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Izvlecek

Vodonosnik ob Mislinji zaradi majhne izdatnosti in dejstva, da se ne uporablja za
vodooskrbo, ni vklju¢en v redni drzavni monitoring kakovosti podzemnih voda. V
¢lanku na primeru devetih vzorénih mest (zasebnih vodnjakov in vrtin) analiziramo
vrednosti osnovnih fizikalno-kemijskih parametrov vode, na podlagi katerih prelimi-
narno ocenjujemo njeno kakovost. Ugotavljamo, da se v podtalnici odrazajo antropo-
geni vplivi, ki so izrazitejsi v blizini obmocij strnjene kmetijske obdelave ter ob vecjih
naseljih. Pri vecini vzorcev so prisotne povisane vrednosti nitratov in kloridov, pri
nekaterih pa se v visjih koncentracijah pojavljajo tudi druga merjena onesnazila. Gle-
de na aktualni Pravilnik o pitni vodi je kar pet od devetih vzorcev neustreznih, oziro-
ma zgolj pogojno ustreznih, kar pomeni, da je podtalnica v vodonosniku ob Mislinji
morda Ze prevec onesnazena, da bi nanjo lahko ra¢unali kot na mozni rezervni vodni
vir za vodooskrbo.

Kljucne besede: podtalnica, medzrnski vodonosnik, Mislinjska dolina, Mislinja, ka-
kovost podtalnice, fizikalno-kemijske analize vode

¢ *Univerza v Ljubljani, Fakulteta za gradbeni$tvo in geodezijo, Katedra za prostorsko
. planiranje, Oddelek za geodezijo, Jamova 2, SI-1000 Ljubljana, Slovenija
© **Univerza v Ljubljani, Filozofska fakulteta, Oddelek za geografijo, Askerceva 2, SI-
1000 Ljubljana, Slovenija
e-posta: jana.breznik@fgg.uni-lj.si, tajan.trobec@ft.uni-lj.si
ORCID: 0000-0003-3482-4588 (]. Breznik), 0000-0002-8784-4366 (T. Trobec)



Jana Breznik, Tajan Trobec | Dela 57 | 2022 | 5-29

1 UvOD

Podzemna voda predstavlja pomemben vir sladke vode, ki se lahko uporablja za pit-
je, namakanje, v industrijski proizvodnji itd. Povrsinska in podzemna voda sta med
seboj povezani. Slednja predstavlja primarni vir za napajanje izvirov in vodotokov ter
ohranjanje pretoka v strugah v ¢asu brez padavin, zaradi cesar je tudi z ekoloskega
vidika izjemno pomemben ¢len vodnega kroga. Po drugi strani pa se podzemna voda,
poleg z neposrednimi padavinami nad vodonosnikom, v ¢asu visokih voda napaja
tudi s povrsinskimi vodami (Brunke, Gonser, 1997).

Slovenija je s podzemno vodo bogata drzava. Njene dinamic¢ne zaloge po starejsih
ocenah zna$ajo 50,4 m3/s ali okoli 10 % skupnega internega odtoka (Uhan, Kranjc,
2003). Po novejsih ocenah je, zaradi spremenjene metodologije izracunavanja obno-
vljivih zalog, podzemne vode v Sloveniji §e bistveno ve¢. V tridesetletnem obdobju
1991-2020 so obnovljive zaloge podzemne vode znasale 187,55 m?/s oziroma 37 %
celotnega internega odtoka (Andjelov in sod., 2021).

Podzemna voda se pojavlja v razli¢nih oblikah. V prodno-pescenih nanosih ob na-
$ih ve¢jih rekah (Sava, Drava, Mura, Soca, Savinja ...) se v vodonosnikih z medzrnsko
poroznostjo pojavlja kot podtalnica (Uhan, Kranjc, 2003). Obmo¢ja podtalnice so
zaradi naravnih danosti, kot so nizinska lega, uravnan relief, razpolozljivi vodni viri
in kakovostne prsti, gosto poseljena, zaradi Cesar so tam prisotni tudi Stevilni pritiski
na okolje (Ambrozi¢ in sod., 2008).

Onesnazila ve¢inoma vstopajo v vodonosnik s povrsja tockovno, linijsko ali razpr-
$eno (Jamnik in sod., 2014). Onesnazena podzemna voda ob uporabi za vodooskrbo
predstavlja resno groznjo za zdravje, hkrati pa negativno vpliva tudi na ekosistem in
vodne vire, ki se napajajo iz vodonosnika (Fetter, 1999). Zaradi intenzivnega kmetijstva
(Lampi¢, Rutar, 2019), prisotnosti podtalnice plitvo pod povrsjem in velike okoljske
obcutljivosti (Spes in sod., 2002) so v Sloveniji z onesnaZili (predvsem z nitrati) najbol;j
onesnazeni nekateri vodonosniki z medzrnsko poroznostjo v severovzhodnem delu
Slovenije (Spodnja Savinjska dolina, Dravsko in Ptujsko polje ter vodonosniki ob Muri)
(Gacin, Mihorko, 2012; Kemijsko stanje ..., 2021).

Iz mreze opazovalnic za monitoring kakovosti podzemne vode (DRSV, 2021) je
razvidno, da se v Sloveniji analize podtalnice izvajajo predvsem na obmocjih obsez-
nejsih nizinskih vodonosnikov z medzrnsko poroznostjo (Ljubljansko polje, Kranj-
sko-Sorsko polje, Spodnja Savinjska dolina, Krsko-Brezisko polje ...). Tam se podtal-
nica tudi v ve¢ji meri uporablja za vodooskrbne in druge namene, hkrati pa je zaradi
$tevilnih pritiskov tudi bolj izpostavljena onesnazevanju. Tak na¢in monitoringa pa
zapostavlja manj$e vodonosnike, kot je na primer vodonosnik ob reki Mislinji, ki je
tudi osrednje obmocje nasega preucevanja.

Zaradi majhnega vodozbirnega zaledja osrednjega vodotoka — Mislinje ter razmero-
ma tankega nanosa proda in pe$cene gline (Mio¢, 1978) Mislinjska dolina nima vecjih
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zalog podtalnice. Podtalnica se na tem obmodju tudi ne uporablja za vodooskrbo nizin-
skih naselij, saj se ta praviloma oskrbujejo z vodo iz zajetij v okoliskem vzpetem svetu
(GURS, 2021), temvec¢ zgolj za zalivanje, namakanje in pranje. Posledi¢no se v Mislinj-
ski dolini ne izvajajo analize na podtalnici, zaradi ¢esar tudi ne vemo, kaksno je nje-
no dejansko koli¢insko in kakovostno stanje. Pa vendar lahko glede na relativno gosto
poselitev, prisotnost intenzivnega kmetijstva s poudarkom na hmeljarstvu ter $tevilnih
industrijskih obratov sklepamo, da so pritiski na podtalnico v vodonosniku ob Mislinji
razmeroma veliki in bi lahko vplivali na slab$o kakovost vode.

Glede na razdelitev Slovenije na telesa podzemne vode (Pravilnik o dolo¢itvi ...,
2018) se Mislinjska dolina uvrs¢a v vodno telo podzemne vode Vzhodne Alpe, ki je
glede na obstojece analize v dobrem kemijskem stanju (Kemijsko stanje ..., 2021).
Pri tem je treba poudariti, da je to vodno telo izjemno velika in heterogena enota, saj
poleg Mislinjske doline vkljucuje $e celotno Pohorje, Kozjak in Strojno ter del Vitanj-
skih Karavank in je zato povsem neustrezno za ocenjevanje kakovosti podtalnice v
vodonosniku ob Mislinji. Poleg tega je kemijsko stanje tega vodnega telesa (z izjemo
merilnega mesta Zgornja Vizinga na Radeljskem polju ob Dravi) ocenjeno na podlagi
analize vode zajetij v okoliskem vzpetem svetu (Mislinja MZ-4/95 v Vitanjskih Ka-
ravankah, Mrzli studenec na Pohorju, Ojstrica pri Dravogradu na Kozjaku). Zaradi
zgostitve antropogenih pritiskov predvsem v nizjem svetu ni merodajno za dolinsko
dno, kjer se nahaja vodonosnik ob Mislinji. Po nasem védenju, kot tudi po zagotovilih
predstavnikov Oddelka za meritve podzemnih voda, Sektorja za hidrometrijo, Urada
za okoljska merjenja na ARSO (Frantar, 2021) morebitni drugi, podrobnejsi elaborati
ali meritve kakovosti podtalnice v Mislinjski dolini niso bili izdelani.

Glede na to, da so po nasi oceni pritiski na podtalnico v Mislinjski dolini razmeroma
veliki, hkrati pa uradni podatki o njeni kakovosti ne obstajajo, je glavni namen raziskave
ugotoviti, kako se vplivi iz okolja odrazajo na kakovosti podtalnice. V ta namen smo
na izbranem obmocju v obstojecih vodnjakih in zasebnih vrtinah na devetih lokacijah
vzorcili podtalnico in izvedli analize za izbrane osnovne fizikalno-kemijske parametre
vode. Poleg podtalnice smo na treh lokacijah analizirali tudi vodo reke Mislinje, kar nam
je omogocilo medsebojno primerjavo povrsinskih voda in podtalnice na tem obmocju.

2 GEOGRAFSKI ORIS MISLINJSKE DOLINE

Preucevano obmocje predstavlja ravninsko dno Mislinjske doline, pod katerim se je v
kvartarnih sedimentih ob Mislinji (Mio¢, 1978) izoblikoval manjsi vodonosnik (slika 1).

Mislinjska dolina lezi med Pohorjem in vzhodnimi odrastki Karavank ter se uvrica
med predalpske pokrajine. Nastala je ob labotski prelomni coni, ki poteka v dinarski
smeri (Mio¢, 1978). V upravnem smislu spada pod Korosko statisti¢no regijo in je
razdeljena med ob¢ine Mislinja, Slovenj Gradec in Dravograd. Dolga je 22 km ter v
najsirSem delu, ob sotoc¢ju Mislinje s Suhodolnico, do 5 km $iroka. Vodonosnik ob
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Mislinji lezi ob srednjem in spodnjem toku reke, med naseljema Mislinja in Otiski
Vrh, kjer se Mislinja izliva v Mezo. Njegova povrsina znasa okoli 24 km? (Hidrogeo-
logka karta, 2009). Je del telesa podzemne vode Vzhodne Alpe, podrobneje del kvartar-
nega, medzrnskega vodonosnika ob Dravi, Mislinji in MeZi, ki se glede na hidrogeo-
losko klasifikacijo uvr§c¢a v kategorijo lokalnih, nezveznih, izdatnih oziroma obsirnih,
vendar nizko do srednje izdatnih vodonosnikov (Gacin, Mihorko, Krajnc, 2009).
Obmo¢je nad vodonosnikom ob Mislinji v povpredju prejme okoli 1200-1300 mm

Slika 1: Preuéevano obmoéje vodonosnika ob Mislinji.
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padavin letno (ARSO, 2021a). Na njem prevladujejo distri¢ne in evtri¢ne rjave prsti
(KIS, 2021). Osrednji vodotok Mislinjske doline je hudourniska reka Mislinja (Gams,
1976), ki izvira na Pohorju in ima alpski dezno-snezni preto¢ni rezim (Frantar, Hr-
vatin, 2005). Njen povpre¢ni pretok v obdobju 1981-2010 pri Dovzah znaga 1,9 m¥/s,
pri Otiskem Vrhu pa 4,6 m?/s (ARSO, 2021b). Po meritvah drzavnega monitoringa
kakovosti vode je v dobrem kemijskem stanju (ARSO, 2017; ARSO, 2020).

Dno Mislinjske doline je zaradi ugodnih naravnih danosti (uravnan relief, zmerno
podnebje, dostop do vodnih virov, kakovostne prsti) naseljeno Ze od neolitika (Djura
Jelenko, 2010). Prevladujejo manjsa do srednje velika podezelska naselja. Najsirsi del
doline — Slovenjgraska kotlina (ob soto¢ju Suhadolnice in Mislinje) - pa je po podat-
kih Statisti¢nega urada Republike Slovenije (2016) z ve¢ kot 250 prebivalcev/km? eno
gosteje poseljenih obmocij v Sloveniji (mesto Slovenj Gradec je imelo v letu 2016 go-
stoto poselitve 1317 prebivalcev/km?). Naravno- in druzbenogeografske znacilnosti
se kazejo tudi v rabi tal. Nad vodonosnikom ob Mislinji je najve¢ travniskih povrsin
(35 % obmocja vodonosnika), za katere je tako kot za njivske povrsine (15 %) in hme-
ljisca (1,7 %) znacilna intenzivna kmetijska raba. Hmeljis¢ je sicer relativno malo, a
so zgo$cena v okolici Smartna pri Slovenj Gradcu. Precej velik je tudi delez pozidanih
povrsin, ki predstavljajo skoraj petino obmocja (19 %). Z gozdom (21 % povrsine) so
ve¢inoma porasla le robna obmocja vodonosnika (slika 2).

