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E N V I R O N M E N T A L  Q U A L I T Y  B O A R D

September, 1999

To Interested Minnesotans:

The GEIS on Animal Agriculture is a statewide study authorized and funded by the 1998 Minnesota
Legislature and ordered by the EQB. The Legislature directs the EQB to “. . .examine  the long-term
effects of the livestock industry as it exists and as it is changing on the economy, environment and
way of life of Minnesota and its citizens.”

The intent of the GEIS is twofold: 1) to provide balanced, objective information on the effects of
animal agriculture to future policymakers; and 2) to provide recommendations on future options for
animal agriculture in the state. The success of the GEIS on Animal Agriculture will be measured by
how well it educates and informs government officials, project proposers, and the public on animal
agriculture, and the extent to which the information is reflected in future decisions and policy
initiatives, made or enacted by Minnesota state and local governments.

The GEIS consists of three phases during the period summer 1998 through summer 2001: scoping
the study; studying and analyzing the 12 scoped topics; and drafting and finalizing the GEIS. The
EQB has established a 24-member Advisory Committee to provide advise to EQB during all phases
of the GEIS. The scoping phase of the GEIS was completed in December of 1998.

This literature summary is the first step in the second phase aimed at study and analysis of the 12 key
topics. This summary is intended to inform the Environmental Quality Board (EQB) members, EQB
staff, and the Advisory Committee on the “Feedlot  GEIS” scoping questions and research needed for
adequate completion of the GEIS. The EQB would like to acknowledge the time and effort of the
Advisory Committee members who provided invaluable input in the development of this “tool” for
use throughout the GEIS process.

The literature summary is formatted to address the 12 topics of concern and 56 study questions
outlined in the Feedlot GEIS Scoping Document (www.mnnlan.state.mn.us).  Any conclusions or
inferences contained in this report are those of the authors and do not necessarily reflect the positions
of the EQB or the Feedlot GEIS Advisory Committee.

The EQB would like to make this literature summary available to others interested in the effects of
animal agriculture. Copies of this literature summary will be available for use in the Minnesota
Plannin&QB  Library: 300 Centennial Building, 658 Cedar Street, St. Paul. The Library will also
house copies of the key literature review articles and the searchable database compiled as part of 658 Cedar St.
this literature review. A limited number of copies of this literature summary will be St. Paul, MN 55155
printed for distribution at cost.

Telephone:

For further information on the GEIS or this literature summary please contact the EQB at
651-296-9535.

651-296-3985

Facsimile:
651-296-3698

TTY:

a---‘ssioner,  Minnesota Department of Agriculture and

800-627-3529800-627-3529

www.mnplan
state.mn.us

1 0 0 %  p o s t - c o n s u m e r  .
recycled content

Chair, Minnesota Environmental Quality Board
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EXECUTIVE SUMMARY

Surface and ground water are precious resources to be protected from various types of
pollution arising from animal agriculture.  Surface waters can be degraded by excess
nutrients (nitrogen and phosphorus), pathogens, and oxygen demanding organic materials.
Nutrients and oxygen demanding organic materials in excessive quantities can lead to
eutrophication and diminished oxygen levels in water, as measured by dissolved oxygen.
Ground waters can also be degraded by excess nutrients and pathogens.  The extent of
water quality degradation from less well studied substances in animal manure such as
heavy metals and hormones is unknown.

Degradation of surface water quality can arise from various types of problems associated
with poor management of animal operations.  These include surface runoff from feedlots,
spills from manure storage lagoons, tile drain effluent from lands receiving excessive
manure and fertilizer applications, leaching losses from lands receiving excessive
applications of manure and fertilizer, and seepage of manure from waste storage lagoons.
Degradation of stream water quality, aquatic habitat, and riparian habitat can occur when
grazing operations are poorly managed.

In this report, we were asked to answer ten scoping questions relating to the impacts of
animal agriculture on water resources.  We reviewed the recent literature published in
scientific publications to formulate an answer to these questions, and identify research
needs where insufficient knowledge was available to provide an answer.  In the summary
below, our main conclusions from this study are presented for each of the ten scoping
questions.

STUDY TOPIC 1: TO WHAT EXTENT ARE GROUNDWATER AND SURFACE WATER

AFFECTED BY OR AT RISK FROM ANIMAL MANURE STORAGE, HANDLING, AND

APPLICATION?

