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Abstract: This study demonstrates an approach to estimate the background value of nitrate as a basis
for better groundwater management and protection in areas under long-term human impact. The
aim was to determine the ambient background value (ABV) of nitrate in the catchment area of the
Velika Gorica well field, a hydrogeologically homogeneous area within the Zagreb aquifer. ABVs are
determined using four well-known model-based objective methods (the iterative 2-σ technique, IT;
the calculated distribution function, CDF; the cumulative frequency curve, CFC; and the probability
plot, PP), while simultaneously testing the reliability of the results of each method. If the results are
not statistically significant, data selection is performed. The results show that using data without
selection can lead to statistically non-significant ABVs, but with the additional selection of data, a
statistically non-significant result became a statistically significant one. In summary, all final ABVs
must be statistically significant and determined using as large a data set as possible. Reducing the
size of the data set is acceptable only in the case of a statistically non-significant result.

Keywords: ambient background value; nitrate; iterative 2-σ technique; calculated distribution
function; cumulative frequency curve; probability plot; Zagreb aquifer

1. Introduction

Groundwater presents the most common and valuable source of drinking and irriga-
tion water in the world [1]. Sustainable management of water and sanitation for the world
population is one of the main goals established by the United Nations under the Sustainable
Development Goals [2]. A large amount of research has been focused on the evaluation
of groundwater quality, which has been diminished by different pollutants [1,3–6], while
others emphasize the importance of implementing measures that will slow down the
deterioration of water bodies [7–9]. Nitrate pollution of groundwater is one of the main
environmental issues worldwide [10–18] and nitrate’s increasing trend in natural waters
has made it a contaminant of concern [4,19,20]. Burkart and Kolpin [21] have shown that a
nitrate concentration greater than 13 mg/L as NO3

− in groundwater is a sign of natural
groundwater quality degradation due to anthropogenic activities. In order to be sure
that groundwater pollution is present, it is important to distinguish between geogenic
and anthropogenic influences on groundwater quality by the estimation of geochemical
background values that reflect natural processes [22]. Estimating the natural background
value in groundwater enables us to recognize the concentration of the geochemical com-
pound that is free from human influence [23]. The Groundwater Directive (2006/118/EC)
introduced the term “background value” as “the concentration of a substance or the value
of an indicator in a body of groundwater corresponding to no, or only very minor, anthropogenic
alterations to undisturbed conditions”. Due to the ubiquitous human influence, which is
also reflected in the chemical composition of groundwater, the natural composition of
groundwater, especially in shallow aquifers, almost does not exist today. Since, in many
parts of the world, human influence on the environment has been present for such a long
time that it is futile to try to determine the natural background concentrations of substances
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in groundwater, Reiman and Garrett [24] devised the concept of the ambient background
value (ABV), which describes an immeasurably disturbed and no longer intact background
concentration of substances in groundwater. Because background values are location-
and scale-dependent, i.e., they change regionally as well as locally [24], it is necessary
to divide data sets into homogeneous groups to increase the probability of detecting an
environmental problem. Sometimes, it is very difficult to clearly identify the populations
related to the background processes as opposed to those reflecting contamination [25–28].
It has been shown that areas that are unaffected by human activities typically have natural
background values of nitrate that do not exceed 5–10 mg/L as NO3

− [29].
Many researchers are using approaches based on the analysis of the distribution of

many measured data using different statistical methods [30–32]. It has been shown that
probability density functions can be different in background and anomalous samples,
but the main issue is how to recognize these differences with confidence [33]. Although
model-based subjective methods of background determination that include the mean plus
two standard deviations are the best for data that follow a normal distribution and were
frequently used, they are far from ideal when used for regional geochemical data [33]. The
problem arises from the fact that the samples represent more than one population or process,
resulting in multimodal distribution, where the use of the mean can give overestimated
values [34]. On the contrary, model-based objective methods of background determination
differ from subjective methods in that the background values and the upper limit of
background range, i.e., threshold values, are defined by the data themselves, rather than by
an arbitrary decision of the researcher. Recently, model-based objective methods have been
gaining more and more importance. They are based on the division of a complete set of
measured data into subgroups with characteristic probability density functions that reflect
relevant natural geochemical processes and/or pollution events in an area. Background
populations can be approximated by normal or lognormal density functions, while different
processes have produced an anomalous population that differs from the background [33].
In recent decades, various model-based objective methods (the iterative 2-σ technique, the
calculated distribution function, the cumulative frequency curve, and the probability plot)
and their combinations have been used worldwide to determine background concentrations
and threshold values [29,35–41]. Furthermore, there are also other statistical approaches.
For example, the lithology of aquifers was used to define the natural background values of
different chemical parameters in six EU countries [42]. In some cases, natural background
values of selected species were estimated by means of the pre-selection and the component
separation method [23]. Other studies combined pre-selection methods and statistical
approaches [26,43–45].

