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A rendezv®ny c¢c®l ja szakmai f-rumot biztos?2t
8svs8§nyvizek felts8r8&8s8val, kutat8s8val, tanu
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MY STUDY TRIPS TO TRANSYLVANIA INVOLVING SALT
SPRINGS, BATHS, SALT MINES, AND OPEN SALT KARSTS
BETWEEN 2004-2023

L®n 8r t L8s zI
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Az erd®l yi szakmai konferenci 8k ®s -t&2o0kv 84 2zalkmaiigatzeé
intenz2vv®. Ekkor a Sapientia Egyeitaefes zsagrne ARa®lb én )
Al ap2tvs8ny (FAVA) isnegridutam § Sme@mBdESHEREBsVvENYyVIi zei t |
rendezv®nysorozat ANemzetk©°zimededom§8ywvosSnKvoinieireRiod
konf erencia rendez ®s ®hberg a Kassdil Egydkem|2@bbn c&atjakoeott.eEma 2 0 0 7

rendezv®nyasomaiz napig is egy vs8ltoz- helysz2nT el Ra

b-1 811, adott esetben jelentRs t&8vols8gra az aktusl

A konferencia tanul m8ny¥t| ai mindig is meghats8roz-

keret®ben t°bb s-s forrg8st, sbhbs&nywgtzTi § meRitsmayrém

8§svg8§nyv2z felt8r8s,azf elrid@®d zn §Is§& sk amelzlt otktr,- | 2 gz e m®I| y ¢

szakmai inform8ci - -kat

Eddig az al 8bbi erd®lyi As-s ter¢letekenodo j&rtam, r

°ngll -an szervezett utakon:

Al s s-rfya?llvta:s- karszt felsz?2n, vz2znyel R, akna a b§n
b8§ny8szati nyomok, Kki®p2tett term®szetv®del mi ter

BS§zmrmass v2zre ki®p2tett nagy gy-gyf¢rdR
Cs2kkogmEzs®kf ¢rdR: egyszerT ki®p2t®sT f¢grdRmedence
Kg§szon®j fsklvat:f ¢r dR: egyszerT ki®p2t®sT f¢grdRmedence
LRve®t & “h8zdd art8§si haszn8§lat®¥%w s-s;v2z kiv®tel ®r e al
LRv®t e, vFzleglytservezzre ki ®p2tett egyszerT gy-gyferdR
Par aj d, isdebgg8ennyfaor gal mi c®l Ya fel hagyott b8nyar ®sz (|
Sz®kel ykeresvi;#l:f ¢ rdR

SzI| FrnirdRs v2zre ki®pztett agy gy-gyf¢é¢rdR
Szovs§ta: vzzre ki®p2tett-t nagli @uztgytflie di@kz,r dMeides/ley e
tan®sv®ny

Torda, s-degryndorgal mi ®s kIl 2mater §pi S§Bsp 2ct@lt¥ fnea ghya g

gy -gyf ¢rdR, s-s vizT f¢rdRmedenzet |l é¢eréprd®x, en
s-karszt
Torja:s-s v2zre ki®pz2 ett nagy gy-gyf¢rdR
V2zakna: v2zzre ki ®p ett nagy gy-gyf ¢-fogalihelywy 21t s - k
KulcsszavakK 8§ r jn@tdence, ny2lt s-karszt, s-s f¢grdR, s-b8nye
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Abstract

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

z e k Al-dpuhdatiorg of yhe Subsurface waters). The University of Miskolc has joined the

which has not been taking place at the same location, and o adigld 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 etigasaand salt mines, besides many
locations of mineral water exploitati@nd use, thus céécting valuable scientific information about salt
karsts in Transylvania.

have visited the following fisalt areaso of Transy
trips, partly during trips organized independently:

Al s - s - dpem lsalt karst surface, sinkhole, shaft into the mine, draining tunnel towards the mine,
traces of open mining, established nature reserve

B § z rasge medicinal bath built on salt water

Cs2kkog2€mE=s®kf ¢rdR: s;i mple bathing pool

K8§szon¥%j fs&klvat:f ¢r dR: simple bathing pool

LRv ®t &« Yas@ingcaptatioserving as salt water extraction for household use

LRv ®t e, S z esimple mesli@inahbath blileop salt water

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

Sz ®k el y k salt eaterzbathar

Sz | & rnirdh@e medicinal bath built on salt water

S z o v fatge 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

V 2 z a karga 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
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THE SITUATION OF THE SOLOTVYNO SALT -MINE T FUTURE
POSSIBILITIES
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Mi kita ¥Vikt- -ria

'egyetentiud@m&ny o s’egyatemkdacerfcrismz et es e,fegyetémé mi  t an §
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Munk8nkban az Aknaszlatingn tal 8l hat - fel hagyott S -
Vi zsg8lt ter¢leten ®vsz8§zadok -ta t°rt®nik s-kiterm
b8nya m®rete egyre i nk=8bdkend®@st®v eAl br8nnyga8 | m@&irt eatk®n ei kl | n
term®szetes v®IRrendszerek, amelyek meggs8toltg8k, ho
kel cs°nhat 8sba ker¢ljon. Ezen v®del mi funkci -t el | &
v ami nt a b8nyat ®rs®gek el 8raszt§8s8val megi ndul t a
beoml §s a. Ez a folyamat jelentRs k°rnyezet.i kock§z
Aknaszlatina t®rs®g®re, vavdammini Ra®&®rzel bEBEanl I®mKRN Y u
helyzetet, valamint a j°vRbeli | ehetRs®geket t8rgyal
Kulcsszavaks - b8ny 8szat, k°rnyezeti kock8zatok, hidrodinan
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 minéntasased. 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 Solotvynaamad 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
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Tanul m8nyunkban a fel hagyott aknaszl atin
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adtak fenn (lvanchenko et al ., 1967). A
zad m8sodi k fel ®ben kezdRd?®°
er mel ®s nek, majd a m®l yeb
°nhet Ren a s-t°mb°t v®&dR
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osabb kapcsol atba ke t az §8ran
t a s-karsztosodS8si ol yamat . V
a b8ny8k fRt® ®nek beszakad8sai
vetkezm®nyei .
sz8z ®ve mTk°dR Db8ny§s zast iGst e7vORk e n
kezdRdtek. Ahogy a s-kitermel ®s men
ra nRtt m®| yb8ny8kban robban-anyagok
i s@sg sebess®ge i s megnRtt. A k®nyszer |
sztr-f8k sz8&8m8t is n°velte, amelyek oka
A felsz2nhez k°zeli ter mPszet ekavicsv 2 zz 8r -
homok hordal ®kr ®t eg, hel yi nev®n Apal at
agyagr®t eg) felboml 8sa a b8ny8szati tev®]
mi nt egy sz§z ®vvel ezel Rtt | ®t r eho
arbantart8s8nak teljes hi 8nya. Ez a ge
°r ¢l vevR, §tl agosan 30 m m®l ys®gben t a
.d-m term®szettes AP@helam®t ri®t 2gos el et t t
| sz2nhez k°zel-kavicebgmek ko ®i eqnatakakRi z ®t
| ®r i a ®s a v2zt el eens? t®vse kkbeezne | kResz®inRedk® thti , !
a ebbRI eredR pr®db®vRang k®sh ed ytt oM &b ik emmead €
AA nem megfelel Ren v®grehajtott ®s k®nys:
s-termel ®s n°vel ®se ®rdek®ben. K°vet kezm
fTV2zbet°r®s a b8ny8kba, ol d;d8si folyam
T Reped®sek ®s b8nyatavak kiajJakul 8§8sa, a
T Ki mutathat - -s@Vég-2td®lsa jhs ®v nt
2007 ®s 2010 k°z°tt k®t mTk°dR b&8nya el §ra
reped®sek kialakul 8s8t vonta mag8val ®s eqg)
a ASzolotvinszki]j Szol erudnyko 81 1 ami v 81
VRshel yzeti Mi ni szt ®ri um szak®rtRi Vel em®
mi nRs2tette ezt az -B&wlagi dkr §mated®zthelf gtet
sz¢ks®g8l | apot ot hirdetett abza na kanza sezll saR i jneali
Tiszafd y- v2zmi nRs®g®nek jelentRs v8Iltoz§s8t n
°sszeoml §s8b - | eredt . BS§r a S-szennyez®s i
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Munk8nk a REVI TAL1 proj ekt keret ®oben val
m-dszertana f Rk®nt szekunder kut at 8sb- 1,
hel ysz2ni | 8t ogat 8sok ®selne®nz@sse kI, e bvoan yaori 2ntt §
A szekunder ket 8 s sor 8n a kor 8bbi bi bliogr8fia 8
kerest ¢nk inform8ci - kat. A terg¢l et megi sm
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forr8saib-| Ssz8r maz - statisztikesea
®sek ®s transznacion8lis projekt
b-1 sz8rmaz- statisztik8kat ®s I
n jegyezni, hogy n®ha erRs korl
ri ssebb adatok hi8nya miatt. Ez
zsi gla8z gat 8si v8l toz8sns8l tkor 8bhbi
i

| ajdeform8ci - m®r®s ®s mThol das mor

a

A tS8rgyak ®s a talajfelsz2n f¢éggRI eges
radar megfigyel ®sii adat ok fel-Al g®@z 8sEB al
mThol dkonstell §ci --202keeg¥%i 2®g®Vakt okat 2826 Uk
I nform8ci -fggad, ®al Beni dadl Navig8ci -s Terepi

A

r

8§

kut at 8si ter ¢l et 33 n®gyzetkil om®t er Vo
(raszteres ®s vektoros), amel yek | ehet Rv®
v8l toz8sainak el emz®s®t. A t8v~®rz=®kel ®si r a
ENVIszoftverben ®s Sar Scape modul okban v®gez
A legfrissebb mTholdas radarmonitoroz§8si &
Il dRszakr a) al apj 8n el v®gezt ®k a Aknaszl a
| ®t es2t m®Anyei nek f¢ggRI eges def or m8ci -i nak
i ntenz?2®sisdlelryceldet eé6t @az60 nroms/2@w t K CAX® t(t i §tl a
sebess®ggel) (1. 8bra).
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1. 8z aintenz2v talajs¢lyed®s terg¢glete
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gy a 7., 8. ®s 9. sz§&8mY
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Terepi m®r ®s ek ®s tapasztal atok

A terg¢l et megi smer ®se ®s a felsz2nmozgg8s
t°rt®nt a ter¢leten. A bej8r8&8s sor8n az al 8§
AAz el 8rasztott ®s nem m‘I’kOdR (felhagyott
bRv¢l ®s a karsztjelens®gek, val
el l aposodnak. Ugyanakkorsza f ff g @gRS
jelenl ®t e swxz wmfkft?zvi ‘ksarfsaxltyamat ok f o
ANeh®z g
a
8

— =

ami nt
eyeéxzny
t l ytat -

azdasS8gi k°or ¢l m®nyek k°zo°ott (Oros:
annak kut-t RI8zi ®a B022dnyos€9) A®asdlaBhai g a C
| akoss§8ga | ehet Rs®geket ®s er Rf orr 8soka
fejleszt ®s alet ekr SmegauVtal -psr2otj§s 8r a. Bal neo
szivatty¥znak ki a 7. sz8mY% b8nya v2znyel
Mi ndezek al apj8n a kutat-csoport az al 8bbi
ATeremt s®k meg a ter m®szet. er Rf orr 8sok f
eg®szs®gturizmus (gy-gy8szati, rehabil it
kezott, amelyek nem Jelentenek tov8bbi Kkoc
k°vetkyeehki®e | a k°rnyezetre (el sRsorban a
AFontolj8k meg a s-oldatok balneol -giai ¢«

Geofizi kai ®s geol -giai fel m®r ®s

A geofizikai fel m®r ®si kamp8ny c®l ja az a
t ®r k ®pez®se ®s annak bRv2t®se, val amint a
ki eg®sz2t®se a Tisza foly2.d®bradldal §r -1 v

T°bb m- dszert al kal mazt ak: t°bbel ektr .- ds§
nagyon al acsony frekvenci 8] % r §8BMT), magnet o
v2zszintes el ektrom8gneses vizsg8l atokat

e k

m®r ®seket . Azeodli kakmazomtdsger k°zg¢l a
| egzavartal anabb eredm®nyeket az el ektromo
s-b8&8nya terg¢l et geol - gi 8 8nak ®s szerkeze
v®gezt ®k el , anse | yedkl -dagddamsikaReadei@kDoemeneti

par am®t er ei i s voltak.

A geofizi kai ®s geol -gi ai m®r ®s ek eredm®n)
termPszetes v2zz8r- r®teg felbomlott a b8ny
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A kor 8bban kialak?2?tott v2zelvezet®sre szolg
el funkci -] 8t. A nem megfelel Ren v®grehajt
reped®sek alakultak ki, 29gy v2zbet°or®s to°ort

WGS 84 Latitude (°)

23.83 2384 2385 2386 2387 2388 2389 239 2391
8bhrgpeofizi kai f(eA mBRFr®ge kv hredly sz 2wniedasg8lt ter,
®s ci 8n pedi g aRMERMPh @AcEHKz ®s®NV LMAut at j a)

N

Hi drogeol - gi ai m®r ®s e k

Az aknaszl atinai s-d-m folyamatt®rsp -otlld§ sd,§ s:
csapad®k mennyi s®ge ®s intenzit8sa (k¢l°oneo
Magurah e gy s ®g i r 8tneyr8rh®d z eRtrekse z\Ri zek 8r aml 8§sa,
hat 8sok, fRk®nt a v2zkiv®telek ®s a szennyyv
A kiemelkedR helyen fekvR s-d-m geomorf ol

s-d-mt -|l-hagMa®girg, a do®I i s-d-meglys@gdiRy a
b8nyater¢l-8t5%, a2 dejd®si ®nen | efoly:- csapad
ter ¢l et et . A vzz elleni v®del em megol d8sa e
t°bb mint sz8z ®vvel ezel Rt t hoztak | ®tr e
b8&nyaterg¢letet k°r¢glvevR, t°bb kil om®ter ho
ta nem ¢zemel

A b8nyaterg¢glettRI a Tisz8ig a terep innen
g§ny8b- | szivS8rg- S-S vVZ2z szi v-&r &9 i avat j
egyedi dRszaki hordal ®k (Tisza 8rtefre) nagy

b
n
200 m/d),-l esz8&8m2tva a b8nyaoml 8sokat kevet R |
kezvetlen hat 8s§8t.

A beomlott b8ny§8k ezen a hossz¥% szivS8rg
folyamatosan terheli k a Tisz§t, amel ynek s
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turisztikali c®l ¥4 s-stavak haszngsgl t S-S Vi z®
®s |l zvor patakon, valamint m8s mester s®geseEe
koncentr 8l -di k.

Robottechnol -gia alkal maz§8sa

Az UNEXMIN Georobotics Ltd. az UXL Ne p o b%v&8rrobos segz?2t .
®r k®peket k®sz2tett, valamint nagy fel bont
y8szati ter¢l et en. A m®r ®s e k ®s mer ¢1 ®:
hnodegtea. v®z auton-m robotm®&r&sm knd ta vVG®R ge2 ¢
ektromos vezet Rk®pess®g, pH, hRm®r s®kl et
Aknaszl atina k°zs®g alatti potenci 8lis f
helyit al aj v2 z8r aml §8si rendszer modell ez®s ®he
ol t . ¥sszesen tizenn®gy mer ¢l ®st hajtotta
zell RzRakn8ban ®s tizenegyet a 10. Sz8mY
®ny k®p edte o fée I TvBRtveil t ®s 400 GB egy®b szenzo
org&n 8 v2zmint8t gyTjtettek a 10. sz8&m¥% a
az akna teljes -8BbssnzSwamt®enaz Ap |
aaiz nmeinabtetr caslakkot t a szerkezetek voltt

fel haszn8l 8s%% multispektr8lis mG
t ®s vonhat - l e a b ya eg®sz®nek
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gutakr -1 ®s az az t val i akr - |
sz¢lt yk®pek azt mut at j : hogy az ®p
rossz szerkezei 8l l apotban van. A kapu ®s-366 felett
men tal 8l hat- 55 m hossz?%, megk®zel 2t hetR
el z8r - d8s er e deest e®® ssansekr@eltl| RRznRa kAn &® a f el sz 2 n
magass8gban tal 8l heast :s,zeal ItRRARaken &b an o 6d0atm&
10es akn8ban pedig 140 m®tler5 m&lry sn®gobnmesns kk;d Z

O ~"-STxXWUO< W TP~PTHn<KYTO~TFTT
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8 n
i
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van a k®t akna k°z°ott. Ez az ®rt®k a kot

felt®telez, amit r®szben az oldals- | 8ratok
Hi drodinami kai ®s transzport model |l ez
Az el sR szakaszban az aknaszlatinai kRs - |
k®s z ¢l t el . A modell ez®s sor8n figyel embe
| el Rhely b8nyaj 8rataiba t°rt®nR Vv2zbeS8r aml
viszonya t . A s i par.i ter mel ®se egy negyedi dF
aknaszlatinai | el Rhely s-d-mtest®nek integr
8l tal i S - ki mos-d8sa miatt, el sRsorban a 1
tektonk us zavarok maradv8nyainak h8l -zat8ban,
n®mel yi k®nek mennyezete i dRvel beoml ott, ®

amel yek hat ®kony ®desv?2zvezetRiv® v8ltak.
(geol -ogfiiazii,k agie, hi drogeol -giai) szolgs8ltak
8l 1l apot8nak fR forr8sak®8t. kAd&klog@bbtatn akn
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A s - b 8ny Ak nhaesl zylzgettveRB @l i | ehet Rs ®gek

s-d-m szerkezet integr8lt geol -gi ai model |

i nform8ci -k®&nt (Shehunova et al ., 2015).

A | ® rehozott hidrodinami kai modell az al ¢
AA vizsg8lt ter¢leten bel ¢l i negyedi dRs z ¢
k®pess®g®nek medels8ll d @pd®jta s2000t ) ;

AAz aknaszlatinai s-l el Rhely ter¢l et ®n
8tereszt Rk®pess®g®nek model |l s®m8j a;

AA szolotvinai | el Rhely bg&ny§i feletti
8tereszt Rk®pess®g®reask ®metell eP@®Bj;a a 200
AA tortoni v2ztart - r®teg talajv2zmozgs§8s
kRs-1lel-Bheley ®B3PBPn a 8. ®s 9. sz8m¥% b8ny§|
gradiens hat 8§s8r a.

Annak ®rdek®ben, hogy a jelenlegi v2z§8ram

moderni z8I1t, fejlesztett hidrodi nami kai moa

el k®sz2t ®se ut8§n az al §bbi f Rbb meg8l |l ap2t §
AKidolgozt8&8k az aknaszl atinali kRs-telep (
hidrodinamikai model | | ®t , amel vy a fris
i nform8ci -kat tartalmaz a h8§rom v2ztart:
hat 8sokat (vetRket).

AA modell ben a vetRk figyelembev®tel ®t ¢«
talajv2z8raml 8si vonal ainak deform8ci - | 8§t
v2Z2zcsere n°veked®s®t jelzi. Ez felgyors?
v2zt aegekben. r ®t

AA | ® rehozott matemati kai model |l nek a ku
viszonyaival val - megfel el Rs®g®nek el |
eredm®nyek®nt meg8l |l ap?2that ., hogy a mo
szitu8ci - kedHKMR piond otssr8§mg@xadettes Vvi szonyo
gyakor !l at. probl ®m8k megol d8s8ra is felh:
AA model | fR jell enfzlRgw (aLPIFayerasgm@pat ta
k®sz°nhetRen a szTr®si probl ®ma val - -ban
me g, ®s -m&mohkdiSmeéenzi - sban, ahogyan azt a
al kal mazt §k. Ez hat§rozta meg asabbz 8m2t ot
megjelen2t ®s ®t a endel kez®sre 811 - kezd
kel | R vaI-szZn‘T's®ggeI |l ehet Rv® teszi a tz¢
sebess®g®nek el Rrejelz®&s®t az 1 dR f ¢ iggv®l
AA | ® rehozott moderni z8It hidrodinami kai
t°rt ®nR anyags8ram k ®s Rbbi mi gr 8§ci - s m c
aknaszl atinai kRs-IeIRher s-kRzet ®v el
Vi zsg8l at 8hoz.

A | ® rehozott hidrodinamikai model |l ©°t r ®f

t ®r k ®pei vel , a talajv2zzszint i zol 8ci -s wvon

k¢l °nb°zR fokozat ¥ tektoni kus zavav®k figy

tette az i nformatz2zv ®s megb?2zhat - monitor.i

hidrol - -giai ®s hidrogeol -gi ai megfigyel Rpon
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3. 8hrtaal ajv2zszint izovonal ak ®s az aktug8lis 8
v2zad-banv §ltaatnjy2z2szentami 8evosabps83®g vekt ol
fel sz2niveteRk) ete; 5
A s-transzport model | fel ®p2t ®s ®hez az €
hidrodinami kai model |l eket haszn8l tuk, de a

el Rttt tartva $hma®p2tett ¢k (

¥t r ®t eget il l esztett¢nk be a modell be a

model | ben a k°vetkezR r®tegeket al kal maztuk

1. r ®t eg: Homokos kavicsos pl-begy$s$®g ®mi €& ®n
k®pzRdm®nyeinek felsR r®tege az ®szakkel

2. r®t eg: Agyagos Vv 2 zrheekgeysszRgR nsi zoicn®&n &s® paz Rula
k°z®psR szintje az ®szakkeleti ol dal on

3. r ®t eg: A s-d-m felsR szintje sek®ly s-Db
k®pzRdm®nyekkel, bel e®r tve azh eRgsyzsa&gk e | e
¢!l ed®kei t .

