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ABSTRACT

In this paper it is presented the analysis of basic physical and chemical parameters, alkalinity and acidity, the analysis of
kations, anions, heavy metals, microbiological analysis and determination of uranium content in waters of Serbia from
10 springs of Arandjelovac region and 2 samples of bottled drinking water. It is done by different methods of analysis
according to which conclusion about the content and the quality of these waters can be made. The pH value of analysed
waters shows that waters from springs Maiden spring, JeSovac, Vrelo and Svincine are slightly acid, while mineral wa-
ters from springs Aleksijevi¢, Exploitation and Talpara are slightly basic. The sample from Olga’s spring has slightly
lower pH value. According to Regulation on the hygiene of drinking water, conductivity should be less than 1000
puS/cm. This condition is fulfilled by waters from springs Aleksijevi¢, Talpara (ordinary), Maiden and Olga’s spring,
Svin€ine and water from city supply system. Springs JeSovac and Vrelo have slightly increased conductivity, while
springs Exploitation and Talpara have conductivity significantly above the allowed values (mineral). Analysed natural
mineral waters contain only hydrogencarbonates (bicarbonate). According to the content of bicarbonate it was con-
cluded that samples from springs Exploitation, Talpara (mineral), Vrelo and Svinéine belong to the category of bicar-
bonate waters, as the content of hydrogencarbonate in these samples is higher than 600 mg/dm’. Analysed mineral wa-
ters don’t show acidity towards methyl orange, which means that acidity of analysed waters comes from dissolved car-
bon acid.
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1. Introduction its consequence. In conditions of global development,
care about water is the main issue for civilisation pre-
serving. No matter how enormous are available amounts
of water in nature, its usability has been significantly
decreased by pollution. Water is not unlimited natural
resources and must be rationally used. So water man-
agement and control of water quality become the basic
human necessity.

Natural mineral water represents a huge national trea-
sure which can also be used as bottled product, in order
to satisfy necessity for drinking water quality. Today we
can talk about modern technologic processes of prepara-

Since the beginning of life on Earth till the present days,
water has got an immense significance in evolution of
life forms, so, it can be said that water is the condition of
life preservance on Earth. Vast surfaces covered with
water (more than 2/3 of total surface) and total water
cubage of about 1400 million km®, make Earth “the blue
planet”. But for all its enormous natural wealth, a huge
number of population on Earth today is confronted with
serious lack of fresh drinking water. From total amount
of the world’s water reserves, even 97.3% is salty (sea)
water (which refining into drinking water is still not

economically profitable); 2.7% represents total amount
of fresh water, which cannot be fully used. Only 0.3% of
all world’s water resources is fresh unpolluted water
which can be used without any treatment, for drinking or
industrial and other purposes [1-3].

Modern society has been characterised by intensive
industrialisation and urbanisation with vast exploitation
of natural resources and endangering of environment as
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tion and filling of natural mineral water which represent
a whole range of technologic operations which enable a
consumer to receive a healthy, natural and quality pro-
duct. All waters are mineral, table, natural, spring and all
are drinkable. They only differ in the degree of minerali-
sation. The best classification of waters, for consumers,
is into table drinking water and table mineral water.
Table drinking waters are all bottled natural spring
waters used for drinking and they have no physiological
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attributes because of the low degree of mineralisation.
Table mineral waters have higher degree of mineralisa-
tion and they have certain physiologic attributes because
of their specific characteristics in content [4].

The purpose of this paper is the analysis of basic phy-
sical and chemical parameters, analysis of kations, anions,
heavy metals, microbiological analysis and determination
of uranium content in waters of Serbia from 10 springs of
Arandjelovac region and 2 samples of bottled drinking
water. It is done by different methods of analysis accord-
ing to which the conclusion about the content and the
quality of these waters can be made. Waters from springs
in Arandjelovac and its surroundings have been used for
a long time, in medical purposes, as well as bottled pro-
ducts. Beneficial effects and quality of waters of Arand-
jelovac region were analysed for the first time by the first
chief of medical service in Serbia, Dr Emerich Linde-
meier in 1836, and quality of these waters was confirmed
by professor Sima Lozani¢ in 1874,

2. Experimental

The control of water quality demands representative
physical, chemical and microbiologic analysis, as well as
adequate choice of quality parameters. To analyse water
quality, it is not only significant which parameters will
be analysed but also the way of taking samples, its pre-
servation and keeping and starting with the analysis itself.
Methodology of taking samples, its frequency, the amount
of samples as well as preservation, depends on both qua-
lity parameters which will be analysed and the characte-
ristics of water samples. In this paper, a taken water sam-
ple was used. At places where the constant flow of spring
is present, water samples were taken into 5 dm’ plastic
bottles (PET bottles 5L), during the autumn in 2010, and
samples were not conserved. A pailful of well water was
taken and put into packing material for samples. At
springs with faucet, water was left running for 5 minutes
before taking a sample. The temperature and conductibi-
lity of samples was measured at the place where they
were taken.

The analysed water samples, as well as places where
the samples were taken are shown in Table 1 (and
Figure 1). As there is the factory for production of bot-
tled water ”Knjaz Milo§” in Arandjelovac, two com-
mercial products of bottled drinking waters were ana-
lysed: non-carbonated Aqua Viva and carbonated Knjaz
Milos.

