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Abstract: Research results define basis for specific monitoring programs of
groundwater quality in wetland eco-systems in Serbia and Croatia. The main
purpose of the research was to determine the impact of nonpoint diffuse source
pollution on the groundwater quality, as well as seasonal variations on the con-
centration levels of selected physicochemical parameters. Statistical analyses,
PCA, HCA, ANOVA and t-test, encompass 18 monitored parameters in
groundwater. Statistical data indicated that protected area in Serbia has a signi-
ficantly higher load of pollution from agricultural activities compared to Wet-
lands Tompojevci. The highest load in groundwater was detected from total
nitrogen, ammonia and nitrogen anions, indicating contamination of ground-
water by nitrogen-based fertilizers. The results obtained within the two-year
seasonal monitoring program, from 2018 to 2020, are highly essential for
achieving a comprehensive database that could be used as platform for high-
quality groundwater management in selected protected areas with the aim of
minimizing environmental pollution.

Keywords: sensitive water bodies; physicochemical parameters; monitoring;
agricultural activities.

INTRODUCTION

Environmental impact assessment (EIA) of protected areas is an imperative,
particularly in the terms of groundwater quality, conservation of biodiversity,
environmental sustainability and finally climate changes. Long-term anthropo-
genic pollution, as well as the changes within groundwater quality could be imp-
roved with data obtained by long-term monitoring programmes. The information

* Corresponding author. E-mail: ivanamihajlovic@uns.ac.rs
# Serbian Chemical Society member.
https://doi.org/10.2298/JSC2109231070

121

Available on line at www.shd.org.rs/JSCS/

(CC) 2022 SCS.
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on the groundwater quality in protected areas is sporadic and scarce. The lack of
comprehensive and reliable data and databases on the current state of the ground-
water quality in protected areas require development of specific monitoring prog-
rammes for minimization of groundwater and surrounding areas contamination.

Lakes and wetland areas are sensitive and vulnerable ecosystems where all
human activities promptly affect groundwater contamination and quality.l-2
Anthropogenic activities, such as agriculture, industry, urbanization and waste
disposal, disturb and impair the natural aquatic ecosystems.3 Groundwater con-
tamination is attributed to nonpoint sources of contamination (excessive use of
pesticides, mineral and natural fertilizers), adaptation of old wells into permeable
septic tanks, unsanitary landfills, uncontrolled waste disposal and discharge of
untreated wastewater.4-0

Temporal and spatial distribution of physicochemical pollutants, mainly nit-
rogen compounds is essential for evaluation of groundwater quality.”-2 The
uncontrolled urbanization in the vicinity of protected areas affect groundwater
quality causing the contamination with nutrients from agriculture, waste disposal
and discharge of untreated mixed urban wastewater.

Within the Interreg IPA CBC Croatia—Serbia Project Active sensor moni-
toring network and environmental evaluation for protection and wiSe use of
wetlands and other surface waters — SeNs Wetlands, the groundwater quality in
two cross-border protected areas, Lake Zobnatica, Serbia and Wetlands Tom-
pojevci, Croatia, was investigated.!0 The two selected sites are within hydrolog-
ical systems of watercourses recognised as ecological corridors. The Wetlands
Tompojevci in Croatia has a direct influence on the quality of the Natura 2000
site. The Natura 2000 is the largest coordinated network of protected areas in the
world that has the aim to ensure the long-term survival of Europe’s most valuable
and threatened species and habitats.!! The protected area of the national Nature
Park of Lake Zobnatica, Serbia, is environmentally interconnected with the Tom-
pojevci Wetlands, indirectly linked to the Natura 2000 Network. Recognized
protected ecosystems have similar and comparative characteristic — urban settle-
ments around the water body, agricultural land in the close proximity of water
bodies with the same types of crops (wheat, corn and sunflower), connection to
the Danube River and Sava River Basin, and unevolved management and protect-
ion of sensitive aquatic systems.!2 Throughout the two years monitoring period
(2018-2020), physicochemical parameters that affect the quality of the ground-
water in protected areas were monitored — pH, electrical conductivity (o), dis-
solved oxygen (DO), chemical oxygen demand (COD), orthophosphate, nitrite,
nitrate, ammonia, total nitrogen (Ny), sulfate, chloride, fluoride, total chlorine
(Cltot), chromium (VI), nickel, iron, zinc and copper ions.

