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Résumé

Ce volume complète les actes de la 8ème Conférence Internationale d‘un Réseau FAO sur le Recyclage des Déchets Agricoles, Municipaux et Industriels en Agriculture (réseau RAMIRAN), qui s’est tenue à Rennes du 26 au 29 mai 1998. II rassemble notamment une sélection de 39 articles présentés sous forme de « poster » ainsi que deux synthèses issues des groupes de travail.


 Le thème de la Conférence était les stratégies de gestion des déchets organiques utilises en agriculture et cette session poster était organisée en 4 parties:



	Stratégies de gestion des déchets organiques utilisés en agriculture.

	Valeur agronomique des déchets organiques.

	Mesure, modélisation et maîtrise des émissions gazeuses.

	Traitement et gestion des déchets.


Dix articles sont présentés dans la première partie sur le thème des stratégies de gestion allant de la variabilité dans l’épandage de fumiers et lisiers aux systèmes de réglementation en vigueur dans la région Lombarde en Italie.


 La deuxième partie comprend une série de dix articles sur la valeur agronomique, articulés autour de la caractérisation des déchets à recycler, le risque de contamination bactérienne lié à leur utilisation ainsi que la détermination de la dose optimale pour une meilleure efficacité azotée.


 La troisième partie traite de la pollution de l‘air provoquée par l’activité agricole et notamment les émissions d‘ammoniac, de protoxyde d’azote, de méthane et d‘odeurs. Les résultats présentés identifient les principales sources (bâtiment, stockage, épandage) et les principaux produits organiques étudiés: lisiers, fumiers, composts, boues, et témoignent de nombreuses interactions entre ces différents composes gazeux.


 La quatrième partie décrit différents procédés de traitement et de gestion des déchets, notamment des lisiers, à travers des techniques telles que l‘aération, la construction de zones humides ou le traitement chimique par ajout d’additifs.


 Enfin deux articles issus des groupes de travail sur les déchets solides et sur les éléments traces métalliques sont présentés.




General Abstract

This volume extend the Proceedings of the 8th International Conference of the FAO ESCORENA Recycling of Agricultural, Municipal and Industrial Residues in Agriculture Network (RAMIRAN), held in Rennes, France from 26 to 29 May 1998. It contains a selection of poster presentations plus two surveys coming from the expert groups.


 The theme of the Conference was Management Strategies for Organic Waste Use in Agriculture and this poster session was divided into four parts :



	Management strategies for organic waste use in agriculture.

	Agronomic value of organic wastes.

	Measurement, modelling and control of gaseous emissions.

	Processing and handding of wastes.


There were ten poster papers presented in the first part, covering a wide range of topics, from the variability in the distribution of manure from slurry or solid manure spreaders to the regulatory system for manure management in the Lombard region of Italy.


 The organic wastes can be a source of nutrients for plant nutrition. Through the ten papers presented on the theme Agronomic values the wastes have been considered as that source of nutrients but also their contamination potential for soils and waters has been taken into account.


 The third part offered a comprehensive overview on the ongoing research work in the field of gaseous emissions from handling and utilisation of organic residues in agriculture. The authors mainly focused on ammonia, but also on methane, nitrous oxide and odour emissions. It become clear that a lot of interactions occur between emissions of various gases.


 Part four covered the different aspects of processing wastes, with a special attention on livestock slurries through biological processes (aeration, constructed wetland) and chemical approaches.


 Finally two survey papers produced form the expert groups on solid manure and on trace elements are published in this volume.
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Preface

The eighth international conference of the FAO Recycling of Agricultural Municipal and Industrial Residues in Agriculture Network (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 Network on Animal Waste 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 was necessary now to include municipal and industrial wastes as these were increasingly spread on land and were 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 had similar benefit and problems when spread on land.


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



	➢ 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

	➢ 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). This papers were published in a previous proceedings issue. In addition, 50 poster papers were displayed and each was allowed a short oral presentation. A selection of 39 poster papers are published in this book, together with two expert group reports (H. Menzi, R. Unwin).


 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 Institute of Agricultural Engineering, Milan, Italy. It is planned to hold the 9th major meeting in 2002, which provisionally will be hosted by the Research Institute of Experimental Veterinary Medecine at Kosice, Slovakia.




