Acta Chim. Slov. 2007, 54, 33-39

Scientific paper

Multivariate Data Analysis
of Natural Mineral Waters

Katja Snuderl,? Marjana Simoni¢,* Jan Mocak,"*
Darinka Brodnjak-Voncina®

“ University of Maribor, Faculty of Chemistry and Chemical Engineering, Smetanova 17, SI-2000 Maribor, Slovenia

b University of Ss. Cyril and Methodius, Faculty of Natural Sciences, Nam. J. Herdu 2, SK-91701 Trnava, Slovakia.
E-mail: jan.mocak@ucm.sk.

Received 01-08-2006

Paper based on a presentation at the 12" International Symposium on Separation Sciences,
Lipica, Slovenia, September 27-29, 2006.

Abstract

Fifty samples of natural mineral waters from springs in Slovenia, Hungary, Germany, Czech Republic and further coun-
tries of former Yugoslavia have been analysed. The mass concentration of cations (Na*, K*, Ca?*, Mg?*, Fe?*, Mn?*,
NH4*) and anions (F, CI', I", NO;, SO42’, HCO;"), the spring temperature, pH, conductivity and carbon dioxide mass
concentration have been measured using standard analytical methods.

Appropriate statistical methods and different chemometric tools were used to evaluate the obtained data, namely, (i) de-
scriptive statistics, (ii) principal component analysis (PCA), (iii) cluster analysis, and (iv) linear discriminant analysis
(LDA). It was confirmed that Slovenian natural mineral water samples differ most from the German ones but are rela-
tively similar to the Czech and Hungarian ones. Water samples from Hungary are similar to waters from the eastern part

of Slovenia.

Keywords: Natural mineral water, ion determination, principal component analysis, cluster analysis, linear discrimi-

nant analysis.

1. Introduction

Certain quantities of dissolved inorganic salts are
present in all natural waters, therefore the waters found in
nature are mineralised. Slovenia is very rich in natural
mineral water sources where, according to our investiga-
tion, about 37 naturally or artificially available sources ex-
ist. The majority of locations are situated in East
Slovenia.'? In this paper, mineral waters from all 37
sources are examined together with 13 sources from other
parts of Europe — Hungary (2 springs), Germany (4
springs), Czech Republic (2 springs) and Western Balkan
countries (countries of former Yugoslavia except Slovenia
— 5 springs).

The definition and the guidelines for analyses of
natural mineral waters were issued by the EEC in Brussels
as the Council Directive 80/777/EEC on the harmoniza-
tion of the regulations covering the exploitation and mar-
keting of natural mineral waters.> Mineral waters are de-
fined as follows: (i) the waters that originate in under-

ground water table or deposit and emerge from a spring,
tapped at one or more natural or bored exits, (ii) they dif-
fer from drinking water by their mineral content, trace el-
ements, and other constituents, and by the original state,
(iii) the waters must be microbiologically wholesome,
protected from all risk of pollution.

Drinking water could be considered as natural min-
eral water but in most cases drinking water is technologi-
cally processed and does not fulfil the condition (ii). To
determine water as “natural mineral water” its tempera-
ture is very important. Waters with temperatures above 20
°C are called thermal waters. Waters with a proven physi-
ological effect are called healing waters. Healing effects
on humans have to be determined by physical-chemical
analysis and confirmed by an expert balneologist.*

So far, the investigations have shown that mineral
waters considerably differ in mineralization (expressed as
conductivity) and temperature. Many studies were per-
formed from the balneological point of view. Regardless
of the total mineralization, mineral waters are classified

Snuderl et al.:  Multivariate Analysis of Natural Mineral Waters

33



34

Acta Chim. Slov. 2007, 54, 33-39

according to the concentration of major cations and an-
ions (quantity share above 20 milliequivalent %).>
Milliequivalents, as non-SI units, are allowed to express
the results of water analysis (the balneological structure of
water).’

In the present work, a more detailed classification
and comparison of different natural mineral water sam-
ples using statistical and chemometric methods will be
shown.

