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A szakmai kºrºkben gyakran Ă§sv§nyvizes konferenci§nakò nevezett rendezv®nyt ez¼ttal 

a felvid®ki Kassa v§rosa fogadja. Kassa nem csak magyar tºrt®nelmi ºrºks®gei miatt, 

hanem a kºrny®k v²zfºldtani l§tnival·i miatt is vonz· lehet a szakemberek sz§m§ra. A 

konferencia sor§n igyeksz¿nk az eml²tett aspektusokb·l ²zel²tŖt adni a r®sztvevŖknek. 

 

A rendezv®ny c®lja szakmai f·rumot biztos²tani mindazoknak a szakembereknek, akik az 

§sv§nyvizek felt§r§s§val, kutat§s§val, tanulm§nyoz§s§val, hasznos²t§s§val ®s v®delm®vel 

foglalkoznak a K§rp§tmedenc®ben. A 19. alkalommal megrendez®sre ker¿lŖ konferencia 

egy ¼jabb lehetŖs®get ny¼jt eredm®nyeik, terveik bemutat§s§ra, egym§s munk§j§nak jobb 

meg-ismer®s®re, valamint az egyes szakter¿letek ®s r®gi·k kºzºtti egy¿ttmŤkºd®s 

megteremt®s®re, illetve bŖv²t®s®re. 

  



 
 

The organizers of the conference: 
 

  

Technical University of Koġice, Institute of Geosciences 

 

University of Miskolc, Institute of Water Resources and 

Environmental Management 

University of Miskolc, Faculty of Health Sciences 

 

 

 

Foundation for Groundwater Resources 

 

 

 
Sapientia University, Faculty of Economics, Socio-Human 

Sciences and Engineering 

 

A konferencia t§rselnºkei: 

Á Dr. Ladislav Tometz (Associate Professor, Technical University of Koġice, Institute 
of Geosciences) 

Á Dr. P®ter SzŤcs (Vice-Rector of General and Scientific Affairs, Professor, 

University of Miskolc) 

Á Dr. L§szl· L®n§rt (Honorary Professor, Chairman of the Board of Trustees, 
Foundation for Groundwater Resources) 

Á Dr. EmŖke Kiss-T·th (Dean, Professor, University of Miskolc, Faculty of Health 

Sciences) 

Á Dr. Istv§n M§th® (Associate Professor, Sapientia University, Faculty of Economics, 
SocioHuman Sciences and Engineering) 
 

 

This year we invite you to Koġice, Slovakia for the following edition of the conference 

on mineral waters of the Carpathian Basin. Beyond the rich historical and cultural aspects, 

Koġice is surrounded by several sites which may be of interest to professionals. 

 

The goals of the event is to provide a professional forum for all those specialists who are 

involved in exploration, research, usage and protection of mineral waters in the 

Carpathian Basin. The 19th edition of the conference provides another opportunity to 

present new results and plans as well as to establish and improve cooperation between 

professionals from different fields and regions. 
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¥sszefoglal· 

Az erd®lyi szakmai konferenci§k ®s azok szakmai tanulm§ny¼tjai sz§momra 2004-tŖl v§ltak igaz§n 

intenz²vv®. Ekkor a Sapientia Egyetem szervez®s®ben, Makfalvi Zolt§n vezet®s®vel ï a Felsz²n Alatti Vizek 

Alap²tv§ny (FAVA) szakmai t§mogat§s§val ï megindult a ma is ®lŖ K§rp§t-medence §sv§nyvizeit bemutat· 

rendezv®nysorozat ĂNemzetkºzi Tudom§nyos Konferencia a K§rp§t-medence §sv§nyvizeirŖlò c²mmel. A 

konferencia rendez®s®hez a Miskolci Egyetem 2007-ben, a Kassai Egyetem 2015-ben csatlakozott. Ez a 

rendezv®nysorozat a mai napig is egy v§ltoz· helysz²nŤ elŖad·i napb·l ®s egy eg®sz napos tanulm§ny¼t-

b·l §ll, adott esetben jelentŖs t§vols§gra az aktu§lis konferencia sz²nhely®tŖl. 

A konferencia tanulm§ny¼tjai mindig is meghat§roz· szerves r®sz®t jelentett®k a rendezv®nynek s ennek 

keret®ben tºbb s·s forr§st, s·s vizŤ f¿rdŖt, ny²lt felsz²nŤ s·felt§r§st, s·-b§ny§t is megismertem sok egy®b 

§sv§nyv²z felt§r§s, felhaszn§l§s mellett, ²gy az erd®lyi s·karsztokr·l szem®lyesen szerezhettem ®rt®kes 

szakmai inform§ci·kat. 

Eddig az al§bbi erd®lyi Ăs·s ter¿letekenò j§rtam, r®szben a konferenci§k tanulm§ny¼tjai keret®ben, r®szben 

ºn§ll·an szervezett utakon: 

Als·s·falva: ny²lt s·karszt felsz²n, v²znyelŖ, akna a b§ny§ba, v²ztelen²tŖ t§r· a b§nya fel®, k¿lsz²ni 

b§ny§szati nyomok, ki®p²tett term®szetv®delmi ter¿let; 

B§zna: s·s v²zre ki®p²tett nagy gy·gyf¿rdŖ; 

Cs²kkozm§s: S·sz®kf¿rdŖ: egyszerŤ ki®p²t®sŤ f¿rdŖmedence; 

K§szon¼jfalu: S·sk¼tf¿rdŖ: egyszerŤ ki®p²t®sŤ f¿rdŖmedence; 

LŖv®te, S·s-k¼t: h§ztart§si haszn§lat¼ s·s v²z kiv®tel®re alkalmas forr§sfoglal§s; 

LŖv®te, Szeltersz-vºlgy: s·s v²zre ki®p²tett egyszerŤ gy·gyf¿rdŖ; 

Parajd, s·b§nya: idegenforgalmi c®l¼ felhagyott b§nyar®sz (pillanatnyilag el§raszt§s alatt); 

Sz®kelykereszt¼r: s·s vizŤ f¿rdŖ; 

Szl§nic-f¿rdŖ: s·s v²zre ki®p²tett nagy gy·gyf¿rdŖ; 

Szov§ta: s·s v²zre ki®p²tett nagy gy·gyf¿rdŖk, Medve-t·, ki®p²tetlen f¿rdŖhelyek, ny²lt s·-karszt, 

tanºsv®ny; 

Torda, s·b§nya: idegenforgalmi ®s kl²mater§pi§s c®l¼ felhagyott b§nyar®szek, s·s v²zre ki-®p²tett nagy 

gy·gyf¿rdŖ, s·s vizŤ f¿rdŖmedence, terepre kiengedett s·sv²zben ellenŖri-zetlen f¿rd®s, ny²lt 

s·karszt; 

Torja:  s·s v²zre ki®p²tett nagy gy·gyf¿rdŖ; 

V²zakna: s·s v²zre ki®p²tett nagy gy·gyf¿rdŖ, ny²lt s·karszt, v²zzel telt horp§kkal, idegen-fogalmi hely. 

 

Kulcsszavak: K§rp§t-medence, ny²lt s·karszt, s·s f¿rdŖ, s·b§nya 
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Abstract 

Vizek Alap²tv§ny - Foundation of the Subsurface waters). The University of Miskolc has joined the 

conference in 2007, the University of Kassa in 2015. The event series consists of one day of presentations, 

which has not been taking place at the same location, and one day of a field trip; this trip could be at times 

quite a distance away from the actual location of the conference.  

The field trips of the conference has always been a significant and organic part of the event. It allowed me 

to visit many salt springs, salt water baths, open surface salt excava-tions, and salt mines, besides many 

locations of mineral water exploitation and use, thus col-lecting valuable scientific information about salt 

karsts in Transylvania. 

I have visited the following ñsalt areasò of Transylvania, partly as a participant of the conferencesô field 

trips, partly during trips organized independently: 

Als·s·falva: open salt karst surface, sinkhole, shaft into the mine, draining tunnel towards the mine, 

traces of open mining, established nature reserve; 

B§zna: large medicinal bath built on salt water; 

Cs²kkozm§s: S·sz®kf¿rdŖ: simple bathing pool; 

K§szon¼jfalu: S·sk¼tf¿rdŖ: simple bathing pool; 

LŖv®te, S·s-k¼t: spring captation serving as salt water extraction for household use; 

LŖv®te, Szeltersz valley: simple medicinal bath built on salt water; 

Parajd, salt mine: abandoned, inactive mine section for tourism purposes (currently under water); 

Sz®kelykereszt¼r: salt water bath 

Szl§nic-f¿rdŖ: large medicinal bath built on salt water; 

Szov§ta: large medicinal baths built on salt water, Medve Lake, natural bathing locations without 

artificial structures, open salt karst, educational trail; 

Torda, salt mine: abandoned, inactive mine sections for the purpose of tourism and climate therapy, 

large medicinal bath built on salt water, salt water pool, bathing in salt water flowing out into the 

wild, open salt karst; 

Torja:  large medicinal bath built on salt water; 

V²zakna: large medicinal bath built on salt water, open salt karst with hollows full of water, touristic 

location. 

 

Keywords: Carpathian Basin, open salt karst, salt water bath, salt mine 
 

 
1.§bra A tanulm§ny¼tjaim 2004 ®s 2023 kºzºtt 
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A SÓBÁNYA HELYZETE AKNASZLATINÁN - J¥VŕBELI 

LEHETŕS£GEK 

 

THE SITUATION OF THE SOLOTVYNO SALT -MINE ï FUTURE 

POSSIBILITIES  
 

SzŤcs P®ter1, Nyiri G§bor2, Kov§cs Bal§zs3, L®n§rt L§szl·4,   

Mikita Vikt·ria5 
 

1egyetemi tan§r, 2tudom§nyos munkat§rs, 3egyetemi docens, 4c²mzetes egyetemi tan§r, 5egyetemi 

docens, Miskolci Egyetem, MŤszaki Fºld- ®s Kºrnyezettudom§nyi Kar, V²z- ®s 

Kºrnyezetgazd§lkod§s Int®zet, 3515 Miskolc, Egyetemv§ros, peter.szucs@uni-miskolc.hu 
 

 
¥sszefoglal· 

Munk§nkban az Aknaszlatin§n tal§lhat· felhagyott s·b§nya kºrnyezeti kock§zataival foglalkozunk. A 

vizsg§lt ter¿leten ®vsz§zadok ·ta tºrt®nik s·kitermel®s, azonban a b§ny§szati technol·gi§k fejlŖd®s®vel a 

b§nya m®rete egyre ink§bb nŖtt. A b§nya m®ret®nek nºveked®s®vel rong§l·dtak, illetve eltŤntek azok a 

term®szetes v®dŖrendszerek, amelyek megg§tolt§k, hogy a kŖs· a felsz§n alatti vizekkel ®s a csapad®kkal 

kºlcsºnhat§sba ker¿ljºn. Ezen v®delmi funkci·t ell§t· term®szetes ®s mesters®ges elemek s®r¿l®s®vel, 

valamint a b§nyat®rs®gek el§raszt§s§val megindult a kŖs· kiold·d§sa ®s ezzel egy¿tt a b§nyat®rs®gek 

beoml§sa. Ez a folyamat jelentŖs kºrnyezeti kock§zatokkal rendelkezik, amely komoly hat§ssal lehet 

Aknaszlatina t®rs®g®re, valamint a kºzelben l®vŖ Tisza foly· v²zminŖs®g®re. Tanulm§nyunkban a kialakult 

helyzetet, valamint a jºvŖbeli lehetŖs®geket t§rgyaljuk. 

 

Kulcsszavak: s·b§ny§szat, kºrnyezeti kock§zatok, hidrodinamikai modellez®s, monitoring 

 

Abstract 

In our work, we deal with the environmental risks of the abandoned salt mine located in Solotvyno 

(Ukraine). Salt mining has been taking place in the studied area for centuries, however, with the 

development of mining technologies, the size of the mine has increased. As the size of the mine increased, 

the natural protective systems that prevented the rock salt from interacting with the groundwaters and 

precipitation were damaged or disappeared. With the damage to these natural and artificial elements that 

performed this protective function, and the flooding of the mine areas, the dissolution of the rock salt and 

with it the collapse of the mine areas began. This process has significant environmental risks, which may 

have a serious impact on the Solotvyno area and the water quality of the nearby Tisza River. In our study, 

we discuss the current situation and future opportunities. 

 

Keywords: salt mining, environmental risks, hydrodynamic modelling, monitoring 
 

Bevezet®s 

Tanulm§nyunkban a felhagyott aknaszlatinai s·b§nya kºrnyezeti kock§zataira 

f·kusz§lunk k¿lºnºs tekintettel a felsz²n alatti v²z §raml§s§ra ®s az elszennyezŖdºtt 

felsz²n alatti v²z terjed®s®re. Aknaszlatina K§rp§talja meghat§roz· telep¿l®se, ahol 

®vsz§zadok ·ta tºrt®nik s·kitermel®s. Az aknaszlatinai lelŖhelyen tal§lhat· kŖs·t a R·mai 

Birodalom kora ·ta b§ny§ssz§k k¼p alak¼ gºdrºkben, amelyek a lelŖhely nyugati sz®l®n 



SzŤcs P®ter, Nyiri G§bor, Kov§cs Bal§zs, L®n§rt L§szl·, Mikita Vikt·ria 
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maradtak fenn (Ivanchenko et al., 1967). A lelŖhely fºldalatti fejleszt®se (b§ny§k) a 18. 

sz§zad m§sodik fel®ben kezdŖdºtt. Az ®vsz§zadok sor§n a felsz²nen v®gzett s·kŖzet-

kitermel®snek, majd a m®lyebben tºrt®nŖ b§ny§szati ®s f¼r§si technik§k fejlŖd®s®nek 

kºszºnhetŖen a s·tºmbºt v®dŖ geol·giai v®dŖr®tegek (palah) r®szben elpusztultak ®s 

eltŤntek. Ezen tev®kenys®gek miatt a s·d·m felsz²ne nyitott§ v§lt, kºzvetlen¿l ®rintkezett 

a levegŖ p§ratartalm§val ®s a csapad®kkal. A folyamatok s¼lyoss§g§t fokozta, hogy a 

s·d·m szorosabb kapcsolatba ker¿lt az §raml· felsz²ni ®s a sek®ly talajv²zzel is ²gy 

megkezdŖdºtt a s·karsztosod§si folyamat. V²znyelŖk, dolin§k, kr§terek alakultak ki 

v®g¿l pedig a b§ny§k fŖt®j®nek beszakad§sai v§ltak l§that·v§, amely jelens®gek mind a 

s·old·d§s kºvetkezm®nyei. 

A tºbb sz§z ®ve mŤkºdŖ b§ny§szati tev®kenys®g probl®m§i fŖk®nt a 60-as ®s 70-es 

®vekben kezdŖdtek. Ahogy a s·kitermel®s mennyis®ge ®vi 0,5 milli· tonn§r·l ®vi 1 milli· 

tonn§ra nŖtt m®lyb§ny§kban robban·anyagok felhaszn§l§s§val, a k§ros jelens®gek 

mennyis®ge ®s sebess®ge is megnŖtt. A k®nyszerrobbant§sos kitermel®s a kºrnyezeti 

katasztr·f§k sz§m§t is nºvelte, amelyek okai h§rom fŖ csoportba sorolhat·k. 

Á A felsz²nhez kºzeli term®szetes v²zz§r· r®teg (a negyedkori macskakŖ-kavics-

homok hordal®kr®teg, helyi nev®n Ăpalahò alatt n®h§ny m®ter vastag s·s 

agyagr®teg) felboml§sa a b§ny§szati tev®kenys®g ®s a kutat·f¼r§sok miatt. 

Á A mintegy sz§z ®vvel ezelŖtt l®trehozott v²zelvezetŖ gal®riarendszer 

karbantart§s§nak teljes hi§nya. Ez a gal®riarendszer a mŤvelt b§nyater¿letet 

kºr¿lvevŖ, §tlagosan 30 m m®lys®gben tal§lhat· v²ztelen²tŖ rendszer, amely a 

s·d·m term®szetes v®delm®t biztos²t· Ăpalahò r®teg felett tal§lhat·.  C®lja, hogy a 

felsz²nhez kºzeli negyedkori macskakŖ-kavics-homok r®teg talajviz®t elvezesse. A 

gal®ria ®s a v²ztelen²t®s kezel®s®nek hi§nya a 70-es ®vekben kezdŖdºtt, folytat·dva 

az ebbŖl eredŖ probl®m§k helytelen kezel®s®vel ®s a tov§bbi megelŖz®s hi§ny§val. 

Á A nem megfelelŖen v®grehajtott ®s k®nyszerrobbant§si elj§r§sok alkalmaz§sa a 
s·termel®s nºvel®se ®rdek®ben. Kºvetkezm®nyek: 

¶ V²zbetºr®s a b§ny§kba, old·d§si folyamatok a s·b§nya ter¿let®n; 

¶ Reped®sek ®s b§nyatavak kialakul§sa, amelyek a felsz²nre hatolnak; 

¶ Kimutathat· ®ves talajszint-s¿llyed®s 1-2,5 cm/®v. 

2007 ®s 2010 kºzºtt k®t mŤkºdŖ b§nya el§raszt§sa tºrt®nt, amely hatalmas fºldfelsz²ni 

reped®sek kialakul§s§t vonta mag§val ®s egy®b vesz®lyes geol·giai jelens®gek tºrt®ntek 

a ĂSzolotvinszkij Szolerudnykò §llami v§llalat tev®kenys®gi ter¿let®n. Az Ukr§n 

V®szhelyzeti Miniszt®rium szak®rtŖi v®lem®nye §llami szintŤ v®szhelyzetk®nt 

minŖs²tette ezt az ºkol·giai katasztr·f§t. 2010-ben az Ukr§n V®szhelyzeti Miniszt®rium 

sz¿ks®g§llapotot hirdetett az aknaszlatinai s·b§nya ter¿let®n. 2008-ban az elsŖ jelek a 

Tisza foly· v²zminŖs®g®nek jelentŖs v§ltoz§s§t mutatt§k, amely az aknaszlatinai s·b§nya 

ºsszeoml§s§b·l eredt. B§r a s·szennyez®s intenzit§sa az ut·bbi idŖben csºkkent, a 

probl®ma m®g nem old·dott meg. 

Munk§nk a REVITAL1 projekt keret®ben val·sult meg. A REVITAL1 §tfog· 

m·dszertana fŖk®nt szekunder kutat§sb·l, statisztik§k felhaszn§l§s§b·l, interj¼k, 

helysz²ni l§togat§sok ®s m®r®sek, valamint adatgyŤjt®s ®s -elemz®s lebonyol²t§s§b·l §llt. 

A szekunder kutat§s sor§n a kor§bbi bibliogr§fia §ttekint®s®vel ®s ºsszefoglal§s§val 

kerest¿nk inform§ci·kat. A ter¿let megismer®s®hez az Ukr§n Statisztikai Hivatal 
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hivatalos forr§saib·l sz§rmaz· statisztikai adatokat, valamint a hat§rokon §tny¼l· 

egy¿ttmŤkºd®sek ®s transznacion§lis projektek keret®ben az ®vek sor§n fel®p²tett egy®b 

adatb§zisokb·l sz§rmaz· statisztik§kat ®s region§lis elemz®seket is felhaszn§ltuk. Meg 

kell azonban jegyezni, hogy n®ha erŖs korl§tok mer¿lnek fel a telep¿l®si ®s region§lis 

szintŤ legfrissebb adatok hi§nya miatt. Ezen korl§tok miatt az elemz®s sokszor csak a 

2020. j¼lius 18-i kºzigazgat§si v§ltoz§sn§l kor§bbi ®vekbŖl sz§rmaz· adatokat tudott 

felhaszn§lni.  

 

Talajdeform§ci· m®r®s ®s mŤholdas monitoring 

A t§rgyak ®s a talajfelsz²n f¿ggŖleges elmozdul§sainak ®rt®kel®s®t mŤholdas 

radarmegfigyel®si adatok feldolgoz§s§val v®gezt®k a Sentinel-1A ®s 1B 

mŤholdkonstell§ci·k seg²ts®g®vel. A 2016-2021-es vizsg§latokat az Ukrajna Speci§lis 

Inform§ci·fogad· ®s Feldolgoz·, valamint Navig§ci·s Terepi Ir§ny²t· Kºzpont v®gezte. 

A kutat§si ter¿let 33 n®gyzetkilom®ter volt. L®trehozt§k azokat az adatb§zisokat 

(raszteres ®s vektoros), amelyek lehetŖv® tett®k a t®rbeli ®s idŖbeli dimenzi·k 

v§ltoz§sainak elemz®s®t. A t§v®rz®kel®si radaradatok elŖk®sz²t®s®t ®s elŖfeldolgoz§s§t az 

ENVI szoftverben ®s SarScape modulokban v®gezt®k. 

A legfrissebb mŤholdas radarmonitoroz§si adatok (2020.06.30. ®s 2021.10.12. kºzºtti 

idŖszakra) alapj§n elv®gezt®k a Aknaszlatina talajfelsz²n®nek, ®p¿leteinek ®s 

l®tes²tm®nyeinek f¿ggŖleges deform§ci·inak ®rt®kel®s®t. Ennek eredm®nyek®nt 5 

intenz²v s¿llyed®si ter¿letet azonos²tottak (-6 ®s -126 mm/®v kºzºtti §tlagos s¿llyed®si 

sebess®ggel) (1. §bra).  

 

 
1. §bra Az intenz²v talajs¿lyed®s ter¿lete (vºrºs vonal) 
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Meg§llap²tott§k, hogy a 7., 8. ®s 9. sz§m¼ b§nya kºzel®ben tal§lhat· s¿llyed®si z·n§k 

jelentŖs ter¿letŤek, ®s mindegyikhez jelentŖs s¿llyed®si k®pzŖdm®ny tartozik, amelynek 

kºz®ppontj§ban figyelhetŖ meg a legnagyobb s¿llyed®s, ®s a kºz®ppontt·l t§volodva a 

talajfelsz²n s¿llyed®s®nek intenzit§sa fokozatosan csºkken. A 7. sz§m¼ b§nya ter¿let®t, 

valamint a 8. sz§m¼ b§nya nyugati ®s keleti r®sz®t vesz®lyesnek minŖs²tett®k. 

A 2016-2020 kºzºtti idŖszakban a b§ny§k feletti v®szhelyzeti z·n§n bel¿l tal§lhat· 

objektumok/telephelyek (kritikus infrastruktur§lis l®tes²tm®nyek) eset®ben a felsz²ni 

deform§ci· legmagasabb ®rt®keit ï94,93 ®s ï139,98 mm kºzºtt, ï34,08 ®s ï67,54 mm/®v 

kºzºtti f¿ggŖleges elmozdul§si sebess®g mellett m®rt®k. 

 

Terepi m®r®sek ®s tapasztalatok 

A ter¿let megismer®se ®s a felsz²nmozg§sok megismer®se t®lj§b·l terepi bej§r§s 

tºrt®nt a ter¿leten. A bej§r§s sor§n az al§bbiakat lehetett megfigyelni: 

Á Az el§rasztott ®s nem mŤkºdŖ (felhagyott) b§ny§k ter¿let®n a s¿llyed®si ter¿let 
bŖv¿l, ®s a karsztjelens®gek, valamint a v²znyelŖk kºr¿li lejtŖk fokozatosan 

ellaposodnak. Ugyanakkor a f¿ggŖleges fal¼ karsztos-szuffozi·s v²znyelŖk 

jelenl®te az akt²v karsztos-szuffozi·s folyamatok folytat·d§s§nak mutat·ja. 

Á Neh®z gazdas§gi kºr¿lm®nyek kºzºtt (Oroszorsz§g katonai agresszi·ja, k¿lºnºsen 
annak akut f§zisa 2022-tŖl, ®s bizonyos m®rt®kig a COVID-19) Aknaszlatina 

lakoss§ga lehetŖs®geket ®s erŖforr§sokat keres a turisztikai infrastrukt¼ra 

fejleszt®s®re ir§nyul· projektek megval·s²t§s§ra. Balneol·giai c®lokra s·oldatot 

szivatty¼znak ki a 7. sz§m¼ b§nya v²znyelŖibŖl.  

Mindezek alapj§n a kutat·csoport az al§bbi aj§nl§sokat fogalmazta meg: 

Á Teremts®k meg a term®szeti erŖforr§sok felhaszn§l§s§nak felt®teleit/rendszer®t az 
eg®szs®gturizmus (gy·gy§szati, rehabilit§ci·s, rekre§ci·s) sz§m§ra olyan keretek 

kºzºtt, amelyek nem jelentenek tov§bbi kock§zatot az ®letre, ®s nem j§rnak negat²v 

kºvetkezm®nyekkel a kºrnyezetre (elsŖsorban a szennyez®s terjed®s®vel). 

Á Fontolj§k meg a s·oldatok balneol·giai c®l¼ felhaszn§l§s§nak legaliz§l§s§t. 

 

Geofizikai ®s geol·giai felm®r®s 

A geofizikai felm®r®si kamp§ny c®lja az aknaszlatinai s·b§nya ter¿let®nek geol·giai 

t®rk®pez®se ®s annak bŖv²t®se, valamint a r®gi· felsz²nkºzeli geofizikai adatainak 

kieg®sz²t®se a Tisza foly· d®li oldal§r·l v®gzett m®r®sekkel (2. §bra). 

Tºbb m·dszert alkalmaztak: tºbbelektr·d§s geoelektromos tomogr§fi§t (ERT), 

nagyon alacsony frekvenci§j¼ r§di·magnetotellurikus vizsg§latokat (VLF-RMT), 

v²zszintes elektrom§gneses vizsg§latokat (HLEM), gravimetrikus ®s szeizmikus 

m®r®seket. Az alkalmazott geofizikai m·dszerek kºz¿l a legr®szletesebb ®s 

legzavartalanabb eredm®nyeket az elektromos ®s elektrom§gneses m®r®sek adt§k. A 

s·b§nya ter¿let geol·gi§j§nak ®s szerkezet®nek ®rtelmez®s®t ezen adatok alapj§n 

v®gezt®k el, amelyek egyben a 3D-s geol·giai ®s hidrodinamikai modellek bemeneti 

param®terei is voltak. 

A geofizikai ®s geol·giai m®r®sek eredm®nyei azt mutatt§k, hogy a felsz²nhez kºzeli 

term®szetes v²zz§r· r®teg felbomlott a b§ny§szati tev®kenys®g ®s a kutat·f¼r§sok miatt. 
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A kor§bban kialak²tott v²zelvezet®sre szolg§l· gal®ria karbantart§s hi§nya miatt nem l§tja 

el funkci·j§t. A nem megfelelŖen v®grehajtott robbant§sos fejt®si technol·gia miatt 

reped®sek alakultak ki, ²gy v²zbetºr®s tºrt®nt a b§nyat®rs®gbe. 

 

 
2. §bra A geofizikai felm®r®sek helysz²nei (A s§rga vonal a vizsg§lt ter¿let hat§r§t, a piros, lila 

®s ci§n pedig az ERT, HLEM ®s VLF-RMT m®r®sek helysz²n®t mutatja) 

 

Hidrogeol·giai m®r®sek 

Az aknaszlatinai s·d·m folyamatos old·d§s§t befoly§solja az ®desv²z-ut§np·tl§s, a 

csapad®k mennyis®ge ®s intenzit§sa (k¿lºnºsen a t®li csapad®k felhalmoz·d§sa), a 

Magura-hegys®g ir§ny§b·l ®rkezŖ term®szetes vizek §raml§sa, valamint az antropog®n 

hat§sok, fŖk®nt a v²zkiv®telek ®s a szennyv²zbevezet®sek. 

A kiemelkedŖ helyen fekvŖ s·d·m geomorfol·giailag kett®osztja a r®gi·t, az ®szaki 

s·d·mt·l a Magura-hegys®gig, a d®li s·d·mt·l pedig a Tisz§ig. A Magura-hegys®gtŖl a 

b§nyater¿letig a lejt®s 5-7,5%, ²gy az innen lefoly· csapad®kv²z megt§madja a b§ny§szati 

ter¿letet. A v²z elleni v®delem megold§sa egy gal®ri§s v²ztelen²tŖ rendszer volt, amelyet 

tºbb mint sz§z ®vvel ezelŖtt hoztak l®tre §tlagosan 30 m m®lys®gben. A mŤvelt 

b§nyater¿letet kºr¿lvevŖ, tºbb kilom®ter hosszan ki®p²tett v²ztelen²tŖ rendszer ®vtizedek 

·ta nem ¿zemel. 

A b§nyater¿lettŖl a Tisz§ig a terep innen jelentŖsen lejt, §tlagosan mindºssze 1%. A 

b§ny§b·l sziv§rg· s·s v²z sziv§rg§si ¼tja ²gy jelentŖsen hosszabb (2-4 ®v) a 

negyedidŖszaki hordal®k (Tisza §rtere) nagyon j· v²zvezetŖ k®pess®ge ellen®re (k=100-

200 m/d), - lesz§m²tva a b§nyaoml§sokat kºvetŖ lºk®shull§mok Tisz§ra gyakorolt 

kºzvetlen hat§s§t. 

A beomlott b§ny§k ezen a hossz¼ sziv§rg§si ¼ton kisebb mennyis®gben, de 

folyamatosan terhelik a Tisz§t, amelynek s·terhel®s®t ugyanakkor jelentŖsen nºveli a 
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turisztikai c®l¼ s·stavak haszn§lt s·s viz®nek a Tisz§ba tºrt®nŖ bevezet®se, amely a Glod 

®s Izvor patakon, valamint m§s mesters®gesen l®trehozott v²zelvezetŖ §rkokon kereszt¿l 

koncentr§l·dik. 

 

Robottechnol·gia alkalmaz§sa 

Az UNEXMIN Georobotics Ltd. az UX-1Nepo b¼v§rrobot seg²ts®g®vel 3D-s 

t®rk®peket k®sz²tett, valamint nagy felbont§s¼ videofelv®teleket rºgz²tett az aknaszlatinai 

b§ny§szati ter¿leten. A m®r®sek ®s mer¿l®sek eredm®nyeinek ki®rt®kel®s®t is ez a 

technol·gia v®gezte. Az auton·m robot v²zmintav®telt ®s v²zparam®ter-m®r®seket v®gzett 

(elektromos vezetŖk®pess®g, pH, hŖm®rs®klet, nyom§s). A munka fŖ v§rhat· eredm®nye 

az Aknaszlatina kºzs®g alatti potenci§lis felsz²n alatti v²znyelŖk jobb meg®rt®se, valamint 

a helyi talajv²z§raml§si rendszer modellez®s®hez sz¿ks®ges inform§ci·k kieg®sz²t®se 

volt. ¥sszesen tizenn®gy mer¿l®st hajtottak v®gre a k®t akn§ban, h§rmat a 9. sz§m¼ 

szellŖzŖakn§ban ®s tizenegyet a 10. sz§m¼ akn§ban. ¥sszesen tºbb mint 2 milli· 

f®nyk®pet, 6 TB videofelv®telt ®s 400 GB egy®b szenzoradatot rºgz²tettek. A mer¿l®sek 

sor§n 8 v²zmint§t gyŤjtºttek a 10. sz§m¼ akn§ban, ®s folyamatos v²zk®miai m®r®seket 

v®geztek az akna teljes hossz§ban ®s az oldals· j§ratban -81 m szintben. Az akn§k 

elz§r·d§sai miatt csak az ember alkotta szerkezetek voltak l§that·k, ²gy geol·giai ®s 

§sv§nytani felhaszn§l§s¼ multispektr§lis m®r®seket nem rºgz²tettek. Szerkezetileg kev®s 

kºvetkeztet®s vonhat· le a b§nya eg®sz®nek §llapot§r·l, mivel korl§tozott adatok §llnak 

rendelkez®sre. Mindk®t akna szerkezetileg j·nak tŤnik. Ugyanez nem mondhat· el az 

oldals· alagutakr·l ®s az azokon t¼liakr·l. Az alag¼t 306 m m®lys®gben l®vŖ bej§rat§r·l 

k®sz¿lt f®nyk®pek azt mutatj§k, hogy az ®p²tett kºrnyezet, a betonburkolat kiv®tel®vel, 

rossz szerkezeti §llapotban van. A kapu ®s a felette l®vŖ fal szerkezetileg instabil. A -366 

m-en tal§lhat· 55 m hossz¼, megkºzel²thetŖ oldals· §tj§r· stabil §llapotban van, de az 

elz§r·d§s eredete ismeretlen. A 9-es ®s a 10-es szellŖzŖakna a felsz²nen kºr¿lbel¿l azonos 

magass§gban tal§lhat·, a tel²tett s·oldat a 9-es szellŖzŖakn§ban ~60 m®ter m®lys®gben, a 

10-es akn§ban pedig 140 m®ter m®lys®gben kezdŖdik. ĉgy 1-1,5 bar nyom§sk¿lºnbs®g 

van a k®t akna kºzºtt. Ez az ®rt®k a k®t akna kºzºtti korl§tozott §teresztŖk®pess®get 

felt®telez, amit r®szben az oldals· j§ratokba be®p¿lt dugul§sok is bizony²tanak. 

 

Hidrodinamikai ®s transzport modellez®s 

Az elsŖ szakaszban az aknaszlatinai kŖs·lelŖhely elŖzetes hidrodinamikai modellje 

k®sz¿lt el. A modellez®s sor§n figyelembe vett®k ®s §ltal§nos²tott§k az aknaszlatinai 

lelŖhely b§nyaj§rataiba tºrt®nŖ v²zbe§raml§sok elŖfordul§s§nak ®s nºveked®s®nek 

viszonyait. A s· ipari termel®se egy negyedidŖszaki agyag megb²zhat·an v®dte az 

aknaszlatinai lelŖhely s·d·mtest®nek integrit§s§t az ®desv²z §ltali puszt²t§st·l. Az ®desv²z 

§ltali s· kimos·d§sa miatt, elsŖsorban a negyedidŖszaki agyagr®teg alatti szakaszos 

tektonikus zavarok maradv§nyainak h§l·zat§ban, karszt¿regek alakultak ki, amelyek 

n®melyik®nek mennyezete idŖvel beomlott, ®s karszttºlcs®rek alakultak ki a terepen, 

amelyek hat®kony ®desv²zvezetŖiv® v§ltak. A vizsg§lt ter¿let eredeti arch²v adatai 

(geol·giai, geofizikai, hidrogeol·giai) szolg§ltak a hidrogeol·giai modellez®s kiindul§si 

§llapot§nak fŖ forr§sak®nt. A kor§bban az IGS NASU-n§l kidolgozott aknaszlatinai 
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s·d·m szerkezet integr§lt geol·giai modellj®nek elemeit haszn§ltuk elŖzetes geol·giai 

inform§ci·k®nt (Shehunova et al., 2015). 

A l®trehozott hidrodinamikai modell az al§bbi elemeket tartalmazza: 

Á A vizsg§lt ter¿leten bel¿li negyedidŖszaki v²ztart· komplexum ¿led®k§teresztŖ 
k®pess®g®nek modells®m§ja (2000-es §llapot szerint); 

Á Az aknaszlatinai s·lelŖhely ter¿let®n bel¿li tortoni v²ztart· komplexum 

§teresztŖk®pess®g®nek modells®m§ja; 

Á A szolotvinai lelŖhely b§ny§i feletti sŤrŤ s·r®teg fajlagos sziv§rg§s-

§teresztŖk®pess®g®nek modells®m§ja a 2000-es ®vek elej®n; 

Á A tortoni v²ztart· r®teg talajv²zmozg§s§nak §ltal§nos m·djai az aknaszlatinai 
kŖs·lelŖhely 3D-s ter®ben a 8. ®s 9. sz§m¼ b§ny§k el§raszt§sa ut§n hidraulikus 

gradiens hat§s§ra. 

Annak ®rdek®ben, hogy a jelenlegi v²z§raml§si folyamatokat is vizsg§lni tudjuk, egy 

moderniz§lt, fejlesztett hidrodinamikai modell elk®sz²t®se v§lt sz¿ks®gess®. Ennek 

elk®sz²t®se ut§n az al§bbi fŖbb meg§llap²t§sok tehetŖk:  

Á Kidolgozt§k az aknaszlatinai kŖs·telep ®s a szomsz®dos ter¿letek moderniz§lt 
hidrodinamikai modellj®t, amely a friss²tett geol·giai adatb§zis alapj§n 

inform§ci·kat tartalmaz a h§rom v²ztart· r®tegrŖl, figyelembe v®ve a tektonikus 

hat§sokat (vetŖket). 

Á A modellben a vetŖk figyelembev®tel®t c®lz· modellez®si sz§m²t§sok a modell 
talajv²z§raml§si vonalainak deform§ci·j§t mutatt§k, ami a tºr®ses z·n§k ter¿let®n a 

v²zcsere nºveked®s®t jelzi. Ez felgyors²thatja ®s fokozhatja a s·s v²z terjed®s®t a 

v²ztart· r®tegekben. 

Á A l®trehozott matematikai modellnek a kutat§si ter¿let term®szetes hidrogeol·giai 
viszonyaival val· megfelelŖs®g®nek ellenŖrz®se pozit²van z§rult. Ennek 

eredm®nyek®nt meg§llap²that·, hogy a modellen reproduk§lt hidrodinamikai 

szitu§ci· kellŖ pontoss§ggal t¿krºzi a term®szetes viszonyokat, ²gy a kapott modell 

gyakorlati probl®m§k megold§s§ra is felhaszn§lhat·. 

Á A modell fŖ jellemzŖje a layer property flow (LPF) haszn§lata, amelynek 

kºszºnhetŖen a szŤr®si probl®ma val·ban h§romdimenzi·s kºrnyezetben old·dik 

meg, ®s nem kv§zi-h§romdimenzi·sban, ahogyan azt a kor§bbi tanulm§nyokban 

alkalmazt§k. Ez hat§rozta meg a sz§m²tott r®tegek geometri§j§nak legpontosabb 

megjelen²t®s®t a rendelkez®sre §ll· kezdeti adatok alapj§n. A l®trehozott modell 

kellŖ val·sz²nŤs®ggel lehetŖv® teszi a talajv²z mozg§s§nak ir§ny§nak ®s a t®nyleges 

sebess®g®nek elŖrejelz®s®t az idŖ f¿ggv®ny®ben. 

Á A l®trehozott moderniz§lt hidrodinamikai modell alapul szolg§lhat a talajv²zben 
tºrt®nŖ anyag§ram k®sŖbbi migr§ci·s modelljeinek fel®p²t®s®hez ®s az 

aknaszlatinai kŖs·lelŖhely s·kŖzet®vel val· kºlcsºnhat§s§nak r®szletesebb 

vizsg§lat§hoz. 

A l®trehozott hidrodinamikai modell ºt r®teg adatait tartalmazza, a sebess®gvektorok 

t®rk®peivel, a talajv²zszint izol§ci·s vonalaival, k®t v²ztart· r®teg §raml§si vonalaival, 

k¿lºnbºzŖ fokozat¼ tektonikus zavarok figyelembev®tel®vel ®s an®lk¿l, ami lehetŖv® 

tette az informat²v ®s megb²zhat· monitoringhoz optim§lisan sz¿ks®ges monitoring 

hidrol·giai ®s hidrogeol·giai megfigyelŖpontok h§l·zat§nak meghat§roz§s§t. 
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3. §bra A talajv²zszint izovonalak ®s az aktu§lis §raml§si sebess®g vektorok a nagyadidŖszaki 

v²zad·ban (1- v²zv§laszt·; 2- talajv²zszint izovonal; 3- §raml§si sebess®g vektorok; s·d·m 

felsz²ni vet¿lete; 5-vetŖk) 

 

A s·transzport modell fel®p²t®s®hez az elŖzŖ fejezetekben bemutatott kor§bbi 

hidrodinamikai modelleket haszn§ltuk, de a transzportmodellez®si szempontokat szem 

elŖtt tartva ¼jra®p²tett¿k (4. §bra). 

¥t r®teget illesztett¿nk be a modellbe a val·s§gnak legink§bb megfelelŖ m·don. A 

modellben a kºvetkezŖ r®tegeket alkalmaztuk: 

1. r®teg: Homokos kavicsos pleisztoc®n v²ztart· r®teg ®s a Magura-hegys®g mioc®n 

k®pzŖdm®nyeinek felsŖ r®tege az ®szakkeleti oldalon 

2. r®teg: Agyagos v²zrekesztŖ szint ®s a Magura-hegys®g mioc®n k®pzŖdm®nyeinek 

kºz®psŖ szintje az ®szakkeleti oldalon 

3. r®teg: A s·d·m felsŖ szintje sek®ly s·b§nya ¿regekkel ®s a kºrnyezŖ mioc®n 
k®pzŖdm®nyekkel, bele®rtve az ®szakkeleti oldalon tal§lhat· Magura-hegys®g 

¿led®keit. 