Slika 2: Raba tal na obmogéju vodonosnika.
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3 METODE

Na podlagi podatkov o vodnih dovoljenjih (ARSO, 2016) ter s preucitvijo prostorskega
obsega vodonosnika glede na litoloske znacilnosti obmocja (Gacin, Mihorko, Krajnc,
2009; Mio¢, 1978), smo izbrali ¢im bolj reprezentativne in prostorsko ustrezno raz-
porejene lokacije za odvzem vzorcev podtalnice iz zasebnih vrtin in vodnjakov. Vzor-
¢enje podtalnice na zasebnih vrtinah in vodnjakih se ob upostevanju metodoloskih
priporo¢il in zavedanju objektivnih omejitev uvr§¢a med uveljavljene pristope preli-
minarnega ocenjevanja kakovosti podtalnice na obmodjih, kjer se uradni monitoring
kakovosti ne izvaja (Metodologija za opredelitev ..., 2021). Lokacije smo dolo¢ili od
tocke, kjer Mislinja pritece iz Mislinjskega jarka v dolino, tj. pri naselju Mislinja, do
njenega izliva v Mezo v Otiskem Vrhu (slika 1). Na podlagi podatkov iz evidence vod-
nih dovoljenj smo glede na priporocila za vzorcenje iz vodnjakov in vrtin (Metodolo-
gija za opredelitev ..., 2021) poskusali izbrati take lokacije, kjer se voda ¢im bolj redno
uporablja, npr. kjer imajo vodne ¢rpalke ali pa vodo pogosto uporabljajo za zalivanje,
pranje in ostalo rabo.

Enkratno vzoréenje je potekalo 22. in 23. oktobra 2016. Vzorce smo odvzeli na
dvanajstih lokacijah (slika 3). Na devetih lokacijah smo vzor¢ili podtalnico, na pre-
ostalih treh pa reko Mislinjo. Pred odvzemom vzorca podtalnice smo na zasebnih
vrtinah, opremljenih s ¢rpalkami, pustili vodo teci priblizno pet minut in $ele nato
izvedli vzoréenje. Na ta nacin smo odstranili morebitni vpliv zastajanja vode v siste-
mu na njene merjene fizikalno-kemijske lastnosti. Za potrebe nadaljnjih terenskih in
laboratorijskih analiz smo odvzeli vzorce po dva litra ter poseben vzorec za doloc¢anje
biokemijske potrebe po kisiku (BPK 5). Na lokaciji smo z elektri¢nim merilcem izme-
rili temperaturo vode, pH, prevodnost in vsebnost kisika. Na popisni list smo zapisali
tudi druge znacilnosti in okolis¢ine, ki so se nanasale bodisi na odvzeti vzorec bodi-
si na lokacijo in vplive v neposredni blizini (organolepti¢ne lastnosti vode, pokrov-
nost in raba tal, razdalja od povr$ja do podtalnice ter globina, na kateri je bil vzorec
odvzet). Pri pridobivanju nekaterih informacij tehni¢ne narave so nam pomagali tudi
lastniki vrtin oziroma vodnjakov. Lokacije odvzemov so predstavljene v preglednicah
1 (odvzemi na vodotoku Mislinja) in 2 (odvzemi podtalnice). Primera vodnjakov sta
prikazana na sliki 4.

10
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Slika 3: Izbrane lokacije za vzoréenje podtalnice na vodonosniku ob Mislinji in na Mislinji.
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Preglednica 1: Predstavitev lokacij odvzemov na vodotoku Mislinja.

Lokacija | Opis lokacije odvzema Pretezna dejanska raba v okolici
500 m od odvzema
M1 o zaletek srednjega toka o trajni travniki - 58 %
(ob zacetku doline) e gozd - 13 %
« manjse zgostitve prebivalstva o njivaalivrt 11 %

« pozidano in sorodno zemljisce 11 %
o ostale rabe - 7 %

M2 « ob industrijski coni Pamece o trajni travniki - 37 %

o gozd - 26 %

« pozidano in sorodno zemljis¢e - 20 %
o ostale rabe - 17 %

M3 o pred soto¢jem z reko Mezo - v « pozidano in sorodno zemljis¢e — 40 %
neposredni blizini industrijske o trajni travniki - 15 %
cone Otiski Vrh ter ve¢je o njiva alivrt - 13 %
zgostitve prebivalstva o gozd - 13 %

« pomemben tudi vpliv kmetijstva | o ostale rabe - 19 %

n
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Preglednica 2: Predstavitev lokacij odvzemov podtalnice.

podtalnice
« hmelji$¢a v neposredni
okolici

o hmeljisce -
7 %

« ostale rabe -
11 %

Loka- | Vrsta Globina Opis lokacije odvzema Preteina de- | Prikljuc¢enost
cija janska rabav | lokacije odvzema
okolici 500 m | na javno kanali-
vodnja- | od povrija od odvzema zacijsko omrezje
kaoz. | donivoja (stanje ob odvze-
vrtine podtalnice mu vzorca)
P1 vodnjak | 2,5m * « zaselek Straze (naselje o trajni ne
Mislinja) travniki - (ima mozZnost
« vodnjak starejsi in red- 47 % prikljucitve,
keje uporabljan o gozd - aglomeracija)
« neposredno ob glavni 27 %
cesti (Slovenj Gradec - | « pozidano
Velenje) in sorodno
zemljisce —
11 %
« ostale rabe -
15 %
P2 vodnjak | 3,5m na dan « vodnjak za potrebe to- | e trajni ne
odvzema plotne ¢rpalke travniki - (ni del
1,83 m o redno vzdrZzevan in 51,5 %, aglomeracije)
uporabljan e gozd - 25 %
« lokacija neposredno o pozidano
ob vodotoku Mislinja in sorodno
- mozen vedji vpliv zemljisce —
povrsinskega toka na 8%
podtalnico (lastnik « ostale rabe -
opaza mo¢no nihanje 15,5 %
temperature podtalnice
glede na letni cas)
o pretezno kmetijsko ob-
mocje
P3 vrtina * * « mlaj$a vrtina (2 leti), a o trajni da
razmeroma redko upo- travniki -
rabljana - predvsem v 47 %
namene namakanja in |  njiva ali vrt
napajanja zivine - ak- -25%
tivna kmetija z usmerit- | o pozidano
vijo v Zivinorejo - moz- | in sorodno
nost vpliva dejavnosti zemljiSce —
lastnika na kakovost 10 %




Poskus ocene kakovosti podtalnice v vodonosniku ob Mislinji

Loka- | Vrsta Globina Opis lokacije odvzema Pretezna de- | Priklju¢enost
cija janska rabav | lokacije odvzema
okolici 500 m | na javno kanali-
vodnja- | od povrija od odvzema zacijsko omrezje
ka oz. do nivoja (stanje ob odvze-
vrtine | podtalnice mu vzorca)
P4 vodnjak | * * « v okolici naselja Slovenj | o trajni ne
Gradec travniki - (prikljucen 2019)
« lastnik se ukvarja z 43 %
avtoprevoznistvom — « njiva ali vrt
voda se uporablja za -33%
pranje voznega par- « pozidano
ka — moznost vpliva in sorodno
dejavnosti lastnika na zemljisce —
kakovost podtalnice 12 %
« v neposredni blizini ene | « hmeljisce -
najve¢jih hmeljarskih 5%
druzin « ostale rabe —
« v okolici nekaj kmetij 7 %
« vodnjak star okoli 20 let
P5 vodnjak | 5m obic¢ajno « v okolici naselja Slovenj | e trajni ne
okoli 4 m Gradec travniki - (prikljucen 2020)
« vodnjak star okoli 50 let | 40 %
« neposredna bliZina o njiva ali vrt
prometnice (Sloven;j -36%
Gradec - Velenje) « pozidano
in sorodno
zemlji$ce —
19 %
« ostale rabe —
5%
P6 vrtina 6,8 m * « naselje Pamece o trajni ne
« lastnik se ukvarja z travniki - (ni del
avtoprevozni$tvom — 44 % aglomeracije)
voda se uporablja za « njiva ali vrt
¢is¢enje voznega parka -20%
in za toplotno ¢rpal- e gozd - 10 %
ko — moznost vpliva « pozidano
dejavnosti lastnika na in sorodno
kakovost podtalnice zemljisce —

lokacija pod pobo¢jem 10 %

- tokovi s pobocij lahko | e ostale rabe —
vplivajo na kvaliteto 16 %
podtalnice

« pretezno kmetijsko
obmocje

13



Jana Breznik, Tajan Trobec | Dela 57 | 2022 | 5-29

industrijske cone Otiski
Vrh - v zalednem
obmodju vodnjaka

« neposredna bliZina
glavne ceste Dravog-
rad-Slovenj Gradec

« neposredna bliZina
kemicne Cistilnice in
avtoprevoznistva

» mo¢no pozidano

obmo¢je

o gozd - 18 %

« drevesa in
grmicevje —
10,5 %

« njiva ali vrt
-5%

« ostale rabe —
8,5%

Loka- | Vrsta Globina Opis lokacije odvzema Preteina de- | Prikljuc¢enost
cija janska rabav | lokacije odvzema
okolici 500 m | na javno kanali-
vodnja- | od povrija od odvzema zacijsko omrezje
kaoz. | donivoja (stanje ob odvze-
vrtine podtalnice mu vzorca)
P7 vodnjak | 3,5m na dan « naselje Otiski Vrh o trajni ne
odvzema (juzni del) travniki - (ni del
2,12m « lastnik se ukvarja s 41,5 % aglomeracije)
kmetijstvom e gozd - 21 %
(zivinoreja) o njiva ali vrt
o pretezno kmetijsko -12%
obmocje « pozidano
« okoli 20 let star in sorodno
vodnjak, redno zemljisce —
uporabljan 11 %
« ostale rabe —
14,5 %
P8 vrtina 6m « naselje Otiski Vrh « pozidano ne
« v neposredni blizini vo- | insorodno | (del aglomeracije,
dotoka Mislinja (30 m) zemljis¢e - | kanalizacija $e ni
« okoli 20 let stara vrtina 40 % izgrajena)
- redno uporabljana o gozd - 24 %
« lokacija pod pobodjem | e trajni travni-
- tokovi s pobo¢ij lahko | ki-24 %
vplivajo na kvaliteto « ostale rabe -
podtalnice 12 %
P9 vodnjak | 4,5m na dan « naselje Otigki Vrh o pozidano ne
odvzema (sever) in sorodno (del aglomeracije,
3,16 m « voda se uporablja zemlji§¢e - | kanalizacija Se ni
redno za potrebe toplo- 39 % izgrajena)
tne ¢rpalke o trajni travni-
« neposredna bliZina ki-19 %

Opomba: *podatek ni na voljo (globine od povrsja do nivoja podtalnice ni bilo mozno
izmeriti/lastnik nima informaciji o globini vrtine/vodnjaka).
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Slika 4: Primer vrtine (a — vzoréna lokacija — vrtina P6) in vodnjaka (b - vzoréna lokacija -
vodnjak P?) na izbranih lokacijah.

V laboratoriju smo izvedli analize vsebnosti nitratov, nitritov, amonija, kloridov,
sulfatov in fosfatov. Dolo¢ili smo tudi biokemijsko potrebo po kisiku in trdoto vode.
Za analize nitratov, nitritov, amonija, kloridov, sulfatov in fosfatov so bili uporablje-
ni terenski testerji Visocolor eco. Ti so cenovno dostopni in omogocajo enostavno
uporabo z vizualnim od¢itavanjem vrednosti koncentracije posameznih parametrov.
Dolocevanje trdote smo izvedli s standardno metodo titracije z EDTA (Boyd, 2015).
Doloc¢ali smo karbonatno, skupno, kalcijevo in magnezijevo trdoto. V laboratori-
ju smo po standardni metodi dolo¢ili tudi vrednost biokemijske potrebe po kisiku
(Boyd, 2015).