Part 1 bis

Management strategies for organic waste use in agriculture.

Chairman : M. GOSS (Canada)





Poultry Housing and Manure Management Systems : Recent Developments in Italy as Regards Ammonia Emissions

Bâtiments avicoles et systèmes de gestion des déjections : déve/oppements 
récents en Italie, en lien avec les émissions d’ammoniac.



 F. da Borso, R. Chiumenti

University of Udine, Department of Crop Sciences and Agricultural Technologies, Section of Agricultural Engineering, Via delle Scienze, 208 - 33100 Udine, Italy E-mail: Francesco.daborso@dputa.uniud.it

Abstract

Laying hen and broiler keeping systems strongly developed during the last years, aiming to the reduction of environmental impacts (especially of emissions in atmosphere) and to make easier poultry manure management. As concerns broiler structures, no advances technologies are applied, but simple management systems can significantly reduce ammonia and odour emissions ; to give an example, the adoption of an adequate height of litter layer and the use drop-collecting drinking nipples allowed a reduction of ammonia level to 6 ppm, in respect to about 20 ppm of the « traditional » system tested. As concerns the laying hen compartment, several studies on the vertical batteries with manure drying on belts were carried out, showing a sufficiently improved management of poultry manure. Therefore, the possibility of reaching higher levels in dry matter of manure must be closely examined.


 Keywords : poultry manure, ammonia and odour emission, drying, composting.


Résumé

De nombreux systèmes ont été développés récemment dans le but de réduire l‘impact environnement (notamment les émissions atmosphériques) et de faciliter la gestion des déjections avicoles (fumiers de volailles et pondeuses). En ce qui concerne les bâtiments volailles de chair, de simples mesures permettent de réduire les émissions d’ammoniac telles que l‘épaisseur de la litière et l’amélioration des systèmes d’abreuvement.

En ce qui conceme les bâtiments de pondeuses, plusieurs études sur le séchage ont montré leur efficacité. Cependant ces systèmes ne permettent pas d‘obtenir un taux de matière sèche du produit au delà de 50% ; ce séchage incomplet s’accompagnant de nuisances olfactives et d‘émissions d’ammoniac au cours du stockage et de l’épandage.


 Mots-clés : fumier volailles, ammoniac et odeurs, séchage, compostage.


1. Introduction

Modern poultry breeding techniques have been developed with the purpose of improving farm productivity, automation and environmental impacts, both indooors (i.e. animal health and welfare, workers’ safety) and outdoors (i.e. preservation of soil, water and air quality and their related ecosystems). Several studies which dealt with housing and manure management systems have been carried out by our Department in order to have an insight into these aspects.


 The aim of the present work is to review different housing and manure handling systems which are adopted in broiler and laying hen sectors, as far as ammonia emission are concerned.


2. Materials and methods

During a period of 3 years and taking several technical, environmental, energy and economic parameters into account, the following full scale poultry barns were monitored at a full scale :



	I. broiler litter bed floor houses,

	II. laying hen houses with different types of batteries and manure drying systems,

	III. alternative-to-cage systems for laying hens (litter bed and perches),

	IV. laying hen houses with manure drying and storage in deep pit.


When the housing systems were characterized by natural ventilation (systems I and III) ammonia concentration were measured with a photo-acoustic infrared instrument, the Bruel & Kjaer 1320 with 1303 Multiplexer; air samples were taken in several points inside the barn in order to calculate the mean indoor ammonia concentration. Ammonia emissions were calculated basing on airflow rate estimate by means of the carbon dioxide balance method; the carbon dioxide produced by animals was estimated at 41 ml CO2 per kJ of the total heat produced by one bird (Albright, 1990).


 Under artificial ventilation conditions (systems II and IV), ammonia concentrations were measured with the above mentioned instrument; however, air samples were taken in the airflow at the fan oulets. Ammonia emissions were calculated basing on airflow rate measurements by means of hot-wire and magnetic transducer anemometers.



 Further details on sampling points and frequencies will be given in the specific paragraphs.