The aim of this research paper is to identify the sources of groundwater
contamination in cross-border protected areas.
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To reduce the volume of collected data the multivariate statistical analysis
was applied, extracting the data relevant for EIA. Seasonal variations of the para-
meter concentration levels in groundwater and long-term groundwater pollution
were also assessed. The results of this study can provide successful design and
application of protective measures on the specific environmental problems and
weak points in protected areas and sensitive water bodies.

The operative groundwater protective measures considered in selected pro-
tected areas are development and maintenance of multifunctional vegetation belt
(vegetation that have a potential of sorption of pollutants); optimization of chem-
icals used for fertilization and pest control (fertilizers, pesticides, herbicides,
etc.); and recommendations for water control and management in the vicinity of
the sensitive aquatic systems.

This type of research was initiated and conducted for the first time on sensi-
tive cross-border protected areas in Western Balkan Region, as one of planed
objectives within the Interreg IPA Project SeNs Wetlands.

EXPERIMENTAL

Details related to the sampling sites are given in the Supplementary material to this paper.

Samples were collected with mechanical bailer than transferred into 1 L bottles. After
proper collection, the samples were stored in refrigerator at 4 °C, and transported to the
laboratory for analyses. The sampling procedure was conducted according to the Standards
SRPS EN ISO 5667-1:2008 (Guidelines for development of sampling programs), SRPS EN
ISO 5667-3:2007 (Guidelines for protection and handling of the sample), SRPS EN ISO 5667-
-11:2005 (Guidance on sampling of groundwater).

Measurement of pH, dissolved oxygen and electrical conductivity was performed in-situ
via a multiparameter device using standard EPA methods (EPA 150.1, EPA 360.1, EPA 120.1).

Orthophosphates were prepared and analysed by standard EPA method (EPA 365.3),
while chemical oxygen demand, nitrite, nitrate, sulphate, chloride, fluoride, ammonium ions,
total nitrogen and total chlorine were measured according HACH methods (LCI 500, HACH
8507, HACH 8192, HACH 8155, HACH 10208, HACH 8051, HACH 8113, HACH 8029 and
HACH 8167, respectively). Metal ions chromium (VI), nickel, iron, zinc and copper were also
analysed according to HACH methods (HACH 8023, Method 8150, Method 8146, Method
8009 and Method 8143, respectively). The concentrations of selected parameters were mea-
sured in the laboratory by UV—-Vis spectrophotometer (DR 5000, HACH, Germany). The
measurements were performed on maximum wavelengths suggested in EPA and HACH
methods based on Standard Methods for the Examination of Water and Wastewater.!? The
recoveries were carried out by the addition of the standards of each element at different levels.
Recoveries ranged from 89 to 97 %. Blanks were included in each batch of analysis. Calib-
ration curves for the determination of selected parameters were processed with different dilut-
ions of the standard stock solutions. The linear regression lines were acquired with correlation
coefficient value of more than 0.9.

The IBM Statistical Package of Social Science (SPSS) software package version 25 was
used for statistical data analyses. Descriptive statistic, principal component analyses (PCA),
hierarchical cluster analyses (HCA), one-way ANOVA and independent sample #-test were
performed for the purpose of data evaluation. A statistical analysis was applied for deter-
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mining the basic aggregated functions (mean, minimum and maximum) of the observed phys-
icochemical parameters. PCA was used to extract the relevant data and determine the most
polluted locations of protected areas, Lake Zobnatica and Wetlands Tompojevci. One-way
ANOVA was applied to detect the effect of seasonal variations on the concentration levels of
physicochemical parameters in analysed samples of groundwater. Independent sample ¢-test
was used to compare the cumulative groundwater pollution between the two observed cross-
border protected areas.

RESULTS AND DISCUSSION

Within two-year monitoring programme (2018-2020), eighteen physico-
chemical parameters in the vicinity of Lake Zobnatica and Wetlands Tompojevci
were investigated in groundwater. Statistical analysis was used to determine
mean and the range for all physicochemical parameters (Table I).

