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Abstract
Background and Aim: Environmental impacts from carcass management are a significant concern globally. Despite a 
history of costly, ineffective, and environmentally damaging carcass disposal efforts, large animal carcass disposal methods 
have advanced little in the past decade. An outbreak today will likely be managed with the same carcass disposal techniques 
used in the previous decades and will likely result in the same economic, health, and environmental impacts. This article 
overviews the results of one field test that was completed in Virginia (United States) using the aboveground burial (AGB) 
technique and the disposal of 111 foot-and-mouth disease (FMD) infected sheep in Tunisia using a similar methodology.

Materials and Methods: Researchers in the United States conducted a field test to assess the environmental impact and 
effectiveness of AGB in decomposing livestock carcasses. The system design included a shallow trench excavated into native 
soil and a carbonaceous base placed on the bottom of the trenches followed by a single layer of animal carcasses. Excavated 
soils were subsequently placed on top of the animals, and a vegetative layer was established. A similar methodology was 
used in Tunisia to manage sheep infected with FMDs, Peste des Petits Ruminants virus, and Bluetongue Virus.

Results: The results of the field test in the United States demonstrated a significant carcass degradation during the 1-year 
period of the project, and the migration of nutrients below the carcasses appears to be limited thereby minimizing the threat 
of groundwater contamination. The methodology proved practical for the disposal of infected sheep carcasses in Tunisia.

Conclusions: Based on the analysis conducted to date, AGB appears to offer many benefits over traditional burial for 
catastrophic mortality management. Ongoing research will help to identify limitations of the method and determine where 
its application during large disease outbreaks or natural disasters is appropriate.

Keywords: aboveground burial, carcass disposal, foot-and-mouth disease, foreign animal diseases, mesophilic static pile 
composting.

Introduction

The purpose of this project was to evaluate and 
operationalize aboveground burial (AGB) as an alter-
native to existing animal carcass disposal methods. 
We theorize that AGB will prove to offer many of the 
benefits of traditional burial but with less environmen-
tal impact. Some benefits include low-cost, low-tech-
nology, biosecurity, and enhanced environmental 
protection. These benefits are, especially, important 
in developing countries where more cost and technol-
ogy-intensive disposal methods would be impractical.

The direct cost of zoonotic diseases over the past 
decade has been estimated at more than $20 billion 

with an indirect cost exceeding $200 billion [1]. This 
economic impact is not unique to the agricultural sec-
tor and affects all individuals, groups, and sectors of 
the economy. The total economic impact of a foreign 
animal disease outbreak is generally difficult to calcu-
late as it includes both direct and indirect costs. Direct 
costs, such as those associated with surveillance, 
testing, appraisal, depopulation, disposal, cleaning 
and disinfection, and international trade impacts, are 
possible to calculate, while indirect costs, including 
consumer and employment effects, impacts on local 
and regional economics, future environmental reme-
diation efforts, and changes to import levels can be 
more difficult to determine. Due to the difficulty in 
calculating these indirect impacts, the total economic 
impact of an outbreak will likely be underreported.

Although composting has been successfully 
implemented during large-scale outbreaks of avian 
influenza in the United States [2-5], outbreaks of 
livestock disease represent a greater challenge. 
Outbreaks of foot-and-mouth disease (FMD) in the 
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United Kingdom in 2001 [6] and Taiwan [7], Japan [8], 
and South Korea [9] in 2010 are clear reminders that 
carcass disposal is a critical component of an effec-
tive disease response strategy. Dramatic photos of 
cattle burning in open pyres during the 2001 FMD 
outbreak the United Kingdom resulted in widespread 
public opposition to open burning. In Japan, the lack 
of acceptable burial sites resulted in delays in disease 
eradication efforts and required the Japanese govern-
ment to implement a vaccinate-to-kill strategy [10]. 
South Korea’s disease eradication efforts resulted in 
the destruction of 20% of the country’s livestock and 
the creation of 4700 burial sites [11]. This widespread 
carcass burial has resulted in concerns about massive 
environmental impacts associated with this activity. 
Although investigations to characterize the actual 
impacts of this activity are in their early phases, many 
worry that the environmental impacts, including con-
tamination of the drinking water supply, will last for 
decades.

