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R6sum6

Ce volume rassemble les actes de la 8" Conf6rence lnternationale d'un R6seau
FAO sur le Recyclage des D6chets Agricoles, Municipaux et lndustriels en
Agriculture (r6seau RAMIRAN, pr6c6demment appel6 R6seau sur la Gestion des
D6jections Animales), qui s'est tenue i Rennes du 26 au 29 mai 1998. Le thdme de
la conf6rence 6tait les strat6gies de gestion des d6chets organiques utilis6s en
agriculture, et celle-ci 6tait organis6e en 5 parties :

o Strat6gies de gestion des d6chets organiques utilises en agriculture
. Valeur agronomique des d6chets organiques
o Mesure, mod6lisation et maitrise des 6missions gazeuses
. Traitement et gestion des d6chets
. lmpactsenvironnementaux

Six articles sont pr6sent6s dans la premidre partie sur le theme des strat6gies de
gestion incluant les systdmes experts, la mod6lisation et les aspects
r6glementaires. La deuxi€me partie comprend 11 articles sur la valeur
agronomique et d6bute par une synthdse qui rappelle les bases historiques de
l'utilisation agricole des d6chets organiques. Afin d'aboutir d un recyclage efficace,
il est en effet n6cessaire de bien connaitre et pr6dire la disponibilite en 6l6ments
nutritifs. Les diff6rentes 6tapes du recyclage de d6chets organiques
s'accompagnent 6galement de diverses voies de fuites de compos6s gazeux
ind6sirables pour I'environnement. On distingue notamment l'ammoniac (NH.), le
protoryde d'azote (NrO) et le m6thane (CHo). Les inventaires et m6thodes de
r6duction de ces gaz sont pr6sent6s i travers 9 articles dans la troisidme partie de
I'ouvrage. La quatridme partie d6crit les techniques de traitement et de gestion des
d6chets, notamment des effluents d'elevage. Enfin la dernidre partie pr6sente les
aspects environnementaux lies i l'utilisation de d6chets organiques et notamment
les m6taux lourds apportes aux sols par les dejections animales et les aspects
sanitaires.

Cet ouvrage rassemble les principaux auteurs impliques sur ce domaine de
recherche et pr6sente, i la fois les derniers r6sultats de leurs travaux, mais
6galement des consid6rations pratiques, n6cessaires pour assurer une gestion
optimis6e des d6chets organiques en agriculture.



General Abstract

This volume contains the Proceedings of the 8th lnternational Conference of the
FAO ESCORENA Recycling of Agricultural, Municipal and lndustrial Residues in
Agriculture Network (RAMIRAN, formerly the Animal Waste Management Network),
held in Rennes, France, from 26 to 29 May 1998. The theme of the Conference
was Management Strategies for Organic Waste Use in Agriculture and the
Conference was divided into five parts:

o Management strategies for organic waste use in agriculture
. Agronomic value of organic wastes
. Measurement, modelling and control of gaseous emissions
. Processing and handling of wastes
o Environmentalimpacts

Six papers were presented in Part 1 on the theme: Management Strategies
Covering Expert Systems, Modelling and Legislation. The second part consisted of
11 papers on the agronomic value including a review describing the historical basis
for the application of organic wastes to land. To achieve proper recycling, it is
essential to understand the crop availability of nutrients. The various stages of
organic waste recycling provide numerous opportunities for the escape of
environmentally active gases. The gases of greater concern include ammonia
(NH.), nitrous oxide (NrO) and methane (CHr). lnventories and methods for
controlling these emissions were explored through 9 papers presented in Part 3.
Part 4 covered the different aspects of handling and processing wastes in general.
Special attention was given to animal manure, but also other wastes were
considered. The final part on environmental aspects was mainly devoted to the
metalcontent in animalwastes (4 papers) and hygienic problems.

The book brings together the leading workers in the area and provides an up-to-
date account of the research together with implications for practical
recommendations in this environmentally sensitive field.

These considerations led us to the conclusion that this book is timely and fills a void
on a subject that lacks integrated scientific information.
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Preface

The 8th lnternational Conference of the FAO ESCORENA Recycling of Agricultural
Municipal and lndustrial Residues in Agriculture Network (RAMIRAN, formerly the
Animal Waste Management Network), was held in Rennes, France from 26 to 29
May 1998. The Conference gathered nearly 150 delegates representing more than
26 countries. Colleagues from all European countries, Japan, Canada, USA,
Russia and Chile were present in Rennes.

The FAO European Cooperative Research Network on AnimalWaste Management
was formed in '1976. The principal activity of the Network is for members to
exchange research information and to prioritise work topics, which are then
undertaken by expert groups. The need to change the direction and name of the
Network to RAMIRAN, was agreed at the last Network meeting in Godollo, Hungary
in 1996. After 20 years of focusing on animal wastes, it is now necessary to include
municipal and industrial wastes as these are increasingly spread on land and are
also the cause of environmental pollution. Animal wastes remains a significant
component of the Network's activities but would be considered in a more integrated
manner with other wastes which have similar benefits and problems when spread
on land.

The theme of the Conference was Management Strategies for Organic Waste
Use in Agriculture and the Conference was divided into five sessions:

) Management strategies for organic waste use in agriculture
F Agronomic value of organic wastes
F Measurement, modelling and control of gaseous emissions
) Processing and handling of wastes
) Environmental impacts

During these session, 43 papers were presented, including four invited papers
(C.H. Burton, J C Fardeau, J-M. Merillot and B.F. Pain). These papers are
published in this book. ln addition, 50 poster papers were displayed and for each a
short oral presentation was allowed.

The Conference confirmed the importance of the ad hoc expert groups as the focus
of Network activities between meetings. Progress on their activities will be reported
at a workshop planned for 2000 to be held at the lnstitute of Agricultural
Engineering, Milan, ltaly. lt is planned to hold the 9th major meeting in 2002, which
will probably be hosted by the Research lnstitute of Experimental Veterinary
Medecine at Kosice, Slovakia.
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Part 1

Management strategies for organic
waste use in agriculture.

Chairman : J.E. Hall (UK)
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Management strategies related to legislative, economic,
agronomic and environmental impact of organic wastes.

lnvited Paper

Stratigies de gestion des ddchets organiques prenant en considdration
leu r impact l$gislatif, 6conomique, agronomique et e nvironneme ntal.

Jean'Marc M6rillot
Head of Agriculture and Food Department.
French Agency For Environment And Energy Management, Ademe.
Centre d'Angers. 2, square La Fayette. BP 406. 4WO4 Angers Cedex 01. France
E-mail : jean-marc.merillot@ademe.fr

Abstract

As a result of scientific sfudies and public awareness, environmental protection is
now recognized as one of the basic state policies. Sfriafegies management of
anthropic activities must, mote than ever, take in account not only the
environmental legislation corpus, but the concepts and principles fhat are used to
build the public policies. Most of the times, it considers also economical and
financial procedures (taxes and grants) and technical tools analysis (systemic
analysis and flows balances). Agricufture is highly concemed because of its natural
relations to environment and also because of its weight as a production /
consumption chain.

ln most cases, spreading is used for soil restitution of nutrients but with unbalanced
flows resulting in environmental impacfs. /f rs obvious that tenitoial regulation of a
< back to soil stntegy >> must be built on the aptitudes of :

soils fo be amended,
crops to be feftilized,
farms to gain profit,
neighbours to agree,
naturalareas and ressources to be protected and exploited,

When consideing each elementary flow, the questions are .' what kind of natural
cycle is peftinent for a specific flow ? Where and how is rf sfored in nature ? The
answer is different for carbon, nitrogen or phosphorus.
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R6sum6

Devant les r6sultats d'6tudes scientifiques et face d la demande du public, la
protection de I'environnement est maintenant reconnue comme une des politiques
publiques des 6tats.

Les strat6gies de gestion des activit6s humaines doivent de plus en plus prendre
en compte non seulement le corpus juridique et r6glementaire de I'environnement
mais aussi les concepts et principes sur lesquels sont construites les politiques
publiques. Trds souvent, elles intdgrent aussi des proc6dures dconomiques et
financidres (taxes et subventions) et s'appuient sur des outils techniques (bilans et
analyse syst6mique). L'agriculture est hautement concern6e, par ses relations
naturelles i l'environnement, mais aussi par son poids dans la chaine de
production / consommation.

L'6pandage est une modalit6 trds utilis6e mais en raison du des6quilibre des flux, il

conduit i des impacts environnementaux. ll est 6vident qu'une strat6gie de retour
au sol doit 6tre bas6e sur I'aptitude :

des sols d 6tre amend6s,
des cultures d 6tre fertilis6es,
des exploitations i 6tre rentables,
du voisinage d 6tre d'accord,
des zones et ressources naturelles i 6tre pr6serv6es et exploitdes,

Si l'on prend en consid6ration chaque flux 6l6mentaire, les questions qui se posent
sont : A quel cycle naturel se rapporte-t-il ? OiI et comment est-il stock6 dans la
nature ? La r6ponse est diff6rente pour le carbone, I'azote ou le phosphore.

1. lntroduction

Traditionally, management strategies of manufactured products cover the wide
range of technical, economical and social considerations, which have learned to
live together more or less quietly. The emergence of environmental considerations
is relatively recent and leads to troubles. At this point of our knowledge and
practices, we can say that :

. new questions that have to be taken in account are identified
o their solutions are not always correctly implemented
o it is often difficult to organise them into a global problematic
. it is even more difficult to translate them into actions
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Applied to waste management, the level of difficulty increases of several points,
because waste management is, more than other subjects, a conflict area. Further if
you add "organic" to "waste", you again increase difficulty because of the
complexity of the organic matter, of its reactive potential and of psychological
considerations.

A management strategy results of the answers to the following questions

. What is ideally wishful ? considering the global context

. What is socially acceptable ? considering the present situation
r What is readily feasible ? considering my specific position

These questions must be asked with a frequency depending on the speed of
evolution of context, situation and position. However, this evolution is rather rapid
because we actually live a period of construction under uncertainties. lt means that
the questions related to organic waste management must be answered through a
prospective analysis, and with a proactive management policy as strategy means
that you want to anticipate, to predetermine events and not to stay running after
them.

So, the first point is to review the main environmental policies, to analyse their
conception and development mechanisms in order to find how they can change in

the next future. The second point is to detail the role of waste management policies
and systems inside the range of environmental policies, and finally the third point is
to describe the possible strategies for organic wastes. I will conclude on the future
of the "back to soil" strategy applied to all kind of wastes.

2. The place and role of environmental policies

Maybe, the second part of our finishing century will stay in memories as the
emerging period for environmental public policies. And maybe that future
generations will find at least funny or completely crazy out polemic debates and our
environment protection programs. But, the fact is that each state is building
progressively its environmental policies through :

. the organisation of public services for control and incitation
o the development of a legislative corpus
o the modification of the existing economical rules

The role and respective weight of this different parts varies a lot from state to state
resulting in more or less "hard" or "soft" regulation policies.
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These policies answer to a social demand, as the public opinion has been aware of
environmental impacts through scientific works. Aiming to modifo our economical
development conditions, basically responsible of environmental problems, it is not
surprising that they use of financial mechanisms in order to change the value of
things, activities and products.
lf we look for details on environmental policies, we must consider on one hand the
concepts, principles and tools on which they rely and on the other hand the different
fields they cover and the way it is co-ordinated.

The concepts, principles and tools can be related to their rationale :

- economical changes
- global public policies
- scientific approaches
- engineering
- ecological ideal

to
to
to
to
to

polluter/payer principle
sustainable development concept
systemic analysis
best available technologies strategies
nature protection strategies

Environmental policies cover a wide range of problems. lt results in specific
thematic subpolicies, which can be gathered into groups :

o Natural Resources Quality Preservation (air, soils and water)
. "Wild" Nature Protection (biodiversity, protected areas, species in

danger...)
o Production Activities Regulation (emissions regulation and waste

treatment)

The third one is often the result of the others which give the background to assess
the field and level of regulations.

Agriculture is highly concerned with environmental policies, because of its natural
relations to nature. lt is surrounded by :

o elementary fluxes and geo/biocycles
. space occupation and landscapes
o Qualit! of its own natural resources
. wild life versus its domestication processes (fauna and flora)

The main problems with agriculture is that

1. local impacts are the result of a collective behaviour. So the corrective
actions must also be collective

2. agriculture covers a wide range of activities, and two main levels of
production, e.g. vegetable growing and animal feeding, which have
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significant differences considering their respective environmental
impacts.

3. production systems for a specific activity are also widely different,
depending on many parameters, a part of them are determined by the
natural localcontext.

Agriculture is also involved, as a primary activity, in an important
production/consumption chain : the food chain. Specific tools have been developed
to analyse the impacts of products through their production chain. Life Cycle
Analysis is a well known one. lt considers that quality requirements and
environmental production conditions are more and more imposed to producers as a
feed-back requirement of consumer behaviours. Applied to primary agriculture
productions, the problem with such tools is to correctly integrate all the local
impacts most of them depending of conditions or practices inside the system and
then of the hypothesis that are used.

Another common specificity of the different production steps of this chain is the co-
production of organic wastes :

o crops residues
o animal slurries and manure
. agro food organic wastes and by-products
o the organic wastes or fraction of wastes produced by shops,

restaurants, and finally household
o at the far end, the organic wastes coming from sewage treatments

Allthese wastes are involved in a specific management system based on biological
processes through animal feeding, biodegradation and new vegetable organic
carbon fixation

Following this organic chain, we can notice that generally

the production of organic wastes decreases from agriculture to food
industries and then to household
the organic purity decreases also, either by mixing with other wastes
or by contamination
the financial capacity increases

When trying to solve environmental local impacts, the first problem is to define the
territorial system and its boundaries. For water pollution problems, it is relatively
easy. But, for air pollution, it can be more dfficult. Another problem is to determine
the respective responsibilities and also to find the solidarity between activities on
which can be built action plans. Concerning local space management, there are two
main competitors involved in land uses responsibilities : agriculture (cropping) as an

a

a

a
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exploitation activity and municipalities as a public administrative regulation level.
Manufactories and shops are more concerned with product exchanges (transport of
goods, of energy, water resources...) and then with tenitorial equipment and
networks. The corresponding public administrative levels are regional or national.

To achieve this description of environmental problems and strategies, let's have a
look on the systemic analysis method. As it comes from physical and chemical
principles, it has been developed to assess the impacts of physical and chemical
fluxes in and out of a speciflc system, a production system for instance. But, the
reasons of the present situation are not physical or chemical. lt is more and more
important to take in account for the same system :

o social and economicalflows (employment, costs, added value...), which
can be easily done

. psychological and culturalflows, which is a little bit more difficult

It is important because the problem of environmental impacts of anthropic activities,
which is as old as humanity, needs a negotiated political response and not only a
scientific explanation. Maybe, we can find here the reasons of the troubles
produced by environmental considerations when applied to social, economical and
technical systems.

3. Waste management policies

Among the different specific environmental policies, one is dedicated to waste
management. lts role is to develop an intermediate eco-industrial activity which
avoid the direct contact between raw rejections (sewage, gases, solid wastes) and
the environment. The waste management system takes in account:

. primary wastes from production/consumption chains including used
packaging, by-products...

. secondary wastes from treatment of rejections as sewage sludge, flying
ashes...

Any waste management system relies on :

o Prevention including avoided productions and improved quality of
wastes

. Re-use and recycling of wastes
o Storage in landfills or salt mines, with graduate levels of insulation

depending on the wastes danger potential

The system is limited and then determine by the two main points that are
Prevention and Landfilling. The problem with prevention is to agree on what has to
be prevented : pollution, costs, landfilling, transport... The problem with landfilling

20



depends on the role it plays in the system. lt can be only a final storage equipment
for treated wastes or a treatment step, something like an outdoor reactor.

The waste system is mainly defined by the pressure that is made on landfilling
through its legal, technical and economical obligations, comparatively to the same
kind of obligations on the other possibilities. The aim of waste re-uses is not only to
avoid environmental damages from waste disposal, but also to decrease the
exploitation of natural resources through recycling. As it is generally not
economically profitable to recycle, taxes and financial mechanisms have been
developed mainly to charge the consumer and not the citizen.

As the waste treatment activity can produce more pollution than avoided, the waste
treatment system must be a clean one. Most of the time, specific emission levels
are decided for wastes treatment plants and specific quality composition for waste
derived products.

Re-use of waste can be done through three main strategies
o an industrial recycling/re-use strategy
o a "back to soil" strategy
o ?D eo€rgy production strategy

Each waste strategy can be done by different ways. On one hand, it can integrate
industrial cycles, as a "secondary raw" matter, for instance glass or cardboard
recycling or industrial organic fertilisers production for organic wastes. At the
opposite, less valuable wastes are managed through a territorial organisation of
treatments plants, with different space levels as for "Russian puppets". These
plants feed proximity utilisation (through networks or local markets).

4. Organic wastes management

The recycling of organic wastes back to the food chain can be done at different
steps of this chain. For instance, animal blood can be used for human food, for
animal feeding or for crops fertilisation. lt seems natural that organic wastes come
back to the food chain, but only as far as it is acceptable, I mean safe and not
shocking. But, organic matter can also be used for energy production through
digestion or combustion or cogeneration, as a gaseous, liquid or solid fuel, which
represent a lot of different possibilities. lf lignocellulotic, it can also be used in
material recycling, and so on.

The problem of the best solution with organic wastes management covers three
main considerations.
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First, the complex composition of organic matter, if we consider all the elements,
leads to a lot of environmental questions about the most pertinent way to manage
the corresponding fluxes. ls nitrogen better in air as ammonia than in water as
nitrates ? And what about soil accumulation of trace elements ? ls phosphorus the
best target element for organic wastes spreading ?...

Secondly, organic matter is generally very "reactive", I mean potentially source of
reactions (as biodegradation, volatilisation, toxicity, ecotoxicity...) depending on its
environmental fate. lt leads to two kinds of consequences : pollution problems, of
course, but also treatment problems as whatever the process you choose, it has
adverse effects.

Third, organic wastes can have a high content of water with and consequently, the
fate of this water flow must be considered. But, the main point with this associate
water is that the alternative strategy is not a solid waste one but a sewage
treatment one.

Up to now, most of the territorial organic waste management systems include

F a "back to soil" basic strategy, through spreading of more or less
treated (denitrified, digested, composted, limed...) products. The limits of
this basic option come from crops and soils needs and from
environmental policies based on nitrogen or phosphorus loads. The
adequate territorial level is the local agriculture area. lt is relevant for the
most aqueous organic wastes including a wide part of soluble elements.
The solid wastes or the extracted solid part of wastes can also be
managed with the same strategy but at a larger space scale.
F an energy strategy based on combustion or incineration in local
supplying energy plants. lt works pretty well for dry lignocellulotic wastes
and can be used for the excess solid part of wet organic wastes. The
good scale covers several municipal tenitories depending on the local
activity pressure and the energy corresponding networks. Anaerobic
digestion can supply energy but remains a biological strategy as the final
digested products is mainly spread on lands.
F finally, landfilling is still widely practised. But, the future of organic
waste landfilling is under discussion and most of environmental policies
aim to reduce or ban it. Direct organic wastes landfilling needs methane
recovery and, if profitable, utilisation.
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5. A biological management strategy for organic wastes

What will happen in the next future ?

There is, nowadays, a great problem of acceptability of spreadings, for municipal
sewage sludges because of health risks and of the bad image of the product, which
applies also to animal slurries because of odour and excessive spreadings.

ln order to stop a slow decline of spreadings, the ADEME works on the concept of
biological management of wastes. This concept covers all the "back to soil"
possibilities but places life and biological processes at the heart of the strategy, as
the main decision parameters to regulate this strategy. Then, it must be a demand
drived strategy, highly determined by quality requirements,

A programme has been developed on this concept, based on three complementary
fields :

. research and development to reduce uncertainties and to improve quality
o pilot sites to work on genuine practices and figures, and to know what is needed

and what is effective
o information system for communication and references

To be sure to forget nothing to describe the rules and laws of this strategy, seven
"points of vieW' are needed :

a) image, communication and social acceptability
b) legislation , contracts and standards
c) quality management and training
d) economical and financial conditions
e) processing, logistics and organisation
f) agricultural integration and results
g) environmental impacts assessment

The aim of this programme is to determine the future conditions of development of
the "back to soil" recycling strategy, safety conditions of course but also and mainly
its contribution to our future sustainable development.

Another key for future is our ability to develop integrated territorial strategies for all
the different sources and kind of organic wastes. We know that the resulting
systems will used more or less of each basic management possibilities, landfilling,
energy production, fertilization, animal feeding, industrial recycling... depending on
local and actual conditions. The co-treatment of different organic wastes is already
possible and has been widely demonstrated. But, the genuine co-management has
to face many resistance, and first the one which lays in minds reducing our point of
view to what happens or not in our backyard.
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Abstract

ln 1991 the University of Guelph formed a group to bing together representatives
of allthe stakeholders concemed about manure management. The deliberations of
the group, together with views of farmers and adyr.sors obtained at focus workshops
across Ontaio, resufted in a report summarizing the state of the aft in manure
management. The report identified key areas for research and development. Many
of the pnrposa/s for research were included in the Federcl-Provincial Grcen Plan
initiative. The rccommendation of most concem to the industry was the integmtion
of available information into a form that could guide farmers in improving manure
management.

The University formed a team to develop a computer-based decision support
sysfem (DSS), the first version of which was completed in 1997. The DSS deals
with manure management from the feed input, manure rclease and handling in the
bam, stomge, field application, transformation in the soil, to incorporation of
nutrients in crops.. The information on nutient /oss rs used to estimate off-farm
economic impact of the manure system. Ihe DSS also features a weighted rating
sysfem to compare different sysfems.

R6sum6

En 1991, l'Universit6 de Guelph a r6uni un groupe de travail comprenant
I'ensemble des acteurs concern6s par la gestion des d6jections animales. Les
travaux de ce groupe ainsi que les contributions d'agriculteurs et de professionnels
ont abouti i la pr6paration d'un rapport contenant l'6tat de l'art sur la gestion des
d6jections. Plusieurs propositions de recherches furent par la suite dans le contrat
de plan << Vert > Etat F6d6ral - Province. L'une des principales recommandations
6tait le besoin d'int6grer I'information disponible sous une forme utile pour guider
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- les 6leveurs dans leur choix de gestion des d6jections. L'Universit6 a alors
rassembl6 une 6quipe pluridisciplinaire pour d6velopper un systdme d'aide d la
d6cision, dont la premidre version fut pr6sent6e en 1997. Ce systdme aborde la
gestion des d6jections depuis l'alimentation, la production de d6jections et la
gestion dans le b6timent, au cours du stockage ainsi que l'6pandage, la
transformation dans le sol et I'incorporation par les plantes. Les informations sur les
pertes d'6l6ments sont utilis6es pour calculer le co0t et I'impact 6conomique du
systdme.

l.lntroduction

There has been increasing concern about the impact of animal manure on the
wider environmentl, and this has resulted in constraints to the growth or absolute
size of animal production in different regions. ln 1991 the University of Guelph
formed a group that brought together representatives of all the stakeholders
concerned about manure management. Their deliberations, together with views of
farmers and advisors obtained at focus workshops across Ontario, resulted in a
report summarizing the state of the art in manure management 2. The workshops
highlighted the need to integrate information related to the feed and supply of water
to confined animals, the design of barns and the associated storage facilities for
manure, opportunities for processing manure, transportation of manure, the land
application and utilization of manure in crop production, and the protection of the
environment from odour and excess nutrients (including carbon). Within each of
these topics, the economic aspects, educational needs, and the development of an
understanding of the processes involved, were identified as important goals that
would allow the farming community to meet its challenges. The University of Guelph
group established for Ontario a priority for research and extension related to
manure. A total of twelve priority areas was identified. The first two were: l) develop
extension packages to assist farmers in making more effective use of nutrients in
manure; ii) establish a research program involving engineers, animal scientists,
agronomists, soil scientists and economists to develop a comprehensive framework
by which alternative manure management systems can be compared. The
University, through its partnership for agricultural research and development with
the provincial agricultural ministry (Ontario Ministry of Agriculture, Food and Rural
Affairs-OMAFRA), formed a team to develop a computer-based decision support
system (DSS) that would encompass both priority areas. Most of the other priority
areas for research were included in the Canada-Ontario Green Plan initiative (see
http://res.agr.ca/lond/gp/gphompag.html). This paper describes the integration of
research, development and extension in the process of constructing the DSS, and
highlights the structure of the program that was completed in 1997.
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2. Procedures

The team of scientists was selected according to the research recommendation. ln
addition, researchers and extension workers from other public sector organizations
and from private consultancies were invited to attend team meetings. An email
discussion platform was set up as a list-serve address. Subsequently a web site
has been established (see hftpl/www.oac.uoguelph.ca/ManSys/). Two members of
the team agreed to act as project co-ordinators.

The first action point for the team was to undertake a literature review pertinent to
the needs of the envisaged DSS. This provided an assessment of the significance
that gaps in information would have for the reliability and precision of the DSS. The
material was drawn from North America, Europe, Asia and Australasia. This review
was published as a book 3 comprising nine chapters, although due to the
ovenrvhelming volumes of literature available and the need to work to a tight time
schedule, and considerable selectivity was inevitable. lndividuals provided an
overview of alternative DSS's for manure management. lt was concluded that
despite the large number of existing software packages there was still a need for a
comprehensive DSS dealing with manure handling and nutrient management.a One
important factor was that improvements in computer hardware and software have
made complex operations, until recently only possible on mainframes, feasible on
home-computers.

lmpacts of animal diet on the nutrient content of manure were reviewed. One
aspect that needed further research was the estimation of the quality of dairy
manure based on feed input.s. Various models were examined that predict the
excretion of N and P by different age classes of pigs. From these models the
nutrient content of manure on an individual farm could be calculated. lt was
concluded that more research was necessary to assess the consequences of
phase feeding and amino acid supplements for manure quality.6 After excretion,
changes take place in manure composition in the barn and during longer-term
storage prior to field application. Significant gaps were identified in knowledge of
the aerobic and anaerobic processes taking place in solid manure piles, and
knowledge of the influence of depth below the surface of solid piles or liquid
storages on composition.T The pH of manure is important for ammonia (NH.) loss,
but predicting the value at the surface of liquid manure was a major limitation in
estimating NH. volatilization. The capability to predict N2O loss from manure was
also recognised as a signfficant gap in knowledge.T The gaseous emissions from
swine and dairy cattle farms are affected by the design of livestock barns, manure
storage, and the field application of manure. The proportion of the total emission
originating in the barn was identified as requiring research, so too was the amount
of the emission that was redeposited locally.s The interrelationship between the
production and emission of CO2, CH4, N2O and NO was seen as an important area
that required more work.
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ln his review of recent research on crop response to manure nutrients, especially
nitrogen (N), phosphorus (P) and potassium (K), Beauchamps identified that the
following aspects of manure N availability required further research:

) improve methods to predict manure N availability with particular reference to
the organic N fraction from monogastric and ruminant livestock;
) mprove understanding of the roles of ammoniacal N and beddings in relation
to net immobilization and net mineralization of N in soil following manure
application to land;
) clarify crop responses to N in fall-applied manure compared with spring-
applied manure;
) develop a soil N test that reflects the availability of the organic N following
manure application;
) clarify the impact of animal diet on availability of manure P relative to fertilizer
P, particularly with respect to differences between monogastric and ruminant
livestock

It was concluded that research on manure phosphorus was generally of lesser
priority than that on manure N. Nevertheless the availability of manure P deserved
attention.

An assessment of the factors associated with the transport of N, P and micro-
organisms into surface and groundwater indicated that prediction of the contribution
from preferential flow to the transport of NO3- and bacteria was necessary. lt also
indicated that the ability to predict transport of bacteria to ground water was
limited.lo

Although on-farm economics of manure management has been studied extensively,
information was needed to allow a cost-benefit analysis for alternative management
systems.ll Alternative methodologies were identified as needed for evaluating the
economic value of environmental damages caused by contamination stemming
from manure.12

The team also decided to adapt existing programs wherever possible rather than
always create entirely new code. Research was then focussed on establishing
appropriate provincial databases for input parameters and rate constants of
processes.

A call for research proposals to cover identified issues related to manure
management was issued in 1996. This included work on the release of nitrogenous
gases from manure in storage and after application to arable fields, the
development of improved method to predict availability of N in manure, and the
evaluation of contamination of water resources from agriculture, including animal
production units. Specffic contracts were placed to develop models to cover the
transport of gases from livestock barns and manure storages, provide information
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on the transport of micro-organisms from manure to ground water after land
application, and develop a cost-benefit database for different components of
manure handling systems.

lnformation from the projects on manure funded under the Canada-Ontario Green
Plan initiative was also made available for development of the DSS.

To encourage industry participation in the development of the DSS and obtain basic
information on the manure handling systems in use in Ontario, the Dairy Farmers of
Ontario and Ontario Pork, which together represent about 14,000 of the producers
in the province, were asked to support a survey of their members. Producers were
asked about the physical plant used for manure management, and about their use
of computers. Of the dairy farmers who responded to the survey, 34% said they
would consider using a computerized DSS to aid their manure management. The
comparable number for hog farmers was 42o/o. This provided adequate assurance
that development of a computerized system would be an appropriate goal.

3. Development of the software

The construction of the DSS was based on an earlier program (MCLONE - Manure,
Cost, Labour, Odour, Nutrients and Environmental) developed for swine
operations.l3 Fleming's program was written in Turbo Prolog and had a DOS
window system of presentation. This software had been upgraded to use inputs
from a mouse control.la The new program, MCLONE3, was developed by Mals to
bring the DOS program into a modern computer language. KnowledgePro++
(Knowledge Garden, lnc., Lake Worth, FL) was chosen to use a Windowsil based
expert system presentation.

MCLONE3 uses an object-oriented format within KnowledgePro. Through a set of
screens users may provide their own inputs, save the input data files and run the
program again. There is a separation of program and data. More sensitive data
such as costs are put in separate files so that the program does not have to be
recompiled when updating. With KnowledgePro the hypertext feature is built in and
used for explanations of the 'why' and 'how'. That is, hypertext provides the user
with a response as to why the question is being asked. Similarly hypertext is used
to explain how the program will arrive at an answer. A certainty factor calculation
has been added although the user does not have the ability to change these
values. That is, the certainty of the answers is judged within the program based on
expert knowledge about the topic. The certainty value is reported to the user along
with the results in each section.
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4. Key features of the DSS

Manure production is normally based on previously available data on output for the
number, size and type of dairy and swine animalsl6 lTable 1). Another method of
determining swine manure production has been added, called the detailed method
for estimation, in which feed intake is used to determine nutrient and mass output.6
ln this approach, feed that goes to waste is assumed to end in the manure. N in
feed is assumed to be in crude protein, and will have a digestibility that depends on
the age of the animals. Undigested protein contributes to the faeces N load.
Digested protein contributes to an increase in the lean yield of the animals or is
excreted in urine. Provision is made to take account of changes in the nutrient
content of manure due to feed additives, such as phytase and amino acids. The
relative proportion following the urine pathway depends on the age and size of the
animal. For liquid storages, summer and winter precipitation and evaporation for the
various regions of Ontario are taken into account to estimate manure volume.

To account for the additional water entering the manure in the barn, different inputs
to the program are required depending on the animal type. For dairy cows the user
inputs the total amount of waste water produced per day. For swine farms, the user
inputs additional water added expressed as a peroentage of manure produced for
feeders, starters and breeders. lnput for precipitation can be provided by the user,
and for net precipitation, summer evaporation is made equal to precipitation. Winter
evaporation (November-April) is based on an estimate of 60% of the precipitation
being lost by evaporation from an open manure pit. The final volume of manure is
then given by the sum of the volume excreted, the volume of wash water, and the
net precipitation.

Dairy cows
Dairy calves

Swine

N
kg/day
0.45
0.27
0.52

P
kg/day
0.094
0.066
0.180

K
kg / day

o.29
o.28
0.29

Manure mass
kg/day

86
62u

Table 1.
Manure production of dairy and swine (per 1000 kg of body mass)

Field application takes account of the maximum hydraulic loading possible without
liquid manure running-off the soil surface. The recommended application rate
allows either nitrogen (N) or phosphorus (P) limitations depending on the soil test
results or other environmental factors. Users can also set their prefened rate. Crop
uptakels and ammonia volatilization remove N from the soil, while the sources are
manure-N, any applied fertilizer-N, and residual N from previous manure. Credit is
given for manure applied, or leguminous crops grown, in the previous two years.

N loss during each stage of handling is monitored by the DSS and finally reported
at the end of the program. The loss values were updated from the latest research
findings. They include such modifiers as losses based on type of barn, e.9., open
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dairy housing; losses from storage taking account of loading method, loading rate
and wind speed; losses during field application, where the rate of N loss reflects
inefficiencies in the method of spreading, e.9., irrigation, and from denitrification
when manure is injected. After surface spreading the amounts of ammonia
volatilization varies depending on the length of time before manure is incorporated.

Comparing the N retained on the farm with the total amount excreted by the
animals provides one means by which the environmental impact of a manure
management system is assessed. Advice on protecting water courses from P
contamination following manure application is also included in the DSS. A
phosphorus index for Ontario (P lndex) was developed based on a program
developed in Delaware.lT Essentially the index combines inherent properties of the
soil and the field with management factors (Table 2). This index provided a further
limitation to manure spreading on fields susceptible to erosion. Phosphorus not
taken up by crops builds up in the soil and is flagged at 60 mg kg!1. Above that limit,
application of manure is restricted to that removed in the harvested crop. Potential
environmental impact due to P derived from manure is then determined from the
soil P test, the amount of P applied relative to crop requirements, the risk of
storages overflowing due to inadequate volume for the number of animals housed
or due to the limited windows of opportunity for manure to be spread. The potential
pollution rating is given as a function of the sum of the P index value, the risk
associated with the application of manure greater than crop requirements, the risk
due to storage shortage, and the number of days over which the shortage might
occur.

Factor Assessment Options for modiffing factor

Soil erosion rate Soil type, slope, ground
cover, rainfall

lntroduce conservation practices

Soilwater
management

Run-off, infiltration lntroduce conservation practices

SoilP Soiltest Adopt nutrient management strategies

P application Fertilizer rate, manure rate Ensure sufficient land area for
spreading

Method of P
application

Equipment adopted Restrict time that manure is left on the
soil surface

Susceptible water Distance to water course
body

Table 2.
Factors affecting environmenfal nsks from phosphorus management on farm fields

The problems of odour from barns and manure storage are dealt with using the
minimum separation distance acceptable between these structures and non-farm
properties.ls Odour associated with field application is assumed to be proportional
to the loss of ammonia by volatilization associated with this operation.
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Data requirements for the DSS model's socioeconomic components are subdivided
into those for evaluation of on-farm economics and those associated with the cost
of environmental damage. On-farm economics requires information on operating
costs (for labour; fuels; equipment - custom hire or rentals -; repairs and
maintenance for equipment and machinery), ownership costs (depreciation and
opportunity cost interest on capital assets such as manure storage facilities,
manure collection and field distribution equipment), and benefits from manure
(opportunity cost value of plant nutrients applied to the soil and the value of any
soil-productivity enhancements due to organic matter accumulation). The manure
management system is treated as modular, and costs are incurred for each system
component. Of the operating costs, the user supplies actual costs for equipment,
custom hire, and rentals, unit costs for labour and fuels, plus quantity of labour
used. Fuel use and maintenance costs are based on ASAE standards.ls Similarly,
for ownership costs, annual amortization is calculated from the ASAE standards
equation. Benefits derived from manure are based on opportunity cost value of
plant nutrients alone, there being no reliable data source for longer-term soil
productivity enhancements; plant nutrient (nitrogen, phosphorus and potassium)
quantities are according to laboratory analysis of manure samples at point of field
application, and unit values are according to current retail costs of N, P and K in
synthetic fertilizer form.

For environmental damage cost assessment, a proxy was used. Attention is
focused on social acceptability aspects of manure management. The assumption is
made that social acceptability is inversely related to odour emissions and indirectly,
to gaseous emissions, and that the contamination of water resources can serve as
prory for environmental damage. Risk assessments related to release of odour
from barns, manure storages and during land application, to the release of
nitrogenous gases, and to the contamination of water resources due to the leaching
of nutrients, are developed for each alternative manure-handling systems using a
simple scalar of 1 to 10, 10 for lowest risk and 1 for highest.

The information generated in the potential pollution rating package, the odour rating
package, the nutrient rating package, the cost rating package, and labour rating
package is brought together in a framework of assessment for the efficiency rating
of the whole system.l3.The user can set the relative importance of each of the five
aspects to his own situation, with the provision of weighting factors (Fig. 1). The
sum of the five values of the weighting factor has to equal 100. This assessment
framework allows the user to compare dffierent manure handling systems and
evaluate how the weighting of priorities can enhance or affect adversely the
efficiency of the manure management.

As far as possible, geographicallyJocal data are used for equipment replacement
costs, labour costs and capital borrowing costs, so as to reflect regional conditions.
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Otherwise, published secondary sources are used, where available. ln many cases,
required data are not available in published form, and need to be generated by the
manure management team.

Feed

Manure uptake

Plant nutnents

N

P loss Labour analysi

A

I
analysisrisk Cost

Fig. 1 Schematic for the DSS - MCLONE?.

Note the oppoftunity to vary the weighting assoc,afed with each of the five key
areas that arc combined in the rating of the sysfem.

The alpha-test version of the DSS is available for evaluation by downloading ftom the
University of Guelph's manure management team web site (see :

http://www.oac. uog uelph.calMansys/)

5. Conclusions

A comprehensive decision support system for manure management has been
developed following an extensive process of consultation and revieralo. During the
process, close links have been established between the multi disciplinary team
assembled for the task and the dairy and swine industries through the data
acquisition process. The importance of public concern for the environment has
resulted in the assessment of the manure handling system considering nutrient use
efficiency, odour production, and impacts on water resources as well as the labour
resources and costs. The user of the DSS can change the relative weighting given
to these aspects in comparing different manure management systems.

s)6tem
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Abstract

Collection and storage of farm manures as slurry has become normal practice on
intensive livestock farms. Ihls sysfem for manure storage has many advantages
including automation of slurry collection, reduced labour requirements and minimal
use of bedding materials. ldeally, the slurry should be applied on suitable lands, at
application ntes which match the nutrient requirements of the crops being grown.
This approach will minimise the isk of pollution. Often existing methods of
application do not achieve fhese aims. The slurry is applied at the inconect rate
because the farmer does not know the nutient content. Even ff the nutient content
is known, the type of equipment used may not apply the mateial evenly. Also
different soil types and weather conditions at application will influence the potential
for nutient leakage and associated pollution risks. Ihis recently completed EU
funded project - Sustainable Waste Application Management Project (AlRs CT94-
1276) addresses sorne of the problems associafed with utilising slurry and
compnses three major research areas :

o Management and Risk assessmenf.
o Determining the Nutrient Value of Slurry.
o The development of Prototype Application Sysfem.

I Sustainable Waste Application Managernent Project.
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R6sum6

La collecte et le stockage des effluents d'6levage tels que le lisier sont la pratique
courante dans les 6levages intensifs. Ce systdme de stockage des effluents
pr6sente de nombreux avantages y compris I'automatisation de la collecte du lisier,
une r6duction de la main d'oeuvre requise et une utilisation minimale de litidres. En
principe, pour r6duire les risques de pollution, l'6pandage du lisier devrait se faire
sur des terres qui en ont besoin, selon des doses d'application qui correspondent
aux besoins en 6l6ments fertilisants des cultures. Bien souvent, les m6thodes
d'application existantes ne permettent pas d'atteindre ces objectifs. Les quantit6s
appliqu6es sont incorrectes parce que I'agriculteur ne connaTt pas la teneur en
6l6ments fertilisants du lisier. MOme lorsqu'il la connait, le type de mat6riel utilis6
ne permet pas toujours un 6pandage r6gulier. Par ailleurs, le type de sol et les
conditions m6t6orologiques au moment de l'application influencent le potentiel de
ruissellement des 6l6ments fertilisants et les risques de pollution associ6s. Ce
r6cent projet europ6en intitul6 SWAMP (projet de gestion de l'application durable
des d6chets) (AlR3 CT94-1276) a 6t6 r6alis6 avec I'assistance financidre de
l'Union Europ6enne (UE). ll visait i rdsoudre certains probldmes associ6s i
l'utilisation du lisier et se subdivise en trois grands domaines d'6tude :

o Gestion et 6valuation du risque.
o D6termination de la valeur fertilisante du lisier.
. D6veloppement d'un prototype de systdme d'application.

1. lntroduction

For millennia mankind has recognised the importance of recycling organic manures
as a nutrient source for crop production (Tunney et al., 1997). However, as
production systems have developed there has been a trend towards more
specialisation of agricultural activity with an associated reduction in the dependence
on organic manure as a nutrient source. The demand for economic systems of
food production, the availability of relatively cheap sources of inorganic fertiliser and
the development of efficient transport systems for agricultural inputs and products
have aided the increased specialisation of production systems (Fluck and Baird,
1980). The collection and storage of farm manures as slurry has become normal
practice in many regions. This management system has many associated
advantages including the automatic collection of slur4r, reduced labour
requirements and minimal use of bedding materials. ldeally, the slurry should be
applied on suitable lands at application rates which match the nutrient requirement
of the crops being grown. This approach will minimise the risk of pollution resulting
from the leakage of plant nutrients either to watercourses or the atmosphere
(Burton, 1997). For grass based production systems suitable application lands are
typically available adjacent to the farm yard. For animal production based entirely
on bought in concentrate feed it is more difficult to source suitable spreading sites.
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Existing methods of application, e.g. vacuum tankers with splash plates, do not
facilitate the effluent utilisation of nutrients in farm slurries (Pain, 1989; Carlson,
1994). The slurry is often applied at the incorrect application rate because the
farmer does not know the nutrient content of the material (O'Bric et al., 1992).
Even when the nutrient content is known, the spreading device may not apply the
slurry evenly. Different soiltypes and weather conditions at application will influence
the potential for subsequent nutrient leakage and associated pollution risks. A
recently completed, EU funded p@ect - Sustainable Waste Application
Management Project - SWAMP (AlR3-CTgl-12761 addressed some of the
problems associated with utilising slurry and comprised three major research areas:

(a) Management and Risk Assessment of Slurry Application Operations
(b) Determining the Nutrient Value of Slurry
(c) The Development of a Prototype Application System

2. Management and Risk Assessment

The objective of good slurry management is to make maximum use of the nutrients
in the material while minimising the risks associated with land application. Many
factors must be considered in the decision process for applying slurry including the
quantity of material to be spread, soil type, field drainage system, weather
conditions, crop type, time of year etc. The SWAMP project developed a decision
support system using computer modelling to aid the decision-making process. A
twin approach was adopted involving two modules - Environmental Rsk
Assessmenf (ERA) and Application Decision Support (ADS). The ERA module
provides an assessment of the nutrient losses (and thus pollution risk) associated
with a particular slurry application event while the ADS module aims to provide the
decision support for the farmer in making the conect day to day management
decisions when applying slurry.

2.1. Environmental Risk Assessment - ERA

Nutrient loss mechanisms from a field include surface run-off of whole slurry,
macropore flow through the soil of particulate pollutants, leaching of dissolved
nutrients to field drains and deep groundwater, ammonia volatilisation and
emissions of nitrogen oxides. Nutrient dynamics as considered by the SWAMP
project are concerned with the loss of phosphorus and nitrogen in surface run-off
and the further loss of N in the form of NO, through leaching via field drains or
ditches.

The approach adopted to provide the assessment of nutrient loss is to use weather
driven simulation models of soil water and nutrient dynamics. These models require
site specific historicalweather patterns and soil hydrological characteristics and are
used to simulate agricultural practices over 10 years of weather data. A statistical
analysis of the predictions is then canied out which produces a risk percentage for
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- each week that surface run-off will occur on a field during the critical period after
slurry application. A similar procedure produces modelled yearly estimates of N

leaching for each field for various agricultural practices.

A number of simulation models were considered for use in the project. SOIL and
the SOILN models (Jansson, 1996; Eckersten et al., 1996) were selected as being
the most appropriate (McGechan et al., 1997). The SOIL model is a multiJayer
model and it can indicate the soil water content and horizontal movement of water
to field drain backfill at different depths, as well as deep percolation, with a range of
drainage system options. Work was carried out to calibrate and validate the SOIL
model for selected sites in Scotland and lreland. The validation studies with the
model showed reasonable agreement between simulations and measurements for
drainflow volumes, soil water content, water table height and surface run-off
volumes (Lewis and McGechan, 1998).

A similar approach was used to calibrate and validate the SOILN modelfor nitrogen
dynamics (Wu et al., 1998, Wu and McGechan, 1998). The ERA approach
produces information about polluting risks from run-off and about N losses when a
soil type, crop, climate and a fertilisation strategy has been defined.

2.2. Application Decision Support

ADS was devised to assist the farmer in developing a successful farm manure
management strategy and the module has three main elements :

- nutrient balance to the farm
- strategic field by field scheduling of slurry application (planning)
- tactical field spreading decisions (day to day operation)

The nutrient balance is based on details of livestock types and number, housing,
nutrient losses (e.9. treatment or storage), import or export of manure from the farm
and crop nutrient requirements. Strategic scheduling takes into account the
spreading system available and its related nutrient losses, the amount of organic
fertiliser available in relation to crop requirements, the spreading days available
depending on location and restrictions on any spreading operation due to
legislation. The final output of this section is a field-by-field recommendation on the
volumes of slurry to be applied on each field and for each spreading event. lt also
provides information on the top-up requirements for mineral fertiliser if necessary.
The final section aids the farmer in the making of day to day decisions on slurry
application taking into account weather conditions and practical farm operational
constraints, e.g. work capacity of machines.
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3. Determining the nutrient value of slurry

Slurry in farm stores typically has a variable nutrient content (O'Bric et al., 1992)
which makes it difficult to efficiently use in a planned fertilisation programme for
crop production. The variable nutrient content of slurry is a result of the variation in
animal type, diet composition, dilution with water etc. Further variation from the
mean nutrient content within individual stores results from the stratification of the
material over time, e.g. surface crust formation in cattle slurry and settlement of
solids in pig slurry.

Four methods of measuring or estimating the nutrient content of slurries were
considered as part of the project and details are outlined in Table 1. The estimation
methods are considered useful for long-term planning of application strategies, e.g.
while the measuring methods are more applicable for use with actual application
operations.

Rapid Laboratory MESPRO Model
ln-Line Sensor Balance Approach

Table 1.

Methods examined for determining nutient value

3.1. Rapid Laboratory Analysis

Laboratory analysis of slurry samples requires the collection of a sample which is
representative of the total amount of manure. Agitation before sampling is
essential. The ability to rapidly produce a result for the farmer is necessary for
practical purposes. The Rapid Laboratory Analysis approach aimed to develop and
test a standard protocol for measuring the nutrient content of slurry which could be
adopted in all laboratories. IMAG coordinated the work on this development. An
advantage of the new method is that only one digestion step is needed to obtain a
solution in which total nitrogen, total phosphorus and total potassium can be
measured with methods available in most laboratories. A successful ring test was
carried out in participating countries to validate the accuracy of the method (Derikx
and Beurskens, 1997). Figure 1 gives a schematic presentation of the procedure
used.
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Figure 1.

Schematic pathway of the combined determination of N, P and K
of manure samples

3.2. In-Line Sensor

The development of an on tanker in-line nutrient sensing system would remove the
potential error resulting from the sampling operation from stores when taking slurry
samples for analysis as the nutrient content of each tanker load of material could be
measured. Another major advantage of the technique is that the results are
immediately available for use.

Previous research has shown that correlations exist between the nutrient content of
slurries and total solids or bulk density (Piccinni and Bortone, 1991; Tunney and
Bertrand, 1989). These approaches have utilised simple physical measurements
(e.9. hydrometers) to yield predictions of phosphorus and total nitrogen. ln general,
these methods are inconvenient for frequent use. The work programme undertaken
in the SWAMP project and directed by Silsoe Research lnstitute involved the
development of an in-line sensor for slurry using a number commercially available
physical and chemical sensors. lnitially, a small scale, in situ device was
constructed and tested on slurries in the UK, ltaly, Germany and lreland. Following
analysis of the data a field scale unit was constructed and fitted to a prototype
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The sensing system gave a good prediction of the ammoniacal nitrogen for all
slurries tested, with a coefficient of determination (f) of 0.92. The standard error
was 0.38 kg/m3 in a range of 0.6-3 to 5.29 kg/ms (i.e. < + 10%). The results for
phosphorus were disappointing (f =0.44), based on the futt set of slurries tested.
However, separate inspection of the results for UK and lrish pig slurries showed a
better prediction (f = 0.99 and 0.82, respectively). The standard errors were 0.02
kg/m3 in a range of 0.24 to 1.73 kg/m3 (i.e. < + 1Oo/o) and 0.75 kg/m3 in a range of
0.09 to 1.77 kglm3 (r.e. < + 45o/o), respectively. fne predictions for potassium were
also encouraging (r' = 0.70). The standard error was 0.62 kgim" in a range of 0.81
to 6.49 kg/m3 (i.e. < + 12o/o) (Scotford et al., 1997).

3.3. MESPRO

tanker. The unit was tested with a range of cattle and pig slurries in the UK and
lreland. A single card computer was programmed to convert the individual physical
and chemical measurements to values of nutrients available in the slurry, which
were displayed in the tractor cab. The sensing system was tested with 18 different
slurry samples. ln each case the slurry was recirculated through the sensing
system until stable readings of ammoniacal nitrogen (AN), phosphorus (P) and
potassium (K) were recorded. A sample of each slurry was taken for laboratory
analysis of AN, P and K. The predicted values from the in-line sensing system
were compared with laboratory results.

MESPRO is a mathematical model for estimating the amount and composition of
stored slurry produced by fattening pigs (Aarnink and van Ouwerkerk, 1990;
Aarnink et al., 1992). The model was developed for the common situations on
Dutch pig farms characterised by storage of slurry under slatted floors in the pig
house. The aim of the work in SWAMP was to assess the potential use of the
model for pig houses in Germany and ltaly and thus to see if such an approach
would be practical in other areas of Europe. ln order for the approach to be
successful the MESPRO model was modified. The model output is highly
influenced by the input parameters feed intake, water to feed ratio, digestibility of
crude protein, digestibility of N-free extract and ambient temperature. Accurate
information of these parameters is essential for practical applicability of the model.
ln some cases it was clear that inaccuracy in the measurement of some
parameters had a large effect on the calculated slurry volume and nutrient content.
To increase the applicability of MESPRO in such situations it is necessary to use
default values for the less essential parameters and limit the number of variables to
the essential parameters.

3.4. Balance Approach

A nutrient inpuUoutput balance for pig and cattle farms was developed and
evaluated. The approach could be used to predict slurry nutrient values in
situations where allthe parameters required in the complex MESPRO model were
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not available. The hypothesis proposed for the balance approach to estimate the
nutrient value of slurry was:

Nutrients in manure (kg) = nutrients in feed (kg) - nutrient removal in animal
product (kg)

Ncrtc Ninprt Nremorral

The approach was tested by correlating the calculated value (N""6) with the
measured value of nutrient content by laboratory analysis.

The results achieved indicated that the balance approach had potential to provide
an estimate of the nutrients contained in the manure without having to physically
sample and test the material. ln general, the approach tended to overestimate the
nutrients in the slurry. This is not surprising as N."6 is by definition the upper limit
for the nutrient concentration in the slurry. ln the case of nitrogen there is no
provision for known losses (e.9. volatilisation) that occur between excretion and
measurement. Consequently, N"r6 would be expected to be greater than N
measured.

4. Development of a prototype application system

A prototype application system was designed and fabricated (Lenehan et al., 1997).
The work involved the testing and selection of mechanical components, the
fabrication and assembly of the tanker system and the development of a PC based
control system. The tanker system uses a hydraulically driven positive
displacement pump (Vogelsang) to allow control of application rate. Control is
achieved using an electrohydraulic proportional valve (Danfoss) receiving a signal
from the control system. A bandspreader is fitted to ensure even lateral application
rate is achieved. A prefill mascerator (Vogelsang) is fitted on the inlet port of the
tanker to reduce the risk of blockages when applying slurry with the bandspreading
device. The in-line nutrient sensing system is mounted on the side of the tanker
and is constructed from a 2.4 m length of 0.1 m diameter ABS pipe (Class C). The
individual physical and chemical sensors are connected using suitable adapters.
An in-cab PC is used as the principle hardware device with appropriate software
developed to carry out required operations. A schematic diagram of the Control
System Structure (CCS) is shown in Figure 2. The required CSS software is
divided into four sections:

CSS 1 - Control software for nutrient measurement
This software is able to accept information on nutrient content either from the
in-line nutrient sensor or direct input to the in-cab PC via keyboard/floppy disk.

(i)
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(ii) CSS 2 - Calculation software to determine required volumetric application rate
This software uses the data from CSS 1 and the ADS/ERA software operating
in the farm or advisory office to calculate the required volumetric application
rate.

(iii) CSS 3 - Control software for spreading operation
This software uses data from CSS 2, a forward speed sensor and a slurry
pump speed sensor to produce a control signal for an electrohydraulic
proportional valve to maintain correct slurry pump speed. ln addition, CSS 3
functions in parallel with the tanker monitoring system which continuously
checks tanker contents and system faults detected by tanker mounted PLC
(Programmable Logic Controller). CSS 3 provides information on actual
application performance for subsequent processing by the final section of CSS
software.

(iv) CSS 4 - Software for data generation for output files
This software processes the data on actual application performance in the field
and prepare files which can be transfened by floppy disc to the office PC
operating the ADS/ ERA software for record updating.

The computer screen is used in the cab to present continuous information as
analogue displays to the operator on slurry pump speed, application rate, forward
speed, tanker contents and fault condition indication.

OUTPUTS PROCESS INPUTS

Figurc 2
Control Sysfem Structu re

Contml soft\flare
for nutrient

CSS 2: Calculation
software lo determine

required application rate

CSS 3: Contrd sofrvvare
spreading

css

ln-line nutrient
sensofssdtware:

ln-line nulrient sensd:
data analysis

Pmp sp€€d
@ntd 6lta0e

Machine monitoring:
Pump speed
FoMard speed
Tanker contenls

Fault deteciion by PLC
-Slurry flor/
-Slurry pressure
-Pump direction
-Valve faults
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A field testing program was carried out in lreland. The results of the testing
program showed that with the bandspreader an even distribution could be achieved
independent of slurry pump speed. The coefficient of variation (CV) on lateral
achieved varied from 9 to 14o/o. The CV obtained for longitudinal distribution was
less than 10%. The results are in good agreement with earlier research carried out
by Huijsmans and Hendrikz (1992).

5. Gonclusions

The SWAMP project provides the framework for an integrated slurry management
system. lt attempts to draw together a number of approaches. The concepts of
Environmental Risk Assessment (ERA) and Application Decision Support (ADS)
were introduced and developed. A number of methods for the rapid provision of
information on nutrient content of sluries in a practical way which can be used by
the farmer were examined and tested. A full scale prototype and associated control
technologies has been designed and fabricated to achieve the goals of accurate
application of precise quantities of slurry nutrients while minimising pollution risks.
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Abstract

lntensive livestock production in The Netherlands gave rise to considerable
surp/uses of manure on individualfarms, which may create an environmental isk.
Attempts in the past to improve manure distribution or to change the animal feed
composition to reduce mineral output of the animals were only paftly successful.
Thereforc, additionalmeasures arc needed to avoid fufther environmental pollution.

Future measures should be optimised in terms of individual freedom for farmers,
accuracy, possibilrfies for verification and tamperproofness. As a result the Minenl
Bookkeeping Sysfem is introduced. Each farmer has to show an annual balance
between minerals enteing and leaving his farm. When the input exceeds the output
a severe tax has to be paid. The level of this fax is so high, Dfl 10.-/kg P2Os, that
unbalanced minenl bookkeeping thrcatens the economic feasibility of the farm.

To enable farmers to account accurately for all the phosphorous and nitrogen flows
from and to their farms they are offercd tables containing national average figurcs
about the nutrient content of a number of agicultural products. ln addition the
farmer can include farm specific data. For obtaining accurate data about the
quantity of animal manure minerals sampling and weighing of each load is
obligatory. Recent research has made available new techniques that meet the
required accuracy levels, possib/rfibs for verification and tamperproofness. The
different technical modules will be introduced into farmers practice step by step.
Final goal is to obtain accurate information, with as liftle human effort as possrb/e
and preferably offeing no options for misuse.

The article descnbes the vaious aspecfs of the mineral bookkeeping system in
detail and discusses technical options and strategies to improve accuracy and
pmctical value of the system.

Keywords : balance - nutrients - sampling - environment
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R6sum6

Aux Pays-Bas, l'6levage intensif a amen6 la constitution de consid6rables
exc6dents de lisier dans les exploitations individuelles, ce qui peut pr6senter un
risque pour I'environnement. Les efforts d6ploy6s dans le pass6 en vue d'am6liorer
la r6partition ou de modifier la composition de l'alimentation du b6tail pour r6duire la
production de min6raux des animaux n'ont r6ussi qu'en partie. Aussi des mesures
compl6mentaires sont-elles n6cessaires pour 6viter toute pollution suppl6mentaire
de l'environnement.

Les mesures futures devraient 6tre optimalis6es sur le plan de la libert6 individuelle
des 6leveurs, de la pr6cision, des possibilit6s de v6rification et de la protection
contre la fraude. Le systdme de comptabilit6 des min6raux a 6t6 introduit d cefte
fin. Chaque agriculteur doit pr6senter annuellement le bilan de la quantit6 de
min6raux entrant et quittant son exploitation. S'il en entre davantage qu'il n'en sort,
une taxe substantielle doit 6tre pay6e ; son niveau est si 6lev6, '10 florins / kg P2Ou,
(soit environ 30 FFlkg PzOs) qu'une telle situation n'est pas viable
6conomiquement.

Pour permettre aux agriculteurs d'estimer avec pr6cision chacun des flux d'entr6e
et de sortie de phosphore et d'azote de leur exploitation, des tableaux contenant les
moyennes nationales en matidre de contenu nutritif leur ont 6t6 remis. ll leur est de
plus possible d'inclure des donn6es sp6cifiques i I'exploitation. Afin d'obtenir des
chffires pr6cis sur la quantit6 de min6raux contenue dans le lisier, il est obligatoire
de proc6der i des pr6ldvements d'6chantillons et i la pes6e de chaque
chargement. De nouvelles techniques permettant de r6pondre aux exigences quant
aux niveaux de pr6cision, aux possibilit6s de v6rification et i la protection contre la
fraude sont devenues disponibles gr6ce i des recherches rEcentes. L'introduction
dans la pratique des nouveaux modules techniques concern6s va se faire petit i
petit. L'objectif final est d'obtenir des informations pr6cises avec le moins possible
d'effort humain, suivant un systdme qui, de pr6f6rence, ne soit pas susceptible
d'6tre enfreint.

L'article d6crit plus en d6tail les diff6rents aspects du systBme de comptabilit6
min6rale et examine des choix techniques et des strat6gies visant i am6liorer
l'exactitude et la valeur pratique de ce systdme.

Mots cl6s : bilan - substances nutritives - 6chantillonnage - environnement
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1. Current situation in the Netherlands

Over the last decades livestock production in the Netherlands has developed into a
highly specialised branch of agricultural activity. Due to the availability of artificial
fertilisers and cheap feed components on the world market the productivity per
hectare increased and the production of especially pigs and chickens was no longer
linked to the availability of arable land to produce animal feed. As a result the
number of animals has increased in this period as shown in Table 1.

1960 1980 't984 1988 1996
Dairy cattle 1.628 2.356 2.U9 1 971 1.665
Other cattle 1.879 2.870 2.967 2.739 2.885
Piqsr 2.955 10.14 11.15 13.93 14.40
Laying hens 37.90 37.50 42.70 45.40 39.50
Broilers 45.00 38.60 34.50 40.30 44.10

Table 1.

Changes in the number of livestock in The Nethertands
in the peiod 1960 - 1996 expressed as millions

(source: Dutch Ministry of Agiculture, Nature and Fisheries, 1997).

The increasing trend is most striking for the number of pigs and broilers. With the
growing number of animals there was an increase in the amount of manure
produced. Due to measures taken at farm level the annual manure production has
decreased over the last decade (Table 2). As an example, the amount of slurry
produced annually by one fattening pig has decreased from 1.5 m3 to 1.1 m3. This
was mainly achieved by a more strict water management on the farms. Spillage of
water in the houses was avoided and rainwater was prevented to mix with the slurry
into the storages.

1986 1996
Cattle 72.6 59.2
Pigs 19.2 15.9
Chickens 2.5 2.4

Table 2.

Annualmanure production in The Netherlands expressed in millions of fons.
(source: Central Office for Statistical Data)

Not only the amount of manure but also the composition is of importance when
considering the effect on the environment. Due to the differences in water
management on the farms the composition of slurry and manure in The
Netherlands may differ considerably from the composition common in other
countries. ln Table 3 the major constituents of the manure are mentioned.
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Dry
matter

Organic
matter

N Pzos Kzo Mgo Na20

Slurries :

Cattle
Veal calves
Sows
Fattening pigs
Layinq hens

90
20
55
90

145

66
15
u
60
93

4.9
3.0
4.2
7.2
10.2

1.8
1.5
3.0
4.2
7.8

6.8
2.4
4.2
7.2
6.4

1.3

1.1

1.8
2.2

0.8

0.6
0.9
0.9

Solid manure:
Laying hens (belt)
Laying hens (bedding)
Broilers

515
MO
605

374
423
508

24.1
19.1
30.5

18.8
24.2
17.0

12.7
13.3
22.5

4.9
5.3
6.5

1.5
4.2
3.0

Table 3.
Average composition of slurry and manure in The Netherlands expressed as g/kg
wet product. (source: Quantitative information Livestock production, 1997 - 1998).

As already mentioned the production of pigs and chickens is no longer linked to the
area of arable land available in the direct vicinity of the farm. As a result farms with
larger numbers of animals and hardly any land for manure application were
created. A surplus of manure on farm level is the logic outcome of this
development. Moreover, as these types of farms are regionally concentrated in the
south-east and the middle east of the country there is also a manure surplus on
regional level. Measures taken in the past to improve the transport of manure
surpluses to regions with more arable land and measures to decrease the mineral
content of the feed were only partly effective. Therefore, Dutch authorities had to
take additional measures to avoid further environmental pollution by excess use of
manure in surplus areas. Measures taken so far did not distinguish between
individual farms, which was felt as unfair by those who were more strict in their
mineral management.

ln addition, authorities occupied with the supervision of manure legislation so far
were aware of the poor possibilities for verification and the extended possibilities for
tamper. This gave rise to a large number of court cases, where judges often had to
dismiss farmers from any prosecution due to lack of evidence.

New legislation should overcome the disadvantages mentioned above as good as
possible. Summarising this implies that new measures not only should treat farmers
more individually, but also create better tools for the authorities to verify the data
supplied by the farmers. Techniques included in a new system should be designed
in a way that tamperproofness is guaranteed.
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missing he has to pay a levy of Dfl.10.- and for nitrogen the levy amounts to Dfl

1.50 per kg.
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Figure 1.

Schematic representation of the mineral bookkeeping system

All mass flows containing nitrogen and/or phosphorous should be included
accurately in the mineral bookkeeping. Figure 1 represents the essential of the
system schematically. For those flows, which mineral composition only differ
slightly from farm to farm or with time, standard figures for the nitrogen and
phosphorous content are provided. Animal products and crops are typical examples
for this category. For flows where these criteria imply to a lesser extent farm
specific data must be collected, e.g. number of hectares and animals belonging to
the farm. Major mineral input flows are typically artificial fertilisers or animal feed
concentrates. On request the suppliers provide the farmer with detailed information
on the mineral content of their products. Animal manure forms a special flow in this
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All mass flows containing nitrogen and/or phosphorous should be included
accurately in the mineral bookkeeping. Figure 1 represents the essential of the
system schematically. For those flows, which mineral composition only differ
slightly from farm to farm or with time, standard figures for the nitrogen and
phosphorous content are provided. Animal products and crops are typical examples
for this category. For flows where these criteria imply to a lesser extent farm
specific data must be collected, e.g. number of hectares and animals belonging to
the farm. Major mineral input flows are typically artificial fertilisers or animal feed
concentrates. On request the suppliers provide the farmer with detailed information
on the mineral content of their products. Animal manure forms a special flow in this
respect. ln particular on the most intensive farms it is the most important mineral
output flow. lts composition differs both from farm to farm and with time. Therefore,
standard figures, based on averages from a large number of farms, are inaccurate
for most individual farms. Within the new legislation the standard figures for the
mineral content of manure are included in the law by the Ministry of Agriculture,
Nature management and Fisheries. lt is a demonstration of the political value of
these figures. The values are chosen at such a level that they are unfavourable for
most farmers. As an alternative they are allowed under conditions to use farm
specific figures for the manure composition. The conditions mainly deal with the
procedures and techniques involved in estimating the manure composition. More
details will be given in the section about technical aspects.

3. lntroduction of the mineral bookkeeping system

From the description above it may be clear that the introduction of the new system
means a large step for farmers, authorities and people involved in agricultural
business. As the mineral bookkeeping system is meant as protection of the
environment the most intensive farms are first included. As a result about 50,000
Dutch farms with a livestock density larger than 2.5 livestock units per hectare are
fully involved in the system from the start at January '1't 1998. Other farms will
follow suit step by step. ln 2000 all farms with livestock and from 2002 also the
farms with only arable land will have to present a total mineral account to the Dutch
authorities. The last two categories now only have to prove that the amount of
minerals used on their farm, originating from animal manure and calculated on base
of standard figures, does not exceed a given limit.

4. Technical aspects of the determination of the minerals
present in manure

ln order to determine accurately the quantity of minerals leaving or entering the
farm with a load of manure not only the mineral content but also the size of the load
is of interest. As levies are based on these figures, Dutch legislation states that
estimation of the size of the load can only be done by calibrated weighing
techniques. Currently on board weighing systems are adapted to fit on slurry
tankers.

54



and therefore the operator cannot influence either the moment of sampling nor the
sample composition. The high degree of automatisation increases the
tamperproofness of the technique and enables the automatic recording of relevant
data which relieves the operator of the transport of a large part of his
administrational job.

The box shown below the sampling device in Figure 2 contains the sample bottle
and is meant to handle the sample bottle fully automatic. Prior to the sampling
process the bottle and the lid are introduced in the box separately. An in built
camera system checks the cleanness and records the numbers present on both.
Only then the bottle is available for the sample and the sampling process can be
started. After completion of this process the lid is placed on the bottle automatically
and the closed bottle is available for further transport to the laboratory. The sample
bottle and lid are special designed for this sampling system. After closing the lid can
only be removed by breaking a security strip. Laboratories only accept samples with
intact security strips. At the moment the technical development of the sample bottle
handling box and the techniques included is still running. Compulsory application of
this part of the system is foreseen for 1" of January 2000.

Figure 2.
Schematic representation of the side tube slurry sampling technique

The samples obtained have to be sent to a laboratory for the determination of the
total content of nitrogen and phosphorous. The Netherlands is the first country with
established standard methods for the analysis of slurry and manure. Moreover, the
laboratories involved in these analysis have to meet special criteria in addition to
Good Laboratory Practice. Regularly held ring tests and audits by the certifying
organisation guarantee the quality of the participating laboratories. Data recorded
for each load of slurry or manure are not only reported to the farmers involved but
also to a registration office, ran by the Dutch authorities.

5. Costs

The levy involved in the mineral bookkeeping system amount to Dfl. 10.- per kg
P2O5 and Dfl. 1.50 per kg N exceeding the limits of the accepted losses. Related to
the Dutch slurry composition this implies about Dfl. 60.- per ton of slurry originating
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The samples obtained have to be sent to a laboratory for the determination of the
total content of nitrogen and phosphorous. The Netherlands is the first country with
established standard methods for the analysis of slurry and manure. Moreover, the
laboratories involved in these analysis have to meet special criteria in addition to
Good Laboratory Pfactice. Regularly held ring tests and audits by the certifoing
organisation guarantee the quality of the participating laboratories. Data recorded
for each load of slurry or manure are not only reported to the farmers involved but
also to a registration office, ran by the Dutch authorities.

5. Costs

The levy involved in the mineral bookkeeping system amount to Dfl. 10.- per kg
P2O5 and Dfl. 1.50 per kg N exceeding the limits of the accepted losses. Related to
the Dutch slurry composition this implies about Dfl. 60.- per ton of slurry originating
from fattening pigs. From these figures it can be derived that it is economically
unfeasible for a farmer to produce pigs without a proven discharge of their slurry.
Moreover, the levy for phosphorous will be increased to Dfl. 2O.- per kg P2O5 from
2000 on.

The mineral bookkeeping system increases the need for an accurate financial
administration at each farm. Most figures needed for the mineral bookkeeping
system are linked with the financial bookkeeping. When farm specific data are
needed for the amount of minerals in the manure or slurry additional costs have to
be made for weighing, sampling and analysing the individual truck loads.
Depending on the situation these costs range from Dfl. 50.- to Dfl. 100.- per load.

Not only farmers are confronted with additional legislation and costs. Transport
companies as well get their part. They pay either for weighing at a public weighing
facility and lose some time by visiting such a place or they have to invest in on
board weighing equipment. The preference for either of the possibilities is linked to
particular circumstances such as the distance to a public weighing facility and the
number of transports served by a particular transporting vehicle. The price of on
board weighing systems amount from Dfl. 30,000.- to Dfl. 75,000.-, depending on
the configuration of the weighing system and the vehicle.

A fully automatic sampling device will cost about Dfl. 25,000.-, and with the
introduction of a fully automatic sample bottle handling it wlll be doubled. The price
of an analysis in one of the certified laboratories will amount from Dfl. 30.- to Dfl.
50.-.
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6. Future developments

lntroduction of such a complex system is hardly ever done at once. Furthermore,
the interest of different parties involved are so much apart that it is nearly
impossible to serve them all at the desired level at the start. The Dutch government
has chosen for a start at 1't January 1998 with a system which already contains the
headlines of the approach and then extend both the number of farms and the level
of verification and tamperproofness. Especially for these last two aspects additional
technical solutions are desirable. Tamper with the sample composition and the
sample bottle will be more difficult when both the automatic sampling and the
automatic sample bottle handling will be compulsory.

To improve possibilities of verification additional data from every transport are
needed. By the introduction of the mineral bookkeeping system a new transport
form is introduced, with a first step towards this extended data recording. With the
availability of highly automatic sampling equipment on the transporting vehicle a
further extension of the data recording comes into sight without increasing the effort
required from the operator. At the moment studies are carried out to investigate
possibilities of application of modern data transfer together with automatic data
recording on the transporting vehicle. The intention of these studies is to make the
paper version of the transport form superfluous and make the data related to a
given transport available for parties involved as soon as possible, preferable before
the transport is completed.

lntroduction of such sophisticated technical solutions can only be successful when
all parties involved underline the benefits. Automatic sampling and sample boftle
handling reduce not only the possibilities for tamper but also free the transporting
companies from discussion with farmers about the conectness of the sample.
Automatic data registration and transfer not only enable an extension of the
parameters but also increase the efficiency for all parties involved. At the moment
the information collected on a paper version of the transport form has to be copied
at the administration of the transporting company, the laboratory and the
registration office of the authorities. As it is hand written information the chances for
intended or unintended errors or difficulties with the readability are not imaginary.

Another aspect of future development is the level of accepted losses related to
ground linked activities. At the start the accepted losses are at a level that rather
limited actions of farmers are needed to meet these standards. With time these
levels will decrease (Table 4) and more effort from farmers is needed not to exceed
these levels.
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1998 2000 2002 2005 2008 e.v
Phosphorous (PrOj:
Natural environment
Aoricultural land

10
40

10
35

10
30

10
25

10
20

Nitrogen :

Natural environment
Grassland
Other aqricultural land

50
300
175

50
275
150

50
250
125

50
200
't 10

50
180
100

Table 4.
Accepted /osses for phosphorous and nitrogen in The Netherlands related

to the mineral bookkeeping system, values expressed as kg per hectare per year.

Figures shown in Table 4 beyond the year 2000 serve as an indication as for that
year a political evaluation of the mineral bookkeeping system is announced and the
level of accepted losses will be subject of further discussion.

7. Conclusions

The mineral bookkeeping system, as introduced at the beginning of this year in The
Netherlands, creates optimal freedom to take individual differences between farms
into account without losing the desirable accuracy. Within the agricultural business
environmental unsound use of minerals in general and animal manure in particular
will become economically unattractive.
The inclusion of highly automatic techniques improve possibilities for verification
and tamperproofness without converting farmers or truck drivers into
administrators. Modern data communication techniques may improve the efficiency
of the administration process.

8. Further reading

Derikx, P.J.L., J.G.L. Hendriks and P.J.W. ten Have, 1996. Management of
livestock manures in The Netherlands - the cunent situation. lng6nieries, Special
issue 1996, 56-64

Derila, P.J.L., N.W.M. Ogink and P. Hoeksma, 1997. Comparison of sampling
methods for animal manure. Neth. J. Agric. Sci., 45, 65-79. Minas, the minerals
accounting system, Ministry of Agriculture, Nature management and Fisheries,
http://www. m inlnv. nl/m inas/bib/misamen. htm

Burton, C.H., J. Beck, P.F. Bloxham, P.J.L. Derikx and J. Martinez, 1997.
Manure management, treatment strategies for sustainable agriculture. ISBN
0953128202. Silsoe Research lnstitute, UK. 181 pp.

58



The implications of lrish legislation and regulations
for the land spreading of manures

from intensive agricultural enterprises

lmplications de la l6gislation lrtandaise ef des rdglementations pour l'6pandage
des ddjections en exploitation d'6levage intensff.

Owen T. Carton,
Teagasc, Johnstown Castle,
Wexford, lreland
E-mail:
ocarton@ohnstown.teagasc. ie

William L. Magette,
Dept. of Agricultural and Food Engineering,
University College Du blin, Earlsfort Terrace,
Dublin 2, lreland.
E-mail : bmagette@iveagh.vcd.ie

Abstract

lmproving manure management on farms is essenfia/ to sustainability. ln lreland,
considerable progress in this contert has been made in the last decade. However,
newly introduced legislative requircments are now demanding even greater change
for larger pig, poultry and mushroom enterpises. Achieving both a befter balance
between the applied manure nutient loads, pafticulady nitrogen and phosphorus
and the crcp rcquirements are now a requirement. The implications are that larger
land spreading areas arc required than have been traditionally used by these
enterprises. However, compliance with the Environmental Protection Agency's
Batneec rcgulations; the national Code of Good Agicultural Pnctice to Protect
Groundwater from Pollution by Nitrates; the generul exclusion of land associafed
with the national Rural Environment Protection Scheme; the localised concentrution
of the enteryises in pafts of the country and their general separation from tillage
areas all impact seiously on the availability of suitable spread lands for the manurc.
ln the absence of improvements in the national water quality it is inevitable that
other agicultural enterprises will be regulated. Therefore, current legislative
controls must be carefully monitored and any future control considercd in conbrt
so that the viability of the manure land spreading option remains, particularly for the
intensive agricultuml enterprises. Sustainable altematives do not currently exist.

R6sum6

L'am6lioration de la gestion des d6jections i la ferme est indispensable au maintien
de leur durabilit6. En lrlande, des progrds consid6rables ont 6t6 r6alis6s au cours
des dix dernidres ann6es. Cependant les nouvelles r6glementations en vigueur
exigent de plus grandes modifications des pratiques notamment pour les
exploitations porcines, avicoles et champignonnidres de taille importante. ll est en
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effet exige un 6quilibre entre la charge en 6l6ments min6raux 6pandus
particulidrement N et P et les besoins des cultures. Cela implique que davantage
de surfaces d'6pandage sont i pr6sent n6cessaires. Cependant, le respect des
diff6rents codes et r6glementations en vigueur (R6glementations Batneec de
I'Agence pour la protection de l'Environnement ; Le code national de bonnes
pratiques agricoles pour la protection de la pollution de l'eau par les nitrates...)
affecte consid6rablement la disponibilit6 des surfaces aptes i l'6pandage.

En l'absence d'am6lioration au niveau national de la qualit6 de I'eau, il est
in6vitable que d'autres activit6s agricoles seront 6galement soumises d ces
nouvelles r6glementations. ll est toutefois important de conserver l'option
6pandage, notamment pour les exploitations intensives. Les alternatives pour une
gestion durable ne sont pas encore disponibles.

1. lntroduction

It has been estimated that 153 m t of manure are produced annually in lreland by
farmed livestock (Carton and Magette, 1996). Cattle and sheep manure account for
almost 43 m t which require management annually. Pig and poultry enterprises
produce an estimated 2.8 and 0.6 m t of manure, respectively, every year. There is
in excess of 0.25 m t of spent mushroom compost (SMC) to be managed each
year. Land spreading is the preferred management option for all manures.

Public attention has focused on intensive agricultural enterprises (lAE), i.e. pig,
poultry or mushroom farms, in terms of their impact on water quality in spite of the
fact they account for less than 10% of total quantity of manure requiring
management. A factor in this is that their development has largely been confined to
a limited areas of the country. For example, about 40% of the national sow herd is
located in two of the 26 counties. ln one county, poultry and mushroom production
account for 47o/o and 12o/o, respectively, of the gross agricultural output (GOA)
compared with the national figures of 4o/o and 2o/o, respectively (Teagasc, 1994).
There is further concentration of lAE within counties. Poultry and mushroom
enterprises account for over 60% of the GAO in one of seven river catchments
within one county (MAWMS, 199zl) .

ln some of these areas with lAEs, particularly, the North West of the country, water
quality is inferior compared with other regions (MAWMS, 1994). The first major
lrish case of euthrophication in an lrish lake was in this region, Lough Sheelin, and
was linked to the expansion of agriculture, including pig enterprises, in the
catchment. lt has left a lasting legacy in the public perception about the impact of
TIAE on water quality. This is reflected in legislation through the Environmental
Protection Agency's (EPA) lntegrated Pollution Control(lPC) licensing requirements
for pig and poultry enterprises above a specified size (EPA,1997).
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2. IAE nutrient balances

Generally, there is no link between crop and animal production on !AE. Most
nutrients are imported in the form of cereal based animal feeds or composts on
mushroom farms. The sale of meat, eggs or mushrooms results in the export of a
fraction of the imported nutrients. Therefore, an annual farm nutrient surplus is
generated in the manure or SMC. Logically, the nutrients in the manure should be
recycled to the land that provided the inputs.

However, the spatial separation of the two enterprises militates against the practice.
Crop production is primarily confined to the southern and eastern regions while
IAE's are somewhat concentrated in the north east and a number of other smaller
areas within the country thus giving rise to high manure transport costs.
Consequently, the traditional approach has been for IAE manure to be applied to
limited areas of grassland in the vicinity of the enterprise. The nutrient supply in the
applied IAE manure generally exceeded the crop requirements as the nutrient
deficit on grassland farms is relatively small (Tunney et al1996 and Culleton ef a/
1996). ln some €ses the situation was exacerbated by making no adjustment, on
the recipient land, in the inorganic fertiliser applications to take account of the
nutrients already supplied by the IAE manure. The result has been soil test
phosphorus (STP) levels of the IAE manure spread lands that are in excess of
those required for crop production (e.9. Figure 1).
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Figure 1

The distibution of STP within the Belsgrove catchment Co. Cavan. Areas with
elevated STP are generally associafed with IAE (Humphrtes et al, 1996).

More than 30o/o of mushroom farms, 50o/o of poultry farms and 600/o of pig farms
had spread land soils with P levels greater than 15 mg/l (MAWMS, 1994). This
compared with less than 10% on farms with grass based enterprises only.

The potential for phosphorus (P) loss to water is positively correlated with STP.
Therefore, improved nutrient management strategies to achieve better balances
between the nutrient load in the IAE manure and the needs of crop production are
being introduced in legislation and regulations. The objective is to minimise the
impact of land spreading on the environmental media, particularly surface and
ground water.
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3. Legislative controls and restraints on the land spreading of
manures

The primary legislative control on land spreading of IAE manures is the IPC
licensing requirement. IAE applicants for an IPC license must comply with the EPA
BATNEEC (Best Available Technology Not Entailing Excessive Costs) STP
requirement, which prohibits - IAE manure from being applied to land where the
existing STP exceeds 15 mg/l ( Morgan=s Test). Other licensing controls include
requirements to implement a nutrient management plan, and assessing spread
lands in terms of their vulnerability to nutrient loss. Spread lands with high risk are
not acceptable. Defined buffer zones between waterways, wells and buildings also
are required. There has been considerable criticism of aspects of the IPC
licensing requirements by the industry fiuite, '1996 and Reilly, 1996). However, the
process is in place and to date a number of licences have been issued to operators
by the EPA.

The national voluntary Code of Good Agricultural Practice to Protect Groundwater
from Pollution by Nitrates (COP) (DOE/DAFF, 1996) recommends an upper organic
nitrogen (N) load for agricultural land - "ln areas supporting high stocking rates, and
provided surface and groundwater are in good condition, r.e. nitrate concentrations
do not exceed 20 mgll and there is no evidence of eutrophication caused by
nitrates, the maximum quantity of manure and other organic materials applied to
land, including that deposited by grazing animals, should be such as to ensure that
the N contained therein does not exceed 250 kglhalannum. ln all other areas, the
N applied from these organic fertilisers should not exceed 210 kglhalannum. Lower
application rates than those indicated should be observed in areas where the
County Council indicates that this is necessary because nitrate level in ground
waters, or because the P content of the slurry or other organic manure is causing or
is likely to cause water pollution". To date the impact of this Code on manure
management practices has been minimal. However, one Local Authority with
polluted ground water supplies is now actively pursuing the statutory
implementation of the COP in water quality black spots under its jurisdiction. lt is
anticipated that there will be considerable problems for some of the more intensive
farmers, including grassland farmers, in these areas. lt is very possible that some
producers will be required with the possibility of the requirement to reduce stocking
rates and remove IAE manure to suitable areas outside the affected catchment.
The recently introduced Rural Environment Protection Scheme (REPS) (DAFF,
1996), which implements Council Regulation (EEC) No. 2078192, practically
eliminates the potential of participating farmers to receive IAE manure. REPS
farmers cannot exceed an organic N load of 170 kg/ha/yr.

Good nutrient management involves matching nutrient inputs with oftakes. The
revised Teagasc P recommendations for grassland (Carton, Ryan and Magette,
1996) challenge the concept of achieving a balance between P inputs in IAE
manure and removals by the crop - particularly grass.
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- 4. lmplications of legislative controls and restraints on spread
land availability for IAE manure

Achieving compliance with the EPA regulations, COP and REPS create a
significant challenge to the IAE operator in securing acceptable spread lands.

4.1. Soiltest P limits

Soils with P levels greater than EPA's STP limit of 15 mg/l are not acceptable for
the application of IAE manure. The limit is based on the previous Teagasc
agronomic STP level for silage production above which no P was recommended
(Gately, 1991). Discounting the exemption that allowed 30 mg P /l on spread lands
with low vulnerability for nutrient losses, the 15 mg/l restriction is similar to the STP
limit previously proposed by Teagasc (Teagasc, 19%). The exemption was
originally included to accommodate the special circumstances of IAE nutrient
surpluses and their concentration in specific areas within the country. The more
recent links established between STP and P loss to water and the demands for
more sustainable nutrient management resulted in the establishment of the 15 mg/l
EPA BATNEEC STP limit. To date, the EPA has acknowledged the special
problems of IAE by not reducing the BATNEECSTP level to the revised Teagasc
agronomic level of 10 mg/l for grassland (Teagasc, 1996). However, it has the
powers to do if deemed necessary.

As already noted above traditional IAE spread lands tend to have STP levels in
excess of the BATNEEC limit. Over 2oo/o of all grassland and 27o/o of tillage land
soil samples received at the National SoilTesting Laboratories at Johnstown Castle
had STP levels above the BATNEEC limit (Coulter and Tunney, 1996). Assuming
that these soil samples are an unbiased representation of lreland's agricultural soil
resource, at least one ffih of the country's agricultural land is excluded from
receiving IAE manure. lntensive compared with extensive grass land will tend to
have higher STP levels. This is confirmed by results from a recent Teagasc pilot
nutrient management planning scheme, supported by the EU LIFE programme, to
promote uptake of nutrient management planning on farms (Carton 1996). The
average stocking rate and STP in two of the catchments with predominately dairy
farms participating was 2.2 LU/ha and 10mg/1, respectively. However, the mean
STP was 6 mg/l in a third catchment with a lower average stocking rate of 1.6
LU/ha and a greater mix of dairy and dry stock farms. lt is inevitable, therefore, that
compliance with the BATNEEC STP limit will require the transport manure to areas
outside those normally used. lt will also force IAE operators to seek spreading
agreements with more extensive farms, which have lower nutrient requirements.
Greater public environmental awareness and the odour associated with the land
spreading of IAE manures may create further dfficulties when attempting to secure
new spread lands in areas with no previous history of the practice.
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4.2. Code of Good Agricultural Practice

As noted above the COP sets a voluntary organic N load limit of 250 kg/ha in areas
with no water quality problems. The limit can be reduced to 210 or 170 kgiha in

areas with known water quality problems. These N restrictions will limit the
stocking rates that can be accommodated on grassland used for IAE manure
applications. The maximum allowable stocking rate will depend on the organic N
load applied in the manure and the COP limit (Table 1).

Applica
-tion
rate

(Uha)

Code of Good A
250 210 170

Pig Poultry sMc Pig Poultry SMC Pig Poultry SMC

Slurry Litter Slurry Litter Slurry Litter

0
5
10
15
20
25
30
35
40
45
50
55

2.9
2.7
2.4
2.2
't.9
1.7
1.4
1.2
0.9
o.7
0.4
0.2

2.9
2.1
1.3
0.5

2.9,: 2.9
2.4
1.9
't.4
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I The organic N content of manures used in the calculations were 4.3, 14,26 at$ 8.8 kg/t for pig slurry, poultry slurry,
poultry litter and SMC, respectively (DOEDAFF, 1996). An annual organic N output of 85 kg for a livestock unit
(LU) (equivalent to 1 dairy cow) was also used (DOE/DAFF, 1996).

Table 1.

The stocking rate limits on grassland receiving IAE manure at a range of application
rates in orderto remain in compliance with COP organic N limits.

Grassland farmers are practically excluded from receiving poultry litter or slurry if
they are to remain in compliance with even the highest COP organic N limit of 250
kg/ha (Table 1). At this limit, stocking rates of 0.9 LU/ha or less are necessary
where poultry litter is applied at 5 Vha. Therefore, it is probable that poultry litter will
be directed towards the most extensive farms considering that the national average
stocking rate is 1.47 LUha. A similar, though not as severe scenario, applies to
poultry slurry. Generally, only tillage farms will be in a position to receive poultry
manure without exceeding the COP limit. This is a limited option as tillage crops
account for 8o/o of agricultural land use in lreland and there is little history of poultry
manure use in these production systems. The use of improved slurry/manure
spreading systems which can reliably achieve lower spreading rates and a greater
integration of the poultry and tillage enterprises are required to ensure the viability
of the land spreading option for poultry manure.
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The lower organic N content of pig slurry and SMC eases the impact of COP on
spread land availability for these manures (Table 1). ln general, grassland with
stocking rates in excess of 1.9 LU/ha will not be available to receive these manures
under a COP restriction of 25O kg N/ha/yr. Where the lower COP limits are applied
the availability of spread lands will be even more curtailed and could disappear
altogether.

The introduction of REPS will exclude significant areas of the national land bank for
use as a receiver for IAE manure. As presently specified there is a 17O kg organic
N limit for participating farmers. Therefore, only the more extensive REPS farmers
with organic N loads of less than 110 kg/ha, equivalent to a stocking rate of 1.3
LU/ha, can accept pig manure at the lower end of the application rate achievable
(15 Vha) with the commonly used vacuum tanker. SMC applied at the 10 Uha using
a rear discharge spreader will supply almost 80 kg organic N/ha. Consequently,
only REPS farmers with organic N loads of less than 90 kg/ha, equivalent to a
stocking rate of less than 1 LU/ha, can accept SMC and remain in compliance with
the REPS limit. Generally, the use of poultry litter or slurry on REPS farms is
practically excluded because of its high N content.

REPS is a financially attractive scheme for many farmers as it provides annual
payments of up to €5000. The COP limit on organic N will push IAE manure
towards land farmed at intensities permissible in REPS. The Government have set
a national target for a 30o/o uptake of REPS by farmers by the end of 1999 in its
recently published Sustainable Development Strategy. Failure of farmers
participating in REPS to comply with the organic N limit specified will jeopardize
annual payments as well as other government financial supports. There is an
understandable unwillingness for them to accept IAE manure. Therefore, the
combined effect of REPS and COP will move the manure towards the most
extensive grassland farmers r.e. with stocking rates < 1.3 LU/ha. lt is interesting to
note only one third of farmers with stocking rates less than 1.25 LUlha indicated
that they were willing to accept IAE manure for application to their land even if it
was free (Teagasc, 1994).

Nutrient requirements on the more intensive farms are being met with inorganic
fertilisers even though the potential exists to utilise the nutrients in IAE manure.
lnstead these manures are being diverted to farms with minimal nutrient demands.
The impact of COP and REPS on land spreading of IAE manure deserves further
consideration in the context of achieving improvements in water quality and an
integrated and diversified agriculture. However, IAE operators must adopt and
implement manure management practices such as those outlined by Carton and
Magette, (1998) to provide the public assurance that the option will not impact
negatively on the environment.

It is unlikely that the combined impact of REPS and COP on IAE manure
management options was planned national policy considering that the continued
expansion of the pig industry remains Government policy.
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4.3. Revised P recommendations for grassland.

Teagasc have recently revised their P recommendations for grassland (Teagasc,
1996). These set lower agronomic STP levels for grazing and silage ground above
which no P is recommended for full crop yields. The quantities of P recommended,
were also lowered. The revised recommendations have reduced the P
requirements for silage and grazing by approximately 50 and 4Oo/o, respectively.

Applying nutrients at rates which meet crop requirements, including in some cases
building up soil fertility, is the basis of Teagasc's nutrient management strategy.
The reduced P recommendations for grassland make achieving this balance when
IAE manures are applied very difficult to achieve in practice. The quantity of P
applied with lAE manure at the lowest practical application rates is summarized in
Table 2.

Table 2.

The average P (kg/ha) supplied by pig and poultry slurry, poultry litter and spent
mushroom compost applied atthe lowest practically achievable spreading rates.

Note: Nutrient values for slurries, litter and spent mushroom compost from COP.
These are guide values only and will vary from IAE to lAE. Application of 10 Uha
of poultry lifter just exceeds the COP limit of 250 kg organic N/ha.

The P recommendations for a range of crops at soil index 3 (6.1 to 10.0 mg P/l) are
given in Table 3.

Table 3.
The phosphorous recommendations (kg/ha) for a range of crops at soil lndex 3

It nearly all cases the annual application of the manure, at the rates indicated in
Table 2, will result in an over supply of P compared with crop requirements. The
extent of the surplus is greatest for poultry slurry and litter (Figure 2). The P
recommendations are greater at the lower soil P indices therefore the surplus P
applied in the IAE manure will be proportionately smaller at these lower indices.
Annual balancing of nutrient inputs with outputs is dfficult to achieve in practice
when IAE manure is land spread, particularly to grassland.

Pig slurry
(15 t/ha)

Poultry Slurry
(15 Uha)

Poultry litter
(1OUha)

Spent Mushroom
Compost (1OUha)

21 75 90 42

Grazing (2 to
2.5 LU/ha)

Silage (2 cuts) Cereals Potatoes Sugar beet

12 0 20 60 30
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Figure 2.
The P surplus/deficit (kg/ha) following manure applications at lowest

prcctical achievable spreading rates to a range of crops on sorTs

with STP levels between 6.1 and 10 mg/l.

Phosphorus applied in excess of crop requirements will result in a build up in STP.
ln effect the soil "stores" the surplus P, and while the capacity to do so is not
unlimited, it is significant for many soils. Recognition that soils do have a
measurable capacity to store P is essential for the viability of the land spreading
option for IAE manure. Nevertheless, a sustainable balance must be achieved
between the extent of soil P storage and the resulting increase in environmental
risk. By regulation (r.e., BATNEEC) the soil P "storage" capacity is fixed at a
maximum STP of 15 mg P/1. ln other words, P applications above levels required
for agronomic requirements are allowed for lAEs until STP reaches 15 mg P/1.

Once the STP reaches this limit new spread lands with lower STP must be located.
A reduction in this limit could have serious consequences for the IAE manure land
spreading option.

It must be emphasised that acquisition of spread lands cannot be accomplished
capriciously. Assessment of spread land suitability for IAE manure, particularly
where soil P storage is required, is essential because of the accepted potential of
elevated STP as a contributory factor for increased P loss and transport to water.
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4.4. Site assessment for land spreading

There is evidence that there are differences between areas within catchments in

the extent to which they contribute to nutrient loss to water (Magette, 1998).
Consequently, areas within catchments can be classified in terms of the risk that
nutrients used there will be lost and transported to receiving waters.. While the
process of ranking fields or catchments in lreland is at early stage of development it
does provide a mechanism to assist in assessing the suitability of spread lands for
IAE manure applications. Only sites ranked as low risk (for their potential to lose P
and for it to be transported to receiving waters) should be used to "store" the
surplus P from applied IAE manure. High risk sites should not be used for IAE
manure applications.

National acceptance of the combination of site assessment and the use of soil P
"storage" is critical for the viability of land spreading of IAE manure. Without this,
the practicality and economics of the land spreading option for IAE manure is
questionable. As already noted, the COP and REPS constraints on organic N
loads and the BATNEEC STP limit of 15 mg/l are creating significant dfficulties in
terms of available land base. Even as they are cunently structured, achieving
compliance for some poultry enterprises is almost impossible. Therefore, any
downward revision of the current BATNEEC STP limit will require careful
consideration.

4.5. Buffer zones

The inclusion of buffer zones, prescribed in the COP around water sources and
houses will further diminish the quantity of available land for manure application.
For example, 12 to 15Yo ol land will be excluded in areas with a high land to water
ratio while in areas with low land to water ratios this may be up to 35%.

4.6. Other factors influencing their availability to receive IAE manure

The EPA IPC license has a requirement for supplementary spread lands over and
above those required to assimilate the nutrient load in the manure. This is set at
50% of the area acquired by agreement (l.e., not under the ownership of the IAE
operator) for new enterprises.

5. Costs

There are costs associated with securing and maintaining an lntegrated Pollution
Control license for pig enterprises from the EPA. The costs (excluding those
necessitating by structural changes at units to comply with licensing) are of three
main types : application preparation, annual administrative cost, and annual
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monitoring fee. For intensive pig producers, these costs are estimated to be as
follows:

1. Preparation of an IPC licence or planning application, including
preparation of an Environmental lmpact Statement - 825-E4O per sow

2. Annual EPA charge (based on a 1000 sow unit) - €1,800
3. Annual monitoring charged incurred as a result of licensing (based on a

1000 sow unit) - f 1,600 including soil and water analysis but excluding
any consultancy or sampling charges.

6. Gonclusions

The requirements for improved manure management on farms to reduce
environmental impact are nationally accepted. The growing national concern to
maintain the high quality of the nation's water resources has resulted in the
introduction of legislative controls on IAE manure management practices. The
restrictions, noted above, on spread land availability have significant implications for
the land spreading of IAE manure for both new and existing units. Newer IAE have
the option to locate in areas of the Country where the implications of the constraints
on spread land availability are not as great. ldeally, these should be in the tillage
areas where the crops are produced that are used to feed the pigs and poultry.
Such a strategy facilitates the recycling of the manure nutrients back to the areas
from which the nutrients originated. However, achieving this will require clear
national policy about the future development of IAE so that the local fears of their
impact, particularly as many of these areas have no history of lAE, will not result in
unnecessary and costly delays in the planning/licensing process.

There is a more dfficult problem for existing enterprises. Locating new spread
lands, in areas with already high IAE concentrations, will require greater travel
distances as STP levels in the immediate vicinity of the operations exceed the
BATNEEC STP limit. An adequate time scale for the full implementation of the
manure management plan will therefore be necessary from the Licensing
Authorities for existing enterprises.

Caution is required with the introduction of any further legislation to ensure that any
new restrictions proposed combined with those already in existence do not
preclude the land spreading option for IAE manure. Alternative management
options for IAE manure are scarce.
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A management medelfor pathogen abatement in animal slurry
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Abstract

An impoftant concern connected with the agronomic use of animal slurry is related
to hygiene, both animal and human health. lt is therefore of paramount impoftance
to adopt techniques and operational crtteia that minimise the potential isk of
disease fransmission. Only information related to the suruival of micro-organisms
duing individual phases of sluny handling (storing, aerobic or anaerobic treatment,
etc.) is available.

For this reason, we developed and evaluated a model in which the influence of the
slurry management sysfem on pathogen suruival is considered (Salmonella dublin
and S. typhimurium).

By using the model, rf ls possrb/e to evaluate, taking into account the variability, the
consequences of different management options. For instance, we determined that
for cattle slurry with a total solids concentration of g%o, the storage period required
to eliminate S. dublin is approximately 150 days, but it decreases to 120 days if
solid-liquid separation is utilised. Although our preliminary resufts are vety
encouraging, the model needs to consider additional information on the behaviour
of different micrc-organisms and to be calibrated to specifrc conditions under which
it can be utilised.

