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Abstract

The aim of this study was to examine the possibilities of bottling the water from four sources (in total

10 springs) on Jastrebac Mountain in central Serbia. In the water samples, the following parameters were

determined:

e Physico-chemical parameters — temperature and solids content (total, dissolved and suspended),
turbidity, pH, conductivity, hardness (as CaCO,), alkalinity (as CaCO,), oxygen concentration and
saturation, concentrations of Al, Ca, Mg, Fe, F-, CI', and SO,*, inorganic nitrogen content (NH,", NO,,
and NO,), total phosphorus and orthophosphates content (PO,*), and the content of organic compounds
as concentrations of KMnO, and UV extinction.

* Microbiological parameters — total count of aerobic mesophilic bacteria, count of coliform bacteria,
and the presence of faecal indicators (faecal coliforms, faecal streptococci, and sulphitereducing
clostridia).

* Biological parameters.

Based on the obtained values of the examined parameters and their ratings, five springs out of

10 tested could be considered for bottling. The values of the parameters of these springs were in compliance

with current regulations for drinking water. Also, these springs had a significantly higher quality of water

compared to the one of the most used bottled water in Serbia. Other springs had a considerably poorer
quality of water due to exposure to the negative anthropogenic effects, which was particularly manifested
in the form of the excessive count of total bacteria, the presence of the indicators of faecal contamination,

and the presence of suspended solids.

Keywords: drinking water, spring water, bottling, physico-chemical parameters, microbiological param-
eters, biological parameters, ratings

Introduction intake of water [1]. The most important characteristic of

drinking water in terms of safety for human consumption

A fundamental requirement of good health and is its quality [2]. This means that drinking water must
normal functioning of humans and animals is a sufficient not contain such harmful ingredients as pathogenic

microorganisms, toxic substances, physical and chemical
residuals, and undesirable organoleptic properties such as
odor, color, or taste. The United Nations has announced
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that “safe and clean drinking water is a human right
essential to the full enjoyment of life and all other
human rights” [3]. Drinking water quality is determined
by physical (temperature, color, taste, odor, turbidity,
solids), chemical (inorganic minerals, pH, alkalinity,
acidity, hardness, total dissolved solids, conductivity,
radionuclides, phosphates, nitrates, organic materials,
dissolved oxygen, etc.), microbiological (heterotrophic
plate count, total coliforms, faecal coliforms - Escherichia
coli, faecal streptococci, clostridia, viruses), and
biological (blue-green algae, fungi, protozoa) parameters.

Drinking water is treated in cases where the source is
not of satisfactory quality that can provide safe water [4].
Water that is not treated, such as natural mineral water
and spring water, do not pass any treatment or undergo
primary disinfection only [4-5].

The growth of the global human population has led
to a dramatic increase of the need for safe and high-
quality drinking water [6]. This applies particularly to
bottled water, which has become extremely popular in
recent decades [7-8] because of its convenience, safety,
and quality — despite its high price. In addition, bottled
water plays a significant role as a very important product
in some areas of the world where groundwater is scarce
[9] or, in the case of many developing countries, where
the public water supply is not potable [10]. Tests at the
international level have shown that people prefer bottled
water because they assume that it is safer and of better
quality than water from public water supplies [11-14].
Francisco [15] showed that public distrust of the safety
and quality of the municipal water supply is the main
reason for the population’s preference for bottled water
as the primary drinking water source. The majority of the
global market for bottled water is in North America and
Europe [7].

The major types of bottled water are: mineral,
spring, purified, well, artesian, and sparkling bottled.
Spring water is “water extracted from an underground
formation from which water flows naturally to the earth’s
surface. This must be collected only at the spring or
through a borehole tapping the underground formation
feeding the spring. The water must have all the physical
properties before treatment and be of the same quality
and composition as the water that naturally flows to the
surface of the earth” [16].

Due to the increasing need for high-quality drinking
water and the growing consumption of bottled water,
the aim of this study was to examine the possibilities for
bottling some spring waters on Jastrebac Mountain in
central Serbia. The results were compared with current
legislation on the quality of bottled water and drinking
water, as well as with the quality of the most present
bottled water on the Serbian market, called Vlasinska
Rosa.

