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Abstract. The water samples from Rasina District (Serbia) were evaluated for
principal physical and chemical parameters, as well as for microbiological
contaminants. Results were compared to National and World Health Organization
(WHO) water quality standards. Several samples contained total organic matter,
ammonia, residual chlorine, nitrite, nitrate, iron and manganese above proposed
legislation limits. For samples contaminated with faecal bacteria, Streptococcus
faecalis, aerobic mesophilic bacteria, coliform bacteria and sulfite-reducing clostridia
special attention should be payed to drinking water disinfecting methods. The
potential health risks of waterborne diseases due to consumption of water from
contaminated sources could be implied.

Key words: Rasina area; drinking water; quality; physicochemical properties;
microbiology.

1. INTRODUCTION

Water is a resource that has many uses, including recreation, transportation,
and hydroelectric power, domestic, industrial and commercial uses [1, 2]. The
quality of drinking water has a direct link with the human health and providing
clean water to the consumers is one of the most important public health priorities
[3]. The development of the science of water in recent decades is influenced by the
rising awareness of the limited amount of unpolluted water which is at the disposal
of mankind. Industrial development, urbanization and population growth have a
negative impact on water quality [4].
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Pollution of drinking water sources results from indiscriminate waste
disposal; use of fertilizers and pesticides; industrial effluent discharges, surface
run-off, lack of regulatory and remediation frameworks [5]. Although poor
sanitation and food are the main sources for contamination with pathogen of
gastrointestinal track, drinking water is the major source of microbial pathogens in
developing regions [6].

The chemical characteristics of natural waters are a reflection of the soils
and rocks with which the water has been in contact. Contaminants may include
inorganic and organic substances. Some inorganic minerals dissolve quickly and
change the composition of water rapidly, while other minerals, such as silicates,
dissolve slower and have less conspicuous effects on the water composition [7, 8].
Organic compounds are derived from living organism as well as industrial sources.
A wide variety of assortments of organic compounds are produced in the chemical
and petrochemical industries. Benzene and polycyclic aromatic hydrocarbons
(PAH’s) as contaminants are known carcinogenic agents, while chloroform is a
cancer-suspect agent [9].

Microbiological examination of the drinking water mainly covers detection
of coliforms and total bacterial count. Coliforms are common bacteria that exist in
the intestines of humans and mammals, and excreted out in the dejection. If large
quantities of coliforms are present in the water, it is a prominent indicator of
possible faecal contamination [10]. In developed countries, it is often regulated that
coliforms must be undetectable in drinking water [11]. Too high total bacterial
count means that the water is not perfectly disinfected and the water has already
been polluted by microbes [12]. According to World Health Organization (WHO)
estimation, about 1.1 billion people globally drink unsafe water and the vast
majority (88%) of diarrheal disease reported across the globe is attributable to
unsafe water, sanitation and hygiene [13]. There are numerous other diseases that
are transmitted through polluted water [14, 15]. Additionally, the knowledge of the
physical, chemical and biological parameters of water are very important for
determining the type and quality of water [16—18]. According to WHO, drinking
water should be clear, colorless, odorless, tasteless, and free of pathogens or other
toxic chemicals [19].

The objectives of the present study were to determine selected physical and
chemical parameters (color, turbidity, temperature, pH value, conductivity, the total
organic matter content (TOM), NH;, Cl,, CI, NO,, NOj, Fe, Mn) as well as
microbiological parameters in water samples from the Rasina District (Serbia).
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Results were compared to National and World Health Organization (WHO) water
quality standards.

2. EXPERIMENTAL

2.1. STUDY AREA

Rasina District is in southern part of Central Serbia which occupies the
surface of 2668 km’. It has a population of 241.999. The Rasina District includes
the municipalities of KruSevac (43°34'/N, 21°19'/E), Aleksandrovac (43°27'/N,
21°2'/E), Trstenik (43°27'/N, 21°0'/E), Brus (43°24'/N, 21°1'/E), Varvarin
(43°43'/N, 21°21/E) and Cic¢evac (43°43'/N, 21°26'/E). The administrative centre
of the Rasina district is KruSevac. The district is bounded by several mountains and
includes the parts of the basins of Zapadna Morava, Juzna Morava and immediate
basin of Velika Morava [20]. The geographical position of Rasina District and the
sample locations are shown in Figure 1.
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Fig. 1 — Geographical position of Rasina District and locations of water samples.
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The samples were collected from municipalities of KruSevac: city’s tap water
(S1), water from village wells in Parunovac (S2), Jasika (S3) and Dedina (S4);
wells water from territory of Aleksandrovac: Brati¢i (S5), Novaci (S6), Subotica
(S7) and Gornja Velika Vrbnica (S8); Trstenik: Donji Dubi¢ (S9), Milutovac (S10),
Stulac (S11), Velika Drenova (S12); Brus: Brzeée (S13), Grad (S14), Dupci (S15),
Vlajkovci (S16); Varvarin: Obrez (S17), Bacina (S18), Donji Katun (S19),
Bosnjane (S20) and well water from territory of Ci¢evac: Plo¢nik (S21), Stalaé
(S22), Pojate (S23) and Lucina (S24). All samples of water were collected in glass
bottles which were previously rinsed with distilled water and sterilized with 70%
alcohol. At the collection point, the containers were rinsed thrice with the sample
water before being used to collect the samples, which were transported to the
laboratory on the same day. Samples were collected and analysed in the period of
June—August 2016.