2. Experimental

Waters from 50 springs were analysed for the cation
concentrations (Ca’>*, Mg**, Na*, K*, NH*, Fe**, Mn*")
and anion concentrations (F, CI", I, NO,~, SO 42’, HCO;"),
pH, temperature, conductivity and CO, content. The re-
sults of analysis of mineral waters from Germany and
Western Balkan countries were obtained from literature.®’

2.1. Sampling

The ISO standard method was used for sampling.'
Water samples were collected in polyethylene bottles. All
glass and plastic ware used for sampling and analysis was
rinsed with milli-Q water and filtered through glass-fibre
filters. All measurements were performed the very day the
samples were collected.

2.2. Instruments and Reagents

Ion chromatograph Dionex and spectrophotometer
Perkin-Elmer were used for the determination of ions
specified below. WTW conductivity meter and Orion pH

meter were used for conductivity and pH measurements,
respectively. All used reagents were analytical grade. The
milli-Q system was used to prepare ion-free water.

2.3. Analytical Methods

The samples were filtered prior to the analysis. Most
anions were determined by the ISO standard method us-
ing ion chromatography."' Ammonium and nitrate were
determined spectrophotometrically. For the ammonium
determination, the reaction with salicylate and hypochlo-
rite ions in the presence of sodium nitrosopentacyanofer-
rate was used; 2,6-dimethylphenol was used as a reagent
to determine nitrate.'>'* Tron was also determined spec-
trophotometrically using the reaction of iron(II) with o-
phenantroline; manganese was determined by the reaction
of manganese(Il) with ammonium peroxodisulphate in
acidic solution with spectrophotometric final determina-
tion using absorption of Mn(VII) at 530 nm.'*"> Sodium
and potassium were determined using flame emission
spectrometry.'® Calcium, magnesium and sulphate were
determined using EDTA titrations.'”!” Hydrogen carbon-
ate was determined following the standard method.?

Conductivity and pH were measured using standard meth-
ods.?!*

2.4. Data Analysis

Fifty mineral water samples were characterized by
17 physical-chemical variables: pH, temperature, conduc-
tivity and CO, mass concentration, cation (Ca**, Mg**,
Na*, K", NH,", Fe, Mn?") as well as anion mass concen-
tration (F~, CI', I', NO;", SO42’, HCO;"). These variables,
measured for all mineral water samples, create column

Table 1. Data of 50 mineral waters examined by 17 different chemical and physical measurements.

