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Abstract
This study investigates the risk to contamination of groundwater in public water supply wells in the Koprivnica-Križevci 
county (northwest Croatia). Five physicochemical parameters were monitored in all groundwater samples from 2008 to 
2017 to identify major differences between the wells, assess temporal variations and understand the capacity for rainfall to 
alter groundwater pollution loadings. Multivariate discriminant analysis showed statistically significant differences between 
the six sampled wells based on the analyzed parameters (Wilks' lambda: 0.001; F = 26.2; p < 0.0000). Principal component 
analysis revealed two significant factors, including factor 1 which explained 32.8% of the variance (suggesting that the 
quality of the groundwater was mainly controlled by nitrate) and factor 2, accounting for 16.2% of the total variance (which 
corresponded to  KMnO4/oxidizability and to a lesser extent, pH). The time series data showed disparate trends, with nitrate 
concentrations increasing, whereas pH and  KMnO4 decreased, while electrical conductivity and chloride levels remained 
stable. Although rainfall can impact groundwater pollution loadings through dilution processes in aquifers, the resulting 
fluctuations in physicochemical parameters are complicated by variations in rainfall events and local topography, as well 
as from climate change. Therefore, it is important to predict the contamination of groundwater quality in the future using 
machine learning algorithms using artificial neural network or similar methods. Multivariate statistical techniques are useful 
in verifying temporal and spatial variations caused by anthropogenic factors and natural processes linked to rainfall. The 
resulting identified risks to groundwater quality would provide the basis for further groundwater protection, particularly for 
decisions regarding permitted land use in recharge zones.
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Introduction

The deterioration of groundwater quality is typically derived 
from the following causal factors: industrial, agricultural, 
urban (domestic) and overexploitation (Soomro et al. 2014; 
Miles et al. 1989; Elias 2008; Das Gupta and Puspor 1997; 
Sing et al. 2021). The type and extent of agriculture, as well 
as the density of residential land use within specified areas 
around wells, can be major predictors of the presence of 
a contaminant. Although agricultural activities are often 
the dominant cause of widespread contamination, iron or 
anorganic/organic chemicals from industry may result in 
point-source pollution (Eckhardt and Stackelberg 1995; 
Annaporna and Janardhana 2015; Rawat and Tripathi 2015; 
Gautam et al. 2021). Aside from land use/land cover (Srivas-
tava et al. 2013), the risk of groundwater contamination also 
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depends upon well construction and density (Kalinski et al. 
1994; Nemčić-Jurec and Jazbec 2015). Considerable tempo-
ral and spatial variations in groundwater chemistry reflect 
complex soil and groundwater interactions, which largely 
depend on soil type, soil erosion, weathering of crustal rocks 
and geology (Yang et al. 2013; Hill and Neal 1997; Nemčić-
Jurec et al. 2017; Sing et al. 2009). Alluvial groundwater is 
especially vulnerable to contamination due to surface water 
and groundwater interactions and their dynamic relationship. 
In particular, the distance from the river is a major determi-
nant for groundwater quality in alluvial areas (Negrel et al. 
2003; Trivedi et al. 2010).

Variation to groundwater quality is primarily controlled 
by natural processes, such as atmospheric inputs including 
runoff, infiltration and precipitation (Trivedi et al. 2010; 
Machiwal and Jha 2015). Models simulating different cli-
matic time periods have been used to estimate the future 
impacts of climate change on surface water and groundwater 
interactions, as well as on groundwater levels (e.g., Scibek 
et al. 2007). In addition to climate-induced changes, ground-
water configuration and fluxes are determined by topogra-
phy. The relative importance of local flow systems increases 
with topographic relief. Indeed, topography contributes to 
regional groundwater movement, dictating rates of ground-
water imports and exports to surface water bodies (Condon 
et al. 2015).

Excluding natural processes, the majority of physico-
chemical indicators typically measured in groundwaters are 
of anthropogenic origin. For example, groundwater electri-
cal conductivity (EC) is typically controlled by the ioni-
zation of the dissolved inorganic solids and increases with 
growing concentrations of dissolved minerals in contact with 
the groundwater (Soomro et al. 2014; Machiwal and Jha 
2015; Pu et al. 2011; Rawat et al. 2017). However, contribu-
tions from anthropogenic factors (e.g., industrial pollution, 
sewage irrigation, agriculture) can dramatically increase 
groundwater EC levels (Annaporna and Janardhana 2015; 
Soomro et al. 2014; Sing et al. 2015).

Groundwaters occur within different types of aquifers 
under various geological conditions, with natural factors 
governing the pH (Zhou et al. 2015), buffered by inputs 
of carbonate, bicarbonate and carbon dioxide (Rawat et al. 
2012). The acidification of soil and groundwater is an ongo-
ing process, which may occur as a result of either natural or 
anthropogenic processes, such as that occurring from pyrite 
oxidation in coastal acid sulfate soils (Kinsela and Melville 
2004). Furthermore, very acidic groundwaters can solubilize 
soil components, increasing concentrations of heavy met-
als and other components into surface and groundwaters 
(Macdonald et al. 2004). Cultivation and the deposition of 
atmospheric emissions further exacerbate these processes 
(Hill and Neal 1997; Knuttson 1994; Anderson and Bowser 
1986; Singh and Agrawal 2008).