The groundwater of the Zagreb aquifer is threatened due to increasing concentrations
of pollutants and decreasing water quantity. Nitrates have been recognized as one of the
most common groups of contaminants in the Zagreb aquifer [22], which is designated as
a vulnerable area to nitrates, due to agricultural activities, especially on the right bank
of the Sava River. Thus far, the elevated nitrate concentrations have been confirmed by
various studies [22,46,47], while recent research was focused on the determination of areas
with the highest risk for nitrate contamination [48], the definition of nitrate origin [49],
the estimation of nitrate trends [50], and the in situ monitoring of multiple soil horizons
in Eutric Cambisols at the Velika Gorica site [51]. Furthermore, it has been shown that
nitrate concentrations present one of the most heterogeneous pieces of data, which is due to
the pronounced anthropogenic influence in different parts of the Zagreb aquifer [52]. The
concept of ABVs was implemented by Nakić et al. [25] and Kovač [52] to calculate the ABVs
of nitrate in the groundwater of an alluvial aquifer in the Zagreb area. The upper limit of
the ABV for the Zagreb aquifer ranged from 4.5 to 10.7 mg/L. Due to the obvious human
influence and heterogeneity of the Zagreb aquifer, four different methods (the iterative
2-σ technique, IT; the calculated distribution function, CDF; the cumulative frequency
curve, CFC; and the probability plot, PP), which belong to the model-based objective
methods, were used to estimate the ABV of nitrate in the catchment area of the Velika
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Gorica well field, which is located in the southern part of the Zagreb aquifer and complies
with the principle of hydrogeological homogeneity. We are referring here to the results of
research by a group of authors [53] who revealed that the background concentrations of
substances, determined at the level of the regional aquifer, can significantly differ from
the background concentrations of the same substances, determined in homogeneous areas
within the same aquifer. The importance of applying the principle of homogeneity when
determining background concentrations for substances that are sensitive to changes in
oxidation-reduction conditions in the subsoil is emphasized by Molinari et al. [43], while
Matschullat et al. [40] emphasize that the geochemical background concentration of a
chemical substance needs to be determined in spatial conditions that are characterized by
homogeneous, mainly climatological, lithological, and pedological features. The objectives
of this study are (a) to modify the graphical interpretation of used methods to reduce
subjectivity in determining a background value, (b) to show the differences in results
when estimating ABVs using all data without selection compared to selected non-normally
distributed (NON-ND) data, and (c) to evaluate the reliability of used methods in the
anthropogenically influenced area.

2. Study Area

The Zagreb aquifer is situated in the north-western part of the Republic of Croatia
along the Sava River, between the Medvednica Mountain in the north and the hills of
Vukomeričke Gorice in the south. It is an unconfined aquifer composed of unconsolidated
Quaternary sediments consisting mainly of sand, gravel and silt or silty clays and covers
an area of approximately 350 km2. The research area is located in the southern part of the
Zagreb aquifer (Figure 1). The average annual precipitation for the period 2001 to 2020 is
967 mm. Precipitation is evenly distributed throughout the year, with a monthly average of
around 80 mm. The annual average air temperature ranges from 10.5 ◦C to 12.7 ◦C, with a
minimum in January and a maximum in July (Figure 2).

Hydrology 2023, 10, x FOR PEER REVIEW 4 of 16 
 

 

 
Figure 1. Research area. 

The Velika Gorica well field is one of the most important well fields in Zagreb 
County, supplying drinking water to the City of Zagreb and the City of Velika Gorica. The 
well field consists of five wells drilled to a depth of 39 m to 50 m, drawing water from the 
shallow aquifer. Near the well field, there are 12 monitoring wells in an area of approxi-
mately 9 km2, generally used to monitor groundwater quality in the shallow aquifer. In 
this small area, the maximum elevation difference is 7 m. The maximum thickness of the 
unsaturated zone is 9 to 11 m (Figure 2), and most of the land is used for agriculture, 
mixed with urban areas. Figure 2c,d show that the depths to groundwater and ground-
water level fluctuations are similar for all 12 monitoring wells. According to the results of 
previous research [65–67], the groundwater in the influence area of the Velika Gorica well 
field belongs to the calcium–magnesium–hydrogen carbonate (CaMgHCO3) water type. 
All this makes the catchment area of the Velika Gorica well field a hydrogeologically ho-
mogeneous area relevant for the determination of background values. 