Materials and Methods
Study Area

In late spring and early summer of 2016 we tested
the water quality of four important springs on Jastrebac
(43°23’31”°N, 21°26°57”’E; Fig. 1).

The following springs were examined:

— The spring under Velika Ravan is at 750 m altitude
and was capped once for the supply of a villa. In
the capping, which is very poorly constructed, the
water of the much smaller spring at Velika Ravan
was introduced by pipeline. This spring is at a higher
altitude and it is marked as Velika Ravan 1, while
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Fig. 1. Geographic location of Jastrebac Mt., Serbia.
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the primary, much larger spring is marked as Velika
Ravan 2. Close to the main spring, the two forest roads
converge. One of these roads leads to the western part
of Jastrebac, and the second climbs to the ridge of
the mountain horst. The immediate and wider area
of springs is exposed to the negative anthropogenic
effects due to logging.

— The second tested spring is Majorova Cesma, located
in the Grand Canal, and the saddle is about 880 m high,
which is in a relatively inaccessible mountain ridge
and represents the fastest gateway to the southern
slopes of Jastrebac, or to the Toplica River. Majorova
Cesma represents a permanent spring of varied flow
that is significantly reduced during the summer. As
a favorite resort, the area around Majorova Cesma is
more damaged than at Velika Ravan.

— The spring area of Ribna River, a tributary of the
Lomnicka River, is presented by a complex system
of springs under the western part of Stracimir, at
about 950 m of altitude. Located in very inaccessible
terrain, the eight springs used to supply most of the
villas on Jastrebac were tapped in 1967. Seven springs
flow into the common collecting chamber, while the
eighth, which is located a little to the east of the first
seven, is introduced into the first end chamber. As
people rarely come to the region of the springs, that
part of the mountain has slowly been transformed into
the forest, making it difficult to locate the individual
springs located near the both banks of the Ribna
River. Therefore, the flows in the collection chamber
are marked by the scheme shown in Fig. 2.

— On the Velika Sokolovica, which is also the part of the
Stracimir, at an altitude of about 950 m, two springs
supplying the villages of Buci and Lomnica, are
capped. The water was sampled in the first breaking
chamber, at 80 m of altitude under the bigger spring
(pipeline @ 100 mm, 10 bar). That part of the mountain
is also inaccessible.

Along with the water of springs on Jastrebac, chemical
and microbiological quality of the bottled water were
tested. According to the location of the source in Jakov
Do on Cemernik Mountain (southeastern Serbia),
Vlasinska Rosa should be the best-quality water in
Serbia. The water from Cemernik spring, as well as the
water from Jastrebac springs, belongs to the oligomineral
waters.
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Fig. 2. Schematic representation of the Ribna River springs

Physico-Chemical Analysis of Water

Physical and chemical parameters of water were
tested as follows: temperature (°C); the solids content
(total, dissolved, and suspended; mg/l); turbidity (NTU);
pH; conductivity (uS/cm); hardness (as CaCO,, mg/l);
alkalinity (as CaCO,, mg/l); oxygen concentration (mg/I)
and saturation (%); concentrations (mg/l) of aluminium
(Al), calcium (Ca), manganese (Mg), iron (Fe), fluoride
(F), chloride (CI), and sulphate (SO,*); content of
inorganic nitrogen (ammonium - NH,", nitrite - NO,,
and nitrate - NO,7; mg/l); content of total phosphorus and
orthophosphates (PO,*), mg/l; and content of organic
compounds as concentrations of KMnO, (mg/l) and UV
extinction/m. All of the above parameters were tested by
the American standard methods [4].

Microbiological Analysis of Water

Out of microbiological parameters, the total count of
aerobic mesophilic bacteria was studied, as this parameter
is the most common cause of inadequate drinking water
quality [17-18]. These bacteria were examined by the
cultivation method on two standard media: plate count
agar (PCA) and reasoner’s 2 agar (R2A). Currently, in
Serbia and in many countries in the world, PCA is the
official medium for testing the total count of bacteria, but
since it detects a statistically significantly lower count
of bacteria than R2A medium [19-20], it is the matter of
the moment when PCA will be replaced by R2A medium
according to the official regulations. All around the world,
R2A medium is used for testing bottled water as standard
medium [21].

