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Abstract. The present study estimates chemical composition and status of the groundwater from the Nistru (Dniester) 
river basin (about 360 springs and fountains). Research includes defi ning of springs/fountains location, evaluating 
physicochemical features of water, highlighting of main pollutants and pollution sources, establishing of water type 
and quality. It was established that springs/fountains with water that meets the criteria for drinking scope constitute 
21%, sanitary acceptable for consumption is water from 129 springs/fountains, with high content of dissolved salts 
(mineralization >1000 mg/dm3) and hardness exceeding 10 me/dm3 (very hard water) were in 18.5% of sources and 
approximately 25% of the springs are water polluted with nitrates and its content is more than the MAC from 1 to 6 
times.
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Introduction
The groundwater plays special role in terrestrial water balance [1, 2]. It is an important component of the 

hydrological cycle as part of the underground water fl ow being the largest reservoir of freshwaters, representing more 
than 97% of all water available for consumption in the world. EU Framework Directive on Water, adopted in 2000, 
sets out the concrete objectives for groundwater related issues and namely: achieving good status (quantitative and 
chemical) and limiting its deterioration, “preventing or limiting” the discharge of pollutants, taking measures to reduce 
any signifi cant and sustained tendencies of pollutant concentrations increase [3]. Additional conditions for chemical 
state and its assessment procedures, protection of groundwater against pollution and deterioration, including criteria for 
assessing good chemical composition are developed within Groundwater EU Directive 118/2006/EC [4]. 

Approximately 40% of the rural population is supplied with water from underground layers with hydrostatic 
pressure (6200 wells) and the fi rst layer water (without pressure) (about 150 thousand wells and springs), which provides 
1.811 million m3/day confi rmed reservations [5]. From the total national administered groundwater volume only 50% 
can be used for drinking purposes without prior treatment. 

The change of composition and physical and chemical properties of groundwater are caused by human activity. 
The spectrum of natural and artifi cial pollutants is broad (nitrogen compounds, pesticides, selenium, sulphates, etc.), the 
mineralization and total hardness values of groundwater is exceeding with 2-5 and more times sanitary-hygienic norms 
and provokes  nitrate pollution [6]. Variation of NO3

- content and of borehole depth is an argument for groundwater 
pollution by nitrates that occurs vertically from the earth’s surface. In the wells up to 30-40 m are registered the highest 
values of nitrate [7, 8]. 

In Moldova, the majority of small localities haven’t the centralized water supply systems. The main legal act is 
the Law on drinking water [9], which regulates relations in the fi eld of drinking water supply, aspects related to water 
for human consumption and provisions related to non-centralized water supply systems - installation and construction 
(wells, springs, etc.) for potable water capture and distribution  without the supply to place of consumption. 

The groundwater’s quality depends on the surface water status. In the areas where the ground water basis is very 
permeable (sand, gravel), the connection between surface water and groundwater is strong [10]. But researches show 
that in the Republic of Moldova inland surface waters have a high degree of pollution [11-13], as pollutants in surface 
waters penetrate the ground and vice versa.

A comprehensive study on the quality, type and qualifi cation of spring’s water in the country were conducted for 
Prut Basin (about 400 springs) [14-17]. The evaluated correlation between nitrate content and the macro components of 
water in several wells and springs in the country highlights the potential pollutants and their accumulation trends [18]. 
About 160 wells and springs from all over the country were described by Overcenco A. and co-authors [19]. 

In the present study was estimated chemical state of groundwater from the Nistru river basin (about 360 springs 
and fountains in villages and communes of the administrative districts: Rezina, Soldanesti, Telenesti, Orhei, Calarasi, 
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Straseni, Criuleni, Anenii Noi, Ialoveni, Causeni and Stefan Voda). Some results are published in the scientifi c editions 
[20-25]. Research includes the estimating of location in space of springs/fountains, evaluating physic-chemical features 
of water, highlighting pollutants and main pollution sources, establishing of water type and qualifi cation for use.