No pH Temp Ca Mg Na K NH, Fe Mn F I SO, HCO, NO, CO, Cond
1 650 190 220 951 480 750 297 005 025 042 475 001 892 2370 022 4460 4943
2 610 266 129 462 435 395 300 300 030 160 607  0.09 99 1780 0.10 1290 2260
3 840 400 173 142 2215 142 267 350 030 133 160 044 179 7527 015 1160 8800
4 680 190 410 1080 1630 110 0.0l 060 006 0.17 744 008 1845 8430 0.0 4400 6200
5600 190 105 980 181 25 002 009 002 024 80 003 214 80 270 3950 1400
6 710 530 286 130 1650 31.0 390 005 001 750 470 001 1263 2135 045 277 6720
7 830 400 160 70 121 25 040 020 005 045 70 00l 210 323 050 1 470
8 755 420 543 369 260 31 001 001 001 027 64 010 490 323 005 20 564
9 760 260 500 273 250 23 001 030 0006 048 34 00l 680 260 010 20 420
10 760 260 540 300 30 09 00l 005 0005 014 13 00l 300 290 140 20 620
11 750 346 542 276 132 02 038 030 001 021 51 001 437 277 190 1 460
12 750 342 513 275 108 02 031 040 001 021 46 00l 3901 269 140 1 430
13 780 560 79 09 400 63 240 013 001 010 563 00l 10 762 1.00 1 1360
14 720 720 179 87 3600 180 002 023 002 210 1666 150 210 6954 050 350 12100
15 720 720 768 27.1 4800 195 008 030 040 210 4963 7.80 214 4651 150 300 20200
16 720 710 919 194 2757 382 002 040 002 180 643 030 197 7027 0.0 250 9600
17 790 620 36 43 320 59 140 020 012 047 142 010 24 717 110 14 2030
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No pH Temp Ca Mg Na K NH, Fe Mn F I SO, HCO, NO, CO, Cond
18 790 49.0 53 1.3 310 9.6 3.40 0.30 0.15 1.18 16.0 0.01 1.0 830 0.10 44 1199
19 7.60 49.0 5.0 1.0 350 5.8 3.10 0.30 0.10 0.57 11.6 0.01 2.3 860 0.10 1 1100
20 658 48.0 286 128 950 89.0 6.30 0.18 0.05 1.29 167 0.15 50.0 2367 0.35 808 2800
21 690 500 144 57 1196 110 10.5 0.50 0.05 0.99 152 0.13 1.0 3201 0.40 350 2600
22 790 43.0 42 149 513 8.1 5.10 1.70 0.04 2.10 68.0 0.005 0.50 1320 4.10 1 2800
23 8.20 43.0 3.8 154 494 8.1 5.80 0.55 0.016 2.50 75.0 0.006 0.50 1253 4.50 1 2570
24 970 33.0 4.0 29 150 0.9 0.01 0.09 0.009 2.80 74.0 0.17 25.7 213 1.40 77 539
25 795 540 54 2.2 306 13.5 3.80 0.18 0.01 0.83 17.7 2.30 0.96 945 1.20 20 1360
26 880 56.0 11.7 3.9 2684 30.0 15.7 4.70 0.01 4,18 2259 2.70 38.7 3343 0.10 10 9800
27 8.07 540 54 1.1 318 16.5 4.00 0.10 0.01 0.86 15.9 2.70 0.96 960 5.20 9 1360
28 740 363 748 222 0.3 0.1 0.32 0.20 0.01 0.17 1.4 0.01 18.8 318 0.26 1 440
29 840 350 543 19.1 5.8 2.0 0.16 0.01 0.01 0.63 4.2 0.01 20.0 243 1.50 1 360
30 7.05 255 400 285 1.2 0.5 0.10 0.10 0.05 0.10 2.1 0.01 0.48 263 1.40 9 360
31 7.39 338 550 304 3.8 1.9 0.02 0.01 0.01 0.24 3.2 0.01 19.7 302 1.10 44 450
32 744 280 614 144 34 1.0 0.01 0.01 0.01 0.01 3.6 0.01 30.7 223 1.90 44 390
33 720 34.0 584 35.1 1.7 1.6 0.28 2.66 0.02 0.24 3.7 0.001 0.90 356 3.60 22 410
34 7.80 30.0 360 184 2630 100 1.28 0.02 0.01 3.60 4559 0.20 809 232 0.10 1 11770
35 8.80 42.0 53 1.8 205 8.0 0.01 0.20 0.01 0.49 2.3 0.01 1.0 577 0.01 1 766
36 720 29.6 592 334 12.0 1.2 0.01 0.05 0.005 0.01 2.0 0.01 8.6 348 1.00 22 440
37 770 81.0 36.0 13.0 8214 230 20.0 0.01 0.01 0.01 11730 0.10 128 2082 0.10 1 43200
38 6.30 19.0 283  65.8 249 16.0 0.10 3.40 0.40 2.93 181 0.16 0.23 1602 1.00 1225 2450
39 6.90 48.0 314 153 40.0 50.0 1.00 0.30 0.20 2.00 32.0 0.10 576 1135 0.10 440 2090
40 7.60 48.0 136 475 1810 58.0 12.0 0.15 0.10 1.40 2420 5.40 121 1650 0.10 733 5200
41 739  96.0 136 28.5 4000 88.5 10.6 0.40 0.10 4.10 5010 10.0 69.0 2310 0.10 94 12083
42 690 200 490 275 3.8 1.0 0.10 0.01 0.01 0.01 9.6 0.01 22.0 280 0.15 7700 460
43 680 20.0 585 267 5.8 1.0 0.10 0.01 0.01 0.10 14.0 0.10 20.0 283 0.38 7800 476
44 680 200 23.1 126 3.6 1.0 0.10 0.01 0.01 0.10 9.1 0.10 14.5 105 10.8 7900 190
45 6.80 20.0 118 67.0 59 1.0 0.10 0.01 0.01 0.10 4.8 0.10 30.3 710 0.30 7550 1048
46 680 190 780 162 1085 69.0 0.0 031 018 458 194 0.10 135 3295 100 3636 5217
47 680 190 850 600 589 700 0.0 002 004 207 390 0.10 40 2161 050 3380 3162
48 6.70 19.0 105 2.0 1188 55.0 0.10 0.31 0.06 4.20 68.0 0.10 177 3130 0.10 2700 4817
49 6.70 19.0 825 13.7 998 34.5 0.10 0.10 0.17 144 137 0.10 38.8 2703 0.10 2180 4413
50 6.80 19.0 253 20.1 370 6.5 2.00 0.10 0.01 0.30 229 1.60 53.8 716 0.10 4000 1503

