
Canal in Almere, Flevoland, Netherlands.

In the Netherlands, high density agriculture in 
combination with technological advancements created 
an awareness to clean up the national system of canals 
that goes well beyond EU legislative requirements. 
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Environmental effects of reactive nitrogen (Nr) are a result of intense anthropogenic activities.1

They are evident in different parts of the world. Proper treatment is, inter alia, a scale issue. 

With individual countries in most of Europe too small for comprehensive coverage of all effects, 

regulation of pollution in Europe co-emerged with political integration in general. In this article, 

we describe the most important frameworks of international regulation in Europe. We also 

discuss the interaction of such institutional setting with the scientifi c initiatives at the same 

level, and fi nally assess how scientifi c results have been fed with some success into strategies 

to mitigate pollution levels.
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R
egional aquatic eutrophication and 
nitrogen (N) air pollution from inten-
sive industrial and agricultural activities 
were the main drivers for coordinated 

environmental strategies at the regional scale in 
Europe. Examples are the eutrophication of large 
areas of the Baltic Sea and the North Sea, lev-
els of nitrates in drinking water, and the air pol-
lution found responsible for acid rain in Central 
and Western Europe that became evident in the 
1980s. Such environmental issues overstep the 
national boundaries and require supra-national 
legal instruments. 

Several international networks and institutions 
have been created in Europe that coordinate and 
supersede the national restrictions. For example, 
treaties have been established to protect regional 
seas from eutrophication, such as the Convention 
on the Protection of the Marine Environment of 
the Baltic Sea Area (Helsinki Convention, 1992), 
and the Convention for the Protection of the 
marine Environment of the North-East Atlantic 
(OSPAR Convention, 1992). Similarly, international 
commissions have been created to oversee trans-
boundary river basins, such as the International 
Commission for the Protection of the Danube 
River (ICPDR), or the International Commission 
for the Protection of the Rhine (ICPR). Likewise, 
air pollution issues connected with Nr have been 
addressed by the Convention on Long-Range 
Transboundary Air Pollution (CLRTAP). 

Many of these agreements have been forged under 
United Nations (UN) auspices, specifi cally under the 
UN Economic Commission for Europe (UN-ECE), 
to which almost all European countries, those of the 
Caucasus region, and some Central Asian countries 
are parties, as well as the United States and Canada. 
Emissions of the powerful greenhouse gas nitrous 
oxide are not addressed in treaties specifi cally at the 
European scale, but are considered as part of the 
basket of gases under the UN Framework Conven-
tion on Climate Change (UNFCCC). 

Nitrogen Regulation in the EU
On a much more general level, international col-
laboration has been organized in the framework of 
the European Union (EU). The EU is an economic 
and political partnership founded on international 
treaties, which acts by policy and legislative instru-
ments adopted by its institutions. EU “directives” 
are the legal instruments enforcing the EU policy 
that have to be translated into national law by the 
countries which form the EU Member States. 

Since 1992, the EU has grown from 12 to cur-
rently 28 Member States. At the same time, its 
economic and environmental legislation has devel-
oped. Specifi c sectoral policies have been put into 
effect to tackle air pollution, global climate change, 
and water pollution. With regard to N, relevant 
directives are the Emission Ceilings Directive, the 
Industrial Emissions Directive, the Nitrates Direc-
tive, and the Water Framework Directive. The EU 
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legal instruments dealing with N environmental 
pollution are presented in Table 1.

The EU acts according to the principle of subsid-
iarity (an action is regulated centrally if more effec-
tively taken at the EU level than at the national, 
regional, or local level). The Member States are 
legally bound to implement the EU directives and 
can also apply stricter requirements. The EU legis- 
lation can generally be enforced more strongly 
than the international agreements outlined above. 
Although the UN and other international agree-
ments provide a legal framework for commitment, 
adoption and implementation, the EU system also 
allows for financial penalties to Member States if 
they fail to comply with directives.

National Nitrogen Budgets
The EU legislation on the one hand, and the inter-
national treaties involving additional European 
countries on the other hand, shape many of the 
relevant environmental issues in Europe. The EU 

covers roughly 44% of the area and 69% of the 
population of Europe. On this level, common over-
arching regulation exists, characterizing informa-
tion sharing, environmental monitoring, statistical 
databases, scientific collaboration, as well as adher-
ence to common legislation and similar industrial 
practice. But there are approximately 20 additional 
countries with at least part of their territory belong-
ing to Europe, here information quality may differ. 
Including some of these countries in a coherent 
way can be an element of specific activities (e.g., 
the European Environment Agency [EEA], the EU 
agency responsible for publishing data on the sta-
tus of the environment, has 33 member countries, 
five more than the EU itself).

