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Abstract. Groundwaters are used for domestic coptam including drinking water, commercial,
industrial as well as for irrigation. It is well &wn that the water-related health problems are the
result of microbial and chemical contamination dfhking water. The main objective of this study
was to determine quantitatively the contributiorfissarious ground-water nitrate pollution sources
including chemical fertilizers and animal wasteglegul to croplands using the statistical approaches
of PCA. In this respect, 240 wells water samplesewallected from pre-existing wells, situated
mainly in rural agricultural area from Targovist@iR, Romania, between September and November
2014. Sampling was performed in according with ERAde for Ground-Water Sampling. Dissolved
cations including Ca, Mg, Na, K, Cr, Fe, and Mn, waralysed using an iCAP™ Q ICP-MS.
Dissolved anions (i.e. SO NO; and Cl) were determined using Dionex ICS-3000 lon
Chromatography system. Alkalinity of groundwater paa was measured by titration method to
quantify the carbonate species (mainly HGOQuality control (QC) of chemical analyses was
achieved by analyzing blanks duplicate samples. t#istical analysis of quantitative source
apportionment for the chemical investigated elesevds performed. The chemical parameters were
interpreted with Principal Component Analysis (PCRgarson correlation coefficient matrix using a
Student's t distribution in MatLab is used to deliee the linear dependence between the analysed
parameters. Schoeller diagram achieved with the WRac& AqQA program is presented for analysed
ions (SQ?%, HCOy, CI, C&*, Mg®") behavior interpretation. Durov Diagram is achiges well, for a
real interpretation of obtained data.
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1. INTRODUCTION

Rural areas from Romania are characterized by xiste@ce of sites with
common and important contaminations of water friwe wells with nitrogenous
substances and exceeded concentrations of metalsexample, beginning with
1955, the methemoglobinemia was recognized as qtigialth problem in rural
areas [1]. Responsible with this disease are tlnegeinous substances, especially
nitrates and nitrites, which are considered minamstituents of water. Usually,
nitrates in public-supply wells occur from resideh&ind agricultural fertilizers, or
seepage from a septic system. The natural nitnaggdundwater is normally less



than 10 mg/L, according with international legigat[2]. The major ions in wells
water are: calcium (G5, magnesium (M), sodium (N&) and potassium (¥, as
cations, and bicarbonate (HEYY carbonate (C§), sulphate (S¢), and chloride
(CI", as anions. Mainly, the rains are responsiblé tie presence of these ions in
wells. Many chemical substances are dissolved ioywater which passes through
the air and through and over the land. The gasaw fxir, including nitrogen,
oxygen and carbon dioxide are dissolved by the weater, pass through the
atmosphere and reach in wells water. The carbond#alissolution from the air is
important, because the resulted carbonic acid emsathe water's capacity to
dissolve certain chemical salts contained in roakd soil. When rain passing
through polluted atmosphere, the water dissolves glases associated with
pollution, including sulphur and nitrogen oxidedieBe dissolved gases increase
the acidity of water, as well as the water’s cayaa dissolve the salts. In present,
the existing information about the occurrence asttidution of major, minor ions
and trace metals in wells water from studied area {Targoviste Plain) are
insufficient. In this respect, this study aims thi@ve a water-quality data set by
using the consistent methods of sampling and aisalged statistical approach as
well, to provide a data base with which can compdaé obtained in future
sampling campaign. In the past few years numerdudies on the spatial
distribution of environmental components [3-8f wells water quality using
interpolation methods for the flow of nitrates f§,have been achieved. The spatial
distribution of the ions concentrations in wellsteravere achieved in this study.

2. EXPERIMENTAL

1.1 Description of study area

The analysis of hydrochemical parameters is focusethe groundwater
from a piedmont area (i.e. Targoviste Plain, wighrdces and alluvial cones in
steps). In figure 1 is presented the use of land@argoviste Plain, achieved by
using CORINE Land Cover CLC/2001.

Figure 1 - The use of land in Targoviste Plain.