Some of our main findings in this report with respect to pollution of surface streams by
animal operations include the following:

n Livestock waste can contribute significantly to phosphorus loads in surface waters (7-
65% of total load), although another major source is non-agricultural land (especially
municipal waste water treatment plants).  Livestock waste usually contributes less
significantly to nitrogen loads (15-37% of total load).  However, the primary source of
watershed impairment by nitrogen is from fertilizers.

n Nutrient losses per unit area in runoff can be greater in magnitude from croplands,
manured croplands, and grazed pastures than from rotationally grazed lands, forest lands,
or natural prairies.  Losses from well managed cropland or grazed pastures are
usuallysmall and are comparable to the small losses observed on rotationally grazed
lands.
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n Critical areas for phosphorus loss to streams and lakes are typically those areas high in
soil available phosphorus in close proximity to waterbodies.

n Feedlot runoff contains extremely large loads of nutrients and oxygen demanding
substances, and if not properly collected and prevented from entering surface waters, this
runoff can severely degrade surface water quality.

n Fecal bacteria concentrations in surface waters from manured lands are often not
significantly different from pathogen levels in surface waters from unmanured lands if
the manure has been stored and aged before land application.  Natural wildlife can also be
a significant source of fecal bacteria leading to surface water quality degradation.

n Fecal bacteria in surface waters from lands receiving fresh manure applications can be
a significant proportion (over 80%) of the fecal bacteria carried in surface waters.  Where
illegal discharge of septic tanks to surface waters occurs, human waste can also be a
significant source of pathogens in surface waters.

n The most significant components of pollutant losses in surface runoff from manured
lands are for ammonium, particle-bound and soluble phosphorus, and oxygen demanding
organic materials.  Nitrate-nitrogen is rarely a significant contaminant in surface runoff.

n Nutrient losses in runoff from manured or fertilized fields are typically much greater
than losses from unmanured or unfertilized control plots.

n Nutrient losses in runoff increase with the rate of manure or fertilizer applied.

n Losses of nitrogen and phosphorus in runoff from manured versus fertilized fields are
not significantly different if the manure and fertilizer are applied at equivalent rates of
nitrogen content.

n Nutrient losses in runoff from manured fields decrease when manure is injected or if
manure is stored for several weeks before land application.

n Nitrogen losses in runoff from manured fields are least when manure is applied in
spring (especially late spring), and greatest when manure is applied in fall.

n Nutrient losses in runoff from manured fields increase when the time between land
application and rainfall is brief, especially for intense rainfall events.

n Nutrient losses in runoff from manured fields are usually excessive when land
application to snow or frozen soils occurs.

n Losses of phosphorus in runoff are generally greater when manure is applied to corn
rather than alfalfa or grass, but can be negligible when erosion and runoff are controlled
on corn fields using conservation tillage.   In comparison, phosphorus losses in runoff
from manured corn are generally greater than losses from natural prairie, woodlands, and
forest lands.
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Surface water impairment from pathogens is a great problem in most rural areas of
southern Minnesota, which causes many rivers and lakes to be unsuitable for swimming.
Research on fecal bacteria transported in runoff from manured lands shows that:

n There are typically no significant differences in fecal bacteria levels in surface runoff
from manured versus unmanured or grazed versus ungrazed lands.  This is due to fecal
bacteria from natural wildlife, and die-off of bacteria in manure after storage or land
application.

n Rate, method, or timing (spring versus fall) of manure application has little effect on
fecal bacteria counts in surface runoff.

n Fecal bacteria counts in surface runoff are significantly greater after application of
manure to snow or frozen soil than after application at any other time of year.

Large areas of Minnesota are poorly drained and have artificial tile drainage installed to
improve soil productivity.  The major factors which influence losses of nutrients through
tile drains include rate of application, timing of application, form and method of
application, tillage, and cropping system.  The literature on nutrient losses through tile
drains shows that:

n The most significant contaminant in subsurface tile drain effluent is nitrates.  Soluble
and total phosphorus losses are generally negligible in comparison to their losses in
surface runoff.  Losses of ammonium and oxygen demanding organic materials are
generally lost in much smaller quantities through subsurface tile drain effluent than
through surface runoff.

n Nitrate losses in subsurface tile drainage increase with the rate of manure or fertilizer
applied, unless very high rates of manure are applied on wet soil, when denitrification
reduces the losses of nitrogen.  Nitrate losses in tile drains from manured fields are
typically less than or equal to losses from fertilized fields receiving equivalent rates of
nitrogen.

n Liquid manure applications cause more risk for nitrate leaching to subsurface tile
drains than surface applications of solid manure, especially when liquid manure is
injected.

n Manure applications to continuous corn will typically cause greater losses of nitrate-N
in subsurface tile drainage than manure applications to other crops, all other factors being
equal.

n Losses of phosphorus through subsurface tile drainage systems are typically negligible,
unless very high rates of manure are applied, or the soil test phosphorus levels have built
up to excessive levels.

n No research on the impact of surface tile inlets on nutrient losses from land application
of manure through tile drainage systems has been published in peer reviewed journals.