In 2011, the European Nitrogen Assessment 
(ENA)2 was published. It is the first pan-European 
scientific assessment on the threats poses by N 
pollution on humans and ecosystems, based on 
the contribution of about 200 scientists from 
across Europe. The ENA covers all of Europe, 

TOPIC POLICY DESCRIPTION NITROGEN COMPOUNDS 
ADDRESSED

Industrial point 
source emissions

Industrial Emission 
Directive (2010/75/EU)

Regulates permitted release of noxious 
compounds to air and water from large 
industrial installations (including large pig 
and poultry farms)

NOx, NH3 (gas), nitrate (water)

Water quality Water Framework 
Directive (2000/60/
EC); Nitrates Directive 
(91/676/EEC);
Urban Waste Water 
Directive (91/271/
EEC); Drinking Water 
Directive (98/83/EC)

Protects water bodies from agricultural 
nitrates based on monitoring programs 
and the development of river basin 
management plans

Nitrate leached; N concentration in 
water bodies; Nitrogen treatment in 
waste water; Nitrate concentration 
limits in drinking waters

Biodiversity Habitats Directive 
(92/43/EEC) and 
Natura 2000 sites

Allows countries to define “protected 
sites” (Special Areas of Conservation, 
SACs) to establish advanced protection; 
plans and projects must be assessed 
and shown not to affect SACs

All N sources including combustion, 
manure, fertilizers, atmospheric conc. 
& deposition (e.g., from transport, 
energy, and agriculture)

Air quality Directive on ambient 
air quality and 
cleaner air for Europe 
(2008/50/EC)

Sets air quality thresholds and 
procedures for cleanup in non-
attainment areas 

PM, ozone, NO2 concentrations  
(NH3 currently excluded)

Ecosystems and 
health effects 
from atmosphere

National Emission 
Ceilings Directive 
(2001/81/EC)

Mandated quantitative emission limits 
per country for 2010 and thereafter

NOx, NH3 emissions

Greenhouse 
gases (GHGs)

Climate and energy 
package

Binding targets to reduce (by 2020) GHG 
emissions by 20% compared to 1990

N2O

Table 1. Overview of  
EU policies to address  
different aspects of 
environmental pollution 
caused by Nr.
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but provides many results for the EU only, or the 
EU as of 1995 (15 countries), depending on data 
availability. Nevertheless, it provides an excellent 
overview of the situation, the issues and the future 
developments related to Nr as an environmentally 
relevant compound. Five key threats are identifi ed 
related to N pollution: water quality, air quality, the 
climate, biodiversity, and soil quality. 

The ENA reports the fl ows of N at different scales 
and suggestions are posed for adequate manage-
ment of such fl ows. Starting out from the present 
situation and the processes in different environ-
mental pools (air, water, soils, etc.), the ENA con-
cludes on policy challenges and potential future 
developments. Further perspectives on N policies 
have also been addressed3 concerning atmospheric 
N and biodiversity.

As already laid out in the ENA, budgeting N fl ows 
on the basis of multiple available statistical and 
technical data allows scientists to better under-
stand the relevance of Nr transfers between pools 
in the environment. Budgets also allow scientists to 
compare different sets of measurements, fi nd log-
ical constraints to narrow down uncertainties, and 
identify potential points of interventions to mitigate 
adverse effects caused by N.

Taking advantage of existing reporting structures 
developed for specifi c environmental purposes 
(e.g., UNFCCC reporting on national green-
house gas inventories, and UNECE inventories 
on air pollutant emissions), a guidance document 
of national N budgets has been created under 
the CLRTAP.4 This document establishes a har-
monized framework for establishing a national N 
budget. Specifi c guidance is given for N fl ows to 
and from each of eight major pools, outlined in 
Figure 1, with the respective fl ows described in 
detail in annexes to that document, which are cur-
rently being prepared.

National N budgets have already been created and 
described in detail for a few countries in Europe 
(Germany,5 Switzerland,6 Denmark7) and beyond 
(Canada8). Moreover, the ENA2,9 compared N 
budgets of the EU as a whole and a few individual 
European countries.