TABLE I Statistical results for analysed parameters in groundwater; COD: chemical oxygen
demand; DO: dissolved oxygen; N, total nitrogen; Cl,: total chloride; TV: threshold value
from Croatian legislation; SD: standard deviation

Zobnatica Lake Wetlands Tompojevci TV

Parameter - -
Mean + SD Min. Max. Mean + SD Min. Max.

pH 7.77+£0.461 6.95 9.14 7.82+0.95 6.961 12.8 -
o/ uS cm’! 1016+£319.45 477 1728  858.71+£253.3 248 1442 2500
co, / mg L1 (DO) 5.01+1.287 08 7.53 4.484+1.789 0.1 9 -
cpo-/ mg L 0.469+0.788  0.005 4.075 0.942+1.587 0.005 9.741 0.2
eNnoy-/ mg L1 0.076£0.149  0.001 0.628  0.028+0.052  0.001 0.291 0.5
enoy-/ mg L1 0.965+0.971 0.01 4.52 0.34+0.632 0.01 2.73 50
enp,t / mg L7 0.119+0.285 0.005 1.51 0.837+1.152  0.005 3.88 0.5
cg0,2 / mg L1 46.17+£28.4 1 85 24.13+£27.57 1 98 250
ccr./ mg L 43.22+42.15 0.05 232.8 14.06+£10.93 0.6 454 250
cp./mg L 0.25+0.367 0.01 2.56 0.58+0.872 0.01 4.32 -
cey., / mg L 0.033+0.039 0.01 0.16 0.116+0.152 0.01 0.45 -
cos/ mg L 0.0131+0.2 0.005 0.11 0.066+0.148 0.04 0.743 -
en,., /! mg L1 12.06+£14.577 0.5 76.23 7.08+10.3 0.5 4699 -
cni/ mg L 0.0054+0.014 0.003 0.112  0.009+0.013  0.003 0.062 -
Cpe/ mg L7 0.113+0,14 0.01 0.88 0.486+0.65 0.01 2.92 -
czy / mg L1 0.455+0.355 0.005 1.53 0.466+0.31 0.01 1.31 -
ccy/ mg L1 4.476+7.16 0.5 35 8.15£11.96 0.5 50 -
co,/ mg L1 (COD) 17.843+29.859 0 155 30.61+£35.15 0.137 170 -

According to the Groundwater Quality Standards (GWQS) of the respective
national legislation (Official Gazette no. 50/2012 for Serbia and Official Gazette
no. 96/19 for Croatia) and EU Groundwater Directive (GWD) 2006/118/EC,
nitrates are set as definitive parameter for monitoring of groundwater pollution
with threshold value of 50 mg L-1. In Serbian legislation, nitrates are also deter-
mined as key parameter; however, the threshold value of 50 mg L1 is deter-
mined as annual average concentration.
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Furthermore, the other significant parameter is stated as active component of
pesticides, their metabolites and products of degradation and chemical reaction,
with threshold value of 0.1 ug L~!, with total concentration of all detected and
quantified pesticides no higher than 0.5 pg L1

The EU GWD is stating that EU member states have to develop threshold
values for arsenic, cadmium, lead, mercury, ammonia, chloride, sulphate, trichlo-
roethylene, tetrachloroethylene and electrical conductivity, and if necessary to exp-
end the list. The defined threshold values from Croatian By-Law are stated in the
Table 1. In Serbian By-Law, other pollutant are only listed (Lists I and II) without
defined threshold values: organic compounds of halogens, phosphorus; oils and
hydrocarbons; metals, metalloids and their compounds; cyanides; biocides and
derivate; ammonia, fluorides, inorganic compounds of phosphorus and other.

Comparing the results in Table I and requirements of respective national
legislation (Official Gazette of the RS 50/2012 for Serbia and Official Gazette
no. 96/19 for Croatia), it was concluded that following parameters can be
excluded from further analyses: pH, total chlorine and fluoride (as parameters
that are not listed for assessment of groundwater quality status in legislation),
cations of nickel, chromium and copper (the low concentrations were found to be
insignificant for this research).