Literature Summary for the GEIS on Animal Agriculture                    UNIVERSITY OF MINNESOTA

G–6

Catastrophic spills from large manure storage facilities can occur primarily through
overflow following large storms or by intentional releases.  A third mechanism, collapse
of a sidewall is less frequent, and has never occurred in Minnesota.  A review of scientific
literature shows that spills from manure storage basins have the following characteristics:

n The impacts on surface water quality and aquatic life from manure lagoon and storage
basin spills, feedlot runoff, and applications of manure to frozen ground can be
devastating.

n The number of documented serious water quality pollution problems involving manure
lagoon spills and feedlot runoff is generally several tens of events per year in each of the
states with high concentrations of feedlots.

n Compared to the several thousands of feedlots in most states, the number of water
quality pollution problems causing documented fish kills from lagoon and basin manure
spills and feedlot runoff is typically a small fraction of the total number of operations.

Numerous studies have been conducted to determine the impacts of animal agriculture on
ground water quality.  These studies show that many factors influence contamination of
ground water by nitrates or fecal bacteria.  These factors include:

n Depth and condition of the well,
n Type of soil and geologic material above the aquifer,
n Location of the well,
n Land use surrounding the well (particularly cropland),
n Density of animals and manure handling and application practices, and
n Type of lining on manure storage systems.

Ground water contamination from animal agriculture is most likely to occur when
intensive animal agriculture occurs in regions having coarse textured soils, shallow ground
water, and heavy precipitation.  Lined manure storage basins and lagoons which are
properly constructed, engineered, and managed are generally not a serious threat to ground
water quality, unless constructed in coarse textured soils or karst terrain.  Unlined earthen
manure storage systems generally pose a much greater risk for pollution of ground water
by seepage than lined storage facilities.

STUDY TOPIC 2: HOW DO THE EFFECTS OR RISKS (FROM #1) AFFECT THE USE

OF WATER BY HUMANS FOR DRINKING, RECREATION, AND OTHER PURPOSES?

Drinking water can be contaminated by pathogens and nitrates arising from animal
agriculture.  It is estimated that up to 900,000 illnesses and 900 deaths occur each year
from waterborne microbial infections, but the source of contamination in these instances is
not known.  There have been 14 documented incidents of cryptosporidium disease
outbreaks in U.S. and Canada since 1984.  Four of these events were linked to nonpoint
source agricultural pollution, the others were primarily caused by septic tank and human
sewage contamination.
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It is estimated that roughly 7% of the 450,000 private drinking water wells in Minnesota
have nitrate-N levels exceeding the maximum contaminant level (MCL) of 10 mg/L.
There are another roughly 1,700 public community water supply wells in Minnesota, of
which roughly 1% have nitrate levels greater than the MCL.  The percent of these
contaminated wells that are affected by animal agriculture is unknown.

Nationally, it is estimated that 36% of rivers and streams, or 39% of lakes are impaired,
meaning that they did not support or could not attain the goals and standards set forth in
the Clean Water Act and state regulations.  The primary cause of impairment in 70% of
the rivers and streams classified as being impaired was agriculture.   Of these
agriculturally impacted rivers and streams, non-irrigated cropland production was the
leading cause of impairment (36%), followed by irrigated cropland production (22%).
Other causes of impairment were rangeland (12%), pastureland (11%), feedlots (8%),
animal operations (7%), and animal holding areas (5%).

In Minnesota, about 60% of the surveyed or monitored rivers and streams, and 17% of the
surveyed or monitored lakes were classified as being impaired.  Agriculture was identified
as the cause of 90% of the impaired river miles, and 64% of the impaired lake acres.  It is
unknown to what degree various types of agricultural activities (cropland, feedlots,
rangeland, etc.) caused the impairment.  In the Minnesota River basin, it is estimated that
from 50-100% of the assessed tributary river miles in the Minnesota River basin do not
adequately support aquatic life.  This results in reduced diversity of fish and other aquatic
life, and predominance of undesirable fish species.  None of the tributaries is fit for
swimming, primarily because of high levels of fecal bacteria.

