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Abstract: This paper characterizes the present-day quality of groundwater from the Glavacioc catchment
and tests the existence of significant differences between the chemical components of the groundwater and
surface water. Water samples were collected from wells located in the built-up area of villages and from
the surface water of the Glavacioc River. There was a large spatial variability among the chemical
components from both groundwater and surface water. The means of some pollutants (N-NO3) exceeded
the permissible values established by the law; however, other ions like SOs2, CI, Na* and electrical
conductivity also exceeded the limits as individual values, but only in some wells. The existence of some
harmful anions to human health, like N-NOs, from the wells situated within the built-up area of villages
does not necessarily demonstrate their leaching from the arable land toward the groundwater, but rather
deficiencies of hydrological isolation of the nitrate sources from human households.
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1. INTRODUCTION

Ground water and surface water have long
been used for various purposes, including drinking,
irrigation and industry consume. Water quality and
guantity are the main criteria used for human and
animal consume. The chemical composition of
groundwater generally depends on the soil-plant-
atmosphere continuum (SPAC) of the current
environment at different scales, including land use
type (forests, orchards, vineyards, pastures, arable
land and human settlements), natural properties of the
environment (relief, soils, geological deposits) and
human activities.

Precipitation water flows through the soil and
the geological deposits below, and as affect the
chemical composition of ground water and surface
water is substantially influenced by the water contact
with the soil and rocks. Studying the interaction
between the irrigation water and the environment,

Grumeza et al.,, (1990) published results on the
dynamics of water table and chemistry in irrigation
systems from samples taken from both special hydro-
geological wells in the agricultural fields and
common wells from the built-up area of settlements.
In the catchments of the southern part of the Danube
Plain, specifically in the interfluves between the Olt
and Arges Rivers to which the Glavacioc Catchment
belongs, these authors emphasized the “high level
periods” of water table, specifically after the
establishment of the irrigation systems, from which
there was important leaching and sometimes
overdoses of water application. Later on there were
studies in the region recommending rational irrigation
application to prevent deterioration of soil physical
and chemical properties (Paltineanu et al., 2000). The
oscillations of the water table were also influenced by
the rainy or droughty character of the years.

The oil industry is well developed in the
region, and the old technology applied for decades
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might have influenced the chemical composition of
the water, mainly by injection of various fluids in the
groundwater. Lacatusu et al., (1994), Damian et al.,
(2013), Lacatusu (2017) and Nicula et al., (2017)
investigated soils and waters in various locations with
regard to pollution with many ions. Pollution of water
with various substances does not only occur with
sodium and nitrate, but also with heavy metals (Zn,
Pb, Cu, etc.), specifically in areas with mining
industry in this country, as reported for health
problems by Lacatusu et al., (1993, 1996), and
recently by Ispas et al., (2018).

Agriculture uses chemicals, mainly based on
nitrogen and other macro-elements, in order to
increase yield. If not rationally applied, combined
with overdoses of irrigation application, some
chemical components might have also been leached
to the groundwater and surface water. Some studies
(Dumitru etal., 2009; Dumitru et al., 2013) reveal that
the Maximum Contaminant Level (MCL) of nitrate as
nitrogen (NOs-N) of 10 mg/L was exceeded in the
groundwater of some settlements of the Timis county;
other authors also reported NOs values exceeding 100
mg/l in the built-up area of the Dolj county, and even
outside of built-up areas (Mocanu, 2005). Dumitru et
al., (2013) noted that the highest nitrate content in
groundwater was found in the wells from the sandy
soils (psamosols), followed by chernisols and
luvisols, according to soil permeability; they also
presented small-scale maps at the country level
showing punctual or surface sources where the nitrate
concentration exceeded MCL.

However, Dumitru et al. 2009 and Gherghina
et al. 2010 reported that the nitrate concentration in
the wells located on arable soils or vineyard soils is
low. Nevertheless, there is no actual data on the
chemical composition of the groundwater and surface
water within the Glavacioc catchment, and this
situation is frequently met across the country.

