
GIANPIERO ADAMI, PIERLUIGI BARBIERI, BARBARA CAMPISI, 
EDOARDO REISENHOFER (*) 

CHEMOMETRIC CHARACTERIZATION 
OF SOME KARSTIC FRESHWATERS 

(Fonte Oppia and Torrente Rosandra, near Trieste, Italy) 

Atti e Memorie della Commissione Grotte "E. Boegan" 

SUMMARY 
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A method for characterizing karstic freshwaters was tested, starting from monitoring of a 
few selected chemical-physical parameters, used as 'natural indicators'. Sodium, potassium, 
calcium, magnesium, chlorides, nitrates, sulphates, conductivity, ternperatrrre and pH were 
determined in Fonte Oppia and Torrente Rosandra, at two very close satnpling sites, both 
in auturnna/ and spring periods, for verifying seasonal effects. The principal conlponent nrrnlysis 
performed on the experimental data gives a synthetic description of the examined waters in 
terms of 3 principal components (PCs). The scores relative to the extracted PCs allow 21s 
to discriminate between the exantined freshwnters. The scores verszls time plottings confirfn that 
Fonte Oppia, a typically karstic spring, has lower seasonal variability of composition with 
respect to the epigeous Torrente Rosandra. The complex equilibria between the dissolved carbon 
dioxide, regulating the pH, and the major ions, Ca and Mg, typical of this calcareous area, 
constitute a relevant factor for characterizing and discriminating the karstic freshwaters. 
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RIASSUNTO 

CARATTERIZZAZIONE CHEMIOMETRICA Dl ALCUNE ACQUE CARSICHE (FONTE 
OPPIA E TORRENTE ROSANDRA, TRIESTE, ITALIA) 

- - 

Si 6 verificato un metodo per la caratterizzazione di acque carsrche, impostato sul 
monitoraggio di pochi parametri chimico-fisici, opportunamerrte scelti qua/; 'itrdicatori naturali'. 
Sodio, potassio, calcio, magnesia, cloruri, nitrati, solfati, co~rduttivitd, tetnperatura e pH sono 
stati determinati nelle acque di due siti praticamente contigui, Fonte Oppia e Torrente 
Rosandra, durante il period0 autunnale e la successiva primavera, per verificare possibi/i effetti 
stagionali. L'analisi delle componenti principali sui dati sperimentali ha fornito una descrizione 
sintetica di queste acque in terminr di 3 componenti principali. I punteggi relativl n queste 
componenti haizno pertness0 una discriminazione netta tra le acque dei due siti, pur cosi 
vicini. Le variazioni dei punteggi nel tempo fanno rilevare clze le acque della Fonte Oppia, 
risorgiva trpicamente carsica, presentano una variabilitd stagionale nettarnerrte inferiore rispetto 
alle acque epigee del Torrente Rosandra. I complessi equilibn che irnplicano l'anidride carbonica 
disciolta e gli ioni n~ag@ori, calcio e magresio, tipici di quest'area calcarea, costituiscono un fattore 
rilevante ai fini della caratterizzazione e discrimirrazione delle diverse acque carsiche. 

(*) Department o f  Chemical Sciences, University of Trieste, Via Giorgieri 1, 34127 Trieste, Italy 



ZUSAMMENFASSUNG 

CHEMOMETRISCHE CHARAKTERISIERUNG EINIGER KARSTGEWASSER (FONTE OPPIA 
UND TORRENTE ROSANDRA BE1 TRIEST, ITALIEN) 

