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ABSTRACT: Drinking water quality in rural regions of different hydrographic areas

Drinking water researches were conducted in rugions of different hydrographic areas. In regiohs
Lijev¢e polje population mainly use for drinking watewrfr the wells and water pumps, while in Eastern
Herzegovina use water from springs and by cappingundwater. Water analysis form chosen locality
was conducted four times during a year by seaspecss on chosen springs. Results show that the wate
Vrijeka spring (Eastern Herzegovina) satisfies dasysicochemical and microbiological criteria for
water that is used for drinking. Water from the hirlvillage Berek (Lijeee) is not safe for the health
because it is slightly acidic, muddy and has ineedaconcentration of orthophosphates and suspended
substances, while the water on the TroSelji Idgaibrrespond to the drinking water, by monitored
criteria.
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INTRODUCTION

In rural regions of Lijeve polje is not installed water supply network se thcal
population mainly use for drinking water from thelivand water pumps due to the
existence of underground aquifers. Since it is giore where intensive agriculture is
presented and where they use different fertilizerd pesticides, and the fact that there
is not developed sewage system but beside the fithse are cesspools that gradually
outflow in surrounding grounds, there is a realgiarthat undesirable substances, by
surface waters, reach underground water that Ipopllation use for water supply.
Population in rural areas in Eastern Herzegovira fos drinking water mainly from
spring and by capping underground water, whose kgaificantly varies throughout
the year. For this area is characteristic that umumn and winter period heavy
precipitation in significant rate raise water legalsing flooding of entire fields, while
in summer period appears drought, the water lev@ldreasing and small springs and
water flows dry up totally.
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MATERIAL AND METHODS

For analyzing drinking water in rural regions ofewe polje are chosen the well in
Berek village and water pump in TroSelji villaga.the area of Eastern Herzegovina is
conducted the analysis of water quality from thangpof the river Vrijeka which is
used for water supply by local population. Takihg samples for physicochemical and
microbiological analysis is conducted four timesaryear. In area of Lijée polje
samples were collected once in April, June, Sepéenalnd November 2010., and in
Eastern Herzegovina were collected in March, Jaty September 2010 and in January
2011. Water samples are collected in sterile disheaseptic terms by prescribed
procedure (KKRAKASEVIC, 1967; SKUNCA-MILANOVI ¢ et al., 1990). On the spot were
determined water and air temperature, pH valuestrelconductivity, concentration of
dissolved oxygen, oxygen saturation, turbidity ewll (Dalmacija, 2000). Through
plankton net is filtered by 100 liters water fortetenining presence of algae. Then,
samples are transported on ice on temperature “@.#dhemical analysis of water was
conducted within 12 hours from the moment collegtiend seeding for microbiological
analysis is conducted within 24 h. Using spectropmeter HACH DR2800
concentrations of dissolved ammonia, nitratesjtesy orthophosphates, sulfates, iron
and manganese are determined, so as total suspsnbsthnces. Concentration of
ammonia was determined using Nessler reagentiégitwere determined using method
with sulfanilic acid, nitrates by reduction of caidim, and sulfates are determined using
barium chromate reagent. For determination of @tiogphates is used method with
ascorbic acid, for determination of manganese agunaton is used PAN method, and
for iron is used method with fenantrolin. Total gesded substances are determined
photometrically. Number of individual group of bewca is determined by indirect
breeding methods @iBAR, 1978; MCKANE et al., 1996; PrroviC et al., 1998;
SkuNCA-MILANOVI ¢ et al., 1990). Determination of total bacteriamiis conducted on
substrate for total count after 5 days incubatibeeperature 22-26°C. Psihrophilic
heterotrophs were determined on agar after 72 howsbation at 22°C., while
mesophilic heterotrophs were determined on the samiestrate after 48 hours
incubation at 37°C. Facultative oligotrophs weréedained on ten times diluted agar
after incubation at 26°C lasting 7 days. Total gldirms was determined using method
of most likely number after 48 hour of incubatidrtemperature of 37°C on McConkey
substrate. Confirmatory test for fecal coliphormasvdone on endo-agar substrate after
incubation of 48 hour at 44°, as well as on McCognkeabstrate after 48 hours of
incubation at 44°C. For determination of presende PSeudomonas aeruginosa
cetrimide agar is used. Presence of ge®aimonellal Shigellawas determined on SS
agar substrate, while for isolation @lostridium species were used chromogenic
substrate for clostridium isolation and TSN agartelfococcus species were isolated on
Simons-citrate agar and azide dekstroze agar (ARMAVA-WPCF, 1998), and for
Streptococcus species is used Slanetz-Bartley Rgadetermination of algae presence
in water microscope Leica DM1000 is used.