The research was achieved within the State Program “Scientifi c research and water quality management” 
(coordinator acad. Gheorghe Duca), the project “Role of tributaries on the Nistru river water quality formation and study 
of springs water quality from the Nistru basin as sources for water supply and irrigation”, leader Gladchi V.

Research methods
The research methods have been adopted in relation to the objectives of the study. Investigations on water sources 

included the following:
• Sampling. Water samples from springs/fountains (the Nistru river basin) were collected in accordance with 

regulatory requirements [26] in the type of dishware, storage conditions and performing analysis. In place of sample 
collection was determined smell, taste, fl ow, pH and water temperature.

• Assessment of chemical composition. Springs water content of components was determined in the laboratory 
by standard methods EN ISO [27, 28] and traditional [29, 30].

• Determination of water type and qualifi er for consumption. It was evaluated water type and calculated the 
Stebler coeffi cients of irrigation [31] for researched waters. Water qualifi er for consumption was established according 
to the provisions of the Governmental Decision of the Republic of Moldova [32].

• Correlation between water components. To assess the correlative links between ion concentrations was used 
to rank correlation index r of Spearmen [33]. Spearman’s rank correlation coeffi cient, like the Pearson r, measures the 
strength of relationship between two variables. While the Pearson product moment correlation coeffi cient requires both 
variables to be measured on an interval or ratio scale, the Spearman’s rank correlation coeffi cient only requires data that 
are at least ordinal. When it is low of 0.05, i.e. R <0.05 means lack of correlation between the concentration of ions. The 
correlation coeffi cient from empirical regression curve [34] range from very small (<0.1) to low (0.1 ↔ 0.3), medium 
(0.3 ↔ 0.5), high (0.5 ↔ 0.7) to the very large, nearly perfect (0.7 ↔ 0.9 and > 0.9).

Results and discussions
According to the hydro geological characteristics in area of study, the groundwater’s that feed springs/fountains 

are stored mainly in packages of Neogene aged rocks. The erosion processes that occurred along time, opened aquifers 
stratum and their water come up in the slopes of river valleys, large ravines and valleys. Over the level of rocks 
base erosion are spread the sub layer of rocks from inferior and medium Sarmatian. In these layers are concentrated 
the aquifers with stable exchange potential for spring’s formation. Lower Sarmatian aquifer which has the greatest 
importance in the regional water supply is largely spread. The waters are concentrated in the limestone formations of 
shale cracked inclusions, sandstone and sand. Their thickness is ranging from 20 to 30 up to 50 m. The discharge of 
the springs/fountains is from 0.05 to 1.0 m3/s, but sometimes some of the water record exceeds the norm with more 
than 10 m3/s. The salts content parameters of the waters are sweet, with a degree of mineralization below 1.0 g/dm3 and 
occasionally – 1.5 g/dm3 and after ionic composition they are magnesium-sodium hydrocarbonate type that go to west 
in the hydrocarbonate-sulphate and sulphate – hydrocarbonate. 

Medium Sarmatian aquifer is sporadic widespread, being stuck in loamy and limestone rocks, which is spread 
over the inferior Sarmatian formation. This aquifer has a lower capacity due to lack of border between the two aquifers 
in these latitudes a stable layer of impermeable rock, so the waters fl ow downward, thus is fuelling inferior Sarmatian 
aquifer and increasing its fl ow. The fl ows of the springs/fountains that form from this aquifer varies considerably from 
0.01 to 1.5 m3/s for those that fl ow from sandy loam rocks and from 10 or more liter for the ones fl owing from limestone. 
The water are sweet, those of hydrocarbonate type with a fi xed residue between 0.4 and 0.5 g/dm3 [35].

