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TASK 2
LITERATURE SURVEY & NATIONAL PROGRAMS

LIVESTOCK WASTE MANAGEMENT PRACTICES IN THE SOUTH
COAST AIR BASIN

A. SUMMARY

S ummary- This report supplies information from research afious databases, summarizing the
current and recent historical situation with re$peenanure management associated with the

United States Department of Agriculture AgriculluResearch Service and other programs around

the world.

Animal agriculture can be a source of gaseous énssncluding ammonia and non-methane
volatile organic compounds (VOC) that are produsedmitted inside and near animal production
facilities and when waste products are land-apph&anerous gaseous compounds and living
organisms are generated from dairy manure decotigoshortly after it is produced or during
storage prior to use as a fertilizer on croplarite fate of generation of these gases, organisrds, an
particulates varies with time, species, housingjuma handling system, feed type, and management
system used, thus making prediction of contamipeggence and concentrations extremely difficult.

Once these gases are generated they can be efngttethe sources (building, manure storage unit,
or cropland) through the barn’s ventilation systamby natural (weather) forces. Again, emission
rates are dependent on many factors—time of yehday, temperature, humidity, and other weather
conditions, ventilation rates or wind forces, hogsiype, manure properties or characteristics, and
animal species.

Determination of emission rates for ammonia and ¥@Can active area of research in the US and
Europe. Emission rates from point sources (builsljira;d area sources (manure storage units and
manure applied on cropland) are difficult to actelsadetermine because collection techniques have
not been standardized, the large number of contartsrto measure, and the many factors and
conditions at sites that affect them. Emissionsrafeonly a few of the many gas compounds
identified have been investigated. Ammonia is tlisthcommon gas studied and measured because
of the negative environmental impact it can haveaslogical systems.

C onclusions- The conclusions from this report are noted below.

1. Starting in 2000, the US Department of Agricultdgricultural Research Service commenced
a major research program into the air quality e§fémm livestock production and associated
manure management. One component of the reseaebef® on understanding the processes of
air pollution emissions from agricultural enterpssand the effects of air quality upon
agriculture. Another component focuses on devetppost-effective management practices,
technologies and decision aids that will allow proers to capture the value of manure without
degrading environmental quality. The research tesue not complete and will not be
available for several years. The anticipated resrk likely to be very relevant to the goals
identified by SCAQMD for ammonia and VOC reductions
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2. The literature research discovered only one additicelevant project area of study underway
outside the scope of coverage of the ARS Nationagfdms. This research is underway in
Sweden. The objective of the project is to demanstan efficient and innovative combination
of methods to reduce ammonia leakage on the dainy.fThe direct relevance of the research
to conditions in the SCAB is questionable. The galfithe information is to identify processes
and mechanisms by which ammonia is cycled throagty dystems.

3. There are major uncertainties regarding the exahahgtmospheric ammonia with ecosystems
because quantitative emission and deposition fadictns are poorly defined. Ammonia is the
most abundant alkaline component in the atmospghateneutralizes acid gases of sulfur and
nitrogen oxides. Consequently, with large amouhtca gases from fossil fuel combustion,
ammonium is a major component of atmospheric aé&30so

4. Emission of gases and particulates from all phas#gestock production and manure
handling, storage, processing, and applicatiom@lp understood; and perception of emission
rates varies among the public. A range of compoismdsleased from production systems, and
these compounds vary among production facilitiesagoross time. Thus, it has been difficult
for producers or the public to compare productigstems or evaluate the efficacy of control
techniques. Studies on emission rates from diffdregstock systems are limited, and there is
no comprehensive database across a range of systaowing rates of emission is necessary
to understand how management practices or alteenatanure-handling processes could
reduce impacts of these emissions on the envirohamehneighbors.

5. Manure storage systems interact with the atmospti#fezently depending upon the
surrounding land surface and design of the martorage system. Observations on ammonia
reveal that ammonia as a gas is transported only distances while ammonia attached to
water droplets can be transported large distaf@siculates released by livestock production
units vary greatly with production practices anchagement and affect release of odors from
facilities. However, this information has not bemsembled into a comprehensive
understanding of the transport of gases and p&tasifrom livestock production, manure
storage and handling, and manure application areas.

B. TASK 2- LITERATURE REVIEW OF FARM WASTE MANAGEMENT

PRACTICES AND TECHNOLOGIES

O verall Approach- The work in this project builds from an undersliaug of the interrela-

tionships between livestock agriculture as pradtioethe Chino Basin Dairy Area and the
atmospheric emissions situation associated witbetlpoactices. In order to address the needs of this
project and the South Coast Air Quality Managenistrict (District), our team draws on our own
extensive local experience and the expertise efarebers being led by the United States Department
of Agriculture-Agricultural Research Service Na@bfPrograms on Manure and Byproduct Utiliza-
tion and Air Quality.

B ackground — Scope of WorkThe scope of work for this project includes fowgkim Task 2
surveys the literature for livestock waste managermeactices at the national level and
throughout the world. This task brings togetheoiinfation from research of various databases to
summarize the current and recent historical sibmatiith respect to ammonia and VOC emissions
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from dairy production systems and manure manager@@mtacts were made with researchers and
manure management contractors, product vendormandfacturers who manage livestock waste
management technologyhe sequence of activities and methodology fortds& began with
literature search of various databases includingRKK®OLA from the National Agricultural Library.
An evaluation of the pertinent papers from eacthe$e searches was conducted.

Introduction to Ammonia Release on Dairy Farms- Two different processes on the average dairy farm
emit ammonia (NH3). It volatilizes rapidly fromeh manure and urine, and is a byproduct of the
anaerobic degradation of older manure. Most of ama® nitrogen comes from the breakdown of
uric acid.

This initial loss of ammonia to the atmosphere eeaery rapidly. In one experiment, dairy manure
was tested continuously for a week. Starting wiéistfi manure the rate of release stayed constant,
until after 72 hours a plateau was reached, atiwiitice 15% of the organic matter had been released.
From this, one could conclude that there are omlytiours in which to prevent initial losses through
ammonia volatilization (Lefcourt A., et al; 1998).

After this initial loss, further release proceeli®tigh ammoniafication, the biochemical process
whereby ammoniacal nitrogen is released from nétnegpntaining organic compounds. Soil bacteria
decompose organic nitrogen forms in soil to the amiom form.

If hydrogen ions are plentiful, or the pH<7 thar tiH; can be rapidly converted to NH However
if the microbes have too much N for their own reguients they excrete the excess agNhto the
soil. In high pH soils Ni# (ion in solution) is unstable and changes to; Ki4s) which is then lost
via volatilization. NH+ on the other hand is held by the soils catiorharge capacity (negative
charge sites) and thus will not leach.

The following chart relates how ammonia releasdfiescted by a number of variables (Bergstrom, S.
et al; 2001).

MHa emissians

Lows | High
Meteoralogy Lowy Alr temperature High

Loy Wind speed High
hanure Lowy pH-value High

Loy Mitrogen content High

Lowy Manure ternperature High

Loy Ory matter content Hiih
storage design small otorage suface area | Big

Yes Cover Mo
Starage period short Storage period Long

Atmospheric Ammonia Loss from a Typical Farm (Bergstrom, S. et al; 2001)- It was not possible to
find comprehensive data on ammonia release fromy dgierations similar to those found in the
Inland Empire. However an intensive study on ammoeliease and possible treatment is underway
in Sweden. Their study commenced in 1999 by gatbeyipical ammonia emission data from each
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of the three areas of ammonia release; the milg@artpr, during manure storage and upon the
spreading of manure.

The studied farm, the Brogarden Farm, keeps alif4Beir cows inside a barn year round. From the
period of November 1999 to August 2000 continuocusiania measurements were made of the
barns exhaust air. Because the dairy was regudbned of all manure and urine, which was then
taken to storage tanks for further curing, we cesume that all ammonia measured is the result of
rapid volatilization, and not a by-product of ar@®c composting. Furthermore, because the cows
spend all of their time in the barn, ammonia meas@nts should completely capture all of the
immediate nitrogen loss. This is particularly relewto the problems at the Chino Dairies. Much of
the cow’s time is spent, and thus manure is deguahsitutside.

The researcher’'s measured the barn’s exhaust thilmwiinfrared analyzer (see below). The average
ammonia emission from the barn was 42 g per holiglwcorresponded to 24 g per cow per day,
which was equivalent to a nitrogen loss of 7% eftibtal manure nitrogen. The average ammonia
concentration in the cow shed was 7.9 p.p.m. Ssudiélolland showed significant variation between
different housing styles and the resulting ammemnngssions. A cowshed with a tie-stall and manure
stored in a deep pit produced as little as 5 g/dpwhile 45 g/cow/d was emitted from a shed with
slats and a deep pit.

