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THE WATER QUALITY OF SOME SHALLOW WELLS FROM
HARGHITA COUNTY (SADOMINIC COMMUNE), ROMANIA

SILVIA BURCA?, CERASELLA INDOLEAN=*

ABSTRACT. This study includes the most important physico-chemical
parameters monitoring of the shallow wells from S&ndominic commune,
Harghita County, Romania, in order to establish if the water sources can be
used as drinking water. The pH, dHr, acidity, alkalinity, CCO-Mn, NOz, NO3
‘NH4*, CI and Fetota parameters were determined using appropriate standard
methods and compared with allowable values for drinking water, according
to Romanian legislation. Based on the determined parameter values, most
of the samples were characterized by a moderate or high mineralization
(288-980 mg/L), and for some of them there was a contamination with
organic substance and nitrate ions.
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INTRODUCTION

It is difficult to imagine any clean and sanitary environment without
water. Invariably, the progress of sanitation throughout the world has been
closely associated with the availability of water; and, the larger the quantity
and the better the quality of the water, the more rapid and extensive has been
the advance of public health.

Romania is a country with reduced water resources compared to the
rest of Europe. Despite the achievement of numerous accumulations, the
volume of surface water is modest and the rivers have a relatively small flow.
Romania's total water resources are estimated at 40x10° m3 / year of which
inland rivers have only 5x10° m?/ year and 3x10° m3/ year are groundwater.
The water potential is approximately 1750 m3 / inhabitant / year, compared
to the European average of 4800 m?3 / inhabitant / year [1].
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The water from Danube is used in small quantity (as water-source),
but, even with this, the volume of Romanian water resources per capita
remains modest compared to the average in Europe.

The water reserves differ geographically, being rich in mountain
areas and low in Baragan and Dobrogea, as well as some karst areas, where
the population uses even rainwater for some household needs. To reduce
these discrepancies, various inter-basin adductions have been built, but they
do not increase significantly the water amount, fact that make us have extra-
reasons to take care of Romanian water reserves, which is a problem not
only quantitatively but also qualitatively [2-5].

The regulatory agency in the water sector in Romania is “Autoritatea
Nationald de Reglementare pentru Serviciile Comunitare de Ultilitati Publice” —
“National Romanian Regulator for Public Services” (ANRSC). As there was no
more recent data available at a national level, a report published by ANRSC
states that in 2011 a total number of 1021 entities were administrating water
services [6], including mostly private 44 regional operators who accounted for
86,3% of the market share. The utilities usually manage all the existing stages
of drinking water cycle, from abstraction, potable water treatment, transport
and distribution to the collection, treatment and discharge of wastewater [7].

In Romania, on large areas, drinking water supply is represented by
the groundwater, particularly from wells, more than 45% of the population
lives in rural and benefit from centralized water supply system [8,9].

Groundwater may contain impurities or contaminants, which can
originate from watershed or soil. Water moving through underground rocks and
soils may pick up magnesium, calcium, iron, manganese, chlorides, selenium,
boron, arsenic or radon. Groundwater is often polluted due to human activities,
such as: fertilizers usage, animal manures, pesticides, improperly built and
located septic systems for household wastewater, storm-water drains that
discharge chemicals to groundwater, improper disposal or storage of wastes,
chemical spills at local industrial sites [10-12]. These natural contaminants can
produce various health problems depending on their amount.

Oxidizable substances in water or chemical oxygen consumption are
substances that can oxidize both cold and hot under the action of an oxidant
(organic substances are oxidized hot and inorganic cold). The increase in the
amount of organic substances in the water or their appearance at a given
time indicates a water pollution with germs that usually accompany the
organic substances [8, 9,13,14].

A special problem is generated by the presence of high nitrate/nitrite
ions quantities. Ammonia results in water from the incomplete degradation
of organic substances that contain nitrogen or may come from the soil. It
represents the first stage of decomposition of organic substances with
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nitrogen content and therefore, indicates a recent pollution (hours, days) and
consequently, is very dangerous. Nitrogen in water comes from incomplete
oxidation of ammonia in the presence of nitrifying bacteria. They represent a
more advanced stage of the decomposition processes of organic substances
containing nitrogen and consequently, their presence or increase in
concentration indicates an older pollution, so, less dangerous. The concomitant
presence of ammonia and nitrite shows us a continuous pollution. The
susceptibility to nitrite ions of new-born children and animals is due to the
fetal hemoglobin, which has more affinity for oxygen, therefore forms
methemoglobin, quicker than in adult organisms [15-21].

