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Natural Rendering: Composting Poultry Mortality


Cornell Cooperative Extension


Cornell Waste Management Institute


Ultimate Disposal of Avian Mortality - 
Current Situation 


The Need: Consider Composting 
Although New York State (NYS) has a relatively 


small poultry industry, farms produce approximately 
$86 million worth of processed poultry products that 
are sold in NYS and around the world. There are over 
300 farms that raise chickens, turkeys, ducks and other 
birds for meat or egg production, 
as well as countless small back-
yard fl ocks.


The poultry producers find 
themselves, in many cases, with 
limited disposal options. Pro-
ducers need to manage routine 
mortality and depopulation, 
natural disasters,  and disease 
outbreaks. The poultry industry 
needs a convenient, socially and 
environmentally acceptable, biosecure way of dispos-
ing of carcasses. 


Poultry carcasses left to decay naturally above 
ground or buried in shallow pits pose risks to surface 
and groundwater and endanger the health of domestic 
livestock, wildlife and pets. Improper disposal may 


Department of Crop & Soil Sciences Rice Hall • Ithaca, NY 14853
http://cwmi.css.cornell.edu  607-255-1187 
   E-Mail: cwmi@cornell.edu


A “Composting Poultry Mortality” video clip 
complements this fact sheet and is available at:  


http://cwmi.css.cornell.edu/ai.htm


• Composting Livestock Mortality and Butcher 
Waste (2002) – Jean Bonhotal (CWMI), Lee 
Telega (PRO-DAIRY), Joan Petzen (CCE Allegany/
Cattaraugus)


• Composting Road Kill (2007) – Jean Bonhotal, Ellen 
Harrison, Mary Schwarz (CWMI)


• Composting Poultry Mortality (2008) – Jean Bonho-
tal, Mary Schwarz (CWMI), Nellie Brown (Cornell ILR)
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also have implications for biosecurity of the fl ock. 
Landfi lls generally will not accept carcasses and are 
hesitant about accepting diseased mortality. Poultry 
carcasses can be incinerated, but that method has 
air quality ramifi cations. Healthy spent birds can be 
marketed for use in soups, stews and other processed 
meat products when there is a large volume and they 
can be shipped to market.  


When there is an outbreak of avian infl uenza or 
other diseases that can be easily 
spread, the options become more 
limited. It is important to move 
the mortality as little as possible to 
prevent disease spread and ensure 
biosecurity of other poultry houses 
and neighboring farms. In NYS, 
a farmer can bury up to 100 birds 
from a disease outbreak, but with 
burial there is no pathogen kill 
and animals are placed closer to 


the water table. Outbreaks with more than 100 
mortalities must be composted. Static pile composting 
has proven to be environmentally safe and effective, 
and better ensures biosecurity. It can be implemented 
for a small number of birds as well as with farms ex-
periencing catastrophic losses.


Many people do not realize that composting mortality 
is a legal and acceptable way of disposing of carcasses 
and poultry litter. They fear that if regulators fi nd out, 
they may be cited and fi ned. Regulators, on the other 
hand, fear that with the current disposal situation, 
farmers may cause problems with improper disposal. 
Composting can be accomplished in compliance with 
environmental regulations in many states, but check 
regulations in states outside of New York before you 
start. 


Small poultry farms employ a vari-
ety of methods in raising meat birds 
or laying hens, from housed and 
cage-raised to free-ranged or free-
ranged but caged. Where free-range 
strategies are used there can be more 
potential for disease spread, as it will 
be harder to contain and disinfect in 
cases where birds are not contained 
in one location.


New York State 
Department of Environmental Conservation


The Emergency Response to Disease Control


Cornell University
College of Agriculture and Life Sciences
Department of Crop and Soil Sciences
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Potential Environmental and Biosecurity Risk of Dead Animal Disposal:


Lowest risk
Rendered or properly composted on 


the farm. 


Buried 6 feet deep in appropriate soils and buried more 
than 200 feet from a water body, watercourse, well or 
spring. 


Partially buried less than 6 feet deep or buried closer 
than 200 feet from a water body, watercourse, well or 
spring. 


Carcass is left outside for scavengers or to decay. This 
is very risky from an environmental standpoint  and for 
disease transmission on farm. 


Highest Risk 
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Composting
Composting provides an inexpensive alternative for 


disposal of all dead animals, including poultry. The tem-
peratures achieved during properly managed composting 
will kill or greatly reduce most pathogens, reducing the 
chance to spread disease. Properly composted material 
is environmentally safe and a valuable soil amendment 
for growing certain crops. In-house composting provides 
a controlled environment that reduces the need to move 
contaminated manure, litter and birds from poultry 
houses and provides better control of disease spread. 


Benefi ts of Composting 
♦ Can kill pathogens and help control disease out-


breaks.


♦ Can be done any time of the year, even when the 
ground is frozen. 


♦ Can be done with equipment available on most 
farms. 


♦ Relatively odor-free. 


♦ All sizes and volumes of animals can be compos-
ted. 


♦ Egg waste and hatching waste can be composted. 


♦ Relatively low requirements for labor and manage-
ment. 


♦ Economical. 


Choosing a Site & Considering a Pad
Pads are level areas constructed of compacted soil, 


asphalt, or concrete.  They have several purposes, includ-
ing water quality protection, providing a good working 
surface and allowing access through wet weather condi-
tions. In dry conditions, most soil types provide a good 
working surface, but many will be problematic after a 
storm event or during spring thaw. Pads need to provide 
a solid working surface so that machinery can function 
throughout the year. If composting is not a routine part 
of farm operations, it is unlikely that a pad is needed. 
However, emergency composting does require space 
on your land to construct the compost piles and takes 2 
to 8 weeks for the primary compost process and longer 
for the curing period that follows.


With Avian Infl uenza (AI), the birds should be moved 
as little as possible to ensure disease containment; litter 
and other organic material should be composted with 
the birds. Poultry houses will be out of production for 


at least 10 to 14 days so that the fi rst active stage of 
composting can be completed. After the compost is 
removed from the building and placed in curing piles, 
the building can be totally disinfected. If it is not feasible 
to compost in-house, composting should occur as close 
as possible to the infected site to minimize movement 
of infected materials.


After depopulation:  Birds may be moved within the 
poultry house or to a nearby area outside, most prob-
ably by small payloader, forklift, or other machinery. It 
is assumed that birds will be kept whole and added to 
the pile as is. To minimize handling and thus prevent 
creating airborne dusts or aerosols, birds will not be 
crushed, tilled, or shredded before adding to the pile. 
Poultry litter, contaminated feed, and other such items 
will be added to the pile during the layering process.


Routine Mortality:  If there is not a disease concern,  
select a site that is well-drained and away from water-
courses, sinkholes, seasonal seeps or other landscape 
features that indicate the area is hydrologically sensitive. 
Make sure the piles are set up in a way that minimizes 
risk to healthy animals. Select the same type of site for the 
outside stage of composting after a disease outbreak.


Moderate to well-drained, hard-packed soils with 
gentle slopes are well suited as composting sites. A slope 
of about two percent is desirable to prevent ponding 
of water. Steep slopes are not satisfactory because of 
potential problems with erosion, vehicular access, and 
equipment operation. 


Compost windrows should run up and down the 
slope, rather than across, to allow runoff water to move 
between the piles rather than through them (see fi gure 
1). The initial site preparation will usually require grad-
ing and may require an improved surface such as cloth 
and gravel, asphalt or concrete (see Compost Pads fact 


Disease Concern - If composting is imple-
mented in a situation where there is potential 
for the disease to spread, it is best to compost 
on the affected farm and preferably in the 
buildings where diseased birds were living. 


Figure 1. Pad slope graded to 2-4%.
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sheet #6: http://cwmi.css.cornell.edu/compostfs6.pdf). 
Siting is very important to help avoid neighbor issues. 
Determine the dominant wind direction, and if most air-
fl ow is directed toward populated areas, look for another 
site. In NYS, permitted compost facilities need to be at 
least 200 yards away from the closest dwelling. They 
cannot be sited in a fl oodplain or wetland, or where the 
seasonal high groundwater is less than 24 inches from 
the ground surface, or where bedrock lies less than 24 
inches below the ground surface, unless provisions 
have been made to protect water. Natural Resources 
Conservation Services (NRCS) also provides guidance 
for compost facilities (http://www.nrcs.usda.gov/techni-
cal/standards/nhcp.html). 


Building and Maintaining Compost 
Windrows 
♦ When implementing in-house composting, the 


poultry house will be vented naturally, but mechanical 
ventilation should be turned off. If indoor space is un-
available or limited, you will need to compost outdoors 
as close to the infected area as possible but following 
the same procedure.


♦ 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. 


♦ Add a 12-15 inch layer of litter and birds, then cover 
with a 12-15 inch layer of wood chips or other carbon 
source. 


♦  Add another layer of litter and birds until the wind-
row is two or three layers high and as long as needed. 


♦ If your birds and litter are not separate, put a carbon 
base down, as described above, and add birds mixed 
with litter and bedding to a height of 4-5 feet.


Moisture Note:  If litter is very dry, add moisture to the layers as 
you are building them. The compost feedstock should be at 30-
40% moisture.


♦ Cover the windrow with a 2-foot layer of wood 
chips or other carbon sources. The fi nished pile should 
be 5-7 feet high.


♦ Make sure all mortalities are well-covered to keep 
odors down, insulate pile and keep vermin or other 
unwanted animals out of the windrow. 


♦ The primary process in-house, where it reaches 
thermophilic temperatures, will take 10-14 days. During 
this time, no turning, agitating or active aeration should 
occur. Take temperatures at three levels in the windrow 
(outer 18”, middle layers and core) to ensure the ther-
mophilic range is reached throughout the windrow. 


♦ 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 
most of this time period. 


♦  After the required time/temperature duration, wind-
rows can be moved outside the buildings for the curing 
process. If temperatures are not reached, then testing for 
the presence of the disease will be required. 


♦ Site cleanliness is the most important aspect of 
composting; it deters scavengers, helps control odors 
and keeps good neighbor relations.


♦ Let sit for 4-6 months.


During the Process:  The dead birds and litter, such 
as woodchips or sawdust, are layered in the barns, 
most of which have steel walls and concrete fl oors. The 
layered pile is dampened and aerated naturally. Air and 
moisture feed microbes that in turn give off enough heat 
to kill the virus.


OR


Mixed bird composting in Virginia.







Natural Rendering: Composting Poultry Mortality


2008 Cornell Waste Management Institute 5


Turning Note:  This is a process that requires little 
to no turning or pile movement. It is not like typical 
turned composting but a passively aerated system. These 
windrows consist of feedstock that is not well mixed 
and C:N ratios that are hard to access but the process 
works. If temperatures do not reach the thermophilic 
range, turning may be required to reach temperatures 
thus killing pathogens. If windrows are close to the 
range, let the windrow work and turn after 10-14 days. 
If windrow stays at ambient temperatures for more than 
3 days, it is not working. Consider rebuilding windrows 
with additional carbon but ask for guidance if there is  
a disease concern. 


Monitoring Compost Piles or Windrows 
A log of temperature, odor, vectors (any unwanted 


animals), leachate (liquid that comes out of the pile), 
spills and other unexpected events should be kept as a 
record of the process. This will allow the composter to 
see if suffi ciently-high temperatures were reached and to 
adjust the process if there are any problems. Also, odor 
can be an issue and compost piles are an easy target for 
complaints. When there is an odor problem, a compost 
pile may be blamed and may not be the cause. 


Monitoring of the pile is done mostly by checking 
temperatures. Internal compost pile temperatures affect 
the rate of decomposition as well as the destruction of 
pathogenic bacteria, fungi and weed seeds. The most 


effi cient temperature range for composting is between 
104°F - 140°F (40°C - 60°C). Compost pile temperatures 
depend on how much of the heat produced by the mi-
croorganisms is lost through aeration or surface cooling. 
During periods of extremely cold weather, piles may 
need to be larger than usual to minimize surface cool-
ing. As decomposition slows, temperatures will gradu-
ally drop and remain within a few degrees of ambient 


air temperature. Temperature monitoring is crucial for 
managing the compost process especially when there is 
disease concern. Thermometers with a 3-4 foot probe 
are available (see Thermometer Sources, page 11). 


Controlling Pathogens 


Pathogens are organisms that have the potential to 
cause disease. There is a wide array of pathogens found 
in our environment, and they may be elevated in livestock 
operations.  In addition, there is the possibility of viruses 
spreading diseases such as AI. While there are currently 
no temperature regulations for mortality and butcher 
residual composting, following New York State Depart-
ment of Environmental 
Conservation (NYS DEC) 
regulations currently ap-
plicable for biosolids are 
highly recommended to 
ensure adequate pathogen 
control in this type of 
composting. 


When using an aerated 
static pile, the pile must be 
insulated (covered with a 
layer of bulking material 
or fi nished compost) and 
a temperature of not less 
than 131°F (55°C) must be maintained throughout the 
pile for at least 3 consecutive days. 


Heat destroys the AI virus, but it remains viable at 
moderate temperatures for long periods, and indefi nitely 
in frozen material. The virus is killed by heat (56°C 
for 3 hours, or 60°C for 30 minutes) and with common 
disinfectants such as formalin and iodine compounds 
(Dawra, 2006). Research has shown that composting 
poultry carcasses can inactivate the AI virus. Lu et al. 
(2003) showed a loss of infectivity of the AI virus in 


Natural air fl ow: pile heats, heat rises and fresh air is pulled in 
from the base.


Finished compost.


Thermometer showing elevated 
temperatures.
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15 to 20 minutes at 133°F (56°C). As an extra safety 
measure, the farms are required to keep the material 
at that temperature for 3 days. Research performed by 
Senne (2007) in which chickens inoculated with HPAI 
virus were composted in bins showed no virus isolated 
after 10 days of composting. 


Using Finished Product and Bones 
If there is concern of disease spread, compost should 


be tested for that specifi c disease before moving or land 
applying the material. The fi nished material can be fi eld 
applied on animal feed crops, preferably where soils will 
be tilled. Applying this compost to “table-top” crops 
directly consumed by people is not recommended. In the 
future, testing and quality assurance standards may en-
able expanded uses of the fi nished compost product. 


Nutrients in carcass and butcher residue composts 
are higher in N, P and K than compost containing only 
plant material, giving it more fertilizer value both on 
and off farms. 


About Avian Infl uenza (AI) and 
Composting


Avian infl uenza (bird fl u) is caused by infl uenza viruses 
that are carried by wild waterfowl and shed in saliva, 
nasal discharges 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. 


The compost temperatures destroy the AI virus in a 
short period of time. Composting has a high level of 
biosecurity as no untreated material leaves the farm. It 
can be used to treat carcasses as well as infected litter 
using equipment normally available on the farm.


AI can be classifi ed into two forms based on the sever-
ity of illness it causes in birds. Low pathogenic avian 
infl uenza (LPAI) causes only mild symptoms such as 
ruffl ed feathers and a drop in egg production, or it may 
not cause any illness at all and thus go undetected. It is 


Figure 2. Avian Infl uenza evolution and transmission.
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rarely transmitted to humans and is not life-threaten-
ing. Highly pathogenic avian infl uenza (HPAI) causes 
serious illness and death in infected birds, often within 
48 hours of onset. As with LPAI, it is easily spread 
through a fl ock by contact among birds and through 
litter, cages, equipment and air (particularly within 
poultry houses). Transmission to humans occurs rarely 
and is usually associated with high levels of exposure 
to infected birds. It is a serious, often deadly, disease if 
contracted by people. It is not known to be transmitted 
from person to person. 


AI and Human Health
The concern for human health is that HPAI may create 


conditions leading to a pandemic. Pandemics can start 
when three conditions have been met: 


• A new infl uenza virus subtype emerges. 


• It infects humans causing serious illness.


• It spreads easily and sustainably among humans. 


The HPAI virus currently circulating in Asia and else-
where has met the fi rst two conditions. It can meet the 
third if it mixes with a human virus (this would result in 
rapid spread), or if it gradually adapts to bind to human 
cells (there would be small clusters of cases at fi rst). Ac-
cording to the World Health Organization (2005), “Each 
additional human case gives the virus an opportunity to 
improve its transmissibility in humans, and thus develop 
into a pandemic strain. The recent spread of the virus 
to poultry and wild birds in new areas further broadens 
opportunities for human cases to occur.” 


The AI Cycle 
The AI cycle (fi gure 2) starts with transmission of 


LPAI from wild birds to domestic fl ocks that can then 
circulate in the fl ock and be transported to other fl ocks. 
LPAI may mutate into HPAI that can circulate in the 
fl ock and be transported to other fl ocks. Control of 
LPAI can thus help to prevent creation of HPAI. Once 


a fl ock has contracted LP or HPAI, preventing off-site 
movement of birds, litter and contaminated equipment 
can help control the viruses. Composting of dead birds 
and litter can also control the viruses.  


Effectiveness of Composting 
According to the U.S. Environmental Protection 


Agency (USEPA, 2006), “On-site composting has been 
proven effective in deactivating avian infl uenza 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 benefi t of producing a usable product.” See Avian 
Infl uenza Research Summary: http://cwmi.css.cornell.
edu/aisummary.pdf.


In a disease outbreak, potentially-exposed people 
would include:


• Farm owners/operators.


• Farm employees: permanent and part-time.


• Migrant workers and illegal aliens: if a quarantine 
is imposed, it may be diffi cult to enforce due to these 
workers’ fear of exposure to government entities. This 
may create a danger of spreading the disease if they 
leave the farm.


• Experts in carcass composting procedures, quality 
control, safety and health, etc. who would be assisting 
the farm with the composting process. This does not 
include government offi cials from public health, vet-
erinary, medical, agricultural, or other specialties who 
were assumed to already be conversant with proper 
procedures and equipment for protecting themselves 
from exposure during fi eld investigations for disease 
outbreaks (USDA APHIS, 2008).


• Paramedics: in the event of worker injury or illness, 
paramedics may enter a contaminated area but must be 
protected appropriately.


In Virginia, in 2002, an AI outbreak on the Delmarva Peninsula was successfully confi ned to only 
3 farms despite the high density of poultry farms in that area by the use of in-house composting 
of the 5 pound broilers. However, it was unclear if it would work with larger birds. Therefore, in 
the fall of 2004, several Virginia state agencies conducted a research and demonstration project 
to evaluate the effectiveness of in-house composting of turkeys (17-40 lb birds) as a means of dis-
ease containment and disposal of catastrophic losses. Windrows were set up with several types of 
carbon materials and birds were placed as either whole, crushed or shredded. All were effective 
in composting the turkey mortalities, but those with whole birds took more time to compost than 
those with crushed or shredded carcasses. Temperatures of 60°C (140°F) were achieved within 5 
days for crushed carcasses, and 16 days for whole ones (Bendfeldt et al., 2006).
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• Children: Children should not do any work that re-
quires the wearing of a respirator. As the tasks covered 
by this report require the use of respiratory protection, 
children should be excluded from performing any of 
these tasks and should not be involved in outbreak-
containment.


• Susceptible groups at greater risk of infection (from 
viral infection and from compost pile fungi) typically 
are people who are immunodefi cient. Persons with com-
promised host defenses should be excluded: diabetes, 
cancer (especially leukemia), cystic fi brosis, alcohol-
ism, inherited immune defi ciency, acquired immune 
defi ciency (AIDS), burns, skin cuts, abrasions, or other 
trauma, invasive medical procedures, certain medications  
(some antibiotics and immunosuppressive drugs).


Personal Protective Equipment (PPE)
In order to protect potentially-exposed people from 


AI, PPE is needed when working on an infected site.


Appropriate PPE for AI workers includes:


• Hand protection: wear impermeable gloves (light-
weight nitrile or vinyl disposable gloves, or heavy-duty 
18-mil rubber gloves that can be disinfected; use the 
glove appropriate for the activity). Avoid touching the 
face and mucus membranes, including the eyes, with 
gloved hands that have been contaminated. Change or 
discard gloves if torn, punctured, or otherwise dam-
aged. 


• 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. Choose light-weight clothing to 
prevent heat stress. Take precautions (see box on page 
12) to avoid the effects of heat stress. 


• Head protection: wear disposable head cover or hair 
cover to keep hair clean.


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


• Eye protection: wear safety goggles; these should 
be non-vented or, at a minimum, indirectly vented (or 
wear a respirator with a full face-piece, hood, helmet, 
or loose-fi tting face-piece). For employees who wear 
prescription lenses, make sure goggles can be fi tted over 
regular glasses without compromising eye or respira-
tory protection; or alternatively use lens inserts in the 
goggles or use goggles with the correction built-in.


• Respiratory protection: wear National Institute for 
Occupational Safety and Health (NIOSH)-approved 
disposable respirator (N-95, N-99, or N-100) or NIOSH-
approved reusable particulate respirator. Wear whenever 
working in the poultry barns or when exposure to infected 
poultry or virus-contaminated materials or environments 
may occur. Make sure that eye protection does not 
interfere with the face-piece seal of the respirator. The 
wearer should conduct a seal check each time he/she dons 
a respirator. For farms using oils as dust-suppressants, 
use minimum R-95 or P-95 disposable respirators. 


Sources of personal protection equipment can be found by an 
internet search.


Static pile composting in process.
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In 2007, routine pre-slaughter testing of a turkey fl ock in West Virginia showed a positive test 
for LPAI H5N2. Since USDA policy is to eradicate LPAI with subtypes H5 and H7 to ensure that 
they don’t mutate into HPAI, the turkeys were depopulated. 1,022,400 lbs of turkey carcasses, as 
well as 20 tons of feed and 350 tons of litter needed to be disposed of. Composting was selected as 
the disposal method. The birds were euthanized with fi re fi ghting foam which added a signifi cant 
amount of water to the mix and created a challenge to the composting. Some piles were constructed  
primarily in-house, then removed and turned 3 weeks later to compost to a fi nished product. After 3 
weeks, carcass decomposition was about 95%, and there was no ammonia or rancid smell. Internal 
windrow temperatures in the 1st 3 weeks ranged between 43-57°C (110-135°F). All samples of the 
compost material taken for virus isolation tested negative. Land application of the fi nished material 
as a soil amendment occurred after 3 months of composting. In July of 2007 a similar size fl ock of 
market age turkeys (40 lb. average weight) in Virginia tested positive for LPAI H5N1. These birds 
were also euthanized with foam, and composted primarily in-house. Lessons learned from the West 
Virginia incident resulted in reducing the time that the compost was kept in the houses from 3 to 2 
weeks, and having a fi nished compost ready for land application in 45 days. Some of these lessons 
learned included premixing of the carcasses and litter prior to constructing the windrow, and paying 
greater attention to keeping equipment from compacting the windrow base (Flory et al., 2007).


To be effective, tight-fi tting respirators must have a 
proper sealing surface on the wearer’s face. Items that 
interfere with the proper seal of a respirator include: 
facial hair, skull cap, facial features such as wrinkles, 
absence of one or both dentures, weight gain or loss 
since a previous fi t-testing (may necessitate a new 
fi t-testing), glasses, (see “eye protection” above), skin 
conditions (such as pseudofolliculitus barbae) which 
render shaving diffi cult, or allergies (such as to rubber, 
silicone respirators are available as an alternative).


For employees who are unable to wear a disposable 
particulate respirator because of facial hair or other fi t 
limitations, they can wear a loose-fi tting helmeted or 
hooded powered air-purifying respirator (PAPR) with 
high-effi ciency particulate air (HEPA) fi lters. The face-
piece provides eye and mucous membrane protection as 
well as respiratory protection. Occupational Safety and 
Health Administration (OSHA) requires that respirators 
must be used in the context of a complete respiratory 
protection program as per 29 CFR 1910.134; this in-
cludes training, fi t-testing, and user seal checks to ensure 
appropriate respirator selection and use. 


Safety in Managing Avian Carcasses
Exposure to AI could occur when farm owners/op-


erators and their employees are engaged in the on-farm 
activities of depopulating fl ocks of birds and compost-
ing the carcasses that are either infected or have been 
exposed to AI, especially to highly-pathogenic AI. 
While this disease at present occurs almost exclusively 
in birds, in a limited number of cases, the H5N1 strain 
of the virus has been shown to cause infections or fl u 


•


•


in humans with a case fatality rate of 61%. Most cases 
have been linked to close contact with infected poultry.  
OSHA has issued guidance for protecting workers against 
avian fl u, but has not issued a standard or regulation 
for this disease nor for any diseases other than those 
spread by the blood borne route. It is important to note 
that a disease outbreak could be a natural occurrence 
or an act of bioterrorism. This section of the fact sheet 
deals with the tasks, anticipated routes of exposure, and 
protection for farm owners/operators, their employees, 
and compost process experts/consultants who would 
be expected to be exposed should an outbreak of HPAI 
occur in NYS.


Worker Protection


Workers should receive the current season’s infl u-
enza vaccine to reduce the possibility of a dual infection 
with avian and human infl uenza viruses.


Workers should receive an infl uenza antiviral drug 
daily for the time period when in contact with infected 
poultry or contaminated surfaces and for a period of 
time afterwards. First choice is oseltamavir (a neur-
aminidase inhibitor); 2nd choices would be amantadine 
or rimantadine. 


Workers should be instructed to be vigilant for any 
fever, respiratory symptoms, or conjunctivitis for 10 days 
after their last exposure to infected or exposed birds or 
contaminated surfaces. If so, seek immediate medical 
care and notify your health care provider (in advance) 
that you have been exposed to avian infl uenza. Also, 
notify your health and safety representative.


•


•


•
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Do and Don’ts


• Do not eat, drink, smoke, or use bathroom facilities 
while engaged in activities where contact with contami-
nated animals or surfaces is possible.


• PPE should be properly removed and discarded or 
disinfected; then hands should be washed thoroughly 
before eating, drinking, smoking, or bathroom use. 


• Maintain or update tetanus vaccination for cuts or 
puncture wounds.


• Plan for heat stress, especially that caused by the 
insulating effect of wearing PPE.


• Keep infl uenza vaccine up-to-date.


Upon Recognition of Infection


Upon recognition that an infection, known or sus-
pected, of low-pathogenic or highly-pathogenic avian 
infl uenza appears to be occurring, farm owners/operators 
and staff should have a basic protocol in place regarding 
work practices and personal protective equipment which 
is to be implemented immediately. The facility should 
have an avian infl uenza response plan (can be developed 
using the guidance from the NIOSH ALERT at http://
www.cdc.gov/niosh/docs/2008-128/) that complements 
the regional, state, and industry plans and should select a 
response plan manager. The plan should be coordinated 
with appropriate state animal and public health agencies. 
The employer should make sure that workers are aware of 
the plan and of their specifi c responsibilities. Employees 
should don personal protective equipment. 


Doffi ng PPE:


• While wearing the respirator, goggles, and gloves: 
remove all personal protective clothing.


   * Place disposable clothing in approved, secure con-
tainers for disposal; approved secure containers 


Proper second glove removal. Proper hand washing with soap and water or sanitizer.


(according to 29 CFR 1910.1030(d)(4)(iii)(B)) 
are closable, constructed to contain all contents 
and prevent leakage during handling or transport, 
labeled or color-coded, and closed before remov-
al.


 * Place reusable clothing in approved, secure contain-
ers for cleaning and disinfection.


• Remove gloves carefully, remembering that the outside 
of the gloves are contaminated. 


 * Begin by pinching the palm of one glove and pulling 
it off. 


 * For the second glove, slide your bare fi nger under 
the cuff of the glove, and turn the end of the glove 
over. Now remove your fi nger and pinch the inside 
of the glove, which is clean, and pull it off. 


 * Discard in an approved, secure container for bio-
hazardous wastes.


 * Thoroughly wash hands with soap and water for 
15-20 seconds.


 * If no hand-washing facilities are available, use 
waterless soaps or alcohol-based sanitizers (note: 
these may be harsh to the skin if used too often).


• Remove goggles and then the respirator.
 * When removing eye protection, do so carefully to 


prevent it from contacting eyes, nose, or mouth.
 * Discard disposable respirator in designated recep-


tacle.
 * Thoroughly wash hands again with soap and water 


or sanitizer (as before).
 * Shower at the worksite or a nearby decontamination 


station.
 * Leave all contaminated clothing and equipment at 


work, never wear it outside the work area.
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Symptoms Problems Recommendations


Pile fails to reach temperature. Material is dense. Not enough air 
circulation.


Pile too small.


Frozen carcasses placed in pile.


Rebuild pile with more chunky carbon.
  *If it is in an odor sensitive area and 
the pile cannot be moved, let process 
run its course and turn in 4-6 months.


To heat, pile needs to be greater than 
4’x4’x4’.


May need to wait until warmer weather 
to reach temperature.


Insects and other animals 
attracted to pile.


Carcasses not covered well.


Leachate puddling on pad 
surface.


Cover carcass or residual well with 
carbon.


Pad should have 1-2% slope and holes 
should be fi lled to avoid standing water.


Carcass uncovered. May have insuffi cient cover. Use plenty of wood chip cover material.


Standing water/surface 
ponding.


Inadequate slope.


Improper windrow/pile alignment.


Depressions in high traffi c areas.


Establish 1-2% slope with proper 
grading. 


Cover standing water with wood chips.


Improve drainage, add an absorbent 
such as wood chips. Run windrows/
piles down slope, not across.


Fill and grade.


Odors Ponded water.


Insuffi cient cover.


Anaerobic conditions.


Regrade the site to make sure there is 
no standing water.


Make sure piles are covered with at 
least 2 feet of wood chips.


Add a cover blanket of fresh chips or 
fi nished compost.


Build piles that are not too wide or too 
dense so that air fl ow can keep the 
piles aerobic. DO NOT turn or disturb 
piles for 4 months (depending on 
the size of the animals). Turning can 
release odors, especially early in the 
process.


Troubleshooting Table


Suppliers - Temperature Probes


Meriden Cooper Corporation Meriden, CT 800-466-8448
Morgan Scientifi c Haverill, MA 800-525-5002
Omega Engineering Stanford, CT 800-826-6342
Reotemp Instruments San Diego, CA 800-648-7737
Spectrum Technologies Plainfi eld, IL 800-248-8873


•
•
•
•
•
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SUMMARY OF THE METHOD 
Composting is the natural degradation of organic sources (such as 
poultry carcasses) by microorganisms.  Windrow composting has 
been used in the United States to dispose of entire commercial 
poultry flocks infected with Avian Influenza (AI).  However, windrow 
composting may not meet the needs of individuals responsible for 
disposing of backyard flocks, game birds and wild birds.  In-vessel 
composting represents an alternative to windrow composting for 
small scale carcass disposal.   


In-vessel composting is an enhanced composting process that takes 
place within a rotating drum.  Like static pile composting, in-vessel 
composting has been used successfully in the United States and 
elsewhere to dispose of partial flock losses and routine daily mortality 
from commercial poultry operations.  This method can also be used 
to dispose of carcasses of wild birds, game birds and non-
commercial poultry affected by an outbreak of avian influenza. 


Bacterial activity within the drum generates temperatures of up to 
140ºF (60ºC) within 48 hours with ongoing temperatures averaging 
145ºF (63ºC) (Flory 2002).  Research has shown that the AI virus can 
be inactivated at 140ºF (60ºC) in 10 minutes (Lu et al. 2003).   


ADVANTAGES 
 Rapid temperature generation and virus inactivation. 
 Biosecure: Infected carcasses are not removed from the farm 


site. 
 Produces an end product that may be used as a soil 


amendment.  
 Environmentally sound.  
 Complete mixing of carbon and carcasses. 
 Drum provides vector control. 
 Portable and easily set up. 


 


DISADVANTAGES 
 Carbon material may need to be brought to the farm. 
 Equipment needs to be purchased or leased prior to an 


outbreak. 
 Requires 5 to 10 days of operation time per site. 


 Summary of Method 
 Advantages 
 Disadvantages 
 Permitting 


Considerations 
 Methodology 
 Adding and Removing 


Material 
 List of References 
 Contact Information 


“Research has 
shown that Avian 


Influenza (AI) virus 
can be inactivated at 


140ºF (60ºC) in 10 
minutes (Lu et al. 


2003).” 
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PERMITTING CONSIDERATIONS 
 In most cases, birds may be composted on the farm where they 


were raised and are generally exempt from permitting 
requirements. 


 In cases where birds are brought from off site to a centralized 
location for composting, a permit may be needed. 


METHODOLOGY 
 Poultry carcasses and litter are loaded into the composter at a 


ratio of 1 part carcasses to 3 parts litter (Broom 2006). 
 Other carbon sources such as sawdust, peanut hulls, and 


wood shavings may be substituted for poultry litter. 
 In-vessel composters should be loaded to a minimum working 


capacity (approximately ½ full) to generate sufficient heat.  
When only a few birds are being composted, this volume can 
consist principally of litter or other carbon material. 


 Once all carcasses and carbon material have been loaded into 
the drum, the unit should be started.  Once started, the unit turns 
slowly, providing thorough mixing, aeration and physical 
breakdown of the carcasses. 


 The optimum moisture content of the compost is 50%.   Moisture 
can be estimated within 24 hours of starting the composter by 
squeezing a handful of compost.  Material should hold together in 
a ball without dripping water. 
 Water may need to be added if the moisture content is 


estimated to be below 50%. 
 Additional dry carbon material may be added if there is 


excessive moisture. 
 Internal drum temperatures should reach at least 130ºF (54ºC) 


within 48 hours.  A long stem thermometer or internal temperature 
probe can be used to monitor the temperature of the compost. 
 Failure to reach adequate temperatures is usually due to 


improper moisture content.   


ADDING AND REMOVING MATERIAL 
 Additional carcasses may be added daily to continuous feed 


composters (such as the pictured Greendrum 408).  Daily 
capacity is dependent on the size of the unit. 


 Compost may be removed from the finish end of the unit after 5 
to 10 days as a batch or partially unloaded on a daily basis 
depending upon operational needs. 


 Access to the compost should be controlled until virus isolation 
testing confirms that the AI virus has been inactivated. 


UNIT DEMOBILIZATION 
 Prior to moving the unit to another site, all compost should be 


removed and the unit thoroughly cleaned and disinfected. 


“Bacterial activity 
within the drum 


generates 
temperatures of up 


to 140ºF (60ºC) 
within 48 hours 
with ongoing 
temperatures 


averaging 145ºF 
(63ºC) (Flory 


2002)” 
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AbstrAct


Animal agriculture is an enor-
mous industry in the United States, 
and it is critical to address specific 
agricultural security challenges that 
accompany it, such as carcass dis-
posal. Death losses, also referred 
to as mortalities, may be classified 
broadly as either routine or cata-
strophic. Routine ruminant mor-
talities represent a small propor-
tion of overall herd size and can 
be expected to occur and fluctuate 
throughout the normal course of 
production; catastrophic mortali-


ties, however, involve larger num-
bers of losses within a distinct time 
period and result from a single event 
such as a barn fire, natural disas-
ter, or epidemic disease. Regardless 
of the manner of death or numbers 
of animals affected, safe, effective 
carcass disposal is essential. This 
Issue Paper provides a critical, sci-
entific assessment of the predomi-
nant methods for carcass disposal in 
commercial ruminant production. 


Burial and landfill are often a 
convenient and affordable means 
of carcass disposal, but environ-
mental or regulatory considerations 


may make these methods less fea-
sible, especially if an infectious ma-
terial is involved. Rendering is an 
established, cost effective method 
for carcass disposal, but the process 
does not completely inactivate prions 
(disease-causing agents) and render-
ing facilities may not be conveniently 
located. The effectiveness of incin-
eration as a carcass disposal method 
varies depending on the technique 
used: open-air burning can be in-
expensive but has the potential for 
environmental contamination; fixed-
facility incineration is biosecure but 
is expensive and has limited capacity; 


This material is based upon work supported by the United States Department of Agriculture under Grant No. 2005-38902-02319, Grant No. 2006-38902-03539, 
Grant No. 2007-31100-06019 / ISU Project No. 413-40-02, and Grant No. 2008-38902-19327 and by the Agricultural Research Service under Agreement No. 
59-0202-7-144. Any opinions, findings, conclusions, or recommendations expressed in this publication are those of the author(s) and do not necessarily reflect 
the view of the U.S. Department of Agriculture, Iowa State University, or the Agricultural Research Service.


Various types of ruminants: feedlot cattle (photo courtesy of CHS, Inc., St. Paul, MN); beef cow (photo courtesy of SXC.hu, 
Kim Groves, photographer); and sheep (photo courtesy of USDA Agricultural Research Service Image Gallery)
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costs, and producer preference.


IntroductIon
Agriculture in the United States 


represents an economically signifi-
cant industry, comprising an esti-
mated 13% of annual gross domestic 
product and nearly 17% of all jobs 
(USDA-NASS 2004).  Today ani-
mal agriculture represents more than 
half of the total value of agricultural 
sales, with revenue of $100 billion in 
2000 (USDA-NASS 2004). In the late 
1990s, livestock and poultry produc-
tion was a component of approxi-
mately 1.3 million farm and ranch 
operations nationwide (USDA-NASS 
2004). The enormity of U.S. animal 
agriculture magnifies a number of ag-
ricultural security challenges, one of 
which is carcass disposal. The ever-
increasing concentration of modern 
animal production operations, com-
bined with the tremendous mobility 
of food-animal populations, accen-
tuates the country’s vulnerability to 
high death losses caused by disease 
outbreaks or natural disasters. 


Recent animal disease events have 
illustrated the need for safe, efficient, 
timely, environmentally sound, cost 
effective, and scientifically justi-
fied options for the elimination of 
large and small ruminant carcasses. 


Currently accepted and available car-
cass disposal methods (burial/landfill 
and rendering1) generally prove suffi-
cient to dispose of the nearly 3 billion 
pounds of ruminant carcasses that re-
sult annually from typical production 
mortalities and natural disasters.


In the event of catastrophic 
mortality—whether from acciden-
tal disease entry, weather, or an act 
of bioterrorism—disposal strategies 
must minimize the economic, ani-
mal health, and public health impacts 
quickly and effectively. In a mass-
casualty situation, the number of car-
casses to be disposed of may exceed 
the capacity of any given disposal 
method. The most effective disposal 
strategies will be those that are pre-
pared in advance and make maximum 
use of all available and suitable dis-
posal options. 


An optimal disposal method 
should mitigate the disease agent or 
other cause of mortality. For complete 
effectiveness, certain disease agents 
or other causes of mortality may re-
quire specific disposal methods or 
technologies (e.g., high-temperature 
incineration or alkaline hydrolysis 
for transmissible spongiform enceph-
alopathy (TSE)-infected material). 
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and air-curtain incineration is mobile, 
but it is fuel intensive and requires 
experienced personnel to operate. 
When used for carcass disposal, alka-
line hydrolysis at elevated tempera-
tures for extended amounts of time 
will destroy all known pathogens, but 
the technology is currently expensive 
and limited in capacity.


Concerns about disease outbreaks 
in U.S. livestock and the potential 
consequences from the disposal of 
diseased carcasses—environmental 
contamination, spread of the infec-
tious agent to other animals, or hu-
man disease transfer—require that 
additional precautions be taken when 
disposing of carcasses known or sus-
pected to be infected with transmis-
sible spongiform encephalopathies. 
The most reliable disposal methods 
for infected carcasses are incinera-
tion or high temperature-extended 
time alkaline hydrolysis.


Each of the established methods 
for ruminant carcass disposal has 
strengths and limitations for routine 
and catastrophic mortality situa-
tions that are addressed in this Issue 
Paper. The decision to use a particu-
lar disposal method will depend on 
the number of mortalities, the cause 
of death, environmental implications, 
regulatory requirements, operational 


1 Italicized terms (except genus and species names) 
are defined in the Glossary.


     Dee Ellis, Animal Health Programs, 
      Texas Animal Health Commission, Austin
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Although the preference may be for 
the causative agent or chemical to be 
completely destroyed, preventing the 
further spread of the agent is the most 
critical requirement. This consider-
ation is important for highly infec-
tious diseases such as foot-and-mouth 
disease (FMD), which may continue 
to be spread during the disposal pro-
cess, or for disease agents that may 
persist in the environment, such as 
anthrax.


Further, one must evaluate the 
environmental impacts of disposal 
methods. Each method will have vari-
ous impacts, resulting from the inter-
actions of (1) the technology’s ability 
to mitigate the disease agent; (2) the 
technology’s capacity to handle the 
required volume of material; and (3) 
the geographic, environmental, and 
legal characteristics of the location in 
which the technology is used. For ex-
ample, isolated mortality on the open 
range or normal production mortality 
requires a different disposal response 
than planned depopulation at a feed 
lot or processing plant. For planned 
mass depopulation, it is best to decide 
on the disposal method and work out 
details before the depopulation.


Ultimately, all factors must be 
weighed against the cost and fea-
sibility of the disposal method. In 
many instances, the financial and 
manpower resources will be limited. 
Unfortunately, the success or failure 
of mass casualty disposal may depend 
on the cost of the disposal method.   


The primary purpose of this Issue 
Paper is to present information about 
various technologies for ruminant 
carcass disposal. The authors have 
provided information about the meth-
ods for routine carcass disposal and 
for disposal of large numbers of rumi-
nants resulting from catastrophic loss-
es. An Appendix is included to offer 
specific information about TSEs and 
how each disposal method handles 
TSE-infected carcasses. This Issue 
Paper will help increase understand-
ing and appreciation for available 
disposal methods to meet the needs of 
ruminant producers. 


PredomInAnt methods 
of mortAlIty dIsPosAl 
In commercIAl rumInAnt 
ProductIon


Burial and Landfill
Historically, the burial of a few 


aged animals has been considered 
a routine part of animal agriculture. 
On-site burial of carcasses from 
routine mortality rarely has cre-
ated significant concern or notice. 
Catastrophic and disease-related mor-
talities resulting in large numbers of 
carcasses, however, draw more atten-
tion and raise concerns among agri-
culture and environmental agencies, 
local governments, health depart-
ments, and the general public. The 
disposal of large or even small num-
bers of ruminant carcasses has posed 
serious issues for landfills during the 
last two decades.


Landfill Facilities
Three types of landfills exist in 


the United States: construction and 
demolition, hazardous waste, and mu-
nicipal solid waste. Municipal solid 
waste landfills (subtitle D)2 are the 
only type appropriate for routine and 
catastrophic ruminant disposal. These 
landfills are generally clay and syn-
thetically lined and have leachate col-
lection and gas recovery. 


Approximately 1,600 solid waste 
landfills currently operate in the 
continental United States (NSWMA 
2006). The ownership of these prop-
erties is split among municipalities, 
privately held companies, and public-
ly traded companies. Municipalities 
and publicly traded companies domi-
nate the solid waste business. 


Most facilities operate with host 
community agreements. These con-
tracts with the local city governments 
and/or the surrounding community 
often establish limits on the types of 


materials that the facility can accept. 
In some instances, acceptance of car-
casses may be prohibited. In other 
instances, the site operator will be 
required to obtain additional regula-
tory approvals before accepting the 
materials. Geographic origin of the 
waste also may restrict or prohibit 
carcass disposal. Operational issues at 
a landfill—opening of a new disposal 
cell, recent odor complaints, pending 
permit approvals, or lack of available 
capacity—may limit carcass disposal 
or make it unacceptable to the landfill 
operator.


Expertise and Resource  
Requirements


Most waste disposal companies 
employ environmental engineers and 
health experts who are familiar with 
animal carcass disposal. Companies 
have written procedures and training 
programs to guide their personnel in 
dealing with carcass disposal. Each 
site has individual permits that regu-
late its ability to accept small quan-
tities of animal carcasses and their 
components, including animal parts 
and rendered biomass (see Rendering 
section, page 6). 


The acceptance of non-diseased 
animals and rendered components 
requires approval of a waste pro-
file document by the state regula-
tory agency before disposal. Profiles 
generally are valid for one year and 
can be renewed annually. Land filling 
options exist at landfills specifically 
designated for carcass disposal, in-
cluding the placement of the carcass-
es in discrete landfill cells or sealed 
plastic vaults as deemed necessary 
by regulation or good environmental 
stewardship.


Regulations and Permitting
A variety of regulatory and com-


munity stakeholder missions and 
views must be considered when as-
sessing carcass disposal options. 
These stakeholders may include 


•	 Federal	agencies,	e.g.,	the	
U.S. Environmental Protection 


2 Municipal solid waste landfills operate in accor-
dance with the Environmental Protection Agency’s 
Subtitle D regulations.
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Agency, the Department 
of Homeland Security, the 
Centers for Disease Control 
and Prevention (CDC), and the 
U.S. Department of Agriculture 
(USDA);


•	 State	environmental,	agricultural,	
animal health, and public health 
agencies;


•	 Local	government	agencies,	e.g.,	
health departments and local 
landfill inspectors; and 


•	 Local	community	groups	such	as	
a citizens’ advisory board.


Catastrophic disposal regulations 
vary from state to state and also may 
be influenced by local codes and stan-
dards. Carcass material from a farm 
may be less regulated than the same 
material from a processing facility, 
especially if the material remains on 
the farm premises. Catastrophic car-
cass disposal usually requires a spe-
cial permit approved by one or more 
state agencies, depending on the state 
of origin of the material. These per-
mits may require the participation of 
the local landfill management and the 
corporate environmental protection 
department, as well as external coor-
dination and approval with the state 
office of solid waste. In many instanc-
es, the USDA and the local health de-
partment also may be involved. These 
procedures vary by state. In most in-
stances, permits should include both 
approval for acceptance of carcasses 
and bedding and acceptance of free-
flowing liquids as part of the waste 
stream.


Landfill Process
At a site of ruminant mortalities, 


a synthetic 20-cubic-yard vault, made 
of high-density polyethylene, is partly 
filled with kiln dust or hydrated lime. 
The carcasses are then placed in the 
vault, and any voids are covered with 
additional kiln dust or lime, which 
impedes fermentation and absorbs 
generated liquids. The vault is sealed 
and transported to the disposal fa-
cility in a conventional roll-off-box 


truck. These boxes also may serve as 
temporary storage vessels, if modified 
for gas removal by providing a small 
vent in the container. Once the vaults 
are deposited in the landfill, the vault 
locations are mapped and recorded, 
and the area is deemed off limits for 
subsequent drilling and placement of 
methane gas recovery wells.


Safety Concerns About  
Diseased Carcasses


Carcass disposal is divided into 
two broad categories: non-diseased 
mortalities (e.g., weather-related) 
and fatalities related to a known or 
unknown pathogen. Non-diseased 
mortalities generally are handled 
quickly and without incident, unless 
the disposal site lacks qualified space 
or the filling sequence at the land-
fill is at a stage where disposal may 
compromise construction safety or 
impact leachate quality. (Refer to the 
Environmental Implications section, 
page 5, for further information on 
these potential issues.) 


If the animals were infected 
with bacterial, viral, or prion-related 
diseases—those caused by an altered 
protein that destroys nervous system 
tissue—the approval process can be 
more complicated. Potentially infect-
ed carcasses require careful consid-
eration of hauling procedures, land-
fill worker health and safety, impacts 
to leachate, and leachate treatment 
procedures. In some states, munici-
pal solid waste landfills are prohibited 
from receiving known human-suscep-
tible disease material. And although 
permits for some facilities may al-
low the receipt of infected material 
from a specific area, the permits do 
not require the facilities to accept the 
infected material or establish the fees 
for handling the infected material. 


Several documented case histo-
ries in which the landfill industry has 
disposed of avian influenza-infected 
birds and other diseased livestock 
(VDACS 2002; VDEQ 2002) show 
that viral and non-spore-forming bac-
terial agents typically do not remain 


infectious after long-term exposure to 
an anaerobic environment. These case 
histories often are the result of USDA 
or state action. The case histories are 
built into a company’s safety plan but 
are seldom published. Nonetheless, 
even where diseased-animal carcasses 
can be buried effectively and safely in 
a landfill using any approved proce-
dure, safe management of the fluids 
resulting from the decay process must 
be considered. For example, an adult 
bovine is estimated to lose up to 42 
gallons of liquid in the first 60 days 
after burial (Nutsch and Spire 2004). 
Ideally, all fluids should be captured 
and further degraded in the waste 
mass underlying the carcass. The safe 
distance from the carcasses to the 
leachate collection system generally 
is thought to be a minimum of 40 ver-
tical feet and 60 horizontal feet from 
any side slope of the landfill. In some 
instances, landfill managers also may 
choose to install a layer of compacted 
soil or cover—a minimum of six and 
as much as eighteen inches—before 
carcass disposal to retard the vertical 
movement of fluids. In the absence 
of adequate soil amounts, substitutes, 
such as ground yard waste, fly ash, or 
auto fluff, are used. The USDA or the 
CDC often can provide information 
about the longevity and viability of 
specific disease agents under various 
conditions (Textbox 1).


The disposal of carcasses associ-
ated with confirmed mortalities from 
chronic wasting disease (CWD) in 
landfill sites is not recommended 
in the United States at the present 
time. The behavior of the infectious 
agent associated with TSEs, the 
prion, in a landfill presently is not 
clearly understood. (See Appendix 
1, page 14, for more information 
about disposal of TSE-infected car-
casses.) If a catastrophic situation 
arose in which thousands of dis-
eased carcasses needed to be dis-
posed of in a landfill, the liability 
likely would have to be accepted 
and indemnified by the federal  
government.
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Environmental Implications
Environmental implications of 


carcass disposal by burial or landfill 
can be short- or long-term.  Short-


term issues generally are concerned 
with handling the carcasses in an ef-
ficient and professional manner and 
require more attention if the material 


is potentially infectious. Table 1 out-
lines recommended actions for car-
cass handling that address short-term 
concerns.


Long-term environmental issues 
from disposal in landfills vary based 
on the amount of material and details 
of the landfill burial technique used. 
Small to moderate disposals require 
few additional measures after the ma-
terial is buried. If the material was in-
fectious, care must be taken to avoid 
road construction, well installation, 
trenching, or drilling in the disposal 
area. Individual state environmental 
regulations may address these con-
siderations. Disposal of hundreds or 
thousands of animal carcasses result-
ing from a catastrophic event may 
pose additional long-term concerns:


•	 Offensive	odors	may	require	
more cover soil and/or improved 
gas collection in that area.


•	 Subsidence	during	the	first	six	
months may be significant; it 
is suggested that stacking car-
casses more than three high be 
minimized.


•	 Mass	burial	should	avoid	forma-
tion of potential slip planes and 
should never be closer than 60 
feet from the edge of a slope.


Carcasses infected with non-human bacterial disease agents generally may be disposed of safely in sanitary landfills, although 
insufficient data exist on the advisability of disposing of anthrax-infected materials. Other non-spore-forming bacteria generally do 
not survive once the environment within the landfill becomes anaerobic. The changeover from an oxidative to a reducing (anaero-
bic) environment takes a period of weeks, requiring that the area where carcasses are disposed of remains undisturbed at least 
until this process has taken place naturally. Individual states may have regulations addressing the burial of carcasses infected with 
certain bacterial agents.


The potential fate of viruses in the landfill environment often is assessed using laboratory data. The existing laboratory data 
generally take into account the redox potential, moisture, and temperature in the mass of the landfill. Redox potential, the mea-
surement of the oxidizing and reducing potential, is critical when conducting fate studies that are mimicking the harsh reducing 
environments in landfills. Data on well-known viruses generally can be accessed in agricultural and CDC literature. Landfill disposal 
involving rarer infectious vectors may not be well studied, and the available data may be sparse. In all instances, the transport 
mechanisms for vectors reaching leachate collection systems are not understood completely.


Fungi and protozoans do not remain active in an anaerobic environment. Discussions about prions in landfills have taken 
place only recently. In the early stages of the bovine spongiform encephalopathy (BSE) epidemic in the U.K., some BSE-infected 
carcasses were disposed of in landfill sites before routine incineration was introduced. Most of these sites were unlined municipal 
solid waste disposal landfills. Nevertheless, a risk assessment carried out for the Environment Agency concluded that the potential 
risks to people through contaminated drinking water were extremely small. But the fate of prions in landfills and leachate presently 
is unknown, and no clear method of study or testing exists. There are current studies to address these questions, but the results 
will not be known for some time. Presently, the majority of landfill owners in the United States are not accepting prion-infected 
ruminant carcasses for disposal because of (1) the inability to monitor for the long-term viability of prions and (2) potential liability 
issues. (See Appendix 1 for further information on the disposal of TSE-infected carcasses.)


Textbox 1.   Fate of various disease agents in burial and landfill situations


Table 1. Recommended actions for handling and disposal of carcasses during burial  
 and landfill


 Potentially Infectious Material 
Routine, Noninfectious Material (Actions in Addition to Those for Routine Material)


Prepare waste profile paperwork Excavate site before carcass arrival and cover  
 with soil immediately after burial


Cover transportation vehicles Avoid transportation of carcasses through  
(with tarp or similar covering) neighborhoods


Avoid free liquids by using adsorbent materials Dispose of infectious material in a separate area  
 of the landfill


Minimize odors with quick, efficient handling Monitor air for presence of bacteria


Avoid personnel coming into direct contact Use proper personal protection equipment for  
with materials workers unloading infectious material


Bury as soon as possible Dispose of material 40 feet above leachate  
 collection system


Keep birds and vermin away from working Implement formal bird-control program  
landfill surface as much as possible on landfill surface


Account for stability considerations if volume  Map and record vault disposal area and store 
is large, because subsidence may be significant  information with asbestos data 
and the decaying carcasses may be slimy and  
have little geotechnical strength


 Decontaminate transportation vehicles


 Protect heavy-equipment operators by using  
 pressurized cabs


 Hire specialized contractors to handle infectious  
 material (biosecurity)
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•	 Cover	may	have	to	be	replaced	as	
the area settles.


•	 Various	agencies	may	require	
special leachate and air sampling.


•	 If	carcasses	containing	an	infec-
tious agent are buried, workers 
may have to be monitored for dis-
ease symptoms.


•	 Seeps	or	leachate	breakouts	must	
be fixed immediately with quali-
fied protocols.


•	 Some	agencies	may	require	
leachate recirculation as a precau-
tionary treatment for leachate.


•	 As	areas	become	filled	with	car-
casses, it will be necessary for 
landfill operators to avoid them 
and to construct new working  
areas instead.


•	 Long-term	liability	may	be	un-
known, especially if the site is 
undergoing an expansion-permit-
ting process. Mass disposal may 
affect public opinion even though 
local and state agencies support 
the initial burial actions.


•	 Long-term	indemnity	of	all	orga-
nizations involved in transporta-
tion and disposal activities will 
be required and may determine 
which companies and contractors 
are willing to participate in a  
response.


Estimated Costs
The costs for routine and cata-


strophic carcass disposal in a landfill 
vary based on the facility location, 
operational status, and required han-
dling practices. Some landfills charge 
by weight, others by the number of 
carcasses. Typically, a minimum 
charge is offset by a cost per ton. 
When major mortality events occur, 
costs often escalate based on the de-
mand, special handling practices, or 
services needed. An additional work-
ing area, special handling, and added 
monitoring can either increase the 
cost per ton or add to the overall proj-
ect costs. In some instances, the host 
community may set special host fees 
(Flory 2006). 


Best Practices 
Routine 


1. Profiles should detail the location 
and cause of mortality. Disease-
related mortalities are not routine.


2. Immediate burial to prevent odors 
and interaction with birds is man-
datory and required by regula-
tion. The time factors established 
in regulation are often inadequate 
for mass disposal events, but 
they emphasize the importance of 
having a disposal option in place 
before killing any animals. In ad-
dition, interim methods of con-
tainment for dead animals may be 
required when the time of death 
is not controlled.


3. Minimize worker contact with the 
shipment.


4. Operations management should 
monitor for increasing frequency 
of routine loads and investigate 
abnormalities.


Catastrophic 


1. All influencing and permitting 
agencies, operating companies, 
and owners of the facility must 
be notified. Public notification is 
appropriate under some condi-
tions, but public information 
planning and accurate risk com-
munications are required for all 
disposal activities.


2. Plans and profiles must be ap-
proved and contracts must be 
signed.


3. During all operations, includ-
ing acceptance of the carcasses, 
worker health and safety must 
be maintained and the work plan 
must be followed to prevent in-
jury and environmental impacts. 
The work plan must include 
health and safety practices, trans-
portation practices, and decon-
tamination of equipment.


4. Visual and analytical monitor-
ing should be recorded and filed. 
Mapping of the affected areas is 
strongly encouraged and may be 


required by regulation. It is sug-
gested to follow asbestos guid-
ance in the absence of specific 
requirements for biological dis-
posal. Many states require the 
identification of burial sites dur-
ing any due diligence activities 
related to land transfer.


5. If the disease-causing vector is 
unknown, pretreatment of the af-
fected animals or macro-encap-
sulation is recommended.


6. Indemnification and transfer of 
contingent liability to the appro-
priate federal agency is necessary 
in some instances.


7. If the deaths are disease related, 
contact the CDC in Atlanta for in-
formation regarding public health 
risks and infectivity. Remember 
“healthy” animals carry a signifi-
cant biologic risk potential.


Advantages/Disadvantages 
of Landfill Burial


Tables 2 and 3 describe the ad-
vantages and disadvantages of landfill 
disposal for both routine and cata-
strophic mortalities.


Rendering
Rendering has been a disposal 


option for animal by-products and 
mortalities for a long time. The North 
American rendering industry han-
dles approximately 59 billion pounds 
of raw material annually, with dead 
stock representing nearly 5% of this 
total (Meeker 2006). Ruminants (cat-
tle, sheep, lamb, and goats) combine 
to account for approximately 22% of 
all mammalian livestock that die be-
fore slaughter each year in the United 
States (the balance being mostly 
swine), but because cattle are so large 
and heavy, the volume (weight) of ru-
minant mortalities accounts for about 
67% of the total death loss each year. 
Beef cattle account for the largest 
proportion of mammalian livestock 
mortalities requiring disposal, and 
nearly 50% of the 1.6 billion pounds 
of annual volume (Sparks 2002).
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Principles of Rendering
Rendering involves both physical 


and chemical transformation of the 
materials using a variety of equip-
ment and processes. All rendering 
processes involve the application 
of heat, the extraction of moisture, 
the separation of fat, and the grind-
ing of meat and bone meal. Figure 
1 illustrates the rendering process 
(Hamilton 2004). The temperature 


and cooking time are critical and are 
the primary determinants of the quali-
ty of the finished product. Animal fats 
and proteins derived from the process 
are valuable ingredients for animal 
feeds and other uses. Conserved nu-
trients within rendered products help 
sustain animal agriculture and protect 
marginal lands from misuse.