The total count of coliform bacteria in 100 ml of the
water sample was determined as the most probable number
by MPN method, in lactose Andrade peptone water. After
incubation for 48 hours at 37°C and subcultivation on the
eosine methylene blue agar, re-incubation for 24 hours
at 37°C was carried out in order to detect the typical
colonies.

The count of faecal coliform bacteria was determined
by membrane filtration. Sterile filter papers were placed
one by one using sterile forceps in three Petri dishes. On
the surface of each filter paper 2 ml of sterile m-FC broth
(Oxoid, UK) was added. Then, 0.1, 1, 5, and 15 ml of
water sample were filtered and filters were placed on the
appropriate filter papers. Petri dish lids were attached to
the lower parts by parafilm to avoid drying, and were then
incubated at 44.5°C for 24 hours. After the incubation,
the blue colored colonies (Escherichia coli) were counted.
The number was recalculated for 100 ml of water and
recorded as the count of faecal coliforms per 100 ml of
water.

The count of faecal streptococci was determined
by membrane filtration. The water sample volumes of
0.1, 1, 5, and 15 ml were filtered. Each filter was placed
on sterile KF streptococcus agar (Oxoid, UK) that had
previously been poured into Petri dishes. The dishes
were then turned on their lids and incubated at 37°C for
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48 hours. After incubation, all the red and pink colonies
were counted and the number was recalculated for 100 ml
of water and recorded as the count of faecal streptococci
per 100 ml of water.

The content of sulphitereducing anaerobes
(Clostridium sp.) was determined by treating a water
sample with the temperature of 78°C and then inocula-
ting in a sulphite agar (Oxoid, UK). After incubation
at 37°C for 24 hours, the count of sulphitereducing
anaerobic bacteria was determined as the most probable
number, recalculated for 100 ml of water and recorded
as the count of sulphitereducing clostridia per 100 ml of
water.

Further identification of isolates was performed on
the basis of the morphology of bacterial colonies and
biochemical reactions such as coagulase reaction, indole,
urease, methyl red, Voges-Proskauer, citrate utilization,
and sugar fermentation, and confirmed by using the API
20E identification system (bio-Mérieux, France).

Biological Analysis of Water

Biological tests were carried out under a light
microscope with a magnification of 200x and 400x. Total
fungal viable counts were recorded in all samples in the
following way. One hundred milliliters of each sample was

Table 1. Physico-chemical parameters of of Velika Ravan 1, Velika Ravan 2, and Majorova Cesma spring water.

Spring
Parameter ~
Velika Ravan 1 Velika Ravan 2 Majorova Cesma
I/s 0.006 0.430 0.883%/2%*
Flow rate
/min 0.341 25.690 53*/120%*
Temperature °C) 10.25 8.00 7.25
Total (104°C) 86.0 92.0 57.0
Solids (mg/1) Suspended (104°C) 1.440 0.520 0.360
Dissolved (180°C) 56.0 54.0 40.0
Turbidity (NTU) 1.50 0.25 0.23
Conductivity (uS/cm) 111.4 120.6 100.1
pH 7.53 6.71 5.95
Hardness as CaCO, (mg/l) 60.0 34.0 23.0
Alkalinity as CaCO, (mg/l) 20.0 17.5 7.5
conc.(mg/l) 9.90 10.36 9.48
Oxygen
sat. (%) 94.9 94.3 82.6
Al (mg/l) 0.000 0.000 0.000
Ca (mg/l) 16.830 10.420 7.613
Mn (mg/l) 0.000 0.000 0.000
Fe (mg/l) 0.166 0.040 0.000
F- (mg/) 0.099 0.080 0.068
CI (mg/1) 6.39 6.39 4.26
SO,* (mg/l) 12.46 13.84 8.35
NH," 0.000 0.000 0.000
Inorganic nitrogen (mg/1) NO, 0.000 0.000 0.000
NO, 2.810 2.410 3.065
PO,* 0.012 0.010 0.030
Phosphorus (mg/1)
total 0.021 0.020 0.033
as KMnO, (mg/l) 7.04 3.84 2.49
Organic compounds
UV extinct./m 3.10 1.70 1.45

*flow rate through the fountain, **flow rate of the spring
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filtered through cellulose nitrate filter 47 mm in diameter
and 0.45 pm of pore diameter. The filter was transferred to
a petri dish containing sterilized sabouraud dextrose agar
(SDA) supplemented with chloramphenicol 50 mg/l and
gentamycine 25 mg/l after autoclaving [22]. The plates
were incubated for 5-7 days at 28°C. After incubation,
the number of colonies was recorded and fungal isolates
were subcultured separately for identification. Fungi were
identified to generic level according to morphological
features with the assistance of relevant literature [23-24].