Iron can be found in water in the form of soluble ferric salts (in the
ferrous form as bicarbonates and less as sulphates, phosphates or silicates),
insoluble ferric salts (in the form of hydroxide) or in colloidal form, complexed
with organic substances. Iron in water promotes the development of
ferrobacteria, which obstruct the pipes. In excess, it gives the water a metallic
taste, a reddish-brown colour, stains the laundry, it settles on the pipes, on
the kitchen utensils, etc. [22, 23].

This paper includes a case study on the water quality from some
shallow wells located in Sdndominic commune, Harghita County, a place at
the foot of the Hasmas Mountains. In this commune there is no drinking water
distribution network, it is obtained from wells.

RESULTS AND DISCUSSION

Sandominic commune is the largest commune in the Ciucu de Sus
area, with a number of 6300 inhabitants.

The population density is high, the distance between the households
being relatively small, there being no sewerage system for taking over the
domestic water, the own pollution sources are close to the wells.

Evaluating the water samples collected from the wells from the
commune perimeter, the following conclusions were reached: the water from
the W1 is drinkable, but, there is probably still a drainage that achieves a
partial communication with the Olt river, because a certain iron content was
found in the samples taken from this well; the water from the W2 well is
drinkable, with moderate to hard hardness, so it is hecessary to add some
water softener, when it is used for washing, to prevent the limescale
deposition in the washing machine. In situations where it is desired to use
water in the thermal power plant, it is advisable to add a cationic filter for
calcium and magnesium ions retaining.
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The water from the W3 well is not drinkable, having a content above
the limit allowed by the Romanian legislation in force for the chemical
consumption of oxygen (presence of the organic substances) and, for the
high content of NH4* NO3- and chloride ions, also. Exceeding these limits for
the mentioned indicators can be attributed to the chemical fertilizer depot
located in the vicinity of this well.

Based on water hardness, expressed in German degree, water can be
classified as very soft (0 - 4 °d), soft (4-8 °dH), moderately hard (12 -18 °dH), hard
(18 — 30 °dH) and very hard (>30 °dH) [14, 24].

Total hardness values, Table 1 and Table 2, showed that all well water
samples have moderately hardness and can be included in the category of
moderately hard. Values showed in Table 1 suggest that there are no major
changes in this indicator for March compared to May. Higher hardness values
were recorded for samples collected from the W2 area respectively W3 area,
figure 1.

Table 1. The recorded values of surface water and well water quality indicators,
for March 2020, Sandominic Commune, Harghita, Romania.

Measured indicator Olt w1 w2 W3 | Lunca | Maximum
Mare allowed
value
(law 458)
pH 7.4 6.6 7.0 7.0 6.8 6.5-8.5
CCO-Mn (mg/L) O2 3.40 151 | 0.80 | 9.95 | 2.37 5.0
NH4* (mg/L) 1.42 0 0 0.23 0.1 0.5
NO2z (mg/L) 0.025 0 0 0 0 0.5
NOs™ (mg/L) 4.5 11 24 90 58 50
CI- (mg/L) 8.85 8.85 | 12.03 | 70.8 | 8.85 250
Acidity, (mval/ml) 0.65 043 | 0.78 | 157 | 0.74 -
Alkalinity, (mval/ml) 2.94 252 | 526 | 10.09 | 252 -
Hardness d° 1210 | 9.36 | 185 | 185 | 1142 min. 5
Fetot (Mg/L) 0.95 0.1 - - - 0.2
Fixed residue (mg/L) 225 288 420 | 980 301 -
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Table 2. The registered values of surface and groundwater water indicators for
May 2020, Sandominic commune, Harghita, Romania.