4. r ®t eg: A s-d-m k°z®psR sz10tjbg§ny®ky ®s
k® rnyezR mioc®n | erak-d8sokkal, bel e®r t
Magurahegy s ®g ¢l ed®keit

5. r®teg: A s-d-m ®p m®ly szintje ®s a k°rn
k®pz Rdm®nyek, bel e®rtve az ®egk&®bget i
¢l ed®keit

12
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A transzport modellt az USGS 8l tal kidol g
fel. A k- dtotarmas kp orrti diionsg8l at8ra haszn8l tu
inform8ci - 8§11 rendel kez®sre a k¢l °nb°zR ke
az egyes kRzet k®pzRdm®nyek transzportparam
befol y8sol sz8mos t®nyezRr RI . Mint iilyen,
fejleszteni, a k®sRbbiekben rendel kez®sr e
validg§ | n i kel l . A transzport model | jelenl egi
eredm®nyeit kell R -vatossg8ggal kel l el fogac
tudjuk tenni a vizsg8lt ter¢letre vonatkoz:-

5315000 5316000 5317000 5318000 5319000

5314000

5313000

. . &
710000 710500 711000 711500 712000 712500 713000 713500 714000 714500 715000 715500 716000 716500 717000 717500 718000 718500 7190

4. 8hrtaranszport modell r8cshs8l . -ja
A hat8sterg¢let kutakkal nem cs°kkent het R,
kialakult ®s f ol yaalma8no s8&tnf okl®p-z Rd2Rz tnaevsatker s ®
gedr°k ®s akng8k kij8ratainak szTk2t®s®vel \
2gy az el 8rasztott b8nyaj8ratokban | ® v R s s
tov8bhbi s - taa ltaerk2ttodnsitk uss avkonal ak ment ®n besz
egy 8l tal 8n nem akad8lyozn8 a s-tavak turi sa:
kori r®teg ®s az abb-I ki &raml-:- Gl od ®s Ml i
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kr8tertavakban (a beomlott b8nyakamr 8k f el
s-d-m jelenlegi -hat st ®st¢ | me®nkal ks zzmtetn

A m®ly r®tegekben t°rt®nR s-o0old-d§gst kor |
gyor sul - jelens®g | esz ®rz®kel hetR ®s egyt
nagyobb mennyis®gT s- ol d-di k fel, egyre
s¢llyead®stA dlol yamat ot csak a me®ly talajv?zs
me g , a mi a geol -gi ai ®s hidrogeol - gi ai ado
|l ass2that- a folyamat, jelentRs mester s®ges
deetxt a | ehetR I eghamarabb el kel l kezdeni , a
®s a k°rnyezet.i k8r ok nem teszik t°nkre a t

¥sszefogl al §s

Munk&nkban az
| al koztu

nbB8l hAknastkhbhag
k rendk2ve¢gl jele
b&8§ny8szati folya
ckki 8nzoast -ad 8as ak Rsa-mekl
I nt v2zmi nRs ®grojektpr o
b tt, amely mag8ban fogl al
Rs ®g i ®s hidrogeol - @l laa |l nmaker 8®ss8etk, e
st val ami nt hidrodi nami kai ®s t
n hg§ny fR meg8l 1l ap2tg8st eml 2t ¢ink:
teremteni a term®szet.i er Rf orr
ogy az ne okozzon k°rnyezeti 8r

meg a s-oldatok balneol -giai c¢
z ko°ozeli term®szetes Vv2zz8r -

S a kutat - -f Yr 8sok mi att,

ol g8l - gal®ria nem mTk?©
k k¢l °nb°zR sziv8rg8si
ol i
z

> >

NO O 3
N<—+>oaQ

D <" D I

;
beoml ot t b

>\

fol yamat osan l ik a Tisz8t, amelynek

c®l ¥4 s-stavak nglt s-s viz®nek a Ti s:
Aa m®lyebb r®tegekben t°rt®nR s-o0ld-d§st

gyorsul - jelens®g szemtan ¥%i l esz¢nk.

Az aknaszlatinai t ®r s®g k°rnyezet. kock§z
l ehet, azonban ezeket mi n®I hamar abb el k e
ol d-d8§si folyamatok | ass?2that-ak | egyenek.
oroszukr8 n konfl i ktus nem seg?2ti a mTiszaki bea
b2zhatunk a mi hamar abbi megol d§8sban

n T W N

Fel haszns8l t i rodal om

Il vanchenko A. 1., Sabov Yu. V., (1967) Report. Ge
deposi t-19,@7 109H6®!| lexw!| orati on operational fiel
UkrainyNoi 88255, vol. 1, 212 p. (I'n Russian).
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Shekhunova S. B. , Al eksi eienkova M. V.
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XIX. Nemzetk®°zi Tudom§nyede Koaf E@s @BRYy ai aeiKSRIp §t

A PARAJDI SOBANYABA TORTENT VIZBETORES
HIDROGEOLOGIAI (HIDRODINAMIKAI) ASPEKTUSAI

HYDROGEOLOGICAL (HYDRODYNAMIC) ASPECTS OF THE
WATER IN TRUSION INTO THE PARAJD SALT MINE

Kovs8§cs Bal 8§zs
egyetemdocens Mi s kol ci Egy-®semlrMyezaki v@OIMEnny i K
Kernyezetgazd8l kod8s | nt ®aaskovag®unémisidic.suk ol c, Eg\

¥sszefogl al -
A parajdi s --p8&8nmhygklt2@2Korm&jdusi 8rvize el 8§rasztott a,

hidrodinami kai ®s k°rnyezet.i viszonyait. A helyzet
tev®kenys®get, ©°ssareif ofgdjall RdiGks ta® rtt®nse@g®tf,° Ikdite mel ve e
Bemutatjuk a v2zbet®r®s val -sz2nTs2thetR folyamat §t

k°vet Ren elemezz¢k a jelenlegi 8§l | aploit héldetoRls$ @@ enk &t

KulcsszavakParajd, s:-b8nya, s-diap?2r, s-t°mzs, vZ2zbeto°or ®s, f
Abstract

The Parajd salt mine was flooded by the Korond River in May 2025, which changed the hydrodynamic and
environment al conditions of the S-h8ta region. To p

previous mining activities and summarize the gedaalgidevelopment 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

BevezetR

Aparadis -t °mzs b8ny8szat8nak t°rt®nete eg®sz
el mv¥l t ®vsz8zadokban eg®szen a terepszint

b8nyag¢regeket kezdetben a felsz2zn k°zel ®b
t ®r s®gekben.kt RI b&ngadgr8eegpd s8gban al akult K i
ment ®n a S-szoros, mphyak Betestke¢ila & - Hom

t ®r s®gben sz8mos helyen figyel het Rek meg a
s-karsztos | el®@&rnss&yghbeekn ¢red gyreekn das zter ek ki al a
re

cregeken ke szt ¢l r®g-ta t°rt®nt v2zbeszi:
I dRv el egyre jobban emel kedett, az el m¥l t
mel yeket szeremras®rte edkkogrt am®g s2i0k25 m8j us \
alakult ki a Koroneb at ak on, ami kor egy v2znyel R megny

kor 8bbi akat meghal ad:- hozam¥% v2zbet/iS$r ®s al
hozam8t a b8nyd; vegeklra ®se aetvt2e.bet °r ®s s el
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bizonyult a v2zbet%°r®s k°vetkezt ®ben a bs8gny
hi drogeol -giai viszonyainak megv8ltoz8s§8ho:
kedvezRtl en folyamatok megindul 8§s8t&8te,r edm®n
az 8l 1l apot ®rt®kel ®s®t ®s ennek alapj 8n a |

A parajdi S-h8t ®s b8nyS8szat a

A parajnmevTS,- h§T6 m tszf. magas stededte do mb (
kel et i perem®n a parajdi medenc®ben tal 8l hs
el lipszis alak% s-diap?r |l epusztul t3felsz?r

kmm®| ys®gi g is | eny¥lik.

5157000

5156800 L

5156600

5156400
[mBf.]
5156200 L2
570
560
5156000 i |
540
530
5155800 ‘520 ‘
510
1500
5155600 ‘490 L
480
470

355000 355200 355;00 355600 355800 35(»‘000 356200 356400 356‘600
1. @&bmparajdi S-h8t domborzat:i k®pe
A s-t°mzs b8ny8szata m8r a k°z®pkorban me
csak 176 ben i ndub88npall Pses?t ®s®vel. Ezt k°vet
al ak2tottak ki t°bb szintben ®s t°bb t®rs
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AParajdis - b8§ny8ba t°rt®nt v2zbet®°r®s hidrogeol -giai (h

(Horv8&8th, -HO®M®8)megrnpgitbdott DK nya8t P 8rrhamjzch mds8 9 ¢
el kezdRd°t-kutat Er gs ®blkit hajytuggaad, & -4aHMBHOEtn. ®<l?z
kez°ott megnyitott8k a -Dgzm®gGymivegyt®EnwnsgtPs
b8ny§8t -biasn., 1a9 7r8®g i b8nyakamr 8k al att, Yaj m @
magas, 20 m sz®l es ®s 200 m-bheorns)s zrive gkkaenmr ARk e
aTelegdyp 8§nyar ®szI|l eg ki alkak2t §sa®as z®nt dl6em ®z P&
k amr 8k & la dvawysalinaporaid.rp

— Jozsef-banya
— Parhuzamos-banya

~— Turista-kézpont
— Telegdy-bénya

- —— Mélyszinti banyak
\ — 617 m szinti taré
— Févagat

4 — Erzsébet-taréok

SS DOL6SS  0086SS  0066SS 000095 001095 00T09S  0O0L09S  00FO9S  0OSO9S 009095 00LOYS 00809 00609 00019 OOTIYS  00ZI9S 00195 OOFIYS  00S195 009198

SN 8
00 508400 S08500 508600 508700  SO8800 508900 509000  S09100 509200 509300 509400 509500 509600 509700 509800 509900 510000

2. &brf&ald alatti b8nya¢gregek ®s t8r -k el hel
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A b8nyaterek el°nt®s®rak feedh2®It BRr ea ns8zra k
07b

figyelmet( De8k Gy. et. al. 2007a, 2007b), sRt az
aKorondpat ak f el RI ki sebb, a Vv2zgéiggyli szakembe
el fojtott v2zbet®r ®s. Sajnos gyakorod- v2z
Korondpat ak felRIi teljes elszigetel ®¥= nem t !
hozam% 8rhull 8m alakult ki, -@miaekorklveit&lel
j - val er Rsebb v2zbeb&8n®E&gba°nt BGntszar ®8r het &

som8a patak teljes v2zhozama a b8nya¢regek
m8j u®re89a teljes f°| dalpatttaik Srze qirt g i®d Yz era za
szintig felt°ltRd°tt.

Fel dtani viszonyok

A parajdi s - tneeldeepnecke ,a za Ekrrd®®lay ii d Rszak v®g®
el ej ®n el kezdRd®°tt folyamat 0-82 spil yied ®®e e f

k°z®psR mibgd@m, dl°cddt ani kor ban. Ebben az
kialakult® k ®1 v bel tenger | efTzRd°tt az Rsi Tethy
az i dRk°®zben egyre s¢llyedR medenc®ben ev
vastags8gban t %thdédr ¢ Iméménl16 000 km

A medence 8l Il and: ®s jelentRs s¢l |l yed®se
°sszlet rak-dott a s-telepekre. A fedRkRze

egy plasztikus, sTrT -hedgrnd®kpergmei®stel @z
m8 sRlela plasztikusan viselkedR s:-r®tegek °s

®s a ms§r | ®t ezR t°r®svonal ak hely®n a fel
s-t°mzs°Kk. Ahol nem tudtak a felsz2znre j
m®| ys ®g e k b¥em. eldnaikmtdat e k e t k®peztek. A par aj
v2zz8r - kev®r agyag (3. 8bra) ®s m8rga, an

ve®dett s®g®t (Horvsg§th, 2011).

3. 8bra. A fedR kev®r agyag ®s a t°m°r s-kRzet
®r dek®ben ®p2tett felts8r- -%t bev8g8s8ban
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AParajdis - b8ny8ba t°rt®nt v2zbet°r®s hidrogeol -giai (h

A pleisztoc®n i dRszakban a t®rs®gben a po
vul k8ni aggl omer 8t umok ®s breccs8k k®pzRdt
m®t ert. Ezek a vulkanitok alkotj 88k a parajc
Alegfi at al abb k®pzRdm®nyek a holoc®n f ol yami
kavicsok, t°r meviwkdalindporaidkp ¢ |1 ed ®k e i (

A terg¢l et ma i v2zh8l -zat8nak kial akul 8s§8r
ki emel ked®s®nek ar 8nKgk ¢hatRgrwezlt gy @eegn. aA sKiil
tartott a kiemel ked®ssel, ez®rt a ve%elgyet a
patak ¥ | gy ®b en wugyanakkor a diap2r emel ked®se
patak Yt j 8ban, ami mi att ®s a v® het Ren a t
cregek beoml §s8val k®pzRd°tt v°lgyszerT m®
r ®sgtem®°rte a diap?r terg¢glet®t, 2gy alakul't
fedRkRzet mi nRs®ge ®s vastags8ga erRsebb b
form8k (s-karr, v2znyel Rk, s-t°br°k stb.)
egy¥tt al a t®rs®g tektonikai szempontb- | I
fedRkRzetek v2zz8r:- k®pes®g®nek | ecs°kken®s
A v2zbet°r®s sor8n ®s uts8n lezajl - fc

A kor 8bbi ®s a v®gzetess® v§l - |l egut ol s -
kKor 8bhbi sziv8rg8sok sor8n a s-t°mzsben az
sz8mos ol d8si cregrendszer al akul t ki, me |
r®szbef mass®s a Korond patak alluvi 8lis ©s
fel¢let ment®n fejl Rdt ek ki . A kialakult o
b&§nyac¢cregek csapolt8lkzmggemamier TambiBhaBene
folyamatosank e mel t ek a f el sz2nr e.

Esetenk®nt az ol d-d8sok k°vetkezt®ben bes
b8nya f°d®mje egy r®sz®nek beszakad§sa, an
el ker ¢l ®s ®r dek®ben egy ferde tetRt ®p2t e
kor§bbaRd°kt®p ol d8§si cregek fel® tal§ lt u i
®desvzzbel ®p ®s mi att egyre er Rsebben ol dc
reped®seket . V®gy¢l 2025 m8jus8ban a m8r ko
t°rt be a v-b gn8a aP 8rlhRubzba nkoiss e b b Thaozz agnmnead ¢ Kk ma
fol yamatos ol d- d8&ro sk [f/sSogaotagmal ammazijdlientette,
hogy a patak ©°sszes vize a b8ny8ba z%dult,

Ez a bet°r R v2zb&dyRdbpadIP8y hiuretajm®rs sz ®tt er
vakakn8n ®s kor 8bbi f ar 8sok ment ®n egyre r
mi kK°zben ol d- hat §8s8val a fo°ldal atti j 8r a
| egm®l wyeb ntekig a b8nys8§t a v2z2zbet°r-®s al ul
patak szintj®nek megfelel R kb. 477 mBf. szi

A b8ny8ba bejut. ®desv?2z azonban nemcsak
®s jelenlegi fejt ®si cregekben t8rolt s-:-k®
t°rmel ®k 8l 1l ag miattdi nagy fel ¢l et ok8n so
s-fal ak ol d-d8sa: Ez sz8mottevRen cs%kken
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me®r t ®k ®t -k Ao rn &t rtieulmd t ®s i k eomc,e natmmi8 cal-ijga V38I9
hRm®r s ®k | etnt ed 7 5( 6¢0/AIC) , ami mi att a magasa
b8nya¢regek t®r s®g®ben sem v8ltoznak ®r demb
gyorsw | t a me®r ®s ek s®ree i elt®r2t0e2 5a tj édn3 tuest t5 §
kezdve s:- tov8bbi oldg§sa a tel2?tett s-oldat
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4. @bmparajdi b8§nya felt°ltRId®s®nek s

Amennyi ben b8rhol a s-oldat koncentr 8ci -] a

a tel2t®si hat 8r al 8 c¢cs®°kken, akkor i sm®t
koncentr8ci -t.

Sajnos a t®rs®gben van fizikai |l ehet Rs®g
b8nya¢regekbe jusson, mely -gaialBrgS§®sak an
t ®r s®gben (a s-szoros k®t vV ® 8emt Is,°de @t t ) v 2.
b8nylkt ¢ ®e s ®g®ben iSsmtmegbzaladhaj ta- elr R a f el
b8nyaterek fel® t°rt®nR sziv8rgs8st i nduk 8§l
b8nyag¢regeket, ami egy folytonos ®desv?2z be
Ss-sv2z tkiigmaumk8ls. Ugyanez hajt-erR ugyanak

hanem a S:-szorosban tal 8l hat - alluvi 8lis ©s
is induk§gl, ilyen m-don a S-szorosb-| Kil @
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b8nya¢regekbRI, egy m8si k r ®s z e pedig az
s-tartal m8nak ki mos8s8b- |

A |l egjell emzRbb, egyben |l egval -sz2nThbb !
felsz2ns¢llyed®sek al apj8n | ehetett meghat 8§
a felsz2znrRI is j - | 8t hat - beszakad8sok
felszyad®dsek ment ®n k°vet het R.

A felsz2nre kifut- beszakad8sok | -1 kiraj:
r ®s zeken kirajzol  -dnak azok a jelenleg a
felsz2nk°zeli b8nya¢regekbRI az egyre jobbze
z-n8k r®szbeb8§ay®8r hogz-apppaalf dlI-Reeadk Kbeb®d
sz8Il12tj8k a vizeket (5. 8bra). A bS8nyater
vRdekez®s sor8§n k®sz2tett alternatRulv patakr
j 8ratrendszerre k®pesek a patak viz®t r8vez

37

— Jozsef-banya
— Parhuzamos-banya
| — Doézsa-banya

~ Tuarista-kozpont
~—— Mélyszinti banyik

' ~ 617 m szinti taré
; — Févagat
5 @bsai v8rg8sok val - -sz2nTs2thetR nyomvonal ai
(k®kkel az ®desv?2z, pirossal a s:-sv2z domi
Ezen az §lland-eretdasf¥,s - pamaked@akon t ¥l
v2z8l Il 8§singadoz8sai is gener8lnak s-hozamok
cregrendszer nagy t®rfogat8b:-pambakdv? x®5i ®
v8l t gz &sgayita bemutatott Ytvonal akon 8r ad§8sc
apad8skor pedig s-sv2z sziv8rog a b8nyag¢reg
Mindez azt is el emat gk hwigy®ta m?fegm as ikkoerro¢nld
t°k®l etesen el szigetelni, addig folyamatos
t ®r s®g®bRI, r®szben a b8nya¢regekbRI t°rt®n
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el2tedbtdabngiads®ge uwgyambklonkidt BA®I| kg
sabb ®rt ®k, aminek a t®rs®g felt?°ltRd®s
nt Rs ®g e, ugyani s a s- ol d-d8&8sa miatt
a¢c¢regekben az old-d8s i dej ®hYazt ®as @b @k
ami att hog hidraulikai, azaz szivs
ony?2t ' ma 8§gs8t - 1|, hanem a folyad
EBoncentrS8ci - ®s egy¥tta
f ol tosan n°vekvR potenci 8§l
gyenl 2t Rdni, ha a b8nyaterek fel
Kled ®ats zkicflela® sziv8§rog. Mivel ez
k el hanyagol hat- a tov8&8bbi ol d-
ti vizekben jelentkezR s-trans:z:
aKiK¢kegl Il R alluvi 8lis °9sszlet ®be
k8l i san emel kedi k a talajvzz e
kl oridtartal ma i s. Ha a b8nyayg
ialaku or ez aiflaijtt aesRipldrgisnzy Brbiakn.
Mi ndezek miatt a t®rs®g k°rnyezet-i 8l 1 ap
pat aknak a at ®r s®gekt RI t°rt®nR el szi
S-sv2zkiszi s ®s a hidraulikai egyens %l
nemcsak a Koronp a t l gy ®t ®sK¢akzed n Rk earl evs?zzti¢ Ir ®es z
annak torko t -Kl ¢ kf¢el [ vRe zvi® ligry8en ySb-ahn8 ta nkeinst i
Mi ndezek a b aterek felt°lt Rd®s ®t k°ve
folyamatok azo n a sek®l yebb b8nyag¢r
ugyani s a nagy
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gT, tel2tett s-ol da
m®l ys®gben j el -d8si folyamatok nem
A s-diap?r t°bb ®ven keresztg¢li f €
ol dal r - | ®s alulr | t°k®l etesen el van szi
b8nyag¢regekbe bkelsozriivdgérag -n @z8vter itueMd 2t ett v2z
m®l ys®g fel® nem k®pes mozogni . Ennek megf
egyens ¥l yi hel yzetben vannak mivel ott tovs
Sajngl atos m-don a felsz2ni Vi zek-®Rs | kapc
J-zs®fy§kban ®s nagyon kis val-sz2nTs®ggel
P8rhub&mys$fval val - kezvetlenebb kapcsol at a
folynatt ov8bbi s-kiold-d8s. A felsz2n k%2zeli ol
b8&nya ®s j - -val ki DéhblyamRuip®kiB¢egnak,J: - £8dfRm]
mel yek el v®konyodva egyre kev®sb® b2rj 8k
beszakaadhethoz v
A csapad®kvizek besziv8rg8sa a fedRKkKkRzete

akad8lyozhat - me g , azonban ezek a vizek a s
ter¢l eteken a felsz2nre bukkannak s-forr 8s.
wetlan d e k form§8j 8ban (4. 8bra). Ezek a vVZ2z
b8nyater ekt RI teljesen el k¢l © R rendszer

Vi zes ®l Rhel yek m®| ypont | a

i dipatak a v°I g
v2zszihtj eianhake (6. 8br a) A

ne¢ |
ren
k®pataeksi8int ah
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vez®r e
nem 8|

t rendszer ©°sszekapcsol -dg8g8s§&t | nem
-, fé¢ggetlen rendszer ek.

ey ;

