SURFACE WATERSMVIOST LIKELY IMPACTED BY

HORMONES FROMLAND -APPLIED CAFOWASTES IN MISSOURI

A Thesis
presented to
the Faculty of the Graduate School

at the University of MissoColumbia

In Partial Fulfillment
of the Requirements for the Degree

Master of Arts

by
JESSICAR. G. SCOTT
Dr. Michael Urban ThesisAdvisor

MAY 2012



The undersigned, appointed by the dean of the Graduate Scheobxanined the
thesis entitled

SURFACE WATERS MOST LIKELYIMPACTED BY

HORMONES FROM LANDAPPLIED CAFO WASTES IN MISSOURI

Presented by Jessica R.G. Scott,
A candidate for the degree Miiaster of Geography

And hereby certify that in their opinianis worthy of acceptance.

ProfessoMichael Urban

ProfessolC. Mark Cowell

ProfessoMary Hendrickson



ACKNOWLEDGEMENTS

Thank you to Dr. Michael Urban, Dr. Mark Cowell, and Dr. Mary
Hendrickson for all of your assistance, suggestions, feedback, edits and other
guidance and to Dr. Shannon White and Mr. Tim kaat for their
assistance in GIS analyses. Thank you to Dr. Larry Brown, Dr. Soren
Larsen, Dr. Grant Elliot and Dr. Matt Foulkes for your support, interest, and
insights. You have all made this a wonderful learning experience.



TABLE OF CONTENTS

ACKNOWLEDGE MENT S ¢é e
ABSTRACT ééeééeé

-
-
-
-
-
-
-

-
-
-
-
-
-

-

-

-

-

INTRODUCTION e ééeéeéeéeé

Description of Study Area ¢ é ¢ € € € é

D

CAFOsinMissoure ¢ ¢ é é éééeeeeeeeeééé. . b
LITERATUREREVIEWEé ¢ € € € ééé ééééeeceeeeeée. .. 9
Hormonesn Livestock Wast&é ¢ ¢ é é e eeeeéééée. . . 11
Transformatior& Transport of Hormones é e e e ¢ ¢ é € é 1 3
CAFO Waste Storagk Treatmene ¢ é é éeeeeeéeé. . . 18
Hormones Move Downgradiegté ¢ e ¢ é é é éééeéeéeée. 21
Land Application of CAFOWastasé € e € é é ééééée. . . 24
Summary oliterature Review Findinge é e e ¢ é é é é é .

RESEARCHDESIGN é e ¢ é é e é

q. 2

eéeé

-
M-
M-
9]
@
9]
@

@

N

(o]

Objectiveé € € € 6 6 €€ éééééééééeeeéeéeéeé29
Theoryé é é ééeéeééeeeeeéeéé
DataAnalysi € € é éééééeéeeeéeééééeéeeeeée. 32
Extents of Land Applicatiod é e e e e e e ééééeeee. . 35
Spatial Cogentration of CAFOg € € é é é

RESULTSe é e éeéeéeéeeéeéecé

D
D~
M-
M-
o8
[N

D

o8

N

N

Likelihood of Impacts:

Land Application Extené é é e € é ¢ € €



Spatial Concentration of Facilities & Animadsé € € ¢ é 4 9

Comparing High Animal Densities & 4km Buffer Rundffipacts..51
DISCUSSION & CONCLUSIONS® é ¢ € é é é

eéeeéeéee. 53
Hormone Dissipation vs. Hormone Lo é é é € € é é é
Study Limitationse é é € € € € é é

-
N
N
N
N
A}

55
eeeeéeéeéééeée. . 56
Patterns & Spatial Distributions of CAF@se ¢ ¢ é é ééé. . . 57
Environmental Monitoringt é é é é é é é € € € € € € 58
Policy Implicationse € é ¢é é eeeeeceé

eeéeeéé.
3 @ eéeéeeéeéeno
WORK CITEDE é é é é

D~
N
N
N

eéee
ééee
SOFTWARE & DATAe é é é e

2 éeée
FIGURESEé ¢ é ¢ € é

éeeéeéece

-
N
N
N
N
N

éeéeéeée
éeéeéeeecececeéeéece
APPENDICES é e ééeéeéeéeéeceé

D

D~
D~
D~



ABSTRACT

The land application of livestock wastes isigngicant potential contributor of
environmental hormone contamination. Hormones from-&ppied wastes have been
detected in field runoff and in downstream surface waters. Contamination risks are
especially significant aslwkerethe ma&aomty of atreaan i s a
water derive from drainage wateréo (Kjaer
application is intensive, estrogens have been found in surface waters in concentrations
known to affect the endocrine system of fish and amplin s € how t he estro
the surface waters is wunclearéo (Laegsdma
exposure is linked to reproductive maladiesl altered sex characteristinswildlife and
to reproductive disorders ardvariety of cancers humans

Previous study findings indicate thamniay be verydifficult to predict fine scale
transformation or degradation rates of hormones across complex, -dwalad
environmental gradients. This study identifies important §iogle chemical paesses
and broad scale transport mechanisms and uses a relatively simple model of runoff from
CAFO land application fields in Missouri to identify surface waters most likely to be
impacted by the hormones those wastes contain.

A recent studyin the Shenamoa River valley watershed in VirginigCiparis,
lwanowicz and Voshell, 201Z)nds thatincreased density of animal feeding operations
correlate to increasdabrmonal ativity in watershed stream reacheshis suggestthat
in Missouri, increased hormomhactivity will be found inareas wher€AFO facilities

their animals and wastase concentrated.



INTRODUCTION

Estrogens and other hormones originating in the wastes of humans and animals
arenearlyubiquitous in the environmenK¢lpin et al., 2002 Environmental estrogens
have been linked to the physiological and reproductive impairment of birds, fish,
shellfish, turtles, gastropods, and mammals (Colborn, 8adlSoto, 1993). Researchers
hawe correlated exposure to envimental estrogens to decreased sperm counts and
malformations of the male genital tract as well as to certain types of cancer and endocrine
related diseases (Soto and Sonnenschein, 2010). The full effect of endocrine disruption
from environmental hormones owildlife and humans is not yet fully understood
(Sumpter and Johnson, 2005).

Natural estrogens, those excreted by human and animal bodies, are the most
potent endocrine disruptors (Khanal et al., 2006; Combalbert and HerrRadeet,
2010). The large alumes of livestock wastes generated at confined animal feeding
operations (CAFOs) are estimated to contribute over 90 percerdtafal estrogens to
the total environmental estrogen load (Khanal et al. 2006). Livessockce hormones
have been implicatl in the alteration of sex characteristics of fish (Rose et al., 2002;
Orlando et al., 2007; Sellin et al., 2009; Dammann et al.,, 2011; and Dequattro et al.,
2011), turtles (Irwin, Grey, and Oberdorster, 2001), and frogs (Kvarnryd et al., 2011).
The alteation of sex characteristics of aquatic species has the potential to disrupt whole
aquatic ecosystems.

The land application of livestock wastes has been identified as a significant

potential contributor of environmental hormone contamination (Kolpin gt28i02;



Hanselman, Graetz, and Wilkie, 2003; Burkholder et al., 2007). Hormones from land
applied wastes have been detected in runoff and in downstream surface waters (Nichols

et al.,, 1998; FinlayMoore, Hartel and Cabrera, 2002; Soto et al., 2004; aohns

Williams, and Matthiessen, 2006; Sarmah et al.,2006; Lorenzen et al., 2006;
Matthiessen et al., 2006; S.J. Khan et al., 2008, Olsen et al., 2009; and Dutta et al., 2010).
Contamination of surface waters Iipledtospeci a
areas where the majority of stream water
Aln areas where manure application is 1int

waters in concentrations known to affect the endocrine system of fishmgpchai bi ans é

how the estrogens reach the surface waters

Description of Study Area
Study Area Extent

This study investigates which surface waters are most likely to be impacted by
hormones found in landpplied CAFO livestok wastes acrogke state of Missouri. A
stateextent study is of interest to residents and regulators alike, because it takes into
consideration all CAFOs, lands, and stream networks within the jurisdiction of the State
of Missouri. The state of Missau(Figure 1) is approximately 178,038 square
kilometers (68,741 square miles) in area, with dimensions of approximately 450km (280
miles) north to south and 400km (250 miles) east to west. The Missouri River forms the
northern portion of the westetyoundary of the state, from the lowa border to Kansas
City, where it turns and flows easterly, crossing the state to St. Louis on the eastern edge.

Just north of St. Louis the Missouri River comes into confluence with the southerly



flowing Mississippi Rier, which is the eastern boundary of the state. The Missouri
River roughly divides the state into northern and southern regions, each region with its
own characteristics. The physical and agricultural economic differences between the
northern and southeregions make Missouri an interesting setting for this study.
Northern Missouri

The region north of the Missouri River, approximately-onei r d o f t he
area, is generally rolling to hilly in the western tiiirds and relatively flat in the easte
third. The Chariton River divides the western portion of the region from the eastern
portion. The western portion has poorly drained silt loam, clay loam, and silty clay soils
formed from loess and glacial till. Cultivated fields are often found dgertops and
valleys with pastures and trees on steeper slopes and in narrow valleys (Allgood, 1979).
The eastern portion has poorly drained silt loam to-drgined loams with and poorly
drained clay pan subsoils. Cultivated fields are found on moet iglands with pasture
and forest on steeper slopes (Allgood, 1979). Upland wooded oak and hickory forests
are located along the Chariton River in the central portion of the region and Missouri
River to the south and Mississippi River to the east. h¢ont Missouri is largely rural
and agricultural with high production of grains, corn, soybeans, cattle, and hogs.
Southern Missouri

The region south of the Missouri River, approximately-twai r ds of t he
area, is dominated by the Ozark Plateaitt) @ mix of Cherokee riairie and agricaural
lands on the western edge and drained Mississippi deltandahdsoutheastern Missouri
Bootheel Land along the western edge of southern Missouri is level to hilly with

generally poorly to moderately wellained clayey and loamy soils. Cultivated fields are

rys



located on level and gently sloping lands; pasturelands are located on steeper side slopes
(Allgood, 1979). The Ozark Plateau is generally forested hilly land, from gentle slopes to
very steep mountairidges. The area has moderately well drained to excessively drained
loamy and cobbly soils with boulders and areas of exposed granite, dolomite, and
sandstone formations. Narrow pastures or fields are generally found in valleys (Allgood,
1979), but may also be found on ridge topsThe Missouri Bootheel is relatively level

land with poorly drained clayey soils to well drained loams. Most of the agricultural land
cultivated for crops, with some pastures and orchards on slopes and ridges (Allgood,
1979). Southern Missouri also has complex karst geology, which complicates regional
subsurfacéaydrology patterns.

Southern Missouri is also largely rural but its three distinct regions are different
agriculturally. Historically, communities in the Ozark Ptatéhave had economies based
less on agriculture and more on resource extraction, such as lead and zinc mining, iron
mining, and timber; however, the resource extraetiased economy has contracted.
Livestock ranching and dairy and beef cattle farming thee primary agricultural
endeavors found on the Ozark Plateau. The western portion of this region has a mix of
cultivated crops and animal agriculture, while the Bootheel is predominantly cultivated
crops. With the exception of the Bootheel, southerigshiliri, especially the Ozark
Plateau, has had historically lower farm product values and lower farm incomes than the

rest of the state (Rafferty, 1983; USDA, 2007).



CAFOs in Missouri
There are 56@ermitted CAFOs in MissouiMoDNR, 2011a) Table 1, below,
lists the type and number of each CAFO in Misso&imap of thesdacilities by animal

typeis attached as Figure 2

CAFO by Animal Type No.
Beef Feedlots 6
Dairy Farms 14
General Farms 2
Hog Operations 287

Poultry & Egg Operations
(Includeschickens, turkeys, and eggs)

Total 566
Table 1. Number of Missouri CAFOs by Type

257

There are a large number of hog operations and poulttyegg operations in
Missouri. Generally, bg operations arosely cluster and dispersaud northern, wet
centraland southead¥lissouri, andalong the west side of the stat®oultry operations
are generally clustered ithe westcentral, southwest, and southeast parts of the, state
with few operationsmostly chicken egg facilitieslispersedlsewhere.Beef feedlots are
located in Bates County (3) on the western border of the state, and in Chariton (1),
Randolph (1), and Cooper (1) counties in the central part of the state. Dairy farms are
dispersed along the southwest (8), northeast (2), east centaald(3putheast (1) parts of
the state.

Not all livestock feeding operations are required to be permitted. Facilities
required to be permitted meet a minimum threshold number of anfMaBNR, 2009).

Some examples ohése thresholds are listed in TaBlebelow.



Minimum Animal Number Thresholds for
MoDNR Permitting

Beef Cattle 300
Dairy Cows 200
Hogs (over 55Ibs) 750
Broiler Chickens 30,000
Laying Hens 9,000

Table 2. Minimum Animal Number Thresholds for
MoDNR Permitting (MoDNR, 2009)
Based on these minimum thresholds, it should be understood that unpermitted facilities
may contain facilities with significant numbers of animtiat there ae no available
records for, and so they are not considered in the scope of this study.
The agencyn charge of permitting and regulation of CAFOs and {apglication
of wastes in Missouri is Missouri Department of Natural Resources (MoDNRneet
MoDNR fino discharge requirements for permittingll CAFOs in the state of Missouri
are required to dpose of livestock wastes by prescriptive, figiecific land application
following guidelines set forth in a Nutrient Management Plan (NMNRDNR, 2009.
Each facility will require land application acreage large enough to dispose of their wastes
or dowmentation of transfer of wastesanother responsible partyAll land-application
fields must be under the direct control of the CAFO facilityotigh ownership, rent or
lease.
Land spreading amounts and land application locations are documentes in th
NMP; these amounts and locations may change from year to year based on the nutrient
content of wastes and nutrient needs of soils and crops. Wastes and soils are sampled and
tested yearly for nutrient8VloDNR, 2009; MoDNR 2011b, MoDNR, 201)c Wastes

and soils are not required to be tested for hormones or other contamivasteck



wastes may contain, such as pathogenss,saitheavy metals (Burkholder et al, 2Q07)
Storing wastes onsite and hauling wastes offsite are c@Sthwson, 1971 Gleick,
2000, so wastes are generally spread in relatively close proximity to the facilities where
they are generate@iner, Humenik and Overcasl2000; Bradfordet al, 2008) The
spatial concentration of CAFO facilitiesuch as in the north, central, and thatest
portions of Missouri, may constrathe amount of nearby landailable for disposal and

limit the effectiveness afflaste management (Bradford et al., 2008)

The hormone content of larapplied wastes depends upon the animals in the
CAFO andthe transformation of wastes through collection and sto{@genbalbert and
HernandezRaquet, 2010)The hormone content of land application fields will depend on
land application rates and practicesResidence time on soils and variable local
conditionsand ewvironmental gradientill affect the transformation and biodegradation
Thesevariables make itmpossibleto estimate the hormone load that comes off of fields
or that enters into downstream environmentsNe may not be able to predithe
hormone loadhat mayenter intostreams and lakebutthis study identifiesvhere they
will most likely be found

Many researchers have expressed the need for further investigation into the
transport and fate of hormones from CAF®aste land-application fields. Previous
study findingsindicate that it may beery difficult to predictchanging hormonal loads
across broadscale environmental gradientsUsing hierarchy theory as it applies to
landscape ecology and principles of scaiés studyreviews currentiterature with the
purpose of identifyindcey finescale processesd broad scalieansportmechanisms and

uses these to creagerelatively simple model of runoff from CAFO laragpplication



fields in Missouri. This model reveals the surface waters hkady to be impacted by
hormones from the land application of CAFO wastes in Missouri.

Across a broad landscapegrimones move with the flow of water. They have
been measured in runoff from fields, in drain tiles and ditches, and in downgradient
streams Hormones also leach to groundwater, where they can then move to surface
waters. Because of the complexity of hydrology in Missouri, which includes complicated
groundwater flows, karst geology and loosing streams, this study considers only the
transporiof hormones by surficial flow via stormwater runoff.

When facilities are spatially concentrated, the availability of land in close
proximity to those facilities is constrained. Likelihood ofpactsis greaterin areas
where CAFO facilities and théotal number of animals (animal unitgye spatially
concentrated.In Virginia, researchers have fourad proportional increase in hormonal
activity relative tothe density of CAFOs inthe Shenandoah River Vallgiparis,
lwanowicz, and Voshell, 2012)Using a limiting distance from the CAFO facility to
create buffers in which wastes are likely to be spreadf@dumber of animal units at
each permitted CAFO facility in Missouri, this study calculates the density of CAFOs by
their relative size.  Animaunit densities are mapped and locations where animal
concentrations are highest are used to identify surface waters in the immedidhatarea

are most likely impacted by hormones from lapplied wastes.