Eir~e Meillode zzur Chnrnkterisierung vor~ Knrsfgewiisser wurde iiberpruft, inde~n bestin~mte 
chernisch-pl?ysikalische Parnmeter nls 'r~ntiirliclte bldikntoren' gewiihlt wurde~z. U I ~ Z  etwnige 
saisorzbediizgte Eiilfliisse festzustelle~z, wurderl bei zwei in urlmittelbnrer Niihe vdr~einnrlder 
lieger~der~ Gewiissern - der For~te Oppia ~rnd den? Wildbnch Rosnndrn - im  Herbst 11nd den? 
dnrn~iffolgenden Friilzjnhr der jeweilige Gehalt 011 Nntrizin~, Kolium, Knlzium, Magnesium, 
Clzloriden, Nitrnter~, S~rlphnter~ solvie die Leitfilligkeit, die Ternperntur und der pH- Wert des 
Wnssers ger?~esserl. Die H n u p t k o ~ ~ ~ p o ~ ~ e ~ z t e ~ ~ n ~ z n l y s e  der experinzentellen Dnten lieferte eine 
zusamn~er~fasse~Ide Besckre ib~i~~g diesel Gewiissel; wobei drei Hnsrp t ko~~zpo~~en te~~  ideentifiziert 
wsrrden, welcke trotz der groflen Niihe eir~e klnre Unterscheidung der beiden Gewiisser zuliiflt. 
Die iiber den  besngten Zeitrnzrrn ger??essenen Werte zeigen, dn/3 das Wnsser der Fonte Oppia, 
einer typischerl Knrstq~relle, eine eirzwar~rlfrei rliedrigere jnhreszeitlicke Vnrinbilitiit aufweist nls 
dns Oberfliicllenwnsser des Rosnndm-Bnckes. Die kor~~plexerz Gleichgewichte zwischer~ dern 
nufgelosten Kohlendioxid ~rnd den Knlziurn- und Mngr~esium-Io11er1, die fiir dieses Knlksteingebiet 
cknmkteristisck sind, stellen ~ I I I  Hinblick nuf die Clznrnkterisier~~r~g urld die Untersclzeidur~g 
~~ersc/liedener Knrstgeu~iisser ei11er1 weser~tlichen Fnktor dnr: 

POVZETEK 

KEMO-METRI~NA KARAKTERIZACIJA NEKATERIH KRASKIH VODA (IZVIR KLINCICA 
IN HUDOURNIK GLINSCICA, TRST, ITALIJA) 

Avtorji s o  preverili metodo zn knrnkterizncijo krnikih vodn, k i  sloni nn pregledu rnnlos'tevib?ilr 
fiziknlno-kernib~ih pnrnmetrol,, k i  so jill zbrali kot "nnrnv~ze indikntorje". Pri dvek vodnh, to 
je v izvir~c Mir~t icn  in I ,  hudournik~r Glir~iticn, ki  se p r n k f i h o  dotiknto, so merili jeseni in 
12nsleclr1jo ponllnd nntrij, knlij, ~mngnezij, kloride, nitrate, sulfnte, elektricilo prevod~rost, tenzpernturo 
in pH z 1za17teno111, do bi preverili n~orebitr~e sezonske sprerne~nbe. Annliza glavr~ilz ses tn~~i~z  
in eksperi~nentnlnilz podntkov je poknzaln, dn vsoko izrned teh dveh vodn lalzko opiiemo potorn 
trel? glnvnih sestovin. KoliEinn teh treh sestovirl ornogoto jnsrlo IoStev rned ternn dvemn 
vodarnn, teprav se rlnhnjntn drugn ob  drugi. Sprernembe v k o l i t i ~ ~ i  telz treh sestnvrrl pn so 
pokoznle, dn izvir Klinticn, tiprten krafki  izvir, knie odloEilo rnn~~ j i e  sprenzen~be kot povriinski 
tok 17~1dour1~ikn GlinSticn. Znpletenn rn~~novesjn, k i  zadevnjo ogljikov diosid, ki je rnztopljen 
I )  vodi ter jone knlczjn in mngnezijn, k i  stn tipitrzn zn to krnSko podrotje, predstnvljajo 
odlotiler~ fnktor zn karnkterizacijo in lotitev rnzlrblih krnikih vodn. 

Introduction 

We have started in 1992/93 to study freshwaters - springs, ponds - referable to Timavo 
river, on the purpose to descript the characteristics of this interesting hydrographic system in 
terms of chemical-physical parameters [REISENHOFER E., ADAMI G. and BARBIERI P., 19961. As 
a first approach, we have determined some trace heavy metals - intended as 'natural markers' 
- in water sampled with monthly frequency at the 3 springs flowing near S. Giovanni di Duino. 
The univariate analysis of the trace metal contents pointed out the different quality of these 
waters, notwithstanding they are situated practically contiguous, in a very narrow area. More- 
over, the results of the data analysis suggested possible seasonal effect on the composition of  
these waters. 

These preliminary results leaded us to focus our attention on samples taken in well cha- 
racterized seasonal periods, as, for instance, during the intense rainfalls following the dry 
summer season, typical in this mediterranean area. At the same time, we have planned a higher 
number of sampling sites, going from the southern Val Rosandra to the northern Isonzo river. 




