This activity takes advantage of the more fl exi-
ble internal structure of the CLRTAP Convention 
(covering virtually all of Europe with currently 51 
parties), allowing the concept being developed 
under its Task Force on Reactive Nitrogen. While 
establishing and reporting of the results is fully 
voluntary, procedures for reporting under the 
same umbrella as the mandatory reporting of air 
pollutant inventories have been prepared, but are 
not yet operational (see http://www.clrtap-tfrn.org/
epnb for details).

Currently, the newly developed structure is taken 
advantage of in the EU’s Clean Air Policy Pack-
age (http://ec.europa.eu/environment/air/clean_
air_policy.htm), aiming toward a new EU directive 
“on the reduction of national emissions.” Nitrogen 
budgets are being organized to provide the inte-
gral aspect of Nr across a number of environmen-
tal pools, conceptually following the ideas of the 
ENA. This shows countries how the N cycle maps 
out in their country, offering a basis to inform 
them on prioritizing different measures that can 
offer co-benefi ts between different environmental 
issues related to Nr.

Management Strategies
While European environmental policy can claim 
considerable success regarding sulfur and even 
carbon reductions, trends in Nr, specifically 
in ammonia (NH3), are more modest.10 Some 
improvements have been achieved in reducing 
the amount of N input in agriculture in several 

Figure 1. Relevant pools 
identifi ed for national N 
budgets under CLRTAP.4
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European countries11 and in the treatment of N in 
urban waste waters12 compared with the pollution 
level of the 1980s. Nevertheless, significant N pol-
lution in air and water could be curbed if available 
policy instruments were fully implemented.13

Management strategies tend to be more suc-
cessful where appropriate technology is already 
available. An example is the emission of nitrogen 
oxides (NOx), which can be reduced via catalytic 
techniques (in the exhaust of internal combustion 
engines) and/or with a reducing agent (ammonia 
or urea) in power plants. Likewise, development 
in wastewater treatment plants allows cleanup of 
these water pollution point sources. In both cases, 
investment in new technologies is still needed that 
would allow a greater emphasis on N recycling—
contributing to the Circular Economy (see http://
ec.europa.eu/environment/circular-economy/
index_en.htm)—with significant benefits through 
innovation for a cleaner environment. Examples 
include NOx recapture and utilization and recy-
cling of N in wastewater streams.14

Agricultural emissions appear to be more difficult 
to tackle. This is, in part, because emissions occur 
over large areas at low density (both to air and 
to water) such that effects may remain hard to 
see locally. High fertilizer costs nevertheless are 
a reason to minimize N application, to improve 
recycling, and improve N use efficiency.15 Even 
high-tech agriculture (precision farming) has 
been employed to that end, but the potential for 
direct economic benefit so far needs to be fur-
ther demonstrated.16 Specific guidance to reduce 
agricultural NH3 emissions has been provided 
under the CRLTAP,17 pointing out the importance 
of low-emission techniques for the spreading of 
manure (e.g., manure injection, or band-spreading 
with slurry acidification).

Some European countries of very high agricultural 
intensity experienced environmental impacts of 
a level that made large-scale measures unavoid-
able. In Denmark, for example, the predominantly 
sandy soils allow quick runoff of fertilizer N and 
manure to the sensitive coastal areas of the Bal-
tic Sea. In order to combat eutrophication, a strict 
regime was introduced to regulate and limit the 

application of both N fertilizer and manures.

In the Netherlands, high density agriculture in 
combination with technological advancements  
created an awareness to clean up the national sys-
tem of canals and the atmosphere (the latter from 
NH3 emissions). In addition, a farm-level system of 
recording and reporting N use was created, and 
integrated systems were developed that allowed to 
handle the excess N use.

In both countries, strict regulations are in place 
that go well beyond EU legislative requirements. 
No unique measure was applied, but the specific 
focus of integration and combination of whatever 
abatement option was available lead to measurable 
improvements of water quality and air pollution. 

Taking note of the achievements in these countries, 
the German Advisory Council on the Environment 
(SRU) consisting of eminent scientists advising the 
government, recently proposed a national N strat-
egy.18 Germany, in its border area to the Nether-
lands strongly resembling the agricultural intensity 
of the neighboring country, still has a long way to 
go to arrive at the Dutch achievements. The SRU 
suggests 40 specific recommendations leading to 
a successful N strategy, which range from inputs 
and farming practices all the way to addressing 
the food consumption patterns of citizens. This 
can be compared with a recent report by the Task 
Force on Reactive Nitrogen, which showed that 
halving meat and dairy intake across the EU would 
reduce N pollution levels by around 40%, while 
more than doubling the N use efficiency of the 
European food system.19

