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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



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.



Table of Contents

1  OVERVIEW OF RISK MANAGEMENT DOCUMENT ....cooiiiiiiiesiesiisiesiiseseeee e 1
2 INTRODUCTION ...ttt e sttt et sa e s e e s e e st et e stesteabeeteasaeseeneesseeessensestesreaseenaenens 6
2.1  Agricultural Sectors Considered in this DOCUMENT ...........ccoveiiiiiiiieicsee e 6
3 MANURE PRODUCTION AND MANAGEMENT .....cooi ittt 7
3.1  Manure Quantities Among Animal POPUIAtIONS...........ccviieiiiiiiie e 7
3.11 POUITIY bbbttt bbbt bbbttt 9
3.1.1.1  Broilers/R0ASters ant TUIKEYS........ccuiiieiieiieieieesie e st ste e stee e sre e staesre e sreesne e ens 10
N I < £ T OO UPTUURTPPRRPRTOR 11
3.12 01 LSRR PR PRPR 12
3.1.3 (08 1L [OOSR PP 15
3131 BEET FREAIOLS ... bbb bbb 15
TN 7 B - | YT RPURTP 17
3.2 MANUIE CRAraCEIISTICS. ....oiuiiuiiuiieiitieieieie ettt bbb bbbttt e bbb b eneas 19
3.2.1 PRYSICAI PrOPEITIES. ... ittt ettt sb e be e et e et sreene s 20
3.2.2 Nutrient Content and FOrm from POUIIY..........ccoooe i 21
3.2.2.1  Layers, Broilers, and TUIKEYS........coiiiiiiiiieee e 21
A I |1 £ T TP OPR 21
3.2.2.3  Nutrient Content and FOrm from SWINE .........ccooiiiiiiiiie s 21
3.2.2.4 Nutrient Content and Form from Cattle...........cccooeviiiiiiiiii e 21
3.3 Manure ManagemeENt PraCtiCES.........oiuiuiiieiieiieeie ettt sttt sbeeeesneeste e e 22
3.3.1 Wet Manure ManagEMENT...........ueiiiieiiiie ittt b et e e e e e snb e e nnre e e e 22
3.3.2 Dry Manure ManagemMENT...........oooiuiiiiiieiiiie ittt 22
4  WATERSHED STRESSORS IN CAFO WASTE .....oiiiiiiiie et 24
41 N UL T=T o] PRSPPI 24
4.1.1 N 00T USSR 25
41.2 PROSPINOIUS ...ttt st te st b e e b ne e nbe e beene e reeae s 27
4.1.3 IVHINETAL SIS ...ttt bbbt 28
4.2 o1 00 ST PTPRTRRN 28
4.2.1 Pathogens of CoNCErN @t CAFOS .......ccuiiieie ettt e sre e e eee s 29
O N R = ¥ i (- 1 T U PSS URPRT 29
O A V| o T SRS 30
O N Y | (1S PRSP RTPR 30
4214 HEIMINTNS ..ottt ettt b e bbbt 30
O T o (0] (0 4o - WU OU T TP UPTTPR 30
4.2.2 DiSEASE DESCIIPLIONS......eiveeiestieiieeie et e et e eeste e e et e et e s e teasaesreesbeeneesreesreeseenneenneeseas 31
4.2.3 Effects of Pathogen POIHULION ........ccoiiiiiiiiee e 32
4.2.4 Human Diseases: Examples of Manure-Related Human Epidemics, Case Studies of
Problems and Potential for Problems with Pathogens in Animal Manure.............ccc.cceeueeee. 33
4241 WAIKEITON, ONAIO ..cuviuiiiiiiiiiitisiieeeie ettt bbbttt bbbt neeneas 33
4.2.4.2 Washington County Fair, NEW YOIK ........cccccooiiiiiiiieiinie e 33
4.2.4.3  CArrolton, GA ..ot bbb 34



