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ABSTRACT  

Nitrate (NO3) is a common contaminant in groundwater and surface water worldwide which has to be 

treated from the public water supply systems. Several techniques are already in use for the removal of 

nitrates such as reverse osmosis and ion exchange. However, they result in brine production and the 

associated capital and operational costs are usually high. One of the cheapest and effective methods for 

nitrate removal is denitrification in which dissolved nitrates are reduced to nitrogen gas. However, this 

process is time-consuming. Research has shown that Managed Aquifer Recharge (MAR) can enhance 

natural attenuation of nitrates by accelerating denitrification that occurs during groundwater recharge and 

groundwater flow. Therefore, this study aims at assessing the potential for denitrification through MAR, 

taking into consideration international practices for nitrate removal through MAR. Based on the literature 

review, an inventory of case studies was developed which identifies suitable MAR techniques and significant 

factors for denitrification. A conceptual model was designed for a modified infiltration basin for 

denitrification. Feasible sites are then identified in the Free State of Saxony using multi-criteria decision 

analysis. Results show that 43% of the total area of Saxony is feasible to implement the proposed design. 

Characterization of optimal conditions for denitrification through MAR as a nature-based solution for treating 

nitrates and their spatial distribution can provide a focus for future field studies and ultimately assist 

practitioners and policy-makers to reduce nitrate contamination in aquifers of the Free State of Saxony and 

in the nitrate vulnerable zones of Europe.  
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1. INTRODUCTION 

Nitrate (NO3) is one of the most common contaminants in groundwater, and its concentration is 

rising in many regions across the globe (United Nations Environment Programme, 2007). Elevated nitrate 

concentrations in groundwater can negatively affect human health if used as a drinking water source. This 
includes the development of cancer (Fewtrell, 2004; Höring and Chapman, 2004) and methemoglobinemia, 

commonly known as blue baby syndrome characterised by reduced oxygen-carrying capacity of the blood 
(WHO, 2008). Therefore, it is incumbent to treat nitrates to acceptable levels before they can be used for 

human consumption.  



Among the most widely used methods for removal of nitrates are ion exchange, reverse osmosis and 
electrodialysis (US EPA, 2015). However, the application of these techniques is not sustainable because 

they produce brine solutions with limited local disposal options, thereby increasing the risk of salt loading. 
There is a need for nitrate treatment methods which are sustainable, cost-effective and limit the brine 

production. In this regard, nature-based solutions such as managed aquifer recharge (MAR) should be 

explored.  

Studies have shown that denitrification is the main nitrate removing mechanism through MAR 

leading to gradual reduction of nitrate (NO3
-) to nitrite (NO2), nitrogen oxide (NO), and finally to nitrogen 

gas (N2) (Grau-Martínez et al., 2018; Korom, 1992). This is because favorable conditions for denitrification 

may exist in shallow soils through Infiltration Basin (IB) method or related techniques such as Aquifer 
Storage and Recovery (ASR) and Soil Aquifer Treatment (SAT) (Mienis and Arye, 2018; Pan et al., 2017; 

Wang et al., 2018). Field and laboratory experiments suggest that the scope of denitrification can be 

enhanced within the infiltration basins (Grau-Martínez et al., 2018, 2017; Schmidt et al., 2012; C. M. 

Schmidt et al., 2011; Gibert et al., 2008).  

Despite evidences of denitrification enhancement with MAR, no examples have been found of MAR 
being used mainly for denitrification of groundwater or surface water. Only a few MAR pilot sites have been 

reported that aim primarily at denitrification. This could be due to low economic suitability, lack of 

awareness or insufficient research regarding denitrification through MAR. The few studies that exist are 
only academic research studies focusing on modelling, laboratory or field experiments which are still far 

away from exploring the feasibility of MAR for denitrification. This requires an in-depth understanding of 
the biochemical and hydrogeological factors for denitrification through MAR and identification of suitable 

sites for implementation.  