Characteristics of typical 1-day old manuréBergstrom, S. et al; 2001)

Manure Solids Urine
Dry matter, % 18.6 3.4
Total nitrogen, kg/ton 5.6 4.1
Total ammoniacal nitrogen (TAN), kg/ton 1.8 3.7
Phosphorus, kg/ton 1.2 0.1
Potassium, kg/ton 4.3 7.4
pH 8.4 8.6

Twice a day the barn was cleaned of manure. Time wvas separated from the manure and moved
into a large storage tank. The manure was depasitedthree-walled solid storage pad where a
system of passive flux samplers (see below) recbedassions. The farm produced 1.5 tons per day
of solid manure and .7 tons per day of wastewatdngine. Solid manure storage led to a mean loss
of 220 g/day, while the urine lost approximatelyg@@ay. This corresponds to not more than a 5%
yearly storage loss of the total nitrogen contelatwever, because measurements were conducted
during the coldest time, and thus emitted ammdreastowest, they expect a yearly Nitrogen loss
would be closer to 10-15%.

While the spreading of manure does not typicakgtalace at the local dairies, it is a significant
cause of ammonia emissions. If the manure is stippgwhere else in the area, our air quality will
still be affected by the resulting releases. Swilahure was spread in autumn 1999 and spring 2000,
in three different periods. The application ratesevapproximately 30 tons ha -1 on straw stubble
(autumn) and on bare soil (early spring). Whenagtireg on ley (spring) the application rate was
restricted to 15 tons ha -1. Ammonia losses afis¥agling were measured using the stirred dynamic
chamber method. It was found that 9-21% of apptital nitrogen was lost to the ambient air. Often
ammonia losses are measured in relation the sasrpltal ammoniacal nitrogen (TAN) since this
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nitrogen part is the major source to ammonia ewnmssafter spreading. If this comparison is made,
the measured emissions correspond to 43-53 % lo$3esN after spreading.

In total between 26 and 43% of the excreted nitmaggraped into the atmosphere.

G overnment and Academic Waste Management Research Programs The two government
programs that are most closely related to our atinesearch are both conducted under the
auspice of the US Department of Agriculture Rede&ervice. One is dedicated to air quality
protection and the other to manure utilization.

The USDA Air Quality program intends to, througearch, understand the processes of air
pollution emissions from agricultural enterprises #éhe effects of air quality upon agriculture. The
work includes development and testing of manureagament control measures. The results will
create decision aids that are useful in minimizggcultural air pollution emissions. The research
focuses on five problem emissions: particulatesnania, malodorous compounds, 0zone impacts,
and pesticides. In some areas, the work is mandgtéthtional Ambient Air Quality Standards
(NAAQS), to help reduce agriculture emissions.

The second national program is the USDA ManureBymtoduct Utilization project. The research
concentrates on the three central areas: nutrianagement, atmospheric emission, and pathogens.
The program views manure as a resource ratherthaste. To promote this belief the work intends
to develop cost-effective management practicebnogies and decision aids that will allow
producers to capture the value of manure withogtat#ng environmental quality. To prevent
environmental degradation, new management pradiicgsreatment technologies will be developed
to reduce emissions at production facilities, gferareas and field application sites.

USDA-ARS NATIONAL PROGRAMS-AIR QUALITY PROGRAM (Amerman, 2001)

Ammonia and Ammonium EmissionsThe central environmental issue is agriculturathjiteed
ammonia as a major source of secondary, PM-2.kcpkates as a result of its interactions with other
atmospheric compounds. The focus of this natior@ramcomponent is on understanding ammonia
emissions and their role in forming secondary paldites, developing methods to measure emissions,
establishing emission factors for various agriqaltactivities, and suppressing ammonia and
ammonium emissions beyond farm boundaries.

Program Vision The program vision is to create productive aniamal cropping systems that
minimize ammonia-containing nitrogen emissionsh®dtmosphere.

Program Mission The program mission is to develop systems to rednemonia emissions from
cropping and animal production systems while imprgyroductivity.

Research Area- Systems to Contain Nitrogen Compousd/Vithin Farm Boundaries

Rationale Nitrogen compounds are imported onto farms thraugmal feed or fertilizer. This

nitrogen is essential for efficient animal and cpopduction. Life cycle analysis systems approaches
are needed to link nitrogen imports tightly to protion, thus limiting the potential nitrogen losses
surrounding ecosystems. These approaches needudérentire farm management plans that
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maximize nitrogen use efficiency and limit exce#gggen output. Excess nitrogen can degrade water
quality through leaching and runoff of nitrate arquality through volatilization of ammonia.

What is known Substantial research has been conducted on amnwatdization resulting from
application of synthetic fertilizer and animal ma&un general, factors such as soil pH, soil nipést
content, air temperature, and method of applicaiffect the quantity of ammonia lost to the
atmosphere. Method of application probably is tlstneritical factor. Injection or immediate
incorporation of the fertilizer into the soil grgateduces ammonia volatilization compared to stefa
applications. Most of the studies, however, weredcated in the laboratory or with static chambers
in the field and may not accurately measure net amarunder field conditions or accurately emulate
true field conditions.

Gaps We have limited ability to recommend whole-farm mgement systems that economically
reduce ammonia emissions. Changes in one compangntfeed quality, may greatly affect
ammonia volatilization rates from waste storagdites or land application. Thus, whole-farm
ammonia absorption and desorption, including doimesiimals and cropping systems, need to be
considered. Specific gaps include
* Net changes in ammonia emissions from crops afiena waste applications, including the
effect of crop management practices, the abilitthefcrop to utilize both atmospheric
ammonia and applied nutrients, and the type anlitgoédwaste applied,;
e The role of riparian and buffer zones in amelianatbf ammonia and ammonium aerosol
transport before leaving the farm site;
* Methods to maximize the fertilizer value of nitrog&ored in animal waste products; and
* Nutritional management strategies to reduce velaitrogen emissions.

e Develop productive management practices that marimitrogen use efficiency through a
tighter coupling between animal and crop produgtion

* Reduce nitrogen imports onto the farm through impdofeeds;

» Develop techniques to convert nitrogen compoundgaiste to nitrogen gas or conserve the
nitrogen in the waste as a valuable source ofggindor crop production;

Approach A multidisciplinary research effort is needed towelep whole farm management plans that
reduce ammonia emissions from farms. Researchewdsimclude soil scientists, animal

nutritionists, engineers, and modelers. A basicustdnding of the processes involved in nitrogen
transport and ammonia emissions will be neede@veldp models for whole-farm nitrogen
management.

Outcomes The anticipated outcomes from this component @fnidgtional program include:
e Management systems that improve animal and farel-lgtrogen utilization and contain
atmospheric ammonia within farm boundaries.
* Models that allow producers to predict potentiah@mia losses resulting from changes in
any component within their production system.
» Develop management strategies to prevent ammadei@sesat all areas of the farming
system.

Impact These results wilincrease efficiency in nitrogen utilization and @esre ammonia emissions.
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Research Area- Measurement of Atmospheric AmmoniaXthanges under Field Conditions

Rationale There are major uncertainties regarding the exahahgtmospheric ammonia with
ecosystems because quantitative emission and tiepdtictuations are poorly defined. Emission
inventories are commonly prescribed as the emisgien animal, allowing no flexibility for more
complex classifications or combinations of diffdreypstems, management practices, animal sizes,
types, classifications, stages of growth and prtdagclevel of production, level of technology
adaptation, and waste treatment. As concentratiethhfeeding operations continue to increase,
better emissions inventories are needed to evadifiEets of emissions on local and regional soils,
groundwater, and atmospheric environments andveldg means to reduce emissions and conserve
the nitrogen resource.

What is known Ammonia is the most abundant alkaline componetfiératmosphere that neutralizes
acid gases of sulfur and nitrogen oxides. Consdtyyevith large amounts of acid gases from fossil
fuel combustion, ammonium is a major componentmioapheric aerosols. Ammonia and
ammonium aerosols have different residence timésdmtmosphere and may affect ecosystems in
many different localities. When ammonia and ammuonése deposited on soils, the effect may have
a destabilizing effect on existing plant commussiti€he decomposition of domestic livestock waste
is the largest contributor of ammonia to the atrhese.

Gaps Gaps in knowledge that preclude field, farm, argioeal assessment of ammonia and
ammonium aerosols include, but are not limitechofollowing:
* Ability to assess ammonia emissions from animalkihmy waste storage and application
systems, and crops;
» Exchange processes and how they are affected bggaarent and climate variability;
* The effect of crop management and its ability ibzetboth atmospheric emissions and
application of stored nutrients;
e Limited knowledge of the rapidity of ammonia corsien to ammonium aerosols and their
transport from the farm site;
e Whole-farm ammonia absorption and desorption, miolg domestic animals and cropping
systems;
* The relationship of ammonia emissions to nitrogeides and sulfur oxides to form
particulates that may travel relatively large dises; and
e Alack of understanding of the effects of reducedaspheric ammonia on natural
ecosystems, given the large amounts of acid gasdsiged by automobiles and industry.

Goals To preserve environmental quality while enhancirgpand animal productivity, specific
goals of this research are to
e Provide information and technologies to improvaaratl ammonia and ammonium
inventories;
» Quantify the role of buffer and riparian zones @m@spheric ammonia exchange; and
» Quantify the deposition and localized impact of@ased ammonia concentrations from
nearby concentrated animal feeding operations.
* Quantify ammonia emissions from animal housing,tezasanagement and storage, and
waste application techniques, and develop abateamehtonservation technologies;
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Approach Multidisciplinary research is needed to assess @tspaf management on nitrogen budgets
(input vs. output) at the concentrated operatiid ffarm, regional, and national scales. These
efforts will require input from agronomic, enginigy, natural and physical, and atmospheric
scientists who utilize a variety of methods to nie@sassess, and mitigate ammonia gas exchange
relationships. These methods, which include differeeasurement techniques as well as synthetic
and analytical methods such as modeling, will ntedsk evaluated at the appropriate temporal and
spatial scales.