3. Broiler houses

Most of the broiler produced in Italy are bred on litter bed in floor barns. Several experimental tests were carried out by our Department with the purpose of improving litter management in these housing systems, i.e. litter material, height of the layer, number of birds per m2, drinking and eating equipments, litter discharge and storage methods, etc.; aim of the present review is to quantify the effects of different drinkers on ammonia emissions. With regard to this aspect, tests were carried out in 2 barns which were identical in reference to the number of animals (12,800 birds each), the size (12 m x 99 m each) and the litter material (wood sawdust). Hence, it was possible to compare ammonia levels in the air from barn equipped with nipple drinkers with those from the barn equipped with nipple drinkers plus bowls, used for preventing water dropping.


 Indoor air was hourly sampled during a period of 9 days in summer; ammonia concentrations were significantly lower in the barn with nipple drinkers + bowls, apparently because of a lower moistening of litter below drinkers. The mean airflow rate was estimate to be 2.4 m3 h-1 bird-1 ; this estimate showed ammonia emissions of 0.657 and 0.404 g day-1 bird-1, for the nipple and nipple + bowl drinkers respectively (Table 1).
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Table 1

Results of ammonia determination in broiler barns




4. Laying hen batteries with manure drying

In Italy, a large number of laying hens are kept in new types of batteries which allow a partial drying of manure on the conveyer belts. Since 1991, the following manure drying systems were studied by our Department:



	- air moved by a system of paddles over the belts (Salmet Ô);

	- air blowed by fans through holed air-ducts over the belts (i.e. Valli Ô);

	- air sucked by fans into tunnels over the batteries where manure belts flow (Farmer Ô).


During a period of 1 year, several parameters (i.e. manure characteristics, energy consumption, environmental aspects, etc.) were monitored in full scale barns characterized by different manure drying systems. With regard to ammonia emissions, results are shown in Table 2.






	Manure drying system
	Ammonia emission in winter, g day-1 bird-1
	Ammonia emission in summer, g day-1 bird-1


	Paddle system
	0.031
	0.172


	Air blowed in holed ducts
	0.027
	0.157


	Air sucked in tunnels
	0.027
	0.134


Table 2

Results of ammonia determinations in laying hen barns characterized 
by different manure drying systems



Ammonia emissions from barns equipped with fan drying system batteries were lower than those from barns characterized by paddle drying system batteries, both in winter and in summer. However, it must be noticed that ammonia emissions from all the 3 manure drying systems were considerably lower than those usually shown by batteries without any drying system. In fact, previous studies concerning barns which adopted stair-step cage batteries with gutters and scrapers for manure removal showed that ammonia emissions were about 0.18 g day-1 bird-1 in winter and up to 0.70 g day-1 bird-1 in summer.


5. Alternative-to-cage systems for laying hens

Housing systems where laying hens are not confined in cages are present in several European Countries. Until today, these systems have assumed a relatively little importance in Italy, but the interest in them is growing especially in relation to the animal welfare requirements as well as to the egg marketing advantages.


 Because of this increasing importance, an experimental research was carried out fucusing on the environmental requirements which these alternative systems have to meet.


 During 3 weeks in spring, two alternative poultry barns were monitored; they were identical in relation to the ventilation system (natural ventilation), the relative surface of the bed floor and the perches to the total surface (the litter bed floor was 1/3 of the total surface), the animal density (7 birds m-2), but they differed from each other in the age of breeding animals; one barn kept pullets, the other laying hens.


 The mean indoor ammonia concentration was higher in laying hen barn than that one in pullet barn; the estimated ammonia emission was 0.262 and 0.192 g day-1 bird-1, for laying hens and pullets respectively (Table 3).
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Table 3

Results of ammonia determination in alternative-to-cage housing systems for laying hens




6. Laying hen housing systems with deep pit storage

The housing system with deep pit storage is characterized by a subdivision of the barn into two levels: laying hens are kept in stair-step cages at the raised-floor, while poultry manure is stored at the ground floor during the whole hen production cycle (over 12 months). A mechanical ventilation system allows both the air changing at raised-floor and a partial drying of poultry manure at the ground floor. The inlets of fresh air are located under the eaves, while the suction fans are placed at the ground floor on the side walls. Hence, the air coming from the upper level can pass through the mesh floor and/or through the batteries and it can flow on the manure piles at the ground floor.