All analyses were carried out in the chemical and
microbiological laboratories of the Drinking Water
Treatment Plant in Majdevo, near the central Serbian

town of KruSevac.

Results and Discussion

The results of physico-chemical analysis of tested
springs and bottled water are shown in Tables 1 and 2.

Analysis of physico-chemical parameters showed that
the water of all springs was of excellant quality, except the
one with the inconsiderable flow rate (Velika Ravan 1).
Within this high quality there were significant differences,
so that the springs were getting better at higher altitude
and more inaccesible. On the other hand, it is indicative
that the larger flow rate, i.e., the more abundant spring,
was for the most part positively correlated with better
chemical quality.

Table 2. Physico-chemical parameters of Ribna River and Velika Sokolovica spring water, and Vlasinska Rosa bottled water.

Ribna River springs Velika Sokolovica )
Parameter springs Vlasinska
Rosa
1 2 3 4 5 1 2
I/s 1.358 1.425 0.183 | 0.037 | 0.019 | 10.750 0.850 -
Flow rate
1/min 81.500 | 85.500 | 11.000 | 2.230 | 1.120 | 645.000 | 50.970 -
Temperature (°C) 7.00 7.00 8.50 9.80 9.80 7.00 8.00 -
Total (104°C) 92.0 91.9 90.0 87.0 102.0 71.5 65.5 42.00
Solids (mg/1) Suspended (104°C) | 0.190 0.170 0.162 | 0.200 | 0.160 - - 0.120
Dissolved (180°C) 69.0 71.0 70.2 77.8 94.0 62.5 60.5 10.00
Turbidity (NTU) 0.075 0.095 0.095 0.24 0.14 0.18 0.22 0.16
Conductivity (uS/cm) 82.9 84.4 87.3 83.7 73.4 85.8 79.6 72.5
pH 6.36 6.46 6.55 6.61 6.26 6.93 6.60 7.69
Hardness as CaCO, (mg/l) 223 29.0 30.2 29.4 235 277 235 30.0
Alkalinity as CaCO, (mg/l) 13.3 16.9 17.6 14.7 13.7 15.0 15.0 27.5
conc. (mg/1) 9.75 10.23 9.92 9.84 9.35 13.02 10.39 -
Oxygen
sat. (%) 91.6 90.5 90.3 923 87.9 114.2 92.6 -
Al (mg/1) 6.511 7.707 7.374 | 7.604 | 7.214 | 10.320 8.810 0.014
Ca (mg/l) 0.000 0.000 0.000 | 0.021 | 0.021 0.010 0.000 11.020
Mn (mg/l) 0.000 0.000 0.000 | 0.000 | 0.000 0.000 0.000 0.000
Fe (mg/l) 0.000 0.000 0.000 | 0.030 | 0.033 0.000 0.000 0.000
F (mg/l) 0.068 0.059 0.064 | 0.069 | 0.060 0.006 0.009 0.095
CI' (mg/1) 4.97 4.97 4.97 4.97 4.97 4.70 4.44 5.68
SO,* (mg/l) 9.55 9.87 9.11 7.885 | 7.66 8.200 9.04 3.63
NH,* 0.000 0.000 0.000 | 0.000 | 0.000 0.000 0.000 0.000
Inorga&cgﬁ‘)“"gen NO; 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000
NO, 2.430 2442 2463 | 2453 | 2.744 2.599 1.955 0.362
PO,*> 0.009 0.008 0.008 | 0.003 | 0.016 0.001 0.002 0.040
Phosphorus (mg/l)
total 0.010 0.009 0.009 | 0.005 | 0.019 0.003 0.004 0.042
as KMnO, (mg/l) 1.58 1.58 1.52 2.22 2.06 1.89 1.89 2.49
Organic compounds
UV extinct./m 1.30 1.45 1.65 1.75 1.72 0.73 0.60 -
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Table 3. Results of microbiological analysis of Velika Ravan and Majorova Cesma spring water.

