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Abstract

Hog farming is a major sector of the North Carolina economy, with a current inventory of
9.5 million hogs or 15.2% of the United States total production. The location and distribution of
these farms creates various managerial challenges that are coming under increasing public
scrutiny. The shift to large scale concentrated feeding operations has changed the type and
placement of environmental, social, and health impacts. Concerns regarding the equitable
placement of these farms, water quality impacts, and health effects will be addressed in this
presentation by using spatial analysis to extract demographic/managerial information from
available data. Public drinking water surface supplies downstream from major hog farm sectors
will be identified to help promote a monitoring program that takes potential health effects that

are currently unmonitored into account.



Introduction

In 2006 North Carolina claimed status as the second leading hog provider in the country
with a production of 9.5 million head, or 15.2% of the United States total productionl. The
dynamics of hog production in the state have steadily changed over the years from small
operations to concentrated production facilities. In 2000 for example, those operations that had
less than 100 head controlled less than 1 percent of the total inventory while the 1,500 operations
with more than 1,000 hogs made up nearly 99 percent of the inventory.2 Such a shift has
produced dramatic changes in management of hog waste and the environmental impact of hog
farms.’ The purpose of this report is to provide information to policy makers and managers of
the related resources about the demographics and implications of hog farms and to promote a

monitoring program for animal produced contaminants that are currently unmonitored.

Figure 1:Hog Density by County
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North Carolina General Statutes § 106-802 defines a swine lagoon as “a confined body of

water to hold animal byproducts including bodily waste from animals or a mixture of waste with

! North Carolina Department of Agriculture Official Agricultural Statistics: http://www.ncagr.com/stats/livestock/hogprod.htm
2 North Carolina Department of Agriculture Official Agriculture Statistics: http://www.ncagr.com/stats/general/commodities.htm

® Furuseth, O J 1997



feed, bedding, litter or other agricultural materials without discharge to surface waters of the
State except in the event of a storm more severe than the 25-year, 24-hour storm.” It should be
noted that the possibility of release of untreated wastewater is explicitly noted in the legislation.
According to North Carolina General Statutes § 106-803 new or expanding swine farms must be
located at least 1,500 feet from any occupied residence and at least 2,500 feet from any school,
hospital, church, outdoor recreational facility, national park, state park, historic property, or child
care center. Furthermore, the siting must be at least 500 feet from any property boundary, any
well supplying water to a public water system, and any well providing water for human
consumption. There is an exception if the well is on the same tract of land as the farm, under the
same ownership, and the water is only used on the property. Also, the outer perimeter of the
land area onto which waste is applied from a lagoon that is a component of a swine farm shall be
at least 75 feet from any boundary of property on which an occupied residence is located and
from any perennial stream or river, other than an irrigation ditch or canal.

The major environmental concern regarding these farms is the storage and application of
the waste products. Typically the animal waste is stored in large, open, anaerobic lagoons and
applied to heavily cropped fields as fertilizer. Though the very upper layer of the lagoon is
exposed to the air the majority of the lagoon remains anaerobic. Environmental concerns
regarding these lagoons and the fertilizer applications include: impacts on water quality
parameters through contamination of both surface and subsurface waters, releases of volatile
organic compounds (including greenhouse gasses), and the possibility of exposure to pathogens
when fertilizers are applied to food crops. There are also questions as to whether the impacts of
these operations are equitably distributed along socioeconomic class lines. Spatial analysis can

be used to provide useful managerial information regarding some of these questions.



Water Quality

Water quality impacts from hog lagoons can come in many forms. A severe weather
event can rupture lagoons and cause a direct spill resulting in hypoxic conditions, heavy nutrient
loadings, and clarity issues. Pathogens and hormonal compounds are present in these lagoons
and can also impact water quality. An example of such a spill occurred on June 21, 1995 when
approximately 4,000 fish were killed near the headwaters of the New River to the US 17 bridge
at Jacksonville. The kill occurred when a dike ruptured at the Ocean View Farms Ltd, near the
Town of Richlands, spilling 25 million gallons of hog waste into the New River. The waste
depleted dissolved oxygen to lethal levels in the river for at least five days. Investigators
estimated the replacement cost of the fish at $2,700. Ocean View Farms was eventually assessed
a $62,000 fine for penalty and investigative costs.” Though this is the largest hog farm spill in
recent history it clearly demonstrates the potential for water quality impacts due to lagoon
failures.

Large waste spills can have catastrophic effects on receiving waters. A study of the
Oceanview Farms spill revealed a 29 kilometer anoxic zone, greater than 4000 dead fish, highly
increased fecal coliform counts, and algal blooms of species harmful to both fish and human
health.” After two months fecal coliform levels in sediments were still significantly higher in
areas where the plume travelled and algal blooms and dinoflagellates resulting from the spill
were still detectable downstream. Impacts on tourism and the local economy were also noted,
fishermen and tourists who typically visit the area of the spill during the holiday were

conspicuously absent because of foul smells and health concerns.® Though these types of
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releases are very visible they are not the only way in which hog farms can impact water quality
and community health.

Waste application fields have recently come under increased regulation resulting in a 75
foot buffer requirement between waste application fields and surface waters. Buffers are
generally effective at stopping nutrients from reaching surface waters, but there is another way in
which waste application fields can impact water quality.” Most of the hog farms in the state are
located on the coastal plain and are typically found in areas with shallow groundwater. Nitrate
concentrations under spray fields have been shown to be as high as 100 mg/L; and once in
groundwater nitrate can be transported considerable distances.® Groundwater can enter surface
waters through direct seepage or by reaching the surface, following surface routes, and then
contaminating streams. Contaminated groundwater is also a concern because in the rural
counties where most of these farms are located well water is the main source of both public and
private water. Meta-analysis of buffer effectiveness shows that subsurface nutrient removal is
dependent on more than just width, factors such as subsurface hydrology, soil type, and soil
biogeochemistry may affect removal efficiency.” Further studies on subsurface contaminant
transport are necessary in order to fully quantify the risk of these spray fields to water quality

and the effectiveness of buffers in regards to contaminant removal.