The main research questions and the respective research objectives pursued are; 

1. What are the best practices and international experiences on nitrate treatment through MAR?  
o Identification of suitable MAR techniques for denitrification  
o Identification of important parameters controlling denitrification  

2. What is the economic feasibility of MAR for denitrification purposes, compared to existing nitrate 
removal techniques? 

o Identification of factors affecting the economic feasibility of MAR 

o Comparison of unit cost for water treatment among existing nitrate removal techniques  
3. What would be the appropriate design of a MAR system for nitrate treatment?  

o Development of a conceptual model capturing the important parameters controlling 
denitrification in MAR; 

4. What is the feasibility of MAR for denitrification over a selected location in Europe?  
o Identification of suitable MAR sites in the Free State of Saxony, Germany 
o Identification of denitrification site suitability in the Free State of Saxony 

o Identification of socio-economic and environmental suitability for denitrification in the Free 
State of Saxony 

 

2. STUDY AREA 

The rationale behind the selection of study area was to identify potential sites for the implementation of 

enhanced denitrification through infiltration basins within the Nitrate Vulnerable Zones (NVZ) of Europe. 
Besides, the selected study area should have available spatial data in good quality such as elevation, soil 

and hydrogeology. The Free State of Saxony in the Federal Republic of Germany in this regard a good 

example meeting all of these criteria. 

The Free State of Saxony is the sixth largest of the 16 states of Germany with an area of about 18400 km2 

and a current population of 4,074,102 (Statistical State Office of the Free State of Saxony, 2019). With 
Dresden as the capital, the state shares borders with Poland, the Czech Republic and the federal states of 

Saxony-Anhalt, Thuringia, Brandenburg and Bavaria (Figure 2-1). The topography of Saxony varies from 



highest altitude of 920 meters above seas level in the town of Oberwiesenthal and to the lowest altitude 

of 73 meters above seas level in the town of Dommitzsch (State Chancellery Saxony, 2006).  

 

Figure 2-1 Free State of Saxony 

The State Reservoir Administration of Saxony working under the ambits of Ministry for Environment and 
Agriculture is mainly responsible for water supply, protection from floods and maintenance of watercourses 

in Saxony. About 50% of the drinking water in Saxony is from the 23 dams with over 236 million m3 of 
capacity (The State Reservoir Administration of Saxony, 2007). To ensure higher reliability of public water 

supply, these dams are connected to a common network system thereby supplying water through pipes, 

galleries, and streams from another reservoir if water level in one of the reservoirs falls below a given 

threshold.  

In Saxony, the total length of rivers and streams stretches to about 15,000 km with Elbe River running 
through for 180 km (State Chancellery Saxony, 2006). The biggest lake of Saxony is the Quitzdorf reservoir 

is the east with an area of approximately 8 km2 (State Chancellery Saxony, 2006). In Saxony, groundwater 
systems are interlinked with the surface water such that most of the groundwater systems feed the surface 

water (Nützmann and Moser, 2016). The State Office for Environment, Agriculture and Geology is the 

official authority to report weekly and monthly variations in the hydrological and meteorological situation.  

The composition of groundwater depends on the interaction between the microbiology and the 

hydrochemistry of the seeping rainwater when it comes into contact with the soil media. For the Free State 
of Saxony, groundwater quality data is available online through the Environmental Portal Saxony 

(Environmental Portal Saxony, 2018). Percentage of the measuring points exceeding 25 mg/L, 50 mg/L 

and 90 mg/L are reported. After 2006, the number measuring points in Saxony nearly doubled with a 
measuring point density of 1 per 100 km2 (Saxony State Ministry for the Environment and Agriculture, 

2018). From 2006 till 2009, the percentage of measuring points between 0 – 25 mg/L increased from 66.5 
% to 71.6 %. Ever since, it has been decreasing slightly, reaching 67.3 % in 2016. The percentage of 

measuring points above 25 mg/L was 32.7 % in 2016, showing an increase of 0.7% from 2015. It has been 
observed that the decrease in the proportion of measuring points exceeding 50 mg/L is 0.1 % yearly, 

reaching 16.4% in 2016. The proportion of sites with nitrate concentration higher than 90 mg/L fell to 

4.7% in 2016, a decline of 0.6% from last year. 

In Saxony, efforts are being made to reduce nitrogen pollution of groundwater and surface water bodies. 

Indictors are developed for nitrogen balance and residual nitrate in the soil up to 60 cm depth to reduce 
the over-fertilization of the agricultural lands. “Environmentally friendly agriculture”, program has been 

initiated to reduce use of fertilizers and to ensure good ecological management of arable lands. 