4. r®teg: A s·d·m kºz®psŖ szintje, m®ly s·b§nya ¿regekkel (8-10. b§ny§k) ®s a 

kºrnyezŖ mioc®n lerak·d§sokkal, bele®rtve az ®szakkeleti oldalon tal§lhat· 

Magura-hegys®g ¿led®keit 

5. r®teg: A s·d·m ®p m®ly szintje ®s a kºrnyezŖ tºmºrºdºtt, nagy m®lys®gŤ mioc®n 
k®pzŖdm®nyek, bele®rtve az ®szakkeleti oldalon tal§lhat· Magura-hegys®g 

¿led®keit. 
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A transzport modellt az USGS §ltal kidolgozott SEAWAT k·d seg²ts®g®vel ®p²tett¿k 

fel. A k·dot a kloridion-transzport vizsg§lat§ra haszn§ltuk, figyelembe v®ve, hogy kev®s 

inform§ci· §ll rendelkez®sre a k¿lºnbºzŖ komponensek koncentr§ci·j§nak eloszl§s§r·l, 

az egyes kŖzetk®pzŖdm®nyek transzportparam®tereirŖl ®s a transzportfolyamatokat 

befoly§sol· sz§mos t®nyezŖrŖl. Mint ilyen, a l®trehozott transzport modellt tov§bb kell 

fejleszteni, a k®sŖbbiekben rendelkez®sre §ll· adatokkal ellenŖrizni, kalibr§lni ®s 

valid§lni kell. A transzport modell jelenlegi form§j§ban egy elsŖ kºzel²t®s, amelynek 

eredm®nyeit kellŖ ·vatoss§ggal kell elfogadni. Mindezek alapj§n az al§bbi javaslatokat 

tudjuk tenni a vizsg§lt ter¿letre vonatkoz·an.  

 

 
4. §bra A transzport modell r§csh§l·ja 

 

A hat§ster¿let kutakkal nem csºkkenthetŖ, kiv®ve a megl®vŖ s·b§ny§k beoml§sa §ltal 

kialakult ®s folyamatosan k®pzŖdŖ tavak alj§n §tfoly· v²z mesters®ges csºkkent®s®vel, a 

gºdrºk ®s akn§k kij§ratainak szŤk²t®s®vel vagy elz§r§s§val m®g a talajv²ztestek alatt is, 

²gy az el§rasztott b§nyaj§ratokban l®vŖ s·s v²z tel²t®ssel teljes egyens¼lyba ker¿l, ®s ²gy 

tov§bbi s·talan²t§st csak a tektonikus vonalak ment®n besziv§rg· ®desv²z induk§l. Ez 

egy§ltal§n nem akad§lyozn§ a s·tavak turisztikai c®l¼ haszn§lat§t, csup§n a pleisztoc®n 

kori r®teg ®s az abb·l ki§raml· Glod ®s Mlinsky patakok s·terhel®s®t csºkkenten®. ĉgy a 
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kr§tertavakban (a beomlott b§nyakamr§k felett) a s·koncentr§ci· kiss® csºkkenne. A 

s·d·m jelenlegi hat§ster¿let®n a k¼tv²z-termel®st meg kell sz¿ntetni vagy be kell tiltani. 

A m®ly r®tegekben tºrt®nŖ s·old·d§st korl§tozni kell, k¿lºnben egy folyamatosan 

gyorsul· jelens®g lesz ®rz®kelhetŖ ®s egyre nagyobb oldott fel¿letek ment®n egyre 

nagyobb mennyis®gŤ s· old·dik fel, egyre nagyobb fºldalatti ¿regeket ®s gyorsul· 

s¿llyed®st okoz. A folyamatot csak a m®ly talajv²z§raml§s radik§lis csºkkent®se §ll²thatja 

meg, ami a geol·giai ®s hidrogeol·giai adotts§gokb·l ad·dik. £sszerŤ megold§sokkal 

lass²that· a folyamat, jelentŖs mesters®ges beavatkoz§sokkal pedig teljesen csºkkenthetŖ, 

de ezt a lehetŖ leghamarabb el kell kezdeni, am²g m®g lehets®ges a folyamat csºkkent®se 

®s a kºrnyezeti k§rok nem teszik tºnkre a t®rs®g lakoss§g§nak ®letfelt®teleit. 

 

¥sszefoglal§s 

Munk§nkban az ukrajnai Aknaszlatin§n tal§lhat· felhagyott s·b§ny§val 

foglalkoztunk, amelynek rendk²v¿l jelentŖs kºrnyezeti kock§zatai vannak. Ismertett¿k a 

tºbb ®vsz§zada mŤkºdŖ b§ny§szati folyamatot, valamint azok hat§sait. A jelenleg v²zzel 

el§raszott b§nya fŖ kock§zata a kŖs· kiold·d§sa ®s kimos·d§sa, amely egyar§nt okoz 

§ll®konys§gi, valamint v²zminŖs®gi probl®m§kat. Kutat§sunk a REVITAL1 projekt 

keret®ben zajlott, amely mag§ban foglalt mŤholdas talajdeform§ci· m®r®seket, helysz²ni 

v²zminŖs®gi ®s hidrogeol·giai m®r®seket, robottechnol·gia alkalmaz§s§t, geofizikai 

kutat§st, valamint hidrodinamikai ®s transzportmodellez®st. Az elv®gzett vizsg§latok 

alapj§n n®h§ny fŖ meg§llap²t§st eml²t¿nk: 

Á meg kell teremteni a term®szeti erŖforr§sok felhaszn§l§s§nak a felt®teleit oly 
m·don, hogy az ne okozzon kºrnyezeti §rtalmat, valamint ne vesz®lyeztessen 

emberi ®leteket, 

Á fontolj§k meg a s·oldatok balneol·giai c®l¼ felhaszn§l§s§t, 

Á a felsz²nhez kºzeli term®szetes v²zz§r· r®teg nem l§tja el funkci·j§t a b§ny§szati 
tev®kenys®g ®s a kutat·f¼r§sok miatt, valamint a kor§bban kialak²tott 

v²zelvezet®sre szolg§l· gal®ria nem mŤkºdik a karbantart§s hi§nya miatt, 

Á a beomlott b§ny§k k¿lºnbºzŖ sziv§rg§si utakon kisebb mennyis®gben, de 
folyamatosan terhelik a Tisz§t, amelynek s·terhel®s®t jelentŖsen nºveli a turisztikai 

c®l¼ s·stavak haszn§lt s·s viz®nek a Tisz§ba tºrt®nŖ bevezet®se, 

Á a m®lyebb r®tegekben tºrt®nŖ s·old·d§st akad§lyozni kell, k¿lºnben egy egyre 
gyorsul· jelens®g szemtan¼i lesz¿nk. 

Az aknaszlatinai t®rs®g kºrnyezeti kock§zatait mŤszaki megold§sokkal csºkkenteni 

lehet, azonban ezeket min®l hamarabb el kell kezdeni annak ®rdek®ben, hogy m®g az 

old·d§si folyamatok lass²that·ak legyenek. Sajnos el kell mondani, hogy a jelenlegi 

orosz-ukr§n konfliktus nem seg²ti a mŤszaki beavatkoz§sok megval·s²t§s§t, ²gy csak 

b²zhatunk a mihamarabbi megold§sban. 
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A PARAJDI SÓBÁNYÁBA TÖRTÉNT VÍZBETÖRÉS 

HIDROGEOLÓGIAI (HIDRODINAMIKAI) ASPEKTUSAI  

 

HYDROGEOLOGICAL (HYDRODYNAMIC) ASPECTS OF THE 

WATER IN TRUSION INTO THE PARAJD SALT MINE  
 

Kov§cs Bal§zs 
 

egyetemi docens, Miskolci Egyetem, MŤszaki Fºld- ®s Kºrnyezettudom§nyi Kar, V²z- ®s 

Kºrnyezetgazd§lkod§s Int®zet 3515 Miskolc, Egyetemv§ros, balazs.kovacs@uni-miskolc.hu 

 

 
¥sszefoglal· 

A parajdi s·b§ny§t a Korond-patak 2025. m§jusi §rvize el§rasztotta, ami megv§ltoztatta a S·h§ta t®rs®g®nek 

hidrodinamikai ®s kºrnyezeti viszonyait. A helyzet §ttekint®se ®rdek®ben bemutatjuk a kor§bbi b§ny§szati 

tev®kenys®get, ºsszefoglaljuk a t®rs®g fºldtani fejlŖd®stºrt®net®t, kiemelve annak v²zfºldtani aspektusait. 

Bemutatjuk a v²zbetºr®s val·sz²nŤs²thetŖ folyamat§t ®s a betºr®s kºvetkezt®ben kialakult ¼j helyzetet. Ezt 

kºvetŖen elemezz¿k a jelenlegi §llapot hidrodinamikai folyamatait ®s v§zoljuk a jºvŖbeli lehetŖs®geket. 

 

Kulcsszavak: Parajd, s·b§nya, s·diap²r, s·tºmzs, v²zbetºr®s, felsz²ni vizek, felsz²n alatti vizek 

 

Abstract 

The Parajd salt mine was flooded by the Korond River in May 2025, which changed the hydrodynamic and 

environmental conditions of the S·h§ta region. To provide an overview of the situation, we present the 

previous mining activities and summarize the geological development of the area, highlighting its 

hydrogeological aspects. We present the probable process of the water intrusion and the new situation that 

has developed as a result. We then analyze the hydrodynamic processes of the current state and outline 

future possibilities. 

 
Keywords: Parajd, salt mine, salt diapir, salt dome, water intrusion, surface waters, groundwater 
 

BevezetŖ 

A parajdi s·tºmzs b§ny§szat§nak tºrt®nete eg®szen a kºz®pkorig ny¼lik vissza. Az 

elm¼lt ®vsz§zadokban eg®szen a terepszint alatti 400 m m®lys®gig alak²tottak ki 

b§nya¿regeket, kezdetben a felsz²n kºzel®ben, k®sŖbb pedig a m§r egyre m®lyebb 

t®rs®gekben. A b§nya¿regektŖl kis t§vols§gban alakult ki tektonikai tºr®srendszerek 

ment®n a S·szoros, melyen kereszt¿l a Korond-patak §ttºrte a s·d·mot. Ebben a 

t®rs®gben sz§mos helyen figyelhetŖek meg a s·kŖzetek old·d§sa kºvetkezt®ben kialakul· 

s·karsztos jelens®gek, melyek a t®rs®gben ¿regrendszerek kialakul§s§hoz vezettek. Az 

¿regeken kereszt¿l r®g·ta tºrt®nt v²zbesziv§rg§s az ¿regek fel®. azonban ezek hozama 

idŖvel egyre jobban emelkedett, az elm¼lt ®vekben m§r tºbb v²zbetºr®st is ®szleltek, 

melyeket szerencs®re akkor m®g siker¿lt elfojtani. 2025 m§jus v®g®n ism®t §rv²zi helyzet 

alakult ki a Korond-patakon, amikor egy v²znyelŖ megny²l§s§val ®s beszakad§s§val a 

kor§bbiakat meghalad· hozam¼ v²zbetºr®s alakult ki, ami v®g¿l a patak teljes 60 m3/s 

hozam§t a b§nya¿regekbe vezette. A v®dekez®s a v²zbetºr®ssel szemben sikertelennek 
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bizonyult a v²zbetºr®s kºvetkezt®ben a b§nya teljes m®rt®kben el§raszt·dott, ami a t®rs®g 

hidrogeol·giai viszonyainak megv§ltoz§s§hoz, a kºrnyezeti §llapot tekintet®ben pedig 

kedvezŖtlen folyamatok megindul§s§t eredm®nyezte. A tanulm§ny a helyzet bemutat§s§t, 

az §llapot ®rt®kel®s®t ®s ennek alapj§n a lehetŖs®gek elemz®s®t c®lozza. 

 

A parajdi S·h§t ®s b§ny§szata 

A parajdi S·h§t-nevŤ, 576 m tszf. magass§g¼ domb (1. §bra) az Erd®lyi -medence 

keleti perem®n a parajdi medenc®ben tal§lhat·. A S·h§t egy 1200 ®s 1400 m tengelyŤ, 

ellipszis alak¼ s·diap²r lepusztult felsz²nre bukkan§sa, ®s aminek fek¿je eg®szen 2,7 - 3 

km m®lys®gig is leny¼lik.  

 

 

1. §bra A parajdi S·h§t domborzati k®pe  

 

A s·tºmzs b§ny§szata m§r a kºz®pkorban megkezdŖdºtt, de az iparszerŤ b§ny§szat 

csak 1762-ben indult a J·zsef-b§nya l®tes²t®s®vel. Ezt kºvetŖen kb. 170 mBf. szintig 

alak²tottak ki tºbb szintben ®s tºbb t®rs®gben b§ny§szati ¿regeket, kamrafejt®seket 
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(Horv§th, 1998). 1864-ben megnyitott§k a P§rhuzamos-b§ny§t, majd 1898-ban 

elkezdŖdºtt az Erzs®bet-kutat·t§r· kihajt§sa, a S·h§t ®szak-nyugati fel®ben. 1947-1949 

kºzºtt megnyitott§k a D·zsa Gyºrgy b§ny§t, de 1954-ig m®g mŤvelt®k a P§rhuzamos-

b§ny§t is. 1978-ban, a r®gi b§nyakamr§k alatt, ¼j m®lys®gi szinteket k®peztek ki 12 m 

magas, 20 m sz®les ®s 200 m hossz¼ kamr§kkal, majd k®sŖbb (1991-ben) megkezdŖdºtt 

a Telegdy-b§nyar®szleg kialak²t§sa a s·telep ®szak-keleti r®sz®n 16 m sz®les ®s 8 m magas 

kamr§kkal (2. §bra, www.salinaporaid.ro). 

 

 

2. §bra A fºld alatti b§nya¿regek ®s t§r·k elhelyezked®se a Parajdi S·tºmzsben  

http://www.salinaporaid.ro/
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A b§nyaterek elºnt®s®nek vesz®ly®re m§r 2007-ben felh²vt§k a szakemberek a 

figyelmet (De§k Gy. et. al. 2007a, 2007b), sŖt az ut·bbi n®h§ny ®vben tºbbszºr is tºrt®nt 

a Korond-patak felŖl kisebb, a v²z¿gyi szakemberek §ltal rºvidebb hosszabb idŖ ut§n 

elfojtott v²zbetºr®s. Sajnos gyakorod· v²zbetºr®sek ellen®re a fºldalatti b§nyatereknek 

Korond-patak felŖli teljes elszigetel®se nem tºrt®nt meg. 2025. m§jus v®g®n egy 60 m3/s 

hozam¼ §rhull§m alakult ki, aminek kºvetkezt®ben 2025. m§jus 27-®n a kor§bbiakn§l 

j·val erŖsebb v²zbetºr®s tºrt®nt a P§rhuzamos-b§ny§ba a S·szoros felŖl. A v²zbetºr®s 

sor§n a patak teljes v²zhozama a b§nya¿regekbe z¼dult, aminek kºvetkezt®ben 2025. 

m§jus 29-®re a teljes fºldalatti ¿regrendszer a Korond-patak szintj®ig, azaz 477 mBf. 

szintig feltºltŖdºtt. 

 

Fºldtani viszonyok 

A parajdi s·telepek az Erd®lyi-medence, a kr®ta idŖszak v®g®n ®s a paleog®n korszak 

elej®n elkezdŖdºtt folyamatos s¿llyed®se r®v®n keletkezett kb. 20-22 milli· ®ve, a 

kºz®psŖ mioc®n, als·-b§deni fºldtani korban. Ebben az idŖszakban a medenc®ben 

kialakult sek®ly beltenger lefŤzŖdºtt az Ŗsi Tethys tengerrŖl, ®s a viz®nek bep§rl·d§s§val 

az idŖkºzben egyre s¿llyedŖ medenc®ben evaporitok k®pzŖdtek, mintegy 250 m 

vastags§gban tºbb, mint 16 000 km2 ter¿leten.  

A medence §lland· ®s jelentŖs s¿llyed®se miatt egy kºzel 5000 m vastag ¿led®kes 

ºsszlet rak·dott a s·telepekre. A fedŖkŖzetek jelentŖs nyom§s§nak hat§s§ra a s·, mint 

egy plasztikus, sŤrŤ folyad®k, egyr®szt az Erd®lyi-medence peremei fel® pr®selŖdºtt 

m§sfelŖl a plasztikusan viselkedŖ s·r®tegek ºsszetºmºrºdtek a hatalmas erŖk hat§s§ra, 

®s a m§r l®tezŖ tºr®svonalak hely®n a felsz²n fel® nyomultak. ĉgy alakultak ki a 

s·tºmzsºk. Ahol nem tudtak a felsz²nre jutni a s·redŖk, ott azok k¿lºnbºzŖ 

m®lys®gekben elakadt ¼n. kripto-diap²reket k®peztek. A parajdi s·tºmzs fedŖkŖzete 

v²zz§r· kºv®r agyag (3. §bra) ®s m§rga, ami biztos²tja a s·test felsz²ni vizektŖl val· 

v®detts®g®t (Horv§th, 2011). 

 

 

3. §bra. A fedŖ kºv®r agyag ®s a tºmºr s·kŖzet kontaktj§nak felsz²nre bukkan§sa a v®dekez®s 

®rdek®ben ®p²tett felt§r·¼t bev§g§s§ban a S·szoros ter¿let®n  
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A pleisztoc®n idŖszakban a t®rs®gben a posztplioc®n hargitai vulkanizmus kŖzetei: 

vulk§ni agglomer§tumok ®s breccs§k k®pzŖdtek, melyek vastags§ga el®ri a tºbb sz§z 

m®tert. Ezek a vulkanitok alkotj§k a parajdi medenc®t ºvezŖ fŖbb domborzati form§kat. 

A legfiatalabb k®pzŖdm®nyek a holoc®n folyami hordal®kok, alluvi§lis homokok ®s 

kavicsok, tºrmel®kk¼pok ¿led®kei (www.salinaporaid.ro). 

A ter¿let mai v²zh§l·zat§nak kialakul§s§ra a medence s¿llyed®s®nek ®s a diap²r 

kiemelked®s®nek ar§nya hat§rozta meg. A Kis-K¿k¿llŖ vºlgy®ben a s¿llyed®s l®p®st 

tartott a kiemelked®ssel, ez®rt a vºlgyet a foly· folyamatosan tudta m®ly²teni. A Korond-

patak vºlgy®ben ugyanakkor a diap²r emelked®se idŖszakosan egyfajta g§tat k®pzett a 

patak ¼tj§ban, ami miatt ®s a v®lhetŖen a tektonikai vonalak ment®n kialakul· s·karsztos 

¿regek beoml§s§val k®pzŖdºtt vºlgyszerŤ m®lyed®st kihaszn§lva a patak v®g¿l a d®li 

r®szen §ttºrte a diap²r ter¿let®t, ²gy alakult ki a parajdi S·szoros. A s·szoros t®rs®g®ben a 

fedŖkŖzet minŖs®ge ®s vastags§ga erŖsebb besziv§rg§st tett lehetŖv®, ami s·karsztos 

form§k (s·karr, v²znyelŖk, s·tºbrºk stb.) l®trejºtt®hez vezetett. A S·szoros t®rs®ge 

egy¼ttal a t®rs®g tektonikai szempontb·l legink§bb ig®nybe vett r®sze, ami szint®n a 

fedŖkŖzetek v²zz§r· k®pes®g®nek lecsºkken®s®hez vezetett (Horv§th, 2008). 

 

A v²zbetºr®s sor§n ®s ut§n lezajl· folyamatok  

A kor§bbi ®s a v®gzetess® v§l· legutols· v²zbetºr®sek, illetve a b§nya fel® tºrt®nŖ 

kor§bbi sziv§rg§sok sor§n a s·tºmzsben az elm¼lt ®vtizedekben ®s ®vsz§zadokban 

sz§mos old§si ¿regrendszer alakult ki, melyek r®szben a vetŖk nyomvonala ment®n, 

r®szben a s·tºmzs ®s a Korond patak alluvi§lis ºsszlete kºzºtt, mint diszkontinuit§si 

fel¿let ment®n fejlŖdtek ki. A kialakult old·d§si ¿reget a vetŖrendszereken kereszt¿l a 

b§nya¿regek csapolt§k meg, amit a b§ny§szok ï az ¿zemszerŤ munkamenet mellett ï 

folyamatosan kiemeltek a felsz²nre.  

Esetenk®nt az old·d§sok kºvetkezt®ben beszakad§sok tºrt®ntek, mint pl. a J·zsef-

b§nya fºd®mje egy r®sz®nek beszakad§sa, ami fºl® a b§nya a csapad®k bejut§s§nak 

elker¿l®se ®rdek®ben egy ferde tetŖt ®p²tettek. Az elm¼lt idŖszak v²zbetºr®seikor a 

kor§bban k®pzŖdºtt old§si ¿regek fel® tal§lt utat a patak, ahol a folyamatos 

®desv²zbel®p®s miatt egyre erŖsebben oldotta a s·k®pzŖdm®nyeket, t§g²totta a 

reped®seket. V®g¿l 2025 m§jus§ban a m§r kor§bban is l®tezŖ ¿regrendszeren kereszt¿l 

tºrt be a v²z a P§rhuzamos-b§ny§ba elŖbb kisebb hozammal, majd k®sŖbb ï az ¿regek 

folyamatos old·d§sos t§gul§sa miatt ï m§r kb. 60 m3/s-os hozammal, ami azt jelentette, 

hogy a patak ºsszes vize a b§ny§ba z¼dult, amit m§r nem lehetett meg§ll²tani (4. §bra). 

Ez a betºrŖ v²z elŖbb a P§rhuzamos-b§nya padl·szintj®n sz®tter¿lt, majd ereszk®ken, 

vakakn§n ®s kor§bbi f¼r§sok ment®n egyre m®lyebb szintekre zuhogott le (4. §bra), 

mikºzben old· hat§s§val a fºldalatti j§ratokat folyamatosan bŖv²tette. Lejutva a 

legm®lyebb szintekig a b§ny§t a v²zbetºr®s alulr·l felfel® tºltºtte v®gleg fel a Korond-

patak szintj®nek megfelelŖ kb. 477 mBf. szintig.  

A b§ny§ba bejut· ®desv²z azonban nemcsak a b§nyafalak anyag§t, hanem az egykori 

®s jelenlegi fejt®si ¿regekben t§rolt s·k®szleteket is feloldotta, aminek old§sa a por ®s 

tºrmel®k §llag miatti nagy fel¿let ok§n sokkal gyorsabb volt, mint a pill®rek ment®n a 

s·falak old·d§sa: Ez sz§mottevŖen csºkkenthette a pill®rekbŖl tºrt®nŖ kiold·d§s 

http://www.salinaporaid.ro/
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m®rt®k®t. A n§trium-klorid tel²t®si koncentr§ci·ja 359 g/l 25ÁC-on, ami alig v§ltozik a 

hŖm®rs®klettel (60ÁC-on 375 g/l), ami miatt a magasabb hŖm®rs®kletŤ, m®lyebb 

b§nya¿regek t®rs®g®ben sem v§ltoznak ®rdemben az old·d§si folyamatok. A s· old·d§sa 

gyors volt, a m®r®sek szerint 2025. j¼nius 5.-®re el®rte a tel²tett §llapotot, amikort·l 

kezdve s· tov§bbi old§sa a tel²tett s·oldattal tºltºtt ¿regekben m§r nem tºrt®nhetett. 

 

 
4. §bra A parajdi b§nya feltºltŖd®s®nek s®m§ja  

 

Amennyiben b§rhol a s·oldat koncentr§ci·ja pl. ®desv²z b§nyaterekbe sziv§rg§sa miatt 

a tel²t®si hat§r al§ csºkken, akkor ism®t old·k®pess® v§lik, am²g el nem ®ri a tel²t®si 

koncentr§ci·t.  

Sajnos a t®rs®gben van fizikai lehetŖs®g arra, hogy a patakb·l sz§rmaz· ®desv²z a 

b§nya¿regekbe jusson, mely sziv§rg§snak a hajt·ereje a Korond-patak es®se, ami a 

t®rs®gben (a s·szoros k®t v®ge kºzºtt) v²z§ll§st·l f¿ggŖen el®ri a 2-3 m-t is, de a 

b§nyaterek t®rs®g®ben is meghaladja a 1,5 m-t. Ez a hajt·erŖ a felv²zi oldalon a 

b§nyaterek fel® tºrt®nŖ sziv§rg§st induk§l, az alv²zi oldalon pedig megcsapolja a 

b§nya¿regeket, ami egy folytonos ®desv²z besziv§rg§st, az ¿regekben s·kiold·d§st majd 

s·sv²z ki§raml§st induk§l. Ugyanez hajt·erŖ ugyanakkor nemcsak a b§nya¿regeken, 

hanem a S·szorosban tal§lhat· alluvi§lis ºsszleten kereszt¿li sziv§rg§sokat ®s s·kiold§st 

is induk§l, ilyen m·don a S·szorosb·l kil®pŖ s·fluxusok egy r®sze sz§rmazik csak a 
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b§nya¿regekbŖl, egy m§sik r®sze pedig az all¼vium ®s az az alatti s·kŖzetek 

s·tartalm§nak kimos§s§b·l.  

A legjellemzŖbb, egyben legval·sz²nŤbb sziv§rg§si ¼tvonalakat (5. §bra) a 

felsz²ns¿llyed®sek alapj§n lehetett meghat§rozni. Ezen ¼tvonalak egy r®sze vetŖk ment®n 

a felsz²nrŖl is j·l l§that· beszakad§sok sorozata, vagy ®vek alatt kialakult kisebb 

felsz²ns¿llyed®sek ment®n kºvethetŖ.  

A felsz²nre kifut· beszakad§sok j·l kirajzolj§k a v²zbetºr®s fŖ ir§ny§t, illetve a keleti 

r®szeken kirajzol·dnak azok a jelenleg akt²vnak felt®telezhetŖ z·n§k is, ahol a 

felsz²nkºzeli b§nya¿regekbŖl az egyre jobban tel²tŖdŖ vizek kifel® sziv§rognak. Ezek a 

z·n§k r®szben a P§rhuzamos-b§nya, r®szben a J·zsef-b§nya felŖl a Korond-patak fel® 

sz§ll²tj§k a vizeket (5. §bra). A b§nyaterek ®desv²zzel tºrt®nŖ Ă§tºbl²t®s®tò seg²tik a 

v®dekez®s sor§n k®sz²tett alternat²v patakmedrek is, melyek a v²zbetºr®s sor§n kialakult 

j§ratrendszerre k®pesek a patak viz®t r§vezetni.  

 

 

5. §bra A sziv§rg§sok val·sz²nŤs²thetŖ nyomvonalai fotogrammetriai felm®r®sek adatai alapj§n 

(k®kkel az ®desv²z, pirossal a s·sv²z domin§lt sziv§rg§si p§ly§kat jelºlt¿k) 

 

Ezen az §lland·, lass¼, patakes®s-eredetŤ s·kimos·d§son t¼l a Korond-patak 

v²z§ll§singadoz§sai is gener§lnak s·hozamokat, ugyanis a b§nya¿regek v²zszintje kis az 

¿regrendszer nagy t®rfogat§b·l ad·d· k®sleltet®ssel kºveti a Korond-patak v²zszint 

v§ltoz§sait, ²gy a bemutatott ¼tvonalakon §rad§sokkor ®desv²z nyomul a b§nya fel®, 

apad§skor pedig s·sv²z sziv§rog a b§nya¿regekbŖl kifel®. 

Mindez azt is jelenti, hogy am²g a Korond-patak viz®t nem siker¿l a b§nyaterektŖl 

tºk®letesen elszigetelni, addig folyamatos s·kiold§s fog r®szben a S·szoros all¼vium§nak 

t®rs®g®bŖl, r®szben a b§nya¿regekbŖl tºrt®nni. 
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A tel²tett konyhas·-oldat sŤrŤs®ge ugyanakkor 1170 kg/m3, ami a v²z®n®l 17%-kal 

magasabb ®rt®k, aminek a t®rs®g feltºltŖd®s ut§ni hidrodinamik§j§nak alakul§s§ban van 

jelentŖs®ge, ugyanis a s· old·d§sa miatt bekºvetkezŖ sŤrŤs®gemelked®s miatt a 

b§nya¿regekben az old·d§s idej®n a t®rs®g®hez k®pest magasabb potenci§l¼ z·na alakul 

ki, amiatt, hogy a hidraulikai, azaz sziv§rg§si potenci§l nemcsak a v²z szintj®nek egy 

viszony²t§si magass§g§t·l, hanem a folyad®k sŤrŤs®g®tŖl is f¿gg. Mikºzben a 

b§nya¿regekben s· beold·d§sa (koncentr§ci· ®s egy¼ttal sŤrŤs®gemelked®s) tºrt®nik, 

addig ott a folyamatosan nºvekvŖ potenci§lszintek magasabbak a kºrnyezet¿kn®l, ami 

¼gy tud kiegyenl²tŖdni, ha a b§nyaterek felŖl a megl®vŖ reped®seken, nem teljesen z§rt 

vetŖz·n§kon kereszt¿l a s·oldat kifel® sziv§rog. Mivel ezek a vizek s·ban kºzel tel²tettek, 

ez®rt ezeknek elhanyagolhat· a tov§bbi old· hat§sa, ugyanakkor mindenk®ppen egyfajta 

felsz²n alatti vizekben jelentkezŖ s·transzportot jelentenek. Ennek a jelens®gnek lehet a 

kºvetkezm®nye az, hogy pl. a Kis-K¿k¿llŖ alluvi§lis ºsszlet®ben, a S·h§tt·l ®szakra esŖ 

t®rs®gben lok§lisan emelkedik a talajv²z elektromos vezetŖk®pess®ge, illetve v®lhetŖen 

n§trium ®s kloridtartalma is. Ha a b§nya¿regek ®s a t®rs®g hidraulikai egyens¼lya 

kialakul, akkor ez a s·transzport ï hajt·erŖ hi§ny§ban ï megszŤnik.  

Mindezek miatt a t®rs®g kºrnyezeti §llapota szempontj§b·l kritikus a Korond-

pataknak a b§nyat®rs®gektŖl tºrt®nŖ elszigetel®se, mert addig a v²zbe§raml§s, 

s·sv²zkisziv§rg§s ®s a hidraulikai egyens¼ly folyamatos megboml§sa kºvetkezik be, ami 

nemcsak a Korond-patak vºlgy®t ®s azon kereszt¿l a Kis-K¿k¿llŖ alv²zi r®sz®t, hanem 

annak torkolat§t·l felv²zi ir§nyban a Kis-K¿k¿llŖ vºlgye S·h§t menti z·n§j§t is ®rinti. 

Mindezek a b§nyaterek feltºltŖd®s®t kºvetŖ ®desv²zbesziv§rg§s miatti old·d§si 

folyamatok azonban csak a sek®lyebb b§nya¿regek felsz²nkºzeli legfelsŖ z·n§it ®rintik, 

ugyanis a nagyobb sŤrŤs®gŤ, tel²tett s·oldat a m®lyebb b§nya¿regeket kitºlti, ²gy nagyobb 

m®lys®gben jelenleg old·d§si folyamatok nem kºvetkeznek be.  

A s·diap²r tºbb milli· ®ven kereszt¿li fennmarad§s§b·l kºvetkezik, hogy a diap²r 

oldalr·l ®s alulr·l tºk®letesen el van szigetelve a felsz²n alatti vizektŖl, ²gy a m®lyebb 

b§nya¿regekbe besziv§rg· n§trium-kloridra n®zve tel²tett v²z sem oldalir§nyban sem a 

m®lys®g fel® nem k®pes mozogni. Ennek megfelelŖen ezek a m®lyebb b§nya¿regek 

egyens¼lyi helyzetben vannak mivel ott tov§bbi s·old·d§s elvileg lehetetlen.  

Sajn§latos m·don a felsz²ni vizekkel kapcsolatban §ll· vagy §llhat· P§rhuzamos- ®s 

J·zsef-b§ny§kban ®s nagyon kis val·sz²nŤs®ggel az akn§kon kereszt¿l a felsz²nnel ®s a 

P§rhuzamos-b§ny§val val· kºzvetlenebb kapcsolata miatt a D·zsa Gyºrgy b§ny§ban 

folyhat tov§bbi s·kiold·d§s. A felsz²n kºzeli old·d§s fokozatosan em®szti a P§rhuzamos-

b§nya ®s j·val kisebb m®rt®kben a J·zsef-b§nya kupol§j§nak, fºd®mj®mek s·kŖzeteit, 

melyek elv®konyodva egyre kev®sb® b²rj§k el a felette l®vŖ kŖzetek s¼ly§t, ami 

beszakad§shoz vezethet. 

A csapad®kvizek besziv§rg§sa a fedŖkŖzeteken kereszt¿l ugyanakkor teljesen nem 

akad§lyozhat· meg, azonban ezek a vizek a s·test felsz²n®n sziv§rogva az arra alkalmas 

ter¿leteken a felsz²nre bukkannak s·forr§sok vagy s·s mocsarak ®s n§das ter¿letek ®s 

wetlandek form§j§ban (4. §bra). Ezek a v²zkil®p®sek ugyanakkor az elºntºtt 

b§nyaterektŖl teljesen elk¿lºn¿lŖ rendszer alkotnak, a forr§sok fakad§si szintjei, a s·s 

vizes ®lŖhelyek m®lypontjai rendre a vºlgytalpak szintje, illetve a Korond-patak 

v²zszintjei felett vannak (6. §bra) A k®t rezsim (a csapad®k ®s a Korond-patak §ltal 
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vez®relt rendszer ºsszekapcsol·d§s§t·l nem kell tartani, ezek egym§ssal kapcsolatban 

nem §ll·, f¿ggetlen rendszerek. 

 

 

6. §bra Mocsaras, n§das vizes ®lŖhely a S·h§t ®szaki oldal§n  

 

¥sszefoglal§s, kºvetkeztet®sek 

A parajdi s·b§nya sajn§latos elºntŖd®s®t kºvetŖen egy speci§lis a felsz²ni ®s felsz²n 

alatti vizek egym§srahat§s§n alapul· hidrodinamikai rendszer jºtt l®tre, ami s·transzport 

folyamatokat ind²tott el. Ez a s·transzport ugyanakkor visszahat a rendszer hidraulik§j§ra 

az idŖben ®s t®rben a koncentr§ci·k v§ltoz§sai miatti hidraulikus potenci§l v§ltoz§sokon 

kereszt¿l. A tanulm§ny ennek a komplex rendszernek a viselked®s®t mutatja be. 

Az elemz®sek alapj§n az elºntºtt b§nya m®lyebben fekvŖ szintjei egy ¼j, stabil, 

egyens¼lyinak tekinthetŖ §llapotba ker¿ltek, ami miatt ezekben a t®rr®szekben legfeljebb 

nagyon lass¼ ®s elhanyagolhat· m®rt®kŤ v§ltoz§sok kºvetkezhetnek csak be.  

A sek®lyebben fekvŖ b§nyat®rs®gek ugyanakkor, k¿lºnºsen a P§rhuzamos-b§nya 

fºd®mszerkezet®nek t®rs®ge, kisebb m®rt®kben a J·zsef-b§nya felsz²n kºzeli ¿regei, ®s 

legkev®sb® a D·zsa-b§nya eml²tett b§ny§khoz, illetve az akn§hoz kºzeli r®szei az idŖvel 

folyamatosan emelkedŖ m®rt®kŤ kock§zatnak vannak kit®ve. Ezekben a t®rs®gekben a 

hidraulikai viszonyok lehetŖv® teszik ®desv²znek a folyamatos besziv§rg§s§t ®s a s·s 

vizek kijut§s§t, ami egy instabil §llapot, ami idŖvel §ll®konys§gi probl®m§khoz vezet ®s 

kºrnyezetv®delmi, sŖt a v²zell§t§s neh®zs®gein kereszt¿l polg§rv®delmi probl®m§kat is 

okoz. Ezt a probl®m§t csak a Korond-patak vizeinek a b§nyaterektŖl tºrt®nŖ 

elszigetel®s®vel lehet megakad§lyozni, aminek t§vlati megold§sa a patak medr®nek a 

S·h§t§n k²v¿l tºrt®nŖ elvezet®se lehet. Amennyiben az ®desvizek, bele®rtve a 

csapad®kvizeket is, dºntŖ r®sze kiz§r§sra ker¿l, akkor lehet a rendszer teljes m®rt®kben 

idŖben stabill§ v§lik, ®s akkor megalapozottan a gazdas§gi lehetŖs®gek ®s t§rsadalmi 
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ig®nyek figyelembev®tel®vel lehet a b§nyat®rs®gek jºvŖj®nek sors§ra vonatkoz· 

megalapozott dºnt®seket meghozni. 

Mivel a jelenlegi §llapot egy®rtelmŤen kedvezŖtlen, mert folyamatos a s· kiold·d§sa, 

ez§ltal a kŖzetek teherviselŖk®pess®g csºkken®se, ez®rt az ®desv²z besziv§rg§s§nak 

kiz§r§sa ®rdek®ben az int®zked®seket mihamarabb c®lszerŤ megtenni. IdŖvel mind a 

kºrnyezeti hat§sok, mind az azok elh§r²t§s§ra teendŖ int®zked®sek egyre probl®m§sabbak 

®s kºlts®gesebbek lehetnek. 

 

Kºszºnetnyilv§n²t§s 

A t®rs®g ®s a probl®makºr r®szletesebb megismer®s®re az EU Polg§ri V®delmi 

Mechanizmusa (EU CPM) §ltal Rom§nia seg²ts®gk®r®s®t kºvetŖen szervezett, n®gy 

magyar, k®t n®met, egy holland ®s egy spanyol szak®rtŖbŖl ®s egy rom§n szakmai 

ºsszekºtŖbŖl §ll· nemzetkºzi szak®rtŖi csoport (EU CPT) munk§ja sor§n volt 

lehetŖs®gem. Itt szeretn®m megkºszºnni az EU ERCC, a BM Orsz§gos 

Katasztr·fav®delmi FŖigazgat·s§g, a szak®rtŖi munk§ban r®szt vevŖ hazai ®s k¿lfºldi 

szak®rtŖk, rom§n hivatalos szervek, miniszt®riumok, c®gek valamennyi munkat§rs§nak 

j· sz§nd®k¼ ®s seg²tŖ kºzremŤkºd®s®t. K¿lºn is szeretn®m kiemelni a Kolozsv§ri 

MŤszaki Egyetem, a Kolozsv§ri Babes-Bolyai Egyetem ®s a Petrozs®nyi Egyetem, 

tov§bb§ SALROM-Salina Praid, a Grupul GeoPraid, a rom§n v²z¿gyi hat·s§g ®s a rom§n 

katasztr·fav®delem t§mogat§s§t ®s munk§j§t, akik n®h§ny nap alatt ·ri§si erŖfesz²t®ssel 

biztos²tott§k a rendszer viselked®s®nek meg®rt®s®hez sz¿ks®ges rendszerezett 

inform§ci·kat ®s adatokat. Ez a cikk az EU ERCC publik§ci·s ir§nyelveinek 

figyelembev®tel®vel k®sz¿lt, ez®rt a cikk puszt§n a t®m§r·l megjelent, nyilv§nosan 

el®rhetŖ ¼js§gcikkekben, honlapi inform§ci·kban, tov§bb§ hivatalos kºzlem®nyekben, 

szakmai publik§ci·kban megjelent inform§ci·kon, valamint term®szettudom§nyos 

alapismereteken alapul. 
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¥sszefoglal· 

Az erd®lyi t§j ugyan gazdag s·s jelens®gekben, legyen az term®szetes (s·forr§sok, s·s §rkok, tavak, gºb®k, 

l§pok ®s s·smezŖk), vagy antropog®n (mesters®ges s·s kutak, s·s tavak) eredetŤ, de ennek ellen®re a 

hirtelen tºrt®nŖ magas s·tartalm¼ v²zzel val· szennyez®s felbor²thatja a foly·k hossz¼ idŖ alatt be§llt 

ºkol·giai egyens¼ly§t. A jelen kºzlem®ny a parajdi b§nyaszerencs®tlens®g §ltal okozhat· ®s okozott magas 

szintŤ ®s eltart· s·szennyez®s hat§s§t vizsg§lja a Kis-K¿k¿llŖ makrogerinctelen popul§ci·ira ®s 

hal§llom§ny§ra. A 2025 m§jus§ban-j¼nius§ban bekºvetkezett b§nyael§raszt§s ut§n a Korond-patak ®s a 

Kis-K¿k¿llŖ viz®nek s·tartalm§t kºvett¿k hat·s§gi jelent®sek illetve saj§t mintav®tel ®s vezetŖk®pess®g 

illetve kloridion m®r®sek alapj§n. Az elŖzetes s·tartalom adatok, illetve nemzetkºzi szakirodalmi 

esettanulm§nyok alapj§n felt®rk®pezt¿k a v§rhat· kºvetkezm®nyeket, amelyek terepszemle alkalm§val 

sajnos be is bizonyosodtak. A tºbbnapos kimagasl· (15-40 g/L) ®s a tart·s 1,5 g/L feletti NaCl tartalom 

kºvetkezm®nye a makrogerinctelenek ®s a halpopul§ci·k teljes kipusztul§sa volt a Korond-patak ®s a Kis-

K¿k¿llŖ ®rintett szaksz§n. Terepi bej§r§sokkal dokument§ltuk makrogerinctelenek (p®ld§ul k®r®sz®k, 

tegzesek, §lk®r®szek, bolhar§kok, csig§k, kev®ssert®jŤ f®rgek stb.) illetve 12 halfaj ®s egy ingolafaj 

kipusztul§s§t a s·szennyez®s hat§s§ra. A b§ny§n§l jelenleg is zajl· munk§latok v®gezt®vel, amelyek a 

s·szennyez®s kiz§r§s§t c®lozt§k meg (a Korond-patak csŖbe terel®se a s·tºmzs kºrny®k®n), beindulhat egy 

lass¼ regener§l·d§si folyamat a Kis-K¿k¿llŖ medr®ben, amennyiben valamilyen ¼ton-m·don siker¿l 

kiv®deni a tel²tett s·sv²zzel feltelt b§nyaj§ratokn§l esetlegesen bekºvetkezŖ nagyobb b§nyabeoml§sok ut§n 

fell®pŖ s·svizes hull§mok hat§s§t. Ebben a regener§l·d§si folyamatban nagy szerep¿k lehet a Kis-K¿k¿llŖ 

mell®kpatakainak, amelyek jelen esetben ref¼giumk®nt szolg§ltak egyes fajok sz§m§ra. Ezen jelenlegi 

helyzet felh²vja a figyelmet a k¿lºnbºzŖ jellegŤ monitoroz§sok (hidrol·giai, kŖzettani, hidrok®miai, 

meteorol·giai, haltani ®s gerinctelenekre vonatkoz·) fontoss§g§ra, ¼gy a megelŖz®s tekintet®ben, mint a 

kialakult katasztr·fa ut§ni helyre§ll§s nyomon kºvet®s®ben. 

