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Abstract

There are certain basic thermodynamic precepts that are used in the design of all Brookes
gasification systems and to some degree these are discussed in US Patent No. 6,116,168.
The Transportable Gasifier is a dual chamber system that is intended to be capable of
disposing of relatively high volumes of bio-mass in an efficient and environmentally safe
way. The Dual Chamber unit is an improvement on the original single chamber systems
that were used in part of the UK to dispose of BSE risk material during the 30 month cull.

This paper discusses some key thermodynamic design concepts behind this technology
and explains how the relatively good environmental emission results were attained. The
overall geometric configuration of the gasifier, along with specific control methods for
introducing auxiliary heat and combustion air are very important in creating the proper
conditions for the functioning of this type of system.

Also discussed are the design issues that had to be addressed to make such a system
transportable. Weight and size restrictions, along with the requirement for a relatively
short timeframe for set-up made it necessary to use untested design concepts. The fact
that a refractory lined unit had to be able to travel to and from the ‘hot zone’ also meant
that a unique approach to the refractory design was required. The extensive use of
ceramic fibre material was a key component in making the system effective.

A brief discussion is included on the method of loading and operating the Transportable
Gasifier using a macerator and pump. The concept of linking 6 or more gasifiers to one
macerator is reviewed to demonstrate how the overall capacity can be brought up to
levels suitable for large volume bio-mass destruction.

Keywords. Bio-mass, Gasification, Gasifier, Transportable Gasifier.
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Introduction

There is an ever-increasing need to develop, and have available, transportable bio-mass
destruction systems to deal with dangerous bio-hazardous materials. With the growth in
the factory farming of food animals and the potential risk of disease outbreaks, the ability
to deal with such issues at the “hot zone’ has become more and more obvious. Moving
infected material from an outbreak location can be a dangerous practice and it is often a
logistical nightmare. The purpose behind this project is to develop a system that can be
moved in quickly to dispose of large amounts of bio-mass at the site of the outbreak.

There are several major problems that must be addressed in attempting to design a large
bio-mass gasifier that is transportable along main roads. The technology itself must be
simple and compact, yet with the capability of dealing with large enough volumes of bio-
mass to make the concept viable. Added to these issues is the requirement that the
equipment should be quick to assemble and put into operation. As well, the total package
must be able to operate independently of any local utilities. In most cases, the equipment
would likely have to be set up in areas such farm fields, so there must be the ability to be
assemble the system on uneven terrain. And finally, it is important that this system
operate in an environmentally acceptable manner, essentially meeting the basic US EPA
air emission and ash quality standards.

This paper describes the basic thermodynamic and physical design features that make a
transportable system feasible utilizing this technology. The Brookes gasification process
has proven itself with its “fixed site” applications, but several modifications were required
to meet the large volume and transportable criteria specified. It should be noted that this
test unit, designed and constructed under the auspices of the Technical Support Working
Group (TSWG) is the first of its kind. Future developments of this system will
undoubtedly lead to modifications and improvements.

TSWG Specifications

The proposed total throughput of a complete package is 150 tons per day of deadstock
and the package may consist of 6 transportable gasifiers. Thus, each gasifier would have
a daily capacity of 25 tons. A Haarslev macerator and pump was included as an added
feature and the intent is to link all 6 gasifiers to one macerator/pump unit. This would be
the next phase of this effort, but the focus of this project was to develop one transportable
gasifier capable of disposing of 25 tons per day of deadstock or bio-mass.

Thermodynamic Design Concepts

Several important thermodynamic design characteristics make the Brookes process very
effective as a potential transportable unit. The following are the key features that allow
this process to be compact, fuel efficient and environmentally friendly.

Heated Hearth Design

The method of using the energy of the waste mass to assist in driving the gasification
process has been a linchpin feature of the Brookes process. Figure 1 (see appendix)
shows a front cross-sectional view of the original single chamber style and figure 2 shows
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the dual primary chamber design used for the transportable unit. Artist’s sketches 1 & 2
are renderings of the side view of the single chamber gasifier in operation.

A key advantage of this design comes from the fact that the Secondary or Afterburning
Chamber is immediately beneath the Primary Chamber allowing for some of the heat
generated from the oxidation of the hydro-carbon fumes (entering from the waste
chamber) to flow through the hearth and assist in the evaporation of the waste mass. This
‘common wall’ design gives the Brookes system its compact configuration plus it greatly
enhances the overall energy efficiency of the gasifier. In essence, an ‘energy circle’ is
created that partly recycles the secondary chamber heat.

Mixing Zone

An unusual feature of this system is the down-firing of the auxiliary burners which are
directed into a vertical mixing zone. Secondary air is also introduced this way. The
fumes from the primary chamber enter a small window at the back of the primary
chamber and immediately mix with secondary air and burner heat. The mix of air and
combustible gases must travel downward and turn 90 degrees to enter the first channel of
the secondary chamber. This turn, with its varying velocity zones is very important in
creating the high-resolution oxidation that results with this style of afterburning system.

Prior to the turn into the secondary chamber, the air and combustible gases are
thoroughly mixed under very turbulent conditions. The introduction of burner air and
secondary air at different velocities along with the infux of combustible hydro-carbon
vapours, gives rise to a multi-vortex flow regime.

Secondary Chamber Velocity Profile

As previous discussed, the mixing zone is very turbulent. As the gases, now well mixed,
enter the turn, a more predictable flow pattern is established. The corner has the effect of
decelerating and then accelerating the velocity of the gases as they enter the first channel.

Generally, mixtures of combustible gases in air have flame velocities that approximate 10
feet per second. This is an important ‘rule of thumb” when designing the theoretical flow
velocity in the secondary chamber channel. A flame front can form when the velocity of
the mixed gases is in balance with their flame front velocity and the formation of flame
fronts is a key to high-resolution oxidation. Flame fronts are the best zones for initiating
oxidation reactions, so creating conditions for flame front formation, even if random and
unpredictable, is an excellent way to enforce oxidation of the complex hydro-carbon
fumes evaporating from the waste mass.

Another very important rule of thumb is that for every 1000 BTU of energy (in most
gaseous fuels), about 10 standard cubic feet of air is needed for the oxidation process.
This allows us to make a simple calculation to determine the theoretical secondary
chamber velocity. The actual velocity profile will be variable, but the average will be
close to the theoretical value we design around.
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Primary and Secondary Chamber Temperature Profiles

Graph 1 shows the temperature profiles for the primary and secondary chambers of a
single chamber system. Graph 2 shows the temperature profiles for the dual chamber
system employed for the Transportable unit.

Graph 1 shows that, with the single chamber units, the secondary chamber temperature is
controlled at a selected set point and the primary chamber temperature rises to a peak and
then falls off when the waste mass has been reduced to an inert ash residual. During the
most active gasification phase the auxiliary burner input is minimal because the fumes
from the waste provide most of the energy to maintain the process.

Graph 2 shows the temperature profiles for the dual chamber system. The major
difference between the single chamber system and the dual chamber system is the
primary chamber temperature profiles. With the dual chamber system each side is
operated like two separate single chamber units, but the advantage is that the system can
also be operated as a semi-continuous or continuous batch system. The transportable
gasifier is operated as a continuous batch unit to allow for maximum throughput. This is
made more effective by using a Haarslev macerator and pump package to pump material
into the primary chambers in small, but frequent, pulses. The two primary chambers are
operated ‘out-of-phase’ with each other to allow for the best possible energy feedback
scenario. Not only is heat transmitted up through the hearth; heat will flow through the
primary chambers’ common center wall from the hotter to the cooler side. This enhances
the gasification activity in the side that has just been loaded with a pulse of waste. In
essence, with the dual chamber concept, there are multiple common walls assisting the
gasification activity. The temperature in the two primary chambers never droops very far
and the auxiliary burners operate at their minimum firing rate.

Primary Chamber Draft Air

Air is not forced into the primary chambers of these systems. It would be possible to
push air into these chambers with homogeneous, low energy wastes, but any complex
waste with potentially high energy phases can lead to uncontrollable combustion
problems which, will cause emission issues. In these gasifiers the primary chamber air
enters through inlet valves only by draft. The pressure in the primary chamber is slightly
negative due to stack draft and a minimal amount (about 3% stoic) of air is allowed in to
enhance the temperature in the chamber.

Another major benefit of allowing air into the primary chamber using only draft is that
the flow velocities in this chamber are very low and as a result, negligible particulate is
entrained and transmitted into the secondary chamber.

Barometric Damper

This type of draft control method has been in use for quite a long time and is an ideal way
to control the pressure in this style of combustion system. These dampers are very
sensitive and their control action is essentially instantaneous. Proper draft control allows
for very good control over the combustion processes in both the primary and secondary
chambers.
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Physical Design Features

Even with the compact nature of this technology there are many issues that must be
addressed to make the equipment transportable. Also, the system should be easy to set up
and must to be able operate without the need of local utilities and supplies. In other
words, the package should be ‘stand-alone’ as much as possible.

Size and Weight Criteria

There are some basic specifications for trucking in North America and to make the
Transportable Gasifier feasible we stayed within the “Wide Load’ limits to avoid the need
for escorts and special permits. Generally, the requirements are; gross weight of 100,000
Ibs. or less; width of 12 feet or less; and height of 13.5 feet or less. A vehicle that fits
these specs can travel most places in Canada and the U.S. with minimal permitting.

Compact Geometric Configuration

Most combustion systems of this nature are multifaceted assemblies that have separate
primary and secondary chambers. Because of these complexities, such technologies are
impossible to shrink down in size and weight to fit the trucking standards, especially
when aiming for a 25 ton per day throughput.

The compact geometry of the dual chamber unit (see figure 2.) gives the opportunity to fit
a large capacity system into a relatively small package. In basic terms, the gasifier body
is just a rectangular steel box that looks like a large shipping container. Photos included
in the appendix show the simplicity of this configuration.

Refractory Lining

Almost anyone who designs high temperature systems will advise against moving
refractory lined equipment, especially after it has been cured. Beyond this concern is the
weight issue. The refractory lining of such equipment is usually the heaviest part of that
equipment. If anything resembling a standard lining was used in the dual chamber unit it
would weigh far too much to be transportable except under very stringent conditions. To
make the project feasible the refractory lining needed to be both lightweight and flexible,
but with strength where required.

As shown in some of the photos in the appendix, ceramic fibre is used wherever possible.
The hearth must be a high density castable and the support walls must be solid. To deal
with this issue “wide profile’ insulating firebrick is employed for the support walls.
Using these materials reduced the refractory weight dramatically. The approximate final
weight of the refractory lined steel gasifier shell is 55,000 Ibs.

Telescoping Aluminum Stack

Any system of this nature must exhaust very hot gases that are created during the
combustion process. The stack must be tall enough to create the draft required to pull the
gases out of the unit. For this system aluminum was chosen to reduce weight and
ceramic fibre material was located strategically to prevent overheating of the aluminum.
The stack is telescoping with an outer sleeve that slides over the inner section that is
linked to the gasifier when the package is assembled. The outer sleeve is unlined and the
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inner sleeve has only a small amount of ceramic fibre installed. The idea behind this
design is simplification of the assembly procedure as well as reducing the weight and
profile.

Loading Valves

Pumping material from the macerator into the primary chambers requires a top-loading
configuration. To do this safely, specially designed loading valves are needed to prevent
heat from rising into the upper piping system and causing serious damage. Each loading
station has a gate valve that opens into a refractory lined loading valve that then opens to
allow the discharge into the chamber. These valves face directly into the primary
chamber and are exposed to temperatures up to, or exceeding, 1800 F.

Fuel and Electrical Requirements

The gasifier itself can be operated with two 120 volt / 30 amp supplies. The Haarslev
macerator has its own generator since it uses rather large electric motors. The fuel for the
auxiliary burners and the Haarslev unit is diesel because it is the easiest to access and
transport. The Haarslev generator provides enough power to operate the gasifier, but
separate portable generators could be provided, if necessary.

150 Ton per Day Package

The intent is to link 6 gasifiers to one macerator to allow for a throughput of 150 tons per
day. This will require additional development and experimentation to resolve certain key
design issues. The method for piping from the macerator pump to the gasifiers is one
concern to be addressed since a great deal of flexibility will be required to handle uneven
terrain problems. Another design issue relates to automation of each gasifier, and of the
full package. A great deal of thought needs to go into this area because even though
automation can greatly improve the efficiency, it can also be too complex for such field
operations. These units could be required to function in severe weather conditions that
might not be suitable for fully computerized systems.

Although 150 tons per day sounds like a large throughput, it is only a starting point.
Some situations could require much greater capacity and would need several ‘6 gasifier’
packages operating 24/7 for many weeks. As development continues it is hoped that the
throughput for a single transportable unit can be increased, possibly to 35 or 40 tons per
day. Adding extra loading valves may be one simple answer to improving throughput,
and there is also some room for increasing the overall size of the gasifier. Alternatively,
there are applications for smaller versions of this system. Gasifiers that can travel on
minor roads, or that can be air lifted, are certainly possibilities for future development.

Conclusions

Overall, this project involved several unique and untested design features. The dual
chamber concept was new, the special refractory construction was very different from
standard practice, the piping system from the macerator pump to the gasifier goes against
recommendations by the manufacturer, and the operating procedures had to be developed
as we moved ahead with the initial testing. Other issues such as the safe operation of the
loading valves and security of the telescoping aluminum stack were also quite
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experimental. In all, only one feature failed, the ash removal auger, which again was a
unique and untested concept. Even with this failure the gasifier was able to function for
the complete test period.

Air emission and ash residual testing by Arcadis, as reviewed and reported by Paul
Lemieux of the US EPA, demonstrate that the transportable gasifier can be operated in an
environmentally safe manner. The maximum throughput capability is the final aspect of
this system to be determined.

This project has proven that a large, transportable, stand-alone system for destroying
dangerous bio-mass can be constructed. It has also been demonstrated that such a device
can be environmentally safe and very effective in eliminating pathogens from high risk
bio-mass. This type of equipment can be of great benefit when dealing with serious
outbreaks. Isolating a ‘hot zone’ and dealing with the problem at the outbreak site is
much safer than having to move diseased material miles away for disposal.
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Abstract. Composting of animal mortalities is prohibited in California. Rendering is the only legal
option for carcass disposal. During emergencies, alternate disposal methods are necessary.
Regulatory agencies are seeking direction as they consider new policy for mortality management.
The main objective of our research was to investigate impacts of time and temperature during
carcass composting on pathogen reduction. In addition, environmental impacts were assessed from
compost piles with or without carcasses. Static piles were constructed on a lined base. Variables
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included amendment (screened dairy manure solids or dry lot manure scrapings); season (summer
or winter); and carcass (piles constructed with or without four adult bovines). Data loggers and
pathogens (fecal coliforms, Bacillus cereus spores, and Salmonella enterica serotype Senftenberg)
were placed in and around carcasses before covering with amendment. Pathogens were retrieved at
0, 2, 6, 10, and 16 weeks. Bacteria were enumerated by the Most Probable Number method using
appropriate selective media and approved protocols for each targeted pathogen. Bacterial loss or log
killing over time was quantified. Liquid run off was quantified and analyzed for salt and nutrients. Air
emissions were studied using US EPA surface emission flux chamber technology. Total
hydrocarbons and ammonia were quantified. Preliminary results indicate that heating was rapid and
prolonged, there was a 6 log;o reduction in microbial pathogens by week 6, and decomposition was
extensive by week 16. Decision makers will consider results from this and other related research in
development of policies for emergency animal disposal.

Keywords. Mortality management, carcass disposal, carcass composting
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Introduction

California — for many the name conjures up images of beautiful beaches, Disneyland, and movie
stars. Itis the land of the Golden Gate Bridge, Yosemite, and sprawling urban landscapes like
the San Francisco Bay Area and Los Angeles. Less commonly known is the fact that California
leads all other states in the US for agricultural production. The value of agriculture in California
was $36.6 billion USD in 2007 (CDFA, 2009). Animal agriculture contributed $10.7 billion,
highlighting the importance of animal agriculture, especially dairy production in this uniquely
diverse state.

The dairy industry in California produces nearly 25% of the milk produced in the US. In 2008,
there were 1.9 million dairy cows on 1852 dairy farms in the state (CDFA Dairy Marketing
Branch, 2009). The average herd size was 1017 cows/herd, ranging from about 100 cows to
9000 cows per herd. The most densely populated dairy area is the southern end of the San
Joaquin Valley, which includes Tulare County, home to 493,383 cows and 329 dairies. Other
species including poultry, beef, small ruminants and swine add significantly to the total animal
agriculture population in California. Table 1 shows numbers of animals by species/class for
2008.

Table 1. Farm Animal Population by Species/Class, 2008

Animal Species/Class Total Number of Animals
Dairy, cows 1.9 million (CDFA, 2009)
Poultry, layers 19.6 million  (USDA, 2009)
Cattle and calves, all 5.5 million (USDA, 2009)
Sheep, all 620 thousand (USDA, 2009)
Goats, all 129 thousand (USDA, 2009)
Hogs, all 80 thousand (USDA, 2009)

Background

Routine carcass disposal for dairy and livestock is by commercial rendering. There are
currently four rendering companies servicing livestock and dairy operations. With yearly
average “routine” mortality rates for mature cows ranging from 2 to 8% (Stull et. al., 2008), and
5 to 10% for calves, there is a colossal amount of tissue to process under normal conditions.
Capacity is currently adequate to render this routine volume of mortalities, although a disease
outbreak or extreme weather event could perilously overwhelm existing rendering capacity.
Furthermore, a recent US Food and Drug Administration enhanced ruminant feed ban (FDA,
2008) will likely alter rendering profitability and ability to serve dairy and livestock mortality
disposal needs.

In July 2006, an extended heat wave created a nightmarish carcass disposal emergency
throughout the San Joaquin Valley. Daytime high temperatures exceeded 100° F for nearly a
month. The worst period was 14 consecutive days with high temperatures ranging from 103° F
to 113° F, and night time low temperatures above 90° F. All dairies experienced heat related
animal losses despite the common use of shades, fans, and misters for cow cooling. The
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extreme weather coincided with equipment failures at one of only two large rendering plants
serving the Tulare area. Tens of thousands of carcasses throughout the area became too badly
decomposed for rendering. Alternative means of disposal (burial, landfill, composting) were
employed in the wake of emergency declarations. These options are normally restricted by
local, state or regional agencies because of concerns for public health, or environmental
impacts to air and water resources. Timely response in some cases was hampered by a morass
of ambiguous regulatory jurisdictions.

California’s Emergency Animal Disposal Working Group

This event clearly underscored the need for strategic planning and coordination of emergency
response at all levels of government and among industry stake holders. A statewide emergency
animal disposal working group (EADW) was convened to develop solutions for emergency
mortality management and to explore alternative carcass disposal methods (Payne et. al.,
2009). Regulations constrain most alternate disposal options in California. Restrictive waste
discharge requirements imposed by the Regional Water Control Board on most dairies prohibit
on-farm burial (CRWQCB, 2007). Open burning of deceased animals is not allowed by the San
Joaquin Valley Air Pollution Control District (SJVAPCD, 2007). Although some states allow
carcass composting, the California Integrated Waste Management Board prohibits “composting
of mammalian flesh” (CIWMB, 2008), because of concerns about persistence of pathogens.
Among alternate disposal options, composting was selected as the most promising for research
by the EADW. The microbial risks associated with composting of animals were recently
reviewed (Berge et. al., 2009), and it appears that this method of disposal can be safe and
efficient when done correctly. Well developed guidelines and instructions for carcass
composting are available on numerous institutional websites. Further studies to determine the
effects of composting on microbial pathogens including spore forming bacteria would provide
valuable information for agencies that are developing mortality management policies.

Carcass Compost Research

In 2008, the California Code of Regulations section that prohibits composting animal carcasses
was amended to allow: 1) research designed to obtain data on pathogen reduction and 2)
temporary carcass composting during declared emergencies. Funds were obtained and a
research protocol was developed. The primary objective was to quantify microbial pathogen
reduction, including the effect on spore-forming bacteria, during composting of adult dairy cows.
Secondary objectives were to assess potential environmental impacts of composting bovine
mortalities in manure on air and water resources. Another important consideration was to
simulate conditions that would be common on local dairies in an emergency situation. The
composting amendment chosen was dairy manure solids - an abundant, readily available
resource on all dairies. Our desire was not to optimize a composting protocol, but to study the
process under “real world” conditions.

Materials and methods

Pile construction: Initially, a single “pilot” compost pile containing four Holstein cows (approx.
1400 Ibs. each) was constructed in an empty manure storage pit at the University of California
Veterinary Medicine Teaching and Research Center in Tulare, California. The pile footprint
measured 16’ by 24’ and it was lined with plastic (6 mil) secured to wooden posts outlining the
perimeter. The plastic was overlain by three lengths of perforated 2” PVC pipe sloped to a
vessel to facilitate collection of leachate (liquid run-off). The perforated pipe was covered with a
single layer of landscape cloth before adding base material to prevent clogging of pipe with
manure solids. Base material consisted of 0.5’ of wood shavings overlain by 2.5’of screened
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dairy manure solids (SDMS — 70% moisture). SDMS are fibrous solids remaining after manure
is flushed from cow lanes and pumped over an inclined manure separator screen.

Figure 1. Pile footprint showing liner and leachate collection set-up.

Freshly dead (<12 hours) cows were placed back to back as recommended by Glanville, et. al.,
2006. Prior to covering, three data loggers set to record temperature every 30 min. for 16
weeks were placed near the head, abdomen and hindquarters of each cow. Plastic balls
containing pathogens (see description below) were also placed in these general areas. Finally,
3’ of SDMS cover material was added. All cows and manure came from local dairies. No
turning, addition of water or further manipulation was made to the pile after construction.

Figure 2. Compost pile showing placement of four cows. Metal stakes were used for
measuring depth of base and cover material as it was added.

Pathogens: Sentinel pathogens were introduced to the carcass area of the pile for retrieval at 0,
2, 6, 10 and 16 weeks of composting. Selected pathogens included organisms (or surrogates
for these) that could potentially be encountered in animal mortalities and manure. Fecal
coliforms and E. coli were derived from the rectum of cows received for composting.

Salmonella enterica serotype Senftenberg (ATCC 43845) and Bacillus cereus (ATCC 4342)
were purchased. B. cereus, a spore forming, gram positive bacterium was chosen as a
surrogate for anthrax, because it exhibits similar characteristics. Sterile amendment was spiked
with 1 X 10’ cfu/gm of each organism and sealed in porous nylon bags. The nylon bags were
secured in plastic, toy “wiffle” balls which were secured with nylon rope to enable retrieving
them at appointed time intervals without disrupting the compost pile. The balls containing the
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sentinel pathogens were placed in the head region, inside the abdominal cavity and near the
hindquarters of each carcass prior to covering. Most Probable Number (MPN) of bacteria
cultured from the retrieved pathogen balls was used to assess log killing over time.

Characterization of chemical /physical changes, manure amendment, and leachate: A manual
probe was used to check oxygen levels at two and four feet during the first month of
composting. Thermocouples buried in the pile recorded temperature every 30 minutes.
Replicated samples of all manure amendments and leachate produced were analyzed using US
Composting Council (TMECC) and EPA methods for moisture, pH, electrical conductivity,
nutrients, minerals, biological oxygen demand, carbon to nitrogen ratio, carbon to phosphorus
ratio, bulk density and water holding capacity. Manure amendments and leachate were also
cultured for microbial pathogens.

Charcterizing extent of decomposition: Visual observations of carefully excavated remains
were made at approximately 120 days. Selected samples were carried to the CDFA California
Animal Health and Food Safety pathology lab on-site for closer inspections of tissue.

Subsequent piles: Armed with experience from the initial pile and supplementary funding, six
additional piles were constructed in the same manner, using different manure sources, and a
modified leachate collection system. Plastic liner material used for subsequent piles was a
double layer of left over plastic (5.5 mil) silage cover material. For leachate collection, a 55
gallon plastic barrel with lid replaced the 5 gallon bucket used for the initial pile. Tubing was
installed to aid in pumping leachate from the barrel if it became full. A protocol for evaluating
spore forms of B. cereus in compost was developed and tested prior to initiation of the
subsequent piles. On September 30, 2008, two piles were created with SDMS (50% moisture)
and on October 1, two piles were built with dry lot scrapings (DLS — 25% moisture). DLS are
manure solids scraped from open corrals and stacked prior to crop land application. For each
manure type, one pile was built with cows, and one pile without cows. On January 13, 2009, the
last two piles were created with SDMS (60% moisture), one containing cows and one without.
These piles are being used to compare microbial pathogen reduction, including spore forms, as
a function of time and temperature by season, and by manure source. We are also comparing
leachate, and air emissions from piles with or without cows in each manure type.

Air emissions monitoring: In order to provide comparative data between piles containing cows
and those without, surface isolation flux chambers were used to assess the emissions of
reactive organic gases (ROG) and ammonia. EPA flux chamber technology protocols were
used (USEPA, 1986), including methods of California’s South Coast Air Quality Management
District (SCQAMD 25.3 for ROG; and SCQAMD 207.1 for ammonia). Testing was from multiple
locations on five separate days (day 2, 7, 14, 38 and 66) of the120 day compost cycle.
Laboratory analyses were performed by Almega Environmental Laboratory in Huntington
Beach, CA.

Figure 3. Air emissions monitoring and close up of flux chamber.
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In total, seven compost piles have been constructed; six are currently still under investigation.

Table 2 provides an overview of the compost piles included in this project.

Table 2. Description of Bovine Mortality Compost Piles

Date # of Amendment % Analyses
Carcasses Moisture

4/2/08 4 SDMS 70 pathogens, leachate
9/30/08 4 SDMS 50 pathogens*, season, leachate, air emissions
9/30/08 0 SDMS 50 season, leachate, air emissions
10/1/08 4 DLS 25 pathogens*, season, leachate, air emissions
10/1/08 0 DLS 25 season, leachate, air emissions
1/13/09 4 SDMS 60 pathogens*, season, leachate,
1/13/09 0 SDMS 60 season, leachate,

* including spore forms

Preliminary results and discussion

Initial pile: The SDMS used for our first compost pile were too wet. Manure solids derived from
a separator screen are very wet initially (>80%). After being stacked and windrowed, the
manure heats up and the moisture declines. The local dairy where we obtained our manure
was actively engaged in composting separated manure solids for bedding. We selected
material that had been windrowed about a week. It was quite hot (130 — 150° F), and we hoped
that it would be in the 60 to 65% moisture range. What we received at the research site was
70% moisture. Knowing that this could be too wet, we quickly improvised by adding a bottom
layer (about 6 inches) of dry wood shavings, bedding material that had been left over from a
previous calf research trial at the site. Despite the high moisture of the SDMS used, heating
was rapid and prolonged. Pile temperatures exceeded 131° F for 100 days; and 140° F for 45
days. Oxygen levels in the pile at the 2 foot depth varied between 6 to 9%. At the four foot
depth, oxygen levels varied between 1 to 3%, suggesting that the pile was not sufficiently
aerobic throughout. Salmonella enterica subtype Senftenburg, fecal coliforms, E. coli and
Bacillus cereus (vegetative forms) evaluated in the packets recovered from the pile and in the
leachate were not detected after 6 to 10 weeks. This represents 6 log;, reduction based on the
MPN analyses (spore forms of B. cereus were not evaluated in the initial pile). The total volume
of leachate collected over 120 days was 300 gallons. Most leachate was produced during the
first two weeks. Because there was no control pile, it is not possible to establish the contribution
of fluid from carcasses to the total leachate volume. We believe the high moisture amendment
was the biggest factor for leachate production. Decomposition of carcasses by 120 days was
extensive — we estimated that 95% of the soft tissue was decomposed. The large bones
remaining could easily fit into a 55 gallon barrel.

Subsequent piles: Analyses and data summarization from these six piles are on-going.
Heating in the January pile was slower than in the other piles. We were able to obtain drier
SDMS for these piles. Dry lot scrapings were included in our composting study because some
dairies do not use manure solids separators. In an emergency, the source of manure for
carcass composting on these dairies would be scraped from their corrals, so we wanted to learn
more about composting in those conditions. We were hoping to find DLS containing about 30%
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moisture. After a long, hot summer, the only DLS available to us was quite dry (25% moisture).
No leachate was produced by the DLS piles, and the volume of leachate for the SDMS piles,
(50 and 60% moisture) was much less than for the initial pile containing SDMS with 70%
moisture. Despite conditions that might be considered too dry, carcass decomposition in DLS
was extensive after only 120 days.

Conclusion

Field tests of composting bovine mortalities in dairy manure indicate that this method may be a
practical and effective means of carcass disposal during emergencies. All materials used are
readily available on dairies. Rapid, prolonged heating contributed to microbial pathogen
destruction and extensive tissue degradation. Suggested guidelines for carcass compost are to
use amendments that range between 30 to 60% moisture. Our experience using manure
amendments ranging from 25% to 70% moisture suggests that pathogen reduction and carcass
decomposition can occur even when conditions are not ideal. Our final report will provide
complete data on microbial pathogen reduction including spore-forming bacteria, as well as air
emissions and leachate analyses. These data will be helpful for policy makers as they weigh
the risk vs. the benefit of composting bovine mortalities.
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Abbreviations

ATCC — American Type Culture Collection

CDFA — California Department of Food and Agriculture
CIWMB - California Integrated Waste Management Board
CRWQCB - California Regional Water Quality Control Board
DLS — Dry lot scrapings (manure scraped from open corrals)
EADW — Emergency Animal Disposal Working Group

MPN — Most probable number

ROG - Reactive organic gases

SDMS - Screened dairy manure solids (manure from an inclined solids separator
screen)

SCAQMD - South Coast Air Quality Monitoring District
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UC VMTRC — University of California Veterinary Medicine Teaching and Research
Center

US EPA — United States Environmental Protection Agency
US FDA - United States Food and Drug Administration
USD — US Dollars ($)

USDA - United States Department of Agriculture
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Abstract. The Vermont Agency of Agriculture conducted a large scale trench composting project
for animal mortalities as an emergency response to a catastrophic barn fire on a dairy farm in
Swanton, Vermont during May, 2008. The Agency acted as the incident commander and site
supervisor for the siting, excavation and construction of the compost pile for approximately 130
burned dairy cows.

Long-term temperature monitoring was conducted during the 2008 crop growing season. Collection
of multi-depth temperature data resumed during the Spring of 2009. At Week 52, test pits were
excavated to inspect the interior of the compaost trench to evaluate the effectiveness of the technique
before making a decision about returning management of the site to the landowner for use as crop
land.

The emergency management component of this project was successful. The containment and
disposal of the animal carcasses was accomplished within three days and the compost trench
remained intact without being disturbed by scavengers, emitting odors or releasing leachate

The composting component of this project did not perform as anticipated. Temperature data
indicated interior depths of the trench did not reach optimal composting temperatures. Poorly
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designed surface drainage created a lack of aeration, resulting in poor composting performance.
Inspection of the excavated test pits in May, 2009 confirmed incomplete composting of the animal
carcasses.

The Agency has identified necessary maodifications to the State of Vermont emergency response
procedures and will utilize a revised practice for future emergency disposal of a large number of
animal mortalities where composting is appropriate.

Keywords. Trench composting - Animal mortalities — Emergency mortality response
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Introduction

The on-farm disposal of animal carcasses is a reality of farm management that represents two different
need scenarios: the ongoing practice of disposing of small numbers of individual mortalities that occur
on a routine basis as the result of age, accident or infection; and emergency situations that require the

disposal of large numbers of animals at one time from disasters such as floods, fires, roof collapses or

disease outbreaks.

For routine carcass management, the common practices of burial or above ground stacking at remote
area sites are gradually being replaced by composting techniques. The farm management, public health
and regulatory factors that drive this trend are primarily odor and nuisance control (of insects and
scavengers), water quality protection and the containment and prevention of disease transmission.
Composting mortalities also allows a farm to return nutrients from composted carcasses back to the crop
production side of an enterprise and provides a more practical and sustainable option for a farm that
cannot rely on a rendering service for disposal because the availability of rendering operations is limited
in many geographic areas (CWMI, 2002).

As more farms expand herd and flock size, it is imperative that states have adequate emergency
mortality response plans that will sufficiently address the public health and environmental concerns
associated with catastrophic events (Cooper, 2008). This project provided the Vermont Agency of
Agriculture with a clear challenge. It created an opportunity and highlighted the need for the Agency to
structure an emergency response program that will provide farmers and the public a well defined carcass
management plan to deal with large scale animal mortality and disease events in the future (Haas,
2009).

Project Scope and Site Design

The scope of the project reported here is the utilization and evaluation of a trench composting
practice/technique employed as an emergency response to a barn fire that killed 130 mature dairy cows
on a farm in Swanton, Vermont during May, 2008.

Day #1 - The Vermont Agency of Agriculture was notified that the fire occurred during the overnight
hours and that assistance was requested. Day 1 was spent on planning and preparation by Agency
staff, while demolition crews at the farm worked to remove building debris and gain access to the burned
animals. Farm site maps and soil survey map characteristics were prepared and evaluated for selecting
potential burial or composting sites. Staff engineers provided estimates for the size of composting/burial
site capacity. An alternative for off-site disposal at a solid waste management facility (SWMF) was also
explored and the cost estimates evaluated.

Although the cost estimate for SWMF disposal appeared favorable, the on-site disposal option was
selected based on; a long travel distance to the SWMF, the capacity of the available trucks for transport
and the number of trips and trucks that would be required. The Agency was also concerned about the
potential level of containment the SWMF transfer trucks could guarantee while passing through many
towns during the long transportation distance. The Agency determined the public relations situation
could not afford to risk leaking trucks leaving the site or traveling long distances between the farm and
the SWMF.

After a discussion of all plausible options and consultation with the state Department of Environmental
Conservation (DEC), which is the state’s primary solid waste authority, it was determined that
transporting the large amount of carcass material off-site could not be done in a way that sufficiently
protected public health. The Agency of Agriculture was then tasked with determining how to dispose of
the carcasses on-site while minimizing any pathogenic, odor, or other environmental impacts that could
affect surface and ground water resources.
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Site Selection

Day #2 — Agency staff arrived at the farm and met with the farm operator (leased operator) and the
landowner. Agency animal health and water quality staff included the state Veterinarian, an animal
health inspector, a nutrient management specialist, a soil and water quality monitoring specialist and the
Deputy Secretary.

The decision-making process to select an on-farm disposal site was not a straight forward endeavor.
The initial intention of the farm operator was to bury all the animals. The animal health staff and the
Deputy Secretary informed the farm operator and the landowner that the burial option was not practical
or satisfactory. The combination of soil conditions at the farm and the required capacity of a pit could not
meet regulatory requirements for burial (Table 1). A field site for above ground composting was
identified by the water quality staff that met the State of Vermont Accepted Agricultural Practices (AAP)
requirements for mortality management and manure stacking criteria. The farm operator objected to the
proposed field site because it was located in the middle of a crop field. A secondary site at the field
perimeter was identified and agreed to in response to the farm request to accommodate field planting
plans for the upcoming cropping season.

Table 1. Vermont Regulatory Criteria for Burial or Composting of Animal Carcasses/Mortalities.

Vermont - Compost & Burial Site Criteria

For Animal Mortalities

Solid Waste Regulations Accepted Agricultural Practices Rules
Environmental Conservation Agency of Agriculture
Burial: Burial: Composting: Manure Stacking:
On Farm Property On Farm Property On Farm Property Winter Spreading
Prohibition

100 feet to A or B Slope Soils

150 feet to property property lines

150 feet to property lines,

lines, wells & (Less than 8%)
wells & surface waters surface waters wells & surface
waters Permeability < 2 in/hr
3 feet above seasonal high 3 feet qbove 30.0 feet_to 2 feet above water
seasonal high water neighboring
water table e table
table domiciles
Not on land
6 feet above bedrock subject to 4 feet above bedrock
annual flooding
. : 24 inches of soil Not on land subject to
24 inches of soil cover .
cover frequent flooding

The decision to incorporate the shallow trench concept into the construction of the compost pile rather
than an above ground compost windrow was made to accommodate the concern expressed by the
Department of Environmental Conservation (DEC) that the compost site must contain the runoff of any
nutrient or pathogen laden leachate.
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The site selected was approximately 700ft (215m) from the farmstead and the nearest residence and
300ft (92m) from field drainage ditches. The soil characteristics of the site were identified using USDA-
NRCS soil survey map units for Franklin County, Vermont. The soils were identified as Massena (MeA)
and Scantic (ScA). These soils are stony loam and silt loam, respectively. Both of these map units are
classified as Hydrologic Group C soils. More importantly, with soil depths of 40-44 in. (102-112 cm) and
permeability of less than 2 in/hr (A horizon) and less than 0.6 in/hr (B & C horizons), the site was well
suited for an above ground composting site.

Although these soils often have seasonal perched water tables, leaching to groundwater was not
considered a risk because of the low permeability characteristics. Soil cores taken during the search for
a field site confirmed the absence of a high water table. It was also confirmed there were no public water
supplies in the area and the nearest private well was 700 ft (213m) away.

Trench Construction

Based on an initial estimate of 250 animals, a trench perimeter with dimensions of 250 ft X 20 ft (76m X
6m) was staked out. The trench was excavated to a depth of approximately 2 ft (60cm). A base layer
that was a mixture of dried bedded pack from a maternity barn and methane digester solids was spread
in the bottom of the trench at target thickness of 1 ft (30cm). The base layer of approximately 4,100 ft*
(115m?) was spread in the first 200 ft (61m) of the trench.

Animal carcasses were transported from the barn in the back of a demolition contractor salvage truck
and arranged on top of the bedding material as a single layer with the bucket arm of small excavator.
The standard composting practice of lancing the rumen was not required due to the deteriorating and
broken condition of the animal carcasses. At the conclusion of Day 2, all mortalities had been
transported and placed in the trench. The actual number of animals on site was confirmed to be 130, not
the originally reported estimate of 250. Therefore, carcasses only occupied the first 175 ft (53m) of the
trench. The animal filled trench was left uncovered overnight

Day #3 -The carcasses in the trench were covered with approximately 1 ft (30cm) of organic activator
material. The only material available on the farm was the spoiled waste feed from a corn silage bunker
and material left over from improperly disposed pig manure and bedding. This material was less than
ideal because much of it was already composted and cross contaminated with plastic bale wrap, split
tires, animal carcass parts, rubber floor mat fragments and assorted other non-compostable materials.

The trench was filled with the activator layer material to a height even with ground level. The entire
trench was covered with approximately 6,500 ft* (184m?®) of the same bedding material used as the base
layer in the bottom of the trench below the carcasses. The bedding material used as the base layer and
the top cover was delivered from another farm in the area approximately 10 miles away. The height of
the finished pile was approximately 2-3 ft (1m) above ground level with dimensions of 175 X 20 ft (53m X
6m) or 3,500 ft? (325m?). The compost trench was completed at the end of Day 3. This concluded the
emergency response phase of the project.

Day #14 — After completion of the original compost trench, farm staff filled the remaining 75 ft (23m) of
unused trench with additional waste feed material in an effort to clean up the rest of the silage bunker
area. The Agency of Agriculture sent written instructions to the land owner and the farm operator
requiring the additional waste material be covered with a top layer of bedding as was done for the rest of
the compost trench. In response to that requirement, an additional 5,700 ft> (161m?®) of cover material
was placed over the open end of the trench and as a second layer of top cover for the remainder of the
trench.
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Results

Temperature Monitoring

Temperature monitoring of the compost trench was initiated at Week 2 after initial construction and
continued bi-weekly for three (3) months (May-August) and then monthly for three (3) months (Sept-
Nov). Bi-weekly temperature monitoring for six weeks was resumed in April, 2009. The temperature
monitoring schedule and the corresponding calendar dates are presented in Table 2. Temperature data
was recorded at 1 ft increments. Temperature data was recorded using a REOTEMP Heavy Duty
Windrow Thermometer with a 3 ft. X 5/16 in. probe. Temperature data at depths deeper than 3 feet was
obtained by digging a hole 2 feet deep in the top of the pile to access the materials deeper than 3 feet.
Holes in the compost cover material were refilled after sampling. At each sampling date, an attempt was
made to probe a previously undisturbed section of the pile at each of the four (4) monitoring sites.

The initial site visit at Week 2 had three (3) monitoring sites that covered the original compost pile. Site 4
was added at Week 4 after the additional pile was covered with a top layer of composted bedding. It
should be noted that sites 1, 2 & 3 represent composting carcasses and site 4 only has waste feed
material with no animals present. The temperature monitoring sites started at the east end of the trench
with Site 1 at approximately 20 ft (6m), Site 2 at 55 ft (17m), Site 3 at 105 ft (32m) and Site 4 at 200 ft
(60m).

Table 2. Temperature Monitoring Schedule for 2008 — 2009.

2008 2009

Wk Wk Wk
WK #2 #3 #4 WK#6 | Wk#8 | WKk#10 | WKk#12 | WKk#14 | WKk#18 | Wk #22 | Wk #25 | WK #47 | WK #49 #52

28May | 6Jun | 13Jun | 27Jun | 11Jul 25Jul 7Aug 21Aug 19Sep 170ct 7Nov 8Apr 24Apr 15May

The temperature monitoring data for Sites 1-4 is presented in Table 3. The corresponding graphs of the
temperature data for Sites 1-4 are presented in Figure 1.

Table 3. Temperature Monitoring Data for Sites 1-4. (Data in Degrees Celsius)

Site #1 2008 2009

Depth  wk  wk  wk  wk  wk Wk Wk Wk Wk Wk Wk Wk Wk Wk
(ft) #2 #3 #4 #6 #8 #10 #12 #14 #18 #22 #25 #47 #49 #52

1ft 60.0 | 57.8 60.0 62.2 59.4 54.4 55.6 60.6 57.8 50.6 50.0 28.3 26.1 34.4

2 ft 65.6 52.2 59.4 62.8 55.6 55.6 56.1 56.1 57.2 51.1 51.1 29.4 28.3 31.7

3ft 40.0 | 478 | 594 | 57.8 | 46.7 48.9 48.9 51.1 49.4 46.7 48.3 27.2 26.7 26.1

4 ft 52.2 56.7 50.6 45.6 40.0 40.0 45.6 40.6 38.3 41.7 23.3 211 22.2

5 ft 49.4 46.7 45.6 43.3 25.6 35.6 42.2 34.4 20.0 20.0 20.0

Site #2 2008 2009

Depth Wk Wk Wk Wk Wk Wk Wk Wk Wk Wk Wk Wk Wk Wk
(ft) #2 #3 #4 #6 #8 #10 #12 #14 #18 #22 #25 #47 #49 #52
11t 61.1 | 50.0 58.3 56.1 62.2 58.9 58.3 53.9 48.3 50.6 49.4 7.2 9.4 13.3
2 ft 49.4 54.4 53.9 59.4 55.0 53.9 50.0 46.1 47.2 47.8 7.8 8.9 12.8
3ft 411 | 456 47.2 50.0 50.0 47.2 47.8 48.9 43.9 40.6 45.0 8.9 8.9 1.1
41t 46.7 36.7 43.3 46.7 42.2 42.2 43.3 38.3 34.4 10.0 9.4 11.1
5 ft 43.3 29.4 40.0 111
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Table 3. cont
Site #3 2008 2009
Depth Wk Wk Wk Wk Wk Wk Wk Wk Wk Wk Wk Wk
(ft) #2 #3 #4 #6 #8 #10 #12  Wk#14 WK #18 #22 #25 #47 #49 #52

Lt |

|
21 m-m

31t

st | Jase |72 | a1 | 511 sss [ s1a | 33 | as | | [ 400 | a4 | 100

5 ft

Site #4 2008 2009

Depth Wk Wk Wk Wk Wk Wk Wk Wk Wk Wk Wk Wk Wk Wk
(ft) #2 #3 #4 #6 #8 #10  #12 #14 #18 #22 #25 #47 #49 #52

1ft
2ft
3 ft
4 ft
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Figure 1. cont.
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The data indicate that interior depths of the compost trench did not reach the upper range of optimal
composting temperatures (105-145 F) or (40-65 C). Surface layers did reach the optimal range (55-65C)
but these layers only contained cover materials. Animal/carcass materials generally occurred at depths
of 3 ft (1m) and below. Those samples that did reach the target temperature range at 3-4 ft depth were
still at the low end of the target temperature range.

Failure of the compost trench to reach desirable compost temperature is believed to be caused by poor
trench aeration and the accumulation of precipitation along the east and south sides of the trench. The
soil excavated during the construction of the trench was piled as a berm along the south side of the
compost trench. The excess soil used for the berm was not adequately cleared from this area and
created standing water during the 2008 growing season. The south side of the trench became saturated
during significant rain events and led to reduced aerobic conditions within the trench. The lack of
infiltration, due primarily to soil type, and the goal to limit surface runoff from the pile created standing
water and seepage of water into the bottom of the trench. By contrast, soil on the north side of the
trench adjacent to the crop field was not saturated and did not appear to indicate drainage problems.
Poor drainage conditions were not corrected during the 2008 season.

Interior Inspection of Trench

At Week 52 during May, 2009, a test pit was excavated at each of the four temperature monitoring sites
to inspect the interior condition of the compost trench and to evaluate the effectiveness of the trench
composting technique. Inspection of the interior contents of the pile confirmed the concern represented
by the low temperature readings.

The cover material layers at depths of 1-2 ft were moist and friable and uniformly composted. The
organic activator and animal carcass layers at depths of 3-5 ft were not well composted. Visual
inspection of these materials revealed they were in various stages of decay but it was still possible to
distinguish between organic activator materials, rumen contents and flesh/muscle.

Photos of the trench interior are presented in Figures 2 through 7.
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Bone materials were not completely decomposed. Marrow material was absent from the outer edges of
bones and was easily dislodged from the interior of long bones by tapping on the bone with a tool
(rake/shovel) handle. The edges of the bones were brittle and breakable but the middle sections of large
bones were still solid and could not be broken or chipped away.

o e o el Q0 o 2l S vl SR i
Figure 3. Test Pit at Site 2. (Rumen materials are yellow and flesh materials are pink and gray.)

Figures 4 and 5 show a dark layer of saturated material at approximately 2 ft where surface drainage
from standing water saturated the trench. Trench saturation and anoxic conditions were confirmed by
the very strong ammonia vapors released from the depths of the test pits. The result of suppressed
microbial activity as represented by reduced temperatures in the trench is clearly evident.
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Figure 4. Test Pit at Site 3. Figure 5. Test Pit at Site 3.
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Animal remains were clearly evident in test pits 1, 2 & 3. Test pit 4 without animals, the composted
materials had more uniform consistency based on the original source materials but were still extremely
wet.

Figures 6 and 7 show the color and textural difference of the non-carcass materials at the end of the
trench near site 4.

—
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Figure 6. Test Pit at Site 4. Figure 7. End of Trench near Site 4.

Conclusions and Recommendations

Emergency Response Operation

The Agency of Agriculture considers this emergency response operation successful because the
carcasses were removed, contained and the primary public and animal health concerns addressed within
three days of when the barn fire occurred. The compost trench and carcasses were not disturbed by
scavengers, there were no objectionable odors, potential pathogens were contained and there was no
nutrient rich leachate or discharge released from the compost site for the duration of the project.

Problems with the emergency response operation were identified as the limited availability of equipment
and personnel to excavate and construct the trench, remove carcasses from the barn and transport them
to the compost site and the need to locate an adequate source of base layer and cover materials on
short notice after an incident had already occurred. The lack of sufficient equipment and personnel
slowed the overall progress of the operation because various tasks could not be completed
simultaneously. And finally, Agency of Agriculture personnel were required to conduct part of the
operation and operate machinery rather than supervise and/or coordinate operations.

Composting Operation

As a demonstration of the trench composting technique, this project was not as effective as anticipated.
Optimal composting temperatures were not achieved. This is primarily attributed to inadequate oxygen
supply caused by excess saturation within the trench.

Issues for the technical practice of trench composting require better management of the site to improve
surface drainage that was impeded by placement of soil piles and excess weed growth adjacent to the
trench. Experience indicates that the area adjacent to a compost trench should remain free and clear of
surface obstructions. The site of this compost trench project did have a slight slope (1-2%) that would
facilitate good surface drainage if the site had been maintained more carefully.

10
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Based on the internal inspection and excavation conducted at Week 52 during May, 2009, the decision
was made that the site was not ready to be plowed and converted back to crop land. The management
action for 2009 will be to remove soil berms and weed obstructions to improve drainage so the pile will
dry our and to leave the site undisturbed to continue composting for another season.

The option of turning the compost pile and restarting the compost process was considered but not
adopted because of the cost required for equipment time and a supply of new cover material. The farm
where the compost trench is located was acquired by a new owner and the new land owner does not
want to incur these costs. The new land owner is agreeable to hosting the compost project site but does
not want to assume management and maintenance duties.

Proposed Modifications to Trench Composting Practice

The Agency of Agriculture proposes modifications to the trench composting practice described by this
project. The trench composting techniques as described will be revised to include the addition of tile
drainage pipes for the purpose of improving aeration within the trench. Site maintenance requirements
for proper drainage and good vegetation control will also be articulated. The Agency of Agriculture is
committed to refining this practice and will make use of this composting technique for other situations
where circumstances require the disposal of a large number of animal mortalities.

Figure 8 shows how aeration of the shallow trench can be achieved by strategic placement of tile
drainage pipes within the compost pile as it is assembled. The revised practice calls for placing a length
of tile pipe along each side of the trench after the base layer is placed in the bottom of the trench. A
second layer of tile pipe will be placed down the center of the trench after the carcasses and activator
layers are in the trench.

All lengths of tile pipes should be fitted with vertical stand pipes for ventilation to open air that would
reach above the height of the top cover materials. This configuration will provide for passive aeration of
the trench interior. It is anticipated that convective air flow will be enhanced by heating of the pile.

Construction of the trench compost pile in this manner is appropriate for a large number of animals from
catastrophic events like fire, floods, roof collapses and storms (depending on the specific geographic
threats) but also for animal health and disease outbreaks where on-site burial is often the recommended
disposal method. By this approach, on-site containment of disease vectors is still achieved.

‘Surface Vents & Stand Pipes

Tile Drain Pipe

Figure 8. Proposed Design Modification to Trench Composting Practice.
Tile Drain Pipe with Above Ground Air Vents.
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Proposed Amendments to Statutory/Regulatory Authority

The complications of this incident highlighted the need for animal/public health and safety agencies (or
other emergency response management entities) to obtain direct reimbursement and recoup costs for
third party providers of goods and services as the result of responding to and remediating emergency
situations.

The Agency of Agriculture discovered a deficiency in the statutory powers of the Secretary of Agriculture
in the aftermath of this project. To remedy this identified shortcoming, the Agency of Agriculture has
drafted proposed legislation to provide the Agency the necessary authority to respond to and remediate
incidences of mass animal death or other emergency situations with the goal to avert the threat of a
public health hazard. The proposed legislation also provides the Secretary of Agriculture with authority
to establish a lien and seek reimbursement of costs from insurance payments and other sources of
compensation that land owners may be entitled to, when expenses are incurred resulting from
emergency response and remediation activities on the behalf of a landowner.

This proposed regulatory authority would be added to the General Powers provisions for the Secretary of
Agriculture under 6 V.S.A. Chapter 1.

Acknowledgements

The Vermont Agency of Agriculture thanks Mr. William Rowell and Mr. Brian Rowell as proprietors of
Green Mountain Dairy and Green Mountain Forest Products of Highgate, VT for their logistic support of
trucking services and rapid response in providing the bedding materials and dried methane digester
solids used as both the base layer and cover layer during construction of the compost trench. Thanks
also to Mr. Scott Garrow and Mr. Craig Dusablon of The Vermont Agency of Transportation, District #8
Maintenance Facility in St. Albans, VT for providing the backhoe and assisting with the test pit excavation
and internal inspection of the compost trench at the conclusion of this project.

References
Accepted Agricultural Practices Regulations, April 24, 2006. Vermont Agency of Agriculture, Food &
Markets. (www.vermontagriculture.com/ARMES/awq/AAP.html)

Cooper, K. 2008. Procedure - Disposal of Birds by Composting. Department of Primary Industries,
Emergencies, Weeds & Pest Animals Branch, NSW Australia.

CWNMI, 2002. Natural Rendering: Composting Livestock Mortality and Butcher Waste. Cornell Waste
Management Institute, Cornell University, Ithaca, NY.

Haas, K. DVM. 2009. (personal communications) State Veterinarian, Vermont Agency of Agriculture.

MCS 2008. Carcass Management Trainer Workshop, 2008. Miner Institute, Chazy, NY and Maine
Compost School - Highmoor Farm, University of Maine, Monmouth, ME.

Solid Waste Management Rules, June 12, 2006. Vermont Agency of Natural Resources, Department of
Environmental Conservation. (www.anr.state.vt.us/dec/wastediv/solid/pubs/SWMRules.pdf)

12










3rd International Symposium
on Management of Animal Carcasses,
Tissue, & Related By-products U.C. Davis July 21-23, 2009

Improvements in Carcass Management in Montana

F. Patrick Crowley

Crowley Consultants LLC, 1935 Lucky Strike Road, Helena, MT 50602: pat @
crowleyconsultants.com

Written for presentation at the
3" International Symposium: Management of Animal Carcasses, Tissue
and Related Byproducts
Connecting Research, Regulations and Response
University of California at Davis
Davis, California
July 21-23 2009

Abstract. Over the last two years there have been several improvements in carcass management in
Montana.

The Montana Department of Transportation continues to improve management at the nine licensed
compost facilities for road kill. A new manual was developed in November of 2007 based on
practical management experiences at the facilities.

A change to Montana law was needed to facilitate the licensing of road kill facilities by the DEQ. This
change was adopted by the 2009 Montana legislature.

A new hog composting facility was constructed at a commercial hog farm. Composting is gaining
acceptance in the agricultural community as a method of handling mortalities.

Carcass composting was included in the toolbox for the Montana disaster/terrorism response
approaches.

A new facility was licensed in West Yellowstone for composting road killed buffalo in 2008.

Keywords. Compost, roadkill, animal compost, farm compost, Montana Department of
Transportation, West Yellowstone Compost.
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Introduction

Montana is a predominately rural and agricultural State. Animal carcass management is
important for several reasons. Road killed animals need to be removed so that secondary kills
do not occur and that nearby landowners and passer-bys are not adversely affected. Farm
operations need to be able to effectively manage mortalities. The State needs to be able to
respond effectively to emergencies involving animals. There has been significant progress in all
of these areas in Montana during the last few years.

Montana Department of Transportation Roadkill Management

The Montana Department of Transportation (MDT) has expanded their road kill compost
operations and improved their management manual. The MDT currently has road kill compost
facilities at Ashland, Columbus, Belgrade, Missoula Wye, Clearwater Junction, Alice Creek,
Bowman'’s Corner, Victor, and Lewistown. The Lewistown site was the subject of some local
protest and resulted in a change to Montana Statutes in the 2009 Legislative Session.

MDT published an updated internal guidance for roadkill carcass composting in November,
2007. The guidance document was based on experiences over several years and made
improvements in pile management, winter operations, and watering procedures for summer
operations. A copy of the Guidance is attached as an appendix.

Changes to Montana Statutes

Montana Statutes on the management of dead animals go back to at least 1947 and were last
amended in 1979. When the MDT applied for a license for a new roadkill management facility in
Lewistown, MT, one of the neighbors who lived about one-half mile from the facility raised the
issue of the placement of dead animals. The Department of Environmental Quality (DEQ) had
considered the composting process a management practice and not a disposal issue, however
the key word became place rather than dispose. Montana Codes Annotated (MCA) stated:

75-10-213. Unlawful disposition of dead animals -- exception. It is unlawful to:

(1) place all or any part of a dead animal in any lake, river, creek, pond, reservoir, road,
street, alley, lot, or field;

(2) place all or any part of a dead animal within 1 mile of the residence of any person unless
the dead animal or part of a dead animal is burned or buried at least 2 feet underground; or

(3) being the owner, permit all or any part of a dead animal to remain in the places specified
in subsections (1) and (2) of this section except as provided in subsection (2) of this section.

As a result of legal analysis, it was decided that the law needed amendment. Senate Bill 68
was introduced into the 2009 legislature and subsequently passed. It read:

(2) place all or any part of a dead animal within 1 mile of the residence of any person unless
the dead animal or part of a dead animal is;

(a) burned or buried at least 2 feet underground; or

(b) placed in an animal composting facility that is licensed under Title 75, chapter 10, part 2; or
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The referenced section of Title 75 is the Montana Solid Waste Management Act. The licenses
are issued free of charge to the MDT and agricultural operations have an exemption from the
Solid Waste laws.

Agricultural Composting Facility

The Hutterite Stone Colony at Sand Coulee, MT constructed an in-vessel composter to manage
mortalities from their hog farming operation. The 26 Hutterite Colonies in Montana, a
communally-living religious sect, are the largest hog and chicken farmers in Montana. The
Colonies tend to share information between each other so mortality composting may become a
common occurrence in Montana. The exact number of operations in Montana is not known
because they are not subject to any licensing requirements. Agricultural composting operations
are often part of manure management plans or are small enough that they do not sell any
product and are thus almost totally unregulated.

Disaster Response

The Montana Department of Livestock has included carcass composting in the toolbox of
solutions for disaster response. Composting is considered a suitable method for handling a
variety of situations including Avian Influenza and mass mortalities. Composting is not
suggested for a number of infectious diseases, either natural or terrorist related.

West Yellowstone Bison Composting

The West Yellowstone Compost Facility composts organic materials from the West Yellowstone
area and Yellowstone National Park. The facility uses a tunnel system for composting. It is
situated on US Forest Service property and borders Yellowstone National Park. The facility
receives between 30 and 40 roadkilled bison in the average year. The bison are so large, up to
2,000 pounds, that they cannot be composted in the tunnel process so they are transported with
the other non-compostable materials to the county landfill at Logan, MT. The landfill is 125
miles from West Yellowstone and the cost of transportation and disposal is about $100 per ton. .
In August, 2007, Kathy O’Hern, the facility manager, attended a compost management class
sponsored by the DEQ and taught by Jean Bonhontal and F. Patrick Crowley. A plan for
composting the bison was developed modeled on the New York State Department of
Transportation guidance manual. A meeting was held with interested parties, mostly
governmental agencies, in February, 2008. An application for a new license was required by
the DEQ because this was deemed to be a significant change at the facility. The USFS likewise
determined that a change to the lease agreement was needed, necessitating an environmental
impact analysis at the federal level. A license application was submitted in May, 2008 and the
DEQ issued the license in October, 2008 after environmental analysis and a public comment
period. The USFS used the DEQ documentation, in part, for their Finding Of No Significant
Impact (FONSI) in May of 2009. The winter of 2009 had fewer than normal bison killed on the
roads. The first road kill was on April 10, 2009 and 15 animals were killed in three days. The
bison were stored at the West Yellowstone facility until the FONSI was issued and composting
could commence.
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Conclusion

Animal composting is on the increase in Montana. Further research is needed on the number
and kind of facilities at agricultural operations in Montana. The West Yellowstone facility is
conducting research on how long it takes to effectively compost larger animals.
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Starting a Road Kill Compost Facility

Before any composting project can begin, MDT must obtain a license from the Department of
Environmental Quality (DEQ) Solid Waste Program. Roadkill Compost Operations are
considered to be a Small Composter Waste Management Facility. Currently, there is no fee
required to compost road kill. DEQ will maintain a database of our composting facilities to track
their progress and to answer questions from MDT and the general public. The licensing
process requires a 30 day public comment period after the Environmental Assessment (EA) is
completed. The license application and the list of neighbors should be complete to expedite the
process. Licensing questions can be directed to the Hazardous Waste Section of MDT’s
Environmental Services Bureau (Cora Helm, 406-444-7659, Pat Driscoll 406-444-7223).
License application forms are available online from the DEQ website at: http://www.deq.mt.gov/
SolidWaste/newapplications/compost.pdf.

Supervisors and staff considering undertaking this process should visit another MDT facility that
is composting road kill to see if it is right for their area of operations and to gain tips on proper
facility operations.

Coordination with DEQ is essential for the success of these projects. DEQ also has the
authority and responsibility to inspect all waste management facilities in Montana, so expect
visits (inspections) from the Solid Waste Program of DEQ. DEQ can also be called upon for
license application assistance or help with operational problems. This Guidance Document may
be referenced in the license application as the general plan of operations required by the DEQ,
but does not have to be submitted to the DEQ as part of the license application since they
already have the document. Any changes or site-specific modifications need to be mentioned in
the application.

MDT picks up road kill off the highways under an agreement with the Montana Department of
Fish, Wildlife, and Parks (FWP), so they are also involved in the process. MDT is currently in
negotiations with FWP and the DEQ on the final use of the composted materials. Compost
reduces the number of trips required to landfills and reduces the amount of material MDT must
place in the landfills. The hope is that MDT can use the compost for local road stabilization
projects.

All three agencies are cooperating to protect the environment and reduce costs to the
taxpayers.

Location

Site location is critical to the licensing and operation of these facilities. Find a well-drained site
with minimal slope, at least 200 feet from waterways and wetlands and 100 feet from
residences. Compost site should be set back at least 100 feet from the property line. Siting
should consider prevailing wind direction and aesthetic impact on neighbors and passersby.



http://www.deq.mt.gov/SolidWaste/newapplications/compost.pdf

http://www.deq.mt.gov/SolidWaste/newapplications/compost.pdf
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The more remote the site, the better. Objections from neighbors have caused MDT to withdraw
two license applications because, above all, MDT prides itself on being a good neighbor.

The original MDT site at Victor was located within about 500 feet of neighbors, but being well
operated and out of sight, was run without any complaints for a year as an experiment. During
the licensing process the neighbors were notified and complained to DEQ about potential odors,
etc., but all complaints stopped when they were informed that the experimental site had been in
operation for a year and they were allowed to tour the site. The neighbors were not even aware
of the operation while about 700 deer had been composted.

The General Theory

Composting is an organic degradation process under controlled conditions. The MDT process
is much like building a sandwich with road kill in the middle that will cook themselves into
compost. On the bottom you need a plate to work on and hold the sandwich (base of bin). This
is followed by a layer of material to absorb any leakage, a layer to allow air circulation, a layer of
composting materials and the deer, and finally a layer of air circulation/odor control materials
and the sandwich is complete. (See the diagram on page 11.) Cook, turn, heat again, and the
compost is ready for curing.

Because it is an organic process, the bacteria and other microorganisms that make the compost
have to be supplied with the right elements for life. A proper balance of carbon to nitrogen in
the food is essential. The road kill supplies the nitrogen, so a carbon source like wood chips or
partially finished compost, must be added to maintain the balance. All living things also need
water and warmth to thrive. This is the reason piles are managed differently in the summer and
the winter. Water is added to the piles in the summer when they have a tendency to dry out,
and warm compost is used in the winter to start the piles off. Once the piles are going, they are
self-heating. The bacteria that produce odor-free compost need air to thrive. Without oxygen,
other bacteria take over the degradation process and the smell of rotting meat is the result.
Turning the piles provide the needed oxygen.

What You Need at a Site

» Composting material (finished compost, woodchips, sawdust, straw, or combination of
materials) — see material types below

» Starter compost material. This can be commercial compost for initial start up or material
from a pile that has not been screened for final use.

e 3-4 foot long compost thermometer

* Supply of water, preferably a water tank on site with a hose so you can spray the pile
and/or bulking material. In the summer, the truck used to apply magnesium chloride
deicer has proven to be an effective water addition tool, especially when used with a
water injector,

« A water injector, if water is available from a hose or a pump. See the design later in this
document.

* Loader

« Jersey barriers for making the bins
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Millings to prepare the surface of the bins

Latex or vinyl gloves for handling material

Composting log book or log sheets. (An example log sheet is provide in this guidance
manual.)

Material Types

Moisture Absorbers—Sawdust is most commonly used, but straw, wood chips, or older
finished compost may be used.

Air Circulation Materials — Materials used at the base of the pile to encourage air
circulation, absorb excess moisture, and serve as a marker for turning. Examples
include: wood chips, shrub and tree grindings/chippings, coarse compost, or straw.
Composting Materials — Carbon-rich materials used to compost the carcasses.
Examples include: sawdust, straw, spoiled hay, raw compost, and shrub and tree
grindings/chippings.

Odor Absorption Materials — Used to absorb potential odors, control moisture, prevent
wind erosion, and insulate pile. Usually wood chips, but coarse compost has been used.

Some Notes on Materials

Multiple functions—Some materials can serve multiple functions. Wood chips and
grindings are the most versatile, followed by coarser compost.

Compost—Compost produced in this process can be re-used to compost more deer.
After the first pass through the bins, the material is still coarse and contains abundant
carbon for the process. Once compost has been re-used several times it becomes a
rich, dark, loamy material. At this point, the material should be stockpiled for reclamation
activities.

Hay and Straw Bales.—Straw and hay are baled to provide easy collection and material
preservation. The bailing process compacts the materials into air-tight layers. Unless
the flakes are broken up or chopped, good air circulation is impossible.

Wood chips and grindings—A good source for these materials are the companies that
do power line maintenance or local landscaping firms. Using this material diverts yet
another source of waste from landfills.

Basic Pile Construction

Prepare a hard, flat surface (the plate for the sandwich), such as paved asphalt,
concrete or compacted millings. Hard ground works too.

Have an adequate supply of composting materials on-site prior to moving carcasses to
the pile.

Build the bins — see discussion under “Sizing Bins.” Start the bin with a center section of
6 Jersey rails. Individual bins are built by placing additional Jersey rails at about 10 foot
intervals on either side of the central rail. Bins will be for the amount of animals you
receive in one week and will be separated by a section of Jersey rail. Add sections to
the back as needed (see diagram and pictures). About six bins will be needed per side.
Lay a 6 inch foundation of Moisture Absorbers, followed by a layer of Air Circulation
Materials 18 to 24 inches thick in the bottom of the bin. Ensure the base is large enough
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to allow for 2-ft clearance around the piles. Lay animals in center of bed, back to back in
a single layer on the pile. It may be challenging to lay the deer back to back when using
a loader, but this configuration will aid in achieving higher compost temperatures. The
primary objective is to make sure the deer are in close proximity to each other in order to
get the piles to heat up. It may be adequate to simply lay the carcasses on the pile and
whack them a few times with the loader bucket.

Completely cover and surround carcass with at least 6 inches of damp, high-carbon
material, such as wood chips or deer compost. For the initial piles, use the commercial
compost as a starter material.

ANIMALS MUST BE COVERED DAILY.

Place an additional layer of carcasses as before and cover with six-inches of compost.
Leave 6-12 inches between edge of pile and walls of bin

Cover topmost layer with 12-24 inches of Odor Absorption Material or finished compost.
Take notes of EVERYTHING YOU DQO! See section on “Logbook Notes” below.

Sawdust Chips

- il R e Victor, MT

=

Bins placed on asphalt
millings. Stockpiles
conveniently located for easy
access. This facility has been
in operation for 3 years with
no complaints from the
neighbors. Photo taken
shortly after start up.

Warm Weather Operations (Spring, Summer, and early Fall)

Check temperature as per the temperature section.

Check for moisture and add water if necessary.

Estimated time for first turning is 30 to 45 days.

Bins with larger animals, such as moose, elk, or bison will take longer to drop in
temperature and be ready for initial turning.

Bins with large numbers of animals make take longer, too.

Add water before turning.

Place 12 to 24 inches of Air Circulation Material in the bin opposite the bin to be turned.
Turn the pile from the initial bin into the bin behind it using the loader. This aerates the
pile.
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Piles should be turned from the top of the bottom coarse layer and up. This gives the
operator sufficient distance to avoid disturbing the bin floor and introducing unwanted
material into the compost (such as millings).

If an additional bin is not available, piles may be turned in place.

Cover with 12” of Odor Absorption Materials

Make a new pile of carcasses in the primary bin. If you have a completed pile, i.e
material that has been through one turning and two heating cycles, re-use the compost
for the new pile.

Chip Delivery from
Power Line
Clearing
Contractor

Contractors are happy to find
a place for their chips which

they would otherwise have to
eend tn a landfill

02/09/2006

Cold Weather Operations (Late Fall and Winter)

You can compost in the winter — active piles will continue to heat in the winter. New
piles should not be started during the winter unless active, hot compost is available as a
composting agent. Smaller piles may not reach ideal temperatures in winter.
Preparations for winter operations should be done in the late fall when temperatures
consistently drop below freezing.

Instead of turning the piles into the adjacent bin, piles ready for turning should be placed
in a larger stockpile so that warm compost is available fro winter use.