Recently, Canoglu et al. (2019) wused
specialized models to characterize soil-aquifer
interactions in the vadose zone.

The purpose of this paper is to characterize the
present-day chemical composition of groundwater
from the Glavacioc catchment and to test the
existence of significant differences between the
chemical components of the groundwater and surface
water from this catchment, as well as to emphasize
the causes of these differences.

2. MATERIAL AND METHODS
Glavacioc catchment is part of Arges River

catchment, located in the central part of the Danube
Plain and has a general north-west to south-east

orientation.

Water samples were collected from wells
located in the built-up area of villages within the
Glavacioc catchment and nearby, and in some points
also from the surface water of the Glavacioc River.
These water sampling points cover the catchment area
(Fig. 1). Location of the wells and places from where
water samples were collected is given in Table 1,
along with water table depth. Identification of these
spots was done using the 1: 25000 topographic map
and the GPS system combined.

The analyses of water samples were carried out
according to the methodology published by Lacatusu
et al.,, (2017) using the following methods: pH,
anions: CO3?2, HCOs, SO42, CI, NOg, cations of
Ca*2, Mg*, Na*, K*, total salts content, electrical
conductivity; other current analyses were also
performed.

The water table and the ground altitude are
essential data for finding the direction of flow. That
is why we have compared the water table from the
moment of determination — spring and summer 2018
- with the depth depicted on The Hydrogeological
Map of the Danube Plain, scale 1: 100 000 (**Harta
hidrogeologicd a Romaéniei, 1970-1974), issued in
years 1970s by the Geological Institute of Romania,
also shown in Table 1. It has been found thus that the
water table values from the two occasions are not
substantially different, even if the comparison is not
for the same wells and the old data have been
obtained by interpolation of the water table isolines.
This finding shows that the investigated catchment is
relatively stable from the view point of water table.

The water properties data were processed with
SPSS14 software program for analysis of variance
between groundwater and surface water properties
and Microsoft Excel for graphs and other statistical
calculations. Because only two situations have been
used for comparison, the differences between their
means were tested for significance by using the 95%
Confidence Interval for Mean computed with the
SPSS14 software program. The means of the
treatments followed by different letters are significant
for the probability p < 0.05. The symbol * was used
for significant differences (p < 0.05) in the case of the
correlation coefficient R; where differences are
distinctly or highly significant (p < 0.01 or p < 0.001)
the symbols are the well-known ones: ** and ***,
respectively.

Soil data were also collected from profiles and
analyzed in the lab using the methods described by
Lacatusu et al., (2017) and existing soil maps were
analyzed.
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Figure 1. The topsoil texture of the Glavacioc River catchment and the water sampling points across the territory

Table 1. Geographical coordinates and altitude of the points of water sampling in the Glavacioc catchment and nearby

. . Topographic

Symbol | Commune Geographical coordinates m a?) f:zg 000 XqV:;;rj i (rt]?)ble \e/\slta;:s; 1o ;gk)(lr?:;

N Latitude | E Longitude | Altitude (m)
Al Copaciu 44.18702 25.76461 66.5 6.5 above 5
A2 Copaciu 44,18987 25.76201 62.5 0.0 river
A3 Letca Veche 44,19829 25.68928 925 21.6 above 15
Ad Merenii de Sus | 44.22681 25.62061 85.5 5.2 Cca. 5
A5 Crevenicu 4424558 25.58361 89 3.8 Cca. 5
A6 Crevenicu 44.24085 25.57686 101 30.0 above 15
A7 Videle 4427827 25.51484 96 4.7 Cca. 5
A8 Blejesti 4428774 25.48455 98 2.0 below 5
A9 Blejesti 44.31802 25.45061 113 8.2 8-9
A9 Blejesti Supply network
Al0 Puranii de Sus | 44.37238 25.39761 126 11.7 10-12
All Catunu 4442317 25.32033 130 2.45 below 5
Al2 Glavacioc 4446777 25.25257 143 1.4 below 5
Al3 Glavacioc 44.47150 25.25656 145 0.0 spring
Al4 Glavacioc 44.46840 25.24459 144 0.0 river
Al5 Cosmesti 44.30198 25.38644 1155 6.2 5-10
Al6 Draganesti-V. 44.08153 25.56170 71 0.0 river
Al7 Comoara 44.11271 25.50987 86 7.0 Cca. 10
Al8 Copaciu 44.18671 25.77287 60.5 0.0 river