Feeding area of aquifers practically overlaps with the limits of the target region. The presence of limestone karsts 
on the surface of river valleys facilitates penetration of atmospheric precipitation, which is the dominant source of 
supply, the same stands for the supply of the inferior Sarmatian aquifer from rivers. The Nistru river and its tributaries 
serve as main zone for water download, forming the hydrographical network of the territory [36].

The ionic composition occurs due to the relationship between ions accumulation in water and salts sedimentation 
corresponding to their solubility under the infl uence of physical-geographical, chemical and biological factors, but the 
peculiarities of water formation lead to a variety of ionic content and total mineralization. Thus the chemical composition 
of groundwater is not constant and supports changes both in the time and in the same aquifer values. Substances content 
in water increases as a result of evaporation and dissolving, the phenomenon that occurs mainly in groundwater horizons 
and intensifi es as the temperature is increasing but the humidity decreasing, also as a result of horizontal and vertical 
migration, including from surface waters.

In this study, conducted during the period of 2009-2012 was determined geographical location, smell, taste, 
fl ow, pH and temperature (at sample collection), evaluated in laboratory conditions chemical composition of water 
from 362 springs/fountains from rural localities (about 160) of the Nistru river basin (villages and communes from 
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the administrative districts Rezina, Soldanesti, Telenesti, Orhei, Calarasi, Straseni, Criuleni, Anenii Noi, Ialoveni, 
Causeni and Stefan Voda) to identify springs/fountains, water that is contaminated with various compounds in quantities 
exceeding the maximum allowable concentration (MAC). 

The research results denote that water from all sources is colourless, has no specifi c odour and taste. District 
average values of hardness, mineralization, nitrates and macro components content in springs/fountains water from the 
Nistru river basin are presented in table 1. 

Table 1.
District average values of hardness, mineralization, nitrates and macro components content 

in springs/fountains water from the Nistru river basin.
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Hardness, me/dm3 10.1 7 10.9 9.5 9.6 10.4 9.8 11.4 10.6 9.96 12.9

Ca2+, mg/dm3 123 84 134 114 92 104 82 107 145 84 44

Mg2+, mg/dm3 49 35 54 48 63 65 68 78 43 71 129

Na+, mg/dm3 60 95 211 91 116 127 158 136 188 240 259

Mineralization, mg/
dm3

723 636 1220 768 863 982 1042 968 1225 1008 1717

Cl-, mg/dm3 47 42 76 56 80 120 73 85 78 126 239

HCO3
-, mg/dm3 536 445 663 566 484 550 563 623 675 617 526

SO4
2-, mg/dm3 101 76 354 134 219 218 256 193 271 220 407

NO3
-, mg/dm3 40.8 46.4 31.8 38.4 32.4 23.1 42.0 55.2 54.8 52.2 28.6

Figure 1. The qualifi er of springs / fountains waters from under study localities in conformity with its 
chemical composition (“potable” - hardness <7 me/dm3; “acceptable sanitary” - hardness 7-10 me/dm3; 

“mineralized” – hardness > 10 me / dm3 and mineralization > 1000 mg/dm3).

Water springs from Stefan Voda and Ialoveni districts have the highest medium hardness, average of mineralization 
exceeding MAC - in villages and communes of the Stefan Voda, Anenii Noi and Telenesti districts and average nitrate 
content exceeding MAC - in villages and communes of the Ialoveni, Anenii Noi and Causeni districts.
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The springs/fountains with water that has hardness less than 7 me/dm3 and meets the criteria for drinking scope 
are in total 77 (21%), most being in Soldanesti (19), Calarasi (13), Criuleni (12 ) and Rezina (11) districts and the least 
- in Ialoveni, Orhei, Telenesti, Stefan Voda and Anenii Noi. It was found that hardness does not exceed the sanitary 
acceptable limits for consumption (7-10 me/dm3) in water from 129 of springs/fountains, most being in Rezina, Telenesti 
and Orhei districts. A high content of dissolved salts (mineralization greater than 1000 mg/dm3) and hardness exceeding 
10 me/dm3 (very hard water) were in 67 sources (the Rezina district there are 19 localities and Ialoveni - 16) (fi g. 1).