3. RESEARCH METHODOLOGY 

To achieve the objectives of this study, a research methodology was formulated. First of all an inventory 

of case studies was developed and most significant factors for denitrification were identified. After that a 
conceptual model was developed for enhanced denitrification. Finally, the feasibility map of this conceptual 

model was generated using three distinct suitability maps; MAR site suitability, denitrification suitability and 

socio-economic and environmental suitability. 

 

Figure 3-1 Steps followed in the research methodology 

 

4. INVENTORY OF CASE STUDIES  

Rivett et al. (2008) made a literature review of the biogeochemical factors controlling denitrification in the 

natural groundwater systems. Here, this review is expanded to include studies posterior to 2008 and studies 

on denitrification in MAR. In total, 32 additional studies were reviewed. They provide insight on the 
conditions that favor denitrification and serve to identify which MAR methods could be used to enhance 

denitrification.  

Almost 40% of the total research papers included in the inventory have discussed the denitrification 

capacities of the MAR systems and ways to enhance it. About 80% of total MAR studies have used 
infiltration basin to treat nitrates. Beganskas et al., (2018); Grau-Martínez et al., (2018) and Schmidt et al., 

(2012) also demonstrated work on infiltration basins to denitrify groundwater. It is worth mentioning here 

that most of these studies have a different primary objective than denitrification and therefore, the 
specifications are tailored accordingly. For example Valhondo et al., (2015) conducted field experiment on 

removal of pharmaceuticals Ollivier et al., (2013) focused on the overall geochemical changes during the 
infiltration of wastewater, Patterson et al., (2010) analyzed the changes in the water quality with respect 

to nine trace contaminants in the wastewater. However, there are studies where denitrification during the 

infiltration basin was highlighted (Beganskas et al., 2018; Grau-Martínez et al., 2018, 2017; C. M. Schmidt 
et al., 2011; Schmidt et al., 2012). Factors important for denitrification during the infiltration basins are; 

nitrate concentration, injection of organic matter, infiltration rate and soil texture. Keeping in view the 
bright prospects of denitrification through infiltration basins, a conceptual model is developed for infiltration 

basins to enhance denitrification. 2 studies have been found for River Basin Filtration (RBF) and Aquifer 

Storage and Recovery (ASTR) each as they are still emerging techniques for denitrification.  

Main findings of the inventory were:  

1- potential for denitrification can be enhanced in the infiltration basins. Use of Permeable Reactive 
Layer (PRL) is of particular relevance in this regard due to presence of easily degradable organic 

carbon which enhances the activity of heterotrophic denitrifying bacteria. PRL made up of low-cost 
carbon releasing materials – Organic compost, by-products of wood and palm leaves 

2- As the residence time increases, the rate of denitrification also increases 



3- Dissolved Oxygen (DO) concentrations less than 2 mg/L favor denitrification since only after DO is 
consumed nitrate can be used as terminal electron acceptors 

4- Dissolved organic carbon should be greater than 3.8 mg/L to account for aerobic processes 

5- Increase in nirate influx increases denitrification. 

 

5. COST COMPARISON OF NITRATE REMOVAL SOLUTIONS 

Although the findings of the inventory showed that the potential of denitrification can be enhanced through 

infiltration basins, but the question is whether such a system is economically feasible or not. To answer 
this question factors affecting the capital and operational costs of MAR were understood. Generally, if the 

primary goal of MAR is qualitative rather than quantitative then the operational costs are higher (Ross and 

Hasnain, 2018). The source of water affects the operational costs in terms of pre-treatment. Infiltration 
basins are cheaper than Aquifer Storage and Recovery because they do not require the cost of drilling 

wells. Ross and Hasnain, (2018) analyzed the costs of the 21 MAR schemes in five countries taken from 
the global inventory of MAR schemes (Stefan and Ansems, 2018). Vanderzalm (et al., 2015) provided an 

overview of the economic assessment of seven MAR sites in Australia, and Maliva (2014) used Cost Benefit 

Analysis (CBA) to monetize benefits of MAR.  

One of the ways to compare the cost of different MAR techniques is by comparing their levelised costs. 

Levelised cost of the MAR project refers to the money required to recover capital and operational costs per 
annum divided by the total supplied volume of water in one year throughout the lifetime of the project. 

The average levelised cost of recharging one cubic meter of water using natural water as a source is $ 0.19 

and $ 0.45 for the infiltration basins and ASR, respectively (Ross and Hasnain, 2018).  

