Agentura na podporu vyskumu a vyvoja

Formular ZK

Zavereéna karta projektu

Nazov projektu Eviden¢né ¢islo projektu APW-17-0317

Antimoén - kriticky prvok a nebezpeény kontaminant ovplyviujuci biodiverzitu na
lokalitach s tazobnymi odpadmi

Zodpovedny riesitel prof. RNDr. Edgar Hiller, PhD.
Priiemca Univerzita Komenského v Bratislave - Prirodovedecka fakulta

Nazov pracoviska, na ktorom bol projekt rieSeny

Univerzita Komenského v Bratislave, Prirodovedecka fakulta, llkovicova 6, 842 15 Bratislava
Slovenské narodné muzeum, Vajanského nabrezie 2, 81006 Bratislava

EL spol. s r.o., Radlinského 17A/1575, 05201 SpiSska Nova Ves

GEOtest, a.s. organiza¢na zloZka, Stavbarska, 821 00 Bratislava - mestska ¢ast' Vrakuna

Nazov a stat zahraniéného pracoviska, ktoré spolupracovalo pri rieSeni

Katedra geoenvironmentalnich véd, Ceska zemé&délska univerzita v Prahe, Ceska republika
Envit Ltd., a spin out SME from University of Ljubljana, Slovinsko

Institute of Geosciences, Friedrich-Schiller University, Jena, Nemecko

Bioactive Microbial Metabolites group, University of Veterinary Medicine, Vienna, Institute of
Food Safety, Food Technology and Veterinary Public Health, Tulln, Rakusko

Udelené patenty/podané patentové prihlasky, vynalezy alebo uzitkové vzory, ktoré su
vysledkami projektu

0

Najvyznamnejsie publikacie (knihy, ¢lanky, prednasky, spravy a pod.) zhriiujuce
vysledky projektu — uvedte aj publikacie prijaté do tlace

Jurkovi¢ L., Majzlan J., Hiller E., Klimko T., Volekova B., Méres S., Gottlicher J., Steininger
R. (2019): Natural attenuation of antimony and arsenic in soils at the abandoned Sb-deposit
Poproc, Slovakia. Environmental Earth Sciences, 78, 24 (2019), 1-13, Art. No. 672. wos-jcr -
- Q3 https://link.springer.com/article/10.1007/s12665-019-8701-6

Osacky, M., Palkova, H., Hudec, P., Czimerova, A., Galuskova, D., Vitkova, M. (2020):
Effect of alkaline synthesis conditions on mineralogy, chemistry and surface properties of
phillipsite, P and X zeolitic materials prepared from fine powdered perlite by-product.
Microporous and Mesoporous Materials, Vol. 294, Article number 109852 wos-jcr—Q1
https://www.sciencedirect.com/science/article/abs/pii/S1387181119307097

Hiller, E., Filova, L., Jurkovi€, L., Mihaljevi¢, M., Lachka, L., Rapant, S. (2020): Trace
elements in two particle size fractions of urban soils collected from playgrounds in
Bratislava. Environmental Geochemistry and Health. Vol. 42, 11, 3925-3947 wos-jcr— Q1
https://link.springer.com/article/10.1007/s10653-020-00656-6

Hiller, E., Jurkovi¢, L., Farago, T., Vitkova, M., Téth, R., Komarek, M. (2021): Contaminated
soils of different natural pH and industrial origin: The role of (nano) iron- and manganese-
based amendments in As, Sb, Pb, and Zn leachability. Environmental Pollution. Vol. 285

Formular ZK, strana 1/5



(2021), art. no. 17268 (IF - JCR: 2020 - 8.071, wos-jcr -- Q1 [Environmental sciences] -
2020)

https://www.sciencedirect.com/science/article/pii/S0269749121008502

Hiller, E., Jurkovi¢, L., Majzlan, J., Kulikova, T., Farago, T. (2021): Environmental availability
of trace metals (Mercury, chromium and nickel) in soils from the abandoned mine area of
Mernik (Eastern Slovakia). Polish Journal of Environmental Studies, 30(6), 5013-5025 (IF -
JCR: 2020 - 1.699, wos-jcr -- Q4 [Environmental sciences] -- 2020)
http://www.pjoes.com/Environmental-Availability-of-Trace-Metals-n-Mercury-Chromium-and-
Nickel-in-Soils,133721,0,2.html