4.2.4.4  Wilshire, Swindon, and Oxfordshire, England..............cccooevvviiiienisie e 34

4245 Bradford, ENGIANG.........cooiiiiiiie e e e 34
4.24.6  MiIWaUKEE, WISCONSIN......cviiieiieieieesieeie st e steeee e ste et re e sre e be e e sreeteeneesnaenaeeneenrs 34
o A Y - RSP 34
S BT | O 2 o o RS 34
A e I O o To o] |V [ TS1S{ o TU | o PRSP 34
4.2.5 ANIMAL DISBASES. ... .eveerteeiiesieesieee s et ate et e st e et e e e s teeaeaseestees e e sseesseesaeareesseeneesreenreenee e 35
I T A 1] o] ] [PPSR 36
4.3.1 Case studies on the effect of antibiotics related to CAFOs on the environment: ................. 37
4.3.1.1 Case 1l — Chesapeake Bay ........ccccceiiiiieiiiiiesiieie ettt 37
4.3.1.2 Case 2 — 10wa SWINE OPEIatiONS ........ccveieiierieeieseesiesieseese e steesae e sreeeesreesreeneesneeseas 37
4.3.1.3  CaSE 3= SNOAI CrEEK ....cueiuiiieie ittt sttt 38
4.3.1.4 Case 4 — A National RECONNAISSANCE. .........ccueirerueiierierieeieseee e e e e sree e eeesseesaeeneeenes 38

4.4  Endocrine Disrupting Chemicals Associated with Concentrated Animal Feeding Operations....38
4.4.1 DG 0] o To] ol o] 1T 1= OSSR 40
442 Uses Of HOrMONES 1IN CAFOS ...ttt 41
4.4.3 Release of Hormones to the ENVIFONMENT .........cciiveiiiiiiiecece e 42
4.5 IVIBEAIS. ... ettt et e e e e bt et e e a e b e e e R et e e ht e be e aar e reenareenaaeanras 43
45.1 Use of Metals in ANIMal FEEA ........cooiiiii e 43
45.2 Mobility 0f Metals IN SOIL.......ccoviiii e 43
45.3 MELAIS 1N PIANTS ... et e st e et e ereesreesreeneesneeae s 45
454 MELAlS IN ANTMAIS ...ttt r et sre e e 46
455 SUMIMEAIY <.ttt ek e ekt e e be e e e ket e e st e e s nb e e e s nb e e e ssb e e e nnbeeennbeeenrneeans 46

5  STRESSOR TRANSPORT ..ottt sttt sttt e et et e besbesbesbeereeneeseeeensesnesreaneas 48
5.1 TranSpOrt MECNANISIMIS........uciuiiieiieiteeie ettt et e e e e e s e st e e esreesteesaeasaesseenaeereesteeneenseenaeas 48
5.1.1 Overland Transport in Wet Weather FIOW............coooiiiriieiiiieieeee s 48
5.1.2 Physical and Chemical Processes Affecting Sediment IMpacts ..........cccoevvreneniinenininennn, 48
5.1.3 (@14 F= T o I 0 PSSP 48
514 L= 1 0 SO SOPRSORN 49
5.15 GroUNAWALET TIOW .....ccviiiiic et te e e eneeens 49
5.2 How These Processes Impact Typical CAFO Operations ..........cccceeererinesieiienienienesiesiesieseeneas 49
521 Suspended Solids and SedimeNnts (SSAS)......cov i 50
522 SEESS AUE 10 SSAS ...ttt e te e e s st e nte e teare e e beenteaneenreereenee e 51
5.3 GroUNAWALET TIANSPOI ... ....iivieieitiesie et se et te et e s e et e e e e s reesteessesbaebesneesreenesneeaneeeeas 52
53.1 StatemMENt OF ProDIBM .. ..o et 52
5.3.2 Pollutants, Sources, Transport, and FAe............ccccveiiiiieiieie e 53
5.3.2. 1 INFEFOGEIN ..ottt bbbt b e bbbt bt b et e st et et s 53

T A AN o 114110 o - VTSP 53
ST T T N[ 1 - RS PRRRTRSR 54

TR A S o 410 TS o] T USSP 55
5.3.2.5  PANOGENS .....ciiiiiiitiiiiei ettt bbbt b e 56
5.3.3 RISK IMANAGEIMENT .......eiivicie ettt ettt e s e ste et e sse e teeseesreesreaneeaneenneas 57
5.34 SEOrAGE FACTITIES. .. .ccueieieecce et 57
5.35 FarmMINgG PraCliCES......c.uiiiiiie ittt et et e e steeeesraesbe e tesneenae s 58
5.3.6 INATUFAL FIITEIS ...ttt ettt e e s s e steeneeeneesreeneenreeee s 61