Failure to create detailed, site-specific carcass 
disposal plans as part of a comprehensive foreign 
animal disease response strategy can result in delays 
in disease eradication efforts. A study of a simulated 
FMD outbreak in California concluded that delaying 
the response to a detection from 7 to 22 days increased 
the mean number of herds under quarantine from 680 
to 6200 as well as increased mean economic impact 
cost from $2.3 billion to $69 billion [12].

A study published by the United Kingdom 
Department of Health looked at the potential health 
impact of various carcass disposal methods [13]. They 
looked at the specific hazards present during FMD 
carcass disposal efforts and the associated pathways. 
Burial was ranked as the highest risk disposal method 
with rendering posing the least risk. With many dif-
ferent pathways of exposure from burial, including 
direct contact, recreational water use, water supplies, 
crops, shellfish, direct contact with contaminated soil, 
the migration of gasses into buildings, and potential 
hazards from burial can easily contaminate surround-
ing farms and drinking water system. These poten-
tial hazards include campylobacter, Escherichia coli, 
Listeria, Salmonella B, anthracis, Cryptosporidium, 
Giardia, Clostridium tetani, Clostridium botulinum, 

Leptospira, Mycobacterium, tuberculosis v. bovis, 
Yersinia, prions for bovine spongiform encephalop-
athy (BSE), scrapie, disinfectants, detergents, and 
hydrogen sulfide. Landfilling infected carcasses 
were assessed as a lower risk but included similar 
potential exposure hazards and pathways. Hazards of 
open burning include particulates, SO2, NO2, nitrous 
particles, fuel-specific chemicals, metal salts, poly-
cyclic aromatic hydrocarbons, dioxins, prions for 
BSE, and scrapie. Open burning pathways of expo-
sure include water supplies, runoff, inhalation, and 
deposition into the food chain. Chen et al. [14] 
assessed the emissions of heavy metals from animal 
carcass incinerators.

With the potential for significant economic and 
environmental costs associated with ineffective car-
cass management, foreign animal disease responders 
need additional disposal methods to support their dis-
ease eradication efforts.
Materials and Methods
Ethical approval

This article does not contain any studies with 
live human or animal subjects performed by any of 
the authors.
Study area

The demonstration project was conducted in 
Rockingham County, Virginia, in the eastern part of 
the United States, and the Tunisian project was located 
in the western part of Tunisia near the coastal city of 
Sfax.
Technical approach, Virginia field test

In April 2015, researchers in Virginia, United 
States, conducted a field test to assess the environ-
mental impact and effectiveness of AGB in decom-
posing livestock carcasses [15]. Figure-1 shows a 
basic diagram of the AGB technique. Four variations 
of the AGB system were evaluated as summarized in 
Table-1. The system design included a shallow trench 
excavated into native soil to a depth of between 18 
and 28 inches. Eight inches of loose soil or carbo-
naceous material were placed on the bottom of the 
trench (Figure-2), followed by a single layer of ani-
mal carcasses (Figure-3). Excavated soils were sub-
sequently placed on top of the animals forming a 

Table-1: Summary of treatments used in Virginia field test

Date of Installation Design 1 Design 2 Design 3 Design 4

Date of installation April 17, 2015 April 17, 2015 July 9, 2015
Date of seeding April 29, 2015 April 29, 2015 July 23, 2015
Trench depth (inch) 18 18 28

Carcass underlayment 8 inch of woodchips 8 inch of loose soil

April 17, 2015 
April 29, 2015 
NA- Installed at
ground level
8 inch of woodchips 8 inch of corn silage