Lalinska-Volekova, B., Majerova, H., Kautmanova, |., Brachtyr, O., Szaboova, D., Arendt,
D., Bréekova, J., Sottnik, P. (2022): Hydrous ferric oxides (HFO's) precipitated from
contaminated waters at several abandoned Sb deposits — Interdisciplinary assessment.
Science of the Total Environment, 821 (2022), 1-19, art. no. 153248 IF - JCR: 2021 -
10.754, wos-jcr -- Q1 [Environmental sciences] -- 2021
https://doi.org/10.1016/j.scitotenv.2022.153248

Veselska V., Sillerova H., Hudcova B., Ratié G., Lacina P., Lalinska-Volekova B., Trakal L.,
Sottnik P., Jurkovié L., Pohorely M., Vantelon D., Safarik I., Komarek M. (2022): Innovative
in situ remediation of mine waters using a layered double hydroxide-biochar composite.
Journal of Hazardous Materials, Vol. 42415, Feb. 2022, Article number 127136, IF - JCR:
2021 - 14.224, wos-jcr -- Q1 [Environmental sciences] —2021, Q1 [Engineering,
environmental] -- 2021 https://doi.org/10.1016/j.jhazmat.2021.127136

Osacky, M., BinCik, T., Hudcova, B., Vitkova, M., Palkova, H., Hudec, P., BaCik, P.,
Czimerova, A. (2022): Low-cost zeolite-based sorbents prepared from industrial perlite by-
product material for Zn2+ and Ni2+ removal from aqueous solutions: synthesis, properties
and sorption efficiency. Heliyon [elektronicky dokument]. - Ro€. 8, €. 12 (2022), s. [1-12], art.
no. e12029, IF - JCR: 2021 - 3.776, wos-jcr -- Q2 [Multidisciplinary sciences]—2021
https://doi.org/10.1016/j.heliyon.2022.e12029

Hiller E., Pilkova Z., Filova, L., Mihaljevig, M., Spirova, V., Jurkovié, L. (2022): Metal(loid)
concentrations, bioaccessibility and stable lead isotopes in soils and vegetables from urban
community gardens. Chemosphere, 305 (2022) 135499, IF - JCR: 2021 - 8.943, wos-jcr --
Q1 [Environmental sciences] -- 2021

https://doi.org/10.1016/j.chemosphere.2022.135499

Osacky M., Bin¢ik T., Palo T., Uhlik P., Madejova J., Czimerova A. (2019): Mineralogical
and physico-chemical properties of bentonites from the Jastraba Formation (Kremnicke
vrchy Mts., Western Carpathians). Geologica Carpathica. Ro¢. 70, €. 5 (2019), 433-445
wos-jcr -- Q3 http://www.geologicacarpathica.com/browse-journal/volumes/70-5/article-925/
Kautmanova, |., Brachtyr, O., Gburova Stubriova, E., Szabdova, D., Sottnik, P., Lalinska-
Volekova, B. (2020). Potentially toxic elements in macromycetes and plants from areas
affected by antimony mining. Biologia. - Ro€. 76, €. 7 (2021), s. 2133-2159. IF - JCR: 2020 -
1,350, wos-jcr -- Q4 [Biology] — 2020 https://www.scopus.com/record/display.uri?eid=2-
$2.0-85107934428&origin=resultslist

Jurkovié L., Juhasova J., Kulikova T., Faragé T., Méres S., Klimko T., Sottnik P., Hiller E.,
Nemcek L., Bujdo$ M. (2019): Geochemicko-mineralogicky prieskum poéd ovplyvnenych
banskou &innostou v oblasti opusteného Sb-loZiska Cuéma. Mineralia Slovaca, 52 (2019),
16 s. Web ISSN 1338-3523, ISSN 0369-2086

Gburova-Stubriova, E., Arendt, D., Szabodva, D., Kautman, J., Lalinska-Volekova, B.,
Brachtyr, O., Kautmanova, |. 2019: Biodiverzita makroorganiznov v oblastiach ovplyvnenych
tazbou antimoénovych rad na Slovensku. Acta Rer. Nat. Mus.Nat.Slov., 64,

