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1 Preface

Encouraged by the importarice and usefulness of an international working group the Board
of Section II of CIGR (President Professor A. Jongebreur, The Netherlands) decided at
the 1989 Congress in Dublin that the Working Group on "CLIMATIZATION IN
ANIMAL HOUSES" should be renamed as CIGR Working Group No 13 on
"CLIMATIZATION AND ENVIRONMENTAL CONTROL IN ANIMAL HOUSING".
The topic for the next report was to be "AERIAL ENVIRONMENT IN ANIMAL
HOUSING" with the subtitle "concentrations in and emissions from farm buildings".

Dr Kirister Sallvik, Sweden, was asked to continue as chairman for the Working Group -
and Ed van Ouwerkerk, The Netherlands, was asked to serve as Secretary.

1.1 Purpose and scope

The purpose and the objective of the third report is to provide both scientists and

advanced advisers with information and basic facts about: o

- production and dispersion of dust (airborne particles) and gases inside livestock
buildings ,

- emissions of particles (pathogens excluded), gases and odour from livestock buildings to
their surroundings. Emissions from storages of manure are excluded in this report.

- practical and useful measurement methods of measuring the contaminants

- effects of the contaminants on humans and animals : o

- methods to reduce indoor production, concentrations and emissions of contaminants

The report also aims to improve the consciousness of environmental responsibility within
animal production. The report will not deal with animal comfort and engineering aspects
of manure handling inside or outside the building.

The work by the Group is carried out in such a way that the Group as a whole has agreed
upon specific problem areas. For each chapter it appointed the most qualified member in
the Group to take the responsibility for collecting material and writing the chapter.
However, subsections were also delegated to another person within the group. The group
as a whole has discussed the content of the different chapters during the annual meetings
where the progressing content has been presented. Also the final manuscript with
corrected English has been approved by the members before printing the report.
Consequently the Group as a whole will have a "multifactorial” responsibility for the
report.

Each author or group of authors prepared the text and figures on disks. Then the material
was collected by the secretary Ed van Ouwerkerk who also prepared the preliminary as
well as the final manuscript. The English language was checked by Martin Sommer at
CRB, Aberdeen. The printing of the report was sponsored and carried out by
CEMAGRETF with assistance from Philippe Marchal.

The revision of the first report was decided to be a separate matter since this Group did
not have the proper competence. The revision should be a responsibility for the Chairman
Krister Sillvik together with interested members of the original Working Group.



1.2 Members of the group

Each member from the previous Working Group on "CLIMATIZATION OF ANIMAL
HOUSES" was invited to continue in the newly-established working group on :
"CLIMATIZATION AND ENVIRONMENTAL CONTROL IN ANIMAL HOUSING"
working on a report on "AERIAL ENVIRONMENT IN ANIMAL HOUSING". o
Resigning members were asked to propose successors. Compared to the former Group, 9
out of 13 members are new. In order to enlarge the interests of the work, new countries .
were invited to join the Group. Finland was the only new country to join. The followmg
persons have been members of the Working Group:

Member | Responsible for chapter #
Dr. Krister Sillvik, Sweden (chairman) 1; 2; 3; Summary

Ing. Ed van Ouwerkerk, The Netherlands (secretary) 4; 5.3-5.8

Prof. Hans-Friedrich Wolfermann, Germany ' o

Ir. Kees van ’t Klooster, The Netherlands ' 5.2

Dr. Stéfano Guercini, Italy

Dr. Irene Kollmann, Austria, 1989-1992 _

Dr. Giinther Schauberger, Austria, 1993- , 4.3; 6.4
Mr. Lauri Tuunanen, Finland 1989- 1993

Mr. Philippe Marchal, France

Mr. Jamie Robertson, Scotland - 3.3, 7 (assistent)

Dr. W111y Jeksrud, Norway 53-5.8 ’
Ing. Mireille Colanbeen, Belgium 43;5.1;6.1-6.3; 6.5-6.6
Dr. Seren Pedersen, Denmark ' 7 (main)



2 Summary of Report 1 and Report 2

2.1 The first report, 1984

In 1976 CIGR Section II (Farm Buildings), initiated a Working Group named CLIMA-
TIZATION OF ANIMAL HOUSES. All together 14 different countries took part in the
Working Group, where Dr M Rist, Switzerland was chairman and Dr K Sillvik, Sweden,
secretary. The areas covered concerned important parameters when calculating heat,
moisture and gas balances in livestock buildings during different outside and inside
climatic conditions. '

The First Report was to provide facts to calculate barn climate (temperature, humidity
and CO,) under different conditions such as type of animal, production level, insulation of
the structure and outside climate.

The Working Group presented its First Report at the 10th CIGR Congress in Budapest,
Hungary, 1984. The report was published by and can be ordered from: =

The Centre for Rural Building, Scottish Agricultural College, Craibstone,
Bucksburn, Aberdeen, AB2 9TR Scotland.

Content of the first report
The First Report on Climatization of Animal Houses consists of fol_lowing chapte'rs: '

Fundamentals. Comparisons of expressions for total animal heat productlon used in
different countries. Equations for lower crmcal temperature for cattle and pxgs and CO2
production.

Practical values. "CIGR-equations" for total heat animal production for cattle, sheep and
goats, swine, horses, poultry (layers and broilers) and rabbits. Equation for the proportion
between sensible and latent heat (non sensible) dissipation inside a livestock building at -
different temperatures. Recommended maximum and minimum relative humidity asa

function of inside temperature.

CIGR recommendations for maximum concentrations of noxious gases in ammal houses
Recommendations are given for NH,, CO,, H,S and CO.

Outside temperature and relative humidity. Climatological statistics with probabilities for
low and high temperatures from following European countries are presented; A, B, CH,
D, DK, F, I, N, NL, §, UK.

Heat losses through the structure. Values for inside and outside surface resistance for different
bunldmg parts in different countries. Method of calculating heat loss through the floor. General
expression for heat losses through the structure.

Ventilation calculation methods. Physical properties of air and CO, Formulas to determine air
flow based on enthalpy-, heat-, CO,- and moisture balance respectively. Examples from pig
and broiler houses.



Adaptation of the CIGR recommendations into national standards or
recommendations and updating of basic equations

In the working group the representative for a certain country has no official authority to’
approve or disapprove the proposed standard. The utilisation of the "CIGR-Standard" is a
matter for the responsible board or authority in each country. In many countries (Austria,
Denmark, Sweden, Norway) and in the DIN-Norm (Germany) the CIGR standard has
been adopted to a very large extent. The report has also been translated into French.

The updating of equations and data in the First Report will be done, it is hoped, in a
special revised version of the First Report.

2.2 The second Report, 1989/1992 - 2nd and revised edition

The aim of the work for the Second Report was to cover the more practical aspects of
climatization systems in livestock buildings. The work was carried out between 1984 and
1992. Chairman of the group of 11 countries was Dr K Sillvik, Sweden and secretary was Dr.
ir. J P A Christiaens, Belgium.

The report contains basic information which is considered necessary for advisors in public
service and in private companies. Since completeness cannot be achieved in this matter the
recommendations or statements in the report are the responsibility of the author(s) of each of
the 8 chapters.

The report was presented at the 11th CIGR Congress in Dublin 1989. The report is published
by and can be ordered from:

The "Centre for Climatization of Animal Houses" (IWONL), Faculty of Agricultural
Sciences, State University of Gent, B-9000 GENT (Belgium).

Contents of the Second Report

Modelling the heat balance of pigs at animal and housing levels
E N Jvan Ouwerkerk The Netherlands '

Based on a computerised model of the heat balance of pigs and ventilation, different thermal

factors in the environment can be evaluated with regard to animal comfort and well bemg The

critical temperatures are given particular examination.

Moisture production and correctzon Jactors for sensible heat
S Pedersen, Denmark '

In the First Report it was mentioned that the equation giving the proportion between
sensible and latent heat as a function of temperature was not accurate for all species and
temperatures. A table with provisional correction factors for the sensible heat loss was
therefore introduced. The correction factor varied between 1.0 to 0.8 depending on

application to cattle or pigs, dry or wet feed and floor type. Basic research on animal heat

balance shows it is necessary to take into account production level (e. g. feed energy
intake) and the physical laws for heat transfer in- and outside the animal when estimating

the proportion between latent and sensible heat dissipation. It is suggested that the original
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CIGR equation should be adjusted with a term containing the lower critical temperature
for the actual animal and its production level.

Design of ventilation systems
K Sillvik, Sweden -
H Bartussek, Austria (Calculation of natural ventilation)

A brief review of main aspects for consideration when designing a ventilation system:

biological-technical-climatic-economical.

A comparison between under-, over- and neutral-pressure systems concluded that:

- during winter either equal- or under-pressure system is the best system -

- during summer equal or over pressure should be preferred getting higher air velocities inside
to relief animal from heat stress and/or to ensure air distribution when windows or doors are
open.

Incoming air may be characterized by physical properties such as air velocity and
temperature profile in the jet. Equations can be used to describe these factors as well as
the jet projection and the comfort parameters at animal level.

Air inlets and fans are discussed form the aspects of the relationship between flow and
pressure drop and also by their influences on the thermal environment. Air inlets in
particular are examined and characterised according to their effect on recirculating inside
air and air inlet velocity. Entrance velocities below 0.2 m/s (i.e. porous ceiling) having
no influence on air movements in the barn. Special attention is given to how to design
and locate outlets to avoid or diminish contamination of the interior air by manure gases.
A calculation method for exhaustmg ducts for manure gas exhausting are presented.

For natural ventilation, both theoretical and practical expressions are presented for stack
effect (winter) and wind effect (summer). An example is glven for an insulated bam for
200 fattening pigs resulting in inlet area=outlet area= 12.3 m%

Minimum ventilation problems in confined animal rooms
H Lilleng, Norway

The consequences of too high a minimum ventilation rate are analysed as are the causes
i.e. leakages through a non-airtight construction reinforced by wind and thermal
buoyancy, and air infiltration. The importance of installing adequate sizes of fan and
using an appropriate control method is pointed out.

Energy recovery in animal houses
M Rist, Switzerland

Different types of air to air heat exchangers are analysed with respect to different types of
efficiency e.g. enthalpy and temperature. The energy efficiency will remain constant at
34% while the temperature effectiveness will decrease by increased air flow, assuming
constant "delta T". Increasing the temperature difference will increase heating capacity:
however, freezing will occur as soon as outside temperature is below -10°C. For a heat
pump, the coefficient of performance, COP, is presented for a winter period.
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Cooling in animal houses -
‘U Chiappini, Italy & J P A Christiaens, Belglum

The thermal requirements for different animals are reviewed. Means of cooling in
livestock buildings are presented e.g. evaporative cooling, cooling air in underground
pipes and cooling by showers.

Ventilation and heating control in animal houses
J P A Christiaens, Belgium

The theoretical considerations regarding characteristics of the house and the control _

equipment (e.g. proportional, "three point" and controls for heating especially floor
heating) as discussed. _

Dust and gases
S Pedersen, Denmark

Practical methods for measuring dust and gases are reviewed. The filter method for dust
and the detection tube for gases are still used the most. Results from dust measurements
in different countries:

-Pig houses, farrowing: 1.4 - 1.8 mg/m’

-Pig houses, finishing: 0.8 - 10 mg/m’

-Houses for laying hens, battery: 1.5 mg/m’

-Houses for laying hens, floor housing: 6 - 40 mg/m’

Practical methods for reduction of indoor dust are reviewed and some results given:
Ionisation: depending of concentration of ions and fraction of the dust, gives 10% and
30% reduction of total and respirable dust respectively.

Electrofilter: the air flow through the filter should be equal or greater than the air flow by
ventilation to get a reasonable dust reduction. '
Oil spraying: gives a reduction to 10 - 50%; the most effective method.

Information on the influence of dust and gases on the health of both animals and humans
and the CIGR recommendations for maximum gas concentrations are given. Notably, the
prevalence of asthma and bronchitis is doubled for p1g farmers as compared to dalry
farmers.

Results from ammonia measurements in different countries:
- Pig houses, farrowing: 6 - 40 ppm

- Pig houses, finishing: 2 - 50 ppm

- Houses for laying hens: 1 - 50 ppm

- Houses for cattle: 0 - 25 ppm
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3 General effects of aerial contaminants

Emissions in and from livestock buildings must be identified and analyzed with regard to
potential detrimental or hazardous effects on the atmosphére, man, animals, buildings and
environment. It is also important to describe the theory behind the causes and the effects
of the contaminants. The emissions being dealt with in this report are categorised as
gases, odour, airborne particles and noise but the report also considers the synergetic.
effects between different compounds.

The individual factors which constitute a problem can seldom be considered in isolation.
Any problem should be viewed as part of a complex system, and can often be addressed
by analysis of that system using circulation and mass balance models. Analysis of the-
system model also reduces the possibility of simply converting a problem at one stage in
the production cycle to another different problem. A major strategy in all cases should be
to minimise the source of emissions, e.g. feed composition and manure handling system.

Some of the emissions from livestock housing become integrated with the complex mix of
natural and man-made gases which make up the lower atmosphere. Some of these
complex reactions are considered to have negative influence on atmospheric stability by
contributing to the acid rain cycle and the so called "greenhouse effect”. Since animal
production is global and atmosphere knows no borders the various problems should be
solved from an international perspective.

Emissions from livestock buildings can cause problems at a local level, especially where
the traditional rural community and the urban population are in close proximity. Present
farming systems have to consider the movement of people into the rural spaces for recre-

- ation and housing, and the concerns of those people. However, the analysis of both pro-

blems and available solutions may well have different requirements in different countries.

3.1 Effects on the environment

Vegetation, soil, surface and ground water are directly affected by ammonia emissions
from animal production units. 80% of ammonia to the atmosphere originates from
agriculture. Simple calculations by Ferm & Grennfelt (1986) show that an important
fraction of ammonia emitted from farming is deposited within a distance of 100 km from
the source. Long distance transport of ammonia as a gas is never observed, but that is
more likely to occur as ammonium.

Nitrogen in the form of ammonia or ammonium is an important nutrient in nature,
affecting many biological processes, directly or indirectly. At low levels nitrogen will
have a growth stimulating effect on plants, fungi and micro-organisms. Nitrogen will also
change soil processes and partly influence the competition between organisms. High
deposition of nitrogen oxides and ammonium contribute, together with SO, and volatile
organic compounds, to an acidification of both soil and water. The soil effects can be
attributed to a change in the nutrient balance between nitrogen and other important
nutrients. This enrichment of soil and water contribute to eutrophication (changes in the
vegetation due to increased availability of nitrogen).
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The effects of emissions of particulates from livestock buildings are predominantly
restricted to the immediate environment around the buildings. Most particulates are
precipitated on the surrounding structures and vegetation, and the effect is usually
confined to a general unsightly visual impact and a possible negative effect on hygiene.
However, some particles, including pathogens, can travel considerable distances and there
is circumstantial evidence that pathogemc bacteria may remain viable over a distance of
3km. (Goodwin, 1985)

3.2 Effects on animals

The effect on animals of the actual emissions or compounds are described in each
chapter. Many of the effects will be multifactorial in origin and direct relationships
between air quality factors and animal health can be difficult to measure. There is,
however, substantial evidence to show that some gases and particulates have a negative
effect on the health and productivity of animals. As a general strategy, production
techniques should aim to reduce exposure to aerial contaminants to the lowest practical
level.

The possibility of an interaction between air quality and livestock health is related to the
systems. of animal production in use. Many modern production systems involve geneti-
cally similar animals under considerable environmental pressure, characterised by high
stocking densities, high physiological growth rates and social pressures. The opportunity
for disease transmission is high, and any environmental pressure which may compromise
the immune status of livestock can be considered a production problem (Kelley, 1985)

The evolution of current production methods has concentrated on maximising output from
each unit of input. One effect of this has been engagement in methods for which the
primary measures of output, such as growth rate, are well researched, but where
secondary effects are not well understood. The effects of gases and dusts arising from
intensive husbandry methods are a good example of secondary production problems.

The practical constraints of any production method have to be a primary consideration
when approaching the general production problem of air quality in livestock housing.
Methods vary substantially both within and between countries. Climate will influence
available food and bedding materials available, and their quality. The duration of housing
and design of individual buildings will depend to some extent on the range of climatic
conditions in an area. Design criteria related to climate are available for many countries.
Examples of outside temperatures and humidity from different European countries are
given in the CIGR report "Climatization of Animal Houses, 1984".

3.3 Effects on humans

The Report considers the effect on humans from two aspects; firstly the effect of aerial
factors on persons within a building, and secondly the effects on those living nearby.
Persons working in livestock buildings are exposed to a complex mixture of aerial
contaminants, and some can develop respiratory problems. Typical problems include
hypersensitivity, pneumonitis, chronic bronchitis, acute inflammation, occupational
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asthma and toxin fever (Donham, 1978; Rylander,1986). Exposure to gases has a variety
“of negative effects, from mild irritation of the respiratory tract through to death. Exposure
to hydrogen sulphide gas from slurry handling operations can be lethal (Donham et al.,
1982) Medical problems occur significant more frequently in people managing liquid
manure as compared to those who manage solid manure (Ruth, 1987).

The general philosophy towards reducing the risk of harm from aerial contaminants is to
reduce exposure. Exposure can be reduced or eliminated, depending on the strategy
applied. The first consideration is to eliminate or reduce the production of the
contaminant at source. Thereafter the application of engineering control methods or
changes to work practice which will reduce exposure should be considered. The final
approach has to be the provision of protective clothing and equipment which is suitable
for the contaminants present. However, although the use of protective clothing is a
common and apparently low-cost solution it makes no acknowledgement of the exposure
problems of the livestock or the problems created by emissions.

The exposure to odour, dust and noise from livestock buildings by persons living nearby
must not be ignored by the agricultural industry. Some people exposed to these factors
suffer severe irritation and may suffer psychologically. The increased interest in and
application of legislation which oversees emissions is evidence of popular concern about
agricultural pollution. In some countries legislation is being invoked which places on any
business which produces emissions a requirement to assess the concentration of those
emissions and to reduce them to acceptable levels.

The following chapters of the Report attempt to describe current knowledge on the
production, behaviour and effects of the main air quality factors in livestock buildings,
with a view to reducing some of the problems which have evolved with modern produc-
tion techniques. The problems and the potential solutions are varied and concern many
contributory factors, and new factors may emerge. The current interest in animal
production systems which address animal welfare may produce unwelcome new problems
in terms of air quality, whilst environmental concerns will produce new production
constraints. The agricultural engineer is well placed to understand and provide solutions
to these problems. This report deals with the effect on humans from two aspects

- working inside a livestock building

- living close to a livestock building.

Humans exposed to gases and air pollutants can develop allergic reactions or respiratory
diseases (Iversen & Takai, 1980) and suffer from direct toxic effects, sometimes at lethal
levels. People exposed to odour and noise from livestock buildings may suffer (psycho-
logically) and their situation should be taken seriously and precautions taken.
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4 Air flow, air flow patterns, measurements and theory

4.1 Introduction

Air movements in livestock buildings are caused by pressure differences, which are
initiated by sources such as animal heat production, cold structure surfaces and in some
circumstances, heaters and external wind. Air movements are also created by incoming
air jets from the inlets. The influence of exhaust openings on air movements in a free a1r
space is limited to about two diameters from the opening.

The aim of the air distribution in a ventilation system is to obtain a good thermal and
gaseous environment for the animals. Thermal environment includes both air temperature
and air velocity. In winter, the incoming air will "drop” easily from a baffled inlet,
whereas in summer the jet will have a very long throw. Randall, 1975 and Sillvik, 1979,
give some guidelines for prediction of air flow patterns in livestock buildings.

When trying to obtain a desired airflow pattern under different outside temperatures, i.e.
with a difference between temperatures inside and outside the building, At, the system
imposes restrictions on what is obtainable. The airflow rate, normally based on heat
balance, "cooling", through the building, is a function of At. In systems with exhaust
ventilation with no recirculation of inside air, the air velocity in the inlet is a function of
At. The velocity of the incoming air and the impulse of the incoming jet are effected by
adjustment of opening and inlet characteristics. Since inlets must be evenly distributed and
the pressure drop cannot exceed 20 Pa, inlet air velocity is restricted to a maximum of
about 3 m/s when At exceeds 15°C. Consequently it is not possible with a baffled inlet to
maintain a stable airflow pattern during all seasons (Sillvik, 1979).

Randall and Battams (1979) conclude that stable air flow patterns exist when the
Archimedes number (ratio depending on buoyancy and dynamic pressure) is less than 30
or greater than 75. Intermediate values should be avoided to prevent unstable patterns and
unstable environmental conditions near the animals. The Archimedes number has been
shown useful to predict airflow pattern stability in some instances (Leonard et al., 1986),
however, research has not yet proven the Archimedes number to be a useful criterion for
airflow pattern stability in animal housing ventilated by slotted inlets (Albright, 1990).
Berckmans et al. (1992) and Zhang et al. (1993) modelled airflow patterns for imperfect
mixed ventilation control in livestock buildings using physical laws. Obstructions in air
streams mostly influence main airflow direction (King et al., 1972; Randall & Battams,
1976; Choi & Albright, 1988). ' ‘

Numerical models using finite-volume solution (Patankar, 1980) and k-& models are
being developed to predict air flow patterns in livestock buildings for temperature
distribution and air speeds (Timmons et al., 1980; Christensen, 1993; Van Ouwerkerk et
al., 1994), for contaminant. distribution (Janssen & Krause, 1988; De Praetere & Van der
Bxest 1990; Hoff & Bundy, 1993) or for particle transport (Maghirang & Manbeck,
1993).

In calculations and simulations the value of the coefficient. of discharge (WllSOIl et al.,
1983) at inlet openings (Klooster, van 't & van ’t Ooster, 1993), porous ceilings and
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Figure 4.1  Example of airflow pattern of a mechaniéally ventilated dairy building with
slatted floor and large manure pits in winter, derived from numerical
simulation

slatted floors- (Schulte et al., 1972; Yu et al., 1991) is of major concern for the results of
the prediction of airflow patterns. :

For three-dimensional, non-isothermal conditions with living animals in realistic situ- -
ations, these models are still in the development stage and not yet widely available as a
design tool. A '

4.2 Inside buildings
Visualisation of air flow pattems

The visualization of air flow patterns is an important and often essential step before any
measurements of gas concentration, temperature or air speed in the house are made. It is
impractical to measure at every point, and measurements are often limited to average,
minimum and maximum values of relevant parameters at locations near the animals. In
finding the locations with minimum and maximum values, it is highly advantageous to -
know the air flow pattern. The air flow pattern canbe found either by measuring the air
speeds and air temperatures or by mixing smoke with air. The temperature of the smoke
should be close to the air temperature so as to avoid thermal effects on the air flow
pattern. When introducing smoke it is important that the smoke is in-the inlet stream and
directed perpendicular to the inlet flow, in order to avoid the smoke influencing the air
jet. Another problem that can be made visible with smoke is the air flow beneath the slats
in animal buildings. When such air flows pass through the slots, they may carry high
concentrations of ammonia and other gases to the farm animals’ environment.

