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Abstract
The paper deals with the issue of nitrates in groundwater, to where they predominantly pass due to the application of nitrogen 
fertilizers in agricultural areas. Excess concentrations of nitrates in drinking water are undesirable, and may even cause a life-
-threatening condition called methemoglobinemia. The permissible concentrations of nitrates in drinking water are determined by 
legislation and the upper limit is 50 mg/l. Approximately 5% of the Czech population draw water from individual sources. In this 
study we identified and analysed selected samples from wells located in the Moravian-Silesian Region and in the Olomouc Region. 
The data and test results in this paper show that the nitrate concentration limit of 50 mg/l was exceeded in a half of the analysed 
groundwater samples. In some cases, the limit was exceeded in the order of tens of mg/l.
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Introduction
Nitrates in water are not too dangerous for humans. 

But, similarly to nitrites, they may cause nitrate dietary 
methemoglobinemia. In the gastrointestinal tract, ni-
trates can be reduced by bacterial activity to more toxic 
nitrites [Pitter, 2009]. Nitrites then react with hemoglo-
bin to form methemoglobin which is unable to transfer 
oxygen from lungs to tissues. The most endangered are 
newborns and infants whose blood contains the so-
called foetal hemoglobin that is more easily converted 
to methemoglobin than hemoglobin A, which is in the 
blood of older children and adults [Elyanow and Per-
sechino, 2012]. At high concentrations, methemoglo-
bin can cause death in infants. Nitrates, if not reduced 
to nitrite, are excreted in the urine [Pitter, 2009].

Nitrates are found in low concentrations in most 
natural waters. Groundwater pollution by nitrates is a 
problem, especially in some agricultural areas, where 
pollution is the result of excessive uses of nitrogen fer-
tilizers. According to the hydrological balance of wa-
ter quantity and quality of the Czech Republic in 2015 
for nitrate indicator, 1317 samples were evaluated. Of 
these, 37% were below the limit of 1 mg/l, while the 
limit of 50 mg/l was exceeded in 11%. The groundwater 
quality was assessed based on the groundwater quality 
monitoring data obtained from the national groundwa-
ter monitoring network operated by the Czech Hydro-
meteorological Institute. The evaluation was performed 
as a comparison with the limit value (i.e. 50 mg/l) for 
groundwater according to the requirements of Decree 

349/2016 Coll. amending Decree 5/2011 Coll. on the 
delimitation of hydrogeological districts and bodies of 
groundwater, the method of assessment of groundwater 
status and the requirements of programs for the detec-
tion and assessment of groundwater status, as amended 
by Decree 264/2015 Coll. [Czech Hydrometeorological 
Institute, 2015].

Due to the need to protect water against nitrates 
from agriculture and to prevent such pollution, the 
Council of the European Communities adopted Direc-
tive 91/676/EEC, the so-called Nitrate Directive. The 
requirements of the Directive were transposed into 
Czech Water Law in Article 33 of Act 254/2001 Coll. on 
Waters, as amended, where the Government is obliged 
by regulation to define vulnerable areas. Vulnerable ar-
eas are areas drained into surface water or groundwater 
and are polluted or threatened by nitrates from agricul-
tural sources. The main qualitative criterion for pollu-
tion is the nitrate concentration higher than 50 mg/l or 
concentrations that could exceed the established limit 
in the case of neglecting effective measures. In these 
areas it is necessary to regulate the use and storage of 
fertilizers and livestock manure, crop rotation and the 
implementation of anti-erosion measures. According to 
the Nitrate Directive, the definition of vulnerable ar-
eas must be reviewed regularly within four years of its 
definition. There have been three revisions in the Czech 
Republic in 2007, 2011 and 2015 [Hrabánková, 2016].

Groundwater contamination is not a problem only 
in the Czech Republic, but also concerns many other 
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European countries, for example Germany, Switzer-
land, France, the Netherlands or the United Kingdom 
[Elyanow and Persechino, 2012]. For nitrate removal 
in practice, membrane processes such as electrodialysis 
or reverse osmosis can be used. Electrodialysis (ED) 
is advantageous for its easy automation, the absence 
of chemicals and low energy consumption. The cur-
rent limits to the use of ED are the costs and generated 
waste. In the field of drinking water treatment using 
electrodialysis, the capacity of ED to remove nitrates 
was studied, for example, in Israel [Darby et al., 2012].  
Another study points at the removal of nitrates from 
groundwater in central Australia. The author of the 
study confirms the quality of water at the level corre-
sponding to the drinking water limits and points to the 
problem of membrane clogging [Darby et al., 2012]. In 
addition, an electrodialysis unit was used, for example, 
to separate nitrates from synthetic solution and indus-
trial wastewater collected from a coke plant in Egypt 
[Mahmoud et al., 2015]. Studies have also been carried 
out to remove nitrates from groundwater by electrodi-
alysis and bioreactors [Elmidaoui et al., 2002]. Another 
way to remove nitrates is ion exchange. When remov-
ing nitrates, a strongly basic anion is used, which works 
mainly in the chloride cycle. At higher sulphate con-
centrations, sulphates are exchanged prior to nitrate. 
The application of ion exchange for the removal of ni-
trates has been tested, for example, in Glendale, USA 
[Darby et al., 2012].