Pridobljene podatke smo zbrali v eviden¢ni preglednici ter izrisali grafikone in
karte, ki so nam omogocili prostorsko preucitev kakovosti vode odvzetih vzorcev.
Ker vodonosnik ob Mislinji predstavlja tudi potencialni vir pitne vode, smo doblje-
ne rezultate merjenih fizikalno-kemijskih parametrov primerjali z izbranimi mejni-
mi vrednostmi, podanimi v Pravilniku o pitni vodi (Uradni list RS, $t. 19/04, 35/04,
26/06, 92/06, 25/09, 74/15 in 51/17). Vrednosti so prikazane v preglednici 3.

Preglednica 3: Izbrani parametri in mejne vrednosti po Pravilniku o pitni vodi (Uradhi list RS,
. 19/04, 35/04, 26,/06, 92/06, 25/09, 74/15 in 51/17).

Parameter Mejna vrednost parametra/specifikacija | Enota

Amonij 0,50 mg/l

Nitrat 50 mg/l

Nitrit 0,50 mg/1

Klorid 250 mg/l

Sulfat 250 mg/l
Elektri¢na prevodnost 2500 uS/cm pri 20°C
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Parameter Mejna vrednost parametra/specifikacija | Enota
Koncentracija vodikovih ionov | med 6,5 in 9,5 enote pH
(pH vrednost)

Barva sprejemljiva za potrosnike in brez

neobicajnih sprememb

Motnost sprejemljiva za potrodnike in brez
neobicajnih sprememb

Vonj sprejemljiv za potro$nike in brez
neobicajnih sprememb

4 REZULTATI MERITEV IN ANALIZ

V nadaljevanju so podrobneje predstavljene vrednosti merjenih fizikalno-kemijskih
parametrov, lo¢eno za vzorce podtalnice in vzorce Mislinje. V preglednici 4 in na
slikah 5 so vzorci vodotoka Mislinja prikazani s temnejso podlago, vzorci podtalnice
pa s svetlej$o podlago.

4.1 Rezultati meritev za vzorce odvzete na Mislinji

Na vzorcih Mislinje smo za posamezne parametre pridobili naslednje rezultate:

+ Vonj, barva in motnost vode so najbolj ocitni in najlazje opazni parametri, iz
katerih lahko sklepamo na kakovost vode. So izjemnega pomena, saj je ravno
njihova neustreznost pogosto povod za nadaljnje analize kakovosti vode. Na
obmod¢ju vodotoka Mislinja nismo zaznali posebnosti pri nobenem izmed teh
parametrov (preglednica 4).

« Najnizjo temperaturo je imela Mislinja v zgornjem delu Mislinjske doline (6,5 °C).
Po toku navzdol je zaradi toplejSega ozra¢ja ob vzorcenju temperatura narascala
do 10,7 °C (v spodnjem toku) (preglednica 4, slika 5a).

o Zaznano je rahlo nara$¢anje pH na Mislinji po toku navzdol, vendar so razlike
med vzorci majhne (preglednica 4, slika 5a).

o Vsebnost raztopljenega kisika v vodi je pri Mislinji najvisja v zgornjem toku (8,6
mg/1), a po toku navzdol le malo upade (preglednica 4, slika 5b).

o Rezultati analize biokemijske potrebe po kisiku kazejo na stabilne vrednosti na
Mislinji (nihanje med 4,6 do 5,6 mg/l) (preglednica 4, slika 5b).

o Nitrati so bili prisotni v vseh preucevanih vzorcih. Zaslediti je trend narasc¢anja
vsebnosti nitratov po toku navzdol (od 3 mg/l v zgornjem toku in 10 mg/1 v spo-
dnjem toku Mislinje) (preglednica 4, slika 5¢).

o Vsebnost nitritov je znasala med 0 in 0,03 mg/l. Njihova vsebnost se je po toku
navzdol povecevala (preglednica 4, slika 5d).
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Vsebnost amonija je bila pod mejo zaznavnosti (preglednica 4, slika 5d).

Pri Mislinji vsebnosti kloridov ne presegajo 7 mg/l, se pa po toku navzdol neko-
liko povecujejo (preglednica 4, slika 5c¢).

Vsebnost fosfatov in sulfatov je bila pri vseh vzorcih manjsa od meje zaznavnosti,
ki znasa pri fosfatih 0,1 mg/l, pri sulfatih pa 0,25 mg/l (preglednica 4, slika 5d).
Pri trdoti vode je opazen o¢iten trend naras¢anja vrednosti po toku navzdol. Opa-
zen je prehod iz zelo mehke v mehko in zmerno trdo vodo (2,8 °NT do 8,9 °NT)
(preglednica 4, slika 5e).

Elektri¢na prevodnost je odvisna od prisotnosti elektrolitov v vodi. Ker med nji-
mi izrazito prevladujeta kalcijev in magnezijev karbonat, ki kot hidrogenkarbo-
nat opredeljujeta karbonatno trdoto, sta trdota in prevodnost med seboj precej
povezani, vecje razlike med vrednostmi pa nakazujejo na prisotnost preostalih
elektrolitov (nitrati, nitriti, fosfati, amonij, sulfati idr.). Tudi pri elektri¢ni prevo-
dnosti je prisoten pozitiven trend vrednosti po toku navzdol (med 114,8 uS/cm
in 314 uS/cm) (preglednica 4, slika 5e).

4.2 Rezultati meritev za vzorce podtalnice vodonosnika ob Mislinji

Ob analiziranju vzorcev podtalnice iz vodonosnika ob Mislinji smo za posamezne
parametre dobili naslednje rezultate:

Med parametri vonj, barva in motnost smo pri vzorcih P2 in P7 zaznali po-
sebnosti pri parametrih barva in motnost. Vzorca sta bila rumeno obarvana in
motna (preglednica 4), kar lahko nakazuje na onesnaZenost in razli¢ne primesi.
Temperatura podtalnice se je gibala med 10,7 °C in 14,3 °C. Med vzorci pod-
talnice je imel najnizjo temperaturo vode vzorec P2 (10,7 °C), ki se nahaja v
neposredni blizini Mislinje (oddaljenost 31 m). Lastnik navaja izrazito nihanje
temperature podtalnice (Obreza, 2016). Izrazen je majhen trend narascanja
temperature po toku navzdol (preglednica 4, slika 5a).

pH se je pri vseh vzorcih podtalnice gibal med 7 in 8. Opazen je rahel trend
upadanja pH po toku navzdol, a ni statisti¢no znacilen. Izstopajo vzorci P2, P3
in P8, ki imajo visji pH (preglednica 4, slika 5a).

Med vzorci se vsebnost raztopljenega kisika precej razlikuje (vsebnosti od 2,8 mg/1
do 6,1 mg/l). Prisoten je tudi trend upadanja vsebnosti raztopljenega kisika v
vodi po toku navzdol (preglednica 4, slika 5b).

Rezultati analize biokemijske potrebe po kisiku kazejo, da se vrednosti od loka-
cije do lokacije moc¢no spreminjajo (od 2,26 do 9,81 mg/l). Opazna sta izrazita
viska v vzorcih P5 in P8. Opazen je tudi trend narascanja biokemijske potrebe
po kisiku po toku navzdol, kar nakazuje na veéjo organsko onesnazenost pod-
talnice ob spodnjem toku Mislinje (preglednica 4, slika 5b).

Nitrati so bili prisotni v vseh preucevanih vzorcih. Povec¢ane vrednosti smo zasle-
dili v vzorcih P4 in P5, ki dosegata 50 mg/l, kar hkrati predstavlja mejno vrednost

17



Jana Breznik, Tajan Trobec | Dela 57 | 2022 | 5-29

po Pravilniku o pitni vodi (Uradni list RS, §t. 19/04, 35/04, 26/06, 92/06, 25/09,
74/15 in 51/17). Ta vzorca se nahajata v neposredni blizini Slovenj Gradca. Zasle-
diti je trend nara$¢anja vsebnosti nitratov po toku navzdol. Trend zaradi izstopa-
joc¢ih vrednosti P5 in P4 ni statisti¢no znacilen (preglednica 4, slika 5c¢).
Vsebnost nitritov v vzorcih podtalnice je bila, z izjemo vzorca P7 (0,01 mg/l),
pod mejo zaznavnosti (preglednica 4, slika 5d).

Prisotnost amonija smo zasledili zgolj pri dveh vzorcih podtalnice (P5 in P7). V
vzorcu P5 je vrednost znasala 0,5 mg/l, s cemer je bila dosezena mejna vrednost
glede na Pravilnik o pitni vodi (Ur.l. RS §t.:19/04, 35/04, 26/06, 92/06, 25/09
in 74/15). V preostalih vzorcih je bila vsebnost amonija pod mejo zaznavnosti
(preglednica 4, slika 5d).

Kloridi so bili prisotni pri vseh vzorcih, pri ¢emer sta mo¢no izstopala vzorca
P1 z vsebnostjo kloridov ve¢ kot 60 mg/l (zgornja meja zaznavnosti) in P9 z
vsebnostjo kloridov 60 mg/l. Vsebnosti kloridov v vzorcih podtalnice ne sledijo
splo$nemu trendu, opazno je ponovno povecanje vsebnosti kloridov v vzorcih
P4 in P5 z 12 mg/] oziroma 20 mg/l, ki se nahajata v okolici Slovenj Gradca (pre-
glednica 4, slika 5c¢).

Fosfate smo zasledili zgolj v vzorcu P9, kjer je njihova vrednost znasala 0,1 mg/l,
kar je hkrati tudi spodnja meja zaznavnosti uporabljenega testa. Povsem mozno
je torej, da so bili fosfati v zmernih koli¢inah prisotni tudi pri drugih vzorcih, a
jih z manj obcutljivim testom nismo zaznali (preglednica 4, slika 5d).

Vsebnost sulfatov je bila pri vseh vzorcih manjsa od meje zaznavnosti, ki znasa
25 mg/l (preglednica 4).

Pri trdoti vode je opazen ociten trend narascanja vrednosti po toku navzdol.
Opazen je prehod iz zelo mehke v mehko in zmerno trdo vodo (med 4,8 °NT
do 17,5 °IN). Zaradi anomalije pri laboratorijski analizi (karbonatna trdota je
bila visja od skupne) smo za vzorca P1 in P9 prikazali le skupno trdoto. Predvi-
devamo, da so pri teh dveh vzorcih prisotne povec¢ane vrednosti onesnazil (naj-
verjetneje kloridov), ki vplivajo na rezultat analize trdote. Posebnost je mogoce
zaznati tudi pri elektri¢ni prevodnosti, saj imata vzorca mo¢no povecano vred-
nost v primerjavi z ostalimi vzorci (preglednica 4, slika 5e).

Pri parametru elektri¢ne prevodnosti je prisoten pozitiven trend vrednosti po
toku navzdol. Meritve se gibljejo med 177 pS/cm in 880 uS/cm. Najvisji in moc¢-
no izstopajoc¢i vrednosti elektri¢ne prevodnosti smo izmerili v vzorcih P1 in P9
(864 pS/cm oziroma 880 pS/cm), kar je verjetno posledica visoke vsebnosti klo-
rida (preglednica 4, slika 5e).
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Slika 5: Onesnazila, trdota in prevodnost glede na posamezne vzoréne lokacije
(v temnejsem delu grafikonov so prikazane vrednosti na vzorénih mestih Mislinje, v
svetlejem pa na vzorénih mestih podtalnice).
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5 DISKUSIJA

Po mnenju Narshima in sod. (2013, str. 74) je koncentracija nitratov nad 10 mg/1 pos-
ledica antropogenih vplivov na podtalnico. Na obravnavanem obmod¢ju v Mislinjski
dolini vsebnost nitratov niha med 3 in 50 mg/l, manj kot 10 mg/l smo zaznali le v
$tirih vzorcih. Povisane vrednosti so tako verjetno v vecini primerov posledica antro-
pogenih vplivov. Koncentracija nitratov je najvisja pri vzorcih P4 in P5 na obmocju
med Slovenj Gradcem in Smartnim pri Slovenj Gradcu. Slednje je sode¢ po rabi tal
(MKGP, 2017) verjetno posledica intenzivnega kmetijstva s poudarkom na integrirani
pridelavi hmelja, ki je najbolj razsirjena in skoncentrirana ravno v tem delu doline
(slika 2). Na problematiko vpliva hmeljis¢ na spiranje nitratov v podtalnico opozarja
tudi Gale s sodelavci (1999). Prav tako mozna, a manj verjetna je onesnazenost vode
z nitrati zaradi vedje gostote poselitve ter mestoma pomanjkljivo urejene kanalizacije.
Sirde obmocje Smartna pri Slovenj Gradcu in juzni del Slovenj Gradca sta bila namre¢
v vedji meri ustrezno kanalizacijsko opremljena $ele v ¢asu po izvajanju meritev, in si-
cer med letoma 2017 in 2021, nekatera obmocja v neposredni blizini vzorénih mest pa
$e vedno nimajo ustrezno re$enega vprasanja odvajanje odpadne vode (GURS, 2021).

