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Recently, the main principle of environmental protection
resides in the following sentence: low pollution high energy
exploitation. This principle is valid in the use of renewable and
geothermal energy, which gains more and more importance. In
European context, the thermal water sources of Hungary are
significant. As already the name suggests, this thermal water can be
used as an energy source while keeping in mind the possible. The
temperatures of the thermal waters in Hungary are between 30 °C
and 105°C. These waters contain hydrocarbons in relatively small
concentrations. This value depends on the water temperature and the
localization of the extraction site. Approximately 80 % of the
thermal water wells are the source for 80 °C water and are located at
Alföld. The emission in the surface waters of the used thermal waters
can cause local pollution problems.
The adsorption method is a suitable approach for the
removal of organic compounds in low concentrations. The most
efficient materials are clay minerals, polyaluminium chlorides or
activated carbons. Basically, these adsorbents are the main ones used
in modern water treatment technologies. Some of the natural clay
minerals can be used as adsorbents. Many organic compounds can
interact with the surface of these clay minerals, if they are pre-treated
with a cationic surfactant (by the development of an organophilized
surface). However, the individual components of an adsorbent
system (the nature of the clay mineral, the structure of the
organophilic agent, the ionic force and pH of the medium and the
chemistry of the pollutants) can affect each other which results
various adsorption efficiencies.
The present work targeted the investigation of the removal
of organic contaminants (particularly phenolic type compounds)
from thermal waters using adsorption methods, advanced oxidation
processes and the combination of these two methods.

The organophilized adsorbents are most likely to succeed in
the proposed goal, rather than pre-prepared adsorbents. By the
adsorption studies, I drew important conclusions concerning the
competition for the surface of the adsorbent including the
simultaneous pollutant removal. These results can be crucial in case
of real applications. Considering that some compounds are difficult
to remove by adsorption, it is also necessary to consider the
possibility of using a combined removal process (adsorption + highly
efficient advanced oxidation process).
To extract more information from the experiments, the
adsorption related investigations were carried out both in deionized,
model and real thermal water. The removability of the following
model compounds were examined in this study: methyl orange,
indigo carmine dyes as anionic compounds, thymol, phenol, and
sodium-humate were used as usual thermal water components. Four
types of bentonites were used as adsorbents (1. Sodium-bentonite
SBS - Süd-Chemie AG, CEC = 0.80 mmol / g; 2. Wyoming type
sodium-bentonite SPV 200 - AMCOL Specialty, CEC = 0.82 mmol /
g; 3. Kunipia-F sodium-bentonite (Kunimine Industries, Japan,
JCSS- 3101, CEC = 1.15 mmol / g and 4. Deriton (Unikén Ltd.
Hungary CEC = 0.888 mmol / g). The surface of the clay minerals
was covered by hexadecyltrimethylammonium-bromide in various
ratios (ranging from 40 % - 100 % cationic exchange capacity). This
organophilization method was performed in two ways:
i.) separately pre-organophilized clay mineral
ii.) organophilization during the treatment (in-situ method), when the
swollen sodium-bentonite was added to the contaminated water, and
after that the required amount of hexadecyltrimethylammoniumbromide (HTAB) was added immediately.
A part of the adsorption studies were also carried out with
high basicity polyaluminium chloride (Bopac). Anionic