Key words: manure handling, pathogen control, management models

R6sum6

Un probldme important li6 d l'utilisation agronomique des lisiers concerne les
aspects hygi6niques, a la fois pour la sant6 humaine et animale. ll est par
cons6quent particulidrement urgent d'adopter des techniques et des critdres de
gestion qui minimisent le risque de transmission des maladies. Seules les
informations concernant la dur6e de vie des microorganismes au cours des 6tapes
particulidres de gestion des effluents (stockage, traitement a6robie ou ana6robie,
etc...) sont disponibles.
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Nous avons donc d6velopp6 et 6valu6 un moddle dans lequel l'influence du
systdme de gestion du lisier est reli6 d la survie des pathogdnes (Sa/monella dublin
et S. typhimuium)

En utilisant ce moddle, il est possible, en prenant en compte la variabilit6, d'6valuer
les cons6quences des diff6rentes alternatives de gestion. Par exemple, nous avons
d6termin6 pour le lisier bovin d'une teneur en matidre sdche de 9o/o, que la p6riode
de stockage n6cessaire pour 6liminer S. dublin est approximativement de 150
jours, mais est r6duite e 12O jours si un systdme de s6paration liquide-solide est
mis en oeuvre. Bien que nos r6sultats pr6liminaires soient encourageants, le
moddle doit pouvoir incorporer d'autres informations sur le devenir des dffi6rents
micro-organismes et 6galement doit 6tre 6talonn6 en conditions r6elles d'utilisation.

Mots-cl6s : gestion d6jections, contr6le des pathogdnes, moddles de gestion.

1. lntroduction

There is an increasing interest in the relationship between agriculture and the
environment, in particular as far as the agronomic use of animal manure and
pesticides are concerned. On one hand, there is a growing demand for new
research and scientifically-based advice, that is, guidelines to help farmers and
agricultural advisors in their manure management choices. On the other hand,
politicians seek reliable information to be able to draw up realistic regulations that
can minimise the impact of agriculture on the environment.

One aspect receiving particular attention in the context of the agronomic use of
animal manure is the control of hygienic conditions during the handling of animal
manure.

lnformation on the behaviour of micro-organisms in the various handling stages
(that is, separation storage, aerobic or anaerobic treatment, efc.) is now available.
However, comparable information does not exist from a system's point of view.
Therefore, we made an attempt to gather and link experimental data in a system
representation. This led to the definition of several models able to identify the main
factors that can be modified to control the hygienic aspects of farm manure
handling.

2. Material and methods

First we devised a general model (Figure 1) describing the possible stages of
manure from the animal to the field, and identifoing where changes in the bacterial
characteristics of the manure are possible. Secondly, we analysed the results
obtained in various experiments on micro-organism survival in manure. These data
were organised to clearly identify in each study the test conditions and the factors
influencing survival time of the micro-organisms (Figure 2). Specifically, we
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highlighted the initial concentrations of micro-organisms, temperature, total solids
content, and pH of the manure on pathogen survival time. We utilised linear
regression analysis in which pathogen survival time was the dependent variable
and each survival factor was the independent variable to identify statistically
(P<0.05) significant correlations. These correlations were then entered into the
management model to facilitate their application to practical situations. By the way,
models were devised both for swine and cattle.
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General and simplified model describing the slurry cycle from production to the field
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- 3. Results and discussion

Our management models are based on the analysis of the different stages of
animal manure handling. Within each stage, the initial conditions (e.9. the
concentration of the micro-organisms) and the values referring to factors influencing
survival time or affecting pathogen concentration in manure (e.9. temperature, dry
matter content, pH, duration of the handling process) can be identified. ln general
terms, the models define an input-output function (lOF) linking the initial conditions
and the survival factors in order to evaluate the final conditions.

The final conditions of each stage of the handling process represents the initial
conditions of the subsequent stage. By introducing the IOF's to describe pathogen
survival at various stages of manure handling, it is possible to evaluate the hygienic
state of the manure when it has to be agronomically utilised, provided that the
starting conditions (i.e. the infectious state of the herd and the manure handling
techniques used) are known.

To illustrate the development and use of our models we present an example based
on S. dublin and cattle slurry in Figure 3.
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Figure 2
Example of organization of the data collected from the various expertments

76



Our analysis revealed that during storage the dry matter content had the highest
correlation with survival time of the bacterium, in agreement with findings reported
by several researchers. The slope of the regression line shows that as slurry dry
matter content increases, so does the survival time of S. dublin (Figure 3). On the
basis of this relationship, it can be noted, for example, that in diluted slurries (dry
matter contents of 1Yo-2o/o), the survival time of S. dublin during storage is 70-80
days, while in thicker slunies (6o/o-7Yo dry matter) survivaltime is about 120 days.

The same figure also contains the regression lines obtained by grouping data into
three temperatures that are representative of the different seasonal conditions in

temperate climates. lt can be noted that with higher dry matter content, survival
times at low (1-6 oC) and moderate (10 "C) temperatures tend to develop and be
similar to the general regression. Larger deviations are shown with thicker slurry
but with lower dry matter content and for higher temperatures (20-30 "C).

We have thus redesigned the original models to these new assumptions (Figure 4).

Figure 3
Relationship between suruivaltime and manure dry mafter content

for Salmonella dublin duing storage.
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As an example of how to apply these results to practical situations, let us consider a
manure handling practice in which slurry, produced by cattle on slatted floors (dry
matter content approximately 9%), flows directly into a storage tank. After storage
the slurry is spread on arable land. Using the relationships we developed, we would
recommend that a slurry storage time of 150 days should be provided in order to
reduce S. dublin concentrations to acceptable levels in winter. However, by using a
liquid-solid separator with a 30% efficiency, the dry matter content could be
decreased to 6% and, as a consequence, the storage time required to achieve an
acceptable hygienic standard could be decreased to 12O days. ln the summertime,
the higher ambient temperatures would halve this value.

The Figure 5 also shows clearly that the models we derived can help evaluate
different slurry management choices according to hygienic considerations. Such
choices can have significant economic effects on investment and running costs.
Obviously, it would be necessary also to check the compatibility of individual
management decisions with the agronomic requirements on slurry spreading.
Politicians or those in charge of environmental protection could use these results
either to develop slurry management criteria, or as a basis to propose economic
incentives to facilitate adoption of the criteria by farmers.
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Figure 5
Posslb/e consequencies on slurry management hardware

derived by the use of the model devised.
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4. Conclusions

Despite these encouraging preliminary results, widespread implementation of the
proposed management models requires further investigation to incorporate the
behaviour of additional micro-organisms and to calibrate the models to the specific
conditions in which they would be utilised. An extension of the models to include
dffierent kinds of pathogens (e.9. viruses, parasites, and mycetes) is also needed.
Additional micro-organisms must be taken into account and a comparison with the
results obtained in this study must be made in order to find management solutions
able to give an overall reduction in the pathogenic load, rather than address only a
specific agent. To go further in this direction, it is also necessary to consider both
the risk (damage in economic terms) posed by a specific agent, and the frequency
of infection events in a specific area. By following such an approach, it will be
possible to take into real consideration the hygienic problems associated with
animal manure management, to evaluate the possible on-site and off-site dangers
resulting from the use of this material, and to devise practical methods by which to
keep risks within acceptable limits.

5. References

References, consisting in 76 titles, are available from the authors
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Chairman's summary of part 1.
Management strategies for organic waste use in agriculture

Jeremy HALL

Six papers were presented during the opening session on the theme of
management strategies covering expert systems, modelling and legislation.

The keynote paper was presented by Dr J-M. Merillot from Ademe. This paper
provided a broad over-view of legislative, economic, agronomic and environmental
impact of organic wastes. lt covered the concepts and principles used to build
policies, as well as economic, social and technical aspects, and considered the
environmental balance of benefits and impacts for wastes from the agrofood
ind ustries, mu nicipal and agricultural wastes.

Goss et a/ described a decision support system (DSS) for manure management.
Key research needs were identified through a group of stakeholders concerned
about manure management, including workshops of farmers and advisors. The
University of Guelph developed the first version of a computer-based DSS. This
deals with all aspects of manure management, particularly the economics and
environmental impacts of different systems.

Lenehan ef a/ presented SWAMP (Sustainable Waste Application Management
Project) which is an EC funded project under taken by seven institutes across
Europe. This addressed some of the problems associated with utilising slurry and
comprised three major research areas: management and risk assessment;
determining the nutrient value of slurry; and the development of prototype
application system.

Derikx presented a paper on the new manure legislation in the Netherlands. The
aim of this is to provide further controls on nutrient additions to land where there is
already a surplus of manure. This introduces the Mineral Bookkeeping System
under which every farmer has to declare an annual balance of nutrients entering
and leaving his farm. Where input exceeds output, a severe tax has to be paid (Dfl
1O/kg P2O5).

Carton's paper (presented by Magette) discussed the implication of lrish legislation
for landspreading manure from intensive agricultural enterprises. The objective is to
reduce nutrient emissions and improve the balance of nutrient loads between
manure and crop requirements. The consequence is that more land is required for
spreading manures than has been used in the past to meet with restrictions and
exclusion zones.

Provolo ef a/ described the development and evaluation of a model in which the
influence of different slurry management systems on pathogen survival can be
estimated.
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Assessment of nutrient availability from organic wastes use in
agriculture. A review.

lnvitd Paper

Estimation de la biodisponibilitd des 6l6ments nutritffs pr6senfs
dans /es produits organiques rdsiduaires.

Jean€taude Fardeaul
DEVM/LEMIR, CEA Cadarache
13108. Saint Paul Lez Durance. France
E-mail : Fardeau@versailles.inr.fr

Abstract

Organic wasfes are products which, firstly, are urastes and secondly contain
organic compounds, i.e. organic C and N. Except for some special organic
industial by-products, these wastes, which are farmyard manure, poultry manure,
pig and caftle slunies, sewage s/udgeg compost and mixtures of these by-
products, are deived from living processes. Therefore they contain all elements
that arc found in living organrsms, r. e. not only C and N but also P, K, Ca, Mg and
most of the microelements essenfia/ for life. Fufther, they also sometimes contain
elements, accidentally added, which have to be considercd as potentially toxic
(PTEs) for life.

Two reasons can explain the tnnsfer of such compounds in agrtcufturalsoils. Ihe
frsf is the mythic role of organic mafter in soil. This mythic aspecf come from the
past when the farmyard manure was the only source of nutients for crops and
when it yvas assumed that plant growth depended on organic compounds. The
second reason is that the incrcasing uhan population wish fo dispose their wastes
far from their houses and so explain, to the farmers, that wastes would be very
good, even essential, for crop production, as rt use to be in the past. Whatever the
explanations given, organic wasfes return, for a part, to farmer fields which are their
origin at a statistic scale.

An essential question concems the effect of such compounds on crcp production
and the behaviour of each element of these wasfes. Therefore it is of first
importance to be able to chancterize and quantify the availability, for crops, of each
nutient contained in the organic wasfes. The main question becomes: how to
characterize the availability of a given element among a lot of other elements which
are added together. One of the most efficient way is the use of an isotope of the
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element under study. As a matter of fact, when a crop takes an element in two
sources (soil and wasfes), labeling of one of the nutritive sources provides, in
crops, the oigin and the contibution to crop nutrition of the element Expeiments
have been canied out with 'uN, 

3'p or t3p, ntca, *Fe, uuzn, 
'oncd, 

63Ni, and some
other tncers. Moreover, such isotopes can inform either on immediate effect of
organic wasfes on crops or on the residual effect of organic wasfes on available
nutrients in soil-plant sysfems.

ln this review, examples shown concem mainly phosphorus applied as farmyard
manure, slunies sewage s/udges and composfs whose P availability of P has been
determined using isotopes. Ihe availability of P from farmyard manure and slunies
is of the same order of magnitude than that of water soluble P fertilizers. The
availability of phosphorus in seu/age s/udges depends firstly on the industial
processes applied to polluted waters. More the water is cleaned, more the
phosphorus in sludges becomes unavailable for crops. Examples are also given for
other elements as zinc.

Key-words: Organic wastes, bioavaibility, isotopes, phosphorus

R6sum6

Les r6sidus organiques sont d'abord des r6sidus et ensuit des produits contenant
des compos6s organiques, c'est-idire contenant du C et du N. A I'exception de
certains sous-produits organiques industriels, les autres, tels le fumier de bovins et
de volailles, les lisiers de bovins et porcins, les boues r6siduaires de station
d'6puration, les composts et les m6langes de tous ces produits, ont pour origine
premidre la vie. C'est pourquoi ils contiennent I'ensemble des constituants
n6cessaire au fonctionnement de la vie. Mais parfois, du fait d'une addition
accidentelle, ils recdlent des 6l6ments qui doivent 6tre consid6r6s comme toxiques
pour les organismes vivants.

Deux raisons conduisent i transf6rer de tels compos6s vers les sols agricoles.
Tout d'abord le r6le mythique de la matidre organique. Cet aspect mythique a pour
origine l'6poque of le fumier 6tait l'unique source de restitutions des 6l6ments
nutritifs aux champs cultiv6s et oir certains soutenaient que la matidre organique
6tait absolument indispensable i la nutrition des plantes. La seconde raison est
beaucoup plus simple. Les citadins poussent leurs d6chets loin de leurs habitations
et expliquent aux agriculteurs que cette matidre organique est bonne, voire
indispensable, pour la production agricole. Quelles que soient les raisons
6voqu6es, des compos6s organiques r6siduaires rejoignent les champs.
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La question majeure concerne I'effet des divers 6l6ments contenus dans ces
r6sidus. ll est de la premidre importance de disposer d'outils permettant de
caract6riser et quantifier la biodisponibilit6 pour les cultures des diff6rents 6l6ments
pr6sents dans ces r6sidus. Une des m6thodes les plus efficaces consiste i utiliser
des isotopes traceurs des 6l6ments. En effet, quand une culture pr6ldve des
6l6ments dans deux sources nutritives, le sol et le r6sidu, le marquage de l'une ou
I'autre des sources permet de connaitre, dans la plante, I'origine de l'6l6ment. Des
exp6riences peuvent 6tre r6alis6es avec tuN, t'P, 

'uCa, 
sFe, szn, 

'oscd et BNi,

voire avec quelques autres isotopes.

On pr6sente, dans cette revue, des exemples concernant principalement le
phosphore. La biodisponibilit6 du phosphore du fumier de ferme et des lisiers est
trds proche de celle du phosphore des engrais phosphat6s solubles dans I'eau. La
biodisponibilit6 du phosphore des boues r6siduaires d6pend du processus
industriel de purification de l'eau : plus est < nettoy6e n, moins le phosphore est
biodisponible pour les plantes. On pr6sente 6galement un exemple relatif au
devenir du zinc contenu dans les lisiers.

Mots cl6 : r6sidus organiques, biodisponibilit6, isotopes, phosphore

1. lntroduction

This conference is devoted to management strategies for organic waste use in
order to recycle, in agriculture, agricultural, municipal and industrial residues. This
paper is focused on assessments of nutrient bioavailability when applying organic
wastes in/on soils. The words: bioavailability, nutrient, organic wastes, recycling
and management structure this review.

The mythic aspect of organic matter was so strong in human subconscious that
even the Vatican took time and money to organize a symposium on ( Organic
matter and soil fertility > (Anonymous, 1968). Nevertheless, whatever the historic,
mythic and pertaining to the passions role of organic matter, it was shown by
Liebig, 150 years, ago that there is no need of organic matter for plant groMh.
Plants grow, without organic compounds, from inorganic nutrients and CO2 and
they create, through photosynthetic processes, organic matter containing mineral
nutrients taken in the soil as ions, the only chemical form which is metabolized;
further, this organic matter as plant, or crop residue, goes back in the environment.

At the opposite, animals, and among them Man, cannot grow, and live, without
organic compounds. They even cannot live without rejecting in the environment a
part of the organic compounds they eat and transform by metabolic processes.
There is no possible animal life without a production of organic residues. These
unavoidable residues are, for example, manure, slurries, municipal residues,
compost and sewage sludges. To avoid increasing amounts of organic residues
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near our life place, some of them go back to their departure point: the farmer fields.
But organic compounds, and inorganic nutrients included in organic compounds or
in organic structures as crop residues or bacterial cells in sewage sludges, are
unavailable for plants. lnorganic nutrients have to be released and made available
for plants by mineralization of organic matter. Soils contain a diversity of micro-
organisms (Eliott and Coleman, 1988; Beare et a/., 1995; Brussard et al., 1997)
known for their ability to mineralize organic matter and, as a consequence, to
release nutrients in their ionic form, i.e. available for plants (Coleman ef a/., 1983).
Therefore organic wastes can be applied on soils to be mineralized. This property
of soils, with their microoganisms, was called in the past << purifying power >
(Catroux et al., 19741. This expression, probably imagined by a town man to justify
the reject of its residues far from its home, was ambiguous and too optimistic: soil
microoorganisms have only a capability to transform some elements from a
chemical form unavailable, potentially toxic, towards another chemical form,
theoretically neutral for the environment. The too optimistic view has sometimes
contributed to make the soils of farmer fields or forests a bin. When these organic
wastes are transferred from towns to farmers fields concurrently to transfer of foods
from fields to towns, they contribute, for a part, to the recycling of non renewable
nutrients, as phosphorus or potassium, and thus to go towards a more sustainable
development (Biswas, 1 994).

2. Bioavailability and mobility of nutrients or elements concepts

Definition of bioavailabity and the concept on which it is based are considered as
unclear for most of the scientists of soils or agronomy (Naidu et al., 1997) and still
more for the regulatory authorities. Bioavailability is the property for a nutrient
to be available. A bioavailable compound, or element, is one that can enter,
whatever the mechanism of entry, into a biological cycle and whatever its
contribution, or not, to the metabolism. Thus, in the context of this conference,
bioavailability corresponds to the mechanisms supplying nutrients to living
organisms, mainly to plants. Therefore, according to Barber (1995), an available, or
bioavailable or phytoavailable, nutrient, is one that is present in a pool of ions in the
soil and can move to the plant root during plant growth if root is close enough.
Mobility is the ability of an element to be transferred from one compartment to
another compartment of the soil-solution-plant system when bioavailabilty is only
the property of an element to be transferred from soil compartment into the plant
compartment.

Confusion between the concept of bioavailability and the measurement of
bioavailability is frequent (Naidu et al.,'1997) and has to be avoided. Bioavailability,
as shown by < ity > , indicates a potentiality, a capability for a nutrient to enter into
the roots, and that, irrespective of the realization, i.e. of its extraction from soil by a
plant. C as CO2, N, P K, S, Ca, Mg and the '13 micronutrients considered as
essential for plant groMh, according to Marschner (1995), are fully included in the
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definition sensu sticto.. Nevertheless, bioavailability has to be considered as the
property of an element, essential or not, to enter into the roots. Therefore this
review is focused not only on nutrients but also on elements, such as Ni, Zn, Cr ...,
potentially toxic (PTEs) for plants, animals or humans (Smith, 1996; Morel, 1997).

A soil bioavailable element has to be characterized using, at least, three factors: an
intensity factor, lx ; a quantity factor: Qx and a capacity factor Capx. (White and
Beckett, 1964; Barber, 1995). These factors are generally quantified using
parameters derived from soil analysis. The intensity factor is the chemical potential
of the element which illustrates, in the soil-plant system, the < pressure > of
elements on the roots. Therefore the concentration of elements, or ions, in the soil
solution is the experimental parameter generally taken as intensity factor.
Concentration is the first factor accounting for the uptake of nutrients by plants
roots (Barber, 1995). The quantity factor is the amount of the element which is
present in the soil-solution-plant system at the chemical potentialof the element in
the soil solution. The capacity factor has to describe the variations of the quantity
factor when the intensity factor is modified either by an uptake by roots or by an
application of the element in soil.

Bioavailability concept refening to plant uptake and growth, bioavailability is a time
depending characteristic. The three factors, intensity, quantity and capacity
proposed in the past, do not document on release, with time, of the element from
soil, i.e. on the kinetic of release. Thus, a gap, more a lack, appear between the
definition taking into account time and factors utilized to characterize and quantifr
the nutrient bioavailability.

3. Bioavailability of elements. lts assessment

A full and right assessment of bioavailability would require understanding all
mechanisms governing the flux of nutrients from soil particles or components
towards soil solution and further to roots (Barber, 1995). Unfortunately, at the
present time, only some of these mechanisms are known (Loneragan, 1997). ln soil
plant systems, nutrients, and probably other elements, enter into the plants as
ions. lons exist only in water: soil solution is the obligatory way for nutrients
between soil particles and roots. Therefore analysis of particular properties of
elements in the soil solution can document on the behavior and the bioavailability of
nutrients.

3.1. Where and when assess the nutrient availability with organic wastes ?

When applying, on/in soils, an organic waste containing available elements, plants
take the element from the two sources available for plants: that of the native soil
and that of the organic waste. ln such case, bioavailability of an element can be
assessed in: (i) the waste, (ii) the soil, (iii) the soil-waste mixture. Two reasons
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justify that there is no universal response face these three possibilities. Firstly
parameters describing bioavailability are not additive; secondly, whatever the waste
applied to soil, most of the components added react with soil particles and
components. These reactions can modifo simultaneously the bioavailabilty of the
added nutrient and that of the native nutrient. Therefore, the most efficient choice is
often the analysis of bioavailabilty of elements in the soil-waste mixture and to
compare further this availability to that of the element in the soil alone.

3.2. Bioavailability : methods of assessment

Whatever the element, there is no significant correlation between the total content
of an element in the soil and the amount taken up by crops during a growing
season: uptake depends, for a part, on the bioavailabilty of the element. This fact
shows that each element is present in soils with many physico-chemical forms,
many species, and justifies research need on element speciation. The most exiting,
and promising, speciation is that allowing to distinguish between available and
unavailable forms of element.

To choose, and to continuously improve, methods of assessment of bioavailability,
the following established mechanisms have to be kept in mind:

1. Nutrients enter into plant roots only as ions.
2. Nutrient uptake depends on time.
3. Excepted for C, N and S, behavior of inorganic nutrients and elements

depends on physical processes as adsorption-desorption and on
chemical mechanisms as precipitation-dissolution and organic
synthesis.

4. Behavior of nutrient as C via CO2, N and S, depends especially on soil
microorganisms activity. Thus, mechanisms by which organic
compounds are transformed into inorganic compounds are biological
processes and are controlled by all the factors modifying metabolism
and growth of soil microorganisms. These soil factors are water and
oxygen content, temperature, content in energy sources, i.e. in organic
compounds available for microorganisms.

a) Chemical, or physical, *traction

This approach, the most common to assess bioavailability, is that of routine
analysis. lt was imagined in 1845 (Daubeny). Such approach is based on
successive assumptions: (i) a chemical reactant could extract specifically a define
physico-chemicalform; (ii) the form extracted is available, or unavailable; (iii) there
is a significant correlation between the quantity of element taken up by a crop and
the quantity of P extracted by the chemical. The conceptual limits of such approach
are well known: (i) only one factor among the three required, the quantity factor, is
determined using extraction methods; (ii) chemical extractions modffied the
adsorption properties of soil particles and thus modified the behavior of the element
during the extraction procedure, resulting in various pitfalls (Nirel and Morel, 1990);
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(iii) chemical extractions are less selective than expected. For example, when using
a basic extractant, the simultaneous extraction of the element and organic matter is
a well known problem ; (iv) Such speciation is a < photography > of the status of the
element at a given time; a photography is a static representation and can never
document on the evolution, with time, of the system. Nevertheless, chemical
extractions continue to be utilized in soil routine analyses for almost all the
elements.

b) The isotopic exchange method

1. Theory. As extraction procedures significantly modify the adsorption
properties of soil components, they give, finally, wrong conclusions concerning the
amounts of available nutrients. Thus it was of first interest to develop, for
bioavailability assessment, experimental procedures without extraction procedure.
This can be reached using isotopic exchange kinetic method

The aim of this method is to determine size and kinetic properties of a pool, or
compartment, of an element in a pluricompartmental system without extracting
compartments (Shipley and Clark, 1972; Frossard and Sinaj, 1997). Schematically,
the method consists, taking into account some theoretical and practical constraints
to maintain the system under analysis in steady state, in applying an isotopic tracer
in a given pool and to measure, with time, how it leaves the pool. The
mathematical analysis of the kinetic of the isotope transfer, i.e. the decrease with
time of the amount of radioactivity in the pool where the radioactivity was
introduced, documents on the organization of exchangeable ions and on their ability
to move from one pool to another pool (Shipley and Clark, 1972).

2. Resul6. Such a procedure was performed for phosphate ions in soil
solution systems in steady state or in soil-soil solution-plant systems. The following
conclusions were obtained :

+ Analysis of isotopically exchangeable phosphate ion kinetics shows that
isotopically exchangeable P is made of many compartments. Each compartment of
phosphate ions is characterized by its ability, its mean mathematical time, to be
released from the soil particles into the soil solution. The compartments are
organized as a mamillary system: a central pool, made for a part of the ions in the
soil solution, exchange phosphate ions with all the other pools, each with a kinetic
rate of transfer towards the soil solution (Fardeau ef a/., 1996)

+ Thus, isotopically exchangeable P can be described using its intensity factor: the
concentration of orthophosphate ions in the soil solution expressed in mgP L 

1 and
its quantity factor: the amount of instantaneously isotopically exchangeable P,
expressed in mgP kg-l, and determined in routine analysis as the amount of P
which is isotopically exchangeable in 1 minute. As a consequence, the capacity
factor, which is the ratio of the quantity factor to the intensity factor, is expressed in
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L kg-1 : it documents on the maximum volume of solution which can be added to soil
without variations of the concentration. lt was shown that, for a given soil, there is a
stable relation between the quantity factor, Q, and the intensity factor, I (Morel ef
a/., 1995). The general equation linking Q to I is a power function: Q = cr le

=+ More, comparing the isotopic composition of phosphate ions in the soil solution
and that of P in crops grown on soils where the isotopically exchangeable
phosphate ions were labeled, it was shown that the soil isotopically exchangeable P
is the only P source for plant nutrition, i.e. is the available soil P (Morel and
Plenchette, 19%). Thus parameters characterizing isotopically exchangeable P can
also be utilized in order to characterize available soil P.

+ Finally, the isotopic exchange kinetic method allows to reach the three required
factors. lt add a supplementary factor, the time factor, which is essential for plant
nutrition. This time factor can be expressed either in terms of compartments whose
the ability to leave the solid phase in order to enter into the soil solution is time
depending, either in terms of a mean rate of transfer from soil to soil solution
expressed in mgP mn-' kg-t. Thus it is shown that there is no true border between
available and unavailable nutrient: there is a continuum between instantaneously
available soil P and really slowly available soil P.

3. Hension of the method and the conceot to other elemenfs. The
same procedure was applied, in soil-solution systems and in soil-soil solution-plant
systems, to potassium, iron, nickel and zinc ions (Frossard and Sinaj, 1997;
Echevarria et a1.,1997). Conclusions derived from experiments were similar to that
obtained for soil phosphate.

4. Conclusion on isotopic exchange procdure. At the opposite to the
extraction methods which know borders, the isotopic exchange method which is
based on an universal and unavoidable physical process, the Brownian motion,
had no border. At the present time, there is no experimental and theoretical
evidence that these results can be extended to all nutrients and elements whose
behavior in soil-plant systems is mainly controlled by physico-chemical processes.
Nevertheless, there is also no reason which can proof the opposite. This approach
can be considered as a universal one (Naidu et al., 1997) and thus a reference
method which could be utilized to test the capability of extraction methods to
extract, from soils, really available soil elements.

3.3. Assessment of the contribution of organic wastes to availability of a
given nutrient

Organic by-products as sewage sludges, farmyard manures or pig slunies applied
in soils can increase bioavailabilty of elements because they contain available
nutrients or nutrient which can be made available following organic compound
mineralization. But organic compounds can also modfu availability because some
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of them, and sometimes mineral compounds as calcium oxide added to wastes,
modifo mineralization rates and processes (Thien and Myers, 1992) or the ability of
soils to fix, or to release, the native nutrients. ln such situations the contribution of
each source to the total element uptake cannot be determined with field, or pot,
experiments and measuring element uptake. The only way to determine the
contribution of each source, wastes or soil, is the labeling of one of the two
available sources: that of the soil or that of the wastes (Fardeau ef a/., 1996). As
isotopically exchangeable ions in a soil-plant system are the available soil ions, the
labeling can be made using isotopic exchange (Fardeau ef a/., 1996). ln order to
avoid pot experiments with isotopes, which are always time and money consuming,
the contribution of the two source can be obtained, after labeling of one of the two
sources, analyzing the isotopic composition of the element in the soil solution. This
method can be applied to forecast the contribution of P applied to a soil to the P
nutrition of crops (Moreland Fardeau, 1991).

3.4. Gase studies

Organic wastes are the main scope of this conference. Due to their very large
varieties, as they are issued: (i) from agriculture as crop residues, farmyard
manure, slunies, (ii) from towns as rough residues compost or sewage sludges
derived from a lot of different treatments, (iii) from industry as ashes of wood, and
to the number of essential nutrients, about 20 (Loneragan, 1997), an exhaustive list
of results is impossible (Sharpley and Smith, 1995 ; Bril and Salomons, 1990).
Some examples are presented below.

a) Potassium.
Potassium ions never link with organic compounds, except for example with an
organic chemical reactant called tetraphenilboron. Thus, potassium is present as its
ionic form in most of organic wastes, as crop residues, composts, sewage sludges,
slurries (Bernal et al., 1993a; Martinez, 1994) urine and farmyard manure. Thus,
when the wall cell of living organisms become porous at death, potassium is
released in the soil solution (Japenga and Harmsen, 1990). Therefore potassium
applied with organic wastes has to be considered as a K fertilizer (Castillon, 1994),
and can be, for a part, leached (Martinez, 1994) when applications are significantly
greater than the needs of plants. lt has to be also repeated to farmers that straw, or
crop residues as sugar beet leaves, are the first K fertilizer for the following crop
which has to be taken into account in the balance of the agrosystem.

b) Phosphonts
P can be a limiting factor for crop yields on soils and, at the opposite, P is also
involved in eutrophisation processes in surface water. P is a non renewable
resource and has to be recycled. Therefore P is one nutrient which has been
intensively studied. The main results are summarized as follows:

. P in crop residues: The percentage of utilization of P included in crops
residues is of the same order or slightly higher than that of water-soluble
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P fertilizers. Thus the amount of P in crop residues has to be taken into
account in balances of nutrients at field, farm or country scales.
P in animalwasfes.' P contained in animal wastes is due to feeds which
contain inorganic phosphate and Ca-Mg phytate, an organic compound
(Cromwell, 1992). The major part of P absorbed by animals is rejected on
the same chemical form. Nevertheless, in soils which received animal
organic wastes, only inorganic phosphate content increases (Robinson ef
a/., 1995). Phytate is often quickly hydrolyzed by soil microorganisms with
exo-enzymes and inorganic phosphate is released. As a conseguence,
availability of P in animalwastes is of the same order of magnitude as that
of P in water-soluble P fertilizers (Bernal ef a/., 1993b). Thus the amount
of P to be applied, as animal wastes, for crop production has to be, at
year scale, no greater than that applied as P fertilizer. When P is applied,
as animal wastes, in amounts significantly higher than that taken up by
crop, the content of available soil P increases drastically, whatever the
soil type (Coppenet et al., 1993: Fardeau et Martinez, 1996).
P in sewage s/udges: P availability in sewage sludges depends on the
industrial processes of obtaining sludges. ln biological sludges, P which is
included in bacterial cells, is available as phosphorus in all residue
derived from living organisms. When successive treatments as iron or
aluminum chloride addition, and/or heating for sterilization, occur the
concentration of phosphate ions in sludge solution decreases; and
simultaneously P bioavailability in sewage sludges decreases: P can
become almost unavailable for plants. There is, for 10 years,, an increase
of P content in sludges which results of increasing dephosphatation
processes using chemicals; but simultaneously P availability for plant
decreases. At the present time, we have to choose between a water clean
after sludge production where the risk of eutrophisation is really limited
with a decreasing P availability in sludges with less interest for its
recycling and, at the opposite, a high P availability in sludges and a high
risk of water eutrophisation. This case shows the struggle of interests
between surface waters and cropped fields.
P in composfs and municipal refuses. P availability in composts is
generally lower than that of P in sewage sludges (Faisse, 1996).
P in industial wasfes. Wood is sometimes utilized to produce heat and/or
energy, for example in paper paste industry. ln such case, P, and K, are
found in ashes. P availability, due to the heating which transform free
phosphate ions into little soluble P, is very low.
P in bones. Bones are also derived from living organims and have been
the first P fertilizer recognized. But the availability of P in bones is very
low: phosphate ions are included in very well crystallized apatite. Further
bones were collected to be dissolved with sulfuric acid. lt was the birth of
water soluble phosphate fertilizer industry.

a

o

a
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However that may be, P availability decreases when the time of contact between
soil components and P applied as organic wastes increases, similarly to inorganic P
fertilizers (Larsen, 1974).

c) Nitrogen
Nitrogen of organic wastes is unavailable for plants; but it becomes
phytoavailable following microbial mineralization. The rate of mineralization
which depends on a lot of factors, controls the behavior of organic nitrogen in soils
and its transformation into phytoavailable N. 1sN-isotope was sometimes utilized in
order to follow the behavior of organic nitrogen derived from sludges and other
organic residues (Fardeau et al., 1976; B6line ef a/., 1998). Recently, this isotope
was utilized in order to determine, with pig slurry, the contribution of two very
important processes, ammonia volatilization and denitrification, to the
biogeochemical cycle of nitrogen (Chadwick ef a/., 1998): applying < N pig slurry >
on soils in June and October, about 6 % were volatilized, 23 o/o became in N2O, a
pollutant gas and 12o/o turned into N2.

d) Microelements
The fate of micronutrients, and some of microelements, the potentially toxic
elements (PTEs), is studied due to potential risks for living organisms (Morel et al,
1997). lt was explained that organic matter either fixes heavy metals and make
them unavailable or, at the opposite, that microelements are released more easily
than without addition organic compounds (Smith, 1996). lt was shown, for example
that applications of biosolids as sludge (Sloan et al., 1997) and heavy applications
of pig slurries increased significantly Cd, Zn and Cu which are extractable using
various chemicals (Coppenet ef a/., 1993; L'Henoux et al., 1997). But even when
amounts of microelements extracted by a chemical increases, the element uptakes
can be unvarying (Cabral et al., 1998). But, with such an experimental procedure,
there was no mean to assess the contribution of sludges to the variations of
availability of elements and to determine the causes and the origin of such
increases: increasing mobility and availability of native elements in soils or uptake
of these elements from applied pig slunies.
lsotopes were also utilized to study the fate of PTEs (Fardeau et al., 1976).
Whatever regulation dfficulties, often more dfficult to solve than safety precautions
! to carry out experiments with gamma-emitter isotopes, the isotopic exchange
method could quickly provide knowledge on the fate of such elements whose
chemical speciations and measurements are always difficult and time consuming
(Echevania, 1996; Echevarria et al., 1997). Thus, when applying this isotopic
method in soil samples taken in experimental field which received heavy
applications of slurries, it was shown that the amounts of directly available Zn
increased (Frossard and Sinaj, 1997). Generally the capacity factor of soil for a
given ion decreases when the amount of instantaneously available nutrient
increases. But, in this soil the capacity factor lor Zn ions increased though amount
of available Zn increased. ln this long term field experiment a liming increased more
the capacity factor for Zn than the Zn application with slurry decreased the capacity
factor. Finally, as for P (Morel et al., 1994), some agricultural management
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practices can modifi/ the fate of microelements more than an application or an
uptake of these microelements.

4. Management strategies and needs for the future

ln the past, the << town Man > move away its organic wastes and its personal
residues, balance of his metabolism, sometimes towards the farmer fields,
sometimes towards the rivers ! firstly far from its home. This ancestral management
practice was the first << natural > recycling. At the present time at the earth scale,
resources necessary for food production have shown a disquieting deterioration
(Biswas, 19%). Some of these resources, as phosphorus, are non renewable
element at the Man life scale. Therefore, a recycling, through soils, of most of our
organic wastes, which contain more of the inorganic nutrient taken in soil with food
harvests, has to be recommended. lnteresting fact: this < disposal and removal >>

method has the lower cost ! But for some elements, as most of the PTEs, their
contents in waste dry matter are higher than in soils. !n such case, their total
contents in soil increase.

Assessment of phytoavailability of elements would required understanding of
mechanisms involved in transfer from soil components to roots (Barber,
1995)..Applying this comment to organic wastes, the problem could be summarized
as follows :

1. These wastes contain organic and inorganic components.
2. The behavior of inorganic compounds is the same than that of mineral

fertilizers and depends on the result of the competition between soil and
plants for the nutrients.

3. ln the context of this symposium only organic part of wastes is examined.
Able to transform organic compounds into inorganic nutrients, soil
microorganisms are the key for r*ycling (Coleman et al., 1983; Eliott
and Coleman, 1988; Kucey et a1.,1989: Thien and Myers, 1992; Brussard
et al., 1997).To become available, elements present in organic wastes
have to be firstly released from biological structures, as cells, orland
hydrolyzed. This step can be, at the first year scale following the
application, a limiting factor for nitrogen release but most of the other
inorganic elements remain finally most available for crops than those
applied as mineral fertilizers.

Could an accurate availability assessment of nutrient and microelements improve
management policies of organic wastes ? We have to said: YES. The bioavailability
concept is now well known and the isotopic exchange method gives life to the
concept and makes the knowledge on nutrient bioavailability increases. lt was
shown that there is a continuum from available to unavailable nutrient.
Nevertheless : (i), methods of soil routine analysis utilized to transform the
bioavailability concept into reality are scarce; (ii) there is a continuous dfficulty for
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Man to modify its thinking habit: its is easier to speak on a quantity that to speak on
ability for an element to be released from soil, with time. An evolution of methods
applied to document on bioavailable elements, using new concept and knowledge
have to be introduced in the routine analysis methods, is now required to improve
fertilizer and wastes management. This is the first need for the future.

Have organic wastes, because they contain plant nutrients known as non
renewable resources, to be applied in soils when the amounts and the availability of
nutrients in soils can easily satisfy the plant needs ? The better response could be
probably: NO. ln such cases, such management practices result, for example, in
nitrate pollution by leaching (Cheverry, 1992) in ground waters and in nitrogen and
phosphate pollution in surface waters by run-off (Robinson et al., 1995). These
facts mean that management policies of organic wastes, whatever their origins,
have to take into account, not only availability of nutrients in the wastes, but also
their availability in soils. This could be a second need which concerns mainly
developed countries.
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Abstract

Field experiments and pot incubation sfudrbs were used to quantify nitrogen (N)
mineralisation from the organic fraction of farm manures. A methodology was
developed to 'strip' manures of their readily available N confenfs to reduce the
masking effecfs of readily available N on mineralisation measurements. ln the pot
incubation study the greatest N minenlisation was from a layer manure (55% of
total organic N applied) and a pig slurry G7%), and least from a dairy slurry Q%)
and beef FYM (6%). The amount of organic N minenlised was inversely related to
the cahon:organic N ratio of the manurcs (P<0.01). Resu/fs from the 3 field
experiments on contrasting soi/ types werc in general agreement with the pot
incubation studrbs with the largest amount of mineralisation occuning on the layer
manure and pig sluny treatments and least following cattle slurry and FYM
additions. Models that predicted between 10 and 20% of manure organic N would
minenlise in the season following application prcvided the best agreement with
field measurements, afthough none of the models successfu//y prcdicted
minenlisation differcnces between manure types.

Key words: Farm manures, organic nitrogen, mineralisation, modelling

R6sum6

Des essais au champ ainsi que des incubations en pots ont 6t6 utilis6s pour
quantifier la min6ralisation de la fraction azote organique des d6jections animales.
Une m6thode a 6t6 d6velopp6e pour ( appauvrir > les d6jections de leur fraction
azote min6ral disponible afin d'6viter les interf6rences sur les mesures de
min6ralisation. Dans les essais d'incubation en pots, le taux maximum de
min6ralisation est obtenu i partir du fumier de volailles (55% de I'N organique total
apport6) et du lisier de porc (37%), alors que des taux plus faibles furent obtenus
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- avec le lisier bovin (2%) et le fumier bovin (6%). La quantit6 d'azote organique
min6ralis6 est inversement con6l6e au ratio carbone sur azote organique des
d6jections (P < 0.01).

Les r6sultats issus de 3 essais au champ sur des sols diff6rents confirment les
observations en laboratoire. Les moddles qui pr6disent qu'un taux de min6ralisation
compris entre 10 et 20o/o sera obtenu au cours de la saison suivant l'6pandage
corroborent les r6sultats obtenus au champ, mais ne permettent toutefois pas
d'expliquer les diff6rences entre les diff6rents types de d6jections.

Mots-cl6s : D6jections animales, azote organique, min6ralisation, mod6lisation

1. lntroduction

!n the UK, applications of animal manure to agricultural land supply ca. 450,000
tonnes of nitrogen per annum, of which ca. 300,000 tonnes are estimated to be
present as organic N and ca. 150,000 tonnes in readily plant available N forms
(principally ammonium and uric acid-N). Typically, 75-W% of the total N content of
straw-based farmyard manures (FYM) is present as organic N, 50-60% for poultry
manures and 40-50% for slurries (MAFF, 1994).

Research in the UK has largely focused on readily available N forms as these have
the greatest influence in the short-term on crop fertiliser N supply, ammonia
volatilisation and nitrate leaching losses (Jarvis and Pain, 1990; Unwin et al., 1991;
Chambers et al., 1997). ln the longer-term, organic N mineralisation will have
increasingly important effects on N supply, particularly in situations where repeated
manure applications are made to land. lf mineralisation of the applied organic N
occurs during periods of crop growth (spring-summer) fertiliser N requirements will
be reduced, but if mineralisation occurs during the autumn-winter period, nitrate
leaching and denitrification losses are likely to increase.

This paper describes results from pot incubation and field studies to quantifo N
mineralisation from the organic fraction of farm manures. Mineralisation
measurements at the field sites were compared with values predicted by selected
manure N models.

2. Methodology

Quantifoing organic N mineralisation is complicated by the presence of often large
quantities of readily available N (principally ammonium-N and for poultry manures,
uric acid -N). Methodologies involving sedimentation (for slurries) and controlled
drying were developed to "strip" the manures of their readily available N contents.
The techniques were effective for the pot incubation studies (17 manure samples)
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and field experiments (9 manure samples) at reducing the readily available N
content of the cattle manure samples to < 1o/o and < 5o/o of total N, for the pig
manure samples < 2o/o afid < 1Oo/o, and for the poultry manure samples < 3% and <
10%, respectively.

2.1. Pot incubation studies.

N mineralisation from the organic N fraction of 17 manures (3 cattle slurry, 3 cattle
FYM, 3 pig slurry, 4 pig FYM and 4 poultry manures)was measured under uniform
conditions of light (16 hour photo period), temperature (18"C days and 12'C
nights) and soil moisture status (60% of moisture holding capacity) for a period of 6
months. The ammonium -N "stripped" manures were mixed with a loamy sand
textured soil in pots 16.5 cm x 16.5 cm x 20 cm), and sown with perennial ryegrass
(Lolium perenne L.). The treatments were arranged in a randomised block design
with three replicates of each treatment.

The manures were analysed for dry matter, organic carbon (C), total N, ammonium-
N and for poultry manures, uric acid-N. Target applications were 200 kg/ha total N
with additional phosphorus, potassium and sulphur applied in solution to the pots to
ensure that grass growth was not limited by an inadequate supply of major nutrients
other than nitrogen. Six grass cuts were taken during the experiment, with the
ryegrass N offtakes used as a measure of organic N mineralisation.

2.2. Field studies

ln June 1996, field experiments were established at 3 sites with contrasting soil
types and climatic conditions (Table 1), to measure N mineralisation from the
organic N fraction of 9 farm manures (2 cattle slurry cattle FYM and pig FYM, 1 pig
slurry, layer manure and broiler litter) and six inorganic N treatments (0-150 kg/ha).
There were 3 replicates of each treatment in a randomised block design.

At each site, ammonium-N "stripped" manures were applied to the plots (3 m x 10
m) prior to the establishment of perennial rye grass. The manures were left on the
soil surface for 48 hours after application to encourage further ammonia
votatilisation before incorporation. 1 m' mesh squares were placed randomly on
each plot before application so that samples of the manures could be collected at
the time of soil incorporation. The manure samples were analysed for dry matter,
total C, total N, ammonium-N and for poultry manures uric acid-N, so that the
amount of N applied to each treatment could be quantified (Table 21. At ADAS
Rosemaund, extremely dry weather after the experiment was set up meant that the
grass did not germinate. Grass was satisfactorily established on the plots in
February 1997.
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Site Soil tenure Average annual
rainfall (mm)

Topsoil total N
(o/o\

Topsoil organic
matter(%)

ADAS Gleadthorpe Loamv sand 650 0.04 1.7

ADAS Rosemaund Siltv clav loam 800 0.20 2.9
IGER North Wyke Sandy loam 1000 0.08 '1.8

Table 1.

Soiltype, cropping and average annual rainfall

Between June 1996 and June 1997, 5 grass cuts were taken at Gleadthorpe and 4
at North Wyke. The late grass establishment at Rosemaund meant that only 1 cut
was possible.

TotalN
Treatment Gleadthorpe North Wyke Rosemaund

Cattle FYM 1 526 632 1366
Cattle FYM 2 901 848 824

Pio FYM 1 863 1031 816
Pis FYM 2 794 861 1024

Cattle slurry 1 172 364 23',!

Cattle slurrv 2 676 724 s69
Pig slurry 577 543 639

Layer manure 674 3&1 326
Broiler litter 6s9 638 444

Table 2.

N loadings at each field site following application of ammonium-N stipped manures

Porous ceramic cups (Webster et al., 1993) were installed at 90 cm depth on each
manure treatment (4 per plot) to measure nitrate leaching losses. Drainage
estimates were made using the IRRIGUIDE meteorological model (Bailey and
Spackmann, 1996) with leachate samples collected every 2 weeks or following 25
mm of drainage whichever occurred sooner, for nitrate-N analysis. Nitrate-N
concentrations in porous cup samples were combined with drainage volume
estimates between the sampling dates to measure nitrate-N leaching losses (Lord
and Shepherd, 1993). Soil temperatures were measured daily and soil moisture
contents monthly.

The sum of plant N uptakes and nitrate leaching measurements on the control was
subtracted from those on the manure treated plots to quantifo organic N

mineralisation. The mineralisation measurements were corrected for the small
amount of readily available N applied in the manures.

Dry matter yields on the manure treatments in year 1 were compared with the
yields on the inorganic N treatments to calculate the fertiliser equivalent value of the
mineralised organic N.
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2.3. Modelling

Field assessments of manure organic N mineralisation at Gleadthorpe and North
Wyke were compared with predictions from N-CYCLE (Scholefield et al., 1991),
MANNER (Chambers et al., 1998) and other manure models; Beauchamp and Paul
(1989), Bhat et al., (1989) and Diltz et al., (1990).

3. Results and discussion

3.1. Pot lncubation studies

Net N offtakes were greatest from a layer manure (115 kg/ha N) and a pig slurry
(60 kg/ha N) and least from a dairy slurry (3 kg/ha N) and a beef FYM (13 kg/ha ).
During the 60 days following incorporation of the manures, net lmmobilisation was
measured on the dairy slurry and beef FYM treatments. By the fourth harvest (120
days), the mineralisation rates had decreased to low, relatively constant levels for
all manure types.
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Figure 2
Relationship between %oN mineralisation and C : organic N ratio.

3.2. Field studies

N uptake
At Gleadthorpe, uptakes of mineralised organic N were greatest on the pig slurry
and layer manure treatments with 265 and 200 kg/ha N taken up respectively
between June 1996 and June 1997, respectively. On the cattle FYM-2 and pig
FYM-2 treatments, there was no net N mineralisation between the first and fourth
sampling dates (8 months). Net N uptakes on these treatments were 30 and 23
kg/ha N, respectively.

At North Wyke grass N uptakes were generally greater than at Gleadthorpe for all
the manure treatments which may reflect warmer soil temperatures in the autumn
following application (Figure 3). Between June 1996 and June 1997, the greatest N
uptakes were measured on the layer manure and pig FYM-1 treatments at ca. 339
and 323 kg/ha N, respectively. The lowest N uptakes at 36 kg/ha N was measured
on the cattle slurry -1 treatment. N uptake on the other treatments ranged between
145 and 280 kg/ha N.

0 l0

The % organic N mineralised (Figure 1) was greatest from a layer manure (55o/o)

and a pig slurry(37%) and least from a dairy slurry Q%l and a beef FYM (6%). The
amount of organic N mineralised was inversely proportional to the C:organic N ratio
of the manures (P <O.Ol, f = 4Oo/o,1, - Figure 2.
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Figure 3
Cumulative day degrees above 5"C at 10 cm soildepth.

At Rosemaund, N uptakes were lower than the other sites because of the late grass
establishment. The greatest uptake was 140 kg/ha N measured on the pig slurry
treatment and least 27 kglha on the cattle slurry - 2 treatment.

At all three sites net N mineralisation was continuing 18 months after the manures
had been applied.

Nitnte leaching
At Gleadthorpe and North Wyke, nitrate leaching losses from the cattle FYM, cattle
slurry and pig FYM-2 treatments were similar at ca. 5 kg/ha N. Losses on the pig
FYM-1, pig slurry and poultry manure treatments were ca. 10, 15 and 20 kg/ha N at
Gleadthorpe, and 25,50 and 10 kg/ha N at North Wyke, respectively. The failure to
establish a grass cover at Rosemaund meant that there was no plant N uptake
before drainage began over winter 1996/97 and as a consequence nitrate leaching
losses were overall greater than at the other sites in the range 25-50 kg/ha N.

Mineralisation
Generally, organic N mineralisation (sum of net plant uptake and net N leached)
was greatest following the pig slurry and layer manure applications, with 52% and
36% of the applied organic N mineralised at Gleadthorpe, and 670/o and 60% at
North Wyke, respectively. At Rosemaund the greatest amount of mineralisation
occurred on the cattle slurry-2 treatment (31%) followed by the pig slurry treatment
(25o/o), Figure 4.
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Figure 4
Net mineralisation between June 1996 to June 1997.

The field mineralisation measurements were in general agreement with those
obtained in the pot incubation study, although it was not possible to establish a
relationship between the field N mineralisation measurements and C : organic N
ratio of the applied manures.

ln the first growing season following application (i.e. six months from June to
December), grass dry matter yields on the cattle FYM - 1, cattle FYM -2 and cattle
slurry - 2 treatments were equivalent to those from inorganic fertiliser N applications
of 96, 101 and'117 kg/ha N at Gleadthorpe and 88, 102and 84 kg/ha N at North
Wyke, respectively. Dry matter yields on the pig FYM-2 treatment at Gleadthorpe,
the pig FYM -1 and broiler litter treatments at North Wyke were equivalent lo 121,
129 and 89 kg/ha fertiliser N applications, respectively. lt was not possible to
calculate fertiliser N equivalents for the other treatments bemuse dry matter yields
exceed those of the 150 kg/ha fertiliser N applications. At Rosemaund failure to
establish a grass crop meant that it was not possible to determine fertiliser N
equivalents in the first season following manure application.

Modelling
The field measurements of N mineralisation at Gleadthorpe and IGER (June 1996
to June 1997) were compared with model predictions. Comparisons of the field
measurements and model predictions for cattle FYM-1, layer manure and pig slurry
treatments are shown in Figure 5 and Figure 6.
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Predicted and measurcd N mineralisation, ADAS Gleadthorpe
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Predicted and measured N mineralisation, IGER North Wyke.
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ln general, the best quantitative predictions were provided by N-CYCLE, MANNER
and the Beauchamp and Paul (1989) model. This was because these models
estimated that between 10 and 20o/o of the organic N was mineralised in a first
growing season after application. The Bhat et al. (1989) and Dilz et al. (1990)
models over estimated mineralisation under these conditions, because they
assumed that 80% and 460/o respectively of the organic N would mineralise. None
of the models were able to predict mineralisation differences between the manure
types.

5. Acknowledgement

Funding of this work by the UK Ministry of Agriculture Fisheries and Food (MAFF) is
gratefully acknowledged.

6. References

Bailey R.J. and Spackmann, (1996). A modelfor estimating soil moisture changes
as an aid to irrigation scheduling and crop water-use studies: I Operational details
and description. Soil Use and Managemenl12122-129.

Beauchamp, E.G. and Paul, J.W., ('1989). A simple model to predict manure N
availability to crops in the field. ln: Nitrogen in Organic Wastes Applied to Soils
(Eds: J.A. Hansen and H.Henriksen) pp 140-149. Academic Press London.

Bhat, K.H.S., Flowers, T.H. and O'Callaghan, J.R. (1989). A modelfor simulation
of the fate of nitrogen in farm wastes on land application. ln Nitrogen Losses and
Surface Runoff (Ed:J.C. Brogan) pp222-250 Brussels.

Ghambers, 8.J., Smith, K.A. and van der Weerden, T.J., (1997). Ammonia
emissions following the land spreading of solid manures. ln : Gaseous Nitrogen
Emissions from Grassland (Eds: S.C. Jarvis and B.F. Pain), pp 275-280. CAB
lnternational UK.

Chambers, B.J., Lord, E.1., Nicholson, F.A. and Smith, K.A., (1998). Predicting
nitrogen availability and losses following land application of manures. ln :

Proceeedings of the lnternational workshop on Environmentally Friendly
Management of Animal Farm Waste. (Ed. T. Matsunaka) Sapporo Japan pp 79-83.

Dilz, K., Postmus, J. and Prins, W.H. (1990). Residual effect of long-term
applications of farmyard manure to silage maize. Fertiliser Research 26 249-252.

Lord, E.l. and Shepherd, M.A., (1993). Developments in the use of porous
ceramic cups for measuring nitrate leaching. Journal of Soil Science 44 435451.

ll0



MAFF, (19%) Fertiliser Recommendations for Agrlcultural and Horticultural Crops.
Ministry of Agriculture Fisheries and Food. Reference Book 209 (sixth edition)
HMSO, London.

Jalvis, S.C. and Pain, B.F. (1990). Ammonia volatilisation from agricultural land.
The Fertiliser Society Proceedings No.298. Greenhill House, Thorpe Wood,
Peterborough.

Scholefield, D., Lockyer, D.R., Whitehead, D.C. and Tyson, K.C. (1991). A
model to predict transformation and losses of nitrogen in UK pasture grazed by
beef cattle. Plant and Soil, 132 '165-177.

Unwin, R.J., Shepherd, M.A. and Smith, K.A. (1991). Controls on manure and
sludge applications to limit nitrate leaching. Does the evidence justify the
restrictions which are being proposed? ln : Treatment and use of sewage sludge
and liquid agricultural wastes (ed. P.L'Hermite) pp 261-270 Elsevier Applied
Science, London.

Webster, C.P., Shepherd, M.A., Goulding, K.W.T. and Lord, E.l. (1993).
Comparison of methods for measuring the leaching of mineral nitrogen from arable
land. Journal of Soil Science 44 46-62.

lll





Short term carbon and nitrogen transformations following pig
and cattle slurry incorporation in soils

Transformations azotdes et carbondes d court terme cons6cutivement
d l'incorporation de lisier bovin et porcin au sol.

T. Moran, P. Leterme
Unit6 d'agronomie, INRA, ENSAR,
65, rue de Saint Brieuc, 35042 Rennes. France
E-mail : morvan@rennes.inra.fr

Abstract.

The rates of organic carbon mineralization of the s/umbs were high, and
significantly higher in Sr, compared to 52 and 53 soi/s. Cahon mineralization was
well described by a two-compaftment model, the first compartment being the
soluble fnction of organic matter determined by Van Soesfb method, and the
second conesponding to the non-soluble fraction. The high level of carbon
decomposition strongly stimulated the immobilization of ammonium. Gross
mineralization also vaied greatly with soils and slunies. Net mineralization was
obserued for alltreatments, on 57, whereas net immobilization was obserued in 28
9/o of cases, and concemed mainly trcatments on 53. Nitrification of the ammonium
in slunies was complete on day 24 on 32 and 53 buf not on 57 sorirs ; ntes of
nitrtfication varied greatly between soils, durtng the active phase of nitrification
following the latent period.

A simple model describing nitrogen and carbon fluxes was constructed from the
relationships between the chemical and biochemical contposition of the slurnes,
carbon and nitrogen mineralization and nitrcgen immobilization.

Key words : slurry, 'uN, nitrogen biotransformations, carbon mineralization

R6sum6

Carbon minenlization and nitrogen biotnnsformatbns were studied in a laboratory
expeiment, for 24 days, at 16'C. Thifteen pig s/umbs and five cattle slunies were
labelled witn ('NUS2SO. and added to a toamy so/ (S7, pH 5.4 organic matter 2%o)

and to two loamy sand soi/s (S2ef S, pH 6.7 and 5.5, organic matter 3.9%).

La min6ralisation apparente du carbone et les biotransformations des formes
azot6es du lisier ont 6t6 6tudi6es en laboratoire, sur une dur6e de 24 jours, d la
temp6rature de 16'C. Treize lisiers de porc et cinq lisiers de bovin enrichis en azote
15 par addition de llsNHolrsOo ont 6t6 apport6s sur un sol limoneux (Sr, de pH 5,4
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et de taux de matiEre organique 2o/ol et deux sols limono-sableux (S2 et 53, ayant
respectivement un pH de 6,7 et 5,5 et de taux de matidre organique 6gaux 3,9%).

Le taux de min6ralisation du carbone organique des lisiers est significativement
sup6rieur sur 51, comparativement i S2 et 53. La min6ralisation du carbone en fin
d'exp6rience est bien d6crite par un moddle comprenant deux compartiments
correspondant d : i) la fraction soluble d6termin6e par la m6thode Van Soest, et ii)
la fraction insoluble. L'importante activit6 de d6composition du carbone organique
stimule fortement I'immobilisation de I'azote ammoniacal, qui repr6sente 20 d 70o/o

de I'azote ammoniacal apport6, le jour 24.

La min6ralisation brute du systdme sol-lisier varie fortement selon les sols et les
lisiers. On mesure un flux de min6ralisation nette pour tous les traitements, sur 51 ;

on observe par contre une organisation nette de I'azote dans 30% des cas, sur les
sols 2 et 3.

La nitrification de l'ammonium des lisiers est achev6e le jour 24, sur 52 et 53, mais
pas sur Sr ; les vitesses de nitrification varient consid6rablement selon les sols, au
cours de la phase active succ6dant i la phase de latence.

Les relations 6tablies entre la composition chimique et biochimique des lisiers, la
min6ralisation du carbone et de I'azote et I'immobilisation de I'azote permettent de
proposer une mod6lisation simple des flux d'azote et de carbone, d la fin de la
nitrification de I'ammonium du lisier.

Mots-cl6s : lisier, 'sN, biotransformations de l'azote, min6ralisation du carbone.

1. Introduction

Nitrate availability after slurry landspreading is determined by : i) the amounts of
ammonia and organic nitrogen supplied, and ii) the rates of gaseous losses, rates
of nitrification/immobilization of ammonia, and mineralization of the slurry organic
nitrogen. Morvan et al (1996, 1997) showed in field experiments that gross
immobilization / mineralization processes were high and mainly occurred during the
first few days following the slurry spreading and that nitrification also occurred
rapidly, but after a lag period.

Nitrogen transformations after addition of crop residues to soils have been
investigated in many studies. lmmobilization and mineralization appear to be linked
to carbon decomposition, and mainly depend on : i) chemical and biochemical
composition of the fresh organic matter (Azam et al, 1985, Mary et al, '1996), ii) the
availability of inorganic nitrogen during C decomposition (Recous et al, 1995), iii)
the accessibility of organic matter to the microbial biomass (Darwis,1993, Angers et
al 1997), and iv) soilcharacteristics (Nicolardot et al, 1986, Sparling et al, 1996).
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The composition of slurries differ markedly from those of crop residues ; it can be
presumed that the rates of C and N transformations may differ significantly from
those observed with crop residues. Kirchmann and Lundvall (1993), for example,
observed a different pattern of inorganic nitrogen evolution after addition of slurries
to a soil than that usually measured after crop residues incorporation (Mary et al,
1ee6).

Pig and cattle slurry composition is characterized by great variability, due to : i)
animal species, age and feed supply, and ii) aerobic or anaerobic transformations
of the organic matter during storage (Van Faassen and Van Dijk, 1987). ln fact,
Kirchmann and Lunvall (1993) showed that the rates of nitrogen transformations
differed significantly both between pig and cattle slunies, and between fresh or
digested pig slunies.

Since there is little published information about the effect of slurry composition upon
carbon and nitrogen transformations after the addition of slurry to soils, the purpose
of our experiment was to study this effect, on a time scale corresponding to the
duration of nitrification of the ammonia fraction of the slurry.

It is also becoming increasingly necessary to design and validate simple
operational dynamic models, for prediction of the amount and rates of
< production > of the nitrate available after slurry spreading. Such simple models
could be useful for < tactical > decision support systems, and enable the decision
makers to optimize the agronomic utilization of slurries, to calculate the risk of
pollution. We propose therefore a simple model describing short term C and N
biotransformations.

2. Material and methods

2.1. Slurry composition and soil characteristics

Thirteen pig and five cattle slunies were sampled in farms around Rennes, in
Brittany. pH, dry matter content, ammonia (N-NH4*) and total nitrogen (N,r), total
inorganic (TlC) and organic (TOC) carbon contents were determined. These
parameters were characterized by a considerable variability (table 1), in agreement
with the results of Sommer and Husted (1995). The C:N ratios of the organic
fraction were rather low, and ranged from 8.2 lo 27 ; the neutral detergent soluble
fraction, obtained by Van Soest's method (Lindres and Djakovitch, 1993), trended
to be higher than the soluble fraction of crop residues.
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minimum maxrmum median mean
pH
dry mafter(%)
N-NH4 (g l-1)

N,o, (g l-')
TIC (g l-')
TOC (g l-1)

TOC:N,o,
TOC: Norg

6.8
1.9
0.26
0.87
0.02

13.30
3.7
8.2

38

8.8
19.2
5.34
9.60
2.27

81.30
17.2
27.2
85

7.6
1.4
3.1
6.1
0.91

34.5
8.0

16.2
50.3

7.6
1.8
3.2
5.7
0.85

38.5
7.9

16.2
52.0SOL

Table 1.

Statistical parameters calculated from chemical and biochemical analyses
of the eighteen slunies

The characteristics of the three soils are given in table 2.

Soil 1 Soil2 Soil3
Clay
sirt
Sand
pH (water)
N org (%)
C org
oM (%)

14.3
72.7
13.0
5.4
0.120
1.14
2.O

19.3
48.8
31.9

6.7
0.200
2.29
3.94

't8.5
4.6
36.9

5.5
0.210
2.27
3.90

Table 2.
Selected physico-chemical characteistics of the three soils

2.2. lncubation procedure

The experiment was conducted at an average temperature of 16'C for 24 days. Soil
samples of 500 g dry weight basis were placed in 2000 ml wide-mouth glass jars.
The ammonium fractions of the slurries were enriched with 1sN, using a solution of
((15NH4)2SO a\ 1oo/o atom excess, which was thoroughly mixed with the slurry. The
amount of slurry added to the soils were calculated to ensure rates of nitrogen
supply in the soil, comparable with those usually measured in the field, after slurry
spreading. The amounts of ammonia nitrogen added varied from 85 to 95 ppm for
the pig slurries, and from 43 to 63 ppm for the cattle slunies. The soil water content
was adjusted to 199 mg g-1 soil, and remained constant until the end of the
experiment. Each treatment was replicated twice.

COrevolved was captured in traps containing 15 ml 1M NaOH. The sampling times
were 1 ,3,8, 14 et 24 days for CO2. The sampling dates were 3, I and 24 days for
the inorganic N analysis and were 8 and 24 days for the IsN analysis.
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2.3. Analytical procedures

The carbonates trapped in the NaOH were precipitated with excess BaClz ; the
remaining NaOH was assayed by 0.1 N HCI titration using phenolphtalein as
indicator.

The same analytical procedures were used for 1aN and 1sN analysis as in Morvan et
al (1997).

Flux calculations
Gross N rates were calculated using the FLUAZ model described in detail by Mary
et al (1998). FLUAZ combines a numerical model for solving the balance mass
equations and a non linear fitting program for optimizing the N rate parameters. A
single labelled treatment (NH4* labelled in our case) was used to calculate the rates
of ammonium and nitrate immobilization (i" and in respectively), mineralization (m),
nitrification (n) and volatilization (v). FLUAZ use was limited to treatments that
presented a consistent 15N balance on days 8 and 24; gross nitrogen rates were
calculated for 14,8 and 1 1 treatments, on soils 1, 2 and 3 respectively.

The apparent C mineralization rate of the slurry was calculated assuming that the
priming effect was negligible, and that the TIC supplied by the slurries was
volatilized and trapped during the first day.

3. Results and discussion

3.1. Carbon mineralization of the organic fractions of the slurries

Carbon mineralization rates were high during the first five days after the start of the
experiment, and remained significant until day 2a $tg 1). The cumulative amounts
of C mineralized varied widely between the slunies, ranging from 17 lo 43 o/o of the
added C. Carbon mineralization rates measured in soils 2 and 3 were very similar,
and significantly lower than the C-CO2 evolved on soil 1.
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lCum C-COz (%c added)

5 20 25

Figure 1

Mineralization kinetics obserued on soil 1 for the 18 slunies
(similar patterns were obserued forsols 2 and 3).

The cattle slurries were characterized by a lower rate of mineralization, in
agreement with the results of Kirchmann and Lundvall (1993). The kinetics also
differed considerably between slurries, the relative differences being higher during
the first few days, compared to those on day 24.

Kirchman and Lundvall (1993) obtained similar kinetics and rates of C-CO2
evolution, after the addition of fresh and digested slurries to a soil. These authors
found that carbon mineralization rates ranged from 20 lo 43 o/o, at 25 "C, twelve
days after slurry incorporation (comparable with our results, on day 24, if a Qro of 2
for carbon transformations is considered for the 15-25 "C temperature range). The
rate of evolution of C-COz was also similar to the rates of C mineralization of plant
residues, such as wheat straw (Mary et al, 1996) or maize roots (Azam et al, 1985),
when decomposition was not limited by the soil inorganic N content (Recous et al,
1 ee5).

The initial high rates of C mineralization have been attributed to the rapid
decomposition of the easily decomposable components of applied organic matter of
low molecular weight ; Reinertsen et al (1984) postulated that fresh organic matter
decomposition in the early stages was largely dependent on the sizes of the water
soluble C pool, and of an intermediately available C pool. Our results are in good
agreement with this hypothsesis : we found that carbon mineralization rates were
closely correlated to the neutral detergent soluble fraction, over the first few days
(similar correlation coefficients for all three soils, and equal to 0.95, 0.94 and 0.91
on days 3, 8 and 14 respectively).
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3.2. Gross and net fluxes of nitrogen immobilization and mineralization

The gross mineralization (m) and immobilization (i) fluxes varied widely between
slurries (fig 2) and were mainly apparent during the first eight days, the 0-8 days
mineralization accounting on average tor 78 % of the total nitrogen mineralization.
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Figure 2
Comparison of gross nitrogen immobilization and mineralization (ppm)

of slurries, calculated on day 24.

The gross processes depended on soil type, gross immobilization being lower on
soil 1, than on soils 2 and 3, whereas nitrogen mineralization on soil 1 tended to be
intermediate between the higher fluxes measured on soil 2 and the lower ones
measured on soil 3.

Net fluxes were obtained from the difference (m-i), and varied from -11 to +29 ppm
on day 24 ', nel mineralization was dominant, and observed for all treatments, on
soil 1. Despite the low C:N ratios of the organic fractions of the slurries, net
immobilization was observed in 29 o/o of the cases, and mainly on soil 3. These
contrasting results are consistent with those of Kirchmann and Lundvall (1993) ,

who did not find any net mineralization after the incubation of cattle and anaerobic
pig slurry, in contrast to that of fresh and anaerobically digested pig slurry. These
authors also pointed out that the net immobilization occurring during the early
stages was significantly correlated to the concentrations of fatty acids, which could
represent 10 to 30 % of the total C, and act as very rapidly decomposable C
sources.
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3.3. C-N relationships

. Gross immobilization (i) has been related to carbon mineralization in the
following expression (Recous et al, 1995) :

.Yt=-.C-in=R.Cmin
rtio.(l - Y)

where 16o is the C:N ratio of the newly-formed microbial biomass, Y the C
assimilation yield, and C.in the amounts of C mineralized. The 'R' ratio values were
calculated for each soil (table 3), assuming that these remained constant over the
short duration of the experiment.

R lnterval confidence
95% level

R3

Soil 1

Soil2
Soil3

0.076
0.089
0.107

0.070 - 0.082
0.080 - 0.098
0.101 - 0.114

0.78
0.85
0.88

Table 3.
Values of R, given by the relationship : i = R.Cmin, confidence interual

at the 95% level, and value of the determination coefficient.

The results are consistent with the values calculated by Aita (1996) and Danris
(1993), during wheat straw decomposition, which ranged from 0.080 to 0.125. The
significantly different values of R indicate variable values of 16;o or Y, or both
parameters, between the soils. Assuming that the 16o value was the same for each
soil, and supposed equal to a usual value of 10, the R values could be used to
calculate Y values of O.44,0.47 and 0.52 on soils 1,2 and 3 respectively.

3.4. Nitrification

The few sampling dates didn't permit a fine description of the typical pattern of
nitrification kinetics, usually Follow Mickaelis Menten kinetics (Le Pham et al, 19&4).
We did however observe that the lag period was nearly three days on soils 1 and 3,

but shorter on soil 2. This was followed by an active nitrification phase (fi9 3).
Ammonium depletion was complete by day 24 on soils 2 and 3, whereas significant
amounts of N-NH. (2-32 ppm) still remained on soil 1. Apparent rates of nitrification
over the 3€ days period varied greatly between soils, ranging from 6.0 to 9.1 mg N
kg-1 soil on soil 2, and from 2.4 to 3.3, and from 3.2 to 4.2 mg N kg{ soil on soils 1

and 3.
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*Soil 1

*Soil 2

*Soil 3

% lsN-No.

5 10 15

Time (days at 16"C)

20 25

Fioure 3.
Plot of the mean percentage of 15 NINO, for each soit (vertical bars indicate

the standad deviation calculated after pooling the treatments, for each soil)

3.5. A simple model of slurry C and N transformations

Previous results were used to make certain assumptions and calibrate a simple
dynamic model describing C and N transformations following slurry addition to soils
during the period of slurry ammonium nitrffication (fi9 4). Microbial growth,
maintenance and death was not considered in this simplified approach, implying
that remineralization and recycling were neglected. Direct assimilation of organic
nitrogen compounds by the microbial biomass was also neglected. Given these
limitations, the gross immobilization and mineralization could be linked to carbon
mineralization by means of simple stoechiometric relationships (table 4).
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Figure 4.
Flow chart of C and N slurry transformations after addition of slurry fo sol/s

(input parameters obtained by numericalfitting are underlined)
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Total nic C

C:N ratio of the non soluble fraction
C assimilation Y constant
i : Cmin ratio R C constant

constant rate for volatilization
decay constant rate for SOL C pool kl day constant

type
decay constant rate for non SOL C kz day -' constant / soil and slurry
pool type

ratio b dimensionless constant
lnitial biomass cells soil constant / soil
Mickaelis constant soil constant

Table 4.
lnput parameters and relationships used in the model

Relationships

C min = (l - Y).1SOL.C*g (l - e-kt't ) + (1 - SOL).Corg.(l - "-0" )li=ia*i"=R.Cmin

* = j. sot. co,g. (t * e- kt't 
) * I . O * soL). c*s. (t - e- *z'',

,:'l u.br.-J!E{-
t K* +lNH+f

" = ! *r.1wno1
0
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The following assumptions were made :

o the rate of decomposition of the slurry carbon could be described by a two-
compartment model, as suggested by the great variability of carbon
mineralization kinetics and rates. The easily decomposable compartment was
assumed to be the neutral detergent soluble fraction (SOL), the second pool
consisting of the non-soluble fraction,

o the C:N ratio of the SOL fraction (r11) was assumed to be linked to the global C:N
ratio of the total organic fraction of the slurry (rl, = 5.r,,

o the C:N microbial ratio (ro,o) and the assimilation yield of the microbial biomass
(Y) were presumed to remain constant throughout the experiment.

Nitrification rate was modeled by Mickaelis Menten kinetics ; the effect of pH on the
rate of nitrification was not considered.

The model requires few parameters : i) the amounts of soluble and total organic
carbon supplied by the slurry, ii) the amounts of ammonia and organic nitrogen, and
iii) the rate of volatilization. The other input parameters are constants, such as the b
parameter, or depend only on soil type (Y, R, U, bn6,), or on the soil and slurry type
(pig or cattle slurry) (kr, kz). Such parameters were obtained by numerical
optimization procedures carried out on the data used for the FLUAZ calculations.
The required input parameters are given in table 4.

The main results were that :

. the great variability in the kinetics and final rates of C mineralization observed
between slurries could be well described by a two-compartment model (Rz =
0.97 between predicted and measured values). Accurate prediction of C
mineralization was obtained by using the same k1 and k2 decay constants
values for all pig slurries, and the same k, and k, values which differed from
those of the pig slurries, for cattle slunies. This is of great interest for the
purpose of an operational model,

. the C-N relationships provided reasonable predicted values for i and m, on days
8 and 24, if the the ratio rl1:rl was equal to 1.23,

o the adjusted values of apparent assimilation yield ranged from 0.52 to 0.61 for
the different soils ; they were in good agreement with the values given by many
authors, and explained the differences due to the soil, for i and m,

o this simple model was able to provide an accurate prediction of the amounts of
nitrate available during nitrification of the ammonia of the slurry, and reasonable
prediction at the end of nitrification (fig 5).
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Figure 5.
Comparison of measured and predicted amounts of nitrate (pg g1 soit),

on day 24. (blue rounded points were obtained with treatments used to fit the model
parameters; green squared points were obtained with independent datas)

4. Gonclusion

We have shown that the great variability observed between the carbon and nitrogen
biiotransformations of different slurries can be related to the chemical and
biochemical composition of these latter.
A simple dynamic model, requiring few parameters, was calibrated on three soils
and gave an accurate description of the short term nitrogen transformations. The
discrepancies between measured and predicted gross N fluxes might be explained
by the fact that remineralization was not taken into account. Further investigations
will need to be made : i) to quantify the turnover and recycling of the microbial
biomass, and ii) to model the effects of the soil characteristics.
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Abstract

An enormous increase of poultry meat production in the last decade increased the
amounts of solid animal manure for use as a fertiliser in arable farming, but only
poor knowledge about the N utilisation from these manures was available. Field
expeiments were canied out on three soil types to assess yield and nitrogen effi-
ciency of broiler manure, turkey manure, layer dry manure and, as a well-known
reference, cattle farmyard manure (FYM). Timing of application (autumn/sping) as
well as manure rate and additionalfertiliser N were varied. Soil mineral nitrogen at
the end of the growing season was investigafed fo assess the potential for nitrate
leaching. The cumulative results of the first five-year-peiod are reported here, and
the following resu/fs were obtained :

. Sping application was usually supeior to autumn application.
o Nitrogen efficiency of solid animal manures increased with decreasing C/N

ratio. Mineral fertiliser N equivalents for sping application were 12 kg
(cattle FYM), 25 kg (turkey litter), 31 kg (broiler lifter), and 49 kg (layer dry
manure). Optimal grain yields were only obtained with additionalfertiliser N.

o Soi/ mineral nitrogen after haruest was within the nnge of good agricultural
practice.

o From year to year subsequently incrcasing soil mineral nitrogen after har-
vest indicates a residual effect. Because of annual variation in growing
conditions and thus a varying nitrogen demand, further research is required
to evaluate the residual effects with regard to the development of the nitro-
gen requirement for optimal yields.

R6sum6

L'augmentation consid6rable de la production avicole au cours des dix dernidres
ann6es s'accompagne d'une augmentation des quantit6s de fumier utilis6es
comme fertilisants sur les terres cultiv6es.
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Des essais au champ r6alis6s sur trois types de sol nous ont amen6 d pr6ciser le
rendement obtenu et l'efficacit6 de l'azote apport6 suite A l'6pandage de fumier de
volailles de chair, de fumier de dindes et de fumier de pondeuses sec, ainsi qu'un
fumier bovin de r6f6rence.

Les dates d'apports (automne, printemps) ainsi que la dose apport6e et les engrais
chimiques compl6mentaires ont 6t6 modul6s.

L'azote min6ral du sol i la fin de la p6riode de culture a 6t6 mesur6 afin d'6valuer le
potentiel de lixiviation. Les r6sultats cumul6s des cinq premidres ann6es de ce
travail sont d6crits dans cet article. Les principales conclusions sont les suivantes :

. Les apports de fumier au printemps sont plus efficaces que les apports
d'automne.

. L'efficacit6 azot6e des fumiers augmente lorsque le ratio C/N diminue.
L'6quivalent azote min6ral pour les apports de printemps s'6tablit i
12 kg (fumier bovins), 25 kg (fumier dindes), 31 kg (fumier de volailles
de chair) et 49 kg (fumier pondeuses sec). Les rendements optimums
n'ont 6t6 obtenus qu'avec un compl6ment d'engrais chimique.

c L'azote min6ral dans le sol i la r6colte correspond d celui attendu par
l'application de bonnes pratiques agricoles.

o L'effet r6siduel de l'azote laiss6 dans le sol doit 6tre mieux 6tudie.

1. lntroduction

Heavily increasing poultry meat production (broilers and turkeys) during the last
decade and the switch-over of nearly all layer farms from the slurry system to dry
manure led to a strong increase in the amounts of solid manures produced by these
animals. The manures are characterised by high dry matter contents and, hence,
high concentrations of N, P and K which are often underestimated by farmers. Poor
utilisation of nutrients and the risk of nitrate leaching may thus follow wrong appli-
cation. This paper outlines ways to improve solid manure management and tries to
find answers to the following questions :

1. When should solid animal manures be applied?
2. How is the nitrogen efficiency of solid animal manures?
3. Can optimalyields be obtained with solid animal manure alone, or is it nec-

essary to add fertiliser N?
4. What is the effect of solid animal manures on soil mineral nitrogen after

harvest?

130



2. Experimental details

Three static field experiments were established in 1993 in the Weser-Ems area,
situated in the Northwest of Germany (average temperature of the year: 8.8 "C;
average annual precipitation rate: 770 mm). Cropping was winter cereals (four
years) and potatoes (one year, 1995). The experimental design was the following
(table 1) :

Factor Treatment
Soiltype 1. organic sandy soil

2. sandy soil
3. loamy soil

Manure type 4. cattle FYM
5. turkey litter
6. broiler litter
7. laver drv manure

Application time 8. autumn
9. spring

Application rate 10. - 100 kg/ha total manure N

11. - 20O kg/ha total manure N (only spring)
Fertiliser N 12. without

13. 40 - 60 kg/ha N
14. 80 - 120 ks/ha N

Table 1.

Expeimental design.

AII manures were applied at the same time, in October (autumn application) with
shallow incorporation before sowing and top-dressed in March (spring application).
Spring application to potatoes was before planting, with shallow incorporation. Ta-
ble 2 shows the average manure composition.

Table 2
Composition of manures, given in o/o of fresh mafter, and C/N ratio.

The nitrogen efficiency of the animal manures was evaluated in comparison to a
fitted response curye, calculated from spring applied fertiliser.

o/to cattle manure turkey litter broiler litter laver drv manure
DM 23.9 52.5 56.9 64.9
TotalN 0.6 1.9 2.9 3.8
NH"-.N 0.1 0.8 o.7 0.6
PrO. 0.4 3.1 2.O 3.4
KrO 0.9 2.1 2.1 1.8
C/N ratio 1:14.9 1:12.7 1:8.8 1:6.5
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Fertiliser N was applied at mid of March for all autumn and spring treatments. Plot
size was 42 m2, and 21 m2 out of these were harvested. Soil mineral nitrogen
(SMN) samples were taken after harvest down to a depth of 90 cm and analysed

for NO, -N and NH;-N.

All treatments were fully randomised within 4 replicates. For the cereal crops, the
results are shown on average of the three experimental sites and the four years.
The statistical analysis showed no significant effect of the soil and the year factor
on the yield. Potatoes were evaluated separately.

3. Results and discussion

3.1. Timing of application

Fig. 1 shows the effect of manure application in autumn and spring on grain yield.
Yield increased in the order cattle FYM < turkey manure < broiler manure < layer
dry manure. The result was the same for autumn and spring application. On aver-
age of the four years, spring application was more favourable than autumn applica-
tion. This was especially true for broiler litter and layer dry manure with their high
content of soluble nitrogen. A high portion of layer dry manure nitrogen (about 30%)
consists of soluble nitrogen (ammonia N and uric acid, CHeusens et al. 1994)
which is easily mineralised to ammonium N and further to nitrate N under aerobic
conditions. Soil mineral nitrogen dynamics after autumn application (fig. 2) point
also in this direction. ln autumn, soil mineral nitrogen (SMN) increased, due to N
mineralisation in the soil. lf cattle manure was applied, the release of nitrogen was
higher than in the unfertilised plots; but it was significantly higher if layer dry manure
was applied. The figure demonstrates also that, from a peak in December, a net
loss of soil mineral nitrogen until spring occurred for all treatments. ln this situation,
on a sandy soil and a lot of rainfall over winter, it is supposed that at least a part of
that loss was leached over winter. Differences in SMN amounts between years are
mainly caused by variations in climatic conditions and cropping. ln 1995, potatoes
were grown, and mineralisation of the residues led to an enormous increase of
SMN in autumn.
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A lower nitrogen efficiency from autumn application of poultry manures was also
reported by Cxnusens ef a/. (19%). They found, however, that on heavy soils in
low rainfall areas, autumn and spring application may not differ in nitrogen effi-
ciency, due to fewer N leaching losses.

3.2. Mineral Fertiliser N equivalents

Nitrogen efficiencies are given as mineral fertiliser N equivalents. ln fig. 3, the min-
eral fertiliser N equivalents for autumn and spring application to cereals of 100
kg/ha N as solid animal manures are shown. For cattle FYM (10-12 kg), only a
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small difference could be found between spring and autumn application, due to its
wide C/N ratio and low ammonia N content. For broiler litter and particularly for
layer dry manure, spring application resulted in a much better N utilisation than
autumn application. For application in spring, about 30 kg N per 100 kg of broiler
litter N and about 50 kg N per 100 kg of layer dry manure could be accounted for.

fertiliser N equivalent [kg] CN ratio [x/1] 18

15

12

I

catde trkey broiler layerdry
FYM litter litter manure

Fig.3: Effectof autumn and spdng application of solid
animal manures to cereals on mineralfertiliser N

equivalents.

Fig. 4 shows the effect of solid animal manures applied to potatoes. Spring applica-
tion was much better than autumn application. With spring application, fertiliser N
equivalents of 60-80 kg fertiliser N per 100 kg manure nitrogen could be obtained.
However, this is only the result from a single harvest, but results with cattle FYM
carried out in the past by various researchers show a better nitrogen utilisation by
root crops like potatoes and sugar beet compared to cereals. Nitrogen mineralisa-
tion in spring comes usually too late to be of great importance for cereal nutrition.
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80
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3.3. Addition of mineralfertiliser N

ln the experiments, two manure N rates (100 and 200 kg/ha N) were each com-
bined with three rates of fertiliser N (none,40-60 kg/ha or 80-120 kg/ha N). Fig.5
shows the effect on grain yield if either 100 kg/ha manure N or two different rates of
fertiliser N had been applied additionally to 100 kg/ha of manure N applied in

spring. For cattle FYM and turkey litter, the effect of additionally 100 kg/ha manure
N (i. e. 200 kg/ha manure N in total) was smaller than the effect of additionally 40-
60 kg/ha fertiliser N, whereas for broiler litter and for layer dry manure, additional
manure N was able to increase the grain yield in about the same way as the small
fertiliser N rate. A rate of 80-120 kg/ha fertiliser N increased the grain yield of all
kinds of manure to about the level of optimum N fertilisation (max. yield). This yield,
however, was obtained with a N rate of 130 kg/ha on average of the years. Addi-
tional fertiliser N was more efficient in those manures which were low in soluble
nitrogen and high in C/N ratio, like cattle FYM and turkey litter. ln general, it makes
sense not to cover the crops' nitrogen demand with animal manure alone since this
would lead to an over-supply with other nutrients like phosphorus and potassium.

grain yield lUhal

caffe furkey brcriler lalrer clry
FYL{ lifier litter manure

Fig. 5: Effect of either manure N orfertiliser N applied
additionally to 100 kg/ha manure N on grain yield.

3.4. Soil mineral nitrogen after harvest

Rates of 100 kg/ha manure nitrogen (applied in spring) + 100 kg/ha mineralfertiliser
N left about 50-60 kgiha soil mineral nitrogen (SMN) after harvest (fig. 6); the
amount of SMN after application of poultry manures exceeded the amounts from
the optimal N treatment. From year to year subsequently increasing soil mineral
nitrogen after harvest indicates a residual effect (fig. 7). Because of annual variation
in growing conditions and thus varying nitrogen demand, further research is re-
quired to evaluate the residual effects with regard to the development of the nitro-
gen requirement for optimal yields.
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Fig. 6: Effect of spring application of solid anamal
manures (100 kg/ha N) + 100 kg/ha additional fertiliser

N to cereals on soil mineral nitrogen after harvest
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Fig. 7: lncrease of soil mineral nitrogen after harvest during
the experiment (solid animal lnanure without additional N).
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The effect of organic fertilization
on the crop yields and soil properties

Effet de la feriilisation organique sur le rendement des cultures
ef sur/es propridtds du sol
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Abstract

ln the long-term field expeiment at Prague-Ruzyne (since 1955), the effect of
different organic feftilizers (farmyard manute, pig slurry, cattle slurry, poultry slurry,
straw, compost) on the plant yields, nutient uptake and nutienf sfafus in soil has
been investigated. ln compaison to the vaiant with farmyard manure, a pig slurry
application had the similar positive effect (direct for root crops and subsequent for
cereals) on the nitrogen balance, nutrient efficiency and crop yields. Nitrate
leaching and crop response to applied nitrogen has been studied in another field
expeiment on three different sfies wrfh annual application of vaious doses of pig
slurry. The efficiency of N from slurry was practically identical to the efficiency of
nitrogen from equivalenf doses of industrial N-feftilizer, especially on clay loam and
loam soils, but it was 2-3 times loer on sandy-loam soil.

The effect of different organic feftilizers on the yield of perrcnial ryegrass (Lolium
perenne L.), nutrient sfafus of the soil and nutrient uptake, has been investigated in
green-house pot expeiment. Manure (farmyard manure, pig slurry with and without
straw, biofertilizer << Bamil D, sewage sludge) was applicated in the same amount of
nitrogen (2 g N per one pot, with 5 kg of topsoil). The highest yield of ryegrass and
simultaneously the highest nitrogen uptake was obserued in the variant with pig
slurry, followed by pig slurry plus straw, biofeftilizer < Bamil ,t, sewage sludge and
farmyard manure.

Kewords : manure, slurry, biofeftilizer, yields.

R6sum6

Dans l'essai au champ de longue dur6e mis en place en 1955 d Prague-Ruzyne,
l'effet de diff6rents fertilisants organiques (fumier, lisier de porc, lisier bovin, lisier
volailles, paille, compost) sur le rendement des cultures, l'utilisation des 6l6ments et
le statut du sol a 6t6 6tudi6.
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- Un apport de lisier de porc pr6sente le m6me effet positif notament vis i vis de
I'utilisation de I'azote par les cultures, comparativement d l'application de fertilisants
de synthdse, notamment sur sol argilo-limoneux et limoneux. L'effet azote sur sol
sablo-limoneux 6tait 2-3 fois inf6rieur A celui obtenu avec des engrais chimiques.

L'effet de diff6rents fertilisants organiques sur le rendement de ray-grass
permanent, (Lolium perenne L.), le statut nutritif du sol et l'utilisation des 6l6ments,
a 6galement ete etudie lors d'essais en laboratoire (culture sous serre de pots
d'incubation).

Les rendements optimum en ray-grass et cons6cutivement I'absorption d'azote par
la plante ont 6t6 les plus 6lev6s avec le lisier de porc, suivi par lisier de porc + paille
et par le biofertilisant << Bamil r>, puis par boues de station d'6puration et par le
fumier.

Mots-cl6s : d6jections, lisiers, biofertilisants, rendements

l.lntroduction

The average nutrients input from organic fertilizers has been nearly equal to the
nutrients inputfrom industrialfertilizers in Czech agriculture inyears 1991 - 1996. lt
reached approximately 75 kg N + PzOs + KzO per t ha of agricultural land (or
approx. 100 kg N + PzOs + KzO per t ha of arable land, as the main target of
fertilization and manure application). The other sources of organic mafter and
nutrients in addition to the animal manure are as follows: treated public sewage
sludges, urban composts from public garbage collection, industrial wastes, such as
products from the food processing industry and other organic products used as
fertilisers. The new type of organic fertilizer is represented by microbial biofertilizer,
produced in bioreactors on the basis of animal excrements and/or other agricultural
wastes.

2. Districtwise analysis of productivity, farmyard manure
application and industrial fertilizer consumption in Czech
agriculture

The analysis of current situation in plant nutrition, fertilization level and soil fertility
status has been done on the basis of the official statistical data on the district level
in the year 1995. There are77 districts in the Czech Republic (4.28 mil. ha of total
agricultural land, 3.14 mil. ha of arable land). According to the soil fertility and
climatic conditions the area can be divided into three main groups of districts. The
average yields of all harvested field crops were recalculated on the basis of their
energy value to the < grain units > (1 GU is equivalent to 0,1 t of cereal grain). The
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( agroecological production potential > represents the level of yield, which can be
reached under conditions of optimal agricultural practice.

GU - grain units = 0,

Table 1

Production potential and its utilization in 1995.

The response to the industrial fertilizer consumption (kg of N + PzOs + KzO per 1

hectare of arable land) and to the farmyard manure application (t per t hectare of
arable land) is shown in figures 1 and 2. The columns represents average yields in
subgroups of districts grouped according to fertilization level and/or farmyard
manure application expressed as the dffierence from the mean value of the main
group. Because of decreasing of NPK fertilizer consumption, the role of organic
fertilization as the plant nutrient source (figure 1) seems to be more important than
the role of NPK fertilization (figure 2). The average input of nutrients from both
sources is practically identical, but in the case of organic fertilizers the ratio
between main elements is more suitable, and into the bargain, by the organic
fertilizers farmers supply to the soil other active substances (organic matter,
microbes, enzymes etc.).
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Figure 1

The effect of farmyard manure on crop production
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Figure 2
The effects of N P K feftilizers on crop production

3. Animal manure and organic waste nutrients inputs in Czech agriculture

Animal manure and organic waste nutrients inputs in Czech agriculture has been
calculated according to the OECD balancing method. The "soil surface nutrient
balance" is one of the priority issues in developing an OECD set of agri-
environmental indicators, as part of the contribution to the analysis of the
interactions between agriculture and the environment and impact of changes in
agricultural policy on the environment. The soil surface balance calculates the
difference between the total quantity of nutrient inputs entering the soil and the
quantity of nutrient outputs leaving the soil annually. The calculation of the soil
surface balance is a modified version of the so called "gross balance", which
provides information about the complete surplus (deficit) of nutrients into the soil,
water and air from an agricultural system.

A soil surface N, P, K balance for the Czech Republic in the years 1985 - 1997 was
calculated on the base of official statistical data (fertiliser use, sewage sludge and
wastes application, numbers of live animals in terms of different categories
according to species, sex, age and purpose, quantity of harvested crops and
forage) and converse coefficients (animal excrements production, nutrients content,
nitrogen fixation and deposition).
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The annual total quantity of nutrients inputs for the soil surface nutrients balance
includes in addition to industialfeftilizers, nutrients contained rn seeds and planting
mateials, atmospherical nutient deposition and biological nitrogen fixation other
sources as follows :

a net input of manure = livestock manure production - manure withdrawals
(manure withdrawn from agriculture and not applied to agricultural land,
destruction of manure and evaporation of ammonia which occurs from stored
manure and livestock housing)

a nutrients from recycled organic matter (treated public sewage sludge, urban
compost from public garbage collection, industrial waste, such as products
from the food processing industry and other organic products used as
fertilisers)

Table 2.
Average nutient content of organic wasfes.

The results of organic wastes and manure nutrients balances are shown
infigures3-6.

Recycled organic matter o/o in dry matter

used in agriculture N Pzos Kzo

Sewage sludge 4 2,5 o,4

Urban compost 1,5 0,4 0,5

lndustrial waste products 1,5 1,4 1,5

Other products 1 0,6 0,3

t4l



|ilrErtrtr,tio[sdms
fln
fln
1300

lzflt
lfltr
iltro

m
ap
TO

6m

50
am

300

2fll

{Il
0

tr flilSerDst
g t rrf gutr

tr m.rtraficts

1005 tsE6 rgE' tsSt t$9 rut e$ lgsa ts a$ $s tg00 lss,

Figure 3
Organic waste recycling in Czech agiculture
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Phosphorus inputs in Czech agiculture
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4. Nitrogen utilization from organic fertilizers in pot experiments

The effect of different organic fertilizers on the yield of perrenial ryegrass (Lolium
perenne L.), nutrient uptake by plants and nutrient status of the soil has been
investigated in green-house pot experiment. Manure (farmyard manure, pig slurry
with and without straw, biofertilizer < Bamil )), sewage sludge) was applicated in the
same amount of nitrogen (2 g N per one pot, with 5 kg of topsoil). Tested fertilizers
were pig slurry ( 0.55 % N in raw material), farmyard manure (0.39 % N), stabilized
solid sludge (0.Uo/o N), biofertilizer < Bamil > (product of Scientific & Technological
Centre "NIKA", St.Petersburg, Russia, which is pelletized biofertilizer from products

of aerobic treatment of pig farm wastes, 3.9 o/o N). The control variants were PK
and urea (46 % N) * Pt<.

The highest yield of ryegrass and simultaneously the highest nitrogen uptake from
the organic fertilizer was observed in the variant with pig slurry, followed by pig
slurry plus straw, sewage sludge, biofertilizer < Bamil > and farmyard manure
(figure 7). After application of microbial pelleted biofertilizer << Bamil r>, successive
mineralization and nitrification of organic N was observed, without nitrate
accumulation in soil solution and with low nitrate content in the plants (figures 8 and
e).

The effect of the new biofertilizer << Bamil > has been studied although in the course
of biological recultivation of various types of man-made violations of soils in the
industrial regions of the north-western Czechia. lt was marked with the increase of
yield in dry weight of grasses, biological activity of soil, reduced removal of nitrates
from soil, as well as prolonged effectiveness of fertilizer - gradual mobilization of
nutrition elements, primarily nitrogen.
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Nitrate content in plants
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Composting of swine slurry : firsts results.
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Abstract

Sticter legislation on disposal of pig slurry has stepped up the search for solutions
that make if possrb/e to produce compost instead of slurry and above all in
structures outside the swine rooms, which do not involve far-reaching modifications
to building design and swine management. ln view of the unsatisfactory resu/fs
obtained with biological oxidization of pig slurry on a bed of wood shavings, other
methods must be identified. Liquid manure with a low TS content (< 6% in the case
of pig slurry) must be mixed with straw for sorption of water and formation of a
porous structurc that can be used for composting. ln the classical composting
process, the material must be placed in windrows and a tuming machine is required
to add, mix and tum the subsiliafe. To reduce composting cosfs, the process was
divided into a sorption phase, in which the slurry was added to the substrate, and a
matuing phase, in which the mateial was collected, forming a stack. An
experiment based on this technique was canied out in 1997 at a piggery in the
Westem Po Valley using Winter wheat straw and com stalk as substrate and
forming a 25-kg/m2 layer on a 50-m2 covered concrcte platform surrcunded by a
20-cm high kerb. ln the sorption phgse, 240 Um' of slurry werc added to the
subsfiate on three occasrbns (120 Um' just after formation of the layer of substrate
and 601/m2 twice, at an interualof 15 days) Afterthe 454ay sorption period, a 1.*
high stack was formed with the material. A peiod of 8 weeks was required for the
matuing phase, after which 64 kg/m2 of compost were obtained with a 26% TS
content.

R6sum6

Les r6glementations contraignantes li6es d I'utilisation du lisier de porc amdnent d
consid6rer des solutions alternatives telles que la production de compost i
I'ext6rieur des bitiments.
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L'effluent d'6levage avec une teneur en matidre sdche inf6rieure i 6% (notamment
pour le lisier de porc) doit 6tre m6lang6 d de la paille lors d'une 6tape d'absorption
de I'eau et production d'une structure poreuse utilisable lors du compostage.

Dans notre 6tude, le proc6d6 de compostage 6tait ainsi divis6 en une 6tape
d'absorption au cours de laquelle le lisier est m6lang6 au substrat et une phase de
maturation. Un premier essai bas6 sur cette approche a 6t6 effectu6 en 1997 dans
une exploitation porcine de la vall6e ouest du P6 en utilisant de la paille de bl6 et
des r6sidus de maTs en tant que substrat et en formant ainsi une couche de
25 kglm2 sur une surface de 50 m2 en plateforme b6ton.

Lors de la phase d'absorption 240llm2 de lisier sont ajout6s au substrat en 3 fois
(12011m2 juste aprds formation couche de substrat et 2 fois 60 l/m'z i intervalles de
15 jours).

Aprds 45 jours de p6riode d'absorption, un tas de 1,5 m de hauteur a ainsi 6t6
constitu6. Une p6riode de 8 semaines 6tait n6cessaire pour la phase de
maturation, d la suite de laquelle on obtient il kglm'de compost pr6sentant un
taux de MS de 26%.

1 - Foreword

ln the last few years, pig breeders have shown increasing interest in waste
management methods that do not produce slurry, disposal of which is now
regulated by ever tighter restrictions with therefore increasingly higher costs.

Different researches and experiments undertaken recently for stabling of pigs on
litter have revealed that, although this solution is effective for service houses,
pregnant sow houses and weaner houses (Navarotto & Al., 1991; Simoni,1993), it
cannot be used for rearing and fattening houses (Bonazzi & Navarotto, 1992:
Bonazzi & Navarotto, 1993). Also, at existing piggeries, this solution involves
expensive modifications to the swine rooms. Hence, the considerable interest
shown at the moment in solutions that make it possible to transform pig slurry into
manure or compost using structures outside the buildings in which the animals are
housed (Piccinini etAl. 1995; Balsai etAl. 1996).