Correlation analysis was used to classify the strength of relationships
between parameters (Table II).

TABLE II. Correlation coefficient values for the observed parameters; Ny, — total nitrogen; A
— Serbia, Zobnatica lake; B — Croatia, Wetlands Tompojevci

B
Parameter o Con® Cpo43- CNO2 CNO3 ONH4+ €SO42 CCl- ONtot  CFe  Czn Cozb
us cm’! mg L]
o 1 -0.23 0.26 -0.47 -0.58 0.11 -0.24 0.21 -0.13 0.39 0.18 -0.07

co 024 1 -0.16 024 0.07 -0.16 0.16 —0.14 —0.06 —0.28 —0.28 —0.33
cposz. —0.09 -0.16 1 -0.31 -0.09 0.13 -0.1 0.02 0.11 0.07 024 0.14
CNO2- 039 -025 001 1 079 -0.09 048 —-0.08 0.11 —0.17 -0.22 —0.14
CNO3- 008 029 -023 001 1 -0.17 041 -0.24 0.11 -0.19 —0.13 —0.13
enpg+ 0.1 =035 020 003 015 1 -024 0.17 0.772 0.54* 0.34 042
csosp.  —0.01 034 -0.27 -0.14 0.59* 026 1 -0.19 -0.22 -0.34 —0.17 —0.13
ccl. 0.10 -0.01 -0.20 -0.16 030 0.10 027 1 -0.03 0.632 0.13 0.37
Nt —0.01 031 -0.20 -0.16 047 -0.16 035 020 1 027 0.19 0.32
CFe 0.11 -0.42 037 0.13 -0.27 0.51* 037 -0.13 -0.18 1 027 0.26
Czn -0.01 -0.06 0.08 -0.11 023 0.12 029 0.13 015 021 1 0.2
con® 022 -0.18 0.05 0.64* —0.28 -0.09 —0.15 -0.26 —0.15 0.17 033 1

*DO — dissolved oxygen; "COD — chemical oxygen demand

Based on the correlation coefficient, it was concluded that there is a high posi-
tive correlation between nitrate and sulphate ions (» = 0.59), nitrite and chemical
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oxygen demand (7 = 0.64), as well as ammonia and iron ions (» = 0.51) in ground-
water in Zobnatica, Serbia. Samples from Croatia revealed a significant positive
correlation between nitrite and nitrate (» = 0.79), total nitrogen and ammonia ion
(r=0.77), ammonia and iron ions (» = 0.54), iron and chloride ions (» = 0.63); and
negative correlation between electrical conductivity and nitrate (» = —0.58).

Elevated concentration levels of nitrates in groundwater can be explained by
the widespread use of nitrogen-based fertilizers in agriculture and atmospheric
deposition, whereas sulphate groundwater pollution can be explained by atmo-
spheric deposition, geothermal processes, and mineral dissolution and precipit-
ation processes.!4 The product of nitrogen-based fertilizers decomposition is
ammonia, enabling infiltration and migration of ammonia into the groundwater
through the permeable soil. Iron naturally occurs in groundwater as a result of
mineral dissolution processes in the soil. !>

Principal component analyses (PCA) was applied to minimize the volume
and abundance of data by extracting the key physicochemical parameters for
monitoring and evaluation of groundwater quality. Kaiser’s coefficient for over-
all measure of sample adequacy is 0.61 (Zobnatica Lake) and 0.60 (Wetlands
Tompojevci) and Bartlett’s test of sphericity (p < 0.05) indicate that the data are
appropriate for the PCA. The scree diagram, as graphical tool, was used to deter-
mine the number of significant factors in PCA. To interpret the scree plot it is
necessary to identify the scree point, the point at which the curve sharply changes
shape and direction (Fig. S-2 of the Supplementary material). The number of sig-
nificant factors contributing the most to total variance is the number of points
which are equal to or above the scree point. The scree plots (Fig. S-2) derived
from PCA indicate that two factor score (Zobnatica Lake) and three factor score
(Wetlands Tompojevci) are suitable for examined data. Significant factors were
adopted to clarify groundwater quality status. Following the selection of signific-
ant factors, varimax rotation was used to redistributing the influence of factors
from the main factor (Table III).

