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The analysis of drinking-water for metal contamination is an important step in 

en‐suring human and environmental health. During the investigation, physicochemical 

properties and contents of several metals including Pb, Cd, Cr, Ni, Cu, Mn, Al, Zn, Fe 

and Ba were analyzed in order to determine the water quality in 75 wells from 

Dambovita County, Romania during the year of 2015. The concentrations of these 

metals (µg/L) in drinking-water samples collected from different wells used by people 

from rural area, mainly for own consumption, were determined by ICP-MS and 

compared with levels reported by Romanian regulation and World Health 

Organization, in order to establish if these metals could be responsible for some health 

problems in rural area. The data set obtained was subjected to the PCA analysis to 

identify water quality variables. The correlation analysis showed a high degree of 

metal association in the order: Ba/Sr > Mg/Ca > Sr/Ca > Ba/Ca > Fe/Ca > Ba/Fe > Ni/Cr > 

> Fe/Sr > Fe/Ba > Fe/Ni > Cu/Cr > Cu/Pb > Zn/Pb. 
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1. INTRODUCTION 

The quality of drinking water is a permanent concern in Romania because of 

levels of nitrates and different metals that are found in drinking water in some 

places, mainly in rural areas, in the country. It is well known that some metals such 

as copper, zinc, iron, selenium, cobalt and manganese, in small quantities, play an 

important role in our bodies [1–4]. Others, including nickel, lead, cadmium, 

aluminum, chromium, bismuth, antimony, arsenic and mercury, have no known 

benefit for health [1, 4]. These metals, with similar chemical properties, are usually 

named heavy metals. People may be exposed to small amounts of heavy metals, 

mainly, through drinking water, food and air.  
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Different heavy metals, once reached in the human body, can be tested by 

several ways, such as Hair Tissue Mineral Analysis (HTMA) [5] 

complementary diagnosis method with urine and blood tests, or “chelation 

challenge test,” also called a “provoked urine test” [6]. 

Generally, HTMA, which basically is a spectrometric method, is very 

useful in evaluating a person’s nutritional status and health. The second way, 

which uses chelators isn’t always a happy choice because these chelators can 

bind besides heavy metal, some important minerals in human body, such as 

calcium and iron [6, 7]. Testing for heavy metals at part per billion (ppb) levels 

in drinking water is essential to meet national and international established 

limits. In this respect, in this study several metals (i.e. Pb, Cd, Cr, Ni, Cu, Mn, 

Al, Zn, Fe and Ba) in drinking-water samples collected in 2015 from different 

wells used by people from rural area, mainly for own consumption, were 

investigated. Concentrations of these metals (µg/L) in drinking-water samples 

were determined by ICP-MS and compared with levels reported by Romanian 

regulation and World Health Organization, in order to establish if these metals 

could be responsible for some health problems in rural area. In the same time 

this study is an attempt to generate a reliable database for future use and to help 

in implementing remedial requirements to improve life conditions in rural area. 

During the investigation, physicochemical properties and contents of some 

metals were analyzed in order to determine the water quality in 75 wells from 

Dambovita County, Romania during of the year 2015. Statistical analysis and 

inter-metals correlations were used for interpretation the data in order to better 

understanding of water quality from studied sites.  

2. EXPERIMENTAL 

2.1. SITE DESCRIPTION  

The sampling points are shown in Figure 1. These locations were selected 

being representative for people from rural area. The sampling points were 

uniformly distributed in Targoviste Plain, taking population distribution into 

account. In order to investigate the importance of drinking water in rural area it 

was chosen 75 significantly points, mainly in the vicinity of roads, domestic 

sources, agricultural places.  
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Fig. 1 – Sampling points from investigated rural area.  

2.2. SAMPLING AND ANALYTICAL PROCEDURE 

The samples were collected from 8:00 AM to 1:00 PM during the year 2015 

by using an open water grab sampler (1 L capacity) equipped with a pull-ring 

allowed for sampling at various well water depths (from 1 m to 20 m). Then the 

samples were kept and carried at 4 
o
C, in polyethylene bottles which were cleaned, 

in advance, with soap, rinsed few times with distilled water and finally with 10% 

nitric acid and ultrapure water. A total of 75 well water samples on each four 

different seasons of the year, including winter (February), spring (March–May), 

summer (June–August) and autumn (September-November) were collected during 

of the year 2015 and analyzed for physicochemical parameters such as: pH, 

electrical conductivity (EC), salinity and TDS. These parameters were measured 



4 Assessment of drinking water quality using statistical analysis 1607 

using a Consort 3030 multi-parameter analyzer. The total chlorine content was 

measured with HYDROGUARD HG-TotalCl analyzer. The concentration of 

metals including Pb, Cd, Cr, Ni, Cu, Mn, Al, Zn, Fe and Ba were determined by 

ICP-MS using an iCAP™ Q spectrometer. In this respect well water samples were 

acidified to pH < 2 by adding a few drops of ultrapure nitric acid. Afterwards  

15 ± 1 mL of sub-sample and aqua regia (HNO3 67% high purity, Merck and HCl 

37%, Merck) were dispensed into a digestion vessel when were digested on a hot 

plate using a TOPwave Microwave-assisted pressure digestion [4, 8–12]. 