LITERATURE REVIEW

Hormonesand theirbreakdownproductsoriginating in wastes land applied to
agricultural fields have been detected in runoff and in downstream surface waters
(Nichols et al., 1998; Finlaivloore Hartel and Carbrera, 2002; Johnson, Williams, and
Matthiessen, 2006; Sarmah et, &006; Lorenzen et al., 2006; Matthiessen et al., 2006;
S.J. Khan et al., 2008, Olsen et al., 2009; and Dutta et al., 2010). Land application of
CAFO livestock wastes is a potentially significant fpmint source for downstream
hormone load From fieldto stream, brmones are transformexhd degraded bfine
scale processesd ltormone transport is facilitated by broad scale hydrology.

A review of current and applicable literature indicated that livestock waste
hormone transformation and transport emeestigated at three subjective scalefne,
local, and landscape. Fine scale studies are generally batch or column studies with
extents of a few inches to a few feefThese studies often attemjot measure both
transformation and transport througélatively homogenous soils, sediments or other
matrices Local scale studies generallye those that loo&t transformation or transport
of hormones across experiment plots or fields with various characteristics. Landscape
scale studies, of which thesre fewer than any other scalé study, investigated the
transport and fatef hormonesor quantified resulting dovatream hormonal loads across
an agricultural landscapextent that included a CAFO facility or land application fields,
downgradient watersurface and groundand the landor geology)in between.

Findings from reviewed studies can be categorized into two categories important

to a discussion about livestock wastirce hormone transformation and transport

9



discussion: fine scale processasl broad scale mechanisms. Fine scale processes are
primarily influential on the determination of hormone load; these processes inform us
about what we are likely to find. Broad scale mechanisms are primarily important to the
movement of hormones indhenvironment; these mechanisms inform us about where
hormones are likely to be found.

Fine scalestudiesfindings indicate thathormonetransformation parameters are
dynamic, related to the environmental factors in which they take plaEae scale
laboatory measurements are a snapshot ddpacific situation and they may not
accurately describe the dyna& way in which hormones morpand persist in and
through large heterogeneous landscapes between where they are deposited and where
then end up imlowngreamenvironmers.

Some boad scale studies invegite the movement of hormones acrtmge
heterogeneous exterasid the resulting hormonal loads downstreavost broad scale
studies consider botbroad extent investigations of fine scale processesbroad scale
mechanisms Some broad scaltudiesinvestigatefine scale processes thtaendictate
the movement of livestock wasseurce hormones over large extents and over time; these
fine scale processes are then considered to be broad schlenisens.Many broad scale
studies have sampling schenme®r several months to more than one yeaaccount for
influences of precipitation and seasonalitySome broad scale studiessessedhe
breakdown of hormones based on residence time and thermeav of hormones through
waste treatment systems, experimentatspand fields, with sampling iditches drain

tile, and downgradient ground and surface waters.
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This literature reviewbegins with a discussion of hormones found in livestock
wastes, thendentifies, summarizesand discussethe fine scale processes and broad
scale mechanisms important to the dispersion of hormones frorajglied CAFO
wastes into the environment. Some studies looking at the transformation of hormones in
waste treatmenstudies and the movement of hormones to groundwater were also
reviewed in an attempt to better understand hormone movement and breakdown

characteristics.

Hormones in Livestock Waste

All livestock wastes contain endogenous steroid sex hormones exbsetibe
ani mal 6s endocrine system. The type and
ani mal 6s waste depends on the ani mal speci
cycle or castration (Lange et al, 2002). Steroid sex hormones are ptoduke gonads
(ovaries and testes) and include progestins (also called gestagens), estrogens, and
androgens (Squires, 2003, Ch. 1, provides tables and descriptions of these hormones).
Progestins are involved in the regulation of the ovarian cycle ameparation and
maintenance of pregnancy. Progesterone is a major progestin (Squires, 2003). Estrogens
and androgens are involved in the sexual development and behavior of females and
males, respectively. Estradiol is a major estrogen and testosteran@ajor androgen
(Squires, 2003). Endogenous estrogens are the most potent endocrine disruptors, even at
ultra low (nanogram per liter) doses (Khanal, 2006). Estrogens are of high concern for
aquatic environments because of thkeigh endocrine disrufion potential (Ying,

Kookana, and Ru, 2002).
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The wastes of livestock that have been administered pharmaceutical hormones are
known to have pharmaceutical hormones or metabolites in their waste (BMJ, 1956;
Calvert and Smith, 1976; Lange et al., 2002; ¥@Aan, 2008). The types and
concentrations of pharmaceutical hormones and metabolites found in fresh livestock
waste depend on the type and dose of pharmaceutical administered and on the species,
age, and stage of life or reproductive cycle of the ani®al. Khan, 2008; Combalbert
and HernandeRaquet, 2010).

Low-cost veterinary pharmaceuticals, such as growth hormones, are employed to
increase weight gain, reduce feed requirements, and reduce time to slaughter weight
(Field, 2007). Pharmaceutical hornabisupplements maybe natural or synthetic and are
generally administered as subcutaneous implants and may be added to feed formulations
(Field, 2007). Each class of hormone is administered to augment a particular facet of
meat development (Field, 2007; Bhan, 2008). There is a significant economic
incentive for farmers and CAFO managers to use pharmaceutical inputs such as
hor mones because theyf ofiléd craent uamo uonnt tthoei a
(Raloff, 2002). Upwards of 90 percent of U.S. slaaghtattle are administered
pharmaceutical hormones to enhance growth (Balter, 1999).

Lange et al. (2002) calculate amounts exogenous and pharmaceutical hormones
found in U.S. livestock wastes. These amounts are averages for animals, male and
female, overtheir lifespan (including gestation and castration). Tables of calculated
estimates are attached as Appendix A. These values indicate that, per animal, boars
excrete the largest daily volume of endogenous estrogens, followed by bulls. Using

values of cmbined endogenous and pharmaceutical excretion, Bradford (2008) and

12



others suggest that dairy cows contribute 80 percent of the &Abf@ed estrogens to

the environment. While this statistic may be true for the extent of the whole U.S. it must
be undersiod tha a watershed with dairies, hog operatioasd beef feedlots may not
actually be most impacted by the hormone load from dairy cows. Hormone load is
determined by many factors, including number and type of animals, waste storage and
treatment, andhe land and environment on and in which wastes are applied. The
impacts of dairies may be significant in one place, but the impacts of hog or poultry

operations may be more significant in another.

Transformation and Transport of Hormones
Fine Scale Proesses and Factors

The transformation and mobility of hormones in soils is influenced by fine to
micro-scale processes and factors. Many fine scale studies are laboratory batch
experiments performed to measure rates of transport and transformationeor oth
behavioral characteristics in and through fairly homogenous soil or sediment samples.
Laboratory experiments reveal fuseale abiotic soil characteristics, chemical
characteristics, and biotic processes that impact the transformation and mobility of
hormones in wastamended soils across relatively small extents.

Estrogens have a high affinity for sorption in soils (Lee et al., 2088¢y et a/.
2005; Hildebrand, 2006;) and sediments (Williams, JurgewsJohnson, 1999; Bradley
et al., 2009; Writer et al., 2011). The sorption of hormones to soils correlates strongly to
soil texture and particle distribution. Estrogens sorb rapidly to a variety of soil types,

from silty clays to sands (Lee, 2003). iegiens sorb rapidly to sandy soils, but are also
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desorbed from this soil type to the greatest degree (Hildebrand, Londry, and Farenhorst
2006). Estrogen sorption is fast and reversible (Lee, 2003) and estrogens are easily
released under aqueous conditigHddebrand, Londry, and Faranhorst, 2006), such as
when soils are saturated during and after storms and during snowmelt. The release of
estrogens into an aqueous phase facilitates leaching damshgradient migration
(Laegdsmand et ak009).

The sorpion of estrogens is investigated more than androgens or progestins,
likely because estrogens are the most potent endocrine disruptors (Khanal et al., 2006).
Some studies indicate that estrogens are dissipated from agricultural soils and have
relatively iorthaltl i ves (Lorenzen et al ., 2006) .
to mean that parent compounds were not recoverable; it does not explicitly mean that
hormones were degraded. Dissipation includes both transformation into degradates or
metalmlites and sorption to soil.

The strongest factor determining the amount of estrogen sorbed to different soill
types is soil organic carbon (SOC) content (Kozatekl., 2008; Cam et al, 2010). The
affinity of estrogen tavailableSOC is high; sils with low SOC have grater sorption
per unit SOC (Cametal,200Qbecause of estrogends .high
Sorption to olliodal organic carbon (COC) and dissolved organic carbon (DOC) also
enhance the persistence (estrogens remain sorbedpainitity of some estrogenga
particle movement and erosid@gitnick et al, 2011). Estrogens were found to sorb to
waste slurry solids (AminPetersen, and Laegdsmar2®12). It is even suggested by
Stumpe and Marschner (2010) that ldegn organic waste application results in

increased SOC contents, which encourageeased estrogen sorptidhge possibility of

14
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increased hononal loadhg or increased desorptiaamder saturated conditiongas not
discussedhn their study

The bulk of hormonalbrealdown proceedsvia biodegradation by microbes.
Volatilization of hormones is negligible (Williams, Jurgens and Johnson, 1999) and there
is little photodegradation (Leech, Snyder and Wetzel, 20@)me estrogens degrade
poorly in sterilized soil, but degde rapidly innoss t er i I i zed soi |, neéi
mi croorganisms are directly responsible fo
Wang, 2008). Carr et al. (2011) found that high biological activity in anaerobic soils
rapidly degraded estrogeard resulted in very short hdives of 0.7 to 6.3 days.

Different microbial communities are responsible for estrogen degradation
(Stumpe and Marschner, 2009). Several bacterial strains found in soil are capable of
using estrogens as carbon sourckastdegrading them (Kurisu et al., 2010). In some
cases, algae and fungi also degrade hormones in soils (Lai et al., 2000; Catjthami et al.,
2009; Stumpe and Marschner, 2009). The wetting of soil may create conditions
favorable to rapid microbial transfoation of hormong (Mansell et al., 2011). Based on
biodegradation potentialpme studies conclude that hormones are rapidly attenuated in
aerated soils (Lorenzen et al., 2006) and that they are not persistent in agricultural soils
(Lucas and Jones, 260

Hormones may be unaffected by anaerobic or aerobic conditions, but the
microbial life which can degrade them have preferential conditions. Czajka and Londry
(2006) found that the degradation of estrogens in anaerobic conditions was minimal.
Williams, Jurgens and Johnson (1999) suspect anaerobic riverbed sediments to be a sink

for estrogens. These findings suggest that estrogens would accumdateramnents
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with anaerobic conditions (Ying and Kokana, 2003). Hormones degrade rapidly under
aerobic conditions (Ying and Kookana, 2003), mostly because the microbes that
biodegrade them prefer oxygenated environmeBitseam biofilms are found to attenuate
homones through biodegradation and sorption; however, hormones sorb to biofilms at a
greater rate than they are biodegraded, so it is suspected that hormones will accumulate in
stream biofilms (Writer et al., 201bgfore they are biodegraded

Physical chaacteristics of the hormones themselves affect their transport and
transformation. Sex steroid hormones are organic chemicals that exist as stereoisomers.
Stereoisomersrae compounds, i @omb coonecteth ia the sarhehoederr
but differ in threed i mensi onal orientati on, omayhte Mur r vy,
different ratesand strengthsf sorption; the lower the sorptioate or strengtithe higher
the likelihood of leaching (MashtarB, Khan, and Lee2011). Hormones may also exist
as free forms or as conjugates (Duttaal, 2010). Conjugates are compounds with
alternating double and single bonds (McMurry, 2000); combination of hormones with
another molecule, such as sulfate, resiitconjugation. Conjugates are not endocrine
disrupting like free forms, but they can be converted back to free forms undgghthe
environmental conditionutta et al., 2010)

Fine scale laboratory experiments identify mechanisms by which hormones
transform, degrade and bind up in certain matrices under controlled conditiornise but
design of thesexperiments may be unhelpful in informing us about rates of transport and
transformation across complex environmental gradients or large and hetersgeneo
extents. Controls make lab study situations quite unlike real world conditions. Controls

include maintaining consistent temperatures; using-reantive equipment; ujy
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uniform matrices (air drying, autoclaving, sieving aushing material); usingpscific
concentrations and mixtures of solutes, solvents, and solutions; using controlled mixing
strategies; and covering batches to minimize reactions to light. Controls can alter in situ
variables like soil particle and pore sizes, soil compaction,nsoisture, and microbial
residence. In situ soil microcosms have heterogenic characteristics much unlike prepared
samples. Even across a space a few inches wide and a few inches deep, sunlight
exposure, temperature, particle size, microbes, and orgaaigriat can vary and may

have a significant impact on the transformation and transport of hormones across the
microcosm.

Variations in laboratory equipment calsoalter experiment measurements. For
example, filter materials adsorb estrogénglass fiters adsorb the least, stainless steel
and pol ycarbonat e filters adsorob Asigni f |
Aéenearly all the estrogen that <contacted
2010). This means that glass bottles and otherta@ioers used to collect samples may
affect experiment outcomes, too.

Lastly, rom study to study, rates of transformation and transport aralways
comparable A number ofsamplehandling protocolsexperimental methods and several
methods of dedion and measurement are uséthere are no standard protocols for the
measurement of hormon@s these types of studig®utta et al, 2010). There are no
clear comparisons between assays for estrogens (Raman et al., 2001) or other hormones.
Severaldetection methodsire used and more than one are known to overestimate
hormone concentrations or hormonal activiutta et al, 2010). Results are also

expressed inconsistently, a function of methodologies used. Generally, transport and
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transformatiorare measured in percent of parent compound and transformation products

recovered.

CAFO Waste Storage and Treatment
Fine and Broad Scale Processes and Factors

The storage and treatment of waste at the facility will determine the hotoazhe
of land-applied wastes. The hormoriead of land-applied wastes varies considerably
from CAFO to CAFO due to differences in animals, animal management and waste
collection, storage and treatment practices (Mirdumenik, and Overcash2000;
Bradfordet al, 2008). In the review that follows, specific hormones and their hormonal
potencies will not be discussed, rather, the tdrarsnone loacdandhormonal activityare
used. Hormone load is the total amount of all hormones, parent chemicals and
transformatio and degradation products. Hormonal activieya measurement that
accounts forthe strong potency of parent compounds and less potent transformation
products and degradatewithout calling out specific hormone amounts and types
Hormonal activity is aterm that also accounts for the dynamic transformation
possibilities of hormones, as Ivas degradation. For examples strong estrogens are
transformed intaheir breakdown products, which are less potent estrodemmmonal
activity decreases.

While advanced treatment technologies have been developed (Vanotti et al.,
2007), some of which are able to remove up to 97 percent of hormones in wastes
(Furuichi et al., 2004), lagoons remain the most popular CAFO waste treatment choice

because they are tecHaogically simple and relatively low cost to construct when
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compared to more complex systems (Miner, Humenik and Overcash, 2000). Generally,
other than impoundment in lagoons, livestock wastes are not treated before they are

transported off site or appligd agricultural fields (Bradford et al., 2008). Bradford et al.

(2008) indicate that there wild/ be Aconsi
contaminants such as hormones from facilit
and waste manageme practices. 0 A review of i ter

location of a CAFO and the environmental conditions on site will also influence the
transformation of hormones in storage or waste treatment systems.

Estrogens are rapidly transformed hbycroorganisms in manure, but may be
converted back under anaerobic conditio®efg Yates, and Bradford2008.
Estrogen transformatiom lagoons and catructed wetland treatment sgsts varies
with waste storage system (Raman et al., 2@0%) with seasonality (Shappell et al.,
2007) Increasing the residence time of wastewater in sequencing lagoons and increasing
the storage time of solid wastes are economical and efficient agricultural practices to
extend the degradation time of hormones in wédkeeng, Yates, and Bradford, 2008
Shappell et al. (2007) found estrogenic activity in the lagoon and wetland inlets sampled
in November were significantly higher than samples from the same location collected in
April and June and hypothesize that tisisniost likely a reflection of decreased microbial
degradation and photolysis édue to seasonal changes in environmental temperatures
and angle, intensity, and duration of sunlight.

