL OF CONGO-RED DYE FROM AQUEOUS SOLUTION FOR
SUSTAINABLE ENVIRONMENT
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Dyes and pigments are widely used in paper, plastic, leather, foodstuff, cosmetics, and
specially in textile dyeing industries. Colored wastes generated from these industries contain
many highly toxic complex dyes that are resistant to aerobic digestion and stable to photo-
oxidation. Thus, removal of these complex materials from effluents is the most challenging
problem for the environment. So, searching for new, low-cost technologies for removing
these poisonous substances from industrial effluents has withdrawing continuous attention of
the researchers using bio-adsorption process. In this paper, mature Neem leaves were used
to develop a novel bio-adsorbent for removing Congo Red (CR) dye from synthetic solution.
The developed adsorbent was analyzed using SEM, FTIR, and XRD studies. The sorption
efficiency of Neem Leave powder (NLP) has been studied using the batch adsorption
process. It was found that NLP in the form of fine powder with a size range of 250- 300 um
are very effective for removing the CR from its dilute solution. Experiments were carried out
using solutions with various dye concentrations of 10 to 100 mg/l. The removal percentage
of CR is determined by UV visible spectrophotometer at wavelength of 500 nm. Experimental
results show that 90 — 96.56 % removal of CR may be achieved within 60-90 minutes using
2-8 g /I NLP. The observations also show that the maximum adsorption capability of NLP
depends on various operating parameters like dye concentration, size of adsorbents and its
activation process, pH of the solution and temperature. The applicability of the rearranged
Langmuir and Freundlich model was also studied. The maximum adsorption capacity of the
activated NLP for removal of CR was obtained as 86.96 mg/g at 308 K and pH 7.03. The
correlation coefficient value (R?) of rearranged Langmuir and Freundlich isotherm was
obtained as 0.996 and 0.997respectively at 309 K. The thermodynamic studies show that the
sorption process is exothermic and spontaneous. Kinetic studies at various temperature
show the suitability of Pseudo Second order reaction for this adsorption process. The
satisfactory values of regression coefficients (0.999) at different temperature, higher
adsorption capacity and good fittings of adsorption isotherms indicate that activated NLP has
excellent potential to use as an alternative low-cost adsorbent for the effective removal of
Congo red (CR) dye from industrial effluents.

Keywords: Neem Leaves; Congo Red; Adsorption Isotherms; Kinetics; SEM; FTIR
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