With an area of 1061 Kmthe region includes floodplains and large tesace
of the lalomita and Dambovita rivers, composed lopmplex of gravel and sands,
covered by loess. Elevations decrease from norgotwh from 400 m to 200 m.
Shallow groundwater from Targoviste Plain is influed by climatic and
anthropogenic factors due to its circulation atlsiaadepths, phreatic layer being
situated at depths of 1-3 m in the floodplain, #+6n the lower terraces of rivers
lalomita and Dambovita and maximum 25 to 26 m ie thgh terraces of
Dambovita river. The areas where the groundwatenear the topographical
surface or in close proximity of Dambovita and Haita rivers are most exposed to
contamination by various pollutants. Groundwatewedl represented in studied
area, being used mainly for household. Groundwaessquartered at different
depths (1-5 m in the space of floodplains, to tleit®west and the Southeast
region; 5-10 m in the Northern part of the Targtwi®lain and Dambovita-
lalomita interfluve; 10-20 m in the areailBni-Dobra). With a population of
200,000 habitants, the region has a predominarghcwtural character (53%
arable land, pasture and meadow 9%), forest asgmegenting only 25% (figure
1). Targoviste Plain is famous for vegetable cr@$s of arable land, especially in
area Bileni, Silcioara, Targoviste, Byani, Vicaresti).

1.2 Sampling and sample analysis

In this study 80 wells were selected to providestidy spatial distribution
across the studied land (figure 1), having variat#@pths hydrostatic level (3.0 —
27.5 m) and placed in households or near them. Sdmapling depth ranged
between two and fifteen meters. The wells waterptesnwere collected between
September and November of the 2014. Sampling asdurfield measurements of
groundwater were performed based on the EPA Goid&rfound-Water Sampling
[8]. The measurements of water temperatures, péttridal conductivity (EC),
TDS, and salinity were performed by using a muttpaeter Consort 3030.
Alkalinity was determined by titration methods irder to quantify the carbonate
species in the groundwater [9]. Groundwater samplke® filtered through 0.45-
um cellulose membranes and then transferred intewashed HDPE bottles.
Samples used for the analysis of major cationdudieg C&*, Mg*, Na', K",
Criotar F8otar @and Mny,, were acidified to pH < 2 by adding a few drops of
ultrapure nitric acid. 25 £ 1 mL sub-sample andaaid mixture (HNQ 67%. high
purity, Merck and HCI 37%, Merck) were dispensetb ia digestion vessel, and
then were digested on a hot plate by using a TOBwdicrowave-assisted
pressure digestion [10-12]. All chemical reagenteren of analytical grade.
Deionized water (resistivity of 18.2 Mcm) was obtained with a Milli-Q System.
The cations concentration was determined using G&PM Q ICP-MS. The
relative standard deviation (RSD) for analyzed peirs was 0.01%-3.58% (table
1). Limit of quantification (LOQs) was performed Istandard curve. Metals
calibration curves showed good linearity over thacentration range (0.1 to 10.0
mg/L) with R correlation coefficients in the range of 0.9941899.

Dissolved anions (i.e. $& NO; and Cl) were determined using Dionex
ICS-3000 lon Chromatography system. The ion chrographic analysis of nitrate
in water samples [13] collected from different wels accomplished using direct
UV detection of analyte at 210 nm. This method wlagsen because is free from



the most ionic interferences due to the specifioftyJV detection. In this analysis
nitrate was determined in 10 minutes using an I0BPAS9 analytical column
with AG9 guard; the eluent was 1.8 mM&®/1.7 mM NaHCQ; the flow rate
was 2.0 mL/min and sample volume 25pL.

Chloride and sulphate anions were determined & 1@sminutes using an
lonPac® AS24 column with an electrolytically gertech KOH eluent [13]. The
sample was injected direct with detection limits ihe single digit ppb
concentration range. The linearity, limits of déi@c and quantification of chloride
and sulphate determination were verified [13]. kraliion standards were prepared
fresh daily and immediately analyze. The calibraturve was linear with an’R
correlation coefficient greater than 0.9997 forat# in the range of 15 ppb to 75
ppm. The calibration curves were linear with ancBrrelation coefficient higher
than 0.9998 for chloride and 0.9996 for sulphateras) with a range of injection
from 0.1 to 10 mg/L for both injecting calibratistandards. The LODs for nitrate
was 3 pg/L for nitrate, 4 pg/L for chloride and &/lu for sulphate. The limit of
quantification (LOQs) ranged in the following vasud.0 pg/L for nitrate, 15 pug/L
for chloride and 28 pg/L for sulphate. Quality aoht{QA) of chemical analyses
was conducted by analyzing blanks and duplicateokznjl3].