Measure of sampling adequacy (MSA) of 0.5 and greater was used to quan-
tify the correlation of physicochemical parameters and for factor analysis con-
firmation (Table IV).

Two significant factors for Zobnatica Lake explained 42.786 % of total
variance, while three significant factors for Wetlands Tompojevci explained
57.731 % of the total variance pointing groundwater pollution.

In Factor 1, nitrate, sulphate, iron and zinc ions were isolated as significant
parameters for Zobnatica Lake, while electrical conductivity, nitrite, nitrate and
sulphate were isolated for Wetlands Tompojevci. Nitrate and sulphate as the key
parameters for assessment of groundwater pollution, overlap in cross-border areas
for Factor 1. The main source of nitrate in groundwater is treatment of wheat, corn,
and sunflower with fertilizer such as potassium nitrate (KNO3 — 13 % nitrogen),
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urea-carbamide, uric acid (CO(NHj3); — 46 % nitrogen) and ammonium nitrate
(NH4NO3 — 33-34 % nitrogen), while main source of groundwater contamination
with sulphate are natural phenomena such as atmospheric deposition, geothermal
processes and mineral dissolution and precipitation processes. Based on the
obtained results Factor 1 is interpreted as “contamination of groundwater by nit-
rate-based fertilizers”.

TABLE III. Factor loading of variables obtained by principal component analysis (PCA); DO:
dissolved oxygen; Ny total nitrogen; COD: chemical oxygen demand; 4: eigenvalue; Var(X):
variance; Var(X),: cumulative variance; PC — principal component

Component
Parameter Zobnatica Lake Wetlands Tompojevci
PCl PC2 PC1 PC2 PC3

o/ uS cm’! 0.095 0.121 —0.6532 -0.197 0.204
co, / mg L1 (DO) 0.355 -0.6132 0.079 —-0.005 —0.294
cpos-/ mg L —0.087 0.444 —0.043 0.045 —-0.107
cNoo-/ mg L1 —0.051 0.053 0.8902 0.017 0.001
enos-/ mg L1 0.7912 -0.141 0.9012 0.026 —-0.106
enpe / mg L1 —-0.194 0.7332 -0.129 0.8642 0.250
cg0s2/ mg L] 0.7452 -0.271 0.630? -0.338 -0.121
cop. / mg L 0.233 0.137 —-0.110 —-0.046 0.916*
CNtot / mg L1 -0.131 0.7842 0.097 0.9342 —0.008
cpe / mg L7 0.6102 0.5092 -0.229 0.308 0.7692
czn/ mg L1 0.6482 —-0.186 -0.155 0.261 0.084
co,/ mg L1 (COD)  —0.254 -0.128 0.024 0.398 0.457
A 2.950 2.184 2.676 2271 1.980
Var(X) /% 24.586 18.200 22.299 18.929 16.503
Var(X). / % 24.586 42.786 22.299 41.228 57.731

"MSA at the level > 0.5

TABLE IV. Comparison of seasonal variations for Zobantica Lake; DO: dissolved oxygen;
Niot: total nitrogen; SD: standard deviation

Spring Summer Autumn Winter

Parameter p-value
Mean + SD

co, / mg L (DO) 5.84+0.58 4.65+1.53 4.17£1.03 5.28+1.12  <0.00052
enos-/ mg L] 0.92+1.05 0.704+0.62 1.18+0.89 1.4+1.49 0.25
enpet / mg L1 0.09+0.135  0.068+0.091  0.264+0.52  0.033+0.026 0.124
CNtot / mg L1 34.17424.32 6.21+£7.94 7.73+4.98 13.09+9.46 0.178
cg0s-/ mg L7 52.62422.47 36.65+31.41 47.31+£28.81 58.37+24.79  <0.0005?
cpe / mg L7 0.065+0.052  0.14+0.085  0.132+0.225  0.111+0.16 0.391
czn/ mg L1 0.603+0.288 0.296+0.376  0.544+0.387  0.435+0.147  0.035?