Composting could represent an effective solution to problems of pig slurry disposal
in areas with a high animal population, making it possible to transfer the organic
substances and excess nutritional elements towards areas where there is a
shortage of these. The end product has a high content of total solids and good
fertilizing characteristics such as to make transport of this, even over long
distances, economically viable.
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For example, it could be used in agriculture as fertilizer for herbaceous and tree
crops - the most probable solution, characterized by the greatest opportunities for
placement - or as a component for the production of composts for both vegetable
and flower growers, as well as for recovery of downgraded areas and maintenance
of public parks and gardens.

However, transformation of pig slurry into compost entails a number of dfficulties to
be ascribed mainly to its high moisture content which means that it must be mixed
with byproducts of vegetable origin available directly at the farm such as wheat
straw and corn stalks or outside this (pruning shoots and material resulting from
maintenance of public parks and gardens and recovery of wood packing material),
even if the quality and effective availability of these materials in the quantities
required must however always be checked.

2 - The trial carried out

When organizing this experiment, reference was made to an experiment carried out
in Northern France with satigfactory results (Callarec, 1996). The experimentation
was carried out on a 50 m (10 x 5 m) cement platform with a 1% slope with
direction normal to the long side (to permit collection of.waste liquid in two
underground cylindrical tanks with a total volume of O.2 m ). The platform was
equipped with protective kerbs to prevent any risk of percolation of the slurry in the
water table.

The experiment was carried out using two different types of substrates: wheat straw
and a mixture of wheat straw and corn stalks.

ln both trials the substrate was distributed on the platform. and then pig slurry was
applied on three occasions at an interval of about 15 days. Each distribution of
slurry was followed by mixing of the mass using a straight blade hoe hooked to a
tractor (sorption phase). Fifteen days afier the last application, the material was
placed on a maturation platform in stacks maturing period (fig.1).

During both the experimental periods they were recorded :

- distributed substrate main chemicalcharacteristics (TS, total nitrogen);
- applied slurry main chemical characteristics (TS, VS, total nitrogen, ammonium
nitrogen, pH);
- substrate temperature during the maturing phase (every week) by thermocouples
LSI PT-100 finked to a digitalthermometer;
- substrate main chemical characteristics (TS, VS, total nitrogen, ammonium
nitrogen, pH, C/N ratio) at the end of sorption period and at the end of the maturing
phase.
All input and output materials were weighted for mass balance determinations.
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Figure 1

Diagram of the thin layer bed management.

2.1 - Test with wheat straw

At the start of the test on February 4 (day O), 1.25 t of straw and 5.8 m3 of slurry at
6Yo of TS were distributed on the platform. After ffieen days, 3.3 m" of pig slurry at
8.2% TS were added while 3.2 m3 of slurry al 1.7o/o of TS were distributed 36 days
later (tab. 1), with a delay of one week on the date planned because of slow
absorption of the slurry by the straw substrate. On day 0+5'1, the material was
stacked and a representative sample of the mass was taken.

Slunv aoolication
dav 0 day0+15 day0+36

rs (%)
vs (%)
Total nitrogen (%)
Ammonium nitrogen (%)

6.08
4.00
0.55
0.32

8.23
5.55
2.68
1.71

1.70
0.97
0.29
0.17

Table 1

Test with wheat straw: chemical characteristics of slurry applied

Another sample was taken on day 0+169 when it was decided to end the test in that
the temperature of the stack had reached a value slightly above ambient
temperature. (fi9. 2).

150



temperature (C)

60

50

40

30

20

10

0

T

o 7 u 21 28 35 42 49 s6 63 70 77 u
days from stack formation

91 98 fis fi2

Figure 2
Test with wheat stnw: temperature evolution during maturing peiod.

During the experiment, 12.3 m3 of pig slurry were distributed on 1250 kg of wheat
straw corresponding to a total mass of 13550 kg. At the end of the experiment, i.e.
after 169 days, the total weight of the mass present inside the pilot system was
3840 kg. This value corresponded to a dry substance and nitrogen loss of 45o/o and
60% respectively (tab. 2)

materials
wet basis

(kg)
dry matter

(ks)

total
nitrogen

(kq)

substrate

slurry

input material

output material

outpuUinput

1250

12300

13550

3840

28.3%

1087.5

678.6

1766.1

976.9

55.3%

6.5

57.0

63.5

25.3

39.9%

Table 2
Test with wheat straw: mass balance of the experiment.
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- The fraction of pig slurry distributed lost through draining off the platform of the pilot
system was negligible. Briefly, during this first test, around 10 kg of pig slurry were
disposed of by one kilogram of wheat straw. Assuming a slurry production per head
of 0.54 kgTS and an effective duration of the process cycle equal to that of the test,
this value conesponds to a requirement of 2 m2 of covered surface per head and to
use of 1 kg/head.day of wheat straw.

The analyses of the samples examined revealed that at the end of the sorption
phase (on day 0+5'1), the substrate had not yet stabilized (C/N > 23; organic
carbon = 45.6%).On the other hand, at the end of the maturing period (i.e. at the
1O9th day), the organic carbon and C/N ratio values were within the limits regarding
compost quality of ltalian regulations (DLGS 22197). Nevertheless, the TS content
(25.44 against minimum of 60%) and the pH (9.50 against a permitted range of
variation of 5.5-8) deviated considerably from the values indicated (tab 3).

sampling time

parameters end of sorption
period

end of maturing
period

TotalSolids (% WB)

VolatilSolids (% DM)

Aches (% DM)

Organic Carbon f/o DM)

pH

Total Nitrogen (% ss)

C/N

23.52

82.07

17.93

45.60

9.50

1.91

23.88

25.44

60.52

39.48

33.62

9.50

2.37

14.17

Table 3
Test with wheat straw: analyticalresults of the expeiment.

Briefly, the material obtained is odorless and can, to all effects and purposes, be
considered manure, which, as such, can be used at the farm or in areas close to
this, whereas possible sale as compost or transport over long distances requires
further drying until an TS content of around 50% is reached.

2.2 -Tesl with wheat straw and com stalks

At the start of the test on August 12 (day 0), 550 kg of straw, 880 kg of corn stalks
and 7.7 m3 of slurry al 3.5% of TS were distributed on the platfoim of the pilot
system. On day O+14, 3.5 m3 of slurry at 2.8o/o of TS were distributed while on day
0+35, with a delgV of one week on the planned date because of slow absorption of
the slurry, 2.8 m" of slurry al9.5o/o of TS were distributed (tab.4).
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slurry application

day o I aav orrs | *, *ru
rs (%)

vs (%)

Total nitrogen (%)

Ammonium nitrogen (o/o)

3.54

2.01

0.36

0.22

2.80

t.54

0.32

0.19

9.55

5.8s

0.44

0.29

Table 4
Test with substrafe of straw and stalks: chemical characteristics of slurry applied

On day 0+49, the material was stacked and a representative sample of the mass
was taken. On day 0+106, as the temperature of the stack was close to 20'C, the
test was considered as completed and a sample was taken to determine product
physical-chemical characteristics (fig. 3).

51015203035404550@
da)6 trom slack bflnaion

Figure 3
Test with substrafe of stnw and stalks: temperature trend during matuing peiod.

During the experiment, a total of 14 m3 of slurry were distributed on 1430 kg of
substrate, corresponding to a total mass inserted in the system of more than 15400
kg. At the end of the experiment (i.e. after 106 days), the material inside the pilot
system weighed 4370 kg. Therefore, in the more than 3 months of the process, an
approximate 72o/o weight reduction was obtained; also, the loss of dry substances
was close lo 48o/o with a 54% loss of nitrogen (tab. 5)
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The amount of pig slurry composted by one kilogram of substrate (straw + corn
stalks) was close to 10 liters. Assuming a daily production per pig raised of 0.54
kgTS, this means that 2.1 m2lhead of bed surface per pig raised are required and
lhat 1.2 kilograms of substrate per pig raised must be inserted in the system each
day.

Compared with the experiment carried out using only wheat straw as substrate,
faster downgrading of the organic substance was observed with values of C/N and
organic carbon on the dry substance very close to those of a compost already at
the end of the composting period 1+dh day) (tab.6).

The analytical data of the samples examined revealed that at the end of the
sorption phase (on day 0+49), the substrate was already sufficiently stabilized and
characterized by organic carbon (35.73) and C/N ralio ('17.02) values within the
compost quality limits. ln this test also, the related values of total solids and pH of
the material (21.4 and 9.3 respectively) at the end of the maturing period (106th day)
were such that the product obtained cannot be classified as compost in our country.

materials
wet basis

(rs)
dry matter

(ks)

total

nitrogen

(ks)

substrate

slurry

input material

output material

outpumnput

1430

14040

19470

4370

28.2Yo

1244.1

642.2

1886.3

981.1

52.0o/o

8.2

51.6

59.8

27.5

46.1o/o

Table 5
Test with subsfafe of straw and stalks: mass balance of the experiment.
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sampling time

parametrs end of sorption
period

end of maturing
period

TotalSolids (% WB)

VolatilSolids (% DM)

Aches (% DM)

Organic Carbon (% DM)

pH

TotalNitrogen (% ss)

c/N

20.87

u.32

3s.68

35.73

9.50

2.10

17.02

21.45

56.58

43.42

31.44

9.70

1.58

16.87

Table 6
Test with subsfrafe of struw and stalks: analyticalresulfs of the expeiment

3 - Remarks on the results obtained

The results achieved during the preliminary tests revealed that composting of pig
slurry on beds of limited thickness makes it possible to obtain, in short times and
with limited use of substrate, a product similar to manure which can therefore be
distributed on agricultural land without any legalconstraints.

An initial outline economic assessment of this operating system, carried out
assuming a 2000 m2 system able to manage the slurry produced by a fattening
piggery of 1200 heads, returned a management cost of the entire system of around
14 ECU/m3 of slurry treated, whereas the production cost of the manure would be
close on 45.2 ECUIt; a cost that has a 12.2o/o incidence on the Gross lncome
(calculated assuming a price of the pig of 1.3 ECU/kg).

These values could be considerably reduced assuming zero cost of the substrate
(the farmer who picks up the manure at the end of the cycle provides the straw
required to produce it). ln this case, the cost for the breeder would drop to 6.4
ECU/m3 of slurry treated with a 5.5olo incidence on the Gross lncome.

Lastly, assuming that at least half of the substrate used is produced at the farm and
that the product obtained at the end of the process (manure) is sold on the market
at 1O.2 ECU/I from the farm, the cost of treating the slurry would be 7,6 ECU/m3,
with therefore a 6.6% incidence on the Gross Margin.
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Emission of ammonia, nitrous oxide, methane and carbon
dioxide during composting of deep litter

Emissrbns d'ammoniac, de protoxyde d'azote, de mdthane
et de dioxide de carbone au cours du compostage de litidre.

Sven G. Sommer, Preben Dahl, Hans B. Rom and Henrik B. Moller,
Research Centre Bygholm Danish lnstitute of Agricultural Sciences
Department of Agricultural Engineering
P.O. Box 536. 8700 Horsens
E-mail: SvenG.Sommer@agrsci.dk. Telephone: 7560251 1 . Telefax: 75624880

Abstract

Duing storage of solid animal manure, biological tmnsformation of nitrcgen and
cahon may incrcase the temperature to 60 to 7dC, i.e. composting. The ise in
temperature may cause a substantia/ /oss of ammonia, as the ammonium is
transformed to ammonia at high tempemtures and because fhe heat is generating a
flow of air through the dung heap. ln the present sfudy emrssion of ammonia,
carbon dioxide (CO), nitrous oxide (N2O) and methane (CH) was measured using
dynamic chambers coveing three heaps of deep litter from a house with dairy
cows. The heaps were either mixed after 30 days, compressed or untreated.
Compaction of the very porous mateial enhanced the temperature increase in the
heap. Ammonia emission was therefore high from the compacted heap giving a
cumulated NH, /oss of 0.2 kg N ton-1. lnitially temperature also increased in the
heap being tumed after 30 days, and in total the NHt /osses from this heap were
similar fo /osses for the compressed litter. Only, half this amount uras /ost frcm the
heap in which the temperature did not increase much initially. High amounts of
carbon dioxide were emitted during composting of the deep litter, the cumulated
/osses were 33 kg C, 20 kg C and 17 kg C from the litter being mixed after 30 days,
compressed deep litter and untreated deep lifter. High nitrous oxide emission were
determined when the initial high temperature declined, indicating that nitrifies are
affected by the high temperaturcs during composting. Elevated CHa emission were
obserued after a peiod of 15 to 30 days,. Methane and nitrous oxide was emifted at
a ratio of 1.6 to 39.9 g CH{C dayl tonne-1 and 0.04 to 10 g N2O-N dayl tonne-l .

R6sum6

Au cours du stockage de d6jections animales solides, les transformations
biologiques de I'azote et du carbone aboutissent i une augmentation de la
temp6rature pouvant aller jusqu'i 60-70"C i.e. compostage. Cette augmentation de
temp6rature peut entra?ner des pertes importantes sous forme d'ammoniac. Dans
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notre 6tude, les 6missions d'ammoniac, de dioxyde de carbone (COz), de
protoxyde d'azote (NrO) et de m6thane (CHo) ont 6t6 mesur6es d l'aide de
chambres dynamiques couvrant trois tas de litidre profonde provenant d'un
bdtiment de vaches laitidres. Les tas 6taient agit6s aprds 30 jours, compress6s ou
non trait6s. La compaction d'un mat6riel poreux favorise I'augmentation de
temp6rature dans le tas. Les 6missions d'ammoniac issues du tas compact6
6taient alors plus importantes et aboutissent i des pertes cumul6es en NH3 de 0,2
kg N tonne.

La temp6rature initiale augmente 6galement dans le tas retourn6 ce qui aboutit d
des pertes ammoniacales similaires d celles observ6es avec le tas compact6.
Seulement la moiti6 de cette quantit6 d'NH3 6tait 6mise dans le cas o0 la
temp6rature dans le tas n'augmente pas.

Des quantit6s importantes de CO2 ont 6t6 mesur6es au cours du compostage de
cette litidre avec des pertes de 33 kg C, 20 kg C et 17 kg C respectivement i partir
de litidre agit6e aprds 30 jours, compact6e ou non perturb6e.

Des pertes imporantes en N2O ont 6t6 mesur6es lorsque la temp6rature initiale
6lev6e commence i d6cliner, indiquant que les nitrifiants sont inhib6s par les
temp6ratures 6lev6es observ6es au cours du compostage.

Le m6thane et le protoryde d' azote 6taient 6mis i des taux de I'ordre de '1,6 i
39,9 g C-CH4 tonne-1.joui1et 0,04 d 10 g N-N2O tonne-1. jour 1.

1. lntroduction

The policy of the Danish government is to increase the share of organic farms to 10
% of the area under cultivation. Mineral fertilisers are not accepted for plant
production within organic farming. Thus, limitation in the amount of nutrients
available may contribute to reductions in crop yield and of animal production within
organic farming. Nitrogen can be supplied through nitrogen fixation of leguminous
plants, and at present, organic farms may import nutrients in roughage (cf.
regulation on organic soil production).

A substantial amount of the nutrients needed by the crops in rotation are supplied in
animal manure produced by animals feed with imported or produced roughage. The
nutrients that are lost from livestock manure are irreplaceable, and losses will
therefore reduce plant production on organic farms. Deep bedding and slurry are
the two most common types of organic manure at organic farms. ln organic farming
there is a tradition to transform deep litter into compost. As far as we know, there
are few studies of nitrogen losses and transformation of the nutrients in farmyard
manure during composting. Traditionally composting processes and gaseous
emission of oxidised and reduced nitrogen has been measured in compost of
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municipal litter and livestock manure being turned frequently, often several times
each week (Hellman et al. 1997; Martin and Dewes, 1992). ln farming systems the
deep litter being stored will not be turned at all or in organic farming normally only
one time after about 1 month of composting.

Gaseous emission of carbon dioxide, methane and nitrous oxide has been
quantified in this study . A movable dynamic chamber was used to determine
gaseous losses. Techniques for reducing the losses was tested.

2. Methods

Gas emission during composting of deep litter was studied in three pilot scale dung-
heaps of deep litter from housing of dairy cows. The litter was stored on a sealed
surface (L: 4 m, W: 2 m) with collection of runoff to closed containers buried in the
soil. ln table one is given the amount and composition of the deep litter used in this
experiment. ln the experiment starting the 29th of September 1997 the deep litter
was mixed by treating the material three times with a manure spreader on the
initiation day of the experiment, immediately after this treatment the litter was stored
under the following conditions 1) compressed,2) mixed by turning the litter
manually after 3 weeks and 3) untreated.

Treatrnent Amount DM Ash Tot-N NH, NOe P K c
Tonnes g ig

Compressed 0.980 379.35 52.83 7.50 0.63 0.13 1.21 11.95 160.26
@7.31\ (6.321 (1.13) (0.04) (0.04) (0.20) fi.26\ Q4.24].

Mixed 0.660 408.55 59.43 8.30 0.60 o.25 1.40 13.67 172.35

fi1.24) (0.14) (0.04) (0.04) (4.75)

Untreated 0.720 421.65 60.87 8.36 o.54 0.20 1.43 13.54 '177.87
(0.64) (0.42', (0.34) (0.03) (0.00) (0.03) (0.12) (0.86)

Table 1.

Amount and composition of the stored deep litter from dairy cow houses.
The deep litter was compressed, mixed after 30 days and kept untreated,

the volume of the deep titter heaps were 3 m3, 3.2 m3 and 3.6 m3 , respectively,
(ln bracket 5.D., N=2).

At the initiation of the experiment 2 samples of organic material each of 2 L, were
taken from each dung heap. The samples of organic materialwere stored at -18oC.
For the determination of CHo, N2O , CO2 and 02 from the centre of the heap gas
samples were collected by modifying the technique of Petersen et al. (1998). The
two ends of a flexible, but rigid plastic tube (i.d. 10 mm) containing 4 x2 mm holes
per cm length were connected to two 2 m lengths of gas-tight teflon tubes (i.d.2
mm), the teflon tubes were connected to a diaphragm pump (Model 5002, ASF
GmbH, Germany). At initiation of the experiment a silicone tube were inserted into
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the rigid tube, but no air samples could be collected after 2 to 3 weeks, and at day
30 the silicone tube was removed from the rigid tube in the heap that was mixed
after 30 days. A septum for gas sampling was located immediately after the
diaphragm pump, continuously circulating air through the tubes during an
experiment. Four samples of 55 ml were taken at each sample collection with
syringes. The gas samples were transferred to 5 ml glass tubes fitted with butyl
rubber septa. When injecting the samples into the glass tubes, a needle was
inserted through the rubber seal and the tubes were flushed with 45 ml of the gas in
the syringe, after flushing the tube the 15 ml remaining in the syringe were injected
after removing the needle penetrating the septum (Petersen ef a/., 1998).

Dynamic chamber

The dynamic chamber consists of a mobile chamber covering the storage during
measurements, a ventilator for suction of air through the chamber, and equipment
for measurements of gas, temperature and air velocity. A field lab placed close to
the experimental area provided the supply of electricity (340 Volts) to the ventilators
and instruments for measurement of gas emission.

The three movable chambers on wheels had the dimensions, height 1.6 m , width 2
m and length 4 m. The chamber was made of waterproof plywood and mounted on
a metalframe, with only one gable closed by plywood, the other end being open for
facilitating the chambers to be moved over the heaps, and connected to a
stationary gable placed at the end of the sealed surface. The gable on the
chambers had an opening for incoming air. A steel tube (L:2 m, D:0.40 m) with a
ventilator was connected to the stationary gable. A rectangular metal frame was
mounted on the sealed surface perpendicularly to the stationary gable. The
dimensions (length: 4 m, width: 2 m) of the frame allowed it to fit closely with the
chambers when mounted. Air was drawn through the chamber by the ventilator
enabling measurements of the flux of gases to and from the chamber. Before a
measurement, the chambers was moved over the dung heap and fixed to the
stationary gable.

Air flow through the dynamic chamber was measured with cup anemometers in the
steel pipe, the air flow rates could be adjusted from the field-laboratory. Air
temperature and the temperature in the dung heap (40 cm) was measured with
PT100 and thermocouple sensors (Kontram A/S, DK-Copenhagen). The sensors
were connected to a datalogger (Datataker DT200, Data Electronics LTD,
Australia).

When measuring emissions of NH3 air speed was adjusted to 3 m s-', the air speed
was adjusted to 1.2 m s-1 for measurements of N2O, CHa and CO, emissions.
Ammonia was determined with active denuders. For analysis of CHa, N2O and CO2
four gas samples of 55 ml were taken with syringes both at the inlet of the chamber,
and from inside the steel tube 30 cm from the gable at each measuring occasion.
The samples were stored as described above for gas samples taken from the dung
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heap. The emission was calculated as the difference in the flux of gases of the
incoming and outgoing gases.

Gas Analysis

Ammonia: The concentration of ammonia in the air from the background and from
the dynamic chambers was determined by active denuders (Ferm, 1979). An active
denuder consists of a glass tube (length 500 mm, inner diameter 7 mm) coated on
the inside with oxalic acid, through which air was drawn at a fixed air flow. A
diaphragm pump provided suction and a critical orifice adjusted the air flow through
the denuder to exactly 0.9 L min-l. All NH3 flowing into the tube is absorbed on the
oxalic acid. After exposure, the amount of NH3 absorbed in the tubes were
determined, by dissolving the coating in 5 ml water and analysing NHs
concentration using a QuickChem 4200 (Lachat lnstruments Wl, USA).

The performance of the active denuders were examined in two tests. ln test one, air
at 1.35-1.45 ppm NH3 (v/v) was drawn through the denuders at time intervals from
2-10 min. ln test two, NH3 concentrations was varied from 4 to 23.5 ppm NH. and
the suction time was 10 min. ln each test 4 extra tubes were not used for
measurements and included as blanks. ln each test, two tubes were connected in
series to test absorption capacity, one tube was directed to the NH. source and the
other was directed towards surroundings, all measurements were replicated. A
Brrihl and Kjar fotoacoustic gas monitor (DK-Copenhagen) was used to give the
NH3 concentration of the air through the test runs.

Methane (CHn) , Nrfious oxide (N2O) , COz and c2: Nitrous oxide and CHa was
measured on a Hewlet Packard (4890, series ll) gas chromatograph with a electron
capture detector and a flame ionisation detector. lt was equipped with a 8 ft x 1/8"
column with porapak Q 8O/1OO for N2O, N, was used as a canier at 30 ml min-l and
temperatures of injection port, oven and detection were 320,70 and 150oC. Methane
was isolated with a 6 Ft x 1/8" column with poropak N, He was used as carrier gas
and temperatures of injection port, oven and detection were 27O, 70 and 150oC.
Orygen and CO2 were measured on a Varian 3700 gas chromatograph with thermal
conductivity detector. lt was equipped with a 2-m x 1/8" column with a Molecular
Sieve was used to isolate 02 and a 1-m x 1/8" collumn with Poropak N for CO2. The
carrier gas was He at a flow rate of 40 ml min-', the temperatures of oven and
detector were 30 and 190oC, respectively.

Composition of manure

Before analysis the organic material was thawed to OoC and the total sample of 2L
were finely chopped with a cutting machine. Representative subsamples of about
500 g of the chopped material was then cut into small pieces and from this material
100 g was taken for analysis. All manure samples were analysed for dry weight,
ash content, totalC, KjeldahlN, TAN (TotalAmmoniacal Nitrogen), NOi, P and K.
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TAN and NO3- in the solid manure was extracted in 1 M KCI for 30 min, filtered
before analysis with a QuickChem 4200 flow injection analyser (Lachat lnstr.
Wisconsin, USA). Dry matter was determined after drying at 105oC for 24 h, and
ash content at 550oC for 4 h. Total C was determined by dry combustion (Leco
model 521-275), K by flame photometry (FLM3, radiometer) after dry ashing and
solubilization in acid, and P was measured colorimetrically (Spectronic 1001,
Braush & Lomb) after dry ashing and solubilization in acid and a colouring reaction
with ammonium molybdate vanadate. Total nitrogen (Ntot"r) was analyzed using the
Kjeldahl method and a Kjellfoss 16200 (Copenhagen, DK).

Calculations

The precision of the active denuder was tested by comparing the amount of NHt
absorbed in the tubes (NHs,n*) and the flux of NH3 flowing through the tube during
the exposure period calculated by the following equation :

NH3,6*=(NH3)*F*At

(NH.) is the concentration (NH3-N mg m3) that was determined with the Brrlhl and
Kjer monitor, airflow F (m3 min-1) and At (min) the exposure period. The NH3,6,,

was calculated by subtracting the amount of NH3 in the blank tubes from the NH3

being absorbed in the tubes during exposure.
The average NH. concentration (C, Ug NH3-N m-t1 in the air measured by the tubes
was calculated by the following equation :

C=(C,+Q, -2C4)-V(F-At)

where C,, and C2 are the concentrations of NHo* (pg NHn-N L-1) in leachate from the
two exposed tubes, Co the average concentration of NHo* (pg NHa-N L{1 in
leachate from the four blank tubes, V is the volume of water used to dissolve the
NHa* sorbed in the tubes (0.005 l), F is the air flow through the tubes (0.0009 m3

min-1), At is the time (min) between the start and conclusion of the measurement.

3. Results and discussion

Test of denuders

The active denuder was developed for measuring NH. at ambient concentrations
(Ferm, 1979). The capacity of the denuders for determining NH3 at high
concentrations was therefore tested. The time of suction through the denuder at
constant concentration of NH3 was examined first, showing the precision of the
denuders increased by increasing the time of suction (Fig. 1A). ln the second test a
suction time of 10 minutes was therefore chosen, and the concentrations was
varied (Fig 1B). ln this test the amount of NH3 absorbed was highly correlated to the
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amount of NH3 flowing into the tube, the conelation coefficient was 0.98 and
coefficient of inclination 1 (P= 5%). No increase of ammonia in the second tube
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Figure 1

Amount of NHs absohed in the denuder rclated to the amount of NH3 being sucked
into the denuder calculated from measurements of concentrations by Bruhl and
Kjar fotoacoustic ammonia monitor, flow rate and peiod of suction. A. 1.35 ppm

for 2 to 12 minutes and B) 4 - 24 ppm in 10 minutes.

could be determined, indicating that the ammonia in the air was absorbed in the first
tube at NH3 concentrations up to 24 ppm, at suction periods of 10 minutes and air
flow rate of 0.9 I per minute. The tubes are superior to acid traps (Ryden and
McNeill, 1984) when measuring NH3 concentrations for short periods, and are easy
to handle because they can be stored for long periods both before and after
exposure (Sommer ef a/. 1996).
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Temperature and gas concentrations in the compost

At initiation of the experiments wind speeds were high. Therefore the temperature
only increased to 20-30oC in the heaps that were not compressed and to 50-60oC in
the compressed heap (Fig. 2). The temperature variation measured during the first
week was related to changes in wind speed and declined at wind speeds above 15
ms-'. After 14 days the temperature declined. Few days after establishing the heap
CO2 concentrations in the compressed heap increased considerably, the variation
in concentrations reflected changes in temperature (Fig. 3). Temperature and CO2
concentrations will be related, because photosynthesis processes are negligible in
compost and CO2 therefore can be regarded as a parameter for microbial activity
(Knuth, 1969). After a few weeks no gas could be sampled from inside the heaps.
Therefore the sampler in the heap being mixed were changed at mixing.
Throughout the experiments oxygen concentrations inside the heaps were near
similar to the concentration in the ambient air. After mixing both the temperature
and CO2 concentration increased in the mixed heap, but also in the compressed
heap an increase was measured (Fig. 2 and 3). This increase is probably related to
growth of actinomyces and fungi's after the temperature decline, the fungi's using
cellulose and hemmicellose as substrate (Hellman et al., 1997). After 50 days the
temperature in the compressed and mixed heap declined to ambient temperature
and CO2 in the mixed heap declined to ambient concentrations.
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Nitrous oxide is a by-product of nitrification and denitrification and therefore an
indicator of these processes (Hellman et al., 1997). The high N2O concentration
initially may be an indicator of denitrification of NO. present in the deep litter at
initiation of the experiment (Fig. 3). Through the period with high temperature N2O
concentration was low because the number of nitrificants are reduced at high
temperatures. After the decline in temperature the N2O concentrations increased
for a period in the compressed heap and the heap that later was mixed. NrO
increased again, when the heap was mixed probably because mixing increased
composting and thereby created hot spots with low 02 concentration. Methane
were only measured for a period from 30 to 80 days after initiation of the
experiment, and in this period no significant increase in CHa were determined.
Nitrous oxide and CHo concentrations were low compared to those measured in the
studies of Petersen ef a/. (1998) and Sibbesen and Lind (1993), the open structure
of the deep litter probably has facilitated a high convection of air through the
organic material and thus reduced NrO formation and methanogesis or induced
CH4 oxidation.
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Concentration of COu CHo and N2O in a heap of deep litter,

compressed, mixed after 30 days and untreated.

Emission of gases

Emission of CO2 were high immediately afier establishing the heaps and in the
period from 30 to 40 days of composting. Emission of 2 to 3 kg CO2-C ton-l per day
were determined during these periods (Fig. 4). ln total CO2 emissions were 33 kg
C, 20 kg C and 17 kg C from the litter being mixed after 30 days, compressed deep
litter and untreated deep litter. The emission of CO2 was significant and reduced the
content of C in the compost heaps with 10-19% (Table 2).
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Ammonia Carbon dioxide Nitrous oxide
N

Compressed 0.23
Untreated 0.1
Mixed 0.22

19.7
17.1
32.9

12
10
19

N ton of
0.17 0.0002
0.388 0.0005
0.04 0.00005

ofC

1.2
2.6

Table 2.
Cumulated emission of ammonia carbon dioxide and nitrous oxide

The highest emission of N2O were 10 g N ton-1 per day (2-3 g N m-2 per day) were
determined from day 10 to 15. ln the study of Petersen ef a/. (1998) the highest
emissions were observed from 40-50 days after initiation of the experiment, the
difference in emission pattern may reflect that the temperature in the experiment of
Petersen ef a/. (1998) was high for a longer period than in the present. The
emission were low compared to emissions determined by Sibbesen and Lind
(1993) and Petersen et al. (1998), and the cumulated emission of N2O did not
muse significant losses of N from the compost (Table 2)
Significant CHo emission from the compressed and untreated litter were only
observed from 30 to 40 days beacause data was missing from the first period of the
measurements. The highest CHa emissions measured was 40 g CH4-C ton-1 per
day or approximately 15 g CH4-C m-' per day, which is similar to the emissions
determined by Husted (19%). Cumulated emission of CHo were not calculated
because data were missing.
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Ammonia was only emitted from the dung heaps during the first 10 days after
establishment, and also 2 to 3 days after turning of the heap being mixed (Fig. 5).
ln the study of NH. volatilisation from solid cattle manure Petersen ef a/. (1998)
observed a similar pattern in emission, but the emissions were four times higher
due to higher concentrations of TAN in cattle solid manure than in deep litter. ln the
untreated litter with low temperature during the first five days volatilisation of NH3

was also low, indicating that nitrogen losses can be reduced by a treatment
reducing the Increase in temperature after storage of deep litter. The accumulated
NH3 volatilisation from the compacted and mixed heaps was similar (Table 2). ln
this study ammonia volatilization during composting was low compared to losses
measured by Petersen ef a/ (1998). The low NH3 emission is probably due to
transformation of nitrogen in the animal house before storage and a high C:N ratio
of the deep litter (=111.

NH3 loss rate, gN ton-1day'1 Accumulated NH3 loss, gN ton-1
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Ammonia /oss rafe and accumulated ammonia volatilization from heaps
of composting deep lifter, compressed fo double density,

mixed after 30 days and untreated.
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Abstract

Composting is considercd as a suitable way of recycling organic wasfes in agicufturc
compatible with the environment. However, in order to obtain a final product with high
value as feftilizer, the composting prccess shou/d fu performed adequately.
Composting of organic wasfes ich in easily biodegrcdable nitrcgen compounds leads
to the formation, accumulation and subsequent loss of ammonia through volatilization,
mostly duing the thermophilic phase of the process, where high tempercturcs, high
ammonium concentration and pH concur. The use of a suitable bulking agent together
with the Rutgerc static pile composting sysfem have been demonstnted to be useful
tools for reducing and controlling such /osses, obtaining a final compost rich in
nitrogen.

A prcper composting p/ocess prccedure may ensurc the absence of phytotoxic
compounds and a sufficient maturity degree in the final compost. lmmaturc compost
can negatively affect the plant grcvtth and nutient supply. Sfudies of nitrcgen
minerulization rcvealed that immature or insufficiently stabilized compost can lead to
nitrcgen immobilization in soil aN nifiogen deficiency in plants. The extension and
proportion of nitrcgen minenlZation depended on the degrce of compost stabilization.
Thereforc, the composting of organic wasfes to obtain good quality composts, useful
as organic fertilizerc, requires a conect control of the prccess in order to minimize the
nitrcgen /osses and to ensuire a good degrce of compost maturtty.

Key-words : composting, compost maturity, nitrogen mineralization, organic fertilizer,
organic wastes.

R6sum6

Le compostage est consid6r6 comme une m6thode trds appropri6e pour le recyclage
des d6chets organiques dans l'agriculture d'une manidre compatible avec
I'environnement. Cependant, le processus de compostage doit 6tre accompli d'une
manidre ad6quate si l'on veut obtenir un produit final i haute valeur fertilisante. Le
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compostage des d6chets organiques riches en compos6s azot6s facilement
biodegradables conduit i la formation et I'accumulation, puis d la perte d'ammoniac
par volatilisation, principalement pendant la phase termophile, dans laquelle on
obtient des tempr6ratures et niveaux de pH 6lev6s ainsi qu'une grande concentration
en ammonium. L'utilisation d'un agent structurant avec le systdme de compostage
< Rutgers > en tas statique a d6montr6 leur efficacit6 pour r6duire et contrOler une
telle perte, en obtenant ainsi un compost riche en azote.

Par ailleurs, un processus de compostage appropri6 peut assurer l'absence de
compos6s phytotoxiques et un degr6 de maturit6 suffisant dans le produit final. Un
compost immature peut affecter n6gativement le taux de croissance des plantes ainsi
que la disponibilit6 en 6l6ments nutritifs. L'6tude de la min6ralisation de I'azote a
r6v6l6 que l'emploi de compost insuffisamment stabilis6 peut conduire a
l'immobilisation de l'azole dans le sol et i la carence en azote des plantes. L'6tendue
et le taux de la min6ralisation de I'azote sont reli6s au taux de stabilisation du
compost. Par cons6quent, le compostage de d6chets organiques pour la production
de composts de bonne qualit6, utilisables comme engrais organiques, exige un
contr6le conect du processus pour minimiser les pertes d'azote et assurer une bonne
maturit6 du compost.

Mots-cl6s : compostage, maturit6 du compost, min6ralisation de I'azote, engrais
organiques, d6chets organiques.

1. lntroduction

The composting of organic wastes is a biooxidative process involving the mineraliza-
tion and partial humification of the organic matter, leading to a stabilized final product.
During the first phase of the process the simple organic carbon compounds are easily
mineralized and metabolized by the microorganisms, producing CO2, NH3, H2O,
organic acids and heat. The accumulation of this heat raises the temperature of the
pile.

The composting of organic wastes rich in easily biodegradable nitrogen compounds,
such as sewage sludge, leads to the formation, accumulation, and subsequent loss of
nitrogen, mostly through ammonia volatilization. Sewage sludge is often composted
before it is added to soil because this process eliminates the risk of disseminating
pathogenic organisms and produces an aesthetically acceptable product for use in
agriculture. However, during the first phase of composting, the combination of high
temperatures, high ammonium concentration and high pH levels may lead to
substantial losses of ammonia (Wifter and Lopez-Real 1987), decreasing the value of
the material as an N fertilizer. The addition of carbon sources to wastes rich in
inorganic-N results in its partial incorporation into the organic fractions or its
immobilization to form such ftactions (Van Faasen and Van DUk, 1979). lt is possible
to reduce ammonia losses during the composting of organic wastes with a high
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nitrogen concentration byadding an adequate bulking agent which provides organic
carbon to the mixture (S5nchez-Monedero et al., 1996a). The loss of nitrogen from
the compost piles also depends on the diffusion of NH3 through the pile into the
atmosphere, and frequent turning of the pile facilitates this NH3-volatilization (De
Bertoldi et al., 1982). The Rutgers static pile composting system maintains a
temperature ceiling in the pile, providing a high decomposition rate through the on-
demand removal of heat by ventilation, since high temperatures inhibit and slow down
decomposition due to a reduction of microbial activity (Finstein & Miller, 1985). This
system has been shown to be a good method to reduce NJosses through NH3-
volatilization and, hence, for producing a N rich compost (S6nchez-Monedero et al,
1996a) with high concentrations of NO3'-N and total-N.

Once a compost with high nitrogen concentration has been obtiained, it is important to
know the fraction available to plants. According to Castellanos and Pratt (1981), the
composting of animal manures reduces the value of the manure as a N fertilizer
because the compost provides only half the available-N compared with non-
composted manures. Bernal et al. (1998a) and Beloso et al. (1993) concluded that
immature composts can promote N-immobilization in the soil, as they contiain high
concentrations of easily degradable C-compounds as a result of their incomplete
stabilization.

Therefore, the aims of this work were twofold. The first was to study the evolution of
the main parameters during the composting of a sewage sludge with an appropriate
bulking agent in order to obtain a nitrogen rich compost; and the second was to
evaluate the resulting compost value as a N fertilizer

2. Materials and methods

Gomposting performance

About 1500 kg of a mixture prepared with 46.5 % sewage sludge and 53.5 o/o cotton
waste (tresh weight) was composted in a pilot plant by the Rutgers static pile
composting system. The air was blown trom the base of the pile through the holes of
three PVC tubes of 3 m length and 12 cm diameter. The timer was set for 30 s
ventilation every 15 min. and the ceiling temperature for continuously blown air was
55 "C. The biooxidative phase of composting (active phase) was considered
completed when the temperature of the pile was stable and near to that of the
atmosphere, this stage being reached after 49 days. The air-blowing was then
stopped to allow the compost to mature over a period of two months. The pile was
sampled weekly during the active phase and after the maturation period. Each sample
was divided into two parts, one of which was immediately trozen and kept for NH4*-N
and NO3--N analysis, while the other subsample was airdried and ground to 0.02 mm
for analysis and for a pot experiment.
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Analytical methods

The composting samples were analped for electrical conductivity and pH in a water
soluble extract 1:10 (w/v); organic matter (OM) by loss-on-ignition at 430'C during 24
hours (Navarro et al., 1993); total nitrogen and organic carbon were determined by
automatic microanalysis (Navarro et al., 1991), as were the water soluble organic
carbon (C,), the 0.1 M NaOH extractable C and fulvic acid C after precipitation of the
humic acids at pH 2.0 (S5nchez-Monedero et al., 1996b). The humic acid C was
calculated by subtraction of the fulvic acid C from the extractable C. NH.*-N was
extracted with 2M KCI from the frozen subsample and determined by a colorimetric
method based on Berthelot's reaction (Sommer et al., 1992), adding sodium citrate to
complex divalent cations; NOj-N was determined by ion chromatography HPLC in
the water extract. The cation exchange capacity was determined with BaCl2-
triethanolamine (Lax et al., 1986). Total P, K and micronutrients were determined after
HNOy'HCIO, digestion, P by the colorimetric method as a molybdovanadate
phosphoric acid, K by flame photometry and micronutrients by atomic absorption
spectrofotometry. All chemical analyses were made in duplicate. The germination
index (Gl) was calculated using seeds of Lepidium sativum L. (Zucconi et al., 1981).

Greenhouse experiment

The effect of compost maturity on crop yield and its effectiveness as organic nitrogen
fertilizer was studied in a greenhouse pot experiment. Four samples were selected at
different stages of the composting process: (i) the initial nondecomposed mixture at
day 0 (l), (ii) the thermophilic phase at day 21 $), (iii) the end of the active phase at
day 49 (A) and (iv) the mature compost at day 105 (M). The l, T, A and M composting
samples were added at a rate of 2 Yo (48 t ha-1) to a calcareous silt loam soil,
classified as a Xerollic Calciorthid (American SoilTaxonomy). lts main characteristics
were: pH 7.8, electrical conductivity 0.028 S/m, organic matter 1.72o/o, total-N 1.1

g/kg, available-P 9.0 mg/kg, cation exchange capacity 119.0 mmol/kg, exchangeable-
K 7.2 mmol/kg, and water holding capacity 33.5 o/o The soil was passed through a 4
mm screen to remove large particles. Pots of 500 g capacity were used for the
experiment. Five treatments were run: soilwithout any fertilization (S) to estimate the
soil's fertility, soil fertilized wth 20-20-20 N-P-K mineral fertilizer (0.135 g/poUmonth;
13 g m-'per month) (S+F), soil amended with the initialcomposting sample (S+l), soil
amended with the sample at the thermophilic phase (S+T), soil amended with the
sample at the end of the active phase of composting (S+A) and soil amended with the
mature compost (S+M). The pots were immediately sown with ryegrass (Loium
percnne L.) at a rate of 0.5 g per pot (265 seeds/pot), which was equivalent to 47.6 g
m-', over a 0.5 cm sand layer to facilitrate seed germination. Another two sets of S, S+l
and S+M treatments were incubated at 28 oCfor 21and 49 days before sowing. Each
treatment was replicated four times, giving a total of 20 pots without incubation, and
12 pots for the 21 and 49 day incubations. The moisture of the soils was adjusted to
60 o/o of their water holding capacity with deionized water. The pots were watered
daily with deionized water and the ryegrass plants were harvested three times at 28
day intervals. The plant materials were weighed, dried at 60 oC and ground to 0.5 mm
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for analysis. The total-N concentration of the plant material was analyzed by a CNS
automatic microanalizer. The N uptake of plants was calculated from the dry weight
and N concentration of the plants. Analysis of variance and Duncan's multiple range
test were used to determine differences in yield and composition of plants between
treatments.

3. Results and discussion

Evolution of the main parameters during composting
The organic matter and organic C concentrations of the waste mixture decreased
during composting (Table 1), pointing to degradation of the organic materials during
the process. This organic matter degradation led to an increase in electrical
conductivity, and so the production of inorganic compounds. The N, also increased
because of the concentration effect caused by the strong degradation of the labile
organic C compounds, which reduced the weight of the composting mass. The
concentration of N, usually increases during composting when volatile solids (organic
matter) loss is greater than the loss of NH3 (Witter and Lopez-Real, 1987). The N-lost
from the piles during composting were determined from the initial and final ash (X.,

and X2) and nitrogen (N1 and Nr) concentrations. The total N losses amounted to only
9 %, which is very low in comparison with the values found by Witter and Lopez-Real
(1987) (50 % N) during sewage sludge composting. More than 60 % of N can be lost
during city refuse composting (S6nchez-Monedero, 1996a), while the N losses during
sewage sludge composting can range ftom almost zero to 25 o/o, degending on the
bulking agent used (Paredes et al., 1996). This means, therefore that the composting
was properly performed because of the adequate bulking agent used and the system
(Rutgers static pile), both of which were relevant factors in keeping N losses to a
minimum. The mature compost had a N, concentration higher than 10 mg kg-1, which
is the concentration required for composts according to Spanish legislation, and can
therefore be considered as an organic fertilizer. The N, concentration was higher than
the 4.5 - 28.2 g kg-' found for city refuse, sewage sludge and animal manure
composts (lglesias-Jimenez et at., 1986; Gallardo-Lara and Nogales, '1987; Warman
and Termeer, 1996). The C/N ratio decreased to 9.4 during the composting process,
which is below the 12 normally accepted as indicating a good degree of compost
maturity (lglesias-Jimenez and Perez-Garcia, 1992; Bemal et al., 1 998b).
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Samples
(days)

pH EC
(S m-11

OM
e/,\

coa.
(q kq-')

N.
(o k;-1)

c/N NH+--\
(mo ko-')

Nog--ry
(mq ko-')

0
7
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21
28
35
42
49
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7.6
7.8
7.9
8.2
8.2
8.2
8.1
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7.3

0.39
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0.43
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0.51
0.50
0.67

81.5
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67.6
u.1
&1.9
64.9
64.8

438.6
407.9
4M.7
398.2
382.0
370.3
364.6
359.8
355.5

21.9
23.4
29.9
31.5
33.4
33.3
32.5
36.5
37.9

2',1.1

18.2
14.O
't4.2
12.4
'11.4

12.5
9.9
9.4

1424
1038
1263
3406
2530

907
807

1081
437

<1
nd.
nd.
45
30

470
1000
1170
4U

Table 1.

Evolution of the main parumeterc duing composting.

The initial NH4"-N concentration was high and increased during the thermophilic
phase as a result of organic-N mineralization, wfrich also caused a rise in the pH
values. After this phase, the NHo*-11 concentration decreased to a final value close to
O.04 o/o, which is the maximum limit suggested by Zucconi and de Bertoldi (1987) and
Bernal et al. (1998b) for a mature compost. Parallel to this fall in the NH4*-N
concentration, the NO3--N levels increased due to nitrification, while the pH value
decreased, due to the protons released by this process. There was hardly any
nitrification during the thermophilic phase, because temperatures greater than 40 oC

inhibit the activity and growth of nitrifiers. An NHJNO3- ratio of lower than 1 was
found at the end of the active phase (49 days) and after the maturation period (105
days), the value reached at the latter time (0.09) indicating that this compost had
reached a good degree of maturity (Bernal et al., 1998b).

The Cyy and Cpa concentrations fell during composting (Iable 2) because both
factions had a high proportion of easily biodegradable organic compounds (sugars,
amino acids, peptides, etc.). The Cw concentration in the mature compost was below
the limit of 1.7 % established by Bernal et al. (1998b) as representing a good maturity
degree. The Cr,/N* ratio decreased during composting to a value well below the
established limits for mature composts (0.7 by Hue and Liu, 1995; 0.55 by Bernal et
al., 1998b). The humic acid-like traction, CHA /CFA ratio and humification index
increased during composting, demonstrating the humification and polymerization of
the organic matter which took place. This organic matter humffication process led to
an increased cation exchange capacity during the biooxidative and maturation
phases. The values reached were higher than the 60 and 67 cmol kg-1 described by
Harada and lnoko (1980) and lglesias-Jimenez and Perez-Garcia (1992),
respectively, as being the minimum values required to ensure a sufficient degree of
maturity in city refuse composts. The germination index exceeded 50 %, which
indicated the lack of phytotoxicity (Zucconi et al., 1981).
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Samples
(davs)

cw
(o/ol

Cv/N.s Crn
(o/o\

Cru
(o/o\

Cxr
lC=^

HI CEC
(cmol^ kq-1)

GI
(o/o\

0
7

14
21
28
35
42
49
051

2.27
2.02
2.25
2.02
1.98
1.88
1.74
2.26
1.12

1.17
0.90
0.78
0.71
0.M
0.59
0.61
0.64
0.34

3.75
5.07
3.88
3.80
3.79
3.73
3.32
3.11
2.57

7.18
6.47
8.00
7.42
7.86
8.39
7.93
7.75
7.90

1.91
1.28
2.06
1.95
2.O7
2.25
2.39
2.49
3.O7

16.4
15.8
19.8
18.6
20.6
22.6
21.7
21.5
22.2

53.5
67.4

n.d.
95.3

n.d.
109.9
n.d.
100.7
124.4

77.8
n.d.
n.d.

65.4
n.d.
n.d.
n.d.

71.1
69.4

n.d. not determined. 2.
Evolution of the organic mafter duing composting.

Greenhouse studies
The macro and micronutrient concentrations of the composting samples used as
fertilizers are shown in Table 3. These materials were taken ftom the airdried
subsamples and, since most of the NHo*-11 was lost during drying, their NHo*-\1 sn6,
hence, N, concentrations were slightly dffierent from the values presented in Table 1.
The yield of ryegrass 28 days after emergence (first harvest) decreased from soil (S)
to the soil amended with T (S+T) and with I (S+l) Cfabb 4). The results obtained in the
soil treated with mineral fertilizer (S+F) were not statistically different trom those of the
S+A and S+M treatments but were greater than those of the S, S+l and S+T. When
the S+l treatment was incubated for 21 days before sowing, the yield increased to
values similar to those found in S, and the difference was not statistically significant.
The best result with I was obtained in the treatment incubated for 49 days. Plants in
the S+l and S+T treatments had the lowest N concentrations, which were statistically
different from plants grown in S. This may indicate that the low yield in those
treatments was due to N deficiency in plants. Twenty one days of incubation led to an
increase in the N concentration of plants in S+1. Treatments with M compost led to the
highest N concentration in plants, this mature compost containing a high proportion of
available N in nitrate form (l-able 3).

Macro and micronufients of the composting samples used in the pot expeiment.

I 0 days T (21 days A (49 days M 105 days
N' (g kg-')
NH4*-N (mS kS-)
NO3- -N (mg kg-')
P (s ks')
K (s ks-')
Na (g kg-1)
Ca (g kg-1)
Mg (g kg-')
Fe (g kg-1)
Cu (mg kg'1)
Mn (mg kg-1)
Zn (mq kq-1)

20.8
366

<1

2.2
31.9

3.1
28.4

5.0
1.5

20
111
112

28-3
172
45

4.1
25.9
3.9

n.d.
n.d.

1.8
25

147
94

35.4
158

1170
6.6

30.5
4.4

n.d.
n.d.

'1.8

38
1U
118

37.9
437

488/.
7.1

40.6
6.2

64.8
10.6
3.8

38
220
213
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First harvest Second harvest Third harvest
Treatments Yield

(q/pot)
N (%) Yield

(q/pot)
N (%) Yield

(q/pot)
N (%)

S
S+F
S+l
S+T
S+A
S+M

4.10 de
5.54 c
1.75 t
232 ef
5.58 c
6.52 bc

3.58 e
4.49 d
2.49f9
2.40 9
4.41cd
5.30 ab

1.59 e
4.'t9 bc
3.77 bcd
2.94 d
3.55 ed
4.47 b

1.85 de
2.33 abc
1.82 de
2.01 cde
2.18 bcd
1.95 de

0.73f
3.50 a
2.86 bc
2.32 cd
2.32 cd
2.07 de

1.59 d
2.41a
1.65 cd
1.72 cd
1.64 cd
1.63 cd

S 21 days
S+l 21 days
S+M 21 days

3.34 de
3.90 de
4.30 d

4.61 cd
3.62 e
5.37 a

1.63 e
3.13 d
5.75 a

1.79 e
'1.69 e
2.62a

0.89 f
2.38 bcd
2.71bc

1.92bc
1.98 bc
2.05 abc

S 49 days
S+l 49days
S+M 49davs

3.62 de
7.10 ab
8.08 a

4.25 d
2.96f
4.tAbc

2.O3 e
2.97 d
4.00 bc

1.80 e
1.83 de
2.38ab

0.79 f
1.71e
1.66 e

1.79 bcd
2.20 ab
1.77 bd

ANOVA P<
LSD

0.001
1.22

0.001
o.52

0.001
0.77

0.001
0.37

0.001
0.48

0.05
0.45

LSD= least significant difference at P<0.05

Table 4.
Yield (fresh weight) and nitrogen concentration of rye-grass in the three harvesfs.

At the second harvest, the yield in S was very low due to the depletion of soil nutrients
and the results were significantly different from those of the rest of the heatments,
which showed similar values statistically, including $+l (Iable 4). The plant yield in
S+M was the highest of both harvests, although it was not statistically different trom
that obtained in S+F. The incubation time had no effect on the yield of the S+l
treatment, and only a slight increase was observed in S+M after 2'l days' incubation.
The N concentration of plants was very similar in alltreatments, and only the S+F in
the non-incubated treatments and S+M with 21 and 49 days' incubation were
significanfly different fom the rest. ln general the results, including those for the
treatment with mineralfertilizer, decreased from the first to the second harvest, which
may be due to plant physiology rather than the effect of the compost.

The yield at the third harvest showed the same paftern as the second. The soil had
the lowest results, which demonstrated the depletion of nutrients, while the best result
was obtained with S+F. There were no statistically significant differences between the
yield and N concentration of plants in any of the treatments using composts. The
highest N concentration was recorded in plants from S+F, since the nutrients were
added weekly throughout the experiment. lncubation slightly increased the N
concentration although only the result from S+l with 49 days' incubation was
significantly dffierent from the non-incubated treatments.
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The N efiiciency of the composting samples and the mineral fertilizer was calculated
by subtracting the N uptake of the soil fom that recorded in the amended soil, and
expressed as a percentage of N added to soil. The maximum N efiiciency always
occurred in the S+F treatment (Fig. 1), as the N it contained was directly available to
plants. The N efficiency of sample I showed negative values after the three harvests
in the non-incubated treatment, and after two harvests in the 21 days' incubation
treatment, indicating that plants in S+l had lower amount of N available than those
grown in the control soil. Sample I had NH4*-N, which is readily available to plants
(Table 4), but it also had a high amount of easily decomposable organic C
compounds (Bernal et al., 1998a). For this reason, the microorganisms attacking this
fresh organic matter found a surplus of organic C with respect to organic N, which led
to inorganic-N immobilization, and a competition between plant roots and
microorganisms for inorganic-N may have occuned. When the S+lwas incubated for
49 days before sowing, the N efficiency of I showed positive values after each
harvest, which indicated that re-mineralization of the immobilized N had occuned and
that inorganic-N had formed in the soil. Studies of N-mineralization in soil pointed to
the immobilization of inorganic-N in sample I during most of the incubation period.
Only 2.4 o/o of N1 was present in the forms of inorganic-N after 70 days, giving it a net
N-immobilization of 4.3 % N, (Bernal et al., 1998a).

Three harvests
( tsu+Pna+era)

n

V

10

0 2t +g
ozt 49

Irr<rr; bilt.ion l.:ime (<tays)
-10

(,zvp Ir l--lT fffia lislrvr

Figurc 1.

Nitrogen fertilizer efficiency of the mateials used in the different treatments
of the pot experiment. The figures refening to haruest are accumulative.

na

50

40

30
l5

Orre harvest
( tst)

Two harvests
( t st+,zna)

B{
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o
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0
0el49
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179



The N efficiency of composting samples increased as composting progressed
(Fig. 1). The efficiency of T sample although greater than that of I was still very low,

especially at the first harvest, pointing to NH4*-N immobilization in the soil as a
consequence of low microbial stabilization. Substantial proportions of inorganic-N
immobilization have been reported in soils treated with immature composts made
from animal manure and sewage sludge (Beloso et al., 1993; Bernal et al., 1998a).

Sims (1990) also found N-immobilization in a soil treated with Tday old sewage
sludge/city refuse composts, which diminished when one of them was mixed with a
commercial mature compost.

The sample A had a higher N efficiency than I and T, but lower than the mature
compost. The sample A had a lower NO3--N concentration than the mature compost
(Table 3), and the N mineralization studies also showed lower proportion of potentially
mineralizable N (5.45 % N, in A, 8.45 % Nl in M) and a slight initial N-immobilization in
the soil, which only lasted only for 2 days (Bemal et al., 1998a). The immobilization
was not strong enough to have any effect on plant growth, since the material had a
sufficiently high concentration of inorganic-N for adequate plant nutrition, and it had
reached a good degree of stability during the 49 days of composting. lt had also a
relevant proportion of mineralizable N (inorganic-N = 9 o/o of Nt after 70 days of
incubation) giving it a net N-mineralization figure of 4.7 % \ (Bernal et al., 1998a).
The highest efficiency was found in the M sample, because it had the highest NOi-N
concentration and proportion of potentially mineralizable N. lt was observed that the
NO3--N concentration of the compost increased during the maturation phase of
composting (Table 1), and also this mature material had stabilized during the active
and maturation phases of composting, and net N-mineralization occuned after its
addition to soil. According to Bernal et al. (1998a), almost 20 o/o of \ was present as
inorganic-N in soil after 70 days of incubation, giving it a net N mineralization of 8 7o of
total-N. Both factors provided a high amount of readily available N for plants, and the
greatest N uptake by plants.

4. Gonclusions

The composting of sewage sludge can provide a compost rich in N, if the process is
properly performed, which can be used as an organic fertilizer. The use of a bulking
agent, such as cotton waste, which supplies organic carbon to the microorganisms,
together with the Rutgers static pile system are the main strategies for controlling and
reducing N losses during composting. Two months of maturation after temperature
has fallen are enough to ensure a good degree of compost maturity and a certain
humification of its organic matter.

Maturation improves the short-term fertilizer N value of a compost because NO3--N is
formed during this phase and because of its potentially mineralizable N. A mature
compost can, therefore, be considered as an organic N fertilizer. lts N mineralization
rate should be tiaken into account for the balanced N fertil2ation of crops and it can
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even be added to the soil when the crop is growing. The use in soil of non-
decomposed organic waste mixtures or of wastes which have only been slightly
transformed in the thermophilic phase of composting, requires a safety period of at
least 49 days after addition and before sowing, to avoid plants suffering N deficiency
and to ensure that the microbial N-immobilization phase has finished and inorganic-N
is being produced by re-mineralization of the immobilized-N. This is necessary to
obtain a good efficiency of its nitrogen. A compost which has undergone a
biooxidative phase of composting but not a maturation phase, although it may cause
slight N-immobilization immediately after its addition to soil, it is also valuable as a N
fertilizer. lt can have a similar effect on plant nutrition as an inorganic fertilizer,
because its N will have been mineralized at a similar rate as that of a mature
compost. However, its N fertilizer value is lower than that of the mature compost
because the nitrification process occurs mainly during maturation. This increases the
concentration of N available to plants in nitrate form.
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Caract6risation des transformations des ddchets yerfs /ors de leur compostage.
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Abstract

Though the process of composting offers technical advantages and leads to the
production of compost used as amendment or fertilizer in agricufture, it often
encounters some limitations due to a lack of control parameters and some
difftculties to characterize the stabilization of organic matter.

ln order to better understand fhe process and characteize the composf's
stabilization, we studied green wastestransformations occuing while composting at
an industialplant.

Characterization consisted in granulometric fractionation and chemical analysis of
the fractions and the global solid : dry matter, organic matter, organic carbon,
Kjeldahl nitrogen. Aqueous ertractions of the solids have been realized and pH,
chemical oxygen demand, Kjeldahl nitrogen and ammonium ions of the extmcts
have been measured.

The solid organic matter charccterization shows it fast doesn't change except
l(jeldahl nitrogen contents which have a sensrfiVe relative evolution. The calculation
of organic matter elimination rate describes wellthe biodegrudation slowing down.
The concentrations vaiations in the aqueous extracfs are more sensible and
chemical oxygen demand is indicative of the differenf sfeps of the process.

R6sum6

Bien que le proc6d6 de compostage offre de nombreux atouts techniques et
conduise i la production d'un compost utilisable en tant qu'amendement ou
fertilisant en agriculture, il pr6sente un certain nombre de limites li6es d une
mauvaise connaissance de paramdtres de contrOle et i certaines dfficult6s d
caract6riser la stabilisation de la matidre organique.

Dans I'objectif de mieux comprendre le proc6d6 et de caract6riser la stabilisation
de la matidre organique, nous avons 6tudi6 les transformations de d6chets verts
trait6s par compostage sur site industriel.
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La caract6risation a consist6 en un fractionnement granulom6trique et une analyse
chimique de fractions et de solide global : matidre sdche, matidre organique,
carbone organique, azote kjeldahl. Des extractions en phase aqueuse des solides
ont 6t6 r6alis6es et le pH, la demande chimique en oxygdne, l'azote kjeldahl et
l'ammoniac des extraits aqueux ont 6t6 dos6s.

La caract6risation de la matidre organique initialement solide montre que sa
composition ne change presque pas i I'exception de sa concentration en azote
dont la variation est plus sensible. Le calcul des taux d'6limination de la matidre
organique d6crit bien le ralentissement de la biod6gradabilit6. Les variations de
concentration dans les extraits aqueux sont en revanche plus significatives et
l'6volution de la demande chimique en oxygdne traduit bien les diff6rentes 6tapes
du proc6d6.

1. lntroduction

The treatment of organic wastes by composting offers a few technical advantages
which are for instance the possibility to treat a large range of quantities of wastes
with a high or in the contrary a low level of technology. The characteristics of
organic wastes, their moisture and their ability to biodegrate, favour the
development of composting. Finally composting leads to the production of compost
which may be used as amendment or fertilizer in soils. This last advantage also
constitutes a present limit of the process that means the obligation for compost
produced to satisfy a sufficient quality. This demand imposes to identifo physical,
chemical or microbiological parameters indicating for instance stabilisation of the
product. A better control of the process also requires the identification of process
control parameters.

The research of process control and stabilisation parameters has been the object
of many studies. The wastes whose evolution during composting was studied were
mainly solid wastes from animal husbandry, organic fraction from municipal wastes,
municipal sewage sludge and green wastes. These were treated in industrial
composting plants or in composting simulation pilots. These studies show it is
sometimes dfficult to determine a singular parameter that would be suitable for
every organic waste. The concept of maturity also includes the specific use that will
be made of the compost and it imposes to take into account in the parameter
identification the future compost's application. However considering the kinetic
decrease of the concentrations may be an indicator of stabilization and the
determination of parameters describing this decrease could permit a better control
of the process. Our study consisted in the characterization of the green wastes'
transformations occuring during composting on an industrial plant and in the
identification of parameters, between those already tested, which could be
applicable to the green wastes. Assuming that most of the biological activity took
place in the liquid film, we interested both in the global solid product and the
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aqueous extracts. By another way we prefered follow up parameters which could
give later quantitative process informations. Granulometric fractionation has been
realized and for every granulometric range, chemical parameters particularly some
used in characterization of waste water have been experimented both on dried and
ground solid and on aqueous extracts : organic matter (OM) and its main
components on solid, pH, chemical orygen demand and nitrogen species (NK :

Kjeldahl nitrogen, NH4t : ammonium ions) of the aqueous extracts.

2. Literature review

ln order to search stabilization or process control indicators, many different types of
parameters have been tested.

Physical parameters such like temperature (Mustinl), odour (Mustinl, Chanyasak ef
af , Jimenezand Garcia3, Harada et afl and colour (Jimenez and Garcia3, Sughara
et aP) have been experimented. lf a low temperature, a black colour and absence
of odours may characterize a stabilized compost, these indicators remain too
imprecise to define the degree of stabilisation.

Chemical parameters have been measured on the global solid phase, humid or
after drying and grinding or on the aqueous extracts obtained by a solid-liquid
extraction of the composting product. The solubilization and transformation of
organic matter by the microorganisms means at first the release, in the liquid film
around the solid matter, of carbohydrates, amino and volatil acids, phenols (Hirai ef
af) which will be biodegraded and transformed in carbon dioxide. This
mineralization of the organic matter is responsible for the decrease then the
increase of pH which have been already wide exposed (Jimenez and Garcia3,
Harada et af , lnbar ef at71. The decrease and stabilization of the global organic
matter and the release of the acids have been studied by Garcia et aP and lnsam ef
af. lnbar et alo, Dinel ef al1 and Mathur ef a/2 associated the concentrations of the
dissolved components to optic density of aqueous extracts at28O,465 and 665 nm
and found they were well corelated to the composting time. Concentrations of low
molecular weight amino and volatil acids inferior to 1 mg/g dry compost would
indicate the stabilisation of the compost (Chanyasak and Kubota131. Bernal et ala
found for different composts that a value of 1,7 o/o of dissolved carbon was
indicative of stability. The mineralization of the organic matter leading to the
production of carbon dioxide causes a decrease of the global chemical oxygen
demand (COD) which yet may be sensible in mass and not sensible in
concentration. A decrease of COD is for Mustin' ICOO < 350 mg/g of compost) and
tnsam et als indicative of stabilisation whereas for Godden" this decrease isn't
always clear.
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- Nitrogen transformations through organic matter mineralization, nitrification and
denitrification have been often studied too. Some authors gave indicative
concentrations of NK, NH4* (NH4* < o.O4 % dry matter for Zucconi and De BertolilT,
absence of NHo* for Harada et ala in animal wastes' composts, N-NH4* < O,O4 o/o lor
Bernal et alla in sewage sludges' and animal wastes' composts), N93- (NO3- > 3OO

mg/kg dry compost from municipal sewage sludge, Forster et allB) and value or
tendance of NH4*/NO3- (NH4*/NO3- < 0,16 for Bernal et alo,, NH4*/NO3- between
0,03 to 18,9 for Hirai ef af and it must decrease for lnsam et alls). For Mathur ef
a/s no particular level of nitrate or its ratio to ammonia can be relied as indicator of
compost biomaturity.

Taking into account both elimination of carbon and nitrogen, C/N ratio has been
wide employed as indicator of maturity. For instance after tests on different sewage
sludges' and animal wastes' composts, Bernal et ala measured a C/N value of 12
as maturity level. Many authors (Harada et af , Chanyasak and Kubota13, Wong and
Chu20; don't agree with C/N indication particularly because of its large fluctuation
according to the initial waste's nature. Goddenl6 and Van de Kerkhove2l prefer
consider its evolution with time than a particuliar value. The C/N ratio has been
measured in the aqueous extracts too and values around 5-6 have been proposed
by Chanyasak et af , Chanyasak and Kubota13, Hirai et aF, lannotti et aF and
Canet and Pomares'4. A too high concentration of nitrogen in the initial waste
(municipal sewage sludge) would exclude its utilisation as indicator (lnbar et af\.

For lnbar et afo, the stabilisation of aqueous extracts conductivity, whose Ca**,
Mg** and NO3- are mostly responsible for, may be indicative of stabilisation too. Yet
Avnimelech et aPs showed the evolution of the aqueous extracts conductivity may
be difficult to interpret and must account for the complexation degree of anions and
cations with organic matter.

The aerobic biological activity can be described by measure of microbiological
parameters such like the oxygen consumption or carbon dioxid production (Mustin1,
Forster et at18 , Mahmood et af6,, lannotti et af7 ,1, the enzymatic activity (Goddenl6,
Forster et a181. Bacteriological identification and numeration have been studied by
lnsam ef af.

The biochemical composition of the solid phase and its specific properties
characterizing its stabilization level have been studied too. So after a chemical
extraction, cellulose, hemicellulose and lignin concentrations have been measured
according to Van Soest2s and Adani8 fractionation methods and associated to
carbon dioxide production (Lin6resm). An indice of biological stabilisation (BSl) has
been deflned which allows to associate potential of mineralization to biochemical
composition. Humic substances' increase (Garcia ef af, Mahmood et af6, Chefe%
et afll and measure of distinct fractions as humic and fulvic acids, non humic
fractions and calculation of different ratios have been tested by lnbar ef a/, Forster
et alB, Roletto and Barberis3', De Nobili and Petrussis, Ciavatta et aff, Govi ef afs.
The increase and stabilisation of the cation exchange capacity (CEC) is often
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recognized as a good indicator too : CEC 7 !Q0 meq./100 g O.M. (Organic Matter)
for animal wastes (Harada and lnokos' 3') and municipal wastes (Va-r1 Qe
Kerkhove2l), CEC > 20 meq.t100 g OM for green wastes (Mahmood ef a/ 26' s1.

lnbar et al 7'3e and found a corelation between CEC and humic substances
increases. The difference between extractible lipids in diethylether and in

chloroform has been proposed by Dinel et af1 as a maturity indicator. Biochemical
changes of the organic matter and particularly its aromatization .T"y be
characterized by spectrometric parameters such like lR and CPMAS '"C-RMN
(Cross Polarizaiion Magic Angle Spinning) (lnbar et al7' 3sand Chefeu et aF).
Thermogravimetric methods have been experimented by Blanco and Almendros*.
Chemical parameters have been measured on the alcalin extracts : IEF (isoelectric
focusing) by Ciavatta et aP and Govi et aP6 , UV absorption by Prude nl et af1 .

Finally these chemical and biochemical transformations increase agronomic quality
of composts. Phytotoxicity, germination (Bernal et ala, Blanco and Almendrosao,
Zucconi etaf2,Bacaef a/3;andgrowth(lnbar etalo,Bernal etafa,lannotti etaF,
Chefetz et aP1 , Mahmood et afg, Blanco and Almendros4, Baca et af37 tests have
been improved.

3.Materials and methods

3.1. The composting plant

The plant collects green wastes brought by inhabitants of the nearest
agglomerations and public or private professionals. These green wastes compose
themselves of branches, leaves, weeds, cut grass. These are weighed then ground
and stacked in windrows on a cemented uncovered area. Seven windrows take
place on the area. Every windrow has a trapezoidal cross section (30 m x 10 m and
3 m high) and an initial mass of 500 to 1 500 tonnes. The windrows are turned
every 15 to 21 days by a mobile equipment. For the first three months, in case of
insufficient moisture, water may be sprayed above. After six to seven months
composting, the product is separated, using two rotative sieves of 10 and 20 mm, to
the undersized, the compost, the middlesized, the mulch and the oversized which is
recycled in grinding at the beginning of the process. The compost is stocked on a
covered area.

Transformations occuring in three windrows of green wastes stacked in february (2-
97), march (3-97) and april (4-97) 1997 have been characterized. The experiment
last about eight months from grinding to the final refining. The three windrows have
been sampled every time they were turned (8 to 10 times) and the analysis have
been realised for every sample.
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3.2. On sites sampling and measurements

Temperature has been measured and samples have been collected every time the
windrows were turned. Temperature was measured before turning by introduction
of a thermometer probe in about twenty points at the surface of the windrow to a
depth of 1,50 m and the mean temperature has been calculated.

When the mobile equipment is going through the windrow, it turns about 30 cm larg
of the pile. At every passage, we collected manually about 10 kg of product in the
cross trapezoidal section. At the end, the global sample (# 300 kg) has been
reduced (by successive division in identical portions) to about 30 kg.

3.3. Solids and liquids preparation for analysis

We supposed solids' transformations were different whether the products were
constitued in big or little fragments. More, fractionation allowed to get a more
representativ sample for analysis. Finally in order to characterize the aqueous
extracts, fractionation was realized on humid solid. Then, using two vibrating plane
sieves with square meshs of 6,3 mm and 25 mm, about 10 to 20 kg of humid
product were separated to four fractions : F1 < 6,3 mm, 6,3 mm < F2 < 25 mm, 0 <
F3 < 25 mm, F4 > 25 mm. Half part of each fraction except F4 has been dried at
40'C then ground to particles < to 500 pm. The big dimensions of solids of F4
exclude to grind it with our equipments but its low percentage in regard of the total
humid weigh (< 10 %) led us to consider the solid inferior to 25 mm as the global
product. The second half parts of F1, F2, F3 have been extracted three times in
series by deionized water (100 g / 500 ml). Each extraction last 4 hours and the
three extracts have been mixed together and filtered at 8pm.

3.4. Analysis of solid and aqueous extracts

3.4.1. Analysrs of so/ids

ln order to reduce analysis' errors due to heterogeneity of the global sample (0125),
we measured the interesting parameter for every granulometric fractions, (0/6,3)
and (6,3/25), and in respect of their ponderate contribution we calculated by
addition the parameter which should have been measured on the global solid. This
method has been validated before practise with ten samples for which we verified :

Golzs"(1 -Horzs)*Potzs=Gors,s*(1 -Holo,s)*Po/o,g+Go,grzs*(1 -Hs,vzs)*Ps,uzs

G; humid weight percentage of Fiabove the global humid weigh,
H; moisture of fraction Fi,
P, physico-chemical parameter measured on fraction Fi.
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Dry matter has been measured by drying at 105"C and organic matter at 550'C for
6 hours. Global ash content has been computed as reference to estimate dry
matter content at every time. Carbon has been measured by combustion at 1200"C
and absorption of emissions of CO2 and H2O. Total carbon includes organic carbon
and a part of mineral carbon volatil at 12O0'C. We chose to estimate organic
carbon by supposing it was equally distributed among organic matter at 550'C and
volatil matter between 550"C and 1200"C. Kjeldahl nitrogen has been measured by
fitting standard methods of water analysis to dried ground solids. So, Kjeldahl
nitrogen is measured by mineralisation at boiling of 1 g solid in 25 ml sulfuric acid.
The reaction is catalysed by CuSOa, 5 H2O, K2SO4 (Kjeltabs CK). When the
mineralization is finished, the sample is cooled, 60 ml water are added and it is
basified by addition of 120 ml of sodium hydroxyde 30 % . Then ammonium is
measured according standard method of water analysis.

ln order to calculate the percentage of elimination of dry matter, we have to
estimate the total weight of the windrow we can't measure. We supposed the total
mass of mineral matter (MM) remained constant during the process, ffiMMo =
mMMt, then we calculated the total mass of dry matter mDM. The organic matter
mass (mMO) can be calculated too.

mMMi, mMMO, mMMt, mineral matter masses in fraction Fiand in global product
at the beginning and at t,

mDMiand mDM, dry matter masses of fraction Fiand global product,
OMi, organic matter concentration in fraction Fi,
Gi, ratio of humid weight of Fi above total humid weight,
Hi and H, moisture of fraction Fi and of global product,
mH humid mass of global product,
mOMi and mOM, organic matter masses in fraction Fiand in the global product.

mMMi=mDMi(1 -OMi),
mMMO = mMMt = EimMMi= EimDMix (1 - OMi),
mDMi= mH x Gix (1-Hi),
mMMO= mH x xiGix (1 - Hi) x (1 - OMi),
then we calculate mH, mDi, mOMi, mDM and mOM
mDMi= mH x Gix (1 - Hi), mDM = Ei mDMi,
mOMi = mDMix OMi, mOM = Ei mOMi.

3.4.2- Analysis of aqueous extructs

After filtration at 8pm, the aqueous extracts have been analysed : pH, COD, N-NK
and NHo* have been measured according standard methods of water analysis.
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4. Results and discussion

4.1. Temperature

From 20 to 150 days old the temperature in the compost is superior to 70 'C. From
150 to 200 days old the temperature slowly decreases of about 3 to 5 degrees
which may mean a decrease in the degradation transformations.

4.2. Solid phase analysis

4.2. 1 . G ranulometric characteization

The global humid product has been separated by sieving into three granulometric
fractions : F1 < 6,3 mm, 6,3 mm < F2 < 25 mm, F4 > 25 mm. We can observe
(fi9.1) the product gets always finer, that means the increase of the finer fraction
and in the contrary the corresponding decrease of the fraction 6,3125. ln spite of
grinding effect of turning and aerobic degradation, the upper fraction F4 remains
fast constant in weight. This fraction accounts for less than 10 percent of the total
weight of humid solid and the fraction 0/25 has been considered as the global solid.
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Granulometricfractionation of the global humid composting product:
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4.2.2. Moisture concentration

During the first month of composting, moisture of the global solid is between 45 %
to 55 %. This moisture remains constant, 47 o/o lo 50 % at the end of the treatment,
which may be explained by water bringing from atmospheric precipitations and
human process control. The moisture of the different fractions is around 50 o/o at the
beginning. lt remains constant for the fractions 6,3125, slightly increases for the
fraction > 25 mm and it decreases to 45 o/o in 200 days for the fraction 0/6,3.
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4.2.3. Dty matter elimination

Measures of Gi, Hi and OMi for every fraction and application of formulations
explained in $ 3.4.1 allow to calculate dry matter masses and their evolutions. Dry
matter elimination is fast constant all along the 200 days process though we can
suppose it slowly decreases at the end (fig.2). For the three, dry matter elimination
rates are around 15 to 25 % at the end of the experiment.

Dry matter elimination rate, o/o

30Yo

25%

20%

1SYo

10%
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0 100 150 200 2*
Compost's age, d

Figure 2
Global dry matter elimination ratefor the windrows: ()) 2-97; O 3-97; (L) 4-97

4.2.4. Organic matter concentrations and masses

After grinding the organic matter concentrations of the 0/6,3 and 6,3125 fractions, in
the three windrows, are respectively around 55 % and 78 to 83 o/o. The smaller
concentration of the fraction 0/6,3 is due to the presence of mineral matter as
fragments of soils. The concentration of organic matter in the fraction 6,3125
remains constant whereas it decreases of 5 to 10 o/o in the finer fraction (fi9.3). The
organic matter content of the fraction > 25 mm remains constant too, OM = 0,85.
The organic matter content of the global solid (0/25 fraction) decreases slightly from
65 to 55 %. Organic matter concentration decreases too slowly to be considered as
indicator of stabilisation and more it depends closely of the initial wastes. Yet the
measure of organic matter may be interesting if dry matter mass has been
estimated. ln that case, global organic matter masses decrease and the organic
matter elimination rate is closely tied to the elimination rate of dry mafter. The
evolution of that rate particularly at 200 days allows to conclude the biodegradation
is diminishing. Yet the elimination rate has been calculated by supposing the global
mineral matter mass was constant which will have to be confirmed in experimental
controlled conditions, for instance in a composting simulation pilot.
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4.2.5. Organic cahon and Kjeldahl nitrogen concentrations in the globalsolid

Organic carbon concentrations and organic matter concentration are closely fied
and exhibit a some low decrease in fraction and in the global product. ln global
product organic carbon concentration decrease from 35 or 30%. ln the contrary of
carbon concentrations which are the sames in every windrow of compost, Kjeldahl
nitrogen concentrations are superior in case of windrow 4-97 than in windrows 2-97
and 3-97. This superiority explains itself by the higher concentration of 4-97 in more
biodegradable green wastes such like grass, leaves ... We can observ a sensitive
but regular increase in nitrogen from 0,8 lo 1,1 Yo for 2-97. For both carbon and
nitrogen, we can't observ different rates in the evolution of concentrations.

The small variations observed in the transformations of the solid, in particular in the
concentrations in organic matter and its main components and in spite of the higher
relative variations of nitrogen, don't allow to consider them as interesting
parameters to control the composting process or indicate organic matter
stabilisation. Calculation of dry matter masses and measure of organic matter
concentrations allow to calculate organic matter masses and describe their
evolution. So we showed the organic matter elimination rate decreased at the end
of the treatment.
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4.3. Liquid phase characterization

Only the analysis results of aqueous extracts of the fraction 0/25 have been
exposed, we can yet mention the concentrations measured in the aqueous extracts
of the fractions 0/6,3 and 6,3125 were equal to the concentrations measured in
aqueous extracts of the fraction 0/25. Elsewhere we calculated concentrations of
COD, N-NK and N-NH.* in respect of the global volum of biofilm (Vuionm = mDm x
H). As the moisture is around 50 % these concentrations are fast equal in respect
of global dry matter. Finally, for a same age of the three composts, we can notice a
large dispersion of pH, COD, N-NK and N-NH.* values. These differences may be
explained by their specific nature: pieces of wood, leaves, cut grass ... which are
more or less soluble in aqueous phase in spite of their same origin.

For the windrow 4-97, we observed (fi9.4), at the begining of the treatment, the
acidification of the aqueous extracts which can be explained by the hydrolysis of
organic matter and release of organic acids (Jimenez and Garcia3, lnbar et af ,

Harada et ah. After that first step of acidification, the pH increases which we
observed in the three windrows (fig.4).This increase from values between 6 at 7 to
values around I at 9 is conesponding to the release of ammonia and other basic
components in the liquid film, and the elimination of organic acids.
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pH of the aqueous extractsfor the windrows: (tl) 2-97; E) 3-97; (L) 4-97

The evolution of pH is intimately tied to release and remove of organic matter in the
biofilm surrounding the solid phase. A sensitive parameter of that organic matter
evolution may be the COD concentration in the biofilm (COD has been measured in
the aqueous extracts then expressed in respect of moisture that means the global
volume of biofilm in the compost). COD (fi9.5) is first increasing in case of windrow
4-97 as the pH was decreasing in the same time which improves their great
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corelation. For the three windrows, after that first increase for the windrow 4-97, we
observe the decrease of COD concentration in the biofilm. lf we keep in mind the
moisture in the windrows is slightly decreasing, the COD decrease is as much
higher in mass. After a step of transfer from solid to liquid of organic matter which is
responsible for the first increase, the consumption of that dissolved organic matter
explains the second diminution step. At the end of the treatment we can see a slight
back rise of COD which may be due to a continuous transfer but a falling down
microbiological consumption : dissolved organic matter is not biodegradable or
necessary conditions for microbiological metabolism aren't gathered anymore. We
can notice the high COD concentrations in the biofilm, 10 to 60 g / l, still higher for
the windrow 4-97 which may be explained by the green wastes' composition in

april, containing more cut grass and leaves whose soluble fraction is greater than
for branchs... .
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Figure 5
COD concentrations in the biofilmfor the windrows: (O) 2-97; A) 3-97; ( ) 4-97

Kjeldahl nitrogen and ammonium concentrations (fi9. 6, fig. 7) have fast equal
evolution as COD concentration : a first increase for windrow 4-97 then a decrease
for the three piles and finally a back groMh at the end of the treatment. Kjeldahl
nitrogen and ammonium concentrations are respectively in the range of 0,2 to 1 g.l-1

and 0,1 to 0,8 g.l-1 for the windrows 2-97 and 3-97. They are superior for the
windrow 4-97 :1,2to2,2g.1-1 for N-NK and 0,6 lo 1,2 g.l-1 for N-NH4*. Nitrogen
concentrations are well corelated to the COD concentrations. So we can share the
first one hundred days corresponding to the biggest product transformations from
the second part corresponding to slower matter conversions then the final part
which shows the slowing down microbiological metabolism.
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Ammonium concentrations in the biofilmfor the windrows

Q) 2-e7; O 3-97; (L) 4-97

We can conclude the characterization of the dissolved organic matter can be used
to describe the decreasing transformations of the composting product and so it can
provide process control parameters. Yet it could be interesting to measure
separately which quantity of organic matter is transfered and which one is
microbiologicaly consumed in the same time. Such an approach would allow to
quantify the different steps of the process : increasing then decreasing transfer from
solid to liquid followed by the increase then the decrease of the biological
consumption.
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5. Gonclusions

Through the characterization of green wastes' transformations occuring while
composting process, that study had two main objectives : a better understanding of
the composting process and the identification of process control and organic matter
stabilization parameters. So we showed :

the concentrations measured on the solid for instance in organic matter,
organic carbon and nitrogen vary too lowly or/and slowly to be considered as
process control or organic matter stabilization parameters,

by calculation it is possible to determine organic matter masses and
elimination rates which well describe the final slowing down of degradation,
conservation of mineral matter mass will have to be verified in controled
experimental conditions,

a the concentrations measured on the aqueous extracts are more sensitive
and their variations well corelated. So the pH and COD, N-NK and N-NH4*
concentrations describe well the process and the stabilization of the organic
matter at the end of the treatment. After a first increase of COD and nitrogen
contents corresponding to the transfer of organic matter from solid to liquid
phase, the biological consumption of organic matter is responsible for their
diminution. Their back increase at the end of the treatment may be due to the
pursuit of the transfer whereas biological consumption stopped. We have to
keep in mind the slowing down degradation may be caused by depletion of
nutrients like carbon or nitrogen but water too, which doesn't mean the
product is stabilized.

the single control of COD could be used as stabilization indicator and
process control parameter. Yet that type of study will have to be realized for
other wastes like waste water sludges, manure,

it could be interesting to quantify separately the transfer and the biological
consumption.
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Development of solid manure technologies

Ddveloppement de technologies bas6es sur une gestion
des d6jections sous forme solide.

G. Meszaros.
Hungarian lnstitute of Agricultural Engineering. Quality Testing Society p.u
Tessedik Su 4. H-2100 Godollo. HUNGARY.

Abstract

ln Hungary there are a lot of problems caused by the huge amounts of slurry
produced in large pig farms and partially in dairy caftle units. Development is
needed to improve the applicability/effectiveness of solid manure technologies in
animal keeping and to increase the prcpoftion of good qualrty farmyard manurc
(FM) in the total production of animal waste.

The litter sysfem have several well known advantages. Disadvantages of the
sysfem in the pig housing are the higher transportation and utilisation costs and the
higher labour demand. The labour cosfs can be reduce using deep straw bedding
sysfem, which is widely spread in the keeping system of the dairy cows and beef
cattle in Hungary. But the deep straw manure has poor qualfi, and the mateial
cosfs are high because of the higher stmw consumption To reduce the labour the
bedding-slope floor sysfem was adapted. The expeimental bam has openings
along the wall, the fattening prbs push the solid manure directly outside which is
falling down to a longitudinal subsurtace storuge.

Thefirst resuffs ofthe system show:
o the labour requircd is reduced significantly,
o the consumption of straw is 50-70 96 lower compaing to the

conventional sysfem.

The solid manure sysfem is commonly used in the dairy cattle farming, mainly deep
lifter with straw. The problem is the lack of the conect storage facilities and the pure
quality of the deep straw manure. We have planned a combined storage - matuing
plant of solid and liquid manure.

It will also have facilities for composting of the manure surpluses. This
demonstrationalfarm rb srfuafed on a water protected area.

Keywords: Solid manure, pig keeping, dairy cattle, composting.
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R6sum6

De nombreux probldmes se posent en Hongrie d cause des volumes consid6rables
de lisiers de porcs produits en porcheries industrielles. ll est donc n6cessaire de
d6velopper de nouvelles technologies de gestion sous forme solide de fumiers de
bonne qualit6.

Les systdmes sur litidre pr6sentent plusieurs avantages bien connus. Les
inconv6nients li6s i ces systdmes sont la charge de travail. Le co0t de la main
d'oeuvre ncessaire peut 6tre r6duit en utilisant des litidres profondes, ce qui est
largement r6pandu en systdme bovin vaches laitidres et bovin viande en Hongrie.
Cependant, la litidre profonde est de mauvaise qualit6 et les besoins importants en
paille aggravent les coOts. Afin de r6duire ces co0ts, un systdme de litidre inclin6e
a 6t6 d6velopp6. Le bitiment exp6rimental est ouvert le long des parois, les porcs
A I'engrais 6vacuent les d6jections solides d I'ext6rieur et celles-ci sont collect6es
sur des aires de stockage.

Les premiers r6sultats t6moignent que :

. le co0t est r6duit significativement,
o la consommation de paille est inf6rieure de 50 ir 70% e celle du systdme

conventionnel.

Dans le prolongement de ce travail, un systdme mixte de stockage-maturation des
produits par compostage est pr6vu.

Mots-cl6s : d6jections sous forme solide, 6levage de porc, troupeau laitier,
compostage.

l.lntroduction

ln the last decades - in the 60-s and 70-s - more large animal units was built in
Hungary and in other Central and East European countries. These cattle and pig
farms using "industrialised" closed production systems can work effectively and
produce good quality food products, but they means heavy loading for the
environment first of all because of the huge amount of manure. The waste
management system must solve special problems from these units. The main
problems by the system elements are as follows :

Comfortable and labour save keeping technologies to have good
production conditions for the animals.
Mechanised or automatic systems for manure removal and transport to
the storage. (At the big units there are good solutions only for the liquid
manure systems).

a
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a Safe storage to avoid harmful emissions (gases, odour,
microorganisms) and to preserve nutrients during the required storage
time (at least 3 months).

At the big units it needs huge and expensive storage facilities to store the manure.
The slurry stores have big pollution potential if their storage's is broken. The
reduction of the emissions is possible throw covering the storage, with needs extra
investments.

At extreme huge units the amount of liquid manure do not make possible to store it
during the required time. ln this cage it must be cleaned and conducted to a
recipient. This is possible only using more steps COD/BOD reduction techniques
(phase separation, filtration, sedimentation or anaerobic/aerobic fermentation
processes). The adaptation of the municipal waste water techniques do not gave
acceptable results. The new requirements to conduct the waste waters to the
surface waters cannot fulfil using these methods, that is why new developments are
made to adapt low cost biological purification steps like wetlands.
Utilisation of manure in the coop production as a fertiliser in an environmentally
friendly way counts the optimal way of the recycling of the nutrients, but it produce
special problems, because of :

. the season for spreading the manure is limited
o the concentration of the nutrients in manure many cases is law
o the big plant needs huge acreage fields with different crops
. the big capacity machinery for transport and spreading is very

expensive
o the organisation and the logistic system is complicated.

Because of the about mentioned characteristics, there is en need of new solutions
to avoid the production of liquid manure using labour saving bedding systems.

2. Pig keeping technologies

Owing to the favourable natural conditions animal husbandry and the pig production
within it had always a great importance in the agricultural section in Hungary. As a
result of a governmental programme for developing the pig production, increasing
of the pig stock was considerable by the early '80-s. Nearly 290 of large-scale pig
farms were completed by that time.

Twenty seven percent of these farms have 3,000 - 4,000 places for fattening pigs,
while about 20 o/o of the total farms have 10,000 or more fattening places. At the
same time the individual or private pig-keepers were predominant. Private farmers
and individual pig keepers had more that 50 % of the total number of the sows.
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Characteristics of the keeping technologies as follows :

Seventy eight percent of the pig houses built with part-slatted floors. Hydraulic
manure removal systems were applied in 80 % of the breeding houses while in 87
% of the fattening ones. 45 % of the farms run without any slurry handling system.
By the year of 1985 about 4,5 o/o of the pig farms had built-in mechanical manure
removers. Rate of the pig farms using hydraulic manure removal technologies was
94 Yo.

Diluted slurry was irrigated on the surface of arable land around the farms in 54 o/o,

while 40 % of the pig farms used slurry tankers. Volume of slurry was about 16
million m3.

Compared the data of the "top-period" of 1985-86 the pig production - was strongly
reduced after the political-economical changes up to 40 % in '1991. ln the last years
goes slowly up again.

3. Fattening experiments on sloping floor with straw bedding

We found, that development is needed to improve the applicability/effectiveness of
solid manure technologies in animal keeping and to increase the proportion of good
quality farmyard manure (FYM) in the total production of animal waste.

The litter system have severalwell known advantages :

. no slurry problem,
o higher level of thermal comfort and welfare of animals,
o lower odour emission, less stress for animals,
o utilisation of the cheap wheat straw produced by the crop production,
o the good quality FYM is an important source of organic carbon in the

soils.

Disadvantages of the system in the pig housing are the higher transportation and
utilisation costs and the higher labour demand.
The litter and labour saving pig fattening experiments were started at a private pig
farm of Mr E. Tugyi, Ujlengyel village, in the second half of August, 1997. The
owner has 60 ha of arable land. On the 50 % of it he produces cereals (triticale); on
30 o/o maize, and on 12o/o of it sunflower seeds.

Cereals are used for feeding fattening pigs. Weaning of the pigs take place after
about 56 days at 15 kg live weight. Fattening lasts about 5 months. Fattenings at
about 110 kg l.w. are slaughtered on a private slaughterhouse. Number of
fattenings per year is about 500-550 head.
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The experimental pens were constructed and built on the basis of the German
experiences, taking into consideration the Hungarian conditions. ln the same house
there are two experimental pens with 15 places in each and one control pen with 30
places. Fattening in the experimental pens are feeded from four combined self-
feeders, while the stock of the control pen from traditional feeders.

Data Sheet is made to collect the results and experiences of the experiments

First group of fattenings was ready by the middle of January, this year

According to the first experiences, the average daily weight gain was about 800 g.
Straw litter consumption will be about 0.1-0.2 kgiplace, day that is favourable.
Labour requirements take place only at filling up the feeders and the straw grid.

The experimental barn has openings along the wall, the fattening pigs push the
solid manure directly outside which is falling down to a longitudinal subsurface
storage. ln this way the dosage, move, spread and removal of the bedding -
manure mixture (solid farmyard manure) is made by the animals, without any labour
consumption.

The capacity of the storage is about 1 m3/animal. tt means, that the transport of the
farmyard manure is needed only once in a month.

The diagram of the experimental barn is shown on the Fig. 1.

B

J

5-7 %*-
1,0 3,0 0,9

Ic

A. Experimental pens, B. Control pen.
1) Combined self feeders, 2) Straw guid, 3) Manure collecting pit.

Figure 1

Constructing the expeimental pens of sloping floor with straw bedding

\
\
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4. Housing systems for dairy cows

ln toady's cattle husbandry, three main types of housing systems for dairy cows are
distinguished: loose housing, tie stalls and free stalls. Table 1 gives an inventory of
those housing system, based upon their waste management characteristics.

Table 1

Housing sysfems for dairy cows and its waste management characteistics.

Nowadays, in Hungary most dairy farms have loose stall houses with wheat straw
bedding. Storage is needed for storing the slurry produced in the milking house and
from the waiting area, together with the washing water. From the farmyard manure
storage comes out urine and polluted water witch must be conducted to the storage
too.

For the comfort and health of the animals very important the use of good stored,
dry straw. The big proportion of the cereals in the plant production gives possibility
for using bedding and recycling the organic material into the soil.

These systems are those is which manure can be collected, stored, transported,
and utilised in a solid form. This necessitates scraping of the manure and
minimising the quantity of the manure and minimising the quantity of water which
comes into contact with it. ln some climates it may require addition of other material
to absorb moisture to get the manure into a solid form.

Floors or alleys can be scraped prior to flushing. The or alleys can be scraped prior
to flushing. The or alleys manure then is handled as a solid for spreading on
cropland or for exporting from the farm. lf dry scraping is used in conjunction with
flushing, then size and cost of the spray field will be reduced. lt is recommended
that provision be made for dry scraping and flushing in the modification of existing
facilities or in design of new facilities.

Waste management characteristics
Housing
system

Collection
system

Type of waste Removal technique Storage

Free stallwith
* slatted floor

shallow pit
deep pit

slurry
slurry

gravity/pump/tanker outside
inside

* concrete floor deep pit
non

slurry
slurry flushing/scraping

inside
outside

Loose straw bed
concrete floor

manure + straw
slurry

hand; tractor
hand; tractor

outside
outside

Tie stall shallow gutter

deep channel

* faeces +straw
* urine
slurry
slurry

hand; scraping
gravity

pump/tanker

outside
in-/outside
inside
outside

208



lf export of the nutrients from a dairy is required, then composting can convert
manure into a much less odorous and more acceptable material for spreading on
cropland or for marketing to the public. Many owners/operators of large dairy farms
are becoming interested in composting for 3 reasons: (1) it is a method of exporting
nutrients from the farm and obtaining some economic return , (2) it eliminates or
minimises the size of large spray fields and cropping systems, and (3) it gives a
better form of fertiliser to use it in organic farming.

5. The Hungarian Project to Develop a Pilot Farm

The dairy farm Matra near Batonyterenye (North East of the Capital) is located on a
small river, the Zagyva, which is a branch of the river Tisza, that drains into the
Danube. The Tisza basin area covers 40o/o of the Hungarian Republic territory. The
farm is located near the boarder with Slovakia. lt is one of the 150 dairy farms in the
Tisza catchment area, which are of similar in size (200-400 animals). Because of its
location and it represents an average farm, it is chosen as one of the focus points in
the Strategic Action Plan for the Danube basin and has nationally a high priority and
the government want to use it in future as a pilot-farm.

The cows are kept in a shed with an open system lay-out under deep litter regime.
The stables are cleaned twice a year. The manure is taken out and put very near to
the sheds.

The corridor to the feedline and the open space outside is cleaned once a week.
The liquid manure is collected in 3 pits, pumped under vacuum to one tanker. Than
it is spread regularly over nearby (situated 150 meter from the farm) grassJands
one flat of 30 hectares and 150 hectares of lands which have a slope.

When it rains, water leaks from these solid manure heaps and also from the barn
and runs into to the nearby river.

The animals at the farm produce per year 3,000 tons of manure. This includes 240
tons of straw (2.6 Kg/day/animal).

1,100 tons of manure are produced during the grazing period, and about half of this
remain in the fields.

Urine, annually in the fields 350 m3 and at the farm 1,850 m3, of which 600 m3
remain in the straw and 1,250 m3 of the liquid flows into one of the three pits

From the milking parlour, there is an additional 3,000 m3 of water per year used for
cleaning, which goes into one of the pits.
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6. The proposal

The farm agrees with the proposalwhich originates from the Ministry of Agriculture.

These investments total (counted on prices January 1997 and without tax ) 68
million HUF and they can be divided into the costs of building and construction,
planning and technical supervising and machinery and equipment.
Constructions:

Five different constructions will have to be built.
. To store the solid manure, an open construction is required with an

isolated floor of 20 meter by 50 meter and 2.5 meter high. The estimated
total cost required for that investment is 10.0 Million HUF.

o For the storage of the liquid manure a concrete tank is required of 900
m3.

The estimated cost of that storage is 8.0 million HUF
o For one third of the solid manure a composting plant is required of 3.0

million HUF.
. For the storage of straw, needed for the deep litter, a building is needed

of
18.0 million HUF

o Drainage system, for draining directly the rain which has fallen on the
open space of the cows to convey it into the concrete tank. Total cost
4.5 million HUF

Machinery and Equipment

The following machinery and kinds of equipment is needed for the handling of the
manure.
o A straw bail opener and cutter of 1.6 million HUF
o Slurry mixer and pipes to transport the slurry from the pits to the liquid storage

tank. 1.8 million HUF
o Compost mixer (tractor driven), 2.5 million HUF
. Pipes, tubes and pump to pump 50% of the liquid manure to the nearby fields.

2.7 million HUF
o To transport solid manure to the fields, 2 ear and 1 self driven loader, 7.5 million

HUF
o For the transport of the other 507o of the liquid manure on other fields two

vacuum takers, 2.4 million HUF.
o Finally to decrease the water use, two washers, one for the milking equipment

1.4 million HUF and the second to clean the milk cooler, 0.5 million HUF.
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7. Gonclusions

The using of the bedding by the keeping of pig and dairy cattle has great
importance in Hungary, because the most serious problems are originated from the
large animal units, producing liquid manure.
The bedding on sloped floor by the pigs seems to be fruitful technology. The results
ofthe system show :

o the labour required is reduced significantly,
. the consumption of straw is 50-70 % lower comparing to the

conventional system.

The solid manure system is commonly used in the dairy cattle farming, mainly deep
litter with straw. The problem is the lack of the correct storage facilities and the pure
quality of the deep straw manure. We have planned a combined storage - maturing
plant of solid and liquid manure.

It will also have facilities for composting of the manure surpluses. This
demonstrationalfarm is situated on a water protected area.

The investments and running costs of the demostration farm are high compared
with the level of the profit achievable on dairy farms. lt means that the state must
subsidise the projects witch are needed to solve the environmental problems on the
existing farms. The new subsidising possibilities of the Agricultural Found are open
for this purpose first this year.

The Hungarian government is preparing now a new wider program in connection
the Phare Program to help the animalfarms in the environmental investments.
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Landspreading of industrial wastes.

