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Abstract: The contents of major ions in bottled waters were analyzed by prin-
cipal component (PCA) and hierarchical cluster (HCA) analysis in order to
investigate if these techniques could provide the information necessary for
classifications of the water brands marketed in Serbia. Data on the contents of
Ca?*, Mg?*, Na*, K*, CI', SO4%, HCO5" and total dissolved solids (TDS) of 33
bottled waters was used as the input data set. The waters were separated into
three main clusters according to their levels of TDS, Na* and HCOj5™; sub-clus-
tering revealed a group of soft waters with the lowest total hardness. Based on
the determined chemical parameters, the Serbian waters were further compared
with available literature data on bottled waters from some other European
countries. To the best of our knowledge, this is the first report applying chemo-
metric classification of bottled waters from different European countries, thereby
representing a unique attempt in contrast to previous studies reporting the
results primarily on a country-to-country scale. The diverse character of Serb-
ian bottled waters was demonstrated as well as the usefulness of PCA and HCA
in the fast classification of the water brands based on their main chemical para-
meters.

Keywords: chemometrics; anions in bottled water; cations in bottled water;
total dissolved solids.

INTRODUCTION

Water is essential for any living organism; without water, there would not be
plant or animal life in the form that is known. The water consumed by human
beings comes in various forms. Bottled water is widely consumed because it is
readily available, tastes better, and contains fewer impurities.! Bottled waters
contain many essential macro- and micro-elements that are responsible for the
maintenance of underlying biochemical and physiological processes in the
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human body, as the main ions in mineral waters are the main constituents of body
fluids and cells.

The chemical composition of the bottled water is dependent on the environ-
ment from which it originates. The technological processing line from the pro-
ducing well to the final bottling might alter the original water composition, but
there are only few parameters affected (iron and sulphur compounds, nitrite, nit-
rate and ammonium).2 The concentrations of the major dissolved components
(such as, Ca2™, Mg2*, K*, Na* and CI") in bottled water are unaffected by tech-
nological processing and could be considered to partially represent the original
groundwater in the exploited aquifers.2

Several studies have been performed to analyze in more detail the compo-
sition and variation of the major and trace elements in bottled waters from dif-
ferent countries, presenting specific interpretations of the results, primarily on a
more detailed, country-to-country scale.3-12 Bertoldi et al. provided descriptive
statistics on the chemical composition of 571 European bottled mineral waters
marketed in 23 European countries;!3 however, similarities of the bottled water
brands available on different markets have not hitherto been considered, even
though it would provide useful information for consumers worldwide.

The objective of this study was to use principal component analysis (PCA)
and hierarchical cluster analysis (HCA) to investigate the natural variation of the
main chemical composition parameters of bottled waters. Thirty-three bottled
waters produced in Serbia were classified based on the major ions in order to
assess the water diversity, knowing that Serbia is one of the richest European
countries regarding the availability of water resources. Currently, there are about
30 factories producing about 60 million L of bottled waters per year. Bottled
water consumption in Serbia is about 75 L a year per inhabitant, which might be
considered low with respect to the yearly Italian consumption rate of 200 L per
inhabitant and to the European average rate of 150 litres per capita.2:5 In this
study, the Serbian bottled water brands were first characterized according to the
existing EU Directive 2009/54/EC on natural mineral waters!4 taking into
account the major ion contents and then they were evaluated by PCA and HCA in
order to obtain their statistically based classification. Furthermore, the Serbian
waters were compared with the relevant available literature data on bottled
waters from Croatia, Estonia, Italy, Portugal and Slovenia, thereby providing the
first simultaneous comparison of the bottled waters brands marketed in different
countries and evaluating the similarities/differences among them.

EXPERIMENTAL

Data set used for chemometric classification of the Serbian bottled waters consisted of 7
variables for 33 waters available on the Serbian market. This set (“set 1) gathered 31 water
brands in Serbia; two brands in the data set (Voda Vrnjci and Bivoda) were represented with
waters of two mineralization degrees (i.e., one water of low mineral content and one of high
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mineral content, later coded ‘“2”). Eight most frequently used chemical composition para-
meters were taken for the chemometric evaluation of the Serbian bottled waters: total dis-
solved solids — TDS, and the contents of Ca2*, Mg?*, Na*, K*, HCOj5", CI" and SO,%; their
levels are presented in Table I.

