University of Pécs Faculty of Health Sciences
Head of the Doctoral School of Health Sciences:
Prof. Dr. Jozsef Bodis

Ph.D. thesis

Experimental balneology: the biological effects of medicinal water and mud samples
from the Carpathian Basin

Gellért Gerencsér

Program leader: Prof. Dr. Gabor Kovéacs L.
Tutor: Dr. Csaba Varga

iy

Pécs, 2014.



University of Pécs Faculty of Health Sciences
Head of the Doctoral School of Health Sciences:
Prof. Dr. J6zsef Bodis

Ph.D. thesis

Experimental balneology: the biological effects of medicinal water and mud samples
from the Carpathian Basin

Gellért Gerencsér

Program leader: Prof. Dr. Gabor Kovéacs L.
Tutor: Dr. Csaba Varga

iy

Pécs, 2014.



Experimental balneology: the biological effects of medicinal water and mud samples
from the Carpathian Basin

I. INTRODUCTION

Our homeland is one the leading powers in balneology due to its favourable geographical
conditions. Hungarian baths, medicinal waters and muds are popular with both domestic and
foreign tourists. Some of the spa guests attend the facilities looking for cure to their diseases.
However, there is a growing number of guests who participate in various balneological
treatments with the aim of recreation and relaxation. The treatments have an important role in
the prevention of different diseases, therefore balneology is essential to prevention.

Balneology or the science of spas deals with the study and therapeutic use of medicinal
waters, mineral waters and medicinal muds.

Spa waters and muds are the results of numerous geological, geothermal and hydrogeological
processes. The geothermal conditions in the Carpathian Basin are unique. The geothermal
gradient of the Pannonian Basin is one-and-a-half fold of the world average because the crust
is 10 kilometres thinner than that of the neighbouring areas. In the development of mineral-
medicinal waters and muds high temperature and high pressure play a key role, which results
not only in positive therapeutic effects but can also lead to the formation of potentially
harmful or toxic substances.

Hungary abounds in mineral and medicinal waters, which are categorized according to their
inorganic components.

Medical muds (peloids) are fine granular materials having good water binding and heat
retaining capacity, making them suitable for balneological treatments.

Peloids came to be categorized in different ways. Based on their origins, natural (eupeloid)
and artificial (parapeloid) can be distinguished. Another classification does not only involve
the origins of a particular peloid, but also pays attention to the ratio of its organic and
inorganic constituents.

In 2007 there were 5 medicinal muds on the Hungarian market: Mako, Kolop, Héviz,
Hajduszoboszl6 and a medicinal peat (the Alsépahok ,,Georgikon”).

Currently there are still 5 muds in circulation with a minor alteration: instead of Héviz peloid
“Neydharting” peloid was registered.

Medicinal mud treatments may be recommended for a wide range of diseases including
locomotor diseases, gynaecological disorders, skin diseases, traumas and rheumatic disorders.

Two major types of peloid treatment can be differentiated: active and passive. Out of the two,
passive treatment comprising peloid wraps and packs is more common.

Inhabiting microorganisms may have an equally important role in case of medicinal muds,
medicinal waters and mineral waters. These microorganisms can be divided into two large
categories. On the one hand, we can talk about autochthonous or natural microflora.



Microorganisms that get into the waters or peloids from the outside belong to the other group,
termed allochtonous microflora. They have great importance as they may include quite a few
pathogenic groups as well, and thus their presence in mineral waters, medicinal water and
peloids is undesirable.

Balneoprevention is a novel discipline of balneology, a field of science with increasing
importance. Balneoprevention has a dual function: to prevent disease development by means
of balneological treatment and to identify the components present in waters and muds that
pose a risk to human health.

We do not have exact information about the attendance of domestic spas and the number of
treatments implemented. Our baths had a total attendance of 23-24,5 million in 20009.

In 2008 the net income exceeded 50 billion forints. The number of therapeutic treatments was
over 6,5 billion in 2012 and expenses covered by social insurance almost reached 4 billion
forints.

2. AIMS OF THE STUDY

The aims of our study were in vivo and in vitro investigations of different peloids and
medicinal waters on different biological endpoints and the microbiological risk assessment of
muds. We wanted to get answers to the following questions:

1. Can the microbiological risk of the applied peloids be shown? Is there a significant
difference in the number of indicator groups in these peloids?

2. Can soil toxicity tests from ecotoxicology be adapted for the the toxicological study
of peloids?

3. Is it feasible to develop a procedure of single-cell-gel electrophoresis assay for in
vivo and in vitro genotoxicological risk assessment of medicinal muds?

4. Can the genotoxicological risk of different medicinal water concentrates be shown
by genotoxicity tests?

5. What experimental model can be used to investigate the UV-exposure related
biological effects of spa water concentrates?
3. MATERIALS AND METHODS
Out of the five peloids certified in Hungary, two were examined in ecotoxicological and
genotoxicological tests. The two samples were the Kolop and the Héviz mud. Microbiological
investigations were also carried out in these peloids. Moreover, two medicinal waters with

high level of organic matter were studied using genotoxicological tests.

