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Preface 
At a pub in Edinburgh, right after the presentation of the European Nitrogen Assessment (2011) and the final 
conference of the www.NitroEurope.eu project, the idea of a Danish Nitrogen Research Alliance spawned. 
The group of Danish researchers gathered, saw the benefits from allying central Danish actors to facilitate a 
sustainable use of Nitrogen, and thanks to seed money from the Aarhus University Research Foundation a 
successful application for The Danish Research Council for Strategic Research, now Innovation Fund 
Denmark, was formulated. 

The Danish Nitrogen Research Alliance (www.dNmark.org) serves as a fruitful network for a range of actors, 
including researchers across multiple disciplines and institutions and a long list of private and public partners, 
investing significantly in the alliance. A central aim of the alliance is to share knowledge, both nationally and 
internationally, and we thank you for all these contributions, which are reflected in the present international 
conference (http://sustainablenconference.dnmark.org), and our collaborators in related international and 
national projects. 

With a total of 6 PhD and 7 post-doc projects, one of the main products of the dNmark.org research alliance 
is education and competence development for the next generation, in interaction with state of the art N 
research environments. With the current high focus on development of the bioeconomy, and a new paradigm 
for Nitrogen regulation in Denmark, to meet the standards of EU Directives and comply with local and 
transboundary pollution problems, the need for new knowledge has only increased during the lifetime of the 
alliance. 

Denmark as a case is especially interesting in an international perspective. The strong record with decades 
of research based solutions to the nitrogen pollution problem in combination with initiatives to facilitate a 
higher N efficiency and value creation in agriculture and food chains attracts interest, and serves as a basis 
for guidance to farmers and policy makers internationally. This include work under the UN Task Force on 
Reactive Nitrogen, and the annual meeting (TFRN-12) co-hosted with the present conference, and a defined 
need both in Denmark and internationally to find new solutions to a more sustainable use of nitrogen with 
co-benefits to the economy and for air, water, soil and climate protection.   

On this background, we welcome to the conference on “Innovative Solutions for Sustainable Management 
of Nitrogen”, as a starting point for further knowledge sharing and development. 

 

Tommy Dalgaard and Jørgen E. Olesen, 

Co-chairs of the www.dNmark.org Research Alliance and the http://sustainableNconference.dnmark.org 
scientific conference committee. 

 

Aarhus University, Department of Agroecology,  

June 2017  
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Sustainable Nitrogen Management in Denmark  
Tommy Dalgaard1, Steen Brock2, Morten Graversgaard1, Birgitte Hansen3, Fatemeh Hashemi1, Berit Hasler4, 
Ole Hertel4, Nicholas John Hutchings1, Brian H. Jacobsen5, Lars Stoumann Jensen6, Chris Kjeldsen1, Jørgen E. 
Olesen1, Jan K. Schjørring6, Torben Sigsgaard7, Peter Stubkjær Andersen8, Mette Termansen4, Henrik Vejre8, 
Mette Vestergaard Odgaard1, Wim de Vries9, Irene A. Wiborg10  
1Department of Agroecology, Aarhus University, Denmark; 2Dept. of Culture and Society, Aarhus University, Denmark; 
3Geological Survey of Denmark and Greenland – GEUS,  Denmark; 4Dept. of Environmental Sciences, Aarhus University, 
Denmark; 5Dept. of Food and Resource Economics, University of Copenhagen, Denmark; 6Dept. of Plant and 
Environmental Sciences,  University of Copenhagen Sciences, Denmark; 7Dept. of Public Health, Aarhus University, 
Denmark; 8Dept. Geosciences and Natural Resource Management, University of Copenhagen, Denmark; 9Wageningen 
University and Research, The Netherlands; 10 SEGES, Knowledge Centre for Agriculture, Denmark. 
 
Background 

Since the mid 1980s, the surplus of nitrogen (N) from Danish agriculture, defined as the gap between N-
import and N-export, has decreased significantly, and the overall N-efficiency (defined as N taken up by 
plants as ratio of the added amount) has more than doubled, from about 20% in 1980 to more than 40% 
today (Figure 1). 

  

 
Figure 1. Total sum of N imports to- and sum of N exports in products from Danish agriculture, and overall N use 
efficiency for Danish agriculture over the period 1950-2012 (updated after Dalgaard et al., 2014). The question mark 
indicates the potential effect of various new measures which may further increase the N use efficiency and reduce N 
losses. 
 