Epandage des d6chets industiels.

R.D. Davis B.Sc., Ph.D., FCIWEM. PrincipalTechnical Specialist.
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Marlow, Bucks. SL7 2HD, UK.
e-mail : davis_r@wrcplc.co.uk

Abstract

The legislative ftamework for waste management in the European Union together
with the landfill tax, promote waste rccovery by landspreading where fhis rs

environmentally acceptable. Landspreading can reprcsent an economical and
environmentally safe way to recover value frcm a variety of wastes such as farm
s/urnes and manure,s, as wel/ as a range of non-farm wastes such as sewage
sludge and contrclled industial wasfes. ln the UK, The Waste Management
Licensing Regulations (1994) exempt a number of wasfes in the lafter category for
landspreading. Ihis is in accordance with the principles of the Waste Framework
Directive' 91/156/EEC amending 75/442/EEC. This legislation permits certain
controlled industrialurasfes to be spread on the land without a waste management
licence although the Environment Agency (the UK regulatory authority) must be
notifted in advance of the proposed operation which must be canied out in a
manner that is :

c demonstrably beneficial to agicufture or provides ecological
improvement;

o consistent with the pinciples of susfainab/e development; and
. protects human health and the environment.

Much legislation and guidance already exisfs for the management on land of
fertilisers, farm wastes and sewage sludge. WRc and ADAS have just completed
for the UK Environment Agency, Department of the Environment, and Ministry of
Agriculture, Fisheies and Food a guidance document which was intended to
explain the crrteria above in genercl and specific terms for the 13 categories of
exempted wasfes (Davis and Rudd 1998). This paper descnbes the pinciples of
landspreading as a guide to regulators and operctors to facilitate beneficial
recycling of suitable wasfes.

lf landspreading of wasfes r.s fo be seen as acceptable rccycling of secondary
products as opposed fo wasfes, and is to be viable in the long-term as an economic
outlet, then there needs to be investment in such aspects as quality control,
treatme nt, storage and agricultural trial s.

KeWo rd s : G u id a n ce, c rite ia, I a nd sp re ad i n g, i nd u stri al wasfes
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- R6sum6

Le cadre r6glementaire de gestion des d6chets dans l'Union Europ6enne, ainsi que
la taxe sur les d6charges, conduit au recyclage des d6chets par 6pandage sur les
terres. L'6pandage pr6sente en effet une approche 6conomiquement rentable, sans
risque pour I'environnement et une possibilit6 de valorisation d'un large panel de
d6chets tels que les lisiers et fumiers d'6levage, ainsi que des d6chets non-
agricoles tels que les boues de station d'6puration et des d6chets industriels
contr6l6s.

Au Royaume-Uni, Ies r6glementations autorisant la gestion des d6chets (199a)
excluent un certain nombre de d6chets industriels de possibilit6 d'6pandage.

Le centre de recherche sur l'eau (WRC) ainsi que le service de d6veloppement et
conseil pour l'agriculture (ADAS) ont 6tabli r6cemment d la demande de l'Agence
pour l'Environnement, un guide qui explique les critdres et les conditions
sp6cifiques de 13 cat6gories de d6chets.

Si l'6pandage des d6chets s'avdre une approche acceptable de recyclage de
produits d6riv6s et si cette approche apparait viable sur le long terme, alors il
faudra investir sur des aspects tels que le contr6le qualit6, le traitement, le
stockage ainsi que des essais en conditions de plein champ.

Mots-cl6s : recommandations, critdres, 6pandages, d6chets industriels.

1. lntroduction

The 'Waste Framework Directive' 91/156/EEC included the principle of the waste
hierarchy which ranked the different waste management options in order of
preference as :

e reduction;
O I€-US€,
. recovery- recycling, composting and energy; and
o disposal.

The broad waste recovery category at the third level incorporates materials
recycling, composting and recovery of energy from waste. This is to indicate that no
one of these should automatically be preferred to any other, as this will depend on
the Best Practicable Environmental Option (BPEO) for a particular waste stream.

Landspreading can represent an economical and environmentally safe way to
recover value from a variety of wastes, such as farm slurries and manures, as well
as a range of non-farm wastes, such as sewage sludge, food processing wastes,
lime and gypsum.
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Potential advantages of landspreading include :

. recovers waste which in the past might have been dumped at sea or
landfilled;

o replaces chemical fertilisers - a potentially more sustainable approach
than reliance on continuous supplies of nitrogenous fertilisers from
energy-intensive processes, and phosphate fertiliser and peat soil
conditioners from finite sources;

o improves soil structure; and
o economic advantage in terms of savings on more expensive

alternatives for both waste producer and farmer.

This paper describes some of the guidance developed in the UK, on behalf of the
Department of the Environment, Transport and the Regions, Environment Agency
and Ministry of Agriculture, Fisheries and Food, to enable landspreading of
industrialwastes within the requirements of the Directive 91/156/EEC. Fulldetails of
the guidance are to be published shortly.

2. Principles of waste recycling to land

Waste legislation in Europe is based on the Waste Framework Directive
75l442lEEC as amended by 91/156/EEC. Article 3 of this Directive encourages :

the prevention or minimisation of waste;and secondly:
o the recovery of waste by means of recycling, re-use or reclamation or any

other process with a view to extracting secondary raw materials; and
o the use of waste as a source of energy.

Article 4 requires Member States to take the necessary measures to ensure that
waste is recovered or disposed of without endangering human health and without
using processes or methods which could harm the environment, and in particular:

o without risk to water, air, soil and plants and animals;
o without causing a nuisance through noise or odours; and
o without adversely affecting the countryside or places of special interest.

Article 4 concludes by requiring Member States to take the necessary measures to
prohibit the abandonment, dumping or uncontrolled disposal of wastes.
The Waste Framework Directive therefore sets out the basic rules for waste
recovery.

ln Annex llB, it lists recovery operations as they are carried out in practice. lt
repeats at this point that, in accordance with Article 4, waste must be recovered
without endangering human health and without the use of processes or methods
likely to harm the environment. This further emphasises the importance that the
Directive gives to protection of human health and the environment. One of the
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operations which may lead to recovery listed in Annex llB is number R10. This is,
spreading on land resulting in benefit to agriculture or ecological improvement,
including composting and other biological transformation processes, except in the
case of waste excluded under Article 2 (1) (b) (iii) - animal mrcasses and the
following agricultural waste: faecal matter and other natural, non-dangerous
substances used in farming. Benefit to agriculture and ecological improvement are
not defined any further but need practical explanation in order to enable satisfactory
implementation and development of recovery by recycling to land of suitable
wastes. These terms are central to the acceptabili$ of landspreading of industrial
wastes. Following on from the definitions, it should be possible to decide whether
agricultural benefit or ecological improvement would be achieved by a proposed
landspreading operation on the basis of the properties of the waste, the quantity to
be applied, method of application and location, and overriding need to protect
human health and the environment.

3. Agricultural benefit

Where do the benefits apply, and what are they?

This applies to agricultural and other land managed for profit which would normally
receive applications of fertilisers and manures.

Agricultural benefit will be achieved when the application of a waste to land
improves soil conditions for crop groMh whilst ensuring the protection of
environmental quality in the broadest sense.

The benefits can be measured in terms of :

. Crop yield and quality. The most important indicator of agricultural benefit to
which the other benefits each make some contribution;

. Soil chemical properties. Benefits that the waste will bring to the soil in terms
of addition of plant nutrients in particular, and improvements in soil pH value;

o Soil physical properties. Addition of organic matter; improvements in water
holding capacity, porosity, stability, tilth, and workability. Addition of chemicals
such as gypsum can also improve the workability of some soils;

o Soil biologica! properties. Addition of organic matter improves water
retention and aeration, conditions for root growth and populations of worms
and micro-organisms;

o Soil water content. Application of watery wastes can bring benefit when there
is a soil moisture deficit limiting crop growth;

o Land levelling. The bulk application of waste to raise the level of the land can
bring benefit by improving soil conditions for agricultural use. Simply raising
the level of the land does not qualifo, there has to be added benefit. Suitable
waste for levelling would be waste soil or compost and dredgings from inland
waters.
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a These benefits must be achieved in compliance with Article 4 of the Waste
Framework Directive 91/156/EEC. That is, without endangering human health
and without using processes or methods which could harm the environment,
and in particular:

- without risk to water, air, soil and plants and animals;
without causing a nuisance through noise or odours; and
without adversely affecting the countryside or places of special interest.

4. Properties of wastes that can bring benefits

Content of nutrients
The major nutrients are nitrogen, phosphorus, potassium and magnesium, calcium
and sulphur. lnformation should be sought on the total concentration of nutrients in
the waste and also on how much of the total content is soluble and therefore likely
to be available for crop uptake in the same year in which the waste is applied to the
land. At least part of the content of these elements supplied in wastes should be
available, or become available, for plant uptake within three years provided this
does not introduce deficiencies in the meantime. The rate of application of the
waste to the land should be determined on the basis of the nutrient content of the
waste and the nutrient requirements of the crop as defined in agricultural advisory
information. Nutrient requirements, and hence rates of application, vary according
to the type of crop, type of fertiliser material, time of application, type of soil and soil
index. The latter is an estimate of the cunent nutrient content of the soil based on
previous cropping history (for nikogen) and soil analysis. For some nutrients, such
as phosphorus, no further addition may be needed or justified if the index shows
that adequate reserves are already in the soil. For most of the exempted wastes
there is little or no evidence from field experience or trials with which to optimise
rates of application to the land to meet crop requirements for nutrients. Until this
information is available, 'properly qualified advice' PQA should be sought to
estimate suitable rates of application to the land of those wastes whose intended
agricultural benefit is to contribute to crop requirements for nutrients.

Trace elements
Wastes may also provide the trace elements iron, manganese, copper, zinc,
molybdenum, boron and chloride required by crops in small quantities.

Organic matter
This will generally improve soil conditions for plant root growth, increase moisture-
holding capacity and stabilise light soils. lnstability of structure can develop when
soil organic matter falls below 3% so for these soils in particular, application of
organic matter is likely to bring agricultural benefit. For soils with an organic matter
content of more than 5%, benefit will be confined mainly to the nutrients in the
added organic matter. Applications of organic matter of 20 t. (D.M. basis) ha-' y-

' or more will be needed to improve soil conditions. Organic matter contains
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plant nutrients which will be of benefit to crop growth if they are released slowly into
the soil as the organic matter stabilises. The plant nutrient content of organic
wastes should be taken into account when estimating suitable rates of application
to the land. Field trials are needed to test the availability of the nutrients in these
wastes in order to justifo the operational use of rates of application based on the
organic matter content rather than the nutrient content of the wastes.

Lime potential
This application would make use of the lime potential of a waste to raise the pH
value of acid soils to a level more beneficial for crop growth. This will be of benefit
only to acid soils with a lime requirement. The efficacy of a waste to satisfo the lime
requirement of a soil is estimated on the basis of its neutralising value (NV). There
may be occasional circumstances where an acidic waste, such as one rich in
sulphur, could be used beneficially on the land to reduce soil pH value.

Chemistry that improves soil structure
For example, gypsum (calcium sulphate) application to heavy land will make the
soil more workable. Calcium and other soluble sulphates can also be beneficial in
the reclamation of saline and alkaline soils.

Soil forming properties
Soil forming properties for land levelling as described above. The only types of
waste suitable for this purpose are likely to be waste soil or compost and dredgings
from inland waters.

lrrigation
Use of watery wastes for irrigation. This will be of benefit only at times of the year
when there is a soil moisture deficit.

5. Properties of wastes that can bring disbenefits

Content of nutrients
This can be a constraint because content of nutrients will often be the factor limiting
quantities of waste that can be applied to the land. Rates of application need to be
based on crop requirements as set out in fertiliser recommendations to obtain a
beneficial crop response and protect water quality.

Content of potentially toxic contaminants
Various contaminants may occur according to the type of waste and the process
which produced it. Those monitored in sewage sludge spread on the land are a
starting point as to what to consider monitoring in other wastes and include:
cadmium, copper, nickel, zinc, mercury, lead, chromium, arsenic, selenium,
molybdenum and fluoride. All of these will accumulate in top soil so their
concentration in soil will increase progressively following repeated applications of
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wastes that contain them. Guidance on this subject in terms of permissible limits
and monitoring requirements are described in the'sewage sludge to land' Directive
86l278lEEC. Using the information in the Directive and the known concentration of
contaminant in the waste, a permissible maximum rate of application of the waste to
land can be calculated based on contaminant content. This can then be compared
with the maximum permissible rate of application based on the nutrient content of
the waste. lf contaminant content would be the principal limiting factor determining
the rate of application of a waste to land then agricultural benefit would not be
achieved.

Vigilance is needed also to be aware of other contaminants, including toxic organic
compounds, which could be present in some wastes according to their origin. lf
information is lacking and their presence in a waste is suspected then PQA should
be sought before any decision is taken about landspreading.

Excessive acidity or alkalinity
A waste with a pH value of <5.0 should not be applied to the land. Alkaline wastes
should only be applied to soils with a lime requirement.

Sodium content and conductivity
Although sodium enhances the growth of some crops excessive amounts can
adversely affect soil structure and crop growth as can excess salinity from other
soluble salts. These parameters should be measured in wastes and the findings
checked against recommended limits.

Smell
Wastes with strong or offensive odours should either be treated by a stabilisation
process, such as anaerobic digestion or composting, which will reduce their odour
potential, or otherwise managed on the land so that odour emission is minimised. ln
practical terms this means that odorous wastes should be applied to the land by
subsurface soil injection or incorporated (ploughed in) immediately after surface
application.

Visual appearance including colour and litter content
This is likely to be a potential problem with septic tank waste, paper sludges and
some food and other wastes which may contain strong dyes. Wastes such as
septic tank sludge which may contain litter, including non-degradable plastics,
should be screened to remove it before landspreading.

Microbiological quality; content of human, animal and plant pathogens
The UK Department of the Environment (DETR) Code of Good Practice for the
Agricultural Use of Sewage Sludge (1996) provides guidance on how to prevent
disease transmission when wastes potentially containing pathogens are used on
the land. A dual barrier approach has been adopted based on treatment of sludge
to reduce the numbers and infectivity of pathogens combined with land
management practices to be followed according to whether or not the sludge has
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been treated. There has been no recorded incident of disease transmission where
these precautions have been followed. Untreated sludges have to be applied to the
land by subsurface soil injection or othenrvise worked into the soil so as not to
cause nuisance. lt should be noted that for these purposes septic tank sludge is

untreated sludge and must therefore be injected or ploughed into the soil and must
not be applied to the surface of grassland.

Operators need to be fully advised of the nature of wastes they are handling, made
aware of precautions they should be taking, and equipped with the necessary
protective clothing and facilities.

Diseased plant waste should not be spread on agricultural land

Texture and handleability
Operational problems may arise from, for instance, wastes which are dusty or
gelatinous or oily and greasy in texture. Dust may be hazardous to operators or
muse nuisance when the waste is spread on the land. Gelatinous or greasy wastes
may block spreading equipment and remain as an unsightly residue on the surface
of the soil or cause anaerobicity in the soil if excessive amounts are ploughed in.
Smothering of grass which has received surface applications may occur and can
cause die-back due to light exclusion.

High carbonl nitrogen ratio
High carbon/nitrogen ratio. This is a problem likely to be associated with organic
wastes from wood, paper or sugar production. The cells of soil bacteria have a C/N
ratio of about 10/1. Nitrogen is the limiting factor to degradation by bacteria in the
soil of wastes with a C/N of >1011. As they degrade such wastes, the bacteria will
draw on soil reserves of nitrogen which could otherwise be used by crop plants. ln
reality, this problem is unlikely to occur until the C/N ratio of the waste exceeds at
least 20/1. Application of such wastes can immobilise soil nitrogen supplies thereby
inducing nitrogen deficiency and reduced yields of crops. The C/N ratio of the waste
can be adjusted to make it more favourable for landspreading by composting it or
adding a source of nitrogen.

Biological orygen demand (BOD)
Organic wastes are very likely to have a high BOD, often at the level of 1000 mg l-1.

Such wastes will be highly polluting if they contaminate water and care must be
taken to prevent runoff or spillage into surface water in particular. Operational
experience with sewage sludge has shown that soils can satisfactorily stabilise
wastes high in BOD but there is some risk of anaerobicity if rates of application are
excessive.
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6. Management factors that influence agricultural benefit and
disbenefit

Management can make all the difference between a successful and disastrous
landspreading operation. Consequently, consideration should be given to
authorising operators for landspreading, on the basis of suitable qualifications and
experience, as an alternative to exempting individual operations. Management
factors are discussed in more detail in Section 9 on best practice. Some factors to
consider are:

Risk assessment
The need to do a risk assessment for the proposed operation. This should take the
form of three phases:
1. ls the waste of a generic type capable of providing agricultural benefit or
ecological improvement?
2. Bearing in mind the type of waste, what further information should be provided
concerning chemical analysis etc. of the actual sample of waste to be spread on
land in the proposed operation? ln the light of this information, is the operation still
permissible?
3. On the basis of inspection of the proposed landspreading site, what special
precautions are required to ensure compliance with Article 4 of the Waste
Framework Directive 91/156/EEC concerning protection of human health and the
environment?
4.
Land use and management
This must be taken into account for determining rates of application of wastes to the
land on the basis of fertiliser recommendations and, for wastes containing
pathogens, actions to prevent disease transmission (UK DETR Code of Practice for
the Agricultural Use of Sludge, 1996).

Topography of the site
This would include type of soil, drainage, slope, occunence of ditches and
watercourses, and access for vehicles. This information is needed to protect water
quality. lt is also necessary for planning to avoid damage and nuisance from
vehicles to be used in the operation.

Time, method and rate of application
This needs to be considered to protect surface and groundwater quality and to
avoid odour nuisance and pathogen transmission (UK DETR Code 1996). There
will be times in the winter when waste cannot be spread due to the unacceptable
risk of soil damage or leaching/runoff of nutrients. Farmers have had to install
storage facilities for their slurry and other liquid wastes to avoid the need for
landspreading at inappropriate times of the year; waste producers using the
landspreading option should be prepared to do likewise. Failure to do so may lead
to the operation being regarded as disposal.
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Quality and consistency of waste product
Agricultural benefit depends largely on suitable rates of application of waste
calculated to deliver to the land the right amount of plant nutrients or other
beneficial components to meet crop and soil requirements. This can only be done if
the waste in question is of consistent quality particularly in terms of its properties

which may influence agricultural benefit or disbenefit. The onus should be on the
waste producer to demonstrate by statistically based sampling and analysis that the
waste product for landspreading will be of suitable quality to achieve the agricultural
benefit for which it is intended.

Notification, consultation, monitoring and record keeping
The waste producer or spreader should notify the environmental protection

authority of proposed landspreading operations and provide the information
necessary for the authority to decide whether or not the proposed operation will
achieve agricultural benefit or ecological improvement. The authority can then
decide whether or not to authorise the operation. PQA should be considered to
assist with deciding on suitable rates of application of waste and other operational
matters. Appropriate monitoring and analysis of waste product (to check its quality)
and soil from the receiving farmland will be needed. Records should be kept of the
farm location and details of the waste type, quality and rate of application.

7. Ecological improvement

Where is it achieved?
Demonstrating potential for ecological improvement where wastes are to be spread
on the land is very much associated with identifying those managed environments
(beyond designated agricultural land) which will benefit from inputs of nutrients,
organic matter or other beneficial component of the waste. Also central to
identifying sites where landspreading of wastes could bring ecological improvement
is Article 4 of the Waste Framework Directive 91/156/EEC with its concern for the
protection of human health and the environment, and in particular the requirement
that waste is to be recovered 'without adversely affecting the countryside or places
of special interest'.

Ecological improvement is associated with the maintenance of habitats and
their biodiversity where these would otherwise deteriorate, the provision of
new habitats for wildlife and the development or restoration of existing
habitats to give greater biodiversity and sustainability.

ln terrestrial ecosystems, species-rich habitats of high ecological value tend to have
a finely balanced nutrient budget on which their biodiversity depends. Examples of
habitats of high ecological and nature conservation value include chalk grassland,
flower-rich meadows and mixed woodland, but this is not an exclusive list. The
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addition of nutrients, orgalic matter and other constituents in applications of waste,
albeit of benefit for agriculture, would upset this fragile balance and lead to reduced
biodiversity and loss of ecological value.

Whilst agricultural benefit from landspreading of wastes can readily be
demonstrated there will be comparatively few instances where landspreading
of wastes can be justified on the basis of ecological improvement. ln this
sense at least, agricultural benefit is more important than ecological
improvement as a justification for landspreading of wastes.

Ecological improvement in the context of landspreading is confined to managed
environments associated with planned soil improvement. These will be sites where
the application of fertiliser/soil conditioner is considered essential for the planned
land use which would not be possible without it. For example, restoration of soil of
poor structure and nutrient status on land destined for agricultural or amenity use,
and on derelict land resulting from human activities, e.g. mining and mineral
exploitation, for the purpose of landscaping, amenity development or agriculture. ln
these cases landspreading can meet the criterion of ecological improvement by
providing new habitats or improving the status of existing ones. However, each
case must be taken on its merits as, for example, some derelict land is of nature
conservation value due to the specialised habitats that can be found in such sites
and thus would not benefit from improvement.

Landspreading in commercial forest land managed for timber production can also
be acceptable and associated with a combination of benefit to timber production,
from increased tree growth, and ecological improvement of the biomass and
species diversity of the ground cover. Soils under coniferous forest are often of low
nutrient status which limits tree growth unless fertiliser can be applied with
phosphate being particularly beneficial. Utilisation of sewage sludge on forest land
is well -established and the experience gained provides a basis for using other
wastes for this purpose. Guidance is given in 'A manual of good practice for the use
of sewage sludge in forestry' (UK Forestry Commission Bulletin 1O7, 1992).
Landspreading of wastes would not be acceptable in many areas of forest and
woodland because of the sensitive ecosystem, recreational value and public
access. Proposals would need to be considered on a site-by-site basis.

It has been widely demonstrated that the reclamation or improvement of land is
greatly improved by the addition of bulky organic manures and wastes (e.9.
Wolstenholme and Hall 1996). Soils on such sites are often very deficient in organic
matter and nutrients, and the use of wastes can achieve ecological benefit through
improving soil conditions, enhancing plant establishment and generally providing
long-term mitigation of the environmental impacts of derelict land sites, at
reasonable cost. To achieve these benefits, the wastes may need to be applied at
higher rates than for agricultural soils, and this may for instance result in soil
concentrations of contaminants in excess of the limit values for agricultural soils.
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PQA may be necessary to decide on whether the balance of such potential benefits
and disbenefits of waste use constitutes ecological improvement on a site-by-site
basis. Consideration would have to be given to other remediation options or the
lack of them, and the continuing or likely adverse environmental, health or visual
impacts if no remediation was carried out.

8. Deciding on whether a proposed landspreading operation will
achieve agricultural benefit or ecological improvement.

This section discusses the basis for a sound but practical and straightforward
factsheet for the purpose of deciding whether or not a proposed waste
landspreading operation will achieve agricultural benefit or ecological improvement.
It should be the responsibility of the waste producer to supply the necessary
information for the factsheet and to ensure that it is correct, and this responsibility
should remain with the waste producer even if a contractor is used to supply the
information. The regulator (the Agency) would use the completed factsheet to
decide whether the proposed operation will achieve agricultural benefit or ecological
improvement (see also Appendices A and B).

The questions to be completed in providing the necessary information for the
factsheet are set out below together with guidance notes of explanation.

Type of waste from those listed as being potentially suitable for landspreading.
ln the UK these are :
Waste soilor compost.
Waste wood, bark or other plant matter.
Waste food, drink or materials used in or resulting from the preparation of food or
drink.
Blood and gut contents from abattoirs.
Waste lime.
Lime sludge from cement manufacture or gas processing.
Waste gypsum.
Paper waste sludge, waste paper and de-inked paper pulp.
Dredgings from any inland waters.
Textile waste.
Septic tank sludge.
Sludge from biological treatment plants.
Waste hair and effluent treatment sludge from a tannery
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Benefits intended from its application to land
One or more of the following should be confirmed.
Crop yield and quality
(To demonstrate agicultural benefit a yes reply will almost always be required here)
Soil chemical properties
Soil physical properties
Soil biological properties
Soilwater content
Land levellinq

The properties of waste associated with benefit
These should be listed according to the benefit the landspreading operation is
intended to bring. Secfion 8 and Appendix D will indicate to the Regulator which
pammeters fo rnsrsf on for pafticular types of waste. Usually, only some of the
parameters will be needed.
Analyticalresulfs are to be supplied as required for the determinands listed.
Crop yield and quality - concentrations (dry matter basis) of ptant nutrients in the
waste: N, P, K, Mg, Ca, S and trace elements to be specified.
Soil chemical properties - dry solids content and neutralising value (NV) of the waste
Soil physical properties -organic matter and calcium sulphate content of the waste
Soil biological properties - organic matter content of the waste
Soil water content- water, conductivity and soluble salt content of the waste
Land levelling- stability of the waste
(Likely to be confined to waste soil and compost, and drcdgings frcm inland waters)
Quality - is the waste of consistent quality? lf so, how was this checked and how
frequently?
(Conslsfent quality of product is needed to achieve agricultural benefit or ecological
improvemenf. Ihe sfafistical basis forthe stated waste qualU should be descibedl

The properties of waste associated with disbenefit
Details of only some of these determinands will be required for each waste according
to the guidance in Section 8.
Contaminants - concentrations (mg kg-' ds basis) in the waste of potentially toxic
elements and persistent organic compounds where the origin of the waste indicates
their possible presence.
(See Secfion 8, Appendix D and the DoE Code of Practice for the Agicultural Use of
Sewage Sludge (1996) for details of contaminants that should be determined for
pafticular wastes)
pH value of the waste.
Conductivity and content of sodium and soluble salts.
C/N ratio of the waste, ds basis
BOD
Oil and fat content
Microbiological quality
(Does the waste contain human, animal or plant pathogens. lf so, which and in what
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Odour potential
(/s fhe waste smelly or not?)
Litter content
(Has the waste been screened to remove litter or not?l
Site factors
The final source of information needed to make the assessment of whether or not
agricuftural benefit or ecological improvement will result from the proposed
landspreading of waste operation.
Location of site
Landowner agreement
(Obtained or not?)
Does it include, or is it part of, a designated site (biological or heritage)?
(lf it does, landspreading will prcbably not achieve ecological improvement and not be
acceptable)
lf so, what is the designation?
Specifo existing land use
(Agicufture (anble or grassland), reclamation etc.)
List details of soil texture, soil nutrient indices, pH value and lime requirement
Proposed rate of application and how this is expected to achieve agricultural benefit
or ecological improvement
(Typically, this will have been deived for the crop to be grown according to feftiliser
recommendations and soil conditioning benefit, taking account of the need to protect
water quality.
Has PQA been given, if so supply details including name and address of adviser?
Time and method of application
Will the operation adversely affect the countryside or places of special interest by
damage to visual quality or amenity and landscape value?
(Construction or widening of roads, destruction of walls or hedges or trees and
destruction and widening of gateways may adversely affect the countryside)
Anangements for storage of waste
What monitoring of the operation is to be done?
What is the principal factor limiting the rate of application of waste to the land?
(lf this is content of contaminants or other negative factor, then agricultural benefit or
ecological imprcvementwill not be achieved. )
What additional steps will be taken to ensure that agricultural benefit or ecological
improvement will be obtained without endangering human health and without using
processes or methods which could harm the environment, and in particular:
- without risk to water, air, soil and plants and animals;
- without causing a nuisance through noise or odours;
- without adversely affecting the countryside or places of special interest?
(A reminder to the waste producer of statutory obligationsl
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9. Gonclusions

The'Waste Framework Directive'91/156/EEC requires that waste recycling to land
must achieve agricultural benefit or ecological improvement. These terms have now
been defined to provide the basis for guidance to facilitate the recycling to land of
suitable industrial waste materials.
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Chairman's summary of part 2.
Agronomic value of organic wastes

William MAGETTE.

This session consisted of 11 papers. Fardeau set the theme of the session by
describing the historical basis for the application of organic wastes to land and
emphasising that the land must not be viewed as a disposal site for wastes. Rather,
waste utilisation and treatment should be the objective. To achieve this, it is

essential to understand the crop availability of nutrients in wastes both immediately
and in the long term. Fardeau stated that isotopic labelling of nutrients in wastes
was an effective tool for determining the crop availability of the nutrients in organic
wastes.

Williams ef a/ reported their work in the UK to describe the mineralisation rates of
nitrogen in various animal wastes. The mineralisation of N from layer manure and
pig slurry @a. 40% of applied N over 10 months) was significantly greater than that
from cattle slurry (ca. 10%). Predictions from mathematical models to describe the
mineralisation process were sometimes in enor by ca.100o/o.

Morvan and Leterme described their examination of carbon and nitrogen
transformations resulting from pig and cattle slurry application. ln laboratory studies
they found both processes to be influenced greatly by soil conditions and were able
to construct simple models to describe the process.

Lorenz ef a/ told about their studies of solid anirnal manures. They demonstrated an
inverse relationship between yield increases resulting from use of solid animal
wastes and the C:N of the wastes. They also showed that application of wastes in

the spring was more agronomically and environmentally beneficial than autumn
applications. Manure applications in the autumn (in Germany) resulted in increased
mineralsoil N, suggesting increased leaching potential.

Klir ef a/ reported the positive agronomic results of applying animal manures,
sewage sludge and a biofertiliser in the Czech Republic. On clay loam and loam
soils they showed the crop efficiency of N from pig slurry to be essentially
equivalent to commercial fertiliser N. They described many soil characteristics
improved by the addition of a biofertiliser made from a pig slurry substrate and
produced in a pelletised form.

Balsari and Airoldi described their development of a 2-phase composting process
suitable for transforming a liquid manure such as pig slurry into an easily managed
solid product (26% DM). Their process was cost effective, easily operated, and
relatively rapid.

Sommer ef a/ reported their analysis of gaseous nitrogen, carbon dioxide and
methane losses from deep litter from cattle houses. They showed that ammonia
emissions can increase if litter is compressed or turned and mixed, compared to
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litter which was not manipulated. Their results demonstrated the influence of waste
handing practices on the nutrient value of the waste.

Bernal ef a/ also reported the influence that composting has on the nutrient content
of the final product. They reported that it is possible to manage the composting
process in a way to optimise nitrogen content and to assure that the nitrogen is
readily available for crop use.

De Guardia ef a/ emphasised the importance of understanding the nature of the
transformation processes that control nutrient forms and masses during composting
of wastes. They presented a procedure by which data to characterise the
composting process can be obtained and analysed to produce management
guidance.

Meszaros described the benefits of using litter-based manure management
systems in Hungary. To ameliorate the increased labour requirements associated
with dry manure systems, a self-cleaning floor and bedding system was developed
that also had the beneficial effect of reducing the amount of straw needed.

Davis presented a very appropriate conclusion to the session by re-emphasising
the critical importance of viewing the landspreading of wastes as a recycling /
treatment process and not a disposal operation. ln discussing the application of
industrial wastes to land, he stressed the necessity of quality control in all aspects
of waste handling and the need for agronomic research to establish the nutrient
value and pollution potential of non-agricultural wastes applied to land.
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Gaseous pollutants from organic waste use in agriculture

lnvited Paper

Polluants gazeux li6s d l'utilisation agricole de d6chets organiques.

Brian Pain
lnstitute of Grassland and Environmental Research.
North Wyke, Okehampton, Devon, EX20 2SB, UK.
E-mail : brian.pain@bbsrc.ac.uk

Abstract

Manures from housed livestock, sewage s/udges and other organic industrial
wasfes are commonly applied to agriculturcl land to exploit their value as ferfilsers
or for dtsposa/. Emissions of environmentally important gases and volatile
compounds may aise either dircctly frcm the organic mateials or from
pefturbations of soi/ processes. Ihe gases of grcatest concem include ammonia
(Nru), nitrous oxide (N2O), other oxides of nitrogen (NO) and methane (CHo).
Although ceftain volatile organic compounds (VOC) have an impact on atmospheic
chemistry, ffiose responsible for offensive odours from wastes have received most
attention. The focus of research has been on manures from housed livestock
because the amounts applied to land far exceed those of other organic wasfes.
This paper outlines fhe processes which result in the formation and release of
gaseous pollutants, the contibution of organic wasfeg the main factors influencing
emrssions and techniques for abatement.

R6sum6

Les d6jections animales issues de bdtiments d'6levage, les boues et autres
d6chets organiques industriels sont habituellement 6pandus en agriculture, i la fois
pour une valorisation de leur potentiel fertilisant ou comme m6thode d'6limination.

Des 6missions inddsirables pour I'environnement de compos6s gazeux et volatils
peuvent intervenir, soit directement i partir de ces d6chets organiques ou i la suite
de perturbations des processus intervenant dans le sol.

Les gaz les plus concern6s sont I'ammoniac (NH3), le protoxyde d'azote (N2O) et
autres oxydes d'azote (N0,) et le m6thane (CHo). Bien que certains compos6s
organiques volatils (COV) pr6sentent un impact sur la chimie de I'atmosphdre, ce
sont les compos6s malodorants qui ont 6t6 les plus 6tudi6s.
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Les recherches se sont principalement d6velopp6es sur les d6jections animales
produites en 6levage intensif car les volumes apport6s au sol d6passent largement
ceux repr6sent6s par les autres types de d6chets organiques.
Cet article pr6sente un apergu des processus qui engendrent la formation et
l'6mission de ces polluants gazeux, la contribution des d6chets organiques, ainsi
que les principaux facteurs influengant ces 6missions et les techniques de
r6duction qu'il est possible d'envisager.

1. Ammonia

Following transport away from the source and deposition as ammonia gas (NH03)

or ammonium salts (NHo*), ammonia can have severe effects on sensitive
ecosystems through direct toxicity to plants, nitrogen enrichment or eutrophication
and soil acidification. Currently, there are negotiations within the EU which may give
rise to controls over ammonia emissions from agriculture. Such controls already
apply in some countries, particularly in the Netherlands.

Sources of ammonia.

Most of the ammonia emitted to the atmosphere is derived from the hydrolysis of
urea (Equations 1 and 2)

Urea hydrolysis

CO (NH2)2 + 3Hz0 ...+ 2NH4*+HCO3-+OH Equation I

Volatilisation

ffs 
Atmosohere

Equation 2
NHo* + 11rg NH.+HrO+H*

Solution

Livestock production is the major source of this gas with emissions occurring from
manure in livestock buildings, in stores and from spreading on land. Grazing
animals, nitrogen fertilisers, especially urea, and sewage sludges are smaller
sources. (Table 1) (ECETOC, 1994).

234



o/o tolal NHr-N
Livestock

housing
manure spreading
grazing

Fertiliser application
Crops
lndustry
Miscellaneous

34.5
31.5

7.7
12.2.
5.6
0.5
8.0

Table 1

Anthropogenic contibutions to ammonia emissions in westem Eurcpe

Of all livestock classes, cattle are the largest source of ammonia. The importance
of housing and landspreading manure is further emphasised by the estimates of
ammonia emission from a dairy cow that are given in Table 2. This is based
mainly on measurements made in the UK and also summarises the management
options that are likely to influence emissions. (Pain, et al. 1989).

Annual emission in kg ammonia-N/animal
MANURE

HOUSE YARD STORE LITIO
7.0 2.4 3.3 8.8

GRAZING TOTAL
2.4 23.9

OPTIONS:-
Cubicles
Straw bedded

Slurry:
Tanks
Lagoons

FYM

DM content N fertilizer
use

Grass or arable
Time of year
Method

Grass or arableConcrete pad
Field heap
water

Table 2
Estimate of ammonia emlssion from dairy cow management.

Factors infl uencing ammonia emission.

Although the process of ammonia volatilisation is well understood chemically and
described by equations 1 and 2, the rate and extent of emission from organic
wastes is influenced by the wide range of factors summarised in Table 3. Thus, in
practice, the process is very complex and mathematical models are being
developed to describe the process or to predict the rate and extent of loss for given
sets of circumstances (Hutchings,et al., 1996; Genermont & Cellier, 1997).
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WASTE PROPERTIES
Dry matter content
NH4-N content
pH

WEATHER
Solar radiation
Temperature
Rainfall
Wind speed

SOIL
Porosity
cEc
Vegetation
pH

MANAGEMENT
Application rate
Application method
Waste treatment

Table 3
Sorne factors influencing ammonia emission from organic urasfes.

The factors listed in Table 3 relate mainly to emissions following the application of
manures or sewage sludges to land but some, such as wastes composition and
weather, will also have an impact on emissions from animal housing and manure
stores. Following application to land, the rate of ammonia emission is high for a few
hours but rapidly declines to much lower levels which may continue for several
days. Over 60% of the NH"4-N, or plant available N, can be lost from livestock
slunies (Pain, et al. 1989) or liquid sewage sludges (Beauchamp, et al. 1978) with
most of this loss occurring within a few hours of application. ln addition to
environmental effects, ammonia emission also decreases the fertiliser value of
manures. Losses from solid manures, such as those produced from loose housed
cattle on straw bedding, are generally lower but continue for a longer time. Large
losses €n occur during composting of these materials (Amon, et al. 1998). The dry
matter (DM) content of slurries has a large effect on emissions from landspreading
with losses decreasing with decreasing DM content. (Sommer and Olesen 1991;
Smith and Chambers 1995) (Fig 1). This is because more dilute materials infiltrate
into the soil more rapidly which results in the cessation of ammonia volatilisation.
Temperature and wind speed also have an important influence with warm, drying
conditions in summer favouring high rates of emission.
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Figure 1

The relationship between ammonia /oss and slurry dry matter content

2. Nitrous oxide

Nitrous oxide strongly absorbs radiation in the infra-red band in the atmosphere and
so contributes to the greenhouse effect and there is evidence that atmospheric
concentrations are increasing.

Sources of nitrous oxide.

Nitrous oxide is produced by the of burning biomass and fossil fuels and, more
importantly in the context of this paper, from soil microbial processes. The gas may
be released as a by-product during nitrification of NH.*-N and, more significantly,
from incomplete denitrification of nitrates (NO;). (Equation 3 and 4).
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Nitrification

NHr* 

-)

-------+ NO3-

Equation 3

Denitrification

+ NOi tNoI N"O N, Equation 4€ +

Agriculture and related land-based activities are, therefore, important sources
particularly where large amounts of inorganic or organic fertilisers are used (see
Table 4) (Grosslinger et al. 1996)

Agriculture, forestry and land use change
Production processes
Combustion
Road transport
Other industry

% total N.O
47
31
'13

o
3

Table 4
Anthropogenic contributions to nitrous oxide emissions in EU 15 counties.

The inventories of nitrous oxide emission for the UK and the Netherlands presented
in Tables 5 and 6 illustrate the significant contributions that arise from manure
management. The data for the UK (Chadwick, et al.) is for farmed livestock but
includes fertilisers whilst that for the Netherlands (Kroeze, 1995) is more broadly
based and also includes nitrous oxide emissions arising from the subsequent
denitrification of losses via other pathways such as nitrate leaching.

Livestock
housing
manure storage
manure spreading
outdoor (incl. grazing)

Fertilizers

% total N2O

22.5
31.0

6.1
11.0
29.4

Table 5
Contibutions to nitrous oxide emissions from farmed livestock in the UK

Nor-

I
Nzo

Nos
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Livestock
housing
manure spreading

Fertilizers
Enhanced background
N losses

% total N.O

3.0
32.0
26.0
17.8
21.2

Table 6
Contributions of nitrous oxide emissions from agricufture in the Netherlands

Factors influencing nitrous oxide emissions

Livestock manure and sewage sludges provide a suitable source of nitrogen (NH*o
-N) for nitrification but, since they are mostly anaerobic, may temporarily inhibit this
aerobic process. The provision of nitrifiable nitrogen together with a freely available
carbon (C) source and moisture favours denitrification. Data on the impact of these
materials on nitrous oxide emissions from land is limited but is likely to be
influenced, amongst other factors, by differences in the composition of wastes as
illustrated by the data in Table 7 (Chadwick et al. 1998; Mosier, et al. 1982).
Nitrous oxide emission is also mediated by soiltype and conditions

Pig slurry
Cattle slurry
Cattle FYM
Poultry manure
Digested sewaqe sludqe

g NrO/t
u.8
12.6
21.7
29.0
23.5

Table 7
Nitrous oxide emissions following application of livestock

manures and sewage sludge to land

Nox

NO; denotes nitric oxide (NO) and nitrogen dioxide (NOJ.The conversion of NO to
NO2 in the lower atmosphere is the primary source of ozone which is deleterious to
air quality. These chemically reactive gases are also involved in reactions in the
stratosphere which erode the efficiency of the ozone layer as a protective shield
against ultra violet radiation. They are also implicated in acid rain.

Sources of NO*

The primary sources of NO, are combustion of fossil fuels, biomass burning,
lightening and the soil processes outlined for nitrous oxide. (Table 8) (Lee, et al.
1997).
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Fossilfuel combustion
Biomass buming
Soil microbial processes
Lightening
Stratospheric decomposition of N2O
Ammonia oxidation
Aircraft

% total
49.7

17.9
15.8
11.3

1.4
2.0
2.O

Table I
Besf esfimates of contributions to globalemrssions of NO,

The contributions from agriculture and from organic waste use are not well defined
but best estimates suggest that agricultural soils account for 15o/o of global
emissions (Lee, et al. 1997).

There is evidence for increasing nitric oxide emission form soils with increasing
rates nitrogen fertiliser application. (Skiba, et al. 1997; Yeinger and Levy, 1995).
There are very few data on the impact of organic wastes but application of these to
land has potential for increasing emissions of nitric oxide (Watanabe, et al.. 1997;
Veldcamp and Keller, 1997).

3. Methane

Methane strongly absorbs infra-red radiation and is one of the major greenhouse
gases. lt is also implicated in the reactions involving ozone.

Sources of methane

Methane is produced by the microbial process of methanogenesis which occurs in

all anaerobic environments in which organic matter undergoes decomposition. On a
global scale, natural wetlands and rice paddy fields are major sources of this gas
accounting for about 40% of the total emission. Estimates of contributions to
methane emission in Europe are summarised in Table 9 (Grosslinger ,et al. 1996)

Agriculture, forestry & land use change
Waste treatment and disposal
Extraction/distribution of fossil fu els
Miscellaneous

% total CHo
46
35
16

3

Table 9
Anthropogenic contibutions to methane emisslon in EU 15 countries
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Agriculture is a significant source because methane is produced and released in
large amounts from enteric fermentation in ruminant livestock. Estimates of
methane emissions from farmed livestock in the UK (Table 10) illustrates that
ruminant livestock, whether housed or grazing outdoors, are the main source of
methane emission. (Sneath,et al. 1997)

Livestock
housing
manure storage
manure spreading
outdoor (incl. qrazinq)

% total CHo

43.9
5.0
0.1

51.0

Table 10
Contibution to methane emrssrbn from farmed livestock in the UK

Organic wastes are generally anaerobic and may contain high concentrations of
volatile fatty acids, precursors of methane formation, so their use leads to some
emission but this is very small compared to that from enteric fermentation. Methane
is released, probably from that entrapped in the slurry, for a brief period following
the application of livestock slurries to land but ceases as oxygen diffuses into the
manure. There is evidence that the manure and/or soil may sometimes act as a
sink for methane.

Factors influencing methane release

Unlike nitrous oxide, it appears unlikely that methane emission from waste
application is mediated by soil processes although more anaerobic conditions may
result in higher emissions. The composition of the waste is important and, for
livestock manures, how this is influenced by the animals' diet. Storage conditions,
especially temperature, is likely to have a large impact on emission from stores.
Anaerobic digesters are designed to exploit the process by ensuring conditions
favour biogas (methane+carbon dioxide) production for use as a fuel.

4. Odours

Although not damaging to the environment, offensive odours from organic wastes
are a major source of complaints from the public. The focus of research has been
on livestock manures although complaints about odours from sewerage works and
other industrial sources are common.

Sources of odour emission

Livestock manures are significant sources of odour emission particularly when they
are applied to the land surface with conventional machinery. The pattern of odour
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emission is similar to that describe for ammonia although the frequency and
number of complaints may be a reflection of social attitudes as well as the
concentration of odour in air. Odour are complex mixtures of gases and volatile
organic compounds with over 160 odorous compounds being identified in piggeries.
( O'Neil and Phillips, 1992). Because of this complexity, odour concentration in air
is dfficult to measure chemically and this has led to the development and use of
olfactometric techniques. An olfactometer is used to present clean: odorous air
dilutions to a panel of people to determine the 50% detection threshold, i.e. the
number of dilutions at which 50% of the panel can just detect an odour, which is
often expressed as Odour Units m-" air .More recently, GC-MS has been to used to
study odour chemistry (Hobbs et al. 1995). This has shown that 15 compounds,
which include VFAs, sulphides, phenols and indoles, are mainly responsible for
odours from livestock manures. These are mainly derived from the digestion, and
subsequent degradation in wastes, of nitrogenous compounds in the animals diet.

Factors influencing odour emission

Many of the factors which influence ammonia emission (see Table 3) also affect
odour emission (see Pain, 1994). The class of stock and their diet is also important,
because these influence the concentrations of different odorous compounds in
manure, together with the period of manure storage prior to spreading on land.

5. Other emissions

Most of the information in this paper is about emissions from livestock manures
which reflects the research activity in this area. The use of other organic wastes,
particularly sewage sludges, may give rise to emissions of other trace organic
contaminants and potentially toxic elements such as mercury (Hg). lt is, however, a
general view that the impact of sludge treated soils is probably small compared with
background levels in the aerial environment. (Smith, 1996)

6. Strategies and techniques for abatement

Modifying the design of buildings, installing air scrubbers or filters or covering
stores offer a means of abating emissions from these sources. lncorporating a
treatment stage in waste management offers a range of options as discussed by
Burton in this volume. Options for the abatement of emissions from the use of
organic wastes on land include :

. controlling the rate and time of application

. improved methods of application

. incorporation into the soil

. modifying the diet of livestock.
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Rate and time of application

Matching the rate and time of application of nitrogen in manures etc to a crop
requirements ensures good recovery by plants with less opportunity for losses, for
example, as nitrous oxide through denitrification.

Method of application

Methods have been developed and used for decreasing the surface area of slurries
exposed to the air so reducing ammonia emission. (Huijsmans 1997). These
include bandspreaders, comprising trailing hoses or trailing shoes, and injectors
making open or closed slots in the soil. Trailing hoses apply slunies in parallel
bands to grassland or between the rows of cereals whilst trailing shoes are
designed to place slurry on the soil surface rather on the grass sward and need a
grass height of about 10cm to be effective. Open slot injectors normally operate to
a depth of about Scm whilst closed slot injectors commonly employ 15cm deep,
winged tines. The efficiencies of these types of machine for reducing ammonia
emission are compared with surface "broadcast" application in Table 11. These
machines can also be used to reduce odour.

Bandspreader
Grassland
Arable

Trailing shoe

lnjection
Open slot
Closed slot

lncorporation
lmmediate
Same working day

% reduction compared
with < broadcast >

10
30

40

60
80

80
40

Table 11

Ammonia abatement efficiencies of sluny application machinery
compared with << broadcast > application.

lncorporation into soil

lncorporation of organic wastes into the soil is an effective means of reducing
ammonia and odour emission. ( see paper by Huisjmans in this volume). Since
rates of emission are very high for the few hours after spreading on the soil surface,
incorporation must be done as soon as possible and preferably within 34 hours.
The equipment used for incorporation will depend upon soil type but, in general,
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ploughing to bury completely the manure is most effective. (Table 12). Odour
emission is decreased also.

Method of incorporation lmmediate 3 hr delay 6hr delay
Plough
Rotavator
Tines

90
68
40

68
55
37

il
43
y+

Table 12
Effect of time and method of incorporating slurry into soil on ammonia emr.ssrbn

Modifying the diet of livestock

More accurately adjusting the protein contained in the diet of livestock to their
requirements can lower the amount of surplus nitrogen excreted. This is more
straightforward for pigs than for cattle because diets for the latter can be formulated
accurately using synthetic amino acids.

Although more costly, such diets significantly decrease nitrogen excretion and
subsequent emissions of gaseous nitrogen compounds and odours. (Hobbs et al.
1996; Misselbrook et al. 1998).

lnteractions

It is well established that controlling emissions may a) increase emission of the
same compound at a "downstream" stage of management or, b) increase emission
of another compound. For example, reducing ammonia emission from storage of
slurries or composting of solid manure may increase emission of this gas from
spreading on land unless an appropriate abatement technique is used. Similarly,
deep injection of slurry may reduce ammonia emission but increase emission of
nitrous oxide through enhanced rates of denitrification.
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lnfluence of slurry pretreatments and application
techniques on ammonia emissions after landspreading

of slurry on grassland.

lnfluence d'un pr5traitement du lisier et des techniques d'dpandage
sur/es 6missrbns d'ammoniac aprds apport de lisier de porcs sur prairies.

P. Reitz and H. D. Kutzbach
lnstitute of Agricultural Engineering, University of Hohenheim,
D-70599 Stuttgart, Germany

Abstract

More than half of the German ammonia emissrbns are caused by the landspreading
of slurry. Aftereffects as /oss of nitrogen fertilizer and environmental damages
should be reduced through suitable processing improvements in slurry manage-
ment. For recording the influence of different slurry pretreatments and application
techniques on the ammonia emisslons after landsprcading of cattle slurry on
grasslbnd a sysfem of three parallel operated windtunnels was used.

Landspreading of sepanted slurry reduced the ammonia volatilization by 72 % for
the liquid phase and by 32 % for the solid phase. The liquid phase with a dry matter
content of 3.1 % infiltnted very fast into the soil in contnst to the solid phase.
However, the solid phase covercd only about 1/3 of the gmssland sufface because
of the higher dry matter content of 16.1 %.

The asumption that following a pretrcatement of slurry with ceftain additives the
ammonia ernisslons after landspreading arc reduced, was not vertfied. The
additives Zeolit', "Biplantol G' and "BVG-mirture" had no effect on fhe emissrbns
as well as an addition of untreated lime or treated lime 'Penac G".

The application of anaerobically fermented slurry even increased the ammonia
ernissrbns by 23 % for the mesophil phase and by 47 % for the thermophil phase.
The decrease of the dry mafter content and it's reducing effect on the volatilization
was covered from a very strong incrcase of the pH value, which caused higher
ernrssrbns from the digested slurry.

Ammonia emlssrbns could be reduced through application techniques which apply
the slurry in nanow bands near or into the soil. ln compaison to broadcast sprea-
ding with a sp/ash plate, the nitrogen /oss was reduced by 40 %o using a trailing
hose, by approximately 55 % using a trailing foot and even by 75 % using the
trenching technique. The disadvanfages of an application technique which incorpo-
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rates the slurry into the soil are a higher draftforce requirement and an increase of
the CO2 and N2O emrssions. Therefore the most suitable application techniques are
the one which apply the slurry nearthe soil.

Therefore the application techniques have a vety high potential to reduce the
ammonia emissrbns after landspreading of slurry, in contrast to the different
pretreatements of the slurry, which can have a reducing effect or none effect or
even a rising effect on the ammonia emr.ssrbns.

Further researches on the influence of climatic conditions such as air temperature,
soil humidity, windspeed and radiation are just under investigation.

Keywords: windtunnel, ammonia emission, slurry pretreatments, application
techniques.

R6sum6

Suite au fait que l'6pandage de lisier cause plus de la moiti6 des 6missions
d'ammoniac de l'Allemagne et que souvent plus de 50% de I'azote du lisier sont
perdus pendant l'6pandage, une 6tude des facteurs qui influencent ces pertes, a
6t6 r6alis6e. Comme stations d'essai, trois tunnels ont 6t6 construits, qui
permettent de mesurer au champ les 6missions d'ammoniac en variant un seul
facteur d'influence. La calibration des tunnels avec gaz d'ammoniac aboutit i un
taux de recouvrement de 77 i, 99% de l'ammoniac. Des investigations sur
I'influence de diff6rentes techniques d'6pandage de lisier sur les 6missions
d'ammoniac, ont montr6 que comparativement i un 6pandage de surface,
f'6pandage d l'aide de << tuyaux train6s > diminue de 4Oo/o les 6missions. Avec un
< trailing foot > la diminution est de 557o et avec un soc d'enfouissage en ligne de
75o/o. Donc,les 6missions peuvent €tre r6duites si le lisier est 6pandu directement
sur ou dans le sol. Une s6paration du lisier avant l'6pandage donne une r6duction
de 32o/o si seulement la phase solide est 6pandue el72o/o pour la phase liquide. La
phase solide couvre avec 16,10/o de MS seulement un tiers de la surface et la
phase liquide avec 3,1o/o MS est rapidement absorb6 par le sol. L'utilisation des
additifs < Zeolith r> €t << Biplantol G > n'a aucune influence sur les 6missions
d'ammoniac, de m6me que la poudre de chaux non pr6trait6e et pr6{rait6e
<< Penac G >. Des investigations sur I'influence d'une fermentation a6robie et
ana6robie avant l'6pandage et sur l'influence des conditions climatiques pendant
l'6pandage sont d l'6tude.

Mots-cl6s : tunnel, 6missions d'ammoniac, techniques d'6pandage de lisier, pr6-
traitement de lisier.

248



1. Materials and methods

For recording the factors of influence on the ammonia emissions after
landspreading of slurry, the lnstitute of Agricultural Engineering of the University of
Hohenheim developed a windtunnel system (Falk, 1994). A parallel operation of
three windtunnels allows a specific variation of one influence factor under constant
ambient conditions (fig.1 ).

Figure 1

Windtunnel sysfem of Hohenheim

Researches on the aocuracy of the windtunnel system gave percentages recovery
ranging 77 o/o lo 99 o/o. A representative sampling could be confirmed by the
equality of the different samplers. An equalization of the three windtunnels gave a
maximal NH4-N difference of 200 mgim2 in 48 h (Reitz and Kutzbach, 1997). The
accuracy of the Hohenheim windtunnel is similar to the one of other systems (Van
der Weerden et al., 1996; Katz, 1996), thus, a reproducible quantification of
ammonia emissions is ensured.
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- 2. Results and discussion

So far researches on the influence of different slurry pretreatements and application
techniques were carried out. As an example for the pretreatements the influence of
a separation on the ammonia emissions is presented. Figure 2 and Figure 3 depict
a comparison of an untreated slurry with the solid and liquid phase of a separated
slurry. The ammonia emissions are shown in Figure 2 as the cumulative loss of
NH3-N expressed as the percentage loss of applied total ammoniacal nitrogen
(TAN) from the slurry. Figure 3 presents the ammonia emission rates expressed in
mg/m'h.

For the separation a cattle slurry with a dry matter content of 8.9 o/o a,nd a NH4-N
concentration of 0.161 % was used. After the separation the dry matter content and
the NH4-N concentration of the liquid phase amounted to 3.1 o/o ot 0.145o/o
respectively. The dry matter content of the solid phase was 16.1 %, the NH4-N
concentration amounted to 0.187 o/o. The amount of broadcast spread slurry was
2.9 kglm2, thus, the amount of ammonium nitrogen applied was 4669 mg/m2 for the
untreated slurry, 42OS mglm2 for the liquid phase and 5423 mg/m2 for the solid
phase. The climatic conditions during this research in June 1997 are also shown in
Figure 2.
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Figures 2 and 3
lnfluence of separation on ammonia ernissrbns, comparison of a untreated slurry

with the solid and liquid phase of a separated slurry

The highest nitrogen loss was found for the untreated slurry. lts total ammonia loss
amounted to 1605.7 mg/m" in 48 h, that conesponds to a cumulative loss of 34o/o
of the TAN applied. By the solid phase emitted 1083.4 mg/m2 in 48 h or 20 %. With
a total loss of 446.0 mg/mz in 48 h or 11 % the liquid phase showed the lowest
emission. The emissions of the untreated slurry were approximately two-fold higher
than the ones of the solid phase and even threefold higher than the emissions of
the liquid phase. lf the emission of the untreated slurry is rated as 1O0 yo, the loss
of the solid phase is 68 % and the loss of the liquid phase 28 % of the amount of
the untreated slurry. This corresponds to a reduction of the nitrogen loss of 32 o/o for
the solid phase and of 72 o/o for the liquid phase.

The reduction potential of the separated slurry is explained through the changes in
the dry matter content. Due to the lower dry matter content the liquid phase had a
lower viscosity and infliltrated befter and faster into the soil. Thus, an emitting
surface existed only a short time, which is emphazised by the low emission peak of
144 mglm2 h-1 already 2 h after landspreading. As opposed to this the solid phase
had with 163 mg/m2 h-1 the highest emission rate 4 h after the application, because
only one third of the grassland surface was covered with slurry. The solid phase
stucked on the grassland plants because of the higher dry matter content, which
explains the following higher emission rate. Caused by the great emitting surface
the untreated slurry had with 331 mg/m2 h-1 as well 2 h after landspreading an
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emission peak. Afterwards the emission rate of the untreated slurry declined faster
than the one of the solid phase, since the slurry was better absorbed from the soil
because of its lower dry matter content. For all three slurries approximately 90 % of
the total emission occured already after 24 h. At the second day the emission rates
were very low and the concentrations were only slightly over the background
atmospheric ammonia concentration.

Pain et al. (1990) found corresponding reductions of the nitrogen loss by the liquid
and solid phase of a separated pig slurry. Thompson et al. (1990) determined
similar ammonia emissions from an unseparated slurry and a liquid phase of a
separated slurry, because of a very small difference in the dry matter contents of
only 1.5 %. ln contrast to this Dosch (1996) found, a decrease of the nitrogen loss
by the liquid phase, but an increase by the solid phase. ln the sum of liquid and
solid phase the ammonia emissions of the separated slurry were still less than the
one of the unseparated slurry. Thus, the separation technique is an efficient
possibility to reduce the nitrogen loss, provided that the change of the dry matter
content is high enough.

A survey of the influence of further pretreatements and application techniques on
the ammonia emissions after landspreading of slurry is given in Table 1. There are
presented as the cumulative percentage ammonia emissions of different slurry ad-
ditives, anaerob fermented slurry and slurry applied with dffierent application
techniques.

The addition of untreated lime or treated lime "Penac G" had no influence on the
reduction of the ammonia emissions. Due to a very low dry matter content of 2.9 Yo

and a very dry soil (soil moisture 14 o/o) all emissions were very low. Since the
differences between the variations were smaller than the measurement deviations
of the windtunnel system, no differences between those additives could be
obtained. ln the same way the ammonia emissions could not be reduced through
the additives "Zeolit", "Biplantol" and "BVG-mixture". ln oppose to this, Mannheim
(1994) found under different conditions a reduction of the ammonia emission by
'16 % using "Penac G". Martinez et al. (1997) examined five additives and could
only determine a reducing effect for two. Moreover additives mainly influence the
homogenization of the slurry and have only a limited effect on the reduction of
ammonia emissions (Kunz, 1997).
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influence
factor

variation and cumulative percentage ammonia emission

additive untreated 12 o/o lime 17 Yo Penac G 14 Yo

additive untreated 29% Zeolit 29 Yo BiplantolG 27%

additive untreated 30 Yo Zeolit 31 Yo BVG-mixture 29%

anaerob
fermentation

untreated 29 o/o mesophil 36% thermophil 41%

application
technique

splash
plate

27% trailing
foot

13 Yo trenching 6 o/o

application
technique

splash
plate

24% trailing
hose

15 o/o trailing
foot

9%

Table 1

Cumulative percentage ammonia emissrbns by different pretreatements and
appl ication techniques

Through an anaerobic digestion of the slurry during the production of biogas the
ammonia emissions even increased by 23o/o for the mesophil phase and by 47 o/o

for the thermophil phase. The low decrease of the dry matter content from 6.0 %
over 5.9 % to 5.5 o/o ?nd it's reducing effect on the volatilization was covered from a
very strong increase of the pH value from 7.5 over 7.9 to 8.1. Mannheim (1994)
found similar increases, whereas by Pain et al. (1990) the nitrogen loss of the
anaerob fermented slurry was slightly reduced. Therefore an anaerobic
fermentation is only efficient, if the emission reducing decrease of the dry matter
content is higher than the emission increasing growth of the pH value.

By means of application techniques which apply the slurry in nanow bands near or
into the soil and therefore diminish the contact surface between slurry and atmo-
sphere, the nitrogen losses can be reduced very efficiently. ln comparison to broad-
cast spreading with a splash plate, the ammonia emissions could be reduced by
39 % using the trailing hose, between 52 o/o ?nd 61 % using the trailing foot and
even by 74 % using the trenching technique. Similar reduction potentials were
found by Lorenz and Steffens (1996), Bussink (1997), Depta et al. (1997) and Frick
and Menzi (1996). An application technique which incorporates the slurry into the
soil has some disadvantages as a higher draftforce requirement and increasing
CO2 and N20 emissions (Schtirer and Reitz, 1998). Thus, application techniques
which apply the slurry near the soilare the most suitable ones.
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Since ammonia emissions are mainly influenced by the climatic conditions during
the landspreading of slurry, further researches on the influence of air temperature,
soil humidity, windspeed and radiation are just under investigation.
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Gaseous emissions from dairy cattle collecting yards.

Emissions gazeuses rssues des zones de stabulation des vaches /aifidres.
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lnstitute of Grassland and Environmental Research, North Wyke,
Okehampton, Devon, EX20 2SB, UK.
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Abstract

Dairy cattle collecting yards may represent significant sources of emission of
ammonia (NH), methane (CH) and nifious oxide (NrO). A system of small wind
tunnels was used to measure NH, emissrbn frcm a known quantity of uine and
faeces applied to concrete and to assess the impact on emission of cleaning the
concrete by hosing or scraping. NH3 emission measurcments were also made from
the collecting yard of a commercial dairy farm using either a Lindvall hood or a
sysfem of dynamic chambers. Measurements of CHo and N2O emission were made
from the collecting yard using closed cover boxes. From the wind tunnel
measurements, mean NH3 emrsslon from uine and faeces applied to concrete was
estimated to be 50 % of the applied urea-N. Cleaning the concrete by hosing was
more effective than scraping in reducing NHt emission. From Lindvall hood
measurements, emisslbn from the collecting yard was greater in summer than
winter, with a mean emission over both peiods of 4.5 g NHs-N.m2.dl equating to
6.4 g NHs-N.cow'.d'. Mean emission measured using the dynamic chambers
(measured over a winter peiod) was estimated to be 6.5 g NHyN.cow1.d1.
Emr.ssions of CHn and N2O were much lower, measurcd as 2 mg.m-z.d1 and 0.2 mg
N.m''.d' respectively. Rafes of emission werc subject to large spatial and temporcl
variation.

R5sum6

Les zones de stabulation des animaux peuvent repr6senter des sources
significatives d'ammoniac (NH3), de m6thane (CHa) et de protoxyde d'azote (NzO).
Un systdme de tunnels ventil6s a 6t6 utilis6 pour mesurer les 6missions d'NH3 i
partir d'une quantit6 connue d'urine et de fdces 6pandues sur rev6tement b6ton
afin de v6rifier l'impact sur ces 6missions du nettoyage de la surface i I'eau ou du
raclage.

Les 6missions d'ammoniac ont 6t6 6galement mesur6es sur une exploitation
agricole i I'aide d'un systdme de boite de Lindvall ou de chambre dynamique. Les
mesures de CHo et N2O ont 6t6 effectu6es d l'aide de boites couvertes. A partir des
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- mesures i I'aide des tunnels de ventilation, les 6missions moyennes d'NH3 issues
des urines et fdces apport6es sur b6ton ont 6t6 estim6es e 50% de l'azote ur6e
apport6e. Le nettoyage des dalles b6ton d I'eau s'est av6r6 plus efficace que le
raclage dans la r6duction des 6missions d'ammoniac. A partir des mesures i I'aide
des chambres de Lindvall, il apparait que les 6missions d'ammoniac 6taient
sup6rieures en 6t6 comparativement d la p6riode hivernale, avec un taux moyen
6tabli sur ces 2 p6riodes de 4,5 g N-NH3 m-';j-' ce qui repr6sente 6,4 g N-NH,.
vachejj-1. Les mesures i l'aide des chambres dynamiques conduisent i un taux
moyen d'6mission de 6,5 g N-NH3. vache-1.1-'.

Les 6missions de CHa et N2O 6taient bien inf6rieures, de l'ordre de 2 mg. m-2.1-1 et
0,2 mg N m-2. j'1 respectivement. Les taux d'6mission 6taient soumis d de larges
variations spatiales et dans le temps.

lntroduction

Many livestock, and dairy cattle in particular, spend time on uncovered yard areas,
which will become contaminated with urine and faeces. These areas may represent
sources of gaseous emission which, to date, have received little attention. Of
particular concern are emissions of ammonia (NH3), methane (CHo) and nitrous
oxide (N2O).

NH. emissions from cattle excreta derive mainly from urine. Urea is the major N
containing constituent of urine and, after excretion and contact with the ubiquitous
enzyme urease, is hydrolysed to NH3. Studies have shown that emission from urine
returns by grazing cattle can account for between 4 and 35 % of the total urine N
content (Ball ef al., 1979; Vertregt and Rutgers, 1987; Lockyer and Whitehead,
1990) and exceptionally 66 % under hot, dry conditions (Ball and Ryden, 1984).
Emissions from faeces alone are much lower, generally less than 5 % total N
content (MacDiarmed and Watkin, '1972; Ryden et al., 1987). We might expect
emissions from urine deposits on non-porous concrete yards to be greater than
those from grassland, due to lack of infiltration and an increase in surface area from
which volatilisation can occur as the urine spreads across the yard surface.

Approximately 90 o/o of CHa emission from UK agriculture derive from enteric
fermentation in cattle (Chadwick ef a/., 1998). However, freshly voided dung from
grazing animals has the potential for CHo emission as it canies the appropriate
organisms (Dar and Tandon, 1987). Jarvis et al. (1995), measuring emissions from
cattle grazing returns, reported a mean cumulative emission from dung pats of 981
mg CHa.m-2, with a range in emission for dairy cows of 716 - 2O4O mg CHa.m-2.
There was no emission from urine patches. lnteractions with the soil were thought
to be minor, with the emission deriving directly from the dung. Therefore we might
expect emissions from dung pats on concrete yards to be of a similar order to those
from grazing returns.
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N2O emissions arise from denitrification and nitrification which are primarily soil-
based microbial processes. Measurements from grazing returns show emissions to
be greater from urine than dung patches (Oenema et al., 1997). Emissions from
concrete yards may be lower than from grazing returns due to the microbial
processes being primarily soil based.

The aim of the work presented in this paper was to quantify emissions of NH., CHa
and N2O from dairy cattle collecting yards and to examine some of the factors
influencing emissions. A pilot study, measuring only NH3 emissions was canied out
during 1996. A more detailed study, measuring NH3, CH4 and N2O commenced in
November 1997. This study is part of a larger project being conducted jointly by
IGER and ADAS in which emissions from different types of yard areas will be
measured on a number of farms. lnitial results from the dairy collecting yard of a
farm being studied by IGER are presented here.

Materials and Methods

Ammonia

Two approaches were taken in the pilot study; a system of small wind tunnels
(Lockyer, 19&t) was used to measure NH, emission from known quantities of urine
and faeces applied to concrete areas and to assess the effectiveness of cleaning
the concrete by hosing or scraping, and a Lindvall hood (Lindvall et al., 1974) was
used to measure emissions from the collecting yard of a commercial dairy farm.

Using the system of small wind tunnels, NH3 emission measurements were made
from 1 I urine applied to 1 m2 concrete. Air flow through the tunnels was controlled
at 1 m.s-'. Acid traps (bubblers) containing 0.02 M orthophosphoric acid were used
to measure the NH3 concentration of the air entering and leaving each tunnel.
Emission was calculated as the product of the difference in NH3 concentrations of
outlet and inlet air and the volume of air flowing through each tunnel. Six
experiments were conducted; experiments 1 - 4 on concrete areas which had
previously been used by beef cattle and experiments 5 and 6 on clean, previously
unused concrete areas. Experiment 1 examined the effect of the presence or
absence of faeces on emission. ln all the other experiments faeces was applied to
the concrete prior to urine application. Experiment 2 assessed the effectiveness of
hosing with water in cleaning the concrete and experiments 3 - 6 assessed the
effectiveness of cleaning the yard using a hand scraper. Experiments 1 - 4 were
conducted in September and 5 and 6 in November. Samples of urine were collected
for urea-N analysis at the time of application.

Measurements of NH3 emission were made from the dairy cow collecting yard of
Oaklands Farm using a Lindvall hood. Management practices on the farm were
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common to those used by many UK dairy farmers, with 65 - 80 cows being milked
twice each day, gathered in a concrete-surfaced collecting yard prior to milking, the
yard being cleaned daily (after morning milking) using a hand-held scraper. The
hood covered an area of 0.9 m2 over which air was blown at a constant rate of
approximately 1m.s-1. NH.was scrubbed from the inlet air using a glass wool filter
coated with oxalic acid. NH. concentration of inlet and outlet air was measured
using bubblers and emission calculated as for the wind tunnels. The hood was left
on the yard for a 24 h period, being temporarily removed while cows were in the
yard for milking and when the yard was being scraped. Measurements were made
from 5 dffierent yard positions over a period of three weeks during both summer
and winter.

Following the pilot study, a more detailed study commenced in November 1997

measuring emissions from the same collecting yard at Oaklands Farm as in the
pilot study. NH. emission was measured using a system of dynamic chambers. Full

details of the method are given in Svensson (19%). Briefly, the method relies on
theory derived from the meteorological law of resistance :

$Hxa=(C"q-C",r)Kr,"

where $r.rxa is the NH3 emission per unit area and time, C* is the NH3 equilibrium
concentration in the air at the soil surface, C",. is the ambient NH3 concentration at
height z and K=," is the mass transfer coefficient in the air above the soil. Using a
system of dynamic chambers together with ambient samplers, the parameters C"o,

C",. and lG." €n be determined. Six chambers and four ambient samplers were
used, allocated randomly across the yard. Emission rates were measure throughout
the day, typically at 8 am fiust after yard scraping), 11.30 am, 3 pm,7 pm (after
evening milking) and 10 pm. On one occasion further measurements were made
throughout the night to give the full pattern of emission over 24 h. Emission rates for
periods between measurements were estimated as the mean of that for the period
before and after. Measurements were made at approximately three week intervals.

Methane and Nitrous Oxide

CHa and N2O emission measurements also commenced in November 1997 and
were made on the same collecting yard using closed chambers. Each chamber was
fitted with a silicon rubber septum to allow samples of air to be taken by syringe.
The chamber was weighted with a brick and a neoprene rubber seal was glued to
the lower flange to provide a good seal with the yard surface. Samples of air were
taken from the chambers 0, 20 and 40 minutes after placing them on the yard
surface to determine the increase in CHo and N2O with time. Gas samples were
stored in evacuated vials before analysis by gas chromatography. As for NH3

measurements, the chambers were positioned randomly across the yard. Notes
were made of the nature of the yard beneath each chamber, i.e. the presence or
absence of a dung pat, a dirtied area or a clean area.
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Results and Discussion

Ammonia

Results of the six wind tunnel experiments are given in Table 1. When urine was
applied to clean concrete, rather than concrete dirtied with faeces, emission was
minimal. This is more likely to have been due to rapid evaporation, which occurred
within 2 h, than to an absence of urease. Areas where faeces had also been
applied remained wet for much longer, allowing volatilisation to continue for longer.

( ) standard enor urine only applied and faeces applied

Table 1

NH3 emission from 1 I uine applied to 1 m2 concrete - wind tunnel measurements.
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Figure 1

Cumulative NH3 emissrbn from 1 I urine applied to 1 m2 concrete.
Data from experiments 1 (x),5 ( + ) and 6 ( ) )togetherwithfitted lines.

Emission of NH3-N (g/m')Expt. Duration

h

Mean temp.

oc

Urea-N
input
glm2 not cleaned deaned 2h cleaned 6h

1 76 14.9 7.7 rc.U\ 0.1(0.03) t
4.3 (0.82)

2 29 12.3 6.6 (0.s6) 2.0 (0.77 0.3 (0.15 1.1 (0.0s)

4.6 (0.69) 1.5 (0.803 29 13.5 0.5 (0.11 0.9 (0.17)

4 22 13.9 6.6 (0.28) 1.6 (0.58) 1.0 {0.04) 1.5@.42\
5 75 ',1.3 s.s (0.49) 2.2(0.06 1.3 (0.07 1.2 (0.31)

6.4 (O.29) 2.4 (O.O76 7A 8.3 1.3 (0.23 2.O (0.62)

26t



Experiments 1, 5 and 6 were of sufficient duration for a model of cumulative NHt
emission versus time to be fitted (Fig 1) in the form Et = N. (1-e-9t), where E is the
cumulative emission at time t, N- is the theoretical cumulative emission after infinite
time and p is a constant. Estimated final cumulative emissions were 57, 49 and 41

% of the applied urea-N for experiments 1, 5 and 6 respectively, giving a mean
cumulative emission of 49 % applied urea-N. Differences in final cumulative
emission may have been due to differences in ambient temperature. The
differences in pattern of emission with time, with proportionately more of the
emission in experiment 1 occurring soon after application, may have been due to
differences in urease activity on the concrete areas used, that used for experiments
5 and 6 being new, clean concrete on which urease activity may have been much
lower.

Cleaning the concrete by hosing was more effective than scraping, with respective
reductions in emission from cleaning after 2 h of 85 and 50 % and from cleaning
after 6 h of 45 and 25 % compared to emission from an uncleaned control. ln
practice, a tractor-mounted scraper may be less effective at removing the faeces
and urine than the hand-held scraper used in these experiments. Scraping
passages in cubicle housing has been reported to have little effect on emission
(Kroodsma ef a/., 1993; Braam et al., 1997) although flushing with water reduced
emission byTOo/o (Kroodsma ef a/., 1993).

NH3 emissions from the dairy cow collecting yard at Oaklands Farm measured
using the Lindvall hood are given in Table 2. Taking into account the area of the
yard (87 m2) and the number of cows being milked on each occasion, the mean
emission over both summer and winter measurement periods was 6.4 g N.cow1.d-1.

Summer Winter
Measurement Mean air temp

OC
Emission

g N.m-2.d-1

Mean air temp.
oc

Emission
g N.m-2.d-1

,l 16.3 1.80 1.5 0.23
2 15.4 2.79 4.4 0.90
3 15.6 13.96 8.9 1.12
4 16.'1 6.95 0.0 2.O1

5 19.1 18.65
Mean Summer 8.83 Mean Winter 1.07

Table 2.
NH3emission from Oaklands Farm collecting yard;

summer and winter measurements using Lindvall hood.

Emissions were much lower in the winter than in the summer. This was probably
due to a combination of lower temperatures and a lower urea-N content of the urine
(3.1 g.l-1 in winter compared to 11.1 g.l-1 in summer) resulting from dietary
differences between the two periods.
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Disadvantages of the hood method of NH3 emission measurement are that
emission is not measured under ambient conditions (with wind speed controlled at 1

m.s-1 and rainfall excluded) and measurements can only be made from one small
area of yard at any one time, thereby taking no account of spatial variability. lt was
for these reasons that the system of dynamic chambers were used to measure NH3

emission in the more detailed study, as measurements can be made from several
positions simultaneously and under ambient conditions.

Date Duration
h

Mean air temp.
oc

Cumulative emission
gN.m-2 lgN.cow-1.d-1

6 November 20 10.8 2.77 3.61

26 November 14 10.8 5.88 10.96
22 December 15 7.1 7.47 13.00
14 January 15 5.3 1.12 1.95
12February 25 9.8 3.28 3.42
5 March 14 7.7 3.38 6.30

Mean 6.54

Table 3.
NH3 emissrbn from Oaklands Farm collecting yard measured

using dynamic chambers.

Results of the dynamic chamber measurements, for the first six sampling dates
(covering the winter period), are given in Table 3. The emission rates varied
throughout the day, but typically decreased from an initially high value immediately
after scraping in the morning to very low rates throughout the day (even becoming
negative, indicating deposition from surrounding ammonia sources such as slurry
lagoons and animal buildings), then increasing again after evening milking (Fig 2).
Scraping the yard after morning milking obviously removes the majority of the
faeces and urine from the yard surface. However, a thin layer remains from which
emission occurs, but which soon becomes depleted. During evening milking, fresh
deposits of urine and faeces are made to the yard and are not scraped away, so
emission increases to a maximum rate after a few hours and then decreases again
until morning milking. Actual emission rate will depend on the amount of
ammoniacal-N present on the yard surface and the resistance to volatilisation.
Conditions which promote fast drying of the yard will result in high emission rates
which rapidly decline. Re-wetting of the yard (e.9. due to rainfall) may promote
further emission. Heavy rain may wash urine and faeces off the yard and may also
increase the efficiency of yard scraping, thereby decreasing emissions.
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Figure 2.
Diurnal pattem of NH3 e/n ss,bn fiom dairy cattle collecting yard

Emissions measured using the dynamic chambers were greater than those using
the Lindvall hood in the winter period. However, this may have been due to the
relatively high ambient temperatures during the dynamic chamber measurements
compared to those of the previous winter when the Lindvall hood was used. Taking
a mean emission value of 6.5 g N.cowt.d-', annual emission per dairy cow would
be 2.4 kg N, representing over 10 % of the NH3-N emission from a dairy cow as
estimated recently by Pain et a/. (1998), showing yard areas to be a significant
source of NH3 emissions.

Methane and Nitrous Oxide

Emission rates of CHo from the collecting yard were variable. Emission rates from
the clean yard following scraping were low (<100 pg.m-2.h-1) and sometimes
negative indicating deposition of CHa. However, following evening milking emission
rates increased as CHa was emitted from dung pats and dirtied areas, with mean
emission rates from the yard of up to 1000 pg.m-2.h-1 being recorded. The pattern of
emission from the six chambers over a 24 h period is shown in Figure 3. Again,
rates were very low from the clean yard, but were much greater following evening
milking, when the greatest emission rates were recorded from dung pats, followed
by dirtied areas with lowest emissions from clean looking areas of the yard. The
emission rates from the dung pats were similar to those reported by Yamulki ef a/.
(1998). From the 24 h measurement, mean emission rate was estimated as 1.9
mg.m-'.d-', or 2.1 mg.cow'.d-1. Emission from yards would be fairly insignificant
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Emission rates of N2O were low and very variable. Figure 4 shows emission rates
from the six chambers over a 24 h period. Emission rates were not related to the
presence or absence of dung pats but, as for ammonia emission, would be more
related to the presence of urine, being the major source of inorganic N. From the 24
h measurement, mean emission rate from the collecting yard was estimated as 0.2
mg N.m-2.d-t. NrO emission from yards would form a very small proportion of total
N2O emission from agriculture (Chadwick ef a/., 1998).

Future wo*

Measurement of gaseous emissions will continue throughout the year on the dairy
collecting yard at Oaklands Farm to assess seasonal changes. Measurements are
also being made on other dairy farms. Measurements will also be made on other
yard areas, such as feeding areas or walkways, so that an attempt can be made to
estimate total emission from yard areas. Factors such as surface type and
condition and management practice will be investigated.
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Abstract

At the lnstitute of Agricuftural and Environmental Engineering (ILUET) emr.ssrbn
measurements are caried out with the aim to find factors influencing the amount of
emlssions and means to reduce emissions from different agicultural sources.
Measurements are mainly pertormed on solid manurc systems. All sectors of
animal husbandry are investigated. This enables calculations of emissions for the
whole management sysfem including housing, storage and spreading of manure.
Concentrations of NHs N2O, COz and CHo are analyzed by a high resolution FTIR
specfroscope. To determine the emrssrbn rate the ILUET has developed a large
open-dynamic-chamber which can be put over the emitting sudaces in the housing,
on manure heaps and after spreading of manurc.

ln the housing sysfem there was nearly no differcnce in CHo and NH, emissrbns
between the liquid and the solid manure system. N2O emrssions were higher in the
liquid manure system. NH, and N2O emlssions showed a clear dependency on the
season, CHa emissions were mainly caused by ruminal fermentation. Duing
storcge and after spreading of the solid manure the compost emifted more NH,
than the anaerobically stored solid manure. The anaerobically stored solid manure
emitted much more N2O and CHothan the compost.

Keywords : emission measurement, milking cows, ammonia, methane, N2O.

R6sum6

Des mesures d'6missions gazeuses sont r6alis6es d l'lnstitut d'lng6nierie pour
I'Agriculture et I'Environnement (ILUET) afin de d6terminer les facteurs influengant
ces 6missions et les moyens de les r6duire i partir des diff6rentes sources
agricole. Les mesures sont effectu6es principalement sur les d6jections g6r6es
sous forme solide. Toutes les 6tapes du systdme d'6levage sont 6tudi6es, ce qui
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permet de calculer les 6missions pour I'ensemble du systdme de gestion des
d6jections notamment le b6timent, le stockage et l'6pandage.

Les concentrations en NH., N2O, CO2 et CHo sont d6termin6es par spectroscopie
FTIR. Afin d'obtenir les taux d'6missions, notre institut a d6velopp6 une grande
chambre dynamique ouverte qui peut ainsi 6tre plac6e au dessus des surfaces
d'6mission dans le bdtiment, sur fumier en tas ou aprds 6pandage au champ.

Dans le bdtiment on n'obserye pas de diff6rence sur les 6missions de CHo et NH3

selon le mode fumier ou lisier. Les 6missions de N2O 6taient plus importantes dans
le systdme avec lisier. Les 6missions de NH3 et N2O sont trds d6pendantes de la
saison, alors que les 6missions de CHa sont principalement issues des
fermentations ent6riques par les ruminants.

Au cours du stockage et cons6cutivement d l'6pandage de d6jections solides
compost6es, les pertes par volatilisation de NH3 sont sup6rieures i celles obtenues
avec d6jections solides g6r6es en conditions anadrobies. Par contre, les d6jections
g6r6es en conditions ana6robies 6mettent plus de N2O et CHa que le compost.

Mots-cl6s : mesure 6missions, vaches laitidres, ammoniac, m6thane, N2O.

1. lntroduction

At the lnstitute of Agricultural and Environmental Engineering (ILUET) emission
measurements are carried out with the aim to find factors influencing the amount of
emissions and means to reduce emissions from different agricultural sources.
Measurements are mainly performed on solid manure systems. All sectors of
animal husbandry are investigated. This enables calculations of emissions for the
whole management system including housing, storage and spreading of manure.

ln Austria most of the cows are housed in tying stalls with liquid or solid manure
(Koruneo 1994). There is little knowledge on the amount of emissions from this
housing system.

Farmyard manure can either be anaerobically stored or aerobically composted.
Most of the investigations that have been carried out so far concentrated on
ammonia emissions from composted farmyard manure (Dewes 1996, ROMER ETAL.

1994). Recently also N2O and CHo emissions have been included in the
measurements on the laboratory scale (e.9. HUrneR ET AL. 1997 , OSADA ET AL.

1997). Emission measurements should be carried out under field conditions and
should include all ecologically harmful gases. As the way of storing farmyard
manure influences the change of manure composition (esp. NHa content) and as
the composition of the farmyard manure influences the amount of ammonia
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emissions after spreading, the emissions during storage and after spreading of the
manure should be included in the investigations.

2. Experimental

lf the emission rate is to be determined, gas concentration and air flow have to be
known. Concentrations of NH., N2O and CHa are analysed by a high resolution
FTIR spectroscope. ln closed stables with a central exhaust fan, the ventilation rate
is measured with a measuring fan that covers the whole cross-section of the central
exhaust fan. For the determination of the air flow over manure storages and during
and after spreading of manure the ILUET has developed a large open dynamic
chamber (fig. '1, Anaoru er nu. 1997).

The mobile chamber covers an area of 27 m2 and can be built upon emitting
surfaces in the animal housing, on manure storages and over manure spread
areas. Fresh air enters the chamber at the front. ln the chamber the fresh air
accumulates the emissions and leaves the chamber on the other side. Gas
concentrations are measured alternating in the incoming and in the outgoing air.
The difference between incoming and outgoing air can be traced on emissions from
the substrate inside the chamber. The exhaust fan at the end of the chamber can
vary the air flow between 1.000 and 11.OOO mt/h. The air flow is recorded
continuously by a measuring fan. At the front of the chamber a closed meshed net
serves as a wind shield. A flow rectifier is installed at the end of the chamber. A
funnel diminishes the cross-section of the chamber to that of the exhaust fan. The
large open-dynamic-chamber has little influence on the natural conditions inside the
chamber. The continuous air flow prevents heating up inside the chamber.

closed meshed net flow rectifier

-! 
6-

---) at IIow
determinalion

fiesh air fa

--)'

manure composition
temperature

gas co0cefltrations

cliratic paraneters

muhi poirr sampler

FIIR-spectroscope
airflow

Figure 1.

Large open dynamic chamber developed by the ILUET

emtssrons
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2.1. Emissions from a tying stallfor milking cows

Emissions of NH., N2O and CHa were measured from a tying stall with dung grid
(slurry based system) for 12 milking cows. The housing was ventilated by a central
exhaust fan in which ventilation rate and gas concentrations could be measured.
Feed intake, feed composition, weight, milk yield, and temperature and humidity in
the housing were registered. The slurry based system was changed into a straw
based system for two weeks during each measurement campaign. Wooden boards
were placed upon the dung grid and 2 kg of straw per LU were littered down. The
solid manure was removed by hand twice a day. The measurement campaigns
were repeated in every season of the year to get an overview over the course of
emissions during the year.

2.2. Emissions during composting and anaerobically storage of farmyard
manure

From June to September 1996 a comparison between emissions from
anaerobically stored and aerobically composted farmyard manure from a tying stall
for milking cows was carried out. Two heaps of farmyard manure (each about 3.5 t)
were stored on concrete slabs with a drainage system. Seepage water emissions
during storage were collected and analysed for their N content. Table 1 shows the
composition of the composted and the anaerobically stored farmyard manure and
the mean temperature inside the manure heaps. The large open-dynamic-chamber
was moved from one heap to the other three times a week to measure the
emissions.

DM
n%l

Nt

tks/tl
NH4-N

tkq/tl
c/N pH temp

rcl
composted FYM 28.3 6.60 1.10 14 7.55 45.0
anaerobically stored FYM 20.4 6.39 1.17 14 7.43 35.3

Table 1.

Composition of the FYM and mean temperature inside the manure heaps

One heap was composted aerobically, which means it was turned seven times
during the storage period. The turning was performed by hand. The large open-
dynamic-chamber was built up over the compost and collected the emissions
during and after the turning. The other heap was stored anaerobically. No
manipulations were performed during the storage period.

2.3. Emissions after spreading of farmyard manure

After the storage period the large opendynamic-chamber was built up on grassland
and the composted and the anaerobically stored farmyard manure were spread in
the chamber. The amount of spreaded manure was eguivalent to 20 llha.
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Emissions during and after spreading were also measured so that the sum of
emissions (storing, turning, loading and spreading) could be determined.

3. Results

3.1. Emissions from a tying stalt for milking cows

Table 2 shows the emissions measured in the tying stallfor milking cows with slurry
and straw based system. The mean emissions of all three gases in course of the
year showed no statistical difference between both housing systems (t-Test, a <
0.05). However there was a clear variation in the emissions in course of the year.
NH3 and NrO emissions were dependent on the season: the higher the temperature
the higher these emissions. CHo emissions also changed throughout the year but
those changes did not show a correlation with the season. They were caused by
the different milk yield and feed intake of the cows.

NH" [q/Lu*dl N,O [mq/LU"d] CH, [q/LU*dl
mrn max mean min max mean Min max mean

slurry based
system (n = 860)

4.0 6.1 5.7 141.6 1188.0 609.6 170.4 218.4 194.4

straw based
system (n = 860)

3.9 7.4 5.8 300.0 1135.2 619.2 184.8 232.2 194.4

Table 2.
Emissrbns of NHs N2O and CHafrom a tying stallfor milking cows

Calculations of the amount of CHa emissions that were caused by ruminal
fermentation (KncxcesSNER ET AL. 1991) showed, that in both housing systems
about 80% of the emissions came from ruminal fermentation. The housing system
did not influence the CHo emissions. Ruminal fermentation is a major source of
methane emissions (KrNsunru ET AL. 1995, HEvER 19%).

Ammonia emissions were comparatively low (tab. 2). lsrnunNru (199t) gives mean
ammonia emissions for housing systems for milking cows of 16.56 g NH3/LU*d.
This value was mainly derived from emissions of loose housing systems.
GnoeuesrerN & MoNTsun (1991) found ammonia emissions of 9.0-14.0 g
NHy'LU*d. Their measurements were carried out in tying stalls for milking cows in
the Netherlands.

Due to the lack of data the N2O emissions can not be compared with values given
in the literature. Their share of the total N emissions was about 5-10Yo. However
NrO emissions play an important role in the greenhouse effect and have to be
reduced.
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3.2. Emissions during storage and after spreading of farmyard manure

Table 3 shows the ammonia emissions during storage and after spreading of
composted and anaerobically stored farmyard manure. The compost emitted more
NH3 than the anaerobically stored farmyard manure. The periods of turning
contributed with 4% to the total emissions. Most of the ammonia was lost during the
first two weeks of storage. After spreading of the compost no ammonia emissions
were measured due to the fact, that there was no NHo in the compost. Whereas
about 35% of the ammonia losses from the anaerobically stored farmyard manure
were measured after spreading. The higher NHo content after the storage period
resulted in higher ammonia emissions after spreading.

Storage turning spreading Sum
composted FYM &13.3 27.2 670.5
anaerobically stored FYM 162.7 85.3 248.0

FM = fresh matter
Table 3.

Ammonia /osses during stonge and after spreading of composted
and anaerobically stored farmyard manure

Table 4 shows the total N losses of composted and anaerobically stored farmyard
manure. The N losses of the compost amounted to 10.84o/o of the nitrogen content
of the farmyard manure at the beginning of the storage period. From the
anaerobically stored farmyard manure 7.79% of the total N were lost via NH3, N2O

and N in the seepage water NO3,NH4. The shares of NH.-N and N in the seepage
water were nearly equal. 77o/o of the N losses from the compost were emitted as
NH3. The compost emitted less N2O and less N in the seepage water than the
anaerobically stored farmyard manure.

matter

Table 4.
N /osses during storage and after spreading of composted

and anaerobically stored farmyard manure

N losses
NH3-N N2O-N N in see-

oaqe water
Sum o/o of

total N
composted FYM 552.2 23.9 141.5 717.6 10.84
anaerobically stored FYM 205.7 36.5 260.1 502.3 7.79
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Greenhouse emtsstons .tt
NrO emissions CH" emissions Sum

composted FYM 8.87 4.96 13.83
anaerobically stored FYM 13.65 47.85 61.50

ln table 5, the sum of greenhouse gas emissions from composted and
anaerobically stored solid manure is shown. To compare the global warming
potential of the two treatments, N2O and CHa emissions are given in CO2
equivalents, that means relative to the global warming potential of CO2 (EK 1995).

FM = fresh matter
Table 5.

Greenhouse gas emissions of composted
and anaercbically stored farmyard manure

Greenhouse gas emissions from the anaerobically stored farmyard manure were
about 4.5 times higher than from the composted farmyard manure. Methane
emissions contributed about 78% to the total emissions. Methane is formed under
anaerobic, warm conditions, when degradable C is available. Conditions in the
anaerobically stored farmyard manure favoured methane production. Methane
emissions were observed during the whole storage period and had not come to
their end by the end of storage. They were strongly dependent on the temperature
inside the manure heap. N2O emissions also occurred during the whole storage
period.

4. Gonclusions

The measurements canied out by the ILUET have shown, that NH3 and N2O
emissions from tying stalls for milking cows in Austria are low. Methane emissions
from the animal housing were mainly caused by ruminal fermentation.

During storage and after spreading of farmyard manure substantial differences
concerning NH3, N2O and CHa emissions were observed with composted and
anaerobically stored FYM. The compost emitted more NH3 than the anaerobically
stored FYM. About one third of the NH3 emissions from the anaerobically stored
FYM occurred after spreading. lt is very important to include the spreading in the
calculations of the emissions. Total N losses were on a low level with both storage
systems. Greenhouse gas emissions (N2O and CHa) were much higher from the
anaerobically stored farmyard manure than from the compost. As they are also
ecologically harmful gases they have to be considered when judging the manure
treatments and have to be reduced.
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- lt is important to take into consideration all sectors of animal husbandry if mitigation
options for ecologically harmful gases are to be found. The distribution of the
emissions to the emitting sources differs in dependency on the treatment. E.g. in
the investigations presented in this paper 80.6% of the ammonia emissions from
the composting system occurred during the storage period and 19.4o/o came from
the animal housing. With the anaerobic storage of the farmyard manure the
distribution of ammonia emissions was quite dffierent: 46.10/0 of the emissions came
from the animal housing, 35.4Yo from the storage and 18.5% emitted after
spreading of the farmyard manure. lf the spreading had not been included in the
calculations, the NH3 emissions would have been underestimated.
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Abstract

UK inventories for nitrous oxide (N2O) and methane (CH) were constructed for
farmed livestock in order to quantify emissions and provide information on areas
where abatement practices may be potentially useful. The inventories were
constructed separately using Excel spreadsheets conveniently divided into the
different categories of animal, viz. cattle, pigs, sheep, poultry and deer. Emr.ssrbns
from grazing land and land used for conserued grass or tillage crcps were included
for completeness. N2O and CHn emlssions from each of the animal categories were
further divided into a) emissrbns from buildings, b) manure sfores and c) following
application of manures to the land. Where possib/e we made our own
measurements, i.e. under UK conditions but took literature values where there was
little or no other data available. Our inventory estimates were 21.1 kt N2O per year
and 845.0 H CH4 per year. Because of the approach we estimate the eror
associafed with the total N2O eneissrbns to be x 50%. The emlssrbn factors we used
are discussed in this paper, as are potential abatement practices.

R6sum6

L'augmentation de la concentration atmosph6rique globale du protoryde d'azote
(N2O) au cours de la dernidre d6cennie est due d I'utilisation plus intensive des
engrais chimiques et engrais de ferme, tandis que celle de m6thane (CHa) (produit
dans les processus de m6thanog6ndse) est le r6sultat de I'augmentation du
nombre d'animaux ruminants et de la culture de riz. Ces pertes gazeuses se
produisent i chaque 6tape dans le cycle de production, par exemple, dans les
bitiments pendant le stockage et suivant l'application du fumier aux champs. Cet
article d6crit les pertes relatives de N2O et CHa de chacun de ces compartiments.
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Les 6missions de N2O et CHa ont 6t6 mesur6es dans les bdtiments de ventilation
forc6e et naturelle. Les pertes pendant le stockage du fumier ont 6t6 mesur6es en
utilisant des m6thodes de << tunnel > et des m6thodes micro-m6t6orologiques, alors
que les 6missions suivant l'6pandage sur le sol ont 6t6 mesur6es en utilisant une
combinaison de m6thodes de cloche ou boite A couvert statique et active.

La production totale de CH4 en 1995 6tait de I'ordre de 846 kt, dont 75% venait de
la fermentation ent6rique des vaches. Pour la m6me p6riode, le total des 6missions
de N2O 6tait de 18,3 kt, dont le stockage (5,7 k0 et I'application des engrais
chimiques aux champs (5,4 k0 sont les sources principales.

A cause de la grande influence de la fermentation ent6rique et des engrais
chimiques sur les inventaires de CH4 et de N2O, respectivement, il existe des
incertitudes consid6rables dans ces estimations. Cependant, ces inventaires
suggdrent qu'afin de diminuer les pertes de CHo une manipulation de l'alimentation
des animaux peut 6tre n6cessaire, alors que les 6missions de N2O peuvent 6tre
diminu6es par une utilisation plus efficace des engrais chimiques.

1. lntroduction

Methane is the second most important greenhouse gas after CO2, contributing
approximately 2Oo/o to globalwarming (Bouwman, 1990), and is produced primarily
by microbial degradation of organic material under anaerobic conditions, e.g. in the
rumen during enteric fermentation. Manures contain biodegradable C, often in an
anaerobic conditions, thus favouring methanogenesis and the emission of CHo.
Methane emissions have been reported from manure stores (Husted, 1993) and
following slurry applications to land (Chadwick et al., 1997). Until recently, CHa
emissions from livestock waste have been largely neglected, although CH4 budgets
given by Safely et al. (1992) revealed that such wastes may contribute to up to 10%
of the total anthropogenic emission of CHa. ln the UK the estimated annual
production of solid manures and slurries is 85 million tonnes (Pain ef a( 1998),
therefore the livestock sector represents a large potential source of N2O and CHo.

Nitrous oxide is a potent greenhouse gas and is also implicated in depletion of
stratospheric ozone (Cicerone, 1987). Agriculture is partially responsible for the rise
in atmospheric concentration of NrO, 0.24.3o/o per annum, observed in recent
years (Bouwman, 1990). NrO is the product of both nitrification (Bremner and
Blackmer, 1978) and denitrification (Firestone and Davidson, 1989) and is
produced at any stage of livestock production when conditions become favourable.
e.g. manure applications to land return biodegradable carbon (C), a nitrifiable
nitrogen (N) source (principally ammonium) and moisture to the soil, thus favouring
nitrification and denitrification. Nitrous oxide emissions have been shown to
increase following application of manures to agricultural soils (Paul ef a/., 1993;
Sommer ef a/. 1996 and Chadwick, 1997). There is less information on emissions
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of N2O from other stages of livestock production, viz. animal houses and manure
stores.

This paper describes 2 UK emission inventories, for N2O and CH4 from farmed
livestock, which have been constructed in a transparent form on spread-sheets
which can be easily updated as new information becomes available. They have
been compiled using, as far as possible, direct experimental data gathered under
UK conditions. Literature values for emission factors have also been used to
corroborate our measurements and also provide missing emission factors where
appropriate. We also identify potential abatement practices.