3.1 Description of investigated peloids and medicinal waters



3.1.1 Kolop mud

Kolop mud belongs to the group of inorganic muds, containing only a minimal amount of
organic components. The main indications of Kolop mud treatment are spinal and limb joint
complaints, gynaecological and dermatologic diseases.

3.1.2 Héviz mud

Héviz peloid is a kind of mixed mud containing a considerable amount (at least 20%) of
organic detritus (peat) besides inorganic components (volcanic mud). This peloid is applied in
rheumatic locomotor diseases, osteoporosis, soft tissue rheumatism, pre- and postoperative
treatment of the joints and discs, and gynaecological conditions.

3.1.3 Kakasszék medicinal water

The water contains a significant quantity of organic compounds. The therapeutic suggestions
of this spa water are locomotor diseases, post-traumatic disorders, chronic gynaecological
inflammations and skin diseases.

3.1.4 Gyoparosfiirdé medicinal water

The water of the Gyoparosfiirdé spa belongs to alkali carbonate waters and is similarly rich in
organic content. It may also be recommended for a wide range of diseases including
locomotor diseases, gynaecological disorders conditions, urological diseases, skin diseases
and neurological disorders.

3.2 Experimental methods

3.2.1 Microbiological study of peloids

Our investigation was performed in accordance with relevant chapters of the government
order 201/2001. (X. 25.) and along with the FVM-ESzCsM-GKM decree 65/2004. (1V. 27.),
based on which the presence of some indicator groups was shown.

3.2.1.1 Total plate count

Total plate count defines how many mesophilic heterotrophic microorganism colonies such as
bacteria, yeast and mould fungi will grow within 48 hours at a temperature of 37 °C. Total
plate count was decided from 1 ml of peloid suspension and related to 1 g of mud.

3.2.1.2 Total coliform number

The study of total coliform aims to show indicator bacteria whose presence points to recent
faecal contamination. Our study was performed on Endo agar. Total coliform count was given
for 1 g of peloid.

3.2.1.3 Enterococcus

Another indicator study for faecal pollution. However, the presence of Enterococci points to
an earlier contamination here. Their study is executed on Enterococcus agar. Enterococcus
was given in 1 g peloid.

3.2.1.4 Clostridium count

In this study anaerobic sulphate-reducing bacteria were examined. During our investigation
was used an ready-to-use SPS agar. Clostridium count was given for 1 g of peloid in this
study.



3.2.2 Ecotoxicological tests
During our work two ecotoxocological tests were applied: one of them was the earthworm test
and the other was the white mustard seedling growth test.

3.2.2.1 White mustard seedling growth test

First, the examination was carried out in two steps. Peloid extract was prepared from the
samples using distilled water, then the experiment was conducted on the total amount of the
peloid as well. The number of germinating seeds was observed and the length of roots was
measured.

3.2.2.2 Eisenia test

During the test lethality, body mass alteration and reproductive capacity were used as
endpoints. Both the Kolop and the Héviz samples were tested on Eisenia. A pre-experiment
was also done with the Héviz mud.

3.2.3 Genotoxicological study

3.2.3.1 Investigation of medicinal muds with single-cell-gel electrophoresis assay

(comet assay)

During our study the in vitro and in vivo DNA-damaging effects of peloid samples (Héviz,
Kolop) were examined using the single cell comet assay on mammal lymphocytes (human
and Long Evans rat) and Eisenia fetida coelomocytes.

3.2.3.2 Genotoxicological study of medicinal water and thermal water concentrates and
their possible role in protection from UV radiation

In our study, the potential genotoxic effects of Kakasszék and Gyoparosfiirdé medicinal
waters and their possible role in protection from UV exposure were investigated. 1000-fold
concentrates were made from the tested medicinal and thermal waters. UV irradiation was
performed using a germicidal lamp.

3.2.3.2.1 Study of medicinal water extracts in Salmonella Ames test

The essence of the method: Genetically modified, histidine auxotrophic mutant Salmonella
typhimurium TA strains were used. If the sample is mutagenic, reverse mutation occurs and
revertants grow on the minimal glucose medium containing a minimal amount of histidine.
During our investigations the potential genotoxic effects of the Kakasszék medicinal water
concentrate and its role in protection from UV exposure (both with and without incubation)
were tested.

3.2.3.2.2 Study of medicinal water concentrates with single cell comet assay

In this study, the effects of two concentrates (Kakasszék and Gyoparosfiirdd) on keratinocytes
(HaCat) were tested by comet assay. First, the UV sensitivity of cells was surveyed, then
potential genotoxic effects and the role of the extracts in protection from UV radiation were
investigated. Also, different exposure and incubation times were used during UV exposure.

4. RESULTS

4.1 Results of hygienic microbiological investigations

The average total plate count of the Héviz peloid was 2794 colonies/g and in the Kolop mud it
was 372 colonies/g. The presence of Coliforms and Enterococci could not be confirmed in
either peloid sample. The average Clostridium count was 800 colonies/g in the Héviz sample.



