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 Figure 2.11       Nitrogen input and output (Tg) for diff erent regions of the world 
(data from Galloway  et al .,  2004 ).  

 Figure 2.10       The transport distance of NO x  emissions 
of Europe and North America over the globe. 
Shown is the percentage change in deposition of 
NO y  in each NO x  emission perturbation experiment 
relative to the control run, using multi-model 
annual mean deposition fl uxes (Sanderson  et al ., 
 2008 ).  

Unlike aquatic or atmospheric transport, where N r  is diluted 
to varying degrees, commerce typically results in injection of 
N r  to ecosystems in more concentrated doses. Regions that 
consume N-containing products, such as meat and milk, are 
oft en far removed from regions that produce the commodity 
and thus do not have to bear the environmental cost of the 
production.    

   2.6     Consequences of the nitrogen cascade 
 Th ere are many benefi ts of nitrogen, especially through the 
Haber–Bosch production. Th ese are discussed by Jensen  et al . 
 2011  (in  Chapter 3 , this volume). Here the focus is on the 

adverse eff ects in Europe in the global context. Nitrogen in its 
various chemical forms plays a major role in a great number 
of environmental issues (see  Box 2.2 ). It contributes to acidi-
fi cation and eutrophication of soil, groundwater and surface 

 Table 2.3     Global and European current inputs of N to the biosphere and per 
person. In brackets: the percentage of the total budget (Erisman  et al .,  2005 ) 

Global Europe Global Europe

Tg N (%) Tg N (%)
Tg N per 
person

Tg N per 
person

Biological N 
fi xation

90 (24) 14.8 (28) 15.9 55.0

Lightning 5 (1) 0.1 (0) 0.9 0.4

 Total  95 (25)  14.9 (28)  16.8  55.4 

Haber–Bosch 
N fertilizer & 
industry

85 (23) 21.6 (41) 15.0 80.3

Biological N 
fi xation in 
agriculture

33 (9) 3.9 (7) 5.8 14.5

Animal feed 
imports

— 7.6 (14) 28.3

Combustion in 
industry and 
transportation

21 (6) 6.1 (11) 3.7 22.7

 Total  140 (37)  39.2 (74)  24.5  145.7 

Natural N 
fi xation in 
oceans

140 (37) — 24.7

 Total  375  53.2  66.1  201.1 
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waters, decreasing ecosystem vitality and biodiversity and 
causing groundwater pollution through nitrate and alumin-
ium leaching. Nitrogen compounds play an important role in 
carbon sequestration, global change, and formation of ozone, 
oxidants and aerosols, potentially posing a threat to human 
health and aff ecting visibility. Each of the emissions takes 
part in the cycling of N causing a number of diff erent eff ects 
with its consequent linkages. For example, reactive N emitted 
to the atmosphere from fossil fuel combustion, in sequence 
can cause tropospheric ozone levels to increase, visibility to 
decrease and atmospheric acidity to increase. Once deposited 
from the atmosphere, reactive N can acidify soils and waters, 
over- fertilize forests, grassland and coastal ecosystems, and can 
then be re-emitted to the atmosphere as nitrous oxide contribut-
ing to global warming and stratospheric ozone depletion. Th e

  Box 2.2     Most important adverse eff ects of reactive nitrogen 
(modifi ed from Cowling  et al .,  1998 ) 

  Direct eff ects on humans 
 Respiratory disease in people caused by exposure to high 
concentrations of:

   ozone  • 

  other photochemical oxidants  • 

  fi ne particulate aerosol  • 

  (on rare occasions) direct toxicity of NO • 2     

 Nitrate contamination of drinking water 

 Increase allergenic pollen production, and several parasitic and 
infectious human diseases 

 Blooms of toxic algae and decreased swimability of water 
bodies  

  Direct eff ects on ecosystems 
 Ozone damage to crops, forests, and natural ecosystems 

 Acidifi cation eff ects on forests, soils, ground waters, and 
aquatic ecosystems 

 Eutrophication of freshwater lakes and coastal ecosystems 
inducing hypoxia 

 Nitrogen saturation of forest soils 

 Biodiversity impacts on terrestrial and aquatic ecosystems 

 Inducing damage by plagues and diseases  

  Eff ects on other societal values 
 Odour problems associated with animal agriculture 

