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APPLICATION OF MACRO AND TRACE ELEMENT ANALYSES
TO IDENTIFICATION OF UPWARD FLOW OF WATER FROM
MIOCENE AQUIFER INTO THE WARSAW-BERLIN
ICE-MARGINAL VALLEY AQUIFER (SREM, POLAND)

IGOR SNIADY?*" "2/, KRZYSZTOF DRAGON® "=/, MARCIN SIEPAK!

Abstract. The upward flow of Miocene aquifer waters into the Quaternary aquifer in the Wielkopolska region can negatively
affect the quality of the recharged waters. One example of such an area is the Srem region, where previous studies indicated
the occurrence of groundwater upward flow. Accordingly, research was conducted to confirm the current occurrence of upward
flow, determine its impact on the water quality of the Warsaw—Berlin ice-marginal valley aquifer, and assess the relationship
between selected trace elements (TEs) and the migration of Miocene aquifer waters. For this purpose, cations (Na*, NH4",
K*, Ca?*, Mg?") and anions (Cl-, NOs", NOz, SO4>, PO4*) were determined using ion chromatography (IC), and TEs (Al,
As, Cd, Cr, Cu, Fe, Mn, Ni, Pb, Zn) were measured using inductively coupled plasma triple quadrupole mass spectrometry
(ICP-QQQ-MS). The results confirmed the continuous occurrence of upward flow in the Srem area. This was determined based
on the increasing concentrations of Cl-, Na*, and K*, whose rising levels in the waters of the Warsaw—Berlin ice-marginal
valley aquifer are associated with the upward flow of Miocene aquifer water. Additionally, it has been shown that the upward
flow of Miocene aquifer waters does not significantly affect overall water quality in the Warsaw—Berlin ice-marginal valley.
It was also found that the increase in As, Cr, Cu and Zn concentrations with depth in Quaternary groundwater is likely associ-
ated with the migration of these TEs from Miocene aquifer waters as a result of upward flow.

Key words: groundwater quality, hydrogeochemistry, Quaternary aquifer, ICP-QQQ-MS, chloride migration, multilevel
piezometer

giatto et al. 2002). The upward flow in these areas
can happen through several mechanisms: (1) seep-
age of water under elevated piezometric pressure

Introduction

The upward flow of Miocene aquifer waters into
Quaternary aquifers in the Wielkopolska region,
particularly within the Wielkopolska Buried Val-
ley and the Warsaw—Berlin ice-marginal valley
aquifers, is a well-documented phenomenon (e.g.,
Gorski 1989; Dragon, Gorski 2003; Dragon et al.
2003, 2005, 2006, 2007; Gorski 2021). This phe-
nomenon occurs in areas where the piezometric
pressure of the Miocene aquifer exceeds the pres-
sure of overlying aquifers (Gorski 1989; Dow-

through weakly permeable or even near-imperme-
able formations into the overlying aquifer (Gorski
et al. 2014), (2) the formation of localised hydrau-
lic connections between aquifers along hydrau-
lically active tectonic faults (Gorski 1989), or (3)
poorly constructed wells and hydrogeological
boreholes (Dragon et al. 2009; Gorski 2021).

The upward flow phenomenon in the Wiel-
kopolska region crucially requires monitoring and
thorough understanding, as it can lead to a de-
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crease in the usability of the recharged aquifers
(Dragon, Goérski 2003; Dragon et al. 2006, 2007;
Gorski 2021). This is due to the characteristic fea-
tures of Miocene aquifer waters (Macioszczyk
et al. 1972; Macioszczyk 1973; Zietkowiak 1988;
Dragon et al. 2005, 2007; Kotowski, Kachnic
2007; Siepak et al. 2010; Gorski et al. 2012, 2014;
Latour et al. 2015; Drobnik, Latour 2016). These
waters are primarily characterised by a high humic
acid content and their stability in dissolved form
(Drobnik, Latour 2016), as well as elevated chlo-
ride concentrations (>20 mg/L), and low manga-
nese concentrations (<0.1 mg/L) (Gorski et al.
2012). Due to their specific composition, they of-
ten exhibit a brown coloration. Waters are classi-
fied as coloured when their hue exceeds 80 mg
Pt/L, as observed in the Srem region (Gorski 1989;
Drobnik, Latour 2016). Because of these proper-
ties, coloured Miocene aquifer waters are consid-
ered unsuitable for municipal use (Drobnik,
Latour 2016). Depending on the mechanism of up-
ward flow, varying degrees of Miocene water con-
stituents may be transported to the recharged ag-
uifers.