The cause behind this remarkable development is an effective interaction between a series of political action 
plans and legal acts, improved agronomic techniques and large investment in new and more N efficient 
technologies. However, the costs have also been high (estimated to 340 x 106 € yr-1, Dalgaard et al., 2014), 
and still there is a significant gap between N-imports and N-exports and consequently a high potential for an 
improved N-efficiency. 

The aim of this presentation is on this background: i) to understand the causes and effects behind this 
development, and ii) explore sustainable solutions to facilitate a further development towards a more 
sustainable N management with a lower N-surplus and higher N-efficiency, in combination with economic 
development and the protection of the natural environment and the general public health.  
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The need for an integrated approach 

In general, the Danish N policies have focused strongly on separate measures, in particular targeting the 
reduction of N-leaching to the aquatic environment and reduction of ammonia volatilization to the air via 
input side measures, manure management and handling measures, and measures to reduce losses from the 
cropping system (for e.g. catch crops). However, as the reactive nitrogen (Nr) input cascades through the 
agricultural and natural ecosystems, there are important links between the different types of losses (Figure 
2), calling for an integrated approach where effects of co-benefits (or drawbacks) of different management 
options are incorporated. For example, the improved efficiency indicated in Figure 1 is also a very important 
factor behind reduced greenhouse gas emissions from Danish agriculture, both directly via reduced nitrous 
oxide emissions, but also indirectly when improved N efficiency reduces fossil energy consumption for 
fertilizer production and methane emissions from livestock production systems (Dalgaard et al., 2011).  
 

 
Figure 2. A simplified representation of the human impact on the nitrogen cycle and the associated cascading effects. 
Blue arrows show intended anthropogenic Nr flows, while the other arrows show unintended flows (Sutton et al., 2011).  

Based on guidance from the Task Force and Reactive Nitrogen Expert Panel on Nitrogen Budgets 
(http://www.clrtap-tfrn.org/epnb), a method to assess and overview all Danish N flows has been developed 
in context of the www.dNmark.org Research Alliance (Hutchings et al., 2014).  Based on this method the 
flows behind the development depicted in Figure 1 and the links between types of input and output (Figure 
2) are revealed (Figure 3). The management of agriculture and food systems is obviously crucial for the 
significantly reduced environmental losses from 1990 to 2010, and thereby for the understanding of future 
mitigation options. The fluxes connecting compartments are indications as to where the future regulation 
options occur. 
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Figure 3. The N balance, N inputs and N flows assessed for Denmark 1990 and 2010 (Hutchings et al., 2014). 
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A New Paradigm for Nitrogen Management 

In 2016, The Danish Government introduced a new action plan, with a nitrogen regulation tailored to local N 
reduction targets rather than the general N reduction goals known from previous action plans. It is a large 
challenge to implement this, and the knowledge generated in the subprojects of the www.dNmark.org 
Research Alliance and the related PhD and post-doc projects focusing on different compartments of the N 
landscape (Figure 1) is important in this context. 

Figure 4. Focus areas for the www.dNmark.org research alliance. 

As of 2017, a new scheme introducing catchment advisors (“oplandskonsulenter”) is implemented, inspired 
by the dNmark pilot landscape study sites, and the geographically tailored N regulation will be implemented 
stepwise over the coming years, with significantly enhanced implementation of measures like wetlands, mini-
wetlands, afforestation and other landscape-level buffers which reduce Nr before it reaches vulnerable 
recipients. The above-mentioned integrated, combined effect assessments of these measures is important, 
both at the landscape and the national scale, and is the turning point for both the further solution scenarios 
assessments and publication in the www.dNmark.org alliance and the ongoing international Task Force on 
Reactive Nitrogen development of joined-up nitrogen guidance documents for air, water and climate co-
benefits. 
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New opportunities for increased N use efficiency in a circular economy  
Lars Stoumann Jensen 
Department of Plant and Environmental Sciences, Faculty of Science, University of Copenhagen,  
Denmark   

Background and aims 
Currently low N use efficiencies in the food chain often results in less than 15% of exogenous N ending up on the 
consumer plate. Key aspects for improvement of N use efficiency include new strategies for better N utilization in 
crop production, livestock production and processing of raw materials into food products. Furthermore, there is 
scope to increase the amount of agricultural fertilisation in the EU provided by recycled nutrients and recent EU 
circular economy policies promote recovery and recycling of excess nutrients from agricultural, industrial and 
urban waste streams into products that can be used as agricultural fertilisers. 
This presentation will focus on technological approaches to increase the recycling and reuse of inevitable side 
stream N losses occurring in steps of the food chain, e.g. separation, acidification and biogas, recycling of N in crop 
residues and urban waste (sludge and household waste).  