6. Mocasar as, ng8das vizes ® Rhely a S- h§ft

¥sszefoglal 8s, k°vetkeztet ®sek

A parajdi s-b8nya sajng8latos el °nt Rd®s ®t

alatti vizek egym8srahat8s8n alapul - hidrod
folyamatokat ind2tott el Ez a saulrialnSjzproa t
az 1 dRbe ®s t ®rben a koncentr8ci- -k v8Iltozs
kereszt<,l. A tanul m8ny ennek a komplex rend
Az el emz®sek alapjs8§n az el°nto°ott b8nya m
egyens¥% yinak tekinthetR 8l apotba kerg¢ltek
nagyon | ass¥% ®s el hanyagol hat- m®rt®kT v§lt
A sek®l yebben fekvR b8nyat ®r s®g®dlBnyagyanatk
fod®mszerkezet ®nek t®rs-@gpyakfekbbb?2 mPk? Db
|l egkev®sih®&® nyg aDeamd 8t ettt b8ny8khoz, illetve
foyama osan emel kedR m®rt ®k T kock8&zatnak vann
hidraul i kai viszonyok |l ehetRv® teszi k ®des
vizek kijut8§s8t, ami egy instabil 8l 1l apot,

k°r ntye&ckel mi, sRt a v2zell 8t 8s neh®zs®gein
okoz. Ezt a probl-pat8ak cwiakei aekomon8nyat
el szigetel ®s ®v el | ehet megakad8l yozni, ami
S-h§gt §n kR v gl v & ZXett@sne | ehet . Amennyi ben 3
csapad®kvizeket i s, d°ntR r®sze kiz8r8sra |
i dRben stabill 8 v§8Ilik, ®s akkor megal apozo

25



Kovg8cs Bal 8§zs

i g®nyek figyel embev®tel ®v el | ehet a b8nya
megal apozott d°nt ®seket meghozni

Mi v el a jelenlegi §l |l apot egy®rtel mTen kec
ez8Il tal a kRzetek tehervisel Rk®pess®g cs?Kk
ki z8r 8sa ®rdek®ben az int®zked®seket mi h am
ke rmyeéz hat 8sok, mind az azok el h8r2t8&8s8ra t
®s k°lts®gesebbek | ehetnek
K°sz%°netnyilv8n2t§s

A t®rs®g ®s a probl ®mak?°r r®sz|l etesebb m
Mechani zmusa (EU CPM) 81 tal Rom8nia seg?2t s
magyar, k ®t n®met , egy holland ®s egy spa
°sszek°t RbRk?®° z8il | s z anke@®rzteR i csoport (EU CPT
|l ehet Rs®gem. I tt szeretn®m megk®szonni a
Katasztr - -fav®del mi FRigazgat - - s8g, a szak®r
szak®rt Rk, rom8n hi vat alkosv ad zaentewvnenky,i nmumiksazt t
j - sz8&8nd®k¥Y ®s seg?2tR k°zremTk°d®s®t. K¢l
MTszaki Egyetem, -Bol Kal ozZEsgw&rtie mBaRlsesa Petr o

tov8bb8 -SALROM Praid, a Grupul Geo®rraom§n a
katasztr -fav®del em t8mogat 8§s8t ®s munk§8j 8§t ,

biztos2tott 8Kk a rendszer Vi sel ked®s ®n ek

inform8ci - kat ®s adatokat . Ez a ci kk az
figyelemb e v ®t el ®v el k®sz¢l t, ez®rt a cikk pusz
el ®r het R Y% s8gci kkekben, honl api i nform8ci
szakmai publ i k8ci - kban megj el ent i nfor m§c

alapismereteken alap
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XIX. Nemzetk®°zi Tudom§nyede Koaf E@s @BRYy ai aeiKSRIp §t

A PARAJDI BANYAELARASZTAS KOVETKEZTEBEN
MEGNOVEKEDETT SOTARTALOM HATASAAKIS K| K| L Lf
ELf VI LCGCRA

EFFECTS OF INCREASED SALINITY FROM THE FLOODING OF
THE PARAJD MINE ON THE BIOTAOF THEKIS -K| K} L L
RIVER

M8t h® 4 st m&r & |MNagvys mitilalf, 8§ Kel emeé,n Al p§r
Zsigmond AndresRebekd, Sz ®p !S&ndor

Sapienti a EMTE,maBastvan@unesapiedtiaio Kar
Magyar-®&sgrf8rettudomgnyi Egyetem (MATE), Cl 1l athb
Doktori |l skol a, G°d°l IR
‘BabRadl yai Tudom8&§nyegyetem, Magyar Biol - gi
“Mi | vus Csoport Mad8rtani ®s Ter m®szetyv
®Phoeni xpert KFT, Tusn8df ¢ ,rdR
’Sapientia EMTE, Kolozsv§&ri Kar

(7]
—Q

< —
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t 8 wugyan gazdag s:-s jelens®gekben, 1|e
s-amez®REPg®rVvagmester s®ges s-s kut ak, S -
t°rt®nNR magas s-tartalm¥% v2zzel v al sz
egyens¥l y8t. A jelen kl° zolkeonz@nayt -a @psa roakjodzi o
el tart - s:-szekKpke1®R mMmakoFPter v ztsglS§én a p
Ny 8r a.-j "An i202%b am8 j luesk8%bvaent k e z et tp alt &arky a®esl 8a a s
vi z®rPektd ¢tkarhtad - m8tgi k j el ent ®sek illetve s
e kloridion m®r ®sek alapj 8n. Az el Rzetes s
nul m8&8nyok alapj 8n felt®rk®pezt ¢ kalak avl8mshvaal- k ¢
be is bizonyosod4@kg/ A) t®bdbaapast ks magbsig/ L(
ezm®nye a makrogerinctelenek ®spat alal-@2 pail Kicd
rintettr Sgaklsal§ndokiemermpti §lbteuyyk§ makrogerinct
k, 8§l k®r ®s z e k, bol har 8k ok, csi g8k, kev®sser:
ul §s8t a s:-szennyez®s hatg8s8ra. malyebd&8nys8ns8l |
yez®s ki z8r 8§ p&tt ak®IlceRtb&Ek treage | (Rs eKaar snd ° mzs Kk
egener 8| -Ka&siil | RoImeadmaRtb e @, Kia snemm- ndyoinb esni kvearl ¢al mi
a tel2tetokns8lsvégeaetlledeser| bebB8ngtak&zRtnagy
s-svizes hull 8mok hat 8§s§8t. Ebbermek ¢rldgRener §|
takai nak, amelyek jelen e en nlegf Yagi umk ®n
felh2vja a figyel met a k bezR jellegT r
- g i, haltani ®s gerinct ekre vonatkoz-
tasztrnf a°vef®s®behyr §s nyomo
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Abstract

Although the Transylvanian landscape is rich in saline phenoinareether natural (salt springs, saline
ditches, lakes, ponds, marshes, and salt meadows) or anthropogenic (artificial salt wells, saltdakes)
sudden contamination with higgalinity water can still disrupt the ecological balance of rivers that has
developed over long periods of time. Théport investigates the impact of hitgvel and prolonged salt

pollution caused or potentially caused by the mine disaster in Praid on the macroinvertebrate and fish
popul ations of the TOrnava Mickt River.

Following the flooding of the mine in M&yune 2025, we monitored the salinity of the Corund Stream and
the TOrnava Mict River based on official reports as
chloride ion concentration. Based on preliminaalinity 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 {¥® g/L) and prolonged NaCl concentrations exceeding 1.5vgs the

complete extinction of macroinvertebrates and fish populations along the affected sections of the Corund
Stream and the TOrnava Mict 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 comgtion of the ongoing works at the mifavhich aimed to eliminate

further salt contamination (by channeling the Corund Stream into a pipe within the salt domé aone)

sl ow regeneration process may begin itheeffdeteofbed of t
potential saltwater surges following any further collapse ofssdlirated mine passages can be somehow
mitigated. I n this recovery process, the tributarie:c

in this case they servex$ refugia for certain species.

This current situation highlights the importance of various types of monitoring (hydrological, geological,
hydrochemical, meteorological, ichthyological, and invertebrali#ed), both in terms of prevention and

in tracking recovery after a disaster

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

BeveLSetsRi zek ®s m8s s-s jelens®gek E

A Keleti- ®s B ®Irip8t ok, il 1l etve az Er d®I yi Szige
medence h8rom jellegzetes t2pus¥% 8sv8nyv?2zhb
a) Az ®szaki ®s kel et per em®n, a vul k§8n
mi n8l, amelynek visel ked®s®t nagyon sol
erint ez Aa felsz2nre t°rt borv2z | ehet
ngf,fobu, puffog-, S Yag -, hortyog-, tor
ortyog:-,29t2bt.)a (ARdBitaeyry dsz@mt al m¥% bor vi zc¢
|l obog:-, dobog- ®s forty-g-, m2g a:
og-, PetthagznBlf&kez
sodi k t2pus¥ ter m®Pszetes 8§svs8§nyv?2z
f e z2nhedrag®hy k@mtal maz, ®s ez®rt n
c) A rmadi k t2pus a s-s forr g8nnk®lvyrze i ,
jell emzRek. Vannak esetekhiadhwmlg®at fehahi
sz®nhi drog®neket ®s s -t iI's tartal maz, a
kever ®k e¥an .E zsezke jakze vi zek.
Hogy mennyire gazdag S8sK8my¥ttak foom@Blsatkd a
jell emzi jobban, mi nt az azokat l, O72r - szak
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A parajdi b8nyael 8raszt 8s k°hvae t8kisak th®hb d nR n®d gRvOi v eSkge8dr eat t

Bor s,299%Vernescy1988J 8 nosi  pFery2012.Ki @0 20i3Ry Hc a
et al. 2016Kis et al. 2020).

Az ut - vul k8ni j el ens®gnek tulajdon2that -
szennyez®sed annak t-mdtdahcelkp rhicppw Adz d®Kd
j-csk8n beny¥w ik a vul k8ni hegyvonul at kRze
tes azto. Err RI tankiSkoydy®ki aYjsazbebnt @ggglh 8§gia
kutat - -f%r &8s is,j8@ahm®t arz W&si ageS§g¥ G0l kani k
az borv2z, az alatta tal 8l hat- - ¢RE)H®kes kRz
A2022 milli - ®vvel ezel Rttt kialakult, foly
sokszor mettkehes8zr ®t egvastags8§gban (F8sd 1.
medenc®ben. Ez felelRs a s-s jelens®gek (te
| 8pok ®s s-smezRk, illetve a mesters®ges s-

Torda kérnyéki

diapirok Parajdi diapir
e e S ea—

v — \\-& =
Sorétegzddés

1. $etaszet Er do®l y-Kael emkaj §ibhanasdardasg8nys8g8ba. A Kk
korny®k®n figyel het Rek meg, Ta naed nea)g yad b. b 2k0i2ulg

Az erd®l yi t 8§ s-s jelens®gekben wval - ga
kataszteilek®ziMBr kar abeli font os erd®l yi A
°ssze2r8sok (Fichtel 1780, Fridwal dski 1767
adatokm8r 146 hel ys®ghez k°tRdnek (Chinttuan e
a felsz2n al att el helyezkedR s-r ®teget. cg
Nasz-d megye 45, Kol ozs 34, Feh®r 21, Mar
Hunya dK®v 8szna melgye®glRen jelez ilyen s-s |
Erd®l yszerte a felsz2nhez k°zel | ®&/ R kRs -t
i dej®n a s-k®szl|letek ®s a s-:-%Wtvonal ak v®del
alatt az erd®Il vyi s-b8ny8szat tov8&bb, folyta
Sz®k, Kol ozsakna, R-nasz®kbj 6growv §AakRK®sRél
s-s vizek helyi hasznos2t8sa is fontos tev
kutak, a s-s forr8sok (Chintktuan et al. 201
A s:-sv?2z akkumul 8ci - | ehetRv® tette annak
csak helyileg, nepi f¢rdRk form8j 8ban haszn
19. sz8zadt - | kezdve, megj el ennek gazt eAA%r i s
S-s vizet al kal maztak k¢l °nb°zR kezel ®sekr
sz8zad v®g®re a t°meges f¢i¢rdRturizmust al ap
A sz®kelyfol di S-vid®k is ismert a s-hoz
j el ens®gekkel rendel kezR neves hel ys®geir
heliotermikus Medve¢ - v a | rendel kezR Szovsg8§ta ®s a bs§t

Parajd. Ugyaneblbe a r ®gi - ban | ®t eznek m8s s:-s jelen
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®s a Csigadomb alatti Unicum-®gr 8IRlL atAvisl- &g &
AParajdi S-szoroso term®szetv®del mi terg¢le
alakult ki a jellegzetes s-t TrRatakddvama ®s f a
meder ben | ® R s-t, i dRnk®nt v8ltoztatta sza
aKisKk¢ k¢l Il R mell ®i n°v®ny ®s 8l latvil §8g.

Jelen tanul m8nyunk c¢c®l ja az volt, hogy fe

el °nt ®s®vel j8r:- k°pryake®WskahKRet®ss R BEpnak
®l Rvil 8g8ra, k¢l °n°s tekintettel a makroger

Anyag ®s m-dszer
Fel m®r ®s ¢nk t 8r gpyaStta kk-RRpsk zIRil SKof and8j §nak

®r dek®ben a felm®rt¢k a v2ztestek s-tartaln
a kloridion koncentrg8cBl BS§salpotehtedbmet megg
Ss-mennyi s®get a helysz2zni fajlagos elektro
gy8rt8s¥% kondukt om®t er kali br 8l §8s8ra i smer
al kal maztunk, a 100 ¢&&/mcrmatrarotm@m§rniyt. -1 a 15

A halak, i1illetve a makrogerinctelen fauna

v®gezt ¢nkaa akko #®ekd@ | KRsment ®A4®12,0 2i51. | ¢ t/ane ujs¥
19®n, f ®nyk®peken ®s vide-felv®teleken is r°

A parajdi b8nyaszerencs®t|l ens®g el Rz
a bemutat 8sa
A parajdi s-b8nya el 8raszt8sa, mint K°rr
A kRs:-kitermel ®s ®s a nagye¢ézemi b8ny8sza
mags8val Ezek k©°zg¢l kettR fRIl eg a v8llalko
b8ny8szat vesz®l yforr 88sai a f°ldgg8z ®s v?
szell Reagy®g8ekitermel ®ssel kezelni | ehet,
b8ny8ra ®s ezzel egye¢tt a v8llalkoz8sra. Ez
®s k®rnyezet ®t , a k°zel ben l evRkR ®desvi zek
°koszasgy®kmeres 8talakul 8s8t eredm®nyezhet.i
A Parajdi s-b8nya ®desv?2zzel val - t°bb ®v
hat 8§st al an?RI§8sv8arn |2 rlo/t6t2 j el ent ®s, ami kor bi
bet°r s ®PpatakK®somds: -t°mzs el hel yoatdke d®s ®n e
t°bb ®vsz8zados munk8j 8nak k°vetkezt ®ben al
J8nos geol - gus -pazaki na sa- skokd Bk v2znyelR
beszakadg8s8val az eredet. medr ®n ®|I m®I| yebl
elrtiz@ ve @oakKakowd z®t, ®s | ecsapolva a Fel sR
tavat I's), amely a felsz2nre t°rt diap2ros
m- don al ak2totta a v2zszint al attksebls -t°mzs°
nagyobb reped®seket, amel yekbe behatol va a:
alatt a s-t°mzsben komplex s-karsztrendszer
az alatta | ® R b8Snya¢regekre, egbhbhl ®a &i pat
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k°zott | ®t ezet t egy | - | zZ8r - vastag r ®teg,
k°nnyen kezel hett ®k, KkiszivattyYszva a s-1|ev
Az el m¥l t ®vtizedekben nagyobb i dRinterve
periodicit8ssal), maj d egyre gyakrabban (
besziv8rg8sok viagry ey °s Rslk®rt RODIpat a ves
bef ol yadeslo®Rs &te, hanem a patakmeder el terel @

Figyel embe v®ve a b8nya el hel yezkeaaRs ® a s
medr ®t ;esa f 20 m®r ®s egy kompl ex monitoringrer
a 3.) 8briket R 2zaz®sre. A hidrol - -giai, kRzett
yel embev®t el ®nek c®Il j
g n

t ®nyezRKk egy¢ttes figye

el Rrejel z®ssel ©°sszhangban. Ha a rendszer a
me gintR a s %l yos k8rok kock8zata, a patak med
et al. 2007).

2. ®bmparajdi s-b8nya 3D modellje (Des8§k
A ADamoklesz kardo a parajdi s-b&8nya felet
bi zonyult, be is k®n,etd&kmizkedprta taa WdartoanmtB jt s t 2 h
a b8nya bel sej ®be. A felk®sz¢letlen b8nyav
nagy 8rad8s is h8808jLgrsul 8§t | aagi6®@alms’t 50 at al
t ®r f ogat 8ramot is meghal adva °ml°tt be a s-
befol y8si keresza meapzelttel,t ®a¢ld & bs: - BEnya
felt°l tRdett vz2zzel
A bet°rt ®desv2z rombol:- hat8s8t mindaddi
v2z kb. 360 g s-t k®pes feloldani k°rnyezet
v2z mikorra ®ri el a telitetts®gkbezsesl®ge§!| | a
a meghat 8roz- , hanem f¢gg a nehezen felbe
¢l ed®kes r®teg geometri 8§ 8t-1, illetve a to
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0 100  200m Monitoring terv
—_

"B~ Hidrolégiai m.
13} Geomorfol6giai m.
cn  Viz kémiai m.
¢  Meteorolégiai m

3. &bjavasolt monitoring rendszer (De§lk

A tel2ztett koncentr8ci -t megk®°zel 2tR 811 a
kezdet ben m®r t adat ok (el 8raszt 8si idR ®

meghat 8rozhat - - az egysze{TrT—grlid——désfiajmloajgadd
fel ¢diet ,ahdd a b8nya viz®nek hRmMm®r s®kl et ®n
t®n3(qelerITOoFoFo kezdeti (0,15 g/L), egyensWly
t°m®enys®g (18 /L), gl L:

o pﬁé 0 p i pcpwcml
VMO 6 6 T[mnnm:ﬁotpnmpcnlpu M
Ezzel az ®rt ®kkel megbecs¢l hetR a tel2tetts
T . . Il—— vw&tiQdzaz megk©°zel 2t Rl eg: 24

A val -s m®r ®si adatok al apj 8n, a&@®mel(yaaekagt a
a v2zbet%®r ®s ut 8ni 24. napot) jelzik annak
[ azaz gyakorlatilag a tel2tethog®ygh2e®2 %K.° z
] Yani-e ©8lt egy h2gul 8s, amely az azel Rtti
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®desv2zzel val - p-tl8s8nak tulajdon?2that -,
vs8lt
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4. @bimal egdy bs§ntyaSrbtaanl nma§ veekz v8l toz8&8sa, az §I|I
nyom8n a sajt-ban (Maszol.ro, Szekelyhon.ro, :
adatok al apj 8n

A be8ramlott v2z b8ny8t k8ros2?2t:- m®rt®k®t
egyel Rre felbecs¢l ni. Figyel embe v®ve az el
90 -r &8s mad%i MmPEIl s sa@mm|l va) a b8&nys&ba befol
T wtoeromt Jpm xix xt Q&lh QEnnek al apj8&8n a feloldot
XK no>———opnnmkpPpnECA becs| ®sek al apj &8n t e
-b8&ny8&8ba ko°or ¢(Pdkdgv2z2Z,j7wt ontitl lbe, mmely 2,7

a b8&ny8b-13%s . .KbRv®8,BBI mibluloics §mak t Tni k, |
ev®gezteod belsR rombol - hat §s8t ®s 8rtal
erint j-t®kony hat88ssal van a b8nya stab
ijutva a b8ny8b-1 k©°rRlyeegz eat thsezfeongraye kR ®hdaot r &
KKi¢sk ¢ | | R) faun8j 8raK@k¢i fl RbB] S§val -ilVvev¥e:
S sv?2zKnéekke lal FKhhes j ut 8s8nak a vesz®l ye min
a k Kommuni k 81 a s-s b8nyav2zzel . BS8r mi
raml 8§st okoz, amit a patak tov8bb visz,
svz2izk S8breamal b8ny8ba, amely tov8bb rombol j
11 t8§8s8@s PAI o bs§zhaykgeunsb e r e k egyet ®rtenek
yezetv®del mi szempontb- lpad alke ®fso mt dos8anbyt
sol at Snaek @ eme @snz2d 1ty munk 8| aptaotka kno&g kzEatj
b 2 m®ter 8§t m®r Rj TATtRIRbkez@dREéRe®k 2025z
®se m®g zajlik.
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A Kormpandk vzZzmint8i a S:-sA®0@s mgl/l Rt Cis sxz

s-tartal mat mut at nak. A S-sz-r-son 8thal ad
i ngadoz8sokat mut at-matakidKi, $8IbRmeg . t °Ar t KRonrRo nkx
k°vet Rentannakma is v8ltozott, k°vetve a pa
Kor eprad a k i mint8ba®n2®25. i J-Bet mdr 121 8§t v8&ny
magas s-tartalom a kgl ti®rlietmuérkygy lBa m & & °Brst @z
fol dmozg®dadknaakkovwet kezm®nye. A 80 g/ L k©or
nyolcvanszorosa a patakv?z norm8Ilis s-tarHt
l ent ebbi szakasz8n bek°vetkezR °kol -giai K .
] Yani +es uX¥38n a beoml 8s m®rt ®ke [ assult, a Vv?2:;:
8l taluk gener8lt s-szennyez®s is m8r kevese
£fdesvizek s-tartalm8nak pillanatnyi ®s

makrogerinctelenekre ®s a hal akra

Mi nden kontinent8lis (kegeasaebbl|l dil dovtzstht
(1986) sz®l esk°rTen el fogadott kategori z§8I §
(amel ybe a konyhas: I's beletartozi k) keves
vizekben 0,583 g/ L, mP®l ama3gagddbb s-tartal m¥“ vi zeke
kl 2 mav t ®s a fokoz- - d- ur bani z8ci - mi
s-sabb a (szaliniz8ci-ja) vil g8gm®ret
®@ RI ®n sekre m®g j -r®szt iismeretlen
A rovarl 8rv8kat, K@IRIN®ARy&RkmTteask
hi szen jelzik a v2z minRs®g®t ®s a
ZzZ®s eset®n (ekkor a k°z°9ss®g O®r z®k
ez ®s ek eset ®n (a k©°z°ss®g izekhes sz af or
t

[0}

T LW
D o -
Se <

—
QD

T O XN 00D —
XQ_)CDQ.OCDO""DJ‘_'<

WO x""T33TTOM®3 SWn
o -

en megnRtt s-ta alom a | egt®bb szeryv
a a fRbb ®l etmT d®seket, ®s az eset e
et . Il I yen m- do a v2zi k° adas s ®g e k
entr8ci -t t Tr R Szervezetek mar adna
erzit8scs°kken®ssel j8r, ®s ez8I|ltal &
®szetes folyamatok 8talakulnak (Keres
anul m8ny (Kefford 1998) jelzi, hogy
ol sok makrogerinctelen csopo-7 (
tartalom meghal adja a | egt®bb makr
lps zt ul nak. P®l dgul egyes Vvizsgs8lt k®r ®sz
, 86 g/ L s toasr t U sozrinel LEtisak 0ontent@tioris Omutattak 21

nap ut §8n, 6,9 g/L feletti s-koncentr8ci - -n§

> x

VD oOnNW<QTunonm
- ®d® W TN N

S T+ 3< 0T TSNS NNo

9o N

S
y p
/ 00
(I

Mil yen hat8sai | ehetnek a magasabb s-tartal
A s-koncentr8ci - n°veked®se az ®desvizekb
gyakorol hat, mivel ezek a halak alacsony s-
A s-koncentr8ci+- n°veked®s®nek hatgsai | el
1. Ozm:-zisnyom8s ®s anyagcsere stressz
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A megn°vekedett s-tartalom megzavarja a h
amely anyagcserezavarokat, nN°veked®si Viss.
hal ak s-sabb v2zbe ker ¢l nek, az ozm-zis kb©°
testlgkbiRogy kiegyenl 2tse a s-koncentrg8ci -t
Aki sz8radnako.