*Statistical significance at the level of 0.05

In Factor 2, dissolved oxygen, ammonium ion, total nitrogen and iron ion
were isolated as significant parameters for Zobnatica Lake, while ammonium ion
and total nitrogen were isolated for Wetlands Tompojevci. Ammonium ion and
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total nitrogen overlap in Factor 2 which could lead to the conclusion that the
main potential source is treatment of surrounding agricultural soil with ammo-
nium phosphate (NH4)3PO4 — 11 % nitrogen and 52 % phosphorus), ammonium
nitrate and nitrogen—phosphorus—potassium (NPP, 15 % N, 15 % P and 15 %
Na). Based on the obtained results Factor 2 could be interpreted as “contamin-
ation of groundwater by ammonia-based fertilizers”.

Factor 3 for Wetlands Tompojevci isolated iron and chloride ions as signific-
ant parameters and could be interpreted as “infiltration processes and dissolution
of minerals and rocks” since iron and chloride ions reach groundwater naturally
by infiltration from soil.15:16

Based on the conducted PCA, it can be concluded that the main sources of
groundwater pollution are agricultural activities (use of nitrogen-based fertilizers
as the most dominant factor, F1), which corresponds to the fact that wheat, corn,
and sunflower are grown on the studied area.

The most polluted locations were investigated using hierarchical cluster ana-
lysis (HCA) in respect to observed selected parameters in groundwater. From
Fig. S-3 of the Supplementary material it can be concluded that the piezometers
B3, B7, B1, B4 and B8 were in the separate cluster due to the lowest concen-
tration level of physicochemical parameters (Table S-II of the Supplementary
material). Locations B2 and B5 were isolated in the second cluster, as the most
polluted sites and differ from other piezometers in groundwater quality, as a con-
sequence of the high concentrations of nitrates, sulphates, chloride ions and total
nitrogen for the Lake Zobnatica (Table S-II). Locations P2 and P8 in Wetlands
Tompojevci (Fig. S-3) were grouped in a specific cluster and correspond to the
most polluted sampling areas. Concentrations of nitrite, nitrate and total nitrogen
are highly elevated on these locations compared to other locations (Table S-III of
the Supplementary material). Locations P4, P5, P3, P7, P1, P6 and P8 are in
second cluster which correspond to low groundwater pollution.

Seasonal variations on concentration levels for selected parameters extracted
by PCA were assessed within research activities. One-way ANOVA test was
used to examine differences in concentration levels of physicochemical para-
meters in relation to seasonal variations. Four groups of parameters were com-
pared, arranged by seasons. Statistically significant differences in seasonal con-
centration levels were determined for dissolved oxygen, sulfate and zinc ions
(Zobnatica Lake) and chloride ion (Wetlands Tompojevci), Tables IV and V.

Dissolved oxygen is an important parameter to consider when assessing
quality of every water type and it is a highly sensitive factor in terms of seasonal
variations and other prevailing conditions. The predominant part of groundwater
recharge process is in the winter-spring period and higher concentrations of
dissolved oxygen in groundwater are observed in winter, as the solubility of oxy-
gen is lower in water with higher temperature. The lower concentration of dis-
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solved oxygen in groundwater can also be the consequence of the intensified
oxidation and reduction processes of organic and inorganic pollutants.!7:18

TABLE V. Comparison of seasonal variations for Wetlands Tompojevci; Ny total nitrogen;
SD: standard deviation

Spring Summer Autumn Winter
Mean + SD

o/uS cm’! 900.56+£260.18 912.42+226.6  798.14+£306.18 820.46+£220.42  0.541

eNoo-/mg L1 0.03240.027 0.02+0.035 0.033+0.075 0.03+0.053 0.923

cnor-/mg Ll 0.43240.812  0.425+0.628 0.208+0.49 0.242+0.49 0.72

Parameter

p-value

enpgt /mg L 0.571£1.01  0.991+1.24 0.8+1.16 0.9+1.26 0.878
enot /Mg L 63141643 6.55+5.69 7.24+7.07 7.96+11.96  0.403
cson-/mg Ll 30.12426.78  30.07433.65  13.85+19.74  25.7542825 0.9
cpe/mgLl 0.12120.067  0.464+0.73 0.72+0.81 0.483+0.34  0.229
cor/mgLl 10.15+4.28 5.4+4.38 21.62+12.73 19.947.71  <0.0005°