Spring
Parameter Medium Incubation conditions —
Velika Ravan 1 Velika Ravan 2 Majorova Cesma
48 h 10 1 1
37°C
7 days 39 2 2
48h 91 5 4
Plate Count | 20°C 7 days 800 28 21
Agar 30 days 1,430 51 40
48 h 6 3 3
Total count 8°C 7 days 29 10 26
of aerobic 30 days 920 12 40
mesophilic
bacteria o 48h 145 2 2
(CFU/ml) 37C
7 days 280 3 2
43 h 351 10 22
20°C 7 days 2,330 64 148
R2A agar
30 days 5,350 105 251
48 h 223 5 27
8°C 7 days 1,070 25 128
30 days 2,190 39 149
Total 4 0 0
Coliforms Faecal 2 (Escherichia coli) 0 0
100 ml
(per ml) Non-faecal 2 (Citrobacter freundii, 0 0
Klebsiella pneumoniae)
Faecal streptococci (per 100 ml) 1 (Enterococcus faecalis) 0 0
Sulphitereducing clostridia (per 100 ml) 7 2 0
. G- bacilli (4), Bacillus spp. G- bacilli (3), G- bacilli (1),
Isolated bacteria (per 100 ml) 2) Bacillus spp. (2) | Bacillus spp. (2)

The results of microbiological analysis of tested
springs and bottled water are shown in Tables 3 and 4.

Since drinking water must not contain coliforms,
faecal streptococci, and sulphitereducing clostridia, in
the analysis of microbiological parameters the emphasis
was placed on the total content of the aerobic mesophilic
bacteria. Considering that the microorganisms, which are
few in clean springs, multiply during the storage of bottled
water, their contents in the springs of Ribna River and
Velika Sokolovica were examined not only immediately
after sampling, but after one month of sitting in sealed
sterile bottles at 12°C with very little air.

In the immediate determination of microorganisms,
as well as in the case of chemical quality, the higher
flow rate was generally positively correlated with better
microbiological quality of water. However, the content of
microorganisms after a month of standing showed a more
complicated picture of water quality (Table 5). Falcone-
Dias et al. [25] stated that spring waters are not free of
bacteria, and counts of 10*-10° cfu/ml can be reached

within a few days after bottling. Duranceau et al. [26]
showed that the abundance of heterotrophs increased
rapidly after 3 to 7 days of bottling. It was also shown that
the most common cause of poor microbiological quality
of bottled water was the increased content of aerobic
mesophilic bacteria [21, 27].

Biological analysis of water gave the simplest
picture of water quality. From biological material we
found only fungi, the parts of detritus (i.e., the remains
of dead plants), and the pollen grains of higher plants
(Table 6). Out of fungi we found the fragments of hyphae
that contained several cells whose origin and affiliation
were not possible to determine, and the conidia of Fungi
imperfecti. All founded conidia belonged to the obligate
or facultative aquatic species.

For the purpose of unification and easier comparisons,
the number is expressed as units per hectolitre (U/hl), or
units per litre (U/1).

From a biological point of view, the quality of water
was primarily directly proportional to the inaccessibility
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Table 4. Results of microbiological analysis of Ribna River and Velika Sokolovica spring water, and Vlasinska Rosa bottled water.