Outcomes The anticipated outcomes from this component efridtional program include:
e Improved measurement techniques will be develop&dtain ammonia concentrations and
fluctuations.
* Fundamental understanding of atmospheric ammomiaamonium aerosols and
interactions with the environment will be improved.
» Seasonal and annual ammonia emissions from farpragices will be more predictable.
e National inventories of ammonia emissions will bwrioved.

Impact
* Increase ability to measure and interpret atmosphenmonia levels, and a better
understanding of the processes that determindeteit

Malodorous Compounds

Although not regulated, offensive odors from anip@duction operations are a major nuisance and
may have negative health impacts. Odorous compatomsnonly associated with livestock facilities
include ammonia, volatile organic compounds inalgdimines and fatty acids, and sulfur-containing
compounds. Basic and applied research will be dmigentify odor-producing agents and to
understand the biological and chemical processgstintrol them. It is the intention of this
component to develop mitigating measures for apptia at the emitting source. The objectives of
the Manure and Byproduct Utilization National Piangrare to (1) address the measurement of
compounds associated with animal production anduneestorage; (2) elucidate the mechanisms
responsible for the formation of these gases; €Brdhine the rates of emission; (4) evaluate the ro
of environmental conditions on emission generadind transport; (5) define impacts of emissions;
and (6) develop cost-effective methods to contnaiksions.

Vision Livestock production systems with no atmospheripact

Mission Develop practices and technologies for animal pedn systems that minimize gaseous and
particulate emissions and human health impactgemdde information for science-based policy and
regulation decisions

Research Area- Emission Rates of Manure-Related Sgsns

Rationale Emission of gases and particulates from all phabbgestock production and manure
handling, storage, processing, and applicatiomslp understood; and perception of emission rates
varies among the public. A range of compoundsléased from production systems, and these
compounds vary among production facilities and setame. Thus, it has been difficult for producers
or the public to compare production systems oruatalthe efficacy of control techniques.
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What isknown Current information on emission rates shows a laeg&tion across time and among
types of manure storage and handling systems.

Gaps Studies on emission rates from different livesteggtems are limited, and there is no
comprehensive database across a range of systamowin rates of emission is necessary to
understand how management practices or alternaaraire-handling processes could reduce
impacts of these emissions on the environment aighbors. Major gaps that need to be addressed
are
e Emission rates of volatile organic compounds, ammanethane, nitrous oxide, and
hydrogen sulfide from different building, manurealding, and storage systems;
» Emission rates of particulates passing througtathabove manure storage systems; and
» Comparison of emission rates from different live&teystems and management practices,
e.g., animal stocking rates, age, diet, sitingyasreral hygiene of the buildings.
e The role of riparian and buffer zones in amelianatbf ammonia and ammonium aerosol
transport before leaving the farm site

Goals Specific goals of this research are to
* Quantify emission rates from livestock productiasildings for ammonia, methane, nitrous
oxide, hydrogen sulfide, volatile organic compouyrail particulates;
» Identify the composition of particulates and intgi@ns of gaseous compounds with
particulates;
» Quantify emission rates related to environmentdlmanagement factors to develop a tool to
predict emission rates from a range of livestoddpction and manure-handling systems

Approach Quantifying emission rates will require a novel esimental approach to measure spatial
and temporal changes in different gases acrossréliff systems. Data will be needed that represent
the range of animal age within a facility alongtwitariations in management systems.

Outcomes The anticipated outcomes from this component efridtional program include:
» Differences among systems will be defined, andatianms in emission rates will be
guantified.
» Scientific evidence of linkages between managepeadtices and facility design and
operation will be available to producers.

Impact An economically and environmentally sustainable for modern livestock production
systems.

Research Area- Transport Processes of Odors and Raulates

Rationale Variations among environmental conditions havebean addressed in either gaseous or
particulate emission and transport from livestoasdpiction facilities. Understanding transport
processes of particulate and gas emission is regess evaluating management practices that
reduce emissions. Understanding the microbial ggoémd the dynamics of emissions for different
populations will be critical to the success of thifort.

What isknown Manure storage systems interact with the atmosptifezently depending upon the
surrounding land surface and design of the martarage system. Observations on ammonia reveal
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that ammonia as a gas is transported only shdgraies while ammonia attached to water droplets
can be transported large distances. Particulatessed by livestock production units vary greatly
with production practices and management and afééeaise of odors from facilities. However, this
information has not been assembled into a compsdrennderstanding of the transport of gases and
particulates from livestock production, manure agerand handling, and manure application areas.

Gaps Eliminating specific gaps are crucial to improvimgr understanding of the transport processes
associated with livestock production and manuréesys:
e Transport of gases and particulates from livesfackities and manure storage will require
understanding the turbulence induced by an unexmastape around livestock facilities.
e Air movement patterns and the ability of the aitremsport gases and particulates for long
distances require atmospheric models that are loeyenpresent simple dispersion models.
* New approaches are needed to quantify atmosphenisgort and dispersion over
nonuniform landscapes.

Goals
» Develop transport models that can quantify moverpatterns and transport capacity of air
moving away from livestock and manure facilities;
» Determine the environmental impacts on transpattdispersion of gases and particulates
from livestock production, manure-handling, and oramapplication sites;
e Evaluate the efficacy of dispersion models forrageaof livestock production and manure
handling and storage facilities and manure apjdinatites; and

Approach Addressing this problem will require the developingirexperimental and theoretical
approaches to quantifying emission rates and thapling these emissions with transport factors.
Existing atmospheric models potentially could bedjsowever, these need to be applied to the
topographic setting and arrangement of livestocklpction, manure handling, and manure
application sites. Dispersion models capable dafriperating digital terrain models along with
meteorological data and site characteristics haes levaluated. These applications need to be
extended to a larger range of livestock producsites and across species.

Outcomes The anticipated outcomes from this component efriitional program include:

e Siting and management of livestock production ftkeed with an emphasis on atmospheric
transport processes will significantly improve girality; these models will provide an
assessment for local and long-range transport.

e The immediate benefit would be enabling producermake management changes in
facilities that would increase neighbor acceptance.

Impact Realistic atmospheric transport models for livekfomduction systems.
USDA-ARS NATIONAL PROGRAMS-MANURE UTILIZATION  (Jawson, 2001)

Atmospheric EmissionsThree types of emissions (gases, particulatesaarabols) affect air quality
changes around animal operations, manure storags,aand manure field application sites. Gases of
particular interest include ammonia, odorous compgyand greenhouse gases such as methane,
carbon dioxide, and nitrous oxides. Ammonia emissi@ppear to have the greatest potential for
adverse environmental and health impacts, whileggion and transport of malodorous compounds

-It TETRATECH, INC Il-10 prepared for SCAQMD




Livestock Waste Management Practices
Task 2- Literature Survey & National Programs And Control Option Assessment Project

provoke the greatest public concern. To develop-efisctive methods of emissions reduction and
control, improved methods to measure and quantifiggions will be required. A greater
understanding also will be needed of the mechanissponsible for emissions, emission rates
resulting from a variety of animal management pcast and methods to predict dispersion and
transport of emissions across the landscape.

Vision Reducing problem emissions from animal productigsiesns

Mission Develop cost-effective management practices toae@missions based on understanding
and quantifying the emission and dispersion of gasel particulates from animal production
systems.

Research Area-Methods to Measure and Quantify

Develop methods to measure and quantify emissrons livestock facilities based on physical and
chemical properties, including size and compositibparticulates and aerosols.

Rationale Emission of gases from livestock facilities, mansi@age, or manure application has
been difficult to quantify. Recent attempts to difgremissions have demonstrated that development
of accurate and consistent methods is necessarptale consistency among experiments and
locations.

What is Known We know that there are a large number of gaseseshiibom farms and that a variety
of measurement techniques are necessary to qudrgifsarious emissions. However, the detection
limits of many instruments are not capable of dé@igdhe low concentrations often encountered in
natural environments. These compounds are norreallited at very low concentrations and require
both concentrating techniques in order to captugefticient sample and varied measurement
techniques to quantify specific gases. Ammoniaarticulates are critical components to be
measured and yet information on the forms of ammanid the size range of particulates is lacking.

Gaps Research is needed to develop and evaluate methetdsrovide a consistent assessment of the
emission rates from livestock operations. To acdimtmphis will require development of new
techniques and refinement of existing methods feasaring air quality. There are no quantitative
measures of the particulate formation and emissan livestock facilities. One of the major

problems is that current models of emissions ugg preasurements to infer mass release.
Variability of point measurements, particularlyredation to sampling methods, must be quantified if
these models are to have any value.

Goals
» Develop certified methods to accurately measuressons, e.g., ammonia, particulates,
odors, volatile organic compounds, and other greesd gases (CO2, CH4, N20, and NOXx),
related to livestock facilities.