vectors of the data matrix for further chemometrical
analysis. All studied data are shown in Table 1. The names
of the variables are listed in this table in the same form as
they are used in the software calculations. Temperature is
measured in °C, conductivity in uS, all 14 concentrations
are expressed in mg L.

The results of all measurements were statistically
evaluated to obtain the mean and median values, standard
deviations, minimal and maximal values of all measured
variables and their pair correlation coefficients. Principal
component analysis, cluster analysis, and linear discrimi-
nant analysis were applied for grouping the natural miner-
al water samples in the multidimensional space defined by
the respective measured variables.

The samples of mineral water were classified ac-
cording to the country of origin: 1 — Slovenia (sample no.
1-37), 2 — Czech Republic (sample no. 38, 39), 3 -
Hungary (sample no. 40, 41), 4 — Germany (sample no.
42-45) and 5 — samples from the Western Balkan territory
(sample no. 46-50).

All calculations were performed using Teach/Me
and Statgraphics Plus software.”**

3. Results and Discussion

3.1. Statistical Screening of Data

After determining the mean and median values and
the standard deviations, the correlation table was calculat-
ed for all pairs of the measured variables.

The maximal pair correlation coefficient was found
between the sodium mass concentration and conductivity
(r = 0.97). This high correlation was proved also by the
graph of the conductivity vs. sodium concentration de-
pendence where some natural grouping of mineral water
samples was revealed. However, such dependence is not
suitable for a distinct representation of the groups of the
studied mineral waters. A strong correlation (r = 0.90) was
also found between the sodium and chloride ions content
as well as between the chloride concentration and conduc-
tivity.

3.2. Cluster Analysis

The aim of cluster analysis (CA) is the recognition
of groups of objects (clusters) based on their similarity,
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which is given, by the distances between the objects in the
multidimensional space of the chosen variables using ap-
propriate metrics. The similarities among the objects and
their clusters are represented by a dendrogram. It can be
seen in Figure 1 that the cluster formation depends on the
origin of natural mineral water samples. Close groups are
formed from the water samples from Germany, Slovenia
and Western Balkan territory. Water samples from the
Czech Republic and Hungary are not very much different
from Slovenian waters. Sample number 37 differs signifi-
cantly from all other samples — as indicated by the longest
distance projected to the horizontal axis. Due to a great
depth of the borehole, the spring temperature and conse-
quently the content of the dissolved salts are considerably
higher.