*Depth established by interpolation of the water table isolines, Hydrogeological Map of Romania, scale 1: 100 000.
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3. RESULTS

3.1. The environmental conditions in the
Glavacioc catchment

The catchment altitude varies from 205 m in
the upper sector to 45-50 m in the lower sector,
showing a flat aspect and a low slope. The land of the
Glavacioc catchment is generally used for agriculture,
and the arable land use is prevalent with about 79%
of the territory, followed by forests (10%), pastures
(4.5%), orchards and vineyards (0.5%). The built-up
area is 5.3% of the catchment. Other economic
activity is the oil industry with many oil-wells spread
over the entire area.

The flora is specific to forested land, with
prevalent quercineae and associated herbaceous
vegetation. The root system of forest trees, fruit trees
(Paltineanu et al., 2016a and 2016b) and agricultural
crops explores the soil and creates important channels
and macropores facilitating the flow of water and
solutes toward groundwater. The crop structure of the
arable land consists of dominant winter cereals
(wheat and barley) covering about 51.0% of the
catchment area, rapeseed (20.2%), sun-flower
(8.8%), peas (6.7%), chickpeas (6.4%), etc.

The climate of the catchment is temperate-
continental, a Dfb category according to Koéppen-
Geiger climate classification (Geiger, 1961); the
mean annual air temperature is 10.7°C and
precipitation is 540 mm, while the UNEP* aridity
index is 0.7, and the Penman-Monteith reference
evapotranspiration (ETo) is 770 mm (Paltineanu et
al., 2007). The trend of climate in the region has
shown an increasing trend in annual temperature, ETo
and crop ET (Paltineanu et al., 2011, 2012).

The parental rocks that lie beneath the soils are
represented by loess, loam and especially clay
deposits lying on recent geological rocks like
Holocene and Pleistocene alluvial deposits of gravel
and sand that frequently are aquifers.

The Glavacioc catchment soils were mainly
formed on medium-fine or fine-textured geological
deposits. Preluvosols cover more than 38% of the
territory, and together with luvosols (more than 18%),
vertosols, pelosols (more than 11%) and argic-chernic
phaeozems (about 6%) combined they occupy over
80% of the catchment area. The soils’ types are after
Florea & Munteanu (2012).

The organic carbon content generally varies
from 3.5% in the forest topsoil and 2.5% in the arable
topsoil (Am horizon) to about 1% deeper in the
subsoil (Bt horizon), while the mean pH values range
between cca. 5.1 in topsoil and 7.4 units in subsoil.
The soil content in nutrients, i.e. total nitrogen (Nt),

nitrate N, ammonium N, the mobile K (K-AL) and P
(P-AL), has the following values: 0.38% and 0.22%
for Nt in the Am horizon in the forest and arable soils,
respectively, decreasing to less than 1% deeper in the
subsoil; 53 mg/kg and 44 mg/kg P-AL in Am in the
two land uses, and dropping to about 5-10 mg/kg in
Bt; 260-270 mg/kg K-AL in Am and 100-150 mg/kg
in Bt; 140-160 mg/kg-NO3-N in the forest topsoil
versus 20 mg/kg in the arable topsoil, decreasing to
20-30 mg/kg in Bt horizon; 13-14 mg/kg NHs-N in
the Am horizon, both land uses, and 2 to 6 mg/kg in
the subsoil.