This stockpile can be insulated with a 12 inch layer of wood chips/grindings.

In the winter the foundation layer is built as before but the animals are bedded in a layer
of the warm compost. The thickness of the six-inch compost layers should be increased
to one foot and the first turning material should be used for the top and bottom layers of
composting agent also. The top layer can be covered with additional chips if needed for
insulation or erosion control.

Odor Control materials are added to the top of the pile for insulation.

New carcasses should not be allowed to freeze, if possible, and should not be added to
a pile that has dropped below 60°F.

Compost pile must be large enough to be self-insulating — a thick layer of bulking agent
between the carcasses, floor and walls will insulate microbial activity from cold air.

Do not turn the pile on extremely cold days
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If a warm stockpile is not available, use material directly from a bin that is ready to turn.
If the bin does not heat as it should, be patient. The material will heat up as the weather
warms.

Water addition may be needed in the spring for reluctant bins.

February in Victor

154 degrees F in the bin.
Air Temperature 32 degrees
F.

Note that the snow is gone
from the surface of the pile.

Curing Pile

Material that has been through one turning and two heat cycles may be placed in a
curing stockpile to finish for about 30 days.

You should see no flesh, and minimal amounts of hair should be visible. If flesh is still
visible, the pile needs to go through another heat cycle. You must have documented at
least three days at 130+ °F during the process.

Completed compost will be a dark brown or black; it will have a soil-like texture and very
little odor. Bones should be so brittle they are easily crushed. Significant amounts of
wood chips may be present, but depending on the next use of the material, this may not
be a problem.

The curing compost can be used to start a new compost pile.

After the material has cured for 30 days, it is ready for use. Prior to use on the right-of-
way, the material may need to be screened, depending on the application and the
amount of wood chips allowable. Individual large bones should be removed for aesthetic
reasons prior to use.
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Curing Pile at
Victor

Some bones are visible,
but the pile looks like a
mulch with a large
proportion of coarse wood
chips. There are about
200 composted deer in this
pile. The pile is about 8
feet tall.

Other Information:

Composting agents

* Anideal carbon to nitrogen ratio (C:N) is 40:1 for compost production. Carcasses are
about 3:1. To offset the high nitrogen content of the carcasses, you want a material with
a high C:N ratio. Sawdust has a C:N ration (weight to weight) of 450:1, whereas straw
has a C:N ratio of about 80:1. Typical wood chips are about 500:1, but if leaves are
added, as in power line trimmings, this may be substantially reduced, but the large
volume added will make up the difference.

* You can also use finished compost as part of the composting agent in a new pile, which
will inoculate the pile with microorganisms.

« In addition to choosing a composting agent with a high C:N ration, you want to choose
one with a large enough particle size to allow for air flow, but not so much that it cools
the pile.

e If wind erosion is occurring on the pile using sawdust, consider a top layer of coarser
chips. The coarser materials will still allow water and air to pass into the pile while
controlling wind erosion.

Temperature

« Temperature in the bin should increase to between 125° and 150° F within a week.
Once pile reaches 125-130° F, it should remain there for at least a week. Most piles
hold temperature at least this high for about two weeks and then gradually decline.

» If the pile does not achieve temperature and remain at the proper level, the most likely
cause is insufficient moisture. Unless fluids are evident at the bottom of the pile, try
water addition.

« Use a temperature probe (bimetal thermometer) with a four-foot extension. The probe
should be placed so readings are taken 12”-36” from the top of the pile in areas where
carcasses are located. During the initial trial, temperatures should be taken at several
depths and locations in each cell.
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Alternately, you can use a continuous temperature monitoring device. A thermocouple
probe, thermistor probe or similar device can be embedded in the compost pile. The
device should be connected to a lead wire with a data logger, where temperature
variations can be recorded over a period of time.

For pathogen reduction, it must be shown that the carcasses achieved a temperature of
131°F or greater for 3 consecutive days. It is very important, when first starting this
process, to record these high temperatures on your log sheets.

Leave the pile undisturbed until the temperature has subsided to about 115 degrees
near the carcasses. After this first heat cycle, the pile is turned, introducing air to
increase the aerobic activity. After the temperature subsides a 2" time, the compost
process should be finished and the material ready for curing.

Moisture

Composting works best when the pile is sufficiently, but not overly moist. The amount of
water you add depends on the moisture content of the bulking agent and the carcasses.
You may find it easiest to water to the wood chips or recycled deer compost before
adding them to the compost pile. A moisture content of about 55% is recommended,
which is the point where a handful of material will just begin to stay together when
squeezed. (Wear rubber gloves when squeezing compost).

o Clearwater Junction reports that they water the compost weekly in the dry

months at a rate of 50 to 75 gallons per bin to keep the piles active.

If material falls apart when squeezed, it is too dry, 50% moisture or less. If free water
drips from the squeezed material or if a film of water is left on the hand, then the material
is too wet (60% moisture or greater). If the material is too wet, spread the material a bit
and allow it to air dry, or mix the wet material with drier material to lower the moisture
content before adding it to the compost pile.
If the piles dry out (25-45% moisture), and if piles are too large, spontaneous
combustion can occur. This has not been a problem at MDT facilities to-date.

Water Injector

The Columbus facility uses
this device to water the
interior of the compost
piles.
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Sizing the bins

Bin size depends on the size of equipment used to turn the compost and the number
and types of animals. Bin width should be at least twice the width of the bucket on the
equipment you’ll be using.

Using the estimates in the Minnesota Dept of Ag document, we would need a bin
anywhere from 1300 to 2000 ft*to compost 400 carcasses/year at 120 Ibs each. If we
make the pile 6 feet high, then our 12 back-to-back bins need to be 16 feet wide (two
Jersey rails) and 42 feet long (six Jersey rails). This design requires a total of 20 Jersey
rails.

Logbook notes

Recordkeeping is very important and is a requirement of the composting permit. Keep log
books and recordkeeping materials on-site or in the closest shop to make them available to the

DEQ inspector.

Record the number and type of carcasses added to the pile along with the date. If
setting up multiple piles/bins, there should be a record for each bin.

Record when bulking agent is added and what type of material is used (i.e., chips, dust,
recycled compost).

Record temperatures within the piles once/day.

o this is especially important when starting up a facility to document how many
days it takes to reach temperature and to document that 131 degrees F is
maintained for 3 days. Once the process is established, recording temperatures
can be reduced to a few days per week.

Odors should be recorded. Indicate whether there are odors disseminating in the
downwind direction, and if so, estimate how many feet downwind it is noticeable.

Check moisture, record when water is added.

Make note of when last carcass is added to the pile.

Make note of critter-interest, other complaints, or modifications to the method. This
information will be used to update this guidance manual.

When notable animals are added to the pile, take high resolution digital photographs for
use in presentations (e.g., bison, elk, moose, bear, horse). Put photos in share directory
and notify the District and/or Environmental Services contact people.

Odors/pests/miscellaneous

Control odors by having an adequate quantity of composting material around the
carcass.

If odors become a problem once a bin is full, add more Odor Absorption Material to the
pile.

A hot, active compost pile, adequately covered will reduce the potential to attract
varmints.

10
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Future Work

This guidance document is not intended to be the final word on road kill composting in Montana.
The employees of MDT are innovative and will find ways to improve the process. Innovations
like the water injection tool developed at Columbus are encouraged. The Environmental
Services Bureau should be contacted before any significant changes are made to site
operations. Changes to the Operations and Maintenance Plan at Solid Waste Management
Facilities, such as these sites, must also be approved by the DEQ.

Acknowledgements

This Guidance Document was prepared under the direction of Ms. Cora Helm and Mr. Pat
Driscoll of MDT Environmental Services Bureau. Review and assistance was provided by Mr.
Pat Crowley, formerly of the Waste Management Section of the DEQ, now with Crowley
Consultants LLC.

Special thanks go out to Doug Moeller and Scott Reesman for pioneering this process in Victor ,
to Chris Rasmussen of Columbus for developing the water injector, and to Bruce Friede at
Seeley Lake for the cooperative effort and partnering with the Blackfoot Challenge at the
Clearwater Junction Facility.

/root/convert/jodconverter-tomcat-2.2.0/temp/document114380.doc

11





3rd International Symposium
on Management of Animal Carcasses,
Tissue, & Related By-products

U.C. Davis

July 21-23, 2009

DEER COMPOSTING

LOG
Number of
Date and Time LeeEEges Pile Air Odor®
Added 1 2
Temperature Temperature

1 Temperature in Fahrenheit to be taken 12"-36" from top of pile near carcasses.

2 Record outside temperature.

3 If odor is present, record how many feet downwind.

12
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Abstract. The long-standing USDA policy to an outbreak of a highly infectious animal disease such
as foot-and-mouth disease has been “stamping out”, primarily through depopulation and carcass
disposal. That strategy appears to be under reconsideration. The problem is simply that for large
numbers of animals, perhaps 30,000 or more, depopulation and disposal are not feasible. Carcass
disposal workshops and emergency response exercises have demonstrated the futility of such a
policy. In a 2007 regional animal disease exercise, depopulation of a 70,000 head beef cattle feedlot
required 4.5 days and burial took 11.5 days with trenches covering 90 acres. Others modeling animal
disease spread indicate that the single most important factor in limiting disease spread is early
detection. Time from infection to presentation of clinical signs is variable but can range from 4 to 11
days, providing ample opportunity for disease transmission. Depopulation can represent only part of
a comprehensive strategy that must include early detection, within premises disease transmission
modeling, animal isolation, selective vaccination, and appropriate harvesting of infected and non-
infected animals. This paper will consolidate research findings with results of animal disease
exercises and other activities involving the authors, and consider the implications of state and federal
policy on the magnitude of required carcass disposal and discuss possible combinations of strategies
mentioned. Alternative management strategies are proposed to reduce the number of carcasses
needing disposal while still achieving the objective of limiting infectious disease spread.

Keywords. disease management, carcass disposal alternatives, stamping out, limited depopulation,
premises modeling, vaccination, livestock harvest, foot and mouth disease, FMD
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Introduction

The long-standing USDA policy to an outbreak of a highly infectious animal disease such as
foot-and-mouth disease (FMD) has been “stamping out”, primarily through depopulation and
carcass disposal. This approach has been effective in some cases, for instance in the last FMD
outbreak in the United States in 1929, and in small outbreaks in other countries, e.g. the
Netherlands in 2001 (Pluimers et al, 2002) in which vaccination to slaughter was employed.
After an initial depopulation of all infected and directly exposed animals, vaccinated animals
were taken to slaughter as soon as capacity permitted. The problem is simply that for large
numbers of animals, perhaps 30,000 or more, depopulation and disposal are not feasible
because of cost and logistics. Furthermore, the policy requires that not only diseased animals
be put down, those considered exposed must also be depopulated. Carcass disposal
workshops and emergency response exercises (DeOtte, 2007) have demonstrated the futility of
such a policy in the intensive cattle production regions of the United States. In a 2007 regional
animal disease exercise, depopulation of a 70,000 head beef cattle feedlot required 4.5 days
and burial took 11.5 days with trenches covering 90 acres (Giovachino et al., 2007). Modeling
animal disease spread, Ward et al. (2009) found that the single most important factor in limiting
disease spread is early detection. Time from infection to presentation of clinical signs is variable
but can range from 4 to 11 days, providing ample opportunity for disease transmission.
Depopulation should represent only part of a comprehensive strategy that must include early
detection, within premises disease transmission modeling, animal isolation, selective
vaccination, and appropriate harvesting of infected and non-infected animals. This paper will
consolidate findings of research by others with results of animal disease exercises and other
activities involving the authors, and consider the implications of state and federal policy on the
magnitude of required carcass disposal and discuss possible combinations of strategies
mentioned.

The paper explores heuristically the efficacy of different strategies that might be employed to
minimize disease spread while also considering the relative importance of various
considerations that might drive policy during a catastrophic animal disease event. Some of the
issues which are often discussed include

* maintaining export markets,
= maintaining American confidence in the food supply,

= reassuring people that FMD does not represent a human health threat (the loss of
confidence in the safety of pork during the April — May 2009 H1N1/A variant influenza
episode cost the industry $81.5 M (Meredith, 2009) just because it was called “swine flu”),

= cost of indemnity,

= cost of control strategies including vaccination, cost of depopulation and cost of disposal,
= psychological impacts of depopulations and disposal of large humbers of animals, and

= cost of cleaning and disinfection.

The paper explores as well, the potential for lost protein, impact upon the environment, and lost
energy.

Breeze (2004) argues effectively that maintaining a “stamping out” policy through massive
depopulations of infected and exposed animals enhances the attractiveness of the livestock
industry as a target for terrorists desiring to introduce economic and psychological havoc with
minimum effort. The policy of “stamping out” would require massive depopulation and disposal
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that would severely tax the nation’s resources. Massive depopulation appears to be under
reconsideration (Clifford and Zach, 2008, briefing) with possible replacement by limited
depopulation and other control strategies.

The two fundamental issues can be summed up as
1. “How important is it to stop disease spread immediately?” and
2. “What is the most cost effective way to do that?”

These in turn are driven by considerations such as the ability of the industry to return rapidly to
a FMD free without vaccination status under OIE guidelines.

Selective depopulation was used effectively in on-farm eradication of FMD in China (Poulin and
Chritianson 2006); only pigs with clinical signs were destroyed. The farm was small compared
to US standards, but may serve as a pilot study none-the-less.

Disease Spread

FMD is a highly infectious disease of cloven-hoofed animals with cattle, swine, sheep, and
goats representing some of the most affected species (Merck, 2005; EUFMD Wiki, 2009) and is
primarily a concern because of the economic impacts of the disease. Implicit in this concern are
assumptions about how the disease is transmitted, and how spread of infection is best limited.
The World Organization for Animal Health (OIE), is the governing body that established criteria
for FMD national disease status, and as such has a strong influence on national policy of
countries desiring to maintain an export market.

Agents for Disease Spread

There are seven distinct serotypes of FMD with many strains. Some infect certain species and
not others. Opportunities for disease transmission vary. Methods of transmission, in order of
probable effectiveness include

= animal to animal contact,

o0 including nose to nose, exchange of body fluids, and close proximity aerosol
(within 1 meter)

= shared resource contact (shared food and/or water),

= feeding of improperly prepared infected meat,

» transmission through third party (fomite), and

» long distance aerosol, i.e. aerosol transport to other pens or premises.

Good hiosecurity measures can reduce the impact of all types of transmission but are most
difficult to apply in dealing with aerosols. Of the seven types, only O appears a strong
candidate for aerosol transmission, and aerosol transmission from pigs is the most feasible
because cattle, sheep, and goats produce substantially less aerosol (Kitching, 2005).

It seems highly likely that aerosol serves as a transmission vector in certain circumstances,
primarily when the exposed animal is close to the source of aerosol generation. Although the
United Kingdom infection on the Isle of Wight in 1981 is often attributed to aerosol exposure,
that is based upon circumstantial evidence (DEFRA, 2009), and these authors can find no direct
evidence. Because there is not a continuous monitoring sampling system to capture FMD virus,
it may never be possible to conclusively prove that aerosol provided the exposure; at the same
time, aerosol is suspected when other known routes seem to have been eliminated. At best, for
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an aerosol transmission to occur over long distances winds would have to be slight but non-zero
and the atmosphere very stable, else, the concentration of aerosol would drop to near zero.
Cursory calculations by the second author indicated the TCIDs, = 10° per day (tissue culture
infective doses) (Alexandersen, 2005) associated with cattle exhalation was significant within
100 m but essentially extinct within 2 km, and that assuming conditions are stable and winds
low. Neglected was the relative humidity, which if low enough (FMD is generally considered
viable at relative humidity of 50 percent and above, although Gloster et al (2007), following
Donaldson (1972) report 70 percent above for serotype O) could render the virus nonviable
even if it reached the target. The key to effectively responding to an FMD outbreak, and hence
reducing the number of carcasses for disposal, is proper assessment of potential for aerosol
transmission of the virus.

The Case for Reducing the Number of Carcasses for Disposal: Time
and Money

Time

Total depopulation of even one moderate size beef cattle feedlot, 70 thousand head would take
longer than the time for the disease to run its course through the feedlot, if it moves as fast as
some suggest. Giovachino et al. (2007) reported that depopulation of such a feedlot would
require 4.5 days, considered by some exercise participants to be optimistic, and disposal of
carcasses would require 11 days. If aerosol transmission is as important as some have
suggested, the entire feedlot would have been exposed well before the response could be
completed. Indeed, the disease normally completes its course in approximately 14 days, so the
animals would be moving toward recovery as they are killed. If additional premises, with tens of
thousands of head of cattle, are considered exposed and have to be depopulated, then certainly
nothing close to stopping disease transmission is possible.

Money

From studies in the UK 2001, an approximate cost per carcass was €90, or $125 US dollars, as
an average for all the sites (Nutsch & Spire, 2004, pg. 36). The estimated total cost for five sites
was €113.9 with the total number of buried carcasses reaching 1,262,000 for a total of €144
million ($200 million). This cost included purchase and/or rent, initial construction, operation,
and maintenance, and estimated long-term restoration and maintenance (Nutsch & Spire, 2004,
pg. 36). One site at Ash Moor, Devon reached over 5 million Euros. The Ash Moor site
spanned 99.5 acres and was initially calculated to hold 350,000 carcasses. Later calculations
showed that the cells could hold double the amount expected. The site was cleared to maintain
15 cells, each with 3 liners and separate pipes to extract leachate, including methane gas
(Workman, 2002). In calculations performed by the second author to determine the cost of
burying 55,000 head of beef cattle, a trench volume of 200,000 yd3 (153,000 m3) covering
approximately 70 acres (28 hectares), at a digging rate of 100 yd®/hr, completion within 72 hours
would require 28 backhoes, each with a bucket capacity of 2 yd® or 1.5 m®, costing roughly $1.8
million dollars. The cost of land is quite variable and has not been included in these
estimations. Also not included are the cost to move carcasses to the site, or the cost of the
equipment needed and used to move the carcasses. The calculations do include cost of
equipment and labor for burial and cover. Equipment cost includes rent or purchase, operation
expenses, needed attachments, and mobilization to move equipment to and from the burial site.
Other issues related to burial include long term impact on groundwater as carcasses decay and
the nitrogen percolates to the water table (Harper et al., 2008) The first author investigated the
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loss in value of rendering versus harvest. The assumption is that harvest value would drop 30
percent in the event of an FMD outbreak so the value of a 1300 Ib steer would be around $900
while the rendered value would be approximately $345 based upon values from USDA AMS
(2009). The loss in value is not the main argument against rendering; it is rather the lack of
capacity.

Alternative measurements of value

Time and money are important considerations. But other values should also be considered. It
is a waste, not only of time and money, to depopulate more animals than necessary, but
potentially of protein and energy. Figure 1 portrays the relative values of the various disposal
options. The best way to maximize protein recovery is to move the animals to harvest.
Rendering also retrieves protein, but at a much lower value product. Composting breaks the
protein down into nitrogen and carbon components, so other products are available, but not
protein. And of course there is no protein value in buried carcasses.

A beef cattle carcass is approximately 75 percent water (Brown et al., 2002) which severely
limits the ability to recover energy; however the carcass does represent some level of
recoverable energy as does the rendered product. Composting also can produce energy
recovery, especially if not carried to final decomposition. Partial composting to inactivate
pathogens and remove water, may provide greater energy value than any of the other options.
Burial provides no opportunity for energy recovery.

On the economic level, burial yields a deficit. It costs to bury and nothing is recoverable. Only
in an economic sense of looking at the speed with which FMD free trading status can be
recovered does burial have anything to offer. As would be expected, the highest economic

Relative Protein Value

Harvested

Rendered

Compost Buried

Relative Energy Value

Compost
Harvested Rendered
Buried
Relative Economic Value
Harvested
Rendered I_Icnmp —
I Buried I

Figure 1. Relative values of carcasses with respect to protein, energy, and economics. Note that
the animal going to harvest represents the highest value for protein and economics. Burying the
carcass yields no value.
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value is coupled with the harvesting of the animal for its intended purpose. Rendering is
probably second and composting third, although this has not been thoroughly studied.

Any other option that does not attempt to reclaim carcass value, such as incineration, displays
the same characteristics as burial, for protein, energy, and economics.

Management Options

Several carcass disposal techniques will be discussed by various authors at this conference,
including rendering, burial, composting, incinerations, and others. The point of this paper is to
argue for alternative management strategies that reduce the number of carcasses needing
disposal in the unique situation where the animals must be euthanized before disposal. The
points in this paper for the most part do not apply to animals that have already demised.

The FMD emergency response exercise, Operation Palo Duro (Giovachino et al, 2007), clearly
demonstrated the infeasibility of implementing a strict “stamping out” of infected and exposed
premises, especially if those properties were concentrated animal feeding operations (CAFOs)
of the Texas Panhandle. The National Animal Health Emergency Management System
Guidelines (NAHEMS, draft 2005) call for depopulation of animals within 48 hours and disposal
of carcasses within 72 hours. In the Texas Panhandle, the only realistic disposal method would
be burial, but a 55,000 head feedlot would require 28 backhoes, each with a 1.5 m* (2 cu yd)
bucket capacity, operating 24 hours per day at a cost of $1.8 million (author calculation), but
that neglects the time to get the backhoes to the site. During that exercise other feedlots and
dairies were also presumed infected (2 feedlots — 130,000 head, and 2 dairies - 6500 head, in
Texas, 1 feedlot in Kansas — 90,000 head, and 1 feedlot in Oklahoma — 30,000 head), making it
essentially impossible to depopulate and dispose of all the animals within NAHEMS time
frames.

During discussions among representatives of the cattle industry, Texas Animal Health
Commission, and USDA-APHIS Veterinary Services in September 2008, Dr. Jonathan Zach
suggested the possibility of limited depopulation based upon the premise that it is not feasible,
as demonstrated by Operation Palo Duro, to depopulate large feedlots. Figure 2, below,
portrays one possible interpretation of “limited depopulation”. Lori Miller, an environmental
engineer with USDA APHIS NCAHEM ICS, has developed a nice disposal decision tree which
begins with the question, “Can the animal be used for intended purpose?” For most animals
needing disposal, the answer is “No”, because only live animals can be taken to slaughter. In
fact the animals must be ambulatory and disease free. The hierarchy to move through the
remainder of the decision process is similar to that discussed above with her rating rendering
preferable to composting, and composting preferable to burial.

A major objective of USDA has always been a resumption of FMD free international trading
status as soon as possible. Something about which there has been open and public discussion
is the impact of major “stamping out” on the domestic market. Popular backlash could have
devastating industry consequences to the approximately 90 percent of the market which is not
export. Furthermore, the OIE designation of FMD free is not a guarantee of trading certainty.
One need only look at the BSE incident and the closure of Japan and South Korea well after the
US had provided evidence to the OIE of compliance. Recently Russia and China prohibited
import of pork product because the US had “swine flu”. The H1N1-A variant parochially called
“swine flu” is in fact not truly swine flu and cannot be transmitted through the consumption of
pork. From this author’s perspective, the export markets are as much, or more, dependent
upon quid pro quo across a spectrum of trade issues as they are upon compliance with
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Figure 2. USDA will seek to implement the best control strategy to minimize disease spread,
costs, impact to the environment, public confidence, and continuity of the livestock business.
Recent discussions of “limited depopulation” could be interpreted as given above where only
animals showing clinical signs or some other diagnosis are actually depopulated while the
feedlot, or other CAFO, has animals carefully sequestered under heightened biosecurity.

accepted international standards for export of meat product. Perhaps one should question how
much influence that one item has upon the number of animals depopulated and disposed.

Vaccination has generally been considered a last resort and probably should remain such.
Vaccinated animals are restricted from harvesting for 60 days (Giovachino, 2007) so would be
best used on animals with more than that time remaining before intended harvest. The number
of doses of vaccination remains a problem and has been discussed elsewhere (DeOtte, 2007;
Giovachino, 2007; Larson and Loneragan, 2006). Vaccination may be effective to create
“firebreaks” in situations involving thousands or tens of thousands of animals, but certainly not
hundreds of thousands or millions.

Limited depopulation has recently been introduced to the discussion and may not be fully
defined. The author’s first exposure was in September 2008 during discussions with officials at
APHIS Veterinary Services (Clifford and Zach, 2008). Limited depopulation and stamping out
can be synonymous if the number of infected and exposed animals is small. The difference is
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evident when larger numbers of animals have been exposed but do not yet display clinical signs
of disease. In that context limited depopulation might be similar to the selective depopulation in
China reported by Poulin and Chritianson (2006). Immediate harvest of animals not showing
signs of disease, but which are finished or nearly finished reduces the number of carcasses
requiring disposal. For this to work, the discussions need to include packers as well as livestock
producers. There may be marketing issues for those packers who process livestock with
implied association with FMD. Additional cleaning and disinfection after the episode is over may
also occur. Within premises quarantine should be implemented for animals not ready for
harvest nor showing clinical signs. Beef cattle feedlots are in some ways ideal quarantine
facilities. Cattle are confined to pens and do not have freedom of movement. Rows of pens are
separated by alleys 7 to 10 meters wide. Although cattle in a row of pens can conceivably have
nose to nose contact, contact exposure across alleys is limited to feedlot employees serving as
fomites. The major concern is aerosol transmission. Vaccination might be effectively used with
cow-calf operations where animals range freely and could serve to transmit disease from one
concentrated feeding operation to another.

Causal Loop of Disease Control Process

The causal loop portrayal in Figure 3 provides an oversimplified view of a complex process, but
is designed to highlight some of the most obvious issues. The darkened ellipse on the left
representing USDA Infectious Disease Policy begins the process. How USDA chooses to
respond to introduction of a highly infectious foreign animal disease determines most of the rest
of what happens. “Stamping out” can mean many things, but in the context of this diagram it
means killing all the animals necessary to stop disease spread and no more. That is why
vaccination appears as another path, and why paths to “Exposed Nonclinical Animals to Early
Slaughter” and Potentially Exposed Nonclinical Animals in Quarantine” also appear. On the far
right side is another shaded ellipse with a dashed arrow. The arrow is represented thus
because it is not certain that is an option. If both arrows from “Potentially Exposed Nonclinical
Animals in Quarantine” are allowed, a paradox occurs. It appears on the upper loop that
producer profit increases but on the lower loop it decreases. That is partly an artifact of the
oversimplification represented in the diagram. Either the producer will make a profit or not, so
one result will be larger than the other, but both options could be in force simultaneously.

Definitions

Fitting a complete description into an ellipse on a diagram is not possible so definitions are in
order.

= Potentially exposed nonclinical animals in quarantine refer to animals that may have
been exposed based upon proximity to an infected animal. For instance, the animal
could be in the same feedlot but not in the same pen or row where some level of
animal-to-animal contact with the infected animal would be possible. The quarantine
is expected to be an on-premise quarantine designed to prevent the animal from
contact with known sources of infection. The nonclinical means that the animal has
no clinical manifestations of the disease such as lesions, lameness, lack of appetite,
or other signs.

= Exposed Nonclinical Animals are those which have documentable primary or
secondary animal-to-animal contact with an infection source but which is not showing
clinical signs of the disease. It is a matter of future discussion if febrile temperature
should be included in making this diagnosis, as fever would occur before blisters or
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Figure 3. Abbreviated Causal Loop Diagram showing interaction of various Livestock Management Options. The arrowhead denotes
direction of influence. The polarity indicates the influence of the link. In other words a"+" indicates that the receptor node behaves in
the same directions as the originating node and a "-" opposite behavior. For instance, on the "stamping out" branch, as the number of

animals depopulated increases, indemnification, carcass disposal, and consumer costs increase.





3rd International Symposium
on Management of Animal Carcasses,
Tissue, & Related By-products U.C. Davis July 21-23, 2009

other outwardly observable signs, but it is probably prudent to include taking the
animals temperature as part of the evaluation.

» Full Term Harvest suggests that the animal is fully matured and finished as if no FAD
outbreak had occurred and is sent to harvest.

= Short Term Harvest means the animal is sent to harvest before the producer would
normally send the animal; it is not heavy enough. Short Term Harvest can present
problems for some packing plants, because they are configured to only process
animals within a certain size range. Livestock producers could argue that this policy
requires them to forego opportunity cost on their cattle and likely would argue for
some level of indemnification, thus the negative sign on the arrow indicating that
more cattle going to short term harvest decrease producer profit, even to becoming
negative. This figure does not consider impact on other associated industries such as
packinghouses, trucking enterprises, landfills, or others that may be affected by
economic implications of the disease and the response to it.

= Some ellipses have question marks following Indemnification Cost because the policy
for indemnification at those nodes in not clear. The argument for indemnification is
always that it would increase voluntary compliance, and that would be the case here.
The justification, however, is different and is based upon the takings clause
(Constitution, Amendments, Article V, 1788).

Impact of USDA Infectious Disease Policy on Carcass Disposal

Various combinations of management options may be used to respond to a FAD outbreak.
Although “Stamping Out” was defined above to mean depopulating only those animals
necessary to stop disease spread, one interpretation could be the classic plan of depopulating
all infected and exposed, both by primary and secondary processes, animals. In a location such
as Hereford, Texas, it is perfectly plausible that on a given day, over 300,000 animals could be
within the infection zone, even though not on the infected premise. Many of the feedlots would
have shared property lines. Under the classic stamping out policy, 300,000 animals would be
depopulated and the carcasses would require disposal, even if only one animal displayed
clinical signs. An alternative would be to depopulate all the animals in the pen (up to 250) or
row (250 head/pen x 10 pens = 2500 head). The difference in volume of trench needed to bury
that many carcasses is more than two orders of magnitude and the cost savings, after
considering indemnification at $1000 per head, is on the order of $307 million. Of course this is
only some of the direct costs savings and none of the savings accrue to others in the meat
processing and product distribution chain. Nor is there any consideration of the indirect
economic impacts. It also does not include all expenses such as increased observation of
feedlots that had an infected animal but were not fully depopulated. However, the number of
carcasses requiring disposal is greatly diminished.

Some feedlots are adequately isolated from others and the impact of depopulating the entire lot
is not so dramatic, but that very remoteness suggests the risk of spreading disease by not
eliminating all the animals is also much reduced. Effectively the process appears scalable. In a
smaller, remote feedlot, if the whole row is not eliminated and some of the animals later display
clinical signs, the probability of infection off premise is small.

The more USDA policy focuses upon stamping out, the more animals will be depopulated
increasing costs for indemnification, carcass disposal, cleaning and disinfection, and
consequently total costs to the government. The higher those costs, the more attractive do
alternatives become leading to USDA reevaluation of policy. As policy shifts toward other
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options, such as using on premise quarantine for animals absent clinical signs, the number of
carcasses requiring disposal will decrease and the number moving to routine harvest will
increase. Admittedly, there is a loss in economic value by virtue of the disease outbreak, but
protein value remains intact and the animals are being used for the highest and best available
good. Additional costs are incurred for increased surveillance of animals in quarantine. The
vaccination loop offers options of vaccination to live, meaning the animal is allowed to fulfill its
intended purpose, or vaccination to die, which means the animal will be vaccinated to stop
disease spread then eliminated, much as was done in the Netherlands in 2001 (Pluimers,
2002). Vaccination to die increases the number of animals to short term harvest, which
presumably reduces consumer costs but also reduces producer profit. Vaccination to live
leaves the production and processing cycle alone since the animals are harvested in the same
time frame they would have been otherwise. This is likely the best profit scenario between the
vaccination options shown. Not presented is the possibility of vaccination to depopulate, which
could be a version of vaccinate to die, because the economic value is negative and the protein
value reduced (to zero if buried, to a lower value if rendered).

Other Management Practices

Changing receiving protocols could reduce the number of cattle requiring depopulation if a FAD
is diagnosed. The greatest likelihood for introducing a FAD would be with a new shipment of
cattle or with poor biosecurity with people entering the premise from an infected zone, which
would currently mean another country. If cattle received at a feedlot are segregated for the first
month after processing, the disease would have more than ample time to manifest. The major
impediment to establishing this practice is the capital investment already made in the feedlots
and lack of incentive to invest more to prevent an event for which the response is not well
defined. In the authors’ opinions, the single greatest action to encourage better biosecurity is a
well defined and known policy. Incentives to reward those who do prepare as measured during
annual audits would be beneficial and a program to subsidize capital improvement similar to the
USDA NRCS EQIP would be helpful.

Ward et al (2009) modeled cattle operations and disease transmission in the Texas Panhandle.
It was not a surprise that they found that the single most important aspect of stopping disease
spread is early detection. Early detection is consequently the best way to minimize the number
of carcasses requiring disposal.

Whatever the management practices selected, there are some fundamental precepts. Garner
et al (2007) phrased those well by indicating that control meant

= Preventing susceptible species being exposed to the infectious agent — biosecurity
including quarantine and movement control

= Stopping infected animals from producing the disease — administration of antiviral
medication and selective culling

» “increasing the resistance of susceptible animals” — vaccination

Garner and colleagues then discussed application of integrated models to provide a
retrospective analysis of previous events with a view to using for evaluation of various strategies
to inform policy development. The work of Ward et al (2009), Garner et al (2007) and others
using sound modeling and understanding both the power and limitations of the models is
essential.





3rd International Symposium
on Management of Animal Carcasses,
Tissue, & Related By-products U.C. Davis July 21-23, 2009

Conclusion

The historic policy of USDA has been to stamp out the disease by depopulating all animals
either infected or exposed. In regions of the High Plains of Texas, Colorado, New Mexico,
Oklahoma, Kansas, and Nebraska, representing 80 percent of the fed beef in the United States,
livestock operations are so large, and often so close to each other, that a declared infection
zone could include hundreds of thousands of animals. Depopulation of those animals, and
disposal of those carcasses following traditional practices would be enormously expensive to all
and eliminate hundreds of thousands of tons of protein. Implementation of alternative
management strategies appears to significantly reduce the number of carcasses requiring
disposal, thus reducing costs, while preserving protein.

Substantial work evaluating the potential for on premise quarantine is yet required. A much
better understanding of the aerosol transmission potential for all strains of FMD is critical. This
paper has not addressed risk, but thorough risk analysis should be part of the policy process.
Those determining policy need to understand the various options, the likelihood of each to stop
disease progression and the impact of failure for each option.

Finally, for the policy to have the greatest impact, producers and others in the processing and
distribution chain need to be informed.
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Abstract. Current methods of mortalities disposal consist of on farm burial/scavengers, burning, or
rendering. In recent years renders have had to charge for pick up of mortalities resulting in less
animals going to rendering. Rendered meat and bone meal (MBM) from specified risk material
(SRM) is currently being landfilled at a significant cost to the render who passes this cost to the
producer. MBM has been reported to have a heating value between 17,000 and 20,000 kJ/kg when
used in a combustion process. This study investigates the gasification of bovine MBM using oxygen
and steam to produce syngas for combustion in boilers or cogeneration units as an option to
landfilling. Additionally, MBM and MBM ash were analyzed for mineral characteristics. MBM
gasification was found to occur mainly between 250 °C and 400 °C and to yield between 16,500
kJ/kg and 20,400 kJ/kg. Gasification using oxygen at 650 °C and thermal cracking at higher
temperatures (650 °C to 850 °C) resulted in a syngas comprised of mainly H, (33.4vol%), CO
(34.2vol%) and CH,4 (25.6vol%). Steam gasification produced similar heating values with the syngas
components of H, (46.2vol%), CO (23.9vol%)and CH, (14.2vol%). Both MBM and MBM ash
consisted of 63% CNHS with the ash having significant quantities of CaO (28.4wt%) and P,Os
(23wt%).

Keywords. MBM gasification, animal mortalities, steam gasification, deadstock disposal, rendering
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Introduction

The discovery of Bovine Spongiform Encephalopathy (BSE) in North America and the
increased awareness of the potential for a foreign disease outbreak have resulted in
both increased regulatory requirements for rendering of deadstock and public awareness
of the use of meat and bone meal (MBM) as an animal feed additive. As a result, the
value of MBM has deteriorated while the costs of handling and disposal have increased.
As a result of these increased costs, renders have had to charge livestock producers to
pickup deadstock, segregate rendering feedstock and pay landfill fees to dispose of
rendered specified risk material (SRM). The impact at the farm gate is that many
livestock producers will dispose of deadstock on farm. A solution to this problem would
be to find a way to regain the value in MBM such that renders would again be able to
afford to collect deadstock at no cost to the livestock producer and eliminate the disposal
costs of the MBM.

Several researchers have shown that MBM has significant heating value ranging from
17,000 kJ/kg to 20,000 kJ/kg (Cummins et al. 2006; Challa and Roy, 2003; Conesa et
al., 2003). Other researchers have investigated the co-combustion of MBM with coal
(Fryda et al. 2006; Gulyurtlu et al. 2005) and peat pellets (Cummins et al. 2006;Mc
Donnell et al. 2001). Fryda et al. (2006) and Deydier et al. (2005) give results of ash
analysis and characterization as a result of gasification of MBM. Deydier et al. (2005)
indicates that MBM combustion residues were calcium (30.7%) and phosphate (56.3%)
rich compounds mainly Ca;o(PO4)s(OH), and B-Caz(POs)..

The objective of this work was to investigate the potential for gasification of MBM to
produce a useable syngas and to characterize the MBM feedstock and ash materials.

Methods and Materials

The MBM used for the experiment was bovine MBM cracklings supplied by Saskatoon
Processing Ltd., Saskatoon, SK, Canada. After hammermilling in the lab at the
University of Saskatchewan, the material was brownish in color having specific gravity of
0.55 and particle sizes in the range of 5-3228 um. Analysis of the feed stock is
presented in Table 1. The carbon (C), hydrogen (H), nitrogen (N) and sulfur (S) analysis
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of the MBM were carried out using Vario EL Il CHNS analyzer and is also presented in Table 1.

Table 1: Proximate and Ultimate analysis of MBM (from Soni et al. 2008)

Moisture content (wt.% wet basis) 4.5
Gross heating value (MJ/kg) 171

Proximate analysis (wt.% dry basis)

Volatile matter 73.8
Ash 18.3
Fixed carbon 7.8

Ultimate analysis (wt.%)

C 46.3
H 6.6
N 9.7
S 1.0
O 36.4

Thermal gravimetric analysis (TGA) was carried out in a furnace fitted with an internal scale to
allow sample weighing during heating.

Gasification of MBM followed by thermal cracking of tar was carried out at atmospheric pressure
in a two-stage fixed bed reactor system shown in Figure 1. Gasification was carried out in the
first stage while the second stage was used for further cracking of tar. The effect of first stage
temperature was studied by bypassing the second stage.

The gasification reaction in a single stage was carried out in the experimental set up shown in
Figurel, consisting of a fixed bed reactor made of Inconel having 10.5 mm ID and 500 mm
length. The feed material was placed on a plug of quartz wool which was supported on mesh
inside the reactor at a height of 150 mm from the bottom of the reactor. Nitrogen was used as
an inert carrier gas while pure oxygen was used as a source of oxidant in the reaction. Both
gases were supplied at the desired flow rate from separate cylinders through needle valves and
mass flow meters (Aalborg model GFM17, USA). The reactor was placed inside the tubular
furnace of 32 mm ID and 200 mm OD with total heating length of 400 mm. A K-type of
thermocouple was directly connected with the reactor to maintain and monitor the temperature
of the reactor via temperature controller system (Eurotherm model 2132, USA). Two glass
condensers in series at the bottom of the reactor, surrounded by mixture of ice and salt, were
used to condense the tar and cool down the product gases. The product gases were collected in
a saturated brine solution column and the amount of gases collected was measured by the
displacement of the brine solution. The saturated brine solution was used to prevent CO,
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dissolution in pure water. The heating rate of the reactor was set at 25°C/min. The oxygen
supply was started when the reactor temperature reached to 50°C. It took 24—32 min from 50 °C
to reach the final reactor temperature of 650-850 °C. After attaining the final desired
temperature, the reaction was allowed to continue for the next 30 min. Subsequently, the
heating was stopped and the reactor was allowed to cool down. The amount of product gases
collected was measured and analyzed using two different gas chromatographs. The amount of
condensed tar in the glass condensers and the char left inside the reactor were measured by
taking the difference in weights of glass condensers and reactor before and after the reaction.
After each run, the reactor and glass condensers were cleaned using acetone and then dried by
air-blowing for several minutes prior to the next run. Most of the experiments were performed
two times under the same experimental conditions and the data reported here are averages of
repetitive runs.

The single stage set-up was modified by introducing another stage in series to the first stage for
further cracking of tar. The second stage reactor was made of Inconel having 10.5 mm ID and
300 mm length. It was placed inside a tubular furnace of 32 mm ID and 200 mm OD with total
heating length of 210 mm. A K-type of thermocouple was directly connected with the reactor to
maintain and monitor the temperature of the reactor via temperature controller system
(Eurotherm model 2416, USA). Ottawa sand with the size range of 152-1291 um was used as
the inert packed bed material in the second stage. It was placed on a plug of quartz wool
supported on mesh inside the second stage reactor. The first and second stage reactors were
connected by a 40 mm long insulated tube of 3 mm diameter. The second stage reactor was
heated to the desired temperature before heating of the first stage was started. The heating of
first stage reactor was started at the rate of 25°C/min. The remainder of the experimental
procedure was the same as in the case of single stage experiments. Most of the experiments
were performed two times under the same experimental conditions and the data reported here
are averages of repetitive runs.

Steam gasification was carried out in a similar procedure to the above with the exception that
the water injection was started when the first stage reactor temperature reached 110°C. It took
approximately 25 to 33 min from 30°C to reach the final temperature of 650 to 850°C in the case
of single stage experiments. In the case of two-stage experiments, the second stage reactor
was heated to the desired temperature with N, flow of 45 ml/min before the heating of first stage
started.

The product gases were analyzed using two different gas chromatographs (GCs HP 5880 and
HP 5890). The HP 5880 was equipped with a flame ionization detector (FID). A Chromosorb
102 column with 3.2mm diameter and 1.8m length was used to analyze the CH4 and other
hydrocarbons. The HP 5890 was equipped with a thermal conductivity detector (TCD). A
Carbosieve S II column with 3.2mm diameter and 3m length was used to analyze H,, CO and
CO,. The conditions for the HP 5880 were as follows: initial temperatures of 40°C, initial
temperature hold time of 1 min, heating rate of 10°C/min, final temperature of 180°C, final hold
time of 3min, injector temperature of 220°C and detector temperature of 250°C. The conditions
for the HP 5890 were as follows: initial temperatures of 40°C, initial temperature hold time of 1
min, heating rate of 10°C/min, final temperature of 180°C, final hold time of 3min, injector
temperature of 200°C and detector temperature of 220°C. The gas analysis was carried out on a
carrier gas (N2) free basis.
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Figure No. 1: Experimental setup for gasification of meat and bone meal in two-stage fixed bed
reaction (after Soni et al. 2008)

Experimental Results and Discussion
Thermal Gravimetric Analysis ((TGA)

TGA results (Figure No. 2) shows that 4% of the material was converted to gas at temperatures
<100°C, 8% between 100-250°C, 52% between 250 - 400°C and 8% between 400- 550°C.
Approximately 28% of the material remained with minimal trend to further reduction past 500°C.
Also indicated is the finding that the highest rate of change in weight occurred between 250 and
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400 °C. These results are similar to those of Conesa et al. (2003) and Deydier et al. (2005) for

heating with combustion of MBM.
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Oxygen Gasification

Oxygen gasification was carried out by metering oxygen gas and nitrogen gas at a ratio of 2%
oxygen and 98% nitrogen (Table 2).

Table 2: Reaction conditions for oxygen gasification

Weight of MBM g 1
Nitrogen % 98
Oxygen % 2
Gas flow rate mL/min 50
Ramp rate °C/min 25
Time min 60

Table No. 3 shows that the weight loss varied from 64% to 72%. The weight of char produced
varied from 28% to 36% that of the initial mass. The weight of liquid produced varied from 0% to
14% that of the initial mass. The weight of gas produced varied from 41% to 74% that of the
initial mass. The mass balance is 96-102% in all the cases except experiment 7. Figure 3 shows
the volume of each gas as a percentage of the total volume of gas produced. The syngas was
comprised of mainly H, (33.4vol%), CO (34.2vol%)and CH, (25.6vol%).
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Figure 3: Volume percentage of gasses produced from oxygen gasification
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Experiment 1 was repeated with increasing the temperature of the first reactor from 650 to
850°C. There was no additional gas produced with increasing the temperature and also no
weight loss of the char was observed. Each experiment was conducted twice and the results are
reproducible.

Table 4 shows the products obtained at various temperatures. At the lower temperatures
approximately 20% of the material gasified was recovered as liquid and 80% as gas. At high
temperature almost all the material was recovered as gas. This is also indicated by the gasses
produced/recovered at the various temperatures. Table No. 4 and Figure No. 4 show that
between 650°C and 750°C, ethane (C,H¢) and ethylene (C,H,4) were converted to hydrogen (H,)
and carbon monoxide (CO). This conversion results in a reduction in the calculated heating
value of the gas (Figure 5) from near 20,000 kJ/kg at 550 °C to approximately 16,000 kJ/kg at
850 °C. These heating values were calculated from the quantity of gasses produced. Syn gas
heating values would depend on the dilution with carrier gas.

Table 3: Product distribution during the gasification of MBM at different reaction

temperature
Sample  Wit. of Reaction Wt of Vol. of Char  Liquid Total Mass Mass
No. MBM Temperature (°C) solid gas Gas Recovere Balance
lost collected Collected d
1st 2nd
reactor  reactor (9) (9) () (9) ) () (%)
1 1 650 850 0.67 770 0.33 0 0.6340 0.964 96.4
2 1 650 850 0.67 910 0.33 0.03 0.6674 1.027 102.7
3 1.01 650 750 0.73 768 0.28 0 0.7453 1.025 101.5
4 1.01 650 750 0.67 801 0.34 0.03 0.6138 0.984 97.4
5 1.02 650 650 0.69 390 0.33 0.08 0.6181 1.028 100.8
6 1.01 650 650 0.65 570 0.36 0.08 0.4125 0.852 84.4
7 1.01 550 550 0.69 518 0.32 0.06 0.5962 0.976 96.7
8 1 550 550 0.67 416 0.33 0.14 0.5061 0.976 97.6
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Sl. No Wi. of Reaction H, CH, CoHy CoHg CcoO CO, GHV
MBM  Temperature (°C)
1% 2"
@  eactor reactor (9) (9) (9) (@) (9) (@) (kJrkg)
1 1 650 850 0.02409 0.14773 0.00115 0.00339 0.37075 0.08687 15607
2 1 650 850 0.02643 0.16124 0.00035 0.00041 0.34649 0.13243 16254
3 1.01 650 750 0.02462 0.16984 0.00088 0.00006 0.30437 0.24556 16060
4 1.01 650 750 0.01899 0.18097 0.00487 0.00016 0.36747 0.04135 16730
5 1.02 650 650 0.00712 0.18552 0.17381 0.00449 0.09167 0.15547 21081
6 1.01 650 650 0.00778 0.11934 0.13292 0.00857 0.07192 0.07192 15644
7 1.01 550 550 0.00672 0.15869 0.16838 0.00683 0.094 0.16159 19617
8 1 550 550 0.00384 0.14591 0.14767 0.09382 0.04996 0.06489 21754
Table 4b: Averages of gas analysis results for gasification of MBM at different reaction
temperatures.
Sl. No Wit. of Reaction H, CH, C,H,4 C,Hsg CcO CO, GHV
MBM  Temperature (°C)
1st 2nd
@  eactor reactor 9) 9) (@) @) (@) Q) (kJ/kg)
land 2 1.0 650 850 0.02526 0.15449 0.00075 0.00190 0.35862 0.10965 15987
3and4 1.01 650 750 0.02181 0.17541 0.00288 0.00011 0.33592 0.14346 16430
5and 6 1.02 650 650 0.00712 0.18552 0.17381 0.00449 0.09167 0.15547 18326
7 and 8 1.01 550 550 0.00528 0.15230 0.15803 0.05033 0.07198 0.11324 20398
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Steam Gasification

Table 5: Reaction conditions for steam gasification
Temperature of gasification

Single stage °C 650
Dual Stage °C 850
Temperature of 2nd stage °C
Single stage °C 0
Dual Stage °C 650-850
Operating pressure Atmospheric
Steam/ MBM (wt. /wt.) 0.6
MBM sample gm 2
Nitrogen flow rate ml/min 45
Reaction time min 62
Heating rate of furnace °C/min 25
Packing height mm 60
Water injection temperature °C 110

Steam gasification was completed in both a single stage and dual stage format using the
parameters given in Table 5 above. Originally, one furnace was used to complete the steam
gasification. This resulted in significant tar production in the condensers and lower gas
production (Figure 6). Tar represented 58% of the weight of material recovered at 650C and
52% of the total material recovered at 850C. Gas production represented 9% of the mass
recovered at 650C and 18% of the total mass recovered at 850C. Char was initially 22% of the
total mass recovered at 650C but reduced to 14% at 850C.

As a result of the high tar production, the experiments were repeated using a two stage setup
where the gas from the first stage was passed immediately through a second furnace to attempt
to crack the gasses forming the tar. As a result of the single stage experimental results, the first
stage reactor was set at 850C for all dual stage experiments. This resulted in the tar production
reducing to 39% at 650C and then to 32% of the total mass recovered at 850C (Figure 7). Gas
production increased to 27% at 650C and continued to increase to 32% of the total mass
recovered at 850C. Char recovered represented approximately 15% of the total mass
recovered for all second stage temperature settings.

On a volume basis hydrogen gas was the primary gas produced for both the single stage and
dual stage setups with hydrogen representing 42% to 52% of the total volume of gas produced
in the single stage setup at 650C and 850C respectively (Figure 8). The two stage reactor
setup produced similar portion of hydrogen of the total gas produced with hydrogen accounting
for 40% of the total volume at 650C and 46% of the total at 850C (Figure 9). Difference can be
seen in the percentages of the other gases where carbon monoxide originally represented 10%
to 27% at 650C to 850C respectively for the single stage setup and approximately 24% for all
temperatures for the dual stage setup. Carbon dioxide made up 26% and decreased to 13% of
the total volume of gas produced at 650C and 850C for the single stage setup and decreased to
approximately 10% of the total volume of gas produced for all temperatures for the dual stage
setup. Increases in gases with significant heating values can bee seen in the volume
percentages of methane (CH,4) and Ethylene (C,H,) (Figure 8 and 9). Methane increased from
7% at 650C and 3% at 850C for single stage to 8% at 650C to 14% of the total gas volume at
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850C for the dual stage reactor. Ethylene increased from 0.4% at 650C and 0.2% at 850C for
single stage to 6% at 650C to 8% of the total gas volume at 850C for the dual stage reactor.
The result was that gross heating values increased from 11,000kJ/m? for the single stage setup
to 18,000kJ/m? for the dual stage setup.

60 -

0—_

TTo—
08—

50 -

N
o
.

Percentage of Final Products (%)
N w
o S

10 -

500 550 600 650 700 750 800 850 900
First Stage Reactor Temperature (0C)

Figure 6: Final product distribution by weight percentage for single stage steam gasification
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Mineral and metal analysis results from analysis of both the MBM and MBM ash are shown in
Table 6 below. Gasification of the MBM resulted in oxides of calcium, phosphorus, sodium and
potassium and other minerals along with increased concentrations of barium, strontium and

zinc.

Table 6: Mineral and Metal Analysis Results for Ash and MBM samples

MBM1 MBM2
Ash (750°C) Ash (850°C) (<0.94mm) (<0.94mm)
wit% wt% wit% wt%
CaO 28.4 28.3 6.17 9.38
P,Os 22.8 23.3 5.54 7.77
Na,O 3.24 3.32 1.01 0.96
K,O 2.31 2.43 0.74 0.63
MgO 0.96 1 0.25 0.29
Al,O3 0.62 0.4 0.12 0.08
Fe,Os 0.34 0.41 0.1 0.08
MnO 0.01 0.01 0.003 0.003
(ppm) (Pppm) (ppm) (ppm)
Ba 165 159 37 55
Cr 34 48 7 9
Cu 6 119 12 10
Ni 15 44 3 2
Sr 175 172 40 57
Zn 217 468 106 95

Conclusion

Meat and bone meal (MBM) was found to gasify primarily between 250C and 400C through
thermal gravitation analysis (TGA). Gasification with oxygen in a bench scale gasification
furnace indicated that approximately 70% (wt/wt) of the MBM was converted to a syngas
comprised of mainly H, (33.4vol%), CO (34.2vol%)and CH, (25.6vol%) with a calculated heating
value ranging from 16,500kJ/kg and 20,400kJ/kg. Gasification using steam to supply oxygen to
the reaction produced less char (14%wt/wt) and a syngas comprised of mainly H, (50vol%), CO
(24vol%)and CH, (14vol%) with a gross heating value of approximately 18,000kJ/m?®.
Gasification of the MBM resulted in oxides of calcium, phosphorus, sodium and potassium and
other minerals along with increased concentrations of several metals.
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Abstract. A study of five compost feedstocks that have been proposed for use in composting animal carcasses was
conducted in the fall of 2008. The purpose of the study was to compare the moisture retention and loss
characteristics for the feedstocks by themselves when exposed to extreme rainfall events. It also included analyzing
the leachate for a number of characteristics. The study is a prelude to a similar study that will collect data on
leachate quantity and quality for one or more of the feedstocks when used to compost an animal carcass. An
impervious collection platform was constructed to collect leachate generated by separate piles of various feedstocks,
where each pile was exposed to 30 minutes of simulated rainfall (approximately 416 L total or the equivalent of a 25
year/24 hour rain event). Five compost feedstocks that may be used for animal carcass composting were tested:
wood chips, a sawdust/shavings mix, leaf and yard waste, horse bedding, and immature sludge-derived compost.
Three replicates of each feedstock (Trials 1-3) were constructed into small piles measuring 3 m® in volume. Each
pile received simulated rainfall twice over a seven-day period (on Day 1 and again on Day 7). Piles were covered by
moisture impervious materials between simulated rainfall events. Individual leachate samples (100 ml) were
collected at regular intervals during the simulated rainfall periods and were analyzed for: micro nutrients; total
phosphorus; nitrate-nitrogen; ammonia-nitrogen; total nitrogen; pH; and conductivity. Total leachate volumes varied
widely between the various feedstocks tested. Wood chips averaged the most generated leachate (145 L), whereas
the sawdust/shavings mix yielded the least leachate (40 L). Municipal sludge compost and horse bedding recorded
the highest levels of nitrate-nitrogen in the collected leachate, whereas horse bedding and municipal leaf and yard
waste leachate recorded the highest levels of total phosphorus. However, a review of nutrient uptake capacities of
vegetation in a grassed filter area, demonstrate that none of the leachate collected during this study would exceed the
ability of a vegetated filter area to utilize both nitrate-nitrogen and phosphorus.

Keywords. Compost, leachate, feedstocks, simulated rainfall, wood chips, sawdust shavings mix, leaf and yard
waste, horse bedding, sludge-derived compost, nitrate-nitrogen, and phosphorus.
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Introduction

Recently, composting has become a popular carcass management tool for livestock and milk
producers. With the disappearance of rendering options, farmers and slaughter houses are faced
with very few economically viable options for managing routine mortalities or the offal generated
(Looper, 2001). Burial and incineration remain as alternative options; however, these practices are
not without their own inherent risks to groundwater and ambient air quality. Composting provides
a simple, cost-effective method of transforming raw organic materials into stable, complex
compounds that are resistant to leaching (Rynk et al., 1992). However, concerns still remain that
composting activities may contribute nutrients to groundwater, especially when composting is
performed over areas of unprotected soils. Rain and snow melt may infiltrate compost piles,
carrying away nutrients in the effluent (Eghball et al., 1997). The shape and moisture conditions
of a compost windrow determine whether it will shed, absorb or temporarily detain precipitation
(Kalaba et al., 2007). Intensity, duration, and frequency of rain events also may affect a windrow’s
ability to absorb and retain precipitation, as up to 68% of precipitation landing on a saturated
windrow will eventually become runoff (Wilson et al., 2004). Glanville et al. (2006) took this
further by testing several carbonaceous cover materials commonly used on Iowa Farms. One of
the author’s major findings suggests that leachate generation is directly related to a feedstock’s
ability to absorb and hold free moisture coupled with its relative permeability to allow evaporative
gases to escape.

Pare’ et al. (1998) reports that compost leachate initially results from the breakdown of the organic
materials in the compost mix, then subsequently from the run-off and infiltration of precipitation
into the compost piles. Eghball et al. (1997) followed leachate losses from several compost piles,
made from cattle feedlot manure, over a three-year period. The authors found that nitrogen losses
during composting were related to the initial total nitrogen (N) content of the compost feedstocks
utilized. The higher the N content, the more each feedstock was prone to nitrogen losses.
Additionally, potassium (K) and sodium (Na) losses were notable during the years with large
numbers of rainfall events. Seymour and Bourdin (2003) found that nitrate-nitrogen (NOs-N) can
‘move out’ of compost exposed to precipitation. Nutrient losses are further multiplied when a
windrow is exposed to frequent precipitation events, resulting in pile saturation and subsequent
leaching (Kalaba et al., 2007). These nutrient losses can also impact the quality of the finished
compost, therefore, nutrient conservation and water management become equally important site
considerations.

Previous studies have documented nutrient losses from a wide range of compost feedstock
mixtures including: animal manures [Martins and Dewes (1992); Ulen (1993); Eghball et al.
(1997); and Seymour and Bourdon (2003)]; animal manures and carcasses [Glanville et al. (2006)];
food waste [Krogmann and Woyczechowski (2000)]; and yard waste [Ballestero and Douglas
(1996)]. To date, however, only a few of these studies have looked at the nutrient contributions
from the compost feedstocks alone. Rynk et al. (1992) reports that raw materials (feedstocks) and
finished compost stored on-site may present greater risks for pollution than the actively
composting windrows/piles, particularly with regard to leaching. To further explore this topic, the
present study focuses on collecting and analyzing leachate from five common compost feedstocks
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used here in Maine, following exposure to two separate simulated rainfall events over a seven-day
period.

Study Design and Methodology

During the fall of 2008, members of the Maine Compost Team conducted a series of trials to
determine if there is a difference in the quality and quantity of leachate that is generated by various
compost feedstocks when exposed to simulated rainfall. The Team chose five feedstocks
commonly used by Maine compost facilities: horse bedding; sawdust/shavings mix; leaf and yard
waste; immature sludge-derived compost; and wood chips. Leachate trials were conducted at the
Highmoor Farm Compost Education Research Facility, a University Experimental Station, located
in Monmouth, Maine.

Initial Feedstock Characterization. Prior to beginning the compost trials, composite samples
(placed in 7.6 L capacity ziplock bags) were collected from each of the compost feedstocks to
initially characterize them. Collected samples were sent to the University of Maine Analytical
Laboratory and analyzed for: total solids; volatile solids; % carbon; % nitrogen; % potassium;
% phosphorus; C:N ratio; and, bulk density (Ibs./yd*). Additionally, water holding capacity
values were calculated for each of the feedstocks, based on saturated weight minus oven dried
weight (expressed as gram of water per gram of feedstock (g H,O/g)). To determine water
holding capacities, grab samples (measuring 7.6 L in capacity) of each feedstock were
submerged in water for 12 hours (until saturated) and then placed in a 15 L capacity plant pot
with free drainage for an additional 12 hours. The samples were then re-sealed ina 7.6 L
capacity Ziplock bag and taken to the University of Maine Soil Testing Lab, where the initial
wet weight (g) was determined for each feedstock. Following wet weight determination, each
feedstock sample was placed into an oven and dried at 110 °C to a constant weight (dry
weight). Once this was completed, the weight of water (g) held by each feedstock was
determined by subtracting the dry weight from the wet weight. Finally, the water holding
capacity for each feedstock was then determined by dividing the weight of water in the
feedstock by the dry weight of the feedstock, yielding a value expressed as gram water per
gram feedstock (g H,O/g).

Using mixed sawdust shavings as an example, the water holding capacity is expressed as:
1003.5 g (wet wt.) - 295.3 g (dry wt.) = 708.2 g (wt. of H,O)
708.2 g+ 295.3g = 2.3982 ¢ H,0/g

Water holding capacity for mixed sawdust shavings = 2.4 g H,O/g

Leachate Collection System. To facilitate leachate collection, five wooden collection platforms
were constructed and placed on the composting surface, which is an asphalt pad with a 2%
slope. Each collection platform consisted of two identical halves measuring 3 m long by 1.25
m wide by 18 mm (approximate thickness). When fully assembled each collection platform
measured 3 m long by 2.4 m wide, with a 3 percent slope extending towards the center and
from the rear edge down towards the front edge. The surface of each collection platform was
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covered with a 0.5 mm thick piece of geomembrane, to serve as an impervious barrier to
prevent potential leachate losses down through the collection system. Finally, the surface was
lined with parallel panels of 25 mm thick corrugated stainless-steel screening (measuring 2.4 m
long by 0.8 m wide) to ensure that leachate could freely flow from underneath the amendment
pile once formed (Figure 1).

Figure 1. Leachate collection platform, prior to pile formation.

At the center of the down slope end of each collection platform, a fabricated leachate collection
tray was installed to capture leachate generated during simulated rain events. The collection tray
consisted of a 500 ml capacity aluminum paint tray which was drilled (along the lower rear center)
to accommodate a 30 mm brass adapter. A section of nylon screening material was stretched over
the top front portion of the collection pan to prevent particulate matter from washing into the
collection pan and subsequently clogging the collection hoses. A three meter long section of clear
silicone tubing (20 mm inner diameter) was attached to the brass adapter to allow visible
recognition of leachate flows. Attached to the terminal end of the silicone tubing was a ‘two-into-
one’ garden hose “Y” adapter, providing one port for sample collection and a second port attached
to a 30 m section of 20 mm inner diameter garden hose, finally ending in a 208 L capacity
collection barrel (Figure 2). Flows were controlled by the use of shutoff valves located in the “Y”
adapter. All fittings in the collection device were tightly fastened and all gaps were filled with a
silicone sealant to eliminate leakage points. All collection trays were cleaned between subsequent
pile construction and simulated rainfall events.
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Figure 2. View of leachate collection tray. Photo on right depicts collection barrels.

Rainfall Simulator and Trial Scenarios. Simulated precipitation was provided by a National
Phosphorus Research Project designed Rainfall Simulator (Sharpley and Kleinman, 2003)
measuring 3 m inside diameter (Figure 3). The simulator was supplied by a 1,136 L capacity
portable water tank. The pumping force was provided by a 2 hp Honda pump, which was
connected to a manifold pressure regulator and flow meter to ensure constant pressure throughout
each 30 minute simulation event (75 mm h "1 of accumulated precipitation).

Figure 3. Photo depicting rainfall simulator used during 2008 Leachate Trials.

Due to the dimension limitations of the rainfall simulator, we were only able to fit approximately 3
m’ of feedstock on each of the collection platforms. Finished feedstock piles were hand-shaped
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into rounded piles measuring 2.4 m in diameter by 1 m high. Approximately 30-40 mm of clear
space (extending from the edge of the pile to the edge of the platform) was left to prevent potential
runoff losses from the collection platform surface.

Each feedstock pile received two simulated rainfall events (test), separated by a seven-day period.
During each test, all five feedstock piles were separately exposed to 30 consecutive minutes of
simulated rainfall (equivalent to a twenty five year/24 hour rainfall event for Monmouth, Maine).
This process was replicated three times for each feedstock (Trial 1, Trial 2, and Trial 3). Feedstock
piles were covered (with a plastic tarp) between test events to protect the piles from natural
precipitation and to prevent wind-driven evaporative moisture losses. Following the completion of
each trial, platforms were cleared of all materials, rinsed clean, and new feedstock piles reformed
in preparation for the next trial.

During each of the simulated precipitation events, all generated leachate (run-off and effluent) was
collected and total volumes (L) calculated at the end of each trial phase. Additionally, a total of
four 100 ml leachate samples were collected from each test pile at regular intervals per simulated
rain event (at the beginning of leachate flow, 10 minutes following the first sample, 20 minutes
following the first sample, and at the end of the flow). Collected leachate samples were preserved
at 4° C and taken to the University of Maine Analytical Laboratory to be analyzed for the
following parameters: Total Nitrogen (N); Nitrate-nitrogen (N0s-N); Ammonia nitrogen (NHs-N);
Phosphorus (P); Potassium (K); Aluminum (Al); Boron (B); Calcium (Ca); Copper (Cu); Iron (Fe);
Sodium (Na); Magnesium (Mg); Manganese (Mn); Sulphur (S); Zinc (Z); pH; and, Conductivity.
Mean values were determined for total leachate volumes (L), flow durations (minutes), and
leachate sample analyses (mg/L) for each of the feedstocks. Additionally, Rain-to-Leachate flow
(R/L), described as the elapsed time (minutes) between start of rain simulator and start of leachate
flow, was recorded and averaged over the study period. Finally, comparisons were made by
feedstock for the first and second week of each trial to explore variability among the feedstocks.

Results and Discussion
Initial Feedstock Characterization

Common attributes of compatible compost feedstocks include: low moisture content (< 45%);
moderate carbon to nitrogen ratios (C:N) between 50 and 150; moderate bulk densities < 1,000
Ibs./yd’; volatile solids content of greater than 50% (dry-weight basis) and a balanced texture
(equal mixture of coarse and fine materials). A well-balanced texture provides an amount of
coarse particles to build and maintain pile structure while also permitting and enhancing air
movement throughout the pile, and an equal amount of fine materials to readily absorb free liquids
generated during the initial mixing process (King et al., 2005). A summary of initial
characterization analyses for the five feedstocks compared in this study appear in Table 1. The
sawdust/shavings mix and horse bedding had the highest recorded values for % total carbon (C), %
volatile solids, carbon to nitrogen ratio (C:N), bulk density, and water-holding capacity, suggesting
that either would be suitable for amending high moisture and/or high nitrogen (N) containing
residuals. Wood chips and leaf and yard waste had the lowest bulk densities and water-holding
capacities values of the feedstocks tested, suggesting that these residuals may not be able to
adequately absorb moisture or prevent potential leaching losses under certain moisture conditions.
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Table 1. Initial Characterization of Leachate Trial Feedstocks.

Total Volatile : Bulk Water
Amendment  Solids  TotalC  TotalN  TotalK  Total Solids Volatile Densit C:N  Holding-
” (%) (%) (%) P (%) " Solids Y Ratio  Capacity
(%) (%) (%) (Ibs./yd3)
. (g H20/g)
Dry Basis
Wood Chips | g¢ 30.7 0.1 0.0 0.0 65.8 99.7 280 5206 | 1.6
Leaf and
Yard Waste
33.3 15.2 0.3 0.1 0.0 28.5 85.6 250 49.9 0.9
Municipal
Sludge 5.7
Compost 39.9 13.3 0.8 0.1 0.3 26.6 " 620 16.5 1.8
Horse 94.6
Bedding 35.1 153 0.2 0.3 0.05 332 400 68.2 3.3
Sawdust
Shavings 57.5 26.2 0.04 0.04 0 57.3 99.6 360 725.4 2.4

Immature sludge-derived compost and leaf and yard waste had the lowest % C (13.3 and 15.2) and
C:N ratios (16.5 and 49.9), and the highest % N (0.8 and 0.3), respectively, among the five
feedstocks tested. The immature sludge compost also had the highest levels of phosphorus of the
five materials while the horse bedding had significantly lower but still measurable levels of
phosphorus. These results suggest that leachate from these feedstocks could contain nutrient
concentrations that might pose a risk to the surrounding environment, under certain environmental
conditions.

A surprise was the relatively low water holding capacity (1.8 g H20/g) measured for the municipal
sludge. This material has been used successfully in numerous carcass compost trials in the State of
Maine [King et al. (2005) and King et al. (2009)] and was not shown to be a significant generator
of leachate. Further investigation of this issue revealed that the compost used in these trials was
stored on a gravel pad. A small amount of gravel was also picked up with the compost resulting in
a physical change in the water-holding properties. In fact, a review of the volatile solids content of
the municipal sludge compost (see Table 1) showed that it had the lowest volatile solids content of
any of the feedstocks (65.7%) on a dry weight basis. The remaining 34.3% was inert and
undoubtedly represented the added gravel.