2. Viselked®sbeli v8ltoz8sok

A s-koncentr8ci - emel ked®s e bef ol y8sol ha
cs°kkentheti az aktivitg8§sukat. A s-sabb v2z
®desv2zi fajok nem tudnak hat®konyan ki v§l
fiziadl -meichani zmusai k. A hal anyagcser ® e fc
az egyens¥ yt, ez viszont nagymennyis®gT en
halat.

A s-tTr®s jelentRsen el t ®r fajonk®nt ®s
k¢l °n°sen a kifejlett p®l d8nyok, jobban t ol
| 8rv8k ®rz®kenyebbek. A tTrRk®pess®y f¢sgg
popul 8ci - S-expoz2ci-s t°rt®net ®t RI i s Ez
maradnak fenn a s-ss§& v8l- vizekben (James
egy ausztr8liai kutat 8st v®geztekk|fe®tlesv22|
®desvz2zi-ehdqll &k 8L Cs kelnsc egn/tLr 8kclir-¢ I50mM@)z g7ot t (
10 g/ L). Ez azt jelentette, hogy 72 -ra al
popul 8ci - fel ®re hal 8l os vol tf.i gAy el aelnebke kvoRrve
ezek m®g ®r z®kenyebbeknek bizo8BygltLak?z®s$t
volt. Teh8t a s-tartalom n°vel ®se m8r al acs
okozott

Az al §bbiakban kit®r¢nk n®hsSny s-toleranc
ol yan halfajokra-Kp®zV é Rbame kppagtha kab alb si ssn d® |

vagy viszonylag k°zeli rokons8gban (ugyanahb
Barbus sp.AKEKWg§kp8kRben a r-zs8s m8rna (Bar
m8rna (Barbus petenyi) ®I. Jal al i ®s munka
n°veked®si ct em®t ®s s-tTr ®s ®t kK¢l °onb©zR s
szerint,ahalaki® g/ tt al obm mel |l ett nem mutattak jele
de915 g/ L koncentr8ci-n8l cs°kkent a n°vekec

Phoxinus sPpAKsKglell ®Rkegn a f¢rge csell e (F
Toepfer ®s Barton (1992) az oXxi g®nf ogyas

s-koncentr8ci- -k mellett. Az eredm®nyek szer
anyagcser®t, amilapbuaga&k Vvolzi ohaggasalg.

Az egyi k |l egismertebleblesgypVvisd®ki§8 ndgy I( fSaj unm
2 4 r 8s t el 92t% snomrdral 71§35 gnult atsotkton &ntr
tengerv22ben ami meghal adja a f aj tol erar
s-koncentr 8c val -sz2nifhegom&nygbanavant (U

[
2009) Fontos azonban a halfajok ®IetcikI| usa
megfigyel ni a s-toleranci 8t , hi sz a vizeink
ugyanaz &rmyom®Bs phsztr8§ngivad®kokiS5gll veked®:
s-koncentr8ciiz0 kg@/zPlt k9 zMm2tg MB8r cs°kken®st
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s-koncentr8ci - fo°l°tt jelentRs k8rosod8s | G

(Zhang, 2020).

Az eur - pai S¢g®r72( Pergsaa tihlu®li@gsae | ki) 70%
| °©tt

s-koncentr8cn®h8§mgnibewedak JOLg/ L f° pedi
0 %. A s-tartalom n°veked®se cs°kkenti a ha
felett. A magasabb vpahBm@rd$@Pkl®stt ,t ®88§ hbe | K
t ual ® ®s (Overton et al. 2008).

A hegyvi d®ki ®s magas kotmbsy i dW®kY ntsez ak@astztol
t val ®l -t anBalttbrakkvizes par-Tmghti kbeceghtet 8cr
terjed®s®nek a magasabb koncentr8ci- -k g8tat

A s-koncentr8ci - hat 8sa a halakra nagym
hat 8sok/ param®terek (pl. Vv2zhRm®r s®kl et , o
meg kel eml 2t eni egy m8si k, nagyon fontos
az 8ldytm&kpieg vagy egy h-napig vannak kit ®
kitetts®g eset®n az eml2tett ®rt®kek ak§gr t

A makrogerinctelef auna ki pusKzitkuill8sRa fae IKSIRS sz akasz

2025. j-&mi bhel MPz 2 ni mer @k ek et | R®FevEradk
r ®sz®n, -pat&axowst®°anl ®s ®t RI kb. 1,5 kil om®ter
vezet Rk ®pess®gre 17 mS/ cm ®rt ®ket mutatott
bizonw | t , mint az egy h®ttel kor 8bbi 21,5 mS/
8tl 8tsz-bb v2z megfigyel hetRvV® tette a pusz
t°bb sz8z rovar (2gy p®l dgul k ®r ®s pl®k , t e gz
bol har8kok, csig8k, kev®ssert® T f®rgek) te

a partment. sek®l yebb mederr ®szekben. A he
hogy gyakorlatilag a teljes makanagagadbm pi kus
s-tartal om XKlgtkgll | ®Rr iSntveBtrtadK@# el et ti r ®sz®n (

)
okl K®pA 2sz°vRtegzesek
partmenti z-n8j 8ba (Hydropsyche sp.)
(Fot - M8t h® I stv§8n, (F o tZsigmond Andredrebeka, 2025.06.19)
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KOpAKIsSK¢ k¢l | Rben i degl K®pKids 8gacsk&n fenr

h-lyagcsiga (Physel:l & gyTrTsf®reg (Oligocg

Zsigmond Andred&Rebeka, 2025.06.19) K¢kell Rben (Fot - M§

Tul ajdonk®ppen nem is tudjuk, hogy pontosa
csak sejt®s¢nk |l ehet, hisKgh¢ibl Regoakrbberpaoa
faung8j 8ra-bR®PRzwve g§2mainak, ®s ezek is sz-rve
tudj uk p®l dS8uK¢{k ¢eHdRyk Sz o K®k&B szakasz8n, Pl
megtal 8l hat - az aljzat k°veire tapad: sapke
vdett s®gT tompa folyamkagyl - (Uni o crassu:¢
trist i s) a Asisakos tegzesod (Sericostoma sc
(Hydropsyche) fajok.

AKissK¢gke¢l | Rben Iieav Rmajgalsensl-etgart al om 81t al
vonatkoz:-an kof@bpblban dPaeak Rz%I1°tbbs®ge az ®r z¢

indi k8torfajok k°z® sorol hat - ak, vagyi s, h
akkor bizonp san m®g j -val t°bb, kev®sb® ®r z®keny
l enni ¢k, m®g ha nem is vizsg8lt8g8k kell R r®
viszonylag 8l land:- k°rnyezetnek tekinthetR
a keepyi v 8ilatko8zr§ scoskarka az ol dott okXigeg®nt art a
®r z®kenyen reags8l nak. A mostani draszti ket
felbor2tottw2azhégyedeBs &t , a v®kony k¢l ta
megakad®&|lw2znki 8raml 8§8s8t, ®|l ettani ®rtel emb

A makrogerinctelen -Kgkphl Ri pabgRubt Zahkaa:
A 2025. -¢ianijes edtORs-nSv klomdc@nt uf &i®n m&r | ¥

megfigyel het RKybiltl Rhegyhal Kuszt uilld&n t°rt ®n
hal tani vizsgs8l atokat v®gezt¢nk, mel ynek c
halfama f el t ®r k ®p ekz¢®ks¢el | Rolme na P&l a kKA Ko min®s ®t
kiindulva | efel® haladtunk az egyesg¢lt K¢ |
Vizsg8ltuk meg a szemmel is | 8that-an elp
szakaszokon, illetvene g m®r t ¢k a v2z el ektromos vezetR
°sszef¢gg a s-tartal ommal . A vezet Rk®pess®
konyhas: ( akzlar i a8t rtiaurm al ma, il 1l etve a |

ErdRszentgy®°rgy febo°lttj o yy@gEREMBA&°He° ml ®s e
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KissK¢ k¢l R vezet Rk ®pess®ge 23,7 mS/cm volt,
il letve 9,48 g/ L kloridion-skonos@at ra&cii-wm-awk
eset ®ben megengedet ar malxo mgdak s ( & -HD5bi-di &) .
sz8rmagmpe&kt ak viz®nek vezet Rk®pes®ge 0, 43 r
szer kevesebb a &Kgkaltt hmh, mmhbeab&lisefoly

h2g2t8snak a hat 8s8r a -K2kcisilRsrRzewe m&tr Rlo®p easls
mS/icmr e cs°kkegnt®rt ®ke kb. 5 g/ L s-tartal omn
koncentr8ci -nak felelt-®2dree Re me gme gean gnRdge tnt
kloridiont ar t al omnak. BKIL&zs1 & wErz®lt Rk e ss ®ge
(s-tartal ma 4, 8gl) AKislK,¢ kIl d rRi -BBisk @l NRGYsszef ol
alatt el helyezkedR TTr (Tiur) telep¢l ®sn®l

| 8tv8nyosan |l ecs®°kkent, ®rt®ke 1,1 mS/cm v
illetve 0,44 g/L kloridiorRkonee nt r 8ci - nak f el el -tmaeag,al @azana 2n8irt
csak k®tszer haladja meg az iv-vizekre vona

Elpusztulva talalt fajok %-os aranya

0.25 m Erdélyi ingola

W Sujtasos kiisz

12.85

m Szélhajto kisz
W Rdzsas marna
m Petényi-marna

W Paduc
17.81

0.13{
013

7. @&bhal fel m®r ®si viik4gBlated@d®2%ei j Yani u

m Fenékjaré killg

m Fejes domolykd

Szivarvanyos dkle
m Homoki kiillé
m Halvényfoltu kulls
Kovi csik

K&faro csik

A halfel m®r ®s i vizsg8l atokat jelentRsen nce
magas s-koncentr8ci- ®s a v2z 8ltal sz8I1 I 21
mini m8lisra c¢cs°kkent, az op8los v2zben a
hal t et emek nem voltak | 8that - k. Ennek el l en
foly:- medr ®ben is v®gezt¢ink fel mBr ®seket .

Vizsgs8l ataink alapj8n ©°sszesen 12 halfaj
dokument@TnudtkrihQ) K®mpel5t ®t el ezhet R azonban,
sz8ma | -val magasabb, mivel sz8mos el puszt.
szakaszokon ezek azonos?t 8sa szinte | ehet
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A parajdi b8nyael 8raszt §8s k°hvae t§kisk;th®H d nRR n®d g_v°i v eSkgeSdr eat t

K®pEI7pusztult halak a K®pHa&l ak gy¢l ekezn

(Fot -Kel emen Al pS8r, befol y8s8n8l, ahol
csermely azonban olyan kicsi, hogy a hal
sz8m8ra a fel WusEE@S -

-

Kel emen Al pS8r, y

K®pEI Pusztul t (Feortd &ley ie meg K®p E1 @ us zt ulFtotlkefmean

2025.06.14) Al p§r, 2025. 06
Tanul s8gok egy °kol -giai katasztr - -fa
Aparajdik at asztr -fa ®s az ehhez hasonl - esete

az ®I Rvil 8g rendszeKrieks, | m&Rn ihtad r8d Z Sosme8.ny 8 n Kk s
fel mdr ®b®@me k20%4t s o-®s -KmlskmdRtai NWw&d eStdt t er

keze¢®se Kk®szlt. A vizsg8l atesakjkeolr© iR fedjso
I r8nyules AeRP®A®s sor8n 25 halfajt- ®s egy
Ké¢keéell RbRI ®s mel | ®kpatakjaib- 1. A rends z
hi 8nydednlegncsak a 20dds 8l | apotra tudunk vVviszony?2t

jelenleg is folyamatbanvan® s amit mi ndaddi g folytatni k el
szennyez®s t el j é&,saetielzinhegy a 2088en kisnatatatt ihatfauna

f el GnRepkvi sel Rit az el pusztult egyedek koz?©o
k°vetkezR i dRszakban tov8bbi fajok is gyara
s-terhel ®s't val -saygyTlienggoé @y @ | esne mh &kl®p e s
elengedhett | en egy al apos ©°%kol -gi ai 8l | apotf el
hat 8rozni, mi -Kagk ¢ lalmRb @ ul é®d tt ea ah Kssszan t art
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fontos lenne a KiK ¢ Kk ¢ 1 | Rbe °mlI R mel |l ®kpatakok faun
| 8t hat-v8 v8ljon, mely fajok k®pesek ter m®:
az ®| RhelyekbRI , amel yek jelen szennyez®s
fajoks z 8 m8r aK¢ kKA IKiIRs ° kol - gi ai rm&rl ymes$tl | éit 8kal K
kezdeni a mu nk¢8ll cat®c ok at eki ntettel a v2zzfol
el t8vol2t8s8ra, hogy a hal ak dzaaglys akiBr ke
egyeskibltl KgRI , i |1l tedrvmm®saz eMaerso s¥bt-odln vi ssza t
Jel enl eg a Sz8mos g8t ®s meder | ®pcsR g8t ¢
akad8lyozz8k a term®szetes visszatelep¢l ®st
Fontos hanga¥%lhyd zreil epfod®B nem jelent val
probl ®m®@rza il yen beavatkoz8sok sor8&8n 8ltal§
telep2tenek (pl. ponty, pisztrs8ng), sRt,
beker ¢l hetnek a vzzbe (pl. ez, ¢stk8r8sz), al
problj®@®nm&tnt az i s, hogy 8l tal 8ban nem az ac
egyedeket szapor2tij 8§k, hanem m§s v2zgyTjt
®vtikagdet - gazdas8gokban nevelt egyedeknek
geneti kailag teljesen m8s k°%°r ¢l m®nyekhez ¢
egyedek az adott ®l Rhelyen tal 8l hat - fajol
degrad8l -d8mRBhoz vezethet

M®g kor ai tal 8l gatni, hogy mi kor fog a v?2
vagy teljes m®rt ®kben regener 8l -dni, hiszen
A parajdi b&8nyaszerencs®t!|l ens®g 8l tal nem
befoly:-kb-| mi nden bi zonnyal jelenleg
makrogerinctel enek. Addi g azonban, am2g ne

saj nos ezeknek az Y onnan ®rkezRknek sincs
a helyzetdinkoormal he8él eped®s sodr-d8ssal, i

berep¢l ®ssel, egyre sikeresebb | ehet. Alv2z
ez | -val | assabb folyamat | esz a r°pk®ptel e
8rralemizearkbt 2v v8ndorl 8ssal t°rt®ni k a ben®
A fentieket flgyelembe vBve n®h8§ny ®ven
ugyanakkor n®h §n tucat makrogerinctel en

felt®t!| eng¢l a S|kert, hi szen nemcsak faj ok
®l etkez°saag®g teljes t8&pl 81 ®kl 8§ncok tTntek

fontos t&8pl 8§81 ®kb8zisg§t jelentik a halaknak
nem | esz k®pes visszatel epedni a foly-ba a
mi nBRYgse | ehet Rv® i s tenn®. V8rhat- -an a telje:
ak8r ®vtizedeken keresztg¢gl fog megtort®nni

Mi nden bizonnyal a jelenleg is zajl - pusz
|l enne a j°vRben a v2zi ®l RI ®nyegy¢ttesek,

nyomon k°vetni, monitorozni, ®s sz¢ks®g esce
Yaj Ibi- | ®t rejott ®t .
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Kovetkeztet ®s ek

A parajdi v2zbet°r®s a s-b8ny8ba wval - | 8§t
Gondolunk itt elsRsorban:
AAb8nyav®del em Hii 8rey §red ®s i per emen t Yl i

meghat 8roz8s8ra (b-gatalmBrszoeondds ban Kloirfoem

patak v2zgyTjtR ter¢let® re semmilyen v®d
AApatakmeder oly m®retT szab§lyoz8§8s8ra (.

volna), amely a bet°r ®st megg8tol | a;

A Valamintalock §zat fel m®r ®sre al apul - gyors in
Neh®z fel m®rni, hogy milyen hat8st gyakoro
Parajdr&«:;Rg !l a RKiment ®r e. A b-gavyakebt8tastzaBm
drasztikus n°veked®se, az oml 8svesz®ly fen
v8l toztatta meg, hanem ©°KkolK¢gki¢gdil Rk anteanst z&ttr -t
kil om®t er t8vols8§gban. Az is biztos, hogy
t 8rsadal mi, etni kai ®s politikai vonzatt al
med ogal mazta: Aa parajdi helyzet nem | ok§&l i
tervez®s, val ami nt a szak®rtelem tart- s

blogspot.com/2025/06/nehaimgvenyeszetfjondolatparajdi.html?m=1).

Fel m®r ®sei nk bizony?2tj 8k, hogy a makroger.|
vesztes®get -KzkphkeBbek, an&ggon sok faj el pu
tart-s magas -szint, amely meghal adja a

S

s-tadmtm (40 g/ L k°r¢li) egyre k8rosabb hat 8s
el mondhat -, hogy a jelenlegi munk8l at ok Vv ®c¢
c®l ozt 8k meg, beindul hat egy | ass¥% tael yr e §|
Vissza a b8nyaszerencs®tl| ens®g el Rt ti g1 |
vz2zfoly8sok Erre az optimista k°vetkeztet
visszas8gll 8s ad t8maszt, ami kor a b8nya me
(198) pillanatok alatt elvesz2tette koncentr
Ke¢kel I Rn ki puszt2tva annak hal 811l om8ny§8t
(https://lwww.salinapraid.ro/parajdosstrandbemutatasa). Ezen jelenlegi helyzet
felh2vjhmeat fa gkel°nb°zR jellegT monitoroz
hidrok®mi ai , met eorol - gi ai, hal tani ®s ger
megel Rz ®s tekintet ®ben, mi nt a kial akul t

k°vet ®s ®b en.
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A NEW NETWORK FOR TRANSDISCIPLINARY SOLUTIONS:
THE EUROPEAN ECOCYCLES SOCIETY (EURECYYS)

EGY UJ HALOZAT A TRANSZDISZCIPLINARIS MEGOLDASOK
ERDEKEBEN: A EUROPEAN ECOCYCLES SOCIETY (EURECYS)

M&rta Kre,i dR@may ehlfat btsE™, Szek®r
Karl-Johan Fabty, Cs a b3, OTa&m&s KRRmMSI&redor '*N®met hy

'European Ecocycles Sociefyniversity of Miskolc2University of Tokaj’Neurosurgery
Department, Borsod County University Teaching Hospikingarian Academy of Sciences,
®University of Debrecen

¥sszefogl al

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 providanswers 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 naturaultural 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 pubtidies and the public and private service sector.

Kulcsszavak®k ol - gi ai ci kl-sszokg8§Pkasg§sskt ®m&j kol - gia, koorr
fejl Rd®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 questi®nided 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 pubtidies and the public and private service sector.

Keywords:ecological cyclesecosystem servicgdandscape ecologgnvironmental protectiorsustainable
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 wellorganised, 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, gbasise the
inherent links) between ecology, ecosystem science, geology, palaeontology, glaciology,
meteorology, climatology, oceanography, space science, landscape architecture,
economics, sociology, ecological sociology and cultural heritage conservati@s 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 ecosystenra) negources, 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 (EUBE®@#s
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 an
platform creating work, the Society was registered on February 28, 2013, with
headquarters in Gy°ngy?®°s, Hungary, by the
Society has been created and developed by researchers, professional environmentalists,
socialscientists, humanists, economists, and regional developers, who adopt the holistic,
interdisciplinary, ecosystem and ecocybksed approach to applied research and
education in Earth System Science, landscape management, conservation and ecology
and are wling 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 Kehidaku
Society has éveloped 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 decisiemakers, 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, th
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 sciantiic
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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
international competitions.