Naravna prisotnost nitritov v podzemni vodi obi¢ajno ne presega 0,3 mg/1 (Nitrate
and nitrite in drinking-water, 2011). Zaznane vrednosti so bistveno nizje od te meje
in so tudi pod mejo vrednosti za pitno vodo. Tako Mislinja kot podtalnica v vodonos-
niku ob Mislinji z nitriti nista onesnazeni.

Naravna prisotnost amonija v podzemni in povrsinski vodi je obi¢ajno nizja od 0,2
mg/l (WHO, 1996). Vecina odvzetih vzorcev ni imela povisanih vsebnosti amonija,
izstopata le vzorca P5 in P7. V obeh vzorcih vrednosti presegajo 0,2 mg/l, kar kaze na
antropogeni vpliv. Prisotnost amonija v podzemni vodi je obi¢ajno posledica kmetij-
stva, komunalnih odplak ali industrije. V vzorcih P5 in P7 je industrija dovolj oddaljena,
da verjetno nima pomembnejsega vpliva na podtalnico. V vzorcu P5, ki se nahaja v bli-
zini Slovenj Gradca, ni izkljucen vpliv komunalnih odplak, saj v ¢asu odvzema lastniki
vrtine $e niso bili prikljuceni na javno kanalizacijsko omrezje. Isto¢asno v vzorcu P4, ki
se nahaja v neposredni blizini P5, amonija v ve¢jih koncentracijah nismo zaznali, ¢eprav
tudi tukaj kanalizacija v ¢asu vzorcenja $e ni bila zgrajena. Mozno bi bilo tudi onesnaze-
nje zaradi kmetijstva, ki je najverjetnejsi vzrok onesnazenja v vzorcu P7, katerega lastnik
ima kmetijo usmerjeno pretezno v Zivinorejo (preglednica 2).

Bolj problemati¢ni so kloridi, katerih vrednosti so bile ponekod visoke, vendar niso
presegle mejnih vrednosti za pitno vodo po slovenskih standardih. Po mnenju Kohnove
in sod. (2016, str. 112) na antropogene vplive opozarjajo koncentracije kloridov nad 20
mg/l. Visje koncentracije kloridov je bilo mo¢ zaznati v vzorcih P1 in P9, kjer so vred-
nosti dosegle in verjetno tudi presegle 60 mg/l, saj gre pri tej vrednosti tudi za zgornjo
mejo zaznavnosti uporabljenega testa. Tak$ne koncentracije so, glede na bistveno nizje
vrednosti v ostalih vzorcih, najverjetneje posledica tockovnega onesnazevanja, ki bi lah-
ko v vzorcu P9 izviralo iz bliznje industrijske cone, kemic¢ne ¢istilnice ali avtopralnice
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(preglednica 2). Vzorec P1 se nahaja v neposredni blizini glavne ceste G1-4 Slovenj
Gradec-Velenje (preglednica 2), zato ni izkljucen niti vpliv uporabe soli pri zimskem
vzdrzevanju cest. Do podobnih ugotovitev so denimo prisli tudi v $tudiji Skrb za pitno
vodo (Jamnik in sod., 2014), kjer so na primeru Ljubljanskega polja ugotovili, da so
zmerne koncentracije kloridov posledica komunalnih odpadnih vod in uporabe soli za
zimsko vzdrzevanje cest. Vsebnost kloridov je bila nekoliko visja tudi v okolici Slovenj
Gradca (vzorec P5), za kar bi lahko bile krive komunalne odpadne vode iz tedaj $e po-
manjkljivo urejenega kanalizacijskega omrezja (GURS, 2021) ter intenzivno kmetijstvo
s poudarkom na hmeljarstvu (Gale in sod., 1999) na oZjem vplivinem obmoc¢ju ali prav
tako uporaba soli za zimsko vzdrzevanje cest.

Vsebnosti fosfatov v podtalnici so nizke, saj se fosfor obi¢ajno zadrzi v prsti (Wel-
ch, Kingsbury, Coupe, 2010). Tudi v Mislinjski dolini v vecini vzorcev, tako Mislinje
kot podtalnice, fosfatov nismo zaznali v ve¢jih koli¢inah, ¢eprav potencialni viri one-
snazevanja obstajajo: umetna gnojila, hlevski gnoj, detergenti ipd. Razlog za to je lah-
ko tudi razmeroma majhna obcutljivost uporabljenega testa z mejo zaznavnosti 0,1
mg/l. Edini vzorec, kjer smo fosfate zaznali (0,1 mg/1), je bil P9. Mozni razlog vidimo
predvsem v lokalnih vplivih, saj v blizini obratuje avtopralnica (preglednica 2), od
koder bi se lahko v podtalnico spirali detergenti.

Sulfati se v naravi pojavljajo predvsem zaradi izpiranja kamnin, zato ima na primer
morska voda koncentracije sulfatov 2700 mg/l (WHO, 2004), v tekocih vodah in pod-
talnici pa so vrednosti obi¢ajno bistveno nizje. Kamnine v zaledju reke Mislinje niso vir
velike koli¢ine sulfatov, prav tako antropogeni vplivi, predvsem kot posledica industrije,
niso v ve¢ji meri vplivali na njihovo vsebnost v vzoréeni vodi. V vseh vzorcih smo na-
mre¢ namerili manj$e koncentracije od meje zaznavnosti uporabljenega testa (25 mg/1).

Pri biokemijski potrebi po kisiku (BPK 5) vzorci z vrednostjo med 1 in 2 mg/l na-
kazujejo na z organskimi snovmi neonesnazeno vodo, vzorci z vrednostjo med 3 in 5
mg/] na prisotnost organskega onesnazenja, vzorci z ve¢ kot 5 mg/l pa Ze na vecje or-
gansko onesnazenje (Oram, 2017). Povecane vrednosti smo zaznali predvsem pri reki
Mislinji, kjer so bile vrednosti okoli 5 mg/l. Zanimivo je dejstvo, da so vrednosti BPK
5 visje tudi v nekaterih vzorcih, odvzetih v zgornjem toku Mislinje. Pri podtalnici
vrednosti BPK 5 nad 5 mg/l belezimo v vzorcih P2, P5, P8 in P9. V preostalih vzorcih
so vrednosti nizje, kar nakazuje na zmernejse vplive iz okolja.

pH je merilo ravnotezja med koncentracijo vodikovih in hidroksilnih ionov v vodi,
nanj pa lahko vplivajo $tevilni dejavniki (Boyd, 2015). Mejna vrednost za pitno vodo
znas$a 6,5 do 9,5. Vrednosti pH odvzetih vzorcev se gibljejo med 7,02 in 8,05, kar kaze
na rahel alkalni znacaj voda v Mislinjski dolini.

V podzemni vodi je generalno gledano manj raztopljenega kisika kot v povrsinskih
vodnih virih, kar je posledica oksidacijskih procesov in odsotnosti vira kisika (Rose,
Long, 1988). Rezultati analize vsebnosti kisika kazejo na razli¢no prisotnost kisika v
podtalnici, saj vrednosti nihajo med 2,8 in 6,1 mg/l. Razlog za vecjo prisotnost kisi-
ka v nekaterih vzorcih je najverjetneje plitvost vodonosnika ter zatekanje Mislinje,
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kjer so vsebnosti raztopljenega kisika nekoliko vi$je, v vodonosnik. Taksen je verje-
tno predvsem vzorec P2, ki je (za zgornji tok Mislinje) izkazoval tudi visjo vrednost
BPK. Na vsebnost kisika v podtalnici potencialno vplivata tudi njena globina in stik z
ozra¢jem. Tudi v naSem primeru se je v povpredju pokazala razlika med vzorci vode
iz vodnjakov in vrtin. V vzorcih iz vodnjakov je vsebnost kisika v povpre¢ju nekoliko
vi§ja (5,1 mg/l), kar je verjetno posledica neposrednega stika podtalnice z ozra¢jem.
Povpreéna vsebnost kisika v vzorcih iz vrtin je nekoliko nizja (4,7 mg/l), kar je verje-
tno posledica odsotnosti neposrednega stika med podtalnico in ozra¢jem, saj se voda
v vrtinah praviloma zajema iz nekoliko ve¢jih globin. Kljub temu se vsebnost kisika
v vzorcih iz vodnjakov in vrtin od vzor¢nega mesta do vzorénega mesta med seboj
precej razlikujejo.

Izkazalo se je, da je vplive iz okolja, pogojene s pokrovnostjo in rabo tal na $irSem
obmodju vzorénega mesta, mozno povezati z vrednostmi analiziranih parametrov le v
doloc¢eni meri (npr. vpliv intenzivnega hmeljarjenja in/ali odplak na povi$ane vrednos-
ti nitratov v vzorcih P4 in P5). Rezultati analize vzorcev namre¢ ponekod nakazujejo
moc¢no odvisnost vrednosti posameznih fizikalno-kemijskih parametrov podtalnice od
same mikrolokacije vzor¢nega mesta ter od bolj ali manj poznanih vplivov na tej lokaciji
(npr. povisane vrednosti kloridov, trdote in elektri¢ne prevodnosti v vzorcih P1 in P9
zaradi nepoznanega lokalnega vira onesnazevanja ali pa zelo razli¢na vsebnost amonija
v vzorcih P4 in P5, ki sta med seboj oddaljena zgolj 180 m zracne razdalje). Slednje je
med drugim verjetno tudi posledica metodoloskih omejitev, vezanih na vzoréenje iz
vodnjakov in zasebnih vrtin, zaradi katerih so rezultati lahko podvrzeni morebitnim
lokalnim vplivom in posledi¢no le v dolo¢eni meri reprezentativno odrazajo stanje na
$irSem obmocju vodonosnika (Metodologija za opredelitev ..., 2021).

Primerjava fizikalno-kemijskih lastnosti podtalnice in Mislinje je pokazala, da
Kkljub hidroloski povezanosti obeh sistemov vrednosti posameznih parametrov pri eni
in pri drugi niso nujno medsebojno primerljive. Pri podtalnici na vrednosti merjenih
parametrov namre¢ poleg antropogenih vplivov s povr$ja v veliki meri vplivajo tudi
oddaljenost od povrsinskih voda in stopnja mesanja povrsinske vode in podtalnice,
hitrost premikanja in obnavljanja podtalnice, izdatnost in globina vodonosnika ter
njegova geoloska sestava (Fetter, 1999). Podobnosti med sistemoma so se tako poka-
zale le pri trdoti in elektri¢ni prevodnosti, vrednosti ostalih parametrov (temperatura,
vsebnost kisika, BPK 5 ter vsebnost hranil) pa so se zaradi razli¢ne dinamike in zadr-
Zevalnih ¢asov vode, trenutnih vremenskih vplivov in razli¢nih samocistilnih sposob-
nosti precej razlikovale, zaradi ¢esar jih med seboj niti ne moremo primerjati. Trdota
vode je bila v obeh sistemih sprva nizka (do 4 °NT), nato pa se je po toku navzdol
povecevala (do okoli 10 °NT). Podobno je bil tudi pri prevodnosti (¢e izvzamemo P1
in P9) pri obeh sistemih prisoten trend naras¢anja vrednosti po toku navzdol. Je pa
tako za Mislinjo kot za podtalnico znacilno, da se gledano v splosnem koncentracija
onesnazil po toku navzdol stopnjuje, kar nakazuje na stopnjevanje pritiskov in priso-
tnost progresivnega onesnazevanja.
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Rezultati velike vecine analiz fizikalnih in kemijskih parametrov v vzorcih podtal-
nice (vonj, barva, nitrati, nitriti, amonij, pH, kloridi in sulfati) so pod pragom mejnih
vrednosti, podanih v Pravilniku o pitni vodi (Uradni list RS, $t. 19/04, 35/04, 26/06,
92/06, 25/09, 74/15 in 51/17). Ko pa obravnavamo posamezen vzorec kot celoto, kjer ze
zgolj neskladnost enega izmed parametrov vpliva na neskladnost celotnega vzorca, so
rezultati $e bistveno slabsi, saj je kar pet od devetih vzorcev neustreznih oziroma pogoj-
no ustreznih. Vzorec P2 je neustrezen zaradi rahlo rumene barve in motnosti, vzorec
P7 prav tako zaradi rahlo rumene barve. Najvisje mejne vrednosti so dosegli vzorci pri
nitratih. Vzorca P4 in P5, odvzeta v blizini Slovenj Gradca, dosegata mejno vrednost
nitratov (50 mg/1), vzorec P5 pa $e dodatno dosega mejno vrednost amonija (0,5 mg/l).