Leachate Trials

A total of 30 simulated rain events were conducted and recorded between September 23, 2008 and
November 11, 2008. Weather conditions were favorable for most of the study. However, on
October 7, 2008, wind gusts became problematic, necessitating the use of the simulator’s side
curtains to prevent horizontal-drift of the precipitation spray. Once the curtains were secured,
however, no other problems were noted.
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A summary of the mass-balance data for water retained and lost by feedstock piles during
simulated rain events appears in Table 2. As stated earlier, during each simulation, approximately
416 L of water fell as rain on each of the piles over a 30 minute period. For most of the trials, each
feedstock pile retained more simulated rainfall during the first week, and in all cases, the feedstock
piles were able to retain greater than 60% of the rainfall from each event. Overall, leachate flow
duration (min.) and total leachate flow (L), appeared to vary considerably between the first and
second week of each trial and also by individual feedstock type over the course of the study, thus
emphasizing the need to thoroughly understand the physical properties and potential limitations of
the feedstock you are working with.

Table 2. Mass-balance data for simulated rainfall events recorded during 2008 Leachate Trials.

First Second
Feedstock Week Week
1A 2A 3A Ave. | SD 1B 2B 3B Ave. | SD
Wood Chips
Total Rainfall (L) 416 416 416 416.0 - 416 416 416 416.0 -
Total Leachate (L) 34 184 170 129.3 829 125 144 212 160.3 | 459
Percentage Rainfall Retained (%) 91.8 55.8 59.1 68.9 70.0 65.4 49.0 61.5
Leaf and Yard Waste
Total Rainfall (L) 416 416 416 416.0 - 416 416 416 416.0 -
Total Leachate (L) 45 115 97 857 36.3 83 95 76 84.7 9.6
Percentage Rainfall Retained (%) 89.2 72.4 76.7 79.4 80.0 77.2 81.7 79.6
Municipal Sludge Compost
Total Rainfall (L) 416 416 416 416.0 - 416 416 416 416.0 -
Total Leachate (L) 28 23 79 43.3 313 78 100 89 87.3 11.4
Percentage Rainfall Retained (%) 93.3 94.5 81.0 89.6 81.3 76.0 78.6 78.6
Horse Bedding
Total Rainfall (L) 416 416 416 416.0 - 416 416 416 416.0 -
Total Leachate (L) 62 91 64 72.3 15.9 106 121 112 113.0 7.7
Percentage Rainfall Retained (%) 85.1 781 84.6 82.6 74.5 70.9 731 72.8
Sawdust Shavings
Total Rainfall (L) 416 416 416 416.0 - 416 416 416 416.0 -
Total Leachate (L) 11 19 34 213 11.6 40 58 78 58.7 19.0
Percentage Rainfall Retained (%) 97.4 95.4 91.8 94.9 904 86.1 81.3 85.9

Looking at the data in Table 2, a number of trends appear. One important observation is that the
variability (as measured by the Standard Deviations) of the leachate volumes generated was by far
the greatest for the woodchips. The total volume of leachate ranged all the way from 34L to 184L
in the first week rainfall events and from 125 L to 212 L in the second week rainfall events. This
is partly explained by the fact that the woodchips used in the first week of Trial 1 (1A) had more
fine textured particles than those used for the later trials. The percentage of rainfall retained during
the first week rainfall events is an indicator of the relative ability of each material to hold water.
The most absorbent materials based on this measure were 1. the sawdust/shavings mix (94.9%), 2.
the municipal sludge compost (89.6%) and 3. horse bedding (82.6%). The percentage rainfall
retained for all three of these materials dropped approximately 10 points during the second rainfall
event. This was in part a reflection of the ability to hold the water from the previous event and in
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part a result of covering the piles between events which reduced the air movement in the piles that
would have allowed them to self dry between rainfall events. It should be noted that the horse
bedding started with the highest moisture content of these three amendments. It had a moisture
content of roughly 65% compared to only 60% for the municipal sludge compost and 42% for the
sawdust/shavings mix. These differences are consistent with the differences in rainfall retention
and confirm the assumption that drier materials with similar textures will retain more water from a
rainfall event.

The sludge-derived compost used in the trials had the second highest percent of rainfall retained
despite having a relatively low water holding capacity as measured in the feedstock
characterization. Given the low water retention capacity measured in the feedstock
characterization, one would expect the sludge-derived compost to retain about the same percentage
of the rainfall as the wood chips, but the retention was, in fact, much higher (89.6% vs. 68.9%).
This once again points to the issue of having variable amounts of gravel and other inert particles in
either the sample used in the analyses or the feedstock itself which can change its water holding
capacity.

The two materials with the lowest ability to retain the rainfall, the leaf and yard waste (79.4%) and
wood chips (68.9%) did not experience the dramatic drop in percent retained during the second
rainfall events. This was probably due to the coarse texture and resultant lack of hygroscopic sites,
which allowed them to further drain and provided more air movement within the pile. Both of
which would result in more drying between rainfall events, even with a cover.

A significant overall result of the trials is that they have shown that even the more porous materials
will retain over 60% of the precipitation that falls on them even for an extreme rainfall event and
that the finer textured materials will retain a much larger percentage.

Rain-to-Leachate flow (R/L). During the first week of each trial, R/L times were shortest in
duration for wood chips, leaves and horse bedding (Figure 4). Rapid initiation of leachate flows
were expected from both wood chips and leaves, as each amendment began with relatively low
bulk densities (280 Ibs./yd® and 250 lbs./yd’), and had coarse textures and low water-holding
capacities (1.6 g H,0/g and 0.9 g H,0/g). The R/L results for horse bedding, however, were
initially surprising, as this residual appeared to be ideally suited for moisture retention, recording
the highest water holding capacity valued for the study (3.3 g H.0/g).
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Comparison of Rain-to-Leachate Values Recorded During 2008
Leachate Study
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Bedding Compost Shavings

Feedstocks

Figure 4. Comparison of mean Rain-to-Leachate (R/L) flow values (min.) recorded during the 2008
leachate study.

Closer examination of the horse bedding revealed that it had a fairly dry, relatively consistent fine
texture. This combination of dry, fine texture may have served as a hydrophobic barrier,
preventing initial penetration of the simulated precipitation, favoring the diversion of rainfall as
run-off instead. Additionally, R/L values for all of the feedstocks were shorter for the second week
of each trial, suggesting that pile moisture conditions from the previous week’s precipitation events
may have contributed to the earlier initiation of leachate flows (Seymour and Bourdin, 2003).

Leachate Flow Duration. With the exception of leaf and yard waste, leachate flow durations were
considerably longer for each of the feedstocks during the second week of each trial, once again,
supporting the idea that pile antecedent moisture conditions contribute to leachate generation
(Figure 5). During this study, leaf and yard waste proved to be a poor moisture reservoir. This
may be attributed to its heterogeneous, coarse texture, low bulk density (113 kg/m?), and low
water-holding capacity (0.9 g H,O/g). For all trials, wood chips recorded the lowest average
leachate flow duration (50min., SD= 7.9) and sawdust/shavings mix averaged the highest (130.7
min., SD=7.5). It is also important to note that the sawdust/shavings mix and wood chips represent
opposite ends of the particle texture spectrum. Sawdust and/or shavings are often recommended as
a bulking source for wet residuals in composting applications, due to their fine texture and
excellent liquid absorption potential, whereas woodchips tend to have a coarse structure that is
useful for enhancing pile structure and porosity. Because of their coarse texture, wood chips tend
to provide very little surface area for absorption potential or water-holding capacity. Conversely, a
sawdust/shavings mix tends to trap moisture and retain it due to the wicking potential and
increased surface area of the fine textured particles.
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Comparison of Total Leachate Flow Durations During 2008 Leachate Study
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Figure 5. Comparison of mean total leachate flow durations (min.) recorded during the 2008 leachate study.

Total Leachate Volume. With the exception of leaf and yard waste, collected total leachate
volumes (L) were higher for the second week of all trials (Figure 6); indicating the antecedent
moisture conditions may also contribute to greater leachate losses from stockpiled feedstocks.

The leaf and yard waste that was used for this study was especially heterogeneous (comprised of
new and old leaves, branches, sticks, rocks and other contaminants). As noted in the previous
sections, this material had a relatively low moisture retention capability and would not perform as
well at absorbing liquids as some of the finer materials if used as the sole amendment in a compost
recipe. Among the three trials, wood chips averaged the highest total leachate volumes for both
the first (34.2 L, SD=21.9) and second (42.3 L, SD=12.1) weeks, whereas, the sawdust/shavings
mix yielded the lowest total volumes for both the first (5.7 L, SD=3.1) and second (15.4 L, SD=5)
week of the trials.
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Comparison of Total Leachate Volumes Recorded During 2008 Leachate Study
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Figure 6. Comparison of the mean total volumes (L) of leachate collected during the 2008 leachate study.

This difference may be attributed to finer texture of the sawdust/shavings mix allowing it to absorb
and retain moisture more easily. In fact, the sawdust/shavings mix demonstrated the highest
rainfall retention of all the feedstocks tested, averaging 94.9% for the first week and 85.9% for the
second (Table 2). Another interesting note is that during the first wood chip trial, there was a
91.8% retention of rainfall. This was not repeated in subsequent trials, where rainfall retention
averaged closer to 60%. As explained earlier, the first woodchip pile contained noticeably more
fines than the subsequent piles that were formed, possibly contributing to the greater rainfall
retention.

All of the variations noted, eg. inclusion of fines, level of initial moisture content, inclusion of
sand, gravel or soil, emphasize that for any possible compost amendment there are many potential
variables that can impact its ability to perform as expected. Each material needs to be evaluated on
a case by case basis to determine if it will provide the characteristics, such as water retention
capacity, that are desired.

Leachate Quality

Nitrate-nitrogen vs. Phosphorus. In many agricultural compost applications, compost piles are
formed directly on top of soil surfaces. During the initial “active” compost period (first two to
three weeks), some nitrogen may be lost as leachate under certain environmental conditions. For
example, in an extreme case where liquid manure was blended with straw, between 9.6 and 19.6%
of the initial total nitrogen was lost as leachate, with most of the leaching (>70%) occurring within
the first 10 days of the composting period (Martins and Dewes, 1992). It should be noted,
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however, that the current study shows that even under extreme rainfall conditions, nitrogen losses
amounted to only 0.2% to 3.1% of total nitrogen over the course of the study. One of the most
soluble forms of nitrogen, nitrate-nitrogen (NO;-N), has been widely used as an indicator of
groundwater impacts from composting activities. Likewise, phosphorus (P) in run-off from
agricultural applications (including composting) has been shown to contribute to eutrophication of
surface water bodies (Sharpley et al., 2003). Mean NOs-N and P concentration values for leachate
samples collected during the first and second weeks of each trial replicate appear in Table 3.

Table 3. Summary of mean nutrient concentrations of Nitrate-Nitrogen (NOs-N) and Total Phosphorus (P) in
leachate collected from each feedstock type, during the first and second week of the 2008 Leachate Trials.
'-Sample times noted include: "0"-Start of leachate flow, 10 min. following leachate initiation, 20 min. following
leachate initiation, and "End"-when leachate flow terminated.

First Week Second Week
Average of Trials 1A, 2A, and 3A Average of Trials 1B, 2B, and 3B
Feedstock | 1'Me NO:N | o | o ?r:qag:/ sD NO=N | o | o ?rtnag:l sD
(min.) (mg/L) L) (mg/L) L)
Wood Chips 0 074 103 158 163 009 011 127 0.54
10 0.2 017 183 023 005 005 182 0.31
20 014 011 179 012 0.05 0.6 1.9 0.4
End* 0.11 0.1 376 09 0.04 003 424 0.77
Leaf and
Yard Waste 0 214 926 125 049 092 028 261 0.59
10 382 046 256 063 189 092  2.16 0.33
20 4.2 076 275 049 231 1.08 2.5 0.19
End 148 456 499 077 6.54 563  4.45 0.56
Municipal
Sludge 0 2162 1163 051  0.14 7554 3011 0.96 0.34
Compost
10 86.85 4037 132 045 9531 128 142 0.34
20 136.76 2078 187 027 118.08 1522  1.73 0.22
End 29212 7052 268 012 306.77 5179  2.45 0.08
ng;?:g 0 116 514 2059  5.05 1254 85  23.34 10.91
10 36.04 358 7079 22.07 2078 271  43.88 12.11
20 3743 10 7075 29.04 1969 529  42.34 18.38
End 56.78 1449 103.48 20.33 4584 221 92.01 24.45
:ﬁ;‘(ﬁ:;; 0 002 001 049 0.8 014 023 039 0.13
10 001 001 088 054 0.01 0 0.44 0.38
20 001 001 138 1 001 001 058 0.45
End 0.01 0 174 103 0.02 001 1.34 0.56

Overall, it is apparent that initial feedstock nutrient content appears to directly influence the
nutrient content in subsequent effluent releases (leachate). For example, the sludge-derived
compost used in this study contained 0.8% nitrogen on an ““as is” basis, whereas horse bedding
contained only 0.2% nitrogen on an “as is” basis. Leachate samples collected from the municipal
sludge-derived compost showed mean concentrations of 292.12 mg/L (SD=70.52), the first week
and 306.77 mg/L (SD=51.79), the second week. Conversely, leachate from horse bedding
contained mean NO;-N concentrations of 56.78 (SD=14.49) for the first week and 45.84
(SD=22.10) for the second week. Leachate derived from horse bedding also contained the highest
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mean concentrations for phosphorus (103.48 mg/L, SD=20.33, for the first week and 92.01 mg/L,
SD=24.45, for the second week). The next closest mean phosphorus concentrations were recorded
in the leaf and yard waste leachate at 4.99 mg/L, (SD=0.77) for the first week and 2.45 mg/L
(SD=0.56) for the second. Leachate derived from the sawdust/shavings mix contained the lowest
mean concentrations of both nitrate-nitrogen and total phosphorus for both the first and second
week of the study trials. Mean NOs;-N and P concentrations for all leachate samples were
noticeably less during the second week of the study.

One surprising finding was that despite having the highest concentration of phosphorus in the
initial feedstock (0.3% on an ‘as is’ basis), the sludge-derived compost had one of the lowest mean
concentrations of phosphorus in the leachate. Mean concentrations for the first week rain events
was only 2.68 mg/L and for the second week of rain events it was even lower at 1.64 mg/L. Only
the sawdust/shavings mix had lower concentrations at 1.12 mg/L for first week rain events and
1.34 for second week rain events. Further investigation suggests that chemicals precipitants, such
as ferrous sulfate (FeSOy), calcium oxide (Ca0), and aluminum sulfate (Al,(SO4)s), used in the
waste water treatment process create insoluble compounds with the phosphorus, thus greatly
reducing its leachability (Huang et al., 2008). Additionally, for all trials, mean leachate
concentrations of both nitrate-nitrogen and phosphorus increased steadily over time as saturated
piles began releasing concentrated nutrients in effluent. This was especially true for nitrate-
nitrogen levels in sludge-derived compost leachate (Figure 7).

Nitrate-nitrogen in Sludge-derived Compost Leachate

350.0 ~
300.0 -
250.0

200.0 - —— Week 1
150.0 —a— Week 2

100.0
50.0 ~
0.0

concentration [mg/L]

0 10 20 86 104

time [minutes]

Figure 7. Comparison of mean concentrations of nitrate-nitrogen in sludge-derived compost leachate
(over time); comparing first and second week over course of 2008 leachate trials. In all cases, leachate
flow durations were longer during the second week of each trial.

Construction of vegetated buffers is a common management technique used at agricultural
compost sites to manage runoff from compost piles. Tables 4 and 5 contain the estimates of total
nitrate-nitrogen and phosphorus contained in the leachate collected during the rainfall simulations.
These tables also show the amounts of these nutrients that would be removed by a grass filter area.
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Table 4. Summary of Total Nitrate-nitrogen generated in leachate from each feedstock compared to
nitrogen removal by a grass filter strip 100° by 100’ (30 meters by 30 meters). Note: nutrient removal
rates are upper limits under ideal conditions, excerpted from, Maine Nutrient Management Certification
Training Manual. 2007. Maine Department of Agriculture, Food and Rural Resources.

Nut;lent Nutrient Nutrient | Percent of N
Mean Total Total Removal N N removal for
NO3-N Leachate Removal | Removal 1/4 acre
Feedstock NO3-N 1 acre .
Conc. volume mg mixed 1 acre 1/4 acre supplied by
(mg/L) (Liters) . mixed mixed NO3-N in
grlz;)sss*m grass mg | grass mg leachate
Wood
Chips 0.1775 869 | 154.2475 160.00 | 72727273 | 18181818 | 0.000848361
Leaf and
Yard
Waste 4.5775 511 | 2339.103 160.00 | 72727273 | 18181818 | 0.012865064
Municipal
Sludge
Compost 141.6313 397 | 56227.61 160.00 | 72727273 | 18181818 | 0.309251834
Horse
Bedding 33.31875 556 | 18525.23 160.00 | 72727273 | 18181818 | 0.101888738
Sawdust
Shavings 0.02875 240 6.9 160.00 | 72727273 | 18181818 0.00003795

The leachate generated during our simulated rain events contained low levels of nutrients that
would be readily taken up by a vegetated filter area adjacent to the compost pad. Phosphorus
demonstrates a similar relationship (Table 5).

Table 5. Summary of Total Phosphorus generated in leachate from each feedstock compared to phosphorus removal
by a grass filter strip 100’ by 100’ (30 meters by 30 meters). Note: nutrient removal rates are upper limits under
ideal conditions, excerpted from, Maine Nutrient Management Certification Training Manual. 2007.
Maine Department of Agriculture, Food and Rural Resources.

Nutrient Percent
P Nutrient | Nutrient of P
Mean P Total Remova P P removal
Leachat Total P Removal | Removal for 1/4
Feedstock Conc. 11 acre
(mg/L) e volume mg mixed 1 acre 1/4 acre acre
& (Liters) rass in mixed mixed supplied
g grass mg | grass mg by P in
Ibs*
leachate
Wood Chips 2.275 869 | 1976.975 27.27 | 12396694 | 3099173.6 0.06379
Leaf and Yard
Waste 291 511 1487.01 27.27 | 12396694 [ 3099173.6 | 0.047981
Municipal Sludge
Compost 2.16 397 857.52 27.27 | 12396694 [ 3099173.6 [ 0.027669
Horse Bedding 58.395 556 | 32467.62 27.27 | 12396694 [ 3099173.6 [ 1.047622
Sawdust Shavings 1.23 240 295.2 27.27 | 12396694 | 3099173.6 | 0.009525
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The largest quantity of total phosphorus contained in the leachate was from the horse bedding
(approximately 31,000 milligrams of total phosphorus). A filter area with dimensions of
approximately 100’ by 100’ (30 meters by 30 meters) would be able to remove approximately 3.1
million milligrams of phosphorus. The phosphorus from the horse bedding leachate generated in
this study would contain approximately one percent of the amount of phosphorus that the
vegetation in the filter area is able to remove. This does not even consider the other immobilization
mechanisms for phosphorus in the soil.

Conclusions

This study has shown that small piles of compost feedstocks will generate relatively small volumes
of leachate when exposed to heavy rainfall events. Moisture retention by even the most porous of
the five feedstocks was greater than 60% and much higher for the finer textured materials. Each of
the five feedstocks had its own pattern of time to first leachate flow, volume of leachate generated
and time until the flow ended. These patterns should be considered when choosing a material as
the compost medium for animal carcasses. Nitrate and phosphorus content of the leachate from the
five materials varied considerably but was low when compared to nutrient removal rates for a grass
filter strip. The leachate from the municipal sludge compost had the highest concentration of
nitrate, while the leachate from the horse bedding had the highest concentration of phosphorus.
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Abstract. A transportable gasifier was fabricated and tested with the goal of on-site processing of
large quantities of animal carcasses and plant materials resulting from agricultural emergency
events. The dual-chamber, semi-batch-mode, fixed bed gasifier converts the biomass material into
an inert ash and a combustible synthesis gas in primary combustion chambers (PCCs). This mixture
is then burned in secondary combustion chambers (SCCs). Heat generated in the SCCs served to
maintain temperatures of the PCCs. Fuel oil was used as auxiliary fuel to maintain temperatures in
the SCCs. Temperatures within the unit ranged from 1200 to 1800 °F (649 to 982 °C). The unit was
tested at a rendering facility during the period from March 3-6, 2008. Samples were taken and
analyzed for several targets including combustion gases, particulate matter, metals, acid gases,
dioxins/furans, leachable metals in the ash residues, and amino acids in the ash residues.

Emissions of the measured pollutants were at relatively low levels, and the ash passed the toxicity
characteristic leaching process (TCLP) test. In addition, emissions of carbon monoxide and total
hydrocarbons correlated very well with the average temperatures of the two PCCs. These
observations suggest that for emergency response deployment, the PCC temperatures may
potentially be used as a surrogate monitoring parameter to assure minimization of emissions.
Additional testing is anticipated in mid 2009.

Keywords. Carcass disposal, gasification, foreign animal disease, FAD, technology
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Introduction

The U.S. Department of Defense (DoD) operates the Technical Support Working Group
(TSWG) under a multi-agency program that provides information and technology development
to support the needs of various U.S. government agencies to address counterterrorism and
emergency response issues. TSWG, in collaboration with the U.S. Environmental Protection
Agency's National Homeland Security Research Center (EPA/NHSRC) and the U.S.
Department of Agriculture's Animal and Plant Health Inspection Service (USDA/APHIS), has
funded the construction of a transportable gasifier with the goal of processing large quantities of
animal carcasses and plant materials resulting from agricultural emergency events. This unit
may be useful for other homeland security-related events as an on-site treatment/disposal
process. This gasifier converts the biomass material into an inert ash and a combustible
synthesis gas that is burned in a secondary combustion chamber. Temperatures within the unit
nominally range from 1200 to 1800 °F (649 to 982 °C).

This paper describes an emissions test to characterize gasifier operation for the following
reasons:

e To provide a basis for comparison with other combustion devices;

e To address public concerns about environmental impacts from carcass disposal operations;

e To give state and local environmental agencies information to support their responsibilities
in siting and operation of combustion equipment; and

e To allow the permanent siting of such devices at industrial settings in the agricultural
industry (e.g., at rendering plants) for use with routine mortalities and for energy production.

Testing occurred during the period from March 3-6, 2008, at the Valley Protein rendering facility
located in Rose Hill, NC. During these tests (Lemieux, 2008), the gasifier was operated by the
manufacturer on two different biomass feedstocks: a mixture of poultry and swine carcasses
and bales of wheat straw (BGP Inc., 2008).

The initial plan was to test poultry and swine carcasses separately. However, feed for the
gasifier was acquired by diverting some of the trucks delivering dead stock to the test site, and
feed stock material dropped onto the concrete receiving pad could remain there no longer than
24 hours. It was therefore not feasible to have a single species of animal for the feedstock. In
addition, due to the highly compressed shakedown schedule, the unit was not operating at full
design capacity throughout the tests.

The complete effort involved:

e Delivery and setup of the prototype gasifier at the test site for evaluation;

¢ Delivery and installation of advanced shredding/grinding equipment (macerator) at the site;
e Acquisition of feed materials for performance testing;

¢ Startup and shakedown of the system using a variety of feeds and operating conditions;

e Establishment of operating parameters required for near-steady-state operation; and

e Source sampling during gasifier operation according to an EPA-approved Quality Assurance
Project Plan. This paper describes the source sampling effort.
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Samples were taken and analyzed for several targets including:

¢ Combustion gases, including oxygen (O), carbon dioxide (CO,), carbon monoxide (CO),
total hydrocarbons (THC), sulfur dioxide (SO.), and oxides of nitrogen (NOy);

o Particulate matter (PM), including total filterable particulate, condensable particulates,
particulate matter with an aerodynamic diameter smaller than 10 microns (PMjo), and
particle size distributions;

e Metals;

e Acid gases;

e Polychlorinated dibenzo-p-dioxins and polychlorinated dibenzofurans (PCDDs/Fs);
e Leachable metals in the ash residues; and

e Amino acids in the ash residues.

The overall program objective was to deliver a prototype gasifier capable of being transported
over all primary and secondary roads, for this prototype gasifier to be capable of being
operational in less than 24 hours after arrival at the site, and for this prototype gasifier to have
the capability to process 25 tons per day of contaminated animal carcasses or plants.

The objective of these tests was 1) to demonstrate system throughput; and 2) to determine the
emission rates and concentrations of the target constituents by sampling the stack gases
resulting from the combustion of the synthesis gas produced in the prototype gasifier.

The resulting data will be utilized by the collaborating entities to determine the operational and
environmental impacts of utilizing this gasifier to process different types of agricultural residues.
Although there were additional variables of interest (e.g., impact of weather conditions, other
feeds), available time and resources precluded including these additional variables as test
parameters.

The complete data set from the source emissions testing can be found in a published EPA
report (Lemieux, 2008). This paper reports only on the emissions test from the animal carcass
tests.

Experimental

Gasifier Description

The BGP-D1000 gasifier is designed to process 25 tons per day of feed material, using a series
of chambers, each with different fuel/air stoichiometry. Two independent primary combustion
chambers (PCCs), operating sub-stoichiometrically, feed into two independent secondary
combustion chambers (SCCs), thus achieving a quasi-steady-state operating mode. Heat from
the SCCs provides the hearth with heat. The thermal inertia of the hearth prevents significant
PCC temperature loss when high water content materials are charged onto the hearth. The unit
operates on natural draft without requiring an induced draft fan. Up to eight units can be used
together with one macerator to achieve larger capacities, up to approximately 200 tons per day,
comparable to other large capacity fixed-site technologies. Figure 1 shows a concept schematic
diagram of the gasifier. Additional information can be found elsewhere (BGP Inc., 2008). A
macerator is used to grind the animal carcasses into a size capable of being pumped to the feed
distribution system and deposited onto the hearths.
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Figure 1. Gasifier Concept Schematic (Courtesy BGP, Inc.)

The macerator was loaded using a Bobcat™ type front end loader with a nominal bucket
capacity between 500 and 600 Ib (based on operator experience). Materials were scooped off
the ground and loaded into the macerator as shown in Figure 2. Initially the goal was to
measure feed rates based on the site entry weigh scales as trucks entered the site; however,
this became non-feasible due to gasifier throughput problems requiring that the feed materials
dropped near the gasifier for eventual feeding be picked back up and sent to the rendering plant
after 24 hours. Therefore feed rate estimates were based on operator experience
approximating the mass per scoop load.

a5 |

Figure 2. Feeding Animal Carcasses into Macerator

Stack

The gasifier unit is equipped with a 34-inch diameter and approximately 12 foot high telescoping
stack projecting above the gasifier, with a 34-inch diameter dilution air inlet at the base of the
stack, which allows control of the natural draft that draws the air through the PCCs and draws
the combustion gases through the SCCs. Sampling ports (and consequently stack
measurements) would normally be located at least 8 stack diameters downstream of the dilution
air inlet. However, the stack’s height is only 12 feet, which will not allow such sampling port
placement. In this case, measurements were made at least 2 stack diameters downstream of
the damper. Since any particulate matter measurements at the stack must be corrected for
background PM in the dilution air, it was necessary to characterize the flow rate and PM loading
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in the dilution air. A duct extension was therefore mounted on the dilution air inlet so that the
dilution air flow rate could be measured at an appropriate distance from the air entrance of the
duct extension without entrance disturbance. The PM concentration in the dilution air was
guantified by a traditional ambient PM,q particulate sampler positioned near the dilution air duct
inlet.

Auxiliary Fuel System

Four burners (two were redundant) capable of each firing 8 gal/hr of No. 2 fuel oil were mounted
in the duct between the PCC and SCC (i.e., two burners on each side). These burners provided
initial heat to make the hearth hot enough to initiate gasification in the PCCs. The burners also
provided process control to maintain predetermined temperatures in the SCCs. Each burner
was fed from a fuel tank mounted on the trailer. The burner fuel tanks were refilled from a 500
gal. fuel tank positioned at the rear end of the trailer. It was advantageous for each burner to
have a redundant duplicate, since two of the burners failed during shakedown due to
overheating after a generator failure. This failure led to an important lesson learned about the
need to be able to swap out and/or repair the burners while the unit was operating. The fuel in
the tanks was analyzed by Standard Laboratories, Inc. (Cresson, PA), and was found to be low
in sulfur (0.02%) and nitrogen (0.01%) with < 0.001 % ash content.

Ash Removal System

The gasifier unit was designed with a reservoir at the back end of the primary chamber to collect
ash from the hearths. An ash removal auger was supposed to periodically remove the ash to be
collected in metal bins outside the gasifier. However, the ash removal auger was damaged
during startup and did not work throughout the tests. There was no way to quantify the amount
of ash produced in the process.

Sampling

The primary sampling location was the stack of the gasifier. Figure 3 shows the configuration of
these sampling ports. With the height of the trailer included, gasifier samples were taken at
approximately 26-28 feet above the ground.
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Figure 3. Stack Side View

An ambient total particulate sampler located near the dilution air inlet quantified the contribution
of the dilution air to the stack particulate loading.

The target stack gas constituents and parameters of interest in this program are:

PMy, particulate matter (U.S. EPA, 1996a);

Total particulate matter (U.S. EPA, 1986);
Condensable particulate matter (U.S. EPA, 2009);
RCRA/CAA metals (Sb, As, Ba, Be, Cd, Cr, Co, Pb, Mn, Hg, Ni, Se, Ag) (U.S. EPA, 1996b);
HCI/CI, (U.S. EPA, 1996c¢);

Dioxins/furans (U.S. EPA, 1995a);

CO, (U.S. EPA, 1989);

0, (U.S. EPA, 1989);

CO (U.S. EPA, 1996d);

NOy (U.S. EPA, 1990);

SO, (U.S. EPA, 1996e); and

Total Hydrocarbons (THC) (U.S. EPA, 1996f)

In addition to the stack gas constituents, a number of opportunistic samples were taken from
various points within the gasifier to aid in the further characterization of the system and to help
optimize the operation. These samples included:

o Periodic grab samples of the gasification product gas in the PCCs (i.e., synthesis gas)
through sampling ports near the exit of primary chamber B;
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e CO prior to dilution air inlet monitored through the sampling line which connects the exit
of the secondary chamber to the continuous emission monitor (CEM);

o Temperatures and flow rates at all sampling locations and within the system where
practical; and

e Ash after it was augered. However, the auger failed during startup. Therefore, ash was
pulled out the front (through the open doors with a rake) when the manual 'push back'
was occurring

Results

Figure 4 shows average carcass feed rate for test days 1 through 3. The unit was operating at
approximately 30-40% of its design capacity during the tests. The average carcass feed rate
over all runs was 0.32 tons/hr, which was about 1/3 of target. Because of the lower feed rate,
fuel usage ranged between 11 and 16 gal/hr, which was close to the nominal firing rate of the
burners. It is likely that lower fuel usage would have been achieved had the throughput been
closer to the design capacity.

1.20

Target Feed Rate = 1.04 ton/hr

o
®
S

Average Carcass Feed Rate (ton/hr)
o o
IS o
) ]

0.20 -

Day 1 Day 2 Day 3
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Figure 4. Average Carcass Feed Rate

Correlation of Operating Parameters

For a unit primarily designed for operation in the field, with minimal on-board diagnostics, easily
measured parameters should give an indication of operational effectiveness so that emissions
can be minimized in the field without the need for sophisticated instrumentation, expensive gas
monitoring equipment, and additional operating technicians. In order to assess the potential for
indirect measurements of emissions quality, the CO and THC readings (an indication of
combustion effectiveness and emissions of organic air toxics) during the carcass tests were
correlated with available process measurements from the gasifier using a 2™ degree
polynomial. For this correlation, the CO and THC were first corrected to 12% CO, to account for
potential dilution effects. In the U.S., emissions measurements are normally correlated to 7%
0O,. However, due to the high O, values in the stack, the correction factor based on an O,
concentration would have had a large amount of associated error. For this reason, the
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emissions were corrected to 12% CO,, the method used in Canada. Equation (1) was used for
correction:

12

C =C_,|—— 1
corrected raw(cozvstaCkJ ( )

where Ceorected IS the corrected pollutant concentration, C,,, is the measured pollutant
concentration, and CO,,stack is the stack concentration, in volume percent, of CO,.

Both CO and THC correlate favorably (R?=0.638 for CO and R? = 0.741 for THC) with the
average of the temperatures of the two PCCs. Figures 5 and 6 show the correlations between
PCC temperatures and the CO and THC stack measurements. These correlations suggest that,
at the feed rates observed during these tests, as long as the PCC chamber temperatures are
maintained above 900 °F (482 °C), CO and THC will be maintained below 100 ppm corrected to
12% CO..

R2=0.638

100 —

CO (ppmv Corrected to 12% CO2)

50 —

I I
800 1000 1200 1400 1600
Average PCC Temperature (°F)

Figure 5. PCC Temperature vs. CO
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Figure 6. PCC Temperature vs. THC

Average Gas Concentrations

Table 1 lists the raw (uncorrected) values of the CEMs over the test days while animal
carcasses were being fed.

Table 1. CEM Average Measurements, Dry Basis

Test Time Stack | Stack | Stack | Stack | Stack | Stack SCC SCC
Day O, (%) CO; CcoO NOy SO, THC | O, (%) CO,
(%) | (ppm) | (ppm) | (ppm) | (ppm) (%)
1 10:21- 17.4 2.6 0 34 12 0 13.2 6.4
13:55
1 14:52- 16.7 3.1 19 39 42 6 11.9 7.3
17:52
2 8:12- 17.0 3.0 0 34 30 0 10.8 7.9
11:12
2 12:09- 16.2 3.7 0 41 70 4 9.8 8.6
15:09
3 8:59- 16.4 4.0 0 41 75 0 6.5 10.8
11:59
3 12:57- 16.5 3.9 N/A* 42 62 0 7.3 10.6
15:57
* - NA - Not Available - CO monitor operating at SCC exit
The pollutant concentrations were converted into mass emission rates using the following
equation:
Mass Emissions=% 2
10°RT
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where C; is the concentration of pollutant i in ppm, M; is the molecular mass of pollutant i, Qs is
the stack flow rate in standard cubic feet per hour, R is the ideal gas constant, and T is the
temperature (for standard conditions, 68 °F (20 °C)).

Particulate Matter

The ambient PM data reflect the amount of PMy, that was being pulled into the dilution air of the
stack, so that stack PM emissions measurements would not be overly biased from ambient PM
that got pulled into the stack flow. The results from March 3 and March 4 are similar, with the
Test Day 3 (March 5, 2008) results significantly lower, possibly due to a heavy rain the night
before. Overall, the ambient particulate loading represented no more than 1 mg/m? on any
given day.

Based on the ambient PM;q measurements, approximately 5% of the stack PMyq resulted from
material being pulled into the dilution air from the ambient surroundings. These results show
an average of 26 mg/Nm?® with a standard deviation of 9 mg/Nm?®. The average emission rate
was 0.297 Ib/hr over the three test days of burning animal carcasses, with a standard deviation
of 0.077 Ib/hr.

Total particulate averaged 21.9 mg/Nm? (not corrected for dilution). No particulate matter with
an aerodynamic diameter greater than 10 um was observed. Approximately 1/3 of the total
particulate was condensable, and of that fraction, approximately 15% was organic, so
approximately 30% of the particulate was composed of condensable sulfates and nitrates. Note
that the contribution of ambient particulate (approximately 1 mg/Nm?) was not subtracted from
the total filterable particulate, although ambient particulate would be expected to contribute
roughly 1.34 mg/Nm? or approximately 5% of the total filterable particulate.

Due to personnel limitations, a full EPA Method 9 for visible emissions (opacity) was not
performed during the three test days when animal carcasses were being fed. However, from
intermittent observations, on Days 1 through 3, no measurable opacity was observed during any
of the time periods where visible emissions observations were taken.

Acid Gases: Hydrogen Chloride and Chlorine

Hydrogen Chloride (HCI) averaged 30.8 mg/Nm?® (uncorrected for dilution) with a standard
deviation of 19.2 mg/Nm?, and Chlorine (Cl,) averaged 0.173 mg/Nm? with a standard deviation
of 0.486 mg/Nm®. The average emission rate of HCl was 0.27 Ib/hr with a standard deviation of
0.17 Ib/hr and the average emission rate of Cl, was 0.0015 Ib/hr with a standard deviation of
0.0014 Ib/hr. These particular pollutants showed a relatively high degree of variability, with the
higher emissions occurring at the higher animal carcass feed rates. This variability may result
from differences in the feed that the gasified animals were fed.

Metals

Metals concentrations were low, being comparable to or lower than the New Source
Performance Standards (NSPS) for metals for small municipal waste combustors (Federal
Register, 2000). Antimony, beryllium, cobalt, and mercury were not detected. The source of
cadmium is not known — animal carcasses are not expected to have much Cd, and the fuel oll
had none. Cd may be a component in the materials of construction of the gasifier or the
macerator.

10
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PCDDs/Fs

The measured dioxins and furans were very low, with concentrations in the picogram per normal
cubic meter range (pg/Nm?). As a reference, the NSPS for dioxins from small municipal waste
combustors (Federal Register, 2000) is 13 ng/Nm? total PCDD/F, which is approximately an
order of magnitude higher than the observed gasifier emissions, when corrected to 12% CO..
PCDDs/Fs are reported in concentration units and in units corrected for toxic equivalency (TEQ)
using the World Health Organization Toxic Equivalency Factors (TEFs) (Van den Berg et al.,
2006).

Synthesis Gas Composition

The analyses of the synthesis gas were inconclusive because the analytical results did not
indicate a gas that resembled a typical gasifier synthesis gas. The composition of the gas
indicated that nearly complete combustion had occurred by the time the gases were sampled.
Nearly complete combustion could have occurred due to infiltration of ambient air into the PCCs
via leaks between the SCC and PCC, or perhaps an overabundance of ambient air was allowed
to enter the primary chambers through the ports in the doors, or a recirculation zone from the
burner region could have resulted in air being mixed into the back end of the PCC through
turbulent mixing. At any rate, the high oxygen concentration in some of the samples indicated
that significant quantities of ambient air were being pulled into the chambers. It was not
possible to determine which situation had occurred, although it is possible that the truncated
shakedown schedule resulted in sub-optimal stoichiometric ratios in the primary chambers.

Ash Analysis

The ash samples that were subjected to TCLP analysis mostly showed non-detects for all target
metals. The amino acid analytical results for the ash showed all amino acids below reportable
detection limits.

Estimated Emissions of Pollutants per Mass of Carcass Fed

Taking the average emissions of each pollutant in pounds per hour and dividing by the average
carcass feed rate (0.32 tons/hr) yields the estimated emissions in emission factor units, as used
in the EPA’s AP-42 Emission Factor Database (U.S. EPA, 1995b). These results are shown in

Table 2.

Table 2. Estimated Emissions

Average Ib/hr Average Ib/ton of carcass
Total Filterable Particulate 0.297 0.93
PMio 0.297 0.93
Organic Condensable Particulate 0.022 0.07
Inorganic Condensable Particulate 0.120 0.37
Total Particulate 0.439 1.37
Hydrogen Chloride 0.27 0.84
Chlorine as Cl, 0.173 0.54
Antimony ND ND
Arsenic 1.04E-05 3.25E-05
Barium 5.16E-05 1.61E-04
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Beryllium ND ND

Cadmium 1.08E-04 3.38E-04

Chromium 6.11E-05 1.91E-04

Cobalt ND ND

Lead 5.50E-05 1.72E-04

Manganese 4.69E-05 1.47E-04

Mercury ND ND

Nickel 1.00E-04 3.13E-04

Selenium 4.11E-05 1.28E-04

Silver 7.23E-06 2.26E-05

PCDD/F Total 1.24E-09 3.88E-09

PCDD/F TEQ 1.75E-11 5.47E-11

ND = Not detected.

Conclusion

A prototype transportable gasifier, developed by BGP for the Department of Defense Technical
Support Working Group, was tested in the field in March 2008. The gasifier is intended to
thermally process contaminated animal carcasses and plant matter.

Samples were taken and analyzed for several targets including:

Fixed combustion gases, including oxygen, carbon dioxide, carbon monoxide, total
hydrocarbons, sulfur dioxide, and oxides of nitrogen;

Particulate matter, including total filterable particulate, condensable particulates, PM,q, and
particle size distributions;

Metals;

Acid gases;

Polychlorinated dibenzo-p-dioxins and polychlorinated dibenzofurans;
Leachable metals in the ash residues; and

Amino acids in the ash residues.

The unit was deployed in the field in a rapid manner, and was operational to perform the
necessary emissions testing described in the Quality Assurance Project Plan in spite of having
less than a week for initial startup and shakedown. This truncated shakedown schedule
resulted in several operational issues that should be addressed through minor design
madifications, discussed in the Engineer’'s Report (BGP Inc., 2008).

The operational issues of concern that impacted the emissions testing included:

Failure of the ash removal auger contributed to a feed rate limitation;

Inefficient distribution of animal matter on the hearths in the primary chamber limited the
unit's maximum throughput to approximately 32% of the design capacity;

Air infiltrated into the primary chambers through some unknown mechanism, and the
analyzed synthesis gas did not bear a resemblance to synthesis gas from other gasification
processes, possibly due to air migrating from the secondary chambers through gaps in the
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hearth to the primary chamber in the vicinity of the sampling port, turbulent mixing from the
burner zones, or an overabundance of air being pulled in through the ports in the doors.

e Emissions of the measured pollutants were at low levels, and the ash passed TCLP. There
were slightly elevated emissions of cadmium, the source of which is unknown. There may
be Cd present in the materials of construction of the gasifier or macerator, since animal
carcasses are not known to contain large amounts of Cd and the fuel oil did not contain any
Cd.

e There are no emissions standards with which to compare this type of gasifier unit, although
emissions of most pollutants were well below the NSPS for small municipal waste
combustors. The particle size distribution suggested that the vast majority of the emitted
particulate matter was smaller than 0.5 microns.

e A very important observation was that the emissions of carbon monoxide and total
hydrocarbons correlated very well with the average of the temperatures of the two primary
chambers. This observation suggests that for emergency response deployment, the primary
chamber temperatures could be used as a surrogate monitoring parameter to assure
minimization of emissions. Additional testing should investigate this potential advantage.

¢ Amino acid analysis of the ash yielded non-detects for all target analytes. The presence of
amino acids indicates that undestroyed proteins may have passed through the system.
Since there were no amino acids measured, it is suggested that the gasifier unit would be
capable of destroying prions that could potentially cause Transmissible Spongiform
Encephalopathy (TSE).

Because the unit is simple and produces low emissions, it is important to gain a better
understanding of the reactions taking place in the primary chambers. It is also unknown
whether the low emissions will persist as the unit is brought up to its full operating capacity,
although by normalizing the results versus the feed rate into emission factor units, the estimated
emissions should be conservative. In addition, operation at full capacity may result in significant
reduction in auxiliary fuel usage. Further testing at full capacity is planned for mid 2009.
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Abstract. The safe disposal of large numbers of animal carcasses is critical to protect the
environment and human health. It is also an important factor in disease control. Mass burial of
carcasses is one option for a safe, cost effective and environmentally acceptable method of disposal.
Pre-selecting and pre-approving mass burial sites is an ideal emergency management practice which
has proven beneficial to allow for a more cost effective and rapid response to a livestock related
crisis. Using modern science and technology, locations can be pre-selected where burials may take
place with minimal adverse impacts. The areas that have suitable topographical, geological and
hydrological characteristics should be identified and investigated thoroughly. Burial risk maps are
developed using GIS and combining information from geological maps, soil type mapping,
topographical maps, aquifer vulnerability maps and land use buffers to create a natural suitability
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index of high, medium, low or no probability of suitable mass burial locations. Potential sites are
subjected to a geotechnical investigation to confirm suitability. Potential sites are subjected to a
geotechnical investigation to confirm suitability. The entire process is transparent that all respected
groups are included in the process. In western Canada, four provinces have developed sites, and
other provinces have developed plans for mass carcass disposal. In addition, the Canadian Food
Inspection Agency has developed Foreign Animal Disease Response Plans with the provinces to
assist with reportable or foreign animal disease response, and especially disposal of animal
carcasses, and by-products.

Keywords. Carcass disposal, burial, emergency preparation, Canadian Food Inspection Agency,
Agriculture and Agri-Food Canada, foreign animal disease, burial site selection, site evaluation,
burial pit, foreign animal disease response plans.
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Introduction

The Canadian Food Inspection Agency (CFIA) is responsible for the administration and
enforcement of the federal Health of Animals Act. Consequently, CFIA is the lead authority for
the monitoring, control and eradication of foreign animal diseases (FAD) in Canada. CFIA has
developed strategies to deal appropriately with foreign animal diseases that could be introduced
into Canada. These strategies include the science available for foreign animal disease,
organized procedures, structures and resource management that lead to early detection of
disease or infection, prediction of the likely spread, containment, targeted control and
elimination with subsequent re-establishment of verifiable freedom from infection in accordance
with the Animal Health Code administered by the Office International des Epizooties (OIE).

The infrastructure developed by CFIA efficiently addresses most foreign animal disease
outbreaks. However, the speed at which some highly contagious foreign animal diseases (HC-
FAD) can spread (e.g. Foot and Mouth Disease, Highly Pathogenic Avian Influenza, Classical
Swine Fever), means that combating the disease will likely exceed the capability of any single
agency. In addition, the potential of some of these diseases to affect human health will also
necessitate additional resources. It is therefore recognized that effective control and eradication
could require rapid mobilization of extraordinary resources and cooperation from the provincial
government, local government(s) and industry stakeholders to minimize the potentially severe
negative impact on the agri-food industry and the economy.

Being prepared for animal health incidents is one of the most important aspects of the CFIA's
emergency response program. Therefore, all participants in any emergency response team
(ERT) should be aware of and carry out their preparedness and contingency planning well in
advance of a possible event. This planning may take different forms, from establishing and
updating contacts with outside participating agencies to the mobilization of the ERT(S), in a
simulation exercise.

To be truly effective, emergency response involves collaboration with other federal and
provincial departments, municipalities, stakeholders, and public and international agencies.
These collaborations are described in the CFIA Emergency Response Plan and, in the case of
an animal health incident, in the Foreign Animal Disease Emergency Support (FADES) Plans
that were drafted in conjunction with each province.

FAD Emergency Response Materials:
= CFIA Emergency Response Plan
» Animal Health Functional Plan (AHFP)
= Common Procedures Manual and hazard specific plans
= Foreign Animal Disease Emergency Support [FADES] Plans
=  Working Groups
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This Animal Health Functional Plan (AHFP) describes the division of labour and responsibilities
between the Field (District), Region, Area, and National levels to prepare for and respond to
animal health incidents.

Extensive work has been completed between the CFIA and each province on the development
of a Foreign Animal Disease Emergency Response (FADES) Plan. Currently eight of the ten
provinces have an agreed upon and signed FADES Plan that is specific to each province.

This plan outlines the roles and responsibilities of those public organizations that may be
required to respond to a HC-FAD outbreak. The roles and responsibilities of the signatory
organizations including the lead federal agency, CFIA, as well as the primary supporting
provincial emergency coordination ministries are described in detail. Roles and responsibilities
of other federal and provincial agencies may be found within this document and/or within the
Provincial Emergency Response Plan.

Effective disease control and eradication will require all responsible agencies to work in a
coordinated manner, with unified goals, objectives, strategies, response and communications.

The disposal of large numbers of animal carcasses has been, on some occasions, a harsh
reality for a number of livestock producers. These occurrences may become necessary due to
any number of factors, such as a major disease outbreak, the aftermath of a disaster (for
example, fire or flood), or a “forced slaughter” due to export restrictions or border closures
resulting in a major oversupply of livestock.

Mass burial of animal carcasses can be a safe, cost-effective and environmentally acceptable
method of disposal provided the applicable guidelines are followed. Figures 1 and 2 illustrate
burial sites.

Figure 1: Carcass burial near Regina in 1952 Figure 2: Carcass burial near Edmonton in 2004

during a Foot and Mouth Disease outbreak during a Chronic Wasting Disease outbreak
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Ideally, mass carcass burial sites should be pre-selected and pre-approved using the best
available science and knowledge — both regional and local. Pre-approved sites allow for a more
effective and rapid response to a livestock-related crisis, and, as such, should be considered an
essential component of any provincial or municipal emergency response plan.

Agriculture and Agri-Food Canada - Prairie Farm Rehabilitation Administration (AAFC - PFRA)
and the Canadian Food Inspection Agency (CFIA) supports pre-selecting mass carcass burial
sites as one option for emergency preparedness to respond to a major livestock-related disaster
situation. A rapid response to a crisis minimizes environmental and public health risks and helps
to safeguard international trade and markets. AAFC-PFRA has worked with provinces,
regulatory agencies, the livestock industry and other interested groups to provide technical
assistance to plan, research and establish mass carcass burial sites.

Burial as a Disposal Method

Burial can be an efficient and effective means of disposing of large numbers of animal
carcasses when situated, constructed and managed properly. Other disposal methods, such as
the use of “stationary” or “mobile” incineration facilities, or existing rendering establishments,
can become overwhelmed with a large volume of animals in the early stages of a disaster.
Burial can potentially take place at or near an infected site, and thus reduce the risk of
contaminating other sites in the process. In addition, the use of burial during a livestock crisis
situation has been generally viewed by the public as the least controversial method of carcass
disposal.

Properly buried carcasses decompose naturally with no appreciable odor problems. The
majority of common microbial agents are destroyed during undisturbed decomposition;
however, some specific organisms, such as anthrax spores and prion proteins, may survive the
decomposition process. Disturbance of the burial site by physical disruption (for example,
excavation) or by natural causes (for example, high water table) can re-introduce some
pathogens into the environment. Therefore, it is critical for a mass carcass burial site to be
located in a geologically secure area which is appropriately designed and managed.

While winter burial may pose some climatic challenges, modern equipment is capable of
excavating below the frost line for burial.

Advantages of Pre-Approved Burial Sites

Pre-approved burial sites allow for a rapid response to a livestock-related emergency. The
necessary equipment (backhoes, earth movers) are generally readily available.

A pre-approved carcass burial site should be an essential element of any rural area emergency
response plan. Advanced site selection allows for technical investigations to take place in order
to ensure the site is geologically secure prior to a crisis. Pre-approval of a burial site by the
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regulatory agencies, which includes public input, reduces the possibility of delays brought on by
legal or regulatory challenges at a time when the focus should be on timely action.

In addition, the scientific information compiled for establishing a regional pre-approved site can
also assist in other situations including on-site burials to minimize disease transport. The
mapping can show if the area may be suitable and warrants further geotechnical investigation.
On-farm mass burial should only be considered when subsurface conditions are known to be
suitable and other burial criteria are applied to ensure environmental concerns are addressed.

Selecting a Site

Protecting surface and ground water sources from contamination must be a priority when
selecting a site for mass burial. Therefore, areas that have suitable topographical, geological
and hydrological characteristics should be identified and investigated thoroughly.

Step One — Preliminary Investigation by Development of Risk Maps

Burial risk maps can be developed to help identify areas, both as potential mass burial sites, as
well as those to avoid. These maps provide a benchmark to which all carcass burial related
criteria can be applied across a province or a region.

Figure 3:

Natural Suitability Index for
Carcass Burial in Alberta

shows high, medium, low or
no nrohahilitv of siiitahle
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Geological suitability maps may be produced using information derived from a variety of
sources:

» Geological maps display subsurface and surficial geology, and the type and depth of
overburden;

» Soils maps indicate soil type;

» Topographical maps show topography and the location of surface water bodies and
watercourses;

= Aquifer vulnerability maps (if available) identify areas where development can affect
aquifer water quality; and

=  Water well drill logs may be a helpful source of information but the inconsistency in
recording the data makes their reliability suspect in many cases.

Land-use buffers also need to be mapped. This includes establishing setback distances
between the potential burial site and adjacent natural and man-made features such as
waterbodies, wells, public water supplies, property lines, buildings, public lands, roads,
underground structures and utilities. Also, lands which are to be excluded need to be identified
such as national parks. Flood-prone areas, as well as lands destined for future development or
recreation use, should also be avoided. In addition, there are certain “special exemption” criteria
that may be applied for site selection; for example, consideration of naturally or historically
significant sites or endangered species habitat.

These exclusions and setbacks are established by provincial authorities and will vary from
province to province. Figure 4 provides an example of a land-use buffer map.

N
A Buffers
l:l VelecEuif 00 m - Populated Areas Buffer 1000 m

[ | Provincial Roads Buffer 100 m [ Incian Reserves Buffer 1000 m
- Provincial Highways Buffer 400 m

Figure 4: A land-use buffer map example showing setbacks and exclusions.
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The combination of geological suitability mapping and land-use buffer mapping can be used to
produce burial risk maps to show which land areas may be suitable as possible burial sites.

Step Two - Site Evaluation

Potential burial sites based on characteristics identified in the preliminary risk mapping
investigation must be subjected to a geotechnical evaluation in order to confirm their suitability.
The investigation of a proposed site(s) requires the services of a qualified driller under the
direction of a professional geotechnical engineer, who will be responsible for preparing a
detailed geotechnical report for the site.

The geotechnical report identifies the criteria that are applied in the site evaluation for suitability
and reports on the following:

¢ Documentation of the regional surficial geology including local aquifers and potable
water sources;

¢ Reference plan showing the location of test holes and potential burial pits, pit
dimensions and Global Positioning System coordinates;

e Testhole logs showing soil stratigraphy, location of water table, depth to the water table,
distance to uppermost aquifer and groundwater gradient;

e A description of soil characteristics and the permeability of the soll;

¢ Slope of the land at the site; and

e Setbacks from surrounding structures (roads, premises, waterways, etc.).

Other information that should also be provided includes:

e Sources of information and references;

¢ Communication process, contact list and documentation of all communication (meetings,
phone calls);

e Approvals obtained for investigation and burial; and

e Records of all related information.

Burial Pit Design Considerations

A typical geologically secure mass carcass burial pit design consists of the following: a minimum
10 metres (m) base layer of low permeability soil (e.g. clay); a groundwater level below the base
of pit; burial trenches measuring 5 m deep and 4 m wide; and a mounded backfill to allow for
surface runoff and settling.
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Utilizing the recommended process to identify a geologically secure burial site with appropriate
land-use buffers will result in proper site location and address the major environmental concerns
including groundwater, surface water, and aquifer protection as well as public health and safety.

Process and Approvals

All interested stakeholders in the burial site location selection should be consulted in the
decision-making process. The stakeholders should include representatives from the three levels
of government, livestock producers and related industries, environment interest groups as well
as public health and related agencies in the area.

In some situations, establishing a committee of stakeholders can be effective and provide
invaluable input.

The selection of a burial site should be an open and transparent process and pro-actively seek
public consultation. The public needs to be assured that environmental concerns have been
addressed before the project proceeds. In addition, local residents may be able to provide
additional information such as variations in the local drainage patterns, the location of
unmapped underground structures or modifications to reduce the impact on the local
community.

The various assessments and site approvals required by provincial, municipal and/or other
regulatory agencies, which vary from province to province, must be identified and obtained prior
to commencement of any on-site activities. Agreements such as specific memoranda of
understanding with federal departments or agencies, local military bases, federal law
enforcement agencies, landowners and respective provincial departments, ministries or
agencies that may expedite disposal situations should be negotiated at the earliest possible
opportunity.

Conclusion

Pre-approving mass carcass burial sites using risk mapping and site evaluation will help to
ensure a safe, cost-effective and environmentally acceptable method of carcass disposal. Pre-
approving sites is an important part of emergency response planning while ensuring decisions
are based on science and an inclusive, transparent process involving all interested
stakeholders.
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Abstract. Large animal carcass disposal remains a problem throughout the US. For
many livestock producers, carcass disposal options are limited and can be costly.
Improper carcass disposal can degrade surface and groundwater and result in
increased disease transmission, endangering the health of humans, domestic livestock,
wildlife and pets. Composting dead animal mortalities is an inexpensive, biosecure and
environmentally sound approach to addressing the issue of carcass disposal. An on-
farm large animal composting study was conducted to determine the efficacy of 3
bulking agents for composting stocker calf carcasses. The treatments consisted of pine
shavings (S), a 50:50 mixture of pine shavings and poultry litter (S&L), and hay (H).
Each treatment was replicated 4 times. Twelve separate compost bins were constructed
and carcasses were placed on the center of a 2.4 x 2.4 x 0.6 m pad of bulking agent.
Carcasses were completely surrounded with at least 0.46 m of additional bulking agent.
The piles were left undisturbed while temperature was monitored using long-stem
thermometers and data loggers. On days 75 and 150, each pile was turned. Samples
were collected on day 150 for analysis of pH, EC, TN, C, S, P, K, Ca, Mg, Na, Cu, Zn,
Mn, Fe, NH4-N, NO3-N and soluble P. Significant C reductions were observed in S&L
and H while significant increases in N were observed in all treatments. Temperature
range and mean for S, S&L, and H were (17.05 to 65.18; 50.33°C), (24.63 to 70;
54.55°C), and (4.82 to 55.93; 32.75°C), respectively. S and S&L formed a humus-like
product, maintained sufficiently high temperatures required for effective pathogen kill (>
55°C), and were more effective at decomposing bones when compared to H.

Keywords. animal mortality, composting, carcass disposal
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Introduction

Large animal carcass disposal remains a problem throughout the US. For many livestock
producers, carcass disposal options are limited and can be costly. Improper disposal of dead
animal carcasses can negatively impact surface and groundwater with pathogenic bacteria and
viruses found within the carcass. These pathogens can be spread by insects, rodents,
predators, and surface runoff; as well as through direct contact with other livestock. This can
result in increased disease transmission which negatively affects herd, wildlife and human
health. In addition, most states have rules regulating the disposal of livestock mortalities. In
order for livestock production to remain sustainable, proper on-farm carcass disposal
procedures must be taught and implemented on all farming operations regardless of farm size.
These procedures must effectively dispose of animal carcasses without negatively affecting the
environment while remaining cost effective to the producer.

Composting animal mortalities is an inexpensive, biosecure and environmentally sound
approach to addressing the issue of carcass disposal. By definition, composting is a controlled
biological decomposition process that converts organic matter into a stable, humus-like product.
The carcass (N source) is buried in a sufficient amount of bulking agent (C source), such as
wood shavings or straw, allowing for the proper C:N ratio needed to successfully decompose
the carcass while absorbing excess moisture and filtering odor. The continuous high
temperatures (> 55°C) achieved through proper composting will destroy most pathogens and
viruses (Kalbasi et al., 2005). Microorganisms will eventually degrade the carcass leaving only
a few small bone fragments which are brittle and will break easily. This valuable by-product can
then be land applied as a fertilizer source, adding nutrients and organic matter to the soil or
recycled for new compost piles.

Although regulators and researchers view composting as a viable alternative for carcass
disposal, many producers do not realize that composting is an acceptable and inexpensive
option. Some producers may be aware of composting but aren’t familiar with proper composting
design, procedures and management. Research exists regarding the composting of poultry and
swine carcasses, but little statistical data exists for compaosting larger carcasses.

For these reasons, large animal composting research and outreach programs targeting livestock
producers is necessary. By conducting on-farm carcass composting experiments and hands-on
training through field days, composting effectiveness and proper procedures can be
demonstrated. Additionally, producers can gain knowledge about the environmental, disease
prevention and cost benefits of composting dead livestock carcasses. The objective of this on-
farm study was to determine the efficacy of three bulking agents for composting stocker calf
carcasses and demonstrate the results through Extension outreach programs.

Materials and Methods

A composting field study was conducted near Whitefield, OK, during 2008. A local stocker calf
producer served as a cooperator and supplied the experimental site and calves for this study.
All plots were placed sequentially on a single field with similar slope, altitude, and exposure. The
three bulking agent (carbon source) treatments consisted of pine shavings (S), a 50:50 mixture
of pine shavings and poultry litter (S&L), and hay (H). A representative sample of each carbon
source was taken prior to initiating the trial and sent to the OSU Soil and Water Analytical Lab
for analysis of pH, EC, moisture content, TN, C, S, P, K, Ca, Mg, Na, Cu, Zn, Mn, Fe, NH,4-N,
NO3-N and soluble P.

Each compost bin was constructed with 1.2 m (4 ft.) high net wire supported by steel t-posts in a
2.45 m? (8 ft?) plot. Bulking agent was added to each bin at a depth of 0.6 m (2 ft.) creating the
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pad. Twelve dead stocker calf carcasses weighing between 193 to 340 kg (425 to 750 Ibs.)
were obtained from the producer and placed on the center of each pad ensuring the carcass
remained at least 0.6 m (2 ft.) from the bin walls. Once the carcass was placed on the bulking
agent pad, it was perforated along the abdominal cavity. Ten gallons of pond water was evenly
distributed around the carcass. Carcasses were completely surrounded with at least 0.46 m (18
in.) of additional bulking agent. This minimum depth of bulking agent served to reduce odors
and scavenger problems, absorb carcass fluids, maintain adequate heat for pathogen reduction
and assure that adequate carbon was present for decomposition. Due to the time limitation in
stocker mortalities, all piles were started within a 48 day interval.

HOBO Model U23-003 Temperature Data Loggers (Onset, Inc. Bourne, MA) were maintained in
the center of each compost pile with internal temperature recorded hourly. Long-stem
thermometers were also used to monitor temperatures at various locations throughout the pile
three days per week. Oklahoma’'s AgWeather Mesonet (Stigler, OK site) was used to monitor
average ambient temperature and total rainfall amounts. At 75 and 150 days after initiation
(DAI), the compost pile was turned using a front-end loader while cascading the material to re-
introduce oxygen into the pile. Each pile was examined for bone and tissue remains and
photographs were taken for illustration. At 150 DAI, composite samples of bulking agent were
obtained from each plot for sample analysis as previously described. A producer field day was
held during the experiment to share preliminary results with local producers.

Three treatments were established using a randomized complete block design with 4 replicates
per treatment. Statistical analyses were performed with the PROC MEANS procedure in SAS
version 9.1 (SAS Institute, Inc., Cary, NC). Mean separations were performed by the Paired T
method at a significance level of P<0.05.

Results

Table 1 lists monthly temperature and rainfall amounts. All piles were initiated between June 5
and July 31, 2008. Pre and post C, N, P and K values for each treatment are listed in Table 2.
Significant C reductions were observed in H and S&L treatments; however, no significant
reductions were observed in the S treatment. Hay, containing predominately hemi-cellulose and
cellulose exhibits more rapid degradation of C when compared to S which are high in slowly
degradable lignin. Additionally, since bulking agent depth was a concern, the S treatment
exhibited higher initial C:N ratios than both H and S&L, which may account for reduced C
degradation. The S&L treatment supplied additional microorganisms and N which may have
attributed to a faster C degradation compared to the S treatment. As expected, N levels
increased in each treatment following carcass addition.
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Table 1. Monthly temperature and rainfall amounts.

Month Avg. Temp °C (°F) Rainfall cm (in)
June 24.9 (76.8) 12.8 (5.1)

July 27.6 (81.7) 4.1 (1.6)
August 25.3 (77.5) 17.0 (6.7)
September 20.8 (69.4) 17.1 (6.7)
October 15.1 (59.2) 29 (1.1)
November 9.5(49.1) 29(1.2)
December 4.6 (40.3) 2.2 (.9)

Table 2. Average change in pre and post values for C, N, P and K (Ibs/ton) within the Shavings
(S), Shavings and Litter (S&L) and Hay (H) treatments.

Treatment! C N C:N P K

S — Pre 1014 57 177.9¢ 1.9¢ 3.8

S — Post 979.2 20.4+ 48+ 2.91 5.3
S&L — Pre 711.8x 18.94 37.7« 31.2 23x
S&L — Post 331.6y 39.8y 8.3y 30.3 33.7y
H — Pre 902.34 17.54 51.64 6.8 45.8
H — Post 396.45 46.25 8.6 13.6g 42.9

Differing upper case letters in vertical columns show significant differences (p<0.05) between pre and post samples
within a treatment and are noted with the following letters; H (A, B), S (S, T), and S&L (X, Y).

'Post samples represent nutrient values from bulking agent including carcass.

Temperature data for each treatment is listed in Figures 1-3. EPA regulations, under Title 40
Code of Federal Regulations Part 503, establish biosolid composting temperature standards for
pathogen reduction. For class A biosolids, applied to residential areas, road banks, parks, golf
courses, schools and similar areas, compost temperatures must be maintained above 55°C for
15 days. Class B biosolids, applied to grain and forage crops, pastures, grassland, fallowland
and timberland, must be maintained above 40°C for 5 days and above 55°C for 4 hours during
the 5 days when composting. One hundred fifty day temperature range and mean for the S,
S&L, and H were (17.05 to 65.18; 50.33°C), (24.63 to 70; 54.55°C), and (4.82 to 55.93;
32.75°C), respectively. Hay was inconsistent at maintaining temperature levels recommended
for effective pathogen reduction (>55°C) when compared to EPA biosolid composting
standards. This is most likely due to the permeable nature of the H piles which reduced their
ability to retain heat. Hay piles were observed to fluctuate with ambient temperature while S and
S&L piles maintained a sufficiently high temperature greater than 55°C. Temperature levels in
each treatment spiked following initiation and day 75 turning events; however, temperature
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fluctuations were variable after turning on day 150. Ambient temperature during November and
December most likely influenced post day 150 temperature levels within each pile.

Figure 1. Temperature in the Shavings (S) treatment during composting (n=3 per data point).
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Figure 2. Temperature in the Shavings and Litter (S&L) treatment during composting (n=3 per
data point).
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Figure 3. Temperature in the Hay (H) treatment during composting (n=3 per data point).
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Visual observations made at 75 DAI indicated that minimal soft tissue remained for all
treatments. By day 150, no visible soft tissue remained for any treatment. Both S and S&L
treatments formed a humus-like product within the pile. Following 150 DAI, the H treatment
showed minimal bone degradation while S and S&L treatments resulted in accelerated bone
degradation. Most small bones were near complete degradation and any remaining large bones
were hollow and brittle in S and S&L treatments (Figure 4). Due to a high mineral content, bone
shows the slowest rate of decomposition. Xu et al. (2009) reported bone exhibiting <40%
organic matter disappearance after 147 days of composting cattle carcasses.
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Figure 4. lllustration of a hollow, brittle femur bone following 150 days of composting with
Shavings and Litter (S&L).

Conclusion

The findings from this on-farm study indicate that S, S&L and H treatments were effective at
decomposing stocker calf soft tissue over a 150 day period. Shavings and S&L treatments
formed a humus-like product and were more effective at decomposing bone when compared to
the H treatment. Additionally, S and S&L treatments maintained sufficient temperatures required
for effective pathogen reduction or elimination while H treatments lost heat due to permeability.
Additional research could be conducted utilizing a mixture of H with a less permeable bulking
agent such as S or S&L.
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Abstract. Following the study of livestock mortality leachate chemistry composition, the potential
impacts of this chemistry on the soil/water systems below a burial site were investigated. PHREEQC
was used to assess chemical speciation of the leachate as well as providing a geochemical
contaminant transport model including ion exchange reactions occurring along the flow path. The
speciation of this leachate provides evidence of phosphate and sulphate compounds available for
potential unattenuated transport. The PHREEQC transport model demonstrated a highly
concentrated calcium and magnesium plume forming in front of an ammonium plume due to ion
exchange occurring on the soil particles. After 50 years of transport, ammonium concentrations are
approximately 4% of initial values in a soil with a CEC of 10 meg/100g. Due to relatively high
concentrations of ammonium, phosphorus, sulphate and other ions in mortality leachate, transport
and precipitation of these ions possibly could occur beyond 100 years. By discussing the
geochemical implications of livestock mortality burial, scientists and regulators will have more
information available to perform risk analysis when considering mortality burial as a management
option either routinely or during a mass mortality event.
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Introduction

Upon chemical determination of the leachate produced from a livestock mortality burial pit, the
characterization of the leachate with regards to ion complexes and reactive transport was of
importance. Pratt (2009) evaluated the chemical composition of livestock mortality leachate for
three species of livestock; bovine, swine and poultry (Table 1). The major elements found in
livestock mortality leachate include ammonium, bicarbonate, calcium, magnesium, iron,
potassium, phosphorus, sulphate, sodium, and chloride along with other trace amounts of other
elements.

Table 1: Average mortality leachate concentrations per species and total.