Total system height (inch) 30 30 36 30
Phytoremediation layer ½ cool season mix ½ cool season mix None ½ cool season mix

½ warm season mix ½ warm season mix ½ warm season mix
Animal Carcasses Two, 1200 lbs. cows Two, 1200 lbs. cows Two, 1200 lbs. cows Two, 1200 lbs. cows
System cap Soil from the 

excavation
Soil from the 
excavation

Mix of 10% clay,
10% poultry litter

8 inch of corn silage
covered
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mound on which the vegetative layer was established 
(Figure-4). Finally, a perimeter trench was placed 
around the mound to prevent the intrusion of surface 
water into the system. The site was visited weekly for 
the 1st month following installation and then once per 
month thereafter for the next year. Visual observa-
tions and pictures were taken to document the results. 
1 year after the ABG field test was initiated, investiga-
tors excavated to the bottom of each design to assess 
the extent of carcass degradation and to collect soil 
borings for subsequent analysis. The assessment was 
simply a visual observation of degradation. In addi-
tion, soil samples were collected using a soil auger at 
depths shown in Figure-5. Each sample consisted of a 
single core from each of the four treatments and two 
samples from adjacent areas where animals were not 
buried. Soil samples were analyzed for total N, ammo-
nium N, nitrate N, mehlich P, and Ph.
Technical approach, Tunisia

After the seizure of 151 sheep from the illegal 
trade by the Tunisian customs authorities, the animals 
were placed in a quarantine center. For the duration of 
a week, clinical signs were observed, and tissue and 
blood samples were taken to be analyzed for infec-
tious diseases. The results of these tests showed that 
serological traces of the FMD virus using the 3 ABC 

test with Peste des Petits Ruminants Virus (PPRV) and 
Bluetongue Virus found using polymerase chain reac-
tion analysis. Based on these results, the decision was 
made to depopulate and dispose of the herd.

The team chose the AGB method for the dis-
posal of 111 of the 151 animals because it appeared 
to be an easy method for implementation with a low 
cost of execution. 40 sheep died from PPRV and 
were managed through traditional burial. In addition, 
they wanted to use this method to test and validate 
the effectiveness of this method as demonstrated in 
Virginia [15].

Initially, the animals were to be slaughtered and 
buried on the site of the quarantine center. However, 
adjacent residents did not want these animals buried 
at the quarantine center due to potential odors and 
the risk of pathogen spread to their livestock. For this 
reason, the team relocated the disposal site to a more 
remote location with clay soils.

The team excavated a trench 27 inches wide by 
60 inches deep and 230 feet long (Figure-6) and added 
about 12 inches layer of straw at the bottom of the 
trench. Next, they placed 111 sheep carcasses (total 
weight of approximately 9400 pounds) side-by-side 
in a longitudinal position (Figure-7) and then cov-
ered them with 60 inches of excavated soil (Figure-8). 
Finally, they seeded alfalfa on the mound. Based on 
the size of the trench and the number of animals, the 
AGB method resulted in a carcass density of 4.66 f2 
per carcass.

Figure-1: Cross section of aboveground burial system.

Figure-2: AGB trench ready for carcasses.

Figure-3: AGB trench with bovine carcasses.

Figure-4: Vegetated AGB system.
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Results and Discussion
Virginia field test

Two weeks after installation of the AGB system, 
the following observations were made:
•	 There	was	a	significant	crack	in	Design	3	within	

the 1st week of burial. This crack attracted flies. 
Larvae were observed approximately 2 weeks 
after the animals were buried

•	 Small	 cracks	 had	 formed	 on	 the	 surfaces	 of	
Designs 1 and 2 approximately 2 weeks fol-
lowing placement of the carcasses. However, 

minimal odor was detected from these cracks, 
and only, a few flies and no fly larvae were 
observed

•	 The	 authors	 believe	 that	 all	 of	 the	 cracks	 in	
Designs 1, 2, and 3 could have easily been recti-
fied with a little additional soil

•	 Total	 height	 on	 all	 designs	 had	 decreased	 6-8	
inches by week 4

Figure-5: Cross section of AGB project area.

