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ABSTRACT

The Nida valley study area underwent examination to investigate the hydrochemical components and the cor-
relation between groundwater (GW) and surface water (SW). Over a 12-month period from November 2021
to October 2022, 9 monitoring points were established, consisting of 7 GW points and 2 SW points, with a
monitoring frequency of once per month. The research findings indicate that the hydrochemical components
and direction of GW flow in the study area can be classified into 3 distinct regions. The chemical composition is
complex in areas near the Nida River, stable in the region near the Smuga Umianowicka branch, and different in
other areas. It was observed that the SW in the Nida River and Smuga Umianowicka branch exhibits a relatively
uncomplicated chemical composition due to minimal human impact in the natural area. However, dissimilarities
between them were also identified and explained by the flow regulation of the dam built on the branch within the
study area. The application of the Shapiro-Wilk test (o = 0.05) and Kruskal-Wallis test (o = 0.05) revealed sta-
tistically significant differences among the recorded hydrochemical component values throughout the measure-
ment period. Furthermore, Pearson’s correlation coefficient analysis (o = 0.001) indicated correlations between
the hydrochemical components of SW and GW in the riparian area and strong correlations among GW samples.
Principal Component Analysis (PCA) identified significant dissimilarity and similarity between GW and SW

samples based on their characteristics.
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INTRODUCTION

Surface water (SW) and groundwater (GW)
are traditionally regarded as distinct components
in nature and are typically studied independently.
However, there exists a crucial transition zone be-
tween the two, where various processes influence
the transportation, decomposition, and absorption
of substances. In this area might also contain a
proportion of SW due to infiltration, leading to
unique characteristics of the water body. It was
considered as essential zone for the metabolic
processes of stream biota and stream metabolism
(Hynes, 1983; Brunke and Gonser, 1997).

Interactions between GW and SW occur
through two primary mechanisms: GW flows into

streams, and stream water infiltrates into the GW.
The direction of this flow exchange depends on
the hydraulic head, where gaining reaches pos-
sess a higher GW table elevation than the stream
stage, while losing reaches have a lower GW
table elevation (Savant et al., 1987; Thibodeaux
and Boyle, 1987; Hutchinson and Webster, 1998).
These exchanges of water between SW and GW
can significantly impact the water quality of both
systems (Phan et al., 2023).

Variations in the rate and occurrence of spe-
cific processes can have a profound impact on
the composition and quantity of dissolved ma-
terial carried by stream water. Subsurface wa-
ter exchange plays a crucial role in determin-
ing the nature of substances and expedites their
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transformation as water flows through the system.
When there is substantial water exchange in sedi-
mentary layers, the amount of time water spends
in a particular reach and its interaction with sub-
surface sediments can cause significant altera-
tions to the material being transported from the
catchment to the receiving area. Moreover, when
stream water comes into contact with mineral
surfaces, anaerobic zones, or experiences intru-
sion from GW, unexpected changes in its com-
position can occur (Findlay, 1995; Kowalik et al.,
2015; Bogdat et al., 2016). High metabolic rates
in most sediments lead to nutrient regeneration
and the reintroduction of mineral nutrients to the
stream (Valett et al., 1990; Hendricks and White,
1991). Consequently, the water flowing back into
the stream may carry elevated levels of inorganic
nitrogen (N) and phosphorus (P), which could po-
tentially result in increased water composition at
these discharge sites (Valett et al., 1994). These
factors collectively contribute to shaping the
characteristics and quality of water as it moves
through the stream system, highlighting the intri-
cate relationship between subsurface processes
and the overall chemical makeup of stream water.