Approach
» Evaluate methods for detection of gases that wbeldesponsive to concentration ranges of
gases that would be encountered in typical livéspwoduction systems and natural
environments. Develop and evaluate methods for Eaagtlection and off-site analysis.
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Outcomes The development of methods for measuring the tgpesmpounds and sizes of
particulates emitted during different phases afdiock management, manure generation, and storage
will begin to create a database upon which fute@sions can be made.

Impact We will have a greater ability to understand arehtdfy emissions problems.
Research Area- Mechanisms and Processes

Elucidate mechanisms responsible for emissionsjdenrdify the underlying substrates and
processes. Examination of the role of microorganigntentral to this area of research.

Rationale Generation of gases is primarily the outcome oiouer microbial processes either in the
gut of the animal or in the manure storage and Ihangdrocess. Understanding these processes will
help develop a basis for recommending specific mament practices and facilities design. Without
understanding the basic formation processes fterdifit emissions, it will be difficult to develop
management strategies that can be implementedrms.fa

What is Known Microbial activity is the primary mechanism for theneration of gases. Current
research has identified that anaerobic processesae a wide range of compounds and are
responsible for the release of large masses afgdtr and methane to the atmosphere.

Gaps An understanding of the microbial mechanisms cdiimgbgas emissions within all phases of
manure generation, handling and application.

Goals
* Understand ecology of aerobic and anaerobic migarosms that are associated with
emissions.
» Identify mechanisms to change the ecology or mditah®f organisms to reduce undesirable
emissions.

Approach Examine the ecology of microorganisms in animabpiation environments. Conduct in-
depth biochemical, metabolic, ecological analydewioroorganisms identified in animal production
systems. Develop and evaluate modifications ofecuipractices that will alter microbially mediated
emissions.

Outcomes Understanding the microbial role in gaseous emissitom animals and manure would
provide a major impetus for the development ofaife solutionsThere are many proposed
solutions, however, most have no rational baslsmkito any biological, chemical, or physical
mechanism. These results will begin to define tbéogical activity of a livestock system with a
target of understanding the mechanisms controtjagemissions.

Impact A well founded scientific rational for differentg@osed solutions.
Research Area- Rates of Emissions

Determine rates of emissions in relation to mamuogluction, handling, storage, processing, and
application.
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Rationale There is little information on the emission ratégases from different farm environments.
Likewise, hydrogen sulfide emission rates vary wyite of manure system and management
activities, e.g., manure handling and applicatibmowing the rates of emission is necessary to
understand how management practices or alterna@raire handling processes could reduce the
impact of these emissions on the environment aighhers.

What is Known Information related to the broad spectrum of emgstinanure storage practices and
facilities is lacking. The information base uponiethwe can make decisions about new methods is
very limited. Current use of uncovered manure gi@igystems is coming under greater scrutiny for
their environmental impact due to release of ammarto the atmosphere.

Gaps The major gaps are knowledge of the emission ataenmonia, methane, and hydrogen
sulfide from different manure handling and storaggtems. The emission rates of different gases and
the movement of particulates over manure handlimgstorage systems needs to be quantified for a
range of systems and environments.

Goals
* Quantify the emission rates in relation to handlstgrage, processing, and application
practices commonly used in U.S. livestock productgstems.
e Correlate emissions with management practiceddw dlentification of best management
practices for adoption by producers.

Approach Collect accurate information from a range of $iteek production and manure systems in
the U.S. Use the available data to identify anduata best management practices.

Outcomes Results from these studies would begin to defieadifferences among systems and the
variation in emission rates. This knowledge basziigal for the assessment of manprecessing
systems and to understand the linkages among maeag@ractices and facility design and
operation.

Research Area- Generation and Transport
Investigate the effect of environmental conditionsgeneration and transport of emissions.

Rationale The effectf environmental conditions have not been addrefsegither gaseous or
particulate emissions. Understanding transportgsses of particulate and gas emission is necessary
for evaluating management practices that reduceseons. Understanding interactiomsh

microbial ecology and the dynamics of emissiongftferent populations will be critical to the
success of this effort.

What is Known We know through qualitative observation that aialgy around livestock facilities

and manure storage changes from day-to-day andghowit the year. We also have observed that
manure storage systems interact with the atmosliéeeently depending upon the surrounding land
surface and design of the manure storage systeene Hne complicated exchange processes between
manure storage facilities and the atmosphere that hot been fully quantified.

Gaps Transport of gases and particulates from livestackities and manure storage areas will
require understanding the turbulence induced byitieven landscape. This effort will require some
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new approaches to be able to quantify atmosphasport and dispersion over non-uniform
landscapes. Models will be critical for site chaesistics to be evaluated and compared. The
information generated from Problem Area 2 will néethe combined with transport processes to
fully quantify environmental impacts.

Goals
» Determine the environmental impacts on transpattdispersion of gases and particulates
from livestock production and manure applicatidessi
» Quantify the interactions of environment on generattransport and dispersion processes.
* Quantify the interactions of emissions; gasesjq@adtes, and aerosols, as factors influencing
atmospheric transport and dispersion.

Approach
» Quantify relationships among environmental variapéeg., temperature, atmospheric water
vapor content, wind speed, and solar radiation,eamnidsions. Quantify relationships among
environmental variables and transport and dispegiocesses.

Outcomes Siting and management of livestock production fied with an emphasis on atmospheric
transport processes will have a major impact onrtipgovement of air quality. The immediate
benefit would be for producers to make managemmtges in facilities that would increase
neighbor acceptance.

Impact Less intrusive and less polluting agriculture.
Research Area- Reduce Emissions
Develop and evaluate cost-effective methods toaeguoblem emissions.

Rationale Improvement of air quality can result from changihg emission rate from livestock
facilities or manure or through implementation afmagement practices that increase the dispersion
rate of gases and particulates into the atmosphere.

What is Known There areaumerous potential solutions to altering the eroissatesThere are
methods for manure handling, e.qg., liquid- soligasation, that could have a large impact on
ammonia release and volatile organic compound foomand release. Chemical amendments, such
as aluminum sulfate and urease inhibitors, hava beewn to reduce ammonia emissions from
animal manures.

Gaps Without an understanding of the composition or cdtemission of gases or particulates it is
difficult to develop a framework to compare or exatt methods of reducing emissions. Without this
first step it will be impossible to quantify thdeft of treatment systems across a wide range of
facilities.

Goals
» Determine whether application of current best mansnt practices can reduce emissions to
acceptable on-site and off-site levels.
» Develop alternative management practices thatedumce emissions and achieve most
efficient use of nutrients by animals.
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» Determine the efficacy of various technologies prattices at a local, regional, and national
scale.

Approach Evaluate the impact of the implementation of curreanagement practices on emissions.
Develop, apply, and evaluate new and modified prest

Outcomes Producers and the public are looking for potersidilitions to reducing the emission of
gases and particulates from livestock operatiohss fesearch will provide a strong foundation for
decision-making and also sufficient information émonomic assessments of different alternatives.

Impact Significantly improved manure handling on farmsiorawvide, and a reduction in the
emission of noxious gases.

SPECIFIC RESEARCH PROJECTS

A number of research projects are underway thatthyr address the emissions of concern to the
South Coast AQMD. These projects are summarizealbel

Surface Interactions Influencing The Managememfigrochemical Loss to Air and Watersheds
(Hapeman, 2001)

Research Location

Animal and Natural Resources Institute
10300 Baltimore Blvd. .

Bldg. 200, Rm. 217, Barc-East
Beltsville MD 20705

Research Objective Develop theory and experimental approaches formatation of atmospheric
transport, deposition fluxes and transformatioagf-chemicals in support of sustainable agriceltur
with a focus on the Chesapeake Bay. Discern chéamchenvironmental factors that impact
agrochemical partitioning to better define compdasémfate and transport models. Measure
volatilization over a range of soils, climate cdiafis and agronomic practices. Determine best
management strategy to minimize pesticide loss

Research Approach Quantitative processes (volatilization, sorptidmemical transformation)
impacting atmospheric fate and transport of vadadihd high use pesticides. Experimentally
determine partition coefficients (including Henrly&w constants) at vapor/liquid/solid interfaces
relative to critical environmental variables (etgmperature, salinity, pH, organic carbon).
Investigate environmental factors influencing atperoical transformation and sorption, discern
mechanisms of agrochemical transformations, arefahirte rates and significance of processes.
Assess relative contributions of atmospheric imathways and runoff to sensitive non-target
ecosystems such as the Chesapeake Bay watershietmDe agrochemical losses from sustainable
versus high input agricultural systems. Model regi@and long-range atmospheric transport of
agrochemicals using data collected.

Atmospheric Impacts Of Agricultural Management Pradices (Hatfield, 2001)
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Research Location

National Soil Tilth Laboratory
2150 Pammel Drive

Ames IA 50011

Research Objective 1) Develop a fundamental knowledge of the idgratiid flux rates of

particulates, trace gases, pesticides, and votatijanic compounds from soil and manure systems; 2)
Develop a fundamental understanding of the air mm@re patterns across complex agricultural
landscapes; 3) Evaluate the potential impact oguatity of changes in soil structure and soil
management practices associated with agricultuoalyztion.