6 AIR TRANSPORT AND DEPOSITION ....coiiiiiiiiiieiie ettt sttt 63



6.1  Current Air Quality Issues Associated With AgQriCUITUIE ..........c.eoveieieere e 63

6.1.1 N 011110 T VRSP PPPR 63
B.1.2 INTEFOUS OXIUB.... ittt bbbttt b e bbbt b e bt e et et et sbe bt et e e neenes 64
B.1.3 IMIBINANE. ... ettt bbbt be R e e be et e ne e nbeebeeneenre et 64
B.1.4 CarDON GIOXIAR.......ciuiiiiiiieiieiee bbb bbbt bttt et bbb 65
6.1.5 HYArogen SUITIAR........ooiiiee et et sttt neesbeeae s 65
6.1.6 Criteria Al POHUTANTS ......oviiiieiice e bbb 65
6.2  Generation of Air Emissions Resulting from Operational Variables .............cccoovviiiiiniiiinnnn, 66
6.2.1 Air Emissions from Land Application ACHIVITIES ........c.ccvveeiieeiiiie e 66
6.2.2 (@ o o] £ USRS PR 68
6.2.3 PartICUIAIE IMATTET ..ottt bbbttt neeneas 68
8.3 SUMIMARY ...ttt sttt st ettt e Rt s et et b e Ee Rt R e Reen e et e tentenbenreereereeneas 69
7  RISK MANAGEMENT OPTIONS FOR CAFO WASTE ..ottt 70
7.1 [T a o AN o] o [oF: 11 o] o IR PRPPTR 70
7.2 Practices Used in Land APPHCALION.........cccuiiiiiiee e se e se e sreenie e nne s 71
7.2.1 APPHCALION SYSTEIMS ...ttt ettt ettt ettt e et e st e sreesbeeneesbeenee e 71
7.2.2 Potential Problems Associated with Manure Applications............cccevviveiveiesiinse e 72
7.2.3 Soil Management Practices to Reduce ProbIemS..........coviieiiiiiiieniieiie e 74
7.2.4 Runoff Control from Land Application FIelds ..........cccoeiiiieiiieceee e 74
7.2.4.1 Reducing SOil DEtaChMeNt .........c.ooiiiiiiiiiiee e e 74
7.2.4.2 Reducing SSAS Transport Within a Field...........ccoviiieiiiiccce e 75
7.2.4.3 Trapping Sediment after the FIeld ..o 75

7.3 CompOoStiNg OF CAFQO WASEES .....c.veiveiiieiesiieiteeiesiesee e sseesteesteeaesseesteeseeaseesseesseaneesseesseansesseessens 77
7.3.1 What IS COMPOSTING?....eiiiiiiieieeie sttt sttt sttt et e st et esbeesbeeneeenee e 77
7.3.2 (000 ] TS LT T TS VA (=] SRS 78
7.3.2.1  INTErVENTIONAIY SYSTEIMS. .. .eitiiiieitieieetiesiee e see st este e sbe e be st sbeesbe st e beebesseesbeeeesreesbeeneeas 78
7.3.2.2  NON-INTErVENTIONAIY SYSTEIMS .....viiiiiiieiieieie ettt ettt 78
7.3.3 Comparison of Interventionary and Non-interventionary Systems .........c.cccocveeveveeveenene. 78
7.3.4 Composting in the Beef and Dairy INAUSTIIES..........coviiiieiireieicseseee s 78