TABLE 1. Main chemical composition parameters (concentration in mg L!) of 33 bottled
waters from the Serbian market

No Brand TDS Ca?* Mg* Na® K' HCOy CI' SO
1 Jazak 389 76.5 433 7.7 34 427 4.9 29.3
2 Aqua Viva 377 830 190 99 16 317 1.5 212
3 Knjaz Milo§ 1175 107 45.0 282 17.5 1256 13.0 39.0
4 Mivela 1621 26.6 335 121 9.1 2079 12.7 2.0
5 Rosa 58 100 0.9 27 05 42 0.5 53
6 Vlasina 48 57 27 23 03 32 0.05 3.7
7 Vrnjacko Vrelo 261 72 440 261 1.0 287 4.8 5.6
8 Zlatibor 272 62.7 305 451 09 13 1.4 17.6
9 Iva 245 584 202 29 08 268 2.4 6.8
10 Aqua Heba 3200 65.0 140 1059 56.0 3110 57.0 198
11 Bas Bas 248 483 11.1 159 0.8 198 11.1 16.5
12 Voda Voda 376 76.2 145 404 3.1 391 7.9 12.2
13 Voda Vrnjci® 295 36.8 223 402 34 292 5.0 18.5
14 Aqua Stilo 830 156 650 71.0 3.0 723 98 104
15 Bistrica 3282  87.7 20.7 1160 54.0 3233 46.6 173
16 Bivoda? 232 372 87 230 2.0 165 149 21.0
17 Duboka 847 238 189 56.6 52 966 150 11.0
18 Eko voda 293 48.0 151 266 29 189 21.8 421
19 Golijska Ledena 133 379 39 05 02 116 3.5 5.5
20 Karadorde 1510 129 80.0 312 40.0 1560 56.0 50.0
21 Moja voda 163 337 79 9.9 0.8 119 8.3 12.1
22 Vuji¢ voda 358 950 200 27 08 397 2.2 5.7
23 La Fantana 248 396 325 1.8 0.6 263 4.4 18.0
24 Aqua Gala 300 59.0 303 182 2.0 377 1.0 13.0
25 Prolom voda 150 2.0 005 48 0.3 80 2.0 2.5
26 Tron voda 364 83.0 387 18 0.6 401 1.4 222
27 Voda Kopaonik 1115 283 128 409 74 1183 18.9 0.3
28 Aqua Balkanika 394 785 283 339 2.1 440 5.2 18.0
29 Eva 202 478 152 3.1 1.0 200 1.9 15.8
30 Dar voda 637 90.6 226 924 172 521 284  80.5
31 Minaqua 1181 222 199 412 3.6 768 287 0.4
32 Voda Vrnjci2? 1174 763 554 241 351 1177 155 291
33 Bivoda2? 3401 854 20.6 1216 52.0 3290 54.1 173
Mean 769 648 339 174 10.0 754 248 355
Median 365 59.0 202 266 2.1 391 830 17.6
Minimum 48 200 0.05 05 02 13.3 0.05 0.3
Maximum 3401 238 335 1216 56.0 3290 287 198
Skewness 202 1.68 488 244 197 1.88 435 226
Kurtosis 345 473 260 5.11 255 2.73 213 423

9In the formed data set, the two brands, Voda Vrnjci and Bivoda, were represented with two different bottled
waters regarding the mineralization degree, i.e., with one water of low and one of high mineral content, later
coded “2”
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For the majority of the waters (coded 1-26, Table I), the data on the major ions were
taken from the manufacturers’ specifications, while the analytical results obtained elsewhere!>
were taken for the additional 7 brands (coded 27-11, Table I). These analytical results were
obtained by different techniques:13-1® contents of Ca?*, Mg?", Na* and K* were determined by
inductively coupled plasma atomic emission spectroscopy (with respective limits of detection
(LOD) values in mg L': 0.005, 0.005, 0.02 and 0.05), CI- and SO,* by ion chromatography
(both with LOD values of 0.01 mg L-!) and HCO;™ by the titration (alkalinity) method (with a
limit of detection of 1 mg L!); the repeatability of the measurements was acceptable (below 5
%). Good agreement between the specified values and the analytical results was found by
random comparison of data for the same brands.