 Acidifi cation eff ects on monuments and engineering materials 

 Regional hazes that decrease visibility at scenic vistas and 
airports 

 Accumulation of hazes in arctic regions of the globe 

 Depletion of stratospheric ozone by NO 2  from high-altitude 
aircraft 

 Global climate change induced by emissions of N 2 O 

 Regional climate change induced by aerosol cooling 

 Enhanced deterioration of archaeological artefacts   
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  Direct eff ects on humans
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concentrations of:

   ozone•
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  (on rare occasions) direct toxicity of NO • 2

 Nitrate contamination of drinking water

 Increase allergenic pollen production, and several parasitic and 
infectious human diseases

 Blooms of toxic algae and decreased swimability of water 
bodies

  Direct eff ects on ecosystems
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 Acidifi cation eff ects on forests, soils, ground waters, and
aquatic ecosystems 

 Eutrophication of freshwater lakes and coastal ecosystems 
inducing hypoxia 

 Nitrogen saturation of forest soils

 Biodiversity impacts on terrestrial and aquatic ecosystems

 Inducing damage by plagues and diseases  

  Eff ects on other societal values 
 Odour problems associated with animal agriculture 

 Acidifi cation eff ects on monuments and engineering materials

 Regional hazes that decrease visibility at scenic vistas and 
airports
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 Depletion of stratospheric ozone by NO 2 from high-altitude 
aircraft

 Global climate change induced by emissions of N2O 

 Regional climate change induced by aerosol cooling 
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environmental changes will continue as long as N r  remains in 
circulation, for reactive N once created, and then lost to the envi-
ronment, can be transported to any part of the Earth system, no 
matter where it was introduced. Th is sequence of eff ects has been 
termed the nitrogen cascade. In principle every pollutant can 
cause a cascade of eff ects, however nitrogen stands out because 
it can occur in many very mobile compounds that can cause a 
wide range of eff ects.   

   2.7     Eff ects of nitrogen on the European 
environment 
 While some environmental problems are strictly local, like 
soil and groundwater pollution or exposure to high concen-
trations, N-related problems include the regional to global 
scales. Th e emissions of N 2 O readily spread across the atmos-
phere and have a global contribution. NO x  has a continental 
character and can be transported over long distances between 
continents; NH 3  is also continental but less than NO x  and has 
smaller intercontinental exchange. Th e scale of N problems in 
estuaries and coastal seas depends on the extent of the river 
basin feeding them. Th e scales are important for the abatement 
strategy. 

   2.7.1 Nitrogen leaching in soil and 
groundwater 
 Water quality is a major concern throughout Europe and other 
regions of the globe. Nitrate pollution of groundwater poses a 
recognized risk for its use as drinking water, while eutrophica-
tion of surface water due to excessive nutrient loads can lead 
to algal growth, oxygen defi ciencies, and fi sh kills. Agriculture 
puts the largest pressure on groundwater and also on surface 
water pollution (EEA,  2005a ). During the 1990s the nitrate 
concentrations slightly decreased in some European rivers, 
while they have remained constant in groundwater and high in 
some regions. Although some improvements have been carried 
out to reduce the nutrient input from wastewater discharge, 
diff use pollution of agricultural origin remains a major threat 
for waters in the EU (EEA,  2005a ). In the period 2000–2003, 
in EU15 nearly 40% of the groundwater monitoring stations 
(average values) exceed 25 mg NO 3 /l, and almost 50% of the 
surface water monitoring stations presents values greater than 
10 mg NO 3 /l (EC,  2007a ). Th ese values are based on the infor-
mation reported by EU Member States, and they are aff ected 
by the inhomogeneous distribution of sampling stations. Th e 
European Community Nitrates Directive (Council Directive 
91/676/EEC) aims to control N losses and requires Member 
States of the European Union to identify areas contributing to 
N pollution of groundwater and surface water (EC,  2007a ). In 
these areas agriculture may also be restricted. For example, the 
application of fertilizers should balance the needs of the crops, 
and the application of manure should not exceed 170 kg N/ha. 
Nitrate concentrations in drinking water should not exceed 
50 mg/l (EC Drinking Water Directive, EC,  2007a ). 
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 Figure 2.12       Amounts of N contained in 
internationally traded products: (A) fertilizer (31 
Tg N), (B) grain (12 Tg N), and (C) meat (0.8 Tg N). 
Data are for 2004 and are in units of thousand of 
tons. Minimum requirements for drawing a line are 
50 000 tons N, 20 000 tons N and 10 000 tons N for 
fertilizer, grain and meat respectively (UNEP,  2007 ; 
Galloway  et al .,  2008 ).  