Measured indicator Olt w1 W2 W3 | Lunca | Maximum
Mare | allowed
value
(law 458)
pH 7.4 6.5 7.0 7.0 6.9 6.5-8.5
CCO-Mn (mg/L) O2 3.50 1.50 | 0.85 | 10.05| 2.30 5.0
NHs* (mg/L) 1.76 0 0 0.38 0.13 0.5
NO2" (mg/L) 0.020 0 0 0 0 0.5
NOs3™ (mg/L) 4.8 12 23.9 94 55 50
CI (mg/L) 8.85 8.85 | 11.94 | 71.8 8.85 250
Acidity, (mval/ml) 0.60 0.48 | 0.80 | 1.37 0.84 -
Alkalinity (mval/ml) 2.64 2.02 | 500 | 1029 | 2.78 -
Hardness d° 13.10 | 9.08 | 18.67 | 18.67 | 12.32 min. 5
Fetwt (mg/L) 1.25 0.08 - - - 0.2
Fixed residue (mg/L) 230 269 428 992 299 -
VER
W 2 me
1
W1 ﬁ%?

Lunca Mare 37

et
e
on BT+
5
0

20 40 60 80 100
MHardness dT ®CCO-Mnmg O2/L  ®NO3- mg/L

Figure 1. The CCO-Mn, total hardness and nitrate concentration values for the
groundwater surface water samples - Sdndominic Commune,
Harghita County, Romania, March 2020
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For the samples taken from the Olt River, it is found pollution from the
waters of copper mines in the town of Balan, as well as a relatively high
content of NH4* and NOs ions (indicating a continuous pollution) and the
presence of Feyt ions, also.

In addition, for the Lunca Mare River, the analysed samples suggest
that there is a moderate pollution, due to the presence of organic substances
and NOs ions, which is due to the discharge of untreated wastewater (from
sewage).

CONCLUSIONS

Based on the monitoring of the physico-chemical properties carried out
(the pH, dHr, acidity, alkalinity, CCO-Mn, NO2, NO2~ NH4*, CI- and Feiotal
parameters) from samples taken (shallow well waters, SGndominic commune,
Harghita County, Romania), it was found that, in general, the groundwater is
characterized by a moderate to high mineralization (W3), but the water from
this source isn’t drinkable.

In the case of the water from the W2 well, this is drinkable, with
moderate to hard hardness, so it is necessary to add some water softener,
for household’s consumption.

The water from the well W1 is drinkable, having a moderate hardness,
but, the presence of the iron ions, probably due to an underground
communication with the water from the Olt River, makes it not o superior and
pleasant water to taste, so, of average quality for human consumption.

For the water samples taken from Olt River, there is a pollution of them
with copper ions coming from mines in the nearby town of Balan and also, a
relatively high content of NH4* and NOs ions (indicating a continuous
pollution), as well as the presence of Fey ions.

Regarding the Lunca Mare River, there is a more moderate pollution,
the presence of organic substances and NOs" ions is due to the discharge of
untreated domestic waters.

EXPERIMENTAL SECTION
Collection site and water sampling

The water samples were collected from wells (Figure 2) located in
Sandominic, Harghita County, Romania, in March and May 2020.
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Figure 2. Sdndominic commune, Harghita County, Romania;
the water sampling points [26].

Sandominic commune is located at the intersection of latitude 46 35
N, with the length of 2548 E, at 640 m above sea level. Specific to this region
is the mountainous relief whose elevations vary between 840 m in the Olt
Valley and 1792 m in the peak of Hasmasu Mare [25].

The mesometamorphic complex and the sedimentary rock system of the
Hasmasu Mare massif

The western part is dominated by a high relief coming from the
Neogene volcanic eruptions, made up of the Gurghiu and Harghita massifs,
with characteristic volcanic morphology [28].

In this area the relief forms heights that reach up to 1800 m. In the
crystalline-Mesozoic area, at the eastern limit of the perimeter, a rugged relief
with steep slopes is specific. In the mesometamorphic lens, the rugged terrain
forms are maintained, while in the epimetamorphic complex the aspects
become more attenuated, with small variations in altitude. The contrast of the
epimetamorphic-mesometamorphic lands can be observed conclusively on
the Olt Valley [25-28].
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Climate

The region is characterized by a temperate subalpine continental
climate, with an average annual temperature of 5-6°C, The winds are closely
related to major atmospheric circulations and relief conditions. Winds
generally blow from the northwest, and spring and autumn are easterly,
sometimes southerly winds [29].