Deionized water (resistivity of 18.2 MΩ cm) was obtained with a Milli-Q System. 

The relative standard deviation (RSD) for analyzed parameters was 0.01%–12.73% 

(Table 2). The quality of analytical data was ensured through standardization, 

procedural blank measurements and triplicate samples. 

2.3. STATISTICAL ANALYSIS 

Principal components analysis (PCA) is designed to convert the original 

variables into new, uncorrelated variables, called principal components, which are 

linear combination of the original variables [13, 14]. PCA provides information on 

the significant parameters which describe the whole data set interpretation, data 

reduction and to summarize the statistical correlation among components in the 

drinking water samples with minimum loss of original information [15]. The 

calculation was performed based on the correlation matrix of chemical components 

and PCA scores were obtained from the standardized analytical data. 

3. RESULTS AND DISCUSSION 

The parameters of wells water quality for a 2250 total water samples  

(75 wells × 3 replication × 10 months) are summarized in Tables 1 and 2, in which 

are presented the range (minimum and maximum), mean and relative standard 

deviation (RSD) of obtained data. From Table 1 it was observed that the pH value 

of water samples were ranging from 6.46 to 7.52 and these values are within the 

limits prescribed by Romanian regulation [16] and WHO: 2008 [2] (i.e. pH 6.5–

9.5). EC of the drinking-water ranged between 537.00 and 4170.00 µS/cm
3
 at 

25°C. For 20 wells the water the EC values exceeded than the maximum limit of 

EC in drinking-water prescribed in both national and international regulation  

[16, 2]. High EC was observed in the water samples collected summer. This can be 

explained due to evaporation, when the mineral content increases as well as the 

salinity increase for the same samples. These EC high values can be attributed to 
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the highest concentration of dominant ions, which are the result of ion exchange 

and solubilisation. The total dissolved solids in wells water are represented by the 

weight of residue left when a water sample has been evaporated to dryness. TDS 

values ranged from 279.69 to 2206.35 mg/L and in the same 10 wells the TDS 

values exceeded the permissible limit prescribed by World Health Organization 

(WHO) (i.e. 500 mg/L) [2]. The total chlorine concentration of water samples 

ranged between 0.01 and 0.39 mg/L, values well below the minimum detectable 

concentration of total chlorine (e.g. 250 mg/L) reported in Romanian legislation. 

Table 1 

 Range (minimum and maximum), mean and RSD of drinking water quality parameters collected 

from different wells during of the year 2015 

Parameters 

Romanian 

regulation 

limits* 

Minimum Maximum Mean RSD [%] 

pH 6.5–9.5 6.46 7.52 7.01 0.02–0.09 

EC [µS/cm] 2500 537.00 4170.00 1204.48 1.31–4.10 

Salinity [‰] – 0.2 3.5 0.91 0.01–0.08 

TDS [mg/L] – 279.69 2206.35 672.37 1.68–3.75 

Total chlorine [mg/L] 250 0.01 0.39 0.06 0.01–0.04 
*Law 311/28.06.2004 and WHO: 2008 

Table 2 

 Range (minimum and maximum), mean and RSD of several metals of drinking water samples 

collected from different wells during of the year 2015 

Metals 

 

Romanian 

regulation 

limits* 

Minimum Maximum Mean RSD [%] 

Cu  [µg/L] 100.00 0.17 35.01 12.48 0.14–1.97 

Cr [µg/L] 50.00 0.12 70.24 47.36 0.10–3.16 

Ni [µg/L] 20.00 0.10 88.44 33.62 0.01–5.65 

Al [µg/L]  200.00 2.97 178.73 44.19 0.57–10.75 

Pb [µg/L] 10.00 0.02 60.30 18.59 0.01–3.65 

Cd [µg/L] 5.00 0.00 3.32 0.16 0.01–1.10 

Mn [µg/L] 50.00 0.47 218.21 67.29 0.18-9.11 

Zn [µg/L] 50.00 2.94 129.36 42.73 1.55–12.73 

Fe [µg/L] 200.00 14.32 696.86 309.65 3.52–12.23 

Ba [µg/L] 1000.00 0.33 429.77 114.23 0.15–11.32 

Sr [µg/L] 7000.00 0.02 1433.38 387.75 6.01–11.03 

Ca [mg/L] 100.00 95.57 810.99 164.79 7.30–10.30 

Mg [mg/L] 50.00 0.65 289.52 54.58 0.51–8.62 

Na [mg/L] 200.00 25.31 372.67 172.79 1.68–9.34 

K [mg/L] 12.00 36.78 102.81 60.96 2.45–7.82 

*Law 311/28.06.2004 and H.G.1020 1.09.2005 
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The concentration of major elements in water samples, including Na, K, 