A statistical analysis of quantitative source atipament for the chemical
investigated elements was performed. The hydrod@mparameters were
interpreted with Principal Component Analysis (PCAjearson correlation
coefficient matrix using a Student's t distributionMatLab is used to determine
the linear dependence between the analysed pamamedehoeller diagram
achieved with the RockWare AgQQA program and Dur@agehms are used for a
better interpretation of relationships between bgtlemical parameters.

3. RESULTS AND DISCUSSION

Concerning this study, it is well to know that thgroundwater
hydrostructures of Targoviste Plain are well indiwalized due to geological,
hydrogeological and geomorphological conditions. pdgraphy, hydrology,
hydrological and statistics data were processeddagitized using ArcGIS 10.2.
Thematic maps have been made based on spatiabdatalhe spatial distribution
of the ions concentrations were achieved usingtgastcal non-parametric and
non-linear estimation/simulation variable spati@dthods [14] as well as Kriging
indicator [15-19] IDW, Kriging and cokriging intesfations [20]. Also, in this
study for a better representation of spatial distion of obtained ions
concentrations (table 1), the interpolation functiwith barriers using Kernel
function Polinomial Order 5 [21, 22] was used (figei2 and 3). This method was
chosen due to the role of "barrier" representethbymainly arteries of Targoviste
Plain (e.g. lalomita River and Dambovita River).

Table 1 summarized the values for 15 hydrochenpeahmeters for 240
wells water samples collected from chosen wellsh whe concentration range of
each variable between a minimum and maximum, withaserage for each
parameter. The measured pH value was minimum &.5the of the wells from
Baleni site and maximum 7.39 in one of the wellsrfrBratesti site. The average



of pH for all collected samples was 6.87. For athlgzed samples the pH value is
in the limits approved by Romanian and internatidegislation.

Table 1
The hydrochemical parameters for sampled wellswate
Parameter Minimurmj  Maximum  Average RSD [%}
pH 6.53 7.39 6.87 0.02-0.07
Conductivity [uS/cm]| 455 5020 1286.42 1.71-2.9
Salinity [%0] 0.2 2.6 0.63 0.05-0.09
TDS Img/l] | 217 2550 621.61| 1.54-3.10
cat mg/L 20.40 94.60 40.98 0.14-1.10
meg/L 1.02 4.72 2.06 0.05-0.17
Mg?* mg/L 6.90 38.40 15.01 0.94-1.76
meg/L 0.57 3.16 1.24 0.04-0.08
Na’ mg/L 0.99 4.69 2.03 0.02-0.05
meg/L 0.99 4.69 2.03 0.02-0.05
K* mg/L 0.07 0.33 0.14 0.01-0.03
meg/L 0.07 0.33 0.14 0.01-0.03
NOs mg/L 21.50 60.40 36.14 0.64-1.15
meg/L 0.35 0.97 0.58 0.01-0.04
Cr mg/L 37.75 98.75 61.35 0.54-2.10
meg/L 1.06 2.79 1.74 0.01-0.14
HCOy mg/L 53.50 336.25 171.53| 0.58-3.58
meg/L 0.88 5.51 2.82 0.02-0.15
SO” mg/L 13.75 31.20 19.34 0.55-1.55
meg/L 0.29 0.65 0.41 0.01-0.02
Cliotal mg/L 0.01 0.09 0.03 0.01-0.03
meg/L 0.00 0.04 0.02 0.00-0.01
Mnyotal mg/L 0.01 0.17 0.04 0.00-0.01
meg/L 0.00 0.08 0.04 0.00-0.02
Feotal mg/L 0.11 1.22 0.31 0.01-0.03
meg/L 0.01 0.13 0.12 0.00-0.01