Velika
Parameter | Medium Incubation Ribna River springs Soko!ovica Vlasinska
4 conditions Springs Rosa
1 2 3 4 5 1 2
48 h 0 0 0 5 8 1 0 308
37°C
7 days 0 0 0 6 13 1 1 343
48 h 0 0 0 56 49 3 4 3,210
Plate | 20°C | 7 days 2 1 1 168 143 10 14 9,950
Count
Agar 30 days 4 1 3 240 155 16 23 -
48 h 0 0 0 21 33 1 3 654
Total count 8°C | 7 days 2 3 1 84 95 10 15 2,610
of aerobic 30 days| 2 3 2 150 155 25 27 -
mesophilic
bacteria . 48 h 0 0 0 9 10 1 1 4,425
(CFU/ml) 37°C
7 days 0 0 0 18 14 1 1 5,615
48 h 0 0 0 45 36 4 5 8,696
R2A 20°C | 7 days 2 2 3 300 219 24 27 60,000
agar 30 days 4 6 3 320 229 35 39 -
48 h 0 0 0 29 21 2 5 517
8°C | 7 days 3 3 1 221 145 18 31 3,735
30 days 3 6 3 341 208 40 49 -
Total 0 0 0 2 2 0 0 0
1
Faecal 0 0 0 0 . 0 0 0
Coliforms (E. coli)
(no/100 ml) 2
i (C. 1 (K.
Non-faccal 0 0 0 freundii, K. | pneumoniae) 0 0 0
pneumoniae)
Faecal streptococci (per 100 ml) 0 0 0 0 0 0 0 0
Sulphitereducing clostridia (per 100 ml) 0 0 0 0 0 0 0 0
G- bacilli G- bacilli G- bacilli G- G-
Isolated bacteria (per 100 ml) Bacillus | Bacillus .(2)’ .(2)’ .(2)’ bacilli | bacilli | G- bacilli
spp. (2) | spp. (2) | Bacillus spp. | Bacillusspp. | Bacillus spp.
@ @ @ ® 1@

of the terrain, i.e., preservation of the ecosystem, and
within the same terrain to the water flow rates.

Based on these preliminary tests, Velika Ravan and
Majorova Cesma can be instantly ruled out as a potential
sources for bottling because of their evident degradation
of quality by anthropogenic influences. In the cases where
the physico-chemical parameters fully meet the statutory
requirements, the presence of bacterial contaminants can
make a drinking water source unsuitable for that purpose
[28].

Physical, physico-chemical, and chemical analysis
showed that the water from Jastrebac springs was similar
to the water from Jakov Do, reflecting the same type of
lithological substrate. On the other hand, the results of

chemical analysis of the bottled water were very similar
to the values declared on the bottle, except for the
concentration of chloride, which was much higher than
declared. The Ribna River sampling showed that the water
was of uniform physical and chemical quality, i.e., that
there were no significant fluctuations in the investigated
parameters.

Microbiological tests gave very variable results
in samples that were repeated and showed a different
growth potential at different temperatures. It is also a
very interesting phenomenon that the sources with lower
content of bacteria at the time of sampling had more
bacteria after one month of standing than those that were
worse at the moment of sampling. This little-studied
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Table 5. Total count of acrobic mesophilic bacteria after one month standing in sealed bottles.

] Incubation Ribna River springs Velika Sokolovica springs
Medium .
conditions 1 2 3 4 5 1 2
48 h 0 0 0 1 3 11 0
37°C
Plate Count 7 days 1 1 3 1 5 15 1
Agar 20°C 7 days 6,000 8,550 880 1,020 243 16,800 249
8°C 7 days 4,140 7,530 1,115 364 387 3,115 328
48 h 0 0 1 1 6 102 4
37°C
7 days 276 426 32 769 392 168 5
R24
20°C 7 days 34,250 12,500 4,260 4,200 3,620 45,700 1,495
8°C 7 days 16,450 11,550 4215 491 1,410 4,730 507

phenomenon can be explained by the composition of
the microbial community [29]. Most likely, the springs
with the higher flow rate, due to the flow velocity, have
meager resident microbial community, which mostly
consists of K strategists [30]. Also, because of the flow
velocity these springs have a higher proportion of r
strategists in a microbial community, which are there
facultatively. Relying on the rapid multiplication in the
favourable environmental conditions at low intraspecies

Table 6. Results of biological analysis.

competition, 7 strategists are blocked by the poor resources
of the powerful springs, where they represent the initial
colonizers, i.e., pioneers. However, during the standing
at convenient temperature, » strategists, exploiting all the
available environmental resources reached the maximum
possible number. Less abundant springs, due to the
slower flow rate, had numerous microbial community and
presented mostly K strategists, which reproduced slowly,
optimizing the consumption of scarce environmental