7. 34 L BT bbbt sttt ne e 78

T. 342 DAITY oottt bbb bR bbbt b et 79
7.3.4.3  COMPOSLING SWINE WaASTE ......ccuveiiieiiciiieee ettt sbe e re e teenae e e nne s 79
7.3.4.4  Composting POUIIY WASTE ..........ooiiiiiiiieeee e 80
7.35 Composting Concerns and ProbIEmMS...........c.ooviiiiiie e 81
TR T80 R N 1114 =1 1 £ RSOSSN 81
A T A = 1110 o 1= o RSSO SRRTRSSN 81
7.3.6 Land Application Of COMPOST.........couiiiiiiiiiirieriieieie bbb 83
7.4 A Strategy Requiring Some Additional Research— Anaerobic Digestion ..........c.cccovveveiiieiiennn, 83
7.4.1 TeChNOIOgY DESCIIPLION........cuiitiiiiiiieieie et 83
5 R 0 V= T I = Vo o Yo 1SS OPUSRURSSN 83
7.4.1.2 COMPIEte MIX DIGESTEN ....c.eiiiiiitieiieieee et bbb 84
7.4.1.3  PlUG-TIOW DIGESLEN .....veiieeieiecieee ettt et et e st e esreeste e e e sraere s 85
7.4.2 APPIICALION. ... bbbt e 85
7.4.3 Operation and PerfOrMAaNCE ..........cccoviiieie it re e sneenas 86
74.4 e I - T o oo [0 Tod o] PSSRSO 87

vii



7.5  Technologies Requiring Significant Additional Research Before Implementation-Aerobic

Digestion-Wetlands-Land Reclamation...........cccoouiiiiiiiiiiniiecee e 88

7.5.1 T (oo [l DT To [=T] (o] o PSR 88
7.5.1.1 Types of Aerobic Digestion TeChNOIOGIES ........cccoveiiiiiiiiiiiieee e 89
TS AN o] o] 1T £ o] o RSOSSN 89
75.2 WVBLIANGS ...ttt et e e et e st e et e e s a b e et e e abe e e te e naeeebaenraeereeas 90
7.5.2.1  CONSLrUCTEd WELIANGS .....c.veeieiie ittt sre e sraesneenee s 90
7.5.2.2  ReStOred WELIANAS .........ooiiieiie it et ee e ae e re e 90
7.5.2.3  ENhancement WEtIandS............ccoiveiiiiiieece et nne s 90
7.5.2.4 Free Water Surface (FWS) Wetlands ..........cccoiieiiiiiiiiiiecieseee e 90
7.5.25 Vegetated Submerged Bed (VSB) Wetlands ..........cccoovevveviiieiieeie e 91
7.5.2.6  Reciprocating (ReCip) wetlands and vertical-flow (VF) wetlands............c.ccccoovveiiieinnnns 91
7.5.3 Treatment MECHANISIMS ........vciiiie et re e e sreenreenee e 91
7.5.4 PlaNT FUNCHIONS. ...ttt sttt e et e e s nbe e nbe e sraeeaeeaneas 92
755 Risk Associated with Constructed Wetlands .............ccooveveiieincic s 93
7.5.6 Application and Performance of Constructed Wetlands for Agricultural Wastewaters....... 94
7.5.7 Processes to Significantly Reduce Pathogens (PSRP)........cccovviieiieie i 97
7.5.8 RECOMMENTALION ...t e e e e e st e e e te e sreeaneas 97
7.5.8.1  COMPOSTING veevviitieiteeieetieseestesee sttt e e e s e st et esreeste e e e asaesaeeseesseesteenteaneesseeneeaneesseensesnaeneean 97
R I N gl 5] oY/ [0 F ST URTTR RSN 98
7.5.8.3  Facultative 1ago0ns / STOTA0E .........civeieiieieeiesee st eesee e rte e eeae e sta e esreenaesnnesreas 98
7.5.8.4  ANQEIODIC DIGESLION ...c.veiiiiiiiiie ittt bttt sb et e st e nbe e e snee e 98
R BT N1 (] o] (o3 DT 1= £ o] o USSR 99
7.5.8.6  LIime StabiliZatiON ......cccveiiiiiiie e 99

7.6 [T To I cTod =V 4 LA o o PSS 100
7.6.1 Non-Farm Land APPIICALIONS ........cviiiiiiie e 100
7.6.2 Phytoremediation Projects, Sediment Recycling, and Landfill Covers.............cccoovvnennne. 100
7.6.3 (1o LAV I @0 1 4 To (o] £ SRS 100
7.6.4 Forest Products: Short Rotation Wood Crops- Pulp & Paper, Lumber, Fuel.................... 100
7.6.5 Highways: Roadsides and MEdIANS ..........c.coveieeiieieeiiee e 101