 

Kulcsszavak: kloridtartalom, elektromos vezetŖk®pess®g, kºrnyezet szennyez®s, makrogerinctelen ®lŖvil§g, 

halfauna 
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Abstract 

Although the Transylvanian landscape is rich in saline phenomena ï whether natural (salt springs, saline 

ditches, lakes, ponds, marshes, and salt meadows) or anthropogenic (artificial salt wells, salt lakes) ï a 

sudden contamination with high-salinity water can still disrupt the ecological balance of rivers that has 

developed over long periods of time. This report investigates the impact of high-level and prolonged salt 

pollution caused or potentially caused by the mine disaster in Praid on the macroinvertebrate and fish 

populations of the T©rnava MicŁ River. 

Following the flooding of the mine in MayïJune 2025, we monitored the salinity of the Corund Stream and 

the T©rnava MicŁ River based on official reports as well as our own sampling, measuring conductivity and 

chloride ion concentration. Based on preliminary salinity data and international case studies, we mapped 

the expected consequences, which were unfortunately confirmed during field investigations. The result of 

several days of extremely high (15ï40 g/L) and prolonged NaCl concentrations exceeding 1.5 g/L was the 

complete extinction of macroinvertebrates and fish populations along the affected sections of the Corund 

Stream and the T©rnava MicŁ River. 

Field surveys documented the extinction of various macroinvertebrate species (e.g., mayflies, caddisflies, 

stoneflies, amphipods, snails, oligochaetes, etc.) and 12 fish species, as well as one species of lamprey, due 

to the salt pollution. After the completion of the ongoing works at the mine ï which aimed to eliminate 

further salt contamination (by channeling the Corund Stream into a pipe within the salt dome zone) ï a 

slow regeneration process may begin in the bed of the T©rnava MicŁ River, provided that the effects of 

potential saltwater surges following any further collapse of salt-saturated mine passages can be somehow 

mitigated. In this recovery process, the tributaries of the T©rnava MicŁ River can play an important role, as 

in this case they served as refugia for certain species.  

This current situation highlights the importance of various types of monitoring (hydrological, geological, 

hydrochemical, meteorological, ichthyological, and invertebrate-related), both in terms of prevention and 

in tracking recovery after a disaster. 

 

Keywords: chloride content, electrical conductivity, environmental pollution, macroinvertebrate fauna, fish 

fauna 

 

BevezetŖ: S·svizek ®s m§s s·s jelens®gek Erd®lyben 

A Keleti- ®s D®li-K§rp§tok, illetve az Erd®lyi Szigethegys®g §ltal kºr¿lz§rt Erd®lyi-

medence h§rom jellegzetes t²pus¼ §sv§nyv²zben gazdag:  

a) Az ®szaki ®s keleti perem®n, a vulk§ni vonulat kºrny®k®n, savas, ¼n. borv²z 

domin§l, amelynek viselked®s®t nagyon sok jelzŖvel illetik. J§nosi Csaba geol·gus 

szerint ez Ăa felsz²nre tºrt borv²z lehet lobog·, dobog·, fortyog·, poszog·, rotyog·, 

dung·, buffog·, puffog·, s¼g·, hortyog·, tortyog·, fºvŖ, bugyog·, buzog·, 

szortyog· stb.ò (P®ter, 2024). A nagy sz®n-dioxid tartalm¼ borvizek erŖss®g®re a 

forr·, lobog·, dobog· ®s forty·g·, m²g az elapadt, kishozam¼ felsz²ni forr§sokra a 

szortyog·, hortyog· kifejez®st haszn§lj§k.  

b) A m§sodik t²pus¼ term®szetes §sv§nyv²z a flis vagy k§rp§ti homokkŖ ter¿let®n tºr 

a felsz²nre, amely k®n-hidrog®nt tartalmaz, ®s ez®rt nevezik b¿dºs vizeknek.  

c) A harmadik t²pus a s·s forr§sok vizei, amelyek az eg®sz tºrt®nelmi BelsŖ-Erd®lyre 

jellemzŖek. Vannak esetek, ahol a feltºrŖ v²z nem csak k®n-hidrog®nt, hanem 

sz®nhidrog®neket ®s s·t is tartalmaz, ami val·j§ban a b¿dºs v²z ®s a s·s v²z 

kever®ke. Ezek az ¼n. szejke vizek.  

Hogy mennyire gazdag §sv§nyv²z forr§sokban a Keleti-K§rp§tok vonulata mi sem 

jellemzi jobban, mint az azokat le²r· szakcikkek ®s kºnyvek sokas§ga (PricŁjan, 1972; 
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Borsz®ki, 1979; Vernescu, 1988; J§nosi et al. 2009; Feru, 2012; Kisgyºrgy, 2013; RoἨca 

et al. 2016; Kis et al. 2020). 

Az ut·vulk§ni jelens®gnek tulajdon²that· sz®nsavas §sv§nyvizek Ăs·val val· 

szennyez®seò annak tudhat· be, hogy Ăaz Erd®lyi-medence n§trium-kloridos ¿led®k r®teg 

j·csk§n beny¼lik a vulk§ni hegyvonulat kŖzetei al§, ahol ®rintkezve a feltºrŖ v²zzel s·ss§ 

teszi aztò. ErrŖl tan¼skodik a szentegyh§za-kºrny®ki ¼jabb geol·giai §sv§nyv²z 

kutat·f¼r§s is, ahol az Ă§tlagosan 50ï80 m®ter vastags§g¼ vulkanikus r®tegbŖl §raml· v²z 

az borv²z, az alatta tal§lhat· ¿led®kes kŖzetr®tegben m§r s·s v²z tal§lhat·ò (P§l, 2025). 

A 20-22 milli· ®vvel ezelŖtt kialakult, folytonos vagy tºmzsºket alkot· s·lerak·d§s, 

sokszor tºbbsz§z m®teres r®tegvastags§gban (l§sd 1. §bra) megtal§lhat· az Erd®lyi-

medenc®ben. Ez felelŖs a s·s jelens®gek (term®szetes s·forr§sok, s·s §rkok, tavak, gºb®k, 

l§pok ®s s·smezŖk, illetve a mesters®ges s·s kutak, s·s tavak) kialakul§s§®rt. 

 

 
1. §bra Metszet Erd®ly altalaj§ban Torda- Kelemen Havasok ir§ny§ba. A kisebb diap²rok Torda 

kºrny®k®n figyelhetŖek meg, a legnagyobb kiugr§s a parajdi diap²r (TŁmaѽ et al. 2021) 

 

Az erd®lyi t§j s·s jelens®gekben val· gazdags§g§t m§r a 18. sz§zadt·l le²rt§k a 

kataszterek. M§ria-Ter®zia korabeli fontos erd®lyi Ăs·s jelens®gekkelò kapcsolatos 

ºssze²r§sok (Fichtel 1780, Fridwaldski 1767) 120 helys®ghez, a 19. sz§zadban megjelent 

adatok m§r 146 helys®ghez kºtŖdnek (ChintŁuan et al. 2019). Fºldrajzi eloszl§suk kºveti 

a felsz²n alatt elhelyezkedŖ s·r®teget. ĉgy ChintŁuan et al. (2019) szerint Beszterce-

Nasz·d megye 45, Kolozs 34, Feh®r 21, Maros 15, Hargita 15, Szeben 6, Brass· 6, 

Hunyad ®s Kov§szna megye: 2-2 helys®gben jelez ilyen s·s jelens®get. 

Erd®lyszerte a felsz²nhez kºzel l®vŖ kŖs·t m§r r®g·ta b§ny§szt§k. A R·mai Birodalom 

idej®n a s·k®szletek ®s a s·¼tvonalak v®delm®re Ŗrs®get §ll²tottak. A Magyar Kir§lys§g 

alatt az erd®lyi s·b§ny§szat tov§bb folytat·dott. FŖbb helysz²nei V²zakna, Torda, D®s, 

Sz®k, Kolozsakna, R·nasz®k, Szov§ta, k®sŖbb Parajd ®s Maros-Đjv§r. A kŖs· mellett a 

s·s vizek helyi hasznos²t§sa is fontos tev®kenys®gg® v§lt, melyekrŖl tan¼skodnak a s·s 

kutak, a s·s forr§sok (ChintŁuan et al. 2019).  

A s·sv²z akkumul§ci· lehetŖv® tette annak gy·gykezel®sre val· alkalmaz§s§t, eleinte 

csak helyileg, n®pi f¿rdŖk form§j§ban hasznosult a s·l® ®s az iszap, majd idŖvel, fŖleg a 

19. sz§zadt·l kezdve, megjelennek az Ă¼ri s·s feredŖkò, ahol term®szetes vagy meleg²tett 

s·s vizet alkalmaztak k¿lºnbºzŖ kezel®sekre. Ezek a XIX sz§zadi Ă¼ri f¿rdŖkò a 20. 

sz§zad v®g®re a tºmeges f¿rdŖturizmust alapozz§k meg.  

A sz®kelyfºldi S·vid®k is ismert a s·hoz kºthetŖ term®szetes ®s antropog®n s·s 

jelens®gekkel rendelkezŖ neves helys®geirŖl, amelyek kºzºtt a legh²resebbek a 

heliotermikus Medve-t·val rendelkezŖ Szov§ta ®s a b§ny§j§r·l ®s f¿rdŖj®rŖl ismert 

Parajd. Ugyanebben a r®gi·ban l®teznek m§s s·s jelens®gek, mint a korondi s·s vizŤ k¼t 
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®s a Csigadomb alatti Unicum f¿rdŖ. A s·s jelens®gek egyedi nºv®ny- ®s §llatvil§g§t a 

ĂParajdi S·szorosò term®szetv®delmi ter¿let Ŗrizte a nemr®g tºrt®nt katasztr·f§ig. Itt 

alakult ki a jellegzetes s·tŤrŖ fl·ra ®s fauna. A S·szoroson §tfoly· Korond-patak oldva a 

mederben l®vŖ s·t, idŖnk®nt v§ltoztatta szalinit§s§t, amelyhez alkalmazkodott a kºzeli ®s 

a Kis-K¿k¿llŖ mell®ki nºv®ny ®s §llatvil§g.  

Jelen tanulm§nyunk c®lja az volt, hogy felt®rk®pezz¿k, milyen hat§ssal volt a b§nya 

elºnt®s®vel j§r· kºrnyezetszennyez®s a Korond-patak ®s a Kis-K¿k¿llŖ felsŖ szakasz§nak 

®lŖvil§g§ra, k¿lºnºs tekintettel a makrogerinctelenekre ®s a halakra. 
 

Anyag ®s m·dszer 

Felm®r®s¿nk t§rgy§t k®pezŖ Korond-patak ®s Kis-K¿k¿llŖ faun§j§nak vizsg§lata 

®rdek®ben a felm®rt¿k a v²ztestek s·tartalm§t k®t k¿lºnbºzŖ m·dszerrel: meghat§roztuk 

a kloridion koncentr§ci·j§t potenciometri§s titr§l§ssal, illetve megbecs¿lt¿k az oldott 

s·mennyis®get a helysz²ni fajlagos elektromos vezetŖk®pess®gm®r®s alapj§n. A Hach 

gy§rt§s¼ konduktom®ter kalibr§l§s§ra ismert hŖm®rs®kletŤ ®s kloridtartalm¼ oldatot 

alkalmaztunk, a 100 ɛS/cm tartom§nyt·l a 150 mS/cm tartom§nyig.  

A halak, illetve a makrogerinctelen fauna pusztul§s§nak becsl®s®re terepvizsg§latokat 

v®gezt¿nk a Korond-patak ®s a Kis-K¿k¿llŖ ment®n, 2025. j¼nius 13-14-®n, illetve j¼nius 

19-®n, f®nyk®peken ®s vide·felv®teleken is rºgz²tve a tapasztaltakat. 

 

A parajdi b§nyaszerencs®tlens®g elŖzm®nyeinek ®s kºvetkezm®nyeinek 

a bemutat§sa 

A parajdi s·b§nya el§raszt§sa, mint kºrnyezetszennyez®si vesz®lyforr§s 

A kŖs·kitermel®s ®s a nagy¿zemi b§ny§szat tºbb fontos vesz®lyforr§st hordoz 

mag§val. Ezek kºz¿l kettŖ fŖleg a v§llalkoz§st fenyegeti, a tºbbi az ºkosziszt®m§t. A 

b§ny§szat vesz®lyforr§sai a fºldg§z ®s v²z betºr®se az akn§kba. A g§zbeºml®st 

szellŖztet®ssel vagy g§zkitermel®ssel kezelni lehet, ellenben a v²zbetºr®s v®gzetes lehet a 

b§ny§ra ®s ezzel egy¿tt a v§llalkoz§sra. Ez ut·bbi §ltal§ban beoml§ssal fenyegeti a b§ny§t 

®s kºrnyezet®t, a kºzelben levŖ ®desvizeket pedig s·ss§ teszi, ami a kºrnyezŖ 

ºkosziszt®ma gyºkeres §talakul§s§t eredm®nyezheti. 

A Parajdi s·b§nya ®desv²zzel val· tºbb ®vsz§zados kapcsolata (az elsŖ besziv§rg§s 

hat§stalan²t§s§r·l 1762-bŖl van ²rott jelent®s, amikor bivalybŖrrel siker¿lt le§ll²tani a v²z 

betºr®s®t) a Korond-patak ®s a s·tºmzs elhelyezked®s®nek term®szet®bŖl ad·dik. A patak 

tºbb ®vsz§zados munk§j§nak kºvetkezt®ben alakult ki a b§ny§k feletti S·szoros (B§nyai 

J§nos geol·gus szerint a Korond-patak a s·szikl§k v²znyelŖ tºlcs®rei sorozatos 

beszakad§s§val az eredeti medr®n®l m®lyebben fekvŖ szurdokvºlgyet hozott l®tre, 

elt®r²tve a Korond-patak viz®t, ®s lecsapolva a FelsŖ ®s Als· S·falva kºzºtti r®tet bor²t· 

tavat is), amely a felsz²nre tºrt diap²ros s·hegyet kett® v§gta, ®s ®desviz®vel k¿lºnbºzŖ 

m·don alak²totta a v²zszint alatti s·tºmzsºt, kihaszn§lva az idŖkºzben kialakult kisebb 

nagyobb reped®seket, amelyekbe behatolva azokat old§ssal t§gabb§ tette. ĉgy a v²zszint 

alatt a s·tºmzsben komplex s·karsztrendszer alakult ki, ami mindig is vesz®lyt jelentett 

az alatta l®vŖ b§nya¿regekre, ahol a kitermel®s ®ppen folyt. Am²g az ¿regek ®s a patak 
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kºzºtt l®tezett egy j·l z§r· vastag r®teg, addig a sziv§rg§sokat bel¿lrŖl, a b§ny§b·l 

kºnnyen kezelhett®k, kiszivatty¼zva a s·levet.  

Az elm¼lt ®vtizedekben nagyobb idŖintervallumban (elŖszºr tºbb®ves majd ®ves 

periodicit§ssal), majd egyre gyakrabban (®vente tºbbszºr is) tºrt®ntek nagyobb 

besziv§rg§sok vagy betºr®sek. 2007-ben egy szak®rtŖcsapat a vesz®ly elh§r²t§s§ra nem a 

befoly§sok kezel®s®t, hanem a patakmeder elterel®s®t javasolta (De§k et al. 2007). 

Figyelembe v®ve a b§nya elhelyezked®s®t a s·tºmzsben (l§sd 2. §bra) ®s a Korond-patak 

medr®t, a 2007-es felm®r®s egy komplex monitoringrendszer fel§ll²t§s§t is javasolta (l§sd 

a 3. §br§t) a kock§zat-elŖjelz®sre. A hidrol·giai, kŖzettani, hidrok®miai ®s meteorol·giai 

t®nyezŖk egy¿ttes figyelembev®tel®nek c®lja a vesz®lyelh§r²t§s az adatgyŤjt®ssel, 

elŖrejelz®ssel ºsszhangban. Ha a rendszer adatainak feldolgoz§sa sor§n Ă¼gy tŤnik, hogy 

megnŖtt a s¼lyos k§rok kock§zata, a patak medr®nek elterel®s®t lehetne elrendelniò (De§k 

et al. 2007).  

 

 
2. §bra A parajdi s·b§nya 3D modellje (De§k et al. 2007) 

 

A ĂDamoklesz kardò a parajdi s·b§nya felett lebegett ®s ami term®szetes folyamatnak 

bizonyult, be is kºvetkezett 2025. m§jus 27-®n, amikor a Korond-patak utat tºrt mag§nak 

a b§nya belsej®be. A felk®sz¿letlen b§nyav§llalkoz§s katasztr·f§j§hoz egy rendk²v¿li 

nagy §rad§s is hozz§j§rult: a kb. 150-880 L/s §tlaghozam¼ patak 50-60000 L/s 

t®rfogat§ramot is meghaladva ºmlºtt be a s·karszton, old·d§ssal ®s er·zi·val nºvelve a 

befoly§si keresztmetszetet, majd kb. 3-4 nap eltelt®vel a s·b§nya ºsszes szintje teljesen 

feltºltŖdºtt v²zzel.  

A betºrt ®desv²z rombol· hat§s§t mindaddig kifejti m²gnem tel²tett® nem v§lik (1 L 

v²z kb. 360 g s·t k®pes feloldani kºrnyezeti hŖm®rs®kleten). Neh®z elŖre jelezni, hogy a 

v²z mikorra ®ri el a telitetts®gkºzeli §llapotot, hiszen nem csak a kŖs· old·d§si sebess®ge 

a meghat§roz·, hanem f¿gg a nehezen felbecs¿lhetŖ kontakt fel¿let m®ret®tŖl, az 

¿led®kes r®teg geometri§j§t·l, illetve a tov§bbi beoml§sok m®rt®k®tŖl. 
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3. §bra A javasolt monitoring rendszer (De§k et al. 2007) 

 

A tel²tett koncentr§ci·t megkºzel²tŖ §llapot el®r®s®hez sz¿ks®ges idŖ becsl®s®re a 

kezdetben m®rt adatok (el§raszt§si idŖ ®s a m®rt s·koncentr§ci·) ismeret®ben 

meghat§rozhat· az egyszerŤ old·d§si modell seg²ts®g®vel (†
Ͻ
ÌÎ   a fajlagos 

fel¿let  ὥ, Í Í , ahol  Ὧ  a b§nya viz®nek hŖm®rs®klet®n m®rt old·d§si sebess®gi 
t®nyezŖ (ςϽρπ ÍȾÓ; ὅȟὅȟὅ  kezdeti (0,15 g/L), egyens¼lyi (312 g/L), ®s pillanatnyi 

tºm®nys®g (182 g/L), g/L: 
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Ezzel az ®rt®kkel megbecs¿lhetŖ a tel²tetts®ghez kºzeli ®rt®k el®r®s®nek ideje: 

 

†
ȟ Ͻȟ Ͻ

ÌÎ
ȟ

υωπ ĕÒÁ, azaz megkºzel²tŖleg: 24,6 nap. 

 

A val·s m®r®si adatok alapj§n, amelyeket a 4. §bra tartalmaz, 2025. j¼nius 19.-®t (azaz 

a v²zbetºr®s ut§ni 24. napot) jelzik annak a napnak, amikor a tºm®nys®g el®rte a 311 g/L-

t, azaz gyakorlatilag a tel²tetts®ghez kºzeli ®rt®ket. Fontos itt megjegyezni, hogy 2025. 

j¼nius 13-§n volt egy h²gul§s, amely az azelŖtti nap tºrt®nt beoml§s §ltal kiszor²tott s·sv²z 
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®desv²zzel val· p·tl§s§nak tulajdon²that·, amely j¼nius 19. kºrny®k®re m§r ism®t tel²tett® 

v§lt. 

 

 

4. §bra A Telegdy b§ny§ban a v²z s·tartalm§nak v§ltoz§sa, az §llami hat·s§gok kºzl®sei 

nyom§n a sajt·ban (Maszol.ro, Szekelyhon.ro, ZiarHarghita.ro, HargitaNepe.ro) megjelent 

adatok alapj§n 

 

A be§ramlott v²z b§ny§t k§ros²t· m®rt®k®t csak a feloldott s·tartalom szintj®n lehet 

egyelŖre felbecs¿lni. Figyelembe v®ve az el§raszt§si idŖt (90 ·ra) ®s a patak hozam§t (a 

90 ·r§s maxim§lis 60 m3/s 40%-vel sz§molva) a b§ny§ba befolyt v²z t®rfogata kb.: ὠ

†Ͻὠ ωπϽσφππϽπȟτϽφπ χȟχχ άὭὰὰὭĕ Í. Ennek alapj§n a feloldott s·mennyis®g: 

ά χȟχχϽρπϽ ρπππςȟχρψϽρπ ËÇ. A becsl®sek alapj§n teh§t a parajdi 

s·b§ny§ba kºr¿lbel¿l 7,77 milli· m3 ®desv²z jutott be, amely 2,718 milli· tonna s·t oldva 

ki a b§ny§b·l, kb. 8,7 milli· m3 s·l®v® v§ltozott. B§r furcs§nak tŤnik, jelenleg a v²z 

Ăbev®gezteò belsŖ rombol· hat§s§t ®s §rtalmatlannak tŤnik, sŖt a b§nyaszakemberek 

szerint j·t®kony hat§ssal van a b§nya stabilit§s§ra. Ugyanakkor ez a tºm®ny s·oldat 

kijutva a b§ny§b·l kºrnyezettszennyezŖ hat§ssal b²r, fŖleg a befogad·k (Korond-patak ®s 

a Kis-K¿k¿llŖ) faun§j§ra ®s fl·r§j§ra, illetve a Kis-K¿k¿llŖbŖl val· iv·v²zell§t§sra.  

A s·sv²znek a Kis-K¿k¿llŖbe jut§s§nak a vesz®lye mindaddig fenn§ll, am²g a Korond-

patak kommunik§l a s·s b§nyav²zzel. B§rmilyen kisebb nagyobb beoml§s, s·sv²z 

ki§raml§st okoz, amit a patak tov§bb visz, ®s egy¼ttal az egyens¼ly vissza§ll§s§hoz 

®desv²z §ramlik be a b§ny§ba, amely tov§bb rombolja a b§ny§t, vesz®lyeztetve szerkezeti 

stabilit§s§t. A b§nya- ®s hidrol·gus- szakemberek egyet®rtenek abban, hogy 

kºrnyezetv®delmi szempontb·l a legfontosabb tennival· a Korond-patak ®s a b§nyav²z 

kapcsolat§nak a megsz¿ntet®se, amely munk§latok m®g zajlanak: a Korond-patakot k®t 

darab 2 m®ter §tm®rŖjŤ csŖbe terelt®k 2025. j¼lius 29.-®tŖl kezdŖdŖen, a v²zbefog· g§tak 

®p²t®se m®g zajlik.  
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A hat·s§gok §ltal kºzºlt adatok (Sz®kelyhon, Ziarul de Harghita, Hargita N®pe, 

Maszol) ®s saj§t m®r®seink (m®r®si pontjaink: Korond-patak, a b§nya alatt; Kis-K¿k¿llŖ 

- Szov§ta ®s S·v§rad kºzºtt) alapj§n a k®t befogad· (Korond-patak, Kis-K¿k¿llŖ) 

elektromos fajlagos vezetŖk®pess®g®nek ®s n§trium-klorid tartalm§nak 2025. m§jus 27- 

j¼lius 22 kºzºtti idŖszakban tºrt®nt v§ltoz§s§t az 5. ®s 6. §br§kon t¿ntett¿k fel. 

 

 

5. §bra A Korond-patak ®s a Kis-K¿k¿llŖ viz®nek elektromos vezetŖk®pess®ge (s- saj§t 

m®r®seinket jelzik) 

 

 

6. §bra A Korond-patak ®s Kis-K¿k¿llŖ felsŖ szakasz§nak n§trium-klorid tartalma (klorid-

ionb·l §tsz§molva, s- saj§t m®r®sek) 
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A Korond-patak v²zmint§i a S·szoros elŖtti szakaszban kb. 400-1000 mg/L ºsszes 

s·tartalmat mutatnak. A S·sz·r·son §thaladva a v²zmint§k s·tartalma idŖben nagy 

ingadoz§sokat mutatott (5. §bra). A Korond-patak Kis-K¿k¿llŖbe tºrt®nŖ beºml®s®t 

kºvetŖen annak s·tartalma is v§ltozott, kºvetve a patakv²z s·tartalm§nak ingadoz§s§t. A 

Korond-pataki mint§ban 2025. j¼nius 12.-®n, 15.-®n, illetve 19.-®n m®rt l§tv§nyosan 

magas s·tartalom a k¿lt®ri munk§latok ®s a R®gi-, illetve a D·zsa-b§ny§ban tºrt®nŖ 

fºldmozg§soknak volt a kºvetkezm®nye. A 80 g/L kºr¿li pillanatnyi ®rt®k kºzel 

nyolcvanszorosa a patakv²z norm§lis s·tartalm§nak, ami magyar§zza a foly·vizek 

lentebbi szakasz§n bekºvetkezŖ ºkol·giai katasztr·f§t. A 6. §br§n l§that·, hogy 2025. 

j¼nius 19.-e ut§n a beoml§s m®rt®ke lassult, a v²z§temel®s az old§st is megoldotta, ²gy az 

§ltaluk gener§lt s·szennyez®s is m§r kevesebb vesz®llyel j§rt. 

 

£desvizek s·tartalm§nak pillanatnyi ®s tart·s nºveked®s®nek v§rhat· hat§sa a 

makrogerinctelenekre ®s a halakra 

Minden kontinent§lis (sz§razfºldi) v²z tartalmaz tºbb-kevesebb oldott s·t. Hammer 

(1986) sz®leskºrŤen elfogadott kategoriz§l§sa szerint ®desvizekben az ºsszes s·tartalom 

(amelybe a konyhas· is beletartozik) kevesebb, mint 0,5 g/L, szubszalin (enyh®n s·s) 

vizekben 0,5-3 g/L, m²g a 3 g/L-n®l magasabb s·tartalm¼ vizeket s·svizeknek tartjuk. A 

kl²mav§ltoz§s ®s a fokoz·d· urbaniz§ci· miatt az ®desvizek (tavak, foly·vizek stb.) 

s·sabb§ v§l§sa (szaliniz§ci·ja) vil§gm®retŤ jelens®g, ugyanakkor ennek hat§sa a v²zi 

®lŖl®nyegy¿ttesekre m®g j·r®szt ismeretlen (Astorg et al. 2021). 

A v²zben ®lŖ rovarl§rv§kat, k¿lºnbºzŖ csig§kat ®s r§kokat bioindik§tor ®lŖl®nyeknek 

tarj§k, hiszen jelzik a v²z minŖs®g®t ®s annak v§ltoz§s§t, ak§r egy pontszerŤ, egyszeri 

szennyez®s eset®n (ekkor a kºzºss®g ®rz®kenyebb tagjai eltŤnnek), vagy kr·nikus 

szennyez®sek eset®n (a kºzºss®g visszaford²thatatlanul §talakul). Az ®desvizekben 

hirtelen megnŖtt s·tartalom a legtºbb szervezet sz§m§ra fiziol·gi§s stresszt jelent, amely 

g§tolja a fŖbb ®letmŤkºd®seket, ®s az esetek tºbbs®g®ben a szervezetek kipusztul§s§hoz 

vezethet. Ilyen m·don a v²zi kºzºss®gek teljesen §talakulnak, csak a magas 

s·koncentr§ci·t tŤrŖ szervezetek maradnak fenn. Ez a folyamat jelentŖs 

biodiverzit§scsºkken®ssel j§r, ®s ez§ltal az ºkosziszt®maszolg§ltat§sok is csºkkennek ®s 

a term®szetes folyamatok §talakulnak (Keresztes ®s D®nes in M§th® et al. 2025). 

Szaktanulm§ny (Kefford 1998) jelzi, hogy m§r 1 g/L s·tartalom kimutathat· hat§st 

gyakorol sok makrogerinctelen csoportra (pl. k®r®szek, §rvasz¼nyogok, r§kf®l®k), ®s 3-7 

g/L s·tartalom meghaladja a legtºbb makrogerinctelen csoport tŤr®shat§r§t, ®s azok 

elpusztulnak. P®ld§ul egyes vizsg§lt k®r®szl§rv§k (Ephemeroptera: Baetidae) m§r 0,6-

1,86 g/L s·tartalomn§l 50%-os pusztul§st (LC 50 - Lethal concentrations) mutattak 21 

nap ut§n, 6,9 g/L feletti s·koncentr§ci·n§l pedig teljes volt a pusztul§s (Hassel et al. 

2006). 

Milyen hat§sai lehetnek a magasabb s·tartalomnak a foly·vizek halfaun§j§ra? 

A s·koncentr§ci· nºveked®se az ®desvizekben tal§lhat· halfajokra jelentŖs stresszt 

gyakorolhat, mivel ezek a halak alacsony s·tartalm¼ kºrnyezethez alkalmazkodtak. 

A s·koncentr§ci· nºveked®s®nek hat§sai lehetnek: 

1. Ozm·zisnyom§s ®s anyagcsere stressz 
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A megnºvekedett s·tartalom megzavarja a halak ozmoregul§ci·j§t (v²zh§ztart§s§t), 

amely anyagcserezavarokat, nºveked®si visszaes®st ®s ak§r elhull§st is okozhat. Ha a 

halak s·sabb v²zbe ker¿lnek, az ozm·zis kºvetkezt®ben a v²z elkezd kiv§ndorolni a 

test¿kbŖl, hogy kiegyenl²tse a s·koncentr§ci·t, ²gy gyakorlatilag ezek az §llatok 

Ăkisz§radnakò. 

2. Viselked®sbeli v§ltoz§sok 

A s·koncentr§ci· emelked®se befoly§solhatja a halak viselked®s®t, p®ld§ul 

csºkkentheti az aktivit§sukat. A s·sabb v²zbŖl a halak test®be t¼l sok s· ker¿lhet, amit az 

®desv²zi fajok nem tudnak hat®konyan kiv§lasztani, mert nincsenek erre megfelelŖ 

fiziol·giai mechanizmusaik. A hal anyagcser®je fokoz·dik, hogy megpr·b§lja fenntartani 

az egyens¼lyt, ez viszont nagymennyis®gŤ energi§t kºvetel, ez®rt hossz¼t§von kimer²ti a 

halat. 

A s·tŤr®s jelentŖsen elt®r fajonk®nt ®s ®letciklusonk®nt. Egyes ®desv²zi halak, 

k¿lºnºsen a kifejlett p®ld§nyok, jobban toler§lj§k a nºvekvŖ szalinit§st, m²g az ikr§k ®s 

l§rv§k ®rz®kenyebbek. A tŤrŖk®pess®g f¿gg a genetikai h§tt®rtŖl, ®lŖhelytŖl ®s az adott 

popul§ci· s·expoz²ci·s tºrt®net®tŖl is. Ez a k¿lºnbs®g befoly§solja, hogy mely fajok 

maradnak fenn a s·ss§ v§l· vizekben (James et al. 2003). Keffold ®s munkat§rsai (2004) 

egy ausztr§liai kutat§st v®geztek ®desv²zi halfajokkal, ®s meg§llap²tott§k, hogy a kifejlett 

®desv²zi halak LC-e (let§lis koncentr§ci· 50%) 7-15 g/L kºr¿l mozgott (§tlagosan kb. 

10 g/L). Ez azt jelentette, hogy 72 ·ra alatt az enn®l magasabb s·koncentr§ci· m§r a 

popul§ci· fel®re hal§los volt. A halak korai ®letszakaszait (ikra, l§rva) figyelembe v®ve, 

ezek m®g ®rz®kenyebbeknek bizonyultak, ®s az LC  ®rt®k¿k §ltal§ban 4-8 g/L kºzºtt 

volt. Teh§t a s·tartalom nºvel®se m§r alacsonyabb s·koncentr§ci·n§l jelentŖs hal§loz§st 

okozott. 

Az al§bbiakban kit®r¿nk n®h§ny s·toleranci§val kapcsolatos k²s®rlet eredm®nyeire, 

olyan halfajokra n®zve, amelyek a Kis-K¿k¿llŖben vagy a Korond-patakban is ®lnek, 

vagy viszonylag kºzeli rokons§gban (ugyanabban a nemzets®gben) vannak vel¿k. 

Barbus sp. (m§rn§k): A Kis-K¿k¿llŖben a r·zs§s m§rna (Barbus barbus) ®s a Pet®nyi 

m§rna (Barbus petenyi) ®l. Jalali ®s munkat§rsai (2013) vizsg§lt§k a Barbus sharpeyi 

nºveked®si ¿tem®t ®s s·tŤr®s®t k¿lºnbºzŖ s·koncentr§ci·k mellett. Az eredm®nyek 

szerint, a halak 0ï6 g/L s·tartalom mellett nem mutattak jelentŖs nºveked®si k¿lºnbs®get, 

de 9ï15 g/L koncentr§ci·n§l csºkkent a nºveked®s ®s a t¼l®l®si ar§ny. 

Phoxinus sp. (csell®k): A Kis-K¿k¿llŖben a f¿rge cselle (Phoxinus phoxinus) ®l. 

Toepfer ®s Barton (1992) az oxig®nfogyaszt§s m®rt®k®t vizsg§lta k¿lºnbºzŖ 

s·koncentr§ci·k mellett. Az eredm®nyek szerint a s·tartalom nºveked®se befoly§solta az 

anyagcser®t, ami a halak fiziol·giai §llapot§ra volt hat§ssal. 

Az egyik legismertebb hegyvid®ki halfajunk, a sebes pisztr§ng (Salmo trutta), egy 

24 ·r§s teszt sor§n 71ï92% mortalit§st mutatott 32ï35 g/L s·koncentr§ci·j¼ 

tengerv²zben, ami meghaladja a faj toleranci§j§t. A faj sz§m§ra a toler§lhat· felsŖ 

s·koncentr§ci· val·sz²nŤleg 15 g/L alatt, azaz brakkv²z-tartom§nyban van (Urke et al. 

2009). Fontos azonban a halfajok ®letciklusa sor§n a k¿lºnbºzŖ szakaszokban is 

megfigyelni a s·toleranci§t, hisz a vizeinkben k¿lºnbºzŖ ®letszakaszban l®vŖ egyedeikre 

ugyanaz a nyom§s h§rul. A pisztr§ngivad®kok nºveked®se ®s t¼l®l®se optim§lis 0ï5 g/L 

s·koncentr§ci· kºzºtt, m²g 5ï10 g/L kºzºtt m§r csºkken®st tapasztalnak. A 10 g/L 
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s·koncentr§ci· fºlºtt jelentŖs k§rosod§s l®p fel mind a nºveked®sben, mind a t¼l®l®sben 

(Zhang, 2020). 

Az eur·pai s¿g®r (Perca fluviatilis) 72 ·r§s t¼l®l®se kb. 70% kºr¿l van 10 g/L 

s·koncentr§ci·n§l, de 15 g/L-n®l m§r csak 20ï30%-os, 20 g/L fºlºtt pedig gyakorlatilag 

0%. A s·tartalom nºveked®se csºkkenti a halak nºveked®si ¿tem®t, k¿lºnºsen 10 g/L 

felett. A magasabb v²zhŖm®rs®klet tov§bb rontja a s·tŤr®st, ®s jelentŖsen csºkken a 

t¼l®l®s (Overton et al. 2008). 

A hegyvid®ki ®s magas dombvid®ki szakaszokon ®lŖ botos kºlºnte (Cottus gobio) 

t¼l®l a Balti-tenger brakkvizes partmenti ter¿letein (legfeljebb 6-7 g/L koncentr§ci·), de 

terjed®s®nek a magasabb koncentr§ci·k g§tat szabtak (Koli, 1969). 

A s·koncentr§ci· hat§sa a halakra nagym®rt®kben f¿gg az adott kºrnyezeti 

hat§sok/param®terek (pl. v²zhŖm®rs®klet, oxig®ntartalom stb.) ®rt®keitŖl. Ugyanakkor, 

meg kell eml²teni egy m§sik, nagyon fontos t®nyezŖt, az idŖt. Nem mindegy, hogy ezek 

az §llatok egy napig vagy egy h·napig vannak kit®ve a s·stressznek. A tºbb h·napos 

kitetts®g eset®n az eml²tett ®rt®kek ak§r tºred®kei is komoly probl®m§kat okozhatnak. 

 

A makrogerinctelen fauna kipusztul§sa a Kis-K¿k¿llŖ felsŖ szakasz§r·l 

2025. j¼nius 19-®n helysz²ni m®r®seket v®gezt¿nk a Kis-K¿k¿llŖ S·v§rad fºlºtti 

r®sz®n, a Szov§ta-patak beºml®s®tŖl kb. 1,5 kilom®terrel lentebb a helysz²ni m®r®s a 

vezetŖk®pess®gre 17 mS/cm ®rt®ket mutatott (kb. 11,2 g/L s·tartalom), amely kisebbnek 

bizonyult, mint az egy h®ttel kor§bbi 21,5 mS/cm (14,17 g/L). A partmenti z·n§ban az 

§tl§tsz·bb v²z megfigyelhetŖv® tette a pusztul§st, amelynek bekºvetkezt®t sejteni lehetett: 

tºbb sz§z rovar (²gy p®ld§ul k®r®sz®k, tegzesek, §lk®r®szek) ®s m§s gerinctelen §llat (pl. 

bolhar§kok, csig§k, kev®ssert®jŤ f®rgek) tetemei hevertek, illetve lassan sodr·dtak lefel® 

a partmenti sek®lyebb mederr®szekben. A helysz²nen tapasztaltak alapj§n kijelenthetŖ, 

hogy gyakorlatilag a teljes makroszkopikus v²zi gerinctelen fauna elpusztult a magasabb 

s·tartalom §ltal ®rintett Kis-K¿k¿llŖ S·v§rad feletti r®sz®n (K®p 1ï4).  

 

  

K®p 1 Elpusztult rovarok a Kis-K¿k¿llŖ 

partmenti z·n§j§ban, S·v§rad felett  

(Fot·: M§th® Istv§n, 2025.06.19) 

K®p 2 A szºvŖtegzesek nemzets®g®hez 

(Hydropsyche sp.) tartoz· l§rvatetem  

(Fot·: Zsigmond Andrea-Rebeka, 2025.06.19) 
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K®p 3 A Kis-K¿k¿llŖben idegenhonos tºmzsi 

h·lyagcsiga (Physella acuta) faj teteme (Fot·: 

Zsigmond Andrea-Rebeka, 2025.06.19) 

K®p 4 Kis §gacsk§n fennakadt kev®ssert®jŤ 

gyŤrŤsf®reg (Oligochaeta) teteme a Kis-

K¿k¿llŖben (Fot·: M§th® Istv§n, 2025.06.19) 

 

Tulajdonk®ppen nem is tudjuk, hogy pontosan milyen kºzºss®g pusztult el, mind errŖl 

csak sejt®s¿nk lehet, hiszen a legut·bbi publik§lt adatok a Kis-K¿k¿llŖ makrogerinctelen 

faun§j§ra n®zve 2005-bŖl sz§rmaznak, ®s ezek is sz·rv§nyosak. Ezen vizsg§latokb·l 

tudjuk p®ld§ul, hogy a Kis-K¿k¿llŖ Szov§ta-kºrny®ki szakasz§n, illetve al§bb is, 

megtal§lhat· az aljzat kºveire tapad· sapkacsiga (Ancylus fluviatilis), a Natura 2000-es 

v®detts®gŤ tompa folyamkagyl· (Unio crassus), a ragadoz· ºrv®nytegzes (Rhyacophila 

tristis), a Ăsisakos tegzesò (Sericostoma schneideri), vagy a k¿lºnbºzŖ szºvŖtegzes 

(Hydropsyche) fajok. 

A Kis-K¿k¿llŖben levŖ jelenlegi ï a magas s·tartalom §ltal ®rintett szakasz§ra 

vonatkoz·an kor§bban lekºzºlt ï fajok dºntŖ tºbbs®ge az ®rz®kenyebb, ¼gynevezett 

indik§torfajok kºz® sorolhat·ak, vagyis, ha ezek meg®lnek egy adott foly·szakaszon, 

akkor bizonyosan m®g j·val tºbb, kev®sb® ®rz®keny faj k®pviselŖinek is ott kellett volna 

lenni¿k, m®g ha nem is vizsg§lt§k kellŖ r®szletess®ggel Ŗket. Ezek az indik§torfajok a 

viszonylag §lland· kºrnyezetnek tekinthetŖ hegyvid®ki v²zfoly§sokhoz alkalmazkodtak, 

a kºrnyezeti v§ltoz§sokra ï ak§r csak az oldott oxig®ntartalom csºkken®s®re is ï igen 

®rz®kenyen reag§lnak. A mostani drasztikus s·koncentr§ci· emelked®s teljesen 

felbor²totta az egyedek s·-v²z h§ztart§s§t, a v®kony k¿ltakar·juk biztosan nem tudta 

megakad§lyozni a v²z ki§raml§s§t, ®lettani ®rtelemben gyakorlatilag kisz§radtak a v²zben. 