In the upper soil horizon (Romanian Soil Map,
scale 1: 200 000, ICPA Archive) about 49% of the
catchment area present clayey-loam texture, 29%
clayey-loamy-clay texture and 14%, clay texture;
basically, more than 90% of the catchment area is
covered by soils possessing moderate-fine texture.
Over the soil profile, the clay percentage usually
increases just beneath topsoil, so that in the Bt
horizon the clay percentage is even higher. The
topsoils’ texture map is shown in Fig. 1. The texture
determines many other soil properties, like the
saturated hydraulic conductivity (Ksat), which shows
a high spatial variability in the catchment; thus, Ksat
ranges from about 20-30 mm/h in the topsoil of
various land uses (forests, orchards, arable lands etc.)
to less than 0.3 mm/h deeper in the subsoil of either
land use (Paltineanu et al., 2019). The minimum Ksat
values from the Bt horizon determine the low water
and solute movement in the whole soil profile, mainly
from surface toward groundwater (Paltineanu et al.,
2000).

Bulk density (BD) usually ranges from about
1.1 kg/dm? in topsoil to a maximum of 1.6 kg/dm?
deeper in Bt horizons, The prevalent (70% of the
area) land slope of the catchment is between 0 and
0.02 m/m, followed by 0.02 - 0.05 m/m (22%) and by
0.05 - 0.08 m/m (5%). Higher slopes (above 0.15
m/m) prone to runoff and erosion are only found near
valleys, occupying small areas.

Applied fertilizers on agricultural (mainly
arable, then orchards, vineyards and pastures) lands
are potential sources of chemical substances that
might reach groundwater flowing generally to the
Glavacioc River, with which interacts closely. The
specialized research institution involved in the region
is the Agricultural Research Station Teleorman from
Draganesti-Vlasca, county Teleorman, Romania.
This unit applies less than 500 kg/ha as mineral
fertilizers (20:20:0 NPK complex fertilizers),
Calcium ammonium nitrate, urea, ammonium nitrate
and phosphate, in total as gross weight. The applied
nutrients are assumed as potential sources of
environmental pollution.
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Water table ranges from near soil surface in the
flood plains close to River Glavacioc to more than 20
m in the higher ground in the interfluves. Deep water
table values are prevalent in the catchment.

3.2 Water pH

Across the Glavacioc catchment the surface
water presents higher pH values, being slightly
alkaline, versus the groundwater that is neutral, Fig.
2. The differences between these two water categories
are significant. The water from the supply network is
also neutral. The pH range was relatively narrow for
both water types, namely between 0.5 and 1 unit
around their means.
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Figure 2. pH of the water body types (groundwater and
surface water) investigated from the Glavacioc catchment;
note here and in the following graphs that the vertical bars
show the minimum and maximum values, respectively,
whereas the horizontal continuous lines are the minimum
and maximum permissible legal limits, respectively ***;
the tap water is from the local water supply network, and
the groundwater refers to the unconfined (phreatic) aquifer

3.3 Water content in HCOs', SO42, CI, NO3"
anions

Figure 3 shows the water content in HCOj' that
is higher, but not significantly different, in the
groundwater versus the surface water; this is
attributed, most probably, to the different nature of
the environment through which the precipitation
water flows toward both water types. The tap water
presents substantially lower values.
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Figure 3. Water content in HCOs" of the water body types
investigated from the Glavacioc catchment

A similar situation is also found for two other
anions analyzed here, SOs2 and CI, with the
groundwater content being higher than the surface
water content; these differences are not significant
either, Fig. 4a and 4b, having probably the same
causes. The tap water presents a lower content in
these anions.

Large amounts of nitrates have been found in
the groundwater; i.e. 345 m/dm? (Fig. 5a), exceeding
by about seven times the maximum contaminant level
- MCL value that is 50 mg/l (***Romanian Act Legea
311/2004). Thus, for human consume the
groundwater is not suitable from the view point of
nitrate content.