STUDY TOPIC 3: HOW DO THE EFFECTS OR RISKS (FROM #1) AFFECT FISH AND

WILDLIFE (SUCH AS FISH KILLS DUE TO POLLUTION)?

There are many reports in the literature which suggest that well-managed livestock grazing
is compatible with a healthy riparian ecosystem but the impacts of specific practices
depend on site characteristics.  The negative impacts of livestock grazing on stream and
riparian ecosystems are widespread in the western U.S, but relatively little is known about
grazing impacts on stream and riparian ecosystems in the midwestern U.S.

The negative effects of cattle on habitat for fish and wildlife can include:

n An increase in streambank erosion, reducing habitat availability for both terrestrial and
aquatic animals.

n A decrease in large woody debris habitat in and near the stream channel in grazed
areas.

Macroinvertebrates are a very important component of the food chain in streams and lakes.
Macroinvertebrates, primarily insects, are a highly diverse community, they are indicators
of ecosystem biodiversity, they serve as fish food, they perform a wide range of ecosystem
functions such as energy and nutrient cycling, and they are valuable indicators of
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ecosystem health.  The negative impacts of livestock grazing on macroinvertebrates can
include:

n Reduced terrestrial and aquatic invertebrate densities in streams, especially in small
streams.

Fish are quite susceptible to the impacts of poor management in animal agriculture.  A few
serious incidents of feedlot runoff, manure spills, and runoff from manure on frozen
ground can lead to the death of thousands of fish.  It is widely believed that many fish kills
are undocumented, and there is no comprehensive record keeping mechanism for tracking
the number or magnitude of fish kills.  At least two agencies have responsibility for
responding to fish kills but fish kills are not regularly recorded and reported.

The impacts of grazing on fish are largely based on extensive research conducted in the
western U.S.  These studies show that:

n Grazing negatively impact fish populations, based on very weak or flawed
experimental designs.

n In only a very few cases are there data describing impact to the overall fish community,
and those data are inconclusive.

The impacts of poorly managed livestock grazing on birds can be mixed.  The literature on
this topic shows that:

n Livestock grazing often reduces canopy density and therefore habitat for riparian birds.
That in turn reduces densities and diversity of some passerine species.

n Some birds excel in the more fragmented riparian habitat that results from grazing and
that same pattern is true for many species which rely on grassland habitats.

n Shorebird populations (especially coastal species) appear to be positively impacted by
low levels of grazing; it is not clear that the same responses would be shown in
Minnesota waterbirds.

n No evidence suggests that waterfowl are negatively impacted by livestock although
those waterfowl are dependent on aquatic invertebrates and may be secondarily impacted
by changes in food availability.

Grazing can be a useful tool to enhance wildlife habitat.  However, grazing must be
carefully managed to control the frequency, intensity and timing of livestock access to
insure compatible use with wildlife. Improved livestock management will facilitate more
streamside vegetation and increase the abundance and diversity of terrestrial habitat.
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STUDY TOPIC 4: WHAT ARE THE HEALTH RISKS TO HUMANS FROM

CONTAMINATION OF GROUND AND SURFACE WATERS FROM ANIMAL MANURE

STORAGE, HANDLING, AND APPLICATION?

There are basically two types of risks in drinking water which are related to animal
agriculture, excessive nitrate levels and pathogens.  Nitrate is a common contaminant
found in many wells in Minnesota.  It has been known since the mid-1940s that too much
nitrate in drinking water can cause serious health problems for infants.  Roughly 7% of
drinking water wells in Minnesota exceed the Maximum Contaminant Level set by EPA
for nitrates in drinking water.  Drinking water contamination can occur from nitrogen in
fertilizer, septic tank seepage, and animal manure.

Fresh animal manure contains a variety of microorganisms which may be pathogenic to
man and/or animals. The major types of pathogens include bacteria, viruses, parasite eggs,
protozoa, and fungi.  The potential of disease transmission from land application of animal
manure depends upon:

n The number and viability of microbial pathogens in manure, which in turn depends
upon the type of treatment it has received.

n The survival of pathogens for a sufficient period of time and in sufficient numbers.

n The entry of these pathogens into waters and their subsequent ingestion through the
mouth as a result of drinking or swimming.