polyelectrolyte and HTAB were also added to promote the
coagulation.
All The adsorption experiments were carried out in a sixpaddle "jar test" (Velp JLT6) equipment, in which it is possible to
control the mixing time and speed. The advanced oxidation
processes were carried out in a recirculation reactor system equipped
with ultraviolet / vacuum ultraviolet light source. The production of
ozone and the addition of other reagents (like H2O2) were also
possible in this reactor. The concentration of the model pollutants
was determined by a spectrophotometer and by HPLC. The structure
of the dried adsorbents and the interaction of HTAB with the clay
minerals were examined by X-ray diffraction (XRD) and infrared
spectroscopy (FTIR).
During my PhD, I focused on the in-situ clay mineral-based
adsorbents, which were more efficient than the widely used preorganophilized adsorbent. Furthermore, it is important to achieve
these high removal efficiencies of the in situ method, only a single
step is needed. I found that, in case of high CEC values are required.
The best example is Kunipia F (1.15 mmol / g) vs. SPV-200 (0.82
mmol / g).
In another series of experiments the surface charge of the
clay minerals was modified by four different polyelectrolytes. The
results show clearly, that cheap and easy to use clay mineral-based
adsorbents are suitable for removing anionic character compounds
from water.
It can be stated that the removability of thymol, phenol and
sodium-humate as individual pollutants are clearly higher (58-21-98
%) in thermal water than in deionized water. In case of multiple
contaminants, the interaction of each compound is also a key factor
in the adsorption process. In these experiments the sodium-humate
was used which can be found in natural thermal waters.

The degradation of phenol was studied by various high-efficiency
oxidation processes, using UV radiation, UV/H2O2, ozonization and
UV/O3. It was found that the degradation of pollutants was the most
efficient when UV/H2O2 was used in deionized water or when
ozonization and UV/O3 was applied in thermal water. Only the half
of the energy (100 % energy consumption of the lamp/reactor system
is considered when all the phenol is degraded) must be invested to
the degradation of phenol to reach the emission limit (90 %
decomposition when the starting concentration of phenol was 10 mg
/ L). The invested energy was 1.55 kJ in the case of using UV/H2O2
method and it was 2.65 kJ in the case of using UV/O3 method in
deionized water. In case of thermal water, the invested energy was
3.06 kJ for both of the most efficient methods (O3 and UV/O3). It
was found that after a partial decomposition by advanced oxidation
processes, the remaining phenol can be efficiently removed by
adsorption.

New scientific results:
1, I developed a one-step (in situ) adsorption method, which
has equivalent efficacy to the pre-prepared adsorbent. The great
advantage of the new method is that it does not require a separate
procedure (with extra work time and cost), previous preparation and
storage.
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It was found that the pre-prepared organophilic clay adsorbent
(M1) is less efficient then the in situ prepared organophilic clays
(M2). The removal efficiency can be maximized in each case for the
test model compounds (thymol) when 60 to 100 % coverage of the
cation exchange capacity is applied. In the case of in situ adsorbents

the efficiencies achieved were between 24 % and 36 %, while the
pre-prepared adsorbent showed efficiencies between 22 % and 25 %.
2. I found that phenolic compounds can be removed by clay
mineral-based adsorbents. The effectiveness of the adsorbent can
be influenced when the cation exchange capacity is covered
partially or completely by organophilic cation. The differences
between the clay minerals can be easily detected, when working in
low concentration values (~ 10 mg / L). I found that, in case of any
test coverage of the cation exchange capacity, higher percentage of
test compounds can be removed from the solution by using the clay
mineral with higher cation exchange capacity: (Kunipia-F 1.15 mmol
/ g), vs. (SPV-200 0,82 mmol/g).
3. I showed that in real/model thermal water matrix humic
acid-type of compounds are enhancing the adsorption efficiency
of phenolic-type of compounds. In the case of multiple pollutants
the adsorption process is influenced multifold. In deionized media, in
the presence of sodium-humate, the removal efficiency of phenol (10
%) and thymol (46 %) is higher than in the case when single
pollutants are removed. The same time, the removal efficiency of
sodium-humate gets somewhat lower (82 %). Examining the
adsorption of multiple pollutants in model thermal water, the
removal efficiency of phenol was 5 %, thymol 49 % and sodiumhumate 100%.
 In deionized water, the functional groups of sodium-humate are
accessible, they can connect to the available charged surface
sites of the clay mineral. The accessible and less polar chains of
sodium-humate will dominate and they will be available for
other compounds in the solution with similar polarity (such as
phenol type).