3. Materials

12 samples of water and 28 parameters of all waters were
analysed [5]. The following techniques used for sample
analysis: ion chromatography (IC, anions), titration (alka-

Copyright © 2012 SciRes.

linity), photometric methods ( NH, ), potentiometric me-
thods (pH), conductometric method (EC), ion selective
electrode (ISE). Detailed analytical procedures are des-
cribed below. Analytical method and detector limit for all
measured parameters are given in Table 2 [6].

Table 1. The analysed water samples and places where the
samples were taken.

No. of samples Sample Places

Sample 1 Waters City nggjilllgsz system of
Sample 2 Aleksijevi¢ well Arandjelovac
Sample 3 Exploitation Arandjelovac
Sample 4 Talpara, mineral Arandjelovac
Sample 5 Talpara, ordinary Arandjelovac
Sample 6 Maiden spring-water  Izvor na Bukulji
Sample 7 Olga’s spring-water Izvor na Bukulji
Sample 8 JeSovac Arandjelovac
Sample 9 Vrelo Banja village
Sample 10 Svincine Banja village
Sample 11 Aqua Viva® Arandjelovac
Sample 12 Knjaz Milo§ Arandjelovac

Commercial product—bottled drinking water.

Table 2. Analytical method and detection limit.

Parametar Unit Analytical method Deltiicl:ion
pH - potentiometric -
EC uS/cm conductometric -
HCO;, mg/L titration 2
Ext/(a)l:zlr)hardness ]I\n/[ g(/iaCO;) titration )
As ng/L ICP-AES 0.01
Ca* mg/L titration, IC 0.01
Cd ng/L ICP-AES 0.001
Cl mg/L ion-selective electrode, IC 0.01
Cr (total) ng/L ICP-AES 0.03
Cu ng/L ICP-AES 0.01
F mg/L ion-selective electrode, IC 0.003
Fe ng/L ICP-AES 0.1
K* mg/L IC 0.01
Li mg/L IC 0.01
Mg mg/L titracion, IC 0.01
Mn ng/L ICP-AES 0.001
Na* mg/L IC 0.1
Ni pg/L ICP-AES 0.01
NH," mg/L photometric 0.005
NO; mg/L IC 0.01
Sb ng/L ICP-AES 0.002
SOy mg/L IC 0.01
U ng/L fluorimetric 0.0005
Zn ng/L ICP-AES 0.05
Alkalinity mg/L potentiometric 0.01
Acidity mg/L titration -
JWARP
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Figure 1. Geological map of Serbia [13].

Measurements of pH value of solution were done at
ion-meter type C863 (Consort, Belgium) [5,7-10].

Conductivity measurements were done at WTW instru-
ment for a terrain multi variant analysis. The instrument
was calibrated by standard solutions for calibration (con-
ductivities: 814 pS/cm and 1413 puS/cm) [11].

Determination of alkalinity and acidity of water by vo-
lumetric analysis. Water alkalinity was done by conven-
tional volumetric method and potentiometric titration [7].
Before the titration of water samples, solutions of NaOH
and HCl were standardised to 0.1 mol/L by primary
standard of Na,CO; of 0.05 mol/L concentration [12].

Copyright © 2012 SciRes.

Determination of water hardness. Water hardness was
determined in complexometric way, by titration with
standard solution of EDTA of 0.01 mol/L concentration.

Determination of dry (solid) residue. Mineralisation
(calculated as dry residue at 180°C) represents total mass
amount of all present matters in water. First, a glass
(mass was previously determined) where samples will be
vaporized, was measured at analytical scale. Vaporiza-
tion of 100 mL of sample is done in water bath till dry.
Then the rest in the glass is dried for 8 hours in a drying
chamber at 180°C. The glass is cooled and then mea-
sured.
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Determination of dissolved ammonia [14]. To deter-
mine the soluble ammonium UV-VISIBLE SPECTRO-
PHOTO METER SHIMADZU UV-1650 PC was used.
The working wavelength was 425 nm.

Solutions received from standard solution of NH4Cl (T =
0.005 mg/mL) were used for making calibrating plot. The
analytic curve is constructed according to measured ab-
sorption for said concentration, 4 = f'(c).

The content of ammonia is determined by the equation:

_c¢-50

M

where x = content of ammonia (in mg/L); ¢ = ammonia
concentration according to the calibration curve (mg/L); V' =
volume of sample (mL).

Determination of fluoride and chloride ions by ion
selective electrode (ISE). Concentration of fluoride and
chloride ion in water was measured on ion meter type
C863 (Consort, Belgium) and combined fluoride sele-
ctive electrode (type ISE27B) and combined chloride
selective electrode (type ISE24B) was used as a sensor
electrodes [15].

For determination of fluoride ion 25.00 mL standard
solution of 1000 mg/L concentration (or sample) was
measured with pipette into separate flasks, 25.00 mL
solution TISAB buffer (Total lonic Strenght Adjustement
Buffer) was added, the magnetic nucleus was inserted
and the stirring speed was adjusted.