*Statistical significance at the level of 0.05

The concentration of sulphate anion is the highest in spring and late autumn,
when agricultural land is treated with fertilizers and fungicides. In autumn, the
concentration of sulphate anion increases in comparison to the summer due to
higher precipitation, which increases soil erosion. Chloride anions occur natur-
ally in groundwater by dissolution of minerals and their concentration depends
on atmospheric deposition.1® Chloride anions concentration is directly correlated
to the atmospheric precipitation, when the precipitation is lowest, in summer
months, the concentration levels of chlorides is lower and inversely.

Independent sample #-test was used to examine difference in concentration
of parameters between two compared groups, Zobnatica Lake and Wetlands
Tompojevci. There is a statistically significant difference between the ground-
water quality of two observed protected areas for the concentration levels of
nitrite, nitrate, ammonia, sulphate and iron ions (Table VI).

TABLE VI. Comparison of physicochemical parameters in groundwater by locations; N
total nitrogen; SD: standard deviation

Zobnatica Lake Wetlands Tompojevci
Parameter p-value
Mean + SD

eNop. / mg L7 0.076+0.149 0.028+0.052 0.0212
eNos. / mg L7 0.965+0.971 0.34+0.632 <0.00052
enpgt / mg L 0.119+0.28 0.837+1.152 <0.00052
CNiot / Mg L1 12.06+14.57 7.08+10.3 0.085
csoe-/ mg L 46.17+28.4 24.13427.57 <0.00052
cpe / mg L7 0.115+£0.139 0.486+0.65 0.0012

“Statistical significance at the level of 0.05
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Based on the statistical comparison, it can be concluded that Zobnatica Lake
has a higher groundwater contamination load (Table VI). The concentrations of
nitrite and nitrate in groundwater are higher in Zobnatica Lake, which confirm
the oxic conditions compared to the anoxic environment in Wetlands Tompojevci
(higher concentration of ammonia).

Agricultural activities as the main source of contamination indicate that nit-
rate-based fertilizers are predominantly used in Zobnatica Lake, while ammonia-
based fertilizers are predominantly used in Wetlands Tompojevci. Mineral dissol-
ution as the main source of groundwater pollution with sulphate confirms that Zob-
natica Lake is more exposed to sulphate contamination due to mineral composition
compared to Wetlands Tompojevci. Iron cation concentrations were evaluated in
anoxic environment which corresponds to higher concentrations of iron in Wet-
lands Tompojevci compared to Zobnatica Lake.

Data obtained within the scope of the IPA Project SeNs Wetlands enabled
the proposition of the coastal multifunctional vegetation belt which contributes to
a greater reduction of pollutants that enter the water from the surrounding areas.

The multifunctional vegetation belt is buffer system and physical barrier for
the sensitive water bodies.!9 In order to ensure that the amount of pollution that
reaches the water is halved, a green buffer strip 16 m wide is needed, made of grass
and shrubs, but species-rich plant communities. Multi-layered green buffer system
20 m wide retains up to 75 % of pollutants, also in experiments with phosphorus.20
Woody vegetation has the best results in restricting the pollutants wind transmis-
sion and is considerably more effective than medium and low height vegetation.

CONCLUSION

The conducted study research indicates the agricultural activities as the main
source of the groundwater pollution in the cross border protected areas in Serbia
and Croatia. The groundwater quality status assessment of selected protected
areas, 18 physicochemical parameters were examined from 2018 to 2020. Six
parameters (pH, total chlorine, fluoride, nickel, chromium and copper ions) have
been excluded from discussion due to the results of statistical evaluation. The
most significant correlations have been observed between chemical oxygen dem-
and, electrical conductivity, nitrite, nitrate, sulfate, ammonia, iron and chlorine
ions on both sites, Lake Zobnatica, Serbia and Wetlands Tompojevci, Croatia.
The PCA analyses indicate that a two-factor score is appropriate for Zobnatica
Lake data and three factor score for data from Wetlands Tompojevci. Based on
the statistical assessment, it could be concluded that protected area in Serbia is
more affected by agricultural activities compared to Wetlands Tompojevci due to
the higher groundwater contamination load. Locations with the observed highest
level of pollution were B2 and B5 in Zobnatica, Serbia and P2 and P6 in Tom-
pojevci, Croatia. The nitrogen compounds have been identified as the most dom-
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inant pollutants, since the nitrite, nitrate and total nitrogen were isolated in sta-
tistical evaluation. The results of this research have shown that the most signific-
ant pathways of pollution are agricultural activities and use of nitrogen and phos-
phorus-based fertilizers. The findings of this study have been used for develop-
ment and maintenance of vegetation belt in protected areas. The results obtained
within the two-year monitoring programme are highly essential on achieving a
comprehensive database that could be used as platform for high-quality ground-
water management in selected protected areas with the aim of minimizing envi-
ronmental pollution.

