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TNO Netherlands Institute of Applied Geoscience TNO 
UN-ECE United Nations Economic Commission for Europe 
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Prologue 

. . . t rees 'absorb at once the malarious emanations and gases of decomposition, and 

abstract their poisonous properties for their own consumption; they withdraw from the air 

the carbonic add thrown off from the animal system as a poison and decomposing it 

appropriate the element dangerous to man, and give back to the atmosphere the element 

essential to his health and even life...' 

(The New York Commissioner of Health, Smith in 1899, cited from Smith & 

Staskawicz, 1977) 



1. Introduction 

1.1 Foreword 
It is evident by the turn of the century that the EU Common Agricultural Policy (CAP) will be obliged 
to reach a reasonable compromise between economy and ecology. For the sake of an overall 
sustainable agricultural development a poHtical, social and ecological framework needs to be created, 
which may negatively affect the individual farmer, but from which the society as a whole will profit. In 
the Netherlands, the re-structuring of the pig farming sector will soon become operative by a quite 
restrictive legal framework (see chapter 2.3). 

Besides the Common European Market putting further pressure upon the farmers, regional and 
national restoration programmes will have to be supported by the Community to encourage an 
increasing number of farmers to play an active role in landscape and nature conservation. Nationally or 
EU funded initiatives like the field border strip programmes have already enabled many farmers in the 
past to get monetary compensation for a reduced income. Financial support may be the primary reason 
for farmers willing to join these programmes, but the active participation of farmers in improving the 
local agro-ecology may also stimulate their self-esteem. Furthermore, it is of great use to assist in 
creating a positive image of modern farming in the public opinion. 

Meanwhile, far-reaching initiatives to reward farmers for their willingness to share responsibility for 
environmental improvement in the agricultural landscape have fully come into operation in the EU 
(Agro-environment Programmes under the regulation EEC, no. 2078/92, see Appendix 1). However, 
these programmes have not been recognised to the same extent in the 15 member states and especially 
the Dutch farmers do not yet participate much in it. The regeneration and maintaining of farm 
woodlands and the planting of hedgerows may be an attractive alternative in the future especially for 
those (smaller) farmers who suffer most from the restructuring of the livestock-farming sector. 

Comparable efforts are also being made in the heavily industrialised agriculture of the United States. In 
1997 the Dept. of Agriculture (USDA) and the Natural Resources Conservation Service (NRCS) have 
joindy launched the National Conservation Buffer Initiative. Liaisons have been made with conservationist 
groups, the agrochemical industry and farmer organisations like the National Pork Producers Council 
to perform projects and to promote the acceptance of conservation buffers as a means of aiding 
livestock manure management efforts. The goal of the ambitious programme is to build 2 million miles 
of conservation buffers by the year of 2002. While the programme has the primary aim to somewhat 
relieve the saturated N-American agricultural market, the programme description states that farmers 
and other landowners who install buffers: 

• help to improve soil, air and water quality 
• enhance wildlife habitats 
• restore biodiversity; and 
• create scenic landscapes. 

In this report we approach the question whether in the Netherlands (and the EU) landscape elements 
can effectively be used in the coming years to reduce and compensate emissions from livestock 
farming. After addressing issues relating to livestock emissions, their dispersal, their adverse effects and 
some legal aspects we present scientific information on the issue of plants as pollutant traps and collate 
information on tree species to be used as green barriers or buffer plantings. In a final chapter a summary 
is given of a 'round table' discussion organised by Plant Research International. The report thus makes 
an important contribution in developing further concepts and formulates the research need relating to 
a sustainable management of agro-ecosystems with a high livestock density. 



1.2 Perception of the problem 
When performing feasibility studies for new products or innovative technologies, the chances for their 
introduction to a market must also be addressed. The (re)introduction of landscape elements may not 
be regarded as 'innovative' in the first place. It is however quite obvious that the acceptability of buffer 
plantings (farm woodlands, hedgerows and tree lines) must be addressed as well, respecting agro-
sociological and behavioural aspects. 

A perception analysis performed within the different 'conflicting parties' (e.g. using questionnaires) 
may be useful in order to find possible solutions to associated dilemmas more easily. Table 1 sums up 
relevant objections of conflicting parties as well as the reasons speaking for the planting of green 
barriers. It can be seen from this evaluation that (re-)introducing landscape elements conflicts only with 
agricultural production. Conventional farmers still want to increase primary crop production, which in 
their view can best be achieved on large fields. Criticising these modern large-scale practices, 
conservationists and environmentalists tend to use oversimplified terms (monoculture, agrosteppe), that do 
not help solving the underlying conflicts. 