Rendering processes vary accord-
ing to the raw material composition. 
All rendering system technologies 
include the collection and sanitary 
transport of raw material to a facil-
ity where it is ground into a consis-
tent particle size and conveyed to a 
cooking vessel, either continuous-
flow or batch configuration. Most 
North American rendering systems 
are continuous-flow units. Cooking 
is generally accomplished with steam 
at temperatures of 240º to 290ºF (ap-
proximately 115º to 145ºC) for 40 to 
90 minutes, depending on the type 
of system and materials. Regardless 
of the cooking method, the melted 
fat is separated from the protein and 
bone solids, and a large portion of the 
moisture is removed. Most impor-
tantly, cooking temperatures are suf-
ficient to inactivate bacteria (Alder 
and Simpson 1992), viruses (Perkins 
1969), protozoa (Fayer 1994), and 
parasites (Jarrol, Hoff, and Meyer 
1984) of concern (Table 4).


Modern rendering facilities are 
constructed to separate raw mate-
rial handling from the processing 
and storage areas. The process is 
performed and monitored through 
computer technology to achieve time/
temperature recordings for appropri-
ate thermal kill values for specific 
microorganisms. Temperatures far 
above the required thermal kill value 
are unnecessary and avoided because 
they can lower nutritional values and 
digestibility of the finished prod-
uct. Rendering processes in North 
America generally do not incorporate 
cooking under pressure except with 
materials such as feathers and other 
high-keratin-containing tissues. 


In April 2008, the U.S. Food and 
Drug Administration (FDA) finalized 


Table 2. Advantages/disadvantages of landfill burial of routine mortalities


Advantages Disadvantages


Costs can be set for a year at a time Sanitary conditions must be maintained for  
 landfill personnel, facilities, and equipment 


Profiling allows for long-term tracking and Special transportation and biosecurity  
monitoring of the waste stream arrangements must be made. Inexperienced  
 transporters create a nuisance


Burial is generally local Minimum costs per load can be an issue


Table 3. Advantages/disadvantages of landfill burial of catastrophic mortalities


Advantages Disadvantages


Cost per ton is manageable in many instances Potential for odors is great if there are no set  
 procedures


Infrastructure is in place to accept large Permitting is different or nonexistent by state  
quantities of materials quickly and local area governments, leading to potential  
 lack of animal and human health control and  
 substantial delays in approval for burial


Backup safety and compliance teams exist Public opinion may inhibit acceptance


A large resource of consultants is already Operator refusal to accept materials,  
working for the landfill operations construction, pending permits, and fill sequence 
 may eliminate some local facilities from use


Subtitle D liner systems are well established  Standard practices are different for each
for containment operator


Systems design allows for adequate monitoring Associated costs for special treatment prevent  
of gas, leachate, and air general pricing across the country


Operation hours can generally be adjusted Bird and vermin control must be increased  
to fit emergency needs 


Raw Materials


Sizing
Heat Processing
(Time x Temperature)


Protein Press


Grinding


Storage / Load out


Fat Clean-up


Figure 1. Basic production process of 
rendering.


Table 4. Efficacy of the U.S. rendering system for the destruction of pathogenic bacteria  
 (Samples from 17 different rendering facilities during winter and summer.  
 Troutt et al. 2001)


 Raw Tissue Post Process 
Pathogen % Samples Positive % Samples Positive


Clostridium perfringens 71.4 0
Listeria species 76.2 0
L. monocytogenes  8.3 0
Campylobacter species 29.8 0
C. jejuni 20.0 0
Salmonella species 84.5 0
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additional restrictions to the Feed 
Rule (USFDA-HHS 2008) to de-
crease the risk of BSE in the United 
States. The restrictions take effect in 
April 2009. The rule defines “cattle 
material prohibited from animal feed” 
or CMPAF, prohibiting its use in all 
animal feed; CMPAF includes


•	 Brains	and	spinal	cords	from	cat-
tle more than 30 months of age


•	 Entire	carcasses	of	cattle	not	in-
spected (ante mortem) and passed 
for human consumption


•	 unless	shown	to	be	less	than	30	
months of age OR


•	 brain	and	spinal	cord	are	removed


•	 Entire	carcasses	of	BSE-positive	
cattle


•	 Tallow derived from BSE-
positive cattle


•	 Tallow	from	CMPAF	if	contain-
ing impurities great than 0.15%


•	 Mechanically	separated	beef	
made from CMPAF.


Since additional regulations for 
BSE controls were enacted, some 
rendering plants have specialized in 
handling a single species of animals, 
such as poultry or swine. 


In the U.K., products from render-
ing specified risk materials have been 
incinerated, the fat used as a fuel in 
the rendering plant, and the meat and 
bone meal used as a fuel in power sta-
tions. Meat and bone meal also have 
been processed with the fat into pel-
letized fuel for boilers and furnace 
applications. Such alternatives may 
develop in the United States, but such 
development will depend on econom-
ics and volume of materials banned 
from feed. The removal of brains and 
spinal cords from cattle carcasses 
is difficult in some circumstances, 
which could increase the volume of 
materials prohibited in feed.


Regulatory Influence
The rendering industry is regu-


lated closely by state and federal 


agencies, and each agency routinely 
inspects rendering facilities for com-
pliance with applicable regulations 
and finished product safety toleranc-
es. Officers of the FDA inspect ren-
dering facilities for compliance with 
BSE-related regulations and chemi-
cal residue tolerances. The Animal 
and Plant Health Inspection Service 
of the USDA issues export certifi-
cates and inspects rendering facili-
ties for compliance with restrictions 
imposed by the importing country. 
Renderers also are required to regis-
ter with the Food Safety Inspection 
Service, which helps ensure dead or 
diseased animals are not diverted into 
the food supply and allows confirma-
tion that condemned carcasses and 
meat are disposed of outside the hu-
man food supply. State feed control 
officials inspect and test finished 
products to enforce policies regarding 
quality, adulteration, and feed safety. 
Other state agencies also regulate the 
rendering industry by issuing air and 
water quality permits and feed and 
rendering licenses.  


The rendering industry uses inter-
nal controls to maintain biosecurity 
and ensure that the finished products 
are safe and in compliance with all 
state and federal regulations and tol-
erances. Two types of control pro-
cedures common among rendering 
companies are good manufacturing 
practices (GMPs) and process con-
trol programs. The GMPs minimize 
product safety hazards by instituting 
basic controls or conditions favorable 
for producing a safe product. For ex-
ample, a “raw material GMP” would 
provide validation that raw materials 
were not exposed to toxic chemicals 
or metals before processing in a ren-
dering facility.


 


Infrastructure
Full-service rendering companies 


are capable of efficiently transporting 
and processing large volumes (one 
million or more pounds per day) of 
raw animal by-products and mortali-
ties. Even though the rendering indus-
try has undergone significant consoli-
dation during the past 30 years (Table 
5), most areas of the United States 
continue to be serviced by one or 
more renderers.


The rendering industry uses spe-
cialized equipment that is not com-
monly found in other segments of the 
agricultural industry. To safeguard 
the food supply, prevent the spread 
of disease, and prevent damage to the 
environment, many states regulate 
the collection and transportation of 
unprocessed animal by-products and 
mortalities and require that only vehi-
cles equipped with leak-proof vessels 
be used to transport these materials. 
This industry-specific equipment is 
not commonly found on farm equip-
ment or on vehicles used by common 
carriers. Renderers also must install 
air scrubbers, thermal-oxidizers, 
wastewater treatment facilities, and 
other equipment necessary to meet 
state air emissions, odor, and water 
discharge permits for their facilities. 
Tens of millions of dollars in equip-
ment, monitoring instrumentation, 
and analytical testing are invested at 
rendering facilities to meet state and 
federal standards.


Capacity
Throughput and capacity will be 


dependent on the type of rendering 
facility and its scale of operations, al-
though there are a number of facilities 
capable of handling many tons per 


Table 5. Decrease in number of U.S. rendering plants (Meeker 2006)
 
 1921 1927 1975 1997 2006


Number of Plants 823 913 724 282 273


Note: A similar trend occurred in Canada, where there are currently 29 plants.
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day. Recent industry estimates sug-
gest that renderers currently process 
approximately 50% of all livestock 
mortalities (i.e., mortalities from all 
species, including bovine, poultry, 
and swine), and approximately 42% 
of all cattle mortality volume. Table 6 
shows the estimated volume of cattle 
mortalities currently processed but 
does not show the reserve capacity of 
the rendering industry. The reserve 
capacity figure may be as large as 
40% or more of current processing.


If dead animals are not pre-
served, they should be transported to 
a rendering facility within 24 hours. 
Preservation allows mortalities to 
be stored on the farm until quanti-
ties are sufficient to warrant the cost 
of transport for rendering. Freezing 
and fermentation have been used for 
preservation of mortalities before 
processing.


Rendering Catastrophic 
Losses


Rendering is a business—the 
traditional routine rendering system 
depends on marketable end prod-
ucts to finance the system. If the end 
products of catastrophic mortalities 
are considered unsuitable for use in 
animal feeds (because of the nature 
of an animal disease or other cause 
of death), rendering companies could 
not justify economically the process-
ing of carcasses in the absence of ad-


ditional compensation. The rendering 
industry may need to develop a two-
fold system consisting of (1) dedi-
cated facilities for disposal rendering 
and (2) a process to ensure the use of 
added specialized capacity. In case 
of a major disease outbreak, such as 
the FMD outbreak in the U.K., the 
dedication of a centrally located ren-
dering plant to the diseased carcass 
disposal effort might be an appropri-
ate response, technically as well as 
financially. 


Many plants are capable of pro-
cessing one million or more pounds 
per day of offal and dead animal ma-
terials on a routine basis. In addition, 
many plants are capable of increasing 
capacity and throughput in times of 
emergency. Depending on the weath-
er, cold storage may be necessary to 
hold excess material if capacities are 
temporarily overwhelmed. Decision 
makers involved in emergency ani-
mal management should communi-
cate with renderers in the area and 
adjacent states about the conditions 
and amounts of material that can be 
handled by this process, as well as 
the cost for its use. Also, the render-
ing industry can provide biosecure 
carcass hauling in times of disease 
outbreak that can be used with other 
disposal methods.


In areas where rendering opera-
tions are used for routine mortality 
and processing waste, the mass re-


duction component accomplished 
through rendering could not be han-
dled easily by other disposal resourc-
es. Each rendering plant routinely 
handles millions of pounds of raw 
material per week, and most plants 
could handle much more material in 
emergencies.


Estimated Costs
The cost of rendering depends 


on location, energy costs, and pric-
es of rendered products. Nationally, 
the average charge by renderers to 
pick up a dead bovine is $25. If the 
products from ruminant mortalities 
cannot be used for feed, the pick-up 
charge could increase to $100 per 
head. Ruminant meat and bone meal 
has declined in value considerably 
since the 1997 FDA feed regulation 
restricting its use, but there is still a 
market for these materials.


Advantages/Disadvantages 
of Rendering


Table 7 describes the advantages 
and disadvantages of rendering as a 
carcass disposal option.


The experiences with large num-
bers of mortalities during the 2001 
FMD eradication efforts in the U.K. 
were analyzed and summarized 
retrospectively, and rendering was 
deemed to be the best disposal option 
(Table 8).  Because sufficient render-
ing capacity was not available in the 


Table 6. Estimated annual quantities of dead and downer cattle rendered (Informa 2004)


 Mortalities and Downers Volume 


 Head  Rendered Percentage Head Rendered Produced1 Rendered  Percentage Rendered 


Cattle       
Dairy cow/bull  584.55  62.0  364.76  818,370  510,663 
Feedlot  300.00  94.4  283.20  270,000  254,880 
Beef cow  1,025.75  20.0  205.15  1,025,750  205,150 
 Total  1,910.30  44.7      853.11 2,114,120  970,693 45.9


Calves      
Dairy calves  740.43  43.8  324.31  185,107  81,077 
Beef calves  1,625.17  20.0  325.03  406,293  81,259 
 Total  2,365.60  27.4  649.34  591,400  162,336 27.4


Total cattle and calves  4,275.90  35.1  1,502.45  2,705,520  1,133,028 41.9


1Assumes the following weights per mortality: dairy cow, 1,400 lb; feedlot, 900 lb; beef cow, 1,000 lb; calves, 250 lb
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required locations, however, other op-
tions such as burial and burning were 
used.


Composting
The process of composting has 


been used to stabilize or dispose of 
a variety of organic wastes includ-
ing yard trimmings, manure, mu-
nicipal biosolids, food waste, and 
animal carcasses. The end product 
of this aerobic degradation process 


is used widely as a soil amendment. 
Composting is a managed process 
that requires an appropriate bal-
ance of carbon and nitrogen sources, 
as well as appropriate oxygen and 
moisture conditions. As a means of 
carcass disposal, composting has 
become increasingly appealing—
especially for routine mortalities—
when considering concerns about 
the cost, availability, and environ-
mental impacts of other methods. 


Composting also is attractive because 
it can be performed on-site, eliminat-
ing the need to transport infected or 
potentially infected material during 
a disease outbreak. It is advisable, 
however, to consult local and state 
authorities regarding regulations 
governing composting of ruminant 
carcasses; there may be issues with 
composting carcasses infected with 
certain biological agents or TSEs. 
The regulations may describe what 
can be done with the composted ma-
terial or may prevent composting 
altogether. 


Research assessing the envi-
ronmental impacts and biosecurity 
issues associated with compost-
ing livestock mortalities during an 
emergency suggests that composting 
can be a relatively biosecure process 
when performed properly (Glanville 
et al. 2006). (See Appendix 1 for a 
more in-depth discussion of disposal 
options for TSE-infected carcasses.)


Considerations for using com-


Table 7. Advantages/disadvantages of rendering as an option for carcass disposal


Advantages Disadvantages


Existing infrastructure Possible capacity constraints in handling surges  
 in a specific geographic area 


Industry familiarity with animal mortalities Biosecurity concerns with transport, especially  
 in the event of significant volume escalation


Environmentally sound Some geographic areas not served


Biosecure after processing  
(although it does not fully inactivate prions)


Usable end product; value captured helps pay  
for process 


Table 8. Summary of potential health risks for various methods of handling animal by-products1, 2


 Exposure of Humans to Hazards from Each Option


Disease/Hazardous Agent Rendering Incineration Landfill Pyre Burial


Campylobacter, E. coli, Listeria, Very small Very small Moderate Very small High 
Salmonella, Bacillus anthracis, 
C. botulinum, Leptospira, 
Mycobacterium tuberculosis var bovis, 
Yersinia 


Cryptosporidium, Giardia Very small Very small Moderate Very small High 


Clostridium tetani Very small Very small Moderate Very small High


Prions for BSE, scrapie3 Moderate Very small Moderate Moderate High


Methane, CO2 Very small Very small Moderate Very small High


Fuel-specific chemicals, metal salts Very small Very small Very small High Very small


Particulates, SO2, NO2, nitrous particles Very small Moderate Very small High Very small


PAHs, dioxins Very small Moderate Very small High Very small


Disinfectants, detergents Very small Very small Moderate Moderate High


Hydrogen sulfide Very small Very small Moderate Very small High


Radiation Very small Moderate Very small Moderate Moderate


1 Adapted from UKDH 2001


2 Legend: 
 Very small—least exposure of humans to hazards
 Moderate—intermediate exposure of humans to hazards
 High—greatest exposure of humans to hazards


3 Risk of human exposure to TSEs was rated as very small when solid products of rendering were incinerated
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posting to dispose of animal carcass 
mortalities have been summarized by 
various authors (DeRouchey, Harner, 
and Murphy 2005; Kalbasi et al. 
2005; Mukhtar, Kalbasi, and Ahmed 
2004; Wilkinson 2007). Where large 
numbers of carcasses are concerned, 
composting generally is better suited 
to the disposal of small- to medium-
sized carcasses (e.g., poultry and 
swine) than large carcasses (e.g., 
cattle). For disposing of routine mor-
talities, composting is more common 
in poultry and hog production than 
in cattle production (Sparks 2002). 
Thus, only a cursory overview of 
composting considerations is provid-
ed here. (For additional information 
regarding composting for swine and 
poultry, see CAST 2008a and 2008b.  
For more specific information on 
composting techniques, see Bagley, 
Kirk, and Farrell-Poe 1999.) 


Incineration
Incineration has been used ex-


tensively in the past for disposal of 
ruminant carcasses and other live-
stock species. Incineration descrip-
tions date back to early recorded 
history and are indicated in biblical 
times. Factors that have affected the 
acceptance and desirability of this 
disposal method include environmen-
tal concerns, availability and cost 
of necessary fuel, equipment devel-
opment, and potential for spread of 
infectious agents. Presently, there 
are three broad categories of incin-
eration techniques: open-air burning, 
fixed facility incineration, and mobile 
air-curtain incineration. The latest 
advancement in incineration disposal 
technology is gasification, which is 
pyrolysis of the carcass material in a 
controlled oxygen environment. It is 
very similar to computer controlled 
enclosed incineration.


Although large municipal incin-
erators provide resource recovery of 
energy and produce electricity from 
incineration of solid wastes, the in-
cinerators normally are designed 


for burning household or indus-
trial wastes of 20 to 25% moisture. 
Because ruminant and other animal 
carcasses are typically about 70% 
moisture, and because retention time 
in burning chambers is limited to in-
tervals insufficient for carcass burn-
ing, these facilities are unsuitable for 
and do not usually accept carcass-
es for burning (S. DiLiberto, 2002. 
Personal communication). Enclosed 
incinerators have been licensed for 
years for carcass disposal for animal 
research and treatment facilities, but 
the permits for such facilities usu-
ally prohibit the disposal of carcasses 
from outside sources. Also, the per-
mitted disposal levels are too low for 
catastrophic applications. 


Open-air Burning
This open system of burning 


carcasses can take place either on-
farm or in collective sites fueled by 
additional materials of high energy 
content. Open-air burning has been 
used throughout history as a means of 
carcass disposal and was used exten-
sively in the 1967 and 2001 outbreaks 
of FMD in the U.K. (NAO 2002).  
Open-air incineration may be accom-
plished by burning on open land at 
an above-ground site, in a dug-out 
pit, or on combustible heaps called 
pyres.  Combustible materials or fuels 
used for open-air burning may in-
clude straw or hay, untreated timbers, 
wood, coal, or petroleum products 
such as diesel fuel. Open-air burn-
ing may be contrary to environmental 
standards for air, water, and soil and 
has no verification of pathogen inacti-
vation, because burning temperatures 
may vary markedly. In some instanc-
es, there has been suspicion that in-
fectious agents have been transmitted 
via open-air burning resulting from 
incomplete pathogen combustion or 
inactivation (Champion et al. 2002). 
Additionally, because the process is 
open to view, there may be negative 
reaction and lack of acceptance by 
the public. Open-air burning also may 


pose a fire or air quality hazard.  


Fixed-facility Incineration
Fixed-facility incineration occurs 


in an established facility in which 
whole carcasses or carcass portions 
are completely burned and reduced 
to ash. Because these facilities allow 
for control and monitoring of burn-
ing temperatures, effective inactiva-
tion of pathogens can be achieved. 
Fixed-facility incinerators typically 
are fueled by natural gas, diesel fuel, 
or propane. The exhausts usually are 
fitted with afterburner chambers to 
completely burn hydrocarbon gases 
and particulate matter from the pri-
mary combustion chamber. With in-
creased costs of combustion fuels and 
the large amount of energy required 
to dehydrate the high moisture con-
tent of ruminant carcasses, diseased 
animals may first be rendered and 
then the resultant meat and bone meal 
and tallow burned in fixed-facility in-
cinerators, such as in the 2001 FMD 
outbreak in the Netherlands (de Klerk 
2002). Compared with open-air burn-
ing, cleanup of ash is less problematic 
with fixed-facility incineration, and 
the ash is considered safe for dispos-
al in landfills. The exception to this 
practice may be the incomplete inac-
tivation of prions of TSEs, in which 
case burial of ash may not be accept-
able. (See Appendix 1 for further in-
formation on TSEs.)


Air-curtain Incineration
Air-curtain incineration involves 


a machine that fan-forces a mass of 
air through a manifold, thereby creat-
ing a turbulent environment in which 
incineration is accelerated up to six 
times faster than open-air burning. 
In addition to the increased speed 
of burning, higher temperatures are 
achieved, thereby decreasing the pos-
sibility of pathogens surviving the 
burning process. Burning tempera-
tures of 1000 degrees Celsius have 
been recorded (Kastner and Phebus 
2004; TAHC 2005). The equipment 
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for this process can be mobile so that 
it can be taken on site, but the poten-
tial for fire hazard must be consid-
ered. Because the equipment can be 
used on site, there is no requirement 
for transportation of the animal mate-
rial if co-combustion materials are 
available on site. Materials needed for 
air-curtain incineration include wood 
or petroleum products such as diesel 
fuel (for both the carcass burning and 
the air-curtain fan). Properly trained 
operating personnel also are needed. 
Fueled by diesel engines, high-ve-
locity air is blown into either a metal 
refractory box or a dug-out burn pit. 
In one recent operation, incineration 
of 500 adult swine required 30 cords 
of dry wood and 200 gallons of diesel 
fuel (Kastner and Phebus 2004; TAHC 
2005).


Comparisons
Open-air burning can be relatively 


inexpensive, but it is not suitable for 
destroying prions of TSE-infected 
carcasses. The method is dependent 
on weather and fuel availability, has 
the potential for environmental con-
tamination, and may pose a problem 
for public acceptance.


Fixed-facility incineration is capa-
ble of effectively destroying prions of 
TSE-infected carcasses and is highly 
biosecure (Kastner and Phebus 2004; 
TAHC 2005). Disadvantages of fixed-
facility incineration are limited avail-
ability, high cost of operation, neces-
sity of transporting carcasses to the 
facility, difficulty of securing local 
licensure or allowance, and inability 
of equipment to burn large volumes 
of carcasses. 


Air-curtain incineration is mo-
bile and relatively environmentally 
acceptable. In addition, this meth-
od is suitable for combination with 
combustible debris removal, such as 
downed trees from weather-related 
damage, if dry. Air-curtain incinera-
tors are fuel intensive and require 
experienced personnel operators.  
Currently, open air-curtain incinera-
tors are not validated to dispose of 
TSE-infected carcasses safely.


Alkaline Hydrolysis 
Description of Process


Alkaline hydrolysis is a natural 
process by which complex molecules 
are broken down into the constitu-
ent small molecules from which they 
were synthesized. The process of al-
kaline hydrolysis occurs through the 
action of the hydroxyl ions (OH¯) on 
the bonds connecting the small mol-
ecules. This process occurs in nature 
when animal tissues and carcasses are 
buried in soil of neutral or alkaline 
(high) pH, aided by the digestive pro-
cesses of soil organisms. In digestion, 
alkaline hydrolysis is the primary 
process whereby the complex mol-
ecules of proteins, fats, and nucleic 
acids are broken down in the small 
intestine into small nutrient molecules 
that are absorbed by the intestinal 
cells. Alkaline hydrolysis for carcass 
disposal is based on the same chemi-
cal reaction, with strong alkali and 
heat used to speed the process. 


The current process for appli-
cation of alkaline hydrolysis to the 
disposal of animal carcasses and 
tissues—including infectious and 
radioactive tissues, carcasses, and 
biohazardous and hazardous materi-
als—dates back to 1992. The meth-
od was introduced for the release 
of radionuclides from experimental 
animal carcasses so that this type of 
low-level radioactive waste could be 
disposed of safely and economically 
(Kaye, Methe, and Weber 1993; Kaye 
and Weber 1994). Subsequently, the 
method was applied to the disposal 
of other research animals and infec-
tious human and animal tissues and 
carcasses. Equipment is commercially 
available for disposal of animal car-
casses by this process.


In the simplest current applica-
tion, whole animal carcasses and tis-
sues are loaded into a stainless steel, 
steam-heated pressure vessel. Once 
the vessel is loaded and the lid is 
sealed, an appropriate amount of con-
centrated alkali solution and water are 
added. The vessel is heated to 302ºF 


(150ºC) and maintained at that tem-
perature for a minimum of 3 hours 
(depending on the target pathogen, 
vessel, and carcass sizes) and up to 
6 hours for destruction of prions. At 
the end of the process, the hydrolyz-
ate—a solution of amino acids, small 
peptides, sugars, soaps, and electro-
lytes—is cooled and drained, leaving 
only “bone shadows” (i.e., the pure 
calcium phosphate remains of bones 
and teeth from which all the collagen 
has been digested). The hydrolyzate 
is a resource that can be used directly 
as liquid fertilizer, dried or absorbed 
to make a dry fertilizer, used as feed-
stock for anaerobic fermentation bio-
gas generation, or further treated to 
precipitate the lipid components for 
subsequent conversion to biodiesel, 
still leaving the nutrient solution for 
other uses.


Alkaline hydrolysis leads to the 
random breaking of nearly 40% of all 
peptide bonds in proteins, the major 
solid constituent of animal cells and 
tissues. Under the extreme conditions 
of high temperature and alkali con-
centration, the protein coats of viruses 
are destroyed and the peptide bonds 
of prions are broken. Validation test-
ing has demonstrated that all patho-
gens in animal tissue (Kaye et al. 
1998), including prions, are com-
pletely destroyed under the combined 
operating conditions of heat, mois-
ture, and pH. Alkaline hydrolysis has 
been written into European Union 
Animal By-Products legislation as the 
only alternative technology approved 
for all categories of animal by-prod-
ucts, including the most highly infec-
tious and prion-contaminated material 
(EC 2005).


Types of Systems
Alkaline hydrolysis systems may 


be fixed or mobile. The capacity of 
currently available equipment is up 
to 10,000 lb/cycle for fixed systems 
and 4,000 lb/cycle for mobile sys-
tems. Designs are available, however, 
for systems that combine pulverization 
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and initial steam disinfection with the 
tissue destruction and resource con-
servation capability of mobile sys-
tems capable of processing more than 
25,000 lb/hr.  


Fixed-base and mobile systems 
currently are able to handle the rou-
tine disposal of infectious and suspect 
animal carcasses and tissues brought 
to state and federal veterinary diag-
nostic laboratories. These systems 
also could serve for disposal of ma-
terials, such as specified risk mate-
rial, at livestock processing facilities. 
Since 2004, a single 4,000 lb-capa-
city mobile system has been used 
to dispose of more than one million 
pounds of deer confirmed or sus-
pected of having CWD, a TSE, in a 
depopulation program near Madison, 
Wisconsin. 


It is important to distinguish be-
tween the issues related to disposal of 
routine infectious and TSE-infected 
or suspect animals and the issues 
related to disposal in mass animal 
epidemics or other catastrophic situ-
ations. Fixed-base systems are able 
to handle routine and TSE material 
because the volumes are relatively 
small. Also, TSE outbreaks can be 
managed by isolation and transport of 
the affected animals without risk to 
noninfected animals. In mass animal 
epidemics or natural disasters, how-
ever, disposal often must take place at 
the site of the outbreak and be done 
quickly to prevent spread of infec-
tious disease; for these situations, 
mobile systems can be used. The hy-
drolyzate from such a system is only 
partly hydrolyzed; it exits the system 
as slurry into a tanker truck or rail 
tank car in which hydrolysis contin-
ues until the hydrolyzate is emptied 
into a fertilizer storage trench, fed 
into a biogas generation system, field 
spread, or otherwise processed for re-
source recovery. 


Fixed-base systems generally use 
institutional steam supplies for heat-
ing the vessels and domestic water for 
filling and cooling. Mobile systems 
require “slave trucks” carrying diesel 


or propane-fired electrical and steam 
generators, as well as alkali and water 
(if needed). In theory, a fleet of large-
volume mobile comminution-disinfec-
tion-digestion systems, strategically 
distributed around the country in a 
sort of “fire station” pattern, could be 
gathered on short notice to deal with 
mass animal disposals. When not in 
use in emergency situations, these 
units could be kept operable and their 
operators trained by using the units 
for routine depopulations of avian 
and ruminant livestock and control of 
small outbreaks. The fixed-base units 
would always be in use for disposal 
of animal carcasses and tissues after 
routine necropsy and diagnostic  
procedures.


Operational Costs
Currently, fixed-base systems 


large enough to handle ruminant live-
stock cost $500,000 to $1.2 million. 
Once the prototype is tested and the 
final design improvements are added, 
it is estimated that large mobile sys-
tems will cost approximately $2 mil-
lion each. Operating costs of tissue 
digestion systems are determined 
primarily by the cost of bulk alkali 
solution; according to manufacturers, 
fixed-base units using institutional 
steam have been estimated to oper-
ate at $0.04-$0.07/lb on-off costs. 
Mobile unit operating costs are higher 
because of the fuel costs for the gen-
erators, slave trucks, and hydrolyzate 
transport.


conclusIons
Burial and landfills often are a 


convenient, inexpensive, and ex-
pedient means of carcass disposal. 
Only municipal solid waste landfills 
or similarly designed private facili-
ties are appropriate for routine or 
catastrophic disposal of animal car-
casses. There are, however, a variety 
of issues to consider for burial and 
landfill to be an option for animal 
carcass disposal, including 


•	 whether	or	not	the	disposal	is	


routine or catastrophic 


•	 whether	the	carcasses	are	infec-
tious or non-infectious 


•	 the	nature	of	the	infectious	agent


•	 short-term	versus	long-term	en-
vironmental considerations


•	 geographic	limitations


•	 regulatory	and	community	con-
siderations.


In many situations, rendering is 
the best available disposal technol-
ogy for ruminant mortalities. The 
rendering industry has infrastructure 
and process controls in place to ac-
complish volume reduction and heat 
treatment while adhering to feed 
safety and environmental regula-
tions. In most locations where live-
stock are concentrated, rendering 
plants are available for collection, 
transportation, and processing of ru-
minant mortalities. Costs of render-
ing are reasonable when compared 
with other properly conducted safe 
methods.


The effectiveness of incineration 
as a tool for ruminant carcass dis-
posal varies depending on the tech-
nique used. Open-air burning can be 
relatively inexpensive, although it is 
weather dependant, has the poten-
tial for environmental contamina-
tion, and may cause public concern. 
Fixed-facility incineration is highly 
biosecure, but this method has a high 
operational cost and limited capacity, 
and it requires transporting carcasses 
to the facility. In addition, securing 
local licensure and equipment for 
this type of incineration is difficult, 
and large volumes of carcasses can-
not be burned. Air-curtain incinera-
tion is mobile, relatively environ-
mentally acceptable, and suitable 
for combination with combustible 
debris removal such as dry, downed 
trees from weather-related damage. 
Air-curtain incinerators are fuel-
intensive and require experienced 
personnel operators. Gasification is 
an emerging incineration technol-
ogy that offers significant promise 
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for diseased carcass disposal appli-
cations, but currently is limited in 
availability and high in cost.


Alkaline hydrolysis at elevated 
temperature is a method that will 
reliably destroy all known patho-
gens—including prions. The end 
product of alkaline hydrolysis is 
a nutrient solution of amino ac-
ids, small peptides, sugars, soaps, 
and electrolytes. This end product 
can be used as feedstock to anaero-
bic fermentation methane genera-
tion processes, used as a fertilizer 
in liquid or dried form, or absorbed 
onto cellulosic materials or peat. 
Whereas the largest tissue digesters 
currently in use can process two or 
three 10,000-pound loads/day, larger 
mobile units capable of processing 
25,000 to 30,000 pounds/hour have 
been designed. These units add pul-
verizing and steam disinfection as 
initial steps in the process and pro-
duce a partly digested hot slurry that 
would be delivered to tank trucks, 
rail tank cars, or fertilizer trenches in 
which the hydrolysis process contin-
ues to equilibrium.


Transmissible spongiform en-
cephalopathy diseases are not deacti-
vated by the procedures that destroy 
most disease agents, so it is impor-
tant to assess the potential for TSE 
infection when selecting the best op-
tion for ruminant carcass disposal. 
Fixed facility incineration and alka-
line hydrolysis effectively eliminate 
prion infectivity; their use, however, 
may be limited by scale and practi-
cality. Rendering can reduce, but not 
eliminate, infectivity and may be a 
useful pre-treatment option (e.g., in 
conjunction with landfill or burial). 
Composting has not been effective in 
reducing TSE infectivity and should 
not be used with such material. 
Uncertainties remain about the be-
havior of TSE infectivity in landfills. 
The evidence suggests that infectiv-
ity would decay slowly over time 
and that the prion agent is likely to 
remain strongly bound to the solid 


matter in a landfill. Risk assessment 
studies have concluded that the risk 
of exposure to people or animals from 
the disposal of TSE material in a con-
tained landfill would be very low.


When deciding which dispos-
al method is best in a given situa-
tion, considerations must include 
the cause of the mortality (disease 
or natural disaster), the effect on 
(preferably destruction of) an infec-
tious agent, ease of use, efficiency, 
cost, and environmental effects. For 
the most part, any of the methods 
described in this paper could be used 
for routine disposal without adverse 
effect. The more difficult decision is 
determining the appropriate method 
to use during a catastrophic event. 
Under current conditions, none of 
the available technologies provide 
an optimum solution or capacity. 
Therefore, during a catastrophic 
disposal event, it is necessary to 
consider using multiple disposal 
technologies, making exceptions 
to standard disease control and/or 
environmental policies, and consid-
ering provisions for management 
and reimbursement of exceptional 
costs. Depending on the nature of 
the event, it is possible that the op-
timal solution will be to dispose of 
the carcasses in place on the farm by 
burial or open decomposition.  


For producers to make the best 
decisions for carcass disposal, addi-
tional research is necessary about  
(1) how best to overcome the diffi-
culties in scaling up the various tech-
nologies to accommodate carcass 
disposal after a catastrophic disease 
event, and (2) new heat or chemical 
technologies that can accommodate 
the large amounts of tissue generated 
in a mass casualty event in a safe, ef-
ficient, and cost-effective manner. It 
also would be beneficial to develop a 
preprocessing technology that would 
destroy or contain the disease of pri-
mary concern, allowing more time to 
select and implement a suitable final 
disposal method. 


APPendIx 1: sPecIAl 
consIderAtIons for 
mAterIAl PotentIAlly 
Infected wIth tses


Introduction to TSEs
Transmissible spongiform en-


cephalopathies (TSEs) are a group 
of rare neurodegenerative diseases, 
sometimes called prion diseases, that 
can affect both animals and humans. 
The discovery of prion-related cattle 
diseases in England between 1986 
and 2002 changed the disposal indus-
try’s perception of the risk involved 
in disposing of even a small num-
ber of ruminant carcasses (Karesh 
and Cook 2005). The occurrence of 
bovine spongiform encephalopathy 
(BSE) in England changed policies 
in the United States as well, even 
though there have been only two 
cases of BSE identified in the United 
States (OIE 2008) and a relatively 
small number of TSEs identified in 
other susceptible species.


The main characteristics of TSE 
diseases are


•	 Progressive	debilitating	neurolog-
ical illness that is always fatal


•	 Spongiform	change	in	grey	mat-
ter areas of the brain


•	 Long	incubation	period	of	months	
to several years


•	 No	detectable	specific	immune	
response in the host.


These diseases are experimentally 
transmissible and some (e.g., famil-
ial Creutzfeldt-Jakob Disease [CJD], 
Gerstmann-Sträussler-Scheinker 
syndrome (GSS), and fatal familial in-
somnia) are genetically inherited.


Types of TSEs
There are several forms of TSEs 


in different animal species and hu-
mans. Scrapie is a TSE disease of 
sheep and goats that has been recog-
nized for more than 200 years and is 
endemic in North America and many 
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parts of Europe. Despite this oc-
currence, there has never been any 
proven association between scrapie 
in sheep and any human disease. 
In cattle, BSE first appeared in the 
U.K. in 1986. There have been ap-
proximately 184,000 cases of BSE 
in the U.K., plus an additional 5,200 
cases in 21 other countries. In 1996, 
the identification of a new form of 
Creutzfeldt-Jakob Disease (vCJD) 
in young people in the U.K. raised 
the concern that the causative agent 
for BSE had transmitted from cattle 
to humans. There is strong evi-
dence that this is the case, and it is 
now generally accepted that vCJD 
in humans is caused by exposure to 
material from BSE-infected cattle, 
although many questions remain 
about the exact nature of the route of 
transmission. There are other forms 
of TSEs in humans; sporadic CJD is 
the most common. Other TSEs in an-
imals include CWD, present in wild 
and farmed deer and elk populations 
in some areas of North America, 
and transmissible mink encephalop-
athy that appeared in farmed mink 
populations.


TSEs and Prions
The commonly accepted infec-


tious agent for TSEs (generally desig-
nated as PrPSc or PrPTSE 3) is a mis-
folded isoform of a normal cellular 
protein (PrPc) and is called a prion 
(Prusiner 1998). The term prion was 
derived from proteinaceous and in-
fectious and is defined by Prusiner 
(1998) as a proteinaceous infectious 
particle that lacks nucleic acid. The 
normal isoform is soluble and primar-
ily monomeric in solution, whereas 
the infectious form creates insoluble 
aggregates. 


Prions are not deactivated by the 
normal procedures that would destroy 
most disease agents. They are resis-
tant to inactivation by heat, chemical 
disinfection, radiation, and proteolytic 
enzymes (Taylor 2000). Disposal of 
prion-infected carcasses requires high 


heat, is costly, and is not practical.


Potential for Human Infection
When assessing the significance 


of TSE infection in making decisions 
about carcass disposal, it is impor-
tant to take account of the potential 
impact of exposure to infectivity. For 
example, scrapie has been present in 
sheep flocks in many countries for de-
cades, yet there has never been any 
link to any human disease. With BSE, 
it is known that the U.K. public was 
exposed to substantial amounts of in-
fective material (Comer and Huntly 
2004) because many infected animals 
would have been slaughtered for food 
in the early stages of the epidemic, 
before control measures, such as the 
Specified Risk Material controls, 
were put in place. Despite this, there 
have been only 167 cases of vCJD 
in the U.K. as of November 2008; it 
now seems that the epidemic reached 
a peak in 2000, and there has been a 
subsequent decline in the numbers of 
vCJD cases (NCJDSU 2008). Current 
estimates of the vCJD epidemic have 
decreased significantly from the high 
numbers thought possible several 
years ago to an upper limit of 550 in a 
more recent report (Clarke and Ghani 
2005). In fact, Clarke and Ghani 
(2005) estimate 70 future deaths and 
state that “even in the worst case sce-
nario, when non-MM homozygous in-
dividuals are equally susceptible but 
have longer mean incubation period 
than MM homozygous individuals, 
the best estimate of the potential scale 
of the epidemic is unlikely to exceed 
400 future cases.” Considering the 
estimate of the U.K. public exposure 
from Comer and Huntly (2004) and 
Clarke and Ghani’s (2005) estimate 
of total cases, the cattle-to-human 
species barrier must be substantial, 
and the BSE infectious agent may not 
be as infectious to people as was once 
feared (EFSA 2005). (For a review of 
current knowledge of the persistence 
and stability of prions in the environ-
ment, see Wiggins 2008.)


Considerations for Specific 
Disposal Options
Burial and Landfill


Concerns about worker and pub-
lic safety, associated with the fate 
and transport of prions disposed in 
landfills, have prompted the U.S. 
disposal industry to reassess the 
long-term risks of this type of dis-
posal. Analytical methods presently 
do not exist to quantify the destruc-
tion and retention of prions in the 
landfill mass. The majority of landfill 
operators will not accept even ren-
dered carcasses that are known to be 
infected with prions. Discussants and 
presenters at the National Carcass 
Disposal Symposium in December 
2006 generally agreed that disposal 
of carcasses potentially infected with 
TSEs may not be a conservative op-
tion (Hater, Hoffman, and Pierce 
2006; Lin 2006).


There are no data on what might 
happen to the infective agent in a 
landfill, although some studies are 
now in progress. The original limited 
data on the behavior of a TSE agent 
when buried in the ground is from a 
single experiment reported by Brown 
and Gajdusek (1991); this research 
has been used to support the assump-
tion that TSE infectivity will degrade 
in the ground.  Comer and colleagues 
(1998) indicated that 98% of TSE in-
fectivity will degrade in the ground 
over 3 years (or longer). The results 
also showed only limited leaching, 
with most of the residual infectivity 
remaining in the originally contami-
nated soil. Johnson and colleagues 
(2006) have studied the interaction 
of PrPTSE with common soil minerals 
and soils. They showed that PrPTSE 
can bind strongly to soils and could 
be difficult to desorb, and they found 
that the PrPTSE bound to the soil par-
ticles remained infectious. Leita and 
colleagues (2006) also showed that 
PrPTSE was absorbed in all three soil 
types tested. More recently, Seidel 
and colleagues (2007) have shown 
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that the scrapie agent can transmit 
disease by the oral route after persis-
tence in soil for up to 29 months. The 
change in infectivity over time was 
not measured, but Western blot analy-
sis clearly showed a marked decrease 
in the strength of the target protein 
after one month and further decrease 
over time up to 29 months.


The Institute for Animal Health 
in Edinburgh currently is conducting 
a study of the behavior of infectivity 
in carcasses buried in the ground. An 
initial report was given at Prion 2006 
(Fernie et al. 2006), which stated that 
TSE infectivity may bind strongly to 
soil components and has very limited 
mobility in soils with controlled rates 
of water percolation.


These results and the biophysical 
properties of the prion protein sug-
gest that any infectivity released from 
decaying animal material is likely to 
remain bound to solid matter in the 
landfill and, thus, is unlikely to be 
present in the leachate. With current 
knowledge, however, it is not pos-
sible to be certain that TSE infectivity 
could not be present at some level in 
leachate. 


A number of risk assessment stud-
ies have considered the risks from 
TSE material deposited in landfill 
sites or by burial. Not all these stud-
ies are in the public domain, but they 
have shown that the potential risk 
to people or other livestock through 
contamination of drinking water 
is extremely small (DNV 1997a, 
2001b). 


Isolation using macro-encap-
sulation in the landfill is an option 
for TSE-related deaths. Macro-
encapsulation, however, is an unusual 
practice in subtitle D landfills and 
does add significant costs to landfill 
disposal. Current research may deter-
mine whether the additional costs are 
justified.


Rendering
Research has demonstrated that 


rendering lowers the infectivity of 


prions, but no currently available 
rendering processes totally inacti-
vate the prions (Taylor, Woodgate, 
and Atkinson 1995). Cohen and col-
leagues (2001) reported that batch 
rendering systems achieved a 1,000-
fold reduction in BSE infectivity, 
whereas continuous systems with and 
without fat recycling reduced infec-
tivity 100-fold and 10-fold, respec-
tively. Because rendering does not to-
tally inactivate prion infectivity, any 
product from the disposal of TSE-
diseased carcasses should not be used 
in animal feeds.  


There may be other practical diffi-
culties with rendering as an option for 
prion-contaminated materials. As was 
found during the 2001 FMD outbreak 
in the U.K.—when rendering was 
regarded as the preferred option—
rendering facilities may already have 
existing functions and requirements, 
limiting their capacity. In addition, 
rendering plants may rely on the sale 
of meat and bone meal and tallow as 
part of their production cycle; use of 
those end products would almost cer-
tainly cease to be an option if there 
was risk of TSE-agent contamination 
in them.


  
Composting


Presently, no work has been done 
to demonstrate TSE-agent inactiva-
tion by composting. There has been 
some laboratory work related to prion 
destruction by specific enzymes, but 
no field research has been done in-
volving the addition of such enzymes 
to composting operations. 


Certain challenges exist in using 
composting for prion disposal, includ-
ing (1) the need for some form of en-
closed vessel to avoid environmental 
contamination and to prevent scaven-
ger access, (2) the need for complete 
mixing, (3) potential difficulties in ac-
cessing neural tissue encased within 
bone (skull and spinal cord), and (4) 
ensuring the correct conditions are 
maintained (e.g., temperature and lev-
els of microbial degradation).  


Incineration
Incineration is one of the most 


effective techniques for removal of 
infectivity from prion-contaminated 
material. Disadvantages, however, 
include the large energy requirement, 
environmental concerns, location 
of incinerators, and the need to en-
sure a consistent and complete burn. 
Incinerators vary from small animal 
incinerators, used to dispose of small 
amounts of material, to large com-
mercial operations, or even to power 
station furnaces used to dispose of 
the products of rendering. Analysis 
of the ash for protein content after in-
cineration of BSE-infected carcasses 
suggests that prion infectivity is re-
duced by at least 1 million-fold (DNV 
1997b, 2001a). Some facilities in the 
U.K. currently use fixed gasification 
units for processing carcasses that 
potentially contain prions. Research 
continues in the United States on sim-
ilar portable gasification equipment 
that should offer a daily capacity of 
more than 25 tons per unit.


Alkaline Hydrolysis
The alkaline hydrolysis process 


has been through a validation study 
by the Institute of Animal Health, and 
an Opinion has been issued by the 
Scientific Steering Committee of the 
European Commission (EC 2002) on 
the effectiveness of the process. There 
was detectable infectivity from sam-
ples held for 3 hours, but not from 
samples held for 6 hours. The com-
mittee concluded that the by-prod-
ucts after 3 hours of processing could 
contain some residual TSE infectivity 
and that this risk may decrease with 
increased duration of processing. 


 


GlossAry
Alkaline hydrolysis. Natural process 


by which complex molecules are 
broken down into the constituent 
small molecules from which they 
were synthesized.







17COUNCIL FOR AGRICULTURAL SCIENCE AND TECHNOLOGY


Anthrax. An infectious, usually fatal 
disease of mammals, especially 
cattle and sheep, caused by the 
bacterium Bacillus anthracis.


Auto fluff. A complex mixture of 
nonferrous materials including 
plastics, foam, textiles, rubber, and 
glass.


Biosecure. Security from transmis-
sion of infectious diseases, para-
sites, and pests.


Bovine spongiform encephalopathy 
(BSE). An infectious degenerative 
brain disease occurring in cattle. 
Also called mad cow disease.


Chronic wasting disease (CWD). A 
wildlife disease (similar to bovine 
spongiform encephalitis) that af-
fects deer and elk.


Creutzfeldt-Jakob Disease (CJD). 
A rare degenerative disease of the 
central nervous system of humans 
characterized by sudden develop-
ment of rapidly progressive neuro-
logical and neuromuscular symp-
toms; a variant form (vCJD) is 
thought to be associated with BSE 
or mad cow disease.


Downer cattle. Cattle that cannot 
walk or stand on their own; often 
as a result of illness or disease.


Fatal familial insomnia. A fatal de-
generative disease of the cen-
tral nervous system of humans 
featuring severe and intractable 
insomnia.


Fly ash. Fine particulate ash sent up 
by the combustion of a solid fuel, 
such as coal, and discharged as an 
airborne emission or recovered as 
a by-product for various commer-
cial uses.


Foot-and-mouth disease (FMD). A 
contagious viral disease of cattle, 
sheep, swine, etc., characterized 
by the formation of vesicles and 
ulcers in the mouth and about the 
hoofs.


Gerstmann-Sträussler-Scheinker 
syndrome (GSS). A fatal degen-
erative disease of the central ner-
vous system of humans; begins 
at an earlier age than sporadic 


Creutzfeldt-Jakob Disease and has 
a prominent cerebellar (in coor-
dination) component and evolves 
over a longer period of time (years 
rather than months).


Hydrolyzate. A product of hydrolysis. 
Leachate. A liquid or solution, in-


cluding any suspended compo-
nents that has percolated through 
or drained from soil or waste.


Macro-encapsulation. The process 
of entirely enclosing a given speci-
men in order to eliminate poten-
tial waste leakage and processing 
problems.


Mobile comminution-disinfection-
digestion systems. Alkaline hy-
drolysis systems that are portable 
and that combine the processes of 
comminution, disinfection, and 
digestion.


Monomer. Consisting of a single 
component. In genetics, pertaining 
to a disease or trait controlled by 
genes at a single locus.


Necropsy. An examination and dis-
section of animal tissue to deter-
mine cause of death or the changes 
produced by disease.


Offal. Waste parts, especially of a 
butchered animal.


Prion. An abnormal version of a pro-
tein normally found on cell sur-
faces, the prion is believed to be 
the infectious agent that causes 
transmissible spongiform enceph-
alopathies such as CJD and mad 
cow disease.  For reasons still 
unknown, this protein becomes al-
tered and destroys nervous system 
tissue.


Proteolytic enzymes. Any enzyme 
that catalyzes the splitting of pro-
teins into smaller peptide fractions 
and amino acids.


Radionuclides. A nuclide that exhib-
its radioactivity.


Redox potential. The reducing/oxi-
dizing power of a system measured 
by the potential at a hydrogen 
electrode.


Rendering. To reduce, convert, or 
melt down fat by heating.


Scrapie. A usually fatal disease of 
sheep and goats, marked by chron-
ic itching, loss of muscular coordi-
nation, and progressive degenera-
tion of the central nervous system.


Slip planes. Areas of earth and rock-
fill dams, excavations, and natu-
ral slopes in soil and soft rock 
susceptible to compromised slope 
stability.


Slurry. A thin mixture of a liquid, es-
pecially water, and any of several 
finely divided substances.


Specified risk materials. General 
term designated for tissues of ru-
minant animals that transmit BSE 
and other TSE prions.


Tallow. Hard fat obtained from parts 
of the bodies of cattle, sheep, or 
horses.


Transmissible spongiform enceph-
alopathies (TSE). A group of pro-
gressive conditions that affect the 
brain and nervous system of hu-
mans and animals and are transmit-
ted by prions.


Western blot. A technique for identi-
fying specific antibodies or pro-
teins in which proteins are separat-
ed by electrophoresis, transferred 
to nitrocellulose, and reacted with 
antibody.
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Evaluation of Poultry Carcass Disposal Methods Used During an Avian 


Influenza Outbreak in Virginia in 2002  
 


Gary A. Flory1, Robert W. Peer2, Eric S. Bendfeldt3 
 
 


INTRODUCTION 
 
In 2002, Virginia Department of Environmental Quality (DEQ) was involved in 
managing a low pathogenic avian influenza (AI) outbreak in Virginia.  A task force 
comprised of USDA's Animal, Plant Health Inspection Service (APHIS), Forest Service, 
Farm Services Agency, Natural Resources Conservation Service, Virginia’s Department 
of Agriculture and Consumer Services (VDACS), DEQ and the poultry industry worked 
cooperatively to contain the low pathogenic avian influenza outbreak and prevent its 
spread.  
 
During this outbreak, carcass disposal became a tremendous obstacle.  In April 2002, as 
many as 40 flocks of AI positive birds remained in the field while appropriate disposal 
methods were evaluated and implemented.  This report attempts to document the disposal 
methods that were used and identifies obstacles and recommendations for the application 
of these methods in the future. 
 
 
DISPOSAL METHODS 
 


Method:  Landfilling 
 
Summary of Method: 
 
After infected flocks are euthanized on-site, they are loaded into transport vehicles that 
are double lined with polyethylene sheeting, sealed for transport, and thoroughly cleaned 
and disinfected.  Transport vehicles then travel via routes approved by the State 
Veterinarian from the farm to the landfill.  Upon arriving at the landfill, trucks are 
directed away from the active working face and towards an area specified for poultry 
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3 Area Specialist, Community Viability, Virginia Cooperative Extension, 2322 Blue Stone Hills 
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carcass disposal.  The disposal pit consists of a 
single trench excavated into existing waste.  The 
removed solid waste is piled adjacent to the 
trench for covering the carcasses.  Loaded trucks 
are directed to the edge of the excavated trench 
to deposit their loads.  The carcasses are covered 
immediately with a minimum of two feet of 
excavated solid waste. Once emptied, trucks pull 
into a decontamination area where the entire 
vehicle is cleaned and disinfected before leaving 
the facility.  
 
Volume Disposed: 
 
Approximately 13,000 tons of infected poultry (3,103,000 birds) were landfilled. 


 
Advantages of Method: 
 
 Landfills provide a site that is lined, 


reducing or eliminating the environmental 
impact of poultry carcass leachate. 


 The leachate collection systems in-place at 
most landfills allow for the proper 
handling and treatment of the leachate that 
is produced from the decomposition of the 
poultry carcasses. 


 The burial of carcasses under a minimum 
of two feet of solid waste provides a 
protective barrier to eliminate the spread 
of the virus by scavengers. 


 Landfills are a quick solution that does not require long-term management. 
 
Disadvantages of Method: 
 
 As the public’s perception of avian flu becomes increasing shaped by media coverage 


of H5NI, transporting carcasses (even from low path strains of avian flu) may not be 
publicly acceptable. 


 The transportation of infected carcasses from the farm to the landfill provides an 
opportunity for breaches in biosecurity. 


 The smell and blowing trash from the excavated solid waste can create environmental 
concerns, complaints from neighbors, and the possibility of violating permit 
requirements. 


 Large volumes of carcasses can generate excessive amounts of leachate and methane 
which may exceed the design capacity of the landfills control systems. 


 The substantial cost associated with tipping and hauling fees. 
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Lessons Learned: 
 
 A track-hoe or similar equipment is necessary for excavating trenches in compacted 


solid waste. 
 Adequate lighting is essential when working after normal operating hours. 
 Provisions need to be made for stabilization material--rip-rap, gravel, or mulch--for 


use during inclement weather. 
 Trucks hauling carcasses should be equipped with hydraulic lines capable of dumping 


the load, or there should be equipment available to perform this task. 
 Coordination of personnel is critical for excavating trenches, placement of stabilizing 


material, directing the off-loading of trucks, hooking up hydraulic lines, removing 
load covers, releasing tailgates, etc. 


 Communication and coordination between 
landfill staff and depopulation crews is 
necessary to ensure that personnel are on-
site when loads arrive at the landfill.  One 
person should be appointed as the point-of-
contact for the poultry companies and the 
landfill staff. 


 Transport trailers must be double lined with 
plastic sheeting to facilitating the offloading 
of the poultry carcasses.  Without two 
layers of plastic, the friction between the 
trailer bed and the carcasses prevents the 
load from dumping freely.  As an 
alternative to double lining, placing an 
additional sheet of plastic on the bottom of 
the trailer allows the loads to slide out of the 
trailer bed. 


 Overloading transport trailers can result in logistical and safety problems.  As large 
loads expand during transport (bloat) they become too large to fit between the tailgate 
and the bed and are too heavy to slide out easily.  Large loads can damage trailers, 
upset trucks and cause other safety or biosecurity problems.  


 In order to maximize the utilization of limited trucking resources, it may be 
appropriate to obtain transportation waivers on operator hours and load weights. 


 Gasketed dump trailers are necessary to ensure proper biosecurity and efficient 
loading and unloading.  


 Bird control needs to be maintained at the landfill to keep gulls, vulchers and other 
scavenger birds away from poultry carcasses until they can be completely covered 
with solid waste. 
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Method:  Controlled Slaughter 


 
Summary of Method:  
 
Flocks testing positive for Avian Influenza are quarantined and kept on the farm until the 
virus has run its course.  Once the birds shed the virus and test negative, they are sent to 
slaughter.  Trucks are netted and travel on pre-approved routes.  Birds are processed at 
the end of a plant shift so the plant, trucks and equipment can be cleaned and disinfected.   
 
Volume Disposed:   
 
943,000 birds from 40 AI positive flocks were slaughtered.  This practice stopped on 
April 22, 2002 when a new State disposal protocol was implemented requiring all flocks 
to be depopulated within 24-hours of virus confirmation.   
 
Advantages of Method: 
 
 Less waste and less environmental impact. 
 Less expensive than traditional disposal methods. 
 Growers receive some payment for their birds. 


 
Disadvantages of Method: 
 
 Consumer response to purchasing poultry products from infected flocks.  Regardless 


of the pathogenicity of an AI outbreak, this method would not likely be publicly 
acceptable as concerns over H5N1 increase. 


 Increased biosecurity and C&D required at the processing plant. 
 Impact on the export market. 
 Increases the chance of the virus mutating into a highly pathogenic strain. (Leaving 


positive birds in the field increases the change for virus mutation.) 
 Biosecurity is harder to maintain when transporting live birds. 
 Difficult to ensure absolute biosecurity while positive birds remain of the farm. 


 
Lessons Learned:   
 
 The use of this method was discontinued due to potential impacts on the State’s 


export markets.   
 Better communication and pre-planning is necessary for large-scale controlled 


slaughter including the decision to dedicate processing facilities or to process during a 
separate shift. 


 Due to human health concerns, controlled slaughter will not likely be an acceptable 
method in future outbreaks. 
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Method:  Rendering 
Summary of Method:  
 
Infected flocks are euthanized on the farm and loaded into leak proof trucks and sealed to 
prevent the blowing of infectious material during transport.  Trucks are cleaned and 
disinfected before leaving the farm and traveling to the rendering plant.  Once unloaded 
at the rendering plant, trucks are cleaned and disinfected.  Traffic to and from the plant 
and the movement of personnel is controlled and appropriate cleaning and disinfecting is 
conducted.  
 
Volume Disposed:  
 
None. 
 
Advantages of Method:  
 
 The poultry industry owns some of the rendering plants, giving it more control over 


the disposal process. 
 Rendering plants are closer to the poultry producing areas in the Shenandoah Valley 


than large commercial landfills. 
 Tipping fees may be less than at landfills. 
 Long term management is not required. 
 No environmental impact. 
 Produces a usable end product (market uncertain). 
 If no market for the product exist, allows for the biosecure transport of rendered 


proteins to the landfill. 
 
Disadvantages of Method:  
 
 Because rendering plants are located close to other poultry operations, all possible 


sources of disease transmission must be identified and controlled. 
 Plant capacity may not be adequate.  
 Due to steps needed to ensure biosecurity at the rendering facility, a plant may need 


to be dedicated to rendering AI carcasses for the duration of the outbreak. This may 
not be economically feasible for a limited outbreak. 


 Integrators without rendering capability would be at the mercy of a private rendering 
company.  


 
Lessons Learned:  
 
 This method may be used in future outbreaks with proper monitoring and 


management.   
 Discussions with rendering companies and the poultry industry should occur at the 


highest levels prior to an outbreak. 
 Most rendering facilities are privately-owned (not owned by the poultry industry) and 


are not required to accept AI birds.    
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Method:  Incineration/Combustion 
 
Summary of Method: 
 
Large-scale incineration of euthanized 
poultry carcasses had not been attempted 
in the United States prior to the 2002 AI 
outbreak in Virginia.  After Hurricane 
Floyd (1999), a large number of livestock 
(including some poultry) were disposed 
of in air curtain destructors in North 
Carolina.  In 2002, as the need for carcass 
disposal methods became critical, USDA 
decided to use air curtain destructors to 
supplement other ongoing disposal 
methods. Two air curtain destructors were transported to a limestone rock quarry that was 
leased for use as an incineration site.  Later, 3 additional destructors were added. 
 