For determination of chloride ion 25.00 mL standard
solution of 1000 mg/L concentration (or sample) was
measured with pipette into separate flasks, 25.00 mL
solution of KNO; of 1 mol/L concentration was added,
the magnetic nucleus was inserted and the stirring speed
was adjusted.

lonic chromatography. The instrument used in this
analysis is Dionex DX-300. Safety and separation co-
lumns for separation of ions are made from same poly-
meric resin for anion change (lonPac AS14 i AG14-SC),
and equipped with anion self regenerating suppressor
model ASRS (Auto Self-Regenerating Suppressor) (4
mm) with expected noise conductivity from 5 - 15 puS.
Mixture of 2 mmol/L of Na,CO; and 0.5 mmol/L of
NaHCO; was used as mobile phase for separation of
anions at this column. Mobile phase flow was 0.8 mol/L,
time of the analysis was 15 minutes, and injected cubage
was 20 pL.

Polymeric resins for kation exchange (with low capa-
city of ion exchange) were used for determination of ka-
tions. They are equipped with kation self regenerating
suppressor model ASRS (Auto Self-Regenerating Supp-
ressor) (4 mm), which separated kations transfer into
adequate basis and reduce conductivity of eluent. Methyl
sulphonic acid of 20 mmol/L concentration was used as
mobile phase for separation of kations. Mobile phase

Copyright © 2012 SciRes.

flow was 0.5 mol/L, time of the analysis was 15 minutes,
and injected cubage was 10 pL. Samples that had high
conductibility, before the analysis by IC method were
diluted, and pH value in all analysed waters was adjusted
to 3.00 by adding 1 mol/L of HNO;.

Calibrating plot was made to determine precisely the
concentration of anions/kations in the solution. It shows
concentrations of standard solutions of anions/kations
regarding their corresponding surfaces, and surfaces are
calculated at chromatograph made according to their spe-
cific conductivities (in pS/cm). Samples and standards
were filtrated through membrane syringefilter of 22 pm.
Samples and standards were packed into autosampler
after filtration.

Inductively coupled plasma atomic emission spectro-
sopy (ICP-AES). ICP-AES technique is based on the fact
that excite atoms emit energy at certain wave-length in
their way back into basic condition. Characteristic of
each element is to emit energy of certain wave-length
which is determined by chemical attributes of the ele-
ment. Intensity of emitted energy at certain wave-length
(characteristic for given element) corresponds to concen-
tration of given element in the sample. As ICP-AES
technique is used for determination of substances which
are present in traces in a sample, before the analysis, all
analysed mineral waters were diluted and acidified by
adding the solution of 0.15 mol/L of HNO;.

Hydride technique. This technique is developed for
determination of the elements which make highly vapo-
rised hydrides (As, Hg, Sb, Bi, Se, Ge and Sn) and can be
problem when they are directly put into ICP. Knowledge
of concentration of these elements in human diet or in
natural samples is important for their toxicity. Applying
the hydride technique, multiple increasing of sensitivity
of determination and separation of elements from com-
plex matrix can be reached.

Gas hydride formed by chemical reaction is trans-
ported directly to plasma through gas carrier. The sample,
acid and reduction reagents are continually pumped into
gas-liquid separator (GLS) from where gas is directly
transported into plasma. Levelling entry enables great
stability of plasma. Analytic signal is measured continu-
ally. Samples are quickly washed and pulled out from
GLS. Nowadays, NaBH, is used as the most common
reduction mean, although Sn (II) is used as reduction re-
agents for Hg.

These elements have to be in appropriate oxidation
condition, so in some cases pre-reductions are necessary.
As and Sb must be reduced from oxidation condition +5
to +3 to be correctly determined by the hydride technique,
while Se must be reduced from oxidation condition +6 to
+4. Most common reduction means (for pre-reduction)
are ascorbic acid and potassium-iodide.

All measurements were done on instrument Spectro
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Ciros, according standard method DIN EN ISO 11885
(1998) [16].

Radioactivity. The quantitative content of uranium has
been determined by the fluorometric method based on
the linear dependence of the fluorescence intensity of
uranium solutions on their concentration. The linear de-
pendence occurs within a very large range of low con-
centrations (to the magnitude of four). The reduction in
the fluorescence intensity has been brought to the lowest
degree possible by the technique of standard addition”
after the extraction of uranium by the synergetic mixture
TOPO (three-n-octal phosphine oxide) ethyl acetate. The
fluorescence intensity has been determined by means of
the Fluorimeter 26-000 Jarrel Ash Division (Fisher Sci-
entific Company, Waltham, 1978) [17-22].

Micro-biological analysis of water. Total amount of
(aerobic mesophilic) bacteria in 1 mL of water was de-
termined in the following way: 1 mL of analysed sample
of water and then deep nutritious agar (P1), previously
melted and cooled till approximately 50°C, were put by
sterile pipette into a Petri dish. Microorganisms in the
basis were suspended by easy rotation of Petri dish at flat
surface. Planted basis was incubated for 24 hours at 37°C
and then colonies were counted.

The result is expressed as cfu/mL (colony forming
unit/mL) [9,23].

4. Results and Discussion

There are two Regulations in Serbia concerning the
quality of water for human use. There are: Regulation on
the Hygienic Acceptability of Potable Water (Official
gazette of FRY, number 42/98 and 44/99), and Regu-
lation on Quality and Other Requirements for Natural
Mineral Water, Spring Water and Bottled Drinking
Water (Official Gazette of Serbia and Montenegro, num-
ber 53/05).

Comparison of Regulations and Standards in Serbia
with EU Directive and World Health organization (WHO,
2006) is shown in the Table 3.