Research conducted by Dragon et al. (2005)
in the Srem area using a multilevel piezometer re-
vealed that with increasing depth, elevated con-
centrations of Cl~, Na*, and total dissolved solids
were observed in the waters of the Warsaw—Berlin
ice-marginal valley. Additionally, in the sedi-
ments collected during piezometer drilling, an in-
crease in organic matter content with depth was
observed. This was associated with the occurrence
of Miocene water upward flow in this area.

Due to climate change, groundwater levels
are declining worldwide (Jasechko et al. 2024).
This issue also affects Poland (Olichwer et al.
2015; Kubiak-Wojcicka, Machula 2020; Kaznow-
ska et al. 2024). Considering the infiltration re-
charge of the Miocene aquifer in Wielkopolska,
regular monitoring of upward flow occurrences is
recommended (Gorski 1989; Dabrowski et al.
2011). Furthermore, due to the demonstrated neg-
ative impact on the usability of Quaternary aqui-
fers (Dragon, Gorski 2003; Dragon et al. 2006;
Gorski 2021), it is essential to enhance under-
standing of the identification and effects of the up-
ward flow of Miocene aquifer water in the Srem
area.

This paper aims to: (1) assess the upward
flow of Miocene aquifer water based on changes
in the hydrogeochemical characteristics of War-
saw—Berlin ice-marginal valley waters in the Srem
area; (2) investigate the vertical distribution of
macro element (ME) and trace element (TE)
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concentrations (Al, As, Cd, Cr, Cu, Fe, Mn, Ni,
Pb, Zn) in the Warsaw—Berlin ice-marginal valley
waters and assess the relationship between their
variability and the influence of upward flow; and
(3) evaluate the impact of the upward flow of Mio-
cene aquifer water on the quality of the Quaternary
aquifer.

Materials and methods

Research area

The location of study area is in Wielkopolska,
within the geographical mesoregion of the Srem
Basin (Solon et al. 2018). The object of the study
was a multilevel piezometer in Srem, situated at
the “Przywale” well-field (Fig. 1). However, it is
located outside the depression cone caused by
groundwater exploitation (Dragon et al. 2005).
The piezometer has four individually constructed
well screens at depths about 4.5, 11, 16, and
23 meters below ground level (considering the up-
per edge of the well screen), designated as Srl,
Sr2, Sr3 and Sr4, respectively (Fig. 2; Dragon
et al. 2005; Siepak 2005). All four well screens
were embedded as a set, forming a multilevel pie-
zometer. These screens are installed in sediments
of the Warsaw—Berlin ice-marginal valley.
The aquifer is divided into two parts: the upper
part is mainly composed of fluvial fine- and
medium-grained sands, approximately 10 meters
thick, containing silty sediment inserts with or-
ganic matter and low carbonate content. The lower
part consists of fluvioglacial river formations rep-
resented by coarse-grained sands and gravelly
sands. At a depth of 25 meters below ground level,
there is a layer of Neogene clays, which separate
the Quaternary and Miocene aquifers. This clay
layer is thick — about 50 meters. The multilevel pi-
ezometer is in a grassland area and no significant
sources of pollution were found in its surround-
ings (Fig. 1).