The contractor was responsible for operating the destructors and providing fuel wood. 
USDA was responsible for providing both physical security (access), and biosecurity 
(disinfection of vehicles, people, and equipment). DEQ issued emergency air permits to 
burn up to 10,000 tons of carcasses. DEQ inspected the trailers, weighed the trucks, and 
monitored water and air quality.  
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Based on air monitoring results, the operation did not pose health or environmental 
hazards. There were odor complaints from several residents located near the quarry. 
Runoff from the operation caused algae growth in the on-site quarry ponds. Water quality 
in the stream was not affected. 
  
Fuel wood was transported to the site from as far away as 150 miles.  Additionally, 
USDA conducted tests on a diesel fuel manifold to improve combustion efficiency.  The 
diesel fuel manifold, as designed, did not significantly improve unit throughput.   
 
Volume Disposed: 
 
2,268 tons of carcasses were incinerated. This 
includes 132,200 chickens (528 tons or 23.3%) 
and 507,800 turkeys (1,740 tons or 76.7%).  
 
Advantages of Method: 
 
 Carcasses are transformed into a material 


(ash) that can be beneficially used. 
 Limited impact on ground and surface 


water. 
 Able to operate 24 hours a day, 7 days a week. 


 
 
Disadvantages of Method: 
 
 Large volume of materials that needs to be 


managed (2268 tons carcasses plus 10,000 
tons of wood yielded over 5,000 tons of 
ash, scrap metal, rock, and unburned 
wood). 


 Difficulty in obtaining the necessary 
volume of high quality fuel wood. 


 Less biosecure than on-farm disposal 
methods. 


 Difficulty in maintaining the optimum 
volume of birds for incineration.  Receiving 
too many birds at one time allows them to decompose and release free liquid that 
could contaminate surface or groundwater. 


 Loading birds into the destructors requires oversight by the government agency 
contracting the incineration.  Improper loading causes lower burn temperatures and 
subsequent smoke and odor, and significantly decreases throughput. 


 Odor complaints. 
 Air emissions. 
 Potential for surface and groundwater contamination from decomposition byproducts.  
 More expensive than other methods. 
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Lessons Learned: 
 
 Contracting agencies need strict oversight 


of wood procurement, scheduling, and 
destructor operation. 


 The intensive demands on the equipment 
operator requires short shifts (no more than 
4 hours) for effective destructor operation. 


 More effort is needed to minimize leachate 
from decomposing birds.  A 3-sided 
portable metal loading platform such as 
those used for unloading biosolids could be 
used to prevent runoff from stockpiled 
carcasses. 


 Operation during atmospheric inversions (daily and front related) results in hanging 
smoke and odor. 


 Due to the high potential for equipment fires and other malfunctions, immediate 
sources of back-up equipment should be identified. 


 Extensive air monitoring is necessary to ensure the safety of the local residents. 
 
 
 


Method:  On-site Burial 
 
Summary of Method: 
 
Infected birds are euthanized on the farm.  DEQ issues an emergency permit to dispose of 
solid waste authorizing the burial of poultry carcasses, litter, bedding and eggs that have 
been infected.  A burial pit is excavated meeting the construction and set-back 
requirements of the permit.  Approximately 1 foot of litter is placed in the bottom of the 
excavation.  Birds are placed on top of the litter followed by an additional foot of litter.  
The excavation is covered with at least 2 feet of dirt placed with at least a 2% slope to 
prevent ponding of water.  The exact placement of birds and litter is dependent on the 
conditions of the permit.   
 
Volume Disposed: 
 
One flock (13,800 birds) of turkey breeder hens and the daily mortality from a second 
flock of turkey breeder hens (approximately 1,000 birds). 
 
Advantages of Method: 
 
 Relative low cost. 
 Highly biosecure—no off-farm transportation of infected carcasses. 
 Local government approval not required. 







Evaluation of Poultry Carcass Disposal Methods Used During an Avian Influenza Outbreak in 
Virginia in 2002  9/27/2006 


 9


 
Disadvantages of Method: 
 
 Potential for groundwater contamination. 
 Adverse public perception. 
 Requires environmental permits. 
 Not appropriate in many geologic settings. 
 Many producers are opposed to having burial pits on the farm due to concerns about 


the impact on their property value.  
 Requires maintenance of the pit to prevent ponding and erosion.  
 May impact future land use decisions. 


 
Lessons learned: 
 
 The public is much more aware and concerned about environmental issues than they 


were during the 1984 outbreak. 
 Discussion on the application of this method need to occur prior to an outbreak 


between all agencies and affected parties. 
 The potential environmental/human health impacts of each burial pit should be 


considered prior to construction.   
 
 


Method:  Ag-Bag© Composting 
 
Summary of Method: 
 
The Ag-Bag© model CT-10 was 
used during this outbreak.  It is a 
plunger type system with a large 
top fed hopper.  The poultry 
carcasses and litter are removed 
from the houses using skid 
loaders.  The mixture is then 
dumped outside and watered to 
the desired moisture content.  An 
additional carbon source may be 
added if necessary.  A pay-
loader is used to load the Ag-
Bag© machine.  The equipment 
fills the bag and places two 
plastic ventilation tubes in the lower portion of the bag.  After each 200’ by 10’ by 6’ bag 
is filled, it is sealed and plastic vents are placed on both sides of the bag.  The plastic 
vents are left open and air is forced through the plastic tubes by a high volume fan.  The 
fan runs in cycles of 4 hours on and 10 hours off.  Temperatures within the bag are 
recorded through bag vents with a 36-inch composting thermometer.  Temperatures 
within the bags should exceed the recommended composting temperature of 130oF.     
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Volume Disposed:  
 
One commercial turkey flock and one commercial layer flock were disposed of by this 
method.  The commercial turkey carcasses totaled 200 tons (15,500 birds) and the layer 
hens totaled 25 tons (14,000 birds).  The turkeys had previously been windrowed in the 
poultry houses for approximately one month but did not appear to be fully composted.  At 
the layer operation, chicken carcasses, eggs, feed, and cartons were all composted.   
 
Advantages of Method:  
 
 Infected birds do not leave the farm. 
 No adverse environmental impact. 
 Usable end product. 
 End product can be used when needed.  Bags do not need to be opened immediately 


after the process is completed.   
 Relative low cost after initial capital investment in equipment. 
 Limited adverse public perception.   
 Can be used regardless of soil type and proximity to environmentally sensitive 


features.  
 Repopulation can be fairly rapid minimizing lost production time.         


 
 
Disadvantages of Method: 
 
 Disinfection of the machine and essential equipment is time consuming. 
 Transportation of the oversized equipment takes time and requires special 


transportation permits.   
 The machine can only operate at one farm at a time.  Filling the bags takes between 


24 and 48 hours depending on the size of the operation. 
 If the equipment is purchased, it needs to maintained so that it is operational for an 


outbreak. 
 The Ag-Bags© are 200 feet in length and require a relatively flat topography near the 


poultry houses.   
 Open space around the farm could be tied up for several months until the composting 


process is finished.   
 Mixing the water, litter, birds and any additional carbon occurs outside of the poultry 


houses and may pose a biosecurity risk by aerosolizing the virus.  
 It is difficult to calculate the optimum moisture content at the time the bags are being 


filled and more difficult to adjust moisture after the bags have been filled. 
 
 
Lessons Learned: 
 
 Coordination is required to provide the necessary water trucks (if necessary), 


machinery, equipment, and personnel. 
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 The poultry and carbon source (litter) must be thoroughly mixed and not layered into 
the Ag-Bag© hopper.  Layering creates sections of cooler temperatures, which 
hinders the composting process.   


 The compost that is removed from the Ag-Bag© needs further windrow composting 
to produce a suitable product for land application. 


 When assessing the need for additional moisture, account for the moisture within the 
birds carcasses.  This method is less forgiving of excess moisture than traditional 
windrow composting methods.  


 
 
 


Method:  In-house Composting 
 
Summary of Method: 
 
In-house composting was explored early in the AI outbreak since on-farm methods are 
preferable from a biosecurity perspective.    
 
In the 2002 outbreak, on-farm composting was given a low priority because, without 
proven methodology, it had greater logistical demands than off-site management options. 
During the early phase of the outbreak, as many as 40 farms were scheduled for 
euthanasia and disposal, severely taxing the resources of the poultry industry. 
 
One company did take the initiative to in-house compost a grow-out turkey flock (15,500 
10-pound birds). Another company also composted a flock of young turkeys (less than 5 
pounds) after the older turkeys within the 2-stage flock went to controlled slaughter. 
 
Procedure: 
 
 Ensure that all personnel have appropriate personal protective equipment and 


training. 
 Minimize ventilation; raise poultry feeders and waterers. 
 Effective in-house composting must have a minimum of 1.5 pounds of carbon 


material (based on a 30 lbs/cubic foot material) per pound of bird. (1 lb. of carbon per 
lb. of bird in the mix and the remaining carbon for cap and cover.) 


o Determine total pounds (lbs.) of birds 
 lbs. birds = number of birds X average weight in lbs. 


o Determine pounds of litter in house   
 cubic feet of litter = length of house X width of house X depth of 


litter (in feet) 
 lbs. litter = cubic feet of litter X weight of a cubic foot of litter 


(Average  = 30 lbs; Range = 25 to 35 lbs.)  
o Determine amount of additional carbon needed  


 total lbs. carbon needed = lbs. birds X 1.5 
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 Cubic yards of additional carbon needed = (total lbs. carbon 
needed – lbs. litter in house)/(weight per cubic ft. of carbon 
material)/(27) 


• woodchips, litter or wet sawdust = 30 lbs./cubic ft. 
• dry sawdust = 15 lbs./cubic ft. (due to low density, volume 


can be reduced by 50%) 
 Mobilize euthanasia, composting, and sanitation crews. 
 Birds may be confined to a portion of the house for euthanasia.  If whole-house 


euthanasia methods are used, windrow construction procedures will differ.  
 Breeder and double-deck houses require alternate windrow designs. 
 Unload additional carbon material (if needed) near doors so it is accessible during 


windrow construction. 
 Follow industry guidelines for humane euthanasia. 
 Till any excessively caked litter in the house to form a good base (4-6 inches) for the 


windrow (avoid compacting windrow base with equipment traffic). 
 Use the skid loader and/or tractor to crush large birds within the euthanasia pen.  May 


not be necessary for small birds (< 5 lbs.) 
 Place any remaining feed on top the birds. 
 Begin mixing birds and litter from the euthanasia end of the poultry house alternating 


1 loader bucket of birds with 2 bucket of litter/carbon.   
 Using the skid loader, begin constructing the windrow with the bird/litter mix on the 


tilled base at the other end of the poultry house. 
 The windrow should be 4 to 6 feet high and 12 feet wide. 
 As the windrow is being constructed, cap with 4 to 6 inches of litter from the sides of 


the windrow.    
 Continue this process until all of the bird/litter mix has been added to the windrow.  
 Any remaining litter should be used to cap the windrow.   


 
Volume Disposed: 
   
          15,500 – 10-pound turkeys 
 13,000 – 2-pound turkeys 
  
Advantages of Method: 
 
 Highly biosecure since infected carcasses are not removed from the farm.  Keeping 


the process in the poultry house minimizes the airborne dispersion of virus.   
 Relative low cost. 
 Minimizes the number of people necessary for disposal, lessening the potential 


exposure to virus. 
 A skid loader is the only piece of equipment required for this method.  Additional 


equipment may be necessary if other sources of carbon are needed. 
 Local government approval is not required.   An emergency was not declared during 


this outbreak.  Without a declared emergency, options that required local approval 
become unreliable.   


 State permits are not required.   
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 Composting produces a beneficial end product that can be utilized within the 
agricultural community. 


 Limited adverse public perception. 
 


Disadvantages of Method: 
 
 The process requires longer-term management than other disposal methods.   
 Additional, carbon material (sawdust, shavings, litter, etc.) may need to be brought 


from off-site.  Vehicles transporting this material need to be cleaned and disinfected. 
 Incentives may be necessary to facilitate the off-site use of the compost material 


when the infected farm does not have land application fields. 
 Depending on the moisture content of the litter, additional water may be needed.  


Water may need to be hauled from off-site. 
 
Lessons Learned: 
 
 The poultry companies need to be actively involved in managing this process. 


a. Have experts (Extension Agents, DEQ, etc.) involved when an outbreak 
occurs. 


b. Determine, prior to an outbreak, which farms would likely not have sufficient 
litter on site, how much carbon material would be needed, and identify sources 
of carbon.   


c. Identify sources of water. 
d. Identify the equipment needed to construct and turn the windrows.     


 Much of the opposition to in-house composting is the concern that this option would 
tie up the house longer than other methods.  USDA records from the 2002 outbreak 
indicates that the average downtime (from date of depopulation to the quarantine 
release date) was 75 days (shortest, 25 days--longest, 177 days) utilizing off-site 
disposal methods. 


 Rapid Response Teams should be formed, trained and equipped to compost flocks 
within 24-hours of virus confirmation. 


 Written procedures should be prepared and disseminated to appropriate personnel. 
 Protocols should be reviewed and updated as euthanasia procedures evolve (i.e. a 


shift from CO2 to foam euthanasia).  
 
CONCLUSIONS 
 
Carcass disposal will be a critical issue in managing future outbreaks of avian influenza.  
Lessons learned during Virginia’s outbreak in 2002 can help guide future responses to 
disease outbreaks; potentially saving time, money and exposure to disease organisms.  
DEQ’s conclusions include:    
 
• On-site management is preferred over off-site management when environmental 


impacts are reduced. 
• Preferred order:   


1) In-house Composting 
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2) Out-of-house Composting on-site 
3) Other on-site methods as availability allows (e.g. alkaline hydrolysis, 
anaerobic digestion) 
4) Landfill off-site 
5) Rendering, incineration, or composting off-site 
6) Burial on-site under emergency permit  


• Composting was not successful as a management tool during the 2002 AI outbreak, 
but recent research and practical application during a later outbreak on the Delmarva 
peninsula has brought this concept to the forefront as one of the most biosecure and 
environmentally sound options available. 


• Continued in-house composting research, training and establishment of response 
teams within the poultry industry are currently being expanded to facilitate 
implementation. 


• Biosecurity concerns must be properly managed regardless of the disposal method, 
and an outbreak of highly pathogenic AI will escalate this priority in order to protect 
public health. 


• For large scale outbreaks, a combination of options implemented in a tiered approach 
may be necessary. 


• Mobile equipment and technology has improved over the past few years, making new 
management options available, but in need of more research and experience for 
practical application. 


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 








SUMMARY OF THE METHOD 
Composting is the natural degradation of organic sources (such as 
poultry carcasses) by microorganisms.  Windrow composting has 
been used in the United States to dispose of entire commercial 
poultry flocks infected with Avian Influenza (AI).  Static pile 
composting—a method for composting smaller volumes of material—
has been used successfully in the United States and elsewhere as a 
method for disposing of partial flock losses and routine daily mortality 
from commercial poultry operations.  This method can also be used 
to dispose of carcasses of wild birds, game birds and non-commercial 
poultry. 


Bacterial activity within a well-constructed compost pile generates 
temperatures within the pile ranging from 130ºF (54ºC) to 150ºF (66ºC) 
and maintains these temperatures for several weeks. Research has 
shown that the Avian Influenza (AI) virus can be inactivated at 140ºF 
(60ºC) in 10 minutes or 133ºF (56ºC) in 90 minutes (Lu et al. 2003). 
Static pile composting reaches temperatures and maintains holding 
times necessary to inactivate the AI virus with generous margins of 
error.   


ADVANTAGES 
 Relative low cost: Similar to on-farm burial. 
 Biosecure option: No infected carcasses are removed from the 


site. 
 Produces an end product that may be used as a soil amendment. 
 Environmentally sound.  


 


DISADVANTAGES 
 Carbon material may need to be brought in from off site. 
 Additional water may be needed. 
 Access to the piles needs to be controlled until the virus has been 


deactivated. 
 


COMPOST SITES 
 Compost piles should be located outside the floodplain, in areas 


not prone to surface water intrusion, and with a minimum of 2 feet 
of separation from the seasonal high water table.  


 Summary of Method 
 Advantages 
 Disadvantages 
 Compost Sites 
 General Design Goals 
 Compost Pile 


Construction 
 Pile Maintenance 
 Turning the Pile 
 List of References 
 Contact Information 
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shown that Avian 
Influenza (AI) virus 


can be inactivated at 
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GENERAL DESIGN GOALS 
 Moisture Content 


 Pile moisture content should be between 45% and 55%. 
 Moisture can be estimated a week after pile construction by 


squeezing a handful of compost.  Material should hold 
together in a ball without dripping water. 


 If the carbon material is extremely dry, the birds should be 
misted or lightly sprayed during the construction process. 


 Temperature 
 Compost piles should reach temperatures of 130ºF (54ºC) to 


150ºF (66ºC). A long stem thermometer or wireless/wired 
temperature probe can be used to monitor the core 
temperature of the pile. 


COMPOST PILE CONSTRUCTION 
 Construction should begin with a 12 inch (30 cm) base layer of 


carbon absorbent material such as poultry litter, sawdust, wood 
chips, or other appropriate materials. 


 A single layer of bird carcasses is placed on the base. 
 8 inches (20 cm) of carbon is added to the carcasses. 
 Add alternating layers of poultry carcasses and carbon until all 


the carcasses are added or pile height reaches 6 feet (1.8 m). 
 Cap the pile with 8 to 10 inches (20 to 25 cm) of carbon.  A 


generous cover is critical for reducing the odors that attract 
scavengers.  Scavengers can transport carcasses before the 
composting process has inactivated the AI virus.  It is 
recommended that the complete compost pile be covered with 
compost fleece or breathable cover to further reduce the 
potential for attracting scavengers.  The entire pile can also be 
surrounded by woven-wire fence. Alternatively, the pile may be 
constructed inside a barn or other structure for better scavenger 
control. 


PILE MAINTENANCE 
 The compost pile should be inspected regularly to ensure that 


scavengers have not compromised the integrity of the cover.  
Repairs should be made as necessary. 


TURNING THE PILE 
 After 3 weeks of microbial degradation of the carcasses and 


thermal kill of the virus, the pile should be turned.  Turning, by 
working or moving the pile, provides oxygen to the bacteria 
within the pile and generates a second heat cycle.  If moisture 
within the pile has dropped below 50%, water may be added at 
this time.  


 The composting process should be allowed to continue for an 
additional 3 to 5 weeks.  After the second heat, all that should 
remain of the carcasses is bones and a few feathers.  Contents 
may be land applied as a soil amendment. 


“Composting is the 
natural degradation of 
organic sources (such 
as poultry carcasses) 
by microorganisms.” 
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Ultimate Disposal of Avian Mortality - 
Current Situation 


The Need: Consider Composting 
Although New York State (NYS) has a relatively 


small poultry industry, farms produce approximately 
$86 million worth of processed poultry products that 
are sold in NYS and around the world. There are over 
300 farms that raise chickens, turkeys, ducks and other 
birds for meat or egg production, 
as well as countless small back-
yard fl ocks.


The poultry producers find 
themselves, in many cases, with 
limited disposal options. Pro-
ducers need to manage routine 
mortality and depopulation, 
natural disasters,  and disease 
outbreaks. The poultry industry 
needs a convenient, socially and 
environmentally acceptable, biosecure way of dispos-
ing of carcasses. 


Poultry carcasses left to decay naturally above 
ground or buried in shallow pits pose risks to surface 
and groundwater and endanger the health of domestic 
livestock, wildlife and pets. Improper disposal may 


Department of Crop & Soil Sciences Rice Hall • Ithaca, NY 14853
http://cwmi.css.cornell.edu  607-255-1187 
   E-Mail: cwmi@cornell.edu


A “Composting Poultry Mortality” video clip 
complements this fact sheet and is available at:  


http://cwmi.css.cornell.edu/ai.htm


• Composting Livestock Mortality and Butcher 
Waste (2002) – Jean Bonhotal (CWMI), Lee 
Telega (PRO-DAIRY), Joan Petzen (CCE Allegany/
Cattaraugus)


• Composting Road Kill (2007) – Jean Bonhotal, Ellen 
Harrison, Mary Schwarz (CWMI)


• Composting Poultry Mortality (2008) – Jean Bonho-
tal, Mary Schwarz (CWMI), Nellie Brown (Cornell ILR)


Natural Rendering
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also have implications for biosecurity of the fl ock. 
Landfi lls generally will not accept carcasses and are 
hesitant about accepting diseased mortality. Poultry 
carcasses can be incinerated, but that method has 
air quality ramifi cations. Healthy spent birds can be 
marketed for use in soups, stews and other processed 
meat products when there is a large volume and they 
can be shipped to market.  


When there is an outbreak of avian infl uenza or 
other diseases that can be easily 
spread, the options become more 
limited. It is important to move 
the mortality as little as possible to 
prevent disease spread and ensure 
biosecurity of other poultry houses 
and neighboring farms. In NYS, 
a farmer can bury up to 100 birds 
from a disease outbreak, but with 
burial there is no pathogen kill 
and animals are placed closer to 


the water table. Outbreaks with more than 100 
mortalities must be composted. Static pile composting 
has proven to be environmentally safe and effective, 
and better ensures biosecurity. It can be implemented 
for a small number of birds as well as with farms ex-
periencing catastrophic losses.


Many people do not realize that composting mortality 
is a legal and acceptable way of disposing of carcasses 
and poultry litter. They fear that if regulators fi nd out, 
they may be cited and fi ned. Regulators, on the other 
hand, fear that with the current disposal situation, 
farmers may cause problems with improper disposal. 
Composting can be accomplished in compliance with 
environmental regulations in many states, but check 
regulations in states outside of New York before you 
start. 


Small poultry farms employ a vari-
ety of methods in raising meat birds 
or laying hens, from housed and 
cage-raised to free-ranged or free-
ranged but caged. Where free-range 
strategies are used there can be more 
potential for disease spread, as it will 
be harder to contain and disinfect in 
cases where birds are not contained 
in one location.


New York State 
Department of Environmental Conservation


The Emergency Response to Disease Control


Cornell University
College of Agriculture and Life Sciences
Department of Crop and Soil Sciences
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Potential Environmental and Biosecurity Risk of Dead Animal Disposal:


Lowest risk
Rendered or properly composted on 


the farm. 


Buried 6 feet deep in appropriate soils and buried more 
than 200 feet from a water body, watercourse, well or 
spring. 


Partially buried less than 6 feet deep or buried closer 
than 200 feet from a water body, watercourse, well or 
spring. 


Carcass is left outside for scavengers or to decay. This 
is very risky from an environmental standpoint  and for 
disease transmission on farm. 


Highest Risk 
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Composting
Composting provides an inexpensive alternative for 


disposal of all dead animals, including poultry. The tem-
peratures achieved during properly managed composting 
will kill or greatly reduce most pathogens, reducing the 
chance to spread disease. Properly composted material 
is environmentally safe and a valuable soil amendment 
for growing certain crops. In-house composting provides 
a controlled environment that reduces the need to move 
contaminated manure, litter and birds from poultry 
houses and provides better control of disease spread. 


Benefi ts of Composting 
♦ Can kill pathogens and help control disease out-


breaks.


♦ Can be done any time of the year, even when the 
ground is frozen. 


♦ Can be done with equipment available on most 
farms. 


♦ Relatively odor-free. 


♦ All sizes and volumes of animals can be compos-
ted. 


♦ Egg waste and hatching waste can be composted. 


♦ Relatively low requirements for labor and manage-
ment. 


♦ Economical. 


Choosing a Site & Considering a Pad
Pads are level areas constructed of compacted soil, 


asphalt, or concrete.  They have several purposes, includ-
ing water quality protection, providing a good working 
surface and allowing access through wet weather condi-
tions. In dry conditions, most soil types provide a good 
working surface, but many will be problematic after a 
storm event or during spring thaw. Pads need to provide 
a solid working surface so that machinery can function 
throughout the year. If composting is not a routine part 
of farm operations, it is unlikely that a pad is needed. 
However, emergency composting does require space 
on your land to construct the compost piles and takes 2 
to 8 weeks for the primary compost process and longer 
for the curing period that follows.


With Avian Infl uenza (AI), the birds should be moved 
as little as possible to ensure disease containment; litter 
and other organic material should be composted with 
the birds. Poultry houses will be out of production for 


at least 10 to 14 days so that the fi rst active stage of 
composting can be completed. After the compost is 
removed from the building and placed in curing piles, 
the building can be totally disinfected. If it is not feasible 
to compost in-house, composting should occur as close 
as possible to the infected site to minimize movement 
of infected materials.


After depopulation:  Birds may be moved within the 
poultry house or to a nearby area outside, most prob-
ably by small payloader, forklift, or other machinery. It 
is assumed that birds will be kept whole and added to 
the pile as is. To minimize handling and thus prevent 
creating airborne dusts or aerosols, birds will not be 
crushed, tilled, or shredded before adding to the pile. 
Poultry litter, contaminated feed, and other such items 
will be added to the pile during the layering process.


Routine Mortality:  If there is not a disease concern,  
select a site that is well-drained and away from water-
courses, sinkholes, seasonal seeps or other landscape 
features that indicate the area is hydrologically sensitive. 
Make sure the piles are set up in a way that minimizes 
risk to healthy animals. Select the same type of site for the 
outside stage of composting after a disease outbreak.


Moderate to well-drained, hard-packed soils with 
gentle slopes are well suited as composting sites. A slope 
of about two percent is desirable to prevent ponding 
of water. Steep slopes are not satisfactory because of 
potential problems with erosion, vehicular access, and 
equipment operation. 


Compost windrows should run up and down the 
slope, rather than across, to allow runoff water to move 
between the piles rather than through them (see fi gure 
1). The initial site preparation will usually require grad-
ing and may require an improved surface such as cloth 
and gravel, asphalt or concrete (see Compost Pads fact 


Disease Concern - If composting is imple-
mented in a situation where there is potential 
for the disease to spread, it is best to compost 
on the affected farm and preferably in the 
buildings where diseased birds were living. 


Figure 1. Pad slope graded to 2-4%.
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sheet #6: http://cwmi.css.cornell.edu/compostfs6.pdf). 
Siting is very important to help avoid neighbor issues. 
Determine the dominant wind direction, and if most air-
fl ow is directed toward populated areas, look for another 
site. In NYS, permitted compost facilities need to be at 
least 200 yards away from the closest dwelling. They 
cannot be sited in a fl oodplain or wetland, or where the 
seasonal high groundwater is less than 24 inches from 
the ground surface, or where bedrock lies less than 24 
inches below the ground surface, unless provisions 
have been made to protect water. Natural Resources 
Conservation Services (NRCS) also provides guidance 
for compost facilities (http://www.nrcs.usda.gov/techni-
cal/standards/nhcp.html). 


Building and Maintaining Compost 
Windrows 
♦ When implementing in-house composting, the 


poultry house will be vented naturally, but mechanical 
ventilation should be turned off. If indoor space is un-
available or limited, you will need to compost outdoors 
as close to the infected area as possible but following 
the same procedure.


♦ 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. 


♦ Add a 12-15 inch layer of litter and birds, then cover 
with a 12-15 inch layer of wood chips or other carbon 
source. 


♦  Add another layer of litter and birds until the wind-
row is two or three layers high and as long as needed. 


♦ If your birds and litter are not separate, put a carbon 
base down, as described above, and add birds mixed 
with litter and bedding to a height of 4-5 feet.


Moisture Note:  If litter is very dry, add moisture to the layers as 
you are building them. The compost feedstock should be at 30-
40% moisture.


♦ Cover the windrow with a 2-foot layer of wood 
chips or other carbon sources. The fi nished pile should 
be 5-7 feet high.


♦ Make sure all mortalities are well-covered to keep 
odors down, insulate pile and keep vermin or other 
unwanted animals out of the windrow. 


♦ The primary process in-house, where it reaches 
thermophilic temperatures, will take 10-14 days. During 
this time, no turning, agitating or active aeration should 
occur. Take temperatures at three levels in the windrow 
(outer 18”, middle layers and core) to ensure the ther-
mophilic range is reached throughout the windrow. 


♦ 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 
most of this time period. 


♦  After the required time/temperature duration, wind-
rows can be moved outside the buildings for the curing 
process. If temperatures are not reached, then testing for 
the presence of the disease will be required. 


♦ Site cleanliness is the most important aspect of 
composting; it deters scavengers, helps control odors 
and keeps good neighbor relations.


♦ Let sit for 4-6 months.


During the Process:  The dead birds and litter, such 
as woodchips or sawdust, are layered in the barns, 
most of which have steel walls and concrete fl oors. The 
layered pile is dampened and aerated naturally. Air and 
moisture feed microbes that in turn give off enough heat 
to kill the virus.


OR


Mixed bird composting in Virginia.
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Turning Note:  This is a process that requires little 
to no turning or pile movement. It is not like typical 
turned composting but a passively aerated system. These 
windrows consist of feedstock that is not well mixed 
and C:N ratios that are hard to access but the process 
works. If temperatures do not reach the thermophilic 
range, turning may be required to reach temperatures 
thus killing pathogens. If windrows are close to the 
range, let the windrow work and turn after 10-14 days. 
If windrow stays at ambient temperatures for more than 
3 days, it is not working. Consider rebuilding windrows 
with additional carbon but ask for guidance if there is  
a disease concern. 


Monitoring Compost Piles or Windrows 
A log of temperature, odor, vectors (any unwanted 


animals), leachate (liquid that comes out of the pile), 
spills and other unexpected events should be kept as a 
record of the process. This will allow the composter to 
see if suffi ciently-high temperatures were reached and to 
adjust the process if there are any problems. Also, odor 
can be an issue and compost piles are an easy target for 
complaints. When there is an odor problem, a compost 
pile may be blamed and may not be the cause. 


Monitoring of the pile is done mostly by checking 
temperatures. Internal compost pile temperatures affect 
the rate of decomposition as well as the destruction of 
pathogenic bacteria, fungi and weed seeds. The most 


effi cient temperature range for composting is between 
104°F - 140°F (40°C - 60°C). Compost pile temperatures 
depend on how much of the heat produced by the mi-
croorganisms is lost through aeration or surface cooling. 
During periods of extremely cold weather, piles may 
need to be larger than usual to minimize surface cool-
ing. As decomposition slows, temperatures will gradu-
ally drop and remain within a few degrees of ambient 


air temperature. Temperature monitoring is crucial for 
managing the compost process especially when there is 
disease concern. Thermometers with a 3-4 foot probe 
are available (see Thermometer Sources, page 11). 


Controlling Pathogens 


Pathogens are organisms that have the potential to 
cause disease. There is a wide array of pathogens found 
in our environment, and they may be elevated in livestock 
operations.  In addition, there is the possibility of viruses 
spreading diseases such as AI. While there are currently 
no temperature regulations for mortality and butcher 
residual composting, following New York State Depart-
ment of Environmental 
Conservation (NYS DEC) 
regulations currently ap-
plicable for biosolids are 
highly recommended to 
ensure adequate pathogen 
control in this type of 
composting. 


When using an aerated 
static pile, the pile must be 
insulated (covered with a 
layer of bulking material 
or fi nished compost) and 
a temperature of not less 
than 131°F (55°C) must be maintained throughout the 
pile for at least 3 consecutive days. 


Heat destroys the AI virus, but it remains viable at 
moderate temperatures for long periods, and indefi nitely 
in frozen material. The virus is killed by heat (56°C 
for 3 hours, or 60°C for 30 minutes) and with common 
disinfectants such as formalin and iodine compounds 
(Dawra, 2006). Research has shown that composting 
poultry carcasses can inactivate the AI virus. Lu et al. 
(2003) showed a loss of infectivity of the AI virus in 


Natural air fl ow: pile heats, heat rises and fresh air is pulled in 
from the base.


Finished compost.


Thermometer showing elevated 
temperatures.
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15 to 20 minutes at 133°F (56°C). As an extra safety 
measure, the farms are required to keep the material 
at that temperature for 3 days. Research performed by 
Senne (2007) in which chickens inoculated with HPAI 
virus were composted in bins showed no virus isolated 
after 10 days of composting. 


Using Finished Product and Bones 
If there is concern of disease spread, compost should 


be tested for that specifi c disease before moving or land 
applying the material. The fi nished material can be fi eld 
applied on animal feed crops, preferably where soils will 
be tilled. Applying this compost to “table-top” crops 
directly consumed by people is not recommended. In the 
future, testing and quality assurance standards may en-
able expanded uses of the fi nished compost product. 


Nutrients in carcass and butcher residue composts 
are higher in N, P and K than compost containing only 
plant material, giving it more fertilizer value both on 
and off farms. 


About Avian Infl uenza (AI) and 
Composting


Avian infl uenza (bird fl u) is caused by infl uenza viruses 
that are carried by wild waterfowl and shed in saliva, 
nasal discharges 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. 


The compost temperatures destroy the AI virus in a 
short period of time. Composting has a high level of 
biosecurity as no untreated material leaves the farm. It 
can be used to treat carcasses as well as infected litter 
using equipment normally available on the farm.


AI can be classifi ed into two forms based on the sever-
ity of illness it causes in birds. Low pathogenic avian 
infl uenza (LPAI) causes only mild symptoms such as 
ruffl ed feathers and a drop in egg production, or it may 
not cause any illness at all and thus go undetected. It is 


Figure 2. Avian Infl uenza evolution and transmission.
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rarely transmitted to humans and is not life-threaten-
ing. Highly pathogenic avian infl uenza (HPAI) causes 
serious illness and death in infected birds, often within 
48 hours of onset. As with LPAI, it is easily spread 
through a fl ock by contact among birds and through 
litter, cages, equipment and air (particularly within 
poultry houses). Transmission to humans occurs rarely 
and is usually associated with high levels of exposure 
to infected birds. It is a serious, often deadly, disease if 
contracted by people. It is not known to be transmitted 
from person to person. 


AI and Human Health
The concern for human health is that HPAI may create 


conditions leading to a pandemic. Pandemics can start 
when three conditions have been met: 


• A new infl uenza virus subtype emerges. 


• It infects humans causing serious illness.


• It spreads easily and sustainably among humans. 


The HPAI virus currently circulating in Asia and else-
where has met the fi rst two conditions. It can meet the 
third if it mixes with a human virus (this would result in 
rapid spread), or if it gradually adapts to bind to human 
cells (there would be small clusters of cases at fi rst). Ac-
cording to the World Health Organization (2005), “Each 
additional human case gives the virus an opportunity to 
improve its transmissibility in humans, and thus develop 
into a pandemic strain. The recent spread of the virus 
to poultry and wild birds in new areas further broadens 
opportunities for human cases to occur.” 


The AI Cycle 
The AI cycle (fi gure 2) starts with transmission of 


LPAI from wild birds to domestic fl ocks that can then 
circulate in the fl ock and be transported to other fl ocks. 
LPAI may mutate into HPAI that can circulate in the 
fl ock and be transported to other fl ocks. Control of 
LPAI can thus help to prevent creation of HPAI. Once 


a fl ock has contracted LP or HPAI, preventing off-site 
movement of birds, litter and contaminated equipment 
can help control the viruses. Composting of dead birds 
and litter can also control the viruses.  


Effectiveness of Composting 
According to the U.S. Environmental Protection 


Agency (USEPA, 2006), “On-site composting has been 
proven effective in deactivating avian infl uenza 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 benefi t of producing a usable product.” See Avian 
Infl uenza Research Summary: http://cwmi.css.cornell.
edu/aisummary.pdf.


In a disease outbreak, potentially-exposed people 
would include:


• Farm owners/operators.


• Farm employees: permanent and part-time.


• Migrant workers and illegal aliens: if a quarantine 
is imposed, it may be diffi cult to enforce due to these 
workers’ fear of exposure to government entities. This 
may create a danger of spreading the disease if they 
leave the farm.


• Experts in carcass composting procedures, quality 
control, safety and health, etc. who would be assisting 
the farm with the composting process. This does not 
include government offi cials from public health, vet-
erinary, medical, agricultural, or other specialties who 
were assumed to already be conversant with proper 
procedures and equipment for protecting themselves 
from exposure during fi eld investigations for disease 
outbreaks (USDA APHIS, 2008).


• Paramedics: in the event of worker injury or illness, 
paramedics may enter a contaminated area but must be 
protected appropriately.


In Virginia, in 2002, an AI outbreak on the Delmarva Peninsula was successfully confi ned to only 
3 farms despite the high density of poultry farms in that area by the use of in-house composting 
of the 5 pound broilers. However, it was unclear if it would work with larger birds. Therefore, in 
the fall of 2004, several Virginia state agencies conducted a research and demonstration project 
to evaluate the effectiveness of in-house composting of turkeys (17-40 lb birds) as a means of dis-
ease containment and disposal of catastrophic losses. Windrows were set up with several types of 
carbon materials and birds were placed as either whole, crushed or shredded. All were effective 
in composting the turkey mortalities, but those with whole birds took more time to compost than 
those with crushed or shredded carcasses. Temperatures of 60°C (140°F) were achieved within 5 
days for crushed carcasses, and 16 days for whole ones (Bendfeldt et al., 2006).
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• Children: Children should not do any work that re-
quires the wearing of a respirator. As the tasks covered 
by this report require the use of respiratory protection, 
children should be excluded from performing any of 
these tasks and should not be involved in outbreak-
containment.


• Susceptible groups at greater risk of infection (from 
viral infection and from compost pile fungi) typically 
are people who are immunodefi cient. Persons with com-
promised host defenses should be excluded: diabetes, 
cancer (especially leukemia), cystic fi brosis, alcohol-
ism, inherited immune defi ciency, acquired immune 
defi ciency (AIDS), burns, skin cuts, abrasions, or other 
trauma, invasive medical procedures, certain medications  
(some antibiotics and immunosuppressive drugs).


Personal Protective Equipment (PPE)
In order to protect potentially-exposed people from 


AI, PPE is needed when working on an infected site.


Appropriate PPE for AI workers includes:


• Hand protection: wear impermeable gloves (light-
weight nitrile or vinyl disposable gloves, or heavy-duty 
18-mil rubber gloves that can be disinfected; use the 
glove appropriate for the activity). Avoid touching the 
face and mucus membranes, including the eyes, with 
gloved hands that have been contaminated. Change or 
discard gloves if torn, punctured, or otherwise dam-
aged. 


• 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. Choose light-weight clothing to 
prevent heat stress. Take precautions (see box on page 
12) to avoid the effects of heat stress. 


• Head protection: wear disposable head cover or hair 
cover to keep hair clean.


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


• Eye protection: wear safety goggles; these should 
be non-vented or, at a minimum, indirectly vented (or 
wear a respirator with a full face-piece, hood, helmet, 
or loose-fi tting face-piece). For employees who wear 
prescription lenses, make sure goggles can be fi tted over 
regular glasses without compromising eye or respira-
tory protection; or alternatively use lens inserts in the 
goggles or use goggles with the correction built-in.


• Respiratory protection: wear National Institute for 
Occupational Safety and Health (NIOSH)-approved 
disposable respirator (N-95, N-99, or N-100) or NIOSH-
approved reusable particulate respirator. Wear whenever 
working in the poultry barns or when exposure to infected 
poultry or virus-contaminated materials or environments 
may occur. Make sure that eye protection does not 
interfere with the face-piece seal of the respirator. The 
wearer should conduct a seal check each time he/she dons 
a respirator. For farms using oils as dust-suppressants, 
use minimum R-95 or P-95 disposable respirators. 


Sources of personal protection equipment can be found by an 
internet search.


Static pile composting in process.
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In 2007, routine pre-slaughter testing of a turkey fl ock in West Virginia showed a positive test 
for LPAI H5N2. Since USDA policy is to eradicate LPAI with subtypes H5 and H7 to ensure that 
they don’t mutate into HPAI, the turkeys were depopulated. 1,022,400 lbs of turkey carcasses, as 
well as 20 tons of feed and 350 tons of litter needed to be disposed of. Composting was selected as 
the disposal method. The birds were euthanized with fi re fi ghting foam which added a signifi cant 
amount of water to the mix and created a challenge to the composting. Some piles were constructed  
primarily in-house, then removed and turned 3 weeks later to compost to a fi nished product. After 3 
weeks, carcass decomposition was about 95%, and there was no ammonia or rancid smell. Internal 
windrow temperatures in the 1st 3 weeks ranged between 43-57°C (110-135°F). All samples of the 
compost material taken for virus isolation tested negative. Land application of the fi nished material 
as a soil amendment occurred after 3 months of composting. In July of 2007 a similar size fl ock of 
market age turkeys (40 lb. average weight) in Virginia tested positive for LPAI H5N1. These birds 
were also euthanized with foam, and composted primarily in-house. Lessons learned from the West 
Virginia incident resulted in reducing the time that the compost was kept in the houses from 3 to 2 
weeks, and having a fi nished compost ready for land application in 45 days. Some of these lessons 
learned included premixing of the carcasses and litter prior to constructing the windrow, and paying 
greater attention to keeping equipment from compacting the windrow base (Flory et al., 2007).


To be effective, tight-fi tting respirators must have a 
proper sealing surface on the wearer’s face. Items that 
interfere with the proper seal of a respirator include: 
facial hair, skull cap, facial features such as wrinkles, 
absence of one or both dentures, weight gain or loss 
since a previous fi t-testing (may necessitate a new 
fi t-testing), glasses, (see “eye protection” above), skin 
conditions (such as pseudofolliculitus barbae) which 
render shaving diffi cult, or allergies (such as to rubber, 
silicone respirators are available as an alternative).


For employees who are unable to wear a disposable 
particulate respirator because of facial hair or other fi t 
limitations, they can wear a loose-fi tting helmeted or 
hooded powered air-purifying respirator (PAPR) with 
high-effi ciency particulate air (HEPA) fi lters. The face-
piece provides eye and mucous membrane protection as 
well as respiratory protection. Occupational Safety and 
Health Administration (OSHA) requires that respirators 
must be used in the context of a complete respiratory 
protection program as per 29 CFR 1910.134; this in-
cludes training, fi t-testing, and user seal checks to ensure 
appropriate respirator selection and use. 


Safety in Managing Avian Carcasses
Exposure to AI could occur when farm owners/op-


erators and their employees are engaged in the on-farm 
activities of depopulating fl ocks of birds and compost-
ing the carcasses that are either infected or have been 
exposed to AI, especially to highly-pathogenic AI. 
While this disease at present occurs almost exclusively 
in birds, in a limited number of cases, the H5N1 strain 
of the virus has been shown to cause infections or fl u 


•


•


in humans with a case fatality rate of 61%. Most cases 
have been linked to close contact with infected poultry.  
OSHA has issued guidance for protecting workers against 
avian fl u, but has not issued a standard or regulation 
for this disease nor for any diseases other than those 
spread by the blood borne route. It is important to note 
that a disease outbreak could be a natural occurrence 
or an act of bioterrorism. This section of the fact sheet 
deals with the tasks, anticipated routes of exposure, and 
protection for farm owners/operators, their employees, 
and compost process experts/consultants who would 
be expected to be exposed should an outbreak of HPAI 
occur in NYS.


Worker Protection


Workers should receive the current season’s infl u-
enza vaccine to reduce the possibility of a dual infection 
with avian and human infl uenza viruses.


Workers should receive an infl uenza antiviral drug 
daily for the time period when in contact with infected 
poultry or contaminated surfaces and for a period of 
time afterwards. First choice is oseltamavir (a neur-
aminidase inhibitor); 2nd choices would be amantadine 
or rimantadine. 


Workers should be instructed to be vigilant for any 
fever, respiratory symptoms, or conjunctivitis for 10 days 
after their last exposure to infected or exposed birds or 
contaminated surfaces. If so, seek immediate medical 
care and notify your health care provider (in advance) 
that you have been exposed to avian infl uenza. Also, 
notify your health and safety representative.


•


•


•
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Do and Don’ts


• Do not eat, drink, smoke, or use bathroom facilities 
while engaged in activities where contact with contami-
nated animals or surfaces is possible.


• PPE should be properly removed and discarded or 
disinfected; then hands should be washed thoroughly 
before eating, drinking, smoking, or bathroom use. 


• Maintain or update tetanus vaccination for cuts or 
puncture wounds.


• Plan for heat stress, especially that caused by the 
insulating effect of wearing PPE.


• Keep infl uenza vaccine up-to-date.


Upon Recognition of Infection


Upon recognition that an infection, known or sus-
pected, of low-pathogenic or highly-pathogenic avian 
infl uenza appears to be occurring, farm owners/operators 
and staff should have a basic protocol in place regarding 
work practices and personal protective equipment which 
is to be implemented immediately. The facility should 
have an avian infl uenza response plan (can be developed 
using the guidance from the NIOSH ALERT at http://
www.cdc.gov/niosh/docs/2008-128/) that complements 
the regional, state, and industry plans and should select a 
response plan manager. The plan should be coordinated 
with appropriate state animal and public health agencies. 
The employer should make sure that workers are aware of 
the plan and of their specifi c responsibilities. Employees 
should don personal protective equipment. 


Doffi ng PPE:


• While wearing the respirator, goggles, and gloves: 
remove all personal protective clothing.


   * Place disposable clothing in approved, secure con-
tainers for disposal; approved secure containers 


Proper second glove removal. Proper hand washing with soap and water or sanitizer.


(according to 29 CFR 1910.1030(d)(4)(iii)(B)) 
are closable, constructed to contain all contents 
and prevent leakage during handling or transport, 
labeled or color-coded, and closed before remov-
al.


 * Place reusable clothing in approved, secure contain-
ers for cleaning and disinfection.


• Remove gloves carefully, remembering that the outside 
of the gloves are contaminated. 


 * Begin by pinching the palm of one glove and pulling 
it off. 


 * For the second glove, slide your bare fi nger under 
the cuff of the glove, and turn the end of the glove 
over. Now remove your fi nger and pinch the inside 
of the glove, which is clean, and pull it off. 


 * Discard in an approved, secure container for bio-
hazardous wastes.


 * Thoroughly wash hands with soap and water for 
15-20 seconds.


 * If no hand-washing facilities are available, use 
waterless soaps or alcohol-based sanitizers (note: 
these may be harsh to the skin if used too often).


• Remove goggles and then the respirator.
 * When removing eye protection, do so carefully to 


prevent it from contacting eyes, nose, or mouth.
 * Discard disposable respirator in designated recep-


tacle.
 * Thoroughly wash hands again with soap and water 


or sanitizer (as before).
 * Shower at the worksite or a nearby decontamination 


station.
 * Leave all contaminated clothing and equipment at 


work, never wear it outside the work area.
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Symptoms Problems Recommendations


Pile fails to reach temperature. Material is dense. Not enough air 
circulation.


Pile too small.


Frozen carcasses placed in pile.


Rebuild pile with more chunky carbon.
  *If it is in an odor sensitive area and 
the pile cannot be moved, let process 
run its course and turn in 4-6 months.


To heat, pile needs to be greater than 
4’x4’x4’.


May need to wait until warmer weather 
to reach temperature.


Insects and other animals 
attracted to pile.


Carcasses not covered well.


Leachate puddling on pad 
surface.


Cover carcass or residual well with 
carbon.


Pad should have 1-2% slope and holes 
should be fi lled to avoid standing water.


Carcass uncovered. May have insuffi cient cover. Use plenty of wood chip cover material.


Standing water/surface 
ponding.


Inadequate slope.


Improper windrow/pile alignment.


Depressions in high traffi c areas.


Establish 1-2% slope with proper 
grading. 


Cover standing water with wood chips.


Improve drainage, add an absorbent 
such as wood chips. Run windrows/
piles down slope, not across.


Fill and grade.


Odors Ponded water.


Insuffi cient cover.


Anaerobic conditions.


Regrade the site to make sure there is 
no standing water.


Make sure piles are covered with at 
least 2 feet of wood chips.


Add a cover blanket of fresh chips or 
fi nished compost.


Build piles that are not too wide or too 
dense so that air fl ow can keep the 
piles aerobic. DO NOT turn or disturb 
piles for 4 months (depending on 
the size of the animals). Turning can 
release odors, especially early in the 
process.


Troubleshooting Table


Suppliers - Temperature Probes


Meriden Cooper Corporation Meriden, CT 800-466-8448
Morgan Scientifi c Haverill, MA 800-525-5002
Omega Engineering Stanford, CT 800-826-6342
Reotemp Instruments San Diego, CA 800-648-7737
Spectrum Technologies Plainfi eld, IL 800-248-8873


•
•
•
•
•
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Lessons learned from the Canadian experience with H7N3 in British Columbia (Tweed et al., 2004) indicate the 
importance of planning for worker protection challenges. In this case, a large number of birds required disposal 
crews to work in barns where culled chickens had been dead for a week. Workers were subsequently covered in 
feces and chicken parts, working in barns where manure pits had not been cleaned for 7 years.


• Heat and humidity made N-95 respirators and plastic overalls very uncomfortable; switched to cotton cov-
eralls and half-face respirators; and later to full-face respirators because a drinking tube could allow responders 
to re-hydrate without risking contamination while doffi ng PPE.


• PPE compliance needs monitoring, as compliance could be poor; veterinarians, especially, did not wear 
protective gear or take the antiviral drugs offered.


• Extra PPE needed to replace any that are shredded or torn while working around cages and coops.


Reference to any specifi c product, service, process, or method does not constitute an implied or expressed recommendation or endorsement 
of it.  The Cornell Waste Management Institute makes no warranties or representations, expressed or implied, as to the fi tness for particular 
purpose or merchantability of any product, apparatus, or service or the usefulness, completeness, or accuracy of any processes, methods or 
other information contained, described, disclosed, or referred to in this fact sheet.
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AbstrAct


The purpose of this CAST Issue 
Paper is to provide a critical assess-
ment of information available on 
methods of swine carcass disposal 
under routine and catastrophic con-
ditions.  In developing this review, 
the authors have focused on effi-
ciency and effectiveness of available 
methods as well as potential animal 
health and environmental protection 
considerations. 


As in all types of food-animal 
production, some pigs and breeding 
swine die at the farm level and must 
be disposed of in a safe and environ-
mentally sound manner.  These death 
losses, also referred to as mortalities, 


may be classified broadly as either 
routine or catastrophic.  Routine 
mortalities represent a small propor-
tion of overall herd size and occur 
throughout the normal course of 
production.  Catastrophic mortality 
events involve greater death losses 
within a distinct period of time.


The four predominant methods 
of routine swine mortality disposal 
developed to the present time are on-
site burial, incineration, rendering, 
and composting.  Additional tech-
nologies such as alkaline hydrolysis 
and anaerobic digestion have shown 
potential for swine carcass disposal, 
but use of these methods currently is 
limited because they require special-
ized facilities and equipment. 


Catastrophic losses present unique 
challenges because of the large vol-
ume of swine carcasses that require 
disposal within a short time. Events 
that can lead to catastrophic swine 
mortality include barn fires, hurricanes 
or floods, and extreme heat waves 
coupled with ventilation system fail-
ures. In addition, the introduction of 
a highly infectious swine disease can 
lead to losses on an epidemic scale. 


Each of the established swine 
mortality disposal methods has po-
tential strengths and limitations under 
routine and catastrophic conditions 
that will be discussed in this paper. 
The methods chosen for any given 
farm will depend on farm circum-
stances, regulatory requirements, 


This material is based upon work supported by the United States Department of Agriculture under Grant No. 2005-38902-02319, Grant No. 2006-38902-03539, 
and Grant No. 2007-31100-06019/ISU Project No. 413-40-02.  Any opinions, findings, conclusions, or recommendations expressed in this publication are those 
of the author(s) and do not necessarily reflect the view of the U.S. Department of Agriculture or Iowa State University.


Swine in various stages of production: sow with nursing litter (photo courtesy of USDA Online Photography Center), market 
hog (photo courtesy of CHS, Inc., St. Paul, MN), and replacement gilts (photo courtesy of Dr. Allen Harper, Virginia Tech).


Swine Carcass Disposal Options 
for Routine and Catastrophic Mortality
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on-site burial, incineration, render-
ing, and composting.  Transport to 
landfill sites or alkaline hydrolysis 
and anaerobic digestion are addition-
al technologies that potentially may 
be used for mortality disposal, but 
widespread availability of specialized 
facilities and equipment for these pro-
cesses currently are limiting factors.  
If necessary, technologies such as fer-
mentation, acid preservation, refrig-
eration, or freezing could be used for 
biosecure storage of mortalities until 
disposal can occur by more tradition-
al methods.


The use of predominant methods 
will depend on, and be influenced 
by, individual farm circumstances, 
regulatory requirements, operational 
costs, and producer preference.  For 
example, on-farm incineration is bio-
secure and reduces carcasses to inert 
ash, but in some states, added op-
erational costs associated with state 
regulatory requirements may decrease 
cost-effectiveness.  Transport of car-
casses to rendering plants continues 
to be a viable method and has the 
added advantage of converting an es-
sentially valueless waste product into 
commercially useful by-products.  
But the limited number of indepen-
dent rendering plants coupled with 
remote farm locations and changing 
market conditions for meat and bone 
meal may decrease access to render-
ing for some farms.  


On-farm composting has evolved 
more recently as a disposal method 


for swine mortality.  Although posi-
tive results have been demonstrated, 
regulations dealing with composting 
vary considerably from state to state.  
A readily available source of car-
bon (C)-rich cover material is need-
ed, and, as with all methods, proper 
equipment and technical management 
are essential for good results.  


Recent evidence indicates that 
routine use of burial on larger swine 
farms poses greater environmental 
risk in the form of potential ground-
water contamination from excess ni-
trogen (N) or other pollutants.  Given 
the potential for negative environ-
mental impact, moving away from 
burial as a method of mortality dis-
posal seems warranted.


Catastrophic Mortality
Catastrophic losses present unique 


challenges because of the large vol-
ume of swine carcasses that require 
disposal in a compressed time frame.  
Based on limited reports of instanc-
es in North America and reports of 
catastrophic events that have oc-
curred in Taiwan and Europe, some 
general points can be made.  With 
the exception of engineered sani-
tary landfills, disposal by mass burial 
should be avoided because of the risk 
of groundwater pollution. In situa-
tions where burial is the only viable 
option, preplanned sites with the low-
est potential for environmental im-
pact should be used.  Small-capacity, 
on-farm incineration units would be 
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operational costs, and producer 
preferences.  Further research and 
development has the potential to im-
prove the efficiency and effectiveness 
of methods currently in practice and 
to make emerging technologies appli-
cable on a wider scale. 


IntroductIon
Swine production represents an 


important form of animal agricul-
ture in North America and through-
out the world.  As with other types of 
food-animal production, a proportion 
of pigs and breeding swine will die 
on the farm before being marketed.  
These death losses, also referred to as 
mortalities, may be classified broad-
ly as either routine or catastrophic.  
Routine mortalities represent a rela-
tively small percentage of the total 
herd but can be expected to occur and 
fluctuate throughout the course of 
production.  Catastrophic mortality 
events involve death losses of great-
er magnitude resulting from a single 
event such as a barn fire, hurricane, 
or flood, or the introduction of an epi-
demic swine disease.  Safe, effective 
disposal of swine carcasses is essen-
tial for reasons related to human and 
animal health, environmental protec-
tion, and aesthetics.


Routine Mortality
Four predominant methods of 


routine swine mortality disposal have 
been developed to the present time: 
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completely inadequate, but if bios-
ecurity risks could be controlled and 
cooperative agreements established, 
carcasses could be transported to 
commercial-scale refuse-incineration 
facilities.  In addition, air-curtain in-
cineration equipment may be trans-
ported to a central site for high-vol-
ume mortality disposal.  Because of 
pollution potential and public dis-
content, open burning also should be 
avoided as a disposal method.  


Transport of carcasses to render-
ing plants also may play a contribu-
tory role in catastrophic disposal.  
Use of this method assumes that 
animal and public health risks associ-
ated with transporting the carcasses 
are minimal and that the processing 
capacity of the rendering plant would 
not be overwhelmed.  


Data on the use of composting 
for catastrophic swine mortality dis-
posal are limited.  Several studies do 
indicate that resident swine disease 
organisms (enzootic organisms) seem 
to be confined and controlled with on-
farm composting of routine mortali-
ties. In principle, large-scale wind-
row composting would be effective in 
disposal of a large volume of swine 
carcasses.  Currently, however, little 
is known about the potential for dis-
ease spread or transfer from the com-
post matrix.  Consequently, additional 
research is needed to determine the 
potential biosecurity risk associated 
with composting for mass disposal of 
swine carcasses.  


As demonstrated during epi-
demic disease outbreaks in Taiwan 
and Europe, the use of several dis-
posal methods in combination may 
be required to deal with catastrophic 
mortality disposal.  Furthermore, a 
rapid, coordinated response of fed-
eral and state animal health, public 
health, sanitation, and environmen-
tal agencies, along with segments 
of the private sector such as render-
ers or commercial landfill operators, 
is critical when a massive disposal 
event occurs.   Advanced planning 
for mass mortality disposal should be 
implemented among these agencies, 
swine producers, and industry as part 
of an emergency preparedness plan.  


Preparations should include develop-
ment of decision-tree or action plan 
models based on local and regional 
conditions.


Mortality Rates
One major database of U.S. 


swine records indicates that routine 
preweaning pig mortality rates range 
from 8.18 to 17.43%, postweaning 
pig mortality rates range from 2.06 
to 7.19%, and breeding sow mortal-
ity rates range from 4.30 to 15.90% 
(Olson 2005).  Routine mortality dis-
posal is important regardless of farm 
size, but as individual swine farms 
have become increasingly more spe-
cialized and larger in size, the issue 
of routine mortality disposal has re-
ceived increased public concern and 
greater regulatory scrutiny.


After a catastrophe, individual 
farms and larger geographic regions 
also may be faced with the need to 
dispose of very large quantities of 
animal carcasses at one time.  This 
situation differs from routine mortal-
ity disposal in that much larger num-
bers of animals may die or need to be 
euthanized.  Barn fires, hurricane or 
flood events, and extreme heat waves 
coupled with ventilation system fail-
ure are examples of events that can 
lead to catastrophic amounts of swine 
mortality.


Another potential cause of cata-
strophic mortality is the introduction 
of swine disease that results in losses 
on an epidemic scale.  In 1997, an 
outbreak of foot-and-mouth disease 
(FMD) in Taiwan resulted in death 
or euthanasia of more than 4 million 
pigs (Yang et al. 1999).  A classical 
swine fever (or hog cholera) outbreak 
in 1997–98 caused death or required 
the destruction of 3.8 million swine 
in the Netherlands (Stegeman et al. 
2000).  And in 2001, an outbreak of 
FMD in the United Kingdom (U.K.) 
resulted in death or the required de-
struction of 144,941 pigs along with 
3.9 million sheep, cattle, goats, and 
deer (Scudamore et al. 2002).  