The Regulation on the Hygienic Acceptability of
Potable Water defines the maximum acceptable concen-
trations (MAC) of chemical substances in water for
public water supply, and beside that it particularly gives
MAC for certain minerals in bottled water (Al, Ba, Ca,
CI, CN, Cu, F, Fe, Hg, Mg, Mn, Na, Ni, NO,, NO;J,
SO; , Zn and electro conductivity less than 500 pS/cm).
Except for As, B and U, all of the MAC in this Regu-
lations are lower than the one given by the World Health
Organization (WHO).

Regulation on Quality and Other Requirements for
Natural Mineral Water, Spring Water and Bottled Drink-
ing Water defines the MAC of certain chemical para-
meters that can be a risk to human health, indicators of
water quality and nomenclature of mineral waters. If the

Copyright © 2012 SciRes.

concentration than the one given in Table 3 (value **),
then this must be highlighted in the water name (on
bottle label). Example: “bicarbonate water” if HCO; >
600 mg/L or Mg water” if Mg > 50 etc.

MAC for F (1.5 mg/L), CI' (250 mg/L), CN" (70 pg/L)
and SO; (250 mg/L) must not exceeded, while for
water rich in CO,, pH value can be less than 6.80. This
Regulation applies to all ground water, regardless of the
overall mineralization. The term ”spring water” was used
meaning “captured water on the location”. The Regula-
tion is harmonized with WHO standards, except in cas of
B content, for which two times higher maximum concen-
tration is allowed.

The total of 28 parameters were examined for each
sample, and some of the results are given in Table 4.

4.1. Determination Basic Physical-Chemical
Parameters

According to the results shown in Table 4, it can be con-
cluded that water temperature from springs is in expected
limits, as they are ground water. Slightly higher tem-
perature is at springs Talpara and JeSovac, because these
springs are connected to communal system of exploitation.
Water temperature at spring-water Svincine is also higher
than at other spring-waters, because there is accumulation
under the spring-water, so this water is in direct contact
with the environment. The highest temperature is at
spring-water Exploitation, because it is a spring of ther-
mal mineral water.

Value of pH in analysed waters shows that waters
from Maiden spring, JeSovac, Vrelo and Svincine springs
are slightly acid, while mineral waters from Aleksijevic,
Exploitation and Talpara springs are slightly basic. Ac-
cording to Regulation on the hygiene of drinking water
(Official Gazette of FRY, number 42/98 and 44/99), only
water from Olga’s spring-water doesn’t satisfy the condi-
tion that pH value must be between 6.50 and 8.50.

Bottled water Knjaz Milos (pH value 5.57) has lower
pH value, but it is carbonated water and has increased
amount of CO,, so this low pH value is expected. Re-
ceived pH values of analysed waters show that lower pH
value corresponds to lower content of hydrogen carbon-
ate with the exception of Olga’s spring, indicating the
presence of other substances with basic attributes.

Concentration of oxygen in water depends on its solu-
bility from air, which depends on the temperature of ana-
lysed waters, concentration of dissolved salts, depth of
the spring and atmospheric pressure. In analysed samples,
concentration of oxygen is expectedly low, as they are
ground spring-waters. All samples are according to de-
mands from Regulation on the hygiene of drinking water,
as the concentration of dissolved oxygen is far below the
maximum allowed value which is 8.24 mg/L. Water at
spring Svincine has the highest content of dissolved
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Table 3. Comparison of regulations and standards in serbia with the EU directive and WHO [30].

Regulation on Quality

and Other
Requirements for
EU I\CA:I?CS;[;:;:EE; in Regulation on the Hygie_:nic Acceptability I;;;?;gl&d;g?zlnzvater’
EU Directive Directive Analytical of Potable Water (Official Gazette of FRY Bottled Drinking
PARAMETER UNIT 1998/83EC  2009/54/EC 1 o Samples number 42/98 and 44/99) Water (Official

DRINKING NATURAL Gazette of Serbia and
WATER  MINERAL Montenegro, number
WATER 53/05)

MAC of chemical MAC for certain
MIN MAX  substances in water for minerals in bottled
public water supply water

pH iggg 584 737 6.80-8.50 6.80 - 8.50
ECat20°C  pS/em 2500 g.v. 159 5280 <1000 <500 2500
0, mg/L 0.01 0.08
Alkalinity M (HCO, ) 69.6 9283

mg/L
Acidity fnl;/(iaco-‘) 162 5165
X\ﬁz; hardness i\n/lggaCog) 6071 56820
As pg/L 10 10 <02 33 10 50 50
Ca mgl  nd. >150 ég’;?] L 200 100 150"
cd pg/L 5 002 094 3 5 3
cr mg/L 250 g.v. >200 300 273 544 200 25 2007 - 250
Cr (total) pg/L 50 50 14 345 50 50 50
Cu pg/L 2000 2000 247 73.0 2000 100 2000
F mgL 15 >1 15 ol 8:22*** 12 1 1”15
Fe pg/L 200 g.v. 300 331 7730 300 50 200
K gl nd LT 8299 10
Li* mg/L n.d. <0.05 5.73
Mg mg/L n.d. >50 3.89 4077 50 30 50"
Mn ug/L 50 g.v. 400 331 7730 50 30 50"
Na* mgL  200gv.  >200 200 i;‘? %32?1*4 150 20 200"
Ni pg/L 20 g.v. 70 38 224 20 10 20
NO; mg/L 50 g.v. 50  <0.05 4612 50 5 50
Sb pg/L 5 20 018 115 3 10 5
S0 mg/L 250 gv.  >200 250  0.52  57.64 25 200 - 250
U pg/L n.d. 15 <10 40 50