Figure 1. Research area.



Hydrology 2023, 10, 63 4 of 15Hydrology 2023, 10, x FOR PEER REVIEW 5 of 16 
 

 

 
Figure 2. The annual precipitation (a) and the average monthly precipitation (b) with average, min-
imum and maximum air temperature; depth to groundwater (c) and groundwater levels (d) for the 
period 2001 to 2020. 

3. Materials and Methods 
3.1. Available Data Set 

The ABV of nitrate was estimated using groundwater chemical data from the na-
tional groundwater quality monitoring program of Croatian Waters. Nitrate concentra-
tion data from 12 monitoring wells, located in the catchment area of the Velika Gorica well 
field, have been used for this purpose. Nitrate data sets of the past twenty years (2001‒
2020) have been analyzed. The data set included three analyses with limit of quantification 
(LOQ) or limit of detection (LOD) values, one analysis that was not measured and written 
as “0”, and 135 analyses with unavailable data. Since only four analyses were recorded as 
“0” or as below the LOQ/LOD values, it was decided that these data would not be used. 
After data processing, approximately 944 analyses, out of 1083 chemical analyses, were 
used for background estimation. For the evaluation of the nitrate concentrations in the 
Sava River and precipitation, 15-year time series data (2001‒2015) were used. Data in-
cluded 627 analyses from the samples of river water (provided by Croatian Waters) and 
1225 analyses from the samples of precipitation (provided by Croatian Meteorological and 
Hydrological Service). 

3.2. Description of Methods 
In this work, four well-known model-based objective methods were used to estimate 

the ABV of nitrate. 
The iterative 2-σ technique, IT, and the calculated distribution function method, CDF, 

have been implemented by the Visual Basic (VB) macro entitled BACKGROUND [25], 
which calculates the background values of chemical parameters and evaluates threshold 
values that separate background data from anomalous values. The macro integrates these 
two methods into a widely accessible platform (i.e., Microsoft Excel) and calculates the 
normal range of background values with 95% confidence. Both methods aim to define the 
background and threshold by approaching a normal range. The methods process the 
measured data (i.e., remove values) until a normal distribution is achieved. Thus, what is 
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the period 2001 to 2020.

Quaternary sediments were deposited during the Middle and Upper Pleistocene and
the Holocene [54]. The shallow layer contains Holocene alluvial deposits of the Sava
River, while the deep layer contains Pleistocene lacustrine–marshy deposits [55,56]. The
unsaturated zone consists of gravels in the lower part, while the upper part consists mainly
of silty to sandy material, interbedded with clay layers in places. The thickness of the
unsaturated zone varies from two to eleven meters [57].

The shallow aquifer is in direct hydraulic connection with the Sava River, which is
the main source of groundwater recharge [58–61]. The groundwater level changes mainly
due to water level fluctuations of the Sava River, which recharges the aquifer during high
water levels, while it discharges the aquifer during low and medium water levels. Other
recharge mechanisms include infiltration from precipitation, infiltration from the porous
water supply system and the sewage network, but also the water inflow from the Samobor-
Zaprešić aquifer in the west and the water inflow across the southern boundary in the
Vukomeričke Gorice area [62]. The general groundwater flow direction concurs with the
flow direction of the Sava River from west to east (south-east) (Figure 1). The Zagreb
aquifer area consists of three major pedological units: Fluvisols, Stagnosols and Eutric
Cambisols on the Holocene deposits [63,64].

The Velika Gorica well field is one of the most important well fields in Zagreb County,
supplying drinking water to the City of Zagreb and the City of Velika Gorica. The well field
consists of five wells drilled to a depth of 39 m to 50 m, drawing water from the shallow
aquifer. Near the well field, there are 12 monitoring wells in an area of approximately
9 km2, generally used to monitor groundwater quality in the shallow aquifer. In this small
area, the maximum elevation difference is 7 m. The maximum thickness of the unsaturated
zone is 9 to 11 m (Figure 2), and most of the land is used for agriculture, mixed with urban
areas. Figure 2c,d show that the depths to groundwater and groundwater level fluctuations
are similar for all 12 monitoring wells. According to the results of previous research [65–67],
the groundwater in the influence area of the Velika Gorica well field belongs to the calcium–
magnesium–hydrogen carbonate (CaMgHCO3) water type. All this makes the catchment
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area of the Velika Gorica well field a hydrogeologically homogeneous area relevant for the
determination of background values.