To conserve water resources effectively, it
becomes important to comprehend and quantify
the interaction between GW and SW. In his work
from 2000, Woessner emphasizes the signifi-
cance for hydrogeologists to broaden their per-
spective and explore water exchange within the
framework of riparian management, employing
various methods. Various approaches have been
employed to analyze the interaction between SW
and GW (Lee, 1977; Kalbus et al., 2006; Walega
et al., 2016). Early methods primarily centered on
measurement techniques (Lee and Cherry, 1979;
Woessner and Sullivan, 1984; Isiorho and Meyer,
1999), hydraulic gradient methods (Freeze and
Cherry, 1979; Baxter et al., 2003), and numeri-
cal simulations (Frei et al., 2009; Boano et al.,
2010; Jin et al., 2010). Environmental monitor-
ing include the use of stable isotopes (deuterium
and oxygen) (Négrel et al., 2003; Xu et al., 2017),
radioactive isotopes like strontium (Hakam et al.,
2001), radium (Cook et al., 2003), and radon (Un-
land et al., 2013; Oyarztn et al., 2014) and hydro-
chemical analysis (Wang et al., 2013; Martinez et
al., 2015). These methods have proven effective
for both small-scale studies (Jones et al., 2008;
Guay et al., 2013) and regional studies (Jutebring
Sterte et al., 2018a; Wang et al., 2018). The in-
tegration of numerical simulation alongside field
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measurement techniques, isotopic, and hydro-
chemistry analysis has proven to be highly effec-
tive in yielding valuable insights.

In this study, method for measuring hydro-
chemical analysis was utilised to analyze the cor-
relation between SW and GW. The hydrochemi-
cal component can be determined by gathering
GW samples in monitoring wells. Monitoring
wells should be installed in close proximity along
transects through the contaminant plume to ob-
tain trustworthy results. The use of multi-layered
monitoring wells provides a 3D of representa-
tion of hydrochemical component (Borden et al.,
1997; Pitkin et al., 1999; Conant et al., 2004). An
extensive network of monitoring wells can furnish
precise data regarding the distribution of compo-
nents. The hydrochemical component in SW can
be determined by analyzing water samples from
various sources, such as grab or bottle samples.
However, this method has limitations as it only
provides a momentary representation of compo-
nent levels at the time of sampling, and a signifi-
cant amount of water sample is required when the
contaminants are present in trace amounts (Vrana
et al., 2005). To overcome these challenges, auto-
mated sampling systems can be utilised for con-
tinuous monitoring over a long period.

The aim of this study is to investigate the hy-
drochemical composition of SW and GW, as well
as to establish correlations between them. Sub-
sequently, we intend to discern the direction of
subterranean water flow and explore the interac-
tions between GW and SW within the designated
study area.

MATERIALS AND METHODS

Study area

The interested subject is situated in the Nida
Valley, which is located in Poland, Europe. This
river valley is characterized by vast plains, grass-
lands, and inundated forests, with a typical soil
structure consisting of sand covered by a thin
layer of mud. The formation of the valley is at-
tributed to the Nida River’s course near the town
of Pinczow. In this valley there are three branch-
es. The two active were the Nida River itself and
the Smuga Umianowicka branch while the Stara
Nida branch was dry during measurement ses-
sion. The specific measurement section lies in-
side the Nadnidzianski Landscape Park, forming
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a crucial segment of a significant wildlife area
(Struzynski et al., 2015). The investigation site
encompasses the region between the Nida River
and the Smuga branch, situated in the Pinczow
district (Figure 1). The Nida Valley floodplain
experiences regular flooding during the spring
season and occasional flooding during summer,
with inundation persisting for a duration of 2 to
5 months each year. Notably, the floodplain is
widest, ranging from 0.3 to 5.0 kilometers, near
the location of Umianowice. This floodplain
plays a crucial role as a natural storage area for
water, effectively mitigating the risk of riverine
flooding (Borek and Drymajto, 2019). As high-
lighted by Lajczak (2004), this natural function of
the floodplain helps to regulate water levels and
prevent excessive flooding incidents. The course
of the Nida River has been modified on numerous
occasions as a result of flood control measures.
Some sections of the river have had their flow ar-
tificially shortened. From the 1960s to the early
20th century, the flow of the Nida was regulated,
resulting in a shortened river. However, the riv-
ers further downstream still maintain their natural
flow. As a result of these changes, the Nida Valley
has lost its natural ecological function and is near-
ly drained, with remnants of former marshes and
water remaining. This is where you can observe
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both the beneficial and detrimental consequences
of past flood control measures (Zelazo, 1993;
Lajczak, 2004).

