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Foreword 

The U.S. Environmental Protection Agency (EPA) is charged by Congress with protecting the Nation’s 
land, air, and water resources. Under a mandate of national environmental laws, the Agency strives to 
formulate and implement actions leading to a compatible balance between human activities and the ability 
of natural systems to support and nurture life. To meet this mandate, EPA’s research program is providing 
data and technical support for solving environmental problems today and building a science knowledge base 
necessary to manage our ecological resources wisely, understand how pollutants affect our health, and 
prevent or reduce environmental risks in the future. 

The National Risk Management Research Laboratory (NRMRL) is the Agency’s center for investigation of 
technological and management approaches for preventing and reducing risks from pollution that threaten 
human health and the environment. The focus of the Laboratory’s research program is on methods and their 
cost-effectiveness for prevention and control of pollution to air, land, water, and subsurface resources; 
protection of water quality in public water systems; remediation of contaminated sites, sediments and 
ground water; prevention and control of indoor air pollution; and restoration of ecosystems.  NRMRL 
collaborates with both public and private sector partners to foster technologies that reduce the cost of 
compliance and to anticipate emerging problems. NRMRL’s research provides solutions to environmental 
problems by: developing and promoting technologies that protect and improve the environment; advancing 
scientific and engineering information to support regulatory and policy decisions; and providing the 
technical support and information transfer to ensure implementation of environmental regulations and 
strategies at the national, state, and community levels. 

This publication has been produced as part of the Laboratory’s strategic long-term research plan. It is 
published and made available by EPA’s Office of Research and Development to assist the user community 
and to link researchers with their clients. 

Lawrence W. Reiter, Acting Director. 

National Risk Management Research Laboratory 
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Abstract 

The National Risk Management Research Laboratory (NRMRL) developed a Risk Management Evaluation 
(RME) to provide information to help plan research dealing with the environmental impact of concentrated 
animal feeding operations (CAFOs). Methods of animal production in the U.S. have undergone fundamental 
changes in the last 30 years. The majority of meat, dairy, and poultry production has been concentrated into 
large facilities. Dairies with more than 2,000 cows and swine operations with more than 10,000 hogs are not 
unusual. Broiler houses with 50,000 birds are common. With the concentration of animals has come a 
concomitant concentration of manure production. One animal facility with a large population of animals can 
easily equal a small city in terms of waste production. Current practices of waste handling often include 
minimal or no treatment before the wastes are disseminated into the environment. The RME was developed 
to provide characterization of the waste problem, and a description of common environmental stressors and 
their movement including the air transport of pollutants. Current risk management practices in the animal 
industry are described, along with treatment approaches such as anaerobic/aerobic digestion, constructed 
wetlands, and disturbed land reclamation. Finally, suggested areas for future research are presented to help 
focus planning for the near future. 
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1 OVERVIEW OF RISK MANAGEMENT DOCUMENT 

 This document is intended to help the reader gain an understanding of potential environmental 
problems associated with Concentrated Animal Feeding Operations (CAFOs).  Although a variety of 
animals are raised in CAFOs, this document will focus on beef, dairy, swine and poultry. The quantities and 
characteristics of manure produced by the different animals are presented. The watershed stressors resulting 
from CAFO pollution are discussed, as are the transport mechanisms that disperse them through the 
environment. Common manure management practices are also presented.   

Because large numbers of animals are confined in relatively small areas at CAFOs, a very large 
volume of manure is produced and must be kept in a correspondingly small area until disposed of.  The age-
old practice of land application is used, but the volumes of manure that must be disposed in this way 
frequently exceed the assimilative capacity of land within economic transport distances.  This may result in 
the release of excess manure to watershed environments during the catastrophic breach of holding facilities 
or more commonly, during the intermittent runoff of excess manure applied to already saturated land.  
Figure 1.1 shows the phosphorus assimilative capacity of farmland in the United States.  Figure 1.2 shows 
the excess phosphorus available on farms with no export.  Clearly, an imbalance exists between available 
phosphorus and the capacity of the land to absorb phosphorus. The same general relationship holds for 
nitrogen. If land in entire counties were available for application of animal waste, the overburden of 
nutrients is somewhat relieved, but excess quantities of nutrients still exist in some locales.  Neither of the 
maps shown takes into account fertilizer applied to fields.   

This would be a problem even if manure contained only beneficial nutrients.  In excess amounts, 
these nutrients damage, not improve, soil fertility and may pollute nearby water. More importantly, 
however, manure from CAFOs contains components other than nutrients.  The dominant element in manure 
is carbon. Many of the carbon compounds in manure may contribute to oxygen depletion in water.  The 
nutrient elements N and P in manures may also contribute to eutrophication of water if their entry into water 
is not controlled. Modern agriculture with its emphasis on intensive housing and speeding the growth of 
livestock to market weight has employed a variety of substances that have not been used before in animal 
husbandry. These include antibiotics to combat the spread of disease among animals housed in close 
quarters, natural and synthetic hormones to speed growth, and metals (As, Cu, Zn) to do the same and 
preserve the freshness of feed. When present in the large amounts of manure generated at CAFOs and 
stored on-site, these other substances pose a threat to the environment.  The effects of antibiotics on native 
soil bacteria are largely unknown. The effects of biogenic and synthetic hormones on other animals and 
humans are largely unknown.   
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Figure 1.1.  Phosphorus assimilative capacity for farms. 

This Risk Management Evaluation (RME) is intended to document the salient environmental risks 
associated with hog, poultry, dairy and beef CAFOs and actions that could be taken to reduce those risks 
now. Areas in which further research is needed are identified and discussed in Section 8 of this document.  