SUPPLEMENTARY MATERIAL

Additional data and information are available electronically at the pages of journal
website: https://www.shd-pub.org.rs/index.php/JSCS/article/view/11194, or from the corres-
ponding author on request.
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H3BOI
MMPOIEHA KBAJIMTETA ITIOA3EMHUX BOJA 3AIITUREHUX AKBATUYHHUX MOY-
BAPHUX EKOCUCTEMA Y ITPEKOTPAHUYHUM IIOJPYYJUMA CPBUJE U XPBATCKE

BOPHC B. OBPOBCKH', UBAHA J. MUXAJJIOBUR', MUPJAHA B. BOJUHOBHR MHJIOPAJIOB',
MAJA CPEMAUKH', UBAH LUIMAHUK® 1 MAJA 3. TETPOBUR'

1YHueep3umeu7 y Hosom Cagy, @axynitieini exnuukux Haykd, Jedapiiman 30 UHmernepciieo 3autiuiie

HUBOIIHE Cpequne u 3awinuiie na pagy, Tpi Jocuitieja Odpagosuha 6, 21000 Hosu Cag u “Institute of

Analytical Chemistry, Faculty of Chemical and Food Technology, STU, Radlinského 9, 81237 Bratislava,
Slovakia

PesynTatu ucTpaxkvBama feUHHUITY OCHOBY 3a criequduyHe mporpame npahemwa KBaau-
TeTa TO/I3eMHUX BOZa ¥ MOYBapHUM ekocucremuma y Cpduju u Xpsarckoj. OCHOBHH LIW/b
HCTpaXkuBama 01O je yTBphuBame yTullaja 3arahema U3 TUQy3HUX U3BOpA Ha KBAJIUTET IOJ-
3EMHHX BOZa, Kao ¥ CE30HCKUX BapHjalMja KOHLEHTPAllMOHUX HUBOA CEIEeKTOBaHUX (PU3NUKO-
XeMHUjckux napamertapa. Cratuctuuke aHanuse, PCA, HCA, ANOVA u t-tect, odyxsarajy 18
napaMmerapa aHaJW3UPAaHUX y TOA3eMHUM Bojmama. CTAaTUCTUYKU MOJALU Cy MOKa3aad Aa
samruheno noppyyje y Cpduju uma 3HavajHo Behe ontepehemwe 3arahusahruma u3 nomorpu-
BpeIHUX aKTUBHOCTH y mopehewmy ca MouBapHUM monpydjem TommojeBuu. Hajeehe ontepe-
heme mon3emMHUX Boza 3adesie’kaHo je Of YKYIHOT a30Ta, aMOHHWjaka U a30THUX aHjoHA, IITO
yKkasyje Ha 3arahemwme MmomseMHUXx Boja hyOpuBuMa Ha Oasu asora. Pesynratu mobujeHu y
OKBUDY IBOTOIMIIIET MOHUTODHHT mporpama, of 2018. no 2020. roguHe, 0of U3Yy3€THOT CY
3Hauaja 3a (opmupame cBeodyxBaTHe Oa3e moparaka koja du ce Moryia KOPHUCTHUTH Kao
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wiatrdopma 3a H00po ympaebake MON3eMHMM BOJaMa y H3adpaHUM 3aluTMheHUM MOJI-
PyYjuMa ca LUHU/beM CMamema 3arahema KUBOTHE CpeuHe.
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