The major natural sources of organic matter are carbo-
naceous and nitrogenous substances in the soil and water 
bodies, along with decaying plant matter which enters 
groundwater through leaching mechanisms (Oyem et al. 
2014). Anthropogenic organic contaminants such as pesti-
cides, pharmaceutical active compounds, drugs, estrogens, 
personal care products, selected industrial compounds and 
lifestyle compounds have also been found in rural and urban 
groundwaters (Jurado et al. 2012). Organic contaminants 
enter aquifers mainly through wastewater effluents. It is 
important to mention that compared to the other water bod-
ies (especially rivers), groundwaters are considerably less 
contaminated, indicative of the natural attenuation capacity 
of aquifers and infiltration processes (Jurado et al. 2012).

Chloride concentrations in groundwaters also depends on 
natural processes, however, elevated levels may indicate the 
presence of organic waste, particularly of animal origin (e.g., 
agriculture). Increased chloride of 280 mg/l (exceed maxi-
mal level prescribed by WHO which is 250 mg/l) concentra-
tions from the discharge of municipal (human sewage, roads) 
and industrial waste have also been reported (Soomro et al. 
2014; Trivedi et al. 2010; Eriksson et al. 2007). Again, allu-
vial aquifers are particularly vulnerable to the major inor-
ganic anthropogenic inputs, such as chloride, especially in 
agricultural areas (Negrel et al. 2003; Scanion, et al. 2005). 
Due to its high solubility as well as the properties of the 
aquifer (type, position, recharge conditions), chlorides can 
be rapidly introduced into groundwaters across catchment 
areas, potentially contributing to pollutant variability in the 
groundwater (Sakson and Brzezinska 2018).

The degradation of groundwater quality from nitrate 
has been widely reported both in rural and in urban areas 
(Elisante and Muzuka 2017; Pociene and Pocius 2005; Pu 
et al. 2011). Nitrate leaching into the groundwater is related 
to the soil type, hydrogeology and land use. Well depth is 
also an important determinant, with previous research that 
included physicochemical indicators and nitrate concen-
trations in groundwater assessments showed that higher 
nitrate levels (up to 186  mg/l) correlated with shallow 
wells (Nemčić-Jurec and Jazbec 2015; Nemčić-Jurec et al. 
2013, 2017) The major sources of nitrate in urban aquifers 
are related to the disposal of wastewater and solid waste, 
as well as from industrial activities (Elisante and Muzuka 
2017; Jurado et al 2012). Elevated concentrations have been 
attributed to sanitation in the urban centers and to agricul-
tural activities (Pociene and Pocius 2005; Pu et al.2011). 
Nitrates have been found in drinking waters from agricul-
tural and residential areas (Nemčić-Jurec and Jazbec 2013), 
where they have been shown to be derived from both dif-
fuse and point sources (Nemčić-Jurec et al. 2015). Although 
the contamination of groundwater with nitrate represents a 
global problem, the contaminant source(s), as well as the 
spatial and temporal distributions, remain large knowledge 
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gaps in certain areas. Groundwater is an important fresh-
water resource and a significant moderator of hydrologic 
processes.

Groundwater configuration and spatial patterns in ground-
water flux influence the residence time and location of sub-
surface contaminants (Condon and Maxwell 2015). The 
water table aquifer at the location of this study in Podravina 
(northwest Croatia), is overlain by a highly permeable mate-
rial, making it susceptible to contaminant infiltration from 
the land surface (Nemčić-Jurec et al. 2017). Considering 
its proximity to urban and agricultural areas, and there-
fore its relevance for drinking and irrigation water quality, 
it is important to explore and predict the penetration and 
dynamics of contaminants into the public supply wells. One 
approach to investigate this issue could be through distin-
guishing variations between wells coupled with groundwater 
flow direction and other relevant physicochemical (natural 
and anthropogenic) water quality parameters.

The primary aim of this research was to assess the risk 
of groundwater contamination in public supply wells in 
Podravina, Croatia. Previous research has shown that tem-
poral processes and variations may occur over a multitude 
of timescales, varying daily through to yearly and beyond, 
depending on prevailing rainfall (Nemčić-Jurec and Jaz-
bec 2015; Hill and Neal 1997; Nemčić-Jurec et al. 2013). 
Therefore, the second aim of this paper was to determine 
the behavior of individual parameters (variability and trends 
over time) across a longer period (10 years) and to assess 
the impact of rainfall and floods on their concentration in 
groundwaters. These findings will provide important infor-
mation to decision makers (e.g., the government, water utili-
ties) for predicting how future climate and rainfall events 
may impact upon levels of groundwater pollution. Future 
research should utilize and expand upon the information 
presented in this manuscript to predict the likelihood of 
groundwater contamination using emerging technologies, 
such as machine learning algorithms (artificial neural net-
work) (Kouadri et al. 2021).