 Exceedances of the nitrate standards are a common prob-
lem across Europe, particularly from shallow wells. It is oft en a 
problem in rural water supplies. For example, in Belgium 29% 
of 5000 wells examined had concentrations in excess of the limit 
value (OECD,  1997 ) and in Bulgaria it was estimated that, in the 
early 1990s, up to 80% of the population was exposed to nitrate 
concentrations that exceeded the limit value (OECD,  1995 ). In 
about a third of the groundwater bodies for which information 
was available nitrate concentrations exceeded the recommended 
limit. In general, there has been no substantial improvement in 
the nitrate situation in European groundwater and hence nitrate 
pollution remains a signifi cant problem (EEA,  2003 ). Th e same 
is true for other parts of the globe, where nitrogen leaching to 
groundwater and subsequent riverine and watershed increase in 
nitrates are recognized as an increasing issue (UNEP,  2007 ). 

   2.7.2 Wastewater discharge to surface water 
 In surface waters, the overall trend is that N concentrations 
have remained relatively stable throughout the 1990s and 
are highest in those Western European countries where agri-
culture is most intensive. Also in Europe’s seas the nitrate 
(nitrogen) concentrations have generally remained stable. 
A few stations in the Baltic, Black and North Seas, though, 
have demonstrated a slight decrease in nitrate concentrations 
(EEA,  2003 ). 

 Although the most important, agriculture is not the only 
contributor of nitrogen in European streams. Other inputs 
of nitrogen come from the atmospheric deposition, house-
hold scattered dwellings, and from the direct discharges from 
sewerage, wastewater treatment plants and industries. Th e 
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nitrogen input from direct discharges from sewerage, waste-
water treatment plants and industries constitute a threat for 
surface waters. According to what is reported by Member 
States, in the year 2000 in EU15, about 80% of wastewaters 
received adequate treatment before reaching the water bod-
ies and the number of ‘big cities’ (agglomeration with waste 
water discharges greater than 150 000 population equivalents) 
without suffi  cient treatments has declined from 27 in 1999 to 
17 in 2003 (EC,  2007b ). However, the percentage of popula-
tion connected to wastewaters treatment in Southern and 
Eastern Europe and in the accession countries is relatively low 
(EEA,  2005a ) and information is oft en missing or not easily 
accessible (Mulligan  et al .,  2006 ). Th e load can be estimated 
based on the map of population density, emissions factor per 
population equivalent, and national statistics of population 
connected to sewerage system and level of wastewater treat-
ment (Grizzetti and Bouraoui,  2006 ) and is given in Billen 
 et al .,  2011  ( Chapter 13  this volume) and Grizzetti  et al .,  2011  
( Chapter 17  this volume). 

 According to this estimate, the regions aff ected by 
higher nitrogen losses to surface waters include Belgium, 
the Netherlands, the Po valley (Italy), the Brittany region 
(France). Most of these areas are already totally or partially 
designated as Nitrates Vulnerable Zones to meet the EU 
Nitrate Directive. 

 Th e EU makes progress in controlling point sources of pol-
lution from industry and households through wastewater treat-
ment. Th e Urban Waste Water Treatment Directive aims at 75% 
removal of the N load to the treatment plants in sensitive areas. 
However, by the end of 1998, still some 37 out of 527 cities had 
no treatment at all, including Brussels, Milan and Porto, while 
57 others, including Aberdeen, Athens, Barcelona, Dublin, 
Florence, Liège and Marseille, were discharging a large part 
of their effl  uents untreated. Th e situation is generally improv-
ing and some of these cities made the necessary investments 
(EEA,  2005a ). 