The integration of abatement strategies reflects the 
recommendations of science in general. Nitrogen 
use efficiency has been suggested as an overar-
ching indicator to report integrated achievements 
(see, for example, www.eunep.com). The GAINS 
model20 originally focused on linking costs of air 
pollution abatement with the potential reduction 
of adverse effects on the regional scale. Having 
successfully extended its scope to include also 
greenhouse gases in its algorithms, it now high-
lights co-benefits (e.g., by describing policy-rele-
vant results involving Nr compounds).21

A recent report by 

the Task Force on 

Reactive Nitrogen 

showed that halving 

meat and dairy 

intake across the 

EU would reduce N 

pollution levels by 

around 40%.
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The International Nitrogen Initiative recently came 
up with a concept paper on future ways to tackle 
elevated N loads.22 Again, further integration of 
efforts to reduce N pollution is recommended. 
The authors suggest developing N budgets and 
regional boundaries of Nr as guidance, where 
effects on ecosystems as well as needs of food 
production are adequately covered. At the same 
time, there are options to include interactions with 
other nutrients such as phosphorus, carbon, sulfur, 
and micronutrients.

Implementation
Finally, the need to improve the communication 
of scientifi c results to the public and the relevant 

stakeholders has been noted.23,24 The success-
ful implementation of N management requires 
not only technically sound strategies, but also 
the active involvement of stakeholders in order 
to develop solutions that best fi t environmental 
targets. The challenge is to ensure that actions 
promote innovation and economic development. 
European annual emissions of N to the environ-
ment include 8 million tons as NOx, NH3, and 
N2O to air, 5 million tons to water, and 9 million 
tons as denitrifi cation to atmospheric nitrogen, N2
(fi gures based on the ENA, 2011). With a total 
equivalent fertilizer value of more than US$20 
billion, there is a major incentive to recycle rather 
than waste this precious resource. em

References
1. Hogrefe, C. Chain Reaction: A detailed look at reactive nitrogen and possible management approaches; EM September 2015, 4.
2. The European Nitrogen Assessment; Sutton, M.A.; Howard, C.M.; Erisman, J.W.; Billen, G.; Bleeker, A.; Grennfelt, P.; Van Grinsven, H.; 

Grizzetti, B.; Eds.; Cambridge University Press: Cambridge, UK, 2011.
3. Nitrogen Deposition and Natura 2000: Science & practice in determining environmental impacts; Hicks, W.K.; Whitfi eld, C.P.; Bealey, W.J.; 

Sutton, M.A.; Eds.; COST Offi ce: Brussels, 2011.
4. UN ECE. Guidance document on national nitrogen budgets; ECE/EB.AIR/119; Executive Body for the Convention on Long-range Transbound-

ary Air Pollution, United Nations Economic Commission for Europe, Geneva, 2013.
5. Umweltbundesamt. Hintergrundpapier zu einer multimedialen Stickstoffemissionsminderungsstrategie [Background paper to a multi-media 

strategy of nitrogen mitigation]; Umweltbundesamt, Dessau-Roßlau, Germany (in German), 2009.
6. Heldstab, J.; Reutimann, J.; Biedermann, R.; Leu, D. Stickstofffl üsse in der Schweiz. Stofffl ussanalyse für das Jahr 2005 [Nitrogen fl uxes in 

Switzerland. A material fl ux analysis for the year 2005]; Umwelt-Wissen Nr. 1018, Bundesamt für Umwelt, Bern (in German, English sum-
mary), 2010.

7. Hutchings, N.J.; Nielsen, O.-K.; Dalgaard, T.; Mikkelsen, M.H.; Børgesen, C.D.; Thomsen, M.; Ellermann, T.; Højberg, A.L.; Mogensen, L.; 
Winther, M. A Nitrogen Budget for Denmark: Developments between 1990 and 2010, and prospects for the future; Environ. Res. Letts. 
2014, 9, 115012.

8. Clair, T.A.; Pelletier, N.; Bittman, S.; Leip, A.; Arp, P.; Moran, I.; Niemi, D.; Sterling, S.; Drury, C.F.; Yang, J. Interactions between reactive 
nitrogen and the Canadian landscape: A budget approach: Canadian nitrogen budget; Global Biogeochemical Cycles 2014, 28, 1343-1357.

9. Leip, A., et al. Integrating Nitrogen Fluxes at the European Scale; Chapter 16; pp. 345-376. In The European Nitrogen Assessment; Sutton, 
M.A., Howard, C.M., Erisman, J.W., Billen, G., Bleeker, A., Grennfelt, P., van Grinsven, H. and Grizzetti, B.; Eds.; Cambridge University Press: 
Cambridge, 2011.

