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I ntroduction

1. On 1 December 1999, Environmenta Ministers from Europe and North Americamet in
Gothenburg (Sweden) and signed a new Protocol to the Convention. The Gothenburg Protocol to
Abate Acidification, Eutrophication and Ground-level Ozone aims to reduce emissions of four pollutants
eg. sulphur, nitrogen oxides, volatile organic compounds (VOCs) and ammonia and sets stringent
reduction targets for dl of them for 2010.

2. The Gothenburg Protocol is probably the most sophisticated binding environmenta agreement
ever because of its multi-pollutant and multi-effect nature. Moreover, it isthe first time thet any
internationd tresty has targeted ammoniaemissons. Under the Protocol, ammoniaemissons will be cut
by dmost 20 % by 2010 as compared with the 1990 level. Current ammoniaemissionsin the area
covered by EMEP tota about 6.5 million tonnes.

*/ This document has not been formaly edited.
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3. Ammoniais emitted mainly from agriculture, eg. livestock farming sysems and use of minera
fertilizerson crop land. Although some of the ammonia emitted will be deposited locdly, it can be
transported hundreds or even thousands of kilometres and so contributes to transboundary air pollution.
When ammoniais deposited on land or water, it can cause acidification and eutrophication, two major
environmentally damaging effects. Ammoniagasis releasad from the breskdown of ureain livestock
manures (durries and solid manures) or of uric acid in poultry manure. It is aso emitted from nitrogen
fertilizers, especidly from ureafertilizer, from urine deposited by grazing stock and from crops.
Deposition of ammonium compounds, following reaction with acidic compounds in the amosphere, isa
primary cause of acidification of certain soils. This can &ffect the availability of eements both essentidl
and toxic to plant growth. In addition, anmonia as a source of nitrogen (N) contributes to eutrophication,
or nitrogen enrichment of nutrient-poor soils. This process, which can also occur in surface waters,
disrupts the balance of sengtive ecosystems, causing either excessive growth or disappearance of plant
gpecies. High ammoniaemissons may aso directly affect trees or vegetation by damaging foliage and
retarding growth.

4. The abatement of ammoniaemissonsis of increasing importance in strategies to combat
acidification and eutrophication. Emissions of sulphur have dready been dragtically reduced under the
Convention so, by 2010 in Europe, ammoniais likely to be the largest contributor to acidifying and
gaseous nitrogen emissions.

5. The Gothenburg Protocol contains a series of mandatory control measures that the Parties shdl
employ for the control of ammonia emissons from agriculturdl sources. It targets primarily those sources
from the manure management cycle from which ammonia can easily escape. These include pig or poultry
housing, where manure or durry accumulate, manure and durry stores, where manure may remain for a
long-time, and finally manure and durry gpplication to land. It dso targets ammonia emitted from usng N
fertilizers, particularly urea, and recommends measures to limit ammonia emissons from the use of solid
fertilizers based on urea. It prohibits the use of ammonium carbonate fertilizers.

6. Nitrogen, together with other plant nutrients, is essentia for plant growth and is needed to
achieve optimum crop yields. Mogt of the plant avalable N in manure or durry isin the form of
ammonium-nitrogen, which can subgtitute directly for minerd fertilizers. Ammoniaemissons, therefore,
represent aloss of valuable N and so may increase the requirement for minerd fertilizers to maximize
crop yields. For this reason, the Protocol firmly recommends that each Party shall take due account of
the need to reduce ammonialosses from the whole N cycle in agriculture, including both livestock
farming systems and use of minerd fertilizers on land. In addition, it provides guidance to the Partiesin
identifying best available options and techniques for preventing or reducing releases of ammoniafrom
the sector.
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7. Within one year of the date of entry into force of the Gothenburg Protocol, a Party to the

Protocol shal establish, publish and disseminate, an advisory code of good agricultura practice to control
ammoniaemissons. The naiond code shdl take into account the specific conditions within the territory
of the Party, i.e. be tailor-made to loca soil and geomorphologica conditions, manure types and farm
sructure. However, in order to harmonize some basic requirements of nationa codes and to incorporate
the best available control options and techniques, the Expert Group on Ammonia Abatement, led by the
United Kingdom, was requested to prepare a framework advisory code of good agricultural practice
based on the experience and knowledge of its members. A draft framework code was written by six
experts from Germany (H. Dohler), the Netherlands (H. Hendriks), Switzerland (H. Menzi), the United
Kingdom (B. Pain and J. Webb) and the secretariat for the Convention (A. Jagusiewicz). Agreement on
the format and content of this code was reached at a meeting of the Expert Group on Ammonia
Abatement held in Berne, Switzerland, from 18 to 20 September 2000 (summary report of the mesting:
see EB.AIR/WG.5/2001/6). The framework code includes provisions on al mgor agricultural sources
of ammoniaand is intended to help Parties develop and/or eaborate their own nationa advisory codes of
good agricultural practice to control emissions.
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Annex
FRAMEWORK ADVISORY CODE OF GOOD AGRICULTURAL PRACTICE FOR
REDUCING AMMONIA EMISSIONS
Introduction
1 The Code comprises Six sections:

@ Nitrogen (N) management that takes into account the entire N cycle;
(b) Livestock feeding Srategies,

(© Low emisson manure oreading techniques,

(d) Low emisson manure storage techniques;

(e Low emission anima housing sysems,

® Limiting anmonia emissons from the use of minerd N fertilizers.