Even the surface water from the Glavacioc
River has presented a high content in NOs (169 mg/
dm?®) when the sampling point AS4 has been chosen
downstream of a certain location where there has been
a nitrate spill; however, upstream the AS4 point the
nitrate content is low (Fig. 5b). In either of these two
situations there are significant differences between the
nitrate content from the groundwater, which is highly
pollutant with this anion, versus the surface water of
the River. The tap water from the water supply network
presents low nitrate content (24 mg/dm?®) and does not
cause problems to the inhabitants of the region.

3.4. Water content in Ca*?, Mg*, Na*, K*
cations

Groundwater contains higher amounts of Ca*?
and Mg*™ versus surface water, yet with non-
significant differences between them in the case of
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Figure 4. Water content in SO42 (a) and CI- (b) of the water body types investigated from the Glavacioc catchment,
maximum permissible level is 250 mg/dm? for both aforementioned anions ***
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Figure 5. Water content in NO3™ of the water body types investigated from the Glavacioc catchment in two situations:
with all water sampling points including AS4 (a), and without AS4 (b); maximum contaminant level is 50 mg/dm?3***

Ca*?, Fig. 6a, and significant differences in the second
case, Fig. 6b. This can be explained by the enriched
subsoil in these two cations and rainfall water
infiltration and flow toward groundwater. Tap water
presents lower Ca*? and Mg*? values; water hardness
is higher in the case of groundwater due to the Ca*?
content, compared to surface water and tap water
alike.

The water contents in Na* and K* are presented
in Fig. 7a and 7b. The Na* content is higher in the

groundwater versus the surface water, without
significant differences between then, and the tap
water shows the lowest values. The K* content is
higher in the surface water, however with non-
significant differences between the two situations.
The tap water contains the lowest Na* and K* values.
Because the Na" content mean is lower than 200
mg/dm3, the groundwater has a normal content from
this view point. Nevertheless, the permissible level of
Na+ content in some wells was exceeded.
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Figure 6. Water content in Ca*? (a) and Mg*? (b) of the water body types investigated from the Glavacioc catchment

280
260 9
240
220
200

—~180

E 160

}"140 ]

£

5 120 -

Z100
80
60 :

40 '_ A5

2 B B

0

Maximumppermissible limit- 200 mg/dm3

Surface water

Goundwater

a)

8.0 -
70 -
6.0 |
5.0

4.0 -

K* (mg/dm?)

3.0 -

2.0 -

ALY
SRR LY
TELL LTIt a AL LTttt

1.0

)

)
)

WY
332
)
LEL T

0.0 -

Goundwater Surface water

b)

Figure 7. Water content in Na* (a) and K* (b) of the water body types investigated from the Glavacioc catchment;
maximum permissible limit for Na* is 200 mg/dm?3 ***

3.5. Electrical conductivity (EC) and
mineral residue (MR) in water

EC is significantly higher in the groundwater
versus the surface water, Fig. 8a, while MR is non-
significantly higher, Fig. 8b. The lowest EC and MR
values occur in the tap water.

Residual sodium carbonate (RSC) and sodium
adsorption ratio (SAR) are important for water
quality used in irrigation and are presented in Fig. 9a
and 9b. According to RSC, the groundwater presents
lower values due to the Ca*? and Mg* cations
prevalence versus the HCOs™ and COs anions from
the RSC formula. Because both the groundwater and

surface water present RSC values that are lower than
0.5, both water types are recommendable for use in
irrigation. According to SAR, both the groundwater
and surface water present lower values, i.e. < 3,
allowing their use in irrigation too. Unexpectedly, the
tap water from the water supply system present higher
RSC and SAR values.

Correlations were found between water
mineral residue and some water chemical
components: anions (HCO3", NOg, CI-, SO4?), cations
(Na*, Mg*?, Ca*?, K*) and electrical conductivity for
both water types studied.