If natural water is used, infiltration basin are the least expensive compared to existing nitrate treatment 

techniques. Reverse osmosis, results in the highest levelized cost of 0.72 dollars for treating one cubic 

meter of water (Figure 5-1). 

  

Figure 5-1 Comparison of levelised costs between various nitrate treatment technologies (adapted from 

Jensen et al., 2011; Ross and Hasnain, 2018) 

 

This shows good economic prospects of infiltration basins as a nitrate treatment method. However, there 

are several limitations. MAR does not guarantee a complete removal of nitrates. The levelized cost of MAR 
are not based on MAR systems for denitrification rather they are taken from a typical infiltration basin and 

ASR design. Additional cost of required modifications for enhanced denitrification through MAR should be 

considered for a more accurate comparison. 



6. DESIGN OF INFILTRATION BASIN FOR DENITRIFICATION 

In the conceptual model, the factors affecting the potential of denitrification were divided into two major 

types; (1) natural factors which are represented in green color and (2) MAR-specific factors which are 
presented in red color (Figure 7-1). Different zones of denitrification are denoted by red, grey and white 

arrows. For the sake of understanding the operation, a water droplet is envisaged which moves through 

the whole system. At the water surface of the infiltration pond, oxic conditions prevail due to continuous 
aeration and variation in temperature hence no denitrification takes place. As the water molecule reaches 

the permeable reactive barrier (PRL) at the bottom of the infiltration basin, dissolution of organic matter 
takes place as a function of infiltration rate and residence time of the water molecule in the permeable 

reactive barrier (PRL). At this point, aerobic degradation of the organic matter dominates. As this water 

droplet leaves the PRL and enters into the vadose zone, it comes into contact with denitrifying bacteria. By 
this time, most of the dissolved oxygen is already consumed and the amount of DOC has increased which 

created ideal environment for denitrification in this shallow saturated zone. The thickness of this shallow 

saturated zone depends on the infiltration rate as well as the soil texture.  

Further below this, the water droplet goes to the unsaturated zone where there is minimal denitrification 
due to presence of oxygen, eventually reaching the groundwater table. At the groundwater table, this water 

droplet mixes with the ambient groundwater as a function of aquifer heterogeneity and pumping sequences 

from the nearby wells. Moving on, the suitable redox conditions for denitrification are spread across the 
aquifer depending on the advection and dispersion processes. Finally, this water droplet is abstracted into 

the abstraction well as a function of pumping rate, porosity and areal extent of the aquifer. This design 
incorporates 3 modifications from the traditional infiltration basins; Use of permeable reactive layer, chaotic 

advection at the point where the recharge water mixes with the groundwater and increase number of 

denitrifiers.  

 

7. FEASIBILITY MAPPING 

After the development of conceptual model and selection of study area, feasibility mapping was carried out 

using geographic information system based multi criteria decision analysis (GIS-MCDA) in the Free State of 

Saxony. GIS-MCDA is a process through which a solution to a spatial decision problem is achieved based 
on the design, combination and prioritization of a set of criteria (Malczewski and Rinner, 2015). The 

feasibility mapping is important to identify potential MAR sites, sites with suitable conditions for 
denitrification, and sites with high socio-economic and environmental suitability for modified infiltration 

basin design. The first step in the GIS-MCDA process is the problem definition which in my case is to identify 

feasible sites for enhanced denitrification through infiltration basins in Saxony (Rahman et al., 2012). The 
next step is the constraint mapping which accounts for all non-feasible decision alternatives before the 

actual mapping of suitable sites. The criteria selected for constraint mapping were slope, drinking water 

protected areas and natural protected areas.  