A commercially available type of smoke device is the "Minimist". Other possibilities are

the use of smoking powder, the use of titanium tetrachloride liquid or the combination of
ammonia and sulphuric acid. They create some health risks for the operators. Smoke pots
as used in beekeeping, although cheap, are difficult to control and may release sparks and
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create fire risks. For very local measurements of air flow patterns, small smoke generat-
ing tubes are available. Suppliers include Driger. Smoke tests can also be used to
establish the air leakage of a building by introducing large amounts of smoke to places
that may be leaking. Another technique that can be useful is the use of an infra-red
scanner which visualizes the temperature profile in the building: this technique is however
more expensive. '

Measuring exhaust air flow

The ventilation rate in a building is normally controlled at the exhausts. The air distribu-
tion pattern is influenced by the ventilation rate. For a stable air flow pattern in the
building it is important therefore to be able to control the ventilation rate. For the control
ventilation rate and estimating emissions form the building it may be necessary to
measure the ventilation rate. For on-line measurement of ventilation rates there are
several techniques available. In mechanically ventilated livestock buildings the measure-
ment of fan speed gives an indication of the ventilation rate, but unless the exact pressure
difference over the fan is known, no accurate measurement of the ventilation rate is
possible. A full size anemometer in the exhaust chimney can measure the ventilation rate
(Berckmans et al., 1991), provided cylindrical chimneys are used and the pressure
gradient is always in the same direction parallel to the axis of the chimney. In buildings
with natural ventilation it is not possible to measure directly the air speed because. of the-
large openings and low air speeds. Indirect methods include measuring the carbon dioxide -
balance of the house, which may be used when the carbon dioxide production of animals
and manure is known (Feddes et al., 1984; Ouwerkerk, van & Pedersen, 1994; Klooster,
van 't & Heitlager, 1994). Other alternatives that are currently under investigation include
a heat balance, the use of tracer gas, or measuring pressure gradients, where the resis-
tance coefficients of openings must be known (Ooster, van ’t, 1994; Heiden-de Vos, van
der, et al., 1994; Scholtens & van ’t Ooster, 1994).

For occasional measurements of air speeds (and ventilation rates) several types of
instruments are available. For measurement of low air speeds (0.1 m/s and upwards) the
use of thermal or hot-wire anemometers is recommended. The direction of the air speed

is normally not measured, although a thin thread attached to the probe is quite helpful,

but special versions of these instruments are available at considerable cost, that can
measure the air direction as well as the speed. Cup anemometers and small propeller
anemometers are suitable for measuring airspeeds at inlets and outlets. They measure
from above 0.2 up to 2.0 m/s depending on type. Pitot tubes are not recommended in
livestock buildings. Measurement of the pressure difference as an indicator of ventilation
rate with inductive, capacitive, piezo-electrical sensors or with strain gauges are (still) not
very suited for the rough and dusty conditions in livestock buildings that are combined
with small pressure gradients.

4.3 Outside buildings

The air flow pattern outside a livestock building, as caused by the location of ventilation
exhausts, follows the same physical laws as in the house, but is mainly influenced by
mass flow, temperature and direction of the exhaust flow and by the ambient meteorologi-
cal conditions. This dispersion process is important in studying the effects of offensive
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odours released from the building to the immediate surroundings. In chapter 6 (odour),
methods are given to predict or calculate the dispersion. One practical method to reduce
the nuisance caused by noise and odour is to use vertical exhaust chimneys positioned as
high as possible and create high air speeds in the exhaust chimneys. The noise and odour
levels will be considerably reduced at the perception point. The exhaust point could also
be moved to the corner of the building that is opposite to adjacent human habitation. In
extreme cases it is even possible to locate the exhaust point of mechanically ventilated
buildings at a distance from the building, but this requires additional investment and
consumes more energy.

Turbulence processes are the main driving forces for the dispersion and dilution of
gaseous pollutants. A certain emission will be dispersed in the atmosphere, depending
upon some well-known meteorological parameters, such as wind-velocity and wind-
direction. But another important factor is the stability of the atmosphere : the greater this
stability, the more dispersion will be prevented. Several authors (Pasquill, 1974 ; Turner,
1974; Klug, 1966) have created their own stability categories, depending upon different
meteorological parameters. In the Centre for Nuclear Research in Belgium the mean
vertical temperature gradient (+ 1.0 *C/100 m) and the wind velocity are used. to obtain
seven stability classes (Bultynck et al., 1970).

Trying to predict possible air pollution assumes knowledge of all these factors that lead to
a certain concentration of those gases which may be annoying or even harmful. The aim
of dispersion models is to develop reliable methods for calculating the atmospheric dilu-
tion of pollutants in order to prevent or avoid nuisance. The formula used to predict a
certain concentration is a solution of Fick’s differential equation for dispersion:

dC _ 6*C N C &C

— =K + ]
dt ox?  oy*  o6z?
where:
C = concentration (odour units/m?>)
t = time (s)
X, ¥,z = coordinates
K = coefficient of turbulent diffusion

A possible solution of this equation is given by the so-called Bi-Gaussian plume-model
which is often used to describe or to evaluate the atmospheric dispersion. Any odour
discharged into the atmosphere is carried along by the wind and diluted by the turbulence
which is always present in the atmosphere. Due to dispersion a plume of polluted air is
produced which.is roughly shaped with the apex toward the source.
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For the two coefficients of dispersion ¢, and o, different schemes are. in use. For a rural
environment some of these schemes were compared by Carrascal et al. (1993). Most of
the parameters for calculating both coefficients are defined for a distance greater than 100
to 150 m approximately. Therefore the concentration C cannot be calculated for the area
between this distance and the source.

For this area, the diffusion close to a building, the concentration can be estimated by
following equation:
c-XQ
u 1?

where C is local concentration, K is a dimensionless concentration coefficient depending
on the distance to the source and the geometric situation (source, building), Q is the
source strength, u is wind speed at a reference level and 1 is the distance from the source
measured along the axis of the plume. Briggs (1973) used a coefficient K=4 for his
approximation, whereas Scorer and Barret (1962) used a value K=2. '

Meroney (1982) gives a good overview of the concentration field -produced by a source in
the vicinity of a building.

For larger distances (> 10 - 15 km) wet depdsition and chemical reactions change the
concentration of observed pollution.

The calculation of the coefficient of reflection is described in VDI 3782 Part 1 (1992). By
using this factor sedimentation and deposition is taken into account to guarantee mass
conservation in the plume model.

The equation of the Gaussian plume distribution can be simplified to give the concentra-

tion at ground level i.e. z = 0 and taking full reflection (p = 1) into account :
This Gaussian model supposes that the concentration of a gaseous compound is normally
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C xy,0;H) = —__9 el eI
' 27uo, o,
distributed in the horizontal and vertical direction around the average value. The formula
is used for point-sources, but in many cases the source itself is rather line-shaped. In this
case the above equation is modified :
_@-Hy _(z+Hy
C x,0,z;H) = Qe . [e 7, e _"r]
2 m uo,
The line source is considered to be along the y axis and of infinitite length The direction of
the wind is perpendicular to this line source. This equation can be simplified to give the
concentration at ground level from a linear source, i.e.
z = 0 (Camney & Dodd, 1989) :
HI
C oz = (2 - L7
T ou
Carney & Dodd (1989) state that when the odour is dispersed from an area (e.g. a field
spread with slurry) the linear model gives good agreement with the experimental values if
the model is used with an effective width of 10 m. However, it is not suggested that this
effective width of 10 m will hold true in all cases.
In general, the prediction of concentrations of different gases will be possible using above
mentioned theory. So it is possible to identify the area of land likely to be affected by
malodours from a proposed livestock building (Carney & Dodd, 1989). Nevertheless. it is
possible to obtain results that do not agree 100 % with the real situation.
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5 Gases

5.1 Introduction

Gases in livestock buildings originate from the animal’s respiration, but the main source
from changes in microbial composition of the faeces and urine (i.e. manure decomposi-
tion). The gases of concern are ammonia, methane, hydrogen sulphide and carbon dioxide
(end products of manure decomposition). Next to these fixed gases, there are also many -

other gases that arise as intermediate breakdown products in the anaerobic decomposition -

of stored manure. The decomposition is moderated by a complex population of anaerobic
bacteria, grouped as acid formers and as methane producers, that obtain the energy for
their life processes by degradation (Merkel et al., 1969). The main manure constituents
are proteinaceous material, carbohydrates and fats. Biochemistry and organic chemistry
have been useful in indicating the classes of compounds that one might find in a manure
storage pit where anaerobic decomposition is taking place : organic acids, alcohols,
aldehydes, amides, amines, sulphides, etc. Temperature, pH and water activity are three
crucial factors affecting the metabolism of the micro-organism population, and thus have
an influence on the breakdown process. '

Physical chemistry indicates those compounds most likely to be important as atmospheric
contaminants; in particular, vapor pressure and solubility are two important parameters in
evaluating a compound’s contribution to the atmospheric pollution. Within a specific
homologous serie, the higher the molecular weight of a compound, the lower its vapour

pressure. Thus, the smaller members of any series are normally the more important with

respect to atmospheric composition (Merkel et al., 1969). The solubility of a compound
influences the volatilization process : insoluble gases like methane escape immediately
after production while soluble ones, like ammonia, carbon dioxide and hydrogen sulphide
can be retained in available solutions and react with other, already present, substances.
Solubility of many compounds is influenced by the solution’s pH. Besides pH, tempera-
ture also plays a decisive role in volatilisation. Relatively small increases in the tempera-
ture of broiler houses give rise to substantial changes in ambient ammonia levels (Elliot &
Collins, 1982).

Research has identified a host of organic compounds in the air near manure storages.
Many of these compounds are known to be odorous in trace concentrations. Their odour
nuisance is considerably more critical than their menace to health.

Under conditions with adequate ventilation there has been no evidence that these gases
can reach harmful concentrations for animals and humans. However, insufficient ventila-
tion and the release of gases when stored anaerobic waste is removed or agitated can lead
to accidents. Solid manure does not release gases in quantities injurious to animals and
humans (Skarp, 1975). Liquid manure set in motion by pumping, mixing or cleaning-out
releases large amounts of gases, particularly H,S, which sometimes appear in lethal
concentrations (Taiganides and White, 1969).

More detailed information regarding the fixed gases NH,, CO,, CH,, etc. is found in the
following paragraphs, while the other odorous gases (the previously mentioned intermedi-
ate breakdown compounds) are discussed in chapter 6 "Odours".
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5.2 Ammonia and other nitrogen containing volatiles

Introduction

Animals need protein for maintenance and production processes in their bodies. Producers
attempt to provide their livestock with diets with adequate levels of the essential amino
acids. The nitrogen in these diets is partly retained in the animal body and partly
excreted. In Figure 5.1 the nitrogen flow is given for growing pigs. The excreted nitrogen
in the form of manure may release gases within the livestock building of which ammonia
is a large part but other gases like amines, nitrous oxide and nitrogen monoxide may also
be released. Analysis of air samples from pig production units showed that methylamine
(mono-, di- and trimethylamines) was present in all units (Miner & Hazen, 1969; Kliche,
1980). v ’ '

Nitrogen from feed or skin or manure particles, may become aerial contaminants in the
form of quatenary ammonium compounds as part of aerosols. Ammonia has received
much more attention than the other nitrogen containing contaminants because of the
relatively high concentrations of ammonia. Ammonia concentrations within livestock
buildings affect human and animal health. Especially in winter with low ventilation rates,
concentrations may reach high levels (Kangas et al., 1987; Robertson, 1992). Ammonia
emissions from intensive livestock production buildings contribute to environmental
damage at local and global levels. Over 80% of ammonia production originates from
agriculture (Dohler & van der Weghe, 1990).

As the nitrogen in the feed diet is the primary source of ammonia and other nitrogen
containing volatiles, varying the diet composition, including appropriate amino acids, is
an important possibility for reducing the production of these aerial compounds. This
principle has been verified (Gatel & Grosjean, 1992) and has been compiled in mathemat-
ical models (Aarnink et al., 1992; Dourmad et al., 1992).

N -flow

| | Feed 100% |

¥

|- Animal 34% |

[Urea 36% | [Faeces 30% |

I

| .| Manure 66% |

L AN 4
| Spreading 53%||[Room air13% |

| Soil 40% | | Ambient air 13% |

Figure 5.1 Nitrogen flow for growing pigs' (After Verdoes, 1990).

Production of ammonia

In this section some basic principles of ammonia production from animal urine and faeces
are covered. A much more detailed coverage of this subject is given by Groot Koerkamp
et al. (1990).
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Manure may contain undigested proteins and N-compounds in the faeces and end products
of protein degradation which have been excreted through the kidneys (urea by mammals
and urine-acid by birds). Urea is only found in poultry manure when urine-acid
(CsH,O5N,) is broken down to urea (CO(NH,),).

Chemical, enzymatic or microbial processes can transform nitrogen-containing compounds
into other nitrogen containing compounds, like ammonia. The various nitrogen

containing compounds may be divided into three categories:

- N,: nitrogen in mineral form: NH,, NO;, NH,*, NO,

- N,: nitrogen that is released within one year from organic nitrogen compounds

- N,: nitrogen that is released in subsequent years by mineralisation of the organic matter.

For the production of ammonia in livestock buildings the nitrogen in mineral form is
important. When manure is stored within the building N, can also play a role.
Total ammonium produced (QNH‘+) is estimated by Aarnink et al. (1992) as being
dependent on feed intake (F)), digestible and total crude protein (dcp and cp) in the feed
and protein retention by the pigs (G,) and the percentage of organic matter already
converted into volatile fatty acids and biogas (Acqp). Typical ranges are between 1 and 10
g/day per pig.

QNH‘+ = 0.194 (dcp - F, - Gp +0.01 - A,p - (cp - dep) - F) kg/day per pig

Ammonia (NH,) is a gas that may be present in air, or it can be dissolved easily in water.
Ammonia dissolved in water is called aqueous ammonia. Ammonium is the NH," ion; it
is easily soluble in water and can be present in air when ammonia reacts with other
compounds.

NH,* (as ammonium salt)

Air ¢
NH, (ammonia)
3
Liquid NH; + H,O 2 NH,OH 2 NH," + OH
ammonia - aqueous ammonia  ammonium

The aerobic degradation of urine to urea in poultry manure has been described by Carlile
(1984). During this process, which involves several reactions, water and oxygen must be
available and for each molecule of urine acid one molecule of carbon dioxide and two
molecules of ammonia are released.

The velocity and degree of conversion depend on temperature, for which an optimum at
37°C is presumed, on pH (optimum at pH = 9 according to Vogels & van der Drift
(1976))-and on water activity.

Urea can be transformed into ammonium:

O urease
H,N-C-NH, +3H,0 = 2NH, + 2 OH + CO,
urea water ammonium  hydroxyl-ion carbon dioxide

The enzyme urease is present in faeces. Most of the urea is in the urine. Mixing urine
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and faeces therefore enhances the production of ammonium. Reaction velocity also
depends on pH, concentration of urea and temperature. A pH between 7.8 and 8.8 gives
the quickest conversion of urea to ammonium, according to Mothes (1973).

Nitrogen-containing compounds in manure can be transformed by microbial processes
under anaerobic circumstances into mainly CO,, CH,, H,, H,S, NH,, amines, indole,
skatole and butyric acid (Oldenburg, 1989). High concentrations of ammonium may
indirectly inhibit methane production (Wiegant & Zeeman, 1986). The anaerobic degrada-
tion processes in manure are given in Figure 5.2.

Organic Wastes

\l/‘ N W »
Inorganic Organic

]
Nittbgeneous  Carbohaceous  Sulphureous
N A N4
Proteins Lipids Carbohydrates

v
. Pe;Vtides Glycerol Sug-érrs FiEre
A4

v
Amino Acids Fatty acids Alcohols | Sulphides
| ] J

Volatile acids

4 Cellulose Lignin
Compounds of

Cu,P,K,Zn,Mn, W
CaCoFeHO NHy HO CHy CO, HsS

Figure 5.2  Schematic representation of anaerobic decomposition processes in manure
(Taiganides, 1987).

yal

Aerobic decomposition of nitrogen-containing compounds in manure is possible and may
generate heat (composting). Nitrogen is in this case mainly converted into ammonia. This
ammonia may escape to the air or may be embedded in bacterial protein or, through
nitrification, be converted into NO,. Production of bacterial protein requires carbon and
‘nitrogen in a ratio roughly above 20 to 1. Full conversion of nitrogen into bacterial
protein is only possible with large amounts of carbon, e.g. 5000 kg straw would be
necessary per dairy cow per annum (Kirchmann & Witten, 1989).

Nitrification of ammonium requires oxygen:

NH,* + OH" + 20, = NO;y + H;0* + H,0O
During nitrification the pH decreases and at a value of approximately 5.5 the process
stops because the nitrifying bacteria cannot tolerate acid environments (Evans et al.,
1986). When, during or after nitrification, oxygen is no longer available, denitrification -

an anaerobic process - may res6ult in products as follows:

2NO; + 10H,0* +10e= N, + 20H + 14 H)0
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Besides N, another intermediate product, N,O, may also be released during the
denitrification process.

Aqueous ammonia and ammonium are in a chemical equilibrium in liquids. The fraction
(F) present as ammonia depends on temperature (T in °Kelvin) and pH of the liquid. Van
Helvoort (1988) gives the following equation:

F — 1/(10(0.09018 + 2792.92/T - pH)+ 1)

F is small for low pH values and for low temperatures. In manure, pH is typically
around 8. Freney et al. (1983) have studied the equilibrium between aqueous ammonia
and ammonium in liquids. They found that the ammonia fraction increases with an
increase in temperature. The equilibrium between ammonia in air and in liquid is affected
by the concentrations of ammonia in air and in liquid. Ventilation patterns in livestock
buildings may cause constant low aerial concentrations of ammonia directly at the
evaporating surface and stimulate ammonia volatilization. The flux of ammonia from
liquid to air also depends on the surface area. For poultry manure the effect of moisture
content on ammonia emission is given in Figure 5.3.

20 Ammonia release rate

microbial moisture limited optimum anaerobic
100 .................................................................................................
destrucfion growth growth conditlons

80

60 / \

A B4 B N
/ N

o [l 1 1 | - -1 1 1 1

6 5 10 2 30 40 50 6¢ 70 80 80 100
Moisture content (%)

20 /

Figure 5.3  The influence of moisture content on the emission of ammonia from poultry
manure (Elliot & Collins, 1983).

Diffusion of ammonium, aqueous ammonia or ammonia in liquids will occur when
concentration gradients are present. The nitrogen losses from manure storages have been
modelled by Muck & Steenhuis (1982). Ammonium may also be adsorbed by clay
minerals, organic matter, etc.

The following conclusions can be drawn:

- Ammonium is readily produced from urea in urine from cattle and pigs and from urine
acid from poultry. Production of ammonium from faeces (organic matter) is much
slower.
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- Early separation of urine and faeces can reduce ammonia volatilization in cattle and pig
manure. ’ ‘

- Contamination of areas with manure increases the air/manure surface area and therefore
the ammonia production rate.

- A pH value below 6 would virtually eliminate ammonia emission from manure. Storage
of manure at temperatures below 10 °C also strongly reduces ammonia emissions. Lack
of air movement directly above the manure surface reduces ammonia losses from the
manure.

- Nitrification and subsequent denitrification can convert ammonium into N, but may also
release undesirable intermediate products like N,O and NO. '

Behaviour and dispersion of ammonia in air

Several investigations have been carried out to survey the dispersion of manure gases in
livestock buildings. Wide variations in concentrations over various locations have been
reported by several authors (Simensen, 1981; Aengst et al., 1983; Conceicao, 1989).
O’Connor et al. (1988) reported concentrations of from 17 to 123 ppm in broiler build-
ings.

Some studies include modelling the behaviour and dispersion of ammonia. Anderson et al.
(1987) have modelled the volatilization of ammonia from homogeneously mixed manure.
Zhang et al. (1990) refined this model by distinguishing an aerobic, a microaerobic and
an anaerobic zone in the manure. The dispersi6bon of ammonia in the air in livestock
buildings has been modelled by Janssen & Krause (1990) and Krause & Janssen (1991).
They use so-called eddy diffusion coefficients to calculate mass flux vectors in an
Eulerian coordinate system. The relation between volatilization and air speed has been
discussed by de Praetere & van der Biest (1990).

The air movement will greatly influence the ammonia concentrations. As production takes
place at or below floor level concentrations in a pig building will generally decrease with
height (Figure 5.4). Gustafsson & Martensson (1990) demonstrated, for stables with
laying hens with deep pit manure storage, that an increase in ventilation reduced the
ammonia concentration but increased the total emission of ammonia from the building.

o0 NH3 concentration (ppm)

150 N

i
o

05 0 05 1 15 2 26
Height above slats {m)

Figure 5.4 Concentrations of ammonia at different heights above the manure in a pig
building with a manure level at 0.4 meter under the slats.
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Diurnal and seasonal variations in ammonia concentrations occur (Clark & McQuitty,
1987; Leonard et al. 1984; Martensson & Lundgvist, 1991). The effects of ventilation on
the concentration, dispersion and emission of NH3 is very complex and generalization
should be avoided (Anderson et al., 1987).

Ammonia can be converted in the air into ammonium containing compounds. In livestock
buildings, concentrations of negative ions in the air are low and ventilation rates are high. .
Conversion of ammonia into ammonium within the building will therefore hardly take
place. In the external atmosphere, however, this conversion does take place.

High concentrations of aerial ammonia in combination with condensation of water vapour
may result in nitrite formation in the condensed water. Under commercial conditions,
dripping of this water and subsequent ingestion by broilers has caused deaths through
nitrite poisoning. The conditions included low ventilation rates, high ammonia concentrati-
ons (70-100 ppm), and high moisture levels, causing NH3 conversion to nitrites (6000 -
16000 mg/1) and nitrates (1630-1700 mg/1) (Litgens & van Eykelenburg, 1987).

Measurement of ammonia concentrations and emissions

The measurement strategy for measurement of ammonia concentrations depends on the
effects to be studied in an investigation. Effects on humans, animals, and the environment
should include measurements of ammonia concentrations at, respectively, the nose level of
humans, near the noses of aninials, and at the air outlets of a building. Spot measure- '
ments to detect "average" conditions within a building or maifunctioning of ventilation
systems are easier to make and can use simpler techniques than determination of averaged
concentrations over time, or continuous measurement of concentrations to establish

diurnal patterns or to measure emissions under varying ventilation rates.

For environmental studies, the total output of ammonia has be determined and the air flow
8leaving the building must also be measured. Various techniques can be used to measure
ammonia concentrations and emissions (Ouwerkerk van, 1993).

Gas detection tube

Gas detection tubes are. widely used for spot measurements because of their low cost. A
known volume of air is drawn through a tube containing a chemical whereby a reaction of
ammonia with the chemical causes a changed in colour of the chemical. The tube length
where the colour has changes is related to the amount of ammonia. The tube has a scale
that can be used to read the ammonia concentration. Gas detection tubes are easy to carry
and to use, are cheap and give instant readings. Some other components of the air may
produce interference. The readings give an indication of the concentration, but accuracy is
+ 15%. Suppliers of gas detection tubes include Driger, Kitagawa and Gastec.

Impinger
Ammonia concentrations in gases can be measured by drawing gas through three absorp-

tion flasks. The first flask is for collecting the ammonia, the second to check for satura-
tion and the third (empty) flask collects any liquids, thereby protecting the pump. The
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ammonia is trapped in acid. At a laboratory the samples are analyzed by HPLC
spectrophotometric techniques, by titrametric techniques or other analytical techniques.
Impinger sampling can be used for spot measurements. Sampling time is usually around .
20 minutes, and the calculated concentration is an average concentration over that period.

To calculate the ammonia concentration in the sampled gas in ppm (v/v) the following
equation can be used:

c -GV RT 1
*® tF, P M,
where
C, = ammonia concentration in gas, ppm (v/v)
C, = ammonium concentration in acid, mg/1
v, = volume of acid, 1. '
t = sampling time, min.
F, = gas flow rate, m*/min.
R = gas constant, 8.2054 x 107 litre atm.K™! mole
T = gas temperature, K.
P = atmospheric pressure, atm.
M, = Molecular weight, gr.mole™.

To compare the various measurements the results are recalculated to standard temperature
and atmospheric pressure.
The impinger method is accurate but labour intensive and requires laboratory facilities.