Methods 
Organic wastes with potential for agricultural application as bio-based fertilisers can be broadly classified into 
three categories: i) animal-based organic wastes such as manure and urine, raw or processed (see below ii) green 
manures based on plant sources, and iii) urban wastes such as industrial and sewage sludges and organic 
household waste. Many of these bio-based fertilisers have the potential to fulfil crop nutrient (N, P, K, S, 
micronutrient) requirements, but the main challenges with their use includes i) low nutrient concentrations and 
bulkiness, ii) slow/uncertain nutrient availability, iii) inappropriate nutrient ratios, iv) higher risk of environmental 
emissions, and v) odour, biosecurity and other nuisances for neighbours. Technological options for both processing 
and field application will be covered as well as end-user perceptions and preferences, and market development 
perspectives of such bio-based fertilisers. 

Results and discussion 
Bio-based fertilisers can be processed in a number of ways to separate components (e.g. manure separation to 
improve handling and optimise nutrient content), recover energy (e.g. anaerobic digestion, AD), remove unwanted 
substances (such as pathogens, e.g. through composting), or retain nutrients in an available form (acidification, 
drying etc.). Depending on the technology used, processing may improve manageability, nutrient use efficiency 
and fertiliser value, or soil quality improvements, hence economic value. Developments of modern application 
technologies (i.e. band-spreading, injection, acidification, online nutrient determination) may help overcome 
some of the challenges listed above. Furthermore, bio-based fertilisers will contribute both valuable organic 
matter, improving soil fertility and quality, but also in most cases organically bound N, which will mineralise slowly, 
providing both residual value to subsequent crops but also risk of leaching loss during uncropped periods; 
therefore prediction methods to include this in nutrient management plans are essential. Finally, farmers are the 
primary end-users of these recycled and bio-based fertiliser products, and it is important to understand their 
requirements and decision-making processes underlying the use of such processed and unprocessed organic 
waste-based fertilisers. 

Conclusion and outlook 
With recent developments of bio-waste processing and application technologies it is possible to increase N 
recycling and supply full crop nutrition with bio-based fertilisation. However, there are still many barriers (i.e. end-
user acceptance, economic profitability, regulations, market development) to realise the full potential of nutrient 
recycling from manures, waste and residues in a circular economy.  
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The CNA followed established protocols for integrated assessments. The CNA synthesized the large body of 
existing scientific literature on nitrogen, used it to analyze patterns and trends, and assessed the quality of 
information and knowledge about key issues.  
 
The CNA was developed through participatory design, with stakeholder consultation to guide the research 
agenda to ensure its process and outputs are considered legitimate by a broad range of stakeholders. The 
assessment’s findings underwent a multistage peer review process, including consecutive reviews by over 50 
scientific experts, review by a Stakeholder Advisory Committee, and an open public comment period. Ten 
distinguished review editors ensured all comments received appropriate attention and responses from 
authors. 
 
Drivers of Nitrogen in California 
Many global factors influence nitrogen in California including human population and economic growth, 
market opportunities for California commodities, agricultural production costs and technological change, 
and policies targeting nitrogen in California.  
 
Along with global factors that affect nitrogen, everyday actions of Californians radically alter the nitrogen 
cycle. Six actions fundamentally change nitrogen cycling in the state: Nitrogen fertilizer use (both synthetic 
& organic sources), manure management, fossil fuel combustion, industrial processes, wastewater 
management, and changes in land use.  Each of these drivers has intensified since 1980. 
 
A California Nitrogen Mass Balance for 2005  
A key part of the CNA is the mass balance—a comprehensive accounting of nitrogen inputs and outputs for 
California per year (2005 is the focal year). This scientifically-rigorous accounting method tracks the size of 
nitrogen flows, which allows us to understand which sectors are the major users of nitrogen and which 
contribute most to nitrogen leakages to the air, water, and ecosystems of California.  
 
The CNA began as an attempt to learn the role of nitrogen in climate change. Ultimately, the mass balance 
revealed that, by weight, nitrogen’s contribution to groundwater nitrogen is significantly greater than its 
contribution to greenhouse gas emissions.  
 
Annually, nearly 1.8 million tons of nitrogen are imported into California through a variety of sources. 
 
