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Abstract: Water wells used as drinking sources, located in a Romanian urban area, were characterized
from four novel points of view: typology, chemical parameters, heavy metal pollution and human
health risk assessment. Physico-chemical parameters and trace metals were analyzed and compared
to regulatory reference values related to drinking water quality. Piper, TIS and Gibbs diagrams were
used for determining the typology of waters. The pollution index was calculated with the aim of
determining the pollution levels. Human health risk indices were used for determining the potential
non-carcinogenic risks type of heavy metals and nitrogen compounds. The results indicated that
water samples were characterized by contamination with nitrogen compounds and Cd, Mn and Pb.
Pollution scores indicated both low and high pollution degrees. Based on the health risk assessment,
waters were classified as safe for drinking related to the heavy metal content, for both adults and
children. Nonetheless, non-carcinogenic risks in NO, ~ and NO3 ™ can occur if waters are consumed.
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1. Introduction

Groundwater is a primary resource for the population all around the world and it
is highly influenced by both natural (rock weathering, evaporation, precipitations) and
anthropogenic (industrial, urban, agricultural, waste discharge) activities [1,2]. Water
contamination by heavy metals represents a major issue, particularly in industrialized
areas, leading to the deterioration of water quality and affecting the population who
depend on it for drinking, irrigation and various domestic practices [3,4]. Heavy metals
have a high persistence and bioaccumulation potential and some of them are harmful
even at low concentrations, such as chromium (Cr), lead (Pb) and cadmium (Cd) [5-7].
Studies have demonstrated that heavy metal contamination of water may cause cancer,
brain inflammation, cardiovascular problems, kidney damage and other disorders [8-14].

The chemistry of water is an important factor in determining its usage, thus, the
analysis of hydrochemistry plays an important role in assessing water quality and in
identifying various pollutants pathways. In this regard, there are several methods used in
literature such as pollution indices, water evaluation indices and multivariate statistical
analysis [15-18]. The heavy metal pollution index (PI) is one of the widely used techniques
for the assessment of water quality and it indicates the concentrations of elements [19,20].
Among the methods used for the estimation of human health risk, the chronic daily intake
(CDI) and the hazard quotient (HQ) can indicate the risk of cancerous and non-cancerous
diseases in adults and children [21,22]. In order to determine the water typology, the Piper
diagram and the Gibbs plot are employed in several studies to analyze the hydrochemical
facies and the correlation among groundwater chemistry and geomorphological processes,
respectively [2,23].
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Water quality assessment is among the most essential aspects of water resources man-
agement, safe drinking water being a fundamental necessity for human health, particularly
where water wells are directly used as sources of drinking water. Therefore, the aim of
the current preliminary study is to investigate the quality of water utilized as a drinking
water source, as well as the chemistry of water based on specific analytical methods, heavy
metal pollution indices and water typology, by using diverse plots. Furthermore, the heavy
metals pollution potential and risk assessment of toxins is evaluated by the human health
risk assessment of heavy metals toxicity through water ingestion on two categories of
population (adults and children). Its significance is given by the fact that the location
of the study area is near an industrial plant and imposes the determination of chemical
composition of water sources used as drinking water and the potential pollution status
and risk on human health. The novelty of study is provided by the previously specified
objectives, as well as by the upgradation of the data base related to water quality in this
specific area.

2. Materials and Methods
2.1. Study Area and Sampling

The current preliminary study was carried out in an urban area (Medias, a small town
with approx. 44,000 inhabitants, in 2011), situated in the central part of Romania, nearby
a metallurgical industrial plant (Figure 1). Placed at an altitude of approx. 300 m, with a
surface area of 62 km?, it is split by the Tarnava River.
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Figure 1. Location of the study area at European and national levels.
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The area is characterized by a temperate continental climate, with four seasons. The
dominant direction of the wind is NE, “coming” directly from the industrial area. The main
sources of drinking water are represented by the distribution system, surface waters and
groundwater (water wells and springs). The population living at private residences relies
on water wells for drinking, household activities and agricultural practices; therefore, the
quality of groundwater is important [24]. Natural weathering and proximity to industrial
areas alters the quality of soil and water. Groundwater sources are influenced by atmo-
spheric pollution followed by precipitation and water loss through soil. In order to prevent
health risks, water monitoring is highly recommended.

In this consideration, 15 samples were collected from water wells during the dry
season, which usually occurs from June to August. They were chosen randomly, covering
the entire urban area of a locality, situated at approximatively 15 km from an industrial
area, the water being used as drinking sources. Pre-washed polyethylene bottles were used
to collect samples which were then rinsed with the obtained samples. A clean polyethylene
bucket was used to collect the sample from the water well, which was submerged beneath
the water mirror for at least one meter. Samples were codified from 1-15 and stored at a
controlled temperature until the chemical analyses.