Infrared (IR) gas analysis

The analyzer utilizes infrared light in its operating principle. The sample is drawn into the
cell by the integral air pump and absorbs energy from an infrared beam. One speaks of
Non Dispersive InfraRed (NDIR) analyses if one particular wavelength is used. The
amount of this absorption is measured by the detector and converted into concentration
units. Some types have a double beam whereby autocalibration is possible. One type can
measure the absorption at five different wavelengths, whereby cross-compensation from
interfering components is possible. With Fourier Transform InfraRed (FTIR) Spectro-
scopy the entire infrared spectrum can be scanned, then analyzed for their specific
absorption characteristics. FTIR can be far more discriminating than conventional
spectroscopy and can detect, identify and measure several different gases simultaneously.
Suppliers of IR analyzers include Briiel & Kj&r, Miran, ADC, Siemens and MDA.
Auxiliary equipment is necessary for calibration and correct ut111sat10n of IR gas ana-
lyzers. The analyzers themselves may also be expensive.

Electrochemical sensor

The cell consists of a pair of polarized electrodes isolated from the ambient air by a gas
permeable membrane. As the target gas diffuses into the sensor, a redox reaction occurs,
generating a current proportional to the gas concentration. Suppliers of electrochemical
sensors include EIT, MDA, Ecolyser, Interscan, Sensidyne and Drager. Some suppliers
are working on versions that are suitable for livestock buildings. The sensors are designed
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as an alarm system that detects high concentrations under normal_]y_negligible baékground
concentrations. This type of equipment is often portable. For use in livestock buildings -
the durability, reliability and accuracy of these sensors can be very limited.

NH;=NO convertor and chemiluminisence nitrogen oxides analyzer

At the sampling point a NH;=NO convertor is located. The convertor is kept at a

temperature of 750°C. Stainless-steel is used as catalytic active metal. At this temperature
NH, and NO, are converted into NO. A generated excess ozone concentration reacts with
NO whereby photons are produced. It measures: NO concentrations based on the reaction:

NO + O, - NO, + O, + hv

The NO concentration is directly proportional to the measured photon flow. During
transport some NO may oxidize to NO,. A convertor converts any NO, into NO at high
temperatures prior to entering the reaction chamber. In a dual-channel system the first
channel with NH, convertor measures NH; and NO, and NO and the second channel
without NH; convertor can measure the ambient air for NO and NO, concentrations,
when the concentrations of NO and NO, in ambient air are not negligible. :
This principle can be used for continuous measurement of ammonia concentrations and is
used in ammonia emission measurements (Scholtens, 1990). It requires auxiliary equip-
ment. It is too expensive to use for spot measurements.

Passive samplers

A passive sampler is a cylinder of inert material with a surface at the bottom that reacts to
the specific gas, in this case ammonia. Willems & Hofschreuder (1990) describe the
technique as low-cost for material, but laboratory analysis of the samples is necessary. A
variation coefficient within duplex samples of 5% is given.

Ammonia emission measurements

For the measurement of ammonia emissions from livestock buildings it is necessary to
combine a technique that allows (semi-) continuous measurement of ammonia concentra-
tion with a technique that can measure continuously the air flow through a building.
Besides the techniques mentioned above, a special electronic sensor is also reported to be
able to measure ammonia concentrations continuously (Krause & Janssen, 1989). To save
on the costs of ammonia concentration measurement it iS common practice to use a
multiplexer to serve several sampling points with one analyzer. This means however that
air has to be transported from the sampling point to the analyzer and ammonia ‘is a gas
that is readily absorbed in the transport line. FEP is a tubing material with low absorption
of ammonia, but it is expensive. Condensation within the transport line must be avoided
at all times. The measurement of air flow through a livestock building can be measured in
mechanically ventilated buildings when a full size anemometer is used near the fan
(Berckmans et al., 1991). The full size anemometer can give accurate results under static
conditions. Accuracy under dynamic conditions, such as natural ventilation, is not yet
established (Berckmans et al., 1992). Reports on techniques for measurement of ammonia
emissions are available (Kessel, 1990; Anon., 1993).
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Effects of ammonia
Effects on humans

The significance of ammonia on human and animal health is that it acts as an irritant at a
cellular level within the respiratory tract. The frequency of exposure to gaseous ammonia
in agriculture at concentrations which are immediately harmful to health, will be very -

low. Present data suggests that, although histological change occurs in the upper respira-.
tory tract at 50 ppm, there are no gross effects on health. Severe health effects have only
been measured above 50 ppm.

The major point about atmospheric ammonia is that it can be harmful to health in

combination with other aerial pollutants or respiratory pathogens. Experimental work has
demonstrated that ammonia, in the presence of other agents, can have a significant effect
on health at concentrations which are frequently recorded in intensive livestock buildings.

In a study of dust and ammonia in pig buildings and stockmen’s respiratory health, 21%
(6/29) of workers reported headache. This nonrespiratory symptom was attributed in all
cases to the presence of ammoniacal odour. All spot measurements of ammonia made
during the study were below 25 ppm (Robertson, 1992).

In pig housing ammonia levels above MAC-values are found (Donham et al., 1977). The
additive and possibly synergistic effects of ammonia and dust may require lower permiss-
ible levels in animal housing as compared to industrial hygiene standards (Donham,
1991).

Effects on livestock

The results of studies which examine the direct effect of ammonia on animal health
remain inconclusive. Pigs subjected to 10, 50, 100 and 150 ppm showed no effect on the
efficiency of feed conversion, although there was a highly significant negative effect on
feed consumption and average daily gain (Stombaugh et al. 1969). A negative effect of
increased ammonia concentrations on the growth rate of young pigs was also found by
Drummond et al. (1981). The presence of high levels of ammonia has been-shown to
delay the onset of puberty in gilts. In one trial, gilts raised with ammonia concentrations
of 20 ppm attained puberty eight days later than those in buildings with 10 ppm ammonia
(Malayer et al., 1988). .

Chickens exposed to 60 to 100 ppm of ammonia showed a reduction in growth rate,
appetite, feed consumption and egg production (Charles & Payne, 1966). However,
neither respiration rate nor measured blood parameters in calves were significantly
effected by short periods of exposure to 50 or 100 ppm atmospheric ammonia.

Synergetic effects

Ammonia, dust and microorganisms have been shown to be additive in their negative -
effect on animal health. The relevance of this in practice is that ammonia may be

34



damaging at lower concentrations than the 50-100 ppm conditions used in the experimen-
tal conditions described above. The hypothesis is that dust and ammonia create a physical
and chemical burden on the respiratory system, which in turn compromises. the immune
system and greatly facilitates the entry and multiplication of infectious micro-organisms in
the respiratory tract.

An example of the synergistic effect of aerial pollutants is given by Oyetunde et al. (1978)
although the ammonia and dust concentrations used in the experiment are extremely- high.
They demonstrated that the effects of E. Coli on turbinates/trachea/lung and alveoli
lesions were further increased by either ammonia or dust, but not by dust and ammonia
interaction. Further studies of the effect of dust and ammonia on turkeys (Wolfe et al.,
1968) found that the incidence of airsacculitis was significantly affected by high dust
levels, but not by ammonia or a dust/ammonia interaction. Ammonia concentrations were
0-8 ppm (low) and 20-30 ppm (high), and dust concentrations were 3.5-14 mg/m3
(normal) and 21-35 mg/m3 (high).

The interpretation of the various results may be simplified by the suggestion that aerial
pollutants only have a gross affect on livestock performance in the presence of a respira-
tory pathogen. In a study of 1117 pigs from 12 commercial pig units, there was a
significant linear but not proportional relationship between the mean ammonia concentra-
tion in the farrowing building and the incidence of enzootic pneumonia (E.P.) and the
severity of atrophic rhinitis of the piglets once they had reached slaughter weight (Robert-
son et al., 1990). They could also relate E.P. to ammonia and dust concentrations.

It was concluded that the presence of the relevant pathogen is required to produce a
positive relationship between the concentration of ammonia (or dust) and the severity of
disease, and that the relationship is only valid when the ammonia is present during the
development stage of the disease.
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“Figure 5.5 Relationship of ammonia concentration to respiratory disease in pigs.
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An influence of NH; on vaccine efficacy has also been found. The addition of super-
phosphate to broiler litter, which produced ’almost optimal’ NH, concentrations in the air,
improved the antibody titre to Newcastle disease vaccination compared with a control
group. Two weeks after vaccination, mean antibody levels were 1:128 in the control -
group as compared with 1:256 in the experimental group (Semen & Demchuk, 1985).

Ammonia at both 50 ppm and 100 ppm reduced both the systemic and local resistance to
infection under experimental conditions for unweaned pigs (Neumann et al., 1987).

Effects on the environment

Nitrogen oxides and ammonia contribute, together with SO, and volatile organic com-
pounds, to an acidification of the natural environment. Nitrogen oxides and ammonia
emissions also contribute to an eutrophication of the natural environment. This enrichment
of the environment with nitrogen stimulates growth and can disturb natural cycles. The
effects are described by Anon. (1989). In some parts of Europe, like the Netherlands, the
effects on the natural environment are quite severe and call for a reduction in ammonia
emissions from agriculture (Anon., 1987; Déhler & van den Weghe, 1990).

Reduction technology

The concentration of ammonia in livestock buildings depends on type of feed, type of
animal, organization of the building, season, ventilation principles, manure handling,
hygiene, etc. The choice of a particular t4echnology to reduce ammonia levels and/or
emissions has to take into account the fact that a technology may change the proportions
and concentrations of other pollutants (dust, CO,, H,S, etc), may have an effect on health
and performance of pigs, should have low investment and operating costs and should
provide a healthy and safe environment for the farmers. At the moment some scientific
results are available but information is still partial and incomplete. The various stages
where ammonia volatilization may be reduced are given in Figure 5.6.

N-flow management

@ <+<— diet control

climatic control

m +—— genetic selection
pen design
(Urine| |Faeces| +— separation, removal
ventilation
m <« additives
treatment, removal
Room air +«—— filtration, scrubbers
|Env|ronment| <+«— beyond control

Figure 5.6 Management possibilities in livestock buildings to minimize the volatilization of
ammonia.
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The primary source of ammonia is nitrogen in the feed. The better nitrogen is utilized by
an animal, the less nitrogen will be excreted by the animal. It is recommended that the
exact amounts of amino acids in the diet be provided to meet the nitrogen requirements of
the animals. One of the practical problems encountered in following this recommendation
is that the amino acids requirements of animals change with age and weight. Feed
delivery systems that can adjust the daily composition of a diet by varying ratios between
two or more feed formulas are available (Beers et al., 1991) but usually require additional
investment. Additives to the feed (or the manure) generally do not show a reduction in
amounts of ammonia released from the manure under practical conditions (Kemme et al.,
1993; Krieger et al., 1993). Where the effects of additives were positive, it was often in
situations where ammonia concentrations were extremely high.

When manure is produced the release of ammonia within a livestock building can be
minimized by control of the following factors:

- Evaporating surface

- Separating urine and faeces

- Storage period

- Temperature

- Lowering of nitrogen concentration in manure

- Air velocity above surface

- pH

The type of slats, the animals’ behaviour, the ventilation system and the manure handling
system all influence one or more of the above-mentioned factors. It is generally expected
that the larger the percentage of slotted area, the less surface is available for evaporation
and the lower the ammonia volatilization will be. A wide slot (0.08 m) between wall and
slats has also given encouraging preliminary results in partly slatted pig buildings. Animal
behaviour may influence floor fouling. Ventilation systems are recommended which create
a comfortable microclimate in laying areas and a slightly colder microclimate. in intended
dunging areas (Randall, 1980). In mechanical ventilation systems the extraction of air
from beneath the slats may reduce the ammonia concentrations in a livestock building and
therefore create a better environment for humans and animals in the building. Because of
higher airspeeds and lower concentrations of ammonia in the air directly above the
manure surface, it may however increase the release and emission of ammonia to the
environment. Stable air flow patterns with low air speeds in the building generally prevent
air exchange with air from manure pits. A minimum distance of approximately 30 cm
between slats and manure levels is also expected to reduce the volatilization of ammonia
(Sallvik, 1994). Regular smoke tests to check air flow patterns should be incorporated as
a routine in livestock buildings.

Once ammonia is released from the manure and is present in the air above the manure,
the exposure of humans and animals to ammonia can be minimized by correct air flow
patterns and/or extraction of the ventilation air close to the ammonia emitting surfaces.
The exhaust air of the ventilation system emits ammonia to the environment; this emission
can be reduced by scrubbing or filtering the exhaust air. Biofilters and wet scrubbers are
effective in reducing ammonia and odour emissions from livestock buildings (Scholtens &
Demmers, 1991; Pearson et al., 1992; Colanbeen & Neukermans, 1992b), but do not
protect humans or animals within buildings against ammonia inhalation. Increases in
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ventilation rates reduce the exposure of humans and animals to ammonia and, conversely,
reductions in ventilation rates reduce the emission of ammonia to the atmosphere (Gust-
afsson & Martensson, 1990).

Some manure systems are more effective at containing the ammonium within the manure
than others (Tomescu & Marschang, 1977). Flushing systems have reduced ammonia
volatilization of ammonia in pig buildings by 60% (Hoeksma et al., 1992), but require
substantial processing of the manure outside the building. Other types of chemical and
physical treatment are currently being researched (Klooster, van ’'t & Voermans, 1994).
Frequent removal of poultry manure by conveyor belts reduced the ammonia emission by
60 % (Oosthoek et al., 1990).

The applicability of techniques mentioned above depends strongly on the type of housing.
For cattle buildings the following techniques can, depending on building design, be used
to reduce ammonia volatilization in practice (Dohler & van der Weghe, 1990):

- Sloping floor with scraper and urine gutter

- Sloping floor with scraper under the slats

- Flushing system above slats

- Flushing system on solid floor

- Addition of acid in storage of manure

- Flushing system under the slats

- Mechanical lock on storage of manure -

- Reducing contact surface between manure and air

- Use of extra straw in the building

For pig buildings the following techniques can be used in practice to reduce the

-volatilization of ammonia in pig buildings:

- Scraper under slats with or without separation of urine and faeces :

- Reduce emitting surface in the slurry pit, e.g. pans and gutters (Verdoes et al., 1993)

- Shallow pits under slats, with reduced storage periods :

- Sewage pipes for frequent removal of manure to external storage

- Flushing system with level floor or sloping floor (Hoeksma et al., 1993)

- Create specific dunging locations within pens

- Reduce slat surface

- Wide slot between wall and slats .

- Deep litter systems, layers of 0.4 m and over using sawdust, straw, etc. where the heat
released by the composting process evaporates water (Voermans, 1992).

- Smooth surfaces, easy to clean

- Oligolyse (Colanbeen & Neukermans, 1992a)

In poultry buildings, three techniques can successfully reduce ammonia levels in practice:
- Drying of manure in the building

- Frequent removal of manure from the building

- Insulation (and heating) of the floor (Ouwerkerk, van & Voermans, 1985).
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5.3 Carbon dioxide
Introduction

The production of carbon dioxide is related to the animals’ metabolism, and can be used -
as an indicator gas for air quality in buildings. With knowledge of CO, production from
the animals and the CO, concentration of the ambient air, we can calculate the air flow
rate simply by measuring the CO, concentration of the exhaust air. The gas is easy to
measure, and can be used to examined local air quality at the animal level. In naturally
ventilated cold buildings, measuring air flow rates by CO, is one of the few methods
possible.

Production and origin

The total CO, production is a sum of three components: animal respiration, rapid
breakdown of urea in urine and anaerobic breakdown of dry matter in the slurry.
Production from animals’ respiration is the dominant part, forming over 96% of the total
carbon dioxide production (Ouwerkerk, van & Pedersen, 1994). :
In Europe, carbon dioxide production in livestock buildings is usually calculated using the
German code (DIN, 1974) or the CIGR equations (CIGR, 1984). The German code DIN -
18910 (1974) gives figures for carbon dioxide production levels of 0.15 1 h! W! for
lactating cows, 0.15 - 0.17 1 h! W*! for fattening pigs and only0.13 1 b W for laying
hens, which seem to be very low. By comparison, Schneider (1988) found carbon dioxide
production for lactating cows and fattening pigs of 0.163 1 h'' W', the same as given by
CIGR (1984), and Hilliger (1982) found a figure of 0.216 1 h* W-! for pigs. Others found
fattening pigs to have a carbon dioxide production of 0.2146 - 0.000406 m (I h! W)
(s=8.8 and R?=0.69), where m: body weight (kg) (Pedersen, 1992 derived from data
obtained from Thorbek et al., 1984). Clearly, there is a need for more applied research to-
resolve these disparities.
The carbon dioxide production from livestock buildings is about 0.17 to 0.20 1 b'* W' of
total heat production, if the respiratory quotient RQ is taken into account (Ouwerkerk,
van & Pedersen, 1994). RQ ranges from about 1.0 to 1.2 at normal to high production
levels. For fattening pigs the carbon dioxide production from urine is (Ouwerkerk, van &
Aarnink, 1992): , -
' Meo, uine = 0.251 (dep - I, - G)

where M, ;.. :carbon dioxide production from urine (kg), dcp: digestible c‘:rude'protein
content (kg/kg), I: feed intake (kg) and G,: protein retention (kg). :
Regarding the production from anaerobic breakdown of dry matter in the slurry when not
agitated, for fattening pigs Van Quwerkerk & Aarnink (1992) give:

M, = 0.62 GP,

where GPjy: biogas production (kg).
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The biogas production (kg) is (Ouwerkerk, van & Aarnink, 1992):

4  Acop
GP, ik~ 100 t- -df ) -1

where LR: loading rate (%), acop: T€lative percentage of organic matter converted into
biogas per day of storage(%) t: storage time (days), df,,,: digestibility factor of orgamc
matter and I : organic matter intake (kg).
The total range of carbon dioxide from urine and biogas varies from 0% to about 4% of
the total carbon dioxide production in the piggery (Ouwerkerk, van & Pedersen, 1994).
For pigs, Gustafsson & Martensson (1988) found a total (animals and manure) CO;
production (g/h per pig) of:

Mg, = 19.5 + 1.756 m

where m: body weight (kg). For chickens on straw, Gustafsson & Martensson (1990)
gives (g/h per bird):
My, = =038 + 44 m

If the birds are young the amount of carbon dioxide released by fermentation of the straw -
or litter can reach much higher levels < up to 50% of the total carbon d10x1de production -
(Beek, van & Beeking, 1992).

The production of CO, has diurnal variations. First of all, carbon dioxide production by
animals depends on activity (Hel, van der, et al., 1986; Verstegen et al., 1986;

Schrenk & Marx, 1982; Ouwerkerk, van, 1987; Ouwerkerk, van & Pedersen, 1994).
Especially, activity is increased during and after feeding times. Less is known about
diurnal variations of carbon dioxide production from manure. Increased animal activity,
with more droppings in the manure, may result in extra agitation of the manure.

Dispersion

In livestock buildings gases are undergoing a continuous mixing process. There are
differences in airflow pattern between summer and winter conditions. Temperature
differences on building surfaces and airspeed from air inlets are the two main factors
governing air flow in insulated buildings. In naturally ventilated cold buildings, wind
speed and direction are the major factors together with the area and location of openings. |
The main factor in the mixing process is the heat production from the animals. They are
heating up air which becomes lighter and a upward air stream is often established.
Because of mass flow balance, a equal amount of air moves downward in areas with
fewer or no animals. Air velocities of about 0.1 m/s are quite usual because of heat .
convection from the animals. How these factors are distributed, whether they are pulling
the air in the same or opposite direction to each other is important for the mixing process.
Since the density of CO, is 1.98 kg/m® which is heavier than air (1.29 kg/m?), CO,
should be at the highest concentration at floor level. This assumption has not taken into
consideration that CO, is emitted in the warm exhaled air from the animals. CO, disper-
sion related to time and location for some livestock buildings is measured and reported on
by Séllvik (1973) and Norén (1974).
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Measurement

It is important to take into account the time of day when carbon dioxide concentration will
be measured because of the aforementionéd animal activity which affects the production
of carbon dioxide. It is also important to realize that persons entering the livestock
building to measure carbon dioxide may cause increased activity of the animals, especxally
pigs, and hence influence the measurement.

Carbon dioxide can be measured either continuously or incidentally. Incidental measure-
ment may be carried out as a routine check or as a useful tool in diagnosing ventilation
faults. Infrared analysis and gas detection tubes will be discussed in this section.

Infrared analysis

An amount of air is heated and led through a chamber. In the chamber a beam of infrared
light of a specific wavelength is sent through the air sample. The percentage absorption of
this beam is measured and converted into a carbondioxide concentration. Accuracy of
determination is approximately 1.5% of full scale. Stability of reading is usually about
10% of the full scale over 3 months after calibration. No references on possible cross -
interference have been found.

Infrared gas analyzers can be equipped with tubes carrying air from the sample point to
the analyzer. T-junctions, with two equal length of tube, can be used to mix air from a
few sample points in the livestock building.

Gas detection tube

A chemical reaction can be used to determine the concentration by means of colorimetry.
The measurement has a relative standard deviation between 10% and 15%. Systematic
errors can be made in the calibration during manufacture, chemical changes may occur in -
tubes during storage, or an improper amount of air can be passed through tubes. Cross
interference by other gases or vapours is not a problem with carbon dioxide. Tubes

should be stored below 30°C, and pumps should be checked before use on leakage.

Basic information on gas detection tubes is given in BSI (1976), Council of Europe
Resolution AP (74), Drigerwerk (1986) and supplier information from Gastec and
Kitagawa.

Effects on animals and humans

Under normal conditions in livestock buildings carbon dioxide concentration level is
between 500 and 3000 ppm. There is no health risk to humans or animals at this level.
The threshold limits is set to 3000 ppm by Council of Europe. Since CQ, is easy to
measure, it is used as an 1nd1cator gas for other more dangerous gases- in livestock
buildings.

Although CO, is rarely life threatening, some effects are reported for animals exposed to
3000 - 10000 ppm for a longer period (Mehlhorn, 1979). Hoffmann (1979) kept chickens
in an aerial environment with 3500 ppm CO, for 36 days and found one of the blood-
parameter (alkaline phosphatase) significantly increased. Effects of high CO, on the
immune system are reported by Veit et al. (1985).
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Reduction technology

The concentration of CO, in a room can be reduced by increasing the ventilation air flow
rate.

5.4 Methane
Introduction

Under normal conditions methane is a harmless gas in livestock buildings, but is one of
the "greenhouse effect” gases. Methane is an explosive gas at higher concentrations. It
can build up in poorly ventilated manure storages facilities.

Production and origin

Methane is produced by anaerobic breakdown of manure. There is some CH, emission.
from cattle, because of CH, producing bacteria in their stomachs. Considerable work has
been carried out on methane production in biogas reactors during anaerobic digestion of
manure for energy purposes.

Van der Honing, (1984) found that a cow’s stomach production was about 37 litres of
CH, per kg dry matter of feed intake. If the cow takes 17 kg dry matter a day, the release
of CH, will be about 0.5 m*/day.

Methane release from pigs is not a respiratory process, as with cattle. Demeyer & Van
Nevel (1975) refer to Barker in their description of methanogenesis. Production of =~
methane takes place in the gut by bacterial breakdown of glucose (in diets with a lot of
fibre) by which CO, i6s reduced into CH,. Crutzen et al. (1986) estimate the methane
‘production while using energy rich diets at about 0.6 % of the gross energy intake GE,
based on digestion and respiration experiments with fattening pigs (Schneider & Menke,.
1982). Verstegen (1971) gives a value of 0.5 % at a body weight of 20 kg and about 1%
at body weights of 80-100 kg. The energy content of methane is 55.65 MJ/kg (Crutzen et
al., 1986). The gross energy intake is, according to the equations of the Oskar Kellner
Institute at Rostock (Van Es & Boekholt, 1986):

= (24.2 cp + 36.6 cl + 20.9 cf + 17 nfe) - I, (MJ)

where cf: crude fibre (kg/kg), cl: crude fat (kg/kg), cp: crude protem (kg/kg), nfe:
nitrogen free extract (kg/kg) and I;: feed intake (k2g).
The gut-generated methane production is:
0,006 - GE '
= D0 Mk
ches = “ 5565 (8

The methane fraction of biogas is about 65% by volume, 40% by weight (Hoeksma,

1984; Voermans & Van Asseldonk, 1992). The average biogas production that is
produced during storage is given by Aarnink et al. (1992).
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The CH, production from biogas is:
M = 040 - GP, (kg)

CH, biogas

The total CH, production for piggeries is the sum of gut methane production and the
methane fraction from biogas:

MCH‘ - MCH..cg M MCH,,biogas (kg)
Dispersion
In livestock buildings methane may build up when buildings are poorly ventilated.

