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Abstract: The paper examines groundwater from the area between the
Siret and Moldova rivers. Data from 2021 and 2022 were used, taken from
twelve monitoring wells. The main ions (Ca?*, Mg?*, Na*, K*, HCO3, CI,
S03~, NO3) were checked with basic statistics, boxplots and the Piper and
Schoeller-Berkaloff diagrams. The ion values from the two years stay close.
The higher ones appear only in a few wells, and those places have local factors
that influence the water. The meq-L™* values also fall in the same range in
both years. Ca?* and HCO3, remain dominant in all samples. The two
diagrams place the water in the Ca—HCOs field, with no major change from
one year to the next. There is no sign of a larger chemical shift in the aquifer,
and the small differences stay local. The data show a stable aquifer, and these
values can help when the area is checked again in the future.
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INTRODUCTION

Groundwater in alluvial systems is influenced by different natural and human factors, and
its chemical composition usually reflects the local lithology and the way water moves
through the sediments [1, 2]. In many areas, groundwater is the main source of supply for
both population and industry, and even more for the agricultural sector [3]. Because of
this, any change in ion composition can have an effect on how the whole system evolves
in time [1, 4]. These changes appear during the recharge of the aquifer, when water passes
through the rocks in situ, when infiltration comes from the rivers, or when local
anthropogenic influences are present [5]. Many times, these processes overlap, and the
natural chemistry of the water can be modified in ways that are not easy to observe
directly [4].

Several studies show that aquifers formed in sandy and gravel deposits with carbonate
material usually develop a Ca—HCOs facies, with some local deviations depending on the
geological layers or land use in the surroundings [6 — 11]. These variations can appear
from one year to another, but in general the main facies keeps a stable form.
Hydrochemical diagrams like Piper and Schoeller—Berkaloff are often used because they
help to see how ions group together, even when the sampling network is not very dense
[12 — 14]. Such diagrams can indicate points with different behavior or possible ion-
exchange processes [15, 16].

The sector between the Siret and Moldova rivers has a shallow alluvial aquifer where
groundwater circulates mainly through mixed sand and gravel layers. In the scientific
literature, there are some works made on nearby or similar areas [17 — 22], but for this
specific sector the behavior of the major ions and the stability of the facies were not
described in much detail. The previous studies are useful for methodology, but they are
not dedicated strictly to this area.

Because the monitoring network provides two consecutive datasets (2021 and 2022), the
information allows a simple comparison of the ion values and the way they tend to group,
without using interpolation methods that normally require more sampling points.

In this study, the focus is mainly on the hydrochemical behavior of the aquifer. The main
ions (Ca%*, Mg?*, Na*, K*, HCO3, CI-, SO2~ and NO3) are analyzed at the sampling points,
and the diagrams show how these ions appear together and if the facies keeps a similar
structure in both years.

A simple point-based spatial representation is also included, together with a basic
histogram that shows how the concentrations are spread in the two datasets. With this
approach, the study offers a more process-oriented view of the aquifer and shows where
small changes appear, how the facies behaves in a short time, and what hydrochemical
tendencies may influence the system. The determination of the hydrogeochemical facies
is carried out by interpreting the Piper and Schoeller-Berkaloff diagrams, which make it
possible to observe how cations and anions associate at the sampled points and whether
the chemical structure of the water remains consistent between the two years.
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MATERIALS AND METHODS
Study area

The study area is located between the Siret and Moldova rivers, in the eastern part of
Romania. The aquifer in this sector is shallow and develops mainly in mixed deposits of
sand, gravel and thin clay layers [23]. Groundwater is recharged both from local rainfall
and from the rivers, especially during periods with higher flow [24]. Most of the land is
used for agriculture, and there are several small rural communities close to the area [25].
Even if the aquifer is not very deep, its behavior depends a lot on the local lithology and
on the way the two rivers influence the groundwater level [26].