Total dissolved solid (TDS) concentrations rangeanf217 mg/L to 2550
mg/L, with a median value of 621.6 mg/L. The TD®whd a linear relationship
with the measured electrical conductivity >(R 0.9698) indicating that the
dissolved constituents of the groundwater compiige major ions. Ninety-five
samples (39.58% of the total of 240 samples) shdvigld TDS values exceeding
the admitted level for drinking water accordingwitvHO regulations (e.g. TDS
values must be at least 100 mg/L and optimal 2@D-A®/L [23, 24]). The
concentrations of the major cations and anions frnetis water samples are €a
(20.40-94.60 mg/L) and HGO(53.50-336.25 mg/L) followed by CT(37.75—
98.75 mg/L), N@ (21.50-60.40 mg/L), Mg (6.90-38.40 mg/L), S£H(13.75—
31.20 mg/L) and Na(0.99-4.69 mg/L). The maximum admitted concerdrati
(MAC), according with Romanian legislation [24]rfeeveral ions are: 250 mg/L
for SO and Cl as well, 200 mg/L for Naand 100 mg/L for C4 andMg?",
respectively. The obtained data for the,5CI Na', C&" andMg* not exceed the
admitted level. However the obtained low conceitratof Mg?* in analyzed
samples represents a signal for human healthy,ubecthe presence of Kigin
drinking water has an important role especially,cardiac automatism. It well
known that the magnesium deficiency (e.g. 10-40LnfigB]) increases the risk of
morbidity of the newborns and hypertonic crisisislappreciated that magnesium



in drinking water can assure 20%-40% from the daggessary. Potassium ions
concentration, not normalized in the Romanian lage concerning drinking
water quality, varied between 0.07 mg/L and 0.33Lm@esides the essential
macro-elements, chlorides and bicarbonates regitealues which reveal an
intense mineralization of the analyzed water sampleventy-one samples (8.75%
of the total samples) showed high nitrate concéotrs, exceeding the allowable
limit for drinking water in Romania of 50 mg/L asOy and thirty-two samples
presented values close to the allowed limit, valtsesged from 40.30 to 49.61
mg/L. The samples with nitrate concentration lowean 20 mg/L, can suggests
that the wells water may be partially influencednayural sources of nitrate, and/or
by attenuation processes including denitrification.
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Figure 2 - Spatial distribution of analyzed ionsm selected wells.
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Based on the measured data table, the Schoellgradia(figure 4) was
achieved using the RockWare AgQA program. Absottecentrations in meq/L
are used. The columns represent, from left to rthbt analyzed ions, including
SQ7, HCO; CI, Mg®, C&*, Na, and K. The inclination of the line joining the
representative points of the two ions measuragliggionship.

The major hydrochemical parameters are shown inuso\D diagram
alongside TDS concentrations (figure 5) and in hoBtler diagram (figure 4) as
well. Most of the well water samples belong to the-HCQ and Ca—N@-CI
water types, while five samples belongs to the @a-t$pe, and are shown as an
outliers. Wells water with higher values of TDSusually associated with Ca—
NOs—CI type waters, since nitrate pollution in groumder is often accompanied
by major solute enrichments, such as Cl-, from rapthgenic sources, while €a
is the dominant cation (figures 4 and 5).

The increasing of Gaconcentration may be linked to nitrate pollutida v
microbial nitrification, a reaction that releasgsltogen ions (H and enhances the
dissolution of natural and agricultural carbonagesh as lime (CaO). The Ca—
HCO; type waters with low TDS are thought to represene typical
hydrochemistry of natural recharging groundwatsr¢@ntrolled by the dissolution
of carbonates in the soil zone.
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3.1 Statistical approaches

In figure 6 it is represented the Tukey boxplotltd analyzed parameters.
The hydrochemical characteristics of wells watanglas were represented on a
logarithmic scale. The highest and lowest occurimaue within this limit are
drawn as bar of thehiskers, and the outliers as individual points. The lowest
datum lies within 1.5nter quantile range (IQR) of the lower quartile, and the
highest datum lies within 1.5 IQR of the upper digar Any data not included
between the whiskers is plotted as an outlier vath+ sign. Outliers are
observations that fall below Q1 - 1.5(IQR) or ab@&+ 1.5(IQR).
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Figure 6 - Box and whisker plot of componentsapresented on a logarithmic scale