Majekova Z., Juhasova J., Kulikova T., Faragé T. (2020): Studium potencialne;j
biopristupnosti antiménu a arzénu v pédach opusteného banského arealu Cuéma.
Phytopedon, Ro¢. 19, €. 2 (2020), s. 8-13

Kautmanova |., Cervenka J., Szabdova D., Volekova B. (2020): Fungal diversity at the areas
affected by antimony (Sb) mining in Slovakia. Acta Rer. Natur. Mus. Nat. Slov., 66.
Kautmanova, |., Cervenka, J., Szabdova, D., Lalinska-Volekova B., Sottnik, P. (2020).
Diversity of macromycetes in the areas affected by antimony mining in Slovakia. Acta. Rer.
Natur. Mus. Nat. Slov., 56: 3 — 21.

Uplatnenie vysledkov projektu
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V ramci projektu boli zhodnotené dve lokality Cu¢ma a Dubrava ako potenciélne zdroje
kritickej suroviny - antimoén. PocCas rieSenia projektu bol vykonany mineralogicko -
geochemicky vyskum zamerany na zhodnotenie ulozeného tazobného odpadu na tychto
lokalitach. Zaroven bola vykonana aj gravitatna separacia tazkej frakcie z tychto materialov,
ktora stanovila podiel a mnozstvo mineralnych faz obsahujucich antimon, ktoré je mozné
touto technolodgiou ziskat'. Prepojenim tychto vysledkov s vypotom zasob, ktory bol
rovnako v ramci projektu realizovany, je mozné stanovit’ vyuzitefné mnoZzstvo kritickej
suroviny uloZenej na skumanych uloziskach tazobnych odpadov.

Pocas rieSenia projektu boli testované aj metodiky bioleachingu a biominingu, ktoré by mohli
byt pouzité ako doplnkové metodiky pri ziskavani antiménu z odkaliskovych kalov, nakofko,
bolo vyskumom preukazané, Ze cca 33% ulozeného materialu je vo velmi jemnej frakcii,
ktoru nie je mozné oddelit’ gravitatnymi postupmi. Kombi nacia tychto dvoch
technologickych postupov by mohla priniest’ uspesné a efektivne ziskavanie antiménu z
taZzobnych odpadov do buducnosti.

V réamci vykonanej analyzy rizika na modelovej lokalite Cuéma boli stanovené
environmentalne a zdravotné rizika vyplyvajuce z tazobnej €innosti v minulosti a pritomnosti
tazobnych odpadov na lokalite. Zaverom analyzy rizika je aj odporucenie opatreni
potrebnych na zamedzenie vplyvu EZ na obyvatelstvo a zhorSovanie kvality Zivotného
prostredia. Zaroven boli v ramci projektu testované sanacné postupy zalozené na principoch
stabilizacie alebo sorpcie, ktoré by pri ich aplikacii na lokalitach po tazbe nerastnych
surovin, mohli vyrazne prispiet k obmedzeniu mobility potencialne toxickych prvkov.
Sledovanim biodiverzity a koncentracie potencialne toxickych prvkov v rastlinach a
Zivoc€ichoch, Zijucich v oblastiach ovplyvnenych tazbou nerastnych surovin, je mozné
predchadzat negativnym dopadom na fudské zdravie a prispiet k eliminacii
nekarcinogénnych ale aj karcinogénnych zdravotnych rizik vyplyvajucich z konzumacie
kontaminovanych produktov. Mikrobiologicky vyskum zamerany na ulohu baktérii pri vzniku
oxyhydroxidov Fe vznikajucich z banskych drenaznych véd, méze vyrazne prispiet k
pochopeniu procesov mobilizacie, transportu a akumulacie potencialne toxickych prvkov, ¢o
mo&zZe nasledne viest aj k vytvorenie navrhov sananych technoldgii zaloZzenych na
mikrobiologickych principoch a postupoch.