7 Mayer et al. 2007
® Sloan et al. 1999
? Mayer et al. 2007



Air Emissions and Social Justice

Hog operations in North Carolina release volatile organic compounds, particulate matter,
ammonia, and hydrogen sulfide to the altmosphere.10 In eastern North Carolina intensive animal
operations are located disproportionately among the poor and non-white."" Furthermore, schools
with a lower socio-economic status are more likely to be placed closer to these operaltions.12
This is a concern because studies have shown increased prevalence of asthma and other
respiratory effects among people in proximity to these operations and because young people are
particularly susceptible to these effects.’> These emissions are also a concern regarding
atmospheric change; both methane and nitrous oxide are released from anaerobic hog lagoons."*
Table 1 outlines the potential for these gasses to trap infrared radiation; methane has 10 times the
effect of carbon dioxide while nitrous oxide has 160 times the effect. The total greenhouse gas
contribution of North Carolina hog operations has not fully been described, though it is
recognized and under research. Table 2 outlines the total contribution of swine to gaseous
nitrogen pollution in North Carolina. It should be noted that areas with high methane emissions
due to hog lagoons may provide a unique opportunity for carbon offsetting profits. Methane
from these lagoons can be used to generate electricity and profits may be realized from the sale
of the energy and from the carbon credits gained from capturing a potent greenhouse gas.
Further study regarding the economic feasibility of these methane powered electric plants is

recommended.

10 Wilson and Serre 2007
"' Wing and Wolf 2000
2 Mirabelli et al. 2006
13 Merchant et al. 2005
4 Wilson and Serre 2007



Table 1: Greenhouse gas contributions to global warming'®

(Maolar basis) [Weight basis)
Instantaneous Curnulative Global Cumulative Global
Residence time forcing farging warming forcing warming
Gas iyr) wWmZppm T (Wm yr PmalY potential Wm g ) potential
Cio, 230 0.015 19 10 .42 10
co (21) (0.65) 26 1.4 004 22
CH, (14.4) [0.65) 71 ar 4.4 10
N0 160 38 3,400 180 77 180
HCFC-22 15 1580 15000 810 180 410
CFC-11 G0 220 74,000 4,000 540 1.300
CFC.12 120 280 190,000 10,000 1600 3,700

Residence times are derived as follows: CO. (ref. 14), CH, and MN,O (ref. 20) and CFCs (ref. ). The residence times of CO; and CH, are adjusted as
discussed in the text. CO is ascribed a residence time equivalant to 0.22 times that of methane {sen text). The cumulative forcing and GWPs for CO and
CH, are based on net carban and therefore include the warming potential of COy. Instantanecus radiative forcings are based on the parameterized model
given in ref. 3, except for HCFC.22 which is calculated from tables in ref. 4. Values thal gepend on concentration are based an increasing CO., from 350
to 450 pp.m., increasing CH, from 1.7 to 2.7 pp.m. with a 70% amplification (see text), and increasing N0 from 0.31 to 041 p.p.m. Climate sensitivity is

estimated to be 0.5-1.3°C W™ m®, corresponding to a warming of 2-5 "C for a doubling of CO,, {ref. 12}

Table 2:North Carolina Gaseous Nitrogen Emissions'®

Source? Nitrogen species Emitted Estimated tons of N Emit- 95 of Total N¢
per year” ted per year®

Highway mobhile (1990)) M), 78,500 237
Point sources {19944} NG, 77,798 23.6
Area and non-road mobile  NO, 24,452 7.4
Biogenic MO, (1995) NO, 0926 30
Swine (1995} NH; 68,540 20.6
Cattle (1995) NH; 24952 7.5
Broilers (1995) NH; 13,660 4.1
Turkeys (1995} NH; 16,486 5.0
Fertilizer application NH; 8270 25
(1999)

“Other” chickens (1995) NH; 6476 20
NH; point sources NH; 1665 0.5
Total 330,745 100.0

Objective

In order to more appropriately address the problems outlined above a detailed accounting
of hog density is required. This detailed accounting can also shed light on the social justice
issues surrounding hog farms as it will more definitively define hotspots of hog placement and
the relationship between these hotspots and income. The locations of these hotspots would be of

great use to water quality managers and to economic planners, but previously there was no map

'S Lashof and Ahuja 1990

' Aneja et al. 2001



on a scale finer than the county level. My original intention was to provide this map for water
quality planning purposes, however, after noting the distinct placement pattern of the hotspots I
felt it necessary to run an analysis on what populations were being most affected by the
placement of these farms.

Materials and Methods

Analysis of the changing dynamics of hog farm impacts requires substantial research on
the various environmental and health effects that these farms can produce. Consultation of
available literature was a continuous process in the production of this report. The spatial analysis
in this report was performed on Environmental Systems Research Institute’s Arc software suite.
The process of producing the analysis is outlined below.

Data Acquisition:

The beginning of every spatial project requires the establishment of a pool of data, in this
project I began by obtaining county and state boundary layers from the United States Geological
Survey’s seamless server. I obtained hydrological data from the United States Geological
Survey’s National Hydrography Database. Data taken from the National Hydrography Database
include flow lines, water bodies, flow direction, and stream connectivity.