Agriculture is the largest source of nitrogen in California. Synthetic fertilizer accounts for 32% (514,000 tons) 
new nitrogen entering CA each year, and animal feed accounts for another 12% (220,000 tons). Synthetic 
fertilizer applied to fields is partially taken up by the crop: on average, about half the nitrogen applied to 
crops is lost to the environment, though this varies greatly by soil type, crop, and farm management practices. 
 
Fossil fuel combustion is the major (40%) source of nitrogen to the atmosphere, with nitrogen oxides (NOX) 
as the predominant (89%) form of fossil fuel emissions. 30% of nitrogen losses are transported downwind 
from California as NOX or ammonia (NH3), making California a major source of atmospheric nitrogen 
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pollution. Ammonia is a component of fine particles PM2.5 and PM10, which have well-established health 
impacts. Nitrogen oxides are precursors to ozone. 
 
Annually, nearly 
419,000 tons of 
nitrogen leach into 
groundwater. 
Nitrogen from 
cropland (including 
fertilizer and manure 
applications) is the 
largest contributor, 
accounting for 88% 
(367,000 tons) of 
nitrogen leaching to 
groundwater. Only a 
little over a third of 
the net annual 
nitrogen inputs to 
groundwater are 
extracted from wells 
for irrigation and 
drinking water or 
removed by 
denitrification in the aquifer, leaving two thirds of the additions each year to accumulate in groundwater. 
However, it can take years to millennia for excess nitrogen in soil to reach groundwater.  
 
Livestock consume 614,000 tons of nitrogen each year in their feed. Only 25% of that becomes meat or milk 
for our consumption; the rest is excreted in manure. Much of that manure is reapplied to cropland, where 
its nitrogen has the potential to leach into groundwater. Some of the nitrogen in manure is released into the 
air or water or stored in soils. 
 
Nitrous oxide (N2O, a potent greenhouse gas) accounts for 4% of greenhouse gas emissions in California. 
Agriculture, by way of cropland soils and manure management, accounts for 32% of those N2O emissions 
(1.3% of total statewide GHG emissions). However, these estimates are based on California’s Greenhouse 
Gas Emissions Inventory methodology, which uses general global emissions factors that do not account for 
California-specific conditions. 
 
61% of wastewater is discharged into the Pacific Ocean (about 90,000 tons of nitrogen). Only a small amount 
(about 13,000 tons) of wastewater nitrogen was discharged into surface water bodies of California. Discharge 
of treated wastewater to land (about 12,000 tons) that subsequently leaches to groundwater was a small 
(9%) fraction of wastewater. About 24,000 tons of biosolids are applied to cropland and placed in landfills. 
Very small amounts of N2O are released during wastewater treatment processes. 



Plenaries 

21 
 

Nitrogen Impacts on Human Health 
 
Air 
Nitrogen is a component of, or aids in the formation of, five known air pollutants including nitrogen oxides 
(NOX , which includes NO2, nitrogen dioxide), ammonia (NH3), ozone (O3), and particulate matter (PM2.5 
and PM10). Major emissions sources include the combustion of fossil fuels in the transportation, energy 
generation, and industrial sectors, as well as agricultural fertilizers and livestock.  
 
Despite significant declines in nitrogen oxides, ozone, and particulate matter over the past four decades, 
much of California’s air quality still fails to meet one or more state recommendations set to protect human 
health.  
 
This comes at great health and economic cost. The California Air Resources Board estimates that annual 
exposure to PM2.5 results in 7,300 excess deaths from cardiopulmonary diseases and 5,500 from heart 
disease. Health costs attributed to ozone levels that exceed California’s recommendation include an 
estimated 630 deaths, 4,200 hospital admissions for respiratory disease, 660 ER visits for asthma, and 4.7 
million days of missed school among children. Residential segregation by race in some parts of the state has 
been shown to result in disproportionately higher rates of exposure to ozone and PM2.5 of Hispanic and 
Black residents compared to White residents. 
 
Water 
Relatively low concentrations of nitrite and nitrate are found in drinking water from the state’s surface water. 
In contrast, nitrate levels in groundwater have increased over the past several decades, and some parts of 
the state now exceed federal standards for safe drinking water.  
 
People in agricultural areas, particularly those with domestic wells, are more likely to be exposed to high 
levels of nitrate in their drinking water than those in urban and suburban areas. Groundwater from some 
wells in the Tulare Lake Basin and Salinas Valley (major agricultural regions) regularly exceed state and federal 
standards. Between 212,000 and 250,000 people in these areas, or approximately 8.0%–9.4% of residents, 
are highly susceptible to exposure to nitrate in the drinking water that exceeds the state maximum level. A 
disproportionate number of these residents are of Latino ethnicity and are considered low-income.  
 