RESULTS
Well is Berek village is located on 45°02'33" Northi7°13'76" East and it has an

altitude of 114 m. The highest water temperature maasured in July and was 17.2°
(Tab.]). In September in water was recorded a low comagoh of dissolved oxygen,
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only 5.15 mg@/l which corresponds oxygen saturation of 54% amnsimnear lower limit
that is recomended for drinking water. In all séespvater was slightly acidic. Just in
November pH value 6.8 was recorded which repredentsr limit for drinking water,
while in other samples pH values was under allovit. Acidic waters are often
corrosive and can cause dissolution of copper aad from water pipes which then
reach drinking water and give it metal taste (Dalijaaet al., 2004). Values of
electroconductivity were very high in every testimple that indicates higher ion
concentration in water which can be consequendésdbdw pH value. In April were
recorded high values of turbidity (13.61 NTU) andncentration of suspended
substances (6 mg/l), while in June, September aodeiber values of both of this
parameters were in normal range

Table 1. Physicochemical characteristics of waterédm the Berek well

21.04.201 9.6.201! 28.9.201 16.11.201
air temperature ("C) 18 25 18 15
water temperature (°C) 15.2 17.2 17.1 13.7
concentration of dissolved,@ng/l) - 6.83 5.15 6.28
saturation (%) - 70.4 54.0 61.5
pH 6.45 6.53 6.75 6.80
electroconductivity (S/cm) 695 709 745 702
turbidity (NTU) 13.61 1.01 0.56 0.47
ammonium nitrogen (mg/l) 0.01 0.07 0.02 0.02
nitrate nitrogen (mg/l) 3.2 0.5 2.1 2.7
nitrite nitrogen (mg/l) 0.003 0.002 0.005 0.000
sulfates (mg/l) 37 33 38 30
orthophosphates (mg/l) 0.17 0.27 0.12 0.06
suspended substances (mg/l) 6 0.5 0 1
iron (mg/1) 0.04 0.01 0.04 0.03
manganese (mg/l) 0.010 0.026 0.011 0.010

Suspended substances that cause turbidity can daeesey metals, toxic organic
components and pesticides, and also give watereasght look that gives negative
impression to the consumers AIMACIJA et al., 2004). Recorded concentrations of
ammonium, nitrates, nitrites, sulfates, iron andngszese in water were in the
prescribed range by the Rulebook. However, orthephates were above the permitted
limit, in two of four samples, and in June was releal 0.27 mg/l which was almost two
times higher than permitted value. Number of aergsihrophilic heterotrophs was in
every sample lower than maximum permitted 300 dol/fe highest number of
bacteria in water was recorded in September (3#mboand the lowest in November
(60 col/ml). Potential pathogenic mesophilic baetén April were not even recorded,
and in June there was 80 col/ml which was in thesgiibed range by the Rulebook
(SLUZBENI GLASNIK REPUBLIKE SRPSKE 40/03). However, in June, September and
November in water were recorded total number apborms, among them in June and
September were isolated fecal coliphorgscherichia coli fecal Streptococcus and
Enterococcus were isolated, which has high resistaand can resist negative
conditions so their presence in water is used dgator of older fecal pollution
(SKUNCA-MILOVANOVI ¢ et al., 1990).
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Table 2. Microbiological characteristics of water fom the Berek well