2. Materials and methods

!nventory construction

The inventories were constructed on computer spreadsheets (EXCEL 5.0) and
conveniently partitioned into emissions from each livestock group in the UK, i.e.
cattle, pigs, poultry, sheep and deer. For completeness, emissions from conserved
grassland and tillage crops were included, as they provide feedstuffs for livestock
enterprises. Each livestock group was further divided into emissions from animal
houses, manure stores and following land spreading of manures. Animal numbers
from the June 1996 census were used (HMSO, 1997), the only exceptions were
poultry and farmed deer. The census data for 1996 were not available for these
classes of animals therefore 1993 numbers (HMSO, 1994) were used for poultry
and 1995 numbers for deer (HMSO, 1996).

Emission factors

The construction of the inventories required the input of emission factors (EFs) for
NrO and CHa. For housing, the EF were expressed as g NzO or CHa lu'1 d-1, where
lu = livestock unit or 500 kg liveweight. Losses from manure stores were expressed
as g N2O or CHa m-3 slurry or fl FYM. Emission factors for land spreading were in g
N2O or CHa m-3 slurry or t-1 FYM.

Determination of emission factors from animal houses

Long-term emissions (several weeks) of N2O and CHo were quantified from a
fattening piggery (300 pigs) and a dairy cow house ('100 cows), using automated
gas chromatography (GC) (Sneath ef a/., 1997). Also, continuous measurements
over a 24 hour period were made from a large number of different types of pig,
poultry and cattle buildings, under both summer and winter conditions using infra-
red analyses (Sneath, 1996).
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Determination of emissions from manure stores

Since N2O production from slurries requires nitrate to be present and slurries are
extremely anaerobic, we set N2O emissions from slurry stores and dirty water tanks
atzero. However, for solid manure stores there is limited air access to the manure
providing a mixture of anaerobic and aerobic zones (Kirchmann, 1985). Therefore
conditions exist for both nitrification and denitrification within FYM heaps, increasing
the opportunity for N2O production. Methane production and emission is possible
from both slurries and solid manures.

ln this study we have used N2O and CHa EFs we measured from beef FYM and
one for N2O from pig FYM by Sibbsen and Lind (1993). No UK data were available
for poultry manure, therefore we used the EFs calculated for a poultry building we
monitored, assuming that the N2O and CHo were generated by the excreta and not
the birds themselves. Emission rates were multiplied by the volume of manure
stores, which was estimated by Nicholson and Brewer (1997).

Determination of land spreading emission factors

Nitrous oxide and CHa EFs were measured from grassland following applications of
different manures at several times of the year. Typical application rates were used
and emissions measured using both static and active cover boxes (Mosier, 1989).
Emissions were monitored until rates of N2O emission had decreased to
background levels (untreated controls), usually between 3 and 4 weeks. Average
EFs were calculated for each manure type and multiplied by the volume of each
manure type applied to agricultural soils each year. We assumed that EFs for
grassland and arable land were the same.

Emission factors for consered grassland and tillage land

Nitrous oxide emissions from these areas of land were estimated by multiplying the
mass of ammonium nitrate, urea and 'other' N fertilisers applied each year (Burnhill
et al., 1994 and DANI, 1994) by the average %N loss as N2O of N applied, as
suggested in the IPCC guidelines for National Greenhouse Gas lnventories (IPCC
1997). However, we used the average fractional loss values as reviewed by
Eichner (1990). These emission factors were 0.44o/o, 0.11% and 0.16%, for
ammonium nitrate, urea and 'other' fertilisers, respectively. Methane emissions
from this land were set at zero, although we recognise that some CHo oxidation
may occur.

Emission factors for grazing

A grazing term was included in the cattle, pig and sheep sections of the inventory.
Non-milking dairy cattle were presumed to graze for 183 days, as were beef cattle,
bulls and other cattle older than one year. Calves < 6 months old and 6-12 months
old graze for 90 and 150 days, respectively. The grazing time for milking cows was
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reduced by 12.5% to 160 d to account for time spent in the buildings during milking
and in moving between pasture and the milking parlour during the grazing season.
Losses of N2O from grazing caftle were divided into losses resulting from fertiliser
applied and losses from direct excretal refurns to pasture. The former term was
calculated ftom the area of land receiving N fertilisers as categorised in the Survey of
Fertiliser Practice for Great Britiain (Burnhill, 1994) and the %N loss as N2O of N
applied as reviewed by Eichner (1990). This term is included in the losses of N2O

from conserved grassland.

The annual NrO emission from excretal retums from grazing cattle, 3.1 kt, was taken
tom the long-term experimential data of Yalmulki ef a/. (1998) who monitored
emissions from dung and urine patches. Since no direct data were available for
outdoor pigs and sheep, emissions of N2O fom excretal returns were estimated by
using the emission factor based on pig slurry and cattle FYM applied to grassland,
respectively.

Losses of CHo were divided into losses from enteric fermentation within the gut of
ruminants and CHo emissions from excretal returns. The EF for enteric fermentation
was the same as that used for enteric fermentation within animal houses. However,
CHa emissions from excretal returns were estimated from slurry and FYM
applications to land, corrected for excretal rates.

3. Results

Housing

Table 1 illustrates the N2O and CH4 emissions from housed animals. The largest
N2O emissions result from cattle and poultry. As expected the largest methane
emission is from cattle and is almost entirely the product of enteric fermentation.
Our measured EF for enteric fermentation from dairy cattle, 27O g lu-l d-1, is
somewhat higher than the 190 g lu-1 d-l reported by Blaxter and Clapperton (1965)
who measured CHo emissions from individual cattle in metabolic crates, but similar
to the 260 g lu-1 d{ reported by Kinsman ef al (1995).
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Animal
category

Management system CHo
emtssron

(ko

% CHo loss
from

housino

Nzo
emlsslon

(ko

% N2O
loss fiom
housinq

Caftle Dairy
Slurry based
Straw based

Beef

Calves (dairy and bee0

'148.2

34.9

114.0

46.0

40.0
9.4

30.8

12.4

0.46
0.11

1.05

0.17

9.2
2.2

21.0

3.4

Sheep Straw based 4.6 1.2 <0.01 0.0
Pigs Straw based

Slurry based
4.3

17.2
1.2
4.6

0.07
0.07

1.4
1.4

Poultry Broiler sawdust based
Layer no bedding
Pullets
Others

0.4
0.9
0.1
0.4

0.1
0.2

<0.1

0.1

1.46
0.50
0.09
0.99

29.4
10.0

1.8
19.8

Deer Straw based 0.1 <0.1 0.02 0.4
Total 371.1 100.0 4.99 't00.0

Table 1.

CHn and NrO emissions from animal houses in the UK.

Storage

The storage losses of CH4 and N2O are shown in Table 2. The greatest emissions
of nitrous NrO were from the beef cattle manure and poultry manure heaps.

Table 2.
CHo and NrO emissrbns from manure sfores in the UK.

Animal
category

Type of store CHr
emission

(k0

% CHo loss
from stores

Nzo
emtssron

(ko

% N2O loss
from stores

Cattle Solid manure
Slurry stores

32.6
1.9

77.9
4.5

3.58
0.0

63.4
0.0

Sheep Solid manure 1.0 2.4 0.12 2.1
Pigs Solid manure

Slurry store
1.9
3.6

4.5
8.6

0.05
0.0

0.9
0.0

Poultry Solid manure 0.9 2.1 1.90 33.6
Deer Solid manure 0.0 0.0 0.0 0.0
Total 39.0 100.0 5.65 100.0
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Land spreading

Emissions of CHa and N2O following land spreading manures are summarised in
Table 3. The N2O and CHo losses following landspreading of manures are relatively
small with the greatest losses coming from the spreading of cattle manures. The
average % N lost as N2O following applications of pig and dairy slurries were 0.4%
and 0.3%, respectively. These values are similar to those reported by Paul et al.
(1993) and Sommer et al. (1996). Methane losses were very short-lived following
manure application as oxygen diffused into the manures.

Table 3.
NrO and CHaemissions following manure spreading in the UK.

Emissions from grazing and outdoor animals

The greatest CHo emission was from the enteric fermentation of grazing ruminants,
306.0 kt from cattle and 125.1 kt from sheep. The greatest N2O emission was also
from grazing cattle, 3.17 kt, but as a result of the nitrification and denitrification of N
returned to the soil in dung and urine.

Conserved grassland and tillage land

These areas of land were considered not to be emitters of methane. There is
evidence of CHa uptake by grasslands but this has not been considered in this
inventory. The annual N2O emissions from different fertiliser types totalled 2.05 kt
for conserved and grazed grassland and 3.01 kt for tillage land.

Totalemissions

Emissions from components of farm management are shown in Table 4. The largest
components in the total emission of N2O are manure stores, 5.65 kt and fertilised
land, 5.36 kt. The largest components in the total emission of CH4 are housing and
outdoor livestock, i.e. enteric fermentation in ruminants.

Animal
category

Type
of store

CH+
emissions

(kt)

% CHo loss
from

spreading

Nzo
emrssron

(K)

% CHo loss
from

spreadinq
Cattle Solid manure

Sluny
0.2
0.1

40.0
20.o

o.52
0.30

46.8
27.1

Sheep Solid manure <0.1 <0.1 0.03 2.7
Pigs Solid manure

Sluny
0.2

<0.1
40.0
<0.1

0.03
0.13

2.7
11.7

Poultry Solid manure <0.1 <0.1 0.10 9.0
Deer Solid manure <0.1 <0.1 <0.01 0.0
Total 0.5 '100.0 1.11 100.0
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Component CHo emission
(kt)

o/o CH4 of total
loss

Nzo
emission (kt)

% N2O
of total loss

Housinq 371.3 44.0 4.99 23.6
Storaqe 42.O 4.9 5.65 26.8
Land application 0.5 <0.1 1.11 5.3
Fertiliser 0.0 0.0 5.36 25.4
Outdoor livestock 431.6 51.1 3.98 18.9
TOTAL 845.5 100.0 21.O9 100.0

Table 4.
CH4 and NrO emrssrbns by farm management in the UK.

When the inventories are broken down by livestock class (Table 5), the largest
proportion of the total NrO emission is from cattle (44.4o/o) followed by poultry e39%')
and the largest proportion of the total CHo emission is also trom cattle (81o/o).

Table 5.
CHa and N2O emissions by livestock c/ass rn the UK.

4. Discussion

NrO

The N2O inventory described above identifies three suFterms not included in earlier
inventories, namely emissions from outdoor livestock, from livestock buildings and
trom stored manures. Nevertheless, the totial annual emission is in the range of those
emissions of HMSO (1997b), 9.90 kt, and Croxford (1994 unpublished MAFF work),
mean of 14.32kt, (range 1.99-155.13) but much lower than that by Armstrong Brown
efal. (1996), 103 kt.

The largest term according to inventories of Croxford (unpublished MAFF figures for
1991) and of HMSO (1997b), is the N2O emission from soils receiving mineral N
fertilisers, whereas the inventory of Armsfong-Brown ef a/. (1996) indicated that N2O
emissions from land applications of manures is the largest term. This dffierence arises

Component CHo
emission (kt)

o/o CH4 of total
loss

N.O emission
(k0

% N2O of total
loss

Cattle 684.0 81.0 9.36 4.4
Sheeo 130.7 15.5 0.75 3.6
Piqs 27.7 3.2 0.39 1.8
Poultry 2.7 0.3 5.04 23.9
Deer 0.3 <0.1 0.19 0.9
Conserved qrassland 0.0 0.0 2.05 9.7
Tillaqe land 0.0 0.0 3.31 15.7
TOTAL 845.4 100.0 21.O9 100.0
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because of the different expressions used for predicting N2O losses ftom these
sources, viz. that up to 7.8% of the ammoniacal-N (NH4"-N) content of manure is
emitted as N2O-N (Jarvis and Pain, 1994) which may be a worst case scenario. From
the 20 sets of field measurements made following land spreading of manures during
our study the average values for the percentage of manure-NHo*-N lost as N,O-N
were 0.64 % for slurries (n=15) and 5.90 % for solid manures (n=5).

The inventory total is very sensitive to changes in the %N lost as N2O from soil
fertilised with inorganic N fertilisers. We used the average figures for different N
fertiliser types quoted by Eichner (1990) but, because of the effect of complex
interactions of physical, chemical and biological variables on N2O production and
emissions from soils, the accuracy of this approach is questionable. (Bouwman,
1990). Soil management and cropping regimes and variable rainfall may have a
greater effect on N2O emissions than fertiliser type. Therefore, Bouwman (1996)
recommended the use of one emission factor to cover all N fertiliser types. i.e. 1.25o/o

of N applied (kg N nai1. lf this emissions factor is used the total N2O loss from
conservation and tillage land increases from 5.36 kt y 1 to 23.90 t<t y1 anO the annual
N2O loss for UK farmed livestock increases from 21.09 kt to 39.63 kt.

The N2O losses from grazing cattle (excretal returns) were taken from Yalmulki et al.
(1998) who found that up to 1o/o of the N excreted in urine and 0.53% excreted in the
dung were emitted as N2O, respectively. A recent review by Oenema et al. (1997)
suggests that, on average, 2o/o of excreted N is emitted as N2O. Using this value in
our inventory increases the total loss for grazing cattle from 3.1 kt to 7.0 kt. This term
also includes the influence of soil compaction on N2O emissions. Using the same
value for the ftactional loss, i.e. 2o/o, the N content of the excreta and the excretial rate,
the N2O emissions ftom outdoor pigs, initially estimated from the factional loss
following slurry applications to land, are increased from 0.03 kt to 0.20 h. The N2O
emission estimated from grazing sheep is also increased from 0.29 kt to 1.94 kt per
year using this EF of Oenema et al. (1997).

Our inventory was constructed in a relatively simple format with no direct
consideration of the effect of the time of year, animal diet or soil type on emission
factors, although we recognise that such factors are importiant e.g. Velthof and
Oenema (1995). We used values which were based on the means of measurements
taken from animal buildings, manure stores and following manure applications to the
land throughout the year and which covered a range of typical animal diets, soil types
and slurry application techniques. Because of the approach we estimate the enor
associated with the total N2O emissions to be t 50%.

CH+

The CHa inventory was dominated by emissions from enteric fermentation in cattle.
Our value for this EF,27O g lu-1 d-1, for dairy (milking) cattle is based on the arithmetic
mean of both longterm measurements (5 weeks) and many short-term (24 hours)
measurement periods at commercial farms in the UK. lt is evident from the literature
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that within any one class of cattle, differences in measured CH4 emission rates are
evident. This may be due to differences in measurement methods but it is known that
diet effects enteric CHa production and also there appears to be an animal to animal
variation in CHa emission rate, so measurements on large groups of animals are
more desirable than measurements on single animals. Our total of 845.0 kt is

somewhat lower than that of earlier authors. Moss (1993) considered only enteric
fermentation in her inventory, 1,420 kt, with no allowance for CHa from slunies or
manures. Moreover she took only literature values for the production rates of CHa by
different livestock classes (from CruEen et al., 1996) rather than making direct
measurements.

Abatement practices

Potential abatement practices to reduce N2O emissions ftom housing and storage
facilities could involve moves ftom straw based cattle systems to slurry based
systems. The anaerobic nature of slurry stores would reduce N2O emission
considerably, but possibly, at the expense of increased CHo emissions unless
preventiative actions were taken. A further'upstream' management strategy would be
to reduce N excretion by feeding animals diets more closely related to their nutritional
requirements. This hypothesis was proved by Hobbs ef a/. (1996). Spreading the
resulting slurry from pigs fed a modified diet onto grassland resulted in significantly
lower emissions of NH3, CH4 and denitrification losses and better utilisation of slurry
NH4*-N compared with an application of slurry from conventionally fed pigs
(Misselbrook et a1.,1998). Methane emissions from the rumens of cattle can also be
influenced by diet. Recent work at IGER has demonstrated significanUy lower CHa
emissions trom beef cattle fed silage maize than the same cattle fed grass silage or
hay based diets (unpublished data).

Restrictions on time and rate of application offer the potential for further reducing N2O
emissions following fertiliser-N and manure applications (Chadwick, 1997). Soil
mineral-N levels should be kept at an optimum level for crop requirements and
reduced to a minimum at times of low crop demand, e.g. in autumn and early spring
when soil conditions are favourable for denitrification.

Reductions in N2O emissions from grazed pasture would arise from increasing the
productivity per animalwith a concunent decrease in animal numbers, dietary control
of N excretion and restricted grazing.

5. Conclusions

Our estimate of N2O emission for UK livestock production in 1996 is 21.1kt + 5Oo/o.

The largest terms are manure stores (5.65 kt), where 99% of N2O emissions arise
from solid manure heaps, and soils fertilised with inorganic N fertilisers (5.36 kt). Our
estimated emission from fertilised soils may be conservative. Also, more recent data
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suggest that losses of N2O from grazed pasture, particularly cattle, may have a large
influence on the total emission. lf we include estimated emission factors for grazed
land (Oenema et al., 1997) and the greater fractional loss value for fertilised soils,
1.25o/o, quoted by Bouwman (1996) we increase the total emission to approximately
45.2kta-'. Our estimated CHa emissions is 845.0 kt, 80% of which is ftom cattle and
15% from sheep. Over 90 o/o of all the CH4 emitted in our inventory is from enteric
fermentation.
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Simulation of the behaviour of sewage sludges in a soil:
variation with sludge treatment.

Mod6lisation du devenir des boues d'dpuration uhaines dans un sol :
vartation avec le type de boue.

S. Houot, G. Delaitre et S. Bourgeois
INRA, Unit6 de Science du Sol, 8P01, 78850 Thiverval Grignon
E-mail : houot@ouy.inra.fr

Abstract

A simulation model descibing the dynamics of organic matter in soi/ has been used
to compare the behaviour of different sewage s/udges (SS) issued from the same
waste waters in a soil. Three sewage sludges were used coming from the treatment
of the waste waters of Plaisir (Yvelynes, France): a liquid SS, a dehydrated SS and
a limed SS. Ihef minerclization and the evolution of N availability were followed
duing their incubation in a loamy soil under controlled labontory conditions. The
experimental resu/fs were used to calculate the degrudation rate of the organic
fraction of fhe SS with the simulation modelNCSO/I. The modelNCSO/I descrbes
the organic matter dynamics in a soil. Three organic compartments are considered:
the microbial biomass, a fraction of labile organic mafter and an exogenous organic
matter (the sludge in our case). The degradation rates of the SS organic fraction
were estimated with MSOrt. The degndation of the /rquid SS was morc rapid (37
1O2 dl) than the degradation of the two so/id SS (0.7 lTa and 1.6 1O2 dl forthe
dehydrated and the ltmed SS, respectively). The efficiency of SS rncorporation into
the microbial biomass was larger for the /rqud SS (60yr) than for the two so/rd SS
(s0%).

Key-words : Sewage Sludges, soil, simulation, nitrogen, microbial biomass.

R6sum6

Les objectifs de ce travail sont d'utiliser un moddle d6crivant la dynamique de la
matidre organique du sol pour comparer l'6volution de diff6rentes boues d'6puration
urbaines provenant des m6mes eaux us6es dans un sol.

Les 3 boues proviennent de l'6puration des m6mes eaux us6es de la ville de Plaisir
(boue liquide dig6r6e ana6robie, boue d6shydrat6e et boue d6shydrat6e chaul6e).
Leur min6ralisation et la disponibilit6 de leur N sont 6tudi6es exp6rimentalement au
laboratoire au cours d'incubations de sol (sol limono-argileux) additionn6 des
boues. A partir de ces r6sultats exp6rimentaux, on calcule d I'aide du moddle
NCSOIL, le coefficient de d6gradation de la fraction organique de ces boues.
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NCSOIL est un moddle d6crivant la dynamique de la matidre organique dans un
sol. Les 3 principaux compartiments de matidre organique consid6r6s dans
NCSOIL sont : la biomasse microbienne du sol, un compartiment de matidre
organique labile et un compartiment de matidre organique exogdne au sol, la
fraction organique de la boue dan ce cas. L'azote potentiellement min6ralisable du
sol provient de la min6ralisation des 2 compartiments organiques du sol. La
d6gradation de la fraction organique de la boue conduit i la formation de biomasse
microbienne, puis d son incorporation dans la matidre organique labile du sol.

Le moddle NCSOIL permet d'estimer la vitesse de d6gradation de la fraction
organique des diff6rentes boues. Celle-ci est beaucoup plus rapide pour.la boue
tiquiOe (37 fi-2 j-') que pour les 2 boues d6shydrat6es (0.9 10-2 et 1.8 10-2 j-1 pour la
boue d6shydrat6e et chaul6e respectivement). Le chaulage semble avoir un effet
positif sur la vitesse de d6gradation de la matidre organique de la boue. Enfin, le
rendement d'incorporation dans la biomasse microbienne est sup6rieur pour la
boue liquide (60%) par rapport aux boues d6shydrat6es (30%).

Mots-cl6s : boue d'6puration urbaine, mod6lisation, azote, biomasse microbienne.

1. lntroduction

Sewage sludge application on cultivated soils represents an alternative to their
incineration or landfilling and has been frequently used to recycle nutrients such as
nitrogen through crop production. The rates of sludge application on soils have to
be adjusted to the crop needs to avoid production of excess NO3- which could
leachate towards the ground waters. Heavy metal and organic pollutant
accumulation after repeated sludge application has also received a lot of attention
recently. The availability of sludge N varies with the sludge characteristics resulting
from the process of waste water treatment (Wiart et al., 1996). The soil and the
climatic conditions also influence sludge evolution after their application on soils
(Bourgeois ef a/., 1996). Laboratory incubations have been often used to estimate
the N available in soils or organic amendments. The mineralization kinetics are
adjusted to first order kinetics and Ns, potentially mineralizable N determined.

Simulation allows to better understand N fluxes in soils which are not available
through measurement or calculation (Bjarnason, 1988) and to consider them
simultaneously. Numerous models have been elaborated to describe C and N
dynamics in soils. They can be used for better understanding the behaviour of
organic amendments in soils (Hsieh et al., 1981a; 1981b; Hoffmann and Ritchie,
1993; Houot et al., 1995).

ln the present work, the NCSOIL model describing the dynamics of organic matter
in soil (Molina and Smith, 1998) was used to compare the behaviour of three
different sewage sludges issued from the same waste waters in a soil.
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2. Materials and methods

Soiland s/udges

The soil was sampled in the upper 30 cm of a liquid sludge treated plot in a long
term field experiment located in Grignon (Yvelines, France). This field experiment
has been initiated in 1986 to determine the N availability of a liquid sewage sludge
for cultivated crops (wheat-maize rotation until 1993 and continuous maize since
1993) as compared to classical mineral fertilizer (Michelin, 1996). The soil was
passed through a 5 mm sieve immediately after sampling in March 1996 before
sludge application, then kept moist at 4'C until use. The loamy soil was classified
as Typic Eutrochrept (Soil Taxonomy) and had the following analytical
characteristics (in g kg-' of soil): clay, 220: sill,730; sand, 50; organic C, 13.4; total
N, 1.3. The soil pH (in water) was 7.3.

Three sewage sludges were used, all coming from the same waste water treatment
plant located in Plaisir (Yvelines, France): a liquid sewage sludge anaerobically
digested (liquid SS), the same sludge after dehydration by filtration press
(dehydrated SS) and the dehydrated sludge after lime addition (limed SS). Their
main analytical characteristics are presented in the table 1.

Limed SS
Dry Matter (% fresh material)
Organic Matter (% DM)
Organic Carbon (% DM)
TotalN (% DM)

N -NH4+ (% DM)

Organic N (% DM)
C/N total
C/N organic

4.2
6.8
8.8

3.1
8.6
9.6

63.8
35.7
9.1
5.1

4.0
3.9
9.0

21.7
63.0
36.9
5.4
1.2

26.6
50.6
30.4
3.5
0.4

Table 1.

Analytical characteistics of the sewage s/udges coming from the waste water
treatment plant of Plaisir (Yvelines, France).

lncubations

lncubations were realized in triplicate with 509 of fresh soil corresponding to 429 of
dry soil in 500 ml jars hermetically stoppered in controlled conditions (28'C,
humidity equivalent to 85% of field capacity, in the dark) during 63 days. ln the
treatments with sludges, 29 of fresh dehydrated or limed SS was added to the soil,
approximately doubling the rate of application in field conditions. ln the liquid SS
treatment, the soil was previously air dried before incubation in order to be able to
add 2.3 g of liquid SS without running the incubations under waterlogged
conditions.
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The C-CO2 evolved during the incubation resulting from the mineralization of soil
and sludge organic matter was trapped in 10 ml of NaOH 0.5M replaced after 3, 7,

10, 14, 21, 28, 42 and 63 days of incubation and analyzed by colorimetry on a
continuous flow analyzor (Skalar, Breda, the Netherlands) using the method
described by Chaussod et al. (1986). Mineral N was extracted after 0, 7, 14, 28, 42
and 63 days of incubation in 200 ml of K2SO4 0.025M. The extracts were
recovered after decantation and filtration and mineral N was analyzed by
colorimetry using the indophenol blue method for NHo* and the Griess-llosvay
method for NO3-.

The microbial biomass was measured in the initial soil then after 7,28 and 63 days
of incubation in the different treatments, using the fumigation-extraction method
(Vance et al., 1987; Wu ef a/., 1990).

NCSOTL model

The simulation model NCSOIL-MIT was used to analyze the data. The model has
been described previously (Hadas et al., 1987; Houot ef a/., 1989; Barak et al.,
1990; Molina et al., 1990). ln this model, two soil organic matter pools and one
exogenous organic matter pool (EOM) are considered (Figure 1). The two organic
pools correspond to the microbial biomass and the labile organic matter,
respectively. The labile organic mafter pool is a fraction of the humified organic
matter which remains easily mineralizable and from which most of the soil
potentially mineralizable nitrogen comes from. All the organic pools decay with first
order kinetics (Table 2). The N fluxes are driven by the decomposition of the
organic pools and only mineral N can be incorporated into the microbial biomass.
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Figure 1.

Structure of NCSOIL-MIT modelforthe C (dotted lines)
and N flows (continuous lines).
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At each timestep (one day), part of the degraded sewage sludge is incorporated
into the microbial biomass simulating the use of the exogenous C source for
microbial groMh (EFFAC, Table 2), the complement of the degraded fraction being
mineralized as COz. Similarly, part of the degraded microbial biomass is
incorporated into the labile organic matter, simulating the humification process
(EFSINK), part is recycled into the microbial biomass (EFFAC) and the complement
is mineralized. The degraded labile organic matter is also partly incorporated into
the microbial biomass (EFFAC)and partly mineralized.

The experimental kinetics of C and N mineralization during the control treatment
(soil alone) were used to estimate the size of the labile organic matter in the soil
with the model. Then the experimental kinetics of C and N mineralization during the
incubation of soil treated with the different sludges were used to estimate the
constant rate of sludge degradation. The optimum values for the parameters were
searched by the Marquardt algorithm modified to accept data from simulation
models (Barak ef a/., 1990). The optimization was directed by the following figure-
of-merit function :

X2= 9S,'{(Yi,-!(m,A))/SQ}2)
where j= 1,... is the state variable index, m = 1, 2,... is the sampling's index (6
sampling days), Yim are the measured values, Y;(m,A) are the simulated values for
the set of model's constants A, and SQ is the standart deviation of the experimental
data. Low X2 values indicated a good fit between experimental and simulated data.
Various optimization process were conducted for different values of sludge EFFAC
(sludge degraded fraction incorporated into the microbial biomass).The results
presented correspond to the combination of constant rate of sludge degradation
and EFFAC parameter leading to the lowest X2 values.

Microbial
Biomass

Labile Organic
Matter

Sludge

lnitail level (mg C kg-' dry soil)
organic C/ organic N
Constiant rate of degradation (dayl)
EFSINK (fraction of the degraded biomass
incorporated into the labile organic matter)
EFFAC (fraction of the degraded organic
compartment incorporated into the
microbial biomass)

180
6

0.332 or 0.040.
0.2

Optimized
11

0.03

total added C
cfTable 1

Optimized

0.6 0.4 Optimized

* the microbial biomass is divided into 56% of labile fraction (constant nte of degradation = 0.332) and
zl4% of resistant fraction (constant rate of degradation = 0.M0)
** does not apply

Table 2.

NCSO/I parameters descibing the evolution of the organic pools. Three
parameters were optimized against experimental data: the initial level of the labile
organic matter, the constant rate of degradation of the sludges and the fraction of

degraded sludge incorporated into the microbialbiomass (EFFAC).
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3. Results and Discussion

Sludge evolution during the incubations

The experimental kinetics of C-CO2 and mineral N evolution during the incubation
of soil alone and soil added of the different sludges are presented in Figure 2. -fhe

mineralization of sludge organic C was estimated by substracting the C-CO2
evolved during the incubation of soil alone from the C-CO2 evolved during the
incubation of sludge treated soil. At the end of the incubations, 48% of the liquid SS
carbon was mineralized and ?4o/o of the dehydrated and limed SS carbon. The
organic C of the liquid SS was more easily mineralized than the organic C of the
dehydrated and limed SS. Dehydration decreased the biodegradability of sludge
organic C but the addition of lime did not seem to affect it.

All the sludge contained NHa* which was rapidly nitrified during the first days of
incubation (Fig. 2). The evolution of N-NO3'coming from the sludge was estimated
as for C mineralization by substracting the N-NO3- issued from the soil organic
matter mineralization during the control incubations to the evolution of N-NO.-
during the incubation of sludge treated soils. The results were then described with
first order kinetics N= No * (1-exp(-k*t)) where N is the N-NO3 issued from the
sludge expressed in mg per kg of sludge dry matter, Ne the sludge potentially
mineralizable N and k the constant rate of N-NO3 formation including NHa
nitrification and organic N mineralization (Table 3).

From their analytical characteristics, the three sludges were suceptible to produce
mineral N, since they are characterized by high N contents and low C to N ratio
(Chaussod et al., 1986). At the end of the incubations, most of the liquid SS
nitrogen was present as NO3 and 93.8% of the sludge N was potentially
mineralizable. This proportion was larger than the 70% previously encountered in a
study with similar sludge (Houot ef a/., 1996). As a matter of fact, 56% of the sludge
N was already present as NHo and would be immediately available for plants in field
conditions if no lost by volatilization occured. With the hypothesis that 100% of N-
NHo was included in No, the fraction of sludge organic N easily mineralizable in the
liquid SS represented 85Yo of the organic N which was larger than the 27%
proposed by Hutchings (198a).
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N6

(% total

k

(day-')

f
Sludges (g N kg-l dry

Dehydrated SS 18.1 33.2 0.043 0.87
Limed SS '17.9 51.0 0.076 0.92

Table 3.

Parameters of the first order kinetics used to descibe N-NO3 evolution from the
different sludges.' N=No * ( -exp(kfl) where N is fhe N-NO3 r.ssue d from the sludge.

Dehydration decreased the N content of the sludge, mainly because of the lost of
N-NH4 in the liquid phase (Table 1). This was partly responsible for the decrease of
the percentage of easily mineralizable N in the sludge which represented 33Yo o'f

total N, proportion previously reported by Furrer and Bolliger (1978). On the other
hand, only 14% of the sludge organic N was easily mineralizable (estimated as
previously) and dehydration seemed to modify the sludge organic matter as
compared to the liquid SS, confirming the results of C mineralization.

Contradictory results have been observed about N availability in sewage sludge
after lime addition, with examples of enhancement or decrease of the N availability
(Bourgeois et al., 1996). Lime addition to the dehydrated sludge resulted in

volatilization of the remaining NHa and diluted the organic N content which
decreased. However, contrary to the identical C mineralization in the limed and
dehydrated sludge, the potentially available N increased in the limed SS as
compared to the dehydrated SS and 51o/o of the organic N was potentially
mineralizable. The N mineralization was faster in the limed SS than in the
dehydrated SS as shown by the larger constant rate of mineralization k (Table 3).
This larger apparent availability of organic N in the limed SS could be related to the
microbial immobilization of N observed at the beginning of the incubation with the
dehydrated SS but not with the limed SS (results not shown).

Simulation of the behaviour of the sewaoe s/udoes in the soil

The simulated kinetics of C and N mineralization are compared to the experimental
results in the Figure 2. The initial level of the labile soil organic matter was
optimized against the results of C and N mineralization during the control
incubations, represented 25o/o of the total soil organic C and resulted in a g-ood

simulation of the experimental results as revealed by the low X2 value of 1.9 10-3. In

comparison, the simulations of C and N mineralization in the sludge treated soils
were not as good as revealed by the larger X2 values (Table 4). However,
simulation with the NCSOIL model allowed to consider both the sludge C and N

evolution and to distinguish the behaviour of mineral and organic N from the sludge.
The organic matter was more easily degradable in Liquid SS than in the two other
sludges as shown by its larger constant rate of degradation and larger incorporation
into the microbial biomass.
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Sludges Constant rate of
degradation (day-')

EFFAC x2

Liquid SS

Dehydrated SS

Limed SS

3710'2

0.710-2

1.610-2

0.60

0.30

0.30

0.11

0.35

0.23

Table 4.
Optimization with NCSOIL of the constant rate of degradation of the organic fraction
of the differenf s/udges and of the fiaction of decomposed s/udge incorporated into

the micrcbial biomass (EFFAC).
The lowest the X2 values are, the besf r.s the simulation.
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4. Conclusion

The potentially mineralizable N of liquid SS was larger than this of dehydrated or
limed SS. ln field condition, most of the liquid SS would be available for plants
during the year after sludge application when only 30 to 50% of the dehydrated or
limed SS nitrogen was easily mineralizable. For these two sludges, the
mineralization of the organic N should be taken into account during the years
following sludge application. Lime addition seemed to increase the sludge N
availability. The NCSOIL model confirms the very fast degradation of the liquid
sludge organic fraction and the larger degradability of the limed SS than of the
dehydrated SS. The experimental kinetics of C and N mineralization observed
during the incubation of sludge treated soil were rather well simulated.
Nevertheless, the discrepancies observed between the experimental and the
simulated results of microbial biomass evolution showed that the model could be
ameliorated. Even if some experimental results are well simulated, simulation
results should always be considered with carefulness and not accepted without
large validation work.
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Abstract

An integrated approach is proposed to study the behaviour or organic ptoducts in
soil and their N availability. ln field, N dynamics of organic products is studied using
peiodic inorganic N determinations in the soil profiles of plots maintained bare
duing the expeimenfs. Nef minerulization of organic products is then estimated by
taking into account net mineralization in soil with and without organic residues and
using a model which calculafes N leaching and minerulization. ln laboratory, N
minemlization kinetics are measured during soil incubations under controlled
conditions. Comparison with field data is rendered possib/e by using a normalized
time scale which takes into account the effect of soil moisture and temperature on
soil biological processes. Finally, organic products are chamcterized using
chemical or biochemical determinations (e.9. water solubility at different
temperatures). Ihrs methods would allow to differentiate products frcm different
oigins, frsf resu/fs being conelated to incubation data. Final objectives are to
provide data which will be used to parameterize sorT C and N transfotmations
models and decision making tools and propose some chemicalor biochemical fesfs
which rapidly characteize the various organic products used in agriculture.

R6sum6

Dffi6rentes approches ont 6t6 utilis6es pour caract6riser le devenir de r6sidus
organiques dans le sol et d6terminer leur valeur azotde. Etant donn6 la diversit6
des produits organiques utilis6s en agriculture, il est n6cessaire de proposer des
tests de laboratoire qui permettent de rendre compte du comportement des
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produits dans le sol et de leur valeur agronomique, en s'affranchissant de la mise
en place de longues ou lourdes exp6rimentations au champ ou au laboratoire.

Au champ, la dynamique de l'azote aprds apport de produits organiques a 6t6
suivie au moyen de mesures fr6quentes d'azote min6ral effectu6es sur le profil de
sols maintenus nus pendant I'exp6rimentation. La min6ralisation nette de I'azote
organique des r6sidus est ensuite estim6e avec un moddle de calcul du lessivage
et de la min6ralisation LIXIM et en prenant en compte les r6sultats obtenus pour un
sol t6moin sans 6pandage.

Au laboratoire la cin6tique de min6ralisation potentielle du carbone et de I'azote des
produits a 6t6 mesur6e au cours d'incubations de sol en conditions contr6l6es. Les
r6sultats sont bien corr6l6s aux donn6es de min6ralisation nette mesur6es sur le
terrain, la comparaison ayant 6t6 rendue possible gr6ce d I'utilisation d'une 6chelle
de temps exprim6e en < jours normalis6s > qui prend en compt les lois d'action de
la temp6rature et de I'humidit6 sur les processus biologiques.

Les produits ont 6t6 6galement caract6ris6s au moyen d'analyses chimiques ou
biochimiques (par exemple solubilit6 i I'eau i diff6rentes temp6ratures). Cette
approche permettrait de relativement bien diff6rencier des produits d'origines
vari6es, les premiers r6sultats 6tant bien con6l6s aux donn6es acquises en
incubation.

Toutes ces m6thodes sont enfin discut6es en consid6rant la typologie et la nature
des produits pris en compte.

Mots-cl6s : produits organiques, d6composition, min6ralisation nette, tests de
laboratoire.

1. !ntroduction

The diversity of organic products spread on agricultural areas is very important.
These organic products include effluents from cattle breeding (manure, slurries,...),
sewage sludge and waste waters from agro-industries (starch potato factory, sugar
refinery, cannery, distillery, dairy, paper mill,..). Urban wastes (sewage sludge,
refuse composts, vegetable wastes...) are also spread on agricultural fields. ln
addition, some of these organic products can be mixed together or co-composted.
Agronomical value of these organic products consists in bringing to soil organic
mafter or nutrients (essentially N, P, K...).

Nevertheless, this agronomical value is generally imprecise or not well known due
to the lack of knowledge on the behaviour of these organic products in soil and on
the dynamics of nutrients (N, P...) after spreading. This is reinforced by the
considerable number of different organic products used in agriculture. For organic
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products coming from agro-industry, this diversity is mainly related to the origin and
nature of agricultural products, and the numerous processes of transformation of
agricultural products. For a given organic product, characterics may change equally
with time (e.9. starch factories which process different potatoes varieties along the
season). ln addition, some other factors may influence this variability as for
example the physical, chemical and biological treatments applied to effluents or
wastes and the conditions of storage.

Thus, there is a need to establish a classification or a typology based on different
criteria as, for example, origin, nature, type or physical appearance of products in
order to better predict the behaviour and N dynamics of organic products
incorporated in soils. Those criteria require the implementation of analytical tests or
methods of characterization, which must be simple, rapid and of a low cost. Main
objective of our work is to propose an integrated approach to characterize the N
value of organic products and afterwards simple methods to predict their behaviour
under field conditions.

2. Existing methods to measure N availability of organic
products

Different experimental approaches have been proposed to assess N availability of
agricultural soils and organic products used in agriculture as organic amendments
or fertilizers. These methods include field trials, greenhouse experiments,
laboratory incubation and chemical extraction (Bundy and Meisinger, 1994;
Bourgeois ef a/., 1996; Chaussod et al., 1997).

Field trials provide N values measured in real conditions considering various
pedoclimatic conditions and different cultures. N values are usually evaluated using
two experimental methods: i) calculation of the apparent utilization coefficient
(AUC), which conesponds to the ratio between N of organic products recovered in
plants (N recovered in plants growing on soil + organic products minus N recovered
in plants growing on control soil without organic products) expressed in o/o of N from
organic products; ii) use of N response curves where N of organic products
recovered in plants for a defined rate is compared to plant N obtained for different
increasing N fertilizer rates. N values are equally evaluated during the cultivation of
plants grown in controlled growth chambers or glasshouses (Bould, 1948;
Chaussod et a1.,1981) using comparable methods.

N values can be assessed using laboratory soil incubations where the evolution of
C and/or N of organic products mixed with soil are measured during more or less
long periods under optimal soil moisture and temperature (Premi and Cornfield,
1971; Chdneby and Nicolardot, 1992). Soil incubations provide information both on
N mineralization kinetics and N quantities which are released during the
decomposition of organic products. N mineralization kinetiqs are then interpreted to
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define N availability using simple mathematical equations (Yadvinder ef a/., 1988;
Chdneby et al., 1994) derived from those proposed by Stanford and Smith ('1972) to
assess N mineralization potential of soils. N released during soil incubations
appears well correlated with crop N uptake in pot studies, but relationships are poor
when considering field studies (Jarvis ef a/., 1996).

Numerous chemical indexes have been proposed to estimate soil organic N
availability (Stanford, 1982). These methods determine amounts of N rendered
soluble by chemical extracting agents which simulate mineralization activity of the
soil microflora: they include more or less concentrated acid or alkaline reagents
associated or not with oxidizing agents, extraction being performed at more or less
high temperature. Some of these methods have been used to differentiate and
characterize N availability of different organic products (Chaussod et al., 1981:
Castellanos and Pratt, 1981; Douglas and Magdoff, 1991). All these chemical
indexes have not been tested on a broad range of organic products and field
conditions (Jarvis ef a/., 1996), thus they can be used with dfficulty for the moment
in decision making tools to predict N released by organic products (Chaussod ef a/.,
1ee7).

3. Proposal of an integrated approach to measure N availability

The three approaches described above have almost never be used simultaneously
on a broad range of conditions. Elsewhere coefficients or rules to link results
obtained with these approaches have not been systematically determined. The
integrated approach proposed to characterize the N value of residues is described
in Fig. 1. During a first step the objective will consist to establish relationships
between the 3 approaches for a wide range of organic products and field
conditions. Characterization and incubation can be easily performed on numerous
products whereas field experiments using selected organic products will allow us to
validate results obtained with laboratory methods. During a second step, results of
chemical or biochemical tests will be used in models or making decision tools to
predict behaviour of organic products in soil.
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Figure 1

Proposed approach to predict the behaviour
of organic products in field conditions.

Residual inorganic N in soil

Fig. 2 shows the approach used in field experiments to evaluate net N
mineralization from potatoes starch industry waste water (Justes et a1.,1998). Two
treatments were compared: bare soil with or without (control soil) waste water.
Spreading amounts were about 500 m3 ha'1. Soil inorganic N and moisture were
measured in the soil profile (0-120 cm, 4 layers) every 2 or 4 weeks during a 9-
month period. Net N mineralization in the different treatments was calculated using
a simple N mineralization and leaching model LIXIM (Mary, 1996). This modeltakes
into account water and nitrate movements and N mineralization in bare soils. The
description of nitrate movement is based on Burn's algorithm (1976), but takes also
into account the daily rainfall and soil evaporation, the actual initial nitrate N profile,
the atmospheric inputs and N mineralization. Then cumulated net mineralization
and nitrification coming from waste water was calculated by difference with the
controlsoil (Fig. 2).
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N mineralization of potatoes sfarch factory waste water under field conditions. Left:
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profile. Right: cumulative nitrification and mineralization from waste water N (frcm

Jusfes et al., 1998).

This approach which determines N mineralization of organic products in field
conditions, gives information both on amounts and kinetics comparing to N balance
or cropping data. Nevertheless, this method considers only bare soil, results being
largely influenced by agricultural practices and soil or climatic conditions. ln
addition, field measurements are time-consuming and expensive.

Soil laboratory i ncubation

Fig. 3 presents C and N mineralization kinetics obtained during a soil incubation in
presence of different organic products whose main characteristics are summarized
in Table 1.

The organic products (applied at a rate corresponding to 100 mg N kg-1 dry soil)
were incorporated to a sieved loamy soil (clay ='17 o/o,loam = 77 o/o) and incubated
in controlled conditions (20" C, soil moisture = 20 o/o near field capacity). Carbon
dioryde emissions and soil inorganic N were monitored as described by Recous ef
a/. (1995) in soils with or without addition (control soil) of organic products. Then
cumulated net mineralization of C and N coming from organic product was
calculated by difference with the control soil. This incubation method allows to
discriminate different organic products in terms of N availability according to their
characteristics (Fig. 3).

o o o Controlsoil

Soil + €fnuent

a a a

aa

o
o

3r0



N C/N ratio
7.5

5.6
5.0
19.0

products
Concentrated vinasse
Dried agro-industrial sludge
Sludge of paper mill

co- 31.6

57.1
94.7
57.5

11.3 1.5

3.3
6.3
0.7

18.4
31.1
13.3

Table 1

Main chancfensfics of organic products studied during soil incubations.
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Figure 3
C mineralization (left) and N minerclization (right) of different organic products

studied during a soil incubation under controlled conditions.

lncubation methods provide information on both C and N kinetics and potential
mineralization. ln addition, precise estimations of C and N fluxes involved during
decomposition are obtained when isotopic tracers ('uN, "C or 'oC1 are used.
Comparing to field experiments, they allow the study of numerous organic products
in a short period of time. On the other hand, data are obtained in artificial conditions
(optimaltemperature and soil moisture), incubated organic products being probably
different from those studied in field (organic products dried and crushed for
incubation methods). Nevertheless relationships between field and incubation data
are relatively well established as it is shown on Fig. 4. Results obtained for potatoes
starch factory waste water (see above $) in field (temperature and soil moisture
variable) or during soil incubation (28"C, soil moisture at field capacity) were
compared using functions describing the effects of temperature and soil moisture
on soil N mineralization (Recous, 1991; Rodrigo et al., 1997). Considering these
effects, it is then possible to calculate climatic factors and convert days with
variable soil moisture and temperature to days (normalized days) with reference
soil moisture and temperature. Finally, "normalized days" allow the comparison and
validation of incubation results with data obtained under field conditions.
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Figure 4
Comparison of N released from potatoes starch factory waste water measured

under field conditions and during soil incubations usrng a normalized time scale at
10"C (from Jusfes et al., 1998).

Chemical index*

One available approach to characterize organic products consists to differentiate
fractions using an adaptation of solubility methods as the ones used to characterize
the fertilizers of organic synthesis (Afnor, 1988). Water extraction at different
temperatures (20"C and 100"C) allows to obtain fractions in which nitrogen is
analyzed by the Kjeldahl method: N fraction soluble N at 20'C, N fraction insoluble
at 20"C and soluble at 100"C, and N fraction insoluble at 100"C.

The separation of the different fractions was performed on organic products which
were partially dried and crushed at 200 pm. Table 2 shows results obtained with
some of these organic products. ln that case, there is a close relationship between
the N fraction which is soluble at 20"C or the N fraction insoluble at 100'C and N
mineralized during a 180 day period soil incubation (see above $). Nevertheless,
this relationship must be validated on a wide range of organic products. Moreover a
similar approach should be used to separate different C fractions.

Soluble N

at 20"C
lnsoluble N
at 100'C

Mineralized N
during incubation

r-r/

(, Fi€dd cryerlrn€nt
. Sdlln@batoil

Compost from agro-industrial co-
products
Concentrated vinasse
Dried agro-industrial sludge
Sludge of paper mill

Table 2
N fractions obtained by water solubilrty at different temperatures and N mineralized

during soil incubation for some organic products (expressed in %o of organic
products N).
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However this approach is relatively static by providing chemical indexes which
characterize a given organic product. No information is provided on N
mineralization kinetics and the variability of the product is not taken into account. By
another way, it may be wondered about the agronomical significance of the defined
fractions considering N availability or behaviour of organic products under field
conditions. Nevertheless, these analytical determinations are rapid, simple and
easy to perform for a routine analysis laboratory. They will be very useful if
chemical tests data are in good agreement with N mineralization data obtained with
soil incubation methods.

4. Conclusions

All data collected with methods described previously are necessary for the
parametrization of different kind of models. lt includes mechanistic models which
are used to describe C and N transformations in soil and which require the
description of residues with different fractions, decomposition and assimilation
rates. Decision making tools which are used to manage N fertilization (e.g.Azobil,
published by Machet ef a/., 1990) will directly integrate immediate N values and
longer effects on soil N mineralization. Data will be also taken into account by
functional crop simulation models (e.9. STICS, published by Brisson ef a/., 1998)
which simulates the behaviour of the soil-crop-system and are used to evaluate
agronomic scenarios.

Data can be equally necessary to elaborate decision making tools which will be
used by agro-industry to manage spreading areas. At the present time,
management of the input of liquid effluents in the soil only takes into account
amounts of water and approximative N values. lncorporating, precise N values,
kinetics of mineralization and long term effects will improve N management in these
areas.

Finally, data will be essential to propose some simple chemical indexes which may
be used by laboratories to analyze rapidly and at a low cost N availability of organic
products. Nevertheless proposed methods will probably have to take into account
nature and type of organic products.

References

Afnor (1988). Norme frangaise NFU 42-191. D6termination des formes d'azote
dans un engrais azot6 contenant de I'azote de synthdse organique. Afnor, Paris, 12
p.

Bould C. (1%8). Availability of nitrogen in composts prepared from waste
materials. Emp J. Exp. Agric.,16, 103-110.

313



Bourgeois S., Michelin J., Fumery H., Wiart J. (1996). La valeur azot6e des
boues r6siduaires des stations d'6puration urbaines. Ademe, Angers, 336 p.

Brisson N. et al. (1998). STICS: a generic model for the simulation of crops and
their water and nitrogen balance. l. Theory and parametrization applied to wheat
and corn. Agronomie, (submitted for publication).

Bundy L.G., Meisinger J.J. (19%). Nitrogen availability indices. In Methods of soil
analysis. Part 2. Microbiological and biochemical properties (Weaver R.W. ef a/.,
eds), Soil Science Society of America Books Series, 5, 951-984, SSSA, Madison,
wl.

Burns l.G. (1976). Equations to predict the leaching of nitrate uniformly
incorporated to a known depth or uniformly distributed throughout a soil profile. J.
Agic. Sci. Camb.,86, 305-313.

Gastellanos J.2., Pratt P.F. (1981). Mineralization of manure nitrogen. Correlation
with laboratory indexes. Soi/ Scr. Soc. Am J.,45,354-357.

Chaussod R., Germon J.C., Catroux G. (1981). Essai de d6termination au
laboratoire de I'aptitude d la min6ralisation d'azote des boues r6siduaires urbaines.
C.R. Acad. Agic. Fr., 67,762-771.

Chaussod R., Justes E., Linires M., Bourgeois S. (1997). Valorisation des
d6chets urbains et agro-industriels. /n Maitrise de l'azote dans les agrosystdmes
(Lemaire G., Nicolardot 8., eds), 255-270,lNRA Editions, Versailles.

Ghdneby D., Nicolardot B., (1992). Use of mineralization kinetics to estimate the
agricultural value of organic fertilizers. /n Composting and compost quality
assurance criteria. (Jackson D.V., Merillot J.M., L'Hermite P., eds), 188-196,
Commission of the European Communities, Brussels.

Chdneby D., Nicolardot B., Godden B., Penninckx M. (1994). Mineralization of
composted 1sN-labelled farmyard manure during soil incubations. Brbl. Agric. Hort.,
10,255-264.

Douglas B.F., Magdoff F.R. (1991). An evaluation of nitrogen mineralization
indices for organic residues. J. Environ. Qua[.,20,368-372.

Jarvis S.C., Stockdale E.A., Shepherd M.A., Powlson D.S. (1996). Nitrogen
mineralization in temperate agricultural soils: processes and measurement.
Advances in Agronomy (Sparks D.L., ed.), 57,188-235.

314



Justes E., Mary B., Nicolardot B., Robert P. (1998). Nitrogen availability of agro-
industrial waste water: consequences for N management in spreading areas. In
Proceedings of the 11s world fertilizer congress, 7-13 September 1997, Ghent,
Belgium (in press).

Machet J.M., Dubrulle P., Louis P. (1990). Azobil: a computer program for
fertilizer N recommendations based on a predictive balance sheet method. ln
Proceedings of the 1"t congress of ESA, 32-21.

Mary B. (1996). Notice de LlXlM. Rapport de I'unit6 d'agronomie INRA de Laon-
P6ronne, Laon, France,28 p.

Premi P.R., Gornfield A.H. (1971l.lncubation study of nitrogen mineralisation in
soil treated with dried sewage sludge. Environ. Pollut.,2, 1-5.

Recous S. (1994). R6ponse des matidres organiques des sols aux changements
atmosph6riques globaux. ll. Effet de la temp6rature sur la min6ralisation d'un r6sidu
v6g6tal (maTs) et de la matidre organique du sol. Dossier de I'environnement de
I'|NR4,8,81-85.

Recous S., Robin D., Darwis D., Mary B. (1995). Soil inorganic N availability:
effect on maize residue decomposition. So/ Biol. Biochem., 27 , 1529-1 538.

Rodrigo A., Recous S., Neel C., Mary B. (1997). Modelling temperature and
moisture effects on C-N transformations in soils: comparison of nine models. Ecol.
Model., 1O2,325-339.

Stanford G. (1982). Assessment of soil nitrogen availability. /n Nitrogen in
agricultural soils (Stevenson F.J., ed.), Agronomy, 22,651688, ASA-CSSA-SSSA
Publisher, Madison, Wl.

Stanford G., Smith S.J. (1972). Nitrogen mineralization potentials of soils. So/ Sci
Soc. Am. J, 36, 465472.

Yadvinder€ingh, Bijay€ingh, Maskina M.S., Meelu O.P. (1998). Effect of
organic manures, crop residues and green manure (Sesbania aculeata) on nitrogen
and phosphorus transformations in a sandy loam at field capacity and under
waterlogged conditions. Biol. Feftil. Soi/s, 6, 183-187.

315





A model approach for ammonia volatilisation
after surface application and subsequent incorporation

of manure on arable land.

Une approche par moddlisation de la volatilisation de I'ammoniac aprds 1pandage
en sufiace ou aprds incorporation au solde d5jections animales.

J.F.M. Huijsmans and R.M. de Mol
DLO-lnstitute of Agricultural and Environmental Engineering (IMAG-DLO).
Wageningen, The Netherlands
E-mail : J.F.M.Huijsmans@imag.dlo.nl

Abstract

When applying manure to anble land by surface spreading, volatilisation of ammonia
takes place. Reduction of ammonia volatilisation can be achieved by incorporation of
the manure into the soil. The degree of reduction depends on the method of
incorporation and the time-lag between application and incorporation. ln general,
direct incorporation with a mouldboard plough gives higher reductions than
incorporation by a fixed tine cultivator. However, in reality there will always be some
time between the spreading and incorporation and duing this time volatilisation of the
ammonia from the surtace-applied manure takes place. The time-lag between
application and incorporation depends on the dimensions of the plot, the working
width and working speed of the machines and on the work organisation: two-man
sysfem, i.e. spreading and incorporation simultaneously, or one-man system, i.e.
spreading and incorporation consecutively. To assess the ammonia volatilisation after
spreading and incorporation of manure, the time-lag between these two operations
was modelled via computer simulation. ln a case study the effects on the reduction of
volatilisation of the capacities of an incorporator and spreader were shown. Simulation
showed that incorporation by a mouldboard plough does not always result in lower
ammonia volatilisation than incorporation by a fixed tine cultivator due to differences in
capacity. The plot size, work capacity of the spreader, work organisation,
incorporation method and capacity, volatilisation rate of surface applied manure, etc.
affect the overall ammonia volatilisation. The model showed to be a good instrument
to evaluate the effects of different managemenf sfrafegrbs for manure spreading and
incorporation on the ammonia volatilisation when applying and incorporating manure
on plot scale.
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R6sum6

Lorsque les d6jections animales sont 6pandues sur les terres, l'ammoniac se
volatilise. La reduction de ce processus de volatilisation ammoniacale peut 6tre
obtenue par incorporation des dejections (lisiers) au sol. Le niveau de r6duction
depend principalement de la m6thode d'incorporation et du d6lai entre l'epandage et
l'incorporation. En g6n6ral, l'incorporation directe par retournement labour permet de
meilleurs taux de r6duction que l'incorporation par dents rigides (cultivateur fixe).
Cependant, il y a toujours un delai entre l'6pandage et l'incorporation et l'ammoniac
se volatilise pendant ce d6lai. Ce d6lai entre 6pandage et incorporation d6pend de la
surface de la parcelle, la largeur de passage de l'Opandeur et de la vitesse de travail
des 6quipements et globalemnet de l'organisation du chantier d'6pandage : syst6me
avec deux op6rateurs (soit 6pandage et incorporation simultan6s), ou systdme avec
un op6rateur donc 6pandage et incorporation consEcutifs. Afin de v6rifier la
volatilisation de I'ammoniac ce d6lai entre les deux op6rations a 6t6 mod6lis6. A
travers l'6tude d'un cas, I'effet sur la r6duction de la volatilisation des capacit6s d'un
6pandeur et d'un enfouisseur a 6te etabli. Les simulations d6montrent que
l'incorporation par labour ne s'accompagne pas toujours de pertes en NH3 inf6rieures
comparativement d l'incorporation par dents rigides, cela notamment d cause de
diff6rences de capacit6s. Le moddle s'avdre un outil utile pour 6valuer les effets de
diff6rents modes de gestion des 6pandages de d6jections et d'incorporation sur la
volatilisation de l'ammoniac.

1. lntroduction

When applying manure to arable land by surface spreading, volatilisation of
ammonia takes place. Reduction of ammonia volatilisation can be achieved by
incorporation of the manure into the soil. The degree of reduction depends on the
method of incorporation. The manure can be directly injected into the soil or, after
surface spreading, be incorporated by different tillage implements.

Huijsmansl (1991) compared the ammonia losses after applying slurry with an
arable land injector equipped with spring tines with the losses when using the
spring tines to incorporate surface applied manure. The injector placed the manure
directly underneath the soil surface, at the same time carrying out a tilling operation
by burying the manure with soil; the incorporation of the manure by the spring tines
resulted in mixing the manure and soil and partly burying the manure with soil.
lnjection almost completely prevented any ammonia volatilisation.

Different tilling techniques have been investigated in recent years to reduce
volatilisation (Van de Molen et al.', 1990; Huijsmans', 1991; Mulder and
Huijsmans3, 1994; HuUsmans and Hol4, 1995). lt was shown that the degree of
volatilisation depends on the method of incorporation. Soil type, soil condition and
incorporation technique may determine the volatilisation rate. Burying and intensive
mixing of the manure with the soil (increased interaction between soil and manure)
resulted in a higher reduction of the volatilisation. Complete burying of the manure
by the mouldboard plough gave 90% reduction compared to surface spreading.
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Depending on the intensity of mixing of the manure with the soil and the soil
condition, other tillage implements achieved a reduction of the volatilisation from
40o/o to more than 90%. Experiments in which the incorporation was delayed by 3
and 6 hours showed a higher volatilisation compared with direct incorporation ".

All data on ammonia losses after manure application and incorporation are derived
from trials in which incorporation took place directly or at a set time following the
spreading on a small scale field plot. However, in reality there will always elapse
time between the spreading and incorporation, and this period is not precisely
controlled. The ammonia volatilisation rate from surface-applied manure is not
linear with time but peaks the first hours after spreading (Figure 1). When manure is
spread and incorporated on farm field scale the time between spreading and
incorporation thus affects the overall ammonia volatilisation.
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Figure 1

Cumulative ammonia volatilisation after slurry application as a percentage
of the ammonium nitrogen apptied (after Huijsmans and HoF, 1995)

The time to carry out field operations such as manure spreading and a tillage
operation depends on the circumstances (such as dimensions of plot, working speed
and width of the implements) and the work organisation (Hunt', 1986; Witneyo, 1995).
To assess the ammonia volatilisation from manure applied and incorporated in two
sequential operations, the time-lag between spreading and incorporation needs to be
known. Combining this timeJag with a volatilisation curve of surface-applied manure
and the potential volatilisation reduction by a particular tillage implement will give the
actual volatilisation of a manured field.

ln different countries in Europe the reduction of ammonia losses is a big issue to
control environmental pollution. One of the policies to reduce ammonia losses is
incorporation of surface-applied manure. To investigate the effectiveness of
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incorporation of surface-applied manure a computer model was developed to
simulate the spreading and incorporating operations and to calculate the ammonia
volatilisation. ln the present study the factors that affect the time-lag between
spreading and incorporation are analysed to assess the reduction of ammonia
volatilisation of a manured and incorporated plot.

2. Materials and methods

A simulation model was developed to calculate the relation between the time-lag
between spreading and incorporation, and ammonia volatilisation for each point of an
arable plot. The time-lag depends on the circumstances (dimensions of plot, working
speed and width of the machines, distance to manure storage, etc.) and the work
organisation: two-man system, i.e. spreading and incorporation simultaneously, or
one-man system, i.e. spreading and incorporation consecutively.

ln the model the timeJag is calculated by simulation of the activities on the plot. Given
the timeJag, the volatilisation is determined by the volatilisation function and the
reduction of the volatilisation by the incorporation implement. A combination of the
time-lag and the volatilisation gives the average volatilisation and the reduction of the
volatilisation for the whole plot. Furthermore, the model gives the average time delay
and a division of the time spent over the activities spreading and incorporation.

2.1. Process description

ln practice a manure spreader applies the manure on a plot until the whole plot is
manured. Each time the spreader is empty it is driven to a manure storage to reload.
The manure storage can be nearby at the side of the field or located at some
distance. lncorporation can start during or after the manuring of the plot. To calculate
the actualtime-lag between spreading and incorporation some activities and process
parameters need to be defined.

2.1.1. Definitions

A rectangular plot is considered (Figure 2). The operations application and
incorporation of manure are performed in passes to and fro across the plot. Two
successive passes form a round. The application equipment is called the spreader
and the incorporation equipment is called the incorporator. Both the spreader and
the incorporator have a working speed and a working width. The capacity of the
incorporator is defined as the working speed times the working width. This is the work
capacity neglecting tuming and waiting time. The capacity of the spreader is also the
work capacity, neglecting tuming time, but taking the time for reloading into account.
The reloading time is the combination of time required for driving to and from the
storage, handling and tuming at the manure storage and filling the spreader.
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Figure 2
Scheme of a plot (length / and width w) and passes of an implement.

More formally the capacity of the incorporator is defined as:
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The capacity of the spreader is defined by:
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manure application rate [m''ha-']
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2. 1 .2. Work organisation

The process of application and incorporation of manure is influenced by many
factors. Technical factors are the dimensions of the plot, the working speeds, the
working widths, the manure application rate and the pay load of the spreader. Also
two main types of work organisation can be distinguished :

1) Working method for manure application
Three working methods are being considered :

whole rounds: a new round (to and fro) is started only if there is enough manure
in the tank, otherwise the tank is loaded first;

whole passes: a new pass (there or back) is started only if there is enough
manure in the tank, otherwise the tank is loaded first;

interrupted passes: application continues till the tank is empty; after reloading
the interrupted pass is continued in the same direction and at the same place where it
stopped before loading.

2) Working method for manure incorporation
Application and incorporation can be carried out simultianeously (two-man system) or
consecutively (one-man system) ;

ln a two-man system one person is available for manure application and another one
for incorporation. The spreader and the incorporator can work independently. The
spreader is applying manure, altemated with loading of the tank if needed. Loading is
done before a new round, before a new pass or when the tank is empty, depending
on the chosen working method. The incorporator starts when there is enough
manured land available for a whole round or at a later stage after a set waiting time.
The incorporator is continuously making whole rounds over the plot. lnterruptions can
occur when the incorporator catches up with the spreader due to a relative high work
capacity of the incorporator or when loading of the spreader takes a lot of time. The
incorporator waits till a whole manured round can be incorporated.

ln a one-man system one person alternates spreading and incorporating; spreader
and incorporator are alternately active. The spreader stiarts with loading of the tank
and is working till the tank needs to be reloaded. The spreader drives to the access of
the plot, the operator steps over to the incorporator and starts to incorporate the
surface-applied manure. After the incorporation the incorporator drives to the access
of the plot, the operator steps over on the spreader and continues by loading it. The
incorporator makes as many whole rounds as possible, after which a change over to
the spreader takes place at the access. This sequence is repeated till manure is
applied and incorporated on the whole plot.
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2.2. Mode! description -

2.2.1. Volatilisation

The ammonia volatilisation of applied manure can be divided into the volatilisation
until incorporation and the volatilisation after incorporation. A volatilisation model was
made that calculates the total volatilisation for each point of the plot (before and after
incorporation) taking into account the time-lag between the spreader and incorporator
at that point of the plot. To achieve this the plot was divided into strips (Figure 3). The
volatilisation was first calculated per strip and later averaged over all the strips to
assess the total emission of the plot. The length of a strip equalled the length of the
plot; the strip width was taken as the greatest common divisor of the working widths
and the plot width. Both the spreader and the incorporator operated on an integer
number of strips in each pass.

rorlcln3
vidth cprcadcr
rldt}t tnoorporator

Figure 3
Example of a situation duing simulation on a plot divided into 15 stips, where manure

has been applied on nine strips and where fwo sfnps have been incorporated.

The model for the volatilisation until incorporation is based on experiments in which
the volatilisation was determined as a function of the time after application (Figure 1).
A non-linear volatilisation function can be fitted for this curve :

Vol( Lt)= 
= ,AI ' 

(3)
po+ ftl.Lt

with:
lt timeJag between application and incorporation [h]
Vol(At) Ammonia volatilisation for timeJag Atlo/o ol total NHaN appliedl
Boand & Parameters of the volatilisation function [h.%-'], [%-']

The parameters Be and 81 arc fitted by using the results of experiments in which the
volatilisation of non-incorporated manure is measured.
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The time-lag /f depends on the operating direction of the spreader and incorporator :

if the incorporator operates in the same direction on a strip as the spreader, then:

( *\( \
Lt(x):l toi+- l-lrr,*a I @a)\.'- ,,/ [-"" ,, )

if the incorporator operates in a direction on a strip opposite to the spreader, then:
/ \ , /_r)

Lt(x1=l ,0,*Ll-lrr,*- I (4b)
( vil\ v,)

with:
x location on thestrip,0<x</[km]
At(x) time-lag at Pointx [h]
ta time the incorporator started with the strip [h]
fo, time the spreader started with the strip (equals 0 for the start of the

simulation) [h]
/ length of a strip (equals the length of the plot) [km]

The average volatilisation until incorporation for a stripT is :

. x=l l=lr

vot,., = | l r",f o,6))dx:| [ nr,f o(v, .t))dt (5)

x=0 t=0

with:
Volr; average volatilisation until incorporation for stripi [% of total NH4-N applied]
fy time needed by the incorporator to incorporate a whole strip [h]

The transformation x = vit is applied to transform the placedependent integral to a
timedependent integral that can be used in the simulation model.

The average volatilisation after incorporation for a strip j is :

100 - PotRed (Vol(a)-Vol,.,)Volo,r:

with:
VolTi
PotRedi
Vol(a)

(6)
100

volatilisation after incorporation for stripl [% of total NH4-N applied]
potential volatilisation reduction of the incorporator [%]
total ammonia volatilisation of surface-applied manure after Eqn (3)

[% of total NH4-N applied]

The volatilisation after incorporation at varying time-lags after spreading is generally
not known. ln experiments the volatilisation after incorporation was measured in
trials in which manure was incorporated directly or at a set time following spreading
on a small scale field plot ''''"'". The measured volatilisation reduction when direct
incorporating is used in the model as the potential reduction in volatilisation of the
incorporator PotRedi. This potential reduction is assumed to be constant for each
incorporation method independent of the time-lag between spreading and
incorporation. For example, if incorporation with a plough gives a reduction of 90%
in case of direct incorporation (potential volatilisation reduction), then this
percentage of reduction is also assumed for the remaining volatilisation after a
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certain time-lag. This means that 10% of the ammonia that would have volatilised
from that moment, in case of no incorporation, is volatilised when incorporating at
that moment.

The average total volatilisation for strip i is the sum of the volatilisation until
incorporation and the volatilisation after incorporation :

Vol, =VoI,,., +Volo,., (7)

with:
Vo\ volatilisation until and after incorporation for strip j lo/o of total NH4-N

appliedl

The average total volatilisation of the whole plot is the average over all strips
.N

Vol =!-\ vo1NfrJ
with:
Vol average volatilisation for the whole plot [% of total NH4-N applied]
N number of strips

(8)

2.2.2. Process si m ulation

To determine the time-lag between the spreader and the incorporator the process of
application and incorporation of manure was simulated by the simulation model
CAESAR (Computer simulation of the Ammonia Emission of Slurry application and
incorporation on ARable land). The model works with the simulation software
package PROSIM (Prosim', 1994). PROSIM makes it possible to simulate discrete
and continuous processes simultaneously. Spreading and incorporating are
continuous processes interrupted at discrete moments for turning, reloading or
waiting. The processes are simulated according to the description in section 2.1.

ln a two-man system, the spreader is continuously making passes on the plot and
reloading the tank, till the whole plot is manured. ln this case the activities of the
incorporator may depend on the activities of the spreader; the incorporator can only
start a new round if enough manured land is available to make a whole round. ln a
one-man system, the spreader and the incorporator are altemately active.

lnput for the simulation model exists of parameters of volatilisation, spreader and
incorporator as well as general parameters.

General parameters:
one-man or two-man system

- whole round, whole passes or intem:pted passes
length of plot / [km]

- width of plot [km]
strip width [m]
manure appliiation rate m" [m3.ha{]
idle travel speed on the field of the spreader and incorporator [km.h-1]
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- waiting time for the incorporator in a two-man system

- changing time from spreader to incorporator or reverse in a one-man system

Imin]

Volatilisation parameters :

Characteristics of the volatilisation function, i.e. parameters in Eqn (3)

Spreader parameters'.
working speed v" [km'h-1]

- working width w" [m]
- pay load p" [m"]
- time to tum [sec]
- travel speed on ihe road 1rm'h-11

- distance to manure storage [km]
- time for handling aqd turning before and after reloading [min]
- loading capacity [m''min-']

I n co rporator pa rameters'.

- working speed vi [km'h-1]
- working width wi [m]
- time to turn [sec]
- potentialvolatilisation reduction of the incorporator PotRedi, as defined in Section
2.2.11%)

The simulation starts with the spreader (with loaded tank) and incorporator ready at
the access to the plot. The access to the plot is located in the corner of the plot
(Figure 2). ln the model the spreader can be busy with different activities: working,
waiting, driving on the plot, reloading, tuming. The incorporator may be working,
waiting, driving on the plot or tuming. ln the one-man system also changing from
spreader to incorporator or reverse takes place. Figure 3 shows a possible situation
during a simulation run.

The main results generated by the simulation model are :

- average time-lag between application and incorporation;

- averagevolatilisation until incorporation;
* average total volatilisation (before and after incorporation);

- average reduction in volatilisation (compared with no incorporation at all);

- total time needed for application and incorporation;

- division of the total time over the different activities of the spreader and the
incorporator.

3. Simulations

With the model many different situations can be simulated and the results are used to
calculate the total volatilisation from a manured and incorporated plot and time
needed for application and incorporation. From the model description it is expected
that the capacity of the spreader (Cap.) and the incorporator (Capi) as defined in Eqn
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(1) and (2), will have a major effect on the reduction of the volatilisation. The
volatilisation when spreading and incorporating in two gangs can approach the
volatilisation of direct incorporation when the difference between the capacities of the
spreader and the incorporator is minimised: the potential volatilisation reduction of the
incorporator is approached. ln the following case this hypothesis is tested by studying
the relation between the capacity of the incorporator (Cap, ) and the spreader (Cap. )
and the resulting reduction of the volatilisation compared with no incorporation, taking
into account different potential volatilisation reduction rates of the incorporator.

3.1. lnput parameters

The plot size is taken 4.8 ha (length 0.2 km and width 0.24 km) and the strip width is
0.5 m. After each pass along the plot both the spreader and the incorporator turn; the
time to turn is 20 and 30 s respectively. The travel speed of the spreader and
incorporator on the field, while not in operation, is 10 km.h-'. The two-man system and
whole rounds are assumed. At the beginning the incorporator starts 3 min later than
the spreader if there is enough manured land available for a whole round. The
manure storage is placed at the edge of the field near the access; eliminating road
transport to a manure storage. The loading capacity of the spreader is 3 mo.min-',
handling and turning before and after the loading of each load takes altogether 2 min.

The potential volatilisation when the manure is not incorporated is based on the
volatilisation as shown in Figure 1. Fitting Eqn (3) results in the parameter values: Bo =
0.087 and Br = 0.016 (accounts for 98.5% of the variance). The maximum
volatilisation, when not incorporating, is 60% of the totalammonia applied.

To study the effect of the relation between the capacity of the incorporator (Capi) and
the spreader (Cap. ) on the reduction of the volatilisation, taking into account different
potential volatilisation reduction rates of the incorporator, a selection is made of a
range of practical possibilities in Dutch circumstances. For the spreader the following
situations were considered :

working speed v": 6, 8 or 10 km'h-1
working width w": 8, 10 or 12 m
pay load p" varying from 6 to22 m3, with steps of 2 m3
manure application rqte m": 1 0, 1 5, 20, 25, 30, 35,
40, 50 and 60 mt.ha-'

3);
3);
e);

n=
n=
n=

(n = 9).

These situations yield 729 (3x3x9x9) possible combinations for the spreader. Tuning
the pay load of the spreader with the manure applied for an integer number of rounds
(practice) eliminates unpractical combinations resulting in 189 remaining
combinations. For 18 combinations with a high application rate the working method
with whole rounds was impossible, the method with whole passes was used instead.
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For the incorporator the following situations were considered:

- working speed 4varying tormZto 10 km'h-1,
with steps of 2 km'h-'
working width wi: 1,1.5,2,2.5,3,4, 5 and 6 m
potentialvolatilisation reduction PotRedi varying from 40 to 90%,

with steps of 10o/o

(n = 5);
(n = 8);

(n = 6).

These situations yield 240 (5x8x8) possible combinations for the incorporator. The
working speed of the incorporator was chosen in a range in which most tillage
implements may work in suitable soil conditions. The working widths were chosen in
the way that the smaller working widths were more common for a plough and the
larger ones for a cultivator. The potential volatilisation reductions of the incorporator
coiresponded with different kinds of measured reductions 1'2'3'a.

The total number of combinations for the spreader and the incorporator is 45360 (189
x 240). For the simulations a random selection of 10 spreader combinations was
made (Table 1). Each of these combinations was combined with all 240 incorporator
combinations to analyse the volatilisation reduction when applying and incorporating
manure on a whole plot.

3.2. Simulation results

The resulting spreader capacity of the 10 randomly selected spreader combinations is
given in ta-Ote t. For spreader combination 1 (capacity 2.93 ha.h-l; the relation
between reduction of the volatilisation and the capacities of the incorporator is shown
for the different potential volatilisation reduction in Figure 4.

number working
speed

vs [km'h-11

working
width
ws [m]

application
rate

ms [m3]

pay load
ps [m3]

reloading
time
rs [h]

capacity

lha'n-11

101

2
3
4"
5
b
7
8
9

10"

6
6
8
8
't0
10
10
10
10
10

I
15
10
15
8
8
't2
12
15
15

15
10
25
40
15
60
15
20
25
60

6
20
12
10
20
22
20
16
18

0.09
0.o7
0.14
0.10
0.09
0.14
0.16
0.14
0.12
0.13

2.93
4.50
3.27
2.40
3.87
1.79
5.28
4.39
3.88
1.96

* spreader combination where whole rounds are not possible

Table 1

Parameter values for the 10 randomly selected spreader
combinations and their capacity
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Figure 4
Volatilisation reduction as a function of the capacity of the incorporator for the first

spreader combination; for six levels of potential volatilisation reduction of the
incorporator (the vertical line shows the capacity of the spreader).

As the incorporator capacity increased, the reduction approached the maximum level
of reduction, which corresponded with the potential reduction of the incorporator at
direct incorporation. This maximum volatilisation reduction was reached when the
capacity of the incorporator was at least as high as the capacity of the spreader. The
vertical line in Figure 4 shows the capacity of the spreader. lncreasing the capacity of
the incorporator after this point will not increase the reduction of volatilisation. The
reduction was lower when the capacity of the incorporator was lower; at this stage
there was a nonlinear relationship between the capacity of the incorporator and the
reduction of volatilisation.

Characteristics of Figure 4 proved to be also apparent for the other nine spreader
combinations mentioned in Table 1. This finding means that it may be possible to
estimate the reduction of volatilisation for this plot size given only the capacities of
the spreader and the incorporator. However, the point where the maximum level of
reduction can be approached will be determined by the point where the capacity of
the incorporator equals the capacity of the spreader.
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4. Discussion

Some incorporators as defined in section 3.1 have the same capacity, e.g. a capacity
of 1.2 ha'h'l, when the working width is 2 m and the working speed is 6 km'h-' (case
1), but also when the working width is 3 m and the working speed is 4 km'h-' (case 2).
The related volatilisation reduction differs, as can be seen in Figure 4, but this
difference is relatively small. For example, in case of 70o/o potential reduction of the
incorporator the reduction of volatilisation is 53.9% (case 1) and 55.1% (case 2). For
incorporators with the same capacity, the highest volatilisation reduction is reached for
the incorporator with the greatest working width, which can be explained by smaller
totalturning time.

The potential volatilisation reduction of an incorporator can never be reached,
because the time-lag between spreader and incorporator never equals zero. ln the
simulation model it is assumed that the incorporator starts with a new round only
when enough manured strips are available for a whole round; during this waiting time
volatilisation takes place.

ln the case study the effect of the capacity of the incorporator on the reduction of
volatilisation was presented for a given set of capacities of the spreader. Changes in
the capacity of the spreader will directly show at which stage a maximum reduction of
volatilisation can be reached by the incorporator, as is show in Figure 3 by the vertical
line. The capacity of the spreader depends on different aspects. The manure
application rate and the pay load of the tank determine the number of refillings of the
tank for a certain plot. The total refilling time depends on the distance to the storage,
loading time and travel speed. The working width, working speed and turning times on
the plot determine the time for the actual spreading. Changes in these parameters will
effect the spreader capacity and so at which the stage a maximum reduction of
volatilisation can be reached by an incorporator.

The reduction of volatilisation for two potential reductions of volatilisation of the
incorporator is shown for varying capacities of the incorporator in Figure 5. This figure
is suitable to analyse the reduction of volatilisation when choosing different kinds of
tillage implements to incorporate the manured plot, given the potential volatilisation
reduction of the incorporator and its incorporation capacity. For example, a
mouldboard plough will give a potential volatilisation reduction of 90% and a spring
tine cultivator 5Oo/o. Taking spreader combination 1 from Table 1, the volatilisation
reduction can be calculated (Figure 5). The plough may have a working speed.of 3
km.h-1 and a working width of 1.5 m (capacity O.+S na.n-r;; the spring tine-8 km'h-l and
6 m, respectively (capacity 4.8 ha.h-'). From Figure 5 it can be read that the
mouldboard plough results in a reduction of 460/o and the spring tine cultivator in 49%.
This example shows that though the potential reduction of the plough is higher than
the potential reduction of the spring tine cultivator, the overall volatilisation reduction of
the plough is lower when incorporating a whole manured plot. A higher capacity of the
plough (more than 0.5 ha'h-') will result in a higher volatilisation reduction than with
the spring tine cultivator. ln the same way the capacity of the spring tine cultivator may
be lowered to2.2ha.h'' to reduce the volatilisation to the same level as the plough.
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Figure 5
Volatilisation reduction as a function of the capacity of the incorporator for the first

spreader combination ; for a potentialvolatilisation reduction og 90% (plough)
and 50% (sping tine cultivator).

ln the case study some features and possibilities of the model are described. Other
parameter settings will result in other outcomes. For example, changing the plot size
and/or the volatilisation function directly influences the outcome. However, the
maximum volatilisation reduction is reached when the capacity of the incorporator is
at least as high as the capacity of the spreader. The model makes it possible to study
the volatilisation after incorporation for different situations. The model also gives the
average time-lag and a division of the spent time over the activities for the spreading
and incorporation implement. A next step in the research will be to optimise the
process of spreading and incorporations in terms of ammonia losses versus costs.

5. Conclusion

Volatilisation and reduction of volatilisation after surface application and subsequent
incorporation of manure on arable land was affected by the timeJag between
spreading and incorporation. The CAESAR model enables the calculation of the time
differences, between spreading and incorporation, and ammonia volatilisation for
each point of an arable plot. The timeJag depended on the circumstances (such as
dimensions of plot, working speed and width) and the work organisation.
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The case study showed that incorporation by a plough not always results in lower
ammonia volatilisation than incorporation by a spring tine cultivator in spite of the
potential higher reduction of volatilisation by the plough. The input parameters plot
size, work capacity of the spreader and the incorporation method, volatilisation rate of
surface applied manure, etc. affected the overall ammonia volatilisation.

The model showed to be a good instrument to evaluate the effects of different manure
spreading and incorporating management strategies on the ammonia volatilisation
when applying and incorporating manure on plot scale.
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Using a mechanistic model for evaluating ammonia emissions
abatement tech niq ues after organ ic ferti lization

Utilisation d'un moddle mdcaniste pour $valuer des techniques de r1duction
des dmissions d'ammoniac aprds feftilisation organique.

G6nermont S., Cellier P.
lnstitut National de la Recherche Agronomique,
Unit6 de Recherches en Bioclimatologie, F-78850 Thiverval-Grignon, France
E-mail : genermon@bcgn.grignon.inra.fr

Abstract

A mechanistic model of ammonia volatilization after liquid effluent spreading was
used to investigate the efficiency of ammonia loss abatement techniques and
sfrafegies under a wide range of agricultural and environmental conditions. lt
proved to be a useful tool to compare these techniques, and to evaluate the
conditions where they are the most efficient. lt should thus be used further to help
the farmers to choose befuveen the practical strafegies and methods aiming at
reducing ammonia emrsslons after land disposa/.

Kevwords : Ammonia volatilization, Mechanistic modeling, Organic manure,
Abatement techniques

R6sum6

La r6duction des 6missions d'ammoniac aprds l'application d'effluents d'6levage ou
urbains permettrait de limiter les pertes d'azote issues de I'activite agricole et les
impacts environnementaux li6s d l'augmentation de la concentration atmosph6rique
en ammoniac. Plusieurs approches se sont revelees efficaces pour limiter les
pertes d'azote par les sols cultiv6s : elles incluent les modifications des propri6t6s
des effluents, le travail du sol et une meilleure gestion des 6pandages. Cependant,
les interactions fortes avec le climat, le sol et le lisier rendent difficile toute
extrapolation. Nous avons d6velopp6 un moddle m6caniste pour simuler la
volatilisation i un pas de temps horaire, dans diff6rentes conditions de sol, lisier et
climat. ll a 6t6 utilis6 pour tester ce type de techniques. En premier lieu, nous avons
montr6 que les r6sultats des simulations avec le modBle concordaient avec des
r6sultats publies d'exp6rimentations au champ : l'amplitude de la r6duction est bien
reproduite pour l'acidification ou la dilution de l'effluent, et pour l'incorporation ou
l'irrigation apres I'apport. Ensuite, gr6ce i des simulations appropri6es, le moddle a
servi i Evaluer et comparer l'efficacit6 de quelques techniques dans une large
gamme de conditions agricoles et environnementales : par exemple, l'acidification
n'est r6ellement efficace que sur une gamme limit6e de pH, qui d6pend en outre de
la temp6rature ; l'irrigation est d'autant moins efficace que le sol est humide. Ce
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modele m6caniste est donc un outil utile pour am6liorer la gestion des ressources
agricoles et naturelles, et pour la protection de l'environnement. ll devrait 6tre utilise
dor6navant pour proposer aux agriculteurs des strat6gies et des m6thodes
pratiques visant i reduire les 6missions d'ammoniac lors de la valorisation agricole
des effluents.

Mots-cl6s : volatilisation d'ammoniac, mod6lisation m6caniste, amendement
organique.

1. lntroduction

Reducing ammonia emissions after farm or urban effluents application would
minimize the great gaseous nitrogen loss from agriculture. lndeed ammonia
emissions following slurry application account for almost one third of the European
source of atmospheric ammonia (Buijsman et al., 1987; ECETOC, 1994). ln
contrast to the other agricultural sources (animal housing, manure storage, grazed
pasture), their emissions are time limited (several.days to several weeks), intense
just after application (several tens of kg N-NH3ha-' j-'). Furthermore, they vary in a
wide range (0-100% of ammoniacal N applied), depending on many features of the
soil, climate and slurry (Jarvis and Pain, 1990; Genermont, 1996). They represent
then great nitrogen losses for the agro-systems, which is a matter of considerable
economical and environmental importance, but difficult to evaluate and to reduce.

Several techniques aim at reducing ammonia losses from cultivated soils: they
include slurry properties modifications, soil management and better slurry
application management (Hauck, 1983; Frost, 1994; Sommer and Hutchings,
1995). But ammonia volatilization is a complex process, involving many physical
mechanisms, and the reducing techniques have strong interactions with the
climatic, soil and slurry conditions (Jarvis and Pain, 1990). Their efficiency is thus
difficult to extrapolate to other conditions. This paper aims at showing how a
mechanistic volatilization model could help evaluating and comparing such
techniques in a wide range of agronomic and environmental conditions. lt is finally
used to propose recommendations to farmers.

2. Materials and methods

2.1. Mechanistic mode!

The mechanistic model is derived from those of Rachhpal-Singh and Nye (1986)
and van der Molen ef a/. (1990). lt simulates volatilization at a hourly interval under
various soil, slurry, climate conditions (G6nermont and Cellier, 1997). lt accounts
for the main mechanisms implied in ammonia volatilization, water and ammoniacal
N transfers, and equilibria in the topsoil and between the soil and the atmosphere
(ftgure 1).
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Diagram of the volatilization model

- the relative proportions of ammonia and ammonium are calculated from the acid
base equilibrium constant (1); the equilibrium between gaseous and solute
ammonia is obtained from Henry's law (Beutier and Renon, 1978); adsorption by
clays and organic matter of the soil is described using a Freundlich isotherm
(Rachhpal-Singh and Nye, 1984).

- (4) water transfer is described by Darcy's law, generalized to the unsaturated
zone; soil hydraulic characteristics are deduced from pedotransfer functions (Clapp
and Hornberger, 1978); ammoniacal N transfer is described by a convection-
diffusion scheme (2) (Bear, 1972);
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-volatilization is calculated with an advection model(3) (ltier and Perrier, 1976); it
allows to account for local advection and makes the model suitable for field scale
applications.

- evaporation and surface temperature are calculated by solving the energy balance
of the soil surface(6) using Noilhan and Planton (1989) and Cellier ef a/. (1996)
parameterizations.

The model uses readily available input data, including soil and slurry
characteristics, hourly meteorological data, and technical informations. lt was tested
under agricultural conditions and the simulation was satisfactory for the global
amount and the hourly variations.

Although pH is the most sensitive factor of the model, pH variations were ignored,
and pH was taken constant for all simulations. Biophysical processes such as
ammonification, nitrification, efc. were neglected (G6nermont ef a/., 1997).

2.2. Reference situation

The reference data used for the simulations came from an experiment carried out
at the^ INRA experimental station of Le Rheu, near Rennes (Brittany, France).
133 m'ha-' of cattle slurry for a total ammoniacal nitrogen supply of 114 kg N ha-'
were applied on March 16, 1994 (day of year 75) over a 1.7ha field, on a bare
slightly acid (pH = 6.6) loam soil with water content at field capacity. The
meteorological data were measured at the experimental site. For more details, see
G6nermont (1996). Simulations were performed for a 10 day period which allows to
account for almost the total losses in most cases.

2.3. Simulations

Simulations were performed by changing one single factor at a time by adding a
coefficient to the reference value or by multiplying it. The imposed range of
variation was chosen in accordance with literature recommendations and/or with
reasonable agricultural practices. We calculated the cumulative losses for different
times after spreading. The response of the model to a change in one factor was
analyzed by using the ratio of the cumulative losses with this factor to the loss in the
reference simulation. When quoted in the text, the reduction always refers to the
loss obtained as % of the loss of the reference simulation.
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3. Slurry properties modification

3.1. Acidification

lnitial slurry pH are generally rather basic (7-8.5), which favors ammonia
volatilization. Slurry acidification is thus often recognized as an efficient mean to
reduce volatilization.
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Simulated effect of slurry acidification on
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Figure 3
Simulated effect of slurry acidification on

loss, for different temperatures

Simulations were performed for different soil types (Fig.2) and climatic conditions
(Fig.3). They show that acidification was more efficient for a sandy soil (Fig.2), for
which however losses were small (14-17%) compared to the other soils. lt was also
more efficient for alkalin slurries under cold conditions (Fig.3).

Simulations are in agreement with published results of field experiments.
Volatilization calculated with pH 6 (resp. 6.5) was 12o/o (resp. 15%) of that with pH 7
(resp. 7.5) which was close to the observed reduction to 20o/o for a drop in pH from
7 to 6 by Stevens ef a/. (1989).

Jarvis and Pain (1990) recommended to bring the slurry pH down to 6 or 5. But
bringing it to 5 is not worthy compared to bringing it down to 6 (Fig.2), because
losses were almost zero for both pH. This is an interesting result, as acidification
becomes more costly when pH decreases: 1 pH unit decrease needs l0times
more acidifying substance than the one before.

These results give an idea of the potential for lowering ammonia loss by
acidification. However the effect of acidifying different slurries to similar pH values
may be variable because emissions are also related to the slurry buffering capacity
(Husted et al., 1991).
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3.2. Dilution

Stevens ef a/. (1992) observed that diluting the slurry decreased ammonia
volatilization (Table 1).By simulating the same treatments, the model calculated
smaller reduction in ammonia loss (Iable 7), which may be linked to the differences
in soil, slurry and climate.

Stevens el a/.
1992

Model
simulations

Comparison with
washinq

Model
simulations

Dilution
(% by volume
of slurry)

Measured loss
(% of loss
without dilution)

Calculated loss
(% of loss
without dilution)

Corresponding
volumes of water
for washinq

Calculated loss
(% of loss
without washing)

0
40

100
140

't00%
83o/o

5Oo/o

39o/o

100%
88o/o

73%
63%

0.0 mm
5.4 mm

13.4 mm
18.8 mm

1O0o/o

63%
31o/o

24o/o

Table 1

Compaing simulations of slurry dilution using the model to the results
of Sfevens et al. (1992) and to the effect of washing after application,

using the same volumes of water (see below)

4. Application and post-application control techniques

4.1. Soilcultivation

Many publications refers to the influence of soil management on ammonia losses.
The effect of the depth of incorporation was often studied. As slurry is incorporated
into the soil, it is much less in contact with the atmosphere and the resistance to
ammonia transport upward in the soil is large. As a consequence, several means of
deep placement of ammoniac€rl N such as direct injections or incorporations just
after application were proposed to the farmers, in order to reduce volatilization and
to preserve the slurry fertilizing value. But observations in field conditions also
evidenced that cultivation after application only resulted in the deep placement of a
fraction of the slurry, the other fraction remaining at the surface. Simulations were
made to evaluate the effect of partial incorporation by changing the placement of
the slurry in the soil sub-model.

Simulations showed that the efficiency of the depth of incorporation highly
depended on the proportion of slurry incorporated (Fig.4). Small depths were only
efficient when at least 80% or almost all the slurry was incorporated (Fig.4 et 5),
which corresponds to harrowing. When plowing with a rotavator, more slurry
remains at the soil surface, and slurry should be incorporated at more than 10 cm
deep in order to efficiently reduce ammonia losses.
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4.2. Washing

Some authors also recommend to bring water after slurry, as it enhances
ammoniacal N infiltration into the soil and dilutes ammoniacal N remaining at the
soil surface.
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Simulations confirmed that losses were efficiently reduced, and showed that the
optimalwater amount is around 10 mm: with less water, losses were less reduced,
but for greater amounts, reduction did not increase (Fig.6). Simulating a 10 mm
irrigation immediately after slurry application, the influence on ammonia
volatilization (36%) was similar to that measured by Moal ef a/. (1995) (32%), but
was much less than that measured by Klarensbeek and Bruins (1991) (67%). This
discrepancy could be explained by interactions with environmental conditions. For
example, simulations with various initial soil water contents showed that washing
was more efficient in this case for soils with high initial water contents. lt is then
interesting to compare the effect of either diluting the slurry before application, or
bringing the same amount of water after the slurry has been spread. Results of
simulations were reported on Table 7: washing after application appeared to be
highly more efficient than slurry dilution before application. Then farmers, knowing
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this kind of result, will be able to choose which strategy to adopt, as a function of
their own equipment and agronomic constraints (dilution apparatus, time for
application, trafficability, efc.).

4.3. Timing of agricultural techniques

Simulating plowing or washing at different dates after spreading evidenced that
their timing is very important (Fig.8). ln some cases, a delay of only several hours
might ruin the effect of soil plowing. This is due to the fact that the rate of ammonia
volatilization is directly related to the concentration of ammonia in solution: fluxes
are high at the beginning of the volatilization period (1-2 days) and then decrease
exponentially owing to the decrease in available ammoniacal N. The loss reduction
was approximately exponentially inversely related to the delay between slurry
application and plowing or washing. This confirmed and enlargeed the results found
by Sommer (1992): losses when the soil was harrowed just after application were
33% of those when it was harrowed only 8 hours after. As a consequence, the post-
application controltechniques must be brought into operation as quickly as possible
if the farmer want them to be really effective, and even sometimes worthy.

757677 78?g80 81 8283 848586 7576n 7879 @ 8t 82 83 84 85 86

day ofyear daY ofYear

Figure 8
Simulated cumulative loss of ammonia volatilization after slurry spreading

followed by a) incorporation or b) washing at differenf dafes

5. Slurry management and agronomic strategies

5.1. Slurry application timing

National and regional legislations recommend or impose periods in the year for land
disposal of slurry, mainly in order to reduce nitrate leaching. The choice of these
periods is of great importance, as ammonia losses are weather-dependent.
Generally, measures are set up so that slurry is spread under wet or/and cold
climatic conditions, where ammonia losses are known to be small. The two factors
that will be mainly affected by applying slurry at different dates are temperature and
soil water content. Volatilization is high under warm conditions (Fig.9). The effect of
soil water content is less clear: on the one hand, on a wet soil, the slurry
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ammoniacal N is diluted, and emissions should be reduced; but on the other hand,
infiltration is reduced, which should increase emissions. Simulations performed to
investigate the effect of the initial soil water content on volatilization showed that
losses were reduced for dry soils and even more for wet soils (Fig.10): in the first
case, infiltration was the dominating factor influencing ammonia volatilization, and
in the second case, ammoniacal N dilution was prevailing. Ammonia losses were
really efficiently reduced for high initial water contents, compared to the soil water
content at field capacity. But in practice, this conflicts with the need for good
tratficability of the soil for spreading and even after for incorporation. As a
consequence, the choice should rather be oriented by the temperature
considerations, and not by the soil water content at the time of spreading.
Unfortunately the timing of slurry applications then conflicts with the desire for good
growing conditions to promote the efficient utilization of the slurry nutrients.
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The choice of the time in the day for spreading has also been discussed by
Klarenbeek and Bruins (1991). Simulations showed that, losses during the first day
were significantly reduced (- 60%) when slurry was applied during the night (9-
12 p.m.). But the effect was very small when accounting for the total loss over the
whole volatilization event (only 1-3 Yo).

5.2. Slurry application at the farm scale

Furthermore, the technical and strategic choices will have to be taken at the farm
scale. The results of simulations for soils with various textures showed that total
loss could highly differ. For example, losses for a sandy soil were 14-24o/o of those
of loamy and/or silty soils, with the same pH. For farms with heterogeneous soils
(texture, pH, cation exchange capacity, efc.), this implies that abatement
techniques must be preferentially applied to soils with the higher potential for
volatilization, than to the others.
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6. Conclusion

This presentation showed how using a model could help evaluating and improving
means and strategies used to reduce the N losses through ammonia volatilization
after organic fertilization. By integrating explicitly factors related to climate, soil and
slurry, this mechanistic model helps investigating more thoroughly the efficiency of
such techniques. lt therefore is a useful tool for improving the management of the
agricultural and natural resources and for the protection of the environment.

Furthermore, the efficiency of such techniques strongly depends on the emission
conditions. To justify the cost of advanced slurry pretreatment and application
equipment for a farmer, they should really be efficient under all environmental
conditions prevailing in the area. The further intensive use of this model would allow
to more precisely identify for which type of agronomical, pedological and climatic
conditions which kind of abatement technique will be the most etficient, and the
right equipment to invest in. By coupling it with an economical model, it would then
allow to stand out the cost efficiency of such measures. For example, slurry
properties modifications have sometimes been recognized to be expensive
compared to their etficiency. The combination of both models will help determining
if they are to be efficient when it is not possible to cultivate the soil, on grass land or
non-tillage systems for example.
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Chairman's summary of part 3.
Measurement, modelling and control of gaseous emissions

Sven SOMMER

Animal manure, domestic waste, sewage sludge and the organic matter produced
may be a source of atmospheric pollutants as well as beneficial for farmers using
this organic materials as fertilisers. The gases of greater concern includes
ammonia (NHa), nitrous oxide (NzO) and methane (CH4). Furthermore obnoxious
gases may affect the use of organic waste as a source of plant nutrients.

Through the development of farm models one can identify the change in total
emission of gases from the farm caused by a treatment in either the animal house,
during storage and from manure application. Thus a treatment in one stage of the
management system may affect emission in another stage. ln conclusion a
treatment should not:

o increased losses of the compound at another stage of the management;
o increase emission of another component.

lnventories at a farm, regional or at national level quantifies the relative importance
of emission of different components in relation to other component but also in
relation to different sources at the farm. Methane emission from animals is the
most important agricultural sources of atmospheric methane, whereas nitrous oxide
emission from solid manure in animal houses and during storage contributes
significantly to NzO in the atmosphere. ln the field, all manures types and fertilisers
causes emissions of N20.

lnventories of gaseous emission should encompass all stages of management. lt
was shown that dairy cattle collecting yards represents a significant source of NH3
and of some N2O. A source which has not been included in earlier inventories of
the emission of these gases.

A study of gaseous emissions of NH3, CH+ and N2O from management of solid
manure was presented. Showing that composting during storage causes higher
emissions of NHg and lower emissions of NzO and CH4 than from anaerobic stored
manure. ln the field little was lost from composted manure compared to losses from
anaerobic treated manure.

Field studies showed that ammonia emission from slurry are affected by
pretreatment, anaerobic fermented slurry has a higher NH3 emission potential than
untreated slurry. NHs losses were not affected by additives. Application techniques
may affect NH3 losses considerably. Ammonia emissions from application of slurry
with different techniques may be ranked as follows: plough>rotary
cultivation>harrowing. This ranking is not taking the lag phase between application
and incorporation into consideration. The ploughing is time consuming compared to
rotary harrowing and due to the greater lag time between application and ploughing
more NH3 is lost than when rotary harrowing the slurry into the soil. A model which
incorporates the effect of lag time into the calculation of losses was presented.
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Modelling can give us a valuable insight in the effect of climate, soil and slurry
characteristics and losses of ammonia from slurry applied to the field. Especially
mechanistic models can provide knowledge about the interaction of these factors,
application techniques and timing of application of slurry.