That elevated nitrate consumption can have significant impacts on human health is clear; however, further 
research is needed to clarify uncertainties about the exact physiological impacts of different levels and types 
of nitrate exposure. It can take from several years to millennia for nitrogen leached from the soil surface to 
enter groundwater, so groundwater contamination will likely continue to mount for the foreseeable future. 
 
Technological Options to Minimize Nitrogen’s Negative Effect 
Moving forward, Californians can work together to adapt systems to maintain productivity, minimize 
exposure, and relieve further pressure on the environment. Adaptation will be especially important as 
populations, and concentrations of reactive nitrogen in the environment, grow. Improvement of agricultural, 
industrial, and transportation nitrogen efficiency offers a rare win-win opportunity to advance economic and 
environmental goals.  
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We have identified nine control points where changes could improve nitrogen efficiency and reduce nitrogen 
losses, and identified the priority areas that could bring about the greatest reductions. Those priority areas 
include:  
 
Agricultural Nitrogen Use Efficiency and Cropland Management  
Our estimates suggest that gains in efficiency could result in nearly 40,000 tons less fertilizer nitrogen use 
per year and 90,000 tons less feed nitrogen demand per year with greater adoption of soil management 
practices.  Using the mass balance developed for the CNA, we determined that stopping groundwater nitrate 
accumulation would require a 67% decrease in current leaching (283,000 tons), a significantly larger decrease 
than appears to be feasible just by using current technology to improve nitrogen use efficiency. Future efforts 
to increase nitrogen use efficiency will have to go beyond the development of new technological innovations 
to address socio-economic drivers of technology adoption and use.  
 
Energy and Transportation Sector Efficiency 
California has led the nation in combatting emissions, primarily of nitrogen oxides, but decreasing emissions 
further remains critical. It is generally accepted that decreasing total fuel combustion will be key to major 
reductions in GHG emissions and other nitrogen-based pollutants. Alternative fuel and alternative vehicles 
offer promising pathways to improvement, but are complicated by upstream emissions from power 
generation.  
 
Manure Management 
In Central Valley dairies, 25%–50% of nitrogen in excreted manure is lost as ammonia emissions. That wide 
range indicates room for improvement for operators with the highest emission rates. Reducing ammonia 
emission requires a whole farm approach, since decreasing pollutants in one point of the manure 
management train serves to conserve nitrogen in the manure, which may then result in increasing emissions 
at a later point.  
 
Wastewater Management 
Wastewater nitrogen management could be transformed to expand nitrogen removal where appropriate 
and stimulate recycling whenever possible. Technologies available include creating conditions to support 
microbial nitrification and denitrification (with nitrogen released harmlessly into the atmosphere as non-
reactive N2) and separation of solid and liquid portions of the waste stream for reuse as fertilizers.  
 
Consumer Choices and Food Waste  
Demand by U.S. and global consumers shapes farmers’ decisions on what crops to produce and how to 
produce them. Because foods differ in their nitrogen content and requirements, consumer preferences for 
specific commodities can have a large influence on local, statewide, national, and global nitrogen cycling. In 
California, food waste accounts for 24% of landfill materials. Finding ways to reduce waste would reduce the 
nitrogen load in landfills and recycle food-nitrogen to the soil.  
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Policy Options to Minimize Nitrogen’s Negative Effect 
Any successful strategy to reduce nitrogen emissions from agriculture must take a comprehensive approach 
to the most important forms of nitrogen leakage into the environment—particularly ammonia and nitrate, 
but also including nitrous oxide—to avoid “solving” one nitrogen problem while worsening others.  
 
Design of policies should consider relationships between nitrogen sources and their specific impacts and how 
these may be both spatially and temporally distributed. A suite of policies may be needed to achieve both 
adequate source control and mitigation of the existing stock of nitrogen, at the appropriate local to regional 
spatial scale and within reasonable timeframes.  
 
From among the categories of education, standards, and economic incentives, potential policy instruments 
were assessed for two high-priority nitrogen issues: nitrate emissions to groundwater and ammonia 
emissions to the atmosphere.  
 
For each, six criteria were systematically applied to assess potential policy instruments based on available 
evidence. The six criteria are adaptability, institutional compatibility, distributional effects, cost effectiveness, 
technological feasibility, and environmental effectiveness.  
 