Environmental monitoring method

Choice of sampling locations

Nine sampling points were carefully chosen
in the Nadnidzianski Landscape Park. Among
these points, seven were designated as GW (from
GWI1 to GW7) and were used to collect GW
samples. These sampling locations consist of
2-meter-deep wells with a 10-centimeter diam-
eter, strategically drilled at cross-sections every
150-200 meters. Stabilized with plastic pipes,
these wells serve as sampling points. Addition-
ally, two sampling points, identified as SW, were
located in the stream, with SW1 situated at the
Nida River and SW2 at the Smuga Umianowicka
branch. The sampling region was thoughtfully
settled along the Nida Valley, starting from the
regulated channel of the Nida, extending through
the Smuga Umianowicka branch. The distance of
approximately 1365 meters from the river’s pri-
mary channel (Figure 1).
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Fig. 1. Map of study area and sampling sites in the Nida valley; source: own elaboration Explanation:
Red points: groundwater collected locations. Blue points: water surface collected locations.
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Sample collection

The sampling period extended for 12 months,
commencing in October 2021 and concluding in
November 2022, with a monthly sampling fre-
quency. A total of 108 water samples were gath-
ered from 9 distinct sampling locations. The sam-
ple collection device used is a vertical tube with
a check valve. The samples are stored in 300 cm?
bottles and promptly carried to the laboratory.
They are stored in a refrigerator at 4°C to main-
tain their integrity.

Physical parameters

During the sample collection, physical pa-
rameters such as total dissolved solids (TDS) was
measured on-site using a dissolved substances
meter (TDS-3).

Laboratory experiments

The experiments were conducted following
the standard methods as recommended by the
American Public Health Association (APHA,
1998) and the Environmental Protection Agen-
cy (EPA 1983). The hydrochemical parameters
include total nitrogen (TN), total phosphorus
(TP), chloride (CI'), sulphate (SO,*), manganese
(Mn*), iron (Fe**?*), zinc (Zn*"), lead (Pb*").
Total nitrogen (TN) and total phosphorus (TP)
were quantified using the flow analysis method
employing the FiaCompact MLE flow ana-
lyzer equipped with a mineralizer. Additionally,
chloride (Cl") was determined utilizing the flow
analysis method employing the FiaSTAR flow
analyzer. Sulphate (SO,*) was determined using
the turbidimetric method. The concentrations of
iron (Fe***"), manganese (Mn*"), and zinc (Zn*)
were measured utilizing the atomic absorption
spectrometry method (AAS) with a Unicam Solar
atomic absorption spectrophotometer at respec-
tive wavelengths of 248.3 nm, 249.5 nm, and
213.9 nm. Lead (Pb) was determined through the
colorimetric method by the EcaFlow colorimetric
analyzer. The limits of detection (LOD) and lim-
its of quantitation (LOQ) for the parameters are
shown in Table 1.

Data and statistical analysis

The Shapiro—Wilk test (with a significance
level of o = 0.05) was employed to assess wheth-
er the variables adhered to a normal distribution.
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To evaluate the significance of differences be-
tween samples collected at different times, a non-
parametric analysis (Kruskal-Wallis test) with
a significance level of a = 0.05 was carried out.
Besides, the correlation between the hydrochemi-
cal parameters of groundwater and surface water
was determined by computing Pearson’s corre-
lation coefficients (r) and creating a correlation
matrix. The significance of the coefficients was
determined by examining the r-value with a sig-
nificance level set at 0.001. Moreover, Principal
Component Analysis (PCA) was applied to estab-
lish connections between the collected samples
throughout the study period and determine the
hydrochemical parameters influencing each sam-
ple. The analysis was conducted using R version
4.1.2, which is open-source software distributed
under the GNU license.