2.2. DETERMINATION OF PHYSICOCHEMICAL PROPERTIES

Color was determined by standard platinum-cobalt method [21]. Turbidity
was measured by nephelometry using Wagtech International Turbidity Meter
(Wag-WT3020, Halma PLC Company) [21]. The temperature of the samples was
measured by a thermometer and expressed in °C [22]. Thermometer was kept in the
water until a constant reading was attained for two minutes. pH value was
measured using a pH meter (MM multimeter 41, pH electrode 50 21 T) [21]. pH of
each water sample was measured by inserting the probe into the water immediately
after collection. It was rinsed and left standing in distilled water before being used
for further pH measurement. Conductivity was measured using a conductometer
(Crison, Multimeter MM 41, EC cell 50 70) [21]. The total content of organic
matter (TOM) was determined using Kubel-Tiemann method (titration with a
potassium permanganate in acid solution) [23]. The chloride content in water was
determined by volumetric titration using standard solution of silver nitrate
(0.1 molL™) with potassium chromate (K,CrO,) as an indicator (More’s method)
[24]. A Shimadzu (Model No: UV-2550) UV-Visible spectrophotometer with 1 cm
matching quartz cells were used for the absorbance measurements. The
colorimetric method was used for determination of ammonia (Nessler’s reagent,
425 nm), residual chloride (o-tolidine, 470 nm), nitrate (220 and 275 nm), nitrite
(sulfanilic acid, 525 nm), iron (1,10-phenanthroline, 510 nm) and manganese
(sodium bismuthate, 510 nm) [21, 25, 26]. All chemicals used were of analytical
reagent grade, and doubly distilled water was used in the preparation of all
solutions in the experiments.
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2.3. BACTERIOLOGICAL ANALYSIS

Bacterial analyses were performed according to National Standard Methods
for the Hygienic Examination of Drinking Water [23].

2.4. STATISTICAL ANALYSIS

The results are expressed as the mean + SD. Statistical differences were
determined by Duncan’s test (p < 0.05) using Statistica 8.0. software system.

Principal component analysis (PCA) and Hierarchical cluster analysis
(HCA) were carried out by PLS ToolBox, v.6.2.1, for MATLAB 7.12.0 (R2011a).
All data were autoscaled prior to any multivariate analysis. PCA was carried out by
using a singular value decomposition algorithm and a 0.95 confidence level for Q
and T2 Hotelling limits for outliers. Results of HCA are presented as a dendrogram
where steps in the hierarchical clustering solution and values of the distances
between clusters (Euclidean distance) are represented.

3. RESULTS AND DISCUSSION

3.1. PHYSICOCHEMICAL ANALYSIS

The results of physicochemical parameters of water samples are shown in
Tables 1 and 2. The most of the investigated samples are colorless with total color
units (TCU) value bellow 1. Three samples (S4, S7 and S11) possessed color with
TCU between 2 and 4 which is still less than maximum allowed value (MAC)
according to Serbian legislation. Additionally, this is significantly lower than
15 TCU when the color would be noticeable in a glass of water by most people. It
is important to know origin of color of water since if it is not true but apparent
color could be eliminated by filtration process [27]. Turbidity of water are caused
by suspended inorganic and dispersed organic substances, and is the result of the
optical activity of substances dissolved in it. In most tested water samples,
measured turbidity was < 0.2 NTU, while samples S21 and S23 were on the edge
of maximum allowed value (MAC = 5). Increased turbidity values of the samples
S4, S7 and S8 may be linked to several factors such as the geology of the
surrounding terrain, the presence of organic and inorganic materials, and sudden
inflow of surface water in rainy season. According to EPA [28], turbidity should be
below 1 NTU, because in this case there is no possibility of occlusion of
microorganisms present in the colloidal particles. Additionally, all samples of
water were odor- and tasteless.
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Table 1

Physicochemical parameters of drinking water of Rasina area

Sample Color Turbidity Temperature oH Conductivity
°Pt-Co [NTU] [°C] [uS/cm]