6 ZAKLJUCEK

Podtalnica je zaradi lokacije pod povr$jem o¢em skrit vodni vir. Zato je, kljub po-
membnosti kot potencialni vir pitne vode, pogosto zapostavljena in slabse raziskana.
Se posebej na obmogjih, kjer njene zaloge niso posebej izdatne in je dandanes ne
uporabljajo za lokalno vodooskrbo. Taksne narave je tudi vodonosnik ob Mislinji, ki
ga obravnavamo v prispevku. Gre za vodonosnik manjse izdatnosti, ki je za lokalno
prebivalstvo pomemben predvsem za zalivanje, namakanje in pranje, ne pa tudi kot
vir pitne vode. Zaradi visoke gladine podtalnice (preglednica 2) je ta razmeroma lah-
ko dostopna, kar se odraza v §tevilnih vrtinah in vodnjakih. Ceprav je visoka gladina
podtalnice z vidika uporabe prednost, pa ima po drugi strani ob hkratni prepustnosti
krovnih plasti za posledico, da se v podtalnico lahko izpirajo znatne koli¢ine onesna-
zil, ki so posledica razli¢nih antropogenih dejavnosti.

V raziskavi smo preucevali fizikalno-kemijske lastnosti podtalnice v vodonosniku
ob Mislinji, da bi ocenili njeno kakovost. Izsledki raziskave so preliminarnega znacaja,
saj je $lo zgolj za enkratno vzorcenje v izbranih zasebnih vrtinah in vodnjakih. Poleg
tega smo vzor¢ili na relativno majhnem Stevilu vzorénih mest (9) ter analizirali le naj-
osnovnejse fizikalno-kemijske parametre (organolepti¢ne lastnosti, temperatura, pH,
vsebnost raztopljenega kisika, nitratov, nitritov, amonija, fosfatov, sulfatov, kloridov,
biokemijska potreba po kisiku, elektri¢na prevodnost, analiza razli¢nih trdot vode). Iz
dobljenih rezultatov lahko torej le okvirno sklepamo na kakovost vode v vodonosniku
ob Mislinji, saj ti nikakor ne morejo nadomestiti izsledkov rednega monitoringa.

Podtalnica vodonosnika ob Mislinji je bila glede na organolepti¢ne lastnosti brez
vonja ter pri vecini vzorcev brez barve in brez motnosti. Izjema sta vzorca P2 in P7,
kjer je bila voda motna in rahlo rumenkaste barve. Temperatura je znasala med 10,7
in 13,8 °C, pH pa je bil z vrednostmi med 7,02 in 8,05 rahlo bazi¢en. Vrednosti v
vodi raztopljenega kisika so bile razmeroma nizke (med 2,8 in 6,1), kar je tudi sicer
znacilnost podzemnih voda. Na podlagi preostalih fizikalno-kemijskih analiz pod-
talnice v vodonosniku ob Mislinji ugotavljamo, da so med najpogosteje prisotnimi
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onesnazevali nitrati, katerih vir je obi¢ajno kmetijska dejavnost. Nitrate smo v pove-
¢anih koncentracijah zaznali v vecini vzorcev, najvisje vrednosti pa smo izmerili na
obmodju intenzivnega kmetijstva v okolici Slovenj Gradca (P4 in P5; 50 mg/l). Pri
dveh vzorénih mestih smo zaznali tudi izrazito povecane vrednosti kloridov (P1 in
P9; 60 mg/1), kar je verjetno posledica to¢kovnega onesnazenja ali soljenja cest. Glede
na to, da je 60 mg/l tudi zgornja meja zaznavnosti uporabljenega testa, ni izkljuce-
no, da so vrednosti kloridov pri navedenih vzorénih mestih realno $e visje. Nekoliko
povisane vrednosti kloridov so bile izmerjene tudi v okolici Slovenj Gradca (P5; 20
mg/1). Druga onesnazila so bila v pove¢anih koncentracijah prisotna manj pogosto in
zgolj v posameznih vzorcih, zaradi ¢esar so najverjetneje posledica lokalnih dejavni-
kov na ozjem vplivnem obmod¢ju. Nitrite (P7; 0,01 mg/l) in fosfate (P9; 0,1 mg/l) smo
tako zaznali zgolj v enem vzorcu, amonij pa v dveh (P5; 0,5 mg/l in P7; 0,25 mg/l).
Sulfati so bili povsod pod mejo zaznavnosti uporabljenega testa, ki je 0,25 mg/1. One-
snazenje z organsko snovjo je najizrazitejSe v spodnjem delu doline, kjer vrednost
BPK 5 na merilnem mestu P8 doseze maksimalno vrednost 9,81 mg/l. Gledano v
splo$nem je podtalnica v vodonosniku ob Mislinji po toku navzdol postopno vse bolj
onesnazena. Slednje se kaze v upadanju vsebnosti raztopljenega kisika in povecevanju
biokemijske potrebe po kisiku in povecevanju vsebnosti nitratov. Po toku navzdol sta
narascali tudi trdota in elektri¢na prevodnost.

Na obmocju vodonosnika ob Mislinji je z vidika vpliva na kakovost podtalnice po-
membno predvsem kmetijstvo, ki je prisotno na celotnem obmocju doline, $e posebej
zgo$ceno pa na obmogju intenzivnega hmeljarstva pri naselju Smartno pri Slovenj
Gradcu. Mozen vir onesnazil je tudi $e ne povsem izgrajeno kanalizacijsko omrezje,
saj nanj $e vedno ni prikljucenih kar nekaj naselij ali njihovih delov (Otiski Vrh, del
SentjanZa pri Dravogradu, Bukovska vas, Mislinjska Dobrava, Brda). Potencialni vpliv
na slabso kakovost podtalnice v Mislinjski dolini predstavljata Se industrija (pred-
vsem severno od Slovenj Gradca) ter promet (preko doline poteka glavna cesta, z
izgradnjo tretje razvojne osi pa je pri¢akovati e ve¢je prometne pritiske).

Vodonosnik ob Mislinji je, sode¢ po razpolozljivih podatkih o kakovosti in za-
logah podtalnice, razmeroma slabo poznan in raziskan. Vseeno pa bi ob ustrezni
za$¢iti verjetno lahko predstavljal vsaj potencialni rezervni vir pitne vode za Sirse
obmoc¢je Mislinjske doline. Po drugi strani so nase analize pokazale, da je glede na
Pravilnik o pitni vodi (Uradni list RS, §t. 19/04, 35/04, 26/06, 92/06, 25/09, 74/15 in
51/17) kar pet od devetih vzorcev neustreznih oziroma zgolj pogojno ustreznih, pri
Cemer je treba poudariti, da smo analizirali zelo omejeno stevilo parametrov. Povsem
verjetno je, da bi podrobnejsa analiza vseh parametrov iz omenjenega pravilnika v
vzorcih razkrila Se ve¢ neskladnosti in bi jih bilo neustreznih $e ve¢. Rezultati analize
tako nakazujejo na zaskrbljujoce dejstvo, da je podtalnica v vodonosniku ob Misli-
nji trenutno preve¢ onesnazena, da bi nanjo lahko ra¢unali kot na mozni rezervni
vodni vir za vodooskrbo. Slednje pa je problemati¢no, saj gre za strateski naravni vir,
ki bi ga bilo v duhu trajnostnega razvoja treba obvarovati in ohraniti za prihodnje
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generacije. Poleg tega je podtalnica vodonosnika ob Mislinji nerazdruzljivo poveza-
na tudi s povrsinsko teko¢o Mislinjo, s katero si vodo, vklju¢no z vsemi prisotnimi
onesnazili, medsebojno izmenjujeta.

K ve¢jemu zavedanju o onesnazenosti podtalnice v vodonosniku ob Mislinji ter k
izbolj$anju njene kakovosti bi lahko pripomogla vzpostavitev rednega drzavnega mo-
nitoringa na tem obmodju. Ta bi povecal zanimanje za to problematiko ter zavedanje
prebivalcev in predvsem lokalnih oblasti, ki bi lahko z dolo¢enimi ukrepi in spodbu-
dami vplivale na izbolj$anje trenutnega stanja. Z rednim monitoringom bi omogocali
spremljanje napredka ali poslabsanja stanja podtalnice. Po drugi strani pa je primer-
ljivih medzrnskih vodonosnikov manjSega obsega in izdatnosti, kot je vodonosnik ob
Mislinji, v Sloveniji $e veliko. Vzpostavitev rednega ali vsaj obcasnega monitoringa
kakovosti podtalnice v vodonosniku ob Mislinji, ki bi bila med drugim povezana tudi
s precej$njimi investicijami in obratovalnimi stroski, bi tako terjala stratesko odlo¢i-
tev na drzavni ravni in s tem sistemsko spremembo, s katero bi v monitoring vklju¢ili
tudi nekatere manj izdatne, a zato ni¢ manj pomembne vodonosnike.
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1 INTRODUCTION

Groundwater is an important source of fresh water that can be used for drinking,
irrigation, industrial production and other uses. Surface water and groundwater are
interconnected. The latter is the primary source for recharging springs and water-
courses and for maintaining the flow in watercourses in times when there is no rain-
fall, making it an ecologically very important link in the water cycle. Conversely, aside
from direct precipitation above the aquifer, groundwater is also recharged by surface
water during high water periods (Brunke, Gonser 1997).

Slovenia is a country rich in groundwater. According to older estimates, its dynamic
reserves amount to 50.4 m/s, or about 10% of the total internal runoff (Uhan, Kranjc,
2003). According to more recent estimates, utilising an amended methodology for cal-
culating renewable reserves, the amount of groundwater in Slovenia is in fact signifi-
cantly higher. In the 30-year period 1991-2020, the renewable groundwater reserves
amounted to 187.55 m%/s, or 37% of the total internal runoff (Andjelov et al., 2021).

Groundwater comes in many forms. In the gravel-sand deposits alongside Slove-
nia’s major rivers (Sava, Drava, Mura, Soca, Savinja, etc.), groundwater is found in
the form of aquifers with intergranular porosity (Uhan, Kranjc, 2003). Due to natural
features such as lowland location, flat topography, available water resources and good
quality soils, groundwater areas are densely populated and therefore subject to many
environmental pressures (Ambrozic¢ et al., 2008).

Pollutants mostly enter an aquifer from the surface through point, linear or diffuse
sources (Jamnik et al., 2014). Contaminated groundwater poses a serious threat to
health when used for water supply, and also has a negative impact on the ecosystem
and water resources that are recharged from the aquifer (Fetter, 1999). The most con-
taminated (mainly with nitrates) aquifers in Slovenia include certain intergranular
porosity areas in the country’s north-eastern part (Lower Savinja Valley, Drava and
Ptuj fields as well as aquifers along the Mura River) (Gacin, Mihorko, 2012; Kemijsko
stanje ..., 2021), as a result of intensive agriculture (Lampi¢, Rutar, 2019), shallow
groundwaters and high environmental sensitivity in these areas (Spes et al., 2002).

Looking at the network of groundwater quality monitoring stations (DRSV, 2021)
it is evident that groundwater analysis in Slovenia is mainly carried out in areas of
extensive lowland aquifers with intergranular porosity (Ljubljana Field, Kranj-Sora
Field, Lower Savinja Valley, Krsko-Brezice Field etc.). In these areas groundwater is
also used more extensively for water supply and other purposes, while at the same
time, faced with multiple pressures it is also more vulnerable to pollution. However,
this type of monitoring neglects smaller aquifers, such as the Mislinja aquifer, which
is the focus of our study.

Due to the small catchment area of the main watercourse, the Mislinja River, and
the relatively shallow deposits of gravel and sandy clay (Mio¢, 1978), the Mislinja
Valley does not have significant groundwater reserves. Furthermore, groundwater in

32



A test case of assessing of groundwater quality in the Mislinja aquifer

the area is not used for the water supply of lowland settlements, which are generally
supplied with water from sources in the surrounding uplands (GURS, 2021). Rather
it is used exclusively for watering, irrigation and washing. As a result, no groundwater
analyses are carried out in the Mislinja Valley, and we therefore do not know what the
actual quantity and quality of groundwater is. However, given the area has relatively
dense population, intensive agriculture, centred particularly around hop-growing, as
well as numerous industrial plants, it can be concluded that the pressures on ground-
water in the Mislinja aquifer are relatively high and could be contributing to the dete-
rioration of water quality.