Lagoons in series, constructed wetland systems Wahd ecologically
ergineered treatment systems (EETs) have been found to significantly reduce hormone

loads. A.K. Kumar et al. (2011) explored the ability of an EET to remove hormones and
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other contaminants from wastewater. EEdre typicallya series of tanks containing
diverse varieties of aquatic plants, wetland plants, snails, algae and bacteria, protozoa and
pl ankton. The set up is designed to fAén
wet | amkd Kumarét al, 2011). The EET of Kumar et al. removed over 90 percent
of estrogens through the natural attenuation by EET biota. Additionally, Kurehaeam
stat e, A T h eis edcdogically soenglex Brifl hechanically simple and has very
low energy consumption and function based on a natural cleansing mechanism
(attemuati on) with esthetic value. 0

In a yearlong study in northeast Ireland, Cai et al. (2012) investigated the
attenuation of hormones from dairy wastewater through a five pond, gravity flow CWS
with a hydraulic residence time of 490 days. Pond 1 wagpen(without plant cover)
while Pond 2 through Pond 5 were planted wdifferent mixedvarieties of wetland
plants. The CWS reduced estrogenic and androgenic activity of the wastewater by more
than 90 percent. Because the amount of hormones in the €&wWélate to the amounts
being excreted at the dairy, the researchers note that dairy cow pregnancy rates ranged
Aéefrom a minimum of 39% in November and a
which they were able to cor namslpalardisetofo fét |
testosterone i n compar i s oenmmonthstudyeascombimagienn i n
anaerobic lagoon and four pond CWS in North Carolina with wetland hydraulic residence
times of between 22 to 50 days removed between 83 and&hpef estrogeuiactivity
(Shappell et al.2007). In this study, too,hHe CWS was responsible for the bulk of

hormone biodegradation.
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Lagoon, CWS and EET studies indicate that biotic interactions and residence time
in these structures are importantttas in the natural attenuation of livestegkiste
source hormones. These kinds of treatment systems are effective at preventing the bulk
of hormonal activity from ending up in larapplied wastes.

Manure treatmentterature reviewed for this studyditates that hormones found
in livestock wastes are biodegraded best by sewage microbes and that complex
constructed wetland and engineered ecological systems have the capacity to effectively
attenuate hormones in wastewaters. Therefore, treatment afswassite should be
considered the best strategy for minimizing the contamination of surface waters

downstream from landpplication fields.

Hormones Move Downgradient
Broad Scale Processes and Factors
Hormones have been detected downstream ftaimes, and other beef, hog and
sheep farms in the U.K. with hormonal activity higher in samples closer to these facilities
(Matthiessen et al., 2006). Estrogens have been found to migrate horizontally and
vertically, detected in soils and groundwatewdgradient dairy facilities (Li et al.,
2011). Testosterone and estrogen were detected in sediments 45 and 32 meters deep,
respectively, and in groundwater below a dairy wastewater lagoon (Arnon et al., 2008).
While there areestablished concerns aboutcdtized norpoint release of
hormones from CAFO facilities and their associated waste collection and storage
structures, the landpplication of waste creates a significant and widespreagpoion

source for the hormones livestock wastes contain. In,280tb et al. attempted to
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compare hormonal activity in the runoff from feedlots administering pharmaceutical
hormones to cattle feedlots that do not. They were unable to identify any feedlots where
animals were raised without hormone supplements. Satdemm collected runoff from
Nebraska feedlots and analyzed the sample for androgenic and estrogenic hormonal
activity to assess the presence of feedlot wsstece hormones at different points
downstream from the feedlots. They found that total horiractévity originated in the
feedlot and decreased at downstream sampling locations. The researchers conclude that
their data showed that significant amounts of hormones are released by feedlots into
nearby surface waters. However, hormonal activity afgoeared in reference (control)
site samples. The researchers were unaware that manure slurry had been applied to crop
fields in the vicinity of the reference sites at some point prior to sample collection.
Hormones are transported from land applicatitedds to surface waters by runoff,
interflow through soils, omigration to groundwaters that feed into surface waters.

After wastesleavea CAFO facilityds st dawalhgngs and t
have been identified that chie done by man tdefinitively influence the transformation
and transport of hormones in laagplied wastes. Methods of waste application, soll
tillage, and the use of vegetated buffer strips may affect hormone transport and

transformation at a field scale. Dutta et al. (20d@ypared the release of estrogen from

pell etized poultry Ilitter and raw poul try
much | ower from soils amended with pell eti
Dutta et al. (2010) also foundaht no tillage practices fné r

estrogens with surface runoff compared wit

that Fescue grass filter strips effectively reduce the runoff transport of estrogens from
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land-applied poultrylitter; the longer the filter strip, the lower the concentration of
estrogens in the runoffUsing agar amended soil test plots, Sakurai et al. (2009) found
that fnAnévegetation such as clover may signi
whenestogens i n aqueous phase are discharged
used agar to support microbes in the clove

Time and precipitation are also identified in broad scale investigations as
significant factors in the release of hormones into the environment. Schuh et al. (2011)
took several samples from a field before and at several dates after swine manure was
applied. They found that a significant increase in detectable estrogens six months after
manure application appeared to be related to a precipitation event. Hormone
concentrations di d not return to Aorigin
application. Schuh et al. suggest that soil may act as a-teng reservoir for estrogens
in the environment where estrogens may be periodically released through desorption
during precipitation events. In a egear study, Kjaer et al. (2007) found that estrogens
leached from the root zone of a loamy soil and were detected in tile drainage water three
months after land application of hog waste. Estrogens can become easily desorbed,
leached from the soil and transported in water to aquatic environments (Hildebrand,
2006; Kjaer, 2007).

Gall et al. (2011) monitored water flow in drain tile and ditches associated with
fields land applied with livestock wastes and wastewater and took samples from these
locations during baseline flow and during storm events. Gall etoahd that the
concentration of hormones in water samples increased during effluent irrigation and

during storm events. Hormone concentrations also increased with spring thaw and
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snowmel t . AThe highest concent roleséervedins of
June, which coincides with the early life stage development period of many aquatic
species in t letal 20114 Whe sonaurre(it Gnairg bf peak concentrations
and developmental stages may indicate that the timing of exposunpastant to the
endocrine disruption of aquatic species by livestock wsstiece hormones.

Zhao et al. (2010) investigated the movement of endogenous hormones from an
organic CAFO where no pharmaceutical hormonal inputs arealseé r one year 0S

Using monthly monitoring eventshey found constant, low concentrations of estrogen in

downgradients t r e a ms . These concentrations incre
mobilization of estrogens from soils wupon
wereal so detected in streams during dry per

from groundwater. 0O

In their 2004 watershed washout study, Shore et al. measured the flow of
testosterone and estrogen in streams after precipitation. Following a week\ofdips,
researchers measured fAéan initial l arge i
accompanied by high estrogen which gradual
hormones in surface water runoff were followed by hormone dischargesttumated

soils.

Land Application of CAFO Wastes
Kolpin et al. (2002) carried out an extensive reconnaissance of organic
wastewater contaminants in US stream networks and their results indicate a connection

between CAFOs and the presence of hormonedré@amms. The land application of
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CAFO wastes creates a widespread -pomt source from which hormones are
transported into surface waters.

Animal wastes (manure, manure slurry) are managed for nutrient content and are
applied to farm fields accordingl{Casg et al., 200% In addition to nutrients (nitrogen
and phosphorus), manure is a source of ammonia, odorous compounds, salts, trace
metals, pathogens, antibiotics and hormones (USEPA, 1998). Because wastes are not
managed for pathogen or pharmaagaltcontent, the prescriptive spreading of waste has
the potential to contaminate soil, groundwater and surface water with these agents.

Waste from CAFOs was not considered a cost to livestock production until the
1960s when these facilities, their wastesl waste disposal methods, had become an
environmental quality concern (Clawson, 1971). Although it was understood that no one
waste management strategy would be universally suitable for all animal agriculture, the
main strategy suggested to keep cost&rdwas to minimize the distance that wastes
were transported and to spread manure on cropland near the CAFO facility (Clawson,
1971). With the exception of poultry litter, dry manure spreading was abandoned for
liquid manure application. Liquid manurellection and application systems increased
manure values, reduced labor requirements, and were more convenient than traditional
manure spreading (Casler, 1969). Additionally, this system was deemed appropriate for
CAFOs because it becomes more economitedn the cost is spread over more head of
livestock (Clawson, 1971).

With the exception of poultry litter, which may be economical to transport further
(Bosch and Napit, 1992), the cost of transporting livestock wastestefis costly over

long distances. Additionally, the storage and treatment of livestock wastes at CAFOs is
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expensive (Gleick, 2000) and the combination of large volumes of wastes and a lack of
disposal area constrains effective waste management at CAFOs (Bradford, 2008). Over
application of wastes to fields short distances from CAFOs has been documented in some
places as a major and-ikgulated nospoint source of pollution in downstream surface
waters (ECCSCM, 2010).

Animal manure can be an excellent and economical fertilizérisf applied at
appropriate rates and properly incorporated into soil. However, aside from being a good
source of ammonia and nutrients (primarily nitrogen and phosphorus) for crops, manure
is also a source of salts, heavy metals, pathogens, antibattfiormones (Bradford et
al., 2008). While advanced treatment technologies have been developed (Vanotti, et al.,
2007), lagoons remain the most popular CAFO waste treatment choice. Other than
impoundment in lagoons, livestock wastes are generallyreated after deposition by
livestock or before they are transported off site or applied to agricultural fields (Bradford
et al., 2008). Therefore, improper onsite storage of wastes on site and improper or over
application of wastes on fields may resultnutrient overload and the contamination of
downstream waters and environments with th
on available data, generally accepted livestock waste management practices do not
adequately or effectively protect water resoaréem contamination with excessive
nutrients, mi crobi al pat hogens, and phar ma

al., 2007).
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Summary of Literature Findings

Studies reviewed indicate that the types and amounts of hormones found in
freshly exceted livestock wastes are not the same types and amounts of hormones that
are found in land applied wasted.ikewise, the hormone load dand-applied wastes
may be different than the hormone loaeleased into downstream environments.
Transformation ash degradation of hormones will take place at a multiplicity of stages
and situations, at varying rates, through onsite collection and storage structurésigbost
application, during their residence on and in field soils, and during their residence in
downstream environments.

The amount and type of hormones found in land applied livestock wastes depend
on the characteristics of the CAFO animals, facility, and waste storage and treatment
systems in place at a CAFO facility. Once wastes are applied itcanporated into
agricultural soils, hormones will generally sorb strongly to soil organic carbon or remain
sorbed to organic carbon found in the waste matrMost hormone biodegradation
happens in waste or in soils under conditions preferred by memsbige hormones are
sorbed. The sorption of hanones to soil creates a hormaiek in fields where wastes
are land applied Hormones are released in saturated and aqueous conditions brought on
by liquid manure application, precipitation events, andwsnelt. When hormones
desorbthey areleached from and through soil aadetransported in aqueous solution,
downgradient to groundwaters and to downstream surface waters. Hormones sorbed to
soils may alsdoe transported through erosioRlormones natutly attenuate in complex
environmental systems. Microbes and other biota mediate hormone degradation and

removal from the environment; however, hormones may also accumulate in anoxic

27



environments (such as in deep stream sediments) or under other cendhtiavorable to
microbial degradation.

The characteristics of wastes, hormones, agricultural lands, and the landscapes in
which CAFOs and land application fields are situated contribute to the complexity of the
transformation and transport of hormonesirsite to streamThe mechanisms by which
hormones are transformed and transported are dynamic, influenced by the variable
environmentsin which they are situated. This review indicates thateg of
transformation and transport may be difficult to mmasor predict over a large,
heterogeneoukndscape. However, the understanding that hormones are likely moved
by hydrologic flow of water downgradient from land application site to stragmports
the use ofa simple topographic flow model to identifyream reaches most likely

impacted by the land application of CAFO livestock wastes.
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RESEARCH DESIGN

Objective

The objective of this study is to identify surface waters in Missouri that are most
likely to be impacted by hormones from laappliedCAFO wastes First, thelikelihood
of impacts tesurface waterbased on landpplication extentor distance from the CAFO
facility, will be investigated. Second, thié&kelihood of impacts from thespatial
concentration of CAFO animals (animal unig)l be investigated.The results of these
approaches are compareddentify mostlikely impacted surface waters

Hauling CAFO livestock wastas expensive, therefore it is assumed that
preference will be given to spreading wastes as close as possiBeFO facilities,
extending outwards, further away from the facility, when necessary. Hormones
remaining in the soils of agricultural fields on which CAFO livestock wastes are spread
are likely to be desorbeahd moved downgradieniuring precipitation esnts or heavy
snowmelt. Hormones will flow with runoff, overland or through drain tile to downstream
surface waters. Based on the hydrologic transport mechanisms of hormones and the
preference for land application fields near the CAFO facility, it iseetqul that surface
waters receiving runoff from land application fields in close proximity to CAFO facilities
are most likely impactednd increasing the extent of land application will increase the
extent of possible impactsFurthermore, because wastee not hauled long distances
for disposal by land application, areas where there is a spatial concentration of CAFO

facilities, and thus animals and wastes, will land apply wastes to more available nearby
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agricultural lands than facilities with less anlsmand waste. Higher animal densities

will correlate tohigher likelihood of impacts on downgradient surface waters.

Theory

Based on the literature review findings and the objective of this study, lgedsca
ecology principles of scal€Turner, Gardnem nd OO N e iwkré used2d d&lécy
appropriate data layers, scales of data, andadetbgies for data analysiBelow is an
explanation of these principles as the rationale for the selection of data layers follows
here. The selection of properly tmh data and methodologies for data analysis are
described throughout the Data Analysis section that follows.

Fine scale processes or components average away to become constants.
Hormone transformation and biodegradation are fine scale processes dependent on all of
the variables in the process context, such as temperature, oxygen availability, moisture,
and microbial communities. These fine scale processes may average awagne be
some constant or a function that reaches a limit of zero or a minutigdalBecause of
environmental and landscape complexijtibgs constant or limitvould be very difficult
to calculate However,what happens at fine scaleforms us ofwhat to expect at
broader scake Understandingirie scalehormone transformatioprocessegjive us an
idea of what will béound in a sample taken downstream.

Relative importance of explanatory variables changes with s@dle.focal level
of this study isan agricultural landscape, which includes land application fields, surface
waters, and the land in between, over which runoff will flow. e tagricultural

landscapgthe most important factor in the transport of hormones is the flawnaifff.
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This study will model the flow of runoff from land application fields over a DEM to see
which surface waters will be impacted by that runoff.

At larger extents, parameters that were constant become variablBse
movement of hormones in runoff through alamdpce i s constrained by
context T not only its climate, seasonality, and precipitatiobut alsothe spatial
concentration of CAFOs and their land application fieldss weincrease our extent
from one Missouriagriculturallandscape to manyve will see the combined impact of
many CAFQ and associatethnd application areas and are likely to see increased
impacts in areas where CAFO facilitigbeir animals and wastese concentrated. We
may also see a change in landscape context tha¢mntes how much runoff there is in a
season or year.

New interactions may arise as the extent of inquiry increafiese widen our
extent further, past Mi ssouri 6s borders t
impacts from neighboring stategwa and Nebrask&klahoma and Arkansasif we
expand our scope to include other hormone sourdgéswour extent, such as wastater
treatment plants (WWTPgsthere is potential téind additional surface water impacts, or
surface waters impacted by more than one source of hormones. Additidmaltepth
of investigation could be increased to compareface watersmpacted by land
application runoffto the locations of surface ater drinking water intakes, impaired
waters and criticahabitas.

While hormones move and change from land application field to stream,
environmental complexity can hinder us from effectivetgdicing hormonal loadsAt

the focal level of the agricuital landscape, the important data sets to consider are the
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location of land application fields, the location of surface waters, and the topography of
the land in between. This study also takes into consideration that hormones are moved
with the hydrologt flow of stormwater runoff or snowmelt. These phenomena are
dependent on the larger context of the agricultural landscape, its climate, seasonality, and
precipitation patterns.The scope of this study does not include the investigation of
hormone impast from WWTR and does not include additional investigation concerning

drinking water intakes or critical species habitat.

Data Analysis

To determine the extent cfurface waters in Missoutikely to be impacted by
hormones from landpplied CAFOwastesjand application fieldsare locatedand then
rundf from across these areasn®deled. Channelized runoff paths are layered over
surface water data; surface waters intersecting with runoff patterns are selettited as
likely impactedextent

To identify surface water reaches most likely impacted by the land application of
CAFO wastes, the spatial density of CAFOs, considering their size in animal units, is
determined. Areas of greatest animal unit density are used to identify stream reaches in
closeproximities and downgradiemost likely to be impacted.

Data manipulation, data analysis and magking was completed using ArcGIS
10, ArcEditor 10.1 and Extensions, Education Edition, ESRI, Redlands, CA, USA. All
data used in analysis is current, fraed readily available via online download from

reputable sources.
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This study has a statewide extent. This extent is of interest to state residents and
regulatorsor any other party interested in a staiele environmental monitoring program
for CAFO wastesource hormonesecause it takes into consideration all CAFO facilities,
land application areas and stream networks within the jurisdiction of the State of
Missoui. The study extent is defined by the State Boundary of Missouri (MoDNR,
2009). County Boundaries of Missouri (MoDNR, 2009) and MOHUCS8 watershed
boundaries (MoDNR, 2008) are used to describe locations in the analysis and results.
The selection of otheatata is discussed in the Data Analysis section that follows.
Defining the Spatial Extent of Land Application Fields

In Missouri, CAFOs are required to land apply livestock wastes to meet
dischargecriteria required for permitting (MoDNR2009; MoDNR 2011b; MoDNR
20119. MoDNR permitting also requires wastes to be applied to lands under the direct
control of a CAFO facilityvia ownership, rent, or leaseThe acreage needed for land
application of wastes will vary from CAFO to CAFO depending ontype and number
of animals at the facility.

