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Abstract: Septic tanks without proper construction and insulation entail a significant risk to the
environment. In this study, the environmental impacts of a permeably designed septic tank on
shallow groundwater contamination are investigated, and changes in water quality in the period
after its elimination in 2014 are assessed. For the purpose of evaluating the pollution level of the
site, 10 monitoring wells were installed around the septic tank in 2012 and long-term monitoring
was carried out. Analytical measurements revealed a significant level of groundwater contamination
in the operational period of the septic tank. Extremely high concentrations of NH4

+ (>90 mg/L)
were observed in the closest monitoring wells, and in most of the wells, concentrations exceeded
the relevant contamination limit. δD and δ18O isotopic ratios of monitoring wells within 1 m from
the septic tank indicate continuous recharge of sewage water originating from deeper aquifers. The
groundwater dome resulting from the wastewater discharge exceeded 1.1 m, within a distance of 25 m.
Statistical analyses also revealed significant changes in water quality depending on the monitoring
well location from the septic tank. In the period after the septic tank elimination, considerable changes
have been detected. Following the cessation of the wastewater discharge, the groundwater dome
around the septic tank disappeared; therefore, differences in groundwater levels have decreased
from more than 1 m to a few cm. Significant positive changes were detected in the water quality
parameters investigated after the dismantling of the septic tank. Five years after the cessation of the
pollutant supply, concentrations still exceeded the contamination limit in most of the monitoring
wells, indicating slow decontamination processes with a permanently high level of pollution.

Keywords: septic tank; wastewater effluent; groundwater contamination; environmental pollution;
groundwater purification

1. Introduction

The use of septic tank systems is the most commonly used method for the on-site
collection and treatment of municipal wastewater worldwide [1–3]. Their use is especially
widespread in rural areas where connection to sewerage networks is either not accessible or
not cost-effective [4–6]. Septic tank systems have been considered an acceptable permanent
solution for the management of municipal wastewater in rural areas [7,8]; however, an
increasing amount of evidence indicates that septic emissions contribute to water quality
deterioration [9–11].

The efficiency of the different systems depends on the quality of the effluent, which is
highly dependent on the physical, biological and chemical processes taking place in the
tank, as well as the retention time [12–14]. The efficiency of the treatment also depends on
the chemicals used in the household and the organic matter content of the effluent [15]. In
Hungary, due to the lack of adequate environmental regulations, it has become common
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practice among the population to build uninsulated septic tanks, with impermeable con-
crete or brick walls, which have enabled rapid leakage of raw wastewater, considerably
increasing the negative environmental impact of these sites [16].

Numerous studies conclude that septic tanks pose a potential risk to surface water,
groundwater and human health [17–20]. Based on studies conducted in Tennessee, Han-
char [21] concluded that effluent from septic tanks results in elevated levels of ammonium,
nitrite and nitrate in groundwater. Reay [22] came to a similar conclusion after studying
the environmental impacts of septic tanks on groundwater. He found that the nitrogen
emission from septic tanks is considerable (5.7–10.7 kg/household/year), leading to ele-
vated levels (up to 100 times higher) of dissolved inorganic nitrogen (DIN) in groundwater
than that of surface water in the unaffected areas. Research by McQuillan [23] showed
that pollution from on-site systems has the most significant impact on groundwater quality
compared to other contamination sources. Richards [1] carried out fluorescence studies
in the UK on effluent from septic tanks. They found that the condition of the tanks and
the number of users significantly influences the quality of the effluent, which, when com-
bined with the effects of the surrounding tanks, poses direct risks to the environment.
Abdalla—Khalil [24] investigated the impacts of wastewater effluent on water quality. Due
to the lack of a proper disposal and treatment network, the wastewater generated is stored
in uninsulated septic tanks in direct contact with the groundwater, which makes it easy
for wastewater to infiltrate into the soil. The groundwater sampling points showed a 94%
mixing of groundwater and wastewater. Kringel and colleagues [25] evaluated the impact
of organic matter leaching from septic tanks and latrines on groundwater quality in the
central part of the city of Yaounde. Abrupt increases in ammonium, nitrate and EC from
the outskirts towards urban areas indicated anthropogenic effects. Edo and colleagues [26]
studied the impact of open sewage dump sites on groundwater in Nigeria. They found
that inorganic, organic and biological contaminants were leaching from surface sources
into groundwater, causing significant contamination.