It is unknown whether coliform indicators should continue to be considered as the best
indicator of surface water contamination by pathogens for the following reasons:

n new pathogens have been recently discovered (viruses, anti-biotic-resistant bacteria,
etc.);

n new information shows that some pathogens have very different viability capacities
than coliform bacteria; therefore the latter may not be a very good representative any
longer.

STUDY TOPIC 5: TO WHAT EXTENT ARE SURFACE WATERS AFFECTED BY OR AT

RISK FROM ALLOWING PASTURED ANIMALS (PRIMARILY CATTLE) ACCESS TO

SURFACE WATERS?

Unmanaged grazing has many negative impacts on streams and their nearby landscapes.
Heavy grazing reduces vegetative cover, compacts the soil, reduces infiltration, increases
runoff, erosion and nutrient and sediment yield.  In riparian zones, trampling the
streambanks decreases erosional resistance of the streambank and contributes to sediment
yield, while vegetation removal increases solar insolation and leads to higher stream water
temperature.  Excrement deposited either in the uplands or directly into waterbodies can
lead to elevated levels of pathogens.  Fish and aquatic invertebrates are sensitive to
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sediment input, water temperature and excess algae and plant growth due to nutrient input.
In contrast, low or moderate grazing have effects that are much less significant than heavy
or unmanaged grazing.

More specifically, unmanaged grazing has the following effects on sediment production:

n Sediment yield increases with increasing grazing pressure, with the lowest levels of
erosion occurring in ungrazed or “retired” riparian areas.

n Fine textured soils are more susceptible to trampling effects than coarse textured soils.

n Soil loss increases on steeper slopes.

n Associated with changes in erosion are changes in stream channel morphology.  The
main effects of unmanaged grazing include:

n Development of unstable channel morphology and the loss of fish and invertebrate
habitat.

n Stream channels along heavily vegetated areas are deeper and narrower than along
poorly vegetated areas which have been over-grazed.

Unmanaged grazing can also increase the mean stream temperature and the extremes of
temperature experienced by aquatic organisms.  Relatively small changes in stream
temperature can shift aquatic communities from more desirable to less desirable species.
An increase of less than 4 degrees Fahrenheit is often sufficient to cause such shifts, and
increases in stream temperature of from 4 to 9 degrees F are common when streamside
vegetation is removed by grazing.

Finally, unmanaged grazing can cause excess nutrients to enter adjacent streams.  In
general, nutrient concentrations in runoff increase with increasing grazing intensity.

STUDY TOPIC 6: HOW DO THE VARIOUS IMPACTS IN #1 TO #5 VARY BY SPECIES,
OPERATION, SYSTEM TYPE, MANAGEMENT, GEOGRAPHY, GEOLOGY,
WATERSHED CHARACTERISTICS, AND CONCENTRATION OF LIVESTOCK

FACILITIES?

Minnesota has a wide range of characteristics in soil and geologic sediment properties,
hydrogeology and climate, and patterns in runoff and erosion.  Each of these factors
strongly influences the potential for pollution of surface and ground waters by animal
manure and animal operations.  State-wide patterns in degradation in river water quality as
reflected by monitoring data for oxygen demanding substances, fecal bacteria, dissolved
oxygen, and total phosphorus vary dramatically among the major basins in Minnesota.
State-wide patterns in degradation of lake water quality as reflected by monitoring data for
phosphorus, water clarity, and algae vary significantly among the major ecoregions of
Minnesota.  State-wide patterns in degradation of ground water quality as reflected by
monitoring data for nitrates vary primarily in response to soil and sediment properties.
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Geographic distributions of cattle, hog, chicken, and turkey population densities in
Minnesota are presented in the report.  Animal population densities are compared with
European limits on animal density, and with geographic distributions of degradation in
river, lake, and ground water quality.  The following conclusions can be drawn from these
comparisons:

n In some instances, crude visual comparison of geographic patterns in degraded ground
water quality appeared to resemble patterns in cattle population densities.  This does not
prove that animal operations caused the water quality degradation. Areas with large
human population densities also coincided with areas having degraded ground water and
lake water quality.  Further study is warranted of these relationships.