 Th e GEMSTAT database of UNEP ( www.gemstat.org ) con-
tains currently over 600 000 stations measuring nutrients in 
ground, surface and estuary waters. Th e data is used in dif-
ferent assessments to determine the watershed nutrient loads. 
In order to compare the European situation with the rest of 
the world the Nitrogen loading indicator is used ( Figure 2.13 ). 
Th is indicator provides a measure of potential water pollu-
tion by explicitly mapping out the extent of both natural and 
anthropogenic nitrogen loading to the land and aquatic sys-
tems (Green  et al ., 2004). Global, continental, regional, and 
coastline-specifi c estimates of nitrogen loadings onto the con-
tinental land mass are derived by applying a mass balance 
assessment of nitrogen loads to the landscape providing an 
accounting of nitrogen sources, uptake, transport and leak-
ages to terrestrial and riverine systems. In Europe the water 
pollution from nitrogen is mainly the result of fertilizer and 
lifestock production with the latter being dominant ( Figure 
2.13 ). Only in India and the southern parts of Latin America 
lifestock production is the dominant contributor. In Northern 
America fertilizers is dominant and in the rest of the world 
fi xation dominates.    

   2.7.3 Eutrophication and acidifi cation of terrestrial 
ecosystems 
 Th e deposition of N r  is far above levels that the ecosystems are 
able to absorb and handle without adverse consequences for 
its vitality. Many ecosystems have changed from N limited sys-
tems to N saturated systems where N is not limiting any longer. 
Heathlands, e.g. in the Netherlands and Denmark, have turned 
into grasslands and forests once dominated by blueberries and 
lingon-berries have now a large occurrence of grasses (Bobbink 
 et al .,  2010 ). Long-term high N deposition loads to ecosystems 
will also lead to N leaching into groundwater and surface water 
runoff s. A substantial fraction, not uncommonly in the order 
of 30% of the deposition may in this way be leached and trans-
ported to marine areas and contribute signifi cantly to the marine 
eutrophication (EEA,  2005a ). Direct deposition of nitrogen to sea 
surfaces is also of signifi cant importance for the overall N input to 
marine ecosystems (see Voß  et al ., 2011,  Chapter 8  this volume). 
About one third of the overall N input to the Baltic Sea, which is 
suff ering from severe algae blooms every summer, is caused by N 
deposition (Billen  et al .,  2011 ,  Chapter 13  this volume). 

 Th e issues of acidifi cation and eutrophication have been 
eff ectively, but not suffi  ciently, tackled by policy measures in the 
EU since the 1980s (EEA,  2005a ). Several international agree-
ments under the Convention on Long-range Transboundary 
Air Pollution (LRTAP) have been reached to reduce emis-
sions. With respect to air pollution control, the EU has adopted 
emission and fuel quality standards for its Member States. In 
addition, many European countries have adopted national 
standards and other types of regulation refl ecting the serious-
ness of pollution and national environmental quality priorities 
(Oenema  et al .,  2011 ,  Chapter 4  this volume). 

 An impact indicator that has been extensively used in 
Europe to assess the policy responses is the proportion of eco-
systems where ‘critical loads’ of acidity and eutrophication are 
exceeded. Th e critical loads and critical levels refer to thresh-
olds, which can serve as a tool to assess the occurrence of eff ects 
in natural ecosystems due to acid deposition. A critical load is a 
quantitative estimate of an exposure to one or more pollutants 
below which signifi cant harmful eff ects do not occur according 
to current knowledge. Critical loads are ecosystem specifi c and 
show a large variation over Europe. Current European policies 
are anticipated to substantially improve the environmental con-
ditions for Europe’s nature. Th e area aff ected by acidifi cation is 
expected to decrease from 25% in 1990 to less than 5% in 2010. 
Th e eutrophication indicator shows the percentage of unpro-
tected ecosystems improving from 55% to 41% (Hettelingh 
 et al .,  2008 ). Th is underlines that eutrophication is a far larger 
problem in Europe than acidifi cation and needs further abate-
ment/attention. Critical loads are developed for other areas in 
the world, such as Asia and the USA. 