Materials and Methods
Experimental samples were taken from wells in 

the Moravian-Silesian and Olomouc Regions, both lo-
cated in the north-eastern part of the Czech Republic. 
Five samples were drawn in the localities of Palkovice, 

Poruba, Nová Bělá, and Krásné Pole (2 sampling points 
of Predvrší and Branecká Street), all in the Moravi-
an-Silesian Region. In the Olomouc region, five sam-
ples were taken in the localities of Věžky near Přerov, 
Vrbno pod Pradědem, Podolí near Přerov and Tovačov 
(2 two sampling points of Sadová Street and Street Ka-
pitána Jaroše). As for the indicators monitored in the 
samples taken from the groundwater, the measured re-
sults were compared with the indicators for drinking 
water according to Decree 83/2014 Coll., amending 
Decree 252/2004 Coll., which sets out the sanitary 
requirements for drinking and hot water and the fre-
quency and scope of drinking water control, hereinafter 
referred to as Decree No. 252/2004 Coll. [Collection of 
Laws, 2014].

The drawn groundwater samples were analysed in 
a laboratory at VŠB - Technical University of Ostrava, 
Faculty of Mining and Geology. Turbidity, ammonium, 
nitrite, nitrate, manganese, iron and sulphate were de-
termined spectrophotometrically on a Hach DR 2800 
instrument. Calcium, magnesium, and chlorides were 
determined by volumetric analysis, i.e. titration. The 
conductivity and pH were determined by the WTW pH/
cond 340i.

Results and Discussion
In the experiment we determined selected indicators 

of pH, conductivity, turbidity, iron, manganese, ammo-
nium, nitrites, nitrates, chlorides, sulphates, together 
calcium and magnesium, calcium, and magnesium. 
In nitrate analysis, the maximum contaminant level 
(according to Decree 252/2004 Coll.) was exceeded 
in samples from Nová Bělá, Krásné Pole (St. Pred-
vrší) and Krásné Pole (St. Branecká). In Nová Bělá, 
the maximum limit was exceeded by 7.5 mg/l NO3-. In 

Tab. 1. Resulting sample values from the Moravian-Silesian Region (*LV – limit value MCL – maximum contaminant level; RV – recommended value)
Tab. 1. Wyniki analizy próek z  regionu Sląsko-Morawskiego (*LV – limit  MCL – maksymalny poziom zanieczyszczenia; RV – wartość rekomencdowana
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Tab. 2. Resulting values of sample analysis from the Olomouc Region (*LV – limit value; MCL – maximum contaminant level; RV – recommended value)
Tab. 1. Wyniki analizy próek z  regionu Ołomuńskiego (*LV – limit  MCL – maksymalny poziom zanieczyszczenia; RV – wartość rekomencdowana

the village of Krásné Pole (St. Předvrší), the maximum 
contaminant level was exceeded by 16 mg/l NO3-. In 
the village Krásné Pole (St. Branecká) this value was 
exceeded by up to 52.5 mg/l NO3-.

When analysing nitrates in the samples from the 
Olomouc Region, the maximum contaminant level (ac-
cording to the Decree 252/2004 Coll.) was exceeded in 
samples from the localities of Věžky near Přerov and 
Tovačov (St. Sadová). At the same time, these samples 
also show higher contents of calcium and magnesium 
ions. In the village of Věžky near Přerov the maximum 
contaminant level was exceeded by 4.5 mg/l NO3-. In 
the village of Tovačov (St. Sadová) the maximum con-
taminant level was exceeded by 11.5 mg/l NO3-. The 
groundwater from Tovačov (St. Kpt. Jaroše) complies 
with the legislative requirements with regard to nitrate 
concentration, but it exceeded the concentration of iron 
and ammoniacal ions.

Conclusion
This work aimed at pointing out nitrate problems 

in groundwater in the Moravian-Silesian and Olomouc 
Regions. On the grounds of the obtained data, we can 
confirm that the 50 mg/l nitrate concentration was ex-
ceeded in half of the analysed samples. The limit value 

for nitrates was exceeded in the range from 4.5 mg/l to 
52.5 mg/l NO3-. These were mainly localities located 
in the areas affected by farming. For this reason, it is 
advisable to address this issue and to propose an ap-
propriate solution to reduce the nitrate concentration 
in groundwater. In the next experiment, research will 
focus on nitrate removal using an electrodialysis unit. 
In addition, a solution will be proposed on how to han-
dle the concentrate. We assume we succeed in the con-
centration of the product and recover salt which could 
be used, based on its purity, in other branches of the 
industry. 
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Zwiększenie stężenia azotanów w wodach gruntowych w wybranych lokalizacjach  
w Regionie Śląsko-Morawskim oraz Ołomunckim w Czechach 

The paper presents the main directions for the modernization of the public management of the organizations in the sphere of 
public administration in Romania. Modernizing the management of public organizations should contribute to strengthening their 
capacity in developing and implementing economic and social reform measures. The raising of public management performance is 
mainly driven by the demand for more and more accountable accountability of institutions in the sphere of public administration, 
the dimensional and functional transparency of these institutions and the application of new managerial methods.
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