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Abstract: The aim of the presented article is to design mangwater treatment technology
for SpiS area in Slovakia in such a way that tleated water from a well fulfils
the quality criteria of water for household purpss@articular objectives include
an analysis of water in the studied well, deterrtiora of the concentration of
selected indicators of drinking water quality arigeit comparison with the limit
values given in the legislation of the Slovak Réputoncerning the quality of
water intended for human consumption. The firgh stas to determine the values
of following indicators: pH, conductivity, tempeua¢, TDS, dissolved chlorides,
sulphates, calcium, magnesium, C@Pphosphates, nitrates, ammonium ions
and selected heavy metals. The water from the wasl subsequently treated by
selected membrane processes (1st stage - micatifity, 2nd stage - reverse
osmosis) and after each stage the analysis oflhbeeamentioned parameters was
performed again. In the final part, the results gresented: in the original water
sample from the well, the limit values of drinkivgter quality indicators were
not exceeded; after adjustment by microfiltratibe set values of the indicators
were lower than in the original sample. The secastabe of reverse osmosis
treatment resulted in demineralised water, whicld ha undergo an additional
degree of treatment in the system which producechineralised water.
Consequently, it can be concluded that the qualitthe water has improved in
terms of the hardness and presence of nitrates,iahds thus been confirmed
that the membrane technologies performed are aectwfe way of treating
drinking water.
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1 INTRODUCTION

Groundwater is water under the ground. Collecteshinrated zones it is important for
engineering work, geological studies, drinking wateurces and irrigation. Groundwater is
relatively free of pollution and is therefore vamportant for domestic and small industrial
use. In arid areas, groundwater is the only soafaomestic consumption and irrigation. A
large part of the precipitation and water from rsvand lakes are connected to groundwater
by means of infiltration and subsequent percolatign

Slovakia has good hydrological and hydrogeologimahditions for the formation,
circulation and accumulation of groundwater, yeé threat disadvantage is its uneven
distribution. The smallest quantity of groundwatelocated in PreSov and Nitra Regions and
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vice versa, Bratislava and Trnava Regions recorel mmost significant quantities of
groundwater [2].

The sources and reserves of groundwater in Slowalia depending on the location,
time and quality. Although these waters are renewkdt does not mean that they are
unlimited, and only by their optimal use they caswe their relative inexhaustibility [3].

2 THE STUDY AREA

According to the regional geomorphological divisioh Slovakia, the given area —
surroundings of the well — is included in the Fatedra Region, in Horn&dska kotlina Basin
and Hornadske podolie Sub-valley. Hornadska kotBaain has an upland to low-mountain
relief character. The fragmentation is conditiottabeological structure; The altitude of the
area is 470 m above sea level [4].

The surroundings of the well belong to the HorndeeRBasin, which runs about 70
m to the south. Hornad River is included in thé b watermarked watercourses and is
classified as a water supply course from the 185168.9 river km. Groundwater in SpiSska
Nova Ves area and its surroundings is characterigeghallow horizon of underground
waters of the quaternary fluvial sediments. Theugdwater level changes over the year,
depending on climate change, even 1 m [4].

3 MEMBRANE TECHNOLOGY

Groundwater treatment using membranes is commomé&my applications, including
softening, desalination, TDS reduction and remafaspecific components such as iron or
arsenic [5]. Water is supplied to the membrane aevihe water is divided into two streams
by the membrane [6]:

- permeate that passes through the membrane armtisffpollution, and

- retentate (concentrate) containing entrapped sutessa

Thin, semi-permeable films (membranes) are useadembrane processes, which can
be characterized as selective permeable barribes; fiepresent a physical barrier that catches
substances without their temperature, chemicalaodical change [6].

Microfiltration is closest to conventional filtrath in terms of membrane processes.
Separation occurs on the basis of particle sizZet®10um) captured on the membrane. The
applied microfiltration pressure is relatively lamempared to other filtration processes (<0.2
MPa). It is often used as a pre-treatment of wWiatesubsequent treatment by reverse osmosis
or electro dialysis. It is a reliable barrier methior removing solid micro-particles, micro-
organisms and other pollutants from water fromaasisources (particles, viruses, bacteria).
Due to its fine porosity, the membrane ensuregh &nd constant quality of water flow [7].