2.2. Sample Preparation and Chemical Analysis

Samples were filtered through 0.45 um cellulose acetate membrane filters. For the
metal determinations (Ca, Mg, Na, K, Fe, Zn, Pb, Mn, Cu, Cd, Cr, Ni, As), 65% HNO3
(Merck, Darmstadt, Germany) was added and extracted at the controlled temperature
and pressure. After cooling, samples were filtered, diluted with ultrapure water and an-
alyzed by spectrometry, using an Optima 5300 DV inductively coupled plasma atomic
emission spectrometer (ICP-OES, Perkin Elmer, Waltham, MA, USA) for Ca, Mg, Na, K,
Fe and Zn, and an ELAN DRC II inductively coupled mass spectrometer (ICP-MS, Perkin
Elmer SCIEX, Ontario, Canada) for Zn, Pb, Mn, Cu, Cd, Cr, Ni, and As concentrations.
Anions (NO,~, NO3;~, SO42~, C17) were analyzed through a 761 IC compact ion chro-
matograph (Metrohm, Herisau, Switzerland). Spectrophotometry was used for the NH4*
determination, using a Spectrum BX II UV-Vis Spectrophotometer (Perkin Elmer, Waltham,
Massachusetts, USA). pH and electrical conductivity were measured using a multiparame-
ter device (WTW, Weilheim, Germany). The total dissolved solids (TDS) were determined
by a gravimetric method, and the total hardness (t7) and HCO3 ™~ were analyzed titrimetri-
cally against NaOH and EDTA in the presence of bromocresol green and Eriochrome black
T, respectively. Standard procedures were followed for each determination. The quality
assurance was performed by analyzing blank, duplicates and standard solutions (traceable
from NIST Certipur®, Darmstadt, Germany). Duplicates fit into the established limits. All
the reagents were analytical grade and did not need any additional processing to be puri-
fied further. The spectroscopy instruments were calibrated using the following standard
materials: ICP multi-element standard solution IV, which contains Ca, Fe, K, Mg and Na of
1000 mg L~! in 5% HNOj3; and Multielement Calibration Standard 3, which contains Zn,
Pb, Mn, Cu, Cd, Cr, Ni, and As elements of 10 ug mL~! in 5% HNOj; from Perkin-Elmer,
Waltham, MA, USA. The calibration standard solutions were prepared by dilution with
ultrapure water (Elga Veolia, High Wycombe, UK). The accuracy of the measurements was
tested using a certified standard material, 1643f NIST-Trace in water (National Institute
of Standards and Technology, Gaithersburg, MD, USA) with a recovery of 91-104%. The
limits of detection (LOD) were calculated as a three times ratio between the standard
deviation of a mean signal of the measurement of 10 blank samples and the slope of
the calibration curve. The obtained LOD are presented in the supplementary material
Table S1. For the calibration of the ion chromatograph, the following standard materials
were used: IC Multi-element standard I, (Certipur Merck, Darmstadt, Germany), containing
NO;~, SO42~ (500 mg/L), C1~ (250 mg/L) and NO,~ standard containing 1000 mg/L
(Certipur Merck, Darmstadt, Germany), which were diluted using ultrapure water. For
the accuracy determination, a certified reference material was used (SPS-NUTR WW1,
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Spectrapure standards). The accuracy was lower than 10% and recovery ranged between
96-105%. For the quality control of the NH4" determination, an Ammonium standard
solution (1000 mg/L NH,*) was used, traceable from NIST Certipur® supplied by Merck;
and certified reference material Ammonium standard solution 0.97 mg/L NH,;*-N (NIST
Certipur®, Merck, Darmstadt, Germany). The accuracy was 4% and the recovery between
96-106%. The obtained LODs for anions and NH,* are presented in the supplementary
material Table S2.

2.3. Statistics and Water Typology

Statistics (average, minim, maxim, standard deviation, uncertainty), TIS-total Ionic
Salinity and Gibbs plots were obtained using the XLStat Microsoft Excel software, version
2020.5.1. The TIS diagram indicates the salinity of waters, based on the TIS isolines of
Cl~ + HCO3 ™ against SO4%~. This diagram is generally used in determining the variety of
water-rock interaction typology [25]. Applying the Gibbs diagram, the hydrogeochemical
evolution and dominant processes of waters are evaluated. The main processes that are
identified according to the Gibbs plot are evaporation, rock weathering and precipitation.
This plot is based on the ratio of TDS and ions (Cl~, HCO3;™ and Ca, Na, K) [26,27]. The
typology of water samples was determined by applying the Piper diagram, obtained with
the GW_Chart (free version, 1.29) software.

The Piper diagram also assesses the geochemical evolution employing specific ions
(HCO5;—,Cl7, S042~,CO5%27 K, Mg, Ca and Na). Based on the ions content and interactions,
the typology of water is established. The diagram has three components: central diamond
plot- reflexing of all ions and two trilinear plots, one for cations and one for anions [28].