   2.7.4 Eutrophication of marine ecosystems 
 Pollution of coastal seas occurs by the infl ux of nitrates and 
DON (dissolved organic N) through – oft en transboundary – 
rivers and by atmospheric deposition. Spatially explicit, 
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quantitative assessments of N inputs to coastal waters and 
marine ecosystems are not developed in most large-scale 
assessment reports. However, there are published studies of 
N inputs for individual estuaries in some regions as well as 
spatially explicit regional and global river N export models 
that provide considerable information. One of the fi rst glo-
bal syntheses of measurements of river nitrogen export, by 
nitrogen form, was by Meybeck ( 1982 ). Since then, several 
databases have been created documenting measured nitrogen 
export from rivers for specifi c regions and globally (Peierls  et 
al .,  1991 ; Meybeck and Ragu,  1995 ; Smith  et al .,  2003 ; LOICZ; 
UNEP/GPA,  2006 ). Th e creation of these databases has high-
lighted the large variation among rivers, both in terms of 
nitrogen fl ux density (kg N/km watershed/yr) and nitrogen 
load (kg N/watershed/yr), and made it possible to develop a 
more refi ned understanding of patterns of nitrogen export at 
local, regional and global scales. Th ere is considerable spatial 
variation at local, regional and global scales in the magnitude 
of nitrogen loading (amount per watershed) as well as nitrogen 
yield (amount per unit area of watershed) from watersheds to 
coastal systems ( Figure 2.14 ), with many hotspots around the 
world.      

 It is clear from these maps that Europe forms a hot spot in 
the world with about the highest increases in nitrogen trans-
port to the river mouth. 

 Th ese hot spots are the result of the growing nitrogen sur-
plus, especially in agriculture. Th e source contribution varies 

very much among the diff erent river deltas. Also the environ-
mental infl uence on transboundary outputs is variable. 

 Th e amount of nutrients entering the oceans tend to 
vary signifi cantly over time and from region to region (see 
 Figure 2.15 ; UNEP/GPA,  2006 ), as do the actions to control 
the problem. Nutrient enrichment between 1960 and 1980 in 
the developed regions of Europe, North America, Asia and 
Oceania resulted in major changes in coastal ecosystems. 
Estuaries and bays are most aff ected, but eutrophication is 
also apparent over large areas of semi-enclosed seas, includ-
ing the Baltic, North Adriatic and Black Seas in Europe, the 
Gulf of Mexico and the Seto Inland Sea in Japan (UNEP/
GPA,  2006 ).    

   2.7.5 Global warming: N 2 O emissions and other 
eff ects of nitrogen 
 Although the absolute quantities are small, the increasing N 2 O 
production plays an important role in the global warming issue 
since N 2 O is a powerful greenhouse gas. Europe’s emission is 
estimated at 0.8 Mton N 2 O-N – 65% of which is due to ecosys-
tem denitrifi cation (EDGAR,  2010 ). Th e greenhouse gas tar-
gets for Europe defi ned in the Kyoto Protocol is a reduction of 
8% compared to 1990 (EDGAR,  2010 ). Th ese targets have to be 
met during the period 2008–2012. Europe contributes 10.8% of 
the global N 2 O emissions. Nitrous oxide has emerged as such 
a major GHG issue from agriculture and there has been some 

 Figure 2.13       Nitrogen loading onto the land mass and aquatic systems as a source for delivery to the coastal zone; a measure of potential water pollution. Total 
and inorganic nitrogen loads as deposition, fi xation, fertilizer, livestock loads, human loads and total distributed nitrogen to the land and aquatic system. Map 
prepared by Water Systems Analysis Group, University of New Hampshire.  
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debate about the validity of the emission factors used within 
IPCC (see e.g. Crutzen  et al .,  2008 ). More work is needed to 
provide consistent factors and use them for abatement strate-
gies (Davidson,  2009 ). 

 Apart from N 2 O there are indications that other chemical 
forms of nitrogen are emitted that could have a major impact 
on the global warming potential (GWP). Nitrogen trifl uoride 
is about 17 000 times more potent than carbon dioxide. Its 
estimated worldwide release into the atmosphere this year is 
equivalent to the total global-warming emissions from Austria 
(Wen-Tien Tsai,  2008 ). 