RESULTS AND DISCUSSION

The hydrochemical composition of water

The Shapiro-Wilk test and Kruskal-Wallis test
were performed, and the outcomes are presented
in Table 2. The p-values obtained from the Sha-
piro-Wilk test were below 0.05 for all observed
parameters, indicating that the variables adhered
to a normal distribution. Moreover, the results
of the Kruskal-Wallis test also revealed p-values
below 0.05 for all observed parameters, suggest-
ing statistically significant differences among the
recorded values of the parameters throughout the
measurement period.

The ionic composition in water reflects the
interaction between rock and water during the
flow path (Edmunds et al., 2003; Moller et al.,

Table 1. Limit of detection (LOD) and limit of
quantitation (LOQ) for the parameters

Parameter Measurement unit LOD LOQ
TN mg-dm-® 0.05 0.05
TP mg-dm-3 0.005 0.01
Pb?* pg-dm- 0.5 1.00
Cl- mg-dm-3 0.1 1.00
Fe2+3+ mg-dm-3 0.027 0.0743
Mn?* mg-dm= 0.009 0.027
Zn% mg-dm= 0.0065 0.0198
SO~ mg-dm=? 0.01 1

Note: Based on laboratory equipment specifications.
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Table 2. The results of Shapiro-Wilk test and Kruskal-Wallis test for each observation parameter

. Shapiro-Wilk test Kruskal-Wallis test
Observation parameter -
W p-value Chi-squared df p-value

TN 0.589 1.008e-13 27.560 6 1.137e-04
TP 0.468 1.279e-15 15.545 6 1.642e-02
CI 0.858 2.612e-07 31.203 6 2.319e-05
SO 0.869 6.619e-07 41.304 6 2.523e-07
Mn2* 0.863 4.052e-07 21.511 6 1.484e-03
Fe2+3* 0.649 1.269e-12 31.588 6 1.957e-05
Zn?* 0.481 1.975e-15 23.421 6 6.672e-04
Pb2 0.593 1.229e-13 24.504 6 4.218e-04

2007). Figure 2 presents the observed data of
water chemistry. In the study area, the GW dis-
plays a clear hydrochemical zonation as it flows
from the riparian zone to the Nida River, reflect-
ing hydrodynamic processes influenced by the
interaction between SW and GW. Specifically,
GWI1 in the riparian zone of the Nida valley is
characterized by the presence of TN+Cl+SO*
*Mn?"sFe?*3*eZn?"Pb*, with a TDS ranging
from 149 to 651 mg.dm3. In the GW2 zone,
the GW chemistry is characterized by CI*SO,*
*Mn?"sFe?*3*eZn?"Pb*", with TDS values ranging
from 159 to 643 mg.dm>. Moving further along
the flow path, the hydrochemical types of GW3
zone are mostly CI'*SO, >*Mn*"sFe*"**eZn*"*Pb*",
and the TDS ranges from 328 to 627 mg.dm=. The
hydrochemical types of GW4 zone are mostly
CI*SO,**Mn*"sFe*"**eZn*", with the TDS ranging
from 113 to 458 mg.dm?. Similarly, the hydro-
chemical types of GWS5 zone are mostly Cl'*SO,*
*Mn?"*Fe?***, with the TDS ranging from 338 to
694 mg.dm>. The hydrochemical types of GW6
zone are mostly CI*SO,**Mn’'*Fe*"**, with the
TDS ranging from 425 to 711 mg.dm?. Finally, in
the GW7 zone, the hydrochemical types of GW
are mostly Cl*Fe?*2*eZn?*, with the TDS ranging
from 74 to 158 mg.dm?.