Sample collection and preparation

Fieldwork took place on 17 October, 2022. Sam-
ples were taken in order, from the deepest level
(Sr4) to the shallowest level (Srl) relative to
ground level. Between each successive sampling,
a 30-minute pumping of the piezometer at
the level sampled was performed. During the en-
tire pumping process, the depth of the water table
at all levels was checked every 5 minutes to ensure
that there was no mixing of water from the differ-
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Fig. 1. The location of a multilevel piezometer

ent depths. The Solinst 101 Water Level Meter
(Solinst, Canada) was used for this. Temperature,
pH and electrolytic conductivity were measured in
in-situ conditions using a Multi 3501 multifunc-
tional measuring device, from WTW (Weilheim,
Germany). The accuracy of the measured parame-
ters was £0.2°C for temperature +0.004 for pH and
+0.2 uS/cm for electrolytic conductivity, respec-
tively. Three 250-ml water samples from each
level were collected into Nalgene® polyethylene
(HDPE) bottles. Samples were fixed in situ with
60% HNO; Ultrapur® (to pH <2) for TE analysis
and CHCIl; Pro Analysis® (Merck, Darmstadt,
Germany) for ion analysis. After collecting,
the samples were transported to the chemical la-
boratory at a temperature of 4 +2.5°C.

Chemical analysis

Cations (Na*, NH4", K*, Ca*, Mg*") and anions
(CI', NO5, NOy, SO4*, PO4*) were determined in
the water samples using an ion chromatograph
(IC) from Metrohm (Metrohm, Switzerland),
model 881Compact IC Pro (Walna, Siepak 2012;
Siepak et al. 2023). Determinations of TEs (Al,
As, Cd, Cr, Cu, Fe, Mn, Ni, Pb and Zn) were per-
formed using inductively coupled plasma triple
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quadrupole mass spectrometry (ICP-QQQ-MS),
model 8800 Triple Quad, from Agilent Technolo-
gies (Japan) (Siepak, Sojka 2017; Sniady et al.
2024ab). Alkalinity (expressing HCO;™ concentra-
tion) was measured by in situ titration with HCl
(0.1 N) using methyl orange as an indicator.
As a quality control measure, the ionic error bal-
ance was calculated. The calculated error did not
exceed £3%. Chemical oxygen demand (COD)
was measured using the permanganate method.

Reagents

Standard solutions from Merck (Merck, Darm-
stadt, Germany) and CPAchem (C.P.A. Ltd Stara
Zagora, Bulgaria) were used in the IC determina-
tions. The mobile phase for cations and anions was
prepared from Fluka reagents (Sigma-Aldrich,
Steinheim, Switzerland). Multi-element standard
solutions from VHG Labs (Manchester, USA)
with a stock concentration of 100 pg/mL were
used for the ICP-QQQ-MS technique determina-
tions. Ultrapure reagents and 18.2 MQ-cm deion-
ised water purified using a Direct-Q® 3 Ultrapure
Water System device (Millipore, France) was
used. Certified reference material 1643f (Natio-
nal Institute of Standards and Technology, USA),
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Fig. 2. Scheme of a multilevel piezometer

RAIN-97 and PERADE-09 (Environment Can-
ada) were used to validate the results obtained.

Data analysis and water quality assessment

Based on the obtained results for anions and cati-
ons, the waters from Warsaw—Berlin ice-marginal
valley aquifer was classified according to the

Szczukariew—Priktonski

classification (Alekin

1956; Macioszczyk, Dobrzynski 2007). Addition-
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ally, the results were presented using a Piper dia-
gram (Piper 1944), prepared with an Excel tem-
plate developed by Stosch (2022). The data for
charting groundwater level changes for the Qua-
ternary and Miocene aquifers were taken from
the Polish Hydrogeological Survey's Hydrogeo-
logical Annual Reports for 2003-2014 (Kazi-
mierski 2005-2014; Sadurski 2015). Graphical
materials were prepared using Microsoft Excel,
version 2503 (Microsoft Corporation, Redmond,
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WA, USA), CorelDRAW Graphics Suite 2019
(Corel Corporation, Ottawa, ON, Canada), and
QGIS version 3.40.5 (QGIS Development Team
2024).