8 RESEARCH NEEDS ASSOCIATED WITH CAFOS.......c.ocot ettt 102
ST O Y=Y o 1= USSR 102
8.2 Stressor Evaluation and QUantifICAtION ............ceiiiiiiiieiiie e 102
8.3 PrOCESS RESEAICI. ... ..iiiiiicie ettt ettt et et e st e e e e ae e s ae e eeeaeeste e beeneesreenreenee e 103
8.4 Fate and Effects of Stressors in the ENVIrONMENT..........ccoooeiiiiiiie i 103
ST €T (000 YT =] SRS 104
8.6 ACIOSOI RESEAICH ...ttt sttt e e s e et e e s be e e te e saeeebeesreeenreeenreenes 105
ST =V [0 2 (= od 0oL o ISR 106
9 REFERENGCES ... .ottt sttt s e s e st e et et e b e et e e teeReere e st e st e tenteaneanaaneanen 107

viii



Table 3.1
Table 3.2
Table 3.3
Table 3.4
Table 3.5
Table 4.1
Table 4.2
Table 4.3
Table 4.4

Table 4.5
Table 4.6
Table 4.7
Table 4.8
Table 4.9
Table 7.1
Table 7.2
Table 7.3.
Table 7.4.
Table 7.5.
Table 7.6.
Table 7.7.
Table 7.8.
Table 7.9.

List of Tables

Change in Animal Units, 1982 10 1997. ......ccooiiiiiieiieie et sneas 7
Change in CAFO Operations from 1982 t0 1997 .........cccocveiiiiie i 8
Manure Production per 1000 Pounds Live Weight on an Annual Basis ..........ccccccoevviincnene. 9
Nitrogen and Phosphorus Content of Animal WaSte ..........cccccccvveieiii i 20
Characteristics of Animal Manure Based on 1000 Pound Live Weight..........c.ccoovvovviiinnne. 20
Diseases and Animals Commonly Identified as Sources of the Causative Organisms............ 30
Examples of Manure-Related Human EpPIdemiCsS........cccoiiiiiriiiiniieece e 33
Sources of Common Zoonotic DiSeases 0N FarmMS ........covvvieriieie s 36
Antibiotic Levels in the Lagoons and in One Monitoring Well (adapted from Table 7)

(lowa Dept. Public Health, 1997) .......cooiiee et 37
Hormones Approved for Veterinary Use in Cattle ..........cccoeiieiiiiiiieieece e 42
Copper and ZinC iN SWINE DIBLS .......vciiiieiierieeie e e e ae e nreanes 43
Soil Cu Balance after Five Years of Repeated Pig Slurry Application ...........cccccevveviinnenne. 44
Soil Zn Balance after Five Years of Repeated Pig Slurry Application...........ccccccecvvvvevvernenne. 44
Cu and Zn in Soil (top 5 cm) February, 1987 and Herbage First Cut of 1986 ........................ 45
Functions of Soil Conservation Practices (adapted from USEPA, 2001a)........c.c.cccccvevverunenee. 76
Status of Farm-Based Digesters in the United States ...........cccovviiiiiinienie s 85
Performance Data Summarized for Gulf of Mexico Program (CH2M-Hill,1997).................. 94
Agricultural Treatment Wetlands in the NADB ..o 94
Range of Costs and Operating Parameters for NADB Agricultural Treatment Wetlands ......95

95% Confidence Interval about the Mean for all NADB Agricultural Treatment Wetlands ..95

Preliminary Averages for ReCip System Treating Swine Wastewater .............cccccevvvvverinennn. 97
Microbiological Quality Guidelines and Standards for Application of Wastes to Land.......... 98
Effects of Waste Treatment and Management Systems on Pathogen Reduction.................... 99