In order to compare the selected major ions in the Serbian bottled waters with the ones in
the waters marketed in different countries, comparable literature-based data were considered:
39 bottled waters from Portugal (samples Nos. 34-72),3 14 from Croatia (samples Nos. 73—
-86),% 5 from Estonia (samples Nos. 87-91),5 37 from Italy (samples Nos. 100-136)° and 22
from Slovenia (samples Nos. 137-158).7 Hence, the second data set (i.e., “set 2”) used for
comparison of the bottled waters from different countries consisted of the 7 major ion contents
in 150 bottled waters.

For chemometric analysis, both data sets were arranged as follows: the rows refer to the
bottled water samples, the while columns contain the ion concentrations.

Chemometric analysis

Basic univariate statistics have the capability of extracting precise characteristics from an
examined population of data but information obtained in this way is necessarily one-sided and
therefore limited.!” For a more comprehensive insight into the data sets formed in this study,
multivariate statistical analyses were required. Application of multivariate (chemometric)
analysis to complex data sets has attracted high scientific interest in recent years and they are
now used in a wide range of application.!824 Several chemometric-based studies have been
performed to analyze bottled waters utilizing different physico-chemical parameters.3:-12

In this study, PCA and HCA were used to elaborate the multidimensional data sets
formed from the contents of major ions in the considered bottled waters (previously log-
-transformed and standardized). PCA can be summarized as a tool for transforming the
original measured variables into new uncorrelated variables, i.e., principal components, PCs.
Each PC is a linear combination of the original variables. The results of PCA are presented in
terms of the variable loadings and sample scores, which could be superimposed graphically in
the form of a biplot graph. The number of extracted PCs from the data set was determined in
accordance to the Kaiser rule.25 In order to interpret the significance of the retained PCs in
terms of original variables, only the loadings with absolute values greater than 60 % of the
maximum loading for a particular PC were considered.

HCA was used to group bottled waters into statistically determined groups (i.e., clusters).
It differs from other classification tools (for example discriminant analysis) since the number
and characteristics of the groups, which are derived from the data, are not usually known in
advance. In this study, the Ward method as an amalgamation rule and the Euclidean distance
as a measure of distance were used for HCA.

Throughout the study, the chemometric analyses were accomplished within the Statistica
6.0 computing environment (StatSoft Inc.).
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RESULTS AND DISCUSSION
Classification of the Serbian bottled waters

In this study, chemometric characterization (classification) of 33 Serbian
bottled waters (31 brands) was performed by means of eight important chemical
composition parameters (see Table I). The skewness of all parameters was posi-
tive (Table I), indicating a right-skewed distribution with most values concen-
trated on the left of the means and the extreme values to their right. A kurtosis
near 3 (obtained for HCO3~ and K* (Table I) and also for TDS) showed a distri-
bution similar to normal, while those greater than 3 (particularly high values of
kurtosis were obtained for Mg2* and CI-, Table I) suggested a distribution
sharper than normal with thicker tails and a high probability for extreme values.
Hence, due to presence of the extreme values (i.e., outliers), the median values
were used for the further discussion instead of simple means. Concerning the
median values, the major cations in the Serbian bottled waters could be ordered
in decreasing order as follows: Ca2™ > Na™ > Mg2* > K*. The prevailing anion
was HCO3~ followed by SO42~ and CI-. This is in accordance with the most
prevailing types of mineral waters in the large geotectonic units present in Serbia:
HCO3—Na type in the Pannonian Basin; HCO3—Na or HCO3—-Ca—Mg type in the
Dinarides; HCO3—Na—Cl or HCO3-Na-SO4—Cl in the Serbian—Macedonian
Massif; HCO3—Ca or HCO3-Na—SO4—Cl type in the Carpatho-Balkanides.26

To gain a better insight into the selected Serbian bottled waters, they were
classified following the criterion of the EU Directive 2009/54/EC.14 The results
of such classifications in accordance to the main cations and anions, as well as
according to the 7DS values, are presented in Table II.