2. The Code includes guidance on reducing anmonia emissons from al the mgor agriculturd
sources for which practical and widdy agpplicable techniques are available. In addition to the publication
and dissemination of a Code, the Protocol requires other mandatory measures that affect certain sectors
of the agricultura indudtry. It is mandatory, for example, to introduce measures to reduce anmonia
emissons from manure sorage and anima housing on large pig (with 2000 or more fattening pigs or 750
or more sows) and poultry (with 40,000 or more poultry) farms. The thresholds for anima numbers are

the same as those included in the European Community’s (EC) Integrated Pollution Prevention and
Contral (IPPC) Directive. A timescae for the introduction of these measuresis given in the Protocol and
it is recognised that gpplicability of anima housing measures may be limited by animd welfare
congderations.

3. Manures from housed animas contain gppreciable quantities of plant nutrients and thus have
vaue asfertilizersfor crop production. Management srategies should ensure that the fertilizer vaue of
manures is fully exploited and losses of nutrients to the wider environment are minimized. L osses of
nitrogen as ammonianot only have an adverse effect on the environment but aso decrease the fertilizer
vaue of manures,

4, It isimportant to note that ammonia conserved by the introduction of an abatement
measure a one stage of manure management can be readily lost a a*“downstream” stage of
management. Where abatement measures are used for housing and/or manure stores, it is
essentid to use asuitable, low emisson technique for gpplying the manure to land.  Although
reducing ammonia emissions from goplying manures to land should increase the amount of N
avallable for uptake by plants, in some circumstances it may aso increase the potentia for N loss
by other pathways, through nitrate leaching for example. It isimportant to consder thisrisk, and
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take steps to minimize it where necessary, when planning and implementing ammonia abatement
drategies.

A. Nitr ogen management

Introduction

5. Nitrogen isreadily lost from agriculture through a number of pathways including nitrate leaching
to water and gaseous emissons. From the air pollution perspective, anmonia and nitrous oxide, a
greenhouse gas, are of most concern. Although this Code is mainly about ammonia emisson, there are
Interactions between this and other nitrogen transformations, losses and crop uptake. It is, therefore,
important to condder the whole N-cycle in devisng effective Strategies for minimizing both water and
amospheric pollution, optimizing N use for crop production and taking into account the effects of
ammonia abatement on other N losses. Ammoniaemissons originate mainly from manures produced by
housed livestock as durries or solid manures and, to alesser extent from N fertilizers, urine from grazing
animas and from crops. Emissons from manures occur from livestock buildings, manure stores and
following gpplication to land. In most circumstances, the latter source and livestock feeding strategies
offer the most cogt-effective opportunities for reducing emissions.

Baanced N applications

6. To ensure effective utilization of N by crops and to reduce the risk of losses, it is essentid to ()
avoid excess gpplications of both fertiliser and manure-nitrogen and, (b) apply at times of the year when
nitrate leaching will be minimized and, where possble, crops are actively growing. Careful baancing of N
inputs to crop requirements will save money by reducing the amount of purchased fertilizer needed and
reduce the potentid for nitrate leaching. The benefits of baanced fertilization for anmonia abatement are
less immediate athough good management of fertilizers and manures can make a useful contribution.
Specific abatement techniques, which are described later in this Code, are needed to achieve large
reductions in anmonialoss.

7. Ammoniaemissons arise from the soil surface before the applied nitrogen enters the pool of
minerd (plant-available) nitrogen in the soil. Bdancing N gpplications to crop requirements therefore has
lessimpact on ammonia emissons than on nitrate leaching. However, adopting measures to reduce
ammonia emission following manure gpplication will dso contribute to better management by conserving
N for crop uptake. In countriesthat limit annua N gpplications, anmonia abatement will provide an
opportunity to utilize both the manure N as well asthe fertilizer N more effectively.



EB.AIR/WG.5/2001/7
Page 6

Emissons from grasdand

8. Badanced N fertilization avoids unnecessarily high concentrations of N in forage, especidly grass.
Excess N gpplication can increase concentrationsin grass and hence in the urine of grazing animdss, leading
to greater ammonia emissons from grazed grasdand and manure management.

Emissons from arable crops

9. Ammoniais aso emitted directly from arable crops, especidly asthey ripen before harvest.
Emissons from crops are generdly small but can be varidble. The potentid for loss increases asthe N
concentration in the plant increases. Avoiding over-fertilization with N (from manures and/or minera
fertiliser) will reduce the Sze of these losses.