A data set of NPDES permitted features asded with CAFOs in Missouris
made publicly available by MODNR (MoDNR, 2011). This data set is the only set of this
type available for CAFOs in Missouri. This dadet iscompiled from information
submitted by CAFOs on NPDES permit applications. Permits can be reviewed online
through the MODNR Water Protection Program permit lookup web page. A permit for a
large dairy with several permitted features is attaclseA@pendix B. Please note that

when searching the permit lookup, some permits may be listed by facility name,
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corporation name, owner name, or other moniker. Additionally, misspellings and
abbreviations make searching for specific permits difficult.

Neither the permitted feature data set attribute table or the permits include
location data for land application fields. Land application fields are accounted for in
facility specific Nutrient Management Plans (NMPs) and the fields to which wastes are
appliedmay change from year to yedMldDNR, 2009. Land application field locations
were not found readily or publicly available for the current or any previous year.

There are significant discrepancies between land application acreage listed in the
NPDES perntted features data set and the land application acreage listed on permits
found through the MoDNR permit lookup. According to the NPDES permitted features
data set, the largest land application acreage is 5673 acres. Permits for large Missouri
CAFOs (that could be identified by name through the online permit search) indicate that
actualland application acreagmay be much higher and that land application acreage
listed in the permitted features dataset may be unreliable for accounting purposes. For
exanple, the large dairy permit, attached as Appendix B, indicates that this facility has
9680 acres available for land application of wastes. Note that the permit does not state
explicitly whether or not all of this acreage is actually used. The samigyfeciisted in
the permitted features data set as having

It has been documented that wastes are generally not hauled very far from the
CAFO facility where they are generated and the amount of land necessary for waste
dispcsal will vary from facility to facility. Land application areas are documented in
facility-specific NMPs, but this information is not readily or publicly available.

Therefore the investigationinto the extent of impactwill employ a series of bufferot
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illustrate runoff in situations where wastes are spread within increasing distances from a

CAFO facility.

Extents of Land Application

Bradford, et al. (2008) estimate that manure and wastewater are usually land
applied on agri culbtowrtall 6fkimelodfs iAeF Owiftahciinl i
distance, a buffer constructed around a CAFO facility is approximately 198,600 acres in
size. Permits indicate that some smaller operations need less than 400 acres to spread

their waste. Based on the variety @AFO facilities and associated waste generation

vol umes and Bradfordds esti mat e, buffers o
Buffer Radius Buffer Area (acres)
4km 12,414 acres
8km 49,658 acres
16km 198,658 acres

Table 3 Buffer Radii and BuffeArea

Locating CAFOs and Drawing Buffers

If we choose to use buffers around CAFOs to estimate the locations of land
application fields, we first need to know where the CAFO facilities are. The NPDES
permitted features data set includessde and offs i t e fioutfall so (fea
permiting. A single CAFO generally has multiple permitted features listed on its
NPDES permit. Facilities with multiple permitted outfalls were selected ad hoc from the
data set and permits for these facilities were reviewed. Referring again to the layge dai
per mit (Appendi x B) , -site peendited featbrestincludd i s  f

lagoons, storage basins, feed storage areas, compost areas, waste treatment and storage
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structures, and domestic wastewater structures-si@ffpermitted features ihcle on
stream watemonitoring sites for stormwater runoff. These watemitoring sites are
not identified as such in NPDES permitted feature data set.

Of the 1095 permitted feature data points listed in the attribute table of the
permitted featuresada set, only six data points are listedeseiving water monitoring
An online review of permits indicates there may be many more. Using the identification
tool, points on and very near streams were investigated. Some are identsiednas
water oufall locations, but not all storm water outfalls are located on streams. After a
review of several NPDES permit applications and close inspection of the mapped
permitted feature data points it was concluded that points on and very close to streams are
most likely water monitoring locations.

To identify CAFO facilities, onsite permitted features must be distinguished from
offsite permitted features. Onsite permitted features are generally features that collect,
manage, or store wastes and can be usegbpooximate the location and extent of the
associated CAFO facility. Offsite permitted features are likely water margteries.

The resolution and accuracy of both the NPDES permitted feature data points and
the surface water data sets are consideretie sorting of onsite and offsite features.
According to the metadata for Missouri rivers and lakes, data sets are based on 1:24,000
source data. Most points in thoDNR permitted featurelatasetare listed as having
| ocations that have been Ainterpolated fro
points are listed in the metadata as having a horizontal accuracy of 25 meters.

With the listed accuracy of all datasets in mind, it was desiréithd a threshold

distance from streams and lakes below which permitted features would likely be water
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monitoring sites and beyond which permitted features would likely be onsite. To do this,
all permitted features within 25 meters of surface waterse vgetected. Then, all
permitted features within 30 meters, and 35 meters were selected, and so on, until the
number of selected permitted features leveled off. This selection exercise was continued,
in increments of 5 meters until the number of seleptecnitted features leveled off a

second time. The results of this selection are listed in the table below.

Distance from No. Permitted Distance from No. Permitted
Surface Water Features Selected Surface Water Features Selected

5m 44 45 m 71

10m 58 50m 71

15m 62 55m 71

20m 64 60 m 72

25m 65 65 m 73

30m 67 70m 75

35m 69 75 m 75

40 m 69 80 m 75

Table 4 Number of Permitted Features Located Different Distances from Surface Waters

The number of permitted features selected level off between 45, 50, and 55 meters
and again between 75 and 80 meters. To investigate further, three data layers of
permitted features within 25 meters, 50 meters, and 75 meters of surface waters were
created Uniguesymbols werechosen for each data set. Largest symbols were used for
features 75 meters away, medisimed symbols for features 50 meters away, and small
symbols 25 meters away. Data layers are ordered so that symbols stacked small on top of
medium on top of large. This technique revealed the location of those permitted features
between 26 and 50 meters and between 51 and 75 meters away from surface waters. A
map depicting this technique is attached as Figure

Permitted features located betn 26 and 50 meters from surface waters were

spot checked by their coordinate location (listed in W@DNR permitted feature
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attributes) using Gagle Earth aerial imagery. etures werselected anddentified in

aerial imagery as locations on bridgessings or locations where roadways were close to
streams. Based on this information, permitted features located 50 meters or closer to
streams are likely wateanonitoring sites. A total of 71 water monitoring sites were
removed from the permitted featisr data set and were used to create a data set of
permitted water monitoring sites.

Permitted features located between 51 and 75 meters from surface waters were
selected andpot checked by their coordinate location using Google Earth aerial imagery.
Thes features were identified in aerial imagery as lagoons or other structures at CAFO
facilities. Based on this information, these permitted features are considered to be onsite.

A review of the onsite permitted features indicated two facilities identd®d
sausage and meptocessing facilities had permitted features associated with them.
These facilities are not likely to generate, manage, or store livestock wastes, so all
permitted features associated with sausage and meat processing were removbd from
data set. The remaining 1022 permitted features represent the locations and extents of
CAFOs in Missouri. A map of CAFO permitted features in Missouri by animal type is
attached as Figur2

Buffers were constructed around the-site permitted fature data points,
effectively creating a buffer around each CAFO facility. Many buffers overlap,
especially in areas whe@AFOs are concentrated. The spatial concentration of CAFO
facilities and land application fields is investigated later in thistiaec Buffer

boundaries were dissolved to create a single data layer representing the possible extent of
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land application areas across the state of Missouri. A map of land application byffers
size is attached as Figure 4

Before runoff is modeled oveahe buffers, the land cover/land use (LULC) of
areas within the buffer is checked to make sure that agricultural lands are present, and to
what degree. Two sets of land cover/land use (LULC) data were considered. The Land
Use Land Class (lulcO5) datader Missouri (MRAP, 2005) is a t6lass LULC that
calls out WACroplando and AGrassl ando, but
grasslands might also be used for agricultural purposes. The National Land Cover
Dataset (NLCD) for Missouri (MRLC2006) is a 2iclass LULC data set that calls out
ACultivated Cropso, APasture/ Hayo, and AiGr
of CAFO wastes on agricultural lands may include application to both cultivated crops
and pasture lands, the NLCD figlissouri is used.

Cultivated crops and pasture/hay classifications were called out separately from
the rest of the LULC classes and compared to with the buffers. This compzaisbe
seen in Figure .5 For each buffer size it was found that cultivated crops or pasture/hay
lands were available for the land application of wastes; however, the amount of acreage
needed by each facility was not checked. The acreage necessary for the disposal of waste
from each facility is found on permits and in facility NMPs; it was deemed impractical
given the large number of facilities and previous difficulties using the MoDNR online
permit look up.
Modeling Runoff From Buffers

Runoff from buffers is modeled over a d& elevation model (DEM). Lineter,

30-meter, 56meter 66meter, and 10fneter DEMs are available for the state extent
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through Missouri Spatial Data Information Service (MSDIS). DEMSs are generalizations

of true topography; a finer resolution DEM willstdt in a finer representation of runoff.
However, at broad scales and large extents, fine scale data contains unnecessary detail
that makes data files larger and computer processing more time consuming. When the
resolution of other data used in this lyse is considered, the 3fieter and 60neter

(GRC, 1999) DEMs are considered to be most appropriate. Fhee@ DEM was used

first and was found to be more easily processed and fine enough to model the flow of
runoff from land application areas so B@meter DEM was not used in this study.

The Missouri Primary Rivers data séiSGS, 1994; MISDIS1997 and the
Missouri Lakes data seUSGS and EPA2005 were selected to represent the surface
waters within the state. The primary rivers data setnisexpansion of the National
Hydrography Dataset (NHDfor Missouri. Metadata for NHD data indicates that state
and local governments or NGOs will provide more detailed local data. Indeed, the
Missouri NHD-based primary rivers data set includes more ksreend headwater
tributaries than NHD data. This detail is important for identifying specific streams most
likely to be affected by contamination from the land application of CAFO wastes.

To simulate runoff, the flow of runoff over the DEM within the leuff was
modeled. Sinks within the DEM were filled and flow direction and flow accumulation
were calculated across the buffers. The resulting flow accumulation grid was used to
create a new grid that identified only those cells with a flow accumulatié atres or
more. This flow accumulation data was reclassified to display the pattern of runoff over

the buffers.
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Runoff from all land within each buffer was modeled. The runoff from buffered
areas includes runoff from land application fields; therefsugface water impacted by
runoff from the buffered area is impacted by runoff from the land application fields the
buffer contains. Figure 6., attachesthows the S5@cre runoff pattern from across a 4
kilometer buffer. This particular buffered areaswghosen because, compared to other
buffers, it had a minimum of available land application acreage. This figure illustrates
that this practice is acceptable for broad scale analyses usiag@60meter grain data
as undertaken by this study. The taton of data used here dni$ practicen general
may not acceptable for localized or fine scale studies.

The resulting runoff pattern was compared to the primary rivers layer. These two
data sets did not overlay perfectly (different scales/ cedlsibut they matched up well.
Surface waters that intersected with the buffer runoff pattern were selected for each
buffer. These surface waters represent the possible exteswsfate waters most likely

impacted by hormones from the land applicatib@€AFO livestock wastes (Figure 6).

Spatial Concentration of CAFOs (Animal Units)

The Shenandoah River Valley study by Ciparis, Iwanowicz, and Voshell (2012)
finds that hormonal activity in watershed stream reaches correlated positively to the
density ofanimal feeding operations. If we hypothesize that the same phenomenon will
occur in Missouri surface waters, we need to first determine the density of CAFOs and
then located the surface water reaches in close proximity and downgradient from high

concentation areas.
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While the density of CAFOs is significant, the concentration of facilities does not
directly tell us about the potential significance of impacts. For example, say that there
are ten CAFOs, each with 200 animal units in very close proximigach other in one
area and a single CAFO with 10,000 animal units in another area. Containing the same
type of animal, the single facility with 10,000 animal units may have a more significant
impact on nearby surface waters (such as hormonal loadjhibastuster of ten CAFOs
with a total of 2,000 animal unitsTherefore, this study will consider the population, in
animal units, of each CAFO and will identify areas of high animal unit density.

During the investigation into the possible extents of icigaall onsite permitted
features were used to determine the extent of the CAFO facilities. For this part of the
study, we want to represent each CAFO with a single point, so that the ArcGIS point
density calculation can be used. The primary permitatlfe for each permitted CAFO
facility in the MODNR permitted features data set was seleted; these features serve as the
point representing the location eich CAFO All but four of the CAFOs in the data set
(566 facilities in all) were listed with a mber of animals by type andsociatechumber
of animal units. Unfortunately, these numbers were not found, so these four facilities are
not accurately representedSince animal units are equivalents based on volumes of
wastes produced, this numbgmused as the CAFO population for calculating animal unit
density.

Animal unit densities were calculatper square kilometarsing the same buffer
radii as in the first part of the study. For each radius, the density results were analyzed
for natural breakend the same density classes were assigned for alllibfese radii.

Surface waters in the vicinity and downgradient of sugfahighest animal unit densities
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for each buffer radius were identified as the surface waters most likely impacted by the
land application of CAFO wastes based on the spatial concentration of CAFO facilities

(Figures 7, 8, and 9).
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RESULTS

Surface waters receiving runoff from laagplication fields are likely to be
impacted by hormones runoff may contain. Based on the economics of waste hauling
and the desire to spread wastes on lands in close proximity to CAFO facilities, surface
waters &d by runoff from lands closer to CAFO facilities are most likely to be impacted
by the hormones in that runoff. This study investigated likely impacts using two
approaches. The first approach used three buffers of increasing extent from CAFO
facilities to identify surface waters likely, more likely, and most likely to be impacted by
runoff from within those buffers. The second approach calculated the density of CAFO
animals (animal units) to locate areas where animal density was greatest. Surfage water
within and immediately downgradient from the highest densities of animals were
identified as most likely to be impacte@he two approaches were then compared to find

surface waters identified by both as most likely to be impacted.

Likelihood of Impacts: Land Application Extent

Surface waters most likely to be impacted are those that receive runoffainoim
application fieldswithin 4km of CAFO facilitiesand are colorcoded red, orange, and
yellow in order of increasing likelihood of impadiased o increasing lan@pplication
extent(Figure 7) At increasing distances from CAFO facilities, likelihood of impacts
declines, while the extent of possible impacts increases.

MoDNR CAFO permitdist the HUC8 watershedof surface waters considered

receinng streams, so this study will use this watershed designatidesicriberesults.
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Sixty-six HUCS8 watersheds drain Missouri; @@tersheds contain surface waters likely

to be impacted by CAFO wastes applied on lands witkm of CAFO facilities (Figure

8). Table § lists stream reachemdmajorlakes(50 acres or largeiip each watershed

most likely impacted by hormones in laadplied CAFO wastes spread within 4km of

CAFO facilities.

Table 5: Surface Waters Most Likely Affected by Land Applied WastesVithin 4km of CAFO
Facilities. Includes stream reaches and lakes 50 acres or larger.