Data collection and sampling network

The groundwater quality, in the study area presented in Figure 1, was evaluated using the
dataset provided by the National Administration “Apele Romane- ABA Siret” [27]. The
dataset includes measurements from 5 wells of the National Groundwater Monitoring
Network (BH1 - BH5), together with 2 wells used for drinking-water supply (WD1,
WD?2), and 5 surveillance wells located in the industrial zone (WI1 - WI5) [17].

For the period 2021-2022, the main physico-chemical parameters were reported in these
wells, and the values of the major ions were available for each sampling point: Ca?*,
Mg?*, Na*, K*, HCO3, CI, SO%~ and NO3.

These ions were selected because they are the base for most hydrochemical interpretations
and are commonly used in facies studies. The annual average values were also calculated
for each well, following the general requirements of Directive 2006/118/EC for
groundwater quality [28] and Romanian Ordinance no. 7/2023 [29].

290000 490000 690000 890000
1 L 1 1

7 ROMANIA . e

9 ;
i N

642000 645000 648000 651000

00
800000

o
_|
C
U3
< 18
>
Y
m
> |

700000 T

620000
600000
1
T
500000

000
1

T
616000
200000
‘P‘@/
a
f

T
00000

oLt )

STUDYI-‘F.EAE5 130
COUNT Y -

T T T T
290000 490000 690000 890000
550000 600000 650000 700000 /750000 BOOOOO
L N f f
o

| NORTH-EAST

3

0
KilBmeter

WD1
\4

700000
L

wizyvig, W4
WD2 W/ WIS
V. v

850000
L

Coreun

W SAMPLING POINTS
GITY AND VILLAGES

550000 600000
1 |

Dacdu Y ¢

25 50 O, 100 150, 200

o 1 2 4 6

T T T T T
500000 550000 500000 "~ 650000 700000

8 ”

T T T T T T
T T T T T
636000 639000 642000 645000 648000 651000 50000 7" 500005 " 650000 7' 700000 750000 "~ 80000

Figure 1. Study area and sampling network
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The major ion concentrations were arranged into two separate tables, one for cations
(Table 1) and one for anions (Table 2), together with the coordinates of the sampling
points, in order to provide a clearer overview of the measured values for 2021 and 2022.

Table 1. Major cations measured in the groundwater samples (2021-2022

Coordinates
No Sample (stereo70) CATIONS Year
" point X vy Ca** Mg?* Na* K*
[mg-L* | [mg-L"]  [mg-L™"] | [mg-L"]
1 BH1 648789.46 | 607947.26 | 102.9 39.15 34.4 1.23 2021
2 BH2 648965.9 611672.02 232 26.25 68.1 14.2 2021
3 BH3 645126.58 | 611998.2 154 70.45 20.85 1.8 2021
4 BH4 637043.28 | 616381.77 143 30.85 195 4.1 2021
5 BH5 641338.54 | 620925.06 | 126.89 37.2 25.44 2.26 2021
6 WI1 639201.68 | 610166.45 | 131.99 36.7 25 1.6 2021
7 WI2 640991.53 | 608288.97 | 127.28 39.5 32 14 2021
8 WI3 641969.19 | 608919.29 99.23 41 36 1.3 2021
9 W14 642081.89 | 608892.92 84 44 34 1.55 2021
10 | WIS 642150.47 | 608880.95 102.4 43 35 1.45 2021
11 | WD1 643513.36 | 609132.71 108 41.5 24 0.1 2021
12 | WD2 644074.9 608429.77 85 37.5 26 0.1 2021
13 | BH1 648789.46 | 607947.26 93.85 52.45 62.2 1.175 2022
14 | BH2 648965.9 611672.02 178 43.25 93.5 155 2022
15 | BH3 645126.58 | 611998.2 144 67.55 42.3 0.75 2022
16 | BH4 637043.28 | 616381.77 145.5 28.45 47 3.3 2022
17 | BH5 641338.54 | 620925.06 | 141.68 36 26.57 1.915 2022
18 | Wil 639201.68 | 610166.45 103 46 59.2 14 2022
19 | WI2 640991.53 | 608288.97 111 45 90.5 1.3 2022
20 | WI3 641969.19 | 608919.29 113 49 39.3 11 2022
21 | WI4 642081.89 | 608892.92 82.1 42 44 1.25 2022
22 | WI5 642150.47 | 608880.95 101.3 38 23.57 1.2 2022
23 | WD1 643513.36 | 609132.71 98 42 195 0.1 2022
24 | WD2 644074.9 608429.77 106 38 26 0.2 2022