Figure-6: Preparation of AGB trench.

Figure-7: Sheep carcasses placed in AGB trench.
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•	 Cool-season	 grasses	 were	 well	 established,	 but	
warm-season grasses had not germinated. The 
animals were placed in April. We speculate that 
the weather was too cool for the warm season 
blend to germinate and become established

•	 No	leachate	or	free	 liquids	were	observed	at	 the	
surface from any of the designs.
One year following installation of each of the 

AGB variations, investigators excavated to the bottom 
of each design to assess the extent of carcass degrada-
tion and to conduct borings for subsequent soil anal-
ysis. In Designs 1 through 3, carcass degradation was 

approximately 95% with only the larger bones remain-
ing. Carcass degradation in Design 4 was only around 
60% with some flesh, hide, and fatty tissue remain-
ing. The depth of Designs 1 through 3 was 18 inches 
or shallower, while Design 4 was 28 inches deep. 
We presume that the deeper design contributed to an 
anaerobic environment in the trench which inhibited 
the biological activity found in the shallower designs 
(no actual oxygen readings were taken).

It is important to note that there were no repli-
cations to any of the treatments and the soil sample 
consisted of a single core of soil collected beneath 

Figure-8: Completed AGB system.

Figure-9: Plan view of AGB project area.

Figure-10: Soil ammonium levels.

Figure-11: Soil nitrate levels.

Figure-12: Soil phosphorus levels.
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the bottom of each treatment. Soil borings were col-
lected as shown in Figure-9. Nitrogen concentrations 
appeared to be elevated higher than background levels 
for Designs 1, 2, and 4. This nitrogen was in the form 
of ammonium (Figure-10), and we presume organic 
nitrogen (it was not nitrate because nitrate concentra-
tions were low as shown in Figure-11). We presume 
that there was not enough oxygen present for nitri-
fication. Nitrogen components, which are typically 
mobile, were not present in elevated concentrations at 
depths	of	>24″	below	 the	bottom	of	 each	 trench.	 In	
regard to phosphorus, we anticipated that we would 
see an elevated soil test phosphorus concentration 
immediately beneath the animal carcass. Thus, the 
sampling	depth	was	adjusted	to	0-6″	and	6-12″	imme-
diately beneath each design. The results shown in 
Figure-12 are not clear as to the fate of the phospho-
rus. Potential explanations are either (1) the elevated 
soil test phosphorus in the surface soils combined with 
historical plowing could have elevated subsoil phos-
phorus levels or (2) the phosphorus from the mortal-
ity was contained in the material excavated before 
sampling or (3) the mehlich 3 extraction procedure 
did not capture the phosphorus. Phosphorus does not 
typically leach through soils with a high clay content. 
Moreover, thus, we do not anticipate a problem with 
phosphorus leaching. We plan to continue to docu-
ment phosphorus movement in the future field tests.
Tunisia project

The AGB mound was completed on May 05, 2017. 
The following observations were made 1 week later:
•	 Absence	of	liquid	from	the	ditch
•	 Absence	of	odors
•	 Absence	of	cracks
•	 Absence	of	flies.

On June 2, 2017, 4 weeks after AGB pit com-
pletion, only a few cracks were observed (Figure-13). 
Due to a lack of precipitation, the alfalfa had not yet 
germinated.

Following the use of this technical approach 
and considering the first observed results, we have 

demonstrated that ABG may be an effective technique 
and which is easy to set up. However, further work 
will need to be completed to assess carcass decompo-
sition and virus inactivation. Furthermore, we made 
an estimate of the overall cost of the Tunisia opera-
tion, and the cost did not exceed $300 US.