3. Materials and Methods
3.1. Available Data Set

The ABV of nitrate was estimated using groundwater chemical data from the national
groundwater quality monitoring program of Croatian Waters. Nitrate concentration data
from 12 monitoring wells, located in the catchment area of the Velika Gorica well field,
have been used for this purpose. Nitrate data sets of the past twenty years (2001–2020)
have been analyzed. The data set included three analyses with limit of quantification
(LOQ) or limit of detection (LOD) values, one analysis that was not measured and written
as “0”, and 135 analyses with unavailable data. Since only four analyses were recorded
as “0” or as below the LOQ/LOD values, it was decided that these data would not be
used. After data processing, approximately 944 analyses, out of 1083 chemical analyses,
were used for background estimation. For the evaluation of the nitrate concentrations in
the Sava River and precipitation, 15-year time series data (2001–2015) were used. Data
included 627 analyses from the samples of river water (provided by Croatian Waters) and
1225 analyses from the samples of precipitation (provided by Croatian Meteorological and
Hydrological Service).

3.2. Description of Methods

In this work, four well-known model-based objective methods were used to estimate
the ABV of nitrate.

The iterative 2-σ technique, IT, and the calculated distribution function method, CDF,
have been implemented by the Visual Basic (VB) macro entitled BACKGROUND [25],
which calculates the background values of chemical parameters and evaluates threshold
values that separate background data from anomalous values. The macro integrates these
two methods into a widely accessible platform (i.e., Microsoft Excel) and calculates the
normal range of background values with 95% confidence. Both methods aim to define
the background and threshold by approaching a normal range. The methods process the
measured data (i.e., remove values) until a normal distribution is achieved. Thus, what is
left in the normally distributed data are the background values and what has been removed
are the non-background values [25,40]. The background values are estimated based on
data derived from a population, which amounts to a large proportion of the total data
set. Statistical methods include the Lilliefors test [68] for testing the normality of data sets
and significance of results. If the test statistic D is smaller than the critical value Dcrit, the
result is statistically significant, i.e., the determined distribution of the background values
corresponds to the normal distribution, which means that the results are acceptable. If the
statistic D is greater than the critical value Dcrit, the result is not statistically significant
and the obtained background values are overestimated [25]. The advantage of using these
two methods is that their application does not require normally or lognormally distributed
data, they can be applied to relatively small data sets (n > 30), and they are applicable to
unimodal and skewed distributions. Both methods work well only when the generally
prevailing background data are used to define the background populations [25]. The IT is
suited for the calculation of the threshold value as the outer limit of background variation
and considers both the low and high values to define anomalies. The disadvantage of
this method is that it cannot be applied to a polymodal distribution. The CDF method is
applicable to the polymodal distributions if the data unaffected by human activities are
dominant. The method is convenient for use if anthropogenic influences tend to lead to
enrichments in natural systems. The lower values should thus be free from anthropogenic
influences [40]. The IT and CDF methods differ in that the IT method can also be applied
if it is necessary to determine the lower limit of the background value of some pollution
indicator. This is the case for dissolved oxygen, which can be an indicator of extreme
oxygen consumption due to groundwater pollution [25]. However, research related to the
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definition of the natural background values of chemical substances is usually focused on
the determination of the upper limit of the background value [38,39,41,69,70].

The cumulative frequency curve, CFC, or Lepeltier’s method [71], is a graphical
method that analyzes the cumulative sum on a graph with a logarithmic scale. On the
graph constructed in this way, a significant deviation from the lognormal distribution is
visible as an abrupt change in the graph, i.e., as a point x where the appearance of the elbow
is observed, and all values that are less than or equal to x are the result of the cumulative
effect of natural processes that cause significant natural variability [40]. In his original
work, Lepeltier suggested cumulating high to low values. The advantage of this method is
that it enables the identification of meaningful ABVs for relatively small data sets with a
minimum of 50 data [71]. A limitation of using this approach is that care must be taken to
avoid the temptation to interpret the visual deviations between natural and anthropogenic
populations in the lower part of the curve as significant [30]. This method contains an
element of subjectivity due to visual detection and is highly dependent on the experience
of the researcher [70].