The values for the cations (Ca?*, Mg?*, Na*, K*) and anions (HCO3, SOZ~, CI', NO3) used
in the article represent the average annual measurements for each ion, and they were used
like this to allow a clearer evaluation and comparison between the two years.

Boxplots were prepared for all major ions, grouped as cations and anions. By placing the
values from 2021 and 2022 side by side, the differences between the two years become
easier to observe, especially in terms of median position, data spread, and the presence of
isolated higher values that may indicate local particularities.
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Table 2. Major anions measured in the groundwater samples (2021-2022)

Coordinates
No. Sample (sterea?0) - ARIONS - Year
point X v Hcog_1 CI'_ SO4‘_ N03_1
[mg-L7T | [mg-L7] | [mg-L*] | [mg-L~]
1 BH1 648789.46 | 607947.26 488 58.8 54.6 23.79 | 2021
2 BH2 648965.9 | 611672.02 | 515.5 70.1 161.5 2.02 | 2021
3 BH3 645126.58 | 611998.2 622 70.1 37.5 135 2021
4 BH4 637043.28 | 616381.77 506 22.65 12.78 569 | 2021
5 BH5 641338.54 | 620925.06 | 461.5 58.085 52.92 2.7 2021
6 Wil 639201.68 | 610166.45 457 83.393 64.17 63.23 | 2021
7 WI2 640991.53 | 608288.97 569 77.053 | 103.67 31.33 | 2021
8 WI3 641969.19 | 608919.29 544 92.44 93.5 16.47 | 2021
9 wWi4 642081.89 | 608892.92 549 83.195 64.5 31.55 | 2021
10 | WIS 642150.47 | 608880.95 573 103.615 66.5 23.48 | 2021
11 | WD1 643513.36 | 609132.71 492 25.89 55 7.73 | 2021
12 | WD2 644074.9 | 608429.77 494 26.51 58 7.85 | 2021
13 | BH1 648789.46 | 607947.26 | 454.5 61.9 57.15 8.508 | 2022
14 | BH2 648965.9 | 611672.02 | 637.5 58.05 110 0.648 | 2022
15 | BH3 645126.58 | 611998.2 503 66.8 40.65 83.36 | 2022
16 | BH4 637043.28 | 616381.77 | 527.5 26.4 12.76 2.219 | 2022
17 | BH5 641338.54 | 620925.06 | 515.45 | 93.395 50.88 0.87 | 2022
18 | Wil 639201.68 | 610166.45 458 106 67 25.3 | 2022
19 | WI2 640991.53 | 608288.97 | 640.9 98.9 98.5 23.7 | 2022
20 | WI3 641969.19 | 608919.29 508 101 92,5 245 | 2022
21 | WI4 642081.89 | 608892.92 531 110 72 235 | 2022
22 | WI5 642150.47 | 608880.95 514 111 74.5 23.15 | 2022
23 | WD1 643513.36 | 609132.71 489 24.706 | 53.583 | 4.379 | 2022
24 | WD2 644074.9 | 608429.77 495 28.085 62.75 446 | 2022

Two summary tables were also created - one for cations and one for anions - including
the minimum, first quartile (Q1), median, third quartile (Q3), and maximum values,
together with the admissible limits defined by the Romanian legislation. In this form, the
figures and tables complement each other by providing both a visual and a numerical
description of the hydrochemical distributions.

To further evaluate the ionic relationships, two classical hydrochemical diagrams were
used: the Piper diagram, which helps identify the dominant facies, and the Schoeller -
Berkaloff diagram, applied to a smaller set of representative wells. These diagrams
illustrate how the major ions appear together and whether the chemical structure of the
groundwater remains stable between the two sampling years.