Reverse osmosis is a high pressure method usetniove dissolved metals and salts
from water. Because of the typical pore size agth Beparation ability, reverse osmosis is an
effective way to remove almost all conventional @vatontaminants except volatile organic
compounds [5]. It works on the same principle a<raiiltration, ultrafiltration and
nanofiltration, it differs with used membranes applied pressure. It removes particles with
a size of 0.1-1 nm [6]. Reverse osmosis is chatizetk by removing all excess substances
from water, causing demineralisation of water. THamineralized water is disposed of
significant minerals that are irreplaceable to dhganism. However, according to hygienists,
long-term drinking of such treated water can casseous illnesses (bone degeneration,
cardiovascular disease, nail fracture, etc.). Revaysmosis water treatment is therefore
recommended to be used when the only available rnederce is water with higher
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mineralization or water containing hazardous selute the process, it is necessary to
maintain a certain mineralization so that the dquatiorresponds to the requirements for
potable water. Therefore, it is advisable to ensemaineralization of water (e.g. mixing with
untreated treated water, filtration through natunaterials, etc.) [8].

4 METHODS

The procedures of determining the selected indisato the water sample from the
well in SpiSska Nova Ves are as follows:

- determination of concentrations of calcium, magmesichloride, sulphate and
chemical oxygen demand (C®@R) by chemical laboratory analysis,

- determination of concentrations of ammonium, phagphand nitrate by
photometry (Palintest, USA),

- determination of pH, temperature and water condingtiof Hanna Combo
multimetre,

- determination of heavy metal concentrations by &omadsorption
spectrophotometry (iCE 3300 Thermo Scientific, USA)

The water analysis was performed in the origindteated water and subsequently
after the selected membrane processes.
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Fig. 1 Process of water treatment

Key: 1 — analysis of original sample before treaitnda — analysis of water after
microfiltration, 2 — water input, 3 — pump, 4 — mafiltration membrane, 4a — osmotic
membrane, 5 — permeate, 5a — remineralised waber, &emineralised water, 6 — pressure
sensor, 7 — valve, 8 — induction flow meter, 9 tavanalysis after treatment

Water analysis was performed in the original unegeatate; water was then treated by
selected membrane processes (1st stage - miabéiltirand 2nd stage - reverse osmosis).
After each stage of treatment, the analysis ofath@ve mentioned parameters was performed
again. It is necessary to add that after micrafiitm the output was one permeate, part of the
permeate was taken to determine the concentrafieelected indicators and the remaining
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part was subsequently treated in the second stafgeabment - reverse osmosis. The output
of the reverse osmosis treatment was (1) remisedhland (2) demineralized water and the
final concentrations of the above mentioned pararsetere measured (Fig. 1).

Microfiltration system is equipped with a ceramiembrane. The effective membrane
layer is made oéi-Al O3, which is attached to a solid porous supportiygiaThe membrane
IS resistant to mechanical stress, pressure slaockheat up to 150°C. The pH range is from
0.5 to 13.5, which allows the membrane to be cldamiéh harsh chemicals. The membrane
has a tubular form whose internal diameter is 7 amoh length 25 cm. The average membrane
pore size is 0.1 - 0.om [9].

The reverse osmosis system operates on 5-stagatiditt. In the first stage,
undesirable staining, unpleasant odor, and fin@rsds are removed from the water. In the
second stage, a filter with a lined activated cbakdilter which dechlorinates the water is
used. Further, chlorination by-products are remofrech water by the next filter and, in
particular, it functions as a protection of osmatiembrane which is particularly sensitive to
chlorine. Possible damage to the membrane by aethaarbon fragments is prevented by the
third stage of treatment. The fourth stage is aifipeosmotic semi-permeable membrane.
The fifth stage, through which the purified watlewfs, eliminates residual impurities such as
dioxins and free gases.

Since the treated water is demineralized, an awdgiti stage is included behind the
whole reverse osmosis system, which enriches theindealised water with minerals,
especially, but not only, calcium and magnesiunthla system, it is a particular mineralizer
called Semidol [10]. Semidol is dolomitic filteringaterial approved by DIN EN 1017 and
DIN 2000 for the treatment of drinking water, paater, industrial water, and also for de-
acidification and removal of iron, manganese atidases. The pure CaGMIgO content is
greater than 99%. Semidol is therefore very watkesuas a filter material. It is white because
it is pure, and its grains are homogeneous, pasathsa rough surface without cracks [10].