Tieto dosiahnuté vysledky projektu maju vyrazné vyuZzitie pre projekty prieskumu a sanacie
pravdepodobnych alebo potvrdenych environmentalnych zatazi, ktoré su kontaminované
potencialne toxickymi prvkami. Zaroven je vysledky mozné uplatnit’ aj ako odporu¢ania pre
obyvatelov Zijucich v oblastiach ovplyvnenych tazbou nerastnych surovin, aby bolo mozné
predchadzat’ negativnym dopadov environmentalnych a zdravotnych rizik vyplyvajucich z
kontaminacie jednotlivych zloziek zivotného prostredia. Neodporu¢ame konzumaciu jedlych
hab ani zber lie€ivych bylin zo skimanych oblasti, pretoze mézu predstavovat' riziko
intoxikacie ludského organizmu. Vysledky vyskumu vyuZzitia tazobnych odpadov ako zdroja
kritického prvku antimoén je mozné vyuzit' nie len ako ekonomicky zaujimavu metddu na
ziskavania antimonu ale zaroven aj ako metddu zniZzovania kontaminacie v deponovanych
odkaliskovych kaloch, ktoré predstavuju environmentélne riziko.

Suhrn vysledkov rieSenia projektu a naplnenia cielov projektu v slovenskom jazyku
(max. 20 riadkov)

Ciel 1: Pre naplnenie ciefla boli odoberané a analyzované vzorky flotatnych kalov z
kopanych sond v odkaliskach, novych vrtov realizovanych v odkalisku na lokalite Cuéma,
Cuéma, Dubrava a Medzibrod a taktieZ analyzované archivne vzorky odobraté pogas
vyskumnych prac v minulosti. S pouzitim tychto udajov bolo vypracované geochemické a
mineralogické hodnotenie flotacnych kalov uloZenych na Studovanych lokalitach a taktiez
bol vykonany vypocet zasob Sb v odkaliskach na lokalitdch Dubrava a Cuéma.

Ciel 2: Diverzita vy§Sich hub zalozena na terénnom vyskume a zbere plodnic bola
prekvapivo vysoka aj na tych najkontaminovanejSich biotoch. Celkovo bolo zozbieranych
435 vzoriek a ur€enych 255 druhov vysSich hub, z toho v Medzibrode 63, v Dubrave 126 a v
Cuéme 106. Rastlinné spologenstva rastice na starych banskych haldach a odkaliskach sa
vyrazne odliSuju od spoloenstiev vyskytujucich sa na nekontaminovanom substrate. Su
druhovo chudobnejSie a na niektorych jedincoch su dokonca viditefné poruchy vo
fyziologickych procesoch. NajrozsiahlejSou skupinou dominujucou vo vSetkych vzorkach z
kontaminovanych lokalit boli baktérie . Z analyzy sekvenacnych dat vyplyva dominancia
proteobaktérii (62 do 96 %) , ktoré tvoria hlavny bakteridlny kmen na tychto lokalitdch
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Ciel 3: Takmer vSetky sledované potencialne toxické prvky prekrocili odporu¢ané
maximalne koncentracie v rastlinach. Po€as trvania projektu sme identifikovali dva druhy
vyskytujuce sa na vSetkych Studovanych plochach. Na odkaliskach zarastenych smrekom,
smrekovcom a borovicou sa masliaky hojne vyskytuju a su pravidelne zbierané miestnymi
hubarmi. Pritom jedina plodnica masliaka smrekovcového z Dubravy o hmotnosti 20 g méze
obsahovat’ az 6 mg antimonu. Pravidelna a opakovana konzumacia takychto hub teda
predstavuje velmi vysoké zdravotné riziko. Zo svaloviny ulovenych vzoriek ryb sa pomocou
metody atdbmovej absorpénej spektrometrie AAS urcila koncentracia vybranych potencialne
toxickych prvkov, ktora sa porovnavala s koncentraciou v referencnych vzorkach.