11
1.2
3.1
3.2
3.3
3.4
35
3.6
3.7
3.8
3.9
3.10
3.11
4.1
4.2

4.3

4.4
4.5
5.1
52
5.3

54
55
5.6
6.1
6.2
7.1
7.2
7.3
7.4
7.5
7.6
7.7
7.8
7.9
7.10

List of Figures

Phosphorus Assimilative Capacity fOr FaIMS........c.cocvciiiiiice sttt 2
Excess Phosphorus on Farms With NO EXPOIT.......c.oiiiiiiiii ittt 3
Poultry Production distribution in the United STAtes..........ccccoe e 10
Turkey Production Distribution in the UNited StateS..........cccciiviirieiiiieie e 11
Layer and Pullet Distribution in the UNited STALES..........ccoiiiieieiiiiirieie e 12
Change in Swine Production Distribution in the United States...........cocvoiiieiiiiiie e, 13
Swine confinement barns With [agO0N ............cccviiiiiiic e 14
Swine pens inside barn wWith slatted FlOOrS..........ccoiiiiiii e 14
Change in Cattle Locations as 0f the 1997 CeNSUS .......cceieeriieeieieee e see ettt e e see e nee e 15
Aerial view of a feedlot in Kansas With @ [ago0n ... 16
Change in Distribution of Dairy Cattle in the United States.........c.cccoivviiieiiiieiic s 17
Dairy farm with & manure StOrage tANK...........cveiiiiiieieie et 18
Dairy farm with poor manure management and detrimental impact on the environment .............cccccceeee 19
Depiction of Carbon and Nitrogen Cycles in Soils or SEdiMeNtS.........c.cccvvvveverveie i 26
Diagrammatic Illustration of Preferential Flow through Macropores and Interstitial (porewater)

FIOW 1N ThE SO IMALIIX ...ttt sttt et te st e et e teene e eesteeneeseeaneeneennens 27

Frequency of Detection of Organic Wastewater Contaminants by General Use Category (4A), and
Percent of Total Measured Concentration of Organic Wastewater Contaminants by General Use

Category shown above Bar (Kolpin, et al., 2001).......c.coiiiairieeiee e 39
Structure of BIOGENIC HOMONES.........oiiiiiie ettt e st esre e e e e ste e teesreesreesneeaneean 40
Chemical Structure of Trenbelone Acetate and HydroXide .........cccccveveviiieiiieiic e 41
Transport Pathways of Pollutants Derived from Animal WaSte ... 54
Nitrogen-Carbon Cycling in Soil/Sediment Derived from Animal WaSte .........c.cccooeiiiiiiinieeiere e 55
Diagrammatic lllustration of Preferential Flow through Macropores and Interstitial (Pore-Water)

FIOW 1N ThE SO IMALIIX ...ttt ettt e e ste e estesseestesteenaesreaneentenneens 56
Concrete manure storage tank. Structures of this type will prevent leakage of wastes into groundwater. ... 59
A new lagoon with a synthetic geotextile liner to prevent seepage into groundwater. ..........cccoccevevveieernenne 60
Terraced fields to prevent erosion of soil on SIOPING 1aNd ...........ccoeiiiiiii i 61
High velocity sprinkler, a potential source of airborne contaminants.............ccocveveiiiir e 67
Tank truck applying manure with the potential for aerosol generation ...........ccccccevveevieeiieniesiie s 67
Tractor drawn liquid manure application after COrn harvest............ccvoveve i 72
Means of Manure Disposal By ANIMal SECLOT ..........ccociiiiiiii e 72
Mixed COMPOSE FrOM TUFKEY WASEE. ......c..eieieiieitiiiee ettt sttt et st enbeeneeneeereenes 80
Turkey waste compost with wood chips and fEatherS...........ccce i 81
Truck mounted spreader applying compost t0 @ FIeld...........coveiiiiiiii e 84
Covered manure tank generating methane in IOWa..........c.ccoiiiieiiiiie e 86
Free Water Surface (FWS) WELIANGS..........ccviiiiieece ettt 91
Vegetated Submerged Bed (VSB) WELIANd  .....oviiiieee et 92
View of a hog operation with a lagoon flowing into constructed wetlands for treatment of wastewater ...... 96
Ground level view of constructed wetland with the owner making observations for his records ................. 96



Acknowledgements
The editors wish to thank S. Stoll for detailed assistance in editing this document for editorial quality.