Concentrations between 5000 to 15000 ppm are explosive. Several explosions have
occured due to ignition of methane-rich air in livestock buildings (Donham et al., 1977).

Measurement

Methane can be measured by infrared analysers with wavelength of 7.70 um and fn'mi-
mum detection limit of 1.0 ppm, or by wet chemical methods.

Effect on animals and humans

Methane is not considered to be toxic. High concentrations of methane may lead to lack
of oxygen. '
5.5 Hydrogen sulphide

Introduction

Hydrogen sulphide is a highly toxic gas. When liquid manure-is stored for some time, the
toxic gas H,S is produced. Both animal and humans have been killed by this gas: This is
the most toxic gas found in livestock buildings.

Production and origin

Hydrogen sulphide is produced by anaerobic breakdown of liquid manure after some time
in storage. The gas is stored in the manure as gas bubbles.

In Germany, it has been known since 1928 that the toxic gas hydrogen sulphide is present
in buildings with liquid manure handling systems.

In aqueous solution, the weak acid, H,S,,, is partially ionized to H* and HS".
H,S « HS" + H*pK, = 7.04K,: Equilibrium constant, K; = 1/K,

HS <« S, + H'pK, = 11.96 K_: Acid-dissociation constant, pK; = - log K,
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Each of the three forms of sulphide change rapidly with pH. At pH=38, less than 10% of
the total soluble sulphides exist as dissolved hydrogen sulphide while at pH=6, more than
90% of the total soluble sulphides are in the form of dissolved H,S. '
When silage effluent is added to the liquid manure, the release of H,S is'much more
intensive.

Desorption of dissolved H,S aqueous and gaseous:
(H,S)g < 1/a (H,S)aq

The absorption coefficient "a" is a function of temperature. Kretschmar (1974) showed
that liquid manure containes four time more gas at 30°C than at 20°C.

About 0.1 to 0.8% by volume or 0.5 % by mass of biogas from pig slurry contains gases
other than methane and carbon dioxide. Hoeksma (1984) found that this part is mainly
hydrogen sulphide. H,S production when slurry not agitated can be estimated by:

M, = 0.005 GP,  (kg)

The average biogas production that is produced during storage is given by Ouwerkerk,
van & Aarnink (1992). In normal well ventilated livestock buildings hydrogen sulphide is .
not present in measurable concentrations. Different handling and storage systems for
manure have an influence on production of gas.

When liquid manure is stored inside a building or storage connected by the same airspace,
there is a high possibility of hydrogen sulphide entering the zone occupied by humans and
animals.

In these cases safety precautions should be carried out:

- provide maximum ventilation

- use natural wind direction

- don’t enter the area.

Dispersion

Release of dissolved H,S is immediate and rapid when stirring the manure. Gas concen-
trations decrease with prolonged mixing as the dissolved gas is depleted from slurry.
The degree of manure turbulence during mixing may be the dominant factor.in H,S gas
release and the concentration inside barns, as compared to other factors such as animal
diet, ventilation conditions, etc. (Patni 1990).

Hydrogen sulphide is reported to follow the natural air movements in the buildings. ,
In a fattening pig building with slatted flooring over of a slurry channel, Robertson (1971)
found that when the manure channel was depleted that H,S was rapidly released. Figure
5.7 gives details of the release of H,S adjacent to the sluice gate when the fans were shut
off.
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Figure 5.7 Hydrogen sulphide concentration at pig level adjacent to the sluice gate when
emptying the manure channel when the fans were shut off (Robertson, 1971).

If the liquid manure handling system is not designed taking H,S into account, dangerous
situations for animals and humans can occur. Skarp (1971) and Sallvik (1969) describe
dispersion of H,S by location and time for many situations. Figure 5.8 gives the vertical
gas concentration profile close to an unsubmerged return pumping nozzle in a cow barn.
High H,S concentrations occur in the respiration zone when manure is mixed. In some
situations, cold air streams can enter the manure tanks and displace H,S rich air back to
the livestock area (Skarp, 1971).

Measurement

Electrochemical cells ( toxic gas monitors) for measuring H,S are easy to use, and some
have a range of 1-1000 ppm with resolution of 1 ppm. The repeatabillity can be 2% of
reading + 2 times of the least significant digit. The cell will burn out after some years,
and they should be calibrated. every 6 months. They can be supported by a flow adapter,
gas tube and an air pump. With this arranegment it is possible to measure high concentra-
tions without risking any health hazard.

Gas detector tubes can measure in the range 0.1 ppm to 4 %, with a resolutlon of 10 %
of low scale value, repeatability of 5 - 10% For remote sampling a 5-10 m rubber hose
can be places between the pump and the glas tube. Tubes should be used within 2-3 years
of production.

Gas washing in bottles with reactive solution (using calcibum chloride and reading the
difference in conductivity) is a labour intensive method but the resolution and accuracy
of the method is good.
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Figure 5.8 Distribution of | H,S concentrations between floor and ceiling in a cattle barn
with slatted floor on top of a slurry tank. '

Time-weighted average concentration values of H,S gas are of little value in terms of gas
hazard indication while mixing manure in livestock buildings (Patni, 1990). The response
time of the measurement sholud be short (5 seconds), to detect rapid concentration -
changes.

H,S is released when stirring slurry which has been stored for some time (10 days or
-more). If manure is stored underneath the animal housing, H,S should be measured at
slatted floor level and at the animals’ nose level. The measurement should be taken close
to where the manure is most intensively stirred. The gas is expected to follow the airflow-
pattern in the room. Smoke can be used to follow airstreams around the area of the H,S -
release.

Effects on animals and humans

Hydrogen sulphide is a toxic gas for animals and humans; de Boer (1988), Donham et al.
(1977) report many fatal accidents to animals and humans. In cow barns higher respir-
ation rates and some higher pulse rates were found after mixing manure by return
pumping (Sallvik, 1973 and 1974; Hogsved, 1968). Human health effects are given in
Table 5.3 (Nordstrom, 1976).
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_ Table 5.3 Physiological response of adult humans to hydrogen sulphide (Nordstrém, 1976)

Effect v Concentration(ppm)
Least detectable odour : 0.01-0.7
Offensive odour (rotten egg) - 3-5

Eye irfita_t_ion | | 10
Irritation of mucous membranes and lungs 20 |
Irritation of eyes and respiratory tract (1 hour) 50 - 100
Olfactory-nerve paralysis, fatal in 8-48 hours 150
Headaches, dizziness (1 hour) nervous system depression - 200
Nausea', excifement, insomnia, unconsciousness, possible 500 - 600

death (30 min)
Respiratory paralysis, death 700 - 2000

Council of Europe threshold limit is 5 ppm and the CIGR-report (1984) recommendations

were 0.5 ppm and intermittently, wh¢n dunging out, 5 ppm.
Reduction technologies

When we are planning buildings and manure handling systems, it is important to have a
good strategy for H,S-safety.

From the operator and animal safety point of view, it is highly advisable to use a
‘submerged recirculation pipe for mixing, and to prevent conditions of free-falling or
splashing manure. This would also reduce odour nuisance when manure is pumped from
the stable into a remote, outdoor, open storage tank. There should be a gaslock (sub-
merged pipe) in the slurry channel towards the livestock building and the storage tank to
prevent the backflow of gas. '

Reducing the production of H,S is possible by adding lime to 11qu1d manure. It W111
reduce the free gas phase of H,S by increasing the pH.

‘Temperature decreases the anaerobic breakdown process and H,S productlon Further
technical reduction methods are described by Skarp (1971).

When emptying manure storage facilities, the safety procedures recommended as good
practice in each country should be followed.
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5.6 Hydrogen cyanide

Introduction

Animals that have died during or after mixing manure are usually said to have died
because of H,S. However, fresh manure contains sufficient cyanides to be able to generate
high air concentrations. HCH is a toxic and explosive gas. There are few reports on HCH
measurements in livestock buildings.

Production

Little is known about factors contributing to the release of HCH, except that it is released
together with H,S during mixing of manure. Counotte (1988) measured concentrations up
to 400 ppm ( single measurements) and up to 114 ppm average concentration over 15
minutes.

Measurement

Hydrogen cyanide can be measured by gas detection tubes or by chemical methods, as
well as with gas chromatography coupled with a mass spectrometer.

Effects on humans
The MAC-concentration for HCH is 10 ppm. It is a very toxic gas and is easily taken up

by breathing, swallowing or through the skin. Concentratlons in air between 5.4 and
46.6% are explosive (Counotte (1988).

5.7 Carbon monoxide
Introduction

Carbon monoxide can be produced from incomplete combustlon of fuels inside buildings.
The gas is toxic to humans and animals.

Measurements

Donham (1987) described four measurement methods for CO detection.

Gas detection tubes

The reagent inside the tube is specific for the type of gas being measured. Tubes are

available in different sensitivities. They are used with a syringe to draw an instantaneous

sample of air. They provide an immediate reading by means of a colour change. This
method is preferred.
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Dosimeter tubes

This sampling device utilizes permeation and diffusion of gases into silica gel. The gas
concentration is determined by the length of the colour stain. The system is too slow for
detection of toxic levels. High humidity and high temperature can reduce the adsorption
capacity of the collection medium.

Electrochemical sensors

Devices for monitoring gases (e.g. CO) with an audible alarm_systém. Preferable for
continous monitoring.

Sensing badges or tapes

Chemically impregnated, after a period of exposure to air they are evaluated visually, or
by light transmission or reflection in the laboratory. Badge readings are less accurate than
gas detector tube readings.

Effects on animals and humans

Carbon monoxide is rapidly absorbed into the blood, causing systemic intoxication
(Proctor, 1978). It ties up blood haemoglobin by forming carboxyhaemoglobin.
McAllister (1966) reported that CO can cause death in adult pigs at concentrations of
approximately 4000 ppm and in chickens at 2000 ppm. However, much lower sublethal
concentrations have been showed deleterious effects on unborn and young piglets. The
threshold limit for CO is 10 ppm, as given by the Council of Europe.

5.8 Other gases

Beside the gases discussed in this report, there is a large group of gases present in
livestock buildings. O’Neill (1992) compiled a list of 168 volatiles identified in the air of
livestock buildings.
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6 Odour

6.1 Introduction

Odour is characterized by a totally different behaviour compared to gases, suspended
particles (aerosols) and depositing dust. Odoriphores themselves, as chemical compounds,
can be treated as for all other airborne pollutions. Thus chemicals which must be gaseous -
or dissolved in volatile substances and must be soluble in water or fat are the basis for the
human reaction called odour. This sensation as a physiological reaction is evaluated by the
emotional situation of the individual. Nuisance from odour may be manifested as com-
plaint, depending on the psychological and socio-economic situation of the person. These
different steps show the complexity of the concept of dour.

Animal waste management research has been encouraged by a variety of environmental
pressures and public concern about the impact of livestock production on environmental
quality. Nowadays there is an acute need for effective methods of odour control. If _
livestock industries are to co-exist with their neighbours such control measures will have
to put into operation. Moreover, conflicts between livestock producers and the public
concerning odour complaints are now being reflected in rules and regulations designed to-
protect the public from malodours generated by livestock production units. These rules "
and regulations can be applied as additional restrictions on the location, design and
operation of animal housing.

6.2 Orlgm

Odour is the effect of a complex gas mixture of various chemical substances, many of-
which are still unknown. It is important to remember that only volatile compounds _have.
an odour (a few common exceptions are the gases N,, O,, Ar, CO,, CH,), which enables
them, if present in sufficient concentration, to be responsible for bad smelis. '

Several researchers have, in the course of years, identified more than 150 volatile .
compounds in piggery waste (Merkel et al., 1969; Schaefer et al., 1974; Yasuhara et al.,
1983). Some of them will, based on their concentration, threshold value or odour
character, contribute more to the odour than others.

Much more literature is available about identification of gases and odours in piggery -
wastes and in confinement swine buildings than about the bad smell produced by laying
hens and broilers. However, generally it is said that there is no major difference between -
those two "kinds of odours". The odorants which form the odour produced by livestock.
farming belong to different classes of chemical compounds: the volatile fatty acids,
phenols, nitrogen derivates (ammonia, amines, indole, skatole, etc.) and reduced sulphur
compounds (thiols, sulphides, disulphides, thiophenes, etc.). Schaefer et al. (1974) .
reported that in sensory tests the odour from mixing phenol, p-cresol, indol, 3-methylin-
dole, butanoic acid and 2, 3-butanedione is the most similar to the odour of piggery

wastes in sensory tests.
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Odour is a product of bacterial action. There is a difference between the bacterial activity
in the animal (conversion of feed to wastes) and the anaerobic degradation of the mixture
of urine and faeces during storage (Spoelstra, 1979, 1980). Urine contains dissolved low
molecular weight substances (urea/uric acid ”, glucuronides, hippuric acid, sulphate,...)
whereas the faeces are composed of products of microbial catabolism (fatty acids, etc.),
unchanged plant fibre fractions and bacteria ( 10" bacteria/g faeces). During storage of
the mixture of faeces and urine (= manure) a microbial fermentation takes place leading
to the accumulation of volatile constituents (Spoelstra, 1979, 1980). In table 6.1 a
summary is made of the main odorous substances found in animal manure.

Table 6.1 Origin of the main odorous compounds

Odour compound Origin

fatty acids (acetic, propionic, degradation of plant fibre and

butyric acid ....) protein

phenols (phenol, p-cresol, 4-ethylphenol...) anaerobic degradation of tyrosine

indoles (indole, 3-methylindole) anaerobic degradation of tryptophane
sulphur containing compounds : anaerobic degradation of cystine, cysteine,...
amines : anaerobic degradation of proteins

(Allison, 1978; Spoelstra, 1977, 1978; Yasuhara et al., 1984; Travis & Elliot, 1977; Miner & Hazeh, 1969;
Banwart & Bremner, 1975; Kadota & Ishida, 1972)

Research by Oldenburg (1989) in a large number of livestock buildings shows that high
odour concentrations in the waste air do not necessarily mean that the ammonia concen-
tration is also high and vice versa (Figure 6.1).

The reason for this is found in both the very different systems of production as well as
the different physical characteristics of odour and ammonia.

There is a positive correlation between ammonia and other odour compounds, but the
degree of association can be highly variable. The odour emission of different animal
housing systems for the same type of animal can vary a lot. VDI 3471 states that full
slatted floors in pig houses cause less odour emission than partly slatted floors; Manne-
beck (1986), conversely, measured higher odour emissions in pig houses with full slatted
floors. One thing is sure, the odour emission (as well as the ammonia emission) increases
with increasing fattening period (Figure 6.2).

(*) = wurea : for pigs and cows ;
uric acid : for poultry.
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Figure 6.1  Comparison of odours and ammonia concentrations of various species of
animals and breeding methods (according to Oldenburg, 1989) (LU = 500 kg
live mass)

6.3 Measurement

Complaints about offensive odours caused by the animal industry form a large proportion
of the total number of environmental complaints since a lot of livestock buildings are
located near residential areas. In the past decades. far more effort was focused on other
forms of pollution (water pollution, presence of toxic compounds in soils, etc) because:

- offensive odours are not really harmful and

- there existed a lack of reliable and efficient odour measurements.

Nobody can deny that odour is a very complex and subjective phenomenon which cannot
be easily expressed in ordinary figures, which is probably the main reason for the non-
existence of "the" real odour measurement. Odour and odour problems are examples of a
complex dose-response relationship (Schamp & Van Langenhove, 1987); the dose is the
appearance of odorous substances above their threshold value while the response (the
effect) is, first of all, the odour perception. Based on this odour perception, individual
and/or collective odour nuisance can occur. It would be very interesting if there existed
some kind of relationship between dose alteration and the corresponding change in
response. However, the relationship between both is extremely complex due to the in-
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fluence of several physiological, psychological, psychophysical and sociological parame-
ters. This lack of fundamental knowledge has great impact on odour measurement. One
can measure the dose and therefore use chemical analytical techniques or one can measure
the response (odour perception) and so use sensory analyses. Moreover, sociological
methods are required for further research concerning odour nuisance. It is important to
notice that applying chemical or psychophysical (sensorial) or sociological methods only
_covers a part of the whole field of odour determination. These three approaches to odour
research are truly complementary to each other; the methods together provide more or
less complete information about odour. .

Sensory odour analyses

To perform a sensorial technique one needs one or more observers and a dilution
apparatus i.e. an olfactometer. An olfactometer (olfaction = perception of smell) dilutes
odorous air with odour-free air in order to determine the number of dilutions required for
odour to be only just detectable by 50 % of the members of a panel. Basically the result
of an olfactometric analysis is expressed as an odour dilution ratio (a dimensionless value
i.e. Z, - the ratio of two volumes of air).
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Z =1+ %
n

where

Z, : dilution number of the k-concentration step in a measuring sequence

Q,: volume flow rate of the odorous sample

Q, : volume flow rate of neutral air

However, in the literature more often another term is used. For each stimulus there exists
a liminal quantitative value below which no consious sensation will be caused. For the
sense of smell this value is known as the olfactory threshold i.e. the concentration of a
compound which can be perceived by 50 % of the panel; it is a value derived from
observations under laboratory conditions of extreme mental concentration. It is customary
to express threshold concentrations in mg (ug) per cubic meter or in ppm (ppb) while the
odour concentration itself is expressed as odour units per cubic meter (0.u./n) (VDI
3881, VDI 3882). One odour unit is the quantity of odorants in one cubic meter of air at
odour threshold level. According to this definition the threshold value of a substance
equals an odour concentration of one odour unit/m* (VDI 3881, 3882).

There are some advantages in using this effect-related method: the human sense of smell
is superior in sensitivity to most physical-chemical field instruments for measuring odour
substances. Even if the odorant concentration is below the detection limits of these
measuring methods, odour sensation may be observed.

Generally a mixture of gases and odoriphores are involved. In the present state of analytic
art the determination of such odorant mixtures is very often unfeasible. There are no well-
known relationships between the odorant concentration and the perception of odour. By
using olfactometry as an empirical method, the relationship can also be determined for -
unknown odorant mixtures.

Both static and dynamic sampling procedures are used for olfactometric measurements.
Static olfactometers dilute, step by step, a sample of odorous air in a sampling vessel
(plastic bag, glass vessel) using syringes or on-line tubing. Dynamic olfactometers dilute
the odorous gas continuously by mixing known flow rates of two gases (odour-free and
odorous air). By varying the flow rates different dilution levels are obtained.

Static sampling procedures are the oldest methods providing dilution levels and seem to be
the easiest ones. However, there exists one serious problem : sample losses due to
adsorption, desorption and condensation. Adsorption and desorption (i.e. bleeding of trace
components from the wall of the vessel or tube) can be minimized by the choice of
material (PTFE, polyvinylfluoride, etc.) and preflushing. Condensation can be avoided by
the predilution of the sample vessels (bags) with dry, odour-free air. Naturally, it is
important to know precisely the volume of dry air and the amount of the odorous sample
for odour unit or odour threshold determination. In order to minimize reactions between
compounds in the gas phase the storage time must be kept as short as possible (< 24 h).
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Using dynamic sampling, surface effects, mentioned earlier, can also occur but the risk is
considerably smaller; nevertheless, the following aspects should be kept in mind :

- use short and inert sampling tubes (PTFE, glass, etc.),

- preflushing,

- predilution with dry odour-free air,

- if required, use heated sampling tubes and dust filters.

Though nowadays dynamic sampling methods are preferred, static procedures are still
often used (they are less expensive).

Over the years various olfactometers have been used and commercialised (Mannebeck-
TO4 and -TO6, a WSL olfactometer, a sniffcar, etc.). These devices can differ greatly in
design and in method of application. In Belgium there are neither guidelines nor officially
approved methods for measuring the sensory properties of odour. Therefore, applying
olfactometer measurements in Belgium is based on one of the four guidelines available in
the EC :

- Geurnormering (the Netherlands) - 1983

- AFNOR X 43 - 101 (France) - 1982

- VDI-Richtlinie 3881, part 1, 2, 3 and 4 (Germany) - 1983 - ’84

- Odour control - a concise guide (United Kingdom) - 1980

Methods for field measurement of odorous air pollution vary in the measuring strategy
(when, where ?), the selection and composition of the panel (panel size - how to select ?)
and set-up of a measurement (based upon detectability - odour intensity?). VDI 3940
(1989) gives an extended discussion on panel members. Panelists should, according to the
VDI 3940, be between 18 and 50 years of age; sex and smoker/non-smoker is of no
importance. A more fundamental criteria for selecting panel members is based on the
individual thresholds of perception and panelists with a threshold which differs too much
from the average value are excluded. In France (AFNOR standard) the selection is based
on the individual threshold for five pure compounds; panelists with a threshold which is
more than a factor of 10 smaller or larger than the average for any compound are
excluded. It need hardly be said that this kind of selection of panelists is a very time
consuming, labour intensive and expensive matter.

Because olfactometers use the human nose as a sensor the possibilities and limitations of
the instrument are to a large extent determined by the possibilities of the human subject.
Human limitations of odour measurement were reviewed by Barth (1973) and Summer
(1971) and include fatigue, adaptation, personal habits, physical condition, etc. It is well
known that the sensitivity of men to odorants varies within a large range. By selecting the
panelists at one.extreme of the sensitivity distribution the result can be falsified. However,
by choosing a large number of panelists, this effect can be minimized but this is often not
suitable in practice. Hangarter (1985) has reviewed the selection of panelists and he
concluded that 8 people is the right size for a panel. Although panels can never be stan-
dardized, selection criteria and training can guarantee fairly good reproducibility.

Selection of panel members still remains one of the most difficult tasks. Large variations
of threshold data (differences of one or two orders of ten) are largely expected due to this
problem. However, it is also well-known that different types of olfactometers produce
different odour detection threshold values. It seems that the airflow of an olfactometer is
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one of the major parameters affecting the results, so in comparing the results of various
olfactometers the effects of flowrate difference should be kept in mind (Klarenbeek,

1985). In the literature, recommendations are found regarding olfactometric measurements
(Nielsen & Pain, 1990).

Chemical analysis

On the one hand, an odorous air sample contains a lot of substances which do not

contribute to the offensive smell because their concentration is far below to the threshold.

On the other hand, due to the sensitivity of the olfactory system with thresholds as low as

a few ppb or even less, concentration of the volatiles, mainly volatile organic compounds

(VOC), prior to identification remains necessary. In order to perform a chemical analysis

successfully a systematic procedure must be followed :

- Sampling and concentration: cryogenic trapping, solvent absorption and adsorption on
porous polymers are well-known concentration techniques;

- Chemical separation: gas-chromatography (GC) or high pressure 11qu1d chromatography
(HPLC) are classical separation methods;

- Detection and identification: identification is mainly based on mass spectrometry (MS),
infrared spectrometry and chromatographic data.

Naturally, it is desirable that with only one chemical analysis a broad spectrum of
malodorants contributing to offensive odours is found. In the past gas chromatography has
been succesfully used to identify and measure the concentrations of odorous compounds
released from animal manure (Burnett, 1969) .The combination of GC and MS nowadays
permits separation of complex mixtures of organic compounds and structure identification
- of these substances even at 10 ng amounts. (Yasuhara et al., 1984). It is therefore the best
“available method for the identification of volatiles.