The functions and key subject areas dturopean EcocyclesSociety

The functionof European Ecocycles Society mirror its wide transdisciplinary concept
concerning research, education, scientific publication and its -scoi@omic role in
promoting regenerative sustainability and raising awareness about the environmental
limitations d exploitation of ecosystem services. Furthermore, a new challenge and
possibility is the rise of artificial intelligence (Al) 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 n& 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

A agroecosystems and biodiversity
A arable farming
A vegetable and fruit growing
A urban agriculture and vertical farming systems
A winemaking and viticulture
A soil sciencé pedology and soil conservation
A aquaponics and hydroponjcs
A animal husbandry
A fishing and aquaculture
A food industry andjuality control
Sustainable forest management

A forest resources & global carbon cycles

A forest ecosystem health and vitality

A productive functions of forests

A forests biological diversity

A protective functions (soil & water)

A socioeconomic functions
Sustainable natural resource management

A biotic and abiotic resources

A renewable and nerenewable resources

A potential, existing and reserve resouyces
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A mineral resources and mining, mining site remediation
Renewable energy production
A biofuels (biogasbiodiesel, bioethanol, biomass)
A wind energy
A water energy
A geothermal resources
A solar energy
A energy from wasté waste to energy programs
Climate change
A Earth System Science and Paleoclimatojogy
A Climate Modelling and Environmental Impacts@fmate Change
A Climate Resilient Agriculture and Industry
Geoinformatics
A Geographic Information System (GIS), Geodata and GPS appligations
Global Navigation Satellite System (GNSS)
GNSSReflectometry
Environmental Monitoring
Remote Sensing, LIDAR, photogrammetry
Big data in environmental monitoring
Spatial change measurement
Information technology, robotics and Artificial Intelligence in environmental

I I I I I > >

management
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A Environmental Informatics
A Cloud Computing
A Big Datg
A Artificial Intelligence and Robotics
Sustainable land use, settlement and rural development
A Landuse change (urbanization, agricultural growth, infrastructure
development)
Converting natural habitats into urban and industrial areas
Habitat fragmentatign
Spatial planning
Land-use legislation
Socioeconomic, environmental, and policy aspgcts
The economic worth of ecosystem servjces
Integrating ecosystem values into lamgk decisiormaking procedures
Implementing integrated landscape management strategies
Sustainable tourism
A Destination planning, development and managefin@arrying Capacity
Tourism and rural development
Specialized tourism (adventure, health, gaséimed wine, religious, cultural,
etc.)
Ecotourism natural resourcbased tourism
Agritourism, rural tourism
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Sustainable transport and travel
A Land transport
1 Public transport
1 Private transport
A Air transport
A Shipping (sea and freshwater)
Water management
A Surface waters
freshwater lakes
saltwater lakes
rivers,
wetlands
saltmarshes
seas
coastal areas and estuayies
oceans
A Groundwatey
A Artesian waters
A Thermal waters
A Wastewater treatment and recycling
Waste management
A At source sorting
A Hazardous waste
A Recycling and reusiethe zero waste concept
A Destruction / wastéo-energy programs
Environmental protection
A Ecosystem assessmgnt
A Life Cycle Assessment (LCA)
A Pollution prevention
A Remediation
Disaster management
A Firefighting
A Civil protection
A Industrial safety
International environmental law aedvironmental politics
A Environmental policy: general principles and basic frameworks
International environmental conventions
Combating climate change
Biodiversity, land use and forestry
Water and wetland protection and management
Air and noise pollution
Chemicals and pesticides
Resource efficiency and the circular econpmy

= =4 -8 -8 _9_95_°5_2
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A Sustainable consumption and production
Conservation of biodiversity
A genetic diversity
A species diversity
A ecosystem diversity
A functional diversity
EnvironmentaEconomics and Marketing
A Environmental challenges in terms of economic and institutional affairs
Regenerative sustainabiljty
The monetary value of environmental degradation
Valuation and cosbenefit analyses
Economic impacts of climate change
Mortality risk valuation
Waste management and land clegnup
Sustainable circular economy
Corporate Social Responsibility (CSR)
Environmental, Social, and Governance (ESG)
Non-Renewable Resource
Principles of green marketing
Social marketing and stakeholder management
Sustainable Human Resources Management (HRM)
A Socially Responsible HRM
A Green HRM
A Triple Bottom Line HRM
A Common Good HRM
Environmental sociology, human ecology and anthropglogy
A Human, economic, and political causes of climate change
A Therelationship between energy and environment
A Politics, law, and public policy, and their relationships to environmental
problems
A Human ecology
1 The roles of social, cultural, and psychological factors in the maintenance or
disruption ofecosystems.
1 The effects of population density on health, social organization, and
environmental quality.
1 Adaptive problems in urban environments.
1 The interrelationship between technological and environmental changes
A The relationship between social behaviour and environment
A The relationship between inequality and environment
A Population and environment
A Rural sociology
A Society and natural resources
Cultural heritage conservation
A Managing and protecting cultural assets to ensure theirt@ngviability;

I I 1 I I D D T DD D> >
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A Contributing to social and economic development

A Integrating cultural heritage into broader sustainability stratpgies
A Enhancing community engagement

A Promoting responsible tourism

A Conservation of intangible cultural heritage

A 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 thdevelopment 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 higjuality reference and source publication at
international level for professionals engaged in research, education, innovation and
developmat.

6. Actively participates and/or cooperates in the work of existing pnoiit
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 scientificatesea

7. Acts as a spokesperson for the interests of its membersvig@sother private or
governmental organizations and institutions.

Sections and groups of thesociety

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 dgcided b
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, tha-edigdr
(if the section has a journal), and a section management team consisting of up to 8
menbers. 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 astofitiee
Society in relation to its own field. It manages the editorial board of its own journal and
supervises its activities. The sections may formsediions and working committees.

Their operation is supervised and managed by the section manageereheid 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
24162140; 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 originalyviteédin, 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 Sciencéngmbrac
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 objectivegvatmmnse
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 sagiabnment 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 journaljgngwaluable 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 calculateBinyensions, 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 multifuradt
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 impacatural 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 Societyd&éasloped 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 FOLD MELYENEK AJANDEKA: GYOGYVIZEINK
SOKSZENt SEGE, FELHASZNCLCSI LEHET
GYOGYITASBAN

A GIFT FROM THE DEPTHS OF THE EARTH: THE DIVERSITY
OF OUR HEALING WATERS AND THEIR POTENTIAL USES IN
HEALING

Hi degn® B®ly Zs- - fi a

P®csi Tudom8nyegyetem Klinikai Kezpont,, Har k 8n
belyzsofi@gmail.com

¥sszefogl al

A gy-gyvizek alkalmaz8sa vil 8gszerte, 29gy Magyarors
Haz8nk ps8r-®sl @y -ggnvm@l k®szl ete olyan term®szetes er
k2n§l a hidrogeol  -gia ®s az orvosl|l 8s k°z°s munk§8j 8§r
A vizek k®miai °staet ® mhe®Ps E§BRBO®ys @hlyagi jell emzRi
|l ehet Rv®, mel yek hat®konys8&8§g8t klinikai tapasztal at
A balneoter 8pi a, i pvk- ekz¥erla® s ianlhkaal 18ntai z- § s@&s biizzpany 2t ot t a
em®szt Ry,ed ddygAaRirigy - gy 8szati k- rk®pekben. A gy-gyvize
hanem a megel Rz®sben ®s a rehabilit8ci- -bagsas kiem
mi NnRs2t ®se ®s ¢zemeltet®se, valamint a ter88pi8s prot
t8v¥% eg®szs®géigyi hasznos?2t8shoz. A term®szetes gy
komplextesil el ki regenereSscikite k®snz8lt RRjse @a tk®kr szer T or vosi
Kulcsszavakb al neot er §pi a, 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 antedicine.

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 tagy, 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 oossa@ustainable
exploration, qualification and operation of sources, as well as the precise definition of therapeutic protocols,
are essential for lonterm health utilization. The use of natural healing factors in this form offers complex
physical and ntal regeneration and is a valuable addition to modern medical treatments.

Keywords:balneotherapy, treatments
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WINE METEOROLOGY: COMPLEX ANALYSIS OF THE
IMPACT OF CLIMATE CHANGE

BOR-METEOROLC GI A: AZ £ GHAJLATVCLTOZ
HATCSCNAK KOMPLEX ELEMZESE

Zol t §n 'Sz RIGRm fMat MEcsa KF e iM8ltna yTert h
Karl-Johan Fab, P®t ek SAEThd®osr 2N®met hy

Csaba 2zZs?bPt Ol §h

Miskolcil Uni versity of Miskolc, Mikoviny S8muel D
’European EcocycleSociety, HungaryyUni ver sity of Tok,dUnivers®&8r ospat a
of Debrecen, HungaryBorsod County University Teaching Hospital, Miskolc, Hungary
olahcs@gmail.com

¥sszefogl al

A glob8lis ®ghajlatvg8ltoz8§s m®l yrehat- hat8ssal van
i dRz2t ®s®re ®s i dRtartam8ra. A szRIR fejl Rd®se kor 8§t
az ®szaki, hTvesebée kedmezRb®ek a®fgi vEBl egmi nRs®gT ©
Ezeken a terg¢leteken a f Jtav§ltozatoss§g n°veked®s
dombvi d®ki szRIR¢ltetv®nyek egyre ink8bb kk vannak
ingadoz8sainak, az asz8lynak, az elsivatagosod8snak
a szennyez®s k§ros kornyezeti ®s gazdas§8gi hat §s ai
talajroml 8shoz, a biol egizoiti soakf ®lag DR gyvinmokn @ K@hr &
megj el en®s®hez vezet. A szRI Rtermeszt ®s sebezhet Rs
i dRt art ama; a szRIR¢gltetv®nyeket t°bb ®vtizedre tel
k°rnyewealt-heal kal mazkod§8st. Kevet ker®Pesh®pbensspnado®dia
sz¢i¢ks®g a boripar ®ghajl ati el l engl | - k®pess®g®nek

mez Rgazdas§8g hel yet't regener &@tk2oM,- gimai t itfeu nked i®sn § | in
bevezet ®s ®v el

Kulcsszavak: k | 2 mav g8l t oz §s, szRI Rtermeszt ®s, biol -giai S
felmee g eld ®s

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 cultivatioegions 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 poedigtaiencies,
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 degrauat, 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 adaptasiaagumly changing environment
exceedingly challenging. Consequently, a multifaceted, ecosymiented 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, theyence
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 unddistan
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 effectdiofate 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 phenolaglyibutable 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 evateimgumer preferences
(Atak 2024, B°hm et al. 2024, Cruz et al
abiotic; extended growing seasons and earlier budding facilitate the proliferation of
powdery mildew and other fungal diseases, while also eagowg 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 seagndaetabolites (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 @24lvan
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 aasendre 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 ofulme (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 diminiell 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 da&s®e 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 pycally enhance the production of highality wines (Jones et al.
2000, Nemani et al. 2001), partly due to their facilitation of slower leaf development and
increased watense efficiency (Ramos et al., 2008). Waleficit treatments generally
yield beries with a greater skito-pulp ratio than those from welatered vines, thereby
elevating the concentrations of skin tannins and anthocyanins (Roby et al. 2004). The
alterations are partially attributed to increased anthocyanin production triggereteby wa
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 patserth 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 substantiaipact 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, resultindiminished 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 (T°pferet al . 2022, Mal heiro e
utilization are anticipated, as varying drought tolerance and temperature sensitidity yiel

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 traditiondtwial
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 fromil3 A Ci24AcC A Schul t z
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 andedseasures (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 imfites 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. Moreoveretivironmental 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 seanmid regions, such aseveral 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-tirel of peak radiatin,
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 intricaté, fesguently
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 adversédgiad 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 suexposed leaf area. Increased leaf exposure enhances photosynttietic an
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 patetitel
subsequent season (Morgan et al. 1985).

In recent decades, radiation levels have consistently risen, particulaB/riddfation
(2801320 nm). The magnitude of this phenomena documented in the literature differs
based on the place and the specific research conducted therein. The risB nadAfion
Is approximately 12% every decade, but may reach 8% per decade at elevated altitudes
(Schultz 2000). Increased UB radiation promotes the synthesis of color, flavonols, and
tannins in red grapes (Berli et al. 2008, Martihez s c her e utmaylresultih0 1 4) ,
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 (MoutiRbeeira et al. 2004). These effects result
in diminished berry weight, reduced sugar content, and overall yield, whilercentty
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 winadeal@onsequently,
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
evaluded 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 pranid-, and posfermentation technologies and physicalgesses
(e.g., reverse osmosis, vacuum distillation, membrane technology) are being developed
to create reducedlcohol or alcohofree wines (Gerbi et al. 2024). These technigues not
only adapt to consumer trends but also alleviate the impacts of ctheige.

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 degrads
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 drdipatitsaed
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 heritahese areas

and the promotion of multifunctional | andsc
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 evolviegnditions.

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 21stentury global issues.
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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 shterm efficiency gains, it contributes to substantial long
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term ecological degradation through sedinforcing 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 (Al) and machine leang (ML) in monitoring, forecasting, and modeling complex
agroenvironmental systems.

Key results demonstrate that monoculture accelerates soil nutrient depletion, exacerbates erosion and
compaction, reduces biodiversity, and increases reliance on agrochénuiczdsing a negative, self
perpetuating cycle of chemical dependency. Hydroldigicexcessive 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 sustainaide land
strategies. Aland ML-based tools are increasigglivotal 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,asuurgent prerequisite for safeguarding lbeigm
ecological integrity and socieconomic 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 aredl]. This approach stands in stadontrast 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 simplificatiorfariming processed].

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 condifi@jnsThis specialized
production allows for reduced costs, requiring less machinery and resources than
cultivating diverse cropd]. Standardized machinery, irrigation systems, and pest control
strategies simplify farming tasks and maximize yields, especially for cropselikals.3
The economic benefits of monoculture include reduced labor and input costs, along with
predictable output essential for the food processing ind[idtry

However, the perceived benefits of monoculture's efficiency and productivity, realized
through "specialized production” and "easier managen@htrove to beshortsighted.
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 injffihctesmonstrate
that the system's shedrm "predictable outpufl] collapses as resources are depleted.
This realization highlights a fundamental traafé where prioritizing immediate yields
and cost reduction undermines letegm ecological resilience and sustainability,
contributing to the challenges of the Anthropoefs].

Introduction to Environmental Concerns and the Concept of Feedback Loops

Despite its shofterm advantages, monocultural farming raises increasing concerns
regarding its longerm environmental impadtl]. The processes that lead to soll
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 eithapbfied (positive or reinforcing feedback)
or dampened (negative or balancing feedback), leading tesissttiining changesr
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 sdiB] and their longterm environmental impacts raise
concerngl].

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 selfeinforcing 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 deplgfibrirhis 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 necesdit@tasse of more
synthetic fertilizers, which further exacerbates soil acidity and decreagesmmatter
content1].

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 availapd]tyThe
exploitation of agricultural soils based on crop monocultures and deep tillage leads to
progressive soil structure degradation and compaction, as well as raduicticoil
organic matter contefiLQ].
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Loss of soil biodiversity and increased vulnerability
Monoculture reduces soil biodiversity, making it more susceptible to pest®gens,
and diseases that adapt to the unchanging envirorjtrjefihe absence of diverse plant
cycles hinders natural nutrient recycling and organic matter replenistibjerthis
practice also reduces the soil's carbon storage capacity 15%%5(b].

Over-reliance on chemicals as a negative feedback amplifier

Increased vulnerability to pests and nutrient depletion drives farmers to use more
chemical pesticides and fertilizdfld. 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 degradatiorf1l]. 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 environment4]. 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 butigo creates an economic trap for farmers, increasing input costs and
reducing longterm viability, while posing public health risks from contamindieod
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
tilage leads to progressive soil structure degradation and compaction, as well as
reductions in soil organic matter cont¢@f] These detrimental developments trigger
negative cascade effects on the soil biota and fertility, increasing soil water and wind
erosion and C&emissiong10]. In a worstcase scenario, this can lead to deseatiion,
where the soil is damaged beyond repair and only a handful of plants can survive the very
harsh condition§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 lod@s The "negative cascade
effects” 10 described are precisely these reinforcing feédbaps. 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 gldbad security and underscores the
urgency of implementing soil conservation practices (such as conservation agriculture
[10Q)) 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 shoffhges
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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 prod{igtion

Salinization
Excessive irrigation or groundwater extraction in coastal areas can lead to salinization,
rendering land infertile and inactivating bacterial species and microorgaisms

Runoff and Water Quality Degradation
Disturbed soil structure from intensive cultivation accelerates surface runoff.5 The
runoff of chemical fertilizers angesticides contaminates rivers and lakes, leading to algal
blooms and aquatic dead zorgp

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 Jufhce

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 sourpgsand "salinization".5 Concurrently,
the heavy use of "synthetic inputfl] results in "runoff of these chemicals" that
"contaminate rivers and laked]. This creates a dual negative feedback: water extraction
depletes quantity, while chemical use degrades quality, makingrttaéniag 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 ecolobggystems, potentially leading to
increased competition for resources and regional instability. The need for "adaptive and
sustainable water management polici®'is therefore paramount.

Irrigation is "crucial for coffee growth and achieving high yield8] 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 selperpetuating cycle of water input depende[#ly However, this loop is
highly vulnerable to "water shortages" exacerbated by "a changing climate, increasing
population, and economic growtl®]. This illustrates that while irrigationac 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 weftezient 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 afidsociated Feedback Mechanisms

Environmental | Specific Monoculture | Feedback Mechanism (Type & Description)| Snippet
Impact Area Impact IDs
Soil Nutrient Depletion Reinforcing: Continuous absorption of sam
nutrients-> synthetic fertilizer use> soil 1]
acidity/organic matter decreasefurther
nutrient imbalance.
Erosion & Compaction Reinforcing: Tillage/lack of cover>
disturbed soil structure/surface runeff [5]
increased erosior» further structural
degradation.
Biodiversity Loss Reinforcing: Simplified environment>
increased pest/disease susceptibitity [1]
excessive chemical use harm to beneficial
soil biota-> reduced resilience.
Chemical Reinforcing: Chemical use> soil/water
Contamination contamination> resistance/degradaticn [1]
increased chemical application.
Water Resource Depletion Reinforcing: High water demand for
irrigation -> lopsided draining/water shortag [4]
-> increased reliance on finite sources.
Quality Degradation Reinforcing: Chemical runoff> water
contamination (algal blooms} reduced [1]
aquatic usability> further strain on clean
water sources.

Salinization Reinforcing: Excessive
irrigation/groundwater extractior» salt (5]
accumulation> infertile land-> reduced

agricultural capacity.
Microclimate Temperature/Humidity| Reinforcing: Lack of diverse vegetation cov
Instability -> less stable local microclimate (higher [11]
temps, lower humidity)> increased crop
stress/pest proliferation.
Reduced Ecosystem Reinforcing: Loss of plant diversity>
Services reduced support for pollinators/natural pes 2]
control-> lower yields/higher input demand
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 agroecosysféfjdts fundamental elements
include "stocks" (thestate 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 resppige

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 qualifyi?]. Specific case studies, such as comparing
conventional monoculture (cosoybean) with diversified mixed farming, demonstrate
the applicability of SD modeld.2].

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 I@@$ This holistic approach is critical
because, g9)] 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, ahsocial 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 modelsdcilitate 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
Hydrol ogi que Europ®en) and Sedi ment Transp
the impacts ofclimate on runoff, soil moisture, and soil erosidi8] These models
simulate water movement (Richard's equation, Darcy's equation, diffusive wave
approximation for overland flow) and sediment transport (WEPP model, adwvection
dispersion equatiorjl3].

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 (ntill, cover crops)[13]. Examples of results include increased
agricultural drought and unchanged erosion rates under-GWWcontrasted with
significant reductions in runoff and sediment, and preservation of soil moisturdilh no
and cover crop system3].

Challenges in Data Collection and Model Validation
It is important to acknowledge the need for heglality, longterm datasets for model
calibration and validatiofv]. The complexity of realvorld systems, including noise and
varying timescales, can hinder accurate prediction of tipping ga@ihts
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The integrated modeling framework (MIKE SHE + STM) clearly quantifies the
difference between conventional monoculture (V@OW) and conservation practices
(WW-NT, CCNT). It shows that while conventional tillage monoculture leads to
increased drought and uranged erosion, "GBIT systems significantly reduce runoff
and sediment while preserving soil moisture levglS] This is a direct quantification of
how specific management changes act as "balancing feedback mechanisms" (as defined
by [8] where weak nedave 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 agriculturgractices, 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 Key Application in Strengths for Snippet
Framework Components/Funct | Monoculture/Agr Feedback IDs
ionality oecosystems Quantification
System Dynamics | Stocks, flows,| Evaluating Holistic, integrates
(SD) auxiliary environmental, multiple system
parameters, caus{ economic, social dimensions, explicit
loops impacts of| representation o]
(reinforcing/balanci | management feedback loops an{ [12]
ng) practices (e.g.| interdependencies
tillage, cover crops
crop-livestock
integration)
Integrated Physicallybased Quantifying High spatial and
Hydrological & simulation of water| impacts of climatg temporal resolution
Sediment flow (runoff, soil | and farming| quantification of
Transport Models | moisture, systems (e.g.| specific physical
(e.g., MIKE SHE + | evapotranspiration) | conventional processes, [13]
STM) and sedimen| tillage vs. ne | demonstration of
production/transpori till/cover crops) on| management impaq
water balance an{ on hydrological
erosion feedback
Water Balance | Analyzing trends in Optimizing water| Focuses on wate
Models runoff, precipitation,| consumption, resource dynamicg
evapotranspiration; | evaluating  watell practical for irrigation
reconstructing management scheduling, can 9]
natural runoff;| scenarios (e.g{ incorporate feedbac
qguantifying human | crop substitution| loops from
induced changes | water efficiency| stakeholder
improvements) knowledge

This table provides a comprehensive overview of the modeling approaches applied to
quantify feedback loops, demonstrating h®esientists measure and interpret the

problems of monoculture.
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The Transformative Role of Artificial Intelligence and Machine
Learning

This section explores the cuttheglge applications of Al and ML in addressing the
environmental challenges of monoculture, from enhanced monitoring to advanced
predictive modeling and new paradigms of humadmrcollaboration.

AlI/ML for Enhanced Monitoring and Prediction

Precision Agriculture and Resource Optimization
AI/ML enables datalriven decisions forirrigation, fertilization, and planting,
optimizing resource use and minimizing wakkd]. Examples include smart irrigation
systems that monitor soil moisture in rtahe and adjust water distributidd4], and
variable rate technology for precise application of inplit

Early Detection of Stress and Diseases
Al 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]. Al-powered image recognition, drones, and sensors enable early
detection of crop diseases and pests, reducing crop losses and chemical depg&rfency

Crop Yield Prediction and Soil Health Monitoring

Al integrates historical yield data, weather patterns, and remote sensing inputs to
generate accurate yield forecasts, aiding planning and resource allocaticpdweked
sensors and drones monitor soil quality, detecting nutrient deficiencies ansligaslyf
disease, promoting loAgrm sustainability14].