The Arithmetic Weight Water Quality Index
(WQI) (Tyagi et al. 2013) was used to assess
the vertical variability of groundwater in the War-
saw—Berlin ice-marginal valley regarding param-
eters associated with the occurrence of Miocene
aquifer water upward flow in this region.
The WQI calculation method was adapted from
Zakir et al. (2020) and is performed in several
steps.

Step I: Parameters potentially related to water
upward flow in the Srem region were selected
based on both current and previous studies
(Dragon et al. 2005; Siepak et al. 2010; Gorski et
al. 2012). The following were chosen for calcula-
tions: Na“and CI ions, and the following TEs: As,
Cr, Cu. K™ and Zn were excluded from the calcu-
lations due to their low harmfulness in drinking
water.

Step II: Quality rating scale (Qi) for each se-
lected parameter was computed by the following
expression:

Vactual % 100

Vstandard

Qi =

where, Vaual is the calculated value of every one
parameter in the analysed water sample. Vundard
indicates the limit value for a parameter defined
according to the “Regulation of the Minister of
Health on the quality of water intended for human
consumption” (2017) (Zakir et al. 2020; Fahimah
et al. 2024).

Step III: The unit weight (Wi) for each water
quality parameter was determined using the fol-
lowing formula:

K

Wi
Vstandard

where, K is the proportionality constant which is
calculated using the following equation:

. 1
Z(l/vs

tandard)

Step IV: Calculation of WQI following the for-
mula:

2(Qi x Wi)
WQl = —(~——

U= "Twn

The groundwater condition assessment scale was
adopted from Zakir et al. (2020): 0-25 (Excel-
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lent), >25-50 (Good), >50-75 (Poor), >75-100
(Very poor) and >100 (Unsuitable).

Results

Water composition

The study of the chemical composition of water
using a multilevel piezometer in Srem demon-
strated variation in water chemistry across the ver-
tical profile. The results indicate a transition in
water type from HCO;-Ca** at point Srl to
HCO;-CI'-(SO4*)-Ca**-Na" at point S3 and below
(according to the Szczukariew—Priktonski hydro-
-geochemical classification). A clear difference in
chemical composition was observed between sam-
ples Sr3 and Sr4 and samples Sr1 and Sr2 (Fig. 3).
The water temperature varied slightly from
10.2°C at point Srl to 11.1°C at the other points.
pH also did not change significantly and ranged
between 6.91 and 7.17. Among the measured pa-
rameters, electrical conductivity increased with
depth, ranging from 269 to 871 uS/cm. The COD
showed an irregular decline, with a peak observed
at point Sr2.

Anions such as Cl, SOs* and NO: also
showed an increasing trend with depth. The most
significant increase was observed in Cl” concen-
trations, which rose from 9.13 mg/L at shallower
depths to 77.9 mg/L at the deepest point, repre-
senting an 8.5-fold increase. NO2" concentrations
remained low, ranging from 0.002 to 0.011 mg/L.
SO4* concentrations, like Cl-, increased substan-
tially from 5.07 to 85.3 mg/L, marking an almost
17-fold rise. In contrast, PO+*- and NOs™ showed
a decreasing trend with depth. PO+ concentra-
tions were very low, ranging between 0.08 and
0.12 mg/L. NOs™ peaked at the surface (3.40 mg/L)
and gradually decreased to 0.418 mg/L at the
deepest piezometer level. HCOs™ was the only ma-
jor ion that did not exhibit a consistent increasing
or decreasing trend, instead showing irregular in-
creasing trend with depth, ranging from 158.6 to
341.6 mg/L.