Relationships found between water mineral
residue as an independent variable and some water
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chemical components and electrical conductivity as
dependent variables for both water types studied are
depicted in Fig. 10. All the regression equations
describing the correlations mentioned above are
direct, and linear or curvilinear, highly significant,
except the relationships between the mineral residue
and Ca*? cation that is distinctly significant. The
highest R? values have been obtained for the
relationships between the mineral residue and CI,
Mg*? and HCOgs, while the lowest R? values have
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been found for the relationships between the mineral
residue and Ca*? and SO4? ions. According to the
methodology developed by Florea (1976), in all the
analyzed water samples the prevalent naturally-
derived anions (no nitrate) are carbonate and
bicarbonate ions (73%), followed by chloride ions
(18%) and sulfate ions (9%); from the cation point of
view, the dominant ions are Mg*? (38%), followed by
Na*" and K* (36%) and Ca*? (26%).
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Figure 8. Electrical conductivity (a) and water mineral residue (b) of the two water body types investigated from the
Glavacioc catchment; maximum EC permissible limit is 2500 puS/cm ***
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4. DISCUSSION

The slightly alkaline chemical reaction of the
groundwater and the neutral pH of the surface water
are most probably caused by the mineral nature of the
soils and shallow rocks from this catchment and by
the nature of substances resulted from human activity
as well. Human activity and the specific landscape
determine the concentration of nitrate in
groundwater. For instance, very recent studies in
areas with both shallow and deep water table (Biddau
et al., 2019) found that in low areas not only a large
fertilizer application, but also manure application and
local sewage were related to higher nitrate
concentration in shallow groundwater; however, in
clay-dominated areas with low hydraulic
conductivity and deeper water table, as is the case of
the present paper, only low nitrate concentration was
found. Unlike some western or southern European
countries and regions worldwide with shallow water
table and where farmers apply large amounts of
fertilizers, specifically N-based fertilizers, Romania
does not seem to have large-scale problems of nitrate
pollution due to agriculture.

Because the sampling points are all in the built-
up area of settlements, it is highly probably that the
higher content values of cations and anions in water

could be due to the domestic contribution occurred
and facilitated through infiltration of water containing
various amounts of pollutants coming from animal
stables, unlined toilets dug 2-3 m in depth and that are
closer to the water table and, more importantly, have
their bottoms beyond the limits of the soil and clay
deposits that possess low permeability. Another cause
might be the leaching of solutes and polluted water
from human households directly toward the water
table, or even near the wells™ tubes. This aspect
should be clarified through future investigations.

As seen from the figures presented in the
previous section, there was a large spatial variability
among all the water properties analyzed.
Nevertheless, comparing the current values of the
groundwater content in anions and cations with its
older values written on hydro-geological maps issued
at the beginning of the 1970s years, even if this
comparison is approximate because the water
samples have not been collected from the same wells,
the following observations have been noted:

a) the current mean values of the CI- (171 mg/l)
and SO42 (88 mg/l) are higher versus the old ones
from the maps (**The Hydrogeological Map of the
Danube Plain), which ranged between cca. 20 and
100 mg/l between 20 and 50 mg/l, respectively,
probably due to the subsequent contribution of such
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substances to the groundwater and attributed to
human activities,

b) the current values of the Na* cation content
in the groundwater, 95.5 mg/l, is within the same
large range from the years 1970s (**The
Hydrogeological Map of the Danube Plain), i.e. 50-
100 mg/l, meaning relative stability and equilibrium
between sources and transfers from the catchment,

c) the current mean value of the Mg*? cation
groundwater content (113 mg/l) exceeds substantially
the old values (**The Hydrogeological Map of the
Danube Plain) that were approximately between 30
and 50 mg/l, but this observation should be viewed
with caution due to the difference of the
determination methods used,

d) the water mineral residue (1133 mg/l)
remains within the same range that was in the 1970s,
(**The Hydrogeological Map of the Danube Plain)
i.e. 1000-1500 mg/l.