The farmer has a need of knowing the availability of nitrogen applied to the crop in
organic waste and manure. Mineralisation of sludge were studied in the lab and
data used to validate the model NCSOIL. lt was shown that sludge treatment
significantly affects mineralisation. For the purpose of developing decision support
system characterisation of N availability through incubations and chemical analyses
was used to develop a model. The model were validated with data from the field
studies.
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Part 4

Processing and handling of wastes.

Chairman : P. Derikx (Netherlands)
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Processing strategies for organic wastes

Sfraf6gies de traitement des ddchets organiques.

lnvitd Paper

G H Burton
Silsoe Research lnstitute, Wrest Park, Silsoe,
MK45 4HS. Bedford. United Kingdom
E-mail : colin.burton@bbsrc.ac.uk

Abstract

Treatment of organic wasfes is often an essential part of the best management
package to avoid pollution in many situations. Very dilute wastewaters may be
released to water courses following igorous treatments as typified by sewage
purification processes. Otherwise, the dr.sposal of most organic wasfes continues
to be land application. Where sufficient suitable land is not available, some form of
prccessing is needed to reduce the strength of the waste in terms of its organic
content (eg, BOD) and/or key nutients (eg, nitrogen and phosphorus) and/or
drsease hazards.

Processes compise one or more biological and physical sfages,' chemical additives
may also be used. Biological degradation of organic matter has the general effect
of brcaking down the reactive organic chemicals which make up the BOD value and
lead to offensive odours. Anaerobic treatment enables biogas collection but
processrhg can be slow. Aerobic treatment of solid or liquid wasfes is faster and
exothemric enough to allow natural heating up to 6dC, but it is more expensive.
The combination of such temperatures and oxygen desfroys many pathogens
especially stict anaerobes. Ammoniacal nitrogen can be removed as N2 gas by
nitrification followed by de-nitrification.

Physicalprocesses include screening, centrifugation, sedimentation and filtntion.
They involve the separation of a solid phase and/or the production of a clarified
wastewater. This often compliments the biological step as a great deal of the
insoluble organic matter is not readily broken down. Fufthermore, it enables the
removal of a range of insoluble mateials such as phosphates and heavy metals.
This separation may be enhanced by the addition of lime or flocculants.

New processes for effluent trcatment include membrane filtration, chemical electro
floatation, incineration, heat treatment (steilization) evaporation/drying, and
ammonia stripping/recovery. Although effective, the high cosf of some of these
emerging technologies makes fhem /ess suitable for agriculture than for dealing
with i ndustrial effiuent.
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R6sum6

Le traitement des d6chets organiques constitue souvent une 6tape essentielle pour
une gestion optimis6e de ces produits sans risque pour l'environnement. Des
effluents liquides trds dilu6s peuvent 6tre rejet6s dans le milieu naturel aprds
diff6rents proc6d6s de purification. N6anmoins la gestion des d6chets organiques
passe le plus souvent par l'6pandage agricole. Lorsque les surfaces pour
l'6pandage sont limit6es il est alors n6cessaire de r6duire la charge polluante de
ces produits en termes de leur matidre organique (DBO), et de leur teneur en
6l6ments nutritifs (azote et phosphore) eUou germes.

Les proc6d6s comprennent souvent au moins une 6tape biologique et physique.
Les additifs chimiques 6tant 6galement parfois utilis6s, le traitement ana6robie
permet de produit du biogaz, mais la d6gradation est lente. Le traitement a6robie
des d6chets liquides ou solides est plus rapide et exothermique, permettant une
6l6vation naturelle de temp6rature jusqu'd 60"C. L'apport d'oxygdne et le maintien
de ces temp6ratures 6lev6es permet 6galement la destruction des germes
pathogdnes notamment les germes ana6robies stricts. L'azote ammoniacal peut
6tre 6limin6 sous forme de N2O par nitrification suivie d'une d6nitrification.

Les proc6d6s physiques comprennent le tamisage, la centrifugation, la
s6dimentation et la filtration. lls impliquent la s6paration d'une phase solide eVou la
production d'un effluent liquide clarifi6. Ces 6tapes compldtent les proc6d6s
biologiques et permettent notamment de s6parer les compos6s insolubles tels que
les phosphates et m6taux lourds. Cette s6paration peut 6tre am6lior6e par l'ajout
de chaux ou de floculants.

Les nouveaux proc6d6s pour le traitement des effluents comprennent la filtration
sur membranes, la flottation 6lectro-chimique, I'incin6ration et le traitement
thermique (st6rilisation), l'6vaporation / s6chage et le < stripping > de l'ammoniac.

Bien qu'efficaces, le co0t 6lev6 de ces technologies 6mergentes ne les rend pas
n6cessairement disponibles en agriculture, comparativement A leur utilisation
d6velopp6e en secteur industriel.

1. lntroduction

The role of treatment in the management of organic wastes (eg, agricultural
manures, sewage sludge and food processing effluent) is increasing. Such wastes
can pose serious water and air pollution risks (eg, as reported by the NRA, 1995)
as well causing offensive odours (eg, as reported by the IEHO, 1988); in some
cases, they are also a hazard to public health. However, these same wastes can
be a useful resource in the supply of plant nutrients or a feedstock to a composting
system or a biogas plant.
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Good management practice has been advocated for farm wastes for many years
such as presented in MAFF codes (1991 and 1992). This includes adequate
storage facilities and controlled applications to fields taking into consideration
loading and seasonal constraints; a similar approach is common in many parts of
Europe (Parfait et al, 1996). These same methods have been used with other
organic wastes that are also disposed of by landspreading (eg, sewage sludge).
However, applications in excess of the capacity of the local environment can only
end up as pollution of one sort or another. Furthermore. even if there is enough
local land with a theoretical capacity to receive the applied manure, the related
pollution problems may still not be eliminated due to a range of other factors such
as a hilly terrain or the close proximity of streams or boreholes. ln these cases, and
where there is insufficient land or where the waste poses special hazards such as
disease risks, some form of treatment will be required as part of the solution.

2. Processing strategies

A large number of treatment processes now exist for tackling these problems some
of which have already been reviewed especially with respect to agriculture (Burton,
1992 and 1996). However, evaluating their effectiveness can easily be muddled by
the interpretation of the very word treatmenf. Colloquially, this word can become
very imprecise and it can be relegated to implying that no more than something has
been done to the waste by the process; but what this amounts to is often not clear.
The remedy for this situation must be the focusing on the purpose of the treatment
rather than how it is done. For example, it is not the practice of bubbling air through
pig slurry that brings about any benefit, but the subsequent measured odour
abatement or reduction in organic matter. There is a need to identifo and set
unambiguous targets for the treatment process. In this way (a), any given process
can be scored as inadequate, successful or, in some cases, excessive and (b),
objective comparisons between different processes become possible - the most
cost effective package can thus be identified.

Thus the starting point in dealing with an organic waste stream should be the clear
definition of what the problem is (eg odour nuisance, excess nitrogen, water
pollution). This will depend on the intended disposal route (eg, to farm land, to a
water course, for re-use). The second step is setting the treatment target required
to resolve this problem (eg, a 50% reduction in the BOD', removal of 90% of
ammoniacal nitrogen). Such targets can be set even for the subjective area of
odour abatement (Williams, 1984; Pain et al, 1990). Only when the purpose of
treatment is clear should the various methods and equipment be considered. Figure
1 summarizes many of the cunent scenarios starting with the intended disposal
route, identifying the likely requirements and lastly considering possible processes.
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Figure 1.

Treatment sfrafegies; process options depend greatly on the type of effluent
and proposed use or disposal route.

A system that works (ie, that fulfils the requirements) may turn out not be a realistic
option owing to cost or some other factor. A cheaper and less effective option may
still be considered but only if this is an acceptable compromise. The danger in the
use of inadequate treatments though is that they can present the operator with a
cost without fully resolving the underlying problem.

3. Physical processes

3.1. Mixing

Mixing of tank contents is a key part of any process although it doesn't in itself
impart any change to the average effluent composition. ln provides a
homogeneous feed to subsequent stages enabling a steady operation of what is
often a continuous process producing a consistent treatment. Variations in the
effluent can result from the natural separation of the suspended matter either into a
floating layer or a settled sludge. The composition of effluents entering a treatment
plant can be normally expected to vary as a result of many factors such as the
periodic washing routines. Maintaining a steady feed to the treatment plant
requires large feed tanks to provide buffering and again mixing is necessary.
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A great deal of research has gone into mixing theory and equipment and many
reviews have been produced (eg Cumby, 1990). Common weaknesses include
inadequate power input (a minimum of 10Wm3 is recommended - Cumby, 1987a)
and poor selection and location of equipment especially in large stores.

3.2. Mechanical screening

Screening is a simple way of removing the coarse matter from effluents and thus
greatly improving its ease of handling. lf large quantities are present such as in
livestock manures then the separated fibre can be useful in subsequent composting
processes. ln this case, it is important to ensure a high solids concentration in the
separated fibre (ie 25o/o+) which leads to the selection of the more elaborate
equipment such as screw and belt presses. However, if the main purpose of the
operation is the removal of relatively small quantities of coarse matter (eg to protect
equipment) then simpler screens will suffice. These have the advantage of higher
throughput but a wetter fibre product is produced.

Screen
(drum)

Screw
oress

Decanter
centrifuge

Laboratory
centrifuge

Burton et al,
(1997)

Martinez et
al, (1995)

7o removal of i
TS (totalsolids)
N-Kj (KjeldahlN)
P (phosphorus)
K (potassium)
Cu (copper)

41
17
18
17

42
17
20
12

61
30
65
12

76

16
82

Volume of concentrate (% 17 15 2'.1 13

Table 1

Pertonnance of three types of sepanting sysfems in terms of the removal of
specific components from pig s/umes into a concentruted stream. Values from a

laboratory centrtfuge test (10,0009 for 30 minutes) are given for comparison.

3.3 Separation and clarification

A more rigorous clarification of wastewater effluents is based on settlement. This
can be by natural gravitation or enhanced by the use of flocculants and/or
centrifugation. Gravity settling works best with dilute effluents (TS below 25 kg/m3)
due to the production of large volumes of sludge with increased dry matter
(Martinez et al, 1995). Centrifugation can produce concentrated sludges and a high
degree of clarification but equipment is expensive and throughput modest. ln either
mse, separation is more complete than simple screening as finer particles are
included in the removed sludge layer. This extends to a more effective removal of
some of the specific components of the effluent as shown in table 1. Whereas the
screen and screw press only make a significant difference (ie, removal in excess of
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the concentrate volume) to the TS, the decanter centrifuge also removes Kjeldahl
nitrogen and phosphorus. The laboratory test indicates the maximum extent of
physical separation which can also include certain metals but not the highly soluble
potassium.

4. Biological processes

4.1 The oxidation process

Adequate aeration involves dissolving enough oxygen into liquid manure in order to
replace an anaerobic system (chemically reducing) with an aerobic environment for
microbial activity. As a result, organic matter, characterized by BOD' (biological
oxygen demand), is rapidly oxidized to relatively harmless products such as
carbon dioxide and water. The removal of the same material also takes away the
main cause of the offensive odours associated with organic effluents and many
pathogens that are strict anaerobes are destroyed. Under certain conditions (eg,
treatment times of 3+ days and a dissolved oxygen concentration above l ppm)
nitrification of ammonia to nitrites and nitrates can occur with nitrogen release (as
N2) in the subsequent de-nitrification, although the pollutant gas, nitrous oxide
(N2O) can also be produced as an unwanted bi-product (Burton et al, '1993).

50 0.8

4
u,o >.

E
b4
,i

o
ltI

0,4 ,
'6
Eg

E
eo

0.2 
Eo

40
\o

e
U
.E go
E€'i:

a)
&

2A

10 0

0 4 68
'I're*tment timcr d

12

Figure 2.
Required aeration intensity compared to COD breakdown achieved.

Longer treatments enable more gentle and efficient aerobic treatment.
(Evans et al, 1983; Bufton & Fanent, 1998).
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4.2 Aerobic treatment

Continuous aerobic treatment is nutrient-limited and is thus independent of both
temperature and aeration level within limits. ln the case of temperature, activity
should be kept within the mesophilic range (ie 15 to 45oC); at higher temperatures
thermophilic activity takes over leading to poorer performance (Burton et al, 1995).
Unless nitrification is desired, the aeration level is not critical so long as enough
oxygen is supplied to meet the demand. For all but the most dilute effluents this still
implies large volumes of air based on anticipated reduction of the organic load
expressed as COD or chemical oxygen demand (Figure 2). Short treatments have
the additional problem of requiring a high intensity of aeration ie the hourly oxygen
requirement per unit volume; this tends to rule out the more efficient but gentle
bubble type diffuser type aerators.

Aeration systems are commonplace at sewage treatment works and some
experimental units are also being used for treating stronger effluents such as farm
slurries (figure 3). Trials with this system using pig slurry revealed degradation of
93% of the ammoniacal nitrogen, 67% of the Kjeldahl nitrogen, 43% of the COD
content but only 8% of the total dry matter (Burton et al, 1998). The implication is
that aeration only removes the reactive part of the organic matter leaving much of
the inert material (including the suspended matter) unaffected.

Figure 3.
Farm scale treatment plantfor aemting piggery slurry and typical

pertormance values (Burton & Fanent, 1998).

Although effective for certain duties including odour abatement and nitrogen
removal, aeration is not a universal solution to all effluent problems.
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Batch aeration is straightfonrard and sometimes preferred for dealing with small
effluent volumes; it is also relatively cheap to install in existing storage tanks or
lagoons. However, it can result in control problems due the variable load and the
treatment tends to be inconsistent. A compromise might be sequential batch
processing (Lo et al, 1990) which can also incorporate a settling stage.

4.3 Gomposting

The principles of composting solid organic wastes follow closely those of the
aerobic treatment of wastewaters. lt is essentially an aerobic process in which the
more reactive organic components are broken down leaving a stabilized mass.
Adequate oxygen must again be supplied either by regular agitation or forced
aeration if anaerobic conditions are not to develop. ln addition, the structure of the
solid needs to be open and dry matter content should be around 250 kg/m3. An
important feature of a successful process is the rise in temperature of the solids as
the result of the exothermic activity. ldeally this should exceed 60oC thus both
destroying pathogens and any weed seeds. The fate of the ammoniacal nitrogen
depends on the C:N ratio in the solid mass; the higher the level of carbon, the more
retention can be expected. Losses fall to zero for very high levels of carbon (C:N
ratios over 60:1) but the fertilizer value is then much lower (Csheiet al, 1996).

4.4 Anaerobic digestion

ln the absence of oxygen, microbial activity continues anaerobically. The process
is slower but reactive organic matter is again broken down thus leading to a
reduction in the BOD5 value and biogas can be produced as a bonus. ln the
simplest form of an anaerobic lagoon system, such gas is not collected and the
main benefit of the approach is a reduction of organic load plus the removal of
some phosphate along with other insoluble matter if settlement is encouraged,
However, even if unwanted, the free emission of methane is generally
unacceptable and some form of gas collection is needed. The gas is in fact an
important bi-product in most cases and the design of digesters to maximize yield is
important. This involves agitation and the maintenance of temperatures in the
range 30 to 40oC. The performance of digesters varies widely reflecting the feed
material as much as the design but the example described by Montuelle et al
(1992) summarizes the main features: reductions in BOD5 and COD were reported
as 84 and 58% respectively. There was no significant effect reported on the
nitrogen (including ammonia) and phosphorus components as might be expected
as there is no obvious removal route. Anaerobic digestion can have the benefit of
odour abatement in that many of the organic chemicals implied are broken down
and some pathogens can be destroyed in the digester environment but the
reduction is less than for aerobic systems.
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5. Chemica! treatment

A range of specific chemicals already feature in currently available treatment
technologies including acids, flocculants and precipitants (Burton et al, 1997). The
addition of strong acids to livestock manures has been explored as a method to cut
ammonia losses by reducing the pH. Although an effective abatement measure,
the hazards and cost of the method make it unattractive. The use of various
flocculants in conjunction with a clarification step is common in many areas of
effluent treatment although the performance can be variable. Many of the agents
work on the basis of introducing strong ions (eg ferric or Fe3*1 into the effluent to
break down the colloidal system; their contribution is less pronounced in
concentrated effluents or where good settlement naturally occurs such as after
aerobic treatment (Martinez et al, 1995).

The addition of a precipitant such as lime can also enhance clarification but the
main purpose is to increase insolubility of the phosphorus and some of the metals.
The method is effective but the quantities required can be large (30k9+ per tonne of
effluent) and ammonia emissions can be increased. Ammonia is incorporated in
the precipitate along with magnesium and phosphate in the MAP process used with
livestock slunies. However, the MAP complex (magnesium-ammonium-phosphate)
follows a precise stoichiometry requiring additional magnesium and phosphate to
be added.

There is also a wide range of additives on the market offered for many purposes
including breaking down of organic material, reduction in ammonia emission and
odour abatement. The way that such additives [allegedly] work is not always clear
but mechanisms include providing enzymes, bacteria cultures or entrapment. Many
of these products remain unproven and due to a lack of information, it can be
difficult to decide which, if any, should be used.

6. New processes

6.1 Thermaltreatments

The use of heat as a part of a treatment process is already well established such as
in the case of some aerobic and anaerobic systems. The primary aim though has
been to sustain the process and, in some cases, to extract heat as well (Evans et
al, 1982l. Hemmersbach et al, 1985); temperatures above 50oC have rarely been
needed. Heat is also effective for destroying pathogens which is a requirement in
some specialised effluent treatments (Turner et al, 1997) but consistently high
temperatures are needed to ensure a sufficient degree of pathogen inactivation.
Where such sterilization is essential (eg, to combat a high disease risk) the related
higher energy costs may be tolerated but otherwise they can be prohibitive for the
more general treatment of wastewaters. Nonetheless, interest in this approach
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continues to grow with the emergence of well developed systems such as the
Sirven process (Veil, 1994). Energy efficiency (eg, heat recovery) will be the key
to the uptake of such technology.

For the more hazardous wastes incineration may well be stipulated. However, the
approach may also be used more generally for solid wastes with the motivation of
energy generation. The commercial burning of chicken manure has already been
established in the UK and other wastes are being considered (Burton et al, 1997).
However, a high dry matter content (25o/o+) is essential if there is to be a net
generation of energy. For the purpose of disposal alone, small quantities of
wastes with a higher moisture can be incinerated if blended with solids, otherwise
the process must be supported with conventional fuels such as oil or gas.

6.2 Filtration

Filtration processes are subject to similar limitations to physical separation
processes in that they affect mostly the insoluble components. However the
specific options emerging each offer additional treatment potential. ln the case of
soil filters for example, there is also a biological factor leading to a breakdown of the
dissolved organic material as well. This principle is used in the Solepur process for
the total treatment of pig slurries (Martinez, 1997). Recognizing the limitation of soil
filters in that they can generate a nitrate rich leachate, this process includes the
collection and separate de-nitrification of such water before it is finally irrigated to
land.

The use of membranes allows the physical removal of some of the dissolved
materials from the wastewater. The extent of the filtration is a function of the
membrane: the more open ultrafiltration type (UF) will only retain the larger
molecules whereas the highest quality reverse osmosis type (RO) can lead to a
virtually pure watei stream. The application to wastewater treatment is limited
though due to the high cost of the equipment and the relatively low throughputs.
There may be a role for the treatment of very dilute effluent prior to disposal to the
water course or to enable its reuse.

Treatment by electro floatation is linked with the use of flocculants in clarification
and thickening steps in a process to produce a treated effluent and sludge. The
electro flotation unit itself enhances flocculation and probably removes some of the
dissolved matter also by precipitation. lts general suitability for wastewater
treatment remains unproven at present.
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6.3 Ammonia stripping

The natural tendency of ammonia to volatilize from alkaline solutions is used as the
basis of ammonia stripping as a treatment process. Lime can be added to raise the
pH and ammonia is stripped by airlsteam; it is subsequently recovered by
scrubbing the effluent gases with sulphuric acid to produce a solution of ammonium
sulphate. The approach is effective as a treatment but its viability will require there
to be some value to the fertilizer solution produced.

6.4 Evaporation and drying

Evaporation can offer a means of producing a useful concentrate from the effluent
as well as leading to a heat-treated condensate for disposal. lt has limitations
though, including the need for an energy efficient operation which itself can result in
very elaborate plant. Some de-watering of dilute effluents may be required and
further treatment of the condensate may be necessary as it will invariably include a
high proportion of the volatiles. The economics and technical demands of this
treatment approach will limit its application although it will be an important flrst step
if drying is intended.

The production of a dry stable product from waste concentrates has many
attractions. Storage and transport is greatly improved and there is the opportunity
for marketing a serious organic product as an alternative to inorganic fertilizers.
Revenue from sales may or may not pay for the process but it will at least defray
the overall treatment cost to an approach that has considerable environmental
credibility in terms of nutrient re-use. Schemes have been piloted for sewage
sludge processing (Boniface, 1990) and for animal manures. Blending is important
with the addition of deficient components to provide a balanced fertilizer.
Processing is very elaborate though and requires a dedicated operator who will
probably manage a variety of effluents from different sources. Location and
transport costs could become key factors.

For certain hazardous wastes (eg, sewage sludges containing high concentrations
of heavy metals), drying prior to landfill may be required as the only acceptable
disposal route. The drying process itself then is for the purpose of ensuring product
stability in terms of mobility.
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Process Effect of treatment on the reduction of:
TSS BOD6 Odour Ki.N Am-N P K Pathoqens

Mechanical screeninq + ? ? ? ? ? ? 2

Sedimentation ++ ? ? + ? + ? ?
Precipitation lime + ') ? ? !! ++ ? ?

2 ++ ++ + 2 + ? +

Aeration* ? ++ ++ + ++ ? 2 +

Thermophilic aeration ? + ++ ? !! ? ? ++
Anaerobic la + + !! ') 2 + ? +
Anaerobic diqestion ? ++ + 2 2 2 2 +
Acidification ? ? ? ? ++ 2 ? ?
Ammonia stn ') ? ? + ++ ? ? +

Additives 2 ? + ? ? 2 ? 2

Evaooration & drvinq ++ + + + 2 ++ ? ++
Reverse osmosis + + ? ? + ++ + +

Table 2.
The relative contibutions of the main treatments in the abatement of specific

effiuent components.

Key: ++ large effect; + some benefit; ? litfle or no benefit; !! Possible negative effect. ' lncluding
nitrification and denitrifi cation

7. Gonclusions

Poor management of organic effluent from the livestock, sewage and food
industries can lead to a range of pollution problems including water contamination
(by nitrates, phosphates and organic matter) air emissions (including ammonia,
nitrous oxide and methane) and soil residues (including phosphates and heavy
metals). There are also disease risks. Although not strictly an environmental
pollution, the issue of odour nuisance is sometimes a major factor owing to the
pressure of public complaints.

It is important to set unambiguous targets for treatment processes to enable both
the verification of satisfactory performance and objective comparisons with
alternatives.

A range of treatments for organic effluents which can tackle many of the problems
identified are already available. These include aeration (e.9., odour, water and air
pollution abatement), anaerobic digestion and lagooning (e.9., biogas production,
odour abatement, reduction in BOD), separation (e.9., easier handling, reduction in
TS) and composting (e.9., formation of a fertilizer product). Some treatment
systems remain unproven as effective and/or cheap enough for the intended
application.

There are also a range of new processes that may contribute towards effective
treatment in the future. These include thermal treatments, purification by soil, use
of chemical additives and membrane processes.
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The suitability of these processes will depend both on the effluent composition and
the criteria of treatment. The latter will be influenced by the intended disposal route.
Table 2 summarizes the effectiveness of the main treatment options.
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The effect of continuous and intermiftent aerobic treatment
of pig slurry on nitrous oxide emissions.

L'influence de I'adration continue et sdquentielle sur les 6missions de protoxyde
d'azote au cours du traitement adrobie du lisier de porc.

B6line F., Martinez J.
Cemagrel Livestock and Municipal Waste Management Division
17 avenue de Cucill6, CS U427,35044 Rennes Cedex, France.
E-mail : fabrice.bel ine@cemagref.fr

Abstract

A laboratory treatment system was designed to study the fate of nitrogen during
aerobic treatment of pig slurry. Different aeration processes, continuous and
intermittent, were evaluated. For each of the four runs evaluated, the nitrogen mass
balance was determined including measurement of the gaseous nitrogen forms
(ammonia and nitrous oxide). For continuous aeration, nitrogen removal could rise
up to 95% of the total ammoniacal content of the raw slurry (redox control = 0
mVog,osc,) but was less importanl (45.7o/o) with redox potential control = -50 mVoron",

due to oxygen limitation for ammonium oxidation. Concunently, intermittent aeration
with aeration sequences of 9 and 15 hours/day led to a nitrogen removal of about
82o/o of totial ammoniacal nitrogen content of the raw slurry. Between 30-33% of
total ammoniacal nitrogen content of the raw slurry was emitted as NrO during
continuous aeration while N2O emissions could be reduced from 30% of the total
ammoniacal nitrogen content of the raw slurry during intermittent aeration (aeration:
2.5 hours, anoxic: 1.5 hours) to 0 using anoxic period longer (aeration: 1.5 hours,
anoxic:2.5 hours).

R6sum6

Un pilote de laboratoire a 6t6 d6velopp6 afin d'6tudier le devenir de I'azote au cours
du traitement a6robie du lisier. Diff6rents proc6d6s a6robies, I'a6ration en continu
et l'a6ration s6quentielle, ont 6t6 6valu6s. Pour chacune des 4 s6quences test6es,
un bilan azot6 incluant la mesure des formes azot6es gazeuses (ammoniac et
protoxyde d'azote) a 6t6 effectu6. L'a6ration continue a permis d'obtenir une
6limination d'azote de I'ordre de 95% de l'azote ammoniacal du lisier brut (contr6le
r6dox = 0 mVorono). L'6limination a 6t6 moins importante avec un contrdle r6dox = -
50 mVorono d cause de la limitation en oxygdne pour la nitrification. L'a6ration
s6quentielle, avec des s6quences d'a6ration de I a 15 heures par jour, a permis
une dlimination d'azote d'environ 82o/o de I'azote ammoniacal du lisier brut. Environ
30-33% de I'azote ammoniacal du lisier brut a 6t6 6mis sous forme de NrO pendant
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I'a6ration continue tandis que les 6missions de NrO ont pu 6tre r6duites, pendant
I'a6ration s6quentielle, de 30% (a6ration: 2.5 hours, anoxie: 1.5 hours) ir 0% en
utilisant des p6riodes anoxiques plus longues (a6ration: 1.5 hours, anoxie: 2.5
hours).

1. lntroduction

Aerobic treatment of pig slurry is a source of losses of nitrogen as nitrous oxide
(NrO). NrO is an important greenhouse gas contributing 260 times more than
carbon dioxide on a weight basesl and is also implicated in ozone destruction2.
Anthropogenic NrO emissions from cultivated soils, waste treatment, industrials
processes, ... contribute largely to the increase of atmospheric concentration
estimated at a rate of 0.2-0.3o/o per yearl.

Burton et al.3 and Willers et al.a observed NrO emissions during treatment of pig
slurry up lo 13% of the total nitrogen content of the raw slurry. Also, the increasing
of aerobic treatment farm scale units could resulted in an increasing of NrO
emlssions. Nevertheless, Osada ef a/.s indicated that it is possible to reduce NrO
emissions during aerobic treatment using intermittent aeration. lndeed, they
observed NrO emissions of about 35% of the total nitrogen content of the influent
using continuous aeration and sequential feeding (daily) whereas NrO emissions
represented less than 1% using intermittent aeration.

This paper compares the NrO emissions from continuous and intermittent aeration
of pig slurry in order to determine possible conditions of nitrogen removal without
NrO emissions.

2. Methods and Procedures

2.1. The slurry

Pig slurry was collected from an experimental farm in Brittany (Caulnes, 22). The
runs were canied out on the liquid fraction of handled separated (0.63 mm) slurry.
The slurry composition varied between runs but was consistent through the
duration of each. lts mean composition is given on table 1.
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Runs TN mgNikg TAN mgN/kg TS g/kg TSS g/kg VSS g/kg

1 4285 (68) 31s3 (78) 32.6 (0.5) 20.1(0.4) 11.7 (0.3)

2 3544 (1e) 2520 (31) 2e.0 (0.5) 16.e (0.2) e.8 (0.2)

3 2747 (7) 1683 (22) 30.3 (0.2) 20.5 (0.2) 11.6 (0.3)

4 2732 (13) 1692 (6) 30.7 (0.2) 20.8 (0.2) 11.8 (0.1)

Table 1

Characteistics of the slurry used in each expeiment. Value are expressed on a
fresh weighf bases (Standard deviation shown in paranthese).

2.2. Laboratory treatment system

The laboratory treatment system (figure '1) consisted of a ten litre glass reactor (5
litre working volume), a feed tank (51) and a discharge tank (51). A detailed
description was given in a previous papef.

Continuous aeration

The reactor was continuously fed with a peristaltic pump and was discharged every
4 hours with a second peristaltic pump. The slurry was mixed in the reactor by a
magnetic stiner and a flow rate of slurry recirculated from the bottom to the top of
the vessel at a flow rate approximately of 0.3 m3/h. This flow of slurry resulted in
mixing, aeration and foam control. Redox potential was continuously monitored in
the flow of slurry and recorded on a data logger. This data logger could be
programmed with a set point for redox potential to enable two solenoid valves to
switch and allow the entry of air or di-nitrogen gas into the system in order to
control the aeration level. The injection of air or di-nitrogen gas resulted in a
constant gaseous flow rate which was quantified by a gas meter.

lntermittent aention

The reactor was fed at the beginning of each anoxic period with a peristaltic pump
and was discharged at the end of each anoxic period with a second peristaltic
pump.The slurry was mixed in the reactor by a magnetic stirrer during both periods
(aeration and anoxic) and a flow rate of slurry recirculated from the bottom to the
top of the vessel at a flow rate approximately of 0.3 m3/h during aeration period.
This flow of slurry resulted in mixing, aeration and foam control during aeration
period and the cut off of this flow allow anoxic conditions. Continuous injection of air
resulted in a constant gaseous flow rate which was quantified by a gas meter.

For both processes, residence time was e,ontrolled by fixing the rate of feeding of
raw slurry. Gaseous flow rate was monitored continuously for nitrous oxide by non-
dispersed infrared analyzer. Ammonia emissions were quantified by recirculating
the gas through an acid kap (HrSOo, 0.5N).
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ln each experiment, analyses started after a period equal to three residence times.
Representative samples of raw slurry and treated slurry were then taken daily
throughout a two week monitoring period and analyzed for total solids (TS), total
suspended solids (TSS), volatile suspended solids (VSS), total nitrogen (TN), total
ammoniacal nitrogen (TAN), nitrate and nitrite. The values obtained were averaged
over the monitoring period and the values indicated in this paper are the means
values of 10-15 individual analyses. All input and output slurry quantities were
recorded daily in order to establish mass balances during the monitoring period.
Two continuous aeration runs were carried out with different aeration level in order
to evalute the effect of oxygen dissolved on NrO emissions. Concurently, two
intermiftent aeration runs were performed with different anoxic period times. A total
of 4 runs were evaluated with residence time of ca. 5 days; these are summarized
in table 2.

Residence Regimes
Runs time

- Continuous feeding
- Sequential discharging (every 4 hours)
- Continuous aeration with redox control at 0 mV

- Sequential discharging (every 4 hours)
- Continuous aeration with redox contol at -50 mV

- Sequential discharging (at the end of each anoxic period)
- lntermittent aeration with 2.5 hours of aeration and 1.5 hours of anoxic

- Sequential discharging (at the end of each anoxic period)
- lntermittent aeration with 1.5 hours of aeration and 2.5 hours of anoxic

Table 2
Treatment regimes

2.3. Chemicalanalyses

TAN was analyzed by steam distillation using MgO. Nitrate plus nitrite were
determined after reduction with Devarda's alloy, and nitrate by the same method
following destruction of nitrite with sulphamic acid. Nitrite was obtained by
difference. Samples were digested using the Kjeldahl procedure for raw slurry or
Olesen modified procedureT for treated slurry and distilled with NaOH (30%) to
determine TN, TS, TSS, VSS were analyzed by standard methods (APHA, 19928).

All nitrogen analyses, particularly nitrate and nitrite were made within one hour of
sampling. For the other analyses, samples were kept at 4"C (storage < 2 days) or
trozen (storage > 2 days).

2

3

4

4.6

4.8

4.5

4.5
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3. Results and discussions

3.1. Nitrogen transformations

Residences time were closed to 5 days in all treatment, and in this conditions, no
transformation in organic nitrogen pool was observed. Thus, only mineral pool is
consider and the results of nitrogen behaviour during treatment, expressed as the
percentage of the TAN of the raw slurry, are presented in figure 2.

Runs

Figure 2
Nitrcgen behaviour during aemtion of pig slurry,l ammonium,O nitrate plus nitrtte,

D nitrcus oxide and B ammonia (Veftical line =xstandart deviation).

We observed an ammoniacal nitrogen oxidation of 95.5% with redox potential
controled to 0 mVon^s (run 1) whereas it was only of 51% with redox potential
controled to -50 ffiVogrosc, (run 2). Further experiments shown an increase of
ammonium concentration in the reactor (Fig 3)when redox potentialfallfrom 0 to -
50 mVorono . Also, it appears that oxygen supplied become a limiting factor when
redox potential fall below 0 mVorono. Concunently, ammonium oxidation varied
between 85.8 and 88.8% using intermittent aeration (Run 3 and 4). Residual
ammonium concentrations were, in these mses, partly due to the ammonium
supplied by the feeding at the start of the anoxic period.

Low aeration level and intermittent aeration allow denitrification to occus'1o. Also, a
large part of oxidized ammonium was removed as gas (89 - 95.5%).
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Figure 3
lnfluence of rcdox potential on nitrogen transformation during aercbic trcatment of

pig slurry, O nitrate plus nitrite concentration, A ammonium concentntion and
----- redox potential.

3.2 Gaseous emissions

As observed by Osada et a1.5, the removal of oxidized ammonium led to NrO
emissions in case of continuous aeration. NrO emissions represented between 30
and 33% of the TAN of the raw slurry. The decrease of redox potential from 0 (run
1) to -50 mVas^so (run 2) did not prevent these emissions. Contrary to Osada ef
a/.5, the use of intermittent aeration (run 3) did not reduce systematically the NrO
emissions. lndeed, the NrO emissions was, in this run, similar to continuous
aeration (30%). Nevertheless, the continuous monitoring of gaseous emissions
allowed us to observed that emissions occured mainly at the start of aeration stage
(Fis aa).

NrO emissions were assumed to be due, in this run, to the stripping of NrO
produced during incomplete denitrification and trapped in the slurry. lndeed, foam
avoided exchange between air and slurry during anoxic stage. Also, an increase of
the time of anoxic period (run 4) enabled to a full denitrification into di-nitrogen gas
and prevented N2O emissions (fig ab).
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lncomplete oxidation of ammonium in run 2 led to ammonia emission which
represented near 1o/o of total ammoniacal content of the raw slurry. Nevertheless, a
full nitrification of ammonium (run 1, 3 and 4) resulted in the low ammonium
concentration in the reactor avoiding these emissions.
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4. Conclusions

Nitrogen removal between 82 and 95% of the total ammoniacal nitrogen content of
the raw slurry could be obtain during aerobic treatment of pig slurry using
nitrification and denitrification processes. Continuous aeration with low level of
aeration and intermittent aeration allow to nitrification and denitrification occur.
Nevertheless, continuous aeration lead systematically to nitrous oxide emissions
representing up to 33 % of the total ammoniacal nitrogen content of the raw slurry
whereas the use of intermittent aeration can prevent these emissions using a long
time of anoxic period to allow complete denitrification. Moreover, ammonia
emissions can be avoided by a complete oxidation of ammonium.
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Anaerobic processing of slaughterhouse wastewater in a SBR.

Le traitement des eaux us6es d'abattoir par digestion anadrcbie
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Agriculture and Agri-Food Canada,
2000 Rte 108E, Lennoxville Quebec, Canada, J1M 1Z.3
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Abstract

Abattoir effluents reaching iverc and sfreams may contibute significant levels of
biological oxygen demand (BOD) and other nutrients, resulting in iverbed and
stream pollution. At the present time, there is no economical, stable, efficient, easy-
to-use and opercte process to stabilize, deodoize, or recover usable energy frcm
slaughterhouse wastewater. The Agiculturc and Agi-Food Canada Research
Center is cunently evaluating the feasibility of using anaerobic digestion in
sequencing batch reactors to treat slaughterhouse effluents. Expertments were
conducted in four, 42 L bioreactors operated at 30'C. Prcliminary results indicate
that this process is very effective in reducing odours and the pollution potential of
slaughterhouse wastewater. The p/ocess removed up to 98% and g1% of the total
COD and suspended so/ids respectively. lt also yielded a large quantity of high
qualfi biogas (0.54-0.67L / g of VS fed) with a methane content of 70 to 75%. The
proposed process is very stable and easy-to-operate.

R6sum6

Dans certaines r6gions, la gestion actuelle des eaux us6es d'abattoirs cause de
s6rieux pr6judices d I'environnement. Ces eaux us6es sont principalement
compos6es d'un m6lange complexe de matidres grasses, de prot6ines et de fibres.
Elles contiennent une concentration suffisante : a) de mati€re organiques pour
appauvrir la teneur en oxygdne des eaux de surfaces, b) de nutriments pour
stimuler la prolif6ration des algues. Donc le rejet des eaux us6es d'abattoir dans les
cours d'eau a des cons6quences n6fastes sur la flore et la faune aquatiques. De
plus, le public augmente les pressions auprds des gouvernements locaux et
provinciaux afin que l'industrie des viandes adopte une gestion plus 6cologique de
ses effluents. Le rejet libre des eaux us6es dans I'environnement n'est plus une
solution acceptable. Actuellement, il y a un besoin urgent pour une biotechnologie
environnementale 6conomique, simple i utiliser, stable, performante et facilement
int6grable dans les abattoirs.
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- Agriculture et Agro-alimentaire Canada r6alise actuellement une 6tude de faisabilit6
concernant I'utilisation des bior6acteurs ana6robies A op6rations s6quentielles pour
le traitement des eaux us6es d'abattoir. Les exp6riences ont 6t6 effectu6es dans
quatre (4) bior6acteurs ana6robies de 42 L e op6rations s6quentielles. La
temp6rature d'op6ration et le taux de chargement organique 6taient de 30"C et
5.75 g DCO L -1d -1 respectivement. Le proc6d6 a r6duit la demande chimique en
oxygdne (DCO) totale de 91o/o, et a 6limin6 jusqu'A 85% des matidres volatiles
solides. Un biogaz de haute qualit6, contenant 70 e75o/o de m6thane, a 6t6 produit
(0.56 - 0.64 I CHo/g MVS aliment6). De plus, cette technologie qui est trds stable et
simple d'utilisation, d6sodorise compldtement les eaux us6es.

1. lntroduction

Slaughterhouse wastewater has a complex composition and is very harmful to the
environment (Polprasert et al., 1992). lt is strong compared to domestic
wastewater. After the initial screening of coarse solids, slaughterhouse wastewater
is mainly composed of diluted blood, fat, and suspended solids. lt may also contain
some manure.

ln Qu6bec and Ontario, most slaughterhouses send their wastewater to a municipal
treatment plant. However, in order to minimise surcharge costs exacted by
municipalities, larger slaughterhouses usually apply some type of primary and/or
chemical pre-treatment to the wastewater. These include the screening of coarse
solids, air flotation tank for fat recovery and the addition of chemicals for fat and
protein reduction, etc. These treatments, however, are somewhat costly and are
not sufficient to totally eliminate surcharge costs which are bound to increase in the
more populated areas.

At the present time there is no economical, stable, easy-to-use and operate
process to stabilize, deodorize, or recover usable energy from slaughterhouse
wastewater in Canada. Anaerobic processes that were experimented in the past
concentrated mainly on energy production and less consideration was given to
pollution potential reduction. However, anaerobic digestion in a Sequencing Batch
Reactor (SBR), as developed by Agriculture Canada, could be an interesting
alternative for an efiicient and economical treatment (or pre-treatment) of
slaughterhouse wastewater. This new technology, which had been successfully
applied in the laboratory to the treatment of swine manure slurry, can operate with
limited capital costs, energy and manpower.

The objectives of this study were to characterize wastewater form slaughterhouses
in eastern Canada, and to determine the feasibility of using anaerobic digestion in
an ASBR to treat slaughterhouse wastewater at a temperature of 30 C. ln this
study, the process stability will be considered as the most important criterion for the
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evaluation of the technology. The slaughterhouse industry needs a process that is
very stable and not affected by variations in wastewater temperature and strength.

2. Literature review

The nature and composition of slaughterhouse wastewater have been discussed in
detail by Hammer and Jacobson (1970) and lssac and Anderson (1974). The
major characteristics are: 1) high organic strength; 2) sufficient organic biological
nutrients; 3) adequate alkalinity;4) relatively high temperature (20 to 30 C); and 5)
free of toxic material. Metzner and Temper (1990) indicated that slaughterhouse
wastewaters with the above characteristics are well suited to anaerobic treatment.
Full scale anaerobic lagoon systems have been used to treat slaughterhouse
wastewater, (Enders et al. 1968; Wymore and White 1968). The efficiency of
these lagoons in reducing the BODS ranged between 60 and 90%. Suspended
solids removal was not reported. These anaerobic lagoons were not covered. The
only natural protection against exposure of anaerobic bacteria to air was provided
by a layer of grease that floated on the liquid surface. The biogas produced,
including methane escaped directly to the atmosphere. Release of methane to the
atmosphere is not an acceptable practice anymore. Methane has a high heat
trapping capacity and is a major component of greenhouse gas. A large floating
cover could be used to collect the biogas at the surface of the lagoon. Such a
system would work well in the absence of cold weather. Here in Canada, the
construction of a lagoon cover with enough durability and strength to resist large
unbalanced forces due to ice and snow accumulation would be very costly. Also,
the temperature in the lagoon would be very low during the winter. As a result, the
anaerobic lagoon system would not adequately process the wastewater. Also if a
process failed in a large lagoon, it would not be possible to restart it.

To accelerate the treatment and to reduce area requirements, more sophisticated
anaerobic systems involving digesters (as opposed to lagoons) have been used to
treat slaughterhouse wastewater. Sayed et al. (1987; 1988) used upflow anaerobic
sludge blanket reactors to treat the wastewater. Metzner and Temper (1990) and
Tritt (1992) used fixed-bed reactors for the anaerobic digestion of slaughterhouse
wastewater. These reactors were very effective in removing the soluble organic
(efficiency > 90%) but their efiiciency in removing the suspended solids was very
low 31 to 60%. The low efficiency in removing the suspended solids was due to
the hydraulic conditions inside these reactors. Suspended solids were maintained
in suspension by the continuous influent flow, and were therefore present in the
digester effluent. With this system, a secondary clarifier to settle the suspended
solids and a recirculation system to return the suspended solids to the reactor are
required. The addition of these equipments substantially increased the capital cost
and the operation complexity of the process. lts operation required a skilled
technician.
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An anaerobic process would be attractive to the slaughterhouse industry if a low
cost, simple, efficient and easy-to-operate process was available. The sequencing
batch reactors has the potential to be a low cost as well as an efficient system to
remove both soluble COD and suspended solids. SBR indicates that the process
occurs in a tank in the sequence given in Figure 1: fi|l; react; settle; draw and idle.
During the fill period the wastewater is added to the tank. During the react period
the alimentation is stopped. During both the feed and react periods the soluble
COD and some of the organic particulate are removed biologically by
microorganisms action. During the settling period, no mixing is provided. This
provides quiescent conditions (optimum conditions) for the separation of treated
wastewater and suspended solids. Dague et al. (1992) stated that in an anaerobic
sequencing batch reactors the Food/Microorganisms ratio is high after the filling
period and low just prior to the settling period. They also indicated that the above
operating conditions result in efficient bioflocculation and solids separation. Dague
et al. (1992) also stated that with a SBR the partial pressure of C02 above the liquid
zone is maintained in the reactor during the settling period. As a result no
significant quantity of C02 is transferred to the head space during the settling
period. The abscence of mixing and CO2 transfer results in quiescent settling
conditions for the suspended solids. This operation retains a very high
concentration of microorganisms in the digester. Previous systems used
secondary clarifier and degasification equipment to recover the anaerobic bacteria.
But because the secondary clarifier never provided quiescent conditions, bacteria
were still washed out of the system. ln several cases, this led to process failure.
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3. Analysis of wastewater from different slaughterhouses

Wastewater samples were collected at various locations in the wastewater
treatment area of six slaughterhouses. Table 1 presents the composition of the
raw wastewater, prior to any treatment except for the screening or settling of coarse
solids. Screens and primary settling tanks are usually situated at the inlet of the
wastewater treatment area and it is often difficult to sample before that point. Table
1 shows that the strength of raw wastewater varies among slaughterhouses but
variation seems to be independent of plant capacity: smaller slaughterhouses do
not produce stronger or weaker wastewater. Total COD, suspended solid (SS),
total nitrogen (TKN), and total phosphorus (P) concentrations of the raw wastewater
collected at the six slaughterhouses are 2 to 9 times higher than those of a strong
domestic wastewater which has a total COD of 1000 mg/L, a SS content of 350
mg/L, and TKN and P concentrations of 85 and 15 mg/L, respectively (Metcalf &
Eddy,1991).

Table 1

Analysis of raw wastewater from six slaughterhouses prior to any
treatment except the screening or settling of coarser solids.

Wastewater samples were always collected in the morning or early afternoon and
did not include water from the afternoon washing or fom emptying the hot water
tank used to wash the animals during the day. The raw wastewater collected was
thus probably stronger than a 24 hour-composite sample which would include wash
water. Table 2 presents the range of values as well as the coefficients of variation
for the different parameters tested in the raw wastewater samples from
slaughterhouse. For most parameters, overall variation was less lhan 20o/o.

However, the highest total and soluble COD contents (11 530 and 5490 mg/L,
respectively) were 60 to 65% higher than the lowest values (6908 and 9449 mg/L).
Total and soluble COD contents are important parameters when designing a
wastewater treatment system. Therefore a system to treat slaughterhouse
wastewater would have to be able to sustain these variations in influent COD.

Parameters (mo/l) 1 2 3 4 5 6
COD total
COD soluble
Totalsolids
Volatile solids
Suspended solids
Volatile suspended solids
Total Kjeldahl nitrogen
Ammonia
Protein
Total phosphorous
pH
CaCO"

2941
15't0
2244
1722
957
770
174
41

133
20

6.7
333

3589
2605
2727
1966

736
576
271
1il
117

7.2
333

4976
2817
3862
3153
13/.8
1192
372

99
272

6.5
333

2333
778

2747
1204
877
594

90
19
71
28
4.9

83

9368
4551
6037
4745
2397
2182

629
185
444

61
7.O

1014

3417
1250
2481
1846
1431
1149

158
20

137
80

6.5
250
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Parameters Ranqe (mq/l) Coefficient of variation (%)

COD total
COD soluble
Totalsolids
Volatile solids
Suspended solids
Volatile suspended solids
Total Kjeldahl nitrogen
Ammonia
Protein
pH
CaCO"

6908 - 1 1530
3449 - 5490
4892 -7121
36/.7 - 5724
2135 - 2700
1936 -2427

53/.-735
89 - 246

288 - 530
7.0 -7.1

917 - 1056

16
19
16
23
10
10
12
36
22

0
6

Table 2
Variation in raw wastewater qual$ at Slaughterhouse 5

duing four sampling over a six-month period.

4. Evaluation of anaerobic digestion in a SBR

Materials and Methods

Figure 2 is a schematic diagram of the bench scale SBRs used in this study. Four
42 L plexiglass digesters were located in a controlled temperature room. The SBRs
were mixed by recirculating the biogas. Wet cup gas meters were used to measure
the daily biogas production. The feed samples were stored in a freezer at -15 C to
prevent biological activity. They were heated to the digester operating design
temperature (30 C) prior to feeding.
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Operating Conditions

For startup run, the effects of inoculum type on process start-up was investigated.
Fill and react period lengths were kept constant and intermittent mixing was
provided (1 minute every 5 minutes) to the SBRs. Operating conditions for the
start-up run are given in Table 3. Digesters 1 and 2 were initially started using 13 L
of anaerobic granular sludge obtained from the anaerobic wastewater treatment
plant of Agropur Co-Operative dairy plant at Notre-Dame du Bon Conseil, Quebec.
Digesters 3 and 4 received 13 L of anaerobic non-granulated sludge obtained from
the Robert O. Pickard Environmental Centre, Ottawa, Ontario. The Agropur sludge
substrate consisted mainly of fats and proteins. The anaerobic municipal sludge
substrate comes from both primary and secondary clarifiers. Composition of the
Agropur and municipal anaerobic sludge are given in Table 4.

A - Agropur sludge. B - Municipal sludge.

Table 3
SBR Operating conditions

Table 4
I noc u I a c h a racte i stiq u e s

Monitoring and Sampling

Biogas production was monitored daily and the biogas composition weekly. The
feed, digester mixed liquor and effluent were analysed for soluble and total COD,
solids contents (TS, VS, fixed solids, TSS, fixed suspended solids), ammonia and
total nitrogen, VA concentration, pH and alkalinity. The analytical procedures used
to determine the above parameters were carried out according to standard methods
(APHA, 1989). Gas composition and VA concentrations were determined by gas
chromatography.

Digester
No

Feeding
ftequency
(# / week)

Fiil
period

(hr)

React
period

(hr)

Sludge
Type

1-2u 3.5
3.5

1

1

41
41

A
B

CONSTITUENT AGROPUR SLUDGE MUNICIPAL SLUDGE
Totalsolids %
Total suspended solids %
Volatile solids %
Volatile suspended solids %
Soluble COD g/l
Total COD s/l

7.5
7.3
3.2
3.2
0.7

89.7

4.9
4.8
2.8
2.7
0.7

62.5
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5. Result and discussion

The startup period was divided into three runs coresponding to three different feed
stocks from the slaughterhouse (Table 5). The ASBRs were fed every two days.
The loading rate was slowly increased from 1 .1 g COD per litre of digester mixed
liquor at the beginning of run 1 to 11.5 g COD/L at the end of run 3. Table 5 gives
average concentrations of total and soluble COD, solids and nutrients in the raw
wastewater fed to the ASBRs and in the effluents from the ASBRs for the three
runs. lt also gives the level of removal of these compounds.

Table 5
Quality of wastewater before and after anaercbic treatment rn SBRS

Run
n"

Parameters lnfluent
(mg/l)

Effluent 7o Removal
Agropur
sludge
(mq/l)

Municipal
sludge
(mqI)

Agropur
sludge

A

Municipal
sludge

B

1 Total COD
Soluble COD
Total solids
Volatile solids
Suspended solids
Volatile sus.solids
Total nitrogen
Ammonia
Protein
Methane (Ug of VS fed)

6908
u49
4892
3il7

534
246
,y

151 1

495
2959
1002
1411
7U
510
,144

66
0.64

1450
512

2091
987
787

3775
741
664

78
0.67

78
86
40
,1

4
-81

79
85
57
73

-170
73

2 Total COD
Soluble COD
Total solids
Volatile solids
Suspended solids
Volatile sus. solids
Total nitrogen
Ammonia
Protein
Methane (Ug of VS fed)

9665
47',t4
6098
4864
2135
1936
619

89
530

18/.2
159

3381
1406
2519
1246

621
525
95

0.55

880
104

1742
573
810
490
571
498

73
0.58

81

97
45
71

-18
36

0
489

82

91

98
71

88
62
75

8
-458

86

3 Total COD
Soluble COD
Total solids
Volatile solids
Suspended solids
Volatile sus. solids
Total nitrogen
Ammonia
Protein
Methane (Us of VS fed)

1 1530
9665
7121
5724
2658
2427
735
221
514

601
18r',2
1630

425
u7
238
645
612
33

0.56

365
880

1457
303
233
135
552
536

16
0.54

95
81

77
93
87
90
12

-177
94

97
9'r
80
95
91
94
25
43-1
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High COD removal was achieved in all the experimental runs, especially in the last
run of the startup period when total COD was reduced to 601 and 365 mg/L (95%
and 97o/o removal) by sludge A and B, respectively. VS removal ranged from 73o/o

in run 1 to 95% in run 3. The reduction in soluble COD was due to microbial activity
while total COD and VS removal were due to both microbial activity and solids
settling. Both types of anaerobic sludge had excellent settling characteristics even
though the quiescent conditions were sometimes disturbed by biogas production
during the settling period. ln this experiment, TSS concentration in the effluent from
run 3 was as low as !17 and 233 mg/L for sludge A and B, respectively. lt
corresponded to over 87o/o and 91% removal, respectively, and was well below the
TSS maximum allowed by municipalities. Total Kjeldahl nitrogen concentration
remained high in the effluent but the organic nitrogen was mostly converted to
ammonium during the process. Ammonia-nitrogen represented 20 to 50o/o of the
influent TKN but accounted for over 90% of the TKN in the ASBR efiluent.

The ASBRs produced a high quality biogas which contained approximately 74o/o

methane and 25o/o COr. Methane production varied between 0.54 and 0.67 Ug VS
fed. There was no acetic, propionic or butyric acids accumulation in the
bioreactors, indicating that the technology is very stable. The effluent had an
average pH of 7.6, which was slightly higher than that of the influent. Alkalinity was
increased from approximately 900 mg/L as CaCO3 in the influent to about 2500
mg/L in the effluent. The increase in alkalinity will improve the buffering capacity of
the wastewater and is thus beneficial. The efiuent was almost odoudess when
compared to the raw slaughterhouse wastewater. Also, the dark red colour of the
raw wastewater completely disappeared and the treated wastewater had a pale
yellowish colour.

The anaerobic sludge had excellent settling characteristics. When mixing was
stopped at the end of the react period, a settling zone or liquid/solids interface was
forming and the sludge blanket completely settled at the bottom of the SBR.
Another very important feature of ASBR process is that it does not require
continuous feeding. Therefore, in slaughterhouse applications it should be loaded
during the day and react at night. Therefore the SBR will make use of existing
wastewater handling equipment at the plant.

385



6. Conclusion

Preliminary data of anaerobic digestion at 30 C in a SBR showed that the proposed
technology has good potential to substantially reduced the pollution load of
slaughterhouse wastewater. The digester effluents were almost odourless when
compared to the raw slaughterhouse wastewater. Also, the SBR was efficient in
retaining the biomass. lt provided good solids-liquid separation. The proposed
process show good potential to provide the slaughterhouse industry with a more
environmentally sound wastewater management alternative. lt will eliminate the
need for expensive air flotation and sedimentation processes cunently used at
some slaughterhouses. lt will also substantially reduce the high treatment cost at
plants where the wastewater is discharged to the municipal wastewater system.
Finally the above process will recover a significant quantity of energy (methane)
that could be used to heat or produce hot water at the slaughterhouse plant.
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Abstract

lncreasingly stingent standards and heightened public awareness regarding
environmenfal Lssues has led to an increase in research on various treatment
methods used in different countrtes. Among manure treatment options, organic bed
biofiltration represents a very promising technique for treatment and recovery of
liquid and gaseous effluent on pig farms.

Consideing this technology's potential, industial-scale research and development
has been canied out to prove that the BTOSORTM process is effective in treating pig
manure and foul air in farm buildings. This work was recently done on-site at a
livestock farm using a 400 m3 industial biofiltntion sysfem. The system consrsfs of
a combined decanter4igester, a protective prefilter and a double-action biofilter.

The system performed well despite variations in tempenture and organic load at
the manure pretank outlet. Despite wide variations in BOD; 00 000 - 20 000 mg/L),
in SS (70 000 - 20 000 mg/L), in TKN (2 000 - 3 800 mg[L) and in Ptot (500 - 900
milL), fhe BIOSORTM system was able to maintain an overall pollutant removal
pertormance averaging > 95% for the BOD1" > 97% for the SS, > 75o/o for the TKN
and > 87% for the Ptot. By rcducing the raw manute's organic load by more than
g5%, BIOSORTM etiminafes c/ose to 95% of the odours prcduced when the manure
is tnnsported, stored and spread.
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R6sum6

La s6v6risation des normes et la sensibilisation sans cesse croissante du public
aux probldmes environnementaux ont entrain6 une recherche accrue de diverses
m6thodes de traitement dans diff6rents pays. Parmi les alternatives de traitement
du lisier de porc, la biofiltration sur support organique constitue une technique trds
prometteuse pour le traitement et la valorisation des effluents liquides et gazeux
des fermes porcines.

Compte-tenu du potentiel de la technologie, des travaux de recherche et
d6veloppement A grande 6chelle, visant i d6montrer I'efficacit6 du proc6d6
BIOSORMC lors du traitement du lisier de porc et de I'air vici6 du b6timent de
production, ont 6t6 r6alis6s r6cemment sur le site d'6levage d I'aide d'un systdme
de biofiltration industriel de 400 m3 de volume. Le systdme est constitu6 d'un
d6canteur-digesteur, d'un pr6filtre de protection et d'un biofiltre i double action.

Le systdme a bien fonctionn6 malgr6 les variations de temp6rature et de charge
organique i la sortie de la pr6fosse i lisier. En effet, en d6pit des fortes variations
de DBO5 (10 000 - 20 000 mg/L), des MES (10 000 - 20 000 mg/L), Qe NTK (2 000
- 3 8OO mg/L) et de P,* (500 - 900 mg/L), le systdme BIOSORMC a permis de
maintenir globalement une performance 6puratoire moyenne de > 95o/o pour la
DBO5, > 97o/o pour les MeS, > 75o/o pout NTK et > 87% pour le P.,. En r6duisant de
plus de 95o/o la charge organique du lisier brut, le proc6d6 BIOSORMC permet
d'6liminer prds de 95% des odeurs provenant de l'entreposage,du transport et de
l'6pandage du lisier.

1. lntroduction

Over the past twenty years, there has been a considerable increase in pig
production in Qu6bec. The number of pigs now produced has almost tripled. ln
1985, there were 1200 farms with more than 100 sows in their livestock and 793
operations feeding over 1000 pigs a year (1). The growth of this industry has
caused a surplus of manure to be disposed of in comparison to the areas available
for it to be spread. As a result, there is a greater problem of water, air and soil
pollution, not to mention undesirable odours, particularly in and around production
buildings, storage areas and when the pig manure is spread (Figure 1). By
measuring the intensity and duration of odour emissions, it was established that the
sources of odour in Qu6bec were at 20o/o for buildings, lOYo for storage, 5% tor
recovery and 65% for spreading (2).
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Figure 1

Standard manure management

Literature on the subject of gas emissions fom pig manure indicates that these gases
are composed mainly of methane, carbon dioxide, ammonia and hydrogen sulphide
(3, 4 and 5). While ammonia is the main component, it is nevertheless not the one
with the strongest odour. Literature shows that average concentrations of NH3 rarely
exceed 66 ppm, while its odour threshold is evaluated at 47 ppm. There has
nevertheless been a great deal of monitoring of this compound before and after
treatment since it has been identified on the one hand as being responsible for acid
rain (6, 7) and, on the other, as a good indicator of odour control during pig manure
treatment (8). Trimethylamine and hydrogen sulphide are compounds found in the
ambient air of pig farms and have the lowest odour threshold values (respectively
0.00021 and 0.00M7 ppm).

A study carried out by ROCHE LTEE (9) shows that pig manure is a liquid effluent
with high concentrations of organic matter (6.70/0), N166 (0.61olo) and P2Or (0.33%).
The volume of manure produced per day per animal is estimated as being on
average 7o/o of its live mass, depending on several factors, such as the animal's
weight and livestock practices (feeding, frequency of cleaning, etc.).
lncreasingly stringent standards and heightened public awareness regarding
environmental issues has led to an increase in research on various treatment
methods used in different countries. Among manure treatment options, organic bed
biofiltration represents a very promising technique for treatment and recovery of
liquid and gaseous effluent on pig farms.
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The principle of biofiltration is to have liquid and gaseous effluents pass through a
filter containing an organic bed. As a pollutant removal agent, the organic bed can act
in two ways, as a natural resin able to fix several types of pollutants and/or as a
medium for different microorganisms capable of degrading the retained substances.
These pollutants are degraded into CO2 and H2O as a result of microbial activity (10).
The constituents of the organic support, particularly the lignine and the organic acids,
contain many polar functional groups: alcohols, phenols, aldehydes, ketones, acids
and ethers. This polar character provides a good adsorption capacity for the organic
molecules and transition metals (11). Adsorption properties can also be linked to the
presence of a porous structure, conducive to physicaladsorption (12).

Different studies have been canied out on the use of organic beds, mainly peat, to
control water pollution (13, 14). The first research work on the use of organic bed
biofilters for purifuing air contaminated by foul air can be traced back to Bohn (15),
Zeizig (16) and Rand et al. ('17). ln these studies, organic bed biofilters were proved
effective in reducing the polluting load of liquid and gaseous efiluents at less cost than
conventional technologies.

Research canied out at the Centre de Recherche lndustrielle du Qu6bec (CRIQ) has
also proven that organic bed biofiltration can be used in treating highly concentrated
effluent. Pilot biofilters were able to effectively treat the leachate of dairy cattle
manure compost (around 9000 mg Oy'L in BOD5, 1200 mglL in TKN). Anaerobic
phases followed by an aerobic treatment were able to remove 90% of the BOD5, 80%
of the SS and 70o/o of the TKN (18). Research work by Buelna et al. (1 9), Dub6 et al.
(20) and Blais (21) show that it is possible to reduce the polluting load of pig manure
by more than 90% using organic bed biofiltration. The organic bed used as a filter
medium increased TKN concentrations threefold and P", concentrations eightfold
(20).

Biofilters succeeded in deodorizing over 95% of the offensive odour in foul alr (22).
Figure 2 illustrates how the BIOSORTM-MANURE operates, simultianeously treating
liquid and gaseous effluents.
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Figure 2
The BIOSOPM-MANU RE technology

Considering this technology's potential, industrial-scale research and development
has been carried out to prove that the BIOSORTM process is effective in treating pig
manure and foul air in farm buildings. This work was recently done on-site at a
livestock farm using a 400 m3 industrial biofiltration system. The system consists of
a combined decanter-digester, a protective prefilter and a double-action biofilter.

The system performed well despite variations in temperature and organic load at
the manure pretank outlet. Despite strong variations in BOD' (10,000 - 20,000
mg/L), in SS (10,000 - 20,000 mg/L), in TKN (2000 - 3800 mg/L) and in P." (500 -
900 mg/L), the BIOSORfr system was able to maintain an overall pollutant removal
performance averaging > 95o/o for the BOD5, > 97o/o for the SS, > 75% for the TKN
and > 87o/o for the P,o,. By reducing the raw manure's organic load by more than
95%, BIOSORTM eliminates close to g5% of the odours produced when the manure
is transported, stored and spread.

NH3 and HrS contents in the farm production buildings vary respectively from 1.0 to
7.1 ppm and from 0.03 to 0.21 ppm, depending on the season. The biofilter
installed at the pig farm and operating at a rate of TOOO m3/h can treat 91 to 100o/o

of the ammonia present in the gaseous effluent. The treatment is 100% effective in
treating hydrogen sulphide. Olfactory measurements indicate that the biofiltration
treatment of gaseous emissions clearly reduces odour intensity.
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An effective, simple and safe system able to control odours is a major asset in
reducing the problem of surplus manure and transportation costs. By increasing
the acceptability rate of the manure, more of the surplus can be managed inside the
maximum economic distance for transportation and spreading (23).

2. Materials and Methods

An industrial biofilter system was designed, built and started up in January 1g97, to
treat the liquid and gaseous effluents of a pig farm with 1s0 sows, nursery to finish
(around 2000 pigs produced/year). The system was designed to treat up to 12 m3/d
of manure and 15,000 m3/h of foul air.

Figure 3 illustrates how the pig manure is first treated by separating liquid and solid
fractions in a 1200 m3 combined decanter-digester (a refitted storage tank). The
settled sludge, representing 15 to 20Yo of the total volume of manure produced, is
stabilized and deodorized by anaerobic digestion. The residual liquid fraction (80 to
857o) is directed to an 8-m3 protective prefilter, made up of coarsely textured natural
materials. Next, this fraction is pumped to the surface of a 400-m3 biofilter
composed of a multi-layer organic bed (wood chips, peat and bark). To meet
current regulations, the treated manure is stored in an existing tank before being
used as washwater or for irrigation purposes. The foul air of the production building
is simultaneously directed toward the biofilter base where it undergoes a backflow
treatment.

Figurc 3
Scale-up of the BIOSORf$-MANURE process
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Several physical, chemical, microbiological, sensory and hydrodynamic parameters
were monitored over several months to assess the biofilter's performance and
working order. The biochemical oxygen demand (BOD'), suspended solids (SS),
total Kjedahl nitrogen (TKN) and phosphorous (P,o) were measured to establish the
effectiveness of the biofiltration system in treating pig manure. Ammonia (NHs),
hydrogen sulphide (H2S) and a sensory evaluation (olfactometric) were selected as
parameters to establish the biofilter's pollutant removal rate for the foul air of the
production building. The solid fraction (sludge) was characterized for the following
parameters: water content, bulk density, organic matter, nitrogen, phosphorous and
potassium.

All the analysis techniques that were used to characterize the liquid fraction of the
pig manure conform with standard recommended practices (24). Sludge analyses
were conducted at CRIQ's laboratory, which is accredited by the ministdre de
I'environnement et de la faune du Qu6bec (MEF). The sampling method to
characterize the foul air of the production building used a device to selectively
sample families of compounds (25). This technique consists of trapping volatile
compounds so they can be measured by specific reagents. The trapped ammonia
in the form of ammonium ions in the chlorhydric solution is measured by colorimetry
using a Nessler reagent according to the AFNOR NFT 90 15 standard. As for the
sulphur compounds, they are measured with an iodemetric test.

To conduct the sensory analysis of the treated or untreated gaseous effluent, a
technique of sampling by adsorption on a piece of fabric is used. The fabric having
adsorbed the odours undergoes an organoleptic evaluation. A panel of 10 to 12
people uses their sense of smell to conduct the olfactometric analysis.

The results of the sensory tests are processed according to a statistical method:
the triangle test. This method, described by Larmond (26), is used to determine
whether appreciable differences exist between two types of samples (tainted
airltreated air and treated airlcontrol air). Results are expressed in degrees of
significance. lf a difference is established, the overall effectiveness of the
deodorization process is then calculated in terms of odour intensity (Ol) and odour
nuisance rating (ONR).

3. Results and Discussion

Gharacteristics of pig manure

The average physical, chemical and biochemical characteristics of the effluent at
the pretank outlet can be seen in Table 1. These results show an effluent with high
concentrations of phosphated (P,*) and nitrogenated (TKN) organic matter (BOD5)
and suspended solids (SS). The values obtained were from 60 to 100 times higher
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than those reported for domestic sewage, which is normal for effluent from a pig
farm.

The first stage of treatment is to pass the manure through the decanter{igester
with the aim of neutralizing the variations in load, reducing the concentration of
suspended solids and stabilizing the decanted sludge by anaerobic digestion.
Table 1 shows that the decanter-digester maintained a relatively constant
concentration of the different parameters as well as reducing SS concentrations by
91% and total phosphorus by 71'/o. As will be seen further on, this represents an
advantage both in terms of manure management (reduction of transportation costs,
conservation of the agronomic value) and in terms of the biofilte/s operation.

Physical, chemicaland biochemicalchamcteistics of the mw manute
and afrer decantation

Simultaneous Treatment of Manure and Foul Air by Biofiltration

Treatment of the liquid fraction of the pig manure after decantation

The pollutant removal performance of biofiltration was established using a manure
flow of 7 m3ld and a ventilation rate of 7 O0O m3/h. Figure 4 shows the results
obtained for pH, SS, BOD5, TKN and Pbt. lt is important to note the consistency and
quality of the performances of the biofiltration system throughout the entire
experimental period. The adsorption, absorption and cationic exchange properties of
the organic bed allow the system to support wide variations in load without a
noticeable impact on its pollutant removal rates.

The pig manure's pH remained almost neutral throughout the experimental period.
The organic bed used proved to be an effective buffer for discharging effluent with a
pH of8.

The elimination of organic carbon is not very sensitive to wide variations in the pig
manure's BOD5 (7,200 - 9,600 mg/L). Figure 4 shows that the biofilter's average
pollutant removal rate was around 95%. The drop in effectiveness seen on day 40
and day 70 can be attributed to a lower air flow rate fom the production building.

The SS concentration at the biofilter inlet varied greatly during our experiments.
These variations were linked to the hydraulic behaviour of the decanter{igester.
Despite heavy peak loads (- 1 600 mg/L), elimination rates maintained SS in the

Parameters
(mq/l)

Raw manure mg/l
(variation) averaoe

Manure after decantiation mg/l
(variation) averaoe

Average effectiveness
of decantation (%)

(10,00G20,000) 13,000 8,500 35BOD5
SS (1 0.000-20.000) 1 6.000 f3G,1.600) 940 94
Ptot (50G.900) 650 190 71

TKN (2,000-3,800) 2 300 1,{ 00-1,800 1,700 26
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effluent at concentrations of under 200 mg/L (> 80% effectiveness). Two
maintenance sessions a yeat (cleaning and stirring the bed) are necessary to
backflush and declog the organic bed.

High TKN concentrations were detected in the pig manure. Despite peaks of
1,800 mg N-TKN/L, effluent concentration in the biofilter remained under 500 mg in N-
TKN/L, an average effectiveness rate of 75o/o. The drop in efiectiveness on day 40
and day 70 was also linked to a lower air flow rate from the production building.

Although most earlier research reports only a low phosphorous uptake, Figure 4
shows that during our experiments, the average reduction in Prn was on average
80%. Performances were such that they maintained P". concentrations of less than
50 mg P,*rL in the effluent.
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Treatment of foulairfrom the production building

The graphs in Figure 5 show the overall results obtained for ammonia and
hydrogen sulphide concentrations in the pig farm air before (inlet) and after (outlet)
biofiltration.
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Figurc 5
NH3 and HrS concentrations at the biofiltefs inlet and outlet over time

The increase in concentrations at the biofilter's inlet observed at the end of the
summer was caused by a decrease in ventilation of the ambient air of the pig farm.
This operation is done to meet criteria regarding air flow rate in winter. This air

flow is transferred entirely to the ventilators that supply the biofilter.
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Ammonia is the main compound with concentrationsvarying between 1.0 and 7.1
ppm. H2S concentrations measured in the pig farm air (from 0.03 to 0.21 ppm),
even if they seem low, nevertheless exceed the odour threshold for this compound
(25).

The system's pollutant removal effectiveness varies from 94 to 100% for ammonia.
As for the H2S, it was not possible to detect in the air at the biofilter's outlet. The
system therefore performs very well, despite the increase in the concentrations of
pollutants.

Sensory evaluation results show a marked difference between the foul air and
treated air. This difference was due in large part to the intensity of the odour smelt
and the degree of discomfort experienced by the panel. Figure 6 illustrates that the
ambient air of the pig farm is characterized by moderate to strong intensity and is
qualified as very unpleasant. The air leaving the biofilter €uses a slight olfactory
sensation qualified as very tolerable. The biofilter's effectiveness in terms of odour
reduction was not influenced by the variations in load observed.
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IBiofilter inlet trBiofilter outlet

30t06197 25107197 05/09/97

Figure 6
Odour intensity and concentration of gases at the biofltefs inlet and outlet

ln addition, the air leaving the biofilter is described as having damp earth smell (the
characteristic odour of peat). The biofilter's role is therefore twofold: it degrades the
pollutants from the pig farm (NH. and H2S) and provides a pleasant smell to the
gaseous flux.

Recovery ofdecanted sludge

The fertilizing value of pig manure is conserved in the form of a semi-liquid sludge,
deodorized and stabilized by anaerobic digestion. This sludge represents only 157o to
2Oo/o of the total volume of the manure to be spread, which considerably reduces the
costs of transportation associated with spreading. Among other things, fab/.e 2
shows that the characteristics of this sludge are highly appreciated for agricultural
use. lt contains T7o/o organic matter, 3.8% total nitrogen, 2.1Yo to,tal phosphorus and
0.9% total potassium. No salmonella and a significant reduction in faecal coliform
were also observed in the digested sludge.

Parameters
Watercontent(%) 89
Oroanic matter T7
C/N 10.2
)H

Bulk densitv(kq/m3) 1030
Total nihooen 43(3.4Y6
Total DhosDhorous 2.4 (2.10/0

Total Dotassium 1.0 (0.90/0

Table 2
Chancterization of the decanted sludge of the pig manure

The organic matter content is expressed in o/o on a dry basis.
Total nitrogen, total phosphorus and total potassium contents are expressed in kg/m.t. on a wet
basis and the results in parenthesis are in % on a dry basis.

3

2

ED

.E
og
o(,
GIIz
3o
!,o

0

Date

Note:

400



4. Gonclusion

This project's results show that the organic bed biofiltration process (BIOSORru) is a
very promising biological alternative to treat and recover the liquid and gaseous
effluents from pig farms. lndeed, the BIOSORru technology is a process that treats
pig manure globally. lt reduces the polluting load of pig manure by more than 90%
and eliminates close to 95% of the odours coming from buildings, storage,
transportation and spreading. The BIOSORru system is installed directly at pork
producers without modifoing their production practices. lt enables existing storage
installations to be recuperated.

Pig manure is a waste product with high concnentrations of phosphated and
nitrogenated organic matter and suspended solids. Moreover, it is characterized by
wide variations in load and foul odours. The values obtained are 60 to 100 times
greater than those for domestic sewage.

Studies of the pollutant removal rates show that the BIOSORTM system performed
well despite variations in temperature and organic load of the liquid traction of the pig
manure. Despite wide variations of BOD5 (10,000 - 20,000 mg/L), SS (10,000 -
20,000 mg/L), TKN (2000 - 3800 mg/L) and Ptot (500- 900 mg/L), the BIOSORru
system maintained overall average pollutant removal rates of > 95% for the BOD., >

97o/o tor the SS, > 75o/o for the TKN and > 87o/o for the P,r. The treated manure can
be used as washwater for the manure recuperation systems fom the buildings, as
inigation water or it can be discharged into a disposalfield.

Measuring programs showed that ammonia (NH3) and hydrogen sulphide (H2S)
contents in the pig farm production buildings vary respectively from 1.0 to 7.1 ppm
and from 0.03 to 0.21 ppm depending on the season. The biofilter installed in the
pig farm and operating at a flow of 7OO0 m3/h can treat from 94 to 100% of the
ammonia present in the gaseous efiluent. This treatment is 100% effective for
hydrogen sulphide.

The results of olfactometric evaluations indicate that there is a noticeable difference
between the foul air and the treated air. The untreated air is perceived as being
unpleasant while the treated air is judged as tolerable. The treatment by biofiltration
of gaseous emissions gives a very marked reduction in odour intensity.

The decanted and stabilized sludge, which represents 15 lo 20Yo of the total volume
of manure to spread, preserves its fertilzing value. Analyses of the sludge show very
promising characteristics for agricultural recovery of the product (77% of organic
matter, 3.8Yo of TKN, 2.1% of Ptot and 1o/o of Ktot on a dry basis). Moreover, no
salmonella and a significant reduction in faecal coliform were observed. The
characteristics of the stabilized sludge and the reduction of transportation costs
associated with spreading will no doubt contribute to increasing the manure
acceptability rate within econom ic distances.
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ln light of these results, there is no doubt that the BIOSORTM process is a sound,
simple and effective technique that provides a global solution to the environmental
problems associated with manure management. This technology now makes it
possible to reconcile people's environmental concerns with the pork industry's
potentialfor growth.
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Biogas production in agriculture:
safety guidelines, cofermentation and

emissions from combined heat and power couplings

Production de biogaz en agicufture : recommandations de s6curtt6,
cofermentation et 6missions issues du couplage chaleur et puissance

Amon Thomas, Boxberger J., Lindworsky J., Scheibler M
lnstitute Landtechnik. Universitat F. Bodenkultur.
Nussdoreer Lande 29-31. 1 190 Wien. AUSTRIA
E-mail : Kiesslin@edv2.boku.ac.at

Abstract

Biogas production is an effective means for improving the efficiency of slurry
utilisation. lt has several positive effects : energy gaining from a renewable source,
reducing of methane emrssions duing sluny storage, improving the nitrcgen
availability after spreading of the slurry.

The number of agicultural biogas plants rncreases continuously. There is a
shortage of documets for constructing biogas plants and of saftey guidelines. At the
moment there are no standardized guidelines available for planning and building of
biogas plants. Those guidelines would be necessary to guarantee a saftey
operation and cost effective building of biogas plants as well as for authoizing
procedures. The ILUET is developing technical standads for the different
components of biogas plants. Ihose standards arc cunently rcalized on several
farms.

The cofermentation of agiculturaluzasfes together with non agriculturaltarasfes is of
growing interest, because the conditions for biogas production and cofermentation
have recently imprcved. Therc is little knowledge on the influence of composition of
the organic wasfeg of the relation from organic wasfes to agricultural wasfes on the
biogas yield, biogas quality and on the stability of the digester operation.

lnvestigations dealwith the course of biogas yield and composition depending on
different cofermentation subsfrafes. Resu/ts show that the biogas yield doubles,
when 10% of fat are added to slurry from milking cows. From 30% of
cofermentation subsfrafes onwards the biogas yield does not incrcase anymore but
the stability of the digester decreases. Thereforc the percentage of organic vvasfes
should not exceed 30%. All positive effects of cofermentation can be used. The
cycle of the organic wasfes is of manageable size which helps to control the quality.
Many agricultural farms can use the positive effects of cofermentation.
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Biogas is converted to electricity and heat by combined heat and power coupling.
Exhaust fumes from combustion engines, that are run with biogas, contain air
polluting subsfances : HC, SO2, NO, NO2 and CO e.g. The emr.ssrbns depend on
the composition of the biogas, which is not constant. There is only knowledge on
the emissions from combustion engines used in agricultural biogas plants.

lnfluences on the amount of emissions of air polluting subsfances from biogas
combustion engines and on the efficiency factor of the engine are to be found :
quality of biogas, exhaust fume cooling, biogas to air relation, lean concept.
Combustion engines of different power levels and design are investigated. From the
resu/fs proposa/s for means to reduce the emissions are deived. Blogas
combustion with a little oxygen surp/us (X > 1,3) is at the moment fhe mosf cosf-
effective means to reduce NO, and CO emissrbns. Consfruction and operation
technique means should be aimed to enable the engine to work in the lean range (1"

> 1,3).

Keywords : biogas production, cofermentation, exhaust fume emissions

R6sum5

La production de biogaz est une mesure efficace pour am6liorer l'utilisation des
lisiers. Cette technique pr6sente de nombreux avantages tels que l'6conomie
d'6nergie d partir d'une ressource renouvelable, la r6duction des 6missions de
mdthane au cours du stockage et I'am6lioration de la disponibilit6 en azote lors de
l'6pandage des lisiers.

Le nombre d'unit6s de m6thanisation en milieu agricole augmente r6gulidrement
sans qu'il existe de document d6crivant les recommandations li6es dr la
construction et i la s6curit6 de ces installations.

La cofermentation de d6chets agricoles avec des d6chets non agricoles est une
option qui se d6veloppe bien qu'il reste i am6liorer les connaissances sur la
composition de ces d6chets organiques et leur lien avec le rendement en biogaz et
la qualit6 du biogaz produit ainsi que sur le fonctionnement des unit6s.

Nos r6sultats ont par exemple d6montr6 que le rendement en biogaz 6tait doubl6
lorsque l'on ajoute 1Oo/o de graisses i du lisier vaches laitidres.

Le biogaz est converti en 6lectricit6 et chaleur. Les fum6es qui s'6chappent des
appareils de combustion contiennent des polluants atmosph6riques tels que SOr,
NO, NO2 et CO. Ces 6missions d6pendent de la composition du biogaz br0l6 qui
n'est pas constante.
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La combustion du biogaz avec un l6ger excds d'oxygdne (1, > 1,3) est i pr6sent la
m6thode la plus efficace et la moins co0teuse pour r6duire les 6missions de NO* et
co.

Mots-cl6s : production de biogaz, cofermentation,

1. lntroduction

ln Austria 18 Mio Ua of agricultural manures and 8 Mio Ua of organic wastes can be
used for an energy production of about 2700 GWhla. The number of agricultural
biogas plants continuously increases. lf all of the agricultural manures and organic
wastes that are suitable for biogas production should be used for anaerobic
digestion, 13000 to 46000 biogas plants would be necessary depending on the size
of the biogas plants. Cofermentation of agricultural manures and organic wastes
can reduce CO2 emissions by 3 Mio t COy'a. For the building and the operation of
the biogas plants about 13000 working situations are required (AuoN 1998).

2. Technical Standards for Biogas Plants

Standardised guidelines would be necessary to guarantee a safety operation and
cost effective building of biogas plants as well as for authorising procedures. The
ILUET is developing technical standards for the different components of biogas
plants. Those standards are currently realised on several farms.

Figure 1 gives an overview over the components of a typical agricultural biogas
plant. Agricultural manures and organic wastes are collected, mixed and if
necessary chopped in the preparation pit. lsolated concrete tanks with underfloor
heating and vertically and horizontally adjustable mixers are common digesters for
agricultural biogas plants. Horizontal steel tanks with heated mixer and mud outlet
are also used. They are most suited for fermentation of substrates with a high dry
matter content. Because biogas production can still be observed in the effiuent
storage, it should also be integrated in the gas bearing system. The sulphur
removalfrom the biogas can be done by blowing small amounts of air (max.4o/o of
the biogas quantity) on the surface of the substrate in the digester or in the
secondary fermentation tank. Biogas is then desulphurized by micro-organisms.

The gas reservoir has to be gas tight, durable, pressure and temperature resistant.
Flexible gas storages must be shielded from weather, UV light and mechanical
damages by a housing. Agricultural biogas plants are always operated with low
pressure in the gas bearing system (< 100 mbar, usually 2-5 mbar). The operating
pressure is guaranteed by a pressure safeguarding, which also serves as a
condensate separator. The gas bearing system has to be corrosion and mechanical
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Figure 1.

Model of a typical agicultural biogas plant (AMIN ET AL. 1997)

The engine room contains the combined heat and power coupling. lts door must be
fire resistant and must open to the outside. At the entrance a gas shut off has to be
installed, that switches off the combined heat and power engine. The combined
heat and power coupling should meet the following demands: supervision of oil
pressure and water temperature, sound proofing and vibration damper, collection of
oil losses and fume line to the outside. The combined heat and power coupling
should easily be accessible for operation and maintaining.

3. Cofermentation

Cofermentation of organic wastes and agricultural manures increases the biogas
yield and offers an environmentally friendly alternative to landfilling of organic
wastes. However amount and quality of the added organic wastes have to be
carefully watched to guarantee a safety operation of the biogas plant and a good
biogas quality. Therefore it is necessary to have figures on the amount and
composition of organic wastes that are added to agricultural manures as well as on
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the hydraulic residence time that is needed to guarantee a sufficient degradation of
the organic matter.

Two biogas plants have so far been investigated. Both biogas plants had heated
digesters with vertically and torizontally adjustable mixers. The digester of biogas
plant A had a size of 450 m", a temperature of 55"C, a mean hydraulic residence
time of 75 days and a heated but not isolated secondary fermentation tank (1000
mt;. On biogas plant B biogas was collected from a digester of 150 m3 with a
temperature of 30-33"C and a mean hydraulic residence time of 125 days. Biogas
plant A fermented 6 m"id of cattle slurry, farmyard manure, pure fat, flotation fat and
water. On biogas plant B 2 m"ld of cattle slurry were fermented with 7 l/d of pure fat
and 110 l/d of food wastes.

o)

U)d
bo
os

r0

0 20 40 60 80 100 120

time [h]

Figure 2.

Course of biogas yield after addition of purc fat to a mirture of cattle slurry

Composition of input materials, biogas yield and biogas quality were measured. On
biogas plant B 860 kg oDM of pure fat were added to 608 t oDM of fermentation
substrate (80% oDM cattle slurry and 20 % oDM food wastes). The biogas yield
increased immediately after the addition of fat. 60 hours later it had doubled (fig. 2).
This high yield lasted for about one day, after that the biogas yield decreased again
and reached its former level. After 5 days the added fat was completely degraded.
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Figure 3.
Course of biogas composition after addition of pure fat to a mixture of caftle slurry,

Addition of fat also influenced the biogas composition (fig. 3). Immediately after the
addition of fat the methane concentration in the biogas decreased and the CO2
concentration increased. After 40 hours the methane concentration had reached its
minimum and began to increase to meet its former level 90 hours after the fat
addition. At the beginning of the degradation of organic matter mainly CO2 is
formed. CHo formation begins later in the degradation process. On the whole the fat
addition resulted in an increase of the methane yield from 31.3 to 54.0 m3/h.

Table 1 shows the composition of the input material and of the substrates in the
digester and in the secondary fermentation tank of biogas plant A. The hydraulic
residence time was 75 days.

ln the digester the oDM was degraded from 173.47 g/kg to 45.80 g/kg. This
corresponds to a degradation rate of 74%.ln the secondary fermentation tank the
oDM was further degraded to 30.95 g/kg (= 32o/o degradation rate). A substantial
degradation rate in the secondary fermentation tank was frequently observed
(Daruztucen '1998, ScHEteun 1998). Therefore the hydraulic residence time in the
digester and in the secondary fermentation tank should not fall below 80 days. This
provides a high degradation rate, a high biogas yield and helps to avoid
environmental problems that occur, if methane is formed in the storage tank and
emits into the atmosphere.
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input"

tg/ksl
n=22

digester
ls/kgI
n=8

197.40
173.47
0.69
4.25
5.56

67.58
45.80
1.23
3.48
8.15

ingredient secondary ferm.

ls/kgI
n=12
49.25
30.95
1.16
2.94
8.06

DM
oDM
NH4-N
Norn

acalculated from the ingredients of the different substrates and their share in the
fermentation substrate
baddition of 20o/o of flotation fat (19 g oDM/kg FM) after the digester

Table 1.

Composition of substntes of biogas plant A

During the anaerobic digestion a part of the organic nitrogen was degraded to
ammonium. The pH increased from 5.56 in the input material to 8.06 in the
fermentation substrate. Those results correspond well with values given in the
literature (Bessott ET AL. 1981, MESSNER 1988). Anaerobic digestion increases the
fertiliser value of agricultural manures. Dry matter content in the slurry decreases.
Therefore the slurry can easily be band spread with high accuracy.

4. Emissions from combined heat and power couplings

Gas-engines in combined heat and power couplings enable the upgrading of biogas
to electricity and heat. Gas-Otto-engines are most common. Sporadically diesel-
gas-engines are used. ln agriculture engines with a relatively simple technique are
employed. Engines with a large volume and a small performance density are most
common. Mostly the air{o-biogas ratio is manually controlled.

There is a variety of possibilities to influence the operating behaviour of the engine,
the emission level and the efficiency by technical construction or by the way of
operation (fi9. 4). The operating life of the engine is strongly dependent on the
sulphur content of the biogas and on the maintenance of the engine. Technical
details such as piston displacement, inlet and outlet port design or charge air
cooling define the operation and emission behaviour and the efiiciency of the
engine (Ptscxrrucen & Scntrrrlleu 1994, ScnAren & ven Bessnuvseru 1993). The
air-to-biogas ratio can easily be influenced by the farmer. This measure does not
cause any technical effort, but can substantially reduce the emission of air polluting
substances. The efiiciency of this measure is expected to be very high.
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Figurc 4.
Model of electicity and heat production in combined heat and power couplings.

There is little knowledge on the effect of the air-to-biogas ratio on the reduction of
emissions of CO and NO, and on the biogas consumption from gas-Otto-engines
that are worked with biogas. This effect is of great interest for agricultural biogas
plants.

So far the experiments have been carried out with gas-Otto-engines of two biogas
plants under field conditions. Table 2 shows the characteristics of the investigated
gas-Otto-engines.

The air-to-biogas ratio was manually regulated. The technical outfit of the engines
was simple. The biogas consumption was continuously measured near the biogas
inlet into the engine. The exhaust gas was sampled immediately after the exhaust
heat exchanger in the exhaust pipe of the combined heat and power coupling. After
the exhaust heat exchanger the exhaust gas sample was taken from the pipe by a
heated probe and was brought to the analyser by a heated gas line. NO, (NO and
NOr) were measured with electro-chemical cells.

The formation of air polluting substances and the biogas consumption were
determined by the air-to-biogas ratio (l). The NO,-concentration showed a clear
maximum (3000 mg NO,/m3) with l= 1.1-1.2 (engine A, fig. 5). This air-to-biogas
ratio offered enough oxygen for the NO, formation. The high combustion
temperature also favoured the NO, formation. When I increased, the NO, content of
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the exhaust gas decreased. At I > 1.5 it fell below 350 mg/m3. 350 mg/m3 is the
limiting value given by the Austrian order concerning the prevention of air pollution.
However from l= 1.4 onwards ignition failures were observed. During ignition
failures it is probable that the biogas is not combusted and leaves the engines
uncombusted. This causes methane emissions that have to be avoided.

B
motor parameters
motor scheme gas-Otto-engine

(Perkin-Elmer)
16-23

4
3.9

1500

performance (P"r. [kW])
cylinder
piston displacement []

CHo [Vol.%]
CO2 [Vol.%]

biogas temperature ['C]
air temperature fCl

3500

3000

2500

2000

1500

r 000

500

0

58-60
39-41
40-80

not measured
27-29

97+977

b

U

50

z
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Figure 5.
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CO is formed, when there is a lack of oxygen during the combustion. Figure 5
shows the CO content of the exhaust gas in dependency on the air-to-biogas ratio
(engine A). As I decreased, the CO formation heavily increased and reached its
maximum of 6000 mg/m3 at I = 1.1. From I = 1.2 onwards the CO concentration in
the exhaust gas did not substantially decrease anymore.

With engine B the CO content of the exhaust gas decreased from 7000 mg/m3 at I =
1.05 to 500 mg/m" at I ='1.1. A further oxygen surplus did not decrease the CO
content. The limiting value for CO given by the Austrian order concerning the
prevention of air pollution is 500 mg/m". The results of the experiments conespond
well with other emission measurements from gas-Otto-engines that were operated
not with biogas but with fuel and natural gas (Kuxt-UANN 1994, Ptscrrrucen &
Surlrcru 1994, ScxAren & vRru BassnuvseN 1993). Operating gas-Otto-engines
with biogas therefore leads to similar emissions.

Engine B showed the maximum of NO, emissions (1OOO-1500 mg/m3) with l= 1.5^-

1.2. From I = 1 .3 onwards the NO, content of the exhaust gas fell below 200 mg/m'.
A further oxygen surplus caused ignition failures.

The air-to-biogas ratio also influenced the biogas consumption. With increasing I

the biogas consumption grew degressively. Engine A consumed 0.84 m" of biogas
for the production of one kWh electricity at I = 1.1. With l= 1.5, 0.93 m3 per kWh
were needed. The biogas consumption of engine B was very similar: from I = 1.1 -
1.3 the biogas consumption increased from 0.7 to 1.1 m3 biogas per kWh electricity.
With increasing oxygen surplus the biogas consumption grows and the efficiency
decreases. This means that with the engine technology that is cunently employed
in agricultural biogas plants the operation of the engines must find a compromise
between low emission and low biogas consumption.

5. Conclusions and recommendations

1. Safety guidelines
At the ILUET technical standards for building and operation of biogas plants have
been developed. They are currently realised on severalfarms.

2. Cofermentation of agricultural manures with organic urasfes
Cofermentation increases the methane yield. The share of fat and other easily
degradable organic substrates should be limited to a maximum of 5% of oDM to
avoid instability of the biogas process. The hydraulic residence time of the
fermentation substrate in the biogas plant should not fall below 80 days to
guarantee the degradation of the organic substance to a high extent.

Every tank containing fermentation substrate should be integrated in the gas
bearing systems to collect the methane that is built from the substrate not only in
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the digester but also in the other parts of the biogas plant. The emission of methane
into the atmosphere has to be avoided.

To avoid ammonia losses during and after spreading of the anaerobically digested
slurry, band spreading application techniques have to be used and the fertilisation
has to be done during the growth period of the plants, when there is a need of
ammonium-N (BoxBERGER & AMoN 1997).

3. Combined heat and power coupling
With gas-Otto-engines employed on agricultural biogas plants the air-to-biogas ratio
(l) substantially influences the emission of NO" and CO. However I may not exceed
1.35 to 1.4, because ignition failures occur and the methane emissions of the
exhaust gas are expected to increase. lf fluctuations of the biogas quality are
expected, an automatic regulation of the air-to-biogas ratio can efficiently reduce
NO, and CO emissions.

The biogas consumption increases with growing l. The operation of gas-Otto-
engines should therefore not only consider low emissions but also low biogas
consumption. With a compromise of both demands the best environmental control
can be reached.
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Abstract

A full-scale study of the thermophilic aerobic decomposition of industrial food
wasfes was pertormed for two months in Hokkaido, Japan, using a reactor that was
already in operction. The process reacfor contained cedar chips, which acted as a
bulking agent and water absorbent. Air was supplied through the bottom of the
reactor, so that the added organic matter was decomposed aerobically. Water was
evaporated by the heat generated in the reactor and the organic matter was
decomposed almost completely, as ff was convefted into cahon dioxide, water, and
minerals (ash).The process reactor is 52 m long, 6 m wide and 2.5 m deep. Cedar
chips in the reactor ranged in size frcm 5 mm to 30 mm. A total of 924 t of organic
urastes were added to the reactor from the time it was first put into operation,
including 470 t of vegetable waste, 370 t of scallop waste and 80 t of squid tarasfes,
at an average feeding rate of 7 Uday. Duing this study, the temperaturc of the
reactor reached a maximum of 73 C and was genemlly maintained between 45 and
70 C. The moisture content of the rcactor contents, including the ambination of
cedar chips and decomposed waste, was about 55%o, and the pH of the contents
was mote than 8. The ash content of the reactor contents increased over time, as
the waste was convefted into water, carbon dioxide and ash. However, the total
volume of the contents did not increase at all over time, because only the residual
ash and a small amount of organic wasfes remained in the reactor.

R6sum6

Une 6tude grandeur r6elle sur la d6composition a6robie thermophile de d6chets
agroalimentaires industriels a 6t6 effectu6e sur une p6riode de 2 mois i Hokkaido,
Japon, sur un r6acteur fonctionnant en routine. Le r6acteur contient des copeaux
de cddre quijouent le r6le d'agent de texture et d'absorbant de I'humidit6. L'air est
insuffl6 par la base du r6acteur ; ainsi la matidre organique ajout6e d celui-ci est
d6compos6e par voie a6robie. L'eau est 6vapor6e par la chaleur produite dans le

417



r6acteur et la matidre organique est entidrement d6compos6e, en COr, HrO et
matidres min6rales (cendres). Les dimensions du r6acteur sont 52 m (longueur),
6 m (largeur) et 2,5 m en profondeur. Les copeaux de cddre dans le r6acteur sont
de taille variable allant de 5 mm d 30 mm. Un total de 924 t de d6chets organiques
ont 6t6 apport6s au r6acteur depuis le d6marrage parmi lesquels 470 t de d6chets
v6g6taux, 370 t de d6chets de coquillages marins et 80 de d6chets de calamars. Le
taux d'apport journalier s'6tablit d7 Ujour. Au cours de cette 6tude, la temp6rature
du r6acteur augmente jusqu'i 70'C. L'humidite a I'int6rieur du r6acteur s'6tablit d
55% et le pH est sup6rieur i 8. Le taux de cendres du contenu du r6acteur
augmente au cours du temps. Cependant, le volume total contenu n'augmente pas,
car au cours du proc6d6 les d6chets organiques sont d6compos6s et seules les
cendres et une part de MO r6siduelle demeurent dans le r6acteur.

1. lntroduction

Couillard et al (1989) used the thermophilic aerobic process to treat organic
wastewater that initially had a high COD. ln their study, they maintained their
reactor in the thermophilic range by using heaters. Paulsrud and Langel (1985)
studied aerobic thermophilic digestion of pre-thickened sludge. They studied the
decomposition of the pre-thickened sludge according to the principals of
composting, without any additives to act as a bulking agent or water absorbent. Liu
et al. (1992, 1993) investigated the treatment of organic wastewater that initially had
a high BOD and high-suspended solids. Their process reactor contained cedar
chips as bulking agents and a water absorbent and air was supplied through the
bottom of their reactor, so the organic matter was decomposed aerobically within
the thermophilic range. This thermophilic aerobic process basically operates
according to the same principles as composting, but the high temperatures and
long retention time result in a low volume of ash instead of a large quantity of
finished compost product. ln Liu's reactor, wastewater was evaporated by the heat
generated in the reactor and the organic matter was decomposed almost
completely.

Composting of livestock wastes and kitchen wastes is becoming popular in Japan.
However, it is becoming harder to distribute the compost product to farmers,
because many poultry and swine farmers and municipalities are producing compost
from animalwastes, kitchen wastes and sludge. Essentially, more compost is being
produced than distributors can sell. lt is also becoming harder to incinerate or
landfill the organic wastes from food industries and households because those
treatments are not economical and legislation is strict. As a result, food industries,
distributors and suppliers of agricultural products have been eager to reduce the
volume of their wastes as much as possible.

The thermophilic aerobic process was developed to decompose organic wastes
into carbon dioxide, water and a small volume of ash. The first full-scale plant was
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constructed in Hokkaido in 1997. There are many agricultural product distributors
and seafood industries in Hokkaido. The treatment facility was built for
decomposing industrialfood wastes, including waste vegetables, scallop and squid
wastes, etc. This study was carried out to determine the decomposition rate of
organic wastes using the thermophilic aerobic process at this full-scale plant.