The probability plot, PP, assumes that different processes generate data with different
probability distributions and aims to identify several distributions into distinct components
and points that separate them, i.e., the threshold values. If there is a partial overlap of
background and non-background distributions, then a change in distribution on the PP
can be considered as an inflection point [70]. Inflection points can be identified visually as
changes in slope [29], or as an intersection of different trend lines [37]. The concentration
at the inflection point is defined as the threshold value, below which all measured values
of the substance belong to the background concentrations [33,72]. The advantage of this
approach is that it enables the identification of multiple populations on the graph. The
limitations of using this method are that a minimum of 100 values is needed and the
determination of the threshold represents an estimation procedure, subject to random and
systematic error [29,33].

In this paper, the inflection points were identified as the intersection of two “linear”
segments, as observed in Rahman et al. [37]. The first inflection point separating the first
two subsets is assumed to be ABV, while the first population is considered a natural event.
Multiple inflection points on the plots may indicate multiple populations of natural or
anthropogenic origin contributing to nitrate concentrations in groundwater [37]. To reduce
the subjectivity of visual interpretation, subsets were selected to describe the population
with the highest possible coefficient of determination. The minimum number of points
in a subset was three and was increased by one point each time until the highest possible
coefficient of determination was reached.

The first step was to estimate the ABV for data without prior selection to check the
reliability of different methods. If one of the selected methods leads to a statistically non-
significant result, data selection is required in the second step and re-estimation of the
ABV for selected data in the third step. This is based on the fact that the values of a single
normally or lognormally distributed population form a straight line on the cumulative
probability plots, without the possibility of determining a background value, whereas
the values of more mixed populations lead to a curved line with a pronounced inflection
point [29]. Data selection was performed using the Lilliefors test [68] by testing normal
distribution. TIBCO StatisticaTM (version 13.5.0.17) was utilized to perform the normality
tests, while an alpha value of 0.05 was used as the statistical significance level in all data
analyses. The Lilliefors test is an adaptation of the Kolmogorov–Smirnov test and uses the
same calculations, but the critical value table in the Lilliefors test table is used instead of the
Kolmogorov–Smirnov table, which gives the critical value Dcrit. If the test statistic D is less
than the critical value Dcrit, the normal distribution cannot be rejected. Under the condition
that the test statistic D is greater than the critical value Dcrit, the normal distribution can
be rejected.

All final ABVs must be statistically significant and determined using as large as
possible a data set. A statistically significant result obtained in the first step is considered
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acceptable, while, in case of a statistically non-significant result, data selection is required
in order to obtain a statistically significant result.

4. Results and Discussion

The descriptive statistics of nitrate concentrations (presented as mg NO3/L) in ground-
water in the catchment area of the Velika Gorica well field and Sava River and the precipi-
tation are reported in Table 1. The nitrate concentration of groundwater ranges from 0.2
to 35.7 mg/L, with a mean value of 19.6 mg/L and a median of 19.5 mg/L. It is worth
noting that the average value for each monitoring well does not exceed the maximum
permissible level for drinking water (50 mg NO3/L), stipulated by EU and Croatian regu-
lations. Nevertheless, these higher concentrations indicate possible natural groundwater
quality degradation, considering that, in areas not affected by human activities, the nitrate
concentration in groundwater should be much lower [21]. The mean nitrate concentration
in the Sava River, as the main source of recharge in the Zagreb aquifer, recorded in the
period from 2001 to 2015, is 6.8 mg/L, with the maximum value of 14.6 mg/L. The mean
nitrate concentration in precipitation from 2001 to 2015 is 0.8 mg/L, while the maximum
measured concentration is 5.2 mg/L. Due to the low nitrate concentrations in precipitation,
it can be assumed that precipitation has a very small effect on the nitrate content in the
Zagreb aquifer [52]. Furthermore, it has been shown that the local meteoric water line of the
Ljubljana area (Slovenia) better describes the stable isotopic composition of groundwater
from the Zagreb aquifer than the local meteoric water line of the Zagreb area [22,49,59,73].
This confirms that the Sava River is the main source of recharge of the Zagreb aquifer, since
the source of the river water is the precipitation that falls in Slovenia.