The hydrochemistry of GW is primarily influ-
enced by dissolution, evaporation, and filtration
(Qian and Li, 2011; Jing et al., 2014). It is pre-
dominantly affected by precipitation and leaching
processes (Jing et al., 2014). The resemblance in
chemical types among the GW observation points
suggests their interconnectedness through under-
ground flows (Zhu et al., 2019). In this study, the
water’s chemical types exhibit greater complex-
ity in locations near the Nida River (GW1) and
relatively simpler types in more distant locations
(GW2, GW3, GW4). Besides, the TDS value
decreases gradually from GWI1 to GW4. This

pattern indicates a tendency for GW to flow from
the riparian area towards the Nida River, specifi-
cally from location GW4 to GW1. However, the
similarity in chemical types and TDS value ob-
served between GW5 and GW6 indicates a close
association between these two sites. Conversely,
at GW7, the water’s chemical types and the low-
est TDS value are distinct from other locations,
implying a difference in its characteristics and di-
rection of underground flow from GW7 to GW6.

Typically, the composition of river water is
more intricate compared to GW, primarily due
to the influence of human activities as it passes
through residential areas. However, in this study,
the Nida River’s flow characteristics through a
natural area have resulted in minimal impact from
human activities. As a result, the composition of
river water in this region is relatively uncompli-
cated. The dominant chemical types observed in
SW1 of the Nida River are TN<Cl,, with a TDS
ranging from approximately 129 to 268 mg.dm™.
On the other hand, SW2 in the Smuga Umiano-
wicka branch is mainly composed of Cl*SO %,
with TDS levels ranging from approximately 261
to 326 mg.dm>.

The correlation between the hydrochemical
properties of groundwater and river water

Pearson’s correlation coefficient analysis

The correlation coefficients (r) for all data
points are presented in the correlation matrix
(Figure 3), accompanied by their corresponding
significance levels (p-values). In all cases, a posi-
tive correlation was observed, with correlation
coefficients (r) greater than 0.5 and p-values less
than 0.001.

Strong positive correlations were found be-
tween GW1 and GW3 (r=0.9), GW6 (r = 0.93),
GWS5 (r = 0.86), GW7 (r = 0.9), and GW2
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Fig. 2. The hydro-chemical values of water at the observation points: a) total nitrogen (TN),

b) total phosphorus (TP), ¢) chloride (CI"), d) sulphate (SO,*); €) manganese (Mn*"), f) iron (Fe**"),
) zinc (Zn*"), h) lead (Pb*"); Explanation: In the rectangles, average values are displayed, along
with standard deviation limits. The minimum and maximum values are indicated by the whiskers,
which represent the lowest and highest values. Any outliers are represented by small circles.

(r = 0.8). Additionally, significant positive corre-
lations were observed between GW3 and GW6
(r=0.98), GW5 (r = 0.85), GW7 (r = 0.85), and
GW2 (r = 0.85). Furthermore, there were sig-
nificant positive correlations between GW6 and
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GWS5 (r=10.83), GW7 (r=0.84), GW2 (r = 0.86),
as well as between GWS5 and GW7 (r=0.86), and
GW7 and SW1 (r = 0.85).

The results of this study indicate a correla-
tion between the hydrochemical composition of
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Fig. 3. Correlation matrix of the hydrochemical properties at the observed points

SW and GW in the riparian area. Particularly,
there were strong correlations between GW1 and
GW2, GW3, GW5, GW6, and GW7. Addition-
ally, GW3 showed correlations with GWS5, GW6,
GW7, and GW2. Similarly, GW6 exhibited cor-
relations with GWS5, GW7, and GW2. Moreover,
GWS displayed a correlation with GW7, and
GW7 showed a correlation with SW1.