Total
units Poultry Swine Bovine Average

Bicarbonate mg/L 39133 48467 50733 46100
Chloride mg/L 2570 2380 2813 2600
pH 6.5 6.7 6.9 6.7
Total Alkalinity mg/L 22500 39700 41600 34600
Ammonium as Nitrogen  mg/L 10400 13300 14100 12600
Nitrate + Nitrite Nitrogen mg/L 2.3 3.1 3.8 3.1
Inorganic Carbon mg/L 7697 9533 9947 9100
Organic Carbon mg/L 79000 65000 68000 71000
Aluminum mg/L 0.5 0.5 0.5 0.5
Calcium mg/L 81 48 36 60
Copper mg/L 0.9 1.7 0.6 1.1
Iron mg/L 18 19 18 20
Magnesium mg/L 79 17 18 40
Manganase mg/L 0.5 0.1 0.1 0.2
Phosphorus mg/L 1927 1513 1150 1500
Potassium mg/L 2400 2400 2000 2300
Silicon, soluable mg/L 20 24 26 20
Sodium mg/L 1600 1700 2000 1800
Sulfate mg/L 3970 3900 2900 3600
Sulfur mg/L 1300 1297 963 1200
Zinc mg/L 2.2 1.8 1.7 1.9

To properly aid scientists and regulators in determining suitable sites for mortalities burial,
leachate characterization is of importance and will help determine whether burial is a viable
option for carcass disposal on a site to site basis. Pratt (2009) also provided evidence that the
livestock mortality leachate chemical composition strength was 2 — 4 times higher than swine
manure from earthen storages and typical landfill leachate. An advantage of a mortality burial
site to that of a manure storage or landfill is that it is not being continuously loaded. Finite
source livestock burial sites, depending on site conditions, may or may not have significant risks
associated with them. The results of this research will aid in the full characterization of livestock
mortality leachate and its potential risks to groundwater.
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Materials and Methods
Speciation

PHREEQC (Parkhurst and Appelo 1999) was used to characterize the leachate chemistry as
well as provide a contaminant transport model including ion exchange. PHREEQC is a
computer program available from the U.S. Geological Survey and has the capabilities to provide
speciation and saturation indices for chemical solutions based on the user’s choice of several
thermodynamic databases. The software calculated species distribution for all ions entered and
saturation indices of the related precipitates and partial pressures of gasses. To provide a
representation of the element species that can be present in the mortality leachate, an average
value from all three species bovine, swine and poultry mortality leachate was used from Pratt
(2009) and are shown in Table 1. The thermodynamic database used to calculate the
speciation comes from Parkhurst and Appelo (1999) and is titled phreeqc.dat.

Transport

PHREEQC is also used for transport modeling including ion exchange. The basic equation
employed by PHREEQC is the advection-reaction-dispersion equation. Cation exchange
equilibria were calculated using PHREEQC’s thermodynamic databases which are based on the
Gaines-Thomas convention. Due to the flexibility of the software code, other exchange
equations can be used. Transport is solved in a finite difference technique, while the chemical
reaction term is calculated separately for each time step (Parkhurst and Appelo 1999). The
transport simulation involves a 1-D column defined by a series of cells with the same pore
volume. Cell length and time steps are defined to provide the velocity of water moving through
the cells. A time step is simulated with an upwind scheme shown in Figure 1 with
concentrations calculated at the cell center.

M~ N N
— O O O () 0

Figure 1: PHREEQC transport scheme.

In order to determine transport model parameters, it was important to assess the amount of
leachate that could potentially be available for transport. In a meeting with Saskatchewan
Agriculture and Food, it was determined that the burial method that would be used for the
province in an emergency situation would be a trench 2 meters wide by 4 meters in depth
(Jansen 2006). To determine the amount of leachate capable of draining from the trench, the
following was assumed based on an average bovine. The average weight of a bovine is 545 kg,
in which seventy percent is water (CFIA 2006). The Canadian Food Inspection Agency (CFIA)
has determined that 1.5 m® is required for burial space of one bovine animal (CFIA 2006). Final
moisture content of the decomposed carcass was further assumed to be 50% or similar to
compost. The difference between the initial 70% moisture content and the final moisture
content was assumed to be free to leave the pit. Using these assumptions, the amount of free
fluid available for drainage was calculated. These assumptions equate to approximately 1 m* of
leachate available for drainage per meter length of trench, or a 0.5 meter depth of leachate in
the base of a 2 meter wide trench.
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The PHREEQC 1-D column was simulated as follows. The column consisted of 50 cells, each
0.2 m in length for a total column length of 10 meters. Dispersivity and diffusion coefficients
were 0.1 m and 9.5 x 107° m?/s, respectively. Cation exchange was also incorporated into the
model with a CEC value of 10 meqg/100g. The column was equilibrated with a typical
groundwater from Fonstad (2004) shown in Table 2. Once equilibration was complete, transport
of leachate was performed. The volume of leachate transported was equivalent to 0.14 pore
volumes of the column or approximately 0.5 m depth of free solution. To evaluate further
transport of the leachate, transport of sequential volumes of groundwater equal to 0.14 pore
volumes of the column were completed up to 0.58 more pore volumes.

Table 2: Chemical composition of a groundwater sample (Fonstad 2004)

units Concentration
pH 7.4
Ca mg/L 52
Mg mg/L 25
Na mg/L 29
K mg/L 66

NH4-N mg/L 0.6
Alkalinity mg/L 253

Cl mg/L 29
S04 mg/L 82
P mg/L 0.37
Fe mg/L 0.55
Mn mg/L 0.36
Si mg/L 6
Sr mg/L 0.48

Results and Discussion
Speciation

In order to assess chemical species present in the leachate sample, speciation was performed
using PHREEQC (Parkhurst and Appelo 1999). This analysis helped to estimate what chemical
species are present along with their respective activity in solution. Average concentrations over
the last three sample points of the burial pits were used as initial concentrations for speciation.
Speciation of the mortality leachate chemistry produced the following results shown in Table 3.
The calculated charge balance by PHREEQC on this solution is approximately eight percent.
By adjusting alkalinity the charge balance percentage could be lowered to less than one
percent. Due to the nature of titration for determining alkalinity, it is possible for these
concentrations in particular to have errors. The speciation was then compared to a speciation
of naturally occurring groundwater from Fonstad (2004). Groundwater concentrations used in

4
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this simulation originate south of Saskatoon, Saskatchewan in a glaciolacustrine deposit and
are shown in Table 2.

Table 3: PHREEQC Speciation of averaged livestock mortality leachate chemistry
concentrations.

Species Molality mg/| Activity Species Molality mg/| Activity

Cc(4) 8.67E-01 MgH2PO4+  6.68E-05 8.1 5.33E-05
HCO3- 6.89E-01 41997 4.50E-01 MgS04 6.38E-05 7.7 8.10E-05
Cco2 1.65E-01 7256 2.09E-01 N(-3) 9.56E-01

NaHCO3 1.02E-02 859 1.30E-02 NH4+ 9.34E-01 13080 4.88E-01
CaHCO3+ 9.03E-04 91 5.90E-04 NH4S04- 2.07E-02 2260 1.65E-02
MgHCO3+ 8.67E-04 74 6.91E-04 NH3 1.10E-03 19 1.39E-03
C03-2 5.80E-04 35 1.06E-04 Na 8.32E-02

Ca 1.59E-03 Na+ 7.15E-02 1644 5.13E-02
CaHCO3+ 9.03E-04 91 5.90E-04 NaHCO3 1.02E-02 859 1.30E-02
Ca+2 4.15E-04 17 1.03E-04 NaSO4- 8.49E-04 101 6.77E-04
CaHPO4 1.72E-04 23 2.18E-04 NaHPO4-  4.86E-04 58 3.88E-04
CaS0O4 4,25E-05 5.8 5.40E-05 P 5.15E-02

CaH2PO4+ 4.11E-05 5.6 3.28E-05 HPO4-2 2.99E-02 2869 3.87E-03
CaCO03 1.44E-05 1.4 1.83E-05 H2PO4- 2.01E-02 1944 1.25E-02
cl 7.80E-02 NaHPO4-  4.86E-04 58 3.88E-04
Cl- 7.80E-02 2763 4,66E-02 KHPO4- 3.47E-04 47 2.77E-04
Fe(2) 3.81E-04 MgHPO4  2.97E-04 36 3.77E-04
FeHCO3+ 2.57E-04 30 2.04E-04 CaHPO4 1.72E-04 23 2.18E-04
FeHPO4 5.52E-05 8.4 7.01E-05 S(6) 3.98E-02

FeH2PO4+ 3.56E-05 54 2.84E-05 NH4S04- 2.07E-02 2362 1.65E-02
Fe+2 2.23E-05 1.2 4.54E-06 S04-2 1.73E-02 1660 2.63E-03
FeCO3 9.08E-06 1.1 1.15E-05 KSO4- 8.50E-04 115 6.78E-04
FeSO4 1.67E-06 0.3 2.13E-06 NaS04- 8.49E-04 101 6.77E-04
K 6.25E-02 MgS04 6.38E-05 7.7 8.10E-05
K+ 6.13E-02 2391 3.67E-02 Caso4 4.25E-05 5.8 5.40E-05
KSO4- 8.50E-04 115 6.78E-04 Si 3.54E-04

KHPO4- 3.47E-04 47 2.77E-04 H4Si04 3.53E-04 34 4.49E-04
Mg 1.75E-03 Zn 3.25E-05

MgHCO3+ 8.67E-04 74 6.91E-04 Zn(CO3)2-2 1.81E-05 3.4 7.30E-06
Mg+2 4.38E-04 11 1.31E-04 ZnHCO3+ 1.09E-05 1.4 8.67E-06
MgHPO4 2.97E-04 36 3.77E-04 ZnCO3 2.54E-06 0.3 3.23E-06

The results for phosphorus are consistent with that of Moore et al. (2002) showing that
phosphorus is mainly present in the form of phosphoric acids and at this pH, it is proportioned
approximately 60% and 40% as hydrogen phosphate and dihydrogen phosphate respectively.
These phosphoric acids are then attracted to cations Fe?*, Ca**, Mg?*, K* and Na* consistent
with Stollenwerk (1996) and Weiskel and Howes (1992). The mortality leachate also shows
oversaturation of hydroxyapatite and vivianite consistent with Zanini et al (1998), Stollenwerk
(1996) and Weiskel and Howes (1992). Phosphorus present as phosphate compounds allows
for unattenuated transport of phosphorus as well as ions bound to the phosphate due to the
negative charge on the ion. Phosphoric acids are corrosive and available for unattenuated
transport on their own, but are able to easily complex with metals in the soil therefore advancing

5





3rd International Symposium
on Management of Animal Carcasses,
Tissue, & Related By-products U.C. Davis July 21-23, 2009

the transport of metals through the system (Stollenwerk 1996). Sulphate is found mostly in the
form of ammonium sulphate, and sulphate. It also forms ion complexes with Ca%", Mg®*, K* and
Na® consistent with Hem (1992). Sulphate complexes such as KSO, and NaSQO, allow for
unattenuated transport of potassium and sodium as well as sulphate.

Nitrogen is found commonly in the leachate as NH,", with some ammonium sulphate salts
forming along with small amounts of nitrate. Due to the decomposition of livestock mortalities,
nitrogen is leached in its most reduced state, ammonium, and without exposure to oxidizing
conditions; the majority of nitrogen will remain as ammonium. Ammonium sulphate
concentrations in solution are approximately 2,400 mg/L which is approximately 300 mg-N/L;
the negative charge on this ion allows for the transport of unattenuated nitrogen. Chloride in
leachate is present only in the form of CI', consistent with Ham (1992). Calcium in this solution
is present as calcium-bicarbonate, calcium-phosphates, and calcium-sulphates, as well as some
free calcium consistent with Hem (1992). Iron is mostly present as ferrous iron and the majority
is complexed with phosphates and bicarbonate; while magnesium is complexed with
bicarbonate, sulphate and phosphate with small amounts of free magnesium. Eighty percent of
sodium in solution is available as free sodium, while the remainder is complexed with
bicarbonate, sulphate and phosphate consistent with Hem (1992). Potassium is mostly present
as free potassium, with small amounts of ion complexes with sulphate and phosphate.

It is observed that the speciated concentrations when back calculated to mg/L are at slightly
higher values than the input. This is explained due to the assumption that the density of the
leachate is the same as pure water, 1000 kg/m®. It appears that this assumption is incorrect,
therefore causing the calculations to show slightly higher concentrations. It also could be
explained by the activity of the water molecules in solution. Due to the solution’s high ionic
strength, many of the water molecules are bound with the ions in solution forming their hydrated
radii. Due to this phenomena, PHREEQC reports values in molality (mol/kg solution), therefore
the concentration of active water in that kg of solution is less than 1 kg/L.

The activities of the ions in solution vary by one to two orders of magnitude. Important ion
complexes in Table 3 are plotted in Figure 2 on a log scale to show activities for each species
present in mortality leachate and compared to species present in a sample solution of
groundwater from Fonstad (2004). Ammonium and bicarbonate are an order of magnitude
higher than activities such as chloride, potassium and sodium in mortality leachate. In livestock
mortality leachate, ions such as ammonium and bicarbonate have the highest activities and
make up 97% and 80% of their respective complexes. With respect to activities of species
found in groundwater, bicarbonate activity is two orders of magnitude higher. The
representative sample of groundwater used did not contain any ammonium. For the remaining
ions shown in Figure 2, all are one to five orders of magnitude higher than natural groundwater.
It is interesting to note the activities of ammonium sulphate and phosphoric acids are similar, but
in regards to concentration, there is less ammonium sulphate in solution.
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Figure 2: Activities of selected ions in livestock mortality leachate compared to groundwater.

Transport

In order to evaluate potential geochemical reactions and ion exchange occurring beneath the
burial trench during transport, PHREEQC was used to simulate transport of livestock mortality
leachate through a column of moderately permeable soil. The transport simulation involves a 1-
D column defined by a series of cells with the same pore volume. The 10 meter column was
equilibrated with groundwater from Table 2 initially and 0.14 column pore volumes of livestock
mortality leachate concentrations were added to the column. This is an equivalent volume
equal to approximately 0.5 m depth of fluid. Once this occurred, groundwater was added back
on top of the leachate in 0.14 pore volume increments up to 0.56 pore volumes. The results at
each pore volume increment can be seen in Figures 3 - 7.

Figure 3 shows an initial concentration front of calcium and magnesium leading the plume due
to cation exchange occurring with ammonium on the exchange sites. This salt concentration
front is approximately one meter ahead of the ammonium front. Bicarbonate, sodium and
chloride are showing an unattenuated transport. This trend continues once groundwater is
infiltrated into the column following the mortality leachate infiltration. Figure 4 shows 0.14 pore
volumes of groundwater allowed to transport after the leachate. This figure shows ammonium
retardation and rising concentrations in the calcium/magnesium salt front. Bicarbonate
concentrations are slightly decreasing; this could be caused by bicarbonate ions precipitating
with calcium and magnesium. Figure 5 shows results following 0.28 pore volumes of water
added to the column. The salt front of is now slightly decreasing in concentration. The
attenuation of ammonium is still occurring and bicarbonate is also decreasing in concentration.
The trend continues as more pore volumes of groundwater are added (Figures 6 and 7) with
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Figure 7 indicating bicarbonate, chloride, calcium and magnesium all at maximum
concentrations at a depth of approximately 6.5 meters following infiltration of 0.56 pore volumes
of groundwater.

Mortality Leachate Infiltration (0.14 Pore Volumes)

Concentration mol/L
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Figure 3: Mortality leachate 0.14 pore volumes infiltration into column.
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Groundwater Recharge Infiltration (0.14 Pore Volumes)

Concentration mol/L
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Figure 4: Groundwater 0.14 pore volumes infiltration into column on top of leachate.
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Groundwater Recharge Infiltration (0.28 Pore Volumes)

Concentration mol/L
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Figure 5: Groundwater 0.28 pore volumes infiltration into column on top of leachate.
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Groundwater Recharge Infiltration (0.42 Pore Volumes)

Concentration mol/L
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Figure 6: Groundwater 0.42 pore volumes infiltration into column on top of leachate.
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Groundwater Recharge Infiltration (0.56 Pore Volumes)
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Figure 7: Groundwater 0.56 pore volumes infiltration into column on top of leachate.
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The 22 most abundant species of ions involved in the mortality leachate transport are shown in
Figures 8 and 9; ammonium and bicarbonate being the most abundant cation and anion.
During the transport intervals, ammonium decreases in concentration and is four percent of
initial concentration after 0.56 pore volumes of fresh groundwater transport. Sodium and
potassium also show significant drops in concentration as well as phosphoric acid. Increases in
sulphate concentrations can be attributed to the high amount of sulphate in the leachate as well
as the concentration of sulphate present in the groundwater. Because of increasing sulphate
concentrations, it can be expected that sulphate minerals such as CaSO, and MgSO, will
increase in concentration until the sulphate concentration has stabilized. Increases in calcium
and magnesium concentrations can be attributed to ion exchange, as ammonium is trading
places with these ions on soil exchange sites. Due to the release of these ions, their
concentrations in solution are increasing as well as they are binding with other ions such as
phosphoric acid, bicarbonate, and sulphate. The speciation results of the leachate, show
potential threats from ammonium transport due to the formation of ammonium sulphate
(NH;SOy4) and phosphoric acid and sulphate compounds in solution.
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Figure 8: Concentration of 9 most abundant species during transport.
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Figure 9: Concentration of remaining most abundant species during transport.

Conclusion

Speciation of the leachate by PHREEQC provided estimates of phosphate compounds
precipitating from solution, and phosphoric acids available for unattenuated transport. Due to
the relatively high concentration of ammonium and sulphates, significant concentrations of
ammonium sulphate form, and due to the negative charge, will allow approximately 300 mg-N/L

of unattenuated transport of nitrogen.

Activities of ammonium and bicarbonate, sulphates,

phosphates and other minerals are many orders of magnitude higher than concentrations
The PHREEQC transport model used a CEC of
10meq/100g and demonstrated a highly concentrated calcium and magnesium plume forming in
front of the ammonium plume suggesting ion exchange and attenuation of ammonium.

present in naturally occurring groundwater.
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Abstract. A study was performed to determine the chemical composition of animal mortality leachate
arising in a burial setting. Three species of livestock were used: bovine, swine and poultry.

Leachate collected from lined burial pits over two years of decomposition was analyzed for major and
minor ions. Livestock mortality leachate contains on average, concentrations of 12,600 mg/L of
ammonium-N, 46,000 mg/L alkalinity (as bicarbonate), 2,600 mg/L chloride, 3,600 mg/L sulphate,
2,300 mg/L potassium, 1,800 mg/L sodium, 1,500 mg/L phosphorus along with relative lesser
amounts of iron, calcium and magnesium. Maximum concentrations of select samples had
concentrations of ammonium-N and bicarbonate up to 50% higher than these average values. The
pH of the leachate was near neutral. In comparison to earthen manure storages and landfills, the
strength of the leachate was 2-4 times higher.

Keywords. Livestock burial, animal mortalities, livestock burial leachate, decomposition leachate
chemistry, swine burial, bovine burial, poultry burial

The authors are solely responsible for the content of this technical presentation. The technical presentation does not necessarily reflect the
official position of the Sponsoring Agencies and its printing and distribution does not constitute an endorsement of views which may be
expressed. Technical presentations are not subject to the formal peer review process; therefore, they are not to be presented as refereed
publications. Citation of this work should state that it is from an International Symposium meeting paper. EXAMPLE: Author's Last Name,
Initials. 2009. Title of Presentation. 3" International Symposium: Management of Animal Carcasses, Tissue and Related Byproducts----.
Davis CA.: For information about securing permission to reprint or reproduce a technical presentation, please contact Dr. Thomas

Glanville, Tglanvil@iastate.edu or Mark Hutchinson: Markh@umext.maine.edu ).






3rd International Symposium
on Management of Animal Carcasses,
Tissue, & Related By-products U.C. Davis July 21-23, 2009

Introduction

Increasing livestock populations in North America provide potential for greater risk and
catastrophic large scale occurrences of mass mortality events due to natural disasters, disease
outbreaks and agro-terrorism. Burial, incineration, composting and rendering are commonly
employed methods to deal with carcass disposal in a mortality event. Burial is a case which has
not been studied in great detail (CFIA 2006; Glanville 2000; Ritter and Chirnside 1995).
Characterization of the leachate produced from mortality burial has never fully been determined.
Characterization is required for scientists and regulators to better predict and evaluate risks
involved with the transport of potential contaminants arising from a mortality burial site. The
purpose of this study was to determine the chemical composition of the leachate released for
livestock mortalities during decomposition for three species: bovine, swine and poultry.

Previous investigations involving livestock burial and its potential contamination focused on
monitoring groundwater quality surrounding existing disposal sites (Glanville 2000; Ritter and
Chirnside 1995). In a presentation to the American Society of Agricultural and Biological
Engineers (ASABE), Glanville (2000) reported on the impact of livestock burial on shallow
groundwater quality. He noted that proper disposal of livestock mortalities can be more difficult
than manure management due to the rapid breakdown of the animal carcasses in the
environment.  Glanville (2000) used two studies to evaluate groundwater quality and
contamination from a pit containing 28400 kg of turkey mortalities and a second study of
engineered trenches containing 6 swine with a PVC liner and pumping system to measure
duration of decay products. The first case study monitored groundwater quality from monitoring
wells placed around the pit. Groundwater samples were taken monthly for the first 15 months
and again at 20 months and 40 months. For the second case study of swine buried in trenches,
leachate was measured to determine the mass, concentration and duration of decay products.
Contaminant migration was also monitored for this study by eight monitoring wells.

For the two case studies, elevated levels of Biochemical Oxygen Demand (BOD) at 230 mg/L,
Ammonia-Nitrogen (NH4-N) at 403 mg/L, Total Dissolved Solids (TDS) at 1527 mg/L, and
Chloride (Cl) at 109mg/L were found in monitoring wells downgradient within one meter of the
burial site. It was suggested that elevated chloride levels may be the best indicator of burial
related groundwater contamination (Glanville 2000). Although his studies involved more of a
groundwater contamination aspect of leachate characteristics, the water qualities found around
the pits were contaminated enough to cause concern. He also noted that in lightly loaded burial
trenches, in a well drained soil, complete decay may take two years or more. His results show
groundwater contamination at distances of one to two meters from the pit; this could be more
concerning in areas of high groundwater velocities or vertical movement.

The impact of poultry mortality disposal on groundwater quality was examined on six existing
disposal pits in Delaware (Ritter and Chirnside 1995). At the time of the study, the pits were
still active with approximately 15 — 25 kg of dead birds added each week. . To monitor the
potential contamination, two to three monitoring wells were placed around the pits at a depth of
4.5 meters. The bases of the pits were located within the water table for most of the year in
sandy loam soil conditions. The potential for groundwater contamination at this site in those
conditions was considered to be very high. This study concluded ammonia concentrations were
high in two wells. Of the six pits, three of them demonstrated an increase in ammonia
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concentrations at a lateral distance of 12m. In some cases the ammonia concentrations
reached 366 mg/L and streptococci concentrations reached 209 per 100mL in monitoring wells
at distances of 6 meters. Over 80% of the groundwater samples near the pits did not contain
fecal streptococci.

One of the most important studies arises from the United Kingdom. MacArthur et al (2003)
studied leachate characteristics and virus survival arising from a foot and mouth mass burial site
in Scotland. Six pits containing 400,000 livestock mortalities culled during April and May of
2001 was the source used in this study. The pits contained a mix of species, but the majority
were culled sheep. MacArthur (2003) stated one of the major disposal difficulties encountered
was that the carcasses very soon formed an unstable waste mass within the pits. Due to
bloating of carcasses and the uplift forces this creates, carcasses rise to the surface and
rupture, potentially spreading pathogens in an aerosol form. To manage the leachate formed
from the pits, longitudinal drains were installed and leachate was collected in 40 ISO containers
with 20,000 liter capacity each. Their calculations and measurements indicate approximately
4000 m® of leachate was generated. Leachate sampling and analysis was performed and
average values from 199 samples of leachate; ammonia-N, alkalinity, BOD & COD were 3294
mg/L, 9400 mg/L, 12700 mg/L and 20414 mg/L respectively for the time period.

Materials and Methods

A total of five livestock mortality pits were constructed for determination of mortality leachate
composition. The pits were excavated and filled with livestock carcass southeast of Saskatoon,
Saskatchewan. Each pit was excavated to dimensions of 7 x 9 meters at a depth of 2.5 meters.
A buffer zone of approximately 20 meters was left between each pit. The pits were completely
lined with 40 mil polyethylene with a leachate collection system located at the bottom center of
the pit. (Fig. 1) Three of the five pits (one of each species) were completely sealed by placing a
40 mil polyethylene cover above the carcass to allow pure leachate sample. This cover also
contained two vent ABS pipes to allow for gas transfer. (Fig. 2) One pit of each species: poultry,
swine and bovine were assessed for pure leachate chemistry.
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Figure 1 - Lined burial pit
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Figure 2 - Burial pit cross section

The remaining two pits possessed the same 40mil polyethylene liner in the bottom and leachate
collection system, but did not have a top polyethylene liner. These two pits were topped with in
situ soil. (Fig. 3) One of these pits contains bovine, and the other swine. To control water
infiltration and varmint intrusion, all five pits were capped and mounded with approximately 0.9
to 1.2 meters of soil. Due to settlement, soil was added or reshaped on the mounds one year

after construction.
09 — 12m :¢'
2,5m Mortalities

lhg Tubke

_ PCW@thy@ﬂeVUﬁéP 

l 7.0m !

Figure 3 - Cross section view of mortalities pit with in situ soil above the liner
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Pit No. 1 (Poultry) was installed August 4, 2005 and contains 1300 kg of chicken carcass in an
environment sealed from contact with soil and water. Pit No. 2 (Swine) was installed August 9,
2005 and contains approximately 5900 kg of swine carcass in a sealed environment. Pit No. 3
(Swine), also installed August 9, 2005 contains approximately 5900 kg of swine carcass layered
with in situ fine sandy clay soil. Pit No. 4 (Bovine), installed August 9, 2005 contains
approximately 3920 kg of bovine carcass in a sealed environment. Pit No. 5 (Bovine), installed
August 17, 2005 contains approximately 9750 kg of bovine carcass layered with in situ fine
sandy clay soil.

All pits contain a collection system consisting of a 100 mm x 1 m perforated polyethylene pipe
with a filter sock placed in the bottom center of the pit on top of the polyethylene liner. This
100mm perforated pipe is attached to a 50mm diameter ABS conduit pipe that runs to the
surface. Inside this system of pipes are two 13mm lines with the inlet ends placed 600mm apart
inside the 100mm diameter pipe. (Fig. 4) The purpose of the lines is to provide a mechanism of
mixing before the leachate sample is collected.
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Figure 4 - Leachate collection system

Sampling was conducted periodically over a period of two years in order to observe trends in
chemical composition as decomposition occurred. Leachate samples were drawn from the pits
at two weeks after burial (August 17, 2005) for Pit No. 1 (poultry), and at two weeks for the
remaining pits on August 25, 2005. Samples were then taken from all pits on September 21,
2005, October 20, 2005, November 23, 2005; May 25, 2006; October 26, 2006 and September
11, 2007. Due to winter conditions, samples were not taken between November 2005 and May
2006. Sampling was conducted with the use of a peristaltic pump connected to each 13mm line
at ground surface. A peristaltic pump was used to circulate fluid through the lines for a period of
5 minutes. Once leachate was thoroughly mixed within the 100mm x 1m chamber, a 1 liter
sample was drawn and stored at 4°C during transport. Samples were taken to SRC Analytical
Laboratories in Saskatoon for analysis. Properties analyzed include: Ammonium by colorimetry,
Bicarbonate and Carbonate by alkalinity, Chloride by colorimetry, Hydroxide, pH, Specific
Conductivity, Alkalinity by ICP-AES, Nitrite-Nitrate Nitrogen by Colorimetry, Total Kjeldahl
Nitrogen, Inorganic and Organic Carbon with the Dohrmann Phoenix 8000 Carbon Analyzer,
and Aluminum, Barium, Beryllium, Boron, Cadmium, Calcium, Chromium, Cobalt, Copper, Iron,
Lead, Magnesium, Manganese, Molybdenum, Nickel, Phosphorus, Potassium, Silicon, Silver,
Sodium, Strontium, Sulfate, Sulfur, Titanium, Vanadium, Zinc, Zirconium by ICP-AES.
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Results and Discussion

The major elements found in livestock mortality leachate include ammonium, bicarbonate,
calcium, magnesium, iron, potassium, phosphorus, sulphate, sodium, and chloride, will be
discussed along with other trace amounts of other elements. Tables 2 to 4 in the appendix
show concentrations analyzed for each burial pit for all sample dates.

As the livestock carcass decomposed, ammonium concentrations begin to rise. Figure 5 shows
the trend over the two year sampling period for concentrations of ammonium. In the early
stages of decomposition, up to the first two months, ammonium concentrations were at their
lowest of approximately 5,000 mg/L for each species. Ammonium continued in an upward trend
for all sample dates except between four and nine months. At two years post burial, bovine had
the highest concentration at 19,200 mg/L which is consistent with a maximum ammonium value
recorded at the mass mortality burial site in Scotland by MacArthur et al. (2002), with swine
following closely at 16,300 mg/L and poultry having the lowest ammonium concentration at
10,100 mg/L. Average ammonium concentrations were 12,600 mg/L.

Since nitrogen is the second most abundant element in the body, the trend of Figure 4.1 likely
follows the breakdown of different cellular systems in the livestock. The first period of sampling
between 1-2 months depicts the excretion of components in the digestive system such as urine
and manure. The second period between 2-4 months depicts the breakdown of blood and
liquids in the animal. Between 4-14 months, it becomes harder to distinguish what is actually
happening in the decomposition process. The breakdown of heavy proteins such as muscles
and bone marrow is a possible route of more nitrogen appearing in the analysis at those time
periods (Vass 2001; Tatsi and Zouboulis 2002).
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Figure 5 - Ammonium-N concentrations of pure leachate
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Bicarbonate (HCO3") values during the sampling period of each species of livestock followed a
similar trend (Fig. 6). Poultry (Pit No. 1) started with a concentration of 25,700 mg/L and after
two years had a concentration of 39,600 mg/L. Swine (Pit No. 2) had a concentration of 34,200
mg/L at the first sample date and ended with a concentration of 51,400 mg/L after two years of
decomposition. Bovine (Pit No. 4) was similar to swine and started at 35,100 mg/L and
increased to a peak concentration at nine months at 53,400 mg/L and decreased to 50,100
mg/L after 24 months. Average concentrations of bicarbonate from mortality leachate can be
estimated at 46,000 mg/L. Poultry concentrations of bicarbonate could be expected to be up to
10,000 mg/L less than the average, while swine and bovine could be up to 4,000-6,000 mg/L
above the average. These values are 3 times the median/average reported by MacArthur et al.
(2002) of approximately 14,000 mg/L, but half the maximum reported value of approximately
106,000 mg/L.
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Figure 6 - Bicarbonate concentrations of pure leachate

Sulphate (SO,?) for each species follows the same general trend for the sample period (Fig. 7).
Poultry at the first sample date started with a concentration of 4,400 mg/L and increased slightly
by the ninth month. After nine months, the poultry leachate showed concentrations less than
the initial values. By 24 months, the sulphate concentration for poultry was 3,600 mg/L. Swine
initially had a concentration of 3,500 mg/L and increased sharply for the first four months to
5,900 mg/L. After four months, the concentrations of sulphate in the swine leachate decreased
to 2,100 mg/L at fourteen months and increased slightly to 3,800 mg/L at 24 months. Bovine
reached the highest concentration at 6,800 mg/L within four months of burial and after 24
months had a concentration of 2,400 mg/L. Although there is variance throughout the sample
dates, each species seems to be very similar within a year post-burial. An average sulphate
concentration to expect in livestock mortality leachate is approximately 3,600 mg/L.
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Figure 7 - Sulphate concentrations of pure leachate

Each species analyzed presents similar concentrations of sodium (Fig. 8) for all sample points.
Bovine initially had the lowest concentration of sodium. After four months, sodium
concentrations in bovine leachate reached 2,700 mg/L. Swine initially had the highest
concentration of sodium at the first sample date at 1,700 mg/L. By the fourth month, the
concentrations in the swine leachate followed the same trend as bovine with a concentration
around 2,200 mg/L and then decreased to approzimately 1,700 mg/L for the remaining sample
periods. Poultry began with a concentration of 1,900 mg/L, and slightly decreased to
approximately 1,600 mg/L for the remainder of the sampling period. Average sodium
concentrations expected from mortality leachate are approximately 1,800 mg/L.
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Figure 8 - Sodium concentrations pure leachate
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Chloride concentrations for each species generally follow the same trend and have similar
concentrations for all sample dates (Fig. 9). Bovine reached the highest concentration at
fourteen months with a chloride concentration of 3,810 mg/L. The results follow slightly different
paths to the same end therefore are probably not statistically different. An average chloride
value for livestock decomposition leachate was considered to be 2,600 mg/L.
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Figure 9 - Chloride concentrations of pure leachate

Potassium concentrations for each species did not fluctuate much during the 24 month sample
period (Fig. 10). During the entire sample period, bovine had the lowest average concentration
and poultry and swine had a slightly higher concentration. The breakdown of proteins could be
a major source of potassium production in the leachate (Vass 2001). The average potassium
value for the three species during the last three sample periods is 2,300 mg/L, with bovine
approximately 25% lower than swine and poultry.
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Figure 10 - Potassium concentrations of pure leachate
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Phosphorous concentrations for each species generally follow the same trend of slight
fluctuations in early sample dates to a levelled value by fourteen months (Fig. 11). Poultry
contained the highest amount of phosphorous with a maximum value of 2,090 mg/L. Swine had
a maximum value of 1,870 mg/L and bovine the lowest at a maximum value of 1,300 mg/L.
Differences in the values could possibly be explained by diet and biological attributes of the
species. Poultry, in general have significantly smaller frame than bovine and swine, and due to
the large amount of feathers have more protein structures that include phosphorous molecules.
As for pure swine leachate each sample date follows the same trend. Bovine also follow the
same basic trend and are not statistically different. Average phosphorus concentrations range
between 1,200 (bovine) and 1,800 mg/L (poultry). These values are significantly higher than
those reported by MacArthur et al. (2002) who reported an average value of 55 mg/L and a
peak concentration of 476 mg/L.
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Figure 11 - Phosphorus concentrations of pure leachate

Due to the early rapid release of fluids from the livestock such as urine, digestive juices and
blood, higher concentrations for most ions are not achieved until 6-9 months post-burial. If
livestock are buried in a soil with low hydraulic conductivity, a solution will be present for long
periods of time, allowing the accumulation of higher concentrations due to the decomposition of
the animal carcass. From this, the expected concentrations of livestock mortality leachate was
averaged over the last three sample dates i.e. 9-24 months post burial. Table 1 demonstrated
average concentrations expected per species and a total average which could be expected.
Total alkalinity or bicarbonate is likely the value with the most uncertainty due to difficulties
involved with titration of the original leachate solutions.
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Table 1 - Average mortality leachate concentrations per species and total average

Total
units Poultry Swine Bovine Average
Bicarbonate mg/L 39133 48467 50733 46100
Chloride mg/L 2570 2380 2813 2600
pH 6.5 6.7 6.9 6.7
Total Alkalinity mg/L 22500 39700 41600 34600
Ammonium as Nitrogen mg/L 10400 13300 14100 12600
Nitrate + Nitrite Nitrogen mg/L 2.3 3.1 3.8 3.1
Inorganic Carbon mg/L 7697 9533 9947 9100
Organic Carbon mg/L 79000 65000 68000 71000
Aluminum mg/L 0.5 0.5 0.5 0.5
Calcium mg/L 81 48 36 60
Copper mg/L 0.9 1.7 0.6 1.1
Iron mg/L 18 19 18 20
Magnesium mg/L 79 17 18 40
Manganase mg/L 0.5 0.1 0.1 0.2
Phosphorus mg/L 1927 1513 1150 1500
Potassium mg/L 2400 2400 2000 2300
Silicon, soluable mg/L 20 24 26 20
Sodium mg/L 1600 1700 2000 1800
Sulfate mg/L 3970 3900 2900 3600
Sulfur mg/L 1300 1297 963 1200
Zinc mg/L 2.2 1.8 1.7 1.9

Livestock mortality leachate is relatively highly concentrated compared to other contaminants
such as hog manure, and landfill leachate. Figure 12 shows the difference between the results
of this study to other potential contaminants such as earthen manure storages, landfill leachate,
and the Scotland burial site study.

The results of this study show that ammonium concentrations range from 2 to sometimes 4
times higher than hog manure and landfills. The highest concentration exceeds drinking water
standards over 400 times. The threat occurs with this concentration when it reaches oxic
conditions causing the ammonium to oxidize and form nitrate (Paul and Clark 1996). It is
significant that the maximum ammonium concentration values found in this study match those
values obtained from the mortality burial site in Scotland. Alkalinity in livestock mortality
leachate is 60 times higher than drinking water standards and also exceeds concentrations in
hog manure and landfill leachate by 20,000 mg/L. Alkalinity concentrations found at the
Scotland site has a maximum value of 88,200 mg/L but average values were at approximately
12,000 mg/L. Average alkalinity concentrations from this study are nearly 20,000 mg/L higher
than averages from Scotland. Sodium concentrations exceed drinking water standards by ten
times and is also higher in concentration than hog manure and landfill leachate. Sulphate
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occurring in livestock mortality leachate is approximately 6-7 times higher than concentrations
occurring in hog manure and landfill leachate and exceeds drinking water standards by
approximately nine times. Phosphorus is not regulated in drinking water standards, but it can
be detrimental to aquatic environments even in small amounts. Potassium concentration in
livestock mortality leachate exceeds concentrations of hog manure and landfill leachate.
Calcium and magnesium present in the leachate is less than hog manure and landfill leachate
but calcium exceeds drinking water standards by 47 times, while magnesium is less than
drinking water standards and is therefore not a threat. Chloride exceeds drinking water
standards by ten times and is also higher in concentration than hog manure and landfill
leachate. Chloride will transport conservatively and mostly unattenuated. Iron is similar for
livestock mortality leachate and landfills, but can exceed drinking water standards by 120 times.
Iron in solution is likely to complex with other ions or be adsorbed by the soil particles.

12
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40000 m Average Livestock Burial Leachate (this study)

O Scotland Burial Leachate (MacArthur et al. 2002)
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OLandfill Leachate (Thornton et al., 2001)
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Figure 12 - Leachate concentration comparisons (mg/L)
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Conclusion

The determination of the chemistry associated with livestock burial mortality leachate was
determined. When burying conditions involve soils with low hydraulic conductivities, average
leachate concentrations are expected to be those found after 6 months of decomposition.
Livestock mortality leachate contains on average (Table 1) a concentration of 12,600 mg/L of
ammonium, 46,000 mg/L bicarbonate, 2,600 mg/L chloride, 3,600 mg/L sulphate, 2,300 mg/L
potassium, 1,800 mg/L sodium, 1,500 mg/L phosphorus, along with small amounts of iron,
calcium and magnesium. Trace amounts of other elements exist in the leachate and are
summarized in Tables 2-4 in the appendix. The pH of the leachate was near neutral. In
comparison to earthen manure storages and landfills, the strength of the leachate was relatively
higher.
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U.C. Davis

Table 2 - Poultry (Pit No. 1) leachate chemistry

July 21-23, 2009

Aug.17 Sept. 21 Oct. 20 Nov. 23 May 25 Oct. 26 Sept. 11

DATE of SAMPLE 2005 2005 2005 2005 2006 2006 2007
Bicarbonate mg/L 25700 33200 37000 36000 38800 39000 39600
Carbonate mg/L n/d n/d n/d n/d n/d n/d n/d
Chloride mg/L 3480 2860 2540 2470 2690 2670 2360
Hydroxide mg/L n/d n/d n/d n/d n/d n/d n/d
pH pH Units  6.23 6.2 6.4 6.42 6.44 6.48 6.52
Specific

Conductivity uS/cm 45900 30700 37400 37600 36800 36900 45200
Total Alkalinity mg/L 21100 27200 30300 29500 31800 32000 32500
Ammonium as

Nitrogen mg/L 4500 4542 9860 11200 8370 12700 10100
Nitrate + Nitrite

Nitrogen mg/L n/d 9.1 3.7 1.8 n/d 2 4.9
Total Kjeldahl

Nitrogen mg/L 19500 16500 17800 20200 18100 17700 17300
Inorganic Carbon mg/L 5060 6530 7280 7080 7630 7670 7790
Organic Carbon  mg/L 47000 55000 55000 62000 58000 78000 99000
Aluminum mg/L 1.5 1.4 n/d 0.8 0.6 1 n/d
Barium mg/L 0.6 5 0.7 n/d n/d 0.2 n/d
Beryllium mg/L n/d n/d n/d n/d n/d n/d n/d
Boron mg/L n/d n/d n/d n 0.2 n/d 0.6
Cadmium mg/L n/d n/d n/d n/d n/d n/d n/d
Calcium mg/L 110 50 60 70 83 90 70
Chromium mg/L n/d n/d n/d n/d n/d n/d n/d
Cobalt mg/L n/d n/d n/d n/d n/d n/d n/d
Copper mg/L 0.6 0.5 0.5 1.3 0.52 1.8 04
Iron mg/L 42 42 28 29 29 18 8
Lead mg/L n/d n/d n/d n/d n/d n/d n/d
Magnesium mg/L 140 140 110 110 97 80 60
Manganase mg/L 1.1 1.1 0.8 0.8 0.71 0.6 0.3
Molybdenum mg/L n/d n/d n/d n/d 1 n/d n/d
Nickel mg/L n/d n/d n/d 0.2 0.07 n/d n/d
Phosphorus mg/L 1830 2090 1870 1970 2000 1890 1890
Potassium mg/L 3100 2500 2300 2500 2600 2100 2400
Silicon, soluble  mg/L 12 16 13 15 14 17 30
Silver mg/L 0.2 n/d n/d n/d n/d n/d n/d
Sodium mg/L 1900 1600 1800 1800 1600 1500 1600
Strontium mg/L n/d 0.1 0.1 n/d 0.09 0.1 n/d
Sulphate mg/L 4400 4700 3800 4400 4900 3400 3600
Sulphur mg/L 1500 1600 1300 1500 1600 1100 1200
Titanium mg/L 0.1 n/d n/d n/d n/d n/d n/d
Vanadium mg/L n/d n/d n/d n/d n/d n/d n/d
Zinc mg/L 10 7.3 2 4.1 2.7 3 0.9
Zirconium mg/L 0.3 n/d n/d 0.1 0.06 n/d n/d

n/d: not detectable
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Table 3 - Swine (Pit No. 2) leachate chemistry

Aug. 17 Sept. 21 Oct. 20 Nov. 23 May 25 Oct. 26 Sept. 11

DATE of SAMPLE 2005 2005 2005 2005 2006 2006 2007
Bicarbonate mg/L 34200 36600 40000 40000 47000 47000 51400
Carbonate mg/L n/d n/d n/d n/d n/d n/d n/d
Chloride mg/L 2855 2700 2570 2490 2360 2650 2140
Hydroxide mg/L n/d n/d n/d n/d n/d n/d n/d
pH pH Units  6.47 6.57 6.77 6.82 6.72 6.86 6.66
Specific

Conductivity uS/cm 33200 35500 40400 41900 42800 46600 48700
Total Alkalinity mg/L 28000 29200 32800 32800 38500 38500 42100
Ammonium as

Nitrogen mg/L 2400 5831 12600 10500 8490 15200 16300
Nitrate + Nitrite

Nitrogen mg/L 25 6.6 7.2 3.6 3.8 4.7 0.83
Total Kjeldahl

Nitrogen mg/L 17100 19000 15100 19200 18800 17200 12000

Inorganic Carbon mg/L 6730 7000 7670 7870 9250 9250 10100
Organic Carbon mg/L 44000 48000 48000 54000 56000 68000 70000

Aluminum mg/L 0.7 21 0.9 1 0.5 0.9 n/d
Barium mg/L n/d 0.8 0.5 n/d n/d n/d n/d
Beryllium mg/L n/d n/d n/d n/d n/d n/d n/d
Boron mg/L n/d n/d n/d n/d n/d n/d 1.6
Cadmium mg/L n/d n/d n/d n/d n/d n/d n/d
Calcium mg/L 70 30 40 40 65 50 30
Chromium mg/L n/d 0.1 n/d 0.1 n/d n/d n/d
Cobalt mg/L 0.1 n/d n/d n/d n/d n/d n/d
Copper mg/L 0.3 1 1.3 14 2.7 1.7 0.6
Iron mg/L 70 37 54 35 29 19 10
Lead mg/L n/d n/d n/d n/d n/d n/d n/d
Magnesium mg/L 80 30 30 20 20 20 10
Manganase mg/L 2.6 0.5 0.4 0.3 0.12 0.1 n/d
Molybdenum mg/L 04 n/d n/d n/d 0.57 n/d 0.2
Nickel mg/L 0.3 0.2 n/d n/d n/d n/d n/d
Phosphorus mg/L 1720 1380 1870 1520 1540 1540 1460
Potassium mg/L 2800 2100 3200 2300 2600 2300 2400
Silicon, soluble  mg/L 32 13 15 12 11 12 48
Silver mg/L n/d 0.1 n/d n/d n/d n/d n/d
Sodium mg/L 2300 1700 2600 2200 1700 1800 1700
Strontium mg/L 0.2 0.1 0.2 n/d 0.08 n/d n/d
Sulphate mg/L 3500 3600 5700 5900 5800 2100 3800
Sulphur mg/L 1200 1200 1900 2000 1900 690 1300
Titanium mg/L n/d 0.1 n/d n/d n/d n/d n/d
Vanadium mg/L n/d n/d n/d n/d n/d n/d n/d
Zinc mg/L 26 25 29 3.3 2.1 1.8 1.4
Zirconium mg/L n/d 0.2 n/d n/d n/d n/d n/d

n/d: not detectable

17





3rd International Symposium
on Management of Animal Carcasses,
Tissue, & Related By-products U.C. Davis July 21-23, 2009

Table 4 - Bovine (Pit No. 4) leachate chemistry

Aug. 17 Sept. 21 Oct. 20 Nov. 23 May 25 Oct. 26 Sept. 11

DATE of SAMPLE 2005 2005 2005 2005 2006 2006 2007
Bicarbonate mg/L 35100 40700 43100 45600 53400 48700 50100
Carbonate mg/L n/d n/d n/d n/d n/d n/d n/d
Chloride mg/L 2605 2765 2400 2310 2450 3810 2180
Hydroxide mg/L n/d n/d n/d n/d n/d n/d n/d
pH pH Units  6.83 6.81 7.9 7.01 6.98 6.89 6.86
Specific

Conductivity uS/cm 32700 32700 41500 42100 46900 50000 51100

Total Alkalinity mg/L 28800 33400 35300 37400 43800 39900 41100
Ammonium as

Nitrogen mg/L 5200 4708 13200 13900 10200 13000 19200
Nitrate + Nitrite

Nitrogen mg/L 23 14 2.1 2.6 6.7 3.5 1.1
Total Kjeldahl

Nitrogen mg/L 18300 11000 16000 19400 20100 17600 18400
Inorganic Carbon mg/L 6900 8010 8480 8970 10400 9580 9860
Organic Carbon  mg/L 43000 46000 47000 57000 60000 68000 75000
Aluminum mg/L 1.7 1.2 n/d 0.8 04 1 n/d
Barium mg/L 0.3 0.6 0.5 0.2 0.06 n/d n/d
Beryllium mg/L n/d n/d n/d n/d n/d n/d n/d
Boron mg/L n/d 0.7 0.9 0.7 0.6 1.2 0.7
Cadmium mg/L n/d n/d n/d n/d n/d n/d n/d
Calcium mg/L 60 30 20 40 38 50 20
Chromium mg/L n/d n/d n/d n/d n/d n/d n/d
Cobalt mg/L 0.1 n/d n/d n/d n/d n/d n/d
Copper mg/L 0.6 1.1 1 1 0.6 0.7 0.5
Iron mg/L 110 43 46 29 28 15 9.8
Lead mg/L n/d n/d n/d n/d n/d n/d 0.9
Magnesium mg/L 30 10 30 20 15 30 10
Manganase mg/L 0.5 0.3 0.4 0.4 0.19 n/d 0.1
Molybdenum mg/L 1.8 n/d 0.2 n/d 0.21 n/d n/d
Nickel mg/L 0.4 0.1 n/d n/d 0.1 n/d n/d
Phosphorus mg/L 920 1300 1300 1230 1170 1200 1080
Potassium mg/L 1900 2100 2100 2100 2200 1800 1900
Silicon, soluble mg/L 29 25 27 26 22 27 29
Silver mg/L n/d n/d n/d n/d n/d n/d n/d
Sodium mg/L 1600 2000 2700 2200 1900 2000 2000
Strontium mg/L 0.7 0.3 0.3 0.3 0.26 0.3 0.1
Sulphate mg/L 3700 4500 6300 6800 4600 1700 2400
Sulphur mg/L 1200 1500 2100 2300 1500 580 810
Titanium mg/L 0.2 n/d n/d n/d n/d n/d n/d
Vanadium mg/L n/d n/d n/d n/d n/d n/d n/d
Zinc mg/L 3.5 4.2 3.3 29 2.3 1.8 1.1
Zirconium mg/L 0.2 n/d n/d n/d n/d n/d n/d

n/d: not detectable
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Abstract. Avian influenza (Al), or bird flu, is caused by avian influenza viruses that are carried by
wild waterfowl and shed in the saliva, nasal excrements and feces. Domestic poultry get the disease
when they come in contact with the viruses either directly from waterfowl (drinking from contaminated
water, foraging in places where waterfowl have been), or from contact with other infected domestic
birds, cages, feed, feces or workers that may be carrying the virus on their clothes or vehicles. It can
also be spread easily with wind currents, therefore, the less birds are moved, especially off-site, the
better. Static pile composting provides a tool to manage the birds on site, reducing the risk of
spreading disease. CWMI, in collaboration with New York State Department of Environmental
Conservation, Department of Agriculture and Markets and the Workplace Health and Safety
Programs in the New York State College of Industrial and Labor Relations, developed and
disseminated educational materials for a composting component of a state emergency response plan
for avian influenza. Materials that were developed include a literature review of Al and methods of
disposal of affected poultry, a 12 page illustrated fact sheet and poster entitled Natural Rendering:
Composting Poultry Mortality and a 6-minute video that provide technical assistance for routine
mortality and for emergency situations. These materials, available at
http://cwmi.css.cornell.edu/ai.htm, will help reach large scale poultry farms who already compost
manure all the way down to backyard flocks that could spread disease. The plan includes effective
use of personal protective equipment for workers, how to compost birds, different phases of the
process, clean up and ultimate use of the compost. If there is a disease outbreak, it will be important
for farmers to get the support they need. With a simple download, farms will have the information and
will be able to follow steps to disinfect their operation.
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Introduction

The laws of the State of New York (Ag & Markets Law, Article 5, §73) require that “every
person shall immediately report to the commissioner the existence among animals of any
infectious or communicable disease coming to his knowledge. Every report shall be in writing
and shall include a description of the diseased animal or animals, the location thereof, the name
of the disease suspected, and, if known, the name and address of the owner or person in
charge of such animal or animals.” HPAI (any H5 or H7) is a reportable avian disease at the
Federal (Animal and Plant Health Inspection Service), State (NYS Department of Agriculture
and Markets and Department of Health) and Local (Cornell University) level. But then what
happens?

New York State Agriculture and Markets (NYS DAM) asked New York State Department of
Environmental Conservation (NYS DEC) how to handle the disposal of animals in an Avian
Influenza (Al) outbreak. The knee jerk reaction to any emergency, whether due to disease
outbreak or natural disaster, is to bury. Since burial is not necessarily the best option, DEC
asked Cornell Waste Management Institute (CWMI) to assist in the development and
dissemination of a composting component of a state emergency response plan for avian
influenza. The purpose was to convey best management practices for static pile composting as
a means to manage routine avian mortality and situations resulting from disease outbreak and
natural disasters. CWMI was charged with getting the information out to farmers, veterinarians,
emergency response people, federal, state and local environmental, health and conservation
personnel. CWMI, in collaboration with NYS DEC, NYS DAM and New York State College of
Industrial and Labor Relations (NYSILR), developed and disseminated educational materials for
a composting component of a state emergency response plan for avian influenza. This paper
details the procedure and particulars of gathering, putting together and getting the information
out to those who need it.

Procedure

The first step in any emergency disease planning is to gather information about the disease and
its control. Avian influenza (bird flu) is caused by Al viruses that are carried by wild waterfowl
and shed in the saliva, nasal excrements and feces. Domestic poultry get the disease when
they come in contact with the viruses either directly from waterfowl (drinking from contaminated
water, foraging in places where waterfowl have been), or from contact with other infected
domestic birds, cages, feed, feces or workers that may be carrying the virus on their clothes or
vehicles. Avian Influenza can be classified into two forms based on the severity of illness they
cause in birds. Low pathogenic avian influenza (LPAI) may go undetected and causes only mild
symptoms such as ruffled feathers and a drop in egg production. It is rarely transmitted to
humans and is not life-threatening. Highly pathogenic avian influenza (HPAI) causes serious
illness and death in infected birds, often within 48 hours of onset. It is easily spread through a
flock by contact among birds and through litter, cages, equipment and air (particularly within
poultry houses). It is a serious often deadly disease if contracted by people. It is not known to be
transmitted from person-to-person.

Only certain avian influenza viruses are known to cause the highly pathogenic form. Some LPAI
viruses, when allowed to circulate in poultry populations, can mutate, usually within a few
months, to the highly pathogenic form. The cycle for Al (Figure 1) is transmission of LPAI from
wild birds to domestic flocks that can then circulate in the flock and be transported to other
flocks. LPAI may undergo mutation into HPAI that can circulate in the flock and be transported
to other flocks. Control of LPAI can thus help to prevent creation of HPAI. Once a flock has
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contracted HPAI, preventing off-site movement of birds, litter and contaminated equipment is
important. Composting of dead birds and litter can control the viruses.

= ~3. When LPAI circulates among birds,
it can mutate to HPAI.

2. LPAl is spread between birds within

a flock and to other flocks through -
direct contact of infected birds, The
litter, surfaces, materials
or people and vehicles.

. 4. HPALI is spread rapidly between birds within a flock and to
1. LPAI virus is carried in the intestines of
wild birds. It is spread to domestic poultry
through contact with contaminated secretions.

other flocks through direct contact with infected birds, litter,
equipment or people and vehicles. Through direct contact with

/ infected birds, people may infrequently become infected.

Figure 1. Avian Influenza (bird flu) Cycle. lllustration by Bill Davis.

Prevention of LPAI is a step in preventing HPAI from occurring and thus preventing outbreaks or
a pandemic. This is best done through bio-security for poultry flocks: no contact with wild birds
or water sources where wild birds congregate, essential personnel only in poultry facilities,
clean/disinfect clothing, equipment, tires, etc., and no contact with other poultry or live bird
markets. If flocks are infected, and LPAI mutates into HPAI, disposal of dead birds and infected
litter becomes an issue. Moving the birds offsite for disposal can easily spread the disease.
Heat destroys the virus, but it remains viable at moderate temperatures for long periods, and
indefinitely in frozen material. The virus is killed by heat (56°C for 3 hours, 60°C for 30 minutes).
Since properly managed composting meets these time/temperature requirements, static pile
composting provides a tool to manage infected birds on site and kill the virus, reducing the risk
of spreading disease.

Research in many states indicates composting is effective in inactivating the avian influenza
virus (AlIV). Lu, et al, 2003 showed that mixing AlIV with chicken manure that contains
microorganisms or their digestive enzymes or by products has the ability to destroy the virus in
less than a week at ambient or higher temperatures. Senne, et al, 1994, composted birds in bins
that were inoculated with HPAI virus and were unable to isolate any virus from the tissue after
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10 or 20 days of composting. Research on other poultry viruses has shown them to be
inactivated through composting, not only because of temperature but also due to biological
activity in the composting process (Glanville, et al, 2006). Composting has also been shown to
be an effective means of disposal for all sizes of birds (Flory, et al, 2007) and thus has
prompted the Virginia Department of Environmental Quality to list in-house composting as the
preferred method of disposal in response to disposal of entire flocks of poultry after an outbreak
of avian influenza. According to the United States Environmental Protection Agency (US EPA),
on-site composting has been proven effective in deactivating avian influenza virus. On-site
composting limits the risk of groundwater and air pollution contamination, the potential for farm
to farm disease transmission, and transportation costs and tipping fees associated with off-site
disposal. Also, there is the benefit of producing a usable product.

Having determined that composting is not only an adequate method of inactivating the Al virus,
but is also environmentally sound and bio-secure, the next step was to determine the proper
procedure to ensure worker health and safety while composting. In cooperation with NYSILR
Workplace Health and Safety Program, a report was generated that anticipated routes of
exposure and protection/prevention for farm owner/operators, their employees, and compost
process experts/consultants which would be expected to be exposed should an outbreak of
HPAI H5N1 occur in NYS. Potential routes of exposure of the Al virus are through inhalation,
skin and eye contact, and ingestion. Since the virus is excreted in the droppings of infected
birds and in their respiratory secretions, in an agricultural setting, animal manure and secretions
containing the virus can contaminate dust and soil, causing infection when inhaled. The virus
can be carried on the bodies and feet of animals as well as humans, thus direct contact with
saliva, nasal secretions or feces from infected birds or contaminated surfaces can cause
contamination. Hand to mouth or hand to nose transfer is assumed to be a potential route of
exposure as well. Therefore, it is recommended that the following PPE be worn by all of those
involved in culling/depopulation and composting of birds and litter from an Al outbreak:

e Hand protection: impermeable gloves (nitrile or vinyl disposable gloves, or heavy-duty 18-mil
rubber gloves that can be disinfected).

e Body protection: disposable outer clothing or coveralls with an impermeable apron. Light
clothing will prevent heat stress.

e Head protection: disposable head cover or hair cover.

e Foot protection: disposable shoe covers or rubber or polyethylene boots that can be reused
after disinfection.

e Eye protection: safety goggles or a respirator with a full face-piece, hood, helmet or loose-
fitting face-piece.

e Respiratory protection: National Institute for Occupational Safety and Health (NIOSH)-
approved disposable respirator (N-95, N-99 or N-100) or NIOSH-approved reusable
particulate respirator, properly fit-checked and sealed.

e For employees who are unable to wear a disposable particulate respirator because of facial
hair or other fit limitations, they can wear a loose-fitting helmeted or hooded powered air-
purifying respirator (PAPR) with high-efficiency particulate air (HEPA) filters.

Once all of the information was gathered, educational materials needed to be developed and
made available through outreach for those that might be affected. The literature review is posted
on CWMI's website at http://cwmi.css.cornell.edu/aisummary.pdf. A 12-page fact sheet was
created that details disposal of avian mortality using composting, including the need, the risks of
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different disposal methods, the benefits of composting and the procedure and process of
composting for routine mortality. The fact sheet then goes on to describe composting in the
event of an Al outbreak, including the effectiveness of composting, the use of PPE, safety in
managing avian carcasses, worker protection (recommended vaccinations and vigilance of
fever, respiratory symptoms or conjunctivitis for 10 days after last exposure), do and don'ts,
doffing PPE and troubleshooting the compost pile. The fact sheet can be found as a pdf file at
http://cwmi.css.cornell.edu/ai.htm. A poster that can be laminated and hung directly in the barn,
describing how to compost avian mortalities, is also available online at the same site as either a
power point or pdf file. In addition, CWMI, created a 6 minute DVD available for downloading at
the previous url, or directly at http://hdl.handle.net/1813/11663, which shows the procedure for
donning PPE, building the compost pile including safety precautions, the composting process,
and doffing PPE. All materials are available free of charge and are only a click away for use in
an emergency.

To effectively get information out on emergency procedures to be followed in case of an Al
outbreak, multiple audiences needed to be reached. Most large and some smaller farms are
active in the NYS Poultry Association and CWMI was able to reach these farms through their
annual meetings at which a power point was shown, fact sheets and DVDs were distributed,
and, at some, field demonstrations were performed. Many small farms were and still are being
reached through organic groups, annual small farms conferences and small farms quarterly
publications. People with backyard flocks are an audience that is harder to reach but would
have potential to be affected. Backyard flocks are common especially in suburban and rural
areas but there are few records of their existence. This audience needs to be alerted so that
they do not facilitate the spread of disease. CWMI works with Cornell Cooperative Extension
and other agriculture educators to help get information out to this audience. In addition, all State
Veterinarians that deal with poultry have the information available to distribute. So far, CWMI
has reached over 4000 people with this information.

Conclusion

With cooperation from several different stakeholders in NYS, the role of composting as a
component of an emergency response plan in the case of an Al outbreak was developed and
disseminated in such a fashion that it will effectively reach those that need it. Although this was
developed for an Al outbreak response, the same protocols can be used with other disease
outbreaks and mass casualty events as needed. Resources exist on our website to address
composting of livestock, meat residuals and road-Kkill.
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Abstract. The Maine Department of Agriculture conducted a field exercise on an active dairy farm in
November, 2008 to test its response plan for an outbreak of foot and mouth disease (FMD). The focus
was the disposal of carcasses through composting and all of the associated activities such as bio-security,
personal protective equipment (PPE), cleaning and disinfection and crew support. In total, 55 people
participated in the exercise which was conducted using the Incident Command System to organize crews,
tasks and chain of command.

Although composting has been tested through work of the Maine Compost Team, the entire process,
including all bio-security measures needed in a disease outbreak, had not been conducted. The exercise
was a chance to work through all the details.

Prior to the exercise the windrow area was marked with stakes. It was sized for an eight foot wide
windrow long enough to hold 10 adult cows, determined using: 4X + 4 = windrow length, where X is the
# of cows. Pile construction was done using an excavator with a ‘thumb’. A base layer was formed eight
feet wide by 45 feet long and 18 inches deep. Once formed, the crew delivered carcasses within reach of
the excavator. The bucket with the ‘thumb’ was used to position the carcasses on the base. Once all were
on the base layer, cover material was delivered and the excavator covered each carcass with two feet of
cover. Two materials were used in pile construction. The base was a mix of dry bedded manure and
spoiled feed. The cover was active municipal compost.

The exercise showed that composting can be a viable option for managing carcasses in a disease outbreak
and provided lessons about an emergency operation. Some of these included:

Training, Supplies, Types of equipment, Bio-security, Personal Protective Equipment (PPE), Shelter
needs, Communications, Traffic control and Cleaning and disinfection

Keywords. Carcass composting, animal emergency response, Incident Command System, foot
and mouth disease response training
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Introduction

Despite being superceded by concerns about avian influenza and ‘swine’ flu, Food and Mouth
Disease remains as an ominous threat to the livestock industry in this country. State
Departments of Agriculture as well as other agencies still need to prepare to respond to a
potential outbreak of this devastating virus. One of the most problematic issues associated with
trying to eradicate the disease is the disposal of large numbers of carcasses in an environmentally
sound and bio-secure way. Because of the paucity of suitable burial sites and the limited
availability of other options for carcass disposal in Maine, the preferred disposal option is
through composting.

A considerable amount of research and demonstration work on large animal carcass composting
has been done in the state through the efforts of the Maine Compost Team. The Team is made
up of representatives of the Maine Department of Agriculture, the Maine Department of
Environmental Protection, the Maine State Planning Office and the University of Maine
Cooperative Extension. None of the work, however, had been done in a setting that would
accurately represent a large animal disease outbreak. The Department of Agriculture applied for
and received funds from the US Department of Agriculture Animal and Plant Health Inspection
Service to plan and carry out a field exercise that would mimic the response to a real outbreak.

THE EXERCISE

The Maine Department of Agriculture, along with its many partners, conducted a functional field
exercise on November 20, 2008 to test the state’s preparedness to respond to an outbreak of foot
and mouth disease (FMD). The focus of the exercise was the process of disposing of diseased
carcasses through composting and all of the associated activities relating to bio-security, personal
protection equipment (PPE), cleaning and disinfection of equipment and crew support.

ORGANIZATION

The exercise (as well as the planning for the exercise) was conducted using the Incident
Command System (ICS) structure to organize crews, tasks and chain of command. The ICS
structure with job assignments for the exercise is displayed in Appendix 1.

ZONE TERMINOLOGY

Throughout this report, the author has used the terms “hot’ or “dirty’ zones to mean the area of
the farm that was designated as being contaminated and so would require special bio-security
measures. The terms “‘cold’ or ‘clean’ zone meant areas on the farm or off the farm that were
considered to be free of contamination for the purpose of the exercise. In a real disease
emergency the hot or dirty zone would be designated by the Incident Commander and most
likely would include the entire farm.
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PARTNERS

Although the Maine Department of Agriculture was the lead agency in organizing the field
exercise, the planning team included a number of other partners. The planning effort began with
the members of the Maine Compost Team, which has representatives of the Department of
Agriculture, the State Planning Office, Maine Department of Environmental Protection and the
University of Maine Cooperative Extension. To this core group were added representatives of
the Maine Department of Labor, the Maine Forest Service and the Maine Emergency
Management Agency. There was also cooperation by the Nutting Farm in Leeds, Maine;
Pineland Farms in Ft. Fairfield, Maine; the Maine Dairy Industry Association; the USDA’s
Natural Resources Conservation Service and the University of Maine Veterinary Diagnostic
Laboratory. One of the most important partners in the process was the Barker Family who
hosted the exercise on their dairy farm in Leeds, Maine. See Appendix 2 for a list of the exercise
participants and affiliations.

PURPOSE

The Department of Agriculture’s plan for managing the carcasses that would result from control
efforts during an outbreak of FMD is to utilize on-farm composting of the carcasses using active
municipal compost as the cover material. This plan was based on several years of trials
composting large animal carcasses using a variety of materials. Although the composting
technique has been proven through work of the Maine Compost Team and on several Maine
farms, the entire process, including all the bio-security measures needed in a highly contagious
disease outbreak, had not been conducted from start to finish. The Department was aware that
there would be many details, some not immediately connected to the compost process itself, that
had never been tested or even identified. The field exercise, then, was a chance to work through
all those details. One of the expected outcomes of the exercise would be the documents used to
structure the exercise and to organize the details needed at each point of the process. (See the
Appendices.) A second outcome would be an update of the disposal plan that will include many
of the details identified. And finally, the results of the exercise would be used to develop
training materials that can be used to train responders in the future.

PARTICIPANTS

The labor for the exercise was a mix of volunteers and contractors. Contractors were hired for
the equipment (including operators) and for the pressure washing. Most other jobs were filled
with volunteers from cooperating agencies. A few private sector volunteers also performed some
critical roles. (See Appendix 2 for a list of the participants and the roles performed.) In addition
to the volunteers and contractors, two of the farm family members also participated in the
exercise and used their own farm equipment to perform some of the critical tasks.

Recruiting volunteers for the exercise was one of the major tasks in the preparation and planning
of the exercise. It involved sending requests to the various cooperating agencies, to farmers
through the Maine Dairy Industry Association, to the USDA NRCS and to the soil and water
conservation districts. Private sector participants were also recruited through personal contacts
by planning team members. A sign up list for volunteers was posted at the training
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session(discussed later) as a way to gauge interest in performing certain roles during the
exercise.

Final crew assignments were made jointly by the Planning Chief and Operations Chief based to
the greatest extent possible on the interest expressed at the training session. Specific crew tasks
were assigned according to skills of the volunteers and availability at the time. Assigning people
to the traffic control crew proved to be somewhat problematic since it was not originally
identified as a crew needing volunteers and so there were none signed up. Fortunately, there
were several people who agreed to serve on that crew as late additions or changes to the crew
list. (Inareal incident, traffic control would likely not be done by volunteers but by law
enforcement officers.)

All the volunteers and contractors took on their roles with the attitude that they would try to
perform them as if it was a real animal health emergency. Most of them had attended the one
day training performed two weeks before the exercise and so knew what was expected of them
and were able to jJump in and perform their duties with a minimum of direction from the Incident
Commander or Operations Chief.

The crews that ran the compost staging area, the ‘barn’ (carcass holding area) and the compost
pile construction area were very efficient in performing their tasks so that the pile construction
and all the associated activities proceeded smoothly and without any delays. Having pre-
identified crews with responsibilities clearly defined for each crew, helped contribute to the
efficiency of the process.

In addition to the people who worked on specific crews during the exercise, several people
participated as observers. The observers were there to gather information for future response
planning and to provide feedback on the exercise. The observers are also listed in Appendix 2.

In total, 55 people participated in the preparation and implementation of the exercise. All
participants had a distinct role in the process but managed to work together as a team to
accomplish a common goal.

TRAINING

The training for the various work crews consisted of a one day training held two weeks before
the exercise and a pre-exercise briefing on the morning of the exercise.