Using Euclidean distance, five clusters plus the
above mentioned sample 37 are observed in Figure 1.
The samples grouped in cluster D (fourth from the
top) are most similar — the samples 18-39 are con-
nected at a low distance level. This main, largest clus-
ter D contains most of Slovenian samples and the two
examined Czech samples (38, 39). Cluster C (third
from the top), containing mostly Western Balkan sam-
ples (46-49) plus one Hungarian (40) and two
Slovenian samples (6, 1), and cluster E (fifth from the
top), containing all German samples (42-45), one
Slovenian (5) and one Western Balkan (50) sample are
somewhat similar to the main cluster D. Cluster B
(second from the top), containing only Slovenian sam-
ples (4, 14, 3, 16), is less similar to the main cluster
D. Cluster A (first from the top), containing three
Slovenian (15, 26, and 34) and one Hungarian sample
(41), is least similar to other clusters. It is evident that
the similarity among the samples, as expressed by the
dendrogram in Figure 1, depends significantly on the
geographic factor.

3.3. Principal Component Analysis

Principal component analysis (PCA) calculates la-
tent, new variables by a combination of the original vari-
ables, representing the multidimensional data structure in
an optimal way. The direction of the first principal compo-
nent, PC1, to which the studied objects are projected, is
calculated in the way that the maximum variance of the
studied objects is preserved. Then the second principal
component, PC2, orthogonal to the PC1, is calculated us-
ing the same principle so that it again preserves the maxi-
mum possible residual variance. Further principal compo-
nents (PCs) can be determined just continuing this con-
cept.”>?" Similarly to the calculations in cluster analysis,
no prior assignment of the objects to some categories is
needed to calculate the principal components. The princi-
pal component analysis and most cluster analysis tech-
niques therefore belong to the methods of unsupervised
learning.
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Figure 1. Complete linkage clustering (furthest neighbour) of the
studied mineral water samples using Euclidean distance metrics.

PCA of the studied 50 natural mineral water samples
was performed in order to get an overall impression about
assembling the samples in a multidimensional space defined
by the chosen physical and chemical variables. A matrix
composed of 50 x 17 elements was created for the studied
problem; 50 rows represent natural water samples and 17
columns represent the chosen variables. The original data
were pre-processed using auto-scaling of the data (column
standardization). With this procedure, the mean of the col-
umn elements is subtracted from all individual elements and
divided by the column standard deviation. Consequently,
each auto-scaled column has a zero mean and a unit vari-
ance. The percentage of the total variance, corresponding to
the resulting eigenvalues and indicating information content
of the individual PCs, are shown in Table 2.

It was observed on the PC2 vs. PC1 scatterplot (not
shown) that the samples of mineral water from the Czech
Republic, Germany and the Western Balkan territory are
relatively close together, but these groups are located in
the group of Slovenian samples so that no distinct assign-
ment of the samples to the geographical territory is possi-
ble using the principal component analysis. This observa-
tion is valid irrespective of the projection plane construct-
ed by the pair combinations of the most important princi-
pal components.

The loading/loading plot resulting from the PCA of
the natural mineral water samples and showing the mutual
position of 17 original variables is shown in Figure 2. It
can be seen that the first principal component, PC1, is as-
sociated mainly with the sodium mass concentration (Na),
conductivity (Cond) and chloride mass concentration
(CI), which are closely correlated as described above. The
second principal component, PC2, is represented mainly
by the calcium mass concentration (Ca), followed by the
magnesium mass concentration (Mg); both negatively
correlated to the PC2.
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Table 2: Fraction of the total variance in %, contained in principal components, calculated by column standardization (au-

toscaling) of data.

PC Variance (%) Variance PC Variance (%) Variance
(cumulative %) (cumulative %)
1 30.15 30.15 9 3.87 92.67
2 18.88 49.02 10 2.68 95.35
3 9.35 58.38 11 1.53 96.87
4 8.23 66.60 12 1.36 98.23
5 6.24 72.48 13 1.00 99.23
6 5.64 78.48 14 0.53 99.76
7 5.36 83.85 15 0.19 99.96
8 4.95 88.80 16 0.04 100.00

Note: Eigenvalues of first five principal components (PCs) were found larger than 1, which indicates that they are significant.
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>~ F NO3 NH4
© ol __.Na
7 Fe. .p K- Cond
O  lcoz Mn
a [ HCO3
.— Mg SO4
-0‘5 !-_J — 1 i “Qa -1 E; i 1 . i 1]
-0.15 0 0.15 0.3 0.45

PC1(30.1 %)

Figure 2. PCA loading/loading plot in the PC2 vs. PC1 plane using
autoscaled (i.e. standardized) data.