PCA was used to reduce the dimensionality of the data set, identify the
underlying structure of the data and the distributional structure of bottled waters
in relation to the main chemical composition parameters. The application of the
Kaiser rule led to the retention of two PCs with eigenvalues larger than one, which
totally explained 79.6 % of total data variance. The first PC, PC1, accounted for
63.4 % of the data variance, and it was related to the concentrations of Na*, TDS,
K*, HCO3~ and CI~ (with loadings of 0.966, 0.909, 0.870, 0.859 and 0.828,
respectively); this observation suggested that higher contents of Na*, K, HCO3~
and CI~ could be found in Serbian waters with higher mineral contents (i.e.,
higher TDS). This is in agreement with the study of Peh et al.,* who reported
dominant Na—K signature characterizing Croatian bottled waters of the mineral
type, as well as their enrichment in CI~. The second PC, PC2, was responsible for
an additional 16.2 % of the data variance and it was related to the concentration
of Ca2*, Mg2" and SO42~ (with loadings of 0.895, 0.732 and 0.708, respectively).
According to the parameters grouping, PC1 could be described as the component
related to water mineralization (or dissolved salt content, i.e., salinity), while PC2
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TABLE II. Classification of the Serbian bottled waters according to EU directive
2009/54/EEC!4

Mineral water type  Criterion Brand name %P
Cation and anion classification
Contains bicarbonate > 600 Knjaz Milos, Mivela, Aqua Heba, Aqua Stilo, 33

Bistrica, Duboka, Karadorde, Voda Kopaonik,
Minaqua, Voda Vrnjci 2, Bivoda 2

Contains sulphate > 200 Aqua Heba (= 200) 3
Contains chloride > 200 Minaqua 3
Contains calcium > 150 Aqua Stilo, Duboka 6
Contains magnesium > 50 Mivela, Voda Vrnjci 2 6
Contains iron >1 -
Contains sodium > 200 Knjaz Milos, Aqua Heba, Bistrica, Karadorde, Voda 24

Kopaonik, Minaqua, Voda Vrnjci 2, Bivoda 2
Suitable for low <20 Jazak, Aqua Viva, Rosa, Vlasina, Zlatibor, Iva, Bas§ 45
sodium diets Bas, Golijska Ledena, Moja voda, Vuji¢ Voda,

La Fantana, Aqua Gala, Tron Voda, Eva

TDS classification

Very low mineral <50 Vlasina 3

content
Low mineral content 50500 Jazak, Aqua Viva, Rosa, Vrnjacko Vrelo, Zlatibor, 61
Iva, Bas Bas, Voda Voda, Voda Vrjci, Bi Voda,
Eko Voda, Golijska Ledena, Moja voda, Vuji¢ voda,
La Fantana, Aqua Gala, Prolom, Tron,
Aqua Balkanika, Eva

Intermediate mineral 500-1500 Knjaz Milos, Aqua Stilo, Duboka, Voda Kopaonik, 21
content Dar Voda, Minaqua, Voda Vrnjci 2

Rich in mineral salts > 1500 Mivela, Aqua Heba, Bistrica, Karadorde, Bivoda2 15

All in mg L'l; bpercentage of the particular type of water relative to the total number of bottled waters
considered in this work (n =33)