The day long training session was meant to prepare volunteers to be crew leaders in the event of
an emergency and was a prerequisite to being assigned to one of the work crews in the exercise.
A preview of the exercise was given as a part of the classroom training to acquaint all
participants with the overall scheme of activities that would be taking place in the field. In
addition, background training was provided on foot and mouth disease and on the Incident
Command System so that all participants would have the same basic knowledge at the start of the
exercise.
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Hands on training was then provided covering the three major functional areas of the exercise,
which were the use of personal protective equipment (PPE), proper construction of a compost
pile for large animal carcasses and the cleaning and disinfection of equipment. See Appendix 3
for the agenda and registration form for the training session.

The pre-exercise briefing for all the crews was also an important part of the preparation for the
exercise since it was the first time all of the crews were actually assembled. At the briefing, the
Incident Commander (Dr. Don Hoenig) gave an introduction to the activities of the day then the
details of the plan of action were laid out by the Operations Chief (Mark Hutchinson). Crew
assignments and equipment needs were presented as well as crew responsibilities and a step by
step plan of action for getting each crew started. The aerial photo in Appendix 4 was used to
show crews where they needed to be on the farm.

SITE

The site chosen for the exercise was the Barker Farm in Leeds, Maine. The farm was chosen
because it was centrally located, had an accessible compost site and equipment, had some
familiarity with composting and most importantly, was willing to allow the influx of activity that
surrounded the exercise.

The site on the farm that was chosen for the compost pile construction was well away from the
road (Route 106) and away from all neighbors and sensitive resources. (See the aerial photo in
Appendix 4.) The compost site itself was an excellent choice for this type of exercise. It was
selected with the guidance of the farm owner and approved by the State Soil Scientist using
“Guidelines for Siting Compost Operations”. (See Reference 1.) It was located so that there was
little or no watershed up slope from the compost windrows and the slopes were between 2 and 4
percent, allowing water to drain off the site. The soils were moderately well drained. Finally,
the site was accessible due to its location next to the gravel farm road.

The area to be used for cleaning and disinfection (C&D) of equipment was also selected with the
assistance of the State Soil Scientist. The site selected was next to the paved driveway, just
outside the ‘hot’ zone so that equipment could drive out of the “hot’ zone, be cleaned and
disinfected and move into the ‘cold or clean’ zone. Downslope from the C&D area was a long
grassy slope that eventually led to a culvert under the road. The flow from the culvert was traced
across fields for several hundred feet which included several ‘pooling areas’ that would allow
any runoff to be attenuated before reaching any water bodies.

CREW STAGING AREA

One of the challenges associated with this type of exercise is the large number of participants
who need to be brought together in one place just prior to starting. The crew staging area had to
be away from the farm to simulate a real situation. In a real emergency, vehicles would be
prohibited from entering the farm or parking along the road next to the farm for both bio-security
and operational reasons. The ideal crew staging area, then, would provide a place for crew
members to leave their cars for the day without being a traffic hazard and would have a shelter
large enough for the pre-exercise briefing for 30 or more people. It should also be reasonably
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close to the site of the exercise because crews would need to be transported between the two sites
several times. Several possible locations near the Barker Farm were investigated and discarded
for various reasons. The issue was finally resolved by working with another local farm, the
Nutting Farm, which is located a little more than a mile away on a dead end road.

Although the Nutting Farm offered sufficient parking space, there was no shelter large enough
for the briefing session. (The barn was off limits for bio-security reasons.) The shelter was
provided by the National Guard, who arrived early the morning of the exercise and set up a tent
that was large enough for the crew to gather in. Not only was there space for the briefing, but it
offered a place for a table with hot drinks, muffins and donuts for the crew before heading out
into the cold wind. Although not essential in this instance, a heater and lighting in the crew
staging tent would have made a more suitable location for the briefing.

It should be noted that in the event of a real disease outbreak, the crew staging area would not be
at a farm for bio-security reasons. Another accessible location with parking and shelter would be
needed.

WEATHER

Just as it would be in a real emergency, the exercise was planned to take place regardless of the
weather conditions. That meant that provisions for heat, shelter and clothing appropriate for any
weather had to be planned for. (See the sections on shelter, safety and PPE for further
descriptions of how these were handled.)

As it turned out, the day was bitterly cold. Temperatures never rose above freezing and there
was a brisk 10 to 15 mph wind from the northwest.

SAFETY

One of the safety concerns associated with conducting an operation in cold weather is providing
appropriate types of PPE to protect workers from the cold. Accommodations for the cold
included ordering larger than normal tyvek suits (with hoods) and rain suits that could fit over
heavy winter clothing. The heavy rain suits also provided an additional layer for warmth as well
as protecting the workers from any liquids. For those workers involved in physical activities, the
rain suits also prevented damage to the tyvek suits worn underneath, providing an additional
level of bio-security.

Although the larger tyvek suits ordered for this exercise had hoods, the smaller suits that were on
hand at the Department of Agriculture did not have hoods. It is recommended that future
purchases of tyvek and other PPE suits have hoods in case they are needed for cold weather
use.

Heavy duty lined waterproof gloves were also essential, especially for participants working on
the ground with their hands. A supply of lined heavy weight rubber work gloves was ordered

specifically for this exercise and distributed to everyone working on the ground or in open cab
equipment.
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Because of the risk of slips on ice or snow, rubber rather than plastic over-boots were necessary.
Even textured plastic booties are treacherous on ice and snow. In addition, the rubber boots
could be disinfected and re-used. Participants were polled prior to the exercise to determine who
needed rubber boot covers so that a sufficient number could be purchased. In the future, it is
recommended that a stock of all sizes of rubber boot covers be available as part of the emergency
stockpile especially if an operation may take place in cold weather.

One item that was overlooked in planning for the operation was hard hats. Wearing a hard hat
when working on the ground around heavy equipment is a good safety precaution. Given that
some of the workers wore face shields, wearing a hard hat as well may have been problematic.
For the future, it is recommended that hard hats be available for workers who may be working
around heavy equipment. Also, it may be useful to explore the availability of combination hard
hats with face shields for certain jobs.

Participants who were experienced with operating under ICS noted that operations of this type
generally have a written safety plan prepared by the safety officer that would include a medical
plan and a map of the incident. The safety plan is conveyed to the crews at the pre-event
briefing. For future events these items should be included.

Crew Make up:

One person was designated as the safety officer for the exercise. The safety officer was a USDA
veterinarian who also serves as the safety officer for the USDA Animal Response Team in the
Northeast. During the exercise, it was the safety officer’s role to visit various parts of the
operation to observe activities with an eye to maintaining and improving safety. In many
instances, the Safety Officer is also in charge of bio-security. In a real incident, the Safety
Officer would be located at the command center with an assistant on site.

COMPOST EQUIPMENT

The compost equipment used for the exercise included:

An excavator with a ‘thumb’

A skid steer loader with interchangeable bucket and forks

A payloader

A farm truck with a 10 to 12 cu yard dump body

A one ton truck with a dump body

Sharpened length of steel rebar (for venting carcasses and measuring material depths)
Assortment of shovels and rakes

Chains with grab and slip hooks

Farm equipment was used when available, just as it would be in a real emergency situation. The
remainder of the equipment was contracted.

Each piece of equipment was well suited to the tasks performed. Here is a discussion of each of
the pieces of equipment used and the reason for using each one:
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The excavator was able to form the compost bed with a minimum of back and forth movement.
It was able to easily place the carcasses according to the layout design because the thumb
allowed it to pick up and position the carcasses precisely without the need for chains or hand
labor. Because the excavator did not need to move back and forth while covering the carcasses,
the trucks were able to place each load right next to the pile that was being covered. The fact
that the excavator was on tracks and could do much of the work with little movement prevented
it from rutting up the field and potentially getting stuck. The tracked excavator is considered to
be a superior piece of equipment for this type of work than a bulldozer or even a payloader.

The skid steer proved to be a very versatile piece of equipment for this type of operation.
Having both a bucket and a set of forks that could be quickly swapped was a big plus for this
piece of equipment. It was used to pick up the carcasses using the forks at the ‘barn” and load
them onto the one ton truck. In a real outbreak situation, the skid steer would be the piece of
equipment of choice for removing the carcasses from the barn due to its maneuverability. It was
also used to load compost material onto the one ton truck when it was not handling carcasses.
One drawback to the skid steer was that it was near its limit in lifting capacity with some of the
larger carcasses. A larger model or a payloader with detachable forks may be needed if larger
carcasses need to be handled.

The payloader was used to load the farm truck with animal bedding and with municipal compost.
The large bucket and higher reach made it the best choice for loading the larger truck that was
transporting materials across the farm.

The farm truck had a 10 to 12 yard dump body and was used to move materials from distant
parts of the farm to the compost site. An even larger capacity truck would be even better if there
was an actual outbreak on a farm as that would allow faster material movement and quicker pile
construction. Several trucks would probably be needed in the case of a real outbreak.

The one ton truck was needed to work with the skid steer on carcass movement. Although the
skid steer was an excellent piece of equipment for picking up and moving the carcasses, the
height that it could lift was limited so that it could not reach over the side of the farm truck. The
one ton truck, with its lower sides was perfect. It was large enough to hold two or three adult
cow carcasses and could be loaded very quickly with little hand labor required. The dump body
allowed the one ton truck to quickly unload wherever the compost crew needed the carcasses and
return for another load.

SUPPLIES

A variety of items were required to accomplish all the tasks set out for this exercise. Although
some of the items were already available, many needed to be purchased. Some could be
purchased and stockpiled until needed, while others had to be purchased at the time of use. See
Appendix 5 for a list of the items purchased for or used during the exercise. A twelve ft
emergency supply trailer was provided by the Maine Department of Labor to hold many of the
supplies used during the exercise.
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Most of the items used in the exercise worked well for their intended purpose. A couple of
issues were noted, however. Two plastic totes measuring approximately 15” by 24” by 8” deep
were used to hold the Virkon-S disinfectant boot bath. Although they were adequate to get
through the exercise, they proved to be very brittle in the cold. By the end of the exercise, they
had been damaged by use and had to be thrown away. Heavier weight rubber basins or totes
should be purchased for future response needs.

One item that was in short supply was trash cans. Three 33 gallon cans were purchased for the
exercise. It turned out that at least double that number were needed. It is recommended that at
least six 33 gallon trash cans be included in the emergency response supplies.

The water used for the cleanup operation was provided by the farm. The truck carrying the
pressure washer had a 250 gallon tank that was filled from the farm water supply. In a real
disease situation, an outside source of water should be provided so that the cleaning equipment
would not be contaminated by going onto the farm.

Finally, lighting was not provided for this exercise since it was anticipated that all activities
would be completed well before dark. In a real emergency situation, provisions for lighting
would need to be made. This may include having portable lights and extension cords for area
lighting and having flashlights or headlamps with plenty of batteries for workers.

Crew Make up:

Another comment was that someone should have been designated as the Supply Officer who
would be assigned to hand out and keep track of all the supplies on hand. During this exercise,
the two people who had been responsible for acquiring and organizing the supplies were also
responsible for a number of other tasks and so not fully available for managing the supplies. Ina
real emergency those other tasks would probably have been handled by other people.

CARCASS ACQUISITION

In order to conduct a carcass disposal trial that would reasonably represent the process that
would take place in a real emergency situation, the planners felt that at least 8 to 10 adult dairy
cow carcasses would be needed for the exercise. Large commercial dairy farms commonly have
a 5% death loss, so carcasses should be available by putting out requests to the livestock
industry. The tricky part about obtaining carcasses for a project like this is the timing. Putting
out the word too early may result in getting carcasses too far ahead of the project and having to
hold them for a while. By the time the exercise is held, they would be too deteriorated. Waiting
too long to put out the call may result in too short notice for the farms so that not enough
carcasses would be available. In this case, the word was put out about 10 days prior to the
exercise. The contacts were all made by word of mouth directly to some of the larger farms or
through veterinarians. The contacts resulted in 10 adult dairy cows, three calves and one pig
being delivered to the site.

Crew make up:
Two members of the planning team that had trucks were on-call to pick up carcasses any time
during the last week before the exercise. In addition, the phone number for the Division of
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Animal Health and Industry clerical staff was given as a contact point. Responses to the request
for carcasses were then forwarded to the pick up crew.

CARCASS REMOVAL AND HANDLING

In a real animal disease outbreak, carcasses would most likely be located at the barn or other
areas where the animals are normally held. For the exercise, carcasses that were normal
mortalities on other farms were brought to a holding area well away from the barns on the Barker
Farm. The area chosen for this purpose was the concrete apron in front of the sludge storage pit,
which was located next to the gravel road that ran back through the farm fields. (See Appendix
4.) This area was designated as the ‘barn’ for the purpose of the exercise. The carcasses that
were stored on the apron had been covered with sawdust to reduce odors and the likelihood of
scavengers finding the carcasses. Approximately 25 cu yards of sawdust had been delivered to
the site prior to the arrival of any carcasses to be sure they could be covered promptly.

On the day of the exercise, the carcasses were removed from the sawdust piles using a skid steer
with forks. Chains with grab and slip hooks were also available in case they were needed to
assist in lifting and moving the carcasses. In a real situation, chains would likely be needed to
pull carcasses out of stalls or other areas of the barn. Because a skid steer was used to handle the
carcasses at the *barn’, it was necessary to use a small (one ton) truck with relatively low sides
and a dump body to move the carcasses from the “barn’ to the compost site.

Crew make up:

The carcass removal and handling crew consisted of one person on the ground with a radio, a
skid steer operator and a truck driver. A longer distance from the barn area to the compost site
would require several trucks to keep the process flowing smoothly. In addition, another person
may be needed to help with hooking chains on carcasses in a barn in real emergency.

PILE CONSTRUCTION

Compost Area Designation and Layout.

Prior to the day of the exercise the area where the compost windrow would be formed was
identified and marked with stakes and flagging. The area was sized to accommodate an eight
foot wide windrow long enough to hold 10 adult dairy cows. By marking the area, the compost
crew only had to focus on building the bed within the designated area to start the process. This
took the guess work out of getting the right size bed laid out for the number of animals to be
composted. The windrow length was determined using the formula:

4X + 4 = windrow length, where X is the number of adult dairy cows. (See Reference 2)

Construction.

The pile construction itself was done using an excavator with a ‘thumb’. Material for the base
was dropped by the farm truck next to the staked area and then moved and leveled by the
excavator. The bed was eight feet wide by 45 feet long and 18 inches deep. (See Reference 3)
Once the bed was formed, the carcass removal crew delivered carcasses on the bed within reach
of the excavator. The bucket with the ‘thumb’ was then used to pick up the carcasses and
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position them on the base. Care was taken to place the carcasses next to one another but only
one layer deep. In addition to the 10 adult dairy cows, there were three calves and one pig
carcass to be composted. The smaller carcasses were placed in between the larger ones so that
no additional windrow length was needed. The abdomen of each of the larger carcasses was
vented by the ground crew using the sharpened length of steel rebar to reduce the amount of
bloating. (See Reference 4)

Once all the carcasses were placed on the base layer, delivery of the cover material began.
There were two piles of cover material available for use. A small pile was nearby at the carcass
holding area while the bulk of the material was across the farm on the access road to the farm’s
gravel pit. The small truck was used to move material from the closer site while the larger farm
truck was used to move the material from the gravel pit site. Each load of material was unloaded
in front of the excavator.

As the cover material was being delivered, the excavator was picking up the material and
transferring it to the compost windrow. Care was taken to make sure that sufficient cover (two
feet) was over each carcass before the excavator moved ahead to the next section of the pile.
The ground crew used the rebar to check cover depth to insure that no carcasses were less than
two feet from the surface. The excavator also shaped the pile to give it roughly a parabolic cross
section. The pile construction process only took a little over two hours once the process began.

Materials.
Two different materials were used in the pile construction process.

The base material was a mix of dry manure with bedding and spoiled feed. This was moved
from a storage bunker near the barns using the payloader and the farm truck. In a real disease
situation, the dry manure and bedding and contaminated feed would be included in the
composting operation as a way to safely dispose of the contaminated material and to stretch the
compost or bulking agents brought onto the farm for cover material.

The cover material chosen for this exercise was the active municipal compost that was produced
by the Lewiston-Auburn Pollution Control Authority compost facility. The best material for this
purpose is compost that has gone through the primary stage of composting and so has met
pathogen reduction standards but has not completed curing so that it is still very hot with a high
level of biological activity. This material was chosen because it would create an environment
that would very rapidly kill the FMD virus.

The volume of material needed to compost adult dairy cows was determined using the formulas:

Base material: 1.75X + 1.75 = volume of base material needed in cu yds, where X is the number
of adult dairy cows to be composted.

Cover material: 6X + 6 = volume of cover material (minimum) in cu yds, where X is the number
of adult dairy cows to be composted. (See Reference 1)
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For ten cows, the volume of base material would be approximately 25 cu yards and the volume
of cover material would be approximately 70 cu yds. Because the pile was built at a time of the
year when temperatures would be below freezing, a slightly larger volume (about 80 cu yds) of
cover material was used for additional pile mass since it was available on site.

Crew make up:

The pile construction crew consisted of two people on the ground (one with a radio) to handle
communications, unhook truck tailgates, direct trucks where to unload, vent the carcasses as
needed and check base layer and cover depths. In addition to the ground crew, there were two
truck drivers and the excavator operator involved in the pile construction process. The excavator
operator was responsible for the placement of all the materials and the carcasses with some
guidance from the ground crew.

COMPOST STAGING

The active compost material that was to be brought onto the farm needed to be delivered to a
location that was not in the ‘contaminated’ zone. In a real disease outbreak, it would be
important to make sure that over the road trucks that were delivering compost did not enter the
‘hot” or contaminated area of the farm. To simulate this, an accessible site needed to be
identified well away from the barns and barnyard. The site chosen for this purpose was the
access road that led into the gravel pit on the edge of the farm. It had a solid road that would
allow trucks to back in and unload without getting stuck. It had road access from the opposite
direction from the farm so that trucks could deliver and leave without crossing paths with farm
trucks. (See the aerial photo in Appendix 2 for location of the compost staging area.)

Once the compost was on site, it was moved from the compost staging area to the pile
construction area using the farm truck and payloader. With only one large truck available, this
operation could have been a bottleneck in the pile construction process since the excavator could
handle the cover material faster than the truck could make the round trip to the compost staging
area and back. The bottleneck was avoided by assigning the one ton truck to making compost
deliveries from the carcass holding area which also had some compost on hand to use as cover
material, had it been needed. In a real emergency, at least two or three trucks should be available
to move compost so that the operation can proceed without having to wait for material.

Crew make up:

The compost staging crew consisted of one person on the ground with a radio, a payloader
operator and a truck driver. The ground crew was needed to communicate with the crew leader at
the pile construction site and to direct trucks delivering and picking up compost. Additional
trucks with drivers would be needed in a larger scale operation.

CLEANING AND DISINFECTION

In a real disease situation, all equipment involved in the carcass disposal operation would need to
be thoroughly cleaned and then disinfected at the end of the process. For this exercise, only the
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pieces of equipment that would be leaving the farm at the end of the exercise were cleaned and
‘disinfected’. The cleaning and disinfection (C&D) of the equipment was done by a commercial
pressure washing contractor. The organizers felt that a commercial contractor with superior
equipment and training would be able to do a better job than using volunteers with rented
equipment. The contractor had previously attended the training session and so understood the
steps needed in the C&D process. Detergent and hot water were used in the cleaning stage to
remove all organic matter. This was followed by a “disinfection’ stage that used water and steam
but could have included a disinfectant in a real situation. The C&D process used less than 250
gallons of water to clean the one ton truck, the excavator, a ‘gator’ and the hand tools. One
recommendation to improve the C&D process would be to have the C&D area a drive through
location if possible, rather than a situation where the equipment must go in and out the same
way. Also, any dirt or mud should be shoveled out of the truck bodies prior to washing to reduce
the amount of water used in cleaning.

The pressure washing system used was a commercial pressure washing system. It was chosen
because it was a heated system and offered the option of using steam as part of the disinfection
process. Because of the time of year and potential for freezing temperatures, a standard pressure
washer was not a good option. A local equipment rental business that had been approached
about renting a pressure washer, indicated that they would not be willing to rent one at that time
of year because of the risk of freeze up. (As a matter of fact, the temperature did not rise above
the freezing mark all day and there was a brisk NW wind throughout the day that would likely
have resulted in freeze up of a standard pressure washer.)

One difficulty encountered was finding an appropriate detergent in large quantities. It was
suggested that class A fire fighting foam should be used. The Forest Service can identify
sources.

Crew make up:

The cleaning and disinfection crew consisted of a crew leader with a radio, a pressure wash
operator and an assistant. For this exercise, the crew leader was the same crew leader who was
overseeing the PPE crew since both activities were taking place in the same location. Depending
on the location, one crew leader may be able to oversee both crews in a real emergency or two
different crew leaders may be needed.

BIO-SECURITY

Bio-security was an issue for this exercise on two levels. The first tier of bio-security was the
normal bio-security procedures for going on to any farm. Because the exercise was to be held on
a working dairy farm, normal bio-security procedures needed to be implemented. For
Department of Agriculture employees, normal bio-security measures included wearing
waterproof boots and cleaning and disinfecting them going in and coming out of a farm. They
also included wearing clean coveralls that would be changed before going to another farm and
washed before being used again. The intent of the planning team was that these procedures
would apply to all personnel entering and leaving the farm.
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The second tier of bio-security applied to the activities that would take place in the event of a
disease outbreak. These not only included boot disinfection going in and coming out but a
number of other steps as well. Use of disposable PPE and rainsuits that could be disinfected was
essential for the work crews. Care would be needed when exiting the farm “hot’ zone to be sure
that no contaminated clothing, equipment or vehicles left the zone without cleaning and
disinfection. Operators of trucks and equipment that had clean cabs were not allowed to leave
the cab during the exercise until the vehicle had been cleaned and disinfected. No piece of
equipment could leave the hot zone without being cleaned and disinfected. Once a piece had
been cleaned and disinfected at the boundary of the *hot” and “cold” zones it could not go back
into the hot zone. The same was true of crew members. Once a crew member left the hot zone
and had doffed the PPE, he/she would need to suit back up before re-entering the hot zone.

One oversight in the planning and structuring of the exercise was that no one was assigned to be
in charge of bio-security on site. Because of this, bio-security protocols were not always
followed closely. This was complicated by the fact that there were a number of people coming
and going that were not part of the work crews. In a real emergency, only those who actually
had a role in the disposal operation would be allowed on the farm. This would reduce the
difficulty of maintaining bio-security procedures.

One of the exercise participants made the following observation:

“One other piece that did not happen as it might was the doffing of PPE. By the time that the
fellows who were actually working with the carcasses came out to C&D, the crew had
abandoned any pretense of correct procedures, so it left the pile crew to get out of PPE in non-
biosecure ways, and a good learning opportunity was missed. Tyvek suit was not rolled down
and taken off inside out, and the ‘dirty” crew member noticed. Contaminated suits were thrown
into a corner, not carefully rolled up in garbage bags. Kind of like we got sloppy at the end of the
day, which was understandable but regrettable.”

In addition to assigning a person to be the *Bio-security Officer’, a briefing on what was
expected for bio-security for each level of participants at the start of the day would have been
helpful. (In defense of the planning team, the ICS model used in structuring the exercise was
based on the Forest Service model which did not have a ‘Bio-security Officer’.)

A question was raised by one of the planning team members about how to handle animals,
hunters, etc. who might wander onto the property. In the case of an FMD outbreak, ‘No
Trespassing’ signs would be posted at any location where people may cross onto the farm
property. This, of course, would not prevent animals from wandering onto the farm, but may
prevent the occasional walker, hiker or hunter from wandering onto the property. Other
measures, such as working with the game wardens, may be necessary to develop approaches to
discourage or remove wildlife.

PERSONAL PROTECTIVE EQUIPMENT

All members of the work crews assigned to tasks on the farm were required to wear personal
protective equipment (PPE). Two levels of PPE were used, depending on the role being
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performed. Truck drivers and equipment operators who would not be leaving a ‘clean’ cab were
required to wear tyvek suits and latex (or nitrile) gloves as well as boots that could be either
discarded or cleaned and disinfected.

Crew members that were working on the ground or in open cabs were required to wear both a
Tyvek suit and a rainsuit. The rainsuits were needed both for warmth and to protect the Tyvek
which were not sturdy enough to withstand the wear and tear associated with the physical labor
involved. An alternative could have been to use Tychem suits which are more expensive but
sturdier than the Tyvek suits.

In addition to the latex (or nitrile) gloves, the ground crew members also wore heavy rubber
gloves for warmth and to protect the inner gloves from being damaged by working with tools and
equipment. Only one size (large) of the heavy rubber work gloves was available. These were
too small for some of the crew. It is recommended that a source of larger size (XL, 2XL) heavy
rubber gloves be sought. Other items that might be useful to have for cold weather emergencies
were hand warmers and Kevlar gloves. Crew members handling or working close to the
carcasses and those doing the cleaning and disinfection were also given face shields to protect
against fluids. No respirators were used for the exercise but may be necessary in a disease
outbreak depending on the infectious agent. Use of respirators would require that crew members
be fit-tested prior to participation.

The assignment of the appropriate level of PPE for each crew member was determined ahead of
time and a list of all crew members with the type of PPE needed was provided to the PPE crew at
the pre-exercise briefing. (See Appendix 6.)

The crew had a number of comments about improvements to the process of donning the PPE and
about the PPE itself. The first was that the crews needing assistance with the PPE donning
should have been sent to the PPE station in smaller numbers since the PPE crew could only assist
a few people at a time. This would have reduced congestion and confusion at that location.

Most of the PPE utilized seemed to work pretty well. The oversized rainsuits and the larger sizes
of Tyvek helped fit over the heavy winter clothing needed. Problems were encountered with
using duct tape to seal the ankle and wrist openings due to the cold. It did not stick well due to
the cold. Chem tape would probably have worked better in the cold temperatures. The other
difficulty was that the yellow rubber overboots were hard to get on and off. Larger sizes of boots
and the use of plastic bags as liners may have helped relieve this problem.

All of the 4XL, 2XL and 3XLTyvek coveralls ordered specifically for this exercise had attached
hoods which were important for frigid weather. Unfortunately, not everyone on the crew could
wear those large sizes and so had to use Tyvek coveralls from the Department’s stock. None of
these had hoods. For future purchases of PPE it is recommended that all Tyvek and Tychem
coveralls be ordered with hoods.

An item that was missing was spray bottles of disinfectant solution that could be used to spray
gloves during the PPE doffing process. It is recommended that spray bottles for glove
disinfectant be added to the stock of items to be used in an emergency.
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Crew make up:

The PPE crew consisted of one crew leader with a radio and three crew members. Their
responsibilities were: 1. to be sure that the proper PPE was assigned to each work crew member;
2. to assist the other crews in getting into their PPE and 3. to assist crew members coming off
from the farm with removing the PPE in a bio-secure way. This crew also had to make sure that
all the discarded PPE was bagged and secure for disposal.

TRANSPORTATION

The only work crew that was allowed to have their own vehicles at the exercise site were the
traffic control crew. All other crews were required to leave their vehicles at the crew staging
area at Nutting’s Farm. A fifteen passenger van was rented for the day to shuttle crew members
between the crew staging site and the exercise site.

On-farm transportation was needed because the various operations took place at different
locations on the farm and there was need to move some crew members from one location to
another at different stages of the process. (See Appendix 4) The on-farm transportation was
provided by a John Deere “Gator’ and a Cub Cadet utility vehicle. The ‘Gator’ was loaned to the
Department by a local farm equipment dealer (Hammond Tractor in Fairfield), while the Cub
Cadet was contributed by the Barker Farm itself.

Crew make up:

One Department of Agriculture employee was put in charge of the fifteen passenger van and had
a radio to communicate with the exercise leaders in order to provide transportation as needed
throughout the day. This person was responsible for not only doing the driving but also for
picking up the van the day before the exercise and returning it at the end of the exercise. The
van was also used to pick up food for the crew lunches and other errands during the day.

Two people were responsible for driving the on-farm vehicles. One was charged with providing
transport as needed by any of the crew. The second was tasked with transporting the person

doing the filming. This second person was also the emergency medical technician on site and so
having access to the on-farm transportation was essential in case a medical emergency occurred.

TRAFFIC CONTROL

Traffic control for the exercise was perhaps one of the most difficult tasks to plan for. In a real
disease emergency, law enforcement would be engaged to stop most or all traffic movement on
the paved State road by the farm. This was not going to be possible for an exercise. The
planners felt, however, that no traffic control at all would not be very realistic. A compromise
was to have traffic control crews at either end of the farm that would briefly stop traffic or at
least slow the traffic for safety since trucks and equipment would be moving in and out of the
road. The traffic control crews were also provided with brochures and a list of questions and
answers so that they could educate drivers about the exercise.
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This proved to be a thankless task for the crews on the road. Inadequate signage that would warn
motorists well in advance of the farm to slow down and lack of firm authority and signs to stop
vehicles meant that most vehicles continued to drive on by the farm at speeds of 50 mph or more.
If another similar exercise were to be undertaken in the future, the planners would need to
explore with local law enforcement the ability to stop traffic. Permanent portable signs to warn
motorists should also be a part of the emergency equipment package. It was noted that the
Department of Transportation has a sign shop where signs of all types can be made. The
Department should approach DOT to see if they could make up some signs in their sign shop.

Another area where some traffic/parking control was needed was at the crew staging area.
Although an area was designated where crew members could park their vehicles, there were a
few problems with people parking in locations that would interfere with the farm’s operations.
This could have been avoided by assigning two or three people to direct traffic to the designated
parking area.

Crew make up:

For this exercise, one crew leader with a radio, one assistant crew leader with a radio and 4 crew
members were recruited. Three crew members including one with a radio were stationed at each
end of the farm. Although only two would be needed at any one time, the third person allowed
the crews to rotate one person out. This would allow them to take turns getting warm in the
vehicle stationed with the crew.

SHELTER

Because the exercise was planned to occur regardless of weather conditions and because the
weather was likely to be cold (at a minimum) in the late Fall in Maine, it was important to
provide a heated shelter. Work crews who were waiting to start their duties or who were on
break or having lunch should have the opportunity to rest out of the elements. In a real disease
emergency, the farm house and other farm buildings would not be used as a crew shelter so some
type of portable shelter would be needed. Fortunately, the Department of Agriculture owns a 33
foot Gulfstream Cavalier travel trailer that it obtained from FEMA for animal emergencies. The
planners decided to use this trailer to provide the shelter at the site. In addition, the Department
of Labor brought a 12 ft emergency supply trailer that could also have been used as shelter from
wind and precipitation had it been needed.

One issue with using the travel trailer was that it had never been actually set up and used since it
was acquired. The logistics crew was charged with assessing the travel trailer and determining
what was needed to make it operational. It was determined that the primary missing piece was a
power source. The travel trailer came with propane appliances and heater and the propane tanks
but the lights, some appliances and the heating system required electricity. Once again, the
planners felt that it would be unrealistic to just plug into the farm’s power system and that the
trailer should have its own stand alone power source. This meant obtaining a generator. After
some time, a generator was located at the Kennebec County Emergency Management Agency,
who was generous enough to loan it to the Department for the exercise.
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Once the power source was available, the trailer was set up at the site of the exercise in the
‘clean’ zone. This was done three days prior to the exercise so that the generator could be
hooked up and all systems could be tested. It was fortunate that this was done because it was
discovered that the power plug from the trailer did not match any of the three different types of
power outlets on the generator. The set up was delayed another day until the proper adaptor was
obtained.

Had this been a real emergency where everything had to be mobilized right away, the emergency
trailer would not have been set up and ready to go in time to be useful. This pointed out the need
to have tried out the facility in advance and to have all the necessary equipment, fuel and
adaptors available at a moments notice. Based on this realization, the planners recommended to
the Department that it seek to obtain a generator that would be dedicated to this purpose and
have the appropriate adaptors on hand as well.

On the day of the exercise, the trailer was used as anticipated for crew members wanting to get
out of the wind. Lunch was provided in the trailer by eating in shifts since not everyone could fit
in the trailer at one time. The trailer could also have been used by the PPE crew to suit up the
other crews, if that had been needed. As it turned out, most of the PPE was donned in the farm’s
garage since that was in the area designated as the clean zone. In a real disease situation, the
garage would probably have been in the “hot’ or “dirty’ zone. Had the trailer been used for
donning the PPE, only two or three crew members could have been suited at any one time due to
the limited space inside. One possible modification to the trailer that would have made it more
suitable for this purpose would be to remove the fixed bed in the bedroom at the front end of the
trailer. This would have made room for one or two more people to dress at one time and would
have allowed more people to have lunch or rest at the same time.

If the crews had been working in the “hot’” zone all day, it might have been necessary to provide a
heated tent or other shelter in the ‘hot” zone. In addition, the trailer was not large enough to
house the whole crew at one time which forced them to eat in shifts. A heated tent with tables
and chairs could have been set up near the trailer to handle the crew members that could not fit in
the trailer.

CREW SUPPORT

Even though the main focus of the exercise was the disposal of carcasses through composting, a
significant part of the operation had to be concerned with providing for the needs of the work
crews. In addition to providing the shelter and heat discussed above, food, water and bathroom
facilities had to be provided and restocked as necessary.

Crew make up:

One member of the logistics crew was tasked with crew support at the trailer. This included
making sure that the generator, heat and other functions were working throughout the day as well
as ordering food at the appropriate times and making sure that all other crew needs were met.
The crew support person had a radio so that he could be in communication with the van driver
and all crew leaders at all times.
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COMMUNICATIONS

Because the compost operation and the other elements of the exercise were spread out over the
farm, it was essential that there be a means to communicate quickly between locations. The
primary mode of communications for this exercise was hand held radios. These were assigned at
the pre-exercise briefing to all crew leaders, the Incident Commander, the Operations Chief,
crew support person, the emergency medical technician, the traffic control crew leader and
assistant leader and all transportation crew members. The Maine Emergency Management
Agency (MEMA) provided 14 Motorola Model T8500 radios for the project. Those who were
using the radios indicated that they worked well for the on-farm communication. A comment
was received after the exercise that there should have been a radio check at the time they were
handed out to be sure they were all working. Fortunately, no problems were encountered in the
field.

One concern with the hand held radios was the difficulty in trying to clean and disinfect them at
the end of the exercise. In a real disease situation, the hand held radios could be a bio-security
risk if not treated properly. The solution to this issue was to place all the radios in plastic ziplock
bags that were held with clips to the outside of the PPE for anyone working in the ‘hot’ zone. At
the end of the exercise, the radios were carefully removed from the bags and the bags were
disposed of with the *contaminated’” PPE.

The communications during the operation were both horizontal and vertical in the ICS structure.
Routine requests for things like materials, equipment and rides, were handled by
communications between crew leaders. Issues associated with operations or policies, such as
who gets access to the site, were handled with communications up the chain of command. There
were one or two examples, however, of issues that should have been communicated to the
Incident Commander but were not. The question of when to stop the traffic control and access
control activities should have been forwarded to the Incident Commander but was handled at a
lower level. For future activities using the ICS structure, it should be clarified what types of
questions need to be communicated to the Incident Commander.

Radios evaluated.

As a sidebar to the exercise, some of the crew leaders were able to try out radios provided by the
Maine Forest Service (MFS). These were ‘DPH Bendix King” VHF high band radios. The radios
come with 150 pre-programmed channels and the ability to be programmed right at the mobile
command center. They have the ability to connect to Maine State police, state wide car to car, to
the MFS and to local law enforcement. They can also run on a separate channel for on-site
communications. MFS indicated that they had a significant supply of radios available for this
type of event. Ten of these radios were available in the command center and more at
headquarters.

The Forest Service radios were seen as being far superior to the Motorola radios provided by
MEMA. The MEMA radios did not have the range to communicate between the two farms while
the MFS radios had a statewide range. The communication was also clearer with the MFS radios.
The only disadvantage was that they were larger and heavier than the radios from MEMA. It is
recommended that these higher quality radios be used, if possible, for future events.
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ACCESS CONTROL

One important concern with both the exercise and a real disease emergency would be controlling
access to the farm by those not engaged in the operation. Bio-security and safety issues are
difficult enough to manage when only those people who are authorized to be on the site are
present. They become seriously compromised if curious neighbors, the press or protesters
wander into the middle of the operation. To address this concern, a sheriff’s deputy from the
Androscoggin County Sheriff’s Department was stationed at the entrance to the farm to make
sure that no unauthorized persons came onto the farm. The deputy was given a participants list
that he used in checking people onto the site. He was also given the cell phone number for the
Incident Commander so that anyone not on the list could be cleared through the Incident
Commander prior to coming onto the farm. This was also part of the process for dealing with the
press, should any members of the press show up unannounced.

PUBLIC OUTREACH/ PRESS

For the purposes of this exercise, the Incident Commander was also designated as the Public
Information Officer. A press release drafted by the Incident Commander about the project was
issued the day before the exercise. All inquiries from the press were to be directed to the
Incident Commander. In addition, the sheriff’s deputy was directed to contact the Incident
Commander if members of the press should arrive at the farm and want access. The Incident
Commander was prepared to answer all questions. A member of the planning committee
volunteered to escort and transport any members of the press who wanted to take photos or film
clips around the exercise site.

MOBILE COMMAND CENTER

The Maine Forest Service owns a mobile command center (MCC) that has a variety of
communications equipment. The MCC was brought to a location near the compost staging area
to serve as a command post. Theoretically, this would be the location where the Incident
Commander and the Operations Chief would be housed during a disease response event. (In this
exercise, both the Incident Commander and Operations Chief wanted to have a closer, hands on
connection to the activities on-site so they were located at the compost site and barnyard,
respectively.)

One interesting feature of the MCC is that it has a periscope with a camera that can be extended
well above the roof of the MCC. It allows the occupants the opportunity to view operations from
a distance on a large screen inside. It also has GIS and mapping capabilities that may be very
useful in planning and reporting on activities in the field.

The capabilities of the MCC were not fully utilized in this exercise because the planners were not
really familiar with its capabilities and how they could be tied into this type of operation. If
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another similar exercise were to be planned, it would be recommended that the people trained in
using the MCC be brought into the planning process early to explore its uses and better
incorporate them into the exercise.

FUNDING/BUDGET

The funding for this exercise was provided to the Maine Department of Agriculture through a
grant from the United States Department of Agriculture’s (USDA) Animal and Plant Health
Inspection Service (APHIS) as part of a larger program to improve preparedness for foot and
mouth disease (FMD).

Costs:

The cash outlay for this exercise was $9,658.49. The major expenses included contracts for
equipment, compost materials and personal protective gear. Other important items included food
and water for the crews and transport of the carcasses. A detailed breakdown of these costs can
be found in Appendix 7.

In addition to the cash outlay, a significant part of the cost of the exercise was in the staff time of
all the people on the planning team and the volunteers who worked on the exercise. It is
estimated that, at least, 525 hours were put in by the planning team and other staff in preparation
for the exercise plus another 320 hours of staff and volunteer time on the day of the exercise
itself (40 people for eight hours plus four people for two hours each). Although it is difficult to
put an exact dollar value on all this “in-kind” input, it would, at a minimum be $42,250.

SUMMARY/LESSONS LEARNED/RECOMMENDATIONS

The field exercise provided an ample opportunity to evaluate the entire emergency response
process and to highlight areas where improvements could be made. These observations have
been noted throughout this report and are summarized here for the convenience of the reader.

Areas for improvement / improvement plan

Safety
It is recommended that future purchases of tyvek and other PPE suits have hoods in case they are

needed for cold weather use.

In the future, it is recommended that a stock of all sizes of rubber boot covers be available.

For the future, it is recommended that hard hats be available for workers who may be working
around heavy equipment. Also, it may be useful to explore the availability of combination hard

hats with face shields for certain jobs.

Have a written safety plan prepared by the safety officer that would include a medical plan and a
map of the incident. The safety plan should be conveyed to the crews at the pre-event briefing.
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Supplies
Heavier weight rubber basins or totes should be purchased for boot washing in future events.

It is recommended that at least six 33 gallon trash cans be included in the emergency response
supplies.

In a real emergency situation, provisions for lighting would need to be made. This may include
having portable lights and extension cords for area lighting and having flashlights with plenty of
batteries for workers

In a real disease situation, an outside source of water should be provided so that the cleaning
equipment would not be contaminated by going onto the farm.

Someone should be designated as the Supply Officer who would be assigned to hand out and
keep track of all the supplies on hand.

Composting
In a real emergency, at least two or three trucks should be available to move compost.

Cleaning and Disinfection
Have the C&D area a drive through location if possible, rather than a location where the
equipment must go in and out the same way.

Any dirt or mud should be shoveled out of the truck bodies prior to washing to reduce the
amount of water used in cleaning.

It was suggested that class A fire fighting foam should be used as the detergent.

Bio-security
Assign a person to be the ‘Bio-security Officer’ and do a briefing on what was expected for bio-
security for each type of participant at the start of the day.

PP

A source of larger size (XL, 2XL) heavy rubber gloves should be sought.

Other items that might be useful to have for cold weather emergencies were hand warmers and
Kevlar gloves.

The crews needing assistance with the PPE donning should be sent to the PPE station in small
numbers since the PPE crew can only assist a few people at a time.

Chem tape would probably work better for sealing gaps in the PPE in cold temperatures.
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Obtain larger sizes of boots (2XL, 3XL) to go over boots or shoes and use plastic bags as liners
to ease removal of boots.

For future purchases of PPE it is recommended that all Tyvek and Tychem coveralls be ordered
with hoods.

It is recommended that spray bottles for glove disinfectant be added to the stock of items to be
used in an emergency.

Traffic Control

Permanent portable signs to warn motorists should also be a part of the emergency equipment
package. It was noted that the Department of Transportation has a sign shop where signs of all
types can be made. The Department should approach DOT to see if they could make up some
signs in their sign shop.

Assign two or three people to direct traffic to the designated parking area at the crew staging site.

Shelter
The Department should seek to obtain a generator.

The trailer that should have the fixed bed in the bedroom removed to make it more suitable for
this purpose

Provide a heated tent or other shelter in the ‘hot’ zone for the crews that must work in the “hot’
zone all day.

The trailer is not large enough to house the whole crew at one time when eating. A heated tent
with tables and chairs should be set up near the trailer to handle the crew members that can not
fit in the trailer.

Communications
There should be a radio check at the time they are handed out to be sure they are all working.

The higher quality radios should be used, if possible, for future events.

It should be clarified at the pre-exercise briefing, what types of questions need to be
communicated to the Incident Commander.

Mobile Command Center

If another similar exercise were to be planned, it would be recommended that the people trained
in using the MCC be brought into the planning process early to explore its uses and better
incorporate them into the exercise.
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Strengths/ what went right

Many aspects of the exercise worked very well and contributed to its overall success. Some of
the notable successful areas were:

Development of documents that can be used for future events including the list of contacts
(Appendix 8) and the checklist of actions (Appendix 9).

Providing training in advance of the exercise so that the crews understood the “big picture’ as
well as the details of how to do different jobs.

Holding a pre-exercise briefing the morning of the exercise to get everyone on the same page.

Use of a large van to transport crews from the crew staging area to the exercise site and to run
errands such as picking up food for the workers.

Using proven procedures to build the compost windrow. This includes calculating space
requirements and laying out the windrow location to accommodate the number of carcasses.

Obtaining input by the state soil scientist in selecting the composting, staging and C&D areas.
Having a planning team that included key players from several agancies.

Using a team approach to both planning and implementation. A corollary to this is having team
members committed to its success and willing to invest energy to pull together all the various

pieces.

Having a very cooperative and helpful host family who was interested in the outcome of the
exercise.

Selecting appropriate equipment for use in the compost process, particularly the excavator with a
thumb for pile construction.

Use of materials that had been used successfully to compost large animal carcasses in previous
trials. This included using active municipal compost, dry animal manure with bedding and
spoiled feed.

The use of skilled contractors with appropriate types of equipment. Attendance at the pre-
exercise training session by the contractors enhanced their ability to perform efficiently.

REFERENCES
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APPENDIX 1. INCIDENT COMMAND SYSTEM STRUCTURE FOR THE 2008 FMD FIELD EXERCISE
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APPENDIX 2. FMD EXERCISE NOV. 20, 2008 - LIST OF PARTICIPANTS

NAME AFFILIATION ROLE

ALAN HUNTER Maine Department of Agriculture Compost Staging Crew
ANDREW CARPENTER Northern Tilth, inc. Pile Construction Crew
ANNE LICHTENWALNER | University of Maine Veterinary Diagnostic Lab. | Traffic Control

AUDREY SLATTERY Maine Department of Agriculture Traffic Control

BETH MCEVOY Maine Department of Agriculture Carcass Removal Crew
BILL SEEKINS Maine Department of Agriculture Planning & Photography
CHIP RIDKY USDA APHIS Safety Officer

CINDY KILGORE

Maine Department of Agriculture

Logistics and Traffic
Control

DARIN FROST

Blue Rock Earth Works, Inc.

Pile Construction Crew

DAVE BARKER

Barker Farm

Host, Carcass Removal &
Pile Construction Crews

DAVE MARCINKOWSKI University of Maine Cooperative Extension Filming
DAVE ROCQUE Maine Department of Agriculture Site Approval
DAVE WACKER Maine Department of Labor PPE & C&D Crews
DOL - Mike LaPlante Maine Department of Labor PPE Crew
DOL - Steve Greeley Maine Department of Labor PPE Crew

PPE Crew

DOL - Taras Dijak

Maine Department of Labor

Incident Commander &

DON HOENIG Maine Department of Agriculture Public Information

GARY ANDERSON University of Maine Cooperative Extension Training

GEORGE MACDONALD Maine State Planning Office Logistics

JAY DUNCAN Maine DEP Compost Staging Crew
JEREMY DAMREN Maine Emergency Management Agency Logistics/Communications
JODY JOSE J & J Pressure Washing, inc. C&D Crew

JULIE-MARIE BICKFORD

Maine Dairy Industry Association

Volunteer request; public
information

KATE HAYFORD

Maine Department of Agriculture

Traffic Control

LAURA SOUMI-LECKER

Somerset Co. Soil and Water District

Traffic Control

MARK HEDRICH

Maine Department of Agriculture

Logistics/Crew Support

MARK HUTCHINSON

University of Maine Cooperative Extension

Operations Chief

MARK KING

Maine DEP

Liason Officer/Filming

MATT RANDALL

Maine Department of Agriculture

Traffic Control

MELISSA FREEMAN

Maine Department of Agriculture

Logistics/ Carcass
Acquisition

NICK JOSE

J & J Pressure Washing, inc.

C&D Crew

PETER BARENGO

Maine Department of Agriculture

Transportation

RICK KERSBERGEN

University of Maine Cooperative Extension

Transportation

RODDY FROST

Blue Rock Earth Works, Inc.

Carcass Removal & Pile
Construction Crews

STEVE WHITE

Pineland Farms - Fort Fairfield

Pile Construction Crew

SUE MYERS

Maine Forest Service

Public Information
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Host, Compost Staging
Crew

ALAN JOHNSTON

Maine Forest Service

Communications

DOLPH HOLMES

Maine Forest Service

Communications

JEFF CURRIER

Maine Forest Service

Communications

RITCHIE HAFFORD

Maine Forest Service

Communications

MAURICE DROUIN

Androscoggin County Sheriff Dept.

Security/Access Control

JOHN NUTTING

Nutting Farm — Leeds

Crew Staging Area host

2"P Lt. JULIE RAND

National Guard

Crew Staging Area set up

Staff Sgt. ADAM
FARRINGTON

National Guard

Crew Staging Area set up

Specialist ADAM BUCKLEY

National Guard

Crew Staging Area set up

Specialist MICHAEL
GILBERT

National Guard

Crew Staging Area set up

OBSERVERS
BOB EVON USDA NRCS
DAVE WILKINSON USDA NRCS

USDA APHIS VS NATIONAL VETERINARY

LEE MYERS STOCKPILE
USDA APHIS VS NATIONAL VETERINARY
DICK NOLAN STOCKPILE

FREDRIC CANTOR

USDA APHIS VS

STEPHANIE ZEHLER

Vermont Agriculture Agency

CARLA HOPKINS

Maine DEP

RICK HAFENER

Maine DEP
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APPENDIX 3. Training Crew Leaders for the Upcoming Foot and Mouth
Disease Simulation Qutbreak

Date: November 3, 2008
Time: 9:00am-4:00pm
Location: Highmoor Research Farm Classroom, Monmouth, ME

For more information or to register, please contact Melissa Potts at 207-581-2788 (toll free in
Maine, 1-800-287-7170) or mpotts@umext.maine.edu

Morning refreshments will be offered and lunch will be provided. If you have dietary restrictions, please
let us know at least one week in advance of the training session.

This one day workshop is for crew leaders who will be involved in the upcoming Foot and Mouth Disease
Simulation Outbreak to occur on November 20, 2008 at the Barker Farm in Leeds. We will review the
exercise, the procedures we will follow and give attendees a snapshot of what will happen during the
exercise. We will be following the basic schedule below:

9:00 Registration and Welcome — Overview of the Day

9:15-10:00 Overview of Foot and Mouth Disease and Answer Questions — Dr. Don
Hoenig

10:00- 10:30 Overview of the Incident Command System and the structure we will use
10:30- 10:45 Break

10:45- 11:30 Review of Personal Protective Equipment — What it is and what we will use
for the exercise

11:30- 12:14 Lunch

12:15- 1:00 Review of Cleaning and Disinfection of equipment and our procedures
1:00- 2:00  Build a compost pile with dead fowl

2:00- 3:00  Perform Cleaning and Disinfection of a large piece of equipment

3:15 Final questions and safe trip home

Please call, fax (207-581-4430) or mail your registration to:

Melissa Potts

ATTN: FMD Exercise Training

University of Maine Cooperative Extension
5735 Hitchner Hall, Orono, ME 04469-5735

NAME(s):
MAILING ADDRESS:

Email: Telephone #
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APPENDIX 4. AERIAL PHOTOS OF BARKER FARM - LEEDS
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ITEMS PURCHASED
PPE

50 - 4XL hooded TYVEK coveralls
25 — 2 XL hooded TYVEK coveralls
25 — 3 XL hooded TYVEK coveralls

6 pr - XL rubber boot covers
6 pr - 2XL rubber boot covers
15 pr - large rubber gloves

5 - 3XL rainsuits

3 - 4XL rainsuits

2 - 5XL rainsuits

30 Reflective safety vests
Hand tools

2 Rakes
3 Shovels

APPENDIX 5.
SUPPLIES FOR THE FMD FIELD EXERCISE
NOVEMBER 20, 2008

July 21-23, 2009

Chains (20 ft of 5/16”chain [two 4 ft lengths & two 6 ft lengths], 2 latch slip hooks, 6 grab

hooks)

Staple gun and staples
Small sledge hammer

7’ steel rebar (sharpened)

100 — 4’x1”x1” hardwood stakes (for vampire control)

200’ flagging

3 rolls duct tape

1000’ caution tape

100 — 21" orange/red marker flags
5 — “keep out’ signs

2 — “‘no parking’ signs

2 — 5 gallon water containers

3 — 35 gallon trash cans

22 — 45 gallon contractor (trash) bags
2 bottles hand sanitizer

2 gallons of bleach

2 permanent markers

RV Adapter for generator

License plate fasteners for trailer
WD-40

Key tags and labels
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9 (x2) Suspender clips for radios

2 — 50 ft clothesline

1 - 50 ft of 3/8” rope

4 tent stakes

5 gallons gasoline

Cups, forks, spoons, napkins (enough for crew of 45 people)
1 box zip-lock bags

3 rolls of paper towels

ITEMS USED FROM STOCKPILE

Face shields

Hair bonnets (limited use)

Boot covers

Nitrile gloves (small , medium, large, extra large)
Latex gloves (210 size medium available)

Latex gloves (100 size unknown available)
TYVEK coveralls (50 large and 100 XL available)
Rainsuits ( 2 medium, 28 XL, 7XXL available)

2 — 8” high totes with lids (used for boot wash basins)
2 scrub brushes

Virkon-S powder

4 Plastic tarps

2 easels (need better way to hold maps onto easels)
2 First aid Kits

Tape measure

2 full propane tanks (for trailer heat)

ITEMS BORROWED

One - 5 KW generator

Fuel container for the generator
25 highway cones

14 Hand-held radios

Wood blocking for the trailer
Pliers

Rakes

Shovels

Tables and Chairs
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APPENDIX 6.

FMD EXERCISE NOV. 20, 2008 - PPE & Communications Assignments

HEAVY
RAIN GLOVE
NAME PHONE TYVEK SUIT S RADIO VEST

ALAN HUNTER X X

ANDREW
CARPENTER X X X X

ANNE
LICHTENWALNER

X

AUDREY SLATTERY X

BETH MCEVOY X X X X

BILL SEEKINS X

CHIP RIDKY X

CINDY KILGORE X X

DARIN FROST X X

DAVE BARKER

X
x
X

DAVE MARCINKOWSKI X

DAVE WACKER

DOL - Mike LaPlante

DOL - Steve Greeley

X X X | X

DOL - Taras Dijak

DON HOENIG X X

GARY ANDERSON X X

GEORGE
MACDONALD

JAY DUNCAN X X X X

JEREMY DAMREN X

JODY JOSE X X X

KATE HAYFORD X

LAURA SOUMI-
LECKER

MARK HEDRICH

MARK HUTCHINSON

XX X | X

MARK KING

X

XX XX

MATT RANDALL

NICK JOSE

X
X
X

PETER BARENGO

X

RICK KERSBERGEN X

>

RODDY FROST

X
>

STEVE WHITE X X X
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SUE MYERS X
TED BARKER X X X
SHERIFF'S DEPUTY X
OBSERVERS
BOB EVON (USDA
NRCS) X
DAVE WILKINSON
(NRCS) X
LEE MYERS (USDA
APHIS) X
DICK NOLAN (USDA
APHIS) X
FREDRIC CANTOR
(USDA APHIS) X
STEPHANIE ZEHLER
(VtAg) X
Carla Hopkins (DEP) X
Rick Haffner (DEP) X
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APPENDIX 7. COSTS OF THE MAINE FMD FIELD EXERCISE- NOVEMBER 20, 2008

MAINE FMD FIELD EXERCISE COSTS

EXPENSES PAID FROM GRANT FUNDS

ITEM DESCRIPTION COST ESTIMATED | ACTUAL
COST COST
EQUIPMENT 0 245 555
Portable toilet — 1 day 170 180
Power washer 75 375
14 handheld radios @
$XXX 0 0
CONTRACTUAL 0 3920 2910.06
Excavator (& operator)
880 570
2 Trucks rental w/driver 960 1000
1 skidsteer rental w/
operator 480 300
1 pulp truck with operator 640 0
1 Payloader rental
w/operator 880 800
Vans 80 90.06
On-farm transport 50 150
MATERIALS 0 2655.93 1415
Active compost 1800 1115
Training costs 855.93
Sawdust 0 300
SUPPLIES 0 1995 2934.41
Lunch and water for 25
people@ $15/day (2 days) 750 934.95
PPE 1170 1545.95
Supplies 75 453.51
OTHER 0 0 1231.6
Sheriff 152
Carcass Transport 649.52
Travel 430.08
TOTAL DIRECT
COSTS FROM
GRANT 8865.93 9365.93 9046.07
STACAP (INDIRECT COSTS) 6.77% 600.22 634.07 612.42
TOTAL COSTS FROM
GRANT 9466.15 10000.00 9658.49
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U.C. Davis

July 21-23, 2009

ORGANIZATION

NAME

OFFICE

HOME

CELL

AGENCY PERSONNEL

DAFRR/Animal Health

Bill Seekins

Dave Rocque

Mark Hedrich

Don Hoenig

Beth McEvoy

Cindy Kilgore

Matt Randall

Alan Hunter

Lebelle Hicks

Melissa Freeman

NRCS

Chris Jones

Alice Begin

MEMA

Jeremy Damren

Mark Belserene

DOL

Dave Wacker

DEP

Mark King

Barbara Parker

UMCE

Mark Hutchinson

Gary Anderson

SPO

George MacDonald

MDOT

Dan Robbins

Jeff Naum

USDA APHIS

Chip Ridky

Maine Forest Service

Alan Johnston

Nat Guard

Michael Pooler

Staff Sgt. Chabot

Umaine Analytical Lab

Bruce Hoskins

UMaine Diagnostic Lab

Anne Lichtenwalner

Leeds Fire Department

Glen Holt, Chief
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State Police Lt. Tom Kelley
State Police — Gray Timothy Hamilton
Barracks
Androscoggin County Captain Ray LaFrance
Sheriff
Kennebec EMA Sean or Bo
FARMS
Barker Farm - Leeds Dave & Vickie Barker
Hemond Farm - Minot John Hemond
The Wright Place - Clinton | Ray Wright
Flood Brothers - Clinton George Flood
Nutting Farm - Leeds John Nutting
SLUDGE COMPOSTERS
Company/Authority Contact Phone
New England Organics Bill Michaud
Chris Bales
Bob Trombly
George Belmont
Lewiston Auburn WPCA Mike Pelletier
We Care Organics. Larry Frost (?)
Jeff McBurnie
Interstate Septic Andy Harris
Lincoln Sanitary District Darold Wooley
Nest & Sons Jeffrey Nest
Town of Old Orchard
Town of Old Town Gary Stetson
Town of Scarborough
Town of Wilton Russ Mathers
Town of Yarmouth William Spiers

OTHER COMPOSTERS

Kinney Compost Wes Kinney | |
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Winterwood Farm

Bob St. Onge

Marcel Dubois

Marcel Dubois

Coast of Maine

Carlos Quijano

Seacoast Compost/ Kelly Bob Kelly

Green Environmental Svcs

J.D. Irving Bob Keily

Jolly Gardener Jim McKay

Envirem Technologies Rod Fry
OTHER BULKING AGENT SOURCES

Caldwell Farms Raz Caldwell

Commercial Paving &

Recycling

John Tibbetts

Kinney Compost Wes Kinney

J.D. lrving Wendell Munn

Mead Paper/ Chip plant

Pleasant River Lumber

Luke Brochu

Robbins Lumber Jim Robbins
Envirem Technologies

Auburn VPS /NE Organics | Bill Michaud
Litchfield Lumber Larry Gowell

Dayken Pallets

Ballard’s

TRUCKING

New England Organics

See list above

Maine’s BEST Compost

Paul Prosser

Shaw Brothers Constr.

Danny Shaw

Les Leighton Excavation

Les Leighton

GRINDING, MIXING, HANDLING EQUIPMENT

New England Organics

See list above

PR Russell

Shaw Brothers Constr.

Danny Shaw
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Blue Rock Earth Works Darin Frost
Hammond Tractor Ed Carter
PULP LOADERS
Nat Bell \
POWERWASHING SERVICES
J & J Pressure Washing Jody Jose \

ENVIRONMENTAL CLEANUP

COMPANIES

Clean Harbors
Environmental

South Portland

Clean Harbors Hampden
Environmental

Enpro Services Portland
Environmental

Projects inc.

MSRC Portland
Safety-Kleen Newington, NH.
Systems

Safety-Kleen Plano, TX
Systems
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APPENDIX 9.

CHECKLIST OF
ELEMENTS OF A HANDS ON FIELD EXERCISE
TO TEST THE FMD CARCASS DISPOSAL PLAN
FOR THE STATE OF MAINE
NOVEMBER, 2008

ITEMS WITH CHECK BOXES [ ] ARE TO BE DONE PRIOR TO THE EXERCISE.

ITEMS IN BOLD WILL BE DONE AT THE TIME OF THE EXERCISE.

ITEMS WITH FILLED CHECK BOXES [X] HAVE BEEN COMPLETED.
RESPONSIBILITY™*

SITE IDENTIFICATION AND PREPARATION

XEnlist a dairy farm to participate in the compost exercise Bill
DXIMeet with the farmer to discuss details of site use Bill
X]Locate appropriate compost site on the farm Bill
XLocate an appropriate staging area for compost deliveries Bill
DX]Locate an appropriate area to receive and hold carcasses Bill
DX]Locate an appropriate area near the road to set up the water container

and cleaning and disinfection station Bill
DXIdentify truck travel route(s) on the farm Bill
DXIdentify a location where crews will be staged for transport to the site.

(Should be just outside the ‘hot zone’.) Don
DX Identify location for a crew rest area outside the hot zone. Don
DX]Map out composting, staging and travel areas on farm map or aerial photo Bill

EQUIPMENT& SUPPLIES

DXIdentify trucks and other equipment available on site. Bill
DX]Determine need for additional equipment based on projected

equipment needs. Hutch
DXIdentify sources of equipment GM&J
DXArrange for lease of additional equipment GM&J
DX|Determine need for supplies. Bill, Mark H., Cindy
DXIdentify sources of supplies Bill, Mark H., Cindy
DX Arrange for purchase of supplies Bill, Mark H., Cindy
DX]Obtain handheld radios for all crew leaders, van drivers and gator driver GM&J

On-site Activities:

Have equipment & supplies delivered to site the day of the exercise GM&J
Assign supplies to appropriate crew members. GM&J
Assign tasks to equipment operators. Hutch

Assign hand held radios to crew leaders. GM&J or Hutch
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LABOR
Dldentify labor available on site. Bill
D<]Determine need for additional labor based on projected labor needs. Hutch

[ ]JRemoval crew
[ ]Compost site crew
[ ]Staging area crew

[ |Truck drivers

[_|PPE crew

[ ]C&D crew

[ Jtraffic control
DX1dentify sources of labor and arrange for contract (if necessary) GM&J
DXIdentify local labor sources such as fire department or SWCD supervisors.  GM&J
D<JArrange to have crew meet at a crew staging area on the day of the exercise Bill
DXIdentify crew leaders for each crew. (Could be agency people or local
people such as fire department or SWCD supervisors.) Hutch/Don
TRAINING
D<Develop plan for training workshop Gary
D<]Provide overview of entire exercise for all participants Don
D<]Set up training for crew leaders (and other crew members) Gary
D<Prepare simple explanatory materials for crew leaders. ?277?
DXProvide training to PPE crew in donning and doffing PPE Gary
DXJProvide training to all in general disposal scheme Gary
D<Provide training for compost crew leaders in how to set up piles correctly Gary

DAProvide training to C&D crew leaders in cleaning and disinfection
Operations chief provides briefing to all crew members at start
of exercise. Hutch

CARCASS HANDLING

DX|Contact farms a month before the exercise to get them to notify ~ Hutch, King, Don
us if they have mortalities within the week or so before the exercise.

DX]Deliver compost cover to farm before carcass deliveries King
DX]Deliver one load of hot compost to carcass holding area GM&J
P<]Obtain 30 cu yds of sawdust/shavings for carcass cover GM&J
DX]Transport 4 to 6 carcasses to carcass holding area at Barkers. Hutch & King
D<]Cover carcasses with sawdust/shavings to reduce scavenger attraction Hutch & King
[]Cover pile(s) with compost cover or hot compost Hutch & King
DXDetermine method of venting carcass and provide equipment (Could the

farm shop make a sharpened rod like the rebar we used before?) King & Farm
Load carcasses onto trucks with skidsteer or pulp loader Hutch

Move carcasses from’ barn’ (carcass holding area) to compost site Hutch
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Place carcasses on bed of manure/silage with pulp loader without Hutch
driving on the bed
Vent carcasses Hutch
Cover carcasses with 2ft of hot sludge compost using excavator Hutch
Check for sufficient cover depth with rod or thermometer Hutch

COMPOST MATERIAL HANDLING

DX|Evaluate dry cow pack manure and calf bedding as compost Bill
ingredients

DX]Decide on which manure/bedding to use and recipe Bill
DXArrange for delivery of hot compost to staging area GM&J
D<|Stake out area for compost with grade stakes and flags Hutch
D<]Have hot compost delivered at time of exercise (at least one load) GM&J
On-site compost activities: Hutch

Pre-mix dry cow pack manure or calf bedding with 1/3 silage spoils
Transport dry cow pack/bedding/silage mixture to compost site

Layout windrow base of manure/silage mix at composting site using excavator
Place carcasses on windrow base with pulp loader

Transfer hot compost to the dirty side of staging area

Load farm trucks with hot compost using payloader

Move hot compost to composting site

Create stockpile of hot compost cover material at composting site

Cover carcasses with hot compost using excavator

Check cover depth with rod or thermometer

CLEANING & DISINFECTION OF EQUIPMENT

X]Have a cleaning and disinfection crew ready GM&J
DX]Have power washer available to clean trucks and equipment GM&J
DX]Have disinfection materials and equipment available on site GM&J
[ ]Obtain a large container for water GM&J or King

[ ]Arrange for water to be brought to the site (on day of exercise?) GM&J or King
DXJAddress collection, containment and disposal or disbursement
of cleaning and disinfection water Bill

C&D Activities on site:

Set up water container at the site (fire department?) (no)
Deliver water to the site (firetrucks?) (no)

Set up water collection or disbursement system (no)

Clean equipment that’s leaving the farm at end of the exercise
Disinfect equipment leaving the farm at end of the exercise
Dispose of C&D water
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PERSONAL PROTECTION, CLEANING AND DISINFECTION

X]Determine what is needed at C&D station for work crews Dave W., Chip, Don
XProvide a cleaning and disinfection station for crews at the GM&J
boundary of the dirty zone

X]Provide PPE station including crew to assist work crew

with donning and doffing GM&J
DX]Provide materials for cleaning and disinfecting and disposal

of used PPE. (Glove sprays, trash bags.) GM&J
X]Provide PPE for all work crews GM&J
[_]Provide portable shower and changing station for work crews?? GM&J

PPE activities on-site:

Don PPE at start of exercise
Doff PPE for breaks

Don PPE after breaks

Doff PPE at end of exercise

TRANSPORTATION

DX]Locate a staging area for crews to leave vehicles and pick up the vans Don
D<]Provide vans to transport crews to and from the exercise GM&J
IX]Provide vehicle for on-farm crew movement GM&J

Transport activities on-site:

Transport crews from crew staging location to the site of the exercise.
Transport crews to and from work areas with gator or other vehicle.
Transport crews from the site of the exercise to crew staging location.

TRAFFIC CONTROL

X]Determine the need for traffic control based on site chosen.

Use maps or photos to identify alternate routes. Bill
DXl dentify traffic control points on maps or photos. Bill
[]Arrange with State, County or Local Police to re-route traffic

and/or control traffic in area of exercise. Could fire department do this? Bill/Don

Traffic control activities on-site:

Station traffic control crews at control points.

Station police officer at driveway to control access to exercise area.
Have person to ensure that observers, film crew and press wear vests
while in *hot’ zone.
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CREW SUPPORT

XProvide for food and water for all crew members GM&J
DXIPrepare shelter for crews not actively working (Department trailer) GM&J
XIMove trailer to the site & set up. Mark H, Cindy
DXProvide for on-farm transport for crews (gator) GM&J
DXIDeliver gator or other transport to the farm at start of the day. GM&J
DXProvide portable toilet(s) for crews GM&J
DXProvide medical support for crews (ambulance? EMT?) GM&J or King?
Preload vehicles and equipment with drinks and snacks at

start of the day. GM&J

COMMUNICATIONS

DX]Develop a list of all essential phone numbers Bill
<] Have contact list made into a card and laminated. Gary
DX]Provide a laminated list of all essential phone numbers to participants Gary or GM&J
D<|Set up a communications/operations center. Where?? Don or GM&J
DX|Develop a press release Don
DXIssue press release to media (and to ag associations?) Don
X]Provide hand-held radios for crew chiefs GM&J
DXDevelop signs identifying the project. Bill
DXProvide tripods or other means for displaying signs GM&J
DX]Deliver signs and tripods to farm King?

On-site communication activities:

Set up project signs on roads approaching farm and
at traffic control points.

Assign hand held radios to crew chiefs.

DOCUMENTATION

DXSeek funding for filming and editing.

X]Talk to Capitol Area VVoc Center about TV Production group King
DX]Line up video cameras and still cameras (at least two of each?) King
DX]Line up individuals to do filming King
DX]Assign film crews areas and tasks to film King
D<Provide hand-held radio for film crews?? GM&J or King?
Take videos and still photos of: King

Compost staging area activities
Compost movement
Mixing farm compost materials
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Carcass holding area

Movement of carcasses

Compost site layout

Steps of setting up the compost pile
Traffic control and signage

Crew shelter

Command post

Donning and doffing PPE

Cleaning and disinfecting equipment

Responsibility Key:

Bill - Bill Seekins

Hutch — Mark Hutchinson

King — Mark King

Mark H. — Mark Hedrich

Cindy - Cindy Kilgore

GM&J - George Macdonald, Mark Hedrich and Jeremy Damren
Don — Don Hoenig

Gary — Gary Anderson

Dave W. — Dave Wacker

Chip — Chip Ridky
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Abstract.