2.4. Pollution Assessment

If the water from the sampling points is used as drinking water sources, the potential
pollution with heavy metals needs to be assessed and analyzed. Different tools are used
in this assessment. The most common and effective methods imply the use of pollution
indices. The heavy metal pollution index (PI) is widely and efficiently used in the literature.
It is based on the metal concentrations determined in water samples, standard values
established by guidelines and specific factors. PI was initially applied by Horton in 1965,
and it is calculated through the following Equations (1) and (2):

PI = 2;%9 M
HM,;
Z ‘MAC X100 @

W; and Q; represent the unit weightage and the sub-index of the ith indicator; HM; is
the amount of the studied heavy metal (mg/L), while I; and MAC; are the ideal value and
maximum admissible concentration of heavy metal. In the present study, I; is considered
zero, due to the fact that the Romanian legislation has no recommendation for the heavy
metal content in water. The used MACs for each heavy metal were the ones established
by the Romanian Regulation and WHO guideline related to the quality of water used for
drinking purposes [29,30]. The final score obtained after the PI calculation characterizes
the pollution level of waters. According to the PI, there are three pollution levels: low,
medium and high. A PI score lower than 50 indicates a low pollution, 50 < PI < 100 shows
a moderate pollution, while PI > 100 indicates a high pollution with heavy metals [31].

2.5. Human Health Risk Evaluation

Intake of heavy metals, metalloids and other contaminants through water ingestion
might increase carcinogenic and non-carcinogenic human health risks types [32]. Diverse
diseases and negative effects may appear especially in infants, if the consumed water is
contaminated. Thus, in this study, the human health risk assessment at heavy metals
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contamination (Cu, Fe, Mn, Zn, Cr, Ni, Pb, Cd) and NO3~ was studied and evaluated.
Risk assessment was applied for the intake of water through ingestion for two categories
of consumers, namely children and adults. Two indices were applied for this purpose,
CDI—Chronic Daily Intake and HQ—Hazard Quotient. CDI is usually used in exposure
assessment, while HQ in determining the non-carcinogenic risks type. These tools are
mathematical expressions defined by the following Equations (3) and (4) [33]:

Cx DI x EF x EP

CDI= BW x AT ©)
_RfD
HQ = 5= @)

where, C represents the concentration of contaminants in water (mg/L), DI is the average
daily intake (1 L/day for children and 2 L/day for adults), EF and EP are the exposure
frequency (365 days/year) and exposure duration (6 years for children and 70 years for
adults). BW and AT represent the body weight (10 kg for children and 70 kg for adults)
and the averaging time (2190 days for children and 25,550 days for adults) [34,35]. CDI is
expressed in mg kg ! day 1.

For the calculation of HQ, the RfD (oral Reference Dose) is required, because it represents
the constant exposure to which people are subjected on a daily basis [33]. The RfD was estab-
lished by the US EPA for each contaminant and is expressed in mg kg~ day~! [36]. Hence, the
RfD for Cu is 0.0005 mg kg ~'day !, RfDg. = 0.7 mg kg~ 'day !, RfDy, = 0.14 mg kg~ 'day !,
RfDz, = 03 mg kg~'day !, RfDc, = 1.5 mg kg~!day !, RDyn; = 0.02 mg kg~ 'day !,
RfDpp, =0.004 mg kg ~'day !, RfDcq = 1.004 mg kg ~'day !, and RDnog = 1.6 mg kg ~'day ! [36].
The obtained scores, after calculation, indicate two situations: if HQ < 1.0, the exposed population
is safe from the exposed risks and if HQ > 1.0, there could be unsafety conditions for the exposed
population [33].

3. Results and Discussion
3.1. Water Chemistry
3.1.1. Metal Distribution

Ca, Mg, Na, K and Fe are essential components of the surface and drinking wa-
ters (Figure 2). Almost half of the studied samples had higher Ca concentration, above
90 mg/L, while 50% of the Na concentrations were below 50 mg/L. According to the WHO
guidelines for drinking-water quality [33], there are no health-based guideline values for
Na content; however, potable water has values of less than 20 mg/L [30].

More than half (60%) of the studied water samples had Mg contents higher than
10 mg/L. The natural water hardness predominantly originates from the presence of higher
Ca and Mg ion. Therefore, drinking water can be a contributor to daily Ca and Mg intake.
Thus, the taste-threshold for Ca was estimated to be in the range of 100 and 300 mg/L,
which is codependent with the waters Mg content [30]. Therefore, the studied samples
according to their Ca, Na and Mg contents can be considered as suitable for consumption.

Seventy percent of the K concentrations (Figure 2) were below 10 mg/L, while 80% of
the Fe concentrations (Figure 2d) were below 0.056 mg/L in the studied water samples. The
ferric ions can give a reddish-brown color to the waters; however, there is no unpleasant
specific taste at a concentration below 0.3 mg/L [30].