To evaluate the effectiveness of this method, we 
have designed a monitoring schedule that will include 
sampling to test the viability of the viruses under these 
conditions and to evaluate the state of decomposition 
of the carcasses.
Practicality of the method

It is our initial observations based on these two 
field tests that AGB may offer many of the benefits of 
traditional on-site burial while minimizing the poten-
tial for environmental impact. Some potential benefits 
include:
•	 Simple,	 low-technology,	 design	 allows	 imple-

mentation with minimal training
•	 Low	execution	cost
•	 Reduces	 the	 risk	 of	 groundwater	 contamination	

be increasing the separation from the groundwater 
table

•	 Relatively	rapid	to	install
•	 Absorption	of	decomposition	 fluids	by	 the	 layer	

of carbonaceous material to minimize negative 
environmental impacts

•	 Reduces	the	potential	for	disease	spread	by	keep-
ing the material on the farm and minimizing exter-
nal inputs

•	 Flexibility	to	implement	as	a	temporary	or	perma-
nent solution
•	 Carcasses	 could	 be	 excavated	 for	 perma-

nent disposal (incineration, landfilling, and 
composting) after initial disease eradication 
efforts

•	 AGB	mounds	could	be	regraded	and	revege-
tated after complete carcass decomposition.

•	 AGB	has	 the	 potential	 of	 being	 implemented	 to	
manage carcasses during a natural disaster or for-
eign animal disease outbreak. Additional research, 
however, will be needed to ascertain if specific 
diseases are destroyed during the AGB process.
Based on our visual observation, we believe that 

AGB and thermophilic composting are similar in that 
both methods rely on aerobic biological activity to 
decompose the animal carcasses. With AGB, we are 
attempting to place the carcasses in the biologically 
active soil zone where biological activity is enhanced 
by the addition of a carbonaceous layer similar to 
composting.

However, unlike thermophilic composting, we do 
not believe that AGB promotes the activity of thermo-
philic bacteria and does not generate the high tempera-
tures that you would expect during windrow compost-
ing. As a result, pathogen inactivation will not occur 
from heat. We will need to engage experts in pathogen 
viability to document pathogen destruction. It is our 

Figure-13: Cracks observed at 4 weeks.
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hope that the combination of predation by microbial 
populations, a shift in pH, and the absence of a living 
host will inactivate enough pathogen to make this a 
viable option for animal disease management.

While thermophilic composting may be advan-
tageous in many circumstances, during the response 
to an extremely contagious disease such as FMD, 
AGB can be implemented more quickly to contain 
the infected carcasses and reduce the potential for the 
spread of disease.

Before recommending this method for full-scale 
implementation during a catastrophic livestock mor-
tality event, additional research and field testing will 
be necessary. Our research team is currently preparing 
to initiate further research to:
•	 Evaluate	and	demonstrate	the	use	of	AGB	on	two	

sites using two different treatments and compare 
the effectiveness of the two treatments with the 
effectiveness of traditional burial

•	 Evaluate	the	effect	of	each	treatment	on	nutrient	
transport below the burial site

•	 Assess	the	cost	of	AGB	versus	traditional	burial
•	 Conduct	outreach	and	education	in	Virginia	about	

AGB.
Furthermore, additional research will be needed 

to determine if AGB will reduce the spread of disease 
and/or if this technique reduces the viability of spe-
cific pathogens through mechanisms such as a shift 
in pH and predation by natural bacterial populations.
Conclusions

Based on the analysis conducted to date, AGB 
appears to offer many benefits over traditional burial 
for catastrophic mortality management. Application 
of this method to manage sheep infected with FMD, 
bluetongue, and sheep plague in Tunisia demonstrated 
its practicality in that environment. Site design will be 
critical to the success of this option. Soil characteristics 
and depth to groundwater are the key parameters to con-
sider to ensure minimal environmental impact. Ongoing 
research will help to identify the limitations of the 
method and determine where its application during large 
disease outbreaks or natural disasters is appropriate.
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