There are regional differences in the quantities of septic tanks around the world, but
even in developed countries, they are a widespread form of on-site sanitation. According
to estimates, 26% of households in Europe, and 25% in the United States use septic tank
systems for on-site wastewater treatment. In Australia this figure is around 13% [27] There
are significant differences between countries behind the average values for the European
content. While only 4% of the UK population use septic systems, they are used by 1/3 of
households in Ireland.

In Hungary, the establishment of the sewerage system has not been completed in tan-
dem with establishment of the drinking water system. In municipalities without sewerage,
the traditional practice of individual sewage disposal in uninsulated septic tanks has caused
significant pollution in village environment. With the accession (2004) to the European
Union, the Water Framework Directive 2000/60/EC and the Urban Waste Water Treat-
ment Directive 91/271/EEC were ratified by Hungary, resulting in considerable progress
towards the construction of sewerage systems in settlements with a pollutant load above
2000 population equivalent (p.e.). During the last decade, Hungary has made considerable
progress in the collection and treatment of domestic wastewater [28]. While in the 1990s,
the proportion of households with access to the sewerage system was slightly above 40%,
the gap in the ratio of households with access to the drinking water and sewerage systems
decreased from 39.1% in 2001 to 12.1% in 2021 [29].

In the present study, the environmental impacts of permeable constructed septic tanks
are assessed based on a case study in Hungary. The objective of the investigations carried
out is to reveal the level of groundwater pollution around a leaky septic tank, and the
assessment of purification processes after the elimination of the wastewater effluent. The
general hypothesis was that groundwater around the dismantled septic tanks is highly con-
taminated, and that contamination levels will decrease significantly over a five-year period
after the cessation of wastewater discharge. In order to verify our hypothesis, groundwa-
ter monitoring, hydro-chemical and statistical evaluation were carried out. In addition,
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long-term monitoring enables the evaluation of the ongoing groundwater decontamination
processes after the elimination of the pollution source. Since only a few studies exist in
the international literature that evaluate the clean-up processes after the cessation of septic
tanks against the baseline condition, the current study provides a valuable contribution to
the relevant field.

2. Materials and Methods
2.1. Location of the Study Area

The settlement under investigation is located in the Nagy-Sárrét micro region, which
is part of the Great Hungarian Plain (Figure 1). The investigations around the septic tank
covered an area of 1100 m2. The lowland area (altitude 85–89 m.a.s.l.) is part of the alluvial
deposit of the Sebes-Körös River, categorized as a flat plain.
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Soil formation is influenced by groundwater near the surface, which has resulted
in predominantly Vertisol, Solonetz, Chernozem and Kastanozem soil types, according
to the World Reference Base for Soil Resources (WRB) classification system [30]. Saline
soils are predominant in 36% of the micro region, while 16% of the area is covered by
meadow Chernozem soils which are not directly affected by groundwater. Based on the
soil analyses from the 3 m deep boreholes in the sample area, the soil texture is dominated
by fine particle fractions (<0.02 mm), with a combined proportion of clay and silt fractions
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of over 70% giving a loam or clay loam soil texture. The average precipitation of the area is
520–540 mm per year, and the climate is moderately warm and dry (Cfb) [31].

2.2. Field Sampling and Laboratory Analysis

To determine the impacts of septic tank effluent on groundwater, 10 monitoring wells
were installed around the tank at a depth of 3 m (Figure 1). The wells were designed with a
filtered part in the lower 1-m section of the PVC pipe (∅ 50 mm). Seasonal water sampling
was carried out between 2012 and 2019, after the extraction of water three times the well
volume, according to the MSZ ISO 21464:1998 standard.

In the years following the cessation of sewage outflow, groundwater levels decreased
significantly; therefore, after 2016, it was not possible to conduct sampling in all seasons,
and in 2020, water levels decreased to below 3 m, so no data are available from this date
onwards. The authors plan to establish deeper monitoring wells in the near future to
maintain long-term monitoring.

The data from field measurements with a Trimble S9 dual-frequency, high precision
geodesic GPS device were used to create a digital elevation model for the study area and to
determine the absolute height of groundwater levels.