4.2 Results of ecotoxicological tests

4.2.1 White mustard seedling growth test

In the investigation of the peloid extracts there was no remarkable significant difference
between either the Kolop or the Héviz mud sample and the control. While the Héviz peloid
did not show any significant effects during the direct study of the peloids, the Kolop mud
inhibited root elongation and this effect was statistically significant.

4.2.2 Results of the Eisenia test

Extreme mass loss and no cocoon (egg) production were detected that can be explained by the
inadequately low organic content of the peloid. That is why in the present test the peloids and
artificial soil used as control were mixed with horse dung.

In the investigations after the pilot study neither lethality nor significant difference from the
control in mass gain was detected.

The only significant difference could be shown in the number of cocoons developed in the
Kolop sample. No such divergence was found in the Héviz sample.

4.3 Results of genotoxicity studies

4.3.1 Results of study of peloids by comet assay

While in human lymphocytes no considerable difference was observed between the negative
control and Kolop peloid, the DNA damaging potential of Héviz mud was significant
(p<0,001).

In the case of rat lymphocytes neither the Héviz nor the Kolop sample showed significant
difference from the negative control.

The examination of Eisenia fetida coelomocytes in the Kolop and Héviz samples yielded
well assessable results in both cases. No significant diference was found between the Kolop
peloid and the negative control, as opposed to the Héviz sample where there was a significant
alteration (p<0.001).

4.3.2 Studies on medicinal water concentrates in the Ames test
Based on our results it can be established that the Kakasszék medicinal water extract shows
genotoxic effects (frameshift mutation or base-pair substitution mutation) in neither strain.

4.3.3 Results of comet assay on keratinocytes

During the study of UV sensitivity it could be proved that even the shortest (10 s) UV
irradiation can cause significant DNA damage. Furthermore it was also confirmed the extent
of the resulting damage is directly proportional to the time of irradiation.

In our subsequent investigations the genotoxic effects of medicinal water concentrates were
tested. In the case of Gyoparosfiirdd water, genotoxic effects can clearly be excluded. In
contrast, genotoxicity cannot be either ruled out or confirmed in the case of the Kakasszék
sample as the investigations produced results for both.

In our further studies the possible role of the extracts in protection from UV radiation was
examined. Here, different UV exposure and incubation times (0,5; 1; 1,5; 2; 2,5 hours) were
used.

From our results, we can say that protective effect could be verified with both samples, but in
different condition. In the case of Kakasszék water protective effect could only be shown
when cells were incubated in the medicinal water concentrates for at least 2-2.5 hours,
following a 30 second irradiation.

In contrast, with the Gyoparosfiirdd sample the positive effect was verifiable after a shorter
(half an hour) incubation period as well.



As a last step, we investigated if the medicinal water concentrate and the length of the
incubation time, or the two (factors) jointly play a role in the development of protective effect.
It could clearly be confirmed that incubation time itself is not sufficient for the DNA-repair
mechanism.

5. DISCUSSION

Spa bathing and balneology form an integral part of Hungarian history and culture. We
consider it necessary to corroborate the importance of the waters and muds applied by
appropriate, accurate scientific data. Only few countries in the world possess such an amount
of mineral-medicinal water and peloid as Hungary and the Carpathian Basin. During our work
a few possible biological effects were investigated using different endpoints. Primarily
various toxicity and mutagenicity test were done, by the modification of which
photobiological importance of the medicinal water concentrates was also examined, using
endpoints. Our investigations were complemented with microbiological tests as well.

In our hygienic microbiological investigations the total plate count, total coliform,
Enterococcus and Clostridium count were determined.

The total plate count was much higher in the Héviz mud than in Kolop peloid, moreover the
presence of Clostridium could be confirmed in the Héviz peloid. The substantial divergence
between the two muds can be derived from the different amount of organic matter. The
organic matter content of Héviz peloid is much more considerable than that of Kolop. This
high level of nutrient content provides optimal ideal circumstances for the pullulation of
saprophytic microorganisms (fungi and bacteria). In the case of both muds, total plate count
exceeded the thresholds for drinking water and mineral waters prescribed by law.

The presence of coliform and enterococcus bacteria could not be shown in either mud, which
implies that no faecal contamination affected the peloids. In the case of Héviz peloid the
circumstances of mud formation explain Clostridium presence. The mud contains a
substantial amount of organic matter (peat), which develops in bogs, in an environment that
favors the reproduction of Clostridium species.

In the European Union there are no uniform rules for the microbiological specifications of
peloids. In Dinberger’s work proposes to use the regulations for the microbiological purity of
cosmetic products for peloids as well. Thus, total plate count in peloids is determined as a
maximum of 1000 colonies per gram. In our study this criterion was fully met only in the
Kolop peloid and not in the Héviz sample.

The results of the investigations raise the question whether peloids are safe for domestic use
Therefore, we consider it important to develop rules, regulations and testing methods that
clearly specify the microorganisms to be tested and control home mud treatment.

Thereafter, we applied ecotoxicological and genotoxicological tests to investigate different
peloid and medicinal water samples in in vivo and in vitro studies.