The heavy metals and metalloids concentrations ranked as follows in the studied
water samples: Zn > Mn > Cu > Cr > Ni > Pb > Cd > As (Figure 2a-i). The highest variation
in the obtained results was in the case of Zn, which varied from 0.007 to 1.91 mg/L among
the sampling water wells. However, 70% of the studied samples’ Zn concentrations were
below 0.100 mg/L. In the case of Cd (Figure 2b), Pb (Figure 2g), As (Figure 2h), Mn
(Figure 2e), Ni (Figure 2f) and Cr (Figure 2i), the concentrations exceeded the national
standard and/or WHO guideline values only in a few cases; while heavy metals such as
Zn (Figure 2a), Cu (Figure 2c), and Fe (Figure 2d) were lower than the national standard
and WHO recommendation guideline values [29,30].
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Figure 2. The water samples minor element content (Zn (a), Cd (b), Cu (c), Fe (d), Mn (e), Ni (f), Pb
(g), As (h) and Cr (i)), in comparison with the WHO guidelines and Romanian national standard
values (* guideline values according to Law 458 (2002) and WHO (2011), on drinking water quality)
and major element content (Ca, Mg, Na, and K) (j).

The principal component analysis (PCA) showed a total variance of 64.8% with a variance
of 38.4% for the PCA1, 26.4% for the PCA2 (Figure 3). The major contributors for PCA1 with a
moderate positive loading are Fe, Ni, and Cd and a negative loading in the case of Ca. While,
for PCA2, a positive loading was observed on Na, K, Mn, Cu, and Zn. Therefore, the obtained
results show two outstanding sampling points (5 and 11) with no correlation with the other
sampling points, indicating the differences in the metal concentrations.

3.1.2. Physico-Chemical Characterization and Water Typology

Several important physico-chemical indicators (pH, EC—electrical conductivity,
TDS—total dissolved solids, tij—total hardness, HCO5;~, C1~, SO42~, NH;*, NO;~ and
NO;7) in drinking water sources were analyzed and they are presented in Table 1.



Water 2023, 15, 1180

7 of 16

05 0.0 0.5 1.0 15
6 T T T T T T T T
410
°11
408
4 -
406
< M.ZK
X n
°3 » ] Na Cu H04
S Zn
d 0 Jo2
(q\l
QO
~ o 213 0.0
Ca 157 o Mg
° °12f AS 0
L] .. -1 -U.
R I\II) cd
1
24 Fe 104
*5
4-06
-4 T
5 0 5 10

PC 1 (38.38%)

Figure 3. The principal component analysis (PCA) with total metal variables of the water samples in
association with the sampling points.

Table 1. Statistics of the mean concentrations of physico-chemical indicators in samples 1-15 (with
the standard deviation—SD).

pH EC TDS fH HCO;:,* Cl- 80427 NI‘L;+ N037 N027
Sample pnS/cm mg/L (]?)erman mg/L mg/L mg/L mg/L mg/L mg/L
egree
1 744 + 1250 £ 625 + 29 + 375 £ 180 + 62 + 0.64 + 31+ 148 £
0.37 100 50.0 2.32 30.0 144 4.96 0.05 2.48 0.12
5 7.59+ 1088 + 544 + 14 £+ 423 + 21 + 140 £ 47 + 50 = 23+
0.38 87.0 435 1.12 33.8 1.68 11.2 3.76 4.00 0.18
3 7.33 + 1105 £ 553 + 30+ 508 + 29 + 75+ 0.7 + 110 + 0.012 +
0.37 88.4 442 2.40 40.6 2.32 6.0 0.06 8.80 0.001
4 7.25 £ 1430 + 715 + 30 £ 289 + 240 + 140 + 3+ 37+ 14+
0.36 114 57.2 2.40 23.1 19.2 11.2 0.24 2.96 0.11
5 7.48 + 1390 + 695 + 33 + 497 + 170 £ 70 + 0.35 + 96 + 0.03 +
0.37 111 55.6 2.64 39.8 13.6 5.60 0.03 7.68 0.002
6 7.46 + 724 + 362 + 21+ 383 + 104 + 54 + 34+ 38+ 1.38 £
0.37 57.9 29.0 1.68 30.6 0.83 432 0.27 3.04 0.11
7 7.48 + 1103 + 552 + 25 + 429 + 52 + 78 + 245+ 110 £+ 135+
0.37 88.2 442 2.00 343 4.16 6.24 0.20 8.80 0.11
3 7.24 + 1290 + 645 + 33+ 481 + 50 £ 128 + 0.12 + 118 + 1.7+
0.36 103 51.6 2.64 38.5 4.00 10.2 0.01 9.44 0.14
9 719 £ 1672 + 836 + 36 + 528 + 65 + 164 + 38+ 270 + 1.81 +
0.36 134 66.9 2.88 42.2 5.20 13.1 3.04 21.60 0.14
10 7.37 + 959 + 480 + 19 + 344 + 25+ 91+ 246 + 100 + 0.01 +
0.37 76.7 384 1.52 27.5 2.00 7.28 0.20 8.00 0.001
1 7.64 + 1195 + 598 + 16 £ 464 + 35+ 155 + 48 + 59 + 0.09 £
0.38 95.6 47.8 1.28 37.1 2.80 12.4 3.84 4.72 0.01
12 7.33 + 1010 + 505 + 25 + 423 + 40 + 85 + 2.8 + 65 + 153 +
0.37 80.8 404 2.00 33.8 3.20 6.80 0.22 5.20 0.12
13 7.67 + 1224 + 612 + 23 + 392 £ 48 + 130 + 379 + 153 + 1.02 £
0.38 97.9 49.0 1.84 314 3.84 104 0.30 12.24 0.08
14 72+ 1674 + 837 + 38 = 560 + 79 £+ 170 £ 2.87 &+ 210 = 1.79 +
0.36 134 67.0 3.04 44.8 6.32 13.6 0.23 16.80 0.14
15 741 + 1189 + 585 + 19 + 454 + 69 + 113 + 22+ 84 + 1.56 £
0.37 95.1 46.8 1.52 36.3 5.52 9.04 0.18 6.72 0.12
min 7.19 724 362 14.5 289 10.4 54 0.115 31 0.01
max 7.67 1674 837 38 560 240 170 48 270 2.3
average 7.40 1220 609 26 437 74 110 10.5 102 1.16
MAC* 6.5-9.5 2500 - <5 - 250 250 0.5 50 0.5