Ciel 4: Stadium potencialnej biopristupnosti Sb a As v kontaminovanych pédach byvalého
banského arealu Cuéma bolo realizované pomocou extrakénych experimentov a analyzou
biomasy. Vysledky extrakéného experimentu poukazali na skutoénost, Ze napriek pomerne
nizkym hodnotam Sb a As vo vyluhoch, kontaminacia péd ma za nasledok uvolfovanie
vyznamnych mnozstiev tychto kontaminantov do pédneho roztoku (najma v pripade Sb).
TaktieZz odobrata vegetacia z uzemia byvalého loZiska vykazovala vysoké koncentracie Sb.
Za ucelom vyuzitia ziskanych poznatkov o mikrobialnych procesoch v prirodnych silne
kontaminovanych substratoch pre ucel urychlenia remediacnych procesov, boli z banskej
vody kultivované baktérie, u ktorych je predpoklad na rezistenciu voc€i zvySenym
koncentraciam Sb. Séria experimentov venovana bioleachingu - biologicky indukovanému
vymyvaniu (luhovaniu) potencialne toxickych kovov z pddy a odkaliskového materialu 2
banskych lokalit. Oba aplikované pristupy, biostimulacia aj bioaugmentacia preukazali
slubny efekt pri remediacii pbéd/odkaliskovych materidlov kontaminovanych As a Sb, a
potencialne aj pri biominingu.

Ciel 5: V ramci prac na projekte sarealizovala analyzy rizika na vybranej lokalite Cuéma
podla Smernice MZP SR 1/2015 — 7 na vypracovanie analyzy rizika znegisteného Gzemia. Z
vysledkov projektu ziskanych na lokalitach Dubrava, Medzibrod a Cuéma boli realizované
vypocty vplyvu banskych vod na povrchoveé vody v zmysle hodnotenia environmentainych
rizik podla Smernice MZP SR 1/2015 — 7, Priloha &. 6b.Vysledky analyzy rizika na lokalite
Cuéma potvrdili, Ze na lokalite je pritomné environmentaine riziko znegistenia zemin v
kontaktnej (biologickej) zéne arzénom, antiménom, dalej je pritomne environmentalne riziko
zo Sirenia sa znecistenia podzemnou vodou arzénom a antiménom, ktoré predstavuje aj
riziko pre povrchové vody. Pre hodnotené uzemie bolo stanovené ohrozenie zdravia fudi
(obyvatelstva, lesnych pracovnikov, turistov) pretoze na lokalite je pritomné zdravotné riziko
identifikované vo viacerych expozi€nych scenaroch (dermalny kontakt s vodami a zeminami
a ingescia znecistenej vody a znecistenych latok zo zeminy) a to riziko karcinogénnych aj
nekarcinogénnych ucinkov pre jednotlivca aj populaciu. Teoreticky existuje riziko ohrozenia
zdravia fudi pri konzumaciilesnych plodov a doma vypestovanej zeleniny/ovocia

Ciel 6: Jednou z moznosti ako znizit transfer antimoénu (Sb) a dalSich rizikovych prvkov z
pbédy do potravového retazca je ich chemicka imobilizacia prostrednictvom aplikacie urcitej
davky réznych tuhych chemickych zlu¢enin do pédy. Preukazali sme, Ze u€innost
imobilizacie As a Sb v pédach s pridanymi Cinidlami nezavisi len od pH (U€innost sa znizuje
s rastucim pH), ale je komplikovana stabilitou &inidla. Dal$ia &ast vyskumu v ramci tejto
etapy bola zamerané na moznosti vyuzitia syntetického zeolitu pri Uprave banskych véd. Z
perlitového odpadu nasyntetizovali rézne typy zeolitov a vzorky sme nasledne testovali na
sorpciu zinku a niklu. V rdmci projektu bola pripravena technologicka vzorka syntetického
zeolitu, ktora bola pouzita na dlhodoby pilotny terénny poloprevazkovy pokus.

Suhrn vysledkov rieSenia projektu a naplnenia cielov projektu v anglickom jazyku
(max. 20 riadkov)

Objective 1: In order to fulfill the goal, samples of flotation sludge from dug probes in tailings
ponds, new wells realized in the tailings pond at the Cuéma, Cuéma, Dubrava a Medzibrod
site were taken and analyzed, as well as archival samples taken during research works in
the past were analyzed. With the use of these data, a geochemical and mineralogical
evaluation of the flotation sludge deposited at the studied locations was developed, and a
calculation of Sb reserves in tailings ponds at the Dubrava and Cuéma locations was also
performed.