2. Materials and methods

Fullscale plant

The treatment facility consists of a reactor, a feeding cart, four augers and a bio-
filter as shown in figure 1. The process reactor is 52 m long, 6 m wide and 2.5 m
deep, with a total volume of 630 m3. The reactor contains cedar chips ranging in
size from 5 mm to 30 mm, to a depth of 1.65 m, for a total volume of cedar chips of
415 m3. Air is supplied continuously through the bottom of the reactor at a rate of 45
m3/min by a blower. The wastes are added once per day by a feeding cart that
travels over the reactor. Four vertical augers agitate the reactor contents, including
the combination of cedar chips and decomposed waste, every four hours. The
official decomposing capacity of the reactor is 20 Vday. A bio'filter (15 m long, 5.4
m wide and 2.5 m deep) is used to deodorize the exhaust gas. The filter contains
the same cedar chips as the reactor. The chips were smeared with activated
sludge. Exhaust air is blown out at an air rate of 160 m3/min.

Illastcs

Exhaust

Bkrfiftcr

Figure 1

Schimatic of full scale reactor

Air

tr+

Fceding cart
Augcns
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Sampling and analyses

Samples were taken manually from g fixed locations within the reactor every
Thursday. The sampling locations were about 50 cm beneath the surface of the
reactor contents. We determined that the composition of the reactor contents at the
surface and the bottom of the reactor was similar, because the reactor contents
were well agitated by the augers. All samples were analyzed for bulk density,
moisture content, pH and ash content. The first and last samples were analyzed for
N, P, K, C and cadmium contents.

3. Results and discussion

Wastes materials

The facility was originally put into operation on May 10, 1997. We studied this
facility for approximately 2 months, from August 29 to October 25, 1997. Prior to
our study, a record of the feeding rate and the temperature of the reactor contents
was maintained.

A total of 924 t of organic wastes were added to the reactor at an average rate of
about 7 Uday over the 160-day period from May '10 to October 25, with the
exception of 30 days when the facility was temporarily shut down, as shown in
figure 2. This waste consisted of 47O t of vegetables waste, 373 t of scallop waste
and 80 t of squid waste as shown table 1. Over the course of this two-month study,
a total of V{4 t of organic wastes were added to the reactor, including 234 t of
vegetable waste and 110 t of scallop waste, at an average feeding rate of 8.6 Uday.
The maximum amount that added on any one day was22l.
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OVegetables waste
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Cumulative added waste mass.
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Mass
(t)

Moisture
content (%)

Ash content
(% DM)

cd
(mg/kg DM)

Vegetable waste
Raw scallop waste
Boiled scallop waste
Squid waste
Mixture

470.5
186.5
186.5
80.0

923.5

90.1
86.0
76.4
64.8
84.3

6.5
18.9
6.7
4.7
8.4

60.0
21.2.
79.5
32.7

Table 1

Added waste (May 10-Oct.23)

The initial moisture content of the incoming waste mixture was approximately 85%.
The initial ash content of the vegetable waste was about 6%, that of raw scallop
waste was about 19 o/o and that of squid wastes was 5% as shown in table 1.

Temperature

The reactor temperature was measured at 3 places, each about 50 cm below the
surface of the reactor contents. The average temperature of the reactor reached a
maximum of 73'C and was generally maintained between 45' and 70oC as shown
in figure 3.

When the reactor was first put into operation in May, aerobic digestion became
active shortly afier the first waste was added and the reactor temperature
increased. The temperature reached around 70"C at the beginning of July, about
three months after the reactor started. When no new waste was added during the
period from July '11 to August 7, the temperature decreased gradually and was
about 25"C at the beginning of August. Once feeding resumed on August 8, the
temperature rose quickly to 70"C and was maintained between 45'C and 70'C, just
like the initial period of operation before feeding was temporarily suspended.
Because new waste was not added on Sundays, the temperature on Mondays
tended to be slightly lower than on other days. However, the temperature rose
again on the following day, after fresh waste was added.
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Temperature of reactor

Moisture content

The moisture content of the reactor contents, including the combination of cedar
chips and decomposed waste, was maintained between 53% and 57o/o during this
study. The moisture content at the auger side of the reactor tended to be higher
than the moisture content at the feeder side, as shown in figure 4. This may be due
to the fact that when the fresh waste, which has a high moisture content, was
dumped from the feeding cart, it tended to fall more towards the auger side than the
feeder side. Also, the exhaust air is blown from the feeder side to the auger side,
which could tend to dry the reactor contents at the feeder side.
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Figure 4
Moisture content of reactor
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pH

The average pH values of the reactor contents were maintained between 7.8 and
8.3 during this study. These alkaline pH values meant that added organic wastes
were well digested aerobically. The pH values recorded at the auger side and the
central part were more than 8, but the pH values at the feeder side were about 7,
as shown in figure 5. Because less fresh waste was added to the feeder side, and
because the moisture content at the feeder side was less than 50%, it was thought
that the aerobic digestion process might actually be more active near the augers
and central part, resulting in elevated ammonium nitrogen concentrations at these
locations.

9.0
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r 8.0
d
€ 7.s

E r.o
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Figure 5
pH of reactor

Ash

Figure 6 shows the measured and estimated ash content of the reactor contents.
The measured ash content is calculated from the ash content of samples taken
from the reactor, as well as the volume and mass of the reactor contents. The
estimated ash content is calculated based upon the average ash content of the
added wastes, and the volume and mass of the reactor contents. The ash content
increased over time, as fresh wastes were added and the wastes were converted
into water, carbon dioxide and ash.
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Ash content of reactor

The relationship between the measured ash content (y) and the estimated ash
content (x) is linear and can be expressed as y = 1.23x- 5.21. The coefficient of
determination of the regression equation between them is more than 0.96. The
reason why the relationship is not precisely y = x is that the ash content of the
added wastes and the mass of the reactor contents could not be measured
precisely.

Over the two-month course of this study, a total of 344 t of organic wastes were
added to the reactor. However, the total volume of the reactor contents did not
increase at all over time, because only the residual ash and a small amount of
organic wastes remained in the reactor along with the cedar chips, which are slow
to decompose. Figure 7 shows the masses of organic matter and ash on August
28, the masses of ash and organic matter added during this study, and the masses
of organic matter and ash on October 23. As shown in the figure, at the beginning
of the study the reactor contained a total of 63.9 (= 58.1+ 5.8) t of organic matter
plus ash. During the study, the total organic matter and ash added to the reactor
amounted lo 43.7 (=3.8+39.9) t. By the time the study finished on october 23, the
reactor contents had increased by only 9.4 (=4.0+5.4) t, even though the reactor
received 344 t of fresh organic waste over the two month period. The
decomposition rate of the added organic matter can be calculated as (39.9-5.4)
100/39.9 = 86.5 %. The reduction rate of the added wastes including water can be
calculated as (299.8+39.9+3.8-4.0-5.4)100/(299.8+39.9+3.8) = 97.2 7o, where
299.8 t is the water content of added wastes.
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Components of reactor contents

ln conclusion, the added organic matter decomposed at a rate of 86.5% and the
reduction rate of the added wastes was 97.2 %. Because a large portion of the
waste was decomposed or reduced using the thermophilic aerobic process, the
total volume of the reactor contents did not increase at all over time. The facility can
be expected to operate for a long period of time, perhaps even two or three years,
without removing the finished product (ash) from the reactor.

pH Ash t<20 cd
%DM ms/ksDMotto Y"DM o/oDM %DM o/rDM

Oct.23

5.8 I 4-O 5.4

Aug.28
Oct.23

56.4
53.3

42.8
41.3

1.86
2.48

8.1
8.0

9.1
13.4

23.1
'16.7

1.38
1.68

48.6
57.1

1.40
2.31

Table 2
Avenge resu/fs of reactor contents

Table 2 shows the average results of the reactor contents. When organic wastes
are added to a typical composting process, the nitrogen, phosphorus, potassium
and carbon contents can be expected to increase. ln the thermophilic aerobic
process, however, the carbon is converted to carbon dioxide and the nitrogen is
emitted as ammonia, so the carbon and nitrogen contents were not expected to
increase much during decomposition. ln fact, the carbon decreased but the nitrogen
did not decrease in this study, so the C/N ratio decreased. Phosphorus, potassium
and cadmium accumulated during this study. Since the final products from this
facility include cadmium, the products cannot be used as fertilizer and must be
properly disposed of at an enclosed landfill site.
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Conclusions

lndustrial food wastes were decomposed using the thermophilic aerobic process in
a full-scale plant, consisting of a reactor containing cedar chips as a bulking agent
and water absorbent. The reactor volume was 780 m3 and a total of 344 t of
industrial food wastes were added over the two-month period of this study. The
temperature of the reactor contents was maintained between 45 C and 70 C and
the pH of the reactor contents ranged between 7.8 and 8.3. As the wastes were
added every day, the ash content of the reactor increased. However, the total
volume of the reactor contents did not increase at all over time, because only the
residual ash and a small amount of organic wastes remained in the reactor. The
added organic matter decomposed by 86.5 o/o ovat the course of this study, and the
waste was reduced by 97.2o/o.
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Abstract

Environmental pollution from animalwaste is a major concem in the U.S.A. due to
the rcpid grov,tth of confined animal production. This concem includes ammonia
emlsslbns, contaminated ground and surface water, and unexpected ecological
shifts. Liquid swine manure is mostly treated and stored in large (0.25- to *ha)
anaerobic lagoons before land application. For storage periods of 180 days typical
of the Soufheasf, more than 50% of the nitrogen (N) entering the lagoon is lost by
ammonia volatilization /fs subseguent deposition across the landscape may be the
largest form of nitrogen non-point source pollution in the region. A possible solution
is to remove ammonia through the tnnsformation into N, using nitrification-
denitrification sysfems. ln order to overcome low nitrification rates in swine
wastewater, we evaluated a new technology fhaf uses immobilized nitrifying
bacteria. The technology has been successfully applied to municipal wastewater
treatment providing higher nitrification rates, shorter hydraulic residence times
(HRT), and smaller rcactors. Shofter HRT is criticalfor development of nitrification
units to treat animal waste because aeration cost can be a limiting factor.
Acclimated nitrifying cells were immobilized in 3- to *mm pollrinyl alcohol polymer
pellets. Swine wastewater was fueated in aented, fluidized bioreactors with a 15%
(w/v) pellet concentration using batch and continuous flow treatment. ln batch
treatment, 14 h were needed for total nitrification of ammonia-N (-250 mg N/L). ln
contrast, it took 10 d for a control (no-pellets) aerated reactor to staft nitrification,
and 69% of ammonia-N was lost by air stripping. ln continuous flow treatment,
ammonia removal efficiencies of morc than g0% were obtained with ammonia
loading rates of 418 mg l,l/Ud and HRT of 12 h. The mte of nitrtfication of swine
wastewater obtained with HRT of 4 h was 604 mg N/Ud. The high nitrification rutes
obtained in this wo* indicate that the immobilized nitrifiers technology has potential
application for reducing ammonia /oss from confined animal production.

Keywords : ammonia removal, swine wastewater, nitrification treatment,
immobilized nitrifi ers.
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R6sum6

La pollution de I'environnement par les d6jections animales est une pr6occupation
importante aux USA notamment i cause du d6veloppement de la production. Ces
pr6occupations concernent les 6missions d'ammoniac, la contamination des eaux
souterraines et de surface. Le lisier de porc est principalement stock6 et trait6 dans
de vastes lagunes ana6robies (0.25 a 5 ha de superficie) avant 6pandage sur les
champs. Au cours de p6riodes de stockage de I'ordre de 180 jours, rencontr6es
dans le sud-est des Etats-Unis, plus de 50% de I'azote (N) entrant dans la lagune
est perdu par volatilisation ammoniacale. Le d6p6t ult6rieur de cet azote d travers
le paysage est peut 6tre la principale forme de pollution azotie diffuse. Une
solution possible consiste i 6liminer l'azote ammoniacal i travers une
transformation en azote mol6culaire (Nr), en utilisant la nitrification-d6nitrification.
Afin de surmonter les faibles taux de nitrification obtenus habituellement dans les
lisiers de porcs, une nouvelle technologie a 6t6 6valu6e qui utilise les bact6ries
nitrifiantes immobilis6es. Les cellules nitrifiantes ont 6t6 immobilis6es dans des
granul6s (polymdres). Le lisier de porc recevant 15% (poids i volume) de granul6s
a 6t6 trait6 par a6ration. Dans les s6quences en discontinu 14 h ont 6t6
n6cessaires pour obtenir une nitrification compldte de l'azole ammoniacal (x 250
mg N/L). Le temps n6cessaire pour obtenir un d6but de nitrification dans le lisier
t6moin (sans granul6s) 6tait de 10 jours. En systdme en continu, le taux
d'6limination d'azote ammoniacal s'6tablit i plus de 90% avec des charges de
I'ordre de 418 mg N/Uj et un temps de r6tention hydraulique de 12 h.

Ces taux de nitrification 6lev6s t6moignent que la technologie d'immobilisation des
nitrifiants pr6sente un potentield'application afin de r6duire la pollution et les pertes
ammoniacales.

Mots-cl6s : 6limination N-ammoniacal, lisier porc, traitement par nitrification,
nitrifiants immobilis6s.

1. lntroduction

During recent decades, animal production methods in the U.S.A. have undergone
dramatic changes. The predominant trend has seen animal production changing
from small, individual operations into large, confined, commercial enterprises. For
example, the number of hog farms in the U.S.A. has dropped from 600,000 to
157,000 over the past 15 years. Yet, the country's inventory of pigs has remained
almost the same (USDA, 1995). Most noticeable is the case of the swine industry in
the state of North Carolina, where hog populations have increased from 3 million to
more than 9 million in the last five years and where 97Yo of the production activity is
concentrated in large operations. On the average, each of these operations has
5100 hogs and produces 45.2 Mg of collectable manure-N per year (Barker and
Zublena, 1995; USDA, 1995). Typical facilities use flush or pit-recharge systems to
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remove manure from the confinement houses. The flushed waste is mostly treated
and stored in large anaerobic lagoons (0.25 to 5 hectares) and later applied to
cropland.

Anaerobic lagoons are designed to perform a significant reduction in the organic
content of the flushed waste. Although the anaerobic digestion process can reduce
80% or more of the organic matter from these high-strength wastewaters, these
open lagoon systems are not without significant adverse environmental impact.
Specifically, organic N is converted to free ammonia (NH3) with much of it
volatilized from the lagoon's surface. lt may be anticipated that in a lagoon of long-
term retention, 50 to 80% of the N will escape to the atmosphere (Miner and Hazen,
1977; Muck and Steenhuis, 1982; Barrington and Moreno, 1995; Braum et al.,
1997). Recent estimates of NH3 emissions from swine lagoons in North Carolina
indicate that about 30 Mg of NH. per day volatilizes from a total of 2,000 ha of
lagoons (Crouse et al., 1997). Once in the air, the ammonia may diffuse down into
the surrounding land, or be canied away by wind and diffuse down into soil and
water several miles from the source. Hutchinson et al. (1972) showed that plants
can also serve as sinks of significant quantities of NH. from the air even at low
atmospheric concentrations. lt is estimated that airborne pollution now accounts for
about one-third of the 2,300 Mg of N that enter the Neuse River basin of the
eastern U.S.A. each year (Hans Paerl, pers. comm.). These and other
considerations, such as the potential for contaminated ground and surface waters,
fish kills, and unexpected ecological shifts, provide ample reason for a greatly
increased interest in controlling ammonia emissions from confined animal
production.

2. Ammonia Removal Through Biological Nitrification-
Denitrification Treatment

An efficient method to remove ammonia from animal lagoon wastewater is through
on-farm biological nitrificationdenitrification control processes. The effectiveness of
such biological nitrogen removal processes depends on the ability of nitrifuing
organisms to oxidize NH3 to nitrate (NO3-N). Once in a nitrate form, the
transformation into N2 (or denitrification process) needs two conditions: a source of
carbon and an anaerobic environment. These conditions are typically found in
wetlands or liquid manure storage units. Using lagoon swine wastewater with a
nitrification pretreatment, Rice and coworkers (1998) increased more than five
times the N removal potential of constructed wetlands. Bernet and coworkers
(1996) found that denitrification can also be canied out in the same tank used for
anaerobic digestion of swine wastewater. Their results indicate that design of a
practical process combining anaerobic digestion and denitrification coupled to a
nitrifying reactor needs consideration of the carbon (C) to NO3-N ratio in order to
obtain complete nitrate reduction to molecular N.
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The basic problem related to nitrification in wastewaters with a high content of
organic carbon is the low growth rate of the nitriffing bacteria; the generation time
of these microorganisms is about 15 hours. Compared to heterotrophic micro-
organisms, which have generation times of 2040 minutes, the nitrifiers compete
poorly for limited oxygen and nutrients and tend to be overgrown or washed out
(Figueroa and Silverstein, 1992;Wffiels et al., 1993).

The nitrification of lagoon swine wastewater is an especially dfficult process
because of the very low numbers of nitrosomonas and nitrobacter usually found
after anaerobic treatment (Blouin et al., 1989). Even when the oxygen supply is
plentiful, an adaptation period is needed to reach a minimum bacteria concentration
before effective nitrification. ln the absence of enriched nitrifoing populations,
aerobic treatment of lagoons can potentially add to problems by stripping ammonia
into the atmosphere, particularly if uncontrolled or excessive flow rates of air are
used (Burton, 1992). To overcome these problems, we recently proposed the use
of immobilized nitrifoing cells in polymer pellets for enhanced nitrification of swine
wastewater (Vanotti and Hunt, 1996). This is an attractive approach to biological
ammonia removal as applied to animal systems because the capacity of the reactor
can be increased by increasing the nitrifiers' retention time independent from the
wastewater retention time.

3. lmmobilization Technology

Advances in biotechnology using immobilization technology have shown that
conditions can be modified to enhance the activity of specific microorganisms
performing a desirable chemical process. The immobilization of microorganisms in
polymer resins is a widely applied technique in drug manufacturing and food
processing. The application for municipal wastewater treatment has been recently
developed and tested in Japan (Tanaka et al., 1991; Takeshima et al., 1993), and
there are currently several full-scale municipal wastewater treatment plants using
this technology. This was the result of a 10-year comprehensive research project
intended to solve wastewater treatment problems using biotechnology. Through the
immobilization process, the nitrifying microorganisms are provided with a very
suitable environment to perform at maximum effectiveness. The nitrifiers are
entrapped in 3- to S-mm pellets made of polymers that are permeable to NH.,
oxygen and carbon dioxide needed by these microorganisms, resulting in a fast and
efficient removal of NH.. Typical materials are polyethylene glycol (PEG) and
polyvinyl alcohol (PVA); these pellets are functional for more than 10 years.
Wastewater is treated in a nitrification tank equipped with a wedge-wire screen to
retain the pellets and a whole-floor aeration system to ensure high oxygen transfer
and appropriate fluidization. Pellet volume is usually 7 to 15o/o of the total reactor
volume. Nitrification rate with this technology can be three times higher than those
of the conventional activated sludge process (Tanaka et al., 1991). This is
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important when assessing the application of nitrification technologies for animal
systems because construction and aeration cost can be limiting factors.

4. lmmobilization of Acclimated Swine Wastewater Nitrifying
Bacteria

Preparation of nitrifying culture. An active culture of acclimated swine wastewater
nitrifying bacteria (ANB) was prepared from seed sludge obtained from an overland
flow treatment field used for nitrification of anaerobic lagoon wastewater effluent.
The seed sludge was diluted to a level of 0.62 g/L by an inorganic salts medium
(Furukawa et al., 1993) using a fill-and-draw cultivation method. The NH.-N
concentration of the medium was fixed to 300 mg/L, and the pH was adjusted to 8.5
by addition of 1 N K2CO3 twice a day. The cells were harvested after 10 days of
incubation at 35'C. The cultivation procedure yielded 1 g-MLSS/L with a nitrification
activity of 7.06 mg NH4-N/g-MLSSih.

lmmobilization technique. The ANB was concentrated by sedimentation to 58 g/L
and immobilized by a PVA-freezing method. One unit of concentrated ANB was
mixed on a weight basis with one unit of 20o/o (w/v) PVA-HC (100 % saponification,
Kurare Co., Osaka)l warm aqueous solution at 45"C. The mixture was then poured
into a plastic tray, and frozen for '16 h at -4"C. After fast thawing, immobilized ANB-
pelletized cubes of 3-5 mm were prepared using a sharp blade. The immobilized
pellets were washed with the inorganic medium under aeration until foaming by
unpolymerized PVA stopped. Pellets were produced at a rate of 766-9 (wet) or 875-
ml pellets per 1000 g of ANB-PVA initial mixture and contained 37.9 mg ANB/g-
pellet (wet).

Recovery cufture. Recovery cultures of immobilized ANB were carried out by the
fill-anddraw cultivation method during 2 d al35'C using inorganic salts medium
under a loading rate of 2.0-mg NHa-N/g-pelleUd. Recovered immobilized ANB
pellets with a nitrifying activity of 2.06-mg NHa-N/g-pelleUd were used in

subsequent batch and continuous experiments. The nitrifying activity of ANB after
immobilization and recovery was 2.27-mg NHr-N/g-MLSS/h, which is 32.104 of the
activity before immobilization. This activity is similar to values ol 1.74- to 2.11-mg
NHa-N/g-MLSS/h reported by Furukawa et al. (1993) using acclimated marine
nitrifiers.

lMention of trademark, proprietary product, or vendor does not constitute a guarantee or
warranty of the product by the U.S. Dept. of Agriculture and does not imply its approvalto
the exclusion of other products or vendors that also may be suitable.
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5. Nitrification of Swine Wastewater Using Batch Treatment

Batch experiments were conducted to elucidate conditions that optimize nitrification
of lagoon wastewater. The reactors consisted of conic aeration tanks with air
supplied from the bottom of the tanks to ensure full fluidization of nitrifying pellets.
Average dissolved oxygen concentration was 7.7-mg O2lL. Pellets were added at
15.3% (wlv) l'l7.SYo (v/v)l pellet to total volume ratio. Temperature was controlled
using a circulated water bath and heat regulator. All experiments were conducted at
30"C. The wastewater used was a lagoon effluent from a swine operation in Duplin
County, North Carolina. lt contained 233-mg NH4-N/L, 250-mg TKN/L, and 0 nitrate
and nitrite. Other characteristics were 200-mg TSS/L, 150-mg BODy'L, 1357-mg
alkalinity/L, and a pH of 8.3.

Data in Fig. 1 identify inhibitory boundary conditions of NHo* and NO2- oxidation of
swine wastewater by immobilized nitrifiers. During NHo* oxidation, there is a release
of hydrogen ions that decreases the pH to an extent related to the buffering
capacity of the system. The alkalinity concentration of the wastewater (1357-mg
CaCOy'L) was lower than the 1670 mg/L needed for complete oxidation of 233-mg
NH4-N/L (assuming 7.14-mg CaCOy'mg NH4-N). As the NO2-N accumulated and
the pH decreased during progression of nitrification, the free un-ionized nitrous acid
(HNO2) increased to a value ( 0.2 mg/L) that inhibited NH4* oxidation. Addition of
NaOH pulses at 12-15 h relieved this inhibition, and NHo* oxidation was completed.
On the other hand, oxidation of NOjN was inhibited during the first t h and during
the pH adjustment period when un-ionized (free) NH. levels were higher than 1

mg/L. These values are consistent with the benchmark nitrification work of
Anthonisen et al. (1976). Their studies showed boundary concentrations of 0.2 to
2.8 mglL for free nitrous acid inhibiting NH+* oxidation, and 0.1 to 1.0 mg/L for free
ammonia affecting the oxidation of NO2N.
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Figure 1

Nitrification of lagoon wastewater with immobilized nitrifiers, batch treatment.

A: Nitrogen transformations during inhibited nitrification; (a) NH4*, F) NO;, (.)
NO;, (.) NOr' plus NOi, and (-) pH.
B: tnhibitory boundary conditions of NHo*.and NO2-.oxidation.

lnhibition of NHa* oxidation by free nitrous acid can be easily relieved with pH
control. Such a system is shown in Fig. 2; swine wastewater was supplemented
with a pH 8.5 CO37HCO3- buffer in order to add an extra 600 mg/L of alkalinity and
meet H* demands of NH.* oxidation. Under these conditions, NHa* was completely
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oxidized in 14 h. But oxidation of NO2-N was still inhibited by high initial free NH3 in

the lagoon wastewater; therefore, a total of 24 h was needed for complete
nitrification to NO3-N. This limitation is, however, an opportunity for bioengineering
research through development of Nitrobacter strains adapted to higher levels of
free NH3, such as those acclimated to nitrify under harsh saline environments with
free NH3 concentration of 10 to 20 ppm (Furukawa et al., 1993).

Nitrogen, mg/L pH
250 10

200 I

150 o

4

2

o

100

50

6 '12 18 24

HOURS

30 36 42

Figure 2
Nitrification of lagoon wastewaterwith immobilized nitrifiers in batch treatment

using a C\=/HCO; bufferfor optimum process,'
(a) NH4*, F) NO;,(.) NO;, (.) NO2- ptus NO3-, and (-l pH.
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Figure 3

Nitrification of lagoon wastewater in a control batch treatment receiving only
aeration,

without immobilized nitrifiers or pH conection;
(a) NH4*, F) NO;,(.) NO!, and (-\ pH.

ln the absence of enriched nitrifying populations, aerobic treatment of lagoons can
potentially add to problems by stripping out ammonia. This problem is illustrated in
Fig. 3, showing the nitrogen transformations in a control treatment that was
conducted parallel to the experiment shown in Fig. 1. Nitrification of lagoon
wastewater started at 10 d and 69% of NHr-N was lost by ammonia volatilization.
These results are not surprising because of the low number of nitrifying
microorganisms usually found after anaerobic stabilization (Blouin et al., 1989).

6

4

435



6. Nitrification of Swine Wastewater Using Gontinuous Flow
Treatment

Ammonia removal potential of ANB pellets was also evaluated under continuous
flow treatment. Ammonia loading rates were gradually increased from 227 lo a
maximum of 1287-9 NHo N/m3 of aeration tank plr day (corresponding from 1.48- to
8.40-mg NHo-N/g-pelleUd, respectively). Loading rates were changed by decreasing
the hydraulic residence time (HRT) lrom 24 h to 4 h. Alkalinity requirements were
conected by adding an extra 600-mg alkalinity/L to the influent swine wastewater
using a pH 8.5 CO37HCO3- buffer. Pellets were retained inside the reactor with a
1-mm wedge-wire screen placed at the outflow. Other experimental conditions were
similar to those described for the batch experiments.

f Hydraulic residence time
+ Ammonia removal rate = flow-(NH4-N conc. inflow - NH4-N conc. outflow)
S NOX-N production rate = floW'(NO3-N+ NO2-N conc. outflow); lnflow NO; concentration=O
tl Nitrification efficiency = (NOpN conc. outflow/NH4-N conc. inflow)*100

Table 1

Treatment of lagoon swine wastewaterwith immobilized nitrtfiers
under continuous flow

Nitrification efficiencies of more than g0% were obtained with ammonia loading
rates lower than 2.73-mg N/g-pelleUd and HRT higher than '12 h. Nitrification
efficiencies decreased to 44o/o at the highest rate of 8.40-mg N/g-pelleUd (HRT = 4
h). All the ammonia-N removed was converted into nitrate and nitrite forms. Nitrate
was predominant at HRT higher than 12 h, while equal amounts of nitrate and nitrite
were produced at the highest load. Although higher loading rates resulted in lower
nitrification treatment efficiencies, the total amount of NOx N produced was higher,
with the maximum ammonia removal rate obtained with HRT of 4 h. Higher
efficiencies may be useful for total systems designed to meet stream discharge
requirements. However, if the objective is to remove large amounts of ammonia
from the lagoon, then a retrofit nitrification unit operated at shorter retention times
would be recommended. This strategy has the advantage of reducing the total cost
of aeration per unit of nitrate-N produced.

HRTt
Ammonia

Loadinq Rate
AmmoniaRem

oval Ratet
Nitrate + Nitrite

Production Rate$
Nitrification
Effciencv{l

hours
24
20
16
't2
8
6
4

______g N/m. reactor
227
260
326
418
637
884

1287

223
254
311
363
402
498
604

240
279
327
397
417
499
567

o/o

100
100
100
95
65
56
44
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Microbial fertilizers from pig farm wastes

Les engrals microbiens lssus des effluents d'6levage.
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Podbelsky Shosse 3, St.Petersburg-Pushkin 8, 189620, RUSSIA
E-mail : bamil@riam.spb.su

Abstract

The process for the treatment of the waste waters from the pig farms has been
developed. The process envisages obtaining the microbial biomass with an
increased content of nitrogen, phosphorus, potassium and purified water. New
microbiological methods for intensifying the aerotank opention, express methods
for monitoring the activity of the microbial communities and the quality of the
purified water are presented. The biomasse serves as a raw matter for producing a
novel effective pelleted fertilizer Bamil. A pilot expeimental industial plant for
producing experimental lots of 150 tons yearly has been constructed.

Bamilrs used as a biofeftilizer for vegetable, gnin and green house crops. /fs base
compises a stable association of the microbes prcmoting the plant grcwth. The
content of Bamilrs sfable : nitrogen - 5% ; phosphorus - 1.8 %; potassium - 0.5%. lt
has positive effects of both the mineralfertilizers (known and contrclled content and
a low dose of application) and those organic (an inueased biological activity of the
soils and production of bumper crops of ecologically clean qualtty action durtng 2-3
years, supression of microflora inducing the plant drseases). Bamil ensures an
increased yield of vaious agriculturul crops : potato - by 10-15 t/ha increasing the
starch content in the tubers by 4-5%, vitamin << C > - 1.52 fold incrcase ; perennial
grasses hay by 4-7 t/ha ; spring wheat in an afteraction by 8-10 t/ha ; lettuce - a 4-
fold increase ; tomatoes - a 3-fold increase.

Bamil actively degrades the soil oil contaminations and is successfu//y applied for
recultivation of the soils.

Being an easily mineralized organic feftilizer Bamil activizes the microbiologic
process and prcduces a positive effect on the nutritional conditions of the so/
improving its physical and chemical propefties, it actively produces influence on an
increase in the humus content. Bamil is especially effective on the soils with a low
content of humus.
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It is produced in the form of dried pellets of the active microorganism biomass. A
busrness plan has been worked out for setting up a plant for producting 10
thousand tons of biofertilizers per year. lt has been shown that a yearly profit
obtained by selling the ferttlizers will amount to 1-1.2 mln $.

Keywords : microbialfertilizers, pig-farm wastes, aerotank, soil

R6sum6

On a 6labor6 une technologie de traitement microbiologique des effluents d'6levage
porcin. Cette technologie suppose I'obtention de la biomasse microbienne avec une
teneur 6lev6e en azote, phosphore, potassium et eau clarifi6e. On a pr6sent6 de
nouveaux proc6d6s d'intensification du fonctionnement des r6acteurs d'a6ration,
les m6thodes de contr6le de I'activit6 des groupes microbiens et de la qualit6 de
l'eau clarifi6e. La biomasse sert comme matidre premidre d l'obtention d'un nouvel
engrais granul6 efficace < bamil >. On a construit une installation industrielle pilote
pour la production d'engrais < exp6rimentaux > (150 Uan). < bamil > est utilis6 en
qualit6 d'un engrais biologique pour les cultures maraichdres, c6r6ales et en serre.
C'est une association des microbes stimulant la germination des plantes qui forme
sa base. La composition de < bamil> est stable : azote 5%, phosphore 1.8o/o,

potassium 0.5%. 1l a des qualit6s propres communes aux engrais chimiques
(composition stable), aussi bien qu'aux engrais organiques (augmentation de
I'activit6 biologique des sols et de hauts rendements des produits 6cologiques
purs ; effet pendant 2-3 ans, suppression de la microflore provoquant les maladies
des plantes). < bamil ) assure I'augmentation du rendement de diff6rentes cultures
agricoles : de la pomme de tene a 10-15 Uha, la teneur en amidon dans les
tubercules 6tant augment6e i 4-5o/o, celle en vitamine ( C ) a 1.5-2 fois ; du foin
des herbes vivaces d 4-7 llha; du bl6 de printemps, effet post6rieur, i 0.8 Uha ; de
la salade i 4 fois ; des tomates i 3 fois.

< bamil> d6compose effectivement les contaminations p6trolidres des sols et
s'applique avec succds pour la recultivation des sols.

< bamil > 6tant un engrais facilement min6ralisable stimule les processus
microbiologiques et influence positivement la fertilit6 des sols, en am6liorant les
propri6t6s physiques et chimiques de ces derniers, il influence activement
I'augmentation de la teneur en humus. ll est produit en granules sdches de
biomasse des microorganismes actifs. On a 6labor6 un << business-plan > de la
construction d'une usine d capacit6 de 10 000 tonnes d'engrais biologiques.

Mots-cl6s :fertilisants microbiens, d6chets d'6levage porcin, cuve a6r6e, sol.
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{. lntroduction

For enhancing the soil fertility and obtaining the agricultural products of ecological
quality it is necessary to develop the biotechnological methods for processing the
animal breeding wastes with the production of effective microbial fertilizers. Such
technologies make it possible to solve two important ecological problems. One of
them is associated with utilization of organic wastes and the second one with
maintaining the soil fertility, improving the quality and the yield of agricultural
products.

The microbial fertilizers possess the positive features both of the mineral fertilizers
(known chemical composition; low application dose 1-2llha; absence of the weed
qgeds, simple application procedure) and of the organic ones (increase in the yield
o?agricultural crops; enhancing the soil fertility; suppression of the microflora which
causes the plant diseases; 2-3 year lasting effect), Table 1.

We have developed and patented the process for obtaining pure water and a
microbial fertilizer called Bamil [1] from the pig-farm wastes. At the basis of the
fertilizer there is an association of active microorganisms (activated sludge) having
an increased content of nitrogen and phosphorus. Prevailing in the association
there are nocardio- and corynebacteria of the genera Rhodococcus, Arthrobacter,
Aureobacterium, Mycobacterium, and the gram-negative of the genera Alcaligenes,
Pseudomonas the majority of which promote the plant growth (2). The biofertilizer
Bamil is produced from the mixture of the microflora of the activated sludge and the
sediment of the secondary settlers (1:1) which is transferred to the centrifuge in

which the moisture content of the mass decreases from 97 down to 80%. Then the
mixture is transferred to the granulator and after that - to the drier. The end product
with the moisture content 10-15o/o is packed into the bags 20 kg each (Fig.1).
Technical specification, a passport and a certificate have been developed for the
biofertilizer.

By chemical parameters Bamil differs from other organic fertilizers by a high
content percentage of nitrogen (5); phosphorus (1.8), potassium (0.8), calcium
(3.4), magnesium (0.5), zinc (0.05), iron (1), manganese (0.8), copper (0.05),
sulphur (0.5), the content of heavy metals is considerably lower than the limiting-
admissible values.
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Mineral Fertilizerc

Positive features

r lncrease in the yield of
crops by 70-80Yo
o Known chemical
composition

. Lowdose of
application

1-2Uha
o Absenceofweed
seeds
o Simple application
procedure

Negative features

. Pollution of the
environment, ground
waters
o lncrease in the nitrates
content in plants
. High cost
o Lack of positive
aftereffect

Microbial Fertilizers

Combined positive
action
.--iilcrease in the yield of
crops by 70-80%
o Remediation of soil,

improvement of its
fertility
. Plant growth stimulator

. Suppression of
microflora inducing plant
diseases
. Positive effect during 2-
3 years

o lncrease in the yield of
crops by 7080o/o
o Known chemical
composition
. Low application dose 't-
2Uha
o Absence ofweed
seeds
. Simple application
procedure
NeEative features

. Volatile compounds
with a strong smell

Organic Fertilizerc

Positive features

o lncrease in the yield of
crops by 704Oo/o
o Remediation of soil,
. improvement of its
fertility
r Plant growth stimulator

. Suppression of
microflora inducing plant
diseases
o Positive effect during 2-
3 years

Negative fieatures

. High application dose
60€0 Uha
o 1 t contains up to 12
mln weed seeds
. Optimal distance of
transportation is 3-4 km
o Complicated
application procedure
e Nitrogen losses are up
to 50% durino 2 months

Table 1.

Advantages of microbial fertilizers

Microbial fertilizers from the livestock and poultry wastes possess the positive
features both of mineral and organic fertilizers
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Figure.l.
The process scheme of the treatment of wastes from the pig-farm complexes

(54-21 6 thousand pigs):

1 -pigsty; 2-vibroscreen; 3-settler; 4-aerotank; S-biopond;
6-water basin; 7-accumulator of sludges and deposits;
8-centrifuge; 9, 1 0-driergranulator; 1 1 -bunker for storing Bamil;
12-packing line
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2. Results

ln 1986 - 1997 the trials of Bamil were conducted under greenhouse and field
conditions on various crops: potato, tomato, pepper, wheat, lettuce, cabbage and
others. Bamil stably enhanced the yield of potato by 10-15 Vha, the hay of the
perennial grasses - by 7 - 8, the wheat in an after effect - 0.8 - 1 Uha and had a
lasting after effect from 3 to 4 years. ln sheltered grounds the yield of pepper
increased by 25-7Oo/o: tomato - by 30%; lettuce - by 150-200%. Simultaneously,
Bamil improved the agricultural product quality. Thus, the potato tubers showed a
6% increase in the starch content, Vitamin C had a 1.S-fold increase, the content of
protein in the oats grains increased by 2-3o/o, in the wheat grains - by 1-1.4%. ln the
grown products the content of the nitrate nitrogen was considerably lower the
admissible standards.

A stimulating effect of Bamil on the growth and development of plants was
revealed. A considerable increase in the biological activity of the soil especially in

the root zone was observed. The amount of active microorganisms-growth
stimulators had a2-3 fold increase.

The number of the soil infusoria (g.Oxitrichia, g.Colpoda, g.Cryptolophorus,
g.Spathidinum) in variants with Bamil had a 5-8 fold increase as compared with the
control variants.

Bamil easily mineralizes and increases the soil humus content, improves its
physiological and chemical properties. Bamil is especially effective on the soils with
a low humus content, particularly on soddy podzolic soils. Here the content of water
soluble carbon has a 2-2.5 fold increase, N-NO, - a 8-10 fold increase; N-NHa - a
1.5-2.O fold increase (Fig.2). Simultaneously, a sharp increase in the soil biological
activity is observed: release of CO2 becomes two times as great, the number of the
soil bacteria participating in the cycle of the nitrogen containing compounds
degradation increases: the ammonifiers have a 6-10 fold increase, those utilizing
the nitrogen mineral compounds become 2-4 times as great, those utilizing easily
accessible organic compounds have a 2-3 fold increase. The number of celulolytic
microorganisms becomes greater by an order, the number of actinomycetes has a
1.5 fold increase. (Fig.3).

The study and analysis of the mechanism of the effect of the biofertilizer Bamil on
the phytopathogenic microorganisms causing the plant diseases showed that in the
biofertilizer the prevailing are aerobic bacteria which are capable of producing
antibiotics. The microorganisms isolated from Bamil were studied by their
antagonistic activity against a number of phytopathogenic fungi and bacteria which
cause the plant diseases under the conditions of the Baltic Region. The results are
presented in Table 2 from which it is clearly seen that the microflora of Bamil
belongs to the antagonists to the number of phytopathogenic fungi and bacteria
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which cause such plant diseases as root and stem rot, grey and soft rot, vascular
wilt of plants.

Greenhouse experiment
Culture -

.l ll cl rt rl 3l

a) Control without fertilizers b) NPK c

Figure 2
Effect of Bamil on agrochemical charactenstics of podzolic soil.

Ihe doses of fertilizers in a pot expeiment calculated as 0,1 g of acting
subsfance of total nitrogen/kg of soil, in the field expeiment Nl00, P80,

K100, manure and Bamil arc equivalent to this dose of NPK.
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Test of the culture
of phytopatho-
genic fungi and

bac{eria

N of the strains of microorEanisms in Bamil

1 2 4 5 6 8 9 1

0
1

1

1

2
I
3

1

7
1

8
1

9
2
0

2
2

2
3

2
4

2
5

2
6

Erwinia carotovora
c78 +
E. carotovora P884

+ + +
Altemaria sp.24

+ + + +

Botrytis cinerea 24
+ + + + + + + + +

Vefticillium dahliae
289 + + + +
Fusarium
oxvsoorum 98 + + + + + + +
Fusaium
oxvsporum 99 + + + + +

Table 2.
Antagonistic activity of microorganisms isolated from Bamil against

a number of phytopathogenic fungi and bacteia causing the plant diseases
under the conditions of the Baftic Region.

Proceeding from the literature data and our results we supposed a presence in
Bamil of physiologically active compounds which stimulate the plant growth. The
water extracts of Bamil were analyzed using the method of a highly effective liquid
chromatography. lt has been established that the water extract of Bamil may be
divided into two ftactions: low molecular (amino acids: tryptophan, tyrosine,
phenylalanine) and high molecular (proteins containing tryptophan). Tryptophan is a
predecessor of indoleacetic-3 acid (lAA) - auxin which is a plant growth stimulator.
The results of the quantitative analysis of a free L-tryptophan in the examined
samples of the fertilizers show that the content of L{ryptophan in Bamil constitutes
240 Mglg, Bamil contains more tryptophan than the microbial fertilizers from the
poultry dung - 72Mglg.

Of interest was to determine the effect of Bamil on the synthesis of IAA by the soil
microflora. The object chosen was the soilwith a 5% addition of Bamil. The soilwas
incubated for 6 days at 28 C. The control soil did not contain Bamil and was
incubated under the same conditions. Extraction of IAA from the soil samples was
done with a phosphate buffer with their following purification at a forcolumn
BAKERBOND Octadecyl (C18). The methanol eluat from the forcolumn was
evaporated at a rotor evaporator till it became dry and dissolved it in 0.5 ml of
methanol. The amount of IAA in the soil samples was determined by an HPLC
method at the apparatus JASCLC-9OO. For separation a reverse phase coulumn Li

Chosorb RP-18 was used. As an eluent a mixture water-acetonitrile-acetic acid was
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used. The rate of the eluent supply was 0.9 ml/min, the temperature of the column -
34 C. No IAA was found in the soil without Bamil additive, the amount of IAA
calculated from the obtained chromatogrammes in the variant with Bamil was 46.3
ng/g which is sufficient for manifestation of the biological activity of the auxin.

Thus, application of Bamil to the soil promotes the biosynthesis of auxins by the soil
microflora due to the presence of tryptophan in it. The revealed peculiarities of
polyfunctional action of the biofertilizer Bamil enable us to suppose that the
microbial fertilizers produced from the animal breeding wastes will take one of the
chief places in a sustainable agriculture.

The work was financed by The Ministry of Science of Russia
(The Projects "Bamil" and "Microbial communities").
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Application of zeolite (clinoptilolite) in the process of
stabilization of the solid fraction of pig slurry.

Apport de z6olite (clinoptilolite) afin de proc6der it la stabilisation
de la fruction solide du lisier de porc.
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Abstract

The effects of two different additions (1% and 10%o) of Slovak zeolite (clinoptilolite)
to the solid fraction of pig slurry was investigated under laboratory conditions.
Temperature in different depth of the subs0afe was rccorded for 42 days. Chemical
and microbiological determinations of the subsfrates and their water extracts were
canied out. The resu/ts obtained indicated sorne dose dependent influence of
zeolite amendment on decomposition processes reflected mostly in the
temperatures recorded, dry matter content and N,*, values. The temperatures
recorded in the lower third of the subsfrafe were higher in the first stage of
stabilisation for the lower addition of zeolite and in the second stage for the higher
addition, in comparison with the control. The release of nutients (Ndd, N-NH4*) to
water extract, pH and conductivity of ertracts were affected, too. When compared
to the control, the conductivity of water extracts determined on days 21 and 42 for
the higher addition of zeolite was by 36% and 28%o lower, resp., the content of
ammonia nitrogen was decreased by 48% and 56%o, resp., and that of total nitrogen
by 43% and 4796, resp. The resufts obtained indicate that with regard to
decomposition processes, the effects of the doses used differed, mainly in the initial
sfages of storage.

Key words : zeolite (clinoptilolite), pig slurry, solid fraction, microbialdecomposition.

R6sum6

L'effet de I'ajout de deux doses (1o/o et 10%) de z6olite slovaque (clinoptilolite) d la
fraction solide d'un lisier de porc a 6t6 6tudi6 en conditions de laboratoire. La
temp6rature d diffdrentes profondeurs a 6t6 enregistr6e au cours d'une p6riode de
42 jours. Des analyses chimiques et microbiologiques du substrat ainsi que
d'extraits aqueux ont 6t6 effectu6s.
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Les r6sultats obtenus suggdrent une relation et I'influence de l'ajout de z6olite sur
le processus de d6composition, i travers notamment l'6volution de la temp6rature,
du taux de matidre sdche et de la teneur en azote total. Les temp6ratures
enregistr6es dans le substrat 6taient sup6rieures avec ajout de z6olite. Le transfert
d'6l6ments Ntotal et N-ammoniacal) vers la phase aqueuse, le pH ainsi que la
conductivit6 6taient 6galement modifi6s suite A l'ajout de z6olite. Comparativement
au substrat t6moin, la conductivit6 des extralts aqueux a 6t6 mesur6e aprds 21 et
42 jours pour I'addition forte de z6olite. La conductivit6 6tait inf6rieure de 36% et
28% respectivement, la teneur en N ammoniacal 6tait r6duite de 48o/o et 56%
respectivement, et celle en N total de 43o/o et 47o/o respectivement aux 2 p6riodes
de mesure.

L'influence de la dose de z6olite apport6 est particulidrement importante dans
l'6tape initiale de stockage du substrat.

Mots-cl6s : z6olite (clinoptilolite), lisier porc, fraction solide, d6composition
microbienne.

1. lntroduction

Large-capacity pig farms produce large quantities of slurry with high concentration
of organic substances and considerable microbial contamination. The majority of
pig-production facilities have been developed with little planning and concern for the
nuisance and pollution characteristics inherent with their operation [1]. Most of the
slurry produced by large-capacity farms in Slovakia is treated in aerobic biological
wastewater treatment plants. ln the first stage of the treatment, slurry is separated
to the solid and liquid fractions. The liquid fraction is treated biologically and
discharged to water bodies. The solid fraction, which contains considerable number
of microorganisms and endoparasite eggs, should be subjected to biothermic or
some other treatment before it is used in plant production [2,3]. However, the
treatment of this fraction in practice consists in many cases in simple stabilization
on field heaps for different periods of time. This often results in the loss of nutrients
and pollution of the environment.

The aim of the present study is to investigate the influence of different additions of
zeolite (clinoptilolite) on the processes of microbial decomposition and stabilization
of the solid fraction of pig slurry and release of nutrients from this substrate during
its storage.
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2. Material and methods

The solid fraction of pig slurry, obtained by separation on vibrating screens, was
mixed with powder zeolite (clinoptilolite) from Ninf Hrabovec, Slovakia (main
fractions: 76.90/0 0.1254.25 mm, 10.8% 0.25-0.5 mm; CEC 0.77 mol.l-'; predried at
105'C), in 1:99 and 10:90 ratio. The mixtures obtained were transferred to glass
cylinders (10.5 cm i.d., 60.4 cm high) with both ends opened, placed in a vertical
position in a Petridish (containers 2 and 3, resp.) and an unamended solid fraction
was used as a control (container 1). The cylinders were covered with cellulose
cotton wool to prevent excessive evaporation of water

The substrates were stored at room temperature (17.0-24.0'C) 'for 21 days. After
that time, they were removed, thoroughly mixed, and 100 g samples were
withdrawn. Then they were replaced to containers and stored for additional 21 days
(18.0-27.2"C). During the storage, the temperatures in the upper third, centre, and
the lower third of the substrates were recorded. The liquid that oozed out of the
substrates during the first 24 hours of storage was collected and analysed.

Total nitrogen (Nr), dry matter content (DM) and loss on ignition (550"C/2h) were
determined in the solid fraction on day O and in all substrates after 21 and 42 days
of storage. Simultaneously, determinations in water extracts were carried out (CO2-

free distilled water; 5g+45m1 HrO, diluted 1:2, for pH; 509+25611 HrO for
determinations of N,, N-NH4* and conductivity).
Nt was determined by distillation and titration of N-NH4* after previous
mineralization using a HACH-Digesdahl digestion apparatus, Model 23130-20.
Distillation method was also used for determination of N-NHa* in the extracts.
Conductivity was measured by means of a HACH ConductivityffDS meter, Model
44600, and pH by means of a HACH ONE pH meter, model 43800.

Along with chemical determinations, numbers of psychrophilic, mesophilic, coliform
and fecal coliform microorganisms were determined in 1 g of the solid fraction and
the results were published elsewhere.

3. Results and discussion

The purpose of stabilization of farmyard manure and solid portion of slurry is to
break down the organic fraction in order to reduce its mass and to obtain a product
that is less odourous as well as safer from a public health standpoint [4].
Degradation of organic matter is carried out by microorganisms under aerobic,
moist, and warm conditions. ln dependence on the conditions of the decomposition
processes (temperature, aeration, moisture, pH, content of nutrients, type of
material), organic matter is degraded at different rates at several temperature
phases, each of which is driven by specific groups of organisms. At optimum
conditions, the temperature in the core of the substrate may reach 55-60'C, which
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is sufficient to inactivate pathogens and transform organic forms of N and P into
inorganic forms, which are more bioavailable for uptake by agricultural crops [5].

Numerous applications of natural and synthetic zeolites have been described in
different branches of industry and environmental protection. Majority of agricultural
applications described concentrate on utilization of zeolites with regard to its high
affinity for N-NHa* and some metal ions and are supported by chemical
determinations. ln horticultural applications, the improvement in N-balance and
water retention in soil is stressed after ammendment of soil with zeolites resulting in
growth enhancement or yield increase of crops.

However, there are few publications in which the effects of zeolites or similar
amendments are described in relation to the activity of microorganisms and
acceleration or deceleration of decomposition processes [6,7].

The clinoptilolite framework consists of interconnected channels with voids big
enough for water and adsorption of some ions but too small for viruses and bacteria
to enter [8]. By retaining N-NH4* ions, clinoptilolite improves efficiency in N-uptake
by preventing excessive nitrification and NOj leaching and helps to reduce NHa*
toxicity. ln contrast with that, organic matter sources like peat, used as soil
amendments, improve cation exchange capacity of soil but easily release
ammonium ions from their exchange sites, which are then easily nitrified and thus,
subjected to leaching [9].

The results obtained in our study indicate that the zeolite amendment affected the
decomposition processes in the substrate investigated. During the 42 days of
storage, all the substrates changed considerably and practically lost their
characteristic unpleasant smell.

According to some authors [10,11], the DM content in the solid fraction obtained by
separation on vibrating screens should range from 18 to about 40%. The DM
content in our study was 15.75% and some retained liquid oozed out of this material
during the first 24 hours of storage. The volume of the liquid released was
decreased by 2.2% and 15.2o/o by 1o/o and 1Oo/o zeolite additions, respectively.
Chemical analysis showed considerable dffierences in the parameters determined
(Table 1) for original and amended solid fractions. Addition of zeolite decreased the
content of N,, N-NH4* and electrolytic conductivity which is related to the
concentration of inorganic dissolved solids, anions and cations.

Table 1

Analysis of the liquid released from the stored solid fmction within 24 hrs of storage

Control 1o/o zeolile 10% zeolite
Conductivity [mS.cm-'l 3,83 3,55 295,00
N,^r,,[mg.l-'] 4132,00 4 097,00 3 012,00
N-NH.- [mg.l-'] 3 082,00 2 976,00 2 521,00
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Results of chemical analysis of the solid fraction of pig slurry and amended
substrates as well as of water extracts at the beginning of the experiments and after
the storage for 21 and 42 days are summarised in Tables 2 and 3. Visible
differences in the colour of vater extracts were observed after 42 days of storage.
The extract of substrate 2 (1Yo zeolite) was dark-brown while that of the control
(substrate 1) was yellow-brown. Grayish colouration of the extract of substrate 3
(10% zeolite) resulted from the presence of zeolite particles.

Table 2
Resu/fs of chemical determinations in the solid fraction

of pig slurry and amended subsfrafes

Results were corrected for DM content

Table 3
Determination of chemical parameters in water ertracts

The temperatures reached in the substrate exceeded the ambient temperature only
by max. 2.4"C. The explanation may be found in the small quantity of the substrate
and excessive moisture in its core exceeding the range 5060%, optimal for the
biothermic activity of different groups of microorganisms.

The course of temperatures differed in dependence on the depth of measurement
and on the zeolite dose. ln the surface layer, slightly higher temperatures were
recorded in the zeolite amended substrates in comparison with the control during
the most of first 21 days. The differences were more pronounced for the higher

Container 1 2 3 1 2 3
Drv matter (DM ) %l Loss on ToDMI

Day 0 15,75 89,64
21 days 21,42 22,38 32,78 89,02 88,75 51,78
42 davs 22,10 22,U 33,89 86,90 81,10 46,93

N,^,.,[mq.kq-' I

)ay 0 7018
21 days 6445 5858 6152
42days 3979 4501 4487

Container 1 2 3 1 2 3

Day 0 7,67 4,36
21 days 8,09 6,96 6,19 2,U 2.57 1,69
42days 8,46 6,82 6,82 2.22 2.00 1.60

Dav 0 672.3 543,5
21 davs 403.4 316.5 230.7 262.6 196,8 135,5
42 davs 22.4 72,1 11.9 3.4 3.3 1,5

453



dose of zeolite (0.3-0.9'C; 0.5-1.5'C). After mixing, minimum variations around the
control values were recorded.

ln the centre of the substrate, for the lower dose of zeolite, the temperatures were
higher by 0.3-1.0"C in comparison with the control only during the first 8 days and
after that only small variations (0.1-0.2"C)were recorded always to the end. For the
higher dose of zeolite, lower than control temperatures were recorded for the first
15 days (by 0.5-1.4"C), after which the temperatures increased and remained close
to those recorded in the control with only small variations.

The highest differences in comparison with the control were observed in the lower
third of the substrate (Figure 1). Very interesting was the course of temperatures for
the lower dose of zeolite. Almost from the beginning up to day 2'l (mixing), they
exceeded those in the substrate with 10o/o zeolile and after that an opposite trend
was observed.

The course of temDcrat[re in the lowcr
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To confirm and explain this observation, additional investigations with larger
quantity of the substrate are needed. However, the results of microbiological and
chemical examination indicate that with regard to decomposition prosesses and
therefore also the activity of microorganisms, the effects of the doses used differed,
mainly in the initial stages of storage. The pH values measured support this
assumption as well as the N,oolvalues. The adsorption and ion exchange properties
of zeolites were reflected in the decrease in conductivity, ammonia nitrogen and
N6"1 in the water extracts and liquid that oozed out of the substrates. However, the
results available provide no explanation for the change in the loss on ignition
recorded after 10o/o addition of zeolite.

4. Conclusion

The addition of 1o/o and 107o zeolite (clinoptilolite) to the solid fraction of liquid slurry
obtained by mechanical separation in the first stage of the slurry treatment caused
changes in the release of nutrients to water extracts during the 42 days of storage
and in their concentration in the fluid that oozed out of the solid fraction. A dose
dependent effect on the decomposition processes was indicated.
The results presented in this paper were obtained within the scope of solving the
projects No. 95/51951575 and 1096/94.
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Abstract

The great vaiability of animal manure characteristics rs due to the large diversity of
livestock, storuge type and handling equipment. The pertormance of a spreader is
directly related to the physical propefties of the material being spread out. When
testing a spreader or researching spreading techniques, rf rs necessary to know the
main physical characteistics of the manure.

Ihe Swedish lnstitute of Agicultural Engineering has already developed a
characteisation method. The implementation of their method has highlighted the
necessdy of increasing the number of factors measured and selecting equipment
that may be used easily in the field. Cemagref have designed and fesfed measuing
equipment specific for this purpose. A combination of 6 measuremenfs has been
set up for each heap of manure :

Bulk density : weight of a bucket.
Cohesion : use of a penetrometer.
Shearsfress reslsfance : use of a scissornefer.
Dry matter content : use of an oven.
Straw content.
Friction coefficient : use of an inclined plane.

These measurements have been canied out on 25 different types of manure. An
heterogeneity coefficient has been determined based on several points of the graph
obtained with the penetrometer at depths from 25 centimetres to 60 centimetres
below the surtace. Resu/fs were then comparcd to determine the main
characteristics of each type of manurc.

To confirm the usefulness of fhese measurements we analysed the relationship
between fhese measures and the pertormance of the spreader. Thrce main
relationships have been verified :

457



density and discharge rate,
shearsfress resistance and dive torque,
hete roge ne ity and sp read ing p rec i sion.

Kewords : manure, spreader, density, heterogeneity.

R6sum6

La structure des fuimers pr6sente de grandes variations en raison de la diversit6
des animaux, des stockages et des moyens de manutention. Les performances
des 6pandeurs de fumier d6pendent des propri6t6s du produit 6pandu. ll est donc
n6cessaire pour le Cemagref de d6terminer les principales propri6t6s physiques du
fumier lors des essais d'6pandeur ou en vue de recherches sur l'6pandage.

Le < Swedish lnstitute of Agricultural Engineering > a d6fini une m6thode de
caract6risation. La mise en oeuvre de cette m6thode nous a montr6 le besoin
d'augmenter le nombre de critdres i mesurer et de choisir des moyens de mesure
utilisables au champ. Nous avons d6fini et test6 des appareils de mesure
sp6cifiques. Un ensemble de 6 mesures a 6t6 retenu pour chaque tas de fumier :

. Densit6 : pes6e de seaux.

. Coh6sion : utilisation du p6n6tromdtre.

. R6sistance au cisaillement: utilisation du scissomdtre.

. Taux de matidre s6che : s6chage i l'6tuve.

. Richesse en paille.

. Coefficient de frottement : plan inclin6.

Ces mesures ont 6t6 effectu6es sur 25 fumiers dffi6rents. Nous avons d6fini un
coefficient d'h6t6rog6n6it6, a partir des courbes du p6n6tromdtre sur une
profondeur de 20 i 65 cm. Les r6sultats ont 6t6 compar6s afin de d6gager les
propri6t6s g6n6rales des types de fumier conespondants.

Pour justifier I'int6r6t de ces mesures de caract6risation, nous avons cherch6 leur
relation avec les performances d'un 6pandeur. Trois relations principales ont fait
l'objet de v6rifications :

densit6 et d6bit,
r6sistance au cisaillement et couple d'entra?nement,
h6t6rog6n6it6 et pr6cision d'6pandage.

Mots-cl6s : fumier, 6pandeur, densit6, h6t6rog6n6it6.
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The physical characteristics of solid manure cannot be defined simply according to
its origin. Many factors may impact on these characteristics: for example, in the
same shed, the density may vary from 400 kg/m3 where the cattle is used to rest, to
700 kg/m3 where the movement of cattle has compacted the manure.

1 lntroduction

This paper will describe a method for physical characterisation of solid animal
manure. Cemagref wants to develop methods for testing manure spreaders and
also wants to improve the working of machines. An agricultural machine has
several components that work together as a system in order for the machine to
perform in the intended manner. The manure spreader has to meter the manure
quantity and to spread it in an even flow on a longitudinal way than as well as on a
transversal way. Each function depends on the manure characteristics in a way that
we are not able to quantify now.

The Swedish lnstitute of Agricultural Engineering has already developed a method
of manure characterisation, mainly for equipment testing purposes. We
encountered several dfficulties when we wanted to implement these methods.
These methods have actually been set up in a research institute where large
facilities are available for handling the manure. The handling equipment that we use
in our institute is not reliable for this purpose, and for example it was not possible to
fill up a characterisation box of 1 m3 with this equipment. Another point is that the
manure seems to be different under Swedish or French conditions. Under French
conditions, straw is widely used in sheds, and it appears that this straw will widely
change the physical properties of the manure. For example we intend to verifo that
manure density is connected to straw content, whereas under Swedish conditions it
has been verified that manure density is mainly related to dry matter content.

Six tests have been defined for each manure heap, and tests have been carried out
on the farms except for the dry matter content measurement which has needed
samples to be brought back to the institute. lt was then necessary to investigate
whether the performances of the manure spreader are related to the manure
physical characteristics. lt is sure that the discharge rate is connected with density
of the manure, as the delivery principle is based on the volume of the manure that
has to be spread. Physical characteristics may also interfere with evenness of the
spreading and power needed to work out the machine. These data are necessary
when testing spreaders or implementing research on spreading techniques.
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2. Definition of characterisation tests

2.1 Normal stress measurement

Penetrometers were used for this purpose. A penetrometer is an equipment usually
fitted for measuring the soil cohesion. A conical tip is driven into the soil and the
strength is measured either by a pressure gauge or by the length of a spring. We
have selected the mechanical principle and used a set of 2 tips with a diameter
larger than the one originally fitted. A pencil is fifted on this equipment in order to
draw a continuous graph which indicates the value of the normal stress at each
depth in the manure. The main advantage of this measurement is the ability to get
data of physical characteristics inside the manure heap and also to get easily a
large amount of data that may be analysed.

FF
Normal stress: o =-=--------;S fIR'

F=Force;S=Surface

Penetrometer
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2.2. Measurement of shear stress

We have selected a shear vane apparatus. This equipment does not require
excavation. Once driven into the manure by a hammer, the rotation causes shear of
manure along the surface which is generated by the vanes. The torque which is
necessary to rotate the device is measured by a torque wrench.

Sheared area: S:2flrh ( we consider that a cylinder of manure is sheared

from the manure kept inside the system.)

vane shear apparat,us

Torque: M

M = Torque. R = Torque application radius. r= Shear radius

Shearstress: "= 
M

R2IIrh
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- 2.3 Measurement of bulk density

The main problem in measuring bulk density is to define the conditions of
measurement. At first we intended to define density of manure inside the heap. For
this purpose a volume of manure inside the heap was separated by sheets of metal
driven into the manure. By this way, we could determine a volume of manure and
we dug out this manure to weigh it. lt is also possible to separate a volume by the
mean of the tractor loader. This volume is measured and the manure is loaded in a
spreader and weighed.

It is easier to measure the weight of the manure after having handled it. Swedish
method needs to fill up a characterisation box of approximately 1 m3 volume, with
the tractor loader. The purpose of this is to get similar conditions when using the
characterisation box or when using a spreader. We tried also to fill up this box by
hand with a fork. The results of these two measurements will depend on the way of
filling the box.

Another way of measuring the bulk density is to fill up the spreader and weigh it.
Main difficulty is to know the volume of the spreader, as the shape of the machine
may be complicated. This way of measurement gives certainly the most interesting
information when we want to study the performance of the spreader.

We selected another measurement for our field test. We fill up a bucket by hand
and let it fall 3 times from 30 cm high in order to get similar compaction. We fill it up
again.

Example:we analysed a 35 tons batch of manure:

method of measurement
separation of 1.8 m3

separation of 3.6 m3

separation of 6.2 m3

1 m3 box filled by hand
1 m3 box filled by hand +

compressing
manure in the spreader (7 m3) 450 to 650 kg/ m3

It appears that the density variability is great in the same batch. When building this
heap by means of a tractor loader, the farmer has created blocks of manure of high
density separated by low density spaces. When handling the manure by hand the
volume increases and the density decreases in a range of approximately 50%.
When handling the manure by a tractor loader, the density depends on the way this
implement is used and the density has been observed ftom 55% to 80 % of the
manure density in the heap.

density
m3

m3

m3

m3

m3

944kgl
798 kg/
795 kg/
405 kg/
650 kg/
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When measuring the density with buckets we observe also a large range of results.
The expansion which is created by this method is similar with the one obtained by
tractor loader. This value may be used to compare several types of manure, but not
to know what will be the density inside the manure spreader. The measurement is
repeated 4 times.

2.4 Friction coefficient

A sample of manure is placed on a plane surface which is slowly inclined. When the
manure slips, the angle is measured. The purpose of this measurement is to verify
whether the strength used to push the manure inside the spreader is connected to
the friction coefficient. Actually this strength depends on 2 factors: the friction
between the manure and the floor of the spreader, and the resistance of the
manure being dislocated: The moving floor of the spreader acts on the manure in
order to obtain a good dislocation by the beaters acting rearwards.

2.5 Straw content

It was not possible to define a method for direct measurement of the straw content.
ln order to get an indication concerning this factor, we decided to measure the
length of 40 pieces of straw. The main advantage of this method is that it does not
take account of small pieces of straw, as small parts of straw do not seem to modify
the physical characteristics of the manure. Long pieces of straw increase the
volume of the manure and reduce the density. Straw is also increasing the
resistance to dislocation. For these reasons, we have chosen this particular
measurement which appeared easy to do.

2.6 Dry matter content

Samples of manure are dried in an oven during 24 hours at a temperature of 120
'C. The decrease of weight is due to water evaporation. The dry matter content is
the ratio water contenU wet weight. Under Swedish conditions, dry matter content
appeared to be an important factor.

3. Results of measurements

ln 1997,25 sets of measurements have been worked out in French farms around
Cemagref. Allthe data was collected and analysed afierwards.

3.1 Normalstress

The normal stress appeared to vary from 0.'14 MPa (1 .4 bar) to more than 1.6 MPa
(16 bar). The low resistances were met in compost, old manure. The high
resistances were met inside heaps built by mean of a mechanical elevator or built
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after transportation in the fields. Sheep and goat manure have also a high
resistance: ln one case, it was not possible to use the penetrometer as the manure
was very hard.

With the help of the graphs
characterisation factor: For

obtained from the penetrometer we introduced a new
each graph, we consider the stress at 4 different

depths: 35, 45, 55, and 65 cm. We obtain 4 values for each graph and compute the
variation coefficient of these values. The heterogeneity coefficient is defined as the
mean value of these 4 variation coefficients. By this way, it is possible to obtain a
numerical value of heterogeneity. This value is consistant with physical properties
inside the heap.

The lowest values were found in compost (9%) and in a 2 years old heap of manure
('l5o/o). Low value were also found in wet and soft heaps. Average values are
around 30 to 40 %. High values (50 to 60 %) were observed in one heap built by
tractor loader, and in another heap under chain cleaner. Major heterogeneities are
observed in manure with high stress. This means that the manure has been
compacted, but not in an uniform way.

medium heterogeneity
c.v. 4Oo/o

low heterogeneity
c.v.11o/o

35 cm

45

55 cm

65

35 cm

45

55 cm

65
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3.2 Shear stress

The shear stress appeared to vary from 3 kPa to 50 kPa. One problem appeared
with manure with high content of straw. When driving the apparatus into the manure
a plug of straw is created. This plug enlarges the hole and the apparatus turns quite
freely in this hole. For this reason the measurement is not entirely reliable and it is
more advisable not to use this measurement when long pieces of straw are present
in the manure.

3.3 Bulk density

We observed that the bulk density depends on 2 separate factors. ln the same
farm, with manure obtained from similar animals, the density depends mainly on the
straw length. The dry matter content is quite constant, the length of straw depends
on the type of shed, the age of the manure and the location in the shed.
lf we compare the sample of manure for a large variety of origins (animals, housing,
etc) the range of density is wide and the density mainly depends on dry matter
content.

Density / straw length
(in the same farm)

300

20 40 60 80 100 120

mm

Density /dry matter
(different farms)

20

kg/m3
1 100

900

700

500

kg/m3
1 000

900

800

700
600

500

400
300

200
0

a

a a

a
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Some other measurements have been made in several regions of France, based
on manure density inside the spreader. The point was to help the farmers adjusting
the spreader as it should be necessary to know the density in the spreader when
adjusting it. High densities (900 kgim3 to 1000 kg/m3) are found in heaps built by
chain cleaner, close to the centre of this heap. Amassed litter bedding in the sheds
gives also high density manure especially when stored in the fields in high heaps.
Low densities are mainly observed with chicken manure (300 kg/m3)

3.4 Straw length

Straw length measurement appeared to be well connected with straw content
influence. We have seen how this result is linked to bulk density. We have
observed also the variation of this factor during composting operation. The compost
was obtained by using a spreader. A first ridge was obtained by operating the
spreader in an idle position. This operation was repeated a second time after 15
days.

Original manure 113 mm
After 1 operation 89.7 mm
composted 37 mm

The second length can be explained by the slashing of the straw in the beaters of
the spreader.

We observed also in a 2 years old heap of manure that the mean straw length was
39.8 mm in the upper part of the heap but was 53.4mm in the lower part. ln the
upper part of the heap the manure is aerated and the manure is slowly composted.

3.5 Friction coefficient

For most samples of manure the angle of the inclined plane is about 40 degrees
when the manure begins to slip. This means that the friction coefficient is f= tan 40
= 0.84

One sticky manure was observed with 1.70 as friction coefficient, but this was an
exception. lt was not possible to identify classes of manure in order to study the
influence of the friction coefficient on power requirement for the conveyor of the
spreader.

3.6 Dry matter content

There is a large variety of dry matter content, from 16 o/o to 53o/o. High moisture may
be due to rainfall. There is usually no protection on manure heaps, but the storage
of run-off is compulsory. Sheeps and goats manure is drier than cows manure.
Chicken manure of chickens is also dry.
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4 lnfluence of manure characteristics on the working of the
spreader

4.1 Bulk density is the main factor having an influence on the working of the
machine. The discharge principle is based on determination of a volume which is
spread per unit of time. The Swedish institute has verified that the discharge rate is
directly connected to bulk density measured in a characterisation box of 1 m'
volume. ln France, it is recommended to weigh the manure in a bucket in order to
improve the adjustment of the spreader. As for us we are working on an integrated
weighing system incorporated in the manure spreader in order to regulate the
discharge rate according to the variation of density.

4.2 Shear stress

A new system of discharge regulation is based on torque measurement in the
driving of the spreading beaters. We intended to verify whether the torque depends
on the discharge rate only, or on the shear stress also. We have measured the
torque used for driving the beaters and driving the whole conveyor, with three types
of manure: compost, old manure and new manure selected according to the shear
stress (10, 16 and 23 kPa). We observed that the power which is necessary to
drive the beaters is lower with compost (4,1kW) and old manure (4,8kW) than with
new manure (5,7kW). The variation of power on the beaters are directly induced to
the power used to drive the conveyor. This means that the beaters push backwards
the manure, with a strength depending on the shear stress.
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According to these observations, it is not possible to estimate the discharge rate
from the torque value only, when we deal with different types of manure or
compost.

4.5 Manure heterogeneity

We have used 2 types of manure with the same spreader and the same
adjustment. One manure was quite heterogeneous (variation coefficient 49%) the
other had a low variation coefficient (9 %) measured with the penetrometer. The
variation of quantity spread along a transversal way was measured by the means of
trays disposed on the soil. The measurement was repeated 4 times. We obtained a
low quality of spreading with the first equipment (29o/o variation) and a good quality
with the second one (8% variation)
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This means that it is very important to verifu the heterogeneity of manure when we
want to test several spreaders or when we need to assess a spreader performance.

5. Conclusion

This study has outlined the influence of manure heterogeneity and proposes an
easy mean of getting a numerical value of this heterogeneity. A comprehensive test
allows to characterise a manure batch and will avoid hazardous conclusions on
spreader tests, especially when different manures have been used.
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Ghairman's summary of part 4.
Processing and handling of wastes

Piet DERIKX

The session concentrated on different aspects of handling and processing wastes
in general. Special attention was there for animal manure, but also other wastes
came up.

Dr. Colin Burton from the Silsoe Research lnstitute (UK) gave a good overview of
the state of the art of treatment techniques and management strategies. His
presentation was mainly based upon a EU Concerted Action finished at the end of
last year where a number of scientist of different European countries brought
together up to date information about the situation in their home countries and
developed thoughts about potential strategies for handling wastes in future. The
resulting book is still available and can be obtained by addressing the presenter.
One of the major points which were emphasised is the need to clearly define the
targets of a treatment. Only then a optimal choice can be made of the many
dffierent possibilities for treatment.

Mr. F. Beline showed with his presentation that a good understanding of the
processes involved in a treatment can help to optimise a treatment. lntermitted
aeration was proven to give less nitrous oxide emission as compared with
continuous aeration, without loss of nitrogen removal capacity.

Two presentation dealt with biogas production. For the treatment of slaughterhouse
wastes this gas production was of second importance, as emphasise here were on
lowering the additional treatment costs for the effluent and therefore BOD removal
was of major concern, as presented by Dr. Mass6. Dr. Amon showed the well
documented situation in Austria, where biogas production plants are built not only
taking into account technical criteria but also paying the required attention to safety
aspects.

The biofilter remediation presented by Dr. Buelna was an illustrative example of
successful treatment of two different waste flows at once. Exhaust air is cleaned
and in addition nitrogen is removed from the slurry.

Prof. Matsuda from Hokkaido University in Japan demonstrated the effectiveness of
the composting process on a semi-practical scale. Food industry wastes was
broken down so far that the enterprise could be operated for over one year without
the need to remove any residue from the reactor.

Dr. Vanotti showed that the use immobilised nitrifiers can improve the nitrifying
capacity of a reactor for converting ammonia in swine wastewater.

Prof. Arkhipchenko demonstrated the fact that the need of advanced treatments is
not limited to the western countries. Large livestock farms in Russia have similar
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problems with manure surpluses. The biofertiliser BAMIL produced in the pilot plant
is investigated thoroughly, demonstrating its beneficial effect on plant growth and
soilfertility.

The addition of a zeolite to solid manure resulted in the adsorbtion of some ions,
specifically ammonia. Additions up to 10 o/o wata needed. As the adsorbtion is a
reversible process, the ammonia will become available in a later stage.

Dr. Thirion demonstrated the need of detailed information in order to design
spreading equipment. ln particular solid manure was addressed with several
physical measuring techniques.

ln summary, the session demonstrated the wide range of techniques involved in
waste treatment. The appropriate choice of a combination of these techniques
highly dependes on the local situation. Not in the least importance are the economic
aspects, although the information available about this is limited at the research
phase. What is economical feasible depends also on the options individual farmers
have for achieving a balanced situation at their farm.
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Part 5

Environmental impacts.

Chairman : C. Cheverry (France)
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Heavy metal loadings from animal manures to agricultural
land in england and wales.

Charge en m6taux lourds apportds aux so/s par les epandages
de ddjections animales en Angletene et Pays de Galle.
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ADAS Gleadthorpe Research Centre,
Meden Vale, Mansfield, Notts. NG20
gPF, UK
E-mail : Brian_Chambers@adas.co.uk

R. J. Unwin
FRCA, MAFF, 17 Smith Square,
London SWI 3JR, UK

Abstract

The heavy metal contents of a range of animal manures (farmyard manures,
s/umbs and poultry manures) were measurcd to give an indication of "typical'
concentrations, along with the metal contents of livestock feeds (dairy and beef
cattle, pigs and poultry) from the same sampled farms. Based on the 'typical'
manure metal analyses, standard total nitrogen (N) and dry matter contents, pig
manure applications supplying 250k9/ha of N were estimated to apply ca. 2.2 kg
zinc - Zn/ha and 1.6 kg copper - Cu/ha, and pouftry manure applications ca.2.0 kg
Zn/ha and ca. 0.4 kg Cu/ha. Caftle manure dressrngs were estimated to apply ca.
1.0 kg Zrdha and 0.3 kg Cu/ha, largely representing the recycling of metals in caftle
farming systems. 'Typical' manure metal concentrations were combined with farm
census data on animal numbers and estimates of manure production quantities, to
identrfy arcas where heavy metals may be accumulating at elevated rates.
Catcutations of annual metat loadings to the agicufturat land area in each 5 km2
grid squarc (using GIS) indicated that the highest loadings of Zn (up to 3.3 kglha)
and Cu (up to 2.2 kg/ha), corresponded with the main pig farming areas in East
Anglia and Humberside. The highest estimated annual loadings of other metals
were : nickel (up to 0.08 kg/ha), chromium (up to 0.064 kg/ha), cadmium (up to
0.007 kglha) and lead (up to 0.073 kg/ha).

Keywords : heavy metals, animal manures, livestock feeds, GIS mapping

R6sum6

La teneur en m6taux lourds de diff6rents types de d6jections (fumiers bovins, lisiers
et fumiers de volailles) a et6 d6termin6e afin d'appr6cier la concentration
< typique > de ces produits ainsi que celle des aliments utilis6s au sein des fermes
6chantillonn6s. Sur la base de cette analyse ( type >r en m6taux, sur une teneur
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courante en azote et en matidre sdche, il apparait que les 6pandages de lisier
apportant 250 kg N/ha s'accompagnent d'un apport de 2,2 kg zinc Znlha et de
1,6 kg cuivre Cu/ha, alors que les doses conespondantes pour les fumiers de
volailles s'6tablissaient d 2,0 kg Znlha et 0,4 kg Cu/ha. Les 6pandages de fumier
bovin s'accompagnent d'apports en mdtaux de I'ordre de 1,0 kg Znlha et 0,3 kg
Cu/ha, ce qui repr6sente largement un recyclage des m6taux en systdme
d'exploitation bovine.

Cette concentration ( type > en m6taux a 6t6 crois6e avec les donn6es statistiques
sur les cheptels pr6sents afin de d6terminer les quantit6s de d6jections produits et
ainsi d'identifier les zones d'accumulation importante en m6taux lourds. Ces calculs
sur une base unitaire de 5,5 km'?(utilisation d'un SIG) indiquent que les charges
maximales en zinc (jusqu'ir 3,3 kg/ha) et en cuivre fiusqu'i 2,2 kg/ha)
correspondent aux zones d'6levage porcin d6velopp6 d I'Est Anglia et Humberside.
Les charges maximales pour les autres m6taux 6taient : nickel (jusqu'i 0,08 kgiha),
chrome (jusqu'ir 0,064 kgiha), cadmium (usqu'i 0,07 kg/ha) et plomb (jusqu'i
0,073 kg/ha).

Mots cl6s : m6taux lourds, d6jections animales, alimentation animale,
repr6sentation SlG.

1. lntroduction

ln view of concerns about heavy metal impacts on soil fertility and the potential
transfer of certain metals to human diets, there is a need to quantifo heavy metal
inputs to agricultural soils and to assess which soils are most vulnerable to
pollution. To assess the impact of agricultural management practices on heavy
metal concentrations of soils, heavy metal balances or budgets can be calculated.
This approach requires information on the quantities of metals which are input to
and lost from the agricultural systems under consideration.

The major inputs of metals to agricultural systems are:
atmospheric deposition inorganic fertilisers
sewage sludge animal manures
agrochemcials industrial by product'wastes'

Losses occur through offiake in crops or livestock products, leaching and via soil
erosion. Previous research has considered in some detail metal inputs to soils via
sewage sludge, inorganic fertilisers and agrochemicals (Alloway, 1995; Smith,
1996). However, there was little up-to-date information on heavy metal inputs via
animal manures (cattle, poultry and pigs) in England and Wales, and no information
on their geographical distribution.
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ln this study, farm census data on animal numbers (MAFF, 1996), best estimates of
manure production (MAFF, 1994) and manure metal concentrations, and total
topsoil heavy metal concentrations were combined in order to identify areas of
England and Wales where heavy metal additions from animal manures may be
occuring at elevated rates. To veri! that the 'typical' manure metal concentration
measurements were representative of pig and poultry manures, studies were
initiated to enable manure metal concentrations to be predicted from a knowledge
of feed metalanalyses.

2. Methodology

2.1 He.avy metal concentrations in livestock feeds and manures

The heavy metal (Zn, Cu, Ni, Pb, Cr, Cd) contents of a range of animal manures
(straw based farmyard manures, slunies and poultry manures) were measured on
a number of sample farms to give an indication of 'typical' manure metal
concentrations in England and Wales. The metal contents of livestock feeds (dairy
and beef cattle, pigs and poultry) from the same sample farms were also measured.
A total of 85 manure samples and27O feed samples were analysed.

To verify that these 'typical' manure metal concentration measurements were
representative of pig and poultry manures, further studies were initiated using a
'balance' approach, measuring all metal inputs and outputs in selected poultry
(broiler) and pig (grower and finisher) farming systems.

2.2Heauy metal loading from animal manures in England and Wales

Farm census data on animal numbers (1995), best estimates of manure production
and manure metal concentrations were combined in order to identify areas of
England and Wales where heavy metal additions from livestock manures may be
occuring at elevated rates. The data and calculations were input into a GIS
mapping system in order to create heavy metal loading maps based on the
agricultural land area in each Skm grid square.

3. Results and discussion

3.1 Hearry metal concentrations in livestock feeds and manures

The heavy metal content of animal manures is largely a reflection of metal
concentrations in the feeds consumed and the efficiency of food dry matter
conversion.
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Manure type (no. of
samples)

Dry
mafter

("/"\

Zn Cu Ni Pb Cr As Cd

Dairy FYM (6)
BeefFYM (12)
Pig FYM (7)
Dairy slurry (20)
Beef slurry (8)
Pig slurry (12)
Broiler/turkey litter ( 1 2)
Layer manure (8)

16
21
21
7
13
3

56
37

145
63
387
176
132
403
403
423

31.4
15.6
u6
51.0
30.9
364
92.4
65.6

2.8
2.1
5.0
5.5
3.3
7.8
4.9
6.1

2.24
1.40
2.83
4.79
5.80

<1.00
2.94
9.77

2.58
1.50
1.87
5.13
2.62
2.44
7.53
4.79

1.15
0.71
0.73
1.09
0.98
1.33
0.75
0.45

0.42
o.14
0.68
0.20
o.22
0.30
0.38
1.03

Table 1

Median dry matter and heavy metalconcentrations (mg/kg dry matter) in animal
manures in England and Wales

Heavy metal analysis of animal manure samples showed that pig manures typically
had Zn concentrations of ca. 400 mg/kg dry matter (dm) and Cu concentrations of
ca. 350 mg/kg dm, reflecting Zn and Cu additions to the pig diets (Table 1). The
poultry manures had Zn concentrations of ca. a00 mg/kg dm and Cu concentrations
of ca. 80 mg/kg dm, which was 2-5 times higher than concentrations in the poultry
feeds, reflecting the efficiency of food dry matter conversion. Typical Zn
concentrations in cattle manures were ca. 130 mg/kg dm and Cu concentrations ca.
30 mg/kg dm. Dairy cattle manures had higher concentrations of most metals than
beef cattle manures, probably due to the mineral supplements fed to dairy cattle.

Results from the experimental metal balance studies showed that broiler litter Zn
and Cu concentrations were similar to those found in the previous survey (Table 1)
at ca. 400 mg/kg Zn and ca. 100 mg/kg Cu, respectively. Excreta metal
concentration factor (CF) calculations showed that all metals, except Pb (CF ca.
1.5), were similar to the CF for dry mafter at ca. 5, indicating that they were not
preferentially retained by the birds. The study suggests that a CF of ca. 5 could be
used to estimate most heavy metal concentrations in broiler excreta from a
knowledge of feed heavy metal concentrations.

ln the experimental grower and finisher pig balance studies, Zn and Cu
concentrations in faeces and urine were measured separately and the data
combined to provide overall excreta concentrations. Again, excreta metal CF
calculations showed that all metals, except Pb (CF ca. 2), were similar to the dry
matter CF at ca. 7, indicating that they were not preferentially retained by the pigs.
The study suggests that a CF of ca.7 can be used to estimate most heavy metal
concentrations in pig excreta from a knowledge of feed heavy metal concentrations.
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3.2 Heavy metal loadings from animal manures in England and Wales

Animal manures are a valuable source of organic matter and major plant nutrients,
however care must be taken to ensure that heavy metal applications in animal
manures do not result in unnecessary levels of soil heavy metal accumulation.

The survey slurry metal analyses (Table 1) were adjusted to more 'typical' manure
dry matter contents for undiluted slurry (ca. 10%), using the survey{erived
relationships between slurry dry matter content and fresh weight manure metal
concentrations (eg. Figure 1). Metal concentrations in solid manures were
recalculated based on typical rates of straw (FYM) or woodchip (broiler/turkey litter)
additions to excreta (MAFF, 1994). Using the adjusted manure metal
concentrations and total nitrogen (N) contents at 'typical' dry matter contents
(MAFF, 199z1), metal loading rates from manure applications at 250 kg/ha total N
were estimated (Table 2).
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Relationship between dry matter content and fresh
weight Zn concentrations for cattle slurry
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Manure type (dry matter
content)

TotalN
(kg/t or

mt)'

Zn Cu Ni Pb Cr As Cd

Caftle FYM (25Yo)
Pis FYM (25%)
Dairy slurry (10%)
Beef slurry (10%)
Pig slurry (10%)
Broiler/turkey litter (60%)
Layer manure (30%)

0.7
2.1
0.9
1.2
2.3
1.1
2.9

0.03
0.05
0.03
0.04
0.05
0.02
0.05

6.0
7.0
4.5
3.5
7.0
29
15

0.2
1.5
0.3
0.3
1.7
0.2
0.5

0.03
0.03
0.04
0.05
0.03
0.02
0.05

o.02
0.02
0.03
0.04
0.02
0.01
0.03

0.01
0.01
0.01
o.o2
0.01
<0.01
<0.01

<0.01
<0.01
<0.01
<0.01
<0.0't
<0.01
0.01

'Typical total N content of manure tMeff, tggal

Table 2
Estimated Wpical' heavy metal loading rates (kg/ha)
from animal manures applied at 250 kg/ha total N.

Pig manure applications at these rates were estimated to apply c.a. 2.2 kglha Zn
and ca. 1.6 kg/ha Cu. Poultry manures were estimated to apply 1 .1-2.9 kglha Zn
and 0.2-0.5 kg/ha Cu when spread at this rate. Cattle manure dressings applied ca.
1.0 kgiha Zn and ca. 0.3 kg/ha Cu, largely representing the recycling of metals in
the cattle farming system.

Calculations of annual metal loadings from animal manure additions indicated that
the highest loadings of Zn (up to 3.3 kg/ha) and Cu (up to 2.2 kglha) to the
agricultural land area in the 5 km2 grid square, largely conesponded with the main
pig farming areas in East Anglia and Humberside (Figures 2 and 3). The highest
estimated annual loadings of other metals were : nickel (up to 0.08 kg/ha),
chromium (up to 0.064 kg/ha), cadmium (up to 0.007 kg/ha) and lead (up to
0.073 kg/ha).
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4. Summary and conclusions

A survey of 85 animal manure samples in England and Wales found that the
highest concentrations of Zn and Cu were in pig and poultry manures, largely
reflecting metal inputs in the feeds. Metal balance studies have shown that it is
possible to estimate heavy metal concentrations in poultry and pig excreta from a
knowledge of the feed heavy metal contents.

The highest estimated loadings of Zn, Cu, Ni, Cd, Cr and Pb to agricultural soils in

the England and Wales were from pig manures. As the pig industry is concentrated
in two main areas in England and Wales (East Anglia and Humberside), these are
the areas where soil metal accumulation (particularly Zn and Cu) is likely to be
occurring at the greatest rates.
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Copper soil retention capacity
after intensive and repeated pig slurry applications

Capacit€ de r6tention du cuivre dans un so/ soumrs d des 6pandages
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Abstract

The high metal contents of pig slurry spread on agriculturcl fields can bing large
amounts of metals to the environment. This work is part of a large study aimed to
determine the impact of land pig slurry applications on soil and water quality, with
emphasis to metal distibution and speciation within such sysfems, and fo sol/
retention capacity. This paper presenfs the main resu/fs of field and laboratory
investigations about copper accumulation in a soil after high loads of pig slurry
spreading.

Samp/es were regularly collected on an expeimental specially equipped field so-
called 'Solepuf. On this field, numerous pig slurry applications were pefiormed
from 1991 to 1995, approximately conesponding to the amount which might have
been spread over one century. The "Solepuf process can be considered as a
simulation model for what happens to metals in pig slurry under normal field
conditions over a long period of time.

Total concentrutions and speciation data of copper were measured duing five
years within four compartments: pig slurry, soil, drainage water and plants. lt was
then possible to calculate metalfluxes and budgets.

The results showed accumulation of copper in bioavailable form in the soil surface
layer, in the same form than in pig slurry, i.e. mainly "boud to organic mattef, and
very liftle downward metal movement was obserued. Copper concentrations in
drainage water were low and confirmed metal retention in the soil.

1 
Present adress : Departrnent of Agriculture for Northem lreland. Agricultural and Environmental

Science Division. Newforge Lane, BT9 5PX. Belfast. UK. E-mail : lhenoux@alphal.dani.gou.uk
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Laboratory expeiments canied out on copper soil retention capacity showed an
enhanced adsorption of copper in the soil after high pig slurry applications. This
result supports the idea that saturation of soil by copper from pig slurry is unlikely.

R5sum6

Les teneurs 6lev6es en 6l6ments m6talliques contenus dans les lisiers 6pandus en
agriculture peuvent entrainer des apports consdquents i I'environnement. Le but
de ce travail est de d6terminer le devenir de ces m6taux issus des 6pandages de
lisiers et de pr6ciser les 6ventuels risques de pollutions des sols et des eaux par
ces 6l6ments en abordant l'aspect de la sp6ciation m6tallique et de la capacit6 de
filtration du sol. Cet article pr6sente les principaux r6sultats d'un travail au champ et
en laboratoire sur l'accumulation de cuivre dans un sol soumis i des doses
importantes apport6es par les 6pandages de lisier de porc.

Les 6chantillons ont 6t6 pr6lev6s r6guliErement sur un dispositif exp6rimental
appel6 SOLEPUR. Sur cette parcelle, de nombreux 6pandages de lisiers de porcs
ont 6t6 effectu6s entre 1991 et 1995, conespondant globalement i ce qui serait
6pandu en 100 ans.

Les concentrations totales en cuivre ainsi que la sp6ciation ont 6t6 mesur6es sur 4
compartiments : lisier de porc, sol, eau de drainage et les v6g6taux.

Les r6sultats montrent que l'accumulation du cuivre dans le sol s'effectue sous une
forme biodisponible et dans une fraction li6e A la matidre organique. ll n'est pas
observ6 de migration du cuivre en profondeur. Les concentrations en cuivre dans
les eaux de drainage 6taient trds faibles, ce qui confirme la r6tention de cet 6l6ment
par le sol.

Un essai en laboratoire sur I'6valuation de la capacit6 de r6tention du sol en cuivre
montre une capacit6 sup6rieure dans le sol soumis i des 6pandages intensifs.

1. lntroduction

lntensive pig farming practices engender large volumes of pig slurry with no other
solution for farmers than land disposal. This common practice results in serious
environmental problems such as nitrate and phosphate contamination in ground
waters and rivers.

Another issue less studied is metal pollution: pig slurry actually contains high
concentrations of metals such as Cu, Zn, Fe, Mn, Co, Cd (Meeus-Verdinne ef a/.,
1986) and in Brittany a long-term study performed by Coppenet ef a/. (1993)
concluded in a regular increase of copper and zinc concentrations in soils.
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The present work is a five-year study about copper brought by heavy and repeated
pig slurry applications onto agricultural lands (L'Herroux et al., 1997). For this
purpose, an experimental field was set up by the Cemagrefl of Rennes (Martinez,
1997) and pig slurry was regularly spread on it for 5 years. Drainage water was
daily sampled, making possible an assessment of metal fluxes. This experimental
procedure appeared as a good modelfor simulating what happens to metals in pig
slurry under normal field conditions over a long period of time.

Metal speciation is known to be more appropriate than total concentrations to
assess metal impact on the environment since each fraction of the speciation can
provide information on metal mobility and bioavailability. Sequential extractions in
soil and slurry were performed according to the procedure described by Tessier ef
al. (1979) for the partitioning trace metals into five fractions likely to be affected by
changes in environmental conditions.

Laboratory experiments conducted on soil samples in 1995, after 4 years of pig
slurry spreadings, showed the adsorption capacity of the soil in function of pH and
depth. Surface sorption can regulate the solubility of metals in the soil solution and
influence the uptake of metals by plants.

2. Materials and methods

The Solepur treatment unit, detailed in a previous paper (Martinez, 1997), was set
up in 1990 in North-Finistdre (Brittany) by the Cemagref of Rennes. lt consisted of a
3280-m2 field hydrologically-isolated from the surrounding soil at a depth of 80 cm
and equipped to recover all the leachate. Drainage water flowed under gravity and
passed through a field laboratory fitted with an onJine flowmeter and an lsco
autosampler to collect daily water samples. Repeated high pig slurry applications
were performed on the experimental field from 1991 to 1996 at a mean rate of
1000 m3 ha-1 yf1, representing 4571 m3 ha-1 of slurry over the S-year experiment.
Another smaller field similarly set up and equipped did not receive any spreading
and was used as a control plot. Lolium perenne was cultivated on both fields and
cut down twice a year.

Sampling

Soi/ : Soil samples were annually collected in March at three depths (per layer: 0-
20, 2040 and 40-60 cm depth) and stored in polyethylene vials at room
temperature.

Pig sluny. During each slurry application representative slurry samples were
collected, stored in polyethylene vials and frozen.

487



- Druinage waten One litre of drainage water was daily collected in 250-mL fractions
every 6 hours. The water samples were transferred into 125-mL polyethylene
bottles, acidified with concentrated HCI to reach a pH of 2 and stored until analysis.

Total copper

To determine the total copper concentrations in slurry and soil, the samples were
digested by a mixture of strong acids (65% HNO3, 30o/o H2O2and 48% HF).

Speciation

Soil and pig slurry The speciation protocol described by Tessier ef a/. (1979) is
based on successive leachings of the samples by different reagents. This
procedure enables to split metals into five fractions likely to be affected by changes
in environmental conditions (Table 1).

Metal fractions Processes responsible for metal release

Soil

(l) "Exchangeable". Weak complexes, ion exchange

(ll) "Bound to Carbonates". pH decrease (pH = 5)

(lll) "Bound to Fe or Mn Oxides Reduction of metal oxides

(lV) "Bound to Organic Mattef Degradation of organic matter

(V) "Residual'. No possible release, metals hold in mineral
structures

Table 1

lnformations obtained from the metal speciation procedure
(Iessleref a|.1979).

Copper adsorption experiments

This experiment was conducted to compare copper soil sorption between the two
fields (experimental and control) and determine whether copper soil "saturation"
can occur. Soil samples used for the experiment were collected from the
experimental field in 1995, after 4 years of pig slurry spreading, at 3 depths (0-20
cm ; 2040 cm and 40-60 cm) and at the surface of the control field (0-20 cm). 100-
mL solutions of copper chloride ranging from 0 to 1000 mg L-t were added to a 20-g
soil sample to determine copper adsorption. The pH was adjusted to 6.0 to reach
the initial pH of the surface soil before the beginning of the experiment in 1991.The
mixture was shaken at room temperature for 24 hours. Previous experiments
showed that equilibrium was reached within this time. The samples were
centrifuged, filtered through 0.45 pm membranes and stored in 20-mL Teflon vials.
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Analysis

Copper concentrations in solution were determined using either flame or flameless
absorption spectrophotometry, according to the sample concentration; a standard
addition technique was used to account for possible matrix effects.

3. Results

Pig slurry:

The mean copper concentration in fresh pig slurry over the 5 years of spreadings
was 40 mg Cu.kg-l (SD=15, n=43). This concentration is in agreement with values
reported by other authors (Meeus-Verdine ef al., 1986; Bernal et al., 1992), The
amount of pig slurry spread on the experimental field after the five years of the
experiment was equivalent to 4571 m3 ha-1. lt resulted in a copper supply of two
hundred kilograms.

Copper clearly accumulated in the soil surface layer (38 t 8 mg Cu.kg-1) and slightly
in the middle layer (20 t 5 mg Cu.kg-1) (Figure 1). No significant change occurred in
total copper concentration for the deepest layer (4060 cm), indicating no downward
metalmovement.

Results of copper speciation in pig slurry indicated a large percentage of metal in
the "Organic" fraction (66%) and in the "Oxides" fraction (28o/r) The low percentage
observed in residualform (<1%) indicated that copper brought by pig slurry was in
bioavailable forms.
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Figure 1.

Total copper concentrations in the soil at the three depths in 1991 and 1995. Enor
bars indicate standad deviation (n = 4).
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Soil speciation in the surface layer showed that copper at the beginning of the
experiment (1991) was mainly in the "Residual" fraction. After 4 years of spreadings
metal concentrations increased in the 'Organic" fraction, and slightly in the "Oxides"
fraction (Figure 2).

11991
tr 1995

o
tr
8ilo
ElrM

0 5 10

mg Cu kg-1

15 20

Figure 2.
Speciation of copper in the soil surface layer (0-20 cm) in 1991 and 1995.

Drainage water

Copper total concentrations in drainage water from the experimental field were low,
below 5.0 Ug L-1 (average of 3.4 t 0.9 pg Cu L-1, n='178), for the drainage season
1995/96. These concentrations were higher than the water from the control field
(average of 0.7 + 0.2 pg Cu L-1;.

The total amount of copper leaving the field by lixiviation over the five-year
experiment, from 1991 to 1995, was 0.04 + 0.Ol kg ha-1.

Grass

Slurry inputs to the soil did not increase copper concentrations in the grass (Lol'um
perenne) in spite of slightly higher concentrations in the herbage from the
experimental field than those from the control plot with concentrations, expressed in
mg Cu per kg of dry matter, of respectively '14.7 t 9.7 (n = 8) and 2.3 + 2.2 (n = 2).

Adsorption of copper by the soil (pH=6.0) :

The soil surface of the experimental field adsorbed much more copper than the
other layers. For an equilibrium concentration of 100 mg L-1, copper adsorption was
more than 3000 mg Cu kg-1 for the surface soil layer and respectively 450 and
140 mg Cu kg-1 for the intermediate (2040 cm) and deepest (40€0 cm) layers. The
adsorption by the surface layer of the control field was only 110 mg Cu kg-'.
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Adsorption curve of the soil surface of the control field was similar to that of the
deepest layer (40-60 cm) of the experimental field.
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Figure 3.
Adsorption of copper at pH=6.0 for different so,rs,n 1995 (C20 cm, 20-40 cm, 40-

60 cm of the experimentalfield and 0-20 cm of the controlfield).

4. Discussion

Copper brought by pig slurry appeared to be mainly in bioavailable forms, forms
likely to release metal into soil solution. But the copper concentrations in drainage
water remained quite low, showing a retention of metal by the soil, particularly in the
upper layer. The regular ploughing of the field to a depth of 30 cm was probably
responsible for the copper concentrations increase as far as 40 cm.