S1 <1 <0.2 18.0 7.05 625
S2 <1 <0.2 17.6 7.37 360
S3 <1 0.3 14.2 7.28 570
S4 2.3 8.0 20.1 6.87 658
S5 <1 0.9 15.5 7.15 807
S6 <1 <0.2 14.0 7.30 707
S7 2.9 135 20.0 7.29 498
S8 <1 <0.2 15.5 6.97 248
S9 <1 <0.2 16.2 7.00 537
S10 <1 <0.2 13.9 7.01 863
S11 3.7 7.7 19.5 7.42 547
S12 <1 <0.2 18.0 7.33 963
S13 <1 <0.2 17.5 7.35 243
S14 <1 <0.2 17.0 7.40 178
S15 <1 <0.2 20.2 7.26 478
S16 <1 <0.2 15.5 8.00 171
S17 <1 <0.2 18.2 7.12 661
S18 <1 <0.2 20.5 7.22 624
S19 <1 <0.2 19.0 7.42 702
S20 <1 <0.2 14.8 7.24 1005
S21 <1 5.0 17.5 7.38 565
S22 <1 <0.2 18.5 6.88 498
S23 <1 33 20.5 7.81 460
S24 <1 <0.2 14.6 6.85 703

MAC* 5 5 / 6.8-8.5 1000

*maximum allowed concentration (MAC) in water for human use (Official Gazzet, 1999)

The temperature of analysed water samples was in the range 13.9-20.5°C;
pH-value of the analysed water samples was in the range 6.85-8.00, which is
within the values defined by recommendations of UNESCO/WHO/UNEP [29].
The lowest temperature (13.9°C) was recorded in a well water sample from
Milutovac (Trstenik, S10) while the highest value of temperature was in sample
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S18 (Bacina, Varvarin), Table 1. pH value may be affected by humic substances
that alter the balance of the carbonate, the biological activity of flora and fauna, as
well as hydrolysing salts. Due to the influence of pH on the chemical and
biological properties of water, determining pH value is very important [30]. The
results showed that the studied water samples were neutral to moderately alkaline.
The lowest pH value (6.85) was measured in samples from Lucina (Ci¢evac, S24)
while the highest pH value (8.00) was recorded in Vlajkovci (Brus, S16).
Conductivity is the electrical property of water, and depends on the ions present in
the water — their concentration, mobility and the charge, as well as of the
temperature at which the conductivity is measured. The maximum allowed value of
conductivity of drinking water is up to 1000 pS cm™ [32]. The minimum
conductivity was measured in S16, 171 uS cm’, and the maximum in S20 —
1005 pS cm™ (Table 1).

In the water containing organic substances of human, animal, plant or
industrial origin, a certain amount of potassium permanganate is spent for their
oxidation depending on the amount of organic matter in water [29]. Twenty three
samples contained 0.09 to 5.90 mg L of organic substances which is within the
permitted limits, while the water sample from Vlajkovci (Brus, S16) has a
2.5 times higher than allowed value (Table 2). The organic substances present in
the water do not have to be of polluting type, but may naturally be present in a
sample because of the field geology.

Ammonia is a biologically active compound found in most waters as a
normal biological degradation product of nitrogenous organic matter (protein). In
water ammonia reacts to form ammonium (NH,") and hydroxyl (OH) ions. When
pH is above 7.2, some free NH; remains and this increases with increasing pH. It
has been known that ammonia (NHjs) is toxic to fish and that its toxicity increases
with increasing pH and temperature of the water [31]. According to the legislation
of the Republic of Serbia the maximum allowed presence of ammonia in drinking
water is 0.1 mg L™ [32].

Only water samples from Milutovac (Trstenik, S10) contained higher level
of ammonia (0.5 mg L™") while the values of the other samples were far below the
maximum permissible value (Table 2).

The presence of ammonia at higher than geogenic levels is an important
indicator of faecal pollution [33].

In all tested samples the presence of residual chlorine and chloride were in
the range of allowed values (Table 2). A slight deviation of residual chorine was
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observed in a water sample from Brzeée, S13 (0.51 mg L™). The values obtained
for the chloride content ranged from 5.2 to 84.4 mg L™,

It was observed that two samples contained nitrite above MAC value. The
presence of nitrite indicates possible bacterial contamination. Nitrite is the end
product of aerobic decomposition of organic nitrogenous matter. According to the
legislation of the Republic of Serbia the maximum allowed presence of nitrite in
drinking water is 0.03 mg L [32]. A slight increase of the concentration was
detected in a water sample from Dedina, S13 (0.034 mg L), while in sample S11
was 2 times higher concentration (0.069 mg L) (Table 2). This strongly indicates
a need for bacterial test [34]. On the other side, in the present investigation, mean
nitrate values were in range between 1.2 mg L™ and 156.0 mg L. The nitrate
content of water varies according to season [35]. World Health Organization and
legislation of the Republic of Serbia has fixed the maximum value of nitrate in
drinking water at 50 mg L. The lowest nitrate value of the sample water was
found in Dupci, Brus (S15) but in samples S4, S12 and S20 were obtained 2 to
3 times higher concentration than maximum allowed (Table 2). It has been
demonstrated that if a pregnant women consumes regular water rich in nitrates, it
could increase the risk of methemoglobinemy in newborn baby [36]. Therefore, it
is important to monitor the level of nitrate in the area where was measured higher
concentration of nitrate than allowed.