To describe the ionic composition of the groundwater, the Piper diagram was used, which
required a basic processing of the major ion data before plotting [30]. The concentrations
of the major ions were first expressed in mg-L™* and then converted to milliequivalents
per liter (meq-LY) using the general relation [30, 31]:
St. Cerc. St. CICBIA 2025 26 (4)

499



BOGDAN, NEDEFF, PANAINTE-LEHADUS, BARSAN, NEDEFF and MIRILA

mg/L (1)

equivalent weight

meq/L =

The equivalent weights used were: Ca®* (20.04), Mg?* (12.15), Na* (23), K* (39.1), HCO3
(61), Cl" (35.45), SO3~ 48.03) and NO3 (62) [31]. After conversion, the ionic values were
normalized to relative percentages (% meq). For cations (Ca%*, Mg?*, Na*+ K%), the
percentage of each ion was calculated with respect to the total cationic charge [5, 32]:
X% = Xmeq x 100 )

Cameq+MImeq+(Nameq+Kmeq)

For anions, the same procedure was used, based on the groupings required in the Piper
plot (HCO3 + NOg3, CI, S037) [32]:

Y,
0/ — meq
Y% (HCO3meq+N03meq)+Clmeq+504meq) x 100 (3)
The Schoeller-Berkaloff diagram was prepared using the same meq-L™ values, without
additional steps. The ions were plotted on a logarithmic scale, one axis for each ion,
following the classical approach proposed by Schoeller [20, 33], which helps to compare
the ions between samples and to notice deviations from the general pattern.

RESULTS AND DISCUSSION

The section presents both the statistical distribution of the major ions and the
hydrochemical facies analysis, allowing the comparison of the 2021-2022 datasets and
the identification of the dominant ionic structure.

Statistical analysis of major ions

The statistical analysis is based on the annual average values from 2021 and 2022, which
show, in general, a similar behavior of the major ions in the aquifer. The cations and
anions stay within comparable limits in both years, and the differences appear mainly in
a few wells where higher concentrations are recorded. Since the monitoring points are the
same in both years, their direct comparison allows the observation of local variations
without requiring additional processing

Cations

The analysis of Ca?* in Figure 2a shows that the distribution in the two years remains
quite similar, with medians of 117.45 mg-L™ in 2021 and 108.5 mg-L* in 2022. The
difference does not indicate a major change, even if in 2021 a value much higher than the
rest appears (232 mg-L™), this being the outlier in the boxplot, indicating a local behavior.
This suggests that Ca?* follows the same general pattern in both years, and the isolated
high value is linked to local conditions rather than a change in the aquifer.

Also from Figure 2b, it can be observed that magnesium (Mg?*) does not vary too much
between the two years. The values are relatively grouped, with close medians
(39.33 mg-Ltin 2021 and 42.63 mg-Lin 2022). The concentrations from the boxplot
outliers in 2021 and 2022 are local variations that remain in both years. This exceedance
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is present at the same well (BH3), which indicates a local behavior. At the scale of the
whole analysis, the dispersion is small, with no notable changes.
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Figure 2. Statistical distribution of the main cations in groundwater, represented
through boxplots for: (a) calcium (Ca?*), (b) magnesium (Mg?*), (c) sodium (Na*),
and (d) potassium (K*), based on the datasets from 2021 and 2022

mg/L

=)
¥}

According to Figure 2c and Table 3, it can be observed that in the analysis of the Na* ion,
in 2022 the concentrations tend to be higher, and the median reaches 43.15 mg-L?,
compared to 29 mg-L?in 2021. A wider interval is also visible, with a maximum of
93.5 mg-L%. The values are still well below the normative limit of 200 mg-L™, but the
difference between the two years suggests a local influence, not a generalized one. This
increase is limited to a few wells and does not indicate a general shift in the aquifer.
Figure 2d shows that the K™ ion generally has very low values in almost all points. It can
be observed, however, that in each year there is one higher value (14 - 15 mg-L™), present
at the same analyzed well (BH2), which separates itself from the main group. The rest of
the values are generally compact, and the medians are similar, meaning that the main
process does not vary. The repeated higher value at the same point suggests a local
influence, while the general distribution remains stable.
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Table 3. Major cations measured in the groundwater samples (2021-2022) [29]