Surface Waters Most Likely Affected by Land Applied Wastes, 4km Buffer

MOHUCS8 .
Watershed Sub-Basin Name Surface Waters
7100009 | Lower Des Moines Des Moines River
Little Fox River, North Wyaconda River, South Wyaconda Rive
7110001 | BearWyaconda Little Wyaconda River, North Fabius River, Mississippi River
North Fork North Fabius River, North FabiBéser, Foreman
7110002 | North Fabius Creek, Indian Creek, North Fork Middle Fabius River, Brushy
Creek, Middle Fabius River, Bridge Creek, Bear Creek
North Fork South Fabius River, Troublesome Creek, Hawkins
7110003 | South Fabius Branch, South Fabius River, Million Creekeebers Branch, Henr
Sever Lake
North River and unnamed tributaries, Sees Creek, Big Branch,
7110004 | The Sny South Fork and unnamed tributary, South River, Bear Creek,
Hunnewell Lake
Salt River, Salingdranch, Goodman Branch, Ten Mile Creek,
7110005 | North Fork Salt Black Creek, Crooked Creek, Otter Creek, Daniel Boone Lake,
Mark Twain Lake
Winn Branch, Hoover Creek, Middle Fork Salt River, Flat Cree
Elk Fork Salt River, Galbreatt@reek, Hardin Creek, Milligan
7110006 | South Fork Salt Creek, Bee Creek, Brush Creek, South Brush Creek, Fish Brar
Littleby Creek, Goodwater Creek, South Fork Salt River, Mark
Twain Lake
Cedar Creek, Nichols Creek, Ely Creek, Indian Creek, Lick Cre
7110007 | Salt Gallaher Creek, West Lick Creek, Middle Lick Creek, Eas Lick
Creek, Spencer Creek, Mare City Lake, Mark Twain Lake
West Fork CuivreRiver, Johns Branch, Hickory Creek, Sandy
7110008 | Cuivre Creek, Coon Creek, Elkhorn Creek, White Oak Creek, Two Mil
Branch, Shady Creek, Indian Creek, Lick Creek, Cuivre River,
West Fork Cuivre River, Lead Creek, North Fork Cuivre River
7110009 | PeruquePiasa None
7140101 | CahokiaJoachim None
7140102 Meramec Brush Creek, Meramec River
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Dry Fork, Lower Peavine Creek, Borbeuse River, Lanes Fork,

7140103 | Borbeuse Pinoak Branch, Dry Fork Creek

7140104 | Big Terre Bleue Creek, Bear Creek, Salem Creek

7140105 | JPper Mississippi None

Cape Giradeau
7140107 | Whitewater Two unnamed tributaries to the Castor River
8010100 | OWer Mississippi ;e
Memphis

8020201 | New MadridSt. Johns [B)Iitjthnch, North Cut Ditch, Glade Drain, St. Johns Ditch, Ash

8020202 | UpperSt. Francis St. Francis River, Stouts Creek, Rock Creek

8020203 | Lower St. Francis Brush Creek, Otter Slough, St. Francis River

8020204 | Little River Ditches Ditch No. 1, Ditch No. 2, Little River

8020302 | Cache None

10240001 | Keg-Weeping Water None

10240004 | Nishnabotna None

. Middle Tarkio Creek, Tarkio River, Little Tarkio Creek, East Fo

10240005 | TarkioWolf Little Tarkio Creek, Hickory Branch, Mill Creek

10240010 | Nodaway None

10240011 | Indepenenc&ugar Horseshoe Lake

10240012 | Platte PlatteRiver, Little Platte River, unnamed creek

10240013 | One Hundred and Two None

10270104 | Lower Kansas, Kansas None
Middle Fork Grand River, East Fork Grand River, Big Muddy
Creek, Little Muddy Creek, unnamed tributary of the West Fork
Grand River, unnamed tributary of West Fork Little Creek, Wes
Fork Big Creek, Shain Creek, East Fork Big Creek, Lost Creek
Owl Creek,Hickory Creek, Campbell Creek, Grand River,

10280101 | Upper Grand Sampson Creek, Big Creek, Cypress Creek and unnamed triby
Brushy Creek, Big Muddy Creek, Little Muddy Creek, Mason
Creek, Pilot Grove Creek, Lost Creek, Thompson Creek, Haw
Branch, Lick Fork, Shoal Creek, @&ron Reservoirs (north
reservoiy
Panther Creek, Weldon Fork Grand River, Little Muddy Creek,

10280102 | Thompson Muddy Creek, Weldon River, West Fork Honey Creek, No Cre
Rock House Lake
West Medicine Creek, Medicine Creek, EBranch, East
Medicine Creek, unnamed tributary to East Medicine Creek, W
Fork Locust Creek, West Locust Creek, East Locust Creek, Lit

10280103 | Lower Grand East Fork Locust Creek, Locust Creek, Yellow Creek, East Yel
Creek, unnamed tributary to East Yellow Creek, ungm
tributaries to Grand River, Salt Creek, Grand River, Swan Lake

10280201 | Upper Chariton Shoal Creek, Sandy Creek, Little Sandy Creek, Chariton River

Elm Creek, Wildcat Creek, South Blackbird Creek
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North Spring Creek, Mussel Creek, Mussel Fork Creek, Long

10280202 | Lower Chariton Branch, Jones Branch, Puzzle Creek, Chariton River, Lake Ne
Tonayea
SweezelCreek, Middle Fork Chariton River, East Fork Chariton
10280203 | Little Chariton River, Dark Creek, Walnut Creek, Silver Creek, Coal Creek,
Turners Fork, Long Branch Lake
Lower Marais Des Bates County Drainage Ditch, Marais Des Cygnes River, Waln
10290102
Cygnes Creek, New Hom€reek
10290103 | Little Osage Christian Creek, Marmaton River, Hightower Creek
10290104 | Marmaton Twomile Creek, Douglas Branch, Old Town Branch
Bee Branch, Campbell Branch, Panther Creek, Osage River,
10290105 Harry S. Truman Ladies BranchMiller Branch, Wells Branch, Kitten Creek, Clear
Reservoir Creek, Robinson Branch, West Fork Clear Creek, McCarty Cre
Barber Lake
Sac River, Stockton Branch, Silver Creek, Horse Creek, Maple
10290106 | Sac Branch, Bear Creek, Cedar Creek, West Limestone C8mmis
Creek
10290107 | Pomme De Terre Piper Creek
Tennese€reek, Eight Mile Creek, unnamed tributary to Big
Creek, Bear Creek, Stewart Creek, Spruce Creek, Brushy Cret
10290108 | South Grand Deepwater Creek, Sand Creek, unnamed tributary to Wades C
Middle Fork Tebo Creek, East Fork Tebo Creek, Number 111
Lake
Cole Camp Creek, Indian Creek, Ross Creek, Duran Creek,
Gravois Creek, Rocky Fork Creek, Locust Creek, Clabber Creg¢
10290109 | Lake ofthe Ozarks Mill Creek, Brumley Creek Grand Auglaisze Creek, Deane Cre
Dry Auglaize Creek, Wet Glaize Creek
10290110 | Niangua Little Niangua River, Macks Creek, Greasy Creek
LonganBranch, Blue Spring Creek, Little Saline Creek, East F¢
Little Gravois Creek, Wrights Creek, Coon Creek, Dog Creek,
Osage River, Little Bear Creek, Wolf Creek, Bear Creek, Tave
10290111 | Lower Osage Creek, Bois Brule Creek, Weimer Creek, Brushy Fork, Barren
Fork, Bailey Banch, Little Tavern Creek, Maries River, Loose
Creek, Little Maries River, Prairie Creek, Fly Creek
10290201 | Upper Gasconade Stein Creek, Elk Creek
10290202 | Big Piney None
Gasconade River, Second Creek, Puncgeek, Turkey Creek,
10290203 | Lower Gasconade Pointers Creek, Owens Creek, Indian Creek, Wolf Creek, Ceda
Creek, Dry Creek, Eastland Creek
10300101 Lower Missourt Cottonwood Creek, Little Tabo Creek, Missouri River, Bear Crg¢

Crooked
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10300102

Lower Missouri
Moreau

Fish Creek, Missouri River, Petite Saline Creek, Tutt Branch,
Hutchinson Branch, Clarks Fork Creek, Moniteau Creek and
unnamed tributaries, North Moreau Creek, Straight Fork Morez
Creek, Smith Fork Moreau Creek, Burris Fork Moreau Creek,
Jones Creek, Gray Creek, Wilkes Creek, South Moreau Creek
Beard Creek, Blythes Creek, Brush Creek, Honey Creek, Hom
Creek, Hinkson Creek, North Fork, South Fork, Gans Creek,
Bonne Femme Creek, Millers Creek, Stinson Creek, Richland
Creek, Cedar Creek, Four Mile Brdm@Auxvasse Creek, Harrisor
Creek, Yates Branch

10300103

Lamine

Long Branch, Muddy Creek, Elk Fork, Flat Creek, Pepper Cree
South Flat Creek, Basin Fork, Spring Fork, Camp Creek, McG¢
Branch, Lake Creek, Haw Creek, Gabriel Creek, Buck Branch,
Richland Creek, Middle Richland Creek, Messer Creek, Otter
Creek, Lamine Rer, Muddy Creek, Heaths Creek and unname
tributaries, Lake Tebo, Spring Fork

10300104

Blackwater

Flagstaff Creek, Mulkey Creek, Peavine Creek, Panther Creek
BeaverdanCreek, Johnson Creek, Davis Creek, Jordan Creek,
Pond Creek, East Fork Salt Pond Creek, Wes Fork, Crooked
Creek, North Fork, Finney Creek, Blackwater River, Dry Creek
Salt Fork, EIm Branch, Pass Branch, Salt Branch, Muddy Cree
Camp Creek, Flat Cek, Edwin A. Pape Lake, Higginsville
Reservoir, Blind Pony Lake

10300200

Lower Missouri

Loutre River, Bachelor Creek, Whitestone Creek, Bates Branct
Big Berger Creek, Cedar Fork, Boeuf Creek, St. Johns Creek,
Labaddie Creek, Charrette Creek, Ko€hreek, Toque Creek,

Wolf Creek, Missouri River, Femme Osage Creek, Lake Sherw

11010001

Beaver Reservoir

Roaring River, Table Rock Lake

11010002

James

Goff Creek, James River, Crane Creek, Horse Creek, Flat Cre
RaileyCreek, Jenkins Creek, Gunter Creek, Rockinghouse Cre
Fortune Branch, Little Flat Creek, Table Rock Lake

11010003

Bull Shoals Lake

None

11010006

North Fork White

Little Pine Creek

11010007

Upper Black

St. Francis River

11010008

Current

None

11010009

Lower Black

None

11010010

Spring
(Upper White Basin)

None

11010011

Eleven Point

None

11070206

Lake O' The Cherokee

Mason Spring Creek

11070207

Spring
(Neosho Basin)

Pettis Creek, North Fork Spring River, Coon Creek, Deer Cree
Dry Creek,Whiteoak Creek, Spring River, Center Creek, Rickm
Branch, Jenkins Creek, Grove Creek, Motley Branch, Dry Valle
Branch, Jones Creek, Williams Creek, Honey Creek, Shoal Cr¢
Carver Branch, Baynham Branch, Cedar Creek Hickory Creek
Pryor Branch, DouthiBranch, Clear Creek, Capps Creek
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Buffalo Creek, Patterson Creek, Elk River, Bull Skin Creek, In
Creek, Elkhorn Creek, North Elkhorn Creek, Kings Valley, Big
Sugar Creek, Little Sugar Creek, Missouri Creek, Bear Creek,
Hollow, TentCreek, Sugar Creek

11070208 | Elk

Likelihood of Impacts: Spatial Concentration of Facilities and Animals

Figures 9, 10, and lillustrate the density of CAFO animalanimal units)when
they are spread over 4km, 8km, and mabuffers, respectivelyOver a 16km buffer, the
highest animal unit (AU) density is 14200 AU/sq km, followed by 5200 AU/sq km.
Over an 8km buffer, the highest density is 300 AU/sq km, followed by 16Q00
AU/sg km. Over a 4km buffer, density some areaseaches 508600 AU/sq km, with
other high densities @f00-500, 306400, and 206800 AU/sq km.

Surface waters impacted by the highest classes of animal unit density for each

buffer size are listed in Tablés 7, and 8, below.

Table 6. Surface Waters Most LikelyAffected by Highest Animal Densities
Calculated over 16km Buffer

County AU Density Surface Waters(HUC8 watershedl

100200 Shoal Creek and tributariéglk, James, Beaver Reservoir)

Barry 50-100 Shoal Creek, Little Flat Creek, Gunter Creek, Eegek,
Star Hollow(Elk, James, Beaver Reservoir)

100200 South Indian CreelElk)

Kings Valley, Star Hollow, Brush Creek, Little Sugar Cree
McDonald 50100 Big Sugar Creek, Indian Creek, North Elkhorn Creek,

Elkhorn Creek, Bull Skin Creek, Elk RivéPatterson Creek,
Buffalo Creek(EIK)

100200 South Indian CreekElk, Spring (Neosho Basin))

Newton 50-100 Capps Creek, Shoal Creek, Indian Creek, South Indian
Creek, Buffalo CreekElk, Spring (Neosho Basin))

Henry Creek, South Fl&reek, Flat Creek, Basin Fork,
Pettis 50-100 Camp Creek, Muddy Creek and tributaries, Elk Fork
(Lamine, South Grand)

Johnson 50-100 Muddy Creek and tributarigbamine, South Grand)
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Table 7. Streams Most Likely Affected by Highest Animal Densities

Calculated over8km Buffer

County AU Density Stream NamegHUCS8 watershed)
200-300 Shoal Creek, South Indian Cre@kk, Spring (Neosho
Basin))
Barry .
100200 Capps Creek, Little I_:Iat Creek, Guntgr Creek, Flat Creek,
Star Hollow(Elk, Spring (Neosho Basin))
200-300 Patterson Cree{€lk)
McDonald i i i
100200 South Indian Creek, Indian Creek, Elk River, Buffalo Cree
(EIK)
Newt 200-300 South Indian CreekElk, Spring (Neosho Basin))
ewton
100-200 Shoal CreeKEIk, Spring (Neosho Basin))
. Muddy Creek, Elkork, Elk Creek, Long Branch, Flat
Pettis 100200 Creek, South Flat Credkamine, Blackwatgr
Johnson 100-200 Muddy Creek and tributaridsamine, Blackwatgr

Table 8. Streams Most Likely Affected by Highest Animal Densities

Calculated over 4km Buffer

County AU Density Stream NamegHUCS8 watershejl
500-600 Patterson Cree{Elk)
400500 Patterson CreefElk)
McDonald
300400 Patterson Cree{Elk)
200-300 Elk River, South Indian CreglE | k Lake 09
Barry 300400 Shoal CreeKEIk, Spring(Neosho Basin))
200-300 Shoal CreeKEIk, Spring (Neosho Basin))
Newton 200300 gg:itg)lnman Creek, Shoal Cre@ldk, Spring (Neosho
Pettis 400500 Long Branch, Muddy Creek, Elk Fo(kaming
Johnson 400500 Long Branch, Muddy Creeftaming
Lincoln 300400 West Fork Cuivre River, Dry ForfCuivre)

Highestdensities are incurredcross 4km buffergFigure 9., Table 8.) High
densities are present in areas where CAFO facilities with higher numbers of animals exist
and where buffers from spatially concentrated facilities overl@pnsities decreasas
buffer size decreases amtknsities are relatively low where facility flers do not
overlap Highestanimal unitdensitiesare found over 4km buffers the southwest

counties of McDonald, Barry, and Newton, in the west central counties of Pettis and

50



Johnson, and in eastern Lincoln County. In all of these counties, paumltryegg

production is intense and is the major contributor to CAFO animal density.

Comparing High Animal Unit Density and 4km Buffer Runoff Impacts

The results of the two approaches used in this study are compardétgr in
extens of likely impacts Both approaches assume that CAFOs will choose to dispose of
their wastes by land application to agricultural lands close to the CAFO facility,
expanding outward from the facility only when necessary. In both approaches, land
application buffers of 4km8km, and 16km were used to represent increasing extents,
with 16km having been identified as a maximum distance a CAFO facility will go to
dispose of wastes (Bradford et al., 2008).

The first approach identifies surface waters receivimgoff from within
4km land application bufferas most likely to be impacted by hormones in that runoff,
when compared to the 8km and 16km buffers. In many casegerl lengths of stream
reaches and additional reactas identified by this approactear areas of higanimal
unit density tharare identified by thesecond approach. The second approach, which
investigates the impacts of high animal unit density areas on streams in and in close
proximity and downgradient from those aredentifies areas where land digption to
available agricultural land is likely to be more extensive than in areas where animal unit
densities are lower Streams in high animal unit density areas are most likely to be
impacted by hormones in from land application fields in close mibxito CAFO
facilities because more animals make more waste and thus more available agricultural

land in the vicinity of the CAFO facility is likely to be spread with those wastes.
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Based on the results of the two approaches used in this study, suatace w
located in or in close proximity and downgradient to hagimal unit densitieare most
likely to be impacted by hormones in runoff from land application fi€ldbles 6 7, and
8). Other surface waters receiving runoff from land applicatiefddi within close

proximity to CAFO facilities are next mokkely to be impacted (Table)5
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DISCUSSION & CONCLUSIONS

The exact contribution of hormones from laayaplied CAFO livestock wastes to
downstream surface waters, especially at beddnts and considering multiple CAFO
facilities, is dependent upon a wide range of locally variable conditions. CAFO facilities
and their associated animal and waste management systems vary widely. Land
application field locations and rates of applioatmay be variable from one season to the
next. From the time wastes are excreted in a CAFO, until they reach swdiere
somewhere, opportunities exist for hormone transformation and degradation at a
multiplicity of stages that may vary over time arehson. For these reasons, it is very
difficult to predict exactly how much of what kind of hormone will end up in surface
waters. Additionally, microbial communities, aerobic conditions, and the volume and
depth of flow in downstream surface waters wififluence the transformation,
degradation, and ultimate fate of hormones.

I n this studyodés simple model of runof f,
land application preferences of CAFO facilities are useddntify downstream surface
waters moslikely to be impacted by hormones in laapplied CAFO wastes. Hormones
remaining in wastes when they are land applied sorb strongly to soils high in organic
carbon, weaker to soils low in organic carboklicrobes biodegrade hormes while
they are sorleto waste or soil organic carbon and microbes biodegrade hormones best
whenthose matrices are moist and aerobiuring drier states, soil microbesll still
transform and degrade hormones, albeit slowly and or incompletely. During saturated

conditiors caused by precipitation events or heavy snowmelt, hormones desorb (to a
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greater extent from soils to which they were weakly sorbed) and are transported
downgradient with the flow of water.