The main concern is the fact that on average about 25% of the springs/fountains (89 out of 362) contain polluted 
water, the nitrate content exceed the MAC (50 mg/dm3) from 1 to 6 times, most of them being in villages/communes 
from Rezina (23) Criuleni (17) and Ialoveni (16) districts.

Water type
According to scientifi c classifi cation the waters are defi ned in terms of weight cations and anions present in 

excess of 20% of the total chemical equivalents highlight in a litre of water. 
Chemical composition of water from investigated springs/fountains shows that in 94% of cases water after anion 

is of bicarbonate type, with various modifi cations (HCO3 - SO4, HCO3 - Cl, (HCO3 - SO4 - Cl, HCO3 - Cl - SO4) and only 
5.8% of the waters are sulphate-bicarbonate type with variations SO4 - HCO3 - Cl and SO4 - Cl - HCO3 (fi g. 2). 

Along with increasing of concentration the ratio SO4
2-/Cl- decreases, instead that due to CaCO3 precipitation in 

conformity with the product solubility (PS) increases the value of ratio Mg2+/ Ca2+ (PS for CaCO3 is equal to 2.884.10-9 
– 5.368.10-9). It was found also the presence of nitrate type in water of 53 springs/fountains (about 15%).

Weakly mineralized groundwater’s of bicarbonate (anions) and calcium (cations) type gradually move to more 
mineralized waters as mixed bicarbonate (anion) and sodium or sodium-magnesium mixed (sometimes sodium) - after 
cations. They are also highly mineralized ground water, bicarbonate- chloride and bicarbonate-sulphate according to the 
anions and mixed sodium-magnesium and sodium as cations. That hydrochemical diversity is closely linked to changing 
of the natural conditions (precipitation, evapotranspiration intensity, depth of the groundwater etc.).

Figure 2. The quota of springs/fountains from investigated villages/communes and water type 
(according anions).

Depending on the cations content approx. 47% of the analyzed waters are of calcium type with different secondary 
cations (Ca - Mg - Na, Ca - Mg, Ca - Na - Mg, Ca - Na and Ca). Sodium ions prevail in the water composition of 41% 
of the springs/fountains, and the magnesium - to 12% (fi g. 3).
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Figure 3. The quota of springs/fountains from investigated villages/communes and water type 
(according cations).

Correlation between components content in springs/fountains water
The correlative links between the ions concentration in springs/fountains water were assessed using rank 

correlation index R of Spearmen with minimum value of 0.05, which lacks correlation between the content of chemical 
indicators. By systematizing the mineralization, hardness, content of Na+, Ca2+, Mg2+, Cl-, SO4

2-, HCO3
- and NO3

- ions 
(media per district) of springs/fountains water (basin of the Nistru river) from the centre to the south it was established 
a positive dynamic with high correlation of mineralization (R2 = 0.5171), Na+ (R2 = 0.5614), Cl- (R2 = 0.5521) ion 
concentration and hardness (Ca2+, Mg2+) (R2 = 0.45). The correlation coeffi cient has medium values for SO4

2--ions (R2 
= 0.3781) and small for HCO3

- (R2 = 0.1629). Practically the correlation for nitrate ions content is absent (R2 = 0.0363) 
(fi g. 4 a, b, c).

Thus to the Southern districts in the water increases the components concentration that arise from contact with the 
rock, soil solution but water springs/fountains pollution with nitrates persists regardless of studied water source location. 
It shows a positive correlation between the districts media content of NO3

- ions higher than MAC and water hardness 
(y = 0.72 x + 9.2133, R2 = 0.9959). Thus, simultaneously with the accumulation of nitrate ions in water increases its 
hardness. Signifi cantly is the correlation coeffi cient between the springs quota (%) water  of which is polluted with 
nitrates, and spontaneous landfi lls number in districts (R2 = 0.7218) (fi g. 5).