Despite individual and regulatory 
biosecurity measures, unintended en-
try of these or other epidemic swine 
diseases into a country or geographic 


region could occur as a result of the 
general movement of people, animals, 
or animal products.  The potential for 
entry of an epidemic food-animal dis-
ease through an intentional act of bio-
terrorism also has been raised (Moon 
et al. 2003).  The need for effective, 
well-organized carcass disposal meth-
ods after such catastrophic events is 
crucial.


  The purpose of this CAST Issue 
Paper is to provide a critical assess-
ment of the body of information 
available on methods for routine and 
catastrophic swine mortality dispos-
al.  The scope of material considered 
for this assessment has been broad, 
but for brevity purposes, the paper is 
presented as a condensed review. An 
extensive review of food-animal car-
cass disposal recently was published 
by a consortium of experts (NABCC 
2004), and readers are encouraged 
to use this web-based document for 
more extensive information on in-
dividual carcass disposal methods. 
Exclusion of certain published work 
from direct citation in this paper does 
not imply lack of useful and relevant 
information on this important topic.  
In developing this review, the authors 
have focused particularly on the ef-
ficiency and effectiveness of swine 
carcass disposal methods as well as 
potential animal health and environ-
mental protection considerations.


PredomInAnt methods 
of mortAlIty dIsPosAl 
In commercIAl swIne 
ProductIon


Burial: Routine Mortality 
Disposal


A U.S. Department of 
Agriculture–Animal and Plant Health 
Inspection Service (USDA–APHIS) 
survey (NAHMS 2001) indicated 
that 37.8% of swine operations in the 
United States used burial for routine 
disposal of carcasses of weaned pigs, 
and that 11.5% of weaned pig mor-
talities overall were buried (Table 1). 
In states where rendering services are 
readily available or mortality com-
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posting has been adopted, use of buri-
al is considerably less than the na-
tional figures.  For example, Iowa is 
served by five major rendering plants, 
and 5% of respondents in a 2001 mail 
survey indicated that they used burial 
as their sole method of disposal; an 
additional 20% of survey respondents 
reported that they used burial in com-
bination with rendering or compost-
ing (Schwager et al. 2001).  Transport 
of carcasses to an approved landfill is 
another means of disposal by burial, 
but availability of landfill burial will 
vary with circumstances of farm loca-
tion and landfill regulations.


On-farm burial of routine mor-
talities typically is done using the 
trench method, which involves exca-
vating a narrow and relatively shal-
low trench with a backhoe, placing a 
single layer of carcasses in the trench, 
and covering them with the excavated 
soil.  According to Nutsch and Spire 
(2004), excavation volumes reported 
by several authors vary consider-
ably, ranging from 0.9 to 2.3 cubic 
meters (m) for five mature swine.  
Traditionally, burial is considered to 
be a convenient method for routine 
mortality disposal with minimal envi-
ronmental impact when used spar-
ingly by relatively small livestock 
operations.  


With widespread growth of con-
centrated animal feeding operations, 
however, the potential impacts of 
routine burial on shallow groundwa-
ter resources have become a greater 
concern.  In a comprehensive evalu-
ation of the potential environmental 
impacts of mortality disposal, Engel 


and colleagues (2004) concluded that 
burial had significant potential for 
impacting water and air quality nega-
tively.  Environmental risks listed 
for burial included contamination of 
soil and shallow groundwater with N, 
chloride, and coliform bacteria.  


Freedman and Fleming (2003) 
noted the scarcity of research data 
on the impacts of livestock burial.  
They observed that although many 
U.S. states and Canadian provinces 
have regulatory guidelines on mini-
mum burial depth, minimum depth to 
groundwater, minimum distances to 
wells and watercourses, and maximum 
burial quantity, there is little evidence 
that these rules are based on research 
involving livestock mortalities. 


Glanville (2000) took monthly 
samples of leachate from the base 
of a 6-m-long trench in which six 
14-kilogram (kg) pig carcasses were 
buried.  Although the carcass burial 
volume was small, the mean bio-
chemical oxygen demand (BOD, a 
measure of organic pollution), am-
monia-nitrogen (NH4-N), and total 
dissolved solids (TDS) concentra-
tions in monthly samples collected 
during the 20-month study were 732 
milligrams (mg)/liter (l), 416 mg/l, 
and 975 mg/l, respectively.  These 
concentrations were much greater 
than background concentrations in 
shallow groundwater at the site and 
would be considered significant pol-
lutants if allowed to percolate into 
groundwater. Evolution of carcass 
decay products slowed considerably 
after 18 months, suggesting mini-
mum carcass decay times of roughly 


1.8 years for relatively small swine 
carcasses. 


Burial: Catastrophic Mortality 
Disposal


Although burial is used com-
monly for emergency livestock dis-
posal, there are few published ac-
counts detailing its use specifically 
for emergency disposal of swine.  An 
intensive search by Ehrman and Holl 
(2004) revealed only three emer-
gency burial cases specific to swine, 
including (1) burial of swine and 
other animals in North Carolina after 
Hurricane Floyd in 1999, (2) a pseu-
dorabies outbreak in Pennsylvania in 
2002 that required burial of 15,000 
hogs, and (3) burial of 800 hogs in 
Iowa in 2003 after a swine barn venti-
lation failure and fire.


With emergency burial, the 
number of carcasses deposited in 
a location is greater than for rou-
tine burial; therefore, the potential 
for soil and groundwater pollution 
is greater as well.  Animal carcasses 
are approximately 2% N by weight.  
Consequently, single-layer high-
density burial can impose exception-
ally high N loading rates.  Long-term 
persistence of high concentrations of 
N near mass burial sites also can be a 
concern.  In a 6-year study, Glanville 
(2000) monitored shallow ground-
water pollution near two burial pits 
containing approximately 28,000 kg of 
turkey carcasses resulting from an ac-
cidental barn ventilation failure.  Mean 
NH4-N concentrations in groundwa-
ter at the edge of the burial pits were 
more than 2,000 times the background 
concentrations in shallow groundwater 
nearby.  In addition, the BOD, TDS, 
and chloride concentrations were 38, 
2, and 12 times the background con-
centrations, respectively.


The use of modern engineered 
landfills equipped with leachate col-
lection and treatment facilities can 
decrease significantly the amount of 
pollution that moves into ground-
water resources.  But use of landfills 
relies on the preplanned cooperation 
of owners of existing industrial and 
public landfills, because these types 


Table 1. Disposal methods for swine mortalitiesa


 Preweaning deaths Postweaning deaths 


Method of carcass disposal Farm sitesb Carcasses Farm sites Carcasses 


 Percentage Percentage


Burial (on-site) 45.3 15.0 37.8 11.5
Incineration 15.4 14.5 11.6 6.0
Rendering 22.2 53.1 45.5 68.0
Composting 23.2 15.4 18.0 12.7
Other 4.4 2.0 2.5 1.8


Total  100.0  100.0


aSource: NAHMS 2001.
bSome farm sites use more than one method, so total percentage of farm sites exceeds 100.
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of facilities are difficult to design and 
construct during an emergency.  Such 
cooperation between landfill opera-
tors and animal and human health 
agencies cannot be taken for granted.  
For example, during an avian influ-
enza (AI) outbreak in 2004, land-
fill operators in British Columbia 
closed their gates to trucks carrying 
dead poultry after learning that AI is 
transmissible to humans (Stepushyn 
2004).  


Similarly, Nutsch and Spire 
(2004) noted that the available capac-
ity of licensed commercial landfills 
in the U.K. easily could have accom-
modated all carcass material disposed 
during the FMD outbreak in 2001.  
But opposition by the local public, lo-
cal authorities, pressure groups, and 
farmers near the landfill sites greatly 
limited the use of this disposal meth-
od, forcing the British government to 
construct several very large emergency 
mass burial sites.


Recognizing that engineered 
landfills may not be available dur-
ing certain emergencies, several state 
and national agencies have begun to 
develop geographic information sys-
tems that permit rapid identification 
of potential emergency mass burial 
sites.  The combination of topograph-
ic, geologic, soil, and water resource 
databases enables such systems to 
identify and map burial sites that are 
least likely to impact environmen-
tally sensitive areas such as flood 
plains, wetlands, fault zones, shallow 
groundwater, and public or private 
water supplies.  Similar preplanned 
sites could be identified by producers 
and local officials for on-farm burial 
as part of an emergency preparedness 
plan. 


Incineration: Routine Mortality 
Disposal


Incineration refers to the burning 
of material to the point that the result-
ing end products are heat, gaseous 
emissions, and residual ash. Kastner 
and Phebus (2004) have described 
three broad types of animal carcass 
incineration:  (1) fixed-facility incin-
eration, (2) air-curtain incineration, 


and (3) open-air burning.  Fixed-
facility units range from commercial 
units designed specifically for ani-
mal incineration to large incinera-
tion plants intended for solid waste 
disposal.  Air-curtain incineration de-
scribes a specific incineration process 
that involves the use of mechanically 
forced air through a refractory fire 
box or a constructed earthen trench.  
Open-air burning refers to simple 
open burning, usually by constructing 
a “pyre” with the carcass or carcasses 
placed on a solid fuel source such as 
wood or straw. Each type has distinct 
characteristics that may increase or 
limit its potential for use as a swine 
mortality disposal method in specific 
circumstances.


Fixed-facility incinerators fu-
eled by diesel, natural gas, or propane 
continue to be recommended as an 
option for routine mortality disposal 
on swine farms (Henry, Wills, and 
Bitney 2001).  Advisory publications 
stress the importance of using a prop-
erly engineered unit designed to meet 
the body size and quantity of routine 
mortalities experienced on a given 
farm.  Incinerator manufacturers have 
responded to the need for effective 
mortality disposal on intensive swine 
farms by developing livestock incin-
erators equipped with thermostatic 
controls and refractive burn cham-
bers that allow for decreased fuel use 
and more efficient carcass reduction.  
One-time loading rates for commer-
cial units range from models with a 
45-kg capacity to large units with up 
to a 680-kg capacity.


Modern incineration equipment 
is designed to reduce carcasses to re-
sidual ash.  If properly maintained, 
the equipment requires only moderate 
amounts of training and labor to oper-
ate. Dead stock is loaded into the in-
cinerator, and the controls are set for 
complete burning according to manu-
facturer recommendations.  Periodic 
observation, routine maintenance, 
and clean-out of ash are required.  
Operational fuel use varies with in-
cinerator design and loading rate.  An 
independent advisory publication es-
timates 3.8 to 11.4 l of diesel fuel use 
per 45 kg of mortality (Henry, Wills, 


and Bitney 2001).
The predominant consideration 


affecting use of on-farm incineration 
for mortality disposal on swine farms 
may be the regulatory requirements.  
In many states, operation of an on-
farm incinerator for livestock mortal-
ity disposal requires a permit from 
the appropriate state environmental 
agency.  This permit may be separate 
from, and in addition to, any permits 
required by a swine farm for waste 
management purposes.  In some 
states, regulations stipulate that per-
mitted mortality incineration equip-
ment must contain a secondary burn 
chamber or “afterburner” to decrease 
particulate matter (i.e., “fly ash”) and 
other emissions.  Such additional 
permit and equipment requirements 
increase the initial investment and 
operational costs.  The requirements 
seem to be warranted, however, based 
on the potential for on-farm incinera-
tor equipment to emit hydrocarbon 
pollutants and heavy metals associ-
ated with fly ash (Chen, Hsieh, and 
Chiu 2003; Chen et al. 2004).


Neither air-curtain incineration 
nor open-air burning has high poten-
tial for routine mortality disposal on 
individual swine farms.  Air-curtain 
technology has been developed prin-
cipally as a means of incinerating 
large quantities of combustible refuse 
resulting from land clearing or a di-
saster such as a hurricane or major 
flood (Ellis 2001).  It seems plausible 
that the technology could be modified 
in the future for applications similar 
to those of fixed-facility units.  But 
current large-capacity and fuel-use 
characteristics of air-curtain incinera-
tion limit its routine use on individual 
swine farms.  


Open-air burning cannot be 
recommended for routine on-farm 
mortality disposal for a number of 
reasons, most notably the potential to 
generate excess pollutants in the form 
of smoke and odor, the possibility of 
creating a public nuisance, the risk of 
causing unintended fires, and the vio-
lation of regulatory restrictions.  Most 
state regulatory agencies do not per-
mit open-air burning for routine dis-
posal of livestock mortality (Henry, 
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Wills and Bitney 2001; Morrow, 
Ferket, and Middleton 2000).


 
Incineration: Catastrophic 
Mortality Disposal


Limited-capacity, fixed-facility 
incinerators designed for routine on-
farm use are not adequate to handle 
the large-volume disposal needs as-
sociated with a catastrophic mor-
tality event. In theory, municipal 
or industrial solid waste incinera-
tion plants have the potential capac-
ity to assist with catastrophic swine 
carcass disposal.  The accessibil-
ity of incineration plants for carcass 
disposal is limited, however, (Ellis 
2001) and, in many situations, would 
require long-distance transportation 
of carcasses.  In the 2001 outbreak of 
FMD in the Netherlands, incineration 
was used successfully in combina-
tion with rendering as a catastrophic 
disposal method (de Klerk 2002).  In 
this instance, large numbers of swine 
and cattle destroyed in the eradica-
tion program were first processed at 
rendering plants, with most resulting 
meat and bone meal subsequently in-
cinerated at a central plant.


The characteristic feature of air-
curtain incineration is that a high-
velocity “curtain” of air is fan-driven 
through a manifold system over the 
burn chamber of an aboveground 
firebox or in a constructed earthen 
burn trench.  The air curtain serves to 
contain smoke and particulate matter 
in the burn zone and provides greater 
airflow for hotter temperatures and 
more complete combustion.  Use of 
an air-curtain incineration system to 
dispose of swine carcasses after eu-
thanasia of several small herds for 
brucellosis eradication has been re-
ported (Ford 1994).  The number of 
carcasses incinerated in the test was 
modest by catastrophic standards 
(504 swine weighing 41,300 kg in 
total), but the potential for larger vol-
ume disposal was demonstrated.  Air-
curtain incineration also was used to 
a limited degree for carcass disposal 
during the 2001 FMD outbreak in the 
U.K. (Scudamore et al. 2002) and for 
dead poultry disposal in Virginia after 


an AI outbreak in 2002 (Brglez 2003).  
From these and other reports it 


may be concluded that air-curtain 
incineration can play a contributory 
role in catastrophic swine carcass dis-
posal if adequate equipment, trained 
operators, and fuel in the form of pal-
lets, dry wood debris, or other dry 
wood sources are available.  Carcass 
disposal with air-curtain incineration 
is a fuel-intensive process (primarily 
wood and diesel fuel), but its use may 
be warranted in situations in which 
strategically located incineration is 
necessary for biosecurity purposes 
(Ellis 2001).


It has been suggested that in di-
saster circumstances, state restrictions 
on open-air burning might be waived 
(Ellis 2001).  Even in catastrophic 
circumstances, open-air burning is an 
unfavorable choice for swine mortal-
ity disposal, for several significant 
reasons (Kastner and Phebus 2004).  
Disadvantages include labor and 
fuel intensity, dependence on favor-
able weather conditions, potential 
for environmental pollution, public 
nuisance, and negative public percep-
tion.  These factors led to the discon-
tinuance of open-air burning of large 
carcass pyres during the 2001 FMD 
outbreak in the U.K. (Scudamore et 
al. 2002).


Rendering: Routine Mortality 
Disposal


Rendering has long been a vi-
able option for disposal of by-prod-
ucts from food-animal processing as 
well as farm animal mortalities, and 
the resulting animal fat and protein 
products derived from the process are 
valuable ingredients for animal feeds 
and other uses. The North American 
rendering industry processes approxi-
mately 26.7 billion kg of raw material 
annually, with dead stock represent-
ing nearly 5% of this total (1.3 billion 
kg) (Meeker 2006). 


In 2002, it was estimated that ap-
proximately 299 million kg of swine 
mortality was being processed by 
rendering each year (Sparks 2002). 
Shortly thereafter, Hamilton (2004) 
estimated that swine mortality in the 


United States totaled approximately 
445 million kg annually, indicating 
that rendering was accommodating 
the disposal of approximately 67% 
of typical swine mortality produced. 
This assessment is in general agree-
ment with survey data taken by the 
USDA–APHIS in 2000 indicating 
that 53% of preweaning swine death 
losses and 68% of postweaning swine 
death losses were being disposed 
of by rendering (Table 1; NAHMS 
2001).


Rendering is a process of both 
physical and chemical transformation 
using a variety of specialized equip-
ment at centralized rendering plants 
(Hamilton 2004). All rendering pro-
cesses involve the application of heat, 
the extraction of moisture, and the 
separation of fat. Rendering system 
technologies include the collection 
and sanitary transport of raw mate-
rial to a facility where it is ground 
into a consistent particle size and con-
veyed to a cooking vessel using either 
continuous-flow or batch configura-
tion. Cooking generally is accom-
plished with steam at temperatures 
of 115 to 145ºC for 40 to 90 minutes, 
depending on the type of system and 
materials. The melted fat is separated 
from the protein and bone solids, and 
a large portion of the moisture is re-
moved. As an industry, rendering is 
regulated closely by state and federal 
agencies, both of which routinely in-
spect rendering plants for compliance 
to applicable regulations and finished 
product safety tolerances. (For a de-
tailed overview of rendering process-
es, see Anderson [2006]).


Clearly, rendering is established 
as a viable means of disposal and 
transformation of routine swine mor-
tality, but interrelated developments 
are altering the general availability 
of this method to some commercial 
swine farms. Rendering is a manu-
facturing business and, as such, is 
dependent on reliable sources of raw 
materials and production of market-
able products to finance the system. 
Independent plants are those not di-
rectly associated with food-animal 
processing plants, and they obtain 
raw materials for processing from 
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various sources including dead stock 
from livestock and poultry opera-
tions.  Integrated or dependent plants 
are those that operate in conjunction 
with meat processing plants and use 
animal by-products from the process-
ing plant as the principal source of 
raw processing material (Auvermann, 
Kalbasi, and Ahmed 2004).  


The overall number of render-
ing plants in the United States has 
declined, and there has been a shift 
toward greater overall production of 
rendered end product (meat and bone 
meal and fat products) from inte-
grated renderers (Bisplinghoff 2006). 
Although overall rendering capacity 
on a national basis seems adequate to 
handle routine swine mortality needs, 
strategic access to a plant or rou-
tine renderer truck routes may not be 
available to all farms.


Related factors include a 1997 
ruling by the U.S. Food and Drug 
Administration (FDA) and altera-
tions in the use and value of rendered 
product feed ingredients, particularly 
meat and bone meal. The FDA ac-
tion was taken to assure that bovine 
spongiform encephalopathy (BSE) 
would not occur in the United States 
as it had in the U.K. in the 1980s.  
The ruling is based on evidence that 
BSE cases in the U.K. could be traced 
to transmission of infectious proteins 
(prions) in ruminant-derived meat and 
bone meal that had been fed to cattle 
(Dormont 2002; UKDEFRA 2000). 
There is no evidence that produc-
tion and feeding of meat and bone 
meal from pigs or other nonruminant 
animals poses any risk of transfer of 
BSE or other types of transmissible 
spongiform encephalopathy (TSE). 
Furthermore, the FDA ruling pro-
hibits use of rendered meat and bone 
meal of ruminant origin for feeds in-
tended for ruminant animals and does 
not apply to feeding or production 
of meat and bone meal as related to 
nonruminant animals such as swine.  
Nevertheless, the proportion of U.S. 
feed mills using meat and bone meal 
and the overall value of meat and 
bone meal as an animal feed ingredi-
ent has declined since the FDA ruling 
(Hamilton 2004). Indirectly, these de-


velopments may hinder availability of 
rendering for swine mortality disposal 
for some farms.


Rendering: Catastrophic 
Mortality Disposal 


Advantages associated with ren-
dering for disposal of routine swine 
mortality also could apply to cata-
strophic disposal situations: namely, 
rendering is closely regulated to be 
environmentally safe; the end prod-
uct is considered biosecure; and, in 
instances where the end product is 
marketable, rendering allows for pro-
cess cost recovery. Limitations for 
the use of rendering in catastrophic 
losses seem most likely to be re-
lated to logistical concerns that are 
unique and inherent to large num-
bers of swine deaths within a com-
pressed time frame. For example, if a 
disaster such as a hurricane or flood 
causes large swine losses on farms 
within a region, the processing capac-
ity of rendering facilities in the region 
might be overwhelmed—even if the 
plants remained fully functional—
unless carcasses could be preserved 
by refrigeration or other means. In in-
stances where large numbers of swine 
die or require euthanasia in the wake 
of an epidemic disease outbreak, the 
risk of further spread of the disease 
to other farms and regions should be 
considered when transporting car-
casses to distant rendering locations 
(Ellis 2001).


Indications of the role of ren-
dering for disposal of catastrophic 
swine losses may be found in part 
from recent documented cases in Asia 
and Europe. During the 1997 FMD 
outbreak in Taiwan, controlling the 
disease depended on an intensive vac-
cination program along with euthana-
sia of 3.85 million pigs from infected 
farms. Including pigs that died of the 
disease, disposal needs during the 
4-month epidemic reached 4.18 mil-
lion. Veterinary and government offi-
cials selected carcass disposal meth-
ods based on availability of public 
and private landfill sites, incinerators 
and rendering facilities, water table 
considerations, and residential loca-


tions. In these catastrophic condi-
tions, rendering was used to dispose 
of 15% of the carcasses, accounting 
for 26.1% of total disposal cost. By 
comparison, burial and landfill were 
used for 80% of the carcasses, repre-
senting 32.5% of total disposal cost, 
and incineration was used for 5% of 
carcass disposal, representing 41.4% 
of total disposal cost (Yang et al. 
1999). 


During the 2001 FMD outbreak 
in the U.K., rendering and fixed-fa-
cility incineration within the affected 
region were identified as preferred 
methods, but even when fully used, 
these methods could not meet the 
intensive disposal needs during the 
epidemic.  Despite concerns about 
impacts to groundwater, on-farm car-
cass burial had to be used to bring the 
epidemic under control (Scudamore 
et al. 2002). 


Limited rendering capacity also 
was an issue in the 2001 FMD epi-
demic in the Netherlands. Dutch of-
ficials dealt with the problem by 
implementing a strategic vaccination 
program and transporting animals to 
slaughterhouses to be killed.  This ac-
tion allowed carcasses to be frozen in 
cold-storage facilities and rendered 
later as capacity became available 
(de Klerk 2002).  The rendered prod-
uct was subsequently incinerated at 
a fixed-facility incineration plant. In 
each of these cases, an exceptional 
level of public and private collabo-
ration was essential to overcome the 
carcass disposal problems, and ren-
dering was used to the degree that 
was logistically feasible. 


Composting: Routine Mortality 
Disposal


Composting is a natural biological 
process of decomposition of organic 
materials in a predominantly aerobic 
environment.  During the process, 
bacteria, fungi, and other microorgan-
isms break down organic materials 
into a stable mixture called compost 
while consuming oxygen and releas-
ing heat, water, carbon dioxide (CO2) 
and other gases (Keener, Elwell, and 
Monnin 2000).  The use of compost-
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ing for disposal of routine swine 
mortalities was first reported in live-
stock industry and university exten-
sion publications in the mid-1990s 
after widespread adoption of mortal-
ity composting in the poultry industry 
(Fulhage 1994; Henry 1995; Morrow 
and Ferket 1993; Morrow et al. 
1995).  Since that time, use of com-
posting for disposal of routine swine 
mortalities has grown (NAHMS 
2001; Schwager et al. 2001).


Reports indicate that many U.S. 
states and Canadian provinces per-
mit the use of composting for dis-
posal of routine mortalities, but 
policies governing mortality com-
posting vary considerably. Iowa, for 
example, permits composting of any 
size or species of livestock or poul-
try without obtaining a special solid 
waste disposal permit, as long as the 
animals are disposed of on property 
belonging to the livestock owner.  In 
contrast, California permits compost-
ing of poultry carcasses, but prohib-
its composting of mammalian tissues 
(Higginbotham, G. E. 2006. Personal 
communication).  Some states, such as 
Georgia, require producers to obtain 
a permit from the State Department 
of Agriculture (Sander, Warbington, 
and Myers 2002), whereas other 
states impose carcass size restrictions 
(Ehrman and Holl 2004; Nebraska 
2003).  As with most agricultural 
practices, state regulatory policy 
will influence the adoption and use 
of composting as a swine mortality 
disposal method.


Four variables are considered 
critical to successful composting: (1) 
moisture content (40 to 60%), (2) 
temperature (45 to 60ºC), (3) oxy-
gen concentration (10% desirable 
level), and (4) C:N ratio (20:1 to 30:1 
desirable range) (Chiumenti et al. 
2005; Haug 1993; Rynk et al. 1992). 
Temperatures of at least 55ºC gener-
ally are needed to kill pathogens; de-
struction of weed seeds that can make 
finished compost undesirable for ag-
ronomic purposes generally requires 
temperatures of at least 60ºC.


To control costs, farm mortal-
ity composting operations typically 
use static-pile techniques that do not 


involve specialized mixing, grind-
ing, turning, aeration, and screening 
equipment often used in industrial 
composting.  In its simplest form, 
on-farm mortality composting may 
be considered a managed process 
of placing dead stock in a mound of 
carbonaceous material followed by 
decomposition of carcass tissues re-
sulting from aerobic action of micro-
organisms (Mukhtar, Kalbasi, and 
Ahmed 2004).  Carcasses within a 
compost matrix are characterized by 
high moisture, low C:N ratios (ex-
cess N), and no porosity, whereas the 
layers of plant material surrounding 
them have relatively low moisture, 
high C:N ratios (low N), and suffi-
cient porosity. 


Carcass degradation is initiated by 
naturally occurring anaerobic bacteria 
within the carcass and aerobic bac-
teria at the outer surfaces.  Odorous 
gases and liquids diffuse into drier 
and more aerobic plant materials 
where they are ingested by microor-
ganisms and degraded into simpler 
organic compounds and ultimately to 
CO2 and water (Keener, Elwell, and 
Monnin 2000).


The success of static-pile mor-
tality composting relies on careful 
construction of a layered pile using 
appropriate quantities of plant-based 
cover materials below, between, and 
above the carcasses.  Characteristics 
of effective cover materials include 
sufficient water-holding capacity, gas 
permeability or porosity, biodegrad-
ability, wet mechanical strength, and 
adequate available C. These physical 
characteristics determine the ability 
of cover materials to absorb excess 
liquids, prevent release of leachate 
and odor, produce and retain heat, 
and permit entry of sufficient oxygen 
for microbial activity (Harper and 
Estienne 2003; King, Seekins, and 
Hutchison 2005).  


A variety of plant-based resi-
dues have been used as cover materi-
als. The selection includes sawdust, 
wood shavings, wood chips, ground 
cornstalks, ground straw or hay, oat 
hulls, peanut hulls, poultry litter, used 
livestock bedding, dry manure, green 
waste, and ground-up shipping pallets 


(Glanville et al. 2006; Keener, Elwell, 
and Monnin 2000; Mukhtar, Kalbasi, 
and Ahmed 2004).  


Guidelines for routine on-farm 
swine mortality composting have 
been presented in several instruc-
tional publications (Fulhage 1994; 
Glanville 2002; Harper and Estienne 
2003; Keener, Elwell and Monnin 
2000; Langston et al. 1997).  These 
publications typically describe a stat-
ic-pile, passively ventilated compost-
ing process using primary, secondary, 
and storage or curing phases.  Early 
definitions of these phases were based 
on the observation that initial carcass 
decomposition was accompanied by 
moistening, weakening, and compac-
tion of the cover materials, leading 
to decreased diffusion of oxygen into 
the pile and declining temperatures 
and decomposition rates.  


At this stage, it became neces-
sary to turn the pile to break up wet 
zones and to introduce more oxygen 
and moisture, if needed, to reactivate 
aerobic microbial activity and stimu-
late a “secondary” cycle of heat pro-
duction.  After the secondary heating 
cycle finished, soft tissue decomposi-
tion generally was complete and the 
compost was sufficiently stable to be 
stockpiled before land application.  
Based on a review of composting 
studies published by several authors, 
Keener, Elwell, and Monnin (2000) 
concluded that decomposition times 
largely are a function of carcass mass, 
and they published weight-based pre-
diction equations for the duration of 
the primary and secondary phases of 
composting.


In practice, most swine mortal-
ity compost is turned only once or 
twice.  Turning speeds carcass decay, 
but research has shown that turning 
is not essential if the C material used 
to cover the carcasses is sufficient-
ly permeable for oxygen diffusion 
into the pile (Glanville et al. 2006).  
Another means used to accelerate car-
cass decomposition involves parti-
tioning or opening of large carcasses 
to expose more surface area (Sander, 
Warbington, and Myers 2002). But 
Murphy and colleagues (2004) com-
mented that opening of large carcass-







9COUNCIL FOR AGRICULTURAL SCIENCE AND TECHNOLOGY


es could increase personnel injury 
risks and exposure to pathogens that 
may not be justified by small decreas-
es in decomposition time.  Grinding 
whole carcasses and carbonaceous 
bulking materials before composting 
has been reported to decrease decom-
position times by 30 to 60% and to 
decrease the amount of carbonaceous 
materials needed by a factor of ap-
proximately 16 (Colorado 2003).


Static-pile swine mortality com-
posting usually is performed in con-
structed bins or open windrow piles.  
Bins confine the compost ingredi-
ents, allowing stacking to a depth of 
approximately 1.5 m.  Three-sided 
bins are typical, with the open end 
allowing access for placement, turn-
ing, and removal of compost compo-
nents using a tractor or skid loader. 
Temporary low-cost bins have been 
constructed using large straw bales 
(Fulhage 1994).  Permanent roofed 
structures are constructed with treated 
lumber or concrete and usually are 
built on a concrete platform to pro-
vide a firm, all-weather working sur-
face.  Roofed structures may require 
more frequent water application to 
maintain proper moisture, because 
contact with rainwater is blocked.


Windrow composting involves 
construction of long, narrow piles 
having a parabolic or trapezoidal 
cross section.  Because of their shape, 
windrows have a large exposed sur-
face area that encourages passive aer-
ation and drying (Mukhtar, Kalbasi, 
and Ahmed 2004).  Because windrow 
dimensions are not constrained by 
walls, their dimensions can be adapt-
ed to any size and number of carcass-
es, making them particularly useful 
for large carcasses.


Although windrows do not require 
construction of a structure to contain 
the compost, a low-permeability base 
is recommended to prevent leachate 
contamination of underlying soil.  A 
windrow pad consisting of concrete 
or asphalt, a plastic or geo-textile 
fabric-lined gravel base, or compact-
ed soil generally is recommended 
(Keener, Elwell, and Monnin 2000).


Pile proportions are important 
in windrow composting because 


pile dimensions affect oxygen entry, 
moisture retention, and pile stability.  
For optimal performance, Mukhtar, 
Kalbasi, and Ahmed (2004) recom-
mended a maximum windrow base 
width of approximately 3.9 m and a 
pile height of 1.8 m for medium-sized 
carcasses (sheep and young swine), 
and a 4.5-m base width and 2.1-m 
pile height for larger animals, up to 
and including mature swine.


The total volume of primary com-
posting capacity needed for routine 
swine mortality management depends 
on the type, size, and mortality rate of 
the swine operation.  Based on early 
experience with composting swine 
mortalities, Fulhage (1994) recom-
mended 0.567 cubic m of primary bin 
capacity for every 0.45 kg of average 
daily mortality, and an equal amount 
of secondary bin volume.  Keener, 
Elwell, and Monnin (2000) assimilat-
ed information from numerous reports 
on mortality composting and devel-
oped prediction equations for sizing of 
bins or piles.  Other practical consid-
erations such as efficient use of avail-
able loading equipment also factor 
into pile or bin size determinations.  


Two types of mechanical in-ves-
sel composting methods also have 
been reported.  The benefit of these 
technologies is that they can provide 
improved control of moisture, aera-
tion, and C:N ratios, thereby increas-
ing microbial activity and decreasing 
carcass decomposition times.  


Included in the mechanical tech-
nologies are aerated synthetic tube 
systems. With this method, the mate-
rials to be composted are blown into a 
1.52- to 3.05-m-diameter plastic tube 
that can be as long as 61 m.  Aeration 
of the composting process is ac-
complished with mechanical blow-
ers that force air through distribution 
pipes and ventilation ports installed 
inside the tube at the time it is filled 
(Mukhtar, Kalbasi, and Ahmed 2004).  
Other in-vessel methods include ro-
tary drum composting systems, in 
which a mixture of carcasses and 
bulking materials is tumbled on a fre-
quent schedule to introduce oxygen, 
or the breaking up and mixing of wet 
and dry materials to achieve more 


microbial activity.  To date, both of 
these technologies mainly have been 
used for disposal of poultry carcasses, 
but either method would seem to be 
applicable for disposal of small swine 
carcasses originating in farrowing or 
nursery operations.


Use of in-vessel technologies 
for larger carcasses has been hin-
dered mainly by size limitations of 
the equipment and by difficulties in 
mechanically aerating heterogeneous 
mixtures containing large intact car-
casses.  A more successful means of 
using in-vessel composting technol-
ogy with large carcasses has been 
to grind the carcasses along with a 
bulking material before placing them 
into the vessel.  Rynk (2003) reported 
that carcass degradation time was de-
creased to 75 days for large carcasses 
that had been simultaneously ground 
and mixed with a C source and subse-
quently processed in a rotating drum 
composter.  This method required 
only about one-fourth of the compost-
ing material needed for bin or wind-
row composting. 


Composting: Catastrophic 
Mortality Disposal


State agency records of mass car-
cass disposal events have been char-
acterized as “at best fragmentary and 
incomplete” (Ehrman and Holl 2004).  
Consequently, detailed information 
on using composting for catastrophic 
mortality disposal is sparse, and the 
most well-documented incidents have 
occurred in the poultry industry.  In 
2003, Iowa Department of Natural 
Resources staff reported use of wind-
row composting with wood chip cover 
material for disposal of a large num-
ber of swine carcasses resulting from 
a barn fire (Peccia, J. 2003. Personal 
communication).  And in 2005, ap-
proximately 150 mature cattle in Iowa 
were composted in cornstalks after a 
poisoning incident (Olson, D. 2006. 
Personal communication).


Although there are few well-
documented incidents of emergency 
composting of large species, sev-
eral factors suggest that it should be 
considered and studied in more de-
tail.  The most obvious factor is that 
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composting already is used widely 
for routine swine mortality disposal.  
Therefore, many swine producers 
are familiar with the fundamentals of 
composting and own the necessary 
equipment, thereby improving the 
likelihood that producers can imple-
ment composting procedures quickly 
and effectively during an emergency. 


Public concern regarding the po-
tential impacts of burial on ground-
water quality also has increased 
interest in composting, because com-
posting allows contaminated organ-
ics to be biologically stabilized and 
disposed of aboveground.  Leachate 
from large-animal compost windrows 
can cause shallow soil contamination 
when carried out on uncompacted 
soil, but recent research has shown 
that the risks to groundwater from 
emergency composting are lower than 
those posed by burial, which places 
a much heavier contaminant load 
into the soil and at depths closer to 
groundwater (Glanville et al. 2006).


Bin composting systems designed 
for routine swine mortality disposal 
are not large enough to handle cata-
strophic losses.  If sufficient amounts 
of cover material are available, how-
ever, windrow composting operations 
can be expanded and therefore have 
greater potential to be adapted for 
emergency disposal of large numbers 
of mortalities.  In some situations, in-
vessel composting systems also may 
be expanded to handle large quanti-
ties of compost. 


Other than calling for a degree of 
emergency preparedness that facili-
tates a sudden increase in composting 
capacity, non-disease-related cata-
strophic losses are quite similar to 
routine mortalities and can be han-
dled using routine windrow compost-
ing techniques.  Disease-related death 
losses, however, pose increased bios-
ecurity risks.  Dealing with this type 
of incident calls for use of construc-
tion and operating procedures that 
maximize the likelihood of pathogen 
retention and inactivation.  Examples 
include use of highly biodegradable 
cover materials that produce large 
amounts of pathogen-killing heat, 
use of plastic biosecurity sheeting or 


thicker layers of envelope material 
over the composting operation to help 
ensure retention of pathogens before 
their inactivation, delaying and de-
creasing compost turning to minimize 
pathogen release, and implementation 
of a comprehensive temperature-moni-
toring and compost-sampling program 
to document pathogen inactivation.


 


AlternAtIve And non-
trAdItIonAl methods And 
technologIes


Stabilizing and Extended 
Storage 


Fermentation, acid preservation, 
and refrigeration or freezing of swine 
mortalities provide means for stor-
ing, stabilizing, and potentially de-
creasing pathogens.  Although these 
methods will not decompose or dis-
pose of mortalities, they can provide 
short-term storage before traditional 
rendering.  The majority of available 
research data has used poultry mortal-
ities for determining efficacy of these 
methods, but similar methods and 
outcomes could be expected when 
applying these technologies to swine 
mortalities. Although implementing 
one of these technologies for large-
scale operations may not be practical, 
smaller operations may benefit from 
storing carcasses to minimize remov-
al charges from a single pick-up by a 
rendering service.


Fermentation
Fermentation is an anaerobic pro-


cess that can occur in any sealable, 
noncorrosive container, provided it is 
vented to release the CO2 produced 
(Parsons and Ferket 1990). To obtain 
more uniform and effective fermenta-
tion of mortalities, carcasses need to 
be ground to 2.5-centimeter (cm) or 
smaller particles and be mixed with a 
fermentable carbohydrate source (lac-
tose, glucose, sucrose, whey, whey 
permeate, molasses, or ground corn) 
and inoculated with a bacterial culture 
(Erickson et al. 2004). Carbohydrate 
sources and ground carcasses should 
be added in a 1:5 ratio by weight 


(Erickson et al. 2004).  The source of 
inoculant generally is Lactobacillus 
acidophilus, a strain of bacteria that 
produces lactic acid from fermenta-
tion of sugars. 


These conditions will allow for a 
decrease in pH of fresh tissue from 
approximately 6.5 to less than 4.5 
within 48 hours. Also, the tempera-
ture of the fermentation material 
should be above 30°C to obtain a bio-
logically safe product with a pH less 
than 4.5 (Tamim and Doerr 2000). 


Acid Preservation
Acid preservation of mortalities 


through the inclusion of inorganic 
acids such as sulfuric acid (Malone 
1988) or phosphoric acid (Middleton 
and Ferket 2001; Middleton, Ferket, 
and Boyd 2001) has proved effec-
tive.  Because of safety concerns with 
handling sulfuric acid stock solu-
tion, however, use of phosphoric acid 
may be more practical (Morrow and 
Ferket 2001).  Effective carcass pres-
ervation involves grinding carcasses 
to allow for even distribution of acid 
and requires a corrosion-resistant 
storage structure capable of han-
dling the desired quantity of mortal-
ities before delivery to a rendering 
facility.


Refrigeration or Freezing
For some producers, the ability 


simply to store swine mortalities until 
enough are accumulated for a stan-
dard pick-up from a rendering facil-
ity is beneficial.  Although cooling 
or freezing carcasses may have little 
implication for decreasing pathogens, 
these methods can be effective in ex-
tending the storage time while elimi-
nating or minimizing the decomposi-
tion process.  To justify this practice 
at the farm level, the cost savings of 
less-frequent renderer pick-up costs 
would need to be greater than equip-
ment and utility expenses of the stor-
age system.


Alkaline Hydrolysis 
Alkaline hydrolysis is a process 


in which biological materials (i.e., 
protein, nucleic acids, carbohydrates, 
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lipids) are converted into a sterile 
aqueous solution consisting of small 
peptides, amino acids, sugars, and 
soaps (Thacker 2004).  The process 
typically relies on alkaline metal 
hydroxides such as sodium or potas-
sium hydroxide for hydrolysis, and 
the process can be accelerated by the 
application of heat (150º C) (Thacker 
2004).  The aqueous solution typi-
cally can be released into a sanitary 
sewer system; the only solids pro-
duced are minerals from bones and 
teeth (Shearer 2006).  


Alkaline hydrolysis has proved 
effective in destroying a wide range 
of potentially infectious agents from 
various livestock mortalities, includ-
ing swine (Kaye et al. 1998).  The 
alkaline hydrolysis process de-
stroys pathogenic organisms list-
ed by the U.S. State and Territorial 
Association on Alternative Treatment 
Technologies, and the process can di-
gest carcass material effectively in 3 
to 8 hours (Thacker 2004).  For bacte-
rial- and viral-contaminated waste, 4 
hours generally is sufficient, but ma-
terial potentially infected with a TSE 
agent requires 6 hours (European 
Commission 2003).


Lack of available alkaline hy-
drolysis units for disposal of swine 
carcasses is a current limitation.  
Although this process is very effective 
in destroying pathogens and produc-
ing a limited amount of final waste, 
more operating units are needed to 
handle large volumes of mortalities.


 
Anaerobic Digestion


Anaerobic digestion involves the 
transformation of organic matter by 
a mixed-culture bacterial ecosys-
tem without oxygen (Erickson et al. 
2004).  Heat, CO2, and methane are 
generated from this process.  The 
technology for anaerobic digestion is 
complicated and requires substantial 
investment in equipment.  Although 
many different types of anaerobic di-
gestive systems are available, the sys-
tems are used almost exclusively for 
processing animal waste, not animal 
mortalities.  Systems can be designed 
and managed, however, to dispose of 
carcasses effectively.  


Anaerobic digestion can serve as 
an effective means to decrease patho-
gen levels in mortalities.  Destruction 
of bacteria and viruses is effective 
during the digestion process and 
is accelerated with increased heat 
(Couturier and Galtier 2000a, b).  
Depending on the organisms de-
sired for digestion and destruction 
of pathogens, temperature can be 
altered.  In mesophilic or moderate-
temperature digestion, the digester 
is heated to 35ºC with a retention 
time of 15 to 20 days.  In thermo-
philic or high-temperature diges-
tion, the digester is heated to 55ºC 
with a retention time of 12 to 14 
days (Vandeviviere, De Baere, and 
Verstraete 2002).


Anaerobic digestion of carcasses 
would be best suited for large-scale 
operations because of construction 
and overall management costs. This 
process is more typical for processing 
waste, and little is known about the 
implementation and effectiveness for 
large-animal carcasses.


Gasification
Commercial gasification units 


have been tested for manure and 
swine mortality disposal (van 
Kempen 2004). The gasification 
process for mortality disposal has 
similarities to incineration in that 
carcasses are reduced to ash through 
a confined high-temperature burn pro-
cess. But with gasification technol-
ogy, the biological material heated 
within the chamber generates carbon 
monoxide and hydrogen, or “synthe-
sis gas,” which in turn fuels further 
combustion of the original mate-
rial. Properly operated, the process 
is more fuel efficient and produces 
less air emission than traditional in-
cineration equipment. Commercial 
adoption has been limited, however, 
perhaps because of high initial start-up 
costs.


Homogenization
For routine disposal of piglet 


mortalities, producers can grind or 
homogenize the carcasses and dispose 
of them in the existing manure sys-


tem. Johnston and colleagues (1997) 
reported that this process seems to 
have little potential to increase the 
rate of solid accumulation in waste 
storage structures or to promote wide-
spread distribution of pig pathogens 
in the environment.


bIosecurIty And dIseAse 
control wIth trAdItIonAl 
methods


The risk of disease transmission 
associated with various methods of 
swine mortality disposal has not been 
studied extensively. As individual 
farms have become larger in size, 
however, disease risk associated with 
mortality disposal is a major concern 
for swine herds as well as for hu-
man populations. Lacking scientific 
studies, investigators have developed 
and used risk assessments. In some 
instances, the only available data 
come from other food-animal spe-
cies, but the data may be extrapolated 
to swine mortality procedures to as-
sure biosecurity and disease control. 
Specifically, risk assessments require 
information on (1) infectivity of the 
mortality-processing waste material, 
(2) likely dispersion of waste mate-
rial, and (3) infective dose needed to 
cause disease in healthy pigs or their 
human caretakers.


The potential for spread of disease 
through carcass disposal should be 
considered differently when the dis-
ease is caused by an enzootic (local) 
organism than when it is caused by an 
exotic foreign animal disease agent. 
Enzootic disease agents include 
bacterial, viral, and parasitic agents 
routinely present at low levels within 
the herd. These agents occasionally 
may overwhelm an animal’s immune 
system, causing disease and, in se-
vere instances, death. In the course 
of ordinary events there is a normal 
concentration of an enzootic pathogen 
on the farm that can be shed into the 
air, water, or ground on or surround-
ing the farm.  These possible routes 
of entry to other farms are dealt with 
by routine biosecurity measures (sit-
ing distance, disinfection procedures, 
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visitation and quarantine regulations, 
etc.). 


Compared with the shedding stage 
during early infection, the amount of 
infectious agent released from an ani-
mal after its death is decreased great-
ly. The temperature of the carcass 
moves out of the optimal range for 
pathogen replication, and rigor mortis 
causes the pH in muscle tissue to de-
cline, which inactivates many viruses 
(Gloster et al. 2001). 


Regardless of the method of car-
cass disposal, the quantity of infec-
tious agents released from a dead 
animal is dramatically less compared 
with that shed from the operating 
farm. Therefore, assuming reasonable 
biosecurity measures are taken, the 
risk of disease spread from enzootic 
farm disease mortalities is less than 
the risk associated with swine mor-
talities resulting from exotic foreign 
animal disease agents—situations in 
which the escape of one or only a few 
infectious organisms can cause new 
introduction of disease to a farm.


Burial
In states that permit burial of dead 


livestock, regulations typically dictate 
how close a burial pit can be to wells, 
water lines, the seasonal high water 
table, embankment edges, and sur-
face water (Sander, Warbington, and 
Myers 2002). One study indicated 
that more than 70% of groundwater 
samples taken around six dead poul-
try disposal pits were free from fe-
cal coliform or Streptococci bacteria 
(Ritter and Chirnside 1995). The au-
thors concluded that a properly sited 
broiler mortality disposal pit should 
not cause any more groundwater con-
tamination than an individual septic 
tank and soil absorption bed. 


In contrast, Davies and Wray 
(1996) reported that buried mortal-
ity from cattle experimentally in-
fected with the pathogenic agents 
Salmonella typhimurium, S. enteriti-
dis, Bacillus cereus, and Clostridium 
perfringens caused extensive con-
tamination in the soil and a nearby 
drainage ditch within 1 week of buri-
al.  Furthermore, the organisms used 


to infect the cattle continued to be 
isolated from the site for another 15 
weeks. Burial also is not satisfactory 
for disposal of animals killed by an-
thrax, a bacterial disease (Bacillus an-
thracis) that can infect most domes-
tic animals including swine. Anthrax 
spores can migrate to the soil surface 
after a soil disruption such as plow-
ing, but the spores also may reach the 
surface even without any mechanical 
disturbance (Turnbull 2001).


 
Incineration


In general, complete incinera-
tion destroys all bacteria and viruses, 
and even persistent spores such as 
those from B. anthracis are destroyed 
by the burning process. Yet dur-
ing the 2001 FMD epidemic in the 
U.K., there was concern that open-
pyre burning of infected carcasses 
might spread the disease. A report by 
Gloster and colleagues (2001) indi-
cated that FMD virus contained in 
an animal’s respiratory tract can be 
expelled during incineration, and vi-
rus may be viable at the start of the 
open-pyre burning process. But a sub-
sequent study showed that none of the 
FMD spread throughout the area dur-
ing this epidemic could be attributed 
to the spread of virus from open pyres 
(Champion et al. 2002). 


 
Rendering 


The elevated temperature and 
time conditions associated with 
the cooking process of rendering 
(115 to 145°C for 40 to 90 minutes) 
(Hamilton 2004) are considered suf-
ficient for destruction of pathogenic 
microorganisms (Franco 2002).  In 
addition, the sterilizing effect of ren-
dering has been demonstrated on C. 
perfringens (Thiemann and Willinger 
1980) and other potentially pathogen-
ic bacteria (Troutt et al. 2001).  


The fact that rendering does not 
cause complete destruction of resis-
tant prion proteins associated with 
transmissible encephalopathies such 
as BSE does not seem to pose a risk 
associated with production of ren-
dered product from swine mortality, 
because porcine-derived material was 


excluded from the 1997 FDA ruling 
on meat and bone meal.  Furthermore, 
experimental transmission of BSE 
could not be produced by feeding 
BSE-infected material to pigs (Wells 
et al. 2003). 


After rendering, however, the po-
tential for recontamination of carcass 
meals with potentially pathogenic 
organisms such as Salmonella spe-
cies has been documented (Bisping et 
al. 1981). Safeguards to prevent such 
recontamination include implementa-
tion of good manufacturing practices 
by renderers and routine inspection 
by state feed control officials. 


From a practical standpoint, the 
movement of swine mortality from 
farms to rendering facilities raises 
concerns for biosecurity and dis-
ease transfer risk.  But intensively 
managed farms typically use certain 
practices to minimize this risk. For 
example, farm employees may place 
routine mortalities in steel boxes at a 
security fence along the outer perim-
eter of the farm, and scheduled ren-
derer pick-up with specialized trucks 
can occur without actual entry onto 
the farm premises. In heavy swine 
concentration areas, it may be pos-
sible for multisite swine operations to 
contract with, or independently oper-
ate, dedicated collection vehicles for 
transport to rendering. 


For each unique situation, it is 
important that producers and animal 
and public health professionals make 
critical assessments of disease trans-
fer risk associated with transport of 
carcasses to a rendering facility under 
routine or catastrophic situations and 
determine the most biosecure ap-
proach.  In some instances, physical 
or chemical pretreatment before ren-
dering has been used to enhance bios-
ecurity. For example, during the 2001 
FMD outbreak in the Netherlands, 
freezing of carcasses at slaughterhous-
es before rendering not only solved a 
rendering capacity issue but also de-
creased disease transfer risk (de Klerk 
2002). Pretreatment of animal tissue 
waste by fermentation using lactic 
acid or Lactobacillus acidophilus has 
been shown to destroy bacterial and 
viral pathogens and offers another 
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potential method to preserve mortali-
ties and enhance biosecurity before 
rendering (Deshmukh and Patterson 
1997; Gilbert et al. 1983). 


Composting
Temperature and temperature du-


ration are important factors in de-
struction of potential pathogens.  It 
has been proposed that a temperature 
of 54°C for 3 days, typical in mor-
tality compost piles, should kill all 
pathogens except spores and pri-
ons (Sander, Warbington, and Myers 
2002). But there is only limited re-
search on the survival of potential 
livestock pathogens in mortality com-
posting systems. 


Recovery of three common swine 
pathogens was examined after com-
posting in a two-part study. In part 
one, composted pigs that had been 
experimentally infected 7 days ear-
lier were negative for Actinobacillus 
pleuropneumoniae and pseudorabies 
virus. In part two, Salmonella chol-
eraesuis was recovered from sam-
ples collected on composting days 
0, 1, and 3, but not from samples 
collected on days 7 or 10 (Garcia-
Siera et al. 2001).  Another study 
incorporated culture tubes of bacte-
rial pathogens including Salmonella 
species and Erysipelothrix rhusio-
pathiae along with vials or biohazard 
bags containing pseudorabies virus 
in a swine compost pile. At day 127, 
the Erysipelothrix and pseudorabies 
agents were destroyed, and 9 of 15 
Salmonella cultures were negative 
(Morrow et al. 1995).  


Similar microbiological studies 
involving poultry mortality compost-
ing support the limited findings seen 
in swine. In general, the organisms 
responsible for routine mortalities on 
poultry farms are destroyed by the 
composting process (Connor, Blake, 
and Donald 1991; Murphy 1990; 
Senne, Panigrahy, and Morgan 1994).


Available information indicates 
that on-farm composting for rou-
tine swine mortality disposal can be 
performed in a biosecure manner 
with minimal disease transfer risk.  
Successful use of composting during 


catastrophic disease emergencies in 
the poultry industry suggests simi-
lar use in the swine industry as well.  
Some important considerations and 
questions remain, however.  For ex-
ample, it is recommended that emer-
gency composting of diseased poultry 
carcasses be performed within poultry 
houses (Tablante et al. 2002) to de-
crease the likelihood of windborne or 
vector-borne transport of pathogens.  
But penning and other equipment in 
confinement swine barns restrict the 
potential for in-house mortality com-
posting for catastrophic disease losses 
on swine farms.  


There also may be concerns asso-
ciated with regrowth of pathogens as 
the physical and biochemical condi-
tions in compost change.  For ex-
ample, Hussong, Burge, and Enkiri 
(1985) found that absence of com-
peting flora permitted rapid regrowth 
of Salmonella in biosolids compost, 
and Soares and colleagues (1995) 
found that although very dry compost 
seemed to be low in pathogens, on re-
wetting it was able to support repopu-
lation of Escherichia coli.  Given that 
experiential and controlled research 
information is limited, the biosecurity 
risk associated with the use of com-
posting for swine carcass disposal in 
response to a catastrophic or foreign 
animal disease event is relatively un-
known.


conclusIons And future 
consIderAtIons


On-site burial, incineration, 
transport to rendering facilities, and 
on-site composting are established 
swine mortality disposal methods, 
and each has potential strengths and 
limitations.  The fact that burial has a 
relatively high potential for ground-
water pollution, however, makes it 
a less sustainable method, especial-
ly on large, more intensive farms.  
Likewise, incineration should be per-
formed only with properly designed 
incineration equipment, because 
open-air burning has high potential 
for pollution and public discontent.  


Incineration, rendering, and com-


posting can be safe and effective 
means of swine mortality disposal, 
although the method or methods cho-
sen for any given farm will depend 
on farm circumstances, regulatory 
requirements, operational costs, and 
producer preference.  Alternative 
technologies such as alkaline hydro-
lysis and anaerobic digestion have 
shown promise as well, but research 
and development are needed to make 
these technologies more applicable on 
a wider scale.


Past experiences of epidemic dis-
ease outbreaks in Taiwan and Europe 
indicate that use of several dispos-
al methods in combination may be 
required to deal with catastrophic 
mortality disposal.  In some instances 
there is inadequate research or ex-
periential information to determine 
the safety or biosecurity of certain 
methods, particularly if the cata-
strophic loss is associated with entry 
of a high-risk foreign animal disease.  
More research related to this aspect of 
catastrophic disposal is needed.  


In the event of a catastrophic loss 
within a locality or region, a rapid co-
ordinated response involving animal 
health, public health, sanitation, and 
environmental agencies, along with 
segments of the private sector such 
as renderers and commercial land-
fill operators, is critical.   Advanced 
planning for mass mortality disposal 
among these agencies, swine produc-
ers, and industry should be imple-
mented as part of an emergency pre-
paredness plan.
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Pros & Cons of Swine 
Mortality Disposal Options
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What’s New ?
For Stabilization & Extended Storage (prior to rendering)


Fermentation (requires grinding & fermentable carbohydrate)
Acid preservation (requires grinding, sulfuric or phosphoric acid [safety 
concerns]) 
Refrigeration – used by slaughterhouses in Netherlands during FMD outbreak in 
2001


For Disposal 
Alkaline hydrolysis (biological material dissolved in alkaline hydroxides under 
heat and pressure) – currently used by NADC and university veterinary research 
labs
Anaerobic digestion – biological decomposition in heated anaerobic vessel
Gasification – bio materials heated to produce synthetic gas that is burned


In general, these new methods not currently widely used
Higher capital & operating costs
Some are quite complex
Some suited for large or highly specialized operations 
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What’s New ?
Commercial Developments & University Research


Biovator rotating mechanical composter
Automated processing of routine mortalities
Frequent turning promotes rapid decomposition


ISU Research on Emergency Composting
Windrow composting for emergency disposal
Studied effects of seasonal weather conditions 
& type of cover material on performance
Sponsored by Iowa DNR and USDA


ISU Research on Bio-secure swine 
mortality composting


Use of plastic envelope to reduce risks of 
pathogen escape
Sponsored by Canadian Food Inspection 
Agency  and Canadian Research & Technology 
Initiative
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Traditional Methods
Rendering, Burial, Incineration, Composting


Not perfect solutions, but are widely used 
because:


Work reasonably well, historically accepted
Relatively simple (not necessarily easy)
Timely – most can be done on the farm
Reasonably affordable







5Prepared by Dr. Tom Glanville, Agricultural & Biosystems Engineering, for Iowa Pork Congress, January 29, 2009


Bury
6%


Render/Compost
6%


Other 
Combinations


12%


Render
36%


Render/Bury
17%Compost


12%


Incinerate
4%


Render/Incinerate
7%


Iowa Swine Mortality Management Survey
% of Iowa Swine Operations Using Each Method


From 2001 IPPA / ISU survey of Iowa swine producers
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Pros & Cons of Disposal Methods
Key Factors / NEW Info


Time/Delays
Bio-security Risks
Environmental Risks


Air pollution - odor
Soil/water pollution


Costs
Fixed - facilities & equipment
Variable - fuel, services, maintenance
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Time Delays
Rendering


Number of rendering plants 
decreasing in U.S.


Iowa lucky to have several 
Only one plant serves all of the 
New England states!


Fewer plants mean greater haul 
distances (potential for delays)
Most frequent Iowa producer 
complaint about rendering


NOT lack of availability
Lack of Timeliness


(2001 IPPA / ISU survey of swine disposal 
practices in Iowa)


Management Practice
Consider refrigerated storage if 
delays are a frequent problem


Rendering Plants in Iowa
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Burial
Primary Cause


Weather-related delays
Frozen soil
Muddy conditions


Management Practices
Schedule excavation during warm/dry weather
Locate burial sites in well drained soils


Time Delays
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Incineration
Delays Primary Due To


Fixed capacity ….. inadequate at times of peak loss
Difficult to expand capacity
Note:  A natural tendency to overload incinerators during 
periods of high losses ….. can lead to serious odor 
emissions


Management Practices
Use composting or rendering when incinerator capacity is 
exceeded


Time Delays
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Bin Composting
Primary Cause


Some delays if bin capacity is exceeded


Management Practices
Use windrow composting methods to provide extra capacity 
(more about methods later)


Time Delays
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Bio-security
Rendering


Process itself 
Good bio-security
High rendering temperatures destroys pathogens


BUT, movement of rendering trucks from farm-to-farm is often 
mentioned by producers as a bio-security concern


Not much scientific work on this topic, but one recent study supports this 
concern


Published in JAVMA, McQuiston et.al. 2004 claimed strong evidence of farm-to-
farm transmission of avian influenza by rendering trucks during 2002 outbreak in 
state of Virginia.