* according to Law 311 (2004) and WHO (2017), regarding the drinking water quality.
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All samples had a circumneutral pH, with a mean value of 7.40, ranging between
7.19 and 7.67. EC correlated to the TDS, HCO; ™, ty and SO42~ concentrations. Sample
14 was characterized by the highest values of the mentioned indicators, probably due to
the water-rock interactions and good conditions for the dissolution processes. EC and
ty amounts were below the MACs, ranging between 724 and 1674 uS/cm, and 14 and
37 German degree. TDS and HCO3; ™~ had means lower than 650 and 440 mg/L, respectively,
indicating relatively high amounts of salts in water, influenced by wastewaters, but also by
weathering and water-rock interactions. SO42’ concentrations were lower than the MAC,
but still relatively high. They ranged between 54 and 170 mg/L, and a mean of 110 mg/L.
More than half of the samples had SO42~ higher than 100. SO42~ could be high due to
leaching through rocks containing sulphate minerals [37].

The majority of samples were characterized by a CI~ content >80 mg/L, generally
having a mean of 74 mg/L. Samples 1, 4 and 5 were rich in Cl~, with sample 4 almost
reaching the MAC. Sample 4 was characterized by high TDS and EC, indicating that the
source of CI™ could be natural or due to wastewaters leaching.

Nitrogen compounds determined in the water samples generally exceeded the MACs,
which is concerning due to the fact that those waters are used as drinking water sources.
More than 75% of the samples presented contamination with NO, ™ and NO3 ™~ with values
ranging between 0.01 and 2.3 mg/L NO, ™ and between 31 and 270 mg/L NO3;~, while
only two samples presented no contamination with NHy". The mean value for NH4* was
10.5 mg/L, more than 20 times the MAC. Sources of the nitrogen compounds are related
to the use of nitrogen-based fertilizers in agricultural activities. The presence of waste
droppings and septic tanks are also sources of nitrogen. It was observed that sample 9 was
characterized by the highest amounts of nitrogen compounds and SO42~, and it was the
second richest in TDS and high values of EC, ty and HCO3; ™. Also, the lowest pH was
determined in this sample.

As indicated in Figure 4b, generally, the main sources of C1~ and NO3 ™ are correlated
to agricultural inputs. The inhabitants practice agriculture and use fertilizers based on
nitrogen. They also raise livestock and the animal waste represents sources of nitrogen
compounds. Samples 1, 4 and 5, characterized by the highest C1~ amounts, are influenced
by domestic effluents, possibly wastewaters coming from household activities, but also by
the soil weathering.

According to the Gibbs diagrams, represented in Figure 5, all chemical processes
and the hydrogeochemical evolution of the studied waters have rock dominance. The
correlation of high amounts of C1~, SO42~ and HCO;3 ™~ characterizes the waters with high
salinity. Figure 4a indicates the TIS distribution and classification of the studied water
samples. The TIS diagram indicates that the majority of samples have a TIS of 12 meq/L,
and only one sample (6) has a TIS of 6 meq/L. Less than 30% of the samples have a high
TIS (=24 meq/L).

The typology of waters was classified using the Piper diagram. Based on the major
cations and anions, the Piper plot indicates the water types. The majority of samples are
included in the CaMgHCO3™ typology. Samples 4 and 5 are classified into the mixed
typology. The mixed typology of those two samples is correlated to the highest amounts
of nitrogen compounds, S042~,Cl~, HCO; ™, and also the highest values for the EC, TDS
and tgy. Based on the cations trilinear plot, samples were generally included in the calcium
type, except samples 2 and 11, which were not characterized by any dominant type. On the
other side, the trilinear anions plot groups two water types, namely sulphate type (samples
2, 3, 5-15) and non-dominant type (samples 1 and 4) (Figure 6).
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Figure 6. Piper plot applied for water samples 1-15.