 

A makrogerinctelen fauna kipusztul§sa a Kis-K¿k¿llŖ felsŖ szakasz§r·l 

A 2025. j¼nius 10-ei jelentŖs s·koncentr§ci·-nºveked®s ut§n m§r j¼nius 11-®n 

megfigyelhetŖ volt, hogy a Kis-K¿k¿llŖben halpusztul§s tºrt®nt. 2025. j¼nius 13ï14-®n 

haltani vizsg§latokat v®gezt¿nk, melynek c®lja az addigra m§r gyakorlatilag elpusztult 

halfauna felt®rk®pez®se volt a Kis-K¿k¿llŖ ment®n. A Korond-patak beºml®s®tŖl 

kiindulva lefel® haladtunk az egyes¿lt K¿k¿llŖig, ®s nagyj§b·l t²z kilom®terenk®nt 

vizsg§ltuk meg a szemmel is l§that·an elpusztult halakat a partmenti, csendesebb 

szakaszokon, illetve megm®rt¿k a v²z elektromos vezetŖk®pess®g®t, amely szorosan 

ºsszef¿gg a s·tartalommal. A vezetŖk®pess®gi adatokb·l megbecs¿lhetŖ az adott v²z 

konyhas· (azaz n§trium-klorid) tartalma, illetve a kloridion koncentr§ci·ja. 

ErdŖszentgyºrgy fºlºtt, m®g a Bºzºdi-t·b·l jºvŖ K¿smºd-patak§nak beºml®se fºlºtt a 
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Kis-K¿k¿llŖ vezetŖk®pess®ge 23,7 mS/cm volt, ami megfelel 15,62 g/L s·tartalomnak, 

illetve 9,48 g/L kloridion koncentr§ci·nak. Ez ut·bbi ®rt®k 38-szorosa az iv·vizek 

eset®ben megengedett maxim§lis kloridion-tartalomnak (0,25 g/L). A Bºzºdi-t·b·l 

sz§rmaz· K¿smºd-patak viz®nek vezetŖk®pes®ge 0,43 mS/cm volt, azaz tºbb mint 50-

szer kevesebb a s·tartalma, mint a Kis-K¿k¿llŖnek, amibe belefolyik. FŖk®nt ennek a 

h²g²t§snak a hat§s§ra D²csŖszentm§rton alatt a Kis-K¿k¿llŖ vezetŖk®pess®ge 7,48 

mS/cm-re csºkkent, amely ®rt®k kb. 5 g/L s·tartalomnak ®s 3,05 g/L kloridion 

koncentr§ci·nak feleltethetŖ meg, ez m®g mindig 14-szerese a megengedett maxim§lis 

kloridion-tartalomnak. Bal§zsfalv§n§l a Kis-K¿k¿llŖ vezetŖk®pess®ge 6,7 mS/cm volt 

(s·tartalma 4,41 g/L, kloridion 2,68 g/L). A Kis-K¿k¿llŖ ®s a Nagy-K¿k¿llŖ ºsszefoly§sa 

alatt elhelyezkedŖ TŤr (Tiur) telep¿l®sn®l az egyes¿lt K¿k¿llŖk viz®nek vezetŖk®pess®ge 

l§tv§nyosan lecsºkkent, ®rt®ke 1,1 mS/cm volt, amely ®rt®k 0,725 g/L s·tartalomnak, 

illetve 0,44 g/L kloridion-koncentr§ci·nak felel meg, azaz itt a kloridion-tartalom m§r 

csak k®tszer haladja meg az iv·vizekre vonatkoz· hat§r®rt®ket. 

 

 

7. §bra A halfelm®r®si vizsg§lat (2025. j¼nius 13ï14.) eredm®nyei 

 

A halfelm®r®si vizsg§latokat jelentŖsen nehez²tette, hogy a v²z erŖsen zavaros volt: a 

magas s·koncentr§ci· ®s a v²z §ltal sz§ll²tott lebegŖanyag miatt a v²zben a l§t·t§vols§g 

minim§lisra csºkkent, az op§los v²zben a m®lyebb r®szeken a mederfen®ken fekvŖ 

haltetemek nem voltak l§that·k. Ennek ellen®re tºbb helyen mellcsizma seg²ts®g®vel a 

foly· medr®ben is v®gezt¿nk felm®r®seket. 

Vizsg§lataink alapj§n ºsszesen 12 halfaj ®s egy ingolafaj pusztul§s§t siker¿lt 

dokument§lnunk (7. §bra, K®p 5ï10). Felt®telezhetŖ azonban, hogy az ®rintett fajok 

sz§ma j·val magasabb, mivel sz§mos elpusztult egyed az aljzaton maradt, ®s a m®lyebb 

szakaszokon ezek azonos²t§sa szinte lehetetlen. A v²z zavaross§ga, a lentebbi 
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szakaszokon tal§lhat· m®lyebb vizek ®s a haltetemeknek a v²zfen®kre s¿llyed®s®nek 

kºszºnhetŖen, adataink nem reprezent§lj§k megfelelŖ m·don sem az elpusztult fajok 

ar§ny§t, sem az elpusztult fajok ºsszet®tel®t. Amint az a 7-es §br§n is l§that·, a legtºbb 

elpusztult egyed®t a sujt§sos k¿sznek ®s a kºvi cs²knak siker¿lt azonos²tani, m²g a 

harmadik legnagyobb egyedsz§mban azonos²tott faj a fejes domolyk·, a negyedik pedig 

a kŖf¼r· cs²k volt. Ezen n®gy faj kºz¿l h§rom kis m®retŤ fajnak sz§m²t (10 cm-n®l kisebb 

standard testhosszt ®rnek el), ugyanakkor az egyed¿li faj ezek kºz¿l, amelyik nagyobbra 

nŖ (fejes domolyk·) is csak fiatal, kis m®retŤ egyedekkel volt reprezent§lva az elpusztult 

halak lajstrom§ban. A vizsg§lt szakaszon kor§bban tºmegesen jelen l®vŖ, nagyobb 

testm®retet el®rŖ paduc (Nagy et al. 2023) egyedeit p®ld§ul csak igen kis egyedsz§mban 

siker¿lt azonos²tani, ami arra enged kºvetkeztetni, hogy a nagyobb m®retŤ egyedek vagy 

les¿llyedtek a meder alj§ra, vagy pedig a v²z j·val lentebbi szakaszokra sodorta Ŗket. Ez 

ut·bbi felt®telez®s el®g val·sz²nŤtlen, ugyanis vizsg§lataink alatt az als·bb szakaszokat 

is ellenŖrizt¿k, nagyobb egyedeket ott is keveset tal§ltunk. ElsŖ felt®telez®s¿nk az volt, 

hogy a szennyez®s a nagyobb egyedeket nem igaz§n ®rintette, de a helyi lakosok §ltal, 

k®zkºzh§l· seg²ts®g®vel ter²t®kre ker¿lt, elpusztult egyedek m®retei ezen 

felt®telez®s¿nket megc§folt§k. 

Ezek alapj§n elmondhatjuk, hogy felm®r®seink eredm®nyei kºzt a nagyobb m®retŤ 

fajok ®s egyedek alul vannak reprezent§lva, nagyobb egyedsz§mban szerepelnek a kisebb 

fajok egyedei, amelyeket a v²z kºnnyen a partmenti ºvezetbe, vagy a kisebb ºrv®nyek 

kºrny®k®re gyŤjtºtt ºssze, ahol ezeket kºnnyŤ volt azonos²tani (7. K®p). 

Ugyanakkor, fontos megeml²teni, hogy a kor§bbi ®vekben a Kis-K¿k¿llŖbŖl 

azonos²tott 25 halfajb·l ®s egy ingolafajb·l (Nagy et al. 2023) nagy val·sz²nŤs®g szerint 

az §ltalunk azonos²tott 12 halfajn§l ®s egy ingolafajn§l j·val tºbbet ®rintett a szennyez®s, 

viszont a ritk§bb fajok megtal§l§si es®lyei j·val alacsonyabbak voltak. 

 

 
 

K®p 5 Elpusztult Pet®nyi-m§rna (Fot·: Kelemen Alp§r, 

2025.06.13) 

K®p 6 Elpusztult kŖf¼r· cs²k (Fot·: Kelemen 

Alp§r, 2025.06.13) 
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K®p 7 Elpusztult halak a partmenti r®szeken 

(Fot·: Kelemen Alp§r, 2025.06.13) 

K®p 8 Halak gy¿lekeznek egy csermely 

befoly§s§n§l, ahol ®desv²zhez juthatnak. A 

csermely azonban olyan kicsi, hogy a halak 

sz§m§ra a fel¼sz§s szinte es®lytelen (Fot·: 

Kelemen Alp§r, 2025.06.14) 

 

  

K®p. 9 Elpusztult erd®lyi ingola (Fot·: Kelemen Alp§r, 

2025.06.14) 

K®p 10 Elpusztult kºvi cs²k (Fot·: Kelemen 

Alp§r, 2025.06.14) 

 

Tanuls§gok egy ºkol·giai katasztr·fa nyom§n 

A parajdi katasztr·fa ®s az ehhez hasonl· esetek vil§g²tanak r§ arra, mennyire fontos 

az ®lŖvil§g rendszeres monitoroz§sa. A Kis-K¿k¿llŖ hal§llom§ny§nak utols· §tfog· 

felm®r®s®re 2014-ben ker¿lt sor, amikor a Ny§r§d- ®s Kis-K¿k¿llŖ-menti v®dett ter¿letek 

kezel®si terve k®sz¿lt. A vizsg§lat akkor is elsŖsorban a Natura 2000-es jelºlŖ fajokra 

ir§nyult. A 2014-es felm®r®s sor§n 25 halfajt ®s egy ingolafajt siker¿lt kimutatni a Kis-

K¿k¿llŖbŖl ®s mell®kpatakjaib·l. A rendszeres gyakoris§ggal begyŤjtºtt adatok 

hi§ny§ban jelenleg csak a 2014-es §llapotra tudunk viszony²tani. A k§rfelm®r®s, ami 

jelenleg is folyamatban van ï ®s amit mindaddig folytatni kell, am²g a s·s v²zzel tºrt®nŖ 

szennyez®s teljesen meg nem szŤnik ï, azt jelzi, hogy a 2014-ben kimutatott halfauna 

fel®nek k®pviselŖit az elpusztult egyedek kºzºtt tal§ljuk. Nagy val·sz²nŤs®ggel a 

kºvetkezŖ idŖszakban tov§bbi fajok is gyarap²tani fogj§k a list§t, hiszen ekkora m®rt®kŤ 

s·terhel®st val·sz²nŤleg egyetlen hal- vagy ingolafaj sem k®pes t¼l®lni. £pp ez®rt 

elengedhetetlen egy alapos ºkol·giai §llapotfelm®r®s, hogy pontosan meg lehessen 

hat§rozni, mi az, ami t¼l®lte a Kis-K¿k¿llŖben ezt a hosszan tart· s·terhel®st. Ugyanakkor 
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fontos lenne a Kis-K¿k¿llŖbe ºmlŖ mell®kpatakok faun§j§nak vizsg§lata is, hogy 

l§that·v§ v§ljon, mely fajok k®pesek term®szetes ¼ton visszatelep¿lni a fŖ§gba ezekbŖl 

az ®lŖhelyekbŖl, amelyek jelen szennyez®s eset®ben ref¼giumk®nt szolg§ltak bizonyos 

fajok sz§m§ra. A Kis-K¿k¿llŖ ºkol·giai helyre§ll²t§sa ®rdek®ben m§r most el kellene 

kezdeni a munk§latokat, k¿lºnºs tekintettel a v²zfoly§sban tal§lhat· akad§lyok 

elt§vol²t§s§ra, hogy a halak az als·bb, kev®sb® szennyezett szakaszokr·l ï vagy ak§r az 

egyes¿lt K¿k¿llŖbŖl, illetve a Marosb·l ï term®szetes ¼ton vissza tudjanak telep¿lni. 

Jelenleg a sz§mos g§t ®s mederl®pcsŖ g§tolja a halak szabad mozg§s§t, ®s ²gy 

akad§lyozz§k a term®szetes visszatelep¿l®st. 

Fontos hangs¼lyozni, hogy a haltelep²t®s nem jelent val·di megold§st a kialakult 

probl®m§ra. Az ilyen beavatkoz§sok sor§n §ltal§ban csak gazdas§gilag fontos fajokat 

telep²tenek (pl. ponty, pisztr§ng), sŖt, esetenk®nt invaz²v vagy t§jidegen fajok is 

beker¿lhetnek a v²zbe (pl. ez¿stk§r§sz), ami s¼lyosb²tja az ºkol·giai terhel®st. Komoly 

probl®m§t jelent az is, hogy §ltal§ban nem az adott ®lŖhelyrŖl, v²zgyŤjtŖbŖl sz§rmaz· 

egyedeket szapor²tj§k, hanem m§s v²zgyŤjtŖkbŖl begyŤjtºtt ®s szapor²tott, olykor 

®vtizedekig t·gazdas§gokban nevelt egyedeknek az ut·dait telep²tik, amelyek 

genetikailag teljesen m§s kºr¿lm®nyekhez alkalmazkodtak. Ezek a k²v¿lrŖl ®rkezŖ 

egyedek az adott ®lŖhelyen tal§lhat· fajok genetikai diverzit§s§nak csºkken®s®hez, 

degrad§l·d§s§hoz vezethetnek.  

M®g korai tal§lgatni, hogy mikor fog a v²zi makrogerinctelen kºzºss®g r®szlegesen 

vagy teljes m®rt®kben regener§l·dni, hiszen a pusztul§s m®rt®k®t sem ismerj¿k pontosan. 

A parajdi b§nyaszerencs®tlens®g §ltal nem ®rintett felsŖbb szakaszokr·l, a betorkoll· 

befoly·kb·l minden bizonnyal jelenleg is folyamatosan sodr·dnak le 

makrogerinctelenek. Addig azonban, am²g nem csºkken jelentŖsen a v²z s·tartalma, 

sajnos ezeknek az ¼jonnan ®rkezŖknek sincs nagy es®ly¿k a t¼l®l®sre. Ugyanakkor, amint 

a helyzet normaliz§l·dik, a beteleped®s sodr·d§ssal, illetve a rºpk®pes fajok eset®ben 

berep¿l®ssel, egyre sikeresebb lehet. Alv²zi ir§nyb·l is meg fog kezdŖdni a migr§ci·, b§r 

ez j·val lassabb folyamat lesz a rºpk®ptelen fajok eset®ben, hiszen ebbŖl az ir§nyb·l az 

§rral szembeni akt²v v§ndorl§ssal tºrt®nik a ben®pes¿l®s.  

A fentieket figyelembe v®ve n®h§ny ®ven bel¿l is ak§r l§tv§nyos javul§s v§rhat·, 

ugyanakkor n®h§ny tucat makrogerinctelen faj visszatelep¿l®se m®g nem jelenti 

felt®tlen¿l a sikert, hiszen nemcsak fajok, hanem egym§ssal interakci·ban l®vŖ fajok 

®letkºzºss®ge, azaz teljes t§pl§l®kl§ncok tŤntek el. P®ld§ul a v²zi makrogerinctelenek 

fontos t§pl§l®kb§zis§t jelentik a halaknak ®s sok m§s gerinces §llatnak. Egy ragadoz· §llat 

nem lesz k®pes visszatelepedni a foly·ba a tapl§l®kfaun§ja n®lk¿l, m®g ha azt a v²z 

minŖs®ge lehetŖv® is tenn®. V§rhat·an a teljes regener§l·d§s csak l®pcsŖzetesen, ®veken, 

ak§r ®vtizedeken kereszt¿l fog megtºrt®nni.   

Minden bizonnyal a jelenleg is zajl· pusztul§s pontos dokument§l§sa mellett fontos 

lenne a jºvŖben a v²zi ®lŖl®nyegy¿ttesek, ²gy a fajgazdag makrogerinctelen faun§t is 

nyomon kºvetni, monitorozni, ®s sz¿ks®g eset®n seg²teni a mŤkºdŖk®pes fajegy¿ttesek 

¼jb·li l®trejºtt®t. 
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Kºvetkeztet®sek 

A parajdi v²zbetºr®s a s·b§ny§ba val·j§ban sokr®tŤ okokra vezethetŖ vissza. 

Gondolunk itt elsŖsorban:  

Á A b§nyav®delem hi§ny§ra - a kitermel®si peremen t¼li z·na v®delm®nek a 

meghat§roz§s§ra (b§r ismert volt a Korond-patak S·szorosban kifejtett hat§sa, a 

patak v²zgyŤjtŖ ter¿let®re semmilyen v®delmi int®zked®s nem volt meghonos²tva); 

Á A patakmeder oly m®retŤ szab§lyoz§s§ra (az elkºltºztet®st is mag§ba foglalta 

volna), amely a betºr®st megg§tolja; 

Á Valamint a kock§zat felm®r®sre alapul· gyors int®zked®si tervre.  

Neh®z felm®rni, hogy milyen hat§st gyakorolt a jelenlegi parajdi b§nya v²z al§ ker¿l®se 

Parajdra ®s a Kis-K¿k¿llŖ ment®re. A b§nya el§raszt§sa, a Korond-patak s·tartalm§nak 

drasztikus nºveked®se, az oml§svesz®ly fenn§ll§sa nemcsak a telep¿l®s mindennapjait 

v§ltoztatta meg, hanem ºkol·giai katasztr·fa fel® sodorta a Kis-K¿k¿llŖ ment®t tºbb 

kilom®ter t§vols§gban. Az is biztos, hogy a v²zbetºr®s ºkol·giai hat§son t¼lmenŖen 

t§rsadalmi, etnikai ®s politikai vonzattal is j§r, ®s ahogy P®ter L§szl· szociol·gus 

megfogalmazta: Ăa parajdi helyzet nem lok§lis, hanem region§lis kr²zis, egyszersmind a 

tervez®s, valamint a szak®rtelem tart·s mellŖz®s®nek kr²ziseò (https://peterlaci. 

blogspot.com/2025/06/nehany-hevenyeszett-gondolat-parajdi.html?m=1).  

Felm®r®seink bizony²tj§k, hogy a makrogerinctelenek ®s a halpopul§ci·k hossz¼t§v¼ 

vesztes®get szenvedtek a Kis-K¿k¿llŖben, nagyon sok faj elpusztult a s·s v²z hat§s§ra. A 

tart·s magas s·szint, amely meghaladja a 1,5 g/L ®s az idŖszakos, nagyon magas 

s·tartalom (40 g/L kºr¿li) egyre k§rosabb hat§ssal van a foly· teljes ®letkºzºss®g®re. ĉgy 

elmondhat·, hogy a jelenlegi munk§latok v®gezt®vel, amelyek a s·szennyez®s kiz§r§s§t 

c®lozt§k meg, beindulhat egy lass¼ helyre§ll§si folyamat, ami lehets®ges, hogy nem hozza 

vissza a b§nyaszerencs®tlens®g elŖtti §llapotot, de tart·s javul§sba kezdhetnek a 

v²zfoly§sok. Erre az optimista kºvetkeztet®sre egy r®gebbi parajdi katasztr·fa ut§ni 

vissza§ll§s ad t§maszt, amikor a b§nya melletti f¿rdŖ g§tszakakad§s kºvetkezt®ben 

(1938) pillanatok alatt elvesz²tette koncentr§lt s·s viz®t, ®s s·s §rhull§mot okozott a Kis-

K¿k¿llŖn kipuszt²tva annak hal§llom§ny§t tºbb ezer m®teres szakaszon 

(https://www.salinapraid.ro/parajdi-sos-strand-bemutatasa). Ezen jelenlegi helyzet 

felh²vja a figyelmet a k¿lºnbºzŖ jellegŤ monitoroz§sok (hidrol·giai, kŖzettani, 

hidrok®miai, meteorol·giai, haltani ®s gerinctelenekre vonatkoz·) fontoss§g§ra, ¼gy a 

megelŖz®s tekintet®ben, mint a kialakult katasztr·fa ut§ni helyre§ll§s nyomon 

kºvet®s®ben. 
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¥sszefoglal· 

Humankind is facing new, unprecedented environmental, economic, social and cultural challenges, where 

the need of transdisciplinary solutions on ecosystem level became paramount since no single discipline 

alone can provide answers to these complex questions. Guided by the holistic concept of Earth System 

Science, the European Ecocycles Society was founded to enhance the development of applied research, 

education, economic and social organization, the conservation of natural and cultural environment, the 

preservation and protection of flora and fauna, and the sustainable use of natural and human resources. 

Furthermore, the Society aims to establish and maintain links between professionals working in applied 

scientific research, education, manufacturing, distribution, technical administration, industrial production, 

agriculture, government agencies and public bodies and the public and private service sector. 

 

Kulcsszavak: ºkol·giai ciklusok, ºkosziszt®ma-szolg§ltat§sok, t§jºkol·gia, kºrnyezetv®delem, fenntarthat· 

fejlŖd®s 
 

Abstract 

Humankind is facing new, unprecedented environmental, economic, social and cultural challenges, where 

the need of transdisciplinary solutions on ecosystem level became paramount since no single discipline 

alone can provide answers to these complex questions. Guided by the holistic concept of Earth System 

Science, the European Ecocycles Society was founded to enhance the development of applied research, 

education, economic and social organization, the conservation of natural and cultural environment, the 

preservation and protection of flora and fauna, and the sustainable use of natural and human resources. 

Furthermore, the Society aims to establish and maintain links between professionals working in applied 

scientific research, education, manufacturing, distribution, technical administration, industrial production, 

agriculture, government agencies and public bodies and the public and private service sector. 

 

Keywords: ecological cycles, ecosystem services, landscape ecology, environmental protection, sustainable 

development 

 

Introduction  

To fully understand the concept of sustainability, it is essential to understand the 

structure and cycles of earth systems, one of the most important components of which is 

a well-organised, complementary system of biogeochemical cycles (Ribeiro and 
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Vasconcelos, 2025; Zaitchik et al. 2012). Earth System Science is a relatively young 

synthetic discipline, in fact reflecting the holistic Gaia hypothesis, which primarily 

investigates the dynamic relationships and interactions of the Earth's "spheres" 

(atmosphere, hydrosphere, cryosphere, geosphere (lithosphere + pedosphere), biosphere, 

magnetosphere, anthroposphere). Such a detailed division of the Earth's spheres is 

strongly justified from a systems science perspective, particularly regarding the impact 

of human activities on Earth systems (Caudill et al. 2024; Steffen et al. 2020). In a broader 

sense, earth systems science thus brings together the natural and social sciences into a 

practical system, using systems science to link (or more precisely, to emphasise the 

inherent links) between ecology, ecosystem science, geology, palaeontology, glaciology, 

meteorology, climatology, oceanography, space science, landscape architecture, 

economics, sociology, ecological sociology and cultural heritage conservation. It was this 

approach that led the renowned American meteorologist and systems scientist Francis P. 

Bretherton to create the famous Bretherton diagram, which sees the activities of human 

society as a single element that affects the earth's ecosystems, natural resources, and 

influences climate change (Bretherton, 1989). Based on the concept of merging Earth 

System Science, economics and social sciences, the idea of an international 

transdisciplinary scientific society, the European Ecocycles Society (EURECYS) was 

conceived in 2012 in Alnarp (Sweden) at the Swedish University of Agricultural 

Sciences, by teachers and students of the "Sustainable Development Through Ecological 

Cycles (Ecocycles)" Erasmus intensive program. Finally, after a long organization and 

platform creating work, the Society was registered on February 28, 2013, with 

headquarters in Gyºngyºs, Hungary, by the Eger City Court. The European Ecocycles 

Society has been created and developed by researchers, professional environmentalists, 

social scientists, humanists, economists, and regional developers, who adopt the holistic, 

interdisciplinary, ecosystem and ecocycle-based approach to applied research and 

education in Earth System Science, landscape management, conservation and ecology 

and are willing to contribute with their competences, skills and transdisciplinary 

understanding to a new, sustainable and regenerative development. The headquarters 

have been moved to the village of Kehidakust§ny in 2023. Since its establishment, the 

Society has developed a considerable international scientific network with contacts in 

more than 25 countries. 

The fundamental objective of the Society is to represent the cause of sustainable 

development to decision-makers, professionals and society within the framework of an 

open organization. Its aim is to maintain opportunities for professional dialogue and 

expression of opinion, and to establish scientific and professional links between 

professionals working in research, education, manufacturing, distribution, technical 

administration, industrial production, agriculture and the service sector. It also aims to 

promote research, education, economic and social organization, enhancing the utilization 

and development of experience, raising the level of education, and through all of this, 

promoting human health, the conservation of natural and cultural environment, the 

preservation and protection of flora and fauna, and the sustainable use and development 

of natural and human resources. Its further objectives are to maintain opportunities for 

professional dialogue and expression of opinion, and to establish scientific and 
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professional links between professionals working in research, education, manufacturing, 

distribution, technical administration, industrial production, agriculture and the service 

sector. The Society also organizes conferences and workshops and participates in 

international competitions. 

 

The functions and key subject areas of European Ecocycles Society 

The functions of European Ecocycles Society mirror its wide transdisciplinary concept 

concerning research, education, scientific publication and its socio-economic role in 

promoting regenerative sustainability and raising awareness about the environmental 

limitations of exploitation of ecosystem services. Furthermore, a new challenge and 

possibility is the rise of artificial intelligence (AI) and its increasingly broad impact on 

various industries necessitates an examination of its use in environmental science, 

regional planning, climate resilient agriculture enhancing the accomplishment of the 

Sustainable Development Goals (Ansari et al. 2022). Therefore, the European Ecocycles 

Society is continuously developing its competence base and knowledge bank to exploit 

these new resources and apply these new tools for the relevant subject areas of research 

and education.    

1. Initiating and/or participating in scientific research programmes related to 

sustainable development, promoting technological development and innovation, public 

education, and higher education in Europe and other countries, as well as scientific 

publishing (online and in print) in the following subject areas:  

Sustainable agriculture, fisheries and food production 

Á agroecosystems and biodiversity, 

Á arable farming, 

Á vegetable and fruit growing, 

Á urban agriculture and vertical farming systems, 

Á winemaking and viticulture, 

Á soil science ï pedology and soil conservation, 

Á aquaponics and hydroponics, 

Á animal husbandry, 

Á fishing and aquaculture, 

Á food industry and quality control. 

Sustainable forest management 

Á forest resources & global carbon cycles, 

Á forest ecosystem health and vitality, 

Á productive functions of forests, 

Á forests biological diversity, 

Á protective functions (soil & water), 

Á socioeconomic functions. 

Sustainable natural resource management 

Á biotic and abiotic resources, 

Á renewable and non-renewable resources, 

Á potential, existing and reserve resources, 
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Á mineral resources and mining, mining site remediation. 

Renewable energy production 

Á biofuels (biogas, biodiesel, bioethanol, biomass), 

Á wind energy, 

Á water energy, 

Á geothermal resources, 

Á solar energy, 

Á energy from waste ï waste to energy programs. 

Climate change  

Á Earth System Science and Paleoclimatology; 

Á Climate Modelling and Environmental Impacts of Climate Change; 

Á Climate Resilient Agriculture and Industry. 

Geoinformatics  

Á Geographic Information System (GIS), Geodata and GPS applications; 

Á Global Navigation Satellite System (GNSS); 

Á GNSS-Reflectometry; 

Á Environmental Monitoring; 

Á Remote Sensing, LiDAR, photogrammetry; 

Á Big data in environmental monitoring; 

Á Spatial change measurement. 

Information technology, robotics and Artificial Intelligence in environmental 

management 

Á Environmental Informatics; 

Á Cloud Computing; 

Á Big Data; 

Á Artificial Intelligence and Robotics. 

Sustainable land use, settlement and rural development 

Á Land-use change (urbanization, agricultural growth, infrastructure 

development); 

Á Converting natural habitats into urban and industrial areas; 

Á Habitat fragmentation; 

Á Spatial planning; 

Á Land-use legislation; 

Á Socio-economic, environmental, and policy aspects; 

Á The economic worth of ecosystem services; 

Á Integrating ecosystem values into land-use decision-making procedures; 

Á Implementing integrated landscape management strategies.  

Sustainable tourism 

Á Destination planning, development and management ï Carrying Capacity; 

Á Tourism and rural development; 

Á Specialized tourism (adventure, health, gastro- and wine, religious, cultural, 

etc.); 

Á Ecotourism - natural resource-based tourism; 

Á Agritourism, rural tourism. 
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Sustainable transport and travel 

Á Land transport: 

¶ Public transport; 

¶ Private transport; 

Á Air transport; 

Á Shipping (sea and freshwater). 

Water management 

Á Surface waters: 

¶ freshwater lakes, 

¶ saltwater lakes, 

¶ rivers, 

¶ wetlands, 

¶ salt marshes, 

¶ seas, 

¶ coastal areas and estuaries, 

¶ oceans. 

Á Groundwater; 

Á Artesian waters; 

Á Thermal waters; 

Á Wastewater treatment and recycling. 

Waste management 

Á At source sorting; 

Á Hazardous waste; 

Á Recycling and reuse ï the zero waste concept; 

Á Destruction / waste-to-energy programs. 

Environmental protection 

Á Ecosystem assessment; 

Á Life Cycle Assessment (LCA); 

Á Pollution prevention; 

Á Remediation. 

Disaster management  

Á Firefighting; 

Á Civil protection; 

Á Industrial safety. 

International environmental law and environmental politics 

Á Environmental policy: general principles and basic frameworks; 

Á International environmental conventions; 

Á Combating climate change; 

Á Biodiversity, land use and forestry; 

Á Water and wetland protection and management; 

Á Air and noise pollution; 

Á Chemicals and pesticides; 

Á Resource efficiency and the circular economy; 



M§rta Kreidlmayer, R®ka Matolcsi, Zolt§n Szek®r, Karl-Johan Fabo, Csaba Ol§h, Tam§s KŖm²ves, S§ndor N®methy 

 

 

 

52 

Á Sustainable consumption and production. 

Conservation of biodiversity 

Á genetic diversity, 

Á species diversity, 

Á ecosystem diversity, 

Á functional diversity. 

Environmental Economics and Marketing 

Á Environmental challenges in terms of economic and institutional affairs; 

Á Regenerative sustainability; 

Á The monetary value of environmental degradation; 

Á Valuation and cost-benefit analyses; 

Á Economic impacts of climate change; 

Á Mortality risk valuation; 

Á Waste management and land cleanup; 

Á Sustainable circular economy; 

Á Corporate Social Responsibility (CSR); 

Á Environmental, Social, and Governance (ESG); 

Á Non-Renewable Resource; 

Á Principles of green marketing; 

Á Social marketing and stakeholder management. 

Sustainable Human Resources Management (HRM) 

Á Socially Responsible HRM; 

Á Green HRM; 

Á Triple Bottom Line HRM; 

Á Common Good HRM. 

Environmental sociology, human ecology and anthropology; 

Á Human, economic, and political causes of climate change; 

Á The relationship between energy and environment; 

Á Politics, law, and public policy, and their relationships to environmental 

problems; 

Á Human ecology; 

¶ The roles of social, cultural, and psychological factors in the maintenance or 

disruption of ecosystems. 

¶ The effects of population density on health, social organization, and 

environmental quality. 

¶ Adaptive problems in urban environments. 

¶ The interrelationship between technological and environmental changes 

Á The relationship between social behaviour and environment; 

Á The relationship between inequality and environment; 

Á Population and environment; 

Á Rural sociology; 

Á Society and natural resources. 

Cultural heritage conservation 

Á Managing and protecting cultural assets to ensure their long-term viability; 
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Á Contributing to social and economic development; 

Á Integrating cultural heritage into broader sustainability strategies; 

Á Enhancing community engagement; 

Á Promoting responsible tourism; 

Á Conservation of intangible cultural heritage; 

Á Cultural landscape conservation. 

2. Strengthens cooperation and communication between researchers, research 

institutes, businesses, civil organizations, local and regional authorities, and government 

organizations, primarily by sponsoring scientific conferences.  

3. Supports the development of similar and/or compatible curricula in the educational 

programs of higher education institutions belonging to or cooperating with the Society. 

4.  Serves as the primary channel of communication between the members of the 

Society and the general public. 

5.  Publishing the journal ECOCYCLES in English, initially every six months, then 

quarterly and later monthly, a high-quality reference and source publication at 

international level for professionals engaged in research, education, innovation and 

development.  

6.  Actively participates and/or cooperates in the work of existing non-profit 

organizations or establishes new ones, based on the decision of the Executive Council, in 

order to create a practical platform for the results of innovation and scientific research. 

7. Acts as a spokesperson for the interests of its members vis- -̈vis other private or 

governmental organizations and institutions. 

 

Sections and groups of the Society  

The Society carries out its regular professional activities through its sections and 

groups. The sections and professional groups are independent of geographical area, their 

establishment is approved by the Presidium, and their dissolution may be decided by the 

section or, in the event of inadequate functioning, by the Presidium by open vote, by a 

simple majority. 

The section is managed by the section management. The members of the section 

management are the section president, the section secretary, the clerk, the editor-in-chief 

(if the section has a journal), and a section management team consisting of up to 8 

members. The section management is elected by a section meeting composed of section 

members by secret ballot for a term of five years prior to the Society's general meeting 

for the election of officers. 

The section management determines the activities of the section, organizes section 

meetings, symposia, roundtable conferences, and other professional events, coordinates 

the professional and social activities of the field, and participates in the activities of the 

Society in relation to its own field. It manages the editorial board of its own journal and 

supervises its activities. The sections may form sub-sections and working committees. 

Their operation is supervised and managed by the section management Members of the 

Society may also form groups based on geographical or professional criteria. The same 

rules apply to their formation and dissolution as to those of the sections. 
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The journal ECOCYCLES  

In 2014, the Society founded the international open access online transdisciplinary 

scientific journal ECOCYCLES and is its responsible publisher. ECOCYCLES (eISSN 

2416-2140; DOI prefix 10.19040) has been published since 2015 with two or three issues 

per year. Articles published in the journal are referenced by Scopus, the Directory of Open 

Access Journals, the Repository of the Library of the Hungarian Academy of Sciences 

and Google Scholar, among others. Ecocycles publishes original, well-written, peer-

reviewed research with broad relevance (Komives and Nemethy, 2024). Submissions that 

are purely descriptive, narrowly focused, or lack novelty generally do not pass the desk 

review. Ecocycles covers the widest practical aspects of Earth System Science embracing 

environmental science, global change, sustainable agriculture, sustainable management 

of cultural landscapes, circular economy based on sustainable use of ecosystem services, 

ecomuseums and landscape observatories, and even the core objectives is conservation 

science, which includes nature and heritage conservation from an evolutionary viewpoint: 

conservation is defined as preservation and active, sustainable use of natural and cultural 

resources taking into consideration the changing natural and social environment where 

the natural ecological cycle processes in all scales are in harmony with the activities of 

humankind.  Scopus has released the 2024 scientometric data for ECOCYCLES. This 

marks the third comprehensive set of metrics for the journal, providing valuable insights 

into its rapid development: CiteScore 2024: 1.5 (a 50% increase compared to 2023); SNIP 

2024 (Source Normalized Impact per Paper): 0.394 (a 30.5% increase compared to 2023). 

CiteScore Tracker (August 5, 2025): 1.9. As calculated by Dimensions, recent Citations 

(Mean) values (the average number of times that a paper in ECOCYCLES has been cited 

by other publications) have varied in the range of 3.82 to 3.87. 

 

Conclusions  

The economic prosperity of the world and the quality of life of its inhabitants are 

determined by natural capital, such as biodiversity and the existence of ecosystems, which 

provide humanity with valuable services, ranging from fertile soil and multifunctional 

forests to drinking water and clean air, pollination, climate change mitigation and natural 

disaster prevention. To understand how ecosystems contribute to the quality of human 

life and support multisectoral policies that have a significant impact on natural resources 

and their use, a transdisciplinary approach is required, which in many cases can be found 

in scientific civil organisations with a more flexible structure and management system 

than state institutions. The European Ecocycles Society has developed a substantial 

transdisciplinary scientific competence base and network accessible for all stakeholders 

and connecting researchers, professionals of industries and agriculture, higher education 

institutions, policymakers and the general public. 
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A FÖLD MÉLYÉNEK AJÁNDÉKA: GYÓGYVIZEINK 

SOKSZĉNţS£GE, FELHASZNĆLĆSI LEHETŕS£GEI A 

GYÓGYÍTÁSBAN  

 

A GIFT FROM THE DEPTHS OF THE EARTH: THE DIVERSITY 

OF OUR HEALING WATERS AND THEIR POTENTIAL USES IN 

HEALING  
 

Hidegn® B®ly Zs·fia 

 
P®csi Tudom§nyegyetem Klinikai Kºzpont, Hark§nyi Term§l Rehabilit§ci·s K·rh§z, Hark§ny, 

belyzsofi@gmail.com,  

 

 
¥sszefoglal· 

A gy·gyvizek alkalmaz§sa vil§gszerte, ²gy Magyarorsz§gon is, folyamatosan nºvekvŖ tendenci§t mutat. 

Haz§nk p§ratlan term§l- ®s gy·gyv²z k®szlete olyan term®szetes erŖforr§s, mely egyed¿l§ll· lehetŖs®get 

k²n§l a hidrogeol·gia ®s az orvosl§s kºzºs munk§j§ra. 

A vizek k®miai ºsszet®tele, §sv§nyianyag-tartalma ®s hŖm®rs®kleti jellemzŖi sz®les ter§pi§s palett§t tesznek 

lehetŖv®, melyek hat®konys§g§t klinikai tapasztalatok ®s tudom§nyos vizsg§latok egyar§nt al§t§masztj§k. 

A balneoter§pia, iv·k¼ra, inhal§ci· ®s iszapkezel®s alkalmaz§sa bizony²tottan kedvezŖ mozg§sszervi-, 

em®sztŖrendszeri-, l®g¼ti-, bŖrgy·gy§szati k·rk®pekben. A gy·gyvizek szerepe nem csak a gy·gy²t§sban, 

hanem a megelŖz®sben ®s a rehabilit§ci·ban is kiemelkedŖ. A forr§sok tudatos, fenntarthat· felt§r§sa, 

minŖs²t®se ®s ¿zemeltet®se, valamint a ter§pi§s protokollok pontos meghat§roz§sa elengedhetetlen a hossz¼ 

t§v¼ eg®szs®g¿gyi hasznos²t§shoz. A term®szetes gy·gyt®nyezŖk ilyen form§ban tºrt®nŖ alkalmaz§sa 

komplex testi-lelki regener§ci·t k²n§l ®s ®rt®kes kieg®sz²tŖje a korszerŤ orvosi kezel®seknek. 
 

Kulcsszavak: balneoter§pia, kezel®sek 

 

Abstract 

The use of medicinal waters worldwide, including in Hungary, shows a constantly increasing trend. Our 

country's unparalleled supply of thermal and medicinal water is a natural resource that offers a unique 

opportunity for the joint work of hydrogeology and medicine. 

The chemical composition, mineral content and temperature characteristics of the waters allow for a wide 

therapeutic palette, the effectiveness of which is supported by both clinical experience and scientific studies. 

The use of balneotherapy, drinking therapy, inhalation and mud treatment has been proven to be beneficial 

in musculoskeletal, digestive, respiratory and dermatological diseases. The role of medicinal waters in 

prominent not only in healing, but also in prevention and rehabilitation. The conscious, sustainable 

exploration, qualification and operation of sources, as well as the precise definition of therapeutic protocols, 

are essential for long-term health utilization. The use of natural healing factors in this form offers complex 

physical and mental regeneration and is a valuable addition to modern medical treatments. 

 

Keywords: balneotherapy, treatments  
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¥sszefoglal· 

A glob§lis ®ghajlatv§ltoz§s m®lyrehat· hat§ssal van a szŖlŖtermeszt®sre, k¿lºnºsen a fenol·giai szakaszok 

idŖz²t®s®re ®s idŖtartam§ra. A szŖlŖ fejlŖd®se kor§bban kezdŖdik, rºvid²tett szakaszokkal, m²g egyidejŤleg 

az ®szaki, hŤvºsebb termeszt®si r®gi·k egyre kedvezŖbbek a kiv§l· minŖs®gŤ borszŖlŖ termeszt®s®hez. 

Ezeken a ter¿leteken a fajtav§ltozatoss§g nºveked®se v§rhat·, de a mediterr§n ter¿letek ®s a meredek 

dombvid®ki szŖlŖ¿ltetv®nyek egyre ink§bb ki vannak t®ve a csapad®khi§nynak, a csapad®k eloszl§s§nak 

ingadoz§sainak, az asz§lynak, az elsivatagosod§snak ®s az er·zi·nak. R§ad§sul a kiterjedt monokult¼ra ®s 

a szennyez®s k§ros kºrnyezeti ®s gazdas§gi hat§sait a kl²mav§ltoz§s m®g tov§bb s¼lyosb²tja, ami 

talajroml§shoz, a biol·giai sokf®les®g csºkken®s®hez, egzotikus fajok, gyomok, k§rtevŖk ®s k·rokoz·k 

megjelen®s®hez vezet. A szŖlŖtermeszt®s sebezhetŖs®g®nek elsŖdleges oka a szŖlŖ fejlŖd®s®nek 

idŖtartama; a szŖlŖ¿ltetv®nyeket tºbb ®vtizedre telep²tik, ami rendk²v¿l megnehez²ti a gyorsan v§ltoz· 

kºrnyezethez val· alkalmazkod§st. Kºvetkez®sk®ppen sokoldal¼, ºkosziszt®ma-orient§lt strat®gi§ra van 

sz¿ks®g a boripar ®ghajlati ellen§ll· k®pess®g®nek erŖs²t®s®hez, a monokult¼ra ®s a hagyom§nyos ipari 

mezŖgazdas§g helyett regenerat²v, multifunkcion§lis ®s prec²zi·s ºkol·giai termel®si m·dszerek 

bevezet®s®vel. 
 