After the constraint mapping, feasibility mapping was carried out. I made three separate suitability maps; 

The first map was the site suitability map which shows areas with varying degree of suitability for infiltration 
basins. The second map is denitrification suitability map which identifies sites with favorable conditions for 

denitrification. And finally, the socio-economic and environmental suitability map locates sites with 
favorable environmental, social and economic factors. The combination of the three suitability maps gave 

the feasibility map. Afterwards, I conducted sensitivity analysis to understand the impact of each of the 

three suitability maps on nitrate treatment through infiltration basins in Saxony. 
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Figure 7-1 Conceptual model describing processes linked with denitrification in an infiltration basin 



 

Intrinsic site characteristics – slope, soil texture and hydrogeology, were integrated to generate site 

suitability map (Figure 7-2). Flat slopes, coarser soil texture and porous aquifers with medium 

permeability were considered most suitable. On the other hand slope greater than and equal to 30, very 
fine soil particles and Karstic aquifers with very low or very high permeability were considered 

unsuitable. Weights are assigned using pairwise comparison method with highest weight assigned to 
hydrogeology followed by slope and soil texture.The legend shows a gradual scale denoting very suitable 

to unsuitable areas to illustrate the capacity of recharge to the aquifers. Around 50% of the land was 
indicated as very suitable in the North Saxony, particularly around the Torgau town mainly because of 

the flat areas and porous aquifers.  

 

Figure 7-2 Map showing MAR infiltration basins’s suitability, denitrification suitability, environmental 
and socio-economic suitability of modified infiltration basin for denitrification (MIBD) in the Free State 

of Saxony 

Similarly, the criteria selected for denitrification suitability map were: groundwater nitrates, residence 
time and land use. Nitrate concentrations of 150 mg/L, permanent crops and residence time greater 

than and equal to 3000 days were considered very suitable. Artificial crops and residence times close to 
zero days were considered unsuitable whereas nitrate concentrations less than 25 mg/L are considered 

as low suitable. Weights are assigned using pairwise comparison, with highest weight to groundwater 

nitrates, followed by residence time and land use. Only 3 % of the total land is very suitable for 
denitrification located mostly in the northern and northwestern part of the Saxony. These areas have 

nitrate concentration higher than 100 mg/L and high residence time for water in the vadose zone. 
Suitable land with respect to denitrification constitute 29% of the total area corresponding to 

southwestern parts of Saxony, particularly Erzgebirgskreis and some parts of Zwickau. These areas have 

nitrate concentrations close to 50 mg/L in their aquifer.  

The three criterion chosen for the socio-economic and environmental suitability map were: distance to 

drinking water protected areas  and Distance to primary roads are used to reflect on socio-economic 
factors where distance to the river refers to environmental value. The distance of less than 1000 m is 

considered most suitable for rivers and drinking water protected areas where as for primary roads a 
distance of less than 500 m is considered most suitable. Distance of 4000 m and 1500 m for protected 

areas and roads respectively corresponds to low suitability where a distance of 5 km from rivers is 

considered unsuitable. Here are the maps for each of the criteria. Again pairwise comparison is used to 
assign weights, with highest weight to Distance to drinking water protected areas followed by distance 

to the river, and distance to primary roads. These three spatial datasets were combined using Weighted 



 

Linear Combination (WLC) method to generate a distribution of environmental and socio-economic value 

for modified infiltration basins for denitrification. Around 18% of the total land is considered very suitable 

and 30% is considered suitable. These areas mostly corresponds to lands in the vicinity of drinking 
water protected areas. Very suitable areas are more concentrated in the south-eastern, north-western 

and south-western parts of the state. 

The final step of this study is the combination of the three maps and the sensitivity analysis. The three 

suitability maps are combined with equal weights with and without constraint mapping. 66% of the total 
area was found to be suitable with high denitrification and environmental and socio-economic suitability 

(Figure 7-3).  3% of the area was very suitable, showing very high suitability for denitrification and 

the socio-economic and environmental perspectives. These areas mostly correspond to parts of Meissen, 

North Saxony and Leipzig in the northwest and some parts of Bautzen in the northeast.  

 

Figure 7-3 Combined suitability considering the suitability for site, denitrification and environmental 

an socio-economic factors (a) without constraint mapping and (b) with constraint mapping   

On the contrary, the constraint mapping resulted in major differences in the percentage of suitable area 
with high demand and value, decreasing from 66% to 41%. The percentage of unsuitable areas rose 

from 0% to 44% representing protected areas and slopes higher than 30%. A decrease in the 
percentage of moderately suitable areas was observed from 30% to 13% because some of these areas 

are now included in the unsuitable range.  

For the sensitivity analysis, three scenarios were built each highlighting the significance of the three 
suitability maps. Scenario 1 corresponds to the case where site suitability mapping was given more 

weight than denitrification suitability map and environmental and socio-economic suitability map; 
scenario 2 is the one in which denitrification suitability map was given a higher weight than 

environmental and socio-economic suitability map and site suitability map; and Scenario 3 refers to high 

weight assignment to value map compared to denitrification suitability map and site suitability map.  