First the white mustard seedling growth test was carried out, in which the samples were tested
as both mud extract and full peloid. These tests produced significant differences only with the
Kolop sample. Our next ecotoxicological study was the Eisenia test. These investigations
produced significant differences in the case of the Kolop peloid again. The reproductive
capacity of the earthworms was significantly lower compared with the control.



The difference observed with the Kolop peloid can not simply be explained by nutrient
deficiency, since germination and root growth do not require external nutrients. Moreover, the
difference found in the reproduction of the Eisenia worms is not caused by low organic
content either, as it would have resulted in a substantial divergence in body mass as well.
Thus, from the results it can be concluded that the Kolop peloid may include compounds
which can adversely affect certain life processes of living beings.

Thereafter, the muds were classified genotoxicologically, based on the tests performed on rat
and human lymphocytes and Eisenia coelomocytes. Héviz mud caused significantly higher
DNA damage than the negative control both in the human lymphocytes and the coelomocytes.
Of course, it is not possible to draw a parallel between the results of the two species, as
annelids were exposed for longer (3 weeks) and their whole body was in contact with the
components of the mud.

The difference between the three species can naturally be explained by the dissimilarities in
genetic backgrounds as well as in the quality and speed of DNA repair mechanisms.

In our further studies the genotoxic and protective effects of medicinal water extracts were
tested (Ames test, comet assay). In the Ames test, the mutagenic and protective effect of
Kakasszék medicinal water was studied with and without preincubation (8 hours), with and
without metabolic enzymes on two Salmonella strains (TA98 and TA100).

Based on the results it can be said that the Kakasszék sample does not or only includes a small
amount active ingredients which would facilitate the survival of bacteria. Neither does it
comprise components that would prove mutagenic in the Salmonella test.

In later studies, the effects of two organic-rich medicinal water concentrates (Kakasszék and
Gyoparosfiirdd) were tested on keratinocytes (HaCat) by comet assay.

First the UV sensitivity of cells was determined using different exposure times. Our results
clearly proved the assumption that UV radiation time and the extent of DNA damage are
directly proportional.

Afterwards, the genotoxic effects of the waters were examined, using exposure and incubation
times of different length.

While concerning the genotoxic effects of Kakasszék medicinal water concentrate conflicting
results were obtained, with the Gyoparosfiirdé sample the genotoxic effects on keratinocytes
can clearly be excluded.

In the end the potential role of waters (Kakasszék and Gyoparosfiirdd) in protection from UV
radiation was tested. In the case of the Kakasszék sample it was observed that, using
incubations of sufficient length (2-2,5 hours), the concentrate facilitates the function of repair
mechanisms. The study of Gyoparosfiirdé water gave similar results, with even a shorter
incubation time being effective.

These results did not clearly show whether the concentrate and/or the incubation time plays
key role in the function of repair mexchanisms, so we also examined this issue. By this study,
it could be proved that the presence of water concentrates is more essential to the repair of
DNA damage than incubation time.



By the study the occurrence of compounds with an important role in the photobiological
activity of waters and in protection against UV exposure could indirectly be confirmed.

There are no data in either international, or national literature as to similar experiments having
been performed. Only one study deals with the effects of UV radiation and peloids on the
human skin. In the present study it was established that treatment and the structural
transformation of the skin generates and affects the apoptotic processes of epidermal cells.
Furthermore, it increases the melanin content of the cells, which has a role in the
neutralization of free radicals.

It would be necessary to clarify the presence of organic substances in waters and muds
exactly, primarily by using analitical test methods and then examine both their toxicological
and protective roles respectively. In medicinal thermal waters and peloids, these
investigations could confirm the presence of compounds that enhance the efficiency of both
therapy and balneoprevention. Constituents with positive effects, in turn, could serve as
ingredients for remarkable therapeutic and preventive products (creams and solutions).

By means of our study a considerable amount of data was collected using different biological
endpoints.

These results and data are necessary for balneology to become a more exact, evidence based
area of science.

6. SUMMARY OF NOVEL FINDINGS
Hygienic microbiological, ecotoxicological and genotoxicological investigations of peloids:

Total plate count was found considerable in both muds.
The presence of faecal pollutants could not be confirmed from either peloid.
In the case of the Héviz sample substantial Clostridium presence could be shown.

Acute toxic effect was excluded in both muds, futhermore Kolop mud proved to
inhibit root elongation and earthworm reproduction.

The genotoxic effects of Kolop mud on Eisenia coelomocytes and human lymphocytes
were verified by comet assay.

A new model was developed for the genotoxicological study of peloids with
lymphocytes.
Genotoxicological study of medicinal water concentrates and their potential role in protection

against UV irradiation:

In Salmonella Ames test the mutagenic effect of the Kakasszék medicinal water
concentrate was excluded and no protective effect against UV exposure was found.



In the case of the Kakasszék concentrate the possibility of genotoxic effects could not
clearly be ruled out. In contrast, protective effect was confirmed to develop on human
cells after a sufficient incubation time.

With Gyoparosfiirdé medicinal water concentrate, the potential DNA damaging effects
were clearly excluded. Moreover, the applied water concentrate was confirmed to
facilitate the function of repair mechanisms, with a sufficient incubation period.