3.4. Linear discriminant analysis

Linear discriminant analysis (LDA) belongs among
the supervised pattern recognition techniques and its aim
is to assign objects to one of the pre-determined classes.
The procedure is designed to develop a set of discrimina-
tion functions that enable prediction of the class for any
unclassified object (mineral water) based on the respec-
tive values of the chosen quantitative variables.”®

Fifty objects and selected predictor variables were
used to develop a linear discriminant model discriminat-
ing five classes representing 5 geographical territories (1 —
Slovenia, 2 — Czech Republic, 3 — Hungary, 4 — Germany,
5 — Western Balkan). Four discrimination functions were
calculated and all were statistically significant at the 95%
confidence level (with the p-values less than 0.05). For
discrimination of the samples according to the country of
origin, the LDA yielded a 98% classification success
when using all 17 originally available variables. However,
it was discovered by stepwise variable selection that actu-

ally only 9 variables were needed to reach the same classi-
fication success: calcium, ammonium, fluoride, chloride,
iodide, hydrogen carbonate, and carbon dioxide mass con-
centrations, temperature and conductivity. As shown in
Figure 3, Slovenian water sample (number 5) was mis-
classified; it does not belong into the group of Slovenian
springs but to the samples from the Western Balkans terri-
tory.

The header of Table 3 shows cumulative percentage
of all four discriminant functions. Since they are hierar-
chical, the first two discriminant functions (DF1 and DF2
used in Figure 3) contain almost 90% of total information
and are well representing the sample categorization,
which, in fact, is fully described by a four-dimensional
space (DF1 to DF4).

The importance of original variables with respect to
individual DF’s is expressed by the standardized discrimi-
nant function coefficients, collected in Table 3. Another
way how to express it is constructing an LDA biplot,
which is more instructive but less quantitative. For a de-
tailed interpretation of the achieved results we will use
therefore Table 3 together with Figure 3. As shown in
Figure 3, DF1 is used for discrimination of all classes ex-
cept class 3, which is separated from others by DF2. The
most influencing variables for a particular DF are repre-
sented by the underlined coefficients in Table 3. Therefore
Cl, Na, HCO3, and Cond are most important for DF1.

As can be seen, almost the same variables are very
important for DF2 as for DF1. Temp is most important for
DF3 and Cond for DF4, however, their impact on the dis-
crimination of mineral water classes is pretty low (10% al-
together) since it is given by a combination of two factors:
relative percentage valid for the given DF (e.g. 14.5% for
DF2) and the value of the standardized discriminant func-
tion coefficient (SDFC).

Taking into account the previously described way of
interpretation, it is possible to characterize the studied
classes of mineral water samples more in detail. Class 3,
situated at lowest DF2, is characterized by high Cl, HCO3
and SO4 values (with negative SDFC’s) and also high Na,
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Figure 3. Linear discriminant analysis of min- Classes

eral water samples using the plane of discrimi-
nation functions DF 2 vs. DF 1. Selected nine
best variables are indicated in the text. The sam-

o 1 - Slovenia
& 2 -Czechia

pling territory is given by numbers used in leg- ¢ 3 - Hungary
end to Figure 1. The object “R” belongs to class ~ © 4 - Germany
1 but was classified into class 5. Class centroids ¥ 5-W. Balkan

are marked by the * symbol.