Laboratory measurements of NH4
+, NO2

−, NO3
−, PO4

3−, Cl− and SO4
− were per-

formed according to Hungarian Standards (HS ISO 7150-1:1992; HS 1484-13:2009). The
Chemical Oxygen Demand (COD) was determined using the KMnO4 method. The results
were evaluated on the basis of the relevant contamination limits of the Joint Regulation
KvVM-EüM-FVM No 6/2009 (IV. 14).

The quantitative analysis of the element content of the water samples 2012 and 2019 was
performed by microwave plasma atomic emission spectrometry (MP-AES 4200, Agilent
Technologies, Santa Clara, CA, USA). The plasma gas was continuously supplied during
measurement by a nitrogen generator (Agilent Technologies 4107, Santa Clara, CA, USA).
The MP-AES instrument operates with a vertical torch alignment together with an axial
observation position. Standards, as well as sample solutions, were introduced by autosam-
pler (SPS, Agilent Technologies, Santa Clara, CA, USA) with a 30 sec rinsing between each
by 0.1 M HNO3 prepared in ultrapure water. Standard solutions of the macro elements (Ca,
K, Mg, Na) were prepared from the mono element spectroscopic standard of 1000 mg L−1

(Scharlau), and samples of the micro elements (Al, Ba, Cu, Co, Cr, Fe, Mn, Ni, Pb, Sr, Zn)
were prepared from the multi element spectroscopic standard solution of 1000 mg L−1 (ICP
IV, Merck, Kenilworth, NJ, USA). In both cases a 5-point calibration process was used for
which standard solutions were diluted with 0.1 M HNO3 prepared in ultrapure water.

δ18O and δ2H (δD) values of water samples were determined in 2013 using a DELTA-
plusXP mass spectrometer, followed by isotopic shift analysis. Since water infiltrating
into the soil preserves its original isotopic ratios, it can be used to determine its origin. In
the settlement under investigation, domestic wastewater is generated from the water of
deeper aquifers; its presence in shallow groundwater is a clear indication of wastewater
effluent [32–34].

2.3. Septic Tanks in Hungarian Settlements

Due to high transportation costs, local residents have constructed their domestic septic
tanks with permeable concrete or brick walls (uninsulated septic tanks), which enables
wastewater to easily infiltrate into the soil, causing groundwater contamination, as shown
in Figure 2. The situation was further worsened by the fact that the groundwater level in
the studied municipality varied between 1 and 3 m during the operational period of the
septic tank; therefore, the effluent was directly mixed with groundwater.
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In addition, these modified septic tanks cause significantly more environmental con-
tamination than septic tanks, as they discharge raw, untreated sewage into groundwater
and are consequently the main source of groundwater pollution in municipalities without
sewerage systems.

The investigated settlement, Báránd, is a characteristic medium-sized village with
a population of 2611 inhabitants in 2020. The current number of households is 1153.
During the last decade, the annual water consumption of the investigated settlement
has varied between 90,000 and 120,000 m3, with the volume of water supplied to house-
holds between 70,000 and 90,000 m3. According to our calculations, up to 40–60% of
the domestic wastewater disposed in permeable septic tanks could have leached into the
environment. This statement is based on the water use and wastewater discharge data of
the household investigated.

2.4. GIS and Statistical Analysis

Multivariate statistical techniques and GIS are valuable tools for evaluating heteroge-
neous water quality data sets, performing spatio-temporal analysis and determining the
origin of contaminants as well as for providing information for monitoring network design,
sustainable environmental policy and effective remediation practices [35–38]. In the present
study, statistical analysis (e.g., correlation, hierarchical cluster analysis, discriminant and
principal component analysis) of the groundwater monitoring data between 2012 and
2019 were performed using SPSS26 software. Besides the calculation of the main statistical
values, boxplot diagrams were used for better interpretation of the mean, the lower and up-
per quartiles, and the median. The Spearman rank correlation test was performed in order
to analyze the variable dependence. Principal component analysis (PCA) was performed
to assess the spatial differences of the monitoring wells. The Kaiser criterion was used in
order to determine the number of principal components [39]. The suitability of the data for
analysis was assessed using Kaiser–Meyer–Olkin (KMO) and Bartlett probes. Hierarchical
cluster analysis was performed using the Ward method, to identify monitoring wells with
similar water quality. Discriminant analyses (DA) (Wilks’ Lambda method) were used for
determination of the separability of the pre and post sewerage period.
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Geographic information systems (GIS) are commonly used to identify the spatial
variation of hydrochemical parameters by a combination of spatial data and other geo-
graphic information. In addition, spatio-temporal changes in groundwater quality were
visualized and assessed using ArcGIS 10.4.1 and Surfer 19 software. Kriging interpolation
was chosen to assess the spatio-temporal variation of contaminants, since ordinary kriging
is one of the most commonly used interpolation techniques in geostatistics for generating
interpolated (predictive) maps for unsampled sites. The semivariogram is used to quantify
spatial dependence:

G(h) =
1

2N(h)

N(h)

∑
i=1

[Z(Xi + h)− Z(Xi)] (1)

G (h) indicates the semivariogram as a function of the lag distance or separation vector
h between two points., N(h) represents the number of observation pairs divided by distance
h, and z(xi) represents the random variable at position xi [40].

The spatial distribution of different parameters can be determined according to the
equation below [40]:

Ẑ(X0) =
n

∑
i=1

n λi Z(Xi) (2)

Ẑ(X0) is the predictable value at x0 points, while n is the number of the sampled point
Z(Xi) is the recognized value at sampled xi points, and λ is the weight assigned to the
sampled point.

The Piper and Durov diagrams created in Grapher software were used to assess the
cation–anion ratios of water samples. Piper [41] proposed an efficient graphical procedure
to separate the relevant analytical data in order to isolate the water-soluble constituents.
This procedure is based on the fact that most natural waters contain cations and anions in
chemical equilibrium.

3. Results and Discussion
3.1. Impact of Septic Tank Discharge on Groundwater Level

According to the water consumption and sanitation data of the household under inves-
tigation, it was found that approximately 220 liters of wastewater per day was discharged
into the environment during the operational phase of the permeable septic tank, clearly
defining the local groundwater flow directions in the area. Based on our groundwater level
measurements, a marked groundwater dome resulting from the wastewater discharge was
detected. The difference in the groundwater levels exceeded 1.1 m, within a distance of
25 m (Figure 3). In the operational period of the septic tank, the highest water levels were
measured in monitoring wells BA1 and BA6, located 1 m from the septic tank, although
considerable differences were found in these monitoring wells. In the summer of 2012,
the groundwater level in these two wells was 87.55 mBf (BA1) and 88.05 mBf (BA6), re-
spectively, resulting in a difference of up to 50 cm within a few meters. In the monitoring
wells BA2 and BA7, located 5 m from the septic tank, the water level continues to decrease
to 87.05 mBf and 87.47 mBf, respectively. At the furthest monitoring well BA5, located
25 m west of the tank, the groundwater level reached only 86.87 mBf. According to the
groundwater levels measured in the monitoring wells, it can be stated, that septic tank
leakage was most intense in a southern direction.

During the period after the elimination of the septic tank (2014–2019), considerable
changes have been detected. Following the cessation of the wastewater discharge, the
groundwater dome around the septic tank disappeared, therefore differences in groundwa-
ter levels have decreased from more than 1 m to a few cm. These changes have also altered
the direction of local groundwater flow. The former radial flow direction has changed to
the general direction beneath the municipality.
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3.2. Evaluation of δD and δ18O Values

In order to confirm the detectability of the presence of domestic wastewater in the
monitoring wells around the investigated septic tanks, the isotopic ratio shifts (δ) for 18O
and D(2H) were investigated.

Since the isotopic ratios of sewage and precipitation from groundwater are markedly
different, it is possible to infer the ratio of sewage to precipitation in groundwater. In the
evaluation of the results, the δD values are plotted against δ18O values, and both the global
(GMWL) and local precipitation lines (LMWL) are indicated. The local precipitation line also
allows us to determine whether evaporation or recharge is dominant for a given sample.