It was proved that without concentrates the applied incubation times alone are not
enough to repair strand breaks occurring in DNA.

7. OWN PUBLICATIONS AND PRESENTATIONS
Publications the dissertation is based on

Gerencsér G, Varga Cs.

Magyarorszagi gyogyiszapok oOkotoxikoldgiai vizsgélata fehér mustar gyokérndvekedési
teszttel

Balneologia Gyogyfiirdéligy Gyogyidegenforgalom 2008;27(1-2):43-47.

Gerencsér G, Varga Cs.
Hévizi és kolopi gyogyiszapok okotoxikologiai mindsitése Eisenia-teszttel
Balneologia Gyogyfiirddiigy Gyogyidegenforgalom 2008;27.(1-2):48-56.

Szendi K, Muranyi E, Gerencsér G, Varga Cs.
Gyogyiszapokbol késziilt kivonatok mutagenitasanak vizsgalata Salmonella Ames-tesztben
Balneologia Gyogyfiirdéligy Gyogyidegenforgalom 2009;28(1):72-78.

Gerencsér G, Muranyi E, Szendi K, Varga Cs.
Ecotoxicological studies on Hungarian peloids (medicinal muds)
Applied Clay Science 2010;50:47-50. IF: 2,303

Szendi K, Gerencsér G, Muranyi E, Varga Cs.

A balneoterapia lehetséges kockazatai: Peloidok mutagén aktivitdsanak vizsgalata bakterialis
mutagenitasi tesztben

Magyar Epidemiologia 2011;8(2):109-121.

Gerencsér G, Szendi K, Varga Cs.
Gydgyiszapok 6kogenotoxikologiai vizsgalata
Magyar Epidemiologia 2011;8(2):123-127.

Szendi K, Gerencsér G.
Balneoprevencid: Gyodgyiszapok genotoxikologiai vizsgalata iistokds-elektroforézissel
Magyar Epidemiologia 2011;8(4):207-212.

Szendi K, Gerencsér G, Muranyi E, Varga Cs.

Mutagenic activity of peloids in the Salmonella Ames test
Applied Clay Science 2012;55:70-74. IF:2,342

10



Gerencsér G, Szendi K.

Balneoprevencio, kisérletes balneologia
Egészség-Akadémia 2012;3(4):235-240.

Gerencsér G, Szendi K, Berényi K, Varga Cs.

Can the use of medical muds cause genotoxicity in eukaryotic cells? A trial using Comet
assay

Environmental Geochemistry and Health 2014; k6zlésre elfogadva. IF:2,076 (2012)

Further publications

Gerencsér G, Szendi K, Varga Cs.
Biodizel gyartdsa soran keletkezd glicerines mellékfazis vizsgalata szubkronikus oralis
toxicitasi tesztben. Magyar Epidemiologia 2011;8(1):27-31.

Szendi K, Gerencsér G, Varga Cs.

Biodizel eldallitasakor képzodott glicerin  fazis melléktermék vizsgalata in  vivo
genotoxikologiai tesztekben

Magyar Epidemiologia 2011;8(1):21-26.

Gerencsér G, Szendi K, Kovacs A, Ember 1.

Biodizel gyartdsa sordn keletkez0 melléktermékekkel kezelt talajok Okotoxikoldgiai
vizsgalata

Jubileumi Evkényv Dr. Ember Istvan Professzor 20 éves intézetvezetSi kinevezése és 60.
sziiletésnapja alkalmabol 2012;52-55.

Szendi K, Gerencsér G, Kovacs A, Ember 1.

Talajjavitd és szelektiv novényvéddszer komponensek genotoxikologiai és dkotoxikologiai
vizsgalata

Jubileumi Evkényv Dr. Ember Istvan Professzor 20 éves intézetvezetdi kinevezése és 60.
szliletésnapja alkalmabol 2012;45-51.

Gerencsér G, Szendi K, Kovacs A, Ember 1.

Biodizel gyartasa sordn keletkezd melléktermékekkel kezelt talajok Okotoxikologiai
vizsgalata

Magyar Epidemiologia 2012;9(3):209-214.

Szendi K, Gerencsér G, Kovacs A, Ember 1.

Talajjavito €s szelektiv novényvéddszer komponensek genotoxikologiai €s Okotoxikologiai
vizsgalata

Magyar Epidemiologia 2012;9(3):215-224.

Szendi K, Gerencsér G, Kovacs A.

Combined genotoxicity studies on biodiesel related technical glycerol
Journal of Proactive Medicine 2012;1(2):36-40.

11



Presentations the dissertation is based on

Gerencsér G, Varga Cs.
Gyogyiszapok okotoxikoldgiai vizsgalata Eisenia-teszttel
Jubileumi Tudomanyos Szakosztalyiilés, Pécs, 2007. jun. 9.

Gerencsér G, Varga Cs.
Gydgyiszapok okotoxikologiai vizsgalata fehér mustar gyokérnovekedési teszttel
Jubileumi Tudomanyos Szakosztalyiilés, Pécs, 2007. jun. 9.