might be related to the cations responsible for water hardness. The results of PCA
in a two-dimensional biplot plane are depicted in Fig. 1. The first group of para-
meters correlating significantly with PC1 had an impact on the classification of
bottled waters along PC1: waters located on the right side from the vertical
dotted line (i.e., samples distributed along the positive side of PC1, Fig. 1) had
TDS values above 600 mg L-! and these waters could be classified as inter-
mediate and rich in mineral salts, whereas those on the left side of the vertical
line (distributed along the negative side of PC1) had 7DS values lower than 500
mg L-! and could be classified as low mineral content waters (Table II). The
second group of parameters correlating with PC2 influenced further the classific-
ation of the low mineralized waters along PC2, highlighting three brands of
waters (Prolom Voda - No. 25, Vlasina - No. 6, Rosa - No. 5) separated from the
others in Fig. 1. These waters had the lowest total hardness values (5.2-28.8 mg
L-1) calculated based on the concentrations of Ca2™ ([Ca2*]) and Mg2* ([Mg2™))
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as 2.5[Ca2*]+4.1-[Mg2*].12 Such waters with total hardness less than 50 mg L-!
could be classified as soft.!!
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Fig. 1. The PCA biplot of PC1 vs. PC2 obtained for 33 Serbian bottled water (“set 1”).

Additionally, HCA was used to find the natural grouping of the Serbian
bottled water brands in accordance with the selected main chemical composition
parameters. The results of HCA are presented in the form of a dendrogram (Fig.
2). Based on eight parameters, the HCA classified 33 Serbian bottled waters into
the following main clusters. The first cluster (cluster “I-outliers”, Fig. 2) com-
prised three brands with the highest values of 7DS (>3000 mg L-!, median 3282
mg L-1), HCO3~ (>3000 mg L, median 3233 mg L-!) and Na*(>1000 mg L1,
median 1160 mg L-1), having also among the highest content of CI~ (46.6, 54.1,
27.0 mg L-1). The second cluster (“II’) grouped nine brands that could also be
found on the right side of PC1 (Fig. 1) with intermediate values of TDS (637—
~1621 mg L1, median 1175 mg L-1), HCO3~ (5212079 mg L-!, median 1177
mg L-1) and Na* (92.4-412 mg L1, median 241 mg L-1), having also pro-
nounced CI- content (12.7-287 mg L1, median 18.9 mg L-1). The third main
cluster (“III”, Fig. 2) contained the majority of the analyzed brands (21, i.e., 64
%), which all could be classified as low in mineral salts, having 7DS values less
than 500 mg L-! (Table II), i.e., in the range 48-395 mg L1, with median 261
mg L-!; additional common features for this cluster of waters were HCO3~ levels
(from 48 to 395 mg L~! with median of 264 mg L) less than 600 mg L-! (the
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limit for the classification of water as “contains bicarbonate”, Table II); Na™
contents less than 50 mg L1 (0.5-40.5 mg L-! with median of 10 mg L!) and
CI- contents less than 12 mg L-! (except Bi voda — No. 16 and Eko voda — No.
18, see Table 1). Within cluster “III”, further sub-clustering was observed; one of
the sub-clusters, “Illa-soft” (Fig. 2), gathered three waters with the lowest Mg2"
levels (0.05-2.7 mg L), the lowest total hardness (5.2-28.8 mg L~1; the total
hardness of the remaining waters ranged from 110 to 1442 mg L) and the
lowest KT levels (0.3-0.5 mg L1).

Jazak[1] I-n
Tron voda [28] Ilh 1y

Rosa[5] il

Viasina [6] fjLlesoft
Prolom voda [25]
Vmjacko Vrelo [7]
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Fig. 2. The HCA dendrogram for the 33 Serbian bottled waters (“set 17).

Hence, the two applied multivariate chemometric tools gave results in good
agreement (Fig. 1). In addition to the HCA dendrogram, PCA biplots visualized
the relationship among the chemical compositional parameters and mineral water
brands. The result of this study indicated that 7DS and the contents of HCO3~
and Na' are the most important variables for classification and separation of the
investigated water brands. In a similar manner, Giiler” and Oyebog et al.!! men-
tioned 7DS as the most discriminating variable in the grouping of water brands.