Note: n.d.—not detectable; g.v.—groundwater; MAC—Maximum Acceptable Concentrations; *—titration; *__lower limit of nomenclature; "_bottled water;
% —IC; WHO—World Health Organization.
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Table 4. Results of analysed samples.
Sample pH EC 0, Alkalinity” Acidity Water Ca” Mg Fe Mn Ni Cu Zn
hardness
Sample I  6.69 159  0.03 59.70 16.20 64.30 22.35 3.89 896 24.10 10.70  42.40 248
Sample 2 7.15 830  0.02 351.40 53.80 323.20 76.14 18.52 1256 7.40 8.90 8.70 267
Sample 3 7.22 3853  0.02 5026 516.50 212 23.74 9.47 671 77.30 3.80 10.60  47.10
Sample 4  7.36 5280  0.02 4787 473.40 225 21.13 8.53 664 75.40 4.00 9.60 34.30
Sample 5 7.37 607 0.02 381.30 43.00 296.80 77.45 13.15 1164 331 7.10 2.47 34.50
Sample 6 6.30 200  0.01 69.60 59.20 60.71 15.63 5.26 756 5.68 13.20 6.80 110.60
Sample 7 5.84 247  0.03 119.40 107.60 78.57 34.86 5.66 1863 4.94 16.60 10.40 64.50
Sample 8  6.46 1103  0.02 576.80 161.40 473.21 16.97 27.45 1308 8.35 13.40  73.00 37.10
Sample 9  6.33 1174  0.04 928.30 365.50 760.90 45.80 40.77 1646 4.08 15.40 10.60 5550
Sample 10 6.67 914  0.08 663 107.60 115 101 39.73 1363 4.80 2240 2470  41.30
Sample 11 6.92 549 n.d. 364.70 32.30 291 83 19.40 20 n.d. n.d. n.d. n.d.
Sample 12 557 1680  n.d. 1512 2690 568.20 144 36.40 70 n.d. n.d. n.d. n.d.
Average
value of
Sample Cr As Cd Sb Li* Na* K F CI'™ NO;, SO NH; total t K, x° U
pg/mL pg/mL pg/mL pg/mL pg/mL pg/mL pg/mL mg/mL mg/mL mg/mL mg/mL mg/mL amount of (°C) pS/cm pS/cm pg/mL
bacteria in
1 mL
Sample I 430 320 030 0.74 <0.05 564 191 011 6.14 034 2124 0.04 - 13 139 159 -
Sample2 5.00 3.30 094 0.70 <0.05 41.54 1.17 023 5253 21.63 57.64 0.33 7 13 728 830 0.004
Sample3 140 <020 0.02 034 5.67 137.30 8299 0.84 19.87 <0.05 0.64 0.61 - 31 4940 3853 -
Sample4 140 0.27 0.02 0.18 573 143.74 82.14 084 20.71 <0.05 052 0.74 - 15 4800 5280 -
Sample 5 5.00 259 023 0.78 <0.05 938 199 0.14 1227 736 24.17 0.14 225 14 542 607 <0.001
Sample 6 5.00 <0.02 033 085 028 1096 2.67 014 273 3.19 2792 0.08 16 12 172 200 <0.001
Sample 7 440 <0.02 0.73 1.10 032 1517 256 0.09 5.11 043 2394 0.08 35 12 213 247 0.003
Sample 8 4.90 <0.02 040 058 036 6515 3.71 070 544 46.12 5244 0.28 125 15 1003 1103 -
Sample 9 4.00 <0.02 052 0.79 031 1677 348 030 454 349 1465 0.23 - 15 1067 1174 0.002
Sample 10 34.50 0.50 0.59 1.15 <0.05 1.42 1465 0.11 956 12.61 13.67 0.21 4 16 846 914 -
Sample 11 n.d. nd. nd nd nd. 13.70 1.60 0.14 n.d. n.d. n.d. n.d. n.d. - - 549  n.d.
Sample 12 n.d. nd. nd  nd n.d. 286 28 0.26 n.d. n.d. n.d. n.d. n.d. - - 1680 n.d.

Note: n.d.—not detectable; *titration; “IC.

oxygen. This spring-water is placed in rural part of Banja
village, with low accumulation, which is in immediate
contact with tended land. Thus increased content of oxy-
gen can be the after effect of decay of organic matter
[24].

Results of conductivity measurements at the sample
taking temperature and at 20°C are shown in Table 4. As
thermostat adjustment of the instrument for conductivity
measurement wasn’t done, temperature of water sample
was measured and with approximate correction factor, f,
which for water, in temperature range from10 to 25°C, is
0.02°C™", it was calculated to temperature of 20°C by the
equation:

K= Kk'[1+£(20-1)] Q)

Copyright © 2012 SciRes.