Muranyi E, Szendi K, Gerencsér G, Varga Cs.
Gyodgyiszapokbol késziilt kivonatok mutagenitdsanak vizsgalata Salmonella Ames tesztben
Jubileumi Tudomanyos Szakosztalyiilés, Pécs, 2007. jun. 9.

Gerencsér G, Varga Cs.
Gyogyiszapok 0kotoxikoldgiai vizsgalata fehér mustar gyokérndvekedési teszttel
Magyar Balneologiai Egyestilet 2007. évi Nagygytilése, Esztergom, 2007. nov. 16-18.

Gerencsér G, Varga Cs.
Gyogyiszapok okotoxikologiai vizsgalata Eisenia-teszttel
Magyar Balneologiai Egyestilet 2007. évi Nagygytilése, Esztergom, 2007. nov. 16-18.

Szendi K, Muranyi E, Gerencsér G, Varga Cs.
Gyogyiszapokbol késziilt kivonatok mutagenitasanak vizsgalata Salmonella Ames tesztben
Magyar Balneologiai Egyestilet 2007. évi Nagygytilése, Esztergom, 2007. nov. 16-18.

Gerencsér G, Szendi K, Muranyi E, Varga Cs.
Gyogyiszapok okotoxikologiai mindsitése Eisenia-teszttel
Népegészségiigyi Tudomanyos Tarsasag XVI. Nagygytilése, Pécs, 2008. apr. 17-19.

Muranyi E, Szendi K, Gerencsér G, Varga Cs.
A gyogyiszapok lehetséges egészségi kockazatai
Népegészségiigyi Tudomanyos Tarsasag XVI. Nagygytilése, Pécs, 2008. apr. 17-19.

Szendi K, Muranyi E, Gerencsér G, Varga Cs.

Gyogyiszapokbol késziilt kivonatok mutagenitasdnak vizsgalata Salmonella Ames tesztben
Fiatal Higiénikusok Foruma, Az MHT Ifjusagi Tagozatanak IV. Féruma, Gydr, 2008. maj.
29-31.

Murényi E, Szendi K, Gerencsér G, Varga Cs.

A gyogyiszapok lehetséges egészségi kockazatai

Fiatal Higiénikusok Foruma, Az MHT Ifjusagi Tagozatanak IV. Foruma, Gydr, 2008. m4;.
29-31.

Gerencsér G, Szendi K, Muranyi E, Varga Cs.

Gyogyiszapok mikrobioldgiai vizsgalata
Magyar Epidemioldgiai Tarsasag IV. Nemzetkozi Kongresszusa, Pécs, 2008. nov. 28-29.

12



Gerencsér G, Szendi K, Muranyi E, Varga Cs.

Magyarorszagi gyogyiszapok értékelése 6kotoxikoldgiai tesztekkel

Népegészségiigyi Tudomanyos Tarsasag XVII. Nagygyiilése, Marosvasarhely, 2009. apr. 17-
19.

Gerencsér G, Szendi K, Muranyi E, Varga Cs.
Magyarorszagi gyogyiszapok ertekelése 6kotoxikologiai tesztekkel
8. Magyar Okologus Kongresszus, Szeged, 2009. aug. 27-29.

Szendi K, Gerencsér G, Muranyi E, Varga Cs.

Genotoxicity studies on Hungarian peloids using Ames test and comet assay

Scientific Congress of The World Federation of Hydrotherapy and Climatotherapy
(FEMTEC), Yokohama, Japan, 2009. nov. 8-12.

Gerencsér G, Szendi K, Muranyi E, Varga Cs.

New experimental methods for studying medical muds samples

Scientific Congress of The World Federation of Hydrotherapy and Climatotherapy
(FEMTEC), Yokohama, Japan, 2009. nov. 8-12.

Varga Cs, Szuetta J, Gerencsér G, Csiszér A, Domahidi J.

Possible role and effects of organic compounds in spa waters

Scientific Congress of The World Federation of Hydrotherapy and Climatotherapy
(FEMTEC), Yokohama, Japan, 2009. nov. 8-12.

tarsszerzos el0adas

Szendi K, Gerencsér G, Muranyi E, Varga Cs.

Gyogyiszapok mutagenitdsanak vizsgalata Ames teszt ¢&s  Ustokos-elektroforézis
alkalmazasaval

Magyar Balneologiai Egyesiilet 2009. Evi Nagygytilése, Héviz, 2009. nov. 20-22.

Gerencsér G, Szendi K, Muranyi E, Varga Cs.

Uj vizsgalati médszerek a gyogyiszapok tanulmanyozasahoz

Magyar Balneologiai Egyesiilet 2009. Evi Nagygytilése, Héviz, 2009. nov. 20-22.
elsdszerzds eldadas

Horvath-Sarrddi A, Muréanyi E, Szendi K, Gerencsér G, Varga Cs.
Epidemiologiai modszerek balneologiai vizsgalatokban
Magyar Balneoldgiai Egyesiilet 2009. Evi Nagygytlése, Héviz, 2009. nov. 20-22.