North Carolina provides a public service called NC OneMap, it is a directory of freely
downloadable geospatial data. This is a statewide organized effort of numerous partners
involving local, state, and federal government agencies, the private sector and academia. NC
OneMap is the state’s official clearinghouse for geospatial information. I obtained the animal
operations permits from the North Carolina Department of Environmental and Natural Resources
(NC DENR) Division of Water Quality through this service. I also obtained the public drinking

waters supply sources from this service, courtesy of the NC DENR Division of Environmental



Health Public Water Supply Section. In order to analyze population ethnicity and hog farm
placement I obtained data from the United States Bureau of the Census. Income data by county
was obtained from the United States Bureau of Labor Statistics.

Data Preparation:

The animal operations permits data contained all livestock permits in the state so it was
necessary to isolate the swine permits by selection. Upon trimming the data there were 2203
swine operations with permits in the state of North Carolina. The NC DENR Division of Water
Quality provided me with permit information which I joined to the animal operations data in
order to identify farms by name. The public water supply data had to be treated in a similar way
to isolate surface supply intakes and well intakes for analysis. The National Hydrography Data
is distributed by region so it was clipped to the state boundaries, making it a reasonable size for
analysis. For some analysis the river network was generated over the whole region as some of
the flow paths from hog farms to drinking water supplies went across state lines, specifically
from Virginia into North Carolina.

Analysis:

To begin determining the potential for a lagoon spill to reach a surface intake for a public
water drinking supply I created a network of the rivers and streams in the state and adjacent areas.
I established one way flow restrictions and a cost accumulation of kilometers. The cost
accumulation simply measures the distance that a spill would travel to the nearest drinking water
intake, and the one way flow restriction ensures that the network moves in the direction of
stream flow. The hog farms were set as the origins and the surface intakes were set as the
destination. Iran an origin destination cost matrix in order to determine the accumulation of

kilometers from the hog farms to the nearest surface intake, the rough analysis is shown in figure



2. Any hog farm that was within 1 kilometer of a river or stream was joined to the network and
analyzed to see if there were any downstream water supply intakes. I also ran a closest facility
analysis using the same snapping to isolate the routes along the stream network that a potential
spill would travel, this is illustrated in figure 3. Table 3 contains the results of this analysis and
details the name of the farm, the closest surface drinking water intake, and the distance in
kilometers along the river network that a potential release would have to travel. The results of
this analysis are presented in table 3. It should be noted that spills can travel further than the
nearest public water drinking supply. I decided to use the nearest intake because this should be
where monitoring should be focused for a spill from an upstream lagoon. When the spill reaches
this point special monitoring may be required to ensure public safety. These locations can also
be points of study if a system of monitoring hormone/pharmaceutical transport from hog farms to
public drinking water supplies is desired.

For illustrative purposes I decided to create a map of hog density per hectare. In creating
this map I used the design capacity for each hog farm and ran a neighborhood statistics function
using ten by ten cells, each being ten square meters, as the analysis boundary in order to generate
a density map. Setting any location with 0-1 hogs as null and applying a graduated color scheme
to the remaining raster cells created figure 4, a hog design capacity density map. After creating
the density map I realized that there was a very specific pattern to the density. Having
researched the social equity issues regarding hog farms I decided to take the latest census data
and determine if a county level analysis of race and hog farms would yield any results. I added
up all non-white populations in each county and created a map of the ratio of whites to non-

whites in each county in North Carolina. I overlaid the hog density layer over the ratio map and



determined that hog farms are indeed placed most often on counties with the highest ratios of
non-whites to whites as shown in figure 5.
Conclusions/Recommendations:

This report provides information that will be of use to those involved in managing
resources related to or impacted by hog farms. The placement of these farms falls in very
specific areas, particularly areas with large minority populations. If a more equitable distribution
of the cost and benefits of hog farms is desired in North Carolina there may be a need for a
compensatory program or other policy action. As emphasis is placed on establishing a
monitoring program for pharmaceuticals and hormonal compounds the analysis in this report will
be helpful in identifying potential monitoring points associated with drinking water supplies.
Furthermore, the finer scale of the provided hog density map should be of assistance to water

quality planners concerned with current and future contaminants originating from hog farms.