According to Regulation on the hygiene of drinking
water [25] conductivity should be less than 1000 uS/cm.
This condition fulfil waters from springs Aleksijevic,
Talpara (ordinary), Maiden and Olga’s spring-water,
Svin¢ine and water supply system. Springs JeSovac and
Vrelo have slightly increased conductivity, while springs
Exploitation and Talpara (mineral) have values of con-
ductivity significantly above allowed. According to val-
ues of conductivity for temperatures of samples taking,
water from Exploitation has higher conductivity, which is
expected value, as with increasing of temperature rises its
conductivity. However, when these values are calculated
to the same temperature (at 20°C), it can be seen that
conductivity is 1.4 times higher at spring Talpara (mineral)
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than conductivity of water from Exploitation spring.

Factory Knjaz Milos, Arandjelovac, where Aqua Viva
and Knjaz Milos have been bottled is placed in the bot-
tom of Banja village and it is supposed that water which
has been processed in the factory and waters from
springs Vrelo and Svin¢ine belong to the same artery.
When the values of conductivity and pH values are com-
pared, it can be seen that there are some conductivity de-
viation and approximately the same pH values.

4.2. Determination of Total Content of Mineral
(as Dry Residue)

Results of determination of total amount of minerals
(calculated as dry residue at 180°C) are shown in Figure
2.

According to the total mineral amount (in mg/L) wa-
ters City, Aleksijevi¢ well, Talpara (ordinary), Maiden
spring, Olga’s spring and Svicine, as well as Aqua Viva
bottled water belong to the category of low mineral wa-
ters (<500). Waters from springs JeSovac and Vrelo, as
well as water Knjaz Milos belong to natural mineral wa-
ters (500 - 1500), while waters from springs Exploitation
and Talpara (mineral) belong to natural mineral waters
rich with mineral salts (>1500) [26].

4.3. Determination of Alkalinity and Acidity

Acidity of natural waters comes from carbonic acid, and
sometimes from humic acids. Most of natural waters are
alkali, although they can contain free carbonic acid. So,
natural waters can contain both acidity and alkalinity,
where acidity can only come from carbonic acid.
Hydroxides, carbonates and hydrogen carbonates of
alkali and earth alkaline metals, mainly Na, Ca and

mg/dm’ 500

Figure 2. Total content of mineral (as dry residue) in analy-
sed waters.
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Mg make water alkalinity. Water alkalinity was deter-
mined by the classical volumetric method and the me-
thod of potentiometric titration. The results obtained by
potentiometric titrations were processed with software
Origin 6.1 for math data processing

According to the results of alkalinity and acidity de-
termination, it can be seen that all analysed samples con-
tain only hydrogencarbonates, that is, they show only m
alkalinity. Results of alkalinity determination by classical
volumetric method and by potentiometric titration me-
thod are corresponding. Variations are slightly higher
with the samples with high alkalinity, as with samples
from springs Exploitation and Talpara (mineral).

Acidity towards methyl orange shows the presence of
mineral acids, and acidity towards methyl orange at all
analysed samples was equal to zero. As there is present
only acidity towards phenolphtalein, it can be concluded
that acidity of analysed waters comes from dissolved
CO,. The highest acidity has the sample of bottled water
Knjaz Milos, where the content of CO, is higher, as it is
carbonated water.

4.4. Determination of Water Hardness

The results of determination of total and carbonate water
hardness show that samples from City supply system,
Aleksijevi¢ well and Maiden spring has total hardness of
water higher than carbonate one. That means that these
waters contain only hydrogencarbonate of calcium and
magnesium. Small differences in total and carbonate
hard- ness of these samples show that sulphates and chlo-
rides of calcium and magnesium in these samples are
present in small concentration. The smallest hardness has
the sample from spring at mountain Bukulja, which can
be the consequence of low layer of underground accu-
mulation of these waters. In its way towards the spring,
water from these springs has relatively small contact with
minerals of calcium and magnesium, and at the same
time low amount of CO,, so there is no reaction of mak-
ing hydrogencarbonates.

As the result of reaction of hydrogencarbonate making
it comes to the increasing of amount of Ca*” and HCO;
ions in water, that corresponds to alkalinity determina-
tion, as alkalinity in these natural waters is the smallest.
Here the City supply system should be excluded because
it is previously treated and is used for water supply of
Arandjelovac.

Samples of other analysed mineral water have carbon-
ate hardness higher than total hardness, and same trend is
present with bottled waters. That means that in water
besides carbonates and hydrogencarbonate of earth alka-
line metals there are higher and bigger amounts of car-
bonates and hydrogencarbonates of alkaline metals.

The highest hardness, meaning the highest amount of
dissolved salts of calcium and magnesium, as well as
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hydrogencarbonates, have samples Exploitation and Tal-
para (mineral) and these results correspond to conducti-
vity determination (Table 4).

According to the received results of water hardness
analysis (in mg CaCOs/L) it can be concluded that City
supply system water and water from Maiden spring and
Olga’s spring belong to the category of soft waters
(<200). Water from Aleksijevi¢ well, Talpara (ordinary)
as well as bottled water Aqua Viva belong to the category
of medium hard waters (200 - 400). Water from spring
JeSovac belong to the category of hard waters (400 -
600), while waters from springs Exploitation, Talpara
(mineral), JeSovac, Vrelo as well as bottled water Knjaz
Milos belong to the category of very hard waters (>600).

4.5. Determination of Cations

Results of determination of Ca and Mg by the method of
ionic chromatografy (Figure 3); heavy metals by ICP-
AES method; uranium by the fluorimetric method and
Li", K" and Mg®" ions by ionic chromatography are
shown in Table 4.