In model/real thermal water, the functional groups of the
sodium-humate are surrounded by the ions from solution,
therefore a relative charge neutralization occurs on the
adsorbent’s surface. Hence, sodium-humate can connect to the
clay mineral using only its own polar chains – but this happens
only at the organophilic surface. Polar or easily polarizable
molecules bind to functional groups of sodium-humate which
are directed towards water, therefore, no sigficant differences
were observed in the removal efficiency of these molecules.
When applying adsorption at industrial scale it is worth
considering these interactions.

4. The role of polyelectrolyte is significant in the
development of relationships charge of adsorption therefore they
have an effect for adsorption of organic molecule on PAC-based
adsorbents. The investigated adsorbent consists from high
basicitypolyaluminium-chloride - Bopac (cPAC = 80 mg / L) and an
anionic polyelectrolyte with high molecular weight (cPE = 0-3-5-1050-100 mg/ L). Based on the experiments it is concluded, that the
removability of both test compounds (thymol, sodium-humate) are
increased by increasing the concentration of the polyelectrolyte (in
average until the 50 mg / L concentration of polyelectrolyte good
removal efficiencies were registered). Above this concentration, the
numbers of charges on the surface of the adsorbent decreases
together with the presence of the excess polyelectrolyte.
The removability of thymol was 25 % and that of sodiumhumate was 28 % (single pollutant) in deionized water. (The
adsorbent contained: PAC 80 mg / L and PE 50 mg / L.) Results
were better in model thermal water considering both pollutants
(thymol 47 % and sodium-humate 95 %).
In the presence of multiple pollutants, an inversion is
observed in deionized water. In the case of small (0-3-5-10 mg / L)

and too high (100 mg / L) concentration of polyelectrolyte, the
removability of the tested compounds was very low (thymol 0-21 %,
sodium-humate 7-27 %), but the results were very good (thymol 70
%, sodium-humate 89 % removal) in medium concentration values
of the polyelectrolyte 50 mg / L. The lower polyelectrolyte
concentration is not enough to overcome the repulsion forces
between the particles (PAC and bounded pollutants), because the
water does not contains any other ions. By finding the optimal
concentration of the polyelectrolyte, the PAC and connected
pollutants can form flakes in a short time, so they can be easily
removed from the solution.
Above the optimal polyelectrolyte concentration, the formed
flakes are too small and they cannot be eliminated by classical
gravity driven sedimentation. This was also confirmed by the
experiments carried out in model thermal water.
The 50 mg / L polyelectrolyte gives the best result in the
studied range, although, the results in the case of thymol are slightly
lower than in deionized water. The removal efficiency of the thymol
was 55 % and of the sodium-humate was 95 % in model thermal
water.
5. Phenolic type of contaminants are effectively removed
from the thermal water by advanced oxidation processes (O3 and
UV/O3) and subsequent adsorption with organophilized clay
mineral. The removal of residual contaminants (originating from an
advanced oxidation process) and the coagulation-flocculation
process under these conditions were investigated. The phenol content
of the starting solution (10 mg / L) was decomposed until 70 % by
two AOP methods and the remaining phenol was removed efficiently
(to ~1 mg / L) by using three different adsorbents.

concentration of residual phenol (mg/L)