Surface waters downgradient from land applications fieldsilely impacted by
hormones transported in runoff from those fieldscreased density of CAFOs and the
livestock animals they contain results in increased waste generation and constrained
access to adequate and nearby land application fields. A highsitydef animals
correlates to a higher number of land application acres as close to facilities as available.
Therefore, surface waters most likely to be impacted are those near to and downgradient
from the largest CAFOs or areas of highest animal density.

In a broad scale study of the Shenandoah River watershed, Ciparis, Iwanowicz
and Voshell (2012) found significant positive relationships between the density of
CAFOs and hormonal activity in watershed streams. Based on these findings it is
expectedthat there is increased hormonal activity in Missouri surface waters in areas
where CAFOs, along with their animals and wastes, are spatially concentrated.

In this study, CAFO animalinit density is substituted for CAFO facility density.

If a watershed has &adih density of CAFOs, it can be reasoned that the watershed also

has an associated high density of livestock animals. However, one watershed dense in

small CAFOs is likely to have a less intense impact than a siyndemed watershed with

a few very larg CAFOs. Animal unit density correlates better to the amount of waste

produced and disposed. In the case of this study, animal units for almost all permitted

CAFOs in Missouri were available and so used for their increased significance.
Approaches usedh this study indicate that very few watershetisoughout

Missouriareunimpacta by runoff from CAFOs (Figure B.It is important to note that
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the buffers used in this study often crossed watershed divides. Actual land application
extents may alsextend acrossvatershed divids, especially in the southwexdrt of the
state where many facilities appear to be located on higher elevations along watershed

boundaries.

Hormonal Dispersionvs. Hormonal Load

A distinction must be made between hormodalpersion and hormonal load.
Hormonal load isthe type and amount of hormones found at any point during their
transport from source to their fated destination. Hormonal lbet@rmined by a
multiplicity of factors from the facility to the field and frothe field to the stream.
Hormonal load isn extremely difficult thing to predittecause it is highly dependent on
fine scale andocalized conditiongand may vary signifiaatly from place to place. The
dispersion of hormones by a primary mechanism stormwater runoff is muakasier to
predict, especially if you assess the general patterns of runoff at a scale that includes

more specific fine and local scale flow pathways, including drain tile.

Appropriateness of Scale

Raster data used in ths&gudy hasa resolution o080 meters by 30 meters, with the
exception of the DEM, which had a resolution of 60 meters by 60 meters. Vector data
used in this study is based on 1:24,000 scale sourcpstidam network data has been
resampled from 1:100,00f@ata and is the most extensive stream data readily available
The resolution of this data mell suited for looking at surface wateeacheslikely

impacted byrunoff from agricultural landscapest thestatewide extent The resolution
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of this data dbws us tocalculatethe general pattern of likely impadty accountingfor

fine scale hydrologic phenomesach adocalizedpreferential flowroutes via drain tile

and drainage ditchesithout requiring us to investigate them at a finer scalmarser
grain data also allows for the inclusion, but not specification, of all possible land
application fields when true locations are not knoWwata of this resolution is also easily
processed over a statewide extent and results can direct us to wherenmoesdlution

calculations should be performed.

Study Limitations

With the exception of the 1&ilometer distance suggested by Bradford et al.
(2008), smaller bufferased in this model were chosen based on an ad hoc review of land
acreages listed in paits andbased on the desire to compare the extent of runoff impacts
at within varying distances from CAFO facilities. cAmprehensiveampling of permits
or NMPs could produce more realistic or statistically significant buffer sizes of buffer
sizes basedn animal type, CAFO size classes (number of animals or animal units at a
facility) or other appropriate delineation.

There are limitations to using data of this scale and the results calculated in this
study may not be directly scalablertmrelocalized investigatios; additional detail will
often be necessaryIn-depth investigation inta single watersheane or twocounties,
or a local areashould be approached with caution and all variables important to the
appropriate scaland extenof investigation should first be carefully vetted ,ooést by
both a literature review and site visit. For example, at more local scales variables like

drainage structures may becomeyko locating optimal location®r receiving water
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monitoring within a specific surface water reachAt more local scales, actual impacts
located at known sitesf land application fields may also vary from those calculated in

this studywhere land application locations were probabilistically defined

Patterns and SpatialDistribution of CAFOs

Geographic concentration of CAFOs may result in high animal densities and
constrained access to land application fields.map of Missouri CAFOs (Figur@.)
illustrates the spatial distribution of these facilities and reveals thédison patterns of
some CAFO types. Poultry production CAFOs are found in three clusters. High volume
chicken and turkey production in these areas is intended for distribution to food retail
across the region and nation. Meat prepared for out & stéd¢ must be slaughtered in
federally inspected facilities (USDA, 2012). Poultry CAFOs in southeast Missouri are
clustered around &yson processing facility in Dexter, Stoddard Courissouri.
Poultry CAFOs in westentral Missouri are clustered ar@ Tyson and Cargill
processing facilities in Sedali®ettis CountyMissouri. The large cluster of poultry
CAOs in southwest Missouri are positioned for access to Tyson processing facilities in
Monett, Barry County, Missouri and Noel, McDonald Couriyssouri. Other poultry
CAFOs dispersed around the stategeeerallyegg production facilities.

Poultry producers in southwest Missouri are also within range of Tyson
processing facilities just over the state line in Rogerd Fort Smith, Arkansas and t
Tyson and Cargill facilities in Springdale, Arkansas. If we expand our extent of
investigationof the spatial distributiorof poultry CAFOs in the regionywe will find that

the cluster of poultry CAFOs in southwest Missouri is part of a much largeercthsit
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extends southward into Arkansas, Oklahoma, Texas, and apaigUSDA NASS,
2007).

Hog CAFOs appear to be more loosely clusteéreth poultry CAFOsand they
aremore widely dispersed across the north, central and western parts of theHsigte.
operations in northerrMercer, Putnam, Sullan, Daviess and Gentry counties are
generally associated with Premium Standard Farms, a subsidiary of Smithfield Foods, a
large corporation that produces over 50 brands of pork products (Smithfield Foods,
2012). Many hog CAFOs are contract operations and hogs are transferred to lowa for
finishing and slaughter (Ulmer, 2006).

Mo s t of Mi ssouri 6s 566 permitted CAFOs
located in areathat generally have poorly drained soiBoorly drained soils have high
rates of stormwater runoff and low rates of infiltratioln hillier areas of Missouri, such
as in the southwestern coweyj land best for agricultural use is generally found on level
hilltops. Runoff from these hilltopdids would move quickly down hill slopes with little
infiltration. Additionally, if slopes are too steep for agricultural use, then topography

mayfurtherlimit access tdand application fields in close proximity to CAFO facilities.

Environmental Monito ring

Models such as this camform existingenvironmental monitoring efforts. When
compared to what Ciparis, lwanowicz, and Voshell (2012) found in Virginia, it could be
expected that increased hormonal activity in Missouri surface waters will be idwerd
CAFOs, their animals and wastes are spatially concentrated (TablguwBe9. The

maps produced in this study provide some assistance in locating drinking water sources,
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critical habitats, and other surface water resources that have the patebhgampacted

by hormones from lardpplied wastes.

Current Receiving Water Monitoring

Several permitted CAFOs in Missouri are requidegd MoDNR to monitor
receivingwaters. Most CAFOs with permitmandated receiving water monitoring sites
are hogCAFOs in Putnam, Mercer, Sullivan, Harrison, Gentry and Daviess counties. A
few CAFOs in west central Johnson and Pettisntiesand in southwestern McDonald
County also have compulsory receiving water monitoring sites. The high proportion of
hog CAFOwater monitoring sites is probably due to the nature of hog waste. Hog waste
is generally collected, stored, and applied as slurry. Improper oappéication of hog
waste or stormwater runoff of wastes applied at agronomic rates becomes an acute,
visible nutrient contaminatioproblem in downstream surface waters, causing observable
negative effects like fish kills and eutrophicatioiwhile nutrient contamination from the
land application of poultry waste is also possjbteis less likely tobe visible inrunoff

becausédt is land applied as dry litter.

Monitoring for LivestockSource Hormones

Designing a protocol for detecting or monitoring hormones in surface waters
downstream from land application fields requires an understanding ofyttzanic and
variable way in which they are flushed from those fiel®@sevious studies (Shore et al.,
2004; Kjaer et al, 2007; Zhao et al., 2010; Gall et al., 2011; Shuh et al., fitd that

hormones are released from land application fields neanyntmusly at low (baseline)
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concentrations with significant increasenormoneconcentrations duringnd after storm
eventsand with seasonal variations such as snowmelt. These studisgyaifecant
because they amaore than a snapshot time; theydescribetime and flow dependent
transport of hormones from soil® which wastes are applied. Thereforay a
environmental monitoring effort should be long term with regularly scheduled sampling
to establish baseline hormone concentrations, and addisanapling when runoff is
present, at regular intervals during and after storm events to assess any surges or other
patterns of concentration over time. A standard laboratory detection method for
hormones should also be established and used consissmtlyat temporal results are
easily compared. The measurementsdfagenic activity might be more useful and more
meaningful than looking for specific cherals, but may also include phgstrogens and

other naturally occurring compounds with hormonaivéty characteristics.

Policy Implications

Of all things revealed by this study, most important is the fact that certain waste
and wastewater treatment systehk® constructed wetland systems aeadologically
engineered treatment systemmave been fouwh to attenuate greater than 90 percent of
hormones present in livestock wastealthough theywould require the investment of
some time and capital by CAFO management or owners, thestemshave been
described as mechanically simple and energy efficiéheither through environmental
monitoring or by the precautionary principle hormones from-amplied CAFO wastes
are found to be a risk, requiring the advanced treatment of wastes might be the solution.

Onsite waste treatment is the last chancehiaman management of any significant
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transformation or degradation of hormones in livestock wastes. What happens to
hormones after wastes are lamgplied is dependent on many things, most all out of

human control.

61



WORK CITED

Allgood, Ferris P. and Ivd). Persinger. 197Missouri General Soil Map and Soil Association
Descriptions US Department of Agriculture (USDA) Soil Conservation Service (SCS) in
cooperation with Missouri Agricultural Experiment Station. Columbia, MO: USDA SCS
State Office.

Amin, M. G. M. , S. 0. Petersen, a n eEstisldiol td.Rgg d s ma n d .
Slurry Separates and Soil in the S8ilrry Environment.'Journal of Environmental
Quality 41 (1): 179187.

Arnon, S., O. Dahan, S. Elhanany, K. Cohen, |. Pankrato@réss, Z. Ronen, S. Baram, and L.
S. Shore. 2008. "Transport of Testosterone and Estrogen fromEminy Waste Lagoons
to Groundwater.Environmental Science and Technold@y(15): 55215526.

Balter M. 1999. Scientific crosdaims fly in the continuig beef warScience284:1453 1455.

Bradford, S. A., E. Segal, W. Zheng, Q. Wang, and S. R. Hutchins. 2008. "Reuse of Concentrated
Animal Feeding Operation Wastewater on Agricultural Landisurnal of Environmental
Quality 37 (SUPPL. 5): S9B115.

Bradkey, P. M., L. B. Barber, F. H. Chapelle, J. L. Gray, D. W. Kolpin, and P. B. McMahon.
20009. " Bi o d e gstradibla Estroneranddl éstosterobe in Stream Sediments."
Environmental Science and Technold@y(6): 19021910.

Bradley, P. M., F. H. Chmelle, L. B. Barber, P. B. McMahon, J. L. Gray, and D. W. Kolpin.
2009. " Bi od e gstradiblaEstronenand Testost&@dne in Stream Sediments.".

Burkholder, J., B. Libra, P. Weyer, S. Heathcote, D. Kolpin, P. S. Thorne, and M. Wichman.
2007. "Impacts of Waste from Concentrated Animal Feeding Operations on Water
Quality." Environmental Health Perspectiv&$5 (2): 308312.

Cai, K., C. T. Elliott, D. H. Phillips, M-L Scippo, M. Muller, and L. Connolly. 2012. "Treatment
of Estrogens and Androgs in Dairy Wastewater by a Constructed Wetland System."
Water Research6 (7): 23332343.

Cajthaml, T., Z. KSesinov§, K. Svobodov§, K.
Transformati on of -Efigyredtradelt'EBndronBentaRokutoe157 1 7 U
(12): 33253335,

Calvert, C. C. and L. W. Smith. 1976. "Recycling and Degradation of Anabolic Agents in Animal
Excreta."Environmental Quality and Safety.Supplen(&yt203211.

62



Campbell, C. G, S. E. Borglin, F. B. Green, A. GraysonyVgzei, and W. T. Stringfellow. 2006.
"Biologically Directed Environmental Monitoring, Fate, and Transport of Estrogenic
Endocrine Disrupting Compounds in Water: A Revie@tiemospheré5 (8): 12651280.

Caron, E., A. Farenhorst, F. Zvomuya, J. GaultieiRank, T. Goddard, and C. Sheedy. 2010.
"Sorption of Four Estrogens by Surface Soils from 41 Cultivated Fields in Alberta,
Canada.'Geodermal55 (12): 1930.

Carr, D. L., A. N. Morse, J. C. Zak, and T. A. Anderson. 2011. "Microbially Mediated
Degraddon of Common Pharmaceuticals and Personal Care Products in Soil Under
Aerobic and Reduced Oxygen Conditiona/ater, Air, and Soil Pollutio216 (14): 633
642.

Casey, F. X . M. , J . Gi mT n e 2005. "Sorptioh, dlebjlity, Gnd L . Lar
Transformation of Estrogenic Hormones in Natural Sdibtirnal of Environmental
Quality 34 (4): 13721379.

Caupos, E., P. Mazellier, and-B.Croue. 2011. "Photodegradation of Estrone Enhanced by
Dissolved Organic Mattdgnder Simulated SunlightWater Researci5 (11): 3341
3350.

Chen, T-S, T.-C Chen, K. J-C Yeh, H.-R Chao, E-T Liaw, C.-Y Hsieh, K.-C Chen, L-T
Hsieh, and Y:L Yeh. 2010. "High Estrogen Concentrations in Receiving River Discharge
from a Comentrated Livestock FeedlotStience of the Total Environmeti8 (16): 3223
3230.

Ciparis, S., L. R. Iwanowicz, and J. R. Voshell. 2012. "Effects of Watershed Densities of Animal
Feeding Operations on Nutrient Concentrations and Estrogenic ActivAiyriaultural
Streams.'Science of the Total Environmetit4: 268276.

Clawson, W. James. 1971. Economies of Recovery and Distribution of Animal \Magteal of
Animal Scienc82:816820.

Colborn, T., F. S. Vom Saal, and A. M. Soto. 1993. Developahé&ftects of Endocrine
Disrupting Chemicals in Wildlife and Humartsavironmental Health Perspectiv#81
(5): 378384.

Colucci, M. S., H. Bork, and E. Topp. 2001. "Persistence of Estrogenic Hormones in Agricultural
So i | s -Estradiol addZEstroneJournal of Environmental Qualit0 (6): 20762076.

Combalbert, S. and G. HernaneRaquet. 2010. "Occurrence, Fate, and Biodegradation of
Estrogens in Sewage and Manur&gplied Microbiology and Biotechnolo®g (6): 1671
1692.

Copeland, Claudia (2M).Clean Water Act: A Summary of the La®eport No. RL30030.
Congressional Research Service, Washington, DC.

63



Czajka, C. P. and K. L. Londry. 2006. "Anaerobic Biotransformation of Estrogecisrice of
the Total Environmer867 (23): 932941.

Dammam, A. A., N. W. Shappell, S. E. Bartell, and H. L. Schoenfuss. 2011. "Comparing
Bi ol ogi cal Ef fects an-Estrddmltineviatare athead f Estr one
Minnows, Pimephales Promela&tuatic Toxicologyl 05 (34): 559568.

Dequattro, Z. A., E. Peissig, D. S. Antkiewicz, E. J. Lundgren, C. J. Hedman, J. D. Hemming,
and T. P. Barry. 2012. "Effects of Progesterone on Reproduction and Embryonic
Development in the Fathead Minnow (Pimephales Promelasyitonmental Toxicology
and Chemistngl (4): &1-856.

Dutta, S., S. Inamdar, J. Tso, D. S. Aga, and J. T. Sims. 2010. "Free and Conjugated Estrogen
Exports in Surfac&kunoff from Poultry LitterAmended Soil.'Journal of Environmental
Quality 39 (5): 16881698.