Research Approach Atmospheric fluxes are combined with soil fluxasarements of CO2 over a
number of studies to relate soil management witibapheric exchanges. Many of the studies are
conducted using measurements collected throughewtdar to quantify the variation in emission
rates throughout the year. Many of these objectiegaire that we develop new methods for
guantifying atmospheric constituents and improveruiine current understanding of measurement
techniques. The primary focus for the first stagfethis project will be the measurement of CO2,
ammonia and nitrous oxide, and energy balance §wite and agricultural crops on a continuous
basis coupled with efforts on atmospheric transpbgases across complex terrain. Development of
measurement techniques for particulates and cigfeof gases that are emitted from agricultural
operations including manure application are necgg$at steps in the fulfilment of the projectgo

Integrated Management Regimens That Minimize therBnmental Impact of Livestock Manure
(Cole 2001)

Research Location

USDA Conservation and Production Research Labgrato
P. O. Drawer 10

Bushland TX 79012

Research Objective Develop management practices to reduce lossesogppbrus to the

environment including modification of animal dietsd development of cropping systems for
effective use of phosphorus; develop manure afjditatrategies to ensure that manure is applied at
sustainable rates; and develop nutritional strateghd land application protocols, that decrease
atmospheric emissions of ammonia, odor, and péatiest Determine the survival and transport of
pathogens from livestock manures.

Research Approach An integrated approach to solve the objectivesé&diby considering issues

from the diets fed to the soil, water and planterdfind applications of manure. Atmospheric
emissions and pathogen survivability will be detieed in each phase of the manure cycle. Studies
will be conducted at cooperating commercial feedipgrations, in our research feedlot, in
laboratory-scale systems, and during storage nieg@tand application of manure to land. The effect
of different diets and feeding regimes on ruminantient excretion and emissions of ammonia,
odors, and(or) particulates will be measured ireslign and feeding trials. The effects of nitrogen-
based and phosphorus-based manure and composiadippk rates, and the effects of long-term
application of manure on agronomic and soil progsemvill be measured for both cropland and range
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land. The effects of manure treatment and handimgopulation of viable pathogens/toxins will be
determined.

Development of Sustainable Dairy Manure ManagerReattices to Enhance Farm Profitability
(Byers, 2001)

Research Location

Animal and Natural Resources Institute
10300 Baltimore Blvd. .

Bldg. 200, Rm. 217, Barc-East
Beltsville MD 20705

Research Objective Develop management practices and decision aidsafwdling dairy manure.
Specific objectives: manipulate diets of dairy caw@crease nutrient recovery in milk; develop
improved methods for estimation of manure nitrogmimeralization, and ammonia volatilization for
nutrient management in the field; composting farydmanure management; development of
management practices to reduce nutrient flow fraimydarms to surface and ground water.

Research Approach Researchers and partners will identify deficiea@f current decision support
systems for dairy farm nutrient management and meainandling. Then research will be conducted
so that results are used to develop modules omrdiatpulation for the cow, field applications of
manure, composting, and water quality to contratient flow off the farm. Lactating cows will be
fed different diets that decrease nitrogen exanediod improve milk protein recovery. Rapid tests fo
on-farm determination of manure N and mineralizatiates of different manures will be evaluated
and used to improve predictive equations. Ammonblatilization studies will be used to estimate
ammonia loss from field applications of dairy mamuk composting database of key process
parameters will be developed and a compost systedehwill be developed. A wetland system
adjacent to the dairy will be evaluated. Severahaical parameters will be analyzed in monthly
samples of water, as well as survival of differgpcies of vegetation, growth and nutrient
accumulation in vegetation in the wetlands.

Manure Treatments and Uses to Protect Soil-Wate©Aality, Food Safety, and Improve Manure
Value (Sikora; 2001)

Research Location

Animal and Natural Resources Institute
10300 Baltimore Blvd. .

Bldg. 200, Rm. 217, Barc-East
Beltsville MD 20705

Research Objective Develop methods, technologies, and guidelines pone the handling and
treatment of animal manures, thereby reducing thaterious impact on air and water quality and
improving their benefit in soils and crops. Quantfior emissions and bioaerosols to evaluate
management practice effects on air quality. Eveltiz¢ presence and movement of pathogenic
microorganisms as related to manure managemertiqaradevelop and test methods to improve and
certify manure value.
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Research Approach Collaborative laboratory, growth chamber, anttifsgudies will evaluate

nutrient stabilization, conservation and conversfathogen and vector attraction and reduction, and
their association with odor and bioaerosol contrieén manures are treated/handled by composting,
alkaline stabilization, algal scrubbing, or simpixing with other by-products. By-products tested
include those that reduce solubility of nutrienistsas phosphorus, adjust pH to reduce emissions or
pathogen numbers, or improve the value of the fimahure product. Candidates include water
treatment sludges, coal combustion residuals, raohastrial metal by-products. Accurate assessment
of pathogen number, fate, and survival in enviromi@esamples will be attempted using new
molecular, immunological and cultural techniquaésaFmanure products will be evaluated for
agronomic and horticultural value, benefit to eamiment, and safety for use in food chain crops.

Conservation of Manure Nutrients & Odor ReductinrsSivine and Cattle Confinement Facilities
(Varel, 2001)

Research Location

Roman L. Hruska U.S. Meat Animal Research Center
P. O. Box 166

Clay Center NE 68933

Research Objective Reduce nutrient loss and odor emissions from meapiwduced in swine and
cattle confinement facilities by: Developing methdd inhibit microbial activities that produce
offensive gaseous and volatile organic compoundsgping microbially enriched biofilters and
biocovers to efficiently metabolize offensive odsion-odorous compounds.

Research Approach A variety of environmentally amiable compoundsluding bacteriostatic,
bacteriocidal, and other microbial inhibitors Wik evaluated for their ability to control odor
production, limit greenhouse gas emissions, andaedutrient loss from livestock manures.
Microbial enrichments from agricultural soils whle selected for high efficiency odor consumption
and characterized using culture-based and molemdhniques. The most efficient bacteria will be
seeded into air biofilters, waste biocovers, amdil@ soils for maximum removal of odor
compounds.

Comprehensive Manure Management For Improved Mittiéilization and Environmental Quality
(Eghball, 2001)

Research Location

344 Keim Hall, E.C.
University of Nebraska
Lincoln NE 68583

Research Objective Develop site-specific manure management strategidgools for manure
application to spatially variable land. Evaluate émvironmental impacts of manure application on
water and air quality with emphasis on P and Ndsdkrough runoff and leaching and greenhouse
gas emissions. Develop a nutrient management gyréte low phytate corn that reduces
environmental impacts resulting from manure apfbcato land.

Research Approach Experiments will be conducted on farmer fieldéhwiariable soil characteristics
under center pivot irrigation in central Nebraskarial photography and electro-magnetic induction
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(EMI) will be used to characterize soil variabilityoil spatial variability will be used to calcidat
manure application rates. Changes in soil N andIb&assessed after repeated manure applications
and runoff losses of N and P and emissions of fgpagse gases will be measured from soils receiving
manure. Crop utilization of N and P and losses @i P in runoff from soil receiving manure from
swine fed either low phytate or traditional coretdiwill be determined and nutrient management
guidelines for use with low phytate corn will bevdped.

Comprehensive Systems for Managing Nutrient Flowd Saseous Emissions in Relation to Dairy
Manure(Meisinger; 2001)

Research Location

Animal and Natural Resources Institute
10300 Baltimore Blvd. .

Bldg. 200, Rm. 217, Barc-East
Beltsville MD 20705

Research Objective Redirect whole-animal carbon & nitrogen to reduagbon and nitrogen
emissions/unit animal product and enhance envirotahsensitivity. Develop efficient strategies for
management of nutrient flows and gaseous emisbipidentifying major loss pathways. Develop
manure treatment, handling, and use practicesddate release of nutrients, ammonia, odors, bio-
aerosols and dust particles to air & water. Devedqd methods of analysis for both inorganic and
organic nitrogen in manures.

Research Approach We will employ five methodologies for addressingriant capture, nutrient

flows from animals and emissions reductions in it vs. grazing cattle systems, both of which are
extensively utilized in dairy and beef productigstems in the US. The combination or elimination

of individual methodologies will be considered tighout the conduct of the research to eliminate
redundancies and increase efficiency and econoneyembossible. All procedures with animals will
be subject to review and approval of the Belts\lfea Research Animal Care Committee and the
Livestock and Poultry Sciences Animal Care and Caeamittee.

Conclusions

The answers being sought by these USDA initiatieecaucially important to any attempt to reduce
area ammonia emissions. Because of the wide yaiet depth of the research being conducted, by
the conclusion of the study it is expected thatls®A will have developed some very applicable
and implementable technologies and recommendations.

However, it is unlikely that this research will bempleted before AQMD’s proposed rule goes in to
effect. Several crucial studies are not expeadabtcompleted until before 2005, in particular the
results of the “Atmospheric Impacts of AgricultuManagement Practices” and “Comprehensive
Systems for Managing Nutrient Flows And GaseoussBions” studies will be essential to fully
understanding the ammonia problem.