Management practices
Keep rendering vehicles away from production barns
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Burial
Long considered to pose “low risk”


One study (Davies & Wray, 1996) reported that cattle burial caused 
extensive pathogen contamination in the soil and a nearby drainage 
ditch
Anthrax spores - have long-term survival in soil, and may reach soil 
surface (Turnbull, 2001)


Management Practices
Bury promptly after death
Use care when transporting carcasses
Observe recommended burial depths and separation distances to 
wells, streams, & embankments.


Bio-security 
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Incineration
Very low risk, extreme heat kills pathogens


Management practices
Incinerate promptly following death
Use care when transporting or storing carcasses


Bio-security 







14Prepared by Dr. Tom Glanville, Agricultural & Biosystems Engineering, for Iowa Pork Congress, January 29, 2009


Composting
Moderately low risk


Heat and other stressors (pH, drying, antimicrobial 
chemicals) reduce pathogen populations
But lack of temperature uniformity (cool zones near edges) 
can allow pathogens to survive


Management Practices
Avoid use of small bins or piles (< 1 m 3 )


Cannot retain heat
Keep carcasses away from edge of bin or pile (cool 
zone)


Temperatures much higher 2 ft or more from edge of pile


Bio-security
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Rendering
Very little air or water pollution risk on the farm
Occasional odor complaints near rendering plants


Environmental Risks
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Environmental Risks


Burial
High risk - nitrogen pollution of soil & groundwater


Every 1000 lb of carcasses contains 22 lb of nitrogen
High density burial of carcasses (carcasses touching each 
other) can lead to N loadings of 25,000 lb/acre or greater !
Carcasses buried in wet soils can take 10 years or more to 
decompose


Management Practices
Avoid high density burial – especially if groundwater is 
shallow
Locate all burial sites at least 1000 ft meters from wells, and 
streams
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Incineration
Risk of serious air pollution


If incinerator is loaded too heavily 
Low operating temperatures


Management Practices
Do NOT overload incinerators


Better to use composting or rendering when incinerator 
capacity is exceeded


Environmental Risks
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Composting
Soil pollution


If done on unprotected soil
If bin or windrow not protected from rain


Management Practices
Place composting facilities on concrete platform
Place roof or plastic cover over bins or windrows


Environmental Risks
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Cost


Total Disposal Cost  (Capital+Operating)


$48.31
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•2001 Iowa State University Swine Mortality Management Survey
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Equipment
Tractor/loader or skid loader


Haul carcasses & cover materials
Build, turn, unload bins
Manure spreader – haul / land apply compost


Long-stem dial-type composting thermometer
Check internal compost temperatures …..  useful 
for troubleshooting
Recommend 36 - 48-inch stem length
Approximate cost $100-$150


Swine Mortality Composting
Setup & Operation
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Recommended facilities
Options


Configuration: bins vs. windrows or piles
Roofed vs. unprotected


Roofed bins recommended for swine disposal in Iowa
Why bins ?


Reduce the amount of cover material needed
Help retain heat in cold weather
Reduce problems with rodents/scavengers


Why roof ? Iowa receives 32 inches/yr of precipitation.
Causes pile saturation resulting in:


Leachate & odors
Low internal temperatures
Slow carcass decomposition


Swine Mortality Composting
Setup & Operation
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Bin Example
Back-to-back bins, concrete walls, includes cover material storage


This facility sized 
for average daily 
losses of 300 sow 
farrow-finish 
operation


10’


24’


40’


12’


Storage 
Bins
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Bin Example
Single-row configuration, treated lumber walls


This facility sized for 
average daily losses 
of a 450 sow farrow-
to-nursery operation 


10’


10’


60’
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Facility Example
Low-cost bins, constructed in unused shed


Composting need NOT be 
complicated or expensive !


Bins constructed with used 
materials (slat panels) 
inside unused shed.


Photos by Kris Kohl , ISU Extension Engineering Field Specialist  
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Estimating Needed Bin Space


Step 1: Estimate total annual pounds of 
mortalities based on operating records


Step 2: Divide annual pounds by 365 to get 
average daily loss


Step 3: Multiply daily loss by 40 to get total
cubic feet of bin volume needed
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Bin Dimension Guidelines
Minimum bin width (feet) = 2X loader bucket width


Reduces potential damage to both loader and bin walls


Front-to-back dimensions = 1 to 2X bin width


Maximum sidewall height - 6 feet
load to 5-foot depth
greater depth complicates loading/unloading & reduces oxygen 
penetration into pile


Loaded bin volume = width (ft) X length (ft) X loaded 
height (5 ft)
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Estimating Number of Bins Needed


Divide total bin volume by loaded volume of a single bin


Round UP to nearest whole number


IF result is an odd number, add 1 more to get an even 
number


Need an equal number of “primary” and “secondary” bins
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Additional Storage Needs


For cover materials
Must be sheltered to keep them dry
Can incorporate envelope material storage bins into 
composting system, or store materials in nearby shed


For additional details see:  ISU Extension Publication Pm-
1917, Composting Swine Mortalities in Iowa
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Additional Space/Planning Considerations


Location of composting bins
Convenient to production facilities
On a well-drained area


No runoff onto or off of composting area
Recommend construction of an all-weather surface that 
permits accessibility during inclement weather


compacted soil or granular aggregates, asphalt, or concrete


Minimum required separation from environmentally 
sensitive areas 


500 ft from residences
200 ft from public wells, 100 ft from private wells
Outside of wetlands, 100 ft from surface water bodies
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…. lets oxygen into pile, 


Moist bio-decomposition
zone … degrades 
carcasses & odorous 
byproducts


During cold weather …. 18 
inch “insulating layer” 
retains heat….kills 
pathogens … speeds decay


Keys to Successful Composting


Absorptive base layer … controls leachate


…. and excess water vapor 
& decomposition gases out 


Permeable (coarse textured) cover material 
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Composting Procedures
Loading the Bins


•Use PLENTY of Envelope Material
• Retains heat, odor, & leachate


• 12-inch thick absorptive base layer (minimum)
• Space between adjacent carcasses (same layer)


• 4-6 inches - small carcasses
• 6-12 inches large carcasses


• Material between layers 
• Same as between adjacent carcasses
• Cap top layer with 6-12 inches …… more during cold weather


31Prepared by Dr. Tom Glanville, Agricultural & Biosystems Engineering, for Iowa Pork Congress, January 29, 2009







32Prepared by Dr. Tom Glanville, Agricultural & Biosystems Engineering, for Iowa Pork Congress, January 29, 2009


Composting Procedures
Temperature Monitoring


•Monitor Internal  Temperatures 
•Low temperatures (< 100 °F )


•Cover material too wet, too thin, or too porous to retain heat
•Insufficient pile size to retain heat


•High temperatures (> 160 °F )
• Can kill beneficial composting organisms
• Turn the pile to cool it down
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450 lb sow midway 
through decomposition


Composting Procedures
Turning the Piles


•Move compost from one bin to another midway through decomposition
• Introduces oxygen, redistributes moisture, speeds decay


•Approximate decomposition times (depends on weather [temperature] & size )


•1-2 months – swine < 100 lbs
•2-4 months – swine > 100 lbs


33Prepared by Dr. Tom Glanville, Agricultural & Biosystems Engineering, for Iowa Pork Congress, January 29, 2009







34Prepared by Dr. Tom Glanville, Agricultural & Biosystems Engineering, for Iowa Pork Congress, January 29, 2009


Composting Procedures
Compost Utilization


IDNR rules allow mortality compost to be applied to cropland without a permit
Application to other types of land requires IDNR approval


Nutrients (bin compost)
N& P usually low – 0.5 to 1% on wet basis (unless manure is used in compost)


Finished compost WILL contain bones
Dry & free of soft tissues – but may attract some scavengers 
Not recommended to spread near to residences
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Troubleshooting Mortality Composting Problems


• Most Common Problems
1. Leachate production
2. Poor odor retention
3. Slow carcass decay
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Troubleshooting - Leachate
• Cause # 1: Excessive precipitation exposure during 


wet seasons


• Solution: Reduce exposure 
• Roofed bin system; or
• Install tarp over piles
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• Cause # 2: Inadequate liquid absorption capacity
• Solution: Use thicker envelope of absorptive material 


under, between, & over carcasses 
• REMEMBER!  1000 lbs of carcasses contains 650 lbs H2O


Troubleshooting - Leachate


6-12 inches between 
carcasses


absorptive base


12 inches cover.


12-inch minimum 
base layer


6 – 12 inches 
between layers


9-12 inches 
from walls
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Troubleshooting - Leachate
Cause # 3: Use of envelope material that 
is too wet


Solution:
Use “squeeze” test to check moisture


Material should feel moist … but yield 
only a few drops of water when 
squeezed (not saturated)
Store envelope material in dry location to 
avoid excessive moisture
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• Cause # 1: Envelope material placed over carcasses too 
thin … or too coarse


• Solution:
• Use at least 12 inches of envelope material over carcasses 
• Avoid use of extremely coarse envelope materials


• Must grind coarse materials such as cornstalks or straw (use 2-inch 
screen)


Troubleshooting – Poor Odor 
Retention
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• Cause # 2: Compost turned prematurely


• Solution:
• Don’t turn compost too soon


• “Too soon” varies with carcass size & seasonal temperatures
• A few days for small pigs during warm weather
• 8-12 weeks for large pigs during cold weather
• Experience the best teacher 


• Stockpile extra envelope material … be prepared to cap pile with more 
material if needed to suppress odor emissions


Troubleshooting – Poor Odor 
Retention
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• Cause # 3: Compost too wet
• Prevents oxygen penetration … pile goes anaerobic … produces 


excessive odor
• Often accompanied by leachate release


• Solutions: Same as for leachate … easier to prevent than to fix 
after odor starts


• Reduce exposure to excessive rainfall
• Avoid overloading pile
• Mix wet compost with drier cover materials


• CAUTION … likely to increase odor releases during mixing 
…… re-cap with thick layer of material to retain odor


Troubleshooting – Poor Odor 
Retention
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Troubleshooting – Slow Decay
• Cause # 1: Inadequate O2 penetration caused 


by fine textured cover material
• Solution: Use coarser cover material


• Particles with 1/8th inch minimum dimension … obvious pore 
spaces between particles (below right)


• Avoid “soil-like” materials comprised of small particles with 
tiny pore spaces (below left)


poor texture better texture
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Troubleshooting – Slow Decay
• Cause # 2: Inadequate O2


• Caused by excessive moisture
• Often accompanied by leachate


• Solution: Again … similar to those for leachate
• Reduce exposure to excessive rainfall
• Avoid overloading pile with too many carcasses and too 


little absorptive material
• Mix wet compost with coarser and drier cover materials


• Time consuming, may not work if compost is too 
sticky to mix
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Troubleshooting – Slow Decay
Causes # 3 : Inadequate moisture


Typically occurs only during very dry weather


Solution: 
Add water sparingly and turn (to mix)


May need to repeat several times


Proceed slowly … very easy to over wet small sections 
resulting in odor and leachate







45Prepared by Dr. Tom Glanville, Agricultural & Biosystems Engineering, for Iowa Pork Congress, January 29, 2009


Troubleshooting – Slow Decay
• Causes # 4 : Low temperature caused by 


inadequate heat production or retention


• Solution:
• IF material near carcasses is moist … increase thickness of 


envelope material to improve heat retention


• If material near carcasses is dry… add moisture to improve 
microbial activity & heat production


• Note: do not put frozen carcasses into a composting system … 
takes extremely long time for carcasses to thaw and produce 
heat







Emergency Livestock 
Disposal Planning


By failing to prepare, you are preparing to fail. 
Benjamin Franklin (1706-1790)
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Why Plan?
Catastrophic poultry & livestock death 
losses do happen!


Fire, blizzard, ventilation failures, heat stress, 
contagious disease, accidental or malicious 
poisoning, flooding


photo courtesy of Iowa DNR
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Why Plan?
During emergencies time is critical!


Rapid carcass containment is essential
Disease control
Odor control
Water and soil pollution prevention
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Why Plan?
Making decisions in haste can be frustrating 
and costly!


Options overlooked
Consequences not considered


Incorrect assumptions (what can & cannot be 
done)


Can cost you time and money; and
Slow down recovery from catastrophic losses
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Assumption
“I can always send them to the landfill“


Some landfills accept carcasses …  
and some do not … have you checked 
with yours?


Small landfills often do not !
If a human disease risk … service may be 
denied


During avian influenza outbreak in British Columbia in 
2004 … public landfills closed their gates to poultry 
producers
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Not always … emergency burial of catastrophic 
mortalities requires prior approval by Iowa DNR


About 30% of Iowa is mapped as “restricted” for burial of large 
quantities of poultry and livestock


Why? … Shallow bedrock, steep slopes, shallow groundwater, wetlands, 
streams, public wells


Iowa DNR Animal “Burial Zone” Map
Pink = areas where mass burial is restricted


Assumption
“I can always bury them on-farm“
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IF emergency burial is approved …
consider this


1,000 lbs of carcasses contains 
20 lbs of nitrogen


High density mass burial practices 
like this … can be equivalent to applying 
25,000 lbs of N per acre !!


Threatens shallow groundwater
Pollution persists for many years
Iowa DNR requires


Mass burial sites to be recorded on property deed
Installation of groundwater monitoring wells


Assumption
“I can always bury them on my farm“


photo courtesy of Iowa DNR
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Open pyre incineration during foot-and-mouth disease outbreak in 
Great Britain (2001) created serious air pollution.


Iowa DNR prohibits carcass incineration in open fires.


Air-curtain incinerators (below right) produce much less air pollution, 
but this specialized equipment is not commonly found in Iowa.


Source:  BBC
http://news.bbc.co.uk/hi/english/sci/tech/newsid_1260000/1260776.stm


Source: Air Burners LLC
http://www.airburners.com


Assumption
“I can always burn them on my farm“
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Maybe … Iowa is fortunate to have access to 
6 major plants
But haul distances can be long (costly)
And a plant may not always have sufficient capacity to handle 
a large surge during an emergency


Assumption
“The rendering plant will take them“


Sioux City


Quimby


Des Moines


Clinton


Bellevue, NE


Blue Earth, MN


54Prepared by Dr. Tom Glanville, Agricultural & Biosystems Engineering, for Iowa Pork Congress, January 29, 2009







Maybe…
Emergency composting requires LARGE volumes of 
cover material


8-12 cubic yards of cover materials per 1000 lbs of carcasses
Cornstalks or straw need to be ground before use
Unless stockpiled … difficult to acquire in a hurry


State veterinarian may not approve IF death caused by highly 
contagious disease


Assumption
“I can always compost them”
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Consider all alternatives


Collect & record important contact information


Acquire equipment, stockpile materials


Identify important service providers
Transportation
Excavation
Cover material suppliers


Document emergency plan & inform employees


Developing an emergency disposal plan … 
before the emergency … 


allows time to
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If you plan to rely on rendering for 
emergency disposal …


Contact nearest rendering service providers to 
determine


Ability to accept your entire flock/herd
Disposal cost
Will the rendering firm supply transportation


57Prepared by Dr. Tom Glanville, Agricultural & Biosystems Engineering, for Iowa Pork Congress, January 29, 2009







If you plan to rely on land filling for 
emergency disposal …


Contact local landfill(s) to determine
Will they accept carcasses … under what conditions … at what 
disposal cost
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If you plan to rely on Incineration for 
emergency disposal …


Contact emergency service provider that can provide 
high capacity/high temperature incineration


If incineration service is mobile, establish standing contract for 
emergency service
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If you plan to rely on On-farm burial for 
emergency disposal …


Determine if there is unrestricted area on your property 
for emergency burial


Check Iowa DNR “Livestock Burial Zones” map on 
WWW


http://csbweb.igsb.uiowa.edu/imsgate/introduction/home.asp
Click on “Livestock Burial Zones”
Zoom in on your location
Pink colored areas are restricted, mass burial not permitted
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If you plan to rely on On-farm burial for 
emergency disposal …


Print burial zone map for your property
Outline unrestricted areas on the map that you plan to use for burial


Be sure to check records for underground utilities in proposed burial 
area


Contact Iowa One Call 1-800-292-8989
NOTE:  Iowa law requires that Iowa One Call be notified 48 hours prior to any
excavation within the State


Burial sites of any size must be at least
50 ft from property line
100 ft from private well or stream
200 ft from public well
500 ft from a residence
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If you plan to rely on On-Farm Burial for 
emergency disposal …


Identify 2 or more earthmoving contractors having sufficient 
equipment & capacity to quickly excavate burial pit
NOTE


Emergency burial of catastrophic mortalities requires prior approval by 
Iowa DNR
IDNR 24-hour emergency phone number 515/281-8694
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If you plan to rely on On-Farm Composting
for emergency disposal …


Estimate required quantity of cover material needed for your total
herd/flock


Corn silage @ 3.2 tons/1,000 lbs of carcasses
Ground cornstalks @ 
1.4 tons/1,000 lbs of carcasses
Ground straw @ 
1 ton/1,000 lbs of carcasses


Stockpile the cover material, or establish a 
contract with suppliers
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If you plan to rely on On-Farm Composting
for emergency disposal …


Cornstalks and straw require 
grinding prior to use


Locate 2 or more portable grinding 
service providers
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For all off-farm disposal methods
land filling, rendering, off-site incineration


Rapid and reliable transport is essential


Contract with 2 or more local trucking firms
Must be properly equipped to haul carcasses in accordance with 
Iowa law


Watertight box, enclosed, or covered with tarpaulin
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Benefits of Emergency 
Disposal Planning


Answers important questions before disaster strikes
Helps avoid costly mistakes due to misinformation & 
inaccurate assumptions
Documents important service providers and critical 
contact info for them
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Put your plan in writing
Give yourself & your employees an emergency 
response “road map”


For each disposal option … record important names & phone 
numbers


Include “after hours” numbers
Regulatory Agencies


Iowa DNR
State Veterinarian, Iowa One Call


Available Disposal Services
Rendering plant manager
Landfill manager
Incineration service


Transportation - trucking companies
On-site disposal


Excavation contractors
Hay grinding contractors
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Put your plan in writing


It documents your good faith effort to do things right
May help to avoid potential legal problems relating to 
environmental pollution, disease transmission, worker safety
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Don’t forget “Plan B”
If livestock losses are regional


Heat stress, disease, flooding, blizzard


Transportation and disposal services will likely be in short 
supply


Plan 2 (or more) emergency disposal alternatives
At least one on-farm, and one off-farm disposal option
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For Additional Assistance Information


Regional Offices – Iowa Department of Natural Resources
Emergency burial site approval
Assistance locating emergency composting cover materials


State Veterinarian’s Office - Iowa Department of Agricultural & 
Land Stewardship


Must be consulted on disposal of animals known to have died from 
disease.
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Need Detailed or Updated Information ?
Dr. Tom Glanville


Ag & Biosystems Engineering, Iowa State University
Phone:  515/294-0463  Email: tglanvil@iastate.edu
Research & Demonstration websites: 


Swine composting demo : http://www.abe.iastate.edu/pigsgone/
Emergency composting: http://www.abe.iastate.edu/cattlecomposting/


New Publication: CAST Issue Paper # 39, Swine Carcass Disposal Options 
for Routine and Catastrophic Mortality, by  Harper, DeRouchey, Glanville, 
Meeker, and Straw


http://www.cast-science.org/displayProductDetails.asp?idProduct=155


Upcoming Research & Policy Meeting: 3rd International Symposium on 
Management of Animal Carcasses, Tissue & Related By Products, UC-
Davis, July 21-23, 2009


http://extension.umaine.edu/ByproductsSymposium09/
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Carcass Disposal Listserv Resources March 2007 - June 2009
6/26/09


Date 
Distributed


Title Author Date URL Other Notes


3/9/2007 Online Toolkit for Medical Responses to 
Radiation Emergencies


US Department of 
Health and Human 
Services 


3/8/2007 http://remm.nlm.gov/


4/10/2007 Agrosecurity Lessons Learned Database Kansas State University 
National Agricultural 
Biosecurity Center


https://llbp.nabc.ksu.edu/


5/29/2007 Wireless Information System for Emergency 
Responders (WISER) 3.0


US National Library of 
Medicine


You may download it from 
http://wiser.nlm.nih.gov, or access the 
on-line version, WebWISER, at 
http://webwiser.nlm.nih.gov. 


5/29/2007 EDEN Briefs Newsletter for May 2007 Extension Disaster 
Education Network 
(EDEN)


5/1/2007 http://eden.lsu.edu/newsletter/archive/e
denb-may07.html


Regional Animal 
AgroSecurity Conference 
http://eden.lsu.edu/Learni
ngOps/Workshops/Animal
AgroSecurity2007/default.
aspx


5/22/2007 Council of State and Territorial 
Epidemiologists (CSTE) website


CSTE http://www.cste.org/Influenza/avian.asp 


8/28/2007 Pew Commission on Industrial Farm Animal 
Production


National Commission 
on Industrial Farm 
Animal Production


www.ncifap.org 


8/30/2007 Detecting Human-to-Human Transmission of 
Avian Influenza A (H5N1)


Yang Yang 9/1/2007 Sumatra H5N1 
transmission.pdf


9/4/2007 Pork Information Gateway (PIG) US Pork Center of 
Excellence


http://www.porkgateway.org/web/guest/
refs?p_p_id=EXT_5&p_p_action=1&p_
p_state=normal&p_p_mode=view&p_p
_col_order=null&p_p_col_pos=0&p_p_
col_count=1&_EXT_5_struts_action=%
2Fext%2Fpigrefs%2Fdomainview&_E
XT_5_domainArrayId=338&#p_EXT_5 
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Carcass Disposal Listserv Resources March 2007 - June 2009
6/26/09


Date 
Distributed


Title Author Date URL Other Notes


9/25/2007 EPA-Approved Pesticides(Disinfectants) for 
use Against Highly Pathogenic Diseases


http://oaspub.epa.gov/pestlabl/ppls.ho
me


HCD table with 
manufacturer 2007.doc


9/28/2007 Foot and Mouth Disease Disposal Decision 
Support Matrix


EPA 9/26/2007 
Draft


HLS Waste Disposal 
Notebook_FMD_092608.p
df


9/28/2007 Avian Influenza Disposal Decision Support 
Matrix


EPA 9/26/2007 
Draft


HLS Waste Disposal 
Notebook_Avian 
Influenza_092608.pdf


10/3/2007 Antiviral Oseltamivir Is not Removed of 
Degraded in Normal Sewage Water 
Treatment: Implications for Development of 
Resistance by Influenza A Virus


Fick et al. 10/2/2007 http://www.plosone.org/article/info:doi/1
0.1371/journal.pone.0000986


http://www.eurekalert.org/
pub_releases/2007-
10/plos-mot100107.php 


10/10/2007 Products Registered for Use Against Foot-
and-Mouth Disease


APHIS 10/9/2007 products registered for 
use against FMD.doc


10/11/2007 2007 APHIS/NIEHS Avian Influenza 
Conference: Protecting Avian Influenza 


National Institute of 
Environmental Health 


http://tools.niehs.nih.gov/wetp/index.cf
m?current=2346


10/15/2007 H5N1 Highly Pathogenic Avian Influenza 
Outbreak: Lessons Learned Report 


UK Department for 
Environment, Food, and 
Rural Affairs


8/3/2007 http://www.defra.gov.uk/animalh/diseas
es/notifiable/ai/pdf/holtonlessonslearne
d-070803.pdf


10/17/2007 Nuclear, Biological, and Chemical Defense 
Factors in the Design Testing and 
Acceptance of Military Equipment


North Atlantic Treaty 
Organization


9/1/2007 NBC defense factors in 
the design testing and 
acceptance of Military 
equipment AEP-07E(4) 
.pdf


11/2/2007 Summary of Exposure Assessment for 
Landfill Disposal of CWD-Infected Materials


Joel A. Pedersen, Craig 
H. Benson, Kurt H. 
Jacobson, Seunghak 
Lee, and Judd M. Aiken, 
University of Wisconsin-
Madison


9/1/2006 Risk Assessment for 
Landfill Disposal of CWD - 
jap.doc
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6/26/09


Date 
Distributed


Title Author Date URL Other Notes


11/9/2007 Direct Detection of Soil-Bound Prions Sacha Genovesi, 
Liviana Leita, 
Paolo Sequi,
Igino Andrighetto, 
M. Catia Sorgato, 
Alessandro Bertoli


10/24/2007 http://dx.plos.org/10.1371/journal.pone.
0001069 


12/10/2007 A risk-based review of carcass [sic] disposal 
options in the event of a notifiable exotic 
animal disease - methodology and 
application to avian influenza


Department for 
Environment Food and 
Rural Affairs


12/1/2006 ai_guidance.pdf


2/11/2008 New vaccine against H5N1 Bird Flu WorldPoultry.net 2/6/2008 http://www.worldpoultry.net/home/id220
5-
38921/new_vaccine_against_h5n1_bir
d_flu.html


4/7/2008 "Transmission of Avian Influenza (H3N2) to 
Dogs" Emerg Infect Dis. 2008 May


Daesub Song, Bokyu 
Kang, Green Cross 
Veterinary Products 
Company, Ltd


5/1/2008 http://www.cdc.gov/eid/content/14/5/pdf
s/07-1471.pdf


4/8/2008 "Special Issue:Avian Influenza: from basic 
biology to pandemic planning. Proceedings of 
the Educational Seminar of APSR (ESAP), 
Gold Coast, Australia". Respirology 13 
(March 2008): pS1 - S48.


Asian Pacific Society of 
Respirology


3/1/2008 http://www3.interscience.wiley.com/jour
nal/119415213/issue


4/11/2008 Input from APHIS Carcass Disposal Working 
Group Members about Disposal of Prions in 
Landfills


Compiled by Lori Miller 4/11/2008 prion input from cdwg.doc


4/11/2008 Clarification and Revision of April 6, 2004, 
Memorandum on Recommended Interim 
Practices for Disposal of Potentially 
Contaminated Chronic Wasting Disease 
(CWD) Carcasses and Wastes


Matt Hale, Director /s/
Office of Solid Waste


11/12/2004 CWD LF Disposal.pdf


4/11/2008 Disposal of Animal By-products: New EU 
Requirements Applicable to Slaughterhouses


Sue Bolton, UK 
Department for 
Environment, Food and 
Rural Affairs


5/20/2003 EU stds on animal 
wastes.pdf
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6/26/09


Date 
Distributed


Title Author Date URL Other Notes


4/11/2008 Meeting Summary of the OIE Ad hoc Group 
on Carcass Disposal


World Organization for 
Animal Health


6-9 
November 
2002


OIE Carcass Disposal 
Guide.pdf


4/11/2008 Guidance Note on the Disposal of Animal By-
products and Catering Waste


UK Ministry of 
Agriculture, Fisheries 
and Food


1/1/2001 UK Defra Carcass 
Disposal Guide.pdf


4/14/2008 Burial Methods Unknown 2/26/2006 Burial Methods Draft.pdf
4/14/2008 Infectious Prion Proteins in Soils J.A. Pedersen, K.E. 


Phillips, C.J. Johnson, 
D.I. McKenzie, J.M. 
Aiken


11/5/2003 Infectious prion proteins in 
soils Penderson.pdf


4/14/2008 Presentation slides: Plasma Disposal and 
Decontamination of Diseased Animal 
Carcasses 


Dr. Louis J. Circeo, 
Georgia Tech Research 
Institute 


March, 
2006


4/14/2008 Australian Veterinary Emergency Plan 
(AUSVETPLAN) technical response plans 


Animal Health Australia Multiple http://www.animalhealthaustralia.com.a
u/aahc/index.cfm?E9711767-B85D-
D391-45FC-CDBC07BD1CD4


4/14/2008 "Prion Degradation in Soil: Possible Role of 
Microbial Enzymes Stimulated by the 
Decomposition of Buried Carcasses." 
Environmental Science and Technology 40 
(2006): p.6324-6329


Delphine Rapp, et al 9/9/2006


4/14/2008 "Fate of Prions in Soil: Detergent Extraction 
of PrP from Soils." Environmental Science 
and Technology 40 (2006): p.6324-6329


Cindy M Cooke, et al 12/13/2006


4/16/2008 EPA-Approved Pesticides for Use Against 
the Causative Agents of Highly Pathogenic 
Diseases


From National Pesticide 
Information Retrieval 
System, Purdue Univ.


HCD table with 
manufacturer 4.15.08.doc


5/2/2008 Exposure Assessment of Carcass Disposal 
Options in the Event of a Notifiable Exotic 
Animal Disease: Application to Avian 
Influenza Virus


Pollard, et al. 1/28/2008 Pollard_etal_08.pdf
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5/22/2008 Global Wildlife Disease News Map Version 2 USGS and the 
University of Wisconsin-
Madison


http://wildlifedisease.nbii.gov/wdinNews
DigestMap.jsp


5/27/2008 Stationary Bio-waste Conversion System NaturTech Composting 
Systems


www.composter.com StationaryCompostingSyst
em.pdf


1/25/2008 Table of Renderers Accepting Equine 
Animals


National Renderers 
Association 1/25/2008


Renderers Accepting 
Equine Animals.doc


1/25/2008 National Renderers Association Membership 
Directory


National Renderers 
Association 2007


NRA 2007directory.pdf


6/2/2008 USDA APHIS Animal Disease Outbreak 
Emergency Management Tools


USDA http://www.aphis.usda.gov/emergency_
response/tools/aphis_role_emergency_
tools.shtml


6/3/2008 Information pertaining to In-Vessel 
Composting


Ottawa Valley Waste 
Recovery Centre


http://ovwrc.com/composting_facility.ht
m 


6/3/2008 Information pertaining to Engineered 
Compost System's CV system 


Engineered Compost 
Systems


http://www.compostsystems.com/cv_c
omposter.html 


6/20/2008 CSIRO develops new test for foot and mouth 
disease


6/17/2008 http://fw.farmonline.com.au/news/natio
nalrural/livestock/news/csiro-develops-
new-test-for-foot-and-mouth-
disease/791003.aspx


pacvet.doc


7/3/2008 Technical Protocol for Enhanced Anaerobic 
Bioremediation Using Permeable Mulch 
Biowalls and Bioreactors


US Air Force 5/1/2008 http://www.clu-
in.org/download/techfocus/prb/Final-
Biowall-Protocol-05-08.pdf


http://clu-
in.org/techpubs.htm 


7/10/2008 Swine Carcass Disposal Options for Routine 
and Catastrophic Mortality


Council for Agriculture 
Science and 
Technology


7/1/2008 CAST Issue Paper 39 
FINAL.pdf


7/15/2008 Levels of Dioxins in Soil and Corn Tissues 
After 30 Years of Biosolids Application


Lakhwinder et al., 
Metropolitan Water 
Reclamation District of 
Greater Chicago, 
Research & 
Development Dep


http://jeq.scijournals.org/cgi/content/ab
stract/37/4/1497 


(Full text available with subscription)


http://www.eurekalert.org/
pub_releases/2008-
07/asoa-dri071408.php
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6/26/09
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7/15/2008 Dioxin risk in soil and plant tissues after long-
term biosolids application


Sara Uttech 7/14/2008 http://www.eurekalert.org/pub_releases
/2008-07/asoa-dri071408.php


7/15/2008 Prions can survive sewage treatment, UW-
Madison study says
But risk from mad cow disease agent called 
low


ELIE DOLGIN 7/13/2008 http://www.jsonline.com/features/29484
449.html


7/16/2008 Virus Transfer from Personal Protective 
Equipment to Healthcare Employees' Skin 
and Clothing


Casanova et al., UNC 8/1/2008 http://www.cdc.gov/eid/content/14/8/pdf
s/08-0085.pdf


7/16/2008 Compilation of facts related to Alzheimer's 
disease, Creutzfeldt–Jakob disease, and 
prions


Compiled by Wendy 
Davis-Hoover


6/18/2008


7/17/2008 Responses from APHIS Carcass Disposal 
Listserv re: Survivability of Bacteria in 
Groundwater 


Compiled by Lori Miller 7/16/2008


7/17/2008 Section 3: Bacteria Unknown Scanned pages from a 
text book 
(600185015sec3.pdf)


7/17/2008 Health Effects of Land Application of 
Municipal Sludge


Norman E. Kowal, US 
EPA


9/1/1985


7/17/2008 Wastewater Characterization Mark Gross 9/1/2004
7/24/2008 Inactivation of Avian Influenza Virus Using 


Common Detergents and Chemicals
Lombardi et al., 
University of Delaware 


11/1/2007 Avian Diseases 2008.pdf


7/29/2008 Potential of composting to inactivate prions T. A. McAllister, 
Agriculture and Agri-
Food Canada, 
Research Centre


http://www.compost.org/pdf/TMcAllister
,%20Prion%20Inactivation.pdf 


7/22/2008 "Trailer Baking Improves Biosecurity" Pork 
magazine. Pork news staff  


7/18/2008 http://www.porkmag.com/directories.as
p?pgID=675&ed_id=6324


8/3/2008 "Humane Killing of Nonhuman Animals for 
Disease Control Purposes". Journal of 
Applied Animal Welfare Science 11:2 (2008): 
p.112 -
124


Mohan Raj, University 
of Bristol


4/1/2008 http://dx.doi.org/10.1080/10888700801
925679


CDC Paper.pdf
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8/3/2008 "Novel method for killing poultry in houses 
with dry foam created using nitrogen" The 
Veterinary record. 162 (2008): p.722-3.


A.B.M. Raj et al. 5/31/2008 Dry Foam Vet Rec (2008) 
162 722-723.pdf


8/8/2008 Conference Proceedings from the 2008 
Midwest Regional Extension Disaster 
Education Network (EDEN) Animal 
Agrosecurity Conference


University of Missouri-
Columbia Extension 
and EDEN


October 7-
8 2008


http://www.eden.lsu.edu/LearningOps/
Workshops/AnimalAgroSecurity2007/M
idwestern/presentations.aspx


9/4/2008 Producing Emergency Plans: A Guide for All-
Hazard Emergency Operations Planning for 
State, Territorial, Local, and Tribal 
Governments Version 1.0


Federal Emergency 
Management Agency 
(FEMA)


8/1/2008 FEMA Producing 
Emergency Plans.pdf


9/15/2008 "BSE Case Associated with Prion Protein 
Gene Mutation".  PLoS Pathog (2008).


Jurgen Richt, S. Mark 
Hall


9/12/2008 http://www.plospathogens.org/article/inf
o%3Adoi%2F10.1371%2Fjournal.ppat.
1000156


9/22/2008 Avian Influenza Field Notes for Responders Department of 
Homeland Security and 
AgPreparedness.org


Document.pdf


10/14/2008 Solid Waste Information System (SWIS) 
database


California Integrated 
Waste Management 
Board


http://www.ciwmb.ca.gov/SWIS/ 


10/21/2008 Poultry Carcass Disposal Options for Routine 
and Catastrophic Mortality


Council for Agriculture 
Science and 
Technology (CAST)


10/1/2008 http://www.cast-
science.org/websiteUploads/publicatio
nPDFs/CAST%20Poultry%20Carcass
%20Disposal158.pdf


11/7/2008 The Agriculture and Public Health Gateway Johns Hopkins 
Bloomberg School of 
Public Health


http://aphg.jhsph.edu/ 


11/25/2008 Resistance of Bovine Spongiform 
Encephalopathy (BSE) Prions to Inactivation


Giles et al. University of 
California San 
Francisco


http://dx.plos.org/10.1371/journal.ppat.
1000206 


12/1/2008 Thai Frozen Chicken: No Guarantee Bird Flu 
Free 


Mohd Razman Abdullah 11/21/2008 http://www.bernama.com/bernama/v5/
newsindex.php?id=373375
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12/19/2008 Conference Proceedings from the 2008 US 
Composting Council Annual Conference and 
Tradeshow


 US Composting 
Council


http://www.compostingcouncil.org/educ
ation/resources.php 
(see "2008 Conference Proceedings")


Track 4 on Day 1 has 
several presentations 
related to animal 
composting.


1/12/2009 Faster tests for foot-and-mouth disease will 
result in fewer wrong diagnoses


Institute for Animal 
Health press release


9/20/2006 http://www.iah.ac.uk/press_release/200
6/FMD%20tests%20sep06.htm 


1/14/2009 Waste Treatment and Disposal Reports and 
Papers


EPA Homeland Security 
Research


http://www.epa.gov/nhsrc/deconwtandd
isreports.html


1/14/2009 Homeland Security Research Publications EPA Homeland Security 
Research Center


http://www.epa.gov/nhsrc/pubs.html


1/16/2008 GelVac(TM) Nasal Powder H5N1 (Bird Flu) 
Influenza Vaccine Passes Preclinical 
Toxicology


Carrington Laboratories 1/15/2008 http://www.reuters.com/article/pressRel
ease/idUS207223+15-Jan-
2008+PRN20080115


2/2/2009 Ruminant Carcass Disposal Options for 
Routine and Catastrophic Mortality


Council for Agriculture 
Science and 
Technology (CAST)


http://www.cast-
science.org/websiteUploads/publicatio
nPDFs/CAST%20Ruminant%20Carca
ss%20Disposal,%20web%20optimized
.pdf


2/26/2009 "A Biosecure Composting System for 
Disposal of Cattle Carcasses and Manure 
Following Infectious Disease Outbreak". 
Journal of Environmental Quality 38 (2009): 
p.437–450. 


Xu, Weiping, et al. 4/1/2008 http://jeq.scijournals.org/cgi/content/ab
stract/38/2/437
(Full article must be purchased)


5/15/2009 On-Site Burial of Routine Animal Mortality Virginia Department of 
Environmental Quality


Virginia Large Animal 
Burial Guidance.pdf


5/15/2009 On-Site Composting of Routine Livestock, 
Poultry, and Aquaculture Mortality


Virginia Department of 
Environmental Quality


Virginia Large Animal 
Composting Guidance 
2009.pdf


5/26/2009 Veterinarians At High Risk for Viral, Bacterial 
Infections from Animals


Science Daily 5/18/2009 http://www.sciencedaily.com/releases/2
009/05/090515083703.htm


http://avmajournals.avma.
org/doi/abs/10.2460/javm
a.234.10.1271
(full text may be 
purchased)
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6/22/2009 "Transport of the Pathogenic Prion Protein 
through Landfill Materials" Environ. Sci. 
Technol. 43 ( 2009): p.2022–2028


Jacobson et al., 
University of Wisconsin-
Madison


2/18/2009 http://pubs.acs.org/doi/abs/10.1021/es
802632d?prevSearch=Transport+of+th
e+pathogenic+prion+protein&searchHi
storyKey=


(full text may be purchased)
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Composting Road Kill


Cornell Cooperative Extension


Cornell Waste Management Institute


Road Kill — Current Situation
Over 25,000 dead deer and numerous carcasses of 


other animals, such as raccoon, coyote and fox are 
managed annually by the New York State Department 
of Transportation (NYSDOT). NYSDOT maintains and 
operates a 15,656 mile highway system of interstates, 
expressways and collectors which comprises about 15 
percent of New York State’s (NYS) 111,000 miles of 
highway. The 25,000 dead deer managed annually by 
NYSDOT do not account for deer killed on county and 
local roads that must be managed by local highway 
departments.  


Current disposal practices include contracting 
with service providers to pick up and dispose of the 
animals, dragging animals further off the road or 
placing them in pits and depressions off roadsides. 
These methods are becoming less acceptable as rural 
areas become more populated and there is increased 
concern for environmental quality. Water quality can 
be compromised when animals decompose on or 
below ground and it could become a public health 
issue as pets and people may come in contact with the 
carcasses. Collection services are costly. Contractors 
are paid between $30 and $125 per deer for pick-up and 
disposal. Landfi lls often either do not accept or restrict 
carcasses. Disposal options are thus limited. 


The Need: Consider Static Pile 
Composting


Composting provides an inexpensive alternative for 
disposal of dead animals in many cases. Composting 
animal carcasses is not new; chickens, pigs, calves, 
cows and even whales have been composted.


Passively aerated static pile composting in which 
piles are not turned and natural processes result in 
high temperatures is proving to be a viable method 
of managing carcasses. It is quick and simple, uses 


Department of Crop & Soil Sciences
http://cwmi.css.cornell.edu 


equipment and materials used in daily road maintenance 
operations and is cost effective. This method helps 
protect ground and surface water by keeping the 
carcasses out of contact with water. Composting also 
reduces pathogens, nuisance to neighbors and odors 
in properly managed piles. 


In many states, including NYS, mortality composting 
is a legal and accepted way of disposal. Composting 
and compost use can be accomplished in compliance 
with environmental regulations in many states, but 
check regulations before you start. The temperatures 
and microbial processes achieved during composting 
will kill or greatly reduce most pathogens, reducing the 
chance to spread wildlife disease. Properly composted 
material is an acceptable soil amendment for use where 
public contact is low, such as roadside projects.  


Regulations
In NYS, composting of any material, except sludges, 


generated by a private or public entity on their own 
property is exempt from regulation. This includes road 
killed animals that are collected and composted on the 
agency’s land. However, the agency is responsible for 


New York State


Department of Transportation


www.nysdot.gov


 Rice Hall • Ithaca, NY 14853
 607-255-1187
 E-mail: cwmi@cornell.edu


 by:
 Jean Bonhotal
 Ellen Z. Harrison
 Mary Schwarz







Why Compost Road Kill? 


♦ Pathogen kill occurs in thermophilic 
composts


♦  Can be done any time of the year, even 
when the ground is frozen 


♦  Can be done using common highway 
equipment and readily available materials


♦  Relatively odor free 
♦  All sizes of animals can be composted
♦  Relatively low labor and management 


needed
♦ Low cost  


siting and implementing composting practices that 
do not cause air or water pollution or create a general 
nuisance. Use of the end product is not subject to 
regulation in NYS, however it is recommended that 
the product be used in applications with low public 
contact such as roadside revegetation projects so that 
an unknowing person would be unlikely to come into 
contact with the compost. 


Carcass Handling
For proper handling of carcasses, and to ensure 


worker health and safety, please refer to NYSDOT 
Safety Bulletin on Handling Animal Carcasses (see  
Common Questions on page 8). 


Composting
Static pile composting of dead deer, bear, moose, 


raccoon, fox and more is a practice that can fi t into 
the daily operations of those responsible for road 
maintenance. Road managers have all the components 
for successful composting: trained personnel, 


equipment, wood chips and the animals killed by 
vehicles. The practice requires space to construct the 
compost piles and takes from four to six months for 
the animals to decompose and a year to make a useable 
end product. Many people are skeptical that road kill 
composting will manage road kill but become convinced 
when they see it working. 


Static pile mortality composting is an easily managed 
technique. Air fl ow through the pile is key (Figure 1). 
By properly constructing the compost pile to allow 
for adequate natural aeration, mortality composting 
can be completed on intact animals with little or no 
turning. An adequate bed of chips beneath the pile and 
surrounding the carcasses is important. The process 
is effective if the animals are enveloped in chunky 
carbonaceous material such as wood chips (see CWMI 
fact sheet #5, Compost Bulking Materials: http://cwmi.
css.cornell.edu/compostfs5.pdf). Make sure there are 
enough chips!


Timing
Mortality composting can be done at any time 


during the year. However, when you are learning 
how to compost it is best to start piles in forgiving 
weather. In southern climates it will not matter, but 
in climates that experience freezing temperatures, 
planning is important. Get piles started before the cold 
temperatures set in so you experience the learning 
curve when temperatures are warm and the pile is more 
likely to get hot. This will also set the process up to 
keep composting through the winter months since there 
will be heat in the pile to warm the carcasses and keep 
the composting process going. Piles can be started in 
the winter, but it may take months for the composting 
process to begin during warm weather.


Road kill compost windrows in NYSDOT yard.Figure 1. Natural air fl ow through compost windrow.


Composting Road Kill
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Choosing a Compost Site
Highway yards are often good sites for composting 


if space allows. They have compacted or improved 
surfaces and public and animal access is often limited 
by fencing. NYSDOT personnel can contact their 
Maintenance Environmental Coordinator for advice.


Consideration of water fl ow is important. Sites 
should be selected that are unlikely to receive water 
running onto the site. They should be well away from 
surface water bodies and swales to reduce the chance 
that runoff from the site will enter surface water. 
Moderate to well-drained, hard-packed soils with gentle 
slopes are well suited. A slope of about two percent 
is desirable to prevent ponding of water. Steep slopes 
are not satisfactory because of potential problems with 
erosion, vehicular access, and equipment operation. 
Compost windrows should run up and down a minimal 
slope, rather than across, to allow runoff water to move 
between the piles rather than through 
them (Figure 2).


Siting is very important to 
help avoid neighbor complaints. 
Compost processing can generate 
odors, though these should be 
minimal in well-run operations. 
Odor is likely the main reason 
neighbors may complain about the 
operation. Determine the dominant 
wind direction, and if most air 
fl ow is directed toward populated 
areas, look for another site. In 
NYS, permitted compost facilities 
need to be at least 500 feet away 
from the closest dwelling. They 
cannot be sited in a fl oodplain or 
wetland, where the seasonal high 
groundwater is less than 24 inches 


Figure 2. Pad slope.
Managing Frozen Deer--Don’t Wait Until 


They Thaw!


In late February 2004, NYSDOT in Washington 
County had a pile of frozen deer that 
they had collected. They had heard about 
composting through the NYSDOT Maintenance 
Environmental Coordinator and Washington 
County Cornell Cooperative Extension and 
were interested in trying it. On a very cold day 
compost piles were built with the frozen deer. 
The pile temperature read 30o F and then 
dropped (see graph below). The insulation 
from the wood chips kept the deer frozen until 
May. When the outside temperatures warmed 
in April and May, the deer thawed in the piles 
and the compost process started. It is easier to 
place frozen deer in compost piles before they 
thaw and let nature work out the rest. When 
managing frozen piles, the process clock starts 
when the pile gets hot (110o). 


Carcass Pile Temperature Curves, NYSDOT, Washington County. 
Dotted line: pile built with frozen deer. Solid line: pile built with recently killed deer.


from the ground surface, or where bedrock lies less than 
24 inches below the ground surface, unless provisions 
have been made to protect water quality. Although road 
kill composting piles operated by highway personnel 
are not required to have New York State Department of 
Environmental Conservation (NYSDEC) permits, it is 
advisable to use existing regulations as guidelines and 
to keep piles as far as possible from neighbors.


Composting Road Kill
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Adapted from NYS Agriculture Environmental Management (AEM) Tier II Worksheet on Farm Waste Disposal, Revised Sept 2000.


Potential Environmental and Biosecurity Risk of Dead Animal Disposal


Lowest Risk


♦ Composting - minimizes risk and produces a soil amendment.


♦ Landfi ll - acceptable if landfi ll will accept carcasses.


♦ Buried in a pit - carcasses “mummify” and do not break 
down (NYSDOT is allowed to bury 10 animals in a 3 foot 
deep pit above groundwater and at least 50 feet from a water 
body or water course).


♦ Carcass is left outside for scavengers or to decay. Because 
of the cost of disposal, it will be tempting to dispose of 
carcasses by leaving them to be scavenged. This is very 
risky from an environmental standpoint and encourages wild 
animals and house pets to come close to roads to become 
road-kill themselves.


♦ Placed in ravines and low areas to degrade - pollute ground and surface water.


Highest Risk
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Lay a 24-inch bed of bulky, absorbent organic 
material; chips from tree chipping operators 2-inches 
or larger work well. Ensure the base is large enough 
to allow for a 2-foot 
clearance around the 
carcasses on all sides. 
To promote air fl ow, 
do not drive on the 
compost bed or pile. 


Lay animal(s) in the center of the bed. Lance the 
stomach if the carcass is bloated. Lancing to avoid 
bloating and possible explosion of the body cavity is 
optional. Explosive release of gases can result in odor 
problems and it would blow the cover material off the 
composting carcass. Place animals as shown. When 
adding a new animal to the windrow, pull back some 
of the wood chips that are covering the previously 
placed animal and place the new animal near the 
others. Small animals should be layered similar to 
stair steps. 


Key Points of Static Pile Carcass Composting
Select a site that is well drained and not subject 


to fl ooding. Depending on site topography, keep 
piles away from water courses, sinkholes, seasonal 
seeps or other landscape features that indicate the 
area is hydrologically sensitive (see CWMI fact 
sheet #6 Compost Pads: http://cwmi.css.cornell.edu/
compostfs6.pdf). 


Start with a hard surface made of asphalt, concrete 
or millings. Obtain a suffi cient supply of fresh wood 
chips. Buy a compost thermometer. Have loader nearby. 
NYSDOT personnel should contact their Maintenance 
Environmental Coordinator.


With animals under 150 pounds, there can be two 
layers of animals with a 12-inch layer of wood chips 
in between. This seems to create conditions where the 
carbon and nitrogen levels are in balance and provides 
the mass needed to reach thermophilic temperatures. 
Animals over 150 pounds will be diffi cult to layer and 
they have enough mass to compost when enveloped 
in one layer of wood chips.
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When layering, position one layer of animals 
then cover with a 12-inch layer of wood chips, 
add another layer of animals and cover with 2 
feet of wood chips. The fi nished height should be 
5-7 feet high. A pile too wide or too high prevents 
good air fl ow. 


With large animals (over 150 pounds or too heavy to lift to a second layer), cover a single layer of carcasses 
with 24 inches of wood chips. 


Check temperatures to be 
sure the composting process 
is active. If carcasses are 
not frozen and the pile built 
properly, the temperatures 
should reach 120o-150o F (49o-
65o C) in the fi rst few days 
(Figure 3).


Let sit for 4-6 months 
after the last carcass is added 
and the pile has gotten hot 
(110o F), then check to see if 
the animal is degraded. If the 
compost process worked well 
you should fi nd clean bones 
and some hair. 


Reuse the material as a bed for additional carcass compost piles or 
allow it to age for a year after the last carcass was added and the pile got 
hot. Then remove large bones and use the compost in roadside maintenance 
or establishment projects. The bones can be used in the base of the next 
pile. Keep track of the pile start date and when the last carcass is added  
and the pile has gotten hot (110o F).


Site cleanliness is an important aspect of composting; it deters 
scavengers, helps control odors and keeps good neighbor relations. 


Figure 3. Pile temperatures over time.
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Signage on Compost Sites
Be sure to place signs on the piles so that those 


managing road kill know the difference between active 
piles, unused wood chips, and storage piles and to 
prevent people from taking the material for personal use. 
Also, use fl ags or signs to indicate when the last carcass 
was added and when the pile got hot (110o F). 


Monitoring Compost Piles or Windrows
A log of temperature, odor, unwanted animal visitors, 


leachate (liquid that comes out of the pile), carcass fl uid 
spills and other unexpected events should be kept as a 
record of the process (Table 1). Temperatures should 
be taken in several spots towards the center of the most 
recently constructed portion of the pile. Thermometers 
with a 3-4 foot probe are available and should be inserted 
close to the middle of the pile 
(Thermometer sources on 
page 11). The temperature 
log will allow the composter 
to see if suffi ciently high 
temperatures have been 
reached and adjust the 
process if there is any 
problem. 


Internal compost pile 
temperatures affect the 
rate of decomposition as 
well as the destruction of 
pathogenic bacteria, fungi 


Date Pile Location PileTemperature # of Carcasses Comments Person Recording


Table 1. Sample chart.


and many seeds. The 
temperature at which 
active composting 
begins is 110o F (43o 
C). Compost pile 
temperatures depend 
on how much of the 
heat, produced by the 
microorganisms that 
are decomposing the 
organic matter, is 
lost through aeration 
or surface cooling. 
Dur ing  pe r iods 
of extremely cold 
weather, piles may need to be larger to minimize 
surface cooling. As decomposition slows, temperatures 
will gradually drop and remain within a few degrees 
of ambient air temperature (Troubleshooting Chart 
on page 10). 


Odor can be an issue and compost piles are an easy 
target for complaints. If an odor event occurs, add an 
additional 12 inches of wood chips or fi nished compost 
on top of the pile to act as a biofi lter (Figure 4).


Moving the Compost
Carcass piles should not be turned early in the process. 


Odor is a big issue and if liberated would be problematic. 
After a minimum of 4-
6 months after the last 
carcass is added and the 
pile has gotten hot (110o 


F), turning is an option 
that may speed the curing 
process and further reduce 
pathogens. Piles shrink 
as they compost, so they 
can be combined for aging 
4-6 months after the last 
carcass is added. This saves 
space and will help aerate 
the pile.


Thermometer showing elevated 
temperatures.


Figure 4. Aged compost or wood chips can be used as a biofi lter 
to help contain orders.


Road Kill Compost


11/5/XX
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Pathogen Control
Pathogens are organisms that have the potential to 


cause disease. There is a wide array of pathogens found 
in our environment and pathogens may be elevated in 
animal carcasses. There are currently no temperature 
or pathogen regulations for mortality composting in 
NYS.


Very little work has been done on documenting 
pathogen kill in composting of road kill. The Cornell 
Waste Management Institute conducted a research 
project with NYSDOT to assess pathogen levels in 
passively aerated static piles of composting deer. In 
this study, which included three research piles and 
three fi eld piles throughout NYS, signifi cant pathogen 
reduction was observed after a year.


Chronic Wasting Disease
Chronic Wasting Disease (CWD) is a prion disease 


that is of concern in deer populations. There are no 
data to show whether CWD would be disabled in the 
composting process. Compost temperatures are not 
high enough to inactivate prions, but it is possible that 
microbial and enzymatic activity could have an effect 
on disabling prions. Disposal of prion-diseased animals 
and animals from the containment area identifi ed by the 
NYS Department of Environmental Conservation (NYS 
DEC) in Oneida and Madison counties is restricted and 
composting is not an acceptable option at this time. 


Use of the End Product and Bones
Use of the material as the base for the next pile is 


recommended and can be done 4-6 months after the 
last carcass is added and pile has gotten hot (110o F). 
The remaining bones add structure to the base material 
for improved aeration. After a year of composting, the 
end product can also be used on roadside construction 
and maintenance projects. Testing to prove the safety of 
carcass compost materials would be a very expensive 
undertaking, and would require the testing of essentially 
every pile. It is, therefore, appropriate to limit the 
use of these products to the highway right-of-way 
where there is low human or pet traffi c. Applying this 
compost to “table-top” crops directly consumed by 
people or distributing the compost material for public 
use is not recommneded. In addition, all compost 
materials may contain environmental microbes and 
decomposition products, such as mold spores, which 
may pose an inhalation, ingestion or contact risk to 
some individuals. 


Common Questions


QQ  Are there worker health and safety issues?


AA  Proper precautions including personal protective 
gear, hygienic practices like hand washing and tick 
inspections will minimize risks.


More information on worker safety and health 
is available at: NYSDOT Safety Bulletin on 
Handling Animal Carcasses (https://www.nysdot.
gov/portal/page/portal/divisions/operating/employee-
health-safety/repository/sb-05-1.pdf). A NYSDOT 
Safety Bulletin on Carcass Composting is under 
development.


QQ  Are animals attracted to the windrows? 
Roadside spreading of compost by NYSDOT.


Workers wearing personal protective gear.


For information on the CWMI/NYSDOT project, 
see: http://cwmi.css.cornell.edu/tirc/tirc.htm.
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A Whale of a Tale!


In 1999, a Northern Right Whale in the North Atlantic became 
severely entangled in fi shing equipment. About six months later 
the whale was found dead off the coast of New Jersey. The US 
Coast Guard hauled the 30,000 pound whale to shore.  Since 
there are only approximately 300 individuals left, a call went out 
to museums to see if there was interest to preserve the whale 
in some way. The Paleontological Research Institute (PRI) in 
Ithaca, NY said they would take it. They cut some of the fl esh 
and blubber off the carcass and hauled it on a fl at bed truck 
to Ithaca. Behind PRI, next to the Cayuga Medical Center, 
the whale was laid in a large bed of horse manure and completely covered and left to compost in a 
large pile. The pile was left for six months (October-April) and gently uncovered so the bones could 
be tagged and turned by hand. The bones, bits of fl esh and skin were again covered and left until 
October. With many volunteers, the bones were cleaned and weighed and ready to be assembled. 
If you are ever in Ithaca, come to PRI and visit the whale skeleton that was composted on their 
site. (Note: in one year the bones actually showed signs of pitting and degradation, for preservation 
purposes it could have come out of the pile a bit sooner.)


Source:  Jean Bonhotal, Cornell Waste Management Institute


Elk and deer composting in Montana.


A Note on Fire Danger
As with any collection of woody waste, be aware of 


potential fi re danger. In the compost piles, temperatures 
can reach 170o F and with that there can be spontaneous 
combustion. Carcasses supply a lot of moisture to 
mortality piles therefore the occurrence is unlikely. 
Take basic precautions by keeping piles not too wide 
or tall, separated from each other for fi re department 
access and not driving machinery on piles or smoking 
around piles.


AA  If built properly, it is unlikely that animals and 
fl ies will be attracted to the piles. If the site is messy 
with blood and animals parts spilled on the ground, 
animals will be attracted and investigate further. Make 
sure that all parts of the carcasses in the piles are well 
covered.


QQ  Can road kill be composted in turned 
windrows?


AA  Turning is not recommended. Composting 
mortalities in turned piles requires more labor, 
machinery and management than static pile composting, 
thus increasing costs. It also provides the potential for 
release of odors if turned too early in the process.


Montana Experience:  Montana started 
composting road kill in the spring of 2005. The 
facility handles mostly white-tailed deer from 
about 60 miles of highway in the Bitterroot 
Valley. One site near Victor has processed 
1,800 deer in 21 months of operation. Another 
site in Clearwater Junction has handled 90 deer 
and 10 elk in two months of operation.


Source:  Patrick Crowley
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Troubleshooting Table
Symptoms Problems Recommendations


Pile fails to reach temperature. Material is dense. Not enough air 
circulation.


Pile too small.


Frozen carcasses placed in pile.


Rebuild pile with more chunky carbon.
  *If it is in an odor sensitive area and 
the pile can not be moved, let process 
run its course and turn in 4-6 months.


To heat, pile needs to be greater than 
4’x4’x4’.


May need to wait until warmer weather 
to reach temperature.


Insects and other animals 
attracted to pile.


Carcasses not covered well.


Leachate puddling on pad 
surface.


Cover carcass or residual well with 
carbon.


Pad should have 1-2% slope and holes 
should be fi lled to avoid standing water.


Carcass uncovered. May not have lanced rumen 
(stomach area) resulting in 
carbon cover material being 
thrown off the pile.


May have insuffi cient cover.


Lance rumen of bloated carcasses 
before animal is put into pile.


Use plenty of wood chip cover material.


Standing water/surface 
ponding.


Inadequate slope.


Improper windrow/pile alignment.


Depressions in high traffi c areas.


Establish 1-2% slope with proper 
grading. 


Cover standing water with wood chips.


Improve drainage, add an absorbent 
such as wood chips. Run windrows/
piles down slope, not across.


Fill and grade.


Odors Ponded water.