Comparative analysis of the results of the analysis of
calcium and magnesium amount by the classical titri-
metric method and the method of ionic chromatografy,
shows the significant deviation from results received
from the usage of the methods mentioned above. The
reason is high content of iron-ions during volumetric de-
termination of Ca>" and Mg®* ions which, together with
Cd*", Cu*, Zn*" and Pb*" ions, interfere into complexo-
metric titration of Ca and Mg. Disturbances coming from
these ions should be removed before the titration of sam-
ples by adding solution of hydroxylamine-hydrochloride.
The smallest deviation was noticed during determination
of Ca and Mg in mineral water from Maiden spring,
where there was the smallest amount of Fe, as the argu-
ment to this clam.

The ratio of Ca and Mg in organism is approximately
3:1, so their entry through water should be approximately
3:1. Said ratio is present in mineral water from Maiden
spring (2.97) while in other waters it goes from 0.62 to
6.15. Named concentration of elements can be changed
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Figure 3. Graphical display of ratio of Ca and Mg amounts
in analysed mineral water.
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indicating that mineral water has no constant composi-
tion.

Amount of Fe in analysed waters goes from 664 to
1863 pg/L, which is above MAC values (300 pg/L). Al-
though Maiden and Olga’s springs are placed at moun-
tain Bukulja, the amount of Fe in water from Olga’s
spring is double higher (1863 and 756 pg/L, respectively),
indicating that mineral waters from these springs have
contacts with different mineral matters [25].

Concentration of Fe and Mn in mineral waters from
Exploitation and Talpare (mineral) are almost equal (671
and 77.30 i.e. 664 and 75.4 pg/L, respectively). When
other parameters are compared (conductivity, water hard-
ness, dry residue) it can be seen that mineral waters from
these two springs are of approximately same content. The
analysis of results of heavy metals determination (Table
4) shows that the content of analysed metals is below
MAC values. In mineral water from spring Svincine, the
amount of Cr (34.5 ng/L) is slightly higher, while Ni is
present in concentration (22.4 ug/L) which is above the
maximum allowed concentration (20 pg/L).

The results of ion determination of alkali metals in
analysed mineral waters (Table 4) show that the highest
concentration of Na’ ions is present in mineral waters
from Exploitation and Talpare (mineral), but it is below
the maximum allowed amount. The amount of K is also
the highest in samples from Exploitation and Talpare
(mineral) and is 6.5 times higher than the maximum al-
lowed concentration (82.99 and 82.14, respectively in
comparison to 12 mg/L that is MAC value). Slightly
above MAC is the content of K in sample from spring
Svincine (14.65 mg/L), while in other analysed waters
the content of K, and also Na is below MAC values
(Figure 4).

Figure 4. Graphical display of ratio of Na and K amounts in
analysed mineral water.
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For regular functioning of sodium-potassium pump in
cells of human organism it is necessary that ratio of Na
and K is 3:2, that is, 1.5 times higher amount of Na than
K. If it is supposed that daily entry of these elements
through human diet is constant and equal to 1.5, then it
would be optimal that entry through water be the same in
order not to disturb the balance in organism. For normal
functioning of organism it is desirable to drink water
with less than 150 and in some cases less than 50 mg/L
of Na and with less than 12 mg/L of K.

4.6. Determination of Fluoride and Chloride Ions

The measured values of potential in analysed samples of
mineral waters with appropriate ion-selective electrode
are located in curved part of calibration plot. This is the
reason why amount of fluoride and chloride ion is de-
termined by the method of standard addition [8,27].

First, the potential of analysed sample of known cub-
age was measured (V). If Nernst equation is used it can
be written that:

E =k, +k-logy,c, 3)

where k stands for line inclination which represents de-
pendence of E from log ¢, y, and ¢, stand for coefficient
of activity, that is, concentration of fluoride-ion in ana-
lysed solution. Known cubage ¥, of standard solution of
concentration ¢,, of F~ or Cl" ion, was added into the
analysed solution and potential E, was measured. Con-
centration of ¢, was chosen to be 50 - 100 times higher
than concentration of ¢,. For potential E, is:

7t (Vtct + VZCS)

E, =k, +k-log ,+72)
t 2

“
where V is the volume of analyzed solution.

Making the similar ion volume of both solutions, coef-
ficient of activity in both solutions will be the same, so
the difference of the potentials can be expressed as:

NE=E,—E k-log e tVs) s
= —_— fr . O e ——
2 t g Ct (I/t + I/z)
It follows that
C = < (©)

t 102/ -[1+ij—Vf
)"

So, according to inclination of calibration plot known,
concentration of F~ and CI” ions were calculated [28],
and results are shown in Table 4, where the results of F~
and Cl ions determination by the method of ionic chro-
matography are also shown.

The analysis of fluoride amount by the method of ionic
chromatography in all samples was below the level of
detection (0.05 mg/L). The results of measurements by
ion-selective electrode show that amount of fluoride is
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below MAC values in all analysed mineral waters.
Namely, the level of detection of fluoride-selective elec-
trode is lower than by the method of IC and is 0.01 mg/L,
indicating that ISE method is more sensitive to fluoride
determination.