Kulcsszavak: kl²mav§ltoz§s, szŖlŖtermeszt®s, biol·giai sokf®les®g, sz®lsŖs®ges idŖj§r§s, glob§lis 

felmeeged®sl 

 

Abstract 

Global climate change profoundly affects viticulture, particularly regarding the timing and duration of 

phenological stages. The development of grapes initiates earlier, characterized by abbreviated phases, while 

simultaneously, northern, cooler cultivation regions are increasingly advantageous for the production of 

high-quality wine grapes. An increase in the diversity of types is anticipated in these locations, but 

Mediterranean areas and steep hillside vineyards are progressively vulnerable to precipitation deficiencies, 

irregular precipitation distribution, drought, desertification, and erosion. Moreover, the detrimental 

environmental and economic impacts of extensive monoculture and pollution are exacerbated by climate 

change, resulting in soil degradation, biodiversity loss, the emergence of exotic species, weeds, pests, and 

pathogenic organisms. The primary cause for the fragility of viticulture is the duration of vine development; 

vineyards are established for several decades, rendering adaptation to a rapidly changing environment 

exceedingly challenging. Consequently, a multifaceted, ecosystem-oriented strategy is necessary to bolster 
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climate resilience in the wine industry by substituting monoculture and conventional industrial agriculture 

with regenerative, multifunctional, and precision organic production methods. 

 

Keywords: climate change, viticulture, organic and precision agriculture, extreme weather, global 

warming 
 

Introduction  

Global climate change is presently exerting a discernible negative influence on the 

vine and wine industry, affecting the phenological cycles of grapes, the distribution of 

viticultural regions, soil degradation, environmental stress, biodiversity, the emergence 

of invasive species, fruit and wine quality, production costs, and evolving consumer 

preferences (Gerbi 2025, van Leeuwen et al. 2024). The intricate agroecological 

transformations are fundamentally altering the geographical distribution of wine 

production, the utilization of grape varieties, and the quality and attributes of wines, 

resulting in significant economic ramifications for the stability and viability of vine 

cultivation and wine production (Brito et al. 2024, Fishman 2024, Fraga 2019).  

Research has examined the effects of climate change on grapevine phenology, wine 

quality and composition, yield and variability, as well as assessments of vineyard site 

suitability within the framework of terroir (Gracia et al. 2023). The current understanding 

of climate change implications underscores the necessity of a vulnerability approach as a 

focus for future research to bolster the adaptive capacity of the vine and wine sector and 

improve the industry's ability to mitigate the detrimental effects of climate change (Cruz 

et al. 2024). Since the latter half of the 20th century, notable transformations have 

transpired in viticulture and wine production globally, encompassing the emergence of 

novel viticultural regions, alterations in grapevine phenology attributable to climate 

change, the introduction of new grape varieties, advancements in technology, the 

integration of artificial intelligence in wine production, an increasing number of wine 

producers, the development of new markets, and rapidly evolving consumer preferences 

(Atak 2024, Bºhm et al. 2024, Cruz et al. 2024). Moreover, climate effects are not solely 

abiotic; extended growing seasons and earlier budding facilitate the proliferation of 

powdery mildew and other fungal diseases, while also encouraging the overwintering and 

northerly migration of pests (Gerbi et al. 2025, Gullino et al. 2022). The quality of wine 

is intricately linked to the canopy's microclimate, which significantly affects the 

concentration of primary (sugars, acids) and secondary metabolites (polyphenols, 

aromatic compounds) in grapes (Ghiglieno et al. 2023). Climatic changes directly affect 

the fragrance character and alcohol concentration of wine. 
 

Discussion 

Recognizing the influence of climate on agriculture is essential, as climate change 

includes temperature, radiation, precipitation, moisture, soil quality, biodiversity, pest 

emergence, and other factors that affect productivity and quality (Prada et al. 2024, van 

Leeuwen et al. 2024, Santos et al., 2020). Global climate change is distinctly affecting 

the phenological cycles of grapes and the overall wine producing environment. Rising 

average temperatures, alterations in precipitation patterns, and an increase in the 
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frequency of extreme weather events are causing the stages of grapevine development 

(budbreak, flowering, ripening) to occur earlier, while the duration of individual 

phenological phases is frequently abbreviated (Wunderlich et al. 2023, Santos et al. 2020, 

Jones et al. 2012). The related agroecological alterations are fundamentally transforming 

the geographical distribution of wine production, the utilization of grape varieties, and 

the qualitative attributes of wines. 

 

Rainfall, water 

From a climatic standpoint, precipitation significantly influences the soil water balance 

and, in turn, the water status of vines. The impact of water stress is significantly 

influenced by the developmental stage of the vine (Austin et al. 1988). During budburst 

and the initial phases of shoot and inflorescence development, adequate to elevated soil 

moisture is crucial for optimal vegetative growth (Hardie et al. 2000). Water stress during 

this period may lead to diminished shoot elongation, suboptimal flower cluster formation, 

and inadequate berry set (Hardie et al. 1976). Conversely, excessive water during initial 

growth phases might excessively drive vegetative development, resulting in dense 

canopies that heighten disease vulnerability. Severe water stress between blooming and 

berry ripening can diminish leaf area, hence restricting photosynthetic activity and 

perhaps resulting in flower abortion or cluster drop (During 1986). Dry conditions during 

the ripening phase typically enhance the production of high-quality wines (Jones et al. 

2000, Nemani et al. 2001), partly due to their facilitation of slower leaf development and 

increased water-use efficiency (Ramos et al., 2008). Water-deficit treatments generally 

yield berries with a greater skin-to-pulp ratio than those from well-watered vines, thereby 

elevating the concentrations of skin tannins and anthocyanins (Roby et al. 2004). The 

alterations are partially attributed to increased anthocyanin production triggered by water 

stress during fruit maturation (Castellarin et al. 2007), which eventually enhances the 

organoleptic quality of both the fruit and the wine (Vilanova et al. 2019). The water 

supply is crucial for grape growing and is influenced by precipitation patterns and water 

absorption (Konapala et al. 2020). Rising water consumption and altered precipitation 

patterns may result in drought (Nielsen et al. 2024). Future forecasts indicate alterations 

in precipitation patterns (Buric 2024), which would substantially impact phenological 

phases, hence directly affecting crop yields (Zhou et al. 2024, Faralli et al. 2024, Di Carlo 

et al. 2019). Uneven precipitation can interfere with phenological phases, including 

blooming, fruit set, and berry development, resulting in diminished productivity (Faralli 

et al. 2024, Zhu et al. 2020). 

 

Temperature 

The phenology of grapes, encompassing bud break, blooming, and the onset of 

ripening, is intricately linked to temperature. The link is robust enough that multiple 

models can forecast phenological phases exclusively using temperature data (Dominguez 

et al. 2024, Parker et al. 2011). Fruit ripening is significantly influenced by temperature: 

sugar concentration escalates more swiftly in elevated temperatures (Rogiers et al. 2022), 

but specific secondary metabolites, like anthocyanins, may diminish under high-
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temperature settings (de Rosas et al. 2022). Acidity, particularly malic acid in berries, 

diminishes markedly at elevated temperatures (Hewitt et al. 2023, Rogiers et al. 2022). 

The increase in temperature may render certain cooler temperate zones more 

advantageous, hence creating additional regions appropriate for premium wine grape 

cultivation (Tºpferet al. 2022, Malheiro et al. 2010). Substantial changes in variety 

utilization are anticipated, as varying drought tolerance and temperature sensitivity yield 

distinct quality and quantity responses among varieties (Baltazar et al. 2025). 

Air temperature is a critical atmospheric factor influencing grape growth and 

development, contingent upon the sufficient fulfillment of the plant's water, radiation, and 

nutrient needs (Santos et al. 2020). The geographical distribution of traditional viticultural 

regions is predominantly influenced by the average temperature throughout the growing 

season, spanning from April to October in the northern hemisphere and from October to 

April in the southern hemisphere, typically ranging from 12ï13 ÁC to 22ï24 ÁC (Schultz 

et al. 2010). Below this range, the growing season is typically insufficient for adequate 

development, whereas overly elevated average temperatures may lead to severe heat 

stress, water scarcity (in arid regions), or heightened pest and disease pressures (in humid 

regions). The absence of cold conditions required for winter dormancy might lead to 

complications, interfering with bud break (Dominguez et al. 2024, Fraga et al. 2019, 

Kizildeniz et al. 2015). The temperature of vineyard soils influences several physical, 

chemical, and biological processes, as well as biogeochemical cycles, significantly 

impacting crop performance (growth, yield, and berry composition) and wine quality, 

given that soil is a fundamental element of terroir. Moreover, the environmental effect of 

soil temperature is particularly significant in row crops like grapevines, as it promotes 

soil exposure to radiation and increases evapotranspiration. This may lead to significant 

issues in warm arid and semi-arid regions, such as several Mediterranean vineyards 

(Costa et al. 2023). 

 

Solar radiation 

Solar radiation is a crucial environmental element affecting grapevine physiology and 

grape composition. Provided that water is not a limiting factor, vine photosynthesis 

escalates with light intensity until reaching approximately one-third of peak radiation, 

after which it levels off. Light exposure is crucial for the production and accumulation of 

sugars, phenolic compounds, and aromatic precursors during grape ripening (Reta et al. 

2025). The link between light and phenolic accumulation is intricate, as it frequently 

interacts with temperature, complicating the isolation of specific effects (Ghiglieno et al. 

2023). Spayd et al.  shown in a controlled field research that anthocyanin concentration 

in grape skins rises with light exposure but is adversely affected by high temperatures.  

In areas with diminished solar radiation, such as certain portions of Northern Europe, 

viticultural techniques such as canopy management and trellising systems are refined to 

enhance sun-exposed leaf area. Increased leaf exposure enhances photosynthetic and 

stomatal conductance but simultaneously elevates vine water demands (Archer et al. 

1990) and may heighten the likelihood of physiological harm, including sunburn on 

leaves and grape clusters. Conversely, excessive canopy density and shadowing can 
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decrease berry temperature and light exposure, resulting in reduced sugar buildup and 

lowered anthocyanin production (Smart et al., 1985). Furthermore, excessive shadowing 

has been associated with reduced bud fertility, thereby undermining yield potential in the 

subsequent season (Morgan et al. 1985). 

In recent decades, radiation levels have consistently risen, particularly UV-B radiation 

(280ï320 nm). The magnitude of this phenomena documented in the literature differs 

based on the place and the specific research conducted therein. The rise in UV-B radiation 

is approximately 1ï2% every decade, but may reach 8% per decade at elevated altitudes 

(Schultz 2000). Increased UV-B radiation promotes the synthesis of color, flavonols, and 

tannins in red grapes (Berli et al. 2008, Martinez-L¿scher et al. 2014), but may result in 

undesirable flavors in white grapes (Schultz, 2008).  

In Mediterranean climes, as those in Southern Europe, vines are generally subjected to 

intense radiation, high air temperatures, and recurrent soil water shortages. Under 

stressful conditions, grapevine leaves frequently display signs of photoinhibition, 

chlorosis, and necrosis, resulting in diminished intrinsic water usage efficiency and 

excessive exposure of grape clusters (Moutinho-Pereira et al. 2004). These effects result 

in diminished berry weight, reduced sugar content, and overall yield, while concurrently 

modifying other organoleptic characteristics. Excessive radiation and aridity may inhibit 

the formation of flavor and aroma molecules or concentrate specific chemicals, such as 

tannins, to levels that alter molecular structure and disrupt wine balance. Consequently, 

wines may exhibit an imbalance characterized by elevated alcohol content, decreased 

acidity, and diminished market value (Jones et al. 2004). 

 

Winemaking and soil management 

The quality of wine is affected by various factors, including grape cultivation and 

processing. The primary factors encompass climate and weather, grape cultivation 

procedures, and winemaking techniques. Various machine learning algorithms have been 

evaluated to forecast wine quality, which may determine the eventual product's quality 

based on distinct factors.  

Increased sugar levels in berries resulting from climate change elevate the alcohol 

concentration in wines, necessitating the formulation of novel winemaking techniques. In 

this regard, diverse pre-, mid-, and post-fermentation technologies and physical processes 

(e.g., reverse osmosis, vacuum distillation, membrane technology) are being developed 

to create reduced-alcohol or alcohol-free wines (Gerbi et al. 2024). These techniques not 

only adapt to consumer trends but also alleviate the impacts of climate change.  

The condition of soils is jeopardized by degrading processes that impair their 

functionality and diminish fertility, including erosion, deflation, organic matter depletion, 

acidity, salinization, compaction, and a reduction in topsoil quantity. Soil degradation is 

frequently induced by improper land use and agricultural methods that neglect soil 

conservation, leading to soil deterioration, crop failures, and diminished production 

profitability (Gerbi et al. 2024). The aforementioned processes have dramatically altered 

the heat and water balance, as well as soil development in these regions, resulting in a 

reduction of natural areas and biodiversity, alongside a decline in ecosystem services. 
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Nonetheless, Hungary remains a leader in Europe regarding the extent of its agricultural 

land and the environmental conditions of its agriculture, while nature conservation 

initiatives significantly contribute to the preservation of the natural heritage in these areas 

and the promotion of multifunctional landscape management practices(Tºpferet al. 2022, 

Malheiro et al. 2010). 

 

Conclusion 

In European viticultural areas, investigating and applying adaptation strategies is 

essential for social, economic, and environmental sustainability. These encompass 

altering types, adjusting land use, enhancing water management, and reconsidering the 

orientation and cultivation techniques of vineyards. Effectively addressing uncertainties 

and enhancing the precision of predictive models is crucial for the sustained adaptation 

of the viticulture and wine industry to evolving conditions.  

In summary, climate change exerts intricate and multifaceted effects on viticulture and 

enology, influencing both yield and the qualitative attributes of wine. Alongside 

winemaking processes necessitating swift adaptation, emerging technology and 

predictive models are becoming increasingly vital for assuring sustainable production in 

the face of 21st-century global issues. 
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¥sszefoglal· 

Ez a tanulm§ny kritikai vizsg§latot ny¼jt a monokultur§lis mezŖgazdas§gi rendszerek §ltal gener§lt 

kºrnyezeti visszacsatol§si hurkokr·l, k¿lºnºs tekintettel azok v²zforr§sokra, talajeg®szs®gre ®s 

mikroklimatikus stabilit§sra gyakorolt hat§s§ra. B§r a monokult¼ra rºvid t§von hat®konys§gnºveked®st 

eredm®nyezhet, ºnmag§t erŖs²tŖ folyamatok r®v®n hossz¼ t§von jelentŖs ºkol·giai roml§shoz vezet. Az 

elemz®s hangs¼lyozza, hogy s¿rgŖsen sz¿ks®g van kvantitat²v keretrendszerekre e dinamik§k 

megragad§s§ra ®s kezel®s®re, ®s kiemeli a mesters®ges intelligencia (AI) ®s a g®pi tanul§s (ML) ¼j szerep®t 

a komplex agr§r-kºrnyezeti rendszerek monitoroz§s§ban, elŖrejelz®s®ben ®s modellez®s®ben. 

A legfontosabb eredm®nyek azt mutatj§k, hogy a monokult¼ra gyors²tja a talaj t§panyag-kimer¿l®s®t, 

s¼lyosb²tja az er·zi·t ®s a tºmºrºd®st, csºkkenti a biol·giai sokf®les®get ®s nºveli a mezŖgazdas§gi 

vegyszerek ir§nti f¿ggŖs®get, ami negat²v, ºnmag§t fenntart· vegyszerf¿ggŖs®gi ciklust eredm®nyez. 

Hidrol·giai szempontb·l a t¼lzott ºntºz®s hozz§j§rul a v²zhi§nyhoz ®s a talaj s·ss§ v§l§s§hoz, m²g a 

mezŖgazdas§gi vegyszerek lefoly§sa szennyezi az ®desv²zforr§sokat, tov§bb erŖs²tve a v²zhi§ny ®s a 

szennyez®s visszacsatol§si folyamat§t. Mikroklimatikus szinten a monokult¼ra megzavarja a helyi 

hŖm®rs®klet- ®s p§ratartalom egyens¼lyt, fokozva a nºv®nyek stressz®t ®s a k§rtevŖk elszaporod§s§t. 

Az ilyen visszacsatol§si mechanizmusok sz§mszerŤs²t®s®hez ®s enyh²t®s®hez olyan modellez®si 

megkºzel²t®sekre van sz¿ks®g, mint a rendszerdinamika ®s az integr§lt hidrol·giai modellek, amelyek 

lehetŖv® teszik a fenntarthat· fºldhaszn§lati strat®gi§k pufferelŖ k®pess®g®nek ®rt®kel®s®t. Az AI- ®s ML-

alap¼ eszkºzºk egyre fontosabb szerepet j§tszanak a prec²zi·s mezŖgazdas§gban, lehetŖv® t®ve a komplex 

visszacsatol§si strukt¼r§k szimul§ci·j§t ®s a proakt²v kºrnyezetgazd§lkod§shoz sz¿ks®ges kognit²v 

infrastrukt¼r 

A tanulm§nyban bemutatott eredm®nyek jelentŖs kºvetkezm®nyekkel j§rnak a glob§lis 

®lelmez®sbiztons§gra, a kºrnyezeti rezilienci§ra ®s a fenntarthat· mezŖgazdas§gi paradigm§kra val· 

§t§ll§sra n®zve. A visszacsatol§si hurkok kezel®se ®s sz§mszerŤs²t®se nem csup§n tudom§nyos kih²v§s, 

hanem a hossz¼ t§v¼ ºkol·giai integrit§s ®s a t§rsadalmi-gazdas§gi stabilit§s megŖrz®s®nek s¿rgetŖ 

elŖfelt®tele. 
 

Kulcsszavak: monokult¼ra; kºrnyezeti visszacsatol§si ciklusok; talajroml§s; v²zhi§ny; mesters®ges 

intelligencia 

 

Abstract 

This study provides a critical examination of environmental feedback loops generated by monocultural 

agricultural systems, with an emphasis on their effects on water resources, soil health, and microclimatic 

stability. Although monoculture may deliver short-term efficiency gains, it contributes to substantial long-
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term ecological degradation through self-reinforcing processes. The analysis emphasizes the urgent need 

for quantitative frameworks to capture and manage these dynamics, and it highlights the emerging role of 

artificial intelligence (AI) and machine learning (ML) in monitoring, forecasting, and modeling complex 

agro-environmental systems. 

Key results demonstrate that monoculture accelerates soil nutrient depletion, exacerbates erosion and 

compaction, reduces biodiversity, and increases reliance on agrochemicalsðcreating a negative, self-

perpetuating cycle of chemical dependency. Hydrologically, excessive irrigation contributes to water 

scarcity and soil salinization, while agrochemical runoff contaminates freshwater sources, further 

reinforcing water depletion and pollution feedbacks. At the microclimatic scale, monoculture disrupts local 

temperature and humidity balances, heightening plant stress and pest outbreaks. 

To quantify and mitigate such feedback mechanisms, modeling approaches such as system dynamics and 

integrated hydrological models are essential for assessing the buffering potential of sustainable land-use 

strategies. AI- and ML-based tools are increasingly pivotal in precision agriculture, enabling the simulation 

of complex feedback structures and the development of cognitive infrastructures for proactive 

environmental management. 

The findings presented herein have significant implications for global food security, environmental 

resilience, and the transition toward sustainable agricultural paradigms. Addressing and quantifying 

feedback loops is not solely a scientific challenge, but an urgent prerequisite for safeguarding long-term 

ecological integrity and socio-economic stability. 

 

Keywords: monoculture; environmental feedback loops; soil degradation; water scarcity; artificial 

intelligence 
 

Introduction: Monocultural farming in the Anthropocene  

Definition and Historical Context of Monoculture 

Monoculture in agricultural practice refers to the cultivation of a single crop species 

over a large area [1]. This approach stands in stark contrast to polyculture or 

permaculture, which involve growing multiple types of crops simultaneously. 

Historically, monoculture evolved as an efficient method for food and fiber production, 

allowing for the maximization of yields and the simplification of farming processes [1]. 

With the growth of the global population, monoculture has played a pivotal role in 

ensuring food supply. 

 

Widespread Adoption and Perceived Benefits  

Monoculture cultivation comes with several advantages that have contributed to its 

widespread adoption. It significantly boosts productivity and efficiency, as farmers can 

select the crop best suited to local soil and climate conditions [3]. This specialized 

production allows for reduced costs, requiring less machinery and resources than 

cultivating diverse crops [1]. Standardized machinery, irrigation systems, and pest control 

strategies simplify farming tasks and maximize yields, especially for crops like cereals.3 

The economic benefits of monoculture include reduced labor and input costs, along with 

predictable output essential for the food processing industry [1]. 

However, the perceived benefits of monoculture's efficiency and productivity, realized 

through "specialized production" and "easier management" [3], prove to be short-sighted. 

Despite initial economic and managerial advantages, this approach leads to significant 

ecological and economic instability in the long run. Soil degradation, increased 
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vulnerability to pests and diseases, and overall environmental impacts [1] demonstrate 

that the system's short-term "predictable output" [1] collapses as resources are depleted. 

This realization highlights a fundamental trade-off where prioritizing immediate yields 

and cost reduction undermines long-term ecological resilience and sustainability, 

contributing to the challenges of the Anthropocene [6]. 

 

Introduction to Environmental Concerns and the Concept of Feedback Loops  

Despite its short-term advantages, monocultural farming raises increasing concerns 

regarding its long-term environmental impact [1]. The processes that lead to soil 

degradation, water resource depletion, and microclimate alterations are not isolated but 

operate through interconnected environmental feedback loops. These loops are processes 

where an initial change in a system is either amplified (positive or reinforcing feedback) 

or dampened (negative or balancing feedback), leading to self-sustaining changes or 

stability [7] This report focuses on quantifying these loops within water, soil, and 

microclimate systems under monocultural farming, emphasizing how monocultures "can 

be extremely damaging to the soil" [5] and their long-term environmental impacts raise 

concerns [1]. 

 

Environmental impacts of monoculture: unraveling feedback loops  

This section details how monocultural practices initiate and exacerbate negative 

environmental feedback loops concerning soil, water, and microclimate, demonstrating 

their interconnectedness. 

 

Soil degradation and its self-reinforcing cycles  

Nutrient depletion and declining soil health 

The continuous cultivation of a single crop species in a given area extracts the same 

specific nutrients from the soil, eventually leading to their depletion [1]. This causes an 

imbalance in soil nutrients, as the soil lacks the opportunity to replenish these elements 

naturally through diverse plant cycles. The decline in nitrogen, phosphorus, and 

potassium levels, if not adequately replenished, often necessitates the use of more 

synthetic fertilizers, which further exacerbates soil acidity and decreases organic matter 

content [1]. 

 

Erosion and compaction 

Intensive cultivation and tillage disturb soil structure, accelerating surface runoff and 

erosion [5]. This leads to the loss of organic matter and fertility, damaging the complex 

systems beneath.5 Compaction from machinery and tillage collapses tunnels and pores 

within the soil, jeopardizing underground habitats and nutrient availability [5]. The 

exploitation of agricultural soils based on crop monocultures and deep tillage leads to 

progressive soil structure degradation and compaction, as well as reductions in soil 

organic matter content [10]. 
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Loss of soil biodiversity and increased vulnerability 

Monoculture reduces soil biodiversity, making it more susceptible to pests, pathogens, 

and diseases that adapt to the unchanging environment [1]. The absence of diverse plant 

cycles hinders natural nutrient recycling and organic matter replenishment [5]. This 

practice also reduces the soil's carbon storage capacity by 50-75% [5]. 

 

Over-reliance on chemicals as a negative feedback amplifier 

Increased vulnerability to pests and nutrient depletion drives farmers to use more 

chemical pesticides and fertilizers [1]. These chemicals contaminate soil and food, harm 

natural biodiversity (including beneficial microorganisms), and degrade groundwater 

quality, further damaging the environment and creating a vicious cycle of dependency 

and degradation [1]. Natural mechanisms that increase resistance against synthetic 

compounds prompt food producers to integrate more inorganic countermeasures, leading 

to a higher amount of chemicals pouring into monoculture crops, wreaking havoc on the 

natural environment [4]. This clearly forms a reinforcing feedback loop: monoculture 

vulnerability escalates chemical use, leading to environmental damage and resistance, 

which in turn necessitates increased chemical application. This cycle not only degrades 

the environment but also creates an economic trap for farmers, increasing input costs and 

reducing long-term viability, while posing public health risks from contaminated food 

and water. This highlights the unsustainability of monoculture without external chemical 

inputs and the negative consequences of simplifying complex ecological systems. 

Soil degradation is described as a natural process accelerated by "intensive farming 

practices" [5]. The exploitation of agricultural soils based on crop monocultures and deep 

tillage leads to progressive soil structure degradation and compaction, as well as 

reductions in soil organic matter content [10] These detrimental developments trigger 

negative cascade effects on the soil biota and fertility, increasing soil water and wind 

erosion and CO2 emissions [10]. In a worst-case scenario, this can lead to desertification, 

where the soil is damaged beyond repair and only a handful of plants can survive the very 

harsh conditions [5]. This process from degradation to "damaged beyond repair" closely 

aligns with the definition of a "tipping point," where a change in a tipping system becomes 

self-sustaining once a forcing threshold is passed, leading to a qualitative state change 

driven by one or more positive/amplifying feedback loops [7]. The "negative cascade 

effects" 10 described are precisely these reinforcing feedback loops. Recognizing soil as 

a potential tipping element means that beyond a certain threshold of degradation, its 

restoration becomes extremely difficult or impossible, leading to irreversible loss of 

arable land. This has profound implications for global food security and underscores the 

urgency of implementing soil conservation practices (such as conservation agriculture 

[10]) to prevent reaching such thresholds. 

 

Water Resource Dynamics and Hydrological Feedback 

Intensive Irrigation and Water Scarcity 

Monocultural farming often requires enormous amounts of water for irrigation, leading 

to "lopsided draining" of rivers and reservoirs and exacerbating water shortages [4]. 
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Water supply is finite, and water use efficiency will determine the extent of future 

development [9]. Climate change, increasing population, and economic growth 

exacerbate water shortages, further interrupting agricultural production [9]. 

 

Salinization 

Excessive irrigation or groundwater extraction in coastal areas can lead to salinization, 

rendering land infertile and inactivating bacterial species and microorganisms [5]. 

 

Runoff and Water Quality Degradation 

Disturbed soil structure from intensive cultivation accelerates surface runoff.5 The 

runoff of chemical fertilizers and pesticides contaminates rivers and lakes, leading to algal 

blooms and aquatic dead zones [1]. 

 

Interactions with Evapotranspiration and Regional Water Cycles 

Changes in land use, particularly conversion to agricultural land, affect the biophysical 

processes that regulate regional and local climate, including evapotranspiration and 

albedo [11]. This impacts the balance of energy and water on the planet's surface [11]. 

Monoculture leads to unstable soil moisture, requiring "enormous amounts of water to 

irrigate crops" [4]. This intensive irrigation, especially with "uneven seasonal rainfall" 9, 

can lead to "lopsided draining" of water sources [4] and "salinization".5 Concurrently, 

the heavy use of "synthetic inputs" [1] results in "runoff of these chemicals" that 

"contaminate rivers and lakes" [1]. This creates a dual negative feedback: water extraction 

depletes quantity, while chemical use degrades quality, making the remaining water less 

usable for both agriculture and ecosystems, thus intensifying the demand for clean water 

and further straining finite resources. This cycle poses a critical threat to water supply, 

not just for agriculture but for all human and ecological systems, potentially leading to 

increased competition for resources and regional instability. The need for "adaptive and 

sustainable water management policies" [9] is therefore paramount. 

Irrigation is "crucial for coffee growth and achieving high yields" [9] and for 

"maintaining high coffee quality" [9]. This creates a "reinforcing loop" where successful 

irrigation leads to higher yields/quality, which in turn incentivizes further irrigation, 

creating a self-perpetuating cycle of water input dependency [9]. However, this loop is 

highly vulnerable to "water shortages" exacerbated by "a changing climate, increasing 

population, and economic growth" [9]. This illustrates that while irrigation can be an 

effective tool for increasing productivity, it also creates a fragile system. If water supply 

diminishes, the entire reinforcing loop collapses, leading to significant crop losses and 

economic devastation. This highlights the need for water-efficient farming practices and 

diversification to build resilience against climate variability, rather than relying on a 

single, vulnerable input. 

This table systematizes the environmental impacts of monoculture and their associated 

feedback mechanisms, illustrating the complex interdependencies and providing a basis 

for quantifying the problem. 
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Table 1. Major Environmental Impacts of Monoculture and Associated Feedback Mechanisms 
Environmental 

Impact Area 

Specific Monoculture 

Impact 

Feedback Mechanism (Type & Description) Snippet 

IDs 

Soil Nutrient Depletion Reinforcing: Continuous absorption of same 

nutrients -> synthetic fertilizer use -> soil 

acidity/organic matter decrease -> further 

nutrient imbalance. 

[1] 

 Erosion & Compaction Reinforcing: Tillage/lack of cover -> 

disturbed soil structure/surface runoff -> 

increased erosion -> further structural 

degradation. 

[5] 

 Biodiversity Loss Reinforcing: Simplified environment -> 

increased pest/disease susceptibility -> 

excessive chemical use -> harm to beneficial 

soil biota -> reduced resilience. 

[1] 

 Chemical 

Contamination 

Reinforcing: Chemical use -> soil/water 

contamination -> resistance/degradation -> 

increased chemical application. 
[1] 

Water Resource Depletion Reinforcing: High water demand for 

irrigation -> lopsided draining/water shortages 

-> increased reliance on finite sources. 
[4] 

 Quality Degradation Reinforcing: Chemical runoff -> water 

contamination (algal blooms) -> reduced 

aquatic usability -> further strain on clean 

water sources. 

[1] 

 Salinization Reinforcing: Excessive 

irrigation/groundwater extraction -> salt 

accumulation -> infertile land -> reduced 

agricultural capacity. 

[5] 

Microclimate Temperature/Humidity 

Instability 

Reinforcing: Lack of diverse vegetation cover 

-> less stable local microclimate (higher 

temps, lower humidity) -> increased crop 

stress/pest proliferation. 

[11] 

 Reduced Ecosystem 

Services 

Reinforcing: Loss of plant diversity -> 

reduced support for pollinators/natural pest 

control -> lower yields/higher input demands. 
[2] 

 

Quantifying Environmental Feedback Loops: Methodologies and 

Models 

System Dynamics Modeling Frameworks 

Conceptualizing Stocks, Flows, and Causal Loops 

System Dynamics (SD) is a powerful framework for understanding the behavior of 

complex systems over time, particularly in agroecosystems [12] Its fundamental elements 

include "stocks" (the state of the system, e.g., soil organic matter content), "flows" (the 

rates of change, e.g., erosion rates), and "auxiliary parameters" (quantitative values for 
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individual components) [12] "Causal loops" are crucial for conceptualizing 

interdependencies and overall system response [12]. 

 

Application in Agroecosystem Studies (e.g., Monoculture Transition) 

SD models evaluate agroecosystem responses to human interventions and 

management practices, such as tillage, cover crops, and integration of crop and livestock 

operations [12]. They can provide quantitative metrics for environmental quality, 

economic viability, and social quality [12]. Specific case studies, such as comparing 

conventional monoculture (corn-soybean) with diversified mixed farming, demonstrate 

the applicability of SD models [12]. 

System Dynamics models aim to evaluate "environmental, economic, and social 

quality dimensions" [12] and "capture the interdependencies amongst the different 

components of the agroecosystem via causal loops" [12]. This holistic approach is critical 

because, as [9] highlights, "the knowledge of feedback loops might only be visible when 

combining knowledge from stakeholders with different expertise." System Dynamics 

modeling provides a common language and framework for environmental scientists, 

economists, and social scientists to collaborate and quantify the multifaceted impacts of 

agricultural practices. This indicates that effectively addressing the challenges of 

monoculture requires moving beyond research within siloed disciplines. System 

Dynamics models facilitate this by integrating diverse data and perspectives into a 

coherent system, allowing for more robust policy recommendations that consider the full 

spectrum of impacts. 
 

Integrated Hydrological and Ecological Models 

Tools for Simulating Runoff, Soil Moisture, and Erosion 

Integrated watershed modeling frameworks, such as MIKE SHE (MIKE Systeme 

Hydrologique Europ®en) and Sediment Transport Models (STM), are used to examine 

the impacts of climate on runoff, soil moisture, and soil erosion [13] These models 

simulate water movement (Richard's equation, Darcy's equation, diffusive wave 

approximation for overland flow) and sediment transport (WEPP model, advection-

dispersion equation) [13]. 
 

Quantifying Monoculture Impacts 

These models quantify specific parameters for monoculture (e.g., continuous winter 

wheat under conventional tillage - WW-CT) versus diversified or conservation 

agriculture systems (no-till, cover crops) [13]. Examples of results include increased 

agricultural drought and unchanged erosion rates under WW-CT, contrasted with 

significant reductions in runoff and sediment, and preservation of soil moisture in no-till 

and cover crop systems [13]. 

 

Challenges in Data Collection and Model Validation 

It is important to acknowledge the need for high-quality, long-term datasets for model 

calibration and validation [7]. The complexity of real-world systems, including noise and 

varying timescales, can hinder accurate prediction of tipping points [7]. 
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The integrated modeling framework (MIKE SHE + STM) clearly quantifies the 

difference between conventional monoculture (WW-CT) and conservation practices 

(WW-NT, CC-NT). It shows that while conventional tillage monoculture leads to 

increased drought and unchanged erosion, "CC-NT systems significantly reduce runoff 

and sediment while preserving soil moisture levels" [13] This is a direct quantification of 

how specific management changes act as "balancing feedback mechanisms" (as defined 

by [8] where weak negative feedback stabilizes a system) that counteract the negative 

reinforcing loops of monoculture. The model helps quantify the magnitude of this 

buffering capacity. This provides strong scientific evidence for the effectiveness of 

sustainable agricultural practices, moving beyond qualitative statements to quantitative 

proof. It offers actionable insights for farmers and policymakers to build resilience against 

climate change impacts and reverse degradation, directly addressing the core problem of 

the report. 

 
Table 2. Overview of Quantitative Modeling Approaches for Agroecosystem Dynamics 

Modeling 

Framework 

Key 

Components/Funct

ionality  

Application in 

Monoculture/Agr

oecosystems 

Strengths for 

Feedback 

Quantification 

Snippet 

IDs 

System Dynamics 

(SD) 

Stocks, flows, 

auxiliary 

parameters, causal 

loops 

(reinforcing/balanci

ng) 

Evaluating 

environmental, 

economic, social 

impacts of 

management 

practices (e.g., 

tillage, cover crops, 

crop-livestock 

integration) 

Holistic, integrates 

multiple system 

dimensions, explicit 

representation of 

feedback loops and 

interdependencies 

[12] 

Integrated 

Hydrological & 

Sediment 

Transport Models 

(e.g., MIKE SHE + 

STM) 

Physically-based 

simulation of water 

flow (runoff, soil 

moisture, 

evapotranspiration) 

and sediment 

production/transport 

Quantifying 

impacts of climate 

and farming 

systems (e.g., 

conventional 

tillage vs. no-

till/cover crops) on 

water balance and 

erosion 

High spatial and 

temporal resolution, 

quantification of 

specific physical 

processes, 

demonstration of 

management impact 

on hydrological 

feedback 

[13] 

Water Balance 

Models 

Analyzing trends in 

runoff, precipitation, 

evapotranspiration; 

reconstructing 

natural runoff; 

quantifying human-

induced changes 

Optimizing water 

consumption, 

evaluating water 

management 

scenarios (e.g., 

crop substitution, 

water efficiency 

improvements) 

Focuses on water 

resource dynamics, 

practical for irrigation 

scheduling, can 

incorporate feedback 

loops from 

stakeholder 

knowledge 

[9] 

 

This table provides a comprehensive overview of the modeling approaches applied to 

quantify feedback loops, demonstrating how scientists measure and interpret the 

problems of monoculture. 
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The Transformative Role of Artificial Intelligence and Machine 

Learning 

This section explores the cutting-edge applications of AI and ML in addressing the 

environmental challenges of monoculture, from enhanced monitoring to advanced 

predictive modeling and new paradigms of human-AI collaboration. 

 

AI/ML for Enhanced Monitoring and Prediction 

Precision Agriculture and Resource Optimization 

AI/ML enables data-driven decisions for irrigation, fertilization, and planting, 

optimizing resource use and minimizing waste [14]. Examples include smart irrigation 

systems that monitor soil moisture in real-time and adjust water distribution [14], and 

variable rate technology for precise application of inputs [17]. 

 

Early Detection of Stress and Diseases 

AI models predict and alert farmers to abiotic stresses (drought, frost, heat, flooding) 

and conditions favorable for pest/disease proliferation, indicating optimal timing for 

interventions [14]. AI-powered image recognition, drones, and sensors enable early 

detection of crop diseases and pests, reducing crop losses and chemical dependency [17]. 

 

Crop Yield Prediction and Soil Health Monitoring 

AI integrates historical yield data, weather patterns, and remote sensing inputs to 

generate accurate yield forecasts, aiding planning and resource allocation.14 AI-powered 

sensors and drones monitor soil quality, detecting nutrient deficiencies and early signs of 

disease, promoting long-term sustainability [14]. 

Monoculture creates negative, reinforcing feedback loops (e.g., chemical dependency, 

water depletion). AI, through "precision agriculture," "optimizes the use of resources" 14, 

"minimizing waste and enhancing efficiency" [14]. Through "real-time soil data analysis" 

and "variable-rate fertilization" [14], AI can reduce "nutrient dispersion" [14] and 

"chemical dependency" [17]. This indicates that AI acts as a balancing mechanism, 

counteracting negative reinforcing loops by providing precise, data-driven interventions 

that reduce the need for excessive inputs and mitigate environmental damage. It optimizes 

feedback loops to become more sustainable. AI shifts agriculture from a reactive, input-

intensive system (which exacerbates negative feedback) to a proactive, data-driven one. 

This is crucial for transitioning from unsustainable monoculture to more resilient and 

environmentally friendly practices, potentially breaking the cycle of degradation. 

 

AI/ML in Modeling Complex Environmental Feedbacks 

Analyzing Vast Datasets and Identifying Intricate Patterns 

AI/ML algorithms excel at analyzing "vast and complex datasets," identifying 

"intricate patterns," and discerning "relationships within data" that may challenge 

traditional models [19]. They can handle non-linear relationships and adapt to changing 

patterns over time, which is crucial for dynamic climate systems [19]. 



Zolt§n Szek®r, Csaba Zsolt Ol§h, R®ka Matolcsi  

 

 

 

76 

Developing Predictive Models for Climate Change Impacts on Agriculture 

AI develops advanced predictive models to assess the multifaceted impacts of climate 

change, enabling quick and accurate predictions of future climate scenarios [19]. AI-

based weather models predict climate changes, allowing farmers to adjust planting 

schedules and crop types for better resilience [14]. Generative AI can "create predictive 

models for crop resilience, designing optimized biological formulations, and simulating 

climate adaptation strategies" [16]. 

 

Explainable AI (xAI) for Transparent Decision-Making 

It is important to highlight the significance of xAI, which, unlike "black-box" models, 

provides clear explanations for its predictions [20]. This transparency builds trust and 

allows stakeholders to understand underlying causes of risks, such as atmospheric 

circulation patterns driving drought conditions [20]. 

AI's ability to "analyze vast and complex datasets, identify intricate patterns, and 

discern relationships within data that may be challenging for traditional models to 

capture" [19] directly relates to identifying "early warning signals (EWS)" of "tipping 

points" [7]. While traditional EWS have limitations (data availability, noise, timescales ï 

[7]), AI's advanced pattern recognition and ability to handle "non-linear relationships" 

[19] can potentially overcome these, particularly in identifying subtle, multivariate 

indicators of system fragility before abrupt changes occur. This positions AI as a crucial 

tool for proactive environmental management, potentially enabling interventions before 

irreversible damage (tipping points) occurs in agricultural systems. This moves beyond 

simply managing symptoms to predicting and preventing systemic collapse. 

 

Emerging Paradigms: AI as an Adaptive Co-Creator in Ecological Systems 

Beyond Static Assistance Towards Dynamic Cognitive Integration 

The discussion shifts from AI as a passive decision-making engine to an "adaptive 

cognitive co-processor" or "embedded intelligence system" [21]. This involves AI 

dynamically adjusting to ongoing thought processes, operating in a "continuous feedback 

loop" with human cognition [21]. 

 

Enhancing Creativity, Problem-Solving, and Emergent Intelligence 

This paradigm seeks for AI to amplify, refine, and extend human thought in real-time, 

leading to new forms of creativity, problem-solving, and emergent intelligence [21]. 

Concepts like "Bayesian Pyramids" for interpretable AI models applied to ecological 

dynamics are notable, allowing parameters to be tied to real data [22]. 
 

Challenges and Ethical Considerations 

Challenges such as high data requirements, real-time processing limitations, and 

environmental variability affecting accuracy must be acknowledged [14] Broader 

concerns like AI's energy and water consumption, data security, potential for fueling 

consumerism, and spreading misinformation are also notable [23]. 