Objective 2: The diversity of higher fungi based on field research and fruiting body collection
was surprisingly high even in the most contaminated biota. A total of 435 samples were
collected and 255 species of higher fungi were determined, of which 63 in Medzibrod, 126 in

Formular ZK, strana 4/5



Dubrava and 106 in Cuéme. Plant communities growing on old mining heaps and tailings
are significantly different from communities occurring on uncontaminated substrate. They
are poorer in species, and some individuals even have visible disturbances in physiological
processes. The most extensive group dominating in all samples from contaminated sites
were bacteria. The analysis of sequencing data shows the dominance of proteobacteria (62
to 96%), which form the main bacterial strain at these locations

Objective 3: Aimost all monitored potentially toxic elements exceeded the recommended
maximum concentrations in plants. During the duration of the project, we identified two
species occurring on all studied areas. Buttercups can be found in abundance on sludge
ponds overgrown with spruce, larch and pine and are regularly collected by local mushroom
pickers. At the same time, a single fruiting body of larch buttercup from Dubrava weighing
20 g can contain up to 6 mg of antimony. Therefore, regular and repeated consumption of
such mushrooms represents a very high health risk. From muscle-caught fish samples, the
concentration of selected potentially toxic elements was determined using the AAS atomic
absorption spectrometry method, which was compared with the concentration in the
reference samples.

Objective 4: The study of the potential bioavailability of Sb and As in the contaminated soils
of the former Cu€¢ma mining area was carried out using extraction experiments and biomass
analysis. The results of the extraction experiment pointed to the fact that despite the
relatively low values of Sb and As in the leachates, soil contamination results in the release
of significant amounts of these contaminants into the soil solution (especially in the case of
Sb). Vegetation taken from the territory of the former deposit also showed high
concentrations of Sb. In order to use the acquired knowledge about microbial processes in
natural strongly contaminated substrates for the purpose of speeding up remediation
processes, bacteria were cultured from the mine water, in which there is a prerequisite for
resistance to increased concentrations of Sb. A series of experiments dedicated to
bioleaching - biologically induced leaching (leaching) of potentially toxic metals from the soil
and tailings material of 2 mine sites. Both applied approaches, biostimulation and
bioaugmentation, showed a promising effect in the remediation of soils/tailing materials
contaminated with As and Sb, and potentially also in biomining.

Objective 5: As part of the work on the project, a risk analysis was carried out at the
selected location of Cuéma according to the Directive of the Ministry of the Interior of the SR
1/2015 — 7 on the development of a risk analysis of a polluted area. From the results of the
project obtained at the locations of Dubrava, Medzibrod and Cuéma, calculations of the
impact of mine waters on surface waters were carried out in terms of environmental risk
assessment according to the Directive of the Ministry of the Interior of the Slovak Republic
1/2015 — 7, Appendix no. 6b. The results of the risk analysis at the Cué¢ma location
confirmed that there is an environmental risk of soil contamination in the contact (biological)
zone with arsenic and antimony, and there is also an environmental risk from the spread of
groundwater pollution with arsenic and antimony, which also represents a risk for surface
water. A threat to human health (residents, forest workers, tourists) was determined for the
evaluated territory, because the location presents a health risk identified in several exposure
scenarios (dermal contact with water and soil and ingestion of polluted water and polluted
substances from the soil), namely the risk of carcinogenic and non-carcinogenic effects for
the individual and the population. In theory, there is a risk of endangering people's health
when consuming forest fruits and home-grown vegetables/fruits

Objective 6: One of the possibilities to reduce the transfer of antimony (Sb) and other risk
elements from the soil to the food chain is their chemical immobilization through the
application of a certain dose of various solid chemical compounds to the soil. We have
shown that the efficiency of As and Sb immobilization in soils with added agents does not
depend only on pH (the efficiency decreases with increasing pH), but is complicated by the
stability of the agent. Another part of the research within this stage was focused on the
possibilities of using synthetic zeolite in the treatment of mine waters. Different types of
zeolites were synthesized from perlite waste, and the samples were subsequently tested for
zinc sorption
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