However, 'non-conventional' farming practices may not be primarily yield oriented and reaching high 
product quality standards may not per se be contradicted by designing and introducing more landscape 
elements. The positive image and high environmental standards of a diversified agroregion possessing a 
multifunctional structure instead of a monotonous character may strongly raise demand for products 
from these regions on the growing eco-minded markets. Information on how to quantify this in monetary 
terms is however lacking. 

1.3 Aims and use of this study 
Both, natural and man-made landscape elements, like forests, tree lines and hedgerows are believed to 
scavenge part of the ammonia that is laterally transported via emissions from agricultural emissions 
sources. Their acting as biofilters may be quite limited, but turbulence is significantly increased by green 
or man-made barriers, including fences and walls. Calculations (but field measurements have not been 
performed) have shown that in un-structured grassland 10% of the emitted ammonia will be deposited 
within 200 m, while this will be increased to 50%, if surface roughness is increased by the presence of 
windbreaks or wooden fences (van der Eerden, pers. communication). Generally speaking, emissions 
will not be dispersed far from the source and high concentrations will be reached in the vicinity of the 
farms if landscape elements are built or planted near the livestock buildings. 

At the start-off, the central question of this feasibility study was, whether an indication could be found 
that emissions from livestock farming are indeed effectively reduced by landscape elements. Much 
attention had therefore to be paid to the directed planting of hedgerows and tree lines (i.e. shelter-belts 
or windbreaks) in order to reduce regional nitrogen loads and to increase deposition locally. Using an 
extensive literature survey in combination with going through the various aspects relating to usefulness 
and applicability of landscape elements, finally lead to an attempt to recommend plant species, which 
may be suited in buffer plantings acting as biofilters. 



Table 1. Perception of introduction of landscape elements after 'conflicting parties' indicates both, drawbacks and 

benefits. The judgement on these and the existence of scientific evidence are indicated by numbers in 

brackets, where 100 indicates that the perception is a fact, 50 indicates that scientific assessment is unclear 

and 10 indicates that the perception grounds on a 'myth'. 

Conflicting parties Drawbacks Benefits 

Agriculture 

Conventional 

Non-conventional 

Loss of agricultural production area 

Shadow effects 

Competition for resources (water and 

nutrients) 

Breeding ground of germs and disease 

(dangerous to crops and animals) 

(100) 

(100) 

(70) 

(10-50) 

Principally, less dangers perceived 

than conventional farmers 

Nature conservation None 

Structure elements to separate properties (100) 

Windbreaks against erosion in sandy and (80) 

lossy areas 

Positive image 

Meliorate microclimate of orchards 

Breeding ground of germs and disease 

(which work as biologicals) 

Increased nature wealth and higher 

biodiversity 

More habitat corridors, exchange of 

(80) 

(80) 

(10-50) 

(100) 

(100) 

metapopulations, less fragmentation 

The environment None Scavenging of emissions from agriculture (80) 

Keep emissions close to source (80) 

Active biofiltering of agricultural emissions (50) 

Recreation Less accessibility if landscape elements 

and culture have high nature value 

Traditionally open landscapes may not be 

attractive, but need to be kept open if 

culture demands it-

Landscape gets more attractive, more 000) 

visitors, more income 

Landscape elements may reflect the history (100) 

of a regional culture (e.g. coulissen in Eastern 

NL, Knicks in NW-D, bocages in F and 

hedgerows in GB) 

Moreover, another important aspect of this study was to address questions relating to the perception 
and willingness of farmers, nature conservationists, environmentalists and politics to accept, promote, 
finance, control and guide the active use of landscape elements. Specially, we wanted to also address 
the issue if managing the restructuring in intensive livestock farming areas in the Netherlands may be 
supported by re-introducing landscape elements. Therefore, we organised a round table meeting, in which 
different aspects and opinions relating to the item should be openly discussed. We invited participants 
from farmer organisations, politics, ministries, environmental unions, nature conservation groups and 
research institutes to take place in that discussion. Unfortunately, there was hardly a response to the 
announcement of the meeting (see Appendix 2 for the original folder, the programme and the 
participation). As a consequence, we addressed possible reasons for the lack of interest' and/or the 
'explosivity' of the item, which may somewhat, assist in the future to better approach the topic. The 
study thus gives an overview of agrosocial and scientific problems related to landscape elements and 
outlines the contribution applied plant science may have in the future in reducing and compensating air 
quality problems in agroindustrial regions. 