Adsorption-desorption of an odorous air sample combined with GC/MS results in a long
list of identified chemical substances. A lot of them do not contribute to the odour
pattern, e.g. hydrocarbons from automobile exhausts, some effluent gases from factories
etc. The selection of odorants implies searching for odour threshold data (despite the fact
that those values have to be viewed with scepticism) and comparing the identified
compounds with existing information on volatiles generally present in odorous air from
livestock buildings. Another method of selecting malodorants from a complex mixture of
volatile organics is an odorogram analysis. The GC is now not provided with a mass
spectrometry system but with an FID. Moreover, the instrument works with a splitter,
which conducts part of the sample to the detector and part to the open air. An analyst,
observing the FID signal, sniffs at the column eluate and writes down any observed odour
character of that single component. An analyst, observing the FID signal, sniffs at the
column eluate and writes down any observed odour character of that single component.
Making an odorogram analysis in the only appropriate method to select odorous com-
pounds from a matrix of identified substances (Van Langenhove, 1987). Finally, odorous
compounds have to be quantitatively determined. There is no real problem with quanti-
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fication as far as emission concentrations are concerned. However, measuring immission®
amounts is much more difficult because first of all the concentrations are much smaller
(order of magnitude : ppb) and secondly, there are greater problems concerning inter-
ferences with other compounds. So, for immission measurements the analytical technology
has still to be improved.

Quantitative measurement of odorant concentrations often confirms the thought that the
odour perceived from livestock production enterprises is a result of the mixture of
odorous compounds, since most of the measured compounds are present in concentrations
below their threshold; so they would not be detectable by the human nose were they not
accompanied by other odorous substances.

Translating a quantitative analysis into odour perception is not at all straightforward.
Efforts have been made in the past to correlate the odour level with the concentration of a
certain odorant (or odorants). Bell (1970) described a relationhip between the VOA
(volatile organic acid) content of poultry manure and the odour offensiveness. Schaefer
(1977) found that p-cresol was the best odour indicator of piggery slurry and Spoelstra
(1980) concluded that p-cresol and volatile fatty acids to a large extent meet the require-
ments for indicator compounds. Jongebreur & Klarenbeek (1990), on the other hand,
declared that complex odours, such as emanate from livestock facilities, cannot be
characterized by a single or even a few compounds.

Sociological measurements

The nuisance value of odour is mainly influenced by the perception of the stimuli, the
odorant concentration. Therefore it is not possible to use physiological or physical
methods to determine nuisance. In addition there are no simple cause/effect relationships
between emission of an odorant substance, the odour sensation and the nuisance.

There are different methods to assess the odour annoyance. First, by collecting data about
odour annoyance for a complaint statistic analysis. Such complaints data suffers by the
fact that complaint are ungraded yes/no answers and mostly made in cases of great odour
impact. The individual effect depends widely on the readiness to accept odour sensation.
Therefore complaints cannot be used as a representative method to assess odour annoy-
ance. Only in the case of accidents or sudden events caused by operating faults are they a
good indicator.

Secondly, by systematically questioning a sample of residents in a defined area by using a
questionnaire to measure the degree of annoyance. This can be done on a single occasion
or for a longer period. This method of questioning is suggested by Koller and Schmidlin
(1988) for odour nuisance from animal farms (Figure 6.3). For general use VDI 3883
Part 2 (1983) describes in detail how to set up such an investigation, giving examples of
the questionnaire (Figure 6.4), examples of the reply cards to the panel members and a
sample calculation. This method of questioning has been performed successfully in

2 "Immission” is defined here as referring to "emission concentration at a receptor or detection
point”.
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practice in the Netherlands and in France. For annoyance caused by the emission of
odorants from animal farms this method was used in Austria (StrauB et al., 1986).
From the questionnaire used by Koller and Schmidlin (1988) and from VDI 3883 Part 2
(1993) it is possible to calculate an annoyance index as suggested by VDI 3883 Part 2
(1993):

I = 2z Z W, N;,

k i=0

where I, is annoyance index of the k-th observation (day of questioning) in the interval

[0; 100], N, is the total number of the k-th observation, i annoyance category (eg. 0 to 10
by Koller and Schmidlin (1988) or 0 to 5 by VDI 3883 Part 2 (1993)), W, is weighting
factor of the annoyance category i and N;, is the number of observations in the annoyance
category 1 for the k-th observation. :

Table 6.2 Example for weighting factor W, for a 6 grade scale (VDI 3883 Part 2

(1993).
Annoyance category i Wi
no odour 0 0
not annoying 1 0
slightly annoying 2 25
annoying 3 50
very annoying 4 75
extremely annoying 5 100

By calculating the annoyance index it is possible to determine the spatial and temporal
distribution of the odour annoyance. Furthermore it is possible to calculate the relations-
hip between annoyance and the distance between the odour source and the point of
perception, as well as the influence of meteorological parameters like wind (speed and
direction) and stability of the atmosphere. Depending on the objectives the duration of
such sociological investigation differs. Short-term investigations covers a period of about
ten weeks, with at least one test time per day. A long-term investigation covers about one
year, with at least one test time per week.
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Figure 6.3  Questionnaire to investiga;e the annoyance of odour caused by the emission of
an animal farm (from Koller and Schmidlin, 1984).
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Figu;e 6.4 Text for the questionnaire used as a prepaid reply post card by VDI 5883
Part 2 (1993).

6.4 Dispersion

The prediction of immission of odorous compounds depends upon which aspect of odour
has to be observed.

The concentration of odoriphores can be handled like other volatile emissions. The
dispersion of such substances can be described by well-known dispersion models, like the
Gaussian model. Then immission at a receptor point is calculated as a mean value of the
concentration of odoriphores for a defined period (eg. half-hour, 3-hours mean value).
The calculation of the odorant concentration itself is not meaningful if odour has to be
evaluated. This is due to the fact that odour is not an attribute of an odoriphore, but a
reaction of humans. Odour sensation is a complex phenomenon (Summer, 1970).
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Figure 6.5  Temporal variation of odorant/odour concentration and the relationship to
odour sensation (VDI 3782 Part 4, 1992) ‘ '

The odour sensation is triggered by the odour stimulus and characterized by intensity and
frequency. To predict these parameters it is necessary to consider short-term fluctuations
of odorant concentration at the receptor point. Odour sensation can only be observed if
the odorant concentration is higher than the odour threshold of the substances. Due to
these fluctuations an odour sensation can take place even if the mean odorant concen-
tration is lower than the odour threshold (Figure 6.5).

- The next step is the problem of annoyance caused by an odour sensation which depends
on the individual and sociological situation of a person. Therefore empirical models are
developed, mainly for administrative procedures. The objective of these models is the
determination of a protection distance to avoid excessive annoyance by odour.

Models used to predict and assess odour sensation as well as the annoyance caused by
odour are summarized by Krause (1992). Here only two different types of models are
presented to predict immission concentration of odour at a receptor point.

Analytical Models

The basis of the described analytical models for predicting the intensity and duration of
odour sensation. are Gaussian dispersion models. Therefore it is assumed that the odorant
compounds behave like an inert gas. Normally, half-hour mean immission values of
odorant concentration are calculated by these models (eg. VDI 3782 Part 1, 1992).

To overcome the discrepancy between odorant concentration and odour sensation as
shown in Figure 6.7, an additional approximation has to be appended to evaluate the
calculated immission value.

In this second step the fluctuations have to be taken into account. This can be done by a
parametrization or by an analytic approach. Smith (1973) suggested a parametrization for

the ratio of fluctuations to the mean value depending on the time scale. For an interval of
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about 100 seconds Smith (1973) specified the ratio between 10 and 3.5; for high insola-
tion and cloudy, windy weather, respectively. From the TA Luft (1986) the value of 10 is
selected. _

The relevant odorant immission concentration which provokes an odour sensation is
calculated by the multiplication of the mean odorant concentration (as result of the
Gaussian dispersion model) and this factor.

By using the odour threshold as an off-set value, the distance can be determined where no
odour sensation can be expected. This can be done for different meteorolog1ca1 situations
to get an emission/immission climatology of the site.

The VDI 3782 Part 4 (1991) guide-line uses the calculated emission/immission concen-
tration of odoriphores by the Gaussian dispersion model as mid-point of a probability
density function for the odorant concentration. The fluctuations have to be taken into
account in addition to the predicted mean value at a receptor point. The probability of an
odour sensation is determined by the coefficient of variation, the mean of the odorant
concentration and the odour threshold.

The parametrization of the coefficient of variation is based on the dispersion parameter of
the Gaussian dispersion model and a parameter found by olfactometric calibration of the
model (VDI 3782, Part 4, 1991). A similar approach is suggested by de Bree & Harssema
(1988) using the meandermg movement around the average horizontal posmon of the
plume to determine the probability of odour sensation.

The limitations of some existing models have been investigated (Smith, 1993). The
sensitivity to variation of the concentration predictions in the various model parameters
was assessed. There were significant differences between models. The wind speed and
odour emission rate were shown to be the most important variables in the prediction of
downwind concentration.

Empirical models

To reduce odour nuisance, one must assess the necessary distance between the livestock
building as a source of odour and residential areas. Some European countries use different
procedures. In Germany there are standards for poultry (VDI 3473, 1986) and pigs (VDI
4371, 1986). Schirz (1989) and Paduch (1988) have given useful comments on how to use
both standards. For Switzerland, Koller and Schmidlin (1988) developed a guide-line for
all kinds of farm animals. In Austria (Eder et al., 1994) a draft of a guide-line is under
negotiation, in which the influence of the meteorological conditions of the site of emission
is taken into account.

The basis of all of these standards is a rough estimation of the source by the following
parameters: number of farm animals, their use and the way they are kept; the geometry of
the outlet air; the vertical velocity of the outlet air; the manipulation of manure inside the
livestock building and the kind of manure storage. The guidelines cover only the summer
period because complaints appear mainly in this time in middle Europe.
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Table 6.3 Livestock unit LU (animal mass normalized at 500 kg) for different animals
(Schirz, 1989; Paduch, 1988).

Animal LU per animal
Pig
Sow and boar for breeding 0.3
Young sows and boars for breeding 0.15
Sow with piglets after 4 weeks 04
Sow with piglets after 8 weeks 0.5
Weaners < 15 kg 0.01
Weaners < 25 kg 0.02
Fattening pigs (all in all out)
First period (< 40 kg) ' 0.06
Last period (40 to 105 kg) 0.15
Fattening pigs (continuous) 25 to 105 kg 0.12
Poultry :
Broiler one stage of age 1/420
two or more stages of age 1/625
Laying hens one stage of age 1/310
two or more stages of age 1/330
Dairy sheep (> 1 year) 0.1
cattle (< 1 year) 0.3
dairying cattle, cattle (> 1 year) 1.0

Protection distance (m)
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Figure 6.6  Relation between livestock units LU to assess the size of odour emission and
the protection distance D for pigs (VDI 3472, 1986).

In the two German guide-lines for pigs and poultry, the protection distance is calculated
as a function of livestock units (animal mass normalized at 500 kg). Table 6.3 gives the
relationship between livestock units, type of animals and how they are kept. In Figure 6.6
are two graphs. The 100-points-line is the optimum score for keeping animals with low
odorant emission. The second line gives the protection distance for livestock buildings
with high emission. If the score is lower than 25 points, and therefore the emission level
is high, a special assessment is required to determine protection distances above this
curve.
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The 100-points line is-the function for a low level emission, the 25-points line is the worst

case (Figure 6.6). The two curves were described by following functions (see also
Krause, 1992): -

for 25 points: D = 86.3 LU"*
for 100 points: D .= 50.2 LU"*

Tab. 6.4 Scoring criteria to evaluate the odorant emission level for pigs (VDI 3472,

1986).

Criteria Points

A) Manure handling and storage
1) Handling of manure and litter (deep bedding)

a) Accumulating litter 60
b) Mechanical dung removal onto
- dung stack with walls at three sites - 50
- transport vehicle 40
- open dung cone 20
2) Removal of manure without litter
- floor perforation > 45 % 10
- floor perforation < 45 % 5
- removal by slide 0
3) Sludge storage
- tank with closed cover (+ pressure-balancing device) 50
- tank with simple cover 30
- tank with closed natural floating cover 30
- tank without cover 0
- storage inside the pighouse 30

B) Ventilation of the building
1) Maximum ventilation rate in summer according to DIN 18910 (1992)

Temperature difference _ 2 K 10
Temperature difference _ 3 K ' 5
Temperature difference > 3 K 0

2) Exhaust air outlet
a) vertical, above the roof

- height _ 1,5 m above the top of the roof 15
- height < 1,5 m above the top of the roof 5
b) lateral outlet, natural ventilation 0
3) Exhaust air speed at maximum ventilation rate in summer and vemcal outlet at the roof
_12m/s 25
_10m/s 20
_ Tm/s 10
< 7 m/s 0

C) Other criteria
1) Reduction for special feed

- dry waste 0

- kitchen refuse and feed with low inherent odour up to -10

- whey, slaughterhouse waste and similar feed with strong inherent odour up to -25
2) Influences by the site +20
3) Liquid manure storage capacity

_ 6 months . 10

_ 5 months 5

_ 4 months 0
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This scoring of the emission level is based on emission measurements in various sections
of a farm (Tab. 6.4 and 6.5). The main part of the scoring can easily be done by this
schema. Some aspects like topographic and meteorological situation of the site have to be
evaluated by experts.

Table 6.5 Scoring criteria to evaluate the odorant emission level for poultry (VDI

3471, 1986). _
Criteria Points
Manure handling and storage
Manure with litter and floor heating dry manure with ventilation in a manure cellar 80
Manure with litter/dry manure 60
Manure beginning to dry in the henhouse 45
Fresh manure in tanks with fixed cover 40
Manure beginning to dry on transport vehicles : 35
Settled manure in the henhouse 30
Fresh manure on transport vehicles 15

Liquid manure:

Tank with fixed cover 30
Tank with closed permanent floating cover 20
Tank with protection from rain and sunshine 5
Open tank / open storage inside henhouse 0
Maximum ventilation rate for summer according to DIN 18910 (1992)
Temperature difference < 1 K 20
Temperature difference < 1,5K 15
Temperature difference < 2 K 10
Temperature difference 2 K 0
Exhaust air
vertical, over the roof :
height > 1,5 m above the top of the roof ' : 15
height _ 1,5 m above the top of the roof : 5
lateral outlet (only at distance _ 300 m) : 0

Velocity at maximum ventilation rate and vertical outlet at the roof o
_ 12 m/s ~ 20

_ 10 nJs T 15
_ Tmis _ ' _ ' 5
_ Tm/s 0
Topographic and meteorological situation by the site +20

If different kinds of animals are kept on one farm a conversion for one of the two guide-
lines (pig and poultry) can be done. The conversion ratio of livestock units LU for
different kinds of animals are (Schirz, 1989):

1 LU pigs = 0.8 LU poultry = 4 LU cattle.
From the Swiss guide-line, the protection distance to avoid odour annoyance is calculated
as a function of the size of the odour source. The source is estimated by the number of
animals and an animal-specific factor, describing the emission of odorant compounds by

that animal (Table 6.6).
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Table 6.6 Animal specific factor describing the emission of odour compounds by -
animals (Koller and Schmidlin, 1988). '

Animal . : Factor
Pigs o : _

Breeding and fattening pigs 25-60kg 15
Breeding and fattening pigs 25 -110kg .20
Breeding and fattening pigs 25 -110kg .25
Breeding pigs > 110kg .30
Sow with weaners ' , .35
Poultry

Breeding and fattening hens v .007
laying hens, turkeys < 5kg _ 010
turkeys > Skg : .015
Cattle

fattening calves < 100kg _ - .20
fattening calves > = 100kg .25

The multiplication of these two figures gives the odour load OL. The protection distance
D (in meters) is calculated by the following function, if the dimensionless odour load
OL > 4.

D =431n OL - 40

This basic distance has to be modified by the correction factors summarized in Table 6.7.

Table 67 Correction factors for different fields influencing the emission of odorant
compounds (Koller and Schmidlin, 1988)

Rzmjge_nf fécrnL

Topography 1.0 - 1.2
Height above sea level 8 - 1.2
System of animal housing 8 - 1.0
Handling of manure 9 - 1.1
Cleanness 1.0 - 1.2
Type of feed 1.0 - 1.3

7 1.2

Ventilation system

The structure of the Austrian guide-line is similar to the Swiss, whereby the meteorologi-

cal situation of the site (wind climatology and estimation of predominant local winds. eg.

mountain-valley circulation) and the legal claim to protection by the surrounding residenti-
al areas are additionally taken into account.

6.5 Effects on animals and humans

Hippocrates once said "Air is the father of human life and of human diseases"”. The
harmfulness of odorous air (gases) has mainly been studied regarding human beings.
However, little data is known about the effects on animals. Recently, intense research has
been done concerning the effects of one particular gas. namely ammonia, on poultry and
pigs (see chapter 5.2 NH;). MAC (Maximum Allowable Concentration) - values have
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existed for decades for some odour compounds. These values are based on the assumption
that industrial workers are exposed to this atmosphere eight hours a day. Corresponding
MAC-levels for animals do not exist. It is generally accepted, however, that standards for
animals should be more severe because animals are constantly exposed to certain concen-
trations. In the report of the CIGR-Working Group on Climatization of Animal Houses
(1984) recommendations are given for maximum concentrations of noxious gases.

The effects of odours upon animals has not yet been determined, but odours in and
around intensive animal production units can be very objectionable to the operator, his
associates, not forgetting the neighbourhood. Odour annoyance manifests itself at the
physical-mental level as a feeling of unpleasantness, of discomfort. The neighbourhood
near an odour-producing unit is no longer appreciated; people move away to avoid these
surroundings. Enquiries show that due to the fact of odour nuisance, people are obliged to
shut windows, they cannot garden or relax properly, guests complain about the odour,
etc: all these things intensify the feeling of unpleasantness.

However, there are important practical benefits associated with some odour components in
the air of animal buildings. The presence and detection of olfactory components from
boars in piggery air is a vital requirement for early attainment of puberty in female pigs.
Pheromones play an important role in the breeding behaviour of animals, and odour plays
a large part in the establishment of the maternal/offspring bond (Fraser & Broom, 1990).

Besides physical-mental effects, several more severe physiological reactions like heada-
che, difficulties in sleeping and loss of appetite can occur. The toxicity of odours is a
complex and delicate topic. Perception of an offensive odour is also often associated with
danger or toxicity (Schamp & van Langenhove, 1987). An odorous compound can, like
many other substances, be toxic if present in excessive concentrations (for example
percutaneous absorption of p-cresol may produce digestive disturbances, nervous disorders
with faintness, vertigo and skin eruptions). However, this doesn’t mean that the total
odour (i.e. mixture of several gases) must be toxic. Moreover, a direct relationship
between toxicity (pathogenic effects) and the odour of compounds has not yet been proved
(Schamp & Van Langenhove, 1987).

6.6 Reduction technology

Naturally, the primary approach to odour control is preventing that odour production
taking place. So, the slogan "Prevention is better than cure" applies to the world of odour
problem. However, this is easier said than done. As mentioned in the beginning of this
chapter, odour is mainly a result of microbial fermentation taking place in the manure.
Destroying or inhibiting the bacteria and enzymes responsible for the production of
odorous compounds can be seen as a logical means to avoid bad smells. Various chemical
agents (formaldehyde, orthodichlorobenzene, chloramines working as bacteriostats) and
biological agents (dried bacteria and enzyme cultures) have been tested (Cole et al.,
1975). Some are very effective in poisoning the microflora, others have no significant
effect at all.

The second approach to odour abatement includes the reduction of odour emissions. A
distinction is made between odour control techniques and odour control chemicals.
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Odour control techniques

These techniques can generally be divided into three groups: reduction techniques focused
on the liquid manure or slurry (aerobic treatment, anaerobic digestion and separation of
urine and faeces), reduction techniques focused on the ventilation air, and physical control
of odorant release.

‘Reduction techniques focused on the slurry

Under aerobic conditions odorant-producing decomposition of slurry is most often
inhibited :
CH, O, + 6 0O, > 6 CO, + 6 HO + energy

The aeration can take place inside the livestock building itself (oxidation ditches located

beneath the slatted floors) or in a manure storage tank outside the stall (the manure wash

system : fresh manure is frequently washed away underneath the slats by a small amount

of aerated slurry).

The main objectives of this treatment are :

- good deodorisation of the livestock building itself and/or the neighbourhood (no
offensive ventilation air),

- landspreading without odour annoyance (stabilised manure),

- improvement of hygienic farm conditions.

The Centre for Climatisation in Animal Houses (State University Ghent, Belgium) has
done a lot of research in this field; Neukermans et al. (1977, 1979) concluded that aerobic
treatment of slurry is technically possible but high investment and operating costs have a
negative impact on the practicality of aeration as a waste management tool. Further
research is still going on in order to make the whole treatment more attractive.

Besides the aeration of slurry, anaerobic treatment (anaerobic digestion) can be seen as an
important technique, changing the microbial activity and reducing the emission of
malodours. During anaerobic fermentation complex materials (volatile fatty acids,
aromatic compounds, etc.) are broken down resulting in the formation of biogas, H.O and
some NH,OH. Because of the breakdown of the malodourous compounds the slurry has
lost its typical smell. Voermans (1990) states that although the total balance is not known -
exactly the emission of odours can be reduced by 90 %. This process is highly influenced
by the temperature (optimum temperature 30 - 35 “C), presence of O, and the presence of
compounds inhibiting methanogens. Most western countries have studied anaerobic
digestion stimulated by the possibility of producing a renewable energy source. Currently
there are 10 large collective biogas plants operating in Denmark which are constructed as
combined energy and environmental plants. These collective plants appear to be ap-
proaching a commercial breakthrough though there are still no results available to support
this assertion fully (Christensen, 1992). Figure 6.7 illustrates centralised digestion plants
in Europe. '

Kroodsma (1980, 1985) has studied the separation of faeces and urine as a method of

manure handling and odour reduction in pig buildings. A filter net placed under the slats
and containing the faeces is removed daily from the house. If the pigs eat wet feed.
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Figure 6.7  Centralised digestion plants in Europe

without drinking nipples, about 35 % of the total production of faeces and urine is
seperated as a solid. After mixing faeces with some straw, it is stackable (Kroodsma,
1985). The remaining liquid flows continuously to a pit outside the house. Odour
measurements (olfactometry) indicate a considerable reduction in odour emission per pig
(£ 50 %) compared to piggeries with underslat slurry storage.

Reduction techniques focused on the ventilation air

In contrast to industry where physico-chemical waste gas treatment processes (incine-
ration, chemical scrubbing, etc) are frequently preferred, in agriculture biological
deodorization processes are most commonly used to clean the ventilation air. Biofilters
and biological scrubbers have the widest applications. These processes are based on the
fact that a lot of microbes, mainly bacteria, are able to break down waste air components
and thus purify the odorous air.

Biofilters comsist of an organic filter material (compost, peat, etc) through which the
polluted ventilation air is passing : the micro-organisms settle on this porous matrix.
Microbial degradation is preceded by absorption of the waste air components in the
moisture film of the filter material. Therefore it is necessary (especially during the
summer) to provide the biofilter with a gas humidification system. Normally a minimum
moisture level of 30 % is proposed; the optimal moisture of the filter matrix depends on
the structure and absorptive capacity of the material. The main advantages of biofilters are
simple construction, more-or-less low costs and appropriateness for waste air components
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of low solubility.

Their weaknesses include :

- the requirement for a lot of space,

- rapid deterioration of some organic materials (i.e. high counter-pressure),
- slow adaptation to-changing composition of the crude gas.

It is recommended that the organic filter material be well moistened periodically in order
to keep the pressure head across the filter within "normal values”. It should be turned

several times a year. Table 6.8 gives some process parameters of biofilters.

Table 6.8 Main process parameters of biofilters

Netherlands Belgium
(Scholtens & Demmers, (Colanbeen & Neukermans,
1990) 1992)

Material . Peat/heather Peat/heather

Surface load (m*/m?.h) 300 442

height of bed (m) 0.5 0.5

max. pressure (Pa) <120 135

-moisture content (%) - 65

odour removal (%) >75 90

NH,-removal >85 95

Bioscrubbers containing a synthetic filter material are mainly suited to the treatment of -
odorous air pollutants which are water soluble (hydrophilic). The microbiota responsible
for the regeneration of the washing water and for purification of the odorous ventilation
air are suspended in an ageous solution (activated sludge) and adsorbed on the synthetic
matrix.