Guiddines

10.  Toavoid the consequences of excess or untimely N gpplication, the following guiddines should
be adhered to:

@ Cdculate the N in livestock manure applications that will become available for crop uptake in the
following yesr;

(b) Cdculate the N left in resdues of the previous crop, especidly if grasdand and field forage crops
was ploughed up;

(© Take account of N minerdization in soilsthat have large (>6%) soil organic matter content, or
where livestock manures have been gpplied in large amounts over severd years,

(d) Use acknowledged nationd methods for predicting plant-available soil nitrogen,;

(e Where soil iswdl supplied with available N (for example because grasdand has recently been
ploughed) have the soil analysed for its mineral N content;

® Nitrogen fertilizer and livestock manure gpplications should be timed according to periods of N
uptake by the crop, i.e. shortly before the onset of rapid crop growth;

9 Avoid large gpplication rates of manures that supply nitrogen (and other plant nutrients) in excess
of crop requirements.

B. Livestock feeding strateqgies

Introduction

11. Ensuring that farm livestock are not fed more protein than that required for the target
level of production can reduce the N excretion per livestock unit and per unit production.
Decreasing the amount of N in manure will not only abate ammonia emissons but aso other
potential N losses (leaching, denitrification). N excretion by different types and classes of
livestock is strongly dependent on the production system (Table 3.1). Standard excretion values
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should therefore be caculated on anationa or regiond leve.

12.  Protenaurplusin livestock raionsis primarily excreted in the form of urea (uric acid in poultry
manure). These compounds are rapidly degraded to ammonia and ammonium that have a high emisson
potential. Reducing N excretion by reducing the protein content of the ration, therefore, resultsin a
disproportiona decrease in anmonialosses. Furthermore, emisson abatement is effective at al stages
of manure management (houses, storage, application).

13. Even under optimd conditions, animals excrete more than haf the protein intake in feed in the
form of different N compounds. There are usudly excessesin the protein supply for amost al livestock

classes and production systems, the reduction of which could reduce N excretion.

Methods for decreasing N excretion

14.  Thefollowing genera methods can be used to decrease the amount of N excreted by livestock:
@ Better adjusting the composition of the diet to the requirements of the individua animd eg.
according to lactation stage, age and weight of animdls, etc.;

(b) Reducing excesses in the protein supply by ensuring that it does not exceed current feeding
recommendations,

(© Reducing the crude protein content of the ration by optimization of the amino acid supply. For
monogadtric animalss, the required amino acid supply can be controlled by addition of pure amino acidsto
the diet or by using a combination of different protein feeds in the diet;

(d) Increasing the efficiency of N use by improving anima performance so that adiminishing
proportion of the tota protein requirement is used for maintenance.

Pigs and poultry

15.  For pigs, N excretion can be reduced by matching more accurately the diet to the specific
requirements of different growth and production stages. This can be achieved by:
@ Ensuring that the protein content of the feed or ration is not higher than the recommended levd;

(b) Usng different diets for lactating and gestating sows,
(© Using different diets for different growth stages of faitening pigs (phase feeding).
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16. Inaddition to the above options, the protein leve of pig diets can be lowered by optimizing the
essential amino acid content rather than the crude protein content. This can be achieved by adding pure
amino acids, especidly lysne, methionine and threonine, to the diet. Even though such Strategies will
result in somewhat higher feed prices, they are some of the chegpest measures to reduce ammonia
emissons.

17. For poultry, the strategies to reduce N excretion are basicaly the same asfor pigs.

Ruminants

18.  Ruminants, protein surplus and N excretion strongly depend on the proportion of grass, grass
dlage and hay in the ration and the protein content of these feeds. The protein surplus and the resulting
N excretion and ammonialosses will be highest for grass-only summer rations with young, intensively
fertilized grass or grass legume mixtures. In such cases, aration matched to the energy demand of the
animaswill dways result in ahigh protein surplus. The following Srategies can improve this Stuation:

@ Ensuring that N- fertiliser application rate on the grasdand is not excessive;
(b) Improving the energy/protein equilibrium by:

()  subdtituting some of the fresh grass with roughage of lesser protein content (maize Slage,
hay, straw etc.);

(i)  using older grass or rationed amounts of grass and more high energy concentrates.
Neverthdess, for livestock production systems predominantly based on grasdand, the
feaghility of this strategy is often limited because afull use of the grass production would
no longer be guaranteed (under conditions of limited production, e.g. milk quotas) and
the nutrient balance of the farms would not be in equilibrium.

19. A reduction of anmonia emissions from ruminants can d<o be achieved by increasing the
proportion of grazing because much of the urine infiltrates into the soil before urealis degraded and lost as
ammonia Neverthdess, thetotal N efficiency of grazing systems tends to be lower than that of mown
grassand due the uneven digtribution of the excreta. Furthermore, grazing is often limited by climatic and
s0il conditions aswdl asfarm Structure. A minimum period of grazing per year may be required for
animal welfare reasons.