21.04,201 9.6.201! 28.9.201 | 16.11.201
total bacteria cou (kol/ml) 10C 28E 347 6C
aerobic hetrotrophic psihrophilic 4C 66 17C 6C
facultative oligotrophic bactel (col/ml) 61 19E 33C 57
aerobic mesophilic bacte (col/ml) 0 8C 30 3C
total coliphorm bacteria cot (col/ml) 0 1C 23 9
fecal coliphorm bacteri (col/ml) 0 4 5 0
Escherichii col (col/ml) 0 2 5 0
Proteus specie(col/ml) 0 0 0 0
Salmonell: and Shigelle (col/ml) 0 0 0 0
sulfite-reducting Clostridium i 100ml 0 0 0 0
Pseudomon: aeruginosa(col/ml) 0 0 0 0
fecal Strepotococcus and Enterocou 0 preser preser 0
Algae 0 0 0 0

Based on these results it can be concluded thadrvilam the well in Berek locality
beside that it is slightly acidic and contains opghosphates and suspended substances,

comes in contact with waste fecal substances dnddt health safe.

Water pump in TroSelji village is located on 454%8' North and 17°21'12" East.

Results of physicochemical water analysis are ptesanTable 3

Table 3. Physicochemical characteristics of waterdm TroSelji locality

21.04.201 9.6.201C 28.9.201! 16.11.201¢(

air temperatui (°C) 18 25 19 17
water temperatu ("C) 12.7 12.0 17.¢ 15.1
concentration of dissolveO, (mg/l) - 14.6: 8.17 8.11
saturatior(%o) - 135.¢ 86.¢ 81.¢
pH 6.6¢F 7.3¢2 7.3¢2 7.74
electroconductivity {S/cm’ 622 612 717 732
turbidity (NTU) 1.2¢ 0.77 0.4z 0.7¢€
ammonium nitroge (mg/l) 0.0¢ 0.0C 0.0z 0.0t
nitrate nitrogel (mg/l) 1.0 4.C 4.2 4.1
nitrite nitroger (mg/l) 0.001 0.001 0.00¢ 0.01(¢
sulfates(mg/l) 14 13 15 18
orthophosphate (mg/l) 0.01 0.14 0.10 0.1t
suspended substances (ma/l) 2 0 0 1
iron (ma/l 0.0c 0.0C 0.0z 0.0z
mandganese (ma/l) 0.00¢ 0.010 0.00¢ 0.00¢

Water is rich with dissolved oxygen and in June vea®rded oversaturation of 135.4%.

In April is recorded slightly lower pH value (6.6%)an it is predicted for drinking

water, but in the next three months pH values virerne normal range. The highest
value of turbidity is recorded in April what it wAs?29 NTU which corresponds to water
that can be used for water supply to 5000 inhatstadn the same sample suspended
substances were present with 2 mg/l, while in Jum September they were not even
recorded. Total bacteria count on this locality dat go beyond 300 col/ml which was
registered in Septembefdble 4. Then, the highest psihrophilic heterotrophic rou
was registered 150 col/ml, which is in the prestibange for drinking water. Aerobic
mesophilic bacteria was isolated in April, June &avember, but their count was in

the range prescribed by the RulebookUSBENI GLASNIK REPUBLIKE SRPSKE 40/03)
and among them are not isolated total or fecapbolims.

Table 4. Microbiological characteristics of water fom TroSelji locality
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21.04.201 9.6.201( 28.9.1( 16.11.201
total bacteria cou (kol/ml) 52 65 30C 15
aerobic heterotrophic psihrophilic bacte 15 30 15C 13
facultative oligotrophic bactel (col/ml) 32 80 55 30
aerobic mesophilic bacter (col/ml) 13 10 0 9
total coliphorm bacteria cou (col/ml) 0 0 0 0
fecal coliphorm bacteri (col/ml) 0 0 0 0
Escherichii coli (col/ml) 0 0 0 0
Proteus speci' (col/ml) 0 0 0 0
Salmonelli and Shigelle (col/ml) 0 0 0 0
sulfite-reducting Clostridium i 100ml 0 0 0 0
Pseudomon: aeruginosa(col/ml) 0 0 0 0
fecal Strepotococcus and Enterocor 0 0 0 0
Algae 0 0 0 0