The main advantages are :

- a compact structure, '

- easy control of pH and temperature,

- the use of an inert filter material,

- a more-or-less rapid adaptability to changing odorous gas composition.

On the other hand bioscrubbers are more expensive and more complicated as compared to
biofilters and are inappropriate for waste air components of low solubility. The process
water which has to be drained contains high concentrations of nitrate and nitrite up to 2 g
N/1 which makes it very toxic. This effluent remains one of the major disadvantages of
scrubbers. Further research is currently under way on purifying the effluent by denitrifi-
cation or by reverse osmosis (no data available yet). More detailed information is found
in VDI guideline 3477 (biofilters) and 3478 (bioscrubbers). '

‘With both the biobed and the air washing system (bioscrubber), reductions of 90 % in
odour and ammonia emission are reached (Colanbeen & Neukermans, 1988 ,1992; Noren,
1985; Scholtens & Demmers, 1990; Schirz, 1990). It must be stressed however that these
biological treatment processes do not address the cause of the presence of malodorous;
they only eliminate or reduce the "symptoms". Moreover, these two techniques, together
with all the possibilities previously mentioned to reduce (prevent) the odour, increase the
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production cost but not the product quality (no higher sale prices).

According to Hartung (1985), filtering dust from the exhaust air has proved to reduce
odour emission from pig housing by up to 65 %. As about 85 % of the dust in livestock
housing originates from the feed, wet feeding is recommended to reduce the odour
problem. Williams (1989) has tested the odour and dust relationships in broiler house air;
he found no significant change in odour concentration by dust filtration, but dust mass
was significantly reduced.

Jongebreur & Van Geelen (1983) have made a survey of the effects on odour emission of
the most common methods (see table 6.9).

Table 6.9  Effects of different methods for odour reduction (according to Jongebreur &
Van Geelen, 1983)

Method Effect on

Ventilation air Slurry storage Slurry spreading
Bioscrubber + - -
Biofilter + - -
Separation faeces/
urine + + +
Frequent removal
of slurry + - -
Aerobic treatment + + T+
Anaerobic treatment - + +

Seven effective systems for controlling odours in ventilation air were compared on a cost
basis (O’Neill et al., 1992). All the systems were prohibitively expensive for practical
use, although biofilters were considered the best abatement technique on which to
concentrate further development.

Physical control of odorant release

Physical control of odorant release offers a third potential for odour control. By reducing
the air exchange over manure slurries, the volatilization of odorous gases is reduced.
Covers on manure storage tanks and anaerobic manure treatment devices are effective in
controlling the escape of odorants. Dutch research has demonstrated that floating imper-
meable foils, tents, or expanded polystyrene are good covering materials (Jongebreur &
Monteny, 1989; Verdoes, 1990; De Bode, 1990). However this technology does not affect
the total emission from the production system. Reductions in odour emission through
covering the manure tanks from O to 72% are illustrated in table 6.10.
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Table 6.10  Example of reduction (%) in odour emission by covering manure tanks (de

Bode, 1990)
Pig slurry Cattle slurry
Summer Winter Summer Winter
Tent 35 15 72 42
Corrugated sheets 50 28 28 15
Floating cover 28 0 43 41
Expanded polystyrene 40 10 39 16

Insulation of littered floors in poultry buildings prevents moisture condensing on the
concrete surface and thus has an effect on the dry matter content of the litter. This effect
can be expected wherever the ground water level is less than one metre below the surface.
Other benefits of insulation are a reduction in ammonia and odour emissions (Ouwerkerk,
van & Voermans, 1985). '

Odour control chemicals

Considerable literature (Ritter et al., 1975; Miner, 1975; Cole et al., 1975) has been
published concerning the control of odours from manure, manure storage tanks and/or
animal feed in pig, poultry and dairy production units by the use of :

- strong oxidants like potassium permanganate (KMnO4), sodium hypochlorite (NaOCl),
or hydrogen peroxide (H202) in order to suppress the release of odorous gases;

- pH-adjusting chemicals to control the release of volatiles; Klassink et.al. (1990) studied

odour emissions after adding CaO to cattle slurry : increasing amounts of CaO (2,5 ->

7,5 kg/m3) caused increased pH, decreased odour emission and increased ammonia. The

addition of superphosphate had no influence upon pH, but nitric acid decreased pH..

Both chemicals had a negative effect on odour emission (especially HNO,). -

chemicals such as zeolites able to convert a volatile compound to a less-or non-volatile

form. Kapto, of Belgian origin, is a rather new product.. Kapto consists of CaO, MgO

and CH,O (formaldehyde) which should be able to reduce the ammonia emission by 85

% and the odour should also be eliminated (Verdoes, 1990; Vlassak et al., 1990).

- feed additives in order to modificy manure composition (and manure odour); the N-
content in the feed is not only related to the NH,-emission but also to the origin of
several odourous N-containing compounds. N-restrictive feeding can lower the nitrogen
content of the manure (less ammonia and less odour). A reduction of the crude protein -
intake of about 20 % resulted in a lower N-excretion of about 30 % (Henkel, 1989).
The succes of additives (yucca saponines, etc) in feed and manure is still uncertain.
There exist many positive reports (from the producer) but these are in opposition to
most practical experiences;

- masking and neutralizing agents added not only to the manure but also to the polluted
air; the results are inconclusive (Summer, 1963; Neukermans et al., 1988).

Not all chemicals tested were effective in reducing manure odours. Moreover, some
products may possibly have side effects on humans, animals and crops and the economics
of their use is questionable (large quantities are needed) (Pain et al., 1987). In any case,
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odour control by different kinds of chemicals never offers a sufficient solution to livestock
producer problems. Careful management (hygiene) still remams the greatest potential for
avoiding odour conflicts.
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7 Airborne Particles

7.1 Introduction

When animals are kept in confinement buildings under relatively dry conditions, as is
normally the case for pigs and poultry, a great deal of of airborne dust is present in the
indoor environment. Dusts are dispersed particles of solid matter in gases, which are
generated during mechanical processes.

Airborne dust is one of the aerosol components in livestock buildings. This aerosol
mixture includes microorganisms, gas, water vapour and other substances. Microorgan-
isms may represent only a minor percentage (<1%) of the number of airborne particles,
but they are often harmful with respect to infectivity and allergenicity. Airborne particles
also act as carriers of gases, microorganisms and toxins.

Inspirable aerosols are the fraction of airborne particles and droplets which enters the
nose and mouth during breathing and are available for deposition anywhere in the
respiratory tract.

Respirable aerosols are the fraction of airborne particles and droplets which penetrates to
the gas exchange region of the lung, the alveoli.

In this chapter, "aerosols" refers to dust particles from the ahimals’ surface (skin, hair
etc.), feed and dry manure. The typical size range of different types of dust are shown in
Figure 7.1. ' ‘

Respecting behaviour, a dust can be characterised by:

Particle size (mas's)
Shape (sphere, cylinder, flake etc.)
Density (approx. 1000 kg/m®)

The size, shape and density of a particle determines its behaviour, with respect to settling
velocity. Therefore it is convenient to characterize dust particles by a single figure which
takes into account these three qualities, hence the aerodynamic diameter is used. If a dust
particle has the same settling velocity as a sphere with a certain diameter and density, the
dust particle is said to have an aerodynamic diameter of the same size.

The relevance of aerodynamic size is that it allows standards to be set for measurement
methods for particular dusts. The collection efficiency of any air sampler changes for
different aerodynamic particle sizes. The ideal sampler is one which mimics the collection
efficiency of the human (or animal) respiratory tract. The collection efficiency for
particular size fractions, expressed as percentages of ambient particle concentrations, are
shown in Figure 7.2. Thus the respirable fraction of dust in ambient air is defined as _
100% of all 0.1um particles, decreasing to approximately 40% of Sum particles, and zero
percent of 10um particles. The collection efficiency for different particle sizes changes for
different locations in the respiratory tract. Particles between 1 and 25um are mostly
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Figure 7.1 Size range of different types of dust

deposited in the trachea and bronchial region (TBF), and those between 2 and 200um in
the extra thoracic-region (ETF).

Typical distribution of different particle sizes in pig house air is shown in Figure 7.3.
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Figure 7.3 The concentration of different particle sizes in pig house air

For a confinement building the input and output of dust can be categorised as:

Dust sources (in) : Dust removal (out)

Dust in incoming air . . .
Dust in outgoing air
Dust from feed — £0mg

] — Settled dust
Dust from beddmg Dust removed with manure
Dust from the animals

85



Dust sources

The quantity of dust in incoming fresh air is negligible corhpared to the potential amount
in feed, bedding and from the animals. However, there may be pathogenic or allergenic
particles introduced into the building by the incoming air.

The quantity of dust released from feed depends on the physical and chemical composition
of the feed and on the way of handling it. With wet feeding, little dust is produced so
long as the feed remains wet, but (for example) wet feed deposited on the surface of the
animals, which then dries out, will release dust. Also, the fat content of feed influences
dust release. It is possible to reduce dust release considerably by adding fat to the feed.

Bedding will only release large quantities of fine dust if the quality of the material is
poor. However, the bedding may become progressively dusty as it remains in the pen and
is manipulated by the animals.

Dust particles will also be produced by livestock, through thelr sheddmg skin particles,
hair or feathers.

Dust removal

Mechanisms for the removal of dust from livestock buildings are indicated in the table
above. There are two ways to get rid of airborne dust: by sedimentation and by ventila-
tion. Part of the dust from animal feed and bedding will settle on dunging areas and be
released as a part of the manure, and another part will settle on passages and fixtures.

A significant proportion of airborne dust will be removed through ventilation. The
distribution of different particle sizes will depend on both the source of the dust and the
method of removal.

Several experiments during the last ten years shows that it is difficult to recommend ways
to reduce aerial dust in a traditional livestock building. For instance, choosing wet feed
and no straw reduces airborne dust by a maximum of only 30%. The difficulties which
arise in removing dust suggest that the major strategy to control airborne dust particles is
to limit initial productlon : :

Sedimentation

Sedimentation in still air follows Stokes Law, which takes into account the diameter and
density of the particles. Settled dust will deposit on the floor, fixtures etc. In rooms with
mechanical ventilation the smaller particles will be influenced by and follow the air
movement in the building, and may remain airborne for longer periods than their settling
velocity would suggest.
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Table 7.1 Velocity of dust particles of different size, due to gravitation.

Diameter Setting velocity
pm mm

1 0.03

2 0.12

3 0.26

4 0.47

5 0.8

10 3.3

20 ' 12

Even in rooms with no forced air stream, air movement caused by the thermal output «&f
animals will be 0.05 m/s or more. This air velocity is much higher tham the settling
velocity of a particle of 20 um diameter (0.012 m/s). This explains in part why smaller
particles follow the movement of air in a confined space. For particles less than 1 pm in
diameter it can be concluded that they will follow the air movement totally.

Ventilation )
Aerial dust will be removed by the exhaust air, which contains the same amount of dust
per unit volume as a unit volume of air within the house. The dust concentration should
theoretically decrease as ventilation rate increases, due to dilution with incoming fresh air.
However, the relationship between particle concentration and ventilation rate is complex.
A change in ventilation rate will also influence the air velocity inside the building and
may affect the relative humidity. More dust may be released from surfaces if the relative
humidity is reduced. However, ventilation rate can rarely be increased without either
accepting a lower inside temperature or using supplementary heating. The opportunity to
reduce dust concentrations by manipulating ventilation rates is limited, but should not be
ignored.

7.2 Production and behaviour of dust

The total amount of airborne dust in livestock buildings at any time is the equilibrium
between all the various point sources of fine material (dust production) and the various
removal mechanisms (dust removal). In most agricultural situations it is necessary to
describe dust production and removal as complex processes. A simple model is shown in-
Figure 7.4.

There are a number of theories for describing the mass or particle concentration in an air
space. Simple mass balance equations have been used (Carpenter & Fryer, 1990;
Gustafsson, 1989). More complex models have been analyzed and compared to experi-.
mental results. See for example Liao & Feddes (1989). Other studies include dust
generation rate (e.g. Qi et al., 1992) and dust removal mechanisms (e.g. Barber et al.,
1991).
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Figure 7.4 Dust production and removal

For the workers and the animals, only the dust concentration in the air is vital. Therefore
the most important questions are: '

- In which way can we minimize the release of dust from the primary sources?

- In which way can we minimize the release of dust from the secondary sources?

- In which way can we maximize the dust removal mechanisms?

A number of strategies can be implemented in order to influence the amount of airborne
dust in a building. Present experience in agriculture suggests that more than one strategy
is required to reduce airborne dust concentrations to acceptable levels.

Consideration of the sources of dust production can produce important benefits:

- it allows the individual sources of dust to be identified.

- it allows identification of the source materials that are most likely to have a biological
activity which is detrimental to health.

- it allows for the application of suitable measurement procedures to quantify the individ-
ual source of dust production.

Information on the source, type and quantity of dust present allows management to
consider the most appropriate strategy to reduce dust levels. The management need will
depend on:

- The quantity of dust present and any legal implications (based on either animal welfare
or human health considerations)

- Whether the system in use is intrinsically dusty or whether the system is badly managed
or used.

- Suitable methods being available to reduce dust production.

- Whether any improvements are financially viable.

A reduction in dust production may not be possible in any one situation. The emphasis
must then be placed on increasing the rate of removal of particles from the airspace.
Reduction technology is discussed in section 7.5. However, following the model described
in Figure 7.4, part of the airborne dust concentration is produced by the resuspension of
particles which have previously been precipitated from the atmosphere. The resuspended
particles form the secondary production cycle.
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Primary dust production
Components of dust

The chemical and biological activity of dust is defined by the source materials. In
livestock housing the composition of dust has frequently been described (e.g. Donham,
1986). The proportion of dust particles in any one building which are derived from a
single dust source will be unique. Particles derived from animal debris will form a
significant proportion of those present when dust concentrations are relatively low. Where
dust concentrations are relatively high a substantial proportion of the mass will be derived
from animal feed and bedding. Similarly, the concentration of airborne microorganisms
will depend on a variety of factors which will be unique to any one building, e.g. cubic.
stocking density, relative humidity, bedding quality and ventilation rate. Typical sources
of particles are described below.

Animal Debris

- Skin, hair, feathers

- Faeces, urine

- Gut bacteria, gut epithelial cells

- Respiratory bacteria, non-specific and pathogenic

Bedding materials

- Plant cells

- Moulds, endotoxins, pollen grains
- Insects, microorganisms

Feed particles

- Proteinases, proteases, minerals
- Moulds, endotoxins

- Insects, microorganisms

Atmospheric particles (produced external to a building)
- Pollen grains, bacterial spores
- Specific airborne pathogens

Associéted gases and odours (See for example, Hartung, 1986)
Secondary dust production

Particles are removed from the air by a number of processes; one significant process is
sedimentation. Any particle which is lying on a surface of a livestock building, and is not
firmly attached to that surface, can be resuspended by animal activity, vibration of
mechanical equipment, or air flow.

There is limited data available on the proportion of resuspended particles in airborne dust.
Settled particles can be re-entrained into the air where air velocities are relatively high,
e.g. in recirculation systems (Robertson, 1989).
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Factors influencing dust production

Dust production is highly variable, both between and within buildings. The rate of dust .
production will depend on the particular system of livestock production used, and that in
turn will be influenced by microclimate and weather factors. Reviews of the factors
involved include Carpenter (1986) and Dawson (1990).

Systems consnderatlons
Climate

External temperature can influence the requirement to house livestock, the stocking
density, and the feed type used. Relative humidity can affect the ability of a surface to
shed particles and also the viability of airborne microorganisms. The role of temperature -
and humidity in the survival of airborne bacteria is well recognised. (see for example
Cox, 1987). Jones & Webster (1981) measured a significant reduction in the proportion of
respirable bacteria in calf housing from 54 to 29%, which was concurrent with a period
of cold dry weather. External temperatures will have a complex influence, and can affect
animal behaviour and performance, ventilation rates, and consequently internal air
velocities. The general climate during crop harvesting can influence the quality of grain
and straw, and the subsequent emission of high concentrations of microorganisms.

Nutrition

Both the type of feed used and the method of feeding can influence the production of
dust. Intensive housing systems typically use complete diets, with milled grain as the main
energy source. Dust production may increase when finely milled products are used, and
have been shown to decrease when the feed includes a binding agent such as oil or
molasses. Larsson (1983) demonstrated that an increase in the moisture content of grain
prior to grinding or crushing could reduce relative dust production by up to 78% and 82%
respectively. In laboratory studies adding 0.5, 1.0 and 2.0% oil to pig feed, Heber &
Stroik (1988) showed a reduction in dust mass of 76-99%. There was no significant .=
decrease in respirable dust after the addition of rapeseed oil to pig feed (Welford et al.,
1990), but a significant decrease in total dust mass and settled dust concentrations.
Further results are described in section 7.5. Dust production can also decrease if the feed
is presented as a wet or pelleted product. Study in big number of houses for fattening pigs
(Baekbo, 1989) showed 2.6 mg/m’ in average of total dust with dry feedmg, but only 1.6
mg/m® with wet feeding. :

The method of feeding can have a significant effect of dust production. In a comparison
of floor feeding vs commercial pig feeders, the number of airborne respirable particles
was reduced by 55% when using the feeders (Feddes et al., 1983). In a survey of 20
commercial pig buildings over a six month period, mean total dust concentrations were
4.6 mg/m® with ad libitum feeding compared with 10.0 mg/m® with restricted feeding
(Robertson, 1992).

Certain types of dust production from conserved herbage and grain are particularly
damaging to human and animal health. Grain, silage, hay and straw can all decay during
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storage to produce moulds and toxins. Mites can also be present and can cause serious
respiratory irritation. Problems increase when wet conditions exist at harvest and material
is put into store at a relatively low dry matter content. Systematic examination of dust
from stored hay has shown 75 to 150,000 mites per gram of hay dust (Hage-Hamsten,
van, et al., 1991). Mycological examination of mouldy hays has shown typical mould
spore concentration of 5-250 x 16° spores per gram of hay (Gregory & Lacey, 1993).

Size of unit or building

The size of the air space in a building can, in .commercial conditions, influence dust
production. One example would be where a single air space contains different ages of
livestock, and is consequently never emptied and completely cleaned.

Stocking density

A major influence on dust production is the stocking density; the higher the number of
animals per unit space, the higher the amounts of feed provided and wastes produced.
Stocking density is a function of animal requirements; e.g. breeding stock have a lower
stocking density than fattening stock. Overstocking can increase animal activity through
increased competition for space. Stocking density per unit area (kg/m? will also increase
with the age of animals (eg. broiler housing), and can be associated with an increase in
dust concentrations.

Webster (1990) has suggested that a 50% reduction in stocking density is 50% more
effective in reducing contaminants in the airspace than a 10-fold increase in ventilation
rates.

Animal activity

Competition can have an influence by increasing both the amount and intensity of activity,
which causes an increase in the mechanical disturbance of particles, Factors include
stocking density (see above), insufficient feeder space and mixing of different groups of
animals. Animal activity will also increase at feeding time where ad libitum feed is not
available, and where stockman intervention is disturbing to livestock (e.g. stock inspec-
tion, weighing). Diurnal patterns of animal activity or similar daily patterns can be
positively associated with airborne dust levels. ' '

Diurnal variation

Investigations have shown that airborne dust varies considerable depending on animal -
activity. Instant measurements by laser (Nilsson, 1982) indicate peaks with 5 times higher
dust concentrations just before feeding and 3.5 times higher during feeding periods, as
compared to the 24-hour average. Concentrations of dust from personal dust measure-
ments were 1.7 times higher than the daily mean (Donham, 1986).
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Day-to-day variation in dust

Investigations on airborne dust always show large variations in dust from day to day when
using 24 hour measurements. In experiments at SjF in Denmark (Pedersen, 1993) the day-
to-day . variation, expressed as Coefficient of Variation (CV), was about 20 %.

At Silsoe, England a comprehensive study (Barber et al., 1991) was made in a grower-
finisher piggery with measurements over 16 days at 16 locations. The results show a CV
of 17.4 in respect to the daily variation, similar to the work noted above. The results also
shows a CV of 21.7 from pen to pen, showing that variation from day to day in a piggery
is of the same size as the variation from pen to pen.

The results of a study on a commercial pig farm (Megller & Takai, 1991), show a CV of
about 100%, which is very high.

Simultaneous measurements of pig activity and dust concentration are shown in Figure
7.5. The activity measurements are made with a method developed at SjF in Denmark
(Pedersen, 1993) based on a PID sensor (Passive Infrared Detector) and the dust concen--
tration is measured with a Dust Detector, type Shibata. The measurements were carried
out in a weaner house with 56 pigs. at an average weight of 28 kg.
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Figure 7.5 Activity and airborne dust in weaner house

Figure 7.5 shows that pig activity has a great influence on the actual dust concentration.
These differences in dust level e.g. caused by fighting or active pigs can make it difficult.
to demonstrate the effect of any method applied to reduce the dust level. The figure shows
that increased pig activity can explain most-of the variation within the building.

Housing type
Systems which restrict animal movement (eg. pig tethers) may produce less dust than, for
example, loose housed animals kept on straw, if all other factors remain unchanged.

Housing type is often associated with flooring/bedding types; the dustiness of the litter
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will influence airborne dust concentrations. Slatted concrete floors are associated with less
airborne dust than solid concrete floors due to a reduction in secondary dust production;
particles falling through the void in the floor cannot be resuspended. In a study (Baekbo,
1989) in houses for fattening pigs, the amount of total dust was 2.5 mg/m’ in houses with
straw, but only 1.1 mg/m?® in houses without straw. In a comparison of air quality in
poultry housing with birds kept on either litter or raised netting (Madelin & Wathes,

1989) there was a reduction in both airborne bacteria and resplrable dust concentrations in
the buildings with raised netting.

Ventilation systems are associated with removal of dust, see Figure 7.4. However, both
high speed jet systems and recirculation systems can increase secondary dust production
by the reintrainment of settled particles from horizontal surfaces or ducting. The effect of
a ventilation system is inevitably linked to the state of the external weather conditions. In
a study of naturally ventilated and mechanically ventilated pig buildings, (Heber & Stroik,
1988), naturally ventilated buildings had significantly higher dust concentrations. The
number and mass concentrations were both negatively correlated to outside temperatures.
(-10.6 to 33.9°C) and inside relative humidity (27 to 100% RH).

Dust production - additional factors

The primary concern which has created interest in dust. reduction has been the mfluence
of airborne dust on respiratory disease. However, there are additional factors that should -
be considered in all cases (see chapter 3).

7.3 Measurment Methods

Three principle questions need to be answered to choose the correct measurement method.

- What is to be measured? (respirable or inspirable fraction, bacteria etc?)
- Where is the measurement location? (ground level, head height, exhaust?)
- When is the measurement to be carried out? (am, pm, diurnal?)

The answers to these questions will dictate the choice of methodology, although many
practical compromises will be made. There is no standard technique, although the
measurement of certain aerosols, eg. the inspirable dust fraction, is usually carried out
with specific equipment which has published performance characteristics.

A number of protocols exist for aerosol measurement, and a discussion document was
published after a workshop on aerosol sampling in livestock buildings. The reliability of

different techniques was discussed (Wathes & Randall, 1989) and recommendation were
made.

A summary of those recommendations which do not refer to specific sampling methods
includes:

- Standard sampling locations should be given for each animal species and related to
behaviour and height.

93



- The degree of variability of aerosol characteristics at each site of interest should be
measured (or understood) to establish how many samples are needed in order to obtain
results of a predetermined accuracy.

- All measurements should include sampling over 24 hour periods or be relevant to a
particular task.

- Frequent calibration of equipment is essential and the methods used reported in all
publications.

- Desiccations of filters before weighing should be accepted as standard. The welghmg
method should eliminate hygroscopic effect and be reported in all publications.