2. Characterisation, effects and control of 
emissions from livestock farming 

2.1 Emissions from livestock farming 

2.1.1 Gaseous emissions from stables 

The most important gaseous compound emitted from livestock farming is ammonia, NH3. In the 
coming years ammonia will become the dominant source of N-emissions in Europe, because of the 
reductions in NOx exhausts from cars due to rapidly ongoing technical improvements. With 36 kg 
NHy-N a ' a dairy cow releases 13-23 times as much N as the average passenger car of 2005 (Isermann 
& Isermann, 1999). While cows have the highest NH3- output, a horse emits 12-18, a pig 4.8-6.3, a 
sheep 3.6 and a chicken 0.3 kg a1 on the average (Asman & Van Jaarsveld, 1990). Calculations on 
underspending the tolerable N-inputs into forest ecosystems defined as the UN-ECE critical load of 10 
kg N ha ' a-1 have shown that Dutch livestock numbers would have to be reduced by 74% (Isermann 
& Isermann, 1999). 

Mechanistic models describing the release of ammonia from liquid manure have recendy been 
summarised byjiquin Ni (1999). The author addressed the theoretical basis for ammonia transfer from 
the manure surface to a free air stream and included modifying variables like differences in pH and 
releases of carbon dioxide from the top layer of the slurry. Generally, livestock farming produces 
emissions via three routes: 

• emissions from manure storage facilities 
• emissions during and after slurry application to the soil 
• emissions from animal houses 

Emissions from storage facilities are believed to play only a minor role because the drying of the upper 
layer of the slurry reduces evaporation of ammonia and other gases. Only the stirring of the slurry 
before it is applied to the field will lead to the release of a significant amount of gases. While 
exceptionally high concentrations of NH3 will occur during and some days after the slurry application 
to the field, emissions from animal houses will pose an environmental and hygienicaUy problem 
throughout the whole year. 

Apart from ammonia there are other gaseous emissions from livestock farming, which may have 
adverse health and environmental effects. Typical nighttime concentrations of trace gases in stable air 
have been determined by Härtung et aL (1998) (Table 1). Even when animals sleep, maximum 
workplace concentrations (MAK-values) of several gases are exceeded, so that negative effects on the 
lung's functioning can be expected in farmers as well as in animals. 

Although hydrogen sulphide is normally not present in high concentrations, it can eventually reach very 
high concentrations when slurry is mixed or pumped off the storage facilities. In accidents (wrong 
handling of slurry) concentrations of 1200 ml nr3 may be reached, which will directly kill the farmer 
and/or his animals. 

Along with gaseous emissions, substantial amounts of particulates are emitted via the ventilation of 
animal houses. It is important to note that there are significant differences in loads and the 
composition of emissions from different animals and housing types. 



Table 2. Concentration of gases in stables when animals sleep (Härtung, 1998). 

Compound 

Carbon dioxide 
Carbon monoxide 
Ammonia 
Dimethylamine 
Fatty Acids 
Acetone 
Phenols and Indols 
Hydrogen sulphide (H2S) 

Concentration 
In stables (ml nr3) 

5700 
500 
67 

10.7 
0.46 
0.14 
0.03 

0.004 

German MAK 
Allow, cone. 

5000 
30 
20 
2 

10 
500 

5 
10 

(ml m-3) 
Exceedance 
OfMAK(+yes,-no) 

+ 
+ 
+ 
+ 
-
-
-

-

2.1.2 Particulate emissions from stables 

The average dust concentration in animal houses was investigated in four EU countries (after Takai et 
al. cited in Härtung, 1998). Fig. 1 represents the results of maximum 24h-values of dust measurements. 
Dust concentrations in pig stables are substantially lower than the loads in chicken stables. However, 
there are large differences in stables for fattening pigs and young piglets. 
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Figure 1. Maximum 24 h dust concentrations in EU animal stables after numbers cited in Härtung (1998). 