The isotopic ratios of the groundwater used as tap water (δD −11.2, δ18O −80.6) are very
similar to those of the produced wastewater (δD −10.9, δ18O −78.5). When examining the
values of monitoring wells around the septic tank, a marked difference was found between
wells located close to the tank and wells located further away from the tank (Figure 4).
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The isotopic ratios of monitoring wells within a 1 m distance of the tank (δD −11.3,
δ18O 71.4; δD −10.9 δ18O −69.6) are close to the values of the sewage, which proves that
the water in these wells is not of precipitation origin, but of aquifer origin. In addition,
it can be clearly shown that due to the continuous recharge of deeper groundwater, no
evaporation is present. In wells BA2 and BA3, deeper groundwater is still dominant, but
evaporation losses have been detected. The isotopic values of the wells located further
from the tank, are close to the local precipitation line, so it can be stated that precipitation
processes dominate in their water.

3.3. Temporal and Spatial Changes in the Water Quality Parameters after Elimination of the
Septic Tank

The values of the regularly measured parameters are separately presented on box-
plot diagrams for the pre- and post-closure periods (Figure 5). Due to the wastewater
discharge, the hydrochemical parameters of the monitoring wells closest to the septic
tank differ significantly from the monitoring wells located at greater distances. After the
elimination of wastewater outflow, positive changes in the investigated parameters have
been detected.

Over the years of operation (2012–2014), in the monitoring wells within a 1 m distance
of the septic tank, high (20–50 mg/L) organic matter content (COD) was detected. Concen-
trations showed a decreasing trend at greater distance, but the elevated values indicate the
contamination of the entire study area. After the closure, despite a decrease in the organic
matter content of water samples closest to the septic tank, still very high concentrations
(35–70 mg/L) were found, indicating that a considerable amount of organic matter from
the wastewater discharge has accumulated in the vicinity of the septic tank, providing a
continuous pollution supply. This is evidenced by the fact that the organic matter content
of a borehole BA1 within a 1 m distance of the tank is almost two times higher than in the
borehole of BA5, at a distance of 25 m from the tank [16].

Within a 1 m distance of the permeable septic tank, extremely high NH4
+ concen-

trations (>90 mg/L) were measured in the operational phase (Figure 6). Nitrification
conditions improved in parallel with the distance from the septic tank, resulting in rapidly
reduced NH4

+ concentrations. However, concentration exceeded the contamination limit
in the majority of monitoring wells, indicating a high level of pollution in the entire
study area.

In contrast, the spatial variation of NO3
− concentrations showed the opposite pattern.

Close to the septic tank, the concentrations varied between 1 and 3 mg/L, and in parallel
with improved nitrification processes values increased significantly, exceeding the limit
(50 mg/L). The cessation of wastewater effluent in 2014 resulted in an immediate reduction
in the NH4

+ concentrations of the monitoring wells closest to the contamination source. In
the post-closure period, similar to COD values, concentrations (>35 mg/L) were still several
times above the pollution limit (0.5 mg/L). High concentrations indicate that significant
amounts of NH4

+ continue to be released from the soil into the groundwater [42].
Concentrations of PO4

3− exceed the pollution limit (0.5 mg/L) in a large part of
the investigated site, both before and after the elimination of the septic tank (Figure 7).
However, after the closure a considerable decrease in concentrations was detected around
the septic tank. While values before elimination ranged between 3 and 6 mg/L, in 2019,
values of less than 2 mg/L values were measured. The phosphate concentration in the
study area also decreased from an average of 1.97 mg/L (2013) to 1.12 mg/L by 2019.
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The results are in accordance with other studies conducted around septic tanks, re-
vealing the high pollution of shallow and deeper aquifers [43–45].

3.4. Temporal Changes in the Microelements around the Septic Tank

Due to the high Fe content of the wastewater effluent, originating from deeper aquifers,
Fe concentrations higher than 7000 µg/L were measured within a 1 m distance of the
contaminant supply (monitoring wells BA1 and BA6) (Figure 8). In the case of further wells,
the mean of the Fe concentration was significantly lower, at 312 µg/L. The concentration of
Mn exceeded 1000 µg/L in wells BA1 and BA6, located 1 m from the tank, while in four
wells, concentration was below the detection limit. Values in the remaining wells ranged
from 4 to 240 µg/L.