20. A specid form of reducing N excretion and losses per unit product is the improvement of the
feed conversion efficiency through higher yields. Increasing the number of lactations per cow could also
decrease ammoniaemission per unit of milk production over the life of the animd.
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Table 3.1. Nitrogen excretion by different classes of farm livestock
Animal Production level N excretion
type
kg N place year! | per unit production
kgN per ...
Dairy less than 5000 kg milk cow™ year™ 60-110 15-25 1000 kg milk
COWS
5000-6000 kg milk cow™ year™, low 100-140 20-28| 1000 kg milk
amount of concentrate
5000-6000 kg milk cow™ year™, 80-100 16-20 1000 kg milk
>500 kg concentrate year™
9000-10000 kg milk cow year™ 110-140 11-14 1000 kg milk
Beef cattle | Extensve manly grazing 40-50 10-20| 100 kg growth
Intensve: corn Slage etc. 35-45 7-10| 100 kg growth
Breeding |including pigletsto 25 kg 30-40 1.4-2| per piglet
SOWS
Fattening | 25-100 kg; no phase feeding 15-18 6-8| 100 kg growth
pigs
with phase feeding 12-15 5-7 100 kg growth
phase feeding and pure amino acids 10-14 4-6| 100 kg growth
Laying 1 bird 0.60-0.80 2.0-3.5( 1000 eggs
hens
Broilers 1 bird-place 0.35-0.50 2.0-4.0| 100 kg growth
C. L ow emisson manur e spreading techniques
[ntroduction

21.  Ammoniaemissions from the gpplication of manures (durries and solid manures such as
farmyard manure and broiler litter) account for alarge proportion of the emissons from agriculture. It is
very important to minimize losses at this stage of management because any ammonia saved earlier, from
livestock housing or manure storage, will be logt if it isnot controlled by an gppropriate field gpplication
technique. Reducing ammonialoss means that more nitrogen is potentialy available for crop uptake.

To gain maximum benefit from it and to
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avoid increasing the risk of nitrate leaching, attention should be paid to the N content of the manure so
that the rate and time of gpplication is matched to crop requirements.

Low emisson techniques for durries and other liquid manures

22.  The mog effective means of reducing ammoniaemissions from durry gpplication isto employ an
appropriate application technique such as an injector or band spreader.

Injectors. These reduce emissions by placing the manure benegth the soil surface, thus decreasing the
manure surface area exposed to the air and increasing infiltration into the soil. They are generdly more
effective than band spreaders. There are three types.

@ Shallow (or dot) injectors: these cut narrow dots (typicaly 4-6 cm degp and 25-30 cm apart) in
the soil that arefilled with durry or liquid manure. They are most commonly used on grasdand. Different
abatement results are achieved depending on whether open or closed dot injectors are used;

(b) Deep injectors: these gpply durry or liquid manure to adepth of 12 — 30 cm in the soil using
Injector tines space about 50 cm gpart. The tines are often fitted with laterd wingsto aid dispersgonin
the soil and to achieve high gpplication rates. They are most suited for use on arable land because of the
risk of mechanical damage to grass swards,

(© Arableinjectors. these are based on spring or rigid tine cultivators and are for use on arable land
only.

Band spreaders. These reduce emissons from durries and liquid manures through decreasing the manure
surface area exposed to the air and decreasing air flow over it. The efficiency of these machines can vary
depending on the height of the grass. There are two main types of machine:

@ Tralling hoses. durry isdischarged at ground leved to grass or arable land through a series of
flexible hoses. Application between the rows of agrowing crop isfeashble;

(b) Trailing shoes (or feet): durry is normdly discharged through rigid pipes which terminate in metd
“shoes’ designed to ride dong the soil surface, parting the crop so that durry is applied directly to the
s0il surface. Some types are designed to cut a shdlow dit in the soil to aid infiltration.

Incorporation

23.  Theam should beto incorporate durry into the soil asrapidly as possble after soreading on the
aurface. It is normally recommended that incorporation should be completed within 6 hours of spreading
to achieve worthwhile abatement. Completely burying the durry by ploughing is
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often consdered to be the most effective method of incorporation. However, ploughing isareatively
dow operation and, in some circumstances, the use of atine or disc cultivator may be as effective
because the durry will remain exposed on the surface for a shorter time,

Low emisson techniques for solid manures

24.  Although it can be used for dl types of manure on arable soils, incorporation into the soil isthe
only prectica technique for reducing emissons from solid manures. Most of the ammoniais released
within afew hours of spreading. It is recommended, therefore, that incorporation should take place
within 24 hours. The manure must be completely buried for maximum abatement and it is often more
difficult to achieve this with some solid manures (e.g. those containing large amounts of straw) than with
durries. Ploughing is usudly the most effective means of incorporation athough other methods, such as
disc or tine cultivators, may be as effective depending on the manure and soil characterigtics.