To remove barriers to the adoption of mortality compost for carcass disposal in an infectious disease
outbreak, our Lethbridge Alberta research group has completed a series of studies to monitor
pathogens, predict pathogen inactivation and improve pathogen elimination in large animal mortality
compost. To accomplish these objectives, we developed Baker retrieval pyramids to facilitate
removal of samples from compost enabling us to monitor the fate of implanted Escherichia coli
0157:H7, Campylobacter jejuni, Newcastle disease virus, two spore-forming Bacilli (Bacillus
licheniformis, Bacillus thuringiensis) and scrapie prions from compost containing feedlot cattle
mortalities. As well, we developed a method for quantifying 171 and 760-bp fragments of bovine
mitochondrial (Mt) DNA as markers for pathogen elimination and carcass decomposition. Finally, we
used these monitoring techniques to improve pathogen elimination in a subsequent batch of large-
animal mortality compost. From these studies, the majority of bacterial and viral pathogens were
rapidly eliminated from compost (within 8 weeks), with the exception of the spore-forming Bacilli and
scrapie prions. Composting was not uniformly effective for elimination of spore-forming bacteria and
would likely not be fully effective for controlling outbreaks of Bacillus anthracis (anthrax).
Composting reduced scrapie prion epitopes by 1-log, although animal infectivity studies are still in
progress. Monitoring degradation of a bovine Mt-DNA fragment would be a conservative, but
effective marker for pathogen inactivation in compost. Using manure with 60% instead of 68%
moisture and raising carcasses by 60 cm (to a depth of 100 cm in the compost) improved
degradation of Mt-DNA, pathogen elimination and carcass degradation. Based on these results,
large animal mortality compost may provide an efficacious method for mitigating outbreaks of
influenza H1N1 (swine flu) or foot and mouth disease.

Keywords. Pathogens, bacteria, viruses, prions, mortality compost, mitochondrial DNA.
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Introduction

Elimination of pathogens is one of the key concerns of animal mortality disposal as the
methodology used should control the risk of further pathogen transmission to animals or
humans without contaminating the environment or leading to exorbitant expense. Composting
has been used to dispose of chickens and turkeys during outbreaks of Avian Influenza (Senne
et al. 1994, Spencer et al. 2004, Schwarzlose et al. 2008), but to date has not been used during
disease outbreaks for larger livestock. Part of the hesitance to use composting to control
infectious outbreaks in pigs or cattle may stem from three factors:

e A lack of information regarding the efficacy of composting for elimination of the pathogen
in question

¢ An inability to predict when the pathogen(s) have been eliminated and the compost is
safe for land spreading.

e Concerns about lack of spatial uniformity in large animal compost and the potential for
pathogen survival in some regions of the compost.

Our research group based in Lethbridge Alberta, Canada has recently completed a series of
studies to specifically address these issues.

Monitoring pathogens in mortality compost

First, we had to devise a methodology that would be applicable for monitoring pathogen survival
in field-scale compost structures that contained 500 kg feedlot steers and hundreds of tonnes of
feedlot manure. Our solution was the ‘Baker retrieval pyramid’ (Reuter et al. 2008), a pyramidal
open cage constructed out of stainless steel which enabled implantation of pathogens at select
locations within the composting matrix. The pyramids were suspended by a logging chain into
the compost and winched out of the compost at various times during the composting process
(Figures 1A and 1B).

Plastic Air vent
A sheeting
Paiforated \ . Wooden pole
air tubing —|
Thermocouples === e ; l Barley straw bale

80

<+<—Chain

!
P80 — X )ye +~— Sample
4> pyramid

160

% Temp. sensor

Leachate =\
sampling port
| -
l

260 ! 120 |
500

80

P160— -
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Figure 1 A — Compost structure showing locations of pyramids relative to a carcass.
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Figure 1B — Baker
Retrieval Pyramid
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Using the Baker retrieval pyramid system, we evaluated the fate of E. coli O157:H7,
Campylobacter, Newcastle disease virus, Scrapie prions, and several types of spore-forming
bacteria (Bacillus licheniformis and Bacillus thuringiensis.) The two species of Bacilli were used
as non-infectious models for Bacillus anthracis, commonly known as anthrax. In all cases, a
known concentration of the pathogen in question was added to a nylon bag containing the same
feedlot manure used to make the compost. The 50 um pores in the bag allowed entry of
enzymes and microbial flora from the surrounding compost. As well, pyramids could be
embedded at the depth of the carcasses to better simulate pathogen elimination from
carcasses. In the case of scrapie prions, methodology was developed to attach the prions to
inert membranes within the bags to enable prion retrieval. Besides typical scrapie prions, a
laboratory strain of scrapie, 263K, was also chosen for study due to its extreme resilience
towards chemical or biological degradation. For Newcastle disease virus, inactivation was
rapid. Viable virus was not detected after embedding samples within the compost, although
viable virus was recovered from the TO pyramids which were assembled but not embedded in
compost. For scrapie, over 230 d composting, epitopes were reduced by 1 log1o, although
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Figure 2. Reductions in E. coli O157:H7 populations in compost at depths of 80 and 160 cm
over 147 days relative to a control treatment (i.e. E. coli cells maintained in sterile compost at
(25° C).
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Figure 3. Reductions in Campylobacter jejuni populations in compost over 147 days at depths
of 80 and 160 cm.
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Figure 4. Survival of Bacillus licheniformis at room temperature (25° C) and in compost (at
depth of 100 cm) over 230 days.

spatial differences within the compost influenced degradation. For other pathogens, survival of
E. coli O157:H7, Campylobacter, Bacillus licheniformis and Bacillus thuringiensis are illustrated
in Figures 2, 3, 4 and 5, respectively.
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Figure 5. Survival of Bacillus thuringiensis at room temperature (25° C) and in compost (at
depth of 100 cm) over 230 days.

Predicting pathogen elimination from compost

Attaining a temperature of 55 ° C for 3 days or more in a static windrow has been the required
standard for pathogen control in commercial compost (USEPA 1999; CCME 2005). However,
mortality compost has often been shown to lack uniform heating (Lawson and Keeling, 1999;
Senne et al. 1994; Schwarzlose et al. 2008), a factor which could lead to increased pathogen
survival. As pathogen control becomes even more critical for carcass disposal during an
outbreak of infectious disease, simple measurement of temperature in itself is likely not
sufficient to assure pathogen elimination. From our previous work monitoring pathogens in
compost (Xu et al. 2009a, Reuter et al.2008) it became apparent that with the exception of the
most resilient pathogens (some spore-forming bacteria, prions), other bacteria and viruses were
eliminated many weeks prior to complete degradation of the carcasses. Consequently, a
marker indicating complete carcass degradation would also serve as a conservative benchmark
for elimination of pathogens from compost (with the exception of all but the most recalcitrant of
microbial species). As DNA is a resilient molecule released during cellular degradation, we
chose to focus on developing molecular indicators of complete carcass degradation and
pathogen elimination. Due to their high copy number per cell and consequently increased
probability of detection, two mitochondrial DNA fragments were targeted: a 171-bp bovine Mt-
DNA fragment which would be too short to code for a functional product, and a 760-bp bovine
Mt-DNA fragment which could potentially encode the complete gene. The Mt-DNA fragments
were monitored over two years in biosecure compost (Xu et al. 2009b). Figure 6A shows the
results of the Mt-DNA monitoring in compost constructed in 2006 and Figure 6B the compost
constructed in 2007.
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Figure 6. Bovine carcass decomposition analysis after biosecure composting in 2006 and 2007
evaluated by DNA yield, copy numbers of 171-bp (Mt171) and 760-bp (Mt760) bovine Mt-DNA
in fresh muscle (d 0) and composted muscle and spinal cord (d 147). (A) Genomic DNA yields
from fresh and composted bovine tissues. (B) Real-time PCR quantification of bovine Mt171

and Mt760 fragments in fresh and composted tissues. Values indicate % reduction of
composted tissue from fresh tissue on d 0 as compared to days 147 for 2006 and 230 for 2007.

Improving pathogen elimination from compost

In our first trial in 2006, biocontained mortality compost did not show uniform heating (Figure 7)
with some sites in the compost failing to achieve temperatures > 55 °C, likely due to excess
moisture as manure contained 68% moisture at compost construction. In 2006, beef cattle
mortalities were placed on a 40-cm straw base and covered with 160-cm manure. Compost
reached 50°C with 20% reduction in bovine mitochondrial DNA (a 171-bp fragment; Mt171) at
160-cm depth after 147 d of static composting (Figure 6B). In order to improve pathogen
elimination and carcass degradation, two modifications were made in the 2007 biocontained
composting trial: 1) carcasses were raised to 100-cm depth by placing them
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on an additional 60-cm layer of manure and (2) feedlot manure with a moisture content of 60%
was used . In 2007, temperature profiles at depths of 40, 100, and 160 cm all reached 55°C
after 7 d, and remained above 55°C for at least 70 d (Figure 8). Also in 2007, 75% of the bovine
Mt171 fragment was degraded by d 112 and 86% by d 230 at 100-cm depth (Figure 6B).
Carcass soft tissues were almost completely decomposed, with a 99% reduction in genomic
DNA and a 92% decrease in Mt171 fragment after 230 d. Levels of coliform bacteria were below
10 CFU g™ dry wt at all depths on d 230 (Xu et al. 2009c). Consequently, the modified cattle
mortality composting system was characterized by higher peak temperature, longer more-
uniform heating, more efficient pathogen elimination and more complete degradation of bovine
carcasses.

Conclusions

Pathogen elimination

o The majority of bacteria and viruses were rapidly eliminated (well in advance of complete
carcass degradation) or populations were substantively reduced by the end of the
composting period.

e Although B. licheniformis and B. thuringiensis (i.e. used as surrogates for B. anthracis)
populations were reduced, significant numbers of these bacteria survived the
composting period.

e Scrapie prions showed a 1 log reduction on average in compost, although animal
infectivity studies are still in progress.

Predicting pathogen elimination from mortality compost

¢ Monitoring degradation of a 760 bp bovine mitochondrial DNA fragment along with
traditional temperature monitoring provides a conservative estimate of pathogen
elimination (excluding spore-forming bacteria and prions)

¢ Residual tissue which lacks DNA is unlikely to pose a risk of pathogen transmission
from mortality compost

e Duration of heating (6 months > 45° C) is likely more important to pathogen elimination
than actual peak temperature achieved.

Improving pathogen elimination from mortality compost

¢ Reducing moisture content of manure (60 vs 68% moisture at compost construction) and
elevating carcasses (depth 100 vs 160 cm depth in compost) improved both pathogen
elimination and carcass degradation.
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Advantages of mortality composting over other methods of mortality disposal
during an infectious disease outbreak.

¢ Most pathogens are rendered inactive within weeks of initiation of composting.

e Pathogens associated with carcasses and manure are rendered inactive by the
composting process.

¢ Risk of transmission of pathogens through surface / ground water and air are
minimized.

e Composting can often be conducted on farm, reducing the risk of transmission
during transport of carcasses.

e Composting structures are non-descript minimizing security issues and public
scrutiny
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		Pathogen elimination

		Predicting pathogen elimination from mortality compost

		Improving pathogen elimination from mortality compost

		Advantages of mortality composting over other methods of mortality disposal during an infectious disease outbreak. 

		 Most pathogens are rendered inactive within weeks of initiation of composting.

		 Pathogens associated with carcasses and manure are rendered inactive by the composting process.

		 Risk of transmission of pathogens through surface / ground water and air are minimized.  

		 Composting can often be conducted on farm, reducing the risk of transmission during transport of carcasses.

		 Composting structures are non-descript minimizing security issues and public scrutiny 
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National Veterinary Stockpile
Abstract

The introduction of an animal disease like foot-and-mouth could devastate American
animal agriculture, harm the economy, and, for zoonotic diseases, threaten the
public’s health. Having enough resources to respond quickly will be crucial for
stopping the spread of the disease.

If FMD occurred today, it is unlikely responders would have the resources they
needed if all they depended upon where the resources they used in the past. States
and industry hold inventories of response items, but an FMD outbreak would quickly
deplete them. Manufacturers and distributors hold inventory, but only enough to
satisfy routine demand. Unaffected States might help, but only so far as they retained
the means of responding if the outbreak crossed their borders.

Operational in 2006, the National Veterinary Stockpile (NVS) exists to provide
States the resources they need within 24 hours to continue responding. Its
countermeasures include large quantities of supplies, equipment, vaccines, and test
kits as well as commercial support services. The services include emergency
transportation of critical samples to labs and large numbers of commercial personnel
trained, self-sufficient and with equipment to help a State depopulate, dispose, and
decontaminate (3D support) when it does not have enough of its own personnel. To
ensure responders get its countermeasures quickly, the NVS helps States plan the
request, processing, and delivery of the countermeasures.

Keywords

Response resources, supplies, equipment, vaccines, test kits, 3D support

Introduction

The National Veterinary Stockpile (NVS) is the nation’s repository of critical veterinary
countermeasures including supplies, equipment, field tests, vaccines, and commercial
services such as 3D support. It exists to provide States the countermeasures they need to
respond to catastrophic animal disease outbreaks that terrorists or nature may create.

When Homeland Security Presidential Directive 9 (HSPD-9) established the NVS in
2004, it required it to hold countermeasures against the 17 most damaging diseases
(Table 1) and to deploy them within 24 hours. The directive reflected the nation’s
concern that terrorists could simultaneously release animal diseases of catastrophic
proportions that would quickly deplete State and industry resources and overwhelm the
private sector’s ability to support a prolonged response.





Table 1. Damaging Animal Diseases in Priority Order

Agroterror agent Animal industries affected Zoonotic?
1 |Highly pathogenic avian influenza Poultry Yes
2 |Foot-and-mouth disease Cattle, swine, sheep, and other No
cloven-hoofed livestock
3 [Rift Valley fever Cattle, sheep Yes
4 | Exotic Newcastle disease Poultry Yes
5 [Nipah and Hendra viruses Swine (Nipah), horses (Hendra) Yes
6 |Classical swine fever Swine No
7 | African swine fever Swine No
8 [Bovine spongiform encephalopathy agent |Cattle Suspected
9 [Rinderpest Cattle, sheep No
10 | Japanese encephalitis Swine, equine Yes
11 | African horse sickness Equine No
12 | Venezuelan equine encephalitis Equine Yes
13 | Contagious bovine pleuropneumonia Cattle No
14 | Ehrlichia ruminantium (heartwater) Cattle, sheep, goats No
15 | Eastern equine encephalitis Equine Yes
16 | Coxiella burnetii Cattle, sheep, goats Yes
17 | Akabane Cattle, sheep, goats No

As APHIS’ logistics experts, the NVS focuses exclusively on the logistics of disease
response by

e Managing time-certain delivery of countermeasures within 24 hours;

e Helping States plan, train for, and exercise the extensive logistics operations a
catastrophic event would require

e Planning APHIS’ logistics response to outbreaks — including that for
catastrophes;

e Partnering with the private sector to provide large numbers of trained
personnel with equipment to help States that do not have enough of their own
personnel to depopulate, dispose, and decontaminate; and

e Reducing emergency response costs in multiple ways.

The NVS’ focus on the logistics of disease response gives APHIS a new capability for
fighting disease. Previously, veterinary experts who responded to outbreaks managed






their own logistics support typically only after arriving on scene. That approach resulted
in
e Duplication of effort,

e Little or no logistics planning, training, or exercising before an event,

¢ Difficulty coordinating resources purchased by multiple groups during an
event,

e Shortages of personnel, equipment, and materials and

e Higher response costs from purchasing supplies in small quantities at higher
prices.

Discussion

The NVS is the first organization in the Animal and Plant Health Inspection Service
(APHIS) of the US Department of Agriculture (USDA) that must respond in hours to
disease outbreaks. Part of APHIS’ Emergency Management and Diagnostics Group,
its mission is to deploy critical veterinary countermeasures to the site of a damaging
animal disease outbreak within 24 hours. Its countermeasures include supplies,
equipment, vaccines, test kits, and commercial 3D support.

Goals
While the NVS will deploy in 24 hours, its countermeasures only benefit responders in

the field if States know how to request them and, when they arrive in large quantities,
quickly process and deliver them. Thus, the NVS has two goals:

e Deploy countermeasures in 24 hours against the 17 most damaging animal
diseases and

e Help States before an event plan, train, and exercise the request, processing,
and delivery of the countermeasures during an event.

Operations

The NVS’ deployment within 24 hours results from continuously managing business
processes (Figure 2) that

e Define the threats for which it must have countermeasures,

e Identify and acquire the countermeasures, and





Determine how it must position, maintain, and deploy the countermeasures.

Figure 2 NVS Business Processes

Ty Thrgats Define Acquire
and Populations
; Countermeasures Countermeasures
at Risk
Position Maintain Deploy
Countermeasures Countermeasures Countermeasures

Identifying Threats and Defining Countermeasures
Factors that determine the countermeasures the NVS acquires include:
e Threats (diseases or agents, including vectors) to which it may need to respond
e The importance of each threat
e The size of populations at risk
e The duration of response

e The research, surveillance, epidemiology, economics, and policy associated with
each threat

e The life-cycle costs of holding countermeasures, including the costs of purchase,
storage, maintenance, replenishment, and ultimately disposal

e The ability of State and local officials to acquire countermeasures quickly from
other sources (the NVS only considers stocking countermeasures that other
sources cannot provide quickly)

e Auvailable funding.





Acquiring Countermeasures

Once it identifies a countermeasure, the NVS determines functionally and technically
how to acquire it using one of four methods:

e Purchase products and hold them in government distribution centers prior to their
deployment when the private sector cannot provide the products fast enough,

e Purchase products and have vendors hold them in their distribution centers prior
to their deployment when additional processing may be required,

e Contract for guaranteed access to large quantities of products when a robust
commercial market exists for a product and the vendor can respond quickly
from its finished inventory, and

e Contract for commercial services.
Positioning and Maintaining Countermeasures
The NVS places its countermeasures in multiple, secure, geographically dispersed
locations near major transportation hubs. Multiple locations reduce the time it takes

to deploy and minimize the risk that weather or other factors could delay or prevent
deployment.

Deploying Countermeasures

The NVS has plans tested and in place for deploying within 24 hours, day or night,
weekdays or weekends. These plans include:

e Exercising several times a year

o Internally to ensure it can recall personnel who will manage its deployment,
ship its material, and provide technical support on site and

o Externally with states to test the physical shipment of countermeasures and
the States’ ability to process and deliver them.

¢ Holding inventory in multiple locations to prevent weather, sabotage, or other
factors from delaying or preventing deployment.

e Prepackaging countermeasures for rapid issue and loading onto trucks or aircraft.

e Using multiple transportation carriers for redundancy to move countermeasures
by air or ground.

e Labeling, color-coding, and manifesting shipments so responders can find specific
items quickly when they arrive.





Contracting with all hazards response companies to provide large numbers of
personnel trained, self-sufficient and with equipment to support States that do not
have enough of their own people or equipment to depopulate, dispose,
decontaminate.

Initial Shipments

The NVS’ first shipment of countermeasures is a 24-hour push package: “24-hour”
because the shipment will arrive within 24 hours of the APHIS order to deploy and
“push” because a state need only provide the following basic information and the
NVS will immediately ship (i.e. push) what it needs to continue responding:

The disease (zoonotic or non-zoonotic), which determines whether it deploys
personal protective equipment (PPE) that protects humans or simply protects
against the spread of the disease.

The number of responders, which determines the amount of disinfectant and
personal protective equipment it deploys.

The species, which determines the type of animal handling and depopulation
equipment it deploys.

The infected and exposed populations, which determine the amount of handling
and depopulation equipment it deploys and whether a 3D support contractor
deploys with the equipment.

Table 3 identifies the PPE and disinfectant modules the NVS will deploy for each
multiple of 10 responders that deal with a zoonotic or non-zoonotic outbreak. To
determine the number of multiples, the NVS rounds the actual number of responders
up to the next multiple of 10. For example, 27 responders rounds up to 3 multiples,
52 responders rounds up to 6 multiples.

Table 3. PPE and Disinfectant Modules to Deploy

Disease Type

PPE Type

Disinfectant

Zoonotic

One PPE gray module (two triwalls*
Tyvek + one triwall gray Tychem)

1 PAPR?
module

1 module (1 triwall)

Non-zoonotic

One PPE yellow module (two triwalls
Tyvek + one triwall yellow Tychem)

1 module (1 triwall)

PPE modules include semi-permeable Tyvek suits and two versions of impermeable
Tychem C suits. Each PPE module protects 10 responders, changing 5 times per day

! The NVS ships its 24-Hour Push Packs in triwalls that are triple thick cardboard containers with a 40 inch
x 48 inch pallet base and a height of 45 or 52 inches.
2PAPR = powered air-purifying respirator.






for 10 days. All PPE is kitted so responders have everything they need to suit up. The
disinfectant module includes 80 pounds of Virkon S.

Parts of a push package may arrive from different locations for various reasons.
Examples include:

e Equipment the NVS ships to support depopulation will depend on the species an
outbreak affects. It will come from locations where the NVS maintains,
reconditions, and repairs the equipment.

e Human, antiviral, prophylactic medications will arrive within 24 hours to protect
responders when the outbreak is highly pathogenic avian influenza. They will
come from special NVS locations that store pharmaceuticals.

e Animal vaccines will come from multiple locations following the APHIS
approval to vaccinate. The locations and the times in which the vaccine arrive will
depend on the type and strain of vaccine APHIS decides to use.

Whenever the NVS deploys, its deployment management team at headquarters will
inform incident command about the countermeasures it deploys, the in-transit status
of each of its shipments, and the estimated time of arrival of the shipments and the
NVS’ mobile logistics team (MLT). The MLT deploys at the same time as the
shipments. It will always include a logistics expert who helps personnel in a State’s
warehouse and may include another member who liaisons with incident command.

After its initial deployment, the NVS may deploy more of the same items in a push

package or other items it holds that a state cannot acquire elsewhere (including the
private sector).

Identifying Deployed Items
The NVS color-codes all of its shipment containers so warehouse staff—particularly
those on forklifts—can identify the contents in each container from afar, place

similar products together in a warehouse after offload, and find items when
responders request them. The color codes are as follows:

e Blue—PPE
e White—disposal and decontamination equipment and supplies
e Gray—animal-handling equipment for depopulation

e Yellow—Dbiologicals, pharmaceuticals, and related supplies (such as vaccines,
antivirals, and vaccination supplies)

e Green—-PAPR module





e Gray—animal-handling equipment
e Pink—general supplies
Requesting Countermeasures

The NVS’ deployment of countermeasures initially begins when a State Veterinarian
and Federal Area Veterinarian in Charge (AVIC) conclude that they need more
resources to respond to a problem and the APHIS Regional Director concurs. They
will call the APHIS emergency response hotline (800.940.6524) that is staffed 24
hours a day to request NVS countermeasures. The hotline operator will contact the
NVS who will return the State’s call quickly to discuss why the State needs its help
and to determine the help it needs. Once APHIS senior management approves, the
NVS deploys.

Triggering NVS Deployment

Several events may trigger the NVS’ deployment. They include:

e An outbreak of one of the 17 most damaging animal diseases in Table 1.

e An outbreak of a disease not in Table 1 if a State is willing to reimburse the NVS
for the cost of deployment

e An APHIS senior management order to deploy.

e A mission assignment from the Federal Emergency Management Agency

Conclusion

The National Veterinary Stockpile is the nation’s defense against crippling resource
constraints that a catastrophic animal disease outbreak may cause. Within 24 hours, it
will provide large quantities of countermeasures to ensure States have the
resources—supplies, equipment, test Kits, vaccines, 3D support— they need to
continue responding. At the same time the NVS deploys the countermeasures, it will
also deploy a mobile logistics team to help a State process, deliver, and reorder NVS
countermeasures. To ensure States are ready to request, process, and deliver its
countermeasures, the NVS has vigorous outreach effort that works with States before
an event to help them plan, train, and exercise the complex logistics environment a
catastrophe will require.

More information about the NVS may be found on its website at
http://nvs.aphis.usda.gov/ or by emailing requests to nvs@aphis.usda.gov.




http://nvs.aphis.usda.gov/
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Gasification of Animal Mortalities — The North Carolina Experience

Jeff Porter, Environmental Engineer
USDA-NRCS, Manure Management Team, Greensboro, NC

INTRODUCTION

With livestock operations getting larger and, in many cases, concentrating in
certain areas of the county along with added regulatory pressures, dealing with
livestock mortalities is a major issue that must be addressed. There are many
options for dealing with animal mortalities ranging from burial to incineration
and rendering to composting. Over the last few years, North Carolina has also
included gasification as a viable alternative to disposal of animal mortalities.

Does It Pencil Out?
(Economics)

Animal Control Gasifier - City of Charlotte, NC: Since
beginning to utilize the gasification unit, annual fuel
savings have exceeded $55,000 with an accumulative
fuel savings of over $155,000 compared to the on-site
incinerator. (Based on raw energy data. David Miller, Energy
Manager, Charlotte, NC)

The purpose of this poster is to briefly describe the technology currently being
used and some of the experiences related to gasification of animal mortalities in
the state of North Carolina.

J
Figure 1. Brookes Gasification Process
GASIFICATION PROCESS | ) _ (Graphic courtesy BGP, Inc.) _/
Gasification is a thermal-chemical process that converts biomass (animal
mortalities in this case) in an oxygen starved environment to biogas.
This mortality gasification system utilizes the Brookes Gasification Process Kr able 1. Comparison of Gasifier anh
(figure 1). Initial heating is begun by an outside fuel source such as propane or Incinerator Fuel Usage
natural gas. Mortalities are placed in the primary chamber. Heat from the Mortalities average + 5% Storage of mortalities in refrigeration unit. City of Charlotte, NC

secondary chamber in the range of 800-1000 °C (1470-1830 °F) is transferred
through the hearth plate to the primary chamber. Biogas is generated as the
mortalities begin to breakdown in the low oxygen environment. This biogas is
then used to supplement the outside fuel source and sustain the reaction within
the gasifier, which drastically reduces the outside fuel demand and
consumption.

Average Average
Monthly Fuel
Fuel Usage | Usage
(Therms) | Reduction
Incinerator 7,871 —-
(Apr 03-Mar 04)
Gasifier 1,657 78.9%

(Apr 08 — Mar 09)

GASIFICATION PROCEDURE (Typical Poultry Operation — Figure 2)
1.The gasification unit size selected is based on the number of animals on the
livestock operation and historic mortality rates (generally around 5%).
2.To improved gasification performance and efficiency, mortalities are stored in
a refrigeration unit until enough material is available to perform 3 or 4
consecutive gasification burns. Generally, for a seven week broiler flock two
or three burn cycles are performed. (If enough mortalities are available for
consecutive burns, a refrigeration unit may not be necessary.)
3.The animal carcasses are loaded into the gasifier. For the initial “cold” start,
the gasification process takes approximately 12 hours due to the time
required to heat the refractory bricks lining the primary and secondary
chambers. Additional burns during a given cycle would be “warm” starts
(refractory bricks are already hot) reducing the gasification time to
approximately eight hours. (Information provided by Biomass Marketing
Associates.)
4.0nce removed from the gasifier, the resulting ash can be utilized for
numerous applications (i.e. fertilizer).

OPERATIONS IN NORTH CAROLINA (as of 6/09)

« Nine units have been installed on poultry operations.

 One unit is under contract.

« Four additional systems are being proposed pending funding options.*

« Three gasifiers have also been installed by the cities of Charlotte and
Jacksonville to deal with animal shelter mortalities.

« Meets criteria outlined in NRCS Conservation Practice Standard —
Animal Mortality Facility (316).

« Typical systems consist of a gasifier, refrigeration unit and roof structure
(figure 4).

1In North Carolina, cost-share is available from both Federal (EQIP) and
state sources.

PERFORMANCE Concentrated Nutrients in Ash Gasification Unit
Gasification Compared To Incineration Figure 2. Gasification Procedure CONCLUSIONS

Handling mortalities is an issue that livestock operations and others have
to address. There are many alternatives from which to choose. Selection

+ Particulate matter emissions reduced by nearly 90 percent (figure 3).
« Other emissions reduced by approximately 50 percent.

« Fuel consumption reduced by at least 50 percent. Charlotte, NC study should be based upon the alternative that best meets the goals set for the
showed the gasification system yielded a fuel savings of nearly 80% over the - animal facility.

existing incinerator (Table 1). . ~ B g P T Roof d 1 + Gasification provides another option for livestock and poultry operations,
~Gasification system generally had a higher initial cost. oot Structure - . animal shelters, zoos and other venues that have to deal with animal

mortalities.

« The process is environmentally safe and effective.

+ Since biogas is produced, a gasifier has lower fuel consumption than a
traditional incinerator and is, therefore, economical to operate.

+ Volume of carcasses is greatly reduced following gasification.

+ The resulting ash is biologically inert.

Gasification Compared To Composting
+Operational time requires hours compared to weeks or months for composting.
sLower labor input.

Other

« Complies with North Carolina visual and odorous emission requirements.
« System is environmentally safe. T
« A summary of advantages and disadvantages of various mortality handling - 2 ' £
options are outlined in the Livestock and Poultry Environmental Stewardship
(LPES) Small Farms Fact Sheet — Managing Animal Deaths: Your Options.

¥
Ccooler: Gasifier

Contact Information

http://www.|pes.org/SmallFarms/5_AnDth.pdf, ) P R Jeff Porter, P.E. David Miller
(i pes.org = pdf) Figure 3. Low stack emissions Figure 4. Gasification system: gasifier, Environmental Engineer Energy Manager
refrigeration unit, and roof structure USDA-NRCS Charlotte, NC
Greenshoro, NC 704-336-2250
336-370-3342 dmiller@ci.charlotte.nc.us
ASH . . jeffrey.porter@gnb.usda.gov
7 jeffrey.p g g
*Proper operation will yield a sterile and inert ash (including bacteria, viruses, 3' International Symp03|um on David Mayer Gary Ainlay
pathogens and antibiotics). Management of Animal Carcasses, Biomass Marketing Associates  [BGP, INC.
o i - -Q7Y . .
.g\fe'?;mhfp’f:ddu“;}&”_ 9935_ 99570/:” Tissue and Related Byproducts 5'52"%"2%":12‘&) g"oasf ";‘;‘még&‘a”"- Canada
<Remaining nutrients are concentrated (ex. Ca 14.3%, P 12.8%, and K 10.3%). University of California, Davis rhm1110@aol.com garyd.ainlay@sympatico.ca
*Most C and N pass as emissions through the gasification process. July 21-23, 2009 WwWw.bic ing.com www.bgp-inc.com
s
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Introduction:

= The USDA Animal and Plant Health Inspection Service (APHIS) is
the lead federal response agency in the event of a large scale foreign
animal disease outbreak, as outlined in Homeland Security
Presidential Directive 9. Given that APHIS employees and others
will be called upon to respond to an outbreak, and given that there
are many human, animal, and environmental health risks associated
with carcass disposal, APHIS identified a need to develop carcass
disposal guidance to minimize adverse effects from disposal efforts.
=The purpose of the APHIS Online Emergency Management Tools is
to provide user-friendly, environmentally-sound carcass disposal
decision tools to be used by emergency planners in advance of an
event and responders in the field during an event.

Objectives:

= Identify the most readily-available, cost-effective carcass disposal
options;

= Prioritize the carcass disposal options with a decision tree based
on ability to contain disease, environmental sustainability, ease of
use, and cost-effectiveness;

= Provide user-friendly web interface to enable responders to
rapidly select the best option(s) for a given premises at a given time;

= Provide publicly-accessible training on each disposal option; and

= Provide brief summaries of the key elements of each option so the
summaries can serve as job aids in the contaminated zone during
response operations.

Emergency Tools

 Heow 1o wan the ool
Countermeasures

Ml
Depepulation
Disposs

[
Nationia! Veterinary
Hasth, Safnty
ures Links

Erergeney Sbuten Pages

Figure 1. APHIS Emergency Management
Tools Home Page.

Figure 2. Example of Depopulation Section Home
Page.

Emergency Manageme:

Tools

urser Measures
sodeling

R
Hesearch

Hedical Monitaring
Emeegency Sduaticn Pages

Figure 3. APHIS Emergency Management Tools
Home Page Showing Disposal Section Selection.

Srvirarwsicy. Hevwsrimre Frol

Figure 4. Disposal Section Home Page
Showing Disposal Options Decision Tree
Selection.

Figure 5. Disposal Options Decision Tree Showing
Suitability for In-House Composting Selection.

Figure 6. Suitability for In-House Composting Criteria.

Methods:

+ APHIS began this process by assembling a carcass disposal
working with a few people who recommended others. The group
now consists of more than 270 members from around the world,

i demia, industry, and

APHIS drafted outlines of information about each major disposal
method, then enlisted subject matter experts from the working
group to help develop training content.

The training content was handed over to a team of online training
course developers who transformed the content into online
training modules.

+ Each training module was reviewed by additional subject matter
experts, as well as people who had no familiarity with the subject

Results & Conclusions:

+The APHIS Emergency Management Tools can be found online at:
htp:/i aphis.usda _role_e
mergency_tools.shtml.

+The tools consist of several topics, including Depopulation, Disposal
and D i (Fig. 1). The D section (Fig. 2) is
still under development, but there are a number of training modules
related to Disposal and Decontamination which can be accessed via
the Disposal Option Decision Tree (Fig. 3 and Fig. 4), including:

+ In-House Composting;

+Outdoor Composting;

«Onsite Treatment/Burial;

+Secure Transport;

«Offsite Treatment/Burial; and

«Cleaning and Disinfection.

*The Disposal Options Decision Tree (Fig. 5) includes decision
criteria for each disposal option (Fig. 6) to help the responder
determine which option(s) would be most appropriate at a given
premises.

«If the user decides an option is likely to be suitable for their site, the
user can select the associated training module (Fig. 7, Fig. 8 and Fig.
9).

+Other web tools are embedding into the APHIS tool, including the
NRCS Web Soil Survey Tool and the USEPA Disposal Facility
Database (Fig. 10, Fig. 11 and Fig. 12).

+The tools include printable job-aids which can be carried into a
contaminated zone to assist with animal processing tasks.

+Although the tools were designed to be user-friendly, carcass
disposal options and associated risks are complex subjects, requiring
some level of user knowledge of treatment and disposal
technologies, as well as emergency response concepts in order to be
most useful.

+The tool provides a great deal of helpful information, but is not all
inclusive, and could benefit from additional features. For example, a
Depopulation training module is planned, and testing of the tools
during exercises would be beneficial.

Figure 7. Disposal Options Decision Tree
Showing in-House Composting Training
Module Selection.

Figure 8. In-House Composting Training Module Showing
*Assembling a Windrow Lesson” Selection.

Figure 9. Screen Shot of In-House Composting * Assembling a

Windrow” Lesson.

matter to ensure the training modules
the information.

+ The training modules were assembled as links into a decision
tree, which also included criteria for choosing an option, so a
responder could follow the decision tree, click on links, determine
if an option was suitable for a particular site, and if so, link directly
to the associated training module.

APHIS also with the US
Agency and the USDA Natural Resource Conservation Service
(NRCS) to incorporate their web tools into the APHIS tool.

The decision tree, along with the training modules, decision
criteria, and other resources were placed on the APHIS public
website so any responder could access the information both
before and during an emergency.

Acknowledgements -- This project was funded by USDA APHIS Veterinary Services, in

Figure 10. Disposal Options Decision Tree
Showing OnSite Treatment/Burial Suitability
Selection.

with numerou:

Figure 11. Screen Shot of Web Soil Survey Output for Determining
Suitability for Onsite Burial

Figure 12. Screen Shot of EPA Disposal Facility Database Output.

representing other US state and federal agencies, as well as several universities.

Implications:

+Online decision tools can be useful to responders, but familiarity with
the subject matter needs to begin well in advance of an emergency.
This implies that the tools be included in planning documents, and
that subject matter experts be assigned to use the tools and interpret
the results during an emergency.

+ The APHIS online tools are a good starting point, but much
additional work is needed to make the tools fully functional. For
example, the tools focus on poultry, but there is a great need to
develop similar tools for large animals. Also, the facilities database
requires periodic updating, and the addition of rendering facilities to
the database would be useful. Note: APHIS has begun work on
both of these needs.

« A significant amount of user input will be needed to make the tools
most useful. This implies that an improved mechanism for obtaining
and incorporating user suggestions is needed.
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Motivation:

« Increasing number of farms considering the composting of
on-farm mortality and increasing number of small butcher
shops also needing an alternative to rendering, which has
become expensive and (or) unavailable.

«Simplify planning of a compost system.
«Competition for sawdust has led to consideration of other

feedstocks, but how to best include them into a composting
recipe is not always clear. Price is a consideration.

Overview:

Spartan Animal Tissue Composting (ATC) System Planner
is an Excel application that assists in designing a composting
system using a static piling approach, including facilities and
material flow in batches. The spreadsheet has been designed
for composting animal tissue accumulated as whole carcasses
(on-farm, live animal businesses) or as animal tissue co-
products (animal processing operations).

There are four general composting systems or methods which
may be used to compost animal tissues in static batches: piled
in bins, open piles adjacent to one another, piles that overlap
slightly, and windrows. Static means that animal tissue and
compost materials are mixed and left to stand motionless or
idle for a planned period of time.

Spartan Compost Optimizer is an Excel application that
simplifies planning a compost mix.

The application uses Excel's Solver to automate the process
of developing or formulating a compost recipe. The amount of
materials to be used in a compost mix are determined based
on meeting compost performance constraints (a.k.a. nutrient
balance, compost characteristics, or compost conditions)
while minimizing cost. Materials constraints are set to limit the
amount of specific ingredients that can be used in the mix.
Performance constraints or targets can be set for percent
moisture, carbon nitrogen ratio (C:N), and bulk density.

System Requirements:

Version. You must have Microsoft Excel 2002 or later to run
either application.

Security. Both spreadsheets contain macros, so MS Excel's
security must be set to moderate or low to allow the macros to
function. To change the security setting select Tools > Macro
> Security from Excel's main menu and set security to
moderate or low. Depending on your security setting, Excel
may ask you whether to enable or disable macros when you
open the file. Macros must be enabled for the application
work operate correctly.

Solver. Spartan Compost Optimizer requires the Solver Add-
in that is included with MS Excel. Solver is not installed
during the default installation of Excel so it may need to be
added to your configuration of the program. To determine if
Solver is installed, select Tools from Excel's main menu. If
Solver is installed, it will be included in the Tools menu. If
Solver is not present on the Tools menu, it can be installed by
selecting Add-ins from the Tools menu or from the Excel
installation disk. For additional installation details, search the
Excel help system using the keyword "Solver".

Figure 1. Example of worksheet used in Spartan ATC System
Planner to determine the material flow and size of a static pile
animal tissue composting systems.

Figure 2. Example of worksheet used in Spartan Compost
Optimizer to select materials to be used in a compost mix, based
on C:N, %H,0, bulk density, and cost.

Key Features:

The Excel workbooks contain instruction worksheets and
comments in cells containing the names of requested input
measures.

Spartan ATC System Planner

- One or more different animal operations may be included

- One or more systems may be evaluated at one time

- The user may select the “target animal tissue density”

- Animal production information is entered in order to
estimate rate of animal tissue accumulation

- System dimensions are derived using your best reasoning,
or by “trial and error” so that "volume needed in the system
per desired time" is equal to or slightly greater than the
“effective volume" of the bin, pile, or windrow.

- Based on animal tissue accumulation rate (amount per
time) and the selected system size, flow through the system
is provided as batches.

Spartan Compost Optimizer

- Up to 8 materials may be selected for use in a compost mix
from a drop-down list

- Materials in the list are contained in a library of materials
which can be edited by the user.

- Composition and cost may be modified at any time

- Amount of material per batch may be constrained

- The user may chose performance constraints for C:N,
%H?20, bulk density, and cost

- The compost recipe may be manually changed at any time

- Recipe may be in Ib., yd3, or number of loader buckets

- Printable reports are intended for on-farm use

Systemn Planner Worksheet
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Usefulness:

Spartan ATC System Planner has been used by Extension when helping farms (animal production operations) and others (animal
processing operations) develop plans for implementing composting to manage animal tissues

Spartan ATC System Planner has been used by the Natural Resource Conservation Service awarding contracts under the
Environmental Quality Incentives Program (EQIP), offering animal producers and processers financial and technical help to install or

implement structural and management conservation practices.

Spartan Compost Optimizer has been used less. Improvements in the program continue to made. In the future, Michigan and other
states may allow commercial and cooperative composting ventures, who will appreciate more the information about varied feedstocks

and the least-cost formulation feature.

Critical review of both tools is welcomed.







Inactivation of Infectious Prion Agents (TSE’s) Utilizing a Thermal Hydrolysis Process
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Sedecon 2000, 147 Oxgangs Road North, Edinburgh, UK.

Summary:

Titration of 301V brain macerate used as a spike

The infectious agents causing transmissible TSE Incubation period
spongiform encephalopathies (TSEs), sometimes Dilution | positive | Total | Proportion | Mean SEM
called prions, are notoriously difficult to completely 10" 6 6 1 1415 4.8
inactivate or destroy. Here we tested a thermal 10° 5 6 0.83 149.0 6.3
hydrolysis system which combines saturated 10° 10 12 0.83 169.5 3.8
steam heating to 180 °C (10 Bar), with stirring. The 107 5 1 0.45 1913 9
301V-TSE strain, which has been derived by 10° 0 11 0.09 184.0
passage of BSE in mice, was used since it is the 10° 0 12 0
most thermostable TSE strain tested so far. All Titre (-logyo 1Dse/20pl) 6.7
detectable TSE infectivity was destroyed, with a Titre (40910 1Ds0/g) 8.4
clearance factor of greater than 105 ID50. The use Titre (-1Dso/g) 2.6 x 10°
of this technology for the decontamination of TSE
infected tissue waste and the potential uses of the Assay of product after Biosphere process
end-products are discussed. 10? 0 16 0
107 0 16 0
107 0 16 0
Titre (-logyo 1Dso/201l) <25
Titre (-log;o 1Dso/g) <3.2
Methods: Titre (-1Ds0/g) <1.6x10°
« Scaled down lab version of Biosphere system
engineered and constructed
* Test Iload 5909_3(0; pig gigebr?égisrt_, Ifung an Survival curves for three inactivation runs
spinal cord spiked with 10g o infecte
mouse brain used 100
« Load heated to 180 °C and 10 bar, with stirring
for 40 minutes, then cooled.
« Treated load removed and tested for TSE 8
infectivity by assay in mice.
« Test runs performed three times K
2 60
2
£
Results & Conclusions: 5
« No cases of TSE disease were diagnosed in the
mice injected with the three treated samples. 204
« Calculated clearance based on titre estimates
using both Karber and Poisson methods is at
least 5.2 log IDs.
« System completely inactivates conventional o 100 200 300 200
microorganisms. Time (days post injection)
|mp||Cat|OnS Heating curve for the three TSE inactivation runs Industrial Process:
 The BioRefinex technology is capable of 180 ; ; = —i A typical BioRefinex gperation wqus on a reciprocating
’ . 160 : : b [Weramed o] —— | batch system. Organic waste (animals, plants, waste food,
processing whole carcasses and BSE Specified o : / ] etc.), including infectious organic waste material, is put into
Risk Mgtenals, prloducmg valuable amino acids, [Air released : : : a hyperbaric reactor vessel. The material is then brought
fatty acids and minerals. g0 d : ; up to a temperature of approximately 180°C and a
+ Industrial scale systems can process a wide 2100 pressure of 12 bar for 40 minutes. Upon completion, the
range of agricultural, commercial and industrial . s vapor is released to a condenser and the free flowing
organic wastes, creating safe feedstock for £ : : : denatured material is transported to post-processing
organic fertilizers , AD biogas, and renewable s s : : : vessels while the entire process is repeated (two hour
co-generated electrical and thermal energy. 1 : : : cycle time). In a biogas application, this denatured
« The thermal hydrolysis process is approved by 20 £ : : hydrolysate is fed into anaerobic digesters. In an organic
the Canadian Food Inspection Agency as a TSE 0 fertilizer application, the hydrolysate is further processed

destruction alternative to incineration and 0o 10 20 3 40
alkaline hydrolysis (www.inspection.gc.ca).

50 60 70 80 90 100 110 120 by dehydration or used directly in a liquid form.
Time (Minutes)

—runl_ run2_—-run3 - -step boundary

Research article is published in the Elsevier journal : Process Biochemistry (2009) : Somerville RA, et al. Inactivation of a TSE agent by a novel biorefinement system.

Acknowledgements: We thank the NPU animal facility for performing the TSE assays. We thank Defra, UK for funding
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~ Composting as an Emergency Response to Disease Control

M. C. Schwarz and J. Bonhotal, Cornell Waste Management Institute, Ithaca, NY

Goal

Highly Pathogenic Avian Influenza is a disease that
decimates infected flocks and can be spread easily. The
destruction of infected birds on-site reduces the chances
of spreading Al. Static pile composting provides an
effective tool to manage the birds on-site, reducing the
risk of spreading disease.

Personal Protective Equipment

In order to protect potentially-exposed people from Al,
PPE is needed when working on an infected site.
Appropriate PPE includes:

« Hand protection: wear impermeable gloves (light-
weight nitrile or vinyl disposable gloves, or heavy-duty
18-mil rubber gloves that can be disinfected). Avoid
touching the face and mucus membranes, including
the eyes, with gloved hands that have been
contaminated.

« Body protection: wear disposable outer clothing or
coveralls with an impermeable apron over them, or
wear a surgical gown with long, cuffed sleeves plus an
impermeable apron.

« Head protection: wear disposable head cover or hair
cover to keep hair clean.

« Foot protection: wear disposable shoe covers or
rubber or polyethylene boot that can be reused after
disinfection.

« Eye protection: wear safety goggles or a respirator
with a full face-piece, hood, helmet or loose-fitting face
piece.

Compost windrow in poultry house

Build Pile

1. Push litter and feed off to the side of the barn.
Lay an 18 inch deep bed of coarse wood chips,
8-12 feet wide (depending upon structure and
equipment constraints) and as long as space
permits.

First layer of birds/litter added to base in poultry house

Doff PPE

1. While wearing the respirator, goggles and
gloves, remove all PPE.

2. Remove gloves, remembering that the outside
of the gloves are contaminated. Wash hands.
Remove goggles and respirator. Wash hands
again.

3. Shower at the worksite or a nearby
decontamination station. Leave all
contaminated clothing and equipment at work;
never wear it outside the work area.

Remove gloves and wash hands before removing other
personal protective equipment.

« Respiratory protection: wear NIOSH-approved
disposable respirator (N-95, N-99 or N-100) or NIOSH-
approved reusable particulate respirator. For
employees who are unable to wear a disposable
particulate respirator because of facial hair or other fit
limitations, wear a loose-fitting helmeted or hood
powered air-purifying respirator (PAPR) with high-
efficiency particulate air (HEPA) filters.

Bl

Personal Protective Equipment (PPE) for Al workers

In-house Composting

1. When there exists the potential for disease spread, it is
best to compost on the affected farm and preferably in
the buildings where diseased birds were living.

2. Birds should be moved as little as possible to ensure
disease containment; litter and other organic material
should be composted with the birds.

3. When implementing in-house composting, the poultry
house will be vented naturally, but mechanical
ventilation should be turned off. If indoor space is
unavailable or limited, you will need to compost

2. Add a 12-15 inch layer of litter and birds, then
cover with a 12-15 inch layer of wood chips or
other carbon sources.

3. Add another layer of litter and birds until the
windrow is two or three layers high and as long as
needed.

4. If your birds and litter are not separate, put a
carbon base down (as in step 4), add birds mixed
with litter and bedding to 4-5 feet high and continue
as follows.

Cover Well

5. Cover with 2 feet of wood chips or other carbon
sources to create a bio-filer. The finished section
should be 5-7 feet high.

6. Make sure all mortalities are well-covered to keep
odors down, generate heat and keep vermin or
unwanted animals out of the windrow.

outdoors as close to the infected area as possible but
following the same procedure.

Cross section of finished pile

Finishing
1. Monitoring is the only activity that will occur.
Temperature probes will be used to record temperatures

and should range from 131°-150°F or 55°-65°C during
the thermophilic phase (10 — 14 days).

2. After the required time/temperature duration, windrows
can be moved outside the buildings for the curing
process. Testing for the virus may be required.

3. Let sit for 4-6 months. The finished product can be
spread on agricultural fields.

Compost Facility Locator Tool

Interactive compost facility maps were developed for
use in 1999, so that people who had feedstock to divert
and did not want to compost on site, could find capacity.
They are currently used for this, as well as a locator of
sources of compost for sale. The site was recently
renovated with compost facilities applied to google
maps. The map is searchable with categories that
include County, State, Ownership, Owner, Major
Feedstock and Manure Type.

NY5 Compost Facities Map (and surrounding states)

CWMI Compost Facility Map:
http://compost.css.cornell.edu/maps.html

Finding a suitable site

With a click of your mouse, you can locate a facility near
you that might lend help in emergency situations.

For additional information see: Natural Rendering: Composting Poultry Mortality web site: http://cwmi.css.cornell.edu/ai.htm

w Cornell Waste Management Institute e cwmi.css.cornell.edu
Department of Crop & Soil Sciences

New York State Department of Environmental Conservation e Www.dec.ny.gov oy
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United States Dead Animal Disposal Laws

[ comell Waste Management Institute e cwmi.css.cornell.edu

M. C. Schwarz and J. Bonhotal, Cornell Waste Management Institute, Ithaca, NY Department of Crop & Soil Sciences

Goal Disposal Options

Regulations and laws concerning the disposal of dead animals, whether it be from normal mortality, disease outbreak
or natural disaster vary between states within the US. Some of these laws date back to 1963 when burial within 24
hours of death at least 3 feet underground and with a layer of quicklime to disinfect was the only option. These laws are
not always based on scientific information regarding environmental and public health and safety. In addition, in many
cases, more than one department within the State government is responsible for oversight of these laws and they are
not necessarily coordinated.

The standard disposal options for dead animals are burial, burning or incineration, composting, landfilling and rendering. Some
states offer other options, such as natural decomposition (ID, LA, OR), Digestion (GA, ID, LA), Extrusion (AR, GA, KY, MN, WV),
Feeding to alligators or fur animals (AR, GA, IN, MN, MS), Lactic Acid Fermentation (MN, PA) and Gassification (NC). Several
states (AK, CT, GA, HI, MA, NC, ND, PA, SC, UT, VT, VA) state that “Other methods are allowed by order of the State
Veterinarian, Commissioner or Administrator”, leaving other options than the specific ones stated in the laws. The map and table
below show which methods of disposal are allowed in each state.

This poster was designed to give an overview of the laws/policies that the authors were able to find online concerning y
dead animal disposal in the United States. This information may be useful in facilitating the development of workable
carcass disposal solutions that are based on the lowest risk to both people and the environment.

Responsible Agency

The disposal of dead animals in the United States is regulated by one or more of three state agencies: Agriculture,
Environment and Health. In addition, some states rely on Cooperative Extension to disseminate information and education
on proper disposal methods and others simply have a general law that does not indicate which agency is responsible for
its oversight. The map and table below show which agencies have control over disposal of dead animals for each state.

aNJ: The only mention of dead animals in any NJ laws was from a Proposed New Rule (NJAC 2:91) Criteria and Standards for Animal Waste

Management which defines animal carcasses from normal mortalities of livestock as animal waste.

bCA: CA Department of Food and Agriculture regulates disposal of animals that die from contagious disease, while the California Environmental

Protection Agency regulates all others.
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Disposal Law Finder Tool - http://compost.css.cornell.edu/DeadMaps3.html

An interactive dead animal disposal law map was developed using google maps to allow those
seeking information on disposal laws and regulations in the United States to click and find. The map
is searchable with categories that include State, Agency Responsible, Year the law/regulation was
effective, and by the different disposal methods (left).

Clicking on one of the entries yields an information box with the name and address of the Agency
responsible and the code or document that pertains to dead animal disposal including the name, year,
website, premise of the code, and the disposal options addressed in that code (right).

Disposal Options State
Bury NH
Burn or Bury CT, MD
Compost or Landfill NMa
Burn, Bury or Render FL
Burn, Bury or Compost IL, WV
Burn, Bury or Landfill NV, WY
Bury, Landfill or Render Wb
Agency State v
Agriculture AR. DE, FL, ID, IL, IN, KS, MI, MS, MT, NJ&. OK, WI Burn, Bury, Compost or Render AZ, AR, KS, LA, ME, MI, MN, MT¢, NE, ND, OH, PA, SD, UT
Agriculture and Environment CAP, MA, NV, OH, OR, PA, TX Bury, Compost, Landfill or Render 1A, NY
Agriculture and Extension GA, KY, LA, ME, MD, MN, NE, NC, UT, WV Burn, Bury, Compost or Landfill AK, HIY, MA, MS¢
Agriculture, Environment and Extension NY, VA Burn, Bury, Compost, Landfill or Render CA!, ALY, CO, DE, GA, ID, IN, KY, MO, NC, OK, OR, RI, SC, TN, TX, VT, VA, WA
Agriculture, Environment and General Law AL, AK aNM: Composting is described in an extension document, but it says to check state and local laws before implementing.
Agriculture, Extension and Health ND bWI: Burial is not recommended in flooded areas unless all other options have been eliminated.
Agriculture and General Law CT, SD °MT: These rules appear to only be for renderers. There is nothing for farm mortalities.
Environment AZ, NH, RI, WY 9HI: Burial allowed on-site only.
Environment and Extension 1A, NM, TN, VT eMS: Burial is ok for all livestock except poultry.
: CA: Animals dying of a contagious disease cannot be composted, landfilled or rendered (CDFA), while large numbers dying from disease or natural disaster
Enwror.]mem and Health WA can, although mammalian tissue CANNOT be composted (CEPA)
Extension and General Law MO - - ) -
9AL: Burial is allowed only for emergency mortalities, not for routine mortalities.
Extension, General Law and Health co
Extension and Health HI, SC
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-0 Validation of Thermal Destruction of Avian Influenza Virus in
M' Rendered Animal Products
vn1verstty 2A.Leaphart, 2T.R. Scott, 1S.D. Chambers, 3W.C. Bridges, Jr., and 1.2A.K. Greene
1Animal Co-Products Research & Education Center, 2Animal & Veterinary Sciences, 3Applied Economics & Statistics,
and “Livestock-Poultry Health; Clemson University, Clemson, SC
Abstract To prove that thermal processing of rendered materials will Polymerase Chain Reaction (PCR) Test to Detect Avian Table 3. Mean ACt values for different combinations of heating times

destroy the avian influenza virus a two stage study was conducted. The
first stage was to develop methodologies to identify presence/absence of
the virus. An enzyme linked immunosorbent assay (ELISA) was developed
using the associated hemagglutinin and neuraminidase peptides. Upon
testing the ELISA with the purified virus proteins in rendered poultry
materials, the high fat matrix interfered with the binding of the antibodies
and resulted in a false test. Therefore, a polymerase chain reaction (PCR)
assay was developed to detect Type A avian influenza RNA using a non-
viable culture of HSN9 purchased from the National Veterinary Services
Laboratory. The second stage was designed to determine the minimum
thermal treatment necessary to destroy Type A avian influenza RNA in
rendered products. Samples of poultry rendering materials were collected
from three poultry rendering plants in three southern states. The range of
crude protein as sampled was 21.6 to 31%, the percent fat was 47.8 to
65%, and the percent moisture was 1.4 to 1.8%. Assays from the samples
were dosed with the non-viable H5N9. Controls included non-dosed
samples and O sec dosed samples. In the first series of second stage
experiments, temperature and time combinations of 50, 60, 70, 80, 90 and
100°C for 0, 15, 30, 60, and 120 sec were conducted and no observable
destruction of the viral RNA was detected. In the second series of
experiments, temperature and time combinations of 110, 120, 130, and
140°C for 0, 15, 30, 60, and 120 sec were conducted. Results indicated
that at 110°C or above, for 15 sec or longer, all Type A influenza viral RNA
was destroyed within the rendered poultry products. Validation of thermal
destruction of avian influenza in rendered animal products is of critical
importance in case of an outbreak of the disease and results indicate
rendering is a potential method of decontaminating diseased carcasses.

Influenza Antigens

In initial studies, it was concluded that addition of 250 uL of antigen
preparation produced the strongest signal without excess dilution of the
rendered material. It was further concluded that the cooked material would
have to be diluted with brain heart infusion broth in order to successfully
extract RNA. The assay method would use 1 mL of rendered material
spiked with 500 pL of antigen preparation (i.e. the same ratio as the 250 uL
sample listed above).

Reagent (transcribed RNA) and nucleic acid extraction controls (pure
antigen preparation) controls were conducted to account for any disparities
in detection. Positive and negative experimental controls were included as
well for each rendering sample. The positive control was spiked with the
same amount of antigen as the experimental samples, but not exposed to
heat. The negative control was spiked with brain heart infusion broth and
run in tandem with the experimental samples.

Objectives
The objectives of this study were:

1) to develop methods of detecting avian influenza virus within rendering
materials using PCR and ELISA technology;

2) to conduct a study on thermally processed rendering materials to
determine the effectiveness of the rendering process to destroy the avian
influenza virus;

3) to make recommendations concerning rendering as a method of safely
destroying the avian influenza virus.

Laboratory Thermal Processing

Samples of cooked poultry rendering materials were collected from three
rendering plants in local southeastern states (South Carolina, Georgia, and
North Carolina). The materials were transported to the laboratory and
stored under refrigeration until needed. Materials were blended in a
commercial food processor to reduce particle size. Samples were analyzed
for chemical composition (Table 1). Avian influenza H5N9 RNA was added
to the rendering materials and the mixture heated as per the conditions in
Tables 2 and 3. The heated materials were extracted for any remaining
avian influenza RNA and subjected to real-time PCR technique to
determine the presence of spiked avian influenza H5SN9 RNA. Spiked,
unheated samples were included as experimental and assay controls.

Results

Table 1. Chemical analyses of rendered poultry samples from Plants
A, B,and C.

Plant A Plant B Plant C
Crude Protein 21.6% 31.0% 26.5%
Fat 65.0% 47.8% 60.5%
Moisture 1.8% 1.5% 1.4%
Dry Matter 98.2% 98.5% 98.6%
Table 2. Preliminary determinations of real-time polymerase chain

reactions for rendered samples from Plants A, B, and C spiked with
avian influenza H5N9 RNA heated at 80°C and different times. Values
are means of replicate samples subtracted from a maximum value of
40 chain reaction cycles (ACt).

0sec 10 sec 20 sec 30 sec 60 sec
Plant A
80°C 3.78 1.33 1.83 2.60 0.65
Plant B
80°C 1.32 3.26 3.10 4.67 3.98
Plant C
80°C 3.26 4.40 5.36 5.01 4.40

Based upon published work by Swayne (2006), it was assumed that the
RNA would have been destroyed at 80°C within seconds. This was not
observed, so the next study was conducted at temperatures at or near
those used for rendering poultry carcasses (Table 3).

and temperatures for Avian Influenza H5N9 RNA spiked, replicate
samples from Plants A, B, and C (3 plants; 2 reps each).

0 sec 15 sec 30 sec 60 sec 120 sec Overall
110°C 2.350% 0.05¢ 0.00° 0.00¢ 0.00¢ 0.48a%*
120°C 4.252 0.05¢ 0.00° 0.00¢ 0.00¢ 0.862
130°C 3.4520 0.00¢ 0.00° 0.00¢ 0.00¢ 0.692
140°C 2.922b 0.00¢ 0.00° 0.00¢ 0.00¢ 0.582
Overall 3.24a% 0.02b 0.00° 0.00° 0.00b

*Overall time means with similar letters are not significantly different based on
ANOVA followed by Fisher’s Least Significance Test with a set at 0.05.

**Qverall temperature means with similar letters are not significantly different based
on ANOVA followed by Fisher’s Least Significance Test with o set at 0.05.

***Means for the time and temperature combinations with similar letters are not
significantly different based on ANOVA followed by Fisher's Least Significance Test
with o set at 0.05.

This project was designed to determine the thermal treatment/time
combinations that would destroy avian influenza RNA in rendered
products. Due to the nature of the test procedure, the polymerase chain
reaction assay used in this experiment was designed to determine if any
Type A H5N9 influenza was destroyed in the samples. This assay
indicated a total destruction of the RNA and not simply killing of the virus
particle. Research conducted by Swayne (2006) at USDA-ARS indicated
that avian influenza virus was killed at 70°C within a few seconds in
chicken breast meat. When the overall composition of the rendered
material was considered as being more complex than breast meat alone
(i.e., much less uniform) it became apparent that higher rendering
temperatures were required to destroy the H5N9 RNA. The RNA was
destroyed within seconds once the temperature was reached in the
rendered samples.

Impacts and Significance

Validation of thermal destruction of avian influenza in rendered animal
products is of critical importance in case of an outbreak of the disease.
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Introduction; Large animal operations such as poultry, swine and cattie have 1 to almost 5%
foutine mortalities. Disposing of these mortalities by composting is  preferred method in many
states. Composting on a hard surface would allow control of leachate and runoff to avoid
environmental consequences and facilitate permitting of such carcass disposal sites. An
alternative surface to cement or asphalt that is cost effective is made by mixing highly reactive lime
with soils with sufficient pozzolanic material (clay) resulting in a hydraulic cement. Properties are
Tow infiltration, a hardened surface that allows vehicle traffic under all weather conditions and ease
of repair.

Objective: Evaluate ata site the of bilized soil as a durable,
low cost, and easily maintained surface for carcass composting, animal paddocks, and manure
storage in a northern ciimate where frost damage is prevalent. Determine the relative amount and
nutrient content of leachate passing through the lime stabilized soil

Materials and Methods: A cattle and hay farm in Benton, ME was chosen because the soil,
Woodbridge fine sandy loam, has sufficient clay content for lime stabilization. A 15 x 26 m plot
was stripped of top layer of organic matter and partially leveled (Fig. 1). Rocks larger than 5 cm
were removed by hand, the site rototilled and remaining oversized rocks removed. Soil samples
were taken on a grid for moisture analysis, engineering tests and determination of lime
amendment. Laboratory analyses conducted at the Dept of Civil Engineering, University of Maine
included soil fraction determination, moisture density, plasticity, and lime amendment
determination using Eades-Grim test. Field soil moisture was adjusted by watering the area prior
to lime application. Quick ime delivered in super sacks was applied at a 5% (wiw) rate using a
farm tractor and hand tools (Fig 2). A rototiller mixed the lime and soil making three passes in two
directions (Fig 3). A steel wheeled roller compacted the site by passing over the area three times
(Fig 4). After 30 days of curing, the plot was used primarily for hay storage (Fig 5).

Nine suction lysimeters were placed around and within the stabilized soil. Sample soil solutions
were taken periodically throughout the summer, fall and following spring. The solutions were
frozen and later analyzed for ammonium, nitrate and calcium by the University of Maine Soil
Testing Laboratory.

Unconfined sirength testing (ASTM D2166), California Bearing ratio (ASTM D1883-92), and
Atterberg limits (ASTM D4318-93) were conducted of lime-soil mixtures. Compaction performed
using the Harvard Miniature Compaction apparatus indicated that additional water needed to
added to lime amended soil to achieve maximum density (Fig. 6.)

Results:

1. Clay content as determined using method outlined in Kettler et al,. 2005) indicated a 17% clay
content (Table 1). Organic matter content of 1.7% s higher than recommended for lime
stabilization (Sikora and Francis, 2000).

2. Weekly reports by farmer suggested that surface hardness was sufficient, but after three
months and several rain events, the surface became powdery and animal foot prints and tire
tracks became obvious. The following spring, frost damage was obvious (Fig 7) and the
condition of the site was not an improvement over adjacent untreated field

3. Penetrometer data indicated that after 30 days, strength at the 7.6 and 15.2 cm depth did not
increase in the lime treated plot (Fig 8). Readings after 10 months showed much lower strength
levels equal to that normally seen as lower soil layers remain frozen, but top layers thaw.

4. Lysimeter data indicated that volumes of soil solution collected from lysimeters within the plot
was less than half the volume of solutions collected outside the plot on the same sampling
days. However calcium concentration was about 50% greater indicating that leaching of
unreacted calcium was occurring (Fig.9).

o

California bearing ratio (CBR) measures the resistance of a piston to penetrate a soil. A 5%

lime treated and cured Woodbridge soil and compacted at 27% water content showed a CBR

of 60.9 after humid curing for 28 days and soaking for 1 day. This level exceeded the minimum

35 which is needed to support farm machinery.

6. Plasticity index as determined by Atterberg limit tests was 0, 0, and 12.7 on three samples
taken in different locations indicating little or no plasticity.

7. Unconfined strength testing indicated that 5 % lime amendment had only 15% strength
increase over untreated soil after 28 day humid incubation. But 5% lime amendment had a
strength of 1280 psf while untreated had no strength after 7 day humid incubation and one day

soak (Fig. 10).

[ ST p—

Fig. 6 Strength values as determined by unconfined testing of cores of lime or cement
mixtures at different moistures. Cement was tested and used as a comparison to lime.
Lime addition requires additional water to achieve maximum strength upon compaction

Penetrometer readings (avg, E to W) for Before, 30-day,
and Post Frost samples.

BBefore 760m D Belore 15.2cm M 30-day 7.6 cm
30.day152cm M PostFrost 7.6 cm O Post Frost 15.2 cm|

Penetrometer Resistance

o a8 o1 137 182 229
Distance along site in m, (S to N)

Fig. 8. Penetrometer readings taken at two depths before lime treatment,

30 days after lime addition and compaction and post frost (10 months ).
Penetrometer readings approximate California Bearing Ratios (CBR)
when divided by 20 which indicates an average CBR from 5-10.
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Fig 1. Scraping off organic matter layer and leveling
site.

Fig. 2 Application of quicklime to field site.

Fig. 3. Incorporating quicklime into soil using a
tiler.

Fig 4. Compacting amended site with steel-wheeled
roller.

Fig. 7 Wheel damage on lime stabilized site after 10
months and frost effects

Table 1. Soil particle size, organic matter and Soil Classification of demonstration soil

Sample | %Sand | %Sit 9% Clay | % Organic | _Unified

Matier | Soil Class.
Syst.

Paddock
Demo Site

Lower 407 423 17.0 172
SM, SL

alcium Content o Soil Soluions.

-

P AV AV VP 4 AP

OatoofSamping

Fig. 9. Calcium concentration in solutions taken from lysimeters within the site (1),
above the site (A) and below the site (B) based on elevation. Nitrate
concentrations (data not presented) were similarly proportioned to calcium, i.e.,
twice as high in Solutions from within the site than in solutions taken from
lysimeters outside the site.

An Alternative Hard Surface for Composting of Routine Animal Mortalities

Lawrence J. Sikora*, Compost Utilization and Systems and Thomas Sandford, University of Maine

Conclusions

1 Although the site had greater than 10% clay, plasticity determination indicated that lttle of
the correct type of clay or pozzolan was present. Without suficient reactive clay or
pozzolanic material, production of hydraulic cement was not possible.

2 Clay analyses performed (Kettler et al, 2001) may not have given inaccurate clay
percentages because the Woodbridge soil appeared to have high percentage of silt as
opposed to clay (Table 1). A more functional test to use for ime stabilization is Atterberg
limits (plasticity index) that would not only indicate clay content but also the type of clay
(expandable) that is desired for lime stabilization. Standard operating procedure that listed
clay content as the single most important quality of a soil for lime stabilization will be
changed to recommend testing the soil's plasticity in addition to clay content for proper
selection of sites.

3. Calcium concentration in lysimeter samples beneath the stabilized soil was higher, but the
volume of leachate collected was much less than from lysimeters surrounding the site. If
insufficient pozzolanic material is present, unreacted calcium would likely leach through the
soil.

4. CBR tests with Woodbridge soil and lime treatment suggested that stabilization would be
successful with recorded CBR of 60, more than sufficient to support farm machinery.
However unconfined strength testing of incubated and soaked cores indicated substantial
loss of strength which correlated with farmer's reports on surface changes with time. Loss
of strength correlated with low CBR in the field as recorded with a penetrometer.