Cond and Mg (positive SDFC’s). According to the median
values, which we calculated for all variables and all class-
es, high Temp, K, NH4 and I values, found for class 3,
were not reflected in the class position with respect to the
DF2 due to low SDFC’s. The spread of four remaining
classes along the DF1 axis can be explained by the differ-
ences of class 4, class 5 and class 2 with respect to the
most populated class 1 (Slovenian springs). Class 2 is
characterized by high Mg and Ca values (positive
SDFC’s) as well as SO4 (negative SDFC), which has an
opposite effect. High median values of Mn and Fe are also

typical for class 2 but with regard to low SFDC’s they
have a minor effect on its position along the DF1. Class 4,
situated on the negative side of the DF1, has an exception-
ally high CO2 values. Class 5, closest and left to the “ref-
erence” class 1, has typical high values of HCO3 and F
(negative SDFC’s). Class 1 has an exceptionally high me-
dian value of pH, however, it is of minor importance with
respect to the DF’s.

The sample number 37, taken in Ljutomer in
Slovenia, differs very much from all other samples by ex-
tra large values of Temp, Na, Cl, NH4 and Cond. It might
be caused by a large borehole depth, which is related to
high spring temperature, conductivity and total mineral
content.

4. Conclusions

The goal of the presented work was to discover re-
lationships among chemical composition, physical prop-
erties and the water sampling area. Sample characteris-
tics, typical for the given territory, were discovered and
described. Qualitative pictorial representations were
made by principal component analysis and cluster analy-
sis, which showed natural grouping of the samples. On
the other hand, quantitative interpretation is based mainly
on the results of linear discriminant analysis. Slovenian
natural mineral water samples differ mostly from the
German ones. The samples from the Western Balkan ter-
ritory and the Czech samples are most similar to
Slovenian ones. Hungarian mineral water samples are
less similar to the Slovenian samples, even though they
are more similar to mineral waters sampled in the eastern
part of Slovenia, where the Pannonian sea used to be lo-
cated.

Table 3: Standardized discriminant function coefficients.

Variable DF1 (75.3%) DF2 (89.7%) DF3 (96.6%) DF4 (100.0%)
pH 0.01 0.26 0.12 -0.38
Temp -1.14 -0.67 1.79 —-0.08
Ca 3.66 0.43 1.06 111
Mg 5.28 3.69 =0.70 -0.52
Na 32.49 17.68 =125 =174
K 0.27 0.86 -0.22 -0.48
NH4 0.93 -0.77 -0.34 0.08
Fe -0.31 0.46 0.68 -0.17
Mn 0.35 0.01 0.33 -0.12
F -1.12 -0.14 —0.48 0.65
Cl =33.17 —18.77 0.24 -1.72
I 0.39 -0.47 -0.61 0.35
SO, =3.10 -1.76 0.51 —-0.64
HCO, —16.18 -9.98 -0.63 0.16
NO, 0.30 0.04 -0.04 -0.09
Co, —2.38 -0.04 0.53 -0.10
Cond 6.19 5.11 0.45 3.35

Note: Relative percentages, corresponding to discriminant functions, are: 75.3, 14.4, 6.9, and 3.4%.
The variables most important for discriminating classes are marked by bold faces.
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Analizirali smo petdeset vzorcev naravne mineralne vode iz izvirov v Sloveniji, na MadZarskem, v Nemdiji, Ceski re-
publiki in drzavah bivie Jugoslavije. Masne koncentracije kationov (Na*, K*, Ca**, Mg**, Fe’*, Mn?*, NH,") in anionov
(F,CI, I, NOy, SO, HCO,"), temperaturo izvira, pH, prevodnost in masno koncentracijo ogljikovega dioksida smo

dolocili z uporabo standardnih analiznih metod.

Uporabili smo primerne statisticne in kemometrijske metode za evalvacijo podatkov: (i) opisno statistiko, (ii) analizo
glavnih komponent (PCA), (iii) analizo klastrov in (iv) linearno diskriminantno analizo (LDA). Potrdili smo, da se
slovenske mineralne vode razlikujejo predvsem od nemskih in da so sorazmerno podobne ¢eskim in madzarskim.
Vzorci vode iz Madzarske so podobni tistim iz vzhodne Slovenije.
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