The concentrations of all analysed cations
(Na*, NH4*, K*, Ca?*, Mg?") displayed an increas-
ing trend with depth. This was particularly evident
in Na*, NH4", and Mg?*, whose concentrations in-
creased to approximately 11, 12 and 3.5 times, re-
spectively. At points Sr3 and Sr4, the NH4* values
were 1.03 and 1.24 mg/l, respectively. K* concen-
trations slightly increased with depth, from 1.33 to
2.99 mg/L, while Ca** concentrations doubled,
reaching 105.4 mg/L. Detailed results for ions in
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Fig. 3. Piper's diagram showing results for macro elements (ME) depending on piezometer level

Table 1

Results for basic physico-chemical parameters and macro elements (MEs) for a multilevel piezometer in Srem
and for waters of the Miocene aquifer in the Srem area (Gorski et al. 2014; Drobnik, Latour 2016)

Multilevel piezometer Miocene aquifer waters in Srem area
Parameter Unit Srl S 3 Srd Drobnik, Latour Gorski et al.
(2016) (2014)
Temperature °C 10.2 | 11.1 11.1 11.1 —
pH — 691 | 7.02 | 7.17 | 7.03 6.90 7.15
f(}ggg;ﬁ?t‘; uSem | 269 | 558 | 748 | 871 739.5 718
COD mgO»/1 850 | 13.3 | 8.00 | 7.25 70
NH4* 0.102 | 0.495 | 1.03 1.24 - <0.05
NOy 0.002 | 0.004 | 0.008 | 0.011 <0.02
NOs~ 3.40 1.08 | 0.928 | 0.418 - 1.6
Cr 9.13 | 386 | 72.7 | 779 84.4 88.6
HCOs5 158.6 | 280.6 | 256.2 | 341.6 360.3 397.3
POs* mg/l 0.12 | 0.10 | 0.08 | 0.08 - -
SO4* 507 | 103 | 747 | 853 <1.0
Ca? 46.9 | 79.9 | 88.6 | 105.4 25.6 27.1
Mg?* 398 | 6.97 | 8.88 14.2 - 12.8
Na* 598 | 273 | 57.8 | 66.3 142.8 150.0
K* 1.33 1.98 | 2.84 | 2.99 - 6.82
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Fig. 4. Trace element (TE) concentrations in samples collected from a multilevel piezometer

the waters of the multilevel piezometer in Srem
are presented in Table 1.

Among the analysed TEs, the highest concen-
trations were observed for Fe and Mn, with values
ranging from 10.3 to 19.8 mg/L for Fe and 1.1 to
1.63 mg/L for Mn. However, their distribution in
the vertical profile was irregular. Zn also showed
relatively high concentrations at the deepest level,
significantly deviating from the other levels
(Fig. 4).

The concentrations of Al and Ni increased
from Srl to point Sr3, reaching 12.0 ug/L and
2.63 pg/L, respectively, but then decreased to
0.83 ug/L and 1.94 ug/L at point Sr4. Cu and As
did not show a specific trend, though both reached
their highest values at the deepest level, at
3.87 ug/L and 1.18 pg/L, respectively. Cd and Pb
had their highest concentrations at point Srl and

gradually decreased with depth. Notably, the con-
centrations of both were low, ranging from 0.002
to 0.004 pg/L for Cd and from 0.46 to 0.92 pg/L
for Pb. The only TE that showed a consistent in-
crease with depth was Cr, which rose from
0.80 pg/L at point Srl to 2.33 pg/L at point Sr4.

Water quality assessment

The analysis conducted using the WQI indicates
that, for the parameters potentially influenced by
the upward flow of Miocene aquifer waters,
the waters of the Warsaw—Berlin ice-marginal val-
ley exhibited excellent water quality. However,
a slight decrease in water quality is noticeable
with increasing depth. The calculated WQI values
range from 2 at point Srl to 11 at point Sr4
(Tab. 2).