Based on all observed physicochemical and microgioal parameters it can be
concluded that water from the water pump from TijpEeality satisfies basic hygienic
and sanitary conditions and can be used for dr@kin

The highest recorded water temperature from thgmf the river Vrijeka was 11.2°
(Table 5 and since it is not significantly increased dgrimarm summer months it can
be concluded that temperature of this spring cpmed to drinking water. Water is
slightly alkaline without significant variation ipH values during the year. The lowest
values of concentation of dissolved electrolytes wecorded in January (39&/cm)
when the spring has much water, while in summeiogdn time of drought recorded
the highest concentration of electroliytes in w&s&0uS/cm).

Table 5. Physicochemical characteristics of waterdm the spring of river Vrijeka

23.03.201 04.07.201C 01.09.201 19.01.201
air temperature (°C) 14.0 21.0 17.1 10
water temperature ("C) 11.0 10.5 11.2 9.9
concentration of dissolved,@ng/l) - 8.73 9.15 10.19
saturation (%) - 82.3 88.4 94.5
pH 7.60 7.65 7.71 7.68
electroconductivity {S/cm) 438 484 550 398
turbidity (NTU) 0.89 0.81 1.99 1.41
ammonium nitrogen (mg/l) 0.00 0.01 0.00 0
nitrate nitrogen (mg/l) 0.6 0.6 0.4 0.5
nitrite nitrogen (mg/1) 0.000 0.001 0.000 0.011
sulfates (mg/l) 0 0 0 0
orthophosphates (mg/l) 0.35 0.15 0.00 0.15
suspended substances (mg/l) 2 1 0 1

In September and in January were recorded sligithgades values of water turbiditz,
but they were in allowed range to use as water lgupp5000 inhabitants. Recorded
concentrations of ammonium, nitrate and nitrite evéar below maximum allowed

concentrations, and sulfates were not even recorddetarch is recorded increased
concentration of orthophosphates (0.35 mg/l), alsa@ater was recorded slightly more
suspended substances and before taking the sathplegeather was rainy, probably
because of the washing away the surrounding soisezh slightly muddy water and

bringing orthophosphates. Considering that in Jomecentration of orthophosphates
was significantly decreased, and in September tee not even recorded and as all
other parameters during the whole year were inwaltb range for drinking water
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(SLUZBENI GLASNIK REPUBLIKE SRPSKE 40/03), it can be concluded that in
physicochemical aspect water from spring of rivejeka can be used for drinking.

As regards to bacteriological analysis total baateount correspond the count of
facultative oligoptophs which are adapted to swvin areas with very low
concentration of organic substanc€algle §.

Table 6. Microbiological characteristics of water fom the spring of river Vrijeka

23.03.20 | 04.07.201 | 01.09.2( | 19.01.2001
total bacteria cou (kol/ml) 19t 10C 244 20
aerobic hetrotrophic psihrophilic bacteri(col/ml) 24 10C 21F 20
facultative oligotrophic bactel (col/ml) 13C 10C 25C 66
aerobic mesophilic bacter (col/ml) 0 2 95 0
total coliphorm bacteria cou (col/ml) 0 0 0 0
fecal coliphorm bacteri (col/ml) 0 0 0 0
Escherichii coli (col/ml) 0 0 0 0
Proteus speci (col/ml) 0 0 0 0
Salmonell: andShigellz (col/ml) 0 0 0 0
sulfite-reducting Clostridium i 100ml 0 0 0 0
Pseudomon: aerugino: (col/ml) 0 0 0 0
fecal Strepotococcus and Enterocor (col/ml) 0 0 0 0
Algae 0 0 0 0