Table 3

Farm Source Surface Supply Destination Total Km
BRUNSWICK COUNTY WATER

Graham Farms SYSTEM 8.95
BRUNSWICK COUNTY WATER

Neill Jackson Farm SYSTEM 21.09
BRUNSWICK COUNTY WATER

P-17 A&B SYSTEM 36.62
BRUNSWICK COUNTY WATER

Robert H Jessup Farm #2 SYSTEM 40.05
BRUNSWICK COUNTY WATER

Robert Jessup Farm #1 SYSTEM 42.94
BRUNSWICK COUNTY WATER

Norris Farm #2 SYSTEM 43.58
BRUNSWICK COUNTY WATER

Mitchell Norris #1 & #2 SYSTEM 44.45
BRUNSWICK COUNTY WATER

Bladen Springs SYSTEM 44.49
BRUNSWICK COUNTY WATER

Oak Springs SYSTEM 44.73
BRUNSWICK COUNTY WATER

Husker Farm SYSTEM 47.73
BRUNSWICK COUNTY WATER

Hilton Monroe Farm SYSTEM 49.57
BRUNSWICK COUNTY WATER

David Gooden Hog Farm 1-16 SYSTEM 49.93
BRUNSWICK COUNTY WATER

Gillespie Farms SYSTEM 51.72
BRUNSWICK COUNTY WATER

Doug Bordeaux Farm #1 SYSTEM 53.81
BRUNSWICK COUNTY WATER

Fletcher McDuffie Farms SYSTEM 59.68
BRUNSWICK COUNTY WATER

Yorick Nursery SYSTEM 60.87
BRUNSWICK COUNTY WATER

White Bay Nursery Farm SYSTEM 61.91
BRUNSWICK COUNTY WATER

Tar Kiln Farm (Gooden #3) SYSTEM 61.91
BRUNSWICK COUNTY WATER

Beauregard Nursery SYSTEM 62.72
BRUNSWICK COUNTY WATER

Hugs Hogs Inc SYSTEM 63.85
BRUNSWICK COUNTY WATER

Turkey Oaks Nursery Farm SYSTEM 64.80
BRUNSWICK COUNTY WATER

Quality Farms Inc SYSTEM 65.01
BRUNSWICK COUNTY WATER

Billy E Bordeaux Farm SYSTEM 65.09
BRUNSWICK COUNTY WATER

Kinlaw Farm #1-#3 SYSTEM 66.36
BRUNSWICK COUNTY WATER

Bunn Nursery SYSTEM 69.62

Turnbull Company Farms, LLC BRUNSWICK COUNTY WATER 70.45




SYSTEM

BRUNSWICK COUNTY WATER

Angela Jones Farm SYSTEM 72.93
BRUNSWICK COUNTY WATER

Barry Billups SYSTEM 73.92
BRUNSWICK COUNTY WATER

Cain Complex SYSTEM 74.00
BRUNSWICK COUNTY WATER

Billups Nursery # 2 SYSTEM 76.13
BRUNSWICK COUNTY WATER

Bobby Tatum Farm SYSTEM 76.31
BRUNSWICK COUNTY WATER

Billups Nursery SYSTEM 77.54
BRUNSWICK COUNTY WATER

Cedar Bay Farm SYSTEM 85.62
BRUNSWICK COUNTY WATER

Farm #27 SYSTEM 86.58
BRUNSWICK COUNTY WATER

Evergreen Sow SYSTEM 87.64
BRUNSWICK COUNTY WATER

P 14 A&B SYSTEM 88.58
BRUNSWICK COUNTY WATER

P_14C SYSTEM 88.58
BRUNSWICK COUNTY WATER

Squire+s Sow Farm SYSTEM 91.00
BRUNSWICK COUNTY WATER

Tarheel Farms SYSTEM 92.18
BRUNSWICK COUNTY WATER

Bladen Boar Stud SYSTEM 94.01
BRUNSWICK COUNTY WATER

Pate Farm SYSTEM 97.69
BRUNSWICK COUNTY WATER

J & D Farm SYSTEM 98.31
BRUNSWICK COUNTY WATER

C.V. Downing & Sons SYSTEM 112.92
BRUNSWICK COUNTY WATER

Caulder Farms, Inc. SYSTEM 145.24
BRUNSWICK COUNTY WATER

Upchurch & Willis / C & M Farm SYSTEM 160.32
BRUNSWICK COUNTY WATER

Roy Wood Jr. Farm SYSTEM 176.94

Ward Farms BURLINGTON, CITY OF 23.35

Thomas Farms Pork Inc. CP&L-MAYO ELEC GEN PLANT 15.57

Bryant Hog Farms DAVIE COUNTY WATER SYSTEM 33.33

P & F Farms Inc DENTON, TOWN OF 17.71

Double E Farms DOBSON, TOWN OF 6.80

Keith Thomas (P-60) DUNN, CITY OF 20.82

S-5 DUNN, CITY OF 30.14

K& J Farm DUNN, CITY OF 34.76

Slippery Rock Farm DUNN, CITY OF 36.19

Butler Farms DUNN, CITY OF 44.83

Jet Nursery DUNN, CITY OF 46.73

Ham Farm DUNN, CITY OF 47.48




Phillip Page Farm DUNN, CITY OF 48.18
T&D Farms DUNN, CITY OF 54.16
McNeill Farms DUNN, CITY OF 81.77
Meadow Creek Farm DUNN, CITY OF 92.24
Thomas Farms Pork Inc. DURHAM, CITY OF 27.46
James Thomas Farm DURHAM, CITY OF 30.09
Paul G. Hatley Hog Farm DURHAM, CITY OF 33.75
Boyette & Sons Swine Farm DURHAM, CITY OF 34.02
Foushee Farm DURHAM, CITY OF 40.00
Beaver Creek Farm DURHAM, CITY OF 41.76
Allen's Farm Inc. DURHAM, CITY OF 44.80
Eagle Falls Hog Farm EDEN, TOWN OF 14.22
Massey Creek Farms EDEN, TOWN OF 21.08
Spring Meadow Farm of Cumberland Co.,