The policy instruments that rated highly across all six criteria for these pollutants fall within the categories of 
standards and economic incentives. Although they are not typically effective alone, education-based 
instruments can play a supporting role to other policy mechanisms. 
 
With current technology, certain practices and technologies could reduce the amount of reactive nitrogen in 
the environment. Producers are increasingly able to implement the 4Rs of nutrient stewardship in crop 
production: right amount, right time, right place, and right form. Overall, however, voluntary implementation 
is low because technologies and practices that can reduce nitrogen pollution typically are costly for farmers 
and ranchers and potentially involve other factors such as lower yields, perceived risks to production, and 
lack of adequate scientific information to support the many specialty crops in California. 
 
Even if policies somehow could perfectly control nitrate leakages from farms and dairies starting 
immediately, California will be living with the consequences of past nitrate leakages for decades to come.  
 
Thus, for communities where drinking water supplies are unsafe because of high nitrate concentrations, 
point-of-use treatment or other short-term solutions are needed in combination with lasting safe drinking 
water solutions. 
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Current water quality ambitions in many Dutch regions incompatible with intensive agriculture  

Hans JM van Grinsven1, Albert Bleeker, Jan van Dam, Frank van Gaalen, Sonja Kruitwagen, Marian van 
Schijndel, Sietske van der Sluis, Aaldrik Tiktak, Roos den Uyl, Henk Westhoek 
1PBL Netherlands Environmental Assessement Agency 
 
Dutch manure and fertilizer policy stabilizes manure problem but challenges remain 

The Manure and Fertilizers Act (M&F Act; Meststoffenwet) is, in part, the Dutch implementation of the 
Nitrates Directive. The M&F Act determines, inter alia, how much nitrogen and phosphates, through 
synthetic fertilizers and animal manure may be used on grassland and arable land, and how these may be 
applied. In 2006 the Dutch system of nitrogen and phosphate application standards replaced the MINAS 
system (1998-2005), which was based on maximum surpluses of nitrogen and phosphate. Since 2006 
environmental quality further improved and on average, the target of a maximum of 50 milligrams of nitrate 
per liter in groundwater is met almost everywhere. Only in the southern sand region the average nitrate 
concentration in the upper groundwater still exceeds the target. But solution of the eutrophication problem 
in regional surface waters strongly influenced by agriculture is not yet in sight; there nitrogen and phosphorus 
targets are still substantially exceeded. Another aspect of the manure problem is the pressure on the manure 
market; which remains high. Due to the large livestock population, in combination with stricter application 
standards, currently about half of the produced phosphate in manure must be disposed of by the livestock 
farms, of which half outside the Dutch agriculture. 
  
Nitrate target almost met, but exceedance in the southern sand region persists  

An important objective of the Nitrates Directive has almost been achieved: in the period 2011-2014 
exceedance of the nitrate target in the upper groundwater of the sand region on average was less than 5 
milligrams per liter. Nitrate concentrations between 2006 and 2014 decreased, but less than in the period 
before 2006. Model analysis reveals that this decrease mainly is a delayed result of measures in the period 
before 2006 and caused by slowly declining mineralization of soil nitrogen. Exceedance in the southern sand 
region was 30 milligrams of nitrate per liter and therefore substantial. A considerable part of the current 
exceedance could be the result of manure fraud. Indications for this fraud are exceedance of the legal space 
to apply animal manure, as inferred from regional manure accounting, surveillance results showing that on 
approximately 10 percent of so-called “high risk” farms one or more of the legal application standards are 
exceeded, and the frequent occurrence of unlikely high phosphate levels in samples from transported 
manure. Models predict that an exceedance of 10 milligrams of nitrate per liter will persist in the southern 
sand region in 2027, despite the introduction of lower nitrogen application standards in 2014. The model 
analysis reveals that the potential decrease of nitrate leaching is largely offset by an increase in the use of 
nitrogen-rich manure separation products. This allows farms to use more nitrogen from animal manure 
within the legal application limits without exceeding the phosphate application standards.  
 
Current implementation of Manure and Fertilizer Act barely reduces eutrophication in 2027 as required for 
the WFD  

One of the objectives of the Nitrates Directive is to reduce eutrophication of surface waters. The M&F Act 
does not contain explicit eutrophication target;  these targets are part of the implementation of the Water 
Framework Directive (WFD) to support attainment of a good aquatic ecology in 2027. In the period 2011-
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