3,5
UV/ozone

3,0

ozone
2,5

2,0
1,5
1,0

0,5
0,0
c0c0

Bopac

Kunipia-F C577
method

Kunipia-F HTAB

Scientific activity (MTMT 10014733)
Papers related to the PhD Thesis
1, Emese Szabó, Krisztina Vajda, Gábor Veréb, András Dombi,
Károly Mogyorósi, Imre Ábrahám and Marcell Májer: Removal of
organic pollutants in model water and thermal wastewater using clay
minerals Journal of Environmental Science and Health, Part A 46,
(2011) 1346–1356 IF: 1,19 citacions 3(2)
2, Šojić, D., Despotović, V., Orčić, D., Szabó, E., Arany, E.,
Armaković, S., Illés, E., Gajda-Schrantz, K., Dombi, A., Alapi, T.,
Sajben-Nagy, E., Palágyi, A., Vágvölgyi, C., Manczinger, L.,
Bjelica, L., Abramović, B.: Degradation of thiamethoxam and
metoprolol by UV, O3 and UV/O3 hybrid processes Kinetics,
degradation intermediates and toxicity: Journal of Hydrology
volume 472-473, issue, year 2012, pp. 314 – 327 IF: 2,964 citacions
10 (9)
3, E. Szabó, Zs. Pap, A. Dombi, K. Hernádi, L. Baia, G. Simon:
Important aspects on the removal of humic acid and phenolic
compounds with clay minerals. “Synergism provided by the
pollutants, efficiency given by the media” Water Air Soil Pollution
225 2014: 1888 IF: 1,685 citacions 1 (1)
4, Emese Szabó, Zsolt Pap, Gergő Simon, Andras Dombi, Lucian
Baia, Klára Hernádi: New insights on the simultaneous removal by
adsorption on organoclays of humic acid and phenol from thermal
waters,
Water
Manuscript
ID:
water-98595
submitted 2015 august

Book Chapters related to the PhD Thesis:
1, Szabó Emese, Veréb Gábor, Kmetykó Ákos, Mogyorósi Károly
Dombi András: Szerves szennyezők eltávolítása ipari és
termálvizekből adszorpciós módszerekkel Dunaújvárosi Főiskola
Kiadása 2009. ISSN 1586-8567
2, Szabó Emese, Veréb Gábor, Kmetykó Ákos, Mogyorósi Károly,
Dombi András, Vizek szerves szennyezőinek eltávolítása
nagyhatékonyságú oxidációs módszerekkel, Removal of organic
contaminants of Waters by advanced oxidation Processes, 103-116
InnoGeo Kft. Szeged, 2010. ISBN 978-963-06-9621-0
3, Szabó Emese, Dombi András, Gajdáné Schrantz Krisztina,
Mogyorósi Károly
Fenol bontása különböző nagyhatékonyságú oxidációs módszerekkel
kezeletlen és adszorpciós módszerekkel előkezelt termálvízben
InnoGeo Kft. Szeged, 2012 ISBN 978-963-89689-0-6
4, E. Szabó, K. Vajda, G. Veréb, A. Dombi, K. Mogyorósi, I.
Ábrahám, M. Májer
Removal of organic pollutants in model water and thermal
wastewater using clay minerals
InnoGeo Kft. Szeged, 2012 ISBN 978-963-89689-0-6
Conferences:
Szabó Emese, Veréb Gábor, Kmetykó Ákos, Mogyorósi Károly
Dombi András: Szerves szennyezők eltávolítása ipari és
termálvizekből adszorpciós módszerekkel A Magyar Tudomány Hete
Dunaújváros 2009 (oral).
I. Ábrahám, A. Dombi, M. Májer, K. Mogyorósi, E. Szabó, K.
Vajda, G. Veréb Removal and analysis of organic pollutatnts in

industrial waste water and thermal water ISEAC 36 Rome 2010.
(poster)
I. Ábrahám, A. Dombi, M. Májer, K. Mogyorósi, K. Gajda-Schrantz,
E. Szabó, K. Vajda, G. Veréb Removal of organic pollutants from
thermal water by adsorption-coagulation methods and advanced
oxidation processes ISEAC 36 Rome 2010. (poster)
Emese Szabó, András Dombi, Krisztina Gajda-Schrantz, Károly
Mogyorósi, Gergő Simon
Removal of phenol from pre-treated and raw thermal water via
different AOP methods Photoctalytic and Advanced Oxidation
Technologies for Treatment of Water, Air, Soil and Surfaces Gdańsk,
Poland, July 4-8. 2011. (poster)
Szabó Emese, Dombi András, Mogyorósi Károly, Schrantz
Krisztina
Szerves vízszennyezők eltávolítása adszorpciós módszerekkel és
nagyhatékonyságú oxidációs eljárásokkal KAT 2011. Október 5-7.
Sümeg (oral)
Emese Szabó, András Dombi, Krisztina Gajda-Schrantz, Károly
Mogyorósi Removal of phenol from thermal water via different
Advanced Oxidation Processes
IPA Workshop Szeged, 2011. december 01. (oral)
Paper and book chapters not related to the Thesis:
Illés, E., Szabó, E., Takács, E., Wojnárovits, L., Dombi, A., GajdaSchrantz, K., 2014. Ketoprofen removal by O3 and O3/UV
processes: Kinetics, transformation products and ecotoxicity. Sci.
Total Environ., 472, 178-184 IF = 3,26 Hivatkozás: 0