Insuffi cient cover.


Anaerobic conditions.


Regrade the site to make sure there is 
no standing water.


Make sure piles are covered with at 
least 2 feet of wood chips.


Add a cover blanket of fresh chips or 
fi nished compost.


Build piles that are not too wide or too 
dense so that air fl ow can keep the 
piles aerobic. DO NOT turn or disturb 
piles for 4 months (depending on 
the size of the animals). Turning can 
release odors, especially early in the 
process.
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• Composting Road Kill (2007) – Jean Bonhotal, Ellen Z. Harrison, and Mary Schwarz 
• Avian Infl uenza  (coming in 2007)
• Composting Livestock Mortality and Butcher Waste (2002) – Jean Bonhotal, Lee Telega, and Joan 


Petzen


DVD/VHS:
• Composting Road Kill (2007) – 10-minute DVD produced by Insights International (http://hdl.handle.


net/1813/7870)
• Composting Livestock Mortality and Butcher Waste (2002) – 20-minute VHS video (A Spanish DVD 


will be available soon). Produced by Insights International.


Posters:
• Composting Road Kill (2007)
• Key Points of Static Pile Butcher Residual Composting (2002) (English or Spanish) 
• Key Points of Static Pile Carcass Composting (2002) (English or Spanish) 
• Potential Environmental and Biosecurity Risk of Dead Animal Disposal (2002) (English or Spanish)


NYSDOT:
• NYSDOT Road Kill Composting Operation and Maintenance Manual (https://www.nysdot.gov/portal/


page/portal/divisions/engineering/environmental-analysis/repository/deer_c_manual.pdf)
• NYSDOT Safety Bulletin on Handling Animal Carcasses (https://www.nysdot.gov/portal/page/


portal/divisions/operating/employee-health-safety/repository/sb-05-1.pdf).
• NYSDOT Safety Bulletin on Carcass Composting (in press)


Other Mortality Composting Resources
(Fact Sheets, DVD/VHS and Posters are available at: 


http://cwmi.css.cornell.edu/naturalrendering.htm)


Fact Sheets:


Suppliers — Temperature Probes
• Meriden Cooper Corporation  Meriden, CT 06450 203-237-8448


• Morgan Scientifi c  Haverill, MA 01832  508-521-4440 


• Omega Engineering, Inc.  Stanford, CT 06907  203-359-1660 


• Reotemp Instruments  Strong, ME 04983  800-648-7737 


• Spectrum Technologies  Plainfi eld, IL 60544 800-248-8873 


• Trend Instruments  Westchester, PA 19380 800-431-0002
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CWMI Compost Fact Sheet Series  


#1 Marketing Composts and Meeting Consumer Needs  (http://cwmi.css.cornell.edu/compostfs1.pdf)
#2 Regulation and Certifi cation of Composts  (http://cwmi.css.cornell.edu/compostfs2.pdf)
#3 Improving and Maintaining Compost Quality  (http://cwmi.css.cornell.edu/compostfs3.pdf)
#4 Testing Composts  (http://cwmi.css.cornell.edu/compostfs4.pdf)
#5 Compost Bulking Materials  (http://cwmi.css.cornell.edu/compostfs5.pdf)
#6     Compost Pads  (http://cwmi.css.cornell.edu/compostfs6.pdf)
#7 Compost Equipment (http://cwmi.css.cornell.edu/compostfs7.pdf)
#8 Composting Liquids (http://cwmi.css.cornell.edu/compostfs8.pdf)


Maps and database of NYS Compost Facilities can be accessed at: http://compost.css.cornell.edu/maps/
simple-search.asp. 


Select a Map to View Facilities:
All Compost Facilities
Yardwaste Compost Facilities
Manure Compost Facilities
Foodscrap Compost Facilities
Biosolids Compost Facilities
Compost Research Farms
Small Scale Compost Demo Sites


•
•
•
•
•
•
•


NYS Compost Facilities Search


Special Thanks to Contributors and Supporters
This Fact Sheet is produced as a component of a New York State Department of Transportation (NYSDOT) supported 
Transportation Infrastructure Research Consortium contract, Elisabeth Kolb, Program Manager, NYSDOT Region 8 
Maintenance Environmental Coordinator and Kyle Williams, Associate Environmental Specialist, Environmental Analysis 
Bureau.  Woods End Laboratories is a project collaborator, Will Brinton, President and Pam Storms, Microbiologist. 


Thanks to numerous NYSDOT cooperators for hosting pilot piles and demonstrations and for advising on the project 
and to the Technical Working Group and others for their advice: NYSDOT: James Ayers, Tim Baker, Jim Carey, Brian 
Gibney, Laura Greninger, Peter Howard, Ray Oram, Mary Ellen Papin, Dennis Pawlicki, Sandra Rapp, and John Rowen; 
NYSDEC:  Terry Laibach, Sally Rowland, Ward Stone, and Alan Woodard; NYSDOH:  David Dziewulski. Experts at the 
Cornell College of Veterinary Medicine and many others also contributed valuable advice on the project for which we 
thank them.


Thanks to Cornell Cooperative Extension and the College of Agriculture and Life Sciences at Cornell for funding in 
support of CWMI compost work. 


Illustrations by Bill and Colleen Davis, Artbear Pigmation Inc.


Reference to any specifi c product, service, process, or method does not constitute an implied or expressed recommendation or 
endorsement of it.  The Cornell Waste Management Institute makes no warranties or representations, expressed or implied, as 
to the fi tness for particular purpose or merchantability of any product, apparatus, or service or the usefulness, completeness, 
or accuracy of any processes, methods or other information contained, described, disclosed, or referred to in this fact sheet.


Printed on recycled paper using vegetable-based inks.  © 2007 Cornell University
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Natural Rendering: Composting Livestock Mortality
                                  and Butcher Waste


Cornell Cooperative Extension


Cornell Waste Management Institute


On-Farm Mortality - Current Situation
Until recently rendering plants have offered prompt, 


reasonably priced pickup of dead livestock at the farm.  
However, recent declines in prices of hides, tallow, 
meat and bone meal and the other useful commodities 
produced from animal carcasses have curtailed many 
rendering operations.  In 2002, remaining plants are 
charging up to $70 for cows, $60 for pigs and $200 per 
horse to pickup animal carcasses from farms in their 
area.  As a result, many livestock farms no longer have 
affordable access to rendering service. 


Many livestock producers are unsure of what they 
should or could be doing to properly dispose of the 
occasional animal carcass. Brief anonymous surveys 
conducted in western New York and northern Pennsyl-
vania reveal a widespread practice of improper mortality 
disposal. Animal carcasses left to decay naturally above 
ground or buried in shallow pits pose risks to surface 
and groundwater and endanger the health of domestic 
livestock, wildlife and pets.  Likewise, land spreading 
of farm hospital pen wastes and fetal membranes may 
have implications for the biosecurity of the herd.  


Department of Crop & Soil Sciences Rice Hall • Ithaca, NY 14853 (607)255-1187
http://cwmi.css.cornell.edu   E-Mail: cwmi@cornell.edu


In the year 2001, there were 670,000 milk cows and 
80,000 beef cows in New York State (Source: NYS 
Agriculture Statistic Service, www.nass.usda.gov/ny).  
With a typical death loss in dairy herds of two percent 
each year and beef herds of one-half percent per year, 
and a disposal cost of $30-70 per head, the state’s 
livestock producers could save over half a million 
dollars with an easily managed, low cost mortality 
disposal alternative.


Butcher Residuals - Current Situation
In many rural communities, the custom butcher busi-


ness is important to the survival of small farm opera-
tions that raise livestock.  These businesses provide a 
critical service by processing farm-raised animals into a 
salable retail product — table-ready meat.  Most small 
livestock farms sell their products directly to consum-
ers.  It would be very costly for them to operate their 
own slaughter and butchering facilities.  


Butchers, in 2002, are paying $20 per barrel for 
disposal of residuals.  Since slaughtered cattle gener-
ally yield 40% in retail cut, the processing of a 1,200 
pound steer would produce approximately 720 pounds 
of  non-retail residuals.  This equals 1.5-2 barrels or 
$30-$40 in disposal fees after the brains, spinal cord 
and paunch manure are removed.  With 400 butchers 
in New York State each processing an average of 600 
beef cattle per year, the average cost to each operation 
is $18,000 to $24,000 a year in disposal fees.  Total 
cost to the custom butcher industry for beef slaughter 
residuals alone would be approximately $10 million 


A 20-minute video (NRAES #163) 
complements this fact sheet and is available 


from NRAES.Contact: NRAES@cornell.edu or 
(607)255-7654.


• Composting Livestock Mortality and Butcher 
Waste (2002) - Jean Bonhotal (CWMI), Lee 
Telega (PRO-DAIRY), Joan Petzen (CCE 
Allegany/Cattaraugus)


• Composting Road Kill (2007) - Jean Bonhotal, 
Ellen Harrison, Mary Schwarz (CWMI)


• Composting Poultry Mortality (2008) - Jean 
Bonhotal, Mary Schwarz (CWMI), Nellie Brown 
(Cornell ILR)


Funded in part by: Empire State Development, American Association of Meat Processors and Cornell Cooperative Extension


Natural Rendering
Fact Sheets:
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The Need:  Consider Composting
The livestock and custom butcher industries need a 


convenient, socially and environmentally acceptable, 
biosecure way of disposing carcasses and butchering 
residuals.  Landfi lls generally will not accept residuals 
or carcasses.  The livestock farmer and custom butcher 
fi nd themselves, in many cases, without disposal ser-
vices or facing high disposal fees.  Most people don’t 
realize that composting is a legal and acceptable way of 
disposing these materials.  They fear that if regulators 
fi nd out, they may be cited and fi ned. Regulators, on the 
other hand, fear that with the current disposal situation, 
farmers and butchers may cause serious problems with 
improper disposal.  Composting can be accomplished 
in compliance with environmental regulations in many 
states, but check regulations before you start. 


for disposal of 58,000 tons of butcher waste.  Many 
butchers also process other species, including  ostrich, 
deer, goats, sheep and hogs.  These residuals must also 
be disposed of and are not accepted for rendering.  
Blood is not generally collected from smaller operations 
even if they have rendering services available.  Much 
of it is poured on the ground or buried.  This practice 
can cause biosecurity problems, attract animals and 
potentially pollute ground and surface water. 


Composting provides an inexpensive alternative for 
disposal of all dead animals, butcher wastes and other 
biological residuals.  The temperatures achieved during 
composting will kill or greatly reduce most pathogens, 
reducing the chance to spread disease.  Properly com-
posted material is environmentally safe and a valuable 
soil amendment for growing certain crops. 


Composting animal carcasses is not new.  Chick-
ens, pigs, calves and occasional larger animals are 
composted.  Ohio, Utah and Maryland have written 
resources and Maryland has a video on chicken carcass 
composting.  Little information, however, is available 
to guide farmers that want to compost adult cattle or 
butcher residuals. 


Composting
Static pile composting of dead, intact, fully-grown 


livestock and calves, aborted fetuses, placental mem-
branes and butcher residuals is a practice that can fi t 
into the management of livestock farms and butcher 
operations.  The practice does require space on your 
land to construct the compost piles and takes from two 
to six months for the animal to decompose.  Compost-
ing provides an inexpensive alternative for disposal of 
animal-based wastes.


J. Craig Williams, Penn State Cooperative Extension
Lee Telega, PRO-DAIRY, Cornell University


Why Farms and Butchers Should Compost 
Mortality and Residuals 


♦ Pathogen kill occurs in thermophilic composts
♦  Can be done any time of the year, even when the 


ground is frozen 
♦  Can be done with equipment available on most 


farms
♦  Relatively odor free 
♦  All sizes of animals can be composted
♦  Placental membranes and other tissue can be 


composted
♦  Paunch manure and other parts not accepted in 


rendering will compost
♦  Relatively low labor and management needed
♦ Low cost  
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Potential Environmental and Biosecurity Risk of Dead Animal Disposal


Picked up by rendering company within 48 hours after 
death or properly composted on the farm.


Buried 6-ft deep in appropriate soils and buried more than 200 feet 
from a water body, watercourse, well or spring. 


 Partially buried less than 6-ft deep or buried closer than 200 feet 
from a water body, watercourse, well or spring. 


Carcass is left outside for scavengers or to decay. Because of the cost of 
disposal, it will be tempting to dispose of carcasses by leaving them exposed 
in a woodlot to be scavanged.  This is very risky from an environmental 
standpoint and that of disease transmission on your farm.


From New York State Agriculture Environmental Management (AEM) Tier II Worksheet on Farm 
Waste Disposal, Revised September 2000.


Lowest Risk


Highest Risk 







Natural Rendering: Composting Livestock Mortality and Butcher Waste


2002Cornell Waste Management Institute4


Key Points of Static Pile Carcass Composting


♦  Select site that is well drained, at least 200 feet from 
water courses, sinkholes, seasonal seeps or other land-
scape features that indicate the area is hydrologically 
sensitive.


♦  Lay 24-inch bed of bulky, absorbent organic material 
containing sizeable pieces 4-6 inches long.  Utility 
and municipal wood chips work well.  Ensure the 
base is large enough to allow for 2-foot clearance 
around the carcass. 


♦ Lay animal in the center of the bed. Lance the rumen to 
avoid bloating and possible explosion.  Explosive release 
of gases can result in odor problems and it will blow the 
cover material off the composting carcass. 


Caution
Animals showing signs of a neurological disease must be reported to authorities 


and disposed of in the manner they recommend.  It is not clear whether prions, the 
agent that causes Bovine Spongiform Encephalitis (Mad Cow Disease), would be 
destroyed in the composting process.  Animals that show signs of a neurological 
disease should not be composted.   Animals under quarantine that die and those 
with anthrax should not be composted.
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Key Points of Static Pile Butcher Residual Composting
♦ Select site that is well drained, at least 200 feet from water courses, sinkholes, seasonal seeps or other landscape 


features that indicate the area is hydrologically sensitive.


♦ Lay a 24-inch deep bed of coarse wood 
chips 10-12-feet wide and as long as space 
permits to allow for 1-2 months of butcher 
residual. 


♦ Spread a 12-15-inch layer of residuals then 
cover with a 12-18 inch layer of wood chips 
and add another layer of butcher residuals 
and cover with 2 feet of wood chips. The 
fi nished section should be 5-6 feet high.


Turning Note
Carcass and butcher residual piles should not be turned early in the process unless there are no neighbors that 


would be affected. Odor is a big issue most of the time.  After 3 months, turning is an option and will speed the 
curing process.


♦  For young animals, layer mortalities with a minimum of 2 feet of carbon material between layers. 


♦  Cover carcass with dry, high-carbon material, old silage, 
sawdust or dry stall bedding (some semi-solid manure 
will expedite the process).


Covering a cow on a farm in Lewis County, NY.


♦  Let sit for 4-6 months, then check to see if carcass 
is fully degraded.


♦ Reuse the composted material for another carcass 
compost pile, or remove large bones and land apply 
(see Use of Finished Product and Bones section, 
page 8). Site cleanliness is the most important 
aspect of composting, it deters scavengers, and 
helps control odors and keeps good neighbor 
relations. 
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♦ When incorporating large amounts of blood, make 
sure there is plenty of material to absorb the liquid.  
Make a depression so blood can be absorbed and 
then cover, if a blood spill occurs, scrape it up and 
put back in pile. 


♦  Make sure all residuals are well covered to keep odors 
down, generate heat or keep vermin or other unwanted 
animals out of the windrow. 


♦ Let sit for 4-6 months, then check to see if the offal 
is degraded. 


♦ Remove large bones before land applying compost or 
use as part of the base for the next compost pile. 


♦ Site cleanliness is the most important aspect of 
composting, it deters scavengers, helps control 
odors, and keeps good neighbor relations.


A composted Northern Right Whale at the Paleontological Research 
Institute, Ithaca, NY.


Composting liquids at Intervale Compost, Burlington, VT.
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Monitoring Compost Piles or Windrows
A log of temperature, odor, vectors (any unwanted 


animals), leachate (liquid that comes out of the pile), 
spills and other unexpected events should be kept as a 
record of the process.  This will allow the composter to 
see if suffi ciently high temperatures were reached and 
adjust the process if there is any problem.  Also, odor 
can be an issue and compost piles are an easy target for 
complaints.  When there is an odor problem, a compost 
pile may be blamed and may not be the cause.


Monitoring of the pile is done mostly by checking 
temperatures. Internal compost pile temperatures affect 
the rate of decomposition as well as the destruction 
of pathogenic bacteria, fungi and some seeds.  The 
most effi cient temperature range for composting is 
between 1040F and 1400F (400C and 600C).  Compost 
pile temperatures depend on how much of the heat 
produced by the microorganisms is lost through aera-
tion or surface cooling.  During periods of extremely 
cold weather, piles may need to be larger than usual to 
minimize surface cooling.  As decomposition slows, 
temperatures will gradually drop and remain within a 
few degrees of ambient air temperature.  Temperature 
monitoring is crucial for managing the compost process.  
Thermometers with a 3-4 foot probe are available (see 
Thermometer Sources, page 10).


Pathogen Control
Pathogens are organisms that have the potential 


to cause disease. There is a wide array of pathogens 
found in our environment and pathogens may be 
elevated in compost operations.  While there are 
currently no temperature regulations for mortality and 
butcher residual composting, following NYS DEC 
regulations currently applicable for biosolids is highly 
recommended to ensure adequate pathogen control and 
minimization in this type of composting.


If using an aerated static pile, the 
pile must be insulated (covered with 
a layer of bulking material or fi nished 
compost) and a temperature of not less 
than 1310F (550C) must be maintained 
throughout the pile for at least 3 
consecutive days, monitored 6-8 inches 
from the top of the pile. 


Very little work has been done 
on documenting pathogen kill in 
composting of dead animals and 
butcher residual.  Research at Ohio 
State University suggests that common 
bacterial and viral pathogens are killed 
in regularly turned compost piles 


Windrows at Cornell University’s composting site.
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Use of Finished Product and Bones
It is recommended to reuse fi nished compost as the base 


for the next pile.  The remaining bones add structure to 
the base material for improved aeration.   The composted 
material can also be used on hay, corn, winter wheat, 
tree plantations and forestland.  Applying this compost 
to “table-top” crops directly consumed by people is not 
recommended at this time.  In the future, testing and 
quality assurance standards may enable expanded uses 
or sale of the fi nished compost product.  Nutrients in 
carcass and butcher residue composts are higher in N, 
P and K than compost containing only plant material, 
giving it more fertilizer value on and off farms. 


Economics of Mortality Disposal 
Options 


Pick-up


Where available, the fee for pickup of dead animals 
ranges from $25-70/cow, $60/pig, $200/horse. Some 
species are not accepted at all in rendering. 


Burying


A Pennsylvania survey reports backhoe and loader 
rentals cost approximately  $43.50 per hour.  If we 
use one hour of labor at $10.00 per hour and about 


When animal carcasses or butcher waste is compos-
ted, the large bones do not completely break down.  
Bones from immature animals degrade very quickly, 
but bones from mature animals take several seasons to 
breakdown.  After the material is composted, bones can 
be reused as part of the base for the next compost pile.  
The bones that did not completely break down will add 
structure to the pile.  Bones can be buried or disposed 
of in bone piles. Animal in the wild eat bones to meet 
calcium requirements. 


When spreading the composted material, the 
bones can be removed and put in a hedgerow 
or forested land.  Because they contain phos-
phorus and calcium, rodents will eat them; 
the smaller bones can be land spread and will 
disappear quickly.  Smaller bones can be land 
spread, but large bones may splinter and can 
puncture tires.  Also, avoid leaving skulls in 
the fi elds.  Neighbors and the passing public 
may not fully understand the sight of a skull 
in the fi elds!


containing carcasses.  Static-pile composting is being 
recommended as a more easily managed mortality 
composting technique.  By properly constructing the 
compost pile to allow for adequate natural aeration, 
mortality composting can be completed on intact animals 
without physically turning and mechanically aerating 
the pile.  Degree and duration of temperatures achieved 
in static-pile composting are adequate to signifi cantly 
reduce pathogen survival. Compost amendment 
variables, temperature and pathogen kill in static compost 
piles are currently being investigated. 


A Butcher’s Experience


When we started three years ago I was just doing deer bones.  I didn’t have enough wood chips and was 
mixing it on a 1:1 ratio.  This was not enough to properly break down the bones.  I also was dumping a 
barrel or two at a time and covering that with wood chips without mixing. This has created some pockets 
in my piles.  Since the fi rst year, I now dump my barrels in a line at the end of my working row.  Then I 
dump wood chips on top of the bones.  Then I push the mixture into the row and cap it with a good layer of 
chips (12 to18”).  If I get any odor or uncovering from animals (vultures are a problem), then I will recap as 
needed.  I let the rows stand for about six months then I turn them with our front-end loader.  I usually have 
to recap for the fi rst turn to keep the smell down and control fl ies.  I also now mix in blood, hair, feathers 
and barn waste. 


Source:  Jeff Bringhurst, Bringhurst Meats, Inc., Berlin, NJ. 
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in the northeast as reported by Doanes is $28 per hour.  
The total cost for the material, equipment, fuel and labor 
would be $37.60 per large carcass. 


As you can see, the cost of death is expensive in more 
ways than one.


Waiter I’ll Have Another!


I was explaining the benefi ts of large animal composting to a 
couple of area farmers and they informed me that they had no 
problem disposing of dead cows.  “All we have to do is drag 
them up back and within three or four days the coyotes have 
them mostly cleaned up.”  


In conversations with other folks over the next few months, I 
found some avid coyote hunters who claimed to have killed the 
largest coyote they had ever seen.  The pasture season was 
soon upon us and cows dotted the landscape, that’s when the 
call came in.  The dairyman was wondering how he could get 


compensation for the loss of a newborn calf killed, in the night, by (you guessed it) coyotes.  This led me 
to question the process by which we feed the coyotes, to grow larger coyotes.  We may be inviting coyotes 
to dine on more than just our mortality! 


 Source:  Tom Parmeter, Cornell Cooperative Extension of Cattaraugus County.


0.6 gallons of fuel at $1.50 per gallon, the total cost 
for burial of a large carcass would be $54.40.  Though 
carcass burial is permitted in New York, some states 
have outlawed the practice citing potential groundwater 
contamination.  Burial at the recommended depth is also 
impractical in areas of shallow bedrock and when soils 
are deeply frozen.


Composting


The amount of carbon material (i.e., wood chips, 
sawdust, etc.) required to compost a full-grown cow is 
12 cubic yards.  Many of these materials can be used 
more than one time.  Example: incorporating the residual 
bones and chips into the next season’s base material.


Presently, wood mulch is selling at about $550 per 
tractor trailer load, or $5.50 per cubic yard.  The cost per 
carcass for the fi ve cubic yard base would be $33.  If we 
assume reuse of the composted material from other piles 
and a 30% loss of material during composting, the cost 
for the base would be $9.90 per carcass.  The remainder 
would be used as cover on a new base of wood chips and 
mulch.  Kiln-dried sawdust is selling for $550 per load, 
or $4.50 per cubic yard.  If we used six cubic yards the 
cost would be $27.  With a 30% loss of material during 
the process, the cost per carcass would be $8.10.  The 
total cost of material per carcass would be $18.


If we estimate 30 minutes for preparation and cover-
ing, the cost for labor would be $5; fuel for a 100 hp 
tractor at 0.4 gallons or $0.60. Tractor and loader rental 


Economics of Butcher Residual Disposal 
Options


Composting


The amount of carbon material (i.e., wood chips, 
sawdust, etc.) required to compost one ton of butcher 
waste is 15 cubic yards.  Many of these materials can 
be used more than one time.  Example: incorporating 
the residual bones and chips into the next season’s 
base material.


Presently, wood chips selling for about $550 per trac-
tor-trailer load, or $5.50 per cubic yard.  The cost per 
ton for the eight cubic yard base would be $44.  Seven 
yards of cover material if purchased will be $38.50.  
With a 30% loss of material during the process, the 
cost  per ton would be $24.75.


If we calculate 30 minutes for preparation and cov-
ering, the cost for labor would be $5; fuel for a 100 
hp tractor at 0.4 gallons or $0.60.  Tractor and loader 
rental in the northeast as reported by Doanes is $28 per 
hour.  The total cost for the material, equipment, fuel 
and labor would be $44.35 per ton.







Natural Rendering: Composting Livestock Mortality and Butcher Waste


2002Cornell Waste Management Institute10


Troubleshooting Table


Doggie Story


The kitchen phone was ringing as I kicked my boots off in the 
mud porch.  I had fi nished chores a bit early on a rather warm 
Indian-summer evening.  On the phone was our neighbor, Pat-
sy.  She politely asked if I would be so kind to come over to her 
house and help clean up after her dogs.  Earlier that afternoon, 
her two border collies had drug home a good portion of a dead 
heifer that I had hauled off to the back woods several days ago.  
To keep the dogs from continuing to chew on the carcass, she 
had locked them on her enclosed porch.  Besides the decom-
posing and mangled carcass, the smell of the diarrhea caused 
by the dogs eating the rotting meat made cleaning up all the 
more memorable.  


Source:  A farming experience, Lee Telega.


Suppliers - Temperature Probes


Meriden Cooper Corporation, Meriden, CT 06450, 203-237-8448 • Morgan Scientifi c, Haverill, MA 01832, 508-521-4440  
• Omega Engineering, Inc., Stanford, CT 06907, 203-359-1660 • Reotemp Instruments, Strong, ME 04983, 800-648-7737  
• Spectrum Technologies, Plainfi eld, IL 60544, 800-248-8873 • Trend Instruments, Westchester, PA 19380, 800-431-0002
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Other University Resources (links last visited November 2008)


Cooperative Extension System - 
 http://www.extension.org/pages/Managing_Livestock_and_Poultry_Mortalities
Cornell University - http://cwmi.css.cornell.edu
 http://cwmi.css.cornell.edu/Composting.htm
Iowa State University - http://www.ag.iastate.edu/ 
 http://www3.abe.iastate.edu/cattlecomposting/
Michigan State University - http://www.msu.edu/%7erozeboom/catrn.html
Ohio State University - http://www.oardc.ohio-state.edu/fabe/composting.htm
 http://ohioline.osu.edu/aex-fact/0711.html
 http://ohioline.osu.edu/aex-fact/0712.html
 http://ohioline.osu.edu/aex-fact/0713.html
Penn State - http://composting.cas.psu.edu/
Purdue University - http://www.ces.purdue.edu/pork/
Texas A&M University -  http://tammi.tamu.edu/research.html
University of Maryland - http://www.agnr.umd.edu/MCE/
 http://pubs.agnr.umd.edu/Category.cfm?ID=C#subCat18
University of Minnesota - http://www.ansci.umn.edu/poultry/resources/mortality.htm
University of Nebraska - http://water.unl.edu/manure
University of Wisconsin Extension - http://cdp.wisc.edu/Other.htm
Utah State Extension - http://extension.usu.edu/waterquality/fi les/uploads/PDF/ag507.pdf
Virginia Tech - http://www.ext.vt.edu/pubs/poultry/442-037/442-037.html
Washington State University - http://organic.tfrec.wsu.edu/compost/ImagesWeb/CompSys.html


A Whale of a Tale!


In 1999, a Northern Right Whale in the North Atlantic became 
severely entangled in fi shing equipment.  About six months later 
the whale was found dead off the coast of New Jersey.  The US 
Coast Guard hauled the 30,000 pound whale to shore.  Since 
there are only approximately 300 individuals left,  a call went out 
to museums to see if there was interest to preserve the whale 
in some way.  The Paleontological Research Institute (PRI) in 
Ithaca, NY said they would take it.  They cut some of the fl esh 
and blubber off the carcass and hauled it on a fl at bed truck to 
Ithaca.  Behind PRI, next to the Cayuga Medical Center, the whale was laid in a large bed of horse manure 
and completely covered and left to compost in a large pile.  The pile was left for six months (October-April) 
and gently uncovered so the bones could be tagged and turned by hand.  The bones, bits of fl esh and skin 
were again covered and left until October.  With many volunteers, the bones were cleaned and weighed 
and ready to be assembled.  If you are ever in Ithaca, come to PRI and visit the whale skeleton that was 
composted on their site.  (Note: in one year the bones actually showed signs of pitting and degradation, for 
preservation purposes it could have come out of the pile a bit sooner.)


Source:  Jean Bonhotal, Cornell Waste Management Institute.
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SUMMARY OF THE METHOD 
Poultry carcasses are transported to existing industrial solid waste or 
municipal solid waste landfills for disposal.  Strict biosecurity 
procedures are followed during transportation and disposal.   


ADVANTAGES 
 Limited environmental impact. 
 Leachate collection systems allow for the management of liquids 


generated from the breakdown of poultry carcasses. 
 Quickly removes carcasses from the farm.  


 


DISADVANTAGES 
 Biosecurity concerns related to the transportation of carcasses 


from the farm to the landfill. 
 Construction of trenches in the existing solid waste may generate 


blowing trash and odor. 
 Significant cost. 
 Landfills do not have to accept the carcasses.  Public 


perception/response may effect a landfill’s decision to accept 
carcasses.  
 


PLANNING PRIOR TO AN OUTBREAK 
 Obtain approval/contracts for the disposal of AI infected 


carcasses from one or more landfill. 
 Identify sources of gasketed tailgate dump trailers, excavation 


equipment, portable lighting, stabilizing material, plastic sheeting, 
PPE etc.  


 Establish and train Rapid Response Teams, with team leaders and 
alternates, within each poultry complex to oversee sanitation, 
depopulation, and disposal.    


 Provide Rapid Response Teams with respirator fit testing, antivirals, 
flu shots, etc. 


 Prepare worker protection/decontamination plans and purchase 
necessary equipment. 


 Develop a communication plan between the farm and the landfill 
with a single point of contact to coordinate arrival times and 
landfill resources. 


 Summary of Method 
 Advantages 
 Disadvantages 
 Planning Prior to an 


Outbreak 
 Methodology 
o At the Farm 
o At the Landfill 


 Additional Contact 
Information 


 
 


 


Gary A. Flory1, Virginia Department of Environmental Quality, gaflory@deq.virginia.gov 
Eric S. Bendfeldt2, Virginia Cooperative Extension, ebendfel@vt.edu 


Robert W. Peer3, Virginia Department of Environmental Quality, rwpeer@deq.virginia.gov 


Guidelines for Landfilling Poultry 
Mortality in Response to an Outbreak 
of Avian Influenza 


 


   Version September 15, 2006 


Figure 1. 
Trench excavated into 
municipal solid waste 
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Figure 4. 
Cleaning and Disinfection 


Figure 2. 
Truck dumping carcasses 


into excavated trench 


Figure 3. 
Carcasses successfully unloaded 


with plastic lining intact 


METHODOLOGY 
At the Farm 


 Follow industry guidelines for humane euthanasia. 
 Upon arrival at the farm, the truck driver should remain in the 


vehicle with the windows closed.  The driver should remain in the 
truck until the load has been emptied at the landfill and the 
vehicle cleaned and disinfected.  If the driver must leave the 
truck before that time, proper biosecurity procedures should be 
followed. 


 Double line the trailer with polyethylene plastic sheeting 
(minimum 6-mil thickness) large enough to completely cover the 
carcasses and be sealed at the top.  As an alternative to double 
lining, a single smaller sheet of plastic is placed in the bottom of 
the trailer to provide a slip surface for a single liner.  This option is 
only acceptable when trailer gaskets have been inspected and 
determined to be sound.  


 Secure plastic sheeting to the sides of the trailer using double-
sided tape. 


 Place at least 1 foot of absorbent material (litter, straw or 
sawdust) in the bottom of the trailer to absorb fluids. 


 Carefully load carcasses into the trailer to avoid tearing the 
plastic liner—avoid overloading. 


 Allow a minimum of 1 foot of headspace at the top of the trailer 
to allow for expansion of the material. 


 Once the trailer has been filled, fold the plastic liner over the 
carcasses, seal with tape and spray with disinfectant. 


 Cover the trailer to prevent tears in the plastic liner and blowing 
of the contents during highway transport. 


 Clean all organic material from the truck and trailer and spray 
tires, wheel wells and undercarriage with disinfectant prior to 
allowing it to leave the farm. 


 Contact staff at the landfill with the time the trucks left the farm 
and an estimated time of arrival at the landfill.  


 Trucks travel to the landfill on a route approved by the State 
Veterinarian or other designated official. 


 
At the Landfill 


 Excavate a trench into the existing solid waste in an area away 
from the active working face.  The trench is best located in 
intermediate cover scheduled to receive trash within several 
months.  Preferably, access to the disposal area should be 
distinct from ongoing landfill operations. 


 Establish a cleaning and disinfection station, supplemental 
lighting (if necessary) and initiate bird control operations. 


 Once they arrive at the landfill, direct trucks to the disposal area 
to dump their loads into the excavated trench. 


 Immediately cover the carcasses with at least 2 feet of 
excavated trash. 


 Move the trucks to the cleaning and disinfection station for 
through sanitation. 
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ADDITIONAL CONTACT INFORMATION  
 
1 Agricultural and Water Quality Assessment Manager, Virginia Department of 
Environmental Quality, Valley Regional Office, P.O. Box 3000, Harrisonburg, Virginia 22801 
Phone: (540) 574-7840 Fax: (540) 574-7844 Email: gaflory@deq.virginia.gov 
 
2 Area Specialist, Community Viability, Virginia Cooperative Extension, 2322 Blue Stone 
Hills Drive, Suite 140, Harrisonburg, Virginia 22801 Phone: (540) 432-6029 Fax: (540) 432-
6251 Email: ebendfel@vt.edu  
 
3 Agricultural Program Coordinator, Virginia Department of Environmental Quality, Valley 
Regional Office, P.O. Box 3000, Harrisonburg, Virginia 22801 Phone: (540) 574-7866 Fax: 
(540) 574-7844 Email: rwpeer@deq.virginia.gov 
  


 
 


 








 
 


Evaluation of In-Vessel Composting for Poultry Mortality 
 


Gary A. Flory, Agricultural Program Manager 
Virginia Department of Environmental Quality 


4411 Early Road 
P.O. Box 3000 


Harrisonburg, VA 22801 
 
ABSTRACT 
 
Finding a cost-effective alternative to rendering for the biosecure and environmentally 
sound disposal of poultry daily mortality was the focus of research conducted by the 
Virginia Department of Environmental Quality (DEQ) in cooperation with the United 
States Department of Agriculture (USDA), the Virginia Department of Agriculture and 
Consumer Services (VDACS), Cargill Turkey Products, Pilgrim's Pride, and George's 
Foods.  Gary Flory and Dan King of DEQ's Valley Regional Office, Agricultural 
Program, led the research. 
 
After reviewing the available alternatives, DEQ chose to pilot in-vessel composting 
because it appears to be a cost-effective and practical solution to daily mortality disposal.  
In addition, the process produces immature compost that may be further processed 
depending on its intended use.  Within Virginia, in-vessel composting was largely 
untested as a disposal method for daily mortality.   Currently, bin composting and 
incineration are the primary alternatives to rendering for mortality disposal. 
 
KEYWORDS 
 
In-Vessel Composting, Daily Mortality, Poultry Composting, Carcass Disposal 
 
INTRODUCTION 
 
DEQ was recently involved in managing a low pathogenic avian influenza outbreak in 
Virginia.  A task force comprised of USDA's Animal, Plant Health Inspection Service 
(APHIS), Forest Service, Farm Services Agency, and Natural Resources Conservation 
Service, Virginia’s poultry industry, Virginia's Department of Agriculture and Consumer 
Services (VDACS), and DEQ worked cooperatively to contain the low pathogenic avian 
influenza outbreak and prevent its spread. 
 
After examining data collected from avian influenza positive farms, USDA 
epidemiologists concluded that rendering of daily mortality represented a greater risk of 
disease transmission than other common methods of mortality disposal.  Based on this 
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evaluation, the poultry industry decided to eliminate rendering as an option for the 
disposal of daily mortality. 
 
At the time of this decision, approximately 300 poultry producers were using rendering as 
their primary means of mortality disposal.  These producers were left with an immediate 
need for a new method of disposal. 
 
METHODOLOGY 
 
After researching the available technology, DEQ contacted RKB Enterprises of Norfolk, 
Virginia to provide the equipment for the pilot project.  A Type 408 GREENDRUM 
Poultry Mortality Composter (see Figure 1) was mobilized on June 26, 2002.  This in-
vessel composter system uses a rotating drum 4 feet in diameter and 8 feet long, which 
rotates 3 times an hour.  It has a total working capacity of 2.45 yds3 and a continuous 
daily capacity of 1 yrd3.   
 


 
Figure 1. 


 
On June 26, 2002, 100 pounds of fresh turkey carcasses and 500 pounds of frozen broiler 
carcasses were mixed with poultry litter and loaded into the composter.  During the initial 
phase of the project, the carcasses were cut into several pieces to enhance the microbial 
degradation.  The carcasses and litter were mixed at a ratio of 1 part carcasses and 3 parts 
litter.  Other carbon sources such as sawdust, peanut hulls, and wood shavings may be 
substituted for poultry litter.  Subsequent trials were conducted on broilers, meat turkeys, 
waste eggs and large breeder turkeys.   
 
Each day of the pilot project, between 100 and 250 pounds of poultry carcasses were 
added to the composter and compost temperatures were taken.  Within 48 hours of  
starting the project, temperatures within the composter reached 140 degrees and averaged 
145 degrees for the life of the project; sufficient to reduce many pathogens.   
 
Moisture content is a critical factor for any type of composting.  The team added water to 
the unit periodically to maintain the desired moisture content of approximately 50%.  In 
order to represent actual working conditions on a poultry operation, moisture content was 
estimated and not analytically measured.   
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Periodically, the material within the unit was evaluated.  After the unit reached initial 
temperatures, poultry carcasses would be reduced to bones within 48 hours.    Birds 
ranging in size from day old chicks to 70 pound breeder toms were placed within the 
composter in several conditions: cut into pieces, with an opened chest cavity, and whole.  
All carcasses composted equally well in all conditions. 
 
About 1 cubic yard of compost was removed from the unit 7 days after the project began.  
This material was immature compost that could be land applied as a soil amendment.  As 
seen in Figure 2, some of the larger bones remain intact.  Sale of the resulting compost 
would require further composting.  Screening may also be necessary.  
 


 
Figure 2. 


 
ECONOMICS 
 
DEQ conducted an economic comparison of composting methods and 2 common 
mortality incinerators (Table 1).  Based on this analysis, the composting methods (both 
static pile and in-vessel) appear to be more cost-effective when annual operation costs are 
considered.  However, the initial purchase price of the unit may be cost prohibitive. 
 
CONCLUSIONS 
 
In-vessel composting offers poultry producers a variety of benefits: low operational costs, 
fast processing time, ability to process large breeder birds and an end product which can 
be sold or used.  In-vessel composting also provides a viable option for producers who do 
not have a suitable site for incineration.  Disadvantages include high purchase cost and 
the requirement for proper management. In-vessel composting may not be the ideal 
disposal solution for all producers, but it does represent an biosecure and environmentally 
viable alternative to rendering.   
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Table 1 
 


COMPARISON OF METHODS FOR THE DISPOSAL OF POULTRY DAILY 
MORTALITY 


 


COMPOSTING INCINERATION ITEM 
A. Four-Bin 
With roofing 


B. In-Vessel  
Greendrum - 408 


A. R & K 
Incinerator 
Burn-Easy 


B. Shenandoah 
Mfging 


Model A-10 
Equipment Cost*  $10,560--includes 


carbon storage and 
concrete pad. 


$12,000 plus $2,100 
shipping = $14,100 


$4645 including 
shipping 


$8,000 - $10,000  


Labor 15 min/day 15 min/day 15 min/day 15 min/day 
Additional Costs* 
 


Fuel for front-end 
loader ($50/year). 
 


Electricity needs for 
1/6th HP motor 
($85/year).  Concrete 
pad and dry storage 
for carbon source 
recommended but not 
required ($5,000 if a 
building is not 
available). 
 


Electricity needs for 
blower motor 
($50/year). 
Fuel Cost 
($3,000/year)* 
Concrete pad ($500). 
Site certified by 
engineer in 
Rockingham County 
($250). 


Electricity needs for 
blower motor 
($50/year). 
Fuel Cost 
($5,000/year)* 
Concrete pad ($500). 
Site certified by 
engineer in 
Rockingham County 
($250). 


Annual 
Operational Cost* 


$50 $85 $3,050 $5,050 


Capacity Normal daily 
accumulation 


250 to 300 lbs./day 
 


225 lbs./day 250 lbs./day 


Area Varies with operation. Concrete pad -- 7” X 17” Concrete pad – 6’ X 8’ Concrete pad – 6’ X 8’ 
Benefits Low operation costs, 


end product which can 
be sold or used on-
farm. 


Low operation costs, 
end product which can 
be sold or used on-
farm, faster processing 
time, front-end loader 
not required. 


Burn as accumulated, 
No rodents, flies, or 
transfer of disease. 


Burn as accumulated, 
No rodents, flies, or 
transfer of disease. 


Disadvantages Front-end loader 
required, long 
processing time, 
requires management. 


Requires 
management.  


High operating cost.  
Smoke and odor 
potential.   


High operating cost.  
Smoke and odor 
potential.   


Fuel Use/Burn 
Time 


NA NA 3 hours/3.5 GPH 
(secondary unit 3/4 
second retention time at 
1600 degrees F) 


5 hours/ 7.3 GPH 
(secondary unit 1/4 
second retention time 
at 1400 degrees F) 


End Product Compost Green Compost 1 gallon ash/100 lbs. 5 % of original weight 
in ash 


Weight NA 3000 lbs. 1000 lbs. 2000 lbs. 
Comments Load - 12” litter, birds, 


6” litter.  20 – 30 days 
for total cycle. 
 


Mix: 1 part bird to 2 
litter.  Process time--5 
to 7 days. 


One year warranty. 
 


One year warranty. 
Company recently 
purchased. 


Permit Required Building Permit, 
VDACS Composting 
Permit 


Building Permit, 
VDACS Composting 
Permit 


Building Permit, Air 
Permit 


Building Permit, Air 
Permit 


*     All costs are estimates. 








 


 
 
 
 


SUMMARY OF THE METHOD 
Composting is the natural degradation of organic resources (such as 
poultry carcasses) by microorganisms.  Research in Maryland, Delaware, 
and North Carolina indicates that composting is effective in killing a 
variety of diseases including avian influenza (AI).  In-house composting 
was successfully used in Delaware and Maryland to control an outbreak 
of AI.  Current research in Virginia indicates that in-house composting 
can be effective with most bird types and poultry house designs. 


Lu et al. (2003) reported that Avian Influenza Virus (AIV) can be 
inactivated in 10 minutes at 140ºF (60ºC) or 90 minutes at 133ºF (56ºC). 
Microbial activity within a well-constructed compost pile can generate 
and maintain temperatures ranging from 130ºF to 150ºF (54ºC to 66ºC) 
for several weeks, which is sufficient to inactivate the AI virus with 
generous margins of error.   


ADVANTAGES OF IN-HOUSE COMPOSTING 
 Contains the disease and limits off-farm disease transmission 
 Limits the risks of groundwater and air pollution 
 Inactivates pathogens in carcasses and litter  
 Limits public concerns over disease exposure 
 Relative low cost and uses readily available farm equipment  
 Protected from severe weather conditions (frozen ground, etc.) 


PLANNING PRIOR TO AN OUTBREAK 
 Additional sources of carbon material should be identified and 


secured to ensure availability. 
 Rapid Response Teams, with team leaders and alternates, should be 


created within each poultry complex to oversee sanitation, 
depopulation, and in-house composting.    


 Rapid Response Team training should include respirator fit testing. 
 Worker decontamination plans and equipment should be prepared. 
 Movement of carcasses in the houses and equipment brought onto 


the farm should be limited. 
 In-house composting can be done in most poultry houses. Where not 


possible, composting outside the poultry house using a breathable 
compost cover or fleece would be an alternative. 


 Variations in house designs may require adaptations of euthanasia 
and windrow construction methods outlined in this fact sheet. 


 Summary of Method 
 Advantages of In-House 


Composting 
 Planning Prior to an 


Outbreak 
 Equipment and Supplies 
 Protocols  
o Prior to Euthanizing the 


Flock 
o Euthanizing the Flock 
o Constructing the 


Windrow 
o Breeder Houses 
o Double-Deck Houses 


 Temperature Monitoring 
 Aerating the Windrow 
 Testing for Virus 
 Removing the Compost 


from Poultry House 
 Troubleshooting 
 Temperature Log 
 List of References 
 Contact Information 


“Research indicates 
that Avian Influenza 
Virus (AIV) can be 
inactivated in 10 
minutes at 140ºF 


(60ºC) or 90 minutes 
at 133ºF (56ºC) (Lu et 


al., 2003).” 


 
Gary A. Flory1, Virginia Department of Environmental Quality, gaflory@deq.virginia.gov 


Eric S. Bendfeldt2, Virginia Cooperative Extension, ebendfel@vt.edu 
Robert W. Peer3, Virginia Department of Environmental Quality, rwpeer@deq.virginia.gov 


Chris Zirkle4, Pilgrim’s Pride, czirkle@pilgrimspride.com 
George W. Malone5, University of Delaware, malone@udel.edu 


Guidelines for In-House Composting 
Poultry Mortality as a Rapid 
Response to Avian Influenza  


 
    Version September 15, 2006 
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Tilled Base for Windrow 


 
 


Euthanasia Pen 


Stockpile any 
additional carbon near 


entrances 


Litter along sides used as cap 


 Begin building windrow here and 
progress back towards euthanasia pen 


Figure 1.Windrow Design for Typical 
Free-Span House 


EQUIPMENT AND SUPPLIES  
 Skid loader(s), shovels. Tiller and hay spear attachments as needed 
 Sawdust, litter, woodchips, or other carbon material 
 Compost thermometers (36” or 48” stem length) or wireless/wired 


temperature probes 
 Power washer, disinfecting equipment and recommended 


disinfectants  
PROTOCOLS 
Prior to euthanizing the flock 


 Ensure that all personnel have appropriate personal protective 
equipment and training. 


 Minimize ventilation; raise poultry feeders, and waterers. 
 Effective in-house composting must have a minimum of 1.5 pounds 


of carbon material (based on a 30 lbs/cubic foot material) per 
pound of bird. (1 lb. of carbon per lb. of bird in the mix and the 
remaining carbon for cap and cover.) 


 Determine total pounds (lbs.) of birds 
o lbs. birds = number of birds X average weight in lbs. 


 Determine pounds of litter in house   
o cubic feet of litter = length of house X width of house X 


depth of litter (in feet) 
o lbs. litter = cubic feet of litter X weight of a cubic foot of litter 


(Average  = 30 lbs; Range = 25 to 35 lbs.)  
 Determine amount of additional carbon needed  


o total lbs. carbon needed = lbs. birds X 1.5 
o Cubic yards of additional carbon needed = (total lbs. 


carbon needed – lbs. litter in house)/(weight per cubic ft. of 
carbon material)/(27) 


 woodchips, litter or wet sawdust = 30 lbs./cubic ft. 
 dry sawdust = 15 lbs./cubic ft. (due to low density, 


volume can be reduced by 50%) 
 Mobilize euthanasia, composting, and sanitation crews. 


Euthanizing the flock 
 Birds may be confined to a portion of the house for euthanasia (see 


Figure 1).  If whole-house euthanasia methods are used, windrow 
construction procedures will differ. (Tablante and Malone, 2005) 


 


 
A demonstration 


project of in-house 
composting of 


turkeys conducted in 
Virginia in 2005 


showed that tilling 
and crushing the 


carcasses increased 
temperature and 


decreased downtime 
by 3 and 11 days 


respectively. 
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Euthanasia Pen 


Slats 


                  Slats 
 


Figure 2. Typical Breeder House Windrow Design 
Plan 


Windrow Base 


Stockpile additional 
carbon where most 


accessible 


 
 
 
 


 


 
 
 


 
 
 


 
 
 
 
 
 
 
 
 


 
 
 
 
 
 
 
 
 
 
 
 
 
 


Euthanizing the flock (continued) 
 Breeder and double-deck houses require alternate windrow 


designs. 
 Unload additional carbon material (if needed) near doors so it is 


accessible during windrow construction. 
 Follow industry guidelines for humane euthanasia. 


Construction of Windrows in Free-Span Houses 
 Till any excessively caked litter in the house to form a good base 


(4-6 inches) for the windrow (avoid compacting windrow base 
with equipment traffic). 


 Use the skid loader and/or tractor to crush large birds within the 
euthanasia pen.  May not be necessary for small birds (< 5 lbs.) 


 Place any remaining feed on top the birds. 
 Begin mixing birds and litter from the euthanasia end of the 


poultry house alternating 1 loader bucket of birds with 2 bucket 
of litter/carbon.   


 Using the skid loader, begin constructing the windrow with the 
bird/litter mix on the tilled base at the other end of the poultry 
house (see Figure 1). 


 The windrow should be 4 to 6 feet high and 12 feet wide. 
 As the windrow is being constructed, cap with 4 to 6 inches of 


litter from the sides of the windrow.    
 Continue this process until all of the bird/litter mix has been 


added to the windrow.  
 Any remaining litter should be used to cap the windrow.   


Considerations for Breeder Houses 
 All operations must occur within the 13-foot scratch area 


between the slats (see Figure 2). 
 Base should be a minimum of 4 to 6 inches. 
 Compost piles should be constructed 4 to 6 feet high, if possible, 


and capped as the windrow is constructed. 
 Once windrow construction begins, no additional equipment or 


supplies will be accessible until all birds have been added to the 
windrow because the skidloader will be confined to the middle 
of the house. 


Begin building windrow here and progress 
back towards euthanasia pen 
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Compost second floor 
birds and litter here 


Figure 3. Typical Double-Deck House Windrow Design Plan Begin first windrow 
here 


Litter for 
capping 
windrow 


Trap Doors House Supports 


 
 


 
 
 
 
 
 
 
 


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


 
 
 
 


 
 
 


Considerations for Double-Deck Houses 
 Euthanize birds both upstairs and downstairs. 
 Crush birds (if necessary) downstairs with skid loader. 
 Establish a minimum of a 4 to 6 inch base. 
 Begin composting downstairs by mixing birds and litter; build the 


first windrow in the side alley of the building (see Figure 3). 
 If there is sufficient height, the windrows can be capped after 


both are constructed, otherwise, they should be capped as 
constructed.  


 Using a small tractor, push only enough birds and litter from 
upstairs down through the trap doors that can be crushed  
effectively prior to placing in the next windrow. 


 The windrow for the birds and litter from upstairs should be started 
in the opposite side alley (see Figure 3). 


 Alternate pushing birds and litter downstairs, crushing and mixing, 
and forming the windrow until all birds and litter from the upstairs 
have been added to the windrow. 


 If not capped during construction, cap the windrows with litter or 
other carbon source so no carcasses are exposed. 


TEMPERATURE MONITORING 
 Temperatures within the center of the compost piles should be 


regularly monitored at 50 to 100 foot intervals the length of the 
windrow and charted. See sample log on page 6. 


 Remote temperature monitoring is preferable for biosecurity and 
worker safety. 


 Windrow temperatures should reach at least 130º F within the first 
week (see Figure 4). 


AERATING THE WINDROW 
 If the windrow temperature peaks and drops below 105º F, it 


should be aerated by turning or slowly lifting a hay spear along 
the length of the pile.  Choose the method most appropriate for 
the situation—turning provides better mixing exposes all material 
to internal pile temperatures and forking allows oxygen into the 
pile without disturbing the cap.  


“Composting is the 
natural degradation 
of organic resources 


(such as poultry 
carcasses) by 


microorganisms.” 







 


IN-HOUSE COMPOSTING FACT SHEET Page 5 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


TESTING FOR VIRUS 
 Virus isolation testing should be conducted after 2 weeks.   
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Figure 4.  Representative Temperature Graph for Windrow Composting 


 
REMOVING THE COMPOST FROM THE POULTRY HOUSE 


 Temperatures should be regularly monitored after construction to ensure inactivation of virus.  


 3 to 4 weeks after construction of windrow, the material within the pile should be inspected to 
evaluate the decomposition of the carcasses.  At this stage, carcasses should be reduced to 
bones and feathers with little flesh remaining.   


 If inspection confirms the near complete decomposition of all fleshy material and virus isolation 
results (per USDA or State Veterinarian protocol) have come back negative, the compost can be 
removed from the poultry house and deep stacked in a litter storage shed or on an appropriate 
site covered with a compost fleece for additional curing. 


 A sample should be collected and submitted for nutrient analysis. 


 Upon receipt of litter analysis and subject to quarantine release by the State Veterinarian the 
compost may be land applied at agronomic rates and incorporated if appropriate. 


 A transportation subsidy of $10 per ton may be necessary to facilitate the movement and 
distribution of the compost and overcome the stigma associated with material originating from an 
AI positive farm.   


TROUBLESHOOTING 
Problem Issue Solution 
Excessive flies or odor Exposed carcasses Add additional cap material 


Leachate from windrow Mixture too wet Add additional carbon material, 
mix and cap 


Temperature does not reach 
135ºF 


Mixture too dry (< 40% 
moisture) 


Add water to pile, mix if 
necessary 


Temperature does not reach 
135ºF 


Mixture too wet (> 60 % 
moisture) 


Add additional carbon material, 
mix if necessary 


Temperature drops early Not enough oxygen Aerate or mix pile 
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In-House Composting Temperature Log 
Farm Name:     
House Number:                  


Date 1 2 3 4 5 6 7 8 9 10 Daily 
Average 
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AbstrAct


Carcass disposal remains one 
of the major problems facing poul-
try meat and egg producers. As in 
all types of food-animal production, 
some poultry die at the farm level 
and must be disposed of in a safe 
and environmentally sound man-
ner. These death losses, also referred 
to as mortalities, may be classified 
broadly as either routine or cata-
strophic. This paper evaluates the 
practices and strategies for routine 
and catastrophic disposal of poultry 
carcasses. 


Current methods for routine dis-
posal of carcasses include burial, in-


cineration, composting, and render-
ing. Burial currently is not permitted 
in some states, and its use will 
diminish with increased regulatory 
pressures and concerns for ground-
water quality.  Incineration is a bio-
logically safe method, but it tends to 
be slow and expensive and may cre-
ate air quality issues.  Composting 
serves as a suitable and innovative 
technique and has gained favor in 
areas where burial and incineration 
have become restricted. Removal of 
poultry carcasses from the farm and 
subsequent transport to a rendering 
facility offers great potential, but the 
spread of pathogenic microorgan-
isms during transport is a significant 


concern.  
Emerging methods for disposal of 


poultry carcasses—including acid or 
base preservation, lactic acid fermen-
tation, and yeast fermentation—may 
be used for safe and realistic on-farm 
storage. These methods provide long-
term stabilization of the carcasses, 
contribute to a dramatic decrease in 
the level of pathogenic microorgan-
isms, and result in a transportable 
product that can be processed by a 
rendering facility into a suitable ani-
mal feed ingredient.  Alkaline hydro-
lysis is well adapted and serves as a 
premier choice for the treatment and 
elimination of highly infective wastes 
where there is need for pathogenic 


This material is based upon work supported by the United States Department of Agriculture under Grant No. 2005-38902-02319, Grant No. 2006-38902-03539, 
and Grant No. 2007-31100-06019/ISU Project No. 413-40-02.  Any opinions, findings, conclusions, or recommendations expressed in this publication are those 
of the author(s) and do not necessarily reflect the view of the U.S. Department of Agriculture or Iowa State University.


Various types of poultry:  baby chicks, a white male turkey, and young chickens.  (Photos courtesy of the USDA Agricultural 
Research Service Image Gallery.)


Poultry Carcass Disposal Options 
for Routine and Catastrophic Mortality
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requirements, estimated costs, envi-
ronmental and disease agent consid-
erations, advantages and disadvan-
tages, public perception, and lessons 
learned from the past.  Learning, 
planning, cooperation, implementa-
tion, and evaluation are necessary 
keys to success.


IntroductIon


Among the most critical problems 
currently facing the poultry indus-
try are those of waste management 
and associated environmental issues. 
Today’s poultry industry is more 
technically advanced than it was 10 
or 20 years (yr) ago, and its high level 
of concentrated production involves 
large volumes of by-products includ-
ing manure, mortalities, and hatchery/
processing wastes requiring regular 
and prompt disposal.  Although the 
poultry industry continues to con-
solidate, it also continues to expand 
production. Therefore, poultry meat 
and eggs will continue to be an abun-
dant source of relatively inexpensive 
protein.


Carcass disposal is one of the 
major daily problems facing poultry 
meat and egg production facilities, 
posing a never-ending task as birds 
succumb to congenital defects, dis-
eases, accidents, equipment failures, 


and natural disasters. On-farm death 
losses, also referred to as mortalities, 
can result in a considerable volume 
of carcasses by the end of a growing 
cycle. For example, a flock of 50,000 
broilers grown to 49 days (d) of age 
averaging 0.1% daily mortality (4.9% 
total mortality) will produce approxi-
mately 2.18 tonnes (2.4 tons) of car-
casses. A turkey flock of 30,000 birds 
averaging 0.5% weekly mortality (9% 
total mortality during an 18-week 
[wk] period) will produce approxi-
mately 12.61 tonnes (13.9 tons) of 
carcasses (Blake et al. 1990). 


In 2007, production in the United 
States accounted for 8.90 billion 
broilers with an average live weight 
of 2.51 kilograms (kg) (5.52 pounds 
[lb]) and 271.70 million turkeys with 
an average live weight of 13.14 kg 
(28.96 lb) (USDA 2008). Assuming 
average mortality losses of 5 and 
9% for broiler and turkey produc-
tion, annual mortality losses can be 
estimated at 468.4 million and 26.9 
million birds for broilers and tur-
keys, respectively. Assuming average 
weight is approximately half of total 
end weight as an estimate of mor-
tality losses, then annual mortality 
weight is 587 million kg or 587,000 
tonnes (1.296 billion lb or 648,100 
tons) for broilers and 177 million kg 
or 177,000 tonnes (390.3 million lb or 
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microorganism destruction rather than 
preservation of carcass materials des-
tined for rendering. 


Methods used for normal mortal-
ity losses have been adapted to deal 
with the large volume of carcasses 
that generally result from catastrophic 
events.  These adopted methods vary 
in their degree of success, cost, or 
logistics. In this paper, descriptions 
of losses encountered from flooding, 
chemical residues, disease outbreaks, 
and elevated temperatures are pre-
sented as case studies to provide “real 
world” examples.  Emerging methods 
for catastrophic disposal offer little in 
technological advances and are based 
on refinements of existing methods, 
especially equipment improvements 
capable of dealing with large volumes 
of carcasses in a timely and efficient 
manner. Other important tools that 
will maximize emergency response 
efficiency include an early detection 
and warning system, a plan of action, 
and contingency options.