Varga Cs, Szuetta J, Gerencsér G, Csiszér A, Domahidi J.
Szerves anyagok a gyogyvizekben ¢s lehetséges terapias/toxikus hatasaik
Magyar Balneoldgiai Egyesiilet 2009. Evi Nagygytlése, Héviz, 2009. nov. 20-22.

Szendi K, Gerencsér G, Varga Cs.

Gyobgyiszapokbol ¢és szennyezett talajmintabol késziilt kivonatok mutagenitdsanak
Osszehasonlito vizsgalata Salmonella Ames tesztben, modszertani fejlesztés

Népegészségiigyi Tudomanyos Tarsasag XVIII. Nemzetkdzi Kongresszusa, Oroshaza-
Gyoparosfiirdd, 2010. m4j. 13-15.

13



Gerencsér G, Szendi K, Varga Cs.

Uj vizsgalati médszerek a gyogyiszapok tanulmanyozasahoz

Népegészségiigyi Tudomanyos Tarsasdg XVIII. Nemzetkézi Kongresszusa, Oroshaza-
Gyoparosfiirdé, 2010. mé;j. 13-15.

Szendi K, Gerencsér G, Muranyi E,Varga Cs.

Methodological development of genotoxicity studies comparing peloids and contaminated soil
samples using Ames test

37th World Congress of the International Society of Medical Hydrology and Climatology,
Paris, 2010. jun. 23-26.

Gerencsér G, Szendi K, Muranyi E,Varga Cs.

New experimental methods for studying potential toxicity of peloids

37th World Congress of the International Society of Medical Hydrology and Climatology,
Paris, 2010. jun. 23-26.

Gerencsér G, Szendi K, Muranyi E, Varga Cs.

Gyogyiszapok genotoxikolodgiai vizsgélata

A fenntarthat6 fejlodés, valamint a kornyezet- és természetvédelem Osszefiiggései a Karpat-
medencében”’cimil nemzetkdzi tudomanyos konferencia, Pécs, 2010. szept. 14-15.

Szendi K, Gerencsér G, Muranyi E, Varga Cs.

Methodological development of genotoxicity studies comparing contaminated environmental
samples (soil, peloid etc.) using bacterial mutagenicity test

The 63rd° General Assembly and International Scientific Congress of the World Federation of
Hydrotherapy and Climatotherapy (FEMTEC), Tunisia, 2010. nov. 1-2.

Gerencsér G, Szendi K, Muréanyi E, Varga Cs.

New experimental methods for studying different soils and medical muds

The 63rd° General Assembly and International Scientific Congress of the World Federation of
Hydrotherapy and Climatotherapy (FEMTEC), Tunisia, 2010. nov. 1-2,

Szendi K, Gerencsér G, Varga Cs.

Nativ ¢és extrahalt gyogyiszapok genotoxicitasanak vizsgalata bakteridlis mutagenitési
tesztben

Magyar Balneoldgiai Egyesiilet Jubileumi Nagygytilése, Gyula, 2010. nov. 19-21.

Gerencsér G, Szendi K, Muranyi E, Varga Cs.
Gydgyiszapok genotoxikologiai vizsgalata
Magyar Balneoldgiai Egyesiilet Jubileumi Nagygytilése, Gyula, 2010. nov. 19-21.

Szendi K, Gerencsér G, Varga Cs.

Hazai termal- és gyogyvizmintdk illékony €s szervesanyag-kivonatainak vizsgalata bakterialis
mutagenitasi tesztben

Magyar Balneologiai Egyesiilet Nagygyiilése, Harkany, 2011. nov. 18-20.

Szabd I, Gerencsér G, Szendi K, Varga Cs.

Gyogyiszapok frakcionalasa toxicitdsi és hatastani vizsgalatokhoz
Magyar Balneoldgiai Egyesiilet Nagygytilése, Harkany, 2011. nov. 18-20.

14



Szendi K, Gerencsér G, Varga Cs.

Hazai termal- és gyogyvizmintak illékony- ¢&s szervesanyag-kivonatainak vizsgalata
bakterialis mutagenitasi tesztben

Magyar Epidemiologiai Tarsasag VI. Kongresszusa, Pécs, 2011. nov. 25-26.

Gerencsér G, Szendi K, Varga Cs.
Gyogyiszapok dkogenotoxikologiai vizsgalata
9. Magyar Okologus Kongresszus, Keszthely, 2012. szept. 5-7.

Gerencsér G, Szendi K, Varga Cs.

Gyogyiszapok in vivo és in vitro vizsgalata iistokos-elektroforézissel

A Magyar Epidemioldgiai Tarsasag 7. és a Kozép-europai Kemoprevencios Tarsasag 1. kozos
nemzetkodzi kongresszusa, Pécs, 2013. 4pr. 06.

Szendi K, Laszlo M, Gerencsér G, Varga Cs.

Balneoprevencié:  lehetséges-e  UV-sugarzds elleni védelem termalvizekkel és
gyogyiszapokkal?

A Magyar Epidemioldgiai Tarsasag 7. és a K6zép-eurdpai Kemoprevencios Tarsasag 1. kdzos
nemzetkozi kongresszusa , Pécs, 2013. apr. 06.