lon Admissible limit Year | Min Q1 Median Q3 Max

Ca** e e 2021 84 |101.61 | 117.45 |134.74| 232
1 No specific limit

[mg-L7] 2022 | 82.1 |100.48 | 1085 |142.26 | 178

Mg?* No limit (included in 2021 | 26.25 | 37.08 39.33 41.88 | 70.45
[mg-L*] | total hardness concept) | 2022 | 28.45| 38 42.63 46.75 | 67.55

Na* 1 2021 | 19.5 | 24.75 29 3455 | 68.1
[mg-L | 200Ma-L 2022 | 195 | 2643 | 4315 | 59.95 | 935
K* No limit 2021 | 01 | 1.28 15 192 | 142
[mg-L1 2022 | 0.1 1.01 1.23 1.53 15.5
Anions

The main anions are analyzed, in order to observe the stability of their distributions and
the possible differences between the two years.

According to the analysis of Figure 3a, HCO3 remains the dominant anion without
exception.
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Figure 3. Statistical distribution of the main anions in groundwater, represented
through boxplots for: (a) bicarbonate (HCO3), (b) chloride (CI), (c) sulfate (S027),
and (d) nitrate (NO3), based on the datasets from 2021 and 2022
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According to Table 4, the medians of the two years are very close (approx. 511 mg-L™),
and the distribution, even if it differs slightly at the ends, does not show a change in the
chemical regime. The differences appear rather in the upper part of the interval, where
2022 shows a few slightly higher values. This behavior is typical for a stable shallow
aquifer and does not indicate any chemical shift.

Table 4. Major anions measured in the groundwater samples (2021-2022) [29]
lon Admissible limit | Year Min Q1 | Median Q3 Max

HCO; ._ 2021 | 457 | 491 | 510.75 | 554 | 622
[mg-L | No fimit 2022 | 4545 |4935| 511 | 528.38 | 640.9
cr B 2021 | 22.65 | 50.19 | 70.1 | 83.24 | 103.62
[mg-L7] | 250 mg-L 2022 | 2471 | 5056 | 801 | 102.25| 111
502 R 2021 | 12.78 | 54.18 | 61.09 | 73.25 | 1615
[mg-L1] | 250 mg-L 2022 | 12.76 | 5291 | 6488 | 79 110
NO; B 2021 | 202 | 722 | 19.98 | 3139 | 135
[mg-L?] | S0mg-L 2022 | 0.648 | 384 | 1583 | 239 | 83.36

Regarding the analysis of the CI" ion in Figure 3b, the distribution remains below
250 mg-Lt in both datasets. In 2022, according to Table 4, a slightly higher median
(80.1 mg-L™?) appears, and the dispersion seems more accentuated. This shows that some
points have slightly higher concentrations, but without exceeding the admissible limit.
The maximum values reach 111 mg-L™. These higher values appear only in a few
locations and do not suggest a general increase in chloride.

Also, in Figure 3c the SO3~ ion shows higher values, 161.5 mg-L? in 2021 and
110 mg-Ltin 2022, in the same sample point (BH2). Their repeated presence in the same
location suggests a local particularity of the sediments or another punctual influence. The
rest of the values are relatively stable and well below the limit of 250 mg-L?. This
confirms that the variation is local, while the rest of the area remains stable.