Environmentally Concerned Citizens®buth Central Michigan (ECCSCM). 2012.
Articles, photographs, and testimonies. Accessed online, April 2010 through March 2012.
http://www.nocafos.org/

FinlayyMo o r e, O. , P. G. Har t e |Estradiohahd Tdstostérone iC®olb r er a .
andRunoff from Grasslands Amended with Broiler Litteidurnal of Environmental
Quality 29 (5): 16041611.

Furuichi, T., K. Kannan, K. Suzuki, S. Tanaka, J. P. Giesy, and S. Masunaga. 2006. "Occurrence
of Estrogenic Compounds in and Removal by a SwinmRsaste Treatment Plant."
Environmental Science and Technold@y(24): 78967902.

Gall, H. E., S. A. Sassman, L. S. Lee, and C. T. Jafvert. 2011. "Hormone Discharges from a
Midwest TileDrained Agroecosystem Receiving Animal Wast&nVironmental Sciere
and Technologyb (20): 87553764.

Hanselman, T. A., D. A. Graetz, and A. C. Wilkie. 2003. "MarBoene Estrogens as Potential
Environmental Contaminants: A RevieviEhvironmental Science and Technol@3y
(24): 54715478.

Hatfield, J. L., M. CBrumm, and S. W. Melvin. 1998. Swine manure management. In
Agricultural Uses of Municipal, Animal, and Industrial Byprodya®&Z 90. Conservation
Research Report No. 44. Washington, D.C.: USDA

Hildebrand, C., K. L. Londry, and A. Farenhorst. 2006. "Sorpéind Desorption of Three
Endocrine Disrupters in SoilsJournal of Environmental Science and Healthart B
Pesticides, Food Contaminants, and Agricultural Wadte&s): 907921.

64



Irwin, L. K., S. Gray, and E. Oberdérster. 2001. "Vitellogenin InduciioPainted Turtle,
Chrysemys Picta, as a Biomarker of Exposure to Environmental Levels of Estradiol."
Aquatic Toxicologyp5 (1-2): 49-60.

Johnson, A. C., R. J. Williams, and P. Matthiessen. 2006. "The Potential Steroid Hormone
Contribution of Farm Anirals to Freshwaters, the United Kingdom as a Case Study."
Science of the Total Environme3@2 (13): 166178.

Khan, B., L. S. Lee, and S. A. Sassmam. 2008.
1 7-Prenbolone and Trendione in Agricultural Soil&fivironmental Science and
Technology2 (10): 35768574.

Khan, S. J., D. J. Roser, C. M. Davies, G. M. Peters, R. M. Stuetz, R. Tucker, and N. J. Ashbolt.
2008. "Chemical Contaminants in Feedlot Wastes: Concentrations, Effects and
Attenuation."Environmat International34 (6): 839859.

Khanal, S. K., B. Xie, M. L. Thompson, S. Sung;isOng, and J. Van Leeuwen. 2006. "Fate,
Transport and Biodegradation of Natural Estrogens in the Environment and Engineered
Systems.'Environmental Science and TechrgldO (21): 65376546.

Kjeer, J., P. Olsen, K. Bach, H. C. Barlebo, F. Ingerslev, M. Hansen, and B. H. Sgrensen. 2007.
"Leaching of Estrogenic Hormones from Mandneated Structured Soils."
Environmental Science and Technolddy(11): 39113917.

Knuds n , J . J . G. , H. Hol bech, S. S. MEstchdiod n , and
and Biomarker Responses in Brown Trout (Salmo Trutta) Exposed to Pulses."
Environmental Pollutior159 (12): 33743380.

Kolpin, D. W., E. T. Furlong, M. T. Meyer,.BA. Thurman, S. D. Zaugg, L. B. Barber, and H. T.
Buxton. 2002. "Pharmaceuticals, Hormones, and Other Organic Wastewater Contaminants
in U.S. Streams, 1992000: A National ReconnaissancErfivironmental Science and
Technologys6 (6): 12021211.

Kolok, A. S., D. D. Snow, S. Kohno, M. K. Sellin, and L. J. Guillette Jr. 2007. "Occurrence and
Biological Effect of Exogenous Steroids in the Elkhorn River, Nebraska, USA#ehce of
the Total Environmer288 (13): 104115.

Kozarek, J. L., M. L. Wolfe, N. Q.ove, and K. F. Knowlton. 2008. "Sorption of Estrogen to
Three Agricultural Soils from Virginia, USATransactions of the ASAER (5): 1591
1597.

Kumar, A. K., P. Chiranjeevi, G. Mohanakrishna, and S. V. Mohan. 2011. "Natural Attenuation
of EndocrineDisrupting Estrogens in an Ecologically Engineered Treatment System (Eets)
Designed with Floating, Submerged and Emergent Macrophyieslogical Engineering
37 (10): 15551562.

65



Kumar, V., N. Nakada, N. Yamashita, A. C. Johnson, and H. Tagaka. "How Seasonality
Affects the Flow of Estrogens and their Conjugates in One of Japan's most Populous
Catchments.Environmental Pollutiori59 (10): 29062912.

Kurisu, F., M. Ogura, S. Saitoh, A. Yamazoe, and O. Yagi. 2010. "Degradation of Natural
Estrogen and Identification of the Metabolites Produced by Soil Isolates of Rhodococcus
Sp. and Sphingomonas Sgdurnal of Bioscience and Bioengineerib@9 (6): 576582.

Kvarnryd, M., R. Grabic, |. Brandt, and C. Berg. 2011. "Early Life Progestin Bxpd3auses
Arrested Oocyte Development, Oviductal Agenesis and Sterility in Adult Xenopus
Tropicalis Frogs.'Aquatic Toxicologyl03 (£2): 1824.

Leegdsmand, M., H. Andersen, O. Hgrbye Jacobsen, and B. Hadirggnsen. 2009. "Transport
and Fate of Estramic Hormones in Slurffreated Soil Monoliths.Journal of
Environmental Quality38 (3): 955964.

Lai, K. M., K. L. Johnson, M. D. Scrimshaw, and J. N. Lester. 2000. "Binding of Waterborne
Steroid Estrogens to Solid Phases in River and Estuarine SysEmisdnmental Science
and Technolog®4 (18): 389€3894.

Lange, I. G., A. Daxenberger, B. Schiff H. Witters, D. Ibarreta, and H. H. D. Meyer. 2002.
"Sex Hormones Originating from Different Livestock Production Systems: Fate and
Potential Disrupting Activity in the Environmen®halytica Chimica Actd73 (32): 27-
37.

Lee, L. S., N. Carmosini,.@&\. Sassman, H. M. Dion, and M. S. Sepulveda. 28@vicultural
Contributions of Antimicrobials and Hormones on Soil and Water Qualdyances in
Agronomy. Vol. 93.

Lee, L. S., T. J. Strock, A. K. Sarmah, and P. S. C. Rao. 2003. "Sorption andtizissipa
Testosterone, Estrogens, and their Primary Transformation Products in Soils and
Sediment."Environmental Science and Technol&3y(18): 40984105.

Leech, D. M., M. T. Snyder, and R. G. Wetzel. 2009. "Natural Organic Matter and Sunlight
Accelerae the Degradation of 17Bstradiol in Water.'Science of the Total Environment
407 (6): 20872092.

Li, Y. -x, W. Han, M. Yang, C:h Feng, X-f Lu, and F-s Zhang. 2011. "Migration of Natural
Estrogens Around a Concentrated Ddfgeding Operation Environmental Monitoring
and Assessmerit-7.

Lorenzen, A., K. Burnison, M. Servos, and E. Topp. 2006. "Persistence of Eneldsinpting
Chemicals in Agricultural Soils.JJournal of Environmental Engineering and Sciebce
(3): 212219.

66



Lucas,S.D.ah D. L. Jones. 2006. " BiEstrddiolgnm Gradstandi o n
Soils Amended with Animal WastesSbil Biology and Biochemist88 (9): 28032815.

8 0 0 . 2009. "Urine Enhances the Leaching and Persistence of Estrogens inS®ililBiolayy
and Biochemistr@l (2): 236242.

Mansell, D. S., R. J. Bryson, T. Harter, J. P. Webster, E. P. Kolodziej, and D. L. Sedlak. 2011.
"Fate of Endogenous Steroid Hormones in Steer Feedlots Under Simulated Rainfall
Induced Runoff."Environmental Sciencend Technology5 (20): 88118818.

Mashtare, M. L., B. Khan, and L. S. Lee. 2011. "Evaluating Stereoselective Sorption by Soils of
17-Bstr adi eEbtradioh"@heriodper82 (6): 847852.

Matthiessen, P., D. Arnold, A. C. Johnson, T. J. Peppé&s, Pottinger, and K. G. T. Pulman.
2006. "Contamination of Headwater Streams in the United Kingdom by Oestrogenic
Hormones from Livestock FarmsStience of the Total Environme3&7 (23): 616630.

McMurry, 2000.0rganic Chemistry, BEdition. USA: Brooks/Cole, Pacific Grove, CA.

Miner, Ronal J., Frank J. Humenik, and Michael Overcash. 2080aging Livestock Wastes to
Preserve Environmental Qualitg000. Ames, lowa: lowa State University Press.

Missouri Department of Natural Resources (MoDNE)10. How to Obtain a Concentrated
Animal
Feeding Operation Permit in Missouri. Fact She&iB2351. Accessed online, March
2012. http://dnr.mo.gov/pubs/pub2351.pdf

. 2009. Missouri Confined Animal Feeding Operation Nutrient Management Technical
Standard.
Accessed online, March 2012.
http://dnr.mo.gov/env/wpp/permits/nutriemanagementechstandard. pdf

. 2011a. Concentrated Animal Feeding Operation Afte@ort Form. Form 780953
(10-11).
Accessed online, March 2018titp://dnr.mo.gov/forms/78Q953f.pdf

. 2011b. Confined Animal Feeding Operation Record Keeping Forms Checklist. Ferm 780
2153
(10-11). Accessed online, March 201Bttp://dnr.mo.gov/forms/78Q153f.pdf

Nichols, D. J., T. C. Daniel, D. R. Edwards, P. A. Moore Jr., and D. H. Pote. 1998. "Use of Grass

Filter St ri4dradiolon RReftfifrora leescdéppltied Poultry Litter."
Journal of Soil and Water Conservatib8 (1): 7477.

67

of


http://dnr.mo.gov/env/wpp/permits/nutrient-management-tech-standard.pdf
http://dnr.mo.gov/forms/780-1953-f.pdf
http://dnr.mo.gov/forms/780-2153-f.pdf

Olsen, R. L., T. Burgesser, P. Winkler, V. J. Harwood, and T. W. Macbeth. 2009. "Tracking Fate
and Transport of Estrogens in the Environment."

Orlando, E. F. and L. J. Guillette Jr. 2007. "Sexual Dimorphic Responses in Wildlife Exposed to
Endocrine Disrupting Chemical€Ehvironmental ResearctD4 (1): 163173.

Orlando, E. F., A. S. Kolok, G. A. Binzcik, J. L. Gates, M. K. Horton, C. S.Hraght, L. E.
Gray Jr., A. M. Soto, and L. J. Guillette Jr. 2004. "Endoebisrupting Effects of Cattle
Feedlot Effluent on an Aquatic Sentinel Species, the Fathead MinEowironmental
Health Perspective$12 (3): 353358.

Petrovic, M., J. Radjenowj C. Postigo, M. Kuster, M. Farre, M. L. Alda, and D. Barcel4. 2008.
Emerging Contaminants in Waste Waters: Sources and Occurridaoebook of
Environmental Chemistry, Volume 5: Water Pollution. Vol. 5 S1.

Rafferty, Milton D. 1983Missouri: A Geograpy Boulder, CO: Westview Press, Inc.
Ral off, Janet. 2002. Sciehte Nemw#6i(@)s61l2 Her ebds t he Bee

Raman, D. R, A. C. Layton, L. B. Moody, J. P. Easter, G. S. S&/ldr. Burns, and M. D.
Mullen. 2001. "Degradation of Estrogens in Dairy Waste Solids: Effects of Acidification
and TemperatureTransactions of the American Society of Agricultural Engindére):
1881-1888.

Ribaudo,M., et al. 20034anure management for water quality: Costs to animal feeding
operations of applying manure nutrients to landigricultural economic report No. 824.
Economic Research Service, Resource Economics Division, U. S. Department of
Agriculture.

Rose, J., H. Hodech, C. Lindholst, U. Ngrum, A. Povisen, B. Korsgaard, and P. Bjerregaard.
2002. "Vitell ogéermsitnm aldn dEthinyddstediolliivMale Z&bfafish
(Danio Rerio)."Comparative Biochemistry and Physioleg$ Toxicology and
Pharmacologyl3l (4): 531539.

Sakurai, S., Y. Fujikawa, M. Kakumoto, M. Sugahara, T. Hamasaki, M. Umeda, and M. Fukui.
2009. "The Effects of Soil and Trifolium Repens (White Clover) on the Fate of Estrogen.”
Journal of Environmental Science and HealfPart B Pestiailes, Food Contaminants,
and Agricultural Wasted4 (3): 284291.

Sarmah, A. K., G. L. Northcott, F. D. L. Leusch, and L. A. Tremblay. 2006. "A Survey of
Endocrine Disrupting Chemicals (EDCs) in Municipal Sewage and Animal Waste
Effluents in the Waikato &jion of New Zealand Science of the Total Environmeg5
(1-3): 135144.

Sarmah, A. K., G. L. Northcott, and F. F. Scherr. 2008. "Retention of Estrogenic Steroid
Hormones by Selected New Zealand SoisVironment Internationad4 (6): 749755.

68



Schuh, M. C., F. X. M. Casey, H. Hakk, T. M. DeSutter, K. G. Richards, E. Khan, and P. G.
Oduor. 2011. "Effects of FielMla nur e Appl i cat i-Bsmagiolon Strati fi
Concentrations.Journal of Hazardous Materialk92 (2): 748752.

Sellin, M. K., D. D. $iow, S. T. Gustafson, G. E. Erickson, and A. S. Kolok. 2009. "The
Endocrine Activity of Beef Cattle Wastes: Do GrovRlomoting Steroids make a
Difference?"Aquatic Toxicologp?2 (4): 221227.

Shappell, N. W., L. O. Billey, D. Forbes, T. A. Matheny, MHAdach, G. B. Reddy, and P. G.
Hunt. 2007. "Estrogenic Activity and Steroid Hormones in Swine Wastewater through a
Lagoon Constructe@Vetland System.Environmental Science and Technolddy(2):
444450.

Shore, L. S. and K. B&l Cohen. 2010. "The Eimonmental Compartments of Environmental
Hormones.'Reviews on Environmental Heal2b (4): 345350.

Shore, L. S., O. Reichmann, M. Shemesh, A. Wenzel, and M. I. Litaor. 2004. "Washout of
Accumulated Testosterone in a Watersh&tience of the Total Emgnment332 (13):
193202.

Soto, A. M., J. M. Calabro, N. V. Prechtl, A. Y. Yau, E. F. Orlando, A. Daxenberger, A. S.
Kolok, et al. 2004. "Androgenic and Estrogenic Activity in Water Bodies Receiving Cattle
Feedlot Effluent in Eastern Nebraska, USErvironmental Health Perspectivég?2 (3):
346-352.

Soto, A. M. and C. Sonnenschein. 2010. "Environmental Causes of Cancer: Endocrine Disruptors
as CarcinogensNature Reviews Endocrinolo@y(7): 363370.

Streck, G. 2009. "Chemical and Biological Aysibk of Estrogenic, Progestagenic and Androgenic
Steroids in the EnvironmentTtAC - Trends in Analytical Chemist8 (6): 635652.

St ump e, B. and B. Mar schner . 2009 . -Estr&dmlct or s Co
Est r on e-EthnylestadiofitUDifferent Natural Soils.Chemospher&4 (4): 556
562.

000. 2010. "Organic Wast e-EEftfradti ©1 qon Etshe oBeh a\s
Ethinylestradiol in Agricultural Soils in Lon@nd ShorTerm Setups.Journal of
Environmental Qualityd9 (3): 907916.

Squires, James E. 2008pplied Animal EndocrinologyJSA: CABI Publishing, Cambridge,
MA.

Sumpter, J. P. and A. C. Johnson. 2005. "Lessons from Endocrine Disruption and their

Application to Other Issues Concerning Trace Organics iAtiuatic Environment."
Environmental Science and Technol@§y(12): 43214332.

69



Turner, Moni ca G., Robert H. Gardner , and Robe

Theory and Practice, Pattern and Process. 2001. New York: Spviagag New York,
Inc.

U.S. EPA 1998Environmental Impacts of Animal Feeding Operatiofashington, DC:
U.S. Environmental Protection Agency, Office of Water, Standards and Applied Sciences
Division. Accessed March, 2012.
http://www.epa.gov/ostwater/quide/feedlo ts/envimpct.pdf

Vanotti, Matias B. and Ariel A Szogi. Water quality improvements of wastewater from confined
animal feeding operations after adead treatmentlournal of Environmental Quality
37(S):8696.