The function of the iron in the body is limited almost exclusively to the
oxygen transport in the blood, through the hemoglobin [37, 38]. In the human
body, the richest organs in iron are the liver and the spleen. However, iron
concentrations in body tissues must be tightly regulated because excessive iron
leads to tissue damage, as a result of formation of free radicals [39]. In this study,
the range of iron concentration in samples within the allowed values was from
<0.05 to 0.21 mg L™, while in samples S4 and S7 were observed almost 2 times
higher values than the maximum permissible (Table2). The increased
concentration of iron in the analysed samples can be correlated with geological or
anthropogenic factors [40]. Increased concentrations of Fe may lead to its
accumulation in the body, and long-term accumulation may have a carcinogenic
effect on humans [41]. The trace amounts of Mn were observed in almost all tested
samples (Table 2), except in samples S6 and S10 where it was found in 2 to 6 times
higher concentrations, respectively than allowed. Olias et al. determined that Mn
had a strong correlation with sulfates [42]. Manganese is an important nutrient that
is involved in forming connective tissue and bones, clotting the blood, producing
sex hormones, metabolizing carbohydrates, absorbing calcium and regulating blood
sugar. It also plays a role in brain and nerve function [43].



"UOT}RIUOUOD A[qEMO[[E WNUITXBUT —

Hkk

{paodRep Jou — pu (500 > d) JUSIPIP APUBOYIUSIS JOU AIB UWN[OD JWIES SY} UIYIA 13HI] JWES YIIM SUBSW — QB

S0°0 €0 0°0S £0°0 0007 S0 10 0’8 LLOVIAN
+100°0F20°0 +C00°0FS0°0 607661 pu O TFOPE «C00°0FS00 | .100°0F20°0 | ,TOFLE ¥TS
.100°0F20°0 £00°0F90°0 I'IF°0b pu 8 0F0'81 +C00°0FS0°0 | +100°0FC0°0 | ,CTOFL'E €TS
100°0F20°0 +C00°0FS0°0 ¥'076'8 pu 607081 a100°0F20°0 | +100°0FC0°0 | (SO'0FT'T s

aC00°0FYE0°0 10010 60F€'SL 41000°0F£00°0 6'078°0€ a100°0FZ0°0 | 10007200 | ;I OFF'€E 1S
+100°0F20°0 +200°0F50°0 0°7F0'9S 1 pu 0’ TF'+38 +C00°0FS00 | .100°0F7C00 | 10FCT 0cs
+100°0F20°0 +C00°0FS0°0 8 IF8€ES pu 50 TFOTT | T00'0FSO0 | +100°0FC0°0 | (SOOFT'T 61S
+100°0F20°0 +C00°0FS0°0 29 0F9°CT pu Rdiaad! a100°0F20°0 | +100°0FC0°0 | I OFH'E 8IS
+100°0F20°0 2C00°0FS00 | 550 IFI'61 pu S'OF'8C +C00°0FS0'0 | 10007200 | 5T0FS'S LTS
,100°0F20°0 +C00°0F50°0 S0'0F9'1 pu T0F0'8 +C00°0FS00 | 10007200 | S0F96I 91S
+100°0F20°0 +C00°0FS0°0 S00FCT’1 pu T0F09 +C00°0FS00 | 10007200 | (I'0FS'T SIS
+100°0F20°0 +C00°0FS0°0 1'0F0°¢ pu TOFCS 200 0FS00 | 10007200 | o1 0FLT ¥IS
+100°0F20°0 +C00°0FS0°0 1'0FLC pu JLOFTET €0°0FIS°0 100°0F20°0 | LTOFFY N
100°0F20°0 +C00°0FS0°0 8 IF8°0€1 pu 0 1F0°8L +C00°0FS0'0 | +100°0FC0°0 | (SO0FC'T TIs
10070 F20°0 100120 6°0F€'LS 200°0F690°0 0’ 0FOTT | +T00'0FSO0 | [00°0FCO0 | s€0F6'S 1S
200°0¥860°0 | .C00°0FS00 L'0F6°CI .100°0FC10°0 ,6'0F8°8Y +200°0FS0°0 €0°0FS0 | »COFOY 01S
+100°0F20°0 +200°0F50°0 6'0TS"6T pu ,£0F0°TT +C00°0FS00 | ,100°0FC00 | ,T°0FI'E 6S
100°0F20°0 +200°0F50°0 LEOFIL pu S0F001 +C00°0FS0'0 | +100°0FC0°0 | SO'0F60 8S
.100°0F20°0 400°0F65°0 pq6 0FLTT pu L' 0F9€T a100°0F20°0 | 10007200 | o1 0FST LS
S00°0FS6T'0 | .T00'0FS0'0 ,8°0FS LT 41000°0F£00°0 60789 a100°0F20°0 | .100°0F20°0 | poC 0F0F 9S
aC00'0FFE0'0 | +200°0FS0'0 607579 100077100 0'1FC’L8 +C00°0FS0'0 | +100°0FC00 | ,I'0FLE SS
,100°0F20°0 4€0°0FSS'0 SIFS9LL £00°0FH€0°0 60T LY +C00°0FS00 | +100°0FC00 | LT OFEY S
.100°0F20°0 £00°0FL0O0 6 0FLHT pu AL '0F8TE +C00°0FS0'0 | 10007200 | T'0F6'T €S
+100°0F20°0 +200°0F50°0 F0F6'9 pu .S 0F0'8T +C00°0FS0'0 | +100°0FC0°0 | (SO'0F9'T S
+100°0F20°0 +200°0F50°0 9°0FS'ST .pu LO0F8 by +C00°0FS0'0 | +100°0FC0°0 | ,.T'0FST IS
[, T Su]
[, 1 Su] [, 1 Su] [T 8] [, 1 Suu] [, 1 Sua] [,. 71 Su] [T 8] 1w spdueg
U X | FON ION 10 D ‘HN duedio
[N