In reviewing the existing body of knowledge on intensive livestock agriculture, the following points 
became clear. 

• 	 Underlying all of the environmental problems associated with CAFOs is the fact that too much 
manure accumulates in restricted areas.  Traditional means of using manure are not adequate to 
contend with the large volumes present at CAFOs. 

• 	 The nutrient load from CAFOs is large, with about 2.5 billion pounds of N and 1.4 billion pounds of 
P recoverable in manure.  Total manure N is about 12.9 billion pounds and total manure P is about 
3.8 billion pounds. 
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Figure 1.2.  Excess phosphorus on farms with no export. 

• 	 CAFO manure contains potentially pathogenic microorganisms.  The combination of large herds and 
closely confined housing makes it likely that at least some animals are asymptomatic carriers of 
pathogenic organisms.  Once introduced, these pathogens may readily spread among the closely 
confined herd. Shed into the manure, these pathogens find favorable breeding grounds in the barns, 
manure storage and handling systems and are released into the watershed environment routinely 
during the land application of waste. 

• 	 The antibiotics administered to CAFO livestock may contribute to the development of antibiotic 
resistant strains of pathogens – especially those harbored within the livestock raised at these 
facilities.  The sub-therapeutic use of antibiotics at CAFOs aggravates the problem. 

• 	 Naturally occurring and synthetic hormones administered to livestock to speed growth to market 
weight pollute the environment when released along with manure during land application or during 
an accidental release. The environmental effects of these compounds are largely unknown. 
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• 	 Metals used as feed supplements to promote livestock growth may degrade the quality of the land to 
which waste is applied. Adverse environmental effects may result when waste containing metals is 
released into the watershed. 

• 	 Transport pathways for stressors from CAFOs encompass surface runoff, air transport and 
redeposition, and groundwater flow. Nutrients, pathogenic organisms, hormones and metals may 
easily reach waterbodies via these means. 

There are measures that may be taken now to mitigate the risk posed by the large volumes of manure at 
CAFOs. 

• 	 Reduce the volumes of manure created by changing waste management, handling practices, and feed 
utilization efficiency. 

• 	 Treat manure to kill pathogens, attenuate hormones and other organic contaminants, and stabilize 
metals. 

• 	 Increase use of anaerobic treatment and composting to control odors, nutrients, pathogens, and 
generate renewable energy. 

• 	 Reduce the use of antibiotics to stem the development of antibiotic resistant pathogens. 

• 	 Increase soil conservation methods to reduce runoff and erosion from fields to which manure has 
been applied. Reduced tillage, terraces, grassed waterways, and contour planting offer conservation 
benefits. 

• 	 Install barriers such as riparian zones and wetlands to prevent manure-laden runoff from fields from 
reaching streams. 

• 	 Change barn ventilation and manure management and handling practices to minimize the airborne 
release of stressors. 

• 	 Where economic factors work against making changes to CAFO management practices, eliminate 
them or provide incentives for making such changes.  

Additional research needs to be undertaken to develop a range of alternatives for managing CAFO 
manure. The U.S. Department of Agriculture is engaged in research to address many of these questions, 
especially with respect to nutrient issues. EPA intends to complement their efforts by working with them on 
mitigation strategies for nutrients and, more importantly, focusing on pathogen, hormone and metal issues.  

The environmental challenges posed by CAFOs are not insoluble.  In some cases, simple 
management of wastes in different ways will ameliorate some of the problems.  More attention to good soil 
management and application of wastes at phosphorus based agronomic rates will reduce loads of pollutants 
reaching water bodies. Development of means to extract value from wastes will be needed to make 
treatment feasible and reduce health risks.  Nitrogen, phosphorus and methane are some of the potentially 
valuable products recoverable from manures.  The key problem for managing CAFO waste is one of 
distribution of the manure from points of production to application sites in an economically viable manner.   
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Beyond manure management, new issues are emerging such as the environmental impact of 
aquaculture and other intensive agricultural operations, the environmental effects of different types of 
mortality management, and how to mitigate the hydrologic changes brought about by large CAFO 
operations. These issues will be addressed in future versions of this RME. 
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2 INTRODUCTION 

2.1 Agricultural Sectors Considered in this Document 

Hog, poultry beef, and dairy production are considered in this document.  Although there are other 
livestock production sectors that utilize intensive production methods, these represent the sectors most often 
identified as the cause of water quality problems caused by animal agriculture (USEPA, 2001).  The 
recently promulgated rule addresses only these four agricultural sectors.   

Animal production agriculture in recent years has evolved into a system with highly integrated 
production. A company known as an integrator owns all of the components of production from the feed, the 
animals themselves, and the slaughterhouse.  Large numbers of animals are kept in barns or in the case of 
beef cattle in feedlots that are owned by a farmer who is acting as an independent contractor for the 
integrator. The farmer owns the facility where the animals are housed and fed.  Typically, the farmer is 
responsible for manure handling, safe storage, and disposal.  This usually means that the manure is stored in 
large piles or impoundments until it may be applied to the land.  Manure has long been applied to 
agricultural land as a fertilizer and as a means of soil improvement.  Today, however, the large numbers of 
animals housed in CAFOs generate waste on a scale that may overwhelm the capacity of the adjacent land 
to absorb it. It is this excess manure that causes the environmental problems associated with CAFOs. 

Manure production varies by animal species, diet, and age of the animal.  An animal unit is a 1000­
pound animal, frequently taken as one market-weight beef animal. Each animal generates approximately 50 
to 60 pounds of manure per day. From these figures, it may be seen that the waste load for a 1000 animal 
unit facility is quite large. For example, a beef feedlot with 1000 animals produces about 21,000,000 lbs of 
manure per year.  
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