Materials and methods

Study area

The Ivanščak well field is located in the catchment area of 
central Podravina, in the Koprivnica-Križevci county of 
northwestern Croatia (Fig. 1). The study area belongs to the 
Drava River water catchment and is composed of quaternary 
gravel–sand aquifer (Duić and Urumović 2007). The area 
of the old alluvial terraces composed of layers of the Drava 
River and its tributaries, and terraced sediments. Hydro-
geological characteristics are closely related to the aquifer 
geological materials. The quaternary gravel–sand aquifer 

reaches a thickness up to 50 m (area where the wells are 
located) and includes a roof that is composed of dust, sand 
and clay (10–20 m) with a significant occurrence of “live 
sand” and marsh loess prevalent in the southern and eastern 
parts of the river basin district (Nemčić-Jurec et al. 2017). 
The thickness of this layer (the roof) and its texture strongly 
influence the permeability of substances from surface layers 
into the aquifer. The soil is freely drained in the sandstone 
dominating the catchment.

The aquifer is recharged by infiltration of rainwa-
ter through the low permeable cover (into high perme-
able layers) and by seepage from the Drava River bed in 
the upstream portion of the study area. The groundwater 
hydraulic conductivity of the aquifer ranges from 1 to 
1.5 ×  10–3 m/s, while the effective porosity of the aquifer 
was estimated to be 0.1. The Ivanščak source water is sup-
plied with groundwater through 6 public supply wells: Z1, 
B1, B2, B3, B4 and B5 which are arrayed in an exploitation 
line spaced approximately 125 m apart (Fig. 1c). The aqui-
fer is recharged through two flows: Primary flow (north-
west–southeast direction) in the higher proportion recharges 
the aquifer while secondary flow (southwest–northeast 
direction) in a lesser proportion recharges the aquifer 
(Fig. 1). The recharge/discharge dynamics of flows greatly 
influences groundwater levels and water quality param-
eters in the wells. Figure 1 shows the locations of piezom-
eters: KPI 1 (E/N-524507.91/5115150.42), KPI 3 (E/N-
525055.8/5116474.40), KPI 4 (E/N-525853.63/5116072.73) 
and P 12 (E/N 524,919.71/5114807.54) which were used to 
determine the composition of the aquifer flow.

Land use of the study area

The Ivanščak well field supplies Koprivnica city 
(46°09´40″N; 16°50´14″E) and surrounding settlements. 
Koprivnica, the biggest city in the county, has a total area 
of 91  km2 with about 31,000 inhabitants, 77% of which live 
in the urban and 33% in rural areas (eight surrounding set-
tlements) (“Koprivničke vode”; https:// kopri vnica. hr/o- kopri 
vnici/ misija- vizija- i- cilje vi/).

The local industry includes medium- and large-sized 
companies, belonging mainly to food, beverage, pharmaceu-
tical, cardboard packing and footwear industries. Farming 
and animal husbandry is typical across the rural areas. The 
application of organic and mineral fertilizers across central 
Podravina is considered to be higher than average, when 
compared to that applied in other parts of Croatia (Nemčić-
Jurec and Jazbec 2015). The diffuse sources of pollution of 
agricultural origin such as landfills containing organic and 
mineral fertilizers are situated in the vicinity of the Ivanščak 
well field (< 100 m). Additionally, the municipal waste land-
fill for northwest Croatia is located 6 kms downstream from 
Koprivnica and Ivanščak.

https://koprivnica.hr/o-koprivnici/misija-vizija-i-ciljevi/
https://koprivnica.hr/o-koprivnici/misija-vizija-i-ciljevi/
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Therefore, the risk of groundwater contamination in the 
Drava River basin could be expected. Despite the implemen-
tation of catchments protection zones shown in Fig. 1c (III. 
zone—restriction and control zone, II. zone—zone of strict 
restriction and control and zone I.—zone of strict protec-
tion and supervision regime) after 45 years of environmental 
stress, the deterioration due to urbanization and agricultural 
land use has resulted in an appreciable decline in ground-
water quality. Because of that, groundwater is sampled to 
identify and quantity the occurrence of the contaminants in 
groundwater and to investigate the procesess around the con-
tamination event(s). Regular checks are therefore required to 
identify future risks in time, in order to remedial measures 
to be taken.

Climate

The investigated area exhibits a moderately warm climate 
with an average annual temperature range of between 10.9 

and 11.2 °C, and has an average rainfall of approximately 
803 mm/year. The mean daily maximum temperature is 
38.2 °C (in July) and the mean daily minimum is − 22.6 °C 
(in January). The relative humidity in the study area ranges 
between 80 and 96% in the rainy and cold season, and 
between 15 and 20% in the dry and hot season (Nemčić-
Jurec et al. 2017).

Sampling and analysis

Groundwater samples (N = 720) were collected from 6 wells 
(Z1, B1, B2, B3, B4 and B5) at the Ivanščak well field, 
during their full working capacity, at monthly intervals 
between 2008 and 2017. Clean 1-L polyethylene bottles 
were rinsed with sampled water, filled, sealed and labeled 
after collection. The samples were stored in a portable 
fridge, in the dark at the temperature of 1–5 °C for transpor-
tation to the laboratory, where samples were stored at the 

(a) (b)

(c)

(d)

Fig. 1  Study area—Koprivnica city and source Ivanščak location with public supply well positions. Sanitary protection zones: 1. zone (red line); 
2. zone (orange line); 3. zone (yellow line). Piezometer locations: KPI 1, KPI 3, KPI 4, P 12
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same temperature until the analysis (within 24 h) accord-
ing to the standard method for water sampling (HRN ISO 
5667–5:2000).