Dust is transported out of the stables via the ventilation system of the units. 90% of the particles 
emitted from animal houses are composed from organic material. 24% of the dust from pig stables is 
made up from protein (Härtung, 1998). 

Generally, dust emitted from pig stables contains a variety of substances, including animal food, animal 
skin and hair, insect parts and particles of faeces and straw. Sorbed onto small particles (PM10, particle 
diameter < 10 um) microorganisms and endotoxins may be transported over large areas, where they 
might pose epidemiological risks to humans and animals. Information on measurements of endotoxins 
close1 to animal houses is not available but it can be assumed that highest concentrations occur in 
emissions from chicken stables, as these are also comparatively high inside the stables (Figure 2). 



In order to reduce dust concentrations (and associated health effects) inside the pig stables, different 
methods have been applied, which are summed up by Pedersen (1998). These source-oriented technical 
approaches are certainly best suited to also reduce the quantities of emissions leaving the stable. 
Reductions of up to 50% can be achieved when animal food has higher fat contents, when mixtures of 
water/rape oil are sprayed regularly, when straw is used and/or when air filtration and re-circulation is 
performed. 

The aspects addressed so far primarily dealt with the concentrations of gases and dusts inside the pig 
stables. These emissions are directly related to the production process and the economic and health risk 
of the farmer. 

Upon leaving the stable, emissions from the livestock production are dispersed into air and immissions 
may result in a so-called 'tragedy of the commons', i.e. the externalisation of a problem in economic 
and ecological terms. Adverse effects of emissions from large livestock farms can be manifold, 

• possibly posing health risks to neighbours (relevant to humans) 
• odours being a nuisance to the neighbours (relevant to humans) 
• emissions (NH3, CH4, H2S and dust relevant to environment) 
• spreading of germs (e.g. swine fever, relevant to farming) 

endotoxins (ng m-3) 

1000 

Beef Calves Cows Fatt. Swines Piglets Chicken Layer 
pigs chicken 

Figure 2. Mean daytime concentrations of endotoxins in animal stables (after data cited in Härtung, 1998). 

2.2 Effects of emissions on human, animal and ecosystem 
health 

2.2.1 Health effects 

Although difficult to causally attribute health effects to gaseous or particulate compounds in and 
outside pig stables, it is generally accepted that intensive pig farming causes health problems in 
mammals, which can be related to lung functioning. General implications of different livestock housing 
systems used in Europe, the 'animal requirements' as well as animal health aspects are presented and 
discussed in Wathes & Charles (1994). Eibers (1991) was able to prove air pollution effects on pig 
health. The author found that 50% of the pigs brought to Dutch slaughterhouses showed lung 
deformations, which in consequence lead to the rejection of these organs from meat production. But 
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lung diseases prove also to be relevant to farmers for the occupational respiratory medicine has 
identified higher risks of bronchitis and organic dust syndrome in pig farmers of several European 
countries (Nowak, 1998). Especially the above-named endotoxins, i.e. degrading cell-walls of bacteria 
(lipopolysaccharides) are thought to be of special importance in creating lung diseases in humans, 
because they have very small diameters (< 5um), long residence times and long persistence (Härtung, 
1998). 

Upon leaving the stables, emissions from intensive animal farming may have adverse effects on the 
health of neighbours living in the vicinity of farms. The MORBUS sentinel practice network in 
Southern Oldenburg (Lower Saxony, Germany) indicated more children with asthma in this highly 
agricultural region compared to city regions. However, the larger frequency of pulmonary diseases 
could not be direcdy attributed to emissions from the livestock industry (Schlaudt et al, 1998). To be 
able to derive clear conclusions the quality and quantity of pig stables would have to be mapped 
thoroughly in a future ecological study. 

Spreading of germs like the swine fever virus is another hygienic problem, which has often been related 
to the emissions of farms. However, the transport of germs via the wind from one farm to the other 
plays only a minor role compared to the primary outbreaks due to contact with wild boars or the 
feeding of kitchen waste containing wild boar meat. And secondary outbreaks arise mainly from 
transport of infected piglets or the transmission by rodents rather than transfer of germs via the air 
(Ahl, 1994). 