According to the division of Slovenia into groundwater bodies (Pravilnik o doloc¢itvi...,
2018), the Mislinja Valley is included in the Eastern Alps groundwater body (vodno telo
podzemne vode Vzhodne Alpe), which according to existing analyses is in good chemi-
cal status (Kemijsko stanje ..., 2021). It should be stressed that this water body is an
extremely large and heterogeneous unit, as it includes, in addition to the Mislinja Valley,
the whole of the Pohorje, Kozjak and Strojna mountains as well as part of the Vitanjske
Karavanke Mountains, and is therefore completely inappropriate for assessing the qual-
ity of groundwater in the Mislinja aquifer. In addition, the chemical status of this water
body (with the exception of the Zgornja Vizinga monitoring station at Radelje Field
on the Drava River) is assessed on the basis of the analysis of water from water sources
in the surrounding uplands (Mislinja MZ-4/95 in the Vitanjske Karavanke Mountains,
Mrzli studenec on Pohorje, Ojstrica near Dravograd on Kozjak). Given the concentra-
tion of anthropogenic pressures predominantly in the lower part of the area, it is not
relevant for the valley floor, where the Mislinja aquifer is located. To the best of our
knowledge, as well as according to the assurances of the representatives of the Slovenian
Environment Agency (Frantar, 2021), no other, more detailed studies or measurements
of groundwater quality in the Mislinja Valley have been conducted.

Given that we estimate that the pressures on groundwater in the Mislinja Valley are
relatively high and that no official data on groundwater quality exist, the main objec-
tive of our study was to determine how influences from the environment are reflected
in the groundwater quality. To this end, groundwater was sampled from existing wells
and private boreholes at nine locations in the selected area and analysed for specified
basic physico-chemical water parameters. In addition to groundwater, water from the
Mislinja River was analysed at three locations, which allowed us to compare surface
water and groundwater in the area.

2 GEOGRAPHICAL OVERVIEW OF THE MISLINJA VALLEY

The study area encompasses the flat bottom of the Mislinja Valley, beneath which a
minor aquifer has formed in Quaternary sediments along the Mislinja River (Mio¢,
1978) (Figure 1).
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The Mislinja Valley lies between the Pohorje Mountains and the eastern slopes
of the Karavanke Mountains, and is classified as a pre-Alpine region. It was formed
along the Labot fault zone, which runs in a Dinaric direction (Mio¢, 1978). Admin-
istratively, it falls within the Carinthian Statistical Region and is divided between the
municipalities of Mislinja, Slovenj Gradec and Dravograd. It is 22 km long and up to
5 km wide at its widest part, at the confluence of the Mislinja and the Suhodolnica
rivers. The Mislinja aquifer lies along the middle and lower reaches of the river, be-
tween the settlements of Mislinja and Otiski Vrh, where the Mislinja River flows into
the Meza River. It is part of the Eastern Alps groundwater body (vodno telo podzemne
vode Vzhodne Alpe), more specifically part of the Quaternary, intergranular aquifer
along the Drava, Mislinja and Meza rivers, which according to the hydrogeological
classification is a local, unconfined, abundant or extensive, although low to moderate
yield aquifer (Gacin, Mihorko, Krajnc, 2009). The area above the Mislinja aquifer re-
ceives on average around 1200-1300 mm of precipitation per year (ARSO, 2021a). It
is dominated by distric and eutric brown soils (KIS, 2021). The central watercourse of
the Mislinja Valley is the Mislinja torrential river (Gams, 1976), which has its source
in the Pohorje region and has an alpine rain-snow discharge regime (Frantar, Hr-
vatin, 2005). Its average discharge in the period 1981-2010 was 1.9 m?/s at Dovze and
4.6 m?/s at Otiski Vrh (ARSO, 2021b). According to measurements of national water
quality monitoring, it is in a good chemical status (ARSO, 2017; 2020).

The floor of the Mislinja Valley has been inhabited since the Neolithic period, due
to its favourable natural conditions (flat topography, moderate climate, access to water
resources, good quality soils) (Djura Jelenko, 2010). Small to medium-sized rural set-
tlements predominate. The widest part of the valley is the Slovenj Gradec basin (at the
confluence of the Suhadolnica and Mislinja rivers), which according to the Statistical
Office of the Republic of Slovenia (Statisti¢ni urad ..., 2016) is one of the more densely
populated areas in Slovenia, with a population of more than 250 inhabitants/km? (the
town of Slovenj Gradec had a population density of 1317 inhabitants/km? in 2016).
Natural and socio-geographical characteristics are also reflected in land use. The area
of the Mislinja aquifer is mainly grassland (35% of the aquifer area), which along with
arable land (15%) and hop fields (1.7%) are characterised by intensive agricultural
use. Although there are relatively few hop fields, they are mainly concentrated in the
vicinity of Smartno pri Slovenj Gradcu. The proportion of built-up areas is also quite
high, accounting for almost a fifth of the area (19%). Only the marginal areas of the
aquifer are predominately covered with forest (21% of the area) (Figure 2).
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Figure 1: Study area of the Mislinja aquifer.
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Figure 2: Land use in the aquifer area.
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3 METHODS

Based on water permit data (ARSO, 2016) and by examining the spatial extent
of the aquifer in relation to the lithological characteristics of the area (Gacin, Mi-
horko, Krajnc, 2009; Mio¢, 1978), we selected the most representative and appropri-
ately spatially distributed locations for groundwater sampling from private boreholes
and wells. Groundwater sampling at private boreholes and wells, in accordance with
methodological guidelines and cognizant of objective limitations, is one of the estab-
lished approaches for preliminary assessment of groundwater quality in areas where
official monitoring of water quality is not carried out (Metodologija za opredelitev...,
2021). The locations were defined from the headwaters of the Mislinja River at Mislin-
jski jarek through to the valley, i.e. at the settlement of Mislinja, and to its confluence
with the MezZa River at Otiski Vrh (Figure 1). Based on data from water permit re-
cords, and in accordance with recommendations for sampling of wells and boreholes
(Metodologija za opredelitev..., 2021), we tried to select locations where water is used
as regularly as possible, e.g. where there are water pumps, or where water is frequently
used for watering, washing and other uses.

The one-off sampling took place on 22 and 23 October 2016. Samples were collected
at 12 sites (Figure 3). Groundwater was collected at nine sites, while at the remaining
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three sites the Mislinja River was sampled. At the private boreholes equipped with a
pump, before collecting the samples, we let the water run for about five minutes. In
this way, the possible influence of stagnation in the system on the measured physico-
chemical properties of the water was eliminated. To enable further field and labo-
ratory analyses, two litre samples of water were taken, as well as a special sample
for the determination of the biochemical oxygen demand (BOD 5). At the sites, we
measured water temperature, pH, conductivity and oxygen content using an electric
sensor. Other characteristics and circumstances relating either to the sample taken
or to the site and influences in the immediate vicinity (organoleptic characteristics of
the water, land cover and land use, distance from the surface to the water table and
depth at which the sample was taken) were also recorded on the inventory sheet. The
owners of the boreholes or wells also helped us to obtain some technical information.
Locations of sampling sites are presented in Tables 1 (collection sites on the Mislinja
watercourse) and 2 (collections sites of groundwater). Examples of wells are shown in
Figure 4.

Figure 3: Selected locations for sampling of groundwater from the Mislinja aquifer and
water from the Mislinja River.
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Table 1: Presentation of the sampling sites on the Mislinja watercourse.

Site Description of sampling site Predominant actual land use within
500 m of the sampling site
M1 o the beginning of the middle course | ¢ permanent grassland — 58%
(at the start of the valley)  forest - 13%
o smaller settlements o arable land or gardens - 11%
o built-up area and related surface - 11%
o other land uses - 7%
M2 « next to the Pamece industrial zone | o permanent grassland - 37%
o forest - 26%
o built-up area and related surface - 20%
o other land uses - 17%
M3 o before the confluence with the o built-up area and related surface — 40%
Meza river - in the immediate o permanent grassland - 15%
vicinity of the Otiski Vrh industrial | « arable land or gardens - 13%
zone and a larger settlement. o forest - 13%
o the impact of agriculture is also o other land uses - 19%
significant

Table 2: Presentation of groundwater sampling sites.

« directly next to the main
road (Slovenj Gradec
-Velenje)

o built-up area
and related
surface —
11%

« other land
uses — %

Site | Type | Depth Description of Actual land Sampling site is
sampling site use within 500 | connected to the
Wells | from the m of the sam- | public wastewater
/ bore- | surface to pling site network (situa-
holes | the ground- tion at the time of
water level sampling)
P1 |well [25m [* o Straze hamlet (settlement | ¢ permanent no (has possibility
Mislinja) grassland - to be connected,
« well older and less 47% within
frequently used o forest - 27% | agglomeration)
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Site | Type | Depth Description of Actual land Sampling site is
sampling site use within 500 | connected to the
Wells | from the m of the sam- | public wastewater
/ bore- | surface to pling site network (situa-
holes | the ground- tion at the time of
water level sampling)
P2 [well [35m |183m « a well used for a ground- | « permanent no (is not part of
at the time water heat pump grassland - agglomeration)
of sampling | « regularly maintained and 51,5%,
used « forest — 25%
« location directly next to « built-up area
Mislinja watercourse — and related
possible greater impact surface - 8%
of surface flow on « other land
groundwater (owner uses - 15,5%

observes significant
temperature fluctuations
in groundwater
depending on the season)
predominantly
agricultural area

P3 | bore- | * * « newer borehole (2 years o permanent yes
hole old), though relatively grassland —
rarely used — mainly for 47%
irrigation and livestock « arable land
watering — active farm and gardens
oriented towards livestock | - 25%
farming — potential for o built-up area
impact of the owner's and related
activities on groundwater surface -
quality 10%
« hop fields in the « Hop fields -
immediate surroundings 7%
« Other land
uses - 11%
P4 | well |* * « in the vicinity of Slovenj « permanent no (connected in
Gradec grassland - 2019)
o the owner is a truck 43%
carrier — water is used « arable land
for washing vehicles — and gardens
potential for impact of -33%
the owner's activities on o built-up area
groundwater quality and related
« in close proximity to one surface -
of the largest 12%
hop-growing families « hop fields -
« several farms in the 5%
surrounding area « other land
« well about 20 years old uses — 7%

39



Jana Breznik, Tajan Trobec | Dela 57 | 2022 | 31-56

Site | Type | Depth Description of Actual land Sampling site is
sampling site use within 500 | connected to the
Wells | from the m of the sam- | public wastewater
/ bore- | surface to pling site network (situa-
holes | the ground- tion at the time of
water level sampling)
P5 |[well |5m generally « in the vicinity of Slovenj | « permanent no (connected
about 4 m Gradec grassland - in 2020)
« a well about 50 years old 40%
« in the immediate vicinity | e arable land
of a main road (Slovenj and gardens—
Gradec - Velenje) 36%
o built-up area
and related
surface -
19%
« other land
uses — 5%
P6 | bore- | 6,8m |* » Pamece settlement o permanent no (is not part
hole « the owner is a bus op- grassland - of agglomeration)
erator — water is used for 44%
cleaning vehicles and for | « arable land
a groundwater heat pump and gardens-
- potential for impact of 20%
the owner's activities on « forest - 10%
groundwater quality o built-up area
» downslope location — and related
flows from slopes may surface- 10%
have an impact on « other land
groundwater quality uses — 16%
« predominantly
agricultural area
P7 |[well |[35m |2I12mat o Otiski Vrh settlement o permanent no (is not part
the time of (southern part) grassland - of agglomeration)
sampling » owner is engaged in 41,5%
agriculture (livestock « forest - 21%
farming) « land and gar-
o predominantly dens - 12%
agricultural area « built-up area
« well, about 20 years old, and related
regularly used surface -
11%
« other land
uses — 14,5%
P8 | bore- | 6m o Otiski Vrh settlement o built-up area | no (within
hole « in the immediate and related agglomeration,
vicinity of the Mislinja surface - though wastewater
watercourse (30 m) 40% infrastructure is
« borehole about 20 years « forest - 24% | yet to be built)
old - regularly used  permanent
» downslope location grassland -
- flows from slopes 24%
may have an impact on « other land
groundwater quality uses — 12%

40




A test case of assessing of groundwater quality in the Mislinja aquifer

for a heat pump

« in the immediate vicinity
of the Otiski Vrh
industrial zone - in

¢ permanent
grassland —
19%

« forest — 18%

the hinterland of the well | o trees and
« in close proximity to the shrubland -
main road Dravograd - 10,5%

Slovenj Gradec

« in close proximity to a
dry-cleaner and truck
carrier

« heavily built-up area

« arable land
and gardens-
5%

« other land
uses - 8,5%

Site | Type | Depth Description of Actual land Sampling site is
sampling site use within 500 | connected to the
Wells | from the m of the sam- | public wastewater
/ bore- | surface to pling site network (situa-
holes | the ground- tion at the time of
water level sampling)
P9 |well [45m |3.16m « Otiski Vrh settlement o built-up area | no (within
at the time (north) and related agglomeration,
of sampling | « water is used regularly surface - 9% | though wastewater

infrastructure is
yet to be built)

Note: * data not available (depth from surface to groundwater level could not be

measured/ owner has no information on depth of borehole/well).