Comparison of the Serbian bottled waters with those marketed in other countries

HCA was applied to the data set (“set 2”) consisting of available data for 7
major ions in 150 bottled waters produced in different countries, including 33
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previously characterized Serbian waters. The groups (clusters) obtained by HCA
contained waters with similar macrocomponent patterns listed in Table III. A
description of the clusters (in terms of the origin of the waters within the par-
ticular cluster) is given in Table IV, from which it could be seen that the majority
of the bottled water brands from Croatia, Italy, Serbia and Slovenia were grouped
in cluster “la”. The Serbian waters in this cluster were those from cluster “II1”
mentioned above (Fig. 2). The exceptions were 3 waters that clustered together
with the majority of the Portuguese brands in cluster “1b” (Table III). These three
waters belong to the sub-cluster “Illa-soft” (Fig. 2) with the lowest total hardness
among the 33 considered Serbian brands. In cluster “2” (Tables III and IV), there
were 12 Serbian waters of high and intermediate levels of 7DS, HCO3~ and Na*
that were previously classified in clusters “I — outliers” and “II” (Fig. 2). Thus,
the allocation of the Serbian waters in all three main clusters (Tables III and IV)
suggested diversity of the marketed bottled waters, contrary to the Slovenian and
Croatian waters not grouped in cluster “1b” with the lowest median values of the
CaZ"™ and Mg2" contents.

TABLE III. The content of the clusters (marked 1a, 1b and 2) obtained by hierarchical cluster
analysis (HCA) of the data “set 2” containing the concentration of 7 major ions in 150 bottled
water brand marketed in different European countries. The clusters’ content is given in the
form of the bottled water sample numbers explained previously in the Experimental. The
samples numbered 1-33 are from Serbia, 3472 from Portugal,® 7386 from Croatia,* 87-91
from Estonia,® 100136 from Italy® and 137—158 from Slovenia’

1
la (1 = 66) 1b (n = 34)
1,2,7-9,11-13, 16, 18,19, 5, 6,25, 34, 38-41,43,46, 3,4, 10, 14, 15, 17,20, 27
21-24,26,28,29,37,58,59, 48-51,54,55,57,60-63,  30-33,35, 36,42, 44, 45, 47,
64, 75-80, 82, 86, 85,86,  65-72,91, 103, 106, 110, 113 52, 53, 56, 73, 74, 81, 84, 87

2 (n=50)

89-100, 102, 107, 108, 109, 88,101, 104, 105, 111, 114,

112, 115, 117, 118, 120, 123, 116, 119, 121, 122, 124126,

127132, 134, 136, 140, 145, 133, 135, 137-139, 141144,
146, 149-158 147, 148

TABLE IV. Origin of the bottled water samples grouped in the main HCA clusters from Table
III: number of samples and percentage (in parentheses) of the bottled water from one country
grouped in a particular cluster

Total number of

Clusters Croatia  Estonia Italy  Portugal Serbia Slovenia

samples
2 4 (29) 2(40) 1438 9(23) 12(36) 94D 50
1b 0(0) 1(20) 4(1) 26(67) 309 0(0) 34
la 10(71) 2(40) 19(51) 4(10) 18(54) 13(59) 66
Total number 14 5 37 39 33 22 150

of samples
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CONCLUSION

The main chemical composition parameters of 33 bottled waters available on
the Serbian market were presented in the light of relevant EU legislation and they
were evaluated by means of multivariate chemometric tools. The applied chemo-
metric methods, i.e., PCA and HCA, were shown to be effective tools in the
identification of the principal interrelationships of the major ions of the studied
bottled waters, thereby indicating their similarities and dissimilarities. High
degree of correlations among examined chemical composition parameters was
revealed: the group of parameters reflecting the water total mineralization (7DS,
HCOj3~, Na™) was separated from the group of parameters reflecting the total
hardness of the waters (Ca2", Mg2"). Additionally, it is noteworthy that the
application of PCA and HCA allowed a simple and meaningful classification of
Serbian water brands into three main clusters primarily based on the parameters
reflecting the water mineralization (i.e., TDS, HCO3~, and Na™). Moreover, the
brands with the lowest total hardness were identified, providing valuable inform-
ation for consumers. Simultaneous comparison of the waters from the Serbian
markets with those marketed in Croatia, Estonia, Italy, Portugal and Slovenia by
HCA revealed diversity of the domestic brands, which may represent competitive
choices on the global market.