Monoculture creates negative, reinforcing feedback loops (e.g., chemical dependency,
water depletion). Al, through "precision agriculture,” "optimizes the use of resources" 14,
"minimizing waste and enhancing efficiengg4]. Through "reattime soil data analysis"
and "variablerate fertilization"[14], Al can reduce "nutrient dispersiorj14] and
"chemical dependency{17]. This indicates that Al acts as a balancing mechanism,
counteracting negative reinforcing loops by providing precise;dfatan inteventions
that reduce the need for excessive inputs and mitigate environmental damage. It optimizes
feedback loops to become more sustainable. Al shifts agriculture from a reactive, input
intensive system (which exacerbates negative feedback) to a peoatiadriven one.

This is crucial for transitioning from unsustainable monoculture to more resilient and
environmentally friendly practices, potentially breaking the cycle of degradation.

Al/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 model$19]. They can handle nelimear relationships and adapt to changing
patterns over time, which is crucial for dynamic climate sys{a@is
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Developing Predictive Models for Climate Change Impacts on Agriculture
Al develops advanced predictive models to assessitiftfaceted impacts of climate
change, enabling quick and accurate predictions of future climate scefi®jiosl-
based weather models predict climate changes, allowing farmers to adjust planting
schedules and crop types for better resiligtid¢ Generative Al can "create predictive
models for crop resilience, designing optimized biological formulations, and simulating
climate adaptation strategid4'6].

Explainable Al (xAl) for Transparent Decision-Making

It is important to highlight the significance of xAl, which, unlike "bldmkx" models,
provides clear explanations for its predictid@6]. This transparency builds trust and
allows stakeholders to understand underlying causes of risks, such as atmospheric
circulation patterns driving drought conditigi2€)].

Al'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, timeséales
[7]), Al's advanced pattern recognition and ability to handle -lmzar relationships"

[19] can potentially overcome these, particularly in identifying subtleltivariate
indicators of system fragility before abrupt changes occur. This positions Al as a crucial
tool for proactive environmental management, potentially enabling interventions before
irreversible damage (tipping points) occurs in agricultural systdinis moves beyond
simply managing symptoms to predicting and preventing systemic collapse.

Emerging Paradigms: Al as an Adaptive G0reator in Ecological Systems

Beyond Static Assistance Towards Dynamic Cognitive Integration
The discussion shifts from Al as a passive decigwaking engine to an "adaptive
cognitive ceprocessor' or "embedded intelligence systd@l]. This involves Al
dynamically adjusting to ongoing thought processes, operating in a "continuous feedback
loop" with human cognitiof21].

Enhancing Creativity, Problem-Solving, and Emergent Intelligence
This paradigm seeks for Al to amplify, refine, and extend human thought-timeal
leading to new forms of creativity, problesnlving, and emergent intelligen¢21].
Concepts like "Bayesian Pyramids” for interpretable Al models applied to ecological
dynamics are notable, allowing parameters to be tied to redl2®jta

Challenges and Ethical Considerations
Challenges such as high data requiremergsattime processing limitations, and
environmental variability affecting accuracy must be acknowleddefi Broader
concerns like Al's energy and water consumption, data security, potential for fueling
consumerism, and spreading misinformation are also ndegjle
The conceptualization of Al as a "cognitive ecosystd@5] or "cognitive ce
processor'[21] suggests a deeper integration of Al into agricultural decisiaking
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processes. This is not merely about Al 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 technolod@s" This implies that Al
functions not just as a tool, but fundamentally transforms how agricultural decisions are
made and knowledge is generated, fostering a continuous "feedbptkabpbetween
human intuition and machine intelligence. This paradigm shift is crucial for accelerating
the transition to sustainable agriculture. If Al can truly become an "embedded intelligence
system" that adapts to evolving cognitive states and helps resobresistencief21], it

can significantly augment human capabilities in managing complex agroecological
systems, identifying optimal pathways for regenerative agriculfifle and addressing

the inherent complexity of environmental feedback fodiowever, this also carries the

risk of "carbon lockn" [24] and other ethical concerns, necessitating careful
development.

Table 3.AI/ML Applications in Addressing Monoculture's Environmental Challenges
Challenge Area Relevant
(Exacerbated by Al/ML Application Specific Benefits Snippet

Monoculture) IDs
Soil Health| Detects deficiencies, promotes len
Soil Degradation & | Monitoring (sensors| term sustainability, targeted nutrie [14
Nutrient Depletion | drones) delivery (fertigation), restores s
biodiversity.
Early Detection &| Timely intervention, reduced cro
Pest/Disease Control (image| losses, minimized pesticide us
e . . . [14]
Susceptibility recognition, drones| targeted interventions.
traps)
Smart Irrigation| Optimizes water usage, reduces wa
Water Resource - .
) Systems (sensorg ensures optimal crop hydration, prec [14]
Depletion : N ) .
reattime data) irrigation calibration.
Predictive Models & Forecasts drought, frost, heat, floodir
Climate Variability & | Climate Adaptation adjusts plantingtop types; enhance [14
Abiotic Stress (weather models| resilience; simulates climate adaptati
yield forecasts) strategies.
Precision Agriculture Optimizes
Inefficient Resource| (datadriven irrigation/fertilization/planting,
- oy . - [14]
Use decisions, VRT) minimizes waste, increases efficieng
reduces environmental footprint.
Lack of Biodiversity | Al-designed Develops pestesistant crops, restorg
(above/below crops/microbial soil biodiversity, reduces chemic [16]
ground) fertilizers dependency.
Al for Ecological| Analyzes vast datasets, identifi
Complex System | Modeling intricate patterns, discerns relationshi [19]
Understanding (interpretable Al,| provides transparent explanations
pattern recognition) | predictions.

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 tltentemporary relevance and novelty of research
into environmental feedback loops of monoculture, emphasizing the critical role of
advanced quantification and Al/ML.

Addressing the "Is it Relevant?" Question

Critical for Global Food Security and Environmental Sustainability
The longterm environmental impact of monoculture, particularly soil degradation and
water pollution, has "significant negative impacts on soil biodiverfilydnd poses "the
biggest threat to our future food securif$]. A growing population and climate change
exacerbate water shortages, making the situation urgéntBy 2050, the global
population is estimated to reach 9.7 billion, necessitating higher crop yields for people to
access nutritious meals at affordable priegs

Policy Implications and Shift Towards Sustainable Alternatives

Understanding these feedback loops is crucial for developing effective "adaptive and
sustainable water management policigl"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,rmpgnent 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[10Q].

The available information clearly states that the environmental impacts of monoculture
are not isolated events but "negative cascade effdd@istriven by "positive/amplifying
feedback loops[7]. This understanding transforms the problem from simple pollution or
degradation into a systemic crisis with "disastrous eff¢&lsdnd "large environmental
consequencedb]. Recognizing these seléinforcing cycles makes the shift towards
"sustainable alternatives[1] like Conservation Agriculturg10] and Regenerative
Agriculture[16] not just an option, but an "urgent neg¢®f'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 sustairsitessy

a matter of survival and loAgrm resilience.

Highlighting "Novel" Research Areas and Knowledge Gaps

Advances in Al/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, Amear environmental systerfis4] The
emerging potential of "interpretable Al mode]g2] and Al as an "adaptive cognitive-co
processor'[21] offers deeper understanding and hupdrtollaboration 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 systémBhe complexity of "cascading
tipping points,” where one tipping point triggers another, is also nd@#pble

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 emph&3izetkgrating
indigenous knowledge and gendesponsive approaches into -édiven climate
strategies is also importaft3].

While the concept of feedback loops is knoWwh 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 capturg¢l9], thereby bridging this "quantification gap.” This
also includes the development of "expdmiven 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 degnadktic
guantitative leap is essential for developing targeted, effective interventions and policies,
moving from general awareness to specific, dktaen action.

Conclusions and Recommendations for SustainableAgricultural
Systems

Summary of Key Findings on Monoculture's Environmental Feedback Loops

Monocultural farming generates detrimental, -seihforcing 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 (Al) 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:

A Prioritize the advancement and integration of Al/ML within agroecological
modeling, with emphasis on interpretable Al and adaptivereation frameworks
to better characterize complex, nlomear feedback loops and predict tipping
points.

A Invest in longterm, highquality environmental and agricultural data collection to
support model validation and the early detection of warning signals.

A Foster interdisciplinary research that bridges natural sciences, social sciences, and
indigenous knowledge systems to address the full spectrum of hamamnment
interactions.

Policy recommendations:

A 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 leign environmental
benefits.

A Establish adaptive water management frameworks that enhance water use
efficiency and mitigate scarcity, leveraging-é&habled predictive modeling.

A Introduce regulatory measures to reduce chemical dependency and encourage
ecological pest and disease management.

Agricultural practice recommendations:

A Facilitate the transition from monocultural to diversified farming sysems
including crop rotation, cover cropping, and agroforéstity improve soil health,
biodiversity, and microclimatic stability.

A Encourage the use of Al/Mpowered precision agriculture technologies to
optimize resource allocation and enable early detection of environmental stressors.

A Invest in farmer education and capadityilding programs to promote sustainable
practices and the effective deployment of emerging technologies.

Current monoculture produces excessive guantities of food, which ehigiisr
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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Abstract

According to several studies, retrofitting dry hydrocarbon wells into deep borehole heat exchangers presents
a promising alternative against conventional geothermal utilization, often enabling -f@doand
sustainable energy production for direct heafipplicationg T - t h e t However, to2idlein8nk 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 compllfatio
intensive, particularly when numerous simulations are required to identify an optimal configuration. This
paper presents an innovative approach, in which we developed astalgesimulation ecosystem to
generate comprehensive datasets that weegulently 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 (BHESs) 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 signifidapths 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 employedAlimonti 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 hifithelity simulations across a broad parameter space
is often computationally demandirgnd time consuming, posing a bottleneck for
practical feasibility studies or optimization tasks. To address this challenge,utys st
proposes a novel framework that integrates automateddasde simulations with neural
network modelingZhou 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 thithe speed of datdriven inference

Model introduction

Numerical models had been built using FlexPDE, a fieiégnent simulation software
that includes a budin scripting languagéPDE 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 appliedgéduce computational demand.
The governing equation of the thermal model, incorporating a convectivéot@soount
for fluid flow within the pipes, is as follows:

— = 0 " E— " B fe— @)

where Zcaeis 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 fi@lated parameters such as velocity and inlet
tempeature (Table 1.)( Pap ®s B a. rCansequently, 2a@eful4sglection of
parameter ranges is crucial for accurate and representative simulations

The surface (soil) temperature was set to
defined between 0.03 and 0.06 AC/ m. I nl et
AcC, and f 1l ow r at ¥ Aftagetheretbenmodel hasradBne@s®nalm
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 higtimensioml 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 providedi@gblution thermal sgponse
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/m?]
Formation 20 1500- 3000 1.50- 800- 2000-
3.50 1400 2800
. 7055/ 3B 0| 1500- 3000
Casing 133/ 8 0 54 490 7850
Annulus 0.01 1500-3000 | 4 ¢ 4200 1000
wall thickness
Tubing 231 831 8| 1500-3000 1 g5 490 7850
Tubing wall 1500- 3000
thickness 0.005 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
interactionbased features. These included annular and string volumes, flow reslocit
Reynoldsnumbers (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 expressiveadissl
input vector consisted of 23 features, which were fed into the neural model. Preliminary
experiments indicated that excluding the initial heating ph&sen zero simulation time
up to the peak wellhead temperatusggnificantly improved traiing 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 seemi80:20 ratio.

The employed neural network is a hybrid resieatééntion architecture, implemented
in Python using the PyTorch framework. The pipeline begins with an input embedding
layer, which projects the 28mensional feature vectors into a higldémensional laten
space. This is followed by a muhiead attention mechanism that enables the model to
capture longange dependencies and emphasize key input interactions. The core of the
network comprises a series of dense layers augmented with residual connectiaysrand
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:

A Warmup learning rate scheduler: during the first few epochs, the learning rate was

linearly increased to help the optimizer stabilize;

A 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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A Gradient clipping: gradients were constrained to a maximum norm to prevent
unstable updates and exploding gradients;

A Early stopping mechanism: training was halted when the validation loss failed to
improve after 30 consecutive epochs (patience = 30);

A Realtime visualization: after each epoch, predictions on a-tetdsalidation set
(containing previously unseen data) were plotted and saved for visual inspection;

A Weightdecay: theAdamWoptimizer was used to regularize model weights and
promote generalization by discouraging overfitting

Walidation Predictions - Epoch 1

Figure 1.Comparison of simulation temperature results (blue) versus prediction values
(orange) after epoch 1. (upper lefepoch 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 esidgping 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 se

consisting of simulations generated using randomly sampled input parameters. One such
example is shown belaw
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Figure 2. Comparison of simulation data (blue) and model prediction (green) for an unseen
well configuration: depth = 2000 m, flow rate = 20/m k_lithology = 3 W/mK, cp_lithology =
1000 J/kgK, rho_lithology = 2400 kgl T _i nl et = 25 AC, thermal gr
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Neural NetworkBasedPerformancePrediction ofBoreholeHeatExchangerslUsing Data fromAutomateé

The average temperature prediction error
predictions remaining below a 0.5 AC deviat
level of accuracy is well within acceptable limits for engineering applications and
suppors the use of the model as a viable surrogate foritmesmsive PDE solvers. The
primary sources of prediction error are likely attributable to noise in the simulation inputs,
resolution limitations, and nemniform 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 senarios. 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 ecurate and stable models.

Conclusion

This study demonstrated the effectiveness of integrating automatedd¢algehermal
simulations with a neural netwetlased modeling approach to predict the wellhead
temperature of deep borehole heat exchangers. By generating-r@esodition dataset
from 10,000 numerical simulations and training a hybrid resigdit@htion neural
network, we achieved accurate wellhead temperature predictions with a mean error of 0.5
AC. This approach significantly reduces col
finiteeelement 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 wnning additional simulations and further enhance accuracy through
architectural and training refinements
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¥sszefogl al

Az orvosi meteorol - -giai feljegyz®sek ®vezredek
®s t¢gnetre vonatkoz- objektzv megfigyel ®seket
®ghajl atvg§ltozg8s a 21. sz§8zad njudIm8mtyRosk khiam2gws8/d ¢
az ®ghajlat hat8§s8t idegrendszeri betegekre. Sz
astroker a, az agyi aneurizm8kra, a migr®nre, a sz®
Jel en tanul m8mnky uan krbeanr a®ir -t ®ikeeil jrendel |l eness®gekr
811 - bizony2t®kokat. Megvizsg8ljuk az egy®ni ®
sz@oxidki bocs8t &8s cs°kkent ®s ®r e. Ezenk2vgl me g o |
k°or@hyekbRI fakad:- , k¢l °nb°zR neurol - gi ai renc
enyh2t ®s®r e egy®ni , eg®szs®g¢é¢gyi, regions8lis
multicentrikus klinikai vizsg8l ati koncepci - kat
Kulcsszavakgl ob 8l i s fel mel eged®s, ®ghajlatvgltoz§s,
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 stagiesitderscored 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 thésgrg 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
weathe 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 Wih the military medical department in 1820. The
International Biometeorological Society was established in Paris in 1956. Swedish
chemist Svante Arrhenius established that atmospheric c@ficentration 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 phraseatel change was
established by James Edward Hansen (Boussouss@). A0 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 grelendl ozone (US EPA2023). 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 fossilifidlsling 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 (Ma&sgimotte 2021). This creates
a positive feedback loop that expedites the melting of polar ice (Mdslomotte 2021).
Increased temperatures also cause changes in precipitation, humidity, wind speed, and
pressure systems. These alterations have been shown to increase expparireular
air pollutants and grouniégvel 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 warmihgn{gvet 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, sandstomdsjast storms immediately elevate
both fine and coarse particulate matter in the air, along with grlewedtl ozone, thus
exacerbating the greenhouse effect and increasing temperatures. Desertification and
recurrent wildfires result in the annihilation dfora 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). Thesgoreaastal

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). @liohainge 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). Heatelated deaths increased by 68% betweel82hd 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 middleincome countries, along with economically disadvantaged
populdions 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
Organizéion asserts that "climate change affects the social and environmental
determinants of health" and projects that "the direct heal#ted damage costs will
amount to US$ 4 billion annually by 2030."(World Health Organizatj&@023). 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 nusgroblems to
healthcare ystems 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 basipreventive 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
(Boussoussag2023). 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 comprehgnsively
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 coh&s.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, ad sleep disorders, and evaluates the weather parameters or changes that exert
a substantial impact (WHQ023).

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
impad 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 headache:
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
temperatureor barometric pressuré&atsuki'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 individals are sensitive to low barometric pressure, whereas others
are impacted by high barometric pressure (Prince et al. 2004). lba's research on migraine
triggers revealed that weather was a more prominent trigger in Asian countries with
considerable weatherariability (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 researelam 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 himidity, 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 al2021). The increase in seizure triggers attributed to climate change, such
as fevers, stress, sleep deprivation, and vdxiane infections, may elicit or exacerbate
seizures, hinder seizure management, and affect neurological, cerebrovascular, or
cardovascular 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).

|l ntracrani al aneurysmso 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 &a2@horn
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, contradictogyoddurrence 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 andnigperature 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. 208byecht's clnical investigation
indicates that the incidence of burst cerebral aneurysms escalates, and patients experience
a deterioration in their condition due to the effects of a-poessure cold front.
Faropoulos determined that the concentration of airborné lokefere 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 aoence or severity of SAH
(Faropoulos et al. 2025).

Stroke

Extreme heat, a significant factor in weathelated 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 eventsostly 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 € 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 AC increase in average daily ambient t
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 increasetsktrok
(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 heightenieiéram
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 fo
intracerebral hemorrhage. Multiple comprehensive assessments have revealed substantial
evidence connecting both shoend longterm exposure to fine ambient particulate
matter with the incidence, severity, and mortality of strokes (Estol et al. 2016k ikt
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 dectrolyte 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 ga
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, enesgying technologies, and
intelligent systems (The Paris Agreeme2023). 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 capacitycirbon dioxide absorption), and sustainable
agricultural practices (including regenerative farming and reduced fertilizer usage)
(Frielet al. 2009). Through sustainable urban development and environmentallylmindfu
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 tfocias &
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 Agreem@623). Highlghting 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 mankétpeomote 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 greagrandchildren. 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 anticiveatsy
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 aae cruci
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, lacksicgthtis
significance. Training ought to be highly practical, comprehensible, and frequently
customized to the individual. Future research must evaluate the execution and
effectiveness of hedtealth 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 -céiatdd health
risks (Yoeli et al. 2025). Investing in climatesilient urban planning, encgassing
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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 fofrsk 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 counspecific issues and solutions, particularly for the
prevertion 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, migrainegd#zin
epileptic patients, and sleep disorder patients in the context of meteorological parameters.
We examine the correlations between complex medical data and-pawatheter
meteorological data with the help of statisticians and artificial intelligenod, a
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
thenuanced 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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AZ ALBERTIRSAI MINERA ASVANYVIiZ JEGKORSZAKI
EREDETENEK BIZONYI"J'ASA KORNYEZETI -1ZOTOP
VIZSGALATOKKAL

PROVING THE ICE AGE ORIGIN OF MINERA MINERAL
WATER FROM ALBERTIRSA THROUGH ENVIRONMENTAL
ISOTOPE STUDIES
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Abstract

The Ice Age origin and protected status of Minera mineral water in Albertirsa (Hungary) has been
confirmed by hydrogeol ogi cal and i sotope geochce
values measured in Hungary to date, the low noble gas tempe(&GE€) and the radiocarbon

ages of 26.829.4 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 t he r Hls)aeadrthg Bow pathevwahich(was cdnfirmed Ry stable

isotope and NGT data. Along the flow path, radiocarbon ages calculated®@ittorrection
indicate a flow rate of ~1.5 m/year. I n additi
AC along the flow path also supports the Ilce Ag
of all wells of the Albertirsa mineral watergpit, 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
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alacsonyabb, mint a Veritas kutak®.
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A 150 m®ter n®l m®| yebb r®tegvizek -nyugal m
150 m m®lys®gT 8§§svg&§nyv2zad- r®tegek Vviz®ve
fel 8raml 8s ki z8rhat-. A rendk2v¢gl 1 dRs v2zk
kutak v2zad- °sszleteidt el vglaszt - v2zreke
verti k8lis sziv8rg8si t®nyezRje.