Component correlations. It computed Pearson correlation coefficient
matrix using a Student's t distribution in MatLab Gan be observed in figure 7.
The values were rounded to the second decimala$f ebserved a very strong
linear dependence between EC-TDS indicated by gkrse to one value of the
coefficients. It was observed a close to one catil coefficient between pH and
HCO; level and strong correlation between pH and”C&la’, K*, Mg*
concentration. There is a strong linear correlataimpH values > 0.7) between the
metals Fgwy, MNioa, and Cia as well.

Principal Component Analysis (PCA). The total analyzed data of the
samples of then variables is stored in anx m data matrix X. Due to the fact that
the variables are in different units and the défere in the variance of different
columns is substantial it scaled the variable teehanit variance, by standardizing
the data. LeZ be the covariance matrix of the standardized seité&. Due to the
fact thatX is a symmetric matrix its eigendecomposition looks

I = VAVY,
where V is the orthogonal eigenvector matrix, anés a diagonal matrix whose
entries are the eigenvaluesifThe columns of V are the normalized eigenvectors
of X and preserve important information regarding thaltivariate variability
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expressed by the eigenvalues. Once eigenvectordoarsl its order them by
eigenvalue, highest to lowest. This gives the campts in order of significance.
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Figure 7 - Correlation matrix.



Variance Explained (%)

Principal Companent

Figure 8 - Principal Component Analysis (PCA).

In figure 8 it was observed that the first 6 comgratis explain 96.22% of
the total variance. The first 2 eigenvectors defias principal components PC’s
explain 75.69%. of the total variance in data. Tire# component extracted in the
principal component analysis accounts for a 42.88%0unt of total variance in the
observed variables and will be correlated with soirte observed variables.

Table 2
Loadings of the 13 variables — determined hydrotbal parameters for the first two principal
components PC1 and PC2

LOADINGS
PC1 PC2

pH 0,3260 -0,1945
EC 0,1981 0,3944
TDS 0,1962 0,3938
NO; 0,1277 0,1864
SO~ 0,2121 0,1103
Cr 0,1667 -0,0538
HCO; 0,3450 -0,1896
Féotal 0,1669 0,3825
Mo 0,1868 0,3833
Cliotal 0,1299 0,3909
ca’ 0,3671 -0,1791
Mg 0,3535 -0,1506
Na 0,3671 -0,1791
K* 0,3657 -0,1814

The second extracted component has two importaamacteristics, first,
this component accounts for a maximal amount dewae in the data set that was
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not accounted for by the first component respelstid®.83% and secondly the
second component is uncorrelatedth the first component. The principal
component loadings are presented in table 2 andefig.
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Ca
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Component 2
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I I I I I I I
-0.3 -0.2 -0.1 0 0.1 0.2 0.3 0.4
Component 1

Figure 9 - Results of the PCA analysis including #hloadings for each variable and the principal
component scores for each observation in a singléop

The first principal component is correlated wittvefi of the original
variables 'pH', ' HCQ Ca, Mn, Na and K. This suggests that these diteria
vary together. If one increases, then the remainorgponents also increase. They
are all positively related as they all have positsigns. The second principal
component is correlated with EC, TDS, and metalsGreand Mn. They are all
positively related with PC2.

CONCLUSIONS

Interpretation of hydrochemical parameters revias chemistry of wells
water from studied area displays”CaMg*>Na>K" and HCQ> CI >NO;>SQ,”
trend; the major elements data plotted on Schdii@gram indicate that, most of
the wells water belong to the Ca—HE&nd Ca—N@-Cl water types; the Durov
diagram for wells water samples indicate that nodshe samples are in the phase
of mixing, dissolution with few in reverse ion exriges. Comparisons with WHO
data, standards for drinking water, indicate thatwells water in the studied area
are suitable for drinking purposes except Balewi Bocsani areas. 39.58% of the
total of wells water samples showed high TDS vakwe=eding the admitted level
for drinking water according with WHO regulations.
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