Scenario 1 has 50% of the total land in the suitable and very suitable range in the northern Saxony, 

particularly parts of Leipzig, Dresden and some parts of North Saxony such as Torgau (Figure 7-4). 
This shows percent increase in the suitable and very suitable areas compared to Figure 7-3 where 

equal weights are assigned to each suitability map. In scenario 2 when a higher weight is assigned to 
denitrification suitability map, percentage of moderately suitable areas increase from 13% to 20% 

compared to Figure 7-3 whereas the suitable and very suitable areas decrease from 43% to 36%. In 

scenario 3, the change from the equally weighted-combination of map shows a decreasing trend in the 

suitable areas and an increasing trend in the areas corresponding to low and moderate suitability index. 

 



 

 

Figure 7-4 Different scenarios based on different weights for site suitability, denitrification suitability 

and environmental and socio-economic suitability maps 

This analysis shows the impact of each of the three suitability maps in terms of nitrate treatment in 
Saxony. One might argue that selection of suitable sites for infiltration basins is more important than its 

denitrification capacity and socio-economic value. In this case, suitable sites for infiltration basins would 
also include areas which might not be very suitable for denitrification, but are very suitable in terms of 

recharging groundwater. River water can be used as a source for infiltration basins and the 
denitrification through infiltration basins would then become a secondary objective with the prime focus 

on recharging groundwater. Giving more weight to the environmental and socio-economic suitability, 

makes the site selection more specific to the environmental and socio-economic context at the time of 
this study. It is worth mentioning that despite the inclusion of drinking water protected areas as a 

constraint in this study, in future if groundwater nitrate concentrations exceed 50 mg/L in these areas 
and the state grants legal permission, then they might become priority areas for denitrification through 

the infiltration basins. The results of the final feasibility map would then change, showing higher 

suitability in the drinking water protected areas.  

 

8. CONCLUSIONS AND RECOMMENDATIONS 

In the wake of elevated nitrate levels in the groundwater bodies around the world, MAR constitutes an 

alternative water treatment method. Literature review reveals that several MAR techniques are suitable 

for denitrification. Denitrification underneath the Infiltration Basins (IB) can significantly reduce nitrates 
in the source water. Adopting Modified Infiltration Basin Design can help avoid the brine disposal issues 

associated with alternative techniques and can potentially reduce the cost of nitrate treatment. This 
study shows that there is a potential of denitrification through MAR hence the next steps should be to 

set up a pilot study for infiltration basins in Saxony, Germany.  

The conceptual model translates the knowledge from the past literature into a working scheme for 
enhancing denitrification through infiltration basins. It shows the hotspots for denitrification and 

provides practical guidance on how and at which stage factors for denitrification can be enhanced. Three 
modifications were suggested; use of permeable reactive layer to enhance dissolved organic carbon 

levels in the infiltrating water, chaotic advection to enhance groundwater mixing and increased number 
of denitrifiers for complete denitrification underneath the infiltration basins. The results of the 



 

conceptual model open new avenues for scientific research to explore the capacity of MAR for 

denitrification.  

The feasibility study in the Free State of Saxony reveals that 43% of the total area of Saxony is suitable 
which also exert high denitrification suitability and high socio-economic value for implementing the 

modified infiltration basin. There areas mostly correspond to Meissen and some parts of North Saxony 
such as Torgau. The most suitable season for the operation would be summers because high 

temperature and higher depth to groundwater from the land surface, among other factors, would favor 

denitrification.  

The way forward from this study are presented as following: 

1- The focus of this study was only on a specific MAR technique; infiltration basins, despite the 
potential of other MAR techniques for denitrification such as ASR. Thus, a similar study should 

be carried out to analyze the potential of other MAR techniques for denitrification. 
2- Feasibility study for enhanced denitrification through infiltration basins relies heavily on 

monitoring of groundwater nitrate concentrations. Similar study can be conducted in areas 

without groundwater monitoring network by estimating groundwater nitrates using crop type, 
amount of fertilizer used and nitrogen balance approaches. 

3- Pilot studies should be undertaken in the suitable areas of Saxony with a primary goal of 

denitrification. 
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