We recommend that SCAQMD support these studiestto lielp speed the research process and
ensure the agency is the first to hear of any rebagasults and recommendations.

-It TETRATECH, INC I-19 prepared for SCAQMD




Livestock Waste Management Practices
Task 2- Literature Survey & National Programs And Control Option Assessment Project

O ther Area Farming Practices

Our literature research discovered only one adthficelevant project area of study underway outside
the scope of coverage of the ARS National Progrdimis. research is underway in Sweden as
reported below. The objective of the project isléononstrate an efficient and innovative combination
of methods to reduce ammonia leakage on the dainy &nd to increase knowledge in this field
among authorities, farmers, extension workers gnidw@tural students in Sweden and Europe.

The Swedish research farm Brogarden has extenateeoth ammonia emissions (Bergstrom; 2001).
The milk barn was built as a stanchion barn fat tip cows, specially designed for the experiments
and tests carried out there. The farm consistbafite95 hectares (ha) of farmland, of which five ha
is natural pasture and 68 ha is forest. The hendists of 42 Swedish Red and Black (SRB) cows
with an average milk production of about 10,008r§tECM per cow per year.

Brogarden uses IndividRAM, a feed calculation pamgioperated by the Swedish Dairy Association.
Feeding is based on forage and cereals producttedarm and bought-in concentrate as outlined
below:

e Silage (clover-grass)- 6-7 kg DM

* Ground wheat- 1-2 kg

* Ground oat- 3-7 kg (depending on lactation stage)

» Concentrate UNIK- 3-8 kg (depending of lactaticagst)

e Minerals

Grass-clover silage is stored in one tower. Invialdial feed-bunks, the cows are fed approx. 70-80
metric tons of home-produced oats and 50-55 tomascafnmercial concentrate each year, together
with grass-clover silage and hay. Hay is distriduteanually, while semi-automatic feed trucks
distribute all other feeds.

Waste Management Practices & Technologies

To fully explore the available ammonia treatmerttanys, the researchers constantly measure
Brogarden’s ammonia release while handling theurahy a variety of different methods. Their
measurements are intended to inform future de@sagrto which waste management practices are

the most effective at preventing ammonia release.

Ammonia Measuring Technologies (Bergstrom; 2001)

The project team is using three techniques to gatimenonia data as described below.
Infrared Analyzer- Used to measure emissions frioencbw barn.

A small pump draws a sample of the air to be aralyhrough a chamber between the infrared
source and the detector. A zero gas filter comgimictivated charcoal was used every week to set th
zero level. The measuring range was 0-50 partsngkon (p.p.m.) and the accuracy of the
instrument was + 5% at the full-scale deflectioheWVentilation rate through the cowshed was
continuously measured with an impeller in the eshauct. The impeller was calibrated before and
after the measuring period using a hot wire anent®nte measure the average air velocity through
the cross section area of the exhaust duct. Aldgtger recorded the ammonia concentration, the air
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velocity as well as the carbon dioxide concentratibe outside and inside air temperature and air
humidity.

Stirred Dynamic Chamber Method- Used to measuresthissions from fields recently applied with
manure.

Ammonia emissions after spreading in the field waeasured according to the stirred dynamic
chamber method with passive diffusion samplers (PBffer spreading of manure, a set of
ventilated chambers was put in place on the mamgnaahd surface where the ammonia equilibrium
concentration was measured. Simultaneous measuremere also made of the ammonia
concentration in the air outside the chambers tlaadransfer velocity for ammonia from the soil
surface to the air above it. Both of these pararaetere measured using PDS close to the ground
surface. Each ambient condition meter consistedhwhcket with space for four PDS.

Passive Flux Samplers- This method was used toure#se ammonia emissions from manure
storage areas.

The micrometeorological method with passive flumpkers was used to measure ammonia
emissions from both the solid manure storage pddtaurine storage tank. The passive flux
sampler consists of two glass tubes, each withgtteof 100 millimeters (mm). The glass tubes are
connected in series and each tube is coated wéliccacid on the inner surface. To achieve a low
friction resistance and a high NH3 collection affitcy, one end of each sampler is fitted with a thi
stainless steel disc having a 1-mm hole in theergntdecrease wind speed inside the sampler. The
passive flux samplers were mounted at four hei@htb, 1.35, 2.60 and 5.00 m above the storage
wall) on four vertical masts attached with equiigtspacing along the periphery of the urine s®rag
tank.

Treatment Alternatives

The farm is experimenting with different barn desigtorage facilities and land application
techniques. Additionally, they are feeding the ceyscial diets designed to lower nitrogen excretion
without decreasing milk production. Some of théntexogies listed below are being implemented at
the Brogéarden farm.

The Dairy Barn
*  The use of peat and straw as litter for the manate to lower pH and thus decrease

ammonia release. Ammonia release is also bendyicitiected by the higher carbon/nitrogen
ratio. (Sikora; 2001)

* Inforced air ventilation buildings, air leakagedbigh manure channels into livestock
buildings is common. This air movement dramaticalreases the rate of ammonia release.
It is essential that all manure channels be waellesk or, if feasible, make the dung channel
relatively deep. Furthermore, air inlets shouldibsigned to minimize velocities over any
channel openings. (Bergstrom; 2001)

 Ammonia release is increased as the size of tliacgucovered by feces and urine increases.
Buildings can be planned to minimize these dirtfees, e.g. tie-stall systems, or the
adjustable neck tie system. Cleaner stalls andvarlammonia concentration in the air have a
positive influence on animal health, well being sandduction. Both udder and foot health
are linked to the stall hygiene. (Bergstrom; 2001)
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The type of cleaning regimen can reduce ammongasel. In one experiment, a barn with a
solid floor and a 3% slope to the center was scrapel cleaned 12 times/day using 1.5
gallons/cow/day resulting in a 65% decrease in aniaeolatilization. (Bergstrom; 2001)

It was proposed that a combination of methods whalge an additive effect on the ammonia
release. However, no experimental work has bemplatied based on this comprehensive
view of ammonia loss. (Jawson; 2001)

Manure Handling

Research by Sommer reported in 1985 showed thabaiamelease was twice as high when
manure was stored as solid manure and urine asazechpiith storing of slurry (dry matter
between 12-20%). Under the worst conditions, & Yeaund that urine could quickly lose
50% of its nitrogen content as off-gassed amm@déid manure loses up to 40% of its
nitrogen while semisolid manure only loses abo@b 21 its nitrogen, and one study recorded
as low as 3%. (Bergstrom; 2001)

Ammonia release can be further impeded by the fiomaf a surface crust on cattle slurry.
Some experiments have shown this method to decamas®nia release 80% as when
compared with slurry left standing. Crusts carstimulated artificially by adding chopped
straw or Leca (clay) pebbles. (Bicudo; 2001)

Depending upon the type of cover or crust formadd&0-95% reduction in ammonia release
can be expected. (Bergstrom; 2001)

Studies were also done to immobilize the ammoniadmgposting manure with municipal
refuse compost. Municipal refuse compost made fribyrtrash has a high carbon content
that was ideal for immobilizing nitrogen. Usingadobratory composter, mixing municipal
refuse compost with dairy manure reduced the amarloss to one tenth that from the
composting of dairy manure alone. (Sikora; 1997)

Manure Spreading

Directly injecting, or incorporating the slurry anthe soil soon after spreading better protects
the ammonia from volatilization than when it istjigpread on the surface. In the soil, the
nitrogen binds to the soil. In addition, cropswirg over the injected area will protect the
ammonia from blowing winds, which is especially on@ant in dry warm areas like

California. (Mesinger; 2000)

By using either of these two techniques, ammorsade can be reduced as much as 80-95%
over traditional spreading methods. The overddlatfthough depends on a number of other
factors, such as weather, soil type, and time af.ye

Feed Adjustment

The possibility of decreasing the nitrogen conterthe cattle’s diet, thus a decrease in
emitted ammonia, seems promising. However, int&dhis is quite difficult to accomplish
without hurting milk production. One study (Lefctu2001)showed that small changes in
dietary protein had little effect on the amountofmonia emitted.

Another study that is more comprehensive is undgiw&weden though which might
present more data. In particular they are tryintpveak the ratio of digestible protein to
indigestible protein. A proper ratio should malkewer ammonia count without a
concurrent lower volume of produced milk.(Bergstr@d01)
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V endors, Manufacturers, and Contractors Control Technologies

The purpose of this task is to review control tethgies that could be used for manure handling and
disposal capable of reducing VOC and ammonia earissit and/or from livestock operations. The
work will research, gather, compile, review, anthawarize all possible control technologies
identified during Task 1 and Parts 1 and 2 of Tadkformation from vendors, manufacturers, and
suppliers of technology and systems relevant sttpic will be obtained and included in the report
Emission factor information for various practicesl anethods will be catalogued and updated as
available.