LLC FAYETTEVILLE PU 26.99
R & C Swine Nursery FAYETTEVILLE PU 31.47
Black Farm FAYETTEVILLE PU 60.60
Buffalo Ridge Farm FORT BRAGG 19.79
S 6 FORT BRAGG 20.06
Carroll+s Foods Inc. Farm 86 & 92 FORT BRAGG 36.05
Jimmy Dickens Farm FORT BRAGG 53.09
B.G. Looper and Sons / Wesley Looper GASTONIA, CITY OF 111.06
River Land GOLDSBORO, CITY OF 15.21
L. Greg Smith Jr GOLDSBORO, CITY OF 17.30
Lehman G. Smith Farm GOLDSBORO, CITY OF 17.30
Bryant Worley Farm GOLDSBORO, CITY OF 19.71
Danny Mitchell Hog Farm GOLDSBORO, CITY OF 20.19
Carl Hollowell Farm GOLDSBORO, CITY OF 20.50
James Tyndall Farms, Inc GOLDSBORO, CITY OF 21.11
Michael Rose Hog Farm GOLDSBORO, CITY OF 21.12
Danny Langley Farm GOLDSBORO, CITY OF 22.25
1900 Bridgers Place GOLDSBORO, CITY OF 22.78
Vance Perkins Farms GOLDSBORO, CITY OF 25.40
C&G Hog Farm GOLDSBORO, CITY OF 25.70
Ralph Weaver Hog Farms GOLDSBORO, CITY OF 26.29
Milton G. Ingram Farm GOLDSBORO, CITY OF 26.55
Donnie Peedin Farm GOLDSBORO, CITY OF 27.94
Williams Farms, Inc. GOLDSBORO, CITY OF 28.11
Max & Theresa Futrell GOLDSBORO, CITY OF 28.18
Billy Jackson & Son Hog GOLDSBORO, CITY OF 28.96
Alton P. Cox Farm GOLDSBORO, CITY OF 29.94
Owen Kornegay Farm GOLDSBORO, CITY OF 30.34
M&S Hog Farm GOLDSBORO, CITY OF 30.51
Overman Farms Inc. GOLDSBORO, CITY OF 30.88
Grantham Farms GOLDSBORO, CITY OF 31.30
Leonard Smith Farm GOLDSBORO, CITY OF 31.71
Ed Stevens GOLDSBORO, CITY OF 32.03
P&D Farms GOLDSBORO, CITY OF 32.09
Piggybank Sow GOLDSBORO, CITY OF 32.14




J.L.M. Farms LLC GOLDSBORO, CITY OF 32.82
Weaver Farm sites 1-3 GOLDSBORO, CITY OF 33.27
Pat Herring Farms GOLDSBORO, CITY OF 33.29
Gerald Hollamon Farm GOLDSBORO, CITY OF 34.49
Norwood Head Farm GOLDSBORO, CITY OF 34.54
Cox Brothers GOLDSBORO, CITY OF 35.55
Ray & Sandra Porter Farm GOLDSBORO, CITY OF 35.61
Danny Kornegay Farm GOLDSBORO, CITY OF 35.64
Leo Martin GOLDSBORO, CITY OF 35.69
P&D Farms GOLDSBORO, CITY OF 36.06
Joey & Deana Hood Farm GOLDSBORO, CITY OF 36.55
Major Jones Farm GOLDSBORO, CITY OF 37.13
Jackson Farms GOLDSBORO, CITY OF 37.56
Double T Farms GOLDSBORO, CITY OF 37.59
Tommy Grantham Farm GOLDSBORO, CITY OF 38.63
Doug Jernigan Farms GOLDSBORO, CITY OF 38.97
Kenneth Earl Rowe Farm GOLDSBORO, CITY OF 39.06
Doug Jernigan Farms #1 GOLDSBORO, CITY OF 39.30
Dennis Raynor GOLDSBORO, CITY OF 39.39
Triple T GOLDSBORO, CITY OF 39.45
Bobby Grady Farm GOLDSBORO, CITY OF 40.06
3M Hog Farm Inc. GOLDSBORO, CITY OF 40.11
Jay Weaver Farm GOLDSBORO, CITY OF 40.52
George Hall Farm GOLDSBORO, CITY OF 40.52
Gray Outlaw Farm GOLDSBORO, CITY OF 40.64
Joseph Jennette Farm GOLDSBORO, CITY OF 40.70
Owen Jackson Farm GOLDSBORO, CITY OF 40.71
Woody Sutton Farm GOLDSBORO, CITY OF 40.71
Bart Smith Swine GOLDSBORO, CITY OF 41.05
Doug Smith Swine GOLDSBORO, CITY OF 41.08
Crow+s Nest Farm GOLDSBORO, CITY OF 41.89
D&M Farms GOLDSBORO, CITY OF 42.26
Strickland Farms 5-12 GOLDSBORO, CITY OF 42.64
Langston Farms GOLDSBORO, CITY OF 42.67
Creekside Farms GOLDSBORO, CITY OF 42.67
Rose Farm GOLDSBORO, CITY OF 42.72
Archer Farms GOLDSBORO, CITY OF 43.19
Grantham Farms GOLDSBORO, CITY OF 43.45
Shelton Keene #2 GOLDSBORO, CITY OF 43.70
C&S Little Pigs GOLDSBORO, CITY OF 43.73
Tim Westbrook Farm GOLDSBORO, CITY OF 44.52
M & M Farms GOLDSBORO, CITY OF 44.63
Battlefield Sow Farm GOLDSBORO, CITY OF 44.99
Sandy Ridge Pork GOLDSBORO, CITY OF 45.81
Shelton Keene #1 GOLDSBORO, CITY OF 46.14
Carroll Grady Farm A, B& C GOLDSBORO, CITY OF 46.42
Terry Barefoot Farm GOLDSBORO, CITY OF 46.66
Sanderson Swine GOLDSBORO, CITY OF 46.80