The conceptualization of AI as a "cognitive ecosystem" [25] or "cognitive co-

processor" [21] suggests a deeper integration of AI into agricultural decision-making 
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processes. This is not merely about AI providing data, but about it becoming an "adaptive 

co-creator" [21] that assists farmers and policymakers in "understanding and controlling 

our world" [25] by integrating "massive data flows, artificial intelligence, institutional 

and intellectual structures, and connected technologies" [25] This implies that AI 

functions not just as a tool, but fundamentally transforms how agricultural decisions are 

made and knowledge is generated, fostering a continuous "feedback loop" [21] between 

human intuition and machine intelligence. This paradigm shift is crucial for accelerating 

the transition to sustainable agriculture. If AI can truly become an "embedded intelligence 

system" that adapts to evolving cognitive states and helps resolve inconsistencies [21], it 

can significantly augment human capabilities in managing complex agroecological 

systems, identifying optimal pathways for regenerative agriculture [16], and addressing 

the inherent complexity of environmental feedback loops. However, this also carries the 

risk of "carbon lock-in" [24] and other ethical concerns, necessitating careful 

development. 

 
Table 3. AI/ML Applications in Addressing Monoculture's Environmental Challenges 

Challenge Area 

(Exacerbated by 

Monoculture) 

AI/ML Application Specific Benefits 

Relevant 

Snippet 

IDs 

Soil Degradation & 

Nutrient Depletion 

Soil Health 

Monitoring (sensors, 

drones) 

Detects deficiencies, promotes long-

term sustainability, targeted nutrient 

delivery (fertigation), restores soil 

biodiversity. 

[14] 

Pest/Disease 

Susceptibility 

Early Detection & 

Control (image 

recognition, drones, 

traps) 

Timely intervention, reduced crop 

losses, minimized pesticide use, 

targeted interventions. 
[14] 

Water Resource 

Depletion 

Smart Irrigation 

Systems (sensors, 

real-time data) 

Optimizes water usage, reduces waste, 

ensures optimal crop hydration, precise 

irrigation calibration. 

[14] 

Climate Variability & 

Abiotic Stress 

Predictive Models & 

Climate Adaptation 

(weather models, 

yield forecasts) 

Forecasts drought, frost, heat, flooding; 

adjusts planting/crop types; enhances 

resilience; simulates climate adaptation 

strategies. 

[14] 

Inefficient Resource 

Use 

Precision Agriculture 

(data-driven 

decisions, VRT) 

Optimizes 

irrigation/fertilization/planting, 

minimizes waste, increases efficiency, 

reduces environmental footprint. 

[14] 

Lack of Biodiversity 

(above/below 

ground) 

AI -designed 

crops/microbial 

fertilizers 

Develops pest-resistant crops, restores 

soil biodiversity, reduces chemical 

dependency. 

[16] 

Complex System 

Understanding 

AI for Ecological 

Modeling 

(interpretable AI, 

pattern recognition) 

Analyzes vast datasets, identifies 

intricate patterns, discerns relationships, 

provides transparent explanations for 

predictions. 

[19] 

 

This table illustrates how AI/ML provides novel and practical solutions to address the 

environmental challenges exacerbated by monoculture, underpinning the transformative 

potential of the technology. 
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Research Relevance and Novelty: Current State and Future Directions 

This section critically evaluates the contemporary relevance and novelty of research 

into environmental feedback loops of monoculture, emphasizing the critical role of 

advanced quantification and AI/ML. 

 

Addressing the "Is it Relevant?" Question 

Critical for Global Food Security and Environmental Sustainability 

The long-term environmental impact of monoculture, particularly soil degradation and 

water pollution, has "significant negative impacts on soil biodiversity" [5] and poses "the 

biggest threat to our future food security" [5]. A growing population and climate change 

exacerbate water shortages, making the situation urgent [4]. By 2050, the global 

population is estimated to reach 9.7 billion, necessitating higher crop yields for people to 

access nutritious meals at affordable prices [4]. 

 

Policy Implications and Shift Towards Sustainable Alternatives 

Understanding these feedback loops is crucial for developing effective "adaptive and 

sustainable water management policies" [9] and transitioning to sustainable agriculture. 

The emergence of "Conservation Agriculture (CA)" and "Regenerative Agriculture" as 

advanced models of sustainability, aiming to mitigate the negative impacts of 

monoculture through minimum soil disturbance, permanent soil cover, and crop 

diversification 1, demonstrates this shift. CA is defined by the Food and Agriculture 

Organization (FAO) as "a sustainable agricultural production system for the protection of 

water and agricultural soil that integrates agronomic, environmental and economic 

aspects" [10]. 

The available information clearly states that the environmental impacts of monoculture 

are not isolated events but "negative cascade effects" [10] driven by "positive/amplifying 

feedback loops" [7]. This understanding transforms the problem from simple pollution or 

degradation into a systemic crisis with "disastrous effects" [5] and "large environmental 

consequences" [5]. Recognizing these self-reinforcing cycles makes the shift towards 

"sustainable alternatives" [1] like Conservation Agriculture [10] and Regenerative 

Agriculture [16] not just an option, but an "urgent need" [9] and an "imperative necessity" 

[13] The relevance of this research extends beyond academic interest; it directly informs 

policy and practice by demonstrating that continued reliance on monoculture leads to 

irreversible environmental and societal costs, making the transition to sustainable systems 

a matter of survival and long-term resilience. 

 

Highlighting "Novel" Research Areas and Knowledge Gaps 

Advances in AI/ML for Ecological Modeling and Deeper Quantification  

The novelty of AI/ML lies in its ability to enhance monitoring, prediction, and 

modeling capabilities, especially for complex, non-linear environmental systems [14] The 

emerging potential of "interpretable AI models" [22] and AI as an "adaptive cognitive co-

processor" [21] offers deeper understanding and human-AI collaboration in ecological 
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management. Artificial intelligence offers significant opportunities to accelerate climate 

action [23]. 

 

Challenges in Predicting Tipping Points and Cascading Impacts 

Despite advances in research on Earth system tipping points, significant challenges 

remain in their identification and prediction, particularly concerning data availability, 

noise, and the inherent timescales of complex systems [7]. The complexity of "cascading 

tipping points," where one tipping point triggers another, is also notable [7]. 

 

 

Critical for Global Food Security and Environmental Sustainability 

The novelty and necessity of combining knowledge from stakeholders with different 

expertise to fully understand complex feedback loops must be emphasized [9]. Integrating 

indigenous knowledge and gender-responsive approaches into AI-driven climate 

strategies is also important [23]. 

While the concept of feedback loops is known [7], the quantification of these loops, 

especially concerning the specific impacts of monoculture on water, soil, and 

microclimate, is a relatively newer and more challenging area. Traditional models have 

limitations [7]. The novelty lies in AI/ML's ability to "analyze vast and complex datasets, 

identify intricate patterns, and discern relationships within data that may be challenging 

for traditional models to capture" [19], thereby bridging this "quantification gap." This 

also includes the development of "expert-driven explainable AI" [20] that adds 

transparency and trust to complex models. This indicates that current research is not 

merely reiterating known problems but actively developing the tools and methodologies 

to precisely measure and predict the dynamics of environmental degradation. This 

quantitative leap is essential for developing targeted, effective interventions and policies, 

moving from general awareness to specific, data-driven action. 

 

Conclusions and Recommendations for Sustainable Agricultural 

Systems 

Summary of Key Findings on Monoculture's Environmental Feedback Loops 

Monocultural farming generates detrimental, self-reinforcing feedback loops across 

soil systems (nutrient depletion, erosion, biodiversity decline, chemical contamination), 

water resources (depletion, pollution, salinization), and microclimatic conditions 

(temperature and humidity instability, reduced ecosystem services). The interconnected 

and cascading nature of these impacts amplifies their severity, presenting substantial 

challenges for sustainable land management. System dynamics and integrated 

hydrological models provide quantitative insights into these processes, demonstrating the 

buffering capacity of sustainable agricultural practices. Artificial intelligence (AI) and 

machine learning (ML) offer transformative opportunities to enhance monitoring, 

prediction, and modeling, thereby enabling the optimization of feedback loops to support 

long-term resilience. 
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Recommendations for Research, Policy, and Agricultural Practices to Foster 

Resilience 

Research recommendations: 

Á Prioritize the advancement and integration of AI/ML within agroecological 

modeling, with emphasis on interpretable AI and adaptive co-creation frameworks 

to better characterize complex, non-linear feedback loops and predict tipping 

points. 

Á Invest in long-term, high-quality environmental and agricultural data collection to 

support model validation and the early detection of warning signals. 

Á Foster interdisciplinary research that bridges natural sciences, social sciences, and 

indigenous knowledge systems to address the full spectrum of humanïenvironment 

interactions. 

Policy recommendations: 

Á Develop policy instruments that incentivize and support the widespread adoption 

of sustainable agricultural approaches (e.g., conservation agriculture, regenerative 

agriculture, crop diversification) and recognize their long-term environmental 

benefits. 

Á Establish adaptive water management frameworks that enhance water use 

efficiency and mitigate scarcity, leveraging AI-enabled predictive modeling. 

Á Introduce regulatory measures to reduce chemical dependency and encourage 

ecological pest and disease management. 

Agricultural practice recommendations: 

Á Facilitate the transition from monocultural to diversified farming systemsð

including crop rotation, cover cropping, and agroforestryðto improve soil health, 

biodiversity, and microclimatic stability. 

Á Encourage the use of AI/ML-powered precision agriculture technologies to 

optimize resource allocation and enable early detection of environmental stressors. 

Á Invest in farmer education and capacity-building programs to promote sustainable 

practices and the effective deployment of emerging technologies. 

Current monoculture produces excessive quantities of food, which entails higher 

pesticide use. Challenged by the negative effects of monoculture farming methods and 

climate change, growers and policymakers must collaborate to broaden farmlands around 

the world [4]. 
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¥sszefoglal· 

Sz§mos tanulm§ny szerint a meddŖ sz®nhidrog®n-kutak m®lyf¼r§s¼ hŖcser®lŖkk® tºrt®nŖ §tk®pz®se 

²g®retes alternat²v§t jelent a hagyom§nyos geotermikus hasznos²t§ssal szemben, gyakran lehetŖv® t®ve a 

karbonsemleges ®s fenntarthat· energia elŖ§ll²t§s§t kºzvetlen fŤt®si c®lokra. Az ilyen kutak potenci§lj§nak 

meghat§roz§s§hoz azonban sz§mos geol·giai, szerkezeti ®s ¿zemi param®tert sz¿ks®ges figyelembe 

venn¿nk. A teljes²tm®ny numerikus modellez®ssel hat®konyan ®s pontosan megbecs¿lhetŖ, ez azonban 

sz§m²t§sig®nyes folyamat, k¿lºnºsen akkor, ha nagysz§m¼ szimul§ci·ra van sz¿ks®g az optim§lis 

konfigur§ci· meghat§roz§s§hoz. A publik§ci· egy ¼jszerŤ megkºzel²t®st mutat be: egy nagyl®pt®kŤ 

szimul§ci·s kºrnyezetet fejlesztett¿nk, amely ºsszetett adathalmazok elŖ§ll²t§s§t tette lehetŖv®. Ezeket az 

adatokat egy neur§lis h§l· betan²t§s§ra haszn§ltuk fel, amely hat®konyan ®s pontosan k®pes meghat§rozni 

a v§rhat· k¼tfejhŖm®rs®kletet.  

 

Kulcsszavak: f¼r·lyuk hŖcser®lŖ, numerikus modell, automatiz§l§s, neur§lis h§l·zat 

 

Abstract 

According to several studies, retrofitting dry hydrocarbon wells into deep borehole heat exchangers presents 

a promising alternative against conventional geothermal utilization, often enabling carbon-free and 

sustainable energy production for direct heating applications (T·th et al. 2018). However, to determine the 

potential of such wells, several geological, structural, and operational parameters must be considered. 

Numerical modeling is a common method for estimating performance, yet it remains computationally 

intensive, particularly when numerous simulations are required to identify an optimal configuration. This 

paper presents an innovative approach, in which we developed a large-scale simulation ecosystem to 

generate comprehensive datasets that were subsequently used to train a neural network capable of predicting 

wellhead temperature curves. 

 

Keywords: borehole heat exchanger, numerical model, automation, neural network 

 

Introduction  

Geothermal systems have gained increasing attention for their sustainability, low 

emissions and for their ability to provide a continuous baseload of heating energy. Apart 

from the traditional hydrothermal production and exploitation with production and 

injection wells, borehole heat exchangers (BHEs) offer a promising option for direct 
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heating applications. Traditionally, they are installed in shallow ground formations, 

usually in an array of borehole fields, however, depleted hydrocarbon wells have a great 

potential for further utilization. These wells are already drilled to significant depths with 

high temperature; however, the viability of such conversion depends on several factors, 

including geological properties, well geometry, fluid dynamics and other operation 

parameters. 

To accurately predict thermal performance of these systems, numerical simulation is 

commonly employed (Alimonti et al. 2018). These simulations are typically based on 

finite element or finite volume methods, allowing a detailed analysis of subsurface heat 

transport. Nevertheless, running high-fidelity simulations across a broad parameter space 

is often computationally demanding and time consuming, posing a bottleneck for 

practical feasibility studies or optimization tasks. To address this challenge, this study 

proposes a novel framework that integrates automated large-scale simulations with neural 

network modeling (Zhou et al. 2024). By generating an extensive database of thermal 

simulations, we trained a deep learning model that accurately predicts performance under 

varied geological and operational conditions. Therefore, this approach combines the 

precision of numerical modeling with the speed of data-driven inference. 

 

Model introduction  

Numerical models had been built using FlexPDE, a finite-element simulation software 

that includes a built-in scripting language (PDE Solutions, 2011). This allows for full 

control of model geometry, boundary conditions, governing equations and output control 

parameters. Given the coaxial geometry of the heat exchangers, each model was defined 

in cylindrical coordinates, with vertical scaling applied to reduce computational demand. 

The governing equation of the thermal model, incorporating a convective term to account 

for fluid flow within the pipes, is as follows: 

 

Ὧ ὤ ”ὅ ”ὅὴὠ   (1) 

where Zscale is the vertical scaling factor. 

 

As shown in Eq. 1., the temperature field within the model domain is influenced by 

multiple factors, including the thermophysical properties of each subdomain, well 

geometry (depth and diameters) and flow-related parameters such as velocity and inlet 

temperature (Table 1.) (Pap ®s Baracza, 2024). Consequently, careful selection of 

parameter ranges is crucial for accurate and representative simulations. 

The surface (soil) temperature was set to 12 ÁC, while the geothermal gradient was 

defined between 0.03 and 0.06 ÁC/m. Inlet temperature was picked between 12 and 35 

ÁC, and flow rate between 5 and 20 m3/h. Altogether, the model has a 9-dimensional 

variable space: seven is selected from continuous ranges and two parameters are chosen 

from a discrete sets of three options. To ensure comprehensive coverage and uniform 

distribution across this high-dimensional space, Latin Hypercube Sampling (LHS) was 
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employed, generating 10,000 unique simulation scenarios. Each simulation produced a 

complete temporal profile of wellhead temperature, recorded at increasing intervals for a 

7-day operational cycle. The resulting dataset provided high-resolution thermal response 

curves suitable for training and validating the neural network model. 

 
Table 1. Subdomain dimensions and thermodynamic properties 

SUBDOMAIN  R [m]  Z [m]  k [W/mK] Cp [J/kgK] rho [kg/m3]  

Formation 20 
1500 - 3000 1.50 -  

3.50 

800 -  

1400 

2000 -  

2800 

Casing 
7ò, 9-5/8ò, 

13-3/8ò 

1500 - 3000 
54 490 7850 

Annulus 

wall thickness 
0.01 

1500 - 3000 
0.6 4200 1000 

Tubing 
2-3/8ò, 2-7/8ò, 3-

1/2ò 

1500 - 3000 
54 490 7850 

Tubing wall 

thickness 
0.005 

1500 - 3000 
0.6 4200 1000 

 

Neural network training  

The simulation dataset, consisting of outputs from 10,000 unique models, was first 

labeled with a unique identifier (runID), and then enriched with a series of physical and 

interaction-based features. These included annular and string volumes, flow velocities, 

Reynolds-numbers (for both flow paths), formation thermal diffusivity and volumetric 

heat capacity. Additional engineered features, such as the total domain heat content and 

various interaction terms were also computed to enhance model expressiveness. The final 

input vector consisted of 23 features, which were fed into the neural model. Preliminary 

experiments indicated that excluding the initial heating phase ï from zero simulation time 

up to the peak wellhead temperature - significantly improved training stability and model 

performance. As a result, the dataset was filtered accordingly. To ensure robust 

generalization and to prevent data leakage, the dataset was split by runID (rather than 

random sample shuffling) into training and validation sets in an 80:20 ratio. 

The employed neural network is a hybrid residual-attention architecture, implemented 

in Python using the PyTorch framework. The pipeline begins with an input embedding 

layer, which projects the 23-dimensional feature vectors into a higher-dimensional latent 

space. This is followed by a multi-head attention mechanism that enables the model to 

capture long-range dependencies and emphasize key input interactions. The core of the 

network comprises a series of dense layers augmented with residual connections and layer 

normalization, which promote efficient gradient flow and prevent vanishing gradients. 

The output layer reduces the learned representation to a single scalar temperature 

prediction. 

We have incorporated several advanced features into the training loop, including: 

Á Warm-up learning rate scheduler: during the first few epochs, the learning rate was 

linearly increased to help the optimizer stabilize; 

Á Reduce learning rate on plateau: the learning rate was automatically reduced when 

validation loss did not improve, allowing finer optimization in later stages; 
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Á Gradient clipping: gradients were constrained to a maximum norm to prevent 

unstable updates and exploding gradients; 

Á Early stopping mechanism: training was halted when the validation loss failed to 

improve after 30 consecutive epochs (patience = 30); 

Á Real-time visualization: after each epoch, predictions on a held-out validation set 

(containing previously unseen data) were plotted and saved for visual inspection; 

Á Weight-decay: the AdamW optimizer was used to regularize model weights and 

promote generalization by discouraging overfitting. 

 

 
Figure 1.Comparison of simulation temperature results (blue) versus prediction values 

(orange) after epoch 1. (upper left), epoch 3. (upper right), epoch 5. (lower left) and epoch 25. 

(lower right), as a demonstration of how the model evolved after each generation 

 

Results, conclusion 

Training concluded at epoch 55., triggered by the early-stopping criterion. The model 

from epoch 25. achieved the lowest validation loss and was therefore selected as the final 

model. To evaluate its performance, the model was tested on a new validation set 

consisting of simulations generated using randomly sampled input parameters. One such 

example is shown below.  

 

 
Figure 2. Comparison of simulation data (blue) and model prediction (green) for an unseen 

well configuration: depth = 2000 m, flow rate = 20 m3/h, k_lithology = 3 W/mK, cp_lithology = 

1000 J/kgK, rho_lithology = 2400 kg/m3, T_inlet = 25 ÁC, thermal gradient = 0.05 ÁC/m, casing 

diameter = 7ò, tubing diameter = 2-3/8ò. 
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The average temperature prediction error was found to be 0.389 ÁC, with most 

predictions remaining below a 0.5 ÁC deviation from several simulation references. This 

level of accuracy is well within acceptable limits for engineering applications and 

supports the use of the model as a viable surrogate for time-intensive PDE solvers. The 

primary sources of prediction error are likely attributable to noise in the simulation inputs, 

resolution limitations, and non-uniform sampling density in the Latin Hypercube 

Sampling (LHS) space. While the dataset contains over 2.4 million rows derived from 

10,000 simulations, future work should focus on expanding the LHS design space, 

incorporating more extreme boundary conditions, and improving coverage of rarely 

occurring scenarios. Additional improvements were also observed with further 

hyperparameter tuning, including the use of deeper architecture, adjusted learning rates, 

and modified regularization strengths. These suggest that further refinement could yield 

even more accurate and stable models. 

 

Conclusion 

This study demonstrated the effectiveness of integrating automated large-scale thermal 

simulations with a neural network-based modeling approach to predict the wellhead 

temperature of deep borehole heat exchangers. By generating a high-resolution dataset 

from 10,000 numerical simulations and training a hybrid residual-attention neural 

network, we achieved accurate wellhead temperature predictions with a mean error of 0.5 

ÁC. This approach significantly reduces computational demand compared to traditional 

finite-element methods while maintaining sufficient accuracy for engineering 

applications. The developed surrogate model enables rapid evaluation of numerous well 

configurations, supporting optimization studies. Future work will aim to improve the 

model by running additional simulations and further enhance accuracy through 

architectural and training refinements. 
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¥sszefoglal· 

Az orvosi meteorol·giai feljegyz®sek ®vezredek ·ta l®teznek, ®s sz§mos idegrendszeri betegs®gre 

®s t¿netre vonatkoz· objekt²v megfigyel®seket tartalmaznak. A glob§lis felmeleged®s ®s az 

®ghajlatv§ltoz§s a 21. sz§zad jelentŖs kih²v§sait jelentik. A leg¼jabb tanulm§nyok hangs¼lyozt§k 

az ®ghajlat hat§s§t idegrendszeri betegekre. Sz§mos kutat§s vizsg§lta az ®ghajlati v§ltoz·k hat§s§t 

a stroke-ra, az agyi aneurizm§kra, a migr®nre, a sz®d¿l®sre, az alv§szavarokra ®s az epilepszi§ra. 

Jelen tanulm§nyunkban ®rt®kelj¿k a neurol·giai rendelleness®gekrŖl ®s t¿neteikrŖl rendelkez®sre 

§ll· bizony²t®kokat. Megvizsg§ljuk az egy®ni ®s t§rsadalmi szinten alkalmazhat· m·dszereket a 

sz®n-dioxid-kibocs§t§s csºkkent®s®re. Ezenk²v¿l megold§sokat keres¿nk az extr®m idŖj§r§si 

kºr¿lm®nyekbŖl fakad·, k¿lºnbºzŖ neurol·giai rendelleness®gekkel kapcsolatos kock§zatok 

enyh²t®s®re egy®ni, eg®szs®g¿gyi, region§lis ®s glob§lis szinten. Megvitatjuk a tervezett 

multicentrikus klinikai vizsg§lati koncepci·kat is. 
 

Kulcsszavak: glob§lis felmeleged®s, ®ghajlatv§ltoz§s, sz®d¿l®s, fejf§j§s, stroke 

 

Abstract 

Medical meteorological records have existed for millennia, containing objective observations 

pertinent to numerous neurological illnesses and symptoms. Global warming and climate change 

represent significant challenges of the 21st century. Recent studies have underscored the climatic 

impact on our neurological patients. Numerous research have examined the impact of climatic 

variables on stroke, cerebral aneurysms, migraines, vertigo, sleep disturbances, and epilepsy. In 

our present study, we evaluate the existing evidence about these neurological disorders and their 

symptoms. We investigate methods to diminish our carbon footprint at both individual and social 

levels. Additionally, we investigate solutions to mitigate the risks associated with extreme 

weather conditions for various neurological disorders at the individual, health, regional, and 

global levels. We also deliberate on our projected multicenter clinical trial concepts. 

 

Keywords: global warming, climate change, vertigo, headache, stroke 
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Introduction  

The initial accounts of medical meteorology originate from traditional Chinese 

medicine during the era of Emperor Huang Ti and from Mesopotamia circa 3000 BC. The 

significance of weather was meticulously noted and documented even in antiquity. 

Aristotle's Meteorologica delineates comprehensive observations. Theophrastus of 

Eressos meticulously delineated the effects of winds. Thomas Sydenham carefully 

gathered data on medical meteorology, while James R. Fleming organized medical 

meteorology observations within the military medical department in 1820. The 

International Biometeorological Society was established in Paris in 1956. Swedish 

chemist Svante Arrhenius established that atmospheric CO2 concentration influences 

temperature. In 1915, Alexander Graham Bell, the inventor of the telephone and a 

polymath, first highlighted the peril of the greenhouse effect. The term global warming 

was introduced by Wallace Broecker in 1975, but the phrase climate change was 

established by James Edward Hansen (Boussoussou 2023). The Lancet Commission on 

Health and Climate Change has asserted that climate change constitutes the foremost 

health challenge of the 21st century (Costello et al. 2009). 

 

Methods 

Climate change 

The principal driver of climate change is the increase in greenhouse gas emissions 

(Jain, 2023). Greenhouse gases primarily consist of carbon dioxide, methane, nitrous 

oxide, fluorinated gases, water vapor, and ground-level ozone (US EPA, 2023). The 

buildup of greenhouse gases in the atmosphere causes increased retention of infrared 

radiation, thereby warming the atmosphere and Earth's surface, leading to higher ambient 

temperatures (Ramanathan et al. 2008). The combustion of fossil fuels, including both 

anthropogenic sources and wildfires, generates airborne particulate matter in addition to 

carbon dioxide emissions (Chen et al. 2021). The warming of the Earth's atmosphere, land 

surfaces, and aquatic ecosystems has several repercussions. The melting of polar ice 

reduces the Earth's ability to reflect solar energy (Masson-Delmotte, 2021). This creates 

a positive feedback loop that expedites the melting of polar ice (Masson-Delmotte, 2021). 

Increased temperatures also cause changes in precipitation, humidity, wind speed, and 

pressure systems. These alterations have been shown to increase exposure to particular 

air pollutants and ground-level ozone, as well as the volume of water vapor (Turco et al. 

2023). This secondary feedback loop is referred to as climate penalty, as these molecules 

act as greenhouse gases, hence exacerbating global warming (Williams et al. 2019). 

Droughts precipitate numerous dust storms and sandstorms. Desert dust storms can exert 

remote effects, frequently influencing millions of individuals hundreds of miles from their 

source (Goudie et al. 2019). Forest fires, sandstorms, and dust storms immediately elevate 

both fine and coarse particulate matter in the air, along with ground-level ozone, thus 

exacerbating the greenhouse effect and increasing temperatures. Desertification and 

recurrent wildfires result in the annihilation of flora that would have otherwise 

sequestered carbon dioxide, hence intensifying the greenhouse effect (Xu et al. 2020). 
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Variations in wind speed, humidity, temperature, air pressure, and water vapor correlate 

with the increased frequency of extreme weather phenomena, including tropical cyclones, 

intense rainfall, flooding, and heatwaves (Seneviratne et al. 2021). The increase in coastal 

storms is caused by wind patterns and humidity changes due to temperature variations. 

These synergistically interact with rising sea levels due to polar ice melt and thermal 

expansion, exacerbating coastal flooding (Buis et al., 2022). Climate change has resulted 

in elevated ambient temperatures, floods, and other extreme weather phenomena, causing 

thousands of fatalities, displacing populations, and undermining food security (Chang et 

al. 2022). Heat-related deaths increased by 68% between 2018 and 2022 (Romanello et 

al. 2021). 

 

Medical meteorology 

The medical sector's fossil fuel usage accounts for 8.5% of greenhouse gas emissions 

in the United States and around 5% globally (Lenzen et al. 2020; Eckelman et al. 2020). 

Many low- and middle-income countries, along with economically disadvantaged 

populations in wealthy nations, are presently confronted with increased environmental 

risks and inadequate healthcare access, while simultaneously having reduced ability to 

implement effective mitigation strategies (Lenzen et al. 2020). The World Health 

Organization asserts that "climate change affects the social and environmental 

determinants of health" and projects that "the direct health-related damage costs will 

amount to US$ 2ï4 billion annually by 2030."(World Health Organization, 2023). The 

residents of the equatorial regions in Africa had to adapt to conditions significantly 

distinct from those of the Eskimos in the Arctic. Extreme weather conditions resulting 

from global warming and climate change are currently presenting numerous problems to 

healthcare systems worldwide. In regions experiencing climate catastrophes (such as 

tsunamis, storms, and rapid temperature fluctuations), the healthcare system can 

deteriorate rapidly. Individuals must pay greater attention to meteorological data and 

adhere to basic preventive measures to avoid harm from extreme weather conditions 

(WHO, 2023).  

The occurrence of diseases cannot be attributed solely to weather variables. It is 

comprehensible that it may influence people predisposed to specific severe diseases and 

symptoms due to various risk factors and disrupted homeostasis. To furnish specific 

patient demographics with optimal guidance and predictions, it is essential to possess 

comprehensive and precise evidence in the domain of medical meteorology 

(Boussoussou, 2023). This can be achieved by retrospective data analysis of a substantial 

patient cohort and smaller, more rigorously designed prospective clinical studies. 

Collaboration among meteorologists, biologists, physicians, and physicists in research is 

essential. It is essential to scrutinize the diverse meteorological factors comprehensively, 

including temperature, humidity, air pressure, winds, air pollution, and their diurnal and 

daily variations, as well as the alterations in various fronts, solar flares, and the magnetic 

field. It is imperative that we scrutinize specific patient cohorts. We can rely on artificial 

intelligence and machine learning algorithms for data processing. It is essential to utilize 

our acquired data not only at a scientific level but also to interpret them in a manner 
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comprehensible to the public through the application of translational medicine. This 

article examines significant medical meteorological studies in neurology and 

neurosurgery, focusing on stroke, cerebral aneurysm rupture, headache, dizziness, 

epilepsy, and sleep disorders, and evaluates the weather parameters or changes that exert 

a substantial impact (WHO, 2023). 

 

Discussion 

Headache 

Most medical meteorological research on headaches has focused on migraines. 

Migraine episodes may correlate with climatic parameters such as barometric pressure, 

humidity, and wind conditions. However, recent studies produce conflicting findings; the 

impact of weather on migraine occurrences is roughly 20% (Denney et al. 2024). Tanik 

established a notable correlation between extreme temperatures, both hot and cold, as 

precipitating factors for tension headaches. Kag¿n's prospective clinical study revealed 

that cold temperatures precipitated migraine headaches. He identified no statistical 

correlation between temperature, humidity, and migraine episodes. Li's intricate 

investigation also did not establish a correlation between migraine attacks and 

temperature or barometric pressure. Katsuki's findings indicate that low air pressure 

correlates with a rise in headache occurrences (Katsuki et al. 2023). A study reveals that 

individual variances may change the influence of barometric pressure on migraines, 

indicating that certain individuals are sensitive to low barometric pressure, whereas others 

are impacted by high barometric pressure (Prince et al. 2004). Iba's research on migraine 

triggers revealed that weather was a more prominent trigger in Asian countries with 

considerable weather variability (Iba et al. 2023). A Canadian study identified that 

extremely windy conditions serve as a trigger for migraines (Cooke et al. 2000). A series 

of intricate experiments carried out in Ohio and Missouri revealed that thunderstorms 

triggered migraine attacks, with the research team proposing that fluctuations in 

temperature, humidity, air pressure, and particular wind patterns collectively contributed 

to clinical deterioration (Martin et al. 2013). 

 

Vertigo 

Sharifi's comprehensive review utilized data from 16,000 patients participating in 15 

clinical trials. Ten studies demonstrated a link between vertigo and monthly mean 

temperature, seven with monthly average humidity, four with monthly average 

precipitation, six with monthly sunlight duration, and two with average solar radiation. 

Vertigo incidence was strongly associated with atmospheric pressure and rainfall. 

However, no statistically significant correlation was seen between the incidence of 

vertigo and humidity, sunlight duration, temperature, or solar radiation levels (Sharafi et 

al, 2024). Elevated carbon monoxide levels significantly increased the likelihood of 

vertigo. Vertigo exacerbated throughout the summer and shown a significant association 

with humidity (Basaran et al. 2023). Saeed's analysis revealed a positive correlation 

between air pressure and vertigo (Saeed et al. 2016). A study indicated that there is no 
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correlation between vertigo and air pressure (Mariani et al. 2008). The correlation 

between vertigo and humidity is positive, however it lacks statistical significance 

(Mariani et al. 2008). 

 

Epilepsy 

The relationship between climate change and epilepsy is likely complex, 

multidimensional, and often indirect, complicating predictions. Various environmental 

conditions are associated with increased seizure frequency in persons with epilepsy 

(Gulcebi et al. 2021). The increase in seizure triggers attributed to climate change, such 

as fevers, stress, sleep deprivation, and vector-borne infections, may elicit or exacerbate 

seizures, hinder seizure management, and affect neurological, cerebrovascular, or 

cardiovascular comorbidities, along with the risk of sudden unexpected death in epilepsy 

(Gulcebi et al. 2021). Climate change, particularly increasing temperatures and heat 

waves, may negatively impact individuals with epilepsy by potentially increasing the 

frequency and severity of seizures. Elevated body temperature, whether from fever or 

external heat, may lower the seizure threshold, hence heightening the probability of 

seizures (Tedrus et al. 2020). 

 

Intracranial aneurysmsô rupture 

Certain studies indicate that the risk of subarachnoid hemorrhage is highest in spring 

and autumn, whereas Law et al. propose that it peaks in autumn and winter, particularly 

in October, December, and January, as observed by Ishihara (Patrice et al. 2017; Rosenorn 

et al., 1988; Law et al., 2009; Ishihara et al. 2013). Numerous articles have demonstrated 

a significant seasonality in the incidence of brain aneurysm rupture; nevertheless, their 

conclusions are inconsistent and, in some cases, contradictory. The occurrence of 

subarachnoid hemorrhage seems to increase with variations in barometric pressure. 

Humidity, subzero temperatures, and increased atmospheric pressure act as catalysts for 

the rupture of an aneurysm. Some studies have identified low ambient temperature as the 

primary factor contributing to subarachnoid hemorrhage (Backes et al. 2016; Kellogg et 

al. 2017; Yao et al. 2020), while others have proposed alternative causes, such as 

increased atmospheric pressure (Kockler et al. 2021). Albrecht's clinical investigation 

indicates that the incidence of burst cerebral aneurysms escalates, and patients experience 

a deterioration in their condition due to the effects of a low-pressure cold front. 

Faropoulos determined that the concentration of airborne dust before to the ictus 

influenced the severity of the subarachnoid hemorrhage (SAH). In contrast, other 

environmental parameters such as air pressure, temperature, humidity, precipitation, wind 

velocity, and cloud cover did not significantly affect the occurrence or severity of SAH 

(Faropoulos et al. 2025). 

 

Stroke 

Extreme heat, a significant factor in weather-related morbidity and mortality, 

particularly affects vulnerable populations such as the elderly, increasing their risk of 
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stroke. A discrepancy exists between scientific comprehension and policy 

implementation, particularly regarding climatic risk factors for stroke (Yoeli et al. 2025). 

Consistent evidence correlates stroke incidence and mortality with increasing ambient 

temperature and air pollution (Ranta et al. 2024). Associations have been seen with 

fluctuations in barometric pressure, wildfires, and desert dust and sandstorms; 

nevertheless, the available knowledge remains limited. Flooding and other extreme 

weather events mostly cause service interruptions; nevertheless, more direct associations 

with stroke may emerge. Investigations are ongoing concerning the interactions between 

dietary changes that reduce stroke risk and those that may decrease carbon emissions 

(Ranta et al. 2024). Roye et al. found that both decreases and increases in ambient 

temperature were associated with a rise in stroke mortality, although only temperature 

decreases were connected to an increase in hospital admissions. Zhou et al. established a 

substantial association between exposure to thermal extremes and the occurrence of 

stroke. A 2018 study concluded that current data confirms an immediate effect of ambient 

temperature on the risk of all stroke types. The influence of temperature was nonlinear, 

with increased risks linked to both extreme cold and hot situations. 

A 1 ÁC increase in average daily ambient temperature was associated with a 1% to 2% 

elevation in the incidence of ischemic stroke. Increased temperatures had a more rapid 

effect on stroke risk, with a lag of 1 to 4 days, but decreased temperatures showed a 

protracted lag effect of up to 30 days and were more strongly associated with the risk of 

intracerebral hemorrhage. A 2022 systematic review of 24 research determined that the 

aggregated data reveals a link between temperature extremes and increased stroke risk 

(Louise et al. 2023). A 2021 review investigated the relationship between ambient 

temperature and cerebrovascular morbidity and mortality. Thirteen studies demonstrated 

an increase in hospitalizations for all types of stroke along with heightened ambient 

temperatures. The relationship between temperature and stroke mortality was more 

consistent (Amiri et al. 2021). Abrignani found that both a reduction and consistently low 

levels of barometric pressure are associated with an increase in admissions for 

intracerebral hemorrhage. Multiple comprehensive assessments have revealed substantial 

evidence connecting both short- and long-term exposure to fine ambient particulate 

matter with the incidence, severity, and mortality of strokes (Estol et al. 2019; Kulick et 

al. 2023; Louise et al. 2023). 

The mechanisms by which ambient temperature triggers stroke remain ambiguous, 

despite several hypotheses. Increased temperatures promote peripheral vasodilation, 

sweating, and evaporation to aid in cooling, resulting in dehydration, volume depletion, 

and electrolyte imbalances (Khraishah et al. 2022). Elevated ambient temperature 

correlates with a reduction in physical activity (Mazidi et al. 2020). Proposed mechanisms 

encompass reduced intravascular volume, elevated blood viscosity, thrombocytosis, 

leukocytosis, hemoconcentration, and hypercoagulable states. An elevated core body 

temperature may trigger sympathetic activation, potentially leading to tachycardia and 

atrial fibrillation (Khraishah et al. 2022). 
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Human responsibility 

In response to global warming and climate change, humanity must consolidate efforts. 

According to our present understanding, we are unable to reverse the process; but we can 

substantially mitigate the anthropogenic causes (Ranta et al. 2024). Greenhouse gas 

emissions can be mitigated by substituting fossil fuels with renewable energy sources 

such as solar, wind, hydro, and geothermal energy. Energy efficiency can be enhanced 

through the implementation of building insulation, energy-saving technologies, and 

intelligent systems (The Paris Agreement, 2023). By promoting sustainable mobility 

methods such as walking, cycling, and utilizing public transit. Carbon dioxide 

sequestration can be enhanced by afforestation and forest conservation, soil preservation 

(since healthy soil has a greater capacity for carbon dioxide absorption), and sustainable 

agricultural practices (including regenerative farming and reduced fertilizer usage) 

(Frielet al. 2009). Through sustainable urban development and environmentally mindful 

rural development, including passive dwellings, green roofs, and the utilization of local 

resources. circular economy, recycling, waste minimization, mindful consumption, local 

and seasonal produce, and reduced meat intake. The establishment of social attitudes is 

very significant. It is essential to educate and consistently inform on an ecologically 

conscious lifestyle from childhood (WHO, 2023). Engaging civil society organizations 

and communities in local initiatives (The Paris Agreement, 2023). Highlighting and 

endorsing personal accountability. At the international level, it is imperative to embrace 

and rigorously comply with climate agreements, implement quota systems with stringent 

oversight, prohibit the transfer and sale of quotas in the market, and promote green 

investments and research into sustainable technology (WHO 2023). 

 

Future plans 

We must endeavor to minimize our carbon footprint in all aspects of life, whenever 

feasible, and conduct our activities with consideration for our children, grandchildren, 

and great-grandchildren. The nature of the world we bequeath to our descendants is 

significant, as is the character of the descendants we leave for the future world. This can 

be accomplished by ongoing environmentally conscious education and training, together 

with exemplary human conduct (WHO, 2023). While it is impossible to anticipate every 

extreme weather event and emergency scenario, we can adequately prepare for the bulk. 

The connection between climate change and major health issues remains little 

comprehended (Yoeli et al. 2025). Health education and translational medicine are crucial 

in the domain of medical meteorology. It is essential for pertinent meteorologists and 

health professionals to elucidate the potential risks and preventive measures. The 

correlation between vertigo and humidity, although appearing positive, lacks statistical 

significance. Training ought to be highly practical, comprehensible, and frequently 

customized to the individual. Future research must evaluate the execution and 

effectiveness of heat-health action plans in various healthcare settings serving older 

populations, ensuring that vulnerable groups receive the essential targeted assistance to 

bridge the divide between awareness and adaptation to increasing climate-related health 

risks (Yoeli et al. 2025). Investing in climate-resilient urban planning, encompassing 
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enhanced shade in public areas and the incorporation of cooling systems in community 

centers utilized by the aged (WHO, 2023). 

The establishment of a nationwide heat alarm system, supplemented by explicit, 

actionable advice for the public, particularly for at-risk populations such as the elderly. 

This system must incorporate explicit protocols for stroke and serious neurological 

disease prevention, including the identification of early signs in extreme heat 

circumstances. Designate specific funding and resources for research on climate change 

adaptation, emphasizing country-specific issues and solutions, particularly for the 

prevention and treatment of strokes in relation to increasing temperatures (WHO, 2023). 

 

Our own research plan 

With ethical approval, we would retrospectively examine the meteorological 

parameters and their changes, the degree of air pollution, the parameters of the magnetic 

field, and the effects of solar flares preceding the onset of symptoms in our patients with 

ischemic and hemorrhagic stroke and ruptured intracranial aneurysms over the past 10 

years. In addition to the three very serious neurological diseases mentioned above, we 

would prospectively analyze the clinical course of known headache, migraine, dizziness, 

epileptic patients, and sleep disorder patients in the context of meteorological parameters. 

We examine the correlations between complex medical data and multi-parameter 

meteorological data with the help of statisticians and artificial intelligence, and 

meteorologists and doctors analyze the obtained correlations together. Based on the 

obtained results, we make plans for the near future and plan to introduce several 

prevention methods in order to protect our patients. 