Mi ndezek al apj8n a Minera kutak vize jeler
®r kezi k Al bertirsa ter¢let®re. A Minera kut
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kezottasel a®Ps g% ®s kifejl RA®s T, a hordal ®k
v2zrekesztR agyagr ®t egek is telepe¢ltek.
Ezen k®pzRdm®nyek v2zvezetR k®pess®ge min
ir8nyban j-nak mondhat -, azaz t°bb, mi nt 5
°vz8tony ¢l ed®kes k°rnyezetben | erak-dott
r et ggelol j 8k.
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hat 8rvonal ment®n a t®rsz2n hirtel ekn Aszaka
I r®szen tapasztalhat:- | ejt®s, azaz fokozat

Az 8sv8&nyv2zkutak ut8np-tl - -d§si ter¢l et ®n
d®l r e a pl ei szt oc®n al att a-mhacm@adikldRrs¥z a
Nagyal feldi For m8ci250¢Ime k®keit tt evl8d g plzne k asQ
K¢l ©nrb®szzRei n. Az ¢l ed®ksort t°bb 10- m vast
homokos kifejl RA®sT &rt ®ri ¢l ed®kes k°rnyez
|l bertirsa k°rnyezet ®ben a negyedi dRszak
cier i pan@®oWnbanfkees®Kk: - dot't bjfal ui ®s
®p2t®sT ¢l ed®ksorozat a. Lok§&li s,
y - medyekhdt Rek me g , mel yeket a

nyezetben | e¢l epedett r ®t egek h

Al bertirras8@s |l @RE Djfalui For m8ci
®pzRdm®nyek al att det ek-p8hhat- koha&n
orm8ci - alatt. JellemzR fel ®p2tR I
R z etéslhomskok.
A Nagyal fol di Form8ci -t fel ®p2t R ©°sszl et ek
v2zvezetR k®pess®g a kedvezRtlen kifejl Rd
°rnyezetben | e¢gl epedett °9sszletek miatt | e
esztR k®pess®g ink8bb gyenge.

bjfalui ®s Zagyvai Form8ci -kat fel ®p2tF
rtik8lis ®s horizont8lis v2zvezetR k®pess
| ®p2t R ¢l ed®kek®vel megegyezR. A form8c

nyezetben | erak-dott agyagok, agyagos hon

A Vvizsgsglt ter¢l et tygabhbBl «tamyegel ®Reelz R
el mondhat -, hogy ©pl . Go mbkai tierl mpy,U I®tss 8tg®4 Sk
ment ®n mi nd a | ei s zpaoncnRonn,  °nsl snzdl ept eedki gf eak ¢ fse
ki emestked®t at k°rnyezR terg¢l eteken j el l
ki emel ked®s | ass2tja ezenDiszingh§paknboamg 8a 8§
egyes szintt8jakat -Kail kiort&n yr BIttesg®edck?¥,d Rd ZResze a S\
a peremer/kezi -@Ghs§zi st jelentR s¢gllyed®kek foe
szemben ezen a terg¢leten a kedvezR kifejl Rd
azaz -pahebeaR¢l ed®ksor k°z®psR szakasz8nak f

A felassRon ¢l ed®ksor (Nagyalfoldi For m8ci

Kk
8

er
Az
e
e
P

~ =+ <

g
p
a

2 gy ezen, -[@Ksr eazesimnteenr ¢0 e t-teRle,n an@§ rben® bbb 1100
detekt8l hat: szintt8jak v2zk®szI|let®nek R U
G°d°l I R ®s I saszeg ter¢let®n az i ntenz?2v
a80l100 m®ter m®l y-1t0ermge IR nk utra8k oits tmrt al maz
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A koncepcion8lis moAlebeér 8iilnad k®tijedPdz 8§rs
8bra) ment®n °sszesen 6 kYtb- I vette¢egnk vz2z
al bertirsai minta mell ett. Ezekneklyama kut ak
ment ®n k®sz¢lt keresztszelv®ny (3. 8bra).

A koncepcionalis modell altal kijelolt
rétegviz aramlasi palya, és a vizmintak helye

Terep [mB.f.]
.~ Il <=8
I 80 - 90

EOV koordindtak (km)

+

T
690
EOV koordinatak (km)

2. ®bkancepcion8lis modell alapj8&n kijelolt
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A kutakban m®rt nyugal mi v2zszintek fokoz
kijel©°lt besziv8§rg8si terg¢lettRI (G°de°lIl | R,
haladva (4. 8bra), jelezve a r®t egw2z8r aml §
8raml 8s val - ban -greeogkt ®mitaRini®&s ev,?2 zikz@®mi-api adat

A (Na'+K") e®% ®rt ® ke folyamatosan nR az 8r a
kal ci ummal t°rt®nR kationcsere miatt, ami s

+ K*) egyendrték szizalék (eq%)

(Na*

tivolsig a beszivirgdsi terilettdl (k)

4 8Mbdrmyugalmi v2zszi WKk e®%° hReer®Redl®EGsa az( Naas
8§r aml §si pg8l ya ment ®n

Mi ntav®t el ®s alkal mazott m-dszerek

Azakkredit 8l t vizmintav®tel eket az | sotopt
megbz2zottj 8gval (Cgot ai Gy°rggyel) k°z©%°sen.
mi nta az Aqua Lorenzo Kft. al b e rAlbertirsa a i czer

r ®t2ezgv8r aml 8si p8&lya ment®n | en@® W8I ditt, ¢:
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anal 2zi shez a -8z miDPtES k@mal axk okba vett ¢k,
hTt Rszekr®nyben t8roltuk. A tr2cium m®r ®s
pal ackokba. A nemesg8z m®r ®s-®BRe kbl @¢é - DAL
szor 2t Ibielilngtsoetktk er ®zcs°®°vekbe vetC¢®s Az o
14C m®r ®s®re szol g8l - mint8kat barna ¢vegpa
A v2zk®mi ai adat oktaRIl ,azi |Alqeutav &L oa emizmt KA at t
V2zmT V8l Il atokt -1 kaptuk.

A YC, Bch Boj Hi ®s nemesg8z m®r®seket az | sof
Iabor t-rium8ban, m2g a tr2cium m®r ®seket a
(Budapest) Radioanal it i kalCtatanatoMI@ADAS i um8b a
t2pus¥% gyors2t- t°megspektrom®terrel hat 8r
egys®gben adtnBknttkg®lr tA®kDeliGt °ime@ts pe&it §roynet r i
hat 8rozt 8k meg, ®s a PDB referenciaanyaghoz
meg. A v2OmiedH SRr ti®keit | ®zerspektrometri §
ezrel ®kben a nemzetk°zi VSMOW referenciaany
fejezz¢gk ki A h®liumanal 2zi st Hel i x SFT |
| ®g k©°ri nemesg8z (Ne¢e, VBESA40K0r t®sneXes)p erk® m ® IneBK
i zot -ph2g2t8&«koalcenAr B8e me k g & ¥HarfigjeBah (19989)z Ae s c |
®s Ballentines & Hall (1999) 8IlItal ki fejles
K i a felte°lt-@mi hBhRom®OsS®ll dtestzi v8r g8skori t
ol dott nemesg8zok megoszl 8§8s 8t a -Heftipdt| et | e\
al . (2000) 8ltal kifejleszt-modelzI8y tse@ghtds @¢
sz8m2tottuk8§sdhkatere®gpsaesBtmZnk, hogy megtal 81 j
nevezetesen a hRm®r s®kl etet (T), a csapd§8ba
frakcion8l 8s8t -midcdel lamed?yretkdk ed nmArCtE ®r t ®k e k
khin ®gy zdtelt eddtenRri zt ¢ k. A nemesg8z felt?©°l:
Nobl ebook excel t8bl 88§zatkezel Rvel ®s a PANC
2018). A nemesg8z m®r ®sek ®s sz8m2t8sok ada
A tr2zcium aktivits8st elektrolitikusan d%¥s
GCT-1 folyad®kszcintill ci-s sz8ml§8l - -val, ®s

tr2cium atom 1018 hidrog®natAo kikifuzt®attt§,sil hTau
(0,06Bg/drd) volt az alkalmazott analitikai ko°r ¢l
analitikai eredm®nyekkel egye¢tt az 1. ®s 2.

A model |l verigfeiok®Im§ aa i®sota- pendel kez¢
adatok al apj §&n

M®r ®si hat8§r®rt®k (0,5 TU) feletti tr2ciur
®s DA11) viz®ben m®rte¢gnk (2. t8bl §zat), ami
csapad®kb-1 sz8rmaz-) v2z JetatalonisRga®lifa, Az it
hogy ezek a vizek tartalmazz8k a magasl!| ®gk
szennyez®s ®t i s, teh§8t 72 ®vn®l fiatal abb
vagyli s, hogy az al kal mazot tf °n-°dtsadadmmae nk i tmut a
friss, 29gy potenci 8lisan szennyezett vizet.
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kvt -vekenl egiim@lglf epett 8ad6/ 2016. (V.12.) BM

felsz2zn al atti vZzo minRs2t®snek, amel ynek
Av®dett felsz2n alatti v2zb8zimTa améleypén e
kereszt¢l az ig®nybe t v2zk®szl et bRI kit

et
mint 0,06 Bg/l (0,5 TEU)O®

1. t 8zl 8qauta Lorenzo Kft. albertirsai k%tjaib-I

hel ys®g Albertirsa
k%t helyi Minera 1 Minera 2 Minera 3 Veritas Veritas
VI FI R k- d| k121530125 k121530128 k121530131| k121530129 k121530138
tal pm®Il [ m®t 140 132 137 75 70
szTrR | fels 110 110 111 57 57
szTrR alatt] 116 126 134 65 66
mint av®et el 2024.08.08
mi nt avevH Isotoptech Zrt.
minta jele K125 K128 K131 K129 K138
wPH [ &vbmow|-103.2|-104.5| 97.0 -68.0 -68. 7
VLo [ dbvow| ‘op T 114.36|13.36(9.65 [9.68
. < 12, 9( -11.69 -12. 9(
1 - -
itsC [ arbs 0.03 12.87 |-12.96 003 0.05
tr2ciurn [TU] <0.5 <0.5 <0.5 <0.5 <0.5
Y4c [pMC] [1. 47 12.13 §2.03 f49.60|57.86
v2zkor 30 620N N - - -
(As=60 pMC) [ ®w ] 200 27 600N 2|27 960N 2| 1570N3 0, 300N 3
vzzkor N
(@ [ ®w ] 292‘(1)%0’\1 26 300N 2|26 750N 2| <1000 <1 000
korrekc
nemesg B B 3 B N
hRm®r s [°C] 30N O] 28N O, 43N O, 106N 0| 109N O
(NGT)

A sz8m2tot't v2zkorokat az 1. ®s 2. t 8b1l 8§

trz2ciumtartalma 1,1 ®seBendtiTU l{Rgy t&bedlBzat
r®szben) az 1952. ®vi el sR termonukl!| e8ri s |
vizek 1952 el Rtt sziv8rogtak volna be, tr?2
el Rtti csapad®k ter mesSizeglt esolttr 2cKauwmftmaan a& mla
a besziv8rg8s ®s a mintav®tel k°z©otti i dRs z
Ugyanakkor val amennyi, 1952 ut8n beszivs8rgo
TU) nagyotbdrtaPmamP&g§kn®s.DESk 2009)

A DA1O ®s DA11 kut ak Vi z®nek ki mut at hat
termonukl e8ri s r oH®dyel sz8nsyedetb szdnet i raBatmaznak

ez ®rt kor uk nem sz8m2that - K i a 80 ®s 9 ¢
kijelenthet¢nk, hogy ezek a vizek <72 ®vese
a besziv8rg8suk.
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F-rizs |Istv8n, De8k J-zsef, Csisz8&8r Endre,
2. t 8Mzlsszzdpt bertirsa 8raml 8si p8lya ment ®n
hel ys® Pilis K8 v a| Gomba Mende Isaszeg Isaszeg
k%t heed yy V2 zmT| V2 zmT| V2zmT V2zmT GedellGedel |
D®I i V2 z mi4.
D-18.
VI FI R k| k121430105 k121240004 k1212200171 k12107001€¢ k120890028 k120890024
talp- [ m®t 143 144 165 159 70 97
mel y| fels
sz Tr| alat] 106 91 147 109 53 45
felgd
szTrH 140 136 159 141 63 75
mi nt av®t ¢ 2024.10.21
mint ave Isotoptech Zrt.
minta jele DAG6 DA7 DAS8 DA9 DA10 DA11
°H [ &bvow| -86 . 6 -83. 9 -90. 2 -81. 1 -68. 1 -45. 9
Vi @) [ 8fwow [-1 1. 83 -11.52 -12.38 -11.29 9.56 4. 93 |
NO. O NO. O NO. O
WC | [ &b [-14. 49 | -14.05 -13.88 -13.58 1141 [-13. 69
NO. O NO. O NO. 1 NO. O
tr2c| [TU] <0.5 <0.5 <0.5 <0.5 1.1 N 3.7 N
(H)
14C [pMC] | 484N 0 [12.48N 0| 7.72N 0 |14.06N 0(80.11N 0]98.35N 0
vzk 13 000N
(A=60 | [ ®sw ][20800N 2 16 900N 1 §12000N1 ( <72 <72
150
pMC)
v zK 12 400K
(G*C kor-| [ ®sw ]|20500N 2 16 300N 1 11 200N 1 ¢ <72 <72
rekeci 150
nemes
h EleT® [°C] 727N 0| 82N 0| 665N 0 93N 0| 109N O
(NGT)
3. t 8blv8izzastg8Ilt r ®t egvizek aemeSmBzokbnbesti g8ri
hRm®r s®kl et ek (NGT) ®s hi b8j uk.
minta He Ne Ar Kr Xe R/Ra NGT | hiba o2 P
jele | (ccSTP/g)| (ccSTP/g)| (ccSTP/g)| (ccSTP/g)| (ccSTP/Q) (AQ( A( (%)
K_125| 3,89e07 | 2,58E07 | 4,84E04 | 1,16E07 | 1,70E08 |0,516| 3,03 | 0,53|0,46| 50
K_128| 6,61E07 | 2,57E07 | 4,84E04 | 1,17E07 | 1,71E08 |0,502| 2,83 | 0,53 |0,90| 34
K_129| 6,44E08 | 2,52E07 | 4,15E04 | 9,22E08 | 1,31E08 |0,986| 10,66| 0,64 |0,44| 51
K 131| 4,71E07 | 2,61E07 | 4,81E04 | 1,13E07 | 1,64E08 | 0,550 4,32 | 0,61|0,10| 75
K 138 6,21E08 | 2,55E07 | 4,22E04 | 9,58E08 | 1,30E08 |1,007| 10,91| 0,74|1,36| 24
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minta He Ne Ar Kr Xe R/Ra NGT | hiba 2
jele | (ccSTP/g)| (ccSTP/g)| (ccSTP/g)| (ccSTP/g)| (ccSTP/g) (AQ( A (%)

DA6 2,71E07 | 2,40E07 | 4,30E04 | 1,01E07 | 1,44E08 |0,447| 7,27 | 0,58 |0,87| 35

DA7 8,05E08 | 2,49E07 | 4,32E04 | 9,98E08 | 1,41E08 |0,749| 8,19 | 0,62 |0,31| 58

DAS8 6,98607 | 2,07E06 | 1,32E03 | 2,11E07 | 2,29E08 |0,864| 6,65 | 0,88 |0,34| 56

DA9 8,17E08 | 2,33E07 | 4,20E04 | 9,75E08 | 1,36E08 |0,700| 9,33 | 0,87 |0,64| 42

DA10 | 5,90E08 | 2,38E07 | 3,99E04 | 9,18E08 | 1,27E08 |1,140| 10,90| 0,62 |0,84| 36

Az 8svs8§nyvizek (K125;DAKKR2Bak IK-113 1K i t®esr nae | OA
radi okarbon m-dszerrel sz8m2tott kora megh:
ezek a vizek a j®gkorszakban sziv8rogtak Dbe
(R=0, 97) t&C®&llt krokardii gi&latr bon kor ok ®s a felt
ter¢glettRI val- t8vols8g k°z°ott (5. 8bra)
®r v®nyess®g®t. A v2zkorok al apj8n sz8&8m2tot
ko zel g1l | az rhel,f °ad dv ine8ssg 8l ard@d @ Ir gtl red ¢, Nk 2 RA
HevesKki sk°re p8lya ment ®n, ugyanezzel a m-dsz
et al. 1987, Stute & De8k 1989)

35 000

_ 30 000 ®

= v=15m/év

.g 25000 R? =0.99

EZUDOO

%15000

‘51[]()(1[)

= @® szelvény
5 000 —szelvény

0

0 > 10 15 20 25 30 35 40 45 50

tavolsag a beszivargasi teriilettdl (km)

5 8YCra2zkor vs. t8vols8g a beszivgrgtg:

Anemesg8z hRm®&r R (NGT) al apj8n m®rt beszi

fokozatosan c¢cs®°kken az 8raml 8si p8lya mentG¢
mi ndeng¢gtt a mai n§8l hi degebb besziv8rg8si h F
Kevetkeztet ®s: a kijel©o°olt r ®t egv ? z 8r aml
minden¢gtt j ®gkorszaki besziv8rg8sY r ®tegvi:
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Al bertirsa fel® k°zeledve a pleisztoc®n egy
(GodPsbaRzeg terg¢gl et ®n) , a | eghidegebb i dRs
Mi nera kutakn8l tal 8l hat-
14
Ecj“ 12
5
3 10
£
0
= 6
S
E 2 ® szelvény
—szelvény
0
0 5 10 15 20 25 30 35 40 45 50
tavolsag a beszivargasi terilettdl (km)
6. 8z aNGT cs°kken®se az 8raml §8si p&8lya
Az NGT nem csak az 8raml 88§si p8lya ment ®n

jelezve a j®gkorszakban (10 000 ®vvel ezelF

14 ]

12 ]

10"\

NGT (0C)

0 5000 10 000 15 000 20 000 25 000 30 000 35 000

14C vizkor (513C korrekcioval)

7. 8z aNGT c s ¥k kve2nz®ksoer raa |
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Ki v 8§l s g7k fEH)g ®sal IRt unk a vizsgs§lt r ®te
( NGT) ®s -tdaerutta®imak PGzi° t t ( 8. sfelkesaetttrendvanalad at ok
p8§rhuzamos a csapldd@KWViilzleOk r(ed )k ®&sYzuirittselver 1
°sszef ¢gg®sbRI sz8mol t ®v i 8tl agos hRmM®Tr s
el tol -d8s, ami abb-I ad-di k, hogy az NGT a
1712 K@l mel egebb, mi Rt s aressn® @O2RH.nu@yare® &zl e t (
°sszef¢gg®$LO®a viesy Hs == zFldr7e#si5 028 1,8 kapcBolat
miatt (9. 8bra).

-60 1
] [}
-80 1
% i / .4\
= ] 52H = 4.3*NGT - 117.3 %o
g -90 1 7Y R?=0.97 H
2=} ] @
-100
] / ® szelvény
-110 4 _ ——VYurtsever 1975 ||
] —szelvény
20
0 2 4 6 8 10 12 14
beszivargaskori hémérséklet, NGT (°C)
8 8Wssazef ¢(gg®sHak°KG&GTt®s a U
-60
-65
-70 82H — 7_7*6180 +5.8
75 R2=1.0
g = =
£ =
95 - ‘
o
-100 ) =
-105 o®
-110
-15 -14 -13 -12 -11 -10 -9
310 (%o)ysmow

9. 8Mhrvai zsg8lH @t r&Reft EagW®ny ®ben
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¥sszefogl al 8§8s

A¥C v2zkormeghat8roz8s alapj8n az albertir
|nera 3 (K1B29 4&0Maa ®@&wwveal0l0ezel Rt t, az utol
L Last Gl aci al Ma x i mum) i dej ®n besziv
redetT vi zet ter mel . A j®gkorszak mintegy
dRsebb kor% felsz2n al atti vizek (rami a b
sv8nyv2z is, j®gkorszaki eredet Tek.

A Minera kutak vi z®ne¥O=53, a%a?H®1z00ll,-6pad )° sas z e
mai ng§l K@1 hidegebb kI2m§ban, vagyis j®gkor
(Deak and Copl en 1996) . j ®gkorszakban be
hi degebb kl2ma miatt, a Jelenlergt|®1k®d|,nengiavtél

G)

a csapia®@s®kavzz zabb - | beszi vi8srtgab iflriizsost -fpe | °sszs?zne
®vi k°z®phRm®r s®k!l et t RI 0M™)0,52*Jiglgs a[idAh,Rm®r s @
=41*T1110 [ a]) mi att . Fent i °sszef ¢gg®seket

v8rg8sakoB AL ®vit kaz®ghhRM®I «
n al acmeodneyn ch®rone®nr suRtkd2A®gz&rraa Kngirnpt
t

[
e

®v veelel Rttt vol , a J ®gkorszaki hidegcs¥cs ic
j ®gkorszaki eredet ®t .

A nemesg8z hRm®r R ( NGT=Nobl e Gas Ther momet
kutak viz®enekos$thagesagdz 3hRakbebd ®hkatael0,8 7 AC
A@s 8tlagn8l, igazolva a j®gkorszaki hideg:
k %2t.n8li gyel embe v®ve, hogy -ABRMRGI®k| bestzi mf1
amely mintkeady nhgyohA® a | ®ghRm®r s®kl et n®I ,
mintegykad, sShiA@&gebb kl2m8&ban sziv8rgott be.
A v2zkor adatok megb2zhat - -s8g8t jelzi, hoc
kijelolt 8raml@svz2Iipi8be&r imeanrt,®nl a®v/ 1, 5 m me
az | saszeg k°rny®ki ut 8np-tl -d8si terg¢lettR
Vi z®ben el ®ri az 8tl agosan 27 000 ®ves ko
kerny®k®n t°rt®nik, OoArdrenrtszisw8ria8nyB8btaa a
folyamatosan i dRs°di k.

Kut at8sunk bizony?2totta, hogy a Minera kut

jelentRs m®rt®kT eljegesed®s (LGM=Last Gl a
termelnek.

Tr2cium vizsg8lataink bizony?2t-qgdenldggik, hogy
81 | apiomesgfaenl el a 16/2016. (V.12.) BM rendel

mi nRs?2t ®snek, amelynek 2. 9. pontj §Htan szer.
v2zb8zisra telep2tett v2zkiv®teli mT: az a
v2zk®szl|l et bRI kitermel't vZzben m®rt tr2ciu
TU) o.
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MINERAL WATER STUDIES IN THE CARPATHIANS

ASVANYVIZ -KUTATASOK A KARPATOKBAN

Kis Bogl 8rka Mercedesz

B a b-Rokyai University, Faculty oBiology and Geology, Department of Geology, Cluj
Napoca boglarka.kis@ubbcluj.ro

¥sszefogl al

A Nyugatr ®s KiEgepgt ok- ®8sveEayms8l vi zei , k¢l ©°n®sen
Lengyel orszg8gban ®s Rom8&ni 8ban, kompl ex geol

befoly8solt fontos ter m®szet.i er Rf orr8sokat k®
K8§rp8tok hegys®ghez ®s a k°rnyezR medenc®khez,

tev®kenys®RiRz®s k°Ilvég®°nhat8sok v8ltozatos Kk~®mi a
viszonyokat eredm®nyeznek. Sz lroivg8skz Slba@ami alka r8bsov
v2Zztart:- r®tegekhez ®s a neog®n vul k8ni- kRzet ek

ban gazdag kloridvizek a flyseha p p ®k di ageneti kus f ol yamatai b- |
term8l vi zei mell ett K8rpg8t okhiknaslleRicteRIEZMBAO i a kel e

vi zeket tartal maz, amel yekre a neog®n vul kani
kevered®se hat8ssal wvan. Ezeket a vizeket sz®I
pal ackozott8§rwa?2 zRse IlgRe®ltle?rtnrBskus energi 8r a. Kul tu
el | en®r e az ol yan ki hzv§8sok, mi nt a t Val zot t I
hangsw yozz§gk a fenntarthat - gazd8l kod§gs sz¢k
me g Rr ijz°zv®k gener 8ci -i sz8m8r a.