The results on nitrate in mineralization in each year of 1-2% of organic nitrogen [27] in view of the fact that their 
salts are very soluble in the soil solution and in the form of diffusible ions migrate into the ground water.

Qualifi er of springs/fountains water for irrigation use 
The qualifi cation of waters for irrigation purposes was estimated by taking as a basis the coeffi cient Stebler. By 

calculating of water irrigation coeffi cient in the investigated zone,  it was found that 213 of sources (about 59%) have 
water mark “good” for irrigation, 92 (25%) - “satisfactory” and 57 of springs and fountains (16%) have water mark 
“poor” for irrigation (fi g. 6).

The results of the conducted research referred to the groundwater protection and the developed recommendations 
were elaborated and disseminated in the territory of district authorities and local public administration concerned. 

Taken into the fact that Nistru river basin (targeted by research districts) consists small number of Natural 
Hydrological Monuments protected by the State (14), the research conclusions will be presented to the Ministry of 
Environment with the scientifi c argumentation and ecological passports of 6-8 springs/fountains with quality water to be 
further included in the list of State Protected Natural Areas.
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Figure 4. The dynamics (media per district) 
of hardness (a), Na+, Cl-, NO3

- ions (b) and 
mineralization, SO4

2-, HCO3
- (c) content in  springs/

fountains water (basin of the Nistru river) in 
direction from centre to the south.

Figure 5. The correlation between the springs quota (%), water of which is polluted with nitrates, 
and spontaneous landfi lls number in districts (R2 = 0.7218).
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Figure 6. Qualifi cation of waters for consumption in irrigation on districts in the study according to the 
chemical composition.

Conclusions
The springs/fountains with water that meets the criteria for potable purposes are in total 77 (21%); water 

acceptable from sanitary norms for consumption is present in 129 springs/ fountains. A high content of dissolved salts 
(mineralization greater than 1000 mg/dm3) and hardness exceeding 10 me/dm3 (very hard water) were found in 67 
sources (18.5%) and approx. 25% of the springs/fountains (89) contain polluted water with nitrate content exceeding 
MAC with 1 to 6 times.

Chemical composition of water from investigated springs/fountains shows that in about 94% of cases water after 
anion is of bicarbonate type, with various modifi cations (HCO3 - SO4, HCO3 - Cl, (HCO3 - SO4 - Cl, HCO3 - Cl - SO4) 
and only 6% of the waters are sulphate-bicarbonate type with variations SO4, - HCO3 - Cl and SO4 - Cl - HCO3.

Nitrate type was found in water of 53 springs/fountains (approx.15%).
Depending on the cations content approx. 47% of the analyzed waters are of calcium type with different secondary 

cations (Ca - Mg - Na, Ca - Mg, Ca - Na - Mg, Ca - Na and Ca). Sodium ions prevail in water composition of 41% of 
the springs/fountains, and the magnesium - to 12%.

The study shows that 213 of springs/fountains (about 59%) have water mark “good” for irrigation, 92 (25%) - 
“satisfactory” and 57 (16%) have water mark “unsatisfactory” for irrigation.

A signifi cant coeffi cient correlation between the number of polluted water sources with nitrates and the 
spontaneous dumps in rural districts (R2 = 0.7218) denote that it is necessary to conduct urgent sanitation actions to 
offset the pollution outbreaks.

Same recommendations for protection of water:
To prohibit in all areas of domestic and industrial waste storage (liquid and solid) in the zones of water protection, 

especially for drinking water supply;
To encourage scientifi c research and education on water protection within the target districts;
To carried out the afforestation and grassing of the area around the water sources;
To organize an ecological reconstruction of water sources, elimination of natural water pollution sources 

(groundwater and surface water, because the pollutant migrate from one aquifer to another).
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