Table 1. Main statistics for nitrate in mg/L = milligram per liter as NO3. SD is standard deviation,
CV is coefficient of variation in %, N is number of samples.

Min Max Mean SD Median CV N Interval

All wells 0.2 35.7 19.6 5.7 19.5 29.0 944 2001–2020

Čdp-3/2 0.2 19.8 12.4 4.3 13.7 34.6 63 2001–2020

Čp-23 14.0 28.3 19.8 3.5 19.0 17.9 73 2001–2020

Lg-1 4.0 35.4 25.5 5.5 25.2 21.4 100 2001–2020

Lg-4 0.2 31.0 21.1 7.0 22.6 33.2 92 2001–2002; 2004;
2006–2020

P-7 6.2 33.1 17.8 6.0 18.6 33.9 99 2001–2020

Vg-1 15.1 32.0 20.3 3.0 19.5 14.6 112 2001–2020

Vg-10/2 14.6 34.7 20.5 2.9 20.5 14.4 66 2009–2020

Vg-11 10.2 24.9 15.1 2.5 15.1 16.8 63 2001–2020

Vg-4 15.5 27.4 21.3 2.5 21.2 11.7 110 2001–2020

Vg-6 12.4 27.5 17.3 3.0 17.1 17.3 73 2001–2020

Vg-9 11.5 20.2 15.1 1.8 15.1 11.9 58 2003–2020

Vg-5/2 17.7 35.7 28.9 3.3 29.2 11.5 35 2014–2020

Sava River 1.3 14.6 6.8 1.9 6.6 28.0 627 2001–2015

Precipitation 0.03 5.2 0.8 0.7 0.5 94.8 1225 2001–2015

First, the ABV of nitrate was estimated in groundwater for data without selection
referring to all monitoring wells, using four different methods (Figure 3). The inflection
points were determined according to the principle of the highest possible coefficient of
determination using the CFC and PP methods. Estimated values vary from 7.1 to 11.8 mg/L.
Usage of the IT method resulted in the highest estimate of the background value, while
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the CDF method gave a non-statistically significant result. As observed in Nakić et al. [25],
if D > Dcrit, the result is not statistically significant and the obtained background values
are overestimated. Considering that the application of the CDF method gave a noticeable
difference in terms of non-statistically significant results, the second step was data selection,
performed using the Lilliefors test and re-estimation of the ABV.
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Figure 3. Four different methods to estimate ABV of nitrate for data without selection: (a) IT:
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background value: 7.5 and (d) PP: background value: 7.1. Arrow indicates first inflection point that
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The Lilliefors test was used to test the normality for each well separately (Table 2). This
test showed normally distributed data for monitoring wells Vg-11, Vg-4, Vg-6, Vg-9, and
Vg-5/2, which are not further considered for the background value estimation procedure
in the third step, because, as observed in Panno et al. [29], a single normally or lognormally
population forms a straight line on the cumulative probability plots, without the possibility
of determining a background value. The data that were not normally distributed (wells
Čdp-3/2, Čp-23, Lg-1, Lg-4, P-7, Vg-1 and Vg-10/2) were grouped for further processing
as NON-ND data, because it is expected that the cumulative probability plots contain a
curved line with at least one inflection point that could indicate the existence of a minimum
of two different populations, natural and anthropogenically conditioned. Histograms and
normal distribution curves for each well separately are shown in Figure 4.
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The third step was to re-estimate the ABV of nitrate in groundwater for selected data
referring to NON-ND data, using the same methods. The use of selected data resulted in
statistically significant results for all methods (Figure 5). It is important to emphasize that
the result obtained with data without selection that was not statistically significant became
significant.
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Table 2. Lilliefors test of normality. Normally distributed data are bolded (D < Dcrit).