Credibility of results depend on an accurate record of the many factors which affect
aerosol characteristics (animal factors, building description, feeding method, manure
handling, and environmental factors e.g. temperature).

When selecting a method for measuring the airborne dust concentration in livestock
buildings, it is convenient to use a method which does not disturb the air and dust flow in
a room. In reality it is rather difficult to get faultless values, because the measuring
equipment normally is placed at the point where the dust content is to be measured. In
this respect the laser beam which measures the average concentration along a line of some
meters length has some advantages. However this method has other disadvantages with
respect to calibration etc.; consequently it is not much used today.

The most interesting methods are discussed on the following pages.
Filter Methods

Different types of methods using filters are described in the literature, but most labora-
tories are currently using the cassette: method with 25 mm filters. This method is used for
measuring total dust and also, together with a cyclone, for measuring respirable dust.

Different types of equipment are available and used at different laboratories. The method
used in the EU-project "Reduction of aerial pollutant emissions in and from livestock
buildings”, 1992-1996 with participants from Germany, Denmark, the United Kingdom
and the Netherlands is described below. (Takai et al., 1993)

Total dust

Figure 7.6 shows an exploded view of the IOM dust filter.

The sampler was developed by the Institute of Occupational Medicine, Edinburgh, UK
(Mark & Vincent, 1986). The sampler is designed for personal monitoring of dust, or
IPM (Inspirable Particulate Mass) as recommended by the American Conference of
Governmental Industrial Hygienists (ACGIH, 1985). The cassette has a 15 mm circular
orifice and is equipped with a 25 mm filter. The sampler body and the cassette are made
of conductive plastic. Sampling flow rate is 2.0 litre/minute.

Respirable dust
Figure 7.7 shows the SKC cyclone dust sampler.
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Figure 7.6 The IOM cassette in exploded view

Figure 7.7 The SKC cyclone dust sampler for respirable dust in exploded view -

The SKC cyclone dust sampler collects the respirable fraction, in accordance with the
convention shown in Figure 7.2. The sampler consists of a cyclone and a snap- together
filter cassette which is assembled on top of the cyclone using a two-piece cap. The

cyclone includes a pipe stub for the air inlet and a lapel clip. The filter cassettes includes
a 25 mm filter paper and a filter support grid of stainless steel. The cap includes a pipe
stub for vacuum air and a screw ring for assembling. The cyclone and cap are made of
conductive plastic. Sampling flow rate is 1.9 litre/minute.

The purpose of using the cyclone is to precipitate particles above 5 um before they can
reach the filter paper. In practice it is not possible to sort particles precisely by means of
a cyclone. The shape of the sorting curve is defined at the Johannesburg Convention 1959
(MDHS 14, 1986), similar to Figure 7.2. Some particles bigger than S um will be
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collected on the filter and some smaller ones will be sorted out by the cyclone, as shown
in table 7.3.

Table 7.3 Sorting characteristic for respirable particles

Diameter Passing cyclone
pm %

1.6 95

3.5 75

50 50

6.1 25

7.1 0

The disadvantage of the filter method is that the measured dust concentration is the
average dust concentration over a longer period, normally 24 hours. Therefore, it gives
no information on the variation in ”dus,t concentration over time. Another practical
problem is weighing accuracy, because the mass of the collected dust is calculated as the
difference between two large mass values: the filter itself weighs approximately 45 mg
and the collected respirable and total dust masses are 0.5 and 5 mg respectively.

Since the filter material is hygroscopic, it is important to use a well-documented weighing
method. One of the methods is to dry the filters at 105 °C over a period of 14 hours.
Another method is to stabilize the weighing condition over a period.

Organization of the Weighing Room

The space for handling and weighing of filters ought to be in a separate room, ideally
equipped with air conditioning to control inside temperature and relative humidity.

The air conditioning system may include a humidifier and an electric heater, to provide a
constant temperature 4 0.2 °C and a relative humidity of 50% + 2 %.

The climate in the weighing room may  be kept constant over a 24 hour period prior to
preparation of the cassettes and the weighing procedure. :

Particle Counter

Figure 7.8 shows a particle counter based on the Photocell method.

The instrument continubusly gives values of dust at a certain point. The method can be
used for relative measurements, but is not useable for measuring absolute values e.g.
mg/m’.

Particle sizing

Figure 7.9 shows the Andersen Stack Sampling equipment. It consists of 6 or 9 sieves
with holes placed at a distances of 2.5 mm. The hole diameter decreases from the upper
sieve to the lower, and therefore the air speed increases as it passes through the sieves.

As shown in the figure, the holes in two neighbouring sieves are displaced with respect to
each other. This means that the air has to change direction before entering the holes in the
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) Photomultiplier tube

Illumination chamber
¥ / :

Figure 7.8 Optical particle counter

next sieve. At a specific speed, certain particle sizes will not change direction but be
collected on the next sieve. In this way dust particles are divided into different sizes.

This method can be used for collecting airborne microorganisms for impaction and
subsequent culture on nutrient bases. However the efficiency of collection can be difficult
to establish. There are a number of different methods for collecting and counting viable
microorganisms, and they all have different levels of practicality and sampling efficiency
(Crook et al., 1988). :

%o
.oo o200 5
7 el o
/Mc
o°°o'o' .=°o °.
o

Figure 7.9 Anderson particle counter
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Optical Particle Sizer

During the last decade different particle sizing units have been developed based on laser
principles, where the air passes a laser beam at high velocity. -

The particle sizer, e.g. from TSI (Minnesota) and Malvern (England), is characterized by
a controlled flow. The air examined is accelerated up to a very high speed in a vacuum.
At the end of the accelerating chamber the air passes a double laser beam, where a speed
is obtained which correspond to the particle size, because small particles accelerate faster
than bigger particles.

If the specific gravity of dust is known, the distribution of particle surface area and mass
can also be obtained, derived from the distribution of different particle sizes.

7.4 Effects on animals and humans
Human health

There are still significant gaps in our knowledge about the precise relationships between -
the various components, of" agricultural dust and specific respiratory disorders. It is
established, however, that organic dusts present in the farm environment may cause a
series of lung cell reactions involving inflammation and immune responses. Based on the
inflammation, clinical diseases related to this exposure may be divided into categories of
acute and chronic inflammation. These may be accompanied by airway hypersensitivity.
Individual clinical cases often present atypical or mixed symptoms that must be recognised
as a work-related disease (Rylander & Peterson, 1988). The four main diseases associated
with agricultural work are: allergic rhinitis and asthma, pneumonitis/alveolitis, organic
dust toxic syndrome, and bronchitis.

Allergic rhinitis and Asthma

Allergenic material is common in the agricultural workplace. Storage 'mites, particles of
oats and barley, and animal skin squames (epithelial cells) are all known to be allergenic
in some cases.

Pneumonitis/Alveolitis

Hypersensitivity pneumonitis can be induced by the reaction of lung cells to inhaled
materials via immunological mechanisms. The most widely known description of the
symptoms is "farmers lung". The prevalence of this disease has been reported as being
between 5.7 and 8.6%, but is generally considered to be below one percent for European
and American farmers (doPico, 1986). The seriousness of the disease is that the risk of
permanent lung damage increases with repeated exposure to the causative material.
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Organic Dust Toxic Syndrome

Exposure to extremely high concentrations of organic dust, for example during grain

handling, can lead to influenza-like symptoms. Although the causative agents can also be
associated with hypersensitivity pneumonitis, the symptoms are different in that they may
occur in a relatively high proportion of those exposed (30-40%), the symptoms are often
delayed for 4-6 hours after exposure, and the individual may become tolerant to repeated
exposure.

Bronchitis

Chronic bronchitis can be defined by the presence of cough and sputum for two years or
more, and various studies have shown that it is a significant problem amongst agricultural.
workers. There can be a long-term reduction in lung function. The symptoms have been
reported in a number of studies of intensive livestock workers. -

Examples

There have been a range of studies to investigate the possible correlation between ajr
quality in agriculture and human respiratory problems. A number of examples are given
below. The subject has also been covered by numerous meetings; for example a range of
studies of organic dusts and lung disease were covered in an international workshop
(Rylander & Peterson, 1988).

- Aflatoxin in respirable dust - grain (maize) handlmg (Sorenson et al., 1981).

- Lung lesions probably caused by hypersensitivity pneumonitis. Tracheal and turbmate
lesions are best explained as a reaction to chronic low-grade irritation. Donham &
Leininger, 1984.

- 53% of pig farmers (n=183) reported one or more respiratory symptoms (Brouwer
1987) (q.v. table of symptoms).

- In a study of poultry buildings and stockmen, 38% (10/26) of farmers had obstructive
ventilatory lung function (Danuser, 1991).

- Between 1985 and 1989 in the UK there were 299 confirmed cases of leptosp1r051s an’
infection caused by Leptospira bacteria. Half of those were farmers or agricultural '
workers, most of whom had contracted the infection by splash contact with contami-
nated cows’ urine (Ferguson, 1991).

- Work-related respiratory symptoms were reported by 23 of 29 pig workers; eight had
elevated specific IgE to the pig feed, indicating possible allergy (Crook et al., 1991).
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Table 7.4 Symptoms reported by intensive livestock workers - pig farmers (%)

Symptom : - Survey

Crook et al., 1991 Brouwer, 1987 Donham & Gustafson, 1982

n =29 n = 183 - n= 486
Nasal/eye irritation 69 - 45
Cough 52 20 67
Sputum 35 16 56
Chest tightness 45 10 36
Shortness of breath - 9 30
Wheezing - 22 27
Headaches 21 2 37

- Prevalence of Farmer’s Lung in specific areas of Scotland recorded at 0.86% of the
total population. Probably related to climate and agricultural methods which combine to
give increased risks from mouldy hay (Grant et al., 1972).

- A number of studies investigating the dose/response relationship between grain dust and
respiratory problems imply that exposure above 5 mg/m? is associated with a serious
effect on lung function (Howarth, 1990).

- Specific antibody reactions to pig skin, urine and feed have been recorded in stockper-
sons in Finland (Virtanen et al., 1990). _

- Clinical symptoms of possible respiratory impairment due to dust exposure, supported
by measurement of reduced lung function, were evident in 10% of the stockmen taking
part in a field study of poultry buildings and workers (Whyte et al., 1993).

The complex nature of the problem and the importance of non-work factors such as
smoking make it difficult to provide definite guidance on the relationship between dusts
and respiratory health. However, some researchers have concluded that maximum
exposure limits for workers in livestock buildings should be reduced. Donham (1990)
suggested that provisional guidelines for maximum exposure of livestock workers to total
inspirable dust should be 3.8 mg/m’.

Occupational exposure - risk factors

The dose-response relationship between exposure to dust and respiratory disease in
humans is not well defined. However, the problem can be simplified by considering three
main factors:
- The hazardous nature of dust. Material may be relatively toxic or pathogenic even at
very low concentrations, or at the other extreme, biologically inert.
- The risk from dust will depend on work factors such as daily duration of exposure,
duration of any previous exposure, whether exposure is intermittent or not, and degree
~of exertion during exposure.
- The susceptibility of any individual can be influenced by genetics (eg. family history of
asthma/respiratory allergy), atopy (previous respiratory impairment), tobacco smoking,
and short-term ill-health (reduction in immune function).
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Dust and livestock health

Livestock kept in buildings are most at risk from dust. Although many modern buildings -
are described as environmentally controlled, dust control is seldom considered at the
desngn stage. The relevance of dust to livestock health is twofold. First, and most
important, is the ability of large numbers of particles to damage or compromise the
respiratory tract. The second concern is that particles carry microorganisms and gases
which cause damage to the respiratory system.

Some of the information that is available on the relationship between airborne particles
and respiratory health remains contentious. However, there is no question about the
importance of respiratory disease in livestock production. Pneumonia in intensively
housed calves and cattle, and a range of chronic and acute respiratory diseases in pigs are
obvious examples. During 1987, 29.7 million poultry were condemned in the U.S. due to.
respiratory problems.

Although a number of studies have demonstrated a significant relationship between air
quality factors and the severity of respiratory disease, the effect is usually seen only when
viable pathogens are also present. There also appears to be an effect where the time of
exposure to dust during the development of respiratory disease is also crucial. For
example, although there were significant relationships between dust measurements in both
farrowing and weaner accommodation and the severity of atrophic rhinitis, the strongest
relationship existed in the weaner housing when the pigs’ immune system is most vulner-
able (Robertson et al., 1990).

Some examples of studies which relate air quality factors to specific respiratory problems
are given below. A broader view of the subject has been discussed by a number of
workers or presented at meetings, e.g. Bruce & Sommer (1987), and Morrison et al.
(1990). The complex relationship between the environment, building design and animal
health has also been reviewed, e.g. Wathes et al. (1983).

Examples

- Birds on litter with higher incidence of lung damage and higher incidence of viable
microorganisms in the lungs than birds kept on raised netting. Respirable dust and
BCFU (Bacterial colony forming units) significant higher (Madelin & Wathes, 1989).

- Association between increased concentrations of airborne dust and cattle pneumonia
(MacVean, 1986).

- Calves in sheds with internally filtered air were compared with calves in non-ﬁltered
sheds. Mean aerial bacterial concentration in sheds with filters was reduced by about
45% and the average area of lung consolidation in the calves reduced by 58% compared
with the controls (Pritchard et al., 1981).

- Air hygiene and ventilation of stables has a significant influence on the resplratory
health of horses (Clarke, 1991).

- In a study of 12 commercial pig units there were positive correlatlons ‘between both the
respirable and inspirable dust concentrations in the final housing stages and the average
severity of lung damage in the pigs (Robertson, 1992 b).
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7.5 Reduction technology

During the last ten years, many attempts have been made to reduce the levels of airborne
dust in livestock buildings. Technologies can be applied to reduce the production of dust,
increase the sedimentation or decrease the recirculation. In the following section different
attempts are described.

Fat added to feed

At the University of Nebraska, (Chiba et al., 1985), experiments were carried out with
2.5% and 5% fat in diets for pigs. The airborne dust was measured with a four-stage
cascade type impactor and the concentration of total dust varied from 10 to 20 mg/m’.
The reduction in aerial dust was 21 % and 50 % respectively. In later experiments,
(Chiba et al., 1987) the fat content in diet was increased to 7.5 %. The amount of total

dust was approximately 22 mg/m’® and the reduction compared with control diets was
53%.

At SjF (National Institute of Agricultural Engineering) in Denmark experiments were
carried out in 1993 (unpublished) with 4% organic fat added to the diet for pigs. The
concentration of total dust in the reference house was approximately 4.5 mg/m® and the
results show a reduction of 50 % in total dust.

Fogging with water

The effect of fogging the air with water depends very much on the type of nozzle, water rate
and the fogging intervals. In a Swedish experiments with pigs using a fogging system with
ultra-sound nozzles which produce very small water particles, the dust concentration was
increased, provably because the animals were negatively influenced by the high frequency
sound. When used in stores for potatoes, the dust burden was reduced to one third. When
using nozzles which give larger water particles (douching) and shorter fogging intervals, the
dust concentration was reduced by 50% in piggeries. (Gustafsson, 1993). However, the use of
misting to increase R.H. from 53 to 75% and 34 to 68% in turkey sheds actually increased
particle concentrations (Feddes et al., 1992). '

Fogging with rape seed oil

A method of spraying a mixture of rape seed oil in each pen was developed at SjF in the
middle of the eighties (Figure 7.10). Experiments were carried out on a conventional farm
(Moller & Takai, 1991) and a reduction in respirable dust of 76% was obtained in weaner
houses. In houses for young pigs the reduction was 54%, and in a house for fattening pigs
the reduction was 52%. Later the spraying system was improved and in weaner houses, -
the dust concentration in the reference room was approximately 4 mg/m3 (Test report _
883, 1993). The results show a reduction of 78% in total dust and 90% in respirable dust
at a dose of 10 gram rape seed oil per pig per 24 hours. In Sweden (Gustafsson, 1993)
experiments were done with spraying rape seed oil and a 50% reduction in dust concen-
tration was measured.
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Figure 7.10 Fogging with a mixture of rape seed oil and water

Showering of floors and fixtures

At LBT in Lund (Nilsson & Gustafsson, 1987) experiments in pig buildings
were carried out with showering of the floors and fixtures (Figure 7.11) but no significant
difference in production, health or dust concentrations were found.

A 7
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=

Figure 7.11 Showering

Later experiments (Ryhr-Andersson, 1990) in a pig building with 1.2 mg/mj of total dust
showed a reduction in total dust of 15% and in respirable dust of 26% by showering with
water two times per hour during day time and one time per hour during night time.
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Weekly washing

At Rosmalen in the Netherlands '(Klooster-, van ’t, et al., 1993b) experiments in weekly
washing of weaner houses were carried out with four weeks old pigs. The dust level in
the reference room was approximately 5 mg/m® and a reduction of 10% was measured.

Ionisation

At SjF in Denmark experiments with ionisation were carried out for some years (Msoller,
1991). The principle is shown in Figure 7.12. In 1990/91 experiments were done with
two identical houses for fattening pigs with approximately one pig/m?, one house with and
one without ionisation. In the house with ionisation, there were 30 000 - 80 000 negative
ions per cm’.

lonization head

.

Central unit t‘-.;(“
EmNUNY
2-3m
Figure 7.12 Ionisation
The inside temperature, relative humidity, and carbon dioxide were of the same levels.
Measurements of total and respirable dust were performed 24 times per 24 hours at the
same time in both houses. The concentration of total dust in the reference room was
approximately 3 mg/m’ and the reduction of dust by ionisation was 26% for respirable
dust and 23% for total dust. B '
At the Agricultural University of Norway, the effect of ionisation was studied in three
different houses for hens in cages (Lyngtveit & Eduard, 1992). The total dust was
collected on filters and by stationary sampling. The amount of total dust was on average
1.3 mg/m? and the results show a reduction in total dust of 12%. o
At the Swedish University of Agricultural Science (Ramvall, 1992), research was carried
out in a poultry house for layers. The hens were kept in a loose system with approximate-
ly 16 hens per m?. The house was equipped with nests in three layers on one side and
eating and resting areas in three layers on the other side. Measurements of dust were
carried out both two metres above the floor and with equipment carried by the worker.
The concentration of total dust by stationary measurements was 4.3 mg/m>. No effect was
found on total and respirable dust, neither at one ioniser per 4 m* nor per 2 m? of floor.
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Electrostatic filters

At SjF, experiments were done with electrostatic filters (Figure 7.13) with an air capacity
of 3000 m*/h in a house for 120 weaned pigs (Test report 819, 1991). No effect was

found on the ammonia concentration. The amount of total dust without an electrostatic
filter was 3.1 mg/m® and the reduction of dust was 43 % and 44 % for respirable and
inspirable dust respectively.
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Figure 7.13 Electrostatic filter

Swedish experiences (Gustafsson & Mértensson, 1990) show that the airflow capacity
through air cleaning devices must be at least in the same range as the ventilation rate in
the building if any significant effect is required.

Vacuum cleaning

At LBT in Lund (Nilsson & Gustafsson, 1987), experiments on vacuum cleaning in the
passage showed little or no effect on dust concentrations in the building. Also, at
Rosmalen in the Netherlands (Klooster, van ’t, et al., 1993b), experiments on vacuum
cleaning were carried out in a finishing house with pigs from 22 to 108 kg. The total dust
concentration in the reference room was 2.5 mg/m®. Using weekly vacuum cleaning, a
reduction of 6% was measured. In experiments by the Centre for Rural Building,
Scotland, to measure human exposure to total dust when cleaning poultry buildings, use
of a vacuum cleaner reduced exposure by 74% compared with the brush, from 14.6
mg/m’ to 3.8 mg/m* (Robertson, 1992 a). '

Filtration and recirculation

At Rosmalen in the Netherlands (Klooster, van ’t, et al., 1993b), experiments were
carried out on filtration and recirculation (Figure 7.14) of the air in weaner houses with
solid concrete in the laying area and metal slats in the dunging area. The total dust
concentration in the reference room was 2.7 mg/m’.

For a house with 70 four-week old pigs and a recirculated air volume of approximately
4000 m*/h, the reduction in dust measured over 24 hour periods was 40%.
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Cleaning with wet scrubbers

At ADAS Farm Building Deveiopment Centre, Reading (Pearson, 1989) experiments with
wet scrubbing of recirculated air were carried out in a weaner house with pigs from 3 to
7 weeks of age. Figure 7.15 shows a typical wet scrubber.
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Figure 7.15 Wet scrubber

The scrubber capacity was 11% of the maximum required summer ventilation rate. The
cleaned air was recirculated and mixed with the required amount of fresh air.

The concentration of total dust in the weaner house was 4.0 mg/m’ which was reduced to
3.7 mg/m® by wet scrubbing. However, the concentration at the scrubber outlet was
reduced to 0.7 mg/m?, but because of the limited capacity of the scrubber, the dust
concentration in the weaner house was reduced only slightly. It is assumed that the
reduction can be improved by increasing the air capacity of the wet scrubber. By using
the wet scrubber, the ammonia concentration was reduced by about one-third and the
odour was also reduced at the scrubber outlet. Therefore, the wet scrubber can also be
used for reducing odour emissions by cleaning the outgoing air. However, this is not
considered to be cost effective for livestock buildings.
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Purge ventilation

At the Centre for Rural Building, Scotland (Robertson, 1989), experiments were carried
out on purge ventilation in pig buildings with either natural ventilation or mechanical
ventilation. The effect of the purge cycle on the number of particles within the buildings
was measured with a near-light scatter particle counter. The mean pre-purge total dust
concentration was 12 mg/m®. The purge produced a 60% reduction in estimated total dust
concentration, but the dust concentration increased rapidly when the purge was complete.
As a consequence of the purge, the inside temperature droped rapidly in the first two
minutes of the purge cycle.

Deep litter

At Rosmalen in the Netherlands (Roelofs et al., 1993) experiments were carried out with
deep litter wood-shavings in houses for fattening pigs (Ecopor-system and Finnfeeds-
system). The buildings were insulated and mechanically ventilated. During day-time, the
concentration of total dust was 1.1 mg/m®, dropping to 0.8 mg/m® during night-time.
These concentrations are approximately 50% of typical dust levels in pig buildings. The
24-hour average of respirable dust was 0.2 mg/m®. At SjF in Denmark (Moller, 1992) an
investigation of dust concentrations was carried out with fattening pigs on deep litter in an
uninsulated house with natural ventilation. The results were compared to concentrations in
traditional Danish houses for fattening pigs with totally or partially slatted floors and
mechanical ventilation in insulated houses. The amount of total dust in the deep litter
house was 0.55 mg/m>. As an average for one year’s measurements, the concentration of
total dust was only 25% of the amount in the traditional houses, and the amount of
respirable dust was only 40%. The low concentration of dust is probably due to the high
air exchange rate in the house with deep litter, where the inside temperature was only a
few degrees above the outside temperature.

Position of air inlets

In the Netherlands (Klooster, van ’t, et al., 1993a) an investigation was carried out to
minimise the exposure of the stockmen to dust in confinement buildings for pigs (Figure
7.16). The air inlets were located as near as possible to the stockmens’ noses. The air
outlet was located near the re-entrainment area underneath the slats. The dust concen-
tration which increasED with the number of days after the start date, varied from less
than 1.0 to 3.5 mg/m’. In a direct comparison with an identical room the average inha-
lable dust levels, measured continuously over 24 hour periods at 1.6 m on the feed walk,
were reduced by 40%. The average inhalable dust levels at 1.0 m above lying area were
50% lower in the room with the modified ventilation as compared to the standard room.
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Figure 7.16 Position of air inlets

7.6 Comparison between different methods of reducing dust

The previous sections have shown results from different experiments with different
methods of reducing airborne dust in livestock buildings. On the basis of this information
and experience from others, the scale of reductions which can be expected in practice is
shown in Figure 7.17. This shows that, currently, the highest reduction has been obtained
by fogging with rape seed oil.
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REDUCTION TECHNOLOGIES
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Figure 7.17 Expected reductions in airborne dust with different dust reduction techno-
logies in livestock buildings

7.7 Legal requirements

Most European countries have limits, either recommended or enforceable, for the amount
of airborne dust in livestock buildings and at the human workplace. Concerning this
report, in the participating countries the limits for allowable airborne dust are:

Austria: No recommendation for animals. In the work place the limits are
15 mg/m?® for total dust and 6 mg/m’ for respirable dust.
Belgium: No recommendation for animals. In the work place the limits are
10 mg/m?® for total dust and 5 mg/m’ for respirable dust.
Denmark: No recommendation for animals. Up to 1.7.1992 the maximum limit for

8 hour’s exposure per day was 5 mg/m’ of total organic dust. Because of
obvious problems with the health of humans, the maximum limit of total
dust was reduced to 3 mg/m’ for 8 hour exposure. (At-anvisning, 1992)

Finland: 10 mg/m? for organic dust at 15 minutes’ exposure and 5 mg/m® for 8
hours’ exposure.