The correlations between the hydrochemi-
cal composition of SW and GW in the studied
area, characterized by a high concentration of
dissolved minerals, can be attributed to rock
weathering processes (Costello et al., 1984; No-
wobilska-Luberda, 2018). The hydrochemical
composition of GW in the riparian area shows
a strong correlation, indicating the exchange
of GW between observation points within the
study area. The research conducted by Phan et
al. (2023) on the groundwater in Nida valley re-
vealed significant concentrations of Mn*" and
Fe?*3*. The physicochemical analysis indicated
that these elements are present at notably high
levels. Additionally, the study demonstrated sea-
sonal variations in groundwater properties, with
the content of various compounds being particu-
larly elevated during summer and lower during
other seasons. On the other hand, the correlation
between the hydrochemical composition of SW
and GW is weaker, which can be attributed to the
dilution or addition of compounds in the stream
as it passes through various regions, resulting
in heterogeneous changes in the hydrochemical
properties of SW (Demaku and Bajraktari, 2019).

Furthermore, a weak correlation is observed be-
tween the hydrochemical composition of SW in
the Nida River (SW1) and the Smuga Umiano-
wicka branch (SW2). This lack of correlation can
be attributed to the disruption in the flow at the
Smuga Umianowicka branch caused by the con-
struction of a dam aimed at regulating its flow
(Cel et al., 2017; Phan et al., 2023). Wojak et al.
(2023), in their investigation of hydraulic proper-
ties through measurements and simulations of a
segment of the Nida River, demonstrated the ex-
istence of unequal relationships between the flow
of water and the river bed. Variations in river dis-
charge not only affect the magnitude of the flow
processes, but also water component.

Principal Component Analysis (PCA)

The results of PCA explained four factors, ac-
counting for a cumulative explanation of 74.7%
of the total variance and visualized in the PCA-
biplot as follows: 30.8% for Dimension 1 (Dim1)
and 17.5% for Dimension 2 (Dim2) in Figure 4a,
and 14.3% for Dimension 3 (Dim3) and 12.1%
for Dimension 4 (Dim4) in Figure 4b.

Diml exhibited positive loading for Mn?*',
Zn**, SO,*, CI, TN, Pb*, Fe***, and negative
loading for TP. Notably, among these variables,
Mn?* and Pb?" exhibited the strongest positive
loading, while TP displayed the strongest nega-
tive loading when compared to the other vari-
ables. Therefore, as the levels of Mn?*" and Pb**
increase, it is likely that the other parameters will
also increase. Conversely, when TP decreases,
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Fig. 4. Biplot — resulting from the principal component analysis: a) Dim1, Dim2; b) Dim3, Dim4

it can lead to an increase in the other variables.
Furthermore, Dim1 revealed a pronounced dis-
similarity between sample of September 2022 at
GWI1 (point No. 11), May 2022 at GW2 (point
No. 20) and June 2022 at GW2 (point No. 21)
when compared to the other samples. Conversely,
it showed a strong similarity among the samples
taken in September 2022 at GW1 (point No. 11),
May 2022 at GW2 (point No. 20), and June 2022
at GW2 (point No. 21). They are characterized by
high Mn*, Fe?***, Pb?" content. Dim1 also shows
a clustering concentration of surface water sam-
ples at SW1 and SW2 (numbers 85 to 96 for SW1
and from 97 to 108 for SW2) and they are charac-
terized by high phosphorus content.

Dim2 demonstrated positive loading with
SO,*, CI', TP and negative loading with Mn*',
Pb*, Fe***, Zn** and TN. The CI, SO, varia-
tions showed the strongest positive loading and
Zn*" variation showed the weakest positive load-
ing. Dim2 also performed a strong dissimilarity
was obtained between sample of July 2022 at
GW6 (point No. 69) with sample of September
2022 at GW2 (point No. 23) and February 2022 at
GW?7 (point No. 76) due to high content of Cl- at
GW6 and Zn*" at GW2 and GW7.