Ca and Mg, in 29 wells (i.e. P22–P34, P43, P71, P52–P64), exceeded the 

permissible limit prescribed by Romanian legislation (Table 2 and Fig. 2). 

The level of Al and Cd were found in the range of 2.97–178.73 µg/L and 

0.00–3.32 µg/L, respectively, being much lower of the maximum 

concentrations from Romanian legislation (i.e. 200.00 µg/L for Al and  

5.00 µg/L for Cd).  

High concentrations of toxic elements (Pb, Cr and Ni) were detected in 

29% of the water samples during the annual season cycle. Thus, the 

concentrations of Pb, Cr and Ni ranged 0.02–60.30 µg/L, 0.12–70.24 µg/L and 

0.10–88.44 µg/L, respectively (Table 1 and Fig. 2). It is well known that the 

lead is rarely present in drinking-water as a result of its dissolution from natural 

sources; rather, its presence is primarily from household plumbing systems, 

industrial activities, traffic etc. Lead is a general toxicant that  accumulates in 

the skeleton of the people, especially children and is toxic to both the central 

and peripheral nervous systems, as well [17, 18, 20]. Chromium is widely 

distributed in the Earth’s crust and certainly this is the principal source of Cr in 

wells water [19, 20]. However, it was obtained higher concentrations of Cr in 

several water samples collected from wells around of Targoviste industrial area 

(i.e. P1, P3, P8, P9, P11–P17, P19–P21, P24, P25–P26, P55, P56). Considering 

that Cr(III) is included in Group 3 of carcinogenic substances and Cr(VI) is 

included in Group 1 (human carcinogen) [20] as a practical measure, both the 

Romanian and WHO legislations, the maximum value 0.05 mg/L for Cr, is 

considered to be unlikely to give rise to significant health risks. The 

concentration of nickel in drinking-water is normally less than 0.02 mg/L 

according with national and international legislations. However, in several 

wells such as P1, P3, P8, P9, P11–P17, P19–P21, P55, P56, around of 

Targoviste industrial plant, higher levels of nickel was observed. Copper is both 

an essential nutrient and a drinking-water contaminant [21]. Level of copper in 

all water samples was below the maximum limit (Fig. 2) recorded by Romanian 

regulation (Table 2). High level of manganese was detected in 10% of the 

analyzed samples (Fig. 2). Barium and strontium in water comes primarily from 

natural sources (sedimentary rocks). In the past, in Romanian legislation it was 

concluded that it was not necessary to establish a guideline value for barium in 

drinking-water, as there was no firm evidence of any health effects associated 

with the normally low levels of barium in water [2]. In the present legislation a 

health-based value of 1.0 mg/L was derived for barium based on concern 

regarding the potential of barium to cause hypertension.  
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Fig. 2 (continued) – Elements distribution in 75 wells from Targoviste Plain:  

a – Cu; b – Cr; c – Ni; d – Al; e – Pb; f – Mn; g – Fe; h – Ba. 

Iron is one of the most abundant metals in the Earth’s crust [22]. It was 

detected in drinking-water samples in the range of 14.32–696.86 µg/L. Levels of 

Fe higher than 200.00 µg/L were observed in 26% of water samples, especially 

around of the P44–P60 locations. Zinc is an essential trace element found in 

potable water in the form of salts or organic complexes [20]. The solubility of zinc 

in water is a function of pH and total inorganic carbon concentrations; the 

solubility of basic zinc carbonate decreases with increase in pH and concentrations 

of carbonate species [20, 22]. According with Romanian legislation level of zinc in 

drinking-water and groundwater normally, not exceed 0.05 mg/L. This study 

revealed that in 31% of the water samples the level of zinc exceeded the 

permissible limit. The level of Zn was found in the range of 2.94–129.36 µg/L 

(Table 2). In several points (Figs. 1 and 2) such as P18–P25, P29, P32, P42, P55, 

P56 was obtained high level of Zn (i.e. 92.13–129.36 µg/L). 

In the Fig. 3 it shows the Tukey boxplot of the analyzed parameters. The 

measured values were represented on a logarithmic scale. The highest and lowest 
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occurring value within this limit are drawn as bar of the whiskers, and the outliers 

as individual points. The lowest datum lies within 1.5 inter quantile range (IQR) of 

the lower quartile, and the highest datum lies within 1.5 IQR of the upper quartile. 