PRODUCT ADDITIVES

As a result of the increased public, regulatoryl legal attention directed to the odor issue, many
producers are considering the use of commercialmesand/or feed additives as an effort to
minimize odor and other air emissions from livekttarms. In addition to odor control, many of
these products are marketed as having other balefftects such as improved nutrient value of the
manure, improved animal performance, fly contrtd, Broduct additives are generally described as
compounds that can be added directly to freshlyet@d or stored manure for purposes of odor
abatement. They are generally made of enzymesmifed/selected culture of microorganisms or
are chemically based. Each product has a spediftbad of application, frequency, quantity, and
length of time before the product is “most effeetivSome products are pH and temperature
dependent and only work within narrow ranges of pHd temperatures. Although bacteria usually to
certain extent are able to adapt themselves toltheges in the environment, large deviations from
their optimum growth conditions undoubtedly wilterfere with the normal metabolic activities,
thereby resulting in a slow growth. This was alseadidenced by an evaluation on a commercial
product containing enzymes and selected bacteh@hvehowed that the product did not accelerate
the degradation of the malodorous substances &G (Bourque et al, 1987).

The idea of using manure additives to control odma other emissions was proposed about twenty
years ago and a considerable amount of reseaimtt leffs been spent in this field. Past researchers
rarely found any of the pit additive products todffective in reducing odor levels of swine manure.
This is probably due to the complexity of odoroamponents in animal manure. However, Zhu (Zhu
1999) points out the fact that the key difficultythe development of effective manure additive
products rests with a lack of understanding ofitioéogical activities occurring within the stored
manure. The widely used trial-and-error methodsvieduate manure additive products not only are
time consuming, but also provide little information the biochemical mechanisms.

Commercial additives may control specific parangegeich as ammonia and hydrogen sulfide from
the array of odorants. Objective information regagdhe actual impact of the products on odor, as
perceived by smell, is becoming available throwdioratory and field tests being carried out in
different places. Zhu et al. (Zhu and others 19f8)example, tested the effects of five different
commercial pit additives on the release of odorasidtile compounds from swine manure. Their
results showed that all five products reducedehels of odor threshold by different degrees raggin
from 58 to 87% as compared to the control sampleee of the five products showed reductions in
volatile fatty acids and total volatile solids. dgbn (Johnson 1997) ran field tests with eighed#it
pit additives. The tests were run comparing a braated with a manure additive product, against an
untreated control barn on the same site with viagaisolated. Results obtained showed statistically
significant reduction in ammonia levels in the teebBbarns as compared to untreated control barns.
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Odor threshold results were variable, and mostymtsdtested had only a slight effect on odor
reduction.

Microbiological Additives

Microbiological additives, or digestive deodoramsnerally contain mixed cultures of enzymes or
microorganisms designed to enhance the degradaitsuiids and reduce the volatilization of
ammonia and/or hydrogen sulfide. The microorganiaresmeant to metabolize the organic
compounds contained in the manure. Digestive demti®@may act to inhibit selected biological or
digestive processes by changing the enzyme ba{&S%E 1994). Most digestive deodorants are
applied directly into the manure collection ared/anthe lagoon and must be added frequently to
allow selected bacteria to predominate.

Although there exist bacterial genera or speciasdan decompose odorous compounds like VFAs to
reduce odor emission, little success has beentezbir using these microbes as manure additives to
control odor generation in the field.

According to Grubbs (Grubbs 1979), the key in udiagterial cultures for deodorization of manure
is to have the added bacteria become the predotrstrain of bacteria in the manure. In order fa th
added bacteria to flourish, the real environmentuihnot deviate tremendously from the optimum
growth range for the bacteria. Past work was mdidysed on determining the bacterial functions in
digesting odorous compounds under optimum conditidhis usually does not guarantee that
bacteria growing well under optimum conditions waibo grow well in the field. Bourque (Bourque

et al 1987) showed in their study that none ofitloeulated microorganisms became dominant in the
non-sterilized swine manure samples. The indigeflotes (not necessarily those reducing odors) of
the wastes always grew better than the inoculatetborganisms. In addition, the selected
microorganisms may even use other organic componnu&ference to the malodorous substances
when inoculated in some wastes, which impairs diees of the additives.

Miner (Miner 1995) reviewed several studies of dige deodorants and concluded that “the variable
success measured for the effectiveness of micrabdigestive agents to control odor may be due
to the inability of these products to degrade nafrthhe compounds which collectively make up odor
from a swine operation.” And “supplemental micrammigms, as additives, may not readily adapt to
the natural conditions in manure handling systenasaae often susceptible to competition from the
naturally occurring indigenous microbial populagdn

Chemically-Based Additives

This type of additive acts by chemically alterirdpoous compounds or enzymes. They may also Kill
the bacteria, which produce the volatile organitotiarous compounds. Chemical additives are
made from chemical compounds that can promote tiitlar precipitation of undesirable odor
compounds. Chemical compounds can also be addetHfoontrol and also as electron acceptors. If
properly applied, the operating cost of reactiveraitals may actually be less than for masking
agents or counteractants.

When dosing chemicals into manure, side reactiah®ecur in addition to the desired reaction. In
calculating dosing rates, a generous factor otgafeist be allowed to account for these side
reactions. Most of the chemical products are pHeddpnt and only work within a very narrow
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range. Pilot testing is recommended for all cheldoging systems. Chemical additives are usually
classified in terms of their mode of action:

Oxidizing Agents: chlorine (as gas or sodium hypochlorite), potasgd@nmanganate, and hydrogen
peroxide will oxidize sulfides and inhibit sulfigeeoduction. Ozone has also been used as an
oxidizing agent.

Precipitants: iron and zinc salts will react with sulfides torfoinsoluble compounds. Ferrous and
ferric chloride have been used for that purpose.

pH Control: sodium hydroxide or lime can be added to manuraise the pH, inhibiting sulfide
production and preventing hydrogen sulfide off-gagsbut probably increasing ammonia
production.

Electron Acceptors:. electron acceptors are taken up preferentiallieécsulfate ion, and thus prevent
sulfide formation. Sodium nitrate can be used ligg purpose.

Researchers in lowa and Indiana are experimentitigproducts that are injected into the building
air climate through high-pressure mister systerhg. flinction of a periodic mist injection is to
neutralize volatile odor compounds that accumutatbe building prior to being exhausted. Heber et
al. (Heber and others 1997) reported on a 63-adg fést in a 1000-head commercial naturally-
ventilated swine finishing house. The chemical ofuwas sprayed into the top of the pit creating a
aerial mist in the headspace and covering theeestirface of the manure slurry. Their results show
reduction of mean NH3 emissions from 5.9 to 1.8ggdlay as compared to an identical untreated
house. The mean®8 emission rate of 0.15 g/pig-day did not changé thie treatment. No current
conclusive results on odor emissions have beerighatol on this type of system.

Miner (Miner 1995) pointed it out that long-termeusf chemical additives may require large amounts
and frequent applications, making their continigd axpensive and potentially damaging to the
environment (soil, surface water and groundwatéowever, chemical additives may be effective at
controlling odor and gas emission during agitadod pumping of manure storage facilities.
Researchers at the University of Minnesota (Clantgoubl.) and at University of Kentucky (Turner
unpubl.) are currently testing various chemicaig tire capable of reacting with sulfides, thus
minimizing hydrogen sulfide emission during agatand pumping of manure.” (Jacobson. L. D., et
al, 1999)

Research of available additive vendor productsaeasiucted and is reported as follows:

UltraTeck Inc.
www. ultrateck.net/detox.html

* Manufacturers of biological aid to the manure ddgt@n process
» Both bacteria and nutrient additives are available

* Products for both liquid lagoons and solid manure

* We found no independent verification of the protuetfectiveness

Eco-Chem
www.ecochem.com/manure_odor.html
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* Producers of CPBA, an anti pollutant bio-stimulant

» CPBA is a concentrated solution of beneficial baatand bacteria

» Applied appropriately it abruptly eliminates odand reduces pathogens
* We found no independent verification of the protuetfectiveness

ECOLO of lllinois
www.ecoloofillinois.com/aboutbio.html

* Manufactures BIOLOGIC

* BIOLOGIC™ products do not contain bacteria or enzymes, dihier are designed to
stimulate existing bacteria found in biological tgyss.

* Also manufacture ECOLOGIT,

« ECOLOGIC™ controls airborne odors by degrading the gases thregeare already
airborne

* We found no independent verification of the protuetfectiveness

Highwood Resources
www.highwood-resources.com/gypsum.html

* Manufactures an agricultural gypsum product

* Powdered Gypsum applied to manure piles acceleda@smposition without heating the
piles and traps nitrogen

* We found no independent verification of the protuetfectiveness

ManureX

www.manurex.com/

* ManureX MP adds microbes to anaerobic pits andoago

» It speeds the digestion of manure, decreasing tidoefying sludge, reducing the
nutrient count to create a better fertilizer.