Sori o . Count Speci
rin rganisms ecies
pre £ U/hl Ui P
Fungi 148.880 | 1489 Aspergillus sp., Fusarlum.sp., Cladosporjlum sp., Alternaria sp.,
Curvularia sp., Ulocladium sp.
1 Cormophytae 500 5
VELIKA
RAVAN Pollen 500 5
Fungi 14,000 140 Fusarium sp., Cladosporium sp., Alternaria sp., Ulocladium sp.
2
Cormophytae 250 2.5
) Fungi 1316 13 Aspergillus sp., Fusarium sp., Clafiosporzum sp., Alternaria sp.,
MAJOROVA CESMA Curvularia sp.
Cormophytae 120 Q
Fungi 52 <1 Aspergillus sp., Fusarium sp.
Fungi 105 1 Aspergillus sp., Fusarium sp., Alternaria sp., Ulocladium sp.
Fungi 520 5 Aspergillus sp., Fusarium sp., Alternaria sp., Ulocladium sp.
Fungi 2.816 28 Aspergillus sp., Fusarium sp., .Wallemza sp., Alternaria sp.,
Ulocladium sp.
RIBNA RIVER
Cormophytae 13 <1
pollen 26 <1
Fungi 6.980 70 Aspergzllu.s sp., Futvarzum sp., Clad?sporzum sp., Ep‘zcoccum sp.,
Trichocladium sp., Alternaria sp., Curvularia sp.
pollen 20 <1
VELIKA Fungi 1,340 13 Aspergillus sp., Alternaria sp.
SOKOLOVICA Fungi 970 10 Alternaria sp.
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resources. Therefore, in these springs a larger count of
bacteria was detected, and how this community of K
strategists already have reached an optimal count, the
count of these bacteria did not increase by standing, as
was the case with the more abundant springs. On the other
hand, the drastic differences in the content of bacteria in
different batches of Vlasinska Rosa indicated that there
were natural fluctuations of quantitative and qualitative
microbial content of water, which remained visible after
the water was standing in the bottles.

By the statistical analysis of the differences in the
values of the parameters between the individual springs
of Ribna River and Velika Sokolovica, it was impossible
to single out the best source. Therefore, the springs were
evaluated on a scale of -5 to 5. The evaluation was done
in relation to the current regulation on hygienic quality of
drinking water [31].

Because of the great differences in flow rates between
the springs, the highest score was given to the maximum
flow rate of 11 1/s, which is slightly higher than the flow
rate of the first spring on Velika Sokolovica. Ratings were
obtained by the formula:

VZS'(I _ Qmax'QF)
Qu (1

..where v is rating, Q__ is maximal flow rate (I/s), and Q,
is flow rate of a spring (1/s).

Chemical and microbiological parameters were
evaluated according to the following principle: on a
scale of 0 to 5, maximum allowable concentrations,
i.e., values of the examined parameters, had a rating of
0, and as parameters had a lower value they received a
higher rating. Thus the value O received a rating of 5,
which in the case of chemical parameters represents
an absolute ideal of pure water, and it is pointless
for drinking water, but it is justified in this case of
oligomineral water. Values below the maximum
permissible concentrations were evaluated based on
the degree of deviation from the permitted maximum,
according to the following formula:

Crnax ®)

..where C__is maximum allowable concentration, i.e.,
content, and C, is current concentration.

If the parameter values were higher than the maximum
permitted, the ratings, in that case negative, were obtained
by the inverse formula:

Cp 3)

An exception from this grading principle was the pH
value, for which the permitted range is 6.5 to 8.5, with the
average value of 7.5. Within the allowed limits, pH values
were evaluated based on the distance from the average
value toward minimum or maximum:

v=5-(1- |P_H ‘pHPl) @)

... where is the average pH value, i.e., the middle ground
between the minimum and maximum allowable values,
and pH,, is the current pH value.

The values of pH outside the permitted range, i.e.,
below the minimum, were evaluated according to the
following formula:

pH ®)

According to this formula, the negative ratings to -5
were given.

As for the grading of biological parameters, i.e.,
living organisms in the water, although for them there
are no precise criteria anywhere in the world, based on
the recommendations of the World Health Organization
stating that their presence in drinking water is undesirable,
ultimately for aesthetic reasons their absence from the
water was taken as the ideal state. In order to enable the
evaluation, the acceptable maximum was approximated
as 1 U/hl, and the evaluation was done by the following
formula:

v=50-(1-22)

F (6)
..where B, is biological content of the spring and B, is
approximated acceptable maximum.