A comprehensive understand-
ing of the wide array of carcass 
disposal technologies will facilitate 
the identification and implementa-
tion of effective disposal strategies. 
Such understanding implies a broad 
awareness of numerous factors for 
each technology, including principles 
and logistics of operation, personnel 
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195,100 tons) for turkeys. These esti-
mates do not account for catastrophic 
losses that could be encountered dur-
ing periods of disease outbreaks, nat-
ural disasters, or other unexpected oc-
currences. Regardless of the accuracy 
of these estimates, there is a tremen-
dous volume of organic matter that 
requires environmentally and biologi-
cally safe disposal or use during the 
course of a normal production cycle. 
On average, a fresh broiler carcass 
contains approximately 34.2% dry 
matter1,  of which 51.8% is protein, 
41.0% is fat, and 6.3% is ash (Malone 
et al. 1987). 


Current methods used for disposal 
of poultry carcasses include burial, 
incineration, composting, and render-
ing. Burial is no longer permitted in 
some states because of concerns for 
groundwater quality near burial sites 
and intact residues that may remain 
years after the carcasses have been 
buried. Incineration is a biologically 
safe method of disposal, although it 
tends to be slow and expensive even 
when highly efficient incinerators 
are used (Blake and Donald 1992a). 
Methods for composting poultry 
carcasses were introduced in the 
late 1980s, and because composting 
yields a disease-free product that can 
be used as a soil amendment, it has 
gained favor in areas where burial has 
been discontinued (Cawthon 2000). 


Removing poultry carcasses from 
the farm for rendering is environmen-
tally acceptable and results in a valu-
able feed ingredient; however, spread 
of pathogenic microorganisms during 
routine pickup and transport presents 
a substantial threat. Currently, on-
farm refrigeration is used for storage.  
Other methods, such as lactic acid or 
yeast fermentation and acid or base 
preservation, have been proposed but 
not adopted widely in commercial 
operations (Blake 2004).  Methods 
that permit the accumulation of nor-
mal on-farm mortality losses during a 


typical grow-out cycle before render-
ing will lower transportation costs, 
stabilize carcass deterioration, and 
minimize pathogen threats. Methods 
for poultry mortality disposal have 
been reviewed (Blake 1998, 2004; 
Blake and Donald 1992a; Cawthon 
2000); a more comprehensive evalu-
ation of carcass disposal methods 
for both poultry and livestock was 
compiled by the National Agricultural 
Biosecurity Center (NABC 2004). 


Catastrophic losses of poultry also 
are a concern and have brought about 
the need to redefine and discover 
new approaches to carcass disposal. 
Effective means of carcass disposal 
are essential regardless of the cause 
of mortality, but methods that can 
deal effectively and efficiently with 
large-scale depopulation are most 
crucial because rapid slaughter and 
disposal are integral parts of effective 
disease-eradication strategies. For 
maximum response efficiency, strate-
gies for large-scale carcass disposal 
require preparation well in advance of 
an emergency. 


The large volume and concentra-
tion of on-farm-generated wastes, 
coupled with intensification of en-
vironmental awareness, means that 
producers, scientists, and regulators 
alike are examining closely the ac-
ceptable methods of handling carcass 
disposal. The most effective disposal 
strategies will use every available, 
suitable disposal option to the full-
est extent possible; therefore, it is 
beneficial to obtain a comprehensive 
understanding of the array of carcass 
disposal technologies. Such aware-
ness implies a broad understanding 
of numerous factors for each technol-
ogy, including principles and logistics 
of operation, personnel requirements, 
estimated costs, environmental and 
disease agent considerations, advan-
tages and disadvantages, and past les-
sons learned. 


Poultry producers recognize that 
mortality disposal is a continuous and 
growing challenge. Economics and 
resource factors should be considered 


key variables in the determination of 
which method is best suited for an in-
dividual producer in normal and “not-
so-normal” conditions. Therefore, all 
methods that allow for the biological-
ly and environmentally safe disposal 
of poultry carcasses should be consid-
ered, because no single method will 
solve the problem completely. 


The primary purpose of this 
Issue Paper is to present informa-
tion concerning current and future 
technologies for the disposal of nor-
mal poultry mortality. In addition, 
the authors have supplied informa-
tion on depopulation and disposal of 
large populations of poultry resulting 
from a catastrophic loss or as part of 
an implemented disease-eradication 
strategy. This information will help 
increase understanding and apprecia-
tion for available disposal methods 
that may meet the needs of poultry 
producers. 


PrActIces for the  
routIne dIsPosAl of 
Poultry cArcAsses


Burial
Burial has long served as a meth-


od for the disposal of flesh and bones 
and has been a feasible method for 
the disposal of poultry carcasses. In 
the past, a trench or open hole was 
dug somewhere on the farm, and as 
sections were filled with mortalities, 
the hole was back-filled with soil; an 
open ditch or poorly covered hole is 
hazardous for many reasons. A prop-
erly constructed burial pit is fabri-
cated from concrete block, mono-
lithic concrete, or treated lumber 
(Collins and Weaver 1974; Sweeten 
and Thornberry 1984). Precast, open-
bottom septic tanks can be delivered 
to the site and offer the best alterna-
tive at a relatively low cost. The re-
inforced concrete cover can be fitted 
with a polyvinyl chloride pipe drop 
chute at the center with a tight-fitting 
cover. 


Most decomposition is caused 
1 Italicized terms (except genus and species 
names) are defined in the Glossary.
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by an array of anaerobic processes 
that create the objectionable odor 
normally associated with burial pits. 
Aerobic fermentations, by contrast, 
occur on the top layer, do not produce 
strong odors, and are more effective 
and desirable than anaerobic activities 
in degrading carcass solids (Lomax 
and Malone 1988).  Despite the fact 
that disposal pits have been found 
to cause no more groundwater con-
tamination than an individual septic 
tank and soil adsorption bed (Ritter 
and Chirnside 1990), the decline in 
groundwater quality in the area of an 
open-bottom pit and the fact that resi-
due remains after years of use have 
been cited as reasons for discontinua-
tion of burial pits. 


On July 1, 1994, Arkansas be-
came the first U.S. state to enact leg-
islation prohibiting the use of burial 
pits as a method for poultry carcass 
disposal. Alabama was the second 
state to pass legislation, mandating 
that burial pits could not be used for 
poultry carcass disposal after July 1, 
2000. Other states have passed, or are 
considering passage of, regulations 
to limit the further use of burial as a 
method for poultry carcass disposal. 
In certain situations, burial may be 
permitted where there is a catastroph-
ic loss of birds.


Digesters
As an alternative to burial, dead-


bird digesters were introduced as 
a totally enclosed system using a 
precast septic tank or large-capacity 
plastic tank.  The tank is designed 
to contain poultry carcasses while 
promoting microbial breakdown of 
organic material and eliminating 
harmful bacteria. Typically, a bacte-
rial culture with enzymes is added 
to the dead-bird digester to facilitate 
organic decomposition. Digesters are 
designed so that once they are full, re-
sulting fluids can be pumped out and 
sprayed onto crop or pasture land. In 
a long-term (15 month [mo]) study of 
six units, Macklin, Norton, and Blake 
(1997, 1998, 2000) found that high 


levels of enteric bacteria and poten-
tially pathogenic bacteria were iso-
lated continuously from the dead-bird 
digesters throughout the study period. 
Because of the presence of pathogen-
ic microorganisms, the use of dead-
bird digesters has been prohibited in 
some major poultry-producing states. 
Carpenter and Carter (1996) indicated 
similar problems concerning the oper-
ation and biosecurity of digester units 
in North Carolina.


 Controlled temperature diges-
tion uses the application of heat to the 
storage tank and is a modification to 
the basic digester system surveyed by 
Macklin, Norton, and Blake (1997, 
1998, 2000).  Thermophilic bacteria 
introduced into a controlled-temper-
ature dead-bird digester readily adapt 
to high temperatures (50°C [122°F]) 
and proliferate and digest organic 
matter in a complementary manner. It 
has been shown that species of ther-
mophilic bacteria can be isolated and 
are effective in the biodegradation of 
poultry carcasses (Carey, Coufal, and 
Reynolds 2002). Characterization and 
development of suitable thermophil-
ic cultures could lead to an alterna-
tive system that does not attract flies 
or produce offensive odors but does 
maintaining consistency and viability 
in commercial conditions.


Incineration
Incineration is recognized as one 


of the biologically safest methods 
of disposal, eliminating the threat of 
disease. Normal mortality can be pro-
cessed and the resulting residue eas-
ily disposed of without water quality 
problems. Proper, acceptable crema-
tion of carcasses is not accomplished 
simply by drenching carcasses with a 
flammable fluid and igniting them, as 
is done in pyre construction. Such an 
approach usually is incomplete, and 
the resulting smoke and odors may 
prompt nuisance complaints. Other 
homemade incinerators constructed 
from drums or barrels are unsatisfac-
tory because they fail to meet temper-
ature and air emission requirements 


that would support complete combus-
tion under environmental compliance 
regulations for carcass incineration.


Commercial units are available 
with oil or gas burners and usually 
are equipped with automatic timers 
to ensure proper burn. Smoke dis-
charge stacks for such equipment also 
may be fitted with after-burning de-
vices that recycle fumes to complete 
gas combustion and diminish odors. 
Regardless of whether these features 
are present, incinerators must be test-
ed, approved, and rated for carcass 
disposal in accordance with federal 
or state air quality regulatory agen-
cies. In some instances, a permit may 
be required to install and operate an 
incinerator.


After initially purchasing an in-
cinerator, the average poultry grow-
er will spend approximately $7.72 
above installation to incinerate 100 
kg of carcasses ($3.50/100 lb), based 
on a propane cost of $0.16/liter (l) 
($0.61/gallon [gal]) (Donald and 
Blake 1992). A more comprehen-
sive study was conducted to measure 
the efficiency and operational costs 
of three commercial incinerators on 
Alabama poultry farms (Blake et al. 
2002; Simpson et al. 2002). Farm 
#1, a breeder flock, averaged 2.38 kg 
mortality/l of propane (19.86 lb/gal), 
with propane costing $0.22/l ($0.83/
gal), for a cost of $0.0939/kg ($.0426/
lb) during a four-quarter test period. 
Farm #2, a broiler farm, averaged 
2.99 kg mortality/l (24.96 lb/gal) of 
diesel fuel ($0.26/l or $0.98.gal) for a 
cost of $0.0792/kg ($0.359/lb).  Farm 
#3, also a broiler farm, averaged 
5.98 kg mortality/l (49.91 lb/gal) of 
diesel fuel at a cost of $0.0439/kg 
($0.0199/lb) during a six-flock test 
period. Fixed costs, which amount 
to an additional $0.02/kg ($0.01/lb), 
may include grate replacement every 
2 to 3 years or, in some instances, the 
entire unit may require refurbishment 
or replacement every 5 to 7 years. 
Although these differences in effi-
ciency and cost represent wide vari-
ability in specific model design and 
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operation, it is apparent that recent 
technological advances in incinerator 
design result in lowered costs, regard-
less of past or current fuel costs.


Composting
Composting is a controlled, natu-


ral process in which beneficial micro-
organisms (bacteria and fungi) reduce 
and transform organic wastes into a 
useful end product called compost. 
Composting provides an economical-
ly and biologically safe means of con-
verting carcasses resulting from daily 
mortality into an odorless, humus-like 
material useful as a soil amendment 
(Kalbasi et al. 2005).


On-farm composting of poultry 
carcasses requires two types of com-
posting bins: a primary or first-stage 
bin and a secondary bin (Donald and 
Blake 1990; Murphy and Handwerker 
1988). Required bin capacity and 
number will depend on the size of 
the poultry facility and the final bird 
weight to be achieved, as well as on 
the type of co-composting material to 
be used.  In general, approximately 
10 cubic meters (m) of bin capacity is 
required for every 1,000 kg of mor-
tality (160 cubic feet (ft)/1,000 lb).  
Other adaptations of bin compost-
ing have included the construction of 
elongated alleyways to facilitate the 
daily layering process, and freestand-
ing piles or windrows. Technical stan-
dards for the design and construction 
of a poultry composting facility are 
available from the Natural Resources 
and Conservation Service and numer-
ous university agricultural biosystems 
engineering departments.


Daily, carcasses are sequentially 
layered into the primary bin with used 
or caked poultry litter and water at a 
ratio of 1:2:0.25 by weight, respec-
tively (Blake, Conner, and Donald 
1991). Caked or used bedding (usu-
ally pine shavings, sawdust, peanut 
hulls, or rice hulls) with manure is the 
primary compost medium, which sup-
plies ammonia nitrogen (N) for bac-
terial growth. In certain situations, a 
carbon (C) source such as straw may 


be used to supply additional C to pro-
vide an acceptable C:N ratio between 
15:1 and 35:1 with moisture content 
between 40 and 50% (Blake, Conner, 
and Donald 1991). Combinations of 
layer hens, solid manure, and straw 
also have been composted successful-
ly in a two-stage static pile arrange-
ment that yielded C:N ratios less than 
15:1 (Gonzalez and Sanchez 2005). 


Compost temperatures increase 
rapidly as bacterial action progresses, 
rising above 54°C (130°F) within 5 
to 10 d. Increasing temperature has 
two important effects: (1) it hastens 
decomposition and (2) it kills patho-
genic microorganisms, weed seeds, 
and fly larvae. Once primary bin 
temperatures begin to decrease 14 to 
21 d later, material is moved to the 
second-stage area for aeration, mix-
ing, and a secondary heating cycle. 
Temperatures in excess of 54°C 
(130°F) must be achieved and main-
tained for approximately 14 to 21 d 
during two composting cycles. Large 
turkey carcasses also have been com-
posted successfully, but they may re-
quire an additional 14-d heating cycle 
to complete decomposition (Glanville 
1999).  The final step is to store the 
compost in a shed or pile it outside 
and cover it until land application. 


Composters are intended to 
handle normal farm mortality. To be 
a viable method for poultry carcass 
disposal, the compost process must 
inactivate pathogenic microorganisms 
(avian and human) completely before 
land application. Studies by Conner, 
Blake, and Donald (1991a, b), Conner 
and colleagues (1991), and Murphy 
(1990) indicated that two-stage com-
posting effectively inactivates poul-
try-associated bacterial pathogens. 
Viruses associated with highly patho-
genic avian influenza (HPAI) and 
the adenovirus that causes egg drop 
syndrome (EDS-76) were inactivat-
ed completely after the second stage 
of the composting process (Senne, 
Panigrahy, and Morgan 1994). Such 
results support the effectiveness of 
composting for the inactivation of 


bacterial, fungal, and viral pathogens. 
Researchers at the University of 


Delaware also tested simple, single-
stage composters located within the 
poultry house (Scarborough, Palmer, 
and Williams 1992). Other research-
ers have proposed locating minicom-
posters outside the poultry house 
(Blake, Donald, and Conner 1994) 
or in the manure pit of high-rise 
layer houses (Mounce 1996). The 
most simply designed minicompos-
ter consists of a portable wooden bin 
approximately 1.22 m (4 ft) by 1.22 
m (4 ft) and 1.22 m (4 ft) in height 
with removable side panels. The side 
panels are constructed from pressure-
treated boards (1.9 x 15.4 centimeter 
[cm]; 3/4 x 6 inch [in]) with 2.54-
cm (1 in) air spaces between boards 
(Donald et al. 1994). The composter 
bin is loaded with carcasses, litter, 
and water similar to its larger coun-
terpart, except that the complete 
cycle is attained within the bin and 
no turning of the material is required. 
Kotrola and colleagues (1993) micro-
biologically evaluated minicompost-
ing during several growing cycles of 
broiler chickens and concluded that 
this method is a biosecure means of 
carcass disposal. 


Composting technologies that 
have been used for the management 
of poultry mortality include windrow, 
static bin (most widely adopted), and 
in-vessel techniques. The use of a ro-
tating drum composter also has been 
demonstrated to be successful when 
adapted for poultry carcass compost-
ing (Cawthon 1998, 2000).  Aerated 
synthetic tubes known as EcoPOD 
(Preferred Organic Digester) or Ag-
Bags (NABC 2004) also have been 
used.


Crews, Blake, and Donald (1994) 
presented a complex analysis of 
disposal methods currently in use 
(burial, incineration, and composting) 
and evaluated the net annualized cost 
per unit of carcass disposed. Their 
approach took into account initial 
investment costs, annual operating 
costs, and annual fixed costs as well 
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as flock size (40,000, 100,000, and 
200,000 birds) to measure sensitiv-
ity of economies of size among sys-
tems. In their final analysis, Crews, 
Blake, and Donald (1994) indicat-
ed that with current technologies, 
burial, composting, and incineration 
ranked from lowest to highest cost: 
$0.081, $0.108, and $0.197/kg car-
cass ($0.037, $0.049, and $0.089/lb), 
respectively. An economic analysis 
summarized by Clark in 1996 sup-
ports many of the analyses presented 
by Crews, Blake, and Donald (1994).  
Wineland, Carter, and Anderson 
(1998) indicated that composting 
costs were 2% higher than incinera-
tion costs for the disposal of broiler 
carcasses. Higher costs were calcu-
lated for commercial layer and broiler 
breeder disposal for composting 
compared with incineration (29% and 
22%, respectively). In the Wineland, 
Carter, and Anderson (1998) study, 
labor and machinery costs (front-end 
loader) accounted for a large expense 
for composting compared with incin-
eration. 


Composting of poultry carcasses 
was introduced as a new idea in the 
late 1980s and has been accepted 
and implemented rapidly by poultry 
producers nationwide.  Numerous 
universities have developed printed 
and audiovisual educational materi-
als for distribution. Estimates indi-
cate that approximately 30 to 40% of 
poultry producers may use compost-
ing as the method for mortality dis-
posal (Cawthon 2000).  The process 
transforms death and disease into an 
environmentally safe and nutrient-
rich compost, which can be land ap-
plied in a timely manner. Options for 
poultry carcass disposal are limited; 
when properly managed, compost-
ing is a desirable environmental and 
economic alternative that the industry 
has adopted readily.


Rendering
Rendering is one of the best 


means for recycling poultry car-
casses from the farm, and converting 


carcasses into a protein by-product 
meal is environmentally accept-
able.  Rendering of poultry mortali-
ties involves conversion of carcasses 
into various products: hydrolyzed 
whole poultry meal, fat, and water.  
Hydrolyzed whole poultry meal re-
sults from modern processing meth-
ods that use hydrolysis with high 
temperature and pressure.  These 
methods break down whole carcasses 
of dead, undecomposed poultry in-
cluding feathers, heads, feet, entrails, 
undeveloped eggs, blood, and other 
specific portions of the carcass.  The 
poultry carcasses may be fermented, 
or acid or alkaline treated, as part of 
the manufacturing process (AAFCO 
2006). 


The main carcass rendering pro-
cesses include size reduction fol-
lowed by cooking and separation of 
fat, water, and protein materials. The 
techniques used include mechani-
cal (e.g., grinding, mixing, pressing, 
decanting, sequential centrifugation, 
and separating); thermal (e.g., cook-
ing, evaporating, and drying); and, in 
some instances, chemical processes 
(e.g., solvent extraction).  The result-
ing meal and fat obtained from hydro-
lyzed whole poultry are suitable as 
animal feed ingredients and are ap-
proved for use by the Food and Drug 
Administration (NRA 2006). 


 Because raw materials in an 
advanced stage of decay result in 
poor-quality end products, carcasses 
should be processed as soon as possi-
ble or stored appropriately to preserve 
them and retard decay.  The cook-
ing step in the rendering process kills 
most bacteria but does not eliminate 
endotoxins produced by some bacte-
ria during the decay of carcass tissue; 
these endotoxins may induce disease 
(NABC 2004). 


Most rendering plants are adja-
cent to slaughter facilities to process 
offal. These plants can sometimes 
accommodate normal mortality, but 
generally are not designed to handle 
feathers; therefore, whole carcasses 
present a challenge.  Although render-


ing plants can be designed to process 
carcasses with feathers, investment 
costs are higher, and a plant will re-
quire a long-term commitment from 
the poultry industry to provide a con-
stant supply of carcasses. With proper 
restrictions and sanitary precautions, 
whole-carcass rendering can be done 
with minimal risk.


Removing poultry carcasses from 
the farm is the most environmentally 
acceptable procedure, and a valued 
feed ingredient results. Rendering is 
only feasible, however, if there is a 
local rendering plant close enough for 
convenient pickup.  Unfortunately, 
the spread of pathogenic microorgan-
isms during routine pickup and trans-
portation to a rendering facility pres-
ents a substantial risk.  For this reason 
the practice has been abandoned in 
some regions of the United States. 


The current focus definitely 
should be to develop innovative 
methods that support the long-term, 
on-farm stabilization of poultry car-
casses, thus providing biosecure 
transport of carcasses for rendering.  
This approach is logical and eco-
nomically feasible in places where 
rendering facilities are available and 
willing to process the stabilized ma-
terial in a timely, efficient manner. 
Additional research and develop-
ment on this approach will benefit 
the producer and consumer in resolv-
ing issues on an international scale.  
Two techniques—daily pickup and 
refrigeration—currently are in use.  
Other methods—acid/base preser-
vation, lactic acid fermentation, and 
yeast fermentation—are in the experi-
mental stage as  means for providing 
on-farm storage of poultry carcasses 
before transport for rendering.


Daily Pickup
One of the major concerns with 


scheduled daily pickup of poultry 
carcasses destined for rendering is the 
possibility of disease transmission. 
Sound biosecurity procedures must 
be practiced before and after leaving 
the disposal site to prevent disease 
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transmission. Central carcass dis-
posal sites that offer daily pickup of 
poultry mortality have been evaluated 
using commercial conditions.  Daily 
transportation costs were found to 
be prohibitively expensive, and poor 
biosecurity created a scenario for the 
spread of disease-causing microor-
ganisms (Parsons and Ferket 1990; 
Poss 1990).  Pickup of large animal 
carcasses on an as-needed basis is a 
common practice; however, the daily 
pickup of poultry mortalities from in-
dividual farms is neither economical 
nor logistically practical because of 
the small size of the carcass and the 
total weight produced daily.


Refrigeration
Commercial refrigeration units 


are available for carcass storage until 
a viable economic load accumulates 
and can be transported to a render-
ing facility. Refrigeration, principally 
freezing, has potential for short-term 
storage before rendering, but costs 
of operation and transportation need 
careful consideration.  Costs associ-
ated with the on-farm refrigeration of 
broiler carcasses have been estimated 
at $0.60/d for each house using elec-
trical energy at $0.08/kilowatt (Blake, 
Tucker, and Donald 1998). One prob-
lem encountered in this study was 
the capacity of the refrigeration unit 
to cool heavy loading of carcasses 
(45 kg [100 lb] daily) during periods 
of high environmental temperature 
(>24°C [75°F]), resulting in the in-
ability of the lower layers to freeze 
thoroughly before the addition of 
more carcasses. 


In their complex analysis, Crews, 
Blake, and Donald (1994) reported 
that refrigeration was much more 
costly than burial, incineration, or 
composting: $0.252 vs. $0.081, 
$0.197, and $0.108/kg ($0.114 vs. 
$0.037, $0.089, and $0.049/lb), re-
spectively. The primary costs of re-
frigeration were related to electrical 
and equipment costs.  Although cost-
ly, on-farm refrigeration with latent 
transport to a rendering facility has 


been implemented on a limited basis 
where transport is in close proximity 
to a rendering facility.


Acid/Base Preservation
The acid/base preservation meth-


od uses mineral acids or organic acids 
as a preservative until the mixture 
is transported to a rendering facil-
ity.  Malone and colleagues (1988) 
placed punctured carcasses in a 3% 
solution of sulfuric acid and found 
that nutrients were preserved readily 
and pathogenic microorganisms were 
inactivated effectively.  Processing 
and feeding of the resulting by-prod-
uct meal indicated no detrimental 
effects when compared with con-
ventional by-product meal (Lomax, 
Malone, and Saylor 1991).  Because 
of concern for safety when mineral 
acids are transported and used on the 
farm, acid preservation has not been 
adopted readily.  Organic acids such 
as acetic, propionic, and formic show 
promise, but may be prohibitively ex-
pensive. 


Phosphoric acid also has been 
tested as a preservative for long-
term storage of poultry carcasses 
(Middleton and Ferket 1998).  In 
this study, the preservation of poul-
try carcasses with phosphoric acid 
to pH < 3.0 produced a biologically 
secure silage—without putrefactive 
by-products of protein degradation—
that proved suitable for recycling into 
a valued feed ingredient.  Neither 
Salmonella spp. nor fecal coliform 
bacteria survived the acidification 
process. 


Fully feathered broiler carcasses 
can be preserved in a 2-molar (M) 
concentration of sodium hydroxide 
(NaOH) at a solution:carcass ratio of 
1:1 (Carey, Shafer, and Smith 1997).  
The stabilized carcasses have been 
shown to retain nutritional value and 
inhibit the growth of Salmonella spp. 
when held within a pH range of 13.1 
to 14.0.  The process of alkaline hy-
drolysis effectively reduces poultry 
carcasses to a sterile solution of ami-
no acids, peptides, nucleic acids, and 


soaps that can be used as a fertilizer, 
C and N soil supplement, or feedstock 
for anaerobic fermenters.  Preserved 
carcasses exhibited no putrefaction, 
microbial growth, or odor develop-
ment in trials lasting up to 6 m. 


The stabilization of carcasses in 
alkaline hydroxide solutions, a meth-
od reported by Shafer and colleagues 
(2000), makes it possible to preserve 
carcasses on the farm during a typical 
grow-out period for later transport to 
a rendering facility.  These research-
ers demonstrated successful on-farm 
preservation of broiler carcasses for 
60 d without putrefaction or recov-
erable pathogenic microorganisms. 
Using a 2.0-M NaOH solution at a 
1:1 ratio with carcass weight, Shafer 
and colleagues (2001) produced a dry 
alkaline poultry by-product meal that 
showed no deleterious effects when 
fed for 24 d at 10% of the diet. 


Niemeyer (2002) fed a potassium 
hydroxide (KOH) alkaline-based 
poultry by-product meal at 5% of the 
diet to broilers for 6 wk and reported 
no negative effects. Use of KOH re-
sulted in a more usable liquid phase, 
and the resulting solution was evalu-
ated as a soil amendment during two 
growing seasons (Niemeyer 2002). 
Plots were equalized in N; thus any 
differences in yield could be attribut-
ed primarily to differences in potassi-
um (K). There were no deleterious ef-
fects of the treatments, and dry matter 
yield of bermudagrass was improved 
in the first year. Also, K uptake was 
increased in both years as the ap-
plication rate increased. The author 
demonstrated a means to preserve 
carcasses for rendering and used the 
liquid phase of the treatment as a soil 
amendment. Primary concerns that 
limit the use and adoption of acid or 
base preservation include the safety 
of farm workers who handle danger-
ous chemicals, the cost and safety 
of transportation, and the corrosive-
ness of stored materials on rendering 
plant and farm application/spreader 
equipment. 


Sodium hydroxide preservation 
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has been combined with lactic acid 
fermentation, in which whole hen 
carcasses were agitated with a 0.4-M 
concentration of NaOH (approximate-
ly a 1:6 ratio of solution:carcasses 
by weight) for 2 hours (hr) and then 
ground and mixed with 10% sucrose 
and allowed to ferment (Kim and 
Patterson 1998).  Results from a chick 
assay indicated that the resulting feed 
ingredient from this treatment had no 
negative impact on chick growth rate. 
This type of approach may lower the 
risk associated with transport of con-
centrated alkaline solutions and also 
decrease the impact of corrosion on 
rendering plant and farm application/
spreader equipment.


Lactic Acid Fermentation
Controlled natural fermentation 


has been used successfully for mil-
lennia as a preservation method for 
foods and feeds.  Dobbins (1988) de-
scribed methods for preserving poul-
try carcasses by lactic acid fermen-
tation. Conner, Blake, and Donald 
(1991c) and Murphy and Silbert 
(1990) obtained similar results.  
Carcasses can be stored for a period 
of time before transport by using lac-
tic acid fermentation, which stabilizes 
carcass deterioration but minimizes 
pathogen threat.  Successful fermen-
tation is enabled by the combina-
tion of prescribed amounts of farm 
carcasses with a fermentable car-
bohydrate source such as sucrose, 
molasses, whey, or ground corn (Cai 
and Sander 1995; Cai et al. 1994a; 
Conner, Blake, and Donald 1991c).  
For effective fermentation to occur, 
carcasses must be ground.  Bacteria 
that produce lactic acid ferment the 
carbohydrate source, resulting in the 
production of volatile fatty acids and 
a subsequent decline in pH to below 
4.5, which preserves the nutrients in 
the broiler carcasses.


Pathogenic microorganisms as-
sociated with the carcasses are inac-
tivated effectively during the fer-
mentation process (Conner, Blake, 
and Donald 1991c; Dobbins 1988; 


Murphy and Silbert 1990).  Other 
researchers have confirmed that 
the fermentation of dead birds with 
lactic-acid-producing bacteria is very 
effective in inactivating pathogen-
ic viruses (Wooley et al. 1981) and 
bacteria (Cai et al. 1994b; Talkington 
et al. 1981a, b).  Presumably, fer-
mented material can be stored and 
will remain in a stable state for sev-
eral months.  Therefore, fermentation 
could be initiated and continue on the 
farm until carcass amounts are suf-
ficient to warrant the cost of trans-
portation.  Unlike routine pickup of 
“fresh” carcasses, the convenience of 
fermented carcasses will lower trans-
portation costs and, when coupled 
with rendering, can result in an excel-
lent feed ingredient.


The feasibility and economics 
of on-farm endogenous microbial 
fermentation for stabilizing poul-
try carcasses have been demonstrat-
ed under commercial conditions for 
broiler and broiler breeder mortal-
ity (Blake and Donald 1992b; Blake, 
Roden, and Scott 1998).  Net disposal 
costs averaged $0.10/kg ($0.045/lb). 
Fermentation represents an economi-
cal, feasible, and environmentally 
safe method for on-farm storage of 
carcasses before transport to a render-
ing facility.


Yeast Fermentation
The Bertullo process for mortality 


fermentation using a proteolytic yeast 
was described by Malone (1990).  
Similar to the process of lactic acid 
fermentation, the carcasses require 
grinding, the addition of a ferment-
able carbohydrate, and a yeast starter 
culture (Hansenula montevideo).  
Carcasses are added repeatedly to a 
tank with constant agitation (aero-
bic process), maintained at 26.7 to 
29.4°C (80.0 to 84.9°F).  Within the 
first 48 hr, pH is reduced to 4.4.  No 
Escherichia coli, Salmonella typhimu-
rium, Newcastle disease, or infectious 
bursal disease viruses have been re-
covered 12 hr postinoculation.  Both 
Bacillus subtillis and Staphylococcus 


aureus survived 48 hr postinocula-
tion.  Results indicated that the yeast 
process has limitations for inactivat-
ing pathogenic microorganisms.


Extrusion
Extrusion is a nontraditional ren-


dering method that uses a high-tem-
perature, short-time treatment that 
cooks, sterilizes, dehydrates, and sta-
bilizes by-products into a high-qual-
ity, highly digestible feed ingredient.  
Extrusion technology uses the prin-
ciple of friction as a means of creat-
ing heat, shear, and pressure.  The 
material to be extruded is fed into a 
barrel and forced by means of a screw 
against a series of baffle-like restric-
tions, causing the material to flow 
back against itself.  Because of the 
forces of friction and pressure within 
the barrel, the product is cooked to 
a preselected temperature of 115 to 
155°C (239 to 311°F) in less than 30 
seconds.  As the product leaves the 
extruder, a rapid drop in pressure al-
lows 12 to 15% of the moisture to 
evaporate.  Excess moisture is re-
moved by thermal drying to less than 
15% before cooling and storing the 
final product. 


In most cases, poultry by-products 
contain high initial moisture (>65%) 
and cannot be dried or dehydrated ef-
fectively without affecting nutritional 
value.  Dilution of the by-product 
with an ingredient such as soybean 
meal, corn, or wheat middlings will 
help decrease the moisture for the ex-
truder to process.  Full extrusion can 
be achieved with a mixture of 50 to 
60% by-product with the dry ingredi-
ent of choice. 


Before extrusion, carcasses are 
ground and blended with other in-
gredients (i.e., in a complete diet) or 
with a single ingredient (i.e., soybean 
meal, corn, wheat).  Haque, Lyons, 
and Vandepopuliere (1987) success-
fully incorporated whole ground 
hens into an extruded broiler diet.  
Other researchers have shown that 
feathers (Tadtiyanant, Lyons, and 
Vandepopuliere 1989), whole car-
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casses (Blake et al. 1990; Miller, 
Cook, and Blake 1990; Tadtiyanant, 
Lyons, and Vandepopuliere 1989), 
processing plant wastes (Blake et 
al. 1990; Tadtiyanant, Lyons, and 
Vandepopuliere 1991), and hatch-
ery wastes (Tadtiyanant, Lyons, and 
Vandepopuliere 1991) have been 
extruded into acceptable feed ingre-
dients.  Mixtures of offal and con-
demned birds also have been extrud-
ed successfully in combination with 
wheat middlings, barley, and cassava 
(Patterson, Acar, and Coleman 1994).  


In poultry feeding trials, research-
ers have shown that extrusion of 
poultry carcasses is a viable alterna-
tive to conventional by-product ren-
dering.  The process does not replace 
conventional rendering but rather 
complements it, producing high-qual-
ity, microbiologically safe feed ingre-
dients.  Microbiological studies also 
have been conducted to determine 
the ability of bacteria, molds, and 
viruses to survive the extrusion pro-
cess (Blake et al. 1990; Tadtiyanant, 
Lyons, and Vandepopuliere 1993).  In 
all instances, extrusion effectively in-
activated these microorganisms, and 
the extruded products did not pose a 
potential disease transmission prob-
lem.  The use of extrusion as an alter-
native to conventional rendering has 
been reviewed (Said 1996).


 


Alkaline Hydrolysis
The use of alkaline hydrolysis 


for treatment of animal carcasses 
was first reported in the treatment of 
radioactive animal carcasses from 
medical research laboratories.  This 
process was expanded to encompass 
treatment of regulated medical waste 
primarily contaminated with patho-
gens (Kaye et al. 1998).  A patent 
for the use of this technology was 
awarded (Kaye and Weber 1994), and 
the process has been commercial-
ized (WR2 2003); systems of varying 
size and use currently are marketed 
throughout the world. 


Kaye and colleagues (1998) de-
scribed the process as using 0.02 kg 


of a 50% NaOH solution for every 1 
kg of carcass weight. Water is add-
ed to the appropriate volume of the 
system, and the solution is circulated 
within the closed container of car-
casses for 16 to 18 hr at 110 to 120°C 
(230 to 248°F) and 12 to 15 lb/square 
in (2.68 kg/square cm). The process 
completely degrades the carcasses, 
and the remaining solids are com-
posed of insoluble bones and teeth.  
This undigested residue typically ac-
counts for approximately 2% of the 
original weight and volume of carcass 
material and can be ground into a 
powder and land applied.


 The liquefied end product is a 
sterile, coffee-colored, alkaline so-
lution with a soap-like consisten-
cy that may be released to sanitary 
sewer treatment systems (Kaye et 
al. 1998). This treatment system has 
been reported to kill a wide variety of 
pathogens and has been accepted by 
numerous state agencies as an alter-
native treatment system for animal 
and poultry carcass disposal (Weber, 
Thompson, and Kaye 2002). Taylor, 
Fernie, and McConnell (1997) re-
ported the process inactivates the 22A 
strain of scrapie agent. 


In summary, the reasons for 
choosing alkaline hydrolysis in which 
a weak alkaline solution (2 M) is used 
in a simple tanking system are two-
fold: (1) The method can be adapted 
to stabilize on-farm mortality for 
rendering, and (2) it yields a liquid 
fraction that can be used as a soil 
amendment.  Methods for this proce-
dure were presented previously in the 
section on “Acid/Base Preservation.”  
The current discussion describes a 
relatively elaborate system that uses 
heat and pressure in addition to a 
highly concentrated alkaline (hy-
droxide) solution (50%) that yields 
a stable effluent and a small amount 
of insoluble material.  This material 
is not appropriate for rendering, but 
rather for discharge into a sanitary 
sewer.  This system is well adapted 
for the treatment and elimination of 
highly infective wastes in situations 


that need pathogenic microorgan-
ism destruction, rather than preserva-
tion of carcass materials destined for 
rendering.  Alkaline hydrolysis offers 
a premier method for the disposal of 
highly infective carcasses; however, 
the capital and operational costs for 
disposal of animal carcasses by alka-
line hydrolysis have been estimated at 
$352/tonne ($320/ton), including la-
bor and sanitary sewer costs (NABC 
2004). 


The commercial providers of 
these systems offer them to the ag-
ricultural community as a means to 
treat highly infected carcasses for 
biosecure mortality management. 
There are no known peer-reviewed 
data published concerning the op-
erational requirements and econom-
ics of the procedure in the context of 
on-farm mortality management. It 
can be assumed, however, that this 
method would offer a means of treat-
ing carcasses and potentially could 
control the spread of highly infectious 
agents. On-farm concerns range from 
the safety of workers who handle po-
tentially dangerous chemicals to the 
possible need for effluent-discharge 
permits. Given these circumstances, 
daily on-farm use of alkaline hydroly-
sis for mortality disposal currently is 
not practical. 


strAtegIes for the 
dIsPosAl of  
cAtAstroPhIc Poultry 
losses


Catastrophic loss is defined as 
any mortality that exceeds the nor-
mal mortality capacity of a poultry 
farm to accommodate losses within 
24 hr.  A catastrophic mortality event 
in poultry may be caused by me-
chanical failure in the facilities, a 
natural disaster, or an infectious dis-
ease outbreak that yields increased 
mortality or mandated depopula-
tion. Catastrophic poultry mortality 
loss can be a few thousand birds at a 
single farm or millions of birds within 
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an area that require prompt mortal-
ity disposal. Regardless of the cause 
of high mortality, every poultry farm 
or operation must have a comprehen-
sive carcass disposal plan to deal with 
a catastrophic mortality event. This 
plan should include mass disposal op-
tions and procedures as well as a list 
of required materials, equipment, and 
personnel. Basic knowledge of the 
necessary procedure(s) and of all ap-
provals required for a swift response 
is essential. Local, state, and fed-
eral regulations will dictate disposal 
option(s); furthermore, the method 
must be economical, biosecure, and 
environmentally and socially accept-
able.   


Although the poultry industry 
makes every effort to circumvent 
catastrophic losses, there are numer-
ous situations that pose risks, many 
of which are unavoidable.  The large 
number of carcasses resulting from 
a catastrophic event requires effec-
tive methods of mass disposal. There 
have been several recent examples 
in which there was uncertainty and 
a lack of knowledge on methods for 
mass disposal, a lack of preparation to 
deal with a catastrophic event, and—
perhaps most importantly—a failure 
to have procedures preapproved by 
local and state regulatory authorities. 
The consequences of these situations 
included conflict, delays in respond-
ing to the emergency at the most criti-
cal time, and added overall costs to 
deal with the crises.


Causes of Catastrophic 
Mortality


Situations leading to catastroph-
ic mortality in poultry are numer-
ous but relatively infrequent. With 
a shift toward windowless housing 
and greater dependency on electron-
ics and power ventilation, electrical 
outages of less than 30 minutes can 
result in partial or whole-house death 
losses.  Although backup generators 
are required for most farms to deal 
with power outages, past experience 
has shown that generators are not 


fail-proof. In addition, generators and 
their fuel supply may not be workable 
until power is restored.  To compli-
cate mortality disposal issues further, 
natural disasters can cause structural 
damage to the houses. For example, 
wind from hurricanes and tornadoes 
can cause structural damage, and 
heavy loads of snow or ice can col-
lapse roofs.  Flooding is yet another 
natural disaster that can pose a sig-
nificant disposal challenge. 


Epizootic diseases are a con-
tinuous threat to the poultry indus-
try.  Catastrophic poultry mortalities 
caused by an infectious disease, or 
resulting from mandated depopula-
tion after exposure to a highly infec-
tious disease, must be disposed of us-
ing approved methods. Recent avian 
influenza (AI) outbreaks suggest that 
every effort should be made to inac-
tivate the virus before carcass (and 
litter) removal from the house. When 
the decision is made to depopulate a 
farm for disease control purposes, se-
lection of the disposal method should 
focus on minimizing disease spread.  
Flocks identified with, and depopulat-
ed by, chemical contamination must 
be handled by a disposal method that 
avoids further environmental conse-
quences.


Choosing a Carcass  
Disposal Method


Current mass disposal methods 
include burial, landfills, incineration, 
composting, and rendering.  These 
mass methods differ from routine, 
daily on-farm practices because mass 
methods deal with large volumes of 
carcasses that are encountered in an 
“immediate needs” situation. The 
unpredictability and lack of practical 
ways to reproduce the various types 
of catastrophic mortality events have 
limited the ability to conduct scien-
tific studies on large-scale disposal 
methods. 


Each catastrophic on-farm loss 
needs to be addressed individually 
and appropriate disposal methods 
considered. Any delay in respond-


ing to a catastrophic poultry mortal-
ity loss will add more cost and create 
an environmental problem. Poultry 
producers should be ready with 
state-approved disposal methods for 
catastrophic mortality losses.  In as-
sessing and choosing an appropriate 
carcass disposal method, the follow-
ing questions need to be asked:


•	 What	caused	the	catastrophic	
event?


•	 How	many	and	what	size	of	birds	
are involved?  


•	 Is	it	a	partial,	whole-house,	or	en-
tire farm loss, and are these losses 
widespread in the region?


•	 What	resources	and	disposal	op-
tions are available on the farm 
and from the poultry company or 
agency(s) overseeing the situation?  


•	 What	is	the	state	of	carcass	de-
composition?  


•	 What	is	the	proximity	of	the	af-
fected farm to other farms and to 
potential options for disposal?  


•	 What	local,	state,	and/or	federal	
regulations apply to the situation?  


•	 Will	site	conditions	and	weather	re-
strict the chosen disposal method?   


•	 How	will	the	public	perceive	the	
recommended disposal option?  


•	 What	are	the	disposal	costs,	and	
who will pay for such costs? 


•	 Is	the	method	used	for	mass	de-
population compatible and com-
plementary to the disposal option?


•	 Will	farms	be	accessible	during	or	
immediately after the mortality-
causing event?


Unfortunately, the emergence of 
new practices has been limited to re-
finements or improvements imposed 
on current practices.  Concern about 
the spread of zoonotic diseases such 
as the AI virus—especially the highly 
pathogenic H5N1 subtype—repre-
sents a serious issue for the poultry 
industry and public health authorities. 
It is imperative to address the matter 
objectively and scientifically (Smith 
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2007). The most important tools for 
emergency response are an early de-
tection and warning system, contin-
gency plans, and a plan of action dur-
ing the catastrophic events.


Burial
Burial of mortalities is a natu-


ral process that has been used for 
hundreds of years, and for many 
catastrophic mortality events, on-
farm burial historically has been the 
predominant disposal option. For 
catastrophic poultry mortality, this 
practice is the simplest and most cost-
effective way to deal with various 
high mortality losses. If this method 
seems to be the best option, a site 
should be selected in advance based 
on soil type and drainage characteris-
tics; site preselection avoids conflict 
when an emergency arises.  Methods 
for burial are as simple as excavation 
of a trench, although more complex 
burial may include the use of a plas-
tic liner placed under the birds, or 
the placement of birds in a cardboard 
tote that holds approximately 909 kg 
(2,000 lb). 


When poultry houses are dam-
aged beyond repair because of natural 
disasters, separation of house debris 
from carcasses and litter is challeng-
ing, and burial of the entire mass may 
be the only viable option.  Although 
some states relax environmental stan-
dards for burial when dealing with an 
emergency, this situation is changing 
because of increasing concerns about 
water quality and public perception. 


In locations having a high season-
al water table, such as the Delmarva 
Peninsula, burial is not an option.  
Finding an elevated site that is not in 
close proximity to the water table can 
be a major challenge after a flooding 
catastrophe.  For example, after intact 
15-yr-old carcasses from an AI event 
were unearthed at a trench burial site 
in Virginia in the late 1990s, envi-
ronmental standards there became so 
stringent that requirements essentially 
eliminated on-farm burial as a mass 
disposal option.  Furthermore, burial 
may not be an option for certain 


types of chemical residue depopula-
tion situations, or when the ground is 
frozen.  For disease outbreaks such as 
AI, burial of infected poultry carcass-
es does not necessarily destroy the AI 
virus and other pathogens that may 
infect animals and humans (NABC 
2004).  In these situations, burial 
may require long-term groundwater 
monitoring and may affect real estate 
values.  


In the European Union, the prac-
tice of burying dead animals and all 
raw animal by-products has been pro-
hibited by the advent of an animal by-
products regulation.  This regulation 
is based on concerns surrounding the 
transmission of bovine spongiform 
encephalopathy (BSE) and its resid-
ual infectivity after burial of infec-
tive carcasses was reported (Brown 
and Gajdusek 1991).  In global terms, 
however, burial still is used as a 
means of dealing with dead animals 
safely when mass disease outbreaks, 
such as AI, occur.


Landfills
Municipal landfills sometimes are 


an option for handling catastrophic 
poultry mortalities.  Each landfill 
operates by its own approved pro-
cess; therefore, it is advisable to have 
preapproval from the landfill opera-
tor before considering this option.  
Dumping fees vary but normally 
are about $77/tonne ($70 per ton).  
Decomposition proceeds slowly and 
at a relatively low temperature (54 
to 65°C [130 to 149°F]) in landfills, 
limiting pathogen inactivation (NRA 
2006).


Landfills have been used ex-
tensively for mass disposal of AI-
infected flocks in the last few de-
cades. During a 2002 AI outbreak 
in Virginia, 65.5% of the total ton-
nage of carcasses was disposed of 
by landfilling (Flory, Bendfeldt, and 
Peer 2006). Such vast waste disposal 
sites also may be one of few options 
for disposal of some types of chemi-
cal residue contamination in poultry 
carcasses. Because not all landfills ac-
cept carcasses, preapproval may be 


required, and there can be logistical 
challenges when coordinating trans-
portation and deposition of large vol-
umes of carcasses to these sites. Costs 
associated with transportation and 
tipping fees can be significant. Flory, 
Bendfeldt, and Peer (2006) reported 
that costs associated with loading, 
transport, and disposal of flocks in the 
2002 Virginia AI event were $134/
tonne ($122 per ton). 


During several other recent AI 
outbreaks, there were indications that 
any disposal option that removes in-
fected carcasses from farms poses a 
potential biosecurity risk of spread-
ing the virus to other farms.  All off-
site disposal methods, particularly for 
diseased flocks, require transport in 
sealed, leak-proof trailers or dump-
sters. These containers often are dou-
ble-lined with a waterproof material 
(e.g., polyethylene sheeting) and also 
may contain an absorbent material to 
retain body fluids. Coordination of 
on-farm loading equipment, trans-
port vendors, and landfill receiving 
schedules as well as potential sanita-
tion of equipment at both the farm 
and landfill site can pose a logistical 
challenge.


Using landfill to dispose of poul-
try mortalities may introduce a risk 
to biosecurity, posing a potential 
hazard to animal, poultry, and human 
health.  When properly managed un-
der mandate during a disease out-
break, landfilling is a proven, viable 
option for disposal of diseased car-
casses.  Supervised transport, intern-
ment, and immediate covering of car-
casses at the landfill site are required. 
In some instances, bagging infected 
carcasses before transport may be 
required to control further the risks 
associated with highly pathogenic 
microorganisms. 


Incineration
Catastrophic poultry mortalities 


can be processed using a large-scale 
incinerator.  This practice meets emis-
sion standards for many states and is 
an efficacious means of minimizing 
human exposure to pathogenic mi-







COUNCIL FOR AGRICULTURAL SCIENCE AND TECHNOLOGY12


croorganisms. Incineration is limited 
to the disposal of materials without 
any recovery of heat or other residues 
such as ash.  Most incinerators are 
designed to operate at a high tem-
perature and achieve aerobic com-
bustion for a sufficient length of time 
that results in the conversion of all 
organic materials back to constituent 
molecules such as carbon monoxide, 
carbon dioxide, nitrous oxide, cal-
cium oxide, and water.  With special 
permits, collapsed or severely dam-
aged poultry houses resulting from a 
natural disaster have been subjected 
to on-site incineration along with the 
litter and birds.


Incineration techniques include 
open-air burning, fixed-facility incin-
eration, and air curtain incineration 
(NABC 2004). All methods require 
permits and are subject to local en-
vironmental regulations. Open-air 
burning (the burning of carcasses on 
combustible heaps known as pyres) 
dates back to biblical times but has 
been used as recently as 2001 in the 
foot-and-mouth disease outbreak in 
the United Kingdom. Fixed-facility 
incinerators include small on-farm 
incinerators, small and large incinera-
tion facilities, crematoria, and cement 
manufacturing and power plant incin-
erators (NABC 2004).  


For catastrophic mortalities, larger 
incineration units, commonly referred 
to as air curtain incinerators, must be 
brought to the region having the cata-
strophic losses. Carcasses are then 
transported to a central, preferably 
remote, receiving and incineration 
site. Air curtain incineration involves 
a unit that fan-forces a mass of air 
through a manifold, thereby acceler-
ating combustion (NABC 2004). Air 
curtain incinerators were used during 
recent AI outbreaks in Virginia and 
British Columbia, and similar pro-
cesses have been used for large- 
animal depopulation (elk and deer) 
resulting from chronic wasting dis-
ease.  Although the end product is 
very biosecure, there are some logisti-
cal and environmental issues associ-
ated with this procedure.


The incineration process is usu-
ally slow, costly, and requires dispos-
al of 0.33 tonnes of ash per tonne of 
carcass (0.3 tons/ton) (Malone 2006). 
Loading decomposed carcasses also 
poses a problem, and temporary re-
frigeration of carcasses to prevent 
spoilage may be required.  Without 
the proper fuel source and volume 
(typically a 1:1 weight:weight ratio 
of fuel to mortality for an air curtain 
incinerator) and without supervision 
of the process, smoke and odor can 
create nuisance complaints. Based on 
the 2002 Virginia experience, Flory, 
Bendfeldt, and Peer (2006) concluded 
that incineration was the most costly 
(~$551/tonne [~$500/ton]) and least 
publicly accepted method for mass 
disposal of AI-infected poultry flocks. 


Composting
Composting methodology and 


procedures, discussed earlier in this 
paper, can be adapted easily to a 
catastrophic mortality loss.  On-farm 
mass mortality composting avoids 
many of the water and air quality 
issues that may be associated with 


burial and incineration, respectively.  
This process also eliminates costs 
related to transportation (landfill, 
rendering, incineration) and tipping 
fees (landfill).  Case studies present-
ed in Textboxes 1 through 4 provide 
practical information concerning the 
composting of catastrophic numbers 
of mortalities encountered because of 
flooding (Textbox 1), chemical resi-
dues, disease outbreaks, and elevated 
environmental temperatures. 


Depending on the cause and ex-
tent of the catastrophic loss, resources 
available (personnel, equipment, and 
materials), production schedule, and 
applicable regulations, windrow com-
posting can be implemented inside 
the poultry house (Textbox 2), in a 
manure storage structure, or outside 
the poultry house on the same farm 
(Malone 2006). A larger compost-
ing facility provides the opportunity 
for disposal of catastrophic mortal-
ity losses but may be limited because 
large amounts of carbonaceous mate-
rials are needed to balance the high N 
and moisture content in mortalities. 


Sites selected for composting 
must not pose public health risks to 


Carcass disposal in a flooded house is a very unpleasant task; decomposition 
of carcasses and litter often are advanced because days, even weeks, may pass 
before personnel can gain access to a poultry house.  A number of procedures 
have been used to compost carcasses from flooded houses (Malone 2006; Malone 
et al. 2004). In some situations if decomposition is not advanced, carcasses can 
be skimmed off the litter surface and layered in outside windrows—as described 
previously—or placed in layers inside manure sheds. Most situations, however, 
have required blending large amounts of dry carbon or litter in these flooded 
houses to facilitate material handling and removal of the “soupy” litter/carcass 
mixture. This blended mixture is placed on a sawdust base in outside windrows or 
in manure sheds using a layering method with dry C materials or using the mix and 
pile procedure. After capping to cover exposed carcasses (both inside and outside 
windrows), outside windrows either are covered with tarpaulin or compost fleece 
or left uncovered to facilitate water evaporation. One state requires a 0.9-m (3-ft) 
berm of dry shavings around these uncovered windrows to contain runoff. 


Additional requirements and considerations for composting flooded houses in-
clude using track-type skid loaders, having an all-weather roadway to an approved 
windrow site, providing an adequate quantity of trucks and equipment to load and 
transport the C materials and compost mixtures, increasing the frequency of turn-
ing piles to facilitate drying, and using chemicals for odor and fly control. Because 
downtime was not an issue but environmental impact and neighbor relations were 
concerns, the in-house mix and pile composting procedure with added C recently 
was used with success on the Delmarva Peninsula.


Textbox 1.   Flood loss case study 
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air or water.  In addition, compost-
ing sites must prevent direct contact 
if the infectious agents being com-
posted can pose a direct threat to 
humans and other animals (Textbox 
3) (DeRouchey, Harner, and Murphy 
2005).  


Crushing or shredding carcasses 
before forming windrows decreas-
es the additional C requirement for 
composting large carcasses such as 
roasters and turkeys (Bendfeldt et al. 
2005). Although whole market-age 
tom turkey carcasses (up to 18 kg [40 
lb]) were composted in the demon-
stration by Bendfeldt and colleagues 
(2005), shredding carcasses speeds up 
the composting process because there 
is an earlier and quicker increase in 
temperature.  Both mixing or shred-
ding and piling procedures tend to 
work best when the mass depopula-
tion method distributes the mortality 
evenly over the floor of the house. If 
carcasses are concentrated in a small 
portion of the house, a layering pro-
cedure as discussed for bin compost-
ing may be more appropriate.


In recent years, when on-farm lit-
ter was used as the C source, wind-
rows have been covered with polyeth-
ylene, tarpaulin, or compost fleece. 
These covered piles have been al-
lowed to “age” for various lengths 
of time before turning (Textbox 4). 
Although the tarpaulin and compost 
fleece are more expensive, they are 
reusable, allowing moisture and gases 
to escape from the pile, while shed-
ding rainfall. A wet condensate layer 
often will form under windrows cov-
ered with polyethylene or other im-
pervious vapor barriers. 


As an alternative to windrowing, 
the Ag-Bag composting system has 
been used to dispose of catastrophic 
poultry mortalities, but this system re-
quires specialized equipment to mix 
carcasses with the C source, to load 
the mixture into bags, and to main-
tain proper aeration (Malone 2006).  
Ag-Bag composting was used during 
AI outbreaks in Virginia in 2002 and 
British Columbia in 2004, in which 
more than 1 million birds were com-


Textbox 2.   Chemical residues case study


Occasionally, flocks have required depopulation and disposal because of chemi-
cal residues (e.g., pesticides, herbicides, polychlorinated biphenyls). Composting 
the carcasses and litter may be a choice if there are environmentally safe, approved 
options for disposal of the compost. One of the first documented applications of in-
house composting was reported by Murphy (1992). A four-house farm with 86,000, 
2-kg (4.4-lb) broilers contaminated with an herbicide was windrow composted 
in-house.  After 10 d, the compost containing only a few bony carcass residues was 
removed from the house, land applied, and incorporated as a fertilizer.


Textbox 3.   Disease outbreak case study


During the low pathogenic H7N2 AI outbreak on the Delmarva Peninsula in 
2004, in-house composting was used successfully to contain and inactivate the 
virus in carcasses and litter (Malone et al. 2004).  A procedure requiring the mix-
ing of litter and carcasses uniformly into a windrow (mix and pile procedure) and 
covering all exposed carcasses with litter or C materials (e.g., sawdust) was used 
on three infected farms with a total of nine houses.  A single windrow (3.0–3.6 m 
wide [9.8–11.8 ft wide] and 0.9–1.5 m high [2.9–4.9 ft high]) was formed in the 
center of the house. This procedure required a minimum of 2 cm (approximately 
0.8 in) of litter or C material per 0.4 kg (0.9 lb) of carcass per 0.09 square m (1.0 
square ft) of floor space. Temperatures during the 1-mo, in-house composting 
procedure averaged 56°C (133°F), enough to inactivate this heat-sensitive virus. 
Virus isolation tests of the compost at approximately 14 and 21 d were nega-
tive on all farms. After approximately 2 wk, the windrows were turned inside the 
house, capped to cover any exposed tissue, and allowed to continue composting 
for an additional 2 wk before removal.  To avoid taking a house out of production 
for a prolonged period of time, the compost can be removed from the house at the 
first turn (approximately 2 wk); Tablante and Malone (2005) described procedures 
for in-house composting. In-house composting followed by outside windrow com-
posting are the current preferred methods recommended by the U.S. Department 
of Agriculture–Animal and Plant Health Inspection Service–Veterinary Services 
(USDA–APHIS–VS 2006) for disposal of flocks infected with highly pathogenic AI.


Textbox 4.   Elevated temperature case study


After a major heat loss event resulting from elevated environmental tempera-
ture on the Delmarva Peninsula in 1995, local universities conducted a demonstra-
tion and developed guidelines (Carr et al. 1996) for outside windrow composting 
of catastrophic mortalities. This procedure involved placing a 30-cm (12-in) layer 
of C material (e.g., sawdust, wood chips, litter) on a well-drained site. Starting with 
a 3.6-m- (11.8-ft-) wide base, the windrow was constructed in alternate layers of 
carcass (three to six layers of carcass, each layer not exceeding 25-cm [10-in] 
deep) and C material (38–50 cm [15–20 in]). The final windrow was capped with C 
material to cover exposed carcasses not to exceed 2.1 m (6.9 ft) in height.  Wind-
rows constructed in this manner will accommodate approximately 400 kg (882 lb) 
of mortality per linear meter (39.37 in). Ideally, the windrow should be turned to 
aerate the mixture when the temperature falls below 46°C (115°F), or about 2 wk 
after windrow formation. 


posted successfully. 
For a disease outbreak such as 


AI, in-house composting of meat-
type birds may be one of the most 
biosecure methods, because the heat 
generated by the composting process 
(56 to 60°C [122 to 140°F]) is suf-


ficient to inactivate the virus in the 
carcass and litter (Lu et al. 2003). 
Composting must be implemented 
correctly, however, and knowledge of 
the procedures is essential.  Although 
heat produced during composting 
will inactivate pathogenic bacteria, 
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viruses, fungi, and parasites, heat is 
not the only mechanism involved in 
the destruction of pathogens during 
the composting process.  Microbial 
products also are likely to play a role 
in eliminating pathogens in compost 
(McCaskey 2006). Educational ma-
terials have been developed to assist 
the poultry producer with composting 
catastrophic losses (Carr et al. 1996; 
Malone 2008; Tablante and Malone 
2005).  