« Works on all different types of manure

« We found no independent verification of the protuetfectiveness

Super-F Inc.

www.super-f.com/pro_enl.html

* Manufactures a product named SFA-PLUS-Agricultut@®&

* ltis applied to outdoor lagoons and storage faedi

* Made from plant extracts, which react with odoroospounds

* We found no independent verification of the protuetfectiveness

Manufacturer Technologies-Lagoon Covers

BEI Environmental Contracting
www.bei-ec.com/html/biocap.html

* Manufactures and installs its Bio-Cap system
» Bio-cap is a floating cover for an anaerobic lagoon
* Claims a 60-90% reduction in malodorous compounds
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Lemna Technologies

www.lemnatechnologies.com/wwt.html

» Offer a diverse line of products and processes$e@ncand control agricultural waste
problems

* Technologies include a lagoon cover system, arndadet sludge system, and a gas
collection system

Max-Mor Technologies
www.recycledfoam.com/
* Manufactures a simple foam cover for manure lagoons

» Cover is made of 100% recycled post industrialss#ink, closed cell polyethylene foam

sheet or panels.
 Can be welded, thermoformed, and laminated

Reef Industries

http://www.reefindustries.com/

* Manufactures plastic sheets for use in variousstréal applications

* They have six different plastic products, eachgtesi for specific applications
* Their Permalon floating cover is appropriate fovering manure lagoons

Summer Green Systems
http://www.summergreen.com/products.htm

* Manufactures a floating cover

Manure Management Contractor Technologies

Ag-Chem Equipment Co.

http://www.agchem.com/

e Manufactures heavy equipment for use in agriculture

* Has some products that are specific to manuregoahand application

* They claim their manure handling technologies arerenmentally friendly

Knight Manufacturing Products

www.knightmfg.com/products.htm

» Sells both manure spreaders and mixers

» Efficient and quick mixing and spreading of manwik significantly reduces manure
emissions

McLanahan Agricultural Machinery Systems
http://www.mclanahan.com/agweb/

» Large producer of agricultural supplies
» Sells Sand/Manure separators, Lagoon Aeratorssystdm designs
* Machinery designed to minimize ammonia and odosseions
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Manure Storage & Treatment Manufacturers

Biothane corporation
www.biothane.com/anaerobic.html

* The provide a wide array of waste treatment techgies
* Their anaerobic line includes a stirred tank reaesludge bed, and a sludge blanket

Engineered Storage Products Company
www.slurrystore.com/36/OdorMgt.html

* Manufactures a manure storage container namedySiore

* It has a smaller surface area than lagoons orgeqis

* Design creates a chimney effect which lifts thereddbove ground level
» Application of straw creates a biolayer that watluce emissions

RCM Anaerobic Digesters

www.rcmdigesters.com/

» Largest manufacturer of methane recovering digester

* They will build and sell supplies for Plug Flow, @plete Mix, Covered Lagoon and
Heated Mixed Covered Lagoon

» Almost half of the digesters operating in the Udi&tates are run by them
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C. END NOTES

1. Dry Matter Content- indicates the ash and dry adigpartions of the manure
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E. GLOSSARY

The main source of this section are the GlossaBodfScience Terms (SSSA, 1997), the Resource
Conservation Glossary (NRCS, 1982), and the Maklaneagement Practices for the Minnesota Pork
Industry (Schmidt and Jacobson, 1994).

Aerobic-Occuring in the presence of molecular oxygerd(séichemical or biochemical processes
such as aerobic decomposition)

Ammonia-the nitrogen component of the gas (NH3) releayatie microbiological decay of plant
and animal proteins. Loss of ammonia to the atmeaspis commonly referred &&mmonia
volatilization”.
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Ammonium- ion (NH4 + ) form when ammonia gas comes in acintvith water. Ammonium binds
tightly to soil particles and is not typically |é¢sed into the ground water.

Anaerobic-occurring in the absence of free oxygen (such@shkmical process).

Broadcad-the spreading of manure on top of soil surface.

Chelates-Organic compounds that can bind with metals toease the soluble fraction of some
metals.

Deep pi-a deep (6-8 feet) storage area directly belowrdmal confinement building.

Denitrificatio n-the chemical or biological process in which nérar nitrite is reduced to gaseous
nitrogen.

Earthen basin-a large hole dug in the ground, typically lineithwelay or some synthetic material, in
which manure is stored. The basin is emptied at leace per year.

Facultative-having or occurring in the presence or absené@efoxygen.

Fertilizer-any organic or inorganic material of natural ynthetic origin that is added to a soil to
supply one or more plant nutrients essential fergtowth of plants.

Flushing systen-a flushing system is a manure collection systesh tises large volumes of water
flowing down shallow gutters to scour and cleandbeg area several times per day. The shallow
gutters can be open gutters or gutters under dperirfg.

Gravity drai n-a system where manure is temporarily collecteshadlow gutters under a slotted
floor. The gutters are drained on occasion by meaasplug or valve. Manure then drains or is
pumped to along-term storage area.

Ground water-the supply of fresh water that forms a naturaéreoir under the earth’s surface.

Immobilizatio n-the conversion an element (e.g. nitrogen, phasghetc.) from the inorganic form
to various organic compounds in microbial or plant

Incorporatio n-the tilling of the soil after the broadcastingtioé manure to move the manure from
the surface of the soil to under the soil surface.

Inorganic nitrogen-nitrogen in the form of ammonia, ammonium, nératitrites, nitrogen gas or
nitrogen oxides.

Lagoon. A treatment structure, typically earthen, foriagitural wastes. Lagoon can be aerobic,
anaerobic, or facultative depending on the loadimg) design. Lagoon can be one stage or multi-
staged. An anaerobic lagoon is different from eartstorage in that the lagoon is managed to allow
for treatment of the manure. Anaerobic lagoonsalg partially pumped each year (approximately
one third of the total volume) whereas eartherasgfes are emptied once or twice a year.
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Leaching-the removal of soluble materials, such as niratechlorides, from soils or other material
via water movements.

Manur e-manure is the fecal and urinary excretion ofdiweek and poultry. Often referred to as a
livestock manure, this material may also contaiddig, spilled feed, water or sail. It may also
include wastes not associated with livestock eagi®ich as milking center wastewater, contaminated
milk, hair, feathers, or other debris (ASAE, 1998anure is stored until it is recycled to cropland
treated so it may be recycled for uses such aspgabil, compost for gardens, and other off farm
uses.

Nitrate (NO3 - )-the nitrogen component of the final decomposifiooduct of the organic nitrogen
compounds. Nitrate is extremely water-soluble angkigative charge excludes it from adsorption on
to soil particles. This characteristic render ghly susceptible to leaching.

Nitrificatio n-the biological oxidation of ammonium to nitritecanitrate.

Nitrite (NO2 - )-nitrite is an intermediate product in the coni@isof ammonium to nitrate. Nitrite is
extremely unstable (nearly immediately convertimgitrate) and therefore is rarely detected in
groundwater.

Nitrogen cycle-the succession of biochemical reactions thabgtn undergoes as it is converted to
organic or available nitrogen from the elementatfoOrganic nitrogen in waste is oxidized by
bacteria into ammonia (NH3). If oxygen is presantmonia is bacterially oxidized, first into nitrite
(NO2 -) and then into nitrate (NO3 - ). If oxygismot present, nitrate and nitrite are bacterially
reduced to nitrogen gas, completing the cycle.

Nutrient s- elements or compounds essential as raw materiatganism growth and development.
For plant growth, seventeen elements have beenlfimube universally essential, three mostly from
air and water (carbon, hydrogen, oxygen) and fearfeom soil solids (nitrogen, phosphorus,
potassium, calcium, magnesium, sulfur, iron, maeganboron, molybdenum, copper, zinc, chlorine,
and cobalt)(Brady, 1984). Six of the fourteen @g&n, phosphorus, potassium, calcium, magnesium,
and sulfur) are used in relatively large amountplayts and so calladacronutrients. The other

eight, even though as just essential as the maicirenis, are required in such a small quantitiesst

so calledmicronutrients

Odor-foul scent or aroma. Most odors emanating fromuma are due to decomposing manure.

Organic matter-the organic fraction of plant, animal, and miagenisms at various stages of
decomposition.

Organic nitrogen-nitrogen in the form of urea, protein, or amiroda.

Phosphorus-one of the primary nutrients required for thevgtoof plants. Phosphorus is often
delimiting nutrient for the growth of aquatic plartr algae in lakes and rivers.

Pollutant-any introduced substance that limits a resousecfor a specific purpose.
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Pollution-the condition caused by the presence in the @mvient of substances of such character
and in such quantities that the quality of the emuinent is impaired or rendered offensive to life.

Runoff-the portion of precipitation or irrigation waten an area that does not infiltrate, but instead is
discharged from the area by flows across land serrda subsurface and eventually appeared in
streams and other water-bodies.

Settling basirs-a concrete or earth bottom settling structurergvtiee solid in runoff or the waste
settles out.

Stock pile-long term solid manure storage.

TAN- total available nitrogen; that portion of the a@gen applied to soils readily available for plant
uptake from organic matter, soil nitrate-nitrogemnure, and fertilizer. Ammoniacal nitrogen is the
ammonia (NH 4 —N) for of the available nitrogen.

VOC- volatile organic compounds; A sampling of typiv@C'’s found in manure include:
(2-)butanone methylethylketone
carbon disulphinde
carbonylsulphide carbon oxysulphide
dimethylsulphide methylthiomethane
diethylsulphide ethylthioethane
dimethyldisulphide methyldithiomethane
dimethltrisulphide methyldithiomethane 2,3,4-trégpentane
methanethiol methyl mercaptan
propanethiol n-propylmercaptan
hydrogen sulphide
pentane
hexane
hexene
heptane
octane
undecene
dodecane
benzene
toluene
ocimene
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