Since on a scale of 0 to 5 very low marks, to the
order of magnitude up to 102 were obtained, to increase
the significance of the share of biological ratings in the
overall evaluation, the deviation from the maximum was
multiplied by 50 instead of 5. The results of evaluation
are shown in Tables 7 and 8.

The average ratings based on all parameters showed
that the first three springs of the Ribna and both Velika
Sokolovica springs were relatively equal when it came to
flow rate and quality, and the fourth and fifth springs of
the Ribna were inferior to them. The average ratings on
the basis of the chemical and microbiological parameters
of water after sitting in bottles, on the basis of which it
was possible to make a comparison with Vlasinska Rosa,
showed that the first four Ribna springs and the second
Velika Sokolovica spring were superior to the others. We
saw that Vlasinska Rosa with negative marks was worse
than the springs with the worst quality among these two
sources.

Although it seems that the microbiological quality of
the Jastrebac Mountain spring water could be the biggest
problem in the process of bottling, it could be overcome
by ultraviolet disinfection of water in the already sealed
bottles. The biggest problem, in fact, could be a low
pH value which, due to the silica surface (i.e., very low
hardness), ranges under and around the lower limit of 6.5.

Anyway, in order to select the most appropriate springs
for bottling, it is necessary to do a comprehensive physical
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Table 7. Ratings on springs and Vlasinska Rosa according to groups of parameters.

Ratings
Spring Chemical Microbiological parameters Biological
Flow rate
parameters in situ After standing parameters
1 0.62 3.89 4.88 -1.13 0.96
2 0.65 3.87 4.86 -1.17 0.47
RIBNA RIVER 3 0.08 3.96 4.87 -0.40 0.10
4 0.02 3.70 -1.45 -1.12 0.02
5 0.01 3.48 -1.41 -1.56 0.01
VELIKA 1 4.89 4.08 3.90 -3.11 0.04
SOKOLOVICA 2 0.39 4.08 3.55 0.10 0.05
VLASINSKA ROSA - 3.93 - -4.75 -

and chemical analysis that includes the parameters of
water such as radioactivity, toxic metals, and metalloids,
and organic pollutants [4, 32-33].

Conclusions

The need for safe drinking water in Serbia is
increasing because of the increasing pollution of natural
and artificial sources, as well as due to the results of
analysis of existing bottled water in the Serbian market,
which often do not meet the standards set for drinking
water. Therefore, the need for new sources is growing. As
potential sources of water for bottling, the four sources
on Jastrebac Mountain in central Serbia have been found
and investigated. These are: Velika Ravan (two springs),
Majorova Cesma (one spring), Ribna River (five springs),
and Velika Sokolovica (two springs).

Table 8. Average marks of springs and Vlasinska Rosa.

Marks
. Chemical and
Spring All microbiological
parameters parameters after
standing
1 1.84 1.38
2 1.73 1.35
RIBNARIVER | 3 1.72 1.78
4 0.23 1.29
5 0.11 0.96
VELIKA 1 1.96 0.49
SOKOLOVICA | » 1.59 1.97
VLASINSKA ROSA - -0.41

The results of the analysis showed the following:

— The springs of Velika Ravan contained suspended

solids, which are not permitted by the Regulations.
Also, microbiological quality of water from these
springs wasn’t satisfactory because of the presence
of the indicators of faecal contamination as well as
the excessive content of the total count of aerobic
mesophilic bacteria, especially in the first spring
(Velika Ravan 1). In addition, the water from Velika
Ravan 1 spring had a turbidity slightly above the
allowed excessive content of iron and organic
compounds as KMnO, consumption, as well as a
significant presence of fungi. Consequently, the
springs on Velika Ravan were excluded as being a
possibility for bottling.

— The Majorova Cesma spring contained suspended

solids and had a low pH value. Depending on the
method, there was the excessive total count of
bacteria. Therefore, this spring cannot be taken into
account for bottling.

— The values of the examined parameters, as well as

their ratings, showed that the Ribna River springs
(especially the first three springs) and both springs of
Velika Sokolovica were of exceptional quality. After
standing in the bottles, the water from these springs
was significantly better compared the commercially
bottled Vlasinska Rosa. Based on this, it can be
concluded that the first three Ribna River springs
and both Velika Sokolovica springs could be taken
into consideration for bottling after more extensive
examination.
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