Hydrography

Hydrographically, the region belongs to the upper basin of the Olt
hydrographic network. The subalpine climate with relatively abundant annual
precipitation determined the formation of a dense hydrographic network,
characterized by small watercourses, with variable flow, but generally low.
The flow of watercourses varies depending on the precipitations level. The
hydrographic network is tributary to the OIlt River, which has as main
tributaries from the west: Szanduj brook, Sipos brook with Virgo tributaries,
Jindiesul de Sus, Jindiesul de Jos, Rutoc, Minei stream, Salamas stream,
Varasoaia brook with tributaries Magasbukk, Voroc, Fagul Cetatii Mici, Fagul
Cetatii Mari and Drumul Coastei [30].

It can be appreciated that the network in the western part is less
developed than in the eastern part (despise the mesozone), where the water
flows are higher. The tributaries from this zone are: Meggyes stream (with
Vaspatak, Csofronkako, Csofronka tributaries), Nagyag stream, Mesteacan
stream, Szekpataka stream (with Gyengemenes tributary), Kovacs stream,
Mihaly stream, Szimina stream, Galkut, Borviz, Szabok and Kurta stream.
The rest of the valleys are torrential, with intermittent watercourses [26-30].

The groundwater samples were taken between the Olt River and
Lunca Mare from Sa&ndominic commune, and the surface water samples
were taken from the OlIt River and Lunca Mare stream.

Sources of groundwater and surface water pollution in S&dominic commune

The main pollution sources for groundwater in S&ndominic commune
are: wastewater from septic tanks in households, the location of stables,
latrines, landfills are located at a relatively short distance from wells, the
existence of a chemical fertilizer depot.

For surface waters (Olt and Lunca Mare) the main sources of pollution
are: wastewater resulting from the industrial technological process at copper
mines (operated until 2006 in Balan city), the location of stables, latrines,
landfills too close to the river Olt and Lunca Mare stream and meteoric waters.

Water samples were taken from wells located in the following areas:
Sandominic no.1016 area (W1), Marton Aron General School (W2) and Gall
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Sandominic no.1693 area (W3). The fountains have a depth between 6 and
8 m, the water depth in the fountain is 1-2.5 m, the variation of the water level
after precipitation is 30-40 cm — for the fountain located on W1 and 4-5 cm
for the fountain located in the W3 area. The distance to the nearest source
of pollution is between 9-15 m, see table 3.

Water samples were collected in plastic containers, previously rinsed
2-3 times with the water sample, completely filled, and then closed so that
no air bubbles remain inside the bottle. On wells equipped with pumps, the
water sample was collected after a minimum of 10 minutes run, while from
wells with extraction the samples collection was made introducing the bucket
at 10-30 cm below the water mirror. After collection, bottles were placed in
dark boxes.

Until the analyses were run water samples were kept at temperatures
below 5°C and processed within 6 h from collection.

Table 3. The characteristics of the groundwater source.

Well water Depth well Depth of the Variation of water | Distance to the
samples (m) water in the well level after nearest source of
(m) precipitation pollution
(cm) (m)
W1 7 2.5 30-40 15
W2 8 2 - 9
W3 6 1 4-5 15

Water samples analysis

For the collected water samples, the following indicators were
determined: the pH, acidity, alkalinity, total hardness, ammonia concentration,
nitrite concentration, nitrate concentration, chemical oxygen consumption,
iron ion concentration, CI- ion concentration and the fixed residue.

Wells water samples were characterized using the physico-chemical
methods according to Romanian legislation (Laws 458/2002, 311/2004).

The pH were determined using a Consort C863 pH meter (SR ISO
10523/96), total dissolved solids (TDS) were determined using gravimetric
method (Romanian STAS 3638/76). Total hardness and chemical oxygen
demand were determined by volumetric method (Romanian STAS 3326-76,
STAS 3002-85). Concentration of Fewa, NO2> NOsand NHs* ions were
determined using molecular absorption spectroscopy (SR 13315/96, STAS
3048/2-96, SR ISO 7890-3:2000, STAS 6328/85) using an UV VIS
Spectrometer Jenway 6305.

Each sample was measured three times, the averaged values were
presented.
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