10. Erisman, J.W.; Dammers, E.; Van Damme, M.; Soudzilovskaia, N.; Schaap M. Trends in EU Nitrogen Deposition and Impacts on Ecosystems; 
EM September 2015, 31.

11. Lassaletta, L.; Billen, G.; Grizzetti, B.; Angalde, J.; Garnier, J. 50 year trends in nitrogen use effi ciency of world cropping systems: The rela-
tionship between yield and nitrogen input to cropland; Environ. Res. Letts. 2014, 9, 105011.

12. Bouraoui, F.; Grizzetti, B. Long-term change of nutrient concentrations of rivers discharging in European seas; Sci. Total Environ. 2011, 409, 
4899-4916.

13. Bouraoui, F.; Thieu, V.; Grizzetti, B.; Britz, W.; Bidoglio, G. Scenario analysis for nutrient emission reduction in the European inland waters; 
Environ. Res. Letts. 2014, 9, 125007.

14. Sutton, M.A., et al. Our Nutrient World: The challenge to produce more food and energy with less pollution; Centre for Ecology and Hydrology, 
Edinburgh, UK, 2013.

15. OECD. Environmental performance of agriculture in OECD countries since 1990; Organisation for Economic Co-operation and Development, 
Paris, 2008.

16. Auernhammer, H. Precision Farming—The environmental challenge; Comput. Electron. Agric. 2001, 30, 31-43.
17. Options for Ammonia Mitigation: Guidance from the UNECE Task Force on Reactive Nitrogen; Bittman, S.; Dedina, M.; Howard, CM.; Oen-

ema, O.; Sutton, M.A.; Eds.; Centre for Ecology and Hydrology, Edinburgh, UK, 2014.
18. SRU. Nitrogen: Strategies for resolving an urgent environmental problem. Summary; German Advisory Council on the Environment (SRU), 

Berlin, 2015.
19. Westhoek, H.; Lesschen, J.P.; Rood, T.; Wagner, S.; De Marco, A.; Murphy-Bockern, D.; Leip, A.; Van Grinsven, H.; Sutton, M.A.; Oenema, O. 

Food Choices, Health, and Environment: Effects of cutting Europe’s meat and dairy intake; Global Environmental Change 2014, 26, 196-205.
20. Amann, M.; Bertok, I.; Borken-Kleefeld, J.; Cofala, J.; Heyes, C.; Höglund-Isaksson, L.; Klimont, Z.; Nguyen, B.; Posch, M.; Rafaj, P.; Sandler, 

R.; Schöpp, W.; Wagner, F.; Winiwarter, W. Cost-effective control of air quality and greenhouse gases in Europe: Modeling and policy appli-
cations; Environmental Modelling and Software 2011, 26, 1489-1501.

21. Winiwarter, W.; Klimont, Z. The role of N-gases (N2O, NOx, NH3) in cost-effective strategies to reduce greenhouse gas emissions and air 
pollution in Europe; Current Opinion in Environmental Sustainability 2011, 3, 438-445.

22. Winiwarter, W.; De Vries, W.; Grizzetti, B.; Hicks, K.; Van Grinsven, H.; Voss, M. The European Center of the International Nitrogen Initiative: 
Concepts and Vision. In Too Little/Too Much Nitrogen: Springer: Dordrecht, The Netherlands, 2015 (in press).

23. Sutton, M.A.; Howard, C.M.; Bleeker, A.; Datta, A. The Global Nutrient Challenge: From science to public engagement; Environmental 
Development 2013, 6, 80-85.

24. Amon, B.; Winiwarter, W.; Anderl, M.; Baumgarten, A.; Dersch, G.; Guggenberger, T.; Hasenauer, H.; Kantelhardt, J.; Kasper, M.; Kitzler, B.; 
Moser, T.; Pötzelsberger, E.; Prosenbauer, M.; Schaller, L.; Schröck, A.; Sigmund, E.; Zechmeister-Boltenstern, S.; Zethner, G. “Farming for 
a Better Climate”: Design of an Inter- and Transdisciplinary Research Project Aiming to Address the “Science-Policy Gap”; GAIA 2014, 23  
(2), 118-124.

18_EM0915-FT3-Winiwarter.indd   23 8/24/15   12:08 PM

     Copyright 2015 Air & Waste Management Association