In addition, several figures were derived from the USDA National Resources Conservation Service website
and included in this document. The NRCS website is also a source for the pictures used in this document.
The NRCS Photo Gallery contains natural resource and conservation related photos from across the USA.
The Gallery is a joint project between NRCS Conservation Communications and the NRCS Information
Technology Center in Ft. Collins, Colorado.

Photos in the Gallery are available free of charge in two common image formats: TIFF or JPEG. Image
resolution is generally 1500 x 2100 pixels (5" x 7" at 300 dpi). TIFF images are 32 bit CMYK color,
ranging from 6 mb to 12 mb in size. JPEG images are 24 bit RGB color ranging from 200 kb to 400 kb in
size.

If you use any of these photos in a publication, on a web site, or as part of any other project, please use one
of the following credit lines:

e Photo by (photographer's name), USDA Natural Resources Conservation Service.
e Photo courtesy of USDA Natural Resources Conservation Service.
e Photo courtesy of USDA NRCS.

These photos may not be used to infer or imply NRCS endorsement of any product, company, or position.
Please do not distort or alter the images the photos portray.

Other figures were derived from the USDA National Agricultural Statistics Service website and included in
this document.

The list of figures derived from the NRCS and NASS is as follows:

0101 T o] g 0] (T[T 0] 0SSPSO NRCS
FIOUIE L. L et bbb bbbttt bbbt bt NRCS
FIQUIE L2 ottt e et e et et e e s e e ae e teese e e be e teeatesae e teeneeaneenre e NRCS
FUIE 3. L bbb bbbt NRCS
T UL =T TSRS NASS
U 3.3 bbb bbbt NASS
T UL =T PSSR NRCS
U 3.7 bbbt bbbttt NRCS
T U= TR PSSR NRCS

Photographs as Figures

T U= T TSSO NRCS
FRQUIE 3.6 - b bbb bbbt NRCS
T U= T PRSP NRCS
FIOUIE 310 et bbbttt bbbt NRCS
1o UL =T T 5 SRR RRRI NRCS

Xi



1o 0TI T PSSR NRCS

FIQUIE 5.5 e ettt be e bt s e e b et et be e be e ene b e NRCS
10 U= T PSSP NRCS
T U= T USRS NRCS
FIQUIE B.2 .ottt ettt et et e s et e te e s e e ae e te e s e e e Re e teeneenne e teeneeeneere e NRCS
1o UL USRI NRCS
1o UL TSRS NRCS
FUQUIE 7.4 ottt b ettt b et s e e b e et e n b e e bt e beeneesreenbe e NRCS
1o UL PSSR NRCS
FUQUIE 7.6 ettt b bt s e bt et e e st e b e e be e st e ebe e beeneeene et e NRCS
1o UL PRSP NRCS
FAGUIE 7,00 ettt e s bt e e s e b e et e e st e ebe et e e neenne e b e NRCS

Xii



Edwin Barth

Dr. Donald Brown
Dr. John Cicmanec
Jennifer Goetz

Dr. John Haines
Dr. Mohamed Hantush
Ronald Herrmann
Dr. Paul McCauley
Kim McClellan

Dr. Marc Mills
Teri Richardson
Steven Rock

Sally Stoll

Dr. Gregory Sayles
Dr. James Smith
Stephen Wright

Contributors

Aerosols
Wetlands

Pathogenic Organisms and Background

Antibiotics

Land Application

Groundwater

Composting

Nutrients

Aerosols

Sediments and Wet Weather Flow
Digestion

Land Reclamation

Metals

Endocrine Disrupting Compounds
Pathogenic Organisms

Sediments and Wet Weather Flow

Editors:  Dr. John Haines and Laurel Staley

Xiii



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 CAFQOs, 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.



Capacity Of Cropland And Pastureland
To Assimilate Manure Phosphorus, 1997
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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.

e 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.

e 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.



Excess Manure Phosphorus
- Assuming No Export Of Manure From Farm, 1997
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Figure 1.2. Excess phosphorus on farms with no export.

e 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.

e 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.

e 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.



e 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.

e 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.

e 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.

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

e 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.

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

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

e 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.



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.



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 Ibs of
manure per year.
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