Figure 4: Example of a borehole (a — sampling site — borehole P6) and a well (b -
sampling site — well P9) at selected sites.

In the laboratory we analysed concentrations of nitrate, nitrite, ammonium, chloride,
sulphate and phosphate. We also determined the biochemical oxygen demand and water
hardness. Visocolor eco field testers were used for analysis of nitrate, nitrite, ammonium,
chloride, sulphate and phosphate. These are affordable and easy to use, with visual read-
ings of the concentration values for each parameter. Hardness determination was per-
formed using the standard titration method with EDTA (Boyd, 2015). We determined
carbonate, total, calcium and magnesium hardness. We also determined the biochemical
oxygen demand value in the laboratory using a standard method (Boyd, 2015).
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The data were compiled in a spreadsheet and graphs and maps were drawn to allow
us to spatially examine the water quality of the samples. As the Mislinja aquifer is also
a potential source of drinking water, the results of the measured physico-chemical
parameters were compared with selected limit values given in the Drinking Water
Regulations (Pravilnik o pitni vodi, 2017). The values are shown in Table 3.

Table 3: Selected parameters and limit values according to the Drinking Water Regulation
(Pravilnik o pitni vodi, 2017).

Parameter Limit value for parameter/specification Unit
Ammonium 0.50 mg/l
Nitrate 50 mg/1
Nitrite 0.50 mg/l
Chloride 250 mg/l
Sulphate 250 mg/l
Electrical conductivity 2500 uS/cm at 20°C
Hydrogen ion between 6.5 in 9.5 pH unit
concentration (pH value)

Colour acceptable to users and without unusual variations

Turbidity acceptable to users and without unusual variations

Scent acceptable to users and without unusual variations

4 RESULTS OF MEASUREMENTS AND ANALYSES

The values of the measured physico-chemical parameters are presented in more detail
below, separately for the groundwater and Mislinja watercourse samples. In Table 4
and Figure 5, the Mislinja watercourse samples are shown with a darker background
and the groundwater samples with a lighter background.

4.1 Results of measurements on samples taken from the Mislinja
watercourse

The following results were obtained for the individual parameters on the Mislinja
River samples:

o Scent, colour and turbidity are the most obvious and easily observable para-
meters that can be used to infer water quality. They are of paramount impor-
tance, as their inadequacy is often the trigger for further water quality analyses.
In the Mislinja watercourse area, we did not detect any specificities in any of
these parameters (Table 4).
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« The lowest temperature was in the upper part of the Mislinja Valley (6.5 °C).
Downstream, due to the warmer atmosphere at the time of sampling, the tem-
perature rose to 10.7 °C (in the lower reaches) (Table 4, Figure 5a).

o There was a slight increase in pH moving downstream along the Mislinja River,
but the differences between samples are small (Table 4, Figure 5a).

 The dissolved oxygen content of the water in the Mislinja River was highest
upstream (8.6 mg/l), although moving downstream this value decreases only
slightly (Table 4, Figure 5b).

o The results of the biochemical oxygen demand analysis show stable values along
the Mislinja River (variation between 4.6 and 5.6 mg/1) (Table 4, Figure 5b).

« Nitrate was present in all the samples studied. There is a trend of increasing ni-
trate content downstream (from 3 mg/l in the upper reaches and 10 mg/l in the
lower reaches of the Mislinja) (Table 4, Figure 5c).

« Nitrite levels ranged between 0 and 0.03 mg/l. Their content increased progres-
sively downstream (Table 4, Figure 5d).

o Ammonium levels were below the detection limit (Table 4, Figure 5d).

o In the Mislinja River, chloride levels did not exceed 7 mg/l, but increase slightly
downstream (Table 4, Figure 5¢).

« Phosphate and sulphate levels in all samples were below the detection limit of
0.1 mg/1 for phosphate and 0.25 mg/1 for sulphate (Table 4, Figure 5d).

 In terms of water hardness, there is a clear trend of increasing values down-
stream. There is a transition from very soft to soft and moderately hard water
(2.8 °dH to 8.9 °dH) (Table 4, Figure 5e).

o Electrical conductivity depends on the presence of electrolytes in the water.
Since calcium and magnesium carbonate, which define carbonate hardness as a
hydrogen carbonate, are the most prevalent of these, hardness and conductivity
are quite correlated, with larger differences between values indicating the pres-
ence of the remaining electrolytes (nitrates, nitrites, phosphates, ammonium,
sulphates, etc.). The electrical conductivity also shows a positive trend down-
stream (between 114.8 uS/cm and 314 pS/cm) (Table 4, Figure 5e).

4.2 Results of measurements on groundwater samples from the Mislinja
aquifer

When analysing groundwater samples from the Mislinja aquifer, the following results
were obtained for individual parameters:

« Among the odour, colour and turbidity parameters, we detected specificities in the
colour and turbidity parameters for samples P2 and P7. The samples were yellow
and cloudy (Table 4), which may indicate contamination and various impurities.

o The groundwater temperature ranged between 10.7 °C and 14.3 °C. Among the
groundwater samples, sample P2 (10.7 °C), collected in the immediate vicinity
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of the Mislinja River (distance 31 m), had the lowest water temperature. The
owner reported that there is pronounced fluctuation of the groundwater tem-
perature (Obreza, 2016). A small upward trend of the temperature downstream
is evident (Table 4, Figure 5a).

The pH of all groundwater samples ranged between 7 and 8. There is a slight
downward trend in pH downstream, but it is not statistically significant. Sam-
ples P2, P3 and P8 stand out as having a higher pH (Table 4, Figure 5a).

The dissolved oxygen content varied considerably between the samples (from
2.8 mg/l to 6.1 mg/l). There was also a decreasing trend of dissolved oxygen
content in the water downstream (Table 4, Figure 5b).

The results of the biochemical oxygen demand analysis show that the values vary
significantly from site to site (from 2.26 to 9.81 mg/l). There are pronounced
peaks in samples P5 and P8. There was also a trend of increasing biochemical
oxygen demand downstream, indicating higher organic contamination of the
groundwater along the lower reaches of the Mislinja River (Table 4, Figure 5b).
Nitrates were present in all the samples studied. Increased levels were observed
in samples P4 and P5, which reached 50 mg/l, which is also the limit value ac-
cording to the Rules on drinking water (Pravilnik o pitni vodi, 2017). These sam-
ples were collected in the immediate vicinity of Slovenj Gradec. Moving down-
stream there is an upward trend in nitrate content. The trend is not statistically
significant due to the outlying values of P5 and P4 (Table 4, Figure 5c¢).
Concentrations of nitrites in the groundwater samples were below the detection
limit, with the exception of sample P7 (0.01 mg/1) (Table 4, Figure 5d).

The presence of ammonium was only observed in two groundwater samples
(P5 and P7). In sample P5, the value was 0.5 mg/l, thus reaching the limit value
according to the Rules on drinking water (Pravilnik o pitni vodi, 2017). In the
remaining samples, the ammonium content was below the limit of detection
(Table 4, Figure 5d).

Chlorides were present in all samples, with P1 having a chloride content of more
than 60 mg/l (upper detection limit) and P9 having a chloride content of 60
mg/l. Chloride levels in groundwater samples did not follow a general trend,
with a noticeable increase in chloride levels again in samples P4 and P5 with 12
mg/l and 20 mg/1 respectively, which were collected at sampling sites located in
the vicinity of Slovenj Gradec (Table 4, Figure 5c).

Phosphate was only detected in sample P9, where it was 0.1 mg/l, which is also
the lower detection limit of the test used. It is therefore quite possible that phos-
phates were also present in moderate amounts in other samples but were not
detected by the less sensitive test (Table 4, Figure 5d).

The sulphate content was below the detection limit of 25 mg/I in all samples
(Table 4).



A test case of assessing of groundwater quality in the Mislinja aquifer

« For water hardness, moving downstream there was a clear trend of increasing
values. There was a transition from very soft to soft and moderately hard water
(between 4.8 °dH and 17.5 °dT). Due to an anomaly in the laboratory analysis
(carbonate hardness was higher than total hardness), only the total hardness is
shown for samples P1 and P9. We assume that these two samples have elevated
levels of contaminants (most likely chlorides) that affect the result of the hard-
ness analysis. A peculiarity can also be detected in the electrical conductivity,
as both samples have a strongly increased value compared to the other samples
(Table 4, Figure 5e).

o For the electrical conductivity parameter, there is a positive downstream trend.
The measurements range between 177 puS/cm and 880 uS/cm. The highest and
strongly outlying values of electrical conductivity were measured in samples P1
and P9 (864 uS/cm and 880 uS/cm, respectively), which is probably due to the
high chloride content (Table 4, Figure 5e).
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Figure 5: Pollutants, hardness and conductivity by sample site (the darker part of the graphs
shows the values at the Mislinja River sample sites, and the lighter part shows the values at
the groundwater sample sites).
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5 DISCUSSION

According to Narsimha et al. (2013, p. 74), nitrate concentrations above 10 mg/1 are
the result of anthropogenic influences on groundwater. In the studied area nitrate
levels vary between 3 and 50 mg/l, with only four samples below 10 mg/1. The elevated
values are therefore probably in most cases due to anthropogenic influences. Nitrate
concentrations were highest in samples P4 and P5, from sites between Slovenj Gradec
and Smartno pri Slovenj Gradcu. Looking at land use (MKGP, 2017), we can see that
the latter is probably due to intensive agriculture, particularly integrated hop produc-
tion, which is the most common crop and is concentrated in this part of the valley
(Figure 2). The issue of the impact of hops farms on nitrate leaching into groundwater
is also highlighted by Gale et al. (1999). Nitrate contamination of water is also pos-
sible, but less likely, caused by higher population density and, in places, poorly man-
aged sewers. The wider area of Smartno pri Slovenj Gradcu and the southern part of
Slovenj Gradec were only adequately sewered to a greater extent in the post-sampling
period between 2017 and 2021, and some areas in the immediate vicinity of the sam-
pling sites still do not have adequately addressed wastewater disposal (GURS, 2021).

Naturally occurring nitrite concentrations in groundwater do not normally ex-
ceed 0.3 mg/l (Nitrate and nitrite in drinking-water, 2011). The detected values are
significantly below this limit and are also below the limit for drinking water. Thus,
the Mislinja River and the groundwater in the Mislinja aquifer are not contami-
nated with nitrite.

Naturally occurring ammonium in groundwater and surface water is usually below
0.2 mg/l (WHO, 1996). Most of the samples taken did not have elevated ammonium
levels, with only samples P5 and P7 standing out. In both samples, the values ex-
ceeded 0.2 mg/l, indicating an anthropogenic influence. The presence of ammonium
in groundwater is usually linked to agriculture, municipal sewage or industry. In sam-
ples P5 and P7, industry is sufficiently distant that it is unlikely to have had a signifi-
cant impact on groundwater. For sample P5, collected from a site near Slovenj Gradec,
the influence of municipal sewage cannot be ruled out, as the borehole owners were
not yet connected to the municipal wastewater network at the time of sampling. At
the same time, ammonium was not detected in significant concentrations in sample
P4, located in the immediate vicinity of P5, although here too the wastewater system
had not yet been constructed at the time of sampling. It is also possible that the con-
tamination is due to agriculture, which is the most likely cause of the contamination
in sample P7, the owner of which has a farm predominantly oriented towards live-
stock farming (Table 2).

Chlorides, which were high in some places but did not exceed the limit values for
drinking water according to Slovenian standards, were more problematic. Accord-
ing to Kohn et al. (2016, p. 112), chloride concentrations above 20 mg/l are indica-
tive of anthropogenic influences. Higher chloride concentrations could be detected
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in samples P1 and P9, where values reached and probably exceeded 60 mg/l, as this
value is also the upper detection limit of the test used. Such concentrations, given the
significantly lower values in the other samples, are most likely due to point source
pollution, which in sample P9 could have originated from a nearby industrial area,
dry cleaner or car wash (Table 2). Sample P1 comes from a site in close proximity to
the main road G1-4 Slovenj Gradec-Velenje (Table 2), so to some extent the influence
of salting for winter road maintenance cannot be excluded. Similar conclusions were
also reached, for example, in the study Skrb za pitno vodo [Caring for Drinking Water]
(Jamnik et al., 2014), where, using the example of Ljubljansko Polje, it was found that
moderate chloride concentrations were linked to municipal wastewater and the use
of salt for winter road maintenance. Chloride levels were also slightly higher in the
vicinity of Slovenj Gradec (sample P5), which could be due to municipal wastewater
from the then still poorly developed wastewater network (GURS, 2021) and intensive
agriculture, especially hop production (Gale et al., 1999) in the immediate impact
area, or it could also be due to the use of salt for winter road maintenance.