Table 2

Water quality index (WQI) results with depth

Sample name WQI value Water quality
Srl 2 Excellent
Sr2 5 Excellent
Sr3 10 Excellent
Sr4 11 Excellent
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Discussion

The upward flow of waters with poorer chemical
parameters into usable aquifer levels is a signifi-
cant research topic, and its importance is growing,
particularly in areas potentially threatened by wa-
ter shortages. Groundwater contamination in such
areas can especially hinder the achievement of
United Nations Sustainable Development Goal 6
(United Nation 2015). Water shortages and the im-
pact of drought on available water resources are
increasingly affecting a growing number of coun-
tries (Jasechko et al. 2024), including Poland (Ku-
biak-Wdjcicka, Machula 2020; Kaznowska ef al.
2024). This amplifies the need to identify potential
threats to water quality from various sources.
Srem is not currently significantly at risk of water
shortages; however, conducting research in this
area allows for a better understanding of certain
upward flow mechanisms. Identifying potential
threats posed by water upward flow and the
method for its detection requires a detailed under-
standing of local water circulation conditions.
A comprehensive description of these conditions
in the Srem area, including the recharge and drain-
age zones of the Miocene aquifer, was provided by
Gorski (1989; Fig. 5). The research conducted in
the Srem area allows conclusions to be drawn that
are largely similar to, and expand upon, those
found in earlier studies (Gorski 1989; Dragon
et al. 2005; Dabrowski et al. 2011).

The conducted hydrogeochemistry research
confirms the continuous occurrence of Miocene
aquifer water upward flow in the Srem area, de-
spite the large-scale decline in the Miocene water
levels across Wielkopolska between 1975 and
1993, as demonstrated by Dabrowski (1995),
which resulted from increased groundwater ex-
ploitation. However, monitoring studies con-
ducted by the Polish Hydrogeological Survey did
not show a declining trend in Miocene water levels
in the Srem area from 2003 to 2011, with an aver-
age level of 67.46 meters above sea level (Fig. 6).
This level has not changed significantly compared
to the analysis conducted by Gorski (1989) for
the years 1955-1985, when it fluctuated between
approximately 67 and 68 meters a.s.l. Similarly,
the monitoring conducted by the Polish Hydroge-
ological Survey did not reveal a decline in Quater-
nary water levels between 2004 and 2014 (Fig. 6),
with recorded results similar to data from previous
studies and reports (Gorski et al. 1998; Dabrowski
et al. 2005, 2011). Therefore, it can be assumed
with high probability that the hydrogeological
conditions in the Srem area have not changed in
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recent years, and the conclusions drawn by Gorski
(1989), Dragon et al. (2005) and Dabrowski et al.
(2011) remain valid (Fig. 5). According to Gorski
(1989), the upward flow in the Srem area likely
occurs along a hydraulically active tectonic fault.
This structure is evident within the Jurassic sub-
stratum; however, it has not yet been mapped in
the Neogene sediments (Fig. 5).

The conducted studies indicate that Na*, K*,
and CI- are particularly associated with the upward
flow of Miocene waters in the Srem region, which
is consistent with conclusions drawn by other au-
thors, who primarily emphasised the association
of upward flow with increasing concentrations of
CI and Na* in the waters of the Warsaw—Berlin
ice-marginal valley aquifer (Gorski 1989; Dragon
et al. 2005). This is confirmed by the comparison
of the results obtained with the chemistry of Mio-
cene aquifer waters in Srem (Tab. 2). The increase
in SO+* and HCOs" with depth should not be
linked to the occurrence of upward flow in this
area, as it is a typical phenomenon for Quaternary
groundwater in temperate zones, resulting from
other processes, such as carbonate dissolution and
sulphate oxidation from organic matter (Ma-
cioszczyk, Dobrzynski 2007; Gorski 2022). Addi-
tionally, NOs-, NO>, and NH4" likely originate
from both anthropogenic sources and geogenic
processes occurring in the Quaternary deposits of
the glacial marginal valley (Zurek 2002; Ma-
cioszczyk, Dobrzynski 2007).