Dim3 described negative loading with TP, Zn?*,
Fe*>*, SO,*, and positive loading with TN, Mn*",
Pb*", and CI. The most substantial positive loading
was observed in the case of TN, indicating that an
increase in TN would likely result in an increase in
the other parameters. Dim3 also displayed a pro-
nounced dissimilarity between January, February,
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b)

March 2022 at GW1 (point No. 3, 4, 5) and Sep-
tember 2022 at GW1 (point No. 11), April 2022 at
SW2 (point No. 102) with others. Therein, they are
characterised by high content of TN.

Dim4 showed negative loading with Fe,
SO,”, and positive loading with TP, TN, Pb*,
Zn*, Mn**, and CI". The most prominent positive
loading was associated with TP, indicating that an
increase in TP would likely lead to an increase
in the other parameters. Dim4 exhibited a sig-
nificant dissimilarity between sample of January
2022 at GW2 (point No. 15) and January 2022 at
GW3 (point No. 27) with others. Therein, these
samples are characterized by a high content of TP.
Besides, Dim4 also indicated high similarity of
the remaining samples.

CONCLUSIONS

This study used the environmental moni-
toring method to observe the hydrochemical
composition and the correlation between hydro-
chemical component of GW and SW in the Nida
valley, Poland. Research results indicate that the
chemical complexity of GW is higher near the
Nida River (GW1) and simpler in more distant
locations (GW2, GW3, GW4). TDS value grad-
ually decreases from GW1 to GW4, suggesting
a flow tendency from GW4 to GW1. GW5 and
GW6 show similarity in chemical types and TDS
value, indicating a close association between
these sites. In contrast, GW7 exhibits distinct
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chemical types and the lowest TDS value, im-
plying different characteristics and underground
flow direction from GW7 to GW6. SW in the
Nida River and Smuga Umianowicka branch
have relatively uncomplicated chemical compo-
sitions due to minimal impact from human ac-
tivities in the natural area.

The Shapiro-Wilk test (o= 0.05) and Kruskal-
Wallis test (o= 0.05) revealed statistically signifi-
cant differences among the recorded parameter
values throughout the measurement period. Pear-
son’s correlation coefficient analysis (o = 0.001)
indicated strong correlations between the hydro-
chemical composition of SW and GW in the ri-
parian area. Specifically, GW1 correlated strongly
with GW2, GW3, GW5, GW6, and GW7. GW3
showed correlations with GW6, GW5, GW7, and
GW2. GW6 exhibited correlations with GWS5,
GW7, and GW2. Additionally, GWS5 displayed a
correlation with GW7, and GW7 showed a cor-
relation with SW1.

Principal Component Analysis (PCA) found
strong dissimilarity observed between samples
from September 2022 at GW1 (point No. 11),
May 2022 at GW2 (point No. 20), and June 2022
at GW2 (point No. 21) compared to other sam-
ples. These three samples show high Mn?*, Fe*"3*,
and Pb?* content, indicating a close similarity be-
tween them. SW samples at SW1 (points No. 85
to 96) and SW2 (points No. 97 to 108) cluster to-
gether, showing high phosphorus content. Sam-
ple from July 2022 at GW6 (point No. 69) differs
significantly from samples in September 2022 at
GW?2 (point No. 23) and February 2022 at GW7
(point No. 76) due to high CI- content at GW6 and
Zn*" content at GW2 and GW7. January, Febru-
ary, and March 2022 samples at GW1 (points No.
3, 4, 5) and September 2022 at GW1 (point No.
11), and April 2022 at SW2 (point No. 102) show
strong dissimilarity from others, characterized by
high TN content. January 2022 sample at GW2
(point No. 15) and January 2022 at GW3 (point
No. 27) differ significantly from others due to
high TP content. The remaining samples exhibit
high similarity.

The obtained results are both consistent and
dependable. This study is currently ongoing, and
over the next two years, additional data will be
collected and added. These findings can serve as
valuable reference data for future water studies in
the Nida Valley.
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