Kulcsszavak§ sv&8&nyi ®s term8l vi zek, K&§rp8&8tok, hidroge

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 linkedGarpathian orogen and

surrounding basins, where tectonic structures, past volcanic activity, andrackenteractions

produce diverse chemical compositions and thermal regimes. In Slovakia, mineral waters are

largely associated with Triassiccarbanata qui f er s and Neogene -vol cani ¢
rich chloride waters originate through diagenetic processes in flysch nappes and occur alongside

t hermal waters of the Sudetes. Romani ab6-s Easter
rich wates 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 astoaeion,

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 shapestd®y div
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 appéicatio
Beyond their medical and economic value, they also hold cultural significance, often
being integral to |l ocal traditions and spa
Kris et al., 1995; Michalko, 2016; Palcsu et al., 2017; Polyak et(Hl8)2

The occurrence and characteristics of these waters are closely tied to the geological
evolution of the Carpathian orogen and its surrounding basins. Méatkrinteractions,
due to the variety of geological context, the diagenetic transformations camtolibeir
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 asxplaation,
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:

i n the northern prighrnineral ivatershame referoed to laarcyt,, CcoO
while in central regions the equivalent te
sparkling mineral water, comparable to the expression cevice in Ukkaget al., 2020).

The mineral water resources of the Eastern Carpathians have been known since
antiquity. The Romans established some of
Ani eH, Borsec, VOlcele, Odorheiu Secuiesc,
Basin. Over time, these waters were studied from diverse perspéctihesnical,
geological, medicé employing the analytical opportunities of each era. The results were
synthesized in books, monographs, and reports that documented both the therapeutic
valueand the geologicagjeochemical 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
descrigion of the curative properties of Transylvanian springs and spas, based on
empirical data (Crantz, 1777). His catalogue included localities such as Bodoc, Borsec,
BLile Harghit a, Btile Homorod, Corund, Cov
BLi

The first attempt to link chemical composition with therapeutic effects was made

earlier, i n 1766, by Kib®di , who examined
BLile Chirui, BLile Ozunca, Brile Homorod,
In the 18th and early 19th centuries, balneology in Transylvania centered around small

but notable spas, often frequented by nobl ¢
BLi , Bor sec, VOl cel e, BLil e TuHnad, Sovat e

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
consumpti on, some waters were bottled and
Se che, Odorheiu Secuiesc, and Btile Homor od

By the late 1% and early 20 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 B8nyai (1934)  firswelassificatibnoiEaspern Capathi@ananingral e
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 & Prictjan, 1975; Pricktjan, 197 3; Pric

Krist -, 1978) Airinei and PrictjpValcani 1975)
Mani festations Area, defined as regions wit
freegas or dissolved in waters.

Recent monographic works (Ilncze et al ., 2

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 mintia wa
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,
dissoluton 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
Neogenevolcanics, provides both highermeability aquifers and heat sources for
geothermal activity. Regional geological diversity explains the wide variety of chemical
compositions, temperatures, and gas contents observed in Slovak minera{Kvetets
al., 1995).

In southern Poland, the Outer Carpathians consist of thick flysch sequences deposited
in deepsea environments and later deformed into nappes. Mineral waters are associated
with tectones t r at i graphi c units such-richsghlondbe Magu
waters originate through burial diagenesis and the transformation of smectite to illite
clays. These diagenetic processes release salts and modify water composition, producing
di stinctive chemical signatures. Pesl andods
Mountains, the Carpathian Foredeep, and the Polish Carpathian Foredeep, each with
specific hydrogeological settings that influence their chemistry, mineralization, and
temperaturéd Ci ° Kk ows ki et al ., 2010; Pal csu et al
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Romani aods Eastern Carpathians and the ad
exceptionally varied geological framework, including the Neogene to Quaternary
volcanic pyroclastic deposits, evaporitic sequences, and sedimentary strata. Volcanic

activity in theC £ | 1 T@arghiu Harghita volcanic range has played a significant role

in shaping water chemistry, particularly by influencing salinity and introducing magmatic

co . Tectonic activity facilitates aqui f
hydrogeochemicdl aci es. Thi s diversity, combined wi

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 |, Ca)] , HCO ), rarer components
including Zn and Cu. Geothermal waters, wit
90A C, are typically associated wi thbstedir i assi
systems. Their chemistry reflects prolonged watsak interaction and, in some cases,
the additionofdeep eat ed gases. Some springakngexhibit
them naturally effervescent and highly valued for therapeutic drinking cures (Kris et al.,

1995).

I n the Pol i s hricixhlorigeavatérs canreach chbfde 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\iatiees of
Krynica Spa, which represent a blend of diagenetic and meteoric inputs. In the Sudetes,

t her mal waters reach temperatures of up t
mineralized brines with TDS values exceeding 100 g/L are found in deep aqg8ifieh

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,
the most prolific region in terms of mineral water abundance and variety. Their
characteristics are primarily governed by the interaction of volcanic, sedimentary, and
tectmic factors, making the region both a historically significant and scientifically
valuable natural laboratory for the study of mineral waters. The Romanian mineral waters
exhi bit remar kabl e hydr ochemical di ver sit
framework. In the Carpathian region, three major units play a dominant role: the
Carpathian thrusandfold belt, the Transylvanian Basin, and the Neogéneaternary
volcanic arc. Based on these settings, multiple classification schemes have been

developed (e.g, B8nyai, 1934, Pricktjan, 1972, Al
AmLr bLtscu, 1961) . Commonl y di-schi(spagking)s hed c a
NaCkr i ¢ h, s-tch, fgeothermhal ardl mixed waters, the latter arising where

overlapping geological ftuences 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 typest & MgiH C O waitNar s ; Ca
Mg/NaCa NHE@CI N wa$ef3; and NzCl waters. The chemistry of these
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waters reflects halite dissolution, feldspar alteration in volcanic terrains, evaporation
processeslryiged @Oner al di ssolution. El evat e
8.86 bar) accelerate weathering reactions, particularly in volcanic zonkke Staope

data show that most waters are of meteoric origin, though some exhibit pronounced
isotopic shifts due to cléyvater 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. Renownediphs in

PiegSany, Trenl|lianske Teplice, Slial, and
ranging from rheumatism to cardiovascular disease and dermatological disorders. Bottled
mi ner al waters such as Bal dovsk§8,gesal vator ,

and metabolic health (Kris et al., 1995).

In Poland, the mineral waters occur in four main provinces: the Precainbrian
Paleozoic Platforms (Lowlands), the Sudetes Mountains, the Carpathians, and the
Carpathian Foredeep. Spas s-adh- jasofKfrgmi anmi, |
cures, baths, ahinhalations. Geothermal energy production is notable in Podhale,
Pyrzyce, Mszczon:- w, and Uniej - - w. Pol andbds |
companies, producing both natural mineral and spring waters. This represents one of the
largest mineralwaer producti on capacities in Europe

I n Ro ma n i-rch mineral evateZs@re abundant in the Eastern Carpathians and
Transylvanian Basin. Springs at Bor sec, B
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, Sl ovakiabs miner .
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 protesdsres
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 watexck interactions. Their chemical diveysit
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 contaminatiorexdvaction,and
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environmental change. Sustainable management is essential to safeguard these waters for
future generations
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XIX. Nemzetk®°zi Tudom§nyede Koaf E@s @BRYy ai aeiKSRIp §t

PSEUDOMONAS AERUGINOSA BAKTERIUMMAL
BESZENNYEZi D¥TT FDRT KBT FERTFTLEN
(ESETTANULMANY)

DISINFECTION OF A DRILLED WELL CONTAMINATED WITH
PSEUDOMONAS AERUGINOSA (CASE STUDY)

M8t h® 4 sBaugmlgzls EamckiR- AY tila Al bert

'Sapientia EMTE,C<CsR&nserecdaamatae i3Sdoforajn @Quni . s a
KFT, Cs 2ibfice@gedfodapr.ro,

i skK8FbTa ne gay @oelo fno®@ratjer es kut at f %rt Cs?2kszent
y gy k®sz¢Il R lak-h8z v2zell 8t 8s 8§t hiegsat ot t K i
b® ®scsRvel v-iggmR8 &56bmdlge IRVIEO )(.45A mv2 zadzi tr®L B gs 2igly§ ket k|
(vulkanoklasztit), amely21,80 mt R | kezdRdi k. A k¥t maxi-#T®0rmes ki t er me
dinamikus szinttel.

A k¥t viz®nek mi nRs®g®t el Rsz°r -ROBidaimme, pittita mber ®b e n
ni t, ést k 8-, ¢ imamg At®@zrituamt o m, el ektromos vezet Rk®pess®g,

¥s
20
am

— NN

mi krobiol -gi ai szempontokBsthef9schzas2cabzg&m,fekgli
Pseudomonas aeruginosa, Clostridium perfingens).

Az elv®gzett vegyi el emz®sek alapj8§n a k¥tv2z megHf
amm--ni ai trit illetve nitr8tionok ®rt®ke jAval a ha

vezet Rk®pess®ge 540 OS/ cm, °szkem®nys®ge 14,38 AdH, |
A bakteriol -giai vizsg8latok alapj8n hat dmrt ®k f el ¢

223 telepk®pzR egylS®g BIKHKEmIMmI , migl 87ve kimutatha
aeruginosa (11 TKE/ 250 ml) a k%tv2zzben.

2025 m8jus8ban, amikor a pump8t tart- k°t® ac®l sodr
i s sor k e-d i, kit z o cni 8atnruiruSnt hat -anyag¥% fertRtlen2tRszer
teltott ek fel a ekiveemeSlztt ad s Rvke zbeetr @K eptu, mApi8lplu mga ®s a ¢
a k%Wtba val - visszajuttat8sa sor8n f erietRt7lDen2t Rsze
t°megsz8zal ®kos al koholt permetezt¢¢rrslg 8 &t oA fveRrgteRtt I¢e
el , amely sor8n kiderg¢glt, hogy ugyan cs°X&KK&ntek az ¢
TKE/ml, 37 /AC 34 TKE/ml) ®s tov8bbra is kimutathat. .- a P.

fertRtlen2t®st tervez¢gnk a k°zelj°vRben, amel ynek s
k %at ban 24 -r8n kereszt ¢l

A fenti esettanul m8ny r8mutat arra, hogy a mag8nszel
k%t furr8s ut8n odafigyelni a v2zkiveteli rendszer (
ki ®p2t®s sor8§n, amaldy &glyegt kKb végzemhbé&modbdlEh&n | befe
a nagyon j - biofil mk®pzR k®pess®ggel rendel kezR,

bakt ® i um el szaporod8sa a ®be@kevs@svhbe® ek ®Kk § nkastl ossR  ®@¥s
®l KRbonat ot k®pezR bakt ®ri umt - | nagyon neh®z megsza
|l egrosszabb h2rn®vnek °rvendR bakt ®ri um: a cs%vezet
fertRtl en2tRszerek al kal maz&IsBatwwli, hosszas beavat ko:

Kulcsszavakk Yat f Yar 8 s, bakteri 8l is szennyezRd®s, k¥tfertRtlI
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Abstract

In April 2024, Geoforaj SRL drilled a 6@eter 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 fromi4@® m). Theaquifer is a duaporosity solid rock (volcaniclastic)

layer starting at 21.80 m. The maximum extractable yield of the well is 2 L/s, with a dynamic water level
ati47.00 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 countpliform/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 AC, conductniewist yl 45480 AQ@SY,c m,ndt gptHa |7 .har d
Bacteriological tests, howevegvealed total mesophilic bacterial counts above the permissible limit at 22
AC [ 223f ocromionngy units (CFU)/ml] and at 37 AC (82 CFU
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 dichloroisocyanufagésed disinfectant was added to the well water, the removed
pipeline was filled with this solutiorand the pump was soaked fori 28 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 Ac: 181 CFU/ml, 37 AC: 34 CFU/ml), and P.
Therefore, a second disinfection is planned in trer figture, 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 esseraftdr the costly process of well
drilling 7 to ensure thorough disinfection of the water extraction system (pump, pipelines, etc.) during
installation, which in most cases ieglected. Without such measures, well water may become
contaminated with microorganisms, among which the opportunistic pathogen Pseudomonas aéruginosa
known for its strong biofilrforming ability i is particularly undesirable. This bacterium, which formns
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 stigpbactericidal disinfectants and prolonged interventions.

Keywords:well drilling, bacterial contamination, well disinfection
BevezetR

K%t f Yar 8s Sz®kelyfol d°n
A kl2mavsg§ltoz8s hat8sainak k°vetkezm®nyei

i's er Rsen ®rezhet Rek, amelyek a hRm®r s®kl et
hat 8sosan apaszt) 8k. Mi v el vi d®ke®20mz 8sot
me®l yek), az ®vek -ta tart - csapd®khi 8§ny

k®pess®ge 1ige megb2zhatatlan | ett, hel yen
vzzell 8t 8s k¢©° zponti szinten nincs vagy ritk
tehet kutat furat a jobb v2zell 8t8s rem®ny
fé¢éggv®ny ®ben (1 aza ¢ lpeod®kzeuks, ksRzzielt &rkd e k R zRest
kRzetben, valamint kettRs porozit8s¥% kRzete
@ dek ®b en -$0nteasl Skbuatna t3 Ok e | | f Yar ni (laza ¢l edd
100mi g is | e kell menni (szil 8rd kRzetekben)
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Pseudomonas aeruginosa bakt®ri ummal beszennyezRd%ott

Az el k®sz ¢l t kut ak izZembe hel yez®sekor
szembes¢l nek, ®spedig a mi krobi 81 i s szenn
b®l ®scs°vek ®s a pumparendszer (pumpa, v2z:
megfel el Repegy8fgya®PBpenem el v®gzett fertRtl e
|l v-vizek mikrobi 8lis szennyezRd®se

Az iv-vizek mikrobi 8lis szennyez®s®nek vi
indi k8t or fajokat vizsgs8ljuk, amel yek j el
beszennyezZi®@sRkeRnt | Ifyeekn81| i s Tismieknm-yle&gZkRist a i adl K
bakt ®r i alme ki ¢ hEsa col i, -okf Pdeldnmorsas &emiginesa,0 ¢ 0 ¢ C L
Clostridium perfringens bakt®riumok (M8t h®

A fek8Ilis coliform csoportba tmagatz22v ESs
bakt ®r i um, meillelgevt®rel e8g ®saztsokkges embarek ter
tagj a. N®h&8ny t°rzse patog®n: hasmen®st, g

meningitist stb. okozhatnak (Ru$sohnson 2000, Kaper et al. 2004).
Az Enterococcus nemzet s®g t°bb t 2z fajt
gazdaszervezetek (emberek ®s m8s em@®kRs?°k,

b®l rendszer ®b en, a k°rnyezetben, ®l el mi sz
b® mi krobi -trt 1%8etvealebdt jngik, §l I and- j el enl
k®rnyezetben val - - tart-s t % ® ®s¢k miatt az

tekinthetj¢k (LebriGacsoabral . 2020014; THBlozdm
eset ®n pat ogf®nrnt@R zvEssl ehkaet t n-adlsk, olz ® lar ean dysyzoemolre n
az epeutakban ®sikKineBM¥y).yut akban i s (Kao

A Clostridium perfringensegyGramo zi t 2 v bakt ®r i um, sp-rak®r
el Rfordul a term®szetben a talajban, boml
8l 1l atok b®l rendszer ®ben. Sp-rak®pz®s sor 8n,
SY|l yos-®sy obn®lrr endszeri pr dluhe@@fd®.at v8Ilthat

A Pseudomonas aeruginosa f aj is gyakran Kk
Pseudomonas aeruginosa egy opportunista, Gramg at 2 v bakt ®r i um, ar
k°rben elterjedt term®szetes ®s mester s®ges:s
vi z®torilsd (HWal th Organizati on, 2024; Gholip
a term®szetes k°rnyezetben, tal aj ban, Vi z
t8panyagig®ny mel l ett is k®pes fennmaradni,
elvisel (Pirng et al., 2005; Lister et al., 2009; Moradali et al., 2017).

A Pseudomonas aeruginosa nagy klinikai | el
egyi k |l eggyakoribb ®s | egs%l yosabb k-rokoz:
kr-ni kusan fertRz°tt, i1l etve i ntenz?z2yv 0S
antibioi k u mma | szemben rezisztens, nagyon | - b
al., 2018).

l v2vizek, 2gy f%rt kutak eset®ben k¢l ©°no s
k®pes hossz¥% t8von fennmar adki®Ppa®y? r ®g ®dsS z
biofil mek extracellul 8ris polimerekkel (EPS
amel yek a k¥tcs®°vek, szivatty¥wal katr ®szek
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megtel epedhetnek, ®s nagyon reziisp®&Iledn&uelk 1| e
kl - roz8ssltaé s wvaqyinszeddbés @&llemming et al., 2016; H8loodley et

al ., 2004; Ramesh et al ., 2025). aEIlItRAlo®@Idiul I
a hagyom8nyos kl  -ros kezel ®st , k¢l ©°n°sen al
al., 2024).

A biofilm kialakul 8sa t°bbl ®pcsRs folyama
tapadnak, majd EP&8t ri xot termelve mi krokol -ni 8kat

| ®t re, amel ybRI egyes sejtek ki-Staodley®2dul va Y
al., 2004).

A v®dekez®s a P. aeruginosa ®s a biofiln
i g®nyel het, 2gy pl.
A i i tiszt2t8d §®9| PeBds aerke/d Wiso fai

A mechani kai
fel¢leteirRI,

Avzzmikrobiol - -giai moni toring,

Akombinglt fertRtlen2t ®si el j 8r8sok, mi n
v8l togat 8sa, vagly zakknmSos Yk e zteelc@sn,o |f-ogti oS8kka t &
bioflm-di szperz8nsok, enal epk madlgk ®dlowkz28s o f
( Si m» es OeRamesh et al., 2@26),1

A P. aeruginosa folyamatos kontrollja ele

biztons8g8nak megRr z®s e, hanem a k°zeg®s z

®r dek®ben i s.
A jelen vizsgsgl

S
a k¥%tv2zznek a
aeruginosaval

8l at c®l ja az volt, hogy jell
mi nRs®g®t k®mi ai ®s mi krobi ol
v al befertRzRd®s ki mutat 8sa
Anyag ®s m-dszer ek

Kvt f Yar 8s Cs?2 kszent!l ®I eken

T®mM8nk t8rgyeas, hazdrled6bl gi ai f Yar 8s (1. 8t
f Yar - g®ppel (HZ150YY Water We | | Drilling R
m- dszerrel volt ki hajtva. Az Il szap®°bl 2t ®s
°bl 2t Rfol Yad®m®ray t a fufralthajatlwa8ral f ell sDdm
f Yr - sz8r ®s a fY%r-lyuk k°zotti gyTrTs t®r
ki al ak2t §s 8hso z§ t2m@&r, R Tmm k®t f ® e g°r gRs f Yr -
kRzet abhed ogas f %r2 1f,e§ 0, na nke’lzy®ettt i0O,a0g0y agos t
®s egy a szil 8grd kRzet ekben h a-6000 &0l at os \
intervall umban tal 8l hat- vul kanokl asztithban
A k¥%tv2z vegyli el emz®s e

2024 szeptember ®ben megm®rt¢k a-k®misai vat:'t
par am®t ¢dlmeiht HQ40D t2pus¥ multipar am®ter se
k%%t v2z hRmM®r8st®k led te@&tt,r o;mbs vezet Rk®pess®g®et .
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Pseudomonas

aeruginosa

bakt ®r i ummall

beszennyezRd%ott

t8bl 8§8zat) , tesztcs®°vekben v®geztg¢gk el a gy
ut as2ts8sai szerint
1. @bRH&6les hidrogeol -giai kYtfY%r§s Cs2ks

1. t 8Wlv8izzastg8Ilt v2zk®mi ai param®terek ®s a hasz

. El emz ®s i m- ds Z

Vizsgs8lt p (m®r ®si tartor Haszn8lt m

. Hach ID: 2458200;

NH4™ (mg/L) (0,053,22 mg/L)

NOy (mg/L) Hach LCK341 (0,082 mg/L)

NOs (mg/L) Hach LCK339 (160 mg/L)

¥sszes Aa‘y HACH DR6000

(mg/L) Hach FerroVer (0,03,00 mg/L) UV-VI S spektr

Ca (mg/L) Hach LCK327 (5100 mg/L)

Mg (mg/L) Hach LCK327 (350 mg/L)

¥sszkem®ny s|HachlLange LCK327 2 0 AdH)
A k%tv2z vegyi el emz®se

2025 m8jus8ban, amikor a pump8t (2. 8br a)
zajlott, egybe | sR fert Rt |l en2t ®sRaemviac s®o mpkaenry¢)l tk | -R
fertRtlen2tRszert haszn§8l va. A gysrt ut
dRt artamligkiile §tr aomr 8t hat -anyag¥% fertRtl e

i
fi
f el a ki

gyel embe
emel t

v®ve a

k at ban
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M8t h® | stv8n, Bal 8zs Eni kR, Laczk- Attila A

a csRvezet®knek a k%Wtba val - - v

i sszajuttat §s
k%t ba beker ¢l R cs®°vet 11l etve 70 t°

megsz8za

2. bwadzkiv®tel hez haszn8lt pumpa (2 I

3. Abwvazki v®t el hez haszns8l t csRvezet ®k, f

A k%Wtv2z vegyi el emz®se

20214. szeptember.@bwreguus il U & 8§ badm kOB I®YIz-egd it a
vizsg8latok sor8n |l emez°nt®ses illetve memb
t8bl 8§8zat ), a v2zmintg8kat 0,45 em p-russ8t m®r
v8kuumszivatty¥ seg?ts®g®vel

128