This statement is in accordance with other studies, which have investigated the heavy
metal pollution around sewage disposal sites, i.e., considerably higher Fe and Mn concen-
trations were found located in the vicinity of point-sources, compared to areas not affected
by pollution [46].
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In the case of Zn, the mean concentration significantly decreased from 526 µg/L to
1.7 µg/L in the period after the septic tank elimination (Figure 8). However, no correlation
with distance from the tank was detected. Sr concentrations decreased slightly in 80% of
the wells, from 300 µg/L in 2013 to 275 µg/L in 2019. The concentrations of Pb, Cu and
Ba did not exceed the relevant limit values during any of the periods studied. Several
studies have stated that industrial effluent is the main source of elevated microelement
content [47]. Given that no industrial wastewater has been emitted on the site, the trace
element concentrations of the monitoring wells do not exceed the relevant standards.

3.5. Cation and Anoin Ratios in the Post-Closure Period

The anion and cation compositions of the water samples collected in 2018 and 2019 are
plotted on a Piper and Durov diagram (Figure 9). Most of the water samples were classified
as the Ca2+ type, only two were assigned to the Na+ type. In the case of anions, the SO4

2−

type was defined. Unfortunately, no sulphate values are available for the period before the
elimination, making comparisons impossible.
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3.6. Statistical Analyses of the Data

Results of the Spearman correlation analysis are presented in Table 1. Significant
(p < 0.01), strong positive correlations were detected between NO3

−/EC (r = 0.484) and
NH4

+/COD (r = 0.510). Monitoring wells were divided into two groups based on distance
from the septic tank. BA1 and BA6 monitoring wells located within 1 m of the septic tank
were categorized as the first group, while the other wells were categorized as the second
group. A significant strong negative correlation was found between location and NH4

+,
COD and Na+.

Table 1. Correlation matrix of the investigated parameters.

Parameter pH EC NH4
+ NO2− NO3− PO43− COD Na+

pH 1.000
EC −0.103 1.000
NH4

+ −0.103 0.173 1.000
NO2

− −0.207 0.226 0.397 1.000
NO3

− 0.062 0.484 −0.083 0.150 1.000
PO4

3− 0.086 −0.009 0.162 0.265 0.119 1.000
COD −0.294 0.226 0.510 0.190 0.041 0.072 1.000
Na+ −0.269 0.289 0.302 0.282 −0.158 −0.005 0.243 1.000
Distance from
septic tank 0.338 −0.169 −0.689 −0.360 0.246 −0.017 −0.519 −0.542

Hierarchical cluster analysis was used to determine which monitoring wells belong
to the same group based on water quality parameters. The analysis was based on data
from the first sampling in 2012. The results of the clustering were plotted on a dendogram
diagram. The most polluted wells—BA1, BA6 and BA7—were included in the same cluster,
whereas the furthest and the least polluted monitoring well (BA5) was markedly separated
from the remaining wells (Figure 10).
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Since significant differences were found in the hydrochemical parameters of wells
close to the tank compared to wells further away from the tank, a two-step cluster analysis
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was carried out to identify the weight of each parameter in the clustering of wells within
1 m distance and wells located at more than 1 m distance. The results showed that NH4

+

contributed the most considerably to the cluster formation (Figure 11). COD and Na+

content were also important contributors to classification. The high Na+ concentration of
domestic wastewater is evidenced by numerous studies [48,49].
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PCA test results are illustrated in Table 2. According to the rotated component matrix,
three groups were identified. The first principal component included NO3

−, EC, NO2
−

and COD; the second principal component consists of NH4
+, Na+ and pH, while the third

principal component is represented by PO4
3−.

Table 2. Rotated component matrix of the variables.

Rotated Component Matrix a

Parameters
Component

1 2 3

NO3
− 0.879 0.010 0.108

EC 0.754 0.208 −0.216
NO2

− 0.699 −0.039 −0.006
COD 0.515 0.300 0.497
NH4

+ −0.014 0.805 0.113
Na+ −0.038 0.785 −0.065
pH −0.331 −0.614 −0.047

PO4
3− −0.108 −0.016 0.879

Extraction Method: Principal Component Analysis. Rotation Method: Varimax with Kaiser Normalization a.
a Rotation converged in four iterations.
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A clear separation is detectable between the wells within 1 m distance of the pollution
source (<1 m distance) and wells further away (>1 m) in the multi-variable space of PC1 and
PC2 (Figure 12).
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Discriminant analysis also shows considerable variations depending on the location
from the septic tank. Based on the water quality parameters, it is possible to determine
with 96.5% accuracy, into which category the sample belongs (Table 3). A discriminant
analysis was also carried out on the basis of the data before and after the closure of the
septic tank. Of the cross-validated data, 71.3% were correctly categorized into the original
class based on the water quality parameters (Table 4). This lower value indicates that,
despite positive changes, the area remains heavily polluted even 5 years after the cessation
of the septic tank.