Other techniques

25.  Thefollowing techniques can dso hdp to reduce ammonia emissons, dthough they may not be
as effective or rdiable as those outlined above:

@ Time of gpplication: Spreading under coal, ill, humid conditions, will hep to minimize emissons,
(b) Dilution of durries; where soil conditions dlow, diluted durriesinfiltrate into the soil more reedily
than viscous durries so emissions cease sooner after goreading. The need to spread alarger volumeisa
disadvantage. Smilar results can be achieved by irrigation after gpplication;

(© Mechanicd separation of durries: goplying the liquid fraction from an efficient separating machine
can giveasmilar reduction in emissons as diluting durry.

26. Other techniques, for example the use of additives and acidification of durry, are ether not proven
to be effective or have practica problems that severdy limit their use.

Practica consderations

27. Effectiveness in reducing emissions, gpplicability and costs should be taken into account in
selecting the most suitable techniques for reducing anmoniaemissions. Guidance on the effectiveness
and applicability of the different methodsis givenin Table4.1. The reduction in emisson is expressd
as a percentage of the reference method. The reference for manure gpplication method is defined asthe
emission from untreated durry or solid manure spread over the whole soil surface (“broadcast”). For
durry, thiswould be with a tanker equipped with a discharge nozzle and splash plate. For solid manure,
the method would be to leave the manure on the soil surface for aweek or more.
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28.  The effectiveness of abatement achieved with band spreaders and injectors will vary with the
dry matter content of the durry, soil properties and crop characterigtics. Similarly, the effectiveness of
Incorporation varies with the type of manure and the time since spreading. Band spreadersare, in
generd, more effective on arable than on grasdand and when used with dilute pig durries than with
more viscous cattle durries. Band spreaders and injectors are not suitable for use on steeply doping
land and sub-surface injection techniques do not work well on very stony or compacted soils. Open
dot injectors are more gpplicable to awider range of soil types and conditions than closed dot
machines. Small, irregularly shaped fidds present difficulties for large machines. Incorporation is
restricted to land that is cultivated. Umbilical systems, where the gpplicator is mounted directly on the
tractor and fed from atank or pipe viaalong flexible hose, offer an dternative to mounting the
gpplicator on atractor drawn tanker. They have the advantage of higher work rates and of lessening
the risk of soil damage and can be preferably be used on farms with smdll distances between durry
gore and the field. Capital and operating costs for low emission sysems are likdly to be more than for
"broadcast” spreading techniques.

Table 4.1. Practical considerations in sdlection of ammonia abatement techniques for
landspreading manures.

Abatement Manuretype | Land use Reduction in | Restriction on applicability
technique emission
Trailing hoses Slurry and Grassland/ 10-50% Field dope, size and shape. Not
liquid manure | arable land viscous slurry. Width of
tramlines for growing cered
Ccrops.
Height of crop is a factor on
arable land
Trailing shoe Slurry and Mainly 40-70% As above.
liquid manure | grassland
Shdlow Slurry and Mainly open slot 50- | Asabove. Not stony or very
injection liquid manure | grassland 70% compacted soils
closed dot
70-90%
Deep injection Slurry and Arable land 70-90% As above. Needs high powered
(including arable | liquid manure tractor
injectors)
Incorporation All manure Arable land 20-90% Land that is cultivated,
into soil types including grass preferably ploughed
leys
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D. L ow emission manur e stor age techniques

Introduction

29.  Ammonialosses from buildings and after oreading anima manures are usudly the most
Important emission sources, however losses from stored durries and solid manures can dso make a
sgnificant contribution to the total emisson of anmonia. Storage enables manures to be spread on to
land at times of the year when the risk of water pollution (e.g. through nitrate leaching) islow. It dso
alows manures to be utilized for crop production.

Storage of durry and other liquid manures

30.  After remova from anima houses, durry is stored either in concrete, steel or wooden tanks (or
dlos) or inlagoons. The latter usudly have ardaivey larger area per unit volume than the former and
thus a greater potentid for ammonia emissons. There may be nationd or regiond regulations controlling
the design, congtruction and management of manure stores.

31l.  Techniquesfor reducing anmoniaemissons from manure stores include:

(a) Desgn of the sore

() Size. The store should be of sufficient Sze to avoid spreading on land at times of the year
when thereisarisk of water pollution (e.g. through nitrate leaching) and to alow application at
the best time with regard to crop nitrogen demand. Frequent mixing and emptying should be
avoided wherever possible because these operations increase anmonia emisson. However,
mixing and remova of durry for oreading is likely to be more frequent on grass than on arable
farms to enaure effective utilization of the durry.