+ Unsuccessful soil stabilization correlated with low unconfined strength tests but these data.
do not agree with laboratory CBR data. A problem with mixing of lime with a rototiller may
have occurred because it appeared that a substantial amount of ime remained on the
surface (Fig.4 & 5).

Summary

Routine treatment of carcasses at large animal operations should be conducted on
hardened surfaces to control leachate and runoff. Lime stabilization of soil has been
successful in providing  hardened surface for composting animal manure in Maryland
(Sikora and Francis, 2000). The lime stabilization is common for road building industry
especially in warmer climates such as the Southwest . The demonstration site chosen in
Maine for lime stabilization did not have the proper amount andor type of clay required for
stabilization as judged by plasticit tests. As a result, the initial hardened surface w:
subjected to frost conditions of early spring and performed poorly.

A primary purpose of the demonstration study was to determine the effect of Maine winter
and potential frost damage on lim The and
therefore the purpose was not accomplished. However, the process is proven with he
proper clay type and content in warmer climates. A test of stabilization in Maine still needs
to be performed with the proper soil and conditions before conclusions on strength and
durability are made. The characteristics of those sites that have been successful indicate
that under the right conditions, lime stabilization would be a suitable substitute for routine
carcass composting

Unconfined Test Results - 28 Day & Soaked
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Fig. 10. Unconfined strength of ime and cement amended soil cores humid cured for 28 days
with no soak or humid cured for 7 days with one day soak. Five percent lime after 28 days
curing had only 15% strength increase over untreated soil. But five percent lime treated with
soaking still had about 1280 psf strength while untreated had no strength after soaking.

Referencess:

Sora L. 3. and . Franc, 200, Buiing pad rom me stallzed sl. Bacycle, Jou of
Composting and Recyciing. 41:45-4

Ketller, T. A., J. W. Doran, and T. L. Gilbert, 2001. Simpified method for soil partcle-size
determination to accompany soil-qualty analysis. Soll Sci. Soc. Amer. J. 65:849-852,

Using Lime for Soil Stabilization and Modification. hip://ime.or

i2.pof
ASTM D1883-92. Standard test method for CBR (Calfornia Bearing Ratio of laboratory-
compacted sols.

ASTM D3666-75. g sol-ime mixtures,

ASTM D698-91 et soil using
standard effort,

ASTM D4318-93 Standard test method for liquid limit, plastic limit and plasticty index of soils.

ASTM D6276-99. Standard test method for using pH to estimate the soil-ime properties
requirement for sollstabilization.

ASTM D4609-86. Annex 1 Gide for screening chemicals for soil stabilzation, Calibration of the
Harvard Miniature Compaction Apparats.

American Society of Testing and Materials, 1916 Race St., Phiadelphia, PA.

author, c 1 3 International Symposium of Management of Animal Carcasses, Tissues and Related By-Products, 2009.






SYMPOSIUM COSPONSORS

California Polytechnic State University
Cornell Waste Management Institute
FAZD Center

North Carolina Department of Agriculture
University of California—Davis

University of Maine Cooperative Extension
lowa State University USDA—APHIS

Maine Compost Team

Virginia Dept of Environmental Quality
Michigan State University






3" International Symposium on Management of

Animal Carcasses, Tissue, & Related Byproducts:
Connecting Research, Regulations, and Response

Foreward

The health of our people and economic vitality of our global society is dependant upon
the ability to respond to threats from disease. International outbreaks of West Nile Virus,
Mad Cow Disease, Avian Influenza and most recently swine flu (HLN1) are warnings
that a disease can emerge and potentially overwhelm the unprepared. International
borders cannot protect our people, livestock and other animals from threats that can be
easily spread. Given this reality management options need to be researched, scrutinized
and disseminated that will provide countries, provinces, states and communities with
ways to respond. The management of animal carcasses, tissues and related products is
imperative to control and contain the spread of diseases that threaten us all. When a
disease emerges, management decisions impact economic and environmental
sustainability, food safety and our social well being. Only through quality research and
effective outreach education can we help protect our societies from this ever present
reality of the 21 century.

The proceeding and compendium of the 3™ International Symposium: Management of
Animal Carcasses, Tissue and Related By-Products (Research, Regulation and Response)
provides a critical forum for the exchange of contemporary ideas and effective methods
for carcass management. The science-based information shared through the symposium
should influence the policy making process at every level.

The continuing investment in research and outreach education on this topic must be a
priority for the future. The advancement of research will lead to more informed and
effective policies and regulations. And, we must work together. Government agencies
cannot solve this issue alone. We need to foster positive relationships between
governments at all levels, public institutions, non-governmental organizations and the
private sector to develop innovative solutions to the management of animal carcasses,
tissue and related by-products.

We live in an interconnected world where our decisions and actions will impact others far
beyond our local environment. Success will come to those who are committed to
collaborative strategies based on proven research that are supported by sound public
policy. The 3" International Symposium: Management of Animal Carcasses, Tissue and
Related By-Products is a resource to being prepared for success.

John Rebar
Executive Director
University of Maine Cooperative Extension





Navigating & Searching these Proceedings

One of the major goals of the steering committee for the 3" International Symposium has been to capture
the content of all papers and posters that are presented, and to make them freely available to researchers,
policy makers, educators, and others in a readily searchable format.

The International Symposium Proceedings file is an Adobe package file containing all posters and papers
submitted to the Proceedings Committee by the conference deadline. To make full use of the viewing,
navigation, printing, and search capabilities of a package file, you will need to view it using Adobe
Reader versions 8 or 9. If you open the package file with an older version of Reader you will be able to
view the individual files, but the package search and navigation features will not be available and you will
see a message telling you where to access the latest version of Adobe Reader.

There are several ways to navigate to the specific files that you wish to view. If you continue to scroll
through this Table of Contents file, you will find the symposium program listing all activities and
presentation titles in the order in which they occurred during the symposium. If a presentation or poster
title has a box around it, it is linked to the paper or poster, and you can go directly to the presentation or
poster by clicking anywhere inside the box.

A second way to navigate the package file is by using the navigation bar along the left side of your Adobe
Reader. Here you will find a list of all papers and posters listed alphabetically by main author. These
also are linked; clicking on any entry will take you to the item you have selected.

The package file contains an embedded index of the content of all papers and posters. You can search the
content of an individual paper that you are viewing, or the content of all items contained in the package.
To search only the paper you are viewing, enter your search word or phrase in the search box at the top of
your Reader.

If you wish to search the contents of all papers and posters simultaneously, the procedure varies slightly
depending on the version of Adobe Reader that you are using. If using Adobe Reader 8, enter the search
word or phrase in the search box at the top of your reader. Then select the pull-down menu located to the
right of the search box, and select “Open Full Reader Search.” When the full reader search dialogue box
opens, your search terms will be displayed in the search box. To search all documents in the package,
click on the “In the entire PDF package” option listed below the search box. Results are listed by file.
Click on each file name to expand the list of locations in the file that contain your search term. Click on
each location to open the file and go to the selected location.

If using Adobe Reader 9, enter your search terms in the search box at the top of the Reader. To search all
documents in the package, open the pull-down menu to the right of the search box and select “Search
Entire Portfolio.” All files containing your search terms will be listed. Navigate to each incidence of
your search word or phrase as described in the previous paragraph.

We hope that you find the electronic Proceedings of the 3" International Symposium easy to navigate and
useful in your professional endeavors.

Dr. Tom Glanville — Proceedings Chair, 3" International Symposium on Management of Animal
Carcasses, Tissue, & Related Byproducts: Connecting Research, Regulation, and Response.
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Real World Experience with Composting Confirms It as
an Effective Carcass Disposal Method during
Outbreaks of Avian Influenza

Gary A. Flory

Agricultural and Water Compliance Manager, Virginia Department of Environmental Quality,
Valley Regional Office, P.O. Box 3000, Harrisonburg, Virginia 22801 Phone: (540) 574-7840
Email: garyflory@deq.virginia.gov

Robert W. Peer

Agricultural Program Coordinator, Virginia Department of Environmental Quality, Valley
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Written for presentation at the
3" International Symposium: Management of Animal Carcasses, Tissue
and Related Byproducts:
Connecting Research, Regulations and Response
University of California at Davis
Davis, California
July 21-23 2009

Abstract. Occurrences of Low Pathogenic in Avian Influenza (LPAI) in West Virginia and Virginia in
2007 provided an opportunity for first responders to confirm that composting is an effective carcass
disposal method. Many lessons were learned from these experiences and the application of this
technology has improved from the experience gained. Market aged turkeys, once thought too large
to be effectively composted, were composted sufficiently for land application within 4 to 6 weeks.
Additionally, fire fighting foam—a new method of depopulation—was shown to be compatible with
composting. Knowledge gained from these incidents will prove valuable not only for future
responses to LPAI but also for outbreaks of high pathogenic avian influenza such as H5N1 which is
currently causing disease in both animals and humans in many parts of the world.

Keywords. Low Pathogenic Avian Influenza (LPAI), Poultry Carcass Composting, Carcass Disposal,
In-House Composting, Bird Flu, HSN1, High Pathogenic Avian Influenza (HPAI) Emergency
Response.
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Introduction

Carcass disposal has been a significant issue for avian influenza (Al) responders since confined
poultry production intensified in the late 1950’s. Early responders relied on on-farm burial as
their primary carcass disposal method. Shifting attitudes and increased environmental
awareness have resulting in the exploration of additional disposal methods such as incineration,
landfilling, composting.

Although composting was explored with limited success during a low pathogenic avian influenza
(LPAI) outbreak in Virginia in 2002, the first successful application of composting to eradicate
LPAI was on the Delmarva Peninsula in 2004. The successful use of composting during this
incident led to its use to control an outbreak in British Columbia, and provided the basis for
research in Virginia on composting larger birds such as market weight turkeys.

Two of the remaining questions about composting were whether it was feasible with emerging
methods of euthanasia such as fire fighting foam and if it was feasible for market weight turkeys.
In 2007 these two questions were answered when low pathogenic avian influenza was detected
in market weight turkeys in West Virginia and Virginia. In both cases, fire fighting foam was
used for depopulating birds with an average weight of 40 pounds. Experience from the first
incident in April 2007 in West Virginia was invaluable for improving the process for the second
incident that occurred in July 2007 in Virginia.

This paper will address the lessons learned from these experiences and suggestions for
improvement in future implementation of this carcass disposal method.

The Affect of Fire Fighting Foam

Prior to the 2007 outbreaks in Virginia and West Virginia a new method of mass depopulation—
fire fighting foam—had been approved for use in certain situations by the United States
Department of Agriculture (USDA). Traditionally, diseased flocks were depopulated with the
CO? gas method. Both methods have their own set of advantages and disadvantages. The
foam method is fast, requires limited handling of diseased birds, and fewer personnel—
advantages that make it the method of choice for many disease situations.

The effect of the fire fighting foam on the composting process, however, had not been fully
evaluated. During the Virginia and West Virginia incidents, two different foaming methods were
used. This first method involved the use of a hand held foam generating nozzle attached by a
hose to a water and foam supply. The second method was a larger, skid mounted system.

These incidents demonstrated that the foam did not have a detrimental effect on the composting
process. In fact, the use of foam increased the compost pile moisture content to near optimum
levels. Without the use of foam, additional water may be needed for effective composting.

Lessons Learned:

1. The use of fire fighting foam adds moisture to the carcasses and bedding and is
generally beneficial to the composting process.

2. Water quality and quantity can both be limiting factors during an incident. Identify water
sources prior to an outbreak.

3. Failure to provide quality water reduces the quality of the foam.

4. Poor quality foam can generate excessive water which hampers composting operations.

5. Foam equipment should be tested regularly to ensure that the equipment is in sound
operating order and that response personnel are trained in its use.
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Time Required to Compost Large Poultry

In-house composting had not been considered a viable option by the poultry industry because of
the potential loss of production space and the perception that composting would be too lengthy
a process on larger birds. Successful in-house composting of 5-pound broilers on the Delmarva
Peninsula in 2004 proved the effectiveness of composting as a method of disposal and
containment for an Al outbreak. Results from a research project in Virginia in 2004
demonstrated that composting was a viable disposal option for larger birds. However, prior to
the 2007 incidents in Virginia and West Virginia the method had not been used with market
aged turkeys as part of the disease eradication effort.

During both the Virginia and West Virginia incidents, various composting techniques were used
to determine the fastest method for composting market weight (40 pound) turkeys. Operations
staff compared crushing vs. composting whole birds, layering vs. mixing of carcasses,
uncovered windrows vs. those covered with compost fleece, and composting in-house vs.
composting in outside windrows.

The results of these comparisons were surprising: Regardless of the composting technique
used, a well designed compost pile is capable of decomposing 40-pound turkeys within 2 to 3
weeks such that that the compost can safely be moved outside of the poultry house for further
decomposition. There was no significant decrease in decomposition of flesh by shredding,
crushing, or discing the turkey carcasses. In addition to the unpleasant effect of these activities
on workers, it increased the windrow construction time and has the potential to increase the
exposure of workers to disease agents. Layering of the turkeys also did not improve
decomposition and significantly increased the windrow construction time.

During this initial composting stage, temperature monitoring documented temperatures
adequate to inactivate the avian influenza virus and provided a 95% to 99% reduction in fleshy
tissues. After an additional 2 to 3 weeks of composting and negative virus isolation test results,
the compost material was able to be land applied as a soil amendment.

Lessons Learned:

6. Large birds can be effectively composted without techniques such as crushing,
shredding and layering.

7. Forty pound turkeys can be composted sufficiently for land application within 4 to 6
weeks.

Managing Limited On-Farm Carbon Resources

The application of composting for disease control requires an adequate supply of a carbon
material for constructing compost windrows. In some cases, a poultry operation may have
sufficient carbon available in the form of poultry litter. Sufficient litter may be available within the
poultry houses or be supplemented with litter stored on the farm. However, diseases such as
avian influenza often impact older flocks of larger birds. It these cases, on-farm carbon sources
may not be adequate. Also, as was the case in both 2007 Virginia and West Virginia incidents,
the farm may have just completed a total cleanout of litter and have insufficient litter for
composting.

Maintaining a stockpile of carbon material sufficient to compost 2 or 3 diseased flocks may be a
reasonable solution. However, actually maintaining a stockpile is some areas of the country
may be difficult. In Virginia, for example, wood residuals such as sawdust and woodchips are
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used by many industries and are not readily available. An alternative to maintaining a stockpile
is to identify, prior to an incident, regional sources of carbon such as wood chips, sawdust and
mulch. In the West Virginia incident in 2007, bark mulch was obtained from a private company.
The carbon for the 2007 Virginia incident was obtained from 2 local landfills that had a stockpile
of wood chips ground from yard waste. The chips had to be ground a second time, but were
provided at a lower cost than bark mulch.

Lessons Learned:

8. Lack of sufficient carbon material can hinder disposal efforts.
9. In areas of high poultry production, carbon material should be stockpiled or sources
identified prior to an outbreak.

End Use of Compost

One benefit of composting as a carcass disposal method is that the end product can be
beneficially used. However, careful planning is important when designing a composting plan
that ensures that a usable product is generated.

Compost should be free of:
¢ Avian influenza virus (with supporting documents available);
o Decomposing flesh;
e Large pieces of wood or stones;
¢ And, objectionable odors.

The commercial grade mulch used in West Virginia as a supplemental carbon source resulted in
a more homogeneous end product. The wood chips used in Virginia contained many larger
pieces that needed to be broken up or removed prior to land application. A tractor-mounted
compost turner was used to thoroughly mix the compost, break up the bones and smaller woody
pieces and remove the large woody debris.

Lessons Learned:

10. Compost quality, disease stigma, and fertilizer prices can all impact the viability of using
compost as a soil amendment.

11. Techniques such as mechanical mixing, grinding or screening may be needed to
produce a usable soil amendment depending on the quality of the supplemental carbon
source.

Timing Depopulation and Composting

In addition to reducing responders’ exposure to disease agents, the use of fire fighting foam as
a depopulation method has reduced the time required to depopulate poultry flocks. This
efficiency has benefits in terms of animal welfare, responder safety and operation costs.
However, depopulation and disposal need to be coordinated so that they support each other
and do not create operational problems.

The 2007 incident in Virginia involved an operation with 9 poultry houses. Depopulation efforts
needed to be timed so that carcasses were not left for more than 24-hours before being formed
into windrows. With midday temperatures during the incident in the 90’s, carcasses left for more
than 24-hours would be difficult to handle, pose worker health and safety concerns and
potentially cause environmental problems.
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Lessons Learned:
12. Depopulation and disposal efforts need to be carefully coordinated.

The Use of Contractors

Historically, diseases within the poultry industry were controlled by poultry company personnel.
However, the development of a federal indemnity program has resulted in a different approach
to disease eradication. The new approach relies heavily on emergency response contractors to
handle depopulation, disposal, and decontamination. These contractors have tremendous
experience working in hazardous environments. However, at the time of our 2007 incident in
Virginia, none of the contractors had experience with the unique challenges of eradicating
poultry diseases.

Examples for the challenges that are unfamiliar to most emergency response contractors
include operating equipment within the confines of a poultry house and working with live
animals. Since 2007, training has been conducted with designated response contractors on
certain aspects of animal disease response activities. Additional training efforts are necessary
to ensure that the contractors have the skills necessary to support these eradication efforts.

Lessons Learned:

13. The use of contractors in avian influenza eradication efforts offers many benefits but
more industry specific training is necessary.

Conclusion

The application of composting during 2 incidents of LPAI in 2007 confirms that composting is an
effective carcass disposal method that can be used with many bird types and with modern
depopulation methods. Additionally, composting’s ability to inactivate the avian influenza virus
make it another method to respond to future outbreaks of more dangerous strains of avian
influenza such as H5N1.










Recent Use of Domestic Ungulates as a Non-proffered Food Source in a Reintroduced
Population of California Condors: Implications and Outlook
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Introduction:

= The size and the range of the southern California
condor population has increased since 2007. (Fig. 2)

= During this same period, we assessed trends of
feeding activity at supplemental and non-proffered
carrion (2007-present.)

= We used point location clusters of GPS tagged
condors to located feeding events and identified carcass
types being used.

= This assessment will better inform future research,
management, and policy as it relates to the prey base of
condors in their current and future foraging habitat

Objectives:

= Monitor supplemental feeding site activity using visual
observation or remote cameras from a total of eight
supplemental feeding sites in order to determine trends
in use of proffered carcasses.

= Track condor foraging throughout their expanding
range using spatial and temporal patterns of GPS
transmitter data to locate non-proffered feeding events
and to identify available carrion

Methods:

Supplemental Feeding

+ Since 2007, managers have used eight
supplemental feeding stations to provide condors
with carrion of various types (cow, deer, elk) across
their range

« Supplemental carcasses were supplied weekly
ranging between 5 and 7 carcasses, depending on
their size (30-250Ibs)

« These stations were monitored daily in order to
identify the presence or absence of uniquely tagged
condors. Observations were made directly or by
using motion activated remote game cameras.

« Observers tallied individuals bird use for 8
supplemental feeding sites over the last 2.5 years
(Photo. 1). An average bird use per month was
calculated by totaling monthly observations of use
and dividing that total by the population size. This
use was compared year to year.

Location of Non-proffered Feeding Events

« A subset of the population (33-43%) were fitted with
Microwave Telemetry solar powered PTT-100 50
gram Patagial Argos/GPS units.

« Data from these units were analyzed to locate
feeding activity.

« This analysis searched for clusters of bird activity
over consecutive hours between 10:00 and 16:00
hours and excluded areas of known nesting, roosting,
bathing, supplemental feeding, and commonly used
perches (Fig.4).

« Potential feeding locations identified through analysis
of GPS data were then searched by field personnel
for animal remains to determine the presence or
absence of carrion.

« Located carcasses were categorized based on
species type (cow, pig, sheep, deer.) Once feeding
was confirmed daily activity at each feeding was

tracked using GPS activity.

[ r—
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Figure 1. The recent historic range of

California Condors prior to their extirpation
from the wild in 1987.

Figure 2. Annual condor range use in Southern California. Maps are kernel density estimates generated by point locations of GPS tagged
condors from each year. As the population has grown in size (30 to 41 condor from the start of 2007 through June 2009) S0 too has their range
Much of the recent range expansion has occurred in what was once foraging habitat for historic populations,

Average Number Proffered Feedings per Bird
per Month

=

=

NI Y

# of Gbserved Feedings

fjff&‘ﬁ@*wéffff

Figure 3. Monthly use of proffered carcasses were compared from year to year. In spite of the same
rate of baiting, observers have recorded a decline in proffered carcass use as the population size and
range has increased.

S o b .
Photograph 1. Feeding activity of California Condors at one of 8 supplemental feeding sites
within the Southern California range. Birds most often feed in large groups as other condors
flying above are attracted by the scavenging activity on the ground.
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Month
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Figure 4. Areas of known condor activity and point location
clusters generated to show potential areas of possible non-
proffered feeding activity.

Figure 5. Non-proffered feeding activity has increased since 2007. Non-proffered feeding events are documented by ground-
truthing the activity of a subset of the population which has been fitted with GPS transmitters.

Mean Number of Days

Percent Carcass Type of Non-Proffered o poicin

Feeding Events
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Photo 2. Mortality on cattle ranches related to
complications in calving provided a seasonal non-
proffered food source. Seven condors were
documented feeding on this carcass for at least a
two day period in early Marc}

Figure 7: The number of active days were compared for each carcass type
located. Cows were shown to have the highest number of active days which
was likely due to the size of the carcass. Pig remains, which were all hunter
shot and tended to be only the heads, hides and hoofs , had the shortest
durations of activity.

Figure 6. The carcass types were compared from all non-
proffered feeding events located over the three year period. The
majority of these carcasses were domestic ungulate
(predominantly cows) located on open ranchland .
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Results & Conclusions:

Proffered Feeding — (Fig. 3).
+Thus far 2009 has shown a decline in proffered carcass use
when compared to the two previous years.
+The decline in use has occurred despite the same amount of
proffered carrion being supplied from year to year.
+This lack of feeding activity around proffered carcasses
coincides with an increase of use of seasonal historic foraging
habitat where proffered carcass were not being provided.

Non-proffered Feeding— (Fig. 5)

+ As the population range has expanded into more of the
historic foraging habitat, observers have documented an
increase in the number of non-proffered feedings

Types of Carcasses Located — (Fig. 6)
«The four types of carrion were documented at non-proffered
feeding events. These were cow, pig, deer, and sheep.
*The cause of death for each carrion type was also
determined. Mortality for the sheep and deer was due to
predation (non-human.) Pig remains were hunter shot. Cow
mortality was sometimes undetermined but often due
complications during calving. (Photo. 2).

Differences in Activity at Various Carcass Type — (Fig. 7)
« An average number of days spent at each carcass was
determined by counting the number of days that GPS tagged
birds spent on the ground within 100 meters of the carcass
location. Duration of activity was then compared between
each carcass type.
+Cow carcasses, being much larger than all other carcass
types showed the longest amount of activity, having birds
present for a maximum of nine days.
+The other carcass types showed more comparable amounts
of activity. Pig remains tended to have the least activity and
were often little more than a hide and head left behind by
hunters.

Implications:

Population Self-reliance —
« The current trend in condor feeding activity over the last 2.5
years has been a declining use of the proffered food source and
an increasing use of non-proffered food items. This
demonstrates the existing populations shift towards a more self-
reliant population in by utilizing the existing non-proffered prey
base within their foraging habitat.
«Indications are that a self reliant population of condors will be
using their historical range similarly to that of the historical

based on the of natural and

seasonal weather patterns.

Importance of Domestic Ungulates as Food Source—
+Domestic ungulates, especially range cattle, have played a
significant role as a food source in the current trend towards non-
proffered feeding activity.
+A continuation of this trend relies on the continued presence of
domestic ungulate carrion within the current and potential
foraging range of condors. Policy, as it relates to the
management or disposal of these carcasses should consider the
impacts on foraging condors and availability of food.

«In turn, livestock operations, need to be preserved within the
historical range of the condor. Current demographic pressures
away from ranching and livestock grazing, especially in
seasonally important foraging habitat , are a potential detriment
towards a self sustaining population.

Mutual benefits from land use partnerships —
+Grazing and ranching livestock operations , if managed
appropriately, can provide a significant portion of the naturally
occurring prey base for condors.
+Condors can aid livestock managers in locating mortalities that
have occurred out on the open range as they are out to graze.
*When appropriate, the consumption of domestic ungulate
carrion by condors provides a cheaper and less man-hour
intensive process of carcass disposal.

Outlook:

*Given the important roll that ranching and grazing will play in the
recovery of the California Condors , (“increased cooperation..?)
between this ion program and managed
livestock operations (is critical.)
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Abstract.

Medical or emergency situations with large animals can require euthanasia. Various methods for euthanasia have been
approved by state laws and groups like the American Veterinary Medical Association Committee on Animal Welfare. In
most cases, intravenous administration of approved euthanasia solutions is considered the most humane method. The
most common pharmacological agent used is pentobarbital sodium. Typical dose ranges are 3 to 4 gm/45 kg body weight.
A number of secondary poisonings have occurred when improper disposal has allowed carnivores or scavengers to
consume portions of carcass post euthanasia. Another concern is the potential for euthanasia solution to leach from
carcasses and contaminate water. Little or no information is known about the rate of degradation of pentobarbital sodium
in a composted carcass.

Current options for disposal of large animal carcasses are limited. While it might be safe to assume that a small numbers
of carcasses composted in one location may pose minimal environmental risk for pentobarbital contamination. In an
emergency situation or in a commercial animal composting operation where large numbers of animals might be
accumulated, the risk to wildlife or the environment might be considerably greater.
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To help determine a projected degradation rate for pentobarbital sodium in a carcass within a static compost pile, liver
samples which contained euthanasia solution were retrieved over a sixty day period. Liver samples were spiked with
250mg of pentobarbital sodium and then retrieved at prescribed intervals. Analysis of the samples was by high pressure

liquid chromatography. (At the time of preparation of this abstract, data are very preliminary and detailed results will be
supplied at the presentation.)

Keywords. Pentobarbital sodium degradation, emergency euthanasia, carcass disposal, large animal mortality
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Introduction

The use of composting has many advocates as a viable and environmentally friendly way of carcass disposal.
Composting of mortalities is gaining more widespread acceptance and appeal. Poultry and swine industries have
used this strategy for years. Recently more and more programs to demonstrate and teach composting of carcasses
from larger animals have emerged (Bonatol, et al., 2002) Recent FDA rulings (Federal Register, Vol 74, 2009)
placing greater restrictions on rendering plants has further diminished options for carcass disposal and accelerated
the interest in carcass composting. In many states composting has been accepted and promoted by livestock and
extension groups (Maine Compost School, 2009).

Numerous studies have demonstrated that within relatively broad categories, a well planned and constructed
compost pile can successfully eliminate all or nearly all pathogens. Data from several studies show effective
elimination of most vegetative bacteria and virus, with some limitations related to fungi and spores. It has been
suggested that in the case of a large scale ag disaster or disease outbreak, that composting animal mortalities in the
initial phases of the crisis may be the most cost effective way to control animal pathogens. Properly executed
composting could be incorporated into a plan for large scale animal emergencies (Glanville, et al., 2005) (Berge, et
al., 2009). Following a period of composting in static pile, pathogen load would be sufficiently reduced or eliminated
in order to allow transport of the compost to a suitable terminal site. In cases where it was deemed safe, the finished
compost might be spread on open ground or crop ground. In some statewide plans the compost could alternatively
be diverted to sealed landfills or incineration (NY and PA). In this way a more orderly and timely disposal could be
accomplished when resources and weather conditions were conductive to the movement of animal remains.

In some states, as traditional options for animal disposal have decreased, individuals are beginning to establish
businesses that will take and compost animal mortalities (PA). This type of business is seen as a ‘green’ industry
and compost from these facilities is being used on crop ground and vegetable plots. Again with proper precautions
there appear to be sufficient information to establish adequate bio-security protocols and procedures to maintain the
safety of the environment, the health of domestic animals and wildlife, and minimize risk for zoonoses.

Recent reports have documented the finding of a wide range of veterinary and human pharmaceuticals in water and
the soil (Jjemba, 2001) (Peschka, et al., 2006) (USGS, 2002). Barbiturates are one class of therapeutics which has
been found as contaminants or potential pollutants (Jjemba 2001) (Kummerer, 2001). These can come from human
or veterinary sources. An area that has not been fully explored is; as animals which may have been euthanized with
chemical agents are accumulated in a relatively small area, concentrations of euthanasia materials may be
accumulating. Levels at these points of concentration might be much higher than would be seen under routine
therapeutic doses. For seizure control, animals might be dosed in the range of 1-4 mg/kg. This dose is usually
divided into 2 or 3 doses over the course of the day. Half life times vary by animal and by the length of time the
animal has been medicated. A half life of 1-2 days is fairly typical (Plumb 2005).

Typical ranges for euthanasia solutions containing pentobarbital sodium are 260 to 390 mg/ml. Routine dosage
rates would be about 1 ml/4.5Kg. (10 Ib) (Plumb, 2005). Lacking sufficient time for any substantial breakdown in the
liver, it can be assumed that the entire dose remains in the carcass. A mature horse or cow might easily carry 30-40
grams of pentobarbital. A number of animals containing such high levels in a concentrated area could potentially
contaminate soil or water. The purpose of this work is to begin to document the fate of pentobarbital sodium within
tissues within in a static but an actively fermenting compost pile.

Methods

A suitable convenient site for composting was located. This site was near the edge of a field, on a level portion of
ground and greater than 300 m (1000 ft) from any waterway or water source. The site was also relatively close to a
livestock facility which housed cattle, sheep, and goats. Primarily sawdust bedding mixed with manure from this
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facility served as the compost stockpile. This area and type of stockpiled material has been used successfully on
other compost demonstrations. The compost substrate ferments well, achieves adequate thermophilic temperatures
quickly and is abundant. ~ Several analyses of the compost substrate have been made in the past and typical ranges
for the material is 48% to 64% moisture and 0.8% to 1.2% nitrogen.

In preliminary work, 25 gram cubes of liver were spiked with various amounts of euthanasia solution (Euthasol ®)?
which contained 390 mg pentobarbital sodium/ml.  The cubes were wrapped in 4X4 rayon/cotton gauze and tied to
100 cm of nylon 1/8inch twine. Twine was passed through a 100 cm piece of PVC pipe that was capped at the end.
The cubes were buried in compost. For retrieval, mild tension was applied to the twine to approximate the liver cube
with the end of the PVC pipe. The PVC pipe and liver cube were then retrieved from the compost. In the preliminary
work 125 mg of pentobarbital per cube yielded approximately an 80% recovery. This concentration of pentobarbital
was continued in the following phase where the cubes place in an active compost pile.

Twenty five gram cubes of liver from a mature cow were spiked with 125mg of pentobarbital sodium. The cubes
were tied within gauze as described above. Replicates were prepared such that 4 samples for each of the following
dates could be retrieved. Days 0, 5, 10, 20, 40, 60, 80. The lives cubes with gauze were placed between two larger
liver sections such that all the cubes were completely surrounded by liver tissue. Liver was placed in a prepared site
which contained compost substrate. Base was 45 cm (18 in.) deep and the liver was covered with compost substrate
60 cm (24 in.) deep. Capped PVC pipes protruded from the pile, with nylon twine separated from the liver cubes by
approximately 10cm.

Liver cubes were retrieved on the dates described in the previous paragraph. Samples were stored at -70° C and all
samples were submitted at one time to the Pennsylvania Animal Diagnostic Laboratory System (PADLS) toxicology
lab2. A sample of the compost on day 80 from the immediate area surrounding the tissue was submitted as well.

Quantitative analysis of the liver samples was achieved by High Performance Liquid Chromatography (HPLC). A
more quantitative analysis of the compost was achieved by general mass spectrometry.

Results

Results are pending and will be presented at the symposium.

Conclusions

Time and effort has been spent determining what if any risk biological agents might present during the composting of
animal mortalities. There is increasingly greater evidence that when done under the proper conditions, composting
should not present a threat to animal or human health from most biological pathogens. Other studies have shown
that leachate and mineral intrusion into the soil or water from well managed compost are quite modest. In general a
consensus is growing across animal agriculture that composting is a cost effective, safe, and environmentally friendly
method of handling animal mortalities.

In the broader context concern by the public still exists regarding the fate of pharmaceuticals, herbicides, and
pesticides used in animal agriculture. Veterinary or agricultural compounds can enter the soil or groundwater from
animals, manure, or feed residues. Barbiturates have been identified as a potential pollutant in water sources. Itis
hard to imagine that with a fairly ordinary population of dogs that significant numbers of dogs would be treated at one
time or that massive amounts of medication would be discarded at one time for veterinary sources to be targeted as

! Virbac Animal Health, Inc. P.O. Box 162059, Fort Worth, Texas 76161

% New Bolton Center, University of Pennsylvania School of Veterinary Medicine, 382 W. Street Road,
Kennett Square, PA 19348
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a large barbiturate pollution burden. Also, in the past barbiturates were a much more commonly prescribed in human
therapeutics. Over the past 10-15 years, more effective and more targeted pharmaceuticals have largely replaced
barbiturates in human medicine. Despite the apparent reduced levels of usage these compounds, several surveys of
water for pollutants have identified barbiturates within watersheds. It can be speculated that once in the environment
that barbiturates do move through water resources and tend to be persistent.

In agricultural emergency situations when many animals might require euthanasia and then be composted, or in
commercial composting operations where animals containing euthanasia solutions might accumulate, it is necessary
to predict how long and to what extent chemicals like pentobarbital might persist or potentially enter the environment.
For those making recommendations or regulations, it is equally important to make sound decisions and minimize risk
from animal mortalities due to biological or chemical sources.
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Abstract. As carcass disposal options become limited, it is important that the disposal tools
implemented protect human, livestock and environmental health. Burial, composting, and rendering
are among the most common methods. With shallow burial or dragging carcasses out back, there
are issues with wildlife and pets being exposed to carcasses and liquids leaving the carcass.
Carcass burial is legal in most states but there is little assurance that pathogens are killed and the
concentration of carcasses could affect ground or surface water. Burying animals does not ensure
that they will degrade. Composting is a viable option that may provide the assurance needed to
reduce the risk of disease affecting health or the environment. A comparison of disposal options
shows that properly composted carcasses generate little leachate and that pathogen levels are
reduced to lower than soil background levels. If composting is performed using too dense material
that is not able to reach temperature, more leachate is generated and can become problematic in
terms of nutrient loading as well as resulting in higher pathogen levels in the end product. Research
shows there is flexibility in the process (as long as carbon source is not too dense) and composting
can be used as a safe disposal method.

Keywords. Emergency planning, Mortality, Composting, Burial
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Introduction

There are few safe methods of disposal of livestock mortality whether it is routine or mass
mortality from disaster and disease outbreak. With burial, the carcasses are brought six feet
closer to the water table with no leachate control. Landfills can take carcasses, but there are
multiple issues including expense, insufficient capacity, worker trepidation about contagion, and
public resistance. Incineration is not cost efficient, has a high degree of public resistance, and
causes air pollution. Alkaline digestion is expensive, has insufficient capacity, and is not
commonly available (Glanville, et al., 2006). Rendering capacity for non-diseased dead stock
has greatly declined in the last eight years. With many of the above listed methods the animals
have to be moved which can aid in the spread of disease.

Passively aerated static pile composting is proving to be a good method of managing routine
mortality and mass casualty from disasters. Composting uses resources found on-farm, is cost
effective, and minimizes farm and public exposure. In disease outbreaks, this method is
especially efficient as carcasses can be composted on-site, thereby containing a disease
outbreak. This method is expected to control most reportable viruses and has been shown to be
effective at mitigating Avian Influenza Virus and Adenovirus of Egg Drop Syndrome-76 (Lu, et
al., 2003 and Senne, et al., 1994), as well as Avian Encephalomyelitis and Newcastle Disease
Virus (Glanville, et al., 2006). Although turning compost piles accelerates the process, it is labor
intensive (and labor is a high-value commodity during disease outbreaks) and “opening” the pile
may allow the escape of pathogen and odor. There are multiple factors working within the
compost pile that have been and continue to be investigated regarding their potential to
inactivate select pathogens: temperatures achieved in the thermophilic process suggest that
many reportable viruses would be inactivated (Dekker, 1998, and Turner, et al., 2000); radical
pH shifts within the core of the pile may serve to inactivate some pathogens (Davies, 2002 and
Turner and Burton, 1997); and bacterial enzymes (e.g. proteases, nucleases, lipases) produced
during the process also serve to attack reportable disease agents.

Although composting has been shown to inactivate pathogens, questions have been asked
about the hygienic quality of and nutrient load in leachate that may come from compost
windrows and its potential effect on ground and surface water. Leachate is liquid that has
percolated through the compost pile and that contains extracted, dissolved, or suspended
material from the pile. If allowed to run untreated and unchecked from the composting pile,
leachate can seep into and pollute ground and surface water. Studies have been conducted on
leachate composition for many types of composting, including manure, leaf and yard waste,
food waste and sewage sludge. According to Rymshaw, 1993, the primary concerns in leachate
from manure composting under field conditions are nitrogen and biological oxygen demand
(BOD). Discharge of ammomia nitrogen into surface waters may deplete their level of dissolved
oxygen. BOD equates to polluting strength of waste water in terms of the oxygen that it will
consume if discharged into surface waters. Milligan, et al., 2008 found there was a problem with
leaching, run-off and overland flow of nutrients, salts, and heavy metals from poultry litter stored
directly on the ground. However, storing it on a layer of yard trimmings compost appeared to
protect the soil below from excessive nutrients and salinity. Compost leachate is variable in
terms of its chemistry and is influenced by feedstock, process, maturity, cover, and weather
(Tyrrel, et al., 2008). Generally, the higher the carbon to nitrogen ratio, the less leachate will be
formed. Woodchips as a base will absorb leachate, and lower turning frequency will decrease
leachate production. These three properties (high carbon to nitrogen ratio, wood chip base and
no turning) are properties of passively aerated (static) mortality piles indicating that leachate
should not be a problem with these piles. Several past trials completed on plastic have not
produced enough leachate to sample. Two leachate trials involving mortality disposal will be
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discussed in this paper. The first trial, in which leachate from a road-killed deer compost pile
was compared to a wood-chip only pile was a planned study. The second, a mimic of burial,
was studied because it was a great opportunity to understand more about degradation of
carcasses and characterize the leachate produced.

Procedure

Trial 1;

Road kill compost piles were set up to show a worst-case scenario with no filtering effects from
soil (Figure 1). This trial was completed in southeastern New York State.

e Two 15 x 8’ rectangles were measured out and marked.

o Water was poured on each rectangle to determine the slope and where to place catch
basins.

¢ One hole in each rectangular plot was cut at the point of collection and 5-gallon buckets
lined with garbage bags were placed in each hole.

o The plots were curbed with wooden and steel beams that were 6” tall to keep all leachate
within the plot and directed toward the bucket.

o Heavy 6 mil black plastic sheet was used to line the plots. This provided a barrier so that the
asphalt would not contaminate the leachate. The plastic was extended over the curbs and
cut over the bucket so the flow was directed into the bucket.

o 4 x4’s were used to hold the plastic over the curbs.

o 24" base layer of woodchips was laid in each of the plots. The piles covered the plastic as
much as possible in square containment.

e Two deer were placed on the woodchips as the first layer in the plot on the west end.

o Two data logger temperature probes were placed near the deer carcasses in the pile, and
placed on the woodchips in the same spots in the “woodchips only” pile.

¢ 12" of woodchips were laid on top to cover the first deer layer.

e Two more deer were placed in the second layer in the road-kill pile and one more
temperature probe was placed in this layer in both piles.

o Both piles were covered with an additional 24” of woodchips.
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Figure 1. Preparation of cells for leachate collection in road-killed deer compost pile and
woodchips only.

Leachate samples were taken after each of four storm events. Any precipitation that landed on
the plastic liner and compost pile was directed into the bucket and was sampled. Trash bags
lining the buckets were removed and mixed in the bag. Triplicate samples were taken, sent to a
local water laboratory and analyzed for pH, chloride, BOD, total organic carbon (TOC), nitrate
nitrogen, ammonia nitrogen, total Keldahl nitrogen (TKN), phosphorus, dissolved phosphorus,
and fecal coliform.

Trial 2:

Mortality compost containment was built on a farm in Central New York. The dimensions are 30’
wide by 15’ deep, with three 54” containment walls. The pad has a 1% slope to the west wall
with four 4” pipes incorporated for draining leachate toward a vegetated filter strip. The design
and intent of this containment was good, but the farmer used it incorrectly (Figure 2). Very little
carbon was used, and the containment was packed with carcasses. The mass did not heat
much above ambient temperatures. Leachate continually drains out of the pipes and has killed
the vegetated filter strip. This containment mimicked above ground burial much more than
composting.

Since there were no neighbor issues (the containment was not affecting anyone close by) and
the farmer had no plans to clean it out until the following spring, we asked the owners if we
could monitor the containment and take leachate samples to be able to compare “burial” to
composting. Fresh carcasses were added throughout the sampling period as the farmer had
dead stock to dispose of. Samples were analyzed for the same nutrients as in the planned study
above, as well as fecal coliform and E. coli.
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Figure 2. “Above ground burial” of mortalities and vegetative filter strip with leachate.

Results

Table 1 shows the results for levels of TKN, ammonia nitrogen, phosphorus, BOD and TOC in
the leachate from the road-killed deer compost pile and woodchips only pile over time, and
Table 2 shows the same for the above ground burial site.

Table 1. Levels of nitrogen (TKN), ammonia nitrogen, phosphorus, BOD and TOC in the
leachate over time from the road-killed deer compost pile and the woodchips only pile.

TKN (mg/l) NH4-N (mg/l) P (mgl/l BOD (mg/l) TOC (mg/l)
Date Deer | Chips | Deer | Chips | Deer | Chips | Deer | Chips | Deer | Chips
04/14/08 | 703 36 213 11 44 10 4067 487 1733 373
04/29/08 75 7 38 1 17 1 333 48 230 36
05/19/08 14 13 3 2 3 2 27 24 95 163
06/06/08 32 16 9 5 6 2 101 47 177 17

Table 2. Levels of nitrogen (TKN), ammonia nitrogen, phosphorus, BOD and TOC in the
leachate over time from the above ground burial site.

Date TKN (mg/l) NH4-N (mg/l) P (mg/l) BOD (mgl/l) TOC (mg/l)
06/02/08 3300 1100 70 4700 7700
09/29/08 640 no data 52 930 4600
10/02/08 6000 4200 440 21000 740
11/12/08 3000 1800 92 3500 8100

Livestock contain high amounts of unassimilated protein in the form of organic nitrogen. A
portion of this is mineralized to ammonia and is used by plants. Excess ammonia is converted to
nitrates. The sum of organic N and ammonia N is TKN. Nitrates serve as fertilizer for plants, but
any excess nitrate, not taken up by plants, is washed through the soil into the sub-surface
waters because nitrate is not adsorbed onto soil particles. Because it takes oxygen to convert
ammonia to nitrites and nitrates, discharge of ammonia nitrogen into surface waters may
deplete their level of dissolved oxygen. TKN (Figure 3) and ammonia-N (Figure 4) started high
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in the deer pile (703 and 213 mg/l respectively), but decreased to at or below below EPA
influent standards for municipal waste water of 20 — 85 mg/l for TKN and 12 — 50 mg/I for
ammonia N within 14 days. In the above ground burial site, however, TKN (640 — 6000 mg/l)
and ammonia N (1100 — 4200 mg/l) remained the same over a 5 month period and resembled

nutrient ranges found in feedlot runoff.
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Figure 3: TKN in the leachate over time from the road-killed deer compost pile and the

woodchips only pile.
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Figure 4: Ammonia N in the leachate over time from the road-killed deer compost pile and the
woodchips only pile.

Biological oxygen demand (BOD) is a measure of the oxygen required by aerobic
decomposition over a specific time period (usually 5 days). It is the polluting strength of waste
water in terms of the oxygen that it will consume if discharged into surface waters. EPA drinking
water standards list a value of 30 mg/I for BOD, and a range of 100 — 300 mg/I for influent.
Typical feedlot runoff BOD values are between 1075 and 3450 mg/l. BOD values for the
leachate from the road-killed deer compost pile started very high, but decreased within 14 days
to values typical of influent and within 2 weeks were at effluent levels (Figure 5), while the
leachate from the above ground burial site remained high over the 5 month period.

Total organic carbon (TOC) is the amount of carbon bound in an organic compound and is often
used as an indicator of water quality. Levels of organic matter in water are of interest because of
the problems it presents: color formation, taste and odor problems, oxygen depletion and
interference with water treatment processes. Once again, although TOC started high in the
leachate from the road-killed deer compost pile, it decreased dramatically within 14 days to
levels found in woodchips only, while in the above ground burial leachate site, TOC levels
remained high throughout.
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Figure 5: BOD in the leachate over time from the road-killed deer compost pile and the
woodchips only pile.

Table 3 shows the pH and levels of nitrate nitrogen, chloride (salts) and fecal coliforms in the
leachate from the road-killed deer compost pile and woodchips only pile over time, and Table 4
shows the same for the above ground burial site.

Table 3. pH and levels of nitrate-N, chloride and fecal coliforms in the leachate over time from
the road-killed deer compost pile and the woodchips only pile.

pH NO3-N (mg/l) | Chloride (mg/l) | Fecal Coliform (log 10 cfu/ml)
Date Deer | Chips | Deer | Chips | Deer | Chips Deer Chips
04/14/08 | 7.0 57 | <05 | <05 83 97 5.4 5.4
04/29/08 | 6.5 58 | <05 | <05 97 11 5.0 2.8
05/19/08 | 5.8 6.1 <05 | <05 50 77 no data no data
06/06/08 | 7.0 6.9 | <05 | <05 87 3 2.9 1.5

Table 4. pH and levels of nitrate-N, chloride and fecal coliforms in the leachate over time from
the above ground burial site.

pH NO3-N (mg/l) Chloride (mg/l) | Fecal Coliform (log 10 cfu/ml)
06/02/08 7.9 3.8 1900 3.0
09/29/08 8.4 15.0 2300 <20
10/02/08 6.4 31.0 710 >3.0
11/12/08 8.3 16.6 2000 <20

The pH in the leachate from the road-killed deer and wood chip piles ranged from 5.7 to 7.0
over time, while that in the leachate from the above ground burial site ranged from 6.4 to 8.3.
Leachate with these ranges flowing into surface waters would most likely have little effect on
fish and aquatic life, although the growth of algae is more likely in water with a pH of 7.5 to 8.4
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as in the leachate of the above ground burial site. EPA effluent standards for nitrate nitrogen are
10 mg/l. The level of leachate nitrate nitrogen in the compost piles are well below that, while
those from the above ground burial exceed that level in all cases but one. Public drinking water
standards require chloride levels not to exceed 250 mg/l, while levels between 600 and 1200
mg/l are required for the protection of aquatic life. The chloride levels in the leachate from the
road-killed deer compost pile and woodchips only pile are well below even the drinking water
standards, while those from the above ground burial site would be harmful to aquatic life. Fecal
coliform levels in the leachate decrease over time in the composting piles. Quantification of fecal
coliform for the leachate at the above ground burial site was not done when there was less than
100 or greater than 1000 cfu/ml, so no conclusions can be drawn from that. Fecal coliform
results in the leachate also may have varied because new carcasses were added throughout
the sampling period.

Conclusion

Passively aerated static pile mortality composting has been proven to be effective in controlling
pathogens and viruses to help keep disease contained. There has, however, been concern over
the possibility that these piles will contribute to surface and ground water pollution through
leachate and runoff. A comparison of the chemical composition of leachate obtained from a
worst case scenario road-killed deer compost pile (i.e., no soil filtration) versus leachate from a
woodchips only pile versus an “above ground burial” site showed that within 14 days of
composting, levels of contaminants were well within EPA standard ranges, while leachate where
no composting occurred remained the same over a 5 month period. Mortality composting
performed on woodchips allows absorption of leachate, and not turning the pile decreases
leachate production, so that very little leachate is actually produced. Properly composted
mortalities should pose no problem in terms of quality and quantity of leachate produced.
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Abstract.

A brief overview is given of European and Dutch regulations on animal carcass disposal. Recently,
the risks and possibilities in alternative animal carcass storage and disposal management in The
Netherlands were studied. Costs and veterinary safety of different means of on-farm storage and
disposal are compared to central rendering. Cost reduction and decrease of veterinary risk were
motivations for Dutch farmers associations for funding some of these studies. The Dutch government

will use the findings of the studies to take a position in on-farm carcass disposal and to offer
possibilities and set demands for on-farm carcass disposal in the Netherlands.
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Introduction

In the Netherlands, on-farm disposal of animal carcasses is not allowed. All livestock carcasses
are collected and processed at one central rendering facility. Dutch farmers operate in strict
regulatory environment for handling of animal carcasses. These regulations imply frequent
transport of carcasses between livestock farms and the rendering facility, impeding high
veterinary risks and considerable costs. Measures that decrease the frequency of carcass
collection and the number of transfer operations are welcomed, both by the farmers and by the
government. Recent studies focused on veterinary control and cost reduction by increasing on
farm carcass storage time and possibilities for on-farm carcass disposal. The Dutch government
will use the findings of future studies to take a position in on-farm carcass disposal and to bring
in arguments for changing European policy concerning on-farm management of carcasses.

This paper gives a brief overview of:
- European and Dutch regulations on animal carcass disposal
- Present policy on animal carcass disposal in the Netherlands

- Results of recent Dutch studies on on-farm carcass storage and disposal

European Regulation

All EU member states have to comply with Regulation (EC) No 1774/2002 in which health rules
are laid down concerning animal by-products not intended for human consumption. These rules
relate to identification, collection, transportation, processing, use and intermediate storage of
animal by-products. The purpose of this regulation is to avoid undesirable animal by-products
from entering the human and animal food chain. Animal by-products are categorized into:

Category 1 material (very high risk): this category concerns TSE sensitive material. Carcasses
of bovine, sheep, goat are within this category. Also carcasses of animals that have been
experimented on and of zoo and pet animals are included in this category. Category 1 material
must be directly disposed of as waste by incineration in an approved incineration plant, or
processed using an approved processing method followed by incineration of the resulting
material. Non-risk material, such as products of animal origin containing residues of
environmental contaminants and catering waste must be processed (by cooking) and finally
disposed of as waste by burial in an approved landfill.

Category 2 material (high risk): this category includes diseased animals other than Category 1.
Also animals kept for human consumption, which die by means other than slaughtering and by-
products such as manure, animal materials collected from slaughter house waste water
treatment plants and products of animal origin containing residues of veterinary drugs and
contaminants if they exceed the permitted level are included in this category. Category 2
material must be directly disposed of as waste by incineration in an approved incineration plant,
or processed using an approved processing method. The resulting material may be used as an
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organic fertilizer or soil improver, transformed in a biogas plant or in a composting plant. Manure
may be used without processing in a biogas or composting plant.

Category 3 material (low risk): this category includes parts of slaughtered animals which are fit
for human consumption but not used as such for commercial reasons, parts of slaughtered
animals which are unfit for human consumption but are not affected by any disease
communicable to humans and also hides, skins, hooves, horns, pig bristles and feathers
originating from slaughtered animals for human consumption just as former foodstuffs of animal
origin other than catering waste, which are no longer intended for human consumption.
Category 3 material can be used as raw material in a biogas or a composting plant and can also
be used in a pet food plant approved by the EC.

Under present EC regulation carcasses of ruminants must be incinerated exclusively by
approved processors or must be buried in an approved landfill. End products from processed
carcasses of all other livestock may be used for biogas production or as an organic fertilizer, but
these products are excluded from application in animal feedstuff and in human food industry.
EC regulations provide, in the light of developments in scientific knowledge, for the possibility of
additional means of disposal and uses of animal by-products. These additional means have to
be approved by the appropriate scientific committee. At this moment the following alternative
means of disposal are approved under certain conditions:

Category 1 material:

o Alkaline Hydrolysis

e High Pressure Hydrolysis Biogas production

e Production of Biodiesel (conditions: only carcasses of animals < 24 months and TSE test
negative)

Category 2 and 3 material:

¢ Idem Category 1
¢ High Pressure High Temperature Hydrolysis
e Brookes Gasification

Dutch Regulation

The Netherlands, as a EU member state, have to comply with European rules. Dutch rules are
more strict than is regulated by Regulation (EC) No 1774/2002.

Category 1 material must be disposed of by direct incineration.

Category 2 material must be disposed of by direct incineration or by rendering followed by
incineration, composting or biogas treatment of the rendered material. Some Category 2
material may be recycled without pre-treatment (e.g. for biogas, composting, oleo-chemical
products etc.).
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Category 3 material must be disposed of by direct incineration, rendering followed by
incineration, or processed in a biogas or composting plant. Category 3 material may, under
certain conditions, be used for the production of animal feedstuff.

Dutch farmers are compelled to offer animal carcasses to only one single approved rendering
company. This company has the obligation to collect and process the carcasses. All other
means of carcass disposal are seen as unwanted in respect of veterinary risks. So, in the
Netherlands at this moment on-farm disposal of animal carcasses is not allowed by law.

Carcasses have to be offered at a suitable spot, covered and inaccessible for birds, rodents,
cats and dogs. Carcasses weighing more than 40 kg can be stored on-farm for a maximum of
24 hours before transport to the rendering facility. Only carcasses weighing less than 40 kg that
are sufficiently cooled (temperature max 10°C) can be stored at the farm for a maximum period
of 7 days. These carcasses have to be stored and offered to the rendering company in a barrel.
Costs of carcass disposal are taken by the Dutch government and the farmers at a 50/50 basis.
Each year the tariffs for disposal are determined by the minister of agriculture.

Dutch studies on animal carcass management

Recent studies on alternative means of animal carcass disposal in the Netherlands were mainly
aimed at lowering veterinary risk and cost reduction.

Study on feasibility of on-farm carcass disposal (Wagenberg et al, 2004)

The Dutch government is taking a decreasing share of cost of carcass disposal. In 2004 pig
farmers faced a 40% increase of costs for having animal carcasses removed by the rendering
company. The question has risen how costs of carcass removal and processing can be
reduced. On-farm preserving and processing of carcasses offer possibilities for both cost
reduction and lowering veterinary risk. Options discussed in this report are freezing,
incineration, composting and fermentation. The economic feasibility and practical applicability of
these treatments were estimated. Costs were compared to the costs of removal of carcasses to

the rendering company.
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Relative costs of on-farm carcass treatment
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Figure 1. Relative costs of on-farm carcass treatment estimated for pig breeding and pig fattening farms,

compared with central rendering. The 100% level represents the cost level of disposal by the
rendering company.

Main conclusions in this study were:

Costs of on-farm carcass treatment are higher than costs of central rendering. Co-
fermentation of carcasses at pig farms is an attractive option if a biogas production plant
is already present.

Costs of composting of small carcasses is comparable with costs of rendering.
Composting of big carcasses is too costly.

On-farm incineration has no prospects in terms of costs and human and environmental
risks.

In foreign countries (outside Europe) good results of on-farm composting of animal
carcasses are reported. In the Netherlands composting may be interesting if litter is
available. Good composting management is essential.

Temporarily freezing of carcasses is a safe treatment and reduces cost of transport and
veterinary risk.

Alternative means of carcass disposal would especially be relevant for pig breeding
because of high costs for cooling facility and high risk of spreading animal diseases due
to frequent visits for carcass collection.

Advantages of on-farm carcass disposal (reduction of carcass transport, odor nuisance
and veterinary risk) may justify higher costs.
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Study on the effect of storage time and temperature on odor emission from pig
and poultry carcasses (Hoeksma et al, 2007)

According to Dutch legislation on animal carcass disposal, carcasses weighing more than 40 kg
can be stored on farm for a maximum of 24 hours before transport to a rendering facility. It is
only if carcasses are sufficiently cooled, that smaller carcasses weighing less than 40 kg can be
stored at the farm for a maximum period of 7 d. These regulations imply frequent transport of
carcasses between livestock farms and rendering facilities, impeding high veterinary risks,
environmental burden and considerable costs. Measures that decrease the frequency of
carcass collection and the number of transfer operations would be welcome.

A study was carried out on the feasibility of lengthening the legal period of on-farm storage of
animal carcasses. Odor emission of pig and poultry carcasses was determined to be the most
important factor determining the maximum possible storage time.

Aim of this study was to determine odor emission during the storage period, for pig and poultry
carcasses stored for different periods and at different temperatures.

This experiment was conducted with carcasses of fattening pigs, piglets and poultry (broilers
and one day chickens) that were stored in cooling and freezing containers at -5 °C, 0 °C, +5 °C
or +10 °C for different periods of time. Carcasses were stored in 200 L barrels, and each barrel
held approximately 100 kg of carcasses. Air samples were taken per barrel according to a
standardized method, and odor concentrations were determined by olfactometry.

The initial odor concentration level was largely influenced by cooling practice at farmer level,
and determined the average odor concentration during the whole storage period. Thus, animal
carcasses at the farm should be cooled as soon as possible to reduce odor emissions. It was
also shown that animal carcasses can be stored longer at lower temperatures without any
significant increase in odor emission. Table 1 shows maximum storage time (odor-free period)
as a function of storage temperature and animal species/weight.

Table 1. Maximum storage time without increase of odor emission of several carcass weights at different
storage temperatures.

Maximum storage time (weeks
Storage temperature (°C) g ( )

Piglets (< 40 kg) Fatteners (> 40 kg) Poultry
+10 2 2 2
+ 5 2 6 4
0 6 6 8
-5 16 6 8

Main conclusions:

Animal carcasses can be stored at farms for longer periods of time than today regulations
without any increase of odor emission as long as they are stored at sufficiently low temperature.
This storage practice will decrease transport frequency of carcasses between livestock farms
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and rendering facilities, decrease risks related to spreading infectious diseases, and decrease
environmental impact. Farmers will save on costs of carcass disposal by being able to call for
pickup of carcasses much less frequent if they invest in cooler or freezer units.

Preliminary results of the study on chances and risks of on-farm carcass disposal
in the Netherlands (Bokma et al, 2009)

The purpose of this desk study was to map which aspects of on-farm carcass disposal should
be worked out in a following research. The study should show

a)
b)
c)
d)

Possibilities and risks of on-farm carcass disposal

How to conduct risk assessments

In which way on-farm carcass disposal can attribute to sound use of raw material

Which aspects are relevant in relation to European and Dutch legislation and in respect
to defensibility.

Conclusions and recommendations

Studies carried out from 2001 to 2004 show that on-farm fermentation, composting and
hydrolysis of animal carcasses could be feasible treatments to replace central rendering.
Following research should validate these conclusions.

Hazard Analysis of Critical Control Point (HACCP) is suitable for risk assessment of on-
farm carcass treatment methods.

On-farm carcass treatment may have advantages for farms in remote and isolated
areas, like islands.

Economic evaluations of on-farm carcass treatment are out of date and should be
updated.

Odor emissions of all means of on-farm carcass treatments should be assessed.

Public acceptance of on-farm carcass treatment should be probed via citizen panel
research.

It is recommended to quantify the contribution of end products from on-farm carcass
treatment to reuse of raw material (protein).

Relevant legal aspects are enforcement effort of central carcass disposal and of on-farm
carcass disposal and risk assessment of malpractice of on farm disposal license.
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Abstract. In 2006 a heat and humidity event in the Central Valley of California lead to more than
20,000 livestock mortalities in excess of anticipated losses. Environmental conditions paired with
mechanical failure at a major rendering facility lead to an animal disposal crisis. On an emergency
basis, unapproved livestock disposal methods (composting, burial, landfill) were allowed by local
regulatory authorities but there was little consistency in procedural guidance. Recognizing the need
for improved coordination of routine and emergency animal disposal, the California Department of
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Food and Agriculture (CDFA) and the California Integrated Waste Management Board (CIWMB)
convened an Emergency Animal Disposal Workgroup (EADW). Now numbering more than one
hundred members from more than fifty academic, industry and regulatory organizations, the mission
of this unique collaboration is to address California’s current and long-term needs for livestock
mortality disposal. Work products from the group either completed or underway include 1) a landfill
database including carcass acceptance information 2) template language for re-permitting landfills
allowing emergency disposal of livestock 3) a rendering facility database 4) a secure web portal for
information sharing 5) a review of emergency declaration authority for local, state and federal
agencies and 6) an active carcass composting research program examining aspects of pathogen
reduction, water and air impacts. The workgroup’s accomplishments and future directions will be
described.

Keywords. livestock, mortality, carcass, disposal, composting, regulations.
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Introduction and Background

California Regulation of Livestock and Poultry Mortality Disposal

California is home to thriving and diverse food animal industries. This includes 1.87 million dairy
cattle (and similar number of young-stock) producing one fifth of the nation’s milk supply and
more then one half million beef cattle and calves are on feed. California ranks 12" in the nation
in broiler production, processing over 250 million birds annually. At any one time there are 19 to
20 million layers in California producing between 380 and 440 million eggs per month.

With such large livestock and poultry industries, disposal of routine farm mortalities, processing
waste (offal) and unexpected surges in mortalities (inclement weather, disease or toxicity
events) continues to present challenges.

Regulation of livestock and poultry mortality disposal in California has historically been
uncoordinated with state and local regulatory stakeholders typically developing laws, regulations
and policies as needed. The agencies most involved in regulation of livestock and poultry
mortality management and their most relevant restrictions are:

California Department of Food and Agriculture (CDFA): To minimize the opportunity for people
to recycle dead animals into the human food chain California law limits off-site disposal options.
The state Agriculture Code does not regulate the method by which dead-stock can be disposed
but does restrict transportation of a livestock carcass off the farm to 1) a rendering facility or
collection point for a rendering facility, 2) a crematorium, 3) a diagnostic laboratory, 4) out of
state with the receiving state’s approval. Under special circumstances, the State Veterinarian
may grant a waiver (through the use of a “Notice of Quarantine”) allowing livestock to be
transported to alternative locations.

California Integrated Waste Management Board (CIWMB): The CIWMB and designated Local
Enforcement Agencies (LEA) regulate solid waste management in particular landfills and
composting facilities. Landfills are permitted by the CIWMB with and operate under Waste
Discharge Requirements (WDR) directed by the various Regional Water Quality Control Boards
(RWQCBSs). Landfills have to comply with state and local regulations as well as their own
regulatory permits. Landfill permits may limit the type and amount of material accepted, days or
hours of operation etc. During emergencies, state or local agencies may also issue emergency
proclamations making other forms of off-site disposal options available.

Importantly the CIWMB also regulates composting facilities. Due to concerns about propagation
of Bovine Spongiform Encephalopathy (BSE), the uniform California Code of regulations
specifically prohibits the composting of mammalian flesh meaning that mammalian carcasses
cannot be transported off-site to a composting facility.

Regional Water Quality Control Boards (RWQCBSs): These highly autonomous regional
agencies regulate ground and surface water protection for (among other facilities) concentrated
Animal Feeding Operations (CAFOs) and landfills. The Central Valley Regional Water Quality
Control Board (Region V or RB-5) Waste Discharge Requirements (WDRs)for dairy farms for
instance prohibit the on site disposal of any dead-stock (burial, burning, composting).

California Air Resources Board (CARB): This state agency working in concert with local air
pollution control districts are charged with overseeing California’s air pollution control program.
When there is no reasonable alternative, open burning of diseased infected or exposed animals
is exempt from open burning prohibitions.
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County Governments: Even if burial or composting were not prohibited by a state or regional
agency, county regulations relative to animal disposal have historically exhibited wide variation,
from explicit permission to explicit prohibition. Those counties permitting burial for instance may
have specific requirements relative to required depth of burial, use of lime and setbacks to
streams, roads, property lines and wells.

The 2006 Heat and Humidity Event

In late June and early July of 2006 a heat and humidity event in the Central Valley of California
lead to and estimated additional 20,000 livestock mortalities in excess of anticipated losses.
Environmental conditions paired with mechanical failure at a major rendering facility lead to an
animal disposal crisis. On an emergency basis, unapproved livestock disposal methods
(composting, burial, landfill) were allowed by local regulatory authorities, but there was little
consistency in procedural guidance.

Table 1. Emergency Regulations from various counties regarding livestock disposal in heat
event in California’s Central Valley during 2006.

Recommend
County gﬁ:_jﬁés* Additional guidance or restrictions on carcass disposal.
San Joaquin X
Stanislaus Allowed only rendering & landfill, no burial or composting.
Merced X
Madera X
Fresno X
Tulare X Acceptance at landfills to depend on carcass condition.
Kings All methods allowed except composting.
Kern No on-site burial. Landfills accept carcasses only from renderers.

* California Environmental Protection Agency (CAL-EPA) has an existing hierarchy for emergency
livestock carcass disposal. In terms of environmental protection CAL-EPA recommends rendering >
landfill > composting > burial.

Formation of the Emergency Animal Disposal Workgroup (EADW)

Recognizing the need for improved coordination of routine and emergency animal disposal, the
California Department of Food and Agriculture (CDFA) and the California Integrated Waste
Management Board (CIWMB) convened an Emergency Animal Disposal Workgroup (EADW).

A letter dated June 11, 2007, bearing the letterhead of CDFA and California Environmental
Protection Agency (CAL-EPA) invited a broad group of industry, regulatory and academic
stakeholders to participate in a disposal working group. Now numbering more than one hundred
members from more than fifty academic, industry and regulatory organizations (see Appendix
1), the mission of this unique collaboration is to address California’s current and long-term
needs for livestock mortality disposal.

Specific goals for the EADW include:

e Characterize the State’s current ability to manage surges in animal mortalities including
the number, type and location of animals, regulatory requirements/permit conditions.
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e Determine what current assets exist are and assess whether they are adequate for
dealing with a major animal disease emergency or other surges.

¢ Determine what changes in planning, communications, infrastructure capacity and law,
regulations or policy are needed to optimize response capacity. ldentify short term
solutions to disposal challenges while long-term solutions are under development.

Work products from the Emergency Animal Disposal Workgroup

Since its formation in the summer of 2007 the EADW has worked on a host of projects, some
designed to fill short-term needs while others laying the foundation for long-term solutions. Work
products from the group either completed or underway include:

Database of Landfills: Even if transporting livestock carcasses to a landfill was legal, landfills
may only legally accept materials which they are permitted to receive. Using the resources of
the CIWMB, a database of central valley landfills has been developed listing:

e By county the location of the facility.

o Permitted to accept livestock or poultry.

e Tonnage of carcass waste the facility is permitted to accept daily.

¢ Ancillary receiving information (i.e. access restricted to home county)
e Contact information and or website link for the landfill.

Database of Rendering Facilities: A similarly constructed database of rendering facilities is
being developed.

Template Language for Re-permitting Landfills: Landfills are re-permitted at regular intervals,
typically every several years. In order to enlarge the pool of landfills available to accept livestock
or poultry carcasses using the resources of the CIWMB template language has been developed
which can be inserted to updated permit.

Secure Web Portal: In order to provide a secure tool for information sharing a web portal has
been created providing easy access to a variety of information resources and responder tools.
In addition to the products listed above and well as Frequently Asked Questions about mortality
disposal the site contains bibliographic citations of composting research, state disposal
regulations, various slide presentations made at EADW meetings, PDFs of carcass disposal
reviews and a decision tree for those responding to livestock mortality incidents.

Review of Emergency Proclamation Authority: The Governor’s Office of Emergency Services
prepared for the EADW a reference guide describing the purpose, logistics, benefits and
limitations of emergency proclamations by local governments.

Carcass Composting Research: In order to make composting more available a program
examining aspects of pathogen reduction, water and air impacts was advanced and is covered
in a separate presentation at this symposium. It is instructive to note that in order for this
research to be actually be performed state law had to be changed to allow even small scale
trials involving composting of mammalian tissue.

Conclusion

Livestock mortality events reviewed by the EADW have emphasized that the animal disposal
infrastructure in California is challenged when faced with either sudden surges in carcass
numbers or mechanical failures in even just one rendering plant. The primary off site outlet for
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livestock and poultry disposal is rendering. Over time the number of rendering plants in the state
has diminished and at the same time the commercial animal populations have increased and
become concentrated in different areas than they were when the plants were first built. The
plants serving areas that have seen increases in animal numbers are disadvantaged to in that
they have not expanded to keep up with the change. In part, the regulatory process in this State
has made it more difficult for them to expand than might be the case in other states. At this point
our rendering capacity only keeps up with normal volumes of material and is challenged by
surges.