 An outstanding research which is presently being conducted by our Department deals both with ammonia emissions from this kind of housing system and manure characteristics during and after the storage period. Tests are being carried out in two barns which are characterized by identical size but different types of floor on the service passages between the batteries; in one poultry barn there is a wire-mesh floor and hence the air can pass both the mesh floor and the cages, while in the other there is a solid floor which allows the air to pass only through the cages.


 Preliminary results have shown that the ammonia emissions from laying hen housing systems with deep pit storage are higher than those from the other housing systems (0.870 - 0.626 g day-1 bird-1, for wire-mesh floor and solid floor respectively, Table 4).





	Floor type in the corridors
	Ammonia emission g day-1 bird-1


	Wire mesh floor
	0.870


	Solid floor
	0.626


Table 4

Results of ammonia determinations in laying hen houses with deep pit storage




7. Discussion and Conclusions

Several experimental studies have been carried out by our Department with the purpose of quantifying the effects of different housing and manure management systems on air quality, and in particular on ammonia emissions.


 Ammonia emissions from poultry barns were important especially in summer. If we consider that the initial nitrogen concentration in laying hen manure is 45 g total N kg-1 dry matter, the calculated nitrogen losses as ammonia emissions ranged from about 6.1 to 39.6% of the total initial manure nitrogen.


 Regarding the final nitrogen content in broiler litter as 35 g total N kg-1 dry matter, the ammonia emissions caused losses which ranged from 22,8 to 32,7% of total final litter nitrogen.


 Drinking equipments for broilers influenced litter bed moisture and consequently ammonia production from the barns. Ammonia emission from broiler barns where drinkers for water loss prevention (i.e. nipples + collecting bowls) were adopted, presented a 38.5% reduction, in comparison with those from broiler barns characterized by simple nipple drinkers.


 Ammonia emissions were reduced down to 80% by timely poultry manure drying inside the barns, in comparison with ammonia emissions from stair step batteries without any manure drying systems and a twice-a-month manure removal by scrapers.


 Ammonia esmissions from the “alternative-to-cage” systems were higher than those from the above mentioned cage systems, but in the same time they were lower than those from the litter bed housing systems for broilers.


 Ammonia emission from the housing systems where poultry manure is stored in deep pit were the highest, ranging from 0.62 to 0.87 g day-1 bird-1, certainly due to the long term indoor storage (13 months); moreover, sensible seasonal effects on ammonia emission could be expected.


 Lastly, it must be considered that the storage of poultry manure inside the barns played an important role on emissions, as regards some of the systems above described. For this reason, further studies should be necessary in order to determine the “global” ammonia emissions from the different housing and manure management systems. For example, considering the poultry manure produced in broiler and laying hen cage barns, it should be necessary to quantify the ammonia losses which can occur during manure storage outside the barns.
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Logistical Considerations for Spent Mushroom Compost Utilisation

Considérations logistiques pour l’utilisation du compost de champignonnières.



 W. Magette, S. Smyth and V. Dodd
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Earlsfort Terrace, Dublin 2, Ireland.

E-mail : william.magette@ucd.ie


Abstract

Intensive agricultural enterprises such as mushroom producers generate volumes of organic wastes that generally exceed the capacity of land resources under their direct control to safely assimilate. In the case of Ireland’s mushroom industry, the fact that producers are concentrated into distinct geographic locations amplifies the problem of safely utilising a by-product of production: spent mushroom compost. This paper presents a preliminary evaluation of the logistical constraints and possible alternatives for both agricultural and non-agricultural uses of spent mushroom compost. Considered are problems of transport, production techniques, regulatory controls, citizen opposition, economics, and inertia against change within the mushroom industry.


 Keywords : waste management, sustainable development, spent mushroom compost.




Résumé

Les entreprises agricoles intensives, comme les producteurs de champignons, engendrent des volumes d‘ordures organiques qui dépassent, généralement, la capacité des ressources du terrain, sur leur contrôle direct, d’assimiler les ordures sans risques.


 Dans le cas de l‘industrie des champignons en Irlande, le fait que les producteurs soient concentrés dans des emplacements géographiques distincts amplifie le problème d’utilisation prudente des dérivés de production. Cet article présente une évaluation préliminaire des contraintes logistiques et les autres possibilités pour l‘usage agricole et non agricole du compost vide des champignons. Nous avons considéré les problèmes de transport, les techniques du production, la législation, l’opposition des citoyens, l‘économie et l’inertie contre le changement dans l’industrie des champignons.