(D) Surface area. Reduce the surface area (or emitting surface) of the sore. For example,
the surface area of a 1000 nT durry store can be reduced by more than one third, if the height of
the Sdesisincreased by 2 mfrom 3to 5 m. Generdly, for practicd (mixing, reducing required
volume for precipitation) and abatement reasons, the height of the store should be at least 3m
wherefeasble.

(b) Coversfor durry tanks or sllos. Covers on durry stores are an effective means of reducing
ammoniaemissons. The options for covering tanks or slos are summarized in Table 5.1. They include:
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® Roofs etc. These are the mogt effective techniques for reducing ammonia emissions but
aso the most expensive. Whilgt it isimportant to guarantee that covers are well sealed to
minimize air exchange, there must be smal openings or afacility for venting to prevent the
accumulation of inflammable methane gas, especiadly with tent structures,
(i) Floating covers. These are usudly made from plastic sheets and are less effective than
roofs, dthough they are usudly less expensve. Double sheets with shrink-wrapped polystyrene
are often used to avoid gas bubbles and sinking of parts of the sheet. The floating cover should
be fixed to vertica ropesthat are fastened to the sorewadl. This prevents the cover from turning
during manure mixing and being lifted off by wind. Properly congtructed roofs and some floating
covers aso exclude rainfal from the store and so increase the volume of durry that can be stored;
@) Natural crusts. Cattle durries normally build up anaurd crugt of floating organic materials.
The crugt will only form if the dry metter is high enough (>7%) and tirring can be minimized.
The crust should cover the whole of the surface area of the manure. The store must befilled from
below the crust to avoid breaking it up;
(v) Hoating crusts. Theintroduction of straw, LECA (light expanded clay aggregates) bdls,
pedt, oil or other floating materia on the durry surface in tanks or lagoons can reduce emissons
by cregting an artificid crud.
- Straw. The most effective way isto introduce chopped straw with a sdf-propelled field
chopper (forage harvester) at alength of about 4 cm. About 4 kg straw/n¥ should being
blown into either the emptied or the filled tank by awel-instructed and experienced driver;
- LECA bdls. Theintroduction of LECA balls can be done very esslly. It ismore
expensve than straw but only about one third as costly as acompared to atent structure.
About 10% of the materid is usudly lost yearly from emptying the Store. Agitating one day
before spreading and briefly just beforehand can help to reduce losses.

32.  Theuseof ail and peet is not recommended because of practica difficulties dueto alack of
experience under farm conditions.

33. It is more difficult to reduce ammonia emissions from lagoons than from tanks. The condruction
of new lagoons should be discouraged in favour of tanks. The replacement of exigting lagoons with tanks
can be considered to be an abatement technique. Covers for lagoons, however, are available and
artificia crusts of straw or LECA balls have been used. About 7-12 kg/nt straw is needed. It may be
difficult to retain these materials on large lagoons under windy conditions.
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Table5.1. Effectiveness and applicability of ammonia abatement techniquesfor durry stores

Abatement | Livestock Emission | Applicability Remarks
Measure |Class reduction
(%0)
rigid lid or al 70-95% |tanksand slos no additiond capacity for rain
roof only water needed,
limitation through atic
requirements
flexible cover al 60 tanks and sllos limitation through datic
(eg. tent only requirements
dructure)
floating cover al 60 not practicable on
lagoons due to
high cogts
Natura crust cattle, pig 35-50 | not onfarmswith
durrieswith frequent spreading
more than 5-7
% DM
atifica crugs | pig and catle 40-70 |not practicable on
straw durry thin liquid
manures, not on | increased N0 and probably
farms with methane-emissons
frequent spreading
atificdd cruds al 60-90% |dsoonthinliguid |increased N0 and probably
lecabdls etc. manures, not on | methane-emissions,
famswith loss of LECA through pumping
frequent spreading
atifica crugs hardly any experience increased N0 and probably
peat methane-emissons
atifica crugs practica difficulties and little experience
all

Storage of solid manure

34.

At present there are no proven techniques for reducing ammonia emissions from stored solid

manures. After removal from animal houses, solid manure may be stacked on a concrete areg,
sometimes with walls, usudly with drainage and a pit for collecting leschate. In some
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countries, it is permitted to sore manure in stacks on the soil infields. Litter and manure from poultry,
especidly ar-dried dung from laying-hens, isincreasingly stored in bunkers. Management guiddines for
limiting ammoniaemissons are asfollows
@ Cover solid manure stores. Thiswill reduce ammonia emissons but isimpractical when manure
has to be loaded frequently. Furthermore, the emission reduction is often neutralised by higher emissons
a later gages of manure handling;
(b) Make the surface area of the stack as small as possible (e.g. by congtructing wals to increase the
height);
(© Keep the manure as dry as possible, for example by:
()  Storing under aroof, preferably on a concrete base;
@)  Covering with a she<t;
@)  Storing in narrow A-shaped hegps that shed water more readily, when no cover is used.