On the other hand, high concentration of Fe means that
in analysed samples can come to building of dissolved
complexes of iron and F~ ions. These complex com-
pounds are less stable from complexes which iron builds
with citrate-ion from TISAB solution. By adding the
TISAB solution, F~ ion frees from the complex which it
makes with iron ion and goes into solution. That enables
more sensitive and more precise measurements of fluo-
ride ion-selective electrode, in comparison to IC method.

From the analysis of results shown in Table 4, it can
be seen that the content of fluoride and chloride too, ni-
trate and sulphate is nearly same in samples Exploitation
and Talpara (mineral).

The analysis of chloride by IC method and ion-selective
electrode shows considerate differences in results re-
ceived by these methods. Approximate values of chloride
amount have been found only in samples from Aleksi-
jevi¢ well and from spring JeSovac. Obstructions during
the work with chloride-selective electrode can come from
interfering effect of I, Br, OH, CN, S,0;", NO;
and SO; ions [7,29]. On the other hand, level of de-
tection of chloride determination by ion-selective elec-
trode is 2 mg/L, and by IC method is 0.01 mg/L.

The amount of nitrite, phosphate and bromide ion was
also analysed in mineral waters. Concentration of these
ions in all samples was below the level of detection.

4.7. Determination of Ammonia Content and
Micro-Biological Analysis

The analysed results of determination of ammonia
amounts and the microbiological analysis show that the
amount of ammonia is above MAC values in samples
Exploitation and Talpara (mineral). Comparing pH val-
ues and content of ammonia, it can be seen that in natural
mineral waters lower value of pH (a more acid sample)
correspond to lower level of ammonia. So the lowest
amount of ammonia is in sample from Maiden spring,
which also has the lowest pH value. Here we didn’t con-
sider City supply system water because it is chemically
and microbiologically treated, and according to Regula-
tion on the hygiene of drinking water.

Drinking water from public springs of closed type can
be classified into several categories [25]: refined water
(it cannot have coliform bacteria in 100 mL, and total
amount of living bacteria is <10 in 1 mL of water), natu-
ral water (the content of coliform bacteria <10 in 100
mL, and total amount of living bacteria is <100 in 1 mL
of water).

Drinking water from opened wells and other public
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springs which are used for drinking can contain up to 300
of total bacteria in 1 mL. As for total number of bacteria
in mineral waters from springs Talpara (ordinary) and
Jesovac, they have slightly higher amount of bacteria
comparing to other analysed waters. However, these two
springs belong to the category of public springs, meaning
that microbiologic quality of waters from these springs is
according to the Regulation.

5. Conclusions

The pH value in analysed waters shows that waters from
springs Maiden spring, JeSovac, Vrelo and SvinCine are
slightly acid, while mineral waters from springs Aleksi-
jevi¢, Exploitation and Talpara are slightly basic.

In analysed waters concentration of oxygen is expect-
edly low but all samples are according to Regulation on
the hygiene of drinking water (MAC values 8.24 mg/L).

Conductivity is satisfied with waters from springs
Aleksijevi¢, Talpara (ordinary), Maiden and Olga’s
spring, Svincine and water from supply system. Springs
JeSovac and Vrelo have slightly increased conductivity,
and Exploitation and Talpara (mineral) have significantly
higher conductivity values than MAC.

Waters City, Aleksijevi¢ well, Talpara (ordinary),
Maiden spring, Olga’s spring and Svicine, as well as bot-
tled water Aqua Viva belong to the category of natural
low mineral waters. Samples from springs JeSovac and
Vrelo, as well as water Knjaz Milos belong to the cate-
gory of natural mineral waters. Samples from springs
Exploitation and Talpara belong to natural mineral wa-
ters rich with mineral salts (mineral).

Determination of water hardness shows that City water
and water from Maiden and Olga’s springs belong to the
category of soft waters;, water from Aleksijevic well,
Talpara (ordinary) as well as bottled water Aqua Viva
belong to the category of medium hard waters; water
from springs JeSovac belong to the category of hard wa-
ters, while waters from springs Exploitation, Talpara
(mineral), JeSovac, Vrelo as well as bottled water Knjaz
Milos belong to the category of very hard waters.

The analysis of Ca and Mg amount shows that analy-
sed mineral waters contain Ca and Mg in concentrations
below MAC values.

The amount of Fe in analysed mineral waters is in-
creased and higher than MAC values.

The analysis of the results of heavy metals determina-
tion shows that the amount of analysed metals is below
MAC values. In mineral water from spring Svincine,
there is slightly increased amount of Cr, while Ni is pre-
sent in concentration above MAC values.

The highest concentration of Na“ ions is present in
mineral waters from Exploitation and Talpare (mineral),
but it is below MAC values. Amount of K is also the
highest in samples from Exploitation and Talpare (mi-
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neral) and they are 6.5 times higher than MAC values.
Slightly above MAC is the amount of K in sample from
spring Svincine, while in other analysed waters amount
of K and Na is below MAC values.

Amount of fluoride, chloride, nitrate and sulphate in
analysed mineral waters is below MAC values.

Amount of ammonia above MDK values was in sam-
ples Exploitation and Talpara (mineral). Comparing pH
values and ammonia amount, it can be seen that in natu-
ral mineral waters lower pH value (a more acid sample)
correspond to lower ammonia amount. The lowest am-
monia amount is in the sample from Maiden spring, and
it also has the lowest pH value.

The results of analysis show that concentration of ura-
nium is in natural values range.
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