The samples were analyzed for 5 physicochemical 
parameters and standard water analysis methods were used 
(Clesceri et al. 1998; Rice et al. 2012). pH and electrical 
conductivity (EC) were analyzed by electrometry multimeter 
method (HACH HQ 40d), nitrate  (NO3

−) and chloride  (Cl−) 
by spectrophotometry method (SHIMADZU UV-1800) and 
permanganate oxidation  (KMnO4) was analyzed by Titra-
tion/Titronic 300 method (SI Analytics).

Statistical data analysis

Descriptive statistics were applied for the classification, 
interpretation and modeling of the large dataset (5 analyzed 
parameters in 720 groundwater samples). Data normality 
was tested by Shapiro–Wilk's W test. Homogeneity of vari-
ance for each variable was tested by Levene's test. Differ-
ences between groups were assessed by the Newman–Keuls 
test.

Testing the differences among the six sampled public sup-
ply wells was undertaken by multivariate discriminant analy-
sis (MDA). MDA performs forward stepwise analyses of 
variables (i.e., water quality parameter-independent variable, 
sampling location-grouping variable) into a model, which, 
in turn, calculates Wilks' lambda ranging from 0—perfect 
discrimination among the groups (sampling locations)—to 
1—no discrimination among the groups (sampling loca-
tions)—along with p-values which correspond to the sig-
nificance level of the analysis. The analysis also reports the 
raw and cumulative eigenvalues for all roots (weighted sums 
of variables), and their p-values, the raw and standardized 
discriminant (canonical) function coefficients, the struc-
ture coefficient matrix (of factor loadings), the means for 
the discriminant functions and the discriminant scores for 
each case. Five successive statistically significant roots were 
extracted, but only the first two were used for data interpreta-
tions due to their highest contribution to the total variance.

A chemometric analysis of the groundwater dataset was 
performed using principal component analysis (PCA) in 
order to further interpret the complex data set and character-
ize the public supply wells based on their physicochemical 
parameters. PCA provided information about the variables 
responsible for spatial differences in the groundwater quality 
and showed a degree of correlation among the water quality 
parameters for all samples.

Trends in the groundwater quality were used for monitor-
ing temporal variations of groundwater quality and assessing 
the risk of contamination to public supply wells. The linear 
trends for water quality parameters across the Ivanščak water 
catchment were determined using box plots of values calcu-
lated as an average value of all six wells.

The significance of the sampling time (month and year 
when a sample was taken from the well; predictor variable) 
to the water quality parameters was analyzed by multiple 
regression analysis (MRA); which was significantly differ-
ent at p < 0.05.

All statistical analysis was performed using the software 
STATISTICA 12.0 (StatSoft, Inc., USA 2013).

Results and discussion

Groundwater quality assessment: Well position 
differences

The results of the multivariate discriminant analysis (MDA) 
testing examining the differences among the six sampling 
sites are shown in Fig. 2. The results showed statistically 
significant differences between the six sampling sites (Wilks' 
lambda: 0.001; F = 26.2; p < 0.0000). All the variables 
reflecting water quality parameters were used in this model, 
of which pH,  NO3

− and  Cl− had a statistically significant 
influence. It was visually apparent that the Z1 well was sig-
nificantly different to all other wells, while the largest simi-
larity was obtained between the B4 and B5 wells, as well 
as between the B1 and B2 wells. While wells B1, B2, B3, 
B4 and B5 were positioned along a line primarily exposed 
to primary groundwater flow, the more peripheral well, Z1, 
was likely influenced by secondary groundwater movement 
(Fig. 1d). The chemical composition of groundwater flows 
primary (main recharge) and secondary (additional recharge) 
with respect to the measured parameters in 2017 is shown 
in Table 1. The intensity of primary and secondary recharge 
flow influences the accumulation and washing out of anthro-
pogenic pollutants, patterns for which have altered due to 

Fig. 2  Multivariate discriminant analysis (MDA) testing for differ-
ences among the six sampling public supply wells
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recent climate extremes (wet and dry season fluctuations). 
Well Z1 is in the vicinity of the city and exposed to urban 
influences, including solid waste dumps, household sullage 
and/or stagnant surface waters. These inputs may in some 
settings represent a greater pollution load compared to on-
site (point) sources. Domestic waste in this region is often 

discharged into open ditches or channels and it may rep-
resent a significant source of groundwater contamination. 
Stagnant water pools may directly contaminate groundwater 
through infiltration or inundation of the sources when rain-
fall occurs. All of these impacts can contribute to the quality 
of recharge groundwater (secondary flow direction) outside 
the sanitary protection zones. Given that previous research 
has shown chemical pollution in cities and the surround-
ing areas impacts aquifer water quality (Erah et al. 2002; 
Ramesh and Elango 2012; Szymanski et al. 2018), it is of 
future importance to determine the concentration of harmful 
urban contaminants at the Ivanščak well field.