35.  Thisispaticulaly important for litter from broilers and laying-hens and air-dried laying-hen
excreta collected on manure blts that have a dry matter content of at least 60 to 70%, and thus emit
vay littleammonia. Excretafrom deep pit battery-laying hen houses, which are often stored for ayear
beneath the surface of the house, emit high rates of ammonia due to their low dry matter content. To
prevent ammonia emisson, the dry matter content may be increased by passing exhaust air from the
building over the manure hesp.

36. Other techniques include maintaining the temperature of the hegp below 50° C or increasing the
C:N ratio to >25, e.g. by increasing the amount of straw or other bedding material used. The

effectiveness of these techniquesis not yet proven.

37. It isessentid to take nationd or regiond regulations concerning the avoidance of water pollution
into account when locating manure stacks directly on the soil infidds.

E. L ow emission animal housng sysems

Introduction

38. Livestock housing, together with the gpplication of manuresto land, is one of the largest sources
of ammoniaemission from agriculture. Thisisduein large part to atificidly ventilated pig houses. For dl
types of housing, the requirements of anima welfare codes must be taken into account in deciding
stocking dendty, etc. Appropriate husbandry of the farm area can contribute to the reduction of
ammoniaemissons and other forms of pollution.

39. A range of emisson abatement methods are avallable which vary from high to negligible cost and
in their applicability to different housng sysems
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Slurry based pig houses

40.  For datted floor systems, the following techniques can contribute to emission abatement:

@ Reduce the surface area of the datted area, eg. by usng partialy datted floors. Sla design
should facilitate maximum transfer of dung and urine to the channdls. Solid floor areas should have
provisons (eg. adight dope) for urine to drain to the channds. Channels should be emptied frequently
to a suitable store outside the house. This can be achieved by the use of avacuum system, by flushing
with water, untreated liquid manure (under 5% dry matter) or separated and aerated durry;

(b) Reduce the exposed surface of the durry beneath the dats, e.g. by constructing channes with
inwardly doping walls so thet the channel is narrower at the bottom than at the top. The walls should be
made of a smooth materid to avoid manure sticking to them;

(© Lower durry temperature. For existing houses, the temperature of the durry in the channels can
be lowered by pumping a coolant (e.g. groundwater) through a series of fins floating on the durry
(recycling groundwater may not be permitted in some countries or regions);

(d) Improve animal behaviour and design of pens. Penswith partidly datted floors should be
designed so that pigs can distinguish separate functiond areasfor lying, eating and dunging. Theam isto
keep the solid part of the floor as free from dung and urine as possible to reduce ammonia emissions.
For example, longer narrow pens help to ensure that the pigs do not dung on the solid part of the floor.
The position of feeders and drinkersin the pen isaso important. Feeders should be positioned in the
front of the pen and drinkers a the back above the datted part of the floor. High room temperatures
encourage pigsto lie down on the datted portion of the floor (the dunging area) rather than on the solid
area. Thiscan lead to adirty solid floor areaand an increase in emissions that make it necessary to take
additional steps to achieve good abatement, (e.g. improved ventilation or controlling the temperature of
the solid floor to encourage pigsto lieon it). Detailed desgn and management will vary from country to
country and from region to region. In generd it is more difficult to control the behaviour of the pigsin
warmer climates,

(e Avoid ventilaion directly above the surface of the durry in the channds. The higher air velocity
will increase ammonia emission from the manure surface. In pig houses where thisis unavoidable, the
gap between the dats and the manure surface should be sufficiently large to minimize air velocity.

Straw-based pig houses

41.  In sraw-based pig housng systems, i.e. with solid manure production, the following
consderations are important:

@ Manage bedding to ensure pigs have a clean, dry bed;

(b) Ensure that drinkers and troughs do not lesk;

(© Prevent urine accumulation.
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42.  Straw-based systems are better for anima welfare but deep litter systems are also associated
with high emissons of anmoniaand nitrous oxide, especidly during storage and composting (see section
5). A smdl amount of straw will provide more animad-friendly conditions for the pigs and will be better
for the environment. An exampleis the sraw-flow system. The eating of straw, however, can affect
digestion in the pig so that a greater proportion of the N is excreted in the faeces.

Low emisson sysems for poultry buildings

43. Ammoniaemissons are minima when the dry matter content of manure or litter is 60% or above.
For poultry litter and manure, abatement techniques should aim to increase the dry matter content by
preventing spillage of water and, in new buildings, providing adrying mechanism.

44,  Emisson abating options for laying hen buildings indlude:

€) Bdt sygems. Droppings are collected and regularly removed from the building on a belt fitted
benesth the animals. Drying the manure on the belt gives a further reduction of anmoniaemissions,
(b) Stilt houses. Droppings accumulate in a chamber benesth the tiered cages or aviary systems.
The chamber has large openings to permit air to enter and assst drying. Existing buildings should be
managed to maximize the drying of the manure.