Rendering
Rendering of animal mortali-


ties involves conversion of carcasses 
into three potentially marketable end 
products: carcass meal (proteina-
ceous solids), melted fat or tallow, 
and water (NABC 2004). For some 
geographic regions that have plants 
capable of processing mortalities, 
rendering may be a viable, cost-ef-
fective option for nondiseased and 
residue-free carcasses. Knowing the 
tonnage of nondeteriorated carcasses 
is a requirement and can be a logisti-
cal challenge. This option may not be 
suitable for carcasses infected with 
disease-causing organisms such as AI 
virus because of the risk of spread-
ing the disease to other farms and the 
contamination of the rendering plant.


Rendering of poultry mortalities 
destroys pathogenic microorganisms, 
produces a feed ingredient, and is 
suitable for some types of catastroph-
ic mortality events.  The rendering 
industry is uniquely structured to pro-
vide the critical components necessary 
to handle catastrophic poultry events 
safely and responsively, including the 
disposal of carcasses that are con-
sidered, by science or perception, to 
be unsuitable for processing into an 
animal feed. Carcasses contaminat-
ed with chemical residues as well as 
those contaminated with HPAI cannot 
be rendered into a feed ingredient.  On 
a global scale, modern, efficient ren-
dering facilities are concentrated in 
countries and regions that have strong, 
well-established animal production 
industries.  This is especially true in 


the United States, where the render-
ing industry is integrated closely with 
animal and meat production.


Pyrolysis
Pyrolysis, or thermal depolymer-


ization, is a nontraditional, novel 
technology similar to gasification that 
can be adapted for disposal of cata-
strophic poultry mortalities. Pyrolysis 
occurs in the absence of air, and the 
product is a liquid biofuel rather than 
a gas.  The major potential of pyroly-
sis is the production of a liquid fuel 
suitable for storage and transport.  An 
advantage of this technology com-
pared with other methods of energy 
extraction from a waste stream is the 
milder operating conditions, typically 
around 500°C (932°F) compared with 
800 to 900°C (1,472 to 1,652°F) for 
gasification, and the very short pro-
cessing times for anaerobic digestion 
(NRA 2006).  The capital investment 
required for this technology would be 
similar to that of gasification, inas-
much as they both require a fluidized-
bed combustor.  The materials of 
construction may be cheaper for py-
rolysis given the lower operating tem-
perature, but a higher capital cost is 
incurred if drying or size reduction of 
the combustion residue is necessary.


Combustion-based technologies 
also can provide additional returns 
if the technologies are designed to 
recover energy in the form of heat, 
electricity, or both.  Energy can be 
recovered from the combustion of 
animal by-products.  Several co-
combustion systems developed in the 
European Union after the BSE crisis 
in 1998 can be used to dispose of cat-
astrophic poultry mortalities by pro-
ducing renewable heat and electricity. 


summAry
Methods for the routine and cata-


strophic disposal of poultry mortali-
ties currently in use include burial, 
incineration, composting, and render-
ing.  Concerns associated with burial 
include the in-ground residue remain-
ing after years of use and potential 


effects on groundwater.  Both con-
cerns have prompted the prohibition 
of burial as a method for disposal in 
some states, but it may be used under 
limited conditions of catastrophic loss 
when approved sites are identified 
and located on the farm.  Landfills of-
fer an opportunity for off-site disposal 
of catastrophic mortality losses; how-
ever, local, state, and federal regula-
tions dictate that certain criteria must 
be met for carcass disposal at these 
locations.  Transportation of carcasses 
to a landfill site and tipping fees are 
additional cost considerations. Burial 
and landfills offer an immediate so-
lution, but may be limited to certain 
types of mortality events. With these 
concerns in mind, there are oppor-
tunities to consider viable, environ-
mentally friendly practices that may 
be used to benefit poultry carcass dis-
posal in the future.


Recent improvements in incinera-
tor technology have contributed to 
the development of more economical 
units that offer improved ease and ef-
ficiency of on-farm operation.  Large 
portable incineration units may pro-
vide a suitable method for processing 
large volumes of birds in a biological-
ly safe and equitable manner.  But the 
costs of operation, turnaround time, 
and ash disposal remain challenges 
to consider.  Emerging methods such 
as pyrolysis and co-combustion are 
other alternatives that exhibit poten-
tial for development, but the facilities 
necessary for these methods must be 
highly adaptive to deal with the flux 
in material availability and proximity 
to their supply source.   


Experience with composting poul-
try carcasses is well documented, and 
composting has proved very effective 
in dealing with carcasses that harbor 
infectious bacteria, viruses, and fungi.  
As an innovative method that can be 
managed appropriately with proper 
assessment and planning, composting 
is becoming one of the more accepted 
methods for disposal of catastrophic 
poultry mortalities. Compared with 
alternative disposal methods, compost-
ing often is the more environmentally 
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and socially acceptable, biosecure, 
cost-effective, and flexible implemen-
tation option. For composting to be 
a successful mass mortality disposal 
option, however, it is essential that 
workers have the knowledge and 
skills to execute the fundamental pro-
cedures properly. Highly infectious 
diseases such as HPAI subtype H5N1 
must be disposed of using an appro-
priately selected method, under the 
direction of well-trained professionals 
with regulated supervision. 


Rendering is a logical approach 
when rendering facilities are available 
and willing to process the stabilized 
material in a timely, efficient manner.  
The logistics of storage and transport 
to a rendering facility, however, offer 
challenges.  Daily amounts of poul-
try mortality do not reach the level of 
volume that justifies pickup on a daily 
basis; therefore, long-term on-farm 
storage during a typical grow-out  
cycle offers a sensible approach. 
Some innovative methods may sup-
port long-term storage of poultry 
carcasses at the farm level, thereby 
lowering transportation costs to ren-
dering and producing a usable protein 
by-product meal.  Additional research 
and development in these areas will 
benefit producers and consumers in 
resolving issues on an international 
level.  


Alkaline hydrolysis is not adapt-
able to rendering or catastrophic 
mortality events, but serves well as a 
method for disposal of limited quan-
tities of highly infectious carcasses.  
Because of its highly specialized and 
costly nature, its use currently is lim-
ited to diagnostic laboratories and 
other medical facilities.  This method 
easily could replace incineration un-
der most circumstances for the bio-
logically safe eradication of patho-
genically infected carcasses.  


Methods, strategies, and practi-
cal applications presented in this pa-
per summarize acceptable means for 
disposal of poultry mortality. Each 
method has its advantages and disad-
vantages, as well as costs and ben-
efits. The actual decision on which 


method is best should be based on 
individual farm circumstances and the 
restrictions that apply.  It is crucial for 
emergency responders to develop a 
response plan based on the nature of 
the catastrophic event, the individual 
farm situation, local conditions, and 
regulations, because these factors will 
determine the applicability and feasi-
bility of the carcass disposal method.  
All methods that allow for the envi-
ronmentally safe disposal of poultry 
carcasses should be considered, be-
cause no single method will solve all 
problems.  


 


glossAry
Adenovirus.  Common infectious 


agents in poultry that do not grow 
to any extent in human cells and do 
not pose a public health hazard.


Aerobic.  An adjective describing a 
microorganism or process that re-
quires oxygen.


After-burning device.  A fueled 
burner fitted to the smoke stack 
of an incinerator used to further 
combust emissions from the burn 
chamber.  


Air curtain incineration.  
Incineration technology based on 
the use of a forced air system that 
greatly enhances operational effi-
ciency, with greater throughput and 
improved performance. 


Anaerobic.  A term describing a mi-
croorganism or process that does 
not require air or free oxygen.


Bin composting.  A composting tech-
nique in which mixtures of ma-
terials are composted in simple 
structures (bins) rather than in free-
standing piles or windrows.  Bins 
are considered a form of in-vessel 
composting, but usually are cov-
ered or totally enclosed.


Biodegradation.  The process by 
which a substance is broken down 
into innocuous products through the 
action of living microorganisms.


Bovine spongiform encephalopathy 
(BSE). A fatal, non degenerative  
disease in cattle that causes a 
spongy degeneration in the brain 


and spinal cord; also called “mad 
cow disease” or transmissible 
spongiform encephalopathy.


Burial pit.  Fabricated structure 
placed or built into the ground and 
used for the burial of a designated 
object.


Co-combustion.  Combining or mix-
ing a product to be combusted with 
another product so that a more 
complete and efficient combustion 
will be achieved.


Composting.  A natural biological 
decomposition process that occurs 
in the presence of oxygen (air).


Controlled temperature digestion.  
A totally enclosed system similar 
to the “dead-bird digester,” with 
the exception that it is maintained 
under a controlled temperature en-
vironment and agitated to accel-
erate microorganism growth and 
biodegradation. 


Dead-bird digester.  A totally en-
closed system for the decom-
position of poultry carcasses in 
which iving microorganisms are 
used to break down the contained 
substance. 


Decanting. The process of removing 
the liquid portion and separating it 
from the solids portion.


Dry matter.  The portion of a sub-
stance not composed of water.  The 
dry matter content of a substance is 
equal to 100% minus the percent-
age of moisture content.


Endotoxin.  A poison produced by 
the growth of certain microorgan-
isms under specific conditions.


Enteric bacteria.  Microorganisms 
common to the intestinal tract.


Epizootic disease. Disease that  
appears as new cases in a given 
animal population, during a giv-
en period, at a rate that substan-
tially exceeds the level of recent 
experience.   


Extrusion.  A process in which by-
products or feed has been pressed, 
pushed, or protruded through a die 
orifice under pressure.


Fixed-facility incineration.  
Permanently installed, nonportable 
incinerators.  
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Fluidized-bed combustor. 
Combustion technology that sus-
pends solid fuels on upward-blow-
ing air jets during the combustion 
process. The result is a turbulent 
mixing of gas and solids. The  
tumbling action, much like a bub-
bling fluid, provides more effec-
tive chemical reactions and heat 
transfer.


Gasification. A process that converts 
carbonaceous materials, such as 
coal, petroleum, or biomass, into 
carbon monoxide and hydrogen by 
reacting the raw material at high 
temperatures with a controlled 
amount of oxygen.


Grow-out cycle.  A period of time 
in days or weeks for which a spe-
cies of poultry is reared before  
slaughtering.  For example, on av-
erage the broiler chicken may have 
a grow-out cycle of 49 days. 


Humus-like material.  The dark or 
black, carbon-rich, relatively stable 
residue resulting from the decom-
position of organic matter.


Hydrolyzed whole poultry meal. 
The result of rendering whole car-
casses of culled or dead, undecom-
posed poultry including feathers, 
heads, feet, entrails, undeveloped 
eggs, blood, and any other specific 
portions of the carcass.  


Offal. All material from an animal’s 
body subject to processing in a 
rendering facility.


Pathogenic bacteria.  Specific mi-
croorganisms associated with a 
diseased state.


Poultry by-product meal. A dry 
protein by-product meal prepared 
from the rendering of material ob-
tained during poultry processing.


Protein by-product meal.  A dry 
rendered protein product prepared 
from the rendering of dead  
animals or waste materials associ-
ated with slaughtering operations 
(carcass trimmings condemned 
carcasses, livers, inedible offal 
[lungs], and bones).


Pyrolysis.  Chemical change brought 
about by the action of heat.


Rendering.  A process of using 
high temperature and pressure to 
convert whole animal and poul-
try carcasses or their by-products 
with little or no value to a safe, 
nutritional, economically valuable 
feed ingredient. A combination of 
blending, cooking, pressurizing, 
fat melting, water evaporation, and 
microbial inactivation.


Sequential centrifugation.  A pro-
cess that uses centrifugation to sep-
arate substances of different densi-
ties and remove moisture. 


Soil adsorption bed. The leach bed 
commonly associated with the in-
stallation of an in-ground home 
septic system.


Soil amendment.  Any substance 
applied and incorporated into the 
soil that contributes to soil fertil-
ity and viability in support of plant 
growth.


Solvent extraction.  Use of an organ-
ic solvent for the extraction of oil 
from seeds or animal by-products.


Thermophilic bacteria.  Heat-loving 
microorganisms that thrive in, and 
generate, temperatures above 40°C 
(105°F).  Microorganisms that 
grow well in a thermophilic en-
vironment in which temperatures 
are between 45 and 70°C (113 and 
158°F).   


Windrow composting. A method that 
involves placing the feedstock in 
long, relatively narrow, low piles 
called windrows.  The large ex-
posed surface area encourages pas-
sive aeration and drying.  Aeration 
is achieved by convective airflow 
as well as by turning.  The wind-
row piles act like a chimney in 
which the center gets hot and air is 
drawn through the sides.
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Composting Road Kill


Cornell Cooperative Extension


Cornell Waste Management Institute


Road Kill — Current Situation
Over 25,000 dead deer and numerous carcasses of 


other animals, such as raccoon, coyote and fox are 
managed annually by the New York State Department 
of Transportation (NYSDOT). NYSDOT maintains and 
operates a 15,656 mile highway system of interstates, 
expressways and collectors which comprises about 15 
percent of New York State’s (NYS) 111,000 miles of 
highway. The 25,000 dead deer managed annually by 
NYSDOT do not account for deer killed on county and 
local roads that must be managed by local highway 
departments.  


Current disposal practices include contracting 
with service providers to pick up and dispose of the 
animals, dragging animals further off the road or 
placing them in pits and depressions off roadsides. 
These methods are becoming less acceptable as rural 
areas become more populated and there is increased 
concern for environmental quality. Water quality can 
be compromised when animals decompose on or 
below ground and it could become a public health 
issue as pets and people may come in contact with the 
carcasses. Collection services are costly. Contractors 
are paid between $30 and $125 per deer for pick-up and 
disposal. Landfi lls often either do not accept or restrict 
carcasses. Disposal options are thus limited. 


The Need: Consider Static Pile 
Composting


Composting provides an inexpensive alternative for 
disposal of dead animals in many cases. Composting 
animal carcasses is not new; chickens, pigs, calves, 
cows and even whales have been composted.


Passively aerated static pile composting in which 
piles are not turned and natural processes result in 
high temperatures is proving to be a viable method 
of managing carcasses. It is quick and simple, uses 
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equipment and materials used in daily road maintenance 
operations and is cost effective. This method helps 
protect ground and surface water by keeping the 
carcasses out of contact with water. Composting also 
reduces pathogens, nuisance to neighbors and odors 
in properly managed piles. 


In many states, including NYS, mortality composting 
is a legal and accepted way of disposal. Composting 
and compost use can be accomplished in compliance 
with environmental regulations in many states, but 
check regulations before you start. The temperatures 
and microbial processes achieved during composting 
will kill or greatly reduce most pathogens, reducing the 
chance to spread wildlife disease. Properly composted 
material is an acceptable soil amendment for use where 
public contact is low, such as roadside projects.  


Regulations
In NYS, composting of any material, except sludges, 


generated by a private or public entity on their own 
property is exempt from regulation. This includes road 
killed animals that are collected and composted on the 
agency’s land. However, the agency is responsible for 
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Why Compost Road Kill? 


♦ Pathogen kill occurs in thermophilic 
composts


♦  Can be done any time of the year, even 
when the ground is frozen 


♦  Can be done using common highway 
equipment and readily available materials


♦  Relatively odor free 
♦  All sizes of animals can be composted
♦  Relatively low labor and management 


needed
♦ Low cost  


siting and implementing composting practices that 
do not cause air or water pollution or create a general 
nuisance. Use of the end product is not subject to 
regulation in NYS, however it is recommended that 
the product be used in applications with low public 
contact such as roadside revegetation projects so that 
an unknowing person would be unlikely to come into 
contact with the compost. 


Carcass Handling
For proper handling of carcasses, and to ensure 


worker health and safety, please refer to NYSDOT 
Safety Bulletin on Handling Animal Carcasses (see  
Common Questions on page 8). 


Composting
Static pile composting of dead deer, bear, moose, 


raccoon, fox and more is a practice that can fi t into 
the daily operations of those responsible for road 
maintenance. Road managers have all the components 
for successful composting: trained personnel, 


equipment, wood chips and the animals killed by 
vehicles. The practice requires space to construct the 
compost piles and takes from four to six months for 
the animals to decompose and a year to make a useable 
end product. Many people are skeptical that road kill 
composting will manage road kill but become convinced 
when they see it working. 


Static pile mortality composting is an easily managed 
technique. Air fl ow through the pile is key (Figure 1). 
By properly constructing the compost pile to allow 
for adequate natural aeration, mortality composting 
can be completed on intact animals with little or no 
turning. An adequate bed of chips beneath the pile and 
surrounding the carcasses is important. The process 
is effective if the animals are enveloped in chunky 
carbonaceous material such as wood chips (see CWMI 
fact sheet #5, Compost Bulking Materials: http://cwmi.
css.cornell.edu/compostfs5.pdf). Make sure there are 
enough chips!


Timing
Mortality composting can be done at any time 


during the year. However, when you are learning 
how to compost it is best to start piles in forgiving 
weather. In southern climates it will not matter, but 
in climates that experience freezing temperatures, 
planning is important. Get piles started before the cold 
temperatures set in so you experience the learning 
curve when temperatures are warm and the pile is more 
likely to get hot. This will also set the process up to 
keep composting through the winter months since there 
will be heat in the pile to warm the carcasses and keep 
the composting process going. Piles can be started in 
the winter, but it may take months for the composting 
process to begin during warm weather.


Road kill compost windrows in NYSDOT yard.Figure 1. Natural air fl ow through compost windrow.


Composting Road Kill


2007Cornell Waste Management Institute2







Choosing a Compost Site
Highway yards are often good sites for composting 


if space allows. They have compacted or improved 
surfaces and public and animal access is often limited 
by fencing. NYSDOT personnel can contact their 
Maintenance Environmental Coordinator for advice.


Consideration of water fl ow is important. Sites 
should be selected that are unlikely to receive water 
running onto the site. They should be well away from 
surface water bodies and swales to reduce the chance 
that runoff from the site will enter surface water. 
Moderate to well-drained, hard-packed soils with gentle 
slopes are well suited. A slope of about two percent 
is desirable to prevent ponding of water. Steep slopes 
are not satisfactory because of potential problems with 
erosion, vehicular access, and equipment operation. 
Compost windrows should run up and down a minimal 
slope, rather than across, to allow runoff water to move 
between the piles rather than through 
them (Figure 2).


Siting is very important to 
help avoid neighbor complaints. 
Compost processing can generate 
odors, though these should be 
minimal in well-run operations. 
Odor is likely the main reason 
neighbors may complain about the 
operation. Determine the dominant 
wind direction, and if most air 
fl ow is directed toward populated 
areas, look for another site. In 
NYS, permitted compost facilities 
need to be at least 500 feet away 
from the closest dwelling. They 
cannot be sited in a fl oodplain or 
wetland, where the seasonal high 
groundwater is less than 24 inches 


Figure 2. Pad slope.
Managing Frozen Deer--Don’t Wait Until 


They Thaw!


In late February 2004, NYSDOT in Washington 
County had a pile of frozen deer that 
they had collected. They had heard about 
composting through the NYSDOT Maintenance 
Environmental Coordinator and Washington 
County Cornell Cooperative Extension and 
were interested in trying it. On a very cold day 
compost piles were built with the frozen deer. 
The pile temperature read 30o F and then 
dropped (see graph below). The insulation 
from the wood chips kept the deer frozen until 
May. When the outside temperatures warmed 
in April and May, the deer thawed in the piles 
and the compost process started. It is easier to 
place frozen deer in compost piles before they 
thaw and let nature work out the rest. When 
managing frozen piles, the process clock starts 
when the pile gets hot (110o). 


Carcass Pile Temperature Curves, NYSDOT, Washington County. 
Dotted line: pile built with frozen deer. Solid line: pile built with recently killed deer.


from the ground surface, or where bedrock lies less than 
24 inches below the ground surface, unless provisions 
have been made to protect water quality. Although road 
kill composting piles operated by highway personnel 
are not required to have New York State Department of 
Environmental Conservation (NYSDEC) permits, it is 
advisable to use existing regulations as guidelines and 
to keep piles as far as possible from neighbors.
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Adapted from NYS Agriculture Environmental Management (AEM) Tier II Worksheet on Farm Waste Disposal, Revised Sept 2000.


Potential Environmental and Biosecurity Risk of Dead Animal Disposal


Lowest Risk


♦ Composting - minimizes risk and produces a soil amendment.


♦ Landfi ll - acceptable if landfi ll will accept carcasses.


♦ Buried in a pit - carcasses “mummify” and do not break 
down (NYSDOT is allowed to bury 10 animals in a 3 foot 
deep pit above groundwater and at least 50 feet from a water 
body or water course).


♦ Carcass is left outside for scavengers or to decay. Because 
of the cost of disposal, it will be tempting to dispose of 
carcasses by leaving them to be scavenged. This is very 
risky from an environmental standpoint and encourages wild 
animals and house pets to come close to roads to become 
road-kill themselves.


♦ Placed in ravines and low areas to degrade - pollute ground and surface water.


Highest Risk
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Lay a 24-inch bed of bulky, absorbent organic 
material; chips from tree chipping operators 2-inches 
or larger work well. Ensure the base is large enough 
to allow for a 2-foot 
clearance around the 
carcasses on all sides. 
To promote air fl ow, 
do not drive on the 
compost bed or pile. 


Lay animal(s) in the center of the bed. Lance the 
stomach if the carcass is bloated. Lancing to avoid 
bloating and possible explosion of the body cavity is 
optional. Explosive release of gases can result in odor 
problems and it would blow the cover material off the 
composting carcass. Place animals as shown. When 
adding a new animal to the windrow, pull back some 
of the wood chips that are covering the previously 
placed animal and place the new animal near the 
others. Small animals should be layered similar to 
stair steps. 


Key Points of Static Pile Carcass Composting
Select a site that is well drained and not subject 


to fl ooding. Depending on site topography, keep 
piles away from water courses, sinkholes, seasonal 
seeps or other landscape features that indicate the 
area is hydrologically sensitive (see CWMI fact 
sheet #6 Compost Pads: http://cwmi.css.cornell.edu/
compostfs6.pdf). 


Start with a hard surface made of asphalt, concrete 
or millings. Obtain a suffi cient supply of fresh wood 
chips. Buy a compost thermometer. Have loader nearby. 
NYSDOT personnel should contact their Maintenance 
Environmental Coordinator.


With animals under 150 pounds, there can be two 
layers of animals with a 12-inch layer of wood chips 
in between. This seems to create conditions where the 
carbon and nitrogen levels are in balance and provides 
the mass needed to reach thermophilic temperatures. 
Animals over 150 pounds will be diffi cult to layer and 
they have enough mass to compost when enveloped 
in one layer of wood chips.
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When layering, position one layer of animals 
then cover with a 12-inch layer of wood chips, 
add another layer of animals and cover with 2 
feet of wood chips. The fi nished height should be 
5-7 feet high. A pile too wide or too high prevents 
good air fl ow. 


With large animals (over 150 pounds or too heavy to lift to a second layer), cover a single layer of carcasses 
with 24 inches of wood chips. 


Check temperatures to be 
sure the composting process 
is active. If carcasses are 
not frozen and the pile built 
properly, the temperatures 
should reach 120o-150o F (49o-
65o C) in the fi rst few days 
(Figure 3).


Let sit for 4-6 months 
after the last carcass is added 
and the pile has gotten hot 
(110o F), then check to see if 
the animal is degraded. If the 
compost process worked well 
you should fi nd clean bones 
and some hair. 


Reuse the material as a bed for additional carcass compost piles or 
allow it to age for a year after the last carcass was added and the pile got 
hot. Then remove large bones and use the compost in roadside maintenance 
or establishment projects. The bones can be used in the base of the next 
pile. Keep track of the pile start date and when the last carcass is added  
and the pile has gotten hot (110o F).


Site cleanliness is an important aspect of composting; it deters 
scavengers, helps control odors and keeps good neighbor relations. 


Figure 3. Pile temperatures over time.
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Signage on Compost Sites
Be sure to place signs on the piles so that those 


managing road kill know the difference between active 
piles, unused wood chips, and storage piles and to 
prevent people from taking the material for personal use. 
Also, use fl ags or signs to indicate when the last carcass 
was added and when the pile got hot (110o F). 


Monitoring Compost Piles or Windrows
A log of temperature, odor, unwanted animal visitors, 


leachate (liquid that comes out of the pile), carcass fl uid 
spills and other unexpected events should be kept as a 
record of the process (Table 1). Temperatures should 
be taken in several spots towards the center of the most 
recently constructed portion of the pile. Thermometers 
with a 3-4 foot probe are available and should be inserted 
close to the middle of the pile 
(Thermometer sources on 
page 11). The temperature 
log will allow the composter 
to see if suffi ciently high 
temperatures have been 
reached and adjust the 
process if there is any 
problem. 


Internal compost pile 
temperatures affect the 
rate of decomposition as 
well as the destruction of 
pathogenic bacteria, fungi 


Date Pile Location PileTemperature # of Carcasses Comments Person Recording


Table 1. Sample chart.


and many seeds. The 
temperature at which 
active composting 
begins is 110o F (43o 
C). Compost pile 
temperatures depend 
on how much of the 
heat, produced by the 
microorganisms that 
are decomposing the 
organic matter, is 
lost through aeration 
or surface cooling. 
Dur ing  pe r iods 
of extremely cold 
weather, piles may need to be larger to minimize 
surface cooling. As decomposition slows, temperatures 
will gradually drop and remain within a few degrees 
of ambient air temperature (Troubleshooting Chart 
on page 10). 


Odor can be an issue and compost piles are an easy 
target for complaints. If an odor event occurs, add an 
additional 12 inches of wood chips or fi nished compost 
on top of the pile to act as a biofi lter (Figure 4).


Moving the Compost
Carcass piles should not be turned early in the process. 


Odor is a big issue and if liberated would be problematic. 
After a minimum of 4-
6 months after the last 
carcass is added and the 
pile has gotten hot (110o 


F), turning is an option 
that may speed the curing 
process and further reduce 
pathogens. Piles shrink 
as they compost, so they 
can be combined for aging 
4-6 months after the last 
carcass is added. This saves 
space and will help aerate 
the pile.


Thermometer showing elevated 
temperatures.


Figure 4. Aged compost or wood chips can be used as a biofi lter 
to help contain orders.


Road Kill Compost
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Pathogen Control
Pathogens are organisms that have the potential to 


cause disease. There is a wide array of pathogens found 
in our environment and pathogens may be elevated in 
animal carcasses. There are currently no temperature 
or pathogen regulations for mortality composting in 
NYS.


Very little work has been done on documenting 
pathogen kill in composting of road kill. The Cornell 
Waste Management Institute conducted a research 
project with NYSDOT to assess pathogen levels in 
passively aerated static piles of composting deer. In 
this study, which included three research piles and 
three fi eld piles throughout NYS, signifi cant pathogen 
reduction was observed after a year.


Chronic Wasting Disease
Chronic Wasting Disease (CWD) is a prion disease 


that is of concern in deer populations. There are no 
data to show whether CWD would be disabled in the 
composting process. Compost temperatures are not 
high enough to inactivate prions, but it is possible that 
microbial and enzymatic activity could have an effect 
on disabling prions. Disposal of prion-diseased animals 
and animals from the containment area identifi ed by the 
NYS Department of Environmental Conservation (NYS 
DEC) in Oneida and Madison counties is restricted and 
composting is not an acceptable option at this time. 


Use of the End Product and Bones
Use of the material as the base for the next pile is 


recommended and can be done 4-6 months after the 
last carcass is added and pile has gotten hot (110o F). 
The remaining bones add structure to the base material 
for improved aeration. After a year of composting, the 
end product can also be used on roadside construction 
and maintenance projects. Testing to prove the safety of 
carcass compost materials would be a very expensive 
undertaking, and would require the testing of essentially 
every pile. It is, therefore, appropriate to limit the 
use of these products to the highway right-of-way 
where there is low human or pet traffi c. Applying this 
compost to “table-top” crops directly consumed by 
people or distributing the compost material for public 
use is not recommneded. In addition, all compost 
materials may contain environmental microbes and 
decomposition products, such as mold spores, which 
may pose an inhalation, ingestion or contact risk to 
some individuals. 


Common Questions


QQ  Are there worker health and safety issues?


AA  Proper precautions including personal protective 
gear, hygienic practices like hand washing and tick 
inspections will minimize risks.


More information on worker safety and health 
is available at: NYSDOT Safety Bulletin on 
Handling Animal Carcasses (https://www.nysdot.
gov/portal/page/portal/divisions/operating/employee-
health-safety/repository/sb-05-1.pdf). A NYSDOT 
Safety Bulletin on Carcass Composting is under 
development.


QQ  Are animals attracted to the windrows? 
Roadside spreading of compost by NYSDOT.


Workers wearing personal protective gear.


For information on the CWMI/NYSDOT project, 
see: http://cwmi.css.cornell.edu/tirc/tirc.htm.
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A Whale of a Tale!


In 1999, a Northern Right Whale in the North Atlantic became 
severely entangled in fi shing equipment. About six months later 
the whale was found dead off the coast of New Jersey. The US 
Coast Guard hauled the 30,000 pound whale to shore.  Since 
there are only approximately 300 individuals left, a call went out 
to museums to see if there was interest to preserve the whale 
in some way. The Paleontological Research Institute (PRI) in 
Ithaca, NY said they would take it. They cut some of the fl esh 
and blubber off the carcass and hauled it on a fl at bed truck 
to Ithaca. Behind PRI, next to the Cayuga Medical Center, 
the whale was laid in a large bed of horse manure and completely covered and left to compost in a 
large pile. The pile was left for six months (October-April) and gently uncovered so the bones could 
be tagged and turned by hand. The bones, bits of fl esh and skin were again covered and left until 
October. With many volunteers, the bones were cleaned and weighed and ready to be assembled. 
If you are ever in Ithaca, come to PRI and visit the whale skeleton that was composted on their 
site. (Note: in one year the bones actually showed signs of pitting and degradation, for preservation 
purposes it could have come out of the pile a bit sooner.)


Source:  Jean Bonhotal, Cornell Waste Management Institute


Elk and deer composting in Montana.


A Note on Fire Danger
As with any collection of woody waste, be aware of 


potential fi re danger. In the compost piles, temperatures 
can reach 170o F and with that there can be spontaneous 
combustion. Carcasses supply a lot of moisture to 
mortality piles therefore the occurrence is unlikely. 
Take basic precautions by keeping piles not too wide 
or tall, separated from each other for fi re department 
access and not driving machinery on piles or smoking 
around piles.


AA  If built properly, it is unlikely that animals and 
fl ies will be attracted to the piles. If the site is messy 
with blood and animals parts spilled on the ground, 
animals will be attracted and investigate further. Make 
sure that all parts of the carcasses in the piles are well 
covered.


QQ  Can road kill be composted in turned 
windrows?


AA  Turning is not recommended. Composting 
mortalities in turned piles requires more labor, 
machinery and management than static pile composting, 
thus increasing costs. It also provides the potential for 
release of odors if turned too early in the process.


Montana Experience:  Montana started 
composting road kill in the spring of 2005. The 
facility handles mostly white-tailed deer from 
about 60 miles of highway in the Bitterroot 
Valley. One site near Victor has processed 
1,800 deer in 21 months of operation. Another 
site in Clearwater Junction has handled 90 deer 
and 10 elk in two months of operation.


Source:  Patrick Crowley
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Troubleshooting Table
Symptoms Problems Recommendations


Pile fails to reach temperature. Material is dense. Not enough air 
circulation.


Pile too small.


Frozen carcasses placed in pile.


Rebuild pile with more chunky carbon.
  *If it is in an odor sensitive area and 
the pile can not be moved, let process 
run its course and turn in 4-6 months.


To heat, pile needs to be greater than 
4’x4’x4’.


May need to wait until warmer weather 
to reach temperature.


Insects and other animals 
attracted to pile.


Carcasses not covered well.


Leachate puddling on pad 
surface.


Cover carcass or residual well with 
carbon.


Pad should have 1-2% slope and holes 
should be fi lled to avoid standing water.


Carcass uncovered. May not have lanced rumen 
(stomach area) resulting in 
carbon cover material being 
thrown off the pile.


May have insuffi cient cover.


Lance rumen of bloated carcasses 
before animal is put into pile.


Use plenty of wood chip cover material.


Standing water/surface 
ponding.


Inadequate slope.


Improper windrow/pile alignment.


Depressions in high traffi c areas.


Establish 1-2% slope with proper 
grading. 


Cover standing water with wood chips.


Improve drainage, add an absorbent 
such as wood chips. Run windrows/
piles down slope, not across.


Fill and grade.


Odors Ponded water.


Insuffi cient cover.


Anaerobic conditions.


Regrade the site to make sure there is 
no standing water.


Make sure piles are covered with at 
least 2 feet of wood chips.


Add a cover blanket of fresh chips or 
fi nished compost.


Build piles that are not too wide or too 
dense so that air fl ow can keep the 
piles aerobic. DO NOT turn or disturb 
piles for 4 months (depending on 
the size of the animals). Turning can 
release odors, especially early in the 
process.
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• Composting Road Kill (2007) – Jean Bonhotal, Ellen Z. Harrison, and Mary Schwarz 
• Avian Infl uenza  (coming in 2007)
• Composting Livestock Mortality and Butcher Waste (2002) – Jean Bonhotal, Lee Telega, and Joan 


Petzen


DVD/VHS:
• Composting Road Kill (2007) – 10-minute DVD produced by Insights International (http://hdl.handle.


net/1813/7870)
• Composting Livestock Mortality and Butcher Waste (2002) – 20-minute VHS video (A Spanish DVD 


will be available soon). Produced by Insights International.


Posters:
• Composting Road Kill (2007)
• Key Points of Static Pile Butcher Residual Composting (2002) (English or Spanish) 
• Key Points of Static Pile Carcass Composting (2002) (English or Spanish) 
• Potential Environmental and Biosecurity Risk of Dead Animal Disposal (2002) (English or Spanish)


NYSDOT:
• NYSDOT Road Kill Composting Operation and Maintenance Manual (https://www.nysdot.gov/portal/


page/portal/divisions/engineering/environmental-analysis/repository/deer_c_manual.pdf)
• NYSDOT Safety Bulletin on Handling Animal Carcasses (https://www.nysdot.gov/portal/page/


portal/divisions/operating/employee-health-safety/repository/sb-05-1.pdf).
• NYSDOT Safety Bulletin on Carcass Composting (in press)


Other Mortality Composting Resources
(Fact Sheets, DVD/VHS and Posters are available at: 


http://cwmi.css.cornell.edu/naturalrendering.htm)


Fact Sheets:


Suppliers — Temperature Probes
• Meriden Cooper Corporation  Meriden, CT 06450 203-237-8448


• Morgan Scientifi c  Haverill, MA 01832  508-521-4440 


• Omega Engineering, Inc.  Stanford, CT 06907  203-359-1660 


• Reotemp Instruments  Strong, ME 04983  800-648-7737 


• Spectrum Technologies  Plainfi eld, IL 60544 800-248-8873 


• Trend Instruments  Westchester, PA 19380 800-431-0002
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CWMI Compost Fact Sheet Series  


#1 Marketing Composts and Meeting Consumer Needs  (http://cwmi.css.cornell.edu/compostfs1.pdf)
#2 Regulation and Certifi cation of Composts  (http://cwmi.css.cornell.edu/compostfs2.pdf)
#3 Improving and Maintaining Compost Quality  (http://cwmi.css.cornell.edu/compostfs3.pdf)
#4 Testing Composts  (http://cwmi.css.cornell.edu/compostfs4.pdf)
#5 Compost Bulking Materials  (http://cwmi.css.cornell.edu/compostfs5.pdf)
#6     Compost Pads  (http://cwmi.css.cornell.edu/compostfs6.pdf)
#7 Compost Equipment (http://cwmi.css.cornell.edu/compostfs7.pdf)
#8 Composting Liquids (http://cwmi.css.cornell.edu/compostfs8.pdf)


Maps and database of NYS Compost Facilities can be accessed at: http://compost.css.cornell.edu/maps/
simple-search.asp. 


Select a Map to View Facilities:
All Compost Facilities
Yardwaste Compost Facilities
Manure Compost Facilities
Foodscrap Compost Facilities
Biosolids Compost Facilities
Compost Research Farms
Small Scale Compost Demo Sites


•
•
•
•
•
•
•


NYS Compost Facilities Search


Special Thanks to Contributors and Supporters
This Fact Sheet is produced as a component of a New York State Department of Transportation (NYSDOT) supported 
Transportation Infrastructure Research Consortium contract, Elisabeth Kolb, Program Manager, NYSDOT Region 8 
Maintenance Environmental Coordinator and Kyle Williams, Associate Environmental Specialist, Environmental Analysis 
Bureau.  Woods End Laboratories is a project collaborator, Will Brinton, President and Pam Storms, Microbiologist. 


Thanks to numerous NYSDOT cooperators for hosting pilot piles and demonstrations and for advising on the project 
and to the Technical Working Group and others for their advice: NYSDOT: James Ayers, Tim Baker, Jim Carey, Brian 
Gibney, Laura Greninger, Peter Howard, Ray Oram, Mary Ellen Papin, Dennis Pawlicki, Sandra Rapp, and John Rowen; 
NYSDEC:  Terry Laibach, Sally Rowland, Ward Stone, and Alan Woodard; NYSDOH:  David Dziewulski. Experts at the 
Cornell College of Veterinary Medicine and many others also contributed valuable advice on the project for which we 
thank them.


Thanks to Cornell Cooperative Extension and the College of Agriculture and Life Sciences at Cornell for funding in 
support of CWMI compost work. 


Illustrations by Bill and Colleen Davis, Artbear Pigmation Inc.


Reference to any specifi c product, service, process, or method does not constitute an implied or expressed recommendation or 
endorsement of it.  The Cornell Waste Management Institute makes no warranties or representations, expressed or implied, as 
to the fi tness for particular purpose or merchantability of any product, apparatus, or service or the usefulness, completeness, 
or accuracy of any processes, methods or other information contained, described, disclosed, or referred to in this fact sheet.


Printed on recycled paper using vegetable-based inks.  © 2007 Cornell University
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IN-HOUSE COMPOSTING OF TURKEY MORTALITIES 
AS A RAPID RESPONSE TO CATASTROPHIC LOSSES 


 
Eric S. Bendfeldt1, Robert W. Peer2, Gary A. Flory3, Greg K. Evanylo 4, and George W. Malone 5 


 
An avian influenza (AI) outbreak in the central Shenandoah Valley of Virginia in the spring and 
summer of 2002 affected 197 poultry farms and had an estimated cost of $130 million to the 
poultry farmers and state economy. The total federal cost of avian influenza eradication in 
Virginia, including indemnity, was $81 million (Akey 2003; Swayne and Akey, 2004).  Seventy-
nine percent of the farms depopulated were turkey breeder and growout flocks. Five different 
methods were used to dispose of avian influenza infected poultry: on-farm burial, landfilling, 
incineration, slaughter, and composting (Ag-Bag and in-house). More than 3.1 of the 4.7 million 
birds infected or 13,000 tons were disposed of in landfills (DEQ 2002). Landfilling has been the 
preferred option for disposal because the infected flock can be removed from the poultry farm 
relatively quickly, which enables the farmer to begin cleaning and disinfecting the poultry 
houses. Drawbacks of landfilling include expense, transportation logistics, biosecurity risks, 
public perception issues, and environmental considerations. In 2002, turkey disposal costs 
exceeded $7.25 million with an average cost per farm of $30,175. The cost per ton with 
depopulation and disposal approached $145 not including the costs of additional litter handling 
at the farm.  
 
Avian influenza depopulated poultry houses remained under quarantine on an average of 75 days 
each and for as long as 177 days (DEQ 2002). Composting was implemented as a disposal 
technology for two flocks during the outbreak with limited supervision and success. In-house 
composting has not been considered a viable option by the industry because of the potential loss 
of production space and the perception that composting would not work 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 AI outbreak 
(Malone, 2004a; Malone et al., 2004b). Avian influenza was confined to 3 farms despite the high 


                                                 
1 Extension Agent, Environmental Sciences, Virginia Cooperative Extension, 965 Pleasant Valley Road, 
Harrisonburg, Virginia 22801-0963 Phone: (540) 564-3080 Fax: (540) 564-3093 Email: ebendfel@vt.edu  
 
2 Agricultural Program Coordinator, Virginia Department of Environmental Quality, Valley Regional 
Office, P.O. Box 3000, Harrisonburg, Virginia 22801 Phone: (540) 574-7866 Fax: (540) 574-7844 Email: 
rwpeer@deq.virginia.gov  
 
3 Agricultural and Water Quality Assessment Manager, Virginia Department of Environmental Quality, 
Valley Regional Office, P.O. Box 3000, Harrisonburg, Virginia 22801 Phone: (540) 574-7866 Fax: (540) 
574-7844 Email: gaflory@deq.virginia.gov    
 
4 Extension Specialist, Department of Crop and Soil Environmental Sciences, Virginia Tech, 426 Smyth 
Hall (0403), Blacksburg, Virginia 24061 Phone: (540) 231-9739 Fax: (540) 231-3075 Email: 
gevanylo@vt.edu 
 
5 Extension Poultry Specialist, University of Delaware, 16684 County Seat Hwy., Georgetown, Delaware 
19947 Phone: (302) 856-2585 Fax: (302) 856-1845 Email: malone@udel.edu  
 







density of poultry farms in the area. In-house composting appears to be the most acceptable 
method of disposal because it limits the risks of groundwater and air pollution, high fuel costs, 
potential for farm-to-farm disease transmission, transportation costs, and tipping fees (Tablante 
et al., 2002). 
 
The project objectives were: 


• To test in-house composting as a method of disposal and disease containment for 
large birds (i.e., 17 to 40 pounds); 


• To determine how quickly the in-house process could be completed; 
• To test the effectiveness of carbon sources and rates; 
• To compare the effectiveness of composting whole carcasses, shredded and tilled 


carcasses, and crushed carcasses;  
• To demonstrate the composting process for farmers, industry and agency 


personnel. 
 
The demonstration was initiated on December 2, 2004. Eight windrows (12’ wide by 6’ high), 
each representing a treatment, were formed. Each windrow contained 2500 to 3000 pounds of 
turkey carcasses weighing from 17 to 40 pounds each. An additional experiment was conducted 
to compare the effectiveness of crushing the carcasses versus whole birds and to determine the 
minimum amount of carbon material needed to prevent leakage and encourage composting at the 
highest possible density per square foot. The temperatures of all the windrows (i.e., at 10 and 30 
inch depths) reached between 135 and 145 degrees F and maintained temperatures adequate for 
pathogen kill. The windrow with woodchips as the carbon source achieved the highest 
temperatures (Figure 1). 
 


Carbon materials compared for their effectiveness in composting turkey carcasses included: 
• Hardwood Sawdust; 
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Figure 1. Daily temperatures of woodchips and whole carcass treatment. 







• Aged, weathered woodchips with relatively high moisture; 
• Built-up Litter; 
• Starter litter or wood shavings from brooder house;  
• Blend of starter litter and built-up litter. 


 
The turkey carcass treatments included:  


• Whole carcasses mixed and piled; 
• Shredded and tilled carcasses, mixed and piled; 
• Crushed carcasses mixed and piled. 


 
The results of the research and demonstration are summarized as follows: 


• After two weeks, few carcasses remained in any of the windrow treatments.  
• All four carbon materials (i.e., hardwood sawdust, woodchips, built-up litter, and 


starter litter) were effective in composting the turkey mortalities. 
• Temperatures of all the windrows (at 10 and 30 inch depths) reached 140 degrees 


and maintained temperatures adequate for pathogen kill.  
• Woodchips reached and maintained the highest temperatures due to good 


porosity, varying particle size, and relatively ideal moisture content.  
• The starter litter required that some water be added during the mixing process, but 


only enough to make the litter and mixture glisten. 
• Shredding and tilling the carcasses increased the effectiveness of composting 


approximately 2 to 3 days by increasing the surface area to volume ratio and 
exposing the bones and marrow to furthe r decomposition and releasing more 
moisture into the compost mix.  


• Whole carcasses composted as well without tilling. 
• Tilling the litter floor after depopulation to break up excessive caked or crusted 


litter helped to increase the composting process and prevent any seepage. 
• Maintaining the base and cap on the windrow is essential to composting and 


preventing any carcasses from being exposed to the air which can prevent 
decomposition. 


• An alternative to tilling and shredding the birds would be to crush the birds by 
running them over with a skid loader or tractor. 


 
To determine the minimum amount of carbon material needed, an additional experiment was 
setup to simulate the worst case scenario (i.e., where a farmer had very little litter or carbon 
material available following a clean-out and was attempting to compost heavy toms (~ 35 to 40 
pounds)). The treatments compared were crushed carcasses versus whole carcasses. These were 
mixed with a blend of starter and built-up litter to achieve a density 12.5 pounds of carcass per 
square foot (Table 1) above a 5 inch base layer and below a 5 inch cap. 
 


Table 1.  Average characteristics of different turkey types and population densities.* 


Bird Type Age 
(weeks) 


Weight 
(lbs.) 


% Mortality Population 
(after mortality) 


Size of 
House (ft2) 


# of meat/ 
ft2 


Brooder hens 5 3.5 3 11,058 10,000 3.87 
Brooder toms 5 4.0 4 8,640 10,000 3.46 







Growout hens 14 17.5 2 10,837 20,000 9.48 
Heavy hens 16 22 2 10,837 20,000 11.92 
Light toms 15 24 8 7,949 20,000 9.54 
Heavy toms 20 40 8 6,250 20,000 12.50 
* The production goals and requirements for individual farms may vary from these averages. 
 
The results from the experiment to determine the minimum carbon material needed for 
composting heavy toms are summarized as follows:   


• Temperatures of 140+ degrees were achieved within 5 days for the crushed 
treatment and 16 days for the whole carcass treatment (Figure 2). Therefore, the 
poultry house could potentially become available 11 days sooner if the carcasses 
are initially crushed. 


• With a 5 inch base layer and 5 inch cap (10” total), no seepage occurred at a 
density of 12.5 pounds per square foot and composting was promoted. 


• Without crushing the carcasses, the whole birds tended to roll off the pile, require 
more labor, and take longer to begin composting. 


• In the whole carcasses treatment, at least 0.8” of carbon material per pound of 
carcass was needed as a base and cap to adequately cover the carcass. More 
material, approximately 1” of carbon material per pound of carcass, was needed to 
promote composting. 


• In the worst case scenario, where there is very little base litter (i.e., < 5”) and 
heavy toms in the poultry house, two tractor trailer loads of additional carbon 
material may be needed per house to promote composting. (In 2002, seven tractor 
trailer trucks were needed per house to haul carcasses off the farm to the landfill.) 
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Figure 2. Temperatures of experiment to determine the minimum carbon material needed for composting at 


a density of 12.5 pounds of carcass per square foot. 


 
A typical turkey farm affected with avian influenza in 2002 was as follows: 







• 45,600 turkeys 
o 22,800 – 14 week old hens, Avg. body Wt. 16 lbs. 
o 22,800 – 4 week old hens, Avg. body Wt. 3 lbs.  


• 352,000 pounds + 66,000 pounds = 418,000 pounds or 209 tons  
• 14 Semi truck loads.  


 
Cost estimates for in-house composting after euthanasia and depopulation: 


• 2 skid loaders ~ $140 per house; 
• 2 skid loader operators ~ $180 per house; 
• 1 person knowledgeable of composting ~ $150 per house; 
• 2 laborers ~ $120 per house for cleaning up litter and disinfecting skid loaders; 
• 5 to 6 hours of operation per house including crushing the carcasses. 
• 1 hour to clean and disinfect the skid loaders. 


 
Cost estimates if no additional carbon is needed to compost the turkey carcasses: 


• ~ $590 per house/ 104.5 tons of carcass per house = $5.65 per ton (if no additional 
carbon material is needed). 


• ~ $700 for one 200’ roll of reusable compost fleece per house if a litter storage 
shed is not available. 


 
Cost estimates if additional carbon is needed to compost the turkey carcasses: 


• ~ $1000 per house for hardwood sawdust. 
• ~ $590 per house for labor and equipment. 
• 104.5 tons of carcasses per house.  
• $15.22 per ton (if additional carbon material is needed). 
• ~ $700 for one 200’ roll of reusable compost fleece per house. 


 
Additional considerations for utilizing in-house composting as a disposal and disease 
containment method are summarized as follows:   


• Farmers and industry have expressed concern about the quality of the finished 
product and the presence of bones. In the research with heavy toms, only the 
upper part of the leg bones was visible. Other bones broke down during the 
compost process. 


• Application of the final compost to tillable row crops like corn, small grains, and 
soybeans would be the preferred method of utilization. 


• Applications to pasture or hay land would require a simple method of screening 
the bones such as through a box spreader.  


• In 2002, moving the untreated litter from AI infected farms was a problem and 
stigma. An incentive payment of $10.00 /ton of litter was needed and 
implemented to facilitate movement of 5000 tons of litter off farms. 


• In-house composting could resolve some of these issues because composting 
reduces the volume of litter 40 to 60%, provides sufficient heat to deactivate most 
pathogens, and produces a quality final product that would not require an 
incentive payment to facilitate movement of the litter off farms. 







Action items and potential research needed to make in-house composting the preferred option for 
disposal in a disease outbreak and catastrophic loss:  


1) Identify suitable compost sites on individual farms for final composting and 
curing; 


2) Identify and research which types of farms (i.e., broiler breeder, turkey breeder, 
double-deck houses) may need to compost outside of the house after euthanasia 
and depopulation;  


3) Evaluate biosecurity and farm-to-farm transmission concerns prior to bird and 
litter movement; 


4) Identify and secure several sources of carbon material (e.g., sawdust and 
woodchips) before an outbreak occurs. Sources might include county landfills, 
lumber mills, electrical power companies, tree trimming companies, and compost 
from wastewater treatment facilities.  


5) Negotiate a long term contract for at least enough carbon material to compost five 
average size farms in an outbreak (i.e., about 10 tractor trailer loads@100 
cy./load). 


6) Encourage integrators to identify a site to stockpile carbon materials such as a 
county landfill or one of their facilities. 


7) Request each integrator to designate a team or person to be trained for managing 
in-house composting in an outbreak and catastrophic loss.  


In-house composting is an acceptable cost-effective method of disposal and disease containment. 
In-house composting has not been considered a viable option by the industry and farmers 
because of the potential loss of production space and the perception that composting would not 
work on turkeys. In-house composting of turkeys demonstrates that with a good base, cap, and 
proper disease monitoring, the compost could be turned and moved out of the poultry house 
within 3 to 4 weeks. This time would be comparable to the minimum down time experienced by 
farmers in the 2002 avian influenza outbreak. Each farm and type of flock would have to be 
evaluated, but with proper planning and training of farmers and industry personnel, in-house 
composting is an effective rapid response tool for managing catastrophic poultry losses.  
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Fact Sheets, videos, web sites, and presentations addressing Carcass 
Disposal  
Cornell University - http://cwmi.css.cornell.edu/composting.htm 
Composting Road Kill Poster 
http://cwmi.css.cornell.edu/roadkillposter11x17.pdf 


Composting Road Kill 8-minute DVD http://hdl.handle.net/1813/11250  


Natural Rendering: Composting Poultry Mortality - Poster http://cwmi.css.cornell.edu/aiposter.pdf.  


Natural Rendering: Composting Poultry Mortality. 3 minute DVD. 
http://cwmi.css.cornell.edu/ai.htm.  


Natural Rendering: Composting Livestock Mortality and Butcher Waste.  
20-minute DVD http://hdl.handle.net/1813/7870.  


Natural Rendering: Composting Livestock Mortality and Butcher Waste.  
Key Points of Static Pile Butcher Residual Composting Poster 
http://cwmi.css.cornell.edu/butcher1.pdf 


Natural Rendering: Composting Livestock Mortality and Butcher Waste.  
Key Points of Static Pile Carcass Composting Poster. http://cwmi.css.cornell.edu/carcass2.pdf.  


Natural Rendering: Composting Livestock Mortality and Butcher Waste. 
Potential Environmental and Biosecurity Risk of Dead Animal Disposal Poster 
http://cwmi.css.cornell.edu/risk3.pdf.  


University of Maine Cooperative Extension:  
Safe Disposal of Backyard Poultry Flocks 
http://www.extension.umaine.edu/onlinepubs/htmpubs/12.htm 


Disposal of Dead Production Animals Bibliography  
Jean Larson (USDA ARS) 
www.nal.usda.gov/awic/pubs/carcass.htm#2006 


Carcass Composting:  A Comprehensive Review - USDA APHIS (KState) 
http://fss.k-state.edu/FeaturedContent/CarcassDisposal/CarcassDisposal.htm 
 
Poultry Management and Composting Guide - Casey Ritz and John Worley (UGA) 
http://pubs.caes.uga.edu/caespubs/pubcd/B1266.htm#Construction 


Guidelines for In-House Composting of Catastrophic Poultry Mortalities -  
Nate Tablante and George "Bud" Malone (UMD & UDEL) 
www.rec.udel.edu/Poultry/2005%20In-
House%20Composting%20of%20Poultry%20Mortalities.pdf 


NCR 530 Composting Poultry Mortality - Dick Adams, Carl Flegal, Sally Noll (PerdueU, 
MIState, UMN) 
www.ces.purdue.edu/extmedia/NCR/NCR-530.html  


University of Wisconsin Extension- http://cdp.wisc.edu/ppt/Compost_files/compost.ppt 
 
University of Maryland Extension  - http://pubs.agnr.umd.edu 
 
Ohio State University - http://www.oardc.ohio-state.edu/fabe/composting.htm   
 http://ohioline.osu.edu/aex-fact/0711.html  
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Purdue University - http://www.ces.purdue.edu/pork 
 
Washington State University - 
http://organic.tfrec.wsu.edu/compost/ImagesWeb/CompSys.html 
 
Virginia Tech - http://www.ext.vt.edu/pubs/poultry/442-037/442-037.html 
 
Michigan State University - http://www.msu.edu/~rozeboom 
 
Texas A&M University - http://tammi.tamu.edu/research.html 
  
Utah State Extension - 
http://extension.usu.edu/waterquality/files/uploads/PDF/ag507.pdf 
 
Iowa State University -  
 
Solving Swine Mortality Problems – by Dr. Tom Glanville, Agricultural & Biosystems 
Engineering, Iowa State University 
 http://www3.abe.iastate.edu/PigsGone/ 
 
Emergency Livestock Mortality Composting in Iowa - by Dr. Tom Glanville, 
Agricultural & Biosystems Engineering, Iowa State University 
http://www3.abe.iastate.edu/cattlecomposting/ 
 
 
Information Bulletins (Both available on the WWW: titles shown below are hotlinks) 
 
Composting Swine Mortalities in Iowa – by Dr. Tom Glanville, Agricultural & 
Biosystems Engineering, Iowa State University 
 
Poultry and Livestock Mortality Disposal in Iowa - Frequently Asked Question's  (63 Kb, 
revised 11/30/07) by Dr. Tom Glanville, Agricultural & Biosystems Engineering, Iowa 
State University 
Bulletin, 11 pages, covers frequently-asked questions concerning on-farm burial, landfilling, 
incineration, rendering, on-farm composting, and state agency (Iowa DNR and Iowa Department 
of Agriculture & Land Stewardship) rules pertaining to these methods of poultry and livestock 
disposal. 


PowerPoint Presentations: 
 


Posted on WWW…titles shown below are linked 


• Understanding and Troubleshooting Mortality Composting (444 Kb, 2/08) by Dr. 
Tom Glanville, Agricultural & Biosystems Engineering, Iowa State University 
Presentation, 16 slides, gives an overview of the causes and preventative measures for 
three of the most common composting problems ..... leachate production, odor, and slow 
carcass decay. Prepared for Iowa Pork Industry Center regional conferences held 
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http://www.extension.iastate.edu/Publications/PM1917.pdf

http://www3.abe.iastate.edu/cattlecomposting/Mortality Disposal FAQs 11_2007.pdf

http://www3.abe.iastate.edu/cattlecomposting/IPIC Troubleshooting Composting Feb 08 Final.pdf





throughout Iowa in February, 2008. 
   


• Emergency Mortality Disposal Planning (739 Kb, 12/07) by Dr. Tom Glanville, 
Agricultural & Biosystems Engineering, Iowa State University 
Presentation, 26 slides, covers practical, environmental, and legal considerations 
associated with use of burial, incineration, composting, landfill disposal, and rendering for 
disposal of large-scale poultry or livestock losses caused by fire, heat stress, ventilation 
failure, disease, and other catastrophes.  Prepared for statewide ISU Manure Applicator 
Certification Meetings held winter/spring 2008.  


• Composting for Routine Disposal of Poultry and Livestock Mortalities  (1.8 Mb, 
7/31/06) by Dr. Tom Glanville, Agricultural & Biosystems Engineering, Iowa 
State University 
Presentation, 41 slides with review questions, covers pros and cons of using composting 
for routine disposal of poultry and livestock mortalities.  Discusses typical equipment, 
facilities, materials, and procedures used for bio-secure and environmentally sound on-
farm composting of poultry, swine, and similarly sized species. 
   


• Understanding and Troubleshooting Mortality Composting  (Presentation, 613 Kb, 
7/31/06) by Dr. Tom Glanville, Agricultural & Biosystems Engineering, Iowa 
State University 
Presentation, 40 slides with review questions, covers fundamental factors that affect the 
success of on-farm mortality composting operations, and suggest strategies for avoiding 
typical problems such as leachate release, odor, and slow carcass decomposition. 
   


• Emergency Mortality Composting  (877 Kb, 7/31/06) by Dr. Tom Glanville, 
Agricultural & Biosystems Engineering, Iowa State University 
Presentation, 41 slides with review questions, covers emergency scenarios that favor the 
use of composting, provides rules of thumb for estimating size and cover material 
requirements for emergency windrow composting of large quantities of any type of 
carcasses, or for daily (non-emergency) disposal of cattle or other large species.  Based 
on research and practical experiences obtained during a 3-year emergency cattle 
mortality composting study conducted by Iowa State University for the Iowa Department 
of Natural Resources.  
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