Arrowhead Farms GOLDSBORO, CITY OF 46.83
D.O. Bryan Farm GOLDSBORO, CITY OF 46.89
Sandy Ridge Farm GOLDSBORO, CITY OF 47.07
Eldridge Westbrook Farm GOLDSBORO, CITY OF 47.75
Charles Massey Farm GOLDSBORO, CITY OF 49.25
John Dunn Farm GOLDSBORO, CITY OF 49.52
Sherrill Johnson GOLDSBORO, CITY OF 49.54
Harold W. Lee & Sons GOLDSBORO, CITY OF 50.34
JM Massey Farm GOLDSBORO, CITY OF 50.43
J&C Farm GOLDSBORO, CITY OF 50.47
Flowers Hog Farm, Inc GOLDSBORO, CITY OF 50.93
Thornton Brothers 105 GOLDSBORO, CITY OF 50.99
Dennis M. Johnson Farm GOLDSBORO, CITY OF 51.43
Currie Holt Farm GOLDSBORO, CITY OF 51.71
David G. Herring Swine Farm GOLDSBORO, CITY OF 52.67
F.J. & Dorothy Faison Farm GOLDSBORO, CITY OF 52.67
Roger D. Allen Farm GOLDSBORO, CITY OF 54.15
Ray Porter Farm GOLDSBORO, CITY OF 54.37
Sammy Britt Farm houses 7-10 GOLDSBORO, CITY OF 54.54
Sammy Britt Farm houses 1-6 GOLDSBORO, CITY OF 54.54
Coharie Farms C-8 GOLDSBORO, CITY OF 54.79
Shelton Keith Jackson Farm GOLDSBORO, CITY OF 54.90
Willie A. West Jr Farm GOLDSBORO, CITY OF 55.16
Thornton Swine 1-4 GOLDSBORO, CITY OF 55.19
J&M Hog Farm Inc GOLDSBORO, CITY OF 55.29
Wilma Dean Britt Farm GOLDSBORO, CITY OF 55.53
Wood Farms, Inc. GOLDSBORO, CITY OF 55.72
TDM Farm 29 (W.T. Herring 100 ac. Site) GOLDSBORO, CITY OF 55.83
Thornton Brothers GOLDSBORO, CITY OF 56.77
Dwight Mayo-Daughtry Farm GOLDSBORO, CITY OF 57.36
Godwin Farm GOLDSBORO, CITY OF 57.93
Lee Swine Farm GOLDSBORO, CITY OF 58.48
Lee Brothers Farm GOLDSBORO, CITY OF 60.13
Rickie Norris Farm GOLDSBORO, CITY OF 60.37
Phillip Williams Farm GOLDSBORO, CITY OF 63.60
C&S Johnson GOLDSBORO, CITY OF 69.01
Creech Farm GOLDSBORO, CITY OF 70.03
Three G Two GOLDSBORO, CITY OF 70.03
Lassiter Swine Farm GOLDSBORO, CITY OF 70.98
Ivey Johnson Farm GOLDSBORO, CITY OF 72.74
Parker's Swine Farm Inc GOLDSBORO, CITY OF 72.89
Danhaven Pork Farm GOLDSBORO, CITY OF 75.10
Bill Creech Farm GOLDSBORO, CITY OF 78.40
Crantock Farm GOLDSBORO, CITY OF 79.64
Barham Farms Home Farms 48A GOLDSBORO, CITY OF 81.34
Barber McLamb Farm GOLDSBORO, CITY OF 82.87
John Langdon Farm GOLDSBORO, CITY OF 82.87
M.R. Langdon & Sons, Inc. GOLDSBORO, CITY OF 83.80




Chris Creech Farm GOLDSBORO, CITY OF 84.63
Quin Deca Farm GOLDSBORO, CITY OF 85.95
G.W. Norris Farms GOLDSBORO, CITY OF 90.38
Glenn Honeycutt Farm GOLDSBORO, CITY OF 93.66
Central Crops Research Station GOLDSBORO, CITY OF 96.42
Ernest Odum GOLDSBORO, CITY OF 117.25
Wayne Faircloth GOLDSBORO, CITY OF 124.11
GOLDSTON-GULF SANITARY
Key Farm DIST 56.69
GOLDSTON-GULF SANITARY
Applefield Farm-Lower & Upper DIST 73.95
GOLDSTON-GULF SANITARY
Thurman Jessup Farm DIST 74.96
GOLDSTON-GULF SANITARY
Chriscoe Farms DIST 75.70
GOLDSTON-GULF SANITARY
Edward Wright Farm DIST 79.13
GOLDSTON-GULF SANITARY
Oakland Farms DIST 84.24
GOLDSTON-GULF SANITARY
Jester Ridge Farm DIST 97.93
Outback Farms LLC GREENVILLE UTILITIES COMM 19.43
Bobby Harris Farm GREENVILLE UTILITIES COMM 19.68
Morris Farm GREENVILLE UTILITIES COMM 20.21
Corbett Farms GREENVILLE UTILITIES COMM 27.27
Hyman Farms Inc GREENVILLE UTILITIES COMM 28.46
Alton R. Skinner Farms GREENVILLE UTILITIES COMM 29.37
Alton R. Skinner Farms #2 GREENVILLE UTILITIES COMM 29.37
Triple M Farms GREENVILLE UTILITIES COMM 29.72
Ronald Crawford Farm GREENVILLE UTILITIES COMM 31.06
Ben Shelton Farm GREENVILLE UTILITIES COMM 33.59
Blount Bros. Farm GREENVILLE UTILITIES COMM 41.24
Wilson Multiplier GREENVILLE UTILITIES COMM 41.49
Creekside Farms GREENVILLE UTILITIES COMM 43.14
Drake Farms GREENVILLE UTILITIES COMM 49.94
Bunting Swine Farm-Main Farm GREENVILLE UTILITIES COMM 51.45
H. Johnson Farm GREENVILLE UTILITIES COMM 53.29
G. Kent Johnson Hog Farm GREENVILLE UTILITIES COMM 61.01
Upper Coastal Plain Research Station GREENVILLE UTILITIES COMM 61.45
Johnson Livestock GREENVILLE UTILITIES COMM 62.98
AHA Farms GREENVILLE UTILITIES COMM 64.99
Langley Farm/Clover M Farms Inc. GREENVILLE UTILITIES COMM 65.03
W.C. Varnell Jr. Farm GREENVILLE UTILITIES COMM 68.86
Forrest Rouse Farm GREENVILLE UTILITIES COMM 73.30
Brewer Sharpsburg Farm GREENVILLE UTILITIES COMM 73.31
James E. Lancaster Farm GREENVILLE UTILITIES COMM 74.73
INTERNATIONAL PAPER
Owen Farm COMPANY 12.08
INTERNATIONAL PAPER
South River Farm COMPANY 13.16