5 RESULTS

This part of the paper presents the results oldainem measurements of the
individual indicators of drinking water quality the studied sample in four different states
(namely before and after each treatment by membeaimologies).

Calcium is one of the indicators necessary in dnigkvater. The limit value in the
government regulation [12] is > 30 m§.lAs it can be seen from the graph (Fig. 2), the
original sample of water before treatment contairld#.27 mg:t of calcium. After
adjustment, these values were reduced to a fimalesdration of 32.06 mg

As it can be seen from the graph (Fig. 3), magmesiancentrations before and after
water treatment did not exceed the limit valuedbgdahe government regulation [12].

Chlorides belong to the group of harmful substanddwerefore, their values are
recorded in the monitoring systems. The governmegnilation [12] sets the limit value 250
mg.Ft. From the graph (Fig. 4) it can be stated thasaraple exceeded the limit value.

The limit value [12] for sulfates is 250 nmi¢.IBased on the graph (Fig. 5) it can be
stated that sulfates before and after the treatmeet the limit value.

Nitrates are chemical compounds that are formethéycombination of nitrogen and
oxygen, and are therefore commonly found in watesmall amounts. However, nitrate
sources are also agricultural fertilizers whosetioolwus use greatly affects water quality.
Under the government regulation [12], the limit58 mg.I* for adults, but 10 mg! for
infants. As it can be seen from the graph (Figth&),sample of water before or after treatment
has not exceeded the limit value for adults and falsinfants.
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Fig. 2 Calcium concentration after each stage.
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Fig. 3 Magnesium concentration after each stage.
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Fig. 4 Chloride concentration after each stage.
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However, it should be noted that the concentraionitrates in the original untreated
sample can be increased because there is a hodsehloé surroundings of the well which is
not connected to the public sewer. This houselwlging a “temporary septic tank” through
which water passes to the soil.
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Fig. 5 Sulfate concentration after each stage.
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Fig. 6 Nitrate concentration after each stage.

Indicators phosphate and ammonium ions in thermlgiample were not detected (the
photometer measured the values below the detelitigty which is 0 mg.f for PO, and 0
mg.* for NHsY).

The following table (Table 1) shows changes inghk temperature and conductivity
of water before and after the treatment by the nram technologies. According to the
government regulation [12] these three indicatoesiacluded into a group of indicators that
may adversely affect the sensory quality of drigkimater. From the measured data it can be
assumed that all three indicators meet the linlilesmaccording to the legislative standard.
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Tab. 1 Change in the values before and after datrtrent

Sample pH conductivity temperature
[mS.m?] [°C]
original 7.18 693 10.5
after microfiltration 6.40 756 20.5
demineralised 7.59 0 19.7
remineralised 8.72 104 19.7

6 CONCLUSION

The aim of this work was to design and test watsatinent process for water from a
well in SpiSskd Nova Ves using membrane technotogi that the treated water from the
well fulfils the qualitative criteria of drinking ater.

The water was treated by selected membrane pracélsstestage - microfiltration, 2nd
stage - reverse osmosis) and after each indivitheatment by membrane filtration the
analysis of selected indicators was performed. iNot Ivalues for drinking water quality
indicators have been exceeded in the original sampter from the well. After adjustment by
microfiltration, the set values of the indicatorerer lower than in the original sample. The
final second degree of reverse osmosis treatmsnotteel in demineralised water, which had
to undergo an additional degree of treatment iystesn that returned calcium, magnesium
and other minerals to get remineralised water.

It would be advisable to continue to determine fitesence of microbiological
indicators, thereby completing the research ofwtheer in this important aspect. However, it
should be noted that even if bacteria or viruseseweesent in the water, the reverse osmosis
treatment would remove them.

Consequently, it can be concluded that the quafitthe water has been improved in
terms of the hardness and presence of nitrates,itands thus been confirmed that the
membrane technologies performed are an effectiveolvreating drinking water.
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