Descriptive statistics of groundwater physicochemical 
parameters at public supply wells (Z1, B1, B2, B3, B4, B5) 
is presented in Table 2. EC is primarily an indicator of envi-
ronmental influences on groundwater quality, with anthropo-
genic inputs typically only having a minor contribution. The 
results indicated that mean EC values varied from 490 µS/
cm (B3) to 576 µS/cm (Z1). Overall, groundwater EC values 
were approximately related to their position in the landscape, 
in terms of both their average values and their variability 
(minimum and maximum values). The comparative studies 

Table 1  Chemical composition of groundwater flows (primary and 
secondary) with respect to the measured parameters (average value 
of four measurements) in 2017. Source: public supply company, 
“Koprivnica waters – public water supply “

Secondary 
flow KPI 1

Secondary 
flow P 12

Primary 
flow KPI 3

Primary 
flow KPI 4

Parameters Piezometers
Electrical con-

ductivity (µS/
cm)

647 520 473 559

pH 7.0 6.6 6.9 6.9
KMnO4 (mg/l) 0.29 0.32 0.94 0.52
Nitrate (mg/l) 51 38,7 24 25
Chloride (mg/l) 28 32 14 17

Table 2  Descriptive statistics of 
groundwater physicochemical 
parameters at public supply 
wells (Z1, B1, B2, B3, B4, B5), 
where X is the mean value

SD the standard deviation; SEM the standard error of mean; Min the minimum; and Max the maximum

Physicochemical 
parameters

Statistical 
parameter

Water supply wells

Z1 B1 B2 B3 B4 B5

EC (µS/cm) ‾X 576 509 503 490 498 499
SD 32.8 35.1 32.5 30.8 32.0 28.9
SEM 3.02 3.55 3.02 2.85 2.92 2.67
Min 502 429 417 398 416 426
Max 675 619 636 555 582 557

pH ‾X 7.07 6.91 6.93 6.87 6.88 6.88
SD 0.12 0.14 0.12 0.11 0.11 0.12
SEM 0.01 0.01 0.01 0.01 0.01 0.01
Min 6.75 6.55 6.64 6.54 6.56 6.62
Max 7.44 7.31 7.21 7.20 7.36 7.50

KMnO4 (mg/L) ‾X 0.45 0.46 0.50 0.46 0.46 0.43
SD 0.20 0.23 0.27 0.26 0.25 0.22
SEM 0.02 0.02 0.02 0.02 0.02 0.02
Min 0.13 0.13 0.10 0.09 0.12 0.13
Max 1.15 1.17 1.81 1.74 1.71 1.04

NO3
−(mg/L) ‾X 28.2 29.4 27.5 30.7 30.5 32.7

SD 3.50 5.61 2.60 3.47 3.96 3.06
SEM 0.32 0.57 0.24 0.32 0.36 0.28
Min 22.7 21.6 23.9 20.3 24.9 27.9
Max 37.0 42.2 33.8 38.0 38.7 41.4

Cl− (mg/L) ‾X 23.9 25.2 19.4 17.3 17.0 20.0
SD 2.94 3.14 2.63 2.45 2.34 2.18
SEM 0.27 0.32 0.25 0.23 0.21 0.20
Min 14.2 18.4 14.7 9.3 8.97 14.8
Max 29.8 31.3 26.3 33.5 28.6 27.7
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(Oyem et al 2014) of hydrochemical data showed that EC 
range of 825–1416 µS/cm. The mean values recorded for 
EC were 1108 µS/cm. Mondal et al (2008) indicates that EC 
varies from 605 to 5770 µS/cm in groundwater resources. 
Hence, compared to previous researches, our results showed 
the average electrical conductivity of groundwater. Accord-
ing to a previous analysis of groundwater quality (by the 
public supply company, “Koprivnica waters—public water 
supply”; https:// www. kcvode. hr) at the study area, it was 
determined that certain indicators (e.g., nitrates or EC) were 
present at higher values in the secondary flow of recharge 
groundwater than in public supply wells (Table 1). This sup-
ports the hypothesis that well Z1 was recharged mainly via 
the secondary flow pathway.

The average pH values for the studied groundwaters 
ranged from 6.87 (B3) to 7.07 (Z1), making them suitable 
for human use (pH from 6.5 to 8.5) and within the limits 
allowed by the Croatian Drinking water standards (National 
Newspaper 125 (2013) and WHO recommendations (2011). 
Again, variations in the pH values were likely due to their 
relative position, being influenced by urbanization (Z1) and 
agricultural (B3) inputs. The minimum pH value of 6.54 (at 
B3) almost reached the lower permissible limit, indicating 
a deterioration in water quality compared to previous find-
ings, which noted pH values typically > 7.0 (Nemčić-Jurec 
et al. 2017). Although pH is predominantly influenced by 
natural conditions, anthropogenic modifications may impact 
upon future projections. Indeed, previous research has dem-
onstrated the anthropogenic influence on pH values at this 
study site (Duarte et al. 2013).

Permanganate oxidation  (KMnO4) concentrations ranged 
from 0.43 mg/L (B5) to 0.50 mg/L (B2) and showed a simi-
lar trend across all wells with minimal spatial variation. The 
values were substantially lower than the allowable limits 
(National Newspaper 125 2013, WHO 2011), suggesting a 
low organic content in the soil and groundwater. The pos-
sible contamination identified by other researchers (Jurado 
et al. 2012; Kauffman and Chapelle 2010) was found to be 
either absent or insignificant at this site.