Varga Cs, Laszl6 M, Gerencsér G, Szendi K.
Az els6 tomegspektrometrids adatok hazai gyogyvizeink szerves anyagair6l
Magyar Balneologiai Egyestilet Nagygytilése, Mezdkovesd, 2013. nov. 15-17.

Szabo I, Gerencsér G, Varga Cs.

Hazai gydgyvizeink szerves anyagainak hatastani attekintése tomegspektrometridval nyert
adatok alapjan

Magyar Balneologiai Egyesiilet Nagygytilése, Mezdkovesd, 2013. nov. 15-17.

Szendi K, Kontar Zs, Gerencsér G, Varga Cs.
Asvanyvizek genotoxikologiai vizsgalata és kémiai analitikai hattere
Magyar Balneoldgiai Egyesiilet Nagygytilése, Mezdkovesd, 2013. nov. 15-17.

Futher presentations

Szendi K, Murényi E, Gerencsér G, Varga Cs.
Biomarker vizsgalatok ionizald sugarzas €s citosztatikus expozicidban
Jubileumi Tudoményos Szakosztalyiilés, Pécs, 2007. jun. 9.

Szendi K, Muranyi E, Gerencsér G, Varga C.

Biomarker studies in ionizing radiation and cytostatic exposure

International Conference and Central and Eastern European Chapter Meeting

of International Society for Environmental Epidemiology, Celadna, Czech Republic,
2007. nov. 26-29.

Szendi K, Muranyi E, Gerencsér G, Varga Cs.

A karcinogén 1-nitropirén in vivo mutagenitasa, egy potencialis azbesztexpozicido modellje
Népegészségiigyi Tudomanyos Téarsasag XVI. Nagygytilése, Pécs, 2008. apr. 17-19.

15



Szendi K, Muranyi E, Gerencsér G, Varga Cs.

Biodizel eldallitasakor képz6dott glicerin fazis melléktermékek vizsgalata in vitro bakterialis
mutagenitasi tesztben

Magyar Epidemiologiai Tarsasag IV. Nemzetkozi Kongresszusa, Pécs, 2008. nov. 28-29.

Szendi K, Muranyi E, Gerencsér G, Varga Cs.

Biomarker vizsgéalatok ionizald sugarzas- és citosztatikumexpozicioban — esettanulmany
Népegészségiigyi Tudomanyos Tarsasag XVII. Nagygytlése, Marosvasarhely, 2009. apr. 17-
19.

Szendi K, Gerencsér G, Varga Cs.

Combined genotoxicity studies on technical glycerol from biodiesel

International Conference of Preventive Medicine and Public Health, Pécs, Hungary, 2010.
nov. 19-20.

Gerencsér G, Szendi K, Muranyi E, Varga Cs.

Biodizel gyartasa soran keletkezd glicerines fazis vizsgalata szubkronikus toxicitdsi tesztben
International Conference of Preventive Medicine and Public Health, Pécs, Hungary, 2010.
nov. 19-20.

Gerencsér G, Szendi K, Kovacs A, Ember 1.
Talajjavito és szelektiv ndvényvéddszerek genotoxikoldgiai és kotoxikoldgiai vizsgalata
Magyar Epidemiolégiai Tarsasag VI. Kongresszusa, Pécs, 2011. nov. 25-26.

Szendi K, Gerencsér G,Varga Cs.
Biodizel gyartasa soran keletkez6 melléktermékek dkotoxikologiai mindsitese
9. Magyar Okologus Kongresszus, Keszthely, 2012. szept. 5-7.

Szendi K, Gerencsér G, Kovacs A, Ember 1.

Talajjavitd és szelektiv novényvéddszer komponensek genotoxikoldgiai és Okotoxikologiai
vizsgalata

I. Pécsi Preventiv Orvostudomanyi Szimpo6zium, Pécs, 2012. nov. 26.

Gerencsér G, Szendi K, Kovacs A, Ember 1.

Biodizel gyartdsa sordn keletkez0 melléktermékekkel kezelt talajok Okotoxikologiai
vizsgalata

I. Pécsi Preventiv Orvostudomanyi Szimpoézium, Pécs, 2012. nov. 26.

16



8. ACKNOWLEDGEMENTS

| would like express my gratitude to the heads of the Department of Public Health Medicine,
the late Prof. dr. Istvan Ember and the current head Prof. dr. Istvan Kiss, for me to pursue my
work in the institute.

I would like to express my sincere appreciation to my supervisor, dr. Csaba Varga, for all his
guidance, continuous support and for all the knowledge | have learned from him.

| am especially indebted to Mrs Gyongyi Harth, dr. Katalin Szendi, dr. Edit Muranyi and dr.
Istvan Szabo, whose unconditional and friendly support I could always rely on.

Furthermore, | must also thank all the members of the Department of Public Health Medicine
for their enthusiastic support.

Finally I would like to thank my family for the continuous support and encouragement, which
greatly contributed to the completion of dissertation.

This research was supported by the grant of dr. Varga (PTE AOK-KA-2013/34039).

17