Their count, also the count of psihrophilic aerdécteria in every analysis do not pass
300 col/ml which is the upper limit for drinking vtea. Potentially patogenic aerobic
mesophilic bacteria in January and in March wereaver recorded, and in July were
present with just 2 col/ml. Their count in Septem&ignificanlty increased (95 col/ml),
but they were still in the range prescribed by Ratk (3 UZBENI GLASNIK REPUBLIKE
SRPSKE 40/03). Total coliphorm bacteria were recordety @am March, but their count
were in allowed range. Among present total colipiefecal bacteria were not found.
Based on monitored physicochemical and microbiclalgicharacteristics it can be
concluded that water from the spring of the riveljeka satisfies conditions prescribed
by the Rulebook (Sluzbeni glasnik Republike Srpgk¥03) for the water that can be
used as water supply to 5000 inhabitants.

CONCLUSION

By monitornig physicochemical caracteristics of o springs in the area of Lijsy
polje and Eastern Herzegovina, it is noticed tpaings in Eastern Herzegovina contain
very low concentration of dissolved sulfates. \kgedid not even have sulfates.
Monitored springs in Eastern Herzegovina have algghtly lower concentrations of
nitrate nitrogen. Also, it is evident that wateorfr chosen springs have slightly lower
pH values and significantly higher values of electmductivity. Water from the well in
Berek village is not health safe because it ish$jicacidic, turbid and has increased
concentration of orthophosphates and suspendetbsgbs. Presence of total and fecal
coliphorms, Escherichia, fecal Streptococcus antkrgénoccus shows that water from
the well comes in contact with waste fecal substarand as such can not be used for
drinking. Water on TroSelji locality and from spgirof river Vrijeka satisfy basic
physicochemical and microbiological criteria setdonking water.

213



Agrar- és Videkfejlesztési Szemle 2011. vol. Gsypplement
-1 RADITIONS, INNOVATION, SUSTAINABILITY”
Hodmesvasarhely, 8 May 2011 Conference CD supplement  ISSNBIT®45

ACKNOWLEDGEMENTS

This work represents the result of scientific reskegroject named ,Condition of the
shallow water resources in rural areas and measumtsnior their impruvement” co-
financed by Ministy of science and technology irpRaic of Srpska Government

REFERENCES

APHA-AWWA-WPCF (1998): Standard methods for the Exaation of Water and
Wastewater. 20th Edition. Washington: American Rulkalth Association.
DALMACIJA, B. (2000): Kontrola kvaliteta voda u okviru uprarja kvalitetom. Institut
za hemiju, Prirodno matemeki fakultet Univerziteta u Novom Sadu.

DALMACIUA B., IVANCEV-TuMBAS, |. (2004): Analiza vode - kontrola kvaliteta,
tumaenje rezultatata. Prirodno-matendkii fakultet Univerziteta u Novom Sadu,
Budutnost, Novi Sad.

HRIBAR, F.(1978): Uputstvo za biolosko istrazivanje vodaveéxni hidrometeoroloSki
zavod, Beograd.

KARAKASEVIC, B.(1967): Prirégnik standardnih metoda za mikrobioloski rutinskil.ra
Medicinska knjiga, Beograd-Zagreb.

MCKANE, L., KANDEL, J. (1996): Microbiology, essentials and applicagioMcGraw-
Hill, New York.

PETROVIC, O., GAJIN, S., MATAVULJ, M., RADNOVIC, D., SVIRCEvV, Z. (1998):
MikrobioloSka ispitivanje kvaliteta povrSinskih vad Institut za biologiju, Prirodno-
matemaitki fakultet Univerziteta u Novom Sadu.

PRAVILNIK O HIGIJENSKOJ ISPRAVNOSTI VODE zA RIE. Sluzbeni glasnik Republike
Srpske, br. 40, 2003.

SKUNCA-MILOVANOVIC, S., FELIKS, R., PUROVIC, B. (1990): Voda za pe, standardne

metode za ispitivanje higijenske ispravnosti. Saveavod za zdravstvenu zastitu, NIP
~Privredni pregled”, Beograd

214