 

Conclusion 

Global warming and climate change affect numerous neurological disorders. In 

patients with compromised general health and several risk factors, severe climatic 

conditions are more likely to induce imbalance. There exists a spectrum of data regarding 

stroke, aneurysm rupture, seizures, vertigo, headache, and sleep disturbances. The 

advancement of some neurological disorders can be affected and exacerbated by various 

meteorological circumstances. Additional intricate investigations are required to examine 

the nuanced links between diseases and meteorological data in greater depth. The adverse 

impacts of climate change can be alleviated by intricate health initiatives and education. 
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¥sszefoglal· 

Az albertirsai (Magyarorsz§g) Minera §sv§nyv²z j®gkorszaki eredet®t ®s v®dett §llapot§t 

hidrogeol·giai ®s izot·pgeok®miai vizsg§latokkal igazoltuk. A Magyarorsz§gon eddig m®rt 

legnegat²vabb ŭĮH ®s ŭĭ O ®rt®kek, az alacsony nemesg§z-hŖm®rs®kletek (NGT), valamint a 26,3ï

29,4 ezer ®v kºzºtti radiokarbon-korok egy®rtelmŤen arra utalnak, hogy a Minera §sv§nyv²z a 

j®gkorszaki hidegcs¼cs idej®n sziv§rgott a felsz²n al§. Egy koncepcion§lis hidrogeol·giai modell 

seg²ts®g®vel hat§roztuk meg az ut§np·tl§si ter¿letet (GºdºllŖi-dombs§g) ®s az §raml§si p§ly§t, 

amelyet a stabilizot·p- ®s az NGT-adatok is megerŖs²tettek. Az §raml§si p§lya ment®n a 13C-

korrekci·val sz§m²tott radiokarbon-v²zkorok ~1,5 m/®v §raml§si sebess®get jeleznek. Emellett az 

NGT ®rt®kek csºkken®se 10,7 ÁC-r·l 3,3 ÁC-ra az §raml§si ¼tvonal ment®n szint®n al§t§masztja a 

j®gkorszaki eredetet. Az albertirsai §sv§nyv²z¿zem valamennyi kutj§nak viz®ben m®rt, kimutat§si 

hat§r alatti tr²ciumtartalom (<0,5 TU) megerŖs²ti a Minera §sv§nyv²z ®rintetlens®g®t, azaz azt, 

hogy a v²z modern (jelenkori) felsz²ni komponensekkel nem keveredett. 
 

Kulcsszavak: §sv§nyv²z, kºrnyezeti-izot·p, koncepcion§lis hidrogeol·giai modell 

 

Abstract 

The Ice Age origin and protected status of Minera mineral water in Albertirsa (Hungary) has been 

confirmed by hydrogeological and isotope geochemical studies. The most negative ŭĮH and ŭĭ O 

values measured in Hungary to date, the low noble gas temperatures (NGT), and the radiocarbon 

ages of 26.3ï29.4 thousand years clearly indicate that Minera mineral water seeped beneath the 

surface during the coldest period of the Ice Age. Using a conceptual hydrogeological model, we 

determined the recharge area (GºdºllŖ Hills) and the flow path, which was confirmed by stable 

isotope and NGT data. Along the flow path, radiocarbon ages calculated with 13C correction 

indicate a flow rate of ~1.5 m/year. In addition, the decrease in NGT values from 10.7 ÁC to 3.3 

ÁC along the flow path also supports the Ice Age origin. The tritium content measured in the water 

of all wells of the Albertirsa mineral water plant, which is below the detection limit (<0.5 TU), 
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confirms the pristine nature of Minera mineral water, i.e., that the water has not been mixed with 

modern (contemporary) surface components. 

 

Keywords: mineral water, environmental isotope, conceptual hydrogeological model 

 

Bevezet®s 

Vil§gszerte percenk®nt kºr¿lbel¿l egymilli· palack §sv§nyvizet v§s§rolnak (Abraham 

et al. 2024). Ez a t®ny egy®rtelmŤen jelzi, hogy a palackozott §sv§nyv²z egyre fontosabb 

szerepet tºlt be az emberis®g t§pl§lkoz§si szok§saiban. Fogyaszt§sa az elm¼lt 

®vtizedekben folyamatosan nŖtt (Debeller et al. 2018). B§r az elm¼lt ®v(ek)ben az infl§ci· 

miatt kiss® csºkkent a fogyaszt§s Eur·p§ban, de m®g mindig igen jelentŖs szinten van. 

Az egy fŖre jut· napi 1,5 literes iv·v²zsz¿ks®gleten bel¿l a palackozott §sv§nyv²z ar§nya 

N®metorsz§gban 18% (Informationszentrale Deutsches Mineralwasser) ®s 

Magyarorsz§gon 15% volt (Magyar Ćsv§nyv²z, Gy¿mºlcsl® ®s ¦d²tŖital Szºvets®g) 

2023-ban. Ez a jelentŖs fogyaszt§s alapvetŖen a palackozott §sv§nyvizek kiv§l· 

minŖs®g®be ®s ®rintetlens®g®be vetett bizalmon alapul. Ebben az esetben az ®rintetlen azt 

jelenti, hogy a v²z olyan forr§sb·l sz§rmazik, amely mentes minden antropog®n hat§st·l 

(szennyez®stŖl). Sajnos ez nem mindig van ²gy. A Pesticide Action Network Europe 

kºzelm¼ltbeli felm®r®se 19 §sv§nyv²zbŖl 10-ben kimutatta a TFA-t (peszticid-

sz§rmaz®kot) (Perkins, 2024; Pesticide Action Network Europe, 2024). Ez a 

megdºbbentŖ felfedez®s felh²vja a figyelmet arra, hogy meg kell hat§rozni a palackozott 

§sv§nyvizek eredet®t ®s ®rintetlens®g®t. 

Az albertirsai §sv§nyv²z¿zem K-128 sz§m¼ (mai nev®n Minera 2) termelŖ k¼tj§ban 28 

600 ®ves 14C v²zkort (Pearson korrekci·val, Pearson 1965), ®s Magyarorsz§gon az egyik 

legnegat²vabb stabilizot·p delta ®rt®keket (ŭ2H = -105.6 ă, ŭ18O = -14.26 ă) m®rt¿nk 

2011-ben. Az ez alapj§n k®sz¿lt Kutat§si jelent®s¿nkben (MTA CSFK, 2014) a k¼tb·l 

termelt vizet a j®gkorszakban, r§ad§sul a legutols· jelentŖs m®rt®kŤ eljegesed®s 

(LGM=Last Glacial Maximum) idej®n besziv§rgott v²znek minŖs²tett¿k. Jelen 

kºzlem®ny¿nkben egy j·val kiterjedtebb, alaposabb kutat§s eredm®nyeit mutatjuk be, 

ahol koncepcion§lis modellel meghat§roztuk az ut§np·l·d§si ter¿letet, valamint az 

§raml§si p§ly§t, tov§bb§ kºrnyezeti izot·pok (ŭ2H, ŭ18O, ŭ13C, 14C, 3H) ®s nemesg§z 

hŖm®rŖ alkalmaz§s§val meghat§roztuk a besziv§rg§s kor§t ®s a besziv§rg§skori 

talajhŖm®rs®kletet. 

 

Koncepcion§lis modell k®sz²t®se az albertirsai §sv§nyv²ztermelŖ kutak 

viz®nek eredet®re, ut§np·tl·d§s§ra 

Az Aqua-Lorenzo albertirsai §sv§nyv²z palackoz· ¿zem®nek 5 ¿zemelŖ k¼tja kºz¿l 

kettŖ (Veritas) a sek®lyebb (57-65 m), h§rom (Minera 1., Minera 2. ®s Minera 3.) a 

m®lyebb (110-134 m) pleisztoc®n r®tegbŖl termeli a vizet (1. §bra ®s 1. t§bl§zat).  

A Minera 3. (k-131) k¼t v²zfºldtani szelv®ny®n (3. §bra) l§that·, hogy a sek®lyebb 

(Veritas) ®s a m®lyebb (Minera) kutak kºzºtt, 91-108 m®terben egy j· v²zrekesztŖ, agyag-

homokos-agyag r®teg tal§lhat·. Ez akad§lyozza a h§rom, m®lyebb k¼t lok§lis, vertik§lis 



Az albertirsai Minera §sv§nyv²z j®gkorszaki eredet®nek bizony²t§sa kºrnyezeti-izot·p vizsg§latokkal 

 

 

 

103 

ut§np·tl·d§s§t, annak ellen®re, hogy a Minera kutak potenci§lszintje kºzel h¼sz m®terrel 

alacsonyabb, mint a Veritas kutak®. 

 

 
1. §bra A Minera 3 (K131) k¼t v²zfºldtani szelv®nye (Aquifer 2009 alapj§n) 
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A 150 m®tern®l m®lyebb r®tegvizek nyugalmi v²zszintje gyakorlatilag azonos a 120-

150 m m®lys®gŤ §sv§nyv²zad· r®tegek viz®vel, ²gy a jelentŖsebb, m®lys®gbŖl tºrt®nŖ 

fel§raml§s kiz§rhat·. A rendk²v¿l idŖs v²zkor azt is bizony²tja, hogy a Veritas ®s a Minera 

kutak v²zad· ºsszleteit elv§laszt· v²zrekesztŖ (vagy v²zz§r·) r®tegnek extr®m rossz a 

vertik§lis sziv§rg§si t®nyezŖje. 

Mindezek alapj§n a Minera kutak vize jelentŖsebb t§vols§gr·l, oldalir§ny¼ §raml§ssal 

®rkezik Albertirsa ter¿let®re. A Minera kutak viz®nek potenci§lis besziv§rg§si ter¿let®nek 

kijelºl®se ®rdek®ben, a rendelkez®sre §ll· fºldtani, hidrogeol·giai ®s v²z-geok®miai 

adatok alapj§n koncepcion§lis v²zfºldtani modellt k®sz²tett¿nk.  

A modell elsŖ l®p®sek®nt az §sv§nyv²ztermelŖ kutak kºzvetlen- ®s t§gabb 

kºrnyezet®nek fºldtani ®s v²zfºldtani viszonyait vizsg§ltuk, a potenci§lis ut§np·tl§si 

ter¿letek kijelºl®se ®rdek®ben. 

 

Albertirsa kºrnyezet®nek fºldtani ®s v²zfºldtani viszonyai 

Albertirsa a Duna-Tisza-kºzi Homokh§ts§g ®szaki r®sz®n, a GºdºllŖi-dombs§g 

elŖter®ben a Gerje-patak jobb partj§n, a Monor-Irsai-dombs§gon helyezkedik el, a 

lejt®sviszonyok £NY-DK-i ir§nyults§got mutatnak. A fºldtani viszonyokat meghat§rozza 

a ter¿let medenceperemi helyzete, ugyanis az emelkedŖ £szaki-kºz®phegys®g ®s a 

s¿llyedŖ Alfºld hat§r§n helyezkedik el. A felsz²nt jellemzŖen a holoc®nben telep¿lt lºsz 

®s fut·homok alkotja, melyek elŖseg²tik a felsz²nre hull· csapad®k besziv§rg§s§t. Az 

aljzat fel®p²t®s®ben a jellemzŖen a tºbb sz§z m®ter vastag, n®hol 1000 m vastags§got is 

el®rŖ pannon r®tegsorok a meghat§roz·ak. 

Az albertirsai §sv§nyv²z-, valamint v²zmŤkutak egyar§nt pleisztoc®n kor¼, kedvezŖ 

kifejlŖd®sŤ, azaz kºz®p- ®s durvaszemŤ homokos, valamint apr· kavicsos ®s tºbb 10 m 

vastags§g¼, v§ltoz· vastags§g¼ ®s kifejlŖd®sŤ v²zrekesztŖ kŖzetlisztes agyag, agyag ®s 

iszap k®pzŖdm®nyekkel jelentŖs m®rt®kben diverzifik§lt ºsszletekre telep¿ltek.  

Mind az §sv§nyv²z, mind pedig a v²zmŤkutak a Ăp.2.10.1 Duna-Tisza kºzi h§ts§g - 

Tisza-v²zgyŤjtŖ ®szaki r®sz (r®tegv²z)ò elnevez®sŤ por·zus ¿led®kes ºsszletekbŖl §ll· 

felsz²n alatti v²ztestbŖl termelnek, melynek mind mennyis®gi, mind pedig minŖs®gi 

§llapota Ăj·ò az Orsz§gos V²zgyŤjtŖ-gazd§lkod§si Terv m§sodik fel¿lvizsg§lata (VGT3) 

keret®ben elv®gzett vizsg§latok ®s tesztek eredm®nyei alapj§n. 

A pleisztoc®n kor¼ r®tegek §ltagosan 100-150 m vastags§gban fejlŖdtek ki, melyeket 

20-40 m vastag ºvz§tony ¿led®kek ®s 10-50 m vastags§g¼ §rt®ri ¿led®kek alkotnak. A 

felsz²n kºzeli r®gi·ban, n®h§ny 10 m-es m®lys®gkºzºkben jellemzŖen a finomszemŤ, 

elsŖsorban eolikusan sz§ll²t·d· lºsz ®s finomhomok domin§l, m²g m®lyebben, azaz a 

mindenkori terepszinttŖl 20-30 m-tŖl eg®szen 150-200 m-ig apr·, kºz®p- ®s durvaszemŤ 

homokos, apr· kavicsos foly·v²zi ¿led®kek az ºsszletek meghat§roz· alkot·i, melyek 

kºzºtt elt®rŖ vastags§g¼ ®s kifejlŖd®sŤ, a hordal®ksz§ll²t· energia m®rt®k®tŖl f¿ggŖen 

v²zrekesztŖ agyagr®tegek is telep¿ltek. 

Ezen k®pzŖdm®nyek v²zvezetŖ k®pess®ge mind vertik§lis, mind pedig horizont§lis 

ir§nyban j·nak mondhat·, azaz tºbb, mint 50 %. A vertik§lis v²zvezetŖ k®pess®get az 

ºvz§tony ¿led®kes kºrnyezetben lerak·dott kŖzetlisztes agyag ®s agyag f®lig§teresztŖ 

r®tegek g§tolj§k. 
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A h§ts§g t®rsz²ne a negyedidŖszakban a kºrnyezŖ ter¿letek s¿llyed®s®vel egy idŖben 

emelkedett, majd pedig stabiliz§l·dott. A ter¿let hat§rain fut· k®t tektonikai eredetŤ 

hat§rvonal ment®n a t®rsz²n hirtelen Ăszakad leò a s¿llyed®kek ir§ny§ba, mindºssze a DK-

i r®szen tapasztalhat· lejt®s, azaz fokozatos m®ly¿l®s.  

Az §sv§nyv²zkutak ut§np·tl·d§si ter¿let®nek ®szaki r®sz®n, valamint Albertirs§t·l 

d®lre a pleisztoc®n alatt a harmadidŖszakban keletkezett plioc®n-mioc®n kor¼ 

Nagyalfºldi Form§ci· ¿led®kei telep¿lnek 50-250 m kºzºtt v§ltoz· vastags§gban a ter¿let 

k¿lºnbºzŖ r®szein. Az ¿led®ksort tºbb 10 m vastags§g¼ finomszemcs®s ®s agyagos-

homokos kifejlŖd®sŤ §rt®ri ¿led®kes kºrnyezetben lerak·dott r®tegek alkotj§k. 

Albertirsa kºrnyezet®ben a negyedidŖszak k®pzŖdm®nyek fek¿je alatt kezdŖdik a 

tercier idej®n, a felsŖ-pannonban lerak·dott Đjfalui ®s Zagyvai Form§ci· v§ltozatos 

fel®p²t®sŤ ¿led®ksorozata. Lok§lis, ki®kelŖdºtt, tºbb 10 m vastags§g¼ eltemetett 

foly·medrek figyelhetŖek meg, melyeket agyag ®s agyagos homok tavi ¿led®kes 

kºrnyezetben le¿lepedett r®tegek hat§rolnak. 

Albertirs§t·l £-ra ®s D-re az Đjfalui Form§ci· nem kºzvetlen¿l a negyedidŖszaki 

k®pzŖdm®nyek alatt detekt§lhat·, hanem a szint®n felsŖ-pannon kor¼ Nagyalfºldi 

Form§ci· alatt. JellemzŖ fel®p²tŖ ¿led®kei deltalejtŖ ¿led®kes kºrnyezetben keletkezett 

kŖzetlisztes homokok. 

A Nagyalfºldi Form§ci·t fel®p²tŖ ºsszletek jellemzŖen f®lig§teresztŖk. A horizont§lis 

v²zvezetŖ k®pess®g a kedvezŖtlen kifejlŖd®sŤ kŖzetlisztes homok ®s agyag, §rt®ri 

kºrnyezetben le¿lepedett ºsszletek miatt jellemzŖen kºzepes ®s gyenge, m²g a vertik§lis 

§teresztŖ k®pess®g ink§bb gyenge. 

Az Đjfalui ®s Zagyvai Form§ci·kat fel®p²tŖ ¿led®ksorozatok szint®n f®lig§teresztŖk, a 

vertik§lis ®s horizont§lis v²zvezetŖ k®pess®g¿k a felett¿k telep¿lt Nagyalfºldi Form§ci·t 

fel®p²tŖ ¿led®kek®vel megegyezŖ. A form§ci·kat fel®p²tŖ r®tegek tavi ¿led®kes 

kºrnyezetben lerak·dott agyagok, agyagos homokok. 

A vizsg§lt ter¿let t§gabb kºrnyezet®nek fºldtani-v²zfºldtani jellemzŖit §ttekintve 

elmondhat·, hogy pl. Gomba telep¿l®s t®rs®g®ben egy NY-K-i ir§nyults§g¼ p§szma 

ment®n mind a pleisztoc®n, mind pedig a felsŖ-pannon ºsszletek fek¿szintje jelentŖs 

kiemelked®st mutat a kºrnyezŖ ter¿leteken jellemzŖ m®lys®g®hez k®pest. Ez a 

kiemelked®s lass²tja ezen szintt§jakban a felsz²n alatti v²z £-D-i ir§ny¼ mozg§s§t. Az 

egyes szintt§jakat alkot· r®tegek dŖl®se is NY-K-i ir§nyults§g¼, azaz a v²zmozg§s benn¿k 

a peremeket ®s er·zi·b§zist jelentŖ s¿llyed®kek fel® tºrt®nik. Albertirsa t®rs®g®vel 

szemben ezen a ter¿leten a kedvezŖ kifejlŖd®sŤ ®s vastags§g¼ v²zad· r®tegek m®lyebben, 

azaz a felsŖ-pannon ¿led®ksor kºz®psŖ szakasz§nak felsŖ r®sz®ben fejlŖdtek ki. 

A felsŖ-pannon ¿led®ksor (Nagyalfºldi Form§ci·) Isaszeg t®rs®g®ben el®ri a felsz²nt, 

²gy ezen, ®s az innen D-DK-re esŖ ter¿leteken m§r tºbb 10 m-tŖl, ak§r tºbb 100 m-ben 

detekt§lhat· szintt§jak v²zk®szlet®nek fŖ ut§np·tl·d§sa ebbŖl a t®rs®gbŖl sz§rmazik. 

GºdºllŖ ®s Isaszeg ter¿let®n az intenz²v ut§np·tl·d§st ®s lesziv§rg§st bizony²tja, hogy 

a 80-100 m®ter m®ly termelŖ kutak is 5-10 mg/l nitr§tot tartalmaznak, ami antropog®n 

(mezŖgazdas§gi vagy telep¿l®si) szennyez®st jelez. Kor§bbi felm®r®s sor§n valamennyi 

vizsg§lt, 50-100 m m®ly k¼t viz®ben hat§r®rt®k feletti tr²ciumot tal§ltak, ami az 1952 ut§n 

hullott csapad®k jelenl®t®t bizony²tja. Teh§t ezt a ter¿letet, amely mintegy 80 m®terrel 

magasabban van Albertirs§n§l, tekinthetj¿k ut§np·tl·d§si ter¿letnek. 
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A koncepcion§lis modell §ltal kijelºlt Isaszeg-Albertirsa r®tegv²z §raml§si p§lya (2. 

§bra) ment®n ºsszesen 6 k¼tb·l vett¿nk v²zmint§t izot·p elemz®sre (2. t§bl§zat), az ºt 

albertirsai minta mellett. Ezeknek a kutaknak a helyzet®t mutatja be az §raml§si p§lya 

ment®n k®sz¿lt keresztszelv®ny (3. §bra). 

 

 
2. §bra A koncepcion§lis modell alapj§n kijelºlt §raml§si p§lya ®s a mintav®telek helye 
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3. §bra Az §raml§si p§lya ment®n k®sz¿lt keresztszelv®ny a mint§zott kutak szŤrŖz®s®nek 

jelºl®s®vel 

 

A kutakban m®rt nyugalmi v²zszintek fokozatosan csºkkennek a v²zfºldtani alapon 

kijelºlt besziv§rg§si ter¿lettŖl (GºdºllŖ, Isaszeg = 0 km) a Minera kutak (40.5 km) fel® 

haladva (4. §bra), jelezve a r®tegv²z§raml§s potenci§lis lehetŖs®g®t. Azt, hogy a r®tegv²z 

§raml§s val·ban megtºrt®nik e, izot·p-geok®miai ®s v²zk®miai adatok alapj§n vizsg§ljuk. 

A (Na++K+) e®% ®rt®ke folyamatosan nŖ az §raml§si p§lya ment®n (4. §bra) a 

kalciummal tºrt®nŖ kationcsere miatt, ami szint®n az §raml§s bizony²t®ka. 

 

  
4. §bra A nyugalmi v²zszintek csºkken®se ®s a (Na++K+) e®% nºveked®se az Isaszeg-Albertirsa 

§raml§si p§lya ment®n 

 

Mintav®tel ®s alkalmazott m·dszerek 

Az akkredit§lt v²zmintav®teleket az Isotoptech munkat§rsai v®gezt®k, a GWIS Kft. 

megb²zottj§val (Ćgotai Gyºrggyel) kºzºsen. ¥sszesen 11 k¼tb·l tºrt®nt mintav®tel: 5 

minta az Aqua Lorenzo Kft. albertirsai ¿zemelŖ kutjaib·l, 6 minta az Isaszeg-Albertirsa 

r®tegv²z §raml§si p§lya ment®n lem®ly²tett, ¿zemelŖ v²zmŤ kutakb·l. A ŭ2H ®s ŭ18O 
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anal²zishez a v²zmint§kat 50 ml-es HDPE palackokba vett¿k, ®s az elemz®sig 

hŤtŖszekr®nyben t§roltuk. A tr²cium m®r®sekhez 1 liter v²zmint§t vett¿nk HDPE 

palackokba. A nemesg§z m®r®s®re szolg§l· mint§kat 11 k¼t kºz¿l 10-bŖl (kiv®ve DA10) 

szor²t· bilincsekkel ell§tott r®zcsºvekbe vett¿k. Az oldott szervetlen sz®n (DIC) ŭ13C ®s 

14C m®r®s®re szolg§l· mint§kat barna ¿vegpalackokba, kezel®s n®lk¿l vett¿k. 

A v²zk®miai adatokat az Aqua Lorenzo Kft-tŖl, illetve a mint§zott kutakat ¿zemeltetŖ 

V²zmŤ V§llatokt·l kaptuk. 

A 14C, ŭ13C, ŭ18O, ŭ2H ®s nemesg§z m®r®seket az Isotoptech Kft. (Debrecen) 

laborat·rium§ban, m²g a tr²cium m®r®seket az Eurofins Analytical Services Hungary Kft. 

(Budapest) Radioanalitikai Laborat·rium§ban v®gezt®k. A 14C-tartalmat MICADAS 

t²pus¼ gyors²t· tºmegspektrom®terrel hat§rozt§k meg, ®s sz§zal®k modern sz®n (pMC) 

egys®gben adt§k meg. A DIC-mint§k ŭ13C ®rt®keit izot·par§ny-tºmegspektrometri§val 

hat§rozt§k meg, ®s a PDB referenciaanyaghoz viszony²tott ezrel®kes elt®r®sekk®nt adt§k 

meg. A v²zmint§k ŭ18O ®s ŭ2H ®rt®keit l®zerspektrometri§val hat§rozt§k meg, ®s 

ezrel®kben a nemzetkºzi VSMOW referenciaanyaghoz viszony²tva a megszokott m·don 

fejezz¿k ki. A h®liumanal²zist Helix SFT h®lium tºmegspektrom®terrel v®gezt¿k. A 

l®gkºri nemesg§z (Ne, Ar, Kr ®s Xe) m®r®seket VG5400 tºmegspektrom®terrel v®gezt¿k 

izot·ph²g²t§ssal. A nemesg§z-koncentr§ci·k alapj§n, az Aeschbach-Hertig et al. (1999) 

®s Ballentines & Hall (1999) §ltal kifejlesztett inverz modellez®si m·dszerrel sz§m²tottuk 

ki a feltºlt®si hŖm®rs®kletet - ami azonos a besziv§rg§skori talajv²z hŖm®rs®klettel. Az 

oldott nemesg§zok megoszl§s§t a tºbblet levegŖk®pzŖd®s miatt az Aeschbach-Hertig et 

al. (2000) §ltal kifejlesztett z§rt rendszerŤ egyens¼lyi modell (CE-modell) seg²ts®g®vel 

sz§m²tottuk. Inverz sz§m²t§sokat v®gezt¿nk, hogy megtal§ljuk azokat a param®tereket, 

nevezetesen a hŖm®rs®kletet (T), a csapd§ba esett levegŖt (A) ®s a csapd§ba esett levegŖ 

frakcion§l§s§t (F), amelyekkel a CE-modell le²rta a m®rt ®rt®keket. Az illeszked®s j·s§g§t 

khi-n®gyzet teszttel ellenŖrizt¿k. A nemesg§z feltºlt®si hŖm®rs®klet®nek kisz§m²t§sa a 

Noblebook excel t§bl§zatkezelŖvel ®s a PANGA szoftverrel tºrt®nt (Jung & Aeschbach, 

2018). A nemesg§z m®r®sek ®s sz§m²t§sok adatait a 3. t§bl§zat tartalmazza. 

A tr²cium aktivit§st elektrolitikusan d¼s²tott mint§kon hat§roztuk meg a Quantulus 

GCT-1 folyad®kszcintill§ci·s sz§ml§l·val, ®s tr²cium egys®gben fejezt¿k ki (TU= 1 

tr²cium atom 1018 hidrog®natom kºzºtt, 1 TU = 0,12 Bq/dm3). A kimutat§si hat§r 0,5 TU 

(0,06 Bq/dm3) volt az alkalmazott analitikai kºr¿lm®nyek kºzºtt. Az analitikai hib§kat az 

analitikai eredm®nyekkel egy¿tt az 1. ®s 2. t§bl§zat tartalmazza. 

 

A modell verifik§l§sa izot·p-geok®miai ®s a rendelkez®sre §ll· v²zk®miai 

adatok alapj§n 

M®r®si hat§r®rt®k (0,5 TU) feletti tr²cium koncentr§ci·t csak a k®t isaszegi k¼t (DA10 

®s DA11) viz®ben m®rt¿nk (2. t§bl§zat), ami jelzi a 72 ®vn®l frissebb (1952 ut§n hullott 

csapad®kb·l sz§rmaz·) v²z jelenl®t®t. Az itt m®rt, kiugr·an nagy 14C-tartalom is igazolja, 

hogy ezek a vizek tartalmazz§k a magasl®gkºri termonukle§ris bomba k²s®rletek 14C 

szennyez®s®t is, teh§t 72 ®vn®l fiatalabb r®tegvizek. A tºbbi vizsg§lt k¼t vize v®dett, 

vagyis, hogy az alkalmazott m·dszer kimutat§si hat§ra (0,5 TU) fºlºtt nem tartalmaz 

friss, ²gy potenci§lisan szennyezett vizet. A k®t isaszegi k¼t kiv®tel®vel az ºsszes vizsg§lt 
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k¼t vize - jelenlegi §llapot§ban ï megfelel a 16/2016. (V.12.) BM rendeletben le²rt Ăv®dett 

felsz²n alatti v²zò minŖs²t®snek, amelynek 2.9. pontj§ban szereplŖ defin²ci· szerint: 

Ăv®dett felsz²n alatti v²zb§zisra telep²tett v²zkiv®teli mŤ: az a v²zkiv®teli mŤ, amelyen 

kereszt¿l az ig®nybe vett v²zk®szletbŖl kitermelt v²zben m®rt tr²cium koncentr§ci· kisebb, 

mint 0,06 Bq/l (0,5 TEU)ò. 
 

1. t§bl§zat Az Aqua Lorenzo Kft. albertirsai k¼tjaib·l vett v²zmint§k izot·p ºsszet®tele 
helys®g Albertirsa  

k¼t helyi neve Minera 1 Minera 2 Minera 3 Veritas Veritas 

VIFIR k·d k121530125 k121530128 k121530131 k121530129 k121530138 

talpm®lys®g [m®ter 

felsz²n 

alatt] 

140 132 137 75 70 

szŤrŖ felsº 110 110 111 57 57 

szŤrŖ als· 116 126 134 65 66 

mintav®tel d§tuma 2024.08.08 

mintavevŖ Isotoptech Zrt. 

minta jele K125 K128 K131 K129 K138 

ŭ2H [ă]VSMOW -103.2 Ñ 0.3 -104.5 Ñ 0.3 -97.0 Ñ 0.2 -68.0 Ñ 0.2 -68.7 Ñ 0.2 

ŭ18O [ă]VSMOW 
-14.11 Ñ 

0.05 
-14.36 Ñ 0.07 -13.36 Ñ 0.04 -9.65 Ñ 0.05 -9.68 Ñ 0.05 

ŭ13C [ă]PDB 
-12.90 Ñ 

0.03 
-12.87 Ñ 0.02 -12.96 Ñ 0.03 

-11.69 Ñ 

0.03 

-12.90 Ñ 

0.05 

tr²cium (3H) [TU]  <0.5 <0.5 <0.5 <0.5 <0.5 
14C [pMC] 1.47 Ñ 0.04 2.13 Ñ 0.05 2.03 Ñ 0.04 49.60 Ñ 0.18 57.86 Ñ 0.20 

v²zkor            

(Ao=60 pMC) 
[®v]BP 

30 620 Ñ 

200 
27 600 Ñ 200 27 960 Ñ 200 1570 Ñ30 300 Ñ 30 

v²zkor               

(ŭ13C 

korrekci·val) 

[®v]BP 
29 400 Ñ 

200 
26 300 Ñ 200 26 750 Ñ 200 <1 000 <1 000 

nemesg§z 

hŖm®rs®klet 

(NGT) 

[oC] 3.0 Ñ 0.5 2.8 Ñ 0.5 4.3 Ñ 0.6 10.6 Ñ 0.6 10.9 Ñ 0.6 

 

A sz§m²tott v²zkorokat az 1. ®s 2. t§bl§zat tartalmazza. A DA10 ®s DA11 kutak 

tr²ciumtartalma 1,1 ®s 3,7 TU (2. t§bl§zat), ami azt jelenti, hogy ezek a vizek (legal§bb 

r®szben) az 1952. ®vi elsŖ termonukle§ris bombatesztek ut§n sziv§rogtak be. Ha ezek a 

vizek 1952 elŖtt sziv§rogtak volna be, tr²ciumtartalmuk <0,1 TU lenne, mivel az 1952 

elŖtti csapad®k term®szetes tr²ciumtartalma 5 TU kºr¿l volt (Kaufman & Libby 1954), ®s 

a besziv§rg§s ®s a mintav®tel kºzºtti idŖszakban ez az aktivit§s 0,1 TE al§ bomlott volna. 

Ugyanakkor valamennyi, 1952 ut§n besziv§rgott v²z m®g ma is a kimutat§si hat§rn§l (0,5 

TU) nagyobb tr²cium-tartalm¼ (De§k ®s Horv§thn® De§k 2009). 

A DA10 ®s DA11 kutak viz®nek kimutathat· tr²cium tartalma jelzi, hogy a 

termonukle§ris robb§nt§sokb·l sz§rmaz· 14C-gyel szennyezett szenet is tartalmaznak, 

ez®rt koruk nem sz§m²that· ki a 80 ®s 98 pMC radiokarbon adatokb·l. Amit 

kijelenthet¿nk, hogy ezek a vizek <72 ®vesek, vagyis, hogy 1952 ®s 2024 kºzºtt tºrt®nt 

a besziv§rg§suk. 
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2. t§bl§zat Az Isaszeg-Albertirsa §raml§si p§lya ment®n vett v²zmint§k izot·p ºsszet®tele 

helys®g Pilis K§va Gomba Mende Isaszeg Isaszeg 

k¼t helyi neve V²zmŤ 2. V²zmŤ 1. V²zmŤ 2. V²zmŤ 4. GºdºllŖ 

D®li V²zmŤ 

D-18. 

GºdºllŖ D®li 

V²zmŤ D-14. 

VIFIR k·d k121430105 k121240003 k121220017 k121070016 k120890028 k120890024 

talp-

m®lys®g 

[m®ter 

felsz²n 

alatt] 

143 144 165 159 70 97 

szŤrŖ 

felsŖ 

106 91 147 109 53 45 

szŤrŖ als· 140 136 159 141 63 75 

mintav®tel d§tuma 2024.10.21 

mintavevŖ Isotoptech Zrt. 

minta jele DA6 DA7 DA8 DA9 DA10 DA11 

ŭ2H [ă]VSMOW -86.6 Ñ 0.5 -83.9 Ñ 0.3 -90.2 Ñ 0.5 -81.1 Ñ 0.5 -68.1 Ñ 0.2 -45.9 Ñ 0.3 

ŭ18O [ă]VSMOW -11.83 Ñ 0.02 -11.52 

Ñ0.07 

-12.38 

Ñ0.05 

-11.29 

Ñ0.03 

-9.56 Ñ 0.01 -4.93 Ñ 0.04 

ŭ13C [ă]PDB -14.49 Ñ 0.05 -14.05 

Ñ0.01 

-13.88 

Ñ0.08 

-13.58 

Ñ0.13 

-11.41 

Ñ0.05 

-13.69 Ñ 0.06 

tr²cium 

(3H) 

[TU]  <0.5 <0.5 <0.5 <0.5 1.1 Ñ 0.2 3.7 Ñ 0.3 

14C [pM C] 4.84 Ñ 0.06 12.48 Ñ 0.09 7.72 Ñ 0.07 14.06 Ñ 0.08 80.11 Ñ 0.21 98.35 Ñ 0.26 

v²zkor  

(Ao=60 

pMC)  
[®v]BP 20 800 Ñ 200 

13 000 Ñ 

150 
16 900 Ñ150 12 000 Ñ100 <72 <72 

v²zkor  

(ŭ13C kor-

rekci·val) 
[®v]BP 20 500 Ñ 200 

12 400 Ñ 

150 
16 300 Ñ150 11 200 Ñ100 <72 <72 

nemesg§z 

hŖm®rs®

klet 

(NGT) 

[oC] 7.27 Ñ 0.6 8.2 Ñ 0.6 6.65 Ñ 0.9 9.3 Ñ 0.9 10.9 Ñ 0.6  

 
3. t§bl§zat A vizsg§lt r®tegvizek nemesg§z koncentr§ci· adatai ®s a sz§m²tott besziv§rg§skori 

hŖm®rs®kletek (NGT) ®s hib§juk. 

minta 

jele 

He 

(ccSTP/g) 

Ne 

(ccSTP/g) 

Ar 

(ccSTP/g) 

Kr 

(ccSTP/g) 

Xe 

(ccSTP/g) 
R/Ra 

NGT 

(ÁC) 

hiba  

(ÁC) 
c2 

P 

(%)  

K_125 3,89E-07 2,58E-07 4,84E-04 1,16E-07 1,70E-08 0,516 3,03 0,53 0,46 50 

K_128 6,61E-07 2,57E-07 4,84E-04 1,17E-07 1,71E-08 0,502 2,83 0,53 0,90 34 

K_129 6,44E-08 2,52E-07 4,15E-04 9,22E-08 1,31E-08 0,986 10,66 0,64 0,44 51 

K_131 4,71E-07 2,61E-07 4,81E-04 1,13E-07 1,64E-08 0,550 4,32 0,61 0,10 75 

K_138 6,21E-08 2,55E-07 4,22E-04 9,58E-08 1,30E-08 1,007 10,91 0,74 1,36 24 
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minta 

jele 

He 

(ccSTP/g) 

Ne 

(ccSTP/g) 

Ar 

(ccSTP/g) 

Kr 

(ccSTP/g) 

Xe 

(ccSTP/g) 
R/Ra 

NGT 

(ÁC) 

hiba  

(ÁC) 
c2 

P 

(%)  

DA6 2,71E-07 2,40E-07 4,30E-04 1,01E-07 1,44E-08 0,447 7,27 0,58 0,87 35 

DA7 8,05E-08 2,49E-07 4,32E-04 9,98E-08 1,41E-08 0,749 8,19 0,62 0,31 58 

DA8 6,98E-07 2,07E-06 1,32E-03 2,11E-07 2,29E-08 0,864 6,65 0,88 0,34 56 

DA9 8,17E-08 2,33E-07 4,20E-04 9,75E-08 1,36E-08 0,700 9,33 0,87 0,64 42 

DA10 5,90E-08 2,38E-07 3,99E-04 9,18E-08 1,27E-08 1,140 10,90 0,62 0,84 36 

 

Az §sv§nyvizek (K125, K128, K131) ®s a DA6 - DA9 kutakb·l kitermelt r®tegv²z 

radiokarbon m·dszerrel sz§m²tott kora meghaladja a 10 000 ®vet, ami azt jelenti, hogy 

ezek a vizek a j®gkorszakban sziv§rogtak be (1. t§bl§zat). Nagyon j· line§ris korrel§ci·t 

(R2=0,97) tal§ltunk a ŭ13C-mal korrig§lt radiokarbon korok ®s a felt®telezett ut§np·tl·d§si 

ter¿lettŖl val· t§vols§g kºzºtt (5. §bra), ami megerŖs²ti a koncepcion§lis §raml§si modell 

®rv®nyess®g®t. A v²zkorok alapj§n sz§m²tott §raml§si sebess®g 1,5 m/®v, ami nagyon 

kºzel §ll az Alfºld m§sik r®sz®re, a vizsg§lati ter¿let¿nktŖl kelet-d®lkeletre, az Abas§r-

Heves-Kiskºre p§lya ment®n, ugyanezzel a m·dszerrel sz§m²tott 1,3 m/®v ®rt®khez (Deak 

et al. 1987, Stute & De§k 1989). 

 

 
5. §bra 14C v²zkor vs. t§vols§g a besziv§rg§si ter¿lettŖl 

 

A nemesg§z hŖm®rŖ (NGT) alapj§n m®rt besziv§rg§skori hŖm®rs®klet (3. t§bl§zat) 

fokozatosan csºkken az §raml§si p§lya ment®n (6. §bra), ®s az isaszegi k®t kutat kiv®ve, 

minden¿tt a main§l hidegebb besziv§rg§si hŖm®rs®kletet mutat.  

Kºvetkeztet®s: a kijelºlt r®tegv²z §raml§si p§ly§n (az isaszegi kutakat kiv®ve) 

minden¿tt j®gkorszaki besziv§rg§s¼ r®tegvizet tal§lunk. Az NGT csºkken®s oka, hogy 
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Albertirsa fel® kºzeledve a pleisztoc®n egyre hidegebb idŖszak§ban tºrt®nt a besziv§rg§s 

(GºdºllŖ-Isaszeg ter¿let®n), a leghidegebb idŖszakban (LGM) besziv§rgott r®tegv²z a 

Minera kutakn§l tal§lhat·. 

 

 
6. §bra Az NGT csºkken®se az §raml§si p§lya ment®n 

 

Az NGT nem csak az §raml§si p§lya ment®n csºkken, hanem a v²zkorral is (7. §bra), 

jelezve a j®gkorszakban (10 000 ®vvel ezelŖtt) tºrt®nt hŖm®rs®kletcsºkken®st. 

 

 
7. §bra Az NGT csºkken®se a 14C v²zkorral 
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Kiv§l· ºsszef¿gg®st (R2=0.97) tal§ltunk a vizsg§lt r®tegvizek nemesg§z hŖm®rs®klete 

(NGT) ®s deut®rium-tartalma (ŭ2H) kºzºtt (8. §bra). Az adatokb·l szerkesztett trendvonal 

p§rhuzamos a csapad®kvizekre k®sz¿lt ŭ2H = 4.1*T ï 110 (ă) (Yurtsever 1975) f®le 

ºsszef¿gg®sbŖl sz§molt ®vi §tlagos hŖm®rs®klet (T) vonal§val. L§that· az 1,5 ÁC 

eltol·d§s, ami abb·l ad·dik, hogy az NGT a talajv²z hŖm®rs®klet®t mutatja, ami §tlagban 

1 ï 2 ÁC-kal melegebb, mint a l®ghŖm®rs®klet (Pusk§s-Preszner 2022). Ugyanez az 

ºsszef¿gg®s ®rv®nyes a ŭ18O-ra is, a szoros ŭ2H = 7.7*ŭ18O + 5.8 ă (R2 = 1,0) kapcsolat 

miatt (9. §bra). 

 

 
8. §bra ¥sszef¿gg®s az NGT ®s a ŭ2H kºzºtt 

 

 
9. §bra A vizsg§lt v²zmint§k ŭ2H ®rt®kei a ŭ18O f¿ggv®ny®ben 
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¥sszefoglal§s 

A 14C v²zkormeghat§roz§s alapj§n az albertirsai Minera 1 (K125), Minera 2 (K128) ®s 

Minera 3 (K131) k¼t 26 300 ï 29 400 ®vvel ezelŖtt, az utols· j®gkorszaki hideg cs¼cs 

(LGM = Last Glacial Maximum) idej®n besziv§rgott, teh§t egy®rtelmŤen j®gkorszaki 

eredetŤ vizet termel. A j®gkorszak mintegy t²zezer ®vvel ezelŖtt ®rt v®get, az ann§l 

idŖsebb kor¼ felsz²n alatti vizek (ami a besziv§rg§s ·ta eltelt idŖt jelenti), ²gy a Minera 

§sv§nyv²z is, j®gkorszaki eredetŤek.  