 Mots-clés : gestion déchets, développement durable, compost champignonnières.




1. Introduction

One of the great success stories within Irish agriculture is the mushroom industry that has developed over the last 20 - 30 years. The industry now produces product valued at approximately IR£60 million. Most of this production is exported to the U.K. and other European countries, where Irish mushrooms are renowned for their uniform, high quality and long shelf life. Irish mushrooms are grown at competitive prices due to a unique production system based upon 1) a prepackaged compost growth medium, 2) relatively simple and inexpensive production facilities (i.e. polyethylene tunnels), and 3) a meticulous level of quality control.


 An inevitable by-product of mushroom production is compost that can no longer sustain an economically viable yield of mushrooms. This so-called “spent” mushroom compost (SMC) is rich in organic matter; fairly high in the macro-nutrients nitrogen (N), phosphorus (P), potassium (K) and calcium (Ca); and has a high electrical conductivity (Table 1). Like most other organic sources of nutrients, SMC would be considered an unbalanced fertiliser because the macro nutrients are not in the correct proportions to each other for normal plant nutrition.


 Large quantities of SMC are produced by the industry. A typical production cycle in the Irish mushroom industry is 10 - 12 weeks in duration. When production facilities are emptied of the spent compost at the end of this cycle, a single, typically-sized facility generates approximately 18 t of SMC, resulting in an annual load of 260,000 t per annum for the entire industry. Applying the average values for
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Table 1

Mean composition of spent mushroom compost in Ireland (from Maher and Magette, 1997).





N and P content of SMC as given in Table 1, the industry “generates” 2,080 t of N and 1,014 t of P per annum that must be managed.




2. Key Obstacles to SMC Management


Physical characteristics of the Irish mushroom industry

Like other organic waste by-products that derive from agricultural production, management of SMC by returning it to the land is, ostensibly, the most logical alternative. However, like virtually every other type of intensive agricultural enterprise (e.g., pig and poultry rearing), mushroom production can take place independently of whatever land base is necessary to produce the inputs it uses. Economically, this permits small entrepreneurs with limited capital and land resources to become successful mushroom producers. Unfortunately, it also facilitates concentrations of producers, often in regions that are unsuitable for other types of agriculture. This combination of factors has caused severe environmental problems in Ireland in the recent past with the pig industry (Dodd and Champ, 1983). While being concentrated in distinct regions, individual producers are relatively dispersed within the regions.


 The primary input for mushroom production is fresh compost, which is a special-purpose blend of straw (from wheat or barley) and a nutrient source (typically poultry manure) that has undergone controlled biological degradation.




Lack of Waste Management Oversight

Heretofore, mushroom producers have not had to be directly involved in the ultimate management of SMC. Instead, many producers have simply hired specialist contractors to remove the compost at the end of a production cycle.


 In short, the ultimate management of SMC has been unsupervised; contractors have been left to their own devices for disposing of the material by whatever mechanism yields them the biggest profit. In some cases, farmers have used SMC judiciously for its nutrient value. However, such responsible uses have been overshadowed by the widespread occurrence of the unsustainable disposal practices. Except for large producers that are required to obtain an Integrated Pollution Control (IPC) license from the Environmental Protection Agency, it is not clear that Irish waste management laws apply directly to SMC.




Packaging

Pre-packaged compost is one factor in the success of the Irish mushroom industry. At the manufacturing plant, fresh compost made to specification is mechanically filled into plastic bags, which are loaded onto flatbed (or enclosed) articulated lorries for distribution to mushroom producers. At destination, the bags of compost are off-loaded and placed in the mushroom tunnels, at which time they are shaped into cylinders and trimmed to remove excess plastic from around the tops of the bags. Casing material is placed on the surface of the compost and the production cycle begins. Thus, the bags which originally facilitated compost transport continue service as containers for mushroom production. To this extent, the plastic bags are convenient and utilitarian.