Monitoring Well
Lilliefors Test

D Dcrit

Čdp-3/2 0.232 0.112

Čp-23 0.135 0.104

Lg-1 0.098 0.089

Lg-4 0.212 0.092

P-7 0.106 0.089

Vg-1 0.140 0.084

Vg-10/2 0.148 0.109

Vg-11 0.086 0.112

Vg-4 0.070 0.084

Vg-6 0.099 0.104

Vg-9 0.087 0.116

Vg-5/2 0.149 0.150
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separates background and non-background population.
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Using the IT method again resulted in the highest background value and both re-
sults were statistically significant, while the estimated value increased from 11.8 to 13.2.
Compared to other methods, IT gave a higher estimation of the nitrate background value
because it considers both the low and high values to define anomalies and cannot be
applied to a polymodal distribution. The CDF method gave a noticeable difference in terms
of non-statistically significant results for data without selection (8.3 mg/L) and statistically
significant results for a set of selected data (7.2 mg/L). Although this suggests that the
CDF method depends more on which data are used for the calculation with respect to
the IT, our results correspond to the results of previous research, where it was shown
that it is applicable to polymodal distributions and convenient for use in conditions of
anthropogenic activity [40], which are present in the catchment area of the Velika Gorica
well field. Results suggest that the usage of CDF is the most applicable when using only
NON-ND data, which can be confirmed in the estimation of the statistically significant
background value of 7.2 mg/L, unlike the estimate calculated with the all data without
selection. Furthermore, Urresti-Estalla et al. [39] suggested that the usage of both IT and
CDF methods depends on the nature of the parameter to be estimated as well as the type
of frequency distribution curve presented by the data series. From this perspective, the
most important criterion to define is whether the low concentration of the parameter that is
observed represents a possible indicator of contamination. If not, then CDF should be used
instead of the IT only when aquifers are undergoing little pressure.

The usage of lower limits with the first two methods is more convenient in areas
under long-term human impacts and corresponds to the usage of the first inflection points
from CFCs and PPs [74], which, in the end, makes the results estimated by all methods
comparable. The first inflection points observed at plots were directly considered as
ABVs, because the first population of the data set was considered to be the consequence
of the natural conditions that prevail in the investigated part of the aquifer. The ABV
determined by the CFC method decreased from 7.5 to 7.3 mg/L, while the background
value determined by the PP method decreased from 7.1 to 6.9 mg/L, for all data and for
selected data, respectively. The nitrate concentration showed more than one inflection point
on plots, indicating multiple local events of nitrate contamination in groundwater. This is
consistent with previous research where it was defined that elevated nitrate concentrations
are the result of different sources of contamination, i.e., wastewater and manure [49].
In general, both CFCs and PPs resulted in the extraction of four sets, i.e., populations.
Additionally, the aim was also to increase the coefficient of determination of the chosen
subset compared to the initial value that was calculated for the entire population. In all
cases, the significant improvement in the coefficient of determination was present when
dividing entire population into more sub-populations due to different inflection points.
However, it must be emphasized that, in our case, CFCs with the entire population had very
high values for the coefficient of determination of 0.91 and 0.89 (Figures 3 and 5). This was
not the case with PPs, which had starting values for the coefficient of determination of 0.62
and 0.58 (Figures 3 and 5). As observed in Panno et al. [29], the CFC and PP methods can
be used in the estimation of nitrate ABVs only when observation wells with non-normally
distributed data are included. If these data are not present within the observed data, it is
possible that the inflection point will not be recognized.

The study has shown that the CFC and PP methods for data without selection and the
CDF method for selected NON-ND data gave consistent and realistic estimations of ABVs
that are comparable to nitrate concentrations in the main source of recharge of the Zagreb
aquifer, i.e., Sava River [58–61]. When observing all acceptable (statistically significant)
results together, it is evident that all methods, except the IT, gave very similar estimations
of nitrate ABVs ranging from 7.1 mg/L to 7.5 mg/L. Preziosi et al. [53] and this research
confirmed that the background value of nitrate determined at the level of the Zagreb
aquifer [25,52] differs from the background value of nitrate determined in the catchment
area of the Velika Gorica well field, a homogeneous area within the same aquifer.
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5. Conclusions

The ABVs and threshold values are crucial for identifying groundwater quality and
pollution migration. The nitrate concentrations, which are a potential pressure and concern
in the Zagreb aquifer, were analyzed. The new approach to estimate the background value
of nitrate as a basis for better groundwater management and protection in areas under long-
term human impact was applied. The study is based on statistical methodologies developed
to separate the natural and anthropogenic populations in monitored concentrations from
the national groundwater quality monitoring program of Croatian Waters over a 20-year
period. The results show that using data without selection can lead to statistically non-
significant results, but, with further data selection, a statistically non-significant result
became a statistically significant one. In conclusion, all final results must be statistically
significant and determined using as wide as possible a data set. Reducing the size of the
data set is acceptable only in the case of statistically non-significant results.
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56. Velić, J.; Durn, G. Alternating Lacustrine-Marsh Sedimentation and Subaerial Exposure Phases during Quaternary: Prečko,
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