BOIE BUISEY JO I3JeM SUD[ULIp Jo s1ojourered [eoruay)

Z219v1




Article no. 818

Nebojsa Panteli¢ et al.

10

3.2. MICROBIOLOGICAL ANALYSIS

According to results obtained for microbiological analysis, a half of studied
samples were contaminated with some type of coliform bacteria, meanwhile
presence of faecal coliform were detected in samples S4, S9, S16, S18 and S23,

Table 3.
Table 3
Bacteriological analysis of drinking water of Rasina area
—_ S 0
o e S o2 § “ - SsE s
e 52§ 2EE i § EEE i
s <5 s 8%z §§ & &5 %%
S5 5 Eg =% = E3E B
e S = 5 S O Q
Y %)
S1 0 - 70 - - 0 -
S2 0 - 80 - - 0 -
S3 0 - 10 - - 0 -
S4 21 + 300 + — 10 -
S5 3 - 50 - - 0 -
S6 0 - 20 - - 0 -
S7 3 - 160 - - 0 -
S8 0 - 150 - - 0 -
S9 161 + 150 - - 0 -
S10 0 - 0 - - 0 -
S11 2 - 200 + - 0 -
S12 14 - 100 - - 0 -
S13 0 - 0 - - 0 -
S14 0 - 6 - - 0 -
S15 0 - 80 - - 0 -
S16 24 + 300 - - 0 -
S17 1 - 80 - - 0 -
S18 3 + 20 + - 0 -
S19 0 - 80 - - 0 -
S20 8 - 20 - - 0 -
S21 0 - 300 - - 0 -
S22 0 - 100 - - 0 -
S23 161 + 50 - - 0 -
S24 1 - 30 - - 0 -
MN* 100 / 300 / / 10

*Maximum number (MN) in water for human use (Official Gazzet, 1999).
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Official Gazette of the Republic of Serbia (1999) established maximum
number (MN) of coliform’s at 100 colony forming units (CFU) per 100 mL.
Comparing present results with MN it can be concluded that only samples from
Donji Dubic¢ (S9) and Pojate (S23) having number of total coliform bacteria more
than proposed MN value. Presence of faecal bacteria is proved in both of samples.
Although in most of the contaminated samples non-faecal coliforms are present
regardless of their origin presence of this type of bacteria indicates that some
correction and improvements on water collection and/or treatment should be
done [44].

Counting of aerobic mesophilic bacteria (also known as heterotrophic plate
counts, HPC) can be useful as information for numbering of non-faecal pollution
bacteria. According to Serbian legislation maximum allowed number of this type of
bacteria in drinking water is 300 CFU/mL. All of the investigated samples were
within proposed limits with only three samples that were on upper limits — S4, S16
and S21. Since S21 did not contain coliform bacteria it can be stated that total
contamination was with non-faecal origin. Although HPC does not have significant
sanitary importance it can be used for long term assessment of drinking water
quality [44].

Sulfite-reducing clostridia is a type of bacteria that can or can not be of faecal
origin (except if Clostridium perfigens as specific specie is determined) [44]. Only
one sample (S4) was positive with 10 CFU/100mL, which represent upper limits
for sulfite-reducing bacteria, and since presence of faecal coliform was detected in
it there is a great possibility of faecal origin of clostridia.

Studied samples were uncontaminated with Proteus and Pseudomonas
aeruginosa. Meanwhile, presence of Enterococcus faecalis was detected in three
samples — S4, S11 and S18. This type of contamination could point out on the
human faecal pollution of well water [44].