 However, at the end of the production cycle, the plastic bags add to the SMC management problem. On the one hand, the bags themselves represent a waste by-product that requires management. In cases where bags are separated from the SMC, “management” includes incineration and landfilling, neither of which is in keeping with a “recycling” ethos. In other cases, no attempt is made to separate the bags from the SMC they contain, and the bags are co-disposed with the SMC in landfills, sink holes, bogs, fields, and along roadsides. Recycling at a proper plastic recycling facility is not viable at present due to the fact that even after they are emptied, the bags still contain a significant amount of SMC adhering to the bag surface. Even if producers were inclined toward recycling, the fact that they are relatively dispersed would preclude the practice until “regional” recycling facilities become available, until an economically viable collection system is established, or both.




Hygiene

Most mushroom producers are extremely careful about maintaining a high standard of hygiene in and around the production facilities.

Concerns about hygiene also constrain how SMC might be transported from its point of origin to its ultimate point of use. For example, a logical mechanism for returning SMC to where raw materials for the fresh compost originated would be to use the same lorries that transported the fresh compost. However, this practice would introduce the possibility that the compost production facility could become contaminated with organisms pathogenic to mushrooms. This would have a disastrous impact on a large number of producers.




Competition for Spneadlands

The application to land of organic by-products from any intensive agricultural enterprise must follow a mass balance principle (Dodd, 1991). In general, nutrients (or more specifically N and P) are the controlling elements of concern when land applying organic wastes.

However, the same constraint pertains to other intensive enterprises desiring to use land as a waste management option. In addition, government programmes to encourage environmentally friendly farming practices (DAFF, 1996) will further restrict the availability of land for use by intensive producers. Restrictions on soil test phosphorus levels remove additional land from the available pool. In combination, these constraints have a significant influence on the location of new intensive agricultural enterprises (Magette, Carton and Power; 1997) and on the distances that existing producers may have to travel to find suitable agricultural spreadlands. In reality, agricultural land may not always be readily available as a management option for every mushroom producer.




User Demands

As just outlined, when the ultimate management site for SMC is agricultural land, the needs of users (i.e. farmers) are fairly easy to estimate. In general, farmers want an inexpensive, yet reliable source of nutrients in a form that is easy to handle and apply uniformly. If, however, the ultimate destination of SMC were not agricultural land, other users could have quite different demands.


 The landscaping industry is seen to be one potential user of SMC. Leonard (1998) surveyed landscape contractors in the northwest region of Ireland to determine their attitudes about and demands for SMC as a product in their businesses. Respondents indicated they would prefer a product delivered to them (in bales) at a cost not exceeding IR£10 m-3. Home gardeners have been suggested as a possible end user of SMC that has been further composted (Leonard, 1998; Teagasc, 1993), but no market survey to identify demand (in terms of SMC volume and characteristics) has yet been performed.


 Incineration also has been suggested as a potential SMC management alternative (Teagasc, 1993). However, on it’s own, SMC has a rather low calorific value (Smyth, Magette and Dodd, 1998) and is not, therefore, a suitable fuel source. SMC might well be appropriate for co-incineration with other wastes. While incineration would facilitate...
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Total analysis Available nutrients’
% of DM Fresh material (mgL™)
Bulk Density (kg/m®) 329 pH 6.6
Dry Matter (%) 31.5 EC (uS/cm) 7,500
Organic Matter 65.0 Nitrate-N 63
N . 2.55 8.0 kg/t Ammonium-N 50
P 1.24 3.9 kgt P 32
K 2.50 7.9 kgt K 2,130
Ca 7.25 22.8 kgt
Mg 0.67 2.1 kg/t

" Availability analysis was carried out on a water extract from a 1:1.5 volumetric (SMC:water) mixture
and the results expressed as mg L™ of extract.
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Ammonia Estimated Estimated
Type of birds Concentration, ventllatlon rati f ammonia emission,
' mgm* m® b7 bira g day™! bird”
Pullets 54 1.48 0.192
Laying hens 7.0 1.56 0.262
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Estimated Ammonia Ammonia emissipn,
Drinker type Birds / drinker, ventllat/on rate, concentration, g day™' bird”
number m3 h1 bira? mgm”
Nipples 6.5 24 114 0.657
Nipples + bowls 12.4 24 7.01 0.404