The concentrations of nitrate in ground water vary considerably across the state of
Minnesota.  Inputs of nitrate from agriculture have clearly impacted areas of the state
where high-intensity agriculture has been practiced, particularly in the geologically
sensitive areas, including:

n The karst area of southeastern Minnesota,

n The sand plains (glacial outwash areas) of Central Minnesota,

n Areas of alluvial sands (deposited by old meandering streams), especially those in
southwestern Minnesota,

n Other areas with enhanced surficial permeability (such as scattered sand and gravel
deposits), where rural residents often use shallow sandpoint wells for their drinking
water.

n No clear geographic relationship between degradation of rivers or lakes and animal
population densities was observed used crude visual comparisons.  Further study is
warranted of these relationships.

n As size of animal operations increases, the nutrients available for loss to the
environment also increase.  This is mainly due to a lack of proper land area for spreading
manure.  The critical density of animals depends upon the type of animal, and the
methods used in storing, handling, and applying manure to cropland.

n As the density of animals in a watershed increases, there is an increasing impact on
surface water quality.  This is primarily due to increased nutrient production in manure,
and inadequate crediting of manure in nutrient applications to cropland.  The critical
threshold density depends upon the type of animal, the region and its characteristics, and
waste storage, handling, and application methods.

n Animals located where their waste has a direct pathway for runoff losses to surface
waters have a much greater potential to degrade water quality than animals located away
from these direct pathways or on pasture land.
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n Minnesota animal densities do not appear to be above the critical threshold levels set
for animal operations in Europe.  Further evaluation of this issue is needed, because
county-wide average animal densities may be considerably different than densities for
individual animal operations.

n Blue Earth county conducted a comprehensive evaluation of each and every one of the
886 feedlots in the county.  The primary pollution hazards were unlined earthen basins
(mostly for swine operations) and runoff to surface water (mostly for cattle operations).
A total of 49 feedlots (10% of the active feedlots) were identified as pollution hazards, of
which 18 had unlined earthen basins, and 30 had runoff hazards. There is a tendency in
Blue Earth county for small sized feedlots to be a more frequent pollution hazard than
medium or large feedlots.  This may occur because medium and larger feedlots tend to be
fewer in number, are newer, are better designed, and use improved methods for manure
storage, handling, and application than smaller feedlots.

STUDY TOPIC 7: WHAT ARE THE CURRENT AND POTENTIALLY AVAILABLE BEST

MANAGEMENT PRACTICES AND MITIGATION TECHNOLOGIES TO PREVENT

AGAINST GROUND AND SURFACE WATER POLLUTION FROM MANURE STORAGE,
HANDLING, AND APPLICATION, AND TO WHAT EXTENT ARE THEY EFFECTIVE?

Several management practices and mitigation technologies were reviewed for this scoping
question.  These included manure storage, handling, and application practices.

Recommended manure storage practices include providing adequate storage capacity,
proper engineering design and siting of storage facilities, diverting and collecting runoff
water away from surface water bodies, repairing leaks and cracks promptly, and
stockpiling manure on impermeable surfaces.  Recommended manure collection practices
for solid manure include low stocking densities on pastures away from surface water
bodies, and impermeable surfaces away from surface waterbodies with proper diversion
and collection of runoff on open lots.  For liquid systems, the deep pit offers good
environmental protection. One of the current limitations in proper application of manure is
the lack of reliable calibration of application equipment.  Three types of application
methods are common, namely; liquid tank applicators, liquid tow hose irrigation, and box
spreaders.  Liquid tank applicators have the least environmental impact if manure is
injected during application.  Tow hose irrigation can lead to excess ammonia
volatilization, or runoff of liquid manure if applied in excess to sloping land.  Box
spreaders are notoriously difficult to calibrate, and are rarely used with incorporation of
manure.

Animal manure has been land-applied for centuries to supply nutrients for improving crop
growth and yield. Within the last generation, however, concern that animal manure may be
degrading water resources has increased. Reasons for this have been due largely to poor
manure application practices, disposal of manure at high application rates, and greater
concentrations of animals associated with modern livestock production systems.
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Numerous management practices affect the availability of nutrients from land-applied
manure, and hence, the potential for nutrient contamination of surface and ground waters.
These practices include: (1) rate of application, (2) time of application, (3) incorporation
method, (4) nitrification inhibitors, (5) tillage, (6) vegetative filter strips and setback
distances, (7) cropping systems, and (8) wetland treatment.  Each of these practices is
thoroughly reviewed in the report.

Application rate is the single, most important manure management practice affecting the
potential for contamination of water resources by nitrogen from manure. Simply said,
applying nutrients in excess of crop need, whether from fertilizer or manure, increases the
potential for nutrient (N and P) movement to ground and surface water.   For phosphorus,
while rate of application is important, other factors that influence the potential for
contamination of water resources include application method (incorporation is best), and
potential for runoff and erosion losses (which can be effectively controlled using
conservation tillage).   Estimating the proper manure rate is more difficult because: (a)
nutrient content among manures varies substantially, (b) application equipment is often not
sufficiently precise, and (c) climate and soil properties influence the availability of
nutrients from manure.