3.3. PC AND HC ANALYSIS

In order to obtain a more detailed insight into the structure of data and
identify similarities and specificities of groupings of objects, Principal component
analysis (PCA) and Hierarchical cluster analysis (HCA) were conducted based on
the parameters used in assessing the quality of water in Rasina County. The
contents of ammonia, chlorine, nitrites, iron and manganese were not taken into
consideration since their concentrations were below the detection limit, Table 2. A
PCA resulted in a three-component model which explains 87.96% of total variance.
Statistical parameters (the number of principal components and the percentage of
variance they explain) are shown in Table 4.
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Table 4

Statistical parameter

PC1 PC2 PC3
Eigenvalue % 46.33 22.89 18.74
Cumulative % 46.33 69.22 87.96

Results obtained in PCA based on the content of nitrates, chlorides, total
organic matter, pH value, conductivity, and temperature in the Rasina county water
samples are shown in score plots and loading plots (Fig. 2). Results obtained in a
hierarchical cluster analysis are shown in the dendrogram (Fig. 3). HCA results in
the division of samples into four clusters. The first cluster includes samples S3—S6,
S10, S12, 20 and S24. Within this cluster, two subclusters can be noted: Ia with
samples S3, S6, S10 and S24, and Ib with samples S4, S5, S12 and S20. The
second cluster consists of samples S7, S11, S15, S18, S19, S21 and S23; the third
cluster of samples S1, S2, S8, S9, S13, S14, S17 and S22; and the fourth cluster of
sample S16.

a) b)
3 0.2
e  Scores on PC 3 (18.74%)
— " 95% Confid Level 08+ °
— bl ol Ve Temperature
2 A1 e ™~ —2 1 ot
— 4 £ A £ NN
= \
= 24 SHIZ 08
M~ qr A —
o« N w20 | T ®NO3-
O 01— o | 2 4
a |V e 82 SIT st e opH
c ( ) 913 502 / S @
5] /514 e S -85 / O 03t
/
3 SfEi - ,'? A
] S8 7es3 ™, / 02r
5] g gl s N .
(5} c2aEe L i ;
i A *s10/ 01 Conductidty 4
2l ¥ W 234 5.15]/ - i 0.1 o ¥
4]
The content of total organic matter sck
B[ L I I I | L I i L 01 1 . L L L
-4 -3 2 A 0 1 2 3 4 0.4 0.2 0 0.2 0.4 06
Scores on PC 1 (46.33%) PC 1 (46.33%)

Fig. 2 — Score plot (a) and loadings plot (b).

This classification of samples was confirmed by the principal component
analysis (Fig. 2a). Mutual projections of factor scores and their loadings for the
first and the third PCs have been presented in Fig. 2. Taking into account PC1 and
PC3 score values (Fig. 2a) four distinctive groups of samples were obtained. The
loading plot (Fig. 2b) revealed that the conductivity, nitrate and chlorides contents
have the most positive influence on the separation of the first group of objects
(Ia and Ib) along the PC1 axis (Fig. 2b). The concentration of chlorides influenced
the separation of samples S3, S6, S10 and S24 (subcluster Ia), while the
concentration of nitrates influenced the separation of samples S4, S5, S12 and S20
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(subcluster Ib). Samples of the second and the third group of objects were
separated along the PC2 axis. Temperature had the strongest influence on the
separation of the second group of objects (samples S7, S1, S15, S18, S19, S21 and
S23), while the separation of the third group of objects (samples S1, S2, S8, S9,
S13, S14, S17 and S22) was most strongly influenced by the total contents of
organic matter (Fig. 2b). Sample S16 was separated from the remaining samples as
an independent group (cluster IV) (Figs. 2 and 3). The pH value as well as the total
content of organic matter had the strongest influence on its separation, which is in
accordance with the fact that this sample had the highest values of these parameters
(Tables 1 and 2). Additionally, this sample had the lowest levels of chloride and
nitrate contents and conductivity (Table 2), which was confirmed by the PCA,
since these parameters had the least influence on the separation of this sample

(Fig. 2).
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Fig. 3 — Dendrogram.

4. CONCLUSIONS

The results of the physico-chemical parameters were mostly agreed with
relevant regulations except for turbidity (S4, S7 and S11) and conductivity in
sample S20. The obtained values for Cl" were within proposed legislation limits, as
well as values for TOM, ammonia and residual Cl, except for samples S16, S10
and S13 respectively. Content of nitrite (S4, S11), iron (S4, S7) and manganese
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(S6, S10) ions were increased in two samples, whereas contents of nitrate ion were
above MAC in seven samples (S4, S5, S11, S12, S19, S20 and S21), indicating that
these wells are nearby agriculture production areas. Microbiological analysis has
shown that samples S4, S9, S16, S18 and S23 were contaminated with faecal
bacteria and three samples with Strepfococcus faecalis. Aerobic mesophilic
bacteria in samples S4, S16 and S21, while in samples S9 and S23 coliform
bacteria were found above MN values. One sample was contaminated with sulfite-
reducing clostridia. Generally, the results of chemical parameters in studied
samples, have shown that drinking water in Rasina area were of good quality and
in accordance with national regulations or with WHO/EPA recommendations. It
can be concluded that sample S4, had elevated levels of most chemical and
microbiological parameters, so it should take care of maintenance of the that tap, as
well as the proximity of potential sources of faecal pollution. The study pointed to
the potential risks of waterborne diseases that may affect the heath of population
due to consumption of contaminated water. According to results for
microbiological analysis of water samples it would be important to pay attention to
method which was applied for disinfecting of drinking water.

Acknowledgements. This work was supported by the Ministry of Education, Science and
Technological Development of the Republic of Serbia, grant numbers 31003 and 46009.