The chemical composition of the soils from
arable lands shows a higher leachable potential versus
the soils of forest lands; the existence of some
harmful anions to human health, like N-NOg, from the
wells situated within the built-up area of villages and
settlements does not necessarily demonstrate their
leaching from the arable land area toward the
groundwater, due mainly to the low soil hydraulic
conductivity of the Bt horizon, but rather the
suspicions of deficiencies of hydrological isolation of
the nitrate sources from human households, as
already mentioned. Because there is groundwater
pollution, mainly with nitrate, in the built-up area of
villages with heavy-clay soils that are prevalent in
this catchment and that possess low water
permeability, this situation could probably be similar
in other regions and might become a more spread
feature in such environments in this country and other
countries alike. Indeed, in a different environment, in
the north-western part of Romania, Martonos & Sabo
(2017) reported similar results with regard to the
higher levels of sulfate (147- 260.5 mg/l) and nitrate
(136.5 - 334.1 mg/l) in the water from wells.

These aspects, combined with other specific
aspects should be further investigated including
deeper drillings carried out in both arable and forest
soils to groundwater.

5. CONCLUSIONS

Across the Glavacioc catchment, the surface
water presents significantly higher pH values, being
slightly alkaline, versus the groundwater that is
neutral.

The water content in HCOs, SO42 and Cl- is
higher, but not significantly different in the

groundwater versus the surface water. The prevalent
ions in water are HCO3™ and Mg*2.

Large amounts of nitrates have been found in
the groundwater samples from the wells in the built-
up area of the villages, exceeding by about seven
times the maximum allowed content value that is 50
mg/l. There are significant differences between the
nitrate content from the groundwater, which is highly
pollutant with this anion, versus the surface water of
the Glavacioc River. Thus, for human consume the
groundwater from wells is not suitable from the view
point of nitrate content.

Groundwater contains higher amounts of Ca*?
and Mg*? versus surface water, with non-significant
differences between them for Ca*? and significant
differences for Mg*. This can be explained by the
enriched subsoil in these two cations and rainfall
water infiltration and flow toward groundwater.
Water hardness is higher in the case of groundwater
due to the Ca*? content, compared to surface water
and tap water alike. The Na* content is higher in the
groundwater versus the surface water, without
significant differences between then. The K* content
is higher in the surface water, with non-significant
differences between the two situations. Residual
sodium carbonate (RSC) is lower than 0.5, and
sodium adsorption ratio (SAR) is < 3 in both water
types, and because the Na* content is lower than 200
mg/dm3, the groundwater has a normal content from
this view point and can be used for irrigation.

As already seen, the groundwater contains
higher anion and cation contents versus the surface
water of the Glavacioc River, and for some of these
components with significant differences. Even if the
general direction of groundwater flow is toward the
river, the river water shows a lower pollution level,
probably because the fact that the polluted area in the
built-up villages is small, punctual, specifically for
nitrate, versus the larger field area around.

There are relationships between water mineral
residue and some water chemical components: anions
(HCOs, NOsg, CI;, SO4?), cations (Na*, Mg*?, Ca*?,
K*) and electrical conductivity for both water types
studied.

Because the sampling points are all in the built-
up area of settlements, it is highly probably that the
higher water content values of cations and anions
could be due to the domestic contribution occurred
and facilitated through infiltration of water containing
various amounts of pollutants coming from animal
stables, unlined toilets dug 2-3 m in depth and that are
closer to the water table and, more importantly, have
their bottoms beyond the limits of the soil and clay
deposits that possess low permeability. Another cause
might be the leaching of solutes and polluted water
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from human households directly toward the water
table, or even near the wells’ tubes. This aspect
should be clarified through future investigations.

The chemical composition of the soils from
arable lands shows a higher leachable potential versus
the soils of forest lands, but due to the low soil
hydraulic conductivity the flow of water and solutes
toward groundwater is generally limited; the
existence of some harmful anions to human health,
like N-NOs, from the wells situated within the built-
up area of villages and settlements does not
necessarily demonstrate their leaching from the
arable land area toward the groundwater, but rather
suspicions of deficiencies of hydrological isolation of
the nitrate sources from human households.

Even if there are significant differences
between some chemical components of groundwater
and surface water, these both waters can be used for
irrigation, but not for human consume until important
measures are implemented to improve their quality.
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