Glenn Boyette Farm JOHNSTON CO WATER SYSTEM 15.88
Farm 3096 JOHNSTON CO WATER SYSTEM 65.48
Farm 90 JOHNSTON CO WATER SYSTEM 70.40
Cundiff Creek Farm KING, CITY OF 20.97
Thomas Edward & Ellen Johnson Jr. Farm KING, CITY OF 53.26
W4 Farms KING, CITY OF 59.66
Scenic Pork KING, CITY OF 64.27
Ben-Mar Farms LUMBERTON, CITY OF 14.62
7576 | LUMBERTON, CITY OF 33.84
Blue Farm & White Farm LUMBERTON, CITY OF 49.56
Hendrix Livestock Inc. LUMBERTON, CITY OF 49.70
7708 | LUMBERTON, CITY OF 52.15
Farm # 7684 LUMBERTON, CITY OF 55.09
7578 | LUMBERTON, CITY OF 64.79
M 1 LUMBERTON, CITY OF 109.16
W.W. Cameron Jr Farm LUMBERTON, CITY OF 111.98
Edsel Bennett Feeder Pig Farm MADISON, TOWN OF 48.15
Loflin Farms NORWOOD, TOWN OF 73.96
Baker Farm NORWOOD, TOWN OF 104.21
McBryde Farm PITTSBORO, TOWN OF 26.31
Randall Lewis Farm PITTSBORO, TOWN OF 27.24
Robert Dale Holt PITTSBORO, TOWN OF 68.11
Bruce A. Humble PITTSBORO, TOWN OF 70.46
Hill Top Farm PITTSBORO, TOWN OF 88.09
NC A&T Porcine Research Laboratory PITTSBORO, TOWN OF 105.35
Godwin Nursery SCD #1 & 2 RALEIGH, CITY OF 4.58
Lewis Tatum Farm RALEIGH, CITY OF 8.37
Lake Wheeler Rd Field Lab-Swine
Educational Unit RALEIGH, CITY OF 11.34
Carolina Swine Producers Inc. RAMSEUR, TOWN OF 13.72
RICHMOND COUNTY WATER
Chris Yaklin Farm SYSTEM 23.12
RICHMOND COUNTY WATER
Rocky Ridge Farm SYSTEM 24.03
RICHMOND COUNTY WATER
Clear View Farm SYSTEM 24.56
RICHMOND COUNTY WATER
Bill Bruton Farm SYSTEM 24.86
RICHMOND COUNTY WATER
Little River Farm SYSTEM 35.28
RICHMOND COUNTY WATER
Louis Winfree Farm SYSTEM 38.09
RICHMOND COUNTY WATER
A. Dale McRae Farm SYSTEM 39.63
RICHMOND COUNTY WATER
Kevin Martin Farm SYSTEM 42.24
RICHMOND COUNTY WATER
Fox Ridge Complex SYSTEM 42.57
RICHMOND COUNTY WATER
Honeycutt Swine Farm SYSTEM 65.94
Bobby Ray Atkins-Nursery #1 & 2 RICHMOND COUNTY WATER 75.18