45.  Inbrailer and turkey buildings the quality of the litter is the main factor affecting anmonia
emissons. In new buildings, ventilation systems should be designed to remove moisture under al weether
and seasond conditions and the house should be well insulated. In new and existing houses measures to
avoid condensation should be taken and nipple type drinkers, which are less prone to spillage, should be
provided for broilers.

Low emisson sysemsfor cattle buildings

46.  Tied housing sysems emit less ammonia than loose housing systems because of the reduced
soiled area. Neverthel ess such systems are now discouraged for anima welfare and labour reasons.

47.  Itisdifficult to reduce anmonia emissons from naturaly ventilated cattle buildings.
Modifying the diet, as outlined in Section 3, offers some possibilities. Systems for frequently
cleaning, by scraping of flushing, passageway's used by the cattle may be possible in some
buildings. Using water increases the volume of durry that must be stored and managed. Adding
acid or formdin to the flushing water improves ammonia emission abatement but is hazardous and
not recommended. Designing the floors of passageways to minimize the exposed surface area of
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the urine and to ensure that it drains rapidly to a pit can be consdered for new buildings. Thiscan
be achieved by constructing ridged floors where urine collects in and drains from the narrow
troughs. Good husbandry e.g. keeping passageways and yards used by cattle as clean as
possible, can contribute to lower anmoniaemissons on most farms.

48.  Forloose-housed cattle bedded on straw, increasing the amount of straw used per animd can reduce
ammonia emissons from the building and during manure Sorage.

F. Limiting ammonia emissions from the use of mineral fertilizers

Ammonialosses from minerd nitrogen fertilizers

49.  Mogt ammonia comes from livestock manures and durries, but around 10% is emitted following
nitrogen fertilizer gpplication. Losses from ammonium nitrate (AN) are usudly small, often less than 1%
of the totd nitrogen applied. Lossesfrom other N fertilizers, eg. MAP, ammonium sulphate and urea
may be much greater. Losses from ureamay range from 5% up to 30% under certain conditions which
iIswhy ureais often perceived to be aless efficient source of nitrogen.

Urea

50.  To beuseful asafertilizer, ureaneeds to be broken down by the naturdly occurring enzyme
urease. Ammoniaand carbon dioxide are reeased during this process. If this happens on the soil
surface, then ammoniawill be lost to the amosphere. If the breakdown does not take place until the
urea has been mixed into the soil then the ammonia can be ‘ captured’ by clay and organic metter in the
soil or form more stable compounds. Urea applications therefore need to be well managed to make
mogt effective use as afertilizer and to reduce the likelihood of ammoniaemisson. It s, therefore,
important that ureais mixed or washed into the soil before such breakdown occurs.

51.  Ammonialosses from urea application are often greatest on light, sandy soils due to their low clay
content and limited capacity to absorb ammonium-N. Despite their high pH, losses on chak soils may
be less than on some other soil types because of their greater clay and cacium content and their capacity
to retain ammonium-N.

52. In dry periods, anmonialosses may be greater from urea gpplied to grasdand than to arable
crops.

53. Ammoniaemissons from agueous solutions of urea are the same as for solid formulations. The
amount of water gpplied in solution fertilizersis very samdl and not usudly enough to wash the ureainto
the soil.
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54.  Foliar sprays of ureacan increase the gran-N concentration of milling whesat but can result in
emissons of ammonia

G. Limiting ammonia emissons from mineral fertilizers

Urea

55.  Tominimize anmonia emissons from urea fertiliser, the following guidelines should be adhered
to:

@ Incorporate the urea into the soil. Quickly mix ureainto the soil wherever possible. Thisoptionis
not available where urealis top-dressed onto ceredls or grassand but can be used where ureaiis applied
to seedbeds. Asfor dl nitrogen fertilizers, if seedbed agpplications are made, care must be taken to avoid
large amounts of urea close to the seed because this may inhibit germination/sprouting;

(b) Spread urea during appropriate weether conditions. Apply ureajust before thereis sufficient rain
to wash it directly into the soil. Where ureais used as atop dressing, the best time to gpply isjust before
irrigation with water. Avoid applying ureawhen the soil is moist or when there are heavy dews & night
but when the wesether is changing to adry or windy period. On grasdand, it is particularly important that
urea be gpplied only in the early season, for first-bite or first-cut silage, to increase the likelihood of rain
occurring soon after gpplication;

(© Urease Inhibitors. Urease inhibitors can be used to delay the breakdown of urea until it has been
washed degp enough into the sail to greatly reduce ammonialoss. They offer a potentialy effective but
costly method.

Ammonium ulphae

56.  The potentid for anmonialoss from ammonium sulphate will depend upon pH. Losseswill be
gmall with pH < 7.0 but above that level dternative sources of N and S should be sought.

Ammonium bicarbonate

57.  Ammonium bicarbonate may be available in some UNECE areas. Gaseous N |osses of up to 50%
have been measured following its gpplication. Ammonium bicarbonate should therefore not be used as N
fertilizer.