Previous studies into the groundwater quality at the 
Ivanščak well field identified the presence of elevated nitrate 
concentrations in the groundwater sampled from shallow 
wells (Nemčić-Jurec and Jazbec 2015). Our findings support 
this previous work, with measured average nitrate values 
varying from 28.2 mg/L (Z1) to 32.7 mg/L (B5). All ground-
water samples had nitrate concentrations below the upper 
permissible limit for drinking water determined by national 
(National newspaper 125, 2013) or international legislation 
(WHO 2011). However, the maximum nitrate concentration 
(42.2 mg/l in the B1 well) exceeded recommended limit 
value of 25 mg/L (European Union (EU) Council Direc-
tive (1991) and was the highest nitrate concentration across 
all other areas in the county (Nemčić-Jurec et al. 2017). 

Considering that nitrate is predominantly of anthropogenic 
origin, the influence of the well position was expected to be 
a critical determinant for this elevated measurement. The 
position of the B1 well was strongly influenced by urbaniza-
tion, industry and agriculture, which collectively contributed 
to the highest nitrate concentration (Fig. 1d). The variability 
in nitrate concentrations at B1 was likely a result of the well 
recharging from two different directions (primary and sec-
ondary). Indeed, it would appear that B1 was the well which 
was most exposed to the combined influence of both ground-
water flow directions. Agriculture predominantly contributes 
to elevated nitrate in the primary water flow direction, with 
animal feces, as well as the application of manure or fer-
tilizers, representing a significant diffuse source of nitrate 
contamination over a long period of time. Intensive live-
stock farming may have a significant impact on nitrate con-
tamination, potentially contributing to a more widespread 
aquifer contamination at the study site. Urbanization and 
industry (solid waste dumps, household sullage, stagnant 
surface waters, stagnant water pools, domestic waste, etc.) 
affects water quality in the secondary water flow direction 
(depending on environmental factors) (Scanion et al. 2005; 
Rawat and Tripathi 2015). Finally, nitrate concentrations at 
B1 will also be determined by the antecedent ratio of water 
from both primary and secondary directions, coupled with 
topographical variations.

In the groundwater samples of the study area, the aver-
age chloride concentrations were 23.9 mg/L (Z1), 25.2 mg/L 
(B1), 19.4 mg/L (B2), 17.3 mg/L (B3), 17.0 mg/L (B4) and 
20.0 mg/L (B5). The highest concentrations of chloride in 
the Z1 and B1 wells were likely related to their position. As 
outlined above, these wells were subject to pollution path-
ways from municipal (human sewage, roads, waste) and 
industrial waste or wastewater via the secondary flow direc-
tion (KPI 1 and P 12 piezometers; Table 1). The increase in 
chloride concentration (exceed maximal levels prescribed by 
WHO of 250 mg/l) due to discharge of municipal and indus-
trial waste has been reported in earlier studies (Soomro et al. 
2014; Trivedi et al. 2010; Eriksson et al. 2007; Liu et al. 
2008). Conversely, the impact of agriculture may also con-
tribute to elevated chloride levels via the primary flow direc-
tion. However, the measured chloride concentrations were 
far below regulatory limits, suggesting that anthropogenic 
impacts were not significant. Previous research (Negrel et al. 
2003; Scanion, et al. 2005; Sakson and Brzezinska 2018) has 
identified that alluvial aquifers are particularly vulnerable to 
anthropogenically induced changes in major ions, such as 
chloride, especially in agricultural areas. Considering the 
alluvial nature of the Podravina region, chloride could easily 
be introduced into the groundwater, contributing to the vari-
ability of the pollutants in the aquifer. This may well be the 
reason for the large range between minimum and maximum 
chloride values in our study area (Table 2).

https://www.kcvode.hr
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Risk assessment of groundwater contamination 
in public supply wells

The PCA results, including factor loading values and vari-
ance percentage, for the 5 wells are shown in Fig. 3. Eigen-
values provide a measure of the significance of individual 
factors, i.e., the factor with highest eigenvalue is the most 
important (Jacintha et al. 2017). The two primary factors 
extracted, Factors 1 and 2 (F1 and F2), explained 32.8% 
and 16.2% of the total variance, respectively. F1 corre-
lated predominantly with nitrate concentrations suggesting 
that the groundwater quality was mainly controlled by this 
parameter. The high  NO3

− values highlight the potential 
role of manure or fertilizer application in agricultural areas 
or of urbanization (solid waste, sullage, surface water, bro-
ken sewage systems) upon aquifer contamination, a point 
which has been shown previously (Rawat and Tripathi 2015, 
Nemčić-Jurec et al. 2015). These observations suggest that 
anthropogenic sources contribute to the elevated  NO3

− con-
centrations in the study area. Low (negative) loadings of 
EC and chloride with F1, confirms that these parameters do 
not contribute to the variation in nitrate values. The second 
factor (F2) correlates predominantly with  KMnO4 and pH 
values, indicating a second influence over the groundwater 
quality related to these parameters. As the degradation of 
organic material results in a pH decrease due to the for-
mation of organic acids; F2 is may well be a degradation 
factor. Low (negative) loading of chloride and EC with F2, 
also suggests that their values were independent of pH or 
 KMnO4. The low loading of EC and chloride would most 

likely be attributable to the natural solubility of aquifer min-
erals or natural sources of chloride.

The PCA results revealed that differences in groundwa-
ter quality were not restricted to any one or two measured 
parameters, indicative of both anthropogenic influences and 
natural mineralization. PCA results confirmed the descrip-
tive statistics that nitrates and pH represent the greatest risk 
(as concentrations reach regulatory limits) for the deteriora-
tion of groundwater quality in public supply wells.