 Other impacts of nitrogen on the GHG emissions and the 
net GWP include the eff ect on carbon sequestration in waters, 
soils and plants; the eff ect on aerosol formation causing a direct 
and indirect cooling eff ect (through clouds) on the radiation 
balance and the eff ect on the emissions of other GHG, such 
as methane. De Vries  et al . ( 2008 ) for example estimated that 
the eff ect of nitrogen deposition on the net GHG emissions for 
European forests yielded a net reduction in GWP through the 
additional sequestration of CO 2 . Recent debate has focused on 
the response of forests to this eff ect. Th e reported amounts of 
carbon stored per kg N added show a large range from 40 to 
400 kg C per kg N deposition (Högberg,  2007 ; Magnani  et al ., 
 2007 ; De Vries  et al .,  2008 ; Reay  et al .,  2008 ). Meanwhile, fur-
ther eff orts are being directed to understand the overall eff ect of 
N r  on greenhouse gas balance, including the interactions with 
nitrous oxide, methane, ozone and aerosols (see Butterbach-
Bahl  et al ., 2011,  Chapter 19  this volume). 

 Th e nitrogen cycle links with several other cycles, the most 
important being phosphorus and carbon, acidity and sulphur. 
For some issues, the complex role of the nitrogen cycle is well 
appreciated and discussed in Sutton  et al .,  2011  (Chapter 5 this 

volume). Climate change is one example where these multifac-
eted interactions are understood, as the roles of N 2 O and tropo-
spheric O 3  (enhanced due to increased NO x  emissions) are well 
understood as a contributing factor in greenhouse gas emis-
sions. However, for other issues, there is a poor understand-
ing of the role of the nitrogen cycle, including its place in the 
process of carbon sequestration and the interactions among the 
nitrogen, carbon and phosphorus cycles (Gruber and Galloway, 
 2008 ). 

   2.7.6     Eff ects of nitrogen on human health 
 Excess nitrogen inputs to land, air and water can infl uence 
human health and welfare in both direct and indirect ways. 
Some such connections are well known. For example, expos-
ure to high levels of NO x  in urban areas or along roads cause 
human health problems, N-driven increases in tropospheric 
O 3  pose direct health threats to humans (Levy  et al .,  2005 ) and 
cause substantial losses in agricultural productivity (Reilly 
 et al .,  2007 ); the combination of these eff ects likely has a multi-
billion dollar cost. N r  in the air also contributes to the forma-
tion of fi ne particulates, which are in turn a substantial health 
threat in polluted regions such as urban areas (Wolfe and Patz, 
 2002 ). Excess nitrate in drinking water may also pose risks for 
some types of cancer and reproductive problems, though epi-
demiological data on these links remains too sparse to draw 
fi rm conclusions and there is considerable debate and a lack 
of consensus on the interpretation of medical evidence (van 
Grinsven  et al .,  2006 ; Ward  et al .,  2005 ). Nitrate intake through 
drinking water is only part of the total dietary intake; with the 
main dietary intake of nitrate for many people being from veg-
etables and meats. 

 Figure 2.14       Increase in nitrogen transport to river mouth between 1980 and 2000 (Reid  et al ., 2005).  



Jan Willem Erisman

27

 Jakszyn and González ( 2006 ) concluded that: ‘ Th e  available 
evidence supports a positive association between nitrite and nitro-
samine intake and gastric cancer, between meat and processed 
meat intake and gastric and oesophagal cancer and between pre-
served fi sh, vegetable and smoked food intake and gastric cancer, 
but is not conclusive’ . Van Grinsven  et al . ( 2006 ) concluded that 
there are both experimental and epidemiologic studies that 
indicate possible chronic health eff ects associated with con-
sumption of elevated levels of drinking water nitrate, although 
there is no consistency across all studies. Th erefore, the uncer-
tainties associated with risk estimates are considerable, and 
hamper the design of cost-eff ective specifi c preventive meas-
ures for sensitive subpopulations or regions. Moreover, the 
enhanced risk of nitroso compounds (NOC)-induced toxicity 
as a result of high drinking water nitrate in combination with 
other individual risk factors, such as infl ammatory diseases, 
emphasizes the importance of changing the limit values only 
when such risks have been carefully evaluated. At this moment 
this is not the case. Likewise, uncertainties do not allow an esti-
mate of the health losses related to methemoglobinemia due to 

drinking water nitrate. Evidence is emerging for possible ben-
efi ts of nitrate/nitrite as a potential pharmacological tool for 
cardiovascular health (Wink and Paolocci,  2008 ). 