Phosphate levels in groundwater are low, as phosphorus is normally retained in the
soil (Welch, Kingsbury, Coupe, 2010). In the Mislinja Valley, phosphate was not de-
tected in significant quantities in most samples, be it from the Mislinja River or ground-
water, although potential sources of contamination exist: fertilisers, manure, detergents,
etc. This may also be due to the relatively low sensitivity of the test used, with a detection
limit of 0.1 mg/1. The only sample where phosphate was detected (0.1 mg/1) was P9. We
think it is mainly local influences that explain this situation, as there is a car wash in the
vicinity (Table 2), from where detergents could be leaching into the groundwater.

Sulphates occur in nature mainly as a result of rock leaching, so for example sea-
water has sulphate concentrations of 2700 mg/l (WHO, 2004), while liquid water and
groundwater typically have much lower levels. The rocks in the hinterland of the Mis-
linja River are not a source of significant quantities of sulphates, nor have anthropo-
genic influences, mainly as a result of industry, had a major impact on concentrations
of these substances in the sampled water. In fact, all samples recorded concentrations
below the detection limit of the test used (25 mg/I).

For the biochemical oxygen demand (BOD 5), samples with values between 1 and
2 mg/l indicate water that is not contaminated with organic matter, samples with val-
ues between 3 and 5 mg/l indicate the presence of organic contamination, and sam-
ples with values above 5 mg/l indicate higher levels of organic contamination (Oram,
2017). Elevated values were detected especially in the Mislinja River, where the values
were around 5 mg/l. Interestingly, BOD 5 values were also higher in some samples
taken in the upper reaches of the Mislinja River. For groundwater, BOD5 values above
5 mg/l were recorded in samples P2, P5, P8 and P9. In the remaining samples, the
values were lower, indicating more moderate environmental influences.

pH is a measure of the balance between the concentration of hydrogen and hy-
droxyl ions in water, and can be affected by many factors (Boyd, 2015). The limit for
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drinking water is 6.5 to 9.5. The pH values of the samples taken ranged between 7.02
and 8.05, indicating a slightly alkaline character of the waters in the Mislinja Valley.

In general, groundwater contains less dissolved oxygen than surface water sources,
due to oxidation processes and the absence of an oxygen source (Rose, Long, 1988).
The results of the oxygen content analysis indicate a variable presence of oxygen in
groundwater, with values ranging from 2.8 to 6.1 mg/1. The higher oxygen content in
some samples was most likely due to the shallowness of the aquifer and the inflow of
the Mislinja River, which has slightly higher levels of dissolved oxygen, into the aqui-
fer. This is probably particularly the case for sample P2, which (for the upper reaches
of the Mislinja) also showed a higher BOD value. The oxygen content of groundwater
is also potentially influenced by its depth and contact with the atmosphere. Likewise
in our study, on average we observed differences between water samples from wells
and boreholes. The oxygen contents of the well samples were slightly higher on aver-
age (5.1 mg/1), which is probably due to the direct contact of the groundwater with the
atmosphere. The average oxygen content of the borehole samples was slightly lower
(4,7 mg/1), probably due to the absence of direct contact between groundwater and
the atmosphere, as water in boreholes is usually collected from slightly deeper depths.
Nevertheless, the oxygen content of samples from wells and boreholes varied consid-
erably from one sampling site to another.

It turned out that environmental influences, conditioned by land cover and land
use in the wider area of the sample site, can only be linked to the values of the ana-
lysed parameters to a certain extent (e.g., the influence of intensive hops farming and/
or sewage in the elevated nitrate values in samples P4 and P5). In fact, the results of
the analysis of the samples sometimes indicate a strong dependence of the values of
individual physico-chemical parameters of groundwater on the micro-location of the
sample site itself, and on the more or less known influences at that site (e.g., elevated
chloride, hardness and electrical conductivity values in samples P1 and P9 due to an
unknown local pollution source, or very divergent ammonium levels in samples P4
and P5, which are only 180 m apart in air distance). The latter is likely due, among
other things, to methodological constraints related to sampling from wells and private
boreholes, which may make the results subject to potential local influences and conse-
quently only to a certain extent representative of conditions in the wider aquifer area
(Metodologija za opredelitev..., 2021).

A comparison of the physico-chemical properties of groundwater and the Mislinja
River showed that, although the two systems are hydrologically linked, the values of
individual parameters in one and the other are not necessarily comparable. In the case
of groundwater, the values of the measured parameters are influenced to a large extent
not only by anthropogenic influences from the surface, but also by the distance from
surface water and the degree of mixing of surface water and groundwater, the rate of
groundwater movement and recharge, the abundance and depth of the aquifer, and its
geological composition (Fetter, 1999). Similarities between the two systems were thus
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only found for hardness and electrical conductivity, while the values of the other param-
eters (temperature, oxygen content, BOD 5 and nutrient content) were quite different
due to the different dynamics and retention times of the water, the current weather
conditions and the different self-cleaning capacities, and therefore cannot be compared
with each other. The water hardness in both systems was initially low (up to 4 °dH) and
then increased downstream (up to about 10 °dH). Similarly, the conductivity (if P1 and
P9 are excluded) showed an increasing trend downstream in both systems. However,
it is characteristic for both the Mislinja River and the groundwater that, in general, the
concentration of pollutants increases as you move further downstream, indicating an
escalation of pressures and the presence of progressive pollution.

The results of the vast majority of analyses of physical and chemical parameters on
groundwater samples (odour, colour, nitrate, nitrite, ammonium, pH, chloride and
sulphate) are below the limit values set out in the Rules on drinking water (Pravilnik o
pitni vodi, 2017). However, when considering the individual sample as a whole, where
the non-compliance of one parameter alone affects the non-compliance of the whole
sample, the results are significantly worse, with as many as five out of nine samples be-
ing non-compliant or conditionally compliant. Sample P2 is non-compliant due to a
slightly yellow colour and turbidity, sample P7 is also non-compliant due to a slightly
yellow colour. The samples with the highest limit values are for nitrate: samples P4
and P5, taken near Slovenj Gradec, reach the limit value for nitrate (50 mg/1). Further-
more, sample P5 also reaches the limit value for ammonium (0.5 mg/1).

6 CONCLUSIONS

Groundwater is a water source that is out of sight given its location below the sur-
face. As a result, despite its importance as a potential source of drinking water, it is
often neglected and less well understood, particularly in areas where its supplies are
not abundant and where it is not used for local water supply. This is the case also for
the Mislinja aquifer, which is the subject of this paper. Namely, it is an aquifer of low
yield, which is utilised by the local population principally for watering, irrigation and
washing, but not as a source of drinking water. The high water table (Table 2) makes
groundwater relatively easily accessible, as reflected in the numerous boreholes and
wells. While the high water table is an advantage in terms of use, on the other hand,
the permeability of the covering layers means that significant quantities of pollutants
from various anthropogenic activities can be leached into the groundwater.

In this study, we investigated the physico-chemical properties of groundwater in
the Mislinja aquifer to assess its quality. The results of the study are preliminary, since
it was only based on a one-off sampling of selected private boreholes and wells. In
addition, a relatively small number of sampling sites (9) were sampled and only the
most basic physico-chemical parameters were analysed (organoleptic properties,
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temperature, pH, dissolved oxygen, nitrate, nitrite, ammonium, phosphate, sulphate,
chloride, biochemical oxygen demand, electrical conductivity, analysis of various
types of water hardness). The results obtained can therefore only provide a rough
indication of the water quality of the Mislinja aquifer, as they are no substitute for the
results of regular monitoring.

The groundwater of the Mislinja aquifer, based on organoleptic characteristics was
odourless and in most samples colourless and clear. The exceptions were samples P2
and P7, where the water was turbid and slightly yellowish in colour. The temperature
ranged from 10.7 to 13.8 °C and the pH was slightly alkaline with values between 7.02
and 8.05. Dissolved oxygen values were relatively low (between 2.8 and 6.1), which is
also a characteristic of groundwater. Based on the remaining physico-chemical analy-
ses of the groundwater in the Mislinja aquifer, the most frequently occurring pollut-
ants are nitrates, which are usually derived from agricultural activities. Nitrate was de-
tected at elevated concentrations in most samples, with the highest values measured
in an area characterised by intensive agriculture in the vicinity of Slovenj Gradec (P4
and P5; 50 mg/1). Two sample sites also showed markedly elevated chloride levels (P1
and P9; 60 mg/1), probably due to point pollution or road salting. Given that 60 mg/l is
also the upper detection limit of the test used, it cannot be excluded that the chloride
levels at these sample points are in fact even higher. Slightly elevated chloride levels
were also measured in the vicinity of Slovenj Gradec (P5; 20 mg/l). Other pollutants
were present at elevated concentrations less frequently and only in isolated samples,
and are therefore most likely due to local factors in the immediate impact area. For
instance, nitrite (P7; 0.01 mg/l) and phosphate (P9; 0.1 mg/l) were only detected in
one sample, while ammonium was detected in two samples (P5; 0.5 mg/l and P7; 0.25
mg/l). In all sites sulphates were below the detection limit of the test used, which is
0.25 mg/l. Organic matter contamination was most pronounced in the lower part of
the valley, with a maximum value of 9.81 mg/I for BPK 5 at sampling site P8. Over-
all, the groundwater in the aquifer along the Mislinja is progressively more polluted
downstream. This is reflected in a decrease in dissolved oxygen and an increase in the
biochemical oxygen demand and an increase in nitrate content. Moving downstream
water hardness and electrical conductivity also increased.

In the area of the Mislinja aquifer, agriculture has a particularly significant impact
on groundwater quality, as it is present throughout the valley, and is particularly con-
centrated in the area of intensive hop-growing near the settlement of Smartno pri
Slovenj Gradcu. The wastewater network is also a potential source of pollutants, as
several settlements or parts of settlements (Otigki Vrh, part of SentjanZ pri Dravo-
gradu, Bukovska vas, Mislinjska Dobrava, Brda) are still not fully connected to it. In-
dustry (especially north of Slovenj Gradec) and traffic (the main road passes through
the valley, and with the construction of the third development axis, even higher traffic
pressures are expected) are two additional factors potentially reducing the groundwa-
ter quality in the Mislinja Valley.
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The Mislinja aquifer is relatively poorly known and explored, judging by the availa-
ble data on groundwater quality and reserves. However, if properly protected, it could
probably represent at least a potential reserve source of drinking water for the wider
Mislinja Valley area. On the other hand, our analysis has shown that, according to
the Rules on drinking water (Pravilnik o pitni vodi, 2017), as many as five out of nine
samples were unsuitable, or only conditionally suitable, and it should be stressed that
we have analysed a very limited number of parameters. It is quite likely that a more
detailed analysis of all the parameters set out in the Regulation would reveal even
more non-compliances in samples, and that even more sites would be inappropriate
to use. The results of the analysis thus point to the worrying fact that the groundwater
in the Mislinja aquifer is currently too contaminated to be counted on as a possible re-
serve source for water supply. This is a worrying finding, as drinking water is a strate-
gic natural resource that should be protected and preserved for future generations in
the spirit of sustainable development. Moreover, groundwater in the Mislinja aquifer
is inextricably linked to the surface water in the Mislinja River, with water, including
any pollutants present in it, being exchanged between the two.

The establishment of regular national monitoring in the area could help to raise
awareness of groundwater pollution in the Mislinja aquifer and improve its quality. This
would increase interest in the issue and raise the awareness of the population and, in
particular, of local authorities. The latter have the potential to improve on the situation
as it stands by introducing certain measures and incentives. Regular monitoring would
make it possible to monitor the progress or deterioration of groundwater conditions.
On the other hand, the Mislinja aquifer is but one of many comparable smaller sized and
low-yield intergranular aquifers in Slovenia. Namely, the establishment of regular or at
least periodic groundwater quality monitoring in the Mislinja aquifer, would entail con-
siderable investment and operational costs, which would necessitate a strategic decision
at the national level and so too a systemic change that would enable some more minor,
though no less important, aquifers to be included in monitoring.
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