Acknowledgement. The results presented herein were obtained within Project No. 172050
supported by the Ministry of Education, Science and Technological Development of the
Republic of Serbia.

U3BOL
MMPUMEHA AHAJIM3E INTABHHUX KOMIIOHEHATA U KJIACTEPA Y KTACUOUKALINIU
OJIAIMMPAHHKX BOJA U3 CPEHMJE U IbMXOBOM ITIOPERELY CA BOJAMA U3
HU3ABPAHUX EBPOIICKHX 3EMAJBA

JEJIEHA B. LIBEJAHOB u BUJbAHA [I. IIKPBUR
Yuusepsutiewi y Hosom Cagy, Texnonowxu paxyniewni Hosu Cag, Bynesap yapa Jlasapa 1, 21000 Hosu Cag

Caznpxajy OCHOBHHMX joHa y dralIipaHoj BOAU cy odpalheHHn MPUMEHOM aHAJIU3€e [TTaBHUX
KOMIIOHEHAaTa ¥ XHjepapxHjecke KIacTep aHalu3e ca LWBEM HCIHTHBamba MOTYhHOCTH
NpPUMEHe OBHX XeMOMETPHjCKHX TeXHHKa MpH Krach(HUKalMju BO#a Ca CPICKOT TPXKHUILTA.
Tonanyu o XeMHjCKOM cacTaBy ¥ To caapxaju Ca2*, Mg?*, Na*, K*, CI', SO42, HCO3™ u cysu
ocTtatak y 33 ¢raumMpaHe Bofe, YHHWIM Cy yiasHy a3y IojaTaka. YoueHe Cy TpH IVIaBHE
rpylie BOIa y CKJIagy Ha canpkajuma cysor octatka , Nat and HCOj3'; mame rpymucame y
OKBMPY jeJHe Of TJIaBHUX Ipylla yKasalo je Ha Ipyny ,MeKUX' Bojia ca HajMalbHUM CTEIIEHOM
TBpIohe. YouyeHne rpyne najy uHdopmaudje KOpHUCHE 3a NOTpoluade IMpy H3Dopy Boja Ha
TPXKUWTY. JJofaTHO Cy OBE CPIICKE BOJE HA OCHOBY OApeheHMX XeMHjCKMX NapameTapa yIo-
peheHe ca peseBaHTHUM IOJalMMa HOCTYIHUM Y JIMTEpPATypu o GlallupaHUM BoJama U3
WHOCTPAHCTBA; HOBA y/a3Ha 0a3a momaTaka y OBOM CJIy4ajy cacTojana ce of campikaja 7 riaaB-
HuX joHa y 150 y3opaxa dnamupane Boge u3 Cpbuje 1 nHocTpaHcTBa. [Ipema HamMM casHa-
BHMa, OBO je IPBHU paj y KOM Ce IpUMemyje HCTOBpeMeHa (XeMoMeTpHjcKa) Kiacudukanyja
(pnamypaHux Boja M3 Pa3IMUUTHX 3€Ma/bka NPUMEHOM XHjepapxHjCcKke KIacTep aHalu3e,
nperncrasbajyhy jeIWHCTBEH MOKYLIaj Y ONHOCY Ha Jocajalllke CTynuje Koje Cy MphKasuBasie
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NPBEHCTBEHO pe3y/TaTe KOju Ce OJHOCE Ha jeoHy 3eMiby. Pe3ynTaTy cy ykasalud Ha pasHONIH-
KoCT (namupanux Boja u3 CpOuje, kao MU Ha KOPUCHOCT aHaIW3€ [VIaBHUX KOMIIOHEHATa U
XHjepapxHjcke KIacTep aHaIu3e 3a jefHOCTaBHY U Op3y Kinacudukanujy ¢uamypaHux Boja ca
TP’KMLITA Ha OCHOBY IVIaBHUX XEMHjCKUX IapaMmeTapa.
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