Metal fractions in soil were in accordance with the slurry speciation: copper input
from pig slurry in the "Organic" fraction was assessed around 92+ 19 kg ha-1, and
in the same fraction of the soil speciation the input was estimated at 90 kg ha-1.

Copper bound to organic matter in slurry was probably "non reactive" or, as an
alternative hypothesis, copper introduced by slurry additions forms strong organic
complexes with organic components in the soil, mainly humic substances (Williams
et al., 1987; Hesterberg ef a/., 1993). The quantity of copper brought to the field in
the "Organic" fraction and the quantity of metal found in the same fraction in the soil
were very close. This result reinforced the idea that copper stays in the soil bound
to the organic matter of the pig slurry.
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Thus the intensive slurry spreadings increased the copper retention ability of the
surface soil. This retention ability decreased with depth showing that copper
complexing agents stayed in the soilsurface and no downward movement occured.
This conclusion does not contradict the idea that modifications of organic matter
occur in this field, but these changes are too slight or the organic molecules that are
formed have too low complexation properties to release a large part of copper into
solution and make it bioavailable.

5. Conclusion

The high metal concentrations contained in pig slurry can introduce large amount of
copper and other metals in agricultural fields where spreading is a common
practice.

Copper was found in bioavailable forms in pig slurry, hence a possible effect on
plants (phytotoxicity) can be anticipated. This study showed that metal from pig
slurry stayed mainly in the same fraction in soil, and no downward metal movement
was observed.

An important result of this study is the increase of the soil copper retention ability
after intensive pig slurry spreadings. This result supports the idea that saturation of
soil by copper from pig slurry is unlikely. Copper stays in the soil, associated with
the organic matter brought by pig slurry.

The metal was found in the soil in bioavailable form, so further studies are
necessary to find under which conditions copper could be released in the soil
solution and become toxic for the crops, or could be lixiviated from the field and
increase metal concentration in ground water. Actually some modifications of
natural conditions, such as changes of pH, Eh or soil composition, are expected
over a long time scale and a good understanding of all of these processes is
necessary for predicting the fate of metals. For example waterlogging can induce
reducing conditions and lead to degradation of organic matter.
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Heavy metal content of manures in Switzerland

Teneurs en m1taux lourds dans les ddjections animales en Surbse.
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Abstract

Manurcs contibute considenbly to heavy metal loads on agicuftuml soils. Io assess
the impoftance of heavy metals in manures, we analyzed the content of copper (Cu),
zinc (Zn), cadmium (Cd) and lead (Pb) in abotrt 1100 manurc samples. Special
attention was given to manures ftom pigs and beef cattle (600 and 250 samples
respectively; balance experiments on different farms). The runge of heavy metal
contents was large for all animal categoies, manure Upes and elements. Differcnces
could mostly be explained by the content of the rutions. On a dry matter basis, the Cu
and Zn content was higher for pig manu,es than for cattle and pouw manutes.
Ihese differences almost disappeared when calculated per unit phosphorus. The Cd
and Pb content was higher in catile manurcs than in pig and pou@ manures due to
fhe grass based ntions. The mean (median) content of Cu and Zn in pig manures
and the Cd and Pb content in cafrle, pig and pouftry manure have decrcased
considercbly between 1990 and 1995 (Cu 28 %o, Zn 17 %, Cd 56 %, Pb 49 %). This
demonstntes the effect of air protection /neasures (Cd and Pb) and of
rccommendations to limit heavy metals in animal feed according to animal needs. At
avercge animal density and mean heavy metal contents, heavy metal inputs from
manutes cleady exceed plant uptake only for Zn in pig aN pouftry production. At
maximum heavy metal contents, inputs from manurc can even exceed maximum
heavy metal loads allowed for sewage sludge use in agricufture.

Key words : manure, slurry, heavy metals, environment, feeding, pigs

R6sum6

Les d6jections animales contribuent consid6rablement i la charge en m6taux lourds
apport6s aux sols. Afin de v6rifier l'importance des teneurs en m6taux lourds, nous
avons analys6 la teneur en cuivre (Cu), zinc (Zn), cadmium (Cd) et plomb (Pb) dans
environ 1100 6chantillons d'effluents d'6levage. Une attention particulidre a 6t6 port6e
aux d6jections porcines et bovines viande (600 et 250 6chantillons respectivement).
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La teneur en m6taux lourds varie consid6rablement pour toutes les cat6gories
d'animaux, types de d6jections. Les diff6rences s'expliquent notamment par le
contenu de I'alimentation. Sur une base de matidre sdche, la teneur en cuivre et zinc
est sup6rieure pour les lisiers et fumiers de porcs que pour les bovins et d6jections
avicoles. La teneur en cadmium et plomb 6tait sup6rieure pour les d6jections bovines
que pour les porcs et volailles i cause de l'alimentation i base d'herbe/founage.

Les concentrations moyennes (m6dianes) en Cu et Zn dans les d6jections porcines
et en Cd, et Pb dans les d6jections bovines, porcines et avicoles, ont diminu6
consid6rablement entre 1990 et 1995. Cela d6montre I'effet des mesures de
protection de I'air (pour Pb et Cd) et des pr6conisations pour adapter les m6taux
lourds dans I'aliment en fonction des besoins des animaux. En prenant en compte les
densit6s moyennes animales et la moyenne en m6taux lourds, les apports de m6taux
par les d6jections excddent les exportations par les plantes seulement pour Zn en
production porcine et avicole.

Aux doses maximales rencontr6es, les apports en m6taux lourds par les d6jections
d6passent les charges en m6taux autoris6es pour l'6pandage de boues de stations
d'6puration en agriculture.

Mots-cl6s : d6jections, lisier, m6taux lourds, environnement, alimentation, porcs.

l.lntroduction

Fertilizers, pesticides and deposition from the atmosphere introduce heavy metals to
agricultural land. lf the input surpasses plant uptake these heavy metials will
accumulate in the soil. There is a growing awareness, that the heavy metal content of
the soil is increasing at many locations and that critical levels could be reached on
some surfaces within the foreseeable future if inputs are not reduced (e.9. Keller and
Desaules, 1997). Heavy metal loads on agricultural surfaces in SwiEerland were
studied for example by Buwal (1993), von Steiger and Baccini (1990), von Steiger and
Obrist (1993), Frei et al. (1993) or Studer et al. (1995). Apart from some
measurements on a small number of farms, these calculations used available
databases to estimate the heavy metal input by agricultural management. Whilst quite
detailed knowledge is available of the heavy metal content of mineral fertilizers
(Buwal, 1991) and sewage sludge (Candinas et al., 1991), the data on manure is
rather scarce. A first survey showed that heavy metal contents vary considerably
between manure types, animal categories and farms (Menzi et al., 1993). This study
also suggested, that the highest loads could be expected on pig farms. To get more
reliable information about this variability and its causes, a more detailed study of the
heavy metial content of different types of manure was organized which included a
number of samples from other experiments as well as detailed balance experiments
on pig and beef cattle farms.
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2. Material and methods

Between 1991 and 1997 a totalof about 1100 slurry and solid manure samples from
cattle, pig and poultry production were analyzed for their content of copper (Cu), zinc
(Zn), cadmium (Cd) and lead (Pb;table 1). Other metals could only be anallzed since
1996 and will therefore not be presented here. The content of dry matter (DM), total
nitrogen (N), ammonium nitrogen (Nxx+), phosphorous (P), potassium (K),
magnesium (Mg) and calcium (Ca) were also analyzed in all samples.

Table 1

Numbr of samples of differcnt manurc types which werc analyzed for their content
of copper (Cu), zinc @n), cadmium (Cd) and lead (Pb) frcm 1992 till 1997.

For dairy cattle and poultry the samples were mostly taken from other projects
working under farm conditions. These observations usually consisted of one to three
replicate samples. For pigs most samples came from detailed balance experiments
on 13 farms with fatteners and 11 farms with breeding sows. For breeding sows the
following two groups were distinguished: "dry sows" and "sows with pigletslweaners".
Weaners could not be distinguished as a special group because many farms remove
the sow after weaning and leave the weaners in the same compartment. The balance
experiments usually consisted of two to four periods of one to several weeks,
depending on conditions and technical possibilities on the farms. Three to eight
replicate samples were taken per observation period fom dffierent locations in the
slurry channel, the slurry pit or of the deep litter solid manure at the time of removal.
The quantity of slurry or solid manure produced during the experiment period was
also determined. At least three times per farm the mineral and heavy metal content of

Animalcategory Manure type Cu+Zn Cd+Pb
dairy cattle liquid manure (all excrements) 48 48

slurry (urine, some dung) 90 67

solid manure stacked (dung, some urine,
straw)

94 82

beef cattle liquid manure 200 197

farmyard manure (all excrements, straw) il 53

fattening pigs pig slurry 194 198

dry sows pig slurry 81 75

sows with
piqlets/weaners

pig slurry 198 189

pigs undefined pig slurry 47 26

solid manure 4',| 42

laying hens litterftom belts 10 10

litter deep pits 43 36

broilers, turkeys litter 59 56

Total 1 159 1079
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the ration and of individual feed components were analyzed and the feed
consumption measured. Thus, the measured excretion could be compared to the one
calculated from feed uptake and retention in animals. Similar balance experiments
were done on 12 beef fattening farms.

Special attention was given to a good homogenization of the slurry and to the taking
of representative manure samples. Preliminary balance experiments had shown that
especially pig slurry samples taken with a scoop tended to have a lower content of
elements excreted primarily in the feces (e.g. P content up to 40 o/o too low) than
expected according to the balance calculations. A special probe which takes a sample
over the whole depth of the slurry was therefore usually used and samples were
taken with running homogenization equipment wherever possible.

Except for poultry, where the number of samples was relatively low, the number of
samples analyzed and the selection of farms from which the samples originated can
be considered to be quite representative for Swiss production.

After drying at 105 'C,2.5 g of each sample were pulverized and ashed at 500 "C.
The ash was extracted with 80 ml concentrated hydrochloric acid and diluted to 200
ml with water (final dilution 1:80). For the analysis this solution was further diluted by
1:10. The mineralcontent was analyzed by ICP-AES; Cu, Zn (until 1993), Cd and Pb
(until 1995) by AAS. Starting in 199[ Cu and Zn were also analyzed by ICP-AES and
starting in 1996 all other heavy metals could be analyzed by ICP-MS. Comparative
analyses of selected samples showed that these changes in method did not have a
statistically significant effect on the results. We used the average contents of replicate
samples for further calculations on specific farms and median values for the mean
concentrations of different farms. Heavy metial contents are presented relative to the
DM or P content of the manure to facilitate the interpretation of the results in spite of
the inevitable variability of the dilution of the slunies and the different DM content of
slurry and solid manure.

To estimate the total heavy metal load in Swiss manure we multiplied the metal
content per unit P of cattle liquid manure (dairy and beef cattle), pig slurry and poultry
manure (belt lifter hens, broiler litter) with the quantity of P excreted by the
corresponding livestock category. This was calculated from animal census data and
standard P excretion per animal (Walther et al., 1994). For horses, sheep and goats
the metal content of cattle manure was used. The thus calculated heavy metal load
does not include the quantity introduced by straw and other litter material.
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3. Results and discussion

3.1. Heavy meta! content of manure per unit dry matter

On a dry matter basis, Cu- and Zn-contents were clearly higher for pigs (especially
those of fattening pigs and of sows with pigletsAreaners) than for other animals (table
2). This can be explained by the Cu and Zn added to pig feed for their antimicrobial
and growth stimulating efiect (Kessler et al., 1994).A high Cu content in the slurry
was often linked with a high Zn content. As expected, the balance experiments clearly
demonstrated a close dependence between the heavy metal content of the ration and
the manure produced. As Cu andZn are mainly used for weaners, the highest values
were measured for this animal category (where it could be analyzed separately from
the sows), followed by sows with pigletslweaners and fattening pigs (figure 1).

Table 2
Median vatues 

" "" ?i;',l;ziili d.i"ii3lYJ! llti{f .rent 
tvpes or manure'

The lowest Cu- and Zn-values were found for dairy cattle, where heavy metals are
only added to the ration according to animal requirements. For beef cattle somewhat
higher median values were found, mainly due to some high values. Poultry manure
had a slightly higher mean Cu- and mainly Zn+ontent than cattle manure. The lower
content of solid manure as compared to that of liquid manure of dairy and beef cattle
as well as pigs can be explained by the "dihJtion" achieved by adding straw and
probably also by the different origin of the samples and the small number of solid
manure samples analyzed.

Cu Zn cd Pb Cu Zn cd Pb

Animal€tegory Manure type pg g-' DM mg g-' P
dairy cattle liquid manure 37.1 162.2 0.178 3.77 4.1 17.6 0.019 0.40

slurry 19.1 123.3 0.160 2.92 2.7 16.6 0.022 0.42
solid manure 23.9 117.7 0.172 3.77 3.2 16.1 0.025 0.49

beef cattle liquid manure 52.5 244.7 0.168 2.98 5.1 20.9 0.016 0.31

solid manure 22.O 9'1.1 0.151 2.81 5.1 17.3 0.033 0.50

fattening pigs liquid manure 115.3 746.5 0.210 1.76 4.6 30.4 0.008 0.07

dry sows liquid manure 71.1 517.5 0.170 2.53 3.7 22.9 0.009 0.11

sows with piglets/weaners liquid manure 119.2 553.8 0.230 2.55 6.3 31.7 0.013 0.13
laying hens litterftom belts 35.2 425.3 0.310 2.22 1.8 23.6 0.014 0.10

litter deep pits u.o 511.5 0.195 2.25 1.5 19.3 0.008 0.08

broilers, turkeys litter 43.8 u9.2 0.292 2.92 3.9 27.0 0.024 0.24
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Figure 1

Cu and Zn content (mg kg' DM) of pig srumbs for breeding pigs
a) and for fatteners b). Weaners could only be considered in a separate
category if they were moved to a separate compartment after weaning

The Pb content per unit DM was highest for cattle. This can be explained by the fact
that Pb is introduced into the agricultural cycle mainly by deposition ftom the
atmosphere. Animals with a high proportion of roughage will therefore take up higher
amounts of Pb than those fed mainly on grains. For Cd there was no clear difference
between manure types and animal categories.

For all heavy metals studied, the range between the highest and the lowest values
found was considerable (table 3). The fact, that except for poultry, where the number
of samples was too low, the median value was always clearly in the lower half of the
total range, demonstrates that a few exceptionally high values were responsible for
the wide range (see also fig. 1). ln the balance experiments, these few high values
could always be traced back to high inputs in the feed. Especially for weaners, the Cu
and Zn content in the ration often surpassed the recommended value considerably
(recommended: 6 mg Cu and 95 mg Zn per kg feed; average content 88 mg kg-1 Cu,
7SA mg kg-1 Zn; maximum values 169 mg kg-1 Cu, 2525 mg kg{ Zn1. Relative to the
median value, the range of contents in the manure was highest for Pb. This was
probably mainly due to regional differences in Pb-deposition.

ln general the heavy metal contents of different manures agreed well with those
recently reported for other countries (Chambers et a1., 1998; Unwin, 1998). Where Cu
and Zn use in feeding is known to differ between countries, this also showed in the
manure. Compared to the values cited from different authors by Wilcke and Dohler
(1995) the mean heavy metal content of manures in our study were generally lower.
The difference is considerable for Cd and Pb in all categories and for Cu and Zn in pig
slurry. lt is probably mainly due to the rapid reduction of Cd and Pb emissions in the
past years and to somewhat lower metalcontents in pig rations in Swi2erland.
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3.2. Healy metalcontent per unit P

lf the heavy metal content is expressed per unit P, all animal species had about the
same median value for Cu, and the Zn-content of pig slurry was only slightly higher
than that of cattle slurry. This can mainly be explained by the higher P+ontent of pig
slurry. As long as manure is applied in doses adjusted to crop needs, this should
insure that heavy metal loads per hectare are not higher for pig than for cattle slurry.
Nevertheless, the metal content per unit P also differed considerably from farm to
farm, and the maximum values were clearly higher in pig than in cattle slurry.

Animal Manure type Cu Zn Cd Pb

category pg g-' DM

dairy cattle liquid manure 13-160 102-395 <0.0&3.2 1.3-50

slurry 0.5-188 +716 0.08-1.5 1-17.3

solid manure 2.ffio 40412 0.04-3.1 0.09-15.6

beef cattle liquid manure 12-267 88-938 <0.08-0.80 0.3-14.2
solid manure 15-51 49448 <0.08-0.62 1.3-11.9

fattening pigs liquid manure 30-376 337-2490 <0.08-0.51 0.9-15.8
dry sows liquid manure 28418 269-1112 0.09-0.56 1.2-23.9

sows with
oiolets/weaners

liquid manure 12-1459 14G.5832 0.06-1.3 0.u-12.8

laying hens litterfrom belts 24-119 379-533 0.25-0.38 1.5-3.0

litter deep pits 17486 237-789 0.09-0.42 1.54.1
broilers, turkeys litter 8.+88 52437 0.11-0.76 1.7-23.7

Table 3
Range (minimum and maximum) of valuesfound forthe Cu, Zn, Cd and Pb

content of differcnt types of manure. For number of samples see table 1.

3.3. Healy metal load per hec'tare

To assess, if heavy metials in manure are an ecological problem or not, the load
applied to the land must be compared with the typical plant uptake. Only if this
balance is clearly positive, an accumulation will take place, which in the long run might
impair soil fertility. With the ecological restrictions Swiss farmers have to futfill, it can
be assumed that manure will not usually be applied in quantities far exeeeding the
nutrient demand of crops. On the other hand, it is quite common that farmers cover
the whole nutrient demand of the crop with manure. The heaqy metal load applied
with manure can therefore normally be assumed not to exceed the amount applied
with the manure dose covering the P demand of the crop. Table 4 therefore shows
the metal load in a manure dose equivalent to 70 kg PrO5 wtrich is assumed as a
mean crop demand (manure content and crop demand according to Walther et al.,
1994). As a simplification only the data for the most important manure types (liquid
manure for caftle and pigs) are presented. As can be deducted fom the metal content
per unit P in table 2, other manure type would not differ much.
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Cu Zn cd Pb

g ha'' yeai'
crop uptake

meadow 10 t DM yeaf' 55-210 270-580 0.3-1.5 20-62
wheat grain

straw
20-29
35-73

16/.-232
79-119

0.21-0.52
0.86-1.39

0.53-11.1
18.5-26.4

load with 70 kg P.Ou ha-' yeai'

liquid manure dairy caftle 124 537 0.57 12.3

liquid manure beef cattle 156 639 0.49 9.5
pig slurry (fafteners) 139 929 0.25 2.2

pig slurry (breeding pigs)'' 161 861 0.35 3.7
poultry manure (hens, belts) 56 724 0.43 3.2

poultry manure broilers 118 824 0.73 7.4

Weighted mean of dry sows (0.4) and lactating sows with piglets/weaners (0.6)

Table 4.
Compaison of the heavy metal uptake of an intensive meadow (yield: 10 t DM) or

wheat (yield: 6 t gruins, 7.5 t stmw) with the heavy metal load in the dose of ditrerent
manures equivalent to 70 kg ha'' PrOs Range of heavy metal content of gnss and

wheat accoding to von Steiger and Baccini (1990).

lf the total phosphorus demand of the crop is covered by manure of average metal
content, the heavy metal load would only clearly surpass crop uptake in the case of
Znfirom pig and poultry manure.

lf the maximum heavy metal content found in our study would be assumed, the Cu
and Zn load would by far exceed crop uptake and even maximum loads allowed for
sewage sludge (1000 g ha-1 Cu and 3333 g ha-1 per year). The Cd and Pb dose per
hectare with mean manure contents lies clearly below crop uptake for all animal
categories.

A dose of 70 kg P2O5 is equivalent to 2.0 Swiss livestock units (LU). At the average
Swiss livestock density of about 1.3 LU ha-1 the load per hectare at mean manure
content would substantially surpass crop uptake only in the case of Zn in pig and
poultry manure. Provided that the heavy metal content of the manure is not above
average, animal husbandry at such animal density can therefore be assumed not to
€use metal loads that harm soilfertility. Nevertheless, the total heavy metal load can
only be assessed if the heavy metal deposition and the input due to other fertilizers
and pesticides is also known. The median value of five deposition monitoring sites in
agricultural regions of Switzerland (1990-1994) was 41 g ha-1 Cu, 159 g ha-1 Zn, 1.1 g
ha{ Cd and 37 g ha-' Pb (BUWAL, 1995; for Cu Studer, personal communication).
The average metal load per hectare of agricultural land (excluding alpine pastures)
from mineralfertilizers in Switzerland in 1990 (Frei et al., 1993) can be calculated at
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6.5 g ha-1 Cu, 42 g ha-1 2n,1.0 g ha-1 Cd and 4.0 g ha-1 Pb. The metal input due to
sewage sludge, compost and pesticides can be assumed to be of local importance
only, because they are used only on a small proportion of the land. Using these data it
can be estimated that normal agricultural management at average animal density and
without high heavy metal inputs in sewage sludge, compost or pesticides does not
lead to excessive heavy metal loads to the land. A slight surplus exists for Zn on pig
and poultry farms and for Cd on farms using mineral P fertilizers. The latter can be
assumed to have decreased recently because of new limits for the Cd content of
fertilizers introduced in 1992 (50 g Cd per t P).

3.4. Total heary metal load in manures

ln 1995 the total heavy metal load in manures in Switzerland amounted to 94 t Cu,
453 t Zn, 0.375 t Cd and 7 .43 I Pb (table 5). Of this load &t % (Znl to 87 o/o (Pb) were
in cattle manure. This is not surprising, as cattle also contributed 70€0 % of the N
and P excretion. Compared to the heavy metal load in manure calculated for 1990
with heavy metal contents found in the preliminary study between 1988 and 't991
(Menzi et al., 1993), the load decreased by 28 o/o for Cu, 17 o/o for 2n,56 % for Cd and
49 o/o for Pb. Only 6 % (Cu and Zn) and 4 o/o (Cd and Pb) of this decrease (% of load
1990) was due to the reduction of the animal number. This illustrates a noticeable
success of the efforts to reduce the Cu- and Zn-content in animal feed and of air
protection measures in the case of Cd and Pb. lt can be expected, that the reduction
will continue thanks to new limits imposed on the Cu and Zn content of feed and
continuing air protection measures.

A comparison of the heavy metal load in manure with that in other fertilizers shows
that manure is responsible for about two thirds of the Cu and Zn load in fertilizers and
for about 20 o/o of the Cd and Pb load. For the Cd and Pb load mineral fertilizers and
sewage sludge respectively are the most important sour@s.
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Cu Zn cd Pb

t yeaf ' (% of total load from animal husbandry)

1995 (animal numbers 1995, metal contents see table 2)

cattle 67.5 (71) 291 (64) 0.301 (80) 6As8 (87)

pigs 1e.7 (21) 122 (27) 0.038 (10) 0.3u (5)

poultry 1.e (2) 18 (4) 0.013 p) 0.112 (2)

horses, sheep, goats 5.0 (5) 22 (5) 0.023 (6) 0.4s7 (7)

total 94.1 (100) 453 (100) 0.375 (100) 7.431 (100)

1990 (animal numbers 1990, metal contents according to Menzi et al. 1993)

cattle 73.0 (56) u4 (63) 0.6e7 (83) 12.822 (88)

pigs 50.2 (38) 1U (30) 0.086 (10) 0.7u (5)

poultry 2.3 (2) 16 (3) 0.016 (2) 0.133 (1)

horses, sheep, goats 4.7 (4) 22 (4) 0.04s (5) 0.832 (6)

total 130.2 (100) 547 (100) o.u3 (100) 14.570 (100)

load in other fertilizers in 1990 (Frei et al. 1993)

mineral fertilizers 7 45 1.010 4.3

sewage sludge, compost 44 160 0.490 30.6

Reduction of load in manure between 1990 and 1995 (%, negative values = increase)

caftle 7.5 o/o 15.4 o/o 56.8 % 49.6%
pigs 60.7 Yo 26.0 o/o 55.5 Yo 53.5 %
poultry 20.0 Yo -11.7 17.1 o/o 15.5 o/o

horses, sheep, goats -6.1 o/o 2.4 o/o 49.2 o/o 4O.3Yo

total 27.7 o/o 17.2% 55.5 o/o 49.0%

Table 5
Heavy metal load in manutes of differcnt animal species in SwiAeland in 1995 and

compaison with the load in manutes and other feftilizerc in 1990.

4. Conclusions

Heavy metal contents vary considerably between manures from dffierent animal types
and from different farms. The highest median values were found in pig slurry,
especially that of weaners or sows with piglets/weaners. Maximum values were up to
ten times higher than median values. The great variability between farms shows that
management (especially feed content) is of major importance for the heavy metal
content in manures. Results fom many farms show that animal production with low
heavy metal turnover is possible. Therefore, the extremely high values found on some
farms should be reduced immediately. Pig production (especially weaners) would
have the biggest potential for improvements.
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Manure is the most important cause of Cu and Zn input to Swiss crop production.
Even though the content of these elements in manure has gone back considerably in
the past years, the load per hectare is still near or above crop uptake at average
animal density. Thus, an accumulation will take place. To avoid this and to secure
long term soil fertility, the heavy metal content in animal feed should not surpass
animal requirements. This limitation is especially justified and feasible for Cu, where
contents in pig feed are often below the range where a clear positive influence on
animal growth can be expected but far above official recommendations and animal
requirements.
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Effects of solid phase from pig slurry on soil
and wheat micronutrient's content.

lnfluence de l'addition de la fraction solide du lisier de porc,
sur la teneur en micro-dl6ments dans le sol et le bl6.
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Abstract

A two years lysimeter experiment was conducted using wheat plants on two
brtumily contrcsting so/s (soi/ A and soil B). The main objective of this study was
to evaluate the influence of increasing doses (5, 10, 15,20 and 25 t.ha'l) of solid
phase from pig slurry $P) on soilertnctable copper (Cu), zinc (Zn), ircn (Fe) and
manganese (Mn) content, as well as on wheat micronutient's composition and
uptake. As the control, a basic dressrng of NPK feftiliser was applied. Resu/fs
showed that increasing additions of SP significantly enhanced extractable C.t, Zn,
Fe and Mn content on the topsoil for both soi/s tesfed. Similar results were obtained
only for subsorT A. A significant increase in the content of Fe, Mn and Zn in the
plants as well as its uptake was obserued from increasing doses of SP. On the
contrcry, Cu content in the plants was not significantly affected. Finally, a strcng pH
effect was exerted in the Mn and Zn uptake by the plants.

Key words : wheat, solid phase from pig slurry, micronutrients

R6sum6

Un essai en lisimdtres a 6t6 conduit pendant deux ann6es, avec deux sols i
textures diff6renci6es (sol A et sol B), utilisant du bl6. L'objectif de cette 6tude, a
6t6 celui d'6valuer l'influence de I'addition de diff6rentes doses (5, 10, 15, 20 et 25 t
ha-11 de la fraction solide du lisier de porc (FS) dans les quantit6s de cuivre (Cu),
zinc (Zn), fer (Fe) et mangandse (Mn) extractibles du sol ainsi que dans la teneur et
I'absorption de ces 6l6ments par le bl6. Un t6moin NPK a 6t6 effectu6.
L'accroissement des quantit6s de FS additionn6es au sol, a significativement
augment6 les teneurs de Cu, Zn, Fe et Mn extractible dans la couche superficielle
des deux sols utilis6s. Le m6me effet a 6t6 produit sur les teneurs de Fe, Mn et Zn
dans les plantes, ainsi que sur les quantit6s export6es. Par contre, la teneur de Cu
dans le bl6 n'a pas 6t6 significativement influenc6. Finalement, le pH a eu un fort
effet sur I'absorption du Mn et du Zn par les plantes.

Mots-cl6s : bl6, fraction solide du lisier de porc, lisimdtres, micro6l6ments
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1. lntroduction

ln the last decades, intensification of pig husbandry has resulted in an increase of
soil independent farms conducting to an accumulation of large amounts of pig
manure. To overcome the problem of excessive pig slurries, Bianchi and Catalano
(1993) proposed a technology consisting on a separation of the solid phase of fresh
pig slurry from the liquid using a centrifuge with horizontal axis (3,000 rpm) allowing
the concentrated liquid phase to come out of the centrifuge by means of
evaporation panels before being reinjected into fresh pig slurry. The solid phase
(SP) obtained is very different from pig slurries either in agricultural or
environmental terms, since it has a much higher content in P, Ca, Mg and
micronutrients and a much lower content in K, NO3-N and NHa -N than pig slurries
(Vasconcelos et al., 1997). This SP can either be used as an organic fertiliser,
before or after composting, replacing traditional manure whose availability is often
very poor (Giusquiani et a1.,1995; Gigliotti et al., 1996). Because composting is an
expensive process, the direct use on the soil can be a mean of reducing costs if it
proves to be efficient while preserving environmental quality (Vasconcelos and
Cabral, 1996; Vasconcelos et al., 1997).

The fertiliser value of SP is mainly determined by the technique used in the
separation process, nutrient content and digestibility of pig's feed. The mineral
composition of feed depends on its constituents, the fertility of the soil on which it
was produced and the amounts of additives, €.9., copper sulphate and zinc
sulphate. Copper sulphate is added to pig feed to increase feed efficiency and to
control dysentery, while zinc sulphate is usually added to prevent copper toxicity
and zinc deficiency in the animals (Christie, 1990). Copper and zinc content of the
feed for fattening pigs has been lowering in agreement with European Union (EU)
regulations. However, as the most of the dietary copper and zinc are excreted,
there is a widespread concern about the consequences and largely irreversible
retention of those toxic metals in agricultural soils due to long term SP applications.
On the other hand the eventual presence of considerable concentrations of some
other potentially toxic elements including manganese (Mn) and iron (Fe) may
constitute one of the main problems associated with successive applications of SP
to soils. ln fact, these elements can leach through the soil profile and may pollute
groundwater or accumulate in the upper soil layer and can be toxic to plants.

Thus, the main purpose of the present study was to evaluate the influence of the
amendement with increasing rates of solid phase from pig slurry (SP), on Cu, Zn,
Fe and Mn, content on both topsoil (0 -20 cm) and subsoil (20 - 50 cm) of two
texturally contrasting soils. Wheat mineral composition and uptake by the plants
was also investigated.
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2. Material and methods

A two years (1993 to 1995) completely randomised design wheat experiment was
conducted in lysimeters (1m2 of available area and 1 m in depth) filled with either a
Cambic Arenosol (soilA) or Dystric Cambisol (soil B) (Table 1).

Determinations SoilA
topsoil

SoilA
subsoil

SoilB
topsoil

SoilB
subsoil

Texture sandy silt sandy
Coarse sand r %\ 69.50 nd 38.60 nd
Fine sand otto 0.4 nd 33.40 nd

,) 9.40 nd 17.10 nd
otto 2.40 nd 10.90 nd

CEC cmoli + 1.22 0.85 3.26 1.81

lHr 6.23 6.26 6.12 5.33
)H 5.68 4.87 4.60 3.68

O.M. t 70 0.61 0.37 1.07 0.44
Extractable micronutrients
Fel .g-' 29.62 14.60 38.50 39.50
Cur (q-' 0.81 0.80 1.66 0.30
Zn mq kq' 6.94 1.20 2.81 0.80
Mn mq kg- 7.77 2.10 3.55 6.40

Table 1.

Some physical and chemicalcharacteistics of fhe so/s

Treatments were replicated twice and consisted of: control (NPK), and 5, 10, 15,20
and 25 t ha-1 of solid phase from pig slurry (SP), on a fresh weight basis (Table 2).
A basic dressing of a NPK fertiliser consisting of: 50 kg N ha-1 (ammonium
sulphate, 2O.5o/o N),58 kg Kha-1 (potassium chloride, 49.8Yo K) and 17.5 kg Pha-1
(superphosphate, 7.9 % P) was performed. Two N topdressing (at tillering and just
before head development) were applied in every treatment and consisted o'f 2 x 25
kg N ha-1 (ammonium nitrate, 26% N) application.

Determinations
Moisture % 1182.70

127

128.50

Table 2.
Chemical composition of solid phase frcm pig slurry $P).

ln the second year of the experiment, levels of mineral fertilisers and SP added to
soils were the same as the first year.

Determinations 1

81.10 75.20 Fe 1146.00
matter 1 1 1 1

13.98 11.60 Mn 101.60
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At the beginning of the experiment, lysimeters were watered with sufficient
demineralized water to allow seeds germination. Twenty-five grams of wheat
seeds (250 kg ha-l) were sown in rows on each lysimeter.

At the end of each year experiment soil samples were taken from each lysimeter
and analysed. Plants were harvested, weighed, and chemicalanalysis performed.

Analytical Procedures

The particle size distribution (texture) of the soils was determined by the pipette
method (Day, 1965), and organic carbon (C) determined by dry combustion at
1200oC, using a Strohlein (Strohlein and Co., Dusseldorf, Germany) apparatus.
Based on the assumption that soil organic matter is 58% carbon, organic matter
content was calculated by multiplication of the percentage of organic carbon by the
factor 1.724.

Organic matter in the SP was determined by loss-on-ignition at 350-4000 C for
seven to eight hours.

Cu, Fe, Zn and Mn content in the SP and plant tissues was determined by atomic
absorption spectrophotometry in a Pye Unicam SP-9 apparatus (Cambridge, UK),
after hydrocloric acid mineralisation of the ash (Martiand Mufioz, 1957).

Extractable Fe, Cu, Zn and Mn in the soils were extracted by Lakanen & Ervio
method (Lakanen and Ervio, 1971) and determined by atomic absorption
spectrophotometry.

Statistica! Analysis

Results from the study were subjected to one-way ANOVA, followed by Scheffe F-
test at p<0.05 (Danzart, 1986).

3. Results and discussion

Soilextractable Fe, Cu,Zn and Mn

At the end of the first year of the experiment increasing application rates of SP did
not significantly affect extractable Fe, Cu, Zn and Mn content on soil A either for
topsoil or subsoil (data not shown). However, on soil B for topsoil significant
differences between treatments corresponding to 5 t ha-1 and 25 t ha{ SP
applications were detected for extractable Cu, Zn and Mn. ln fact, extractable Cu
increased from 1.5 to 3.7 mg kg-1, extractable Zn from 3.9 to 6.2 mg kg-1and
extractable Mn from 5.01o7.7 mg kg-1.
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Comparing soils after the second year of the experiment both had significant
increases of extractable Fe, Cu, Zn and Mn in the surface layer from the increasing
levels of SP applied (Table 3). These results are supported by several authors
(Christie, '1990; Siegenthaler, 1990; Warman, 1990, 1993) although their studies
are specifically referred to pig slunies. On the other hand, subsoil of both soils
tested show a completely different behaviour. ln fact, while for subsoil A a
significant enhance was detected for extractable Cu, Zn and Mn content with
increasing application rates of SP, for subsoil B no significant differences were
detected. Since the main factors responsible for micronutrients availability are soil
pH, cation exchangeable capacity (CEC), organic matter and clay content (Verloo,
1990), results obtained for subsoil A are probably associated to the low CEC and
small organic matter and clay content present in that soil (Table 1).

lowed by the same letter are not significantly as judged by
test (p< 0.05).

Table 3
Extractabte Fe, Cu, Zn and Mn (mg kg1) on bofh soi/s

at the end of the two-year experiment.

Plants Fe, Gu, Zn and Mn composition and uptake

Fe, Cu, Zn and Mn composition of wheat plants (grain and straw) after the second
year of the experiment are given in Table 4. Uptake of those elements by the plants
are shown in Table 5.

Soil A Soil B
Treat. Fe Cu Zn Mn Fe Cu Zn Mn

2"" year topsoil year topsoil
NPK 26.80 d 1.30 c 9.40 c 7.50 c 37.40 c 1.35 d 5.55 c 4.35 e
5t 31.60 cd 2.36 bc 't2.30 c 7.90 c 40.85 c 1.95 d 9.55 bc 5.60 de
10t 39.80 bc 2.76b 18.40 b 9.80 bc s1.90 d 3.55 c 10.90 b 8.05 cd
15t 50.10 b 4.10 b 18.90 b 11.20 b 58.95 bcd 4.35 c 11.20 b 9.55 bc
20t 55.70 b 4.50 b 20.00 b 1 1.50 ab 74.50b 5.45 b 12-15 b 1'1.60 ab
25t 68.00 a 6.00 a 26.90 a 't4.50 a &4.30 a 6.50 a 18.10 a 13.85 a

year subsoil year subsoil
NPK 20.30 b 1.00 c 1.30 d 4.00 b 54.00 a 1.2O a 1.30 a 6.55 a
5t 21.30 b 1.30 bc 1.40 d 3.50 b 54.80 a 1.30 a 1.25 a 7.75 a
10r 22.80 b 1.30 bc 1.80 cd 3.50 b 55.50 a 1.30 a 1.10 a 8.60 a
15t 24.50 b 1.30 bc 2.90 bc 5.10 a 54.65 a 1.45 a 1.05 a 6.50 a
201 2s.00 b 1.70 ab 4.00 b 5.10 a 59.75 a 1.60 a 1.45 a 8.30 a
251 33.70 a 2.20 a 7.50 a 6.10 a 57.05 a 1.50 a 1.50 a 7.70 a
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5t
10t
15t
20t
25t

54.0 c
53.5 c
57.3 c
75.5 ab
80.3 a

a
61.3 a
62.7 a
69.0 a
72.3 a
75.0 a

Grain

a

Grain
a

Straw

Straw

37.6 c
38.4 c
47.5bc
48.7 bc
62.3 ab

a
8.5 b
8.3 b
9.3 b
9.5 b

14.8 a

a
37.7 b
38.0 b
38.3 b
38.7 b
41.3 b

29.3 b
36.8 ab
37.5 a
37.3 a
42.5 a

c
49.7 bc
51.3 abc
58.3 ab
58.7 ab
60.7 a

Soil A (2no year)

a
9.5 b
8.5 b
8.9 b
11.6 b
18.0 a

B

23.7 c
26.0 bc
29.0 bc
31.7 ab
?4.3 a

162.7 d
173.0 d
261.0 c
31S.3 b
378.8 a

253.7 b
290.0 ab
315.7 a
318.0 a
327.0 a

a
12.3 a
13.0 a
11.0 a
11.0 a
12.0 a

13.5 a
16.5 a
16.0 a
15.0 a
15.5 a

5t
10t
15t
20t
25t

5.7 a
8.3 a
8.7 a
8.0 a
9.3 a

6.3 a
6.7 a
8.0 a
8.0 a
8.3 a

43.3 b
51.7 a
53.0 a
54.0 a
56.3 a

Values by the same lefter are not sig as judged by
test (p< 0.05).

Table 4
Fe, Cu, Zn and Mn composition (mg kg1) of wheat ptants (gnin and straw) grown

on both sorTs af the end of the experiment.

Soil A (2no

Grain Straw

7 c 1.88 a a
5t
10t
15t
20t
25t

NPK
5t
10t
15t
20t
25t

't3.29 d
15.18 cd
16.23 cd
24.88b
30.11 a

13.17 ab
11.36 b
11.00 b
14.27 b
15.23 a
15.63 a

3.76 a
3.74 a
3.11 a
3.53 a
4.50 a

Grain

1

0.93 b
1.42 ab
1.77 ab
1.71 ab
2.01 a

7.18 c
10.40 b
10.62 b
12.09 b
15.87 a

8.85 a
8.61 a
11.85 a
12.17 a
1 1.99 a

2.33 c
2.42bc
2.87 bc
3.77 b
6.75a

Soil B

57.41 e
74.19 de
128.97 c
167.36 b
225.ila

63.53 e
84.90 d
107.4 c
121.76 b
140-55 a

4.70 a
7.08a
7.86 a
7.Ua
9.24 a

f .ila
1.95 cd
2.58 bc
3.42ab
3.49 a

2.96 b
3.54 b
4.57 b
4.97 b
8.82a

9.58 c
10.58 bc
13.Mb
14.82 ab
17.52 a

13.36 c
16.46 c
23.42b
25.46 b
37.47 a

Straw

4.26 c
4.97 bc
6.00 ab
6.64 a
6.91 a

Zn Mn

1 1.39 c
13.08 c
17.93 b
20.68 ab
22.83 a

by the same letter are not different as judged by Scheffe - F
test (p< 0.05).

Table 5
Fe, Cu, Zn and Mn uptake (mg/lysimeter) by wheat plants grown on soilA atthe

end of each year of the experiment
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After the first year of the experiment, no significant differences where observed on
plant micronutrients content and uptake (data not shown). At the end of the second
year, Cu content in the plants was not significantly affected from increasing
application doses of SP on both soils tested. However, Cu uptake increased
significantly from application additions of SP greater than 10 t ha-1 on soil B. Since
during the two years of the experiment the largest yields were obtained from the
greatest rates of SP applied (Vasconcelos et al., 1997), Cu content in the plants
correspondent to those treatments is probably due to a dilution effect.
Nevertheless, as the lowest pH values for both soils occurred in control (Figure '1),

plants Cu uptake is most likely due to a pH effect. This fact is consistent with the
finding that for both soils, only for the treatments where the greatest rates of SP
were applied, the concentration effect of that element over passed the pH effect.

Plants Zn content significantly increased from increasing additions of SP, especially
on soil B. Similarly, Zn uptake by the plants was strongly affected from increasing
levels of SP. For control plants, a similar behaviour occurred for Zn content and
uptake as for Cu. Also in this case results obtained seems to be related to a pH
effect.

Fe content in the plants as well as its uptake on both soils was enhanced with
increasing doses of SP applied, this increase being particularly evident at the end of
the second year of the experiment.

Finally the greatest content in Mn in the plants on both soils was always present at
the NPK treatment. This fact is most likely related to the increase of pH values due
to the increasing additions of SP applied to soils (Figure 1), that was conducive to
a reduction in Mn uptake by the plants. However, the pH effect did not affect so
intensively the treatment correspondent to the greatest amount of SP applied (25 t.
ha-') probably due to the greatest concentration in Mn present on the topsoil.
Furthermore, a comparison between the SP treatments allows us to conclude that
increasing doses of SP led to an increase of Mn in the plants content and uptake
with particular relevance at the end of the experiment.
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Figure 1

Soil pH values aftertwo years experiment.

4. Conclusions

From the results obtained the following conclusions can be drawn :

F lncreasing doses of solid phase from pig slurry (SP) led to a significant
enhance of extractable Cu, Zn, Fe and Mn content on the topsoil of the two
texturally contrasting soils tested. Similar results were detected only for
subsoil A. This fact is probably associated to the low fixation capacity
presented by soil A due to its small cation exchange capacity (CEC) and
small organic matter and clay content.

) lncreasing additions of SP led at the end of the two years experiment
and for both soils to an increase in the Fe, Mn andZn content in the plants
as well as in its uptake. On the contrary, Cu content in the plants was not
significantly affected by SP applications to the soils.

) pH values exert a strong effect in the Mn andZn uptake by the plants. ln
fact, the uptake of these elements was always greater for NPK treatment
except when 25 t. ha-1 of SP were applied. ln this particular case it is
possible to conclude that the concentration effect was high enough to over
pass the pH effect.
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) According to the results obtained by the same authors (Vasconcelos et
al., 1997), application doses of SP greater than '10 t ha-1 led to a strong
increase in the available phosphorus (P) for both topsoil and subsoil of the
two soils tested, that under leaching conditions can cause surface and
ground waters contamination. This fact, and taking into account results
from the present study allow us to conclude that the success of SP as an
organic fertiliser, without causing detrimental environmental effects, will
depend on the convenient monitorisation of its utilisation considering not
only the application doses but also physical and chemical characteristics of
the soils.
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Hygienic quality of source separated urine
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Abstract

Human uine is the largest contibutor of nutients to household wastewater. The re-
use of urine as a fertiliser in agicufture would reduce the loads on wastewater
treatment plants and the impact on recipients. An important criteia for recirculated
products from a sewage sysfem is that the isk for transmission of drisease should
be low. ln a urine source separating sysfem faeces may contaminate the collected
uine through the toilet. Concentrations of faecal indicator organisms were
measured in 14 urine collection tanks at two occasions. E. coli was seldom found;
in 84% of the samples the concentmtion was below the detection limit of 10 cfu/ml.
Clostidia was found in varying amounts, nnging fiom 1 cfu/ml to 2000 cfu/ml.
Faecal strcptococci occuned in large and varying amounts with 76% of the samples
having concentrations above 1000 cfu/ml, thus indicating a grovvth within the
sysfems. Total coliforms were found in varying amounts with an avemge of 470
cfu/ml. For all indicator bacteria, concentrations werc generally higher in the
sediment layer present on the boftom of the collection tanks. Samples were also
collected from a urine storage tank duing a period of four months. On the last
sampling occasion concentrations of all indicator bacteia except clostridia were
below detection limits. The resu/fs conespond well with laboratory experiments
where the die-off of faecal indicator bacteria in uine were studied. At the conditions
prevailing in the urine tanks E. coli had a D-value below one day. Faecal
streptococci was rcduced from 1d cfu/mt to <10 cfu/mt in approximately five
months whereas clostidia shows no reduction during 36 days. Thus, after the six
month storage generally applied for source separated uine, the hygienic quality of
the uine can be considered as satisfactory.

Keywords : Hygiene, faecal indicators, source separation, urine separation

517



R6sum6

L'urine humaine contribue largement i l'apport en 6l6ments nutritifs des eaux
us6es domestiques. La r6-utilisation de l'urine en tant que fertilisant en agriculture
r6duirait d'autant la charge sur les stations de traitement et I'impact du rejet en
milieu naturel. Un critdre important pour la recirculation des produits issus d'un
systdme d'eaux us6es est le risque de transmission de maladies qui doit 6tre
minimum. Dans un systdme de s6paration de l'urine d la source, les faeces
peuvent contaminer I'urine collect6e via les toilettes. Les concentrations en
indicateurs f6caux ont 6t6 mesur6es dans 14 cuves de stockage d 2 p6riodes.
E.coli6tait rarement pr6sent; dans 84% des 6chantillons la concentration se situait
en dessous de la limite de d6tection soit 10 cfu/ml. Clostidia 6tait pr6sente i des
concentrations variables, allant de 1 i 2000 cfu/ml. Les sfreptococcifbcaux sont
pr6sents en grandes quantit6s dans 76% des 6chantillons avec des concentrations
sup6rieures a 1000 cfu/ml, ce qui t6moigne d'un d6veloppement dans le systdme.
Les coliformes totaux 6taient pr6sents dans de larges proportions avec en
moyenne 470 cfiulml.

Ces r6sultats confirment les donn6es de tests en laboratoires of l'on a 6tudi6 la
survie (valeur D) des bact6ries f6cales pr6sentes dans I'urine. Dans les conditions
rencontr6es dans les cuves de stockage de I'urine, E coli pr6sente une valuer D
inf6rieure d 1 jour. Les sfrepfococcifilcaux 6taient r6duits de 106 cfu/ml i moins de
10 cfu/ml en 5 mois de stockage, alors que clostidia ne montre pas de r6duction
avant 36 jours.

Ainsi, aprds les 6 mois de stockage habituellement appliqu6s pour I'urine s6par6e d
la source, la qualit6 hygi6nique de cette urine peut 6tre consid6r6e comme
satisfaisante.

Mots-cl6s : hygidne, indicateurs f6caux, s6paration urine source.

l. lntroduction

By the re-use of wastewater or other separated parts of human wastes in
agriculture, there is a possible risk for transmission of microbial contaminants to
grazing cattle, to vectors, to surface and ground water and through standing crops
to humans. The present laws and regulations for the re-use of human wastes vary
between countries. ln Sweden they are related to the national implementation of the
EC Urban Wastewater Treatment Directive (EC, 1991). Also WHO has published
guidelines for the safe use of wastewater (WHO, 1989). Some countries specify
analyses of indicator bacteria, viruses and parasites while others put more effort
into methods for treatment and restrictions for the use of wastewater products.
According to Morsing (19%) there are four approaches to minimise the risk for
contamination through sludge: (1) reduction of pathogens, (2) reduction of the
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vector attraction (rats, flies etc), (3) soil treatment and (4) restrictions on cultivation
methods and crops.

ln several countries the use of untreated sludge in agriculture is not permissible. ln
Sweden it is permitted if the sludge is injected or worked into the soil within 24
hours after application. However, the main practises have been an anaerobic
treatment of the sludge from wastewater treatment plants or, for single households,
storage of the sludge for six months before re-use in agriculture. The latter has
initially been the general rule also for the re-use of source separated human urine in
Sweden.

A urine source separating sewage system is based on a toilet which has the bowl
divided into two parts; the front part collects the urine and the rear one collects the
faecal material. The urine is lead to a collection tank usually buried in the ground.
When the tank is full the urine is transported to a farm where it is stored until used
as a fertiliser, mainly for cereal crops. The faecal material is either mixed with the
greywater and transported to a sewage treatment plant or collected separately and
dry for composting.

Human urine is the largest contributor of nutrients to household wastewater.
Approximately 80% of the nitrogen in wastewater and 6OYo of the phosphorus
origins from urine if no phosphorus detergents are used (Sundberg, 1995). The
total quantities of nutrients in human urine are significant when compared to the
quantities of nutrients in mineral fertilisers used by agriculture. ln Sweden, the
yearly production of human urine equals 15-2Oo/o of the mineral fertiliser
consumption 1993 (Jonsson ef al 1996), refening to nitrogen, phosphorus and
potassium. Fertilising experiments have indicated that the fertilising effect of stored
human urine is comparable to that of mineral fertilisers for wheat and barely
(Kirchmann and Pettersson, 1995; Kvarmo, 1998). Furthermore, the concentrations
of heavy metals in the urine solution are very low, for example it contained 3.2 mg
cadmium/kg phosphorus (J6nsson et al, 1997\. This can be compared to mineral
fertilisers containing 26 mg Cd/kg P (Jonsson et al, 1997), and to sludge from
Swedish sewage treatment plants containing an average 55 mg Cd/kg P (Swedish
EPA,1995).

Urine normally contains low amounts of transmissible microorganisms. lt is
therefore mainly the possible contamination of the urine by displaced faecal
material that involves a risk. Due to the low amount of flush water used, a rather
high concentration of microorganisms of faecal origin in the collection tank may
occur even if minor amounts of faecal material enters the front part of the toilet
bowl. We wanted to investigate the level of faecal contamination in urine collection
tanks based on faecal indicator bacteria. Survival studies were performed in order
to estimate how valid a risk assessment based on these indicator bacteria would
be. From these results it also would be possible to determine optimal storage
conditions for source separated human urine.

519



2. Methods

Sampling - Urine collection fanks Eleven different urine separating sewage
systems located at eco-villages, one-family houses and others like schools were
included in the study. Samples were collected at two occasions from 14 different
urine collection tanks within these systems, both directly beneath the liquid surface
and an additional sample including sedimented material from the bottom of the
tank. The samples were transported cold to the laboratory where they were
analysed the same day or within 18 hours.

Urtne storage fanks Urine solution from one of the eco-villages was sampled after
transportation to a storage tank. Samples were taken from the storage tank at three
different occasions; after 17,57 and 126 days of storage from four dffierent levels;
at the surface, in the middle of the liquid phase, five cm above the bottom of the
tank and right at the bottom. The samples were transported cold to the laboratory
and analysed the same day or within 18 hours.

Analysis of physical and chemical parameters - pH and temperature of the urine
solution were measured during the sampling procedure using a portable pH-meter
(Orion 250 A). The conductivity was measured simultaneously using a portable
conductivity meter (Hanna lnstruments 8733).

Microbiological indicator analysis - The samples were homogenized and diluted
in tenfold steps. For each dilution three parallel agar plates were streaked with 0.1
mL of the suspension. Total coliforms were enumerated on mEndo Agar Les
(Difco). The plates were incubated at 35t0.5'C for 44x4 hours and the number of
shiny colonies was recorded alter 24t4 and 44t4 hours of incubation. Colonies
were confirmed by a negative oxidase test (Organon Technika). For quantification
of E. colimFC Agar (Difco) was used. The plates were incubated at 44t0.5'C for
24t4 hours and blue colonies counted thereafter. Confirmation was performed by
fermentation of lactose and formation of indolfrom tryptophan (LTLSB, Oxoid). For
faecal streptococci mEnterococcus Agar (Difco) was used. Typical colonies were
counted after incubation at 35t0.5"C for 44t4 hours. Selected colonies were
confirmed on Esculin plates that were incubated in 44t0.5'C over night and by a
negative catalase test. The vegetative cells of clostridia were inactivated by heating
the samples to 75t5'C for 15 minutes. The inactivated samples were diluted in
tenfold steps and clostridia spores were analysed by the pour plate method with 1

mL of the diluted sample in Perfringens Agar Base (Oxoid). The plates were
incubated anaerobically at 37t0.5'C (BBL GasPak) for 48t3 hours and the number
of black colonies were recorded after 24x3 and 4813 hours.

Survival studies of indicator bacteria - Survival studies of faecal indicator
bacteria in source separated human urine were performed at two temperatures
(4"C and 20"C), at three different dilutions (undiluted, 1:1 and 1:9), and at four
different pH-values (4.5, 6.0, 8.9 and 10.5). Urine solution was collected from two
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urine collection tanks altwo different housing areas and mixed. The undiluted urine
solution contained approximately 1-2 parts of urine per part flush water. Sterile
water (Pharmacia & Upjohn) was used as diluent to prepare the 1:1 and 1:9
dilutions. pH of the collected urine solution was 8.9. To obtain pH 4.5 and 6.0 the
urine solution was mixed with concentrated HAc. pH was adjusted to 10.5 by
adding 1M NaOH. Escherichia coli and faecal streptococci were isolated from
source separated human urine and added to the urine solutions to a final
concentration of 106/ml. Ctostidium perfringens was isolated from faeces in a dry
sewage system and added to a concentration of 10'lml. Die-off of normally
occurring faecal streptococci was also studied in urine solution with an initially high
concentration of these bacteria at 4'C and 20"C. ln this urine solution the
proportion of urine and flush water was approximately 3:1. Enumeration of the
indicator bacteria was performed as described above.

3. Results
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Figure 1

Concentrations of clostridia in samples from beneath the surtace (sufface) and from
the bottom including sedimented mateial (bottom) from sampling round two. The

values are expressed on a logro scale as cfu/ml uine solution.

Collection tanks - Among the indicator bacteria E. coliwas found in the lowest
concentration. ln 84% of the samples the concentration was below the detection
limit of 10 cfu/ml. Faecal streptococci were by far present in the highest
concentrations; 76% of the samples having concentrations above 1000 cfu/ml.
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Coliforms were found in varying amounts, calculated on the positive samples (55%)
the mean value was 47O dulml Sulphite reducing clostridia were found in 76% o'f

the samples with concentrations ranging from 1 to 2000 cfu/ml. All bacteria except
coliforms were present in higher numbers in the bottom sediment samples than in
the samples collected from beneath the surface.

Collection tanks that contained urine with high concentrations of faecal streptococci
in the first round of sampling often showed similar results in the second round of
sampling (figure 2). The conesponding was valid for low concentrations.

Table 1. Meanl and median concentrations (median concentrations in parenthesis)
of faecal indicator bacteria in source separated human urine. n equals the number
of samples included in the calculation of the mean value (samples with
concentrations detection limit) and the number in parenthesis equals the total
number of sampling results (all included in the calculation of the median value).
Samples from beneath the surface (surface) and samples from the bottom of the
collection tanks including sedimented material (bottom). Mean concentrations are
listed with two significant numbers.

lSamples with concentrations below the detection limit are not included in the calculation of the mean
values.
the detection limit was 10 ctu/ml.
the detection limit was 100 cft.r/ml.
the detection limit was 1 ctu/ml.
sAtl samples had concentrations below the detection limit.

Physical and chemical analysis - pH-values were generally around nine with a
low of 8.30 and a high of 9.30. The temperature varied between 2.6'C and 18.5"C
with a mean of 14.6'C and 8.0'C during the first and second round of sampling,
respectively. The conductivity which can be seen as an indicator of the dilution
varied between 1.76 mSicm and 53.3 mS/cm with a total mean of 24.5 mS/cm. No
correlation could be found between concentrations of indicator bacteria and pH,
tem perature or conductivity.

(cfu/ml) (cft/ml) Streptococci
cfu/ml

(ctu/ml)

round 1,
n=8 4
700 (100) 58

n=
<10)

1

13000 (3135)
n=1 1

140 (4)
n=10

n=3 n=1 n=7
190
n=8

Sampling round 2, surface (22)440
n=6

s (<10)
n=10 n=7 1

n=7 11 n=3 n=12
340 (35)
n=7

n=24 n=5 n=40 n=32
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Figure 2
Concentntions of faecal streptococci in samples from beneath

the surtace in sampling round one and two.
The values are expressed on a logl6scale as cfu/mluine solution.

Storage tanks - After four months (126 days) of storage, concentrations of all
indicator bacteria except clostridia were below their detection limit of 10 cfu/ml. E
coli was not found in the collection tank (day 0) and not in the storage tank either.
The amounts of bacteria were generally higher at the bottom in the storage tank as
was the case in the collection tanks. For faecal streptococci and coliforms
concentrations were higher at the surface than in the middle and close to the
bottom.

2.
Concentrations of faecal indicator bacteia in source separated human uine during
storage. Concentrations are /isted with two significant numbers. The detection limit

was 1 cfu/mlfor clostidia and 10 cfu/mlforthe other organisms.

Storage
days

Surface
(ctu/ml)

Middle
(ctu/ml)

5 cm above
bottom (ctu/ml)

Bottom
(ctu/ml)

Coliforms 0
't7
57
261

250
<10
<'10

<'10

82
<10
<10
<10

<10
<10
<10
<10

300
<10
<10
<10

2400
690
<10
<10

1600
600
<10
<10

Faecal
streptococci

0
17
57

126

610
550
<10
<10

9500
1600

110
<10

Clostridia 0
17
57

126

u
140
73
15

68
130
88
59

97
110
110
88

610
240
550
290

E. coli at
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Survival experiments - E. colihad the fastest die-off in the urine solution among
the bacteria studied. At all pH-values except at pH 6.0, E. colihad D-values below
one day, i e a reduction from 10o cfuimL to below the detection limit occured within
five days of incubation for all other samples. ln the 1:9 dilution E. coli had
approximately five times longer survival than in undiluted urine solution, both at
incubation temperatures 4"C and 20"C. Faecal streptococci had a slower reduction
than E coli in the urine solution. ln the pH experiment all faecal streptococci had
died within 20 days except in the two samples with pH 6.0 and 8.9 that were kept at
4"C. ln these samples approximately one logle reduction had occured after 27 days
of incubation. Temperature had a significant effect on survival. ln the^ samples with
initially high concentrations of faecal streptococcia reduction from 10o cfu/mlto <10
cfu/ml was obtained after 25 days al20"C and after 150 days at 4"C. Clostidium
pertringens showed no reduction in any of the urine solutions during 36 days of
incubation. Thus, no effect of pH, temperature or dilution on the survival of clostridia
spores was noted.
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1E{O

--*- 4 I

<*4ll
--a-4lll
-+*201
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0 20 40 80 100

days

Figure 3.
Die-off of faecal streptococci in source separated human uine at different dilutions
(l=undiluted, ll=1:1, lll=1:9) at 4'C (4) and 20'C (20). The values are expressed on

a log,s sca/e as cfu/mL urine solution. (Also published in Jdnsson et al, 1996.)

4. Discussion

Source separated human urine is a liquid solution rich in plant available nutrients. lt
contains very low concentrations of heavy metals, especially compared to sludge.
Also, it is the fraction of human excreta containing the lowest amounts of
microorganisms. Thus, by separating urine from other household wastes there is
much to gain with regards to recycling nutrients to agriculture, eutrophication, water
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saving and hygiene. Urine separation has been suggested as one part of a
sustainable future in Sweden and about 3000 source separating toilets have been
installed so far. However, it is inevitable that some contamination of the urine
through mixing in of faecal material occurs and due to the low amounts of flush
water used for the urine, concentrations of faecal bacteria might be as high as in
untreated wastewater. Therefore a storage period of six months has been
recommended before the urine is used as a fertiliser. lf this period is reasonable
depends on the initial level of faecal contamination as well as on the possibilities for
various microorganisms to survive in the urine solution.

As has been reported before (Hriglund ef a[ 1998) the different faecal indicator
bacteria were present in various amounts. E coliwas seldom found, thus indicating
no faecal contamination whereas faecal streptococci most often was found in high
numbers indicating a significant faecal contamination. However, the concentration
of faecal streptococci was in some collection tanks as high as 106 cfu/ml, which
would correspond to 100% faeces (Geldreich, 1978). This indicates that there is a
possible growth within the pipes leading from the toilets to the collection tank.

The higher concentrations found in samples from the bottom of the collection and
storage tanks are explained by bacteria adsorbing to particles that sediment. Also
the higher concentrations right at the surface in the storage tank can be explained
by adsorption. Here bacteria bind to hydrophobic particles (Kjelleberg and
Stenstrom, 1980). The variation in concentration of bacteria with depth illustrates
the importance to collect representative samples. A calculated risk in this case
would be underestimated if the bottom sediment was not included, and the other
way around.

Many times concentration of E coli is used as a single parameter for judging if
hygienisation has occurred. ln systems like this it is important to analyse several
different indicator organisms rather than a single indicator bacteria. lf only
enumerating E. colithe hygienic quality of the urine solution would be considered
as satisfactory without storage, whereas if enumerating clostridia the opposite
would be the case.

The fast die-off ol E. coliin human urine explains the above and further implies that
this organism is useless when estimating the faecal contamination of the urine.
Clostridia, which shows no reduction in urine, could possibly be used to calculate
the degree of contamination. However, as previously discussed (H6glund ef a{
1998) clostridia is not alone reliable as a faecal indicator. The frequency in human
faeces is only 13-35% (Geldreich, 1978) and the spore can be found in various
environments as well. The high concentrations of faecal streptococci and their slow
reduction imply that they could be valuable as an indicator for sufficient storage.

Some of the urine separating sewage systems investigated were included in a
previous study (Olsson, 1995). The systems having high concentrations of faecal
streptococci in the presented study usually had high concentrations in the previous
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as well. As shown in figure 2 the concentrations of faecal streptococci also
correlated between sampling occasions within systems. Families could have their
own strains of faecal streptococci more adapted to this environment or depending
on the feature of the system, including piping, some systems are more likely to
have higher concentrations of faecal bacteria present. Another reason could be that
a sludge is formed at the initial use of the system. The special features of this
sludge then determine future potentials for growth of different bacteria.

According to the commonly used faecal indicator bacteria the hygienic quality of the
urine solution after storage would be equal to or better than recreational water
guideline values. However, the true meaning of these indictor bacteria have been
widely discussed and questioned. Are their survival coherent with the survival of
pathogenic bacteria or not? ln the case of shorter survival of indicator bacteria than
of pathogens an estimation of the risk in a special case would be underestimated.
There are known cases (Goldstein ef a( 1996) where waterborne illnesses have
been transmitted even though no indicator bacteria were present. This is important
to recognise especially when evaluating the risk of newly recognised pathogens like
the parasitic protozoa Giardia and Cryptosporidium known to be very resistant in
the environment.

The results obtained from the survival experiments imply that a high temperature, a
low dilution and a pH far from neutral shorten the survival of indicator bacteria.
Survival of some pathogenic bacteria as well as other pathogens in urine has been
studied (Jonsson et al, 1996, Hoglund ef al 1998). Results indicate that the urine
solution has a detrimental effect on microorganisms. So far no bacteria, excluding
clostridia spores, seem to survive longer than faecal streptococci. Thus a storage
period of six months would be sufficient. Data on the survival ol Cryptosporidium in
urine are currently being evaluated. lt would also be valuable to study the behaviour
of human viruses in urine. A salmonella phage showed no reduction during a 50-
day period in urine, however, no coliphages have been found in urine collection
tanks (Jrinsson ef al 1996).

The inconsistency in the results from analysis of indicator organisms implicates that
an alternative to the commonly used faecal indicator bacteria could be necessary
for evaluating the function of complementary sewage systems and the quality of the
product obtained. Faecal sterols have been suggested (Hoglund ef a/ ,1998; Sundin
et al, in preparation) as a chemical indicator, suitable for estimating the faecal
contamination of source separated urine. However, if sufficient storage is applied a
control system might not be needed due to the germicidal effects of source
separated urine as indicated by the above results.
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atbn of viral and bacterial pathogens
in large scale slurry treatment plants

lnactivation des virus et bactdries pathogdnes
dans /es unitis industrielles de traitement du lisier,

MARTENS, W., FINK, A., PHILIPP, W., WEBER, A., WINTER, D. ANd B6HM, R.
University of Hohenheim, lnstitute for Environmental and Animal Hygiene,
D-70593 Stuftgart. Germany.

Abstract

Slurry from farm animals can be contaminated with obligatory or facultatively
pathogenic germs. Due to the concentraflon process in animal production in the
Federal Republic of Germany, a regionalsurplus of animal slurry must be expected.
Therefore, epidemiological rsks and risks for environmental hygiene cannot be
excluded if the sluny remains untreated.

ln an extensive investigation program, six differcnt slurry treatment plants were
investigated comparatively with regard to the occurrence and suruival of indigenous
fecal bacteria and aftificially added pathogens like bacteria and viruses. The
tenacity of the artificially added microorganisms, bacteia and viruses (esp.
Salmonellae and fecal streptococci, Aujeszky-, ECBO-, bov. Paruo- and equ.
Rhino-virus) was investigated comparatively with "germ-canief' methods, which
were developed for bacterial and viral tenacity sfudies under practical field
conditions.

Resu/fs show that under ordinary conditions thermophilic aercbic and anaerobioc
treatment guarantees a probable hygienisation of the process end prcduct, but that
the nominal working temperature which is necessary for sufficient hygienisation is
not attained by all of the thermophilic plants. The mesophilic anaerobic processes,
although microbicidal in pinciple, remain uncertain and demand an individual isk
assess/nent for the individual case or an additional hygienisation step before or
afte r a n ae rob ic tre atment.

Bovine Parvovirus proved to be the fimrting and a most suitable test germ to
investigate hygienisation effects of slurry treatment processes in which the
microbicidal component is mainly based on temperature influence.

Kelnnrords : aerobic and anaerobic digestion, slurry hygienisation and
pasteurisation, pathogen, virus and bacteria inactivation, germ carrier
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R6sum6

Le lisier issu des exploitations d'6levage est contamin6 par des bact6ries
pathogdnes facultatives. A cause de la concentration animale importante en
Allemagne, un surplus de lisier est constat6. Les risques 6pid6miologiques ne sont
pas i exclure notament si le lisier n'est pas trait6.

Dans le cadre d'un vaste programme, six diff6rentes unit6s de traitement du lisier
ont 6t6 6tudi6es en comparant notamment la pr6sence et survie de bact6ries
f6cales endogdnes ainsi que des pathogdnes artificiels ajout6s tels que bact6ries et
virus.

Le devenir de ces bact6ries artificielles ajout6es (espdces Salmonellae et
Streptococci, Aujeszky, ECBO-bov, Parvo et equi. Rhino-virus) a 6t6 compar6 avec
les m6thodes de germes traceurs qui ont 6t6 d6velopp6s en conditions pratiques
de plein champ.

Les r6sultats montrent qu'en conditions normales a6robies thermophiles ou
ana6robies, le traitement permet une hygi6nisation du produit final, mais que la
temp6rature n6cessaire pour cette hygi6nisation n'est pas atteinte dans tous les
proc6d6s. Les proc6d6s ana6robies thermophiles bien que bact6ricides en
principe, demeurent incertains et n6cessitent une 6tape pr6alable d'hygi6nisation.

Le parvovirus bovin s'est av6r6 le germe le plus int6ressant pour des 6tudes sur les
effets hygienisants des proc6d6s de traitement du lisier, au cours desquels I'effet
bact6ricide d6pend notamment de la temp6rature.

Mots-cl6s : digestion a6robie et ana6robie, hygi6nisation du lisier et pasteurisation,
pathogdnes, inactivation des bact6ries et virus, germe test.

l.lntroduction

lncreasing concentration processes in animal husbandry in combination with
intensive, spreadless farming lead to regionally increasing amounts of slurry. This
results in an increased burden to the environment and pollution caused by chemical
substances like ammonia gazes (air) and salts (ground water) as well as
microbiological pollutants (BOHM, 1995). lt comprises a hygienic risk too, as slurry
may contain a great number of obligate or facultative pathogenic microorganisms
which can be spread in the environment (STRAUCH, 1990) and which may remain
infective for a long time in this material (STRAUCH and BALLARINI, 1994).

The German Ministry of Research and Technology therefore initiated an
investigation program about technical treatment of slurry to transform it into
environmentally harmless and usefull secondary products like composts and
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ammonia fertilizers. ln addition, aspects of substrate hygienisation were
investigated in several technical pilot slurry treatment plants all over the country,
most of them anaerobic slurry digestion process plants (biogas), one being an
experimental aerobic thermophilic stabilisation (ATS) reactor.

Most investigations concerning tenacity of pathogens under dffierent environmental
conditions have been made by using bacteria. But in slurry, also several viral
pathogens may occur (STRAUCH and BALLARINI, 1994) including those of
notifiable animal epidemics as classical swine fever virus, Aujeszky disease virus
and foot and mouth disease virus. ln this context, the question if and how viral
pathogens in slurry treatment plants are inactivated (e.9., during mesophilic and
thermophilic anaerobic treatment) is of great interest, as is the question if there
exist correlations between the inactivation of bacteriological and viral pathogens by
anaerobic treatment.

Since it is not admissible to perform investigations in real plants using agents of
notifiable diseases, representative germs of an environmentally harmless character
had to be used instead. These viruses were brought into the treatment processes of
the plants by means of a filter sandwich germ-carrier technique developed (TRAUB
et al., 1986, 1988) and modified (WINTER et al., 1995) for viral tenacity studies.
The germ carrier technique of RAPP (1995) was used for bacterial test germs. Both
of these techniques avoid the contamination of the investigated substrates but allow
a direct interaction between process parameters as pH-value, redox potential,
enzymes etc. with the exposed microorganisms.

2. Material and methods:

Viruses und cell cultures Aujeszky-virus (vaccine shain) was cultivated and
detected in PK 15 cells (porcine kidney), ECBO virus (Enteric Cytopathogenic
Bovine Orphan), strain LCR 4, in MDBK cells (Madin and Darby bovine kidney).
ERV 1-Virus (Equine Rhinovirus), in cell line RK13 (Rabbit kidney). BPV (Bovine
Parvovirus), strain Haden, in primary BEL cells (bovine embryonic lung).

Bacteria : Streptococcus faecium (ATCC 6057) as well as native fecal streptococci
were detected and counted by the MPN-method with first cultivation in AD (azide
glucose) bouillon (24 h) and plating out on KAA-Agar (Kanamycin, Asculin , azide).
Salmonella senftenberg W 775 and S. enteritidis were first cultivated in peptone
waler (24h137'C) followed by Rappaport medium (24h143"C) and then plated out
on BPLA- and XLD-Agar (24h137'C).

Virological germ carrier technique : The carrier cases are 25 mm membrane filter
caniers (Sartorius, Gottingen, Germany) whose inlet and outlet openings are
widened to 15 mm diameter. ln a carrier a membrane is loaded (ZETA PLUS-
Virosorbl- MDS, AMF, Cuno Div., Meriden, Connecticut.) with a specified amount
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of virus (adsorbed). Towards the inlet and outlet this membrane is covered with two
polycarbonate membranes - membrane sandwich - with a defined pore size of 10
nm diameter (lnfiltec, Speyer, Germany). Due to the small size no virus can pass
through to contaminate the sunoundings, whereas all low molecular components of
the surrounding may pass the membranes which means inactivating or stabilisating
influences from the surrounding media may effect the encovered test virus (pH
value, NH3, temperature etc.).

For tenacity studies several germ carriers were brought into the medium (or
process) of question and removed successively in specified time intervals. By
determining of the remaining infectivity (TClD5g, tissue culture infectious dose) by
titration on permissive cell cultures the virus inactivation kinetics in the individual
process were determined.

Bacterial germ carrier technique : The bacterial germ carrier consists of a hollow
synthetic cylinder covered on both sides with semipermeable polycarbonate
membranes (pore size 0,2 pm) which are fixed with two tight screwable rings
(RAPP, 1995). lt is filled with a 1 to 1 mixture of slurry and the bacterial suspension.
Tenacity studies are carried out similar to those with virological germ carriers and
the remaining infectivity of the bacteria after exposure is determined by titration
according to the "most probable number" method as colony forming units/ml
(CFU/ml).

3. Results

ln both thermophilic aerobic (Fig. 3) and anaerobic (Fig. 1) processes, at
temperatures of about 55 "C, logarithmic reduction (log. red.) of the tested Picorna
viruses (ECBO-Virus resp. ERV) took place within a few hours. Nearly in parallel,
even a little faster, all tested Salmonellae were inactivated. As expected, fecal
streptococci proved to be more thermoresistant, but within 24 hours a titer reduction
of more than 4 powers of ten (p.o.t.) took place in the native germs of the substrate
as well as in those added artificially to the process. The Parvo virus proved to be
the most stable, its titer was reduced under 3,5 (p.o.t.) sometimes, and in all cases
it remained detectable up to the test ends.
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Fagure 3: lnactivation of test germs in an aerobic thermophilic reaclor
(cattle slurry)

Tsmperature

Tenperaturc

Strcp. fG.

Salil. ssnft
ECBO-Vlrus

02 46 natlvs FKS

15 21
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ln one anaerobic plant, also indicated as thermophilic and apparently proven as
such by temperatures of about 55 "C in the reactor outlet, a remarcably delayed
inactivation of the mentioned bacteria and viruses took place (Fig 2.), although the
Aujeszky virus and BVDV as a model for classical swine fever virus, which were
also tested, were quickly inactivated. Accurate temperature measuring in the middle
of the reactor, where the germ carrier were placed, showed only process
temperatures of about 46 "C in that region.

ln most cases, anaerobic digestion at mesophilic temperatures lead to a
remarkable titer reduction of all types of test germs, however in a time range of
days and weeks. An example is given in Figure 4. The enveloped viruses tested
could not be detected after one day only. A certain similarity of the inactivation
kinetics of S.senfienberg and ECBO virus resp. ERV can be stated. ln some €ses
a log. red. of more than 4 p.o.t. took place for those germs within two weeks,
sometimes under the detection limits. Fecal streptococci and BPV however were
reduced mostly by 1 to 2 p.o.t. only in this period of time and could be detected at
the end of all tests. The inactivation kinetics of both germs took place nearly in
parallel in most cases.

ln some tests with reactor temperatures below 30 "C none of the test germs were
inactivated. Even after periods of several weeks, even Salmonellae could be
detected in nearly unchanged titer size.
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ln the socalled cofermentation plants, in which slurry is digested together with other
organic components as animal fat, biologic household wastes etc., the mesophilic
anaerobic treatment processes in Germany mostly include a hygienisation step
consisting of a pre-heating, in which the cosubstrates (not the slurry) are heated up
to 70 'C for t hour, as it is recommended by the Federal Ministry of Agriculture. By
that treatment nearly all tested microorganisms were completely inactivated or at
least reduced over 4 p.o.t. (Fig. 5), as it is demanded for proving sufficiency in

testing chemical disinfectants. Only BPV resisted and was inactivated over 3 to 3,5
p.o.t.

4. Discussion

ln slurry a great number of pathogenic microorganisms may occur and remain
infective for a long time (STRAUCH, 1990; STRAUCH und BALLARINI, 1994). For
slurry treatment plants, where the end products are used for agricultural purposes,
the demand should be that the substrate is sufficiently hygienisized during
treatment. Otherwise new infection cycles may be created and infection chains
closed in the environment, especially in the cases of "cofermentation", because with
the cosubstrates other pathogens from many dffierent origins can be brought into
the process.

Slurry treatment reactors are inter alia marked by two process characteristics. First,
the technical retention time, which is the mean time the slurry stays in the reactor
and is exposed to the process. lt is an important characteristic to assess for
example the efficiency of gas production. For assessment of sufficient hygienisation
the second is of greater importance, the real reactor retention time. This is the
period of time freshly added slurry (or cosubstrates) needs to leave the reactor and
the process via the outlet. As pathogens existing in the substrate, although diluted,
may leave the process by short cut streams, the knowledge of the real retention
time is essential. Otherwise, even in the case of a microbicidal effect of a process
and a theoretically sufficient technical retention time, sufficient hygienisation cannot
be assured if the real retention time is too short to guarantee a sufficient exposure
time of all reactor outlet material to the process. Under this point of view, the
treatment processes must be divided into those with a batch operation mode for the
reactors which guarantees a specific real retention time and those with continuous
flow processes in which the real retention time is unknown and can only be roughly
estimated.

Our studies proved microbicidal effects for both aerobic (ATS) and anaerobic slurry
treatment processes under field conditions. These effects vary in a wide range
depending on the process parameters. As shown before (HAAS et al., 1995; LUND
et al., 1996; PESARO et al., 1995), for the assessment of sufficient thermophilic
treatment, process temperature is one decisive element: the higher the
temperature, the faster the inactivation of microorganisms.
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ln tests of chemical disinfectants according to the instructions of the German
Veterinary Medical Association, a log. red. of 4 p.o.t. of the test germs gives
sufficient effects (DVG, 1988). The results of our studies proved such reduction in

all cases of properly operating thermophilic aerobic and anaerobic processes within
a time of 24 hours for all test germs except BPV. That means that all really
thermophilic plants strictly reduce the risk of pathogenic germs spreading through
the end products, and in €ses of a 24 h batch mode a sufficient hygienisation can
be stated, whereas in continuous flow processes the retention time may not be long
enough to exclude the passage of not inactivated pathogens. But up to now, this
applies only to the fermentation of pure slurry, not necessarily to the end products
of "cofermentation" plants. With cosubstrates like animal fat, meat, bone and bone
tissue containing wastes etc., pathogens may be introduced into the process in a
special form which may protect them against inactivating influences of the process
and lead to a longer survival time. This question is the subject of actual further
investigations.

Another result of our study showed that not every supposed thermophilic process is
in real thermophilic, even if the reactor outlet temperatures reach 55 "C and its
construction is of a known type. The real process depends on the individual case,
comprising the reactor construction, the (unknown) streaming conditions of the
reactor inroom, the process stability, the substrates etc. Hygienisation sufficiency
cannot be judged from outside aspects or by theoretical process parameters, and
not by data gained in laboratory investigations, because they may not be
representative for the actual process. lt's efficiency has to be evaluated for the
specific case under real practical conditions, best by determining the real
hygienisation effects with exposure of adequate test germs and determing their loss
of infectivity.

lnactivation normally takes place also by mesophilic anaerobic treatment , but in a
period of days or weeks, and a log. red. of 4 p.o.t. does not occur regulary, which
means that the process is not sufficient to hygienise the substrate completely (see
for ex. Fig. a). Evaluation has to be done for each individual case, taking into
account the technical substrate retention time in the process and, even more
important, the real mininal retention time (risk of short-circuits). For cofermentation
plants a pre-treatment of other animal wastes (fat and tissues) - the demand of a
previous hygienisation of the co-substrates, as it is shown in figure 5 - is
indispensable for the same reason.

Previous studies (HAAS et al., 1995; PESARO et al., 1995) showed that in
anaerobic processes temperature is only one inactivating component among
others, and our data proved that in mesophilic processes it is not of main
importance, because the inactivation of the test germs occurs at temperatures that
don't lead to inactivation in comparable laboratory tests. According to the
microbicidal influences the effective sum of other components seems to determine
the degree of inactivation. Such components are, e.9., the pH value, the redox
potential and the NH3 concentration. ln our studies we did not succeed in ensuring
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correlations between germ inactivation and such other factors up to now. To
achieve this, complex and systematic research is necessary. However, this will be
feasible only to a limited extend under conditions of a real working plant.

ln our studies we also investigated possible correlations of inactivation kinetics
between some bacteria and virus groups often used as test germs for tenacity
studies in the environment. lt could be shown that the inactivation kinetics of the
tested Salmonellae in the investigated processes nearly conespond to those of the
two picorna viruses used. Viruses of this group are known to be comparatively
stable in the environment, especially against chemical influences - ECBO virus, for
instance, is a limiting germ to test virucidal effects for disinfectants according to the
regulations of the DVG (DVG, 1988). Our results allow the conclusion that
inactivation studies by using sufficient amounts of S.senfienberg W75 in anaerobic
treatment plants, as may be demanded in Germany by law in the future, indicate
the inactivation of Picorna viruses or other environmentally less stable viral
pathogens which may occur in slurry.

However, this applies not to the Parvo viruses which proved to be limiting in other
tenacity studies during anaerobic treatment (BOTNER, 1990; LUND et al., 1996;
PESARO et al., 1995). ln our studies BPV proved to be clearly more thermostable
than fecal streptococci, whereas in mesophilic processes where inactivating effects
may not predominately be ruled by thermic inactivation, both agents proved quite
similar tenacity. But with rising temperature, as the results of thermophilic treatment
plants and pre-hygienisation steps of some cofermentation plants show, fecal
streptococci were inactivated faster than BPV. This is in accordance with LUND et
al. (1996), who compared the tenacity of a bovine enteric virus, fecal streptococci
and porcine parvo virus in anaerobic processes.

BPV - being easy to handle in a virological laboratory and environmentally save -
might be a suitable test germ for hygienisation effects of treatment processes like
thermophilic anaerobic digestion in which thermic influence is the main component
of germ inactivation. The aim of it should not be a complete inactivation of this virus
(because for farming animals this virus group is of no epidemiologic importance,
except the porcine parvo virus) but by its log. red., statements could be made which
are applicable to nearly all specific pathogens, esp. to the economically main
important @uses of animal epidemics that are much more instable against thermic
influences than BPV. Future studies related to this topic are necessary and in
preparation.
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Handling of manure in deep-litter pig houses.

Manutention des ddjections dans les bdtiments porcins
su r litiire biomaitris6e.

Esa Klemola and Sirkka Malkki
TTS-lnstitute, Work Efficiency lnstitute.
P.O. Box 13. FIN-05201. Rajamaki. FINLAND
E-mail : Smalkki@ns.tts.fi

Abstract

Pigs are kept on a thick layer of sawdust bedding in deep-litter pig houses. Ihe
manure is mechanically mixed with the sawdusf every week so that ft sfarfs
composting. Furthermore, the composting process produces heat which then
evaporutes extra moisture. Pig houses arc emptied once a year; the precomposted
manure is heaped in a field to after-ipen. New lifter is spread on the floor and no
separate sforehouse for faeces and uine is needed, since the lifter bedding acfs as
a repository.

A well-functioning deep-litter sysfem entails apprcximately the same amount of
work as does the removal of manure and cleaning of pens in liquid-manure pig
houses pafticularly when the litter is mixed with a cultivator or a screw-mixer.
Moving pigs and opening gates take neady half of the actual working time. Deep-
litter bedding is relatively quick to muck out with a loader.

Unlike the liquid-manure method, where the workload is evenly distributed over the
days of the week and the handling of manure is rclatively simple, the mixing of the
lifter requires peaks of work in the week. Despite regular mixing, the deep-litter
bedding somefiTnes fails to compost; this happens especially under subzero
temperatures and if there are too many pigs in rclation to the floor area, or if
ventilation and extra heating are inadequate. Replacing the lifter paftly or
completely furthers the composting procesg but also considerably increases fhe
workload and litter costs.

Some pig farmers have found the tending of the deep-lifter bedding so laborious
and unpleasant that they have rcplaced it with liquid-manure or solid-manurc
systems. ln order to achieve the composting process of deep-litter bedding, the
number of pigs should often be decreased, which would naturally reduce the
profitability of each pig house. The deep-lifter bedding sysfem has worked well for
sowg for which deep-lifter housing is stillbeing built in Finland.
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R6sum6

En bdtiment sur litidre profonde, les porcs sont plac6s sur une couche 6paisse de
litidre de sciure. Les d6jections sont m6lang6es i la sciure chaque semaine ce qui
permet le d6manage du processus de compostage. Ce m6me processus d6gage
de la chaleur qui ainsi 6vapore I'humidit6 en excds. Les bitiments sont vid6s une
fois I'an. Le fumier pr6compost6 est alors plac6 en tas en bout de champ. Une
nouvelle litidre est 6pandue sur le revGtement.

Un bon fonctionnement de ce systdme sur litidre n6cessite la mdme quantit6 de
travail que l'6vacuation des d6jections et le nettoyage des salles en systdme lisier,
notamment lorsque la liti6re est m6lang6e d I'aide d'un cultivateur.

Cependant, contrairement au systdme lisier pour lequel I'investissement en travail
est continu au cours de la journ6e, le m6lange de la litidre n6cessite des pics de
travail au cours de la semaine. Au deld du m6lange r6gulier des d6jections et de la
sciure, la litidre ne composte pas. Cela se produit lorsque les temp6ratures sont
basses et le nombre d'animaux trop 6lev6 par rapport i la surface au sol ; ou bien
si la ventilation et le chauffage ne sont pas bien adapt6s.

Quelques 6leveurs de porcs ont trouv6 ce systdme de gestion trop laborieux et
d6sagr6able et sont alors revenus au systdme de gestion avec lisier ou avec des
systdmes sur paille. Afin de permettre le d6roulement du compostage, le nombre
d'animaux par unit6 surface doit 6tre r6duit, ce qui diminue d'autant la rentabilit6
des b6timents. Ce systdme de litirlre bioma?tris6e est bien adapt6 dans les
bitiments avec truies qui sont encore construits en Finlande.

1. lntroduction

Deep-litter pig houses rapidly became popular in Finland in the mid-1990s. Today
they are being used in approximately 150 farms which mainly specialise in finishing
pigs and sows. Low construction costs and the possibility to put the pig house
quickly into productive use increased the popularity of this method. The deep-litter
method was also considered safe for both animals and the environment (Klemola
1 e98)

ln deepJitter pig houses the pigs are kept in large pens (usually over 50 pigs per
pen) on litter bedding 5G$0 centimetres deep. Manure is mixed with the litter which
then starts composting. The composting process produces heat which, together
with efficient ventilation and heating, evaporates extra moisture. The volume of
manure also reduces considerably.
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Sawdust is the most common sort of litter used in deep-litter pig houses (Ketola
'1994, Kolhi 1995, Laine 1997), and it is replaced once a year. The precomposted
manure is heaped in fields to ferment further and later to be spread. No separate
storehouse for faeces and urine is needed, since the litter bedding acts as a
repository (Anon. 1992). ln the future, however, storehouses for manure may
become obligatory, when new directions for the handling of manure become
effective in Finland.

The key issue of the deep-litter method is the functionality of the compost, which
has an impact not only on the pigs' welfare but also on the amount of work required
and production costs. Under the weight of the pigs the sawdust becomes so packed
that the compost fails to receive enough oxygen, which then inhibits its composting.
Excessive moisture fills the air pores in the sawdust and the litter becomes
saturated. These problems occur particularly during subzero temperatures when
the evaporation of moisture is inadequate.

The removal of moisture from the litter and the indoor atmosphere of the pig houses
requires more efficient ventilation and additional heating than in conventional pig
houses (Suomi 1995, Pyykkonen 1996). Furthermore, the litter area for each pig
has to be adequate. According to present building recommendations and the
energy calculations made by Puumala and Pyykkonen (1997), the adequate area
per pig in deepJitter houses is 1.5 m', whereas in pig houses with liquid-manure
systems the corresponding area is 0.8 m2 (Kotkansaari and Vddninen 1996).

ln order to create optimum conditions for the composting of the litter, the bedding
has to be mixed every week with a cultivator, a tractor rotavator, or special
machinery. During the mixing, wet sawdust is often moved from one place to
another to equalise the moisture content of the bedding. When necessary, wet
sawdust can also be replaced with fresh, dry litter in places where the pigs usually
defecate.

Knowledge on the impact of the deep-litter bedding on the workload in pig houses is
rather contradictory. Approximately only 2O per cent of those who answered the
questionnaire compiled by Kolhi (1995) thought that the use of deepJitter bedding
increased their workload. Furthermore, the increased workload was not considered
a serious disadvantage. The study conducted by Pyykkonen (1994) also gave a
fairly optimistic outlook of the amount of work required by the deep-litter method. ln
a number of articles, however, the method was criticised for the excessive workload
it demanded; the mixing of the deeplitter bedding was also regarded as laborious
and unpleasant. ln Laine's study (1997),27 per cent of the respondents considered
the deepJitter method easier than the conventional one, whereas 50 per cent
thought it more laborious, and the rest were unable to estimate the workload or
considered it equal in both methods.
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The TTS-lnstitute conducted a work study on the labour consumption required by
the mixing of deep-litter bedding in pig houses and other influencing factors. The
quality of the work done by machines in the mixing of the litter was also studied as
well as the impact of different types of buildings on the tending work.

2. Materials and methods

During 1996-97, altogether fourteen work studies were carried out in pig houses to
calculate the working hours required by cultivators, screw-mixers, tractor loader,
and loading shovel in the mixing of litter. The most commonly used machines in the
mixing of litter are the cultivator and tractor loader. The screw-mixer was developed
specifically for the mixing of litter (Ketola 1994, Kolhi 1995, Jussila and Penttili
1996, PenttiE 1995). The time used in replacing litter with a frontloader was also
defined.

The norms for each machine used in the mixing and replacing were based on the
work study. These were calculated on the assumption that there are ten pens of
fifty pigs each and the litter area is 750 m2 (=1.5 m2 per pig). The norm represents
labour consumption or output. lt includes the various phases of work (e.9. preparing
for the work and actual work), the disrupting factors in the work, the recovery period
which depends on how strenuous the work was, and the amount of working time as
a proportion of the regular daily work routine (Anon. 1988).

3. Results and discussion

According to the work study, mixing the litter with a cultivator or with a screw-mixer
took more or less the same amount of time (Table 1). With a cultivator, a clearly
longer period of time was spent on turning and reversing the machine in the pen. lf
it were possible to have driven through the pig house, there would be less
unnecessary driving. A screw-mixer worked better than a cultivator, since it could
dig deeper for clean sawdust. Mixing was considerably slower with various loaders
and particularly a loading shovel than with a cultivator or screw-mixer. However,
loaders could be used to move wet litter from one place to another and this way
equalise the moisture content of the bedding.

The size of a pig house or compartment contributed to the labour consumption. For
a pig house which was divided into several small compartments, the time used in
mixing the litter could double compared with typical deep-litter pig houses. ln the
latter case, the pens were aranged in a row so that the whole area could be mixed
in two phases.

544



Pig house Labour consumption
min./100m2

Worktime
min./500 oios

Mixing the litter, one person
. with a cultivator
. with a screw-mixer
. with a tractor loader
. with a loading shovel
Opening gates and moving pigs,
two persons.
Preparations (manual), two persons

8.2
10.1
18.4
39.3

15.6
2.2

62
76

138
295

117
17

Table 1

The norms of mixing the litter inpig houses (500 pigs, 10 pens, litter area ZSO m2)
and the working time of two people in a pig house for 500 pigs.

During the mixing of litter, nearly half of the working time was spent opening gates
and moving the pigs. This could be done more quickly, if the gates were lighter and
easier to handle. Larger pens failed to make the work any faster, since moving the
pigs in a large pen was more laborious. ln addition, the more pigs there are, the
more the rate of their growth varies, and they have to be sold in several lots. Even
though tail-biting and other aggressive forms of behaviour ate rate in deepJitter pig
houses, they may become a problem in larger pens (Penttila 1995, Pyykkonen
1995).

Mixing litter in a pig house for 500 pigs took 3.3-7.2 hours, depending on the
machinery used. Correspondingly, the annual working time per pig was
approximately 20 minutes, when the litter was mixed once a week with a cultivator
or screw-mixer. Mixing the litter with a loading shovel took approximately 40
minutes per pig, if there were two persons opening the gates and one person doing
the mixing. lf the whole procedure were regarded as a task for two persons, as it
usually was, the amount of time used would be somewhat higher (Table 2).

Annual labour consumption
Mixing machine min./pig min./pig space min.ipig space

(2 pers.)
Cultivator
Screw-mixer
Tractor loader
Loading shovel

6.2
6.7
8.7

13.7

19
20
26
41

25
27
39
69

Table 2
Labour consumption when litterwas mixed once a week

and there werc three /ofs ofprgs per year
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The sawdust bedding was replaced completely after three lots. lf the bedding was
very wet, it had to be replaced more often. According to the results of the study, the
various working phases in the replacement of the litter were relatively easy and
quick to accomplish. Loading the litter manure was fast. However, cleaning the
edges manually somewhat increased the labour consumption. Replacing the litter
took only 3.6 minutes per pig, if a quarter of the litter was replaced twice before the
complete replacement. This way replacing the lifter took only 1.2 minutes per pig,
when the litter was replaced after three lots (Table 3).

Time according to norm
Mixing machine min./100m2 min./pig space min./pig

Removal of old litter
and cleaning of the pen
Taking new litter in
Partial replacement
of litter (25Y")

102
69

v

1.5
1.0

1.0

0.51
0.34

0.34

Table 3
Labour consumption when the litterwas changed with a fronloader.

Three lots per year per pig space.

Unlike liquid manure, litter manure usually had to be handled twice: first it was
heaped in the field and only later spread where needed, whereas liquid manure was
taken straight from the storage to the field. The amount of manure was
considerably larger in the liquid-manure method, since it contained a lot of liquid,
but the workload of driving and spreading the manure was more or less the same
for both methods.

When all the work in the pig house and the driving of the manure were added, the
overall labour consumption in the deep-litter pig house amounted to 28 minutes per
pig, if the litter was mixed with a cultivator or screw-mixer, and 37 minutes per pig
when using a loading shovel. The size of the pig house and the mixing and
replacing frequency was assumed to be the same as in the previous calculations. ln
the liquid-manure pig house the overall labour consumption was 31 minutes per pig
as calculated according to agricultural norms (Anon. 1988).

For the liquid-manure method, the removal of manure occuned efficiently and the
workload was evenly distributed, except for the spreading of manure on the field. ln
contrast, the mixing of the deep-litter bedding caused weekly work peaks. The
workload was further increased as a precaution against failure to compost. The
mixing of the litter entailed laborious working phases under poor conditions, which
was why tending the deepJitter pig house was often considered unpleasant and
more laborious than it actually was.
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The deeplitter method -has been considered safe for both animals and the
environment. Nitrogen losses may be greater than with the liquid-manure method,
since lots of nitrogen evaporates as ammonia and nitrous oxide (N2O) from the
compost (Groenstein ref. Kaufmann et al. 1997). Nutrients are also easily washed
away, if insufficiently composted manure is piled uncovered in the field, as is often
done today.

4. Conclusion

The tending of a functional deep-litter bedding required more or less the same
amount of work as the removal of liquid-manure and the cleaning of pens in
conventional pig houses. ln practice, however, the mixing intervals in the deep-litter
pig houses had to be shortened or wet sawdust replaced, if the composting process
failed to occur. This increased both the workload and litter costs considerably.

ln the deepJitter method, the litter area had to be 1.5 m' per pig so that extra
moisture could be evaporated by the heat produced by the composting process.
Ventilation and additional heating also had to be more efficient than in conventional
pig houses. The function of the compost could be improved by mixing the litter
regularly. However, problems caused by the design of the pig house or due to too
many pigs could not be solved by mixing deep litter.

Farmers often regarded the tending of the deep-litter bedding as laborious and
unpleasant, particularly if handling the gates and moving the pigs were not
considered when designing and building the pig house. Problems with the function
and handling of deepJitter bedding have decreased the popularity of this method to
the extent that some farmers have already replaced the deep-litter with a
conventional pig house using liquid manure system. For sows, however, the deep-
litter bedding has worked due to correct number of pigs and regular mixing.
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Chairman's summary of part 5.
Environmental impacts

Claude CHEVERRY

Seven papers were presented during this session. The authors mainly focused on
three themes. The first of them was devoted to the metal contents in the animal
wastes (4 papers) :

Chambers and al. have studied the heavy metal contents of a range of animal
manures. Their objective was to give an indication of the < typical concentrations >,

to enable manure metal concentrations to be predicted from a knowledge of feed
metal analysis and finally to identify areas where those heavy metals may be
accumulating at high rates (in East Anglia, UK).

Menzi and Kessler analysed the content of Cu, Zn, but also of Cd and Pb in about
1200 manure samples. They demontrated that the mean (median) content of Cu
andZn in pig manures, and the Cd and Pb content in cattle, pig and poultry manure
have decreased considerably during the last ten years, in Switzerland. At average
animal density and mean heavy metal contents, heavy metal inputs in manures
clearly exceed plant uptake only for Zn in pig and poultry production.

L'Herroux and al. studied an experimental field (< Solepur >) which can be
considered as a simulation model for what happens to metals in pig slurry under
normal field conditions over a long period of time. Their results show that Cu and Zn
accumulate in the surface layer of the soil and very little downard metal movement
was observed.

Cabral and al. conducted a lysimeter experiment using wheat plants on two
texturally contrasted soils. Their results show that increasing additions of solid
phase from pig slurry significantly enhance extractable Cu,Zn, Fe and Mn content in
the top soil, and of Fe, Mn and Zn (but not of Cu) in the plants.

The second theme was related to the hygienic problems linked to storage and
landspreading of animal or human manures (2 papers) :

Martens and al. studied the experimental risk when slurry is delivered to central
treatment plants. Most of the plants, namely those with a pasteurisation step and
those with thermophilic processes succeded to inactivate most of the tested
microorganisms (ECBO,ERV, BPV..). in some plants, the way of running the
process is not optimal.

Hoglund and al. measured concentrations of faecal indicators organisms in 14
human urine collection tanks at two occasions. lt appears that after the six months
storage generally applied for source separated urine, the hygienic quality of the
urine can be considered as satisfactory.
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The third theme was devoted to the problems of handling of manure in the deep-
litter pig houses ( one paper : Klemola and Malkki). The key issue in the sawdust
deep-litter method is the functionality of the compost, which affects the well-being of
the pigs, the amount of work in taking care of the bedding, and also the production
costs. The main problems in the functioning and handling of those litters (specially
during winter) have been described by the authors.
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