Table 3. Classification results of the discriminant analysis for the location of monitoring wells.

Classification Results a,c

Distance from the
Septic Tank

Predicted Group
Membership Total
1 2

Original
Count

1 (Distance < 1 m) 19 4 23
2 (Distance > 1 m) 0 92 92

%
1 (Distance < 1 m) 82.6 17.4 100.0
2 (Distance > 1 m) 0.0 100.0 100.0

Cross-validated b
Count

1 (Distance < 1 m) 19 4 23
2 (Distance > 1 m) 0 92 92

%
1 (Distance < 1 m) 82.6 17.4 100.0
2 (Distance > 1 m) 0.0 100.0 100.0

a Of original grouped cases, 96.5% correctly classified. b Cross validation is performed only for those cases in the
analysis. In cross validation, each case is classified by the functions derived from all cases other than that case.
c Of cross-validated grouped cases, 96.5% correctly classified.
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Table 4. Classification results of the discriminant analysis for the period before and after of the septic
tank elimination.

Classification Results a,c

Period

Predicted Group
Membership Total
1 2

Original
Count

Before septic tank closure 22 18 40
After septic tank closure 6 69 75

%
Before septic tank closure 55.0 45.0 100.0
After septic tank closure 8.0 92.0 100.0

Cross-validated b
Count

Before septic tank closure 20 20 40
After septic tank closure 13 62 75

%
Before septic tank closure 50.0 50.0 100.0
After septic tank closure 17.3 82.7 100.0

a Of original grouped cases, 79.1% correctly classified. b Cross validation is performed only for those cases in the
analysis. In cross validation, each case is classified by the functions derived from all cases other than that case.
c Of cross-validated grouped cases, 71.3% correctly classified.

4. Conclusions

The current study investigated the environmental effects of an uninsulated septic
tank, and assessed the groundwater quality improvement in the period after its closure
in 2014. It was revealed—verifying the first part of our hypotheses—that the wastewater
discharge of the investigated permeable septic tank resulted in a local groundwater dome
and markedly deteriorated water quality. Very high concentrations of hydrochemical
parameters were detected in the immediate vicinity of the septic tank. Statistical analyses
also revealed considerable variations depending on the distance from the septic tank. By
applying discriminant analysis, it was determined with high accuracy into which category
the sample belongs according to its hydrochemical parameters. Based on the results of the
two-stage cluster analysis, it can be stated that NH4

+ contributed the most significantly to
the cluster formation

During the period after the septic tank elimination (2014–2019), considerable changes
have been detected. Following the cessation of the wastewater discharge, the groundwater
dome around the septic tank disappeared; therefore, differences in groundwater levels have
decreased from more than 1 m to a few cm. These changes have also altered the direction
of local groundwater flow. Significant positive changes were detected in the hydrochemical
parameters investigated after the dismantling of the septic tank. The cessation of wastewa-
ter effluent in 2014 resulted in an immediate reduction in COD and NH4

+ concentrations;
however, 5 years after the elimination of pollution supply, concentrations still exceeded the
contamination limit by several times, indicating slow decontamination processes with a
permanently high level of pollution.

The relevance of the current study is that it demonstrates the negative environmental
effects of leaky septic tanks, which are present in several parts of the world. The results
of the investigations also highlight the risk that accumulated pollutants can continuously
contaminate these sites even several years after the pollutant supply has ceased. To avoid
further aquifer pollution, comprehensive investments are needed at a municipal level
to increase the proportion of closed storage systems or sewers. Recultivation of similar
septic tanks is, therefore, highly recommended. Furthermore, it is essential to ensure
rigorous compliance with environmental rules and increase the environmental awareness
of the population.
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