France: 10 mg/m? of total and 5 mg/m’ for respirable dust for 8 hours.

Germany: No recommendations for animals.

Great Britain:  No recommendation for animals. For humans 10 mg/m? of total and 5
mg/m? for respirable dust for 8 hours.

Netherlands: 10 mg/m? of total and 5 mg/m’ for respirable dust.
Italy: No recommendation for animals

Norway: 5 mg/m? of total dust for humans.

Sweden: 10 mg/m? of total dust for animals.

In the U.K. the recognition that grain dust can cause respiratory damage has been
acknowledged by the creation of a "Maximum Exposure Limit" of 10 mg/m’. The
implication is that dust levels MUST be below this level, and that the airborne concentra-
tion must be reduced "as low as is reasonably practicable”. Similar legislation does not
exist for exposure of livestock to dust.

109



References

At-anvisning 1992. Grensevardier for stoffer og materialer. (Limiting values of compounds and materials)
Arbejdstilsynet (The Danish Labour Inspection Service), At-anvisning Nr. 3.1.0.2, January 1992,

Baekbo, P., 1989. Air quality and pig herd health (in Danish). Ph.D. Thesis, The Royal Veterinary and
Agricultural University, Copenhagen. '

Barber E.M., J.R. Dawson, V.A. Battams & R.A.C. Nicol, 1991. Spatial variability of airborne and settled
dust in a piggery. Journal of Agricultural Engineering 50: 107-127

Brouwer R., 1987. Prevalence, control and prevention of non-specific lung disorders among pig farmers in
the Netherlands. In "Environmental aspects of respiratory disease in intensive pig and poultry houses,
including the implications for human health” (Eds. J.M. Bruce and M. Sommer), CEC, Luxembourg.
Proc. EC meeting Oct. 1986, Aberdeen. EC Report EUR 10820. pp 191.

Bruce, J.M. & M. Sommer (Eds), 1987. Environmental aspects of respiratory disease in intensive pig and
poultry houses, including the implications for human health. Proc. EC meeting Oct. 1986, Aberdeen. EC
Report EUR 10820, 191 pp.

Carpenter, G.A., 1986. Dust in livestock buildings - review of some aspects. Journal of Agricultural
Engineering Research 33: 227-241.

Carpenter, G.A. & J.T. Fryer, 1990. Air filtration in a piggery: filter design and dust mass balance. Journal
of Agricultural Engineering Research 46 (3): 171-186.

Chiba L.I., E.R. Peo Jr., A.J. Lewis, M.C. Brumm, R.D. Fritschen & J.D. Crenshaw, 1985. Effect of
dietary fat on pig performance and dust levels in modified open-front and environmentally regulated
confinement buildings. J. Anim. Sci. 61: 763-781.

Chiba L.I., E.R. Peo Jr. & A.J. Lewis, 1987. Use of dietary fat to reduce dust, erial ammonia and bacterial
colony forming particle concentrations in swine confinement buildings. Transactions of the ASAE, Vol
30(2), 464-468

Clarke, A., 1991. Air hygiene and equine respiratory disease, Equine Practice, 59-79.

Cox, C.S., 1987. The aerobiological pathway of microorganisms. John Wiley and Sons. pp 172-201.

Crook, B., P. Griffin, M.D. Topping & J. Lacy, 1988. An appraisal of methods for sampling aerosols
implicated as causes of work-related respiratory symptoms. In: "Aerosols, their generation, behaviour and
applications, 2nd Aerosol Society conference” Ed. W.D. Griffiths, p. 327-333.

Crook, B., J.F. Robertson, S.A. Travers Glass, E.M. Botheroyd, J. Lacey & M.D. Topping, 1991.
Airborne dust, ammonia, microorganisms, and antigens in pig confinement houses and the respiratory
health of exposed farm workers. Am. Ind. Hyg. Assoc. J. 52(7):271-279.

Danuser, C.W., 1991. Personal communication.

Dawson, J.R., 1990. Minimising dust in livestock buildings: possible alternatives to mechanical separation.
Journal of Agricultural Engineering Research, 47(4):235-248. -

doPico, G.A., 1986. Report on diseases. Am, J. Ind. Med. 10:261-265. _

Donham K., 1986. Studies on environmental exposures, swine health engineering design in swine confine-
ment buildings in southern Sweden. Institute of Agricultural Medicine and Occupational Health. The
University of lowa. Report No. 4/86. Ames. Iowa. _

Donham, K.J. & K.E. Gustafson, 1982. Human occupational hazards from swine confinement. Ann. Am.
Conf. Gov. Ind. Hyg., Vol 2:137-142.

Donham, K.J. & J.R. Leininger, 1984. Animal studies of potential lung disease of workers in swine
confinement buildings. American Journal of Veterinary Research 45,(5):926-931.

Donham K.J., 1990. Health concerns from the air environment in intensive swine housing. In: "Making
swine buildings a better place to work.", R.N. Goodwin (ed). National Pork Producers Council, Des
Moines, Iowa, p. 9-20. '

Feddes, J.J.R., J.J. Leonard & J.B. McQuitty, 1983. The influence of selected management practices on
heat, moisture and air quality in swine housing. Canadian Agricultural Engineering, 25, 2, 175-179.

Feddes, J.J.R., B.S. Koberstein, F.E. Robinson & C. Riddell, 1992. Misting and ventilation rate effects on
air quality, and heavy tom turkey performance and health. Canadian Agricultural Engineering 35(2): 177-
181.

Ferguson, I.R., 1991. Leptospirosis update: the risk is small and may be reduced by simple precautions.
British Medical Journal 302: 128-129.

110



Grant, . W.B., W. Blyth, V.E. Wardrop, R.M. Gordon, J.C.G. Pearson & A. Mair, 1972. Prevalence of
farmers lung in Scotland: a pilot survey. British Medical Journal 1:530-534. :

Gregory, P.H. & E.L. Lacey, 1993. Mycological examination of dust from mouldy hay assocxated thh
farmer’s lung disease. Journal of General Microbiology 30, 75-88.

Gustafsson, G., 1989. Mass balances of dust in swine houses. Proceedings: 11th. CIGR conference, 4-8 -
September 1989 Dublin, p. 1465-1469. A.A. Balkama, Rotterdam.

Gustafsson, G., 1993. Personal communication concerning fogging the air with water. :

Gustafsson, G. & L. Martensson, 1990. Luftforureningar i djurstallar: Damm. (Air pollution in lxvestock
houses: dust), Sveriges Lantbruksuniversitet, konsulentavdelningens raporter. 161, pp. 97-103. Uppsala.

Hage-Hamsten, M. van, E. Johansson, A. Wiren & S.G. Johansson, 1991. Allergy (Copenhagen) 46(2):
142-146.

Heber, A.J. and Martin, C R 1988. Effect of additives on aerodynamic segregation of dust from swine
feed. Trans. ASAE, 31, 558-563. :

Hartung, J., 1986. Dust in livestock buildings as a carrier of odours. Seminar proceedings "Odour

" prevention and control of organic sludge in livestock farming” NIAE, England, April 1985, pp 99-111.

Heber, A.J. & M. Stroik, 1988. Influence of environmental factors on dust characteristics in swine ﬁmshmg
houses. Procs. III Int. Liv. Env. Symp. ASAE, 1-88, 291-298.

Howarth, R.F.B., 1990. Grain dust: some of its effects on health. Research paper 28, Health and Safely
Executive, Bootle, UK.

Jones, C.R. & A.J.F. Webster, 1981. Weather induced changes in airborne bacteria within a calf house. -
Veterinary Record 109, 493-494,

Kliooster, C.E van ’'t, P.F.M.M. Roelofs & P.A.M. Gijsen, 1993a. Positioning air inlet and air outlet to.
reduce dust exposure in pig buildings. Fourth International Symposium, University of Warwick, England
p. 754-760.

Klooster, C.E. van 't, P.F.M.M. Roelofs & L.A. den Hartog, 1993b. Effects of filtration, vacuum cleaning
and washing in pig houses on aerosol levels and pig performance. Livestock Production Science, 33
(1993) 171-182.

Larsson, K., 1983. Dust reducing methods when handling concentrates. Swedish Institute of Agncultural
Engineering (JTI) Report No. 399.

Liao, C.M. & J.J.R. Feddes, 1989. Modelling and analysis of dynamic behaviour of alrborne dust in
ventilated airspace. ASAE Paper PNR 89-402. ASAE, St. Joseph, ML :

Lyngtveit T. & W. Eduard, 1992. Ioniseringsanlegg i honehus (In Norwegian) (lonization in houses for
laying hens) Norges Landbrukshegskole ITF Rapport 27/92.

MacVean, D.W., 1986. Field studies of environmental parameters associated with bovine pneumonia. Procs.
of 4th Int. Symp. on Vet. Epidem. and Econ.Singapore, 18-22 Nov. 19985. 159-161.

Madelin, T.M. & C.M. Wathes, 1989. Air hygiene in a broiler house: a comparison-of deep litter with
raised netting floors. British Poultry Science 30: 23-37.

" Mark D. & J.H. Vincent, 1986. A new personal sampler for airborne total dust in workplace Ann. Occup
Hyg. 30: 89-102.

MDHS 14, 1986. Health and Safety Executive: Occupational Medicine and Hygiene Laboratory, England.
MDHS 14. General methods for the gravimetric determination of respirable and total inhalable dust.

Morrison, W.D., L.A. Braithwaite, S. De Boer & J.H. Smith, 1990. Air quality effects of pig health and
performance and an overview of problem control methods studied at the University of Guelph Symp. on
"Making swine buildings a safer place to work”, Iowa, US, 15.11.90.

Mgller F. & H. Takai, 1991. Svinenes sundhedstilstand ved reduceret stevindhold (In danish). (The health
condition of pigs at reduced dust content in piggeries), Information Sheet No. 76, SjF, Bygholm,
Denmark.

Moller, F., 1991. Stevreduktion i stalde ved ionisering (In Danish). (Reduction of dust in animal houses by
ionization). Information sheet No. 74, SjF, Bygholm, Denmark.

Meller, F., 1992. Slagtesvin pa dybstreelse (In Danish) (Fattening pigs on deep bedding) Report no. 50.
SjF, Bygholm, Denmark.

Nilsson, C., 1982. Dust investigations in pig houses. Swedish University of Agric. Sc. Dpt. of Farm
Buildings. Special report No. 149. Lund.

Nilsson, C. & G. Gustafsson, 1987. Damm i slaktsvins stallar (Dust in fattening houses) Swedish University
of Agricultural Sciences Special Report 149.

Pearson, C.C., 1989. Air cleaning with wet scrubbers. Farm Buildings and Engineering (6) 2.

111



Pedersen, S., 1993. Time based variation in airborne dust in respect to animal activity. Fourth International
Livestock Environment Symposium. Coventry, England.

Pritchard, D.G., Carpenter, C.A., Morzaria, S.P., Harkness, J.W., Richards, M.S. and Brewer, J.1.,

1981. Veterinary Record 109, 5 9.

Qi, R., H.B. Manbeck & R.G. Maghirang, 1992. Dust net generation rate in a poultry layer house Trans
ASAE 35(5): 1639-1645

Ramwall, E., 1992. Damreducering med jonisering i stall for 16sgaende hons (Swedish). Swedish Umversuy
of Agricultural Sciences, Department of Farm Buildings. Thesis no 73, Uppsala.

Robertson, J.F., 1989. Effect of purge ventilation on the concentration of airborne dust in pig buildings.
Proceedings of the Eleventh International Congress on Agricultural Engineering, Dublin,4-8 September.

Robertson, J.F., D. Wilson & W.J. Smith, 1990. Atrophic rhinitis: the influence of the aerial environment.
Animal production 50: 173-182.

Robertson, J.F., 1992a. Dust exposure from cleaning using broom and vacuum cleaner. Farm Building
Progress 108: 20-23.

Robertson, J.F., 1992b. The influence of the aerial environment on the severity of enzootic pneumonia in
pigs. In "Environmental and energy aspects of livestock housing”. Proc. Seminar of CIGR 2nd
Technical Section, Polanica, Poland.

Roelofs, P.F.M.M., G.P. Binnendijk & H. J Romein, 1993. Labour requirements and conditions in deep
litter systems for fattening pigs (in Dutch) Report P 1.96, Institute for Pig Husbandery, Rosmalen The
Netherlands, 60 pp.

Rylander R. & Y. Peterson, 1988. Organic dusts and lung disease. Proc. of an Int. Workshop, held in
Skokloster, Sweden, Oct. 24-17.

Ryhr-Andersson, E., 1990. Showering in houses for growing pigs - effects on dust concentration and animal
health. Swedish University of Agricultural Sciences. Special Report 176.

Sorenson, W.G., J.P. Simpson, M.J. Peach III, T.D. Thedell & S.A. Olenchock, 1981. Aflatoxin in corn
dust particles. J. Toxicology and Environmental Health 7, 3/4, 669-672.

Takai, H., J.O. Johnsen & P. Dahl, 1993. Gravimetric method for stationary measurement of airborne dust
concentration in livestock buildings. EU-project PL 900703. SjF, Horsens, Denmark.

" Test report 819, 1991. Reduction of airborne dust in pig buildings by use of electrostatic filter. Statens
jordbrugstekniske Forsgg, Horsens, Denmark. Test Report no. 819.

Test report 883, 1993. Reduction of airborne dust in pig buildings by spraying rape seed-oil. Statens
jordbrugstekniske Forseg, Horsens, Denmark. Test Report no.883.

Virtanen, T., P. Kalliokoski, P. Vilhunen, A. Taivainen & R. Mantyjarvi, 1990. Concentrations of specific
dusts in swineries and the humoral response of swinery workers. Allergy (Copenhagen) 45(5):354-362.

Wathes, C.M., C.D.R. Jones & A.J.F. Webster, 1983. Ventilation, air hygiene and animal health.
Veterinary Record, 113: 554-559.

Wathes, C.M. & J.M. Randall, 1989. Aerosol sampling in animal houses. Proceedings of EC- sponsored
workshop held at the University of Bristol, 26-28 July.

Webster, A.J. 1990. Housing on respiratory disease in farm animals. Outlook on Agriculture 19(1): 31 35

Welford, R.A., J.J.R. Feddes & E.M. Barber, 1990. Reducing dust levels in a livestock barn by addition of
canola oil to the feed. Canadian Society of Agricultural Engineering. Paper 90-123: 14 pp.

Whyte, R.T., P.A.M. Williamson & J. Lacey, 1993.-Air pollutant burdens and respiratory impairment of
poultry house stockmen. Procs. IVth Int. Symposium "Livestock Environment”, University of Warwick,
England. (Eds. E. Collins and C Boon) 709-717.

112



B Summary

- Since 1977 there has been a CIGR Working Group on "‘Climatizatiori and Environment

o Problems in Animal Housing". This working group No 13 published its 1st Report in

- Budapest 1984 and the 2nd Report in Dublin 1989. This is the 3rd Report published and .
presented at the XII World Congress in Milan 1994. Members of the CIGR Working
- Group No 13 represent 11 European countries.

‘Purpose and scopev of the Report

The purpose and the objective of the 3rd Report is to provide both scientific and adv1sory

workers with information and basic facts about:

* Production and dispersion of airborne pamcles (dust and gases) inside livestock
buildings.

* Emission of particles (pathogens excluded) gases and odour to the surroundings from
livestock buildings (emissions from manure storage are excluded from the Report).

* Practical measurement methods for actual contaminants.

* Effects of contaminants on humans and animals.

* Methods to reduce indoor production, concentrations and emissions of contaminants.

The Report also aims to improve the awareness of environmental responsibility within the
animal production industry. The working method of the Group has been to appoint the
most qualified member for a specific area to take the responsibility for collecting material
with aid from other group members and to be responsible for writing that chapter of the -
report. The Group as a whole has discussed the content of the different chapters during
the annual meetings, so consequently the group as a whole has a "multifactorial” responsi-
bility for the Report. '

In the Report, aerial contaminants are divided into three groups and discussed in separate
chapters: gases, particles and odour. The basic idea was to describe each contaminant
under the headings: Introduction; Production-origin; Dispersion-behaviour; Measurement
methods; Effects on animals and humans; Reduction technology and References The
Report contains the following chapters:

1. Preface

2. Summary of previous Reports 1 and 2

3. General effects of aerial contaminants

4. Air flow patterns, measurements and theory
5. Gases

6. Odour

7. Airborne particles

Summary
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General effects of aerial contaminants

Emissions in and from animal buildings must be identified and analysed in respect of
potential detrimental hazardous effects on the atmosphere, man, animals, buildings and
environment. The problems must be viewed and solved from a system analysis approach
which includes synergetic effects between different compounds, circulation and mass
balances. When proposing measures to reduce the release of some emission, it is prefer-
able to look for the best system solution and not merely convert one kind of emission to
another. An important strategy is of course to minimise the primary sources of emissions
e.g. feed composition and manure handling systems.

Since animal production is global and atmosphere knows no borders, the problems should
be solved from an international perspective.

The effect on animals is multifactorial and a direct relationship between air quality factors
and animal health can be difficult to- measure. However, there is substantial evidence that
some gases and particles have a negative effect on the health and productivity of animals.
For humans the area factor will affect persons within the building and also those living
nearby. Persons working in animal buildings can develop respiratory problems. The
general strategy should aim at reducing exposure to aerial contaminants. '

Air flow patterns - measurements and theory

Air flow patterns in livestock buildings are important because they influence the distribu-
tion of air velocities, temperature, gas concentrations, and release of gases from manure.
When examining the release and distribution of gases, the air pattern must be made
visible with smoke; methods and equipment are presented. Techniques to measure
ventilation rates at the exhaust are examined. The air flow pattern outside livestock
buildings is described with a plume model, which is discussed.

Gases

Gases covered in the report are ammonia NH,, carbon dioxide CO,, methane CH,,
hydrogen sulphide H,S, hydrogen cyanide HCH and carbon monoxide CO. The basic
chemical, enzymatic and microbial processes and principles which are involved in the
production or forming of the gases are given. Expressions for the production of CO, and
CH, are given. The behaviour and dispersion of gases within animal buildings and
techniques to measure concentrations in, and emissions from, the buildings are presented.
Gas distribution caused by density differences is outweighed by the air flow pattern.

Ammonia is given most attention because of tie relative high concentration in livestock
buildings and because the emissions contribute to environmental damage both locally and
globally. Vegetation, soil, surface and ground water are directly affected by ammonia
emissions. 80% of ammonia in the atmosphere originates from agriculture, especially
from animal production. High deposition of nitrogen oxides and ammonium contribute
together with SO, and volatile organic compounds to an acidification of both soil and
water, which can contribute to changes in the vegetation due to the increased availability
of nitrogen (eurotrophication).
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Chemlcal -enzymatic and microbial processes transforming nitrogen-containing com-

pounds into ammonia are discussed and following conclusions drawn.

- Ammonium is readily produced from urea in urine from cattle and pigs and from urine
acid from poultry. Production from faeces (organic matter is much slower.

- Separation of urine and faeces reduces ammonia volatilisation in cattle and pig manure.

- A pH below 6 would virtually eliminate ammonia emission from manure. Manure
storage temperature below 10°C greatly reduces ammonia emissions, as does the
absence of air movement above the manure surface.

Odour

Odour is characterised by-a totally different behaviour as compared to gases and airborne
particles. Conflicts between livestock producers and the public concerning dour are now
being reflected in laws and regulations to protect the public from malodours generated by
livestock units. Nowadays, therefore, there is an acute need for effective methods of
odour control and reliable and efficient odour measurements. Odour is the effect of a gas
mixture produced by bacterial actions. Only volatile compounds have been identified in
piggery waste. Some of them will contribute more to the odour than others.

Since odour is a very complex and subjective phenomenon it cannot be easily expressed in-
ordinary figures. Odour measurement methods must use three complementary approaches:
sensory (the response - odour perception by a panel), chemical (the dose analysed by gas
chromatography or spectrometry) and sociological methods (the annovance level assessed
by questionnaire). These methods are presented and also discussed critically from the
perspective of emission and related annoyance. Empirical models fro distances necessary
between livestock buildings and residential areas are reviewed.

Approaches to odour abatement can be made by destroying or inhibiting the bacterial and
enzymes tesponsible for the production of odorous compounds by the use of chemicals,
biological-mechanical treatment of the manure (aerobic treatment, separation of manure
and urine, etc.), or treatment of the exhausted air. Examples are given of large collective
biogas plants constructed as combined energy and environmental plants.  Currently 10
large plants are operating in Denmark. Reduction techniques in the ventilation air could
be applied using biofilters or scrubbers. Comparisons between methods are made. There
is also a survey of the effects of odour control chemicals, stating that not all tested chemi-
cals were effective in reducing odour. Some products may have side-effects on humans,
animals and crops, and their use is questionable.

Airborne particles

The aerosol mixture in animal houses includes micro-organisms, gas, water vapour and
other substances. Dusts are dispersed particles of solid matter in gases which are gener-
ated during mechanical processes. Inspirable aerosols are the fraction of airborne particles
and droplets which enter the nose and mouth during breathing. Respirable aerosols are the
fraction of airborne particles and droplets which, penetrates through the gas exchanges
region of the lung, the alveoli. The chapter relates aerosols to dust particles. For intensive
buildings the dust sources are: incoming air, feed, bedding, manure and animals. Dust is
removed by ventilation air extraction or filtration, settling, and removal with manure.
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The opportunity to reduce dust by manipulating ventilation rates is limited, but should not
be ignored. However, a significant part of the dust will be removed by ventilation.

Sedimentation in still air follows Stokes Law and dust will deposit on the floor fixtures,
etc. The settling velocity for a 2 um diameter particle is 0.12 mm/sec. This explains why
smaller particles follow the movement of air. The total amount of airborne dust in
livestock buildings at any time is the equilibrium between all sources of dust "production”
(included re-suspended settled dust) and the various removal mechanisms (sedimentation
and ventilation).

Factors influencing dust production are primarily animal feed and animal activity.
Increasing the moisture content of grain before grinding gives an 80% reduction in dust
production. Adding fat to the feed can give an equivalent reduction. Airborne dust varies
considerably depending on animal activity. Simultaneous measurements of pig activity and
dust concentration show that variations in pig activity can explain most of the variation in
dust concentration within a building.

The most interesting methods for measuring dust are presented and evaluated. The filter
methods (total and respirable) give only average dust concentration and the particle
counter gives only relative measurements.

Effects on animal and humans

The main diseases associated with agricultural work, allergic rhinitis and asthma,
pneumonitis/alveolitis, organic dust toxic syndromes and bronchitis are described and
examples are presented with references from different studies. The relevance of dust to
livestock is twofold: most important is damage to the respiratory tract caused by dust
particles the second concern involves micro-organisms which cause damage to the
respiratory systems.

Some of the information available on the relationship between airborne particles and
respiratory ailments remains contentious, although studies have demonstrated significant
relationships between air quality factors and the severity of respiratory diseases when
viable pathogens are also present. Examples of studies with references which relate to air
quality factors and respiratory problems are given.
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