Application of manure for disposal purposes to soybeans, alfalfa, and grass has been
extensively studied in Minnesota. Manure can be applied following corn harvest for
soybean at rates totaling about 200 lb available N/acre without incurring environmental
risk.  Hog manure can be applied prior to planting alfalfa at rates up to 12000 gal/acre with
much less environmental risk than applications to established alfalfa.  Liquid dairy manure
can be broadcast-applied at very high rates to established stands of reed canarygrass
without much environmental risk.

Vegetative filter strips are potentially very useful in removing contaminants from runoff
on manured lands.  Their ability to remove pollutants from manured soils depends upon
the type of pollutant, the slope of the field, the amount of runoff and erosion, the presence
or absence of concentrated flow (rills), and the length of the filter strip.  For slopes less
than 9%, with dispersed sheet flow runoff (no concentrated flow), filter strips of from 15
to 20 ft in length are usually able to remove a majority of the sediment, total phosphorus,
soluble phosphorus, organic and ammonium nitrogen, and chemical oxygen demand in the
incoming runoff from manured plots.  Filter strips are not generally able to effectively
reduce concentrations of fecal bacteria in runoff from manured plots.

Also of interest is the use of constructed wetlands to treat animal waste from storage
lagoons and basins.  Wetlands receiving animal waste are generally very effective at
reducing the incoming pollutants.  They are typically more effective at removing oxygen
demanding substances, ammonium, and organic forms of nitrogen than at removing
phosphorus.

STUDY TOPIC 8: TO WHAT EXTENT DOES MINNESOTA ANIMAL AGRICULTURE

CONTRIBUTE TO THE HYPOXIA PROBLEM IN THE GULF OF MEXICO?
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Hypoxia is a zone of low oxygen levels (< 2 mg/L) covering an area as large as 7,000
square miles in the Gulf of Mexico in 1997.  Unlike freshwater systems where phosphorus
is usually the limiting nutrient for growth of algae, in the saline waters of the Gulf nitrogen
is the often the most limiting nutrient for growth of diatoms.  Agricultural nitrogen
sources, and to a much lesser extent phosphorus, have been indirectly identified as a major
cause of hypoxia.  The primary pathway for nitrogen sources to enter surface waters is
after intense rainstorms via subsurface tile drainage systems on poorly drained soils with
high organic matter contents receiving excessive rates of nitrogen from fertilizer and/or
manure.

The largest source of nitrogen to the Gulf of Mexico from Minnesota is the Minnesota
River basin, which generates roughly 5% of the total nitrogen flux to the Gulf of Mexico
(see table below). The Mississippi River upstream of the Twin Cities generates roughly
1% of the nitrogen flux to the Gulf.  Wastewater treatment plants in the Twin Cities and
upstream of the Twin Cities generate around 1% of the total nitrogen flux to the Gulf.
Streams in southeastern Minnesota draining to the Upper Mississippi River probably
generate about 1% of the nitrogen flux to the Gulf of Mexico.  Our best estimate using
limited information is that animal agriculture in Minnesota contributes less than 1% of the
nitrogen entering the Gulf of Mexico.  Minnesota also contributes roughly 4% of the total
phosphorus flux to the Gulf of Mexico (see table below).  Wastewater treatment plants are
responsible for at least half of this contribution.  In comparison, nonpoint sources from the
Minnesota and Upper Mississippi River basins are together a smaller source of total
phosphorus than wastewater treatment plants.

Table A: Total Nitrogen and Phosphorus Loads from Various Rivers in the Mississippi
River Upstream of Joslin, Illinois, and for Wastewater Treatment Plants (WWTP) in the
Twin Cities Metropolitan Area and Upstream of the Twin Cities.