From Figure 3d it is observed that the NO3 ion shows the strongest deviation. In 2021,
values above the limit of 50 mg-L™ appear in two sample points: 135 mg-L* and
63.23 mg-L* (BH3 and WI1). Compared to 2021, according to Table 4, a decrease of the
median is observed, from 19.98 mg-L?t in 2021 to 15.83 mg-L* in 2022, indicating a
general decrease of the values, which is also seen in the fact that in 2022 an exceedances
of the 50 mg-L™ limit appears only at a single sample point (BH3). The isolated values
remain an indicator that the nitrate input is local and not defining for the entire area.
Looking at all the statistical results together, the ions keep the same order in both years,
and most values stay close from one year to the next. The higher concentrations that
appear at a few wells are isolated and repeat in the same locations, which indicate local
influences rather than a change in the aquifer. The higher K* values appear in the same
well located near an anthropized area, and the NO3 exceedances also occur near local
settlements, which supports the idea of local inputs. Taken together, these observations
show that the aquifer keeps a stable chemical behavior, with only small local variations
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Hydrochemical facies analysis

To check if these local variations affect the general chemical pattern, the ion distributions
were also examined in Piper and Schoeller-Berkaloff diagrams. Because the main ions
keep similar levels in both years, the chemical facies is expected to remain the same, and
the diagrams confirm this.

The average ion values for the two years are shown in Table 5, where Ca* has the highest
levels among the cations, followed by Mg?*, while Na* + K* stays lower. HCO3 is
dominant in both years, and CI- and SO%~ appear at smaller amounts. The differences
between 2021 and 2022 are small. These proportions show that the ionic structure remains
almost the same in both years.

Table 5. Mean ionic percentages (% meq) for the two sampling years

lon group 2021 2022
Ca** 55.7 50.7
Mg** 31.2 31.6
Na*+K* 13.1 17.7
HCO3 + NO3 74.3 72.7
CI 14.3 16.4
S03~ 114 10.9

For the facies analysis, the annual mean values expressed in meq-L™, shown in Table 6,
were used to plot the Piper and Schoeller diagrams.

Table 6. Mean ion concentrations expressed in meq-L™(2021-2022)

Year Ca? Mg? Na* K* HCO3 NO3 Cl S05”
[meg-L*]|[meq-L?*] | [meq-L?*] |[meq-L*]| [meq-L?] |[meg-L?*]|[meq-L]| [meq-L?]

2021 6.22 3.34 1.38 0.07 8.57 0.47 1.81 1.43

2022 5.89 3.62 2.08 0.06 8.57 0.3 2.08 1.37

The Piper diagram presented in Figure 4 shows that the samples from 2021 and 2022 fall
in almost the same place.

Most points group in the Ca—HCO3 field. Ca?* and Mg?* dominate the cations, while
HCO3 is the main anion. In 2022, Na* + K* and CI" are slightly higher at a few wells, but
the general position of the samples stays the same. The overlap of the points shows that
the groundwater chemistry is stable. The diagram confirms the same Ca—HCOj3 facies in
both years, and the small differences seen at a few points do not change the overall
chemical structure.
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Figure 4. Piper diagram for the major ions in 2021 and 2022

The Schoeller diagram from Figure 5 shows the same pattern for 2021 and 2022 and keep
almost the same shape. Small differences at Na*, Cl" and NO3 appear at a few points, but
they do not change the overall trend. HCO3 remains the main anion, and Ca?* and Mg?*
remain the main cations. The similar line shape confirms that the chemistry remains stable

and follows the same pattern in both years.
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Figure 5. Schoeller—Berkaloff diagram for the major ions (2021-2022)

Taken together, the two diagrams show a stable Ca—HCO3 facies. The small deviations
seen at a few wells remain local and do not affect the general picture. The chemical
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structure stays the same in the two years, which matches the behavior seen in the
statistical results

CONCLUSIONS

The data from the two years point in the same direction. The ions keep roughly the same
order, and the few higher values appear only in some wells, where the local setting seems
to influence the chemistry. Small changes in Na*, K*, CI" or NO3 do not affect the overall
behaviour of the aquifer. Both diagrams used in the study place the water in the same Ca—
HCO3 field. In general, the aquifer behaves in a stable way, and the variations seen in a
few places stay local. These observations can be used further for future checks in this
alluvial sector.
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