Krisztina Gajda-Schrantz, Eszter Arany, Erzsébet Illés, Emese
Szabó, Zsolt Pap, Erzsébet Takács, László Wojnárovits, Advanced
Oxidation Processes for Ibuprofen Removal and Ecotoxicological
Risk Assessment of Degradation Intermediates Ibuprofen: Clinical
Pharmacology, Medical Uses and Adverse Effects pp. 159232, 2013, ISBN: 978-1-62618-659-0
Conferences:
E. Illés, R. Szabó, E. Szabó, K. Gajda-Schrantz, A. Dombi
Influence of methanol as hydroxyl radical scavanger on the
photolytic degradation of ibuprofen and ketoprofen XXIII. IUPAC
Symposium on Photochemistry, Ferrara, Italy, July 11th-16th, 2010.
Rita Szabó, Zsófia Lénárt, Szabó Emese, Dr. András Dombi,
Dr. Krisztina Gajda- Schrantz The role of radicals in the degradation
of ketoprofen A Magyar Tudomány Hete Dunaújváros 2010,
A. Dombi, K. Gajda-Schrantz, E. Illés, E. Szabó Ecotoxicity of
ketoprofen degradation products ISEAC 36 Rome 2010.
Dombi András, Gajdáné Schrantz Krisztina, Illés Erzsébet, Szabó
Emese, A ketoprofen bomlástermékeinek toxicitása, MKE 1.
Nemzeti Konferencia, Sopron, 2011. máj. 22-25.
András Dombi, Krisztina Gajda-Schrantz, Erzsébet Illés, Emese
Szabó, Ecotoxicity of ketoprofen degradation products formed
during ozonization and O3/UV combined method, IPA-HU-SRB
Workshop, Hungary, Szeged, 1-2. december 2011.
Abramović B. Alapi T. Arany E. Beszédes S. Bjelica L. Dalmacija
M. Despotović V. Dombi A. Farkas J. Gajda-Schrantz K. Guzsvany
V. Illés E. Kertész Sz. Kler S. Kmetykó Á. Kredics L. László Zs.
Manczinger L. Mazellier P. Mogyorósi K. Orčić D. Pap Zs. Rajić L.
Szabó E. Szabó R. Sojić D. Vágvölgyi Cs. Vajda K. Veréb G.

Optimization of cost effective and environmentally friendly
procedures for treatment of regional water resources IPA-HU-SRB
Workshop, Hungary, Szeged, 1-2. december 2011.
Arany Eszter, Illés Erzsébet, Farkas János, Szabó Emese, Alapi
Tünde, Gajdáné Schrantz Krisztina, Dombi András, Takács Erzsébet,
Wojnárovits László, Szerves mikroszennyezők bontása fotolízissel
és radiolízissel, Környezetkémiai Szimpózium, Mátraháza, 2012. okt.
11-12.
Dombi András, Arany Eszter, Illés Erzsébet, Farkas János,
Karácsonyi Éva, Kmetykó Ákos, Pap Zsolt, Szabó Emese, Vajda
Krisztina, Veréb Gábor, Alapi Tünde, Schrantz Krisztina, Hernádi
Klára, Takács Erzsébet, Wojnárovits László: Nagyhatékonyságú
oxidációs eljárások biológiai és kémiai szennyezők eltávolítására
Környezetkémiai Szimpózium, Mátraháza, 2012. okt. 11-12.