In order to cover all the geochemical processes affecting 
groundwater quality, groundwater monitoring was conducted 
for 10 years and the risk of contamination was assessed. The 
data collected from the study area and the results of current 
trends are shown in Fig. 4. Values used for the linear trend 
analysis represent mean concentrations measured monthly in 
all six wells for each of the water quality parameters.

The study area time series showed an increasing trend 
in nitrate, decreasing pH and permanganate oxidation, and 
steadily average concentrations for EC and chloride. Based 
on the theoretical assumptions and the temporal analysis 
as well as the variations and parameter trends (Hill and 
Neal 1997), the groundwater quality can be considered as 
predominantly natural (EC, pH, permanganate oxidation) 
and anthropogenic (nitrate, chloride) (Soomro et al. 2014; 
Nemčić-Jurec and Jazbec 2015; Nemčić-Jurec et al. 2013). 
An increasing trend of nitrate usage across the study area is 
a common response to increased human activities, result-
ing in human alteration of biogeochemical cycles, which 
has been demonstrated in other areas (Elisante and Muzuka 
2017; Duarte et al. 2013).  NO3

− is very soluble in water 
and it is easily leached from soils into the groundwater. The 
elevated levels of nitrate in the groundwater may well have 
led to soil acidification. According to Elisante and Muzuka 
(2017), a significant negative correlation between the nitrate 
concentration and pH indicates the mineralization and nitri-
fication of the organic nitrogen from animal manure. Our 
results show a negative correlation between pH (decreasing 
trend) and  NO3

− (increasing trend) over time. Given that 
the wells in the study area have been utilized for agricul-
tural purposes for over 45 years, such results were largely 
expected. In terms of the study area, nitrate concentrations 
were lower (24 mg/L; KPI 3 and KPI 4 piezometers) from 
the primary recharge direction (west–northwest), when com-
pared to average values at the public supply wells (sam-
pling sites). Conversely, the groundwater from the second-
ary flow direction (southwest) nitrate concentrations were 
higher (39–51 mg/L; P 12 and KPI 1 piezometers) (Table 1). 
Consequently, the average nitrate concentration in the public 
supply wells was the result of mixing groundwaters from 
both directions. Considering that the secondary flow comes 
from the direction of Koprivnica city, the long-term effect of 
urbanization outside the sanitary protection zones is visually 
apparent (Fig. 1c).

Fig. 3  Principle component analysis (PCA) for selected water quality 
parameters based on the six sampling locations (public supply wells)



Applied Water Science (2022) 12:172 

1 3

Page 9 of 13 172

The decreasing trend in permanganate oxidation (Fig. 4) 
during the study period may be the result of intensive agri-
cultural activity, removal of crops and retention of soil 

organic matter and organic acids. The increasing use of 
mineral fertilizers instead of organic fertilizer (manure) 
at the study site, may also contribute to the reduction of 

Electroconductivity

Permanganate oxidation

ChlorideNitrate

H+ concentration

Fig. 4  Concentrations and linear trends for physicochemical parameters (electroconductivity, H.+ concentration, nitrate, chloride, permanganate 
oxidation) in groundwaters from the Ivanščak well field (mean, median, Q1-Q3 box, min–max whiskers)
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organic matter in groundwater. Given that the concentrations 
of organic matter were low in all wells, even if there was an 
anthropogenic impact, they would appear to be insignificant 
toward the  KMnO4 parameter.

Rainfall and sampling time influence 
on groundwater quality

Our results showed that a marked increase of nitrate, cou-
pled with a decrease in pH and  KMnO4 occurred in 2014 
and 2015. In September 2014, the amount of rainfall was 
38% (~ 1,300 mm/year) above the rainfall annual average in 
the study area (Crometeo 2014). It is conceivable that the 
more intense trends during this period were associated with 
the enhanced infiltration of contaminants (esp. nitrate) into 
the groundwater which consequently decreased pH values. 
Additional variability in pH values might well occur during 
perennial fluctuations in the climate. For example, it has 
been widely demonstrated that extremely low groundwa-
ter levels following dry periods promotes sulfide oxidation 
which increases the acidification of associated groundwaters 
(Knuttson 1994). Vidyalakshm et al. (2013) have shown that 
during heavy rainfall events, nutrients enter aquatic ecosys-
tems more quickly, posing a higher risk for drinking water 
quality.

However, individual indicators behave differently dur-
ing rainfall. The significantly decrease in  KMnO4 (organic 
matter) after elevated rainfall may also be indicative of 
aquifer dilution processes. The influence of elevated rain-
fall and associated flooding was evident during 2014–2015, 
when  KMnO4 concentrations were at their lowest. Previ-
ous research has shown that a decrease in organic matter 
concentrations could be accelerated during heavy rainfalls 
(Oyem et al. 2014; Sakson and Brzezinska 2018; Mondal 
et al. 2008).

Groundwater EC and chloride concentrations showed 
inconsistent trends over the study period (Fig. 4). Chloride 
concentrations in the groundwater suggested the presence 
of organic waste, which could have contributed to the vari-
ability observed in chloride concentrations during rainfall 
events. As in previous studies (Pu et al. 2011; Mondal et al. 
2008), it is obvious that the low concentrations of chloride 
recorded during 2014 and 2015 were connected to the heavy 
rainfall, causing dilution of the groundwater during flooding.