The analysis of TEs suggests that the upward
flow of waters from the Miocene aquifer in
the studied area is likely related to As, Cr, Cu and
Zn. Siepak (2005) has observed that As concentra-
tions in the multilevel piezometer in Srem reached
the highest values at point Sr4. The association of
As with the occurrence of upward flow was later
confirmed by studies conducted by Siepak et al.
(2010), which demonstrated that As, Cr, Cu
and Zn concentrations in the Miocene aquifer
in this region were among the highest recorded.
Nevertheless, detailed published data on TEs con-
centrations in the waters of the Miocene aquifer
in this area remain limited. Thus, it is recom-
mended to expand future research to determine
the exact concentrations of a broader range of TEs,
which would enable a better understanding of
the upward flow phenomenon in the Srem region.

Additionally, the high values obtained for Fe
and Mn are likely of geogenic origin, being asso-
ciated with the decomposition of organic matter
present in the sediments of the Warsaw—Berlin
ice-marginal valley. This is confirmed by docu-
mentation for this area (Gorski et al. 1998; Dab-
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rowski et al. 2005) and by the conclusions of sci-
entific publications (Gorski 1989; Dragon ef al.
2005). The genesis of Al and Ni is likely also as-
sociated with geogenic processes, and their une-
ven vertical distribution suggests a possible link to
the erosion of sulphides and organic matter con-
tained within the sediments (Gorski 1989). Pb and
Cd did not reach high concentrations, and their de-
crease with depth may suggest an anthropogenic
influence. However, their concentrations are suf-
ficiently low so that it is not possible to identify
a specific source.

The water quality assessment using the WQI
for elements associated with Miocene aquifer wa-
ter upward flow (Na* and CI, As, Cr, Cu) indi-
cated a slight decrease in water quality with depth.
However, the water at all depths maintained an ex-
cellent class of quality in terms of the listed com-
ponents. Therefore, it can be concluded that
the upward flow of Miocene aquifer waters in
the Srem region does not significantly affect
the usability of the supplied aquifer as a source of
drinking water (according to the Ministry of
Health Regulation 2017). It should be noted, how-
ever, that the upward flow of Miocene waters into
Quaternary aquifers in Wielkopolska (especially
in areas where the waters are heavily coloured)
may limit their use due to a drastic reduction in
organoleptic qualities. This is confirmed by
the studies conducted by Dragon et al (2007)
at the Joanka groundwater intake near Poznan,
where upward flow occurs through an improperly
constructed well and significantly affects the qual-
ity of the Wielkopolska Buried Valley aquifer.

Conclusion

The analysis conducted, involving the determina-
tion of MEs and TEs in water collected from
the multilevel piezometer located in the area
of the Warsaw—Berlin ice-marginal valley in
Srem, revealed the following:

e the upward flow of Miocene aquifer waters
into the Quaternary aquifer in Srem area con-
tinues to occur, as confirmed by the analysis
of MEs, and the conclusions drawn from earlier
studies regarding local water conditions remain
valid;

with increasing depth, there is a marked in-
crease in CI-, Na®, and K* concentrations, asso-
ciated with the upward flow;

the upward flow of Miocene waters is not
significantly reducing water quality in terms
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of the parameters associated with the upward
flow, as confirmed by the WQI assessment;
the upward flow of Miocene aquifer waters
may increase the concentrations of certain TEs
(As, Cr, Cu, and Zn) in the waters of the War-
saw—Berlin ice-marginal valley aquifer.

This work has received funding from the Na-
tional Science Centre of Poland (grant no.
2021/41/B/ST10/00094). The authors would like
to extend their sincere thanks to Roksana Kruc-
-Fijalkowska and Magdalena Matusiak for their
assistance with the fieldwork.
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