REFERENCES

1. J. Bartram, R. Balance, Water quality monitoring — A practical Guide to the Design and
Implementation of freshwater Quality Studies and Monitoring Programmes UNEP/WHO, 1996.

2. P.Rajiv, H. A. Salam, M. Kamaraj, R. Sivaraj, A. Sankar, Physicochemical and microbial analysis
of different river waters in western Tamilnadu, India, 1. Res. J. Environment Sci. 1, 2-6 (2012).

3. R. Boe-Hansen R, Microbial growth in drinking water distribution systems, Ph.D. thesis, Lyngby,
Denmark (2001).

4. A. 7. Kosti¢, N. D, Panteli¢, J. P.Jona§, L. M. Kaluderovi¢, B. P.Dojcinovi¢, J. B. Popovi¢-
Djordjevi¢, Physicochemical properties of waters from southern Banat (Serbia); potential
leaching of some trace elements from ground and human health risk, Exposure & Health 8, 227—
238 (2016).

5. R. Bain, R. Cronk, R. Hossain, S. Bonjour, K. Onda, J. Wright, Global assessment of exposure to
faecal contamination through drinking water based on systematic review, Trop. Med. Int. Health
19,917-927 (2014).

6. T. Tya, A. Umaru, B. Barmamu, Bacteriological analysis of hand dug-wells water in Demsa local
government area, Nigeria, International Refereed Journal of Engineering and Science (IRJES) 1,
28-31 (2012).

7. S. K. Frape, P. Fritz, R. H. McNutt, Water-rock interaction and the chemistry of groundwaters
from the Canadian Shield, Geochim. Cosmochim. Ac. 48, 1617-1627 (1984).

8. J. Hartman, Z. Berna, D. Stuben, N. Henze, A statistical procedure for the analysis of
seismotechtonically induced hydrochemical signals: a case study from the Eastern Carpathians,
Romania, Tectonophysics 405, 77-84 (2005).

9. G. Witt, Polycyclic aromatic hydrocarbons in water and sediments of the Baltic Sea, Mar. Poll.
Bullet. 31, 237-248 (1995).



15

Evaluation of the quality of drinking water in Rasina district, Serbia Article no. 818

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

S. Haydar, M. Arshad, J. A. Aziz, Evaluation of drinking water quality in urban areas of
Pakistan: A case study of Southern Lahore, Rak. J. Engg. Appl. Sci. 5, 16-23 (2009).

J. Y. Uriu-Hare, S. H. Swan, L. M. Bui, R. R. Neutra, C. L. Keen, Drinking water source and
reproductive outcomes in Spraque-Dawley rats, Reprod. Toxicol. 9, 549-561 (1995).

S. Batterman, L. Zhang, S. Wang, Quenching of chlorination desinfection by-product formation
in drinking water by hydrogen peroxide, Water Res. 34(5), 1652—1685 (2000).

WHO — World Health Organization Guidelines for drinking water quality, 3™ ed., incorporating
the first and second addenda, Vol. 1, Recommendations, WHO Press Geneva (2008).

Z. Afia, S. Hamidullah, U. Saleem, N. Mohammad, S. M. Shafi, Evaluation of heavy metals and
pathogenic microorganisms in drinking water of Peshawar Valley, Asian Environ. Technol. 10,
8-9 (2006).

H. Delolme, J. Boutin, L-J. Andre, Eau douce et Pathologie, Médécine d’ Afrique Noire 39, 165—
170 (1992).

B. Dalmacija, T. KneZevi¢, M. Klasnja, Z. Cuki¢, M. Tanaskovié, E. Karlovi¢, Chemical aspect:
In The Quality of Drinking Water — the Recommended Standard and Norms The Federal Institute
for Health Protection and Promotion, Belgrade (in Serbian) (1996).

A. Koening, J. N. Kay, I. M. Wan, Physical properties of dewatered wastewater sludge for
landfilling, Wat. Sci. Technol. 34, 533-540 (1996).

Y. Liu, B. Moy, Y. Kong, J. H. Tay, Formation, physical characteristics and microbial
community structure of aerobic granules in a pilot-scale sequencing batch reactor for real
wastewater treatment, Enzyme Microb. Technol. 46, 520-525 (2010).

OMS, Directives de qualité pour I’eau de boisson, 2™ edition, OMS Genéve, 1-31 (1994).
Statistical Office of the Republic of Serbia, Comparative overview of the number of population in
1948, 1953, 1961, 1971, 1981, 1991, 2002 and 2011, Belgrade (2014).

APHA; AWWA; WPCF, Standard Methods for the Examination of Water and Wastewater, 20t
ed.; APHA; AWWA; WPCF: Washington, DC, USA (2012).

R. F. Yu, H. W. Chen, W. P. Cheng, Y. C. Shen, Application of pH-ORP titration to dynamically
control the chlorination and dechlorination for wastewater reclamation, Desalination 244, 164—
176 (2009).