Diffuse sources were the likely major contributor to 
nitrate in groundwaters (fertilizers from agriculture and 
urbanization), which were leached from the soil during peri-
ods of high rainfall. Intuitively, the behavior of parameters 
such as nitrate depends on their solubility and leaching rate 
during precipitation, coupled with the amount of pollutant 
which is stored in the soil within the aquifer catchment. 
Therefore, establishing direct links between rainfall and 
parameters is problematic, and as such, no correlation was 

observed in our data. Furthermore, studies into the connec-
tions between topography and climate upon groundwater 
fluxes have shown that groundwater configuration is con-
trolled by geology and climate, which influence the resi-
dence time and location of subsurface contaminants (Con-
don and Maxwell 2015).

Investigations were also made into the time dependence 
(month and year of sampling) on the groundwater quality, 
analyzed by multiple regression analysis (MRA). The cor-
relations among the groundwater quality and the predictor 
variable sampling time are shown in Table 3. The predic-
tor variable had a significant influence on the parameters: 
electrical conductivity (β = 0.33) and chloride concentrations 
(β = 0.23). Based on the values of the beta coefficients and 
their levels of significance, it would appear that sampling 
time had a strong influence on the permanganate oxidation 
levels (β = 0.17), whereas the values for nitrate (β = 0.13) 
and pH (β = 0.11) were less dependent on sampling time. 
This supports the previous assertion that nitrate concentra-
tions and pH value were more dependent on environmental 
factors such as pollution sources and land use, pollution 
distance and rainfall. MRA confirmed that the duration of 
monitoring was a very important factor in the assessment of 
environmental impacts (e.g., rainfall) on overall groundwater 
quality.

Water quality prediction

An evaluation of aquifer water quality is critical to ensure 
the provision of safe drinking water and has a direct impact 
on public health and the environment. Therefore, it is impor-
tant to assess and predict the contamination of groundwa-
ter quality in the future using machine learning algorithms 

Table 3  Multiple regression analysis (MRA) testing—correlation 
among the physicochemical parameters and sampling time

R—correlation coefficient (contribution of all variables)
β—correlation coefficient (contribution of each variable)
*denotes significant difference at p < 0.05

Water quality 
parameter

R p Sampling time

EC 0.71 0.0000* p 0.0000*
β 0.33

pH 0.40 0.0000* p 0.1731
β 0.11

KMnO4 0.21 0.0475* p 0.0419*
β 0.17

NO3
− 0.27 0.0048* p 0.1107

β 0.13
Cl− 0.76 0.0000* p 0.0001*

β 0.23
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(artificial neural network, ANN) and similar methods. Some 
studies have investigated the performance of artificial intel-
ligence techniques for predicting water quality components. 
For example, it was found that using a group method of 
data handling (GMDH) and support vector machine (SVM) 
model were more reliable in comparison with ANN (Haghi-
abi et al. 2018; Condon and Maxwell 2015). It is likely that 
similar models will be the subject of further research with 
the aim of predicting water quality across sites such as the 
one studied here.

Conclusion

Excess chemical and pollution loadings in groundwater is 
a serious problem. Understanding spatial variations in con-
taminant distribution is an important first step for assessing 
pollution loading at the study site. The highest difference 
were found in well Z1, which was subject to secondary 
recharge flows. This well was closest to urban areas as well 
as being subject to agricultural inputs, placing it at high 
risk of contamination. The concentration of physicochemi-
cal parameters in public supply wells generally reflected a 
balance of different water sources, soils and anthropogenic 
activities. Overall, the PCA method revealed that ground-
water quality depended primarily on nitrate concentrations 
that were found to increase over the study period (from 
2008 to 2017). A decreasing trend for both pH and  KMnO4 
indicated the acidification of groundwater via degradation 
of organic matter. Chloride and electroconductivity values 
over the study period were variable, with no definitive trends 
evident. These parameters were most likely impacted upon 
by dilution due to rainfall as well as changes in land use 
and anthropogenic activities. The increasing prevalence of 
both agricultural and non-agricultural activities suggests that 
there is a possibility for even greater contamination in the 
future, elevating nitrate concentrations and/or decreasing pH 
values. The risk to contamination in the alluvium aquifer 
was deemed particularly high. If activities in agricultural 
and non-agricultural sectors (urbanization and industry) are 
not minimized, then risks will increase. Climate change and 
global warming, particularly the increasing prevalence of 
intense rainfall events, affect contaminant loading and infil-
tration processes from soil to groundwater. Understanding 
the impact of rainfall, climate change and topography on 
groundwater quality is an important step toward ensuring the 
sustainability of future groundwater resources. Therefore, 
it is important to assess and predict the contamination of 
groundwater quality in the future using machine learning 
algorithms (artificial neural network) and similar methods. 
Multivariate statistical techniques have been applied to eval-
uate groundwater quality, with the results useful for verify-
ing temporal and spatial variations caused by anthropogenic 

factors and natural processes linked to rainfall. Our results 
contribute to the decision-making processes in terms of the 
land use, groundwater quality protection and resource man-
agement, which are collectively aimed at reducing the health 
risk of the population. As such, our research should be of 
value to other studies using similar analytical tools aimed at 
controlling source water contamination.
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