In different studies, other drinking water sources from Romania are characterized
by the presence of diverse contaminations, due to anthropogenic activities and natural
factors. Waters from Central-Eastern Romania were characterized by contamination with
Na, C1~, SO4%~ and NO;~, with concentrations exceeding the MACs, due to the water-
rock interactions, rich in sulphate minerals [38]. Na and Cl~ ranged between 11 and
486 mg/L and 2.1 and 840 mg/L, respectively, while SO42~ and NO3~ varied between
28 and 1246 mg/L and 0.1 and 99 mg/L, respectively [38]. In the Apuseni Mountains,
Romania, waters had a good quality status; all the studied indicators were below the
MAC:s, although they were influenced by geological characteristics [39]. Concentrations
ranged between 8.5 and 91 mg/L Na, 4.7 and 180 mg/L Cl~, 4.0 and 211 mg/L SO4>~ and
0.15 and 211 mg/L NO3~ [39]. In Central and North-Western Romania, a study indicated
that the drinking water sources were characterized by NO;~ (0.2-50 mg/L) contami-
nation and richness in turbidity (0.1-11 NTU), K (0.3-10 ug/L), Ba (1.9-896 ug/L), Mn
(1.1-56 pg/L) and Fe (1.4-293 pg/L). The high amounts exceeding the MACs are correlated
with domestic and agricultural practices, such as household, wastewaters, and the use
of fertilizers [37]. A low pH and the presence of geogenic sources (granite, manganese
and volcanic rocks) influences the water composition [37]. In other studies from different
countries (Palestine, Turkey), Na varied between 11 and 51 mg/L, and 21 and 91 mg/L in
Turkey and Palestine, respectively; while C1~ varied between 35 and 100 mg/L in Turkey
and 33 and 132 mg/L in Palestine. SO4>~ was lower than 22 mg/L in Turkey and 48 mg/L
in Palestine and NO3 ™~ lower than 8.9 mg/L in Turkey and 46 mg/L in Palestine [40,41].

3.2. Contaminants Pollution Assessment

Considering the high amounts of heavy metals, a pollution assessment was carried
out and analyzed. In order to determine the pollution level, the PI was calculated based on
the Cu, Fe, Mn, Zn, Cr, Ni, Pb and Cd measured in the water samples, and on the MACs
established by Law 311 and WHO guidelines [29,30]. The obtained results are indicated in
Figure 7.

PI scores ranged between 2.0 and 226, with the highest score being obtained in sample
5, characterized by the highest Cd, Ni and Pb amounts. Cd exceeded the MACs more than
two times. Sample 5 also contained high amounts of Cr, Cu, Fe and Zn. Thus, the high
amounts of heavy metals were correlated with the PI scores. Sample 5 was likely the most
vulnerable to Cd contamination through atmospheric deposition. Two pollution levels
were obtained, based on the PI, namely low and high pollution, as presented in Figure 7.
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Sample 5 had a high pollution degree, while the majority of samples were characterized by
a low pollution level. Samples 2 and 11 had the second-highest PI scores, but still under the
limit (50 mg/L), obtained by Bhuiyan et al. [31]. These high PI scores were correlated with
the high Cu and Mn concentrations, in sample 2, exceeding the MAC for Mn, by almost
two times, while the PI score in sample 11 was related to the highest amount of Zn and
high Mn concentration, exceeding the MAC at 16 mg/L. Samples 7 and 15 had the lowest
PI scores (PI < 3.0), which recommended both samples as being safe for consumption.

15 h low -
14 f=  pollution 14 ]
3k level 12
12 fum £ 101
i =%
11 g 8]
. (3]
10 fu= D6
g 9 f= 3]
g8 1]
A T F 0 : 10 15
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Figure 7. Pollution level based on PI scores (same samples, two scales 0-15 and 0-250 mg/L).

Compared to other studies conducted in Romania [37], which also utilized the PI to
assess pollution, PI scores obtained in the study conducted in drinking water sources from
Central and North-Western Romania were two times higher [37]. PI scores obtained in
that study indicated low and high pollution levels with metals, based on PI scores ranging
between 2.44 and 100. The high PI scores were associated with high Fe and Li concentrations
determined in the drinking water sources from Central and North-Western Romania [37].
Studies from Bangladesh showed PI scores ranging between 5.0-149, classifying drinking
waters sources into three pollution levels, namely low, medium and high. Scores were
related to the Mn, Fe and Pb concentrations [31]. A different study from South Africa
showed that the studied groundwater sources were characterized by heavy metal pollution,
with scores higher than 60 [42]. The scores of the pollution index were correlated to the
high amounts of Cu, Fe, Mn, Ni and Zn. The potential sources of those heavy metals were
mining activities [42].