A Minera kutak viz®nek stabilizot·p ºsszet®tele (ŭ18O=-13,9ă ®s ŭ2H=-101,6ă) a 

main§l 7 - 9 ÁC-kal hidegebb kl²m§ban, vagyis j®gkorszakban tºrt®nt besziv§rg§st jelez 

(Deak and Coplen 1996).A j®gkorszakban besziv§rgott vizek eset®ben ugyanis, a 

hidegebb kl²ma miatt, a jelenlegin®l negat²vabbak a stabil v²zizot·pok delta ®rt®kei, mivel 

a csapad®kv²z ï ®s az abb·l besziv§rg· friss felsz²n alatti v²z ï stabilizot·p ºsszet®tele az 

®vi kºz®phŖm®rs®klettŖl (T) f¿gg a ĂhŖm®rs®kleti hat§sò (ŭ18O = 0,52 * T ï 15 [ă], ŭ2H 

= 4,1 * T ï 110 [ă]) miatt. Fenti ºsszef¿gg®seket figyelembe v®ve, a Minera kutak 

viz®nek besziv§rg§sakor az ®vi kºz®phŖm®rs®klet 1ï3 ÁC volt a stabilizot·p adatok 

alapj§n. Ilyen alacsony hŖm®rs®klet a K§rp§t-medenc®ben utolj§ra mintegy 20-25 ezer 

®vvel ezelŖtt volt, a j®gkorszaki hidegcs¼cs idej®n, ami bizony²tja a Minera kutak viz®nek 

j®gkorszaki eredet®t.   

A nemesg§z hŖm®rŖ (NGT=Noble Gas Thermometer) m®r®si adatok alapj§n a Minera 

kutak viz®nek §tlagosan 3,3 ÁC-os nemesg§z hŖm®rs®klete 7 ÁC-kal kisebb a hazai 10,5 

ÁC-os §tlagn§l, igazolva a j®gkorszaki hidegcs¼cs idej®n tºrt®nt besziv§rg§st mindh§rom 

k¼tn§l. Figyelembe v®ve, hogy az NGT a besziv§rg§skori talajv²z-hŖm®rs®kletet mutatja, 

amely mintegy 1,5 ÁC-kal nagyobb a l®ghŖm®rs®kletn®l, a Minera kutak vize a main§l 

mintegy 8,5 ÁC-kal hidegebb kl²m§ban sziv§rgott be.  

A v²zkor adatok megb²zhat·s§g§t jelzi, hogy a koncepcion§lis v²zfºldtani modell §ltal 

kijelºlt §raml§si p§lya ment®n a 14C v²zkor line§risan, 1 ®v/1,5 m m®rt®kben nºvekszik 

az Isaszeg kºrny®ki ut§np·tl·d§si ter¿lettŖl (<72 ®v) Albertirsa fel®, ahol a Minera kutak 

viz®ben el®ri az §tlagosan 27 000 ®ves kort. A besziv§rg§s term®szetesen Isaszeg 

kºrny®k®n tºrt®nik, onnan sziv§rog az·ta is Albertirsa ir§ny§ba a r®tegv²z, mikºzben 

folyamatosan idŖsºdik. 

Kutat§sunk bizony²totta, hogy a Minera kutakb·l a j®gkorszakban, r§ad§sul a legutols· 

jelentŖs m®rt®kŤ eljegesed®s (LGM=Last Glacial Maximum) idej®n besziv§rgott vizet 

termelnek. 

Tr²cium vizsg§lataink bizony²tott§k, hogy mindh§rom Minera k¼t vize - jelenlegi 

§llapot§ban ï megfelel a 16/2016. (V.12.) BM rendeletben le²rt Ăv®dett felsz²n alatti v²zò 

minŖs²t®snek, amelynek 2.9. pontj§ban szereplŖ defin²ci· szerint: Ăv®dett felsz²n alatti 

v²zb§zisra telep²tett v²zkiv®teli mŤ: az a v²zkiv®teli mŤ, amelyen kereszt¿l az ig®nybe vett 

v²zk®szletbŖl kitermelt v²zben m®rt tr²cium koncentr§ci· kisebb, mint 0,06 Bq/l (0,5 

TU)ò. 
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¥sszefoglal· 

A Nyugati- ®s Keleti-K§rp§tok §sv§ny- ®s term§lvizei, k¿lºnºsen Szlov§ki§ban, 

Lengyelorsz§gban ®s Rom§ni§ban, komplex geol·giai ®s hidrogeok®miai folyamatok §ltal 

befoly§solt fontos term®szeti erŖforr§sokat k®pviselnek. ElŖfordul§suk szorosan kapcsol·dik a 

K§rp§tok hegys®ghez ®s a kºrnyezŖ medenc®khez, ahol a tektonikai strukt¼r§k, a m¼ltbeli vulk§ni 

tev®kenys®g ®s a v²z-kŖzet kºlcsºnhat§sok v§ltozatos k®miai ºsszet®teleket ®s hŖm®rs®kleti 

viszonyokat eredm®nyeznek. Szlov§ki§ban az §sv§nyvizek nagyr®szt a tri§sz kori karbon§tos 

v²ztart· r®tegekhez ®s a neog®n vulk§ni kŖzetekhez kapcsol·dnak, m²g Lengyelorsz§gban a CO-

ban gazdag kloridvizek a flysch-napp®k diagenetikus folyamataib·l sz§rmaznak, ®s a Szud®t§k 

term§lvizei mellett fordulnak elŖ. Rom§nia keleti K§rp§tok ®s Erd®lyi-medence CO-ban gazdag 

vizeket tartalmaz, amelyekre a neog®n vulkanizmus, a halit old·d§sa ®s a v²ztart· r®tegek 

kevered®se hat§ssal van. Ezeket a vizeket sz®les kºrben haszn§lj§k balneoter§pi§ra, rekre§ci·ra, 

palackozott v²z elŖ§ll²t§s§ra ®s geotermikus energi§ra. Kultur§lis ®s gazdas§gi jelentŖs®g¿k 

ellen®re az olyan kih²v§sok, mint a t¼lzott kitermel®s, a szennyez®s ®s az ipari hat§sok, 

hangs¼lyozz§k a fenntarthat· gazd§lkod§s sz¿ks®gess®g®t, hogy ezeket az erŖforr§sokat 

megŖrizz®k a jºvŖ gener§ci·i sz§m§ra. 
 

Kulcsszavak: §sv§nyi ®s term§lvizek, K§rp§tok, hidrogeok®mia 

 

Abstract 

Mineral and thermal waters of the Western and Eastern Carpathians, particularly in Slovakia, 

Poland, and Romania, represent important natural resources influenced by complex geological 

and hydrogeochemical processes. Their occurrence is closely linked to the Carpathian orogen and 

surrounding basins, where tectonic structures, past volcanic activity, and waterïrock interactions 

produce diverse chemical compositions and thermal regimes. In Slovakia, mineral waters are 

largely associated with Triassic carbonate aquifers and Neogene volcanics, while in Poland, CO-

rich chloride waters originate through diagenetic processes in flysch nappes and occur alongside 

thermal waters of the Sudetes. Romaniaôs Eastern Carpathians and Transylvanian Basin host CO-

rich waters influenced by Neogene volcanism, halite dissolution, and aquifer mixing. These 

waters are widely used for balneotherapy, recreation, bottled water production, and geothermal 

energy. Despite their cultural and economic importance, challenges such as over-extraction, 

contamination, and industrial impacts emphasize the need for sustainable management to preserve 

these resources for future generations. 

 

Keywords: mineral and thermal waters, Carpathians, hydrogeochemistry 
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Introduction  

Mineral and thermal waters in the Western and Eastern Carpathians, in Slovakia, 

Poland, Ukraine, and Romania, represent highly valuable natural resources. Their origins 

are related to the complex geological histories, and their properties are shaped by diverse 

lithological environments, tectonic structures, and hydrogeochemical processes. These 

waters have distinct chemical composition, temperature, and dissolved gas content, 

resulting in a broad range of therapeutic, recreational, and commercial applications. 

Beyond their medical and economic value, they also hold cultural significance, often 

being integral to local traditions and spa tourism (Ci°kowski et al., 2010; Kis et al., 2020a; 

Kris et al., 1995; Michalko, 2016; Palcsu et al., 2017; Polyak et al., 2018). 

The occurrence and characteristics of these waters are closely tied to the geological 

evolution of the Carpathian orogen and its surrounding basins. Waterïrock interactions, 

due to the variety of geological context, the diagenetic transformations contribute to their 

chemical diversity (Oszczypko & Zuber, 2002). Across the region, mineral and thermal 

waters are used for balneotherapy, bottled water production and other industrial purposes. 

At the same time, these resources face challenges such as over-exploitation, 

contamination risks, and the need for sustainable management. 

In Romania, mineral waters hold significant social and cultural importance, whether 

used for drinking or for therapeutic purposes. Regional terminology reflects this tradition: 

in the northern part of the country, CO-rich mineral waters are referred to as borcut, 

while in central regions the equivalent term borv²z is used. Both are synonymous with 

sparkling mineral water, comparable to the expression cevice in Ukraine (Kis et al., 2020). 

The mineral water resources of the Eastern Carpathians have been known since 

antiquity. The Romans established some of the earliest spas in places such as SŁrŁἪel, 

AnieἨ, Borsec, V©lcele, Odorheiu Secuiesc, and at saline springs within the Transylvanian 

Basin. Over time, these waters were studied from diverse perspectivesðchemical, 

geological, medicalðemploying the analytical opportunities of each era. The results were 

synthesized in books, monographs, and reports that documented both the therapeutic 

value and the geologicalïgeochemical characteristics of the waters. 

The earliest systematic accounts of mineral waters in the region date back to the 18th 

century, when Transylvania was part of the Habsburg Monarchy. In 1777, Crantz, a 

physician at the court of Maria Theresia, published in German the first detailed 

description of the curative properties of Transylvanian springs and spas, based on 

empirical data (Crantz, 1777). His catalogue included localities such as Bodoc, Borsec, 

BŁile Harghita, BŁile Homorod, Corund, Covasna, Lueta, BŁile MalnaἨ, and S©ngeorz 

BŁi. 

The first attempt to link chemical composition with therapeutic effects was made 

earlier, in 1766, by Kib®di, who examined mineral waters from Borsec, BŁἪanii Mari, 

BŁile Chirui, BŁile Ozunca, BŁile Homorod, DoboἨeni, and Corund.  

In the 18th and early 19th centuries, balneology in Transylvania centered around small 

but notable spas, often frequented by nobles: AnieἨ (BŁile Dombhat), Rodna, S©ngeorz 

BŁi, Borsec, V©lcele, BŁile TuἨnad, Sovata, BŁile Selters, Lueta, and BŁile Chirui. 

Smaller bubbling pools also served as meeting points for local communities seeking 
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healing or recreation. These spas were frequently compared with German counterparts, 

both to highlight chemical similarities and to promote local resources. Beyond direct 

consumption, some waters were bottled and commercialized, notably at Corund, BŁile 

Seiche, Odorheiu Secuiesc, and BŁile Homorod (Orb§n, 1871). 

By the late 19th and early 20th centuries, research increasingly emphasized 

hydrogeology and attempts at systematic classification based on chemistry and geology. 

Geological and hydrogeological perspectives on mineral water genesis were elaborated 

by B§nyai (1934), who also proposed the first classification of Eastern Carpathian mineral 

waters into four main groups. This marked the first systematic correlation between 

geological context and hydrochemistry. 

Throughout the 20th century, classification schemes were refined and regional 

prospecting intensified. Several studies analyzed several mineral water resources in the 

Eastern Carpathians, producing comprehensive hydrochemical surveys and monographs 

(Airinei & PricŁjan, 1975; PricŁjan, 1973; PricŁjan & Airinei, 1981) and (Kisgyºrgy & 

Krist·, 1978) Airinei and PricŁjan (1975) introduced the concept of the Post-Volcanic 

Manifestations Area, defined as regions with the most active CO  emissions, whether as 

free gas or dissolved in waters. 

Recent monographic works (Incze et al., 2017; J§nosi et al., 2005) have integrated 

historical data with modern chemical analyses, while stable isotope studies (Kis et al., 

2020; Vaselli et al., 2002) have advanced understanding of the origins of mineral waters 

and gases in the region. 

 

Geological context of the mineral waters of Slovakia, Poland and 

Romania 

Slovakia lies within the Carpathian geological system, comprising the Pieniny Klippen 

Belt and the Neogene to Quaternary volcanic zones. The formation of mineral and 

geothermal waters here is primarily controlled by infiltration of meteoric water, 

dissolution of minerals, and accumulation under pressure. Tectonic conditions, including 

fault zones and uplifted carbonate massifs, create pathways for water circulation and 

mineral enrichment. The presence of Triassic limestones and dolomites, along with 

Neogene volcanics, provides both high-permeability aquifers and heat sources for 

geothermal activity. Regional geological diversity explains the wide variety of chemical 

compositions, temperatures, and gas contents observed in Slovak mineral waters (Kris et 

al., 1995). 

In southern Poland, the Outer Carpathians consist of thick flysch sequences deposited 

in deep-sea environments and later deformed into nappes. Mineral waters are associated 

with tectono-stratigraphic units such as the Magura Nappe. Here, CO-rich chloride 

waters originate through burial diagenesis and the transformation of smectite to illite 

clays. These diagenetic processes release salts and modify water composition, producing 

distinctive chemical signatures. Polandôs mineral waters also occur in the Sudetes 

Mountains, the Carpathian Foredeep, and the Polish Carpathian Foredeep, each with 

specific hydrogeological settings that influence their chemistry, mineralization, and 

temperature (Ci°kowski et al., 2010; Palcsu et al., 2017). 
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Romaniaôs Eastern Carpathians and the adjacent Transylvanian Basin host an 

exceptionally varied geological framework, including the Neogene to Quaternary 

volcanic pyroclastic deposits, evaporitic sequences, and sedimentary strata. Volcanic 

activity in the CŁlimaniïGurghiuïHarghita volcanic range has played a significant role 

in shaping water chemistry, particularly by influencing salinity and introducing magmatic 

CO . Tectonic activity facilitates aquifer mixing, enhancing the diversity of 

hydrogeochemical facies. This diversity, combined with rich natural CO  emissions, has 

made the region one of the most significant in Europe for naturally carbonated waters 

(Kis et al., 2020). 

 

Hydrogeochemical Characteristics 

The Slovak mineral waters contain a spectrum of dissolved solids, including major 

ions (Na , CaĮ , HCO ), rarer components such as Li, Sr, and Fe, and trace elements 

including Zn and Cu. Geothermal waters, with temperatures ranging from 25 ÁC to nearly 

90 ÁC, are typically associated with Triassic carbonate aquifers or volcanic rock-hosted 

systems. Their chemistry reflects prolonged waterïrock interaction and, in some cases, 

the addition of deep-seated gases. Some springs exhibit significant CO  content, making 

them naturally effervescent and highly valued for therapeutic drinking cures (Kris et al., 

1995). 

In the Polish Carpathians, CO-rich chloride waters can reach chloride concentrations 

up to 14 g/L. Their isotopic compositions confirm a diagenetic origin. Elevated Na/Cl and 

B/Cl ratios are diagnostic markers of this process, as exemplified by the Zuber waters of 

Krynica Spa, which represent a blend of diagenetic and meteoric inputs. In the Sudetes, 

thermal waters reach temperatures of up to 87 ÁC, while in the Lowlands, highly 

mineralized brines with TDS values exceeding 100 g/L are found in deep aquifers. Such 

waters are used both for medical treatments and, in some cases, for salt extraction 

(Ci°kowski et al., 2010). 

The Eastern Carpathians, with more than 2,000 known springs (B§nyai, 1934), remain 

the most prolific region in terms of mineral water abundance and variety. Their 

characteristics are primarily governed by the interaction of volcanic, sedimentary, and 

tectonic factors, making the region both a historically significant and scientifically 

valuable natural laboratory for the study of mineral waters. The Romanian mineral waters 

exhibit remarkable hydrochemical diversity, reflecting the countryôs geological 

framework. In the Carpathian region, three major units play a dominant role: the 

Carpathian thrust-and-fold belt, the Transylvanian Basin, and the NeogeneïQuaternary 

volcanic arc. Based on these settings, multiple classification schemes have been 

developed (e.g., B§nyai, 1934; PricŁjan, 1972; Airinei & PricŁjan, 1972; Moln§r-

AmŁrŁscu, 1961). Commonly distinguished categories include CO-rich (sparkling), 

NaCl-rich, sulfate/H S-rich, geothermal, and mixed waters, the latter arising where 

overlapping geological influences combine to shape their composition. A detailed 

hydrogeochemical survey in the Eastern Carpathians and Transylvanian Basin (Kis et al., 

2020) identified three principal mineral water types: CaïNaïMgïHCO  waters; CaïNaï

Mg / NaïCa Ñ MgïHCOïCl Ñ SO  waters; and NaïCl waters. The chemistry of these 
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waters reflects halite dissolution, feldspar alteration in volcanic terrains, evaporation 

processes, and CO-driven mineral dissolution. Elevated partial pressures of CO  (up to 

8.86 bar) accelerate weathering reactions, particularly in volcanic zones. Stable isotope 

data show that most waters are of meteoric origin, though some exhibit pronounced 

isotopic shifts due to clayïwater interaction, membrane filtration effects, and diagenetic 

alteration. 

 

Regional Distribution and Utilization  

In Slovakia, over 2,300 mineral and geothermal springs are known, with about 1,200 

studied in detail. Seventy springs are currently exploited in 17 spa facilities, yielding a 

combined discharge of 266 L/s for balneal and drinking purposes. Renowned spas include 

PieġŠany, Trenļianske Teplice, Sliaļ, and Smrd§ky, each specializing in treatments 

ranging from rheumatism to cardiovascular disease and dermatological disorders. Bottled 

mineral waters such as Baldovsk§, Salvator, Santovka, and Fatra are used for digestive 

and metabolic health (Kris et al., 1995). 

In Poland, the mineral waters occur in four main provinces: the Precambrianï

Paleozoic Platforms (Lowlands), the Sudetes Mountains, the Carpathians, and the 

Carpathian Foredeep. Spas such as Krynica, Cieplice, and LŃdek-Zdr·j offer drinking 

cures, baths, and inhalations. Geothermal energy production is notable in Podhale, 

Pyrzyce, Mszczon·w, and Uniej·w. Polandôs bottled water industry involves over 130 

companies, producing both natural mineral and spring waters. This represents one of the 

largest mineral water production capacities in Europe (Ci°kowski et al., 2010). 

In Romania, the CO-rich mineral waters are abundant in the Eastern Carpathians and 

Transylvanian Basin. Springs at Borsec, BŁile TuἨnad, and Covasna are used for 

balneotherapy, recreation, and bottled water production (Kis et al., 2020). These waters 

are economically significant but often vulnerable to contamination from surface 

activities, particularly where aquifers are shallow or poorly protected. 

 

Conclusion 

Despite their abundance, Slovakiaôs mineral waters remain underutilized, suggesting 

potential for expansion in balneology and hydrotherapy. In Poland, industrial activities 

such as coal and salt mining have led to the loss of springs, prompting protective measures 

under the Geological and Mining Act. Romania faces particular vulnerability due to 

inadequate infrastructure and tectonically complex settings, necessitating regular 

monitoring, improved protection of recharge areas, and community engagement in 

conservation. 

The mineral and thermal waters of Slovakia, Poland, and Romania are products of 

diverse geological and hydrogeochemical processes, shaped by the interplay of lithology, 

tectonics, past volcanic activity, and waterïrock interactions. Their chemical diversity 

underpins a broad spectrum of therapeutic and economic applications, from traditional 

spa treatments to bottled water industries and geothermal energy use. However, these 

resources are finite and increasingly threatened by contamination, over-extraction, and 
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environmental change. Sustainable management is essential to safeguard these waters for 

future generations. 
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¥sszefoglal· 

2024 §prilis§ban a Geoforaj KFT egy 60 m®rteres kutat f¼rt Cs²kszentl®leken (Hargita megye, Rom§nia), 

amely egy k®sz¿lŖ lak·h§z v²zell§t§s§t hivatott kiszolg§lni. A k¼t m®lys®ge 60,00 m, 140 mm-es 

b®l®scsŖvel van kib®lelve (45 m-ig R8, 45-60 m-ig R10). A v²zad· r®teg egy kettŖs porozit§s¼ szil§rd kŖzet 

(vulkanoklasztit), amely -21,80 m-tŖl kezdŖdik. A k¼t maxim§lis kitermelhetŖ hozama 2 l/s, -47,00 m-es 

dinamikus szinttel. 

A k¼t viz®nek minŖs®g®t elŖszºr 2024 szeptember®ben vizsg§ltuk meg fizikai-k®miai- (amm·nia-, nitrit-, 

nitr§t-, vas-, k§lcium-, magn®zium-tartalom, elektromos vezetŖk®pess®g, pH, v²zhŖm®rs®klet) illetve 

mikrobiol·giai szempontokb·l (ºsszcs²rasz§m, coliform/Escherichia coli, fek§lis Enterococcus, 

Pseudomonas aeruginosa, Clostridium perfingens). 

Az elv®gzett vegyi elemz®sek alapj§n a k¼tv²z megfelelt az iv·v²zekre vonatkoz· elŖ²r§soknak: az 

amm·nia-, nitrit illetve nitr§tionok ®rt®ke j·val a hat§r®rt®kek alatt volt; a v²z hŖm®rs®klete 14,9 ÁC, 

vezetŖk®pess®ge 540 ÕS/cm, ºszkem®nys®ge 14,8 ÁdH, m²g a pH ®rt®ke 7,1 volt. 

A bakteriol·giai vizsg§latok alapj§n hat§r®rt®k feletti volt a mezofil bakt®riumok ºsszcs²rasz§ma 22 ÁC-on 

223 telepk®pzŖ egys®g (TKE)/ml, m²g 37 ÁC-on 82 TKE/ml, illetve kimutathat· volt a Pseudomonas 

aeruginosa (11 TKE/250 ml) a k¼tv²zben.  

2025 m§jus§ban, amikor a pump§t tart· kºt®l ac®lsodronyra val· kicser®l®se zajlott, egy elsŖ fertŖtlen²t®sre 

is sor ker¿lt: n§trium-dikl·r-izocianur§t hat·anyag¼ fertŖtlen²tŖszert tett¿nk a k¼tv²zbe, ilyen oldattal 

tºltºtt¿k fel a kiemelt csŖvezet®ket, illetve §ztattuk be a pump§t 24-48 ·r§ig. A pumpa ®s a csŖvezet®knek 

a k¼tba val· visszajuttat§sa sor§n fertŖtlen²tŖszeres oldattal mostuk le a beker¿lŖ csºvet, illetve 70 

tºmegsz§zal®kos alkoholt permetezt¿nk r§. A fertŖtlen²t®s ut§n ¼jabb mikrobiol·giai vizsg§latot v®gezt¿nk 

el, amely sor§n kider¿lt, hogy ugyan csºkkentek az ºsszcs²rasz§mok, de m®g mindig magasak (22 ÁC: 181 

TKE/ml, 37 ÁC: 34 TKE/ml) ®s tov§bbra is kimutathat· a P. aeruginosa (3 TKE/250 ml). ĉgy egy m§sodik 

fertŖtlen²t®st tervez¿nk a kºzeljºvŖben, amelynek sor§n a fertŖtlen²tŖszeres oldatot visszakeringetj¿k a 

k¼tban 24 ·r§n kereszt¿l. 

A fenti esettanulm§ny r§mutat arra, hogy a mag§nszem®lyek eset®ben is mennyire fontos lenne a kºlts®ges 

k¼tfurr§s ut§n odafigyelni a v²zkiv®teli rendszer (pumpa, csŖvexzet®kek stb.) alapos fertŖtlen²t®s®re is a 

ki®p²t®s sor§n, amely a legtºbb esetben elmarad. ĉgy a k¼tv²z mikrob§kkal befertŖzŖdhet, amelyek kºz¿l is 

a nagyon j· biofilmk®pzŖ k®pess®ggel rendelkezŖ, opportunista patog®n Pseudomonas aeruginosa 

bakt®rium elszaporod§sa a legkev®sb® k²v§natos. A pumpa- ®s a csŖvezet®k k¿lsŖ ®s belsŖ fel¿let®n 

®lŖbevonatot k®pezŖ bakt®riumt·l nagyon neh®z megszabadulni, az ®lelmiszeriparban is az egyik 

legrosszabb h²rn®vnek ºrvendŖ bakt®rium: a csºvezet®keken elszaporodva gyakran csak erŖs bactericid 

fertŖtlen²tŖszerek alkalmaz§s§val, hosszas beavatkoz§s ut§n eradik§lhat·. 

 

Kulcsszavak: k¼tf¼r§s, bakteri§lis szennyezŖd®s, k¼tfertŖtlen²t®s 
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Abstract 

In April 2024, Geoforaj SRL drilled a 60-meter well in Leliceni (Harghita County, Romania) intended to 

supply water to a residential house under construction. The well is 60.00 m deep and lined with a 140 mm 

casing (R8 down to 45 m, R10 from 45ï60 m). The aquifer is a dual-porosity solid rock (volcaniclastic) 

layer starting at ï21.80 m. The maximum extractable yield of the well is 2 L/s, with a dynamic water level 

at ï47.00 m. 

The quality of the well water was first tested in September 2024 from both physicochemical (ammonium, 

nitrite, nitrate, iron, calcium, magnesium content, electrical conductivity, pH, water temperature) and 

microbiological perspectives (total viable count, coliform/Escherichia coli, fecal Enterococcus, 

Pseudomonas aeruginosa, Clostridium perfringens).  

According to the chemical analyses performed, the well water complied with drinking water standards: the 

concentrations of ammonium, nitrite, and nitrate ions were well below the limits; the water temperature 

was 14.9 ÁC, conductivity 540 ÕS/cm, total hardness 14.8 ÁdH, and pH 7.1. 

Bacteriological tests, however, revealed total mesophilic bacterial counts above the permissible limit at 22 

ÁC [223 colony-forming units (CFU)/ml] and at 37 ÁC (82 CFU/ml), as well as detectable Pseudomonas 

aeruginosa (11 CFU/250 ml) in the well water. 

In May 2025, during the replacement of the rope holding the pump with a steel cable, an initial disinfection 

was carried out: a sodium dichloroisocyanurate-based disinfectant was added to the well water, the removed 

pipeline was filled with this solution, and the pump was soaked for 24ï48 hours. When reinserting the 

pump and pipeline into the well, the incoming pipe was rinsed with disinfectant solution and sprayed with 

70% alcohol. 

A subsequent microbiological test showed that although total viable counts had decreased, they remained 

high (22 ÁC: 181 CFU/ml, 37 ÁC: 34 CFU/ml), and P. aeruginosa was still detectable (3 CFU/250 ml). 

Therefore, a second disinfection is planned in the near future, during which the disinfectant solution will 

be recirculated in the well for 24 hours. 

This case study highlights that even for private individuals, it is essential ï after the costly process of well 

drilling ï to ensure thorough disinfection of the water extraction system (pump, pipelines, etc.) during 

installation, which in most cases is neglected. Without such measures, well water may become 

contaminated with microorganisms, among which the opportunistic pathogen Pseudomonas aeruginosa ï 

known for its strong biofilm-forming ability ï is particularly undesirable. This bacterium, which forms a 

biofilm on the internal and external surfaces of pumps and pipelines, is notoriously difficult to eradicate. It 

has one of the worst reputations in the food industry, as its proliferation in pipelines can often only be 

eliminated through the use of strong bactericidal disinfectants and prolonged interventions. 

 
Keywords: well drilling, bacterial contamination, well disinfection 
 

BevezetŖ 

K¼tf¼r§s Sz®kelyfºldºn 

A kl²mav§ltoz§s hat§sainak kºvetkezm®nyei a v²zzel bŖven meg§ldott Sz®kelyfºldºn 

is erŖsen ®rezhetŖek, amelyek a hŖm®rs®klet emelked®se mellett az iv·v²zk®szletet is igen 

hat§sosan apasztj§k. Mivel vid®ken az §sott kutak 97% a talajvizet haszn§lja (10-20 m 

m®lyek), az ®vek ·ta tart· csapd®khi§ny kºvetkezm®nyek®nt ezen kutak v²zad· 

k®pess®ge igen megb²zhatatlan lett, helyenk®nt teljesen kisz§radtak. Sok telep¿l®sen a 

v²zell§t§s kºzponti szinten nincs vagy ritk§n ®s igen gyatr§n van megoldva, ez®rt aki csak 

teheti kutat furat a jobb v²zell§t§s rem®ny®ben. A hely hidrogeol·giai adotts§gaiknak a 

f¿ggv®ny®ben (laza ¿led®kek, szil§rd kŖzetek - por·zus kŖzetekben ®s hasad®kos 

kŖzetben, valamint kettŖs porozit§s¼ kŖzetekben levŖ v²z), a minŖs®gi iv·v²z kitermel®se 

®rdek®ben §ltal§ban 30-50 m-es kutat kell f¼rni (laza ¿led®kekben), esetenk®nt ak§r 70-

100 m-ig is le kell menni (szil§rd kŖzetekben).  
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Az elk®sz¿lt kutak ¿zembe helyez®sekor gyakran egy alapvetŖ probl®m§val 

szembes¿lnek, ®spedig a mikrobi§lis szennyezŖd®sek jelenl®t®vel. Ennek okai a 

b®l®scsºvek ®s a pumparendszer (pumpa, v²zvezet®k, §ramk§bel, kikºtŖkºt®l stb.) nem 

megfelelŖen vagy ®ppen egy§ltal§n nem elv®gzett fertŖtlen²t®se. 

 

Iv·vizek mikrobi§lis szennyezŖd®se 

Az iv·vizek mikrobi§lis szennyez®s®nek vizsg§lata sor§n a leggyakrabban az ¼n. 

indik§tor fajokat vizsg§ljuk, amelyek jelenl®te utal a k¿lsŖ forr§sb·l tºrt®nŖ 

beszennyez®sre. Ilyen ï fŖk®nt fek§lis szennyez®st indik§l· ï mikr·b§k: a coliform 

bakt®riumok, Escherichia coli, fek§lis Enterococcus-ok, Pseudomonas aeruginosa, 

Clostridium perfringens bakt®riumok (M§th® et al. 2010). 

A fek§lis coliform csoportba tartoz· Escherichia coli (E. coli) Gram-negat²v 

bakt®rium, melegv®rŤ §llatok, illetve eg®szs®ges emberek term®szetes b®lbiot§j§nak a 

tagja. N®h§ny tºrzse patog®n: hasmen®st, h¼gy¼ti ®s epe¼ti fertŖz®seket, bakteri§lis 

meningitist stb. okozhatnak (RussoïJohnson 2000, Kaper et al. 2004). 

Az Enterococcus nemzets®g tºbb t²z fajt foglal mag§ba, amelyek k¿lºnf®le 

gazdaszervezetek (emberek ®s m§s emlŖsºk, madarak, h¿llŖk ®s rovarok) gyomor- ®s 

b®lrendszer®ben, a kºrnyezetben, ®lelmiszerekben stb. fordulnak elŖ. Ugyan a 

b®lmikrobi·ta kevesebb mint 1%-§t alkotj§k, §lland· jelenl®t¿k a sz®kletben ®s 

kºrnyezetben val· tart·s t¼l®l®s¿k miatt az iv·v²zbe jut· sz®kletszennyez®s indik§tor§nak 

tekinthetj¿k (Lebreton et al., 2014; BoehmïSassoubre, 2014). T¼lzott elszaporod§suk 

eset®n patog®nn® v§lhatnak, fertŖz®seket okozva a gyomor- ®s b®lrendszerben, valamint 

az epeutakban ®s a h¼gyutakban is (KaoïKline 2019). 

A Clostridium perfringens egy Gram-pozit²v bakt®rium, sp·rak®pzŖ bakt®rium, amely 

elŖfordul a term®szetben a talajban, boml· nºv®nyzetben, emellett ember ®s m§s gerinces 

§llatok b®lrendszer®ben. Sp·rak®pz®s sor§n, a t§pcsatorn§ban enterotoxinokat termelve 

s¼lyos gyomor- ®s b®lrendszeri probl®m§kat v§lthat ki (LabbeïJuneja 2017). 

A Pseudomonas aeruginosa faj is gyakran kimutathat· szennyezett iv·vizekben. A 

Pseudomonas aeruginosa egy opportunista, Gram-negat²v bakt®rium, amely sz®les 

kºrben elterjedt term®szetes ®s mesters®ges vizes kºrnyezetekben, ide®rtve a f¼rt kutak 

viz®t is (World Health Organization, 2024; Gholipour et al., 2024). Minden¿tt jelen van 

a term®szetes kºrnyezetben, talajban, vizekben, k·rh§zi kºrnyezetben. Minim§lis 

t§panyagig®ny mellett is k®pes fennmaradni, ®s sz§mos kedvezŖtlen fizikai kºr¿lm®nyt 

elvisel (Pirnay et al., 2005; Lister et al., 2009; Moradali et al., 2017). 

A Pseudomonas aeruginosa nagy klinikai jelentŖs®ggel b²r, mivel a k·rh§zi fertŖz®sek 

egyik leggyakoribb ®s legs¼lyosabb k·rokoz·ja, k¿lºnºsen a gyenge immunrendszerŤ, 

kr·nikusan fertŖzºtt, illetve intenz²v oszt§lyon kezelt betegeket ®rinti. Sz§mos 

antibiotikummal szemben rezisztens, nagyon j· biofilmk®pzŖ bakt®rium (Tacconelli et 

al., 2018). 

Iv²vizek, ²gy f¼rt kutak eset®ben k¿lºnºsen aggaszt· a P. aeruginosa jelenl®te, mivel 

k®pes hossz¼ t§von fennmaradni a v²zrendszerekben, fŖk®nt biofilm-k®pz®s r®v®n. A 

biofilmek extracellul§ris polimerekkel (EPS) kºr¿lvett, komplex mikrobi§lis kºzºss®gek, 

amelyek a k¼tcsºvek, szivatty¼alkatr®szek ®s v²zt§rol· elemek belsŖ fel¿let®n stabilan 
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megtelepedhetnek, ®s nagyon rezisztensek lehetnek a fertŖtlen²t®si elj§r§sokkal ï p®ld§ul 

kl·roz§ssal vagy UV-besug§rz§ssal ï szemben (Flemming et al., 2016; Hall-Stoodley et 

al., 2004; Ramesh et al., 2025). ElŖfordulhat, hogy a biofilmben ®lŖ P. aeruginosa t¼l®li 

a hagyom§nyos kl·ros kezel®st, k¿lºnºsen alacsony koncentr§ci· mellett (Gholipour et 

al., 2024). 

A biofilm kialakul§sa tºbbl®pcsŖs folyamat: kezdetben a bakt®riumok fel¿letekhez 

tapadnak, majd EPS-m§trixot termelve mikrokol·ni§kat alkotnak, v®g¿l ®rett biofilm jºn 

l®tre, amelybŖl egyes sejtek kiszabadulva ¼j kol·ni§kat hozhatnak l®tre (Hall-Stoodley et 

al., 2004).  

A v®dekez®s a P. aeruginosa ®s a biofilm ellen integr§lt, tºbbl®pcsŖs strat®gi§t 

ig®nyelhet, ²gy pl. 

Á mechanikai tiszt²t§s ®s rendszeres biofilm-elt§vol²t§s a k¼t ®s a csŖvezet®k belsŖ 

fel¿leteirŖl, 

Á v²zmikrobiol·giai monitoring, 

Á kombin§lt fertŖtlen²t®si elj§r§sok, mint p®ld§ul a kl·r ®s oxid§l· biocidek 
v§ltogat§sa, vagy ak§r ¼j technol·gi§k ï ·zonos kezel®s, fotokatalitikus oxid§ci·, 

biofilm-diszperz§nsok, enzimek vagy bakteriof§g-alap¼ m·dszerek ï alkalmaz§sa 

(Sim»es et al., 2010; Ramesh et al., 2025), 

A P. aeruginosa folyamatos kontrollja elengedhetetlen nemcsak a v²z mikrobiol·giai 

biztons§g§nak megŖrz®se, hanem a kºzeg®szs®g¿gyi kock§zatok minimaliz§l§sa 

®rdek®ben is. 

A jelen vizsg§lat c®lja az volt, hogy jellemezz¿nk egy ¼jonnan f¼rt kutat, megvizsg§lva 

a k¼tv²znek a minŖs®g®t k®miai ®s mikrobiol·giai szempontokb·l, illetve a Pseudomonas 

aeruginosaval val· befertŖzŖd®s kimutat§sa ut§n megpr·b§lni a k¼tat fertŖtlen²teni. 

 

Anyag ®s m·dszerek 

K¼tf¼r§s Cs²kszentl®leken 

T®m§nk t§rgya, az FH 361-es hidrogeol·giai f¼r§s (1. §bra) egy k²nai gy§rtm§ny¼ 

f¼r·g®ppel (HZ150YY Water Well Drilling Rig), rot§ci·s kºzvetlen iszapºbl²t®ses 

m·dszerrel volt kihajtva. Az iszapºbl²t®ses m·dszern®l a f¼r·sz§ron bejuttatott 

ºbl²tŖfolyad®k az ºrlem®nyt a furat talp§r·l elsodorva-felhajtva a felsz²nre juttatja a 

f¼r·sz§r ®s a f¼r·lyuk kºzºtti gyŤrŤs t®ren kereszt¿l (jobbºbl²t®ses f¼r§s). A furat 

kialak²t§s§hoz 215,9 mm-es §tm®rŖjŤ, k®tf®le gºrgŖs f¼r·fej volt haszn§lva: egy a laza 

kŖzetekhez val· fogas f¼r·fej, amelyet 0,00-21,80 m kºzºtti agyagos talajban haszn§ltuk, 

®s egy a szil§rd kŖzetekben haszn§latos vide§s f¼r·fej, amely a 21,80-60,00 m 

intervallumban tal§lhat· vulkanoklasztitban (szil§rd kŖzet) volt haszn§lva. 

 

A k¼tv²z vegyi elemz®se 

2024 szeptember®ben megm®rt¿k a kiszivatty¼zott k¼tv²z fontosabb fizikai-k®miai 

param®tereit. Hach HQ40D t²pus¼ multiparam®ter seg²ts®g®vel a helysz²nen m®rt¿k a 

k¼tv²z hŖm®rs®klet®t, pH-j§t, elektromos vezetŖk®pess®g®t. A vegyi elemz®seket (l§sd 1. 
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t§bl§zat), tesztcsºvekben v®gezt¿k el a gy§rt· (Hach Lange GmbH, N®metorsz§g) 

utas²t§sai szerint. 

 

 
1. §bra Az FH 361-es hidrogeol·giai k¼tf¼r§s Cs²kszentl®leken 

 
1. t§bl§zat A vizsg§lt v²zk®miai param®terek ®s a haszn§lt m·dszerek 

Vizsg§lt param®ter 
Elemz®si m·dszer 

(m®r®si tartom§ny) 
Haszn§lt mŤszer 

NH4
+ (mg/L) 

Hach ID: 2458200; 

(0,05-3,22 mg/L) 

HACH DR6000  

UV-VIS spektrofot·m®ter 

NO2
- (mg/L) Hach LCK341 (0,05-2 mg/L) 

NO3
- (mg/L) Hach LCK339 (1-60 mg/L) 

¥sszes vas (Fe2+, 3+) 

(mg/L) 
Hach FerroVer (0,02-3,00 mg/L) 

Ca (mg/L) Hach LCK327 (5-100 mg/L) 

Mg (mg/L) Hach LCK327 (3-50 mg/L) 

¥sszkem®nys®g (mg/L) Hach Lange LCK327 (1-20 ÁdH) 

 

A k¼tv²z vegyi elemz®se 

2025 m§jus§ban, amikor a pump§t (2. §bra) tart· kºt®l ac®lsodronyra val· kicser®l®se 

zajlott, egy belsŖ fertŖtlen²t®sre is sor ker¿lt, Purseptet (Romvac Company) kl·r alap¼ 

fertŖtlen²tŖszert haszn§lva. A gy§rt· utas²t§sainak megfelelŖ mennyis®gben ®s 

idŖtartamig n§trium-dikl·r-izocianur§t hat·anyag¼ fertŖtlen²tŖszert tett¿nk a k¼tba, 

figyelembe v®ve a k¼tban l®vŖ v²z mennyis®g®t. Ugyanilyen fertŖtlen²tŖ oldattal tºltºtt¿k 

fel a kiemelt 60 m®teres csŖvezet®ket (3. §bra), illetve §ztattuk be a pump§t. A pumpa ®s 
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a csŖvezet®knek a k¼tba val· visszajuttat§sa sor§n fertŖtlen²tŖszeres oldattal mostuk le a 

k¼tba beker¿lŖ csºvet illetve 70 tºmegsz§zal®kos alkoholt permetezt¿nk r§. 

 

 
2. §bra A v²zkiv®telhez haszn§lt pumpa (2 l/s hozammal) 

 

 
3. §bra A v²zkiv®telhez haszn§lt csŖvezet®k, fertŖtlen²tŖ oldattal feltºltve 

 

A k¼tv²z vegyi elemz®se 

2024. szeptember®ben illetve 2025. augusztus§ban elv®gzett bakteriol·giai 

vizsg§latok sor§n lemezºnt®ses illetve membr§nszŤr®ses vizsg§latokat v®gezt¿nk (l§sd 2. 

t§bl§zat), a v²zmint§kat 0,45 ɛm p·rus§tm®rŖjŤ membr§non (Merck Millipore) §tszŤrve 

v§kuumszivatty¼ seg²ts®g®vel. 

 