Velicu, M. and R. Suri. 2009. "Presence of Steroid Hormones and Antibiotics in Surface Water of
Agricultural, Suburban and Mixedse Areas.Environmental Monitoring and Assessment
154 (14): 349-359.

Walker, C. W. and J. E. Watson. 2010. "Adsorption of Estrogens on Laboratory Materials and
Filters during Sample Preparatioddurnal of Environmental Quality9 (2): 744748.

Williams, R. J., M. D. Jurgens, and A. C. Johnson. 1999. "Irktietlictions of the
Concentrati ons a-@abtrafiol, Oe¢stroneband Ethioyh Oestfadiolliry 3b
English Rivers."Water ResearcB3 (7): 16631671.

Writer, J. H., L. B. Barber, J. N. Ryan, and P. M. Bradley. 2011. "Biodegradation and Attanuatio
of Steroidal Hormones and Alkylphenols by Stream Biofilms and Sediments."
Environmental Science and Technold@y(10): 437e4376.

Xuan, R., A. A. Blassengale, and Q. Wang. 2008. "Degradation of Estrogenic Hormones in a Silt
Loam Soil."Journal of Agrcultural and Food Chemistry6 (19): 91520158.

Ying, G.-G and R. S. Kookana. 2003. "Degradation of Five Selected Enddzisngpting
Chemicals in Seawater and Marine Sedimeatvironmental Science and Technol &3y
(7): 12561260.

Ying, G.-G, R.S. Kookana, and Y-J Ru. 2002. "Occurrence and Fate of Hormone Steroids in
the Environment.Environment Internationa28 (6): 545551.

Yu, Z., B. Xiao, W. Huang, and P. Peng. 2004. "Sorption of Steroid Estrogens to Soils and
Sediments.Environmental ©xicology and Chemisti33 (3): 531539.

Zhao, S., P. Zhang, M. E. Melcer, and J. F. Molina. 2010. "Estrogens in Streams Associated with
a Concentrated Animal Feeding Operation in Upstate New York, US#etnospherg9
(4): 420425.

70


http://www.epa.gov/ostwater/guide/feedlots/envimpct.pdf

Zhang, Hailin, MikeSmolen, and Doug Hamilton. 2002. Production Technology Factsheet, PT
200224. Poultry Litter Quality Criteria Oklahoma Cooperative Extension Service.
Oklahoma State University.

Zheng, W., S.R. Yates, and S.A. Bradfd@@08. Analysis of steroid hormones in a typical dairy
waste disposal systeiinvironmental Science and Technolg®:530 535.

Zitnick, K. K., N. W. Shappell, H. Hakk, T. M. DeSutter, E. Khan, and F. X. M. Casey. 2011.
"Effects of Liquid Swine Manure on Bis i p a t i-Estnadia ih Soll."ddurnal of
Hazardous Material486 (23): 11111117.

Zuo, Y., K. Zhang, and Y. Deng. 2006.- "Occurre
Ethinylestradiol in Acushnet River EstuargZhemospheré3 (9): 15831590.

71



SOFTWARE & DATA

ArcGIS 10, ArcEditor 10.1 and Extensions, Education Edition, ESRI, Redlands, CA, USA.

MissouriDepartment oNaturalResources (MoDNR)Resource Conservation Servi{gCS)
2008.MOHUCS8 (watershed boundaries) [raster digital déBalsed on USDA data). 2008.
Jefferson City, MO.

Missouri Department ofNatural Resources NIoDNR), Division of Geology and Land Survey
(DGLS), Land Survey Program. MQO0Q9 State Boundargf Missouri [vector digital data]. 12
August 2009. Jefferson City, MOMoDNR, 12 August 2009(Note: Based on 1:24,000 scale
source data)

Missouri Department ofNatural Resources NIoDNR), Division of Geology and Land Survey
(DGLS), Land Survey Program. MQ009 County Boundaries of Missouri [vector digital data].
12 August2009. Jefferson City, MO, MoDNR, 12 August 2009. (Note: Based on 1:24,000 scale
source data)

Missouri Department of Natural Resources o®MNR) Division of Environmental Quality
(MDEQ) Water Protection Program (WPP2011. Missouri National Pollutant Diselige
Elimination System (NPDES) Animal feeding Operations (AFO) [vector digital data]. 2011.
Jefferson City, MO: MoDNR, DEQ, WPP, WPCB. 2011.

Missouri Resource Assessment Partner@ipRAP).2005 Missouri Land Use/Land Cover 2005
(lulc05) [raster digitatlata from Landsat 7 Imagery]. Missouri Resource Assessment Partnership,
4200 New Haven Road, Columbia, MO. 22 August 2005. Clayton Blodgett, Remote Sensing
Coordinator.

Multi-Resolution Land Characteristics (MRLC) ConsortitNational Land Cover Dat8et
(NLCD), Missouri (nlcd_mo_utm13) [Single band raster image]. 30x30 resolution. 2006.
Obtained through USDA GeoSpatial Data Gateway, February 2012.

US Geological Survey (USGS)994 State Intermediate Hydrography of Missduector digital
datd. Projected to NAD83 by Daniel J. Haugherty, 19G@ographic Resources Center,
Department of Geography, University of Missouri|@obia, MO. (Note: Based on 1:1000
data Considered intermediate hydrography for Misspuri

US Geological Survey (USGS)998. 30meter DEM (resampled from 7.5 Minute DEM data),
County Mosaic, State of Missouri [raster grid]. Reviewed edited, and mosaicked by James D.
Harlan, 2000. Geographic Resources Center, Department of Geography, University of Missouri,
Columbia, MO. (Mte: Based on 1:24,000 Quadrangles. Generally used for coarse topographic
planning, surface analysis, and/or hydrological analysis)

72



US Geological Survey (USGS)998. 66meter DEM (resampled from 7.5 Minute DEM data),
County Mosaic, State of Missouri [tas grid]. Reviewed edited, and mosaicked by James D.
Harlan, 2000. Geographic Resources Center, Department of Geography, University of Missouri,
Columbia, MO. (Note: Not recommended for uses with scales greater than 1:24,000)

US Geological Survey (USGSndUS EnvironmentalProtectionAgency (USEPA)2005.

Major Lakes [vector digital data]. (Note: Based on 1:100,000 NHD Data. Considered medium
resolution data.)

73



Figure 1.

Figure 2.

Figure 3.
Figure 4.

Figure 5.

Figure 6.

Figure 7.

Figure 8.

Figure 9.
Figure 10.
Figure 11.

LIST OF FIGURES

Study Exteni State of MissouriShaded Topography, Major Surface
Waters, & HUCS8 Boundaries

MoDNR PermittedConfined Animal Feeding OperatiorfSAFOS9 by
Animal Type

Permitted Features Within 25m, 50m, & 75m From Streams
Land Application Buffers: 4km, 8kni,6km

Cropland and Pasture/Hay Land in Missouri & Within 16km of CAFO
Facilities

Runoff from a 4km Buffer

Surface Waters in Missouri Likely Impacted by Hormones in LApgdlied
CAFO Waste$ 4km, 8km, and 16km Buffers

Surface Waters in Missouri Likely Impacted by Hormones in LApgdlied
CAFO Wastes within a 4km Buffer (watersheds)

Animal Unit (AU) Density, 4km Buffer
Animal Unit (AU) Density, 8km Buffer
Animal Unit (AU) Density, 16km Buffer

74



ssliepunog paysisiep gONH =

SIg)ep) 80BHNG Jofe] =

salepunog pays.ajeM 8ONH ?

sl1a9)ep\ doeung Jolep

‘Aydesbodo] papeys

LINOSSI|\ JO d)elS - Judlxy Apnj)s °|L ainbi4

00¢

Z10Z Mdy ‘BO3S 'Oy eaIssar Aq psjeaso depy

75



2102 YoIB )\ ‘N0O9S "'y eaIssar Aq pajesso depy

‘Josejep sainjes} papiwiad
(11L0Z) YNQOW 8u} JO Jno ainjes)
papiwiad Aewud ay) Bunosies Aq

pajunod B pauos alam sadA} 04vD

(282) suonesedp 6oH @
(2) swue4 [eisuas

(1) swieq Aueg
(262) sbb63 » Anod
(9) sio|pea4 e Joog

® O 0 @

adf) jewnuy Aq (s04v9)
suonjesadQ buipaaq jewiuy paulyuo)

papiwiad YNQOW °Z @4nbi4

76



Z10Z YoIeN ‘Ro0S 'Y eoissar Aq pajeasd depy

"a)s Buuojuow-1ajem Ay e ‘Buissosd
J9)em e S| Weals Woly weg se
pajeubisep }esul 8y} ul ainyes) 8yl

3

Wweans woi4 wg/ seinjes 3¢
WweaJsS Wol4 wog seinjeed m

weal}S wol4 wWgeg sainjes{ o

'SaInjonils Ayjioey 04vD Jayjo
10 suoobe| se pauiuapl aiam Aeme siajow
G/ 0} |G salnjeaq "sajis Bulojuow-iajem
K1@)1] se payuapl aiam Aeme siayw OG
0} 9z salnjeaq ‘sainjyes} Buliojuow-isyem
9)ISYO JO salnjes) O4YD 8Hsuo ale Asy}
Jaylaym wuiipuoo o} Ausbewn yueg a16009
Yyum payosyo jods aiem sainjes) asay|
‘SI9)eM 90BLNS Woly Aeme siajowl G/ 0} |G
pue siajaw G 0} 9Z sainjes} papiwiad jo
UOI}e00| BY} |[BOASI 0} PaYOEB)S ale S|oquIAS

swieal}S wol4 wg/ R ‘weg ‘wsgeg

‘uoobe| e s| Weal)s Woy JemMe WG/ se
pajeubisep }asul 8y} ul ainjes) ayl

UIYIM Sainjead pajiwiad "¢ ainbiy

Al

77



Z1L0Z YoIB ‘N00S "'y eoissar Aq pajeaio dejy

Jajing wX9|

1ayng wyig @D
seung wiy @Y

“JusIXa W9 paysabbns spiojpelg 0} dn ‘sQ4yD wols
saouejsip Buisealoul je Buipealds aysem Jo sjoedwl ay)
aledwod 0} pajeald aIom siayng Wiy pue W8 Yim
Buoje ‘Jeyng w9l v ‘pejelausb aie saysem alaym
seniioe} 8y} jo wyg9l ulypm ssisem Adde pue
Allensn sO4vd (8002) ‘le 3@ plojpelg O} Buipioddy

w9l ‘wyg ‘wyy
siayng uonesddy pueT ‘¢ ainbi4




2102 YoJe| ‘NO9S 'Oy eoissar Aq pajealo depy

sdo19 parernind [ sdo1 parennind [N
ainjsed/AeH I alnjsed/AeH l
saniioe4 04V JO ungl Ulyym UNnossi ul
pue AeH/ainjsed pue puejdotd S pue AeH/ainjsed pue puejdosn

eV :

saljiide4 O4VO JO W9 UIYIM ®
INOSSI\ Ul pue AeH/ain)sed pue puejdols "G ainbi4



2102 YoIe ‘B00S 'Oy eoissar Aq pajealo depy

‘'sp|al}  uonesldde  puej
WwoJj Jouns sapnjoul Jayng
ay} JaAo younu jey) suoddns
ainbiy  siyl  -9zIBUUBYD
Ai@)I| pjnom salioe (G JaAO
pale|nwnooe MOJ) :pasn sem
gounu a1oe-0G "ainbly sy} ul
UMOUS SI Jayng wip e wouy
gouny Jayng e uiyym spuej
[|Ee WOl gouns ay} [apow 0}
pasn sem |N3JQ JolBW-09 ¥V

puejdosn I \

AeH/ainised

1]\ @0euNg
gouny aioy 0S
Alepunog Jayng wyy O

Jayng wyjy e wody jjouny
‘9 ainbi4

80



"SjuaIxa uoneoldde

-pue| Buisealoul Yum sasealosp £

sjoedwil Jo pooylayi ‘pajoedwi _“.\

aq 0} Aj9y1] }sow aJe ‘Jayng

W @Y} UIYHIM SB yons ‘sjusixs 3 f
Ja||ews Ulyim wouy yount Ag pa} \ i
sJa)em aoens ‘saljioe) 04y 0}

Ajwixoid 9s0J0 Ul Spjal} UO S)SEM

pealids 0} alisap ayj pue bBuiney

9]SEM JO SOILIOU0D3 8} UO paseyg

"younu jeyy -
u1 sauowoy Aq pajoedwi Ay :
ale saljljioe} O4VO JO WH9|L Ulyim

younu plaly Ag paj swealjs ‘e10j019Y)

‘saloe) 04V JO WKL UlyIm
peaids A|lensn ale sajsem O4v)

(8002) ‘e ¥@ piojpeig 0} Buipioddy

(Joyng w9l ) payoeduw] Aj)I ]
(1ayng wig) pajoedw Aj9x17 sJo) [
(Jayng unipy) pajoedw] AjeXiT isolN

slajng wy9| pue ‘wyg ‘unjy
s9)seM 04VI
palddy-pue ul ssuowaoH Aq pajoeduw
A19)17 INOSSI|A Ul S19)epAA ddeung 2 ainbi4

2

2102 Yole ‘NO0S 'Oy eaIssar Aq pajeaso depy

81



‘'Safjioe} 04V 4O Ubjy Ulylim
spjal uonesijdde-pue| wouy
Jounu ul suowloy Ag pajoedwil
A[@Y1] siajem aoeuns ulejuod
spayslajem asay} JO 0G ‘spaysiajem
80NH 99 Aq paulelp si UINOSSI

salepunog paysiajep\ 8DNH e
(Jagng unjy) pajoeduw| A[9)I7 SISIEAN S0BLUNS e

Jajng unjy e uiyyim sajsepy 04vOo
paljddy-pue ul ssuowaoH Aq pajoeduw
A19)17 LINOSSIA Ul S13)eAA d2eLINng "g ainbi4

2102 oI ‘Bo0S 'Oy eoissar Aq pajealo depy

82



Z1L0Z YoIBN 'N00S DY BoIssar Aq pajealo depy

ooz -ooo [
oo - oos [N
oos - oov [
oo - ooe [
ooe - ooz [
ooz - oo [
oo-os [ ]
os-t [ ]

wy bs uad sjun jewiuy

Aisuaq jun jewn

"'SajuNod Alieg 9 UoMaN ul Jussald ale
ws bs/NY 00%-00€ 40 salisUsg 'S8IUNOD UOSUYOr g siiled
‘Pleuo@oln ul Juasaid ale wy bs/Ny 00S-00¥ 10 sanisuaq
"Aljuno) pleuool\ ul Juasald ale wy bs/Nv 009-006 0
SaljISUSpP NV ‘SIayng W UIYIM Pajeljuaouod ale sNy USUYAA

aayng wyy ‘Aysuaq (NV) Hun fewiuy °6 ainbi4

uy

‘Saljunod
‘J92I8 |\ Ul Juasal
sanisep ybiy Au

wy bs/Nv 00¢-

uul ’ weuind
d wy bs/nv 00z-001 J0
no9 ueyng ui jussaid
002 Jo sanisuap ybiy

‘wy bs/Ny 00£-002 s! Aunod uoymeN
ut g wj bs/nv 00%-00€ ! funoo Aueg ul
Aysusp ybiH "Wy bs/Nv 005-00% 8 009-00S

‘saljunod Agieau Jayjo
ul Juasaid ase wy bs/Ny 00zZ-001 J0
S8lIsUa(] "SaUN0d UoSUYor % sied ul

wy bs/Nv 005-00t 4o sansusp ybiy

83



dy * ‘DY B A d
i i i "S31JUN0J AQUESU PUB 8S3U} Ul SAISUSUI

s1 uoionpoud Ajjnod "Sa13UN0D PlBUCODN @ UOIMBN
‘Areg ul yussaid ale wy bs/Ny 00£-00Z 0 sanisusp
NV 1saybiy ay) ‘siayng wxg ssoioe pealds ale sNy USUM

Jayng unjg ‘fisuaq (Nv) yun [ewiuy "0} ainbi4

ooz - oo [l
oos - oos [
oos - oov [
oo - ooc [
ooe - ooz [
ooz - 0ok [
ooL-os [ ]
os-+[ ]

wy bs Jad sjun jewiuy
Aysuaq nun jewiuy

"S81JUN0D Weund @ ‘182I3|A ‘UBAI|INS Ul
jussaid wy bs/Ny 001-0G Jo sanisuaqg

'S8UNOD P|RUOON B
‘uoymeN ‘Aueg ur wy bs/nv 002-001 ¥
wy bs/Ny 00€-00Z j0 sanisuap ysaybiy

(e B S, A

sijad ul yuasaid ate wy bs/ny 001-05
JO sapIsua "S8uNod UosSUYor ¥ siad




85