2.2.2 Ecological effects 

Acute foliar injury on plants will not occur under ambient concentrations of NH3. According to Adaros 
& Dämmgen (1994) short-term phytotoxic concentrations leading to acute foliar injury are believed to 
be in the range of 1 ppm (ca. 1440 ug nv3). Chronic effects of emissions from livestock farming on 
environmental health can primarily be attributed to the input of excess nitrogen (in the form of gaseous 
NH3) into closeby or remote semi-natural ecosystems. These depositions will eventually lead to 
eutrophication of nutrient poor habitats and secondary acidification of unbuffered ecosystems. Adverse 
responses to raised concentrations of ammonia may be long-term changes in the composition of the 
vegetation. These effects are difficult to prove but scientists attribute a great part of the recent 
ruderalisation of semi-natural vegetation in the Netherlands and large parts of NW-Europe to the 
introduction of nitrophile, competitive grasses into heaths, forests and other semi-natural vegetation 
(Aerts & Berendse, 1988, Bolte & Beck, 1997, Bobbink & Lamers, 1999). 

On a European scale the concept of critical loads of nitrogen (NOx and NHy) inputs has been 
developed in order to address and evaluate adverse effects on semi-natural vegetation (Bobbink, 1996) 
and to identify regions with high deposition values (Werner & Spranger, 1996, Nagel & Gregor, 1999). 
For actual differences of NH3-emissions within the EU refer to Appendix 4. The UN-ECE concept is 
of great use in mesoscale and regional models, but on the 'small scale or when the purpose is to 
quantify input for the assessment of effects, it may be necessary to consider inhomogenities in the 
nature' (Grennfelt & Hasselrot, 1987). A good example for this is the higher scavenging rate of air 
pollutants found at margins of forests. These edge effects may be indicated by higher pollutant 
concentrations in plants from forest margins. An example for this are the N-contents in Douglas 
needles collected in a forest highly exposed to emissions from livestock farms in the Netherlands (van 
der Eerden et al, 1999). N contents were lower in the samples collected inside the forest and also NH3-
concentrations were significandy lower inside the forest compared to the open terrain (Figure 3). 
Artificially creating edge effects and enhancing inhomogenities in the landscape significantly increases 
deposition (see chapter 4), which may be a primary aim of landscape planning in the future. 



mean NH3 concentration (tig m 3) N-content (% dw) in Douglas needles 

Figure 3. Edge effects in receptors of emissions from livestock farming indicated by different concentrations ofNH} 
in open terrain and forest (left) and nitrogen contents (% dm) in Douglas needles (right) collected in the 
summer 1999 at Driesprong (Ede, Prov. Of Gelderland, The Netherlands). Data on NH; was 
obtained from TNO-MEP, Apeldoorn, The Netherlands. The investigation was performed within the 
Dutch STOP-project (Stikstofonderzoeksprogramma, Erisman &° van der Eerden, 1999). 

2.3 Legal aspects related to emissions from livestock 
farming in the Netherlands 

2.3.1 The restructuring of livestock farming in the Netherlands 

Due to the problems related to animal pests and eutrophication, the laws with regard to intensive 
livestock farming are currently heavily discussed in the Netherlands. Especially the pig farming sector 
has come under pressure by the proposed legal provisions and regulations on 'restructuring the pig 
farming' ('Herstructurering varkenshouderij') and 're-construction of the concentration areas' 
CReconstructie concentratiegebieden'). Aim of these enactments is to achieve a production of meat 
which satisfies environmental standards (reduction of slurry production and emissions of ammonia), 
human health and animal well being (less pests and more space in livestock compartments). 

The introduction of these laws will ultimately lead to the limitation of numbers of pigs a farmer may 
keep. Even7 farm will have disposal over so-called 'pig claims' and when ascribing these claims a fixed 
percentage will be taken from that number to realise the cutback of the slurry overflow. At the same 
time the so-called 'pig-levy' ('varkensheffing') will be introduced by which the administrative bodies can 
compensate for the costs arising from infectious animal diseases. 
The law on reconstruction has also the background of pest management and aims at the reduction of 
the 'veterinary vulnerability' by introducing 'pig free zones'. This practically means that farms will have 
to be relocated to other regions, considering also the reduction of impacts of ammonia emission in 
regions, which are sensitive to acidification. Moving farms to regions where ammonia deposition does 
not yet play a role may offer these farms economic improvement. Discussion and administration of 
justice is still on the way and definitive enactment is not yet in operation. However, numbers of pig 
farms are believed to significantlv decrease in the coming years. 