3.3. Exposure and Risk Assessment at Heavy Metals, and Nitrate, Nitrite

Due to the high levels of several heavy metals and nitrogen compounds determined
in the water samples, as well as the pollution levels indicated by the PI, a risk assessment is
required, especially if waters are sources of drinking water. The exposure through ingestion
was assessed by calculating the CDI-Chronic Daily Intake. The CDI was applied in the
case of adults and children. Related to the exposure to heavy metals, CDI varied between
0.00001 and 0.05 mg kg ! day ! for adults, and between 0.00001 and 2.53 mg kg ! day !
for children. In total, 50% of the samples had a Cu intake higher than 1.0, while the Fe, Mn,
Zn, Cr, Ni, Pb and Cd intake was below 1.0. For the CDI of all the studied heavy metals,
in the case of adults it was lower than 1.0. The CDIs of each heavy metal for adults and
children are indicated in Figure 8.
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Figure 8. Risk assessment of heavy metals through water ingestion expressed as cumulated CDI
(1) and HQ (2) scores for adults and children.

Heavy metal exposure can have a variety of negative health effects. For example, a
water rich in Cu, if ingested, could lead to heart and kidney disorders, neurobehavioral
abnormalities and gastrointestinal stress [37,43].

Mn, Fe and Zn are significant microelements for metabolism functioning, but excessive
exposure could lead to health disorders. In comparison to the other heavy metals, Mn
is abundant in nature. Long-term exposure to Mn can cause mitochondrial dysfunction,
neurological complications (Parkinson and Alzheimer diseases), and apoptotic cell death.
High amounts of Fe and Zn affect neurodevelopment [43]. Exposure to Ni, working as a
carcinogen, affects the generation of free radical, gene regulation and hepatic functions [43].
Pb and Cd are non-essential metals. Contaminated water with Pb has poisoning effects,
causing intellectual abnormalities, especially in children. Pb has the ability to affect all
organs, in particular the kidney, triggering renal failure caused by glomerulonephritis,
interstitial fibrosis, proximal tubular dysfunction, hyperplasia or atrophy of the tubules [43].
CD causes neurotoxicity, with poisoning effects, such as the itai-itai disease. It inhibits the
neuron gene expression, leads to endocrine disruption and epigenetic effects and causes
diverse and intense symptoms such as aminoaciduria, Fanconi-like syndrome or glucosuria.
It also has an impact on renal and kidney functioning. On the other hand, Cr mainly affects
the immune system and induces hypersensitivity reactions, such as anaphylaxis. Exposure
to Cr causes allergies in the dermal tissues [43].

Regarding nitrates and nitrites exposure, CDI varied between 0.0003 and
7.17 mg kg~ ! day ! for adults, and between 0.001 and 27 mg kg~ ! day ! for children.
Sample 9 had the highest CDINo3 (7.71 and 27 mg kg~ ! day ') and sample 2 the highest
CDIyo; (0.07 and 0.23 mg kg~! day !, respectively) in adults and children. The average
CDIyos was 2.92 and 10.2 mg kg~ ! day ! for adults and children, respectively, while the
average CDIno, was 0.03 and 0.12 mg kg~ ! day ! for adults and children, respectively.
Water sources with increased NO3 ™ levels are harmful, especially for bottled-infants. The
occurrence of methaemoglobinaemia and congenital malformations are the most damaging
and dangerous diseases related to nitrate contamination. This affection causes cyanosis
and asphyxia in higher amounts. Similarly, there are possible effects on the thyroid, such as
goiter can ensue [30]. On the other hand, exposure to NO, ™ can cause gastric cancer, due to
the formation of N-nitroso compounds, after NO, ™ reacts with the nitrosatable compound
from the stomach. N-nitroso compounds are carcinogenic in the human body [30].



Water 2023, 15, 1180

13 of 16

According to the HQ scores related to the heavy metals, no potential non-carcinogenic
risks type occurs in the case of adults. HQ scores were lower than 1.0, indicating that
the water is suitable for drinking. The highest score was obtained in sample 11, with
HQ = 0.72, and the lowest in samples 3 and 15, with HQ < 0.0001. The trend of exposure to
heavy metals is Cu > Zn > Pb > Mn > Ni > Fe > Cd > Cr. In the case of children, 50% of
samples were not safe for consumption. The HQ scores were higher than 1.0 in the samples
2-5,10-12. The exposure trend was similar in both children and adults.

The contamination with NO3~ and NO, ™ is also reflected in the HQ scores. All
samples present non-carcinogenic risks type of nitrogen compounds, except for NO, ™~
for adults. HQno3 ranged between 1.94 and 17 for children and 0.55 and 4.82 for adults.
HOQno2 ranged between 0.1 and 2.3 for children and between 0.003 and 0.66 for adults.