Besides rendering circumstances have limited other disposal options available in California. At
one time producers had another avenue for disposal, on-site burial; however, over time because
of increases in animal and people concentrations, regulations have been put in place to protect
State water supplies. These changes include restrictions and even prohibitions of on-site burial
for some commodity groups (specifically the dairy industry in Central Valley area of California).
Some states where rendering has disappeared have turned to composting as alternative
method of disposal. However, in California the composting of mammalian flesh is expressly
prohibited. Finally another potential option, the use of landfills, has two key hurdles that would
have to be overcome for landfills to be considered a viable option in the state. First, there would
need to be a change in California law to provide landfills as a legal disposal option. Second,
most landfill permits in the state do not address small and especially not large animal disposal.
Inclusion of animal disposal in existing permits will require that the permit be amended when
next up for renewal and in some cases this may require an environmental impact study to be
conducted first.

Appendix A

Participants in the California Emergency Animal Disposal Workgroup
ANIMAL INDUSTRY

California Dairy Campaign

Western United Dairymen

Milk Producers Council

Alliance Western Milk Producers
California Dairy Research Foundation
California Cattlemen’s Association
California Farm Bureau Federation
California Wool Growers Association
California Pork Producers Association
California Poultry Federation

Pacific Egg and Poultry Association.
Foster Farms

RENDERING INDUSTRY

Baker Commodities

Darling International
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Sacramento Rendering
North State Rendering
STATE & FEDERAL AGENCIES

California Department Food & Agriculture

California Integrated Waste Management Board

California Ag Commissioners and Sealers Association.

Governor’s Office of Emergency Services
California Department of Public Health
California Air Resources Board

State Water Resources Control Board
Central Valley Water Board

San Joaquin Air Pollution Control District
USDA-NRCS

COUNTY AGENCIES

Kern Env. Health Services

Kern County Waste Management
Fresno Dept. Community Health
Fresno Dept. of Ag

Stanislaus Public Health

Stanislaus Dept Ag/Weights/Measures
League of California Cities

Merced County Public Works
Kings County Public Health

Kings County Ag Commissioner
Fresno County Ag Commissioner
ACADEMIC

University of California Riverside
University of California Davis

University of California School of Vet Med

University of California Cooperative Extension - Merced

University of California Cooperative Extension — Kings

University of California Cooperative Extension San Bernardino

CAHFS Laboratory

July 21-23, 2009
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Abstract. A plastic-wrapped passively-ventilated composting system used by the Canadian Food
Inspection Agency for bio-secure emergency disposal of poultry mortalities during an avian influenza
outbreak in 2004, was adapted and tested to determine its feasibility for emergency disposal of
infectious swine carcasses. System performance was evaluated during warm- and cool-season field
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trials using six potential emergency envelope materials (cornstalks, oat straw, corn silage, wood
shavings, alfalfa hay, and soybean straw) having low (<20% w.b.) and moderate (40-65%) initial
moisture content. Laboratory studies were conducted to provide supplemental data on the
performance effects of factors that could not be easily controlled in the field. Despite the large
reduction in evaporative surface area caused by wrapping the pile in plastic, the moisture content of
envelope materials declined during composting, little leachate was observed, and carcass remains
often appeared desiccated. All materials except corn silage maintained high internal O,
concentrations when air was supplied through 10 cm diameter ducts (drainage tubing) spaced at 2 m
horizontal intervals. Test units constructed with corn silage rapidly achieved high internal
temperatures (T3 > 50 °C) and met USEPA Class B criteria for pathogen reduction in more than 90%
of monitored locations, but other envelope materials had T3, values of 41 °C or less, and generally
met Class B criteria in 50% or less of monitored locations. Cornstalks and soybean straw had
significantly higher carcass soft tissue decomposition (85-87%) than silage (72%) — indicative of
good microbial activity in these materials despite low internal temperatures — and laboratory oxygen
uptake tests showed cornstalks and three other materials produced 2-5X the heat produced by corn
silage. Odor emission during early phases of carcass decomposition was caused by reversal of the
direction of airflow through the compost matrix, and this occurs when internal temperature is not
sufficiently higher than that of the external air. Further research is warranted but — when considered
together — the above results suggest that limiting airflow through the compost matrix by throttling the
passive ventilation ducts may significantly improve bio-security and reduce the risks of odor emission
by simultaneously improving moisture retention (necessary for microbial heat production) and
reducing convective heat losses. Extensive field and laboratory studies of VOCs emitted by
decaying swine tissue showed that dimethyl disulfide, dimethyl trisulfide, and pyrimidine are reliable
indicators of decomposition regardless of the mode of decomposition (aerobic or anaerobic),
composting temperature, or type of envelope material used. It is believed that the concentration of
these chemicals can be used to assess completion of carcass decomposition inside bio-secure
composting operations without the need for removing the plastic bio-security wrap or excavating the
pile.

Keywords. livestock, mortality, disposal, composting, emergency, bio-security
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Introduction and Objectives

During an outbreak of highly pathogenic avian influenza (Al) in British Columbia in 2004, the
Canadian Food Inspection Agency (CFIA) biologically heat treated and decomposed poultry
mortalities in composting windrows that were wrapped in plastic sheeting to reduce the risks of
pathogen escape caused by wind or release of leachate (Spencer, Rennie, and Guan 2004).
Passive aeration was provided through flexible 10-cm diameter slotted plastic drainage tubing
installed crosswise in the base of the windrows at 1.2 m intervals, and heated air, water vapor,
and decomposition gases were vented through holes in the plastic at the top of the windrows.

Successful implementation of the enhanced bio-security composting design during the 2004
emergency led Canadian animal health officials to undertake further studies to evaluate its
potential for emergency disposal of swine and cattle. CFIA contracted with researchers in the
Department of Agricultural & Biosystems Engineering at lowa State University (ISU) to assess
the feasibility of using plastic-wrapped composting for emergency disposal of swine.

Specific research questions to be addressed by the CFIA/ISU research included:

1. Will simultaneous use of an impermeable plastic bio-security barrier, passive ventilation
through relatively small pipes, and unturned piles suppress moisture evaporation thereby
causing significant leachate accumulation during swine composting?

2. Will the envelope materials typically available to swine producers (cornstalks, oat straw,
corn silage, soybean straw, alfalfa hay, and wood shavings) retain their ability to: 1)
transport O, and water vapor; 2) generate and sustain elevated temperatures; and 3)
decompose large carcasses; during extended periods of unturned composting inside a
plastic-wrapped compost matrix?

3. What are the critical factors affecting the performance of the passive ventilation duct
system, and how do they impact air movement, O, concentrations, and internal
temperature? and

4. Can volatile organic compounds (VOC's) released by decaying carcasses and envelope
materials be monitored to more safely track the decomposition of pathogenically
contaminated carcasses without removing the plastic bio-security barrier and partially
excavating the pile?

Materials & Methods

Test Units

Field composting trials were carried out in 2m X 2m X 1.2m (high) test units (Figure 1A & B).
These dimensions were planned so that test units could accommodate 225 kg (500 Ib) of swine
carcasses plus an appropriate mass of envelope materials, and so that these inputs could be
weighed each week during the composting process to determine changes in total mass and bulk
density. Test units were weighed by placing hydraulic jacks on four portable electronic scale
pads (part # S-W1120, 6800 kg capacity each pad ) manufactured by Schrran Engineering, Inc.
(Griswold, IA) for weighing trucks, grain wagons and other heavy equipment.
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Figure 1. Replicated test units (A), cross-section of loaded test unit & instrumentation (B), test
unit being weighed to determine mass loss (C), swine carcasses (wrapped in plastic netting) in
test unit among vertical thermocouple and gas sampling tubes (D).

By extending the jacks sufficiently to raise each corner of the loaded test unit a few millimeters
off the ground, the weight of a test unit was transferred to the scale pads allowing it to be quickly
and safely weighed (Figure 1C). The floor and sides of the test units were insulated with 5-cm
thick Styrofoam insulation to reduce heat loss and simulate conditions within the core of a larger
compost pile. Test units were passively aerated (to simulate the CFIA model for bio-secure
composting) through 10-cm diameter perforated drainage tubing embedded in a 30-cm thick
layer of envelope material placed in the bottom of each unit. Three aeration tubes were
installed in each test unit at 0.5 m horizontal spacing intervals (Figure 1B & C).

Test units were lined with a waterproof membrane, to retain leachate, and covered with plastic
sheeting to simulate the CFIA bio-secure emergency composting procedure. Each test unit was
loaded with approximately 225 kg of pigs each weighing 45-65 kg. The carcasses were placed
on top of the 30-cm base layer, and covered with an additional 60 cm of the same envelope
material used in the base. Each swine carcass was loosely wrapped in coarse plastic netting to
facilitate recovery and weighing of remains at the end of the trial (Figure 1D).






3rd International Symposium
on Management of Animal Carcasses,
Tissue, & Related By-products U.C. Davis July 21-23, 2009

Experimental Design

To observe the effects of seasonal ambient air temperatures, tests were conducted during cool-
and warm-season trials lasting eight weeks. Warm-season trials were begun in June and
August of 2007, and cool-season trials in November of 2006 and April of 2008. Three envelope
materials were tested during each seasonal trial, and each material was triple replicated
resulting in a total of nine test units in each trial.

To observe the effects of initial moisture content, envelope materials used in trials 1 & 3 had low
initial moisture content (15-30% w.b.), typical of baled bedding materials stored in sheltered or
partially sheltered conditions. In trials 2 & 4, the same materials were pre-moistened to bring
their initial moisture content into the 40-65% w.b. moisture range generally recommended for
composting. The exception was corn silage (trials 1 & 2) which is an inherently moist material
that exceeded 65% w.b. during trial 1.

Although it would have been desirable to test all six materials simultaneously to expose them to
exactly the same ambient temperatures, this was impractical due to the large quantities of swine
carcasses and envelope materials, experimental space, instrumentation, and personnel that
would be needed to construct and monitor 18 test units at one time. Average daily temperature
during the first 30 days of trials 1, 2, 3, and 4 were 4.4, 22.4, 20.5, and 13.7 °C respectively.

Instrumentation and Data Collection

Temperature & Heat Production

Internal temperature data for each type of envelope material were logged at two-minute
intervals at 27 locations in each test unit (nine thermocouples in “bottom” layer beneath
carcasses, nine in middle layer surrounding carcasses, nine in “top” layer covering the
carcasses). Temperatures were aggregated to obtain hourly and daily averages at each point,
and daily whole-layer values were calculated by averaging daily average temperatures at the
nine monitoring locations in each layer.

Since seasonal field trials did not permit evaluation of internal temperatures under identical
conditions of ambient temperature and initial moisture content, supplemental lab scale studies
were conducted to further evaluate the ability of envelope materials to generate and retain heat.
Swine tissue samples (10 cm diameter X 1 cm thick consisting of muscle, adipose tissue, and
hide ) weighing approximately 56 grams were enveloped in approximately 0.7 L of envelope
material and incubated in OxiTop respiration bottles at 45 °C for 10 days. Tests were triple
replicated, and envelope materials were pre-moistened to 15, 25, 35, and 60% w.b. to quantify
microbial activity associated with a broad range of potential initial moisture conditions. Oxygen
uptake rates were evaluated at two-day intervals, and total oxygen uptake (TOU) was calculated
for the 10-day test period. Since the lab studies were incubated, no meaningful temperature
data could be collected for the various materials, but heat production from biological activity has
been shown to be directly proportional to oxygen uptake (13.6 kJ/g O,, Haug, 1993) (14 kJ/gO,,
Finstein, Miller, and Strom, 1986) allowing the oxygen uptake data to be used as a reliable
measure of microbial heat production.

O,

Internal O, concentrations were monitored each week at the same locations where
temperatures were measured. Data were averaged to obtain mean weekly O, concentrations
for each layer, and the percentage of sampling events (by layer) that failed to meet desired O,
concentrations of 5% and 10% was used as a measure of O, transport performance for each
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material. All tests units in trial 1 were operated with three passive aeration ducts, as were silage
test units during trial 2. Results from trial 1 showed, however, that envelope materials other
than silage could maintain acceptable O, levels using only one aeration tube, and subsequent
O, data collected from non-silage test units in trials 2, 3, and 4 were obtained using only a single
functional aeration duct (others were capped) in the base of each test unit.

Moisture Content

Envelope materials were sampled and tested for moisture content at the start, mid-point, and
end of each two-month field trial. During each sampling event, three samples of envelope
material were collected from layers directly beneath (“bottom”), surrounding (“middle”), and
above (“top”) the swine carcasses.

Carcass Decomposition

Carcass decomposition in the field was quantified by weighing carcasses and their remains in
each test unit at the beginning and end of an 8-week composting period. Carcasses were
individually wrapped in coarse plastic netting to facilitate recovery and weighing of remains at
the end of each trial. The focus was on soft-tissue decomposition since little if any skeletal
decomposition was observed during the 8-week trials. Research by Kuhn et al. (1997)
concluded that bone weight in pigs is typically about 12% of total body weight. Using this
information, decomposition was calculated as a percentage of initial soft tissue wet weight which
was calculated at 88% of total initial weight.

Lab-scale study of soft tissue decomposition was also carried out during the previously-
described tests of oxygen uptake and heat production potential. By carefully weighing swine
tissue sample mass at the beginning and end of the 10-day respiration tests, it was possible to
calculate and rank decomposition within various envelope materials under identical conditions of
ambient air temperature and initial envelope moisture content.

Timing and Concentration of Animal Tissue VOCs

Volatile organic chemicals (VOCS) released during swine tissue decomposition were sampled
and analyzed to determine if their type, timing, and concentration can be used to monitor
completion of carcass degradation inside of plastic-wrapped composting operations. During
field trials, gas samples were collected on a weekly basis from sampling ports located at the
center of field test units (equidistant from all side walls) and within the bottom, middle (carcass),
and top layers of compost. This sampling was done at the same locations used to monitor O,
concentrations in the center of the pile. During trial # 4, gas samples also were collected from
the bottom and top aeration ducts to determine whether these easily accessible locations are
reliable sampling points that can be used during emergency disposal operations when
installation of sampling ports and lines may be impractical due to time and economic
constraints.

Since full scale carcass decomposition in the field is complex, difficult to control, and was often
incomplete at the end of the 8-week field trials, bench-scale studies were conducted in the lab to
help identify and distinguish between VOCs resulting from animal vs plant tissue decomposition,
and from aerobic vs anaerobic processes. The lab studies also provided data on the temporal
pattern of VOCs as animal tissues approach complete decomposition.

For the lab tests, a small swine carcass (bones, internal organs, skin) was ground to produce
representative tissue samples. Animal tissues and envelope materials (same as those used in
field studies) were composted separately, and combined, under both aerobic and anaerobic
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conditions, in thermostatically controlled incubators programmed to simulate time/temperature
sequences (ranging from 22 — 67 °C ) in the core of previous full scale mortality composting
research trials.

VOCs from both field and laboratory gas samples were concentrated using solid phase micro
extraction (SPME) techniques in which volatile organic chemicals are adsorbed onto fine carbon
fibers that have been exposed to process gas samples. The carbon fibers were then analyzed
using GC-MS analytical techniques to determine the type and concentration of constituent
VOCs in gas samples. Details of the SPME sampling and analysis techniques developed for
field and laboratory samples during this project are provided in manuscripts by Akdeniz (2008),
and Akdeniz et al (2008, 2009).

Results and Discussion

Moisture Content
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Figure 2. Moisture content in bottom layer of each test unit (N=3), by trial and envelope
material, at beginning (time = 0), middle (time = 1 month), and end (time = 2 months) of each
trial.

Since test units were loaded with approximately 225 kg of carcasses containing an estimated
150 L of water (65% moisture), initial expectations were that the plastic bio-security barrier
enveloping the piles would hinder evaporation of moisture released by the carcasses, leading to
accumulation of chemically- and biologically-contaminated leachate in the base of the test units.

Despite release of water from the carcasses, moisture levels declined during the course of most
trials (Figure 2). In the layer containing the carcasses, statistical comparison of moisture
content at 0 and 2 months (beginning & end of trial) indicated a significant (p < 0.01) decline in
average moisture content of all materials of nearly 7 percentage points. In the bottom layer
where gravity aided accumulation of excess moisture was expected, final moisture levels
averaged about 5 percentage points lower than initial levels (p<0.05). For all materials but one
(silage, trial 1) average moisture at the end of two months was below 65% — the level where
aeration problems and leachate production are likely to occur — even when materials were pre-
moistened (trials 2 & 4) to bring their initial moisture content into the desired 40-65% moisture
range. No significant leachate was observed when test units were dismantled, and carcass
remains frequently appeared to be desiccated. These observations indicate wicking of carcass
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moisture into adjacent envelope material, and significant air movement and evaporation from
the compost matrix.

0O, Concentrations

The minimum O, concentration necessary to support aerobic composting is typically considered
to be 5% (Rynk,1992) and concentrations above 10% are preferred. Failure to meet these
minimum and preferred O, concentrations for composting occurred only in test units using silage
as the envelope material (using 3 aeration ducts at 0.5 m spacing). O, concentrations in all
other materials exceeded the 5% and 10% levels at all times and in all layers (using 3 aeration
ducts during trial #1, and only one aeration duct during trials 2-4).

During trial 1 (cold), O, concentrations in the bottom and middle layers of silage test units were
below the 5% minimum during 27% of sampling events, and below the preferred O,
concentration (10%) in 67% of sampling events. During the warmer trial 2, O, in silage always
exceeded the 5% minimum, but fell below the preferred 10% O, concentration 4% of sampling
events. The failure of silage to meet O, requirements during trial 1 is believed to have been
caused by high mean initial moisture content (~75%), and to unusually cold temperatures that
caused the upper layers of the test units to freeze. At such high moisture content corn silage
loses its mechanical strength, resulting in significant settling and compaction that impairs air
movement through the composting matrix. During trial 2, external air temperatures were at or
above 20 °C and initial mean moisture content of the silage was slightly below 60% which is
more favorable for retention of mechanical strength and maintenance of matrix porosity and gas
permeability.

Internal Temperature

Field temperature data were evaluated in two ways. The ability of different envelope materials
to quickly develop elevated temperatures — and hence to rapidly inactivate pathogens — was
evaluated by calculating and comparing Tz values within the compost layer surrounding the
carcasses (middle layer). Taq is defined as the mean daily temperature throughout a whole
layer (N=9) during the first 30 days of composting.

Envelope materials also were ranked on the basis of their ability to achieve U.S. Environmental
Protection Agency (USEPA) Class A and Class B time/temperature criteria for pathogen
reduction. Class A criteria require sustained temperatures of 55 °C or greater for at least 3
consecutive days. Class B criteria call for sustained temperatures of at least 40 °C for five or
more consecutive days, AND temperatures must exceed 55 °C for at least 4 hours during this
period.

Early Development of Elevated Temperature (Field Tsp)

Tsp data (Figure 3) reflect the ability of each envelope material to produce and retain heat early
in the composting process before pathogen populations have time to adapt to higher
temperatures. The observed temperatures reflect the combined result of a material’'s
biodegradability, gas permeability, thermal conductivity, and specific heat capacity. Two-way
ANOVA models for Tag in the carcass (middle) layer were developed using envelope material,
air T, ,middle layer initial moisture, possible interactions between the aforementioned
variables, and replication, as predictor variables. Four models with adjusted R? values ranging
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(Materials within a trial that have different letters are significantly [p< 0.05] different)
Figure 3. T3 in middle layer of all test units, by trial and envelope material.

Table 1. Least square mean values of Tzo predicted for middle layer of 6 envelope materials.

Material Predicted Ie_ast squares mean Ty in
middle layer (°C)

SILAGE A 52.5

ALFALFA A| B 41.4

SOYBEAN Al B 41.4

CORNSTALKS B|C 37.9

WOOD C

SHAVINGS 29.7

OAT STRAW C 30.1

Levels not connected by same letter are significantly (p< 0.05) different

from 0.81 to 0.92 were identified. The one that performed best (adjusted R* = 0.92, root mean
sq error 4.3) showed material type to have a strong effect (p< 0.0001) on T3 and yielded the
predicted least square mean T3o values shown in Table 1. These values fall into three distinct
ranges with corn silage having predicted average temperature greater than 50 °C; alfalfa hay,
soybean straw, and cornstalks in the second tier with predicted T3, around 40 °C; and wood
shavings and oat straw having the lowest predicted temperature of about 30 °C.

Heat Production Potential (Laboratory)

ANOVA modeling of TOU data indicated that initial moisture content of envelope materials had
a significant (p< 0.0001) effect on O, uptake. This general effect was anticipated, but what was
not anticipated was that a relatively modest increase in initial moisture provided significant
payoffs in terms of TOU and heat production. As shown in Table 2, raising initial moisture
content from 15% to 35% is predicted to nearly double O, uptake, bringing it to a level
equivalent to that observed at initial moisture levels of 60%. This finding has very useful
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Table 2. Predicted least square mean total oxygen uptake for four initial envelope material
moisture treatment levels. (Equivalent oxygen uptake in natural units of mg O, are shown to
provide a performance-based reference.)

Initial Moisture Natural Log Equivalent
Content % (w.b.) Least Sq Mean |Total O, Uptake
(mg O5)
60% A 3.63 37.8
35% A 3.43 31.0
25% B 3.15 23.4
15% C 2.82 16.8

Levels not connected by same letter are significantly different (p<0.05).

practical implications for emergency composting since moistening envelope materials to initial
levels of 50-60% as recommended in some composting literature can be difficult and time-
consuming and can increase the risks of leachate production.

Total oxygen uptake (and hence heat production potential) also was found to be significantly
affected by material type (p< 0.0001). TOU for oat straw, cornstalks, and soybean straw is
predicted to be 3 — 5X greater than for corn silage (Table 3) suggesting that the low internal
temperatures observed within oat straw, cornstalk, and soybean straw test units during field
tests is not caused by inherent inability of these materials to produce heat, but more likely by
heat loss associated with excessive air movement through them. Substantial differences in
airflow rate through different materials is further supported by previously discussed matrix O,
data showing that corn silage suffered low O, concentrations — even when supplied by three
aeration ducts spaced 0.5 m apart — while O, concentrations in other materials were
consistently high when served by only a single aeration duct. Considered together the field O,
and lab TOU data indicate that T3 performance (and Class A/B success rates) is likely to be
improved by restricting the cross-sectional area of inlets to the top and bottom aeration tube(s),
thereby reducing airflow and convective heat loss.

Table 3. Two-way ANOVA ranking of 10-day mean O, uptake at 45°C for six envelope
materials and four different initial moisture levels.

Material Natural Log Equivalent
Least Sq Mean |Total O, Uptake
(mg O5)
Oat Straw A 3.93 51.4
Cornstalks A |B 3.87 48.2
Soybean B 3.55 35.1
Wood Shavings C 3.06 21.5
Alfalfa C |D 2.72 15.3
Silage D 2.39 10.9

Levels not connected by same letter are significantly different (p<0.05).

USEPA Class A/B Success Rate

Table 4 shows the percentage of temperature monitoring locations — within the middle
(carcass) layer of each type of envelope material — that achieved USEPA Class A and Class B
time/temperature criteria for pathogen reduction. Silage test units had the highest rate of
success (85%) for achieving USEPA Class A. Cornstalk, with a success rate of 48%, was the
next best performer, and the remaining materials achieved Class A in less than 25% of
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Table 4. Success rate, by envelope material, for meeting USEPA Class A and B criteria for
pathogen reduction in the middle composting layer of all trials.

Success Rate (% of locations®
Material monitored in carcass layer)
Class A Class B
Silage 85.2% 90.7°
Oat Straw 24.1° 35.2°
Cornstalks 48.1° 48.1™
Wood Shavings 22.2° 33.3°
Soybean 27.8° 57.4°
Alfalfa 18.5° 44.4>
! 54 total locations were monitored in the carcass layer of each material (6 test
units per envelope material (3 warm season + 3 cool season) X 9 thermocouples in
the layer
Data within same class having different letters are significantly (p<0.05) different.

monitored locations. Class B success rates were generally higher than for Class A, ranging
from 91% for silage, to a low of 33% for wood shavings.

Carcass Decomposition

Decomposition in Field Test Units

Eight-week soft tissue decomposition of 45-65 kg swine carcasses within individual field test
units ranged from 61-93%. One-way analysis of variance showed material type to have a
strong (p< 0.0095) effect on tissue decomposition. As shown in Table 5, mean 8-week
decomposition occurred in three ranges: 85-87% for cornstalks and soybean straw; 81-82% for
alfalfa hay, wood shavings, and oat straw; and a low of 72% for corn silage. Decomposition
within cornstalks and soybean straw was significantly higher (p < 0.05) than decomposition in
corn silage, a somewhat surprising result in light of the consistently high internal temperatures
observed within corn silage trials.

Table 5. Mean and ranking of 8-week carcass decomposition within six emergency envelope
materials.

Material Mean Soft Tissue

Decomposition %
CORNSTALKS |A 87.2
SOYBEAN A 85.4
OAT STRAW A |B 82.3
WOOD SHAVINGS |A |B 81.2
ALFALFA A |B 81.1
SILAGE B 72.0

Levels not connected by same letter are significantly different (p<0.05).

As with the T3, data, two-way ANOVA models were used in an attempt to identify variables, in
addition to envelope material, that may have a significant effect on carcass decomposition.
Based on frequent field observation of desiccated carcass remains at termination of many field
trials, it was hypothesized that the incomplete carcass degradation may have been caused by
low terminal moisture. With this in mind, models were constructed using initial and final
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envelope moisture, ambient air T3, and internal T3, in the middle layer as predictor variables.
No strong multivariate models for decomposition were discovered, however, as none of the
models had adjusted R? values greater then 0.5, and envelope material was the only variable
found to be significant in more than one or two models.

Field observations on termination and dismantling of some wood shaving test units suggest that
decomposition estimates for this material may be somewhat high. Dark-stained shavings
beneath the carcasses appeared to indicate un-decomposed organic matter. It also was noted
that the total test unit weight loss was less than the weight loss of the carcasses alone,
suggesting transfer of un-decomposed carcass liquid and small particulates from the carcasses
to the envelope material. This phenomenon was observed only in test units using wood
shavings.

Decomposition in Controlled Laboratory Tests

Decomposition of animal tissue samples for each treatment was determined as a percentage of
initial mass. To determine the main effects of material and initial moisture on decomposition, as
well as possible interaction effects, a two-way ANOVA model was developed. Predictor
variables included material type, initial moisture level, material x initial moisture, and replication
number. Envelope material type had a strong effect (p<0.0001) on decomposition — the top
three performing materials (Table 6) were wood shavings, cornstalks, and oat straw — and all
are predicted to have significantly (p<0.05) higher decomposition than the poorest performing
materials (alfalfa and silage).

Laboratory decomposition rankings for the different envelope materials are similar to results in
the field. In both cases, cornstalks are highly ranked, and silage has the lowest decomposition.
The lab decomposition data also closely parallel the oxygen uptake data. Oat straw and
cornstalks had relatively high decomposition and O, uptake, soybean straw has an intermediate
ranking on both accounts, and silage and alfalfa have the lowest decomposition and O, uptake
rankings. Decomposition and oxygen uptake results for wood shavings disagree somewhat,
indicating only moderate oxygen uptake but high animal tissue decomposition.

Initial moisture also had a strong effect (p<0.0009) on tissue decomposition. The 60%, 35%,
and 25% initial moisture treatments had the highest decomposition (and were within 3
percentage points of each other). All were significantly higher than decomposition in the 15%
initial moisture treatment (Table 6). Like the field results, the lab results indicate that a relatively
small increase in the moisture of dry envelope materials can significantly improve
decomposition.

Table 6. Animal tissue decomposition during 10-day laboratory studies, as a function of
envelope material and initial moisture content.

Envelope Least Square Initial
Material Mean % Decomp. Moi:ture Least Square Mean
Wood Shavings |A 69.7 % Decomp.
Content
Cornstalks A 69.3
35% A 66.5
Oat Straw A 65.8
25% A 66.3
Soybean A B 64.9
60% A 63.8
Alfalfa B |C 55.7 15% B 565
Silage C 54.3 -

Levels not connected by same letter are significantly different (p<0.05)
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Performance of Passive Ventilation System

Although the passive ventilation system delivered adequate O, concentrations throughout most
test units, it failed to sustain the desired direction of airflow thorough the pile. This was an
unanticipated problem that led to undesirable odor emissions and may also have contributed to
excessive moisture loss.

The anticipated (and desired) airflow direction through passively-aerated bio-secure composting
operations is upward — entering the pile through ducts in the base of the pile, moving upward
through the carcass decomposition zone, and exiting through the vent at the top. This “up flow”
mode of operation carries water vapor and odorous decomposition gases into the relatively thick
layer of dry envelope material above the carcasses, creating and sustaining a moist bio-filter
where odorous compounds are absorbed and further decomposed.

Contrasting with this, in the undesirable “down flow” mode of operation air enters through the
top vent, passes through wet and highly odorous decomposition byproducts surrounding and
beneath the carcasses, and exits through the base ducts without benefit of bio-filtration to
remove odorous components.

Downward airflow also is likely to cause excessive evaporative loss of moisture since free
liquids released from carcasses during the early phase of decomposition drain downward into
envelope material beneath the carcasses and next to the base ducts. Downward airflow
through this localized wet zone vaporizes this water and discharges it through the base duct
rather than retaining it in the pile to support microbial activity.

The first evidence of problems with airflow direction was significant odor emission from base
ducts during the initial phase of carcass decomposition. Subsequent installation of
thermocouples in the ends of the top vents and base ducts of each test unit provided a way to
continuously track airflow direction. When base duct temperatures exceed those in the top vent,
this indicates that air warmed by the composting process is leaving the pile through the base
ducts, and that the top duct is acting as the inlet for cool external air.

Duct temperature data indicate that the airflow regime through test units is often unstable during
the early phases of composting, alternating between up flow and down flow conditions. Figure 4
shows cyclic fluctuations in flow direction observed within a soy straw test unit during trial # 3.

In this case, airflow direction changed three times during the first 30 days of composting.

Review of factors affecting airflow through chimneys and naturally ventilated buildings indicates
that velocity and direction of flow are affected by: the difference between internal and external
air temperatures (causing air density differences); difference in elevation between the inlet and
outlet ends of the flow path; obstructions along the flow path that impede airflow (envelope
material and carcasses); and by differential air pressures exerted by wind.

With the above factors in mind, indoor trials (to minimize uncontrolled effects of wind) were
conducted to better understand the predominant variables affecting airflow direction through the
composting test units. An artificial heat source (to simulate heat produced by composting) was
installed inside one of the 2m X 2m composting test units, and airflow velocity and direction
were measured when internal temperatures were 0, 25, and 40 °C higher than ambient air
temperature.

Two air inlet configurations were tested. In one, the ends of the base duct were at the same
height as the top duct. This is the typical situation (and easiest to install) where base ducts exit
over the top of the bin sidewalls. In the second configuration, holes were drilled through the
base of the bin walls so that the base ducts could exit the pile near ground level (about 1.2 m
below the top duct).
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Soybean straw #3
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Figure 4. Daily mean temperature of external air (“air”), and at the ends of the top (“VN”, “VS")
and base (“AE") ducts, exhibiting cyclic occurrence of up flow and down flow air movement
through a soybean straw test unit during swine composting trial #3.

Results of the indoor airflow trials showed that lowering the base duct inlet to ground level
increased upward airflow velocity slightly (relative to velocities observed when base duct inlet is
positioned at the top of the bin wall), but this increase was not statistically significant.

The difference between external air temperature and temperature within the compost matrix had
a significant impact on airflow direction and velocity. When internal temperatures were only 15
°C greater than in ambient air, downward airflow was often observed. As the internal/external
air temperature differential increased to 20 °C or higher, upward airflow was consistently
observed. These results suggest that when cool weather, dry envelope materials, or other
factors slow the development of elevated internal temperatures, it may be necessary to
temporarily cap or restrict the base duct openings to prevent emission of odor and reduce heat
loss caused by rapid downward movement of air through the pile. As heat loss is reduced,
internal temperatures will increase, thereby aiding establishment of the desired upward airflow.

Monitoring of VOC’s to Track Carcass Decomposition

During the bench-scale studies forty-three compounds were identified in the headspace of the
composting vessels. Three of these — dimethyl disulfide, dimethyl trisulfide, and pyrimidine —
were consistently found to be associated with decaying swine tissues, and were not produced
during degradation of any of the six envelope materials tested (same as used in field studies).
These marker compounds were detected regardless of whether swine tissues were decayed
aerobically or anaerobically. The highest emission rates of the marker compounds were
detected during the third week of the bench scale composting process, and they were not
detected (were below detection limits) after the 6™ week of the process (Figure 5).
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Figure 5. Emission rates of dimethyl disulfide, dimethyl trisulfide, and pyrimidine from bench
scale swine tissue composting test units (n=3) during aerobic decomposition.

In field trials a total of 55 volatile compounds were identified in gas samples collected from the
middle (carcass) layer. As in the bench scale tests, dimethyl disulfide, dimethyl trisulfide, and
pyrimidine were detected in all field gas samples regardless of the type of envelope material
used, or the internal temperature, bulk density, or moisture content of envelope materials.
These results show that the three compounds are reliable markers of swine carcass
degradation under widely varying field composting conditions.

Concentrations of the marker VOCs in the field followed temporal trends (Figure 6) similar to
those observed in the lab. The highest concentrations occurred during weeks 1-3 and then
gradually decreased. The main difference from the lab studies is that all of the marker VOCs
were detectible in the final (8") week of the field trials. Dimethyl disulfide was present in the
eighth week of all composting test units. Dimethy trisulfide was detected in the eighth week of
trials using wood shavings, soybean straw, and alfalfa hay. And pyrimidine was detected during
the final week in wood shavings and alfalfa hay test units. These detections are consistent with
previously mentioned presence of desiccated carcass remains at termination of most field trials,
a condition believed to have been caused by low initial moisture content and/or high evaporation
caused by over aeration of the piles.

During trial #4 gas samples were collected from the upper and lower ducts and compared with
those collected through sampling ports and airlines installed within the upper, middle, and lower
compost layers. Concentrations of marker VOCs within the carcass layer and the upper
aeration duct were found to be statistically the same, and significantly (p<0.05) higher than in
the other locations (Figure 7). These results suggest that — during swine disposal emergencies
when there may not be time to install special gas sampling ports and lines within the compost —
that monitoring of the upper duct can provide data that are comparable to those obtained in the
carcass layer. A caveat regarding this is that, as noted in the previous section on performance
of the passive ventilation system, airflow direction can switch from up flow to down flow when
internal temperatures are not much higher than ambient air temperatures. With this in mind, it
may be necessary to monitor both the upper and lower ducts.
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Figure 6. Average concentrations of marker compounds, and composting unit and ambient air
temperatures (n=3, DMDS: dimethyl disulfide, DMTS: dimethyl trisulfide, PR: pyrimidine) in
wood shavings test units. For clarity, standard deviations of the data are not shown.
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Figure 7. Comparison of five different VOC sample collecting locations in alfalfa hay composting
units of trial #4.

Conclusions

Results of replicated field trials during warm and cool seasons using six different envelope
materials showed that composting 45-65 kg swine carcasses in unturned plastic-wrapped piles
that are passively ventilated through small ducts did not result in excessive moisture retention.
Average moisture content of envelope materials generally declined, little or no leachate was
observed, and un-decomposed swine carcass remains appeared to be desiccated suggesting
excessive airflow through the pile.

O, concentrations in test units constructed with cornstalks, oat straw, soybean straw, wood
shavings, and alfalfa hay exceeded the desired internal O, concentration of 10% at all times in
all composting layers, even when supplied by only one 10 cm diameter ventilation duct serving
a 2m length of pile. Wet corn silage (initial moisture > 70% w.b.) failed to meet the minimum
allowable O, level of 5% about 25% of the time, and fell below the desired concentration of 10%
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during more than 65% of sampling events even though three aeration ducts were used in a 2m
length of pile. These results indicate that care should be taken to avoid excessively moist
material when selecting and using corn silage as an envelope material.

Of the six envelope materials tested, only corn silage reliably produced high internal
temperatures quickly and sustained them long enough to meet USEPA time/temperature criteria
for pathogen reduction. Average internal temperature during the first 30 days of composting
(T3o) in silage exceeded 50 °C, and silage test units met USEPA Class B time/temperature
criteria in 90% of monitored locations in the carcass layer. Cornstalks, soybean straw, and
alfalfa hay had predicted T3, values of about 40 °C, and were able to meet Class B criteria in
only 45-57% of monitored locations. Wood shavings and oat straw generated the lowest
temperatures with Tz values of 30 °C and Class B success in only about 35% of monitored
locations.

Laboratory measurements of O, uptake showed that cornstalks and oat straw — materials that
exhibited low T3g and Class B success — have potential to produce nearly 5X more heat than
silage, the material exhibiting the highest T3, values and Class B success in the field. This
suggests that the field performance of cornstalks and oat straw was likely to have been caused
by excessive airflow through the matrix, a condition that simultaneously removes valuable
moisture needed to stimulate microbial activity and heat production, and causes high convective
heat loss. It may be possible to significantly improve the bio-security of materials such as
cornstalks and oat straw by controlling the rate of passive air flow through them. Since these
materials are among the most plentiful and lowest cost envelope materials available to swine
producers in an emergency, additional field trials should be undertaken to investigate practical
airflow control measure that may improve their ability to inactivate pathogens.

In field tests, carcass soft-tissue decomposition ranged from 72-87%. Silage, which had the
highest internal temperatures, had the lowest decomposition rate which was significantly lower
than for cornstalks and oat straw. Similar results were seen in laboratory tests where
decomposition in oat straw and cornstalks (66 & 69% respectively) were significantly better than
in silage and alfalfa hay (54 and 56% respectively).

Both heat production and soft tissue decomposition were significantly improved by only modest
increases in initial moisture content. Tissue decomposition was significantly improved — to
levels equivalent to those attained at initial moisture content of 60% — by increasing the
moisture content of initially dry materials (15%) to an initial moisture level of 25%. Similarly,
heat production was improved to that observed at 60% by raising initial moisture from 15% to
35%.

Plastic-wrapped and passively ventilated composting systems may experience periods of
downward (top to bottom) flow resulting in undesirable emission of odor and excessive loss of
moisture during the early stages of carcass decomposition. Additional research is needed, but
preliminary tests indicate that maintenance of internal temperatures that are at least 20 °C
greater than ambient air temperature is the most effective way to prevent down flow.

Sampling of gases emitted during decomposition of swine tissue and envelope materials — both
in the field and during laboratory tests — showed that dimethyl disulfide, dimethyl trisulfide, and
pyrimidine are three VOCs that reliably indicate decomposition of animal tissues regardless of
the mode of decomposition (aerobic or anaerobic), internal temperature, or type or condition of
envelope material used. It is believed that the presence or absence of these chemicals can be
used to determine completion of carcass decompaosition inside bio-secure composting
operations without the need to remove the plastic bio-security wrap and excavate the pile.
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= The USDA Natural Resources Conservation

Service (NRCS) has a long history of helping Em ergency Res ponse:
producers to identify and prepare sites for disposal Recent response to disasters in the US has led NRCS to consider its role and responsibilities in
of animal mortality. this area.

NRCS has become a member of the National Science and Technology Council’'s (NSTC)
Foreign Animal Disease Threats (FADT) Subcommittee.

Technical and Financial

NRCS is working on a Standard Operating Procedure that will be added to Agency policy to give

ASS Istance: direction to field staff on handling mortality that results from a disaster.
= Technical assistance for design and
development of mortality handling facilities has The NRCS support role to both the Army Corps of Engineers and the Animal and Plant Health

&%er?aﬁt‘;,agzgliﬁt;oégﬁ‘égrregiiﬁrg:Qégléghsttgié;ﬁ“al Inspection Service in regards to Emergency Support Functions (ESF) 3 and 11, has been

(316) and the Composting Facility Conservation defined.
Practice Standard (317).
Through these support functions, NRCS has been tasked to provide mortality disposal assistance
in both hurricanes Katrina and Ike.

= Since FY 2004, NRCS has provided technical

and/or financial assistance on over 1800 Animal ] . — . . :
Mortality and 6100 Composting facilities. The Agengy sees |ts ro!e, when taslked in emergency situations, as supplying technical assistance
for burial site identification and design.

NRCS Financial Assistance for Mortality:
fop Web Soil Survey Tool:

Payments made on Active/Completed Contracts by Conservation Practice and Payment Fiscal Year
Contract Fiscal Years 1997-2008

Tools for identifying suitable soils for burial have been developed and are being put into place
Fiscal through the NRCS Geospatial Development Center.
Practice Name Code 2004 2005 2006 2007 2008 Total

Web Soil Survey (WSS) provides soil data and information produced by the National Cooperative
Animal Mortality Fadility o6 SRSl GLESG SecoT| ST SO SS%646 Soil Survey. NRCS has soil maps and data available online for more than 95 percent of the
Composting Facility 317 $2,034,652 $3418,201 $6,162,735 $5,570,555. $4,876,044. $22,062,187 L, N . N N N
nation’s counties and anticipates having 100 percent in the near future. The site is updated and
maintained online as the single authoritative source of soil survey information.
AMA
Payments made on Active/Completed Contracts by Conservation Practice and Payment Fiscal Year Available at:

ContractFiscal Years 19972008 http://websoilsurvey.nrcs.usda.gov/app/HomePage.htm

Fiscal
Practice Name Code 2004 2005 2006 2007 2008 Total
Composting Facility 3 $0 $11,922 $9,936 $0. $1,764 $23622
Source: NRCS Protracts 01 10 2009
TOTALS
Composting Facility Total (EQIP & AMA) 317 $22085808
Animel Mortality Fecility (EQIP) 316 $3964634
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Ultimate goal

« To find biosecure markers of swine carcass degradation

<+ To develop a sampling and quantification method that can be used to

test completion of an emergency swine carcass composting process
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< Limitations
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\~Z‘ lllegal dumping problem

lllegal dumping,

[ Animal mortality composting W

« Daily and emergency disposal of carcasses

< Avian Influenza H7N3 Strain Outbreak, British Columbia, 2004

«» 1.25 million infected birds
| * Disposal strategy switched to on-farm composting
-

{ Studies to monitor VOCs from composts
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[ Monitoring composting process

K not necessarily
indicate completion of
carcass degradation

» Temperature
% Moisture
“ 0,&CO,

Originality of the study

NEW METHOD!

< VOC measurements

e
/~:~ To measure swine mortality VOCs
< To test completion of the swine carcass degradation
< New SPME method developed

N

« Developed method tested for full scale composting operations

< Regular sampling during 60 days
« 6 different plant (envelope) materials
« 3 different sampling locations
« Laboratory and field studies
«+ Aerobic and anaerobic conditions
\_ % VOC emission rates are reported

N

1%t objective

Method development to sample and quantitatively analyze VOCs from
field scale swine mortality composting operations
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2"d objective

31 objective

l

Laboratory scale composting studies to find biosecure marker VOCs of |
decaying swine carcass tissues

Field scale composting studies to test completion of swine carcass
degradation using biosecure marker VOCs
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Pyrimidine, dimethyl disulfide, dimethyl trisulfide are
biosecure marker compounds

Effect of temperature on SPME

Calibration curves
R2+94-99%
RSD~0.22-6.15%

Emission rates
L

Aerobic Anaerobic

Respiration rate:
3.25£0.12 mg CO,-C/g VS*d (stable compost)

Test unis Carcans Resgiration rate
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Corn stalks = Oat straw>Corn silage s Soybean straw>Alfalfa hay> Wood shavings

General conclusions

-
/*1* Dimethyl disulfide, dimethyl trisulfide, and pyrimidine were found to be prcduch
during degradation of swine carcass tissues but not produced from decaying plant
(envelope) materials (marker compounds)
< 85 ym CAR/PDMS was shown to extract the highest amount of marker
compounds at 1 h sampling
< It was possible to detect analytes at low concentrations. Method detection limits
were ranging from 0.01 to 580 ppbv
<+ Laboratory studies showed that marker compounds could not be detected when
the respiration rates of the carcasses decreased to 3.25 mg CO,-C/ g VS*d
<+ Field studies showed that when carcass degradation was incomplete, detection
of marker compounds was still possible in the 8" week
< In the 8" week, the highest concentrations of marker VOCs were detected from
test units with the lowest carcass decomposition and highest respiration rate
\ % Marker compounds were produced from all composting units regardless of the
\planl material used, moisture content, porosity and temperature
-

This project was funded by the Canadian Food Inspection Agency through a grant from the Canadian Research & Technology Initiative (CRTI project # 04-0052 R).
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Introduction:

Compost is being more freq y for (ol carcass mortality
management throughout the USA. Routine carcass composting has been
demonstrated to work well in all Northeastern United States weather conditions.
However, a zoonotic disease outbreak with multiple carcasses has never been
simulated in the Northeast under winter weather conditions. Adverse weather

itions increase for and people. The Maine Department of
Agriculture Food and Rural Resources (Dept. of Ag) developed and conducted a
field exercise simulating a Foot and Mouth outbreak on a dairy farm in November of
2008. The exercise concentrated on the disposal of the carcasses and
decontamination of equipment and personnel.
The Maine State Emergency Disposal plan recommends composting for large animal
carcass of weather ti

Objectives:

The field exercise had two primary objectives related to carcass composting:

1. Observe the effects of cold temperatures when mass carcass composting
2. Practice the Maine State Emergency Disposal plan

Methods:

Pile Construction: November 21t 2008
The Maine State Emergency Plan compost method:
* An 18-24 inch bed of dry carbonaceous material, combination of waste feed, heifer

bedding and wood shavings, was used to make a 10” wide X 40’ long windrow.
(Figure 1)

Material for the bed was premixed 24 hours prior to the exercise. (The planning
committee made the assumption that at least 24 hours would be available to gather
resources for a large mass ia, compost and ination.)

Pile was constructed using a excavator with a grader blade and “thumb”.

Pile was hand shaped with rakes (two people)

Animals, 10 cows, 1 pig, and 3 calves, where placed feet to back in the pile (see
reference diagram for multiple carcass lay out (Figure 2) using an excavator with a
“thumb”.

Most of the carcasses were covered with 24 inches of hot (130° F) municipal sludge
compost material (Figure 3). The sludge compost was from the Lewiston- Auburn
Water Pollution Control Authority and had met all pathogen reduction requirements.

The end of the pile was 60-70% sawdust for cover material. This was done by the
farmer to use up the contaminated material. (Note: the sawdust had been used to hold
carcasses for two days prior to the exercise.)

Carcass and pile were i for vectors and frequently (at 4 pile
locations) for 7 weeks.

Piles were opened (using hand tools) on February 10th and February 18th to determine

e Of e carcasses (Figure 4).
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Figure 2: Digram for Carcass Windrow

Figure 3: 24” of sludge compost cover
material. Heat from the pile melted the
snow on top of the pile.

MAINE 2008 FMD EXERCISE
THREE FOOT PILE TEMPERATURES AT DIFFERENT LOCATIONS

TEMPERATURES (F)

DATES

I ¥ N
Figure 5: Carcass mortality pile excavation
at location 4 on February 10t 2009.
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Figure 6: Carcass mortality pile excavation
at location 2 on February 18, 2009.

Observations :

« Pile temperature reached 123°F at locations 1,2&3 despite ambient
temperatures fluctuating between 40°F and 10°F (Figure 4)

*There was a significant ice and snow storm 10 days after the pile was formed.
«Temperatures at location #4 where noticeably different then the other locations.
When the pile was opened this location had significantly more sawdust as the
cover material (Figures 5 and 6).

«Locations 1,2 3 cover was 100% sludge compost. Location 4 was 60-70%
sawdust (Figure 5). The sawdust limited biological activity compared to the
biosolids.

*The pile was not anaerobic but did not appear to be as active as indicated by
pile temperatures.

«Carcass material at location 4 was less decomposed (Figure 5) Carcass
material in sawdust still had significant soft tissue.

*The bones at location 2 were relatively clean and dry (Figure 6) Little or no
identifiable soft tissue was observed with sludge compost cover material.

*Bones in the sludge compost were pitted and brittle.
«Pile height was reduced about 2.5 ft over the 3 month observation period.
*There was vector disturbance on the end pile of the where the farmer added

an additional mortality without enough cover material. No evidence of vector
activity was observed in the properly constructed portion of the pile.

Conclusions:

*The Maine State Carcass Emergency Plan for disposal worked well using
municipal sludge compost in cold weather conditions.

*An i with a hydraulic thumb operated by a skilled operator
was key to the success of the exercise.

* Sawdust pi odor emissions and moisture but does not allow

the carcass to decompose as rapidly.

*Using 24 inches of cover material is important even in the winter.

*Material was field applied and incorporated in May 2009. Farmer was skeptical
about the bones but was very pleased after his tillage operation. No bones were
visibly present.

Implications:
Environmentally sound method of carcass management which can be used in
a wide variety of conditions and situations.

«This process has gained widespread acceptance among Maine's livestock
producers for routine and catastrophic carcass management.
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Disposal of fallen livestock: the farmer’s perspective :
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Introduction:

Since the implementation of EU Animal By-product regulation 2002/1774 preventing the open-
burning and burial of fallen livestock, a traditional method of fallen livestock disposal within the UK
became illegal. The regulation was developed due to the potential risk of transmission of Bovine
Spongiform Encephalopathy (BSE). BSE is transmissible to different species via oral ingestion of
infected material. BSE transmission to humans has been linked with the development of variant
Creutzfeldt-Jakob disease.

Alternative disposal methods of fallen livestock can be very expensive and often involve collection
companies entering the farm whilst transporting other fallen livestock, increasing the farms
biosecurity risk. The National Fallen Stock Company (NFSCo) was established by the U.K.
government in November 2004 to subsidise the cost of disposal to farmers who joined the
scheme. This was an attempt to increase farmer compliance to the new EU legislation. Initially
the subsidy paid half of the disposal costs, but this level has gradually been decreased. NFSCo
withdrew the subsidy in November 2008.

There have been concerns that illegal disposal has continued since the introduction of EU
legislation and with the cessation of the subsidy this may increase. Disposal of other animal by-
products (ABP), for example aborted foetuses and placentas, should also be disposed of via
approved disposal methods and not disposed of on-farm.

Results:

First questionnaire:

Over thirty six percent of farmers responded to the first questionnaire, with 75.5% of respondents
having joined NFSCo.

Preferred method of disposal of fallen livestock is shown in Figure 1. Respondents preferred to
use knackers’ yards, followed by incineration plants, renderers and then hunt kennels as their
main method of disposal.

The results showed that 11.34% of respondents admitted that they still use illegal methods to
dispose of their fallen livestock. The number of respondents who reported using these methods
are shown in Figure 2 per county. lllegal disposal methods recorded were burial, open-burning,
carcasses left on hills to feed wildlife and disposed of in earth-based tanks.

Farmer’s opinions for future methods of carcass disposal include changes to legalisation to allow
burning/burying fallen livestock or the development of on-farm methods of disposal that could be
approved by the EU.

Results:

Second questionnaire:
The response rate to the second questionnaire was 50%.

For the disposal of different ABPs the legal methods of disposal included collection from farm or
on-farm incineration, whilst illegal methods of disposal included burial on-farm or placed on the
muck heap. These results are shown in Figure 3. There was a significant difference (P<0.001)
between the frequency of use of legal and illegal disposal methods. All fallen livestock and the
majority of aborted foetuses/stillborns were recorded as being disposed of legally, with illegal
disposal mainly associated with placentas.

lllegal disposal recorded per county was shown to be significantly different (P<0.05) but not at a
country level. Farmers in Shropshire, Staffordshire and Conway were less likely to use illegal
disposal compared to those in Cheshire, Ceredigion and Dumfries & Galloway. There was also a
significant difference (P<0.05) with the disposal methods used by farmers of different species of
livestock. Dairy and beef farmers were more likely to use illegal disposal methods than sheep
farmers.

Aim:

Two different questionnaires were developed to establish how farmer’s currently dispose of fallen
livestock and ABPs, level of membership of NFSCo and their attitudes towards current and future
disposal methods.

Methods:

The first questionnaire was sent to 700 livestock farmers in July 2008 living in the counties of:

«  Cheshire, Shropshire and Staffordshire in England;
« Ceredigion and Conwy in Wales;
«  The Scottish Borders and Dumfries and Galloway in Scotland.

Farmers were chosen at random within each county and the questionnaire addressed:

« The frequency they choose to use each disposal method

« Estimated level of on-farm mortality per species

« If they were a member of NFSCo

« How they consider fallen livestock disposal could be improved

The second questionnaire was sent to 90 respondents from the first questionnaire who had
indicated that they would be willing to participate in a further study. The second questionnaire
was distributed in March 2009 and asked respondents their:

« Chosen disposal methods for adult and young fallen livestock, aborted foetuses/stillborns and
placentas

+ Reasons for using preferred disposal method(s)

« Opinion of on-farm storage methods for fallen livestock

« Current perceptions of on-farm storage/bio-reduction methods

The information was then analysed using SNAP and GenStat version 11.
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Figure 3 Frequency respondents use each disposal method for each category of ABP

Figure 1 The frequency respondents choose to use each disposal method
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Figure 2 The number of respondents who chose to use illegal methods of disposal/county

Implications:
First questionnaire:

Non-compliance to EU ABP regulation appears to be occurring across the country in July 2008,
prior to the withdrawal of NFSCo funding. With NFSCo subsidy withdrawn since this questionnaire
was produced, non-compliance may have increased due to the current economic recession further
increasing the cost to producers.

Second questionnaire

Non-compliance is also apparent with the disposal of other ABPs. Although no respondents
identified using illegal methods of disposal for fallen livestock, this conflicted with 6 respondents
choosing illegal disposal methods in the next question. The physical similarity between aborted
foetuses/stillborns and young livestock may account for the legal disposal of these ABPs.

lllegal disposal of placentas were mainly disposed of on the muck heap. This could lead to
disease transmission, in particular campylobacter, enzootic (chlamydial) abortion, scrapie and
brucellosis. There was a significant difference (P<0.05) in disposal methods between the counties
but not at a country level. This would imply that respondent’s choice was not dependent upon the
availability of disposal methods locally or lack of knowledge within certain areas, but their personal
preference.







Mass Carcass Burial Site Identification in Western Canada

Principal Investigator: V.R. Klassen 39 |nternational Symposium on
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Introduction Buffer Distance Criteria Determined by Air Photo of Site Field Investigation - Continued
Provincial Committee M Can be eventually added into the GIS as a layer M Send out drill rig for verification of EM survey.
B Mass carcass disposal may be required for... (i.e. orthophoto). . 3 ) _—
B Exclusions include: M All sites must be drilled to confirm suitability.
- Disease outbreak (FMD) - national parks
- Natural disaster (fire, flood, tornadoes, etc.) - cemeteries
- Welfare slaughter (border closure) - flood-prone zones
M Burial is the best disposal option when other - land
methods such as rendering, composting, slope
landfill, or incineration aren't suitable or
exceed capacity. 1 9 13
Getting Started Process Flow Chart Next Steps Soil Analysis
. . . X H Collect soil samples for
W First step in the process is to establish a @ Collect g‘f}'c':]}g"e . 1. Identify desired distribution of burial sites laboratory testing and
Provincial Committee which includes the CEEED Regions and “zones" for investigation: produce testhole log.
Department or Ministries of Agriculture, - High cattle d
Environment, Water Stewardship, Health, | | 1o catle densty versus
EMO, and others. - Even geographic distribution
tability Map
W The Committee develops criteria, such as 2. Use GIS to produce lists of potentially
geotechnical, geological and setback buffers for I suitable sites within each zone.
screening sites (CFIA - disease control, AESB -
technical advisor for aquifer protection). Add Symbolize 3. Narrow down sites on basis of orthophotos
> (Sigliiy ) > By and GIS data.
Column Suitabi
Surficial Geology of Saskatchewan Final Suitability Risk Map Next Steps - Continued End Result
Surfcil Geology Classes site Fa o P — 4. Site inspection W Sites are designated as suitable for carcass
- Site Specific burial if they meet all geotechnical, geological
B GIS maps of surficial ' Absence of rees and other obstacles and buffer criteria.
geology can be W No utiities (underground or overhead)
transformed into risk m Preferably away from public view M Pre-approved sites are required for aquifer
maps wnh_ interpretation m Out of view of local residences protection and are a critical_element of
by an engineering emergency response planning.
geologist and a - : o iy cal t1ay) el
geotechnical engineer. e (e oy ) el W Risk maps can also be used to check for
TR . N on-farm burial if transportation of carcasses
Sene: 1240000 m Permeability coefficient of less than 1 x 107 cm/sec isn't appropriate but pl())tential sites still need
3 7 . ‘e’gﬂ;‘zf’"”""“’a‘e’ - below base of pit (aquifers 11 to be drilled to confirm suitability. 15

Example of Possible
Vacant Crown Land Site
M Clicking the map will cause a popup window to appear
with the attributes of the surficial geology beneath the
cursor. D o

Surficial Geology of Agricultural Regions
- Data Table

Field Investigation

M Electromagnetic (EM)
surveys help delineate
subsurface soil material
changes.

Contact Information

Potential suitability
rating assigned as:
S = stitable Vic Klassen P.Eng, M.Eng
Senior Geotechnical Engineer
vic.klassen@agr.gc.ca

(306) 780-8703

M Testhole locations are
determined on the basis
of the EM map.

P = possibly suitable

N = not suitable

i

Scale: 1:20,000







Background:

= The Decision Support Tool (DST) grew from EPA'’s
research on disposal of debris resulting from natural or
intentional disasters and preparedness planning

= Further versions have been developed in support of
National Homeland Security Planning Scenarios
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CoIIaborators and Partners:
ERG is Primary Contractor
= EPA
» Office of Emergency Management
» Office of Resource Conservation and Recovery
»National Homeland Security Research Center
»National Decontamination Team
»Environmental Response Team
»Office of Water
» Office of Radiation and Indoor Air
= Other Federal Agencies
»Department of Homeland Security
»U.S. Department of Agriculture
»U.S. Army Corps of Engineers
»U.S. Department of Energy
»U.S. Department of Transportation
»Federal Emergency Management Agency
»National Institute of Standards and Technology
= State Agencies
= Waste and Water Industry Groups
= Professional Organizations

Target Audience:

EPA Response Community
»On-scene Coordinators and Removal Managers
»Environmental Response Team
»National Decontamination Team

= State and Local Agencies
»Emergency Planners

»Public Health
»Environmental Protection
»Transportation

= Facilities

»Combustors/incinerators
»Landfills
»Building owners/managers
»Water infrastructure

Potential Applications:

= Training, Planning & Exercise Tool
»Supports State & Local Homeland Security (HS)
Planning IAW National Planning Scenarios (NRF, 2008)
» Allows multiple scenarios to be examined
»Encourages discussions with facilities prior to event
»For use in design or evaluation of HS Exercises
involving disposal & recovery

= Starting point for clean-up
»Quick reference
»Reach back resource for planners & responders

EPAS Sute o st Sres Marsagummant and
e

DST Module Selection Home Page

P. Lemieux*, S. Thorneloe*, L. Miller**, M. Rodgers***, R. Christman***
*USEPA Office of Research and Development, Research Triangle Park, NC
*USDA Animal and Plant Health Inspection Service, Riverdale, MD
***Eastern Research Group (ERG), Inc., Chantilly, VA
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Agricultural Biomass DST Home Page

Selection of Disposal
Options

View Disposal Facilities =

Agricamursl Biomans Denpoast Decion Suppan Tas!

View Other Guidance

prcuitunal Bomans Duapesal Decuion Suppct Tost

Access to Training Modules
(APHIS-Developed)

Useful Resources

Useful Documents and Reports

Decision Support Tool for the Management of Residues from Agricultural Emergency Responses

3" International Symposium on
Management of Animal Carcasses,

Tissue and Related Byproducts
University of California, Davis
July 21-23, 2009

Important Reminders:

= The Tool is not an expert system (i.e., the Tool does not tell
the user what to do), but rather presents information to
consider during the decision-making or planning process
The Tool assumes the decision to treat/dispose has been
made

The Tool does not present massive quantities of information
to the user, but rather tries to distill information while
maintaining links to more detailed information

Functionality:
= Access disposal guidance for several priority agricultural
events
= |dentify potential treatment/disposal facilities
= View "lessons learned" summaries from historical incidents
= Access APHIS disposal training modules
= Access relevant guidance/fact sheets
= Access other planning and response tools
Facility Databases:
= Landfills
»MSW
»Construction & Demolition Debris
»Hazardous Waste
= Combustion Facilities
»Municipal Waste Combustors (Waste-to-Energy)
»Hazardous Waste
»Medical/biohazardous Waste
»Industrial combustion facilities (boilers, smelters, etc)
= Aqueous Waste Disposal Facilities
»Publicly-Owned Treatment Works (POTWSs)
»Federally-Owned Treatment Works (FOTWS)
»Liguid Hazardous Waste Combustion Facilities
= Other Facilities
»Centralized Waste Treatment (CWT) Facilities
»Aluminum and/or Copper Recycling Facilities
»Commercial Medical Waste Autoclaves
»Federal Radioactive Waste Disposal Facilities
»Commercial Radioactive Waste Disposal Facilities

Future Enhancements:

= Incorporate additional disposal facility databases (e.g.,
rendering facilities)

Incorporate fact sheets on infectious agents, diseases, and
pests

Expand useful resources area to include other APHIS
guidance and resources

Incorporate additional APHIS disposal training modules
Integrate with other National Homeland Security Research
Center (NHSRC) tools

Address stakeholder feedback

Access:
http://www?2.ergweb.com/bdrtool/login.asp

= First-time users will need to request a user ID and
password — the link above has directions for making the on-
line request

= If your request is approved, your login ID and initial
password will be emailed to you.
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ABSTRACT

In the past 20 years, the disposal of marine mammal carcasses has
become a troublesome issue for many state and town municipalities
as the coastal human population substantially increased. Not only do
marine mammal carcasses disrupt the aesthetics of coastal beaches,
but they also have the potential to transmit harmful diseases to
humans, pets, and scavengers. As such, there has been an increase in
effort by local marine mammal stranding networks to dispose of
carcasses In a timely and safe manner. The National Ocean Service In
Charleston, SC has been investigating marine mammal mortalities
and disposing of carcasses since 1989. This study investigates the
manner in which carcasses have been disposed of from 1994-2008 to
ensure that carcasses are being disposed of in the proper way and In
safe locations away from heavily populated areas. Since 1994, 765
marine mammal strandings were reported in South Carolina. Of
those, 36.7% were sent to a landfill, 29.1% were left at the site
unburied, 23.9% were buried, and 4.2% were left floating and not
recovered. All euthanized animals (n=41) were buried either at the
Donnelly Wildlife Management Area in Green Pond, SC (n=33) or on
site of the stranding (n=8). One euthanized carcass was left on site of
the stranding In a remote location. Of particular importance to
determine If best management practices were being met, we were
Interested In the percentage of carcasses left at the site of strandings
In relation to proximity of densely populated areas. Of the 222
carcasses left at site, 82.8% were left in marsh systems or uninhabited
areas away from densely populated areas. The remaining carcasses
left at site occurred on sparsely populated barrier islands (10.4%) and
Hilton Head Island (6.8%), a slightly more populated area. However,
Hilton Head Island town employees typically bury carcasses on site
after stranding personnel leave. Thus, this study shows that best
management practices have been met over the 15 year study period.

METHODS

 NOS Marine Mammal Information System queried for strandings
from 1994 -2008

* Disposition of each carcass for each event categorized (Table 1)

* Disposition of each carcass Left on Site categorized (Figure 1)

o Left at Site carcasses plotted in GIS (Figures 2 and 3)

Year #strandings L/S L BOS BOSE BoffS LAS  LASE | F BGP BGP/S NA Unk L/S%Total LF%total LAS%Total

1994 43 20
1995 40 16

0 13
0
1996 42 12 4
1
0
2

14
14
25
22
14
17
27
11
10
14
8
12
12
9
222

46.5 0 30.2
40 0 35
28.6 9.5 33.3
30 1.7 41.7
16.4 0 30.1
26.3 53 36.8
25.9 18.9 29.3
15 13.7 33.7,
15 22.5 27.5
14.6 24.4 24.4
3.6 27.3 25.4

1997 60 18
1998 73 12
1999 38 10
2000 58 15 11
2001 80 12 11
2002 40 6 9
2003 41
2004 55
2005 47
2006 45
2007 58
2008 45
765 13
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%of total  17.64% 19.08% 15.16% 1.04% 3.40% 29.01% 0.13% 0.13% 4.18% 2.48% 1.83% 4.97% 0.39%

Table 1. Disposition of stranded marine mammal carcasses. Key: L/S= landfill with skeleton retained; L=
landfill; BOS= Buried on site; BOSE= Buried on site and euthanized; BoffS= Buried off site; LAS= Left at site;
LASE= Left at site and euthanized; I= incinerated; F= Floating; BGP= Buried at Green Pond; BGP/S= Buried at
Green Pond with skeleton retained; NA= Not applicable; Unk= Unknown

Wayne E. McFee and James W. B. Powell
National Oceanic and Atmospheric Administration, National Ocean Service, 219 Ft. Johnson Rd., Charleston, SC 29412 @m@s=r" . . .

RESULTS

/65 marine mammal strandings reported between 1994-2008

« Remains of 281 (36.7%) were buried at the lined Oak Ridge Landfill in St. George, SC

o Of the 281 above 135 complete skeletons were retained at NOS and partial skeletons
and/or skulls were retained for 146

e From 1994-1999 nearly all waste sent to landfill was from marine mammal soft tissue.
This trend reversed by 2004 when whole carcasses minus skulls, scapulas, flippers, and a
few vertebrae were retained as space for skeletal archive diminished (see L/S%Total and
LF%Total columns in Table 1).

e Remains of 222 (29.1%) marine mammal carcasses were left at the site of stranding

e Of the 222 above 184 (82.8%) were left in marsh systems or uninhabited areas (see
Figure 1). The remaining carcasses were left on sparsely populated barrier islands or Hilton
Head Island, however, town officials typically buried carcasses on Hilton Head after
stranding personnel left.

e 204 (92%) of the carcasses left on site were moderately to severely decomposed
(condition codes 3-5).

» 183 (23.9%) of the carcasses were buried either on site or off site

 \Very small percentage (4.2%) of the carcasses were floating and not recovered.

* 80.5% of the euthanized carcasses (n=41) were buried at the Donnelly Wildlife
Management Area in Green Pond, SC. The remaining 8 carcasses were left at the site of
stranding on uninhabited barrier islands.

 Large whale species (n=8) stranded In the northern portion of the State (Myrtle Beach
area) were buried at either the Myrtle Beach or North Myrtle Beach landfills.

Demographics of Left at Site
Carcasses
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10%

Uninhabited
13%
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[0)
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3% 23%

Figure 1. Demographics of marine mammal carcasses left on site.

Figure 2. Northern portion of South Carolina with stranding locations (red dots).

-

DISCUSSION

The primary objective of this study was to determine if jpast and current practices of
the disposal of marine mammal carcasses was acceptable according to our best
management protocols at NOS CCEHBR. Under: the Final Programmatic
Environmental Impact Statement issued by the NOAA Fisheries Marine Mammal
Health and Stranding Response Program (2009), the Preferred Alternative for carcass
disposal Is to continue current practices of institutional disposal by “on-site burial,
transport off-site (for burial or rendering), disposal at sea, and natural decomposition
(left on-site)”, with the addition of euthanized specimens to be transported off-site to
a landfill. While our data may suggest that only roughly 61% of the carcasses were
either brought to a landfill or buried on or off-site, the fact that the majority of
animals left at the site of stranding occurred in marsh systems or uninhabited areas
raises that percentage to approximately 85% of the carcasses that are secured away
from densely populated areas. Furthermore, over 80% of the euthanized carcasses
have been buried in a Wildlife Management Area or landfill and the remaining
euthanized specimens have been left on uninhabited barrier islands. While the latter
may still pose a risk to scavengers, there are circumstances in which euthanized
carcasses In remote locations cannot be removed because of the inability to get heavy
equipment to the remote location. As a result of this study we feel that we have met
our objective, yet still have room to improve our protocols for the removal of
euthanized specimens in remote locations.
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Figure 3. Southern portion of South Carolina with stranding locations (red dots).





		The Disposal of Marine Mammal Carcasses in South Carolina��Wayne E. McFee and James W. B. Powell� National Oceanic and Atmospheric Administration, National Ocean Service, 219 Ft. Johnson Rd., Charleston, SC 29412