Any data not included between the whiskers is plotted as an outlier with a + sign. 

Outliers are observations that fall below Q1 – 1.5(IQR) or above Q3 + 1.5(IQR).  

 

Fig. 3 – Box and whisker plot of components.  

In the Fig. 4 is represented the Pearson correlation coefficient matrix using a 

Student’s t distribution. We rounded the values to the second decimal. We observe 

a very strong linear dependence between Na and Ca, Mg, Fe, Ba, Sr concentrations. 
It was also observed that Cr is linear correlated with Ni. There is a linear 
correlation between Cu, Zn and Pb. All correlations are positive.  

Principal Component Analysis (PCA). It was stored the analyzed data in a 

 data matrix X where  represents the samples and  the variables. We 
have to standardize the data by scaling the variable to have unit variance due to the 
fact that the variables are in different units and the difference in the variance of 

different columns is substantial. Denote  the covariance matrix of the standardized 

data set X.  is a symmetric matrix and its eigendecomposition looks: 

, 

where V is the orthogonal eigenvector matrix, and Λ is a diagonal matrix whose 

entries are the eigenvalues of . The columns of V are the normalized 

eigenvectors of and preserve important information regarding the multivariate 
variability expressed by the eigenvalues. Once eigenvectors are found it’s ordered 
them ascending by eigenvalues. This gives the components in order of significance.  
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In the Fig. 5 it was observed that the first 8 components explain 95.10% of 

the total variance. The first 3 eigenvectors defined as principal components PC’s 

explain 68.20%. of the total variance in data which means a little bit more than 

two-thirds of the total variability in the standardized ratings, so that might be a 

reasonable way to reduce the dimensions. 

The first component extracted in the principal component analysis accounts 

for a 43.05% amount of total variance in the observed variables and will be 

correlated with some of the observed variables.  

The second extracted component has two important characteristics, first, this 

component accounts for a maximal amount of variance in the data set that was not 

accounted for by the first component respectively 15.72% and secondly the second 

component is uncorrelated with the first component. 

The third extracted component accounts for 9.43% amount of variance 

uncorrelated with the first two components. 

 

Fig. 5 – Pareto chart of the principal components. 

The principal component loadings values are presented in Table 3 and the 

graphical representation in Figure 6. 

Table 3 

 Loadings of the 13 variables – determined parameters for the first three principal components PC1, 

PC2 and PC3 

Loadings Na Mg K Ca Cr Mn Fe Ni Cu Zn Sr Ba Pb 

PC1 0.27 0.35 –0.02 0.38 0.32 0.10 0.35 0.30 0.17 0.20 0.37 0.34 0.09 

PC2 –0.16 0.14 –0.24 0.17 –0.22 –0.09 0.22 –0.15 –0.45 –0.36 0.26 0.23 –0.54 

PC3 0.36 0.02 0.76 0.02 0.19 –0.16 –0.08 0.07 –0.11 –0.42 –0.05 –0.01 –0.20 
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The first principal component is correlated with seven of the original 

variables Mg, Cr, Ca, Fe, Ni, Sr and Ba. This suggests that these seven criteria vary 

together. If one increases, then the remaining components also increase. They are 

all positively related as they all have positive signs.  

The second principal component is correlated with Cu, Zn and Pb. The first 

two are positively related with PC2 while the third has a strong negative 

correlation. 

The third principal component is positively correlated with Na, K and Zn. 

We see that the third principal component correlates most strongly with the K 

so we can state that this principal component is primarily a measure of the K. 

 

Fig. 6 – Results of the PCA analysis including the loadings for each variable and the principal 

component scores for each observation in a single plot. 

4. CONCLUSIONS 

The main goal of this paper was to assess the status of drinking-water quality 

from several wells, in rural areas of Dambovita County, with special emphasis on 

heavy metals. A total of 2250 drinking-water samples (75 wells × 3 replication ×  

× 10 months) were analyzed for physicochemical parameters (pH, EC, TDS, 

salinity and total chlorine) and ten metals (i.e. Pb, Cd, Cr, Ni, Cu, Mn, Al, Zn, Fe 

and Ba) using standard procedures. The minimum and maximum values of all 

physicochemical parameters and metals concentration as well, for water samples, 

were compared to the values of Romanian legislation and World Health 

Organization recommended maximum permissible limits. The average levels 

showed that concentration of major and toxic elements due to anthropogenic 
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activities in water do vary among sampling wells. It was used statistical tools to 

display variation in water samples and to estimate the correlation structure of the 

variables. The PCA technique was used to bring out the patterns in the dataset. 
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