SYSTEM

RICHMOND COUNTY WATER

Morgan Swine Farm SYSTEM 76.17
RICHMOND COUNTY WATER

Black Ankle Rd & Hwy 220 By-Pass Farms SYSTEM 81.69
RICHMOND COUNTY WATER

Allan Baucom Farm SYSTEM 89.65
RICHMOND COUNTY WATER

Melvin K. Huneycutt Farm SYSTEM 90.85
RICHMOND COUNTY WATER

Cox Brothers Farms-601S Farm SYSTEM 114.14
RICHMOND COUNTY WATER

Ronald B. Cox Farm SYSTEM 122.44
RICHMOND COUNTY WATER

Porter Farms SYSTEM 125.78
ROANOKE RAPIDS SANITARY

Wray Farm DIST 5.95
ROANOKE RAPIDS SANITARY

Dunlow DIST 12.02
ROANOKE RAPIDS SANITARY

Farm 60 DIST 50.81
ROANOKE RAPIDS SANITARY

Arthur H. King DIST 55.83
ROANOKE RAPIDS SANITARY

White Ridge Farm DIST 58.86
ROANOKE RAPIDS SANITARY

NC Farm Partnership DIST 59.25
ROANOKE RAPIDS SANITARY

NC Farm Partnership #2 DIST 62.90
ROANOKE RAPIDS SANITARY

C. F. Blackwell Company DIST 132.65
ROANOKE RAPIDS SANITARY

The Hill of Berrys DIST 167.36
ROANOKE RAPIDS SANITARY

Stilwell Farm DIST 209.45

Allred Farms ROBBINS WATER SYSTEM 8.31

Oakwood Farms ROBBINS WATER SYSTEM 20.92

Sullivan Poultry ROCKINGHAM, CITY OF 7.27

Windy Ammons Farm ROCKINGHAM, CITY OF 14.62

J DFarms LLC ROCKINGHAM, CITY OF 14.85

DeWitt Brothers ROCKINGHAM, CITY OF 22.06

Tar Heel Swine ROCKINGHAM, CITY OF 22.45

George Crawford Farm ROCKY MOUNT, CITY OF 6.49

L.B. Boone Finishing Operation ROCKY MOUNT, CITY OF 15.92

L.O. Boone Farm ROCKY MOUNT, CITY OF 15.93

Strother Swine Farms Unit 5-Nash Pig ROCKY MOUNT, CITY OF 20.25

Hill Farms ROCKY MOUNT, CITY OF 20.44

Hill Farms ROCKY MOUNT, CITY OF 20.44

Donnie Edwards Swine Farm ROCKY MOUNT, CITY OF 25.34

Bissette Farm ROCKY MOUNT, CITY OF 25.62

Murray Farms Inc ROCKY MOUNT, CITY OF 30.96

Murray Swine Enterprises Inc ROCKY MOUNT, CITY OF 33.28




Foster Farms, Inc. SALISBURY, CITY OF 34.06
Spring Meadow Farm SMITHFIELD, TOWN OF 2.86
Ben Youngblood Farm SMITHFIELD, TOWN OF 417
George Clifford Uzzle Farm SMITHFIELD, TOWN OF 10.24
Donald E. Byrd SMITHFIELD, TOWN OF 11.59
Wilson's Swine Farm SOUTHERN PINES, TOWN OF 19.66
Michael Williams Farm SOUTHERN PINES, TOWN OF 2415
Naked Creek Farm SOUTHERN PINES, TOWN OF 29.54
Deerfield Farm SOUTHERN PINES, TOWN OF 30.24
Holly Ridge Farm? SOUTHERN PINES, TOWN OF 30.24
Indian Hills Farm SOUTHERN PINES, TOWN OF 30.24
Wet Creek Farm SOUTHERN PINES, TOWN OF 30.24
Bunting Swine Farm-Grant Farm TARBORO, TOWN OF 10.98
Brinson Farm TARBORO, TOWN OF 19.78
Gatlin Hunting Club Road Farm (Polly

Ridge) TARBORO, TOWN OF 20.59
Steve Harper Farm TARBORO, TOWN OF 22.27
Steve Brewer Farm TARBORO, TOWN OF 22.63
CAJ One Inc TARBORO, TOWN OF 28.97
Hanor Multiplier TARBORO, TOWN OF 32.68
G.E. Pendleton Farms, Inc. TARBORO, TOWN OF 32.74
J. Roy Davis Farm TARBORO, TOWN OF 34.88
Shellbank Farm TARBORO, TOWN OF 35.18
Farm #52 TARBORO, TOWN OF 35.47
Farm #51 TARBORO, TOWN OF 36.38
Phil Bulluck Farm TARBORO, TOWN OF 41.09
Perry Hog Farm TARBORO, TOWN OF 42.98
Farm 62 TARBORO, TOWN OF 47.68
Swift Creek Hog Farm TARBORO, TOWN OF 50.05
Farm 63 TARBORO, TOWN OF 53.09
Henry Earl Hale Farm TARBORO, TOWN OF 55.76
Joe Suggs Farm TARBORO, TOWN OF 56.20
Blue Rose #1 TARBORO, TOWN OF 65.40
Batten Farm TARBORO, TOWN OF 77.57
Whitakers TARBORO, TOWN OF 78.91
Strother Swine Farms Unit # 3 TARBORO, TOWN OF 82.53
Moore's Swine Farm TARBORO, TOWN OF 87.53
Ricks Sow Farm and Ricks Finisher TARBORO, TOWN OF 91.32
Syke's Farm TARBORO, TOWN OF 98.30
Patsy B. Syke's Farm TARBORO, TOWN OF 99.03
Moore Farm TARBORO, TOWN OF 100.32
D&B Swine Farms, Inc. TARBORO, TOWN OF 102.62
Gardner Farms 1 TARBORO, TOWN OF 103.27
A.C. Daniels Farm TARBORO, TOWN OF 103.50
First Line Farms L.L.C. TARBORO, TOWN OF 103.78
Peachtree Creek Farm Inc. TARBORO, TOWN OF 103.78
Andrews Hunt Farm (Castalia) TARBORO, TOWN OF 103.92
Harrison Pork Productions, Inc. TARBORO, TOWN OF 105.75
Strother Swine Farm TARBORO, TOWN OF 112.08




Farm 61 TARBORO, TOWN OF 136.20
Billy T. Nichols Farm WILSON, CITY OF 18.32
Murray Swine Enterprises Inc WILSON, CITY OF 19.71
Green Pond Farm WILSON, CITY OF 20.38
Perry Farm WILSON, CITY OF 20.38
Bill+s Pig Farm WILSON, CITY OF 21.79
Brantley Farm WILSON, CITY OF 21.84
Strother Swine Farm WILSON, CITY OF 21.88
Lawton & Bradley Nichols Farm WILSON, CITY OF 24.97
Sharp Farms WILSON, CITY OF 27.98
Three G Farms WILSON, CITY OF 45.99
Spring Branch Farm WILSON, CITY OF 46.18
Wilbur Creech Farm WILSON, CITY OF 46.61
Harris Farming Corp. WILSON, CITY OF 48.96
Brooks Creech Farm WILSON, CITY OF 49.74
Middlesex Sow Farm WILSON, CITY OF 55.84
Alvis Hodges Farm YANCEYVILLE, TOWN OF 14.26




Figure 2:

North Carolina Hog Farms and their Downstream Surface Public Water Drinking Supplies
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Figure 3:

North Carolina Surface Public Water Supplies and Reaches
that are Connected to a Swine Animal Operation Permit
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Figure 4:
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Figure 5

Hog Density in North Carolina and
Population Demographics by County
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