Drinking Water Standard Methods for Examination of Hygienic Correctness, in: R. Feliks,
S. Skunca-Milovanovié¢ (eds.) Savezni zavod za zdravstvenu zaititu & NIP Privredni pregled,
Beograd (in Serbian), 134-136 (1990).

H. Waters-Doughty, Mohr’s method for the determination of silver and halogens in other then
neutral solutions, J. Am. Chem. Soc. 46, 2707-2709 (1924).

D.G. Marbaniang, Spectrophotometric Determination of Manganese in Ground Water in Shillong
City Using Bismuthate Oxidation Method, International Journal of Environmental Protection 2,
22-26 (2012).

P. C. F. C. Gargolinski, A. R. J. David, P. J. Worsfold, Miniature flow injection analyser for
laboratory, shipboard and in situ monitoring of nitrate in estuarine and coastal waters, Talanta
58, 1015-1027 (2002).

M. Malakootian, A. Fatehizadeh, Color removal from water by coagulation/caustic soda and
lime, Iran, J. Environ. Health. Sci. Eng. 7, 267-272 (2010).

EPA USA Environmental Protection Agency, Turbidity in Drinking Water, Advice Note No. 5,
Version 1(2), 1-11 (2009).

D. Chapman, V. Kimstach, Selection of water quality variables, in: Chapman D (ed.), Water
Quality Assessments — A guide to use of biota, sediments and water in environmental monitoring,
chapter 3, 2™ edition UNESCO/WHO/UNEP (1996).

K. Saritpongteeraka, S. Chaiprapat, Effects of pH adjustment by parawood ash and effluent
recycle ration on the performance of anaerobic baffled reactors treating high sulfate wastewater,
Bioresource Technol. 99(18), 8987-8994 (2008).

R. S. Medeiros, B. A. Lopez, L. A. Sampaio, L. A. Romano, R. V. Rodrigues, Ammonia and
nitrite toxicity to false clownfish Amphiprion ocellaris, Aquacult. Int. 24, 985-993 (2016).



Article no. 818 Nebojsa Panteli¢ et al. 16

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

Official Gazzete, Regulation on hygienic quality of drinking water 42/98 and 44/99, 1998/1999.
(In Serbian).

International Organization for Standardization. Water quality — determination of ammonium.
Geneva, 1984, 1986 (ISO5664:1984; ISO6778:1984; ISO7150-1:1984; ISO7150-2:1986).

Z. Abbas, C. Su, F. Tahira, H. W. T. Mapoma, S. Z. Aziz, Quality and hydrochemistry of
groundwater used for drinking in Lahore, Pakistan: analysis of source and distributed
groundwater, Environ. Earth. Sci. 74, 42814294 (2015).

M. Makoutode, A. Assani, E. Ouendo, V. Agueh, P. Diallo, Qualité et mode de gestion de I’eau
de puits en milieu rural au Bénin: Cas de la sous-préfecture de Grand-Popo, Médecine d’ Afrique
Noire 46, 528-534 (1999).

J. Rodier, C. Bazin, J. Broutin, P. Chambon, H. Champsaur, L. Rodl, L analyse de [’eau, eaux
naturelles, eaux résiduaires, eau de mer. 8°™ édition, Dunod Technique 915-1199 (1996).

K. A. Duck, J. R. Connor, [lron uptake and transport across physiological barriers,
BioMetals 29, 573-591 (2016).

1. V. Milto, I. V. Suhodolo, V. D. Prokopieva, T. K. Klimenteva, Molecular and cellular bases of
iron metabolism in humans, Biochemistry (Moscow) 81, 549-564 (2016).

P. T. Lieu, M. Heiskala, P. A. Peterson, Y. Yang, The roles of iron in Health and Disease, Mol.
Aspects Med. 22, 1-87 (2001).

V. Terzin, M. Raki¢, M. Hadzi-Vukovi¢, V. Strajin, Basic geological map 1:100,000, Sheet for
Zrenjanin L34-89, RO Geological Institute Federal Geological Bureau of Belgrade, (in Serbian)
(1994).

X. Huang, Iron overload and its association with cancer risk in human: evidence for iron as
carcinogenic metal, Mutat. Res-Fund. Mol. M. 53, 153-171 (2003).

M. Olias, J. M. Nieto, A. M. Sarmiento, J. C. Ceron, C. R. Canovs, Seasonal water quality
variations in a river affected by acid mine drainage: the Odiel River (South West Spain), Sci.
Total Environ. 333, 267-281 (2004).

F. H. Nielsen, Ultratrace minerals, in: M. Shils, J. A. Olson, M. Shike, A. C. Ross, eds. Modern
Nutrition in Health and Disease. 9" ed. Baltimore: Williams & Wilkins, 283-303 (1999).

P. Payment, M. Waite and A. Dufour, Introducing parameters for the assesment of drinking
water quality, in: Assesing microbial safety of drinking water improving approaches and
methods: improving approaches and methods, OECD, World Health Organization, Chapter 2: 47—
77 (2003).