Source Total Nitrogen Flux Total Phosphorus Flux

–––––– U.S. tons/yr–––––
Discharge to the Gulf of Mexico 1.8 million 152,320
Mississippi River at Joslin, Illinois 165,154 8,800
Minnesota River at Jordan, Minnesota 59,180 1,488
Mississippi River at Anoka, Minnesota 21,059 1,088
St. Croix River at Prescott, Wisconsin 6,132 241
Chippewa River at Durand, Wisconsin 10,318 811
Wisconsin River at Muscoda, Wisconsin 13,376 727
WWTP in Twin Cities and Upstream 12,273 3,212

STUDY TOPIC 9: WHAT IS THE IMPACT OF ANIMAL AGRICULTURE ON WATER

QUANTITY AND AVAILABILITY (SUSTAINABILITY OF WATER SUPPLY)?  HOW

DOES THE USE OF WATER BY ANIMAL AGRICULTURE COMPARE WITH THAT OF

OTHER INDUSTRIES IN MINNESOTA?
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Livestock water use in Minnesota includes water for consumption, and associated on-farm
non-consumption use for the production of milk, meat, eggs and wool.  Most of the non-
consumption water use on livestock farms is for cleaning of equipment and facilities, with
dairy and swine farms being the largest users in this category. The total amount of water
consumed by livestock each day in Minnesota is estimated to be about 55 million gallons.
The total daily water use on livestock farms (including consumption) is roughly 166
million gallons per day.

In comparison to water used by animals, the total water used in Minnesota for power
generation, public usage, industrial processing, irrigation and other uses per day is roughly
3.25 billion gallons in 1994.  The 166 million gallons of water used in livestock
enterprises represents only 5% of the state water usage each day.

Confined animal feedlot operations require placement of concentrated numbers of animals
in unpaved or partially paved areas.  Virtually all studies affirm that concentrated animal
populations and animal traffic cause increased soil compaction.  In feedlots, a dense soil
layer typically exists near the soil surface that decreases water intake. This dense soil layer
impedes infiltration, causing greater runoff volumes and peak flows.  From 50 to 85% of
the annual rainfall can runoff from feedlots that have from one-quarter to three-quarters of
their area covered with concrete, but much of this runoff can be controlled with detention
basins and diversions.

STUDY TOPIC 10: HOW DOES ANIMAL MANURE COMPARE TO OTHER TYPES OF

WASTES PRODUCED IN MINNESOTA AS A SOURCE OF WATER POLLUTION?

The primary sources of nutrients that cause water pollution in Minnesota include animal
waste, human waste, migratory wildfowl wastes, fertilizers, and recycled nutrients from
the soil.  Estimating the relative magnitude of the impacts from each source is a difficult
task involving several assumptions.  The results of this exercise are summarized in the
following table:

Table B: Minnesota Estimates of Nutrient Production From Various Sources

Source Total Nitrogen Flux Total Phosphorus Flux

–––––– U.S. tons/yr–––––
Execreted Animal Manure 2444,566 68,862
Excreted Human Waste 14,503 6,855
Migratory Wildfowl 2,987 1,613
Fertilizer Sales 729,702 130,866
Soil Organic Matter 946,577 –––
Various Nitoren Credits 288,322 –––
Atmospheric Deposition 134,000 –––
Crop Removal by Harvest 879,500 197,700

It is important to avoid direct comparisons of some of these numbers.  The nitrogen and
phosphorus from human waste and migratory wildfowl are discharged directly into
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streams and rivers, while only a small fraction of the animal waste eventually reaches
surface waters.  Much of the nitrogen from animal waste is volatilized to the atmosphere
during storage, handling, and application of the manure.  Only a portion of the nutrients in
animal which is eventually applied to land enters streams and rivers through runoff,
erosion, and tile drainage.

It is possible to make some rough comparisons between the nutrient contents of animal
wastes, fertilizers, and crop removal.  Amounts removed by harvest are estimated at
879,500 tons of nitrogen per year and 197,700 tons of phosphorus per year.  The amount
of phosphorus removed at harvest is nearly equal to the combined amounts of phosphorus
from fertilizer and animal manure, suggesting that very little excess phosphorus is
available for losses to the environment.

An evaluation of the total nitrogen budget is much more difficult than that for phosphorus.
At this time we do not have values for some of the major sinks of nitrogen.  Using what is
known, the amount of nitrogen removed at harvest is roughly 10% less than the amount
potentially available in fertilizer and excreted manure.  Since significant losses of nitrogen
from manure can occur by volatilization during storage, handling, and application, the
amounts of nitrogen removed at harvest are probably quite close to the total amount of
nitrogen available for crop uptake from fertilizers and manures.  When other nitrogen
sources such as soil organic matter, various nitrogen sources and atmospheric deposition
are considered, there is a clear state-wide excess of nitrogen applied as fertilizer and
manure.  We do not know if the unaccounted for nitrogen sinks would balance the excess
at this time.  If they do not, then the state-wide excess is a potential risk for degradation of
surface and ground water quality.
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