 Although it is not yet possible to estimate net health loss 
due to nitrate, it is possible to make estimates of potential expo-
sure. Based on data reported to the European Commission 
about the implementation of the Drinking Water Directive and 
data on the present nitrate levels in groundwater at drinking 
water extraction depths, the population in ten west European 
countries potentially exposed to drinking water exceeding the 
50 mg/l nitrate standard, or the 3 mg/l nitrite standard, was 
estimated at over 9 million (2.7%). 

 Other feedbacks remain poorly known but are poten-
tially important and costly, including the possible eff ects of 
excess nutrients on human infectious and parasitic diseases 
(Townsend  et al .,  2003 ). Diseases that show signs of change 
following N (and/or P) caused eutrophication include mal-
aria, West Nile virus, cholera and schistosomiasis (Townsend 
and McKenzie,  2007 ). Th ese eff ects are more relevant for 
other parts in the world. In Europe and in parts of Asia and 

 Figure 2.15       Changes in nitrogen concentrations for signifi cant global watersheds (percentage) and by region (concentration): 1979–1990 and 1991–2005 (UNEP 
GEMS, 2006).  
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the USA the exposure of humans to NO x  and PM and the 
intake of NO 3  is the main threat. Nonetheless, the facts that 
tropical regions will experience marked increases in nutri-
ent loading and also contain the greatest diversity of human 
parasitic and infectious diseases highlights the need to under-
stand these connections (Townsend and McKenzie,  2007 ). 
Finally, it is important to note that a healthy immune system 
requires adequate nutrition, thus one of the most critical links 
between fi xed nitrogen and many tropical diseases may be 
via its greater supply in fertilizer to undernourished regions 
(Sanchez and Swaminathan,  2005 ). 

   2.7.7     Conclusions 
 Th e nitrogen cascade eff ect is expected to be relevant in Europe. 
Th rough long-range atmospheric transport, river transport 
or groundwater transport the eff ects extend from regional to 
continental (acidifi cation, eutrophication, carbon sequestra-
tion, aerosols) and even global dimensions (N 2 O). Th e cascade 
depends on the nitrogen status of a region: this is defi ned as 
the amount of excess nitrogen in the system (or region) caus-
ing eff ects at diff erent levels in the cascade of N causing a 
number of diff erent eff ects. If the nitrogen excess increases, 
the number of eff ects in the cascade likely will increase (the 
cascade length increases). At the same time the area that is 
aff ected by nitrogen pollution increases (higher contribution 
to long-range transport or N 2 O emissions). While the linkages 
in the cascade eff ect still require to be quantifi ed at the dif-
ferent scales, the available information already highlights its 
importance. Only at the beginning of the cascade the form of 
N r  is of importance. In the next stages of the cascade, it will be 
transformed either in the oxidized or reduced form and the 
origin is of little importance, whether it comes through the 
atmosphere or directly from manure or through mineraliza-
tion or nitrifi cation in the soil. 

 Within the global context, Europe can be regarded as an 
excess nitrogen area, in contrast to developing regions such as 
Africa where nitrogen is limited in food production. Europe 
was one of the fi rst regions where nitrogen became an envi-
ronmental issue, with hotspots in the Netherlands, Denmark, 
France and Italy. Other areas in the world currently experience 
similar issues, such as parts of the USA, China, India and Latin 
America. It is expected that the nitrogen situation will become 
worse. Knowledge on the European nitrogen fi xation rates, 
the transport through environment and cascading eff ects as 
described in this European Nitrogen Assessment might serve 
as input for these other regions. Of enormous signifi cance is 
that excess nitrogen is linked to many of the major global and 
regional challenges that policymakers face today, such as glo-
balization, strong development of growing economies, increase 
in human population, political stress, environmental aspects, 
etc. A prerequisite to reducing these problems is the develop-
ment of a sound scientifi c base to help identify policy options. 
Furthermore, these issues need be recognized at scientifi c and 
political levels. Th e focus on food production in developed and 
developing countries should take environmental impacts of 

nitrogen into consideration. For the future it is envisaged that 
the focus on the production of biofuels and the increased use 
of fertilizer will yield similar issues. Th e basis for a successful 
approach was laid down in the Nanjing Declaration on nitro-
gen management (Erisman,  2004 ). A comprehensive overview 
of N-related policies in Europe is given in (Oenema  et al .,  2011 , 
 Chapter 4  this volume). 
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