These results were correlated to other studies conducted in different areas of Ro-
mania [37,39] on groundwaters utilized as drinking water sources. CDI scores related
to heavy metals ranged between 3.0 x 107> and 5.2 x 10~* mg kg~! day ! for Cu,
24 x1072and 2.1 x 10 ' mgkg ! day ! for Zn,3.0 x 10 °and 1.7 x 10 3 mg kg ! day !
for Mn, and 4.0 x 10~° and 9.0 x 103 mg kg~! day~! for Fe. CDI of nitrogen compounds
ranged between 6.0 x 107> and 2.5 x 10~* mg kg~! day~! for NO,~ and 4.9 x 103 and
1.5 mg kg~ ! day ! for NO; . HQ scores varied between 8.0 x 10~% and 1.3 x 102 for Cu,
7.9 x 1072 and 6.9 x 10! for Zn, 2.0 x 10~* and 1.2 x 1072 for Mn, and 1.0 x 10~* and
1.3 x 1072 for Fe. In the case of nitrogen compounds, the HQ varied between 2.1 x 102
and 8.2 x 1072 for NO, ", and 3.1 x 1073 and 9.6 x 10~! for NO3~ [37]. Generally, water
wells used as drinking water sources are contaminated with nitrogen compounds, due
to the intense agricultural practices in the areas with wells [37,39]. In other studies con-
ducted at the international level (South Africa, Iran, Brazil), the CDI scores ranged between
7.5 x 107* and 6.2 x 107* mg kg~ ! day ! for Cu, 5.5 x 10~% and 1.5 x 1073 mg kg !
day~! for Ni, 6.8 x 1072 and 2.1 x 10~! mg kg~! day~! for Fe and 5.9 x 10~* and
2.8 x 1073 mg kg~ ! day ! for Zn in South Africa. In Iran, the values ranged from
0.002 to 0.047 ug kg ! day~! for Pb, 0.003 to 0.814 ug kg~! day~! for Cr and 0.001 to
011 pg kg_1 day_1 for Ni, while in Brazil from 1.6 x 1072 t0 6.6 x 101 mg kg_1 day_1 for
Cu, 1.7 x 107! to 8.5 mg kg~! day~! for Pb and 1.5 x 1072 to 7.6 x 10~! for Mn [33,42,44].
The HQ for the studied heavy metals in Iran, Brazil and South Africa were lower than 1.0,
indicating no human health risk [33,42,44].

4. Conclusions

The chemistry of water samples collected from an urban area situated near an indus-
trial facility was characterized by high amounts of salts. Waters used as drinking water
sources were contaminated with nitrogen compounds, NO,~, NO; ™~ and NH4", exceeding
more than 20 times the MACs related to the quality of drinking water. Intense agricultural
practices and household activities represent the main sources of contamination. The sam-
ples were characterized by a high TIS with rock dominance related to the hydrogeochemical
evolution of waters and their main chemical processes.

Based on the Piper diagram, the studied water samples were grouped into two main
types. The majority of the samples had a CaMgHCO; ™ typology and two samples had a
mixed typology. The variations of the major elements content such as Ca, Mg, Na, K and
Fe were observed to be ordinary at the sampling points. However, heavy metals such as
Cd, Ni, Cr, Pb, and As exceeded the guideline values in a few cases.

Heavy metal pollution was studied and assessed based on the PI-pollution index,
the results ranging between 2.0 and 226. The majority of the samples had PI scores lower
than 50, indicating a low pollution degree, with the exception of one sample, which was
characterized by a significant pollution degree. The sample chemistry is correlated with
the PI score, heavy metal composition, and also anions concentration.

Human health risk assessment of heavy metals exposure indicated no non-carcinogenic
risks type at Cu, Fe, Mn, Zn, Cr, Ni, Pb and Cd, for adults or children. On the other hand,
human risk assessment at NO, ™ and NO3 ™ indicated health risks and the occurrence of
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potential negative effects on human health if the water from the studied locations was to
be consumed.

The results obtained in this preliminary study sets the basis for future research in the
area to more decisively identify the impact of water contamination, and it could help in
depolluting and preventing the pollution of drinking water sources. Health risks in heavy
metals and nitrogen compounds exposure could be prevented if the data of this study is
made available to the inhabitants, authorities and stakeholders.
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www.mdpi.com/article/10.3390/w15061180/s1: Table S1. The metals detection limits (LOD) for the
water samples analyzed by spectrometry methods. Table S2. The limits of detection (LOD) for the
anion determinations using liquid ion chromatography analysis by ion chromatograph and NH4+ using
UV-VIS spectrometer. Table S3. The metallic impurities in the Multielement Calibration Standard 3,
from Perkin-Elmer (Waltham, MA, USA). Table S4. The water samples Ca, Mg, K, and Fe contents.
Table S5. The water samples Zn, Pb, Mn, Cu, Cd, Cr, Ni, and As contents. Table S6. The calculated
Chronic Daily Intake (CDI) for all studied heavy metals, in the case of children. Table S7. The calculated
Chronic Daily Intake (CDI) for all studied heavy metals, in the case of adults. Table S8. The calculated
Hazard Quotient (HQ) for all studied heavy metals, in the case of children. Table S9. The calculated
Hazard Quotient (HQ) for all studied heavy metals, in the case of adults.
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